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Appendix A 

ALTERNATIVE GEOLOGIC ENVIRONMENTS 

For the  near f u t u r e  (10 to 15 y e a r s ) ,  t h e  only method a v a i l a b l e  f o r  the  
permanent d i s p o s a l  of  t r ansu ran ic  (TRU) and high-level  wastes is emplacement 
i n  c a v i t i e s  mined i n  a geologic  formation. Severa l  types of geologic  forma- 
t i o n s  s h m  promise as  b u r i a l  environments--salt,  c r y s t a l l i n e  r o c k ,  a r g i l -  
l aceous  r o c k ,  and t u f f .  Which of t hese  is to be used for a r e p o s i t o r y  depends 
on when the  choice among them is to  be made; t h e  longer  one w a i t s  to make  t h i s  
dec i s ion ,  t h e  g r e a t e r  t h e  number of choices  t h a t  are open. The time scales 
for t h e s e  choices  are surmnarized i n  Chapter 3 of t h i s  document. 

A s  background material for t h e  d i scuss ions  i n  t h e  main t e x t  of t h i s  doc- 
ument, t h i s  appendix b r i e f l y  desc r ibes  t h e  p r o p e r t i e s  of t h e  four  candida te  
types of r o c k .  The U.S. Department of Energy (DOE) is i n v e s t i g a t i n g  these 
four  media f o r  possible use  w i t h  high-level  waste as w e l l  a s  t h e  TRU waste t o  
be rece ived  a t  t h e  WIPP. Re f l ec t ing  the  i n v e s t i g a t i o n s ,  t h i s  appendix in- 
c ludes  s o m e  d i scuss ion  o f  p r o p e r t i e s  l i k e  thermal conduc t iv i ty  t h a t  are c r i t -  
ical  to the  des ign  of repositories f o r  h igh- leve l  waste, b u t  are no t  of major 
importance to the  WIPP. 

The c u r r e n t  i n v e s t i g a t i o n s  of a l t e r n a t i v e  geologic  media are extens ive ,  
and t h i s  brief review is not  intended to cover them thoroughly.  A coinpre- 
hensive review of t he  candida te  geologic  media appears i n  t he  d r a f t  gene r i c  
environmental  impact s ta tement  (GEIS) for t h e  management of commercially 
genera ted  r a d i o a c t i v e  waste (DOE, 1979). Another r e c e n t  review has been made 
by t h e  Interagency Review Group (IRG)  on Nuclear Waste Management, whose 
reports ( I R G ,  1979; IRG Subgroup, 1978) con ta in  recommendations about  t h e  
choice  of  g@log ic  media. References to other reviews and to detailed data 
appear i n  t h e  GEIS and i n  t h e  IRG reports. 

Af te r  p re sen t ing  background material t h a t  exp la ins  t h e  bases  for choosing 
a r o c k  medium, t h i s  appendix reviews each of t h e  four  candida te  media. 

A . l  GENERAL BASIS FOR CHOOSING A ROCK MEDIUM 

The s e l e c t i o n  of a specific medium depends on t w o  major p rope r t i e s :  geo- 
l o g i c  and hydrologic  c h a r a c t e r i s t i c s ,  which must resist forces t h a t  might ex- 
pose the  bur ied  waste to the  biosphere,  and s t ruc tura l  characteristics, which 
m u s t  permit t h e  cons t ruc t ion  of a mined c a v i t y  wi thout  d i s t u r b i n g  t h e  geologic  
and hydrologic  c h a r a c t e r i s t i c s .  A s a t i s f a c t o r y  r o c k  medium must p r e s e n t  lit- 
t l e  t h r e a t  t h a t  its hydrologic and geologic  characteristics could provide a 
mechanism or pathway by which t h e  waste could  r e t u r n  to the  s u r f a c e  i n  harmful 
q u a n t i  ties. 

The geologic  c h a r a c t e r i s t i c s  are important because t h e  purpose of a waste 
repository is to provide  a place i n  which’ a solid material can be bur ied  per- 
manently. 
l eav ing  its place o f  b u r i a l  because it can do so only i f  some process  opens 
t h e  e a r t h  to the  depth of t he  b u r i a l  p o i n t  or i f  t h e  surface is removed to 

As long as the  material remains so l id , -  it has  l i t t l e  chance of 
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t h a t  depth. Therefore geo log ic  format ions  t h a t  have been stable f o r  long 
periods are sought f o r  r e p o s i t o r y  l o c a t i o n s ,  on t h e  assumption t h a t  t h e  long- 
i n n c t i v e  d i s r u p t i v e  f o r c e s  i n  t h e  e a r t h  t h e r e  w i l l  remain i n a c t i v e .  

Material buried i n  solid form n i g h t  r e t u r n  to t h e  s u r f a c e  i n  another way: 
by being engulfed i n  a stream of water t h a t  d i s s o l v e s  t h e  material and carries 
it to t h e  su r face .  Because t h e  f o r c e s  t h a t  i n f luence  t h e  f l o w  of underground 
water are less c a t a s t r o p h i c  (and p o t e n t i a l l y  more l i k e l y )  than those  t h a t  might 
uncover a deeply bur ied  s o l i d ,  t h e  hydrologic c h a r a c t e r i s t i c s  of a medium may 
have g r e a t e r  in f luence  on its s e l e c t i o n  than t h e  geologic  c h a r a c t e r i s t i c s .  

The s t ructural  C h a r a c t e r i s t i c s  of t h e  rock are important because a repos- 
i t o r y  m u s t  be designed, cons t ruc t ed ,  and pperated i n  such a f a sh ion  t h a t  it 
w i l l  not upset t h e  geologic  an2 hydrologic c h a r a c t e r i s t i c s .  Because a reposi- 
t o r y  is an engineered s t r u c t u r e ,  its a b i l i t y  to isolate  t h e  waste w i l l  depend 
on the  m a t e r i a l  i n  which it is cons t ruc t ed .  Consequently, t h e  s e l e c t i o n  o f  
t he  geologic  medium m u s t  f a c i l i t a t e  t h e  engineer ing  des ign  of a s t ruc ture  t h a t  
w i l l  have a minimum p r o b a b i l i t y  of releasi,ng its con ten t s .  

To be able to des ign  t h e  underground s t r u c t u r e  to minimize i ts  impact on 
t h e  hydraul ic  environment, t h e  b u r i a l  medium m u s t  be chosen wi th  special a t t e n -  
t i o n  to its mechanical, phys i ca l ,  and chemical p r o p e r t i e s .  7n repositories 
t h a t  con ta in  heat-producing waste, t h e  bur ia l  medium mus t  be a b l e  to  wi ths tand  
t h e  thermal stresses induced by t h a t  waste. Furthermore, e s t a b l i s h i n g  an 
e f f e c t i v e  design r e q u i r e s  a n a l y t i c a l  models for t h e  s t r u c t u r e  t h a t  take i n t o  
account the properties of thc geologic  mediurn; w i t h o u t  meeting this fundamental 
requirement, it would be extremely d i f f i c u l t  to be conf iden t  t h a t  t h e  des ign  
of t he  r e p o s i t o r y  meets t h e  fundamental requirements.  The a b i l i t y  to conduct 
t h e  engineer ing  a n a l y s i s  deper.ds s t r o n g l y  on a thorough knowledge of t h e  prop- 
ert ies of a proposed medium. For t h i s  reason, t h e  preferred medium mus t  have 
well-studied properties. 

To decide i n  d e t a i l  whcther t h e  properties of a geologic  medium zre sat is-  
f a c t o r y  requires t h a t  s e v e r a l  q u e s t i o n s  be answered, inc luding  t h e  following: 

Q l?i11 the  subsur face  s t ructure  he able to  remain open and operable  over 
t h e  planned l i f e t i m e  of t h e  r epos i to ry?  

o Can the  s t ruc ture  be used f o r  waste d i s p o s a l  wi thout  adverse ly  
a f f c c t i n g  t h e  surrounzing geol.ogic and hydrologic environments? 

e Car. t h e  s t ructure  be ixseci wi thout  adverse ly  a f f c c t i n g  its own 
s t ruc tu ra l  i n t e g r i t y ?  

e W i l l  the s t r u c t u r a l  material be adverse ly  a f f e c t e d  by h e a t ,  and will it 
react chemically with t h e  waste? 

e \?ill t h e  surrounding geologic  inateFXia1 react chemically with t h e  waste? 

By reviewing t h e s e  q u e s t i o n s  .along wi th  o t h e r s ,  it is p o s s i b l e  to i d e n t i f y  
s p e c i f i c a l l y  t h e  important properties of a geologic  medium. Among t h e  chem- 
i ca l  p r o p e r t i e s ,  it is necessary to  understand t h e  s o l u b i l i t y  and chemical 
s t a b i l i t y  of the  nediun, its a b i l i t y  to  res is t  chemical change eur ing  hea t ing ,  
and t h e  co r ros iveness  of f l u i d s  it con ta ins .  Importmt mechanical. nropcrties 
inc lude  t e n s i l e  and compressive s t r e n g t h  and s t r e s s - s t r a i n  r e l a t i o n s h i p s  as  

A- 2 



expressed by elastic and b u l k  moduli. 
thermal conduc t iv i ty ,  thermal expansion, hea t  capac i ty ,  and d e c r e p i t a t i o n  
temperature. These properties are no t  known equa l ly  w e l l  f o r  a l l  t h e  
candida te  media. 

Important p h y s i c a l  properties inc lude  

I n  a d d i t i o n  to  knowing these  basic data,  it is important to  have a w e l l -  
developed mathematical  model f o r  p r e d i c t i n g  t h e  mechanical behavior of a 
r e p o s i t o r y  i n  t h e  chosen medium. This  model m u s t  predict  t h e  stresses, defor- 
mations,  and temperatures t h a t  t h e  geo log ic  medium w i l l  experience.  I t  must 
model t h e  mechanisms by which t h e  s t ruc ture  or its surroundings can f a i l ;  it 
can then  test t h e  c o n d i t i o n s  (stress, temperature, etc.) under which f a i l u r e  
c o u l d  occur .  

Each of t h e  four  s e c t i o n s  t h a t  fo l low reviews a geo log ic  medium i n  the 
con tex t  of t h i s  d i scuss ion .  Table A-1 compares t h e  t h r e e  major geologic  media 
according to  a number of important properties. 

A.2 SALT 

When geo log ic  media were f i r s t  eva lua ted  for t h e  emplacemer?t of radio- 
a c t i v e  waste, s a l t  was judged to  be t h e  b e s t  choice  f o r  a nurnber of reasons ,  
inc luding  long-term geo log ic  s t a b i l i t y ,  s p a t i a l  p r e d i c t a b i l i t y ,  s u i t a b i l i t y  
f o r  engineer ing  a n a l y s i s ,  thermal and mechanical. p r o p e r t i e s ,  ease of reposi- 
t o r y  cons t ruc t ion ,  freedom from c i r c u l a t i n g  groundwater, chemical s t a b i l i t y ,  
and t h e  e x i s t e n c e  o f  ex tens ive  masses of uniform material. The o r i g i n a l  re- 
port o€ a committee e s t a b l i s h e d  by t h e  Nat iona l  Academy o f  Sciences-National 
Research Council  (1957) recommended t h a t  s a l t  be eva lua ted  as a s t o r a g e  medium 
because it has  e x c e l l e n t  thermal and p h y s i c a l  properties. The report poin ted  
o u t  t h a t  t h e  e x i s t e n c e  of s a l t  format ions  f o r  s e v e r a l  hundred n i l l i o n  y e a r s  
demonstrates t h a t  they  have been isolated from d i s t u r b i n g  f o r c e s  on t h e  s u r f a c e  
and f rorn c i r c u l a t i n g  groundwzter; consequently,  there is ar: extremely h igh  
p r o b a b i l i t y  t h a t  they w i l l  r e a a i n  i s o l a t e d  i n  t h e  f u t u r e .  Other desirable fea- 
t u r e s  of s a l t  format ions  are t h e i r  uniform cons i s t ency ,  simple geo log ic  struc- 
ture , and predictable s t r a t i g r a p h i c  c h a r a c t e r  over l a r g e  reg ions .  Further- 
more, t h e  mechanical and phys ica l  p r o p e r t i e s  of s a l t  are known well enough to 
DroviZe a good basis for t h e  engineer ing  ana lyses  necessary  for des igning  a 
r epos i to ry .  

Experiments to confirm t h e  e v a l u a t i o n  of s a l t  a s  a s u i t a b l e  c)eologic 
medium began i n  1965 under Project Sa l t  V a u l t  (Bradshxw and IlcClain, 1971) , 
which opera ted  f o r  2 years .  Other experiments h v e  beer. conducted over t h e  
past  decade a t  t h e  A s s e  experimental  r e p o s i t o r y  i n  t h e  Federal Republic of 
Gernany (iCuehn e t  a l . ,  1976). The experiments have confirmed t h e  basic nnzer- 
s tanding  of t h e  fundamental properties of s a l t  and t h e  engineer ing  a n a l y s i s  
requi red  to  des ign  a r e p o s i t o r y  i n  s a l t .  

Project Sa l t  Vault  brought to t h e  a t t e n t i o n  o f  r e p o s i t o r y  des igne r s  t h e  
phenomenon of 
( u s u a l l y  less 
been a s s e r t e d  
s t r e r y t h .  As 
s t r e n g t h  w i l l  
be considered 

- 
b r i n e  migration: small amounts of b r i n e  t h a t  occur i n  s a l t  
than 1% by weight) move toward emplaced h e a t  sources. It  has 
t h a t  accumulations of b r ine  i n  s a l t  can lower its mechanical 
long  as  t h e  br ine remains d i s t r i b u t e d ,  however, i ts  impact on 
he  minimal. Migration Dhenornena and r educ t ion  i n  s t r e n g t h  can 
p o t e n t i a l  problems orily when e l eva ted  temperatures w i t h  I a r q e  
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Table A-1. Comparison of Geologic Media 

Property Salt Basalt or granite Shale 

BASIC PROPERTIES 

Plasticity 
Solubility 
sorptive capacity 

Compr ess ive strength 
Thermal diffusivity 
Thermal stability against 
chemical decamposi tion 

Porosity 
Permeability 
Water presence 

Corrosiveness of 
indigenous fluid 

Tectonic. stability 

Geologic structure 

Hydrology 

Availability 
Need to use explosives 
Understanding of medium 

for repository use 
Waste rock 

Mat hema t ical mode ling 

High 
High 
L w  (depends on 

impurities) 
Moderate 
High 
High 

None 
Very low 
Fair 

High 
LOW 
High; potential dewater- 

ing of clay in basalt 

IN-SITU PROPERTIES 

O.S%, interstitial 1% I cracks 
Essentially none Decreases with depth 
I solated from flowing 

High Low to moderate 

Present, open to 
groundwater flowing groundwater 

Very stable Very stable areas 

Relatively simple Fracture systems 
areas can be found of ten complex 

Moderately difficult Difficult to 
to characterize characterize 

can be found 

Good 
No 
Well studied 

PRACTICAL MATTERS 

Good 
Yes 
Not well studied 

Reuse some; pile needs Reuse some; pile 
protection from probably does not 
erosion and runoff need protection 

Relatively simple; Relatively complex; 
well developed not fully developed 

Variable 
Very l w  
High 

Moderate 
Low 
High; potential de- 
watering of clay 

5-30%, cracks 
Very l ow 
Present, open to 

Low to moderate 
flowing groundwater 

Very stable areas 
can be found 

Like salt 

Difficult to 
characterize 

Good 
Possibly 
Not well studied 

Reuse some; pile 
needs protection, 
but less than salt 

Relatively complex; 
not fully developed 

t) c) 



thermal g r a d i e n t s  are present .  
being i n v e s t i g a t e d  to determine whether it can inc rease  t h e  water con ten t  of 
t h e  s a l t  near ho t  waste and affect t h e  s t r e n g t h  of t h e  s a l t  there. 

The migra t ion  of b r i n e  toward heat sources  is 

I n  a TRU-waste r epos i to ry ,  reduced s t r e n g t h  of s a l t  due to t h e  presence of 
b r ine  is of minimal s i g n i f i c a n c e  because l i t t l e  heat-producing waste w i l l  be 
emplaced there. For c e n t u r i e s  underground mines have been b u i l t  i n  sa l t ;  t he  
s t a b i l i t y  of these mines has not  been measurably a f f e c t e d  by t h e  presence of  
br ine .  The TRU waste i n  t h e  r epos i to ry  w i l l  not  provide  s i g n i f i c a n t  heat- 
induced pe r tu rb ing  forces on t h e  s t r u c t u r e  or its surroundings.  

The i n t r i n s i c  p r o p e r t i e s  t h a t  make s a l t  an a t t r a c t i v e  medium inc lude  
uniformly l o w  permeab i l i t y ,  high thermal conduc t iv i ty ,  abundance i n  th i ck  
masses, and p l a s t i c i t y  t h a t  enables  f r a c t u r e s  to heal themselves a t  feasible 
r e p o s i t o r y  depths .  However, t h e  high s o l u b i l i t y  of s a l t  r e q u i r e s  tha t  exten- 
s i v e  knowledge of r eg iona l  and si te hydrology be obta ined  before a r epos i to ry  
site is s e l e c t e d ;  it will be necessary to develop an understanding about  pos- 
s ible  f u t u r e  groundwater flow a t  a chosen site. 

The s o l u b i l i t y  of r o c k  s a l t  i n  water is two orders of nagni tude greater 
than  t h a t  of any other candida te  m e d i u i i .  If man-made or n a t u r a l  even t s  caused 
a breach i n  the  repositorv, c i r c u l a t i n g  groundwater could release the  radio- 
nuc l ides  i n  t h e  waste, al though t h e  sorptive capac i ty  of t h e  geologic  materials 
along the  flow p a t h s  would retar?. t h e  release of t h e s e  nuc l ides .  A thorough 
knowledge of these sorptior? p r o p e r t i e s  is requi red  for t h e  p a r t i c u l a r  rocks 
and the  p a r t i c u l a r  grourdwaters a t  a r epos i to ry .  General ly ,  t h e  s o r p t i v e  
capac i ty  of s a l t  is lm 2nd dependent on t h e  i m p u r i t i e s  i n  sa l t .  ' 

Extensive s a l t  mining i n  many l o c a t i o n s  around t h e  United States and abroad 
has resulted i n  a well-developed salt-mining technology. One particular 
advantage associated wi th  s a l t  raining is t h a t ,  af ter  shaf t  cons t ruc t ion ,  
explos ives  c7re not needed. E l e c t r i c a l l y  powered continuous-mining machines 
can c o n s t r u c t  t h e  storage rooms; diesel-powered carriers h a u l  the nined s a l t  
to branch-corridor conveyors, which are f r e q u e n t l y  extended to keep the  haul ing  
d i s t a n c e s  as short as possible. 

S a l t  tfiffers from basal t  and shale i n  t h e  p o t e n t i a l  envi ronnenta l  inpacts 
of the  waste rock from mining t h a t  has  to be stored a t  t h e  su r face .  The 
sur face-s torage  p i l e  w u l d  have to be designed to linft wind erosion and pre- 
c ip i  t a t i o n  ru2off i n  order  to rninFnj.ze potential  environmental  impacts during 
an6 af ter  r e p o s i t o r y  opera t ion .  

I n  auinmary, s a l t  is t h e  best' understood of a l l  candidkte  geologic  mediz 
with r e s p x t  to its possible use  as a waste-reposi tory medium, and it of fers  
advantages i n  thermal p r o p e r t i e s  and p l a s t i c i t y .  It  is found i n  many places 
i n  t h e  Unitec? States  (Figure A-1). 

I 

A.3 CRYSTALLINE ROCKS 

Basa l t ,  g r a n i t e ,  and other c r y s t a l l i n e  igneous and metamorphic r o c k s  have 

The e v a l s e t i o n  
been proposed as geologic  media f o r  a r epos i to ry ;  ex tens ive  deposits t h a t  nave 
been stable f o r  m i l l i o n s  of yea r s  e x i s t  i n  t h e  United States. 
of these media is i n  an e a r l y  s t a g e  of data c o l l e c t i o n ,  2nd an effort  is under 
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Figure A-I .  Map of rock-salt deposits in the United States. 

way to compile t h e  information sys t ema t i ca l ly .  
(compressive s t r e n g t h ,  t e n s i l e  s t r e n g t h ,  modu lus  of e l a s t i c i t y ,  etc.) of these  
r o c k s  have been e s t a b l i s h e d  through l abora to ry  tests. The p r o p e r t i e s  of t h e  
aggrega te  are, however, considered to be s u b s t a n t i a l l y  d i f f e r e n t  from those 
of t h e  small samples of whole r o c k  because c r y s t a l l i n e  r o c k s  are f r a c t u r e d  and 
cannot  be r e c o n s t i t u t e d  (un l ike  f r a c t u r e d  sa l t ,  which w i l l  "weld" under l i t h o -  
static p r e s s u r e ) .  It is t e c h n i c a l l y  p o s s i b l e  to b u i l d  openings i n  c r y s t a l l i n e  
r o c k s ;  s t i l l  under development are a n a l y t i c a l  procedures  t h a t  w i l l  completely 
eva lua te  t h e  impact of thermal loads on mine structures i n  such  r o c k  or t h e  
surrounding r o c k  formations.  

The basic mechanical p r o p e r t i e s  

C r y s t a l l i n e  r o c k s  do not  d i s s i p a t e  heat as w e l l  a s  s a l t  does;  t h e  thermal  
c o n d u c t i v i t i e s  of c r y s t a l l i n e  r o c k s  are about one-fourth t h a t  of sa l t .  Each 
r e p o s i t o r y  i n  c r y s t a l l i n e  rocks w i l l  be  designed with heat loads ad jus t ed  to 
t h e  thermal  conduc t iv i ty  p r e v a i l i n g  a t  t h e  site. For some time h e a t  t r a n s f e r  
through c r y s t a l l i n e  r o c k  has been considered a p o t e n t i a l  problem because t h e  
e f f e c t s  of  cracks on thermal  conduc t iv i ty  are not  w e l l  known; hea t  d i s s i p a t i o n  
i n  a medium with a random p a t t e r n  of cracks is p r e s e n t l y  d i f f i c u l t  t o  analyze.  
Experiments measuring h e a t  conduction i n  g r a n i t e  are under way i n  Sweden and 
a t  the  Nevada T e s t  Site (NTS). The test a t  NTS showed t h a t  t h e  cracks i n  NTS 
r o c k s  a f f e c t e d  t h e  thermal  conduc t iv i ty  by less than 10%. T e s t s  conducted a t  
both l o c a t i o n s  confirm t h a t  temperature  d i s t r i b u t i o n s  i n  hard r o c k  can be cal- 
c u l a t e d  wi th  a high l e v e l  of accuracy. 

/-- 
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Although l a r g e  formations of s a l t ,  while  s o l u b l e  i n  water, are impervious 
to t h e  f l o w  of water, l a r g e  formations of c r y s t a l l - i n e  rocks are f u l l  of f r ac -  
t u r e s  t h a t  would provide convenient  p a t h s  for water flow. 
sea l ed  r epos i to ry  b u i l t  below t h e  water table i n  c r y s t a l l i n e  rock, t h e  cracks 

t h e  formation are  mostly small, t h e  ra t io  of water volume to rock volume is 
small. 
c u l a t e  th? t o t a l  flow and mass t r a n s p o r t  under t h e  f rac ture- f low condi t ions .  
I n  add i t ion ,  it is not  y e t  p o s s i b l e  to i d e n t i f y  t h e  e f f e c t s  t h a t  thermal 
loading w i l l  e x e r t  on t h e  flow of  water i n t o  or o u t  of  a sea l ed  repos i tory .  
Techniques f o r  making these c a l c u l a t i o n s  are being developed. 

I n  a backfi l led,  

Q n d  void spaces  may even tua l ly  f i l l  wi th  water, Because t h e  cracks throughouc 

Never the less ,  a major drawhack is t h a t  it is no t  y e t  p o s s i b l e  to cal- 

Flow through a f r a c t u r e d  medium w i l l  depend on t h e  connectedness and s i z e  
of t h e  f r a c t u r e s .  Their s i z e  is c o n t r o l l e d  to  a l a r g e  e x t e n t  by t h e  normal 
stresses a c t i n g  across t h e  f r a c t u r e s ;  s i n c e  t h e s e  stresses increase wi th  depth,  
t h e  permeabi l i ty  of c r y s t a l l i n e  r o c k  u sua l ly  decreases with depth.  
model has  not  been e s t a b l i s h e d  to a c c u r a t e l y  eva lua te  f r a c t u r e  flow, exper ience  
h a s  shmwn t h a t  a t  depths  of 1500 f e e t  or more below t h e  s u r f a c e  t h e  f r a c t u r e  
pe rmeab i l i t y  is so l o w  t h a t  it may not  be a s i g n i f i c a n t  t h r e a t  even when 
conse rva t ive ly  evaluated.  

Although a 

Because t h e  water i n  c r y s t a l l i n e  r o c k s  is more mobile than t h e  water i n  
s a l t ,  it may c o n t r i b u t e  to s l o w  leaching  of t h e  r ad ioac t ive  nuc l ides  from t h e  
waste. Although t h i s  cond i t ion  might appear to be a problem, t h e  magnitude of  
t h e  problem is diminished because g r a n i t e  and basalt  have s o r p t i v e  p r o p e r t i e s  
t h a t  cause t h e  r a d i o a c t i v e  elements i n  t h e  water to be removed by chemical 
r e a c t i o n s  wi th  t h e  rock. Furthermore, t h e  t y p i c a l l y  low i o n i c  s t r e n g t h  of t h e  
water found i n  these  formations reduces t h e  p o s s i b i l i t y  of adverse  e f f e c t s  on 
t h e s e  s o r p t i v e  p r o p e r t i e s .  Because o f  t hese  f avorab le  n a t u r a l  cond i t ions ,  it 
appears  t h a t  t he  co r ros ion  of waste c a n i s t e r s  stored i n  a c rys t a l l i ne - rock  
r epos i to ry  will be slow; t h e  c a n i s t e r  may maintain its i n t e g r i t y  over many 
hundreds of yea r s .  

A major d i f f e r e n c e  between r e p o s i t o r i e s  i n  c r y s t a l l i n e  rock and i n  s a l t  
w i l l  be i n  t h e  methods of  cons t ruc t ion .  While it w i l l  be p o s s i b l e  i n  s a l t  to 
u s e  mining machines, c r y s t a l l i n e  rock w i l l  r e q u i r e  dr i l l -$nd-b las t  techniques 
whose impact on t h e  i n t e g r i t y  of a r epos i to ry  is st i l l  unknown. Such tech- 
n iques  might adverse ly  a f f e c t  t h e  rock  wi th in  a few meters around t h e  mined 
openings.  Since t h e  rock beyond t h i s  affected volume w i l l  provide the 
requi red  isolat ion,  it is no t  clear t h a  
a f f e c t  t h e  long-term i n t e g r i t y  of a r ep  i t o r y .  
to  answer t h i s  ques t ion .  

dr i l l -and-b las t  cons t ruc t ion  w i l l  
Experiments w i l l  be necessary 

Major formations of g r a n i t e  and basalt e x i s t  .in t h e  United S t a t e s ;  Figure 
A-2 shows t h e i r  gene ra l  l o c a t i o n s . '  Reconnaissance s t u d i e s  have shown t h a t  t h e  
a t t r a c t i v e  g r a n i t e  formations inc lude  those  i n  New England, t h e  Rocky Mountain 
u p l i f t ,  t he  S i e r r a  Nevada Mountain Range, t h e  Appalachian Mountains, and t h e  
Canadian Sh ie ld  in* nor thern  Minnesota and Wisconsin. The. b a s a l t  formations of 
i n t e r e s t  are t h e  Colunbia P la t eau  Flood Basalts. in,Washington, Oregon, and 
Idaho. 
is ample oppor tun i ty  to  f i n d  s u i t a b l e  sites. 
of c r y s t a l l i n e  rocks are being conducted by t h e  DOE a t  t h e  Hanford S i te ,  a t  
t h e  Nevada Tes t  S i t e ,  and i n  Sweden. 
programs. 

Because both t h e  g r a n i t e  and t h e  basalt  formations are ex tens ive ,  t h e r e  
F i e l d  s t u d i e s  on t h e  s u i t a b i l i t y  

Sweden.and Canada also have such 

& 
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V 
Figure A-2. Granite and basalt deposits in the United States. 

A.4 ARGILLACEOUS ROCKS 

Arg i l l aceous  rocks, e s p e c i a l l y  s h a l e s ,  have also been proposed as  geo log ic  
m e d i a  f o r  repositories. 
tics: s o m e  s h a l e s  are r e l a t i v e l y  p las t ic ,  wi th  a h igh  water con ten t ;  o t h e r s  
a r e  r e l a t i v e l y  b r i t t l e ,  wi th  a low water content .  
t h e i r  s t r u c t u r e ,  t h e s e  r o c k s  vary widely i n  mechanical properties. 
s t r e n g t h  i n  a d i r e c t i o n  perpendicular  to t h e  l a y e r s  is o f t e n  s u b s t a n t i a l l y  
d i f f e r e n t  from t h e i r  s t r e n g t h  para l le l  to t h e  l a y e r s .  Sha les  e x h i b i t  good 
s t r e n g t h  properties i n  compression bu t  l i t t l e  or no s t r e n g t h  under t e n s i l e  
load. 
slowly under i n - s i t u  stresses; whi le  good f o r  c l o s i n g  cracks, t h i s  f e a t u r e  is 
poor f o r  designing,'  cons t ruc t ing ,  and ope ra t ing  a mine t h a t  m u s t  remain open 
f o r  20 years .  
p r o p e r t i e s  make s h a l e  repositories d i f f i c u l t  to model and analyze g e n e r i c a l l y .  
S i t e - s p e c i f i c  ana lyses  and des igns  w i l l  be  necessary  f o r  each proposed s h a l e  
r epos i to ry .  

Argillaceous r o c k s  vary  widely i n  t h e i r  c h a r a c t e r i s -  

Because o f  t h e  v a r i a t i o n  i n  
Their 

Sha les  wi th  a h igh  water c o n t e n t  may be h igh ly  p las t ic ,  deforming 

The an i so t ropy  o f  s h a l e  and t h e  p o s s i b l e  v a r i a t i o n s  i n  its 

The a b i l i t y  of a r g i l l a c e o u s  r o c k  to dissipate hea t  is comparable to t h a t  
o f  c r y s t a l l i n e  r o c k .  
s u b s t a n t i a l  q u a n t i t i e s  of water i n  s h a l e  may set a r e l a t i v e l y  l o w  upper l i m i t  

While f a c i l i t a t i n g  uniform hea t  flow, t h e  presence  o f  
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on the  temperature of t h e  waste to avoid producing high-pressure gas  through 
t h e  conversion o f  water to steam. The design of  a r epos i to ry  i n  s h a l e  w i l l  
ad jus t  the  thermal o u t p u t  of t h e  waste to  avoid t h i s  p o s s i b i l i t y .  Experiments 
wi th  h e a t e r s  have been conducted i n  two d i f f e r e n t  types of sha le .  The r e s u l t s  
of tests i n  w e t  layered s h a l e  are c o n s i s t e n t  with t h e  above picture. Tests i n  
nonlayered low-wa te r -conten t  s h a l e  i n d i c a t e  hea t -d i s s ipa t ion  cha rac t e r  istics 
similar to those of g r a n i t e  and basalt. These tests confirm t h a t  temperature  
d i s t r i b u t i o n s  i n  d i f f e r e n t  types of  s h a l e  can be c a l c u l a t e d  wi th  an acceptab le  
leve l  of accuracy (Tyler  et  a l . ,  1979). 

Shale ,  a material of l o w  i n - s i t u  permeabi l i ty  (Magara, 1971) ,  is inso lub le  
i n  water: it deforms under l i t h o s t a t i c  loads, c l o s i n g  inhe ren t  j o i n t s .  Because 
o f  these  properties, water does not  move e a s i l y  through s h a l e ,  even though 
s h a l e  may con ta in  s u b s t a n t i a l  q u a n t i t i e s  of  formation water. 
could produce a major d r i v i n g  f o r c e  to  move t h e  water, most of t h e  waste to be 
received a t  a TRU-waste r epos i to ry  w i l l  not  provide  such a h e a t  load. 

Although hea t  

Argi l laceous  r o c k s ,  l i k e  c r y s t a l l i n e  r o c k s ,  may provide an aqueous 
environment conducive to  slow c o r r o s i v e  attack on t h e  encapsulated waste. 
Water entrapped i n  s h a l e  is of in te rmedia te  i o n i c  s t r e n g t h ,  which moderately 
i n h i b i t s  c o r r o s i v e  a c t i o n  on c a n i s t e r s .  Af te r  a c a n i s t e r  has been pene t r a t ed ,  
t h e  d i s s o l u t i o n  of t h e  waste i n s i d e  would also be s l o w  because of t h e  
in te rmedia te - leve l  i o n i c  s t r e n g t h  of  t h e  water. The presence  of radio- 
n u c l i d e s  i n  t he  water w i l l  be mi t iga t ed  by t w o  major f a c t o r s :  t h e  s l o w  ra te  of 
water movement through t h e  t i g h t  s h a l e  formations and t h e  s t rong  s o r p t i v e  
c a p a c i t y  of the  s h a l e  minera ls ,  which reduces the  concen t r a t ion  of radio- 
nuc l ides  i n  t h e  water through chemical r eac t ions .  

The methods f o r  cons t ruc t ing  a r e p o s i t o r y  i n  shale w i l l  vary: t h e  soft 
l ayered  type o f  s h a l e  could be mined with machines, whi le  t h e  harder a r g i l -  
l i t e s  might require dr i l l -and-b las t ing  techniques.  A major concern about  t h e  
cons t ruc t ion  and ope ra t ion  of a r epos i to ry  i n  s h a l e  is t h e  p o s s i b l e  occurrence 
of squeezing zones: t h i n  l a y e r s  of unusual ly  s o f t ,  p l a s t i c  material t h a t  could 
be squeezed by l i t h o s t a t i c  f o r c e s  i n t o  mined openings.  A s tudy of t h e  Eleana 
a r g i l l i t e  a t  the  Nevada T e s t  S i t e  showed t h a t  a r e p o s i t o r y  i n  t h i s  type  of 
formation would require s u b s t a n t i a l  expendi tures  f o r  necessary s t ruc tu ra l  
supports underground because of t h e  presence of squeezing zones (Fenix and 
Scisson,  1978: Yaner and Owen, 1978).  

Large formations of a r g i l l a c e o u s  material are located i n  t h e  United 
S ta t e s :  t h e  l a r g e s t  is t h e  Pierre Shale, i n  p o r t i o n s  of North D a k o t a ,  S o u t h  
Dakota, Colorado, Montana, and Wyoming. F igure  A-3 shows the  l o c a t i o n  of t h i s  
and o ther  major a r g i l l a c e o u s  format ions  i n  t h e  United States.  

Tuff  is composed of material ejected from volcanoes: some of t h e  b e s t  t u f f  
formations are loca ted  i n  volcano calderas. 
s idered  f o r  repositories; da t a  on its s u i t a b i l i t y  have been gathered for ap- 
proximately 1 year .  

I t  has  only r ecen t ly  been con- 

F igure  A-4 shows r eg ions  i n  t h e  United S t a t e s  where t u f f  
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Figure A 3 .  Deposits of argillaceous rock in the United States. 

deposits are found. None of  t h e s e  reg ions  are i n  t h e  e a s t e r n  part  of t h e  
country;  material o r i g i n a l l y  ejected from volcanoes t h e r e  has  metamorphosed 
and is not  c lass i f ied as  t u f f .  

There are t w o  types of t u f f  to consider .  Welded t u f f  has  low poros i ty ,  
l o w  permeabi l i ty ,  high s t r e n g t h ,  good thermal  s t a b i l i t y ,  and moderate chemical 
s o r p t i v i t y .  Nonwelded t u f f  has  high po ros i ty ,  l o w  permeabi l i ty ,  high water 
conten t ,  l o w  s t r e n g t h ,  good thermal s t a b i l i t y  when dry,  unusual thermal expan- 
s i o n  p r o p e r t i e s ,  and extremely high chemical s o r p t i v i t y .  The f i r s t  inves t iga-  
t i o n s  of  t h e s e  materials sugges t  t h a t  they  are promising media for t h e  geologic  
d i s p o s a l  of waste. 

Because of t h e  process  by which t u f f s  are depos i ted ,  t h e  welded t u f f  is 
usua l ly  surrounded by a t  least a p a r t i a l  envelope of nonwelded t u f f .  If a 
r e p o s i t o r y  were b u i l t  i n  such a formation,  t h e  welded t u f f  would provide high 
mechanical s t r e n g t h  and thermal s t a b i l i t y  whi le  t h e  surrounding nonwelded t u f f  
would provide s t rong  s o r p t i o n  of rad ionucl ides .  
nea r ly  i d e a l  set of m u l t i p l e  b a r r i e r s  under t h e  proper minera logica l  and 
hydro logic  condi t ions .  Because t h e  arrangement is complex, t h e  engineer ing 
design o f  a r epos i to ry  i n  t u f f  w i l l  be d i f f i c u l t ;  however, t he  b e n e f i t s  could  
be s i g n i f i c a n t .  

This  arrangement could be a 

R 
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Appendix B 

"HE NATIONAL WASTE TERMINAL STORAGE PROGRAM 
AND ALTERNATIVE GEOLOGIC REGIONS 

The Nat ional  Waste Terminal Storage (NWTS) program of t h e  U.S. Department 
of Energy (DOE, 1979) is d i r e c t e d  a t  the  development of fac i l i t i es  for t h e  em- 
placement and d i s p o s a l  of high-level  and t r ansu ran ic  (TRU) waste wi th in  deep 
geologic formations i n  order to provide safe, long-term i s o l a t i o n  of t h e  waste 
from human a c t i v i t i e s  and from t h e  environment. The program con ta ins  s e v e r a l  
elements : 

1. G e o l o g i c  s t u d i e s  to i d e n t i f y  s u i t a b l e  geologic media and p o t e n t i a l  
sites i n  va r ious  geographic regions.  

2. Analysis  of t h e  behavior of r a d i o a c t i v e  waste i n  candida te  geologic 
s t r u c t u r e s .  

3. Engineering and design of ope ra t ing  repositories and a s soc ia t ed  
s p e c i a l i z e d  equipment. 

4. Development of packaging and s to rage  methods for unreprocessed spent  
f u e l .  

This appendix discusses t h e  na ture  and s t a tus  of t h e  f i r s t  program element 
listed above. 

B . l  REGIONAL STUDIES 

, Si te -eva lua t ion  a c t i v i t i e s  inc lude  geologic i n v e s t i g a t i o n s  and suppor t ing  
s t u d i e s  of t h e  zur face  environment. These s t a r t  on a broad n a t i o n a l  scale and 
subsequent ly  narrw to candida te  reg ions  and then to i n v e s t i g a t i o n s  of a r e a s  
wi th in  reg ions ,  f i n a l l y  r e s u l t i n g  i n  work  a t  s p e c i f i c  sites. The confirmation 
of a potential repository site requires a detai led s tudy  of t h e  geologic, 
hydrologic ,  environmental ,  and socioeconomic c h a r a c t e r i s t i c s  of t h e  site. For 
a si te to be acceptable, it must be e s t a b l i s h e d ,  i n  the  framework of l i c e n s i n g  
r egu la t ions ,  tha t  no c r e d i b l e  c i rcumstances would be encountered t h a t  would 
r e s u l t  i n  releases of rad ionucl ides  from t h e  emplaced waste to the  biosphere 
i n  q u a n t i t i e s  t h a t  would c o n s t i t u t e  a hazard to t h e  publ ic .  

Geologic media being s tud ied  inc lude  sa l t  domes, bedded sa l t ,  g r a n i t e ,  
sha l e ,  and basalt. These are found i n  many parts of the  United States. Other 
materials, such as t u f f  and carbonate  rocks, may a l s o  meet t h e  requirements 
f o r  a candida te  host  rock .  

Most i n v e s t i g a t i o n s  of geologic  d i s p o s a l  to date have centered  on s a l t  
formations,  and t h e  primary emphasis of t h e  NWTS program remains on s a l t  domes 
and bedded-salt formations.  
Permian bas in  of  t h e  Cen t ra l  United S t a t e s ,  t h e  Sa l ina  region (comprised of 
t h e  Michigan and Appalachian basins) i n  t h e  no r theas t ,  t h e  Paradox bas in  of 
Utah, and t h e  sa l t  domes in land  from the  G u l f  of Mexico. I n  add i t ion ,  because 

Regional s tudies  have been completed on t h e  
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t hey  are DOE sites a l r eady  committed to nuclear  purposes, t h e  Hanford S i t e  
i n  south-cent ra l  Washington and the  Nevada T e s t  S i t e  are being examined to 
determine whether suitable sites e x i s t  among t h e  rocks they  conta in .  The 
s t a t u s  o f  t h e  s i t e - s e l e c t i o n  s t u d i e s  is summarized i n  Sec t ion  B.3. S e c t i o n s  
B.4 through B.8 d e s c r i b e  t h e  r e g i o n a l  s t u d i e s  and t h e  work  a t  t h e  Hanford Si te .  

B.2 SAFETY STUDIES 

A sys t ema t i c  eva lua t ion  of t h e  s a f e t y  and r e l i a b i l i t y  of geo log ic  disposal 
o f  r a d i o a c t i v e  waste is requ i r ed  i n  order  to i n s u r e  the  v i a b i l i t y  of specific 
des igns  a t  specific sites being cons idered  for repositories. I n  t h e  NWTS pro- 
gram t h i s  eva lua t ion  is almost e n t i r e l y  i n  terms of t h e  disposal of commercial 
h igh- leve l  waste. These s t u d i e s  c o n t a i n  t h e  fo l lowing  elements: 

1. Models for ana lyz ing  d i s r u p t i v e  even t s ,  bo th  n a t u r a l  and man- 
induced. 

2. Thermal a n a l y s i s  models. 

3.  S t u d i e s  of i n t e r a c t i o n s  between t h e  emplaced waste and t h e  surrounding 
r o c k  and groundwater. 

4. Waste-migration models. 

5 .  Borehole-plugging s t u d i e s .  

6. Systems a n a l y s i s  f o r  l i n k i n g  a l l  those  e f f e c t s  t oge the r .  

A b a s i c  program con ta in ing  t h e s e  elements,  t h e  Waste I s o l a t i o n  S a f e t y  
Assessment Program (WISAP), is i n  progress .  This  program is independent of 
t h a t  used for t h e  s a f e t y  a n a l y s i s  reported i n  Chapter 9 of t h i s  document; one 
of its t a s k s ,  t h e r e f o r e ,  is to make ana lyses  t h a t  para l le l  t h e  Chapter 9 
ana lyses .  The p r i n c i p a l  purpose of the  WISAP, however, is to  a i d  i n  t h e  site- 
s e l e c t i o n  and s i t e - c h a r a c t e r  i z a t i o n  a c t i v i t i e s  of t h e  NWTS program and eventu- 
a l l y  to e n t e r  i n t o  t h e  environmental assessments r equ i r ed  by t h e  Nat iona l  
Environmental Pol icy  A c t  of 1969 for whatever sites are on t h e  f i n a l  l i s t  of 
a1 ter na t i v e  cand ida te  sites . 

B.3 STATUS OF SITE-SELECTION STUDIES 

The earliest  d a t e s  for t h e  q u a l i f i c a t i o n  of sites are a s  follows: 

Geologic medium and l o c a t i o n  Date 

Bedded s a l t  (o the r  t han  L o s  Medanos) 
Dome s a l t  (Gulf i n t e r i o r  reg ion)  
Basalt (Hanf ord) 
Nevada T e s t  Si te  
Other hard-rock sites 
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1985 
198 3 
1984 
198 5 
1985 

n 



B.3.1 Gulf I n t e r i o r  S a l t  D o m e s  

The Gulf i n t e r i o r  salt-dome region con ta ins  s e v e r a l  hundred domes 
scattered across nor theas t e rn  Texas, nor thern  Louis iana,  and c e n t r a l  
Miss i ss ippi .  Picking a s i te  i n  this region amounts t o , p i c k i n g  a p a r t i c u l a r  
dome, as they  are discrete e n t i t i e s .  
s ize ,  depth to top, and t h e  na tu re  of previous  d is turbances .  A t t en t ion  has  
been narrowed to e i g h t  domes, three each i n  Texas and Miss i s s ipp i  and two i n  
Louisiana.  Hydrologic c h a r a c t e r i s t i c s ,  on t h e  other hand, can be and are 
being s tud ied  r eg iona l ly .  

A t  t h i s  p o i n t  t h e  main cr i ter ia  are 

Most of t h e  e a r l y  knowledge of t hese  domes has  been obta ined  from t h e  
s tudy and a n a l y s i s  of information from U.S. Geological  Survey and state f i les  
and of d r i l l - h o l e ,  seismic, and o t h e r  geophysical  d a t a  purchased from com- 
mercial i n t e r e s t s .  I n d i r e c t  geophysical  methods, such as  aer ia l  photo- 
grammetry and i n f r a r e d  remote sens ing ,  have also been used. 

Ear ly  f i e l d  eva lua t ions  r e s u l t e d  i n  t h e  e l imina t ion  of  t h e  P a l e s t i n e  Dome 
(Texas) i n  October 1979. S tud ie s  of t h e  remaining seven domes are cont inuing.  
They inc lude  hydrologic  s t u d i e s  of t h e  t h r e e  sedimentary b a s i n s  i n  which t h e  
domes occur as w e l l  a s  dome-specific geologic  and hydro logic  s t u d i e s .  The 
understanding of dome l o c a t i o n s  is being f u r t h e r  r e f i n e d  by g r a v i t y  surveys,  
high-resolut ion seismic r e f l e c t i o n  and r e f r a c t i o n  surveysl  and borehole  evalu- 
a t i o n s .  A l l  o f  t h e  seven domes being i n v e s t i g a t e d  are cons idered  to be tec- 
t o n i c a l l y  stable; no capable  f a u l t s  are known to e x i s t  i n  t h e i r  v i c i n i t y .  
la te  1980, two or t h r e e  domes w i l l  be recommended for f u r t h e r  examination i n  
t h e  "location" s tudy  phase of t h e  s i t e - exp lo ra t ion  process. 

I n  

S a l t  domes appear to be v i a b l e  a l t e r n a t i v e s  to bedded-salt  sites. Seve ra l  
European c o u n t r i e s  are cons ider ing  s a l t  domes s e r i o u s l y ,  and t h e  Federa l  
Republic o f  Germany has  opera ted  an experimental  r epos i to ry  i n  a salt-flow 
s t r u c t u r e  for 13  yea r s .  

B.3 .2  Hanford Basalt 

The Columbia P la t eau  b a s a l t s  cover a v a s t  reg ion  of c e n t r a l  Washington, 
nor thern  Oregon, and western Idaho; much of it m i g h t  i n  principle  be of 
i n t e r e s t  for waste d i sposa l .  For t h e  practical  reason t h a t  t he  Hanford S i te  
i n  t he  State of  Washington is a l r eady  Federa l  l and  adminis te red  by t h e  DOE f o r  
nuc lear  purposes,  t h e  d e t a i l e d  i n v e s t i g a t i o n  of t h e s e  basalts has centered  on 
those  of  t h e  Pasco bas in ,  i n  which Hanford lies. 

Geologic s tudy  of the  area was begun more than a decade ago. S t u d i e s  i n  
the p r e s e n t  con tex t  started i n  1976; s i n c e  then  much mapping and geophysical  
work has  been done, and 16 new ho les  have been d r i l l e d  for cores, logging,  and 
hydrologic  tests . 

The b a s i c  geologic  s t r u c t u r e  c o n s i s t s  of a series of lava  f lows separa ted  
by porous,  water-bearing beds, 
t i o n  i n  these  basalts,  and t h e r e  is l i t t l e  p rospec t  f o r  it. This ,  plus t h e  
ex tens iveness  of t h e  flows, imp l i e se tha t  i f  any p a r t  of t h e  s t r u c t u r e  proves 

There has  been e s s e n t i a l l y  no mineral  explora-  
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s a t i s f a c t o r y  f o r  waste d i s p o s a l ,  there w i l l  probably be a g r e a t  d e a l  of choice  
i n  s i te  s e l e c t i o n .  

The use  of b a s a l t  can r e l y  bu t  l i t t l e  on experience and a n a l y s i s  made for 
sal t .  Therefore high on t h e  program is t h e  measurement of t he  phys ica l ,  t he r -  
m a l ,  and chemical p r o p e r t i e s  of t h e  basalt ,  both a lone  and i n  t he  presence of 
groundwater. A Near-Surface T e s t  F a c i l i t y  is being b u i l t  i n  t h e  no r theas t e rn  
po r t ion  of the Hanford S i t e  €or i n - s i t u  t e s t i n g ,  e s p e c i a l l y  w i t h  electrical 
heaters . 

c 

B.3.3 Nevada T e s t  S i te  

The Nevada T e s t  S i t e  (NTS) is a l a r g e  si te,  about  40 by 60 miles i n  s i z e .  
I t  lies i n  t h e  Basin and Range physiographic  province and a t  t h e  nor thern  edge 
o f  the Mohave Desert ecosystem. Eleva t ions  range from 3000 to 7000 feet ,  and 
t h e  climate and b i o l o g i c a l  f e a t u r e s  vary g r e a t l y  w i t h  e l eva t ion .  

The primary mission of t h e  NTS is t h e  underground t e s t i n g  of nuc lear  
weapons. Indeed, it is the  only test s i te  f o r  t h i s  purpose now a v a i l a b l e  to  
t h e  United States. Because of t h e  presence of residual f i s s i o n  products  and 
t r ansu ran ic  nuc l ides  on t h e  s u r f a c e  and under t h e  ground, t h e  NTS is committed 
f o r  t he  i n d e f i n i t e  f u t u r e  to r e t e n t i o n  and care by t h e  U.S. Government. 

The NTS con ta ins  a v a r i e t y  of geologic environments t h a t  migh t  be con- 
s ide red  f o r  waste d i sposa l .  However, p o t e n t i a l  i n t e r f e r e n c e  with or by 
nuclear  t e s t i n g  restricts areas t h a t  might be considered to those i n  t h e  
southwestern po r t ion  of t h e  S i t e .  Four such areas are under cons ide ra t ion ;  
two are g r a n i t e  areas, one is s h a l e ,  and one is t u f f .  

A l l  four  areas have been i n v e s t i g a t e d  by su r face  geologic  mapping and 
geophysics ,  and two by d r i l l i n g .  D r i l l i n g  i n t o  one of the  g r a n i t e  areas was 
discouraging:  t h e  g r a n i t e  was encountered much deeper than aeromagnetic 
surveys  had implied. The o the r  area d r i l l e d  was i n  t u f f ,  and it cont inues  to 
l o o k  promising. 

A t  p re sen t  only t h e  Yucca Mountain l o c a t i o n  is being explored. T h i s  loca- 
t i o n  is under la in  by approximately 6000 feet of interbedded welded to nonweld- 
ed t u f f s .  An i d e a l  geo log ic  s e t t i n g  f o r  a r e p o s i t o r y  i n  t u f f  is a thermally 
conduct ive,  mechanically s t rong ,  welded t u f f  enveloped by a low-permeabili ty,  
h ighly  s o r p t i v e ,  nonwelded z e o l i t i z e d  t u f f .  F i e l d  mapping, core d r i l l i n g ,  and 
geophysical  surveying are i n  p rogres s  to assess t h e  e x t e n t  to which t h e s e  con- 
d i t i o n s  e x i s t  a t  Yucca Mountain. A 6000-foot core and hydrologic  test  hole  is 
being d r i l l e d  i n t o  t h e  s tudy  area; t h e  results w i l l  be correlated with da t a  
from a 2500-foot %le d r i l l e d  earlier. The water-bearing p r o p e r t i e s  of i n f e r -  
red f r a c t u r e  zones i n  t h e  Yucca Mountain area w i l l  be eva lua ted  by hydrologic  
t e s t i n g  and geophysical  surveys.  

The NTS is i n  seismic r i s k  zone 2, near zone 3. The Basin and Range pro- 
v ince  is we11 known to be s e i s m i c a l l y  ac t ive .  It is t h e r e f o r e  necessary to 
f i n d  a b l o c k  of material t h a t  has  s u i t a b l e  p r o p e r t i e s  and is s u f f i c i e n t l y  dis- 
t a n t  from a c t i v e  f a u l t s .  Close ly  related is t h e ' q u e s t i o n  of volcanism; 12 to 
13  miles southwest of t h e  NTS t h e r e  is evidence of vo lcan ic  a c t i v i t y  as re- 
c e n t l y  as  2 8 O , O O O  to 300,000 y e a r s  ago. 
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The hydrologic  c h a r a c t e r i s t i c s  of t h e  NTS and its environs are w e l l  
s t ud ied  i n  t h e  areas used or a f f e c t e d  by nuclear  t e s t i n g  b u t  no t  i n  t h e  
southwestern area being considered f o r  waste d i sposa l .  

U 
B . 3 . 4  Paradox Basin 

Regional geology is s t i l l  being s tud ied  i n  t h e  Paradox bas in  i n  south- 
e a s t e r n  Utah and southwestern Colorado. In a d d i t i o n ,  t h r e e  ho le s  have been 
d r i l l e d  i n  a s t r u c t u r e  cal led t h e  Sa l t  Val ley a n t i c l i n e ,  one of t h e  sa l t  
d i a p i r s  of t h e  bas in .  The deepes t  of t h e  t h r e e  was cont inuous ly  cored to  a 
depth of about  4000 fee t .  Seve ra l  types of geophys ica l  l o g s  have been run i n  
t h e s e  holes ,  and open-hole i n j e c t i o n ,  pumping , and swabbing hydrologic  tests 
have been conducted. The most r ecen t  a c t i v i t y - h a s  been v e r t i c a l  seismic pro- 
f i l i n g ,  i n  which a seismic source i n  one hole  i another  hole .  

In  the  near f u t u r e ,  a t  l e a s t  two deep holes ,  one i n  t h e  Gibson dome area 
and one i n  t h e  O i l  Ridge area, w i l l  be cored, logged, and ex tens ive ly  tested. 
Prel iminary resul ts  i n d i c a t e  d-sal t  l a y e r s  of s u f f i c i e n t  volume are 
p r e s e n t  a t  s u i t a b l e  depths  i n  
area is being inves t iga t ed  f ce of ear thquakes,  e s p e c i a l l y  
i n  t h e  bas in  i t s e l f .  S t u d i e  rce c o n f l i c t  and groundwater- 
flow systems are also i n  p ro  

p o r t i o n s  of t h e  Paradox bas in .  The 

- 

B . 3 . 5  Permian Basin 

Permian bas in  s t u d i e s  have concent ra ted  on t h e  Texas Panhandle. There is 
e s s e n t i a l l y  no Federa l  land i n  t h e  area, and access f o r  d r i l l i n g  and o the r  
d i rect  f i e l d  work is d i f f i c u l t .  Nevertheless  a g r e a t  deal of information is 
a v a i l a b l e  from geophysical  measurements and holes  d r i l l e d  by o i l  companies, 
and the re  have been a few holes  d r i l l e d  and logged by t h e  NWTS program on t h e  
east edge of t h e  Pa lo  Duro bas in .  

B.3.6 Sa l ina  Region 

The S a l i n a  bedded:salt region inc ludes  p a r t s  of Michigan, Ohio, 
Pennsylvania,  N e w  Y o r k , - W e s t  V i rg in i a ,  and Ontar io .  . Regional s t u d i e s  f o r  t h e  
New Y o r k  and Ohio p o r t i o n s  of t h e  S a l i n a  bas in  have i d e n t i f i e d  areas t h a t  
appear to  be g e o l o g i c a l l y  f avorab le  to j u s t i f y  more detailed i n v e s t i g a t i o n s .  
The Michigan po r t ion  of the  Sa l ina  bas in  ,has  no!- been s tud ied  i n  similar 
de t a i l ,  bu t  it is known that=Michigan has  s a l t  beds of s u f f i c i e n t  t h i ckness  
and e x t e n t  a t  s u i t a b l e  depths  meet g e n e r a l  s p e c i f i c a t i o n s  for waste 
repositories. NO f i e l d  inves  
S a l i n a  basin.  Some f i e l d  work i n  support  of r e p o s i t o r y  s i t i n g  has  been 
conducted i n  New York  and Pennsylvania by t h e  U . S .  Geological  Survey. Much 
a d d i t i o n a l  information is needed before  a p o t e n t i a l  r e p o s i t o r y  s i t e  can be 
i d e n t i f i e d  i n  t h e  S a l i n a  bas in .  A t  p r e s e n t ,  no p a r t  of t h e  bas in  has been 
inves t iga t ed  enough f o r  a judgment of its a c c e p t a b i l i t y  a s  a r e p o s i t o r y  si te.  

a t i o n s  have been carried o u t  by t h e  DOE i n  t h e  
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B.4 PERMIAN REGION* 

B.4.1 G e o l o g y  

The Permian reg ion  is located i n  p o r t i o n s  of Texas, N e w  Mexico, Oklahoma, 
Colorado, and Kansas, t he  e n t i r e  reg ion  encompassing approximately 189,000 
square miles (Figure B-1). 
p l a i n s  and t ab le l ands ,  bu t  some h i l l y  and low mountainous areas e x i s t  east 
o f  the  Midland b a s i n  i n  Texas and along t h e  Wichita Mountains u p l i f t  i n  
Oklahoma. E leva t ions  range from 1500 to 2000 feet  above t h e  mean sea l e v e l  i n  
t h e  e a s t e r n  p o r t i o n  of t h e  reg ion  to  5000 feet above t h e  mean sea l e v e l  i n  t h e  
west. 

The land s u r f a c e  c o n s i s t s  predominantly o f  f l a t  

The Permian reg ion  has  been t i l t e d ,  warped, eroded, and invaded by a t  
least one major sea s i n c e  Permian t i m e  (280 t o  220 m i l l i o n  y e a r s  ago) .  Rocks  
t h a t  p reda te  the  Permian period show local f a u l t i n g  and complex f o l d i n g ,  b u t  
t h e  Permian and younger s t r a t a  are v i r t u a l l y  free o f  deformation and i n  most 
areas have a d ip  of less than 0.5 degree. Most of t h e  modern s t r u c t u r e s  are 
probably  o f  shallow o r i g i n  and do not  appear to  r e f l e c t  r e c u r r e n t  movement 
along Pa leozoic  or o lde r  s t r u c t u r e s .  

The Permian region had a complex t e c t o n i c  h i s t o r y  dur ing  t h e  Precambrian 
and Pa leozoic  Eras, culminating i n  t h e  Wichita,  Ouachita,  and Arbuckle p e r i o d s  
of mountain bu i ld ing ,  a l l  of which occurred  dur ing  t h e  Pennsylvanian period 
(approximately 310 to 280 m i l l i o n  y e a r s  ago). It w a s  i n  t h i s  t e c t o n i c  frame- 
work t h a t  t h e  reg ion  developed. A second per iod  of mountain bu i ld ing ,  re- 
f e r r e d  to a s  t h e  Laramide orogeny, resulted i n  t h e  u p l i f t i n g  of t h e  Rocky 
Mountains j u s t  to t h e  west of t h e  Permian r eg ion  about  65 m i l l i o n  y e a r s  ago, 
bu t  t h i s  a f f e c t e d  t h e  reg ion  very  l i t t l e .  I n  summary, t h e  Pennsylvanian 
period of b a s i n  formation and c r u s t a l  u p l i f t  is t h e  only  major t e c t o n i c  a c t i v -  
i t y  t h a t  has a f f e c t e d  the  Permian reg ion  s i n c e  Precambrian t i m e ,  approximately 
1 b i l l i o n  years ago. S t r u c t u r a l  readjus tments  s i n c e  t h e  Pennsylvanian have 
had l i t t l e  e f f e c t  on t h e  post-Permian r o c k  u n i t s ,  inc luding  t h e  ex tens ive  s a l t  
sequences. 

The e n t i r e  Permian reg ion  l i e s  wi th in  seismic r i s k  zone 1, which i n d i c a t e s  
Recorded seismic t h a t  ground rupture should not  be a n t i c i p a t e d  i n  t h e  region. 

a c t i v i t y  is l o w  compared w i t h  t h a t  of most o t h e r  parts o f  t h e  United States. 
Earthquakes wi th  modified Mercalli i n t e n s i t i e s  of V to V I 1  are scattered 
s p a r s e l y  over t h e  region. Of t h e  reg ion  unde r l a in  by sa l t ,  t h e  only  part t h a t  
has undergone s i g n i f i c a n t  a c t i v i t y  is t h e  area on t h e  f l a n k s  of t h e  Amarillo 
u p l i f t  and along its west-northwesterly con t inua t ion  across the  Bravo dome and 
t h e  Dalhar t  bas in .  

The Permian reg ion  has  long been one of t h e  major oil- and gas-producing 
reg ions  o f  t h e  United States.  
Mexico and west Texas range from Ordovician to Permian i n  age. Limestones 
depos i ted  during Permian and Pennsylvanian t h e  served  as  s t r a t i g r a p h i c  traps 
for hydrocarbons and have been t h e  major producing s t ra ta  i n  t h e  S i l u r i a n ,  
Devonian, and Ordovician systems. Future  e x p l o r a t i o n  is a n t i c i p a t e d  to  t h e  

The hydrocarbon r e s e r v o i r s  of e a s t e r n  New 

*Data from Environmental C h a r a c t e r i z a t i o n  of Bedded S a l t  Formation and 
Overlying Areas o f  t h e  Permian Basin (NUS, 1979a). 
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Figure B-1. The Permian bedded-salt basin. 
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nor th  o t h e  presen l y  producing f i e lds  i n  southe s t e r n  N e w  Mexico. I n  rela- 
t i o n  to t h e  Upper Permian sa l t -bea r ing  format ions ,  most of t h e  d r i l l i n g  f o r  
development and exp lo ra t ion  w i l l  be a t  depths g r e a t e r  than those of t h e  s a l t  
formations.  

Major n a t u r a l  g a s  f i e l d s  are p r e s e n t  i n  western Oklahoma and t h e  Texas 
Panhandle. There is some o i l  product ion  i n  t h e  area b u t  far  less than  t h a t  
of n a t u r a l  gas.  The hydrocarbon-production zones i n  western Oklahoma and t h e  
Texas Panhandle are mainly lower Permian and Pennsylvanian s t ra ta .  Most of 
t h e  s u c c e s s f u l  wildcat w e l l s  have found production hor izons  i n  Pennsylvanian 
and Miss i s s ipp ian  s t ra ta ,  but  deeper d r i l l i n g  is f ind ing  producing zones a t  
depths  of 25,000 feet i n  S i l u r i a n  and Devonian systems. The p r i n c i p a l  oil-  
producing stratum is Pennsylvanian i n  age. O i l  is also produced along the  
south  side of t h e  Palo Duro bas in ,  a long  the  crest of t h e  Matador arch. Pro- 
duc t ion  is small from t h e s e  bas ins .  I n  a d d i t i o n  to  o i l  and gas ,  helium is 
produced a t  t h r e e  locali t ies,  and carbon d iox ide  is produced from Permian 
r o c k s .  On t h e  b a s i s  o f  c u r r e n t  l e a s i n g  and d r i l l i n g  a c t i v i t y ,  it is a n t i c i -  
pated t h a t  t h e r e  w i l l  be  exp lo ra t ion  and development e f f o r t s  f o r  hydrocarbon 
zones below t h e  Permian s a l t  format ions  i n  weste Oklahoma and t h e  Texas 
Panhandle. 

The sou theas t e rn  Colorado p o r t i o n  o f - t h e  Permian region suppor t s  o i l  and 
gas product ion  t h a t  is small i n  comparison w i t h  t h a t  of t h e  other producing 
provinces  i n  t h e  region. P r i n c i p a l  hydrocarbon-production zones €or t h i s  area 
are Pennsylvanian and Miss i s s ipp ian  s t r a t a .  
sou theas t e rn  Colorado w i l l  be i n  Pennsylvanian and Miss i s s ipp ian  s t r a t a ,  which 
are s t r a t i g r a p h i c a l l y  below t h e  Permian s a l t  formations.  

Major n a t u r a l  g a s  Occurrences extend northward from western Oklahoma and 

Future  d r i l l i n g  a c t i v i t y  i n  

t he  Texas Panhandle i n t o  Kansas. 
p o r t i o n  of the  Permian reg ion  are i n  Cretaceous,  Permian,'Pennsylvanian, 
Miss i s s ipp ian ,  and Ordovician s t ra ta .  I t  is expected t h a t  f u t u r e  d r i l l i n g  
e f f o r t s  for Pa leozoic  strata w i l l  cont inue  a t  a high ra te  i n  southwestern 
Kansas. H e l i u m  is also produced i n  t h e  Kansas p o r t i o n  of t h e  region. 

Hydrocarbon-production zones fof  t h e  Kansas 

L i g n i t e  d e p o s i t s  occur i n  nor th-cent ra1  Kansas, although production from 
t h i s  area is sparse. L i g n i t e  has also been mined from l i m i t e d  seams i n  
Cimarron County, Oklahoma, f o r  domestic hea t ing  purposes. 

Uranium resources  are s c a t t e r e d  i n  small deposits across t h e  sou th -cen t r a l  
p o r t i o n  of t h e  Permian reg ion  i n  e a s t e r n  New Mexico, t h e  Texas Panhandle, and 
western Oklahoma. A few local d e p o s i t s  are also p r e s e n t  i n  t h e  sou theas t e rn  
Colorado p o r t i o n  of t h e  region. Production has  been small because of t h e  
l imi ted  s i z e  of t h e  deposits. 

There are no known metal occurrences  wi th in  the  Permian reg ion ,  though 
i r o n  and t i t an ium are found near i ts  pe r iphe ry  i n  K i o w a  County, Oklahoma. 

The product ion  of v a r i o u s  nonmetals has  been, and con t inues  to be, one of 
The nonmeta l l ic  mineral  i n d u s t r y  the  major i n d u s t r i e s  i n  t h e  Permian region. 

i n  t h e  reg ion  inc ludes  c o n s t r u c t i o n  materials (e.g., s tone ,  sand and g r a v e l ,  
vo lcan ic  a sh ,  and scoria). These nonmetals are e x t r a c t e d  from depths  of 
u s u a l l y  less than a few hundred f e e t ,  and t h u s  e x t r a c t i o n  would n o t  i n t e r a c t  
w i t h  t h e  s a l t  deposits under cons ide ra t ion .  Evapor i te  (e.g., potash and 
anhydr i t e )  d e p o s i t s  are also located ex tens ive ly  over much of t h e  region. 
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B.4.2 Hydrology 

The Permian reg ion  has  a semiar id  climate c h a r a c t e r i z e d  by l o w  r a i n f a l l  
and runof f ,  h igh  evapora t ion ,  and f r e q u e n t  s t rong  winds. The r i v e r s  i n  t h e  
region g e n e r a l l y  rise on t h e  e a s t e r n  slopes of t h e  Rocky Mountains and f low 
southeastward across nea r ly  f l a t  p l a i n s ,  which slope eastward a t  5 to 15 f e e t  
per mile. R a i n f a l l  and runoff i nc rease  and evapora t ion  dec reases  to t h e  
east. The mean annual p r e c i p i t a t i o n  v a r i e s  from less than  16 inches  i n  t h e  
western par t  to about 30 inches  i n  t h e  e a s t e r n  part. The mean annual runoff 
v a r i e s  from less than  0.2 to about 4 inches  from west to east. The q u a l i t y  of 
many streams i n  t h e  reg ion  is poor because of n a t u r a l  contamination ( sa l t ,  
s u l f a t e s ,  silt) and man-made sources  ( o i l - f i e l d  b r i n e ,  f e e d l o t  dra inage ,  i r r i -  
g a t i o n  runof f ,  municipal and i n d u s t r i a l  d i scha rges ) .  I n  many areas, r i v e r  
water is u n s u i t a b l e  f o r  most municipal, i n d u s t r i a l ,  and a g r i c u l t u r a l  water- 
supply purposes. Although major f l o o d s  o c c u r  i n f r equen t ly ,  l o c a l i z e d  f looding  
may occur as a result o f  i n t e n s e  local p r e c i p i t a t i o n .  I n  most areas, such  
floods are c h a r a c t e r i z e d  by r a p i d l y  r i s i n g  and f a l l i n g  peak d i scha rges  and 
h igh  water v e l o c i t i e s .  Flooding is c o n t r o l l e d  or mi t iga t ed  by r e s e r v o i r s  and 
f lood-cont ro l  dams on many streams i n  t h e  region. Rese rvo i r s  are also used 
for minimum flaw maintenance. 

0 

The l a r g e s t  s i n g l e  user of w a t e r . i n  t h e  reg ion  is a g r i c u l t u r e  (about 87% 
of t h e  total  consumption). Domestic uses ,  manufacturing, and steam- 
e l e c t r i c i t y  gene ra t ion  account for most of the  remaining water consumption. 

Because of t h e  l i m i t e d  a v a i l a b i l i t y  and v a r i a b l e  q u a l i t y  of s u r f a c e  water, 
groundwater has  become t h e  dominant water resource  i n  t h e  region. S ix ty- three  
p e r c e n t  o f  t h e  water withdrawn i n  t h e  region comes from groundwater. Aquifer 
types inc lude  stream-valley alluvium: terrace alluvium; carbonate  and gypsum; 
sand and sandstone; and u n d i f f e r e n t i a t e d  sandstone, carbonate  rock, s h a l e ,  and 
basalt.  The Ogallala a q u i f e r  is a te r race-a l luv ium a q u i f e r  extending from 
southwest Texas across parts o f  New Mexico and Colorado, and western Colorado, 
Oklahoma, and Kansas. I t  is t h e  most important source  of water i n  t h e  reg ion  
and is one o f  t h e  most i n t e n s i v e l y  developed i n  t h e  United States. The zone 
of s a t u r a t i o n  ranges  from a few,fee t  to more than 250 f e e t ,  and t h e  depth to 
water ranges from less than  50 to more than  300 f e e t .  The y i e l d s  o f  w e l l s  
range up to 1500 g a l l o n s  per minute (gpm), depending large ly  on the saturated 
th ickness .  The water is g e n e r a l l y  of good q u a l i t y  bu t  can be hard l o c a l l y .  
V i r t u a l l y  a l l  of the withdrawal i n  the heav i ly  pumped areas comes from storage 
(i.e. , t h e  water is being mined). 

Alluvium and terrace d e p o s i t s  r e p r e s e n t  d e p o s i t s  of t h e  major streams 
formed during t h e  pe r iod  of d i s s e c t i o n  of t h e  High P l a i n s  and c o n s i s t  l a r g e l y  
o f  reworked material der ived  from the Oga l l a l a  Formation., The' a l luv ium and 
terrace deposits are n e a r l y  continuous a long  t h e  major streams, a l though there 
are gaps along s o m e  of t h e  streams where a l l u v i a l  d e p o s i t s  are t h i n  or ab- 
s e n t .  The zone of s a t u r a t i o n  ranges from 0 to 150 feet, and w e l l  y i e l d s  range 
from less than 100 to 3500 gpm. .The<wate r  ranges  from f r e s h  to h ighly  s a l i n e .  

The Edwards-Trinity (P la t eau )  a q u i f e r  is a sand and sandstone a q u i f e r  a t  
t h e  southern boundary of t h e  Permian region. I t  c o n s i s t s  of massively bedded 
l imestone in te rbedded  wi th  sha le .  Although t h e  y i e l d s  of w e l l s  i n  most places 
average about  250 gpm, they  can exceed 3000 gpm i n  places where t h e  secondary 
pe rmeab i l i t y  o f  t h e  l imestone is w e l l  developed. Water i n  t h e  a q u i f e r  is 

@ 
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g e n e r a l l y  fresh, although t h e  concen t r a t ions  of t o t a l  d i s so lved  s o l i d s  can 
reach about  3500 mg/l. 

The Rush Spr ings  and Gerber-Wellington aquifers i n  Oklahoma and the  
R o s w e l l  a r t e s i a n  a q u i f e r  i n  New Mexico l i e  p r i m a r i l y  o u t s i d e  t h e  Permian . 

reg ion  b u t  do provide an important water resource to the  p o r t i o n s  of t h e  
reg ion  t h a t  they  inc lude .  

B.4.3 C l i m a t e  

The Permian region is i n  t h e  Southern P l a i n s  and Lowlands climatic zone. 
I n  gene ra l ,  climatic changes are g radua l  across t h e  zone because t h e r e  are no 
s i g n i f i c a n t  climatic barriers. Di f f e rences  i n  climatic cond i t ions  w i t h i n  t h i s  
zone are c o n t r o l l e d  p r i m a r i l y  by l a t i . t ude ,  g e n e r a l  a i r  mass and o t h e r  storm 
movements, e l e v a t i o n ,  and d i s t a n c e  to  sources  of moisture. 

The climate is predominantly c o n t i n e n t a l ,  w i t h  cold w i n t e r s  and warm to 
h o t  summers. The western p o r t i o n  of the  reg ion  has  a d r y  climate because of 
t h e  blocking e f f e c t  of t h e  mountains to t h e  w e s t .  The modifying e f f e c t  of t h e  
Gulf of Mexico r e s u l t s  i n  a warm,  humid, and r a iny  climate f o r  t h e  e a s t e r n  
p o r t i o n  of t h e  region. The nor thern  p o r t i o n s  of the  region are f r e q u e n t l y  
affected by cold polar and arctic a i r  masses dur ing  the  win ter  and less fre- 
q u e n t l y  during t h e  summer. Wind and p r e c i p i t a t i o n  p a t t e r n s  i n d i c a t e  a rela- 
t i v e l y  high e ros ion  p o t e n t i a l .  

Fundamental changes i n  t he  climate of the  reg ion  have occurred  over the  
l a s t  m i l l i o n  y e a r s  ( t h e  P l e i s t o c e n e  Epoch). During t h i s  period there have 
been four  ice ages,  t h e  most r ecen t  of which ended about 10,000 y e a r s  ago. 
Although g l a c i e r s  d i d  not  ex tend  to t h e  Permian reg ion ,  t h e  climate was prob- 
a b l y  cooler, wetter, and stormier than a t  p re sen t .  Flooding was probably more 
f r equen t .  The c u r r e n t  epoch (Holocene) is cons idered  to  be i n t e r g l a c i a l ,  and 
t h e r e  are i n d i c a t i o n s  t h a t  a long-term global coo l ing  t r e n d  is under way a t  
p re sen t .  

I n  the Permian reg ion  t h e  24-hour maximum r a i n f a l l  wi th  a 100-year recur- 
rence i n t e r v a l  ranges from 5 inches  i n  t h e  northwestern p o r t i o n  to 8 inches  
i n  t h e  e a s t e r n  po r t ion .  These va lues  are t y p i c a l  f o r  t h e  contiguous United 
States. The frequency of tornadoes is no t i ceab ly  g r e a t e r  i n  t h e  c e n t r a l ,  
no r the rn ,  and e a s t e r n  p o r t i o n s  of t h e  region. (Texas, Oklahoma, and Kansas are 
w i t h i n  an area o f  t h e  United States tha t  is a s s o c i a t e d  wi th  f r equen t  occur- 
r ences  of tornadoes.) S i m i l a r l y ,  m o s t  of t h e  nor thern  and c e n t r a l  p o r t i o n s  of 
t h e  reg ion  exper ience  100-year maximum winds wi th  speeds of more than  90 mph, 
which is r e l a t i v e l y  high i n  comparison w i t h  t y p i c a l  va lues  i n  t h e  United 
States.  R e s t r i c t i v e - d i s p e r s i o n  c o n d i t i o n s  ( inve r s ions )  are r e l a t i v e l y  i n f r e -  
quent i n  t h e  reg ion  compared wi th  t h e  res t  of t h e  contiguous United States. 
The occurrence of r e s t r i c t i v e - d i s p e r s i o n  episodes i n c r e a s e s  from east to w e s t  
across t h e  region. 

A i r -qua l i t y  s t a t u t e s  and r e g u l a t i o n s  res t r ic t  development i n  areas t h a t  
are no t  a t t a i n i n g  t h e  n a t i o n a l  ambient a i r - q u a l i t y  s t anda rds  (un le s s  c e r t a i n  
o f f s e t  cr i ter ia  are sa t i s f ied)  or where emissions would r e s u l t  i n  v i o l a t i o n s  
of t h e  s t anda rds  or would exceed increments e s t a b l i s h e d  by t h e  Clean A i r  A c t  * 

Amendments of 1977. Data i n d i c a t e  t h a t  t h e  n a t i o n a l  ambient a i r - q u a l i t y  
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secondary s t anda rds  f o r  p a r t i c u l a t e s  are being exceeded throughout t h e  western 
ha l f  of t h e  region and i n  some e a s t e r n  areas. Furthermore, t h e  p a r t i c u l a t e  
concen t r a t ions  i n  t h e  area between.Amarillo and Midland, Texas, exceed t h e  
n a t i o n a l  primary ambient a i r - q u a l i t y  s t anda rds  f o r  p a r t i c u l a t e s .  f'i 

B.4.4 Background Radia t ion  

Background r a d i a t i o n  is ubiqui tous ,  r e s u l t i n g  from cosmic, terrestr ia l ,  
and f a l l o u t  sources.  The l imi t ed  data a v a i l a b l e  f o r  t h e  Permian reg ion  r e v e a l  
no anomalous areas. 

B.4.5 Demographic, Socioeconomic, and Land-Use Systems 

The Permian region is s p a r s e l y  populated.  Only t h r e e  urban areas i n  t h e  
reg ion  suppor t  a popula t ion  of more than 100,000 inhab i t an t s :  Wichita,  Kansas 
(approximately 300,000), Lubbock, Texas (approximately 150,000) , and-Amaril lo,  
Texas (less than 130,000). Odessa and Midland, Texas, have popu la t ions  of 
j u s t  over 80,000 and 60,000, r e spec t ive ly .  The largest  urban area w i t h i n  75 
miles of t h e  reg ion  is Oklahoma C i t y ,  Oklahoma (approximately 580,000). 

Total ea rn ings  f o r  t h e  Permian reg ion  i n  1970 amounted to approximately 11 
b i l l i o n  dollars;  by t h e  year 2000, e a r n i n g s  w i l l  be  approximately 27 b i l l i o n  
d o l l a r s .  The dominant land  use  is a g r i c u l t u r e .  The l i v e s t o c k  i n d u s t r y  y i e l d s  
more ea rn ings  than a l l  t h e  ' f i e l d  crops combined. Earnings from a g r i c u l t u r e ,  
f o r e s t r y ,  and f i s h e r i e s  accounted f o r  about  14% o f  a l l  earn ings ;  manufactur- 
ing  accounted f o r  approximately 13%. Mining and o t h e r  e x t r a c t i v e  i n d u s t r i e s  
accounted f d r  approximately 5% of t h e  total  earn ings .  Approximately 68% of 
t h e  e a r n i n g s  was produced by r e t a i l  and wholesale t r a d e ,  government, and 
i n s t i t u t i o n s .  Th i s  percentage  is expected to inc rease ,  whereas t h e  percent -  
ages  f o r  a g r i c u l t u r e  and mining are expected to decrease  i n  t h e  coming decades. 

S e n s i t i v e  or c o n f l i c t i n g  commitments of land  areas l a r g e r  t han  10,000 
acres inc lude  142,200 acres of Indian  l ands  ( t r u s t  areas) i n  O k l a h o m a .  Also 
w i t h i n  the  region are 2 nati ,onal parks (93,720 acres), 5 n a t i o n a l  f o r e s t s  
(639,321 acres), 3 w i l d l i f e  r e fuges  (64,606 acres), 11 recreation areas on 
Bureau of Reclamation projects (1,143,921 acres), 1 m i l i t a r y  i n s t a l l a t i o n  
(33,848 acres),  and o the r  m i l i t a r y  areas ( p r i m a r i l y  r e s t r i c t e d  a i r  spaces), 
t o t a l i n g  23,850,624 acres. The area committed to t h e s e  a c t i v i t i e s  is approxi- 
mately 22.86% of t h e  Permian region. 
t u r a l ,  and open l and ,  wi th  s o m e  areas preempted for urban and r e s i d e n t i a l  
development and f o r  t r a n s p o r t a t i o n  networks . 

The bulk of t h e  land  is range, a g r i c u l -  

The Permian region is t r ave r sed  by a network of highways and r a i l  l i n e s .  
The highway system is t h e  dominant mode 'of t r a n s p o r t a t i o n  throughout t h e  
region. 
r a i l  hubs wi th in  or near t h e  no r theas t e rn  portion of t h e  region. 

Railroad t rackage  has been developed most i n t e n s i v e l y  around major 
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B.4 .6  Terrestr ia l  Ecosystems 

The Permian region covers  some 189,000 square miles and inc ludes  a v a r i e t y  
of  soil, topographic,  and land-use p a t t e r n s .  About 98% of t h e  reg ion  is 
c l a s s i f i e d  as range or p a s t u r e  (58%) or cropland ( 4 0 % ) .  

Most of t h e  n a t u r a l  vege ta t ion  i n  t h e  region is c l a s s i f i e d  as g ras s l and  
and shrubsteppe (97%), bu t  forests (3%)  are scattered along t h e  major r i v e r  
d ra inages  i n  Kansas, Oklahoma, and e a s t e r n  Colorado and i n  t h e  l o w  mountains 
i n  t h e  western po r t ion  of t h e  region. F o r e s t s  are no t  commercially va luab le  
i n  t h e  region because of t h e i r  l imi t ed  d i s t r i b u t i o n .  Nevertheless ,  t hey  
provide important w i l d l i f e  h a b i t a t s .  Wetlands are scarce. However, s i x  
typical wetland areas are i d e n t i f i e d ,  one of which ( t h e  Great Sa l t  P l a i n s  i n  
Oklahoma) has  been proposed for Regis te red  Nat iona l  Landmark s t a t u s .  The 
region con ta ins  seven n a t i o n a l  w i l d l i f e  re fuges  i n  wetland areas. The Soc ie ty  
of American F o r e s t e r s  has  i d e n t i f i e d  two n a t u r a l  areas i n  Kansas t h a t  are set 
aside for s c i e n t i f i c ,  educa t iona l ,  or r e c r e a t i o n a l  purposes.  The Nature  Con- 
servancy has  designated a t  least  t h r e e  n a t u r a l  areas i n  t h e  Oklahoma p o r t i o n  
of t h e  region. Twenty-four p l a n t  s p e c i e s  t h a t  are proposed f o r  t h e  Federal 
list of endangered spec ie s  occur wi th in  t h e  region. 

Reg iona1 ,wi ld l i f e  i nc ludes  s o m e  85 species of mammals, a t  least  350 
species of b i r d s ,  and more than 100 species of amphibians and r e p t i l e s .  
Fores t land ,  shr ubland, and openland species are w e l l  represented.  Important 
w i l d l i f e  inc ludes  game spec ie s ,  f u r b e a r e r s ,  and one species on t h e  Federal 
list of endangered s p e c i e s ,  t h e  black-footed f e r r e t .  A t  least  35 game b i r d s  
and 26 game mammals are found i n  t h e  region,  and hunt ing and t rapping  are 
important.  The whi te - ta i led  deer, mule deer, and pronghorn are important  
big-game animals.  C o t t o n t a i l ,  jackrabbi t ,  and fox  s q u i r r e l  are important  
small-game mammals. Nonmigratory game birds  inc lude  t h e  turkey ,  ring-necked 
pheasant ,  lesser p r a i r i e  chicken,  bobwhite, and sca l ed  q u a i l ;  migra tory  game 
b i r d s  inc lude  waterfawl and t h e  mourning dove. Bi rds  on t h e  Federa l  list of  
endangered species inc lude  t h e  brown pe l i can ,  Mexican duck, ba ld  eag le ,  
pe reg r ine  f a l con ,  whooping c rane ,  and Eskimo c u r l e w .  

The major land uses i n  t h e  Permian region are cropland and range and 
pas tu re .  The major cropland a r e a s  are i n  Kansas and Texas; Texas and New 
Mexico have the  l a r g e s t  amounts of range and pasture land. Important crops 
inc lude  win ter  wheat, sorghum, and co t ton .  Cat t le ,  sheep, hogs, and m i l k  cows 
are important l i ves tock .  

~ . 4 . 7  Aquatic Ecosystems 

A l a r g e  po r t ion  of the  Permian region is semiar id ,  wi th  i n t e r m i t t e n t  
streams as t h e  only  a q u a t i c  h a b i t a t .  These streams, when flowing, are 
g e n e r a l l y  high i n  minera l  con ten t  from n a t u r a l  sources  ( sa l t  sp r ings ,  b r i n e  
seeps, or gypsum overburden) and from human a c t i v i t i e s  (petroleum and n a t u r a l  
g a s  product ion or i r r i g a t i o n  r e t u r n  flows). As a r e s u l t ,  t h e  most s u i t a b l e  
(o f t en  t h e  only a v a i l a b l e )  aquatic habi ta t s  are near t h e  p e r i p h e r a l  p o r t i o n s  
of  t h e  region. 

I n  the  northern po r t ion  of t h e  region,  streams of t h e  Smoky H i l l  River 
system, which d r a i n  u l t i m a t e l y  to t h e  Missouri  River ,  are t u r b i d  and 
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moderately s a l t y .  During low-flow periods i n  summer months, p a r t i c u l a r l y  i n  
t h e  upper reaches,  t h e s e  streams become ephemeral. Near t h e  no r theas t e rn  
boundary of t he  region and below t h e  confluence of t h e  S a l i n e  and Solomon 
Rivers ,  t h e  Smoky H i l l  River systkm main ta ins  adequate flow and suppor t s  a 
marginal  r e c r e a t i o n a l  f i s h e r y  f o r  c a t f i s h  and carp. The Topeka s h i n e r ,  a 
threa tened  f i s h  i n  Kansas, has been recorded from t h e  Smoky H i l l  and S a l i n e  
Rivers  wi th in  t h e  Permian region. 

Rivers  of t h e  no r th -cen t r a l  Permian region,  inc luding  t h e  Arkansas, 
C h a r r o n ,  Canadian, and Red Rivers ,  have poor water q u a l i t y  as  a resu l t  of 
n a t u r a l  and man-induced po l lu t ion .  These streams (with a possible except ion 
of t h e  Arkansas River)  have t h e i r  o r i g i n  i n  semiarid reg ions  and f r e q u e n t l y  
e x h i b i t  no flow or subsur face  flow condi t ions .  Consequently, s u i t a b l e  habi- 
t a t s  for aquatic organisms are mainly o u t s i d e  or near t h e  e a s t e r n  per iphery  of  
t he  region. A few l o c a l l y  endangered or threa tened  s p e c i e s  may o c c u r  i n  t h e  
nor th-cent ra l  p o r t i o n  of t h e  region but  are expected p r i m a r i l y  i n  t h e  head- 
water areas of Colorado and New Mexico or near t h e  e a s t e r n  boundary of t h e  
region,  where t h e  streams become l a r g e r  and flow cont inuously.  

Much of t h e  c e n t r a l  Permian region,  a l though wi th in  t h e  watersheds of t h e  
Brazos and Colorado Rivers ,  c o n s i s t s  of  p laya  lakes  and dry  creeks and is 
e s s e n t i a l l y  noncontr ibut ing.  A q u a t i c  h a b i t a t s  are t h e r e f o r e  few i n  number 
and, when p r e s e n t ,  are g e n e r a l l y  not  s u i t a b l e  f o r  f i s h  and aquatic inver te -  
brates because of t h e  n a t u r a l l y  high s a l t  con ten t  of s u r f a c e  waters. A few 
t r i b u t a r i e s  (e.g., t h e  Concho River of t h e  Colorado River system, which is 
e s s e n t i a l l y  spr ing-fed)  main ta in  flows and water q u a l i t y  t h a t  support  exp lo i t -  
a b l e  f i s h  popula t ions .  Such streams are g e n e r a l l y  near t h e  e a s t e r n  boundary 
of t h e  region. 

I n  the  south and southwest p o r t i o n s  of t h e  Permian region,  t h e  Pecos 
River ,  a l t hough .po l lu t ed  from n a t u r a l  b r i n e s  and i r r i g a t i o n  r e t u r n  f lows,  sup- 
ports a d i v e r s e  f i s h  fauna i n  t r i b u t a r i e s  to t h e  main-stem r i v e r .  Many of t h e  
species and subspec ies  of t h i s  region ( p a r t i c u l a r l y  t h e  s e v e r a l  s p e c i e s  of 
d e s e r t  pupf i sh  and gambusia) have been i s o l a t e d  by n a t u r a l  barr iers  and are 
r e s t r i c t e d  to s p e c i f i c  h a b i t a t s  (o f t en  a s i n g l e  t r i b u t a r y  or s p r i n g ) .  Because 
of t h e i r  h ighly  r e s t r i c t e d  d i s t r i b u t i o n s  and dependence on unique h a b i t a t s  f o r  
s u r v i v a l  as a species or subspec ies ,  many of these f i shes  are considered to  be 
endangered. 

B.5 SALINA REGION* 

B.5.1 Geology 

The Sa l ina  reg ion  inc ludes  p o r t i o n s  of New York ,  Pennsylvania,  Ohio, 
Michigan, West Vi rg in i a ,  and On ta r io  (F igure  B-2). The e n t i r e  reg ion ,  encom- 
passes  approximately 80,000 square miles of .land area i n  t h e  United States. 

About ha l f  o f  t h e  S a l i n a  region is i n  t h e  Great L a k e s  s e c t i o n  of t h e  . 

, 
I 

C e n t r a l  Lowland physiographic  province.  The lakes and t e r r a i n  f e a t u r e s ,  such 

*Data from Environmental Charac t e r i za t ion  of Bedded S a l t  Formation and 6d Overlying Areas of t h e  S a l i n a  Basin (NUS, 1979b). 
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as moraines and drumlins,  reflect t h e  prominent e f f e c t s  of P l e i s tocene  
g l a c i a t i o n  i n  t h i s  s e c t i o n .  The remainder of t h e  region is a par t  of t h e  
Appalachian Plateaus physiographic  province.  I t  is composed of shal low r i v e r  
v a l l e y s  and broad r i d g e s ,  wi th  escarpments t h a t  provide abrupt  changes i n  
e l eva t ion .  L o c a l  e l e v a t i o n s  gene ra l ly  vary by no more than 300 to 400 f e e t ;  
however, t h e  e l e v a t i o n  inc reases  i n  going from west to east  from about  1000 
feet above sea level i n  Ohio to  about 2000 f e e t  above sea l e v e l  i n  N e w  York .  

e The S a l i n a  region l ies  wi th in  t w o  major t e c t o n i c  d i v i s i o n s :  t h e  Cen t ra l  
S t a b l e  region i n  t h e  west and t h e  orogenic  bel ts  of t h e  A t l a n t i c  margin i n  t h e  
east. The C e n t r a l  Stable region is founded on Precambrian rocks t h a t  compose 
the  s tab le  interior of t h e  North American cont inent .  The e a s t e r n  a r e a s  of t h e  
region con ta in  mountainous areas upl i f ted  and deformed during t h e  Paleozoic  
Era. Separa t ing  t h e  e a s t e r n  and western p o r t i o n s  of t h e  reg ion  are a series 
of  arches--areas t h a t  were stable or g e n t l y  u p l i f t e d  and deformed during t h e  
Pa leozoic  E r a ,  when t h e  Appalachian and Michigan bas ins  were subs id ing .  I t  
was during t h e s e  pe r iods  of subsidence t h a t  s a l t  beds were formed. A l l  t h e s e  
s t r u c t u r e s  are extremely o l d ,  with no major movements i n  t h e  e a r t h ' s  c r u s t  €or 
approximately 1.90 m i l l i o n  years .  Indeed, t h e  S a l i n a  region has experienced no 
major i n t e r n a l  t e c t o n i c  a c t i v i t y  s i n c e  Precambrian t i m e  (1 b i l l i o n  yea r s  
ago) .  lMajor s t ruc tura l  f e a t u r e s  wi th in  t h e  region are few, uncomplicated, and 
broad i n  ex ten t .  Minor s t r u c t u r e s  wi th in  t h e  region are also r e l a t i v e l y  few 
and simple,  

The S a l i n a  reg ion  is one of l o w  s e i smic i ty .  Earthquakes i n  t h e  e a s t e r n  
p o r t i o n  of  t h e  region are a t t r i b u t e d  to  readjustment  of t h e  e a r t h ' s  c r u s t  
a f t e r  t he  m o s t  r e c e n t  Ice Age. Major s u r f a c e  f a u l t i n g  is uncommon. Severa l  
seismic events  have occurred i n  t h e  v i c i n i t y  of  A t t i c a  i n  western New York .  
These ear thquakes have been related to t h e  Clarendon-Linden F a u l t ,  a north- 
south- t rending t e c t o n i c  f e a t u r e .  Severa l  moderate ear thquakes ( m d i f  i e d  
Mercalli i n t e n s i t y  of V) have occurred near Cleveland, Ohio. Po r t ions  of t h e  
S a l i n a  region i n  Michigan, Pennsylvania,  and West Vi rg in i a  have been v i r t u a l l y  
earthquake-free.  

O i l  and gas  f i e l d s  have been developed i n  a l l  p a r t s  t h e  S a l i n a  region.  
Primary, secondary,  and t e r t i a r y  recovery e f f o r t s ,  which inc lude  water flood- 
ing  and f r a c t u r i n g ,  m a y  have affected portions of t h e  S i l u r i a n  salt layers. 
The m o s t  abundant o i l  and-gas  f i e l d s  are i n  Pennsylvania,  W e s t  V i rg in i a ,  and 
Ohio. Major bituminous coal r e s e r v e s  occur i n  Pennsylvania,  West Vi rg in i a ,  
Ohio, and Michigan, Much of t h e  coal is wi th in  300 feet of  t h e  su r face ,  well 
above t h e  s a l t  beds. Metallic ores i n  t h e  region are of l o w  grade and of 
l imi t ed  economic importance. I Severa l  nonmetal l ic  minera ls  of economic impor- 
tance  are e x t r a c t e d  i n  the  region: sa l t ,  s a l t  b r i n e s ,  s i l ica ,  and construc- 
t i o n  materials (sand, g r a v e l ,  gypsum, etc.). With t h e  except ion  of s a l t  
b r i n e s ,  it is not  expected t h a t  c u r r e n t  or f u t u r e  recovery of t hese  minera ls  
would a f f e c t  waste-reposi tory s i t i n g .  
s 

B.5.2 Hydrology 
I '  ' 

The S a l i n a  region is subdivided i n t o  t h r e e  Hydrologic Regions (€I l l )  €m I, 
southeas te rn  Great L a k e s  bas in ;  HR 11, Susquehanna River headwaters; and HR 
111, nor theas t e rn  Ohio River basin.  
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Hydrologic Region I cove r s  t h e  dra inage  area of Lake  Huron, Lake  Erie, and 
Lake  Ontario.  The t e r r a i n  is c h a r a c t e r i z e d  by f l a t  l and ,  lakes,  marshes, and 
peat ‘-ogs, r e f l e c t i n g  t h e  poor development of r e g i o n a l  d ra inage  systems. 
Streams are r e l a t i v e l y  s h o r t  and follow the  lows of the  once-glaciated ter- 
r a i n .  The t e r r a i n  is t h e r e f o r e  more conducive to i n f i l t r a t i o n  than to d i r e c t ,  
rapid surface runoff .  Water a v a i l a b l e  f o r  withdrawal and use  i n  HR I comes 
p r i m a r i l y  from p r e c i p i t a t i o n  wi th in  t h e  area. 
from 28 to 37 inches;  approximately one-third,  n e a r l y  12 inches ,  becomes run- 
o f f .  Water is g e n e r a l l y  nonsa l ine  throughout HR I. 

Annual p r e c i p i t a t i o n  ranges 

Major f loods  and most damaging floods are u s u a l l y  t h e  result  of r a i n  and 
snowmelt on f rozen  or n e a r l y  s a t u r a t e d  ground. In t ense  summer storms have 
created d e s t r u c t i v e  f loods ,  bu t  these are o r d i n a r i l y  confined to local areas. 
D a m s  are used f o r  f lood  c o n t r o l  and for water-resource management. The 
largest  s i n g l e  u s e  of water i n  t h e  reg ion  is for cool ing  s t e a m - e l e c t r i c i t y  
gene ra t ing  p l a n t s .  
major water users. 

Manufacturing f a c i l i t i e s  and domestic consumption are also 

Although water-bearing format ions  u n d e r l i e  a l l  of HR I, t h e  depth  to the 
water t a b l e  varies with t h e  season, local geo log ic  c h a r a c t e r i s t i c s ,  and ter- 
r a in .  With the  except ion  of the  lower Michigan Peninsula,  p roduct ive  a q u i f e r s  
( y i e l d i n g  to a w e l l  a t  least  50 gpm of  water conta in ing  no t  more than  2000 ppm 
of d i s so lved  solids) are l o c a t e d  only  along some of t h e  main watercourse 
a l l u v i a l  va l l eys .  Because of the  abundance of surface-water supplies in HR I, 
groundwater usage has  no t  been e x t e n s i v e l y  developed and c o n s t i t u t e s  g e n e r a l l y  
less than  10% of t h e  t o t a l  water use. 

Hydrologic Region I1 is located i n  the  headwaters area of t he  Susquehanna 
River ,  which flows s o u t h e a s t e r l y  from sou th -cen t r a l  New Y o r k  through Pennsyl- 
van ia  and Maryland. The t w o  major t r i b u t a r i e s  of t h e  Susquehanna River t h a t  
flow through HR I1 are t h e  West Branch o f  t h e  Susquehanna River and t h e  
Chemung River.  Hydrologic Region I1 is c h a r a c t e r i z e d  by deeply eroded, steep- 
s ided ,  flat-bottomed v a l l e y s  and f l a t  to g e n t l y  r o l l i n g  p l a t e a u s  varying i n  
r e l i e f  from s e v e r a l  hundred f e e t  i n  New York to n e a r l y  2000 f e e t  i n  Pennsyl- 
vania. This type of landscape tends  to s h o r t e n  t h e  t ime for p r e c i p i t a t i o n  to 
run o f f  i n t o  streams and consequently promotes t h e  p o s s i b i l i t y  o f  f looding. 
P r e c i p i t a t i o n  averaging n e a r l y  38 inches  annual ly  i n  HR I1 is t h e  major source  
of water supply. The mean annual runoff v a r i e s  from about  15  to 25 inches ,  
about  ha l f  of t h i s  occu r r ing  dur ing  t h e  3-month period from March through 
May. 
in f luenced  by a c i d  mine drainage. Never the less ,  t h e  d i s so lved- so l id s  concen- 
t r a t i o n  of most streams i n  HFt I1 seldom exceeds 800 ppm. Genera l ly ,  floods 
occur’ each year  i n  HR 11; major f looding  can occur i n  a l l  seasons.  Flooding 
is, however, more f r equen t  i n  e a r l y  sp r ing ,  u s u a l l y  i n  March. Major f l o o d s  
have been caused by heavy r a i n f a l l  on top of heavy snowfa l l  and by heavy ra in-  
f a l l  on p rev ious ly  s a t u r a t e d  ground. Occas iona l ly ,  local f looding  is caused 
by ice jams or from thunderstorms dur ing  t h e  summer months. As i n  HR I, major 
water uses  are f o r  s t e a m - e l e c t r i c i t y  gene ra t ion ,  manufacturing, and domestic 
consumption. 

Some t r i b u t a r i e s  of the  W e s t  Branch of t h e  Susquehanna River are heav i ly  

The abundant water i n  t h e  Susquehanna River bas in  is looked to by communi- 
t ies  o u t s i d e  t h e  area as a supply source for t h e  f u t u r e .  Cur ren t ly  s i g n i f i -  
c a n t  q u a n t i t i e s  of water are piped to Ches t e r ,  Pennsylvania, and Baltimore, 
Maryland. 
T h i s  i nc ludes  r u r a l  domestic use, consumption by l i v e s t o c k ,  and i r r i g a t i o n .  

R u r a l  water supply  needs w i l l  a lso inc rease  r a p i d l y  i n  t h e  f u t u r e .  
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The i n c r e a s e s  a r e  n o t  as dramatic"as i n  t h e  urban 
t h e l e s s  s u b s t a n t i a l  and m u s t  be planned for,  par t  
d i r e c t l y  wi th  urban needs. 

/ \  

areas, b u t  they are never- 
c u l a r l y  where they  compete 

Groundwater i n  HR I1 o c c u r s  i n  appreciable q u a n t i t i e s '  i n  rock s t r a t a  and w 
is g e n e r a l l y  o f  good q u a l i t y ,  except  near coal mines below Tioga County, Penn- 
sy lvania .  Deep a q u i f e r s  i n  t h e  reg ion  may be s a l i n e  or brackish .  Highly 
permeable g l a c i a l  d e p o s i t s  along most of t h e  v a l l e y s  a r e ' s i g n i f i c a n t  sources 
of groundwater. These a q u i f e r s  are very product ive  and r e a d i l y  recharged. 
S ince  most urban communities are s i t u a t e d  on water-bearing g l a c i a l  deposits i n  
t h e  v a l l e y s ,  groundwater has  not  been widely u t i l i z e d .  Although water-use 
d a t a  are not  a v a i l a b l e  for HR 11, data for t h e  e n t i r e  Susquehanna River bas in ,  
which inc ludes  HR 11, i n d i c a t e  t h a t  17% of t h e  t o t a l  water consumption is 
supplied by groundwater. Total groundwater u s e  is expected to  increase a s  
water demands grow i n  t h e  region. . 

Hydrologic Region I11 l ies i n  t h e  no r theas t e rn  s e c t i o n  of t h e  Ohio River 
bas in .  Major streams i n  t h i s  region are t h e  Allegheny River ,  Monongahela 
River,  Muskingum River ,  Beaver River ,  and t h e  main stem of t h e  Ohio River.  
Hydrologic Region I11 is l o c a t e d  i n  t h e  Appalachian P la t eaus  physiographic 
province,  which is c h a r a c t e r i z e d  by a rugged t e r r a i n  r e s u l t i n g  from t h e  
d i f f e r i n g  r e s i s t a n c e  o f  t h e  r o c k  to weathering and runof f .  Extensive f o r e s t  
cover ,  poor-qual i ty  soils, narrow v a l l e y s ,  steep stream g r a d i e n t s ,  and f l a s h  
f loods  during t h e  dry  seasons are c h a r a c t e r i s t i c  o f  t h i s  area. Vegetation is 
g e n e r a l l y  s u f f i c i e n t  to retard runoff -and  minimize e ros ion .  P r e c i p i t a t i o n  
averages about  45 inches  annually;  runoff ranges from about  11 to 25 inches  
annually.  Many minor t r i b u t a r y  streams throughout t h e  area normally cease 
flawing during t h e  dry  season, wi th  drought p e r i o d s  adding t o * t h e i r  number. 
Often dur ing  l a t e  summer and e a r l y  f a l l ,  stream f low-f rom p r e c i p i t a t i o n  is 
n e g l i g i b l e ,  t h e  only  flaw being from groundwater -seepage. 
reg ion  a r e , n o n s a l i n e ,  although some t r i b u t a r i e s  have high concen t r a t ions  of 
d i s so lved  s o l i d s .  I n  order o f  g r o s s  consumption, major water-usage c a t e g o r i e s  
are s t e a m - e l e c t r i c i t y  g e n e r a t i o n ,  manufacturing, and domestic use .  

Waters of t h e  

V a l l e y - f i l l  sediments,  c o n s i s t i n g  both  of g l a c i a l  outwash and r e c e n t  
alluvium, are t h e  most important source of groundwater i n  HR 111. Highest 
y i e l d s  occur g e n e r a l l y  i n  t h e  v a l l e y s  o f  t h e  Ohio River and i ts  north-side 
t r i bu ta r i e s .  Most bedrock s y s t  area are r e l a t i v e l y  poor water 
b e a r e r s ,  a l though product ive  aq ccur in-some l i m i t e d  r o c k  s t r a t a  
t h a t  u n d e r l i e  p o r t i o n s  of HR I1 
t h e s e  waters. Groundwater supplies 'have been .developed 'i 
sediment a q u i f e r s  p r i m a r i l y  f o r  use a t  t h e . p o i n t  of need; 
large areas covered by t h e s e  a q u i f e r s ,  most o f  t h e  stored water has  been 
untouched by c u r r e n t  development. 

gh i r o n k o n c e n t r a t i o n s  are o f t e n  found i n  
e valley-f ill- 
cause of t h e  

- 

ThS Sa l ina  reg ion  is M c a t e d  
zone. DiEf e rences  - in  c l h a t e  ar  imar i ly-by  l a t i t u d e ,  g e n e r a l  
a i r  mass aiid storm movements; e l  
Modif ica t ions  to t h e  climatic p a t t e r n s  are in t roduced  by t h e . G r e a t  L a k e s  and 
by t h e  l i f t i n g  e f f e c t s  of t h e  Appalachian Mountains. The climate is g e n e r a l l y  
cha rac t e r i zed  as  cool i n  t h e  nor thern  s e c t i o n  and w a r m  temperate and r a iny  i n  

w i t h i n  , t he 'Grea t  I n t e r i o r  climatic 

stance: to  sources'of moisture.  

@ 
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t h e  southern sec t ion .  
e ros ion  p o t e n t i a l  i n  t h e  region. 

Wind and p r e c i p i t a t i o n  p a t t e r n s  i n d i c a t e  a very  l o w  

c Fundamental changes i n  the  climate of t h e  reg ion  have occurred over t he  
I n  t h i s  period there have been l a s t  m i l l i o n  y e a r s  ( the '  P l e i s tocene  Epoch). 

four  ice ages,  during which g l a c i e r s  covered much of the  S a l i n a  region.  

The most r ecen t  ice age (Wisconsin Glacial) ended about  10,000 y e a r s  ago, 
a l though cont inuous ice sheets st i l l  e x i s t  i n  t he  polar regions.  The c u r r e n t  
epoch (Holocene) is considered to be i n t e r g l a c i a l :  however, there are indica-  
t i o n s  t h a t  a long-ter-m g l o b a l  cool ing  t r end  is under way a t  present .  

I n  t h e  S a l i n a  region,  severe-weather cond i t ions  are rather typical of 
those occurr ing  i n  most areas of the  cont iguous United States. 
24-hour r a i n f a l l  w i t h  a 100-year recur rence  i n t e r v a l  ranges from 4 to 6 
inches.  The frequency of tornadoes is no t i ceab ly  g r e a t e r  i n  southern Michigan 
and e a s t e r n  Ohio than i n  other s e c t i o n s  of the region. However, t h e  frequency 
is s i g n i f i c a n t l y  lower than t h a t  i n  the  C e n t r a l  United States. Most of the 
S a l i n a  Region exper iences  100-year maximum winds of less than  90 mph, which is 
typical for most of the  c o n t i n e n t a l  United States. 

The maximum 

R e s t r i c t i v e  d i s p e r s i o n  cond i t ions  are r e l a t i v e l y  f r equen t  i n  the extreme 
southern s e c t i o n  of the S a l i n a  Region compared wi th  t h e  rest of t he  reg ion  and 
w i t h  the cont iguous United States. Sec t ions  of t h e  S a l i n a  Region exper ience  
less than 25 to nea r ly  40 episode-days i n  5 years .  

Ai r -qua l i ty  s t a t u t e s  and r e g u l a t i o n s  res t r ic t  developnent i n  areas t h a t  
are not  a t t a i n i n g  the  n a t i o n a l  ambient a i r - q u a l i t y  s t anda rds  (un le s s  c e r t a i n  
offset cr i ter ia  are sa t i s f ied)  or where emiss ions  would r e s u l t  i n  v i o l a t i o n s  
of t h e  s t anda rds  or would exceed increments established by t h e  Clean A i r  A c t  
Amendments of 1977. Data i n d i c a t e  t h a t  t h e  n a t i o n a l  ambient a i r - q u a l i t y  
secondary s t anda rds  for p a r t i c u l a t e s  are being exceeded around a l l  major 
cit ies and i n  e a s t e r n  Ohio, southwestern Pennsylvania,  and nor thern  West 
Vi rg in i a .  

B.5.4 Background Radia t ion  

Background r a d i a t i o n  is ubiqui tous ,  r e s u l t i n g  from cosmic, terrestrial, 
and f a l l o u t  sources .  Limited data a v a i l a b l e  for t h e  S a l i n a  reg ion  r evea l  no 
anomalous areas. Dose rates range from 68.8 mrem/yr a t  Charlevoix,  Michigan, 
to 116.7 mrem/yr a t  Wheeling, West Vi rg in i a .  

B.5.5 Demographic, Socioeconomic, and Land-Use Systems 

Many areas wi th in  t h e  S a l i n a  region are h igh ly  urbanized. The h e a v i e s t  
concen t r a t ions  of urban areas (over 50,000 i n h a b i t a n t s )  i n  the reg ion  occur i n  
Ohio, southern Michigan, and western Pennsylvania.  The l a r g e s t  urban areas i n  
or near the  region inc lude  Detroit (nea r ly  4 m i l l i o n  i n h a b i t a n t s ) ,  Cleveland 
and P i t t sbu rgh  (nea r ly  2 m i l l i o n  i n h a b i t a n t s  each ) ,  and Bu€falo (over 1 
m i l l i o n  i n h a b i t a n t s )  . 
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Total ea rn ings  f o r  t h e  S a l i n a  reg ion  i n  1970 amounted to 66 b i l l i o n  
dollars; by t h e  year  2000 earn ings  w i l l  be about  181  b i l l i o n  d o l l a r s .  Manu- 
f a c t u r i n g  accounted f o r  approximately 41% of t h e  t o t a l  ea rn ings  i n  1970. 

toge ther  wi th  f i s h e r i e s ,  about  1% of t h e  total  ea rn ings  of t h e  region.  Mining 
and o ther  e x t r a c t i v e  i n d u s t r i e s  l i k e w i s e  account for about  1% of t h e  r eg iona l  
earn ings .  R e t a i l  and wholesale  t r a d e ,  government, i n s t i t u t i o n s ,  and o the r  
s e r v i c e s  account for approximately 56% of earn ings .  T h i s  percentage  is 
expected to inc rease ,  and t h e  percentage f o r  manufacturing is  expected to 
decrease, i n  t h e  coming decades. 

a Although a g r i c u l t u r e  and f o r e s t r y  are t h e  dominant land  uses ,  they  produce, 

S e n s i t i v e  or c o n f l i c t i n g  commitments of land  areas l a r g e r  than 10,000 
acres c o n s i s t  of t h e  Allegany Indian  Reservat ion,  10 parks ,  8 forests, 3 wild- 
l i f e  refuge,  8 r e c r e a t i o n  p r o j e c t s ,  1 4  airports, 2 m i l i t a r y  r e s e r v a t i o n s ,  and 
4 m i l i t a r y  o p e r a t i o n s  areas. The area committed to these a c t i v i t i e s  to ta l s  
less than 6% of  t h e  S a l i n a  region. The bulk of t h e  remaining l and  is ag r i cu l -  
t u r a l  and open land ,  w i t h  some areas preempted for urban and r e s i d e n t i a l  
development and f o r  t r a n s p o r t a t i o n  networks. 

The S a l i n a  reg ion  is t r ave r sed  by a well-developed network of highways, 
r a i l  l i n e s ,  and waterways used f o r  commercial t r a n s p o r t a t i o n .  

B.5.6 Terrestrial Ecosystems 

The broad mosaic of land-use p a t t e r n s  i n  t h e  S a l i n a  reg ion  h a s  a s i g n i f i -  
c a n t  i n f luence  on t h e  d i s t r i b u t i o n  and abundance of terrestr ia l  resources. 
Major land-use p a t t e r n s  i n  t h e  region are f o r e s t l a n d  (44%) , cropland (31%) , 
pas ture land  ( 6 % ) ,  and o ther  rural  land ( 6 % ) .  

Four ecoregion c a t e g o r i e s  occur  i n  t h e  S a l i n a  region: Northern Hardwoods, 
Beech-Maple F o r e s t ,  Appalachian Oak  Forest, and Mixed Mesophytic Fores t .  
Important natural  vege ta t ion  inc ludes  commercially va luab le  timber, wet lands,  
n a t u r a l  areas, and proposed endangered p l a n t  species. Commercial f o r e s t l a n d  
i n  t h e  region is about  90% hardwoods and 10% softwoods. Fores t land  is about 
e q u a l l y  d iv ided  among sawtimber, poletimber, and seedl ing/sapl ing  s tands .  
Approximately 2% of the  region is classified as wet lands w i t h  some importance 
to waterfowl. Some 28 r e p r e s e n t a t i v e  wetland areas and 5 Nat iona l  Wi ld l i f e  
Refuges (predominantly i n  wetland areas) are located i n  t h e  region.  (Only 
t h r e e  w i l d l i f e  re fuges  are repor ted  i n  Sec t ion  B.5.5 as s e n s i t i v e  or 
c o n f l i c t i n g  commitments of land because of t h e  s i z e  cri terion--10,000 acres or 
more.) The Soc ie ty  of American Foresters has  i d e n t i f i e d  10 n a t u r a l  areas i n  
t h e  region. F ive  p l a n t  s p e c i e s  t h a t  are proposed f o r  t h e  Federal list of 
endangered s p e c i e s  occur i n  t h e  region. 

Regional w i l d l i f e  i nc ludes  some 65 species of mammals, a t  least  400 
species of  birds,  and 73 species of amphibians and repti les.  Fores t land ,  
shrubland,  and openland species are w e l l  r epresented .  Important  w i l d l i f e  
inc ludes  game s p e c i e s ,  f u r b e a r e r s ,  and endangered spec ie s .  A t  least  31 game 
b i r d s  and 23 game mammals are found i n  t h e  reg ion ,  and hunt ing and t rapping  
are important.  The whi te - ta i led  deer  is t h e  most important big-game animal; 
r a b b i t s  and tree s q u i r r e l s  are important small-game mammals. Nonmigratory 
game b i r d s  inc lude  t h e  ring-necked pheasant ,  bobwhite, and r u f f e d  grouse;  
migra tory  game b i r d s  inc lude  waterfowl and the  mourning dove. Spec ies  on t h e  
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t he  Federa l  l ist of endangered species are t h e  Indiana  myotis,  K i r t l a n d ' s  
warbler, pe reg r ine  f a l c o n ,  and ba ld  eagle .  

c Farming is important i n  the  S a l i n a  region. Major crops are corn ,  hay, 
win ter  wheat, and oats. Cat t le ,  swine, and sheep are important l i v e s t o c k .  

B.5.7 A q u a t i c  Ecosystems 

The Great Lakes  provide t h e  most ex tens ive  commercial f i s h e r y  w i t h i n  t h e  
S a l i n a  region. Although s h i f t s  have occurred  i$ t h e  abundance of va r ious  
species because of f i s h i n g  p r e s s u r e s ,  i n t r o d u c t i o n  of p reda to r s ,  and pollu- 
t i o n ,  commercial ha rves t ing  o f  f i s h  remains a s i g n i f i c a n t  i n d u s t r y  i n  t h e  
Great Lakes .  The Ohio River dra inage  p r e s e n t s  a more l i m i t e d  f i s h e r y  
resource.  The commercial f i s h  h a r v e s t  i n  t h i s  dra inage  may be cons idered  
n e g l i g i b l e ,  as are t h e  present-day c o l l e c t i o n s  of musse l s  and clams. The 
Great L a k e s  and t h e - F i n g e r  Lakes  i n  u p s t a t e  N e w  York  suppor t  a d i v e r s e  sport 
f i s h e r y .  Appalachian streams offer t r o u t  f i s h i n g ;  i n  many lower s t r e t c h e s  of 
t r i b u t a r i e s  and i n  t h e  main-stem r i v e r s  of t h e  S a l i n a  region a warm-water 
f i s h e r y  e x i s t s .  Many streams and lakes are augmented wi th  stocked species to 
enhance sport f i s h i n g .  Only t w o  f i s h  species and one i n v e r t e b r a t e  on t h e  
Fede ra l  list of endangered species occur i n  t h e  region. 

B.6 PARADOX REGION* 

B.6.1 Geology 

The Paradox reg ion  (F igure  B-3) is l o c a t e d  i n  sou theas t e rn  Utah and south- 
western Colorado. The e n t i r e  reg ion  encompasses roughly 10,000 square  m i l e s ;  
about  60% of  t h i s  land  area is i n  Utah. The Paradox reg ion  is a t e c t o n i c  u n i t '  
(Paradox Fold and F a u l t  B e l t )  of t h e  Colorado P la t eau  and is also a f e a t u r e  of 
Thornbury's (1965) rugged Canyon Lands s e c t i o n  of t h e  Colorado Pla teau .  A s  
such, it has a d i v e r s e  and va r i ed  physiography and e x h i b i t s  t h e  landforms 
associated w i t h  t e c t o n i c  and igneous a c t i v i t i e s  as w e l l  as wi th  ex tens ive  wind 
and water e ros ion .  Most of t h e  reg ion  is above 5000 f e e t  i n  e l e v a t i o n ,  o f t e n  
w i t h  high relief and rugged t e r r a i n .  
spec tacu la r  scenery  i n  'the United States. 

The area c o n t a i n s  some of t h e  most 

The rocks of t h e  Paradox reg ion  c o n s i s t  of a t  least  15,000 feet of clastic 
and e v a p o r i t i c  sediments r e s t i n g  nonconf ormably on a basement complex of 
g r a n i t i c s  and metasediments. The age of t h e  basement rocks is Precambrian, 
w h i l e  t he  sedimentary s t ra ta  range i n  age from Cambrian to  Cretaceous.  
confo rmi t i e s  and h i a t u s e s  abound, some of ve ry  long du ra t ion .  Ordovician 
and S i l u r i a n  r o c k s ,  for example, are completely a b s e n t ,  and no marine 
depos i t i on  has occurred s i n c e  t h e  close of t h e  Mesozoic Era .  
T e r t i a r y  r o c k s  of s i g n i f i c a n c e  are i n t r u s i v e  vo lcan ic s .  
represented  on ly  by f l u v i a l  d e p o s i t s ,  a s u b s t a n t i a l  amount of wind-blown 
sediments,  and minor amounts o f  g r a v e l  and till. 

D i s -  

The only  
The Quaternary is 

*Data from Regional C h a r a c t e r i z a t i o n  R e p o r t  f o r  t h e  Paradox Bedded Sal t  6 Region and Surrounding T e r r i t o r y  (Bechte l ,  1978a). 
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The Colorado Pla teau  Province,  o f  which t h e  Paradox reg ion  is a part ,  is 
a mi ld ly  deformed platform surrounded by t h e  more h igh ly  deformed Rocky 
Mountains e The p r i n c i p a l  t e c t o n i c  elements of the  P la t eau  inc lude  u p l i f t s ,  
monoclinal f l e x u r e s ,  domes of igneous i n t r u s i o n ,  p la t forms ,  slopes, saddles, 
and fold-and-fault  belts.  I n  a d d i t i o n ,  t h e  reg ion  d i s p l a y s  numerous igneous 
p lugs ,  d ia t remes ,  ca ld ron  s inks ,  d i k e s ,  and mul t i tud inous  systems of j o i n t s  
and small f a u l t s .  

The Paradox reg ion  is one of l o w  seismic a c t i v i t y .  F i f ty- four  ear thquakes  
wi th  a maximum i n t e n s i t y  equa l  to or greater than  V on t h e  modified Mercalli 
scale of 1931 are known to have occurred  i n  or wi th in  100 m i l e s  of the  Paradox 
reg ion  from 1853 to 1976. 

The t e c t o n i c  h i s t o r y  o f  the  reg ion  was even t fu l .  Evidence i n d i c a t e s  t h a t  
t h e  region was under water for a long period of t i m e  before  t h e  s tar t  of t h e  
Cambrian period. During the  Pa leozoic  Era much a c t i v i t y  occurred ,  w i th  
periods of u p l i f t  and e ros ion  a l t e r n a t i n g  wi th  periods of inundat ion  and sed i -  
mentation. The formation of t h e  Paradox bas in  s a l t  occurred  du r ing  t h e  la t ter  
part  of t h i s  era. By comparison, t h e  Mesozoic Era was r e l a t i v e l y  qu ie scen t .  
N o  major mountain-building a c t i v i t y  occurred  i n  t h e  reg ion  du r ing  t h e  Triassic 
and J u r a s s i c  periods, but  t h e  shallow seas moved i n  and o u t  to deposit occa- 
s i o n a l  l a y e r s  of marine sediments. 
Colorado P la t eau  province  to  its p r e s e n t  e l e v a t i o n  began i n  t h e  l a s t  h a l f  of 
t h e  Cretaceous.  During the  e a r l y  Cenozoic Era the  mountain bu i ld ing  continued 
u n t i l  t h e  Rocky Mountains were formed. 
quent  dur ing  t h e  Cenozoic Era, when m o s t  of t h e  prominent s u r f a c e  f e a t u r e s  of 
t h e  reg ion  were formed. 

The powerful u p l i f t s  t h a t  raised t h e  

Volcanism was also widespread and f r e - .  

The Paradox reg ion  and surrounding t e r r i t o r y  have supp l i ed  important 
energy resources for n e a r l y  three decades. Petroleum, n a t u r a l  gas, and 
uranium from t h i s  area have made s u b s t a n t i a l  c o n t r i b u t i o n s  to t h e  n a t i o n ' s  
energy needs and have played an important role i n  t he  local economy. Energy 
and minera l  p roduct ion  is still inc reas ing .  A f e w  metals and i n d u s t r i a l  
mine ra l s  are also p r e s e n t  i n  t h e  reg ion ,  but t hey  have been produced on a 
small scale compared to e x p l o i t a t i o n  of the  energy r e se rves .  

B. 6.2 Hydroloqy 

Surface  water is a va luab le  r e source  i n  t h e  semiar id  Paradox region. The 
p r i n c i p a l  r i v e r s  i n  t h e  and surrounding t e r r i t o r y  of t h e  Upper Colorado Water 
Resource Region (UCWRR) are the  Colorado and t h e  Green, and t h e i r  major t r i b u -  
tar ies  are t h e  P r i c e ,  San Rafae l ,  Dolores, and San Juan Rivers.  N o  l a r g e  
n a t u r a l  f reshwater  lakes or wetlands occur i n  t h e  region. P r e c i p i t a t i o n  is 
l i g h t  and varies wi th  ground e l e v a t i o n .  Maximum stream flow occur s  i n  l a t e  
sp r ing ;  it is due to snowmelt runoff from mountainous areas. Localized 
f looding  can occur,  e s p e c i a l l y  when periods of snowmelt co inc ide  wi th  i n t e n s e  
thunderstorms. Areas most prone to f looding  are along t h e  f l o o d p l a i n s  of 
r i v e r s  or streams. Most s e r i o u s  damage occur s  i n  broad f l o o d p l a i n s  where 
a g r i c u l t u r a l  or urban developments e x i s t .  Flood c o n t r o l  is accomplished by 
watershed management and land-treatment programs i n  t h e  UCWRR. Flood-control 
r e s e r v o i r s  are normally multipurpose and may provide power gene ra t ion ,  irriga- 
t i o n ,  and r e c r e a t i o n a l  b e n e f i t s .  Surface-water q u a l i t y  is g e n e r a l l y  good, 
a l though high d i s so lved- so l id s  concen t r a t ions  pose a problem i n  some waterways 
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of t h e  UCWRR. Water a v a i l a b i l i t y  is l imited,  and demand, e s p e c i a l l y  f o r  
good-quality i r r i g a t i o n  water, is growing. 

(&- Groundwater occurs  i n  the Paradox reg ion  under both water-table and arte- 
s i a n  condi t ions ,  and the  q u a l i t y  of t h i s  water ranges from f r e s h  to near- 
s a t u r a t e d  b r i n e s  ( i n  excess  of 350,000 mg/l of total  dissolved solids). Water- 
table cond i t ions  commonly e x i s t  i n  t h e  shal low a l l u v i a l  a q u i f e r s ,  i n  recharge 
areas, and near the s u r f a c e  i n  r e l a t i v e l y  f l a t - l y i n g  rocks t h a t  are found over 
large p o r t i o n s  of t h e  region.  Most of the  groundwater underlying t h e  region 
has d isso lved-so l ids  concen t r a t ions  i n  excess  of 3000 mg/l and is unsu i t ab le  
for most uses .  
is seldom found a t  depths  g r e a t e r  than 200 feet. The only  source of f r e s h  
water is p r e c i p i t a t i o n  f a l l i n g  on t h e  region: p r i n c i p a l  areas of recharge are 
the  h ighlands  of the reg ion  and other areas where a q u i f e r s  crop ou t .  

Usable f r e s h  water is p r e s e n t  on ly  i n  near-surface a q u i f e r s  and 

B.6.3 Climate  

The Paradox reg ion  is l a r g e l y  a cool, semiarid, mid- la t i tude  steppe w i t h  
isolated areas classified as  mid- la t i tude  deserts or humid c o n t i n e n t a l  re- 
gimes. The reg ion  is very  dry ,  wi th  an average annual  p r e c i p i t a t i o n  of 
approximately 8.3 inches.  The d ry  cond i t ions  provide the  reg ion  w i t h  a 
r e l a t i v e l y  high p o t e n t i a l  for wind eros ion .  

Fundamental changes i n  t h e  climate of the  region have occurred during t h e  
l a s t  m i l l i o n  yea r s ,  appa ren t ly  r e s u l t i n g  from changes i n  g l o b a l  temperature. 
Four major g l a c i a t i o n s  occurred during t h e  P le i s tocene  Epoch, but  t h e  reg ion  
is located more than  500 kilometers southwest of the  southernmost l i m i t  of t h e  
ice cover and was not  g l a c i a t e d .  

The reg ion  is r e l a t i v e l y  free from severe-weather hazards  and can expect a 
maximum 100-year r a i n f a l l  of only 3 inches  i n  a 24-hour period. It is also i n  
an  area of low tornado a c t i v i t y ;  t h i s  part of Utah reported no tornadoes from 
1955 to 1967. S imi l a r ly ,  high winds are not  f r equen t ;  a maximum wind speed of 
about  85 mph has a 100-year mean recur rence  i n t e r v a l .  However, local channel- 
i ng  effects might a l ter  t h e  maximum speed a t  specific sites. 

Inve r s ions  are r e l a t i v e l y  common i n  t h e  Paradox region  i n  comparison wi th  
t h e  United States as a whole: t h e  region has experienced about  180 episode- 
days i n  5 years .  
which is a complex system of v a l l e y s  surrounded by h igh  t e r r a i n .  T h i s  type of 
t e r r a i n  allows t h e  formation of f r equen t  temperature  inve r s ions  t h a t  could 
pose a major problem for t h e  d i s p e r s i o n  of emiss ions  from a waste repos i tory .  
I n  add i t ion ,  poor d i spe r s ion  cond i t ions  occur dur ing  the  f r equen t  s t agna t ion  
of la rge-sca le  high-pressure systems. 

These cond i t ions  are related to t h e  t e r r a i n  of t h e  region,  

With regard to e x i s t i n g  a i r  q u a l i t y  (Prevent ion of S i g n i f i c a n t  Deteriora- 

The remainder of t h e  reg ion  is a Class I1 area. 
t i o n ) ,  a l l  n a t i o n a l  parks and wi lderness  areas w i t h i n  t h e  Paradox region are 
classified as C l a s s  I areas. 
The law g e n e r a l l y  allows no or minimal i n d u s t r i a l  development i n  Class  I areas 
and moderate development i n  C l a s s  I1 areas. 
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B. 6.4 Background Radiat ion 

V i r t u a l l y  no data s p e c i f i c  to the Paradox region are ava i l ab le .  I n  
gene ra l ,  the  mountain states are higher  than  t h e  n a t i o n a l  average i n  both 
n a t u r a l  terrestrial  and cosmic background r a d i a t i o n ,  a l though the  r eg iona l  
v a r i a t i o n s  appear to be of minor s ign i f i cance .  

B.6.5 Demographic, Socioeconomic, and Land-Use Systems 

The Paradox region is a rural area w i t h  many small towns of less than 1000 
people s c a t t e r e d  along highways. Farmington, New Mexico, and Grand Junct ion ,  
Colorado, are t h e  only two ci t ies i n  t h e  areas adjacent  to t h e  region w i t h  
more than 20,000 inhab i t an t s .  There are no cit ies t h i s  l a r g e  wi th in  t h e  
region. The total  popula t ion  of the region was approximately 240,000 i n  
1970. Most of the  coun t i e s  i n  t h e  region showed a 10 to 20% i nc rease  i n  popu- 
l a t i o n  between 1970 and 1975. 

The economy of the  region is dependent on t h e  continued long-term develop- 
ment of e x t r a c t i v e  i n d u s t r i e s  and t h e  process ing  of petroleum, coal, molybde- 
num, vanadium, n a t u r a l  gas ,  and o t h e r  mineral  and energy resources. Growth i n  
t h e s e  and related suppor t  i n d u s t r i e s  w i l l ,  to a l a r g e  e x t e n t ,  determine t h e  
rate of economic growth for the  region,  primarily because of t h e i r  expor t  
value.  

Agr icu l ture  is also important i n  t h e  region,  a l though p roduc t iv i ty  is 
l i m i t e d  by local climatic f a c t o r s .  
areas of marginal soil p r o d u c t i v i t y ,  l i m i t s  a g r i c u l t u r a l  a c t i v i t i e s  to l ive -  
s t o c k  graz ing  and local hay and g r a i n  product ion.  
a g r i c u l t u r a l  product  exported from the region. 
importance. 

The low annual r a i n f a l l ,  combined w i t h  

Livestock is t h e  only major 
Other i n d u s t r i e s  are of lesser 

. Land uses  of i n t e r e s t  inc lude  Federal and state r e c r e a t i o n a l  and n a t u r a l  
areas (which occupy 29% of t h e  land area w i t h i n  t h e  r eg ion ) ,  urban areas (less 
than l%), and Indian l ands  (16%). The b u l k  of the remaining land is open 
range, w i t h  small areas preempted f o r  t r a n s p o r t a t i o n  networks. 

B.6.6 Terrestrial Ecosystems 

The Paradox region con ta ins  v a s t  areas of r e l a t i v e l y  undis turbed n a t u r a l  . 
habitat .  F i f t e e n  n a t u r a l  vege ta t ion  systems occur  i n  t h e  region;  these range 
from pine  or f i r  f o r e s t s  to scrublands,  steppes, and barrenlands.  S ix  ecolo- 
g i c a l  r e se rves  have been establ ished or proposed for t h e  region; these 
" n a t u r a l  areas" would in su re  t h e  p re se rva t ion  of a t y p i c a l  or unusual vegeta- 
t i o n  type i n  as near an undis turbed condi t ion  as  possible. 
w i l d l i f e  inhabits the region,  inc luding  many furbear ing  species, numerous 
big- and small-game species, and s e v e r a l  th rea tened  or endangered species. 

A g r e a t  v a r i e t y  of 

Major range types wi th in  the region inc lude  grass lands ,  three types of 
d e s e r t  shrubs,  and pinyon-juniper woodlands. This range is well u t i l i z e d ,  and 
t h e  marke t  va lue  of l i v e s t o c k  is normally 50 to 60% of the va lue  of a l l  ag r i -  
c u l t u r a l  products  i n  t h e  region. Lands having good soil on moderate slopes 

/-- 
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are g e n e r a l l y  dry-farmed or i r r i g a t e d .  A v a r i e t y  of crops are grown; t h e s e  
t y p i c a l l y  account f o r  40 to 50% of  t h e  m a r k e t  va lue  o f  a l l  a g r i c u l t u r a l  prod- 
u c t s .  Although e x t e n s i v e  f o r e s t e d  areas occur i n  t h e  reg ion ,  f o r e s t  p roducts  
c o n t r i b u t e  less than  1% of t h e  total  va lue  of a l l  a g r i c u l t u r a l  crops. 

B. 6.7 A q u a t i c  Ecosystems 

Most aquatic habi ta ts  i n  t h e  Paradox reg ion  are cold-water t r o u t  streams, 
g e n e r a l l y  above 5000 f e e t  i n  e l eva t ion .  The n a t i v e  game f i s h ,  mainly cut-  
throat  t r o u t  and w h i t e f i s h ,  have been l a r g e l y  replaced by in t roduced  game 
species, p r i n c i p a l l y  rainbow t r o u t .  Very l i t t l e  warm-water-stream h a b i t a t  is 
found i n  t h e  reg ion;  t h e  warm-water h a b i t a t s  t h a t  do e x i s t  f r e q u e n t l y  c o n t a i n  
both cold- and warm-water f i s h  species. Although a cons ide rab le  number of 
sport f i s h  are taken annual ly ,  t h e  f i s h e r y  resource is r e l a t i v e l y  poor because 
of t h e  h i g h  sediment load of many streams. Four th rea t ened  or endangered f i s h  
species have been i d e n t i f i e d  i n  t h e  region; a l l  are found i n  t h e  Colorado 
River or its t r i b u t a r i e s .  

B.7 GULF INTERIOR SALT-DOME REGION* 

B.7.1 Geology 

The G u l f  i n t e r i o r  reg ion  of Alabama, Mississippi, Louisiana,  and Texas 
l ies  w i t h i n  t h e  Gulf Coastal P l a i n  physiographic province  (F igure  B-4). 
i nc ludes  parts of 11 major physiographic subdiv is ions .  

I t  

The basement of the  Gulf i n t e r i o r  reg ion  c o n s i s t s  of s t r u c t u r a l l y  deformed 
i n c i p i e n t  or weakly metamorphic la te  Pa leozoic  and older r o c k s  and c r y s t a l l i n e  
materials of unknown age. 
Mesozoic and Cenozoic t h a t  r e g i o n a l l y  th i ckens  i n  success ive  wedges toward t h e  
Gulf e The top of t h e  Pa leozoic  basement occurs  a t  depths  o f  about 13,000 f e e t  
a t  the  nor thern  boundary of t h e  reg ion  and reaches almost 30,000 feet i n  depth 
a t  t h e  southern l i m i t .  Local s t r u c t u r e  modifies t h i s  g e n e r a l  t rend .  

These r o c k s  are o v e r l a i n  by a g r e a t  t h i ckness  o f  

The region l i es  w i t h i n  a l a r g e  s t r u c t u r a l  downwarp known as t h e  Missis- 
s ippi  EZnbayment, which ex tends  nor th  i n t o  southern  I l l i n o i s ,  east i n t o  
Alabama, south  to t h e  v i c i n i t y  of Baton Rouge, Louisiana,  and as f a r  w e s t  as 
e a s t e r n  Texas. A v a r i e t y  of smaller s t r u c t u r a l  elements modi f ies  t h i s  g e n e r a l  
f ramework  and d e f i n e s  t h e  immediate s t r u c t u r a l  parameters of t h e  s t o r a g e  r o c k  
u n i t .  These f e a t u r e s  inc lude  b a s i n s  and domes or u p l i f t s ,  f l e x u r e s  and 
f a u l t s ,  and s a l t  domes. 

The reg ion  is one of l o w  s e i s m i c i t y .  Within 100 miles of the  Gulf 
i n t e r i o r  reg ion  t h e r e  were-only  20 ear thquakes  between 1886 and 1974 whose 
maximum i n t e n s i t i e s  were equa l  to or g r e a t e r  than  V on t h e  modified Mercalli 
scale of 1931. 

*Data from Regional Environmental C h a r a c t e r i z a t i o n  Report f o r  t h e  Gulf 
@Inter ior  Region and Surrounding T e r r i t o r y  (Bechte l ,  1978b). 
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fie e a r l y  t e c t o n i c  h i s t o r y  of t h e  Gulf Coastal area be fo re  J u r a s s i c  t i m e  
is c o n j e c t u r a l  because of lack of data. Cur ren t ly ,  there are t w o  t r e n d s  o f  

some form e x i s t e d  s i n c e  l a te  Precambrian; t h e  more popular t heo ry  holds  t h a t  
t h e  G u l f  was i n i t i a t e d  by plate t e c t o n i c s  (sea-floor spreading) dur ing  e a r l y  
Mesozoic. By e a r l y  J u r a s s i c  t i m e ,  marine water had en te red  t h e  area from t h e  
west, and a major evapor i te -depos i t ion  c y c l e  w a s  i n i t i a t e d .  A t  t h i s  t i m e  t h e  
area was probably  landlocked. By t h e  la te  Cretaceous,  t he  area was open to 
t h e  sea, and t h e  sa l t  d e p o s i t i o n  had ceased. V a r i o u s  episodes of u p l i f t  prior 
to t h e  Recent (Holocene) Epoch have r e s u l t e d  i n  t h e  depos i t i on  of up to  as 
much as 30,000 f e e t  of material. 

Q thouglft concerning t h e  o r i g i n  of t h e  Gulf. One theo ry  ho lds  t h a t  t h e  Gulf i n  

O i l  and n a t u r a l  gas are the  c h i e f  minera l  i n d u s t r i e s  of t h e  area and have 
been f o r  t h e  past  50 yea r s .  However, o t h e r  i n d u s t r i e s ,  based on process ing  
such materials as ceramic and nonceramic c l a y s ,  i r o n  orep and sa l t ,  are also 
w e l l  developed i n  r e l a t i o n  to a v a i l a b l e  markets. 

B. 7.2 Hydrology ”. 

The surface-water r e sources  of t h e  Gulf i n t e r i o r  r eg ion  can b e s t  be sum- 
marized by b r i e f l y  reviewing t h e  surface-water c h a r a c t e r i s t i c s  of each of f o u r  
Water Resource Regions (WRRs): t h e  Arkansas-White-Red, Texas Gulf,  Lower M i s -  
sissippi, and South A t l a n t i c  Gulf Regions. The va r ious  surface-water parame- 
ters  descr ibed  for each WRR-including p r e c i p i t a t i o n ,  runof f ,  flood h i s t o r y ,  
and surface-water q u a l i t y ,  a v a i l a b i l i t y ,  and-demand--may vary s i g n i f i c a n t l y  
between and w i t h i n  WRRs. 

The Arkansas-White-Red Region (AWRR), which c o n s i s t s  of 265,000 square  
miles i n  Oklahoma, Louisiana,  Arkansas, Texas, Missouri ,  Kansas, New Mexico, 
and Colorado, i n t e r s e c t s  on ly  a small midwestern p o r t i o n  of t h e  Gulf i n t e r i o r  
region. P r e c i p i t a t i o n  and runoff decrease  g r e a t l y  from t h e  humid e a s t e r n  
areas to the  semiar id  western areas of t h e  A m .  The AWRR averages  3200 to 
113,000 c f s  of runof f ,  w i th  t h e  maximum stream flow g e n e r a l l y  occur r ing  from 
A p r i l  to June. Major r i v e r s  inc lude  t h e  Arkansas, White, Red, and Canadian. 
Eas te rn  lowlands of t h e  AWRR are s u b j e c t  to severe rainstorms and r ecu r ren t  
f l a sh  f looding;  f lood ing  i n  the  western and c e n t r a l  p o r t i o n s  r e s u l t s  from 
i n t e n s e  and in f r equen t  ra ins torms  of s h o r t  du ra t ion .  Flood-control problems 
have been reduced, p a r t i c u l a r l y  i n  e a s t e r n b a r e a s ,  by the  c o n s t r u c t i o n  of 
numerous r e s e r v o i r s  along major r i v e r s .  Surface-water q u a l i t y  i n  s e v e r a l  
major waterways o f  t h e  AWRR is poor because of widespread n a t u r a l  and 
man-induced p o l l u t i o n ,  inc luding  n a t u r a l  m i n e r a l i z a t i o n ,  mine d i scha rges ,  
e ros ion ,  and municipal and i n d u s t r i a l  e f f l u e n t s .  The a v a i l a b i l i t y  of many 
AWRR s u r f a c e  waters f o r  a g r i c u l t u r a l ,  municipal,  i n d u s t r i a l ,  and r e c r e a t i o n a l  
u s e s  is seve re ly  l imi t ed  by t h e  l o w  q u a n t i t i e s  a n d * q u a l i t i e s  of s u r f a c e  waters 
i n  s o m e  parts o f  t h e  AWRR. I n  g e n e r a l ,  most water s u p p l i e s  are der ived  from 
groundwater sou rces  i n  t h e  western and c e n t r a l  AWRR. 

The Texas Gulf Region (TGR), which c o n s i s t s  of 173,000 square  m i l e s  i n  
Texas, Louisiana,  and New-Mexico, i n t e r s e c t s  roughly one-third of t h e  western 
G u l f  i n t e r i o r  region. P r e c i p i t a t i o n  and runoff  decrease d r a m a t i c a l l y  from t h e  
Texas Gulf C o a s t  northwest to t h e  c e n t r a l  and western areas of t h e  TGR. 63 Average runoff is 30 m i l l i o n  acre- f t /y r  and is p r i n c i p a l l y  from t h e  e a s t e r n  
one-fourth of the TGR. Major r i v e r s  i n  t h e  TGR inc lude  t h e  Sabine, Neches, 
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T r i n i t y ,  and Brazos. 
storms o r i g i n a t i n g  i n ' t h e  G u l f  of Mexico; t h e  l a r g e s t  floods have occurred i n  
la te  summer and e a r l y  f a l l  from hurr icanes .  Total-dissolved-sol ids  concentra- 
t i o n s  i n  t h e  TGR vary from less than 100 to over 2500 mg/l, wi th  the  upper 
reaches of the  Brazos River having the poorest water q u a l i t y  observed. 
Approximately ha l f  t h e  !l'GR's water needs a r e  m e t  from surface-water sources ,  
and surface-water use is expected to t r ip le  by the year 2020. Although the  
reg iona l  supply of surface water is expected to meet t h a t  demand, t h e  unequal 
geographic d i s t r i b u t i o n  of surface-water supply and demand may pose problems. 

The Lower Mississippi Region (LMR) c o n s i s t s  of about 102,700 square m i l e s  

Flooding i n  t h e  TGR t y p i c a l l y  results from tropical 

c 

i n  Louisiana,  Mississippi, Arkansas, Missouri, Tennessee, and Kentucky; it 
i n t e r s e c t s  t he  c e n t r a l  q u a r t e r  of the  Gulf i n t e r i o r  region. Average annual 
p r e c i p i t a t i o n  v a r i e s  from 64 inches along t h e  Gul f  Coast to 44 inches  i n  
southern Missour i .  Runoff is rather uniform throughout the LMR, decreas ing  
from 26 to 1 4  inches per year from coastal to c e n t r a l  areas, r e spec t ive ly .  
Roughly 116,380 cfs of annual d i scharge  is generated wi th in  the  LMR. Major 
r i v e r s  include the  Miss i s s ipp i ,  S t .  Franc is ,  White, Arkansas, and Yazoo. 
Flooding gene ra l ly  r e s u l t s  during la te  winter  or sp r ing  from heavy r a i n s  and 
rapid snowmelt throughout t he  Ohio and Miss i s s ipp i  River v a l l e y s  or i n  late 
summer or e a r l y  f a l l  from tropical storms and hur r icanes  along the Gulf 
Coast. Areas s u b j e c t  to f looding  are f loodp la ins  and ad jacent  areas of t h e  
Mississippi River ,  its major t r ibutar ies ,  and coastal areas. By 1970, LMR 
f lood-cont ro l  storage totaled 6 , 0 2 8 , 0 0 0  acre-feet, and over 3780 miles of 
levees and f loodwal l s  were i n  place. Surface-water q u a l i t y  throughout t h e  LNR 
is v a r i a b l e  and dependent on loca t ion ;  i n  gene ra l ,  however, most streams have 
good n a t u r a l  q u a l i t y .  Varying degrees  of man-induced p o l l u t i o n  require selec- 
t i v e  use and s o m e  pre t rea tment  of surface waters i n  some areas of the  LMR. 
The IMR is one of t h e  most water-rich WRRs i n  t h e  United States, wi th  85 
m i l l i o n  acre-feet of runoff generated wi th in  the  LMR and a total  of 485 
m i l l i o n  acre-feet discharged annual ly  from its waterways i n t o  t h e  Gul f  of 
Mexico. Large inc reases  i n  surface-water demand are p ro jec t ed  by the  year 
2020, and no shor tages  are expected. 

The South Atlantic-Gulf Region (SAGR), c o n s i s t s  of 276,000 square miles i n  
South Caro l ina ,  Florida, Vi rg in i a ,  North Caro l ina ,  Georgia,  Alabama, 
Louisiana,  and Mississippi; it encompasses roughly the  e a s t e r n  t h i r d  of t h e  
Gulf i n t e r i o r  region. P r e c i p i t a t i o n  is g e n e r a l l y  p l e n t i f u l  and uniformly dis- 
t r i b u t e d  throughout t he  SAGR. Average runoff is 305,000 cfs. Seasonal h ighs  
i n  runoff  occur from November to April and from June to October, r e s u l t i n g  
from broad cyc lon ic  d i s tu rbances  and tropical hu r r i canes ,  r e spec t ive ly .  Major 
r i v e r s  i n  the SAGR inc lude  t h e  Alabama, "ombigbee, Apalachicola, Santee,  and 
Altamaha. Widespread, disastrous f looding  is uncommon,_although an est imated 
( i n  1968) a d d i t i o n a l  3.3 m i l l i o n  acres of land  require flood p r o t e c t i o n  by 
1980. Seasonal f lood  p o t e n t i a l  is h ighes t  from December to April and from 
August to October. Areas m o s t  prone to f looding  inc lude  t h e  f loodp la ins  of 
major r i v e r s  and coastal areas. Numerous watershed and f lood-control  projects 
have been cons t ruc ted  throughout t he  SAGR for f lood  p ro tec t ion .  Na tu ra l  
surface-water q u a l i t y  is g e n e r a l l y  e x c e l l e n t ,  w i t h  d isso lved-so l ids  concen- 
t r a t i o n s  averaging less than 100 mg/l. I n  s o m e  coastal p l a i n  streams, high 
t u r b i d i t y  and. high sediment loads are not  uncommon. I n  some l o c a l i z e d  areas, 
municipal,  i n d u s t r i a l ,  and a g r i c u l t u r a l  sources of p o l l u t i o n  have caused 
restricted use of su r face  waters and an increased r e l i a n c e  on upstream reser- 
v o i r  s to rage  and groundwater f o r  municipal water supplies. Because of abun- 
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dan t  surface-water and groundwater s u p p l i e s  w i t h i n  t h e  SAGR, no c u r r e n t  or 
p r o j e c t e d  water shor t ages  are expected. 

1 -  

Good-quality groundwater is p r e s e n t  throughout t h e  Gulf i n t e r i o r  reg ion ,  
and it is used e x t e n s i v e l y  f o r  domestic, municipal,  and i n d u s t r i a l  purposes. 
S e v e r a l  a q u i f e r s  or hydro logic  u n i t s  are recognized i n  t h e  post-Cretaceous 
coastal p l a i n  sediments. They comprise a t h i c k  sequence of in te rbedded  sands,  
c l a y s ,  and marls i n  which t h e  more permeable materials provide  a q u i f e r s  con- 
f i n e d  between t h e  less permeable c l a y s  and marls. Important water-bearing 
u n i t s  or a q u i f e r s  i n  t h e  reg ion  inc lude  t h e  Wilcox-Carrizo u n i t s ,  t h e  Sparta 
(Kosciusko) Formation, Miocene sands,  and P le i s tocene  to Recent a l l u v i a l  
v a l l e y  deposits. The water-bearing format ions  r e c e i v e  recharge  i n  t h e i r  out- 
crop areas from p r e c i p i t a t i o n  and stream flow, although under p r e s e n t  condi- 
t i o n s  t h e  a q u i f e r s  are f u l l ,  and most of t h e  water a v a i l a b l e  f o r  recharge  is 
rejected, moving l a t e r a l l y  and d i scha rg ing  to l o w  stream v a l l e y s .  

B.7.3 C l i m a t e  

The Gulf i n t e r i o r + r e g i o n  l ies wi th in  a humid temperate zone wi th  moder- 
a t e l y  h igh  win ter  temperatures and moderate amounts of r a i n f a l l  throughout t h e  
year .  These cond i t ions  i n d i c a t e  a r e l a t i v e l y  l o w  p o t e n t i a l  f o r  wind e ros ion .  

Although t h i s  area has  experienced s i g n i f i c a n t  temperature decreases 
(9-28.8OF) i n  t h e  r e c e n t  geo log ic  past, i n d i c a t i o n s  of g l a c i a t i o n  wi th in  
t h a t  period are absent .  I n  f a c t ,  t h e  p rev ious  g l a c i a l  boundary appears to  be 
more than 435 miles no r th  of t h i s  region. 

Severeyweather occurrences  i n  t h e  Gulf i n t e r i o r  reg ion  g e n e r a l l y  t a k e  t h e  
form of high winds and p r e c i p i t a t i o n  a s s o c i a t e d  wi th  hu r r i canes  t h a t  i n t r u d e  
in l and  from t h e  Gulf o f  Mexico.- The 100-year-recurrence even t s  f o r  t h e s e  t w o  
meteorological phenomena are 11 inches  of p r e c i p i t a t i o n  wi th in  a 24-hour 
pe r iod  and winds of 90 mph. Another severe-weather phenomenon experienced i n  
t h i s  reg ion  is t h e  occas iona l  tornado ( ranging  from 6 i n  a 12-year period on 
t h e  Louis iana-Miss i ss ippi  border to 43 or more i n  p o r t i o n s  of n o r t h e a s t  Texas 
dur ing  t h e  same period) . 

Genera l ly  moderate mixing levels toge the r  wi th  moderate wind speeds and 
r o l l i n g  t e r r a i n  make  t h e  Gulf i n t e r i o r  reg ion  u n l i k e l y  to exper ience  inver- 
s ions .  S t a t i o n s  wi th in  and near t h i s  reg ion  have rep-orted 13 to  28 episode- 
days o f  poor d i s p e r s i o n  w i t h i n  a 5-year period. . 

The reg ion ,  l i k e  most of t h e  count ry ,  expe r i ences  periods when t h e  
n a t i o n a l  ambient a i  r -qua l i t y  s t a n d a r d s  (NAAQS) 
Trends i n  a i r  q u a l i t y ,  as eva lua ted  by t h e  m v i  nmental P ro tec t ion  Agency 
(EPA), i n d i c a t e  a very g radua l  impro i n  t h i s  cond i t ion  i n  t h e  Gulf 
i n t e r i o r  reg ion ,  p r imar i ly  as a res improved po l lu t ion -con t ro l  
technology. 
been des igna ted  by t h e  EPA as areas r t h e  c o n t r o l  o f  photo- 
chemical ox idants .  I n  most cases, t h e s e  areas, c o n s i s t i n g  of l a r g e  metropoli- 
t a n  si tes and t h e i r  immediate surroundings,  are p r e s e n t l y  exceeding NAAQS f o r  
t h i s  p o l l u t a n t .  

r p a r t i c u l a t e s  are exceeded. 

There- are also. a numbe h i n  t h i s  reg ion  t h a t  have 
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I With regard to t h e  Prevent ion  of S i g n i f i c a n t  Deterioration, t h e  r eg ion  
I 

lies wi th in  a Class I1 area, which allows for moderate i n d u s t r i a l  develop- 
ment. The n e a r e s t  ( p r e s e n t l y  def ined)  Class I areas are more than 100 m i l e s  
away. 

B.7.4 Background Radia t ion  

Data f o r  approximately 38 l o c a t i o n s  i n  t h e  Gulf i n t e r i o r  r eg ion  and sur- 
rounding t e r r i t o r y  i n d i c a t e  t h a t  t h e  reg ion  is about  average i n  n a t u r a l  ter- 
res t r ia l  and cosmic background r a d i a t i o n .  The h i g h e s t  reported background 
r a d i a t i o n  va lues  are i n  Texas, but  r e g i o n a l  v a r i a t i o n s  appear to  be 
i n s i g n i f i c a n t .  

B.7.5 Demographic, Socioeconomic, and Land-Use Systems 

I n  e a s t e r n  Texas, t h e  Gulf i n t e r i o r  reg ion  is a r u r a l  area wi th  many small 
towns. The major c i t ies  w i t h i n  t h e  area are Tyler and Longview, bu t  large 
urban areas such as  Dallas, F o r t  Worth, Waco, and Austin are ad jacen t  to t h e  
region. Approximately 75% of  t h e  popula t ion  is white; t h e  remaining is black 
(except for t h e  0.7% t h a t  is Indian ,  Chinese, Japanese,  or o t h e r ) .  The total  
popula t ion  of t h e  area w a s  766,154 i n  1970, and m o s t  of t h e  c o u n t i e s  showed a 
population-growth rate of more than  7% between 1970 and 1975. Per capita 
income f o r  t h e  reg ion  was $3119. 

The Gulf i n t e r i o r  region i n  Louisiana encompasses 298 p a r i s h e s  i n  t h e  
nor thern  par t  o f  t h e  S ta te  and inc ludes  t h e  ci t ies of Shreveport ,  Monroe, and 
Alexandria. Popula- 
t i o n  growth was slower i n  Louisiana than  i n  Texas, and many p a r i s h e s  had a n e t  
d e c l i n e  of up to 10% between 1970 and 1975. Annual per capita income i n  1974 
f o r  t h e  reg ion  was $2788. 

The total  popu la t ion  of t h i s  area was 1,062,685 i n  1970. 

There are 35 c o u n t i e s  i n  t h e  Gulf i n t e r i o r  reg ion  i n  Mississippi. The 
largest ci t ies i n  t h e  region are Jackson, Meridian, Ha t t i e sburg ,  and 
Vicksburg. The total  popula t ion  f o r  t h e  area was 778,158 i n  1970 and 
increased  to 1,064,217 (es t imated)  i n  1975. S i x  c o u n t i e s  experienced a 
d e c l i n e  i n  popula t ion  between 1970 and 1975, and c o u n t i e s  o t h e r  than those  
having t h e  major c i t ies  mentioned above had a slower growth rate than  t h e  rest  
o f  t h e  na t ion  and t h e  slowest f o r  a l l  states i n  t h e  Gulf i n t e r i o r  region. 
Nearly 66% of t h e  1970 popu la t ion  was whi te ,  34% was b lack ,  and less than 1% 
was of o t h e r  o r i g i n .  Per capita income grew by 50 to  70% between 1969 and 
1974, and t h e  r eg iona l  average annual per-capita income was $2826 i n  1974. 

The economy of t h e  e a s t e r n  Texas reg ion  is l a r g e l y  r e source  o r i en ted .  
E x t r a c t i v e  i n d u s t r i e s  such as mining, petroleum, and n a t u r a l  g a s  e x t r a c t i o n ,  
manufacturing based on r e g i o n a l  r e sources ,  and a g r i c u l t u r e  comprise t h e  core 
o f  t h e  export economic base. I n  r u r a l  c o u n t i e s  i n  e a s t e r n  Texas, tourism is 
an important element i n  t h e  local economy. Mining and manufacturing ac t iv i -  
ties account f o r  33% of  t h e  total  employment. Eas te rn  Texas is a producer of 
a g r i c u l t u r a l  crops and l i v e s t o c k ;  some c o u n t i e s  produce cons ide rab le  amounts 
o f  l i v e s t o c k  and p o u l t r y  f o r  export to o t h e r  states. 
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Much of the region i n  Louisiana is rural and is used for agricultural 
crops, grazing, or forests. More than 64% of the total  employment is located 
i n  the Shreveport, Monroe, or Alexandria urban areas. The State is one of the 

Manufacturing is located near 
the larger urban areas, and industries based on lumber and wood products, food 
products, primary metal products, fabricated metal products and appliances, 
texti les and apparel, and chemicals a l l  have notable employment. I n  1970 the 
agricultural production of crops was centered i n  the lowland region along the 
Mississippi River; livestock production was concentrated i n  upland areas. 
Total agricultural income i n  1974 was $445 million, up 114% from 1969, w i t h  
approximately 70% attributed to crops and hay. 

c.$ largest producers of natural gas and petroleum. 

Manufacturing accounts for 31% of the total  employment i n  the Mississippi 
portion of the G u l f  interior region and represents the largest single employ- 
ment sector. Extractive industries (natural gas and petroleum, sand and 
gravel, and other minerals) employ less than 20% of the labor force. Agricul- 
ture is also a significant contributor to the local economy. Lowland counties 
of t h e  Mississippi River basin are intensively cultivated for field and row 
crops; upland counties are extensively used for livestock grazing. 

The majority of the population i n  the eastern Texas Gul f  interior region 
l i e s  i n  the Tyler and Longview urban areas. A s  much as 10% of the area is i n  
urban uses, and the average population density throughout the area is 0.02 
person per acre. Vast expanses of woodlands and agricultural land charac- 
terize the area. Eastern Texas has three national forests totaling 507,012 
acres: Angelina, Davy Crockett, and Sabine. Recreational uses of lakes and 
reservoirs and parks i n  the area are rapidly growing, and second-home develop 
ment around some lakes (i.e.,  the Cedar Creek Reservoir) has occurred recently. 
The Federal Government maintains and is acquiring jurisdiction over sizable 
land areas to meet growing demands for various recreational uses. Airports 
are common throughout eastern Texas; restricted or prohibited airspaces w i t h  
various altitude and aircraft-operation limitations are also present. Highway 
and r a i l  systems are extensive throughout the area. One Indian reservation 
exists i n  Polk County, Texas. 

I n  Louisiana most urban land i n  residential, commercial, and industrial 
uses is around the c i t i e s  of Shreveport, Monroe, and Alexandria. Outside 
these urban areas, small towns are numerous, b u t  rural areas are, for the most 
part, devoted to agriculture or forests. Upland parishes i n  northwestern 
Louisiana have less field and row crops and more livestock-grazing land than 
do luwland parishes along the Mississippi River. The Kisatchie National 
Forest is distributed i n  several parcels throughout Louisiana; the total  
acreage of a l l  parcels is 500,302 acres, or 6.1% of the land i n  the area. 
State f i s h  and wildlife management areas and s ta te  forests provide abundant 
recreational uses. Airports of varying size are found throughout the area; 
restricted and prohibited airspaces w i t h  varying limitations are also 
present. Rail and highway systems are well developed i n  a l l  of Louisiana. 
One Indian reservation is located i n  the area. 

The largest c i t i e s  i n  the Gul f  interior region i n  Mississippi are Jackson 
(166,572), Meridian (46,2561, Hattiesburg (38,097), and Vicksburg (29,726). 
Like Louisiana, the area is largely rural, w i t h  agricultural lands predomi- 
nating. Five national forests i n  the area cover 1.7 million acres, or 15% of 
the area. Many types of uses are provided, including recreation as well as 
timber harvesting. Airports of various sizes are found throughout the area, 
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as are r e s t r i c t e d  airspaces. 
One Indian  r e s e r v a t i o n  is l o c a t e d  i n  Leake  County, o u t s i d e  t h e  Gulf i n t e r i o r  
region. 

R a i l  and highway systems are w e l l  developed. 

c 
B.7.6 Terrestrial Ecosystems 

I n  t h e  G u l f  i n t e r i o r  reg ion  and surrounding t e r r i t o r y  i n  Texas there are 
n i n e  p o t e n t i a l  vege ta t ion  types, ranging from mixed hardwood-softwood f o r e s t s  
to open prairies and savannahs. N o  ecological r e s e r v e s  have been established 
i n  t h e  b a s i n ,  bu t  a number of l o c a l l y  adminis te red  n a t u r a l  areas do i n s u r e  
p re se rva t ion  of h a b i t a t s  i n  as near an undisturbed cond i t ion  as  poss ib l e .  
Important animal species inc lude  approximately 9 f u r b e a r e r s ,  s e v e r a l  game 
animals,  and 20 p ro tec t ed ,  t h rea t ened ,  or endangered species. 

Major range types i n  t h e  Texas Gulf i n t e r i o r  reg ion  inc lude  g r a s s l a n d s ,  
shrublands  and chaparral, and pinyon-juniper woodlands. The rangeland has  a 
r e l a t i v e l y  h igh  p r o d u c t i v i t y  compared to t h e  t y p i c a l  western range, and l i v e -  
stock and l i v e s t o c k  products  accounted for t h e  h ighes t  p o r t i o n  of a l l  a g r i c u l -  
t u r a l  products  sold i n  t h e  Texas G u l f  i n t e r i o r  region i n  1974 (47%). This  w a s  
followed by p o u l t r y  and p o u l t r y  products  (36%) ,  crops- and hay (12%), nurse ry  
and greenhouse p roduc t s  ( 3 % ) ,  and f o r e s t  p roducts  on farms (1%). Harvested 
hay, sorghum, and c o t t o n  were t h e  crops cover ing  t h e  greatest  land  area i n  
1974. Commercial forests i n  c o u n t i e s  w i t h i n  t h e  east  Texas Piney W o o d s  -region 
cover about 63% of t h e  region. 
l o b l o l l y - s h o r t l e a f  p ine ,  oak-pine, and oak-hickory. 

Forest types  w i t h  t h e  m o s t  coverage are 

Only fou r  p o t e n t i a l  vege ta t ion  types occur w i t h i n  t h e  Gulf i n t e r i o r  r eg ion  
of Louis iana- -pra i r ie  and t h r e e  k inds  of mixed hardwood-and-softwood f o r e s t s .  
However, t h e  v a r i a t i o n  w i t h i n  t h e s e  vege ta t ion  types ,  due to man's a c t i v i t i e s  
as w e l l  a s  the  n a t u r a l  soil and climatic v a r i a t i o n s ,  c o n t r i b u t e s  to d i v e r s e  
w i l d l i f e  h a b i t a t s .  I n  a d d i t i o n  to one ecological r e s e r v e ,  t h e  Bayou Boeuf 
Na tu ra l  Area, there are s e v e r a l  State, p r i v a t e ,  and Federal w i l d l i f e  areas. 
Important animal species inc lude  approximately 13 f u r b e a r e r s ,  11 game mammals, 
and 6 t h rea t ened  or endangered species. 

Livestock g raz ing  occur s  on c u l t i v a t e d  p a s t u r e  as  w e l l  as i n  f o r e s t e d  
lands .  
a g r i c u l t u r a l  p roduc t s  s o l d  i n  1974. P r i n c i p a l  l i v e s t o c k  types  produced i n  t h e  
area i n  1974 were beef and d a i r y  catt le.  Livestock p r o d u c t i v i t y  v a r i e s  
throughout t h e  area, as does t h e  p r o d u c t i v i t y  of a g r i c u l t u r a l  crops and timber 
resources ,  t h e  most product ive  l i v e s t o c k  parishes being D e  Soto, Caddo, 
Richland, Natchi toches ,  and Rapides. A g r i c u l t u r a l  crop product ion  was largest 
i n  Morehouse, E a s t  Carrol, Madison, and Avoyelles Par i shes :  crops and hay 
r ep resen ted  70% of a l l  a g r i c u l t u r a l  p roduc t s  s o l d  i n  t h e  Louisiana G u l f -  
i n t e r i o r  reg ion  i n  1974. 
followed by soybeans , ' r i ce ,  corn ,  sorghum, wheat, and sugarcane. There are 
t h r e e  major f o r e s t  types i n  Louisiana: southern  p ine ,  upland hardwood 
(oak-hickory) , and bottomland hardwood. Commercial southern  p i n e  f o r e s t s  are 
mostly long lea f  and slash p i n e s  i n  t h e  southern  h a l f  of t h e  State and shor t -  
l e a f  and l o b l o l l y  p i n e s  i n  t h e  nor th .  Bottomland hardwoods inc lude  such 
species-as o a k ;  gum, cypress, elm, a sh ,  and cottonwood. The production of 
timber r e sources  was h i g h e s t  i n  Ouachita,  Caldwell, Winn, Natchi toches ,  
Sabine, and Caddo Pa r i shes .  

Livestock and l i v e s t o c k  p roduc t s  r ep resen ted  o n l y  18% of t h e  va lue  of 

Cotton was t h e  crop w i t h  t h e  l a r g e s t  harves ted  area; 
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I n  Mississippi, a s  i n  Louis iana,  t h e r e  are only  four  p o t e n t i a l  n a t u r a l  
vege ta t ion  types, but one, t h e  b l ackbe l t ,  is l i m i t e d  to t h e  Gulf i n t e r i o r  
region of Mississippi and Alabama. S ix  eco log ica l  n a t u r a l  areas have been 
e s t a b l i s h e d  i n  t h e  Gulf i n t e r i o r  region of Mississippi f o r  t h e  p re se rva t ion  of IC.$ vegeta t ion  types and w i l d l i f e  h a b i t a t .  
approximately 11 f u r b e a r e r s ,  11 game animals,  and 13 species on t h e  Federa l  
l ist of th rea tened  and endangered spec ies .  

Important animal species inc lude  

I n  t h e  Mississippi Gulf i n t e r i o r  region,  p o u l t r y  and p o u l t r y  products  
accounted fo r  t h e  h ighes t  po r t ion  of a l l  a g r i c u l t u r a l  products so ld  i n  1974 
( 4 5 % ) ,  followed by crops and hay (30%), and l ives tock  and l i ves tock  products  
(22%) .  Rangeland and wooded pas tu re  are ex tens ive ly  d i s t r i b u t e d  throughout 
t h e  area. 
area i n  1974. Commercial f o r e s t s  are ex tens ive ,  cover ing .about  62% of t h e  
land area i n  Mississippi. 
oak-hickory, l ob lo l ly - shor t l ea f  p ine ,  oak-pine, and oak-gum-cypress. 

Soybeans, hay, and co t ton  were the  crops with t h e ' l a r g e s t  harves ted  

Commercial f o r e s t s  wi th  the  l a r g e s t  areas are 

B.7.7 Aquatic Ecosystems 

The Gulf  i n t e r i o r  region is noted f o r  its extens ive  and va luable  recrea- 
t i o n a l  and commercial warm-water stream and l a k e  f i s h e r i e s .  Stream and l a k e  
h a b i t a t s  i n  t h e  region can be divided i n t o  bottomland and upland h a b i t a t  
types. Bottomland h a b i t a t s  are gene ra l ly  i n  t h e  l a r g e r ,  deeper,  slow-moving, 
and t u r b i d  streams and r i v e r s  t h a t  meander through t h e  i n t e r i o r  region. Up- 
land h a b i t a t s  are g e n e r a l l y  i n  t h e  smaller, faster-moving creeks and streams 
t h a t  are the  tr ibutaries of t h e  major waterways wi th in  t h e  region.  S ix  endan- 
gered f i s h  spec ie s  have been i d e n t i f i e d  i n  t he  Gulf i n t e r i o r  region;  a l l  s i x  
species are found i n  t he  State of Mississippi. 

B.8 THE HANE'ORD SITE* 

The Hanford S i t e  is a 600-square-mile tract  i n  t h e  southeas te rn  par t  of 
Washington State. It  is semiar id ,  and t h e  closest popula t ion  cen te r  is 
Richland, 5 kilometers to t h e  south.  

.. 
B.8.1 Geolow 

The Hanford S i te  is i n  t h e  Columbia P la teau  physiographic  province,  which 
is cha rac t e r i zed  by the  occurrence of a t h i c k  sequence of t h o l e i i t i c  b a s a l t s  
and v a r i e s  s i g n i f i c a n t l y  i n  topographic express ion  as w e l l  as  s t r u c t u r e  
(Figure B-5). The Columbia b a s i n ' s e c t i o n  .is a broad geologic  and s t ruc tura l  
bas in  i n  t h e  i n t e r i o r  of t he  province; t h e  Hanford Site is loca ted  i n  t h e  
Pasco bas in ,  which is one of s e v e r a l  subbasins.  

, 

*Source: P r i v a t e  communication from K. R. Fecht,  R o c k w e l l  Hanford 
Operations,  December 1978. 
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Figure B-5. Location of the Columbia Plateau basalts. 

The Columbia bas in  con ta ins  the  Channeled Scablands formed a t  t h e  close of 
P le i s tocene  g l a c i a t i o n  by m u l t i p l e  c a t a s t r o p h i c  floods. 
as ice-dammed lakes released t o r r e n t s  of water and ice when t h e  ice dams were 
breached. 

The floods occurred 

The r eg iona l  geology is dominated by Cenozoic rocks and s t r u c t u r e s .  
During t h e  Cenozoic Era, numerous basalt  magma outpour ings  from ex tens ive  
fissure systems flowed across the  Columbia P la t eau  and i n t o  r eg iona l  areas of 
subsidence,  such as th’e Pasco bas in ,  where t h i c k  s e c t i o n s  of  b a s a l t  accumu- 
l a t e d .  
Columbia P la t eau  and is more than  10,000 feet  i n  t h e  Pasco basin.  The f r e -  
quency and s i z e  of the  e rup t ions  decreased and then  ceased dur ing  t h e  l a te  
T e r t i a r y  pe r iod  (about 6 mill.ion y e a r s  before t h e  p r e s e n t ) .  

The th i ckness  of the b a s a l t  sequence is an average of 1800 f e e t  i n  t h e  

Regional subsidence cont inued and w a s  accompanied by r eg iona l  north-south . 
compression, which has r e s u l t e d  i n  fo ld ing  of t h e  basal t  sequence and i n  t h e  
formation of a number of roughly east-west-trending a n t i c l i n a l  r i d g e s  i n  t h e  
c e n t r a l  p a r t  of t h e  Columbia Plateau. 
is represented  by the  Ra t t l e snake  Mountains, t h e  Yak ima  Ridge, and t h e  
Umtanum-Gable Mountain Ridge. 

A t  t h e  Hanford S i t e ,  t h i s  r i d g e  system 
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Within and on top of t h e  basalt sequence are sedimentary deposits. The 
i n t e r b e d s  between b a s a l t  f lows c o n s i s t  o f  t u f f s ,  t u f f aceous  sediments,  and, i n  
some l o c a t i o n s ,  s t ream-car r ied  sediments. I n t e r b e d s  are more p r e v a l e n t  i n  t h e  
upper par t  of t h e  basalt  sequence. 

The top of t h e  basalt sequence is covered wi th  f l u v i a l ,  g l a c i o f l u v i a l ,  and 
e o l i a n  deposits. I n  t h e  Pasco bas in ,  t h e  basalt  is covered by up to 1000 f e e t  
of f l u v i a l  sediments ( t h e  Ringold Formation) o v e r l a i n  wi th  up to 300 f e e t  of 
g l a c i o f l u v i a l  sediments ( in fo rma l ly  named t h e  Hanford Formation).  EDlian de- 
posits o v e r l i e  t h e  Ringold Formation i n  t h e  western part  of the  Hanford S i te .  
The basement r o c k s  below t h e  basal t  sequence are of unce r t a in  composition bu t  
are probably sands tones  and sha le .  G r a n i t i c  rocks are probably below t h a t .  

Mineral  resources  are sand and g r a v e l ,  basalt ,  and p o s s i b l y  n a t u r a l  gas .  
N a t u r a l  gas has not been de tec t ed  i n  t h e  r e c e n t  d r i l l i n g  of deep boreholes.  

The Columbia b a s i n  is a reg ion  of l o w  s e i s m i c i t y  i n  which moderate ea r th -  
quakes have occurred. Microseismic a c t i v i t y  a t  t h e  Hanford S i te  i n d i c a t e s  l o w  
l e v e l s  of stress r e l i e f ,  g e n e r a l l y  shallow focal depths ,  and no obvious rela- 
t i o n s h i p  to any geologic structure. The maximum known earthquake i n t e n s i t y  i n  
t h e  v i c i n i t y  of t h e  s i te  was less than  I V  on t h e  modified Mercalli scale. 

F a u l t s  i n  t h e  reg ion  are a s s o c i a t e d  w i t h  f o l d s  i n  t h e  basal t  and appear to 
r e f l e c t  local ad jus tments  to fo ld ing .  They are r e l a t i v e l y  short i n  l e n g t h  
(less than 30 m i l e s ) ,  w i t h  g e n e r a l l y  small d i sp lacements  (less than  500 f e e t ) .  

B. 8.2 Hydrology 

The Pasco b a s i n  is a series of conf ined  a q u i f e r s  o v e r l a i n  by an  unconfined 
a q u i f e r .  The area is bounded by r i d g e s  to the  no r th ,  south,  and w e s t  and by a 
broad r e g i o n a l  monocline to  t h e  east. 

The confined a q u i f e r s  are p r i m a r i l y  t h e  permeable i n t e r b e d s  and i n t e r f l o w  
zones i n  t h e  b a s a l t  sequence. The i n t e r f l o w  zones are c h a r a c t e r i z e d  by ves ic -  
u l a r  rock or by in te rconnec ted  f r a c t u r i n g  caused by r a p i d  coo l ing  of t h e  basalt  
magma .  There is very  l i t t l e  hydrau l i c  i n t e rconnec t ion  between a q u i f e r s  s i n c e  
the  c e n t r a l  volume of t h e  basal t  f l o w s  is dense and has a very  l o w  permeabil- 
i t y .  
p roducts  such as montronite.  The conf ined  a q u i f e r s  are recharged by precipi- 
t a t i o n ,  stream runof f ,  and i n f i l t r a t i o n  from t h e  ove r ly ing  unconfined a q u i f e r  
or d i s t a n t  recharge  po in t s .  Discharge of the  upper a q u i f e r  is to the  Columbia 
River.  

F r a c t u r e s  i n  t h e  b a s a l t  have been f i l l e d  wi th  secondary m i n e r a l i z a t i o n  

The unconfined a q u i f e r  occurs  above t h e  basalt sequence up to about t h e  
top o f  t h e  Ringold Formation.'  The groundwater movement is d i s t o r t e d  by local 
geologic structures and has been modified by waste-disposal a c t i v i t i e s  a t  t h e  
Hanf ord S i t e .  

Between the  top of t h e  unconfined a q u i f e r  and t h e  land  s u r f a c e  is t h e  
vadose zone. Th i s  unsa tu ra t ed ' zone  is up to about  300 f e e t  t h i c k  and is 
extremely d r y  below about 30 f e e t .  I n  t h i s  des i cca t ed  zone, t h e r e  is n e a r l y  
no downward movement o f  water. 
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B.8.3 C l i m a t e  

The c l ima te .o f  t h e  Columbia bas in  reg ion  is dominated by the  Cascade 
Mountain Range to t h e  west and by t h e  p reva len t  d i r e c t i o n  of storm f r o n t s  from 
t h e  P a c i f i c  Ocean. 
inches  of p r e c i p i t a t i o n  f a l l s  during t h e  win te r ,  and t h e r e  are occas iona l  
pe r iods  of high winds. P reva i l i ng  winds are from t h e  northwest.  

c Summers are r e l a t i v e l y  h o t  and dry,  most of t h e  average 6 

Tornadoes are inf requent .  It  has been es t imated  t h a t  t h e  p r o b a b i l i t y  of a 
s p e c i f i c  surface s t r u c t u r e ' s  being h i t  by a tornado is only  6 i n  one mi l l i on .  

Thunderstorm a c t i v i t y  is l o w .  The estimated annual l i g h t n i n g  s t r i k e  fre- 
quency is 0.022 for a typical Hanford bui ld ing .  

B. 8 e 4 Demography 

There 'are  an es t imated  250,000 people  wi th in  50 miles of t h e  Hanford 
Site. The es t imated  mean growth rate to t h e  year  2000 is 0.7%. 

B.8.5 Historic and Archaeological  Sites 

There are f i v e  l o c a t i o n s  l i s t ed  as  historic sites or as n a t u r a l  land- 
m a r k s  w i th in  50 miles of t h e  Hanford S i te .  None are on t h e  si te.  There are 
over  200 Indian  a rchaeo log ica l  sites i n  t h e  Hanford area, and many of them are 
along t h e  Columbia River where it passes  through t h e  Hanford S i te .  

B.8.6 Ecology 

The e c o l o g i c a l  a s p e c t s  of t h e  Hanford S i te  are c o n s i s t e n t  with t h e  semi- 
arid climate. The p r i n c i p a l  p l a n t  community is t h e  sagebrush-cheatgrass- 
b lueg ras s  a s s o c i a t i o n ;  mammals inc lude  t h e  coyote ,  t h e  r a b b i t ,  mule  deer, and 
small rodents ;  b i r d s  inc lude  t h e  chukar p a r t r i d g e ,  western meadowlark, migra- 
t o r y  ducks and geese,  and s e v e r a l  s p e c i e s  of p reda to ry  birds. There are 
s e v e r a l  thousand i n s e c t  species and about  15 s p e c i e s  of  snakes and l i z a r d s .  
The a q u a t i c  ecosystem c o n s i s t s  of the  Columbia River and a f e w  ponds and 
d i t c h e s .  

Rare, threa tened ,  and endangered species inhab i t ing  t h e  Hanford .ce in- 
c lude  t h r e e  p l a n t  species and seven b i r d  species. The s t a t u s  of some of t h e  
l a t te r  has  not  been determined. 
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PRESIDENT CARTER'S MESSAGE To CONGRESS 
ON THE MANAGEMENT OF RADIOACTIVE WASTE 

AND 

THE FINDINGS AND RECOMMENDATIONS OF THE INTERAGENCY 
REVIEW GROUP ON NUCLEAR WASTE MANAGEMENT 

Two documents have been e s p e c i a l l y  important i n  e s t a b l i s h i n g  a n a t i o n a l  
p o l i c y  for t h e  management of r a d i o a c t i v e  waste: 
Congress on February 12, 1980, and t h e  1979 report of t h e  In te ragency  Review 
Group. 

P r e s i d e n t  Carter ' s  message to 

Th i s  appendix conta ins  t h e  ent i re  message and excerpts from t h e  r e p o r t .  

C . l  PRESIDENT'S MESSAGE 

On February 12, 1980, P r e s i d e n t  Carter e s t a b l i s h e d  a comprehensive program 
f o r  t h e  management of r a d i o a c t i v e  waste. 
United S t a t e s  s t a t e d  t h e  o b j e c t i v e s  of t h a t  program and o u t l i n e d  t h e  steps to 
be  taken i n  c a r r y i n g  it o u t .  
project and t h e  s i te  near Car l sbad ,  New Mexico. 
is a complete t e x t  o f  P r e s i d e n t  Carter 's  message. 

H i s  message to t h e  Congress of t h e  

The message s p e c i f i c a l l y  mentioned t h e  WIPP 
The remainder of t h i s  section 

PRESIDENT CARTER'S MESSAGE TO CONGRESS 

(February 12,  1980) 

To THE CONGRESS OF THE UNITED STATES: 

Today I am establishing this Nation's first comprehensive radioactive waste management 
program. My paramount objective in managing nuclear wastes is to protect the health and 
safety of all Americans, both now and in the future. 
ed officials at all levels of our government. Our citizens have a deep concern that the 
beneficial uses of nuclear technology, including the generation of electricity, not be al- 
lowed to imperil public health or safety now or in the future. 

I share this responsibility with elect- 

For more than 30 years, radioactive wastes have been generated by programs for national 
defense, by the commercial nuclear power program,,-and by:,a variety of medical, industrial, 
and research activities. Yet, past governmen 
been technically adequate. Moreover, they h ailed to involve successfully the States, 
local governments, and the public in policy ogram decisions. 
foundation for both a technically superior program and a-full cooperative Federal-State part- 
nership to ensure public confidence in a waste 

efforts to mayge radioactive wastes have not 

MY actions today lay the 

My program is consistent with the broad consensus that has evolved from the efforts of 
the Interagency Review Group on Radioactive Waste Management (IRG) which I established. 

try and citizen groups, State and local governments, and members of the Congress: Evalua- 
tions of the scientific and technical analyses were obtained through a broad and rigorous 
peer review by the scientific community. The final recommendations benefited from and re- 

The 
__ IRG - - findings __ and analysis were comprehensive, thorough, and widely reviewed by public, indus- 

@ flect this input. 

I 
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My o b j e c t i v e  is to e s t a b l i s h  a comprehensive program for t h e  management of types of 
r a d i o a c t i v e  wastes. My policies and programs e s t a b l i s h  mechanisms to ensure t h a t  e l e c t e d  
o f f i c i a l s  and the  p u b l i c  f u l l y  p a r t i c i p a t e  i n  waste dec is ions ,  and d i r e c t  Federa l  departments 
and agencies  to implement a waste management s t r a t e g y  which is s a f e ,  t e c h n i c a l l y  sound, con- 
s e r v a t i v e ,  and open to cont inuous p u b l i c  review. This  approach w i l l  h e l p  ensure t h a t  we w i l l  
reach our object ive-- the s a f e  s t o r a g e  and d i s p o s a l  of a l l  forms of nuclear  waste. 

i 
Our primary o b j e c t i v e  is to i s o l a t e  e x i s t i n g  and f u t u r e  r a d i o a c t i v e  waste from m i l i t a r y  

and c i v i l i a n  a c t i v i t i e s  from t h e  biosphere and pose no s i g n i f i c a n t  t h r e a t  to publ ic  h e a l t h  
and s a f e t y .  
s h a l l  not  be defer red  to f u t u r e  genera t ions .  The t e c h n i c a l  program m u s t  meet a l l  r e l e v a n t  
r a d i o l o g i c a l  p r o t e c t i o n  cr i ter ia  a s  w e l l  as a l l  o t h e r  a p p l i c a b l e  regula tory  requirements.  
This  e f f o r t  must proceed r e g a r d l e s s  of f u t u r e  developments wi th in  t h e  nuclear  indus t ry- - i t s  
f u t u r e  s i z e ,  and r e s o l u t i o n  of  s p e c i f i c  f u e l  cycle, and r e a c t o r  design issues. The s p e c i f i c  
s t e p s  o u t l i n e d  below are each aimed a t  accomplishing t h i s  o v e r a l l  ob jec t ive .  

The r e s p o n s i b i l i t y  f o r  reso lv ing  m i l i t a r y  and c i v i l i a n  waste management problems 

Firs t ,  my Adminis t ra t ion is committed to providing an e f f e c t i v e  role for State and l o c a l  
governments i n  t h e  development and implementation of our nuclear  waste management program. I 
am t h e r e f o r e  taking the  fol lowing ac t ions :  

0 By Executive Order, I am e s t a b l i s h i n g  a State Planning Council  which w i l l  s t rengthen  
our  intergovernmental  r e l a t i o n s h i p s  and h e l p  f u l f i l l  our j o i n t  r e s p o n s i b i l i t y  to 
p r o t e c t  publ ic  h e a l t h  and s a f e t y  i n  r a d i o a c t i v e  waste matters. I have asked Governor 
Ri ley  of South Carol ina to s e r v e  as Chairman of t h e  Council. The Council  w i l l  have a 
t o t a l  of 19  members: 15 who are Governors or other e l e c t e d  o f f i c i a l s ,  and 4 from t h e  
Executive departments and agencies.  It w i l l  advise  t h e  Executive Branch and work  
w i t h  t h e  Congress to address  r a d i o a c t i v e  waste management issues, such a s  planning 
and s i t i n g ,  c o n s t r u c t i o n ,  and opera t ion  of f a c i l i t i e s .  I w i l l  submit l e g i s l a t i o n  
during this session to make the Council permanent. 

e I n  t h e  p a s t ,  S t a t e s  have not played an adequate p a r t  i n  t h e  waste management planning 
process--for example, i n  t h e  eva lua t ion  and l o c a t i o n  of p o t e n t i a l  waste d i s p o s a l  
sites. The S t a t e s  need b e t t e r  access  to information and expanded oppor tuni ty  to  
guide waste management planning. Our r e l a t i o n s h i p  with t h e  S t a t e s  w i l l  be based on 
t h e  p r i n c i p l e  of c o n s u l t a t i o n  and concurrence i n  t h e  s i t i n g  of high l e v e l  waste re- 
p o s i t o r i e s .  Under t h e  framework of c o n s u l t a t i o n  and concurrence,  a h o s t  State w i l l  
have a cont inuing role i n  Federa l  decisionmaking on t h e  s i t i n g ,  design,  and construc-  
t i o n  of a high l e v e l  waste repos i tory .  S t a t e  c o n s u l t a t i o n  and concurrence,  however, 
w i l l  l e a d  to acceptab le  s o l u t i o n  to our waste d i s p o s a l  problem only i f  a l l  t h e  
S t a t e s  p a r t i c i p a t e  a s  p a r t n e r s  i n  t h e  program I am p u t t i n g  f o r t h .  The s a f e  d i s p o s a l  
of r a d i o a c t i v e  waste, defense and commercial, is a n a t i o n a l ,  not  j u s t  a Federa l ,  
re spon s i b i 1 i t y . 

0 I am d i r e c t i n g  t h e  S e c r e t a r y  of Energy to provide f i n a n c i a l  and t e c h n i c a l  a s s i s t a n c e  
to S t a t e s  and o ther  j u r i s d i c t i o n s  to f a c i l i t a t e  t h e  f u l l  p a r t i c i p a t i o n  of State and 
l o c a l  government i n  review and l i c e n s i n g  proceedings.  

Second, f o r  d i s p o s a l  of  high l e v e l  r a d i o a c t i v e  waste, I a m  adopt ing an i n t e r i m  planning 
s t r a t e g y  focused on t h e  use of mined geologic  r e p o s i t o r i e s  capable  of accept ing both waste 
from reprocessing and unreprocessed commercial spent  f u e l .  An i n t e r i m  s t r a t e g y  is needed 
s i n c e  f i n a l  dec is ions  on many s t e p s  which need to be taken should be preceded by a f u l l  envi- 
ronmental review under the  Nat iona l  Environmental Po l i cy  A c t .  I n  its search  f o r  s u i t a b l e  
sites f o r  high l e v e l  waste r e p o s i t o r i e s ,  t h e  Department of Energy has mounted an expanded and 
d i v e r s i f i e d  program of geologic  i n v e s t i g a t i o n s  t h a t  recognizes  t h e  importance of t h e  in te rac-  
t i o n  among geologic  s e t t i n g ,  r e p o s i t o r y  hos t  r o c k ,  waste form, and o ther  engineered b a r r i e r s  
on a s i t e - s p e c i f i c  bas i s .  Immediate a t t e n t i o n  w i l l  focus on research  and development, and on 
l o c a t i n g  and c h a r a c t e r i z i n g  a number of p o t e n t i a l  r e p o s i t o r y  si tes i n  a v a r i e t y  of d i f f e r e n t  
geologic  environments with d i v e r s e  rock types. 
and found p o t e n t i a l l y  s u i t a b l e ,  one or more w i l l  be s e l e c t e d  for f u r t h e r  development as a 
l icensed  f u l l - s c a l e  repos i tory .  

when four to f i v e  sites have been evaluated 

I t  is important to stress the  fol lowing t w o  po in ts :  F i r s t ,  because t h e  s u i t a b i l i t y  of a 
geologic  d i s p o s a l  site can be v e r i f i e d  only  through detailed and time-consuming site specific c 
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eva lua t ions ,  a c t u a l  sites and t h e i r  geologic  environments must be c a r e f u l l y  examined. 
ond, t he  development of a r epos i to ry  w i l l  proceed i n  a c a r e f u l  step-by-step manner. Experi- 
ence and information gained a t  each phase w i l l  be  reviewed and evaluated to determine i f  
t h e r e  is s u f f i c i e n t  knowledge to proceed wi th  t h e  next  s t a g e  of development. W e  should be 
ready to select the  s i te  for t h e  f i r s t  . fu l l - s ca l e  r e p o s i t o r y  by about  1985 and have it opera- 
t i o n a l  by t h e  mid-1990's. For reasons of economy, t h e  f i r s t  and subsequent repositories 
should accept  both defense and commercial wastes. 

Sec- 

Cons is ten t  wi th  my dec i s ion  to expand and d i v e r s i f y  t h e  Department of Energy's program of 
geologic  i n v e s t i g a t i o n  before  s e l e c t i n g  a s p e c i f i c  s i te  f o r  r e p o s i t o r y  development, I have 
decided t h a t  t h e  Waste I s o l a t i o n  P i l o t  P l an t  p r o j e c t  should be cance l led .  This  p r o j e c t  is 
c u r r e n t l y  au thor ized  fo r  t h e  unl icensed disposal of  t r ansu ran ic  waste from our Nat iona l  de- 
fense  program, and f o r  research  and development using high l e v e l  defense  waste. This  p r o j e c t  
is incons i s t en t  with my po l i cy  t h a t  a l l  repositories f o r  h ighly  r ad ioac t ive  waste be li- 
censed, and t h a t  they accept  both defense and commercial wastes. 

The s i te  near Carlsbad,  New Mexico, which was being considered f o r  t h i s  p r o j e c t ,  w i l l  
cont inue  to be eva lua ted  along wi th  o the r  sites i n  o the r  p a r t s  of t h e  country.  If q u a l i f i e d ,  
it w i l l  be  reserved as one of s e v e r a l  candida te  sites fo r  possible use as a l i censed  reposi- 
t o r y  f o r  defense and commercial high l e v e l  wastes. My f i s c a l  year  1981 budget con ta ins  funds 
i n  the  commercial nuclear  waste program for p r o t e c t i o n  and cont inued i n v e s t i g a t i o n  of t h e  
Carlsbad site. F ina l ly ,  it is important t h a t  we t a k e  t h e  t i m e  to compare t h e  New Mexico site 
wi th  o the r  sites now under eva lua t ion  f o r  t h e  f i r s t  waste repos i tory .  

Over t h e  next  f i v e  y e a r s ,  t h e  Department of Energy w i l l  c a r r y  o u t  an aggress ive  program 
of  s c i e n t i f i c  and t e c h n i c a l  i n v e s t i g a t i o n s  to suppor t  waste s o l i d i f i c a t i o n ,  packaging, and 
r epos i to ry  design and cons t ruc t ion  inc luding  s e v e r a l  experimental ,  r e t r i e v a b l e  emplacements 
i n  test f a c i l i t i e s .  This  suppor t ing  research  and development program w i l l  ca l l  upon t h e  
knowledge and exper ience  of t h e  Nat ion ' s  very b e s t  people  i n  sc ience ,  engineer ing,  and o t h e r  
f i e l d s  of l ea rn ing ,  and w i l l  inc lude  p a r t i c i p a t i o n  of u n i v e r s i t i e s ,  indus t ry ,  and t h e  govern- 
ment departments, agencies ,  and na t iona l  l a b o r a t o r i e s .  

Third,  dur ing  the  in t e r im  per iod  before  a d i s p o s a l  f a c i l i t y  is ava i l ab le ,  waste must and 
w i l l  cont inue  to be cared  for sa fe ly .  Management of defense waste is a Federa l  r e spons ib i l -  
i t y ;  t h e  Department of Energy w i l l  ensure close and meticulous c o n t r o l  over defense waste 
f a c i l i t i e s  which are v i t a l  to our na t iona l  s ecu r i ty .  I am committed to maintaining s a f e  
in t e r im  s to rage  of t hese  wastes as long as necessary and to making adequate funding a v a i l a b l e  
fo r  t h a t  purpose. W e  w i l l  a l s o  proceed wi th  research  and development a t  t h e  va r ious  defense  
sites t h a t  w i l l  l e a d  t h e  process ing ,  packaging, and u l t ima te  t r a n s f e r  to a permanent reposi- 
t o r y  of t he  high l e v e l  and t r ansu ran ic  wastes  from defense programs. 

I n  c o n t r a s t ,  s to rage  of commercial spent  f u e l  is p r imar i ly  a r e s p o n s i b i l i t y  of t h e  u t i l i -  
ties. I want to stress t h a t  i n t e r im  spent  f u e l  s to rage  capac i ty  is = an a l t e r n a t i v e  to  
permanent d i sposa l .  However, adequate s to rage  is necessary u n t i l  repositories are ava i l -  
able. I urge the utility industry to continue to take all actions necessary to store spent 
f u e l  i n  a manner t h a t  w i l l  p r o t e c t  t h e t p u b l i c  and ensure e f f i c i e n t  and s a f e  ope ra t ion  of 
power reactors. However, a l imi t ed  amount of  government s to rage  capac i ty  would provide f lex-  
i b i l i t y  to our  n a t i o n a l  waste d i s p o s a l  program and an a l t e r n a t i v e  f o r  those u t i l i t i e s  which 
a r e  unable to expand t h e i r  s to rage  c a p a b i l i t i e s .  

I reiterate t h e  need f o r  e a r l y  enactment of my proposed spen t  nuc lear  f u e l  l e g i s l a t i o n .  
This  proposal  would au tho r i ze  the  Department of Energy to: (1) design,  acqu i r e  or cons t ruc t ,  
and ope ra t e  one or -more away-from-reactor s to rage  f a c i l i t i e s ,  and (2) accept  f o r  s to rage ,  
u n t i l  permanent d i sposa l  f a c i l i t i e s  are a v a i l a b l e ,  domestic spen t  f u e l ,  and a l imi ted  amount 
of fo re ign  spen t  f u e l  i n  cases  when such a c t i o n  would f u r t h e r  our non-pro l i fe ra t ion  policy 
ob jec t ives .  A l l  costs of s torage ,  i nc lud ing . the  cost of l o c a t i n g ,  cons t ruc t ing ,  and operat-  
ing  permanent geologic  r e p o s i t o r i e s ,  w i l l  be recovered through f e e s  pa id  by u t i l i t i e s  and 
o the r  users  of the  s e r v i c e s  and w i l l  u l t ima te ly  be borne by those  who b e n e f i t  from t h e  ac t iv -  
i t i es  genera t ing  t h e  wastes. 

Fourth, I have d i r e c t e d  t h e  Department of Energy to work j o i n t l y  with states, o the r  gov- 
ernment agencies ,  i ndus t ry  and o ther  organiza t ions ,  and t h e  pub l i c ,  i n  developing na t iona l  
p l ans  to e s t a b l i s h  r eg iona l  d i sposa l  sites fo r  commercial low l e v e l  waste. 
toge ther  to re so lve  t h e  s e r i o u s  near-term problem of low l e v e l  waste disposal. While t h i s  

W e  must work 
,, , 
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task is not inherently difficult from the standpoint of safety, it requires better planning 
and coordination. 
problem and direct the Secretary of Energy to work with them in support of their effort. 

I endorse the actions being taken by the Nation's governors to tackle this 

Fifth; the Federal programs for regulating radioactive waste storage, transportation, and 
disposai are a crucial component of our efforts to ensure the health-and safety of Ameri- 
cans. Although the existing authorities and structures are basically sound, improvements 
must be made in several areas. 
licerise the disposal of high level waste and low level waste in commercial facilities should 
be extended to include spent fuel storage, and disposal of transuranic waste and non-defense 
l o w  level waste in any new government facilities. I am directing the Environmental Protec- 
tior. Akjency to consult with the Nuclear Regulatory Commission to resolve issues of overlap 
pirkcj jurisdiction and phasing of regulatory actions. 
the proniulgation of .their safety regulations. I am also directing the Department of Trans- 
portation and the Environmental Protection Agency to improve both the efficiency of their 
regulatory activities *d their relationships with other Federal agencies and state and local 
governments. 

The current authority of the Nuclear Regulatory Commission to 

They should also seek ways to speed up 

h ,  it is essentia hat all aspects of the waste management program be conducted with 
the fullest possible disclosure to and participation by the public and the technical commun- 
ity, I am directing the departments and agencies to develop and improve mechanisms to ensure 
such participation and public involvement consistent with the need to protect national secur- 
i t y  inEormation. 
the National Environmental Policy Act. 

The waste management-program will be carried out in full compliance with 

Seventh, because nuclear waste management is a-problem shared by many other countries and 
decisions on waste management alternatives have nuclear proliferation implications, I will 
continue to encourage and support bilateral and multilateral efforts which advance both our 
technical capabilities and our understanding of spent fuel and waste management options, 
which are consistent with our non-proliferation policy. 

In its role as lead agency for the management and disposal of radioactive wastes and with 
cooperation of the other relevant Federal agencies, the Department of Energy is preparing a 
detailed National Plan for Nuclear Waste Management to implement these-policy guidelines and 
other recommendations of the IRG. This Plan will provide a clear road map for all parties 
and will give the public an opportunity to review the entirety of our program. 
include specific program goals and milestones for all aspects of nuclear waste management. A 
draft of the comprehensive National Plan will be distributed by the Secretary of Energy later 
this year for public and Congressional review. The State Planning Council will be directly 
involved in the development of this Plan. 

It will 

The Nuclear Regulatory Commission now has underway an important proceeding to provide the 
Nation with its judgment on whether or not it has confidence that radioactive wastes produced 

power :reactors can and-will be disposed of safely. I urge that the Nuclear Regu- 
ission do so in a thorough and timely manner and that it provide a full opportun- 

ity for public, technical, and government agency participation. 

Over the past two years as I have reviewed various aspects of the radioactive waste prob- 
lem, the complexities and difficulties of the issues have become evident--both from a tech- 
nical and, more-importantly, from an institutional and political perspective. However, based 
on the technical conclusions reached by the I R G ,  I am persuaded that the capability now ex- 
ists to characterize and ,evaluate a number of geologic environments for use as repositories 
built with conventional mining technology. . 
changes in our programs. With this comprehensive policy and its implementation through the 
FY 1981 budget and other actions, we will complete the task of reorienting our efforts in the 
right direction. Many citizens know and all must understand that this problem will be with 
us for many years. 
technical issues while ensuring full public participation and maintaining the full coopera- 
tion of all levels of government. We will act surely and without delay, but we will not 
compromise our technical or scientific standards out of haste. I look forward to working 
with the Congress and the states to implement this-policy and build public confidence in the 
ability of the government to do what is required in this area-to protect the health and safe- 
ty of our citizens. I 

We have already made substantial progress and 

We must proceed steadily and with determination to resolve the remaining 

JIMMY CARTER 

r r m  WHITE HOUSE 
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C.2 FINDINGS AND RFCOMMENDATIONS OF THE INTERAGENCY 
REVIEW GROUP ON NUCLEAR WASTE MANAGEMENT 

An important document i n  the  'development of t he  n a t i o n a l  waste-management 

@ program has been t h e  report of t h e  Interagency Review Group on Nuclear Waste 
Management ( IRG,  1979).  After  a b r i e f  review of t he  purpose of t h i s  Group and 
its major t echn ica l  f i nd ings ,  t h i s  s e c t i o n  p r e s e n t s  quotations taken from t w o  
parts of t he  Group's report: t h e  s e c t i o n s  dea l ing  wi th  t h e  d i s p o s a l  of t rans-  
u ran ic  (TRU) waste and w i t h  t h e  disposal of high-level  waste (HLW). Although 
high-level  waste would not  be disposed of a t  t h e  WIPP, t h e  quo ta t ions  dea l ing  
w i t h  high-level  waste are included here  as r e fe rence  material support ing t h e  
d iscuss ion  of a l t e r n a t i v e s  i n  Chapters  3 and 4. 

The Interagency Review Group was formed i n  order  to guide t h e  n a t i o n a l  

I n  response to 
waste-management program. 
management program i n  h i s  April 1977 Nat iona l  Energy Plan. 
t h i s  r eques t ,  t h e  DOE e s t a b l i s h e d  an i n t e r n a l  t a s k  f o r c e  and publ ished a d r a f t  
report i n  March 1978. The Pres ident  then c r e a t e d  t h e  formal Interagency Re- 
view Group on Nuclear Waste Management and i n s t r u c t e d  it to make po l i cy  and 
program recommendations to him, using t h e  d r a f t  report of t h e  DOE t a s k  f o r c e  
as one input .  This  group, cha i red  by t h e  DOE, comprised r e p r e s e n t a t i v e s  of 1 4  
agencies .  It  developed a d r a f t  report to t h e  Pres ident  t h a t  was publ ished f o r  
pub l i c  comment i n  October 1978 ( I R G ,  1978). Af te r  t he  review of p u b l i c  com- 
ment, t h e  Interagency Review Group published a rev ised  report (IRG, 1979) . 

Pres ident  Carter c a l l e d  f o r  a review of t h e  waste- 

The Interagency Review Group consul ted ex tens ive ly  with the  s c i e n t i f i c  
and t echn ica l  community, inc luding  independent geologic  and environmental  
experts. The Group's summary of t he  major t e c h n i c a l  f i n d i n g s  of t h i s  a c t i v i t y  
(IRG, 1979, p. 42) is quoted i n  f u l l  below. 

Present scienrif ic and technological knowledge is adequate to identify potential repository 
sites for further investigation. No scientific or technical reason is known that would pre- 
vent identifying a site that is suitable for a repository provided that the system's view is 
utilized rigorously to evaluate the suitability of sites and designs, and in minimizing the 
influence of future human activities. A suitable site is one at which a repository would 
meet predetermined criteria and which would provide a high degree of assurance that radic- 
active waste can be successfully isolated from the biosphere for periods of thousands of 
years. For periods beyond a few thousand years, our capability to assess the performance of 
the repository diminishes and the degree of assurance is therefore reduced. The feasibility 
of safely disposing of high-level waste in mined repositories can only be assessed on the 
basis of specific investigations at and determinations of suitability of particular sites. 
Information obtained at each successive step of site selection and repository development 
will permit reevaluation of risks, uncertainties, and the ability-of the site and repository 
to meet regulatory standards. Such reevaluations would lead either to abandonment of the 
site or a decision to proceed to the next step. 
tices and multiple independent barriers can reduce some r i s k s  and compensate for some uncer- 
tainties. However, even at the time of decommissioning,.some uncertainty about repository 
performance will still exist. 
that considers the level of risk and the associated uncertainty will be necessary. 

Reliance on conservative engineering prac- 

Thus, in addition to technical evaluation, a societal judgment 

IRG Discussion of a Generic Approach to TRU-Waste Disposal 

The Interagency Review Group r a i s e d  an ' important i s s u e  about  TRU waste 
d i sposa l :  ~ should a dedicated TRU-waste r epos i to ry  be b u i l t  i f  an oppor tun i ty  
ex is t s  to do so, or should TRU-waste d i s p o s a l  await the  a v a i l a b i l i t y  of high- 

*. 
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level-waste repositories and take place there? The IRG report states (IRG, 
1979, p. 73) that "the IRG still considers that proceeding with a dedicated 
TRU repository, if an opportunity is available, is consistent with a 
conservative and stepwise approach." .--- 

It should be noted, however, that the Interagency Review Group approached 
this question generically, as an appropriate interim strategic-planning basis 
ur?til "Le environmental-review provisions of the National Environmental Policy 
A c t  (NEPA) have been carried out. The discussion by the Interagency Review 
Group (IRG, 1979, pp. 69-70) of strategies for TRU-waste disposal is repro- 
duced in full below. 

As with choosing a strategy for HLW disposal, the choice of a TRU waste disposal strategy 
rwst await completion of an appropriate environmental impact statement and its adoption 
throuqh.the NEPA process. In the meantime, Federal actions regarding the management of TRU 
waste must not prejudice the choice of strategies for their disposal. Nevertheless, an in- 
terim strategic planning basis will be necessary to guide the TRU-waste management programs 
and R&D activities before that choice is made. 

In laying out the following technical strategies for TRU waste disposal, the IRG assumed 
that all TRU waste, whether generated by commercial or defense operations, would be disposed 
of in the same manner because no technical reason exists to treat them differently. The two 
sh-ategies examined by the IRG are: 

Strategy 1. No special action would be taken to pursue TRU waste disposal prior to the 
opening of a high-level-waste repository. TRU waste would be disposed of in high-level-waste 
repositories whenever they become available. 

Strategy 2. If an opportunity can be found, the program would proceed with an early 
dedicated TRU repository as soon as a site could be appropriately qualified and NEPA require- 
ments fulfilled. 

Enough TRU waste now exists stored above ground to warrant the opening of a repository 
dedicated to TRV. Such a facility could probably hold all the TRU waste to be generated 
through the end of this'century. Of course, once a high-level-waste repository were avail- 
able, decisions on the location for disposal of then existing TRU wastes could be made on a 
case by cane basis to maximize convenience and minimize transportation. A second repository 
dcdicated to TRU waste alone would seem to be unnecessary. 

Because of the presence in TRU waste of substantial quantities of transuranic radionu- 
clides, issues related to long-term containment (such as the potential for groundwater trans- 
port, nny possibilities of repository breachment, and concerns about mineral resources or 
tectonism) are identical for TRU and HLW repositories. However, the problems associated with 
heat generation and increases in temperature are absent and the TRU wastes are not as diffi- 
cult to handle as HLW. 
alone would be more modest than those associated with a HLW repository. In addition, be- 
cause of the absence of heat-related considerations, the regulatory review of a dedicated TRU 
repository would be somewhat simplified compared with that for a HLW repository. 

previously recommended philosophy of [conservatism] and proceeding stepwise into the most 
difficult disposal problem and would signal the government Is determination to proceed in a 
timely manner with disposal of nuclear wastes. There would, of course, be some additional 
costs associated with the opening of a dedicated TRU facility. 

TRe operational demands on a disposal system designed for TRU waste 

Proceeding with an early, dedicated TRU repository would therefore be consistent with the 

Having considered these various matters, the IRG recommends adopting, as an interim stra- 
teg& plarining basis pending NEPA review, the concept of proceeding with an early TRU reposi- 
I tory if an opportunity exists to do so. 
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IRG Discussion of High-Level-Waste Disposal 

The Interagency Review Group defined four technical s t ra teg ie s  for high- 
level-waste disposal ( I R G ,  1979, pp. 49-50) : 

Strategy I provides that only mined repositories would be considered and that only 
geological environments with salt as the emplacement media would be considered for the 
first several repositories. As a result of past focusing on salt, there is a large 
volume of information available. In addition, one body of opinion holds that salt is 
the best, or at least an acceptable, emplacement medium and that suitable sites can be 
found where salt is the host rock. 

Strategy I1 provides that, for the first few facilities, only mined repositories would 
be considered. A choice of site for the first repository would be made from among 
whatever types of environments have been adequately characterized at the time of 
choice. Because generic understanding of engineering features of a salt repository 
are most advanced, the first choice is expected to be made from environments based on 
salt geology. Sites from a wider range of geologic environments would be available 
for selection somewhat later. 

Strategy I11 provides that, for the first facility only mined repositories would be 
considered. However, three to five geological environments possessing a wide variety 
of emplacement media would be examined before a selection was made. Other technolog- 
ical options would be contenders as soon as they had been shown to be technologically 
sound and economically feasible. 

Strategy IV provides that the choice of technical options and, if appropriate, geolog- 
ical environment be made only after information about a number of environments and 
other technical options has been obtained. 

These strategies were intended to illustrate the range of possible strategic approaches. 
They wer.e not intended to be a complete list of possible strategies or comprehensive descrip- 
tions of a strategic planning basis that might actually be adopted by the waste disposal 
program. For the latter purpose, they are admittedly incomplete. 

IRG Discussion of Key Elements of Interim Strategic-Planning Basis for High- 
Level Waste 

As a resu l t  of comments on its draft report, the  IRG (1979, pp. 61-62) 
expanded and c l a r i f i e d  its views on the interim strategic-planning bas i s  for 
high-level w a s t e ,  res tat ing  t h e m  as f o l l o w s :  

The approach to permanent disposal of nuclear waste should proceed on a stepwise 
basis in a technically conservative manner.... 

Near-term R&D and site characterization programs should be designed so that at the 
earliest date feasible, sites selected for location of a repository can be chosen 
from among a set with a variety of potential host rock and geohydrological charac- 
teristics. 
characterization work on a variety of geologic environments should be increased 

To accomplish this, R&D on several potential emplacement media and site 

promptly. 

A number of potential sites in a variety of geologic environments should be identi- 
fied and early action should be taken to reserve the option to use them if needed at 
an appropriate time. In order to avoid working toward and ultimately having a single 
national repository, near-term options should create the option to have at least two 
(and possibly three) repositories become operational within this century, ideally and 
insofar as technical considerations permit, in different regions of the country. In 
pursuing a regional approach to siting, geologic, hydrologic, tectonic and other 
technical characteristics of sites must remain the primary basis for selection. 
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e Construction and operation of a repository should proceed on a stepwise basis and 
initial emplacement of waste in at least the first repository should be planned to 
'proceed on a technically conservative basis and permit retrievability of the waste 
€or some initial period of time. Further definition of the retrievability concept, 
the circumstances in which waste would be retrieved and the technical aspects (in- 
cluding development of waste packaging, containers and handling) is necessary. 

* 

c 
A l l  IRG members agreed wi th  t h e  above elements of t h e  recommended in t e r im  

s t ra tey ic-p lanning  b a s i s  f o r  high-level  waste. They a s s e r t e d  f u r t h e r  ( IRGr  
1979, P. 3) t h a t  t hese  elements 

e do not prejudge t h e  NEPA process 

e require the Federal government to maintain a technically conservative approach 

e call for resolution of uncertainties by increasing the technical and program breadth 
with respect to the near-term repository characterization program 

e do not preclude subsequent adoption of longer term technologies inasmuch as they call 
for increased R&D to develop selected alternatives 

support a step-wise approach to the development of a HLW repository, while maintaining 
storage capacity for managing wastes until emplacement and disposal opportunities are 
available 

e 

The IRG d i d  no t  come to a consensus on t h e  b a s i s  f o r  s e l e c t i n g  the  s i te  
for t h e  f i r s t  high-level-waste r epos i to ry .  
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Appendix D 

SELECTION CRITERIA FOR THE WIPP SITE 

This  appendix b r i e f l y  d e s c r i b e s  how t h e  geologic ,  hydrologic ,  and o the r  
c h a r a c t e r i s t i c s  of t h e  WIPP s i te  i n  southeas te rn  New Mexico meet site- 
s e l e c t i o n  c r i te r ia  and factors. The c r i te r ia  and factors given here  are from 
t h e  Geological  Charac t e r i za t ion  Report (Powers e t  a l . ,  1978, pp. 2-15ff) and 
are based on cri teria suggested earlier by t h e  Oak Ridge Nat iona l  Laboratory 
( O m ,  1973) ,  t h e  I n t e r n a t i o n a l  A t o m i c  Energy Agency (1977),  and Brunton and 

McClain (1977). 

The s i t e - s e l e c t i o n  c r i t e r i a  described here were o r i g i n a l l y  formulated 
under t h e  expec ta t ion  t h a t  t h e  WIPP would be a r epos i to ry  t h a t  would con ta in  
spen t  f u e l  from nuclear  reactors. The h e a t  emitted by spen t  f u e l  would have 
had important effects on t h e  s a l t  i n  which it was emplaced; f o r  t h a t  reason,  
some of t h e  c r i t e r i a  were s p e c i f i c a l l y  intended to insu re  t h e  s a f e t y  of spent- 
f u e l  emplacement. The WIPP mission no longer  inc ludes  t h e  d i s p o s a l  of spent  
f u e l  or any o the r  h igh- leve l  waste. Furthermore, t he  des ign  of t h e  WIPP no 
longer  inc ludes  t h e  s e p a r a t e  mined c a v i t y  for high-level  waste c a l l e d  t h e  
"lower repos i to ry"  or the  "lower horizon" i n  t h e  cr i ter ia .  Accordingly,  no t  
a l l  t h e  cr i ter ia  p r e s e n t e d - h e r e  are a p p l i c a b l e  to the  WIPP under its c u r r e n t  
mission and design.  Because the  s i te  was, however, a c t u a l l y  selected under 
t h e s e  c r i t e r i a ,  no e f f o r t  has been made to  r e v i s e  them for t h i s  document. 

D.l GEOLOGIC CRITERION AND SITE-SELECTION FACTORS 

The geology of t h e  s i t e  w i l l  be such t h a t  t h e  r epos i to ry  w i l l  not  be 
breached by n a t u r a l  phenomena w h i l e  t h e  waste poses  a s i g n i f i c a n t  hazard to 
man. The geology m u s t  a lso permit  s a f e  ope ra t ion  of t h e  WIPP r epos i to ry .  

Topography. The t e r r a i n  must permit  access f o r  t r a n s p o r t a t i o n .  The ef- 
f e c t  on inducing s a l t  flow during excavat ion must be considered.  Surface- 
water f l o w  and t h e  p o t e n t i a l  for f looding  mus t  be evaluated.  

The maximum r e l i e f  over t h e  WIPP is '120 f e e  he r eg iona l  
r e l i e f  is l o w  and e a s i l y  accomkxlate 
The l o c a t i o n  near a broad su r face  and groundwater d i v i d e  w i l l  minimize the  
development of f u t u r e  r e l i e f .  D i f f e r e n t i a l  stress i n  t h e  s a l t  due to  surface 
relief is not  a s i g n i f i c a n t  factor i n  c he sal t .  (See 
Powers e t  a l . ,  1978, S e c t i o  

e ' - required t r a n s p o r t a t i o n  corridors. 

Depth. Reposi tory horizons should be deeper than  1000 f e e t  to insu re  t h a t  
e ros ion  and consequences-of su r f i c i a l  phenomena are no t  a major concern. The 
depth of  s u i t a b l e  horizons w i l l  not  exceed 3000 feet  to l i m i t  t h e  rate of s a l t  
deformation around t h e  excavat ions.  

The s e l e c t e d  r e p o s i t o r y  bed f o r  heat-producing waste v a r i e s  between depths  
of  2750 and 2250 f e e t  over t h e  p o t e n t i a l  excavat ion area. The bed f o r  TRU 
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waste ranges from 2200 to 1800 f e e t  deep through t h e  r e p o s i t o r y  region. These 
depths are based on i n t e r p r e t a t i o n s  of  seismic r e f l e c t i o n  data. 
e t  al., 1978, Sec t ions  3.3, 4.3, and 9.2.) 

(See Powers c 
Thickness. The total  th i ckness  of t h e  s a l t  d e p o s i t s  should be s e v e r a l  

hundred feet to buf fe r  thermal  and mechanical e f f e c t s .  The d e s i r e d  th i ckness  
for t h e  r epos i to ry  bed is 20 feet or more to m i t i g a t e  the  thermal and mechani- 
cal e f f e c t s  a t  nonha l i t e  u n i t s .  

The ha l i te  u n i t  i n  which t h e  heat-producing waste w i l l  be placed is about  
100 feet  th i ck .  The total  th i ckness  of t h e  e v a p o r i t e  s e c t i o n  provides  about  a 
1300-foot bu f fe r  above and below the  r e p o s i t o r y  horizons.  T h i s  d i s t a n c e  to 
t h e  n e a r e s t  p o t e n t i a l  a q u i f e r s  i n s u r e s  t h a t  t h e  thermal e f f e c t s  a t  these aqui- 
fers w i l l  be  i n s i g n i f i c a n t .  (See Powers e t  a l . ,  1978, Sec t ions  4.3.2 and 9.2.) 

Lateral e x t e n t .  The d i s t a n c e  to s t r u c t u r a l  or d i s s o l u t i o n  boundaries  must 
be adequate to provide  f o r  f u t u r e  s i te  i n t e g r i t y .  For t h e  Los Medanos area a 
d i s t a n c e  of  5 miles to t h e  Capi tan reef  and 1 mile to  r eg iona l  Salado d i s so lu -  
t i o n  has  been e s t ab l i shed .  

From seismic data and dr  ill-hole information,  t he  selected hor izons  are 
be l ieved  to extend w e l l  beyond t h e  r epos i to ry  site. The s e p a r a t i o n s  from t h e  
deformed s a l t  be l t  paral le l  to t h e  Capi tan reef and from t h e  n a t u r a l  d i sso lu-  
t i o n  f r o n t s  are adequate  to i n s u r e  t h e  requi red  s i te  i n t e g r i t y .  (See Powers 
e t  al.,  1978, Sec t ions  3 . 3 ,  4.3, and 6.3.) 

Lithology. P u r i t y  of  t h e  s a l t  beds is desirable. Brine i n  t h e  s a l t  could  
induce geochemical i n t e r a c t i o n s ;  pending f u r t h e r  i n v e s t i g a t i o n s ,  3% b r i n e  is 
e s t a b l i s h e d  as a desirable upper l i m i t  for the  heat-producing waste horizon. 
Addi t iona l  geochemical i n t e r a c t i o n s  must be considered i f  s i g n i f i c a n t  chemical 
or minera l  i m p u r i t i e s  are p resen t .  

The horizon w i t h i n  t h e  lower Salado t h a t  w i l l  accommodate t h e  heat-  
producing wastes averages more than  97% h a l i t e  from the  samples analyzed. 
Brine conten t  averages less than  0.5%. (See Powers e t  al . ,  1978, Sec t ions  4.3 
and 7.2 through 7.6.) 

S t r a t iq raphy .  Con t inu i ty  of beds,  c h a r a c t e r  of in te rbedding ,  and na tu re  
of beds ove r ly ing  and underlying t h e  s a l t  are important cons ide ra t ions  i n  t h e  
cons t ruc t ion  of  t h e  f g c i l i t y ;  they  are also important i n  in su r ing  t h e  long- 
term i n t e g r i t y  of  t h e  r epos i to ry .  

There are no beds of c l a y  or p o l y h a l i t e  near enough to t h e  lower reposi- I 
t o r y  horizon to a f f e c t  r epos i to ry  cons t ruc t ion  and ope ra t ion  or to a f f e c t  t h e  
long-term performance of t h e  r epos i to ry .  The s i g n i f i c a n t  nonha l i t e  beds adja- 
c e n t  to t h e  heat-producing-waste hor izons  are p r i n c i p a l l y  anhydr i t e ,  which has 
favorable  thermal,  mechanical,  and chemical p r o p e r t i e s  for bounding l aye r s .  
The upper (TRU-waste) l e v e l  of t h e  r epos i to ry  can also be loca ted  to avoid 
rock-mechanics i n s t a b i l i t i e s  due to i n t e r b e d s  of nonha l i t e  rock .  (See Powers 
e t  a l . ,  1978, Sec t ions  3.3, 3.4, 4.3, and 4.4.) 

S t ruc tu re .  R e l a t i v e l y  f l a t  bedding (less than 3 degrees)  is d e s i r a b l e  f o r  
operational purposes. S t eep  a n t i c l i n e s  and major f a u l t s  are to be avoided. e 
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Seismic- ref lec t ion  data and d r  ill-hole information have been i n t e r p r e t e d  
as showing r e l a t i v e l y  f l a t  (less than  1 degree)  bedding over most of t h e  
3-square-mile r e p o s i t o r y  horizon. Seismic data do show a small a n t i c l i n e  a t  
t h e  nor thern  edge of  c o n t r o l  zone 11. D r i l l i n g  on t h i s  a n t i c l i n e  (WIPP-12) 
has  shown t h a t  t h e  e l e v a t i o n  d i f f e r e n c e  of the  r e p o s i t o r y  beds, from ERDA-9 a t  
t h e  cen te r  of t h e  r epos i to ry  to WIPP-12, is less than  200 f e e t ,  an average of  
about  2 degrees .  Photography, sa te l l i te  imagery, s u r f a c e  mapping, geophysical  
techniques,  and d r i l l i n g  have been used to search  f o r  i n d i c a t i o n s  of s i g n i f i -  
c a n t  f a u l t i n g .  N o  post-Permian f a u l t s  are known to  e x i s t  i n  t h e  s i t e  area. 
Seismic i n d i c a t i o n s  of f a u l t i n g  i n  older, deeper rocks do not  extend through 
t h e  Permian evapor i t e  s ec t ion .  

(& 

The l a c k  of severe  s t r u c t u r e  and r e c e n t  f a u l t i n g  s a t i s f a c t o r i l y  meets t h e  
d e s i r e d  c o n d i t i o n s  for t h i s  f a c t o r .  (See Powers et  a l . ,  1978, Sec t ions  3.4 
and 4.4.) 

Erosion. While t h e  depth of t h e  r e p o s i t o r y  reduces concern about  e ros ion ,  
it is d e s i r a b l e  to avoid f e a t u r e s  t h a t  would tend to l o c a l i z e  or accelerate 
eros ion .  

The si te is located near a broad surface-water d iv ide ,  and t h e  local base 
level is a t  an e l e v a t i o n  of about  2900 f e e t .  Consequently, f u t u r e  e ros ion  
w i l l  proceed less r a p i d l y  over t h e  s i te  than  i n  t h e  e s t a b l i s h e d  dra inage  chan- 
ne l s .  The expected e ros ion  rates w i l l  not  expose t h e  Salado s a l t  wi th in  t h e  
requi red  lifetime of t h e  r epos i to ry .  F u t u r e  climatic changes w i l l  n o t  a l ter  
t h i s  assessment ,  and g l a c i a t i o n  is not  expected to be a concern a t  t h i s  loca- 
t i o n .  (See Powers et  a l . ,  1978, Sec t ions  3.2.3, 3.6, 4.2, and 6.2.) 

Disso lu t ion .  Regional and/or local  d i s s o l u t i o n  must no t  breach t h e  repos- 
i t o r y  whi le  t h e  wastes r ep resen t  a s i g n i f i c a n t  hazard to people. wh i l e  t h e r e  
are va r ious  sugges t ions  for t h e  time a repos i to ry  should remain isolated from 
t h e  biosphere,  a per iod  of 250,000 y e a r s  (10 h a l f - l i v e s  of plutonium-239) is 
commonly used to rep resen t  t h e  t i m e  over which the wastes are s i g n i f i c a n t l y  
hazardous. 

S t u d i e s  by the  U . S .  Geological  Survey i n d i c a t e  t h a t  t h e  maximum rate of 
h o r i z o n t a l  p rogress ion  of t h e  s a l t - d i s s o l u t i o n  f r o n t  i n  Nash D r a w ,  averaged 
over t h e  past 500,000 yea r s ,  has  been 6 to 8 miles per  m i l l i o n  y e a r s  and less 
than  500 feet v e r t i c a l l y  per m i l l i o n  years .  The n e a r e s t  a c t i v e  s o l u t i o n  f r o n t  
is to the  west, i n  Nash Draw.  
r epos i to ry  i s o l a t i o n  for more than  2 m i l l i o n  yea r s .  (See Powers e t  a l . ,  1978, 
Sec t ion  6.3.6.) 

This  is f a r  enough from t h e  si te to provide 

Subsidence. Subsidence due to d i s s o l u t i o n  of s a l t  w i l l  be  avoided when t h e  
subsidence adverse ly  affects t h e  r epos i to ry  beds or unduly accelerates t h e  rate 
of d i s s o l u t i o n  to t h e  jeopardy of t h e  long-term i n t e g r i t y  of t h e  repos i tory .  

Subsidence has occurred over t h e  western p o r t i o n  of  t h e  WIPP s i te  area 
because of t h e  n a t u r a l  removal of s a l t  from t h e  R u s t l e r  Formation. Hydrologic 
da t a  from t h i s  region i n d i c a t e  t h a t  t h e  major a q u i f e r s  i n  t h e  Rus t l e r  have 
d i f f e r e n t  p o t e n t i a l  heads,  and t h u s  t h i s  r eg iona l  subsidence has  not  caused 
them to be in te rconnec ted  by permeable fractures. N o  s i n k s  due to l o c a l i z e d  
so lu t ion ing  are p r e s e n t  a t  t h e  site. 
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D.2 IC - CRITERION AND SITE-SELECTION FACTORS 

The hydrology of t h e  s i te  t provide  h-igh conf idence  t h a t  n a t u r a l  d i s -  c 
s o l u t i o n  w i l l - n o t  breach t h e  s i te  whi le  t h e  waste poses a s i g n i f i c a n t  hazard 
to man. Accidenta l  p e n e t r a t i o n s - s h o u l d  not  result  i n  undue hazards  t o  mankind. 

Sur face  water. P resen t  and f u t u r e  runoff p a t t e r n s ,  f looding  potential ,  
etc., should not endanger t h e  p e n e t r a t i o n s  i n t o  t h e  r epos i to ry  whi le  t h e s e  
open ing s are unplugged. 

Because t h e  s i te  is near a broad surface-water d iv ide ,  lacks e s t a b l i s h e d  
dra inage ,  and is w e l l  above t h e  Pecos River ,  simple c o n s t r u c t i o n  techniques  
w i l l  p revent  f looding  o f  t h e  r epos i to ry .  
Sec t ion  6.2.) 

(See Powers e t  a l . ,  1978, 

Aquifers.  For t h e  WIPP, t h e  ove r ly ing  and underlying a q u i f e r s  r e p r e s e n t  a 
secondary b a r r i e r  i f  t h e  s a l t  is breached. Consequently, l o w  pe rmeab i l i t y  and 
t r a n s m i s s i v i t y  are d e s i r a b l e  b u t  n o t  mandatory. Accurate knowledge of a q u i f e r  
parameters is important to c o n s t r u c t i o n ,  decommissioning, and rea l i s t ic  calcu- 
la t ion of t h e  consequences of f a i l u r e  scena r ios .  

Aqui fers  above and below t h e  r e p o s i t o r y  have l o w  t r ansmiss iv i ty .  Conse- 
quen t ly ,  f l ood ing  of the repository dur ing  i ts  operation through s h a f t s  or 
d r i l l  ho le s  is not c r e d i b l e .  These access p o i n t s  can r e a d i l y  be plugged to 
prevent  water inf low a f t e r  decommissioning. 

The q u a n t i t y  o f  water carried by t h e  major a q u i f e r s  above and below t h e  
WIPP beds is too small to be  use fu l .  Furthermore, t h e  water carries too many 
sa l t s  to be p o t a b l e  or o therwise  use fu l .  

The hydro logic  parameters of t h e  aquifers do n o t  permit r ap id  flow of 
water. 
modified i n  f u t u r e  p l u v i a l  cyc le s .  (See Powers e t  a l . ,  1978, Sec t ion  6.3.) 

The l o w  pe rmeab i l i t y  would l i m i t  t h e  flow even i f  heads were to. be 

Hydrologic t r a n s p o r t .  For t h e  WIPP, t h i s  is a secondary f a c t o r  t h a t  m u s t  
be eva lua ted  to allow q u a n t i t a t i v e  c a l c u l a t i o n s  of t h e  consequences of v a r i o u s  
f a i l u r e  scena r ios .  Slow t r a n s p o r t  o f  i so topes  is acceptable i f  more c r i t i ca l  
f a c t o r s  have been satisfied. 

C a l c u l a t i o n s  based .on v a r i o u s  postulated f a i l u r e  s c e n a r i o s  show t h a t  t h e  
t r a n s p o r t  of r ad ionuc l ides  through t h e  ove r ly ing  and underlying a q u i f e r s  would 
be so s l o w  t h a t  a s i g n i f i c a n t  hazard to people would n o t  e x i s t  even i f  t h e  
s a l t  beds were breached. The n e a r e s t  n a t u r a l  d i scha rge  p o i n t  is near Malaga 
Bend on t h e  Pecos River ,  over 14 m i l e s  away. A t  t h e  maximum measured rate of 
water movement, it would take about  1700 y e a r s  a f t e r  a breach f o r  t h e  f i r s t  
trace of nonretarded n u c l i d e s  (i.e., iodine-129) to appear a t  t h e  Pecos. The 
long-lived t r a n s u r a n i c  nuc l ides  would be  r e t a rded  by t h e  s o r p t i o n  of i ons  and 
would no t  begin to appear a t  Malaga Bend u n t i l  35,000 y e a r s  a f t e r  a pos tu l a t ed  
breach of t h e  s a l t  beds. The concen t r a t ions  of r ad ionuc l ides  (or possible 
r a d i a t i o n  doses) would never reach s i g n i f i c a n t  hazard l e v e l s  i n  t h e  Pecos 
River. (See Powers e t  a l . ,  1978, S e c t i o n s  6.3, 9.3, and 10.6.) 
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C l i m a t i c  f l u c t u a t i o n s .  Poss ib l e  p l u v i a l  c y c l e s  must be considered i n  
e s t ima t ing  t h e  e f f e c t s  of t h e  hydrologic factors. 0 

The d i s s o l u t i o n  and eros ion  rates e s t a b l i s h e d  as  averages Over the  past 
500,000 y e a r s  inc lude  t h e  e f f e c t s  of s e v e r a l  past p l u v i a l  cycles. It is ex- 
pected t h a t  f u t u r e  c y c l e s  would also be s h o r t e r  than t h e  i s o l a t i o n  time sought 
f o r  t h e  repos i tory .  Transport  rates under d i f f e r e n t  climates ( r a i n f a l l )  can 
be est imated by appropr i a t e  boundary cond i t ions  on t h e  hydrologic  model. 
l o w  permeabi l i ty  of  t h e  major a q u i f e r s  above the  s i te  w i l l  not  be s i g n i f i -  
c a n t l y  a l t e r e d  by the  climatic changes expected f o r  t h i s  area, and t h e  result- 
a n t  f law i n  t h e  a q u i f e r s  w i l l  not  be g r o s s l y  altered by changed c l i m a t i c  con- 
d i t i o n s .  (See Powers et  a l . ,  1978, Sec t ions  3.6 and 4.5 ,  Chapter 6 ,  and 
Sec t ion  10.3.) 

The 

Man-made pene t r a t ions .  The effect of d r i l l  ho le s  and mining ope ra t ions  
mus t  be included i n  eva lua t ing  t h e  p o t e n t i a l  e f f e c t s  of d i s s o l u t i o n .  

The r e p o s i t o r y  and c o n t r o l  zone I11 are free of p r e e x i s t i n g  boreholes t h a t  
extend through t h e  s a l t ,  s h a f t s ,  and mining a c t i v i t y .  Any e x i s t i n g  or f u t u r e  
ho le s  i n  any of t h e  WIPP zones must be adequately plugged when abandoned. 

D.3 TECTONIC STABILITY CRITERION AND SITE-SELECTION FACTORS 

Natural t e c t o n i c  processes must  not  resu l t  i n  a breach of t h e  s i te  w h i l e  
t h e  wastes rep resen t  a s i g n i f i c a n t  hazard to people and should not  require 
extreme precaut ions  during the  ope ra t iona l  per iod of t h e  repos i tory .  

Seismic a c t i v i t y .  The frequency and magnitude of seismic a c t i v i t y  impact 
Low l e v e l s  of s e i s m i c i t y  are des i r -  f a c i l i t y  des ign  and s a f e t y  of opera t ion .  

a b l e ,  bu t  f a c i l i t y  design can accommodate higher  l e v e l s  as w e l l .  

The WIPP si te  is i n  an area of r e l a t i v e l y  l o w  seismic a c t i v i t y .  The near- 
est s e i s m i c  a c t i v i t y  has been 10 or more m i l e s  north of the site and of small 
magnitude. It is not  known whether t h e  t h r e e  n e a r e s t  events  were t e c t o n i c ,  
r e l a t e d  to s a l t  d i s s o l u t i o n ,  or a result of human a c t i v i t y .  No f a u l t i n g  has 
been observed i n  the  area o f , t h e s e  seismic events .  
p o t e n t i a l  f u t u r e  even t s  pose no hazard f o r  a p rope r ly  cons t ruc t ed  r epos i to ry  
and are no t h r e a t  to its long-term, i n t e g r i t y .  
ter 5 and Sec t ion  10.5.) 

I n  any case, they and t h e  

(See Powers e t  al. , 1978, Chap- 

Fau l t ing  and f r a c t u r i n g .  While open ' f a u l t s ,  f r a c t u r e s ,  or j o i n t s  are not  
expected i n  s a l t ,  t h e  more b r i t t l e  u n i t s  w i th in  and surrounding t h e  s a l t  may 
support  such f e a t u r e s  t h a t  can enhance d i s s o l u t i o n  and hydrologic  t r anspor t .  
Major f a u l t s  and pronounced l i n e a r  structural  t r ends  should be avoided. I 

N o  major structural  t r e n d s  of r ecen t  geologic  age are known to e x i s t  i n  
t h e  s i te  area. The n e a r e s t  r ecen t  f a u l t i n g  observed is on t h e  west s i d e  of  
t he  Guadalupe Mountains, some 70 miles away. Se ismic- ref lec t ion  d a t a  have 
ind ica t ed  small f a u l t s  i n  deep, old r o c k s  below t h e  Salado Formation. 

. are no known t e c t o n i c  f a u l t s  i n  post-Permian r o c k s  a t  t h e  s i te  area. Thousands 
of  miles of d r i f t  i n  t h e  potash mines i n  t h e  Salado sa l t  have not encountered 
any open f r a c t u r e s  or f a u l t s  through which groundwater had penet ra ted .  

There 
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Salt-flow a n t i c l i n e s .  Major deformation of salt  beds by flow can f r a c t u r e  c b r i t t l e  rock and create p o r o s i t y  f o r  b r i n e  accumulations. 

r e s u l t i n g  from sa l t  flow should be avoided or eva lua ted  to check on br ine  
presence and anhydr i t e  f r a c t u r i n g .  

Major a n t i c l i n e s  

The only  a n t i c l i n e s  wi th in  t h e  site are r e l a t i v e l y  minor f e a t u r e s .  Both 
have been d r i l l ed ,  however, and t h e  cores show l i t t l e  f r a c t u r i n g  or p o r o s i t y  
and no accumulation of f l u i d s .  These small a n t i c l i n e s  w i l l  no t  hinder  repos i -  
t o ry  cons t ruc t ion  or j eopa rd ize  its long-term s a f e t y .  (See Powers e t  al.,  
1978, Section 4.4.) 

Diapirism. An extreme resul t  of s a l t  flow, t h i s  f e a t u r e  w i l l  be  avoided 
for WIPP s i t i n g .  

There are no known or ind ica t ed  d i a p i r s  ( s a l t  domes) a t  t h e  WIPP site. 
(See Powers e t  a l . ,  1978, Sect ion 4.4.) 

Regional s t a b i l i t y .  Areas of pronounced r e g i o n a l  u p l i f t  or subsidence 
should be avoided s i n c e  such behavior makes  p r e d i c t i o n  of f u t u r e  d i s s o l u t i o n ,  
e ros ion ,  and s a l t  f l o w  more uncer ta in .  

G e o l o g i c  mapping has fa i led to r e v e a l  any indicators of r eg iona l  i n s t a b i l -  , 

i t y .  Cal iche  formation and a t t i t u d e  i n d i c a t e  stable cond i t ions  i n  the s i te  
reg ion  over t h e  l a s t  ha l f -mi l l i on  years .  
s e i s m i c i t y  are c o n s i s t e n t  with r eg iona l  s t a b i l i t y .  (See Powers e t  a l . ,  1978, 
Sec t ions  3.4, 4.4, and 10.3.2.) 

The lack  of s c a r p s  and t h e  natural  

J 

Igneous a c t i v i t y .  Areas of a c t i v e  or r e c e n t  volcanism or igneous i n t r u -  
s i o n  should be avoided to minimize t h e s e  hazards  to t h e  r epos i to ry .  

N o  r ecen t  igneous a c t i v i t y  is known i n  t h e  region. Geophysical surveys,  
mining, and dril l-hole i n t e r c e p t s  have shown t h a t  an i n t r u s i v e  d ike  e x i s t s  9 
miles northwest of t h e  site. Radiometric d a t i n g  shows it to be 35 m i l l i o n  
y e a r s  o ld .  
(See Powers et  al . ,  1978, Section 3.5.) 

N o  o t h e r  i n t r u s i v e  f e a t u r e s  are known to e x i s t  i n  t h e  region. 

Geothermal g r a d i e n t .  Abnormally high geothermal g r a d i e n t s  should be 
avoided to allow cons t ruc t ion  i n  s a l t  a t  3000 f e e t .  High g r a d i e n t s  may a l s o  
be i n d i c a t i v e  of r ecen t  igneous or tectonic a c t i v i t y .  

The geothermal g r a d i e n t  as determined i n  t h e  AEC-8 d r i l l  hole shows a 
The hea t  normal geothermal g r a d i e n t  averaging about 0.58OF per 100 f e e t .  

flow is about  one heat-flow u n i t .  (See Powers e t  a l . ,  1978, Sec t ion  4.4.1.) 
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D.4 PHYSICOCHEMICAL COMPATIBILITY CRITERION AND SITE-SELECTION FACTORS 

The r epos i to ry  m e d i u m  must not  i n t e r a c t  w i t h  t h e  waste i n  ways t h a t  create 
unacceptable  o p e r a t i o n a l  or long-term hazards.  

F lu id  conten t .  The r epos i to ry  bed con ta in ing  h igh- leve l  waste should no t  
con ta in  more than  3% br ine .  The l i m i t  f o r  TRU waste has  no t  been e s t ab l i shed ,  
bu t  t h e  va lue  used f o r  high-level  wa’ste is acceptable .  

The average b r i n e  con ten t  of t he  lower r e p o s i t o r y  is less than  0.5% by 
weight. The average b r i n e  con ten t  of  t h e  upper r e p o s i t o r y  horizon beds is 
less than 1% by weight. (See Powers e t  a l . ,  1978, Sec t ions  7.5 and 10.7.8.) 

Thermal p r o p e r t i e s .  To avoid undes i r ab le  temperature  rises, no major 
n a t u r a l  thermal  b a r r i e r s  should e x i s t  closer than 20 f e e t  of t h e  r epos i to ry  
hor izons.  

T h i s  is of s i g n i f i c a n c e  to t h e  lower horizon,  where t h e  h a l i t e  u n i t  of 
i n t e r e s t  is about  100 f e e t  t h i ck .  The ad jo in ing  beds are anhydr i t e ,  which, 
even though far enough away, has  similar thermal  conduc t iv i ty  and does no t  
r ep resen t  a thermal  barrier i n  any case. (See Powers e t  al., 1978, Sec t ion  
9.2.3.) 

Mechanical p r o p e r t i e s .  The medium must s a f e l y  suppor t  excavat ion  of open- 
ings  even whi l e  thermal ly  loaded. Clay seams and zones o f  unusual s t r u c t u r a l  
weakness should be avoided i n  t h e  s e l e c t i o n  of t h e  r e p o s i t o r y  horizon. 

The h a l i t e  bed a t  t he  lower l e v e l  is s u f f i c i e n t l y  t h i c k  and devoid of c l a y  
seams t h a t  s t a b i l i t y  of openings w i l l  n o t  be a problem for r e p o s i t o r y  opera- 
t i o n .  Clay seams and p o l y h a l i t e  beds are more common i n  t h e  area selected for 
t h e  upper r e p o s i t o r y  l e v e l ,  b u t  cons t ruc t ion  l e v e l s  can be located to avoid 
s i g n i f i c a n t  s t r u c t u r a l  s t a b i l i t y  problems from such nonha l i t e  beds. (See 
Powers e t  al . ,  1978, Sec t ion  9.2.4.) 

Chemical p r o p e r t i e s  and mineralogy. Beds t h a t  are of unusual composition 
or con ta in  minera ls  w i t h  bound w a t e r  should not  occur w i t h i n  20 feet of t h e  
waste horizon. T h i s  w i l l  l e s s e n  t h e  u n c e r t a i n t i e s  w i t h  regard to thermally 
dr iven  geochemical i n t e r a c t i o n s .  

The heat-producing waste horizon is q u i t e  pure h a l i t e ,  wi th  more than  97% 
NaC1. N o  p o l y h a l i t e ,  c l a y ,  or o the r  water-bearing minera ls  occur near t h i s  
horizon. The upper horizon beds are more than  92% NaC1, wi th  i m p u r i t i e s  being 
most ly  potassium and magnesium sa l t s  and c l ay .  These i m p u r i t i e s  have no known 
nega t ive  imp l i ca t ions  f o r  TRU-waste i s o l a t i o n  and, i n  f a c t ,  have been shown to 
absorb rad ionucl ides  from b r ine .  (See Powers e t  a l . ,  1978, Sec t ions  4.3 and 
7.2 through 7.5.) 

Radia t ion  e f f e c t s .  While no unacceptably d e l e t e r i o u s  effects are postu- 
lated,  these phenomena are best q u a n t i f i e d  i n  h a l i t e ,  and t h u s  t h e  purer  r o c k  
s a l t  beds are d e s i r e d  f o r  high-level  waste. 
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. Samples 'of WIPP s a l t  show no c h a r a c t e r i s t i c s  t h a t  would produce undesir-  
a b l e  e f f e c t s  under i r r a d i a t i o n .  The l o w  b r i n e  con ten t  w i l l  l i m i t  t h e  amount 
and effects of r a d i o l y t i c  d i s a s s o c i a t i o n  of water. (See Powers e t  a l . ,  1978, 
Chapter 9.) 

Permeabi l i ty .  S a l t  has  a very l o w  permeabi l i ty .  It  is necessary to eval-  
ua t e  t h e  permeabi l i ty  only of t h e  i n t e r b e d s  and t h e  surrounding media. 
permeabi l i ty  is d e s i r a b l e ,  bu t  q u a n t i t a t i v e  l i m i t s  need no t  be s p e c i f i e d  f o r  
s i te s e l e c t i o n .  Sa l t  pe rmeab i l i t y  to gases  may be important i n  e s t a b l i s h i n g  
waste-acceptance cri teria.  

Low 

Laboratory measurements on cores show very l o w  permeabi l i ty .  On a l a r g e  
scale, measurements a t  t h e  WIPP hor izons  have not  been made. 
o t h e r  d r i l l  ho le s  (absence of aquifers i n  s a l t  and presence of small high- 
p re s su re  gas  pockets) would argue f o r  very  l o w  i n - s i t u  permeabi l i ty  on l a r g e r  
scales. (See Powers e t  a l . ,  1978, Sec t ion  9.2.3.) 

Experience i n  

Nuclide mobi l i ty .  This  is a secondary f a c t o r  i n  s i t i n g  s i n c e  confinement 
by t h e  s a l t  and i s o l a t i o n  from water are t h e  b a s i c  i s o l a t i o n  premises. 
so rp t ion  must be determined to allow q u a n t i f i c a t i o n  of s a f e t y  ana lyses  and to  
indicate whether engineered barriers ( c l ay )  would be b e n e f i c i a l .  

Ion 

The d i s t r i b u t e d  i m p u r i t i e s  i n  t h e  r o c k  s a l t  provide s i g n i f i c a n t  ion- 
s o r p t i o n  c a p a b i l i t y  for many rad ionucl ides .  The c l a y  l a y e r s  i n  higher  s a l t  
beds w i l l  be  s t i l l  more so rp t ive .  These properties w i l l  tend to minimize 
rad ionucl ide  migra t ion  due to such local mechanisms as b r i n e  migra t ion  i n  
thermal  g r a d i e n t s .  (See Powers e t  a l . ,  1978, Sec t ion  9.3.) 

D.5 ECONOMIC AND SOCIAL COMPATIBILITY CRITERION AND SITE-SELECTION FACTORS 

The s i t e  must be operable  a t  reasonable economic cost and s h o u l d , n o t  cre- 
ate unacceptable  impacts on n a t u r a l  resources or t h e  b i o l o g i c a l  and social 
environment. 

N a t u r a l  resources. Unavoidable c o n f l i c t  of t h e  r e p o s i t o r y  with a c t u a l  ox 
p o t e n t i a l  resources  w i l l  be minimized to t h e  e x t e n t  poss ib l e .  

This  f a c t o r  is no t  w e l l  s a t i s f i e d  by t h e  WIPP si te.  Both hydrocarbons and 
potash  e x i s t  i n  p o t e n t i a l l y  economic q u a n t i t i e s  w i t h i n  t h e  site. 
itself may be considered a va luab le  minera l ,  i ts  economic p o t e n t i a l  a t  t h e  
si te is very  l o w .  S ince  both potash  and hydrocarbons may be recovered from 
c o n t r o l  zone I V ,  t h e  amounts t h a t  may be r e s t r i c t e d  from development wi th in  
zones I, 11, and I11 are t h e  c r i t i ca l  amounts. These q u a n t i t i e s  are not  l a r g e  
i n  terms of n a t i o n a l  supply (even t h e  l a n g b e i n i t e  product  is synthes ized  i n  
q u a n t i t y  from b r i n e  lakes) .  These minera ls  may prove an enticement f o r  f u t u r e  
exp lo ra t ion  and e x p l o i t a t i o n .  For t h i s  reason,  s t u d i e s  are under way to exam- 
i n e  t h e  e f f e c t s  of recovering t h e  potash  ore from above c o n t r o l  zone 111. 
Very l i t t l e  potash e x i s t s  above t h e  r e p o s i t o r y  (zone 11) i t s e l f .  S imi l a r ly ,  
once adequate borehole  plugging is demonstrated,  d r i l l i n g  i n  zone I11 could be 
permi t ted  or the  same zones developed from zone I V  by s l a n t  d r i l l i n g .  
expec ta t ion ,  bu t  one t h a t  cannot y e t  be guaranteed,  is t h a t  t h e s e  minera ls  may 

While s a l t  

The 
6 
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be recovered i n  t h e  decades ahead should they  be economically a t t r a c t i v e .  
Ce r t a in ly  t h e  time frame f o r  t h e i r  development would be wi th in  t h e  next  cen- 
t u r y ,  whi le  t h e  s i te  is st i l l  under admin i s t r a t ive  con t ro l .  The small amounts 
of e i t h e r  resource  wi th in  zone I11 would not  be of s i g n i f i c a n t  i n t e r e s t  i n  t h e  
absence of  o t h e r  product ion i n  t h e  area. (See Powers e t  a l . ,  1978, Chapter 8.) 

Man-made pene t r a t ions .  Boreholes or s h a f t s  t h a t  p e n e t r a t e  through t h e  
s a l t  i n t o  underlying a q u i f e r s  w i l l  be  avoided wi th in  1 m i l e  of t h e  reposi- 
tory.  
p re sen t  w i th in  2 m i l e s  of t h e  r epos i to ry .  Future ,  c o n t r o l l e d  mining w i l l  be 
al lowable up to 1 m i l e  from t h e  r epos i to ry .  Future  s t u d i e s  may permit s t i l l  
closer mining and d r i l l i n g  i f  p roper ly  con t ro l l ed .  

Ex i s t ing  mining - a c t i v i t y ,  un re l a t ed  to t h e  r epos i to ry ,  should not  be 

The p r e s e n t  s i te adequately f u l f i l l s  t h i s  p r e s e n t  r e s t r i c t i o n  on man-made 
pene t r a t ions .  (See Powers e t  a l . ,  1978, Sec t ion  2.3 and Chapter 4 . )  

Transpor ta t ion .  T ranspor t a t ion  should be capable of  ready development. 
Avoidance of popula t ion  c e n t e r s  by t r a n s p o r t a t i o n  r o u t e s  is no t  a f a c t o r  i n  
t h e  s i t i n g  of t h e  r epos i to ry .  

The present si te meets t h i s  requirement and would u t i l i z e  a spur l i n e  of 
t h e  Santa  Fe Rai l road  now running to t h e  Duval mine. 

A c c e s s i b i l i t y .  The si te should be r e a d i l y  a c c e s s i b l e  f o r  t r a n s p o r t a t i o n  
and u t i l i t i e s .  

The si te p r e s e n t s  no problems f o r  access by road, railroad, or u t i l i t y  
l i n e s .  

Land j u r i s d i c t i o n .  S i t i n g  w i l l  be on Federal land to t h e  e x t e n t  poss ib l e .  

Of t h e  18,960 acres to be withdrawn by t h e  DOE i f  t h i s  s i t e  is approved, 
17,200 are Fede ra l  land c o n t r o l l e d  by t h e  Bureau of Land Management and 1760 
acres belong to t h e  S t a t e  of New Mexico. There are no p r i v a t e  l ands  w i t h i n  
t h e  site. 

Populat ion density.  Proximity to popula t ion  c e n t e r s  and r u r a l  habi ta t s  
w i l l  be considered i n  s i t i n g .  A low popula t ion  d e n s i t y  i n  t h e  immediate s i te  
area is desirable. 

There are 16 permanent r e s i d e n t s  w i th in  10 m i l e s  of t h e  site. There is a 

Carlsbad is 26 miles w e s t  and has  a popula t ion  of 
t r a n s i e n t  popula t ion  a t  potash  mines. The nearest town is Loving, New Mexico, 
wi th  a popula t ion  of 1600. 
28,600. Low popula t ion  is not  necessary to s i t i n g  bu t ,  a l l  o t h e r  f a c t o r s  
being equal ,  is desirable. 

E f f e c t s  on ecology and c u l t u r a l  resources .  Major impacts on ecology due 
Archaeological  and h i s t o r i c  to cons t ruc t ion  and o p e r a t i o n  should no t  occur.  

f e a t u r e s  of s i g n i f i c a n c e  should be preserved. 
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N o  major or unusual impacts on t h e  environment or t h e  eco log ic  system are 
expected from t h e  cons t ruc t ion  and t h e  ope ra t ion  of  t h e  r epos i to ry .  
gered species of p l a n t s  or animals  are known to occur a t  t h e  si te.  
icant a rchaeo log ica l  sites w i l l  be destroyed by r e p o s i t o r y  cons t ruc t ion .  

N o  endan- 
N o  s i g n i f -  

Soc io log ica l  impacts. Demographic and economic effects should not  r e s u l t  
i n  unacceptable  s o c i o l o g i c a l  impacts. 

There was no a priori  reason to expect any severe  or unacceptable  socio- 
economic impacts a t t r i b u t a b l e  to the  si te l o c a t i o n .  Th i s  assessment has  been 
s u b s t a n t i a t e d  by t h e  socioeconomic s t u d i e s  repor ted  i n  Sec t ion  9.4 of t h i s  
document. 
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Appendix E 

DESCRIPTIONS OF WASTE TYPES 

Th i s  appendix con ta ins  four  tables t h a t  describe t h e  types of waste to be 
emplaced i n  t h e  WIPP and t h e  con ta ine r s  used for t r a n s p o r t a t i o n  and s torage .  
Isotope inven to r i e s  and maximum and average a c t i v i t y  l e v e l s  a t  t h e  t i m e  of 
emplacement are included. Curves i l l u s t r a t i n g  t h e  r ad ioac t ive  decay of t h e  
contact-handled and remote11 handled t r a n s u r a n i c  (TRU) wastes to be disposed 
of i n  the  WIPP are also presented.  

Th i s  appendix also inc ludes  a detailed r e p o r t  c h a r a c t e r i z i n g  defense TRU 
waste now held i n  r e t r i e v a b l e  s torage ;  it was compiled by James E. Dieckhoner 
of  the U.S. Department of Energy. The r e p o r t  concludes w i t h  a d e s c r i p t i o n  of 
the types of  waste stored and t h e  con ta ine r s  used a t  t he  Idaho Nat iona l  Engi- 
neer ing  Laboratory (Annexes 1 and 2,  r e s p e c t i v e l y ) .  
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Table E-1. Defense Contact-Handled TRU Waste--Drum 

- 
Type of container DOT-17C 55-gal steel drum 

Liner (if used) 0.09-in.-thick rigid- 
polyethylene inner liners 

Weight of container 840 lb (maximum gross) 

Volume of waste Approximately 7.3 ft3 (207 
liters) 

Surface-dose rate 2200 mrem/hr 

Surface contamination 5% of limit in 49 CFR 173.397 

Waste properties Combustible: 
paper, cardboard boxes, wooden 
boxes, plastic bags, rubber 
scrap, rags, surgical gloves, 
clothing, etc. 

Noncombustible: 
residues from chemical process- 
ing, building rubble, metal, 
glassware and acids 

Rocky Flats Plant 
Standard SX-200 

Rocky Flats Plant 
Standard SX-202 

Waste-acceptance 
criterion 

Waste-acceptance 
criterion 

Mass presenta Activity 
Radionuclide (grams) Ci/drum Ci/li ter 

PU-238 2.5-3' 4.2-2 2.0-4 
PU-239 7.5 4.6-1 2.2-3 

Pu-241d 2.7-2 2.8 1.3-2 
PU-242 2.4-3 9.4-6 4.5-8 
Am-241 1.5-3 5.2-3 2.5-5 

PU-240 5.0-1 1.1-1 5.3-4 

Surf ace 
contamination 

(Ci/dr um) 

7.0-10 
7.5-9 
1.8-9 
1.0-7 
1.6-13 
8.5-11 

1.1-7 1.6-2 Total 8 3.4 

Total fissile content 7.5 g 
Total Pu 8 g  

aAverage condition; maximum fissile content is 200 grams, based on trans- 
portation regulations. 

bFor activity of maximum container, multiply by 25 (200/8). 
c2.5-3 = 2.5 x 

beta emitter and hence not strictly speaking a'TRU nuclide as defined in 
Section 5.1.2. 
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Table E-2. Defense Contact-Handled TRU Waste--Box 

&d Type of container DOT-7A 4 x 4 x 7-ft plywood Rocky Flats Plant 

(plywood box) and 
SX-207 (fiberglass- 
reinforced-polyester 
coating ) 

box Standard SX-211 

Weight of container Maximum 5000 lb; typical 
3000 lb 

Volume of waste Approximately 100 f t3 (2800 
liters) 

5200 mrem/hr 
, .  . Surf ace-dose rate Waste-acceptance 

criterion 

Surface contamination 5% of limit in 49 CFR 173.397 Waste-acceptance 
criterion 

Waste properties Combustible: 
same as drums (see Table E-1) 

Noncombustible: 
same as drums (see Table E-1) 

Equipment and materials too 
large for 55-gal drums 

SI rfac-! 
Mass presenta Activi tyb contamination 

Rad i onuc 1 i de (grams) Ci/box Ci/liter (C i/box) 

PU-238 4.0-3' 6.8-2 2.4-5 4.5-9 
PU-239 1.2+1 7.5-1 2.7-4 5.0-8 

1.2-8 PU-240 8.1-1 1.8-1 6.5-5 
Pu-241d 4.4-2 4.5 1.6-3 6.5-7 
PU-242 3.9-3 i- 1.5-5 5.4-9 1.0-12 
Am-241 2.5-3 a. 4-3 3.0-6 5 .'5-10 

Total 13 5.5 2.0-3 7.0-7 

Total fissile content 12.2 g 
Total Pu 13 g 

aAverage condition; maximum fissile content is 350 grams but not exceeding 

bFor activity of maximum container, multiply by approximately 27 (350/13) . 
c4.0-3 = 4.0 x 

5 grams in any cubic foot, based on transportation regulations. 

beta emitter and hence not strictly speaking a TRU nuclide as defined in 
Section 5.1.2. 
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Table  E-3. Defense Remotely Handled TRU Waste 
~ 

Type of c o n t a i n e r  Carbon-steel  c a n i s t e r ,  10 feet 
long 

Weight of c o n t a i n e r  Maximum 7000 l b  

Volume of waste Approximately 25 f t 3  (708 l i ters) 

Surf  ace-dose rate 100 rem/hr Waste-acceptance 
c r i t e r i o n  

Surf ace contaminat ion  5% of l i m i t  i n  49 CFR 173.397 Was te -acceptance  
c r i t e r i o n  

Waste properties 

Radionucl ide  

P r i m a r i l y  noncombustible: 
conc re t e ,  steel, d r i e d  process 
s ludges ,  etc. 

Expected Average Condit ionsa 

Surf  ace 
Mass present A c t i v i t y  contaminat ion  

(grams 1 Ci /can i s  ter  C i / l i  te  r (Ci/can is te r ) 

CO-60 
Sr-90 
Y-90 
Rh-106 
RU-106 
CS-137 
Ba- 13 7m 
EU-152 
Eu-154 
PU-238 
PU-239 
Pu-240 
PU-24 lC 
Am-241 

Tota 1 

1. 4-3b 
1.8 
4 6-4 
1.6-7 
6 e 5-4 
1.4-2 
2.4-9 
1.7-3 
8.6-3 
3.7-3 
1.2+1 
7.9-1 
4.1-2 
3.8-3 

1.5+1 

1.6 
2.5+2 
2.5+2 
2.2 
2.2 
1.2 
1.2 
3.1-1 
1.2 
6.5-2 
7.5-1 
1.8-1 
4.6 
1.2-2 

5.1+2 

2.2-3 
3.5-1 
3.5-1 
3 e 1-3 
3.1-3 
1.8-3 
1.8-4 
4.4-4 
1.8-3 
9.1-5 
1.1-3 
2.5-4 
6.5-3 
1.8-5 

7.2-1 

2.0-8 
3.1-6 
3.1-6 
2.7-8 
2 7-8 
1.5-8 
1.5-8 
3.9-9 
1.5-8 
4.1-8 
4 8-7 
1.1-7 
5.7-9 
7.7-9 

7.0-6 

n 
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Table  E-3. Defense Remotely Handled TRU Waste (cont inued)  

Expected Maximum Condit ionsd 

Surf ace 
Mass p r e s e n t  A c t i v i t y  contaminat ion  

Rad ionuc li de  (grams) C i / c a n i s t e r  C i / l i t e r  (Ci /canis  ter) 

Co-60 
Sr-90 
Y- 90 
Rh-106 
Ru-106 
CS-137 

Eu-152 
Eu-154 
Pu-238 
Pu- 23 9 
Pu-240 
Pu-24 lC 
Am-241 

Ba-137m 

Tatal 

9.3-2 

1.5-2 
2.1-8 
2.2-2 
5.0-1 
7.3-8 
1.1-1 
3.1-2 
4.2-2 
1.3+2 
8.7 
4.6-1 
2.5-2 

5.9+1 

2.0+2 

9.9+1 
7.8+3 
7.8+3 
6.8+1 
6.8+1 
3.9+1 
3.9+1 
2.0+1 
7.8+1 
6.5-1 
7.1 
1.7 
4.3+1 
7.8-2 

1.6+4 

1.4-1 
1.1+1 
1.1+1 
9.6-2 
9.6-2 
5.5-2 
5.5-2 
2.8-2 
1.1-1 
9.2-4 
1.0-2 
2.4-3 
6.1-2 
1.1-4 

2.3+1 

6.4-7 
1.0-4 
1.0-4 
9.2-7 
9.2-7 
5.2-7 
5 -2-7 
1.3-7 
5.2-7 
3.9-8 
4.6-7 
1.1-7 
1.9-6 
7.4-9 

2.1-4 

aExpected average  a c t i v i t y  i n  canisters for use i n  a n a l y s e s  i n  which a 
large number of canisters are involved. 

b1.4-3 = 1.4 x 10-3. 
CA beta emitter and hence not  s t r ic t ly  speaking  a TRU n u c l i d e  as d e f i n e d  

dMaximum ac t iv i ty  i n  i n d i v i d u a l  canister for calculating s h i e l d i n g  r equ i r e -  
i n  Section 5.1.2. 

ments and t h e  consequences of single-canister accidents. 
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Table  E-4. P o s t u l a t e d  Defense High-Level Waste for Experiments  

Type of c o n t a i n e r  Steel c a n i s t e r  c 
Weight of c o n t a i n e r  

Volume of waste 3.8 f t 3  (107 l i ters) 

Sur f  ace-dose rate >4500 rem/hr 

Maximum 1000 l b  

P h y s i c a l  form G l a s s  (or c a l c i n e )  

Rad ion uc 1 i d e a  
Mass present 

(grams) 
A c t i v i t y  

C i / c a n i s t e r  C i / l i t e r  

Co-60 
Se-79 

Sr-89 
Sr-90 
Y-90 
Y-91 
Zr-93 
Zr-95 

Nb-95m 

Rb-87 

Nb-95 

Tc-99 
RU-106 
Rh-106 
Pd-107 

Ag-110 
Sn-12lm 

Sn-123 
Sn-126 
Sb-124 
Sb-125 
Sb-126 
S b-126m 
Te-125m 
Te-127 
Te-127m 
CS-134 
CS-135 
(3-137 
Ba-137m 
Ce-142 
Ce-144 
Pr-144 

4. 5-2b 
6.0-1 
2.4+1 
6.0-10 
6.5+1 
1.7-2 
1.4-8 
7.0+1 
1.4-7 
1.6-7 
9.3-11 
4.4+1 
1.6-1 
1.5-7 
6.3 
4.2-2 
2.1-9 
9.6-6 
1.4-1 
2.9-12 
2.0-1 
6.6-9 
5.2-11 
2.9-3 
1.1-8 
3.3-6 
1.5 
1.7+1 
2.2+3 
3.3-4 
1.2+2 
1.1 
4.4-5 

5.0+1 
4.1-2 
2.0-6 
1.7-5 
9.2+3 
9.2+3 
3.3-4 
2.8-1 
2.8-3 
6.0-3 
3.6-5 
7.3-1 
5.3+2 
5.3+2 
3.3-3 
2.5 
8.8 
7.9-2 
4.0-3 
5.1-8 
2.2+2 
5.6-4 
4.0-3 
5.3+1 
3.0-2 
3.1-2 
1.9+3 
2.1-2 
1.9+5 
1.9+5 
2.9-6 
3.4+3 
3.4+3 

4.7-1 
3.8-4 
1.9-8 
1.6-7 
8.6+1 
8.6+1 
3.1-6 
2.6-3 
2.6-5 
5.7-5 
3.3-7 
7.0-3 
5.0 
5.0 
3.0-5 
2.3-2 
8.2-2 
7.4-4 
3.8-5 
4.8-10 
2.0 
5.3-6 
3.8-5 
5.0-1 
2.9-4 
2.9-4 
1.8+1 
1.9-4 
1.8+3 
1.8+3 
2.7-8 
3.2+1 
3.2+1 

c 
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Table E-4. P o s t u l a t e d  Defense High-Level Waste for Experiments 
(cont inued)  

Mass p r e s e n t  
Radionucl idea (grams) 

A c t i v i t y  
C i / c a n i s t e r  C i / l i  ter 

Pr-144m 

Sm-147 
Sm-151 

Pm-147 

EU-152 
EU-154 
EU-155 
Tb-160 
U-232 
T1-208 
U-233 
U-234 
U-235 
U- 23 6 
U-238 
Np-237 
PU-236 
PU-238 
PU-239 
PU-240 
PU-241 
PU-242 
Am-241 
Am-242 
Am-242 
Am-243 
Cm-242 
Cm-243 
Cm-244 
Cm-245 
Cm- 2 46 

T o t a l  

2.2-8 
7.2 
2.0+1 
1.7 
2.4-3 
9.3-1 
2.4-1 
5.3-11 
6.0-5 
1.8-12 
2.1-5 
2.4-1 
9.0 
6.0 
1.5+2 
6.2 
1.7-1 
2.3+1 
2.1+6 
3.6+1 
1.7+1 
2.8 
4.6 
2.5-8 
2.1-3 
2.4-2 
1.5-5 
2.0-4 
1.7-3 
3.4-5 
2.1-6 

4.1+1 
6.7+3 
4.6-7 
4.2+1 
7.5-1 
2.7+2 
1.1+2 
6.0-7 
1.3-3 
5.3-4 
1.9-7 
1.5-3 
1.9-5 
3.7-4 
5.1-5 
4.3-3 
1.6-2 
3.8+2 
1.3+1 
7.9 
1.7+3 
1.1-2 
1.6+1 
2.0-2 
2.0-2 
4.6-3 
5.0-2 
9.4-3 
1.3-1 
6.1-6 
6.2-7 

3.8-1 
6.3+1 
4.3-7 
3.9-1 
7.0-3 
2.5 
1.1 
5.6-9 
1.2-5 
4.9-6 
1.8-9 
1.4-5 
1.8-7 
3.4-6 
4.8-7 
4.0-5 
1.5-4 
3.6 
1.2-1 
7.3-4 
1.6+1 
1.0-4 
1.5-1 
1.8-4 
1.8-4 
4.3-5 
4.7-4 
8.8-5 
1.3-3 
5.7-8 
5.8-9 

3.0+3 4.3+5 4.0+3 

aOnly r a d i o n u c l i d e s  wi th  a specific a c t i v i t y  greater than  
Ci / l i t e r  are listed. The reason  for d e l e t i n g  r a d i o n u c l i d e s  w i t h  a 
lower c o n c e n t r a t i o n  is twofold.  F i r s t ,  t h e i r  cont r ibu t ion  to t h e  total  
r a d i o a c t i v i t y  of t h e  mixture is minimal, and t h e  p roduc t  of t h e i r  
hazard  index and c o n c e n t r a t i o n  is small i n  comparison w i t h  t h e  radio- 
n u c l i d e s  1 is t e d  . 

b4.5-2 = 4.5 x 
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In t roduc t ion  

65 T h i s  report was prepared i n  response to a r eques t  of t h e  WIPP Waste Ac- 
ceptance Cri ter ia  S t e e r i n g  Committee (WACSC) a t  t h e i r  meeting on March 2. A l l  
DOE f i e l d  offices conduct ing TRU r e t r i e v a b l e  s t o r a g e  ope ra t ions  were asked to 
provide  t h e  Opera t ions  Branch wi th  c e r t a i n  s p e c i f i c  information concerning t h e  
TRU waste c u r r e n t l y  on hand and projected for t h e  f u t u r e .  A copy of t h e  re- 
q u e s t  f o r  data is included as Appendix A. 
inc luded  as  Appendices B through G. The remainder of t h i s  record is a conden- 
s a t i o n  of t h e s e  responses  and a r e s t r u c t u r i n g  of t h e  d a t a  i n t o  a format  where 
t h e  WACSC can o b t a i n  an o v e r a l l  pe r spec t ive  on t h e  DOE-wide s i t u a t i o n .  
reader  is encouraged to c o n s u l t  t he  ind iv idua l  replies or to c o n t a c t  t h e  
r e s p e c t i v e  f i e l d  o f f i c e s  f o r  more detai led information.  

Copies of t h e  d a t a  supp l i ed  are 

The 

NOTE: Only one of t he  appendices  mentioned above (Appendix F) is 
inc luded  here:  t h e  d a t a  on wastes stored a t  t h e  Idaho Na t iona l  Engin- 
e e r i n g  Laboratory (see Annex 1, pp. E-23 through E-42). 
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Section I 

Qualitative Description of Available Waste Characterization Information 

A. Contact-Handled TRU Waste: 

- LASL - Waste generators are required to complete a form containing informa- 
tion on the radionuclide content (including error estimates and haw the amount 
was determined) , package construction, package radiation level, and waste type. 
The LASL lists 33 different waste types (see Appendix C [not included here] for 
details). In addition, the form also permits the inclusion of additional data. 
Examples of typically recorded information include the identification of equip- 
ment items or types, and of chemical contaminants on or in the waste. 

Sandia Lab - The waste will be in the form of glassware, equipment, solidi- 
fied liquids, ceramic waste, etc., and contains Np-239, Pu-238, Pu-239, Pu-241, 
Am-241, and Cm-244. All waste is packaged in DOT 17-C containers. 

Pantex - Data currently available include: container size, volume, weight 
and type; chemical and physical form of the waste; isotopic composition and 
curie amount; and surface radiation reading. 

- OFWL - The computer system contains data by container: date received, 
source of waste, shipper, location in storage area, estimated amount of com- 
bustibles and noncombustibles, and estimated amount of U-233 and transuranics. 
Essentially all of this waste is from glovebox and hot cell operations. Since 
no assays were done, the isotopic composition data, if not reported by the gen- 
erator, can be implied from the source (i.e. , building). The package size and 
construction is well known, but the precise weight is not. No information on 
compactibility is available. Although some knowledge of the chemical and 
physical forms of the waste can be inferred from its source, no specific in- 
formation has been recorded. No information is available on nonradioactive 
constituents. 

Hanford - Each waste shipment is accompanied by a shipping ticket which 
physically describes the material content, the source of the waste, any 
special conditions, the type of radioactivity (specific radionuclides, etc.), 
quantity (curies or grams), and the radiation level. The TRU waste containers 
must also be identified as combustible or noncombustible. The locations of 
the TRU containers are also recorded. 

- INEL - The following information is recorded for each shipment: waste gen- 
erator and building number, gross volume, gross weight, curie content, type 
and number of containers, unit container volume, waste description, nuclide 
identification and storage location. No data are currently available on non- 
radioactive toxic constituents in the TRU waste. Some may be obtained from a 
records search, although initial indications are that any such information 
would be very limited and superficial. Compilations of some of these data can 
be found in Appendix F [reproduced here as Annex 1, pp. E-23 through E-421. 
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- NTS - For r e t r i evab ly  s tored ,  contact-handled TRU waste the  gram content ,  
c u r i e  content ,  isotopic composition, package s i z e  with weight and construc- 
t i o n ,  and combust ib i l i ty  information are ava i lab le .  

SR - Early records conta in  only waste volumes and a c t i v i t i e s .  However, 
s i n c F J u l y  1, 1974, combustibles and noncombustibles are segregated and placed 
i n  separate drums and marked accordingly. The material composition of the  
waste can only be in fe r r ed  from sample observat ions of t he  waste packaging 
opera t ions  and es t imat ion  by the  production personnel. R e s u l t s  of such a 
survey can be found i n  Appendix B [not included here]. 

B. Remote-Handled TRU Waste: 

- LASL - The same type of information w i l l  be ava i l ab le  as previously indi-  
ca ted  f o r  contact-handled TRU waste. 

Sandia Lab - The same type of information would be ava i l ab le  as  previously 
ind ica ted  f o r  contact-handled TRU waste. 

Pantex - N o  waste of t h i s  type is s tored  a t  Pantex. 

- ORNL - E s s e n t i a l l y  a l l  of t h i s  type waste is from hot  cells (90 percent  
from one f a c i l i t y )  and gloveboxes. I t  includes plastics, paper wipes, var ious 
k i n d s  of equipment, equipment racks, etc. N o  assays of waste to determine 
isotopic composition were made b u t  the  source and knowledge of the  process may 
g ive  some indica t ion .  The package s i z e ,  weight, and cons t ruc t ion  are w e l l -  
known. An estimate of the  combust ib i l i ty  is ava i l ab le ,  b u t  t he re  is no infor-  
matian on its compact ib i l i ty ,  nor on t h e  presence of nonradioactive toxic con- 
s t i t u e n t s .  The chemical form var ies - -n i t r ides ,  ch lor ides ,  oxides,  and others. 

Hanford - The same type of information is ava i l ab le  a s  previously 
ind ica ted  f o r  contact-handled TRU waste. 

- INEL - The same type of information is ava i l ab le  a s  previously ind ica ted  
f o r  contac t-handled TRU waste. 

NTS - N o  waste of t h i s  type is s tored  a t  NTS. 

- SR - N o  waste of t h i s  type is stored a t  S<R. 

- 

C .  TRU Waste Disposed of by Shallow Land B u r i a l :  

- LASL - Waste management personnel have k e p t  logbook-type records on a l l  
waste disposed of s ince  the  l a te  1940's. Work is underway to convert  t he  
pre-1971 records  i n t o  the  cu r ren t  computer system. 
these  old records w i l l  be the  actual i d e n t i f i c a t i o n  of which wastes conta in  
>10 nCi/gm. Where buried TRU wastes can be i d e n t i f i e d ,  information as to 
waste matr ix ,  packaging, r ad ia t ion  l e v e l ,  TRU conten t ,  and b u r i a l  l o c a t i o n  
should be ava i lab le .  

The major problem with 

Sandia Lab - The waste is i n  the  form of glassware,  equipment, paper 
products, contaminated experiments, etc., and conta ins  about 1 gram of Pu-239. 
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Pantex - The same type of information is a v a i l a b l e  as p rev ious ly  i n d i c a t e d  
f o r  contac t-handled TRU waste. 

O W L  - Due to an a c c i d e n t a l  loss of records ,  no d e t a i l e d  information is 

Since  f i e l d  sepa ra t ion  of TRU waste began i n  1970, about  63 

- 
a v a i l a b l e  for t h e  pre-1969 bur ied  TRU waste, es t imated  to be about  200,000 
f t 3  i n  volume. 
c o n t a i n e r s  of equipment were bur ied ,  i n  an e s s e n t i a l l y  nonre t r i evab le  f a sh ion ,  
t h a t  were judged to be contaminated margina l ly  above the  10 nCi/gm l e v e l .  
About 90 pe rcen t  contained hoods and gloveboxes. N o  assays  were made and t h e  
data is based on the  judgment of t h e  genera tor .  The s i z e  and composition of 
t h e  con ta ine r s  are known, t h e  weights are estimates based on a c t u a l  weights  of 
a f e w .  An estimate of the combus t ib i l i t y  is a v a i l a b l e ,  b u t  no information on 
t h e  compact ib i l i ty .  or on t h e  presence of nonradioact ive t o x i c  c o n s t i t u e n t s  is 
ava il a ble . 

Hanford - The same gene ra l  type of information is a v a i l a b l e  as previous ly  
ind ica t ed  for contact-handled TRU waste, except  for knowledge of where t h e  
buried TRU-contaminated (>lo nCi/gm) waste is loca ted  among t h e  non-TRU- 
contami na t ed wa s te . 
- INEL - The d a t a  a v a i l a b l e  a t  t he  p re sen t  t i m e  on the  subsur face  disposed 

TRU are l i m i t e d  to hand t a b u l a t i o n s  of q u a n t i t i e s  shipped from Rocky F l a t s  
P l a n t  and estimates of Pu q u a n t i t i e s .  

NTS - N o  w a s t e  of t h i s  type is  bur ied  a t  NTS. 

SR - Much of the  waste s e n t  to  the  b u r i a l  ground was contained i n  card- 

- 

b o a r r c a r t o n s  which were dumped i n t o  the  waste t renches  and covered w i t h  
soil.  Bulky waste was wrapped i n  plastic and bur ied ,  or wrapped waste was 
p laced  i n  wooden boxes. 
p las t ic  w i l l ,  be w e l l  preserved: however, t h e  c e l l u l o s i c  materials i n  c o n t a c t  
wi th  t h e  soil w i l l  be degraded. Because e a r l y  records are l ack ing ,  a c t i v i t y  
con ten t  and volume of waste bur ied  before  1961 can only  be est imated.  

T e s t  r e t r i e v a l s  i n d i c a t e  t h a t  t h e  waste package i n  

NOTE: The preceding are only b r i e f  synopses of t h e  l e n g t h i e r  in format ion  
submitted by t h e  f i e l d .  The reader is encouraged to c o n s u l t  t h e  Appendices 
[ in  t h e  o r i g i n a l  repor t ]  f o r  more d e t a i l s ,  and to d i r e c t l y  c o n t a c t  t h e  f i e l d  
o r g a n i z a t i o n s  to r e so lve  d i f f i c u l t i e s  i n  i n t e r p r e t a t i o n  or to o b t a i n  s p e c i f i c  
a d d i t i o n a l  information.  
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A 

Sect ion  I1 

Inventory Data 

I 

1 of the  f i e l d  o f f i c e s  were asked to p resen t  es-imates of the  approxi- 
mate volumes of TRU waste i n  the following th ree  categories (i.e., r e t r i evab ly  
stored, contact-handled, r e t r i e v a b l y  stored, remote-handled; and TRU waste 
disposed of by shallow land b u r i a l )  as of the s tar t  of FY 1978 and expected to 
have been accumulated as of the  s ta r t  of FY 1986. Estimates of t h e  accuracy 
of t hese  data were also requested. A compilation of the  s i te  submitted data 
is presented i n  Table 1, and a summary of the  DOE-wide s i t u a t i o n  i n  Table 2. 
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TABLE 1 

APPROXIMATE VOLUMES OF DOE TRU WASTE AND ESTIMATES O F  THEIR ACCURACY 

Waste Category S i t e  - 
S t o r e d ,  Contact-  LASL 
Handled TRU Waste SLA 

Pan tex 
ORNL 
Hanf ord 
I N E L  
NTS 
SRP 

S t o r e d ,  Remote-  LASL 
Handled TRU Waste SLA 

Pantex  
ORNL 
Hanford 
I N E L  
NTS 
SRP 

Bur ied  TRU Waste LASL 
SLA 
Pan t e x  
O W L  

Hanf ord 
I N E L  
NTS 
SRP 

A s  of 10/1/77 
Volume ( f t 3 )  

54,020 
0 

38 
9,600 

247,000 
1,201,917 

6,116 
56 , 168 

1,574,859 f t 3  

0 
0 
0 

26,550 
2,940 

304 
0 
0 

29,794 f t 3  

580,045 
60 

1,143 
200,000 (5)  

15,000 
5 ,483, ooo 
2,102,000 

0 
1,084,740 
9,465,988 f t 3  

Accuracy 

+ 5% 

t 10% 
- 5% ( 4 )  
t 10% 
t 10% 
- i. 10% (3) 
- 4- 5% (1) 

- - 
- 

- 
- 

- t (%lo)% 
- 
- 
- 

+ 5% 
t 5% 
t 10% 

- 
- 
- - 

- 
- + (5%)  

+ 50% 
t 50% 
t 10% 
t 50% 5) 

t200% - 50% 

- 
- 
- 
- + 10% (4) 
- 
t 30% 

-t 5% (1) 
- t125% 
- 40% 

- - 

As of  10/1/84 
Volume t f t J )  

200 ,000 
3,500 

57 
18,750 (4)  

770,000 
2,036,682 

35,314 
95,100 

3,195,403 f t 3  

8,000 
50 

0 
47,350 (4)  

7,900 
14,442 

0 
n - 

57,742 f t 3  

580,045 (2)  
60 

1,143 

22,000 
5,483,000 
2 , 102,000 

(3)  
1 ,084,740 
9,472,988 f t 3  

200,000 (5)  

- 

Accuracy 

+ 25% 
- + 30% 

+ 25% ( 4 )  
+ 30% 
+ 30% 

+ 25% (1) 
+ 30% 

- 
- + 15% 
- 
- 
- +200% - 50% ( 3 )  
- 
- 
- 
+ 50% 
+ 30% 

+ 25% ( 4 )  
+loo% - 50% 
+ 50% 

- 
- - 
- 
- 
- - 

- - 
+ 50% 

+ 50% 
+ 50% 
+ 10% 
+ 50% 

- 
- 
- 
- + 25% ( 4 )  5 )  
- 
+200% - 50% - 
+200% - 50% 

+ 5% (1) 
+125% - 40% 

- - 
- 



c (1) Telecon wi th  J. Covel l ,  SR, 6/6/78. 
(2) Telecon wi th  J. Warren, LASL, 6/6/78. 

is planned. 
(3) Telecon w i t h  B. Church and P. F i t z s i m o n s ,  NV, 6/6/78. 

b u r i a l  of 710 nCi/gm waste is planned. 
(4 )  Telecon wi th  B. Brockelsby, OR, 6/6/78. 

and t h e  accuracy values. 
(5) This  bur ied  TRU volume refers t o  waste bur ied  prior to t h e  i n i t i a t i o n  of TRU r e t r i e v a b l e  s t o r a g e  

ope ra t ions  a t  OWL. 

The f i g u r e  i n  Appendix C was reduced s i n c e  no bur ia l  of >10 nCi/gm 

The f i g u r e  i n  Appendix G was reduced s i n c e  no 
The 1 x l o 4  m3 referred to  (10 nci/gm waste. 

The changes i n  Appendix D r e f l e c t  re-estimates by ORNL f o r  1984 
These bur ied  TRU volumes r e f e r  to bulky equipment. 

Confirmed by t e l econ  wi th  B. Brockelsby, OR, 6/6/78. 
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Table 2 

Summary of DOE TRU Waste Volumes 
/- 

A s  of 10/1/77 A s  of 10/1/84 c 
Waste Category Volume ( f t j )  Accuracy Volume  ( f t d )  Accuracy 

Stored 
+ 30% Contac t-Handled 1.6 x l o 6  + (5-lo)% 3.2 x l o 6  I - 

Stored 
+ 50% - + 5% 7.8 x 104  Remote-Handled 3.0 104 - 

Buried (1) (2) 9.5 x 106 - + 125% 9.5 x 106 - + 125% 
- 40% - 40% 

An unknown f r a c t i o n  of the buried TRU waste may be i n  concentrations less 
than t h e  10 nCi/gm l e v e l ,  and therefore  may be inco r rec t ly  included as  
"TRU" waste. 
Due to the  degradation of the o r i g i n a l  container,  t he  total volume of 
material r e su l t i ng  from any operations to recover t h i s  material may be a 
f ac to r  of 2 to 3 l a r g e r  than the o r i g i n a l  waste volume. I n  addi t ion ,  such 
recovery opera t ions  would also generate an addi t iona l  waste volume. 
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. . . . . . . 

Section I11 

Obtaining More Detailed Waste Characterization Data 

6d The estimated time and funding required at the TRU waste retrievable stor- 
age sites to obtain significantly better data varied from site to site. 
lowing is a synopsis of the individual replies: 

Fol- 

- LASL - For the retrievably stored waste, very little, if anything, can be 
done to improve significantly the available data. 

Pantex - It was estimated that it would require 80 man-days and $6,400 to 
It would also 

obtain more detailed waste characterization data. This would not include 
opening of the containers, only verification with instruments. 
not lead to the establishment of an actual weight of TRU material, since it is 
mixed with non-TRU materials and processing would be required. 

7 ORNL - For the contact-handled TRU waste there might be two possible 
methods: 

0 The first would require the development of an instrument system that 
can detect and quantify a variety of radionuclides through the wall of 
a storage drum. 
This method would not, however, give any additional information on per- 

Employment of such a system would cost about $100/drum. 

cent combustibles, compactibility, the presence 
materials, etc. 

0 The second method would involve construction of 
drums would be opened and the contents analyzed 
struction cost would be about $lM and operating 

of nonradioactive toxic 

a facility where the 
and repackaged, Con- 
costs about $lK/drum. 

For the remote-handled TRU waste, improvement of the isotopic composition 
data is essentially not possible. The waste is heavily shielded so it would 
have to be removed from the casks in hot cells for further study, after being 
excavated. Construction would cost about $2M, excavation about $0.6K/cask and 
operation about $3K/cask. It would take about two to four years. 

Hanford - It is estimated that rough estimates for the missing data for 300 
Area burial grounds could be obtained in about one year and cost about $75R. 
The cost to improve the quality of the available data would take about one to 
two years and cost $25p-$500K. 

- INEZ - If the timing of additional waste characterization studies could be 
arranged to coincide with the ongoing program, it is anticipated that it could 
be done in four months for about $375K. If the timing could not be arranged, 
it would take two more months and cost an additional $100-$125K. An addition- 
al $loOK would be needed to characterize the Pu in the soil surrounding the 
bur i ed waste . 
- NTS - Estimates of the funding and time required to obtain significantly 

more detailed waste characterization data appear to be minimal. 
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SR - A more deta i led  waste characterization study of retrievably stored 
wastrwould cost about S160K and take about one year. 
i n  d e t a i l ,  current waste as it is prepared for  storage. Sampling waste now i n  
storage would be m o r e  d i f f i c u l t  and c o s t l y .  

I t  would characterize,  

c 

/- 
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A p r i l  23, 1978 

M r .  J. B. Whi tse t t ,  Chief 
Radioactive Waste Programs Branch 
Idaho Operations Off ice  - DOE 
Idaho F a l l s ,  I D  83401 

TRU WASTE DATA - Duf-73-78 

Ref.: J. P. H a m r i c  l t r  to L. P. Duffy, same subject,  Mar. 22, 1978 

Dear M r .  Whitsett: 

The referenced le t ter  requested t h a t  TRU waste da ta  be furnished f o r  t he  
WIPP Stee r ing  Committee. The folluwing information and attached tables 
f u l f i l l  that request. The data are furnished i n  the  same sequences as 
requested i n  the  referenced le t ter .  

(1) The information p resen t ly  ava i l ab le  on TRU waste is provided by t h e  
Waste Management Information System (WMIS) and t h e  Transuranic  
Contaminated Waste Container Information System (TCWCIS). The s tar t  
of t he  WMIS da ta  f i l e  p resen t ly  co inc ides  with the  i n i t i a t i o n  of 
r e t r i e v a b l e  s to rage  a t  I N E L  (10/70) and the  TCWCIS s t a r t e d  i n  
September 1971. 

The WMIS d a t a  base includes the  following da ta  f o r  each s o l i d  waste 
shipment: waste generator  and bui ld ing  number , gross  volume, g ross  
weight, c u r i e  content ,  type and number of conta iners ,  u n i t  container  
volume, waste desc r ip t ion ,  nuc l ide  i d e n t i f i c a t i o n  and s to rage  or 
d i sposa l  loca t ion .  Routine monthly reports include disposed waste by 
nuc l ides , . s to red  waste by nucl ides ,  waste compaction da ta ,  number of 
s to red  or disposed conta iners ,  and d e t a i l e d  and summary reports by 
generator  or disposal /s torage loca t ion .  

A l l  r e t r i evab ly  s to red  waste, both contac t  and remote-handled, are 
included i n  the  WMIS. The f i r s t  year of da t a  f o r  r e t r i e v a b l e  s to rage  
is not ava i l ab le  i n  the  TCWCIS. The d a t a  ava i l ab le  a t  t he  p re sen t  
time on t h e  subsurface disposed TRU are l imi t ed  to hand t abu la t ions  
of q u a n t i t i e s  shipped from Rocky F l a t s  p l a n t  and es t imat ions  of 
Plutonium q u a n t i t i e s .  

1 

(2) Table I lists the  q u a n t i t i e s  of TRU waste i n  each of the  th ree  
requested ca tegor ies .  The r e t r i e v a b l e  s torage  da ta  are derived from 
the  WMIS d a t a  bank. The subsurface volume da ta  are based on the  
information published i n  IDO-10055 (77) and have been modified to 
reflect the r e t r i e v a l  opera t ions  through 12-31-77. The quan t i ty  
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J. B. Whi tse t t  
A p r i l  28, 1978 
Duf-73-78 0 Page 2 

l i s t e d  fo r  the  Transuranic  Disposal Area r e f l e c t s  the  >10 nCi/gm TRU 
por t ion  of t he  total  waste disposed on Pad-A. Table I1 lists t h e  
volume p ro jec t ions  f o r  TRU waste through 10-1-84, based on the  waste 
gene ra to r ' s  fo recas t s .  There is no projected subsurface disposal of 
TRU . 

(3)  The data f o r  TRU waste p resen t ly  i n  r e t r i e v a b l e  s to rage  are the  con- 
t a i n e r  volumes and are considered to be accurate wi th in  + 10%. The 
pro jec ted  container  volumes fo r  contact-handled TRU is +-30% based on 
generator  fo recas t s .  For remote-handled TRU (ILTSF) , tEe pro jec ted  
volume may vary 2 50%. 
waste from SAREF. The subsurface disposed TRU q u a n t i t i e s  are con- 
t a i n e r  volumes, based on t abu la t ions  of conta iners  shipped, and do 
not r e f l e c t  a review of waste shipment records. The disposed volume 
probably is accurate wi th in  + 30%. However, due to container  degra- 
da t ion ,  t he  mixing of waste wi th  soil along with t h e  TRU waste 
generat ion assoc ia ted  w i t h  r e t r i e v a l  operat ions;  t h e  total  TRU 
r e t r i eved  volume may be a f a c t o r  of 2 to 3 l a r g e r  than the  o r i g i n a l  
waste volume. 

This  pro jec t ion  includes the  f i r s t  years  

( 4 )  The WMIS d a t a  are published annually by DOE-ID. The documents are: 
IDO-10054 (77) Radioactive Waste Management Information 1977 
Summary and Record to Date. 
IDO-10055 (77) Radioactive Waste Management Information for 1977. 

The TCWCIS da ta  are not published formally; however, s eve ra l  
t abu la t ions  from t h i s  system are attached. Another information 
source is "History of Buried Transuranic Waste a t  INEL," WMP-77-3, 
March 1977, J . H ,  Card. A review of ava i l ab le  pas t  da t a  records has 
been i n i t i a t e d  with the  ob jec t ive  of producing a.WMIS type da ta  base 
f o r  a l l  s o l i d  waste prior to October 1970. A l s o  some add i t iona l  
R o c k y  F l a t s  drum logs may allow the  TCWCIS data base to be extended 
back to include the TRU waste of 1969-1971. 

(5) The t h e  and costs required to obta in  s i g n i f i c a n t l y  more d e t a i l e d  
waste cha rac t e r i za t ion  data are dependent upon the  scheduling of the  
project r e l a t i v e  to the  cu r ren t  waste r e t r i e v a l  operat ions.  I t  is 
an t i c ipa t ed  t h a t  upon completion of the I n i t i a l  D r u m  Re t r i eva l  ( IDR)  
project, t h e  TSA-1 w i l l  be opened f o r  a v i s u a l  inspec t ion  of t h e  
e x t e r i o r  su r faces  of the  waste containers .  This  opera t ion  could also 
be t h e  f i r s t  step i n  obtaining r e t r i e v a b l e  con ta ine r s  for waste 
charac te r iza t ion .  A l s o  the  Ear ly  Waste Re t r i eva l  (EWR) project, 
cu r ren t ly  scheduled through December 1973 provides the  b a s i c  
containment s t r u c t u r e  and equipment f o r  the  cha rac t e r i za t ion  
project, 
operate concurrent ly  with the  f i n a l  por t ion  of the  EWR project or 
d i r e c t l y  af terwards,  t he  costs of r eac t iva t ing  a mothballed EWR 
f a c i l i t y  would be circumvented. 

I f  t h e  waste cha rac t e r i za t ion  project could be scheduled to  
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U t i l i z i n g  the TSA-1 conta iner  i n spec t ion  program to o b t a i n  the  drums 
and an a c t i v e  EWR f a c i l i t y  as a basic containment f a c i l i t y ,  it is 
anticipated t h a t  the  costs of t he  waste c h a r a c t e r i z a t i o n  program 
would be 375,000 d o l l a r s  and require 4 months of opera t ion .  
separate e n t r y  i n t o  the  TSA to o b t a i n  the  drums and r e a c t i v a t i o n  of 
the  EwIl f a c i l i t y  to conduct t h e  waste c h a r a c t e r i z a t i o n  would add 2 
months and 100-125,000 dollars to  t h e  program. 

A 

Another area of i n v e s t i g a t i o n  which is very c r i t i ca l  to  t h e  waste 
volume shipped to.WIPP is the  amount and degree of Plutonium soil  
contamination surrounding t h e  subsur face  waste. I t  is proposed t h a t  
core samples be obtained i n  and around the  e a r l y  waste p i t s  and 
t renches  to b e t t e r  quan t i fy  t h e  soil  volume t h a t  w i l l  have to be 
processed, 
f o r  approximately 100,000 d o l l a r s .  

It  is-estimated t h a t  such a p r o j e c t  could be accomplished 

The s p e c i f i c a t i o n s  for c u r r e n t  waste packages are given i n  Appendix A. 
These s p e c i f i c a t i o n s  are a p p l i c a b l e  to drummed waste received a f t e r  
December 1972 and boxed w a s t e  received af ter  June 1972. Consequently, it 
is es t imated  t h a t  TSA-1 and TSA-4 con ta in  1262 boxes which were no t  
f i b e r g l a s s e d  and 60,119 drums without  l i n e r s .  

Table I11 lists t h e  i s o t o p i c  composition by weight pe rcen t  f o r  t h e  TRU 
n u c l i d e s  i n  the  contact-handled TRU waste. Table I V  g i v e s  the  average 
weight f o r  t h e  boxes and drums i n  t h e  contact-handled TRU waste by year  
of s torage .  The increase i n  drum weight for the  period of 1970-1977 is 
very s i g n i f i c a n t  and probably t h e  r e s u l t  of better package u t i l i z a t i o n .  
Table V lists the  combus t ib i l i t y  and compac t ib i l i t y  f o r  t he  contac t -  
handled TRU waste. U t i l i z i n g  normal compaction and i n c i n e r a t i n g  tech- 
niques,  about  71% of the  waste is not  t r e a t a b l e .  Table V I  g i v e s  t h e  
plutonium loading  i n  t h e  Pocky F l a t s  boxes and runs by year  of s torage .  
Again, t h e  drums show a s i g n i f i c a n t  i nc rease  i n  Plutonium con ten t  i n  the  
l a t e s t  waste (1970-1977). 

A sampling of the  contact-handled TRU waste by conta iner  con ten t  is given 
i n  Table  V I I .  This  t a b l e  con ta ins  the  da t a  from s e v e r a l  waste 
genera tors .  Consequently, d u p l i c a t e  or near d u p l i c a t e  con ten t  descr ip-  
t i o n s  may be encountered. 

N o  data are c u r r e n t l y  a v a i l a b l e  on nonradioac t ive  t o x i c  c o n s t i t u e n t s  i n  
t h e  TRU waste. Some information may be obta ined  from o u r  record search.  
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However, the i n i t i a l  indicat ions  are that  any information of t h i s  type 
w i l l  be very l imi ted  and s u p e r f i c i a l .  

Very t ru ly  yours, 

L. P. Duffy, Manager 
Waste Management Program 

HMB: If 

Attachment - Appendix A 

cc: R. W. Kiehn, EG&G Idaho 
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TABLE I 

TRU WASTE AT INEL 
AS OF 12/31/77 

Retrievably Stored - Contact-Handled TRU 

Volume Grams 
- B i n  Pu Am-241 U-233 cu. f t .  Curies Box Barrel - m 3 - Storage Area 

TSA #2 4,583 161,825 44,390 787 8,728 78 49 ,480 2,230 15,040 
10/75-12/77 

TSAR1 (2) 2,006 70,832 9 , 869 - 9,378 I1 12,140 946 - - 
1/77-12/77 

TOTALS 34,039 1,20 1 I 917 174,759 5,028 82 I 625 172 210,020 14,466 55 , 630 
m Retr ievably Stored - Remote-Handled TRU 
I 
h) 
OD 11 TSF (3) 9 304 54 

11/ 7 6 - 12/ 7 7 
76 19 

Subsurface Disposal TRU Car tons 

SDA (4) 59 I 522 2 , 102 1 000 191,000 6,042 182,250 12 I 783 344,000 
19 5 4-10/7 0 

( 5 )  7,190 253,800 3,494 1,243 15 I 000 - 11 

Transuranic Storage Area - 20 year retrievable storage 
Transuranic Storage Area - Retrieved waste from subsurface disposal 
Intermediate Level Transuranic Storage Area - Intermediate gamma TRU waste 
Subsurface Disposal Area - Shallow land burial TRU wastes 
Transuranic Disposal Area - Pad disposal of >10 nCi/gm TRU 



TABLE I1 

TRU WASTE AT INEL 

A s  of 10/1/84 

R e t r i e v a b l y  S t o r e d  - Contact-Handled TRU 

A s  of 12/31/77 34,039 m3 
P r o j e c t i o n  t h r u  1984 23,641 m3 
Tot  a1 s 57,680 m3 

R e t r i e v a b l y  S t o r e d  - Remote-Handled TRU 

A s  of 12/31/77 
P r o j e c t i o n  t h r u  1984 
T o t a l s  

9 m3 
400 m3 
409 m3 

Subsurface  Disposal TRU 

A s  of 12/31/77 59,522 m3 

T o t a l s  59,522 m3 
P r o j e c t i o n  t h r u  1984 0 

or 
or 
or 

1,201,917 cU. ft. 
834,766 cu. f t .  

2,036,682 cu. ft. 

or 
or 
or 

318 cu. f t .  
14,124 cu. f t .  
14,442 cu. f t .  

or 

or 

2,102,000 cu. f t .  

2,102,000 cu. f t .  
0 

TABLE I11 

ISOTOPIC COMPOSITION OF TRU NUCLIDES I N  TSA WASTE 

Nucl ide  

Am-241 
PU-238 
PU-239 
PU-240 
PU-241 
PU-242 
U-233 

Weight % 

5.15 
0.34 

69.57 
4.36 
0.30 
0.01 

20.27 
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AVERAGE WEIGHT TRU WASTE CONTAINERS 

D r u m s  - 
# D r u m s  

9,378 
2,726 

15,690 
9,097 
6,860 
8,782 
4,279 
3,464 

60,266 

Boxes - 
$ Boxes 

1971* 56 2 
1972 975 
1973 944 
1974 774 
1975 6 13 
1976 492 

514 1977 - 
4,764 

Weight (lbs) 

1,787 , 825 
871,646 

5,641 , 154 
3,000,723 
2,444,782 

1,596,536 
1,471,801 

3,261,068 

19,975,565 

Weiqht (lbs) 

1,205,060 
3,063,110 
2,813,612 

1,316,289 

1,415,634 

2,006,220 

1,359,950 

13,179,875 

Average 
Weight 

190.6 
319.6 
363.2 
329.9 
356.9 
371.3 
372.4 
424.9 - 
331.5 
(45 lbs/ft3) 

Average 
Weight 

2183 1 
3141.7 
2980 0 
2692.0 
2566.9 
2764.1 
2754.2 

2766.6 
(25 l b s / f t 2 )  

* P a r t i a l  y e a r ' s  data. 
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TABLE V 

COMBUSTIBILITY AND COMPACTIBILITY - TSA WASTE 

9/71 - 12/77* 

camp Comp NComp NCmp 
U n i t  Count T o t a l  Comb NComb COIllb NComb - - 
Drums 
Boxes 
B i n s  

48,917 15,677 1,190 408 31,842 
4,766 404 423 20 5 3,734 - - 1 6 1  160 1 

Drums 
Boxes 
B i n s  

10,374 3,325 252 
14,849 1,259 1,318 

54 7 544 3 

T o t a l  25,770 5,128 1,573 

% 19.9 6.1 

* D o e s  n o t  i n c l u d e  r e t r i e v e d  wastes. 

87 
639 - 
726 

2.8 

6,710 
11,633 - 
1 8  , 343 

71.2 
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Year 

1971* 
197 2 
1973 
1974 
1975 
1976 
1977 

TOTAL 

TABLE V I  

AVWAGE PLUTONIUM LOADING ROCKY FLATS WASTE 

,--- 

# of 
U n i t s  

2,726 
1 5  , 690 
8 , 978 
6,119 
3,556 
2,765 
2,660 

48,494 

1971* 552 
197 2 975 
1973 944 
197 4 776 
1975 302 
1976 49 2 
1977 466 

TOTAL 4,507 

* P a r t i a l  y e a r ’ s  d a t a .  

Dr urns 

we igh t 

2,555 
27 , 744 
1 2  , 705 
28,595 
30 , 894 
1 5  , 519 
27 , 198 

145,210 

Boxes 

769 
5 , 383 
11,554 

6 , 612 
1,047 
1,858 
4 , 993 

32,116 

G m s  Pu/ 
Conta iner  

0.94 
1.76 
1.42 
4.67 
8.69 
5.61 

10.2 

3.42 (Ave.) 

1.39 
5.52 
12.24 

8.39 
3.47 
3.78 

10.71 

7.13 (Ave.) 

E-32 



c) c 
TABLE V I 1  

TRANSURANIC STORAGE AREA DATA 
9/71 t h r u  12/76 

TABULATED BY CONTENT CODE 

Content Description 

N o t  Recorded - Unknown 
F i r s t  S tage  Sludge 
Second Stage  Sludge 
Organic  S e t  Ups ( O i l  So l id s )  
S p e c i a l  S e t  ups (Cement) 
Evaporated S a l t s  
combust ibles  (Rags, Gloves, poly) 
Non-compressible, Non-combust. 
S o l i d i f i e d  Grinding Sludge, Etc.  
S o l i d  Binary Scrap Powder , E t c .  
D i r t  
Sludge 
Alpha H o t  C e l l  Waste 
American Process  Residue 
Sludge , F i l t e r  
Cemented Sludge 
Graphi te  
Graphi te  Cores 
Benelex and P l e x i g l a s  
Graphi te  Sca r f ings  
Graphi te  H e e l s  
Tantalum 
Paper and Rags - Dry 
F i l t e r s ,  Absolute (8x8)  
Paper and Rags - Moist 
P l a s t i c s ,  Teflon,  Hash, PVC 
Insu la t ion  & CWS F i l t e r  Media 
Leaded Rubber Gloves & Aprons 
I n s u l a t i o n  
I n s u l a t i o n  Heel 
Crucible , Lead 
B r i c k  , F i r e  
Grit 
Blacktop Concrete Dirt and Sand 

m 
I 

W 
u 

Volume Volume 
Drums Cu. F t .  Boxes Cu. F t .  

1,903 2 1  I 088 
4 I 957 37 , 8 2 1  

3,366 27,581 
8 5 1  6,812 

1 2  10 7 

777 5,762 
4 1  305 
1 2  88 

135 99 3 
23 16  9 
40 16 0 

120 897 
1 7 

73 537 
7 58 5,619 

32 . 235 
16  118 
16  118 ' 

4 4 1  
1 9  2 1,412 

4,945 36 , 835 
110 809 

7,293 53 , 738 
1 , 832 13 I 625 

509 3,743 

6,472 48 ,842 

8 65 6,623 

253 1 , 860 

239 1,761 
1 11 

30 221  

5 37 
937 6,89G 

88 6 6,519 

1 112  

16 1,792 

1 112  

323 36,176 

8 896 
9 1 , 000 

78 8,736 

1 112 

24 2,688 

8 1  5 , 0 7 2  

Weight 
lbs. 

392 , 805 
2,537,489 
3 I 469 , 429 
1,784 , 055 

508 , 472 
10,692 

164 , 845 
184,474 

9 , 880 
2,950 

83 ' 535 
6,800 
3 , 674 

43 I 997 
14  5 

19,072 
. 197,179 

8,327 
63,728 

3,827 
3 I 500 

48 , 365 
1,576,644 

16,912 
1 , 455 , 248 

333 , 056 
195 , 774 
172 , 042 

36,138 
411 
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Pu Grams 
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9 10 
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-0- 

1 6  
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1 4  
1,061 
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8 1  

783 
2.372 2 , 662 
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2 ,212 
1,145 
6 , 5 0 1  

14 I 025 
217 
199 
9 1  

2,789 
2 1  
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AM Grams 
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Content Descr ip t ion  

O i l  D i r t  Residues From Inc ine ra to r  
Cement Insu l .  h F i l t e r  Media 
Crucible  and Sand 
Sand, Slag and Cruc ib l e s  
Sand, S lag ,  and Cruc ib le  H e e l s  
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Ash I nc i nera ted ( V i r  g i n )  
Soot 
Resin,  Ion Column Unleached 
Resin, Leached 
Resin,  Leached and Cemented 
Glass 
Raschig Rings, Unleached 
Raschig Rings, Leached 

M I Washables, Rubber, P l a s t i c s  
W Gloves, Drybox 
LP 

P l e x i g l a s s  and Benelex 
Metal Scrap (Non SS) 
Metal, Leached (Non SS) 
F i l t e r s  CWS 
Bquipment Boxes 
High Level Acid 
High Level Caus t i c  
High Level Sludge/Cement 

16 nCi/gm Non-Combustible 
Contaminated S o i l  
LSA 100 nCi/gm Combustible 
LSA 100 nCi/gm Non-Combustible 
LSA Paper, plastics, E tc .  
LSA Metal, Glass f  E t c .  
Concrete,  Asphal t ,  E t c .  
Woad 
Bldg .  776 Process Sludge 
Laundry Sludge 
Equipment 
D i r t  
Sludge 

'ISTALS 

Drums 

11 
20 6 

1 
6 
8 
2 
8 

13 
29 

6 
139 
761 

1,096 
22 
6 

53 
48 

1,669 
4 57 

58 

235 
69 1 

1,998 
1 

103 
110 
352 
110 
7 04 

24 
5 

1 
47 0 
296 

47,404 

TABLE V I 1  

Volume 
Cu. F t .  

81 
1,515 

7 
67 
59 
15 
59 
96 

266 
59 

1,022 
5,881 
8,060 

16 6 
67 

510 
364 

12 718 
3,361 

46 0 

1,728 
5,081 

14  692 
-7 

7 57 
609 

2,611 
809 

5 233 
176 

37 

7 
3,456 
2,177 

363,658 

(Continued) 

Boxes 

2 

1 

2,589 
1 

46 6 
12 

36 

6 
33 4 
17 1 
54 
19 
11 

8 

4,252 

- 

Volume 
Cu. Ft .  

224 

112 

289,702 
112 

52,192 
1,344 

4,032 

672 
37,492 
10 426 
6 055 
2 128 
1,232 

896 

467,323 

Weight 
lbs .  

4,209 
56,971 

28 2 
2,700 
1,707 

476 
3,212 
2,826 

11,528 
2,389 

40,500 
190 594 

6,545 
2,813 

19,533 
12,971 

7,981,075 
1 4 1 , 8 4 1  
886,546 

12,687 
75,815 

229,878 
1,260,952 

335 
160 002 

23,168 
22,782 
82 244 

918,936 
1,022,373 

123 892 

46,980 
178 

255,463 

215,9 24. 

89,887 

176,751 

28;492,732 

~ 

Pu Grams 

10 
5,253 

35 
1,164 
1,468 

24 
359- 
702 

26 3 
2 964 
3,841 

11,562 
46 
8 1  

759 
90 

27,319 
13,531 

5,548 
88 
17 
20 

7 
0 
1 
0 
0 
1 

68 
326 
46 7 

23 
43 
11 

0 
64 

2,716 

e\ 
154,559 

~~ 

AM Grams 

0 
17 

0 
0 
0 
0 
0 
0 
0 
0 

21  
16 

0 
0 
0 
0 
0 

43 
3 

13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10,606 
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STANDARD CONTAINERS 

c Standardized conta iners  are used a t  t h e  INEL Radioactive Waste Management 
Complex (RWMC). These conta iners  are designed to provide sa fe ty ,  i n t e g r i t y ,  
and improved space u t i l i z a t i o n  of t h e  RWMC. The following con ta ine r s  are 
approved by the  Department of Transportat ion (DOT) and by DOE-10 f o r  use  a t  
INEL. DOE-ID w i l l  provide t h e  procurement spec i f i ca t ions ,  noted below, upon 
request .  

The DOT 17C 55-gallon drum, per procurement spec i f i ca t ion  S72001, is 
standard steel drum, constructed of 16-gauge materials, with a 
removable head ( s e e  Figure 1). 

The DOT 6M packaging c o n s i s t  of a DOT 17C 55-gallon drum with 
f iberboard  cen te r ing  media and a DOT spec 2R inner containment ves se l  
(see Figure 2 ) .  
s to rage  only when the  drums have no mechanism f o r  venting. 
requires the  generator  to ob ta in  approval f o r  modif icat ion to t h e  DOT 
6M packaging which may be obtained when t h e  6M package is shipped 
i n s i d e  another DOT approved t r anspor t  device. 

DOT 6M packaging is acceptable  a t  t h e  INEL f o r  
This  

The DOT s p e c i f i c a t i o n  2R, or equiva len t ,  containment ves se l  mus t  be 
made of s t a i n l e s s  steel, malleable i ron ,  brass or o ther  material 
having equiva len t  phys ica l  s t rength .  The vesse l  s h a l l  be less than 
25 3/4 inches o v e r a l l  l ength  and have a maximum ou t s ide  vessel 
diameter of 5 inches. Ends of the  ves se l  must  be f i t t e d  with a 
screw-type closure, f langes  of welded or brazed plate. The waste 
generator  must submit the d e t a i l s  of the  6M packaging, including 2R 
containment ves se l  to DOE-ID and EG&G WMPO f o r  information prior to 
usage. 

The DOT 1/H 30-gallon drum, per procurement s p e c i f i c a t i o n  572006, is 
a s tandard steel drum cons t ruc ted  of 18-gauge material with a 
removable head (see Figure 3 ) .  

Two s t y l e s  of DOT 7A boxes are acceptable  (see Figures  4 and 5 ) .  
Packaging of t r ansu ran ic  waste per Sec t ion  V, Table 11, requ i r e s  the  
box to be coated with 1/8" of f i b e r g l a s s  per procurement 
s p e c i f i c a t i o n  572013 as shown on Figure 4. 

(a) 
' 

The DOT 7A wooden box, per procurement s p e c i f i c a t i o n  572016, is 
an e x t e r n a l l y  c l ea t ed  plywood box, normally 4 '  x 4 '  x 7'  long 
(see Figure 5 ) .  
i n  Figure 6 .  

These boxes are being replaced by t h e  box shown 

(b) The DOT 7A wooden box, per procurement s p e c i f i c a t i o n  572011, is 
a plywood box with i n t e r n a l  s t i f f e n e r s ,  normally 4 '  x 4 '  x 7 '  
(see Figure 6 ) .  

The DOT 7A steel box, per procurement s p e c i f i c a t i o n  572010, is a 
rectangular  steel box of dimensions 50 3/8" x 58 3/8" x 72 3/8" (see 
Figure 7 ) .  When used as an overpack it w i l l  hold e i g h t  (8) 17C 
55-gallon drums i n  t w o  (2) l a y e r s  of four  ( 4 )  drums each or twelve 
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(12) 1 7 M  30-gallon drums i n  two ( 2 )  layers of s i x  (6)  drums each. 
This  box does not require a security seal when it is used as an 
overpack, provided each of the DOT approved inner containers is 
properly sealed 

( 6 )  See Section VI11 Exceptions of Special Shipment Requirements for use 
of containers that do not meet the above cr i ter ia .  

. . .. 
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DOT SPEC. 17C STEEL DRUM (55 gallon) 

Bolt Rfng (12 gauge) 

Head and Gasket 

Aolilnq Hoop (3 rwuirad) 

Body and Head Shod 

- 1.5. 
Figure 1 
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DOT SPEC. 6M Packaging 

(CFR 49 S 178.104) 

Head ord Caskel 

Sol id industricl cane 
libriaoardr, hardwood 
or plywood 

(minimum o f  4 required- 

1.2 cm Iz0.s h.-diarneter) 

D.O.T. SP. 17C Required for  packages 
having authorized g r o  
ueaght in excess of 2 
kg (480 L b  1 as s 
in CFR-49 5 178.104 

Figure 2 
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DOT SPEC. 17H STEEL DRUM (30 gallon) 

Bolt Rlng (12 gauge) w 
Bolt (118 In.) 

Hmd and Quket 

T- 
28 in. usable 
tnsfd8 height 4 

Figure 3 
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Ffgure 4 
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BOT SPEC. 7 8  STEEL BOX 

72-318 In. 

iigure i 
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Appendix F 

INCINERATION AND IMMOBILIZATION PROCESSES 

As explained i n  Sec t ion  5.3, s e v e r a l  s t u d i e s  of t h e  process ing  of t ransura-  
n i c  waste have been carried o u t  a t  t he  Idaho Nat iona l  Engineering Laboratory. 
One of these  ana lyses ,  performed by t h e  FMC Corporat ion (19771, eva lua ted  17  
i n c i n e r a t i o n  p rocesses  (n ine  f o r  r ad ioac t ive  waste and e i g h t  for municipal  or 
commercial waste) and 11 immobilization processes. This  appendix b r i e f l y  
desc r ibes  t h e s e  processes. 

F.l INCINERATION PROCESSES 

F . l . l  Processes f o r  Radioactive-Waste I n c i n e r a t i o n  

An ac id-d iges t ion  process is being developed a t  t h e  Westinghouse Hanford 
Company, Richland, Washington. 
and n i t r i c  acids a t  about  24OoC. 
inorganic  s u l f a t e s  and oxides  i n  a salt-cake form. 

This  system t reats  combust ibles  wi th  s u l f u r i c  
The r e s idue  from t h i s  process c o n s i s t s  of 

An a g i t a t e d  hea r th  is an adap ta t ion  of a commercial inc ine ra to r .  This  
ope ra t ion  is being developed by R o c k w e l l  I n t e r n a t i o n a l  a t  Rocky Flats ,  
Colorado. I n  t h i s  process a batch of  contaminated combustible material is 
charged i n t o  a primary chamber where r o t a t i n g  rabble  arms a g i t a t e  t h e  com- 
b u s t i b l e  material to improve t h e  burning. The ou tpu t  is a dry  ash.  

A con t ro l l ed -a i r  i n c i n e r a t o r ,  a l so  a modi f ica t ion  of commercially ava i l -  
a b l e  equipment, is under cons t ruc t ion  a t  t h e  Los A l a m o s  Nat iona l  S c i e n t i f i c  
Laboratory,  Los  A l a m o s ,  New Mexico. This  i n c i n e r a t o r  u ses  a s t a rved-a i r  pri- 
mary chamber w i t h  an oxygen-rich secondary chamber. The o f f g a s  is treated by 
w e t  scrubbing. The ou tpu t  of  t h i s  process is also a dry  ash. 

A cyclone-drum i n c i n e r a t o r  is being operated a t  t h e  *Mound F a c i l i t y ,  Miam- 
i sburg,  Ohio. Contaminated l abora to ry  waste is burned i n  a vortex-type incin-  
erator i n s i d e  a 55-gallon drum. 
and o u t  o f  t he  i n c i n e r a t o r  i n  t h e  55-gallon drums. 
b u s t i b l e  po r t ion  of this’  p rocess  is almost completely oxidized.  

The contamihated waste.may be handled both i n  
The r e s idue  from the  com- 

- .  
A f luidized-bed i n c i n e r a t o r  is being developed by R o c k w e l l  I n t e r n a t i o n a l  

a t  Rocky Flats, Colorado. This  process feeds combustible material i n t o  a h o t  
f l u i d i z e d  bed of  sodium carbonate .  
v i d e s  immediate i g n i t i o n  f o r  combustibles,  which are burned. The ash is sep- 
a r a t e d  i n  a cyclone. 
The r e s idue  is an ash c o l l e c t e d  i n  t h e  cyclone separator. 
bonate  provides  in - s i tu  n e u t r a l i z a t i o n  of t h e  hydrogen chloride and other 
a c i d i c  gases  formed during the  oxida t ion .  

The ho t  a i r  Chat’ f l u i d i z e s  t h e  bed pro- 

A- second f l u i d i z e d  bed is used for complete oxida t ion .  
The sodium car- 

The molten-sal t  i n c i n e r a t o r  was developed by A t o m i c s  I n t e r n a t i o n a l  for t h e  
(& Idaho Nat iona l  Engineering Laboratory. This  process feeds f i n e l y  d iv ided  

combust ibles  and noncombustibles, inc luding  metals, i n t o  a molten-sal t  bath.  
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~ The combustibles immediately oxid ize  wi th in  the  bath,  and the ash is captured 
there along w i t h  t h e  metal oxides  and other noncombustibles. When the bath is 
f u l l y  loaded w i t h  noncombustible material, it is drained along w i t h  the cap- 
t u r e d  inc ine ra to r  res idue.  The sodium carbonate  i n  the  molten bath provides  
in - s i tu  neu t r a l i za t ion  of the  acid gases  formed during the  oxidat ion process. 

A cont ro l led-a i r  py ro lys i s  i nc ine ra to r  is being developed by E. I. du Pont 
de Nemours & Company, Inc., a t  Savannah River,  South Carolina. T h i s  process 
moves combustible material i n t o  a re f rac tory- l ined  chamber heated to lOOOOC 
by electric hea ters .  The oxygen is maintained below s to ich iometr ic  l e v e l s  to 
ob ta in  f lameless  inc inera t ion .  Under these condi t ions  the v o l a t i l e  materials 
are dr iven o f f  and oxidized i n  an oxygen-rich secondary chamber. 
c ipal  residue of t h i s  process is a char r e l a t i v e l y  high i n  carbon. 

The pr in-  

A commercial rotary-ki ln  inc ine ra to r ,  adapted for rad ioac t ive  waste, is 
under cons t ruc t ion  for  the  Rocky Flats P lan t  i n  Colorado. The contaminated 
waste material is fed  i n t o  t h e  upper end of the ro t a ry  k i l n  and oxidized as 
the  k i l n  rotates. The dry ash is continuously removed from the  bottom of the  
k i ln .  The o f fgases  are burned i n  an a f te rburner .  

A slagging-process inc ine ra to r ,  i n s t a l l e d  a t  t h e  CEN-SCK waste f a c i l i t y  
i n  M o l ,  Belgium, is a commercial inc ine ra to r  adapted for radioactive-waste 
disposal. The waste material is shredded before being fed i n t o  a waste hopper 
t h a t  surrounds the  inc ine ra t ion  chamber. As t h e  waste material feeds i n t o  the 
inc ine ra t ion  chamber, it is oxidized,  and t h e  noncombustible materials are 
melted i n t o  a s l ag  a t  1600OC. The s l a g  output  material drips continuously 
from the  hearth i n t o  a water quench tank below t h e  inc ine ra to r .  The o u t p u t  
material is a basalt l ike g la s sy  s lag .  

F.1.2 Processes for t h e  Inc ine ra t ion  of Commercial or Municipal Waste 

The commercial cont ro l led-a i r  i nc ine ra to r  is similar to the radioact ive-  
waste uni t :  it uses  a "s tarved-air"  primary combustion chamber process to 
produce a low l e v e l  of turbulence t h a t  minimizes the t r a n s f e r  of p a r t i c u l a t e  
matter to the of fgas .  An oxygen-enriched secondary chamber w i t h  vigorous a i r  
turbulence is used to completely oxid ize  t h e  offgas .  

Commercial fluidized-bed i n c i n e r a t o r s  (FBIs), al though similar i n  p r inc i -  
ple to the  Rocky Flats  F B I ,  are q u i t e  d i f f e r e n t .  A l l  commercial FBIs operate 
a t  high temperatures and consequently use r e f r ac to ry  l i n ings .  Physical  s i z e s  
and capacities are much l a rge r .  Usually the feed material they process can be 
i n  much l a rge r  chunks t h a t  need not be shredded as f ine .  

The commercial app l i ca t ion  of molten-salt  i n c i n e r a t o r s  is i n  the  devel- 
opment s tage.  The molten-salt  i nc ine ra to r  developmental programs are i n  t h e  
areas of coal g a s i f i c a t i o n ,  f lue-gas p u r i f i c a t i o n ,  etc. Production rates vary 
from 1 to 3 metric tons per hour. 

The commercial moving-grate is a common type of municipal solid-waste in- 
c ine ra to r  or combustion system f o r  waste-heat boilers, etc. T h i s  i nc ine ra to r  
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r e q u i r e s  f i n e l y  shredded combustible feed material w i t h  l i t t l e  fo re ign  noncom- 
b u s t i b l e  material. The maximum capacities of these u n i t s  i n  tons  per  hour are 0 l a rge .  

The commercial mul t ip le -hear th  combustor is used f r equen t ly  for i n c i n e r a t -  
ing municipal and i n d u s t r i a l  s ludges ,  shredded solid wastes, etc. An advan- 
t a g e  of t he  m u l t i p l e  hea r th  is a long res idence  t i m e  i n  t h e  i n c i n e r a t o r  and 
varying temperature ranges for t h e  ind iv idua l  hear ths  so t h a t  t he  top hearths 
may be drying the  waste, t h e  middle h e a r t h s  pyrolyzing the waste, t h e  lower 
hear ths  ox id iz ing  t h e  waste, and the  bottom hearth cool ing  the  waste. Because 
the  ind iv idua l  h e a r t h s  are v e r t i c a l l y  above each other, t h e  u n i t s  are e f f i -  
c i e n t  i n  ope ra t ion ,  u t i l i z i n g  a l l  t h e  waste heat of combustion. 
capacities of mul t ip le -hear th  u n i t s  can be more than  100 tons  per  hour. 

The maximum 

The commercial v e r s i o n s  of t h e  p y r o l y s i s  i n c i n e r a t o r s  are opera ted  more 
nea r ly  as a con t ro l l ed -a i r  process than as a pure p y r o l y s i s  process. These 
u n i t s  completely o x i d i z e  t h e  p y r o l y s i s  char r e s idue  i n  t he  primary chamber to 
provide  a d ry  i n e r t  ash. A secondary combustion chamber o x i d i z e s  t h e  tars and 
o t h e r  v o l a t i l e  products  of pyro lys i s .  

The r o t a r y  k i l n  is another  la rge-capac i ty ,  s tandard  i n c i n e r a t o r  for com- 
mercial or municipal  waste. Rotary k i l n s  are also used for hazardous-waste 
i n c i n e r a t i o n  i n  which 55-gallon drums of material are d i r e c t l y  fed i n t o  the  
r o t a t i n g  k i l n  w i t h  l i t t l e  d e l e t e r i o u s  effect on the  k i l n  l i n i n g .  

The s lagging-pyro lys is  process  is a r e l a t i v e l y  new form of municipal-waste 
i n c i n e r a t i o n .  The o r i g i n a l  o b j e c t i v e  of t h i s  process was to gene ra t e  gas  from 
a p y r o l y s i s  zone t h a t  could be used as f u e l  f o r  i n d u s t r i a l  or municipal  opera- 
t i o n s .  I n  t h i s  process waste material is loaded i n t o  a v e r t i c a l  s h a f t  cham- 
ber. A s  t he  material descends,  it passes through a drying zone, a p y r o l y s i s  
zone, an ox ida t ion  zone, and, f i n a l l y ,  a s lagging  zone i n  t h e  bottom of t h e  
chamber. The hot  g a s e s  dr iven  off each zone rise and form the  f u e l  for the 
upper zones. I n  t h e  p y r o l y s i s  zone, t he  v o l a t i l e  gases are collected; they  
may be used as f u e l  i n  a steam boiler or oxid ized  i n  an a f t e r b u r n e r ,  w i t h  t h e  
hot  gases  running to heat exchangers. The ou tpu t  of t h i s  process is a basalt- 
like glassy slag that entraps the ash along with metals and noncombustibles in 
t h e  waste material. 

I 
F. 2 IMMOBILIZATION PROCESSES 

Bitumen. Any form of waste re s idue  may be encapsulated i n  bitumen (as- 
J 

p h a l t )  t h a t  can be handled by the  bitumen mixer. 
p r i m a r i l y  for waste re s idues  t h a t  are to be disposed of i n  t h e  sea. 

Th i s lp rocess  has  been used 

I 
Cement. Hydraulic cement may be used to s t a b i l i z e / a s h ,  sa l t ,  or even 

small pieces of metal and o the r  noncombustibles, so long as these materials 
can be handled by the mixer. 
cast i n t o  any d e s i r e d  form f o r  handling. 
i nc rease  t h e  s t r e n g t h  of the  packages. 

The cement w i t h  embeddedlwaste materials may be 
S t e e l  re inforcements  are used to 
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Ceramic. I n  t h i s  process, t h e  waste material i n  the  form of a c a l c i n e  is 
combined with g l a s s  f r i t  to produce g l a s s  ceramics. 
l e v e l  waste, t h e  output  ceramic is embedded i n  a metal matrix f o r  hea t  disper-  
sion. 

For immobilizing high- 
6 

Clay. Radioactive waste i n  the  form of sodium-salt so lu t ions  combines 
chemically with c l a y s  to immobilize the  waste. 
b r i cks ,  which are f i r e d  a t  700 to 900°C; t h i s  f i r i n g  decreases  the  leach 
rate. 

The c l a y  may be formed i n t o  

Glass ( so lu t ion ) .  Var ious  waste materials may be combined with glass- 
forming materials and melted a t  high temperatures. 
o u t p u t  materials are f i n e l y  ground ash, sa l ts ,  oxides,  or ca l c ines ,  they d is -  
solve and are d isso lved  i n  t h e  g l a s s  matrix. 

When the  forms of t h e  

Glass (encapsulat ion) .  Small pieces of metals and o ther  noncombustible 
materials are encapsulated i n  molten g l a s s  poured over them. 

Metal matrix. Metals are used to s t a b i l i z e  the  radioactive-waste materi- 
a l s  t h a t  are i n  t h e  form of  v i t r i f i e d  pellets or beads or i n  some other  cal- 
cined form. The p r i n c i p a l  advantages of the  metal matrices are high impact 
s t r eng th  and high thermal conduct ivi ty .  

Pellets. The r ad ioac t ive  material and ash are ground very f i n e l y  and 
mixed with high-alumina cement. This powder is then pressed i n t o  pellets and 
s in t e red .  The p r i n c i p a l  advantage of t h i s  process is tha t  t h e  concentrat ion 
of  rad ioac t ive  waste i n  the  pellets (80%) is higher than t h a t  obtained wi th  
o ther  techniques. For example, i n  t he  g lass -so lu t ion  process the  radioact ive-  
waste concent ra t ion  is 50% a t  a maximum. 

P l a s t i c  materials. A v a r i e t y  of r e s i n s  and plastic materials have been 
used as  matrices to immobilize ash,  sa l ts ,  and oxides.  These materials could 
be used to s t a b i l i z e  small pieces of metal and noncombustibles. 
disadvantage is t h a t  t hese  r e s i n s  are combustible. 

The primary 

Sal t  cake. The cast s a l t  cake taken d i r e c t l y  from the  o u t p u t  of the  
molten-salt  i nc ine ra to r  or t h e  acid-digest ion process adequately immobilizes 
t h e  f i n e  ash material. However, t h e  s a l t  cake has a very high leach rate and 
thus  w i l l  not  meet s t a b i l i z a t i o n  requirements. 

Slag. 
g l a s sy  s l ag .  
inc inera tor  to improve the  v i t r i f i e d  output .  

The product o f . t h e  s lagging inc ine ra to r  is a granular  b a s a l t l i k e  
Glass formers may be added to the  waste-material feed i n  t h e  
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Appendix G 

METHODS USED TO CALCULATE RADIATION DOSES 
FROM RADIONUCLIDE RELEASES DURING OPERATION 

G .1 INTRODUCTION 

The radiation-dose calculations for radionuclide releases during operation 
were performed w i t h  a modified version of the computer code AIRDOS-11. Be- 
cause excellent documentation describing the code and its input instructions 
is available (Moore, 1977) ,  t h i s  appendix only highlights the major features 
of the code and outlines modifications made to the code. 

Generally, AIRDOS-I1 is primarily intended to calculate doses from a con- 
tinuous release of radionuclides, b u t ,  w i t h  the proper adjustments of input 
parameters, it can be used for a pulse release--that is, a release over a short 
time that would resemble a release resulting from an accident. The unmodified 
code calculates its own atmospheric-dilution factors ( X / Q  values); it was used 
i n  Chapter 6 to calculate doses from transportation-accident releases. I n  cal- 
culating doses from normal and accidental releases from the WIPP i n  Chapter 9, 
site-specific X/Q values were desired. 
integrated-puff mddel MESODIF, described i n  Appendix H, Section H.4. I n  order 
to use these X/Q values, it was necessary to write a subroutine that allows the 
direct input of X / Q  values into AIRDOS-11. 

These values were obtained w i t h  the 

The general flow of information i n  the code is indicated i n  Figure G-1. 
The MAIN subroutine drives the code as it differentiates between user options 
and directs the logical calculation process. MAIN f irst  ca l l s  either CONCEN 
or COMPAG. CONCEN estimates ground-level a i r  concentrations and surface- 
deposition rates. CONCEN ca l l s  Q X ,  which accounts for plume depletion over 
the study area. COMPAG inputs previously calculated X / Q  values and then cal- 
culates surface-deposition rates. Once the concentrations and deposition 
rates are calculated, MAIN,calls DOSE to compute the dose delivered to peo- 
ple. 
DOSE results. 

DOSE then ca l l s  DOSMIC', whicli simply provides a structured output of 

1 

G.2 METEOROLOGICAL ROUTINE 

The AIRDOS-I1 code consists of two major calculation routines: the mete- 
The meteorological routine is based 

,I 
orological routine and the dose routine. 
on a dispersion model that considers plume r ise ,  plume depletion, and an in-  
version l i d .  The equation used to estimate plume dispersion is the Gaussian 
plume equation of Pasquill, as  modified by Gifford (1972): 
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and directs 
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Inputs W a  WIU~S 
calculated pmioutly 

Figure G-1. Flow of information in the AlRDOSll code. 
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where 

x = concentration i n  air  a t  x meters downwind, y meters crosswind, and 

Q = uniform emission rate from t h e  stack (pCi/sec) 
u = mean wind speed (m/sec)  

H = e f f e c t i v e  s t a c k  height (physical  stack height h p lus  the  plume 

y = crosswind d is tance  (m) 
z = vertical dis tance (m) 

z meters above the ground (pCi/m3) 6rs 
uy = horizontal  dispers ion c o e f f i c i e n t  (m) 
uz = vertical dispersion c o e f f i c i e n t  (m) 

rise Ah) (m) 

For ca lcu la t ing  ground-level concentrations, t h i s  equation may be reduced 
to the  following: 

The values of t h e  dispers ion c o e f f i c i e n t s  are calculated from equations 
developed by G. A. Briggs of the National Oceanic and Atmospheric Administra- 
t ion.  They are described i n  Table 01 for each Pasqui l l  category. 

Table G1. Formulas Recommended by Briggsa for  cry and uz for  Open-Country 
Conditionsb 

OZ 
(meter 8 )  

"Y Pasqu i 11 
category (meter 8 )  

A 0.22d(l + 0.0001d)'1/2 0 . 20d 
B o . l s d ( l  + 0.0001d)'1/2 0 . 12d 
C O.lld(1 + 0.0001d)'1/2 0.08d (1 + 0.0002d) -li2 
D 0.08d (1 + 0. OOOld) 0.066(1 + 0.0015d)'1/2 

F ' 0.04d(l + 0.0001d)'1/2 0.0168(1 + 0.0003d)-l 
E 0.06d(l + 0.0001d)'1/2 0.03d(l + 0.0003d)-1 

%. A. Briggs, A i r  Respurces Atmospheric Turbulence and Diffusion 

bThe quant i ty  d is the downwind dis tance i n  meters. 

Laboratory, National Oceanic and Al5tospheric Adminisfration, Oak Ridge, 
Tennessee. 

In  ca lcu la t ions  performed f o r  t h e  transportation-impact analysis ,  a dis-  
t r ibu ted  source of f i n i t e  s i z e  was represented by an upwind  v i r t u a l  point  
source t h a t  produced a plume with dimensions matching t h e  assumed height of 
the  d i s t r i b u t e d  source (see Figure 6-2). To match these dimensions, t h e  
dis tance to the  v i r t u a l  source was calculated by simultaneously solving two 
equations: 
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The first equation defines the distributed-source height, and the second de- 
fines the standard deviation of the vertical distribution coefficient for type 
F stability as indicated above. The resultant equation for the distance be- 
tween the virtual source and the distributed source is c 

d(l + 0.0003d)'l = 14.5H 

The value of d is the virtual source distance for a source of height H. Once 
the distance of the virtual source from the actual distributed source is cal- 
culated, the distance used in the diffusion equations is the sum of the dis- 
tances x and d in Figure G-2. 

The Rupp model for momentum-dominated plume rise is used. The Rupp equa- 
tion for momentum-domina ted plumes is 

Ah = 1.5vd/u 

where 

Ah = plume rise (m) 
v = effluent stack-gas velocity (m/sec) 
d = inside stack diameter (m) 
u = wind speed (m/sec) 

As the plume extends in size, some of the particles it contains will be 
deposited on the ground or on water surfaces by dry deposition or by scaveng- 
ing. Dry deposition is a process by which particles are removed from the 
plume at the ground surface by impingement, electrostatic attraction, or chem- 
ical interaction with the ground cover or ground surface. 
deposition is determined by the following equation: 

The rate of dry 

Rd = vdx 

Distributed- 
/ source of heiuht H 

Figure G-2. Virtual point source. 
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where 

= surface-deposit ion rate (pCi/cm2-sec) 

Q Vd = deposi t ion ve loc i ty  (cm/sec) 
X = ground-level concentrat ion i n  a i r  (pCi/cm3) 

Rain or snow scavenges p a r t i c l e s  i n  a p lume by deposi t ing them on t h e  
ground. The r a t e  of scavenging deposi t ion is defined by 

where 

Rs = surface-deposit ion rate (pCi/cm2-sec) 
L = l i d  he ight  ( c m )  
+ = scavenging c o e f f i c i e n t  (sec-1) 

X V a  = average concentrat ion i n  v e r t i c a l  column up to  l i d  he ight  
(pc i / cm3 

The AIRDOS-I1 code accounts for the  e f f e c t  of these deple t ion  processes  by 
ca l cu la t ing  a reduced release rate (source term) a t  each downwind d i s t ance  and 
by using t h i s  reduced release rate i n  place of t h e  input  source term. It also 
accounts f o r  deple t ion  by radionucl ide decay. 

Often throughout a typical year ,  a s t a b l e  a i r  mass w i l l  reside above an 
uns tab le  one. T h i s  condi t ion,  commonly r e fe r r ed  to as an atmospheric inver- 
s ion ,  produces a c e i l i n g ,  or l i d ,  above which a plume w i l l  no t  disperse .  
Consequently, above the  l i d  a l t i t ude  no v e r t i c a l  d i spers ion  w i l l  occur. 
AIRDOS-I1 accounts fo r  the  increase  i n  ground-level concent ra t ion  by allowing 
t h e  user  to input  an inversion-l id  a l t i t u d e .  
p a r t i c u l a t e s  is adjusted by means of t h i s  input  parameter as is t h e  surface- 
deposi t ion rate. 

The average concentrat ion of 

For r e l eases  from the  WIPP, atmospheric-dilution f a c t o r s  ( x / Q  values)  were 
ca l cu la t ed  by another code. Consequently, it was not necessary to use t h e  
CONCEN subroutine.  CONCEN was circumvented by wr i t ing  COMPAG, which is a 
subrout ine t h a t  allows the  d i r e c t  input  of concent ra t ions  i n t o  DOSE. 

Calcula t ions  were also performed for releases of rad ioac t ive  material from 
t h e  WIPP during acc idents  i n  order to determine the  r e s u l t a n t  dose to a maxi- 
mally exposed ind iv idua l  a t  the  si te boundary. 
input  was modified to  accommodate an instantaneous release. 
site-boundary dose, it was assumed t h a t  t he  mixing depth was l imited by t h e  
worst-case l i d  height  and t h a t  the ind iv idua l  exposed remains a t  the  s i t e  
boundary for the  durat ion of the  passage of t he  plume. An e leva ted  r e l ease  
(momentum-dominated) based on the  vent i la t ion-system design was used fo r  t hese  
ca l cu la t ions .  
e leva ted  eiquivalent of t h e  5% ground-level l-hour-duration X / Q  value a t  t h e  
boundary. 
r e s u l t  from accidents ,  t h e  atmospheric d i spe r s ion  was l imi ted  to a s i n g l e  wind 
d i r e c t i o n  under class F condi t ions  w i t h  a wind speed of 2 meters per second. 
These condi t ions  very near ly  approximate t h e % 5 %  X / Q  value a t  5 kilometers from 
the  poin t  of release. 

As discussed earlier,  t h e  
To maximize t h e  

The site-boundary X / Q  value used i n  the  c a l c u l a t i o n s  is the  

In  order to calculate the  maximum site-boundary dose t h a t  could 
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G. 3 DOSE ROUTINE 

The dose routine calculates the radiation dose delivered to people through 
several major pathways. It considers internal exposure resulting from the 
inhalation and ingestion of radionuclides and external exposure resulting from 
immersion in air, immersion in water, and standing on contaminated surfaces. 
The dose from the inhalation of radionuclides is estimated from the following 
equation : 

Dih = (1.0 X (8760) XBrCifi 

where 

D i h  = inhalation dose (rem/yr) 

B, = breathing rate (cm3/hr) 
x = ground-level concentration of the radionuclide in air (pCi/cm3) 

dose-conversion factor for inhalation (rem/pCi) 
1.0 x ci”t: 10’ = = pCi/pCi 

8760 = hr/yr 

The’only parameter that is calculated by the code is the ground-level concen- 
tration; the other values are user inputs. The analyses of normal and acci- 
dental releases bere performed with the same dose routine but different user 
inputs . 

The dose from ingestion is calculated by using the terrestrial model of 
Booth et al. (1971). The code considers radionuclide intake only through the 
ingestion of vegetables, beef, and milk. It takes into account both radio- 
nuclides deposited on the surfaces of vegetables and those absorbed through 
the root system; it does the same for grass in the beef- and milk-intake 
pathways. General agricultural and demographic information must be input by 
the user for ingestion-dose calculations. 

External doses from gamma radiation emitted by the radionuclides in the 
plume are calculated as follows: 

D i m  = (1.0 X IOe6) (8760) XCimm 

where 

= air-immersion dose (rem/yr) 
x = ground-level concentration of the radionuclide in air (pCi/cm3) 

Cim = dose-conversion factor for immersion in an infinite cloud 
( r em-cm3 / pC i -h r ) 

1.0 x 10-6 = pci/pCi 
8760 = hr/yr 

Once’again, the code used calculated concentrations and user-input dose- 
conversion factors. 

A similar treatment is used for estimating doses that result from immer- 
sion in water on which radionuclides have been allowed to deposit. This is 

A 
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seld6m a s i g n i f i c a n t  exposure pathway, b u t  t h e  dose c o n t r i b u t i o n  is c a l c u l a t e d  
from t h e  equat ion  

Rt 1 - exp(-ATt) -6 
= (1.0 x 10 ) (8760) (3600) (24)Cwim Dwimm 

T 

where 

t =  - Cwimm - 
1.0 x 10-6 = 

8760 = 
3600 = 

24 = 

water- immer s i o n  dose (rem/yr) 
s u r f  ace-deposi t i o n  rate (pCi/cm2-sec) 
depth of  water (cm)  
radioact ive-decay cons t an t  + environmental-decay cons t an t  for 
wa te r ( day'l) 
t i m e  allotted for bui ldup  i n  water (days) 
dose-conversion f a c t o r  f o r  immersion i n  a body of water of 
i n f i n i t e  dimensions (rem-cm3/pCi-hr) 
PCi /pCi  
hr/Yr 
sec /h r  

As can be seen i n  t h e  equat ion,  a shal low body of  water makes  a more s i g n i f i -  
c a n t  c o n t r i b u t i o n  to t h e  r e s u l t a n t  dose than  does a deep body of water. The 
depos i t i on  rate is c a l c u l a t e d  by t h e  code; t h e  o the r  parameters  are input .  

The f i n a l  pathway--exposure r e s u l t i n g  from s tanding  on a contaminated 
surface-- is  eva lua ted  by using t h e  fol lowing equat ion:  

1 - exp(-ATt) 
= (1.0 x (8760)Rt (3600) (24 1 Csur f Dsur f T 

where 

D,,,.. = dose from su r face  exposure (rem/yr) 
R t  = sur face-depos i t ion  rate (pCi/cm2-sec) 
AT = radioact ive-decay cons t an t  + environmental-decay 

c o n s t a n t  (day'l) 
t = time allotted f o r  s u r f a c e  bui ldup  (days) 

Csurf = dose-conversion f a c t o r  for s u r f a c e  exposure to an 
i n f i n i t e  plane a t  a p o i n t  1 m above t h e  ground (rem-cm2/pCi-hr) 

1.0 x 10-6 = pci/pci 
8760 = hr/yr 
3600 = sec/hr 

24 = hr/day 

The express ion  

1 - exp(-ATt) 
Rt T (3600) (24) 
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represents  the  sur face  concentrat ion a f t e r  t i m e  t i n  days. 
i n  analyses  f o r  t h e  WIPP was a conserva t ive  15 years .  The 
calculated by the  code, and the  o ther  parameters are input  

The value of t 
deposi t ion rate 
by the  user. 

used 
is 

n 

G.4 INPUT DATA 

Input  da ta  for  the  WIPP analyses  performed with AIRDOS-I1 were obtained 
from published documents and interviews with county agents.  
l i s t e d  by category i n  Table 0 2 .  

These sources are 
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Table 0 2 .  Sources of Input  Data f o r  t he  Analyses 

Category Source 

Meteorological da t a  
Scavenging c o e f f i c i e n t s  

Physical  and dimensional da t a  

Radiological  da t a  
Decay cons t an t s  
Bio logica l  decay cons t an t s  

Dose-conversion f a c t o r s  
External  exposure 
I n t e r n a l  exposure 

Biological data 

Living p a t t e r n s  

Appendix H, Sec t ion  H.4 
Moore, 1977 
NCRP, 1975 

Chapter 8 and t h e  WIPP conceptual  
design (as of December 1978) 

Lederer , 1967 
Ng e t  a l . ,  1968 
NRC, 1977a 
Killough e t  a l . ,  1976 
Moore, 1977 
NRC, 1977a 

NRC, 1977b 
Wolfe e t  a l . ,  1977 
Killough e t  al . ,  1976 
Ng e t  a l . ,  1968 
D is cu s s ions  wi th  

January 25, 1978, and 
January 18, 1979 

January 26, 1978, and 
January 19, 1979 

Lea  County Agent, R. Henard, 

Eddy County Agent, D. Liesner ,  

NRC, 1977b 
Discussions with 

Lea  County Agent, R. Henard, 
January 25, 1978, and 
January 18, 1979 

January 26,  1978, and 
January 19, 1979 

Eddy C o u n t y  Agent,  D. L i e s n e r ,  
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Appendix H 

DESCRIPTION OF THE LOS MEDANOS SITE 

H . l  SCENIC, HISTORIC, AND CULTURAL RESOURCES 

H . l . l  General  Appearance 

The Los Medanos site* i n  Eddy County, N e w  Mexico, is covered with vege- 
t a t i o n  c h a r a c t e r i s t i c  of semiarid climates. The land  is used f o r  ranching, 
and cat t le  are o f t e n  to be seen. Ranch bu i ld ings  are miles apart; i n  between 
t h e r e  are a few windmil ls ,  s e v e r a l  stock-watering tanks,  and an occas iona l  
d r i l l i n g  r i g .  There are many roads i n  t h e  area, t h e  b e t t e r  ones sur faced  with 
c a l i c h e ,  t h e  poorer ones o f t e n  l i t t l e  more than  tracks i n  t h e  sand. The most 
no t i ceab le  man-made f e a t u r e s  are the  potash mines and process ing  p l a n t s ,  t h e  
la t ter  wi th  l a r g e  bu i ld ings  and stacks. Their  emissions o f t e n  create a haze 
heavy enough l o c a l l y  to block t h e  view of t h e  mountains 40 to 60 miles to t h e  
west. 

The o v e r a l l  s c e n i c  q u a l i t y  of t h e  s tudy  area w a s  eva lua ted  i n  A p r i l  1975 
by t h e  Bureau of  Land Management (BLM) f o r  an environmental  a n a l y s i s  r e l a t e d  
to potash  l e a s i n g  (BLM, 1975).  The Bureau has  a s tandard  qua l i t y -eva lua t ion  
sco r ing  system t h a t  takes i n t o  account landform, color, water, vege ta t ion ,  
uniqueness,  and in t rus ions .  On a scale of 1 to 24, w i t h  24 high,  t he  scores 
from 16 obse rva t ion  p o i n t s  about  t h e  s tudy  area averaged 8.3 2 2.9. 
BLM sco r ing  system app l i ed  to the  cen te r  of t h e  WIPP s i te  r e s u l t e d  i n  a score 
of 8.)  
it was a view from New Mexico highway 3 1  of a s a l t  l a k e  i n  the  lower end of 
Nash Draw.  

(The same 

Only one o f  t h e  16 observa t ion  p o i n t s  rece ived  a r a t i n g  as  high as  15: 

This  obse rva t ion  p o i n t  is 13 miles west-southwest of  t h e  site. 

H.1.2 History 

The State of New Mexico has an extensive history of Spanish exploration 
and se t t l emen t ,  da t ing  from t h e  reconnaissance of Marcos de Niza i n  1539, 
which was sparked by reports brought to Mexico by Cabeza de Vaca, t e l l i n g  of 
enormous wealth i n  t h e  l and  to t h e  north.  D e  Vaca himself probably passed 
through New Mexico near present-day Carlsbad i n  1534 or 1535. However, m o s t  
Spanish exp lo ra t ion  and se t t l emen t  t o o k  p l a c e  i n  t h e  R i o  Grande v a l l e y  to t h e  
w e s t .  The next  e n t r y  of Spaniards  i n t o  sou theas t e rn  New Mexico was i n  1583, 
when an exped i t ion  led by Antonio de Espejo t r a v e l e d  down t h e  Pecos River on 
t h e  way back from t h e  north.  I n  1590, an expedi t ion  l e d  by Gaspar Castano de 
Sosa t r a v e l e d  nor th  up t h e  Pecos to t h e  v i l l a g e  of Pecos and then  turned  west 
to t h e  R i o  Grande. 

For almost t h r e e  c e n t u r i e s  a f t e r  de Sosa passed through t h e  area, t h e r e  
were only two s i g n i f i c a n t  recorded e n t r i e s  by whi te  men. 
1775, when Commandant-General Hugh O'Conor conducted m i l i t a r y  campaigns 

The f i r s t  was i n  

*In t h i s  appendix t he  terms "Los Medanos site" and "WIPP site" are 
synonymous. 
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aga-insbizhe [Apaches i n  t h e  Pecos Valley.  The second occurred i n  1854, when 
Brevet Captain John Pope conducted a survey of  a p o s s i b l e  rou te  f o r  a r a i l r o a d  
to  t h e  Pacific through southern  New Mexico. c 
H.1.3 Regis te red  Historic S i t e s  

The WIPP s i te  c o n t a i n s  no s i t e s  l i s t ed  by t h e  Na t iona l  or t h e  S t a t e  Reg- 
ister of  Historic Sites. There are,  however, h i s t o r i c  sites i n  t h e  v i c i n i t y  
o f  t h e  si te.  Nine miles south-southwest is t h e  Project Gnome s i te ,  which is 
p r e s e n t l y  undergoing t h e  nomination procedure.  It  was t h e  s i t e  of  t h e  f i r s t  
underground nuclear  de tona t ion  (December 1961) of  t h e  Plowshare program, t h e  
A E ' s  program of search  for nonmi l i ta ry  uses o f  nuc lear  explos ions .  
t h e  si te two areas be l ieved  to be  of  Na t iona l  Reg i s t e r  q u a l i t y  are also under- 
going t h e  nomination procedure: Laguna Plata ,  15 miles nor th ,  and Maroon 
C l i f f s ,  11.5 miles northwest  of t h e  center of t h e  si te.  Another s i te  being 
nominated is Pope's Wells, near t h e  S t a t e  l i n e  20 to 26 miles to t h e  south.  

North o f  

Nearby sites now on t h e  S t a t e  Reg i s t e r  i nc lude  Ra t t l e snake  D r a w ,  Monument 
Spr ings ,  t h e  Lusk Ranch, and B o o t  H i l l  ( l i s t ed  as  t h e  Red  Tank Archaeological  
S i t e )  , a l l  on p r i v a t e  land. Ra t t l e snake  D r a w  is s a i d  to  con ta in  t h e  b e s t  
s t ra t igraphic  sequences found to date i n  sou theas t e rn  New Mexico. Monument 
Spr ings  c o n s i s t s  of  pi t -house r u i n s  and a l a r g e  midden. The Lusk Ranch is t h e  
si te of a mammoth-bison k i l l  da t ing  from 9000 B.C. B o o t  H i l l  d a t e s  from A.D. 
900-1300 and c o n t a i n s  a series of Jornada Mogollon p i t  houses. 

Table  H-1 lists t h e  si tes on t h e  State  Reg i s t e r  of  C u l t u r a l  Properties 
t h a t  are wi th in  30 miles of  t h e  WIPP s i te ;  t h e s e  sites are recorded i n  t h e  
o f f i c e  o f  t h e  S t a t e  Historic P rese rva t ion  O f f i c e r .  Table H-2 lists similar 
sites i d e n t i f i e d  i n  a survey of  h i s t o r i c  engineer ing  sites. Most of t h e  la t -  
ter have not  been eva lua ted  f o r  r e g i s t r a t i o n  purposes.  

H.1.4 Se t t l emen t  

Abor ig ina l ly ,  t h e  s tudy  area was inhab i t ed  by wandering bands of American 
Indians ,  predominantly Lipan Apaches. Occas iona l  parties o f  Mescalero 
Apaches, Comanches, and Kiowas probably c rossed  t h e  area on hunt ing or r a i d i n g  
forays .  With t h e  coming o f  t h e  ca t t lemen,  t h e r e  were occas iona l  encounters  
between white  men and Indians ,  bu t  t h e s e  were in f r equen t ,  and by t h e  1880s 
Ind ians  were no longer  a s i g n i f i c a n t  presence  i n  t h e  Pecos area. Today t h e  
Aearest group of Ind ians  is t h e  Mescalero Apaches 100 miles to  t h e  northwest.  

I Ownership o f  New Mexico changed from Spain to  t h e  Republ ic  of  Mexico i n  
18211 and from Mexico to t h e  United S t a t e s  i n  1848. Southeas te rn  New Mexico 
played no par t  i n  t h e s e  changes o the r  than  being a small p o r t i o n  of  l a r g e  
tracts of land changing hands. 

\ 

I t  was t h e  coming of  t h e  ca t t lemen,  led by Char l e s  Goodnight and Ol iver  
Loving i n  1866, t h a t  s t a r t e d  t h e  modern development of sou theas t e rn  New Mex- 
ico. When t h e  Army and t h e  Indian  Bureau called f o r  bids  to  f u r n i s h  beef 
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Table H-1. Sites on the  State Reg i s t e r  of C u l t u r a l  Properties Within 30sMiles . 
of  t h e  WIPP S i t e  

L i s t i n g  N a m e  
Distance 

(miles) Di rec t ion  

007 
280 

208 
472 
557 
159 

474 
24 0 

567 

16 8 

167 

16 2 

Carlsbad Reclamation Project, Carlsbadarb 
Eddy & B i s s e l l  Livestock Company 

headquar te rs ,  Carlsbad 
Eddy Nat iona l  Bank, Carlsbada 
Hagerman House, Carlsbad 
Lake Avalon, 4 miles nor th  of Carlsbad 
tusk  Ranch s i te ,  20 miles east and 12 miles 

no r th  of Carlsbad 
Phenix Adobe, Carlsbad 
Pope's Wells S i te ,  8 miles east of the  

confluence of t h e  Delaware and Pecos Rivers  
O r i g i n a l  po tash  bullwheel,  10 miles sou theas t  

of Carlsbad 
Red Tank Archaeological  Site ( B o o t  H i l l ) ,  

5 miles no r th  and 7 miles west of Maljamar 
Rat t lesnake  D r a w  S i te ,  12 miles west and 

3 miles south of Buckeye 
Monument Spr ings  S i t e ,  4 miles west of  Monument 

25 

25 
25 
25 
28 

15 
25 

24 

19 

39c 

28 
32c 

W 

W 
W 
W 
WNW 

N 
W 

S 

wsw 

N 

N 
NE 

aL i s t ed  on t h e  Nat iona l  Regis te r  of Historic Places. 
h a t i o n a l  Historic Landmark. 
CIncluded i n  t a b l e  because mentioned i n  t e x t .  

f o r  t h e  Navajos and Mescalero Apaches who had been forced  on to  a r e se rva t ion  
a t  F o r t  Sumner, New Mexico, local ranchers  and farmers  could no t  meet t h e  
demand. 
southern  part of the Llano Estacado and up t h e  Pecos River to Fort Sumner. I n  
t he  next  year  John Simpson Chisum followed the  Goodnight-Loving t r a i l  w i t h  
another  herd. When the  c o n t r a c t o r s  would n o t  accept.cows w i t h  c a lves ,  Chisum 
placed t h e s e  unacceptable cat t le  on t h e  range south o f  F o r t  Sumner. Event- 
u a l l y ,  wi th  t h e  a d d i t i o n  of unacceptable  catt le from subsequent d r ives ,  Chisum 
had cattle g raz ing  along t h e  Pecos River all. t h e  way to t h e  Texas border .  
Trading posts c a t e r i n g  to t h e  needs-of  t h e  cowboys were es t ab l i shed ,  and set- 
t lement  of  southeas te rn  New Mexico was begun. One such t r ad ing  post was lo- 
c a t e d  near t h e  present-day town of Malaga, south of Carlsbad. 

Goodnight and Loving drove a mixed herd of  Texas cat t le  across t h e  

I n  1888, another  cat t leman,  Charles Bishop Eddy, founded t h e  Pecos Val ley  
Land and Ditch Company. to b u i l d  i r r i g a t i o n  d i t c h e s  and cana ls .  
founded i n  1889 as t h e  town of Eddy. 

Carlsbad w a s  

The twent ie th  century  i n  sou theas t e rn  New Mexico has  seen t h e  development 
of o the r  i n d u s t r i e s .  -The Hammond.wel1, and later t h e  Brown well, produced o i l  
near Artesia i n  1909; o i l  and .gas  development s t a r t e d  i n  e a r n e s t  i n  Lea County 
and ad jacen t  Texas i n  1934. 
1925, and the commercial e x p l o i t a t i o n  of these  resources  began i n  1931. Min- 
ing  is now t h e  p r i n c i p a l  i ndus t ry  of Eddy County. 

O i l  d r i l l i n g  l e d  to t h e  d iscovery  o f  po tash  i n  
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Table H-2. ' Sites I d e n t i f i e d  by t h e  State  Historic Engineering Sites Survey 

c Within 30 Miles o f  t h e  WIPP S i t e  

Distance 
from W I  PP 

L i s t i n g  Name Date s i te  (miles) Di rec t ion  

5OiO Lake  Avalon (CRP)a'c 
5039 Carlsbad Water Works  

Flumea 
I 35151 Carlsbad I r r i g a t i o n  District 

Carlsbad Municipal Bui lding 
United Sa l t  Supply 

35365 Pecos River Railroad Bridge 
35421 S a l t  D r a w  Bridge 
35447 S i x  M i l e  Dam 
35462 T a n s i l l  Dam 
35515 Judkins  M i l l  
35539 Harroun Dam 
35441 Pecos River Rai l road  Bridge, 

Car lsbad 
35617 Southern Main CanalC 
35618 East CanalC 
35677 B l a c k  River CanalC 

1891 
19 20 
1903 

1955 
19 37 
ca. 1900 
1932 
1920 
1888 
1900 
19 30 
1940 

1906 
1906 
ca. 1890 

28 
25 
25 

25 

36 
1 9  
19 
25 

16 
25 

25 
25 
17 

WNW 
W 
W 

W 

Nw 
sw 
W 
W 

wsw 
W 

W 
w 
sw 

~ _ _ _ _ ~  

aListed on t h e  State Reg i s t e r .  
bNational  Historic Landmark. 
CPart of the Carlsbad Reclamation Project. 
dLis ted  on t h e  Nat iona l  Regis te r  of Historic Places. 

H. 1.5 A r  chaeology 

L i t t l e  a r chaeo log ica l  research  has  been done i n  southeas te rn  N e w  Mexico. 
I n t e r e s t  has i n s t e a d  tended to focus  on areas to the  north and w e s t ,  p a r t l y  

ecause of the more spec tacu la r  r u i n s  there--such as Chaco Canyon and Mesa 
rde--and p a r t l y  because of t h e  p o s s i b i l i t y  of r e l a t i n g  these  r u i n s  to t h e  

p r e s e n t  Pueblo Indians.  These nor thern  areas were f e l t  to be t h e  major c u l -  
t u r a l  centers, whereas southeas te rn  New Mexico has  been regarded as a less 
f r u i t f u l  area for i n v e s t i g a t i o n  than areas to t h e  nor th  and west. More re- 
c e n t l y ,  however, t h e  marginal  na tu re  of  t h e  southeas te rn  environment has  been 
recognized a s  o f f e r i n g  o p p o r t u n i t i e s  f o r  s t u d i e s  on t h e  r e l a t i o n s h i p  between 
environment and c u l t u r e .  

S tud ie s  by Mera (1943),  Lehmer (1948),  and J e l i n e k  (1967) are t h e  t h r e e  
basic sources  of information on t h e  archaeology of southeas te rn  New Mexico. 
Lehmer synthes ized  t h e  knowledge of  t h e  archaeology of t h e  area and incor- 
pora ted  Mera's d a t a  to d e f i n e  what he c a l l e d  t h e  Jornada branch of  Mogollon 

. c u l t u r e .  This  d i d  no t  inc lude  t h e  more e a s t e r l y  p o r t i o n s  of southern New 
Mexico or t h e  area of  t h e  WIPP site. J e l i n e k  conducted a survey of  t h e  Pecos 
Valley nor th  of R o s w e l l .  The earliest phase h e  i d e n t i f i e d ,  h i s  "Early 18 
M i l e "  (A.D. 800 to 900), was genera l ly '  similar to l a t e  Archaic. The area 
appears  to have been abandoned fo r  s o m e  t i m e  a f te r  the  mid-14th century.  The 

H- 4 



s t u d i e s  of Lehmer and J e l i n e k  and later f i e l d  obse rva t ions  i n  Lea and Eddy 
Counties  have l e d  to t h e  ex tens ion  of  t h e  boundaries  of Lehmer's Jornada 
Mogollon to inc lude  t h e  rest of sou theas t e rn  New Mexico. 

Si tes  i n  sou theas t e rn  New Mexico are g e n e r a l l y  classified as  Paleo-Indian 
(before  500 B.C.) , Archaic  (500 B.C. to A.D. 950) ,  Jornada Mogollon (A.D. 950 
to  1400) ,  or Historic ( s i n c e  A.D. 1400) .  The Jornada Mogollon, being p a r t i c u -  
l a r l y  r i c h  i n  s i tes  and i n  p o t t e r y  types, has  been subdivided by s e v e r a l  au- 
t h o r s  (F igure  H-1)  . Lehmer's c l a s s i f i c a t i o n ,  as the  names he used imply, was 
based on work cons ide rab ly  to the  west of t h e  si te area: J e l i n e k ' s ,  on work on 
t h e  middle Pecos River v a l l e y  to t h e  no r th  o f  t h e  site. C o r l e y ' s  c l a s s i f i c a -  
t i o n  (1965) is based on work nearer  t h e  si te.  Corley,  i n  f a c t ,  saw t h e  Jornada 
Mogollon as having t h r e e  r e g i o n a l  v a r i a n t s :  Lehmer's nor th  and south,  and h i s  
own e a s t e r n  v a r i a n t .  

V a r i o u s  groups of e x p e r t  amateurs, e s p e c i a l l y  t h e  Lea County Archaeologi- 
cal Socie ty ,  have been a c t i v e  i n  t h e  excavat ion ,  survey,  and p u b l i c a t i o n  o f  
t he  a rchaeo log ica l  v a l u e s  of sou theas t e rn  New Mexico. 
f i rms  have also been a c t i v e  i n  t h e  Carlsbad Potash District immediately w e s t  
and no r th  o f  t h e  WIPP s tudy  area. 

Con t rac t  a r chaeo log ica l  

A Bureau o f  Land Management s tudy  (BIN, 1975, p. 11-254) h a s  estimated t h e  
d e n s i t y  of a rchaeo log ica l  s i tes i n  t h e  potash  areas, us ing  data ga the red  by 
t h e  Eas te rn  New Mexico Un ive r s i ty  (ENMU) on a survey to t h e  no r th  and projec- 
t i o n s  made by Schaafsma (1975) from similar areas elsewhere i n  New Mexico. I t  
concluded t h a t  t h e  "si te d e n s i t i e s  w i th in  t h e  potash  bas in  may be expected to 
range between 12 and 15 sites per square  m i l e .  The m a j o r i t y  of  sites w i l l  be 
located i n  dunes, on c l i f f s ,  i n  close proximity to p layas ,  or a combination of 
these .  The m a j o r i t y  o f  sites w i l l  be of t h e  Archaic  and Jornada Mogollon t i m e  
periods, wi th  p i thouses  and s u r f a c e  s t r u c t u r e s  n o t  uncommon." Earlier, t h e  
Bureau, drawing on Schaafsma (1975) ,  i n d i c a t e d  t h a t ,  a t  a d e n s i t y  of  12 sites 
per square m i l e ,  one s i te  would be Paleo-Indian, t e n  would be Archaic,  and one 
would be Jornada  Mogollon. The Bureau 's  own part ia l  survey ind ica t ed  more 
Jornada Mogollon than  Archaic  sites, w i t h  t h e  reason for t h e  discrepancy un- 
known, though p o s s i b l y  "a r e s u l t  of r epor t ing  biases. '' 

Prehistoric dwe l l ings  are rare i n  sou theas t e rn  New Mexico. U n t i l  r e c e n t l y ,  
the known dwel l ings  n e a r e s t  to t h e  WIPP s i t e  were those a t  Maroon C l i f f s ,  11.5 
m i l e s  northwest.  The presence  of p i t  houses .has  not been confirmed t h e r e ,  bu t  
year-round occupat ion is suggested by a deep midden r e c e n t l y  excavated by t h e  
ENMU. The Lea County Archaeological  S F i e t y . r e p o r t e d  p i t  houses a t  Laguna 
Plata, 15 miles no r th ,  though J. L. H a s k e l l  (ENMU, pe r sona l  communication, 
1977) q u e s t i o n s  its conclusions.  The n e a r e s t  confirmed p i t  houses are a t  t h e  
Marchant s i te  ( s o u t h w e s t  of Hobbs and about  18 miles east of t h e t s i t e ) ,  exca- 
vated by the  Lea County Archaeological  S o c i e t y  i n  t h e  1960s (Leslie, 1965).  

I n  t h e  summer of 1976, t h e  ENMU surveyed t h e  c e n t r a l  4 square  miles o f  t h e  
WIPP si te,  inc luding  a l l  of c o n t r o l  zones I and I1 (sites ENM 10201 through 
ENM 10246 i n  F igure  H-2). They found 64 i s o l a t e d  a r t i f a c t  sites and 33 archae- 
o l o g i c a l  sites ( t h r e e  o u t s i d e  t h e  4 square miles). The la t te r  were taken to 
be local i t ies  t h a t  had been usedtand occupied b y * p r e h i s t o r i c  man. 
s i te ,  with a metate, is shown i n  F igure  H-3. 

One such 

The number of a rchaeo log ica l  sites corresponds to an average d e n s i t y  o f  
7.5 per square m i l e ,  s i g n i f i c a n t l y  fewer than t h e  Bureau of Land ME -1agement 
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Figure H-1. Classification of archaeological sites according to various 
authorities. 

had i n f e r r e d  from earlier surveys.  
to a scale def ined  by the  School of American Research: Task Locus, Special 
A c t i v i t y  Zone, L i m i t e d  Base, Home Base, C e n t r a l  Base, and Occupation Zone. 
By this scale, twenty-seven of t h e  sites ( inc lud ing  the one shown i n  Figure 
H-3) are Task  Locuses and the  remaining s i x  are S p e c i a l  A c t i v i t y  Zones. N o  
p i t  houses, permanent s t r u c t u r e s ,  or other i n d i c a t i o n s  of heavy use were found 
a t  t h a t  t i m e .  

The ENMU c l a s s i f i e d  t h e  33 sites according 

(As i nd ica t ed  below, s o m e  have been found s ince.)  

The main conclus ions  of t h e  ENMU a t  t h a t  t i m e  were as follows (Nielsen,  
1976, p. 23) : 

C u l t u r a l  resources are remarkably uniform across the  area. 
Groundstone c o n s i s t s  of wedge-shaped manos, and oval-shaped me- 
tates. Although few i n  number, po tsherds  belong to t h e  E l  Pas0 
Brown, Jornada Brown, and Chupadero Black-on-White types, which 
d a t e  between A.D. 900-1300. These resources  are tied to the  6 
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Figure H-2. Archaeological sites in the area of the WlPP site. 



Figure H-3. Overview of an archaeological site looking toward the east (top) 
and oval basin metate (bottom). 

H-8 



c3 
Jornada Branch of  t h e  Mogollon. O f  t he  seven p r o j e c t i l e  p o i n t s  
found, one was from t h e  Archaic per iod  (4000 B.C. to A.D. 500).  
The o t h e r s  were probably of Jornada Mogollon authorship.  e . . 
Hearths  were o f t e n  noted, wi th  t h e i r  p resence  being ind ica t ed  
e i t h e r  by a dark s t a i n  i n  t h e  soil ,  or by a scatter of burned 
c a l i c h e  or sandstone. 

It is be l ieved  t h a t  t h e  area w a s  occupied seasona l ly  by 
hunt ing/gather ing bands. The prime resources are acorns,  m e s -  
q u i t e  beans, r a b b i t ,  and deer. Owing to t h e  r e l a t i v e l y  l a r g e  
number o f  groundstone fragments,  it seems l i k e l y  t h a t  t h e s e  
acorns  and mesquite beans were probably primary resources  of 
t h e s e  people.  

A s  a resu l t  of t hese  surveys,  and a t  t h e  in s t ance  of Thomas S. Merlan, 
State  Historic P rese rva t ion  O f f i c e r ,  t h e  WIPP s i te  has  been declared e l i g i b l e  
for nomination as ,an a rchaeo log ica l  d is t r ic t  (Appendix I) because t h e  33 sites 
loca ted  i n  t h e  f i r s t  a r chaeo log ica l  survey,  when taken toge the r ,  are con- 
s ide red  l i k e l y  to y i e l d  s i g n i f i c a n t  information on p r e h i s t o r i c  occupation. 
Subsequent surveys  have turned  up t w o  p r e h i s t o r i c  s t r u c t u r e s ,  t hus  adding to 
i n t e r e s t  i n  t h e  area. These s t r u c t u r e s  are descr ibed  below. 

Continued si te i n v e s t i g a t i o n  has so far (June 1980) requi red  bu i ld ing  
about  30 miles of new road, d r i l l i n g  56 ho le s  or hole  complexes, i n s t a l l i n g  a 
meteoro logica l  tower, running 156 m i l e s  of off-road seismic l i n e s ,  and making 
about  9000 off-road r e s i s t i v i t y  measurements. Much of t h i s  work was o u t s i d e  
t h e  o r i g i n a l  4 square m i l e s  surveyed i n  1976 and required a rchaeo log ica l  clear- 
ance. I n  add i t ion ,  surveys  were made of t h e  rights-of-way for t h e  t w o  access 
roads and f o r  t h e  railroad. I n  t h e  process, 15 new si tes were discovered,  
e i g h t  of them Special A c t i v i t y  Areas. A l s o  found were t w o  s t r u c t u r e s  and one 
possible s t r u c t u r e .  

On t h e  o the r  hand, i n  t h e  areas where t h e  new surveys overlapped t h e  or ig-  
i n a l  one, e i g h t  of t h e  prev ious  sites could no longer  be found. In  mid-1978, 
a survey was made f o r  a seismic l i n e  along the  nor thern  edge of t h e  o r i g i n a l  
4 square miles. Schermer (1978, pp. 17-18) r e p o r t s  t h a t  " t h r e e  p rev ious ly  de- 
scribed sites l i e  along this corridor . . . . Of these sites, ENM 10222 and 
ENM 10239 w e r e  not  encountered during t h i s  survey al though t h e  areas i n  which 
they  are supposedly loca ted  were surveyed. These areas have been previous ly  
impacted, and t h e  sites may have been destroyed." On. the right-of-way f o r  t h e  
sou th  access road, s i x  s i tes  (EN$¶ 10206, ENM 10207, ENh 10208, ENM.10209, ENM 
10211, and ENM 10212) could no longer  be found. Of them, MacLennan and Scher- 
m e r  (1979, pp. 6-7) say t h a t  "during both t h e  August, 1978, seismic survey 
(Schermer, 1978) and t h i s  reconnaissance,  t h e s e  si tes could not  be re loca ted .  
Due to t h e  extremely l o w  a r t i f a c t  d e n s i t y  wi th in  t h e s e  sites and to t h e  exten- 
s i v e  a c t i v i t y  i n  t h i s  area, ACA t h e  Agency for Conservation Archaeology of 
ENMU f e e l s  t h a t  t hese  sites e i t h e r  do n o t  ex i s t  or are n o t  i d e n t i f i a b l e . "  

The f i r s t  o f  t h e  t h r e e  s t r u c t u r e s  was found on an ex tens ion  of  a s i te  
i d e n t i f i e d  earlier o u t s i d e  t h e  o r i g i n a l  4 square miles (Schermer, 1978, pp. 
13-14). H i s  d e s c r i p t i o n  of t h e  si te is as follows: 

ENM 10230 is a massive s i te  which fo l lows  t h e  southwest f a c e  
of  a r i d g e  f o r  more than 1 /4  m i l e .  The s i te  is shaped roughly 
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l i k e  a boot . . . . The r idge  top and area immediately sur- 
rounding the  s i te  are occupied by moderately l a r g e  dunes (up to 
3 m high) .  The majori ty  of t he  si te area is covered by a dense 
l i t h i c  and ceramic scatter with evidence o f  numerous hear ths .  
L i t h i c  materials include primary and secondary decor t i ca t ion  
f l akes ,  b i faces ,  u t i l i z e d  f l akes ,  and numerous ground s tone  
fragments. Ceramics include Jornado Brown, Carlsbad Brown, 
Chupadero Black-on-White, and an un iden t i f i ed  red-on-brown ware. 

The most important addi t ion  to the  desc r ip t ion  of t h i s  s i te 
is t h e  l oca t ion  of a t  least one r o o m  b l o c k .  The r o o m  b l o c k  is 
an L-shaped sandstone foundation which measures 8.5 x 7.6 meters. 
The s t r u c t u r e  c o n s i s t s  of a t  least four  rmms . . . . The foun- 
da t ion  is located f i v e  to e i g h t  f t  below the  crest of the  r idge  
and on the  southwest face.  In  add i t ion  to t h i s  s t r u c t u r e ,  t w o  
'more poss ib l e  structures were loca ted  f u r t h e r  north.  
areas conta in  rectangular  concent ra t ions  of small fragments of  
ca l i che ,  approximately 3 to 5 m square. Concentrations of cali- 
che as described above also occur a t  ENM 10229 and ENM 10407. 

The second of these s t r u c t u r e s  (ENM 10408) is i n  a newly discovered si te 
w e l l  ou t s ide  the  o r i g i n a l  4 square miles. Of it, Schermer (1978, p. 16) says  
only that "the site consists of a r e c t i l i n e a r  concentrat ion of c a l i c h e  which 
appears to be t h e  remains of a three to f o u r  r o o m  jacal s t ruc tu re .  The struc- 
t u r e  appears to have measured 3 x 5 meters. Severa l  metate fragments occur i n  
t h e  surrounding area." 

These - 

\ 
I 

Fina l ly ,  another poss ib l e  s t r u c t u r e  was reported i n  the  southeas t  corner 
of Sect ion 17, j u s t  p u t s i d e  t h e  o r i g i n a l  4 square m i l e s  (Schermer 1978, p. 
18) .  However, it has s ince  been e s t ab l i shed  t h a t  t h i s  s i te  is a modern camp- 
s i te  established by f i e l d  workers for the  WIPP biology program. 

Areas not  y e t  surveyed archaeologica l ly  include most of c o n t r o l  zones I11 
and I V  as  w e l l  a s  t h e  rights-of-way f o r  t he  electric-power l i n e  from t h e  
northwest and for  the  water l i n e  to the north of U.S. Highway 62/180. 

I n  summary, t he  area of  t he  WIPP si te s e e m s  to have been l i g h t l y  but  per- 
I t  is not  unique bu t  is much l i k e  its sur- vas ive ly  used by pre-Western man. 

roundings. 
than would be in fe r r ed  from the  Bureau of Land Management estimates. It  is 
p r i n c i p a l l y  of  i n t e r e s t  a rchaeologica l ly  f o r  t he  l i g h t  it might shed on how 
man can l i v e  i n  a marginal environment. 

Indeed, t he  number of sites so f a r  found is considerably smaller 

/-- 

I 

e 
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'. H.2 POPULATION 

H.2.1 Populat ion Trends and D i s t r i b u t i o n  

I n  1912, when New Mexico became a state,  Eddy County c o n t a i n e d  approxi-  
m a t e l y  9600 people. Between 1920 and 1930 t h e  p o p u l a t i o n  grew to 15,842. 
A f t e r  t h e  s t a r t  of p o t a s h  mining i n  1931, t h e  p o p u l a t i o n  i n c r e a s e d  a g a i n  
(24,311 persons i n  1940) and c o n t i n u e d  to grow from 1940 to 1960, p r i n c i p a l l y  
because of t h e  mining o p e r a t i o n s .  By 1960 t h e  p o p u l a t i o n  had reached  50,783 
(BBER, 1962) .  A f t e r  1960 t h e  p o t a s h  i n d u s t r y  i n  t h e  area became s e v e r e l y  de- 
pressed, and t h e  p o p u l a t i o n  dropped to  41,119 by 1970. S i n c e  1970 t h e  econ- 
omy of t h e  area h a s  improved, and t h e  population has  a g a i n  i n c r e a s e d .  The 
1979 p o p u l a t i o n  estimate compiled f o r  t h i s  report shows t h a t  Eddy County had 
48,200 i n h a b i t a n t s ,  an increase o f  approximate ly  7100 people over t h e  1970 
Census f i g u r e .  
i t y  i n  t h e  potash-mining i n d u s t r y .  The county  conta ins  f o u r  munic ipa l i t i es :  
Artesia, Car l sbad ,  Loving, and Hope. Car l sbad ,  t h e  l a r g e s t ,  had an  e s t i m a t e d  
28,600 i n h a b i t a n t s  i n  mid-1979, up from t h e  25,541 i n  1960 and 21,297 i n  1970 
(Table  H-3). 

S i n c e  1931 t h e  p o p u l a t i o n  h a s  f l u c t u a t e d  b a s i c a l l y  w i t h  a c t i v -  

Lea County was o r g a n i z e d  i n  1917 from p a r t s  of Chaves and Eddy C o u n t i e s  
and had 3545 r e s i d e n t s  i n  1920. O i l  e x p l o r a t i o n ,  begun i n  s o u t h e a s t e r n  N e w  
Mexico i n  1924, brought  s u b s t a n t i a l  growth: by 1930 t h e  p o p u l a t i o n  had in- 
c r e a s e d  to 6144 and by 1940 had more t h a n  t r i p l e d  to 21,154. Continued growth 
raised t h e  population to  53,429 i n  1960 (BBERI 1962) .  Between 1960 and 1970 
Lea County s u s t a i n e d  a p o p u l a t i o n  d e c r e a s e  o f  approximate ly  7.3%, owing main ly  
to decreased  o i l  and g a s  e x p l o r a t i o n  or production (USDC, 1970a) .  A f t e r  1.970 
t h e  population i n c r e a s e d  from 49,554 to 57,500 i n  mid-1979 (Adcock, 1979) .  
M o s t  of t h e  growth w a s  r e l a t e d  to  i n c r e a s e d  a c t i v i t y  i n  t h e  o i l  and g a s  indus- 
t r y  after 1973. Lea County h a s  f i v e  m u n i c i p a l i t i e s :  Hobbs, Lovington, Eunice,  

T a b l e  H-3. \Populat ion i n  Eddy and Lea Coun t i e s :  1960-1979 
\ 

Distance from sitea (miles) - P o p u l a t i o n  - 
Air Road 1960b 1970b 1979" 

Location 

Eddy County 
Artesia 
Car lsbad 
Loving 
Hope 

Lea County 
Eunice 
Hobbs 
J a l  
Loving t o n  
Tatum 

NA 
47 
26 
18 
6 1  

NA 
35 
4 1  
37 
4 5  
64 

NA 
64 
33 
23 
80 

NA 
49 
5 1  
47 
55 
77 

50,783 : 4 1  I 119 47 , 300 
12 ,000 '  - 10,315 10,950 

1.,646 1,192 1 , 600 
108 90 190 

49,554 57 , 500 
2,641. 2 , 550 

32 , 600 
4 I 133 3,241 2,700 
9,660 8,915 9,500 

\ 25,54p 21,297 28 , 600 
i 

*\ 

k;:::; 
t 26 r275-- -__ 2_6_,O25 - _ _ _  

1,168 982 900 

aDistance rounded to  t h e  nearest m i l e ;  NA = not  applicable. 
b a t a  from U S E  (1970b).  
=Data from Adcock (1979). 
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Jal ,  and Tatum (Table H-3). 
county, had an est imated 1979 populat ion of  32,600. 

Hobbs, t h e  l a r g e s t  incorporated place i n  t h e  

Both count ies  are fa - i r ly  homogeneous r a c i a l l y  and e t h n i c a l l y  (Table H-4), c 
with a r e l a t i v e l y  small Spanish-or i g i n  ethnic group (s ta tewide average 
30.3%). 
ind iv idua ls  i n  1970 (s ta tewide  average 7.2%) (USDC, 1 9 7 0 ~ ) .  

The American Indian populat ion is also r e l a t i v e l y  low:  0.38, or 258 

&e age d i s t r i b u t i o n  of the  populat ion i n  t h e  two-county area d i f f e r s  
s l i g h t l y  between the  count ies ,  as well as between New Mexico as a whole and 
t h e  United S ta tes .  I n  both Eddy and Lea Counties t he  median age (27.2 and 
25.9, respec t ive ly)  is below t h a t  of t h e  United S t a t e s  as a whole but s ign i f i -  
can t ly  above New Mexico's median age of  only 23.9 years  i n  1970. 
t i o n  of Carlsbad has a r e l a t i v e l y  low percentage i n  the  less-than-20 age group 
and a r e l a t i v e l y  high percentage i n  t he  over-50 age group (39.4% and 26.7%, 
respec t ive ly) .  
higher i n  Carlsbad than the  s ta tewide average and t h e  average f o r  e i t h e r  Eddy 
or Lea County. 
Carlsbad area. The median age i n  Hobbs (25.5 years )  is lower than t h a t  i n  
Carlsbad (29.4 years )  (Table H-5). 

The popula- 

The number of r e s iden t s  who are 65 or o lder  is s i g n i f i c a n t l y  

An active program to attract  retirees is supported by t h e  

Table H-4. C h a r a c t e r i s t i c s  of t he  Population i n  Eddy and 
Lea Countiesa 

Character i s t ic  
Percentage of populationb 

Eddy County Lea County 

Race 
white 97.1 
B l a c k  2.2 
Other 0.7 
Spanish o r i g i n  or descent 25.4 

Residence 
Urban 
Rural,  nonfarm 
R u r a l ,  farm 

76.9 
18.1 

5.0 

93.7 
5.3 
1.1 

10.9 

81.1 
15.1 
3.8 

aData from USDC ( 1 9 7 0 ~ ) .  
bpercentages may not  add to 100.00% because of rounding 

errors. 

Net-population-migration f i g u r e s  ind ica t e  s i g n i f i c a n t  changes during the 
last  few years .  
pressed because of reduced hydrocarbon explora t ion  and potash mining. 

during a 5-year per iod and Lea County a loss of approximately 5200 (USDC, 
1977). Since the  1970 Census, however, t h e r e  has been a s i g n i f i c a n t  change i n  
t h e  ne t  migration t rend,  with both count ies  showing a reversal: Eddy County 
received a n e t  migration ga in  of  3700 during 1970-79 and Lea County a net  g a i n  
of 2100 (Adcock, 1979). 

I n  t h e  1960-70 per iod t h e  two-county area was somewhat de- 
As a 

' r e s u l t ,  Eddy County experienced a n e t  loss of more than 11,000 ind iv idua ls  
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Table H-5. Percentage Age D i s t r i b u t i o n  of Populat ion (1970 Census)a 

Percentage age d i s t r i b u t i o n  
United New Eddy Lea 
S t a t e s  Mexico County County Carlsbad Hobbs 

Under 5 
5-14 

15-19 
20-29 
30-39 
40-49 
50-59 
60-64 
65+ 

Median age 

8.5 
20.1 
9.4 

14 .5  
11.1 
11.8 
10.4 
4.3 
9.9 

28.1 

9.5 
23.8 
10.4 
14.6 
11.6 
11.0 
8.9 
3.4 
6.9 

23.9 

8.2 
22.3 
10.9 
11.3 
10.5 
12.0 
11.3 

4.5 
8.8 

27.2 

9.0 
22.8 
10.7 
12.5 
12.7 
13.4 
9.9 
3.6 
5.4 

25.9 

8.2 
20.8 
10.4 
11.2 

9.9 
12.6 
12.1 

4.9 
9.7 

29.4 

9.4 
22.8 
10.5 
13 .O 
12.9 
12.9 
9.6 
3.6 
5.3 

25.5 

aData from USDC (1970a). 

Although n e t  migra t ion  during t h e  last 9 yea r s  has  been p o s i t i v e ,  major 
growth i n  t h e  two c o u n t i e s  has been caused by n a t u r a l  i n c r e a s e . ( b i r t h s  minus 
dea ths ) :  about  3400 persons  i n  Eddy County and 5800 persons  i n  Lea County, or 
about  1.5 times t h e  growth caused by in-migration (Adcock, 1979).  

Population d e n s i t i e s  i n  t h e  t w o  coun t i e s  are r e l a t i v e l y  l o w  b u t  s l i g h t l y  
higher  than  t h e  1979 s t a t ewide  average of  about  10.1 persons  per square m i l e .  
The popula t ion  d e n s i t y  i n  Eddy County was 9.9 i n  1970 and is now approximately 
11.6 persons  per square m i l e .  The popula t ion  d e n s i t y  i n  Lea County was 11.3 
i n  1970 and is now es t imated  a t  13.1 persons per  square m i l e .  It should be 
noted t h a t  t h e  d e n s i t y  f i g u r e s  are somewhat misleading because most of t h e  pop- 
u l a t i o n  i n  Eddy County l i v e  i n  Carlsbad and Artesia. I n  Lea County s l i g h t l y  
fewer than  85% o f  t h e  total  population l i v e  i n  four urban p laces .  Thus, except  
for t h e  s i x  urban places, t h e  two-county area is very  s p a r s e l y  populated (USDC, 
1970b; Adcock ,  1979).  

Within 10 m i l e s  of t h e  si te,  t h e r e  are c u r r e n t l y  16 permanent r e s i d e n t s  
and t h r e e  commercial mining o p e r a t i o n s  (F igure  H-4) wi th  a total  daytime em- 
ployment of about  650 persons and cons iderably  smaller swing s h i f t s  and n i g h t  
s h i f t s  (Adcock, 1979).  

Within 50 miles of t h e  si te (Figure H-5) t h e r e  were more than  102,000 in- 
h a b i t a n t s  i n  1979 (Table H-6). The major popula t ion  c e n t e r s  are l i s t e d  i n  
Table H-3. 

Populat ion p r o j e c t i o n s  to t h e  year 2010 are presented '  i n  Appendix-M. From 

Lea County growth 
1980 to 2010 Eddy County is p ro jec t ed  to grow a t  a compound annual  rate of 
1.7% and Carlsbad a t  an annual  rate of j u s t  more than  1.8%. 
for t h e  30-year pe r iod  is approximately 1.3% per yea r ,  and t h e  p r o j e c t e d  
annual growth rate f o r  Hobbs is about  1.4% (Adcock, 1979). 
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B 
c 
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F 

Ken-McGee plant and mine: 151 employees (maximum), day shift 

International Minerals and Chemical Corporation: 450 employees (maximum). day shift 

Duval Corporation (Nash Draw Mine): 46 employees (maximum), day shift 

James Ranch: six permanent residents (six seasonal part-time employees) 

Smith (Cr,yford) Ranch: seven permanent residents (18 seasonal part-time) 

Pue's Store: three permanent residents 

Figure H-4. Population within a 10-mile radius of the site. 

Demog raph ic changes 

Few demographic changes are expected w i t h i n  10 miles of the si te i n  t he  
foreseeable fu tu re .  ' In te rv iews  w i t h  ranch owners and managers i n d i c a t e  t h a t  
one ranch house is expected to be b u i l t  i n  t h e  nex t  5 yea r s ,  a t  t he  Mobley 
ranch j u s t  south o f  NM 128, approximately 8 miles west-southwest of the c e n t e r  
of the  si te (Figure H-4). 

One other demographic change may occur nor th-nor theas t  of t h e  s i te ,  j u s t  
o u t s i d e  t h e  10-mile r ad ius .  A small trailer park (approximately 20 u n i t s )  is 
being b u i l t  i n  and around t h e  commercial e s t ab l i shmen t  now known as t h e  H a l f -  
way Bar .  
p a r t i a l l y  con t ingen t  on the  c o n s t r u c t i o n  of t h e  WIPP (Adcock, 1979).  

Future  p l a n s  for f u r t h e r  trailer-park development are reported to be  

The popula t ion  of workers a t  va r ious  mining o p e r a t i o n s  i n  t h e  10-mile ra- 
d i u s  may vary  from one period to another .  
l e v e l  dropped s i g n i f i c a n t l y  because of a decreased demand for potash produced 
i n  t he  Carlsbad area. 
least for the  near f u t u r e .  This work  force is no t  expected to change s i g n i f -  
i c a n t l y  i n  the  nex t  f e w  years .  

During 1960-1970, t h e  employment 

Potash product ion now appears to have s t a b i l i z e d ,  a t  c 
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Miles 

Figure H-5. Area covered by a 50-mile radius of the site. 

Maintenance worke r s  for o i l  and gas wells are t r a n s i e n t s  i n  t h e  area.  
number of a c t i v e  oil and gas  wells i n  Eddy County has been increasing during 
the  past f e w  years ,  and there are many a c t i v e  wells wi th in  10 miles of t h e  
site. 
not expected to increase  s i g n i f i c a n t l y  during t h e  next f e w  years.  

The 

Although t h e  average number of workers i n  the  area is not  known, it is 

H.2.2 Social Characteristics 

Employment s t r u c t u r e  and unions 

In  1970 near ly  90% of the  employed i n  Eddy 
workers (74% i n  t h e  p r i v a t e  sector, 16% i n  the  

County were wage.and s a l a r y  
government sector), approxi- 
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Table H-6. 1979 Resident  Popul.ation Within 50 Miles of t h e  S i t e a r b  

H-- 
~ ~ - 

Dis tance  from site (miles) 
Sec tor  0- 5 5-10 10-20 20-30 30-40 40-50 Total 

North 
N o r  th-nor t h e a s t  
Nor theas t  
East-nor t h e a s t  
East 
East-sou t h e a s t  
Southeas t  
Sou th-southeas t  
South 
South-southwest 
Southwest 
West-sou thwe st 
We st 
West-northwest 
Northwest 
Nor th-nor thwest  

R a d i u s  to ta l  

Cumulative tota 1 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
6 0 
0 0 
0 0 
0 0 
0 10 
0 0 
0 0 

6 10 

6 16 

7- 

I _ -  

35 
25 
0 

15 
5 
5 
5 
0 
5 
5 

55 
1750 

70 
5 

30 
15 

20 25 

2040 

- 
- 

25 
.5 
25 
70 
35 
10 
15 
25 
15 
30 
30 

20 0 
31,780 

190 
20 

5 

175 
55 
75 

20 5 
3,240 
3,035 

25 
10  
55 
90 
10 
50 
40 
55 
65 

220 

32 460 7 440 

25 
5,610 
8 I 660 

33,200 
155 
29 5 
30 
40 
15 
15 
45 
65 
35 
50 

12,055 
10 

60,305 

260 
5 695 
8,760 

33,490 
3,415 
3,345 

75 
75 
95  

1 4  5 
1 4  0 

2,065 
31,925 

310 
12,170 

28 0 

102,245 

34,500 41,940 102,245 -- 

aPopulat ion e s t ima ted  by Adcock and Associates (1977-1979). 
bFigures  f o r  a l l  areas beyond t h e  10-mile r a d i u s  have been rounded to  t h e  

n e a r e s t  5 .  

mately 9% were self-employed, and 1% were unpaid fami ly  workers. I n  Lea County 
a s l i g h t l y  l a r g e r  p ropor t ion  of wage and s a l a r y  workers were i n  t h e  private 
sector and a cor respondingly  smaller p ropor t ion  ( 1 2 % )  were i n  t h e  government 
sector (USDC, 1970b, 1975-1979). 

A l a r g e  p ropor t ion  of  employed workers are b lue  collar (craf tsmen and fore-  
men, o p e r a t i v e s ,  nonfarm l a b o r e r s ,  and farm l a b o r e r s ) ,  w i th  45% o f  Eddy County 
workers and 49% of  Lea County workers belonging i n  t h i s  ca t egory  i n  1970 (USDC, 
1970b). Data on earn inys ,  pover ty ,  and employment are g iven  i n  Tables  H-7, 
H - 8 ,  and B-9. 

Five  unions are represented  i n  Eddy and Lea Count ies  (Table  14-10): t h e  
l a r g e s t  is t h e  United S tee lworkers  Union. Four unions have local headquar te rs  
i n  Eddy County. 

S o c i o c u l t u r a l  c o n d i t i o n s  

During September and October 1979 I uns t ruc tu red  d i s c u s s i o n s  were he ld  wi th  
approximately 200 persons  i n  t h e  Carlsbad area. A number o f  g e n e r a l  topics 
were covered i n  an attenipt to determine t h e  s o c i o c u l t u r a l  a t t i t u d e s  of resi- 
den t s  i n  t h e  general. a r e a  of t h e  WIPP. The persons  interviewed were asked to 
d e s c r i b e  t h e i r  f e e l i n g s  about  t h e i r  local communities and v a r i o u s  issues re- 
lated to t h e  q u a l i t y  of l i f e  i n  t h e  area. The topics of d i scuss ion  included 
at tachment  to t h e  community, poli t ical  processes, and land  use. 

c 
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Table H-7. Median Earnings by Occupation, Ethnic  Group, and Sex, Eddy and 
Lea Count ies ,  196ga 

Median ea rn ings  - 
Eddy County Lea County 

Occupation A l l  groups Spanish B l a c k  A l l  groups Spanish B l a c k  

Males 16 and o l d e r  
wi th  e a r n i n g s  $7068 $4286 $4820 $7695 $4883 $4225 

Crafts , foremen 8050 6667 4375 8127 6085 5211 
Opera t ives  7244 5019 7078 7629 4477 4853 
Nonfarm labor  4297 3306 5469 3793 3800 3500 
Farmers and managers 6729 5533 -- 4944 - -- 
Farm l a b o r e r s  and 

f o r  emen 2960 287 1 -- 3608 3350 -- 

Profes s iona l ,  managers 9 158 48 08 -- 9909 8000 -- 

Females 16 and 
older wi th  e a r n i n g s  $2810 $1596 $ 994 $2707 $1435 $1066 

Clerical 3551 2575 -- 3551 1875 -- 
Opera t ives  1241 830 -- 2079 848 87 5 

aData from USDC ( 1 9 7 0 ~ ) .  

Table H-8. Income and Poverty S t a t u s  of  Famil ies  by Ethnic  
Group and Sex of Household Head, Eddy and Lea 
Counties ,  196ga 

Families wi th  income Percentage o f  a l l  f a m i l i e s  
below pover ty  l e v e l  Eddy County Lea County 

A l l  families 17.8 
Span i s h  41.5 
Black 24.4 
Families wi th  female head 50.0 

12.5 
31.5 
50 .7  
47.0 

aData from USDC ( 1 9 7 0 ~ ) .  

A clear ma jo r i ty  of t h e  interviewees r a t e d  t h e  Carlsbad area as an above- 
average  area i n  which to l i v e .  
l i n e s s  of residents, access"to r e c r e a t i o n a l  f a c i l i t i e s ,  and t h e  r u r a l  n a t u r e  
o f  t h e  area. Those r a t i n g '  it average 'or below average c i t e d  excess ive  hea t ,  
h igh  l i v i n g  costs, a l a c k  o f  adequate;.commerce, and a d e a r t h  o f  c u l t u r a l  amen- 
i t i es  as reasons. 

A s i g n i f i c a n t  m a j o r i t y  of  those-  interviewed expressed a sense  of belonging 
to t h e  community, bu t  a small percentage  f e l t  t h a t  they  were excluded from t h e  
poli t ical  process. 

Thei r  ' reasons included climate, t h e  f r iend-  

Some people voiced concern about  racial or e t h n i c  r e l a t i o n -  
@sh ips ,  though most in t e rv i ewees  suggested t h a t  t h e  problem w a s  less serious now 
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Table H-9. Employment D i s t r i b u t i o n  by Indus t ry ,  Sex, and Ethnic Group, Eddy and Lea Counties,  1969" 
- ~ 

D i s t r i b u t i o n  (e) i n  Eddy County D i s t r i b u t i o n  (e) i n  Lea County 
Indus t ry  Total Male Female Spanish B l a c k  lbtal Male Female Spanish Black 

Total number employ- 
ed, 16 and o l d e r  14,145 9374 4771 3046 364 18,255 12,745 5510 157 1 729 

Agr i c u l  t u re  
Mining 
Cons t r  uc t ion  
Manufacturing 
Transpor ta t ion  , com- 

munications,  and 
public u t i l i t i e s  

Wholesale trade 
Food , bakery 

d a i r y  stores 
Eat ing and dr inking  

es tab l i shments  
Other  retail 
Finance, insurance 

and real estate 
Business and repairs 
Personal  and: other 

Enter ta inmeit :  I 
and r e c r e a t i o n  

Heal th  s e r v i c e s  - 
-and hospitals 

Education 
Other  p ro fes s ions  
Pub 1 ic admin is t r a t ion 

7 
P 
Q) 

s e r v i c e s  

7 9 
21 38 
6 
5 6 

1 
3 

17 
11 
6 
6 

4 
1 2  

2 
7 

5 6 
27 45 
6 
5 6 

1 
6 

10 
19 
14 

4 

3 
7 

12 
1 

5 
2 

2 

5 
6 

2 
3 

32 

6 

3 
6 
4 
1 

3 3 

7 8 
3 4 

4 
1 

6 
2 

6 - 7 8 
3 4 

5 
1 

4 
2 

3 2 3 2 2 4 3 4 

3 
12 

2 
9 

4 1 
12 10 

11 
16 

7 
14 

3 1 
11 10 

6 
13  

1 
2 

4 3 2 
4 4 

5 
3 

2 
3 

3 3 
2' 3 

5 
2 

7 3 

1 1 

6 2 
9 5 
4 3 
4 4 

16 10 I 32 5 2 14 8 

3 1 1 

3 1 
7 3 
3 2 
3 3 

1 1 1 1 

8 
14 

5 
3 

13. 
18 

6 
4 

4 
10 

3 
3 

~~ 

aData from t h e  1970 Census of Population. 



Table H-10. Unions Represented i n  Eddy and Lea Counties, 1978aeb 

Number of 
Name of union members Area and activities covered CIS 

Carpenters' Local 1245 266 Carlsbad, Hobbs, Roswell Portales, 
Clovis, Tucumcari: construction 
contractors 

International Brotherhood 2 59 Eddy and Lea Counties: electrical 
of Electrical Workers workers a t  potash mines (Duval, 
Local 693 Potash Company of America, and 

Mississippi Chemical); four out of 
five local construction contractors 

Iron Workers Local 775 40 Eady and Lea Counties: local con- 
struction contractors, potash mines 

Retail Clerks Local 462c 325 Eady and Lea Counties: re ta i l  stores, 
grocery and department stores 

United Steel  Workers Locals 1560 Eddy and Lea Counties: potash mines, 
177, 170A, 181, 103, Carlsbad city employees, school 
107, 180A, 0507 custodial and maintenance workers 

~ ~ ~~ ~ 

aData from Adcock (1979). 
bLocal off ices i n  Carlsbad unless otherwise indicated. 
C m a l  offices i n   as Cruces. 

than it had been i n  the past. A large number stressed that there were no prob- 
l e m s .  It is important to note that very few persons perceived any conflict be- 
tween old and new residents. Overall, the interviewed persons characterized 
local residents as friendly, helpful, honest, and good. 

In contrast to the positive aftitudes about the community, approximately 
half the interviewees f e l t  they had no meaningful chance of affecting polit- 
ical events. They f e l t  that their involvement i n  the political process did 
not count. 
coming involved and were not interested i n  doing so. Only a small minority 
perceived an abil i ty to influence 'decisionmaking. 

Furthermore, many of the responding persons saw 110 reason for be- 

Attitudes toward elected officials and their representation of the local 
constituency were generally consistent w i t h  the feelings about ability to af- 
fect local government decisions. Approximately half the interviewees f e l t  w e l l  
represented, while the other half did not. Those who did perceive a lack of 
good representation believed that only the wealthy and special interests are 
taken into account. 

Local residents show a general preference for the current environment i n  the 
Carlsbad area. 
or only very minor ones. 
development, mineral developnent, and urbanization-industrialization. 

The local consensus on land-use patterns leaned toward no changes 
The changes most desired are increased agricultural 
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Churches and community o rgan iza t ions  
I 

Carlsbad has  60 churches and 1 synagogue; Hobbs has  70 churches and 1 syna- 
gogue; Loving has 3 churches. Of these churches,  t w o  i n  Carlsbad and one each 
i n  Hobbs and Loving are Cathol ic .  
t a n t  (BBER, 1977a,b; Adcock,  1979).  

Many of the  remaining churches  are Protes- 

There are 22 major c i v i c  and community o rgan iza t ions  i n  Hobbs, 13  i n  Carls- 
bad, and 2 i n  Loving. Most of t hese  are f r a t e r n a l  o rgan iza t ions ,  wi th  member- 
s h i p  i n  many restricted to men, a l though many have a u x i l i a r i e s  f o r  wives (Ad- 
c o c k ,  1979).  

Social s e r v i c e s  

The social s e r v i c e s  a v a i l a b l e  i n  both the  Carlsbad-Loving area and i n  t he  
mun ic ipa l i t y  of Hobbs are r a t h e r  ex tens ive  and cover a wide range of a c t i v i -  
ties. The o rgan iza t ions  providing these  s e r v i c e s  are l i s ted  i n  Tables  H-11 and 
H-12 for Carlsbad-Loving and Hobbs, r e spec t ive ly .  

Community planning c a p a b i l i t i e s  

Carlsbad and Hobbs are experiencing cons iderable  growth i n  popula t ion  and 
housing; t h i s  growth is expected to cont inue  throughout t h e  mid-1980s and prob- 
ably i n t o  the  year 2000. Both communities have planning agencies  and va r ious  
other c i t y  agencies  t h a t . a n a l y z e  and a s s i s t  i n  t h e  management of growth. The 
v i l l a g e  of Loving, which has  also experienced growth s i n c e  1970, c u r r e n t l y  has  
no municipal  planning department (Adcock ,  1979).  

Table H-11. Social Se rv ices  i n  Carlsbad-Loving, New Mexicoa 

Total 

or f a c i l i t y  s t a f f b  i p a n t s c  Program or a c t i v i t y  
Type of  s e r v i c e  To t a l  p a r t i c -  

MENTAL HEALTH AND HEALTH SERVICES 

Car l sbad  Area Resource 19 373 Rape Crisis Center 
and Counseling Center Ho t l ine  C r i s i s  Center 

F i r s t  o f f ende r s  program ’ 

Mental-health s e r v i c e s  
Treasure House A c t i v i t y  Center 
Youth s e r v i c e  counsel ing 
Family counse l ing  
Pa ren t s  Anonymous 
Tes t ing  and eva lua t ion  
D r  ug-abuse c l i n i c  

Alcoholism Council  o f  6 
South Eddy County 

60 Ou tpa t i en t  counsel ing 
Group counsel ing 
Seminars and l e c t u r e s  
I n i t i a l  sc reening  f o r  Cavern Lodge 
Half way house 
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Table H-11. Social Se rv ices  i n  Carlsbad-Loving, New Mexicoa (cont inued)  

W To t a l  
Type of s e r v i c e  Total p a r t  ic- 
or f a c i l i t y  s t a f f b  ipan t s C  Program or a c t i v i t y  

~~ ~ -~ ~~ 

MENTAL HEALTH AND HEALTH SERVICES (cont inued)  

El. Centro R u r a l  de Salud 

Eddy County Heal th  
Center 

Eddy County Senior 
C i t i z e n s  Program 

Senior  Recrea t ion  Center 

Loving Mealsite 
N u t r i t i o n a l  Program 

Cot tage  Preschool  

Hi l lc res t  Day Care Center 

Barding Webster Preschool  

F i  r st Un i ted M e t  hod i st 
Pr e schoo 1 

Campfire G i r l s  

6 50 0 Primary medical care 
P r e n a t a l  care 
Family planning 
Social worker 
Counseling 

16 3000- Family planning 
5000 P r e n a t a l  care 

Child-care c l i n i c  
Materni ty  educa t ion  
Immunization program 
Cr ippled-chi ldren ' s  s e r v i c e s  
Social worke r ,  South Eddy County 
Women's, I n f a n t s ' ,  Ch i ld ren ' s  

V i t a l  statistics 
N u t r i t i o n  Program 

SENIOR CITIZENS SERVICES 

NA 200 Senior C i t i z e n s  N u t r i t i o n a l  
da i l y  Meal s i te  

Recreat ion 

4 5 50 Recrea t ion  
d a i l y  Club meetings 

Classes 

NA 50 Senior C i t i z e n s  N u t r i t i o n a l  
d a i l y  Mea Is it e 

Recrea t ion  

DAY CARE AND PRESCHOOL SERVICES 

4 34 Informal educa t ion ,  day care 

6 35 Informal educa t ion ,  day care 

NA . NA Informal educa t ion ,  day care 

4 39 Informal education,,  day care 

YOUTH SERVICES 

NA NA Informal educat ion and v o c a t i o n a l  
guidance 

Recrea t ion  
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Table H-11. Social S e r v i c e s  i n  Carlsbad-Loving, New Mexicoa (cont inued)-  

Total a 
Type of  s e r v i c e  Total par t  ic- 

or f a c i l i t y  s t a f f b  i p a n t s c  Program or a c t i v i t y  

YOUTH SERVICES (-2ontinued) ’ 

BOYS Club of  Carlsbad 3 600 Organized sports 
Recrea t ion  
L ib ra ry  

OTHER SERVICES 

American R e d  Cross 2 200 Water s a f e t y  t r a i n i n g  
Blood-donor program 
Cardiopulmonary r e s u s c i t a t i o n  

First-aid t r a i n i n g  
Disaster r e l i e f  
Blood-p r e s s u r e  sc reen ing  
Se rv ices  to m i l i t a r y  families 

t r a i n i n g  

EDUCATIONAL, VOCATIONAL, AND RMABILITATION SERVICES 

C a r  l sbad  Chi ld  Development 2 6-20 Pre school--hand icapped c h i l d r e n  
Center Family counse l ing  

Car lsbad Assoc ia t ion  o f  NA 20-25 Counseling 

Recrea t ion  
Retarded C i t i z e n s  Farm Vocat ional  r e h a b i l i t a t i o n  

STATE AND FEDERAL SERVICES 

Community Action Programs 125 550-600 Family planning 
Head Star t  Program 
Rural  Heal th  C l i n i c ,  Loving 
Weather iza t ion  program 
Rura l  housing program 
Senior  C i t i z e n s  N u t r i t i o n a l  

Summer youth r e c r e a t i o n  
Emergency energy a s s i s t a n c e  
C r i s i s  i n t e r v e n t i o n  program 
Youth t u  tor i n g  
Home educa t ion  l i v e l i h o o d  program 

P r o t e c t i v e  s e r v i c e  for c h i l d r e n  
and a d u l t s  

D is ease i n v e s t  i g  a t i on 
Adult  s e r v i c e s  
Adopt i on  
Foster care 

Program 

463 R e f e r r a l s  New Mexico Social 
Se rv ices  Div is ion  

14 
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Table H-11. Social Serv ices  i n  Carlsbad-Loving, N e w  Mexicoa (continued) 

Total 
Type of se rv ice  Total p a r t  ic- 

or f a c i l i t y  s t a f f b  ipantsc  Program or a c t i v i t y  

STATE AND FEDERAL SERVICES (continued) 

Nursing-home discharge planning 
Homemakers se rv ice  permanency 

Day care 
Family planning 
Health support 
Cr i t ica l  in-home care 
Drug abuse 
Youth s e rv i ces  
Legal s e r v i c e s  
Emergency she1  ter 
Family counseling 

planning for ch i ld ren  

Employment Serv ices  20 463 Employment information and referral 
Division A i d  to Families w i t h  Dependent 

Children 

aData from Adcock (1979). 
b a t a  for  1979; NA = not  ava i lab le .  
CMonthly estimates unless  otherwise indicated.  

Table H-12. Social Services  i n  Hobbs, N e w  Mexicoa 

To t a l  
Type of s e r v i c e  Total part ic- 

or f a c i l i t y  s t a f fb  ipantsc  Program or a c t i v i t y  

, MENTAL HEALTH AND HEALTH SERVICES 

crisis Center of Lea 25 50 0 Day a c t i v i t i e s  for senior  c i t i z e n s  
County Group therapy 

Alcohol abuse 
C h i l d  s e rv i ces  
Parent  education s e r v i c e s  
Drug abuse 
Medication program 
Methadone program 
Educational programs for public 

Rape crisis program 
Volunteer She1 ter Bed 

~- 

schools  
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Table H-12. Social Serv ices  i n  Hobbs, New Mexicoa (continued) 

Total 
Type of se rv ice  Total part  ic- 

or f a c i l i t y  s t a f fb  ipantsc  Program or a c t i v i t y  

MENTAL HEALTH AND HEALTH SERVICES (continued) 

Par en t s Anonymou s 4 20 0 Telephone h o t l i n e  and referral 
(prevention and treatment Group meetings 
of c h i l d  abuse) 

Mental Health Ac t iv i ty  1 119 Rec  r eat ion,  soc i a l s  
Center Special education, g i f t s  

and parties 
Special O l y m p i c s  
Annual scholarsh ips  

SENIOR CITIZENS SERVICES 

sen ior  C i t i zens  Center 6 1070 Classes 
Dances 
Wor k s hops 
Luncheons 
Meals on Wheels 
Information and r e f e r r a l  
Occasional t r anspor t a t ion  s e r v i c e s  

Good Samaritan Vi l lage  68 124 Residence, r ec rea t ion ,  en te r t a in -  
men t 

La Siesta Retirement 37 55 Nursing, res idence,  r ec rea t ion  
Center 

EDUCATIONAL, VOCATIONAL, AND REHABILITATION SERVICES 

C h i l d  Development Center 4 79 Level D special education 
of Lea County Speech therapy 

Physical  therapy 

Vocational Rehab i l i t a t ion  2 35 Medical t reatment  
(oil-f ie ld  i n j u r i e s )  Counseling 

Reeducation 
Arranging f i n a n c i a l  a s s i s t a n c e  

Lea Work Ac t iv i ty  Center 7 36 Recreation 
(for the handicapped) Community se rv ices  

Transportat ion 

STATE SERVICES 

Socia l  Services  Divis ion 24 6 00 Counseling s e r v i c e s  
L imi t ed  c r i t i ca l  in-home care 
Family planning c 
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Table H-12. Social Serv ices  i n  Hobbs, New Mexicoa (continued) 

Total 0 Type of se rv i ce  Total par t  ic- 
or f a c i l i t y  s t a f fb  ipantsc  Program or a c t i v i t y  

Employment Services  
Division 

Kinder Care Learning 
Centers,  Inc. 

Washing ton Nursery 

L i t t l e  Peoples Kountry 
Kindergarten 

Boys C l u b  of Hobbs 

G i r l  Scout House 

Junior Achievement 
Hobbs 

American Red Cross 

of  

STATE SERVICES (continued) 

Health support 
Homemaker s e r v i c e s  
Information and r e f e r r a l  
Adoption s e r v i c e s  
Day care 
P ro tec t ive  s e r v i c e s  for 

ch i ld ren  
Foster care 

9 3 37 Information and referral 
A i d  to Families w i t h  Dependent 

Ch i l d r  en 

DAY CARE AND PRESCHOOL SERVICES 

9 

10 

3 

5 

1 

NA 

1 

88 Informal education, day care 

90 Day care 

2 1  Informal education, day care 

YOUTH SERVICES- 

1300 Indoor r ec rea t ion  
Library 
Te l e v  is i on 
Organized sports 

1000 World of A r t s  
World of People 
World of the Out-of-Doors 
World of Well-Being 

I 
NA Rec r eat ion  

Community s e r v i c e  
&- I 

I 
OTHER SERVIC~ES 

27 0 Serv ices  to m i l i t a r y  families 
pisaster relief 
Blood-pressure screening 
Water s a f e t y  t r a i n i n g  
Blood-donor program 
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Table H-12. Soc ia l  Services i n  Hobbs, New Mexicoa (continued) 

Total 
Type of service To t a l  part ic- 

or f a c i l i t y  s t a f f b  ipantsc Program or a c t i v i t y  

OTHER SERVICES (continued) 

Cardiopulmonary resuscitat ion 

First-aid training 
training 

aData from Adcock (1979). 
bData for 1979; NA = not avai lable .  
CMonthly estimates unless otherwise indicated. 
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H.3 ECONOMIC SETTING 

kh €3.3.1 General Economic Characteristics 

A s  def ined by standard economic-base theory,  t he re  are t h r e e  bas i c  eco- 
nomic sectors i n  Eddy and Lea Counties: mining, manufacturing, and agr i -  
c u l t u r e .  Although government is a bas i c  industry* i n  many parts of New Mexico 
because of heavy Federal  a c t i v i t y ,  most governmental a c t i v i t y  i n  Eddy and Lea 
Counties is only a support ive func t ion  (USDC, 1975-1979). The nonbasic 
sectors i n  t h e  two count ies  include c o n t r a c t  cons t ruc t ion ;  t r anspor t a t ion ,  
communications, and u t i l i t i e s ;  t r ade ;  f inance,  insurance,  and real e s t a t e ;  and 
serv ices .  Ce r t a in  a c t i v i t i e s  i n  t h e  retai l -and-services  sector are l a r g e r  
than might be expected because of heavy t o u r i s t  t r a f f i c  (Carlsbad Caverns). 
Transpor ta t ion  f a c i l i t i e s  and t h e  t r anspor t a t ion  sector i n  t h e  area are w e l l  
developed because of the  heavy industry.  

Basic i n d u s t r i e s  

Mining, which inc ludes  o i l  and gas  ex t r ac t ion ,  is the  major indus t ry  i n  
both count ies .  I n  1978 mining employed approximately 3600 and 6000 persons i n  
Eddy and Lea Counties,  respec t ive ly .  I n  both coun t i e s  employment i n  mining was 
s u b s t a n t i a l l y  higher  than i n  any o the r  i n d u s t r i a l  sector (NMESD, 1975-1979). 

i n  t h i s  sector. F igures  f o r  1977 showed t h a t  New Mexico (Eddy and Lea 
Counties) suppl ied 93% of the  total  potash mined i n  t h e  United States (USBM, 
1978). I n  Lea County mining is centered  on o i l  and gas  (5800 employees i n  
1978);  mining i n  potash,  sand and grave l ,  r o c k  sa l t ,  and c a l i c h e  employed 
fewer than  200 people i n  1977 (NMESD, 1975-1979). 

_ _  I n  Eddy County potash mining employs more than nine o u t  of ten  persons working 

I n  Eddy County personal  income from mining accounted for more than 24.6% 
of total  personal  income i n  1977. I n  Lea County t h i s  f i g u r e  was j u s t  more 
than 31.2%. Moreover, the  impact of mining is increasing:  personal  income 
from mining rose approximately 170% from 1970 through 1977, while personal  
income from o the r  s e r v i c e s  rose 118% over the  same period (USDC, 1975-1979). 

A t  t h e  beginning of 1978, there were 43 manufacturing companies w i t h  
approximately 920 employees i n  Eddy County and 51 manufacturing companies w i t h  
approximately 1085 employees i n  Lea County. I n  1976 manufacturing was second 
i n  income generated by a basic industry.  . However, t h e  total  personal  income 
from manufacturing was only"5.2% of  a l l  personal  income generated i n  t h e  
two-county area (NMESD, 1975-1979). 

I n  1975 t h e  p r i n c i p a l  subsector of . ag r i cu l tu re  i n  t h e  two-county area was 
meat animals and l ives tock .  I n  t h e  immediate area of the  WIPP s i te  (10-mile 
r a d i u s ) ,  a g r i c u l t u r e  is r e s t r i c t e d  to cattle grazing. Personal  income from 
a g r i c u l t u r e  i n  1975 w a s  less than 4% of t h e  total personal  income derived i n  
t h e  two-county area. 

*Basic i n d u s t r i e s  are those whose l e v e l  of a c t i v i t y  is not  c l o s e l y  t i e d  to 
t h e  l e v e l  of economic a c t i v i t y  i n  t h e  local community (Tiebout, 1962, p. 74) .  
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Trade and s e r v i c e s  

The 1972 Census of Business shows 454 re ta i l  o u t l e t s  i n  Eddy County and 
614 i n  Lea County, f o r  a total  of  1068. I n  Eddy County t h e  ma jo r i ty ,  281, are  
located i n  Carlsbad. The t o t a l  sales volume i n  1972 was about  $185.9 m i l l i o n ,  
or j u s t  over  8% o f  t h e  statewide total  of  more than  $2.3 b i l l i o n .  
l i t t l e  sales-volume information is a v a i l a b l e  after 1972, r e t a i l  sales  i n  t h e  
area have increased  s u b s t a n t i a l l y .  During t h e  period 1972-1978, employment i n  
wholesale and re ta i l  trade increased  from an average of 2500 to approximately 
3500 i n  Eddy County and from approximately 3600 to 5200 i n  Lea County (NMESD, 

Although 

1975-1979). 

,- 

The Rand-McNally 1978 Commercial A t l a s  and Marketing Guide shows both Eddy 
and Lea Counties  as  b a s i c  t r a d e  areas (i.e., areas i n  which normal re ta i l -  
t r a d e  purchases are made). 
major c e n t r a l  c i t y  from which s u b s t a n t i a l  r e t a i l i n g  and wholesaling o p e r a t i o n s  
are conducted. The Carlsbad basic t r a d e  area, Eddy County, is i n  t h e  major 
t r a d e  area of E l  Paso; t h e  Hobbs t r a d e  area, Lea County, is i n  t h e  major trade 
area of  Dallas. It  is important  to note  t h a t  t h e  basic t r a d e  areas f o r  both 
Carlsbad and Hobbs do not  extend beyond t h e i r  r e spec t ive  county l i m i t s  to any 
s i g n i f i c a n t  degree.  Therefore ,  Rand-McNally no te s  few leakages i n  normal re- 
t a i l  purchases  from t h e  two-county area. However, f o r  major r e t a i l  purchases  
and wholesal ing there is s u b s t a n t i a l  leakage out of t h e  S t a t e  i n t o  E l  Paso and 
Dallas. 

Rand-McNally d e f i n e s  50 major trade areas with a 

There were 835 s e r v i c e  e s t ab l i shmen t s  (e.g., h o t e l s ,  motels, barber shops,  
a d v e r t i s e r s ,  bus iness  s e r v i c e s ,  r e p a i r  shops) a t  t h e  t i m e  o f  t h e  1972 C e n s u s  
of Business. A c t i v i t y  i n  t h i s  sector increased  substant ia l1 .y  dur ing  t h e  
pe r iod  1972-1978, wi th  se rv i ce - sec to r  employment i n  Eddy County r i s i n g  from 
approximately 1900 to 2700 and i n  Lea County from approximately 1800 to 2300 
(NMESD, 1975-1979). 

Tour i s m  

Tourism c o n t r i b u t e s  s u b s t a n t i a l l y  to economic a c t i v i t y  i n  t h e  two-county 
area, p a r t i c u l a r l y  i n  Eddy County. The main tourist a t t r a c t i o n  i n  t h e  area is 
Carlsbad Caverns Nat iona l  Park,  which is approximately 22 miles southwest of 
Carlsbad and 4 1  miles west-southwest of t h e  s i te .  I n  1978 it rece ived  867,276 
v i s i t o r s ,  or nea r ly  44% of t h e  v i s i t o r s  to a l l  11 n a t i o n a l  parks and monuments 
throughout t h e  S t a t e  (USDI, 1970-1978). Nearby parks (Guadalupe Mountains 
National Park,  Living Desert S t a t e  Park, t h e  P res iden t s '  Park i n  Carlsbad,  and 
o t h e r s )  a lso a t t ract  loca l  r e s i d e n t s  and tourists. 

The e f f e c t s  of  t o u r i s m  i n  t h e  area can be r e a d i l y  seen i n  employment 
statistics, wi th  r e t a i l  t r a d e  and selected services being most a f f e c t e d .  For 
example, employment i n  e a t i n g  and dr inking  e s t ab l i shmen t s  more than  t r i p l e s  i n  
t h e  t h r e e  summer months, and summer employment i n  lodging inc reases  60% to 70% 
over  winter  employment (NMESD, 1975-1979). Other secondary and t e r t i a r y  serv- 
ices a f f e c t e d  by tour i sm (e.g., c u r i o  sales, barber  shops, c l eane r s )  also show 
substantial  increases .  

Tour ism is h igh ly  seasonal ,  with v i s i t s  to Carlsbad Caverns f l u c t u a t i n g  
from a high  of 187,970 i n  J u l y  1977 to a low of 25,350 i n  January ( U S D I ,  1970- 
1978).  To suppor t  t h e  touris t  indus t ry ,  t h e  C i t y  of Carlsbad,  which r e c e i v e s  
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most of  t h e  impact from t h e  n a t i o n a l  park, has  a to ta l  o f  20 motels and h o t e l s  
wi th  approximately 1100 rooms (da ta  from t h e  Carlsbad Department o f  Develop- crs ment, 1979)- 
F i  nanc i a1 re sources  

I n  Eddy and Lea Count ies  t h e r e  are a total  o f  n ine  c h a r t e r e d  banks--four 
holding state c h a r t e r s  and f i v e  holding n a t i o n a l  c h a r t e r s .  Five o f  t h e s e  
e i g h t  banks ( t h r e e  state and t w o  n a t i o n a l )  are i n  Eddy County. A s s e t s ,  l i a -  
b i l i t i e s ,  and deposits as of'December 31, 1978, are reported i n  Table H-13. 

There are four  sav ings  and loan  i n s t i t u t i o n s  i n  t h e  two-county area. The 
t h r e e  wi th  main o f f i c e s  i n  Eddy County a re 'mutua l  s av ings  and loan  i n s t i t u -  
t i o n s  t h a t  have combined assets of more than  $148.3 m i l l i o n  and to ta l  sav ings  
accounts  o f  more than  $118.9 mi l l i on .  The sav ings  and loan  i n s t i t u t i o n  wi th  a 
main o f f i c e  i n  Lea County a t  Hobbs is a capital-stock i n s t i t u t i o n ;  it has  
t o t a l  assets o f  more than  $27.4 m i l l i o n  and about  $21.3 m i l l i o n  i n  total  sav- 
i n g s  accounts .  

There are t h r e e  c r e d i t  unions i n  t h e  two-county area. The two c r e d i t  
unions i n  Eddy County (one i n  Carlsbad and one i n  Artesia) are f o r  school  em- 
p loyees;  both are insured  by t h e  Nat iona l  C r e d i t  Union Adminis t ra t ion.  They 
have combined assets o f  more than  $2.7 m i l l i o n  and combined s h a r e s  and depos- 
its of  j u s t  over $2.2 m i l l i o n .  The credit union i n  Lea County a t  Lovington, 
i n su red  by t h e  New Mexico C r e d i t  Union Insurance  Corporation, has  t o t a l  assets 
o f  over $1.4 m i l l i o n  and total  s h a r e s  and deposits of $1.2 m i l l i o n .  

Nineteen small-loan l i c e n s e e s  are doing bus iness  i n  t h e  two-county area. 
Ten are i n  Eddy County: s i x  i n  Carlsbad, t h r e e  i n  Artesia, and one i n  Loving. 
Nine are i n  Lea County: s i x  i n  Hobbs, one i n  Jal ,  and t w o  i n  Lovington (NMDB, 
1979) .  

I n  Carlsbad long-term (25-30 yea r s )  f i nanc ing  f o r  r e s i d e n t i a l  mortgage 
l o a n s  is provided p r i m a r i l y  by t h e  sav ings  and loan  a s s o c i a t i o n s .  The banks 
do  provide  some short- term and in t e r im  f inanc ing .  

The a v a i l a b i l i t y  of mortgage loans has f l u c t u a t e d  i n  accordance w i t h  t h e  
credit  ( i n t e r e s t - r a t e )  cond i t ions  throughout  t h e  na t ion .  The State of N e w  
Mexico Usury Law r e q u i r e s  any mortgage loan wi th  an i n t e r e s t  ra te  h igher  t han  
10% to  be sold i n  t h e  "secpndary" mor tgage-loan market. Secondary-market 
funds have also f l u c t u a t e d  i n  accordance wi th  t h e  c r e d i t  c o n d i t i o n s  and i n t e r -  
est rates. i 

The Carlsbad municipal  area is regu la t ed  by t h e  e x i s t e n c e  of  a 100-year 
floodway, as def ined  by t h e  Federa l  Insurance  ' Adminis f ra t ion ' s  Flood Insurance  
Study. Because t h e  local government has  rejected t h e  ;criteria t h a t  e s t a b l i s h  
q u a l i f i c a t i o n  f o r  Federal flood insurance ,  local mortgage l o a n s  are a v a i l a b l e  
only  f o r  developments 
H-6). 

Per iod i c a l l y  , t h e  
funds f o r  r e s i d e n t i a l  
do  participate i n  t h e  

o u t s i d e  t h e  -boundaries  of  t h e  100-year floodway (Figure  
& I  

I 

S t a t e  'o f  New Mexico Finance Author i ty  (NMFA) prov ides  
mortgage loans .  
d i s t r i b u t i o n  of these  funds when they are a v a i l a b l e .  

The f i n a n c i a l  i n s t i t u t i o n s  i n  Car l sbad  
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Table H-13. Banking Activity in Eddy and Lea Countiesa 
, .f - 

State National Total Total Equity Total 
Location banks Branches banks Brancxes assetsb liabilityb capitalb depositsb 

New Mexico 46 113 40 111 4904.7 4547.1 323 . 8 4296 . 3 
Eddy County 3 4 2 1 231.9 213 . 3 16.9 211.2 
Carlsbad 2 4 2 1 143.2 133.0 9.4 131 ;Y) 
Artesia 1 0 1 0 88.7 81.2 7.5 80.1 

Lea Codnty 1 7 3 8 342.0 317.9 19.4 302.4 
HObbS 1 7 2 5 297.7 276 . 3 17.4 261.2 
Loving ton 0 0 1 3 44.3 41.6 2.0 41.3 

from Sixty-fourth Annual Report, New Mexico Department of Banking, issued 1979 
(December 31, 1978, data) . 

hillions of dollars. 
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Figure H6. Map of Carlsbad floodway. 
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During 1979, NMFA funds bearing a 7.75% i n t e r e s t  rate were a v a i l a b l e  through- 
o u t  Eddy and Lea Counties; demand for t h e  NMF'A loans  l i qu ida ted  t h e  a v a i l a b l e  
funds soon a f t e r  they became ava i l ab le .  

Curren t ly ,  n e i t h e r  t he  savings and loan associations nor t h e  banks extend 
mortgage loans  f o r  commercial es tab l i shments  i n  Carlsbad. 

I n  Hobbs the  savings and loan a s soc ia t ions  and t h e  banks provide f inancing 
f o r  long- and short-term mortgage loans.  Generally,  t he  a v a i l a b i l i t y  of resi- 
d e n t i a l  and commercial loans has  f luc tua ted ,  t h e  condi t ions  being similar to  
those  descr ibed f o r  Carlsbad. A municipal bond i s sue  has r ecen t ly  provided 
funds f o r  r e s i d e n t i a l  mortgage loans.  

Because of Loving's proximity to Carlsbad (12 miles), its r e s i d e n t i a l  and 
commercial mortgage-loan m a r k e t  r e f l e c t s  t h e  condi t ions  e x i s t i n g  i n  Carlsbad. 

H.3.2 Labor Force 

Labor force  is def ined by the  U.S. Department of Labor as persons who are 
employed and those  who are unemployed and are a c t i v e l y  seeking employment. I n  
t h e  f i r s t  6 months of 1979 t h e  combined total  labor force  i n  Eddy (19,905) and 
Lea (25,815) Counties w a s  approximately 45,700. Total employment i n  the two- 
county area was 43,855 (NMESD, 1975-1979). 

Between 1974 and 1978 t h e  economy of  both coun t i e s  expanded, t h e  total  
labor fo rce  increas ing  by approximately 7800 ind iv idua l s  (20.6% f o r  t h e  peri- 
od, 4.8% annual ly) .  The o v e r a l l  growth of  employment f o r  t h e  4-year per iod 
was 22.4%, or about 5.2% annually.  Therefore,  t h e  number and t h e  percentage 
of unemployed persons have decreased during t h e  l a s t  4 years .  Although t h e  
combined unemployment rate for the  t w o  coun t i e s  i n  t h e  f i r s t  6 months of 1979 
was approximately 4.1%, t h e  rate v a r i e s  s i g n i f i c a n t l y  between Eddy (4.3%) and 
Lea (3.9%) Counties (NMESD, 1975-1979). 

Employment 

Mining is by far t h e  l a r g e s t  employer i n  t h e  two-county area. Accurate 
f i g u r e s  on a g r i c u l t u r a l  employment are d i f f i c u l t  to ob ta in  and are normally 
o u t  of da te ;  t h e  la tes t  a v a i l a b l e  c r e d i b l e  information shows j u s t  under 2000 
employees i n  t h e  t w o  coun t i e s  i n  1977 (USDC, 1975-1979). I n  1978 manufacturing 
employed approximately 2000 persons: 921 i n  Eddy County and 1087 i n  Lea County 
(NMESD, 1975-1979). 

The d i s t r i b u t i o n  of employment among i n d u s t r i a l  sectors is presented i n  
Table H-14. 

Unemployment 

Unemployment i n  t h e  two-county area is lower than t h e  S t a t e  average; t h e  
1978 average rates were 4.5% i n  Eddy County and 4.0% i n  Lea County. Seasonal 
unemployment rates vary s i g n i f i c a n t l y ,  with higher rates during June and lower 
rates i n  late spr ing  and la te  f a l l .  The v a r i a t i o n s  occur p r imar i ly  because of 
f l u c t u a t i o n s  i n  t h e  summer-month employment p a t t e r n s  of a g r i c u l t u r a l ,  s tudent ,  
and c e r t a i n  noncontract school  personnel  (NMESD, 1975-1979). 
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Table H-14. Employment Sectors 

- ~ _ _ _  ~ 

Percentage 
d i s t r  i bu t iona  I ndu st r y 

Agr i cu l tu re  5 

Manuf ac t u r  ing 5 

Transpor t a t ion ,  communications, and 9 

Finance, insurance ,  and real  es ta te  4 

Government 1 2  

Mining 26 

Cons t ruc t ion  6 

u t i l i t i e s  
Wholesale and retail. trade 24 

S e r v i c e s  13 

aData from t h e  New Mexico mployment S e c u r i t y  
Department NMESD (1975-1979). Percentages do n o t  
add to  100% because of rounding. 

Appl ica t ions  for work through t h e  New Mexico Employment S e c u r i t y  Department 
( former ly  t h e  mployment S e c u r i t y  Commission) r e v e a l  t h a t  a l a r g e  number of 
people wi th  t e c h n i c a l  s k i l l s ,  many d i r e c t l y  connected w i t h  c o n s t r u c t i o n  and 
mining, and a l a r g e  number of clerical  and secretarial workers are a v a i l a b l e  
i n  t he  area. 

Underemployment and d i squ i sed  u m t  

The unemployment r a t e  computed by t h e  State  and Federal. governments is 
based on persons  a c t i v e l y  seeking employment. An area may sometimes have a 
concur ren t  l o w  l e v e l  of def ined  unemployment and s i g n i f i c a n t  underemployment 
(i.e., occupat ions  or j o b s  t h a t  do n o t  t a k e  f u l l  advantage of an employee's 
p o t e n t i a l ) .  Although l abor  s ta t is t ics  and wage rates i n d i c a t e  t h a t  t h e r e  may 
be s o m e  underemployment because of seasonal employment p a t t e r n s  i n  t h e  two-  
county area, underemployment does not  appear to be s i g n i f i c a n t  i n  t h e  labor 
m a r k e t  . 

Disguised unemployment may e x i s t  when many persons  who are n o t  a c t i v e l y  
seeking employment would t a k e  a job i f  one were a v a i l a b l e  i n  t h e  area. 
guised  unemployment is measured by labor- force  p a r t i c i p a t i o n  rates. I n  t h e  
two-county area t h e  labor-Eorce p a r t i c i p a t i o n  rate f o r  males is h igher  than  
the  State  average,  whi le  t h e  rate for females is lower than t h e  State average 
(USDC, 1970b).  These data imply t h a t  no t  a l l  females who are w i l l i n g  to work 
are a c t i v e l y  seeking employment and t h a t  the  labor- force  a v a i l a b i l i t y  for 
females may be g r e a t e r  than c u r r e n t  s tatist ics i n d i c a t e .  

D i s -  

Major employers 

Nine of  t h e  20 major employers i n  t h e  two-county area are mining or 
service-to-mining companies (Table H-15). 
Levi S t r a u s s  and t h e  Holly and Navajo Corpora t ion ,  are l i s t e d  by t h e  Employ- 
ment S e c u r i t y  Department as  manufacturing companies. 

Only t w o  of  t h e  20 major employers,  
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Table H-15. Major Rnployers i n  Eddy and Lea Countiesa 

Number o f  employees Company S e r v i c e s  

EDDY COUNTY 

151-250 Mississippi Chemical 
Lakeview C h r i s t i a n  Home 
Holly and Navajo Corporation 

Mining 
Retirement home 
Ref in ing  

Kerr-McGee Corpora t ion  
Duval Corpora t ion  
Amax Chemical 
Guadalupe Medical Center 

Mining 
Mining 
Mining 
Medical 

251-500 

501-750 

N o t  known 

Potash Company of America 
(Ideal Basic I n d u s t r i e s )  

I n t e r n a t i o n a l  Minera ls  
Mining 
Mining 

Evangel ica l  Lutheran Center Nursing home 

LEA COUNTY 

100-150 Ha l l ibu r ton  Company 
Moran Company 
First  Nat iona l  Bank 

O i l  f i e l d  
O i l - w e l l  d r i l l i n g  
Banking 

151-250 B&M ( w e l l  s e r v i c e )  
Levi S t r a u s s  
Genera l  Telephone 

O i l  f i e l d  
Manufacturing 
U t i l i t y  

Medical 
Ref in ing  n a t u r a l  

g a s  

251-7 50 Lea County Regional Hospital 
E l  Paso Na tu ra l  Gas 

Na t iona l  Potash Mining 

N o t  known M.G.F. D r i l l i n g  Company O i l - w e l l  d r i l l i n g  

aData from t h e  Carlsbad Department of  Development (1977-1979) and t h e  
I n d u s t r i a l  Development Corpora t ion  o f  Lea County (1979).  

Personal  income 

The to ta l  annual  pe r sona l  income i n  1977 was l isted by t h e  Bureau of 
Economic Analys is  as $276.8 m i l l i o n  i n  Eddy County and $360.5 m i l l i o n  i n  Lea  
County. 
sona l  income of a l l  State r e s i d e n t s .  The total  annual  pe r sdna l  income i n  Lea 
County h a s  been showing s t eady  i n c r e a s e s  i n  r e c e n t  years .  
c l i n e s  i n  t h e  po ta sh  i n d u s t r y  during t h e  middle and l a t e  1960s,  Eddy County 
s u s t a i n e d  a decrease  i n  t h e  total  pe r sona l  income i n  1968 and i n  1969 b a r e l y  
reached t h e  l e v e l  e s t a b l i s h e d  i n  1967; s i n c e  1968, however, it has  shown 

The two-county area accounts  f o r  about  9% of  t h e  t o t a l  annual  per- 

Because of de- 
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increases .  While information a f t e r  1977 is no t  a v a i l a b l e ,  t r e n d s  i n  t h e  area 
and i n  t h e  S t a t e  i n d i c a t e  t h a t  t h e  total personal  income i n  t h e  two-county 
area has been inc reas ing  a t  more than  12% per year s i n c e  1976 (USDC, 1975- 
1979).  

The per-capita income i n  t h e  two coun t i e s  is higher  than t h a t  i n  t h e  
State: i n  1977 it was $6811 i n  Lea County, or approximately 16.5% above t h e  
$5846 r e g i s t e r e d  s ta tewide  l e v e l ,  and $6089 i n  Eddy County, about  4.2% above 
t h e  s ta tewide  l e v e l .  In  Lea County t h e  per-capita income increased  118.5% 
between 1970 and 1977, whi le  i n  Eddy County t h e  inc rease  was only s l i g h t l y  
less a t  101.7%. The s t a t e w i d e ' l e v e l  increased  99.8% during the  same period:  
t h u s  t h e  per-capita income for t h e  two-county area is inc reas ing  f a s t e r  than 
t h e  s t a t ewide  average. 
both coun t i e s  is above t h e  n a t i o n a l  average f o r  non-SMSA (Standard Metro- 
p o l i t a n  Stat is t ical  Area) count ies .  I n  Lea County t h e  per-capita income is 
118.2% of  t h e  non-SMSA county n a t i o n a l  average, while  t h e  Eddy County l e v e l  
is 106.0% (USDC, 1975-1979). 

I t  is important to note  t h a t  t h e  per -capi ta  income i n  

H.3.3 Housing and Land U s e  

Carlsbad 

According to  o f f i c i a l s  of t h e  C i t y  of Carlsbad,  between June 1977 and 
August 1979 Carlsbad annexed 8544 acres of land ,  thereby inc reas ing  t h e  l and  
area w i t h i n  its c i t y  l i m i t s  to 13,335 acres. 
nexed land ,  most of which is vacant ,  t h e  total  vacant  land  area i n  Carlsbad 
amounts to approximately 7500 acres, which is 57% of t h e  to ta l  municipal 
acreage  . 

With t h e  a d d i t i o n  of t h e  an- 

Land-use p a t t e r n s  i n s i d e  t h e  c i t y  l i m i t s  are c u r r e n t l y  changing. Much of  
t h e  c i t y  is being rezoned, wi th  t h e  outcome of  t h e  rezoning i n  doubt. U n t i l  
rezoning is s e t t l e d ,  it is no t  p o s s i b l e  to accura t e ly  p r e d i c t  e i t h e r  t h e  loca- 
t i o n  or t h e  total  amount of land  to be a v a i l a b l e  f o r  f u t u r e  r e s i d e n t i a l ,  com- 
mercial, and i n d u s t r i a l  development. 

Information from the City of Carlsbad shows that ,  dur ing  the period 1970- 
1977, new housing u n i t s  were added to t h e  c i t y ' s  housing s t o c k  a t  a rate of 
approximately 160 per year .  Actual  cons t ruc t ion  averaged approximately 180 
u n i t s  per year  f o r  t h a t  -period, wi th  approximately 25 of the  new construc-  
t i o n  u n i t s  r ep lac ing  s t r u c t u r e s  that  were classified as "demoli t ions.  It Con- 
c u r r e n t l y ,  t h e  vacancy rate decreased from approximately 3 % - i n  1970 to 1% by 
1977. ' 

being cons t ruc ted .  However, demol i t ions  and popula t ion  g r o k h  maintained t h e  
vacancy rate a t  an average of approximately 1%. If t h e  vacancy rate were to 
have been r e e s t a b l i s h e d  a t  a l e v e l  of  3%, g e n e r a l l y  accepted as t h e  d e s i r a b l e  
vacancy rate t h a t  permits o r d e r l y  populat ion and community growth, it would 
have been necessary to c o n s t r u c t  an a d d i t i o n a l  153 hou'sing u n i t s  in'1978. 

I n  1978 cons t ruc t ion  a c t i v i t y  increased ,  w i t h  257 new housing u n i t s  

By mid-1979, t h e  Carlsbad housing stock was estimated to be approximately 
10,198 u n i t s  (Table H-16). The most r e c e n t  information from t h e  C i t y  of 
Carlsbad (1979) i n d i c a t e s  t h a t  t h e  vacancy rate has  remained a t  a l e v e l  of 
approximately 1%. 
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Temporary housing is a v a i l a b l e  on a seasona l  basis  i n  Car l sbad ' s  20 
motels, which have a total  o f  about  1100 rooms. 
Labor Day occupancy rates are about  100%. Nonsummer occupancy rates on week- 
ends are as l o w  as 50% i n  s o m e  motels bu t  95% to 100% on weekdays (data from 
t h e  Carlsbad Department of  Development, 1979).  

Between Memorial Day and 

The Federa l  Housing Au thor i ty ' s  Sec t ion  8 program provides  r e n t  and u t i l -  
i t y  a s s i s t a n c e  (75%) to q u a l i f i e d  r e n t e r s .  General ly ,  to  q u a l i f y ,  a person 
m u s t  be  more than  62 y e a r s  o l d ,  d i s a b l e d ,  or handicapped and have an income 
of less than $8500 (s ingle-person l i m i t ) .  I n  November 1979 t h e r e  were 9 1  
program p a r t i c i p a n t s  and approximately 25 to 30 a p p l i c a n t s  f o r  t h e  program 
(pe r sona l  communication from J. Haut, U.S. Department of Housing and Urban 
Development, R o s w e l l ,  New Mexico, 1979).  

Table H-16. Housing Stock i n  Carlsbad, 1978 

Type To t a l  Occupied Unoccupied 

A l l  u n i t s  
Single-family u n i t s  
Multifamily units 
Mobile homes 

10 ,  198a 10 ,045b 15 3 

1,101a 1,084= 17 
931d 917c 1 4  

8 ,  166a 8 ,044c 12 2 

aBased on data from the U.S. Department of Commerce, 1970 
Census of Housing (USDC, 1970c) ,  and subsequent  bui lding-permit  
and demol i t ion  da ta .  

f o r  t h i s  report. 
bBased on popula t ion  and household-size estimates prepared 

COccupancy rates assumed i d e n t i c a l  for a l l  housing types. 
dDatum from Adcock (1979). 

Hobbs 

According to c u r r e n t  in format ion  from t h e  C i t y  of  Hobbs (1979) ,  t h e  total  
land  area i n s i d e  t h e  Hobbs c i t y  l i m i t s ,  i nc lud ing  t h e  Hobbs I n d u s t r i a l  A i r  
Park,  is about  14,830 acres. N o t  inc luding  t h e  A i r  Park,  approximately 1070 ' 

acres are vacant  and available for r e s i d e n t i a l ,  commercial, or i n d u s t r i a l  
development.* V i r t u a l l y  t h e  total  area of t h e  A i r  Park is vacant  a t  p re sen t ,  
p rovid ing  an a d d i t i o n a l  3500 acres for i n d u s t r i a l  development. S ince  Hobbs 
has  no zoning ordinance,  t h e r e  are no f i g u r e s  on t h e  total  amount of  land  
a v a i l a b l e  for s p e c i f i c  types of use. 

From 1970 to 1977, new housing u n i t s  were added to t h e  Hobbs housing stock 
a t  a rate of about  215 per year .  Actua l  c o n s t r u c t i o n  averaged 254 u n i t s  per 
year  for t h e  period, wi th  about  40 u n i t s  per year  r ep lac ing  condemned or re- 
moved s t r u c t u r e s .  This  r e l a t i v e l y  low rate o f  a d d i t i o n  to t h e  housing s t o c k  
caused t h e  vacancy rate to d e c l i n e  from n e a r l y  9% i n  1970 to j u s t  over 1% i n  
1975. I n  1976 and 1977 c o n s t r u c t i o n  a c t i v i t y  increased ,  w i th  414 new housina 

6 u n i t s  added i n  1976 and 611 u n i t s  i n  1977, and vacancy rates inc reas ing  to 
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about 2% because of the  r ecen t  cons t ruc t ion  a c t i v i t y .  
housing s t o c k  i n  Hobbs was est imated a t  10,879 u n i t s .  
cont inua t ion  of increased housing cons t ruc t ion ,  with 466 new u n i t s  added. 
However, demoli t ions and populat ion growth maintained t h e  vacancy rate a t  an 
average of approximately 2%. 
e s t ab l i shed ,  it would have been necessary to cons t ruc t  1 1 4  a d d i t i o n a l  housing 
u n i t s  i n  1978. 

A t  t he  end of 1977, t h e  
The year  1978 saw a 

@ 
If a vacancy rate of 3% were to have been re- 

A t  t h e  end of 1978, t h e  Hobbs housing stock was est imated to be approxi- 
The most recent  information from t h e  C i t y  mately 11,345 u n i t s  (Table H-17). 

o f  Hobbs (1979) i n d i c a t e s  t h a t  t he  vacancy rate has  remained a t  a l e v e l  of 
approximately 2%. 

Temporary housing i n  Hobbs is a v a i l a b l e  i n  11 motels with 482 rooms. 
sonal  occupancy p a t t e r n s  are very similar to those f o r  Carlsbad. On a year- 
round bas i s ,  occupancy averages 84%, with t h e  Memorial Day to Labor Day rate 
a t  95% or higher .  Nonsummer occupancy is lower than summer occupancy on t h e  
average, bu t  midweek occupancy is very high even i n  nonsummer months. 

Sea- 

The Federal  Housing Author i ty ' s  Sec t ion  8 Program c u r r e n t l y  provides  r e n t  
and u t i l i t y  a s s i s t a n c e  to 39 q u a l i f i e d  r e n t e r s  i n  Hobbs, and t h e r e  are approx- 
imately f i v e  a p p l i c a n t s  on the wai t ing list (personal  communication from J. 
Haut, U.S. Department of Housing and Urban Development, R o s w e l l ,  New Mexico, 
1979). 

Table H-17. Housing Stock i n  Hobbs, 1978a 

Total Occupied Unoccupied Type 

~ l l  u n i t s  11,345 11,119 226 
Single- f a m  i l y  un i ts 8,677 8 p 503 174 
Multifamily u n i t s  1,295 1,269 26 
Mobile homes 1,373 1,345 28 

aData from the  C i ty .o f  Hobbs, 1979. Occupancy based on a 
vacancy-rate estimate i n  t h i s  housing count,  with vacancy rates 
assumed to be i d e n t i c a l  f o r  a l l  housing types. 

Loving 

During the  period 1970 through October 1979, t h e  housing stock i n  Loving 
increased  by 19.9% from 403 (USDC, 1970c) to 483 housing u n i t s  (Table H-18) 
(Adcock, 1979). The vacancy rate decreased from 27% (109 u n i t s )  i n  1970 
(USDC, 1970c) to 4.3% (21 u n i t s )  i n  October 1979 (Adcock, 1979). 

Of f i c i a l  information regarding t h e  c u r r e n t '  (November 1979) q u a l i t y  of 
housing is not  ava i l ab le ;  t h e  most recent information is for 1974. 
to the  r e s u l t s  of a 1974 housing survey conducted by t h e  Southeastern New 
Mexico Economic Development Distr ic t  (SENM EDD),  58% of t h e  housing u n i t s  were 
of sound condi t ion ,  26% were d e t e r i o r a t i n g ,  and 16% were d i lap ida ted .  

According 
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The 1974 SENM EDD survey used t h e  number of mobile homes i n  t h e  community 
a measure of  t h e  q u a l i t y  of  housing stock; mobile homes are considered to 
i n f e r i o r  to  o the r  types of s t r u c t u r a l l y  sound housing un i t s .  Recently,  t h e  

During t h e  period 1974- c mber of  mobile homes i n  Loving has been increas ing .  
79, mobile homes increased  from the  1 4  u n i t s  counted i n  t h e  above-mentioned 
rvey to 49 u n i t s  (Adcock, 1979) ,  an inc rease  o f  250%. 

Q 
The results of t h e  1979 Loving structure inventory compiled by Larry 

cock and Associates show t h a t  ne i the r  t h e  o v e r a l l  numbers nor t h e  percent-  
es of sound ve r sus  d e t e r i o r a t i n g  and d i l a p i d a t e d  housing u n i t s  have changed 
g n i f i c a n t l y  s i n c e  1974. 

The Federa l  Housing Au thor i ty ' s  Sec t ion  8 Program had no r e c i p i e n t s  i n  
ving as  of October 1979 (pe r sona l  communication from J. Haut, U.S. Depart- 
n t  of Housing and Urban Development, R o s w e l l ,  N e w  Mexico, 1979).  

Table  H-18. Housing Stock i n  Loving, 1979a 

~ 

Type Tota l  Occupied Unoccupied 

A l l  u n i t s  48 3 46 2 21 
Single-family u n i t s  410 389 2 1  
Mu1 t if a m i  ly u n i t s  24 24 N A ~  
Mobile homes 49 49 N A ~  

aData from Larry Adcock and Associates (1979) ,  R e s i d e n t i a l ,  

h A  = not  appl icable .  
Comniercial, and Se rv ice  S t r u c t u r e  Inventory.  

3.4 Community F a c i l i t i e s  

i ca t ion  

There are t h r e e  p u b l i c  school  districts i n  Eddy.County and f i v e  i n  Lea 
inty,  wi th  a combined 1978-1979 enrollment o f  21,927. 
; tr icts appear l i k e l y  to experience s u b s t a n t i a l  impacts from t h e  WIPP. 
x i a l  educat ion,  a d u l t  educat ion,  and technica l -voca t iona l  programs are 
Lered through t h e  municipal  school  systems i n  Carlsbad and Hobbs. 

Three p u b l i c  school  

Three i n s t i t u t i o n s  of  higher  educat ion are i n  t h e  v i c i n i t y  of t h e  WIPP 
te: a branch of  t h e  New Mexico State Un ive r s i ty  i n  Carlsbad and t h e  New 
K i c o  Jun ior  Col lege and t h e  College of t h e  Southwest (a small 4-year i n s t i -  
t i on )  i n  Hobbs. The Eas te rn  New Mexico Un ive r s i ty  main ta ins  a branch i n  
swell, about  75 miles nor th  of Carlsbad,  and has its main campus i n  Por- 
les, approximately 110 miles nor th  of Hobbs. The New Mexico M i l i t a r y  I n s t i -  
te is a l so  loca ted  i n  Roswell. 
Kico State  Univers i ty ,  wi th  a main campus i n  L a s  C r u c e s  and a branch i n  
imogordo,. and t h e  Un ive r s i ty  o f  Texas a t  E l  Paso. 

~ 

Somewhat f a r t h e r  from t h e  s i te  are t h e  New 

Car1sbad.- Information obta ined  i n  1979 from t h e  Carlsbad School District 
3ws t h a t  t h e  Car l sbad+schoo l  system c o n s i s t s  of t en  elementary schools ,  t w o  



, 
/ 

j un io r  high schools ,  one mid-high school ,  and one sen io r  high school ,  with a 
combined enrol lment  of  about  6620 s tuden t s .  This  enrol lment  is w e l l  below t h e  
capac i ty  of 10,000 s tuden t s .  A s  shown i n  Table H-19, t h e  excess  c a p a c i t y  
e x i s t s  a t  a l l  grade  l e v e l s .  

Table H-19. Carlsbad School District Enrollmenta 

Year 
Grade 

K-6b 7- 8 9-10 11-12 Total 
~ ~~~ ~ 

ENROLLMENT CAPACITYC 

46 00 1860 1770 1870 10 ,000  

ACTUAL ENROLLMENTd 

1977-1978 3178 1390 1132 10 37 6737 

1978-1979 3501 982 1178 960 6621 

aData from t h e  Carlsbad School District (1979). 
b Inc ludes  s p e c i a l  educat ion 'C" and 'D" k indergar ten  s t u d e n t s  

CAssumes a capac i ty  of 24 s t u d e n t s  per  classroom. 
dCarlsbad 40-day average d a i l y  membership reports. 

counted as  f u l l  t i m e .  

The Carlsbad school  system has a complete s p e c i a l  educat ion program t h a t  
conforms to s t anda rds  set by t h e  State of New Mexico. With approximately 455 
s t u d e n t s  a t  p r e s e n t ,  t h e  s p e c i a l  educat ion program s e r v e s  menta l ly  r e t a rded  
persons between t h e  ages  of 5 and 2 1  and also assists c h i l d r e n  with speech and 
l ea rn ing  d i s a b i l i t i e s .  

Adult-education programs are provided through the pub l i c  school  system. 
These programs o f f e r  t r a i n i n g  i n  basic s k i l l s  as  well as  classes leading  up to 
General  Education Development T e s t s .  

Technical-vocat ional  t r a i n i n g  programs are provided by both the  high 
There are also schools  and t h e  branch of  t h e  New Mexico S t a t e  Univers i ty .  

work/study and o the r  voca t iona l  t r a i n i n g  programs f o r  t h e  mental ly  re ta rded .  

Hobbs. The Hobbs school  system c u r r e n t l y  consists of t en  elementary 
schools  (k indergar ten  through grade 6)  , t h r e e  jun io r  high schools  (grades 7 
through 9 ) ,  and one h igh  school  (grades  10 through 12) .  According to informa- 
t i o n  from t h e  Hobbs School D i s t r i c t ,  t h e  total enro l lment  f o r  t h e  1978-1979 
school  year  was about  7630 s t u d e n t s  (Table H-20). This  enrol lment  is somewhat 
below t h e  es t imated  capac i ty  of 8350 s tudents .  

Spec ia l  educa t ion  programs are o f f e r e d  for persons between t h e  ages of 6 
and 21. There are also programs f o r  c h i l d r e n  i n  grades  1 through 6 wi th  learn-  
ing  d i s a b i l i t i e s .  
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Table H-20. Hobbs School Dis t r ic t  Enrollment i n  
t h e  1978-1979 School Year" 

Grade P 

K-6b 7- 9 10-12 Total 
~ 

ENROLLMENT CAPACITY~ 

4630 1990 1730 8350 

ACTUAL ILLNENT~ 

4237 17  15 1677 7629 

aData from t h e  Hobbs School District  (1979).  
b Inc ludes  s p e c i a l  educat ion "C" and "D" 

kindergar ten  s t u d e n t s  counted a s  full time. 
CAssumes a capac i ty  of 24 s t u d e n t s  per 

c l a  s sr o o m  . 
dHobbs 40-day average daily membership reports. 

Table H-21. Loving School D i s t r i c t  Enrollment 
i n  t h e  1978-1979 School. Year" 

Total 

ENROLLMENT CAPACITYC 

48 240 140 428 

ACTUAL E N R O L L M ~ T ~  

35 188 199 342 

aData from t h e  Loving School Dis t r ic t  (1979) . 
bInc ludes  s p e c i a l  educat ion "C" and I'D" 

k indergar ten  s t u d e n t s  counted as f u l l  time. 
CAssumes a capac i ty  of 24 s t u d e n t s  pex 

cla s sr o o m  
dLoving 40-day average d a i l y  membership r e p o r t s .  

Adult  education classes t h a t  upgrade b a s i c  s k i l l s  to t h e  eighth-grade 
l e v e l  are of fered .  Classes prepar ing  for the General Education Development 
T e s t s  are also provided. 
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Technical-vocat ional  programs are provided by t h e  high school  and t h e  
New Mexico Junior  College.  
program f o r  the  menta l ly  retarded. 

There is also a special voca t iona l  r e h a b i l i t a t i o n  

Loving. The Loving school  system c u r r e n t l y  c o n s i s t s  of t w o  schools: 
one elementary and one jun io r  h igh  school .  According to information obta ined  
i n  1979 from the Loving School District ,  some 120 high-school-age s t u d e n t s  
from t h e  Loving d i s t r i c t  c u r r e n t l y  a t t e n d  classes i n  Carlsbad schools .  
d i s t r ic t ' s  combined enrol lment  totals 342 fu l l - t ime  s t u d e n t s  (Table H-21). 
The enrol lment  is w e l l  below t h e  s c h o o l - d i s t r i c t  c a p a c i t y  of approximately 
430 pup i l s .  T h i s  excess  c a p a c i t y  e x i s t s  a t  a l l  l e v e l s  except  t h e  f o u r t h  and 
s i x t h  grades.  

The 

Municipal water systems 

Carlsbad. According to information provided by c i t y  officials i n  
1979, Carlsbad o b t a i n s  its water from a w e l l  f i e l d  i n  t h e  Capi tan  Reef 
(Figure H-7) and through a p i p e l i n e  from the  Double Eagle System to the  
no r theas t  o f  t h e  c i t y .  There are e i g h t  wells p r e s e n t l y  pumping water from 
t h e  Capi tan f i e l d  and 22 wells i n  t h e  Double Eagle f i e l d .  I n  add i t ion ,  t h e r e  
are t h r e e  wells wi th in  t h e  c i t y  l i m i t s  t h a t  are no t  used because t h e  water 
under Carlsbad is of lower q u a l i t y  than water o u t s i d e  t h e  c i t y  l i m i t s .  

The c i t y  has r i g h t s  to 9200 acre- fee t  per year  i n  t h e  Capi tan Reef and 
7648 ac re - f ee t  per year  i n  t h e  Double Eagle f i e l d .  I n  add i t ion ,  Carlsbad has 
r i g h t s  to 10,640 ac re - f ee t  per  year  from a w e l l  f i e l d  no r th  of t h e  c i t y  i n  
t h e  Oga l l a l a  Formation, g iv ing  the  c i t y  total  r i g h t s  to over 27,000 acre- fee t  
per year .  

Current  (1979) consumption averages about 5.8 m i l l i o n  g a l l o n s  per day 
(rngd) i n  Carlsbad. Peak consumption is about  16 mgd, w e l l  w i th in  t h e  c u r r e n t  
26.4-mgd c a p a c i t y  of t h e  d e l i v e r y  system. 

Hobbs. Information obta ined  i n  1979 from c i t y  o f f i c i a l s  shows t h a t  
Hobbs c u r r e n t l y  has  r i g h t s  to  18,888 ac re - f ee t  of water per year  from ground- 
water sources  (p r imar i ly  i n s i d e  c i t y  l i m i t s )  i n  t h e  Oga l l a l a  Formation. I n  
add i t ion ,  it has an a l l o c a t i o n  of 15,340 acre-feet per year from the  proposed 
Eas te rn  New Mexico Water Supply System, which would d e l i v e r  water from t h e  
U t e  Reservoir  to 10 communities i n  e a s t e r n  New Mexico. The s t a t u s  of t h i s  
project is c u r r e n t l y  very unce r t a in ,  and it is not  known when, i f  ever ,  t h e  
d e l i v e r y  of water to Hobbs w i l l  begin. 

Municipal water is suppl ied  from 28 w e l l s  located i n  and around t h e  c i t y  
(F igure  H - 8 ) .  The c u r r e n t  p o t e n t i a l  y i e l d  of  t h e  w e l l s  is about  1 4  mgd. 

Average consumption is c u r r e n t l y  about  12 mgd. Peak d a i l y  consumption, 
normally about  double t h e  average 'aai ly  rate i n  t h i s  area, is l i m i t e d  by t h e  
c a p a c i t y  of the  delivery-and-storage system to j u s t  over 1 4  mgd. Thus, al- 
though the  total  water r i g h t s  i n  t h e  Oga l l a l a  Formation are adequate  f o r  cur-  
r e n t  demands (about  7050 acre-feet per y e a r ) ,  t h e r e  is a need f o r  a d d i t i o n a l  
wells and storage-and-delivery f a c i l i t i e s .  The r e c e n t  completion of  four  
a d d i t i o n a l  wells w i l l  p a r t i a l l y  a l l e v i a t e  t h e  e x i s t i n g  water system's  limita- 
t i o n s .  

H-41 



T"'1 
' ;  I i 

F Fire stations 

p Police station 

,,, ::;::G$5?s.$j %', '...?**- Planned housing 
.:.:..- s.;:.:.i; .,-.,,,-, ...; /&",..e r.rrr. development areas 
.,. ..-.";~.~,:~,.~*,~- 

Potential 

Sewage-treatment plants 

City water fields 
v v \  - 

.. . . - ._  ". . ,.;.>,'<.;! .:.o. : ;.- .,,-:>:.;I,, Chlorination plant 
* .  : .*'. '. . , 

I----- 

i 
i 
i 

I-' 
L l  

I 

A 

A- 

Figure H-7. Municipal facilities, water system and sewage-treatment plants,,Carlsbad. 
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Figure Ha. Municipal facilities, water system, and sewage-treatment plant, Hobbs. 
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Loving.. Loving c u r r e n t l y  o b t a i n s  its water supply from four w e l l s  located ~ 

about  7 miles from t h e  community (Figure H-9). The v i l l a g e  purchased t h e  sys- 
t e m  i n  1960 from a p r i v a t e  firm. The system c o n t a i n s  one 125,000-gallon and 
one 150,000-gallon s to rage  tank. Water is also suppl ied  to t h e  community of 
Malaga, which is south of  Loving (communication from Molzen-Corbin and Associ- 
ates, Albuquerque, New Mexico, 1979). 

The a v a i l a b l e  water r i g h t s  of 800 ac re - f ee t  per year  are s u f f i c i e n t  to 
meet t h e  c u r r e n t  and f u t u r e  needs of t h e  community, cons ider ing  its r e l a t i v e l y  
slow growth. 

The c u r r e n t  average consumption is approximately 9 1  m i l l i o n  g a l l o n s  per 
yea r ,  or 258,000 g a l l o n s  per day. The peak consumption of approximately 
500,000 g a l l o n s  per day exceeds t h e  present system's  d e l i v e r y  and s t o r a g e  
capac i ty  O f  250,000 g a l l o n s  per  day (da t a  from Molzen-Corbin and Associates, 
Albuquerque, New Mexico, 1979). 

To m e e t  t h e  cu r ren t  water demand, t h e  e x i s t i n g  6- and 8-inch p i p e l i n e  is 
scheduled to be replaced by a 10-inch p i p e l i n e .  In  add i t ion ,  a new 500,000- 
g a l l o n  s t o r a g e  f a c i l i t y  is to be cons t ruc t ed  a t  t h e  w e l l  site. Bids f o r  t h e  
water-system improvements were opened i n  October 1979. 

Municipal wastewater systems* 

Carlsbad. The Carlsbad municipal sewage-treatment p l a n t ,  inadequate for 
c u r r e n t  needs, is being expanded and upgraded, wi th  cons t ruc t ion  expected to 
be completed by September 1981. On completion, t h e  p l a n t  w i l l  have a des ign  
c a p a c i t y  adequate to s e r v e  50,000 people. E f f l u e n t  waste w i l l  be used.  to 
i r r i g a t e  a 700-acre farm owned by t h e  c i t y .  

Sewage-collection f a c i l i t i e s  provide  s e r v i c e  to t h e  e n t i r e  c i t y  (F igure  
H-7). R e s i d e n t i a l  areas o u t s i d e  c i t y  l i m i t s  use  septic systems. About 25% 
to 30% of  t h e  developing areas i n  t h e  v i c i n i t y  of t h e  c i t y  are c u r r e n t l y  no t  
s u i t e d  td t h e  use of  convent iona l  p e r c o l a t i o n  septic systems and must use  t h e  
somewhat more expensive evapo t ransp i r a t ion  septic systems. 

Hobbs. The cons t ruc t ion  of a new municipal  sewage-treatment p l a n t  is 
under way, wi th  completion expected i n  e a r l y  1980. The new p l a n t  w i l l  have an  
i n i t i a l  c a p a c i t y  of 5 mgd and a c a p a b i l i t y  to expand to 6 mgd. 

There are also plans to expand and upgrade t h e  main sewer l i n e s  i n  t h e  
c i t y .  
being rebui l t  and one being paralleled by a new bypass l i n e .  
of t h e  project is expected e a r l y  i n  1980. 

Two of t h e  t h r e e  e x i s t i n g  main t runk  l i n e s  w i l l  be a f f e c t e d ,  wi th  one 
The completion 

Since A p r i l  1, 1978, developing areas nor th  of Hobbs (Figure H-8) have . 
been r e s t r i c t e d  by t h e  New Mexico Environmental Improvement Div is ion  to t h e  
use  o f  evapo t ransp i r a t ion  s e p t i c  systems because of  p a s t  problems wi th  sewage , 
from p e r c o l a t i o n  systems seeping i n t o  local water suppl ies .  The use of t h e  

*Data obta ined  from t h e  C i t y  of Carlsbad (1979),  t h e  C i t y  of Hobbs (1979), 
and t h e  New Mexico Environmental Improvement Div is ion  (1978)., un le s s  o therwise  
stated. 3 
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Figure H-9. Municipal facilities, water system, and sewage-treatment plants, Loving. 
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evapot ranspi ra t ion  systems is expected to prevent  f u r t h e r  problems with resi- 
d e n t i a l  sewage i n  areas not  connected to the  Hobbs municipal sewage system. 

LovinQ.' The municipal sewage-treatment p l a n t  b u i l t  i n  1950 does no t  meet 
c u r r e n t  e f f l u e n t  s tandards  set by t h e  New Mexico Water Q u a l i t y  Commission. 
Consequently, t h e  v i l l a g e  has  received a Federa l  g r a n t  to c o n s t r u c t  a new 
t rea tment  f a c i l i t y .  A t  p re sen t ,  the  appropr ia ted  funds ($300,000) equa l  
approximately 50% of  t h e  des ign  and cons t ruc t ion  costs for an adequate p l a n t .  
Loving is st i l l  seeking a d d i t i o n a l  funding to s ta r t  t h e  project ( informat ion  
from Molzen-Corbin and Associates, Albuquerque, New Mexico, 1979).  

6 

The t reatment  p l a n t  now i n  u s e  is a primary system and has a r a t e d  capac- 
i t y  of 0.15 mgd. 
ment District, it is exper ienc ing  a demand of 55% to 60%. 
s e r v e s  approximately 1600 people (Adcock, 1979).  

According to t h e  Southeas te rn  New Mexico Economic Develop 
The sewage f a c i l i t y  

Sewage-collection f a c i l i t i e s  provide  s e r v i c e  to t h e  ma jo r i ty  of Loving's 
r e s i d e n t s .  The only  except ion is the  extreme e a s t e r n  s e c t i o n  of Cedar Street 
(Figure H-9). Because t h i s  area's e l e v a t i o n  is lower than t h a t  of t h e  c u r r e n t  
system, a l i f t  s t a t i o n  would be requi red  to provide c o l l e c t i o n  se rv ices .  The 
r e s i d e n t s  of t h e  area now use  ind iv idua l  s e p t i c  tanks.  

Elec t r  ic serv ice*  

Carlsbad and Loving. Eddy County o b t a i n s  e l e c t r i c i t y  from the  South- 
western Publ ic  Se rv ice  Company. 
Loving, and the  surrounding r u r a l  area contained 12,536 customers. Of t h i s  
total ,  11,247 were r e s i d e n t i a l  and 1289 were commercial or i n d u s t r i a l  custom- 
ers. Although t h e  r e s i d e n t i a l  customers were numerical ly  t h e  l a r g e s t  class of 
e l e c t r i c i t y  use r s ,  they  accounted for only  22% of e l e c t r i c i t y  demand; t h e  com- 
mercial, i n d u s t r i a l ,  and miscel laneous customers accounted f o r  t h e  remaining 
78%. Approximately 75% of t h e  power is c u r r e n t l y  genera ted  by natural-gas  
p l a n t s  and'25% by coa l - f i r ed  p l an t s .  Another coal-fired p l a n t  w i l l  become 
o p e r a t i o n a l  i n  June 1980, changing t h e  ratio of power-generation sources  to 
65% for n a t u r a l  g a s  and 35% for coal. I n  a d d i t i o n ,  it is expected t h a t  one 
coa l - f i r ed  p l a n t  w i l l  be completed i n  each of t h e  y e a r s  1982 and 1984; t h e  
e f f e c t  of t h e  t w o  a d d i t i o n a l  coa l - f i r ed  p l a n t s  on t h e  ra t io  of na tura l -gas  to 
coal-fired genera t ion  cannot  now be a sce r t a ined .  

I n  April 1979, t h e  area inc luding  Carlsbad, 

i 

Hobbs. The New Mexico Electric Se rv ice  Company s u p p l i e s  e l e c t r i c i t y  to 
Hobbs. 
area wi th in  t h e  Hobbs School District boundaries.  
r e s i d e n t i a l ,  1747 were commercial, and 312 were i n d u s t r i a l  customers. Al- 
though t h e  r e s i d e n t i a l  customers were numerical ly  t h e  l a r g e s t  class of elec- 
t r i c i t y  u s e r s ,  they  accounted for only  16% of e l e c t r i c i t y  demand; t h e  commer- 
c ia l  and i n d u s t r i a l  customers accounted f o r  15% and 69%, r e spec t ive ly ,  of 
e l e c t r i c i t y  demand. The e l e c t r i c i t y  is genera ted  by a s i n g l e  natural-gas  
p l an t .  
on a conversion has  been made. 

I n  September 1979, New Mexico E l e c t r i c  served '13,607 customers i n  t h e  
Of  t h i s  total, 11,548 were 

The company is studying t h e  f e a s i b i l i t y  of using coal, bu t  no dec i s ion  

*Data obta ined  i n  1979 from t h e  Southwestern Pub l i c  Se rv ice  Company 
(Carlsbad and Loving) and t h e  New Mexico Electr ic  Serv ice  Company (Hobbs) . 
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Natural-gas  se rv i ce*  

Carlsbad.  I n  January 1979 as  Company of  N e w  Mexico was supplying 
n a t u r a l  gas  to 9816-customer acc i n  t h e  Car l sbad  area (8845 r e s i d e n t i a l ,  
856 commercial, 17 i n d u s t r i a l ,  a misce l laneous) .  The r e s i d e n t i a l ,  com- 
mercial, i n d u s t r i a l ,  and misce l laneous  u s e r s  accounted f o r  16%,  6%, 76%, and 
28, r e s p e c t i v e l y ,  o f  t h e  na tura l -gas  demand i n  Carlsbad.  

Hobbs. I n  January 1979, t h e  Hobbs Gas Company was supplying n a t u r a l  g a s  
to 10,712 customer accounts  i n  t h e  Hobbs area (9415 r e s i d e n t i a l ,  1245 commer- 
c ia l ,  6 i n d u s t r i a l ,  and 46 misce l laneous) .  The r e s i d e n t i a l ,  commercial, indus- 
t r i a l ,  and misce l laneous  users accounted f o r  64%, 27%, 2%, and 7%, respec t ive-  
l y ,  o f  t h e  na tura l -gas  demand i n  Hobbs, 

Loving. I n  Janua ry  197 he Gas Company of  N e w  Mexico was supplying nat-  
u r a l  gas to 453 customer e Loving area (395 r e s i d e n t i a l ,  34 co'mercial, 
1 i n d u s t r i a l ,  and 23  m i s  l aneous ) .  The r e s i d e n t i a l ,  commercial, i n d u s t r i a l ,  
and misce l laneous  users accounted f o r  56%, 7%, 28%, and 9%,  r e s p e c t i v e l y ,  o f  
t h e  na tura l -gas  demand i n  Loving. 

F i r e  p ro tec t ion**  .. 

Carlsbad and Eddy County. The Carlsbad F i r e  Department has  30 fu l l - t ime  
employees, or about 1.04 per 1000 people, ope ra t ing  o u t  o f  t h e  main f i r e  sta- 
t i o n  and four  s u b s t a t i o n s  (F igure  H-7). Major equipment inc ludes  t w o  1500-gpm 
pumpers, one 1000-gpm pumper, t h r e e  750-gpm pumpers, and a dry-chemical t r u c k  
a t  t h e  airport. The primary s e r v i c e  area f o r  t h e  department is t h e  c i t y ,  bu t  
occas iona l  t r ips  are made o u t s i d e  t h e  c i t y  l i m i t s  to assist t h e  a l l -vo lun tee r  
Eddy County Fire Department. These t r i p s  are made on t h e  basis of a v e r b a l  
mutual-aid agreement between t h e  c i t y  and t h e  county. 

Hobbs and Lea County. The Hobbs Fire Department c u r r e n t l y  has  44 f u l l -  
time employees, i nc lud ing  t w o  d i s p a t c h e r s ,  or about  1.35 per 1000 people. 
There are t w o  f i r e  s t a t i o n s  (F igure  H-8) and seven f i r e  t r u c k s .  Approximately 
one-third o f  tlie depar tment ' s  calls are o u t s i d e  t h e  c i t y  l i m i t s  to assist t h e  
a l l -vo lun tee r  Lea County F i r e  Department. 

Loving. The  Loving Fire Department c u r r e n t l y  is an a l l -vo lun tee r  organi- 
z a t i o n  composed of 25 members. The department operates o u t  of  one s t a t i o n  
(F igure  H-9)-and is equipped wi th  t h r e e  pumpers and one'emergency veh ic l e .  
The g e n e r a l  s e r v i c e  area f o r  t h e  department is t h e  V i l l a g e  of Loving, bu t  
s e r v i c e  to areas ad jacen t  to  t h e  v i l l a g e  l i m i t s  is also provided. 

I 

Police p r o t e c t i o n * * ,  

Carlsbad and Eddy County. ' The-Carlsbad Pol ice .Department  has  48 f u l l -  
time employees, or 1.7 per- 1000 people. . The pr imary area served  by t h e  

. I  - 

.I 

*Data obta ined  i n  1979 from the Gas Company' of New'Mexico (Carlsbad and 
Loving) and t h e  Hobbs Gas Company. 

un le s s  o therwise  s t a t e d .  
**Data ob ta ined  i n  1979 from t h e  ci t ies of Carlsbad,  Hobbs, and Loving 
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department is the  c i t y ,  but  officers go ou t s ide  t h e  c i t y  l i m i t s  to assist New 
Mexico State police or Eddy County S h e r i f f ' s  o f f i c e r s  on request .  
also have Eddy County S h e r i f f ' s  commissions to  faci l i ta te  t h e i r  a c t i v i t i e s  
ou t s ide  c i t y  l i m i t s .  

C i t y  police c 
The Eddy County S h e r i f f ' s  office has  about 23 fu l l - t ime employees. I n  

add i t ion ,  as d iscussed  above, t h e  o f f i c e  can ca l l  on Carlsbad police o f f i c e r s  
for a s s i s t ance  i f  needed (data from the  Eddy County S h e r i f f ' s  O f f i c e ,  1979). 

Eddy County had a total  of 89 o f f i c e r s  (State Police, S h e r i f f ' s  O f f i c e ,  
and Police Department) i n  1978, or 1.9 per 1000 people (Adcock,  1979). 

Hobbs and Lea County. The Hobbs Police Department has 8 1  fu l l - t ime em- 
Moreover, Hobbs has developed a pro- 

The e f f e c t  of t he  program is to increase  the  apparent  s i z e  of 

ployees,  or about 2.5 per 1000 people. 
gram (Operation Sa tu ra t ion )  i n  which off-duty police o f f i c e r s  u s e  marked 
p a t r o l  cars. 
t h e  department by making police o f f i c e r s  v i s i b l e ,  whether on or off duty. 
police department s e rves  the  c i t y  pr imar i ly ,  with only occas iona l  calls  out- 
s i d e  c i t y  l i m i t s .  

The 

The Lea County S h e r r i f f ' s  department has  approximately 33 fu l l - t ime em- 
I n  add i t ion ,  t h e  department can ca l l  on Hobbs police o f f i c e r s  f o r  ployees.  

a s s i s t a n c e  i f  needed. 

Lea County had 124 officers (State Police, S h e r i f f ' s  O f f i c e ,  and Police 
Department) i n  1978, or approximately 2 per 1000 people. 

Loving. The Loving Police Department has t w o  fu l l - t ime employees and 
t h r e e  vehic les .  
o u t s i d e  t h e  v i l l a g e  l i m i t s .  

The department s e r v i c e s  t h e  c i t y ,  with only occasional calls 

Health care*  

Carlsbad and Eddy County. The Guadalupe Medical Center i n  Carlsbad is t h e  
p r i n c i p a l  short-term h o s p i t a l  i n  Eddy County. 
134 beds. There is also t h e  34-bed Artesia General Hospital. On t h e  b a s i s  of 
mid-1978 Eddy County populat ion estimates, t h e  168-bed county total  amounts to 
3.5 per 1000 population. 
1000, but  it is rep resen ta t ive  of t h e  State of New Mexico's average of 3.5 per 
1000. Nonetheless,  t h e  mid-1979 Guadalupe Medical Center occupancy rate of 
65% is below t h e  Federal  s tandard of 80% proposed f o r  a l l  nonfederal ,  genera l ,  
short-term h o s p i t a l s  (Bennett, 1977). Addit ional  medical f a c i l i t i e s  a v a i l a b l e  
i n  t h e  area are indica ted  i n  Table H-22. 

It opened i n  l a t e  1977 and has  

This is below t h e  n a t i o n a l  average of 4.0 beds per 

There are 35 phys ic ians  i n  Eddy County, 30 of whom use t h e  f a c i l i t i e s  of 
t h e  Guadalupe Medical Center.  Twenty-one of t h e  county 's  physicians provide 
primary care, or about 0.5 per 1200 population. Although the re  are no gener- 
a l l y  accepted s tandards  f o r  primary care physician-to-population ratios, t h e  
Eddy County ratio of 0.5 is only ha l f  t he  suggested l e v e l  of 1.0 per 1200 
(Bennett ,  1977). Eddy County was c l a s s i f i e d  as  a medically underserved area 

*Data obtained i n  1979 from the  Guadalupe Medical Center (Carlsbad and 
Eddy County), t h e  Lea Regional Medical Center (Hobbs and Lea County), t h e  C i t y  
of Carlsbad, and the  Vi l l age  of Loving, un less  otherwise s t a t ed .  i 
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Table H-22. Area Medical F a c i l i t i e s a  

6rs 
F a c i l i t y  

Lea 
Carlsbad Coun t y b  Hobbs CountyC 

Eday 

Short-term h o s p i t a l s  1 2 1 2 

Nursing homes 2 2 2 3 
Hospital beds ( p l u s  b a s i n e t t e s )  134 (18) 168 (NA) 180 (20) 203 (20) 

Intermediate-care  f a c i l i t i e s  

C l i n i c s  ( inc lud ing  mental  
and home h e a l t h  agencies  N A ~  3 NA 3 

h e a l t h )  NA 6 NA 4 
Pr imary-care c l i n i c s  0 1 1 1 
Pharmacies 1 4  17 8 18 

aData from t h e  New Mexico Heal th  Resources Reg i s t ry ,  Guadalupe Medical 

bIncludes Car lsbad. 
CInc ludes  Hobbs. 
d N o t  ava i l ab le .  

Center ,  Lea Regional Medical Center ,  and Adcock (1979). 

i n  1976 by the  S e c r e t a r y  of Heal th ,  Education, and Welfare f o r  purposes  of 
determining e l i g i b i l i t y  f o r  Heal th  Maintenance Organizat ion funding (Bennett ,  
1977).  I n  a d d i t i o n ,  t h e r e  are 17  d e n t i s t s  i n  Eddy County ("RR, 1979). 

Emergency medical s e r v i c e s  are provided by a Dallas,  Texas, company t h a t  
h a s  a c o n t r a c t  with t h e  Guadalupe Medical Center .  
operate a 24-hour emergency r o o m  s t a f f e d  by t h r e e  phys ic ians ,  of whom one is 
always i n  a t tendance  and s p e c i a l i z e s  i n  emergency t reatment .  

The emergency s e r v i c e s  

Ambulance s e r v i c e  is provided by t h e  Carlsbad F i r e  Department. There are 
c u r r e n t l y  four  v e h i c l e s  i n  use,  and a f i f t h  has  been ordered. Ambulance serv- 
ice normally covers  an area wi th in  about  30 miles of t h e  c i t y .  Each ambulance 
is s t a f f e d  by t w o  emergency medical t echn ic i ans  (EMTs). 
has t h ree  fu l l - t ime  EMTs on t h e  s t a f f ,  and 25 a d d i t i o n a l  paid volunteer  (part- 
t i m e )  mTs are a v a i l a b l e .  

The Fire Department 

Hobbs and Lea County. Lea County has  two short-term h o s p i t a l s :  t h e  Lea 
Regional Medical Center i n  Hobbs, wi th  180 beds,  and t h e  Community General  
Hospital i n  Jal ,  wi th  23 beds. Populat ion estimates f o r  mid-1978 show t h a t  
Lea County has  3.6 h o s p i t a l  beds per 1000 popula t ion ,  which is less than  t h e  
n a t i o n a l  average of 4.0 beds per 1000 and more than  t h e  New Mexico average of 
3.5 per 1000. Never the less ,  t h e  mid-1979 Lea Regional Medical Center occu- 
pancy rate of  65% is below t h e  Fede ra l  s tandard  of  80% proposed f o r  a l l  non- 
f e d e r a l ,  gene ra l ,  short-term hosp i t a l s .  

Addi t iona l  medical faci l i t ies  i n  Lea County (Table H-22) inc lude  f i v e  
c l i n i c s ,  one of  which, l oca t ed  i n  Hobbs, p rovides  primary care. I n  a d d i t i o n ,  
t h e r e  are t h r e e  nursing homes and t h r e e  intermediate-care  and home h e a l t h  
agencies  (NMHRR, 1978).  

There are 33 phys ic i ans  i n  Lea County, 25 of whom are loca ted  i n  Hobbs. 
T h i r t y  of t h e  phys ic i ans  provide  primary care, or 0.6 per 1200 people. Th i s  
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r a t i o  is cons iderably  lower than  t h e  ra t io  suggested by Bennett  (1977) of 1.0 
per 1200. P a r t l y  as a r e s u l t  o f  t h i s  l o w  ra t io  of primary-care phys ic ians  to 
t h e  popula t ion ,  Lea County was c l a s s i f i e d  as a medical ly  underserved area i n  
1976 by t h e  Sec re t a ry  of Heal th ,  Education, and Welfare f o r  purposes of de- 
termining e l i g i b i l i t y  f o r  H e a l t h  Maintenance Organizat ion funding (Bennett ,  
1977) .  I n  add i t ion ,  t h e r e  are 12 d e n t i s t s  i n  Lea County (NMHRR, 1979).  

Emergency medical services are provided by a Dallas, Texas, company t h a t  
has a c o n t r a c t  wi th  t h e  Lea Regional Medical Center .  
open 24 hours per day, with one phys ic ian  who s p e c i a l i z e s  i n  emergency treat- 
ment always i n  a t tendance.  

The emergency room is 

Ambulance s e r v i c e  is provided by the  Hobbs F i r e  Department, which cur- 
r e n t l y  o p e r a t e s  three ambulances. 
Lovington on t h e  nor th ,  t h e  county l i n e  on t h e  west, i n t o  Texas on t h e  east, 
and about 15 miles to t h e  south of Hobbs. Each ambulance carries t w o  EMTs on 
a l l  ca l l s .  The Hobbs F i r e  Department employs 40 EMTs f u l l  t i m e ,  which is to 
say  t h a t  most f i re-department  personnel  are q u a l i f i e d  as EMTs. 
also employs one EMT i n s t r u c t o r .  

The ambulance s e r v i c e  area extends to 

The department . 

Lovinq. 
R u r a l  de Salud. It  opened i n  1977 and has  a s t a f f  of s i x .  
t h e  hea l th  cen te r  s p e c i a l i z e s  i n  primary medical care. Se rv ices  at the c l i n i c  
inc lude  p r e n a t a l  care, fami ly  planning,  counsel ing,  and medical advice and 
referral .  

The community of Loving has  only  one medical f a c i l i t y ,  E l  Centro 
Fede ra l ly  funded, 

Short-term h o s p i t a l i z a t i o n  is a v a i l a b l e  i n  Carlsbad a t  t he  Guadalupe 
Medical Center .  Ambulance s e r v i c e  is a v a i l a b l e  from e i t h e r  t h e  Loving or t h e  
C a r  lsb'ad F i r e  Department. 

T r a f f i c  and t r anspor t a t ion :  r eg iona l  

P i p e l i n e  t r a n s p o r t a t i o n .  According to information obta ined  i n  1979 from 
the  E l  Paso Na tu ra l  Gas Company, a 12.75-inch n a t u r a l r g a s  p i p e l i n e  
through t h e  WIPP s i te  about  a mile nor th  of  its c e n t e r ,  running i n  an east- 
west d i r e c t i o n .  Approximately 8 to 9 
miles south of t h e  s i te  is a 26-inch E l  Paso Na tu ra l  Gas l i n e  t h a t  also runs 
ea s t -we st. 

This p i p e l i n e  was b u i l t  i n  t h e  1940s. 

- 
A i r  t r a n s p o r t a t i o n .  The commercial airport n e a r e s t  'to t h e  WIPP si te is 

t h e  Cavern C i t y  A i r  ,Terminal, about 30 m i l e s  to t h e  w e s t .  
east l ies the  Hobbs-Lea County A i r p o r t ,  about  35 miles away. 
landing s t r ips  w i t h i n  10  miles of  t h e  site. 
by commercial a i r  t r a f f i c  between Carlsbad and Hobbs. 

To the  east-north-  
There are no 

The si te,  however, is t r a v e r s e d  

Highway t r a n s p o r t a t i o n .  F igure  H-10 shows the  average d a i l y  t r a f f i c  flow 
i n  t h e  envi rons  of t h e  s i t e . ( t h e  annual  average d a i l y  t r a f f i c  flow a t  s e l e c t e d  
c o n t r o l  l o c a t i o n s  is shown i n  F igu res  H-11,  H-12, and H-13). Data for t h e  
o v e r a l l  flow of v e h i c l e s  i n d i c a t e  s u f f i c i e n t  capac i ty  f o r  t h e  highway: capac- 
i t y  r a t i n g s  vary from 20 to 29 on a scale of  30 on t h e  s e c t i o n  of  road be- 
tween Carlsbad and Hobbs. j \  l 

_~ ._  

Por t ions  of NM 31 and NM 128 l i e  wi th in  10 miles of t h e  s i te ,  and U . S .  c 
Highway 62-180 runs  east to west about  10 miles nor th  o f  t h e  site. 
way 62-180, part of t h e  Federa l  Aid Primary System, is a four-Jane d iv ided  

U . S .  High- 
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Figure H-10. Average daily traffic flow in the area of the WlPP site, 1978. 

highway from Carlsbad to t h e  Lea County l i ne .  
County l i n e ,  t he  highway has t w o  lanes;  for the  rest of t he  d i s t ance  i n t o  
Hobbs, it is again a divided four-lane highway. 3 

For 17 m i l e s  east of t h e  Lea  

New Mexico 31, a two-lane road with a bituminous sur face ,  runs north to 

According to,,.the New Mexico State Highway 
south about 10 m i l e s  w e s t  of t he  si te.  There is l i t t l e  or no shoulder on 
c e r t a i n  po r t ions  of the? highway. 
Department (1979), one sec t ion  wi th in  10 miles of t h e  s i te  has an o v e r a l l  
pavement width of 18 feet and a total  roadway width of 20 f e e t .  

New Mexico 128, running east to w e s t ,  t r ave r ses  the  southern po r t ion  of  
t he  10-mile radius .  This State-maintained two-lane bituminous-surface high- 
way is p a r t  of t h e  R u r a l  Federal  Aid Secondary System, as is NM 31. 
ment widths vary between 20 and 22 f e e t  for  s ec t ions  within 10 m i l e s  of the 

Pave- 
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si te ,  and t h e  roadbed is a t  least 22 f e e t  wide. From t h e  i n t e r s e c t i o n  of NM 
31 and NM 128 to t h e  p re sen t  access road to t h e  si te,  t h e  highway t r a v e r s e s  
s e v e r a l  small s a l t  lakes  or ponds: he re  t h e r e  is v i r t u a l l y  no shoulder ,  and i n  
s o m e  areas t h e r e  is an abrupt  drop of 2 to 3 f e e t  from t h e  paved surface l e v e l  
to t h e  pond or lakebed l e v e l .  Seve ra l  i n spec t ion  t r i p s  revealed a s i g n i f i c a n t  
amount of  maintenance along t h e s e  areas on NM 128 and along similar areas on 
NM 31. 
d e f i c i e n c i e s  a long c e r t a i n  p o r t i o n s  of  NM 128 and 31. It  is suspec ted  t h a t  
these l o w  r a t i n g s  are caused p a r t i a l l y  by t h e  presence of c e r t a i n  l o w  areas 
t h a t  collect s a l t  water and t u r n  i n t o  s a l t  l akes  or ponds (Adcock, 1979).  

Surface and s a f e t y  r a t i n g s  and Figures  H - 1 1  and H-12 show s i g n i f i c a n t  

Rai l road  t r anspor t a t ion .  I n  t h e  two-county area, t w o  companies operate 
r a i l  systems: t h e  Atchison, Topeka and Santa  Fe, and t h e  Texas-New Mexico 
Rai l road.  
running p a r a l l e l  to U . S .  285. 
bad, and Artesia i n  Eddy County and proceeds no r th  to connect w i t h  t h e  Atchi- 
son, Topeka and Santa Fe main l i n e  a t  Clovis .  Spur l i n e s  to t h e  potash- 
mining area have also been cons t ruc ted .  

The Atchison, Topeka and Santa Fe e n t e r s  New Mexico from t h e  south ,  
It  connects  t h e  communities of Loving, Carls- 

The spur l i n e  to t h e  Duval Nash D r a w  mine o f f e r s  t h e  closest access to t h e  
WIPP si te.  The proposed ex tens ion  of t h i s  spur w i l l  connect t h e  s i t e  wi th  t h e  
Atchison, Topeka and Santa  Fe l i n e .  The Texas-New Mexico l i n e  e n t e r s  a t  t h e  
sou theas t  corner  of Lea County and paral le ls  NM 18, connecting t h e  communities 
of  J a l ,  Eunice, Hobbs, and Lovington. The l i n e  ends j u s t  nor th  of Lovington. 

I Car l sbad  t r a n s p o r t a t i o n  system 

Current  t r a f f i c - f low l e v e l s  are w e l l  w i th in  t h e  e x i s t i n g  c a p a c i t y  of t h e  
street  system. 
wi th in  t h e  c i t y  l i m i t s .  The cond i t ion  of t h e  street system appears to be good 
and shows adequate maintenance. 

In spec t ion  of t h e  street system shows f e w  unpaved streets 

Commercial a i r  s e r v i c e  is provided by t h r e e  a i r l i n e s :  A i r  M i d w e s t ,  Crown 
Aviat ion,  and Permian Airways. Each a i r l i n e  company has  two d a i l y  scheduled 
a r r i v a l s  and depar tures .  Commercial a i r  s e r v i c e  is provided for t ranspor ta -  
t i o n  between Carlsbad and Hobbs and Albuquerque, New Mexico, and Midland, 
Odessa, and E l  Paso, Texas. 

The Santa  Fe Railway provides  t h e  area with f r e i g h t  s e rv i ce .  Piggyback 
s e r v i c e  is a v a i l a b l e ,  and d a i l y  switching s e r v i c e  is sus ta ined .  

Three i n t e r s t a t e  motor-freight  carriers (Apex F r e i g h t  Lines ,  Sun Fre ight -  
ways, and Sundance Transpor ta t ion)  s e r v e  Carlsbad. Each f r e i g h t - c a r r i e r  com- 
pany has  te rmina l  f a c i l i t i e s  i n  Carlsbad. 

I n t r a s t a t e  and i n t e r s t a t e  bus t r a n s p o r t a t i o n  is a v a i l a b l e  through t h e  N e w  
Mexico Transpor ta t ion  Company, Inc. ,  an a f f i l i a t e  of Greyhound B u s  Lines. 
A p r i v a t e  carrier provides  mass t r a n s p o r t a t i o n  to t h e  commercial mining opera- 
t i o n s .  Curren t ly  there are 28 round t r i p s  per day to t h e  mining sites i n  t h e  
Carlsbad area. There are no p u b l i c - t r a n s i t  f a c i l i t i e s  i n  Carlsbad o the r  than 
a t ax icab  company t h a t  operates four  v e h i c l e s  (Adcock, 1979) .  

c I 
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RD SECT1 FLOW2 SECT3 SURF4 YUIDTH IN FEET CON 0 IT ION RATING OVAL l3 

LOC # DIR LENG TYPE PAVT5 RDWYG ADT7 FDNTI SURg DR1° SAF" CAP12 RATG 

1 N 7.7 Bit 20 22 663 10 11 09 02 27 56 
2 N 8.7 Bi t  20 20 250 10 11 07 01 29 63 
3 N 3.4 Bit 18 20 272 10 10 05 02 29 60 
4 N 2.9 Bit 24 28 487 10 09 10 02 29 60 

Source: Ratings for Highway Improvements, Rural Federal-Aid Secondary System, 1976, New Mexico State Highway Department, Planning and Programming 
Division, in cooperation with U.S. Department of Transportation, Federal HighGy-Administration. 

US 62-180 I 

2 

Figure H-11. Average daily traffic flow on NM 31, 1977. (See page H-66 for explanation.) 



RO SECT' FLOW2 SECT3 SURF4 WIDTH IN FEET CONDITION RATING OVAL l3 
S A F ~ ~  CAP1* RATG LOC # DIR LENG TYPE PAVT5 RDWY6 ADT7 FDNT* SURg DRlU 

1 E 9.1 Bit 20 22 237 10 10 06 01 29 62 
2 E 9.8 Bi t  22 22 168 10 12 07 02 29 68 
3 E 9.5 Bit 22 22 271 10 11 06 02 29 62 

Source: Ratings for Highway Improvements, Rural Federal-Aid Secondary System, 1976, New Mexico State Highway Department, Planning andprogramming 
Division, in cooperation with U.S. Department of Transportation, Federal Highway Administration. 
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Figure H-12. Road conditions and traffic flow on "I 128, selected sections. (See page H-56 for explanation.) 



c c 
RD SECT1 FLOW2 SECT3 SURF4 WIDTH IN FEET CONDITION RATING OVAL l3 
LOC # DIR LENG TYPE PAVT5 RDWY6 ADT7 FDNT8 SURg DRl0 SAFl1 CAP12 RATG 

9 E 
9 W 

10 E 
10 W 
11 E 
11 W 
12 E 
12 W 
13 0 

2.3 
2.3 
4.1 
4.1 
5.3 
5.3 
1.4 
1.4 
8.4 

Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 
Bit 

24 36 2,409 10 
22 20 2,409 10 
24 40 2,123 10 
20 26 2,123 10 
24 40 2,031 10 
20 30 2,031 10 
24 40 1,854 10 
20 26 1,854 10 
22 30 1,881 10 

15 10 
12 10 
24 10 
16 10 
27 10 
16 10 
21 10 
16 09 
12 09 

03 
03 
04 
02 
20 
04 
20 
03 
03 

28 
28 
28 
28 
28 
28 
28 
29 
20 

63 
59 
75 
64 
95 
67 
95 
66 
53 

Source: 1977, New Mexico State Highway 
Department in cooperation with U.S. Department of Transportation, Federal Highway Administration. 

N. 

Figure H-13. Road conditions and traffic flow on US 62-180, selected sections. (See page H-56 for explanation.) 



EXPLANATION OF TERMS FOR 
Figures  H-11,  H-12, and H-13 

/- 

1. 
2. 

3. 
4. 
5 .  

6. 
7. 

8. 

9. 

10. 

11. 

12. 

13. 

RD SECT, Loc #: Number on rou te  map i d e n t i f y i n g  t h e  s u b j e c t  l oca t ion .  
FLOW DIR: T r a f f i c  f law or d i r e c t i o n .  0 - undivided highway; N - 
northbound; E - eastbound; W - westbound. 
SECT LENG: Length of  t h e  r a t i n g  s e c t i o n  i n  miles and t en ths .  
SURF TYPE: B i t  - bituminous. 
WIDTH I N  FEET/PAVT: Width of  bituminous s u r f a c e  recorded i n  an even 
number of feet. 
WIDTH I N  FEETmWY: The d i s t a n c e  between o u t s i d e  shoulder l i n e s .  
ADT: Average d a i l y  t r a f f i c ,  t h e  average number of  v e h i c l e s  pass ing  a 
given p o i n t  on t h e  highway i n  a typical 24-hour per iod  of up to 72 
hours;  count  i n  both d i r e c t i o n s  on t h e  d iv ided  highways. 
FDNT: Foundation r a t i n g  - 10 po in t s .  Foundation can be r a t e d  only  10 
for adequacy or 0 for inadequacy. A r a t i n g  of  0 is given to s e c t i o n s  i f  
any of t h e  fol lowing cond i t ions  e x i s t :  1 - t r a v e l e d  way less than 18 
feet wide; 2 - lack of  adequate and uniform cross sec t ion ,  inc luding  
side d i t ches ;  3 - paved s u r f a c e  i n d i c a t i n g  f a i l u r e  tha t  could n o t  be 
c o r r e c t e d  by t h e  a d d i t i o n  of  a few inches  of s u r f a c e  material. 
SUR: Surface.  The s u r f a c e  r e c e i v e s  a r a t i n g  on t h e  scale of 0 to 30. 
If s u r f a c e  is i n  r e l a t i v e l y  good cond i t ion  but  showing f i r s t  s i g n s  o f  
d e t e r i o r a t i o n ,  it r e c e i v e s  a r a t i n g  of 15. More advanced decay, w h i l e  
s t i l l  i n  fa i r ,  usable  cond i t ion ,  is rated between 1 0  and 15. Pavement 
i n  a cond i t ion  j u s t i f y i n g  replacement is ass igned  a r a t i n g  of 10. 
Inc reas ing ly  poor cond i t ions  to t h e  p o i n t  of complete d e t e r i o r a t i o n  are 
r a t e d  10 to 0. 
DR: Drainage - 10 po in t s .  Lack or inadequacy of dra inage  f a c i l i t i e s  
reduces t h e  t o t a l  o f  10 p o i n t s  a l l o t t e d  for completely adequate dra in-  
age. The amount of r educ t ion  is p ropor t iona l  to t h e  r e l a t i v e  l eng ths  of 
t h e  d e f i c i e n t  segment to t h e  total  r a t i n g  s e c t i o n  and the  degree of t h e  
def ic iency .  
SAF: Safe ty  - 20 po in t s .  The other cond i t ions  t ha t  are rated also in- 
vo lve  f e a t u r e s  of  s a f e t y ;  however, t h i s  r a t i n g  is concerned w i t h  c e r t a i n  
cond i t ions  as follows: 1 - s topping  s i g h t  d i s t a n c e  less than permi t ted  
by t h e  des ign  speed; 2 - h o r i z o n t a l  curves  sharper  than  permi t ted  by t h e  
des ign  speed; 3 - br idges  narrower than t h e  t r a v e l e d  way width; and 4 - 
d ips .  
CAP: Capacity.  A r a t i n g  between 0 and 30 is ass igned  to rep resen t  t h e  
capacity c h a r a c t e r i s t i c  of t h e  r a t i n g  sec t ion .  From a r a t i n g  of  30, 
i n d i c a t i n g  f u l l  c a p a b i l i t y  to c a r r y  t h e  actual e x i s t i n g  t raff ic  load 
(ADT) , to 'a r a t i n g  o f  0 to  10 i n d i c a t i n g  a d e f i c i e n t  s e c t i o n ,  t h e  de- 
c reas ing  numerical  va lue  i n d i c a t e s  t h e  inc reas ing  presence of s i g n i f i -  
c a n t  factors c o n t r i b u t i n g  to t h e  d e c l i n e  of  t h e  t r a f f i c - c a r r y i n g  capa- 
b i l i t y  of t h e  roadway. 
OVAL RATG: Overa l l  r a t i n g .  
j u s t e d  indicator r ep resen t ing  a weighted average of t h e  prev ious  f i v e  
ca t egor i e s .  The formula used to a r r i v e  a t  t h i s  ad jus t ed  r a t i n g  from t h e  
total  r a t i n g  takes i n t o  account t h e  average t r a f f i c  volume f o r  t h e  sys- 
t e m  of which it is a part. 

This  o v e r a l l  cond i t ion  r a t i n g  is an ad- 
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Hobbs t r a n s p o r t a t i o n  system 

Current  t r a f f i c - f l o w  l e v e l s  are w e l l  w i th in  t h e  e x i s t i n g  c a p a c i t y  of  t h e  
street system. Inspec t ion  of  t h e  street  system shows few unpaved streets 
wi th in  t h e  c i t y  l i m i t s .  The cond i t ion  of t h e  street system appears to be 
good and shows adequate maintenance. 

The Hobbs area is served by t h e  Hobbs-Lea County Ai rpor t ,  3.2 miles west 
of  Hobbs on a paved four- lane highway. The Fede ra l  Aviat ion Adminis t ra t ion  
main ta ins  a c o n t r o l  tower and provides  a i r  and ground communications. The 
longes t  runway a t  t h i s  a i r p o r t  is 7400 f e e t .  A t  p r e s e n t ,  t h r e e  commercial 
carriers provide a i r  s e r v i c e  to  Hobbs: A i r  Midwest, Crown Aviat ion,  and 
Permian Airways. A i r  Midwest has s i x ,  Crown has t h r e e ,  and Permian has  t w o  
d a i l y  a r r i v a l s  and depar tures .  These carriers g i v e  Hobbs connect ing s e r v i c e  
wi th  Albuquerqhe and Carlsbad, New Mexico and Lubbock,  Midland, and E l  Paso, 
Texas., 

Hobbs is served by the  Texas-New Mexico Rai l road ,  a subs id i a ry  of t h e  
Texas and P a c i f i c  Railway. 
t h e  Hobbs area and o p e r a t e s  piggyback s e r v i c e  from Lubbock, Texas. 

This  r a i l r o a d  provides  d a i l y  f r e i g h t  s e r v i c e  to  

S i x  i n t e r s t a t e  and i n t r a s t a t e  motor-freight  carr iers  s e r v e  t h e  Hobbs 
area: APEX F r e i g h t  L ines ,  C-B Motor F re igh t ,  I l l i n o i s - C a l i f o r n i a  Express, 
OEA Express, Texas and P a c i f i c  Motor F r e i g h t ,  and Y e l l o w  F r e i g h t  Systems, 
Inc.  I n  a d d i t i o n ,  severi l l  t rucking  f i rms  provide s p e c i a l i z e d  or custom 
haul ing of heavy equipment. United Pa rce l  Serv ice  s e r v e s  t h e  Hobbs area f o r  
t h e  shipment of  sinall packages and envelopes. Bus s e r v i c e  is provided by 
Texas-New Mexico and Oklahoma Coaches, Inc. ,  wi th  n ine  a r r i v a l s  and depar- 
t u r e s  d a i l y .  There are no p u b l i c - t r a n s i t  f a c i l i t i e s  i n  Hobbs o t h e r  than t w o  
t ax icab  companies ope ra t ing  a total  of f i v e  veh ic l e s .  

Loving t ranspor  t.ati.on system 

Traf f ic - f low l e v e l s  w i th in  Loving are w e l l  w i th in  t h e  e x i s t i n g  c a p a c i t y  
o f  t h e  street  system. According to information obta ined  i n  1979 from t h e  
Vi l l age  of Loving, no unpaved streets i n s i d e  t h e  corporate l i m i t s  w e r e  left 
after t h e  paving cons t ruc t ion  completed by t h e  New Mexico State Highway 
Department i n  1978. Traff ic-f low statistics publ ished by t h e  N e w  Mexico 
State Highway Department: are only f o r  urban areas wi th  a popula t ion  of  5000 
or more. Therefore ,  no statist ics f o r  Loving are a v a i l a b l e  to t h e  public. 

A i r  t r a n s p o r t a t i o n  f o r  t h e  c i t y  is a v a i l a b l e  a t  t h e  Cavern C i t y  Municipal 
A i rpo r t  i n  Car lsbad. 

The Santa Fe Railroad, which passes  d i r e c t l y  through Loving, o f f e r s  
piggyback s e r v i c e s  i n  Carlsbad for area r e s i d e n t s .  The New Mexico Transporta-  
t i o n  Company (Greyhound B u s  Lines) provides  s i x  scheduled depa r tu re s  da i ly .  
Three of  t h e s e  proceed nor th  to Carlsbad,  whi le  t h r e e  cont inue  south to Pecos, 
Texas. Motor-freight s e r v i c e  is a v a i l a b l e  i n  Carlsbad. L o c a l  bus  or t ax i  
s e r v i c e  is not  ava i l ab le .  

Loving has  no p u b l i c - t r a n s i t  f a c i l i t i e s .  However, t h e  Eddy County Com- 
munity Action Corporat ion o p e r a t e s  a low-income t r a n s p o r t a t i o n  service. The 
Carlsbad Assoc ia t ion  f o r  Retarded C i t i z e n s  Farm also provides  t r a n s p o r t a t i o n  
for i ts  Loving c l i e n t s .  
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Communications se rv ices  and faci l i t ies  

Information on communications se rv ices  and fac i l i t i es  was obtained i n  
1979 from t h e  General Telephone Company of the Southwest,  which serves  Carls- 
bad, Loving, and Hobbs. 

Carlsbad. I n  September 1979, t he  General Telephone Company of the  South- 
west had 12,302 main s t a t i o n s  i n  t h e  Carlsbad area. 
were r e s i d e n t i a l  customers and 1811 were business  customers. 
422 main s t a t i o n s  include mobile se rv i ces ,  pay s t a t i o n s ,  r u r a l  s e rv i ces ,  and 
four-party business serv ices .  

O f  t h i s  total, 10,069 
The remaining 

Hobbs. In  September 1979, 10,688 main s t a t i o n s  were i n  serv ice .  Of t h i s  
t o t a l ,  7403 were r e s i d e n t i a l  customers, 3200 were business  customers, and 85 
were mobile business customers. 

Loving. In  September 1979, 539 main s t a t i o n s  were i n  se rv i ce ,  w i t h  476 
r e s i d e n t i a l  and 52 business  customers. 
cluded four-party business ,  mobile se rv i ces ,  and r u r a l  services .  

The remaining 11 main s t a t i o n s  in- 

Recreation 

The State Comprehensive Outdoor  Recreation Plan produced i n  1976 lists a 
v a r i e t y  of popular act ivi t ies  i n  the  two-county area. 
a c t i v i t i e s ,  i n  decreasing order of popular i ty ,  are park v i s i t s ,  p icnicking,  
a t tending  s p o r t s  events ,  b icyc l ing ,  walking for p leasure ,  s igh tsee ing ,  s w i m -  
ming i n  pools, f i s h i n g ,  t enn i s ,  and camping. 

The 10 m o s t  popular 

The many r ec rea t ion  fac i l i t i es  shown i n  Figure H-14 meet t h e  demand for 
these a c t i v i t i e s .  
Forest i n  t h e  Guadalupe Mountains, t h e  Pres idents '  Park along t h e  Pecos River 
i n  the C i t y  of Carlsbad, the Carlsbad Caverns Nat ional  Park,  t h e  Living 
Desert S t a t e  Park,  and seve ra l  small f i s h i n g  lakes. New Mexico Highway 137, 
which e n t e r s  the Lincoln Nat ional  Fores t ,  has been proposed as a scenic  route. 

Primary among these fac i l i t i es  are t h e  Lincoln Nat ional  

Both Eddy and Lea Counties o f f e r  a v a r i e t y  of oppor tun i t i e s  f o r  hunting 
b i rds  and game. 

Recreation within 10 m i l e s  of the  s i te  c o n s i s t s  mainly of scattered b i rd  
hunting on Bureau of Land Management property,  recrea t iona l -vehic le  dr iv ing ,  
or t ra i l -b ik ing .  
s igh tsee ing  a t t r a c t i o n s .  Interviews with ranchers  i n d i c a t e  t h a t  b i rdhunters  
f requent  t he  area mainly for qua i l .  Some t a r g e t  practice and rabbit hunting 
have been noted. 
appear to be coordinated among the  local inhabi tan ts .  

The area wi th in  the  10-mile radius o f f e r s  very f e w  unique 

However, none of these a c t i v i t i e s  occur on a l a r g e  scale or 

Regarding the  fu tu re ,  t h e r e  are p lans  for developing new rec rea t iona l  
fac i l i t i es  and for expanding and improving e x i s t i n g  f a c i l i t i e s  throughout 
Eddy and Lea Counties. 

The communities of Carlsbad, Hobbs, and Loving have plans fo r  developing, 
expanding, and improving their  r ec rea t iona l  faci l i t ies  (parks, t enn i s  courts, 
shooting ranges, etc.) under the  auspices of the Heri tage Conservation and 
Recreation Service Grants Program of t h e  U.S. Department of t h e  Interior. I 
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Figure H-14. Major recreational facilities in Lea and Eddy Counties. 
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Outside the  communities, primary examples of projects with f u t u r e  development 
p lans  a r e  the  Living Desert State Park (State of New Mexico Parks and Recre- 
a t i o n  Department), Cottonwood Cave (U.S. Fores t  Service)  and the  M c K i t t r i c k  
H i l l  Caves (Bureau of  Land- Management). c 

Carlsbad. The C i t y  of Carlsbad has numerous r ec rea t iona l  facil i t ies:  
more than 100 playing f ie lds;  12 t enn i s  courts; 2 golf  courses; 1 d i r t  auto- 
race track; 1 bowling a l l e y ;  1 indoor and 1 outdoor movie thea t e r ;  and 1 
r o l l e r s k a t i n g  r ink .  
t he  c i t y .  Other main a t t r a c t i o n s  wi th in  the  c i t y  l i m i t s  include the  Carlsbad 
Municipal Museum and the  complex of Lake  Carlsbad and Pres idents '  Park. 
L a k e  Carlsbad there is an overnight  campground as w e l l  as many p icn ic  tab les .  
In  addi t ion ,  t he re  is a , s e n i o r  c i t i z e n s '  r ec rea t ion  center .  One KOA camp- 
ground is within the  c i t y  l i m i t s  and one is 20 miles south,  a t  t he  entrance 
to the  Carlsbad Caverns Nat ional  Park a t  White C i t y  (Adcock, 1979). 

There are 17 municipal parks  and 3 o t h e r s  j u s t  o u t s i d e  

A t  

Hobbs. The r ec rea t iona l  f a c i l i t i e s  include 28 t enn i s  courts, 2 golf  
courses, 4 swimming pools, and 2 bowling a l l e y s .  There are 1 2  municipal 
parks, 16.5 acres of pub l i c  p i cn ic  grounds, and a v a r i e t y  of playground 
equipment a t  t h e  c i t y  parks. 
c i t y  and an a c t i v e  L i t t l e  League. 
cons t ruc t ing  a 120-acre state park a t  the  I n d u s t r i a l  A i r  Park j u s t  nor th of 
t h e  c i t y ' s  center .  Completion is expected i n  late 1983 or e a r l y  1984. 

There are var ious  b a l l  parks throughout t h e  
I n  addi t ion ,  t he  State of New Mexico is 

J u s t  north of Hobbs, a t  Humble C i ty ,  t h e r e  is a d i r t  track f o r  au to  rac- 
ing. To the  south the re  is a motor cross track on the  Kornegay Ranch. Each 
year  i n  t h e  Hobbs area t h e r e  is a na t iona l  soar ing meet f o r  s a i lp l anes .  

Other local r e c r e a t i o n a l  amenit ies  include th ree  f u l l y  enclosed handball  
courts and many outdoor courts. 
t rap shooting nearby and seve ra l  rodeo arenas (Adcock, 1979). 

There are a gun club and t a r g e t  range with 

Loving.. The r ec rea t iona l  f a c i l i t i e s  ava i l ab le  i n  the  community of  Loving 
are--primarily loca ted  i n  the  v i l l a g e ' s  t w o  parks. 
containing a baske tba l l  court is loca ted  near t h e  c i t y  h a l l .  
Guevara Park and r e c r e a t i o n a l  complex is i n  the  southern part of town. The 
park conta ins  two baseba l l  f i e l d s ,  a t enn i s  court, a ch i ld ren ' s  playground, 
and a community cen te r  and p i cn ic  area. 
include t h e  junior-high-school gymnasium and ad jacent  playing f i e l d s  (Adcock, 
1979). 

A small c h i l d r e n ' s  park 
The l a r g e r  

Other local r e c r e a t i o n a l  f a c i l i t i e s  

Residents of Loving have access i n  Carlsbad to enter ta inment  f a c i l i t i e s  
l i k e  swimming pools, movie t h e a t e r s ,  bowling a l l e y s ,  golf  courses ,  etc. 
(Adcock, 1979). 

Solid-wa s te management 

Data on solid-waste management were obtained i n  1979 from the  ci t ies of 
Carlsbad, Hobbs, and Loving. A summary is presented i n  Table H-23. 

Carlsbad. Solid-waste c o l l e c t i o n  and d i sposa l  s e rv i ce  fo r  Carlsbad is 
provided by t h e  c i t y .  The l a n d f i l l  s i te ,  nor theas t  of t he  c i t y  (Figure H-7), 
is operated i n  conjunction with Eady County, which excavates t h e  d i sposa l  
trenches.  The l a n d f i l l  s i te  is new and has an est imated l i f e  of  30 years.  c 
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Table H-23. Solid-Waste-Disposal Systemsa 

I t e m  Car l sbad  Hobbs Loving 

Responsible agency 
Res iden t i a l  

Frequency 
Monthly f e e  
Number of routes 

Frequency 
Monthly f e e  

Comer c i a 1 

Number of  routes 

Two years  or less 
Three to f i v e  years  
More than f i v e  years  

Number of veh ic l e s  by age 

Responsible agency 

Type of l a n d f i l l  

S i z e  of l a n d f i l l  
E s t i m a t e d  remaining 

Pieces  of equipment 
Disposal f e e  

l i f e  

Number  of employees 

COLLECTION 

Municipal Pr iva  te 

Twice per week  
$3.00 $3.00 
7 4 

Twice per week 

1-6 per week 
Based on time Based on conta iner  

1 2 

1-6 per week 

to collect s i z e  and frequency 

7 
4 
3 

3 
2 
3 

SANITARY LANDFILL 

Municipal and P r iva t e  and 
county county 

Trench and Trench 
area 

-50 acres 480 acres 

30 years  30 years  

None None 
l b  2b 

PERSONNEL 

45b 25b 

Municipal 

Once per week 
$2.00 
1 

None 

0 
0 
1 

Municipal and 
county 

'Trench and 
area 
50 

30 years  

None 
l b  

2b 

aData from the  Carlsbad San i t a t ion  Department (October 1979), Waste Control  of 

bFigures given do not  include equipment or personnel provided by the county 
New Mexico (Hobbs, October 1978), and the  Vi l lage  9f  Loving (October 1979). 

f o r  excavation. 
I 

' 1  
i 

I 
The c i t y  uses 1 4  garbage t r u c k s ,  t h ree  of which are: a t  least 5 years  o ld ,  to 
cover one commercial and seven r e s i d e n t i a l  routes. 1 The se rv ice  a rea  is de- 
f ined  by t h e  c i t y  l i m i t s .  l 

Hobbs. Solid-waste c o l l e c t i o n  and d i sposa l  i n  Hobbs is provided by a pri- 
va t e  firm using e i g h t  vehic les  to cover the  four  r e s i d e n t i a l  and t w o  commer- 
c i a l  routes i n  the  c i t y .  
c i t y  (Figure H-8), is operated i n  conjunction with Lea County. The 480-acre 

The l a n d f i l l  s i te f o r  Hobbs, loca ted  east of t he  

;$ site has an est imated l i f e  of 30 years .  
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Lovinq. Solid-waste c o l l e c t i o n  and d i sposa l  s e r v i c e  for Loving is 
provided by t h e  v i l l a g e .  
operated i n  conjunct ion with Eddy County, which excavates  the d i sposa l  
t renches a t  t h e  l a n d f i l l  site. 
30 years .  

The landfi-11 s i te ,  loca ted  nor theas t  of Carlsbad, is 

The site is new and has an est imated l i f e  of  

Loving has  one veh ic l e  to provide t h i s  s e r v i c e  to t h e  area def ined by t h e  
v i l l a g e  l i m i t s  shown i n  Figure H-9. The veh ic l e  is more than 5 yea r s  old.  

H.3.5 Local Government 

Carlsbad. A mayor-council form of c i t y  government se rves  the C i t y  of 
Carlsbad. The mayor is e l e c t e d  for a 2-year term; t h e  counci l  members are 
e l e c t e d  for 4-year terms. 

Revenues for Carlsbad were about $10.4 mi l l i on  i n  f i s c a l  year 1978-1979 
(Table H-24). 

About 64% of Carlsbad revenues came from intergovernmental  t r a n s f e r s  i n  
1978-1979, with S t a t e  gross-receipts- tax d i s t r i b u t i o n s  accounting f o r  most of 
t h e  State t r ans fe r s6  I n  fact, gross-receipts- tax revenues c o n s t i t u t e  t he  
l a r g e s t  s i n g l e  source of revenues for t h e  c i t y ,  accounting for more than 22% 
of t h e  1978-1979 total. More than 52% of Car l sbad ' s  own-source revenues came 
from u t i l i t i e s  i n  1978-1979. On the  o ther  hand, as  i n  most New Mexico 
communities, p roper ty  t axes  cont r ibu ted  very l i t t l e  to to ta l  revenues, about 
1% of  general-fund revenues i n  1978-1979 and an a d d i t i o n a l  1% to general-  
obligation-bond revenues f o r  t he  year.  

I n  1978-1979, Carlsbad municipal expendi tures  were $10.2 m i l l i o n  (Table 
H-25). 
personal  s e rv i ces ,  20% went to opera t ing  expenses, and 40% of t h e  total  
spending was for capital improvements. 
to t a l  expenditures.  

One-third of a l l  spending i n  t h e  most r ecen t  f iscal  year  was f o r  

Debt s e r v i c e  accounted f o r  7% of t h e  

The Cons t i t u t ion  of t he  State of New Mexico l i m i t s  t h e  amount of general-  
o b l i g a t i o n  bonded d e b t , t h a t  a munic ipa l i ty  may incur  without  vo te r  approval 
to 20 m i l l s ,  or $20 per $1000 of assessed  property value. On t h e  b a s i s  of an 
assessed  va lua t ion  a t  t h e  s ta r t  of t h e  1978-1979 f i s c a l  year  of $47.2 mi l l i on  
(NMDFA, 1979a), t h e  general-obl igat ion bonded-debt l i m i t  wi thout  vo ter  
approval for Carlsbad' is $944,000. 
outs tanding general-obl igat ion bonded deb t  i n  t h e  amount of $825,000 (NMDFA? 
1979b). 

As of  June 30, 1979, Carlsbad had an  

There are no l i m i t s  on t h e  amount of bonded debt  f o r  bonds o the r  than 
general-obl igat ion bonds, although many debt  i s sues  r equ i r e  voter  approval. 
The total  deb t  outs tanding f o r  Carlsbad as of June 30, 1979, was $6.7 mil l ion  
(NMDFA, 1979b). , 

Hobbs. Hobbs has  a commission-manager form of government, with a f ive-  
member commission. Commission members are e l e c t e d  a t  l a r g e  to 4-year over- 
lapping terms. A mayor is e l ec t ed  from the  commission f o r  a term of 2 years.  
A professional c i t y  manager is h i r e d  by t h e  commission. I 
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Table H-24. Car l sbad  Municipal  Revenues for 1978-1979 
(Thousands of Dollars) a 

Source of revenue 
Actua l  Revenues i n  c o n s t a n t  

revenuesa 1979 d o l l a r s b  

Taxes 
P r o p e r t y  
F r a n c h i s e  
0 cc upa t i on 
Lodgers 

OWN-SOURCE REVENUES 

Charges and m i s c e l l a n e o u s  
Licenses ,  permits, and fees 
Charges for s e r v i c e s  

U t i l i  t i e s  
Sol id-waste  d i s p o s a l  
Other  

F i n e s  and forfeits  
I n t e r e s t  on inves tments  
Sale of bonds 
Misce l laneous  

620 
2 13 
213 
113 

80 

3,102 
72 

1 ,941  
377 
222 
118 

27 
150 
19 4 

INTERGOVERNMENTAL TRANSFERS 

State 2,679 
G a s o l i n e  t a x  188 
Cigarette t a x  117 
'Gross-receipts tax 2,302 
F i r e - d i s t r  ict  a l l o c a t i o n  30 
Auto- l i c e n s e  d i str i bu t i o n  2 
Grants 40 

Federal 9 42 
Revenue s h a r i n g  ' 224 
G r a n t s  7 18 

648 
223 
223 
118 

84 

3,242 
75 

2,028 
394 
232 
124 

29 
157 
20 3 

2,800 
19 6 
12  2 

2,406 
32 

2 
4 1  

985 
234 
751 

T r a n s f e r s ,  n . e . ~ . ~  3,109 3,248 

Total 10,453 1 10,922 

aBased on the Carlsbad Budget R e p o r t ,  J u n e  30, 1979, t h e  Car l sbad  
Municipal Q u a r t e r l y  Cash Report, June  30, 1979, and t h e  C a r l s b a d  Muni- 
cipal Q u a r t e r l y  R e p o r t ,  June  30, 1978. Because of t h e  l e v e l  of de t a i l  
i n  t h e  sources ,  it was necessary  to estimate t h e  v a l u e s  for-some reve- 
nue categories. 

bActual  revenues  a d j u s t e d  by t h e  Gross N a t i o n a l  Product  Price 
Index. Index v a l u e s  for t h i r d  and f o u r t h  q u a r t e r s  estimated. 

%ot elsewhere classified. Source of t h e s e  t r a n s f e r s  n o t  clear. 

Detail may n o t  equal  total  because  of rounding. 
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Table H-25. Carlsbad Municipal  Expendi tures  f o r  1978-1979 
(Thousands of Dollars)a 

~ ~ ~ 

Serv ice  f u n c t i o n  
Actua l  Expendi tures  i n  c o n s t a n t  

expendi turesa 1979 dollarsb 

General  government 1,946 2,033 
Persona 1 s e r v i c e s  338. 354 
Operat ing expense 375 39 2 
Capital o u t l a y  1,233 1,288 

Publ ic  s a f e t y  
Personal  s e r v i c e s  
Operat ing expense 
Capital  o u t l a y  

Pub l i c  works  
Personal  services 
Operat ing expense 
Capital  o u t l a y  

Heal th  and we l fa re  
persona 1 s e r v i c e s  
Operating expense 
Capital  o u t l a y  

Recrea t ion  and c u l t u r e  
Persona 1 s e r v i c e s  
Operat ing expense 
Capital  o u t l a y  

Debt s e r v i c e  
General-obl igat ion bonds 
Revenue bonds 

Total 

1,388 
1,124 

187 
77 

5 I 435 
1,627 
1 , 1 4 1  
2,667 

31  
29 
1 
0 

689 
326 
2 87 

76 

7 32 

647 ' 

85 , - .  

10 , 221 

1,450 
1,174 

19 5 
80 

1,192 
2,786 

32 
31 
1 
0 

7 20 
341 
300 

79 

765 
89 

676 

10 , 680 
~ -~ 

aBased on t h e  Carlsbad Budget Report, June 30, 1979, t h e  Carlsbad 
Municipal Q u a r t e r l y  Cash Report, June  30, 1979, and t h e  Car l sbad  Municipal  
Quar t e r ly  Report, June 30, 1978. Because of t h e  l e v e l  of d e t a i l  i n  t h e  
sources ,  it was necessary to e s t i m a t e  t h e  va lues  o f  some expendi ture  
items. 

Index. Index va lues  f o r  t h i r d  and f o u r t h  q u a r t e r s  es t imated .  

Detail  may n o t  equa l  to ta l  because of rounding. 
bActual expend i tu re s  ad jus t ed  by t h e  Gross Na t iona l  Product Price 
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Hobbs municipal revenues were about $13.5 m i l l i o n  i n  1978-1979 (Table 
Intergovernmental  t r a n s f e r s  accounted f o r  about  52% of 1978-1979 reve- 

'rues, mostly i n  t h e  form of gross-receipts- tax d i s t r i b u t i o n s  from State and c-26) e d e r a l  g ran t s .  U t i l i t y  ope ra t ions  provided a second major source of reve- 
nues--19% of own-source revenues and 9% of total  revenues. Property taxes ,  
including those allocated to debt  s e r v i c e ,  accounted f o r  about 2% of revenues 
i n  1978-1979. 

Expenditures f o r  Hobbs were $13.5 mi l l i on  i n  1978-1979 ( d e t a i l s  are given 
i n  Table H-27). Spending f o r  personal  services amounted to approximately 30% 
of  t h e  total  spending f o r  1978-1979. During t h e  same period opera t ing  
expenses were about 19% of t h e  total ,  and capital ou t l ays  were about  47%. 
Debt service requi red  an a d d i t i o n a l  4%. 

With an assessed va lua t ion  of $58*mil l ion  (NMDFA, 1979a),  Hobbs has  a debt  
l i m i t  of $1.06 mi l l i on  on general-obl igat ion bonds t h a t  may be issued without  
voter approval.  The bonded debt  may exceed t h e  l i m i t  with voter  approval. 

The cu r ren t  ( June  30, 1979) genera l -obl iga t ion  bonded debt  for t h e  c i t y  is 
$4.8 mi l l ion .  The total  outs tanding  bonded debt  as of June 30, 1979, was 
$7.97 m i l l i o n  (NMDFA, 1979b). 

Loving. Loving has  a mayor-council form of government. The mayor and t h e  
f i v e  counci l  members are e l e c t e d  for 4-year terms. 

Loving municipal revenues were $278,500 i n  1978-1979 (Table H-28). U t i l i t y  
f e e s  were t h e  l a r g e s t  s i n g l e  revenue source,  con t r ibu t ing  35% of total  revenues 
i n  1978-1979. Local sources accounted f o r  about 58% of total revenues, and 
intergovernmental  t r a n s f e r s  provided about  42%. 

Expenditures for Loving were $285,'500 i n  1978-1979, or about $7000 more 
than revenues (Table H-29). Personal s e r v i c e s  and opera t ing  expenses each 
requi red  about 30% of 1978-1979 expendi tures ,  while  capital  o u t l a y s  accounted 
for 32%. Debt s e r v i c e  was 7% of spending f o r  t h e  year.  

An assessed va lua t ion  of near ly  $1.1 mi l l i on  as of June 30, 1978, gave 
Loving a general-obl igat ion debt l i m i t  of $21,560. Loving has no outs tanding  
genera l -obl iga t ion  bonds. As of June 30, 1978; t h e  c i t y  had $102,000 i n  reve- 
nue bonds outs tanding  (NMDFA, 1 9 7 9 ~ ) .  

Eddy County. Eddy County revenues f o r  f iscal  year  1978-1979 were $5.2 
m i l l i o n  (Table H-30). I n  1978-1979, 74% of t h e  revenues were from&county 
sources ,  with t axes  on oil-and-gas production and equipment con t r ibu t ing  24% 
of total  revenues. Property t axes  accounted for about 17% of t h e  total f o r  
t h e  year. 

* .  J .  

Eddy County expendi tures  for 1978-1979 t o t a l e d  $4.1 m i l l i o n  (Table H-31). 
General  governmental func t ions  and public w o r k s  accounted f o r  most of t h e  
spending i n  1978-1979,'with the , former  r equ i r ing  more than 30% and t h e  la t ter  
41% of total county expendi tures .  

The assessed va lua t ion  of proper ty  i n  t h e  county as of Augus t  1, 1978, was 
$455 m i l l i o n  (NMDFA, 1979a). With t h e  New Mexico l i m i t  on county general-  
ob l iga t ion  bonded deb t  of 4% of assessed valuation, Eddy County had a bonding 
l i m i t  of  $18.2 mi l l ion .  A s  of mid-1979, t h e  county had no genera l -obl iga t ion  
bonds outs tanding.  
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Table H-26. Hobbs Municipal Revenues for 1978-1979 
(Thousands of Dollars) 

Actual  Revenues i n  cons t an t  
Source of revenue revenuesa 1979 d o l l a r s b  

Taxes 
Property 
Franchise  
Occupation 
Gross receipts 
O i l  and gas 

OWN-SOURCE REVENUES 

Charges and miscellaneous 
Licenses,  permits, and fees 
Charges f o r  services 

U t i l i t i e s  
Solid-waste d i s p o s a l  
Other 

F ines  and forfei ts  
I n t e r e s t  on investments  
Sa le  of bonds 
Miscellaneous 

997 
379 
257 

16 
321 

23 

7,375 
41 

1,629 
6 19 
307 
190 
729 

3,716 
14 5 

INTWGOVERNMENTAL TRANSFERS 

State 4,704 
Gasoline t a x  268 
Cigarette tax 173 

Fire-d is t r  ict allocation 24 
Auto-  license d istr i bu t ion 81 
Grants 328 

Gross-receipts tax 3,831 

4 561 Federa l  I 
Revenue sha r ing  1 4  4 
Grants 4,416 

Transfer  s , n. e . c iC 4 

To t a l  17,640 

1,042 
396 
269 

336 
24 

17 . 

L 7. 706 
43 

1,702 
6 47 
320 
198 
76 1 

3,883 
151 

4,916 
280 
18 1 

4,003 
25 
84  

342 

4,765 
' 151 
4,615 

4 

18,433 

aData from t h e  Hobbs Municipal R e p o r t ,  June  30, 1979. Detail may 

bActual revenues ad jus t ed  by t h e  Gross National Product P r i c e  

%ot elsewhere c l a s s i f i e d .  Source of t hese  transfers not clear. 

not equal  total  because of rounding. 

Index. Index values for t h i r d  and f o u r t h  quarters est imated.  
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Table H-27. Hobbs Municipal Expendi tures  for 1978-1979 
(Thousands of Dollars)a 

A c t u a l  Expendi tures  i n  c o n s t a n t  
4d 

S e r v i c e  f u n c t i o n  1 expendi turesa  1979 d o l l a r s b  

General government 
P e r s o n a l  s e r v i c e s  
Opera t ing  expense 
Capital  o u t l a y  

Publ ic  s a f e t y  
P e r s o n a l  services 
Opera t ing  expense 
C a p i t a l  o u t l a y  

P u b l i c  works 
Personal services 
Operating expense 
C a p i t a l  o u t l a y  

H e a l t h  and welfare 
Persona 1 services 
Opera t ing  expense 
Capital outlay 

Recreation and c u l t u r e  
Personal services 
Operating expense 
Capital  outlay 

Debt service ' 
Genera l -obl iga t ion  bonds 
Revenue bonds 

Total 

1,644 
60 2 
670 
37 3 

2,106 
1,912 

123 
7 1  

7,935 
846 

1,339 
5,751' 

540 
16 4 
334 

42 

765 
486 
132 
147 

5.22 
17 3 
3 48 

13,512 

1,718 
629 
700 
390 

2,201 
1,998 

12  9 
74 

8,292 
884 

1,399 
6,009 

56 4 
1 7  1 
349 

44 

799 
508 
13 8 
154 

545 
18 1 
36 4 

14,120 
~~~ 

aData from the Hobbs Municipal R e b r t ,  June 30, 1979. Detail may 

bActual e x p e n d i t u r e s  a d j u s t e d  by' t h e  Gross Nat ional  Product  P r i c e  
n o t  e q u a l  to ta l  because of rounding. 

Index. Index values for t h i r d  and f o u r t h  quarters estimated. 
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Table H-28. Loving Municipal Revenues for 1978-1979 
(Thousands of .Dollars) a 

n 

b 
Actual Revenues i n  cons tan t  

Source of revenue revenuesa 1979 dollarsb 

OWN-SOURCE R E V E N U E  

Taxes 
Property 
Franchise 
0 cc upa t i on 
Gross receipts (1/4%) 

16.7 
2.6 
8.2 
1.8 
4.2 

145.8 
Licenses,  permits, and fees 1.3 
Charges for se rv ices  

U t i l i  t ies  98.3 
Solid-waste disposal 14.6 
Other 18.7 

Charges and miscellaneous 

Fines  and f o r f e i t s  9.5 
Miscellaneous 3.4 

INTERGOVERNMENTAL TRANSFERS 

State 41.8 
Gasoline tax  5.0 
Ciga re t t e  t a x  2.8 
Gross-receipts t ax  16.6 
Fire-d is t r  i c t  a l l o c a t i o n  15.9 
Grants 1.4 

Federal 
Revenue shar ing 
Grants  

16.3 
16.1 
0.2 

Local 57.9 

TOta 1 278.5 

17.4 
2.7 
8.6 
1.8 

. 4.3 

152.4 
1.4 

102.7 
15.2 
19.6 
9.9 
3.5 

43.7 
5.2 
3.0 
17.3 

1.5 
. 16.6 

17.0 
16.8 
0.2 

60.5 

291.0 

aData from the  Loving Municipal R e p o r t ,  June 30, 1979. 

b A c t u a l  revenues ad jus ted  by the  Gross Nat ional  Product Price 

Detail 
may not equal t o t a l  because of rounding. 

Index. Index values  for t h i r d  and f o u r t h  q u a r t e r s  estimated. 
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Table  H-29. Loving Municipal  Expendi tures  for 1978-1979 
(Thousands of D o l l a r s )  

A c t u a l  Expendi tures  i n  c o n s t a n t  
S e r v i c e  f u n c t i o n  expendi turesa  1979 d o l l a r s b  

Genera l  government 
P e r s o n a l  s e r v i c e s  
Operating expense 
Capital  o u t l a y  

32.1 
11.6 
20.2 
0.2 

- 33.5 
12.2 
- 
21.1 

0.2 

P u b l i c  safety 
P e r s o n a l  s e r v i c e s  
Operating expense 
Capital o u t l a y  
Lease purchase  payment 

P u b l i c  works 
P e r s o n a l  s e r v i c e s  
Opera t ing  expense 
Capital o u t l a y  

H e a l t h  and 'welfare 
P e r s o n a l  services 
Opera t ing  expense 
Capital o u t  lay 

R e c r e a t i o n  and c u l t u r e  
P e r s o n a l  services 
Opera t ing  expense 
Capital o u t l a y  

D e b t  s e r v i c e  
Genera l -obl iga t ion  bonds 
Revenue bonds 

70.0 
30.4 
16.2 
22.6 

0.8 

148.7 
40.5 
45.4 
62.8 

5.3 
4.4 
- 

0 
0.9 

9.8 
0.2 
3.6 
6 .O 

19.7 
0 

19.7 

73.2 
31.8 
16.9 
23.6 

0.8 

155.4 
42.3 
47.4 
65.6 

5.6 
4.6 

0 
1 .0  

10.2 
0.2 
3.8 
6.2 

20.6 
0 
- 
20.6 

T o t a l  285.5 298.4 
~~ 

aData from t h e  Loving Munic ipa l  Q u a r t e r l y  Report, June 30, 1979. 

bActual e x p e n d i t u r e s  a d j u s t e d -  by the Gross N a t i o n a l  Product  P r i c e  
Detail  may not e q u a l  t o t a l  because  of rounding. I 

Index. Index  v a l u e s  for t h i r d  and f o u r t h  q u a r t e r s  e s t i m a t e d .  
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Table H-30. Fddy County Revenues f o r  1978-1979 2 

(Thousands o f  Dollars) 

Source of  revenue 
Actua l  

r e v e n u e 8  
Revenues i n  c o n s t a n t  

1979 d o l l a r s b  

Taxes 
Proper ty  
O i l  and g a s  
Lodgers 
S p e c i a l  

OWN-SOURCE REXENUES 

2231 
910 
- 
1259 

16 
45 

16 32 Charges and misce l laneous  - 
Licenses ,  permits, and fees 116 
Charges f o r  s e r v i c e s  1 
Fines  and f o r f e i t s  1 
I n t e r e s t  on investments  380 
Payment i n  l i e u  of t a x e s  916 
Miscel laneous 218 

INTERGOWRNMENTAL TRANSFERS 

5 57 S t a t e  - 
Gasol ine  tax 28 
Cigarette t a x  3 
Motor-vehicle tax 429 
F i r e - d i s t r i c t  allotments 93 
Miscel laneous 5 

Federal 
Revenue sha r ing  
Taylor Grazing A c t  
Miscel laneous 

802 
752 

44 
6 

- 

- 
Total 5222 

2331 
951 
- 
1316 

17 
47 

1706 
121 

1 
1 

397 
957 
22 8 

58 2 
29 

3 
448 

97 
5 

838 
786 

46 
6 

- 

5457 
~~ ~ 

aData from t h e  Eddy County T r e a s u r e r ' s  F i n a n c i a l  R e p o r t  f o r  June 

bActual revenues ad jus t ed  by t h e  Gross National Product  P r i c e  Index. 
1979. D e t a i l  may not equa l  total  because of rounding. 

Index va lues  for t h e  t h i r d  and f o u r t h  q u a r t e r s  estimated. 
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Table H-31. Eddy County Expendi tures  f o r  1978-1979 
(Thousands of  Dollars) 

Actual  Expendi tures  i n  cons t an t  
Se rv ice  func t ion  expend i turesa . 1979 dollarsb 

General  government 
Personal  s e r v i c e s  
Operat ing expense 
Capital  o u t l a y  

Pub l i c  s a f e t y  
Personal  s e r v i c e s  
Operat ing expense 
Capital  o u t l a y  

Pub l i c  w o r k s  
Personal  s e r v i c e s  
Operat ing expense 
Capital  o u t l a y  

Heal th  and we l fa re  
Personal  s e r v i c e s  
Operat ing expense 
Capital  o u t l a y  

Recrea t ion  and c u l t u r e  
Personal  services 
Operat ing expense 
Capital  o u t l a y  

T o t a l  

1270 
518 
670 

83 

7 13  
36 0 
252 
100 

1671 
717 
6 87 
26 7 

349 
16 

3 16 
18 

96 
0 

51  
44 

- 

4099 

1327 
5 4 1  
700 

86 

745 
377 
26 3 
10 5 

- 

1746 
750 
7 18 
27 9 

365 
16 

330 
19 

100 
0 

54 
46 

4284 

aEddy County Budget Report f o r  month ending June 30, 1979. 

bAnnual expend i tu re s  ad jus t ed  by t h e  Gross Nat iona l  Product  Price 

Detail 
may no t  equa l  to ta l  because o f  rounding. 

Index. Index va lues  for t h i r d  and f o u r t h  quarters estimated. 

Lea County. Lea County revenues i n  f i s c a l  year  1978-1979 were $5.5 m i l l i o n  
(Table H-32). A t  $1.9 m i l l i o n ,  oil-and-gas product ion  and equipment t a x e s  
provided 35% of county revenues i n  1978-1979. 
a d d i t i o n a l  16%. 

Proper ty  t a x e s  c o n t r i b u t e d  an 
Overa l l ,  county sources accounted f o r  73% of  total  revenues. 

I 

Expendi tures  f o r  1978-1979 were $4.2 m i l l i o n  (Table  H-33). Spending on 
p u b l i c  w o r k s  accounted f o r  45% o f  county expend i tu re s  i n  1978-1979, and 
g e n e r a l  government f u n c t i o n s  r equ i r ed  30%. 

The total  a s ses sed  va lua t ion  of p rope r ty  i n  Lea County as o f  August 1, 
1978, was $596 mi l l i on .  The general-obligation-bonded d e b t  l i m i t  ( 4% o f  
a s ses sed  va lua t ion )  was $23.8 m i l l i o n  i n  mid-1978. Lea County has  no 
ou t s t and ing  gene ra l -ob l iga t ion  bonds. 
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Table H-32. Lea County Revenues f o r  1978-1979 
(Thousands of Dollars) 

Actual  Revenues i n  cons t an t  
Source of revenue revenuesa 1979 d o l l a r s b  

Taxes 
Property 
O i l  and gas  

OWN-SOURCE REVENUES 

2810 
889 

1921 

- 

1233 Charges and miscel laneous - 
Licenses,  permits, and f e e s  110 
Charges f o r  s e r v i c e s  100 
Fines  and forfeits 25 
I n t e r e s t  on investments 639 
Payment i n  l i e u  of t axes  307 
Miscellaneous 53 

INTERGOVERNMENTAL TRANSFERS 

State 
Gasoline tax 
Motor-vehicle t a x  
C i g a r e t t e  tax 
Fire-d istr  i c t  a l lo tmen t s  

Federa l  
Revenue shar ing  
Taylor Grazing A c t  
Grants 

518 
10 
- 

484 
2 

22 

98 0 
6 25 
- 

2 1  
334 - 

2937 
929 
- 
2007 

1289 
115 
- 

10 4 
26 

667 
321 

56 

542 
11 

506 
2 

24 

10 24 
653 
- 

22 
3 50 - 

T o t a l  5542 5791 

aData from t h e  Lea County Budget O f f i c e r s  R e p o r t  (Detail  of 

bActual revenues ad jus t ed  by t h e  Gross Nat iona l  Product P r i c e  Index. 
Receipts), June 29, 1979. 

Index va lues  for t h e  t h i r d  and f o u r t h  quarters est imated.  

D e t a i l  may not  equal  total  because of rounding. 
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Table H-33. Lea County Expendi tures  for 1978-1979 
(Thousands of  Dollars) 

Se rv ice  func t ion  
Actua l  Expendi tures  i n  c o n s t a n t  

expendi turesa  1979 d o l l a r s b  

General government 
Personal  s e r v i c e s  
Operat ing expense 
Capital  o u t l a y  

I 1 293 
487 
3 98 
407 

1,351 
509 
4 16 
425 

Pub l i c  s a f e t y  
Personal  s e r v i c e s  
Operat ing expense 
Capital o u t l a y  

Pub l i c  w o r k s  
Persona 1 services 
Operat ing expense 
Capital o u t l a y  

Heal th  and we l fa re  
Personal  s e r v i c e s  
Operat ing expense 
Capital  o u t l a y  

Recrea t ion  and c u l t u r e  
Personal  s e r v i c e s  
Operat ing expense 
Capital  o u t l a y  

T o t a l  ' 

674 
40 5 
16 1 
108 

1,895 
724 
6 48 
523 

372 
46 

201 
125 

10 
0 

10 
0 

704 
423 
168 
112 

1,980 
756 
677 
547 

388 
48 

2 10 
13  0 

10 
0 

10 
0 

4,243 4,433 

aData from t h e  Lea County Budget O f f i c e r s  Report, June 30, 1979. 

bActual expend i tu re s  ad jus t ed  by t h e  Gross Na t iona l  Product  Price 
Deta i l  m a y  not equal t o t a l  because of rounding. 

Index. Index va lues  f o r  t h i r d  and f o u r t h  q u a r t e r s  ' es t imated .  
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School-dis t r  i c t  f inances  

I c Carlsbad. Carlsbad School District C, which encompasses most of southern 
Eddy County, had t o t a l  revenues of  $23.1 m i l l i o n  i n  1978-1979 (Table H-34). 
Some 42% of total  resources were a l l o c a t e d  to t h e  o p e r a t i o n a l  fund. State 
sources  provided 77% of  o p e r a t i o n a l  fund income; local sources  provided 22%. 
The l a r g e s t  s i n g l e  source  of income fo r  t h e  year  w a s  a bond sale, which y i e ld -  
ed $9.23 m i l l i o n ,  or n e a r l y  40% of  r e c e i p t s  for 1978-1979. 

District expendi tures  t o t a l e d  $15.2 m i l l i o n  i n  1978-1979, about  $8 m i l l i o n  
less than  income (Tables H-34 and H-35). Opera t iona l  expendi tures  accounted 
for 68% of total  spending, wi th  d i r e c t - i n s t r u c t i o n  costs c o n t r i b u t i n g  t h e  
l a r g e s t  s i n g l e  s h a r e  (34%). 

The total  assessed  va lua t ion  of p rope r ty  i n  t h e  d i s t r i c t  i n  1977 was $214 
mi l l i on ,  up 17% from t h e  previous  year .  
$10.925 per $1000 of assessed  va lua t ion  was i n  e f f e c t  during both 1976-1977 
and 1977-1978. In  1978-1979 t h e  t a x  rate was $17.509 (NMPSFD, 1978).  

A total  s c h o o l - d i s t r i c t  t a x  rate of 

Hobbs. Hobbs School Dis t r ic t  16,  which inc ludes  much of c e n t r a l  Lea 
County, had a 1978-1979 income of  $12.6 m i l l i o n  (Table H-34). About 85% o f  
t h e  to ta l  d i s t r i c t  income went to t h e  o p e r a t i o n a l  fund. S t a t e  sources  pro- 
vided more than  82% of  operat ional-fund revenues,  while local sources provided 
17%. 

A to ta l  of  $12.7 m i l l i o n  was spent  by t h e  d i s t r i c t  i n  1978-1979 (Table 
H-35). Of t h i s  to ta l ,  $10.6 m i l l i o n ,  or 84%, were o p e r a t i o n a l  expendi tures ,  
c h i e f l y  for d i r e c t  i n s t r u c t i o n .  

The p rope r ty  i n  t h e  district had a total  assessed va lue  of $164 m i l l i o n  i n  
1977, an inc rease  of 9.5% over t h e  prev ious  year .  The d i s t r i c t  t a x  rate f o r  
1978-1979 was $11.580 per $1000 of a s ses sed  va lua t ion ,  down from $11.780 for 
t h e  prev ious  year  (NMPSFD, 1978).  

Loving. Loving School Dist r ic t  10, which runs  i n  a narrow band from 
Loving to t h e  Eddy and Lea County l i n e ,  had t o t a l  revenues of  $752,000 i n  
1978-1979 (Table H-34). Operational-fund revenues accounted f o r  74% of t h e  
total. State sources ,  p r i m a r i l y  from proper ty- tax  e q u a l i z a t i o n ,  provided 69% 
of  operational fund revenues,  while  local sources provided 30%. 

District expendi tures  amounted to $785,000 i n  1978-1979 (Table H-35). 
Operational-fund expendi tures  accounted for nea r ly  80% of  to ta l  spending, 
whi le  s p e c i a l  projects accounted f o r  t h e  remaining expendi tures .  

T h e - t o t a l  assessed  va lua t ion  of p rope r ty  i n  t h e  Loving d i s t r i c t  i n  mid-1977 
was $6.6 m i l l i o n ,  up 3.4% from t h e  previous  year .  
e f f e c t  f o r  t h e  1978-1979 school  year  was $10.925 per  $1000 of assessed  valua- 
t i o n ,  t h e  same t a x  rate as t h a t  for t h e  p rev ious  2 y e a r s  (NMPSED, 1978).  

The d i s t r i c t  t a x  l evy  i n  
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Table H-34. School District Revenues 
(Thousands of Dollars) 

.- 

f o r  1978-1979 

Revenues i n  cons t an t  
A c t u a l  revenuesa 1979 d o l l a r s b  

Source of revenue Carlsbad Hobbs Loving Carlsbad Hobbs Loving 

Opera t iona l  fund 
Local sources 

District school- 

Other 

S t a t e  equa l i za t ion  
Transpor ta t ion  
Other 

Publ ic  Law 874 
Other 

Abatements 
Debt service funds 

Interest fund 
P r i n c i p a l  fund 

Sa le  o f  bonds 
Earnings from 

investments  
Other 

t a x  levy  

S t a t e  sources  

Federa l  sources 

Building funds 

Federa l -pro jec ts  fund 
Capital- improvement fund 
A c t i v i t y  and c a f e t e r i a  

Other funds 
funds 

Total 

9,706 

1,988 
105 

6,951 
372 
158 

146 
34 

(42) 

453 
767 

9,726 
9,230 

494 
2 

754 
467 

1,026 
243 

23,142 

1,220 

10,621 

1,623 
203 

8,392 
275 

84 

0 
43 
(3) 

457 
56 

401 
21 

0 

20 
(C) 

326 
76 

1,052 
0 

12,553 

553 

146 
20 

350 
25 

5 

3 
4 
0 

( C )  

(C)  
(c) 
0 

10 3 
42 

54 
0 

752 

- 

10,142 

2,077 
110 

7,263 
389 
16 5 

153 
36 

(44 1 
1,275 

47 4 
801 

10,163 
9,645 

516 
2 

788 
488 

1,072 
254 

24,182 

11,098 

1,695 
212 

8,769 
287 

87 

0 
44 
(3)  

478 
58 

4 19 
22 

0 

2 1  
(c) 

3 4 1  
79 

1,099 
0 

13,117 

578 

153 
2 1  

366 
26 

5 

3 
4 
0 

(C)  

(C) 

(C)  
0 

108 
44  

56 
0 

786 

- 

a D a t a  from the "Monthly Cash R e p o r t "  and t h e  "Monthly Activity Report," 
1978-1979, for t h e  Carlsbad,  Hobbs, and Loving School D i s t r i c t s .  D e t a i l  may 
not equal  to ta l  because of rounding. 

bActual  revenues ad jus t ed  by t h e  Gross Nat iona l  Product Price Index. 
Index va lues  f o r  t h e  t h i r d  and f o u r t h  q u a r t e r s  es t imated.  

CLess  than $500. 
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Table H-35. SchoOl District Expendi tures  f o r  1978-1979 
(Thousands of  Dollars) 

Expendi tures  i n  c o n s t a n t  

Expend i t u  res Carlsbad Hobbs Loving Carlsbad Hobbs Loving 
A c t u a l  expendi turesa  1979 d o l l a r s b  

Admi n is t r a t  ion  
D i  r ec t i n s  t r  uc t ion 
I n s t r u c t i o n a l  support 
Heal th  s e r v i c e s  
p u p i l  t r  anspor t a t  ion 
Operation o f  p l a n t  
Maintenance of p lan t  
Fixed charges 
Food s e r v i c e s  
Non i n s  t r  uc t i o n a l  support 
Community services 
Capital o u t l a y  
S p e c i a l  projects 

327 
5,163 
1,349 

76 
40 2 
8 15 
357 

1,319 
8 

172 
34 

179 
47 

Sub total  10 , 247 

Building fund 2 , 2 2 3  
Debt service 252 
S p e c i a l  projects 2 I 445 

T o t a l  15 , 168 

309 
5 , 873 
1,140 

47 
27 3 
9 30 
3 16 

1,237 
0 

71  
57 

339 
23 

62 
572 

1,447 

12  I 695 

37 
3 07 

82 
4 

25 
50 
8 

78 
0 
4 

17 
15 

0 - 
6 27 

0 
0 

158 - 
785 

342 
5,395 
1 I 409 

79 
420 
851 
373 

1 I 378 
8 

180 
35 

187 
49 

2 , 323  
26 3 

2,555 

15 , 849 

323 
6,137 
1 I 192 

50 
285 
972 
330 

1 , 292 
0 

74 
60 

352 
24 

11 ,090 

65 
598 

1,512 

13  , 266 

38 
321 

85 
4 

26 
52 

9 
82 

0 
5 

18 
16 

0 - 
655 

0 
0 

16 5 - 

820 
~ -~ 

aData from t h e  "Monthly Budget Report," 1978-1979 , f o r  t h e  Carlsbad,  
Hobbs, and Loving School Distr ic ts .  D e t a i l  may no t  equa l  to ta l  because o f  
round ing . 
V a l u e s  f o r  t h e  t h i r d  and f o u r t h  quarters es t imated .  

bActual expend i tu re s  ad jus t ed  by t h e  Gross Na t iona l  Product  P r i c e  Index. 
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H.4 MGTEOROLOGY 

H . 4 . 1  Regional Climate 6d 
The information used to eva lua te  t h e  climate of  t h e  r eg ion  surrounding t h e  

WIPP s i te  c o n s i s t e d  o f  C l ima to log ica l  Data summaries f o r  record ing  s t a t i o n s  i n  
New Mexico, Local C l ima to log ica l  Data summaries f o r  R o s w e l l ,  New Mexico, and 
wind summaries for Lubbock, Midland-Odessa, and E l  Paso, Texas. The climato- 
logical d a t a  were obta ined  from t h e  Na t iona l  C l i m a t i c  Center  of  t h e  Na t iona l  
Oceanic and Atmospheric Adminis t ra t ion.  P r e c i p i t a t i o n  and temperature summa- 
r ies  from s t a t i o n s  a t  Carlsbad,  t h e  Duval po ta sh  mine, Ja l ,  Pearl, and Ochoa 
were also included because of t h e i r  p roximi ty  to the  WIPP si te.  The Local 
C l ima to log ica l  Data summaries provided extreme and normal v a l u e s  of  t he  mete- 
o r o l o g i c a l  parameters ( f o r  t he  pe r iod  o f  record  a t  t he  R o s w e l l  Municipal A i r -  
port and more r e c e n t  data from t h e  R o s w e l l  I n d u s t r i a l  A i r  Center )  t h a t  were 
used to c h a r a c t e r i z e  t h e  r e g i o n a l  climate. 

General  climate 

The climate of  t h e  reg ion  is semiar id ,  wi th  g e n e r a l l y  m i l d  temperatures ,  
l o w  p r e c i p i t a t i o n  and humidity,  and a h igh  evapora t ion  rate. Winds are m o s t  
commonly from t h e  sou theas t  and moderate. During t h e  win te r ,  t h e  weather is 
dominated by a high-pressure system o f t e n  s i t u a t e d  i n  t h e  c e n t r a l  p o r t i o n  of 
t h e  Western United States and a low-pressure system commonly l o c a t e d  i n  north- 
c e n t r a l  Mexico. During t h e  summer, t h e  reg ion  is a f f e c t e d  by a low-pressure 
system normally s i t u a t e d  over Arizona. The r e g i o n a l  climate is s i g n i f i c a n t l y  
a f f e c t e d  by t h e s e  l a rge - sca l e  pressure systems and t h e i r  s easona l  v a r i a t i o n s  
(EDS, 1968; Baldwin, 1973; NOAA, 1974).  

The reg ion ,  me teo ro log ica l ly  r e f e r r e d  to i n  New Mexico as t h e  Southeas te rn  
P l a i n s ,  is an area o f  over  30,000 square  miles t h a t  m a r k s  t h e  western extrem- 
i t y  of t h e  Great P l a i n s ,  which end a t  the  Sacramento and Guadalupe Mountains 
40 to 60 miles west of t h e  site. It is bounded on t h e  east  and south by an  
e r o s i o n a l  escarpment i n  c e n t r a l  Texas. E leva t ions  range from less than  3000 
f e e t  i n  t he  south and east to more than  4000 feet i n  t he  nor th ,  w i th  t h e  down- 
slope to t h e  east and south  averaging 600 f e e t  per 100 miles. 
c h a r a c t e r i z e d  by gen t ly  r o l l i n g  h i l l s  of moderate relief,  dissected by many 
s m a l l  stream v a l l e y s .  

The t e r r a i n  is 

Moderate tempera tures  are typical: throughout  t h e  year  , a l though seasona l  
changes are d i s t i n c t .  
near 60°F (Eagleman, 1976);  Temperatures i n  December through February show 
a l a r g e  d i u r n a l  v a r i a t i o n ,  averaging 36OF'at  R o s w e l l  ( t h e  n e a r e s t  Na t iona l  
Weather Se rv ice  s t a t i o n  wi th  'appropriaFe 'data and an adequate  pe r iod  o f  re- 
cord). 
below f r e e z i n g ,  a f t e rnoon  maximum temperatures  average w e l l  up i n  t h e  f i f t i e s ,  
and af te rnoon winter  tempera tures  of  70°F or more are n o t  uncommon. Night- 
t i m e  lows average near  23OF; o c c a s i o n a l l y  d ipping  as  l o w  as 14OF. 
are perhaps only  2 or 3 winter  days when t h e  temperature  f a i l s  to r ise above 
f r eez ing .  The lowest recorded temperature  a t  R o s w e l l  was -2g0F, i n  February 
1905. 
mately 75% of  t h e  days,  wi th  r ead ings  o f  100°F or higher  occur r ing  on a num- 
ber of af te rnoons .  However, even t h e  h o t t e s t  month, J u l y ,  w i th  average d a i l y  

Mean annual  temperatures  i n  sou theas t e rn  New Mexico are 

Although on approximately 75% of winter  days morning temperatures  are 

There 

During June through August, t h e  temperature  is above 90°F approxi- 
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temperatures i n  t h e  upper seventies, w i l l  have morning lows below 68°F. 
h ighes t  recorded temperature a t  R o s w e l l  was llO°F, i n  J u l y  1958 (NOAA, 1974). 

P r e c i p i t a t i o n  i n  t h e  region is l i g h t  and unevenly d i s t r i b u t e d  through t h e  

The 

6 
year ,  averaging 11 to 13 inches (Table H-36) (NOAA, 1972-1976). Winter is t h e  
season of least precipitation, averaging less than  0.6 inch of r a i n f a l l  per 
month. Snow averages about  5 inches per year (Baldwin, 1973) and seldom re- 
mains on t h e  ground f o r  more than a day a t  a time because of t h e  t y p i c a l l y  
above-freezing temperatures i n  t h e  afternoon. Approximately ha l f  t h e  annual 
p r e c i p i t a t i o n  comes from f requent  thunderstorms i n  June through September. 
Rains are usua l ly  b r i e f  bu t  occas iona l ly  in tense  when moisture from t h e  Gulf  
of Mexico spreads over t h e  region. The m i n i m u m  annual p r e c i p i t a t i o n  measured 
during the  l as t  40 yea r s  a t  R o s w e l l  was 4.35 inches,  i n  1956; t h e  maximum 
recorded was 32.92 inches,  i n  1941. The maximum monthly precipitation was 
9.56 inches,  i n  August 1916; t h e  maximum 24-hour r a i n f a l l  was 5.65 inches,  i n  
November 1901 (NDAA, 1974).  

Preva i l ing  winds are from t h e  south.  The normal mean wind speed a t  Ros- 
w e l l  is 9.6 mph (see Table H-37) (NOAA, 1974). 

Heavy p r e c i p i t a t i o n  

-The  maximum cumulative r a in fa l l  (Jennings,  1963) a t  R o s w e l l  is shown i n  
Table H-38; the maximum 24-hour r a i n f a l l  w a s  5.65 inches,  i n  October 1901. 
The maximum 24-hour snowfal l  i n  R o s w e l l  w a s  15.3 inches,  i n  December 1960. 
The g r e a t e s t  snow accumulation over a l-month per iod  was 23.3 inches,  i n  Feb- 
rua ry  1905 ( N O M ,  1974). 

Thunderstorms and h a i l  

The region experiences about 33 thunderstorm days annual ly ,  with about 
80% occurr ing from May to September (NOAA, 1978). A thunderstorm day is re- 
corded i f  thunder is heard; t h e  record is no t  r e l a t e d  to observa t ions  of r a in  
or l i gh tn ing  and does not i n d i c a t e  t h e  s e v e r i t y  of t h e  storms experienced i n  
t h e  region. 

H a i l  is most l i k e l y  i n  A p r i l  through June and is no t  l i k e l y  to develop 
more than t h r e e  t imes a year .  During a 39-year per iod  a t  R o s w e l l ,  h a i l  was 
observed 97 times (about 2.5 times per year),  occur r ing  near ly  two-thirds of 
t h e  time between A p r i l  and June (U.S. Army, 1958). For t h e  l-degree square 
surrounding the  WIPP s i te  (32O to 33O N by 103O to 104O W) h a i l s t o n e s  
0.75 inch or larger’were reported e i g h t  times from 1955 to 1967 ( s l i g h t l y  less 
than once per year)  and windstorms with speeds of 50 knots  or higher occurred 
10 times--approximately one per year  (Pautz,  1969). 

. Tornadoes 

For the period 1916-1958, 75 tornadoes were repor ted  i n  New Mexico on 58 
tornado days (Wolford, 1960).  D a t a  for 1956’through 1974 ind ica t e  a state- 
wide total  of 191  tornadoes on 141 tornado days (NOAA, 1975),  or an average of 
10 tornadoes per year  on 7 tornado days. The g r e a t e s t  number of tornadoes i n  
1 year was 18; t h e  least was 2. Most tornadoes occur i n  May and June (Pautz, 
1969). 
square containing t h e  si te (Markee e t  al.,  1974). 

From 1955 through 1967, 15 tornadoes were reported i n  t h e  l-degree 
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Table H-36. Precipitation Rates for Southeastern New Mexicoa 

s t a t i o n  
and * Eleva- 
distance, t i o n  
from above MSL Precipi tat ion (inches) 
WIpP (mi) ( f t )  1 973 1974 1975 1976 

Carlsbad, 
25 

Duval 
potash 
mineb 
12 

J a l ,  31 

Pear 1 ,. 25 

ochoa, 22 

3,120 0.37 0.78 0.24 0.07 1.07 1 .31  2.46 1.54 4.51 1.94 0.38 0.28 
(0.45) (0.30) (0.51) i0.48 (1.51) (1.44) (1.62) (1.76) (1.61) (1.47) (0.35) (0.41) 

3,520 0.53 0.67 0.37 0.33 1.24 0.50 3.11 1.79 4.29 1.92 0.46 0.24 

3,149 ' 0.43 0.53 0.36 0.51 1.23 1.15 2.40 1.72 2.88 1.33 0.28 0.14 
(0.51) (0.30) (0.48) (0.65) (1.52) (1.31) (1.63) (1.60) (1.48) (1.39) (0.74) (0.42) 

3.799 0.35 0.69 0.32 0.32 2.01 2.19 3.74 2.08 3.81 1.50 0.39 0.20 
(0.40) (0.34) ,(0.52) (0.64) (1.79) (1.68) (2.11) (1.95) (1.80) (1.31) (0.33) (0.43) 

3,458 . 0.53 0.55 0.31 0.24 1.15 0.89 2.25 2.18 3.16 0.96 0.25 0.13 
(0.49) (0.30) (0.51) (0.63) (1.38) (1.35) (1.48) (1.19) (1.53) (1.24) (0.40) (0.32) 

14.96 18.74 11.47 23.11 10.22 _ I  11.26 
(11.91) 

15.46 17.31 11.91 19.49 13.92 14.69 

12.96 8.16 9.83 20.57 13.68 12.56 
(11.67) 

17.54 17.92 11.62 22.10 24.68 11.87 
(13.32) 

12.74 8.86 9.43 19.14 11.65 14.64 
(11.17) 

amnthly  q d  annual average prec ipi tat ion for the years 1971-1976, and normal prec ipi tat ion (Shawn i n  parentheses; based on period 1941-1970) for 

hormal values  not avai lable .  
s t a t i o n s  i n  southeastern New Mexico. 



Table H-37. Normal Mean Wind Speeds for R o s w e l l ,  New Mexico, 1941-1970 

Mean wind Mean wind 6 
Month speed (mph) Month speed (mph) 

January 
February 
March 
A p r i l  

June 
MY 

8.4 J u l y  
9.8 August 

11.5 September 
11.8 October 
11.4 November 
10.8 December 

9.4 
8.4 
8.3 
8.2 
8.5 
8.4 

Table H-38. Maximum Cumulative R a i n f a l l  a t  R o s w e l l ,  New Mexico, for 
Various Time Periodsa 

Maximum cumulative r a i n f a l l  ( inches)  
5 min 10 min 15 min 30 min ' 60 min 

R o s w e l l  0.55 1.01 1.34 1.71 2.22 
D a t e  6/6/30 6/6/30 5/12/50 5/12/50 9/14/23 

- 2 hr  3 h r  6 hr  12 h r  24 h r  

R o s w e l l  2.88 3.38 4.82 5.19 5.65 
Date 9/16/23 8/8/16 8/7/16 8/7/16 10/3 1/0 1 

a p e r i d  of record 1905-1961, except  f o r  t h e  24-hour r a i n f a l l ,  f o r  
which t h e  period of  record is 1895-1961. 

Thom (1963) has  developed a procedure f o r  e s t ima t ing  t h e  p r o b a b i l i t y  of a 
The method uses  a mean tornado p a t h  l eng th  tornado ' s  s t r i k i n g  a g iven  po in t .  

and width and a s i t e - s p e c i f i c  frequency. 
s i te  y i e l d s  a p o i n t  p r o b a b i l i t y  of 0.00081 on an annual  b a s i s ,  or a recur rence  
i n t e r v a l  of  1235 years .  An a n a l y s i s  by F u j i t a  (1978) y i e l d s  a p o i n t  tornado- 
recur rence  i n t e r v a l  o f  2832 y e a r s  i n  t h e  Pecos River va l l ey .  

Applying Thorn's method to t h e  WIPP 

According to F u j i t a  (1978),  t h e  design-basis  tornado with a mil l ion-year  
r e t u r n  period has a maximum wind speed of 183 mph, a r o t a t i o n a l  speed of 146 
mph, a maximum t r a n s l a t i o n a l  speed of 37 mph, a minimum t r a n s l a t i o n a l  speed 
of 5 mph, a maximum-rotational-speed r a d i u s  of 150 f e e t ,  a p re s su re  drop of 
0.69 psi ,  and a pressure-drop rate of 0.08 psi /sec.  

Freezing p r e c i p i t a t i o n  

The reg ion  can expec t  about  1 day of f r e e z i n g  r a i n  or d r i z z l e  per  year  
(U.S. Army,  1958).  An ice accumulation of more than  0.25 inch has not  been 
observed. Any ice accumulation t h a t  does occur is t h i n  because of t h e  scar- 
c i t y  of p r e c i p i t a t i o n  during t h e  win ter  months and because daytime temper- 
atures rise w e l l  above f reez ing .  c 
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Strong winds 

The fastest-mile winds* recorded a t  t h e  R o s w e l l  I n d u s t r i a l  A i r  Center 
during a 6-year pe r iod  of record are shown i n  Table H-39 (NOAA, 1978).  The 
fastest observed l-minute wind ever recorded a t  R o s w e l l  w a s  75 mph from t h e  
w e s t  i n  April 1953 (NOAA, 1978) .  The 100-year-recurrence 30-foot-level wind 
speed i n  sou theas t e rn  New Mexico is 82 mph. The mean recur rence  i n t e r v a l  for 
high wind speeds a t  30 feet  above t h e  ground i n  southeas te rn  New Mexico is 
shown i n  Table H-40 (mS1, 1992; Thom, 1968).  

Table H-39. Fastest-Mile Wind Speeds a t  R o s w e l l ,  New Mexico 

Month Speed (rnph) Di rec t ion  Month Speed (rnph) Direct ion  

January 47 Nw J u l y  42 NE 

March 52 Nw September 40 N E  

May 60 Nw November 65 NE 

February 56 Nw August 44 Nw 

A p r i l  48 sw October 44 (a) 

June 73 Nw December 58 sw 
aThis speed w a s  measured on a l-minute anemometer as 44 mph from 220 

degrees  (approximately southwest)  

Table H-40. Recurrence I n t e r v a l s  f o r  High Windsa 
i n  Southeastern N e w  Mexicob 

Recurrence (years )  Speed (mph)c 

2 
10 
25 
50 

100 

58 
68 
7 2  
80 
82 

a F a s t e s t  m i l e .  
bData from Thom (1968). 
C A t  30 f e e t  above t h e  ground. 

*The fastest-mile wind speed l i s ted  for each month is t h e  f a s t e s t  speed 
determined during t h a t  month by measur'ing t h e  t i m e '  taken f o r  a l-mile-long 
column of a i r  to pass a measuring instrument.  These are averages,  f o r  
example, over a pe r iod  of  1.25 minutes a t  48 mph. 

H-81 



Table H-41. Seasonal Frequencies of Inversionsa 

Spring 
Summer 
Fa 11 
Winter 

1 

32 
25 
36 
47 

aData from Hosler (1961). 

65 
68 
72 
80 

I 

Invers ions  and high a i r - p o l l u t i o n  p o t e n t i a l  

Hosler (1961) and Holzworth (1972) have analyzed records  from s e v e r a l  
Nat ional  Weather Serv ice  s t a t i o n s  w i t h  t he  o b j e c t i v e  of cha rac t e r i z ing  t h e  
atmospheric-dispersion p o t e n t i a l .  
below 500 feet f o r  t h e  region are shown i n  Table H-41. 
t hese  inve r s ions  are d i u r n a l  (induced by solar r ad ia t ion )  as a consequence of 
t h e  e l eva t ion  and t h e  c o n t i n e n t a l  climate. 

Seasonal f requencies  of i nve r s ions  based 
A l a r g e  number of 

Holzworth (1972) g i v e s  estimates of t h e  average depth of v e r t i c a l  mixing, 
which i n d i c a t e s  t h e  th ickness  of  t h e  atmospheric l aye r  a v a i l a b l e  for the  mix- 
ing  and d i spe r s ion  of e f f l u e n t s .  The seasonal  a f te rnoon mixing depths  for t h e  
region (Table H-42) range from 1320 meters i n  t h e  winter  to 3050 meters i n  t h e  
summer. 

Table H-42: Dai ly  Mixing Depths: Seasonal Values 

Season 
Dai ly  a f te rnoon mixing 

depth (meters) 

Spring 
Summer 
F a l l  
Winter 
Annual 

2800 
3050 
2000 
1320 
2400 

h 

H.4.2 Site C l i m a t e  

On-site meteoro logica l  d a t a  were used to c h a r a c t e r i z e  t h e  local meteor- 
ology of  t he  site. 
T 22 S, from January to June 1976 and i n  Sec t ion  15  from June 1976 to May 
1977; it has been i n  Sec t ion  21 since May 1977. 
s e n t a t i v e  of local t e r r a i n  condi t ions .  U n t i l  May 1977, a 10-meter tower was 

The meteorology s t a t i o n  was l oca t ed  i n  Sec t ion  11, R 31  E, 

These l o c a t i o n s  are repre- 

used pr imar i ly  to collect wind, temperature,  and p r e c i p i t a t i o n  ( sur face)  I 
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data .  Subsequently, t he  s t a t i o n  was upgraded to a 30-meter tower designed to 
comply with most of t h e  cr i ter ia  of Regulatory Guide 1.23 of t h e  Nuclear 
Regulatory Commission (NRC). The primary measurements obtained include wind, 

i;.$ temperature, and t h e  temperature d i f f e r e n c e  (AT) between 3 and 10 meters, and 
between 10 and 30 meters above t h e  ground. 
(e.g., dew po in t ,  p r e c i p i t a t i o n ,  solar and terrestrial  r ad ia t ion ,  etc.) are 
also col lec ted .  I n  September 1978 t h e  30-meter-level instruments  were r a i sed  
to 40 meters to improve t h e  accuracy of AT measurements i n  compliance with 
Regulatory Guide 1.23. 
s t r i p c h a r t  recorders .  
is given i n  Appendix J. 

Addit ional  c l ima to log ica l  da t a  

A l l  da t a  are recorded by a da t a  logger and backup 
A d e t a i l e d  desc r ip t ion  of t h e  da ta -co l lec t ion  program 

Avai lable  summary on-s i te  meteorological  da t a  presented i n  t h i s  document 
inc lude  temperature and p r e c i p i t a t i o n  data for t h e  per iod  May 1976 through May 
1979 as w e l l  as wind and a tmospher ic -s tab i l i ty  da t a  fo r  June 1977 through May 
1979. The representa t iveness  of t h e  on-si te  da ta -co l lec t ion  per iod  has been 
e s t ab l i shed  by comparison of concurrent  da ta  from t h e  R o s w e l l  I n d u s t r i a l  A i r  
Center with long-term data .  

Normal and extreme va lues  of meteorological  parameters 

Wind summaries. Wind-direction and wind-speed measurements were obta ined  
Wind roses f o r  t he  from the  2-year si te da ta  c o l l e c t e d  a t  t h e  30-foot l eve l .  

s i te and for R o s w e l l ,  New Mexico, f o r  t h e  period June 1, 1977, to May 31, 1979, 
are shown i n  Figure H-15. Long-term (1973-1976) annual wind roses f o r  R o s w e l l  
and Midland-Odessa, Texas ( the  next nea res t  Nat ional  Weather S t a t i o n  with 
s u i t a b l e  data) are also shown i n  t h i s  f i gu re .  Di f fe rences  between s t a t i o n  
summaries are a t t r i b u t e d  to reg iona l  t e r r a i n  e f f e c t s  and v a r i a t i o n s  i n  t h e  
per iods  of record used. 

The 2-year si te wind record (Table H-43) shows t h e  southeas t ,  south- 
southeas t ,  and east-southeast  winds occurr ing most f r equen t ly  (18.9%, 15.2%, 
and 9.1% of t h e  t i m e ,  r e spec t ive ly ) .  A l l  o the r  d i r e c t i o n s  are about equal ly  
represented a t  2.9% to 8.4% of t h e  time. 
i n  Tables 1 through 24 i n  Annex 1. 

Monthly wind-rose da ta  are presented  

Temperatures. Monthly average, average d a i l y  maximum, and average d a i l y  
minhUI  temperatures for June 1, 1976, through May 31,  1979, are presented in 
Table H-44, which also shows corresponding da ta  and normal va lues  f o r  R o s w e l l  
(NOAA, 1977, 1978, 1979). 

Average temperatures  a t  t he  site show l a r g e  seasonal  d i f f e rences ,  ranging 
from 3 7 . 2 9  i n  t h e  winter  to 82.6OF i n  t h e  summer. The h ighes t  and lowest 
temperatures reqorded a t  t h e  R o s w e l l  I n d u s t r i a l  A i r  Center between January 1, 
1973, and December 31, 1978, were 107OF (June 1977) and 3OF (January 1977) 
(NOAA, 1978) ,  respec t ive ly ;  t h e  h ighes t  and lowest temperatures recorded a t  
t h e  si te between J u n e  1, 1976, and May 31, 1979, were.103.1 and 0.7OF,-re- 
spec t ive ly .  
e n t l y  higher than those i n  Roswel1,--and t h e  summer maximum temperatures are 
lower. These d i f f e r e n c e s  can be mainly a t t r i b u t e d - t o  t h e  l o c a t i o n s  of t h e  
temperature sensors  (30 feet  above tfie s u r f a c e - a t  t h e  si te and 5 feet a t  R o s w e l l ) .  

A t  t h e  site, t h e  average winter  minimum temperatures are cons i s t -  
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Note: wind direction is defined as the direction 
from which the wind is flowing. 

Figure H-15. Annual wind roses for (a) the WlPP site, June 1,1977, to May 31,1979; 
(b) Roswell, June 1, 1977, to May 31,1979; (c) annual average (1973-1976) 
for Midland-Odessa, Texas; and (d) annual average for Rowell (1973-1976). cr 
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T a b l e  H-43. D i s t r i b u t i o n  of Wind Directions a t  t h e  S i te ,  J u n e  1977-May 1979 

J a n u a r y  

F e b r u a r y  

March 

April 

M Y  

J u n e  

J u l y  

August 

September 

October 

November 

December 

4.3 

3.9 

2.8 

2.9 

3.9 

2.8 

1.1 

1.5 

3.7 

2.8 

5.6 

5.0 

3.1 

7.4 

2.9 

3.8 

3.0 

3.7 

2.4 

3.4 

6.4 

4.5 

6.1 

5.4 

D i rec t ion  
Month NNE NE ENE E ESE SE SSE S S S W S W  WSW W W N W N W  NNW N Calm 

4.5 6.4 9.2 16.3 17.3 11.0 5.0 2.0 2.5 5.2 3.9 2.1 3.3 3.5 0.6 

5.8 5.1 6.6 13.6 14.0 8.3 4.0 4.1 4.5 5.0 5.0 4.7 3.5 3.7 0.5 

3.4 8.9 6.6 15.2 12.0 7.8 4.0 3.9 6.7 8.9 4.5 3.4 3.2 4.0 0.2 

5.1 5.0 8.8 15.7 9.3 7.5 4.7 5.6 8.3 7.5 4.5 3.4 3.5 3.5 0.2 

3.5 4.0 8.2 17.0 13.2 9.6 7.0 5.6 4.9 7.2 3.4 2.5 3.3 4.7 0.2 

4.6 5.4 8.2 27.8 22.9 9.2 4.0 2.3 0.9 1.0 0.9 1.8 2.7 1.9 0.2 

3.1 3.8 11.0 37.0 24.8 7.9 3.3 1.8 0.7 0.6 0.2 0.3 0.8 1.0 0.2 

5.9 4.2 8.8 21.9 20.2 12.8 5.8 2.2 2.2 2.3 1.9 1.9 2.4 2.3 0.3 

5.9 4.5 6.5 17.8 13.9 6.9 6.2 4.2 4.2 5.9 2.4 3.3 4.4 3.3 0.3 

4 .1  4.1 12.4 18.9 13.0 11.4 6.9 2.8 3.5 3.7 2.3 2.9 2.5 3.3 0.8 

6.3 5.6 9.7 15.3 11.6 8.2 4.7 3.8 3.4 4.3 3.9 3.2 3.2 4.9 0.2 

5.3 4.8 5.0 10.7 10.5 8.4 6.2 6.7 6.4 6.9 4.9 5.0 3.9 4.2 0.6 



Table H-44a. Temperatures at Roswell and the WIPP Site, 1976-1977 

Temperature (9) 
Average d a i l y  minimum Monthly average  Average d a i l y  maximum 

Si te ,  R o s w e l l  S i t e  , S i t e ,  Roswell Roswe 11 
Month N o r m a l  6/76-5/77 6/76-5/77 N o r m a l  6/76-5/77 6/76-5/77 N o r m a l  6/76-5/77 6/76-5/77 

J a n u a r y  
February  
March 

\ A p r i l  
May 7 

‘i 

a $  \ June 
J u l y  
August 

\ September 
October 
November 
December 

Annual 

38.1 
42.9 
49.3 
59i7 
68.5 
77.0 
79.2 
77.9 
70.4 
59.6 
46.9 
39.3 

59.1 

38.6 
48.2 
52.1 
62 -3  
73.3 
79.3 
78.6 
80.3 
71.2 
56.2 
42.7 
39.3 

60.2 

38.7 
48.6, 
54.3 
63.5 
73.8 
78.4 
75.4 
78.6 
70.3 
56.1 
46.4 
4 2 . 1  

60.5 

55.4 
60.9 
57.7 
78.2 
86.4 
94.2 
94.7 
93.4 
86.5 
77.0 
64.8 
56.8 

76.3 

52.5 
63.0 
68.2 
76.7 
87.5 
93.4 
90.1 
93.1 
82.9 
70.3 
56.5 
56.1 

74.2 

51.6 
61.9 
67.6 
77.2 
86.9 
91.2 
87.8 
91.2 
82.0 
69.6 
58.1 
57.0 

73.5 

20.8 
2 4 . 8  
30.9 
41.2 
50.5 
59.8 
63.7 
62.3 
54.3 
42.2 
29.0 
21.8 

41.8 

24.7 
33.4 
35.9 
47.9 
59.1 
65.2 
67.1 
67.4 
59.4 
42.1 
28.9 
22.5 

46.1 

27.1 
36.9 
40.6 
48.6 
61.9 
65.1 
65.1 
66.7 
60.8 
44.2 
34.5 
28.9 

48.4 
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Table H-44b. Temperatures at Roswell and the WIPP Site, 1977-1978 

Temperature  (OF) 
Monthly average Average d a i l y  maximum Average d a i l y  minimum 

Roswell  S i t e ,  Roswell  S i t e ,  Roswell  Si te ,  
Month Normal 6/77-5/78 6/77-5/78 Normal 6/77-5/?8 6/77-5/78 N o r m a l  6/77-5178 6/77-5/78 

J a n u a r y  
Februa ry  
March 
Apr il 

J u n e  

August 
September 
October 
November 
December 

I J u l y  

38.1 
42.9 
49.3 
59.7 

77 .O 
79.2 

70.4 
59.6 
46.9 
.39.3 

68.5 

n . 9  

36.04 
43.6 
55.6 
66.2 
71.5 
81.6 
84.2 
83.0 

64.1 
53.1 
47 .O 

78.4 

37.2 
39.6 
55.6 
66.9 
72.0 
78.6 

81.7 
51.7 
63.3 
53.6 
49.5 

81.1 

55.4 
60.9 
57.7 

86.4 
94.2 
94.7 
93.4 

77.0 
64.8 
56.8 

78 - 2  

86.5 

47.6 
55.7 
71.1 
82.3 

96.1 
97.4 
95.0 
92.2 
77.5 
68.9 
62.9 

86.1 

48.7 
51.3 
67.8 
79.2 

91.4 
93.7 
94.3 
90.9 
76.1 

83.7 

65.8 
60.8 

20.8 
24.8 
30.9 
41.2 
50.5 

63.7 
62.3 
54.3 
42.2 
29.0 
21.8 

59.8 

24.3 
31.5 
40.1 
50.1 

67.0 
70.9 
71.0 
64.6 
50.6 
37.3 
31.1 

56.8 

28.6 

53.8 

68.5 

32.2 
43.2 

59.5 
61.3 

70.2 
66.2 
54.0 
42.4 
37.8 

Annual 59.1 63.7 61.4 76.3 77.7 75.3 41.8 49.6 51.5 

1 



Table H-44c. Temperatures at Roswell and the WIPP Site, 1978-1979 

January 
February 
March 
Apr il 
May 
June 
July 
August 
September 
October 
November 
December 

38.1 
42.9 
49.3 
59.7 
68.5 
77.0 
79.2 
77.9 
70.4 
59.6 
46.9 
39.3 

34.9 
43.6 
50.5 
60.6 
67.5 
79.37 
83.4 
78 .O 
69.2 
60.3 
49.0 
37.2 

37.0 
45.7 
52.9 
62.8 
08 .O 
78.4 
62.6 
79.0 
70.2 
61.7 
52.0 
42.3 

55.4 
60.9 
67.7 
78.2 
86.4 
94.2 
94.7 
93.4 
86.5 
77.0 
64.8 
56.6 

45.5 
59.2 
65.6 
75.8 
81.2 
92.7 
96.2 
69.9 
79.E 
74.1 
56.7 
50.7 

46.8 
57.9 
63.5 
73.8 
79.5 
90.9 
93.0 
69.6 
78.6 
72.9 
60.3 
52.7 

20.8 
24.8 
30.9 
41.2 
50.5 
59.8 
63.7 
62.3 
54.3 
42.2 
29.0 
21.8 

24.2 
28.0 
35.3 
45.3 
53.7 
65.8 
70.5 
66.0 
58.6 
46.5 
39.3 
23.7 

28.6 
35.1 
43.2 
44.6 
57.2 
66.6 
72.1 
68.7 
62.6 
52.2 
44.4 
32.2 

Annual 59.1 59.5 61.1 76.3 72.5 71.6 41.8 46.4 50.6 



P r e c i p i t a t i o n  and a tmospher ic  moisture. P r e c i p i t a t i o n  d a t a  for t h e  site 
are available for June  1, 1976, through May 31, 1979. Table  H-45 shows t h e  
monthly t o t a l s  for R o s w e l l  and t h e  WIPP si te,  as w e l l  as t h e  average  monthly 
normals for R o s w e l l  (NOAA, 1977, 1978, 1979) .  6d 

Monthly cumula t ive  p r e c i p i t a t i o n  a t  t h e  si te ranged from a trace i n  De- 
cember 1977 to 5.19 i n c h e s  i n  September 1978. A t  R o s w e l l  it ranged from 0.00 
inch  i n  December 1976 to  4.45 i n c h e s  i n  Augus t  1977 (normal r a n g e s  for R o s w e l l  
are 0.29 and 1.48 i n c h e s )  . 

The differences between t h e  R o s w e l l  2-year data and t h e  s i te  are typical 
of precipitation spa t ia l  v a r i a t i o n s  i n  t h e  area. 

The dew-point temperature is t h e  temperature to which t h e  a i r  must be 
cooled to become s a t u r a t e d  w i t h  water vapor ( p r e s s u r e  and water-vapor c o n t e n t  
remaining c o n s t a n t ) .  
p o i n t  tempera tures  ( t h e  dew-point spread)  is a measure of t h e  a tmospher ic  
m o i s t u r e  c o n t e n t .  

Thus t h e  d i f f e r e n c e  between t h e  ambient and t h e  dew- 

The annual  average  and dew-point tempera tures  a t  R o s w e l l  and a t  t h e  WIPP 
si te are shown i n  Table H-46. The d a t a  p e r i o d s  are June 1, 1977, through May 
31, 1979. A t  R o s w e l l ,  78.8% of t h e  t i m e  t h e  dew-point s p r e a d  was greater than  
8.1%’. A t  t h e  s i te ,  t h i s  v a l u e  was exceeded 88.9% of t h e  t i m e .  

Atmospheric s t a b i l i t y  

E s t i m a t e s  of t h e  average  d i s p e r s i o n  of e f f l u e n t s  by a tmospher ic  f l u c t u a -  
t i o n s  over  extended p e r i o d s  are g e n e r a l l y  based  on t h e  j o i n t  p r o b a b i l i t y  of 

Table  H-45. R o s w e l l  and WIPP P r e c i p i t a t i o n a  

Roswe 11 WIPP si te 
Month Normal 76-77 77-78 78-79 76-77 77-78 78-79 

June  
J u l y  
August 
September 
October 
November 
December 
January  
February  
March 
A p r i l  
May 

1.24 
1.71 
1.48 
1.47 
1.22 
0.29 
0.47 
0.40 
0.37 
0.47 
0.49 
1.00 

1.55 
2.44 
1.98 
2.29 
0.69 
0.41 
0.00 
0.07 
0.36 
0.27 
1.25 
2.43 

0.25 
0.46 
4.45 
0.29 
0.62 
0.48 
0.02 
0.50 
0.48 
0.39 
0.02 
1.81 

4.31 
0.52 
3.49 
3.58 
1.47 
1.25 
0.43 
0.41 
0.44 
0.13 
0.32 
1.25 

0.67 
0.65 
0.57 
3.29 
0.67 
0.11 
0.08 
0.24 . 

0.07 
0.38 
0.55 
1.31 

1.09 
0 .69  
0.57 
2.09 
2.02 
0.19 

( b) 
0.07 
0.43 
0.07 
0.20 
1.63 

3.74 
0.63 
2.01 
5.19 
1.33 
3.51 
0.65 
0.13 
0.59 
0.04 
0.15 
2.22 

Annual 10.61 13.74 1 ,  9.77 17.60 8.59 9.05 20.19 

aMeasured i n  inches.  Data for R o s w e l l  collected a t  t h e  I n d u s t r i a l  A i r  

b r ace  amount. 
Center. 
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Table 1-1-46. Dew Po in t  and Temperature a t  R o s w e l l  and t h e  
WIPP S i t e ,  June 1977 Through May 1979 

WIPP s i te  R o s  w e  11 
Temperature Dew p o i n t  Temperature Dew po in t  

(OF)  (OF) (OF) (-1 

Average 61.3 38.8 62.2 34.0 
Average max. 73.9 44.7 73.6 40.3 
Average min. 49.3 32.9 51.4 27.3 

wind-speed, wind-direction, and a tmosphe r i c - s t ab i l i t y  f requencies .  These frer 
quencies  have been estimated (Table H-47) from data c o l l e c t e d  a t  t h e  s i te  by 
t h e  temperature-difference method o u t l i n e d  i n  NRC Regulatory Guide 1.23. 

The j o i n t  f r equenc ie s  of t h e s e  s t a b i l i t y  c a t e g o r i e s  wi th  winds (Annex 1, 
Tables  25 through 32) show t w o  dominant t rends.  The f i r s t  is t h e  very  un- L 

s t a b l e  ca tegory  (ca tegory  A ) ,  where sou theas t  to south winds i n  t h e  3.1- to 
5.0-m/sec range are most f requent .  The second is i n  t h e  s l i g h t l y  stable (E) 
and extremely s t a b l e  (G) c a t e g o r i e s  (and, to a le'sser degree,  c a t e g o r i e s  D and 
F ) ,  where t h e  sou theas t  wind i n  t h e  1.5- to 5.0-m/sec range predominates. 

A comparison of a v a i l a b l e  s t a b i l i t y  d a t a  for R o s w e l l  is presented  i n  
Table H-48. D i f f e r e n t  methods were used i n  ca t egor i z ing  t h e  R o s w e l l  and t h e  
WIPP-site d a t a  s i n c e  t h e  hourly data for R o s w e l l  ob ta ined  from t h e  National 
C l i m a t i c  Center d id  not  con ta in  t h e  data needed f o r  t h e  temperature-difference 
method ( temperature  d i f f e r e n c e  AT and s tandard  d e v i a t i o n  of  t h e  h o r i z o n t a l  
wind d i r e c t i o n ) .  The method used f o r  t h e  R o s w e l l  data (Turner,  1964) is based 
p r i m a r i l y  on s u r f a c e  wind speed and n e t  solar r a d i a t i o n .  This  method tends to 
be  biased toward t h e  n e u t r a l  ca tegory  D, as ev iden t  i n  Table H-48, whi le  t h e  AT 
method tends  to be biased toward t h e  extremely stable and uns t ab le  ca t egor i e s .  

Table H-47. Monthly Frequency of S t a b i l i t y  Categor ies  a t  
t h e  WIPP S i te ,  June 1977 Through May 1979 

Cate- 
gory J F M A M J J A s 0 N D 

A 28.7 31.1 34.2 41.5 44.7 46.3 48.1 44.3 36.9 32.7 26.5 27.7 

B 2.4 1.1 1.5 0.7 0.2 1.0 0.7 1.2 0.7 1.3 1.5 0.8 

C 1.2 0.9 0.8 0.3 0.5 0.7 0.2 0.3 0.3 0.6 0.6 0.7 

D 10.7 6.7 2.7 3.2 2.6 4.5 3.6 4.8 2.0 4.0 3.4 4.1 h. 

E 13.1 14.0 6.8 5.8 8.9 10.5 9.6 9.6 8.3 10.0 9.9 4.9 

F 8.6 7.7 10.0 11.0 14.1 23.9 15.6 18.0 13.3 10.3 11.2 7.8 

G 35.8 38.1 44.1 37.5 29.1 13.4 22.8 20.4 38.5 41.1 46.9 54.0 
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Table H-48. Frequency of Stability Conditions at Roswell and at the WIPP Site 

Frequency (%) 
Stability Roswell , a Roswell , a WIPP site,b 
cond it i on 1973-1976 June 1977-May 1979 June 1977-May 1979 

A, extremely unstable 1.3 
B, unstable 7.6 
C, slightly unstable 16.2 
D , neutral 37.0 
E, slightly stable 15.9 
F, stable 17.0 
GI extremely stable 5.1 

2.1 
8.6 
14.1 
38.1 
14.7 
17 .O  
5.3 

36.7 
1.1 
0.6 
4.2 
9.2 
12.4 
35.7 

aBased on the Turner method. 
bBased on the temperature-dif f erence method. 

H.4.3 Short-Term (Accident) Diffusion Estimates 

Conservative (5% probability level) , realist'ic (50% probability level) , as 
well as worst-case estimates of the local atmospheric-diffusion factors ( X / Q )  
for the site have been prepared for the site boundary (control zone IV-radius 
of 3 miles) and distances of 0.5, 1.5, 2.5, 3.5, 4.5, 7.5, 15, 25, 35, and 45 
miles. Calculations were made for a l-hour effluent-release period from hourly 
data collected at the site for the period June 1977 through May 1979. 

The ground-level atmospheric-diffusion factors for the site were calculated 
from Gaussian plume-diffusion models for a continuously emitting ground-level 
source (a conservative assumption). Hourly centerline X / Q  values were computed 
from the concurrent hourly mean wind speed, wind, and stability category. The 
wind speed at the 10-meter-level sensor was used since a ground-level release 
was assumed for conservatism. The stability class was determined by the tem- 
perature-difference method. Calms were assigned a wind-speed value equal to 
the starting speed of the wind vane (0.6 mph) and the wind direction in the 
last noncalm hour. Cumulative frequency distributions were prepared to deter- 
mine the X / Q  values that were exceeded only 5% and 50% of the time as well as 
worst-case values. 

Gaussian plume-diffusion models for a ground-level concentration were used 
to describe the downwind spread of effluents from the WIPP. 
ground-level release of effluents at a constant emission rate and total reflec- 
tion of the plume at ground level were assumed in the diffusion estimates. 
Since it allows for no depletion by deposition or reaction at the surfake, this 
assumption is conservative. For each hour in the 2 years of record X / Q  values 
were calculated as follows: 

A continuous 

X 1 
Q ~ Z a u  

-=: 

y 2 10 
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X 1 
Q T U  mu 

- =  

y z 10 

where 
3 X / Q  = the  r e l a t i v e  c e n t e r l i n e  concentrat ion (sec/m ) a t  ground l eve l .  

U 
10 = wind speed (m/sec) a t  1 0  meters above the  ground. 

3, = lateral  plume spread (meters), a funct ion of atmospheric sta- 
b i l i t y ,  wind speed, and downwind d i s t ance  from t h e  po in t  of 
release. 
being a func t ion  of atmospheric s t a b i l i t y  and wind speed. 
more than  800 meters, Zy = (M - 1) uy(800 m) + “y(x) .  

f o r  Distances of up t o  800 meters,Zy = M ~ ~ ,  M 
For 

U y, “Z = lateral  and v e r t i c a l  plume spread (meters), r e spec t ive ly ,  as 
a funct ion of a.tmospheric s t a b i l i t y  and d is tance .  

For n e u t r a l  to stable condi t ions  ( ca t egor i e s  D to  G) with wind speeds a t  
t h e  10-meter l e v e l  of less than 6 m/sec, equat ion 1 was used. For a l l  other 
s t a b i l i t y  or wind-speed condi t ions,  x / Q  was ca l cu la t ed  from equation 2. This  
technique of c a l c u l a t i n g  concentrat ion from vents  or other bui lding penetra- 
t i o n s  is described i n  NRC Regulatory Guide 1.145 (Atmospheric Dispersion Mod- 
els f o r  P o t e n t i a l  Accident Consequence Assessments a t  Nuclear Power Plants ;  
issued for comment, Augus t  1979). 

From the  2 years  of l-hour X/Q values ,  cumulative frequency d i s t r ibu -  
t i o n s  were prepared f o r  each of  16 wind sectors and for seve ra l  d i s t ances  
from the  release point .  
t h e  are presented i n  Table 33 of Annex 1. 

The values  of x/Q exceeded only 5% and 50% of t h e  

H.4.4 Long-Term (Routine) Diffusion Estimates 

Annual average d i f f u s i o n  f a c t o r s  were computed f o r  rout ine  releases from 
WIPP operat ions.  The MESODIF model was run (Star t  and Wendell, 1974) with 
meteorological  data recorded a t  the  si te from June 1977 through May 1979. 

MESODIF uses  an in tegra ted  puff model t h a t  d i f f e r s  from other  Gaussian 
puff models i n  t h a t  it allows released materials to be t ranspor ted  back over 
t h e  source should the  wind s h i f t .  
pu f f s  re leased every hour through t h e  year of  record i n t o  t h e  wind f i e l d  re- 
corded by the  on-si te  meteorological  s t a t i o n .  
u n t i l  they are too d i l u t e  to be of s ign i f i cance  or u n t i l  they leave the  area 
being considered. Concentrations are in t eg ra t ed  fo r  t he  year and then aver- 
aged to y i e l d  t h e  mean expec ta t ion  f o r  s i n g l e  puffs .  A ground-level release 
was assumed for  conservatism. The results are l i s t e d  i n  Table H-49 for the  
2 yea r s  of record. The s t rong  lobe of  concent ra t ion  i n  the  northwest sector 
i n  Table H-49 is c o n s i s t e n t  w i t h  t h e  p reva i l i ng  winds, which are from the  
sou thea st. 

The e f f l u e n t  is t r ea t ed  as a s t r i n g  of 

Indiv idua l  p u f f s  are tracked 
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Table H-49. WIPP S i t e  Long-Term Average x / Q  Calcula t ions  
(Period of Record June 1977 through May 1979) 

Downwind x / Q  (sec/m3) a t  downwind d i s t a n c e  (miles) 
sector 0.5 1.5 2.5 3.5 4.5 5.0 7.5 10.0 15.0 25.0 35.0 45.0 

N. 
"E 
NE 
ENE 

E 
ESE 
SE 
SSE 

s 
SSW 
SW 
WSW 

W 
WNW 
WNW 
Nw 
NNW 

2.8-Sa 
1.1-5 
9.3-6 
1.1-5 

7.7-6 
2.3-5 
1.0-5 
1.1-5 

1.1-5 
1.1-5 
1.5-5 
1.2-5 

1.9-5 
5.0-5 
5.0-5 
4.9-5 
3.0-5 

2.4-6 
1.4-6 
2.8-6 
1.1-6 

4.4-7 
4.0-7 
1.4-6 
1.4-6 

1.6-6 
1.8-6 
2.2-6 
1.9-6 ' 

2.8-6 
6 .l-6 
6.1-6 
9.3-6 
5.9-6 

1.0-6 
5.7-7 
6.8-7 
5.4-7 

4.8-7 
4.5-7 
4.3-7 
5.2-7 

6.4-7 
8.5-7 
9.6-7 
8.5-7 

1.2-6 
2.5-6 
2.5-6 
3.2-6 
3.0-6 

6.2-7 
3.7-7 
4.0-7 
2.9-7 

2.3-7 
2.0-7 
2.0-7 
3.0-7 

3.7-7 
4.4-7 
6.7-7 
5.1-7 

7.5-7 
1.2-6 
1.2-6 
2.0-6 
1.5-6 

4.4-7 
21.-7 
2.3-7 
1.8-7 

1.6-7 
1.4-7 
1.4-5 
2.0-7 

2.5-7 
3.1-7 
4.0-7 
3.6-7 

5.3-7 
9.5-7 
9.5-7 
1.6-6 
1.2-6 

3.6-7 
1.7-7 
2.0-5 
1.5-7 

1.2-7 
1.1-7 
1.1-7 
1.6-7 

2.1-7 
2.8-7 
3.3-7 
2.9-7 

4.0-7 
7.9-7 
7.9-7 
1.4-6 
1.1-6 

1.8-7 
9.0-8 
1.1-7 
5.7-8 

4.8-8 
4.2-8 
5.3-8 
7.7-8 

1.1-7 
1.4-7 
1.6-7 
1.4-7 

1.9-7 
3.8-7 
3.8-7 
7.6-7 
5.8-7 

1.0-7 
4.6-8 
6.5-8 
2.8-8 

1.5-7 
2.7-8 
3.0-8 
4.8-8 

6.7-8 
8.0-8 
9.5-8 
7.5-8 

1.8-7 
2.5-7 
2.5-7 
5.0-7 
3.5-7 

3.9-8 
2.0-8 
3.0-8 
1.5-8 

1.2-8 , 

1.1-8 
1.6-8 
2.3-8 

3.0-8 
3.9-8 
5.0-8 
3.5-8 

5.0-8 
1.0-7 
1.0-7 
2.5-7 
2.5-7 

1.7-8 
9.0-9 
1.2-8 
5.4-9 

4.2-9 
4.7-9 
6.2-9 
3.6-7 

1.0-8 
1.8-8 
1.8-8 
1.2-8 

1.7-8 
3.9-8 
3.9-8 
1.1-7 
7.8-8 

7.2-9 
3.3-9 
4.4-9 
1.1-9 

1.3-9 
1.0-9 
1.7-9 
4.0-9 

6.0-9 
6.8-9 
8.8-9 
5.6-9 

7.8-9 
1.9-8 
1.9-8 
5.5-8 
4.6-8 

8.4-9 
2.6-9 
3.1-8 
8.6-10 

1.1-9 
7.3-10 
1.5-9 
2.7-9 

3.21-9 
5.2-9 
4.8-9 
3.1-9 

4.5-9 
9.5-9 
9.5-9 
3.2-8 
2.6-8 

a2.8-5 = 2.8 x 10-5. 



H.4.5 A i r  Qual i ty  

The United States has  been divided by the  Environmental Pro tec t ion  Agency 
(EPA) (40 CFR 81) i n t o  A i r  Q u a l i t y  Control Regions (AQCRs). The EPA has 
divided its programs i n  the  country i n t o  adminis t ra t ive  regions. The WIPP 
si te is located i n  AQCR 155 and is administered by EPA Region VI .  The New 
Mexico Environmental Improvement Division (NMEID) has designated a seven- 
county area, including Eddy and Lea  Counties,  as State A i r  Qual i ty  Control  
Region 5 (Chapter 277, Laws of 1967 as  amended). 

Exis t ing a i r  po l lu t ion  i n  t h e  v i c i n i t y  of t h e  si te c o n s i s t s  mostly of  
high concentrat ions of to ta l  suspended particulates. 
r i ences  occasional. high concent ra t ions  of total suspended particulates from 
n a t u r a l  wind-blown dus t ;  near t he  s i te ,  t h e  concentrat ions are even higher 
because of potash opera t ions .  According to t h e  most recent  EPA State Attain-  
ment S t a t u s  Report (Federal  Regis te r ,  September 11, 1978) , a i r  q u a l i t y  i n  t h e  
region meets primary and secondary na t iona l  ambient a i r -qua l i t y  s tandards,  
except  l o c a l l y  near i ndus t r i e s .  

The e n t i r e  State expe- 

To b e t t e r  def ine  the  ambient air  q u a l i t y  a t  the  site, t h e  l e v e l s  of 
selected a i r  p o l l u t a n t s  have been monitored s ince  January 1976 and w i l l  be  
used to analyze the  e f f e c t s  of WIPP cons t ruc t ion  and opera t ion  on a i r  q u a l i t y  
l o c a l l y  and regional ly .  The parameters being measured are total  suspended 
particulates,  chemical species i n  p a r t i c u l a t e s ,  n i t rogen  dioxide,  s u l f u r  
dioxide,  hydrogen s u l f i d e ,  carbon monoxide, and ozone (Metcalf and Brewer, 
1977). 

Table H-50 presen t s  State and Federal  a i r -qua l i t y  s tandards.  State 
s tandards are not to be exceeded a t  any t i m e ,  while Federal  s tandards are not  
to be exceeded more than once a year. The Federal  s tandards  are divided i n t o  

Table H-50. Ambient Air-Quality Standardsa 

Federa l  s t a n d a r d s  
P o l l u t a n t  N e w  Mexico s t anda rd  Primary Secondary 

S u l f u r  d iox ide  (S02) 
24-hour average 0.10 ppm (260 pg/m3) 0.14 ppm (365pg/m3) 
Annual a r i t h m e t i c  mean 0.02 ppm (52 pg/m3) 0.03 ppm (80pg/m3) 
3-hour average 

24-hour average 150 pgjm3 260 pg/m3 150 gg/m3 
7-day average 110 pg/m3 
30-day average 90 pg/m3 
Annual geometr ic  mean 60 g g h 3  75 pg/m3 60 pg/m3 

8-hour average 8.7 ppm 9 ppm 9 PPm 
1-hour average 13.1 ppm 35 ppm 35 PPm 

0.50 ppm (1300 pg/m3) 
T o t a l  suspended p a r t i c u l a t e s  

Carbon monoxide ( C ) )  

Photochemical o x i d a n t s  (ozone ) ,  

Hydrocarbons (nonmethane),  

Nitrogen d iox ide  (No2) 

1-hour average 0.06 ppm 0.12 ppm 0.12 p p m  

3-hour average 0.19 ppm 0 . 2 4  ppm 0.24 ppm 

24-hour average 
Annual a r i t h m e t i c  average 0.05 ppm ( 1 0 0  pg/m3) 0.05 ppm (100 pg/m3) 0.05 ppm (100 pg/m3) 

a s t a t e  s tandards--State  of New Mexico ambient aic-quality da ta  summaries (1973-1976). Fede ra l  standards--40 CFR 50. 

0.1 ppm (200 pg/m3) 
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primary and secondary s t anda rds ,  which are de f ined  i n  40 CE'R 50.2: "Nat ional  
pr imary ambient a i r - q u a l i t y  s t anda rds  d e f i n e  l e v e l s  of a i r  q u a l i t y  which t h e  
Adminis t ra tor  [Adminis t ra tor  of  t h e  F A ]  judges are necessary ,  w i th  an 
adequate margin of s a f e t y  to protect t h e  public hea l th .  Na t iona l  secondary 
ambient a i r - q u a l i t y  s t anda rds  d e f i n e  l e v e l s  of a i r  q u a l i t y  which t h e  
Adminis t ra tor  judges necessary to protect t h e  public wel fare  from any known 
or a n t i c i p a t e d  adverse e f f e c t s  of a po l lu t an t . "  

The concen t r a t ions  o f  p o l l u t a n t s  measured a t  t h e  WIPP site are p resen ted  
i n  Table  H-51. 
during 1976 are t h e  l-hour carbon monoxide concen t r a t ion  and t h e  l-hour ozone 
concent ra t ion .  -The carbon monoxide va lue  does n o t  exceed Fede ra l  s t anda rds ,  
however. The h igh  ozone concen t r a t ions  may be a t  least  p a r t i a l l y  expla ined  
by t h e  f a c t  t h a t  t h e  concen t r a t ions  were measured by u l t r a v i b l e t  t echniques  
i n s t e a d  of chemiluminescence; t h e  u l t r a v i o l e t  t echniques  g e n e r a l l y  produce 
h igher  va lues .  Chemiluminescence is now used f o r  measurements, bu t  no new 
va lues  are a v a i l a b l e .  

The only  concen t r a t ions  t h a t  exceeded New Mexico s t anda rds  

Table  H-51. P o l l u t a n t s  Measured a t  t h e  WIPP Si te  During 1976 

Measured New Mexico 
P o l l u t a n t  concen t r a t ion  s t anda rd  

Nitrogen d i o x i d e ,  
annual  a r i t h m e t i c  mean 32.19 pg/m3 

S u l f u r  dioxidea 
Annual a r i t h m e t i c  mean 
24-hour average 

T o t a l  suspended par t iculates  
Annual a r i t h m e t i c  mean 
24-hour average 

Carbon monoxide 
l-hour average 
Dai ly  mean 

Ozone 
l-hour average 
Dai ly  mean 

Hydrogen s u l f i d e ,  
d a i l y  mean 

4.29 pg/m3 
38 ps/m3 

- -  , 

18.47 pg/m3 
77.7 pg/m3 

17 - ppm - 
3.17 ppm 

0.167 ppm 
0.02 ppm 

0.11 bg/m3 

100 pg/m3 

b60 pg/m3 
150 pg/m3 

13.1 p p m  

0.06 ppm 

agelow t h e  d e t e c t i o n  c a p a b i l i t y ' o f  t h e  method used. 
bGeometr ic  mean. 
CThe s t a n d a r d s ' a r e  0.003 ppm (l-hour average3 f o r  a l l  par ts  

o f  New Mexico except  t h e  Pecos-Permian Basin Intrastate  A i r  
Q u a l i t y  Con t ro l  Region and 0.1 ppm (30-minute average) for t h a t  
region.  
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H.4.6 Paleoclimatology 

The climatic record of t h e  past i n d i c a t e s  long-term v a r i a b i l i t i e s  of t h e  
climate i n  a region and provides  a basis  f o r  p o s t u l a t i n g  t h e  bounds i n  f u t u r e  
climatic changes t h a t  may a f f e c t  t h e  long-term impact of a r epos i to ry .  I n  
eva lua t ing  t h e  long-term performance of  a r epos i to ry ,  t h e  most s i g n i f i c a n t  
h i s t o r i c  period is t h e  l as t  10,000 to 100,000 years .  Deta i led  c l i m a t o l o g i c a l  
information is not  a v a i l a b l e  f o r  t h i s  h i s t o r i c  per iod .  However, q u a l i t a t i v e  
estimates of temperature and p r e c i p i t a t i o n  regimes have been made, and t h e  
e x t e n t  o f  g l a c i a t i o n  and f looding  can be f a i r l y  accu ra t e ly  es t imated  from 
geo log ic  evidence. Much of t h e  a v a i l a b l e  pa l eoc l ima to log ica l  information 
r e f e r s  to l a r g e  geographica l  areas (con t inen t s ,  hemispheres, etc.) ,  and cli-  
matic cond i t ions  f o r  the reg ion  of a p a r t i c u l a r  s i te f r equen t ly  must be in- 
f e r r e d  from t h e s e  g e n e r i c  d e s c r i p t i o n s .  However, l imi t ed  geologic  inves t iga-  
t i o n s  have provided some s p e c i f i c  information d i r e c t l y  app l i cab le  to t h e  
region of  t h e  WIPP site. 

P e r i o d i c a l l y ,  a t  i n t e r v a l s  of about  250 m i l l i o n  years ,  t h e r e  have been 
major advances of g l a c i e r s  fram t h e  polar reg ions ,  advances t h a t  l a s t e d  on 
t h e  order  of m i l l i o n s  of y e a r s  (Sellers, 1965).  The P le i s tocene  Epoch, which 
began about  1 to 2 m i l l i o n  y e a r s  ago, is the  la tes t  g l a c i a l  period (Sellers, 
1965; NAS-NRC, 1975, 1977; John, 1977). Within t h e  P le i s tocene  t h e r e  have 
been s e v e r a l  glacier advances ( g l a c i a l s )  and retreats ( i n t e r g l a c i a l s ) ,  as il- 
l u s t r a t e d  by worldwide temperature  v a r i a t i o n s  i n  F igure  H-16 (Norwine, 1977) . 
This  epoch ended some 10,000 y e a r s  ago wi th  t h e  beginning of t h e  Holocene 
Epoch, a l though cont inuous  ice s h e e t s  are still p r e s e n t  i n  t h e  polar regions.  

Con t inen ta l  ice s h e e t s  of  t h e  P le i s tocene  Epoch d id  not  advance south of 
Montana and Idaho, and g l a c i a l  a c t i o n  does no t  appear to be a t h r e a t  to the  
i n t e g r i t y  o f  t h e  WIPP site. However, during these g l a c i a t i o n s ,  i n d i v i d u a l  
mountain g l a c i e r s  were widespread throughout t h e  Rocky Mountains from Canada 
to c e n t r a l  New Mexico, and local ice caps were p r e s e n t  i n  a number of ranges 
(Richmond, 1965). 
22' N (Sierra Blanca, peak e l e v a t i o n  13,000 feet, west of R o s w e l l )  dur ing t h e  
g l a c i a t i o n s  of l a t e -P le i s tocene  t i m e .  
P l e i s tocene  g l a c i e r s  are a t  e l e v a t i o n s  o f  between 10,200 and 11,400 f e e t  a t  
t h i s  l a t i t u d e  (Richmond, 1965).  Summer temperatures  were about  7 to 16OF 
co lde r  than  a t  present, bu t  win ter  temperatures  were much t h e  same as a t  
p r e s e n t  (Richmond, 1965; Gates, 1976). 

Mountain g l a c i e r s  developed as f a r  south  as l a t i t u d e  33O 

The average end moraines of late- 

66 r 1 

Figure H-16. Worldwide temperature variations. 
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The advance of g l a c i e r s  was i n i t i a l l y  associated with a co ld ,  damp cli-  
mate, followed by a cold, d ry  c l ima te  t h a t  developed over t h e  cont iguous ice 
s h e e t  i t s e l f  (Schwarzbach, 1963). P r e c i p i t a t i o n  over t h i s  area was probably 
less than  t h a t  over t h e  same region a t  p re sen t .  During t h e s e  periods, t h e  
weather was much more v a r i a b l e  than  a t  present .  Winters  were longer;  sp r ing ,  
f a l l ,  and summer were s h o r t e r ;  and d i u r n a l  and day-to-day v a r i a t i o n s  were 
g r e a t e r  (Kukla, 1976).  

a 

During g l a c i a t i o n  periods i n  North America, t h e  wes te r ly  wind b e l t  was 
d i sp laced  toward the  equator  ( B r o o k s ,  1970; Schwarzbach, 1963).  This change 
r e s u l t e d  i n  some areas south of t h e  c o n t i n e n t a l  g l a c i e r  r ece iv ing  increased  
( p l u v i a l )  p r e c i p i t a t i o n  (Schwarzbach, 1963).  I n  t h e  United States, p l u v i a l  
e f f e c t s  occurred i n  t h e  c e n t r a l  and western regions.  
formed or expanded during t h e  p l u v i a l ,  e s p e c i a l l y  i n  t h e  Western United 
States, i n  areas t h a t  are now d e s e r t s  ( F l i n t ,  1967; Schwarzbach, 1963). The 
climate o f  New Mexico during t h i s  pe r iod  was cha rac t e r i zed  by more p r e c i p i t a -  
t i o n  (about  64% more than  a t  p r e s e n t ) ,  less evapora t ion  (only about  73% of 
p r e s e n t ) ,  and a mean June-September temperature about  18OF lower than  a t  
p r e s e n t  (Antevs, 1954) . 

Severa l  lakes were 

I n  summary, it can be i n f e r r e d  t h a t  t h e  climate of t h e  reg ion  dur ing  the 
g l a c i a l / p l u v i a l  periods of t h e  P le i s tocene  was probably cooler, wetter, and 
stormier than a t  present .  Therefore, f looding  was also probably more fre- 
quent .  The geologic  h i s t o r y  of  t h e  region t h a t  i n d i c a t e s  such effects has  
been addressed i n  Sec t ion  7.3. 

Major g l a c i a l  epochs have been a l t e r n a t i n g  with i n t e r g l a c i a l s  on a 100,000- 
year  cycle (Norwine, 1977) .  These i n t e r g l a c i a l s  have p rev ious ly  lasted 11,000 
to 15,000 years .  The p r e s e n t  g l o b a l  climate is considered i n t e r g l a c i a l  and 
has lasted approximately 10,000 to 12,000 y e a r s  (Richmond, 1972; Sellers, 
1965) ,  a l though t h i s  has  va r i ed  by region,  and g l a c i a l  advances have a t  times 
occurred.  The i n t e r g l a c i a l s  of t h e  P le i s tocene  were t y p i c a l l y  f r e e  of ice and 
were drier than t h e  p re sen t  (Sellers, 1965). Moreover, temperatures  were s i m -  
i lar or a t  times s l i g h t l y  warmer than  those  a t  present :  average world temper- 
a t u r e s  were approximately 3 9  above those  a t  p r e s e n t  (Sellers, 1965).  I n  
t h e  Rocky Mountains, t h e  p r e s e n t  i n t e r g l a c i a l  has  been less a r i d  and co lde r  
than previous i n t e r g l a c i a l s  (Richmond, 1972) . 

A b r i e f  summary of t h e  climate of t h e  c u r r e n t  epoch is presented  i n  Table 
H-52. The most s i g n i f i c a n t  even t s  are t h e  Cochrane Glacial Readvance (6800 to 
5600 B.C.) , t h e  Climate O p t i m u m  (5600 to 2500 B.C.) , and t h e  L i t t l e  Ice Age 
(A.D. 1500 to 1900).  However, t h e  o s c i l l a t i o n s  of t h e  i n t e r g l a c i a l  climate i n  
t h e  United States during t h e  Holocene have been ‘less seve re  than  those experi- 
enced dur ing  t h e  P le i s tocene ,  when cond i t ions  v a r i e d  between g l a c i a l  and in- 
t e r g l a c i a l  (Lamb, 1966).  There are i n d i c a t i o n s  t h a t  a long-term g l o b a l  cool- 
ing  t rend  is st i l l  under way, a l though t h e r e  has  been a r e l a t i v e l y  r e c e n t  
short- term period (approximately 40 to 100 y e a r s  ending i n  about  1950) of 
g l o b a l  warming (Kukla and Matthews, 1972: Lamb, 1966: Alexander, 1974). 
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Table H-52. A Br ie f  Chronology of t h e  C l i m a t e  of t h e  Southwestern 
United S t a t e s  i n  t h e  L a s t  10,000 Yearsa 

Dates C l i m a t e  

9000-6000 B.C. Warm and ar id  i n  southern  Arizona.' 

6800-5600 B.C. C o o l  and dry ,  wi th  possible e x t i n c t i o n  of mam- 
mals, p a r t i c u l a r l y  i n  Arizona and N e w  Mexico. 

5600-2500 B.C. 

2500-500 B.C. , 

A.D. '330 

800 

1180- 12  15 

1220-1290 

1276-1299 

1300-1330 

1500-1900 

Warm and moist, becoming warm and dry  by 3000 
B.C. ( C l i m a t e  Op t imum)  . I n t e r m i t t e n t  drought i n  
t h e  Western United S t a t e s  a f t e r  5500 B.C. 

Genera l ly  warm and d ry  with periods of heavy 
r a i n  ( a f t e r  660 B.C.) and i n t e n s e  droughts  (near 
510 B.C.) i n  t h e  Western United States. 

Drought . 
S t a r t  of moist period i n  Mexico. 

W e t  i n  t h e  W e s t .  

Drought i n  t h e  West. 

"Great Drought" i n  t h e  Southwest. 

W e t  i n  t h e  West. 

I 

9 

Genera l ly  cool and d r y  ( L i t t l e  Ice Age). Per- 
iodic g l a c i a l  advances i n  North America 
(1700-1750) . 
S t a t e s  from 1573 to 1593. 

Drought i n  t h e  southwestern United 

1880-1940 Increase  of win ter  temperatures  by 1.5OC. 
Drop of 5.2 meters i n  t h e  l e v e l  of t h e  Great 
S a l t  Lake. 
arctic ice by 40%. 

Alpine g l a c i a t i o n  reduced by 25% and 

19 20-1958 

194 2-pre sen t .  

25% decrease  i n  mean a n n u a l ' p r e c i p i t a t i o n  i n  t h e  
South we s t . 
Worldwide temperature  decrease and h a l t  of glac-  
i a l  recession. 

aData from S e l l e r s  (1965).  
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H.5 ECOLOGY 

c.$ H.5.1 In t roduc t ion  

This  s e c t i o n  d i s c u s s e s  t h e  terrestr ia l  and a q u a t i c  ecology of t h e  Los 
Medanos si te and its environs,  desc r ibes  t h e  eco log ica l  resources  a t  t h e  si te,  
and c h a r a c t e r i z e s  p r e e x i s t i n g  environmental  stresses. 

The terrestrial  ecology s tudy area is t h e  area wi th in  a 5-mile r ad ius  of 
Eighty-nine s tudy plots have been es- t h e  cen te r  of t h e  si te (Figure H-17). 

t a b l i s h e d  i n  t h e  s tudy  area and nearby. 
graz ing  e f f e c t s ,  etc.; t h e  remainder are enclosed. I n  add i t ion ,  t h e r e  are 11 
soil microclimate s t a t i o n s ,  also fenced (Figure H-18). A q u a t i c  h a b i t a t s  with- 
i n  t h e  s tudy area are l imited to stock-watering ponds and tanks.  
s t a t i o n s  have been e s t a b l i s h e d  a t  a nearby p laya ,  a t  Laguna Grande de l a  Sal ,  
and along t h e  Pecos River (see Sec t ion  H.5.3.1). 

Seven are fenced f o r  s t u d i e s  of  

Sampling 

This s e c t i o n  is based on data c o l l e c t e d  s i n c e  1975. Ear ly  s t u d i e s  were 
The results are pub- carried o u t  by the New Mexico Environmental I n s t i t u t e .  

l i s h e d  i n  two p rogres s  reports (Wolfe et  a l . ,  1977a,b).  I n  1977, t h e  biology 
team was reorganized,  and eco log ica l  s t u d i e s  continued. Methods and d a t a  are 
d iscussed  i n  a report publ ished i n  1979 ( B e s t  and Neuhauser, 1979) ; more re- 
c e n t  data w i l l  be  publ ished later.  

The s t u d i e s  provide base l ine  data for t h e  assessment of environmental  
impacts. The emphasis is on c h a r a c t e r i z i n g  te r res t r ia l  and a q u a t i c  h a b i t a t s  
and important p l a n t  and animal species. Important s p e c i e s  are def ined  (NRC, 
1976) as  follows: 

a. The species is commercially or r e c r e a t i o n a l l y  valuable .  

b. The s p e c i e s  is threa tened  or endangered. 

c. The species is cr i t ical  to t h e  well-being of s o m e  important s p e c i e s  
wi th in  c r i t e r i o n  a or b. 

d. The species is cr i t ica l  to t h e  s t r u c t u r e  and func t ion  of t h e  eco- 
l o g i c a l  system or is a b i o l o g i c a l  i n d i c a t o r  of  rad ionucl ides  i n  t h e  
environment . 

These b a s e l i n e  data are of f u r t h e r  u s e  i n  t h e  development of an  ecological 
monitoring program a t  t h e  si te.  The emphasis is on (a) documenting t h e  range 
of  n a t u r a l  v a r i a t i o n  and its c a u s e ( s )  for important  p l a n t  and animal comu- 
n i t i e s ;  (b)  c h a r a c t e r i z i n g  c r i t i ca l  pathways and processes i n  t h e  local eco- 
system, inc luding  pathways of rad ionucl ide  t r a n s f e r ;  and (c) p red ic t ing ,  where 
possible, t h e  kind and t h e  .degree of change t h a t  may r e s u l t  from WIPP-related 
a c t i v i t i e s  (e.g., changes i n  vege ta t ion  wi th in  c o n t r o l  zone I f  due to t h e  ex- 
c l u s i o n  of cat t le) .  

I n  order  to expand t h e  ecology data base and the reby  make it more use fu l ,  
f i e l d  s t u d i e s  are cont inuing.  
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Figure H-18. Soil microclimate station. 

To g i v e  a r e g i o n a l  pe r spec t ive ,  t h e  ecology of  t h e  two-county r eg ion  (Eddy 
and Lea Coun t i e s ) ,  excluding t h e  Guadalupe Mountains, is d i scussed  below. 

H.5.2 Terrestrial  Ecology 

H.5.2.1 Soi l  and a g r i c u l t u r a l  resources 

The two-county region l ies  i n  t h e  Southern Desert Basins ,  P l a i n s ,  and 
Mountains Land Resource Area of t h e  Western Range and Irrigated Land Resource 
Region (Aust in ,  1972) .  C l i m a t e  and soil , l i m i t  a g r i c u l t u r e  to ranching and 
some i r r i g a t e d  and dry-land farming, wi th  t h e  major c u l t i v a t e d  areas being 
along t h e  Pecos and B l a c k  Rivers  i n  Eddy County and i n  e a s t e r n  Lea County. 
I r r i g a t e d  l a n d s  produce sorghum, c o t t o n ,  a l f a l f a ,  and small-grain crops. Over 
90% of the  reg ion  is g raz ing  land ,  and b e e f - c a t t l e  ranching is t h e  major agri- 
c u l t u r a l  e n t e r p r i s e .  Grazing areas are used t h e  year  round. 

; *  

The major soils i n  t h e  region are A r i d i s o l s ,  which occur i n  a r i d  locales 
and con ta in  l o w  amounts of  o rgan ic  matter, and Mollisols, found i n  more moist 
a r e a s  w i t h  dark,  organic-matter-r ich surface horizons.  The major suborders  of 
t h e  Aridisols, which are used p r i m a r i l y  f o r  rangeland  and some irrigated 
crops, are t h e  Or th ids ,  which h’ave accumulations o f  calcium carbonate ,  gypsum, 
or o t h e r  s a l t s  more s o l u b l e  than gypsum b u t  no h o r i z o n t a l  c l a y  accumulation; 
and t h e  Argids ,  which have c l a y  accumulations w i t h  or w i t h o u t  a l k . 1 3  
(sodium). Ustols, t h e  major suborder of  Mollisols i n  t he  s i te  rec, m, are 3 
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i n t e r m i t t e n t l y  dry  during the  warm season and have subsurface horizons i n  
which sa l t s  or carbonates  have accumulated. 
g r a i n s  and s o m e  i r r i g a t e d  crops. 

They are used f o r  wheat or small 

Other soil o rde r s  are present ,  including En t i so l s ,  recent  soils w i t h  no 
horizon development, and A l f i s o l s ,  which have a gray to brown sur face  horizon 
and a subsurface horizon of c l ay  accumulations. 
as rangeland. The A l f i s o l s  are being used as rangeland, f o r  dry-land farming 
of  small g ra in ,  and for  i r r i g a t e d  crops. 

Terrestrial ecology 

E n t i s o l s  a r e  used pr imar i ly  

The th ree  soil a s soc ia t ions  t h a t  occur i n  t h e  study area are descr ibed i n  
Sect ion 7.3.8. A l l  are Ar id i so l s  (Argids and Orthids)  or Entisols. The t w o  
soil mapping u n i t s  t h a t  occur on the  si te proper are i n  the  Kermit-Berino Soil 
Association (Table H-53). Approximately ha l f  t h e  s i t e  is mapped as Berino 
complex and the  o ther  half  as Kermit-Berino f i n e  sands. Both mapping u n i t s  
are C l a s s  V I 1  soi ls--unsui table  f o r  c u l t i v a t i o n  and s u i t a b l e  only for pas tu re  
and w i l d l i f e  h a b i t a t .  
They a r e  gene ra l ly  s t a b i l i z e d  by shinnery o a k ,  mesquite,-  and other  vegetat ion.  

The soils a t  the  si te include sandy sur face  soils with wind-blown par- 
ticles, a t h i n  (l-mm-thick) soil crust, and a layer  of moist subsoi l .  The 
wind-blown soil and subso i l  conta in  sparse ly  d i s t r i b u t e d  bac te r i a  a t tached  to 
t h e  surfaces of t h e  sand g r a i n s  but  f e w  fungi or algae. The sur face  material, 
however, conta ins  p a r t i a l l y  degraded p l a n t  d e t r i t u s  and r e l a t i v e l y  dense 
fungal  hyphae. 
s i te  (Caldwell, 1978). 

These sandy soils are sub jec t  to severe wind erosion. 

This t h i n  c r u s t  resists wind eros ion  and covers  much of t h e  

A hard c a l i c h e  l aye r ,  up to 10 feet th ick ,  unde r l i e s  these  soils. Depth 
to  caliche v a r i e s  from a few cen t iTe te r s  to seve ra l  meters. 
f u l l y  exposed along parts of Livingston Ridge. 

The c a l i c h e  is 

H.5.2.2 Native vege ta t ion  

Vegetation i n  the  two-county region 

The si te l ies i n  a region t h a t  is an area of t r a n s i t i o n  between the  Great 
P la ins  Short-Grass P r a i r i e  and t h e  Chihuahuan Desert. Since e a r l y  i n  t h e  
twent ie th  century,  s a l t  cedar trees, na tu ra l i zed  from Eurasia ,  have invaded 
major drainageways. Another introduced species--the Russian t h i s t l e ,  or 
tumbleweed--is a common invader i n  highly d is turbed  areas; it is found i n  the  
study area.  Shrubs and g ras ses  are the  most prominent components of t he  local 
flora.  Vegetative cover is l a r g e l y  con t ro l l ed  by water a v a i l a b i l i t y  and l ive-  
s t o c k  grazing. The development of s p e c i f i c  p l a n t  communities is dependent on 
s u c h - f a c t o r s  a s  the  i n f i l t r a t i o n  r a t e  of the  su r face  soil ,  depth to  a restric- 
t i v e  layer  (i.e.,  c a l i c h e ) ,  and t h e  ex ten t  to which t h e  su r face  soil  has been 
reworked by wind or water erosion. 

According to Ba i l ey ' s  (1976) ecoregion c l a s s i f i c a t i o n ,  t h e  two-county area 
is i n  the  Grama-Tobosa Sect ion and the  Tarbush-Creosote Bush Sect ion of t he  
Chihuahuan Desert  and the  Grama-Buffalo Grass Sect ion of the  Great P la ins  
Shortgrass  P r a i r i e .  The Grama-Tobosa Sect ion is a climax d e s e r t  g rass land  
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Table H-53. Ecological Characteristics of Soils at the WIPP Sitea 

Soi l  S o i l  Soil-management considerations 
Soil mapping Soil  order/ c a p a b i l i t y  - 

uni t  series suborder un i t  Agricul tural  po ten t ia lb  Management considerations 

Ber  in0 complex Ber  in0 
0-3% slopes,  
eroded 

Kermit-Ber in0 K e r m i t  
f i n e  sands', 
0-3% slopes: 

K e r m i t  f i n e  sand 

Aridisol VI Ie -1  
Ar ig  i d  

Unsuitable for  dryland farming. Soils subj-ect to severe wind erosion 
Soils a re  too sandy and rain- i f  vegetation cover not maintained. 
f a l l  too low and undependable. Natural revegetation of eroded areas  
Sui table  only for nat ive is d i f f i c u l t  and slow. S o i l s  must  
pasture  and w i l d l i f e  habi ta t .  be constant ly  protected from 

Overgrazing . 
Enti& 
Psamment 

VIIe-3 Unsuitable for  dryland farming. Soils subject  to severe wind erosion 
Rainfa l l  is low and undepend- i f  vegetative cover not maintained. 
ab le  and soil texture  Na tu ra l  f e r t i l i t y  and organic-matter 
is too coarse. Sui table  for content a r e  low. Grasses should not  
w i l d l i f e  habi ta t  and nat ive be overgrazed. 
pasture.  

Berino f ine  sand VIIe-3 Unsuitable for dryland farming. Soils subject  to severe wind erosion 
Rainfal l  is low and undepend- i f  vegetative cover not maintained. 
able and soil texture  is too Natural f e r t i l i t y  and organic-matter 
coarse. Sui table  for w i l d l i f e  content are low.  Grasses should 
habi t  and native pasture. not be overgrazed. 

aBased on data from the Soil Conservation Service (1971). 
h o n e  of the soils a t  t he  site or i n  the v i c i n i t y  a r e  s u i t a b l e  for i r r i g a t e d  farmland. Because of the physical 

' and chemical charac te r i s t ics  of the soils, there is a lack of an adequate supply of good-quality water i n  the  site 
reg ion. 



community. 
common. The Tarbush-Creosote Bush Sec t ion  has been described as  a d isc l imax 
shrub type t h a t  was o r i g i n a l l y  desert g ra s s l and  (Castetter, 1956) Over- 
g raz ing  has caused an inc rease  i n  shrub  species t h a t  once occupied only  iso- 
lated areas (Gardner, 1951). The Grama-Buffalo Grass Sec t ion  is a shor t -grass  
prairie found i n  ar id  areas where t h e  growing season is s h o r t  and precipi- 
t a t i o n  is no t  r e t a i n e d  i n  the soil  (Weaver and Albertson,  1956).  

A t  lower e l e v a t i o n s  i n  t h i s  s e c t i o n ,  dense s t a n d s  of shrubs  are 

n 

Kuechler (1975) has  described the p o t e n t i a l  n a t u r a l  vege ta t ion  of the  
reg ion  l a r g e l y  as Trans-Pecos Scrub Savanna i n  t he  southern and c e n t r a l  por- 
t i o n s ,  Grama-Buffalo Grass i n  t h e  nor th  and east, and Grama-Tobosa Shrubsteppe 
and Creosote Bush-Tarbush i n  t he  nor th  and west. 

More recen t ly ,  Donart e t  a l .  (1978) have descr ibed  Eddy County as belong- 
ing l a r g e l y  to t h e  Chihuahuan Region of t h e  Grassland Formation and the 
Chihuahuan Region of  the Desert Shrub Formation: t he  p o t e n t i a l  n a t u r a l  veg- 
e t a t i o n  of Lea County is c l a s s i f i e d  as t h e  Chihuahuan Region, t h e  P l a i n s  Re- 
gion,  and the Prairie Region of the Grassland Formation. 
Chihuahuan Region a s s o c i a t i o n s  occur: 

The fo l lowing  

0 Creosote/Bush Muhly--at one t i m e  predominantly g ra s s l ands  wi th  scat- 
t e r e d  creosote bush; p r i n c i p a l  g r a s s e s  were black grama, bush muhly, 
and s c a t t e r e d  tobosa. 

0 Catclaw--primarily an Arizona shrub,  it dominates an association of 
l i m i t e d  d i s t r i b u t i o n  around Carlsbad and i n  southwestern New Mexico. 

The Chihuahuan Region of the  Grassland Formation c o n t a i n s  four  as- 
sociations i n  the  two-county reg ion  (Donart e t  a l . ,  1978):  

0 Burrograss--dominated by bur rograss  i n  a s s o c i a t i o n  w i t h  tobosa and 
i n c l u s i o n s  of gyp grama, gyp dropseed, co ldenia ,  and f l u f f g r a s s .  

0 Mixed Grama/Three-Awn--dominated by black grama and three-awns i n  as- 
s o c i a t i o n  w i t h  moderate amounts of b lue ,  h a i r y ,  and sideoats gramas and 
occas iona l  p l a n t s  of mesa and sand dropseed. 

0 B l a c k  Grama/Mixed Dropseed--dominated by black grama i n  a s s o c i a t i o n  
wi th  mesa dropseed, sand dropseed, spike dropseed, g i a n t  dropseed, and 
scattered yucca ., 

0 Mixed Dropseed/Black Grama--dominated by dropseed species i n  as- 
sociation wi th  black grama, yucca, and, i n  some areas, sand sagebrush. 

Several au tho r s  have cha rac t e r i zed  t h e  success iona l  p a t t e r n s  i n  t h e  re- 
gion. Shantz (1917) descr ibed  the area as a graz ing  discl imax.  Explanat ions 
for t h e  s h i f t  of vege ta t ion  from tall and mid-grasses to shrubs  (notab ly  sage- 
brush, sh innery  oak, mesquite,  and creosote bush) inc lude  the  exc lus ion  of 
f ire (Sauer, 1950; Humphrey, 1953; Wingfield,  1955) ,  overgrazing by cat t le  
(Campbell, 1929; Whitfield and Anderson, 1938; Whitfield and Beuther,  1938) ,  
and changing climate. Y o r k  and Dick-Peddie (1969) have a t t r i b u t e d  the r e c e n t  
occupat ion by mesqui te  i n  southern New Mexico to the e f f e c t s  of catt le and 
note  t h a t  t h e  appearance of g raz ing  is t h e  only  event  t ha t  co inc ides  with the  
time of t h i s  spec tacu la r  change i n  vege ta t ion .  

I 
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Severa l  p l a n t  species i n  t h e  reg ion  are important  to w i l d l i f e .  For ex- 
ample, m e s q u i t e  p rov ides  abundant fo rage  for herb ivorous  and granivorous  spe- 
cies, such as sca l ed  q u a i l  (BLM, 1977).  Mesquite, sh inne ry  oak, and o t h e r  
shrubs  provide  fo rage  and cover for a v a r i e t y  of game and nongame species, 
such as mule deer  and mourning dove. 

Vegetat ion i n  t h e  s tudy  area 

The vege ta t ion  of t h e  s tudy  area c o n s i s t s  of  shrub-dominated seral com- 
muni t i e s  t h a t  are a t  least p a r t l y  a r e s u l t  of  s eve re  overgraz ing  i n  t h e  l a te  
1800s. N o  crops are c u l t i v a t e d .  

The area is f l o r i s t i c a l l y  heterogeneous (F igure  H-19 and Table H-54) e 

This  he t e rogene i ty  has  a number o f  causes, which inc lude  site-specific t e r r a i n  
features, changes i n  soil  type and depth,  etc. 

Five t e r r a i n - r e l a t e d  or topographic-edaphic zones o f  vege ta t ion  can be 
d i s t i n g u i s h e d  w i t h i n  t h e  s tudy  area, These are d iscussed  s e p a r a t e l y  below. 

Mesqui te  g r a s s l a n d  ("mesa") zone. A low mesa, t h e  Divide,  l ies  on t h e  
e a s t e r n  edge of  t h e  s tudy  area (see Powers et  al . ,  1978, Sec t ion  4.2.2,  
pp. 4-7 to 4-9, for a d i s c u s s i o n  of t h e  s u r f i c i a l  geology) .  It suppor t s  f a i r -  
l y  typical d e s e r t  g ra s s l and  vegeta t ion .  Honey mesqu i t e  (Prosopis g landulosa)  
and snakeweed ( G u t i e r r e z i a  sa ro th rae )  are t h e  dominant shrub  and subshrub, 
r e s p e c t i v e l y ;  g r a s s e s  are also abundant. Important  species inc lude  bu r rog ras s  
(Scleropogon b r e v i f o l i u s )  , black  grama (Bouteloua er iopoda) , bush muhly 
(Muhlenbergia porteri) , and f l u f f g r a s s  (Tr idens  p u l c h e l l u s )  . 

C a c t i ,  e s p e c i a l l y  v a r i e t i e s  o f  p r i c k l y  pear (Opuntia phaeacantha) , are 
p r e s e n t  b u t  no t  common. Yucca t o r r e y i ,  also uncommon, is completely absen t  
from t h e  dune p l a i n s ,  where another  species, Y. campestris, is common. Th i s  
area is h e a v i l y  grazed,  Fu r the r  d e t e r i o r a t i o F i n  its range cond i t ion  i n  fu- 
t u r e  could l e a d  to inc reased  shrub  dens i ty .  

C e n t r a l  dune zone. This  zone a c t u a l l y  is made up of  t h r e e  dune-related 
subzones: s t a b i l i z e d  dunes, oak-mesquite hummocks, and active dunes. 

S tab i l iz ' ed  dunes make  up t h e  greatest part  of t h e  c e n t r a l  dune zone. 
is reflected i n  t h e  t r a d i t i o n a l  name for t h e  area, Los Medanos (" the  dunes").  
Shinnery o a k  (Quercus h a v a r d i i ) ,  honey m e s q u i t e  (Prosopis  g l andu losa ) ,  sand 
sagebrush ( A r t e m i s i a  f i l i f o l i a ) ,  snakeweed ( G u t i e r r e z i a  s a r o t h r a e ) ,  and dune 
yucca (Yucca campestris) are t h e  dominant shrubs.  I n  certain sites, a l l  of 
t h e s e  species are p resen t :  i n  o t h e r  sites, one or more is e i t h e r  miss ing  
e n t i r e l y  or ve ry  l o w  i n  dens i ty .  Local ized v a r i a t i o n s  i n  soil type and depth 
appear to be t h e  major causes  o f  t h i s  he t e rogene i ty .  The s tab i l ized-dune  
subzone, t h e r e f o r e ,  c o n s i s t s  of a."patchwork" o f  c l o s e l y  related b u t  d i s t i n c t  
f l o r i s t i c  a s s o c i a t i o n s .  Grasses are common throughout  t h e  subzone. Purp le  
three-awn (Ar is t ida  purpurea)  is found a t  t h e  m a j o r i t y  of t h e  s tudy  sites and 
is t h e  most common p e r e n n i a l  g r a s s  i n  t h e  zone. ,Other f r equen t  species are 
red three-awn (A. l o n g i s e t a ) ,  sand dropseed (Sporobolus c ryptandrus)  , g i a n t  
dropseed (S. g i g a n t e u s ) ,  black grama (Bouteloua e r iopoda ) ,  h a i r y  grama (B. - 
h i r s u t a ) ,  and f a l l  wi tchgrass  (Leptoloma cognata) . 

This  
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Table H-54. Plants Reported i n  the Terrestrial Ecology Study Area and a t  
Nearby Sites During 1978 and 197ga 

Growth 
Taxon Common name for mb 

Ag avace ae 
*Yucca campestr is 

Y. elata 
- Y. torreyi 
-- 

Dune yucca 
Palmilla, soaptree yucca 
Torrey yucca, Spanish 

dagger 

A i  zoaceae 
(Mollugo ver t ic i l la ta  

Amaranthaceae 
*Amaranthus albus 
- A. b 1 i to i de s 
- A. hybr i d u s  
A. palmeri - 
A. prostrata 

*Eoelichia flor idana 
var. campestr is 

Guilleminea densa 
var. aggregata 

T i  de s t romia 1 anug i nosa 

Amar yllidaceae 
Zephyranthes long i f  o l i  a 

Anaca rd i ace ae 
Rhus microphylla 

Asclepiadaceae 
*Asclepias arenaria 
- A. nyctaginifolia 
- A. oenother ioides 
- A. viridiflora 

Bignon iaceae 
Chilopsis linear is 

Boraginaceae 
Amsinckia intermedia -, 

Coldenia canescens . 
- C . hispidiss ima 
Cr yp tantha angu st i f  o l ia’  

*C. jamesii var. laxa - - 
C. jamesii var. setosa 

- H. curassavicum 
- H. curassavicum var. obovatum 
H. greggii 
Lithospermum multiflorum 

*E&i otr  opium convolvu laceum 

- 

Indian chickweed 

Tumbleweed amaranth 
Prostrate pigweed 
Green amaranth 
Giant amaranth 

Snakecotton 

Cottonf lower 
Woo 1 l y  t ides t r omi a 

Zephyr-li l y  

Littleleaf sumac I . 

Dune milkweed 
Four-0-clock milkweed 
Primrose m i l k w e e d  ~ . 
Green- f lower ed milkweed 

Desert willow 

Fiddlenec k 
Spreading coldenia . 
Hispid coldenia 
Narrowleaved hiddenflower 
James hiddenflower i 

Setose hiddenf lower. 
Bindweed heliotropei . 
Salt heliotrope 
Bluntleaf heliotrope 
Desert heliotrope 
Stoneseed 

S 
S 

S 

A 

A 
A 
A 
A 

A 

P 
A 

P 

S 

P 
P 
P 
P 

S 

A 
SS 
ss 

-A 
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Table H-54. Plan t s  Reported i n  the  Terrestrial Ecology Study Area and a t  
Nearby Sites During 1978 and 197ga (continued) 

c 
Taxon 

Growth 
Common name formb 

C a c  taceae 
Coryphantha macromer is 
Ech i noc ac t u  s t ex  ens is 
Echinocereus caespitosus 

*E. - f e n d l e r i  
Opuntia d a v i s i i  
- 0. k l e  i n i  ae 
- 0. leptocaulis 

*& phaeacantha 

Caryophyllaceae 
Par onych i a  j ame s i i 

Chenopodiaceae 
Allenrolf  ea occ iden ta l i s  
A t r  i p l ex  canescens 
Chenopodium desiccatum 
C. h i ans  
C. incanum 
-- 

*Fcloloma a t r  iplicifolia 
*Salsola k a l i  var.  t e n u i f o l i a  

Come 1 i nac e ae 
Commelina d i a n t h i f o l i a  

*c. - erecta var. a n g u s t i f o l i a  
Tradescant ia  o c c i d e n t a l i s  

Compos i t ae 
Ambrosia ar t e m i s i f o l i a  
Aphanostephus ramosissimus 
A r t e m i s i a  f i l i f o l i a  
- A. ludoviciana 
Baccharis wr igh t i i  
B a h i a  pedata 
Baileya mul t i r ad ia t a  

~~~ ~ 

Ber landiera  l y r a t a  
Chrysothamnus pulche l lus  
- C. spa thu la tus  
Cirsium spp. 
Conyza c o u l  ter i 
Dyssodia acerosa 

Pincushion cactus 
Texas devilshead 
Caespitose hedgehog 
Fendler hedgehog 
Davis cholla 
Klein cholla 
Christmas cactus 
Pr ick ly  pear 

N a  ilwor t 

Pickleweed 
Four-wing sa l tbush  
Thickleaf goosefoo, 
Fet id  goosefoot 
Gray goosefoot 
Winged pigweed 
Russian t h i s t l e ,  

tumbleweed 

B i r d b i l l  dayflower 
E r e c t  dayflower . 

Western spiderwort 

Short  ragweed 
Lazy da isy  
Sand sagebrush 
Wormwor t 
Wright bacchar is 
B a h i a  
Desert marigold 
Lyrate greeneyes 
Southwest rabbi tbrush 
Blunt leaf  rabbi tbrush 
T h i s t l e  (rosette) 
Coulter conyza 
Acerose dogweed 

P, ss 
ss 
ss 
ss 
ss 
ss 
ss 
ss 

ss 

S 
S 
A 
A 
A 
A 

A 

P 
P 
P 

A 
A 
SS 
P 
ss 
A 
A, p 
P 
S 
S 
P 
A 
ss 
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Table H-.54. Plan t s  Reported i n  t he  Terrestrial Ecology Study Area and a t  
Nearby Sites During 1978 and 197ga (continued) 

G Growth 
Taxon Common name for m b  

Compositae (continued) 
Dyssodia pentachaeta var.  har twegi i  
Erigeron bellidiastrum 
- E. b ige lov i i  Gray 
Flourensia  cernua 
Franser ia  c o n f e r t i f l o r a  
G a i l l a r d i a  p i n n a t i f i d a  
- G. pulchella 
Gu t i e r r ez i a  microcephala 

*G. - sarothrae 

Haplopappus spinulosus var.  austral is  
H. sp inulosus  var .  qlaberrimus 
H. spinulosus var .  s c a b r e l l u s  

H .  petiolaris subsp. f a l l a x  

Hymenopappus f lavescens var . 
Hymenoxys scaposa var . glabra 
H. scaposa var.  scaposa 
Leucelene er imides 
Machaeranthera t a n a c e t i f o l i a  
M e  lampod i u m  c i n e  r eum 

*M. leucanthum 
* g l a f  oxia sphacela ta 

- 
*Eli an t h u  s petiolar is 

*Kterotheca psammophila 

cano-tomentosus 

- 

Har tweg dogweed 
Western f leabane 
Bigelow f leabane 
Tar bush 
Bursage 
P inwhee 1 
Fir  ewhee 1 
Smallhead snakeweed 
Snakeweed, broom 

Spiny yellow aster 
snakeweed 

Prairie sunflower 
Prairie sunflower 
Camphorweed 

White ragweed 
Smooth hymenoxy s 
Scapose hymenoxys 
Baby whi t e  aster 
C u t l e a f  a s t e r  
B l a c k f o o t  
B l a c k  f oo t 

Par then ium confer tum 
*Pec t is angust i fol ia  

Xanthocephalum texanum 
*Zinnia g rand i f lo ra  - -  

Desert feverfew 
Fetid marigold 

Wright desert ho l ly  
Perez ia  nana Dwarf ho l ly  
- P. w r i g h t i i  
Psilostrophe tagetina Paper daisy 
P. v i l l o s a  Desert paperflower 
R a t i b i d a  tagetes Mar igold coneflower 
Sa r twe l l i a  f l a v e r i a e  Gypsumweed 

- S. doug las i i  var.  longi lobus Longlobed groundsel 
Stephanomeria pauciflora Wire lettuce 
nelesperma megapotamicum *’ Greenthread 

*Senecio mul t i cap i t a tus  Groundsel 

*Verbesina ence l io ides  Golden crownbeard 
Snakeweed 
Wild z inn ia  

I *  
Convo l v u l  aceae 

Cuscuta lep tan tha  ’ Dodder 
Evolvulus n u t t a l l i a n u s  

P 
A 
P 
S 
A 
P 
A 
SS 

ss 
P 
P 
P 
A 
A 
A 

A, B 
P 
P 
P 
A 
P 
P 
A 

A 
P 
P 
P 
B 
P 
A 
P 
ss 
P 
P 
A 
SS 
P 

PI B 

A 
P 
P E. pilosus - 
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Table €I-54. Plan t s  Reported i n  t h e  Terrestrial Ecology Study Area and a t  
Nearby S i t e s  During 1978 and 197ga (continued) 

/- 

Taxon Common name 
Growth 

formb 

C r  uc i f  erae 
Descurainia pinnata  var. halictorum 
- D. p inna ta  var.  ochroleuca 
D i t  hy rea w is li z en i i 
Draba brachycarpa 
Erysimum asperum 
Greggia camporum var . l i n e a r  i f o l i u m  
Lepidium montanum 

Lesquerella f endler  i 
*L. - virginicum var .  m e d i u m  

- L. q r a c l l i s  
S t rep tan thus  car i n a t u s  

Cucurbitaceae 
*Cucurbits foetidissima 
*C. texana - 
Citrullus vulgar is var. c i tro ides  
I b e r v i l l e a  tenu isec ta  
- I. t r  ipar t i ta  

Cyperaceae 
*Cyperus schwe i n  it z ii 

Euphor b i ace ae 
Argythamnia humilus var.  l a e v i s  

- C. glandulosa var .  l indheimeri  
C. pot ts i i  
E - t exens is  

D i  t a x i s  neomexicana 
Euphorbia f endler  i 
E. 
E. 

*Croton d i o i c u s  

- - 
g lyp  tosperma 
he te rophyl la  

E. - 
E. 

*E. 
. E. 

- 
- 
- 
E. 

*E. 
E. 

- 
- 
- 

l a t a  
m i  cromer a 
missur  ica 
missurica var.  intermedia 
prostrata 
ser pens 
serwllifolia 

E. s e r r u l a  
Phyllanthus abnormis 
Reverchonia arenar  i a  

- 

Tragia s t y l a r  is 

Tansy mustard 
Tansy mustard 
Spectacle  pod 
Twistpod 
Western wallflower 

Mountain peppergrass 
Peppergrass 
Fendler bladderpod 
Smooth bladderpod 
Wright twistflower 

Buffalogourd P 
Texas gourd A 

Cutleaf  globeberry P 
Three-lobed globeberry P 

Citron melon A 

Flatsedge 

Wild (mercury 
Doveweed 
Croton 
Leatherweed 
Texas c ro ton  
New Mexico mercury 
Fendler spurge 
Ridge-seed spurge 
Ca t a l i n a  
Spurge 
Spurge 
Spreading spurge 
Spreading spurge 
F l a t  spurge 
Serpent spurge 
Thymeleaf spurge 
Serrulate spurge 
Leaf -f lower 
Dune reverchonia,  

duneweed 
Noseburn 

P 

P 
P 
A 
P 
A 
P 
P 
A 
A 
P 
A 
A 
A 
A 
A 
A 
A 
A 

A 
P 
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Table H-54. Plants Reported i n  the Terrestrial Ecology Study Area and a t  
Nearby Sites During 1978 and 197ga (continued) 

Taxon 

~ 

Growth 
Common name formb 

Ephedraceae 
Ephedra torr eyana 

~ ~- 

Joint-fir, Mormon tea S 

Fag ace ae 
*Quercus havard ii Havard oak, shinnery oak 
- Q. havardii X - Q. muhlenbergii (hybrid) 

Gent ianaceae 
Centaurium calycosum var. breviflorum Small-flowered rosita 
- C. calycosum var. calycosum Ros i ta 

Gramineae 
Andropogon bar binod is 
A. scoparius 

*z i s t ida  barbata 
*& longiseta 
A. pansa 
- A. parishii  

*A. - purpurea 
- A. wrightii 

- 

~~ 

Avena sativa 
Bou teloua barba ta 
- B. curtipendula 
- B. eriopoda 

*& hirsuta 
*Brachiar ia  ciliatissima 
*Bromus catharticus (B. unioloides) 
*Cenchrus insertus 
Chlor is cucullata 
Enneapogon desvauxii 
Eragrostis arida 

*& secund if lora 
- E. silveana 
Hilaria mutica 

*Leptoloma cognata 
Muhl enber g ia ar enacea 

*M. - porteri  
M. tor reyi 

WTnroa squarrosa 
*Panicum capillare 

*Zspalum setaceum 
P. obtusum 

- P. stramineum 
*Scleropogon brevifolius 
Setaria leucopila 

Cane bluestem 
Lit t le  bluestem 
Havard three-awn 
Red three-awn 
Wooton three-awn 
Par i s h  three-awn 
Purple three-awn 
Wright three-awn 
Common oat 
Sixweeks grama 
Side-oats grama 
Black grama 
Hairy grama 
False buffalograss 
Rescue grass 

Hooded fingergrass 
Spike pappusg ra ss 
Desert loveg ra ss 
Mexican lovegrass 

- Sandbur 

Tobosa 
Fall witchgrass 
Ear muhly 
Bush muhly 
Ring muhly 
False buff alograss 
Common witchgrass 
Vine-mesquite 
Knotgrass 
Stramineous knotgrass 
Burrograss 
Br istlegrass 

S 
S 

P 
P 

P 
P 
P 
P 
P 
P 
P 
P 
A 
A 
P 
P 
P 
P 
A 
P 
P 
P 
A 
P 
P 
P 
P 
P 
P 
P 
A 
A 
P 
P 
P 
P 
P 

3 
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Table H-54. P l a n t s  Reported i n  t h e  Terrestrial Ecology Study Area and a t  
Nearby S i t e s  During 1978 and 197ga (continued) 

Growth 
formb common name Taxon 

Gramineae (continued) 
*S. - macrostachya 
Sporobolus con t r ac tus  

*& cryptandrus  
S. f lexuosus - *& g igan teus  
S t i p a  neomexicana 
Tr ichachne c a l i f o r n  
Tr idens muticus 
T. pUlChd1US 

*%ipla s is pur pu r ea 

- 
*s, giganteus  -- 
S t i p a  neomexicana 
Tr ichachne c a l i f o r n  
Tr idens muticus 
T. pUlChd1US 

*%ipla s is pur pu r ea 

. ica - 

Hydr ophy llac eae 
Nama carnosum 
- N. hispidum 
Phace l ia  cor ruga ta  
- I?. i n t e g r  ifo,lia 
- P. intermedia 

Koeber l i n i a c e a e  
Koeberl inia  spinosa 

- . _ .  Labia t ae 
*Monarda puncta ta  var .  l a s loaon ta  

l i i  - 
Teucrium canaaense 

Leguminosae 
Acacia cons t r  icta __ - A. neovernicosa 
Cassia bauhin io ides  
Dalea f OrmOSa - 
D. l a n a t a  e brachycarpa 
- H. dens i f  lora 

- 

- H. drepanocarpa 
H. g lauca  . .  - 
H. jamesii 
Krameria l anceo la t a  - - K. p landulosa 
Mimosa b iunc i f e ra  var .  g l ab rescens  

*Prosopis glandulosa 

Linaceae - 

*Linum ar i s t a t u m  
*L a r i s t a tum var .  a u s t r a l e  

~ - L. puberulum 

P l a i n s  b r i s t l e g r a s s  
Spike dropseed 
Sand dr opseed 
Mesa dropseed 
Giant  dropseed 
New Mexico needlegrass  
Arizona co t ton top  
Slim t r i d e n s  
F l u f f g r a s s  
Purple  sandgrass  

Perennia l  nama 
Hispid nama 
Corrugate scorpionweed 
S m a  11- lobed scorpionweed 
Wooton scorpionweed 

A l l  thorn  

Spot ted horsemint 
D r  ummond sku l l cap  
Germander 

Me scat ac ac i a 

Senna 
Featherbush 
Woolly da l ea  

Hog potato 
Sicklepod rushpea 
Smooth rushpea 
Hog potato 
Lanceleaf ra tany  
S t i cky  ra tany  
C a t c l a w  mimosa 
Honey m e  squ i te 

P l a i n s  f l a x  
Southern P l a i n s  f l a x  
P l a i n s  f l a x  

P 
P 
P 
P 
P 
P 
P 
.P 
P 
A 

P, ss 
A 
A 
A, B 
A, B? 

S 

A 
A 
P 

S 
S 
P 
S 
P 
ss 
P 
P 
P 
P 
P 
S 
S 
S 

P 
P 
P 

n 
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Table H-54. P l an t s  Reported i n  the  Terrestrial Ecology Study Area and a t  
Nearby Sites During 1978 and 197ga (continued) 

Growth 
Taxon Common name formb 

L o a s  aceae 
Ceval l ia  s inua ta  
Men t z e  l i a  humi 1 is 

~ 

M. pumila  
M. pumila var .  m u l t i f l o r a  
- 
- M. reverchoni i  
- M. strictissima 

Malvaceae - Sida physocalyx 
Sphaeralcea coccinea 
S. d i g i t a t a  
- S. subhastata 

Martyniaceae 
' Proboscidea sabulosa 

Nyctaginaceae 
*Abronia f ragrans 

A c l e  i san thes  long i f  lora 
Ammocodon chenopodioides 
Boerhaavia intermedia 
Oxybaphus a lb idus  
0. glaber - 

*O. - l i n e a r  is var . dec ip i ens  

Selinocarpus d i f f u s u s  

Oleaceae 
Menudora scabra var.  ramosissima 

Onag r aceae 
Calylophus drummondianus 
C. har twegi i  subsp. pubescens -1 ser ru la tus  
Gaura coccinea 
- G. s u f f u l t a  subsp. n e a l l e y i  
- 

*G. v i l l o s a  
* c n o  thera a l b  icau li s 

- 0. b iennis  subsp. c e n t r a l i s  
- 0. engelmanii 
- 0. neomexicana 

0 rob anchac e ae 
Orobanche m u l t i f l o r a  

St inging st ickleaf P 
S t i c k 1 ea f 
Golden b laz  ings  tar p, €3 
Golden b l az ings t a r  p, B 
Reverchon s t i c k l e a f  P 
P r a i r i e  stickleaf P 

P 

Sida P 
Rosema l l o w  P 
Dig i t a t e  rosemallow P 
C o u l t e r  rosemallow P 

Dune unicornplant A 

Snowball sandverbena 
Angel trumpets 
Goosefoot moonpod 
Spider l i n g  
White f our-0-c l o c k  
Smooth four-o-clock 
Narrow-leaved four- 

Spreading moonpod 
o-clock 

Rough menodora ss 

D r  ummond pr imr ose P, A 
Har tweg pr imrose P, ss 

S c a r l e t  gaura P 
Nealley gaura A 
Hairy gaura ss 

P 

whitestem evening 
primrose A 

Dune primrose P 

primrose A 

A 
New Mexico evening 

Broomrape A 
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Table H-54. P l an t s  Reported i n  the Terrestrial Ecology Study Area and a t  
Nearby S i t e s  During 1978 and 197ga (continued) 

Growth 
Taxon Common name formb 

Papaver aceae 
Argemone aenea 

Polemoniaceae 
Ipanopsis long i f lo ra  
I. pumila - 

Polygonaceae 
Er iogonum aber tianum 
E. annum 
E. leptocladon 
E. polycladon 

*& rotundifolium 
Rumex hymenosepa l u  s 

-- - 

Polypod iaceae 
Notholaena s inua ta  var . chochisensis  

Portulacaceae 

P. r e tusa  
Talinum angustissimum 

*Portulaca parvula  
- 

Ranunculaceae 
Delphinium ajacis - D. v ie rescens  subsp. wootonii 

Rhamnaceae 
Microrhamnus er i m i d e s  
Ziz iphus o b t u s i f o l i a  

Rub iaceae 
*Hedyotis humifusa 

Ru taceae 
Thamnosma texana 

Sapi  ndaceae 
*Sapindus drummondii 

Scrophular iaceae 
Castilleja s e s s i l i f l o r a  
Linar ia  texana 

*Mau randy a w is 1 i z en ii 
*Penstemon ambiguus 
P . buc kley i 
P. f e n d l e r i  
- - 

Pr ick ly  poppy . A, B, P 

B l u e  g i l i a  A 
A 

Abert buckwheat A, B 
winged buckwheat , A 

P 
Woolly buckwheat A 
Roundleaf buckwheat A 
W i l d  rhubarb P 

Cloakfern P 

Small purs lane  
R e t u s e  purslane 
Fame f lowe r 

A 
A 
P 

R o c k e t  larkspur A 
P l a i n s  la rkspur  P 

Javelinabush 
Lotebush 

S 
S 

B l u e t s  A 

Dutchman s breeches P 

Dr  ummond soapberry T 

Desert paintbrush P 
Texas toadf lax  A 
Vin ing snapdragon Hv, p 
P l a i n s  beard tongue ss 
Buckley beardtongue P 
Fendler beard tongue P 

6 
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Table H-54. P l an t s  Reported i n  the  Terrestrial Ecology Study Area and a t  
Nearby Sites During 1978 and 197ga (continued) 

Taxon 
Growth 

Common name formb 

Solanaceae 
Chamaesaracha conioides  
- C.- v i l l o s a  
Lye ium ber land iera 
Nicotiana tr igonophylla 
Physal is  lobata 
- P. hederaefo l ia  var.  cordifolia 
- P. hederaefo l ia  var. puberula  

*Solanum elaeagnifol ium 
- S. rostratum 

Tamar icaceae 
Tamar i x  pentandra 

Ulmaceae 
C e l t i s  r e t i c u l a t a  

Umbelliferae 
Eurytaenia texana 

Verbenaceae 
Aloysia w r i g h t i i  
Tetraclea c o u l t e r i  
Verbena brac teata 
- V. Ci l ia ta  
- V. plicata 
- V. w r i g h t i i  

Violaceae 
Hybanthus v e r t i c i l l a t u s  

2 ygophyllaceae 
Kallstroemia g rand i f lo ra  
Larrea t r i d e n t a t a  
Peganum mexicanum 

*Tr ibu lus  terrestr is 

False nightshade 
V i l l o u s  false nightshade 
Wolf berry 
Wild tobacco 
Lobed ground-cherry 
Clammy ground-cherry 

Horsene t t le  
Spiny nightshade 

Sa l t  cedar 

Netleaf hackberry 

Texas spreadwing 

Wright lemon verbena 
Coulter tetraclea 
Prostrate vervain 
Ci l ia te  vervain 
Fanleaf vervain 
Desert vervain 

Green v i o l e t  

Desert POPPY 
Creosote .bush 
Garbanci l lo  , 
Goathead 

P 
P 
S 
B? 
A 
P 
P 
P 
A 

P 

T 

A 

P 

A 
S 
P 
A 

aTaxa arranged a lphabe t i ca l ly  by family,  genus, and s p e c i f i c  e p i t h e t .  
Those marked  w i t h  an asterisk have-been found wi th in  2 km of  ERDA-9. 

k r o w t h  form: A = annual: WA = winter  annual; B = biennia l ;  P = 
perennia l ;  SS = suf f ru tescent ;  S = shrubby) T = arborescent :  HV = herbaceous 
vine; WV = woody vine. 
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Sandbur (Cenchrus i n c e r t u s )  is l o c a l l y  abundant i n  sandy spots. Muhly 
(Muhlenberg 9 spp.) occur s p o r a d i c a l l y  on compact soils. Scattered bluestem 
(Andropogon ipp.) occur a t  many sites. Fa l se  bu f fa log ras s  (Munroa squar rosa)  
is t h e  most common annual  g r a s s ,  being very  dense i n  sp r ing  and e a r l y  summer 
i n  some years .  

I n  c e r t a i n  areas t h e  sand is only  p a r t i a l l y  s t a b i l i z e d  by vegeta t ion .  
S t a b i l i z e d  i s lands"  of  sh innery  o a k  and mesquite-anchored so i l  are sepa ra t ed  
by s t r e t c h e s  of ba re  sand. The bare sand is h ighly  susceptible.to eros ion .  
Thus wind e ros ion  forms depress ions ,  or blowouts, i n  t h e  bare-sand areas, 
l eav ing  the  s t a b i l i z e d  p o r t i o n s  as s l i g h t l y  e l eva ted  hummocks. The vege ta t ion  
is not  g r e a t l y  d i f f e r e n t  from t h a t  found i n  sh innery  oak-mesquite a s s o c i a t i o n s  
i n  t h e  f u l l y  s t a b i l i z e d  dune area. Its conf igu ra t ion  i n  i s o l a t e d  hummocks is 
what is most d i s t i n c t i v e  about  t h i s  subzone. The p o t e n t i a l  f o r  wind e r o s i o n  
is, o f  course,  g r e a t e r  i n  yea r s  of l o w  r a i n f a l l ,  when ground cover is lowest, 
than  i n  y e a r s  of good r a i n f a l l .  

A r e l a t i v e l y  small zone of a c t i v e  dunes running east-west is located j u s t  
sou theas t  o f  t h e  James Ranch headquarters .  Vegetat ion is sparse, b u t  i nc ludes  
s t a n d s  o f , a  small  tree, western soapbe'rry (Sapindus drummondii), and t h e  an- 
nua l  dune reverchonia  (Reverchonia a r e n a r i a ) .  Pe renn ia l s  are snowball 
sandverbena (Abronia f r a g r a n s )  and s p e c i e s  of unicornplan t  (Proboscidea 
spp.). A l l  bu t  Reverchonia occur s p o r a d i c a l l y  elsewhere i n  t h e  c e n t r a l  dune 
area. 

Creosote f la t s .  West and southwest of t h e  central dune area, t h e  soils 
become r e l a t i v e l y  dense and shallow (o f t en  only  a f e w  cen t ime te r s  deep). The 
c a l i c h e  may even be exposed i n  p laces .  
d r a s t i c a l l y .  Creosote bush (Larrea t r  i d e n t a t a )  becomes dominant. Snakeweed 
(G. s a r o t h r a e )  is the dominant subshrub. Shinnery o a k  and sand sagebrush are 
aEsent .  Species of t h e  p e r e n n i a l  muhlys (Muhlenbergia spp.) are q u i t e  dense 
he re ,  as are purp le  three-awn and black grama. Mesquite is p resen t ,  sporad- 
i c a l l y ' o c c u r r i n g  i n  clumps i n  depress ions ,  bu t  does not  have s i g n i f i c a n t  cover 
value.  

The f l o r i s t i c  composition changes 

Livingston R i d g e .  I n  t h i s  area t h e  soil remains compact and shallow, wi th  
occas iona l  ou tcrops  o f  r o c k  or ca l i che .  Creosote bush g i v e s  way to an Acacia- 
dominated a s s o c i a t i o n  a t  t h e  top of the  r idge .  I n  a d d i t i o n  to mescat acacia 
(A. c o n s t r i c t a ) ,  also known as whi te  thorn  acacia, - Q. h a v a r d i i ,  G. s a r o t h r a e ,  
aFd y. campestris are t h e  shrubby dominants here .  A c r o t o n  ( C r o g n  d i o i c u s )  
and a r a t any  (Krameria l anceo la t a )  are common p e r e n n i a l  herbs .  Muhlenbergia 
porteri is t h e  most abundant p e r e n n i a l  g ra s s .  

Tobosa f l a t s .  The western face o f  Livingston Ridge drops a b r u p t l y  about  
200 f e e t  to a broad v a l l e y  f l o o r  ("f la ts")  densely populated with tobosa g r a s s  
(Hilaria mut ica) .  This  species is uncommon elsewhere i n  t h e  s tudy  area. 
Purple  three-awn (Aris t ida purpurea) is t h e  only o the r  g r a s s  of s ign i f i cance .  
Creosote bush and ra tany  reappear:  acacia is absent .  Snakeweed is unimportant 
here.  Sparse s t a n d s  of Yucca t o r r e y i  are found. 

S t u d i e s  have concent ra ted  on the  c e n t r a l  dunes area because it inc ludes  a l l  
of c o n t r o l  zones I and 11. I n  t h e  four  s e c t i o n s  around ERDA-9, t h e  vege ta t ion  
has been examined i n  detail.  I t  is a r e l a t i v e l y  homogeneous s tab i l ized-dune  
area suppor t ing  a sh innery  o a k ,  sand sagebrush, and dune yucca a s soc ia t ion .  
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Mesquite is not a prominent shrub, although it is f requent ly  a dominant 
elsewhere i n  the  dune area. Very dense s tands  of shinnery oak  are common. 
They e x i s t  as l o w  shrubs usua l ly  less khan 1 meter ta l l .  Thickets  form by 6d vegeta t ive  reproduction (root s p r o u t s ) ;  thus  many of t he  o a k  s tands  are 
gene t i ca l ly  s i n g l e  e n t i t i e s  (i.e.,  c lones) .  Acorn formation depends on rain- 
f a l l .  The f a i l u r e  of t h e  spr ing  r a i n s  i n  1978 inh ib i t ed  p i s t i l l a t e  flower 
formation and r e su l t ed  i n  very f e w  acorns t h a t  year. I n  1979, a r e l a t i v e l y  
" w e t "  year ,  t h e  crop was l a rge r  than i n  1978. 
s a ro th rae )  is sparse i n  the  ERDA-9 area. 

Snakeweed (Gut ie r rez ia  

Annuals are e s p e c i a l l y  abundant; bindweed he l io t rope  (Heliotropium 
convolvulaceum), d e s e r t  b l u e t s  (Hedyotis humifusa), and f e t i d  marigold ( P e c t i s  - 
angus t i fo l i a )  are most common. 

False  buf fa lograss  (Munroa squarrosa)  i n  some years  is the  most abundant 
g r a s s  (up to 310,000 p l a n t s  per hectare). Other common g ras ses  are black 
grama (Bouteloua eriopoda) and species of three-awn ( A r i s t i d a ) .  Species of 
Sporobolus (dropseed) and Muhlenbergia (muhly), and purple  sandgrass 
(Triplasis purpurea) occur  la te  i n  the  growing season. 

A l l  taxa collected and i d e n t i f i e d  i n  the  area around ERDA-9 are l i s ted  i n  
Table H-54. Typical views of t h e  s i te  are shown i n  Figures  H-20 through H-23. 

H.5.2.3 Wild l i fe  

Typical grass land  and shrubland spec ies  dominate the  fauna of Eddy and Lea 
Counties; t h e i r  d i s t r i b u t i o n  and abundance are s t rongly  a f f e c t e d  by water 
a v a i l a b i l i t y .  The l imi t ed  a reas  of cropland a r e  of s p e c i a l  importance to many 
spec ies  of  w i l d l i f e  because they provide both food and water. 
rangelands are water sources for w i l d l i f e  as w e l l  as catt le.  

Stock ponds on 

Mammals 

About 46 species represent ing  nine mammalian o rde r s  are reported to occur 
wi th in  t h e  two-county region. Among these are 15 species of bats ,  few of 
which have ever been observed east of the  Pecos River. 
l a rge  co lon ie s  (e.g., t h e  Braz i l i an  f r e e - t a i l e d  b a t  i n  t h e  Carlsbad Caverns 
a rea ) .  The one ground-dwelling insec t ivore ,  t h e  d e s e r t  shrew, is widely d is -  
t r i bu ted  but scarce throughout its range. 

Some species form very 

Lagomorphs ( r a b b i t s  and hares)  include the  desert c o t t o n t a i l -  and black- 
t a i l ed  j a c k  rabbi t .  Both are common i n  desert-shrub communities, bu t  they 
also occur  i n  grassland and farmland. 

Desert-dwelling rodent species include kangaroo rats, grasshopper mice, 
and pocket mice. 
are t y p i c a l l y  found near human habi ta t ions .  

Two introduced species, the  house mouse and t h e  Norway rat ,  

Several  carn ivore  spec ies  are widespread and r e l a t i v e l y  common (e.g., 
coyote, gray fox, badger, s t r i p e d  skunk, bobcat) . 

Four game and ten furbearer  species (Table H-55) are found i n  t h e  region. 
;$ Furbearers t h a t  are c lose ly  assoc ia ted  with water (e.g., beaver and muskrat) 
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Figure H-20. Sand dunes at the WlPP site. 

Figure H-21. Typical view of the WlPP site. 
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Table H-55. Game Mammals and Furbearers of t he  Two-County Region 

Common namea 

~~ ~~ 

S c i e n t i f i c  namea 
II 

Sta tusb  

Beaver 
Muskra t  
Swif t  fox 
Gray fox  
R i n g t a i l  
Raccoon 
Long-ta i l e d  weasel 
Badger 
Western spotted skunk 
St r iped  skunk 
Mountain l i o n  
Mule deer 
white-tailed deer 
Pronghorn 

C a s  tor canadens is 
Ondatra z ibe th i cus  
Vulpes  velox 
Urocyon cinereoargenteus 
Bassar i s c u s  a s t u t u s  
Procyon lotor 
Mustela f renata  
Taxidea taxus  
Spi loga le  g r ac i 1 is 
Mephitis mephi t is  
Felis concolor 
Odocoileus hemionus 
Odocoileus v i rg in ianus  
Antilocapra americana 

F 
F 
F 
F 
F 
F 
F 
F 
F 
F 
G 
G 
G 
G 

~ ~~ ~ 

acornon and s c i e n t i f i c  names follow Jones et  a l .  (1975). 
bGame s t a tus  from 1977 hunting and t rapping regulat ions:  F = furbearer ;  G = 

game species .  

are not common and occur only along the  Pecos River,  more than 10 miles from 
t h e  site. Coyote are trapped in t ens ive ly  throughout t he  region. Mule deer 
are an important game animal i n  the  region. The pronghorn is b a s i c a l l y  a 
p l a i n s  animal, but  it is also found i n  desert-shrub and deser t -grassland habi- 
t a t s  i n  the  a r i d  southwest (Wallmo, 1975). 

Mammals of  t h e  study area 

Thirty-nine species of mammals are known to occur within t h e  study area. 

Three species o f  b a t s  have been collected during t w o  summer seasons of  b a t  
study. None of these  were previously reported east of t he  Pecos i n  south- 
e a s t e r n  New Mexico. The m o s t  commonly c o l l e c t e d  b a t  a t  t h e  si te,  t h e  cave 
myotis (Myotis v e l i f e r ) ,  almost c e r t a i n l y  roosts nearby because heavi ly  preg- 
nant females with l i m i t e d  f l i g h t  ranges were c o l l e c t e d  i n  1978 and 1979. It 
is l i k e l y  t h a t  roost sites occur along Livingston Ridge, bu t  none have been 
located.  The Braz i l i an  f r ee - t a i l ed  b a t  (Tadarida b r a z i l i e n s i s ) ,  which inhab i t s  
Carlsbad Caverns, was f i r s t  co l l ec t ed  a t  the  s i te  i n  1979. 
b a t s  were c o l l e c t e d  a t  s t o c k  tanks a t  t h e  site. 

A l l  specimens of 

Several  small mammals are abundant. The d e s e r t  c o t t o n t a i l  and t h e  
b l ack ta i l ed  j ack rabb i t  occur i n  a l l  hab i t a t s .  

Among the  rodents ,  t he re  are obvious h a b i t a t  preferences.  Ordls kangaraoo 
rat (Dipodomys ordi i ) ,  f o r  example, is found i n  a l l  h a b i t a t s  of t h e  c e n t r a l  
dunes zone and on the  mesa, but  not  on the  creosote bush f l a t s ,  which are in- 
habi ted by Merriam's and b a n n e r t a i l  kangaroo rats (D. merriami and D. specta- 
b i l i s ) .  The Southern P la ins  woodrat (Neotoma micropus) is found i n x l l  habi- 
tats. The spotted ground squirrel (Spermophilus spilosoma), on the  o ther  hand, 
is only found i n  the  oak-mesquite a s soc ia t ions  of t he  stabil ized-dune area. 
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The mammals observed a t  the  si te and the i r  habitat  preferences  are listed 
i n  Table H-56; those p o t e n t i a l l y  inhabi t ing  t h e  s i te  are l i s t e d  i n  Table H-57. 

Cer ta in  species recorded for  Eddy County, such as the  r o c k  mouse (Peromys- 6d 
- a s  d i f f i c i l i s )  and the  brush mouse (E. b o y l i i ) ,  t h a t  are only found west of 
t h e  Pecos are not  included i n  Table H-57 because it is highly unl ike ly  t h a t  
they inhab i t  t h e  study area even though suitable habi ta t  may be present .  

The desert shrew probably does occur i n  the  study area, b u t  has not  been 
co l l ec t ed .  It  is very d i f f i c u l t  to trap and is always scarce. 

The southern grasshopper mouse (Onychomys t o r r i d u s )  cannot be d e f i n i t e l y  
d is t inguished  anatomically from t h e  northern grasshopper mouse (0. l eucogas te r )  
w i t h o u t  examining the  s k u l l s  of specimens ( T r a u t ,  1963). Their h a b i t a t  pref- 
erences are d i s t i n c t ,  however; 0. t o r r i d u s  p r e f e r s  dense soil  whi le  0. leuco- 
gaster prefers sandy soils (Gennaro, 1968). 
specimens i d e n t i f i e d  as 0. leucogaster ,  e s p e c i a l l y  those collected i n  creosote 
bush areas, are i n  fact torridus (see Table H-56). 

Mule deer and pronghorn have been observed i n  the  study area. 

Thus, it is possible t h a t  s o m e  

Mule deer 
are common; they f requent  t h e  oak-mesquite a s soc ia t ions  of t h e  s t a b i l i z e d -  
dune area and t h e  var ious  stock-watering tanks and ponds, but  are also s igh ted  
i n  the creosote bush assoc ia t ion .  

The most common predator is t h e  coyote (Canis l a t r a n s ) ,  which is f requent ly  
observed i n  a l l  habi ta ts  of the  study area. The s w i f t  fox (Vulpes  velox) and 
the  e lus ive  gray fox (Urocyon cinereoargentus)  are uncommon. 

The house mouse (Mus m u s c u l u s ) ,  an introduced species, has been collected 
i n  the  c e n t r a l  dune area. 

Domestic animals are included i n  the  mammal list because they are fre- 
quent ly  encountered i n  t h e  study area. 
usua l ly  separa te ly ,  throughout the  study area and a r e  the most abundant l a r g e  
herbivores .  

C a t t l e  and horses are pastured,  

Birds  

A l a r g e  v a r i e t y  of b i r d  species are recorded f o r  Eddy and Lea Counties. 

Among t h e  typical birds of t h e  region is the white-necked raven, a year- 
round r e s iden t  i n  much of t he  region. Other f a i r l y  common breeding species 
are the mockingbird, t h e  m r r h u l o x i a ,  and the  loggerhead s h r i k e .  The l a r k  
bunting is a common migrant throughout the area, as are seve ra l  warblers and 
sparrows. 
region include the  marsh hawk, t h e  American kestrel ,  Swainson's hawk, and t h e  
Harr is hawk. 

Mourning dove and scaled q u a i l  are widespread and heavi ly  hunted; t h e  

Black-necked stilts breed on t h e  s a l t  f la t s .  Common 'raptors i n  t h e  

lesser prair ie  chicken and t h e  bobwhite are also hunted. 
e r a l l y  restricted to wooded or brushy r i v e r  va l leys .  
common i n  a g r i c u l t u r a l  land and is outnumbered only by scaled q u a i l  i n  total  
numbers harvested.  

Bobwhite are gen- 
The mourning dove is 

The game b i r d s  of the  region are l i s t ed  i n  Table H-58. 
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Table H-56. Mammals Observed i n  the Terrestrial  Ecology Study Area 

Abun- 
Common name S c i e n t i f i c  name Food typea danceb Ha b i  t a  tC 

B a t s  
Cave myotis 
P a l l i d  b a t  
B r a z i l i a n  f ree-  t a  i l e d  b a t  

Lagomorphs 
Desert c o t t o n t a i l  . 

Black-tai led j a c k r a b b i t  

Rodents 
Mexican ground s q u i r r e l  
Spot ted ground s q u i r r e l  
P l a i n s  p o c k e t  gopher 
Yellow-faced pocket gopher 
S i l k y  p o c k e t  mouse 
P l a i n s  pocket mouse 
Hispid pocket mouse 
Desert pocket mouse . 

Ord's kangaroo r a t  
Banner-tailed kangaroo rat 
Merriam's kangaroo r a t  
Western ha rves t  mouse 
D e e r  m u s e  
White-footed mouse 
Northern grasshopper mouse 
Hispid co t ton  r a t  
Southern P la ins  woodrat 
White-throated woodrat 
House mouse 
Porcupine 

Carn ivores  
Coyote 
Swift fox  
Gray foxd 
Badger 
S t r iped  skunk 
Bobcat 

Ungulates  
Mule deer 
Pronghorn 

Domesfic spec iese 
Dog 
C a t  
G o a t _  
Cat t le  
Horse - 

IV 
IV 
IV 

Sylv i l agus  audubonii P 
U p u s  c a l i f o r n i c u s  P 

Spermophilus mexicanus P, s, IV, sv 
S. s p i l o m a  P, s, IV, sv 
c o m y s  bursar  i u s  R 
Pappogeomys cas tanops  s, P, IV 
Perognathus f l a v u s  s, P, IV 
- P. f l avescens  
- P. h i sp idus  
- P. p e n i c i l l a t u s  
Dipcdomys o r d i i  
- D. s p e c t a b i l i s  
- D. merriami 
Re ithrodontomys megalo t i s  
Peromyscus maniculatus  
P. leucopus 
Onychomys leucogas te r  
Sigmodon h i sp idus  
Neotoma- micropus 
- N. a l b i g u l a  
- Mus musculus 
Ere th izon  dorsatum 

- 

s, P, IV 
s, P, IV 
s, P, IV 
p, s 
p, s 
P, s 
P, IV 
s, P, IV 
s, P, IV 
s, IV, sv 
P 
s, F, P 
s, p 
s, P, IV 
P 

Canis  l a t r a n s  v, IV, P 
Vulpes velox 
Urocyon c inereoargenteus  
Taxidea taxus  SM 

-- 

c, p 
V 

Odocoileus hemionus P 
Ant i locapra  americana P 

Canis  f a m i l i a r i s  - 

Fe l i s .  c a t u s  
Capra sp. 
Bos t au rus  (and B. ind icus)  
~ q u u s  c a b a l l u s  

-- 
-- 

C 
U 
U 

vc 
vc 

C 
vc 
vc 
vc 
C 
C 
U 
C 
vc 
vc 
vc 
U 
u 
C 
vc 
U 
vc 
C 
U 
U 

vc 
U 
U 
U 
U 
U 

C 
U 

A '  
A 
A 

OM, M, CB, D, HM 
OM, M, CB, D, HM 

OM, CB, D, HM, M, A 
CB 
? 
OM, M 
OM 
OM 

OM, CB, A 
M 

aFood type: P = p l a n t  t i s s u e ;  F = f r u i t ;  S = seeds;  K = roots and tubers ;  IV = i nve r t eb ra t e s ;  

bAbundance: W: = very common; C = common; U = uncommon. 
CHabitat d e s c r i p t i o n s  a r e  based on vegeta t ion .  Edaphic f a c t o r s  a r e  f requent ly  of equal  im- 

por tance  i n  d i s t r i b u t i o n .  .Key: OM = oak-mesquite a s soc ia t ions ;  CB = c reoso te  bush a s soc ia t ions ;  
M = mesa (mesquite grass land)  ; HM = hummock mesquite a s soc ia t ions ;  A = a q u a t i c  (stock pond or tank) ; 
D = a c t i v e  dunes. 

SV = small ve r t eb ra t e s ;  V = ver t eb ra t e s ;  SM = small  mammals; C = ca r r ion .  

dBased on t r a c k s  and c o l l e c t i o n  of  a s i n g l e  gray-fox s k u l l  i n  1979. 
eGoats a r e  penned; a l l  o the r  domestic spec ie s  may occur i n  a l l  s i x  h a b i t a t s .  
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Table H-57. Mammalian Spec ies  P o t e n t i a l l y  Inhab i t ing  but  N o t  Observed 
i n  t h e  Terrestr ia l  Ecology Study Areaa 

cs Common name S c i e n t i f i c  name 

Desert shrew 
Townsend I s big-eared 
Western p i p i s t r e l l e  
Long-eared myotis 
Fringed myotisb 
C a l i f o r n i a  myotisb 
Yuma myotisb 
Long-legged myotisb 
Small-footed myotis 
S i lver -ha i red  batb 
Big brown batb 
Red  batb 
Big f ree-ta i l e d  batb 
Pocketed f ree-tailed 

b a t  

ba t  

Notiosorex c rawford i  
Plecotus townsendii  
P i p i s  t re  l l u s  hesperus 
Myotis e v o t i s  
M. thysanodes 
- M. c a l i f o r n i c u s  
- M. yumanensis 
M. vo lans  
M. l e i b i i  
Lasionycter  is noct ivagans  
Eptesicus f u s c u s  

- 
- 

Lasiurus  borealis 
Tadarida macrotis 
T. femorosacca ~ - . . - - -. - 

Pla  i n s  ha rves t  mouse 
Southern grasshopper mouseC Onychomys t o r r i d u s  
K i t  fox  Vulpes macrot is 
White- ta i led deer Odocoileus v i r g i n i a n u s  

Reithrodontomys montanus 

aCommon and s c i e n t i f i c  names fo l low Jones  e t  a l .  (1975). 
%ever reported east of t h e  Pecos River.  
CSee d i scuss ion  i n  Sec t ion  H.5.2.3 under "Mammals of t h e  Study Area." 

Migratory b i rds  t h a t  might be hunted i n  t h e  reg ion  inc lude  s e v e r a l  species 
of waterfowl. The reg ion  is not  an important breeding area f o r  waterfowl. 

The region is i n  t h e  Cen t ra l  Flyway (a Federa l  admin i s t r a t ive  management 
u n i t  f o r  waterfowl) .  Mallards, p i n t a i l s ,  blue-winged teal ,  and green-winged 
teal  are t h e  most common dabbl ing ducks i n  t h e  region: t h e  f i r s t  t w o  s p e c i e s  
c o n s t i t u t e  one-half to two-thirds  of t h e  annual ha rves t  of waterfowl i n  t h e  
C e n t r a l  Flyway ( B u l l e r ,  1964) .  The redhead, t h e  canvasback, and t h e  lesser 
scaup are common d iv ing  ducks i n  t h e  Flyway. 

B i r d s  of  t h e  s tudy area. One hundred and twenty-two spec ie s  of b i r d s  have 
been observed i n  t h e  s tudy area and nearby areas: Laguna Grande de l a  Sal and 
t h e  i n t e r s e c t i o n  of  New Mexico Highway 31 and t h e  Pecos River (Table H-59). 
S ix  of these  (mallard, blue-winged teal ,  green-winged tea l ,  bobwhite, scaled 
q u a i l ,  and mourning dove) are classified as game species. 
q u a i l  and t h e  mourning dove, however, are p r e s e n t  i n  huntable,numbers (J. 
Herr ing,  New Mexico Game and F i sh  Department, pe r sona l  communication, August 
2, 1978).  The t h r e e  duck s p e c i e s  were rare v i s i t o r s  observed on stock ponds 
near t h e  s i te  (Wolfe e t  a l . ,  1977a).  

Only t h e  scaled 

I n  a d d i t i o n  to  t h e  scaled q u a i l  and t h e  mourning dove, t h e  mockingbird, 
t h e  loggerhead s h r i k e ,  t h e w r r h u l o x i a ,  t h e  black-throated sparrow, t h e  west- 
e r n  meadowlark, t h e  l a r k  bunking, t h e  vesper sparrow, C a s s i n ' s  sparrow, and 
t h e  white-crowned sparrow are t h e  avian s p e c i e s  p r e s e n t  i n  g r e a t e s t  d e n s i t i e s  

3 
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Table H-58. Game B i rds  i n  the Two-County Regiona 

common name 
~~ ~~ 

sc i en  t i f  ic  nameb Sta tu& 

A 

Canada goose 
White-f ronted goose 
Snow goose 
Mallard 
Gadwall 
P i n t a i l  
Green-winged teal  
Blue-winged tea l  
Cinnamon teal 
mer ican  wigeon 
Northern shoveler  
Redhead 
Ring-necked duck 
Canvasback 
Lesser scaup 
Common goldeneye 
Bufflehead 
Ruddy duck 
Common merganser 
Lesser prairie chicken 
Bobwh i te 
Scaled q u a i l  
Ring-necked pheasant  
Sandh i l l  c rane  
V i r g i n i a  r a i l  
Sora 
American coot 
Common s n i p e  
Mourning dove 

Branta canadens is  
Anser albif  Ions  
- Chen caer u lescens  
h a s  platyrhynchos 
- A. strepera 
A. acu ta  
I A. crecca 
A. discors 
- A. cyanoptera 
- A. americana 

-- 
- 

A. c lypea ta  
G t h y a  amer icana 
- A. collaris 
A. v a l i s i n e r i a  
A. a f f i n i s  
Bucephala c langula  
- B. a l b e o l a  

- 
- 

Oxyura jamaicensis  - -  

Mergus merganser 
Tympanuchus pal l idic  
Co l i n u s  v i r g i n  i anus 
Callipepla squamata 
Phasianus co lch icus  
- Grus canadensis  
R a l l u s  limicola 
Por zana Caro l ina  
Fu l i ca  amer icana  
Capella g a l l i n a g o  
zenaida macroura 

inc  t u s  

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 

~~ 

aRanges from Bellrose (1976) and Johnsgard (1973, 1975).  
hlomenclature follows t h e  American O r n i t h o l o g i s t s '  Union (1957, 1973, 1976). 
CKey: 1 = migra tory  spec ie s ,  hunt ing r e g u l a t i o n s  c o n t r o l l e d  by the Fede ra l  

Government; 2 = permanent r e s iden t .  

i n  t h e  s tudy  area (Table H-60). 
Swainson's hawk, t h e  marsh hawk, and t h e  American kestrel are never more num- 
e r o u s  than  one per 100 hec ta re s ,  b u t  are s igh ted  c o n s i s t e n t l y .  
species are p r e s e n t  i n  l o w  d e n s i t i e s  and i n  only  one or a few months. 
t h e s e  are migrants ,  such as t h e  blue-winged teal ,  t h e  yellow-rumped warbler, 
Wilson's warbler ,  and t h e  clay-colored sparrow. 

The Harris hawk, t h e  white-necked raven, 

Many o t h e r  
Many o f  

Rocky escarpments a long Livingston Ridge ( 4  to 5 m i l e s  northwest of the 
site) provide  s u i t a b l e  nes t ing  h a b i t a t  for several r ap to r  species. 
hawk, a ground-nesting .species, may n e s t  i n  undis turbed areas near the site. 

The marsh 
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Table H-59. B i r d s  Observed i n  the Terrestrial Ecology Study 

Area and a t  Nearby Aquatic Sitesa 
~~ 

Abun- 
Common nameb S c i e n t i f i c  name Food typeC danced Seasone 

Grebes 
*Pied-billed grebe 

Herons and e g r e t s  
Great blue heron 
*Green heron 
L i t t l e  blue heron 
Cat t le  e g r e t  
Snowy e g r e t  
Black-crowned n ight  heron 

D u c k s  
Mallard 
*Northern shoveler 
Green-winged teal 
Blue-winged teal  

Vu1 t u  res 
Turkey vul ture  

Hawks and eagles  
*Sharp-shinned hawk 
Red-tailed hawk 
Swa inson I s hawk 
Ferruginous hawk 
Harr i s '  hawk 
Golden eagle  
Marsh hawk 

Falcons 
Peregrine falcon 
P r a i r i e  falcon 
American k e s t r e l  

Grouse 
Lesser p r a i r i e  chicken 

Q u a i l  
Bobwhite 
Scaled q u a i l  

Cranes 
Sandhi l l  crane 

R a i l s ,  coots, g a l l i n u l e s  
*American coot 

Plovers 
Snowy plover 
Kil ldeer  
*Mountain plover 

Sandpipers 
Common snipe 
*Long-billed cu r l ew 
Spotted sandpiper 
S o l i t a r y  sandpiper 
*Greater yellowlegs 
*Least sandpiper 
* S t i l t  sandpiperf 
*Western sandpiper 

 PO^ i c i p d i h a e  
Podilymbus podiceps 

Ar deidae 
Ardea herodias  
Butorides virescens 
Flor ida caerulea 
BubUlCUS ibis 
Egretta thu la  
Nycticorax nyct icorax 

, >  

Anatidae 
Anas platyrhynchos 
- A. c lypeata  
A. crecca -- 
A. d i scors  -~ 

Cathart idae 
Cathar tes  aura 

Accip i t r idae  
Accipi ter  s tr  i a t u s  
Buteo jama icens is  
- B. swainsoni 
B. r e g a l i s  - 
Parabuteo unicinctus  
Aquila chrysaetos  
Circus cyaneus 

Falcon i dae 
Falco peregrinus 
F. mexicanus 
- F. sparver ius  
- 

Te traon i dae 
Tympanuchus p a l l i d i c i n c t u s  

Phasian i dae 
Colinus v i rg in ianus  
Cal l ipepla  squamata 

Gruidae 
Grus canadensis 

Ral l idae 
Ful ica  americana 

Charadr i i d a e  - 
Charadrius a lexandrinus 
C. voc i fe rus  
Eupoda montana 

Scolopacidae 
Capella g a l l i n a g o  ( 
Numenius amer icanus , 
A c t i t i s  macularia 
Tr inga soli  tar  i a  
- T. melanoleucus 
Cal idr  is minut i l la  * 

M i  cr opa lama h'iman topu s 
C a l i d r i s  4 

I 

uc 
uc 
uc 
uc 
uc 
uc 

uc 
uc 
uc 
uc 

C 

uc 
C 
uc 
uc 
uc 
uc 
C 

I 
uc 
C 

uc 

uc 
vc 

uc 

I 

C 

M 

s 
S 
s 
s 
s 
S 

M 
M 
M 
M 

S 

M 
Y 
S 
W 
Y 
Y 
W 

M 
W 
M '  

Y 

Y 
Y 

M 

M 

S 
M 
M 

c ,' uc " 

uc ' M  

uc M 
uc M 
uc M 
uc M 
I M 
uc M 

uc ?.  M 
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Table €I-59. Birds  Observed i n  the Terrestrial Ecology Study Area and a t  
Nearby Aquatic Sitesa (continued) 

Abun- 
Common nameb S c i e n t i f i c  name Food typec danced Seasone 

Avocets, stilts 
American avocet 
Black-necked stilt 

Phalaropes 
Wilson's phalarope 
*Northern phalarope 

Gulls  and t e r n s  
Least t e r n  

Pigeons and doves 
Mourning dove 

Cuckoos 
Yellow-billed cucka, 
Roadrunner 

Barn o w l  
Barn , o w l  

owls 
Great-horned o w l  
Burrowing owl 
*Shor t-eared owl 

Night ja rs  
Poor-will 
Common nighthawk 

Kingfishers  
Belted kingfisher  

Woodpeckers 
Common f l i c k e r  
Ladder-backed woodpecker 

Flycatchers  
Western kingbird 
*Cassin ' s kingbird 
Sc issor - ta i led  f lyca tcher  
Ash-throated f lyca tcher  
Say 's  phoebe 
*Tra i l1  f lyca tcher  
*Least f lyca tcher  

Western wood pewee 
*Olive-sided f lyca tcher  

La rks  
Horned lark 

Swallows, mart ins  
*Violet-green swallow 
Barn swallow 
C l i f f  swallow 

Crows, ravens, and j a y s  
Wh ite-neck ed raven 

Chickadees, titmice 
*Mountain chickadee 

Recurvirostr idae 
Recurvirostra  amer icana 
Himantopus mexicanus 

Phalaropodidae 
Steganopus tricolor 
Lobipes loba tus  

Lar idae 
Sterna a l b i f r o n s  

Columbidae 
Zenaida macroura 

Cucu li dae 
Coccyzus americanus 
Geococcyx ca l i forn ianus  

!Py ton i dae 
pto a l b a  

S t r  i g i f  ormes - B&O v i rg in ianus  
Athene cunicu lar ia  
A s i o  flammeus - 

Capr imulgidae 
Phalaenopt i lus  nu t t a l l i  i 
Chordei les  minor 

Alcedinidae 
Megaceryle alcyon 

Pic  i dae 
Colaptes a u r a t u s  
Picoides  s c a l a r  is * 

ntrannidae . 
Tyrannus v e r t i c a l i s  
T. vociferans 
Muse ivora f o r  f i c a t a  
- 
m i a r c h u s  cinerascens 
Sayornis a 
Empidonax t r a i l l i i  - E. minimus 
- E. Sp.9 
Contopus sordidulus  
Nu t t a l l o r n i s  borealis 

Alaudidae 
Eremophila a l p e s t r  is 

H i r  und in idae  
Tachycineta tha lass ina  
Hirundo r u s t i c a  
Petrochelidon pyrrhonota 
-- 

Corvidae 
Corvus cryptoleucus 

Par idae  
Parus gambeli 

C 
C 

C 
uc 

I 

u! 

uc 
C 

uc 

C 
C 
I 

uc 
x 

uc 

C 
C 

C 
I 
C 
C 
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Table H-59. Birds Observed in  the Terrestrial  Ecology Study Area and at  
Nearby Aquatic S i t e @  (continued) 

f \  
Abun- 

S c i e n t i f i c  name Food typec danced Seasone 

Wrens Troglodytidae hd 
xouse wren 
Bewick ' s  wren 
Carol ina wrenf 
Cac tus  wren 

Rock wren 

Mockingbirds, th rashers  
Mockingbird 
Brown thrasher  
*Bendire's thrasherf  
Curve-billed thrasher  
Cr issal thrasher  
Sage thrasher  

Thrushes, b luebi rds  
*Mountain bluebird 

Shrikes  
Loggerhead shr ike  

S tar  l i n g s  
star l i n g  

Warblers 
*Orange-crowned warbler 
Yellow-rumped warbler 
*MacGillipray8s warbler 
Yellow-breasted cha t  
Wilson's warbler 

Weaver f inches 
Xouse sparrow 

Blackbirds, orioles 
Eastern meadowlark 
Western meadowlark 
Yellow-headed blackbird 

Red-winged blackbird 
*Scott ' s or iole 
Nor thern oriole 
Brewer  Is blackbird 
Brown-headed cowbird 

Tanagers 
Western  tanager 

Grosbeaks, f inches,  
sparrows, buntings 

Pyrrhuloxia 
B l u e  grosbeak 
*Lazuli bunting 
H o u s e  f inch 
Pine s i s k i n  
American goldfinch 
*Lesser goldfinch 
Green-tailed towhee 
Rufous-sided towhee 
*Brown towhee 

Tioglodytes e 
Thryomanes b e w i c k i i  - T. l u d w i c i a n u s  
Campylorhynchus 

brunneicapi l lus  
Sa lp inc tes  obsoletua 

M i m i  dae 
Mimus polyglo t tos  - 
Toxostoma rufum 
- T. bendirei  

Turd i dae 
S i a l i a  currocoides  

Laniidae 
Lanius ludovicianus 

Stu rn idae  
Sturnus vulgar is 

Parul idae 
Vermivora celata 
Dendroica corona t a  
Oporornis to lmie i  
I c t e r i a  v i rens  
Wilsonia p u s i l l a  
-- 

Ploceidae 
Passer domesticus 

Ic t e r  idae 
S turne l la  magna 
- S. neglecta  
Xanthocephalus 

xanthocephalus 
Agelaius phoeniceus 
I c t e r u s  parisorum 
I. ga lbula  
Euphagus cyanocephalus 
Molothrus g 

Piranga ludoviciana 

- 

Thr aupi dae 

Fr i n g i l l i d a e -  
Card ina l i s  s inua ta  
Guiraca,caerulea 
Passer ina amoena 
Carpodacus mexicanus 
Carduel is  pinus 
C. t r is t is  ~ 

C. sa l t r ia ,  
~ p % o  chlorurus  
- P. erythrophthalmus 

-- 

P. fuscus  -- 

uc 
uc 
I 

w 
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uc 
uc 
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uc 
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Table H-59. Birds Observed i n  the  Terrestrial Ecology Study Area and 
a t  Nearby Aquat ic  Sitesa (continued) 

~ 

Abun- 
Food typeC danced Seasone Common nameb Scientific name 

Grosbeaks, finches, 
sparrows, buntings (continued) Fringillidae (continued) 
Lark bunting Calamospiza melanocorys Clr c2 vc M 
Savannah sparrow Passerculus sandwichensis Cl, C2 I M 
Vesper sparrow Pooecetes gramineus Clr c2 C W 
Baird's sparrowf Ammodramus bairdii Clr c2 I M 

Cassin's sparrow Aimophila cassinii Clr c2 u3 S 
Black- throa ted sparrow Amphispiza bilineata c1, c2 vc Y 
Sage sparrow -- A. belli Clr c2 C W 
Dark-eyed junco Junco hyemalis Clr c2 C W 
*Chipping sparrow Spizella passer ina c1, c2 uc M 
Clay-colored sparrow - S. pallida Clr c2 I M 

White-crowned spar row Zonotr ichia leucophrys Clr c2 u3 W 
*Song sparrow Melospiza melodia Clr c2 uc M 

Lark sparrow Chondestes grammacus Clr c2 C . M  

Brewer's sparrow -- S. breweri Clr c2 C M I  W 

aIncludes stock tanks in area, nearby salt lakes, and Pecos River. 
bAn asterisk indicates species added to the list during October 1978 through September 1979. 
CTrophic levels (C1 = primary consumer; C2 = secondary consumer; C3 = tertiary con- 

dAbundance: 

eSeason: S = sumer only; W = winter only; M = migrant; Y = year-round resident. 
fRecord questionable, reported without details. 
qmpidonax difficilis removed from checklist because substantiating evidence is lacking and 

sumer) listed in order of relative importance. 

twice). 
= very common; C = common; UC = uncommon; I = incidental (seen only once or 

because field identification is extremely difficult. All observations were recorded as Empidonax 
sp. until a specimen was collected. 

Reptiles and amphibians 

Amphibians are not  an important part of t h e  fauna a t  t he  WIPP s i te  because 
s u i t a b l e  habi ta t  is limited.  However, s eve ra l  amphibian species are adapted 
to arid-land hab i t a t s .  Others  occur along the  Pecos River and i n  i r r i g a t e d  
cropland. Characteristic reptiles i n  t h e  region include t h e  western box t u r -  
t le,  t h e  side-blotched l i z a r d ,  t h e  western wh ip ta i l ,  t h e  bullsnake, and the  
western rattlesnake. 

Twenty-nine species' (6  amphibians and 23 reptiles) are observed i n  t h e  
s i te  v i c i n i t y  (Table H-61). Sui table  habi ta t  for amphibians and aquatic rep- 
t i l es  is limited to stock tanks. Sand dunes, rocky outcrops, and t h e  var ious  
shrub a s soc ia t ions  provide a v a r i e t y  of hab i t a t s .  
habi t ing  the si te v i c i n i t y  are l i s t e d  i n  Table H-62. 

Species p o t e n t i a l l y  in- 

The amphibian species (e.g., t i g e r  salamander, green toad, and p l a i n ' s  
spadefoot) are adapted fo r  su rv iva l  i n  r e l a t i v e l y  ar id  s i t u a t i o n s .  
q u i r e  water for breeding and for the  aquatic s t ages  of development, bu t  a d u l t s  
can survive periods of drought. 

A l l  re- 

One aqua t i c  and one terrestrial  species of t u r t l e  are observed. The yellow 
mud t u r t l e  is commonly found i n  s t o c k  tanks and ponds. The western box t u r t l e  
i nhab i t s  much of t he  study area but  avoids  h a b i t a t s  dominated by creosote bush. 
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Table H-60. Estimated Densities of Bird Species at, or in the Vicinity of, the WIPP Site 

Density (number per 100 hec tares )  1975 1976 1977 
J F M  J J A  M A M J J A  Species S 0 N D  

Ducks 
Mallard 
Green-winged teal 
Blue-w inged teal  

Hawks and a l l i e s  
Turkey vul ture  

swain son'.^ hawk 
Ferruginous hawk 
Harr i s  hawk ' 

Marsh hawk ' 
American k e s t r e l  

R e d - t a i l e d  hawk 

Qua i l s  . 
Bobwhite 
sca led  q u a i l  

Cranes 
Sandh.ill crane 

m v e s  
Mourning dove 

Cuckoos 
yellow-billed cuckoo 
Roadrunner 

owls 
Great horned O w l  
Burrowing ow1 

Nighthawks 
common nighthawk 

<1 
(1 
<1 

<1 (1 

<1 (1 

<1 
(1 <1 <1 <I 
<1 <1 (1 (1 

<1 <I  

<1 (1 

(1 <1 <1 
<1 <1 <1 

<1 <1 (1 
<1 
<1 <1 <1 

<1 <1 

<1 

<1 <1 
4 3 1 4  3 3 6  3 1 7  

<I 

1 <1 1 2 19 1 5 4  

<1 <1 <1 
<1 
<1 <1 <1 <1 

<1 
<I (1 <1 

Woodpeckers 
Ladder-backed woodpecker 
Red-shaf ted f lick,er 

Perching b i rds  
C1 Western kingbird 

Sc issor - ta i led  flycatcher <1 
Ash-throated flycatcher 

western empidonax f ly-  

Western wood pewee 
C l i f f  swallow 

Say's phoebe <1 <1 

catcher <1 1 
<1 
<1 

4 2  2 

<1 (1 <1 (1 

1 (1 
<1 

(1 

(1 <1 (1 
<1 

3 2 2 2 3 1  

<1 <1 <1 <1 2 2 

<1 <1 (1 (1 (1 

<1 

1 2  

<1 (1 

<1 

(1 <1 1 

(1 <1 <1 
<1 (1 

<1 

<1 



Table H-60. Estimated Densities of Bird Species at, or in the Vicinity of, the WIPP Site (continued) 

Species 

Density (number per 100 hec tares )  
1975 1976 1977 

M A M J J A  S 0 N D  J F M  J J A  

w 
0 

Blue jay  (1 
White-necked raven 1 (1 <1 (1 <1 1 <1 
House wren (1 <1 
Carolina wren <1 1 
Cactus wren 1 1 1  1 2 2  
Rock wren <1 
Mockingbird 1 (1 4 1 (1 
Brown thrasher  <1 
Curve-billed thrasher  <1 

<1 <1 <1 Cr issal thrasher  <1 
Sage thrasher  <1 
Loggerhead sh r ike  4 3 3 2  4 3 4  3 3 4  
Yellow-rumped warbler C1 <1 
Wilson's warbler 2 
Western meadowlarka (1 2 13 6 1 2  1 2  6 <1 <1 
Bullock's o r i o l e  <1 <1 
Brewer's blackbird <1 
Brown-headed cowbird <1 2 
Pyrrhuloxia 1 4 7 1 0  4 4 6 1 0 9  5 
House- f inch 1 
L a r k  bunting 10 9 7 2 1  9 1 2  25 1 1 10 
Pine s i s k i n  1 31 2 19 
American goldfinch 3 2 
Green-tailed towhee 1 2  
Rufous-sided towhee 1 1  
3 a i r d ' s  sparrow (1 
Vesper sparrow 1 8  9 6  3 1 10 
Lark sparrow 1 
Cass in ' s  sparrow 11 <1 
Black-throated sparrow 1 1 1 4 1 3  2 3 1  
Sage sparrow <1 4 
Chipping sparrow 
Dark-eyed (Oregon) junco 1 1 
Clay-colored sparrow <1 <1 
Brewer's sparrow <1 
White-crowned sparrow 9 9 18 16 1 2  8 

<1 (1 <1 (1 <1 (1 

(1 <I C 1  <1 

<1 <1 4 2 (1 <1 
(1 <1 

C1 
<1 <1 <1 <1 

5 4 4 5 6 3  

5 <l 
(1 

<1 <1 (1 
4 8 4 1 0 1 0  6 

(1 C 1  

(1 <1 <1 

4 2 3 2 < 1 u  

C1 

<1 

m 

include eas t e rn  meadowlarks: spec ies  a re  d i f f i c u l t  to distinguish. .  
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Table H-61. Amphibians and Reptiles Observed i n  the Terrestrial 
Ecology Study Area 

Abun- 
ccamrlon name S c i e n t i f i c  name p00d typea danceb' HabitatC 

Amphibians 
Tiger salamander 
Couch's spadefoot 
Plain 's  spadefoot 
Texas toad 
Great P la ins  toad 
Green toad 

Rept i les  
Y e l l o w  mud t u r t l e  
Western box tur t le  
Collared l i z a r d  
Leopard l i z a r d  
Lesser e a r l e s s  l i z a r d  
Greater e a r l e s s  l i z a r d  
Side-blotched l i z a r d  
Texas horned l i z a r d  
Round-tailed horned l i z a r d  
Western whiptai l  
Texas spotted whiptai l  
Six-lined racerunner 
Great Plains  skink 
Texas bl ind snake 
Western hognose snake 
coachwhip 
Glossy snake 
Bullsnake 
Long-nosed snake 
Night snake 
Massasauga 
Western diamondback 

Western ra t t lesnake  
ra t t lesnake  

Ambystoma tigrinum 
scaphiophus couchi 
s. banbifrons 
- Bufo speciosus 
- B. wgnatus  
8. d e b i l i s  

- 

Rinosternon flavescens 
Terrapene ornata 
Crotaphytus c o l l a r i s  

Holbrookia maculata 
A. texana 
Uta stansbur iana 
Phrynosolna cornutum 
P. modestum 
Cnemidophorus t i g r  is 
C. g u l a r i s  
C. sexl ineatus  
mmeces obsoletus  
Leptotyphlops dulc i s  
Heterodon nasicus 
Masticophis flagellum 
Ar i z m a  elegans 
Pituophis melamleucus 
Rhinocheilus leconte i  
Hypsiglena torquata 
S is t rurus  catenatus  

C r o t a l u s  a t rox  
C. v i r i d i s  

- c. WiSliZenii 

-- 

-- 
- - 

-- -- 

I 
I 
I 
I 
I 
I 

P, I ,  sv 
P, F, I 
I 
I, sv 
I 
I 
I 
I 
I 
I 
I 
I 
I 
sv 
1, sv 
I .  sv 
sv 
sv 
sv 
sv 
sv 

sv 
sv 

C 
uc 
C 
uc 
uc 
C 

u: 
vc 
uc 
uc 
uc 
uc 
u: 
C 
uc 
vc 
u: 
uc 
uc 
uc 
C 
C 
C 
C 
uc 
uc 
uc 

uc 
vc 

A, MI OM 
OM, MI D, HM 
M 
D, HM, OM 
CM 
CB 
OM, (CB), (MI t De HM 
OM, M 
M 
OM, CB, D, HH, M 
CB 
OM 
OM, CB 
OM 
OM 
OM, CB 
OM 
OM, CB 
OM, CB 
OM 
OM 

OM, CB, M 
OM, CB, AH, D 

aRey: P = plant  t i s sue :  F = f r u i t ;  I = invertebrates:  SV = small ver tebrates .  
baundancer IC = very conmon; c = common; IX = uncommon. 
Qabi ta t :  aM = oak-mesquite associat ions;  CB = creosote  bush associat ions;  M = mesa 

(mesquite grassland):  D = dunes; HM = humock mesquite associat ions;  A = aquat ic  (stock pond or 
tank). 

Lizards (11 species) are t h e  m o s t  abundant and conspicuous reptiles, w i t h  
the side-blotched l i z a r d  and the western whiptail  common i n  m o s t  habitats.  
The Texas horned l i z a r d  is common i n  oak-mesquite a s soc ia t ions  and on t h e  
mesa. A l l  species are d iu rna l  and primar4ly insect ivorous.  

Several  species of snakes are common i n  the  area, including t h e  western 
hognose snake, the coachwhip, and the,  western r a t t l e snake .  Less- common are 
t h e  n i g h t  snake,  the  long-nosed snake, and t h e  massasauga. A l l  species are 
carnivorous.  

Terrestrial inve r t eb ra t e s  
I 

Important crop pests are the  -alfalfa q a t e r p i l l a r ,  cutworms, and aphids, 
which damage a l fa l fa :  and the  co t ton  boll worm and s t inkbugs,  which attack 
cot ton.  Grasshoppers are the  p r i n c i p a l  range pest, destroying both domestic 
and w i l d l i f e  forage.  The f l e a s  t h a t  t ransmit  plague are the  only important 
disease vectors .  

3 
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Table H-62. Amphibians and Reptiles P o t e n t i a l l y  Inhabi t ing  but  N o t  
Observed a t ,  or i n  the  Vic in i ty  of ,  t h e  WIPP S i t e  

S c i e n t i f i c  name Common name 

Amph i b i  ans 
Western spadefoot 
Woodhou se I s toad 
Red-spotted toad 
Barking f rog  
C r  i c k e t  f rog  
Leopard f rog  
Bullfrog 

Reptiles 
Snapping t u r t l e s  
Pond s l ider  
Spiny soft-shelled t u r t l e  
Eastern fence l i z a r d  
Sagebrush l i za rda  
Check  er ed wh i p  ta i 1 
L i t t l e  striped whip ta i l  
P la in-be l l ied  water snake 
Western hognose snake 
Corn snake 
Common kingsnake 
Checkered g a r t e r  snake 
Common g a r t e r  snake 
Ground snake 
Western hooked-nosed snake 
Great P l a i n s  black-headed snake 

Scaphiopus hammondi 
- Bufo  woodhousei, 
B. puncta tus  
E l  eu  t h er odac t y l u s  aug is t i 
A c r  is g r y l l u s  
Rana p ip i ens  
R. catesbeiana 

- 

- 
- 

Chelydra serpent ina  
Pseudemys scripta 
Trionyx s p i n i f e r u s  
Sceloporus undulatus 
- S. gracioisus 
Cnemidophorus tesselatus 
- C. inorna tus  
Natr i x  e ry throgas te r  
Heterodon nas icus  
Elaphe guttata 
Lampropeltis ge tu lus  
Thamnophis marcianus - T. s ir talis  
Sonora episcopa 
Ficimia cana 
T a n t i l l a  n igr  iceps 

Sand crickets, ground beetles, dark l ing  beetles, a n t s ,  and termites are 
t h e  most abundant ground-dwelling i n s e c t s  found. 
lected are scavengers, p l a n t  feeders, and granivores .  
scorpions,  w h i p t a i l s ,  spiders, praying mantids, and an ts .  
grasshoppers are common i n  a l l  p l a n t  communities. 
m o s t  s i g n i f i c a n t  d e t r i t i v o r e s  i n  t h e  study area. 
co lon ie s  i n  t h e  s t a b i l i z e d  dunes, on the  mesa, and on t h e  creosote bush 
f la t s .  
s u r f  ace. 

Most of the ar thropods col- 
Predatory forms include 

Termites, a n t s ,  and 

They form l a r g e  subterranean 
Termites are by f a r  t he  

Their  biomass is a t  least  as l a r g e  as t h a t  of t he  cat t le  grazing t h e  

Domestic l i ves tock  and range management 

Domestic l ives tock .  Ranching is the  main a g r i c u l t u r a l  e n t e r p r i s e  i n  t h e  
Most of the  catt le are 

I n  summer, sudangrass, bermuda g ras s ,  and s tubble  are used for  t e m -  

region, and beef cat t le  are t h e  p r i n c i p a l  l ives tock .  
k e p t  on t h e  range throughout t h e  year and are given supplementary feed i n  
winter.  
porary grazing w h i l e  na t ive  g ra s ses  rest during part  of the growing season and 
produce seed for  regrowth (SCS, 1971, 1974). 

H-132 



I n  1969, t h e r e  were about  123,000 beef catt le i n  Eddy and Lea Counties  
(BIN, 1973).  Other l i ves tock  raised i n  t h e  region are hogs (approximately 
12,400 i n  1969) ,  sheep (approximately 42,300 i n  1969) ,  and a f e w  thousand 
d a i r y  cows (BLM, 1973) .  Horses are less common and are used mainly f o r  ranch- a ing and r ec rea t ion .  Domestic-poultry farming is q u i t e  limited. 

Range management. The WIPP s i te  lies e n t i r e l y  wi th in  t h e  Deep Sand and 
Sand H i l l s  range sites (Table  H-63). The si te v i c i n i t y  also inc ludes  Sandy, 
Rocky Land, Loamy, S a l t y  Bottomland, and Bottomland range sites (SCS, 1971).  

There are three BLM g raz ing  a l lo tmen t s  i n  t he  s tudy  area: 7032, 7027, and 
7033 (BLM, 1978) .  The site itself is a l l  on a l lo tmen t  7032, which BLM classi- 
fies as i n  fair  cond i t ion  f o r  l i ves tock  grazing.  The r e c e n t  l i censed  use of 
t h i s  a l lo tmen t  (BLM, State,  and p r i v a t e  land)  has  been, on t h e  average, a 
l i t t l e  over s i x  head per sec t ion .  The ca r ry ing  capacity of t h e  a l lo tmen t s  i n  
t h e  s i te  reg ion  (an animal u n i t  is def ined  as  t h e  amount of f eed  requi red  to  
s u s t a i n  one a d u l t  f o r  a year )  v a r i e s  g r e a t l y  from one s e c t i o n  to t h e  next  and 
from one year  to t h e  next ,  depending on r a i n f a l l .  I n  a d d i t i o n ,  a l lo tmen t  7032 
h a s  an allotment-management p l an  t h a t  BLM rev i sed  i n  1973. 
p lan ,  t h e  a c t u a l  q u a l i f i c a t i o n s  for a l lo tmen t  7032 are for 13,239 animal-unit  
months (a l i t t l e  over n ine  head per s e c t i o n ) .  The p l an  s p e c i f i e s  graz ing  
deferments of va r ious  p a s t u r e s  f o r  d i f f e r e n t  l eng ths  of  time. 
r ev i sed  BLM d a t a  fQr a l lo tmen t  7032 i n d i c a t e  a suggested s tocking  rate varying 
from 7 to 21  acres per animal-unit month, based on a 40% to 60% range u t i l i z a -  
t i o n .  This  s tocking  rate is roughly equ iva len t  to  7.6 to 2.5 head per sec t ion ,  
assuming year long  graz ing .  

According to t h e  

Pre l iminary  

Mesquite-control programs have been implemented i n  a l lo tmen t s  7033 and 
7027, and, according to BLM (1977),  have been f a i r l y  success fu l .  Af te r  t h e  
spraying  of  mesqu i t e ,  n a t i v e  g r a s s e s  have increased ,  t h u s  suppor t ing  t h e  his-  
torical record t h a t  much of  t h e  area was once product ive  grass land .  

P l a n t s  p o t e n t i a l l y  poisonous to l i v e s t o c k  occur throughout t h e  area, bu t  
cause l i t t l e  t r o u b l e  except i n  extreme weather c o n d i t i o n s  (BLM, 1977).  Shin- 
nery  o a k ,  which is poisonous to cat t le  dur ing  about  6 w e e k s  i n  t h e  sp r ing ,  and 
snakeweed are common. 

H.5.3 Aquatic Ecology 

H.5 .3 .1  Two-county reg ion  

Aquat ic  h a b i t a t s  

The two-county reg ion  is i n  t h e  bas in  of t h e  Pecos River ,  which o r i g i n a t e s  
i n  t h e  Sangre de C r i s t o  Mountains i n  nor thern  New Mexico. The Pecos River 
f lows to t h e  south  through New Mexico and i n t o  t h e  Red Bluff  Reservoir ,  con- 
t i n u e s  i n  a sou theas t e r ly  d i r e c t i o n  across western Texas, even tua l ly  j o i n i n g  
t h e  R i o  Grande. 
25,000 square miles i n  New Mexico and 17,000 square  miles i n  Texas. 
logic c h a r a c t e r i s t i c s  of t h e  reg ion  are d iscussed  i n  Sec t ion  7.4. 

It has  an o v e r a l l  l eng th  of about  500 miles and d r a i n s  about  
The hydro- 
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Table H-63. Range Condition of t h e  Land a t  t h e  WIPP S i t ea  

Annual P o t e n t i a l  vegetat ion 
Range production 

Soil  mapping u n i t  site (W Key decreases Key increases  Key invaders 

Berino complex, Deep sand 400-2400 L i t t l e  b lues  t e m  B l u e  grama Broom snakewood 
0-3% s lopes ,  eroded Sand b lues  tem Hairy grama Annuals 

B lack  grama Sand dropseed 
Bush muhly Three-awn 
Side-oats grama Mesquite 
P la ins  brist le g r a s s  Shinnery oak 

Kermit-Ber  in0  
sand, 0-3% slopes 
K e r m i t  f i n e  sand Sand h i l l  800-3000 Bush muhly 

L i t t l e  bluestem 

Sand b lues  tem 
P la ins  bristle grass 
Indian rice g r a s s  
Sw i tchg ra ss 

T 
P 
W 
Q B l a c k  grama 

Blue  grama Broom snakewood 
R e d  lovegrass  Ring muhly 
H a l l s  panicum Annuals 
Sand dropseed 
T a l l  dropseed 
Sand muhly 
Mesquite 
L i t t l e  soaptree 

Yucca 
Shinnery o a k  
Sand sagebrush 
C a t c l a w  mimosa 

B e r i n o  f i n e  sand D e e p  sand 400-2400 See Berino complex See Berino See Berino 
above complex above complex above 

aBased on data from the  Soil  Conservation Service (SCS, 1971). 
bLow numbers ind ica t e  average annual production of air-dry grazable  forage on si tes i n  poor condition: high 

numbers i n d i c a t e  production on sites i n  exce l l en t  condition. 



The area is semiarid. Away from the r i v e r  aquat ic  habi ta t s  are l imited to 
i n t e r m i t t e n t  streams and l ivestock-watering ponds. Poor water q u a l i t y  is 
characteristic of much of the  Pecos River bas in  i n  the lower sec t ions .  Both  
su r f ace  water and groundwater conta in  sal t  from na tu ra l  sources (salt  spr ings ,  
b r ine  seeps, or gypsum overburden) and from human a c t i v i t i e s  (e.g., i r r i g a t i o n  
r e tu rn  flow, potash mining). An'important n a t u r a l  source of sa l t  is t h e  con- 
cen t r a t ed  br ine  sp r ings  a t  Malaga Bend, which increase  the s a l t  conten t  of the 
Pecos River by an est imated 340 tons per day. These sources progress ive ly  
concentrate  sa 1 ts downs t r eam . 

Seasonally wet ,  shallow lakes (playas) and permanent s a l t y  lakes occur i n  
the area. An example of the la t ter  is the Laguna Grande de l a  Sal  about 11 
miles west-southwest of the  WIPP site. 

Aquatic biota 

Because of high s a l i n i t y  due to  n a t u r a l  b r i n e s  and i r r i g a t i o n  r e tu rn  
flows, the  lower Pecos River bas in  supports  a depauperate flora and fauna. 
According to J. E. Sublette (personal  communication, 1978), the aquat ic  fauna 
of t h e  Pecos River and the Red Bluff Reservoir are probably the  least known i n  
New Mexico i n  both species and population densi ty .  Thir teen Sampling S ta t ions  
have been established to study the faunal  composition of aqua t i c  habi ta t s  i n  
t h e  study area and nearby (Figure H-24). 

' Pipeline 
Dam 
Canal 
Spring - 
Collecting stations 

- - - - 

5 "Pupfash Sprang" 
6 6-Miledam 
7 IO-Mile dam 

Texas 

f 
Figure H-24. Map of aquatic collecting stations. 
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Fish  

F i s h  have been s tud ied  i n  more d e t a i l  than  o the r  aqua t i c  organisms i n  t h e  
region. 

6 A t  p re sen t ,  t h e r e  is no a c t i v e  commercial f i s h e r y  i n  t h e  s i te  reg ion  
(R. R. Pa t t e r son ,  New Mexico Game and Fish  Department, pe r sona l  communication, 
January 20 ,  19781, a l though s e v e r a l  s u i t a b l e  s p e c i e s  (carp ,  carpsucker ,  small- 
mouth bu f fa lo )  occur throughout t h e  Pecos River bas in .  

A l i m i t e d  r e c r e a t i o n a l  fishery--based on such warm-wa te r  s p e c i e s  a s  channel 
c a t f i s h ,  white  bass, b l u e g i l l ,  g reen  sunf i sh ,  and large-mouth bass--is located 
i n  t h e  lower Pecos River bas in ,  Because of tho poor water q u a l i t y  of t h e  lower 
Pecos mainstem, m o s t  o f  t h e  r e c r e a t i o n a l  f i s h i n g  a c t i v i t y  is concent ra ted  i n  
impoundments on t h e  upper reaches  of t h e  Pecos and its t r ibu tar ies  (R. R. Pat-  
t e r son ,  personal  communication, January 20, 1978) ,  a l though the  Red Bluff 
Reservoir  offers a modest sport f i she ry .  

Both warm- and cold-water s p o r t  f i s h  are stocked i n  Chaves, Eddy, and Lea  
Counties.  I n  t h e  1973-1974 f i s c a l  yea r ,  a to ta l  of 1,242,086 f i s h  ( t rou t ,  
channel  c a t f i s h ,  and walleye) were stocked (USDA, 1975) e 

Macroinvertebrates  

S t u d i e s  of t h e  macro inver tebra te  communities i n  t h e  s i t e  reg ion  began i n  
t h e  sp r ing  of 1978. Chironomidae (nonbi t ing  midges) were very  abundant i n  
many of t h e  habi ta ts  inves t iga t ed .  A t  Harroun Crossing,  the caddisfly family, 
Hydropsychidae, was also very  abundant. 

The i n v e r t e b r a t e  fauna of windmill-pumped water and playa lakes of e a s t e r n  
New Mexico and western Texas has  been s tudied  by Sublette and S u b l e t t e  (1978). 
Most of t h e  s p e c i e s  t h a t  s u c c e s s f u l l y  invade t h e  windmill-pumped waters are 
s t rong  f l iers  and are able to t r a v e l  cons ide rab le  d i s t a n c e s .  The playa lakes 
c o n t a i n  many temporary pond forms, inc luding  t h e  f a i r y ,  t adpole ,  and clam 
s h r  imps. 

Microoraanisms and Dlankters  

I n v e s t i g a t i o n s  of t h e  microbial biochemistry of t h e  s i te  reg ion  inc lude  
s t u d i e s  of  s u r f a c e  waters, subter ranean  a q u i f e r s ,  and s u r f a c e  soils (Caldwell ,  
1978) 

D i a t o m s  are t h e  p r i n c i p a l  p l ank ton ic  producers  i n  t h e  f r e s h  s u r f a c e  waters 
of  t h e  s i te  region. The f l o r a  of Laguna Grande de l a  Sal c o n s i s t s  of Halobac- 
teriurn spp. and Duna l i e l l a  spp, 
s u l f u r  bacteria is found below t h e  s a l t  c r u s t  surrounding t h e  s a l t  l a k e  (Cald-  
w e l l  , 1978). Per iphyton (epiphyton, ep ipe lon ,  and f i lamentous  a lgae)  probably 
account f o r  most of t h e  product ion  i n  t h e  Pecos River.  N o  blue-green a lgae  
were dominant i n  t h e  Pecos River a t  c e r t a i n  s i tes  and seasons  (Sub le t t e  and 
Sub le t t e ,  1979).  

A l a y e r  of cyanobacter ia  and photosynthe t ic  

Vascular p l a n t s  

Other primary producers  inc lude  t h e  vascular  a q u a t i c  p l an t s .  A r a t h e r  
ex tens ive  survey of vascular  p l a n t s  has  been completed i n  Chaves, Eddy, and 
Lea Counties  (Martin,  cited by S u b l e t t e  and S u b l e t t e ,  1978).  

c 
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H.5.3.2 Aquatic b i o t a  of t h e  s tudy area 

. . 

2 
Surface waters i n  t h e  s tudy area are l i m i t e d  to ea r then  l ivestock-water ing 

ponds and metal stock tanks.  Ephemeral s u r f a c e  waters (i.e., puddles) may 
form a f t e r  a thunderstorm. This  r a i n f a l l  is g e n e r a l l y  of  b r i e f  du ra t ion ,  bu t  
is occas iona l ly  in tense .  The temporary s u r f a c e  waters on t h e  si te provide 
minimal a q u a t i c  h a b i t a t .  

The windmill  tank ( s t a t i o n  2 ,  Figure H - 2 4 )  and t h e  h i l l  tank ( s t a t i o n  3) 
are being monitored f o r  phys i ca l  and for b i o t i c  c h a r a c t e r i s t i c s .  N o  macro- 
i n v e r t e b r a t e s  were found i n  t h e  February 1978 sampling of t h e  windmill  tank,  
bu t  s u b s t a n t i a l  numbers of seed shrimp (Ostracoda) ,  nonbi t ing  midges (Chiro- 
nomidae) , b i t i n g  midges (Ceratopogonidae) , f i n g e r n a i l  clams (Sphaer i idae)  , 
a q u a t i c  worms  (Oligochaeta)  I and copepods (Copepoda) , were collected i n  t h e  
h i l l  tank. 

N o  f i s h  s p e c i e s  are known to occur wi th in  t h e  s tudy  area. 

H . 5 . 4  Endangered and Threatened Species 

H.5.4.1 Terrestrial species 

P l a n t s  

The c a c t u s  Coryphantha s n e e d i i  var.  leei, which is on t h e  Federal list of 
endangered p l a n t s  (FWS, 1976) i n  Eddy County, l i k e  most of t h e  proposed spe- 
cies, is loca ted  i n  t h e  Guadalupe Mountains. Proposed species inc lude  a m i l k -  
wort (Polygala  r i m u l i c o l a ) ,  wi ld  columbine (Aquilegia  c h a p l i n e i ) ,  and bladder- 
pod (Lesquere l la  v a l i d a )  . Another is a w i l d  buckwheat (Er  iogonum gypsophilum) 
t h a t  occurs  on gypsum outcrops  about 20 miles nor th  of Carlsbad (Spel lenberg,  
1977).  N o  species have been proposed f o r  t h e  Federa l  list of endangered 
p l a n t s  for Lea County. 

New Mexico does n o t  have an o f f i c i a l  State  list of rare, th rea t ened ,  or 
endangered p l a n t  species. However, t h e  New Mexico P l a n t  P ro tec t ion  A c t  o f  
1953 protects a l l  or some species i n  23 p l a n t  families and inc ludes  some of 
t h e  species proposed for t h e  Federal list of endangered species i n  t he  State. 

N o  p l a n t s  proposed for the  Fede ra l  list of endangered or threa tened  spe- 
cies have been observed wi th in  t h e  s tudy  area, and t h e  l a c k  of  s u i t a b l e  
h a b i t a t  m a k e s  their Occurrence a t  t h e  si te unl ike ly .  

Terrestrial v e r t e b r a t e s  

Table H - 6 4  lists t h e  endangered terrestrial  v e r t e b r a t e s  t h a t  have been 
r e c e n t l y  observed i n  t h e  two-county region. Most of  t h e s e  species are as- 
soc ia t ed  w i t h  h a b i t a t s  t h a t  are not  on or i n  t h e  v i c i n i t y  of t h e  site. 

. I  . 

Only two of t h e s e  species, t h e  ba ld  eag le  and t h e  pe reg r ine  fa lcon ,  are 
included i n  t h e  Federa l  list. Both species usua l ly  fo rage  i n  t h e  v i c i n i t y  of 
l a r g e  bodies  of water l i k e  t h e  Pecos River and associated r e s e r v o i r s .  It  is 
u n l i k e l y  t h a t  e i t h e r  s p e c i e s  would be more than an occas iona l  v i s i t o r  a t  t h e  
site. 
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Table H-64. Endangered Terrestrial Ver tebra tes  i n  the  Region of t h e  S i t ea  

6 S c i e n t i f i c  name S ta tu& Common name 

Mammals 
Nelson's p o c k e t  mouse 

Bi rds  
Miss i ss ippi  k i t e  
Bald eagle  
Peregrine fa lcon  
Aplomado fa lcon  
Red-headed woodpecker 
Varied bunting 
Baird Is s p a r r o f l  
McCown Is longspur 

Reptiles 
(Texas) s l i d e r  t u r t l e  
(Sand dune) sagebrush l i z a r d  
(Blotched) p la in-be l l ied  

(Pecos) western ribbon snake 
water snake 

Amph i b i  ans  
(Eastern)  barking f rog  
(Blanchard's cricket f rog  

Peroqnathus ne lsoni  canescens NM I1 

I c t i n i a  mis s i s s ipp iens i s  NM I1 

F. femoral is  s e p t e n t r i o n a l i s  N M I  

Hal iaee tus  leucocephalus FE, NM I1 
Falco peregrinus anatum 

Melanerpes er tyhrocephalus  c a u r i n i s  NM I1 

FE, NM I 
- 
Passer ina vers ico lor  
Ammodramus b a i r d i i  
Calcar i u s  mccown ii 

NM I1 
NM I1 
NM I1 

Chrysemys concinna texana NM I1 
Sceloporus qrac iosus  arenicolous NM I1 
Nat r ix  e ry throgas te r  t ransversa  NM I1 

Thamnophis proximus d i abo l i cus  NM I1 

Hylactophryne augus t i  l a t r a n s  NM I1 
A c r  is c r e p i t a n s  blanchardi  NM I1 

-~ 

aInformation on s t a t u s  and d i s t r i b u t i o n  from Hubbard e t  al .  (1978). 
bKey: 

. Cobserved i n  s i t e  v i c i n i t y  during project f i e l d  s tud ie s .  

FE = on t h e  Federal  list of endangered species; NM I = New Mexico 
endangered G r o u p  I; NM I1 = New Mexico endangered Group 11. 

One mammal, e i g h t  b i rd ,  four reptile, and two amphibian species l i s t e d  as  
endangered by the State of New Mexico may occur i n  the  si te region (Hubbard 
e t  a l . ,  1978). 

Nelson's p o c k e t  mouse is known from a s i n g l e  specimen co l l ec t ed  4 miles 
west of White Ci ty  i n  western Eddy County (Webb, 1954). 
that  the species i n h a b i t s  t he  study area. 

It  is highly unl ike ly  

Three of  the e i g h t  endangered b i r d  spec ie s  (Mississippi k i t e ,  bald eagle, 
and peregrine falcon)  usua l ly  forage and n e s t  near water and would not  be ex- 
pected to inhab i t  t h e  s tudy area. In  New Mexico the  red-headed woodpecker is 
s t r i c t l y  assoc ia ted  with planted groves of trees and lower-elevation r i p a r i a n  
woodland (Hubbard e t  al.,  1978). These h a b i t a t s  do not occur on, or i n  the  
v i c i n i t y  of, t h e  site. The four remaining species (Aplomado falcon,  var ied 
bunting, Bai rd ' s  sparrow, and McCown's longspur) occupy h a b i t a t s  similar to 
those on and near t he  s i te  and could occur  there .  
fa lcon  is t y p i c a l l y  found i n  areas with yucca grass lands  and assoc ia ted  shrubby 
h a b i t a t s  a t  lower e leva t ions .  Bai rd ' s  sparrow and McCown's longspur are grass- 

In  New Mexico t h e  Aplomado 
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l and  species. 
v i c i n i t y  of  t h e  si te on October 19, 1975. 

There is a recorded s i g h t i n g  of a s i n g l e  B a i r d ' s  sparrow i n  the  

Three of t h e  four  endangered rep,tiles inhab i t ing  t h e  si te reg ion  (Texas 
s l i d e r  t u r t l e ,  blotched p l a in -be l l i ed  water snake, and Pecos western r ibbon 
snake) are as soc ia t ed  wi th  a q u a t i c  environments and are no t  l i k e l y  to be found 
i n  t h e  s tudy area. The f o u r t h  spec ie s ,  sand dune sagebrush l i z a r d ,  occurs  
only  on or near a c t i v e  sand dunes. S u i t a b l e  h a b i t a t  is a v a i l a b l e  i n  t h e  s tudy 
area. 

@ 

Both amphibian species l i s t e d  as endangered i n  New Mexico are common else- 
where i n  t h e i r  ranges.  Blanchard 's  cricket f r o g  i n h a b i t s  moist terrestrial 
h a b i t a t s  a s soc ia t ed  wi th  permanent water, l i k e  those  along t h e  Pecos River.  
The Eas te rn  barking f r o g  is a s s o c i a t e d  wi th  rocky l edges  ( u s u a l l y  l imestone)  
and might i n h a b i t  t h e  area along Livingston Ridge northwest of t h e  site. 

H. 5.4.2 Aquatic species 

A number of f i s h  species i n  the  Pecos River bas in  are considered to be 
th rea t ened  or endangered (Table H-65) because of t h e i r  h igh ly  r e s t r i c t e d  
d i s t r i b u t i o n s  and dependence on unique h a b i t a t s .  Two c a t e g o r i e s  of endangered 
species are recognized by t h e  State  of New Mexico: Group I inc ludes  those  
whose prospects of s u r v i v a l  or recru i tment  i n  t h e  State are i n  jeopardy; Group 
I1 i nc ludes  species whose p rospec t s  of s u r v i v a l  or recru i tment  i n  t h e  State 
may be jeopardized i n  t he  fo re seeab le  fu tu re .  Nine species are known to occur 
i n  t h e  region (or to have been e x t i r p a t e d  wi th in  his tor ical  times). 

The species i n  Group I inc lude  the  b lue  sucker ,  t he  gray redhorse,  t h e  
s i l ve rband  s h i n e r ,  and t h e  Pecos sh ine r  (bluntnose s h i n e r ) .  The b lue  sucker  
is known i n  New Mexico only  from t h e  lower Pecos drainage.  Recent records  of 
t h e  b l u e  sucker and t h e  gray  redhorse are from t h e  B l a c k  River and t h e  Pecos 
River south of  Lake  McMillan (Hubbard et  a l . ,  1978).  -The Pecos sh ine r  occurs  
only  i n  t h e  Pecos River o f  New Mexico. Sublette (1975) c o l l e c t e d  t w o  
specimens of t h i s  species from Chaves County, and i n  1977 cons ide rab le  numbers 
were found beluw McMillan Dam i n  Eddy County (Hubbard et al., 1978) .  Hubbard 
e t  a l .  (1978) stress t h a t  reduced flows of t h e  Pecos River have con t r ibu ted  to 
its reduct ion.  

Four f i s h  species belong to the  New Mexico Group I1 of endangered s p e c i e s  
(Table H-65). Of t h e s e ,  t h e  Pecos gambusia is perhaps t h e  most widely pub- 
l i c i z e d  because of its Federal s t a t u s  as an endangered s p e c i e s  (FWS, 1977). 
It occurs  i n  seven i s o l a t e d  popula t ions  i n  t h e . B i t t e r  Lakes  Nat iona l  W i l d l i f e  
Refuge no r theas t  of R o s w e l l  and i n  a 2-mile 
1975). 

Aquatic i n v e r t e b r a t e s  

The only a q u a t i c  i n v e r t e b r a t e  p r e s e n t l y  
Socorro isopod (Exosphaeroma thermophilum) , 
region. 

po r t ion  of: B l u e  Spring (Bednarz, 

l i s t e d  i n  either group, t he  
d o e s . n o t  occur i n  t h e  two-county 
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Table H-65. Endangered Fish i n  the  Region of t h e  Sitea 

6 Common n a m e  S c i e n t i f i c  name s ta tu  sb 

B l u e  sucker  Cycleptus. e longatus  
Gray redhorse Moxostoma congestum 
S i lverband sh iner  Notropis shumardi 
Bluntnose shiner  N. s i m u s  -- 
Mexican tetra 
Greenthroat darter 
Pecos gambusia c 

Bigscale logperch 

Astyanax mexicanus 
Etheostoma lepidum 
Gambusia n o b i l i s  
Per c i na macro lepi da 

NMI 
NMI 
NMI 
NMI 

NM I1 
NM I1 
F S ,  NM I1 
NM I1 

aInformation from Hubbard e t  a l .  (1978) and F. H. Olson, New Mexico 

bNM I = f i s h  species whose prospects of su rv iva l  or recrui tment  i n  New 
Department o f  Game and Fish ( p r i v a t e  communications). 

Mexico are i n  jeopardy; NM I1 = species whose prospects of su rv iva l  or 
recrui tment  i n  New Mexico may be jeopardized i n  the  foreseeable  fu ture .  

- ter, Vol .  42, pp. 36420-31, 1977). 
CFE = species on the  Federal  l ist  of endangered spec ies  (Federal  Regis- 

H.5.5 Preexis t ing  Environmental Stresses 

Several  na tu ra l  and man-induced f a c t o r s  stress t h e  terrestrial  and aquatic 
ecosystems throughout t he  region. 

Vegetation o f t en  undergoes water stress because of t h e  va r i ab le  and gen- 
e r a l l y  low r a i n f a l l  i n  t h e  area. In  addi t ion ,  t h e  sandy soils i n  t h e  s i te  
v i c i n i t y  r e t a i n  l i t t l e  water and are suscep t ib l e  to wind eros ion  i f  vege ta t ive  
cover is removed. The a c t i v e  dunes i n  t h e  study area are probably a resul t  of  
loss of cover due to overgrazing i n  t h e  past near t he  James Ranch w e l l s .  

The g r e a t  q u a n t i t y  of  sa l t  n a t u r a l l y  occurr ing i n  the  area is also a major 
ecological stress i n  the  region. Surface water and groundwater are o f t en  
s a l t y .  A l a c k  of  nearby good-quality watering areas is an important l imi t ing  
f ac to r  for  many of t he  w i l d l i f e  species i n  t h e  area. Adding to t h e  na tu ra l  
sa l t  loads  are t h e  b r i n e  e f f l u e n t  and dus t  (pr imar i ly  potassium chlor ide ,  
l angbein i te ,  and potassium s u l f a t e )  from potash r e f i n e r i e s .  The potash in- 
dus t ry  uses  approximately 12,000 acre-feet  of f r e s h  water annual ly  and d i s -  
charges  approximately 10,000 acre- fee t  as  br ine.  This waste commonly goes 
i n t o  t a i l i n g s  ponds from which s o m e  b r i n e  seeps i n t o  t h e  ground. Estimated a t  
about 200 mil l ion  tons  i n  1976 and increasing a t  1 4  mi l l i on  tons  annually,  
t hese  t a i l i n g s  c o n s i s t  p r i n c i p a l l y  of sodium chlor ide.  Small q u a n t i t i e s  of  
these  t a i l i n g s  are also airborne;  however, t h e  amount a i rborne  is small com- 
pared to t h e  55 tons per day of  dus t  emit ted by the  potash r e f i n e r i e s , i n  t h e  
si te region. 

Vegetation has been severe ly  a f f e c t e d  by the  potash-mining operat ions,  
with a reduction or e l imina t ion  o f  vege ta t ion  around potash p l an t s ,  t a i l i n g s  
piles, and t a i l i n g s  ponds. The soi l  under the  t a i l i n g s  p i l e s  and brine- 
d i sposa l  areas is e s s e n t i a l l y  sterile. The d i s t ance  from the  potash r e f i n e r y  
to areas where s a l t  no longer v i s i b l y  a f f e c t s  vege ta t ion  va r i e s ,  depending on 
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such f a c t o r s  as the l e v e l  of emission, p r e v a i l i n g  wind d i r e c t i o n ,  t e r r a i n ,  and 
soil types. The zone of e f f e c t  ranges from no e f f e c t  beyond t h e  r e f i n e r y  s i te  
to e f f e c t s  observable  nea r ly  a m i l e  away. A t  some r e f i n e r i e s ,  a l l  n a t i v e  
vege ta t ion  w i t h i n  0.25 m i l e  has been k i l l e d .  Beyond 0.25 m i l e ,  t h e  salt- 
i n t o l e r a n t  s p e c i e s  (e.g. , greythorn,  a l l t h o r n ,  mesquite,  and catclaw) have 
been d e f o l i a t e d ,  whi le  s a l t - t o l e r a n t  s p e c i e s  such as s a l t b u s h  appear to be 
growing w e l l .  These v e g e t a t i o n a l  modi f ica t ions  i n  t h e  area have, i n  t u r n ,  
modified t h e  w i l d l i f e  h a b i t a t  (BLM, 1975) .  

The most severe  e c o l o g i c a l  stresses i d e n t i f i e d  wi th in  t h e  s tudy area are 
H i s t o r i c a l l y  many heavy graz ing  by l ivestock and t h e  l i m i t i n g  water supply.  

rangelands i n  t h e  reg ion  have, been subject to overgrazing and mismanagement 
ever s i n c e  l i ves tock  were introduced i n t o  t h e  area i n  t h e  l a t e  1800s (BLM, 
1977; Humphrey, 1958).  It has  been estimated t h a t  overuse by l i v e s t o c k  coupled 
wi th  f i re  prevent ion  has  r e s u l t e d  i n  increased  shrub  d e n s i t i e s .  These f a c t o r s ,  
t oge the r  with i n s e c t  depreda t ions  and drought,  have reduced forage  product ion 
i n  t h e  region to about  ha l f  i ts p o t e n t i a l  (SCS, 1975) .  P e r s i s t e n t  heavy graz-  
ing by l i v e s t o c k  a f f e c t s  f l o r i s t i c  composition and cover and thus  in f luences  
a v a i l a b l e  w i l d l i f e  fo rage  throughout t h e  area. I n  a d d i t i o n ,  l i v e s t o c k  can com- 
pete wi th  herbivorous w i l d l i f e  species such a s  dee r ,  rodents ,  and granivorous 
b i rds  f o r  g r a s s e s ,  forbs, and palatable browse. However, d i r e c t  compet i t ion  
is probably less important  than changes i n  species composition t h a t  r e s u l t  
f t o m  livestock mismanagement. 

The cons t ruc t ion  of  roads and t h e  use of off-road v e h i c l e s  has  also af -  
f e c t e d  t h e  n a t i v e  vege ta t ion  and w i l d l i f e .  Ind i sc r imina te  off-road u s e  of  
v e h i c l e s  has  l e d  to s i g n i f i c a n t  animal d i s turbance ,  vege ta t ion  damage, and 
soil e ros ion  (BLN, 1977).  
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H. 6 BACKGROUND RADIATION 

This  s ec t ion  d i scusses  t h e  e x i s t i n g  background-radiation l e v e l s ,  p r e s e n t s  
t h e  data c u r r e n t l y  ava i l ab le ,  and d i scusses  a d d i t i o n a l  information t h a t  w i l l  
be obtained. 

The major components of t h e  e x t e r n a l  background r a d i a t i o n  a t  any l o c a t i o n  
are (a) cosmic rays,  (b) terrestrial  r a d i a t i o n  sources l i k e  potassium-40 and 
t h e  decay products of t h e  uranium and thorium series i n  t h e  e a r t h ' s  c r u s t ,  and 
(c) g loba l  f a l l o u t  from nuclear tests i n  t h e  atmosphere. 
r a d i a t i o n  l e v e l  can vary between geographical  l o c a t i o n s  by more than twofold. 
A t  a s p e c i f i c  l oca t ion ,  it can also vary, to a lesser ex ten t ,  over t i m e  and 
with weather condi t ions.  Therefore,  t h e  n a t u r a l  v a r i a b i l i t y  of background- 
r ad ia t ion  l e v e l s  a t  t h e  si te must be well documented to determine any f a c i l i t y  
con t r ibu t ion  above t h i s  ambient l eve l .  

The background- 

Some prel iminary measurements of background r ad ia t ion  were begun a t  t h e  
WIPP s i te  e a r l y  i n  1976, i n  conjunct ion wi th  t h e  on-s i te  meteorological  pro- 
gram. 
ion iza t ion  chamber, and a number of thermoluminescent dosimeters (TLDs) have 
been emplaced i n  the  area (Figure H-25). 
g r o s s  be t a -pa r t i c l e  concent ra t ion  i n  a i r  has also begun. 
measurements are summarized i n  Tables H-66, H-67, and H-68; some have been 
d iscussed  i n  a sepa ra t e  report (Metcalf and Brewer ,  1977). Addit ional  data 
w i l l  be required to permit accurate comparison of p reope ra t iona l  and op- 
e r a t i o n a l  dose con t r ibu t ions  a t  specific l o c a t i o n s  or by s p e c i f i c  pathways. 

Direct measurements have been made with a Reuter-Stokes pressur ized  

Sampling to determine t h e  average 
The r e s u l t s  of t h e s e  

From da ta  publ ished by t h e  Nat ional  Council on Radiat ion P ro tec t ion  and 
Measurements (NCRP, 1975) ,  t h e  annual e x t e r n a l  whole-body exposure rates a t  
t h e  s i te  from cosmic rays ,  terrestr ia l  sources ,  and g loba l  f a l l o u t  are es- 
t imated to be 37, 26, and 1 m i l l i r a d ,  r e spec t ive ly ,  for a total of  64 m i l l i -  
r a d s  (or 64 m i l l i r e m  i f  a q u a l i t y  factor of 1 is assumed). These da t a  were 
p a r t l y  based on a f lyover  of an area t h a t  now inc ludes  t h e  site. The aerial 
survey was part of t h e  Aerial Radiological  Measurement Surveys ( A R M S ) ,  con- 
ducted for t h e  U.S. A t o m i c  Energy Commission during t h e  per iod  1958 to 1963. 
A second aerial survey of t h e  s i te  area w a s  made i n  September 1977 under t h e  
Aerial Measuring Systems Program, t h e  successor to t h e  ARMS program (Jobs t ,  
1977). The second f lyover  was made both to v e r i f y  t h e  data c o l l e c t e d  by the 
f i r s t  aerial survey and to locate any areas of abnormally high r a d i a t i o n  
l e v e l s  (ho t  spots). 
WIPP site,  and no hot  spots were located.  The da ta  tend to confirm t h e  data 
taken on t h e  sur face  w i t h  thermoluminescent dosimeters and t h e  Reuter-Stokes 
instrument . 

The second survey covered only a small po r t ion  of t h e  

/ 

The data published by the  NCRP (1975) and t h e  la tes t  f lyover  da ta  can be 
compared with t h e  background-radiation da ta  presented i n  Tables H-66 and H-67, 
which were c o l l e c t e d  with ground-based monitoring equipment. For example, be- 
tween August 22 and December 31, 1977, the average dose rate measured i n  t h e  
area with the  Reuter-Stokes pressur ized  ion iza t ion  chamber was 7.9 micro- 
roentgens per hour (approximately 69 mi l l i roentgens  per y e a r ) ,  with a maximum 
of 14.8 microroentgens per hour and a minimum of 5.8 microroentgens per hour 
(Table H-66). 

n 
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-Existing roads H HH Gas line 

Locations of thermoluminescent dosimeters 
in the site area. 

Figure H-25. 
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The average dose rate compares favorably with t h e  NCRP data .  The dose 
rates measured by the  thermoluminescent dosimeters (Table H-67) ind ica t e  a 
s o m e w  h a t  h i g her b ac  kg round- r 
noted. Background-rad i a t  ion 
i l a r  to, or lower than, thos  
e spec ia l ly  than t h e  l e v e l s  a 
g r e a t e r .  

0". l e v e l ,  but no s i g n i f i c a n t  d i f f e rences  a r e  
s a t  the  WIPP , s i t e  are expec ted- to  be s i m -  
ther p a r t s  of t h e  Mountain States--lower 
er e l eva t ions ,  where cosmic-ray doses are 

Natura l ly  occurring sources of r ad ia t ion  (e.g., potassium-40) are present  
i n  t h e  human body and cont r ibu te  an i n t e r n a l  component to t h e  total  background- 
r ad ia t ion  dose. 
(EPA, 1977) is added to t h e  64-millirem e x t e r n a l  dose, t h e  est imated 
background-radiation whole-body dose a t  t he  s i te  is approximately 90 millirem. 

Thus, i f  an i n t e r n a l  annual whole-body dose of 25 m i l l i r e m  
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Table H-66. Background Radia t ion  Measured i n  1977 a t  t h e  WIPP S i t e  
wi th  a Reuter-Stokes Pressur ized  I o n i z a t i o n  Chambera 

Exposure pe r iod  
Be9  i n  End 

Radia t ion  exposure (pR/hr) 
Average Maximum M i n i m u m  

8/22 
8/29 
9/5 
9/12 
9/19 
9/26 

10/3 
10/10 
10/17 
10/24 
10/31 
11/7 
11/14 
11/21 
11/28 
12/5 
12/12 
12/19 
12/26 

8/28 
9/4 
9/11 
9/18 
9/25 

10/2 
10/9 
10/16 
10/23 
10/30 
11/6 
11/13 

11/27 
12/4 

12/18 
12/25 
12/31 

11/20 

12/11 

Yearly average 

7.83 

7.78 
7.83 
7.77 
7.88 
7.99 
7.81 
8.04 
7.93 
7.89 
7.97 
8.01 
8.00 
8.04 
8.14 
8.06 
7.99 
8.11 

7174 

- 
7.94b 

9.30 
10.27 
9.73 
9.66 
9.57 
9.64 

11.58 
9.02 

11.30 
10.24 
10.71 
11.45 
12.12 
12.29 
12.39 
14.18 
12.95 
14.80 
10.78 

11.16 

6.82 
6.52 
6.30 
6.36 
6.33 
6.69 
6.84 
6.52 
6.54 
6.86 
5.98 
5.94 
5.79 
6.12 
6.28 
6.68 
6.65 
6.47 
6.58 

6.44 

- 

aData f o r  1978 and 1979 have not  y e t  been reduced. 
bA similar average measurement i n  Albuquerque showed an exposure rate of 

about  15 microroentgens per hour, which i l l u s t r a t e s  t h e  types of spa t ia l  var- 
i a t i o n  t h a t  can be expected i n  t h e  Mountain S t a t e s ,  where elevations vary  
g r e a t l y  . 

I n  December 1961 a nuc lear  device  was de tona ted  a t  t h e  Project Gnome si te,  
9 miles south-southwest of t h e  WIPP site. Radioac t ive  material vented dur ing  
t h e  explosion as w e l l  as v a r i o u s  ac t iv i t i e s  a f t e r  t h e  de tona t ion  contaminated 
nearby ground su r faces .  
t h e r e  would be 110 s i g n i f i c a n t  r a d i o l o g i c a l  hazard to man from inges t ing  t h e  
meat of r e s i d e n t  wi ld  animals t h a t  were p o s s i b l y  a f f e c t e d  by t h e  Gnome event .  
The plume of vented material went to t h e  northwest from t h e  Gnome site; there-  
fore t h e  c o n t r i b u t i o n  of  t h e  Gnome event to t h e  background-radiation leve ls  a t  
t h e  WIPP site is neg l ig ib l e .  

Sampling programs conducted by t h e  EPA have shown t h a t  

I 
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Table H-67. Thermoluminescent-Dosimeter Data Collected in 
the Area of the WIPP Site in 1977-1979 

Location 
F i r s t  quarter Second q u a r t e r  T h i r d  q u a r t e r  F a a r t h  qua??:, 
IUR g W h r  URflrr IQR uRflrr 

S a n d i a  o f f i c e ,  
Car l s b a d  

Meteorological 
station 

O l d  Badger d r i l l  
site 

=A-6 

m - 7  

ABC-8 

EFDA-9 

S a n d i a  o f f i c e ,  
C a r l s b a d  

Meteorological 
station 

Old  Badger 
d r i l l  site 

=A-6 

m - 7  

m - 8  

EFDA-9 

WIPP-11 

M e t e o r o l o g i c a l  
s t a t i o n  

Old  Badger 
d r i l l  site 

BPDA-6 

AEC-7 

ABC-8 

EFDA-9 

WIPP-11 

1977 

28.153.7 12.721.6 25.122.3 10 .8+l. 0 24.454.4 12.622.3 22.023 .I. 9.821.4 

18.623.9 9.622.0 19.022.7 8.421.2 

24.424.2 11.021.9 19.722.4 8.521.0 22.823.7 11.721.9 19.023.1 8.421.4 

25.723.6 11.621.6 19.922.6 8.551.1 21.323.8 11.022.0 21.523.3 9.521.5 

24.923.7 11.321.7 22.522.8 9.721.2 21.423.6 11.021.9 19.723.0 8.721.3 

24.424.1 11.021.9 20.122.4 8.621.0 18.023.2 9.321.6 16.723.1 7.421.4 

26.853.6 12.121.6 19.222.3 8.221.0 17.023.8 8.722.0 17.722.8 7.821.2 

1978 

21.523.8 9.121.6 20.021.5 9.120.7 19.552.7 9.021.3 21.522.5 11.321.3 

17.323.5 7.421.5 14.821.0 6.750.5 14.822.6 6.921.2 16.522.1 8.721.1 

18.723.4 8.021.4 15.551.3 7.020.6 16.022.3 7.421.1 17.022.0 9.021.1 

18.023.3 7.721.4 16.021.2 7.220.5 16.222.2 7.521.0 16.522.1 8.721.1 

20.023.4 8.521.4 17.351.2 7.8t0.5 17.122.2 7.921.0 18.522.3 9.821.2 

18.723.6 8.021.5 15.621.2 7.120.5 15.522.3 7.221.1 17.022.0 9.O:l.l 

18.523.4 7.921.4 l5.O+l.O 6.820.5 15.022.0 6.920.9 16.522.2 8.721.2 

18.223.4 7.721.4 15.021.1 6.820.5 14.822.0 6.920.9 16.522.5 8.721.3 

1979 

14.822.) 6.0+0.9 15.221.5 6.850.7 

-- -- 16.221.5 7.320.7 

15.622.5 6.321.0 14.421.5 6.520.7 

-- - 15.621.5 7.020.7 

15.522.4 6.321.0 16.921.5 7.620.7 

16.952.7 6.821.1 14.321.5 6.420.7 

15.2T2.4 6.121.0 14.151.5 6.320.7 

1. 

2. 

3. 

4. 

5.  

6. 

The dates of collection f o r  1977 are as f o l l o w s :  f i r s t  q u a r t e r ,  J a n u a r y  1 0  to April  12; second 
q u a r t e r .  April 1 2  to J u l y  18; t h i r d  q u a r t e r ,  J u l y  18 to O c t o b e r  7; f o u r t h  q u a r t e r ,  October  7 to 
J a n u a r y  9 ,  1978. The dates f o r  1978 are as f o l l o w s r  f i r s t  q u a r t e r ,  J a n u a r y  9 to April 17;  second 
q u a r t e r ,  A p r i l  1 7  to J u l y  18; t h i r d  q u a r t e r ,  J u l y  18 to O c t o b e r  16; f o u r t h  q u a r t e r ,  October  16 to 
J a n u a r y  3, 1979. The f i r s t  q u a r t e r  i n  1979 was J a n u a r y  3 to April 16;  t h e  second q u a r t e r ,  April 
16 to J u l y  16. 

The r e p o c t e d  p r e c i s i o n  of e a c h  measurement i n c l u d e s  a s ta t is t ical  p r o p a g a t i o n  o f  errors r e s u l t i n g  
f rom calibration procedures, t h e  correction f o r  d o s i m e t e r  r e s p o n s e  d u r i n g  t r a n s i t  and  s t o r a g e ,  
and v a r i a t i o n s  i n  t h e  Tu, response of  the f i v e  chips a t  e a c h  measurement l o c a t i o n .  

The d i f f e r e n c e s  between t h e  TLD and ion-chamber d a t a  are p r o b a b l y  due  to d i f f e r e n c e s  i n  t h e  wall 
t h i c k n e s s e s  o f  t h e  two s y s t e m  (240 mg/cm2 f o r  TLDs and a p p r o x i m a t e l y  2400 mg/cm2 for t h e  ion 
chamber).  

V a r i a t i o n s  i n  Tu, d a t a  from q u a r t e r  to q u a r t e r  are p r o b a b l y  d u e  to t h e  method o f  f i e l d  i n s t a l l a -  
t ion o f  t h e  TLD package .  
above the ground. 
t h e  local radiation f i e l d  a round t h e  d o s i m e t e r  package. 
t h e  d r y  climate of  the WIPP area, which h a s  p e r i o d s  of precipitation a l t e r n a t i n g  w i t h  d r y  periods. 

The e f f e c t s  ment ioned  i n  notes 3 and 4 w i l l  b e  s t u d i e d  f u r t h e r  i n  t h e  1979 c a l e n d a r  y e a r .  

P r e l i m i n a r y  data f o r  c a l e n d a r  y e a r  1979 i n d i c a t e  t h a t  earlier TLD r e s u l t s  are p r o b a b l y  b i a s e d  
h igh .  perhaps by 10 to 20%. T h i s  is e s p e c i a l l y  t r u e  f o r  q u a r t e r s  i n  which r a i n € a l l  or snow c o v e r  
was p r e s e n t  i n  t h e  WIPP area. The TLD r e s u l t s  o b t a i n e d  a f t e r  modi fy ing  the method of f i e l d  in- 
stallation s h o v  better agreement  w i t h  t h e  Reuter -S tokes  d a t a .  

' 

I 

The d o s i m e t e r s  are exposed  i n  a h o l l o w  pipe cawed o n  t h e  end  t h a t  is 
T h i s  pipe may act as  a r e s e r v o i r  €or radon and t h o r o n  emanat ions ,  i n c r e a s i n g  

T h i s  e f f e c t  would be more a p p a r e n t  i n  
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Table  H-68. Monthly Average Gross B e t a ' C o n c e n t r a t i o n s  i n  A i r  a t  t h e  WIPP S i t e  

Average g r o s s  beta Average g r o s s  beta 
c o n c e n t r a t i o n  c o n c e n t r a t i o n  

Month ( p c i / m 3 )  Month (pci/m3) 

February  
March 
A p r i l  
May 
J u n e  
J u l y  

January  
February  
March 
Apr ii 
M Y  
June  

J a n u a r y  
February  
March 
A p r i l  
M Y  
June  

0.016 
0.024 
0.019 
0.020 
0.017 
0.012 

0.041 
0.048 
0.082 
0.127 
0.175 
0.173 

0.074 
0.058 
0. 124c 
0. 137c 
0.083 
0.056 

1976 

1977 

1978 

1979 

J a n u a r y  
February  
March 

August 
September 
October 
November 
December 

J u l y  
August 
September 
October 
November 
December 

J u l y  
August 
September 
October 
November 
December 

0.019 
0.017 
0. 427a 
0. 226a 
0. 075a 

0.101 
0.045 
0. 753b 
0.111 
0.075 
0.072 

0.035 
0.028 
0.028 
0.035 
0.024 
0.027 

0.044 
0.032 
0.008 

. a I n c r e a s e  because of n u c l e a r  e x p l o s i o n s  i n  t h e  atmosphere conducted by 

bThe P e o p l e ' s  R e p u b l i c  of China conducted a n u c l e a r  test i n  t h e  atmo- 

CThe P e o p l e ' s  Republ ic  of China conducted a n u c l e a r  test  i n  t h e  atmo- 

t h e  P e o p l e ' s  Republic of China on September 26 and November 17 ,  1976. 

s p h e r e  on September 17 ,  1977. 

s p h e r e  on March 14, 1978. 
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H.7 NOISE BACKGROUND 

The loca t ion  of t h e  si te has been remote from human in t rus ion  and t h u s  
from man-induced noise.  Measurements i nd ica t e  background noise  l e v e l s  i n  
the  range of 26 to 28 dBA. Noise sources were animals (birds ,  ca t t le ) ,  
wind, occasional  t raff ic ,  a i r c r a f t ,  i n t e r m i t t e n t  u s e  of heavy equipment, and 
( i n  t h e  d i s t ance )  potash-mine v e n t i l a t i o n  fans.  The movement of d r i l l i n g  
machinery to and from the  si te has led to t h e  cons t ruc t ion  of a number of 
unimproved roads. The occasional  use  of these roads introduces a new, bu t  
minor, noise  source to the  area. 
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H.8 THE FUTURE OF THE SITE 

H.8.1 C l i m a t i c  Changes 

Future  climate changes cannot  be p red ic t ed  wi th  g r e a t  c e r t a i n t y  a t  t h i s  
time because of t h e  complexity of  atmospher ic-oceanic-extraterrestrial i n t e r -  
a c t i o n s  (Mi tche l l ,  1968) ,  complicated by t h e  impacts of human ac t iv i t ies .  
Although climatic experts have varying opin ions ,  t h e r e  appears to be a con- 
sensus  (Nat iona l  Defense Univers i ty ,  1978) t h a t  t h e r e  w i l l  n o t  be a cata- 
s t r o p h i c  climatic change during t h e  next  couple  of  decades. 
( thousands of yea r s )  n a t u r a l  t r end  is f o r  another  ice age (Keeling and 
Bacastow, 1977; Mi tche l l ,  1978).  However, man's impact on t h e  climate could  
counterbalance t h i s  t rend  or result  i n  a warming t rend ,  poss ib ly  a g l o b a l  
warming of 4.5 to 13OF or more, with g r e a t e r  a r i d i t y  i n  t h e  Western United 
States s t a r t i n g  i n  t h e  next  century  (Kukla and Matthews, 1972; Norwine, 
1977).  
i n  t h e  si te region,  even al lowing f o r  man's in f luence ,  is similar to t h a t  
experienced during t h e  la t ter  po r t ion  of t h e  P le i s tocene  and t h e  Holocene, as 
descr ibed  i n  Sec t ion  H.4.6. The climate of New Mexico may range from t h a t  
associated with g l a c i e r s  to t h e  nor th  (about  60% to 70% more r a i n f a l l  than  a t  
p re sen t  and summer temperatures  about  20°F lower than a t  p re sen t )  to t h a t  
associated w i t h  i n t e r g l a c i a l  pe r iods  ( g l o b a l  temperatures  about 3OF w a r m e r  
and g r e a t e r  a r i d i t y  i n  t h e  Southwest than  a t  present). 

The long-term 

The poss ib l e  climatic v a r i a b i l i t y  i n  t h e  next  10,000 to 20,000 y e a r s  

If c o n t i n e n t a l  g l a c i a t i o n  r e t u r n s ,  t h e r e  is no p o s s i b i l i t y  t h a t  t h e  si te 
i t s e l f  w i l l  be g l a c i a t e d ,  judging from t h e  P le i s tocene  record; t h e  increased  
r a i n f a l l ,  however, w i l l  i nc rease  t h e  amount of water i n  t h e  Pecos River, w i l l  
i nc rease  t h e  amount of vege ta t ion  i n  t h e  region,  and w i l l  cause t h e  composi- 
t i o n  of t h e  vege ta t ion  to s h i f t  toward prairie grass lands .  I f ,  on t h e  o the r  
hand, man's in f luence  causes  a g l o b a l  warming, f low i n  t h e  Pecos w i l l  decrease ,  
t he  region w i l l  s h i f t  toward t h e  flora of t h e  Chihuahuan d e s e r t ,  and wind- 
dr iven  processes w i l l  increase. 

H.8.2 Demographic Changes 

The popula t ion  of t h e  area is expected to change very l i t t l e  i n  t h e  next  
few decades. 
a t  o i l  and gas  w e l l s  i n  t h e  area is not  expected to change s i g n i f i c a n t l y .  A 
ranch house w i l l  probably be b u i l t  about  8 m i l e s  west-southwest of  t h e  si te.  
A small t ra i ler  park is being b u i l t  on p r i v a t e  land along U . S .  Highway 62-180 
east of t h e  i n t e r s e c t i o n  with N.M. Highway 360. 

I t  w i l l  grow slowly. The number of  workers a t  nearby mines and 

Populat ion changes beyond t h e  next  f e w  decades cannot  be p red ic t ed  i n  any 
detail .  However, t h e  r e t u r n  of g l a c i a t i o n  would probably r e s u l t  i n  an in- 
crease i n  popula t ion  and i n  i n t e n s i t y  of land use as t h e  mass of t h e  human 
popula t ion  is forced  to move south.  A g l o b a l  warming would be expected to 
induce l i t t l e ,  i f  any, change i n  populat ion.  
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H.8.3 Land-Use Changes 

There is very  l i t t l e  p r i v a t e  land wi th in  30 m i l e s  of t h e  WIPP si te.  Most 
of  t h e  land is owned by t h e  State or by t h e  Federa l  Government. The dominant 
use of t h e  land i n  and near the  si te is graz ing ,  a t  l e v e l s  of s i x  to e i g h t  
animals per square m i l e .  There are also many a c t i v e  o i l  and gas  w e l l s .  The 
only a g r i c u l t u r a l  land wi th in  30 miles is along t h e  Pecos River near Carlsbad 
and Loving. With or without  t h e  WIPP, t h i s  p a t t e r n  of land use  is expected to 
change l i t t l e  i n  t h e  near fu tu re .  

Beyond t h e  next  few decades,  t h e  r e t u r n  of g l a c i a t i o n  and t h e  accompanying 
inc rease  i n  r a i n f a l l  would probably mean an inc rease  i n  land  u s e ,  perhaps in- 
c luding  a s h i f t  from graz ing  to dry-land farming. 
expected to make l i t t l e  change i n  land use. 

A g l o b a l  warming would be 

H.8.4 Geologic Changes 

The las t  major t e c t o n i c  a c t i v i t y  a t  t h e  WIPP s i te ,  t h e  subsidence of t h e  
Delaware bas in ,  ended i n  t h e  Permian Period,  about  225 m i l l i o n  y e a r s  ago. 
Evidence of lesser t e c t o n i c  a c t i v i t y  s i n c e  then has  been superimposed on t h e  
bas in .  
closest) is r e s t r i c t e d  to a d i k e  or a series of d i k e s  da ted  as being about  
35 m i l l i o n  yea r s  old. A g e n t l e  eastward t i l t i n g  of t h e  bas in  (lo) t h a t  has  
occurred is broadly  estimated as mid-Tertiary i n  age. 
temporaneous with t h e  i n i t i a l  formation of t h e  west Texas s a l t - f l a t  graben 
70 miles to t h e  southwest;  t h e  s a l t - f l a t  graben is t h e  closest s t r u c t u r e  to 
t h e  s i te  e x h i b i t i n g  geologic  evidence of Quaternary or Recent t e c t o n i c  ac- 
t i v i t y .  The t i l t i n g  of t h e  bas in  has  also been p o s t u l a t e d  as a cause of  defor-  
mation w i t h i q  the  evapor i t e  beds. Furthermore, t h e  depos i t i on  of t h e  L a t e  
Miocene-Pliocene Oga l l a l a  Formation i n d i c a t e s  t e c t o n i c  a c t i v i t y  a long t h e  
western margin of t h e  Guadalupe-Sacramento Mountains 65 miles to t h e  west. 
Thus t h e  post-Permian t e c t o n i c  h i s t o r y  shows s o m e  g e n t l e ,  broad effects of 
some t i l t i n g ;  i n t e r m i t t e n t  pe r iods  of e ros ion  i n d i c a t e  some r e l a t i v e  u p l i f t .  
Nearby r ecen t  t e c t o n i c  changes are restricted to t h e  s a l t - f l a t  graben-Diablo 
Plateau area southwest of the site.  The prognosis for the  reasonably near 
geologic  f u t u r e  is t h a t  t h e  s i te  may exper ience  some e ros ion  because of t h e  
s l i g h t  r e l a t i v e  u p l i f t  and t h a t  t h e  s a l t - f l a t  graben w i l l  be a source of ear th-  
q u a k e s  r e s u l t i n g  i n  minor ground motion a t  t he  site. 

Igneous a c t i v i t y  i n  t h e  v i c i n i t y  of t h e  si te (9 miles northwest a t  t h e  

This  tilt may be con- 

Erosion and depos i t i on  as w e l l  as s a l t  d i s s o l u t i o n  and c o l l a p s e  are res- 
pons ib l e  for many of t h e  landforms a t  t h e  s i te  and i n  t h e  region. I n  t h e  past 
these  processes and t h e  r e s u l t i n g  f e a t u r e s  have been s i g n i f i c a n t l y  a f f e c t e d  by 
changes i n  climate. Although there have been many small climatic cycles, past 
worldwide g l a c i a l - i c e  advances and i n t e r g l a c i a l  periods have been a l t e r n a t i n g  
i n  100,000-year cycles (NQrWine, 1977).  As i nd ica t ed  i n  Sec t ion  H.4.6, the  
s t a g e  of the  g l a c i a l - i n t e r g l a c i a l  period cycle has  a g r e a t  effect on t h e  clim- 
ate of t h e  Delaware bas in .  During i n t e r g l a c i a l  times, t h e  s i te  has  been warm 
and dry ,  w h i l e  during g l a c i a l  pe r iods ,  the-climate has  been cooler and more 
humid. I f ,  as  Norwine (1977) sugges ts ,  t h e  worldwide climate cont inues  to 
move along 100,000-year cycles, t w o  g l a c i a l  periods and t w o  i n t e r g l a c i a l  per- 
iods  are p o s s i b l e  during t h e  next  250,000 years .  
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Bachman ( i n  p repa ra t ion )  -n fe r s ,  however , from t h e  presence of Mescalero 
caliche a t  the  si te t h a t  t he  climate must have been semiar id  s i n c e  t h e  forma- 
t i o n  of the  c a l i c h e  beginning about  500,000 y e a r s  ago. The presence of t h i s  
caliche is reasonable  evidence t h a t  t he  average annual  p r e c i p i t a t i o n  d i d  not  

years .  
I exceed 25 to 30 inches over any extended period dur ing  the  l as t  half m i l l i o n  

It has  been suggested t h a t  time and e ros ion  could remove "evidence of a 
r e p o s i t o r y ' s  e x i s t e n c e ,  thereby  inc reas ing  t h e  p o t e n t i a l  v i o l a t i o n  of  t h e  s i te  
by d r i l l i n g  and mining." ' B u r i a l  by wind-blown sand might also conceal  s u r f a c e  
evidence of a r epos i to ry .  

Surface and near-surface processes can be used to  some degree to estimate 
f u t u r e  e ros ion  and depos i t i on  a t  t h e  site. For t h e  l a s t  m i l l i o n  yea r s ,  e r o s i o n  
a t  t h e  s i t e  has exceeded depos i t ion ;  however, t h e  th i ckness  of t h e  r e s i s t a n t  
c a l i c h e  cover a t  t h e  s i te  i n d i c a t e s  t h a t  t h e r e  has  been no s i g n i f i c a n t  e r o s i o n  
s i n c e  its formation 500,000 yea r s  ago. This  l a y e r  w i l l  resist e ros ion  while  
climatic cond i t ions  a t  t h e  s i te  are semiar id .  I f  t h e  s i te  becomes more humid, 
water runoff w i l l  d r a i n  toward and along Nash D r a w  and San Simon Swale, in- 
c r e a s i n g  headward e ros ion  i n  these areas. S ince  t h e  s i t e  is ad jacen t  to a l o w  
d i v i d e  between these  t w o  f e a t u r e s  and has a very  poorly developed dra inage ,  it 
w i l l  no t  be s i g n i f i c a n t l y  a f f e c t e d  by f l u v i a l  e ros ion .  
dunes i n  t h e  area of the  site mean t h a t  wind e ros ion  can be expected to produce 
blowouts and dunes i n  t h e  near f u t u r e ,  though wind-induced f e a t u r e s  w i l l  be 
minor and local. 

Act ive and s t a b i l i z e d  

The process  of sal t  d i s s o l u t i o n  and collapse can be expected to cont inue.  
The s o l u t i o n  f r o n t  a t  t he  Rust ler-Salado i n t e r f a c e  w i l l  move over t he  site. 
From Bachman and Johnson 's  (1973) estimate of d i s s o l u t i o n  rates, it can be 
c a l c u l a t e d  t h a t  surface subsidence r e s u l t i n g  from t h e  d i s s o l u t i o n  of the  top 
of  the  Salado w i l l  lower t h e  land s u r f a c e  by about  125 feet over t h e  next  
250 , 000 yea r s .  (Bachman ( i n  p repa ra t ion )  i n d i c a t e s  t h a t  t h e s e  rates are con- 
s e r v a t i v e l y  high because t h e  d i s s o l u t i o n  t h a t  preceded Oga l l a l a  t i m e  w a s  no t  
taken i n t o  account i n  t h e s e  estimates.) Related collapse f e a t u r e s  ( s ink  
ho le s ,  s o l u t i o n  t roughs,  downwarps, f r a c t u r e d  s t ra ta ,  and b recc ia s )  can be 
expected to form i n  f u t u r e  subsidence areas. 

, 

c 
H-150 



REFERENCES 

@ Adcock , Larry , and Associates , 1977-1979. Demographic a n a l y s i s  us ing  pe r sona l  
i n t e rv i ews  wi th  county o f f i c i a l s :  C l e r k ,  Lee County, February 1978; C l e r k ,  
Eddy County, New Mexico, February 1978; C l e r k ,  Loving County, New Mexico, 
February 1978; C l e r k ,  Winkler County, Texas, March 19 ,  1978; v a r i o u s  U.S. 
Geological Survey maps; Bureau o f  Land Management, land-use maps; and 
quadrangles  of t h e  State of New Mexico, 1963 and 1965, from t h e  New Mexico 
Highway Department, Planning Division. 

A d c o c k ,  Larry,  and Associates, 1977-1978. Demographic a n a l y s i s  u t i l i z i n g  d a t a  
ob ta ined  from v a r i o u s  sources .  

Adcock, Larry,  and Associates, 1979. Demographic a n a l y s i s  u t i l i z i n g  d a t a  
ob ta ined  from v a r i o u s  sources .  

Alexander, T., 1974. "Ominous Changes i n  t h e  World's Weather," Fortune,  Vo l .  
89, No.  2, p ~ .  90-95ff. 

American O r n i t h o l o g i s t s '  Union, 1957. C h e c k l i s t  of  North American Bi rds ,  
5 t h  ed., Baltimore, Md. 

American O r n i t h o l o g i s t s '  Union, 1973. "Thirty-second Supplement to t h e  
American O r n i t h o l o g i s t s '  Union Check- l i s t  of  North American Birds," - Auk, 
Vel. 90, p ~ .  411-419. 

American O r n i t h o l o g i s t s '  Union, 1976. "Th i r ty - th i rd  Supplement to t h e  
American O r n i t h o l o g i s t s '  Union Check- l i s t  o f  North American Birds ,"  Auk, 
V o l .  93, p ~ .  875-879. 

ANSI (American Na t iona l  S tandards  I n s t i t u t e ) ,  1972. "Building Code Require- 
ments f o r  Minimum Design Loads i n  Bui ld ings  and Other S t r u c t u r e s , "  ANSI 
A58.1-1972 , r e v i s e d  A58.111955. 

Antevs, E., 1954. " C l i m a t e  of New Mexico During t h e  Last Glacio-Pluvial ,"  
J o u r n a l  o f  Geology,- V o l .  62, pp. 182-191. 

Aust in ,  M. E., 1972. Land Resource Regions and Major Land Resource A r e a s  of 
t h e  United States, U.S. Department o f  Agr i cu l tu re ,  S o i l  Conservat ion 
Se rv ice ,  Washington, D.C. 

Ba i ley ,  R. D., 1976. Ecoregions of  t h e  United S t a t e s ,  U.S. Department of 
Agr i cu l tu re ,  Forest Se rv ice ,  Ogden, Utah. 

Baldwin, J. L., 1973. C l i m a t e s  of  t h e  United S t a t e s ,  Na t iona l  Oceanic and 
Atmospheric Adminis t ra t ion ,  Washington, D.C. , 

Since  1910, Business  Information S e r i e s  No. 40. 
BBER (Bureau of Business  and Economic, Research) , 1962. New Mexico Populat ion 

BBER (Bureau o f  Business  and Economic Research) , 1977a. Community P r o f i l e :  
Carlsbad-Eddy County, Un ive r s i ty  of  New Mexico. 

' '\ 

H - 1 5 1  



BBER (Bureau of Business  and Economic Research) ,  1977b. Community P r o f i l e :  
Hobbs-Lea County, Un ive r s i ty  of  New Mexico. 

Bednarz, J., 1975. A Study of t h e  Pecos Gambusia, unpublished report to 6 Endangered Spec ies  Program, New Mexico Department of  Game and Fish ,  30 pp. 

Bellrose, F. L., 1976. Ducks, Geese and Swan of North America, Stackpole ,  
Harr i sburg ,  Pa. 

Bennet t ,  M. D., 1977. "Medically Underserved Areas of New Mexico," working 
paper, School o f  Medicine, Un ive r s i ty  of New Mexico. 

B e s t ,  T. L. and S. Neuhauser, eds. ,  1979. A Report of B io log ica l  Inves t iga-  
t i o n s  a t  t h e  Los Medanos WIPP Area of  New Mexico During FY 1978, 
SAND79-0368, Sandia Labora tor ies ,  Albuquerque, N.M. 

BLN (U.S. Bureau  of Land Management), 1973. Socio-Economic Data Systems, 
R o s w e l l ,  New Mexico, BLM Of f i ce ,  computer p r i n t o u t s  by county,  unpublished. 

BIN (U.S. Bureau of Land Management), 1975. Prel iminary Regional Environmental 
Analysis  Record--Potash Leasing i n  Southeas te rn  New Mexico, Department of 
t h e  I n t e r i o r ,  New Mexico S t a t e  Off ice .  

BLM ( U . S .  Bureau of Land Management), 1977. East Eddy Planning Unit ;  Unit  
R e s o u r c e  Analysis ,  Department of t h e  I n t e r i o r ,  R o s w e l l ,  N.M. 

BLM (U.S. Bureau of Land Management), 1978. Unpublished f i l e s  of Grazing 
Allotments  No. 7027, No. 7032, and No. 7033, Department of t h e  I n t e r i o r ,  
R o s w e l l ,  N.M. 

B r o o k s ,  C. E. P., 1970. C l i m a t e  Through t h e  Ages (2nd r ev i sed  ed . ) ,  Dover 
Pub l i ca t ions ,  Inc. ,  New York. 

B u l l e r ,  R. J., 1964. "Cent ra l  Flyway," i n  Waterfowl Tommorow, pp. 209-232, 
J. P. Linduska, ed., U.S. Department of  t h e  I n t e r i o r ,  F i sh  and W i l d l i f e  
Serv ice ,  Washington, D.C. 

Burt ,  W. H., and R. P. Grossenheider,  1976. A F i e l d  Guide to t h e  Mammals, 
Houghton M i f f l i n ,  Boston, Mass. 

Caldwell ,  D. E., 1979. "Microbial Biogeochemistry," i n  T. L. B e s t  and 
S. Neuhauser, eds;, A Report of  Biological I n v e s t i g a t i o n s  a t  t h e  Los 
Medanos WIPP Area of New Mexico During FY 1978, SAND79-0368, Sandia 
Laboratories, Albuquerque, N.M. 

Campbell, R. S., 1929. "Vegetat ive Succession i n  t h e  Prosopis  Sand Dunes of 
Southern New Mexico," Ecology, V o l .  1 0 ,  No. 4 ,  pp. 392-398. 

Castetter, E. F., 1956. "The Vegetation of New Mexico," Un ive r s i ty  of N e w  
Mexico, Albuquerque, N.M., Third Annual Research L e c t u r e ,  pp. 257-288. 

c 

H-152 



Corley,  1965. "A Proposed Eastern Extension of t h e  Jornada Branch of t h e  
Mogollon," Southeas te rn  and West Texas Symposium Papers ,  B u l l e t i n  1. 

Donart, G. B., D. D. Sy lves t e r ,  'and W. C. Hickey, 1978. P o t e n t i a l  N a t u r a l  
Vegetat ion of  New Mexico, U.S. Department of  t h e  Interior,  S o i l  Conser- 
va t ion  Serv ice ,  Por t land ,  Ore. 

Eagleman, J. R., 1976. The Vi sua l i za t ion  of C l i m a t e ,  D. C. Heath and Co., 
p. 2. 

EDS (Environmental Data Serv ice)  , 1968. Weather A t l a s  of t h e  United S t a t e s  
( o r i g i n a l l y  t i t l e d  C l i m a t i c  At las  of t h e  United S t a t e s ) ,  r e p r i n t e d  i n  1975 
by t h e  Gale Research Co. 

EPA (U.S. Environmental P ro tec t ion  Agency), 1977. A Compilation of A i r  
P o l l u t a n t  Emission Fac to r s ,  AP-42, 3rd  ed. 

F l i n t ,  R. F., 1967. Glacial  and P le i s tocene  Geology, John Wiley b Sons, Inc. ,  
New Y o r k .  

F u j i t a ,  T. T., 1978. A S i t e -Spec i f i c  Study of Wind and Tornado P r o b a b i l i t i e s  
a t  t h e  WIPP S i t e  i n  Southeas t  New Mexico, Research P r o j e c t ,  Department of  
Geophysical Sciences,  Univers i ty  of Chicago, SMRP Research Paper No.  155. 

FWS (U.S. F ish  and W i l d l i f e  S e r v i c e ) ,  1976. "Endangered and Threatened 
Species ,"  Department of t h e  Interior,  Washington, D.C.; Federa l  Reg i s t e r ,  
V o l .  41,  No. 117, pp. 24524-24572. 

FWS (U.S. F i sh  and W i l d l i f e  S e r v i c e ) ,  1977. "Endangered and Threatened 
Wi ld l i f e  and P lan t s , "  Department of t h e  I n t e r i o r ,  Washington, D.C. ; 
Federa l  Reg i s t e r ,  V o l .  42, No.  135, pp. 36420-36431. 

Gardner, J. L., 1951. "Vegetation o f  t h e  Creosote Bush Area of t h e  R i o  Grande 
Val ley i n  New Mexico," Ecologica l  Monographs, V o l .  21, pp. 379-403. 

Gates, W. L .#  1976. "Modeling t h e  Ice-Age C l i m a t e , "  Science,  V o l .  191, 
NO. 4232, Pp- 1138-1144- 

Gennaro, A. L., 1968. "Northern Geographic L i m i t s  of Four Desert Rodents of 
t h e  Genera Peromyscus, Perognathus,  Dipdomys, and Onychomys i n  t h e  R i o  
Grande Val ley,"  American Midland Natural is t ,  V o l .  80, pp. 277-293. 

Holzworth, G. C., 1972. Mixing Heights ,  Wind Speeds and P o t e n t i a l  f o r  Urban 
A i r  Po l lu t ion  Throughout t h e  Contiguous United S t a t e s ,  U.S. Environmental 
P ro tec t ion  Agency (EPA),  Research Tr i ang le  Park, N.C. 

Hosler, C. R., 1961. "Low-Level Invers ion  Frequency i n  t h e  Contiguous United 
S t a t e s , "  Monthly Weather Review, V o l ;  89, No. 9 ,  pp. 319-339. 

Hubbard, J. P., M. C. Conway, H. Campbell, G. Schmit t ,  and M. D. Hatch, 1978. 
Handbook of  Spec ies  Endangered i n  New Mexico, New Mexico Department of 
G a m e  and Fish.  

Humphrey, R. R., 1923. "The Desert Grassland, P a s t  and Present , "  J o u r n a l  of 
Range Management, V o l .  6 ,  pp. 159-164. 

H-15'3 



Humphrey, R. R., 1958. "The Desert Grassland," Botanica l  Revue, V o l .  24, 
No .  4 ,  pp. 200-265. 

I n d u s t r i a l  Development Corporat ion of Lea County, 1979. Data, Hobbs, 
N e w  Mexico. 

Je l inek ,  A, ,  1967. A P r e h i s t o r i c  Sequence i n  t h e  Mid-Pecos Val ley,  Museum of 
Anthropology, Un ive r s i ty  of  Michigan, Anthropological  Paper No. 31. 

Jennings,  A. H., 1963 ( rev . ) .  Maximum Recorded U.S. Po in t  R a i n f a l l ,  Weather 
Bureau Technical  Paper No. 2, U.S. Department of Commerce. 

Jobst, J., 1977. "The Aerial Measuring Systems (AMs) Program, Equipment and 
Instrumentat ion, '  p resented  a t  t h e  American Nuclear Topical Symposium: 
Aerial  Techniques f o r  Environmental Monitoring, March 8. 

John, B. S., 1977. The Ice Age Pas t  and Present ,  W i l l i a m  C o l l i n s  Sons & Co., 
L td . ,  London, p. 144 .  

Johnsgard,  P. A., 1973. North American Game B i r d s  of Upland and Shore l ine ,  
Univers i ty  of  Nebraska, Lincoln,  N e b .  

Johnsgard,  P.A., 1975. Grouse and Quai l s  of North America, Un ive r s i ty  of 
N e b r a s k a ,  Lincoln, N e b .  

Jones, J. K. ,  Jr. ,  D. C. Carter, and H. H. Genoways, 1975. "Revised Check l i s t  
o f  North American Mammals North of  Mexico," Occas. Papers  Mus., Texas Tech 
Univers i ty ,  V o l .  28, pp. 1-14. 

Kuechler, A. W., 1975. " P o t e n t i a l  Na tu ra l  Vegetat ion of t h e  Conterminous 
United S t a t e s , "  American Geographical Soc ie ty ,  New York .  

Kukla, G. J., 1976. "Around t h e  Ice Age World," Natura l  H i s to ry ,  V o l .  85, 
pp. 56-61. 

Kukla, G. J., and R. K.  Matthews, 1972. When W i l l  t h e  Present  I n t e r g l a c i a l  
End?" Science,  V o l .  178, No. 4057, pp. 190-191. 

Lamb, H .  H., 1966. The Changing C l i m a t e ,  Methuen & Co., Ltd., London, England. 

Lehmer, D. J., 1948. "Jornada Branch of t h e  Mogollon," Un ive r s i ty  of Arizona, 
S o c i a l  Science B u l l e t i n ,  V o l .  19,  No.  17. 

Leslie, R., 1965. The Merchant S i t e  (a Mogollon S i t e ) ,  Southeas te rn  New Mexico 
and West Texas Symposium Papers,  B u l l e t i n  1. 

MacLennan, R. B., and S. C. Schermer, 1979. An Archaeological  Survey f o r  t h e  
Waste I s o l a t i o n  P i l o t  P lan t :  Access Roads and Rai l road  Right-of-way, 
Agency for Conservat ion Archaeology, Eas te rn  New Mexico Univers i ty ,  
Portales, N.M. 

Markee, E. H., Jr.,  J. G. Beckerly,  and K. E. Sanders,  1974. Technical  Basis 
for In te r im Regional Tornado Criteria, WASH-1300, U.S. A t o m i c  Energy 
Commission, Washington, D.C. 

H-154 



Mera, H. P., 1943. "An Outline of Ceramic Developments in Southern and South- 
eastern New Mexico," Technical Series, Bulletin 11, Laboratory of Anthro- 
pology, Eastern New Mexico University, Portales, N.M. 

Metcalf,--J. H., and L. W. Brewer, 1977. Environmental Monitoring at the WIPP 
Site, CY 1976, SAND77-1021, Sandia Laboratories, Albuquerque, N.M. 

Mitchell, J. M., Jr., ed., 1968. "Causes of Climate Changes," Meteorological 
Monograph, American Meteorological Society, Vol. 8, No. 30, pp. 155-159. 

NAS-NRC (National Academy of Sciences-National Research Council), 1975. Under- 
standing Climate Change, A Program for Action, Washington, D.C., pp. 43-46. 

NAS-NRC (National Academy of Sciences-National Research Council), 1977. 
Climate, Climate Change and Water Supply, Washington, D.C., pp. 43-45. 

NCRP (National Council on Radiation Protection and Measurements), 1975. 
Natural Background Radiation in the United States, NCRP Report No. 45, 
Washington, D.C. 

National Defense University, February 1978. Climate Change to the Year 2000, 
A Survey of Expert Opinions, Defense Documentation Center, Alexandria, Va., 
pp. xvii-xx. 1 

Nielsen, J., 1976. An Archaeological Reconnaissance of Sandia Laboratories' 
Los Medanos Nuclear Waste Disposal Facility, Eddy County, New Mexico, 
SAND77-7024, Sandia Laboratories, Albuquerque, N.M. 

NMDB (New Mexico Department of Banking), 1979. Sixty-fourth Annual Report, 
1979. 

NMDFA (New Mexico Department of Finance and Administration), 1979a. New Mexico - 
Local Governments and the Property Tax. 

NMDFA (New Mexico Department of Finance and Administration), 1979b. Annual 
Report, New Mexico County and Municipal Governments, various years. 

. ,  

NMDFA (New Mexico Department of Finance and Administration), 1979c. Municipal 
Quarterly Cash Reports (unpublished report filed by each incorporated New 
Mexico municipality). 

NMESD (New Mexico Employment Security Department), 1975-1979. Research and 
Statistics Division, various published and unpublished data. 

"RR (New Mexico Health Records Registry), 1979. New Mexico Statistical 
\ .  

Summary. 
I 

NMPSFD (New Mexico Public School Finance' District), 1978. Statistics. 

NOAA (National Oceanic .and Atmospheric Administration), 1972-1976. Climat- 
ological Data,'National Climatic Center, Asheville, N.C. 

NOM (National Oceanic and Atmospheric Administration), 1974. Climates of the 
United States, V o l .  2--Western States, Roswell, New Mexico, Water 
Information Center, Inc., Port Washington, N.Y., p. 883. 

H-155 



NOAA (National Oceanic and Atmospheric Administration), 1975. Climatological 
Data, National Summary: Annual, 1974, Vol. 25, No. 13, Asheville, N.C. 

Local Clima- NOAA (National Oceanic and Atmospheric Administration), 1977. 
tological Data, Annual Summary (1976) with Comparative Data, Roswell, New 
Mexico, National Climatic Center, Asheville, N.C. 

NOAA (National Oceanic and Atmospheric Administration), 1978. Local Clima- 
tological Data, Annual Summary (1977) with Comparative Data, Roswell, New 
Mexico, National Climatic Center, Asheville, N.C. 

NOAA (National Oceanic and Atmospheric Administration), 1979. Local Clima- 
tological Data, Annual Summary (1978) with Comparative Data, Roswell, New 
Mexico, National Climatic Center, Asheville, N.C. 

. Norwine, J., 1977. "A Question of Climate," Environment, Vol. 19, No. 8, 
pp. 6-27. 

NRC (U.S .  Nuclear Regulatory Commission), 1976. "Preparation of Environmental 
Reports for Nuclear Power Stations," Regulatory Guide 4.2, NUREG-0099, 
July. 

Pautz, M. E., ed., 1969. "Severe Local Storm Occurrences, 1955-1967," Tech- 
nical Memorandum WB'IM FCST 12, Environmental Sciences and Services 
Administration (ESSA), U.S. Department of Commerce, Silver Spring, Md. 

Powers, D. W., S. J. Lambert, S.-E. Shaffer, L. R. Hill, and W. D. Weart, 
eds., 1978. Geological Characterization Report for the Waste Isolation 
Pilot Plant (WIPP) Site, Southeastern New Mexico, two volumes, 
SAND78-1596, Sandia Laboratories, Albuquerque, N.M. 

Rand-McNally, 1978. 1978 Commercial Atlas and Marketing Guide. 

Richmond, G. M., 1965. "Glaciations of the Rocky Mountains," in The Quaternary 
of the United States, H. E. Wright, Jr., and D. E. Grey, eds., Princeton 
University Press, Princeton, N.J. 

Richmond, G. M., 1972. "Appraisal of the Future Climate of the Holocene in 
the Rocky Mountains," Quaternary Research, Vol. 2, pp. 315-322. 

Sauer, C. O., 1950. '"Grassland Climax, Fire, and Man," Journal of Range Man- 
agement, Vol. 3, pp. 16-21. 

Schaafsma, C., 1975. "Archaeological Clearance far Four Gathering Lines Near 
Carlsbad, New Mexico," Sch. Amer. Res. 

Schermer, S. C., 1978. Archaeological Clearance Report for Sandia Labor- 
atories, Agency for Conservation Archaeology, Eastern New Mexico Uni- 
versity, Portales, N.M. 

Schwarzbach, M., 1963. 
climatology, R.(O. Muih (trans. and ea.) , D. Van Nostrand Company, Ltd., 
Princeton, N. J. 

Climates of the Past, An Introduction to Paleo- 



SCS (U.S .  Soil Conservation Service), 1971. Soil Survey of Eddy Area, New 
Mexico, U.S. Department of Agriculture, Government Printing Office, 
Washing ton, D .C. 

@SCS (U .S .  Soil Conservation Service), 1974. Soil Survey of Lea County, New 
Mexico, U.S. Department of Agriculture, Government Printing Office, 
Washing ton, D . C . 

SCS (U.S. Soil Conservation Service), 1975. Surest Resource Conservation and 
Development Project, Department of Agriculture Program Action, prepared by 
the Resource Conservation and Development Council. 

Sellers, W. D., 1965. Physical Climatology, University of Chicago Press, 
Chicago, Ill. 

Shantz, €I. L., 1917. "Plant Succession on Abandoned Roads in Eastern 
Colorado," Journal of Ecoloq, Vol. 5, pp. 19-42. 

Spellenberg, R., 1977. "A Synopsis of Federally Proposed Threatened or En- 
dangered Plant Species in New Mexico," prepared for the U.S. Bureau of 
Reclamation, El Pam, Tex. 

Start, G. E., and L. L. Wendell, 1974. Regional Effluent Dispersion Calcula- 
tions Considering Spatial and Temporal Meteorological Variations, NOAA TM 
ERL ARL-44, Air Resources Laboratories, Idaho Falls, Idaho. 

Sublette, J. E., 1975. A Survey of the Fishes of the Pecos, Canadian and 
Arkansas Drainage in New Mexico, unpublished report to Endangered Species 
Program, New Mexico Department of Game and Fish. 

Sublette, J. E., and M. Sublette, 1978. Quarterly Progress Reports--Aquatic 
Ecosystems, Contract No. 07-1489 (December 15, 1977-February 15, 1978), 
unpublished . 

Sublette, J. E., and M. Sublette, 1979. "Aquatic Ecosystems of the Lower 
Pecos Drainage, Eddy County, N.M.," in A Report of Biological Investiga- 
tions at the Los Medanos WIPP Area of New Mexico During FY 1978, T. L. 
Best and S. Neuhauser, eds., SAND79-0368, Sandia Laboratories, Albu- 
querque, N.M. 

Thorn, H. C. S., 1963. "Tornado Probabilities," Monthly Weather Review, 
Oc tober-December , pp. 730-736. * 

Thom, H. C. S., 1968. New Distributions of Extreme Winds in the United 
States, American Society of Civil Engineers. 

Tiebout, C., 1962. "The Community Economic Base Study," Supplementary Paper 
16, p. 74, Committee for Economic Development. - 

Traut, G., 1963. "Comparative Morphology of the G o  Species of Grasshopper 
Mice, Genus Onychomys, in New Mexico," tmaster's thesis, University of New 
Mexico, Albuquerque, N.M. 

Turner, D. B., 1964. "A Diffusion Model'for an Urban Area," Journal of A p  
plied Meteorology, Vol. 3, pp. 83-91. 

H-157 



U.S. Army,  Quartermaster Research and Engineering Center ,  1958. H a i l  S i z e  and 
Di s t r ibu t ion ,  Technical Report EP-83. 

z 

USBM (U.S. Bureau.of Mines), 1978. Annual Mineral Indus t ry  Survey, Department 
of t h e  I n t e r i o r ,  Washington, D.C. 

USDA (U.S. Department of Agricul ture)  , 1975. Sures te  Resource Conservation 
and Development P ro jec t ,  Program Action, prepared by t h e  Resource Con- , 
servation and Development Council .  

USDC (U.S. Department of Commerce), Bureau of t h e  Census, 1970a. Census of 
Population, S e r i e s  PC (1)-A-33. 

USDC (U.S. Department of Commerce), Bureau of t h e  Census, 1970b. Census of 
Population, 4 th  Count Summary (Computer) Tapes f o r  New Mexico. 

USDC (U.S. Department of Commerce), Bureau of the  Census, 1970c. Census of 
Housing. 

USDC (u.s. Department of Commerce) , Bureau of Economic Analysis; 1975-1979. 
Regional Measurement Divis ion,  unpublished da ta  (computer p r i n t o u t s ) .  

USDC (U.S. Department of Commerce), Bureau of t h e  Census, 1977. ."Gross 
Migration by County 1965 to 1970," Current Population Reports, Ser ie s  
P-25, No. 701, May. 

USDI (U.S. Department of t h e  Interior),  Nat ional  Park Service,  Southwest 
Region, 1970-1978. Publ ic  U s e  i n  t h e  Southwest Region, var ious  monthly 
issues. 

Wallmo, 0. C., 1975. "Important Game Animals and Related Recreation i n  Arid 
Shrublands of t h e  United S t a t e s , "  Arid Shrublands, Proceedings of t h e  
Third Workshop of t h e  United S ta t e s /Aus t r a l i a  Rangelands Panel,  pp. 
98-107, Tucson, Ariz. 

Weaver, J. E., and F. W. Albertson, 1956. Grasslands of t h e  Great P la ins ,  
Johnsen Publ ishing Company, Lincoln,  Neb. 

Webb, O., 1954. "Perognathus nelsoni canescens i n  New Mexico," Journal of 
Mammalogy, V o l .  35, pp. 453. 

Whi t f ie ld ,  C. J., and H. L. Anderson, 1938. "Secondary Succession i n  t h e  
Desert P l a i n s  Grassland," Ecology,  Vo l .  19,  No. 2, pp. 171-180. 

Whitf ie ld ,  C. J., and E. L. Beuther, 1938. "Natural  Vegetation i n  t h e  Desert 
P la ins  Grassland," Ecology, Vol .  19 , .  pp. 26-37. 

Wingfield, D. W., 1955. "Trees Versus Water and Grass," Journa l  of Range Man- 
agement, Vol .  4 ,  pp. 149-150. 

Wolfe, H. G., e t  al. (eds.), 1977a. An Environmental Basel ine Study of the 
Los  Medanos Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) P ro jec t  Area of New Mexico: 
A Progress Report, SAND77-7017, Sandia Laborator ies ,  Albuquerque, N.M. 

c 
H-158 



Wolfe, H. G., e t  al. (eds.), 1977b. An Environmental Base l ine  Study of t h e  
Los Medanos Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) P r o j e c t  Area of New Mexico: 
A Progress  Report, An Addendum, SAND77-7018, Sandia Laboratories, 
Albuquerque, N.M. 

Wolford, C. W., 1960. Tornado Occurrences i n  t h e  United S t a t e s ,  Technica l  
Paper No.  20, U.S. Department of Commerce. 

York, J. C., and W. A. Dick-Peddie, 1969. “Vegetat ion Changes i n  Southern New 
Mexico During t h e  P a s t  One Hundred Years,” Arid Lands i n  Pe r spec t ive ,  
W. G. M c G i n n i e s  and B. J. Goldman (eds.), Un ive r s i ty  of Arizona Press ,  
Tucson, Ariz. 

. .  . .  . .  .. , . , -: ’ .  . . .  . .  . .  
’. . .. 



ANNEX 1 

ME”EZ)ROUX;ICAL TABLES 



Contents 

List of Tables 
crs 

Number 

1 

Title Page 

5 

6 

7 

8 

Distribution of Wind Directions 
Site, All Stabilities Combined, 

and Speeds at the WIPP 
June 1977 

and Speeds at the WIPP 
July 1977 

and Speeds at the WIPP 
August 197 7 

and Speeds at the WIPP 
September 1977 

and Speeds at the WIPP 
October 1977 

and Speeds at the WIPP 
November 1977 

2 Distribution of Wind Directions 
Site, All Stabilities Combined, 

3 Distribution of Wind Directions 
Site, All Stabilities-Combined, 

4 Distribution of Wind Directions 
Site, All Stabilities Combined, 

5 Distribution of Wind Directions 
Site, All Stabilities Combined, 9 

6 Distribution of Wind Directions 
Site, All Stabilities Combined, 10 

11 

12 

13 

14 

15 

16 

Distribution of Wind Directions 
Site, All Stabilities Combined, 

7 and Speeds at the WIPP 
December 1977 

and Speeds at the WIPP 
January 1978 

and Speeds at the WIPP 
February 1978 

and Speeds at the WIPP 
March 1978 

and Speeds at the WIPP 
April 1978 

and Speeds at the WIPP 
May 1978 

8 Distribution of Wind Directions 
Site, All Stabilities Combined, 

9 Distribution of Wind Directions 
Site, All Stabilities Combined, 

10 

11 

Distribution of Wind Directions 
Site, All Stabilities Combined, 

Distribution of Wind Directions 
Site, All Stabilities Combined, 

12 Distribution of Wind Directions 
Site, All Stabilities Combined, 

13 Distribution of Wind Directions 
Site, All Stabilities Combined, 

and Speeds at the WIPP 
June 1978 

and Speeds at the WIPP 
July 1978 

and Speeds at the WIPP 
August %1978 

17 

18 

19 

20 

14 Distribution of Wind Directions 
Site, All Stabilities Combined, 

15 Distribution of Wind Directions 
Site, All Stabilities Combined, 

16 

mi3 
Distribution of Wind Directions 
Site, All Stabilities Combined, 

and Speeds at the WIPP 
September 1978 

3 



L i s t  of Tables (cont inued)  

T i t l e  c Page Number 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27. 

28 

29 

30 

31  

32 

33 

D i s t r i b u t i o n  of Wind Di rec t ions  and Speeds a t  the  WIPP 
S i t e ,  A l l  S t a b i l i t i e s  Combined, October 1978 

D i s t r i b u t i o n  of Wind Di rec t ions  and Speeds a t  the  WIPP 
S i t e ,  A l l  S t a b i l i t i e s  Combined, November 1978 

D i s t r i b u t i o n  of Wind Di rec t ions  and Speeds a t  the  WIPP 
S i t e ,  A l l  S t a b i l i t i e s  Combined, December 1978 

D i s t r i b u t i o n  of Wind Directions and Speeds a t  t h e  WIPP 
S i t e ,  A l l  S t a b i l i t i e s  Combined, January 1979 

D i s t r i b u t i o n  of Wind Di rec t ions  and Speeds a t  the  WIPP' 
S i t e ,  A l l  S t a b i l i t i e s  Combined, February 1979 

D i s t r i b u t i o n  of Wind Di rec t ions  and Speeds a t  the  WIPP 
S i t e ,  A l l  S t a b i l i t i e s  Combined, March 1979 

D i s t r i b u t i o n  of Wind Di rec t ions  and Speeds a t  the WIPP 
S i t e ,  A l l  S t a b i l i t i e s  Combined, April 1979 

D i s t r i b u t i o n  of Wind Directions and Speeds a t  the  WIPP 
S i t e ,  A l l  S t a b i l i t i e s  Combined, May 1979 

D i s t r i b u t i o n  of Wind Directions and Speeds a t  t h e  WIPP 
S i t e ,  S t a b i l i t y  A, June 1, 1977-May 31, 1979 

D i s t r i b u t i o n  of Wind Directions and Speeds a t  the  WIPP 
S i t e ,  S t a b i l i t y  B, June 1, 1977-May 31, 1979 

D i s t r i b u t i o n  of Wind Directions and Speeds a t  t h e  WIPP 
S i t e ,  S t a b i l i t y  C, June 1, 1977-May 31, 1979 

D i s t r i b u t i o n  of Wind Directions and Speeds a t  the  WIPP 
Site, S t a b i l i t y  D, June 1, 1977-May 31, 1979 

D i s t r i b u t i o n  of Wind Directions and Speeds a t  the  WIPP 
S i t e ,  S t a b i l i t y  E, June 1, 1977-May 31, 1979 

D i s t r i b u t i o n  of Wind Di rec t ions  and Speeds a t  the  WIPP 
S i t e ,  S t a b i l i t y  F, June 1, 1977-May 31, 1979 

D i s t r i b u t i o n  of Wind Directions and Speeds a t  the  WIPP 
S i t e ,  S t a b i l i t y  G, June 1, 1977-May 31, 1979 

D i s t r i b u t i o n  of Wind Di rec t ions  and Speeds a t  the  WIPP 
S i t e ,  All S t a b i l i t i e s  Combined, June 1, 1977-May 31, 1979 

One-Hour Frequency D i s t r i b u t i o n  X/Q V a l u e s  for the  
WIPP Site 

' 2 1  

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

4 



a 
>

 
0
 

G
 

n
 

* P
 

w
 

>
 

0
 

V
 

W
 
b
 
a
 
c
 

a
 

0
 

t, 

0". P
 

t- 
* 0
 

0
 
c
 

8 a W
 

S
 

I- 

W
 

X
 
c
 

z
 

- c.l 

ul 
N
 

z
 

5 



W 

Ad3110338 VIVO 13d L'h8 00X13d 3WLl 3Hl N1 SPH hhL Sdb' LOO W:il SS31 113d COG ) S?H 0 SIH 0009 Of9 

0*001 
0' 00 I 
Of9 

2.0 
1.0 
1 

1.2 
1.2 
E1 

D' OZ 
0'02 
92 I 

6. Th 
6. It 
h92 

f* LZ 
rt* LZ 
211 

9.8 
9.8 
hS 

9.0 
9.0 
C 

0'0 
0.0 
0 

0.0 
0'0 
0 

2.0 
2.0 
I 

EO0 
f.0 
2 

2'0 
2.0 
1 

0.0 
0'0 
0 

TO1 
1'1 
1 

0'0 
0.0 
0 

0'0 
0'0 
0 

0'0 
0-0 
0 

2'0 
2.0 
T 

9.0 
9'0 
h 

E.0 
E.0 
z 

9.0 

h 

0.0 
C'O 
0 

0'0 
0.0 
0 

0'0 
0.0 
0 

2.0 
2'0 
1 

f.0 
E-0 
2 

2'0 
2.0 
1 

9-13 
SO0 
5.0 
E 

0.0 
0'0 
0 

C'C 
0'0 
0 

0.0 
0'0 
0 

2.0 
2'0 
I 

2'0 
2.0 
1 

2.0 

I 
290 

2.1 
E* I 
8 

0'0 
0'0 
0 

n.0 
0.0 
C 

0'0 
0'0 
0 

S'O 
5.0 
2 

5.0 
5.0 
f 

f.0 
C.0 
2 

9.0 
9.0 
h 

0'0 
0.C 
0 

0'0 
0.0 
0 

0.0 
0'0 
0 

2.0 
2.0 
r 

5.0 
5.0 
f 

0'0 
0'0 
0 

1'2 
L'Z 
LI 

0.r: 
0'0 
0 

G'G 
O'C 
0 

0.0 
OW@ 
ij 

1. I 
1.1 
I 

I* I 
I' 1 
L 

S.0 
SO0 
4. 

1' f 
L' f 
EZ 

G'O 
C'G 
0 

C'O 
0' c 
C 

5' C 
5' r! 
r 

C' I 
to 1 
ZI 

I' I 
I' I 
1 

2'0 
2.0 
I 

L.9 
L'9 
2h 

0 ' I' 
c ' L' 
0 

D'@ 
0.c 
c 
T* T 
T' 1 
1 

h' C 
h* h 
BZ 

8.D 
8'0 
5 

s-0 
S.0 
z 

S'ZZ 
S'ZZ 
ZCI 

c.5 
O'C 
0 

h* 1 
h'l 
6 

1' 6 
L' 6 
19 

c*e 
h.8 
ES 

L'Z 
L'Z 
LI 

f.0 
f.0 
Z 

S*E 
s* x 
22 

C"C 
0'0 
0 

P'I' 
C'O 
e 

1.1 
1. I 
L 

9. I 
9' 1 
91 

9.0 
9.C 
h 

2.0 
2.0 
T 

Z'Z 
2.2 
hT 

0'0 
0'0 
G 

0'0 
l2.U 
0 

5'0 
S'O 
f 

G. 1 
3' I 
9 

EO0 
So@ 
2 

S'O 
S' 0 
i 

2.2 
Z'Z 
bl 

O'C 
O'C 
0 

2 c; 
Z'C 
I 

for 

2 

5.0 
4'0 
E 

E'I 
E. I 
P 

0'0 
0'0 
0 

sen 

8'0 
8'0 
5 

1790 
0'G 
0 

0'0 
L'D 
0 

0.0 
o*a 
0 

5.0 
4.0 
L 

soil 
f.0 
z 

0'0 
0'0 
C 



0.00 I 
0'001 
E9 9 

L'O 
L. 0 
5 

6'2 
6. Z 
oz 

C* ZZ 
C' EZ 
09 1 

1'9s 
Lt 9f 
I sz 

9. 62 
9. 62 
ZOZ 

9.9 
9.9 
56 

5.1 
so I 
01 

G'C 
C'O 
0 

C.0 
G'C 
0 

1.0 
1'0 
I 

f.0 
EO0 

2 

6'0 
6'0 
9 

1'0 
1.0 
I 

2.2 
2.2 
.SI 

0*@ 
0-0 
0 

0'0 
0.0 
0 

0.0 
0'0 
0 

COO 
C*O 
E 

5' I 
5- I 
01 

EO0 
f.0 
Z 

6.C 
6.G 

,9 

0'0 
0'0 
0 

0'0 
0.0 
0 

0.C 
0'0 
0 

Z'O 
E* 0 
z 

h.0 
h'O 
E 

1'0 
T* 0 
1: 

0' I 
0. I 
L 

0'0 
0'0 
0 

0.0 
0.0 
0 

s9 0 
f*C 
z 

1.0 
1'0 
I 

f'0 
f.0 
z 

E.0 
f.0 
2 

2.2 
Z'Z 
SI 

0'0 
0.0 
C 

0.C 
@'@ 
0 

0'0 
0'0 
0 

E'C 
I: .O 
z 

6'G 
6'0 
9 

0. I 
0' I 
L 

5' I 
E* I 

O'C 
0'0 
0 

0'0 
0'0 
0 

O'G 

C 

h'O 
h.0 
E 

L.0 

5 

E.0 
SO0 
z 

0.0 

190 

9'1 
9' I 
IT 

e*c 
0.C 
0 

O'G 
O'C 
G 

z.0 
f-c 
2 

C'C 
t*C 
9 

h*@ 
tr'C 
f 

O'C 
0.0 
0 

5' 6' 
5' 6 
54 

C'C 
O'C 
0 

1.c 
T'P 
1 

8's 
8's 
9z 

4' f 
SOX 

CZ 

6. I 
6' I 
E1 

1.G 
1'0 
1 

LZ I 

O'I! 
G'D 
C 

9'C 
?'C 
h 

e.8 
6'R 
09 

1'9 
1'9 
Zh 

S'Z 
S'Z 
AT 

9'C 
9.0 
c 

'b61 hi 

O'C T'C 
O'C 1.C 
0 I 

T'C h*G 
TOG h'C 
I f 

B'h 9'1 
8'h 9'1 
TE I1 

7.27 T*h 
2-21 T'tr 
sa ez 

I'GT E'S 
I*CI E'S 
69 91 

6.1 L'G 
6'1 a!'@ 

SI s 

1% 

i L 
E't 
7 

9'C 
9'C 
h 

0'1 
0' I 
L 

0.; 
0.2 
hI 

h'C 
h'L! 
f 

I'C 
1.0 
I 

3 



Table 4. Distribution of Wind Directions and Speeds at the WIPP 
Site, All Stabilities Combined, September 1977 
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Table 7. Distribution of Wind Directions and Speeds at the WIPP 
Site, A l l  Stabilities Combined, December 1977 
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Table 9. Distribution of Wind Directions and Speeds at the WIPP 
Site, All Stabilities Combined, February 1978 

O I R E C T  I O N  
SPEED 1HPS) NNE N E  E N €  L ESE S E  SSE s SSY S Y  Y S Y  Y YNY N m  NINY N TOT AL 

0.3- 1.4 
( 1 )  
r 2 )  

1.5- 3.0 
.(l) 
1 2 )  

3 e l -  5 .O 
1 1 )  
1 2 )  

OVER 10.4 
(1 I 
1 2 )  

ALL SPEEDS . 
r i )  
1 2) 

2 
0.4 
0.4 

2 
0.4 

. o.,c 

6 
1 .I 
1 . I  

. a  
1.5 
1.5 

3 
0.9 
0 .D 

0 
0.0 
0.0 

18 
3.9 
3.4 

3 
0 -6  
0.6 

1 4  
2.7 
2 e 7  

7 
1 . 3  
1.3 

:1 
2.1 
2.1 

3 
il.6 
0 .h 

0 
0.0 
0.0 

3 0  
7 . 2  
7 .2 

2 
0 . 5  
0.4 

6 
1.1 
1.1 

8 
I r 5  
1.5 

5 
0 . 9  
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1 
0.2 
0.2 

2 
0 . 8  
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2 4  
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c 
C .6  
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0.9 
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1 2  
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3.2 
3 . 2  
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7 . 0  
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1 1  
2 .I 
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I .r 
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1 .I 
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3 
0.9 
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s 
3 . 3  
3 . 3  

3 3  
6.3 
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1.3 
1.3 
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6.6 
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3 1  
5.9 
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1.1 
1.1 

0 
0 . u  
3 . 3  
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0.0 
3.3 

7 9  
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1.3 
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3 4  
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b .S 
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0.0 
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0.0 
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1.5 
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Table 12. Distribution of Wind Directions and Speeds at the WIPP 
Site, All Stabilities Combined, May 1978 

DIRECT I O N  
S P f E O  (NPSb NNE NE EhE rs ESE SE S S E  5 SfY SY Y S Y  Y YNY NU NNY N i o i a L  

5.1- 8.0 
(1) 
t 2) 

ALL S P E E D S  
(1 )  
t 2) 

2 
0 . 3  
0 03 

6 
0 a 9  

0.9 

4 
0.6 
t i e 6  

0 
0.0 
0.0 

1 
0.2 
0.2 

0 
0 .o 
0 .o 

1 3  
2.3 
2.0 

3 
0.5 
0.5 

5 

Cl.8 

5 
0 .8  

0.8 

u. a 

2 
0 e3 
0.3 

I 
a b 2  

0.2 

n 
0 .o 
3 .O 

1 6  
2.4 
2.r 

3 
0.5 
0 05 

7 
1.1 
1.1 

9 
1.4 
1 .') 

1 1  
1.7 
1.7 

0 

0.0 

3 
0 .5  
c .5 

3 3  
5 .cl 
5 .0 

0.0 

2 
0.3 
0.3 

3 
0 05 
0.5 

6 
0.9 
0.9 

5 

J . 8  
3.8 

6 
0.9 
0.9 

0 
3.0 
0.0 

22 
3 . 3  
3.3 

2 
0 -3 
0 -3 

19 
2 e 9  

2 e9 

7 
1.1 
1.1 

4 
0.6 
'3 e 6  

1 
3.2 
0 .2  

3 
0.0 
0 .O 

3 3  
5 .i3 
5 e 0  

11 7 
1.7 1.1 
1.7 1.1 

27 1 4  
4 . 1  2.1 
4.1 2.1 

3 3  36 
5 . 0  5 .4  
5 . 0  5.4 

2 8  3 4  
4 .2  5.1 
4.2 5 .1  

3 5 

0.5 0 . 0  

0 0 
0 . 0  0.0 
0.0 0.0 

1 0 2  5 6  

0.5 0 . 8  

15.4 12 .5  
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9 9 
1 . 4  0.6 
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2.7 1.8 
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3 1  I 
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2.3 0.6 

0 1 
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0 . 0  0.2 

0 0 
0 . 0  0.0 
0 . 0  0.0 

7 3  28 
11.0 4.2 
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6 rr 4 9 2 3 2 
0.9 0.6 0.6 0.6 0.3 0.5 0.3 
0.9 0.6 0.6 0.6 0.3 0.5 0.3 

11 9 5 5 6 5 6 
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3 11 27 8 1 9 7 
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- 
3 6 8 0 2 1 2 
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42 44 6 4  2 9  19 23 27 
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10.3 
10.3 

1 5 8  
23 09 
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21 7 
32.8 
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170  
25 o f  
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6 b $  
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9 9  .s 
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Table 14. Distribution of Wind Directions and Speeds at the WIPP 
Site, A l l  Stabilities Combined, July 1978 

D I ? E C T  I O N  
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1 .o 
1 .o 
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0 e 3  
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0 .o 
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5.0 
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0 e l l  

1 9  
1 .s 
1.5 
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0 .o 
0.0 

5 
0 -7 
3.7 
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0.6 
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1.2 
1 .2 
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3.0 
3.0 

1 
'3.1 
J . l  

16 
2.6 
2 . 6  

2 
0.3 
0 - 3  

7 
1 .o 
1 .o 

8 
1 . 2  
1.2 

6 
0 e 9  

0 r9 
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0.4 

0 
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3.0 

2 6  
3 e 8  
3 - 0  
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7 
1 . O  
1 .o 

13 
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5 
3.7 
0.7 

1 
3.1 
J.1 

1 
J . 1  
9.1 

2 a  
4.1 
4.1 

3 
1.3 
1.3 

39 
5 .7  
5.7 

15 
2.2 
2.2 

1 
0.1 
0.1 

3 
J 
0 .o 

il 
1.0 
3.3 

64 
9.4 
9 . 4  

13 
1 r 9  
1.9 

83 
12.2 
12.2 

107 
I5 .7 
15 e 7  

3 8  
5 -6 
5.6 

3 
0.4 
D . 4  

0 

9 . 0  

24 4 
z 5 . e  
35.8 

0.0 

7 
1 .o 
1 .o 

22 
3 - 2  
3 .2 

d 7  
12.8 
1 2 . 8  

6 4  
9 .4 
9.4 

3 
3 . 4  
0.4 

3 
L i e 0  
3.0 

1.23 
'6.9 
26 e 9  

5 6 4 3 0 0 0 0 0 
0.7 0.3 0.6  0.4 0 . 0  0.0 Q.D 0.0  0 .0  
0 .1  0.3 0.6 0.4 0.0  0.0 0.0 0.0 0.0 

3 0  3 1 1 0 0 0 (I 6 
9.4 1.3 0.1 0.1 9.0 0.0 0.0 0.6 0.9 
4 . 4  1.3 3.1 0.1 0.0 0 . 0  0 . 0  0 . 6  0.9 

26 5 1 1 0 0 0 0 2 
3.8 0.7 0.1 0.1 0.0 0.n 0.0 0.0 0.3 
3 . 8  n.7 11.1 0.1 0 .0  3.0 9.0 0.0  0.3 

1 3 0 0 C D 0 0 1 
0.1 0.0 3.0 0.0 0 . 0  0.0 5.3 0.0 0.1 
0.1 0.0 3.0 0 . 0  0.0 0.0 0 . 0  0 .0  0.1 

0 I) D 0 c) 0 0 0 0 
0.c u.s 5 . 0  3.0 0 . 0  0.0 0 . 0  0 .0  0.0 
0.0 0.0 C O O  0.0 0.c 0.9 3.0 0 .0  0.0 

9 0 3 0 0 D 0 0 0 
0 . 0  G.Q 3.0 0.0 0.0 0.3 0.0 0 . 0  0 .0  
3.0 0.0 0.J 3.0 0.0 0.0 D . 0  0.0 0 . 0  

51 
7 .s 
7 05 

221 
32.5 
32.5 

271 
39 .8  
39 0 8  

124 
18.2 
1 8  e 2  

13 
1.5 
1 e 5  

2 
0 -3 
0 e 3  

679 
99 e 7  
99.7 

( l I = P E R C E N T  OF ALL G O J D  O e S  F O R  T H I S  P 4 6 L  
( 2 J - P E R C E N T  OF ALL G O L D  O F 5  FQH THE P E R I O O  

681 6000 H H S  2 HPS I 0.3 P C T l  L F S S  THAN 0.3 F-PS 744 H?S I N  THE T I R E  P E R I O D  91 -5 PCT D A T A  RECOVERY 



I 

0.0 
0'0 
0 

9.0 
9.0 

Z'LI 
Z* LT 
60 1 

6'0 0.0 0'0 0'0 0'0 Q't 0'C D'0 O'G G'C 0'0 C'U O'C J'O Do@ 

0 0 0 G 0 C G 0 c 0 D c c c 0 

0'0 0.0 0'0 0'0 O'C O'C O'C Q'C O'C Z'D 0.C C'O C'G 5'0 O'Ci 

C 0 0 c; 0 0 0 t. 0 I n 0 n E 0 

lL.0 0.0 2'0 2.0 2'0 COO Z'Ci Z.0 6.1 h*L I'I 6.0 h@I 8'2 S*C 
EO0 0.0 Z'C 2.0 2'0 0'0 Z'C 2'0 6.1 C'f 1.1 6'C h*T 8.2 S'C 
2 0 I I 1 0 I I z 1 1.h 1 9 6 

8.0 6.0 9'1 6.0 8'0 8.0 SO0 1'1 5'8 8.6 L.5 2.0 E'I 1'2 Z'Z 
8'0 6.0 9.1 6.0 8'0 8'0 S'D 1.T S'8 8'6 L*S 2'0 Eel 1.Z Z'Z 
S 9 01 9 5 5 f f Cr, 29 9s I 8 

0.0 0.0 0.0 0.0 0'0 0.0 O-C 0.0 0.c 0.0 P*C D*O COG C*C o*c 

0.0 0.0 0.0 0.0 0-G 0.0 0.t 0.0 0-0 2-0 0.0 P*G O*C s*o 0-c 

bl E 

TI CI 

9'0 
9'0 
h 

1*SS bot 6.0 f.1 6'0 I'I L'f 9'1 O'C 2'5 6.S 6.5 C'Z 6.O 8.0 U'C 5.0 tZJ 
IOES b.1 6.0 f.1 8.0 I'I L.1 9.1 0.h Z'S 8's 6'5 C'Z 6.r 8.G 8.0 S'O (1) 
602 6 9 8 S 1 IC 01 52 FE hZ LE SI 9 S 5 , 'E 00% -5'1 

9. O? 9.0 8.C 0'0 6.0 P'D 5'0 9.C 1'1 9*@ 9.0 b.1 9.1 2'0 Z'G e'[! f.0 (2) 
9.01 9.0 8.0 0'0 6'0 E'O S'O 9.0 1.1 9.0 9*@ h.1 9.1 7'P Z'L! 8'0 E'Q 11) 
L9 b S 0 9 2 f h 1 h h 6 01 1 I S z b*I -f.O 

WlOl N RNN nN nNn n nsn ns nss s 355 3s 353 3 3N3 3N 3NN (SdW) 033dS 
NOI IJ~M a 

3 



a - 3 I
 

z a
 
z z 1
 

z I
 

z a a A
 

a a
 

A
 

a
 

n
 

n d
 

n
 

n bl 
n J n

 
U

 

l.4 J
 

L
 

J
 

J
 

L: J C c 

w
e

e
-

 
O

D
.

.
 

M
M
 

d
-
 

0
9

6
 

0
0

 
0

.
 

-
4

-
4

 

d
d

 
.. 

a
9

9
 

0
0

 
.. 

w
d

-
 

d
d

 

.. 

M
m

m
 

0
0

 
.. 

a
9
3
 

n
o
 

.. 
h

d
-

4
 

4
-
 

.. 
O

I
f

f
 

.. 
c

.
I
c

I
 

.o O
I e
 

o
n

 
.. 

a
f

f
 

.. 
4

"
 

N
M

M
 

n
o

 
.. 

m
dlnrrr 
0
0
 

.. 
"

N
n

I
 

0
0
 

.. 
0
9
9
 

d
.
.
 

-
4

 

m
u

lm
 

.. 
o
a
 

c
.
-
 

4
N

 
f
r

r
 

. M
 

I M
 

0
 

d
t-4

 

o
?
a
 . 

0
0

 

0
0

0
 

0
0

 
.. 

0
 0

.0
 

0
0

 
.. 

O
O

Q
 

0
0
 

.. 
N
M
M
 

O
C

I 
.. 

O
9C

I 

"
9

9
 

0
0

 

o
n
 

0
 c;' 

.a 
0
'
3
 

-
N
N
 

n
m

 
.. 

N
T

; r7
 

o
n

 
.. 

M
 N

 nJ 

o
n

 
.. 

~
q

n
 

0
c
1
 

0
0
0
 

0
 (3

 
.. 

m 
ul 

L" 

O
C

2
 

.. 
0
0
0
 

0
.
I
)
 

.. 
0
0
0
 

o
m
 

.. 
C

I
I

 

- (
4
 

P
u

r
 

3
 

I r
(
 

r
(
 
. T. 

O
9

 7 
P
O
 

0
0

0
.
 

0
0

:
 

"
9

9
 

0
6
9
 

. 0
0

 

0
0

 

3
0
 

. 0
0

 

0
0

0
 

0
0

 
.. 

0
0
0
 

0
0

 
.. 

o
 r. n

o
 

r
l?

?
 

0
0
 

3
 0
 0
 

0
0
 

.. 
a
a
c
 

.. 
3

0
 

n
o

m
 

0
0
 

.. 
n

3
0

 
0
 CJ 
.. 

0
 
;3

 0
 

n
o

 
.. 

"
4

9
 

0
0

 

0
0
0
 

o
n

 
.. 

o
c
o
 

O
G
 

.. 
I

n
 

4
N

 
f

u
r

 

c3 
.-4 

LT 
W

 
2. 0 

20 



L* 66 
L' 66 
bIL 

h.0 
b* 0 
f 

S* I 
s* 1 
TI 

0.11 
0.11 
6L 

h* 6f 
9.6s 
Z8Z 

6* hf 
6*hf 
0 EZ 

b*ZT 
h'ZI 
68 

5.h 
S'h 
ZE 

C.0 
0'0 
t 

0'0 
0'0 
t 

f* T 
f*T 
6 

SO 1 
E* I 
6 

8.0 
8'0 
9 

I* I 
1- T: 
8 

S'Z 
S'Z 
81 

0'0 
0'0 
0 

0.0 
0.0 
0 

0'0 
0'0 
0 

8.C 
8.0 
9 

h* I 
h'I 
OT 

f '0 
S.0 
2 

f*h 
E'h 
If 

0'0 
0.0 
0 

0.0 
0'0 
0 

O'C 
0.C 
@ 

L. I 
L' I 
21 

8'1 
8* I 
SI 

8'0 
8'0 
9 

f'1 8'2 
x.1 8'7. 
6 02 

0'0 0'0 
C'O 0'0 
D 0 

0-0 C'I! 
0.0 0'0 
c 0 

0'0 f.0 
O°C E'@ 
0 2 

5.0 8'0 
f.0 8*D 
z 9 

I' f 
1. s 
zz 

0'0 

C 

0'3 
0'0 
0 

S'C 
Z.C 
2 

9.0 
9.0 
h 

so I 
S' I 
11 

L'O 
L' 0 
5 

0.0 

1.9 
1'9 
Bh 

0'0 
C*C 
c 

C'O 
C' 0 
c 

h'O 
h'C 
s 

1. z 
Lo z 
I51 

C.2 
6.2 
IZ 

19 o 
L'O 
5 

E'lt 
r*tt 
1s 

0.0 
G'C 
G 

0'0 
U'C 
t 

2.2 
2.7 
91 

Z*h 
2.h 
Of 

1.1, 
I'h 
62 

P'O 
8.C 
9 

9.11 
9'1I 
E9 

t'O 
C'!? 
t 

O'C 
(3'0 
c 

f* I 
Z' I 
b 

5.C 
S*C 
ZE 

0.5 
C'S 
9E 

b.0 
8'0 
9 

1'22 
I'ZZ 
(i SI 

0'0 
C*C 
0 

O'C 
0'0 
G 

L'Z 
1.2 
61 

2-11 
Z. IT 
08 

@* L 
O'L 
CS 

E* t 
f* 1 
6 

Coo 0.0 G'fl h*O 0'0 
C.0 P'C G'C h'C COO 

C. r? 0 E 0 

C'O F'tl E'I 1.P 1'0 
0'0 0'0 f.1 T'C 1.0 
0 r? 6 I 't 

G*C 9.0 0.1 9.C 9'0 
O'L 9'G 0.1 S'C 9'C 
r. h L h h 

E'h L'I f.0 9.G 'f.0 
E*h L'l L'O 9*@ ('0 
1E 21 z h 2 

1.1 8'C 9'0 G'I E.9 
1'1 8.C 9'0 O'T EO0 

B 9 h L 2 

3 



I 

Table 18. -Di s tr ibut ion  of Wind Directions and Speeds a t  the wIPP - .  * -  S i t e ,  All S t a b i l i t i e s  Combined, November 1978 
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Table 19. Distribution of Wind Directions and Speeds at the WIPP 
Site, All Stabilities Combined, December 1978 
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Table 20. Distribution of Wind Directions and Speeds at the WIPP 
Site, A l l  Stabilities Combined, January 1979 
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Table 22. Distribution of Wind Directions and Speeds at the WIPP 
Site, A l l  Stabilities Combined, March 1979 

< I  

0 IR ECT ION 
Sk-EEb t W S )  NNE NE ENE E ESE S E  SSE 5 SSY S Y  Y S Y  Y YNY N U  NNY N TOTAL 

0 . 3 -  1.0 5 4 t 4 5 6 7 5 5 2 7 1 5 1 1 5 65 

I .  

(11 0.7 0.5 0.3 0.5 0.7 0.8 1.9 0.7 0.7 0.3 1.0 0.1 0.7 0.1 0.1 0.7 8.9 
4 2 )  0.7 0.5 0 . 3  0.5 0.7 0 .8  1.0 0.7 0.7 0.3 1.0 0.1 0.7 0.1 0.1 5.7 8.9 

1.5- 3.0 1 2  1 4  4 8 12 29 35 22 17 17 11 1 1  5 3 6 1 6  222 
( 1 )  1.6 1.9 0.5  1.1 1.6 4.0 9 . 8  3.0 2.3 2.3 1.5 1.5 0.7 0.4 0.8 2.2 30.4 
( 2 )  1.6 1.9 0.5 1.1 1.6 4.0 4.8 3.0 2.3 2.3 1.5 1.5 0.7 0.4 0.8 2.2 30.9 

3 .1- 5 0 0  9 4 1 0  17  24 36 37 19 7 8 1 2  1 9  6 1 2  7 3 220 
1 1 1  0 . 5  0.5 1.4 2.3 3.3 4.9 5.1 2.6 1.9 1.1 1.6 1.9 0 . 8  1.6 1.0 0.9 30.1 
( 2 )  0.5 0.5 1 . 4  2.3 3 . 3  4.9 5.1 2.6 1.0 1.1 1.6 1.9 0 .8  1.6 1.0 0.9 30.1 

5 01- 8 .0  2 2 5 36 17 25 7 11 0 3 15 31 6 0 3 4 167 
( 1 )  0 . 3  0.3 0.7 4.9 2.3 3.4 1.0 1.5 0.0 0.4 2.1 402 0 .8  0.0 0.4 0.5 22.9 
( 2 )  0.3 0.3 0.7 4.9 2.3 3.4 1.0 1.5 0.0 0.4 2.1 4.2 0.8 0.0 0.4 0.5 22.9 

8 .I-1 9.4 0 1 1 1 0  0 0 5 0 0 0 6 13 2 0 0 2 40 
(1) 0.0 0.1 0.1 1 .4  0.0 . 0 . 0  0 .7  0.0 c.0 0.0 0.8 1.8 0.3 0.0 0.0 0.3 5.5  
( 2 )  C . 9  3.1 0.1 1 . 4  0 .0  0.0 0.7 0.0 0.0 0.0 0 .8  1.8 0 . 3  0.0 0 . 0  0.3 5.5 

O V F A  10.4 0 0 9 0 0 0 a 0 0 0 9 5 4 0 0 0 1 3  
t 1J  0.0 0.0 0.0 0.J 9.a 0 .0  0 . 0  0 . 0  0.0 0.0 0.5 0.7 0.5 0 . 0  0.0 0.0  1.8 
t z i  0 . 0  0.0 0.0 3.5 0.0 0 .0  0.0 9.0 0.0 0 .0  0.5 0.7 0,s 0.0 0.0 0.0  1.8 

ALL SPEEDS 23 25 2 7  7 5  5 8  9 6  9 1  5 1  29 30 55  1 5  28 16  1 7  3 0  727 
( 1 )  3.2 3.4 3.0 10.3 7.9 13.2 12.5 7.8 4.0 4.1 7.5 10.3 3.9 2.2 2.3 4 .1  99.6 
1 2 )  3 . 2  3.4 3.0 10.3 7.9 13.2 12.5 7.8 9.0 4.1 7.5 10.3 3.8 2.2 2.3 9.1 99.6 

~~ 

t l ) = P E R C E N T  OF ALL C O C O  O E S  FCR T H I S  PACE 
1 2 ) = P E R C E L 1  OF P L .  ‘ 3 0 0  OPS TOR THE P E R I O D  

730 GOO0 H R S  3 HI’S t J . 4  P C T l  L E S S  THAN t . 7  WPS 7 9 4  HRS 1N THE T I R E  P E R I O D  98.1 PCT DATA RECOYERY 
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Table 23. Distribution .of Wind Directions and Speeds at the WIPP 
Site, All Stabilities Combined, April 1979 

OIRECTION 
N TOTAL Y YNY N U  NNY SPEED ( I P S )  NNE NE EkE: E ESE S E  SSE s SSY S Y  Y S Y  
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p . 0 
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' 2.7 6.5 

3 '  4 
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10 2 1  
1.5 3 . 1  
1.5 3 . 1  

1 2  4 3  
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2 0  i a  
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3 !I 
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0.4 0 . 0  
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49 
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1 
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23 
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7 1 0  
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0.4 0.4 

0 7 
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0.0 1.0 
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0 3 
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n.4 0.4 
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~~~~~~ 
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Table 29. Distribution of Wind Directions and Speeds at the WIPP 
Site, Stability E, June 1, 1977-May 31, 1979 
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Table 32. Distribution of Wind Directions and Speeds at the WIPP 
Site, A l l  Stabilities Combined, June 1, 1977-May 31, 1979 

5 . 1 -  8.3 e7 1 5 1  1 b Z  215 123  4 8 1  5 6 1  1 7 6  7.3 7 7  l Z 7  203 80 5 1  6 0  1 0 8  2714 
( 1 )  J.6 396 1.2 1.4 7.8 3.1 3.6 1.1 0.5 3.5 0.8 1.3 0.5 0.3 0.4 0.7 1 7 0 2  
( 2 1  3.6  3 .b  1 .2  1.9 0.8 3.1 3.6 1.1 0.5 3.5 0.8 l e 3  0.5 0.3 0.4  0.7 17.2 

1 4  20 1 5  5 5 1  
( 1 )  0.0 3 .2  0.5 3 . 3  r1.0 3.3 3 . 5  0.0 C.1 3.1 3.3 0.6 0 . Z  0.1 3.1 0.1 3.5 
4 2 ’ )  9.9 5.2 0 . 5  3.3 3.Q 0.5 3.5 3.L1 0.1 3.1 0.3 0.6 0.2 0.1 0.1 0.1 3 . 5  

8.1-15.4 Y 24 71( 5 2  s 4 3  7 7  0 11 23 5 5  9 8  33  

O V C R  13.4 0 8 2’3 9 1 3 z 0 J c 15  4 6  19 0 8 6 1 3 7  
( 1 )  0.0 J.1 0.1 0.1 3 . 5  0.J ; le3 i1.0 OaLI 3.0 3.1 003 0.1 0.0 0.1 9*0 0.9 
( 2 1  9.0 5 . 1  0.1 3.1 3 . 0  0.0 9.0 3.0 n.3 0.9 0.1 0.3 2 . 1  2.0 0.1 O.C 0.9 

(11  3.3 4.3 4.9 5.1 8.5 i a . 8  15.0 9.1 5.7 3 . 3  q.1 5.3 3.1 2 . 9  3 .1  3 . q  99.6 
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Table 33. One-Hour Frequency DistributionXJQ Values for the 
WIPP S i t e  

- 

O O Y N Y I h i D  D I S T A Y C E  F A X  I R U f l  5 P C T  5LJ PCT 
SECTOR 4 M E T E R S )  CH I/Q C H I  /Q CH I / Q  

t S C C  PER C U B I C  METER) 

a 05 
a05 
8 05 
805 

8 05 
805  
8!15 
805 

d s5 
8 i35 
9 t i5 
a 35 

d 35 
0 3 5  
&E5 
aq5  

37 
0 



Table 33. One-Hour Frequency Distr ibut ionX/Q Values for the  
WIPP S i te  (Continued) 

~~ ~ ~ ~~ 

D OYNY I N 0  0 I S T  ANCE YAX IMUH 5 PCT 5 0  P C l  
SECTOR 4 M E l E R S )  CMItO c w / a  CH 110 

(SEC PEli C U B I C  HETER) 

SSY 
SW 

Y S Y  
U 

"WN cl 
NW 

Nk u 
N 
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t4 f 

EN E 
E. 

C S C  
SiE 

S S E  
S 

AL L 
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2 9 1  4 
2 4 1  4 
241 4 

241 9 
2 4 1  4 
291 4 
2 4 1  4 

2'41 4 
241 4 
241 4 
2 4 1  4 

2 4 1  4 
I41 4 
241 4 
241 4 

0*45bE-03 
0 45 (J E-03 
a 45 u E- 03 
I; 45 0 E- 03 

0 . 1 3 3 1 . ' - 0 3  
0 .927E-Cl l  
0 . 7  4 OF- t i4  
0 . 8 2 0 t - U 4  

u ' 1  75 E.-C'5 
0 .u96ii-F5 
0.405 E-35 
0 . 432E-05  



Table 33. One-Hour Frequency DistributionX/Q Values for  the 
WIPP S i t e  (Continued) 

0 OYYW I N 0  D I S T A N C E  MAX IPlUH S PCT 5 u  P C l  
SECT OR (HETER SJ CH 110 CH I/Q CH 114 

( S E C  PER C U B I C  METER) 

S S Y  
S Y  

Y S Y  
Y 

4% w 
hil 

NN Y 
N 
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ZN E 
E 

rd E 

? $ E  
S E  
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4023 
4 023 
4023 
4023 

4023 
4023 
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~ 2 :  

4023 
4923 
4023 
4 923 

3.293 E - 2 3  
J .2>3 5 - 3 3  
'I e 2 9 3  E-73 
i3.293 f- 33 

3 . 7 7 :  5-23 

00697E-04 
9.615E-04 
0 e 5  8 6E-04 
3 e 5  6 3 E-CI 4 

'1 .,E- (3 4 
3 .5 !2 LE-134 
!? 0 5 G 3 c -  3 4 
3.5 15 f-04 

C.533i-96 
G e223 E-OS 
3 e 1  3GE-35 
0 01 3 8 E-05 

! I  * 5  5 L, E-05 



Table 33. One-Hour Frequency DistributionX/Q Values for  the 
WIPP Site (Continued) 

- 

C! OWN Y I N 0  D I S T A N C E  SAX IHUH 5 PCT 5 0  P C T  
SECTOR ( H E T E R S I  CH 110 C H I / O  CH I I P  

(CfC PEP C U B I C  M E T E R )  

ssbi 
su 

Y S Y  
w 

5633 
5 6 3 3  
5633 
S633 

G e 2 1 9  E-03 
& 2 1 9  E-73 
0 0 2 1 9 E - 0 3  
0 0 219 E-03 

- 

Rr454E-05 
0 a 5  1 7  E-05 
0 e255 E-CIS 
0.3 14E-55 
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N L  

EN E 
E 
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s E 

SSL 
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AL L 

5 b 3 3  
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,2 . 2 ?  9 F-If3 
;J 0 21 Y E-!,3 

I: 2? 4 E- 9 3  

IJ s3 23 E-3f 
d.277E-lrE. 
0.3 5 9  E-05 
u .3 59  E-05 
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Table 33. One-Hour Frequency DistributionX/Q Values for the 
WIPP Site (Continued) 

O O M # M I N i )  D I S T A N C E  WBlX IHiJff 5 PCT 5 0  P C T  
SECT OR I MET E!? SI CH XI0 cnrm CH I/O 

l S E C  PER C U B I C  N E T E R I  

S S d  7242 0 a 1 7 6 E- 03 3 e '12 3 5-0 4 13 a 3  15 €-OS 
SU 7242 Cl . I  7 6 E-03 0 0 3 7 7 E - 0 4  G e 3 7 C E - Q S  

US3 7 2 4 2  rj e 17 6 E-03 0 e 3  49 E- 0 4 0 o l  8CE-OS 
U 7242 i l e l 7 6 E - 0 3  0 03 3 6E-0 '4 a 0 2 2 3  E-DS 
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si 

S S E  
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7 24 2 
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7242 
7 2 q 3  

3 . 5 2  4E-174 
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0 0265 5-34 
3. '5035-0' ,  

. 256E-35  
LI e381 E-36 
0 07 25 E-96 
3.8 25 E-06 
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Table 33. One-Hour Frequency DistributionX/Q Values for  the 
WIPP Site (Continued) 

D O U N W I N D  D I S T A N C E  MAX 1lrun s PCT 5'0 P C l  
SECTOR t ! 4 E l E R S J  CH T / Q  CH I IO CH I/Q 

(SEC PER C U B I C  f l E I E R )  
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Ylu Y 
Nr l  

Nhi Y 
N 

y N  E 
N t. 

EN E 
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SSL 
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12070 0 sl! 1 E-03 
120TO G a1 1 1 E-03 
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'Y b212F-74 
J ,22 h f - 9 4  
3.21 4 E - 0 4  
0 -1 8 6E-24 
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Table 33. One-Hour Frequency DistributionX/Q Values for  the 
WLPP S i t e  (Continued) 

OOUNUIND O f S l A N C E  RAX It lUt!  5 P C T  5 0  PCF 
SECTOR t M E T E R S t  CH 110 C H l / Q  CH I/O 

( S E C  PER C U B I C  M E T E R )  

S S Y  
S Y  

Y S Y  
Y 
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E.1 3 

Nh J 
N 

241 4 0  
24140 
24S40 
24140 

24140 
24l'LO 
2 9 1 4 0  
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Table 33. One-Hour Frequency DistributionX/Q Values for the 
WIPP S i t e  [Continued) 

O O V N U I N D  D I S T A N C E  NAX inun 5 PCT 5 0  P C l  
SECTOR f N E T E R S )  CH I I Q  C H I I O  CH I f 0  

t S E C  PER C U B I C  WETER)  

S S Y  40233 
S Y  40233 

Y S U  40233 
Y 4 0  23 3 

YN u '+a233 
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Ilk Q1 40233 
N 40233 
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Table 33. One-Hour Frequency DistributionX/Q Values for the 
WIPP S i t e  (Continued) 

5 0  P C T  
CH xm 
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c 55327 rJ.29HE-C'Q 3 .443F-35  G ,477 €-a7 
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Table 33. One-Hour Frequency DistributionX/Q Values for the 
WIPP Site (Continued) 

~~ 

DOWhJUINO D I S T A N C E  MAX 1nun 5 PCT 5 0  PCT 
SECTOR (HETERSI  ai 110 CH 119 CH I/O 

f SEC PER C l B I C  METER) 

S S Y  
S Y  
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Y 
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72420  0 23 4 E-04 
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0 046 8E- 05 
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Appendix I 

CORRESPONDENCE ON ARCHAEOLOGY, HISTORIC SITES, PRIME FARMLAND, 
AND ENDANGERED SPECIES 

The prepara t ion  of t h i s  environmental impact statement has required con- 
s u l t a t i o n  with government agencies  about the  archaeological ,  h i s t o r i c ,  and 
a g r i c u l t u r a l  values  of t h e  land i n  the area of t he  WIPP s i te  and about t h e  
endangered species of p l a n t s  and animals t h a t  might be found there. This 
appendix conta ins  copies of t h e  official  correspondence through which t h e  
consul ta t ion  was carried o u t .  

Date - To - From - 
M. L. Merritt Thomas W. Merlan November 15, 1976 
Sandia Laboratories New Mexico State Historic 

Preservat ion Officer 

Thomas W. Merlan M. L. Merritt 
New Mexico State Sandia Laboratories 

Historic Preservat ion 
Off icer  

February 16, 1977 

Colin A. Heath, Manager W i l l i a m  J. Murtagh No date 
DOE W I P P  Program Keeper of  t h e  Nat ional  

Regis ter  

W i l l i a m  J. Murtagh Thomas W. Merlan N o  date 
Keeper of the National  New Mexico State Historic 

Regis ter  Preservat ion Off icer  

Thomas W. Merlan W i l l i a m  J. Murtagh A p r i l  28, 1978 
New Mexico State Keeper of t h e  Nat ional  

Historic Preservat ion 
Officer 

Reg is te r 

W i l l i a m  J. Murtagh Colin A. Heath, Manager N o  date 
Keeper of t h e  National DOE WIPP Program 

Register 

D. T. Schueler,  Manager Thomas W. MerEan November 8,  1978 
DOE W I P P  Project New Mexico State Historic 

Preservat ion Officer 

D. T. Schueler,  Manager November 30, 1979 
DOE WIPP Project 

Thomas W. Merlan 
New Mexico State 

Historic Preservat ion 
Off icer  

1-1 

,- 



From - Date - 
Thomas W. Merlan March 21, 1980 
New Mexico S t a t e  Historic 

P rese rva t ion  Of f i ce r  

D. T. Schueler ,  Manager 
DOE WIPP P r o j e c t  

Thomas W. Merlan D. T. Schueler , Manager A p r i l  10,  1980 
N e w  Mexico S t a t e  Historic DOE WIPP P r o j e c t  

Preserva t ion  Of f i ce r  

Thomas W. Merlan D. T. Schueler ,  Manager May 8 ,  1980 
N e w  Mexico S t a t e  Historic 

Preserva t ion  Of f i ce r  
DOE WIPP P r o j e c t  

D. T. Schueler , Manager 
DOE wIPP P r o j e c t  

M. L. Merritt 
Sandia Labora tor ies  

Alber t  W. Hamelstrom 
S t a t e  Conservation ist 
U.S. Department of 

Agr i cu l tu re  

D. T. Schueler ,  Manager 
DOE WIPP P r o j e c t  

J e r r y  L. Stegman 
Acting Regional Director 
Endangered Spec ies  O f f i c e  
U.S. Fish  and W i l d l i f e  

Serv ice  

Harold F. Olson, Director 
New Mexico Department of  

Game and F i sh  

Louis S. Wall, Chief May 20, 1980 
Western Divis ion of 

Pro j ec t Review 
Advisory Counci l  on 

Historic Preserva t ion  

Albe r t  W. Hamelstrom 
S t a t e  Conservationist 
U.S. Department of 

Agr i cu l tu re  

M. L. Merritt 
Sandia Labora tor ies  

W. 0. Nelson, J r .  
Regional Director 
Endangered Spec ies  O f f i c e  
U.S. Fish  and W i l d l i f e  

Se rv ice  

D. T. Schueler , Manager 
DOE WIPP P r o j e c t  

D. T. Schueler ,  Manager 
DOE WIPP P r o j e c t  

November 3, 1976 

November 11, 1976 

October 17,  1979 

November 15,  1979 

Apr i l  7,  1980 

1-2 



Sal Aa Laboratories 
Albuquerque, New. Mexico 871 15 

November 15, 1976 

M r .  Thomas W.  Merlan 
S t a t e  H i s to r i c  Preservat ion Officer 
S t a t e  Planning Off ice  
505 Don Gaspar 
Santa Fe, New Mexico 87503 

Dear S i r :  

I am working on the environmental assessment f o r  the pro- 
posed Waste I s o l a t i o n  P i l o t  P lan t  east  of Carlsbad. 
come t o  my a t t e n t i o n  t h a t  w e  need a determination from you 
as S t a t e  Hi s to r i c  Preservat ion Of f i ce r  on the exis tence of 
any c u l t u r a l  resources  t h a t  may e x i s t  on o r  near  the pro-  
posed p r o j e c t ,  and t h a t  the  p ro jec t  may impact ,  and i n  
p a r t i c u l a r  w e  need t o  know about the  exis tence of any si tes 
on the  S t a t e  Regis te r  o r  being considered f o r  the r e g i s t e r  
on o r  near  our locat ion.  

It has 

I enclose a Xerox copy of the  repor t  on the  archaeological  
survey of t h e  c e n t r a l  four  sec t ions  of the area under con- 
s i d e r a t i o n ,  made by the Agency of Conservation Archaeology, 
Eastern New Mexico Universi ty  (ENMU), and w i l l  send you a 
copy of the formal repor t  when i t  i s  pr in ted .  i4e have not  
y e t  had an archaeological  survey made of the necessary r i g h t s  
of way, but  intend t o  have one made i n  the near  fu ture .  

I a l s o  enclose two maps of the area, showing the  proposed 
withdrawal area f o r  the p ro jec t s  and the  r i g h t s  of way t h a t  
w i l l  be required f o r  highway, r a i l r o a d ,  and electric power 
l i n e  access (other u t i l i t i e s  w i l l  be  routed over one or the 
other  of these r i g h t s  of way). I should add t h a t  most of 
the  28 square m i l e s  of withdrawal area i s  t o  be used merely 
as a bu f fe r  zone with no change i n  sur face  use.  
c e n t r a l  t h r e e  square miles (included wi th in  the  four  square 
miles of t he  ENMU survey) w i l l  t he re  be mining, and a l l  
sur face  f a c i l i t i e s  w i l l  be i n  a 100-acre p l o t  on the edge 
of t h i s  core  area. 

Only i n  the  

MLM: 1151:vf 

M.' L. Merritt, Supv. 
Environmental Assessment 
Divis ion 4151 

Enclosure 

AIX) W. P. Armstrong, wo/enc. ALO J. D. Shaykin, wo/enc. 
copy to: 

1140 W. D .  Weart, wo/enc. 
d 
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STATE OF NEW MEXICO 

STATE PLANNING OFFICE 

GRACIEIA (GRACU OLIVAREZ 
STATE PLANNING OFFICER 

GREER BUILDING 
505 DON GASPER 
SANTA FE, 87503 
(5051 827-2073 

F e b r u a r y  1 6 ,  1977 

JERRY APODACL 
GOVERNOR 

M r .  M.L. Merrit t ,  S u p e r v i s o r  
E n v i r o n m e n t a l  Assessment  D i v i s i o n ,  1115  
S a n d i a  L a b o r a t o r i e s  
Albuquerque ,  New Mexico 87115 

Dear M r .  Mer r i t t :  

With r e f e r e n c e  t o  your  r e q u e s t  f o r  comments on  c u l t u r a l  
r e s o u r c e s  which  m a y  b e  a f f e c t e d  by t h e  p roposed  Waste I s o l a t i o n  
P i l o t  P l a n t  eas t  o f  C a r l s b a d  t h e  r e p o r t :  An A r c h a e o l o g i c a l  
R e c o n n a i s s a n c e  o f  S a n d i a  L a b o r a t o r i e s '  Los Medanos N u c l e a r  
Waste D i s p o s a l  F a c i l i t y ,  Eddy County,  New Mexico by J e f f r e y  
N i e l s e n  h a s  b e e n  r e v i e w e d  by  t h i s  o f f i c e .  

The recommendat ions  f o r  m i t i g a t i o n  of  a d v e r s e  e f f e c t s  on 
c u l t u r a l  r e s o u r c e s  l o c a t e d  by  t h i s  s u r v e y  s h o u l d  b e  f o l l o w e d  
and a v o i d a n c e  of  s i t e s  a c c o m p l i s h e d  whenever  p o s s i b l e .  S i t e s  
which c a n n o t  b e  a v o i d e d  s h o u l d  b e  e x c a v a t e d  o r  t e s t e d  as  
i n d i c a t e d  i n  t h e s e  recommendat ions  b e f o r e  c l e a r a n c e  c a n  b e  
g r a n t e d .  Those  r i g h t s  o f  way which  h a v e  n o t  y e t  b e e n  s u r v e y e d  
s h o u l d  b e  s u r v e y e d  as  soon  a s  p o s s i b l e  so t h a t  recommendat ions  
f o r  t h e  m i t i g a t i o n  of  a d v e r s e  e f f e c t s  on  any  r e s o u r c e s  l o c a t e d  
w i t h i n  t h e s e  areas may b e  i n c l u d e d  i n  t h e  o v e r a l l  m i t i g a t i o n  
p r o p o s a l .  

S e v e r a l  o f  t h e  s i t e s  l o c a t e d  by t h e  s u r v e y  may meet t h e  
c r i t e r i a  f o r  e l i g i b i l i t y  f o r  n o m i n a t i o n  t o  t h e  N a t i o n a l  
R e g i s t e r  of  H i s t o r i c  P l a c e s .  However, t h e r e  a r e  c u r r e n t l y  
no s i t e s  l o c a t e d  w i t h i n  t h e  28 s q u a r e  m i l e  w i t h d r a w a l  which  
a r e  e n t e r e d  i n  e i t h e r  t h e  N a t i o n a l  R e g i s t e r  o r  t h e  S t a t e  
R e g i s t e r  of  C u l t u r a l  P r o p e r t i e s .  

Should  you h a v e  any  f u r t h e r  q u e s t i o n s  r e g a r d i n g  t h i s  
mat ter ,  p l e a s e  do n o t  h e s i t a t e  t o  c o n t a c t  t h i s  o f f i c e .  

S i n c e r e l y ,  

TWM: j f 

Thomas W. M e r l a n  
S t a t e  H i s t o r i c  
P r e s e r v a t i o n  O f f i c e r  
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Department of Energy 
Washington, D.C. 20545 

D r  . W i  1 1 i am Mur t agh 
Keeper of the Na t iona l  Reg i s t e r  
Her i t age ,  Conservat ion and Recrea t ion  Se rv ice  
U.  S. Department of t h e  I n t e r i o r  
Washington, D .  C .  20240 

Deat D r .  Murtagh: 

Your opin ion  r e s p e c t i n g  the  e l i g i b i l i t y  of c e r t a i n  s i tes  a s s o c i a t e d  
w i t h  the  proposed Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP), f o r  i n c l u s i o n  
i n  the  Na t iona l  R e g i s t e r ,  i s  hereby requested under the  p rov i s ions  
of 36 CFR 800.4 (a) (2) .  

The Department of Energy (DOE) h a s  been i n v e s t i g a t i n g  a s i t e  i n  south-  
e a s t e r n  N e w  Mexico f o r  a deep geo log ica l  r e p o s i t o r y .  DOE w i l l  seek 
congres s iona l  a u t h o r i z a t i o n  f o r  the WIPP and l e g i s l a t i v e  a c t i o n  t o  
acqu i r e  land and r ights-of-way needed. The WIPP w i l l  be l i censed  by 
the  Nuc lear  Regula t o r y  Cornmiss  ion.  

The WIPP w i l l  be used f o r  the  demonstrat ion of s a f e  permanent d i s p o s a l  
of t r a n s u r a n i c  wastes  produced a s  a r e s u l t  of the United S t a t e s  defense  
program. 
permanent d i s p o s a l  of so l id i ' f i ed  h igh  l e v e l  r a d i o a c t i v e  wastes .  

The WIPP w i l l  a l s o  be used f o r  experiments  r e l a t e d  t o  the  

The WIPP p l a n s  c a l l  f o r  the use  of 17,200 a c r e s  of Fede ra l  land and 
1760 a c r e s  of S t a t e  land f o r  the s i te  (and 691 a c r e s  f o r  r i g h t s - o f -  
way). Cons t ruc t ion  would remove 487 a c r e s  of land from g raz ing  tempo- 
rari ly  and 448 aczes f o r  an extended pe r iod  of time. Surface  f a c i l i t i e s  
f o r  r a d i o a c t i v e  waste handl ing  w i l l  r e q u i r e  about  100 a c r e s  above ground. 
There w i l l  a l s o  be ex tens ive  underground handl ing  and s t o r a g e  f a c i l i t i e s  
i n  the  s a l t  forfnation a t  the  WIPP s i te .  

M r .  Thomas W. Merlan, S t a t e  H i s t o r i c  P r e s e r v a t i o n  O f f i c e r ,  S t a t e  of New 
Mexico, S t a t e  Plannjng Of f i ce ,  Greer Bui ld ing ,  505 Don Gaspar, Sante  Fe, 
New Mexico, 87503, can  be contac ted  f o r  d e t a i l s  concerning the  review 
performed by the  S t a t e  of N e w  Mexico. T. Merlan s t a t e d ,  i n  a l e t t e r  t o  
M. Merritt,  Sandia Labora to r i e s ,  on February 16, 1977 - "Several  of t he  
s i t e s  loca ted  by the survey may meet t h e  c r i t e r i a  f o r  e l i g i b i l i t y  f o r  
nomination t o  the  Na t iona l  R e g i s t e r  of H i s t o r i c  P laces .  However, t h e r e  
are c u r r e n t l y  no s i tes  loca ted  w i t h i n  t h e  28 square mile withdrawal 
which a r e  en te red  i n  e i t h e r  the Nat ional  R e g i s t e r  o r  t he  S t a t e  R e g i s t e r  
of Cu 1 t u r a  1 P r o p e r t i e s  . I' 
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D r ,  William Murtagh - 2 -  

Report SAND77-7024, "An Archaeological Reconnaissance of a Proposed S i t e  
f o r  the Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP)," October 1977, by J e f f r e y  
Nielsen, Agency of Conservation Archaeology, Eastern New Mexico University,  
Por ta les ,  New Mexico, i s  enclosed f o r  your use. 

Your opinion concerning the e l i g i b i l i t y  of the si tes associated with the 
WIPP w i l l  be included i n  the Draf t  Environmental Impact Statement nowebeing 
prepared by DOE f o r  issuance i n  October 1978. 
we would be pleased t o  respond. 

I f  there a r e  any quest ions,  

Sincerely,  

Colin A.  Heath 
WIPP Program Manager 
Division of Waste Management 

Enclosure : 
Rep or t SAND7 7 - 7 024 

cc w/o encl :  
T. W. Merlan, S t a t e  His tor ic  

Preservat ion Off icer ,  NM 
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United States Department of the Interior 
Grs K:ak&T:*8&da 

ln U P L Y  mE?BR 70: 

E32-E80 
Hr. Thomas W. Merlan, SHPO 
S t a t e  Planning Off ice  
Santa Fe, New Mexico 87503 

Dear S t a t e  H i s t o r i c  P rese rva t ion  Of f i ce r :  

As you w i l l  no te  from t h e  enclosed l e t t e r ,  we have received a r eques t  
f o r  a d e t e T i n a t i o n  of e l i g i b i l i t y  f o r  i n c l u s i o n  i n  t h e  Nat iona l  R e g i s t e r ,  
pursuant  t o  Executive Order 11593 or t h e  Nat iona l  Historic P rese rva t ion  
A c t  of 1966, as amended, as implemented by t h e  procedures of t h e  Advisory 
Council on H i s t o r i c  P rese rva t ion  (36 CFR 800). 

Since determinat ions of e l i g i b i l i t y  are made i n  c o n s u l t a t i o n  wi th  the 
State H i s t o r i c  P rese rva t ion  O f f i c e r ,  w e  would a p p r e c i a t e  r ece iv ing  your 
opinion on t h e  e l i g i b i l i t y  of t h e  p rope r ty ( s )  which appear  i n  t h e  enclosed 
material a long  wi th  any documentation which you have on it and i t s  s i g n i f i -  
cance wi th in  t h r e e  weeks of r e c e i p t  of t h i s  l e t te r ,  
submit ted wi th  t h e  r e q u e s t ( s )  are enclosed for your review, as appropr i a t e .  

Copies of documentation 

We look forward t o  hea r ing  from you i n  t h e  n e a r . f u t u r e .  
hesitate t o  consu l t  t h e  Ra t iona l  Reg i s t e r  s t a f f  i f  you have any ques t ions  
concerning t h i s  proper ty .  

P l ease  do no t  

We a p p r e c i a t e  your a s s i s t a n c e  i n  t h i s  matter. 

Enclosure (6) 

I- 
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cc: Mr. Colin A. Heath 
WIPP Program Ysnager 
Division of Weste Management 
Department of  Jnergy 
Washington, D.C. 20545 

i Mr. Gregory J .  Cavanaugh, Director 
Division of Re11 Estate and F a c i l i t i e s  Management 
Department of Energy 
Washington, D . C .  20545 
Attn: \Mr. William R .  Cochran 

Advisory Council on Historic Preservation 
Denver Office 
Box 25085 
Denver, Colorado 80225 
Attn: Louis Wall 
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April 28, 1978 

Dr. William 3 ,  klurtagh 
Keeper of the National Register 
National Park Service 
1100 L St ree t ,  N.W. - Room 3209 
Washington, D . C .  20005 

Dear Dr. Murtagh: 

T h i s  o f f ice  has been requested by the Department of Energy t o  provide 
an opinion on the  e l i g i b i l i t y  for  nomination t o  the National Register of 
Historic Places of several archaeological si tes located i n  southeastern 
New Mexico. 

The s i t e s  i n  question were located by a n  archaeological survey of a 
four section area and related right-of-way which const i tutes  the core area 
of the proposed Waste Isolation P i lo t  Plant project.  Information on the 
surve-y area, survey techniques, and descriptions of the individual s i t e s  
is  included-in t h e  report en t i t l ed  An Archaeological Reconnaissance o f  a 
Proposed S i t e  fro the Waste Isolation P i lo t  Plant (WIPP) By Jeffrey Nielsen, 
Agency of Conservati on Archaeol ogy , Eastern Ne 

is  included-in t h e  report en t i t l ed  An Archaeological Reconnaissance o f  a 
Proposed S i t e  fro the Waste Isolation P i lo t  Plant (WIPP) By Jeffrey Nielsen, 
agency of Conservation Archaeology, Eastern New Mexi co University, July,  1976. 

All o f  the 33 s i t e s  located by this survey appear, on the basis o f  
survey d a t a ,  t o  be associated cu l tura l ly  and temporally, 
speci.fic economic ac t iv i ty .  The  archaeological investigation of this 
group of si tes i s  i n  our opin ion  l ike ly  t o  y ie ld  s ign i f icant  information 
on the prehistoric occupation and u t i l i za t ion  of the Los Medanos region. 
Some theoretical considerations for  such a study are outlined in the above 
referenced reDort. 

and  related t o  a 

Therefore, we believe t h a t  the 33 sites because of their relationship,  
are cont r ibu t ing  elements of an archaeological d i s t r i c t  meeting the c r i t e r i a  
of e l i g i b i l i t y  f o r  nomination t o  the National Register. The significance of 
the information which  can be obtained throuah the s c i e n t i f i c  investigation 
of these si tes becomes even more important i n  view o f  the so f a r  poorly 
defined prehistory of this area. 

as the approximately 2,600 acre,  four sect ion,  core area and right-of-way 
covered by the archaeological survey. 
cal surveys of d r i l l  pad, access roads, and t e s t  plots a re  t h a t  similar 
archaeological sites can be expexted t o  occur throughout the 18,960 acre 
withdrawal area.  

The boundaries o f  the archaeological d i s t r i c t  call bc a r b i t r a r i l y  defined 

Indications from subsequent archaeologi- 
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Hr. William 3 .  Murtagh 
April  28, 1978 
Page 2 

Should you have any questions regarding our  opinion regarding the 
significance of these archaeological s i t e s ,  do n o t  hesi ta te  t o  contact 
this off ice .  

Sincerely , 
% L J  e 
Thomas W .  Merlan 
S ta te  Historic Preservation Officer 

TWM: j f  

cc: Smokey O'Connor 
Colin A.  Heath 

, 
/ 
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United States Department of the Interior 
HERITAGE COSSERV,ZTION AND RECREATION SERVICE 

WASHINGTON, D. C. 20240 

IN REPLY REPER TO: 

E32-NR 

Mr. Colin A. Heath 
GlIPP Program Manager 
Division of Waste Management 
Department of Energy 
Waehhgtm, D.C. 20545 

Dear Mr. Baath: 

Thank you for your l e t t e r  reques t ing  A d e t e m i n a t i o n  of e l i g i b i l i t y  
fo r  Inc lus ion  i n  the National Regis te r  pursuant t o  Executive Order 
11593 o r  t h e  Xatioiisl  E i s t o r i c  Preserva t ion  Act of 1966, as amended. 
Our de te rmina t ion  appears on t h e  eaclosed ma te r i a l .  

As you unders t snd ,  your request f o r  our pro fes s iona l  judgment cocs t i -  
t u t e s  a p a r t  of t h e  Federal  planning 9rocess. 
in format ion  be i n t e g r a t e d  i n t o  t?ie Xat ional  Environnental  Pc l i cy  Act 
a n a l y s i s  i n  o rde r  to hr ivc  p b u t  7)r.p best p o e c i b l e  ~ x g r ? n  decfsicr.2.  
Tinis determinat ion does ncr: s e rve  i n  any nanner as a v e t o  t o  uses 0 2  
proper ty ,  wi th  o r  without Federa l  p a r t i c i p a t i o n  o r  a s s i s t a n c e .  
dec i s ion  on the  p rope r ty  i n  question and t h 2  s e s p o n s i b j l i c y  for 
program planning concerning such p r o p e r t i e s  lie w i t h  t h e  agency a r  
block g r a n t  r e c i p i e n t  a f t e r  the Advisory Council on E i s t o r i c  3reser - -  
va t ion  has  had an oppor tuni ty  t o  c o m e n t .  

We urge t h a t  t h i s  

Aiiy 

We are pleased  t o  be of a s s i s t a n c e  i n  the  cons ide ra t ion  of h i s t o r i c  
resources  in t h e  planning process .  

La 

William J. Murtcgh 
Keeper of t h e  Nat ional  

Enclosure 
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DETEMNATION OF ELIGIBILITY 
NOTIFICATION DISTRIBUTIOX 

d:e: State Historic Preservation officer: Mr. Thomas W. Merlan, New Mexico 

Federal Representative: Mr. Gregory J. Cavaaaugh 

Bureau Liason : 

Advsisory Counci on Historic Preservation: Denver 

&, George Sherwood 
Acting Chief 
mvironmental Safety 

6 Effects Division 
Reactor, Resea:& md Technology 
US. Department of Energy 
Washington, D.C. 20545 
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DETERMINATION O F  ELIGIBILITY NOTIFICATION 

NATIONAL REGISTER OF HISTORIC PLACES 

O F F I C E  OF A R C H E O L O G Y  A N D  HISTORIC P R E S E R V A T I O N  

HERITAGE CONSERVATION AND RECREATION SERVICE 
Request submit ted by: DOE Colin A. Heath 

Date r eques t  rece ived:  2/24/78 additional information received 5/5/78 

Name of  proper ty :  
Location :- S.E. of Carlsbad, Xew Mexico 

.. 
Archeological Sites, Waste Isolation Pilot Plant State:New Mexico 

Opinion o f  t h e  S t a t e  t ' i s t o r i c  P rese rva t ion  O f f i c e r :  

(9 E l i g i b l e  ( ) Not e l i g i b l e  ( ) No response 

Comments: "All of the  33 sites located by this survey appear, on the basis of 
survey data, to be associated culturally and temporally, and related 
to a specific economic activity ... (and are) likely to yield signifi- 
cant informtion on the prehistoric occupation and utilization of the Los 
Zedanos regicc.. . we believe thst the 33 ,sites, because of tiisii 
relationship, are contributing elements of an archaeological district..." 

The Sec re t a ry  o f  t h e  I n t e r i o r  h a s  determined t h a t  th i s  p rope r ty  f s :  

(x) E l i g i b l e  Appl icable  c r i t e r i a :  D 

Comments: 36 CFR Part 63.3 
Determination 

( ) h'ot e l i g i b l e  

Comments : 
. .  

( ) Documentation i n s u f f i c i e n t  ( s e e  accompanying s h e e t  exp la in ing  
.~ 

a d d i t i o n a l  m a t e r i a l s  r e q u i r e d )  
e,. " , 

Keeper of the National Register 

Date: HAY 2 4 1978 
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Department of Energy 
Albuquerque Operations Office 
P.O. Box 5400 
Albuquerque, New Mexico 871 15 

NOV 81979 

Mr. Thomas W .  Merlan 
State  Historic Preservation Officer 
State Planning Office 
Santa Fe, New Mexico 87503 

Dear Mr. Merlan: 

The Department of Energy (DOE) is s u b m i t t i n g  this l e t t e r  to  appraise you 
of our intention t o  construct s i t e  verification shafts and an underground 
(in-si t u )  experimentation f a c i l i t y  a t  the s i t e  proposed for  the Waste 
Isolation P i lo t  Plant (WIPP) near Carlsbad (Figure 1). This construction 
program, herein referred to  as the SPDV (S i te  Preliminary Design Verifica- 
t ion) ,  is an extension of the e a r l i e r  s i te  characterization program and 
i s  intended to  provide the additional data necessary before a f inal  s i te  
commitment can be made. We request your concurrence i n  determination of 
e f fec t  for  archaeological s i t e s  affected by the SPDV. The locations of 
the shafts and attendant f a c i l i t i e s  are indicated on the enclosed Figure 2 .  
The access road t o  the s i t e  was previously constructed fo r  borehole d r i l l -  
i n g  (ERDA-9). 

Three major archaeological surveys have been conducted by the Agency f o r  
Conservation Archaeology of Eastern New Mexico Uni versi ty on the en t i  re 
proposed WIPP s i t e :  

0 J. Nielson conducted a reconnaissance of the core area 
(Sections 20, 21, 29, and 28) and tentative rights-of-way 
i n  1976. 

0 S. C. Schermer conducted a survey of 27 miles of seismic 
survey l ines  i n  1978. 

0 R. B. Maclennan and S. C. Schermer conducted a survey of 
proposed access roads and ra i  1 road rights-of-way i n  1979. 

The f i rs t  report was forwarded t o  you on November 15, 1976. 
two are enclosed. In addition, archaeological surveys have been conducted 

The l a t t e r  

e 
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Mr. Thomas W. Merlan -2- Nfi'.! 9 '?79 

for each of the borehole d r i l l i n g  pads and access roads constructed as  
part of the overall WIPP Project. 6lld 

All archaeological si tes discovered i n  the s i t e  area d u r i n g  these sur- 
veys are indicated on Figure 2. Table 1 summarizes s i t e  descriptions and 
recommended mitigation measures for those sites which will be affected or 
possibly affected by construction of the SPDV. 

Prior t o  the start  of construction o f  the SPDV f a c i l i t i e s ,  a l l  sites 
affected by construction and "borderline" s i t e s  will be accurately mapped 
by a f ie ld  surveying crew. Fences will then be constructed around each 
of the archaeological s i t e s .  DOE and i t s  contractors will supply the 
needed support t o  the State  Historic Preservation Officer and/or his 
designees t o  allow proper removal of a r t i f a c t s  from a l l  affected s i t e s .  
We believe these mitigation measures will preserve the archaeological 
resources present, yet  allow construction of the SPDV f a c i l i t i e s  t o  
proceed. 

In previous correspondence w i t h  Dr. William Murtagh, Keeper of the 
National Register, and yourself, on May 24, 1978, the 33 s i t e s  located i n  
the 1976 Nielson survey were determined e l ig ib le  for nomination t o  the 
National Register of Historic Places under applicable Criterion D of 36 
CFR Part 63.3. 
as  practicable including sample surveys throughout the remaining outer 
Control Zones of the s i t e .  Upon completion of those surveys and prior 
t o  construction of the fu l l  WIPP repository, DOE will consult w i t h  you 
t o  comply w i t h  the requirements o f  Section 106 of the National Historic 
Preservation Act as  detailed i n  regulations detailed i n  the January 30, 1979 
Federal Register (T i t l e  36, Chapter VIII, Part 800) t o  identify any additional 
e l ig ib le  properties, request a determination of e f fec t  and implement a 
consultation process t o  mitigate or minimize any adverse effects  from fu l l  
repository construction. 

DOE plans t o  conduct further archaeological surveys as  soon 

We request your formal comments on our proposed plan for  the SPDV program 
w i t h  regard t o  archaeological resources and the mitigation of any adverse 
impacts. A response by December 14, 1979 would be appreciated. 

If  you require further information or c lar i f icat ion,  please contact Mr. 
J. M. McGough of my s ta f f  (505-766-3884). 

Sincerely, 

WIP: JMM( 2570) 

Enclosuresl 

TW Project Manager 

WIPP Project Office 
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BRUCE KING 
MVWNOR 

STATE OF NEW MEXICO 
DEPARTMENT OF 

FINANCE AND ADMINISTRATION 
PLANNING DIVISION 

ANITA HISENBERG 
DIRECTOR 

/- 

505 DON GASPAA AVENUE 
SANTA FE. NEW MEXICO 87503 

I5051 827-2073 
t5051 827-5191 

827-2108 

November 30, 1979 

Dr. D.T. Schueler, Pro ject  Manager 
WIPP Pro ject  O f f i c e  
Department o f  Energy 
Post O f f i c e  Box 5400 
Albuquerque, New Mexico 87115 

D e a r  D r .  Schueler: 

Your proposal f o r  the m i t i g a t i o n  o f  adverse e f f e c t s  r e s u l t i n g  from construct ion o f  
S i t e  Prel iminary Design V e r i f i c a t i o n  f a c i l i t i e s  a t  the Waste I s o l a t i o n  P i l o t  Plant 
has been reviewed by t h i s  o f f i c e .  

We concur w i t h  your determination t h a t  several s i g n i f i c a n t  archeological resources 
w i l l  be a f fec ted  by construct ion o f  the SPDV f a c i l i t i e s ,  t h a t  these e f f e c t s  have 
been i d e n t i f i e d  as being adverse, and t h a t  measures w i l l  be required t o  m i t i ga te  
adverse ef fects .  

We a lso concur w i t h  the  procedures you propose t o  accomplish the required mi t iga-  
t i o n  w i t h  the understanding t h a t  several addi t ional  steps are t o  be accomplished 
before the m i  t i g a t i o n  proposal i s  submitted t o  the Advisory Counci 1. 
1. Accurate mapping o f  the s i t e  locat ions i n  r e l a t i o n  t o  the SPDV f a c i l i t i e s .  
2. S i t e  s p e c i f i c  determination o f  e f f e c t  and proposed m i t i g a t i o n  procedure. 

(protect ion and avoidance o r  data recovery. ) 
3. Preparation o f  a statement o f  problem o r i e n t a t i o n  and research design f o r  

the data recovery program f o r  those s i t e s  which cannot be avoided. 

Upon submission o f  the de ta i l ed  m i t i g a t i o n  plan, we are prepared t o  request a 
determination o f  no adverse e f f e c t  t h r u  sa t i s fac to ry  m i t i ga t i on .  

We w i l l  be look ing forward t o  receiv ing your completedmit igat ion proposal. 
you have any questions regarding our recommendations do n o t  hes i ta te  t o  contact 

These include: 

, 

I f  

us. 

Sincerely, 

fJThomas W. Merlan 
State H i s t o r i c  Preservation O f f i c e r  
H i s t o r i c  Preservation Bureau 

TWM: DER: dg 
cc: Jack Mobley 1-16 



Department of Energy 
Albuquerque Operations Office 
P.O. Box 5400 
Albuquerque, New Mexico 87'1 15 

Mr. Thomas Merlan 
State  Historic Preservation Officer 
State  Planning Office 
Santa Fe, N M  87503 

MAR 2 1  1980 

Dear Mr. Merlan: 

ARCHAEOLOGICAL MITIGATION PLAN FOR SITE & PRELIMINARY DESIGN VALIDATION 
AT WIPP SITE 

As requested by your l e t t e r  of  Nove'mber 30, 1979, the WIPP Project Office has 
prepared a plan to  m i  t i  ga t e  adverse impacts t o  archaeological resources 
result ing from S i t e  and Preliminary Design Validation (SPDV) a c t i v i t i e s  fo r  
the Waste Isolation Pi lot  Plant (WIPP). T h i s  mitigation p l a n  i s  based on 
the resul ts  of an archaeological survey conducted by Mr. Scott  Schermer of 
the Agency fo r  Conservation Archaeology a t  Eastern New Mexico University. 
This survey covered the fou r  square mile area surrounding the ERDA-9 d r i l l -  
hole a t  the WIPP Si te .  

Subsequent t o  the submittal of Mr. Schermer's findings, DOE modified SPDV 
surface design features so as to  avoid impacts t o  some of the archaeological 
s i t e s .  
s i t e  to  lessen the adverse impacts of human presence near archaeological 
resources. 
Details are given i n  the enclosed "Plan t o  Mitigate Effects on Archaeological 
S i  tes . " 

Furthermore, DOE plans to impose administrative controls a t  the 

Artifacts will be collected and analyzed a t  some s i t e s  as well. 

Included as an appendix to  th i s  report i s  a copy o f  Mr. Schermer's,l,etter of 
March 3 ,  1980, i n  which he s t a t e s  his concurrence w i t h  the DOE proposed 
mitigative actions. 
survey "A Report on the Archaeological S i te  Locations i n  the WIPP Core Area 
w i t h  Mi t igation Recommendations .I1 

Also enclosed i s  one copy of the f i n d i n g s  of Mr. Schermer's 

We request your review of the proposed mitigation plan and accompanying materials 
t o  ensure f u l l  DOE compliance w i t h  the requirements of Section 106 of the Nationa 
Historic Preservation Act. We will contact you soon to  arrange a meeting on 
the mitigation plan. :~. I 

WIP: JMM(2853) 
I$ 

'See page 2 1-17 

D. T. SCilbELER/' 
D. T. Schueler 
Project Manaqer 



I 

I 

2 MAR 2.1 I$$”! 
Mr. Thomas Merlan 

Enclosures : 
1 .  SPDV M i t i g a t i o n  P lan  

-2. Archaeological S i t e  Locations I n  t h e  WIPP Core Area w i t h  M i t i g a t i o n  
Recommenda t i ons 

cc w/encl # 1 only:  

%. McGough, DOE, WIPP 
J. Gervers, Governor’s Task Force f o r  WIPP, SF 
R. N e i l l ,  EEG, SF 

G.  Hohmann, Westinghouse WIPP cc wo/encl : 
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BRUCE KING 

DAVID W. KING 

GOVERNOR 

SECRETARY 

STATE OF NEW MEXICO 
DEPARTMENT OF 

FINANCE AND ADMINISTRATION 
PLANNING DIVISION 

ANITA HISENBERG 
OIRECTOR 

A p r i l  10, 1980 

D r .  D.T. Schueler 
P r o j e c t  Manager 
Waste I s o l a t i o n  P i l o t  P l a n t  
Department o f  Energy 
Post  O f f i c e  Box 5400 
Albuquerque, New Mexico 87115 

Dear D r .  Schueler: 

505 D O N  GASPAR AVENUE 
SANTA F E .  NEW MEXICO 87503 

I5051 827-2073 
(5051 827-5191 

827 - 21  08 

The Plan t o  M i t i p a t e  E f f e c t s  on Archeolog :a1 Resources; S i t e  and Pre- 
l i m i n a r y  Design V a l i d a t i o n  (SPDV), ldaste i s o l a t i o n  P i l o t  P lan t ,  Eddy 
County, New FJlexico by J.S. Har t  and L.M. Brausch has been reviewed by 
t h i s  o f f i c e .  

It i s  o u r  o p i n i o n  t h a t  procedures o u t l i n e d  i n  the ’p lan  are adequate t o  
m i t i g a t e  d i r e c t  and i n d i r e c t  adverse e f f e c t s  o f  the  SPDV f a c i . l i t y  on 
s i g n i f i c a n t  c u l t u r a l  resources. ,This de terminat ion  i s  app l i cab le  o n l y  
t o  the  SPDV f a c i l i t y  as p resen t l y  designed. 
f u l l  development o f  MIPP w i l l  o f  course r e q u i r e  considerati.on o f  a d d i t i o n a l  
m i t i g a t i v e  ac t ions .  

A dec i s ion  t o  proceed w i t h  

We a l so  b e l i e v e  t h a t  data recovery and ana lys is  orocedures t o  be employed 
a t  those s i t e s  t o  be collected;tested, o r  excavated a re  approDr ia te and 
w i l l  i n s u r e  the  preserva t ion  o f  archeologica l  i n fo rma t ion  contained w i t h i n  
s i t e s  whichcannot be pro tec ted  by o the r  means. 

S c o t t  C .  Schemer ’s  A Report on the  A.rcheoloaica1 S i t e  Locat ions i n  the  
__-_____ WIPP Core Area _ _ _  w i t h  -___ C l i  t i g a t i o n  - __ Recommendations ---- f o r  Bechtel Nat ional ,  Inc .  
was a l so  reviewed w i t h  i n t e r e s t .  
s a t i s f i e s  c e r t a i n  inadequacies p rev ious l y  noted i n  the  archeologica l  pro- 
gram f o r  lJ IPP.  We are pleased w i t h  your  e f f o r t s  t o  i nsu re  t h a t  archeolo- 
g i c a l  i n fo rma t ion  i n  the  WIPP area i s  adequately recorded and understood. 

The i n fo rma t ion  conta ined,  i n  t h i s  r e p o r t  

Should you have any quest ions re?ard ing our  conirlents on the SPDV m i t i g a t i o n  
plan, do n o t  h e s i t a t e  t o  contac t  t h i s  o f f i c e .  

S incere ly ,  

Thomas W. Merlan 
S ta te  H i s t o r i c  Preserva t ion  O f f i c e r  
H i s t o r i c  Preserva t ion  Bureau 

TWM: DER: dg 
cc: Louis S. Wall 

John Gervers 1-19 



BRUCE KING 

DAVIO W. KING 

GOVERNOR 

SECRETARY 

STATE OF NEW MEXICO 
DEPARTMENT OF 

FINANCE AND ADMINISTRATION 
PLANNING DIVISION 

ANITA HISENBERG 
DIRECTOR 

505 DON GASPAR AVENUE 
S A M A  E. NEW MEXICO 87503 

1505) 827-2073 
I5051 827-5191 

May 8, 1980 

D r .  D.T. Schueler 
Pro ject  Manager 
WIPP Pro ject  O f f i c e  
A1 buquerque Operations O f f i c e  
Department o f  Energy 
Post O f f i c e  Box 5400 
A1 buquerque, New Mexico 87115 

Dear O r .  Schueler: 

As I stated i n  My A p r i l  10, 1980 l e t t e r ,  i t  i s  my opinion t h a t  the 
Plan t o  M i t i a a t e  E f fec ts  on Archeological Resources; S i t e  and Pre- 
l im ina ry  Design Val idat ion (SPDV), Waste I s o l a t i o n  P i l o t  P lant  
contains adequate data recovery and p ro tec t i on  measures t o  sa t i s -  
f a c t o r i l y  m i t i g a t e  adverse ef fects  on s i g n i f i c a n t  c u l t u r a l  resources. 

I therefore concur w i t h  your determination o f  no adverse e f f e c t  f o r  
t h i s  undertaking provided t h a t  the m i t i g a t i o n  p lan i s  implemented 
as stated. It i s  my opinion t h a t  the c r i t e r i a  and reauirements s e t  
f o r t h  i n  Parts I a d  I1  o f  the Advisory Counci l 's Guidelines f o r  
Making "Adverse Effect"  and No Adverse E f f e c t  Determinations f o r  
Archeological Resources i n  Accordance w i t h  36 CFR Par t  800 a re  
being met. Spec i f i ca l l y ,  I can c e r t i f y  t h a t  the a f fec ted  
archeological resources-meet Par t  I: C r i t e r i a  2 and 3a, b, and c. 

Should you have any questions regarding my concurrence w i t h  t h i s  
determination, do no t  hes i ta te  t o  contact  t h i s  o f f i c e .  

Sincerely, 

Thomas W. Merlan 
State H i s t o r i c  Preservation O f f i c e r  

TWM: DER;dg 
cc: Louis S. Wall 

John Gervers 

1-20 
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Department of Energy 
Albuquerque Operations Office 
P.O. BOX 5400 
Albuquerque, New Mexico 871 15 

Mr. Louis S .  Wall, Chief 
Western Division of Project Review 
Advisory Council on Historic Preservation 
44 Union Boulevard, Suite 616 
Lakewood, Colorado 80226 

Dear Mr. Wall: 

REQUEST FOR COUNCIL COMMENTS 

Enclosed are three (3) copies of the "Plan to Mitigate Effects on 
Archaeological Resources ,'I for the Site and Preliminary Design 
Validation Program for the Waste Isolation Pilot Plant Site i n  
Eddy County, New Mexico. T h i s  report was prepared t o  comply w i t h  
the requirements of Section 106 of the National Historic Preservation 
Act of 1966 and Section 2(b)  of Executive Order 11593. 

Correspondence documenting approval of the plan by Mr. Thomas W. Merlan, 
the New Mexico State Historic Preservation Offlcer, is  included as 
Appendix A of the report. Also included i n  Appendix A are le t te rs  
from Mr. Merlan and Mr. Scott Schermer o f  the Agency for  Conservation 
Archaeology suppor t ing  a determination of "NO Adverse Effect" to 
archaeological resources as a result of SPDV act ivi t ies  a t  the WIPP 
Site. Appendix B of the report consists of specific res onses t o  
the information requirements required by 36 CFR <800.13(a ! 
Also enclosed are two (2) copies o f  Scott  Schemer's "A Report on 
the Archaeological Si te  Locations i n  the WIPP Core Area w i t h  
Recomnendations for  Bechtel National, Inc." T h i s  document details 
characteristics 6f the archaeological s i t e s  discussed i n  our 
mitigation plan. 

We believe that this information meets our responsibilities for 
documentation of a determination of "NO Adverse Effect" t o  
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Mr. Louis S. Wall 2 
MAY i:C;1980 

archaeologi cal resources. We request t ha t  the Advisory Counci 1 on c Historic Preservation comment on this determination pursuant t o  
36 CFR 800.6. 

S i  ncere ly , 
o p , ~ y : : , ~ ~  ?C:!ED BY 
D. 7. S i i i l l E L E R  
D. T. Schueler 
Project Manager 

WIP: JMM WIPP Project Office 

Enclosures : 
1. “Plan to  Mitigate Effects on 
Archaeological Resources f o r  SPDV” ( 3  copies) 
2. “ A  Report on the Archaeological 
S i t e  Locations i n  the WIPP Core Area 
w i t h  Mi t igation Remmmendations” ( 2  copies) 

cc w/encl no. 1 (1 copy). 3 ,  McGough, WIPP P/O, ALO 
3 .  Gervers, WIPP Task Force 
R. Neill, E E G ,  Santa Fe’ 
A. Zirmnerman, BLM, Santa Fe 
A. Ramage, BLM, Roswell 

cc w/o encl: G. Hohmann, - W-WIPP Proj. 
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Sandia Laboratories 
Albuquerque. New Mexico 87115 

November 3, 1976 

Mr. Albert W. Hamelstrom 
517 Gold Avenue SW 
P. 0.  Box 2007 
Albuquerque, NM 87103 

Dear Si r :  

I a m  i n  the process of preparing inputs f o r  a Draft Environ- 
mental Impact Statement on the  proposed Waste I so l a t ion  P i l o t  
Plant t o  be used fo r  experiments r e l a t ed  t o  the storage of low 
and intermediate level nuclear wastes i n  the  bedded s a l t  of 
the  Delaware Basin, east of Carlsbad, New Mexico. 

I have j u s t  been informed t h a t  I must s o l i c i t  a determination 
from the USDA Rural Development Committee on whether there  are 
any ''prime o r  unique farmlands" located within the pro jec t  area.  
I would be very much surprised i f  there were, but nevertheless 
I need a formal statement on the subject. 

The area pro osed includes a l l  o r  p a r t  of Sections 7-11, 14-23, 
26-35 of T. $2 S. 
Sections 12-13, 22-25, 36 of T. 22 S. ,  R, 30 E. ; and Section 1, 
T. 23 S., R. 30 E. 
the  area which would overl ie  the underground workings includes 
only Sections 20-21 and 28-29, T. 22 S. ,  R. 31 E. A l l  the land 
mentioned is i n  Eddy County, New Mexico--see map enclosed. 

If there are any fu r the r  questions, please phone me a t  264-3540. 
Thank you for your cooperation. 

R, 33 E,; Sections 2-6 of T. 23 S . ,  R. 31 E. ; 

Most of t h i s  land w i l l  merely be buf fer  zone; 

Yours , 

M. L. Merritt, Supervisor 
Environmental Assessment D i v .  1151 

~JM:1151: jeh  

Enclosure 

copy to: 
SA0 L. P. Apodaca w/encl. 
ALX) W. P. Armstrong w/encl. 
1140 W. D. Weart w/encl. 

d 
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UNITED STATES DEPARTMENT OF AGRICULTURE 
SOIL CONSERWATION SERVICE 

Box 2007, Albuquerque, IVM 87103 

November 11 , 1976 

PSr. M. L. Merritt, Supervisor 
Environmental Assessment Division 1151 
Sandi a Laboratories 
A1 buquerque NM 871 15 

Dear Mr. Merritt: 

In response t o  your request of November 3, 1976, the s i t e  and buffer 

zone fo r  the proposed Waste Isolation P i lo t  Plant i n  Eddy County, New 

Mexico, does not include prime or  unique farm lands according t o  Soil 

Conservation Service c r i t e r i a .  The area considered was tha t  shown 

on the map provided w i t h  your letter. 

Sincerely, 

\ 

A. W .  Hamelstrom 
State  Conservati oni s t 

1-24 
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P I N K  C O P Y  

nF. Y. 0. llelson, Jr. 
i l e g I 0 ~ 1  Director 
U. S. Flth ti Ylldllfe Sercvlce 
Endangered Specles O f f l c e  
6 .  0. Box 1306 
Albuquergue, NM 87103 

REQUEST FUR LIST OF ERDABlGEED SPECIES AFFECTED BY YIPP SITE 

the &partawit o f  Em 
Isolation Pllot Plant T MIPP) s t  a rlte mar Carlrbad, Ikw k x l c o .  The 
WIPP wlll &e a pemment mrposltoy for low- and ~atemdlate~lewl defense 
related nuclear wastes wblch wlll be emplaced I n  a bedded salt formation 
underlying the site. As a part  of thlt program, the Saadlr Laboratorlet, 
under contract b the DE, bas- funded e%tenslve studies of the envlrwrwcntal 
blology of the s i te .  ntem studles am Intended 80 provide Intomtion for  
use I n  the Environmental Impact Statslnent as well u to establish Basellne 
data for the loag-tern emleglcrrt amonltorlng o f  the slte. 

l h l s  letter conrtltutes a fotrnal mqwst for year Offlee to provlde a l lst  
of  threatened and endangered specltits that 
YIPP faclllty, us mcplncd by Sectlon 7 of  the 1948 pendmnts to the 
Eirwgered Species Act o f  1973. 

You mqy flnd the fallmImg daforssatfon useful l o r  msenbllng tu& a llst. 

The YIPP rlte Is about 25 rlles east  of Carlsbad In E&& County, Hew llexlco 
ubd covers an area of 18,%0 acms, all federal and s t u b  lmd. BIologlcrl 
rW1at have encompassed 8 sewwhat larger a m .  The floral sssodatlms 
an tke %It@ are chamckrlotl'c @f the Chlhuahw RagIonr o f  the Oetert 
Shrub rncl Grarrlmd,ForsrebQont. soglc Plalns Regfon coaponcnts we present 
a well .* The s l te  mglon I s  grazed by cattle throughwt the year and 1s 
ttOC(i4d r t  a level o f  &@ut olx head per sectlon. 

+Donart, 6. 
Vegetation o f  b u  Hextco. U. 3. Bepartmat of the Snterlor, Wl Con- 
servation Servlce, Portlend, Oregon. 

( D O E )  i s  conctderlng the catrrkvction of a Waste 

&e affected by the proposed 

0. 0. Sylvester, and Y. C. Hickey, 1978. Potentla1 Natural 

S A d p k S & S S  PRd'kROL F I # ' h  BR D!bphOJ HGR P!&pMGR 3 - Hc60ug01:trk Bellolws Dintman Rudolph Schuel er 
10/17/79 IO/ 179 IO/ /79 IO/ /as lo/ 179 
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2 OCT 1 7  1979 

The portdon o f  a e  Waft Eav tal I-ct Statesaant ( ~ E l S O O 2 6 - D )  I t  
enclosed that &WIs the I n  on ava9l&t?lt to 1w concernlag threatened 
mi endangemd s p d o r  OIR QP mar the slte.  F W U  data obtalned rlnce the OLIS 
was prepared agcmtfta@s some nrodlflcat4ons o f  the ttataerents concerning 
thmmtened dtRd mdatlg?red flsh speclars. Dp. 3wer krbletts of Lastern 
~lew B Q ~ X ~ C O  ilSr4vedty (ENMU) I n  Pertaht, W#, the princtpal investigator 
for #e aquatlc a b d l e s  psrtlon of the WIPP Biology Program, has conduced 
field stud&& I n  1978 and 1979 a t  elght sataptlag stations on the Peat River 
between S I X  Mile &m and Red Bluff Reservoir. HIS 9978 findfngs (stmarlzed 
tn #e table attached) lncludard $he fol lwlng tnfomtlon, 8f the mlneteen 
specles o f  f lsh fer the length o f  the P e a s  Rlver under study. three are 
currently listed by the S b t s  of #e# #exlco as belng threatened or endangered. 
They are: the P@cos Rlver Pupflsh, the Ralmater t t th ,  8nd the Gray 
Redhorse. W .  Wlette found several thrlvlng populrtlonr o f  the flrst &o 
species and has remmen&d that they be "dellrtsd.' The MIrd I s  rare I n  
the Pecw but eaode~ate populations are found I n  the Black Mwr drainage. 
The Black rfver &Ins the Pews mar tialaga west-southwest of  the WIPP slte. 

Fdve rddOtiona1 species of  ffsh OR Me  state lltt were found to occur i n  
M a  Black Rdver Bra.lmg+? but not In the Pecos. ?hey ore: the 81ue Sucker, 
the Banded Tetra, the B ose Winnow, We Gmru-tdimted Darter, and the 
Pecos GaadbusOr. Bh weur only I n  the Blue Sprlng Run; the last 
speclies f s  ra1to on ral IBrt o f  threatam8 and endangered species. 

To our knowledge, the Pews &mln~sla 4s the only federally llrted species 
o f  threatened md ew~gemd fdsh that i s  found arlywrhere mar the YIPP si te .  
The only k m  poputati ?$Rln the rquatlc s&@ area ere In  the Black 
River brafnage, whtch f 1 Buffered fm aqy dfmst rssoclatlon w l t h  
dralnage b m  ehe HlPP SI& ints the Bwes. 

The foregoing InfsrrnatOon It  contained i n  the FY78 annual report o f  the YIPP 
81010gy Prograta soon to be pub9ltheU a t  Sa~~dlr t  docwnlt (SA! '79-0368). Your 
ofMce has been placed an the mllQng l % o t  for dlotrlbutloK 

Y l t h  regard k, &he awlfcImas f t  should be gllrPhas4md that the sfngle sighting 
o f  lalrd's s p a m  (New lulexlco endmgemd species) ent9aned fn the DEIS 
(Vol, 2, page H-90) I s  cpsst9onab'ls. The slghtling, mde by 4 glraduate 

ldentlflcatlon (A. k. 6ennamr personal c m n f c a t l o n ;  DP. &mar0 has 
konducted #e mamal4an a d  reptfllan.p?oFtlons o f  the WIPP rtudles for 
several years). Qr. kvPd Ligon of '  the Unfverslty of ?&tu Mexico fr na# 
Pesponsfble for rvlan ~Wdices. 

student O f  fk. A. b. mn4UYI Qf U W ,  dld not pernit tmly potltlve 
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crs QCT 17 1979 

If  you requdre f'wther Infomatdon on these bfologfcal studies, please 
contact Sieglinde Neukaurer (268-5364) or H. b. krritt (264-3540) a t  
Sandia taborabrles. QM@StdQfS cmcernlng the tpmdect lbdf should be 
addressed to @e a t  766-3304, 

Cr1:i;lsl Signed by 
D. J. SCHUELER 

1). 8. Scbueler 

UlIP:JW( 2527) 
Project Mnager 
YIPP Pmject Offfee 

Enclosures : 
1. ~ a p  o f  WIPP %e aka 
2. Section H A 4  o f  DEIS 
3. b l s t  of Tbmatened Eh Endangerad. Specleo of Flsh 

cc w/o end. K. Weuhmser, Org. 4514, SLA 
b4. krrftt,  Ow. 4514, SLA 
6. Hohwn, BBgstlRglrouse WPP Pros 
3, k h t g h ,  W A P P  PPOJ Ofc, ALO 

3 
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I N  REPLY REFER TO: c 
UNITED STATES 

FISH AND WILDLIFE SERVICE 
DEPARTMENT OF THE INTERIOR SE 

M r .  .D. T. Schueler  
P r o j e c t  Manager, WIPP Pro 
Department of Energy 
Albuquerque Operat ions Of f i ce  
P.O. Box 5400 
Albuquerque, New Mexico 87115 

Dear M r .  Schueler :  

This  is i n  r e p l y  t o  your Octob'er 1 7 , . 1 9 7 9  let ter which requested 
information about s p e c i e s  which are l i s t e d  o r  proposed t o  be l i s t e d  as 
threa tened  o r  endangered as provided by t h e  Endangered Species  Act. 
Your a r e a  of i n t e re s t  i s  t h e  Waste I s o l a t i o n  P i l o t  P l an t  s i t e  25 miles 
east of Carlsbad, Eddy County, New Mexico. 

As provided by Sec t ion  7(c)  o f  t h e  Endangered Species  A c t  Amendments of 
1978, t h e  F i sh  and W i l d l i f e  Serv ice  i s  requi red  t o  f u r n i s h  a l i s t  of 
t hose  spec ie s ,  bo th  proposed and l i s t e d ,  t h a t  may be o r  are present  i n  
t h e  area involv ing  Federa l  cons t ruc t ion  ac t iv i t ies .  

Upon r e c e i p t  of t h e  F i sh  and Wi ld l i f e  Se rv ice ' s  spec ie s  l i s t ,  t h e  Federa l  
agency au(;korizing, funding, or ca r ry ing  out  t h e  cons t ruc t ion  a c t i o n  i s  
r equ i r ed  t o  conduct a b i o l o g i c a l  assessment f o r  t h e  purpose of i d e n t i f y i n g  
l i s t e d  s p e c i e s  which are l i k e l y  t o  be a f f e c t e d  by such ac t ion .  
s p e c i e s  are included on t h e  list even though they  do not  have l e g a l  
p r o t e c t i o n  under t h e  A c t .  
l i s t e d  anytime and have t h e  p o r t e n t  t o  cause de lays  o r  modi f ica t ions  t o  
t h e  proposed ac t ion .  I n  l i g h t  of t h i s ,  we recommend t h a t  t hose  s p e c i e s  
be included i n  t h e  b i o l o g i c a l  assessment. 

The b i o l o g i c a l  assessment s h a l l  be  completed wi th in  180 days a f t e r  
r e c e i p t  of t h e  s p e c i e s  l ist ,  un le s s  i t  i s  mutually agreed t o  extend t h i s  
per iod.  The b i o l o g i c a l  assessment should inc lude :  1 )  t h e  r e s u l t s  of a 
comprehensive survey;  2) r e s u l t s  of any s t u d i e s  undertaken t o  determine 
t h e  n a t u r e  and e x t e n t  of  any impacts on i d e n t i f i e d  species; 3) considera-  
t i o n  of  t h e  cumulative e f f e c t s  upon t h e  spec ie s  o r  i t s  c r i t i c a l  h a b i t a t ;  
4) s tudy  methods used; 5 )  d i f f i c u l t i e s  encountered i n  ob ta in ing  da ta  and 
completing t h e  proposed s tudy;  6)  conclusions inc luding  recommendations 
as t o  f u r t h e r  s t u d i e s ,  and 7) any o t h e r  r e l evan t  information.  

Proposed 

Thei r  i nc lus ion  recognizes  t h a t  they  may be 

I 

Save Energy and You Serve America! 
1-28 



6$ 
For purposes of providing in te r im guidance, t h e  Fish and Wild l i fe  Service 
considers cons t ruc t ion  p r o j e c t s  t o  be any ac t ion  conducted o r  contracted 
by t h e  Federal agency designed pr imar i ly  t o  r e s u l t  i n  t h e  bui ld ing  o r  
e rec t ion  of man-made s t r u c t u r e s ,  such as dams, bu i ld ings ,  roads, p ipe l ines ,  
and t h e  l i k e .  This inc ludes  consideration of major Federal ac t ions  such 
as p e r m i t s ,  g ran ts ,  l i censes ,  o r  o the r  forms of Federal au thor iza t ion  or 
approval which may r e s u l t  i n  construction and which s i g n i f i c a n t l y  a f f e c t  
t h e  q u a l i t y  of t h e  human environment. I n  addi t ion ,  o ther  ac t ions  t h a t  
have t h e  p o t e n t i a l  of becoming o r  are cont rovers ia l ,  may be considered 
as construction. - 

I f  t h e  b io log ica l  assessment reveals t h a t  t h e  proposed p ro jec t  may 
a f f e c t  l i s t e d  species, t h e  formal consul ta t ion  process s h a l l  be i n i -  
t i a t e d  by wr i t i ng  t o  t h e  Regional Di rec tor ,  Region 2, U.S. Fish and 
Wild l i fe  Service, P.O. Box 1306, Albuquerque, New Mexico 87103. I f  no 
a f f e c t  i s  evident,  t h e r e  is no need f o r  f u r t h e r  consul ta t ion .  We 
would, however, apprec ia te  t h e  opportunity t o  review your b io log ica l  
assessment. 

The a t tached  shee t  provides information on spec ies  which may occur i n  
t h e  proposed p r o j e c t  area. 
h e s i t a t e  t o  call  upon us (505-766-3972; FTS 474-3972). 

I f  we may be of f u r t h e r  a s s i s t ance ,  do not 

Acting 

Attachment 

cc: Phoenix Area Office (SE), Phoenix, Arizona 
Ecological Services Fie ld  Office,  Albuquerque, New Mexico 
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WASTE ISOLATION PILOT PLANT 
Eddy County, New Mexico 

LISTED SPECIES 

BIRDS - 
Peregrine falcon (Falco peregrinus) -Medium sized falcon, slate gray 
above, dark head with "mustaches" below each eye. 
May occur as a spring or winter migrant. 

Bald eagle (Haliaeetus leucocephalus) - Large eagle with white head and 
tail in the adult. May occur 
as a spring or fall migrant. 

Long pointed wings. 

Imrnatures are dark, feet bare of feathers. 
Winters around lakes and along rivers in 

project area. 

MAMMALS 

Black-footed ferret (Mustela nigripes) - Extremely rare and possibly ext-inct 
in area. Generally found in association with prairie dog towns. 

FISH - 
Pecos gambusia (Gambusia nobilis) - Known from several locations near the 
project area. Found in springs and free-flowing streams. 

PLANTS 

Lee pincushion cactus (Coryphantha sneedii - leei) - Listed as threatened 
effective November 2 6 ,  1979 (FR 1 0 / 2 5 / 7 9 ,  Vol. 4 4 ,  11208, 6 1 5 5 4 ) .  A small 
pincushion-Uke cactus with wmte spines. Known only from the eastern edge 
of the Guadalupe Mountains in southwest Eddy County, New Mexico within 
Carlsbad Caverns National Park. 

PROPOSED SPECIES 

None 

CRITICAL HABITAT 

None. 
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State of New Mexico 

3 

OOVERNOR 

ORUCE KING 

mnEmon AND sEcnmnv 
TOTME COYLIISSION 

HAROLD F. OLSON 

DEPARTMENT OF GAME AND FISH 
SllllL CAl'llOL 

S A f * T A  FE 
87503 

A p r i  1 

Xr. 3 .  T. Sci-iticler 
Department o f  Energy 
Albuquerque OFerat ions O f f  i c e  
P. 0. Box 5400 
Albuquerque, New l l s x i c o  27115 

Dear Hr .  Schue le r :  

iJe have reviewed t h e  " B i o l o g i c a l  Assessment. P o t e n t i a l  Impacts on S t a t e -  
des igna ted  Endangered Species f rom t h e  Proposed C o n s t r u c t i o n  and Opera t i on  
o f  t h e  Waste I s o l a t i o n  P i l o t  P l a n t  (\.!lPP)'' and f i n d  i t  a g e n e r a l l y  a c c e p t -  
a b l e  t rea tmen t  of  t h e  s u b j e c t .  I would l i k e  t o  request  any s p e c i f i c  i n fo rma-  
t i o n  on t h e  l e a s t  t e r n  occurrence (p .  29 i n  Tab le  5) f o r  ou r  reco rds .  I n  
a d d i t i o n ,  we q u e s t i o n  t h e  occu r rence  o f  B e n d i r e ' s  t h r a s h e r  (p.  30 i n  Tab le  5 )  
i n  t h e  a rea ,  as i t  i s  n o t  v e r i f i e d  from e a s t e r n  New Mexico. 

As f o r  t h e  FEIS, we have comments as f o l l o w s :  

p .  t i -126 - add Ross' Goose and white-winged dove t o  the table. 
p .  l i-127 - ( a l s o  p .  22 i n  TME 3010) - B u t o r i d e s  veresans = v i rescens  

p. H-128 - ( a l s o  p. 29 i n  TME 3010) - Totanus = T r i n g a  
Spa tu la  = Anas 
Erol i a  = La1  i d r i s  
Ereunetes - C a l i d r i s  

-- - 
-- 

pp. H-129/H-130 - these pages a r e  reversed i n  sequence. 
p. H-1311 - Elsewherz t h e  f e r r u g i n o u s  hawk i s  l i s t e d  as y e a r l o n g  (e .9 .  

H-127; p. 3?3 i n  TME 3010), b u t  he re  t h e  da ta  show w i n t e r  
occurrences o n l y .  The l a t t e r  s t a t u s  i s  more l i k e l y  t o  be 
c o r r e c t .  

r e p o r t s  . 
p. 14-135 - The l e s s e r  nighthawk i s  l i s t e d  he re  b u t  n o t  elsewhere i n  t h e  

p. 1.1-135 - Oregon = dark-eyed junco .  
p. t i -145 - Some o f  t h e  spec ies  were d e l i s t e d  i n  May 1373 i . e .  l i t t l e  

b l u e  heron and osprey:  t h e  b a l d  e a g l e  i s  now HM 1 1 . '  
p. t l -147 - Some o f  t h e  s?ec ies  were d e l i s t e d  i n  t h y  1979, i . e .  American 

e e l ,  roundnose minnow, Pecos p u p f i s h ,  and r a i n w a t e r  k i l l i f i s h ;  
t h e  Pecos gambusia, now k4M I I ,  i s  n o t  l i s t e d  here.  
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Mr. D. T.  Schueler -2- April 7, 1980 

We have not reviewed the plant occurrences and related aspects in detail, 
but I shall request t h i s  from the Hew Mexico Heritage Program. I f  they 
have comments, they can write to you direct. 

Sincerely, 

ha-rold F. Olson 
Director 

cc: Bill Huey 
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Appendix J 

EFFLUENT AND ENVIRONMENTAL MEASUREZWNTS AND MONITORING PROGRAMS 

This  appendix d i s c u s s e s  the  materials and methods used to collect t h e  d a t a  
presented  i n  t h i s  report. It also d i s c u s s e s  t he  proposed monitor ing programs ' 

f o r  a s ses s ing  t h e  environmental  impacts of t h e  WIPP. 

J .1 PREOPERATIONAL ENVIRONMENTAL PROGRAMS 

The p reope ra t iona l  survey programs have been designed to d e s c r i b e  t h e  
e x i s t i n g  geologic ,  hydrologic ,  meteorologic ,  b io log ic ,  and r a d i o l o g i c  charac- 
ter is t ics  of t h e  reg ion  surrounding the  WIPP s i te  i n  Eddy County, New Mexico. 

J.l.1 Geology 

The purposes  of t h e  s i te  geologic  s t u d i e s  and t h e  geology s e c t i o n s  pre- 
sen ted  i n  t h i s  report are given i n  Sec t ion  7.3. I n v e s t i g a t i o n  methods f o r  
geology and seismology are d iscussed  i n  more de ta i l  i n  t he  Geological  Charac- 
t e r i z a t i o n  Report  (Powers e t  a l . ,  1978).  

Geologic s t u d i e s  f o r  t h e  s i te  f a l l  i n t o  t h r e e  d i f f e r e n t  phases: prelim- 
ina ry  s i t e - s e l e c t i o n  a c t i v i t i e s ,  s i te c h a r a c t e r i z a t i o n ,  and s t u d i e s  on long- 
range geologic  processes  a f f e c t i n g  a r epos i to ry .  
p r e s e n t  s i te began i n  1975 w i t h  t h e  d r i l l i n g  of  a hole a t  t h e  c e n t e r  of t h e  
s i t e  and t h e  s ta r t  of  seismic r e f l e c t i o n  work. Site c h a r a c t e r i z a t i o n  is in- 
tended to provide  data concerning t h e  geo log ic  a c c e p t a b i l i t y  of t h e  site. 
Resu l t s  up to late 1978 have been repor ted  i n  t h e  Geological Charac t e r i za t ion  
Report (Powers e t  a l . ,  1978) .  S t u d i e s  of long-term processes t h a t  m i g h t  af- 
f e c t  the  i n t e g r i t y  of a r e p o s i t o r y  are now t h e  major geo techn ica l  a c t i v i t y  of 
the  project personnel .  These s t u d i e s  are concerned wi th  t h e  age of  s i g n i f i -  
c a n t  f e a t u r e s  and t h e  rates and processes t h a t  have produced them. 

S i t e  c h a r a c t e r i z a t i o n  a t  t h e  

I 
This  s e c t i o n  summarizes t h e  geophysical  and geologic  methods used i n  char- 

a c t e r i z i n g  t h e  New Mexico s tudy area. 
d r i l l ed  to d a t e  (June 1980) i n  suppor t  of t h i s  program; one (ERDA-9) is a t  t h e  
c e n t e r  of t h e  si te.  Figure J-1 shows boreholes wi th in  and near the s i te .  
Table J-1 has t h e  l o c a t i o n ,  depth,  and purpose o f  boreholes  d r i l l ed  specifical- 
l y  for t h e  WIPP. These boreholes  were ex tens ive ly  logged, cored, and d r i l l -  
stem t e s t e d  i n  t h e  evapor i t e  s ec t ion .  The cores form t h e  basis for several 
cont inuing  l a b o r a t o r y  s t u d i e s  important to an understanding of t h e  phys ica l  and 
chemical phenomena associated w i t h  t h e  s i te  and c o n t r i b u t i n g  to g e n e r a l  knowl- 
edge about  t h e  formation of evapor i t e s .  
o u t s i d e  the  immediate area to o b t a i n  da t a  on s a l t  d i s s o l u t i o n .  

S ix teen  s t r a t i g r a p h i c  holes have been 

Two boreholes have been d r i l l e d  w e l l  
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Table J-1. Exploratory D r i l l  Holes i n  t h e  V i c i n i t y  of t h e  S i t e  

Total 
Designat ion S t a r t  d a t e  Purpose depth ( f t )  

AM=- 7 
AEC-7 
AEC- 8 
(deepened) 
ERDA- 6 
ERDA-9 
ERDA- 10 

P-1 
P-2 
P-3 
P-4 
P-5 
P-6 
P-7 
P-8 
P-9 
P- 10 
P- 11 
P-12 
P- 13 
P- 14 
P- 15 
P-16 
P-17 
P-18 
P-19 
P- 20 
P- 21 

H-1 
H-2A 
H-2B 
H-2C 
H-3 
H-4A 
H- 4B 
H- 4C 
H- 5A 
H- 5B 
H- 5C 

3-74 
3-74 
5-74 
6- 76 
6-13-75 
4-28-76 
8-18-77 

8-23-76 
8-25-76 
8- 26- 76 
8-27-76 
9-10-76 
9-3-76 
9-4-76 
9-8-76 
9-16-76 
9-24-76 
9-24-76 
9-17-76 
9-17-76 
9-24-76 
10- 4- 76 
9-27-76 
10-18-76 
10-19-76 
10-19-76 
10-6-76 
10-15-76 

5-20-76 
2-14-77 
2-7-77 
2-28-77 
7-25-76 
5-16-78 
5-14-78 
4-30-78 
6-13-78 
6-4-78 
6-24-78 

S t r a t i g r a p h i c  
S t ra t i g  raph ic 
S t r a t i g r a p h i c  
Deep hydrologic  
S t r a t i g r a p h i c  
S t r a t i g r a p h i c  
Deep d i s s o l u t i o n  

Potash 
Potash 
Potash 
Potash 
Potash 
Potash 
Potash 
Potash 
Potash 
Potash 
Potash 
Potash 
Potash 
Potash and hydrologic  
Potash and hydrologic  
Potash 
Potash and hydrologic  
Potash and hydrologic  
Potash 
Potash 
Potash 

Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydro log  ic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 

3918 
39 18 

49 1 0  
2776 
2886 
4431.5 

1591 
1895 
1676 
1857 
1830 
1573 
1574 
1660 
1796 
2009 
1940 
1598 
1576 
1545 
1465 
158 5 
1660 
1998 
2000 
199 5 
19 15 

856 
563 
66 1 
795 
902 
4 15 
529 
661 
824 
9 25 

1076 



Table J-1. Exploratory D r i l l  Holes i n  t h e  V i c i n i t y  
of  t h e  S i t e  (cont inued)  

Designat ion S t a r t  date Purpose Total 
Depth ( f t )  

H-6A 
H-6B 
H-6C 
H-7A 
H-7B 
H- 7C 
H-8A 
H-8B 
H-8C 
H- 9A 
H-9B 
H-9C 
H- 10A 
H-lOB 
H- 1OC 

W I  PP- 11 
W I  PP- 12 
W I  PP- 13  
W I  PP- 15 
W I  PP- 16 
WIPP-18 
WIPP-19 
WIPP-21 
WIPP-22 
W I  PP- 25 
W I  PP- 26 
WIPP-27 
WIPP-28 
WIPP-29 
WIPP-30 
WIPP-31 
W I  PP- 3 2 

WIPP- 34 
WIPP-33 

B-25 

7-7-78 
6-28-78 
6-21-78 
9-18-79 
9-13-79 
9-6-79 
9-7-79 
8-6-79 
7-27-79 
7-9-79 
8-14-79 
8-1-79 
8-21-79 
10-7-79 
8-11-79 

2-5-78 
11-9-78 
7-26 - 78 
2-8-78 
1- 11- 8 0 
2-13-78 
4-5-78 
5-24-78 
5-8-78 
8-28-78 
8-28-78 
9-12-78 
8-7-78 
10-3-78 
9-8-78 
9-18-78 
8-7-79 
7-13-79 
8-16-79 

12-1-78 

Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydr o log  ic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 
Hydrologic 

S t r a t i g r a p h i c  
S t r a t i g r a p h i c  
S t r a t i g r a p h i c  
Paleoclima to log  ic 
S t r a t i g r a p h i c  
S t r a t i g r a p h i c  
S t r a t i g r a p h i c  
S t r a t i g r a p h i c  
S t r a t i g r a p h i c  
ND-1 Hydrologic 
ND-2 Hydrologic 
ND-3 Hydrologic 
ND-4 Hydrologic 
ND-5 Hydrologic 
ND-6 Hydrologic 
S t ra  t i g  raph ic 
S t r a t i g r a p h i c  
S t r a t i g r a p h i c  
S t r a t i g r a p h i c  

S t r a t i g r a p h i c  

525 
640 
741 
15 4 
286 
420 
505 
624 
808 
559 
7 08 
8 16 

1318 
13 98 
1538 

3577 
2790 
1025 
8 10 

1330 
1060 
1038 
1045 
14 50 

655 
50 3 
59 2 
801 
376 
913 
8 10 
390 
840 

18 20 

90 2 
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Figure J-2. Industry seismic data and WlPP data from 1976. 

Many l ine-miles  of seismic r e f l e c t i o n  data were ava i l ab le  f o r  t he  s tudy 
area from petroleum companies, and 26 l ine-miles  of such data were i n i t i a l l y  
obtained by t h e  DOE (Figure 5-21, using s tandard techniques f o r  t h e  petroleum 
industry.  The data are exce l l en t  for i n t e r p r e t i n g  deeper s t r u c t u r e ,  bu t  are 
not as usefu l  f o r  showing r e f l e c t i n g  i n t e r f a c e s  i n  the  upper 3000 f e e t .  I n  
1977 about 48 l ine-miles  of new data (Figure J-3) were obtained using shor t e r  
spacings f o r  geophones, higher f requencies  from Vibroseis u n i t s ,  and higher 
rates of da ta  sampling. These da t a  show much improved r e f l e c t i o n s  from, and 
b e t t e r  r e so lu t ion  i n ,  t h e  shallow depths of i n t e r e s t .  R e s i s t i v i t y  has also 
been ex tens ive ly  used. F i e l d  tests i n d i c a t e  t h a t  r e s i s t i v i t y  can d e t e c t  cer- 
t a i n  types of so lu t ion  fea tures :  more than 9000 measurements have been taken 
i n  the s tudy area  to search f o r  such f e a t u r e s  (Figure J - 4 ) .  Addit ional  meas- 
urements of r e s i s t i v i t y  using expander. a r r ays  have been made to study resis- 
t i v i t y  changes with depth and to he lp  i n t e r p r e t  the  detailed measurements 
(Figure J-5)- 
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Figure 5-3. Seismic program, 1977. 

Investigation methods used at the site fall into the major categories of 
field geology, geophysics, geochemistry, and rock mechanics. 
of these disciplines to studies relevant to the WIPP is outlined below. 

The application 

Field qeology 

While all the methods to be discussed may be considered fundamental in the 
geologic sciences, the term "field geology" is here restricted to the inves- 
tigations and correlations of regional and local features that are available 
to the geologist through surface mapping, aerial photography, satellite 
imagery, and interpretation of borehole and other subsurface data. 

The basic starting point of the present investigations was the preparation 
of a good base map on which the topographic, geomorphologic, and surface- 
geologic characteristics could be displayed. Existing USGS topographic 
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Figure 5-4. Location map of gradient resistivity array. 

quadrangle maps and aerial  photographs were used for t h i s  purpose. 
photographs, i n  both color and black and white, were used for the surface 
mapping of geologic features. 
e l l i t e  imagery i n  reconnaissance’ style for the. southern New Mexico-west Texas 
area. 

Aerial 

Larger-scaxe features.were derived from sat- 

Data on surface geology were compiled starting w i t h  reports on earlier in- 
vestigations of the area. I t  was necessary to supplement t h i s  work w i t h  more 
detailed mapping of geologic u n i t s  i n  the immediate vicinity of the s i te .  
Visual inspection and identification of rock units. is necessary a t  t h i s  stage 
and requires months of field work. 
etation changes were useful i n  identifying geologic features for mapping. 

Observations of geomorphology and veg- 

3 
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Geomorphologic, topographic, surface, and subsurface geologic maps are a l l  
used to i n t e r p r e t  t he  geologic  h i s t o r y  and t ec ton ic  s e t t i n g  of t he  area. 
c e r t a i n  ins tances ,  pa leonto logica l  or paleobotanical  information is u s e f u l  i n  
e s t a b l i s h i n g  the chronology of events. 
provide a more thorough understanding of so lu t ion ing  processes and t h e i r  rates 
s ince  P le i s tocene  time. 
s i n k s  i n  the Delaware basin.  
s tud ie s ,  a chronology of events  can be developed t h a t  allows an estimate of 
process rates and provides  s o m e  confidence t h a t  forecasts i n t o  the  near geo- 
l o g i c  f u t u r e  w i l l  not be unreasonable. 

I n  

Micropaleontology is being used to u 
Samples are obtained by cor ing  deposits i n  so lu t ion  

Coupled wi th  the  physical+ and geochemical 

Geophysics 

Early i n  t h e  prel iminary site evaluat ion,  1500 l ine-miles  of petroleum- 
company r e f l e c t i o n  data were examined for evidence of major f a u l t s  and o ther  
structures i n  the  deep (over 4000 f e e t )  formations. The na ture  of t h e  da ta  
l i m i t e d  its usefu lness  for the examination of shallow (less than 4000 f e e t )  
horizons. 
r e f l e c t i o n  surveys. Conventional o i l - f i e l d  gear  (Vibroseis)  was used, with 
geophone spacing and instrument recording adjusted to provide better resolu- 
t i o n  a t  depths of less than 5000 feet. Experience has shown t h a t  t h i s  tech- 
nique can provide good information on reflectors i n  t h e  Casti le Formation and 
below b u t  mus t  be used w i t h  a great deal of caut ion  i n  a t tempting to def ine  
the  a t t i t u d e  of the  top of the  Salado. Ref lec t ions  from t h i s  horizon and 
depth are erratic. 

Information on shallow horizons was acquired by special seismic 

I 

Only a limited amount of seismic r e f r a c t i o n  work was carried o u t  to de- 
termine weathering condi t ions  f o r  t he  r e f l e c t i o n  work.  Where possible, sonic  
logs or uphole surveys were prefer red  fo r  t h i s  purpose. 

Electr ical  r e s i s t i v i t y  proved to be a valuable  tool i n  searching for 
d isso lu t ion- re la ted  f e a t u r e s  i n  the Delaware basin.  
known so lu t ion  f e a t u r e s ,  such as "breccia  pipes," g ive  c h a r a c t e r i s t i c  signa- 
tures. Consequently, c lose ly  spaced r e s i s t i v i t y  surveys were made over the  
s i te  to examine it for these anomalies. Indicated anomalies were then con- 
firmed or denied by test d r i l l i n g .  
apart over the  e n t i r e  30 square miles of the  site area and resul ted  i n  about 
9000 data poin ts .  Two d i f f e r e n t  measurement conf igura t ions  were used. The 
modified Werner electrode placement was used f o r  t h e  areal survey described 
above, and an "expander" a r r a y  was used to inves t iga t e  changes i n  r e s i s t i v i t y  
with depth a t  a given loca t ion .  
mine whether low r e s i s t i v i t i e s  were assoc ia ted  with the  presence of the  
shallow-dissolution zone. 

R e s i s t i v i t y  surveys over 

The surveys were run along l i n e s  500 feet 

The latter conf igura t ion  was used to deter- 

. I  

Magnetic methods were employed to s e a r c h ' f o r  both reg iona l  and local 
f e a t u r e s  expected to show magnetic con t r a s t .  
Delaware bas in  was examined for ind ica t ions  of major f a u l t i n g  or igneous 
in t rus ions .  
observable  i n  these data; a higher-resolut ion survey w i l l  be used to examine 
the  region near the s i te  for similar but  less evident  i n t rus ives .  Ground 
surveys and d e t a i l e d  aeromagnetic surveys were tried but  were found to be 
ambiguous i n  de t ec t ing  solut ion-col lapse features. 

Exis t ing  aeromagnetics of t he  . 

An igneous d i k e  9 miles northwest of t h e  s i te  w a s  a l l  t h a t  was 

Gravi ty  data for t h e  Delaware basin were examined for ind ica t ions  of major d geologic  s t r u c t u r e s  and for their u t i l i t y  i n  de t ec t ing  collapse features. The 
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absence of the  former i n  t h e  site and the  f a i l u r e  of collapse f e a t u r e s  to ex- 
h i b i t  s i g n i f i c a n t  dens i ty  d i f f e r e n t i a l s  l imi ted  the  usefulness  of t he  g r a v i t y  
technique. 

Firs t -order  l eve l - l i ne  surveys tied i n t o  the  na t iona l  gr id  established by 
t h e  National Geodetic Survey (NGS) were made by NGS within t h e  region and 
l o c a l l y ,  i n  a more dense pa t t e rn ,  i n  and near the site. These permanent sta- 
t i o n s  w i l l  be p e r i o d i c a l l y  reoccupied to d e t e c t  t ec ton ic  movements and subsi-  
dence due to d i s so lu t ion  and potash mining. 

Geochemistry 

Geochemical measurements include techniques used to determine t h e  mineral  
composition, chemical composition, f l u i d  conten t  and composition, age of rocks ,  
and pos tdepos i t iona l  h i s t o r y  of r e c r y s t a l l i z a t i o n .  
been determined through v i s u a l  inspec t ion ,  petrographic  microscope examination, 
and X-ray d i f f r a c t i o n .  
d i f f r a c t i o n  has been the  preferred technique. 

Mineral composition has 

When large numbers of samples are involved, X-ray 

Chemical composition has been obtained by analyt ical-chemistry and atomic- 
absorpt ion methods. 
more rapid than wet-chemistry techniques. 

For most purposes atomic absorpt ion is s a t i s f a c t o r y  and 

Flu id  inc lus ions  i n  s a l t  are counted by microscopic examination. The mass 
of the  f l u i d  is determined by crushing,  hea t ing ,  and recording the  weight loss 
of the sample. 
tography or mass spectrometry. 
also obtained by cool ing t h e  sample and observing t h e  "freezing" poin t .  

I n  favorable  samples the  e f f l u e n t  is analyzed by gas  chroma- 
Inferences  on f lu id- inc lus ion  composition are 

Brines  are s tudied  for c l u e s  to t h e i r  past h i s t o r y  by applying mass spec- 
trometry to ob ta in  oxygen-18/oxygen-16 and deuterium/hydrogen ratios. 

A g e  da t ing  of evapor i t e s  may be attempted by examining rubidium/strontium 
Dating of o l d  b r i n e s  has been attempted through a n a l y s i s  of the ratios. 

uranium-234/uranium-238 disequi l ibr ium. S a t i s f a c t o r y  age-dating techniques 
for old b r i n e s  and evapor i t e s  are not w e l l  developed. 

Rock mechanics 

The rock-mechanics methods descr ibed here  include both phys ica l  and ther-  
mal tests appl ied  to r o c k  specimens. 

The elastic and s t r eng th  properties of the  s a l t  and o ther  r o c k  samples are 
determined by s t r e s s i n g  machined specimens under condi t ions  of both uniax ia l  
and t r i a x i a l  stress. 
l o g i c a l  p r o p e r t i e s  as a func t ion  of temperature and pressure  applied over long 
periods of time. 

Special creep-test apparatus h a s  been b u i l t  to test rheo- 

The permeabi l i ty  of sal t  to var ious  gases (helium, n i t rogen ,  hydrogen) has 
been e s t ab l i shed  by labora tory  tests on s i n g l e  c r y s t a l s  and on r o c k  cores. 
Var ia t ions  i n  permeabi l i ty  as  a funct ion of pressure are also measured. 
s i t u  tests w i l l  be conducted i n  potash mines i n  the  fu ture .  

In- 

Thermal p r o p e r t i e s  have been measured on labora tory  samples and a t  bench 
scale. Parameters determined are thermal conduct iv i ty ,  thermal d i f f u s i v i t y ,  
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thermal expansion c o e f f i c i e n t ,  and specific heat  capaci ty .  Radiant h e a t  t rans-  
er has also been examined and found to be r e l a t i v e l y  minor. These properties (\f a r e  determined by standard labora tory  techniques. On l a r g e r ,  bench-scale 

samples, holes  are d r i l l e d  i n t o  the  block f o r  heater  elements, thermocouples, 
and s t r a i n  gauges. These tests allow t h e  determination of average p rope r t i e s  
more representa t ive  of i n - s i tu  conditions.  

Radiation e f f e c t s  on s a l t  have also been examined i n  labora tory  tests. 
Induced c r y s t a l - l a t t i c e  de fec t s  r e su l t i ng  i n  "s tored  energy" are found to be 
similar i n  magnitude to  those described i n  the  l i t e r a t u r e  fo r  o ther  salts. 

Seismology 

Information about t h e  reg iona l  s e i smic i ty  around the  si te f a l l s  i n t o  t w o  
groups. The f i r s t  includes information obtained before  1962, when no special- 
ized instrumentat ion ex i s t ed  close to the  area. During t h a t  per iod,  t he re  
were not enough seismic s t a t i o n s  i n  t h e  southwestern United States to provide 
instrumental  coverage of southeastern New Mexico. Therefore,  these data 
descr ibe  earthquakes t h a t  people f e l t  and t h a t  were reported i n  the  t echn ica l  
l i t e r a t u r e ,  including the  annual publ ica t ion  U.S. Earthquakes. Sanford and 
Toppozada (1974) gathered other information from newspaper accounts, recollec- 
t i o n s  of long-time r e s iden t s ,  records of museums, h i s t o r i c a l  societies, and 
the  l i k e .  The p r i n c i p a l  weakness of these  e a r l y  seismic data is t h a t  they a r e  
p a r t l y  a funct ion of populat ion densi ty .  

The second group of data began to be co l l ec t ed  a f t e r  instrumentat ion was 
e s t ab l i shed  i n  1960 and 1962 a t  Socorro by the  New Mexico I n s t i t u t e  of Mining 
and Technology and a t  Sandia Base near Albuquerque by t h e  A t o m i c  Energy Com- 
mission and the  Coast and Geodetic Survey. 
Survey s t a t i o n s ,  e s t ab l i shed  i n  1962 i n  Las Cruces,  New Mexico: Payson, A r i -  
zona; and For t  S i l l ,  Oklahoma, permitted ep icen te r s  to be determined fo r  local 
events.  Since April 1974, A. R. Sanford of t he  New Mexico I n s t i t u t e  of  Mining 
and Technology has operated a v e r t i c a l ,  single-component, continuously record- 
ing seismograph s t a t i o n  (CLN), 4 miles east-northeast  of t h e  s i te ,  to monitor 
s e i smic i ty  near the  site. An a r ray  of s eve ra l  add i t iona l  s t a t i o n s  is being 
deployed a t  and around t h e  WIPP s i te  i n  f iscal  year 1980 to provide additional 
information on t h e  rare seismic events  within 40 m i l e s  of t h e  site. U s e f u l  
information has also been obtained from a seismograph s t a t i o n  operated a t  For t  
Stockton, Texas, from June 21, 1964, to A p r i l  1 2 ,  1965, as part of the  feder- 
a l l y  sponsored Long Range Seismic Measurement (LRSM) system. From November 
1975 to October 1979, t h e  USGS operated a 10-s ta t ion  seismic a r ray  near K e r m i t ,  
Texas, about 60 miles southeast  of t h e  si te,  to monitor s e i smic i ty  i n  the  Cen- 
t r a l  Basin platform. 

Addit ional  Coast and Geodetic 

5.1.2 Hydrology 

Hydrology is a major cons idera t ion  i n  examining the  f e a s i b i l i t y  of a si te 
f o r  radioactive-waste d isposa l .  
(1) t h e  geologic  s t a b i l i t y  of the formation i n  which the  waste w i l l  be  s tored  
and (2) t he  presence of  groundwater as  a t r anspor t  medium. Because unsatur- 
a t ed  waters migrating along the  su r faces  of sa l t  beds w i l l  d i s so lve  salts ,  an 
examination of  t h e  i n t e g r i t y  of  t h e  Salado Formation is d i r e c t e d  i n t o  th ree  
study areas: (1) t h e  Rustler-Salado contac t  beneath the  site, to determine 

Two factors are d i r e c t l y  related to hydrology: 
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whether d i s so lu t ion  is p resen t ly  occurr ing;  (2 )  t h e  f r o n t  of the  shallow- 
d i s s o l u t i o n  zone i n  Nash D r a w ,  to more p rec i se ly  map ac t ive  d i s s o l u t i o n  bound- 
aries; and (3 )  t he  estimated r a t e s  of d i s s o l u t i o n  a t  the  top and t h e  bottom of 
t h e  sa l t ,  to r e f ine  analyses  of hazards to t h e  s i te .  
t he  hydraul ic  g rad ien t s  and rates of f l u i d  movement i n  the  f luid-bear ing zones 
t h a t  o v e r l i e  t he  Salado w i l l  a i d  i n  r e f in ing  the  estimates of p o t e n t i a l  
groundwater t r anspor t  of radionucl ides .  

Further d e f i n i t i o n  of 

Inventory of test holes 

The ob jec t ives  of t he  hydrologic t e s t i n g  program a t  the  WIPP s i te  are to 
determine the  poten t iomet r ic  head, t he  hydraul ic  character  of t he  rock strata, 
and the  chemistry of formation waters. 
made i n  explora tory  test holes  e i t h e r  during d r i l l i n g  or af ter  the  holes  have 
been d r i l l e d  to t o t a l  depth. 

These hydrologic tests are commonly 

As of June 1980, hydrologic tests had been conducted a t  16 loca t ions  i n  ex- 
p lo ra to ry  test holes a t  t h e  site. Of t h e  16 loca t ions  inves t iga ted ,  t en  were 
s p e c i f i c a l l y  designed for hydrologic t e s t ing :  H-1 through H-10 (Figure J-6). 
The f i r s t  t h r e e  of t hese  were d r i l l e d  i n  a t r i angu la r  a r r ay  0.5 m i l e  on a s i d e  
fo r  t he  purpose of determining hydraul ic  g rad ien t s  i n  t h e  f luid-bear ing zones 
above the  Salado Formation near ERDA-9. 

The potash test holes P-14, P-15, P-17, and P-18 shown i n  Figure J-6 were 
not  d r i l l e d  s p e c i f i c a l l y  for hydrologic t e s t i n g ,  bu t  f o r  explor ing potash min- 
eral deposits. 
po ten t iomet r ic  head i n  the f luid-bear ing zones above the  sa l t  under t h e  south- 
e rn  perimeter of  the  site. 

These holes have been used, however, fo r  determinat ions of 

Two other  holes ,  AEC-8 and ERJlA-10, were used for  t e s t i n g  f luid-bear ing 
zones below t h e  Salado sal t  sec t ion .  The AEC-8 hole, d r i l l ed  before  the  WIPP 
project began, was deepened for  t e s t i n g  f luid-bear ing zones i n  the  Cast i le  
Formation and t h e  Delaware Mountain Group. 
Mountain Group was conducted i n  ERDA-10. 

Similar t e s t i n g  of t h e  Delaware 

After  d r i l l i n g  and t e s t i n g  holes  H-1 through H-3, e i g h t  t r i a n g u l a r  arrays-- 
a t  l oca t ions  H-2 and H-4--were designed and d r i l l e d  a t  a spacing of about 100 
f e e t .  These three-hole complexes, i n  add i t ion  to providing long-term open-hole 
t e s t i n g ,  permit static f lu id - l eve l  monitoring and pump t e s t i n g  to check f o r  
v e r t i c a l  or ho r i zon ta l  communications between fluid-bear ing zones. Together 
with P-14, P-15, P-17, and P-18, t he  three-hole complexes form p a r t  of a net- 
work of holes ,  2 to 3 miles a p a r t ,  completely e n c i r c l i n g  the  si te.  

F ina l ly ,  s i x  holes  (WIPP-25 through WIPP-30) have been d r i l l e d  i n  Nash 
D r a w  to t h e  west. Their purpose is to def ine  the  hydrologic charac te r  of "ash 
D r a w  i n  r e l a t i o n  to t h a t  of t h e  WIPP site. They a r e  being t e s t e d  now; t e s t i n g  
w i l l  be complete by October 1980. 

General methods used  i n  d r i l l i n q  

Air-rotary d r i l l i n g  was used to d r i l l  t he  holes  designed s p e c i f i c a l l y  for 
hydrologic t e s t i n g  a t  t he  site. 
d r i l l i n g  i n  t h a t  the  f l u i d  or mud g e l  usua l ly  used to cool the  b i t  and remove 
c u t t i n g s  is replaced by compressed a i r .  

This method d i f f e r s  from standard ro t a ry  

The a i r  method w a s  used to make it 
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Figure J-6. Location of drill holes used for hydrologic testing. 
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easier to i d e n t i f y  zones t h a t  might conta in  f l u i d  and to prevent the plugging 
of t h e  aquifer test zones, which may occur when standard d r i l l i n g  f l u i d s  are 
used. 

Detailed strategies for d r i l l i n g  and t e s t i n 9  

The hydrologic complexes have been d r i l l e d  and tested following genera l ized  
To date complexes 2 and 4 through 10 (each complex cons i s t ing  of 

The H-2 complex is described belaw as an 
criteria. 
t h r e e  holes) have been completed. 
example of the s t r a t e g y  t h a t  was used. 

The H-2 complex c o n s i s t s  of three holes  spaced as shown i n  Figure J-7. 
Hole 2a pene t r a t e s  t h e  Magenta aquifer, hole 2b t h e  Culebra aqu i f e r ,  and hole 
2c the  Rustler-Salad0 con tac t  (Figure J-8). This  three-hole conf igura t ion  
m a k e s  poss ib l e  four  types of study: independent open-hole t e s t i n g  of t h e  Ma- 
genta  and Culebra aqu i f e r s  and the  Rustler-Salad0 contac t  w i t h o u t  i n t e r f e rence  
from the other  zones, convenient monitoring of t h e  three formations w i t h o u t  
the  use  of downhole hardware such as packers, pump tests of low-yield forma- 
t i o n s  i n  c lose ly  spaced holes, and t r ace r - in j ec t ion  tests. 
dr i l led  to wi th in  10 feet of its intended depth, casing was set and cemented, 
and then the  hole was cored to total  depth. 

Each hole w a s  

Inves t iga t ions  usua l ly  began with the  geophysical logging of the  open bore- 
hole to ob ta in  information on changes i n  rock strata,  formational  characteris- 
tics, p o t e n t i a l  zones of w a t e r  y ie ld ,  and borehole-diameter changes. These 

C 

N 

90' 

a 

Figure J-7. Plan view showing the configuration of the H-2 three-hole array. 
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Figure 5-8. Configuration of completed H-2 holes.. 

parameters a ided  i n  t h e  s e l e c t i o n  of borehole i n t e r v a l s  to be tested i n  de t a i l  
and provided use fu l  information on hole  condi t ions  needed i n  t h e  s e l e c t i o n  of 
packer seats. The fol lowing logs were run i n  t h e  deepest of t h e  three-hole 
a r r ay ,  H-2c: n a t u r a l  g a m a  and dens i ty ,  caliper, compensated dens i ty ,  compen- 
sated neutron gama ray, dual-induction l a t e ro log ,  microlaterolog,  temperature, 
acous t i c ,  and 16-inch electric. A l l  ho les  were surveyed for la teral  devia t ion  
w i t h  a Sperry-Sun d i r e c t i o n a l  survey. 

After logging, t h e  proposed test zone was isolated by an inf la tab le  packer 
or packers, and a prel iminary drill-stem test (DST) was conducted. The DST 
is designed to provide a r ep resen ta t ive  sample of formational  f l u id , ' und i s -  
turbed formation pressure, and estimates of  f ormational permeabi l i ty .  Stand- 
ard oil-field DSTs were run w i t h  s l i g h t  modif icat ions applied to measuring 
formation pressures .  

Hydrologic tests a t  the.site--whether DSTs, ,open-hole tests, or cased-hole 
tes ts--general ly  cons is ted  o f  b a i l i n g  a known volume of  f l u i d  from the bore- 
hole. Hydraulic parameters such as hydraul ic  conduct ivi ty ,  s torage ,  t rans-  
miss iv i ty ,  and poten t iomet r ic  head could be determined by the ana lys i s  of 
observed f l u i d  recovery. 

Radioactive-tracer tests are conducted i n  s o m e  hydrologic test holes after 
they have been cased and perforated a t  selected i n t e r v a l s .  The ob jec t ive  of 
these  tests is to check the  q u a l i t y  of cement bonding between t h e  casing and 
the borehole w a l l  and to provide estimates of t he  v e r t i c a l  d i s t r i b u t i o n  of I$ permeabi l i ty  across the test in t e rva l .  
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Water samples were obtained by b a i l i n g  only after measurements of conduc- 
t i v i t y ,  temperature, and dens i ty  had ind ica ted  t h a t  representa t ive  formation 
water was being re t r ieved .  

Rat ionale  f o r  e s t a b l i s h i n g  hydrologic complexes 

Discussions between WIPP hydrologis t s  and mathematical modelers revealed 
special da ta  requirements for hydrologic da ta  co l l ec t ion .  The genera l  phi los-  
ophy of hydrologic da ta  c o l l e c t i o n  for the  WIPP is out l ined  i n  a r epor t  (Lam- 
b e r t  and Mercer, 1977) t h a t  e s t a b l i s h e s  a set of  procedures f o r  . the  c o l l e c t i o n  
of da ta  descr ibing the  hydrogeologic system of t h e  R u s t l e r  Formation a t  a cer- 
t a i n  poin t .  The goa l  of the  da ta  c o l l e c t i o n  is to determine a d i s t r i b u t i o n  of 
da ta  values  t h a t  can e s t a b l i s h  p r a c t i c a l  bounds on the  spat ia l  nonuniformity of 
hydrologic parameters and on the  v a r i a t i o n s  i n  experimental  results.  

L i k e  tests i n  o ther  hydrologic test  holes ,  these  tests are intended to add 
to t h e  bank of da ta  descr ib ing  the  poten t iomet r ic  surface, the  hydraul ic  con- 
d u c t i v i t y ,  and the  water q u a l i t y  within the  Magenta and the  Culebra aqu i f e r s  of 
t h e  Rus t le r  Formation and the  zone of contac t  between t h e  R u s t l e r  and the  Sala- 
do. A c l o s e l y  spaced system of holes  is required fo r  mult ihole  t e s t i n g  of par- 
t icular  water-bearing, y e t  low-yielding, zones. Close spacing provides  an 
opportuni ty  €or two-hole t e s t i n g  i n  a f i n i t e  amount of t i m e ,  even w i t h  t h e  
expected low water v e l o c i t i e s  i n  the  R u s t l e r  Formation (Mercer and O r r ,  1977). 

The loca t ions  of hydrologic complexes were based on the  need f o r  t he  fo l -  
lowing information: 

1. Hydraulic d e f i n i t i o n  near the  cen te r  of the  site and a t  its boundaries 
(local .hydrology) 

2. Hydraulic d e f i n i t i o n  ou t s ide  t h e  boundary of t he  si te ( reg iona l  
hydrology) 

3. Location of sa l t -d i s so lu t ion  f r o n t s  and d i s so lu t ion  rates along the  
western edge of  t h e  si te 

4. Data between a l ready  e x i s t i n g  holes  d r i l l e d  f o r  o the r  purposes 

5. 

6. 

Location of hydraul ic  boundaries proper for mathematical modeling 

Location of recharge and discharge areas 

7. Ver i f i ca t ion  of assumed d i r e c t i o n s  of groundwater flow 

J.1.3 Meteorology 

The primary source of meteorological data is the  s i te  meteorological sta- 
t i o n ,  which has been opera t ing  s ince  mid-1976. The th ree  loca t ions  of t h e  
s t a t i o n  are shown i n  Figure J-9. Spec i f i ca l ly ,  t h e  la tes t  loca t ion ,  26 miles 
east of Carlsbad i n  Sect ion 21, T 22 S, R 31 E, is a t  e l eva t ion  1050 meters, 
l a t i t u d e  32 degrees 22.48 minutes north,  and longi tude 103 degrees 47.24 
m i  nu tes w e s t  . 
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U n t i l  May 1977 the  meteorological  monitoring system cons is ted  of  the  following 
sensor s : 

e Average wind speed, 10 meters CB Prec ip i t a t ion ,  1 meter 
o Wind d i r e c t i o n ,  10 meters BD Ionizing r ad ia t ion ,  1 meter 
o Humidity, 10 meters Q Sky rad ia t ion ,  3 meters 
e Pressure, 1 meter Q Temperature, 10 meters 

These sensors  were in te r faced  with s i g n a l  condi t ioners ;  t h e i r  o u t p u t  ‘was 
recorded by a data logger and a s t r ip -cha r t  recorder. The data logger sequen- 
t i a l l y  sampled da ta  a t  about t h ree  channels per second and displayed output  
vo l tages  on paper tape.  Appropriate c a l i b r a t i o n s  were made to convert  t h i s  
information to engineering uni t s .  
and store the  data. Peak wind speed was obtained by v i s u a l l y  scanning the  
wind-speed s t r ip  c h a r t  and f ind ing  the  maximum wind speed during the  hour pre- 
ceding t h e  repor t  hour. 

Computer programs were w r i t t e n  to convert  

From November 1977 through March 1980 the  meteorological  system provided 
da ta  as described i n  Table J-2. The on-si te  meteorological  system w a s  
designed to comply with most of the  cr i ter ia  i n  NRC Regulatory Guide 1.23. 
September 1978 t h e  30-meter instruments were ra i sed  to 40 meters to insure  
compliance with t h i s  regula tory  guide. 

In  

The da ta  are managed and processed with a system of t w o  PDP 11/03 mini- 
computers, each capable of managing 40 channels of information. Recording is 
made d i r e c t l y  on a nine-track incremental magnetic tape. The wind speed and 
wind d i r e c t i o n  cont inue to be recorded on a s t r i p  c h a r t  f o r  a backup record. 

The sensors  i n  the  present  system are supplied by the  Climatronics  
Corporation. An exception is t h e  r a i n  gauge, which is suppl ied by Texas 
Electronics .  The sensors  a r e  described i n  Table 5-3. 

In  addi t ion  to t h e  above sensors ,  four  solar and t e r r e s t r i a l  r ad ia t ion  
sensors  have been added to the  system a t  a he ight  of 3 meters. Of t w o  pyra- 
n o m e t e r s ,  one measures  the  d i r e c t  component of s u n l i g h t  and the  d i f f u s e ,  
short-wave component of t h e  skyl ight ;  t h e  other measures t h e  reflected short- 
wave component from t h e  surface.  Of t w o  Wrgeometers, one measures the  long- 
wave sky l igh t  components from the  downward emission of atmospheric gases;  t h e  
o ther  measures the  upward emission and r e f l e c t i o n  by na tu ra l  su r f aces  and 
atmospheric gases. 

The pyranometer (Eppley Model PSP) has  the  following spec i f i ca t ions :  

S e n s i t i v i t y  
Impedance 
Temperature dependence 
L inea r i ty  
Mechanical v ib ra t ion  

3 
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9 mv/(w/m2) 
650 ohms 
- +1% over -20 to +4OoC 
- +0.5% from 0 to 1800 W/m2 
Tested to 20g 



0 1 2 3 4 Miles - Existing roads 

Figure J-9. Location of the meteorology and air-quality-monitoring station. 

The pyrgeometer is an Eppley Model PIR; i t  has the following 
specifications: 

Sensitivity 3 mv/(W/m2) 
Impedance 700 ohms 
Temper a ture dependence 
Linearity 
Mechanical vibration Tested to 209 

- +2% over -20 to  +40% 
- +1% from 0 to  700 W/m2 

Maintenance and calibration of a l l  the sensors are performed on a formal, 
per iodic bas is. 

Additional sources of surface meteorological data used i n  the s i t e  meteor- 
ological analysis are the Carlsbad-airport, Hobbs, and Roswell stations that 
report to the National Climatic Center. Upper-air data have come from the 
Albuquerque, E l  Paso, Midland-Odessa, and Lubbock stations that report to the 
National Climatic Center. 
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Table J-2. Summary of Meteorological  Measurements 
/ \  

Height  Sampling Recording 
Parameter (meters ) i n t e r v a l  i n t e r  V a l  Uni t s  

Pressure  3 
P r e c i p i t a t i o n  1 
Dew p o i n t  3 
Temperature 3 ,  10,  30a ' 

Wind speed 3, 10,  30a 
Wind d i r e c t i o n  3, 10,  30a 

Temperature d i f f e r e n c e  10-3, 30-3, 
30-10 

1 hour 1 hour mb 
1 hour 1 hour cm 
1 hour 1 hour OC 
15 sec 15 sec oc 
0.1 secb 15 sec m/sec 
0.1 sec 15 sec degrees  clock- 

15 sec 15 sec OC 
w i s e  from nor th  

aThis  he igh t  was r a i s e d  to 40 m i n  September 1978. 
bFor each of the  t h r e e  l e v e l s  of wind da ta ,  t h e  10-per-second samples 

are processed to produce 15-second va lues  of  mean component va lues  (east-west, 
north-south) ,  s tandard  dev ia t ion  of each component, c o e f f i c i e n t  of c o r r e l a t i o n  
between t h e  two components, s tandard  dev ia t ions  of downwind and crosswind com- 
ponents,  and downwind and crosswind components of turbulence  i n t e n s i t y .  

J .1 .4  A i r  Q u a l i t x  

Air -qua l i ty  measurements have been made a t  t h e  meteoro logica l  s t a t i o n ,  
which has been a t  three l o c a t i o n s  s i n c e  d a t a  c o l l e c t i o n  began i n  e a r l y  1976 
(Figure J-9).  From January to June 1976 t h e  measurements were made a t  t h e  
AEC-8 d r i l l i n g  pad. The l o c a t i o n  was changed i n  June 1976 to t h e  s i te  of t h e  
o l d  Badger w e l l  i n  Sec t ion  15, R 31 E, T 22 S, and i n  May 1977 to t h e  most 
r e c e n t  l o c a t i o n  i n  Sec t ion  21. Ai r -qua l i ty  measurements were suspended i n  
October 1979. 

The air-quality data co l l ec ted  at  t h e  site and t h e  methods of c o l l e c t i o n  
have been documented by Brewer and Metcalf (1977): Ai r -qua l i ty  samples are 
analyzed f o r  to ta l  suspended p a r t i c u l a t e s ,  s u l f u r  d ioxide ,  n,i trogen d ioxide ,  
hydrogen s u l f i d e ,  carbon monoxide, and ozone. The program as opera ted  before 
November 1977 is descr ibed  below. . ,  

- 
% . .  

Total-suspended-par t i c u l a t e  sample's were' taken wi th  a high-volume a i r  
sampler t h a t  o r i g i n a l l y  had its collector head a t t a c h e d  to t h e  ins t rument  
t ra i ler  tower 4 fee t  above t h e  t r a i l e r  roof .  
g l a s s  f i b e r  or on Whatman 4 1  4-inch-diameter f i l ters.  Samples were collected 
f o r  24 hours  a t  a cons t an t  sampling rate of  18.5 ft3/min. 
was maintained by f law c o n t r o l l e r s .  Each sample was analyzed f o r  t h e  concen- 
t r a t i o n  of sodium, potassium, calcium, magnesium, s i l i c o n ,  i r o n ,  aluminum, 
ch lo r ide ,  and s u l f a t e .  These elem s and species were s e l e c t e d  because they  
are e f f l u e n t s  r e l eased  by t h e  near po tash- ref in ing  p l a n t s .  The water- 
soluble metals, s u l f a t e ,  and chlori 'de were - ex t r ac t ed  from t h e  f i l t e r  by heat-  
ing i n  an aqueous s o l u t i o n  for 2 hours. Sulfates and c h l o r i d e s  were analyzed 
by t u r b i d i m e t r i c  and colorimetric methods, r e spec t ive ly .  Af te r  e x t r a c t i o n ,  I$ t h e  f i l t e r s  were d isso lved  i n  concent ra ted  n i t r i c  a c i d ,  and t h e  elements were 
analyzed by atomic-absorption spectrophotometry.  

The samples were c o l l e c t e d  on 

The sampling rate 
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Table J-3. Spec i f i ca t ions  on Meteorological Sensors Used 

e 
W I N D  SPEED 

Th re sho Id  
Distance cons tan t  
Accuracy 
Range 
L inea r i ty  
S t a b i l i t y  
Surv ivab i l i t y  

Th res ho Id  
Distance cons tan t  
Accu  racy 
Damping ratio 
Range 
L inea r i ty  
S t a b i l i t y  
Survivability 

Range 
Accuracy 
L inea r i ty  

Range 
Accuracy 
Response t i m e  

Accuracy 
Range 

Range 
L inea r i ty  
S e n s i t i v i t y  

Type 
Measurement 
Signal  o u t  

0.33  m/sec 
1.5 meters 
0.1 m / s e c  or +1%, whichever g r e a t e r  
0.3 to 50 m/sec 
- +0.1% of f u l l  scale 
- +0.1% of f u l l  scale 
G u s t s . t o  45 m/sec, sus t a ined  to 33 m/sec 

WIND DIRECTION 

0 .33  m / s e c  
1.5 meters 
- +2.5 degrees 
0.4 degree a t  10-degree angle  of attack 
0 to 540 degrees 
- +0.1% of f u l l  scale 
- +0.1% of f u l l  scale 
Gusts to 45 m/sec, sus ta ined  to 33 m/sec 

TEMPERATURE 

-30 to +5OoC __ 
- +O .25OC 
- +o .2oc 

DEW POINT 

-40 to +42OC 
- +o .5oc 
1 0 C / m i  n 

TEMPERATURE DIFFERENTIAL 

0.1% 
-2 to + 10% 

STATION PRESSURE 

850 to 975 mb 
- +0.3% 
0.2% 

RAIN GAUGE 

Tipping bucket 
0.01-inch water per t i p  
Momentary switch closure 
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c3 
A i r  samples for p a r t i c l e - s i z e  determination and mineralogical  ana lys i s  

were taken for periods of 5 to 7 &ys once a month. 
w i t h  f i ve  s t ages  was used. 
roof, about 12  feet above the  ground. 

A Sierra Cascade impactor 
The impactor was o r i g i n a l l y  located on t h e  trailer 

Sul fur  dioxide,  hydrogen s u l f i d e ,  and n i t rogen  dioxide were determined by 
wet-chemistry techniques. 
random-day basis. 
t he  roof of  t h e  meteorological  trailer.  The sampling rate was 200 ml/min i n  
high-efficiency bubblers. 
were analyzed co lo r ime t r i ca l ly ;  t he  hydrogen s u l f i d e  samples were titrated. 
The methods used were standardized through the  use of samples of known 
concentrat ions.  

The sampling frequency was once a week on a 
The wet-chemistry sampler was located about 3 feet above 

The s u l f u r  dioxide and ni t rogen dioxide samples 

Carbon monoxide w a s  detected w i t h  a continuous nondispersive in f r a red  
analyzer.  An average concentrat ion for each 24 hours was ca lcu la ted .  The 
monitor was calibrated weekly by means of a carbon monoxide-in-nitrogen gas  
standard.  The monitor sampling i n l e t  was i n s i d e  t h e  housing of t h e  Sierra 
Cascade impactor. 

Ozone w a s  measured continuously w i t h  an automated u l t rav io le t -absorp t ion  
de tec t ion  technique. 
lated. The ozone monitor was calibrated weekly by e l e c t r o n i c  methods. 

An average concentrat ion for each 24 hours was calcu- 

A f t e r  November 1977, changes were made to the  o r i g i n a l  system fo r  air-  
q u a l i t y  monitoring. 
nel .  O f  primary importance was the  in t roduct ion  of a redundant system of PDP 
11/03 minicomputers to manage data input’-from the  sampling devices.  The con- 
c e n t r a t i o n s  of  a l l  monitored species are monitored by the  minicomputers. The 
data are averaged and recorded every 15 seconds. The species continuously 
monitored are ozone, oxides  of n i t rogen ,  carbon monoxide, t o t a l  hydrocarbons, 
s u l f u r  dioxide,  and hydrogen su l f ide .  

The system was automated to  reduce recording by person- 

Changes i n  pol lutant-detec t i o n  techniques after November 1977 included new 
methods f o r  s u l f u r  d ioxide  and hydrogen s u l f i d e ,  which were then measured w i t h  
pulsed-ultraviolet-fluorescence detectors; total  hydrocarbons, which were then 
measured w i t h  a flame-ion’ization detector; and oxides  of n i t rogen ,  which were 
then measured by a chemiluminescence technique. 
analyzed for lead for about 6 months. This ana lys i s  was i n  add i t ion  to t h e  
o ther  elements measured before November 1977. N o  lead was detected i n  any of 
the  samples during t h i s  6-month i n t e r v a l ,  and t h e  a n a l y s i s  was t he re fo re  
discontinued. 

Tota l -par t icu la te  samples were 

All elements are analyzed by atomic-absorption spectrometry. 

The loca t ion  of some of t h e  sampling equipment was also changed. The 
Sierra Cascade impactor was relocated 1 2 . f e e t  above t h e  ground on a sampling 
platform. The high-vdlume sampler and t h e  wet-chemistry sampler i n l e t ,  a 
chemical sampler now used as  a backup system, are also on the  platform a t  
he ights  of 10 and 8 feet, respec t ive ly .  The preopera t iona l  prdgram samplers 
w i l l  remain a t  these l eve l s .  

. .  

i 
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J.1.5 Ecology 

From 1975 through 1977, t he  New Mexico Environmental I n s t i t u t e  (NMEI) 
c a r r i e d  o u t  environmental base l ine  s t u d i e s  f o r  t h e  DOE i n  t h e  area of t h e  WIPP 
site. Their results are published i n  two progress  r epor t s  (Wolfe et al., 
1977a, 1977b). 

During 1977, t he  b io log ica l  team was reorganized. Baseline s t u d i e s  were 
continued and i n  s o m e  cases augmented. 
cen ter  of the  WIPP si te w a s  designated the  Terrestrial Ecology Study Area. 
Semipermanent t r ansec t s ,  unfenced plots,- and exclosures  have been e s t ab l i shed  
i n  connection w i t h  these  s tud ies .  Some w i l l  be re ta ined  as permanent sites 
f o r  ecologica l  monitoring during and  after the  opera t iona l  period. F i e ld  and 
labora tory  methods are d e t a i l e d  i n  the annual report for f iscal  year 1978 ( B e s t  
and Neuhauser, 1979). 

The area within a 5-mile rad ius  of t h e  

A l l  major . hab i t a t s  wi th in  the  study area have been and a r e  being sampled 
seasonal ly  f o r  p l an t s ,  mammals, b i rds ,  r e p t i l e s ,  amphibians, t e r r e s t r i a l  
inver tebra tes ,  and aqua t i c  species. I n  addi t ion ,  microbial  f lora,  soils, 
and n u t r i e n t  cycl ing have been and are being s tudied.  

Soil s t u d i e s  

The object ives  of the soil s tudies  are (1) to confirm and r e f i n e  t h e  
physical  and chemical desc r ip t ions  of t h e  major soils series i n  the study 
area; (2) to study soil-water-plant r e l a t ionsh ips ;  and (3) to cha rac t e r i ze  
b io log ica l ly  mediated chemical t ransformations i n  the  soil. 
are being c a r r i e d  o u t  i n  close cooperation with the  vegetat ion mapping work 
because p l a n t  community composition is of t en  s t rongly  inf luenced by soil  
charac te r  is t ics . 

These a c t i v i t i e s  

Microbial  processes i n  terrestr ia l  and aquatic communities are being 
s tudied  to determine primary p roduc t iv i ty  and to assess what impact these  proc- 
esses may have on radionucl ide mobil izat ion or demobilization. 
soil c r u s t s  of cyanobacteria and l i chens  have been descr ibed a t  t h e  site; they 
cover l a r g e  areas of soil and are thought to con t r ibu te  s i g n i f i c a n t l y  to soil 
s t a b i l i z a t i o n .  The a f f e c t s  of  climatic v a r i a t i o n  on these crusts and the rate 
of co loniza t ion  of f r e s h l y  bared sur faces  are of i n t e r e s t  because the  magnitude 
of wind and water e ros ion  a t  t h e  site may be influenced by changes i n  the  soil 
c r u s t .  

Botanical  s tud ies  

Furthermore, 

The o b j e c t i v e s  of bo tan ica l  s t u d i e s  are (1) to ob ta in  as complete a 
species list as poss ib l e ,  with special a t t e n t i o n  to poss ib l e  rare, threatened,  
or endangered species;  and (2 )  to gather  dens i ty  and d i s t r i b u t i o n  da ta  i n  order  
to cons t ruc t  a vege ta t ion  map and to determine primary product iv i ty .  
productive and vegeta t ive  phenophases of dominant species are also being de- 
termined. These da ta  can be c o r r e l a t e d  with soil  da ta ,  as noted above, and 
with data on consumers (amphibians, reptiles, b i rds ,  and mamals) to pr0vide .a  
picture of t roph ic  r e l a t ionsh ips  a t  t he  site. 
due to changes i n  r a i n f a l l  and other climatic factors a r e  recorded. These var- 
i a t i o n s ,  which d i r e c t l y  a f f e c t  many populat ions of  primary consumers, are o f t e n  
extreme i n  t h i s  semiarid region. Basel ine da ta  covering seve ra l  years  w i l l ,  
however, provide a r e l i a b l e  es t imate  of the  magnitude of na tu ra l  va r i a t ion .  

The re- 

Annual and seasonal  v a r i a t i o n s  
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The succession of p l a n t  communities t h a t  occurs  i n  d is turbed  areas and the  
impact o f  graz ing  pressure  on e x i s t i n g  p l a n t  communities are also being s tudied  
because WIPP cons t ruc t ion  must inevi tab ly  cause a t  least loca l i zed  d is turbances  
t h a t  w i l l  alter t h e  s t r u c t u r e  of p l a n t  communities as def ined by the base l ine  
data. The ob jec t ive  of these  s t u d i e s  is to ob ta in  data t h a t  w i l l  make it pos- 
sible to predict t h e  kind and the magnitude of changes induced by such d is turb-  
ances. 

Terrestrial inve r t eb ra t e  s t u d i e s  

I n  addi t ion  to providing an inventory l ist  of i nve r t eb ra t e s  i n  the study 
area, t h e  s t u d i e s  focus on the role of soil ar thropods,  e s p e c i a l l y  termites, 
i n  the  cyc l ing  of soil n u t r i e n t s  and detr i tus .  
d i s t r i b u t i o n  data, feeding rates and estimates of t he  q u a n t i t i e s  and types of 
material t ranspor ted  and consumed are being made; t h e  effects of termites on 
soil movement and r e d i s t r i b u t i o n  are also being measured. Aside from t h e i r  
c r u c i a l  role i n  n u t r i e n t  cyc l ing  i n  t h i s  ecosystem, the termites may affect 
the d i s t r i b u t i o n  of radionucl ides  deposited on soil and p l a n t  sur faces .  

I n  add i t ion  to dens i ty  and 

Terrestrial ve r t eb ra t e  s t u d i e s  

The species composition and dens i ty  d i s t r i b u t i o n  of terrestrial  ver te-  
brates wi th in  the study area are being studied, as a r e  the  feeding habi ts ,  
population dynamics, and reproduct ive phenology of selected species. These 
s t u d i e s  include amphibians, reptiles, birds,  and mammals. S i g n i f i c a n t  annual 
changes i n  d e n s i t i e s  are correlated w i t h  p l an t  dens i ty  and weather data. 
Special a t t e n t i o n  is given to t h e  poss ib l e  presence of rare, threatened,  or 
endangered spec ies. 

Aquatic s tudies  

The ob jec t ive  of the  aquatic s tud ie s  is to e s t a b l i s h  base l ine  l e v e l s  for 
parameters of s ign i f i cance  a t  the  aqua t i c  study sites. 
chemical water-quali ty data, dens i ty ,  and population dynamics data for flora 
and fauna a t  major trophic l eve l s .  Study sites are located a t  s t o c k  tanks 
wi th in  the  terrestr ia l  study area, nearby playas,  Laguna Grande de l a  Sal, and 
seve ra l  s t a t i o n s  along t h e  Pecos River. The possible presence of rare, threat- 
ened, or endangered species is given special a t t en t ion .  

These include physical-  

Radioecological monitor in3 

A s  a r e s u l t  of the  above s tud ie s ,  i nd ica to r  organisms w i l l  be selected for 
long-term monitoring. 
t roph ic  l e v e l ,  s e n s i t i v i t y  to other ecological stresses, and d i f f i c u l t y  and 
expense of monitoring. Organisms a t  high t roph ic  l e v e l s  shoultl’ be included to 
detect biomagnification. However, s eve ra l  otherwise suitable species--for 
example, hawks--are rare and/or protected by l a w .  Thus, t h e  s e l e c t i o n  process  
must consider such factors as w e l l  a s  s t r i c t l y  t echn ica l  considerat ions.  
development of a monitoring program cannot t a k e  place u n t i l  a l l  base l ine  data 
are analyzed. 

Factors involved i n  the s e l e c t i o n  process w i l l  include 

F ina l  
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J. 1.6 Radiation Monitor ing 

c A radiation-monitoring program has  been e s t ab l i shed  a t  the  WIPP s i te  to 
assess t h e  l e v e l  o f  n a t u r a l  background r ad ia t ion  i n  the  area and its varia-  
t i o n s  w i t h  t i m e .  
2 yea r s  prior to the  expected beginning o f  p l a n t  operat ion.  A t  t h a t  t i m e ,  t h e  
program w i l l  be increased i n  scope to be cons i s t en t  with the  requirements of 
ERDA Manual Chapter 0513--the cu r ren t  DQE regula t ions  for preopera t iona l  envi- 
ronmental monitoring. 

This program w i l l  cont inue a t  its present  l e v e l  unt ' i l  about 

When the  cu r ren t  environmental sampling program was i n s t i t u t e d ,  no site- 
s p e c i f i c  meteorological  da ta  were ava i l ab le  to use  i n  choosing sampling loca- 
t i o n s ,  nor had a p o t e n t i a l  s i t e  been selected for the  WIPP su r face  facil i t ies.  
Therefore,  s e v e r a 1 , s i t e s  were se l ec t ed  t h a t  would be access ib l e  and would pro- 
vide information on the  v a r i a b i l i t y  of the  r ad ia t ion  background wi th in  the  
boundaries of  the site. With the  meteorological  da ta  now ava i l ab le ,  t h e  se- 
l e c t i o n  of fu tu re  sampling loca t ions  can be based on EPA gu ide l ines  for 
nuclear power p l a n t s  (EPA ORD/SID 72-2), taking i n t o  account local t e r r a i n ,  
population d i s t r i b u t i o n ,  and meteorological condi t ions.  

The preopera t iona l  program is charac te r ized  below, although it cannot be 
described i n  d e t a i l  u n t i l  t he  WIPP is nearer  to operation. The cons t ruc t ion  
of  t h e  WIPP w i l l  have no e f f e c t  on the  r ad io log ica l  l e v e l s  of t he  environment 
except  t h a t  t he  accumulation of mined-salt piles, which conta in  n a t u r a l l y  
occurr ing potassium-40, radon-220, and radon-222, may increase  the si te  back- 
ground l e v e l s  s l i g h t l y .  More d e t a i l  w i l l  be added when t h e  f u l l  program begins 
2 yea r s  before  the  expected commencement of operat ion.  Instrument de t ec t ion  
l i m i t s  and s e n s i t i v i t i e s  w i l l  be se l ec t ed  to insure  t h a t  r ad ia t ion  l e v e l s  w e l l  
below standards can be detected.  In  addi t ion ,  a s t r ic t  qual i ty-assurance pro- 
gram w i l l  be followed. Procedures w i l l  be wr i t t en  and s tandardized fo r  each 
type of ana lys i s .  Accuracy and s tandard iza t ion  w i l l  be maintained by rout ine  
qua l i ty -cont ro l  procedures. The qual i ty-assurance program w i l l  also insure  
samples of  s u f f i c i e n t  s i z e  to provide accurate measurements. 

A i r  p a r t i c u l a t e s  

Air-par ticulate samples have been taken a t  t h e  s i te  meteorological  s t a t i o n  
(Figure J-10). Samples were taken t h r e e  times a week f o r  24 hours by a high- 
volume air  sampler (18.5 ft3/min) w i t h  Whatman-41 f i l t e r  media. Gross beta 
concent ra t ions  are measured by a beta propor t iona l  counter .  
i t y  exceeds 0.06 pCi/m3, a gamma scan may also be taken. 

I f  t he  be ta  ac t iv-  

For t h e  preopera t iona l  monitoring program a network of a i r  samplers w i l l  
be e s t ab l i shed  a t  and i n  the  v i c i n i t y  of the  WIPP site. Sampling sites w i l l  
be determined based on populat ion d i s t r i b u t i o n ,  meteorological  condi t ions,  and 
other factors to insure  t h a t  both maximum and r ep resen ta t ive  condi t ions  can be 
detected.  Gross alpha and g ross  be ta  counting w i l l  be performed on the  f i l t e r  
media, and analyses  of the  collected p a r t i c u l a t e s  w i l l  be performed. 

I f  t h e  results of t he  i n i t i a l  counting ind ica t e  t h a t  higher than normal 
concentrat ions are present ,  add i t iona l  analyses  w i l l  be performed to determine 
the  source and type of nuc l ides  i n  t h e  samples. 
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Figure J-10. Proposed air-particulate-monitoring stations. 

Soil  samples 

ples taken a t  s eve ra l  l o c a t i o n s  i n  t h e  v i c i n i t y  of t h e  WIPP s i te  or by f i e l d  
gamma spectroscopy a t  selected loca t ions .  Gamma-emitting radionucl ides  could 
be determined by either technique,  b u t  t h e  presence of plutonium would have to  
be in fe r r ed  from t h e  measurement of americium-241 i f  the  in-s i tu  technique is 
used. I n i t i a l  soil  profile samples would be necessary to determine the  v e r t i -  
cal d i s t r i b u t i o n  of any radionucl ides  present .  

Direct g a m a  r a d i a t i o n  

T h i s  program w i l l  be continued on a l i m i t e d  basis u n t i l  2 yea r s  before opera- 
t ion .  
ber a t  the meteorological s t a t i o n .  
ous ly  and averaged on a weekly basis. 
made a t  seven d i f f e r e n t  l oca t ions  (Figure J-11) by thermoluminescent dosimeters 
( T L D s ) .  
above the ground; these are exchanged and evalu,a>ted qua r t e r ly .  

Radionuclides i n  soil can be determined by labora tory  ana lyses  of soil  sam- 

Levels of direct gamma rad ia t ion  cu r ren t ly  are being measured a t  t he  site. 

The present  program uses one Reuter-Stokes pressur ized  ion iza t ion  cham- 
The r ad ia t ion  l e v e l  is measured continu- 

Gamma-radiation measurements ,are also 

A t  each loca t ion ,  f i v e  TLD-100 chips are placed approximately 1 meter 

Two years  before operat ion begins, the  preoperat ional  monitor,ing program 
w i l l  be increased i n  scope to include TLD s t a t i o n s  a t  s eve ra l  add i t iona l  sites 
i n  the  v i c i n i t y  of the  WIPP site. 4 
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Figure J-1 1. Locations of thermoluminescent dosimeters 
in the site area. An additional thermolumines- 
cent dosimeter will be located in Carlsbad. 

c 

4 

Water sampling 

One of the  m o s t  important aspects of the radiological monitoring program 
w i l l  be to monitor groundwater a t  ava i l ab le  sampling loca t ions  (Figure 5-12). 
Considerable a t t e n t i o n  w i l l  be given to groundwater monitoring, s i n c e  ground- 
water is a p o t e n t i a l  pathway for radionucl ide t ranspor t .  Sampling loca t ions  
a t  the  s i te  w i l l  be e s t ab l i shed  and sampling begun 2 years  before  operation. 
A l l  sites w i l l  be monitored q u a r t e r l y  for gross  alpha and g ross  beta concentra- 
t ions .  Isotopes present  i n  the  water w i l l  be i d e n t i f i e d  by the  ana lys i s  of 
gamma-ray spectra. 

Beginning 2 years  before  the  s tar t  of operat ions,  surface-water samples 
fran t h e  Pecos River w i l l  be taken on a rout ine  schedule and poss ib ly  after 
per iods  of r a i n f a l l .  Surface-water samples w i l l  be evaluated by gamma- 
spectrum isotope analyses. 
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N o  w e l l  whose water is used for human consumption e x i s t s  wi th in  5 miles of 
t h e  site. Publ ic  dr inking water supp l i e s  i n  Carlsbad, Loving, and Malaga are 
p resen t ly  being monitored annually by the  EPA as a r e s u l t  of t he  Gnome project 
i n  1961. That monitoring program is discussed elsewhere i n  t h i s  appendix. 

Sediment, benthic  organisms, aquatic p l an t s ,  f i s h ,  and s h e l l f i s h  

N o  sampling of benth ic  organisms, aquatic p l an t s ,  f i s h ,  or s h e l l f i s h  is 
planned because the  nea res t  surface water, excluding water tanks,  an impound- 
ment, and s a l t  lakes ,  is 1 4  miles away from t h e  si te a t  its closest point .  
However, to account for t h e  extremely remote p o s s i b i l i t y  of radionucl ide 
bui ldup on sediments over long periods of time, base l ine  r ad ia t ion  l e v e l s  i n  
sediments of the  Pecos River w i l l  be determined; these w i l l  be compared w i t h  
data obtained after opera t ion  commences. Such samples w i l l  be taken along 
w i t h  surface-water samples and w i l l  be subjected to gamma-spectrum isotope 
analyses.  

M i l k  

N o  m i l k  sampling is planned s ince  the  nea res t  d a i r y  farm is more than 
N o  commercial feed crops are grown wi th in  10 miles of t h e  40 miles away. 

site. 

F r u i t s  and vegetables  

N o  food crops for public consumption are grown wi th in  10 miles of the  
site. Therefore, there are no p lans  to sample food crops except for green 
l e a f y  vegetables  and r ep resen ta t ive  f r u i t s  from any p r i v a t e  garden plot t h a t  
may c o m e  to e x i s t  wi th in  5 miles of t h e  site. Sampling w i l l  be performed a t  
each harvest .  
subjec ted  to a gamma-spectrum -isotope ana lys is .  The green l e a f y  vege tab les  
w i l l  also be analyzed for tritium. The sampling of e x i s t i n g  p r i v a t e  garden 
plots w i l l  s t a r t  2 yea r s  before opera t ion  begins. 

The edible  po r t ions  of these  f r u i t s  and vegetab les  w i l l  be 

Meat and pou l t ry  

A t  least one sample each of meat, poultry, and eggs f r o m  f o w l ,  if any, 
feeding on land wi th in  10 m i l e s  of the s i te  i n  t h e  p reva i l i ng  downwind direc- 
t i o n  w i l l  be collected annually. One of t h e  major game species, t h e  mourning 
dove, w i l l  be collected i n  season. One sample of beef from cattle grazing 
within 10 m i l e s  of the si te i n  t h e  p reva i l i ng  downwind d i r e c t i o n  w i l l  be 
taken annually,  i f  ava i lab le .  Th i s  sampling w i l l  commence 2 years  before  t h e  
WIPP begins operat ing.  
radioisotopes and t h e  predominant a c t i n i d e s  expected to be p resen t  i n  t h e  
waste emplaced i n  t h e  WIPP. 

Edible po r t ions  w i l l  be analyzed for gamma-emitting 

J .2 P R O P O S b  OPERATIONAL MONITORING PROGRAMS 

The preopera t iona l  monitoring programs described i n  t h i s  appendix w i l l  
form the  basis of the  opera t iona l  monitoring programs. The operational pro- 
grams, however, w i l l  prof i t  from the experience and the techniques developed 4 during the preopera t iona l  phase. 
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Figure 5-12, Groundwater-sampling locations. 

5.2.1 Geology 

ing programs w i l l  be conducted to insu re  t h a t  no unacceptable geologic-condT; 
During the  cons t ruc t ion  and rout ine  opera t ion  of the  WIPP, seve ra l  monitor7- 

t i o n s  are encountered or caused by development of t h e  f a c i l i t y .  Le . 

Underground monitoring 

As shafts  are sunk and d r i f t s  are mined i n t o  the  sal t ,  geologic  mapping of 
s t r a t i g r a p h i c  u n i t s  and s t r u c t u r a l  f e a t u r e s  w i l l  be conducted regular ly .  
Before mining d r i f t s ,  ho r i zon ta l  p i lot  holes w i l l  be cored along t h e  d r i f t  
paths and t h e  r o c k  examined to provide information on phys ica l  properties. 
When suitable,  radar  sounding w i l l  be used to probe i n  advance of mining f o r  
p o c k e t s  of b r ine  or gas. 
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Deformation gauges w i l l  be i n s t a l l e d  a t  important l oca t ions  i n  t h e  shaf t  
p i l lar  region and i n  major haulage-and-access d r i f t s .  
monitored r egu la r ly  and compared w i t h  expected deformations calculated by rock- 
mechanics computer codes. The s h a f t s  w i l l  be r egu la r ly  inspected to  detect  any 
unusual movement of  t h e  s h a f t  walls. 

These gauges w i l l  be 

Bulk s a l t  samples obtained from the  waste-storage and experiment rooms 
w i l l  be analyzed to determine t h e  chemical makeup, b r ine  conten t ,  mechanical 
properties, and thermal p rope r t i e s .  This sampling w i l l  e s t a b l i s h  whether the  
medium has been adequately described from earlier, more l imi t ed ,  samples. If 
the  devia t ions  i n  properties a r e  s i g n i f i c a n t ,  new ca lcu la t ions  w i l l  be per- 
formed to descr ibe the repos i tory  behavior. 

Surf  ace measurements of geologic  parameters 

Continuous monitoring of seismic a c t i v i t y  w i l l  be conducted by seismom- 
eters located near t he  su r face  bui ld ings  but  remote enough to avoid micro- 
seisms produced by human a c t i v i t i e s .  This s t a t i o n  w i l l  monitor reg iona l  and 
local n a t u r a l  s e i smic i ty  and microseisms t h a t  may develop from subsidence; it 
w i l l  document the ground motions imposed on sur face  f a c i l i t i e s .  

Surface l eve l - l i ne  s t a t i o n s  t h a t  have been and w i l l  be i n s t a l l e d  over t he  
s i te  w i l l  be resurveyed regular ly ,  perhaps every 1 to 5 years ,  to de ta i l  the 
movement of the surface i n  response to thermal loading and room collapse. The 
results w i l l  be compared w i t h  ca l cu la t ed  results to monitor r o o m  collapse a f t e r  
ind iv idua l  rooms or sec t ions  of the  WIPP have been closed. 

J.2.2 H y d r o l o g y  

The hydrologic program described i n  t h i s  appendix is expected to extend 
w e l l  beyond the  ope ra t iona l  l i f e t i m e  of the  WIPP. Long-term proposals include 
the  i n s t a l l a t i o n  of water-level recorders i n  a l l  monitored w e l l s .  The continu- 
ous output  from t h e  recorders w i l l  be c o r r e l a t e d  w i t h  barometric da ta  from the  
local weather s t a t i o n  to el iminate  atmospheric in f luences  i n  water-level f l u c -  
tua t ions .  

The surface hydrology of t h e  region w i l l  be def ined i n  terms of the major 
components t ha t  con t r ibu te  to surface f l o w s  and water qua l i t y .  Water balances 
i n  cr i t ical  areas of i n t e r e s t  or local watersheds w i l l  be inves t iga ted  to 
e s t a b l i s h  the  scope of aqu i f e r  recharge and to  p r e d i c t  hydrologic changes. 
Measurement programs f o r  spr ing flows, pdtash e f f l u e n t ,  and o ther  sur face  run- 
o f f  w i l l  be c a r r i e d  o u t .  

It is expected t h a t  groundwater sampling fo r  long-term monitoring w i l l  be 
performed on an annual bas i s .  However, a f t e r  mining for the  WIPP has  s t a r t e d ,  
sampling w i l l  be q u a r t e r l y  u n t i l  condi t ions  s t a b i l i z e .  The increased frequency 
of measurement w i l l  permit e a r l y  de t ec t ion  of changes i n  groundwater systems 
from mining and cons t ruc t ion  a c t i v i t i e s .  

3 
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5 . 2 . 3  Meteorology 
I 

The operational monitoring program will follow the preoperational program 

4 very closely. The measurements taken during the preoperational phase will 
continue to be taken at a permanently established monitoring station. The 
increased amounts of data will be used to better characterize the meteoro- 
logical conditions at the site. 

J . 2 . 4  Air Quality 

The operational air-quality monitoring program is expected to be identical 
with the preoperational program. The program will remain flexible, however, 
to meet the requirements of new sampling regulations and guidelines, either 
State or Federal. The program, in all cases, will be adequate to establish 
whether or not State and Federal air-quali,ty standards are being met. 

J.2 .5  Ecology 

The operational ecological monitoring program, building on the foundation 
established through preoperational ecological monitoring, will document the 
ecological effects of construction and operation. The proposed monitoring plan 
will be flexible to permit modifications. Initial experience may suggest such 
modifications as changes in instrumentation, addition or deletion of param- 
eters, adjustments in the number and location of sampling stations, or altera- 
tions in the frequency of observations and the number of replications. 

Sampling methods and strategy will follow those presented in the preopera- 
tional biological monitoring program, unless there is substantial reason to 
modify them. However, operational monitoring will focus primarily on indica- 
tor organisms and selected abiotic parameters. Biological data will be col- 
lected near meteorological and radiation-monitoring stations (when possible) 
to facilitate correlation with data collected at these stations. Samples will 
be collected during each season at biologically significant times (as deter- 
mined through preoperational monitoring). When unusual trends are observed, 
sampling will be intensified to elucidate the cause. Unusual trends will not 
necessarily be attributable to the WIPP because biota respond dramatically to 
fluctuations in rainfall and resource availability. 

Information generated by the operational (and preoperational) monitoring 
program will be published by the principal investigators in recognized profes- 
sional journals and presented at appropriate meetings and symposia. 
tion, all work will be reviewed by an independent committee of scientists from 
appropriate fields. These practices will insure that data are being collected 
and interpreted according to the most up-to-date professional standards. 

In addi- 

J.2 .6  Radiation Monitor inq 

The radiation-monitoring program provides data on measurable levels of 
radioactivity in effluents and the environment. This monitoring is done to 
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assist i n  eva lua t ing  the  r e l a t i o n s h i p s  between t h e  r a d i o a c t i v i t y  re leased i n  
e f f l u e n t s  and the  r e s u l t a n t  r ad ia t ion  doses received by people beyond the  
boundaries of t he  si te through c r e d i b l e  pathways of exposure. 

The o f f - s i t e  environmental r ad ia t ion  monitoring program, coupled with on- 0 
si te  e f f l u e n t  monitoring, performs the  following funct ions:  

1. It i d e n t i f i e s  measurable changes i n  o f f - s i t e  r ad ia t ion  l e v e l s  or 
q u a n t i t i e s  of b io log ica l ly  s i g n i f i c a n t  radionucl ides .  

2. It provides  a means of determining whether o f f - s i t e  r a d i a t i o n  
exposures are maintained as l o w  as reasonably achievable  and are 
wi th in  app l i cab le  l i m i t s .  

3. It provides  a means of eva lua t ing  the  impact of WIPP opera t ions  on t h e  
environment . 

Both the  on-si te  and o f f - s i t e  e f f l u e n t  and environmental monitoring programs 
are discussed below. 

Eff luent  mon itor inq  

The gaseous-exhaust systems provide p o t e n t i a l  pathways fo r  t he  release of 
a i rbo rne  radionucl ides .  The e f f l u e n t  monitoring system located a t  each 
release poin t  w i l l  c o n s i s t  of measuring devices  t h a t  sample a i rborne  
particulate r a d i o a c t i v i t y  . 

Samplers w i l l  be i n s t a l l e d  a t  the  release po in t s  to collect the  particulate 
a c t i v i t y  from a r ep resen ta t ive  f r a c t i o n  of t h e  total  volume of a i r  being 
discharged a t  t he  release point .  The samplers w i l l  c o n s i s t  of a probe i n t o  
t h e  a i r  s t r e a m ,  a f i l t e r  holder ,  and a vacuum supply. The sampling probe w i l l  
be designed i n  accordance w i t h  ANSI N13.1-1969. The sampling flow rate and 
probe w i l l  be designed so t h a t  t he  particle ve loc i ty  i n  the  e f f l u e n t  stream 
w i l l  be the  same as  the  particle ve loc i ty  i n  the  sample probe. This  w i l l  
e l imina te  p a r t i c l e - s i z e  b i a ses  i n  t h e  sampler. A sample flow-rate c o n t r o l l e r  
w i l l  maintain cons tan t  sample flow as the  f i l t e r  collects dus t .  This w i l l  
increase  the  pressure drop across the  f i l t e r  and tend to reduce sample flow. 

Other  design features to' be incorporated to improve sampling e f f i c i ency  
include the  following: 

1. 

2. 

E l e c t r i c a l l y  grounding the  probe to minimize electrostatic deposi t ion 

Designing t h e  i n t e r i o r  f i n i s h  and general '  arrangement of t h e  probe to 
minimize tu rbu len t  deposi t ion 

Locating the  f i l t e r  holder as ciose.to the  probe as  poss ib l e  to 
min imize -pa r t i c l e  fal'lout i n  the  t r anspor t  l i n e  

3. 

4. Insu la t ing  and, i f  necessary,  e l e c t r i c a l l y  heat ing the  l i n e s  between 
the  probe and t h e  f i l t e r  holder to e l imina te  condensation 

5. Providing a f l u s h  l i n e  to allow pe r iod ic  c leaning of t he  probe and t h e  
t r a n s p o r t  l i n e  i f  necessary 
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The f i l t e r  holder w i l l  be designed to prevent  leakage of ambient a i r  i n t o  

Furthermore, t he  holder w i l l  be designed so t h a t  par t icu-  
t h e  f i l t e r  holder and to support  t he  f i l t e r  paper under the  design pressure  of 
the vacuum supply. 
l a te  matter is uniformly deposi ted on the  f i l t e r  paper to avoid i n e f f i c i e n c i e s  
i n  sample counting. 

c 
’ The samplers w i l l  provide a record of the  total  a i rborne  p a r t i c u l a t e  

r a d i o a c t i v i t y  discharged. In  order to provide the lowest minimum de tec t ab le  
concentrat ion a t  the  discharge poin t ,  t he  sampling periods w i l l  be as  long as 
possible so t h a t  t he  l a r g e s t  practical volume of a i r  is sampled. 

\ 

Both alpha and beta-gamma continuous a i r  monitors w i l l  be located a t  t h e  
release poin ts .  These instruments w i l l  sample a i r  from t h e  release po in t  
through a probe similar to t h a t  designed for the  f i l t e r  sampler. The sample 
f low w i l l  be s p l i t  so t h a t  half  of t h e  a i r  being sampled is d i r e c t e d  to each 
of the  instruments. 

The s e n s i t i v i t y  of the  beta instrument w i l l  be such t h a t  a concentrat ion of 
1 x microcurie  of strontium-90 and yttrium-90 per cubic cent imeter  pro- 
duces a response of about 11 counts per minute a f t e r  4 hours a t  a sampling f l o w  
of 60 l i t e r s  per minute. Alpha instrument s e n s i t i v i t y  w i l l  be such t h a t  t h e  
re lease-point  maximum permissible  plutonium-239 concentrat ion (2  x 
microcurie per cubic  cent imeter)  can be de tec ted  i n  4 hours a t  a sampling flow 
rate of 60 l i t e rs  per minute. The instruments w i l l  be designed to m e e t  t h e  
requirements of ANSI N13.10-1974. The radionucl ide inventory of the WIPP w i l l  
be such t h a t  t he re  w i l l  be no need to monitor continuously for e i t h e r  iodine 
or noble gases. 

The effluent-monitoring systems w i l l  be designed to withstand the  effects 
of a design-basis earthquake and suppl ied with emergency power to allow moni- 
t o r ing  i n  the  event of a power fai lure .  

Envi r onmen t a l  r ad i a t  i on mon i tor i ng 

After the WIPP begins operat ing,  a program for monitoring environmental 
r ad ia t ion  l e v e l s  w i l l  be operated continuously i n  order to v e r i f y  pro jec ted  or 
expected r a d i o a c t i v i t y  concent ra t ions  and related pub l i c  exposures i n  accord- 
ance w i t h  ERDA Manual Chapter 0513. When opera t ions  begin, t h e  ope ra t iona l  
monitoring program is expected to be e s s e n t i a l l y  i d e n t i c a l  w i t h  t h e  preopera- 
t i o n a l  monitoring program. I n i t i a l l y ,  a t  least, t h e  same media w i l l  be sam- 
pled, t h e  same sampling loca t ions  w i l l  be monitored, and the  same types of 
analyses  w i l l  be made. However, t h e  ope ra t iona l  program w i l l  be f l e x i b l e ;  it 
w i l l  be cont inua l ly  reevaluated and modified i f  needed. A s tr ict  qua l i ty -  
c o n t r o l  program w i l l  be followed to insu re  the  accuracy of samples and measure- 
ments. 
from preopera t iona l  monitoring r e s u l t s ,  an immediate program of evaluat ion w i l l  
be undertaken to discover and e l imina te  the  cause. 

I f  any a d d i t i o n a l  r a d i o a c t i v i t y  is detected beyond the l e v e l s  expected 

Equipment s e n s i t i v i t i e s  

The equipment used for measurement during opera t ion  w i l l  meet or exceed t h e  
s e n s i t i v i t i e s  required to detect r ad ia t ion  l e v e l s  below the l i m i t s  described i n  
10 CFR 20, Appendix B. State-of-the-art  equipment and instruments w i l l  contin- 
u a l l y  be evaluated for incorporat ion i n t o  t h e  monitoring program. 
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Data r epor t ing  

Annual reports w i l l  summarize the environmental-sample monitoring. These 63 reports w i l l  provide applicable data i n  the  format required by ERDA Manual 

assessments of observed environmental impacts. 
' Chapter 0513. They w i l l  include the r e s u l t s  of environmental a c t i v i t i e s  and 

J.3 POSTOPERATIONAL MONITORING PROGRAMS 

The basic purposelof  geologic  disposal is to isolate wastes from t h e  bio- 
sphere so t h a t  su rve i l l ance  w i l l  no t  be needed a f t e r  t h e  r epos i to ry  is closed. 
Indeed, t he  WIPP w i l l  not be closed up a t  a l l  i f  there is any s e r i o u s  concern 
regarding the post-decommissioning r i s k .  

For a limited time a f t e r  t h e  WIPP is decommissioned, monitoring w i l l  con- 
t inue.  This monitoring w i l l ,  f o r  the  most part ,  be a cont inuat ion of the  
ope ra t iona l  monitoring program. The r a t i o n a l e  for t h e  pos topera t iona l  moni- 
t o r ing  program is presented i n  t h i s  sect ion.  

The ob jec t ive  of pos topera t iona l  monitoring is to g ive  t imely warning of 
radionucl ide releases or of events  or processes that may precede the  release 
of radionucl ides  to the  environment. This goal w i l l  require measures to as- 
su re  people i n  the  f u t u r e  t h a t  no gross  underestimate of r i s k s  has been made. 
It  is expected t h a t  t h i s  can be accomplished by periodic, rather than continu- 
ous,  observat ions and t h a t  the monitoring program would not  be complex. 

Three k i n d s  of post-decommissioning monitoring appear to be appropriate: 
geologic ,  hydrologic,  and radiologic .  Possible measurements are ou t l ined  i n  
Table J-4. Much of t h e  opera t iona l  monitoring program is designed to d e t e c t  
impacts assoc ia ted  wi th  the  operat ion of the  WIPP. 
t i o n a l  monitoring program, l i k e  measurements of  e f f l u e n t s  and meteorological  
parameters, w i l l  no longer be appropriate. 

Por t ions  of t h e  opera- 

G e o l o g i c  monitoring is primarily concerned w i t h  de t ec t ing  v a r i a t i o n s  
i n  geologic parameters that may revea l  a release of r a d i o a c t i v i t y ,  whether 
t he  v a r i a t i o n s  are caused by n a t u r a l  geologic  events  or by the  presence of t h e  
repos i tory .  The fundamental measurement w i l l  be periodic resurveys of the 
su r face  to observe the depth and areal ex ten t  of subsidencejassociated with 
c losu re  of t he  subsurface c a v i t i e s .  I n  addi t ion ,  a periodic surface geologic 
reconnaissance w i l l  be conducted f o r . f r a c t u r e s  and other phenomena ind ica t ive  
of subsurface movement. Borehole monitoring would not  be undertaken because 
holes located close enough to the waste to measure geologic  movement and sub- 
su r face  temperatures would a t  t h e  same t i m e  breach t h e  n a t u r a l  i n t e g r i t y  of 
the strata over or near the waste. 

The pos topera t iona l  radiation-monitoring program w i l l  include measure- 
ments of a c t i v i t y  l e v e l s  i n  biological ind ica tor  sp/ecies. 
gram w i l l  g ive  d i r e c t  assurance t h a t  some unant ic ipated event has not  bypassed 
the  na tu ra l  and man-made b a r r i e r s  aga ins t  release of r a d i o a c t i v i t y  and t h a t  
rad ionucl ides  have not been missed i n  the  rad iobio logica l  monitoring of down- 
g rad ien t  groundwater. Useful i nd ica to r  species w i l l  be designated before  de- 
commissioning. 

The sampling pro- 

d A t  t he  sur face  above t h e  disposal area, such sampling might be 

J-33 



Table 5-4. Ou t l ine  of t he  Post-Decommissioning Monitoring Program 

Measurement Location Frequency Obj ec t i v e  cr 
HYDRO LOG I C  MONITORING 

Borehole measurement 
and sampling 

Gross alpha a c t i v i t y  
Gross be ta  a c t i v i t y  
Chemistry 

Head measurements 

Resurvey of 
su r  f a c e  topography 

Sampling of ind ica to r  
species 

Sampling o'f water, 
i nd ica tor species 

Holes down- 5-10 yea r s  
g r a d i e n t  a t  a 
d i s t a n c e  of 
2 m i l e s  or more 

GEDLOGIC MONITORING 

Level l i n e s  5-10 yea r s  
across s u r f  ace 
of s i te  

RADIOLOGICAL MONITORING 

A t  and near s i te  5-10 y e a r s  

A t  groundwater 5-10 yea r s  
d i scharge  
p o i n t s  

To detect migra t ion  
of  r ad ionuc l ides  
o u t  of disposal 
area 

To d e f e c t  any change 
i n  hydrology 

To detect and 
measure subsidence 
and/or u p l i f t  

To detect releases 
d i r e c t l y  

To detect releases 
d i r e c t l y  

of  g r a s s e s  and game b i rds .  
D r a w  and along t h e  Pecos River ,  such sampling might be of water and per iphyton.  

A t  t h e  groundwater d i scharge  p o i n t s  i n  lower Nash 

Hydrologic monitor ing w i l l  cont inue  almost undiminished from t h e  opera- 
t i o n a l  phase because groundwater is t h e  most l i k e l y  pathway f o r  rad ionucl ide  
t r a n s p o r t  i n  t h e  long term. The basic hydrologic  monitor ing w i l l  c o n s i s t  of 
periodic sampling and r ad iob io log ica l  a n a l y s i s  of water from open boreholes  
downgradient from t h e  disposal area. 
ho le s  i n  c o n t r o l  zone I V  t h a t  could be used f o r  t h i s  purpcse (ho le s  P-14, P-15, 
P-17, P-18, and H - 4 ) ,  and it may be necessary to d r i l l  more ho le s  to e l imina te  
t h e  p o s s i b i l i t y  t h a t  a plume of  r e l eased  rad ionucl ides  might pass between moni- 
t o r i n g  ho le s  wi thout  being observed. The hydrologic  test  ho le s  i n  c o n t r o l  zone 
I1 and a l l  upgradient  test ho le s  w i l l  be  plugged. The la t te r  w i l l  not  be 
needed, and to leave  t h e  former open would be to leave  a p o t e n t i a l  connect ion 
between a q u i f e r s  and Salado sal t .  

There are a t  p re sen t  f i v e  hydrologic  
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5.4 RELATED ENVIRONMENTAL PROGRAMS BY OTHERS 

J.4.1 Bureau of  Land Management 

In  1974, t he  Bureau of Land Management (BLM) began prepara t ion  of a 
prel iminary regional  environmental assessment record (EAR) (BLM, 1976a) i n  
order  to f u l f i l l  r e s p o n s i b i l i t i e s  ou t l i ned  i n  the  Nat ional  Environmental 
Policy A c t  of 1969. 
resumption of potash l eas ing  and prospecting i n  the  Carlsbad area. 
inary  document was published i n  October 1975, and the  Executive Summary and 
Supplement (BLM, 1976a and b) was completed i n  1976. Public-reference copies  
of  t h i s  document are ava i l ab le  i n  the  c i t y  l i b r a r i e s  of Carlsbad, Hobbs, and 
Albuquerque, as  w e l l  as  a t  the  BLM o f f i c e s  i n  Santa Fe and Albuquerque. 

The compilation of an EAR w a s  t he  major s t e p  toward t h e  
The prelim- 

J.4.2 New Mexico Environmental Improvement Division 

The New Mexico Environmental Improvement Agency (now Divis ion)  performed 
an a i r -qua l i t y  assessment of t h e  potash-mining a c t i v i t i e s  i n  the  genera l  area 
of the  WIPP site. The assessment was undertaken a f t e r  apparent v i o l a t i o n s  of 
t h e  S t a t e  and Federal  a i r - q u a l i t y  s tandards were mentioned i n  the  environmental 
assessment record of the  BLM. The assessment analyzes the  impact of the  potash 
indus t ry  on t h e  a i r ;  t h e  ana lys i s  used computer-modeling techniques to p r e d i c t  
average air-particulate l e v e l s  i n  the  v i c i n i t y  of the  local potash mines. 

The A i r  Q u a l i t y  Divis ion of t he  W I D  monitor? a i r  q u a l i t y  throughout t h e  
State and provides data on the  concent ra t ions  of total  suspended particulates, 
s u l f u r  dioxide,  carbon monoxide, and ozone. The information r ecen t ly  gathered 
i n  the  v i c i n i t y  of the  si te is i n  the  Municipal Building i n  Carlsbad. Only 
total suspended p a r t i c u l a t e s  are measured a t  t h e  si te.  Other s i tes  of i n t e r -  
est are a t  Artesia, Hobbs, and Lovington; da t a  are a v a i l a b l e  on microfiche on 
a semiannual bas i s .  

J.4.3 U.S. Geological Survey 

The U.S. Geological Survey (USGS) has had major involvement i n  character-  
i z ing  t h e  hydrology and geology of t h e  area surrounding the  site. The involve- 
ment was f u r t h e r  i n t e n s i f i e d  when the  DOE (and its predecessors ,  ERDA and AFC) 
and B1%1 requested d e t a i l e d  s t u d i e s  i n  t h e  area. The AEC needed s i te  character-  
i z a t i o n  fo r  P ro jec t  Gnome i n  1961; t h e  USGS performed a d e t a i l e d  hydrologic 
and geologic  study of t he  Gnome si te during the  per iod between 1958 and 1961. 
The BLM needed a s s i s t ance  i n  preparing the  prel iminary environmental ana lys i s  
record and requested input  from t h e  USGS. A l s o ,  t h e  State of New Mexico has 
received a s s i s t ance  i n  the  prepara t ion  of hydrologic reports fo r  many p a r t s  of 
t h e  State, including t h e  site. On a rou t ine  monitoring basis, t h e  USGS issues 
an annual gener ic  water-data report. 
t h e  State of  New Mexico (USGS, 1977). The d e t a i l e d  da ta  include discharge 
rates of streams and water l e v e l s  of s e l ec t ed  wells i n  the  si te area. Some 
chemical analyses-of  s e l ec t ed  water samples are also documented i n  the  same 
report. Furthermore, t he  USGS performs environmental analyses  fo r  proposed 
o i l  and gas  opera t ions .  

The report descr ibes  water resources i n  

Through t h i s  process, an assessment of  environmental 

3 
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impacts would be made before  any f u r t h e r  development of Federal mineral  re- 
swurces would be allowed. 

J.4.4 Environmental Pro tec t ion  Agency, L a s  Vegas, Nevada 

The Environmental Pro tec t ion  Agency (EPA) has performed environmental 
monitoring surveys i n  the  v i c i n i t y  of the  s i te  as a resu l t  of Project Gnome. 1 

Except a t  t h e  Nevada T e s t  Site, t h e  EPA monitors w e l l s ,  spr ings ,  and spring- 
f ed  surface-water sources  a t  sites where underground nuclear detonat ions have 
taken place; the  monitoring l o o k s  f o r  t he  migration of radionucl ides  r e s u l t i n g  
from the  movement of groundwater. Consequently, a number of w e l l s  i n  t he  
v i c i n i t y  of the  Gnome si te are monitored annually by the  EPA. 
t h e  water monitoring, t he  EPA has  monitored radionucl ide concentrat ions i n  
p l a n t  and animal t i s s u e s  collected a t  the  Gnome site. 

In  addi t ion  to 

J.4 .5  Potash Indus t ry  

Some d e t a i l e d  environmental monitoring of t he  potash industry before 1976 
r e s u l t e d  from t h e  prel iminary environmental assessment record. Although t h e  
monitoring included soil  and w e l l - w a t e r  sampling, t h e  potash mines i n  t h e  
Carlsbad area do not gene ra l ly  have ex tens ive  environmental monitoring pro- 
grams. Present  l e v e l s  of monitoring are beginning to increase  as a r e s u l t  of 
i n t e r a c t i o n  with t h e  NMEID. The m o s t  ex tens ive  monitoring programs include t h e  
c o l l e c t i o n  of meteorological  data and high-volume air  sampling f o r  total  sus- 
pended particulates; such programs are conducted a t  t w o  of t h e  seven potash 
mines i n  the  v i c i n i t y  of the  WIPP site. As State guide l ines  f o r  high-volume 
sampling are formulated,  similar programs can be expected a t  o ther  mines. 

J.4.6 Nat ional  Oceanic and Atmospheric Administration 

The Nat ional  Oceanic and Atmospheric Administration provides  a Climatolog- 
ical Data Publ icat ion,  which is published by the  Nat ional  C l i m a t i c  Center 
(NCC) e It is a compendium of reports from se l ec t ed  weather s t a t i o n s  through- 
o u t  the  United States, and it includes such da ta  as temperature, d a i l y  precipi- 
t a t i o n ,  wind speed, humid,ity, and sky cover. More d e t a i l e d  da ta  are ava i l ab le  
through the  NCC fo r  selected sites. Thiskinformation is ava i l ab le  to the  gen- 
eral  public through a monthly subsc r ip t ion  serv ice .  However, meteorological 
da t a  s p e c i f i c  to the  WIPP si te are not  ava i l ab le  from the  NCC. 

5.4.7 New Mexico Department of  Game and Fish 

A study being conducted by the  New Mexico Department of Game and Fish 
w i l l  provide information related to the  WIPP b io log ica l  monitoring program. 
This s tudy 'monitors  condi t ions  and t r ends  of range lands  grazed by l ives tock  
and w i l d l i f e  i n  four  southern New Mexico count ies  ( including Eddy County). 
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J.4.8 Onqoing Regional Ecological S tudies  

I n  addi t ion  to the  comprehensive ecologica l  s t u d i e s  being c a r r i e d  o u t  by 
the  WIPP project, s eve ra l  eco logica l  i nves t iga t ions  are being carried o u t  i n  
t h e  region by governmental agencies and un ive r s i ty  researchers .  

The R o s w e l l  District  of the  BLM is completing an ex tens ive  prel iminary 
d r a f t  environmental statement (PDES) on proposed l ivestock-grazing practices 
on publ ic  lands  i n  southeastern New Mexico, east of the  Pecos River. I n  addi- 
t i o n ,  the BIEl is sponsoring a groundwater study r e l a t e d  to potash mining i n  
the  Region (A. Gebel, personal  communication, August 25, 1978). The primary 
ques t ions  to be answered by t h e  BLM study a r e  t h e  following: 

1. Is f r e s h  water i n  the  Carlsbad potash area i n  danger of contamination 
from cur ren t  or expanded potash-mining a c t i v i t y ?  

2. Is the  brackishness of the  Pecos River below Malaga Bend i n  whole or 
i n  part a t t r ibu tab le  to mining a c t i v i t i e s ?  

3. Is the  amount of leakage from brine-disposal  ponds s i g n i f i c a n t  when 
compared to t h e  tremendous volumes of n a t u r a l l y  occurr ing b r ines?  

The hydrology inves t iga t ion  also includes an eva lua t ion  of phreatophytes 
and wetland vegeta t ion  as water-quali ty ind ica to r s  and a bo tan ica l  eva lua t ion  
of Nash D r a w  (Geohydrology Associates, 1978). 

The Bureau of Reclamation a t  Amarillo, Texas, is cont inuing to update t h e  
project h i s t o r y  of t he  Malaga Bend Division-McMillan Delta Project. 
Bend Division was an experimental  s a l i n i t y - a l l e v i a t i o n  project intended to 
improve the  water q u a l i t y  i n  the  Pecos River by lowering the  head of t he  b r ine  
aqui fe r  a t  Malaga Bend and thus  d ive r t ing  the  br ine .  
on t he  project was discontinued. 

The Malaga 

In  1976 a c t i v e  monitoring 

The Bureau of Reclamation a t  Amarillo is also cu r ren t ly  preparing a 
supplement to i ts  f i n a l  environmental impact statement on t h e  Brant ley Dam 
project, which is loca ted  on the  Pecos River approximately 1 2  miles northwest 
of Carlsbad. Fishery s t u d i e s  have been conducted by the  State of New Mexico 
to determine the  f i s h  spec ies  present  i n  the  area and to develop possible 
mi t iga t ion  measures to protect t h e  rare f i s h  i n  Major Johnson Springs. 

e- 

Reynolds Electrical & Engineering Co., Inc., has  been conducting a radio- 1. 

Xogica l  survey f o r  t h e  DOE Nevada Operations 0ff; ice a t  t he  Gnome site. 
' p c t  Gnome was the  f i r s t  s c i e n t i f i c  experiment in'.khe Plowshare Program i n  
\,December 1961. 
l ine-back opera t ions  and pos tshot  a c t i v i t i e s .  The 'survey involves monitoring 

, ' r a d i a t i o n  l e v e l s  and includes decontamination and decommissioning of t h e  s i te  
- (D. D. Jackson, DOE, personal  communication, September 26, 1978). 

P r a -  

Por t ions  of the  l-square-mile s i te  were contaminated during 

Various projects are being c a r r i e d  o u t  i n  t h e  s i te  area by un ive r s i ty  
researchers .  For example, graduate s tuden t s  a t  Eastern New Mexico Universi ty  
have been studying the  f i s h  fauna i n  t h e  B l a c k  River,  an endemic subspecies of 
white- ta i led deer a t  the  Mescalero Sands i n  northern Eddy County, and p o c k e t  
mice i n  eas t e rn  Eddy County (A. L. Gennaro and J. E. Sub le t t e ,  Eastern New 
Mexico Univers i ty ,  personal  communication, September 21,  1978). 
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'Ihe study being conducted by the New Mexico Department of Game and Fish, 
which w i l l  provide information of use to the WIPP biologica l  monitoring 
program, was discussed ear l i er  . 6 
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Appendix K 

MEZHODS USED I N  LONG-TERM SAFEZY ANALYSES 

K . l  HYDROLOGIC TRANSPORT 

K . l . l  I n t r o d u c t i o n  / 

The numerical  model used for hydro logic- t ranspor t  c a l c u l a t i o n s  was devel- 
oped by I n t e r a  Environmental Consul tan ts ,  Inc. ,  f o r  t h e  Nuclear Regulatory 
Commission (Di l lon  e t  al . ,  1977).  It  is a modified ve r s ion  of a deep-well- 
d i s p o s a l  m o d e l  developed f o r  t h e  U.S. Geological  Survey (INTERCOMP, 1976).  
The model is three-dimensional  and uses  f i n i t e - d i f f e r e n c e  methods to s o l v e  a 
set  o f  pa r t i a l  d i f f e r e n t i a l  equa t ions  desc r ib ing  f l u i d . f l o w ,  energy, s a l i n i t y ,  
and r ad ionuc l ide  concen t r a t ion  i n  a porous medium. 
coupled by two properties o f  t h e  f l u i d :  d e n s i t y  and v i s c o s i t y .  

The basic equa t ions  are 

Three basic coupled equa t ions  d e s c r i b e  t h e  conserva t ion  of to ta l  l i q u i d  
mass, t h e  conse rva t ion  o f  energy, and t h e  conserva t ion  o f  t h e  mass of a s i n g l e  
s o l u t e  i n  t h e  f l u i d .  I n  a d d i t i o n ,  t h e r e  are coupled equa t ions  desc r ib ing  t h e  
conserva t ion  o f  mass for each o f  t h e  r a d i o a c t i v e  c o n s t i t u e n t s  d i s so lved  i n  the  
f l u i d ;  t h e s e  equa t ions  are coupled by terms t h a t  account f o r  r a d i o a c t i v e  decay 
and t h e  product ion  of daughter r ad ionuc l ides  from decaying p a r e n t  radio- 
nuc l ides .  

This  set o f  equa t ions  p r e d i c t s  t h e  concen t r a t ions  of  r a d i o a c t i v e  cons t i -  
t u e n t s  and of t h e  s p e c i f i e d  i n e r t  components. It  also predicts t h e  temper- 
ature and p res su re  p a t t e r n s  that r e s u l t  from the flow and d i scha rge  of  l i q u i d  
waste. The a q u i f e r  f l u i d  properties are permitted to be f u n c t i o n s  of t h e  
concen t r a t ion  and temperature  of  l i q u i d  chemical waste. 

I 

The b a s i c  phys i ca l  assumptions conta ined  i n  t h e  model equa t ions  are as 
f 0 llows : 

1. Flow is three-dimensional,  t r a n s i e n t ,  and laminar.  

2. Flu id  d e n s i t y  can be a func t ion  of t h e  p r e s s u r e ,  temperature, and 
concen t r a t ion  of  the i n e r t  component. F l u i d  v i s c o s i t y  can be a func- 
t i o n  o f  temperature  and concent ra t ion .  

3. I n j e c t e d  wastes can mix with t h e  in-place f l u i d s .  

4. Aquifer  properties vary wi th  p o s i t i o n :  i.e., p o r o s i t y ,  permeabil-  
i t y ,  t h i ckness ,  and e l e v a t i o n  can be  specified for each numerical  g r id  
block i n  t h e  m o d e l .  

5. Hydrodynamic d i s p e r s i o n  'is a func t ion  of f l u i d  v e l o c i t y .  

K-1  



6. 

7. 

8. 

9. 

Radioact ive c o n s t i t u e n t s  are p resen t  trace q u a n t i t i e s  only;  t h a t  
is, f l u i d  p r o p e r t i e s  are independent 'of t h e  concent ra t ions  of t h e s e  
contaminants.  Qr 
Chemical r e a c t i o n s  among the  r a d i o a c t i v e  trace c o n s t i t u e n t s  and chemi- 
cal spec ie s  on the porous rock s u r f a c e s  go to  equi l ibr ium ins tan tane-  
ously.  

The energy equat ion can be descr ibed  as "enthalpy i n  - entha lpy  o u t  = 
change i n  t h e  i n t e r n a l  energy of t h e  system." 
f o r  k i n e t i c  energy and p o t e n t i a l  energy, which have been neglected.  

This  is r igo rous  except  

Boundary cond i t ions  allow f o r  n a t u r a l  water movement i n  t h e  a q u i f e r ,  
h e a t  losses to ad jacen t  formations,  and t h e  l o c a t i o n  of i n j e c t i o n ,  
product ion,  and observa t ion  p o i n t s  anywhere wi th in  the  system. 

A more t e c h n i c a l  d e s c r i p t i o n  of t h e  model equat ions  is provided i n  the  next  
subsec t ion .  

R.1.2 Reservoir  Model Equat ions 

L e t  x, y,  z be a Car t e s i an  coord ina te  system and l e t  Z(x,y,z) be the  
he ight  of a p o i n t  above a h o r i z o n t a l  r e fe rence  plane.  
s c r i b i n g  single-phase flow i n  a porous medium combines t h e  c o n t i n u i t y  equat ion  

The b a s i c  equat ion  de- 

d V*PU + q' = -@OP) (K-1) 

and Darcy's l a w  i n  t h r e e  dimensions,  

. .  - = -Fp k - pgvz) 

(Symbols are def ined  i n  Table K-1.) The b a s i c  f low equat ion  is then  

(K-3) 
a 

v a  E ( V p  - pgVZ) - 9' = @$P) 
lJ 

The energy balance de f ined -as  (en tha lpy  i n  - entha lpy  o u t  = change i n  i n t e r n a l  
energy) is descr ibed  by the  energy equat ion  
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The five terms on the left-hand side of Equation K-4 describe net energy con- 
vection, conduction, heat loss to surrounding strata, enthalpy accompanying a 
fluid source, and energy not accompanying a fluid source. A material balance 
for the solute produces the solute-concentration equation. 

(Vp - p g V z ) ] * +  V'pg *vir - q ' C  a a a  = Z ( P 4 C )  
-c  

The three terms on the left-hand side of Equation K-5 represent net convection, 
dispersion, and production of the solute. A similar material balance for N 
radioactive components results in N component equations. For component i, 

where 

The two summation terms describe the generation of component i from the decay 
of other radionuclides and the decay of component i to other radionuclides. 
Implicit in Equation K-6 is the approximation 

The equilibrium adsorption constant is defined as follows: 

where (Kd)i is the distribution coefficient for compound i. 
/ 

The system of Equations K-3, K-4, K-5, and K-6--along with the fluid- 
property dependence on pressure, temperature, and concentration--describes the 
reservoir flow due to the discharge of ;wastes into an aquifer. This nonlinear 
system of partial differential equations must be solved numerically by high- 
speed digital computers. 
fluid-proper ty dependence. Since it is assumed that the radioactive compon- 
ents are present in trace quantities only and the fluid properties are inde- 
pendent of these concentrations, Equation K-6 is uncoupled from the other 
equations. 

Equations K-3, K-4, and K-5 are coupled through 

/ 
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These equations are solved by dividing the region of interest into three- 
dimens'ional grid blocks and constructing finite-difference approximations to 
all partial derivatives in this grid. The resulting set of finite-difference 
equations have numerical solutions that closely approximate the analytic 
solutions of Equations K-3, K - 4 ,  K-5, and K - 6  in certain simplified (one- 
dimensional) geometries. The finite-difference equations in three dimensions 

6 

are as follows: 

Basic flow equation 

Solute equation 

The difference operators in space are defined &y 

with 
- 'i,j, n+l k) 

(K-13) 

(IC-15) 
The symbol a\\,denotes variation over a single time step; for any quantity x, 

(K-16) 
n+l - Xn 

6x = x 
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The terms 

Tc = PR 

(K-17) 

have been introduced fo r  no ta t iona l  convenience: s ince  a l l  of them are 
position-dependent, a f u r t h e r  expansion is i l l u s t r a t e d  as  

(K-18) 

(K-19) 

(K-20) 

For radial  geometry, the  term 
2Ay A z k  

% + Ax i+l 

becomes 2rAz /ln(ri+l/ri) . The volume term is wr i t t en  as r A r . A z  2 
k 1 k' 

Two terms, the  const i tuent-dispers ion tensor  gc and t h e  e f f e c t i v e  heat- 
conduct iv i ty  tensor & need a d d i t i o n a l  descr ipt ioir .  
both depend on hydrdynamic d i s p e r s i v i t y ,  which is a funct ion of local f l u i d  
ve loc i ty .  For an isotropic porous m e d i u m  there can be no more than t w o  in- 
dependent d i s p e r s i v i t y  factors; t h i s  requirement i n su res  t h a t  t he  d i spe r s ion  
tensor  is inva r i an t  under coordinate  transformations.  These t w o  d i spe r s iv i -  
ties are long i tud ina l ,  i n  t he  d i r e c t i o n  of f l o w ,  and t ransverse ,  perpendicular 
to flaw. Generally,  both are func t ions  of the  magnitude of t h e  f l o w  ve loc i ty :  

I n  t h e  present  model 

and 

When the v e l o c i t y  vec t  is divided i n t o  componen-s along th ree  coordinate  
axes ,  nine components of both the  d i s p e r s i v i t y  and the  conduct iv i ty  t enso r s  
occur. 

More genera l  expressions for the  d i s p e r s i v i t y  and the  conduct iv i ty  tensors  
can be wr i t t en  i n  terms of mole'cular properties and hydrodynamic d i spe r s iv i ty :  
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. , . .” 

and 
e 

(K-21) 

where the dispersivity coefficient Q is a vector quantity. 
ductivity due to hydrodynamic dispersion in the porous medium has been taken 
as the product of the dispersivity and velocity multiplied by fluid volumetric 
heat capacity. The ordinary molecular heat conductivLty of fluid plus rock, 
ICm, has been treated as an additive constant. 
tions K-21 is that the microscopic heterogeneity in convective flow creates 
the same dispersive effect in temperature that it creates in the concentration 
of constituents. 

The apparent con- 

The concept expressed in Equa- 

t 

K- 6 



Table K-1. Nomenclature 
~ ~~~ ~~ ~~ ~~~~~ 

Area perpendicular to flow--either AxAy? AxAz, or AyAz d r S A  

C Concentration, mass fraction 
A C Concentration of solute, salinity 

Specific heat (at constant pressure) cp 
CS 

D Diffusion coefficient 

Concentration of radioactive component on rock 

E 

g 

H 

k 

kij 

K 

Kd 

Ki 

a 

P 

q' 

qL ' 
r 

T 

Dispersion coefficient 

Constituent-dispersion tensor 

Effective heat-conductivity tensor (including hydrodynamic 
dispersion) 

Acceleration due to gravity 

En t ha 1 py 

Per mea bili t y 

Rate of decay of component j to component i 

Thermal conductivity 

Distribution coefficient 

Equilibrium adsorption constant defined in Equation K-9 

Distance between grid-block centers 

Pressure 

Mass source per grid block 

Mass source per unit of porous-medium volume 

Energy stored without fluid input per grid block 

Energy stored without fluid input per unit of porous-medium volume 

Rate of heat loss per grid block 

Rate of heat loss per unit of porous-medium volume 

Radial space coordinate 

Time 

Temperature 
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Table K-1.  Nomenclature (continued) 

TH,Tw,Tc Transmissibility of energy, flow, and contaminant; defined by 
Equations K-17, K-18, K-19 

U Superficial (Darcy) fluid velocity in the porous rock 

U Internal energy 

V Gr id-block volume 

XIYIZ Cartesian space coordinates 

2 Elevation above reference plane 

Subscripts 

av Average over depth increment 

R Rock 

S Solid material (always rock) 

i f j f k  Indices labeling radioactive components or, in Equations K-15 and 
K-20 , indices labeling grid blocks 

W Liquid 

1, t Longitudinal and transverse, respectively 

m Molecular properties in porous media 

Superscripts 

n Time level n 

Greek - 
a Dispersivity coefficient 

(P Porosity 

PB Bulk density = (1 - , ( P ) p s  

Density of rock Ps 

P Density of fluid' - 

CL Viscosity (kinematic) 

At Time increment 

Ax,Ay,Az Grid-block dimensions 
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K.2 APPLICATION OF THE TRANSPORT MODEL TO THE WIPP SITE 

T h i s  s e c t i o n  describes i n  de ta i l  a p p l i c a t i o n s  of the  hydrologic- t ransport  3 m o d e l  descr ibed  i n  Sec t ion  K . l  to the  modeling of phenomena a t  t h e  WIPP s i t e  
for t h e  long-term s a f e t y  assessment.  

The modeling of hydro logic- t ranspor t  phenomena has  involved a three-s tep  
approach: d a t a  i n t e r p r e t a t i o n  and r eg iona l  hydrologic  modeling, t h e  ca l cu la -  
t i o n  of waste-release rates for the  va r ious  scena r ios ,  and the  c a l c u l a t i o n  of 
t h e  t r a n s p o r t  of rad ionucl ides  assumed i n  each of  t h e  scena r ios .  These t h r e e  
parts of t h e  modeling effort are d iscussed  i n  t h i s  s e c t i o n  under sepa ra t e  
headings. 

K.2.1 Data I n t e r p r e t a t i o n  and Regional Hydrologic Modeling 

, The o b j e c t i v e s  of t h i s  p a r t  of t h e  modeling e f f o r t  are as follows: 
, 
I.. To check cons is tency  or l a c k  of it between va r ious  sets of hydrologic  

data. 

2. To c a l c u l a t e  the  e x t e n t  of communication ( v e r t i c a l  p e r m e a b i l i t i e s )  
between va r ious  hydrologic  u n i t s .  

3. To d e l i n e a t e  h e t e r o g e n e i t i e s  e x i s t i n g  wi th in  each geologic  formation. 
Heterogenei ty  here r e f e r s  to t h e  spa t ia l  v a r i a t i o n  of pe rmeab i l i t y  
va lues  e 

4. To c a l c u l a t e  p o t e n t i a l s  and/or hydrau l i c  c o n d u c t i v i t i e s  i n  areas 
where da ta  are lacking .  

5. To c a l c u l a t e  boundary cond i t ions  for local s c e n a r i o  and nuclide- 
t r anspor t mode li ng . 

The c a l c u l a t i o n a l  procedure is s t r a igh t fo rward .  Permeabi l i ty  va lues  
determined by l abora to ry  or w e l l  tests are used as i n i t i a l  va lues  i n  t h e  cal- 
c u l a t i o n s .  Permeabi l i ty  d i s t r i b u t i o n s  are ad jus t ed  u n t i l  t h e  calculated po- 
t e n t i a l s  are i n  s a t i s f a c t o r y  agreement wi th  a c o n s i s t e n t  set of measured 
p o t e n t i a l  va lues .  

The hydrologic  da t a  used i n  t h i s  work were obta ined  p r imar i ly  from a re- 
p o r t  by Mercer and O r r  (1977),  who reviewed and summarized a l l  data e x i s t i n g  
through February 1977. A f t e r  t he  r e p o r t  by Mercer and O r r  w a s  i s sued ,  t h e  
U.S. Geological  Survey (USGS) conducted w e l l  tests i n  t h e  L o s  Medanos area; 
some d a t a  from a d r a f t  USGS report to Sandia  Nat iona l  Labora to r i e s  were used 
to check cons is tency  and o b t a i n  permeabilities immediately above t h e  WIPP 
si te.  Other sources  of d a t a  were Griswold (1977),  R a i  and Mason (1977),  Lam- 
b e r t  (1978),  and Lambert and Mercer (1977) : laboratory-measured d i s t r i b u t i o n  
c o e f f i c i e n t s  i n  unpublished form were also used. 
I 

A map of t h e  modeled region is shown i n  F igure  K-1,  and a geologic  cross 
s e c t i o n  of the  Los  Medanos area looking toward t h e  northwest is presented  i n  
F igure  K-2. The Santa  Rosa Sandstone is a moderately permeable formation 

3 
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Figure K-I .  Hydrologic modeling region. 

con ta in ing  r e l a t i v e l y  f r e s h  water. 
L a k e  Red Beds prevents  s i g n i f i c a n t  seepage of water from the  Santa  Rosa Sand- 
s tone  to t h e  Rus t l e r  Formation. Two t h i n  a q u i f e r s ,  t he  Magenta and t h e  
Culebra,  are contained i n  the  Rus t l e r  Formation, which is predominantly 
composed of impervious anhydr i t e s ,  p o l y h a l i t e s ,  and gypsum. The WIPP w i l l  be 
i n  the  Salado Formation. The Casti le Formation, composed of very  pure h a l i t e  
and anhydr i te ,  con ta ins  no water-bearing s t ra ta .  
Mountain Group, approximately 3000 f e e t  t h i c k ,  which con ta ins  aqu i f e r s .  

However, t he  l o w  permeabi l i ty  of t h e  Dewey 

Beneath it l ies t h e  Delaware 

The Santa  Rosa Sandstone does not  extend beyond t h e  WIPP to t h e  w e s t ,  and 
t h e  in te rmedia te  Dewey Lake  Red Beds are e s s e n t i a l l y  conf in ing  beds. There- 
f o r e ,  f o r  t h e  purpose of  r eg iona l  hydrologic  modeling, t h e  upper su r face  of 
t h e  Rus t l e r  was assumed impermeable and t h e  Santa  Rosa Sandstone was not  in- 
cluded i n  t he  c a l c u l a t i o n s .  
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Within t h e  hydro logic  reg ion  mddeled i n  t h i s  s tudy ,  t he  R u s t l e r  Formation 
a q u i f e r s  (Culebra and Magenta) appa ren t ly  do not  communicate hydro log ica l ly  
w i t h  any of t h e  a q u i f e r s  below t h e  Salado Formation or w i t h  t h e  shallow- 
d i s s o l u t i o n  zone. The Magenta and t h e  Culebra are modeled as one aquifer,  t h e  
Rus t l e r  a q u i f e r ,  wi th  a t o t a l  th i ckness  equal  to t h e  combined th i cknesses  of 
t h e  t w o  actual aquifers. The r eg iona l  f low i n  t h e  R u s t l e r  a q u i f e r  is gener- 
a l l y  to t h e  southwest.  As can be seen from Figure  K - 3 ,  d i scha rge  from t h e  
Rus t l e r  is i n t o  t h e  Pecos River a t  Malaga Bend, about  15 miles from t h e  WIPP 
s i te ,  and p o s s i b l y  a t  p o i n t s  south of  Malaga Bend. (The reader  who is unfa- 
miliar w i t h  t h e  convent ions of groundwater hydrology can e a s i l y  deduce t h e  
flow p a t t e r n  from sets of  hydrau l i c -po ten t i a l  curves ,  such as t h e  ones i n  
F igu res  K-3 and K-4, by drawing a set of non in te r sec t ing  curved l i n e s  t h a t  are 
everywhere or thogonal  to  t h e  p o t e n t i a l  curves ;  t h e  d i r e c t i o n  of  flow is then 
along these curved l i n e s ,  proceeding from t h e  h i g h e s t  va lues  of p o t e n t i a l  to 
t h e  lowest va lues . )  

- F 
3000 - 3- Dewey Lake Red Beds 

f Rustler 

More r e c e n t  data obta ined  by t h e  U . S .  Geologica l  Survey and presented  by 
Mercer and Orr (19781 sugges t  t h a t  f low immediately above t h e  r e p o s i t o r y  i n  
t h e  Culebra is toward the  sou theas t .  However, combining the map i n  Figure K-3 
wi th  t h e  r e c e n t  d a t a  shows t h a t  t h e  flow toward t h e  sou theas t  is only  local; 
on a larger scale the  flow i n  t h e  R u s t l e r  Formation is toward t h e  Pecos River.  

-1 

P o t e n t i a l s  i n  t h e  Delaware Mountain Group (F igure  K-4, solid l i n e s )  show 
t h a t  flow there is e s s e n t i a l l y  toward t h e  no r theas t .  The Delaware Mountain 
a q u i f e r s  communicate wi th  t h e  Capi tan a q u i f e r ,  though t h e  degree of communica- 
t i o n  w i l l  va ry  cons ide rab ly  a t  d i f f e r e n t  l o c a t i o n s .  I n  t h e  r e g i o n a l  modeling, 
t h e  Capi tan a q u i f e r  w a s  combined wi th  t h e  aquifers o f  t h e  Delaware Mountain 
Group. 

Salado anhydrite, polyhalite, 
sandstone, magnesite :-.:I Repository level 

F i n a l l y ,  t h e  e x i s t e n c e  of a sha l low-disso lu t ion  zone along t h e  Rus t l e r -  
Salado i n t e r f a c e  i n  Nash D r a w  is known. This  f e a t u r e  is roughly 50 f e e t  

0) 5 
0 

.ps 
I s 0 -  

Rock salt with _ I  

anhydrite, limestone 'r Castile 

Limestone and sandstone 
-2000 

0 .- 
+I p -1000'- 
Lu 

. Delaware 
Mountain-Group 

2 

. -  

Figure K-2. Geologic section of the Los Medanos area. 
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Figure K-3. Hydraulic potentials (feet above 
MSL) measured in the Rustler 
Formation. 
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Figure K-4. Hydraulic potentials (feet above 
MSL) measured in the Capitan 
aquifer (broken lines) and in the 
Delaware Mountain Group 
(solid lines). 
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Figure K-5. Calculated hydraulic potentials (feet above 

MSL) for the Rustler Formation. 

t h i ck ,  30 miles long, and 2 to 10  miles wide. Its nea res t  edge is s e v e r a l  
miles west of the  repos i tory .  

!Chg Rust ler  Formation, t h e  shallow-dissolution zone, t he  Delaware Mountain 

Modeling of intervening anhydr i te  and sal t -  l a y e r s  showed t h a t  t he  
Group, and t h e  Capitan reef  were modeled to ob ta in  a match with the  observed 
po ten t i a l s .  
anhydri te  and salt  had to be e s s e n t i a l l y  impermeable; an upper l i m i t  to t h e  
v e r t i c a l  hydraul ic  conduct iv i ty  i n  these  formations was calculated to be 

e n t  l a y e r s  with a higher value. Calculated p o t e n t i a l s  i n  t h e  Rust ler  and t h e  
Delaware Mountain Group are shown i n  Figures  K-5 and K-6. The match of meas- 
ured and ca l cu la t ed  p o t e n t i a l s  i n  t h e  R u s t l e r  (Figures  K-3 and K-5, respec- 
t i v e l y )  is espec ia l ly  reasonable for t h i s  ana lys i s ,  i n  wliich only t h e  poten- 
t i a l s  between the  site and Malaga Bend determine the  flow path.  
t he  p o t e n t i a l s  i n  the  Delaware Mountain Group (Figures  K-4 and K-6) is ade- 
qua te ;  these ,  however, are of  l i t t l e  importance to t h e  t r anspor t ' o f  radio- 
nuc l ides  from the  reposi tory.  

f t /day. It  was d i f f i c u l t  to simultaneously match p o t e n t i a l s  i n  d i f f e r -  

The match of 

A set  of ca lcu la t ed  hydraul ic  conduc t iv i t i e s  i n  var ious  l a y e r s  is shown 
i n  Figures  K-7 to K-10. It is important to note t h a t  these  conduct iv i ty  

3 
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Figure K-6. Calculated hydraulic potentials (feet above MSL) 
for the Delaware Mountain Group. 

- 

values  are not  unique. 
cons tan t  factor w i l l  produce exac t ly  t h e  same r e s u l t s ;  t h e  v e l o c i t i e s  and flow 
rates w i l l  differ by t h e  same factor. 
bra te"  w i t h  one or more conduct iv i ty  va lues  obtained from w e l l  tests. 
on t h e  a v a i l a b l e  data, two values  of the conduct iv i ty  i n  t h e  Rus t le r  a q u i f e r s  
can be used to desc r ibe  upper and lower bounds. 
i t i e s  are lower by a factor of 20 than t h e  va lues  shown i n  Figure K-7. 

Any set of conduct iv i ty  va lues  sca l ed  up or down by a 

Therefore,  it is necessary to " C a l i -  
Based 

The lower-bound conductiv- 

Calculated n a t u r a l  water v e l o c i t i e s  i n  t h e  Rus t le r  aqu i f e r s  ranged from 
0.075 to 15 f t / y r ,  and i n  t h e  Delaware Mountain Group aqu i f e r  t h e  v e l o c i t i e s  
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Figure K-7. Hydraulic conductivities in the Rustier aquifers. 

are less than  0.1 f t / y r .  A d i r e c t  t r a v e l  p a t h  to t h e  sha l low-disso lu t ion  zone 
f o r  any waste released from t h e  reposi tory-would have to be e i t h e r  through 
sa l t  or a long  t h e  Salad-Rustler i n t e r f a c e :  water v e l o c i t i e s  a long  t h e s e  p a t h s  
are e s s e n t i a l l y  zero  a t  the  site. A path to t h e  Capi tan a q u i f e r  would have to 
be  through t h e  Delaware Mountain Group aquifer:  Consequently,  t h e  time needed 
for t h e  waste to t r a v e l  f rom’the  r e p o s i t o r y  to either t h e ‘  sha l low-disso lu t ion  
zone or t h e  Capi tan a q u i f e r  would be very  long and o f  l i t t l e  concern. 

S I  I 1 .  

The Rus t l e r  a q u i f e r s  are of  pr imary,  importance i n  t h e  WI-PP s a f e t y  a n a l y s i s  
for two reasons:  t h e  t r a v e l  t i m e s  to t h e > b i o s p h e r e  are s h o r t e r  t h e r e  than i n  t h e  
Delaware Mountain Group, and t h e  greater hydrau l i c  p o t e n t i a l s  i n  t h e  Delaware 
Mountain Group provide  a d r i v i n g  force f o r  upward water f l o w  i n t c  t h e  Rus t l e r .  
A degree o f  u n c e r t a i n t y  is neve r the l e s s  a s s o c i a t e d  wi th  t h e  hydrologic  data for J 
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Figure K 8 .  Hydraulic conductivities in the shallow-dissolution zone. 

t he  R u s t l e r ,  as was mentioned above, 
i t y  induces uncer ta in ty  i n  pred ic ted  t r anspor t  rates. 
(Tang and Pinder,  1977) shows t h a t  

Uncertainty i n  the  hydraulic conductiv- 
A preliminary ana lys i s  

1. Changes i n  groundwater ve loc i ty ,  wi th in  the  range used here,  generated 
r e l a t i v e l y  l i t t l e  change i n  the  mass concentrat ions a t  long times. 

Increases  i n  groundwater v e l o c i t y  together  with increases  i n  dispers-  
i v i t y  cause earlier a r r i v a l s  a t  p o i n t s  where concentrat ions are being 

2. 
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Figure K-9. Hydraulic conductivities in the Capitan aquifer and the Castile Formation. 

t 

determined. Therefore,  ca l cu la t ions  t h a t  t a k e  d i spers ion  i n t o  account 
may p r e d i c t  earlier a r r i v a l  times than those+ reported here, although 
t h e  d i f f e rences  would not be g rea t .  

To a high degree of confidence, i n  each scenar io  <he actual geosphere 
t r anspor t  must l i e  wi th in  the  resu l t s  pred ic ted  by c a l c u l a t i o n s  with 
the  t w o  t r ansmiss iv i t i e s .  

3. 

4. The use of the higher t r ansmiss iv i ty  value g ives  conservat ive results.  

The p resen t  a n a l y s i s  accounts fo r  uncer ta in ty  by using conservat ive,  upper- 
bound values  i n  a l l  safety-assessment ca l cu la t ions .  
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Table K-2. Summary of Hydrologic Data 

Proper ty  Formation Reported value Reference 
Value used i n  

t h i s  work 

Thickness,  f t  

Hydraulic 
t ransrniss iv-  
i t y  , f t2/day 

Hydraul ic  
conduc t iv i ty ,  

Po ros i ty  

R u s t l e r  
Rus t l e r  --Culeb ra 
Rus t l e r  --Magenta 
Shallow-dissolution zone 
Salado 
Capi tan  aquifer 
C a s t i l e  
Delaware Mountain Group 

R u s t l e r  
Rustler--Culebra 
Rustler--Magenta 
Sha llow-d is so lu t ion  zone 
Delaware Mountain Group 

Capi tan a q u i f e r  

Salado, Castile, and 
R u s t l e r  anhydr i t e  

Rus t l e r  
Shallow-d i s s o l u  t i o n  zone 
Capitan a q u i f e r  
Delaware Mountain Group 
Salado, Castile, and 

Rus t l e r  anhydr i t e  

210 
20 
20’ 
50 

1600 
1600 
1000 to 1500 
3000 

0 to 500 

1 to 40 
8000 
50 

10-4 to 140 

1 to 25, 
average 

G r  iswold, 1977 
Griswold, 1977 

Mercer and O r r ,  
G r  iswold, 1977 
Mercer and O r r ,  
Griswold, 1977 
Mercer and O r  r , 
G r  iswold, 1977 
Mercer and O r r ,  
Mercer and O r r ,  
Mercer and O r r ,  
Mercer and O r r ,  

Mercer and O r r  , 

1977 

1977 

1977 

1978 
1978 
1977 
1977 

1977 

4 x 10-6 to Lambert and Mercer, 1977 
2 10-5 

0.1 Mercer and O r r ,  1977 

0.1565 Mercer and O r r ,  1977 - 

210 

40 (total) 
50 

2000 

1000 
3000 

N o t  used 
2 to 1280 (total) 

8000 
1 to 200 

5 

10-5 

0 .1  
0.2 
0.15 
0.16 

0.005 
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Figure K-10. Hydraulic conductiviti the Delaware Mountain Group. 

, '  
A sununary of available hydrologic da nd the values used i n  t h i s  work 

are given i n  Table K-2. As can be seen the table, the values used a re  
reasonably conservative; t ha t  is, they a er'bounds on conductivity and 
permeability. They are, however, ; consis i t h  the measured data. 

The total thickness of t h e  upper aqu 
the effect ive hydraulic thickness may ac 
value of 40 feet was used because the ca 
the repository is then conservatively ca 

A summary of reported water-quali 

I 

s taken to be 40 feet, a l though 
be much smaller. The larger 

communication f l a w  through 
on the high side. 

given i n  Table K-3 along w i t h  9 the values of d is t r ibu t ion  coefficien this work. Ideally,  t h e  



Table K-3. Summary of Geochemical Data - 

4 
Water crualitv 

Value used i n  
Format ion  Reported va lue  (mg/l) Reference t h i s  work 

~~ 

Rus t l e r  3,350-35,600 TDSa Lambert, 1978 . N o t  used 

Rust ler--Culebra 23,720-118,290 TDS Mercer and 8,000 TDS 
17,900-89,200 NaCl O r r ,  1978 

Rus t l e r  --Magenta 10,350-20,680 TDS Mercer and I 

6,800-24,300 N a C l  Orr, 1978 

De  laware 296,400 TDS Lambert, 1978 230,000 TDS 
Mountain Group 

D i s t r i b u t i o n  c o e f f i c i e n t s  i n  t h e  Rus t l e r  aqu i f e rb  
/ 

Element D i s t r i b u t i o n  c o e f f i c i e n t  (ml/g) 

h e r  icium 1460 
Neptunium 3 50 
Uranium 10 
Thorium 2190 
Plutonium 2100 
Rad ium 25 

aTDS = to ta l  d i s so lved  s o l i d s .  
bSee t e x t  for t h e  sources  of t he  d i s t r i b u t i o n  c o e f f i c i e n t s .  

geochemical d a t a  requi red  f o r  complete modeling would c o n s i s t  o f  water 
q u a l i t y ,  t h e  d i s t r i b u t i o n  c o e f f i c i e n t  f o r  each rad ionucl ide ,  nuc l ide  
s o l u b i l i t i e s  i n  t h e  Rus t l e r  water, and waste l each  rates. For a real 
r e p o s i t o r y  t h e  rates a t  which r ad ionuc l ides  could e n t e r  t h e  water would be 
l i m i t e d  by t h e  s o l u b i l i t y  of t h e  waste and by t h e  rate a t  which t h e  n u c l i d e s  
could  be leached from t h e  waste. This  a n a l y s i s  took no advantage of these  
reduct ions ;  t h e  was te-d isso lu t ion  rate was assumed to be t h e  same as t h e  rate 
a t  which t h e  sa l t  formation is d isso lved .  A number of d i s t r i b u t i o n  c o e f f i -  
c i e n t s  have been measured a t  Sandia Nat iona l  Labora to r i e s  (Dosch and Lynch, 
1978) f o r  t h e  WIPP-site r o c k  material. Site-specific adso rp t ion  data were, 
however, not  a v a i l a b l e  f o r  s o m e  r ad ionuc l ides  included i n  t h e  modeling here .  
The d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  these nuc l ides  were es t imated  from the  
ratios o f  d i s t r i b u t i o n  c o e f f i c i e n t s  f o r  similar elements ,  measured a t  Sandia 
Nat iona l  Laboratories i n  WIPP-site rock and a t  t h e  P a c i f i c  Northwest Lab- 
o r a t o r y  ( R a i  and Mason, 1977) i n  d e s e r t  soil. 

K.2.2 Modeling of Liquid-Breach Scenar ios  

Four of t h e  s c e n a r i o s  s e l e c t e d  f o r  a n a l y s i s  i n  t h i s  s tudy involve t h e  
movement of water, sa l t ,  and waste products  through a connect ion developed 
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betwe t h  r epos it  y and one or more ,aquife  s. To d i s t i n g u i s h  them from t h e  
f direct-access s c e n a r i o s  (Sec t ion  K.3) , t h e  term "l iquid-breach scenar io"  is 

used. The reasons  f o r  choosing t h e  four  s c e n a r i o s  o u t  of  t h e  many p o s s i b l e  
l iquid-breach s c e n a r i o s  are o u t l i n e d  i n  Sec t ion  9.7.1.2; t h e  d i s c u s s i o n  i n  
t h i s  subsec t ion  c e n t e r s  on t h e  modeling, processes necessary  f o r  t h e  four sce- 
n a r i o s  t h a t  were chosen. 

3 

Given a hydrau l i c  communication between an a q u i f e r  and t h e  waste reposi- 
to ry ,  there are t h r e e  mechanisms t h a t  can t r a n s f e r  waste from t h e  r e p o s i t o r y  
to the  aquifer: 

1. 
2. Na tu ra l  convect ion--f luid f l o w  a long  a d e n s i t y  g rad ien t .  
3. Molecular d i f fus ion - - t r anspor t  a long a concen t r a t ion  g rad ien t .  

Forced convect ion--f luid f l o w  a long a p res su re  or p o t e n t i a l  g rad ien t .  

Each of t h e  fou r  s c e n a r i o s  selected f o r  a n a l y s i s  p o s t u l a t e s  a hydrau l i c  
connection. Because t h e  d r i v i n g  mechanism is l a r g e l y  determined by t h e  prop- 
erties of  t h e  connect ion,  d e t a i l e d  modeling o f  t h i s  small set of  s c e n a r i o s  
p r e d i c t s  t h e  consequences of many scenar ios .  Of t h e  four  l iquid-breach sce- 
n a r i o s ,  t h r e e  s p e c i f y  forced convect ion and one specifies molecular d i f f u -  
s ion .  None of them s p e c i f y ' n a t u r a l  convect ion,  which is expected to produce 
much weaker e f f e c t s  i n  t h e  absence o f  a s i g n i f i c a n t  h e a t  load i n  t h e  reposi- 
t o r y  . 

Two types of s c e n a r i o  involving forced  convect ion were modeled: 

1. A hydro logic  communication e x i s t s  (or develops)  between t h e  R u s t l e r  
a q u i f e r  and a q u i f e r s  of t h e  Delaware Mountain Group. The communica- 
t i o n  could  be  a wellbore or some n a t u r a l  f e a t u r e .  Water flows up or 
down t h e  f e a t u r e ,  depending on t h e  r e l a t i v e  hydrau l i c  p o t e n t i a l s  or 
p r e s s u r e s  i n  t h e  t w o  a q u i f e r s .  

2. A hydro logic  communication e x i s t s  (or develops)  between t h e  R u s t l e r  
a q u i f e r  and t h e  r e p o s i t o r y  through t w o  wel lbores  (or perhaps n a t u r a l  
channe l s ) .  This  s i t u a t i o n  is a l s o  known as a U-tube communication. 
Water f lows down through one l e g  of  t h e  U-tube, through t h e  reposi- 
tory, and up the other leg. 

I n  each type of forced-convection scen io, t h e  rate of waste release is as- 
sumed to be p r o p o r t i o n a l  to t h e  rate o water flow through the r epos i to ry .  

t i o n ,  September 1979) has shown t h a t ,  &r both ,types of forced-convection 
scena r io ,  t h e  c r i t i ca l  v a r i a b l e s  c o n t r o a l i n g  water f l o w  are t h e  p re s su re  or 
t h e  p o t e n t i a l  d i f f e r e n c e  be tween, the  inrlet  and the  o u t l e t  of the.communica- 
t i o n ,  and the hydrau l i c  conductance of &e communication. 
t ance  is the reciprocal of  hydrau l i c  r e s i s t a n c e ;  it is de f ined  as kA/L, where 
k is t h e  hydrau l i c  conduc t iv i ty  ( f e e t  p,er day),, A is t h e - c r o s s - s e c t i o n a l  area 
available f o r  f l o w ,  and L is t h e  e f f e c  ve l e n g t h  of t h e  flow m e d i u m .  

A parametric s tudy ( I n t e r a  Environ n t a l  Consul tan ts ,  pe r sona l  communica- 

I' 

Hydraul ic  conduc- it 

There are, however, l i m i t s  to the  n t r o l  exercised by the hydrau l i c  con- 
ductance of t h e  communication. Th i s  f a c t  is i l l u s t r a t e d ' i n  F igure  K-11 ,  which 
shows the water-flow rate as a func t ion  of  the  hydrau l i c  conductance of a com- 
municat ion between t h e  upper and t h e  lcwer a q u i f e r .  The f i g u r e  applies to 
forced  convect ion between t w o  a q u i f e r s ,  t h e  f i r s t  type of s c e n a r i o  mentioned 
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. Figure K-1 1. Flow rate as a function of hydraulic conductance for two values of 
pressure-head difference: two-aquifer communication. 

above. Two values  of  n a t u r a l  (undisturbed) pressure-head d i f f e rence  are shown. 
It is seen that the flow rate is propor t iona l  to t h e  hydraul ic  conductance 
only for a l imi t ed  ran e o f  values of t h a t  parameter; ‘if t he  conductance is 

s t a n t .  This effect can be explained by noting t h a t  l a r g e  flow rates are l i m -  
ited by the n a t u r a l  pressure-head d i f f e rence  and combined r e s i s t a n c e  of the  
two aquifers involved; i n  o ther  words, the  u l t i m a t e  con t ro l l i ng  parameter is 
the  amount of f l u i d  t h a t  can be suppl ied by the aquifers for flow through the  
reposi tory.  Similar s t u d i e s  were conducted for the  case of a s ingle-aquifer  
communication, t h e  second type of scenar io  mentioned above. The q u a l i t a t i v e  
behavior of the  flow-rate versus  conductance curves was i d e n t i c a l  w i t h  t h e  
behavior of the  curves shown i n  Figure K - 1 1 ;  b u t  i n  t he  former case t h e  
asymptotic l i m i t  is determined by n a t u r a l  pressure-head .differences in ,  and 
the  conduct iv i ty  of, t h e  s i n g l e  aquifer to which the  U-tube is connected. 

higher than about 1 f t  s /day, t he  f l o w  rate asymptot ical ly  becomes a con- 

The func t iona l  dependence of flow rate on hydraul ic  conductance exhib i ted  
by the  parametric studies can be used to support  a claim made earlier: t h e  
small set  of  forced-convection scenar ios  modeled i n  the  p re sen t  study are 
capable of p red ic t ing  the consequences of a wider class of events.  I f  the 
flow rate is large enough, t he  na ture ,  s i z e ,  and o r i g i n  of t h e  assumed commun- 
i c a t i o n  (i.e., whether it is a wellbore,  a breccia pipe, or a conducting 
f a u l t )  do not r e a l l y  matter i n  determining the  consequences of a waste-release 
scenario. 
t e x t  (Sect ion 9.7.1) are judged to be s u f f i c i e n t l y  near t he  appropriate  asymp- 

The upper-limit values  of conductance used i n  the  scenar ios  of the  
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totic l i m i t i n g  va lues  so t h a t  t hese  scena r ios  could cover a wide class of 
even t s  lead ing  to t h e  release of  waste. 

Parametric s t u d i e s  f o r  t h e  l iquid-breach s c e n a r i o  based on molecular d i f -  
fu s ion  are presented  d i r e c t l y  i n  t h e  r e s u l t s  for t h a t  s c e n a r i o  g iven  i n  Sec- 
t i o n  9.7.1.4 of t h e  t e x t .  The l i m i t i n g  parameters  f o r  molecular d i f f u s i o n  are 
t h e  area of  t h e  communication (which cannot be l a r g e r  than  t h e  area of the  
r epos i to ry )  and, i m p l i c i t l y ,  t h e  rate at: which t h e  Rus t l e r  a q u i f e r s  can supply 
water to c a r r y  away waste products  t h a t  have d i f f u s e d  upward from t h e  breached 
r epos i to ry .  It  is assumed t h a t  waste p m d u c t s  d i f f u s e  as r a p i d l y  as s a l t  does 
through the  s t agnan t  water i n  t h e  commuriication. 

I n  the  modeling of l iquid-breach scmarios, p o t e n t i a l s ,  was te -d isso lu t ion  
rates, and f luid-f low rates are based ori hydrologic  s teady  states. This  
assumption is reasonable  because t h e  time requ i r ed  to reach t h e  s teady  state 
is small i n  comparison wi th  t h e  t o t a l  was te-d isso lu t ion  times. Furthermore, 
a l l  f l u i d  coming o u t  of t h e  r e p o s i t o r y  n t o  an a q u i f e r  is assumed to be sat-  
u r a t e d  b r i n e ,  w i t h  a to t a l -d i s so lved- so l id s  concen t r a t ion  of  410,000 ppm by 
weight. F lu id  e n t e r s  t h e  r e p o s i t o r y  a t  t h e  to t a l -d i s so lved- so l id s  concentra- 
t i o n  listed i n  Table K-3. The sal t  formation and waste material are assumed 
to d i s s s o l v e  uniformly and a t  t h e  same !-ate, br inging  t h e  to ta l -d isso lved-  
solids concen t r a t ion  up to t h e  ind ica t ed  sa tu ra t ed -b r ine  concent ra t ion .  For 
modeling convenience, both t h e  contact-handled and t h e  remotely handled wastes 
are assumed to be uniformly d i s t r i b u t e d  throughout t h e  volumes of t h e i r  
d i s p o s a l  areas a t  t h e  t i m e  t h e  s c e n a r i o  begins;  s p e c i f i c a t i o n s  f o r  t h e  disposal 
areas are given i n  t h e  t e x t  (Sec t ion  9.7.1). 

K.2.3 Modeling of  Radionuclide TranSpOK - t 

The t r a n s p o r t  of waste rad ionucl ides  away from t h e  r epos i to ry  through t h e  
a c t i o n  of flowing groundwater is modeled i n  e s s e n t i a l l y  four  steps: 

1. The de termina t ion  of  t h e  flow l i n e s  ( d i r e c t i o n  and speed) i n  t h e  Rus- 
t l e r  aqu i f e r  over t h e  reposi torq?,  under t h e  d i s tu rbed  cond i t ions  pos- 
t u l a t e d  i n  the scenar io .  

2.  The de termina t ion  of t h e  rate of waste d ischarge  i n t o  t h e  Rus t l e r  
aquifer,  under the  d is turbed  ions  p o s t u l a t e d  i n  t h e  scenar io .  

3. The i n t e g r a t i o n  of t h e  radionuc e - t r anspor t  equat ions  along a set  of 
t h e  f low l i n e s  determined i n  s he waste-discharge rate 
determined i n  step 2 as a sour 
a long each f l o w  l i n e  u n t i l  t h e  reaches a d i scha rge  poi"nt. ( In  
a l l  s cena r ios ,  d i scharge  p o i n t  e on t h e  Pecos River.)  

i n t e g r a t i o n  is c a r r i e d  

4. The determinaFion'of t h e  total  of d i scha rge  for each rad ionucl ide  
i n t o  t h e  Pecos River as a func of t i m e .  This  step is performed-by 
summing t h e  i n t e g r a t e d  con t r  i b  
step 1' t h a t  reach t h e  r i v e r .  

s from each of t h e  f l o w  l i n e s  of 

I n  t h i s  s tudy,  s t e p s  1 and 2 were pm-formed i n  paral le l  by applying t h e  
three-dimensional r eg iona l  hydrologic  m c d e l  on a l imi ted  b u t  f i n e l y  zoned g r i d  
cen te red  on t h e  r epos i to ry .  Hydrologic parameters f o r  g r i d  b locks  were lh 



assigned to  reflect the  i n i t i a l  d i s turbed  condi t ions  for each liquid-breach 
scenario.  
set according to t h e  undisturbed p o t e n t i a l s  and flows determined by the large-  
scale regional  modeling. It is bel ieved t h a t  t h e  s i z e  of the  l i m i t e d  g r i d  was 
l a r g e  enough to insure  t h a t  such boundary condi t ions  were appropriate. 

P o t e n t i a l s  and flows a t  t h e  boundaries of the limited region were 

6 

Step 3 was performed by numerically in t eg ra t ing  one-dimensional ve r s ions  
of the coupled set of radionucl ide- t ransport  equat ions (Equations K-6 of 
Sect ion K.1.2) along selected f l o w  l i n e s ,  taking i n t o  account changes i n  t h e  
hydrologic parameters (hydraul ic  conduct iv i ty  mainly) i n  t h e  reg iona l  g r i d  
blocks crossed by t he  f l o w  l i n e s .  
not  account for hydraul ic  d i spers ion  t ransverse  to  t h e  f l o w  l i n e s  and gener- 
a l l y  lead to overest imates  of t h e  peak concent ra t ions  of t h e  trace c o n s t i t u e n t  
a t  a f ixed  t i m e  and pos i t i on  along the f l o w  l i n e .  However, a good estimate of 
t h e  ne t  discharge to t h e  Pecos is obtained by in t eg ra t ing  the  one-dimensional 
f l u x  a t  t he  terminus of each f l o w  l i n e  over t h e  projected area of t h e  envelope 
of flow l i n e s  a t  t he  d ischarge  poin t .  This is the procedure ind ica ted  i n  step 
4 above. 

The one-dimensional t r anspor t  equat ions do 

I n  a l l  t r anspor t  c a l c u l a t i o n s  performed for t h i s  study, it was assumed 
t h a t  t he  events  of  the scenar ios  began either 1000 yea r s  ( scenar ios  1 through 
3) or 50,000 years  (scenario 4 )  after the  r epos i to ry  is sealed. The calcula- 
t i o n s  were c a r r i e d  o u t  f o r  the important isotopes of a c t i n i d e s  listed i n  Table 
K-3. Shorter-l ived f i s s i o n  products, p resent  i n  m o d e s t  amounts i n  t h e  re- 
motely handled TRU waste, con t r ibu te  l i t t l e  a c t i v i t y  to t h e  inventory 1000 
years  a f t e r  emplacement. Since near ly  a l l  of the considered a c t i n i d e s  are 
long-lived isotopes, t h e  nucl ide inventory changes slowly during t h e  unfolding 
o f  the  scenario.  

These 1000-year-event c a l c u l a t i o n s  are bel ieved to be conservat ive predic- 
t i o n s  of direct  consequences of events  t h a t  could begin after many thousands 
of  years.  Although there would be a diminished radionucl ide inventory i n  sce- 
na r ios  beginning later than 1000 yea r s  after bur ia l ,  the  consequences of such 
scenar ios  would not  be r a d i c a l l y  d i f f e r e n t  from t h e  consequences of t h e  ones 
considered; t h e  only e f f e c t  would be a displacement of  the  peak d ischarge  rate 
a t  Malaga Bend to a later po in t  i n  t i m e .  A s  stated i n  t h e  t e x t ,  t h e  t i m e  a t  
which maximum consequences are realized is not considered valuable  information 
for t h i s  s a f e t y  assessment,  owing to the  l a c k  of a consensus on t h e  times 
after which t h e  waste products could be considered safe. 

K. 3 DIRE?2T-ACCESS SCENARIOS 

The direct-access scena r ios  for t h e  WIPP arise from the  assumption t h a t  a t  
s o m e  f u t u r e  t i m e  people w i l l  be motivated to d r i l l  i n t o  or mine i n  t h e  un- 
guarded and unmarked si te.  S p e c i f i c a l l y ,  these scenar ios  consider the con- 
sequences of d r i l l i n g  a t  the  site in,the course of explor ing for mineral  re- 
sources and t h e  more serious consequences of so lu t ion  mining for s a l t  a t  t h e  
si te.  With one exception, t h e  methods used to analyze these scenar ios  are 
s t ra ight forward  and are described i n  Sect ion 9.7.1 of the  t e x t  along w i t h  
results of the  analyses.  The excepti’bn is the  method used to calculate t h e  
t r anspor t  i n  a i r  and t h e  a i rborne  concent ra t ions  of  radionucl ides  suspended 
from a drilling-mud p i t .  Details of t h i s  method are given below. 
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K.3.1 Method for Calcula t ing  Radionuclide Transport  i n  A i r  

I t  is assumed tha t  a d r i l l  hole pene t r a t e s  either the disposal area for 
remotely handled TRU waste or the disposal area for contact-handled TRU waste. 
I n  t h e  process, waste materials are in te rcepted  by t he  dri l l  b i t  and radio- 
nuc l ides  are uniformly mixed w i t h  t he  d r i l l i n g  mud. The contaminated mud is 
brought to t h e  surface and d i r e c t e d  to a mud p i t ,  where it is l e f t  to dry  
uncovered and undisturbed. Thereafter wind erodes t h e  surface, t ranspor t ing  
contaminants downwind. 

D r i l l i n g  mud is pure c l ay  (usua l ly  bentoni te )  with a d d i t i v e s  .to a d j u s t  
its dens i ty  and pH. The su r face  of the mud p i t  is l i k e l y  to dry to a crusted 
b r i c k l i k e  consis tency,  which would not  p re sen t  much opportuni ty  for wind ero- 
s ion.  However, it is assumed tha t  sand particles from t h e  surrounding p l a i n  
w i l l  scour  the su r face  of t h e  mud p i t ,  and the material t h u s  loosened w i l l  be 
resuspended to t h e  same degree as  material from t h e  rest of t h e  p l a in .  

Provided the  area of the  mud p i t  is small (less than 100 square meters), 
t h e  suspended material t ransported to d i s t ances  g r e a t e r  than, say,  100 meters 
from the p i t  may be assumed to c o m e  from a po in t  source.. The Reactor Safe ty  
Study uses  a squared Gaussian plume model for a i r  concent ra t ion  downwind (NRC, 
1975, Appendix V I ,  p. 4-1, and Appendix A ) .  The expression is 

2 
'x= 30 & u  z 

Y 

where 

X = ground-level a i r  concentrat ion (Ci/m3) 

Q = source s t r eng th  ( C i / s e c )  

3 0 ~  = l a te ra l  width of the  assumed uniform d i s t r i b u t i o n  (m) 

uz = v e r t i c a l  s tandard devia t ion  (m) 

u = average wind speed ( m / s e c )  

The quan t i ty  Q can be expressed as t h e  upward f l u x  of suspended particles 
mul t ip l i ed  by t he  area of t h e  source (Healy, 1977).  The resuspension rate, i n  
reciprocal u n i t s  of sec'l, mul t ip l ied  by the surface concentrat ion g ives  t h e  
value of t h e  upward f lux .  The resuspension rate measured for desert soil a t  
t h e  Nevada T e s t  Site is sec'l and v a r i e s  as the  cube of the  wind speed 
(Healy, 1977).  Thus t h e  t r anspor t  of suspended material is descr ibed by t h e  
equation 

4 - 2pdoAKi2i (10 ) - e7 30 0 u 
Y =  

x1 

where 

i 2 i  = concentrat ion of isotope i i n  t h e  d r i l l i n g  mud (Ci /g)  

P = dens i ty  of t he  d r i l l i n g  mud (assumed to be 2 g/cm3) 
i3 
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do = depth from which material is a v a i l a b l e  f o r  resuspension (assumed 
to be 1 c m )  

' 
K = resuspension i rate (sec-1) ; K = 10-13(u/u0) 3; uo is 

assumed to be  1 m/sec 

A = area of t he  mud p i t  (m2) 

104  = f a c t o r  f o r  conver t ing  from square meters to square cen t ime te r s  

The express ions  f o r  uy and uz for s l i g h t l y  uns t ab le  to  n e u t r a l  condit ' ions 
typical: o f  t h e  d e s e r t  southwest ( P a s q u i l l  s t a b i l i t y  ca tegory  C) are 

uy  = O . l l d ( 1  + 10-4d)-f 

uz = 0.08d(l  + 2 x 10-4d)-f 

where d is t h e  downwind t r a n s p o r t  d i s t a n c e  expressed i n  meters. The mud-pit 
areas assumed are 720 square f e e t  (66.9 square meters) f o r  a 10-inch d r i l l  
ho le  and 144 square f e e t  (13.4 square meters) f o r  a 3-inch d r i l l  hole .  To 
allow f o r  t h e  f i n i t e  s i z e  of  t hese  p i t s ,  a v i r t u a l  p o i n t  source is created 
upwind of the  pond such t h a t  3u 
Thus f o r  t h e  10- and 3-inch d r i f  ho le s  t h e  v i r t u a l  point source is taken to 
be 24.8 and 11.1 meters, r e s p e c t i v e l y ,  upwind of  t h e  leeward side. Using 
t h e s e  va lues ,  a s h o r t  t a b l e  g iv ing  X i  as a func t ion  of O i  and d i s t a n c e  can 
be cons t ruc ted .  ( A l l  downwind t r a n s p o r t  d i s t a n c e s  d '  given below are meas- 

= A% a t  t h e  leeward side of the  pond. 

ured from the  middle of t h e  pond.) 

Xi(ci/m3) , 

d '  (m) 10-inch d r i l l  ho le  3-inch d r i l l  ho le  

10 0 3.58 io-9ni 8.73 x 10-10i2i 

500 2.04 x 10-loni  4.25 x 10-l la i  

1000 5.67 x 10-l1f2i 1.16 x 10-l1ni 

The subsequent s u r f a c e  depos i t i on  of  suspended rad ionucl ides  is also re- 
qu i r ed  f o r  t h e  ana lyses .  It is assumed t h a t  d ry  depos i t i on  is t h e  dominant 
mechanism. The dry-deposi t ion f l u x  is t h e  product of  t h e  depos i t i on  v e l o c i t y  
and t h e  a i r  concen t r a t ion  near t h e  ground (Ci/m2-sec = vd X ) .  
t i o n  v e l o c i t y  vd is taken to be 0.01 m/sec, which corresponds to a p a r t i c l e  
about  1 micron i n  diameter .  The p a r t i c l e - s i z e  d i s t r i b u t i o n  of  t h e  suspended 
material can be related to t h e  p a r t i c l e - s i z e  d i s t r i b u t i o n  of t h e  s u r f a c e  
source. Healy (1977) i n d i c a t e s  t h a t  for c l a y s  t h e  aerodynamic mean a c t i v i t y  
diameter of  t hese  particles is 1 micron or less. Thus 1 micron is taken to be 
t h e  nominal value f o r  t h e  suspended and t r anspor t ed  material. 

The deposi- 
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K.3.2 Uncer ta in t ies  i n  the  Calcu la t ion  

A i r  concentrat ions and surface depos i t ions  previously descr ibed as apply- brs ing to the  direct-access scenar io  have been obtained using gene ra l ly  conserva- 
t i v e  assumptions and parameters. However, it is worthwhile to understand how 
u n c e r t a i n t i e s  i n  these assumptions and parameters may a f f e c t  t he  results. 

Radionuclide d i s t r i b u t i o n  i n  the  d r i l l i n g  mud. I f  rad ionucl ides  are 
uniformly d i s t r i b u t e d  i n  the  d r i l l i n g  mud, their concentrat ion and hence t h e  
r e s u l t i n g  dose w i l l  vary inverse ly  w i t h  the  total mass of the  mud. However, 
to t h e  ex ten t  t h a t  the heavy elements sett le to t h e  bottom of the  pond, they 
w i l l  no t  be resuspended i n  s i g n i f i c a n t  q u a n t i t i e s  even i f  the  mass of the  mud 
is g r e a t l y  reduced. 

Resuspension factor. The dried d r i l l i n g  mud (c lay)  is most l i k e l y  to have 
a b r i c k l i k e  consis tency t h a t ,  i f  l e f t  i n  an undisturbed state, is not l iable  
to produce as  much suspendable material as the sur face  a t  t he  Nevada Test 
S i t e ,  where small and l a r g e  particles are more in t imate ly .but  more loose ly  
mixed. This tendency is l i k e l y  to persist even if the su r face  is mechanically 
d is turbed  after drying, provided t h e  th ickness  of the  mud is on the  order of  
f e e t .  

Atmospheric s t a b i l i t y .  Values  cited above are for s l i g h t l y  uns tab le  a t -  
mospheric condi t ions.  Under very stable condi t ions ,  a i r  concent ra t ions  down- 
wind of the source would increase by more than a f a c t o r  of 10. Under very 
uns tab le  condi t ions ,  they would decrease by about a factor of 5. However, t h e  
exposures being estimated are long-term exposures, and for t h i s  purpose median 
s t a b i l i t y  condi t ions  are i n  order. 

Wind d i r ec t ion .  I n  d i r e c t i o n s  other than the  usual  downwind d i r ec t ion ,  
concent ra t ions  and hence exposures w i l l  be smaller than those estimated. 

P a r t i c l e  deposi t ion.  The assumption used i n  the  t r anspor t  and depos i t ion  
ca l cu la t ion  above holds t h a t  t he  d u s t  cloud is not depleted by su r face  deposi- 
t i o n  as it t r a v e l s  downwind. I n  f a c t ,  material is continuously lost from the 
cloud; thus  a l l  downwind concentrat ions are overestimated, roughly by a f a c t o r  
of 2. 

. I .  
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Appendix L 

AN OUTLINE OF THE INPUT-OUTPUT MODEL 
AND THE METHODS USED IN PROJECTING 

SOCIOECONOMIC IMPACTS 
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Appendix L 

AN OUTLINE OF THE INPUT-OUTPUT MODEL 
AND THE METHODS USED I N  PROJECTING SKIOECONOMIC IMPACTS 

L . l  IMRUT-OUTPUT MODEL 

A s ta t ic  m o d e l  i n  t h e  form of  a r e g i o n a l  input-output  m o d e l  was con- 
s t r u c t e d  for Eddy and Lea Counties ,  New Mexico. The o r i g i n a l  d e r i v a t i o n  O f  
t h e  input-output  model is descr ibed  i n  a paper publ i shed  i n  t h e  Proceedings of 
t h e  1975 Conference of t h e  Assoc ia t ion  of Un ive r s i ty  Business  and Economic Re- 
search ;  t h a t  paper is a t t ached  to t h i s  appendix as an annex. The procedure 
described i n  t h a t  document w a s p  i n  gene ra l ,  followed i n  bu i ld ing  t h e  r e g i o n a l  
inpu t-ou t p u  t mode 1 - 

Since  t h e  p u b l i c a t i o n  o f  t h a t  document, b e t t e r  information on t h e  ag r i -  
c u l t u r a l  sector i n  New Mexico has become a v a i l a b l e ,  and its c r e d i b i l i t y  is 
be l i eved  to be  such t h a t  the  v a r i a t i o n  experienced i n  the o r i g i n a l  m o d e l  h a s  
been decreased. Regardless of t h e  accuracy of t h e  a g r i c u l t u r a l  information,  
t h e  e f f e c t  of  t h e  c o n s t r u c t i o n  and ope ra t ion  of  t he  WIPP on t h e  a g r i c u l t u r a l  
sector is be l i eved  to be less than  1% i n  terms of employment and income. 
Therefore ,  t h e  a g r i c u l t u r a l  sector and t h e  r e l i a b i l i t y  of  a g r i c u l t u r a l  i n fo r -  
mation e x e r t  l i t t l e  effect on t h e  o v e r a l l  modeling process. 

This  m o d e l  h a s  been used to assess t h e  economic impacts of t he  fo l lowing  
projects for t h e  fo l lowing  agencies:  t h e  San Juan power p l a n t  (units 1, 3 ,  
and 4 )  f o r  the P u b l i c  Se rv ice  Company of New Mexico; t h e  Gallup-Navajo Indian  
Water Supply Project for t h e  Bureau of Reclamation; a proposed nuc lear  power 
p l a n t  a t  Cementon, New Y o r k ,  for Harbridge House, Inc. ,  an agent  for the  Power 
Author i ty  of the State o f  New York;  t w o  sites f o r  nuclear  or f o s s i l - f u e l  power 
p l a n t s  for Harbridge House, Inc. ,  an agent  for t h e  New York State Electric & 
G a s  Corporat ion;  fou r  coal-development s c e n a r i o s  i n  northwest  New Mexico f o r  
Harbridge House, Inc. ,  an agent  for t h e  Bureau of Land Management; and t h e  
proposed New Mexico Genera t ing  S t a t i o n  f o r  t h e  P u b l i c  S e r v i c e  Company o f  New 
Mexico. It  has also been used to s tudy  general economic i m p a c t s  (an ongoing 
process) for t h e  Bureau of Business  and Economic Research, Un ive r s i ty  of New 
Mexico e 

During or about  t h e  same t i m e  t h i s  s tudy  was being conducted, t h e  model 
was used f o r  ana lyz ing  t h e  economic impacts of a proposed coa l - f i r ed  power 
p l a n t  f o r  Burns and McDonne11, an agent  .for the P l a i n s  Electric Cooperat ive;  
i n d u s t r i a l  l i nkages  i n  C e c i l  County, Maryland, for Harbridge House, Inc. ,  an 
agen t  f o r  the C e c i l  County Development Agency; and t h e  economic impacts of 
decreased g raz ing  a l l o c a t i o n s  i n  t h e  R o s w e l l ,  New Mexico, Grazing D i s t r i c t  for 
Harbridge House, Inc. ,  an agent  for the Bureau of Land Management. Thus, t h e  
m o d e l  has been used e x t e n s i v e l y  and is accepted as a( too1 f o r  determining t h e  
economic impacts of proposed new fac i l i t i es  and ‘developments. 
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L . l . l  Base M o d e l  

The r eg iona l  m o d e l  a d j u s t s  a n a t i o n a l  model by means of l o c a t i o n  q u o t i e n t s  
and aggregat ing techniques.  The n a t i o n a l ,  or base,  m o d e l  c o n t a i n s  407 economic 
categories, or subsec to r s  of t h e  economy, 389 of which r ep resen t  t h e  p r i v a t e  
economy and 18 of which r ep resen t  o t h e r  a c t i v i t i e s ,  inc luding  t h e  p u b l i c  sec- 
tor. The 389 p r i v a t e  subsec to r s  were used i n  t he  model; the government impact 
was computed from four  of t h e  p u b l i c  subsec to r s  supplemented by a f i n a l  demand . 
p a t t e r n  from t h e  bus iness-serv ice  subsector. 

The base  m o d e l  is an updated vers ion  of  t h e  1967 Nat ional  Input-Output 
M o d e l  cons t ruc ted  by t h e  Department of Commerce, Bureau of  Economic Analysis.  
TWO i v o r t a n t  changes i n  t h e  1967 ve r s ion  have been made. 
sectors have been expanded to 44 subsec tors .  Second, t h e  Lawrence Berkeley 
Laboratory has mathematical ly  updated t h e  1967 ve r s ion  to a 1972 ve r s ion  by 
us ing  data from t h e  1972 Census of Business.  

F i r s t ,  t h e  mining 

As a l r eady  mentioned, t h e  detai led modeling p rocess  and t e c h n i c a l  pro- 
cedures  are d iscussed  i n  t h e  annex. 
t h i s  particular model for Eddy and Lea Counties  should be noted. F i r s t ,  de- 
ta i led information on employment, by ca tegory ,  was determined from information 
suppl ied  by t h e  New Mexico Employment S e c u r i t y  Department (NMESD) , formerly 
t h e  Employment S e c u r i t y  Commission. From t h i s  information,  d e t a i l e d  l o c a t i o n  
q u o t i e n t s  f o r  manufacturing were determined a t  t h e  fou r -d ig i t  S I C  code l e v e l ,  
and t h i s  added c r e d i b i l i t y  and accuracy to the  modeling process. 

However, s e v e r a l  important a s p e c t s  of 

Second, because of t h e  m a k e u p  o f  re ta i l  and wholesale  subsec to r s  i n  Eddy 
and Lea Counties ,  a detailed a n a l y s i s  of t h e  types of out le ts  p resen t  i n  t h e  
area was conducted. Basic information from the 1972 Census of Business  was 
used .with updated information from the  employment f i les  f o r  t h i s  ana lys i s .  

F i n a l l y ,  once t h e  l o c a t i o n  q u o t i e n t s  had been determined, 1972 Census 
da t a  and va r ious  o the r  State and local d a t a  sources were used to i d e n t i f y  t h e  
ou tpu t  per employee for subsec to r s  whose l o c a t i o n  q u o t i e n t s  were computed 
through employment statistics. A t o t a l -ou tpu t  f i g u r e  w a s  der ived  f o r  t hese  
subsectors. In  t u r n ,  t h e  total-ouput  f i g u r e s  were used to aggrega te  t h e  389 
subsec to r s  i n  t h e  base model i n t o  37 pr iva te -bus iness  subsec to r s  and one 
governmental subsec tor  for t h e  r eg iona l  model. 

Subsectors  f o r  WIPP aboveground cons t ruc t ion  (1980, 1981, 1982, 1983, and 
1984) , WIPP management and design,  WIPP belowground cons t ruc t ion  (1980, 1981, 
1982, 1983, and 19841, and WIPP operation--aboveground ope ra t ion ,  remote han- 
d l i n g  and s e c u r i t y ,  and belowground operation--were der ived  from data suppl ied  
by Sandia Nat iona l  Laboratories, Bechte l ,  Inc.  , and t h e  Westinghouse Electric 
Corporat ion.  There are a total  of 52 subsec to r s  i n  t h e  m o d e l  for Eddy and Lea 
Counties  and t w o  a d d i t i o n a l  subsec to r s  to account f o r  labor compensation. 

L.1.2 Household Compensation for Labor and Personal  Consumption i n  t h e  Area 

The average-percentages of cost going to labor  from t h e  t e c h n i c a l  produc- 
t i o n  process ( d i r e c t  c o e f f i c i e n t s )  were determined from t h e  1972 n a t i o n a l  
input-output  m o d e l .  Personal-consumption f i g u r e s  were ad jus t ed  by weighting 
t h e  l o c a t i o n  q u o t i e n t s  of  each of t h e  37 pr iva te -bus iness  subsec to r s  and t h e  
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government subsector i n  the  reg iona l  model. An a d d i t i o n a l  personal-consumption 
column adjus ted  for reduced local purchases was incorporated i n t o  the  m o d e l  to  
allow for  lower local consumption by cons t ruc t ion  workers who commute weekly. 

@ The labor c o e f f i c i e n t s  for t h e  14  WIPP subsec tors  were derived from data sup- 
plied by Sandia, B e c h t e l ,  and Westinghouse. 
cons t ruc t ion  subsec tors  and the  f i v e  WIPP belowground-construction subsec tors ,  
labor c o e f f i c i e n t s  fo r  cons t ruc t ion  workers who commute and those who reside 
i n  t h e  two-county area were assigned by using comparable factors from the  

For the f i v e  WIPP aboveground- 

Construction Wor ker  P r o f i l e .  

The direct c o e f f i c i e n t s  obtained by determining loca t ion  q u o t i e n t s  and 
the  aggregation process are listed i n  Table L-1. 
i n d i r e c t ,  and induced c o e f f i c i e n t s  are given i n  Table 6 2 .  

The aggregated direct ,  

L.2 OUTPUT MULTIPLIER 
, *  

, The volume of a c t i v i t y  generated i n  the  p r i v a t e  sector by a $1  exogenous 
increase  i n  a subsector can be determined through the  input-output process. 
For example, for WIPP aboveground cons t ruc t ion  i n  1982, subsector 40, we f ind  
t h e  column sum of 1.67062 i n  Table 6;2. Thus, $1.67 i n  total a c t i v i t y  w i l l  
r e s u l t  i n  t he  region from a $1  exogenous increase  i n  WIPP aboveground- 
cons t ruc t ion  (1982) a c t i v i t y ;  t h a t  .is, an add i t iona l  $0.67 of indirect ac t iv -  
i t y ,  including payments to labor, w i l l  be generated i n  Eddy and Lea Counties. 

It should be noted a t  t h i s  po in t  t h a t  t h e  output  m u l t i p l i e r  is not of 

The employment and income m u l t i p l i e r s  are bel ieved to be of greater 
primary concern i n  determining the o v e r a l l  impact. of new developments i n  t h e  
area. 
importance, and they may vary s i g n i f i c a n t l y  from the 1.67 output  mul t ip l i e r .  

L.3 EMPLOYMENT MULTIPLIERS 

To determine the employment m u l t i p l i e r s  for WIPP-related development, 
three basic ca l cu la t ions  must be performed. First, wages for the  area under 
cons idera t ion  m u s t  be determined i n  cons tan t  dol lars-- in  t h i s  case 1979 dol- 
lars. Second, t h e  change i n  the  total annual ou tput  for an exemplary year 
must be calculated i n  cons tan t  1979 d o l l a r s .  Third, t h e  a c t u a l  number of 
dollars spent d i r e c t l y  for ,  labor  must be computed. 

Once the  annual labor costs f o r  each supsector have been determined, t h e  
average labor u n i t  cost is divided i n t o  each gross amount to f i n d  the a c t u a l  
number of jobs supported i n  t h a t  s p e c i f i c  subsector by an exogenous increase  
i n  the  specific a c t i v i t y  being inves t iga ted ,  such as WIPP aboveground con- 
s t r u c t i o n ,  belowground cons t ruc t ion ,  or aboveground operat ion.  
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Table L-1. Input-Output Tables, Lea and Eddy Counties, 
November 1979: Direct Coefficients 

Indus t ry  purchas ing  
1 I n d u s t r y  S e l l i n g  2 3 4 5 6 7 8 

Lives tock  and l i v e s t o c k  Droducts 1 0.30891 0.02889 0.09777 0.01457 0.14889 0.00151 0.00000 0.00000 1 
cotton 2 
G r a i n s  and s e e d s  3 
F r u i t s  and v e g e t a b l e s  4 
F o r e s t r y  and f i s h e r y  products  5 
A g r i c u l t u r a l  s e r v i c e s  6 
Misce l laneous  metallic and nonmeta l l ic  m i n e r a l s  7 
Crude petroleum 8 
N a t u r a l  g a s  and l i q u i d  petroleum 9 
Stone ,  g r a v e l ,  and sand 10 
Potash  mining 11 
R e s i d e n t i a l  c o n s t r u c t i o n  12 
N o n r e s i d e n t i a l  c o n s t r u c t i o n  1 3  
A l l  o t h e r  c o n s t r u c t i o n  14 
C o n s t r u c t f a n  maintenance 1 5  
Food p r o d u c t s  16 
F a b r i c s  and a p p a r e l  17  
Wood and lumber products  1 8  
P r i n t i n g  19  
Chemical products 20 
P l a s t i c s  and petroleum p r o d u c t s  21 
G l a s s  and stone p r o d u c t s  22 
Primary metal products  23 
F a b r i c a t e d  m e t a l  p r o d u c t s  24 
Machinery 25 
E l e c t r i c a l  p r o d u c t s  26 
T r a n s p o r t a t i o n  and warehousing 27 
Conrmunications 28 
E l e c t r i c a l  u t i l i t y  29 
G a s  u t i l i t y  30 
Water and sewer 31  
Wholesale t r a d e  32 
R e t a i l  trade 33 
Finance ,  insurance ,  and real e s t a t e  34 
Lodging and p e r s o n a l  and repair s e r v i c e s  

Medical and nonprofit 37 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1980 38 
WIPP surface c o n s t r u c t i o n ,  1981 39 

35 
Bus inesses  and misce l laneous  s e r v i c e s  36 

WIPP s u r f a c e  c o n s t r u c t i o n ,  1982 40 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1983 41 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1984 42 

43 WIPP c o n s t r u c t i o n  management and d e s i g n  
WIPP underground c o n s t r u c t i o n ,  1980 44 
WIPP underground c o n s t r u c t i o n ,  1981 45 

WIPP underground c o n s t r u c t i o n ,  1983 47 
WIPP underground c o n s t r u c t i o n ,  1984 48 
WIPP g e n e r a l  s u r f a c e  operations 49 

WIPP underground c o n s t r u c t i o n ,  1982 46 

WIPP security and remote handl ing  50 
WIPP underground o p e r a t i o n s  5 1  
Government 52 
Eouseholds/PC weekly 53 
Aouseholds/PC local 54 

column Sum8 

0.00000 
0.26662 
0.00049 
0.00000 
0.00263 
0.00000 
0.00000 
0.00000 
0.00001 
0.00000 
0.00000 
0.00000 
0.00000 
0.00387 
0.02322 
0.00000 
0.00000 
0.00001 
0.00079 
0.00328 
0.00000 
0.00000 
0.00000 
0.00008 
0.00000 
0.01356 
0.00146 
0.00186 
0.00002 
0.00018 
0.01542 
0.01004 
0.00868 
0.00330 
0.00139 
0.00051 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00007 
0.00000 
0.04276 

0.70916 
- 

0.01636 
0.00000 
0.00000 
0.00000 
0.10165 
0.00009 
0.00000 
0.00000 
0.00137 
0.00071 
0.00000 
0.00000 
0.00000 
0.01065 
0.00000 
0.00000 
0.00000 
0.00003 
0.00507 
0.03672 
0.00000 
0.00000 
0.00000 
0.00024 
0.00000 
0.01047 
0.00296 
0.00738 
0.00000 
0.00832 
0.03706 
0.02745 
0.07375 
0.00862 
0.02915 
0.00056 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00014 
0.00000 
0.07285 

0.48049 
- 

0.00000 
0.02988 
0.00000 
0.00000 
0.01289 
0.00020 
0.00000 
0.00000 
0.00184 
0.00120 
0.00000 
0.00000 
0.00000 
0.00935 
0.00000 
0.00000 
0.00000 
0.00002 
0.00659 
0.03285 
0.00000 
0.00000 
0.00000 
0.00011 
0.00000 
0.01312 
0.00184 
0.00161 
0.00000 
0.00720 
0.02949 
0.02302 
0.04181 
0.00442 
0.02602 
0.00085 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0,00000 
0.00010 
0.00000 
0.07285 

0.41450 
- 

0.00000 
0.00000 
0.00378 
0.00000 
0.05881 
0.00008 
0.00000 
0.00000 
0.00094 
0.00056 
0.00000 
0.00000 
0.00000 
0.00702 
0.00000 
0.00000 
0.00000 
0.00002 
0.00247 
0.01250 
0.00000 
0.00000 
0.00000 
0.00010 
0.00000 
0.00868 
0.00133 
0.00281 
0 . 0 0 0 0 0 ~  
0.00770 
0.02561 
0.01103 
0.02078 
0.00377 
0.01550 
0.00040 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00012 
0.00000 - 0.07285 

0.27144 

0.00000 
0.00000 
0.00000 
0.07198 
0.02604 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.01580 
0.00000 
0.00000 
0.00000 
0.00056 
0.03032 
0.00000 
0.00000 
0.00001 
0.00000 
0.00000 
0.00522 
0.00000 
0.00021 
0.00028 
0.00000 
0.02824 
0.00893 
0.01685 
0.00575 
0.00005 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00032 
0.00000 
0.20020 

0.55967 

0.00095 
0.00772 
0.00090 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00003 
0.00000 
0.00000 
0.00000 
0.00000 
0.00012 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00065 
0.00000 
0.00003 
0.00003 
0.00000 
0.00047 
0.00023 
0.00107 
0.00002 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.35031 

0.36404 
- 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00836 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00222 
0.00000 
0.00000 
0.00000 
0.00000 
0.02144 
0.00205 
0.00000 
0.00000 
0.00000 
0.01063 
0.00000 
0.00984 
0.00282 
0.01118 
0.00239 
0.00000 
0.00958 
0.00815 0.00119 

0.00051 0.00816 

0.00121 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00154 
0.00000 
0.32507 

0.42633 
- 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00250 0.00000 

0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.02719 
0.00000 
0.00000 
0.00000 
0.00000 
0.00319 
0.00426 
0.00000 
0.00000 
0.00008 
0.00008 
0.00000 
0.00139 
0.00078 0.01071 

0.00159 
0.00050 0.00409 

0.00382 
0.09158 
0.00216 
0.01375 
0.00028 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00037 
0.00000 
0.11930 

0.28762 
- 

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15 
16 
1 7  
18 
1 9  
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 
49  
50 
51 
52 
53 
54 



c 
Table L-1. Input-Output Tables, Lea and Eddy Counties, 

November 1979: Direct Coefficients (Continued) 
I n d u s t r y  Purchasing 

I n d u s t r y  se l l ing  9 10  11 12 13 14  15 16  

Livestock and l i v e s t o c k  products  
c o t t o n  
Grains and s e e d s  
F r u i t s  and vegetables 
F o r e s t r y  and f i s h e r y  products  
A g r i c u l t u r a l  services 
Miscellaneous metallic and nonmetallic minerals 
Crude petroleum 
Natural gas and l i q u i d  petroleum 
Stone, g r a v e l ,  and sand 
Potash  mining 
R e s i d e n t i a l  c o n s t r u c t i o n  
Nonresidential construction * 

A l l  o ther  c o n s t r u c t i o n  
Cons t ruc t ion  .maintenance 
Food products 
F a b r i c s  and amarel 
W o a d  and lumber products  
P r i n t i n g  
C h d i c a l  p r o d u c t s  
P l a s t i c s g n d  petroleum products  
G l a s s  and stone products  
Primary metal products 
Fabr ica ted  metal products  
Machinery 
E l e c t r i c a l  p roducts  
Transpor ta t ion  and warehousing 
Comrmunications 
E l e c t r i c a l  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale trade 
Retai l  t r a d e  
Finance, insurance,  and real estate 
Lodging and personal and repair s e r v i c e s  
Businesses and miscellaneous services 
Medical and n o n p r o f i t  
WIPP s u r f a c e  c o n s t r u c t i o n ,  1980 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1981 
WIPP s u r f a c e  construction, 1982 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1983 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1984 
WIPP c o n s t r u c t i o n  management and des ign  
WIPP underground construction, 1980 
WIPP underground construction, 1981 
WIPP underground c o n s t r u c t i o n ,  1982 
WIPP underground c o n s t r u c t i o n ,  1983 
WIPP underground c o n s t r u c t i o n ,  1984 
WIPP g e n e r a l  s u r f a c e  operations 
WIPP s e c u r i t y .  and remote handling 
WIPP underground operations 
Government 
Households/PC r e e k l y  
Households/PC local 

Column sums 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12 
1 3  
14 
1 5  
16  
1 7  
18 
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.14584 0.00000 
0.00000 0.00446 
0.00000 0.00048 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.03218 0.00796 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00803 0.00646 
0.00441 0.01289 
0.00000 0.05511 
0.00000 0.00000 
0.00003 0.00000 
0.00011 0.00509 
0.00000 0.00000 
0.00167 0.01329 
0.00093 0.00020 
0.00574 0.02649 
0.01419 0.00291 
0.00105 0.00281 
0.00923 0.03455 
0.00448 0.01193 
0.10845 0.03037 
0.00255 0.01085 
0.01627 0.03144 
0.00033 0.00009 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00043 0.00022 
0.00000 0.00000 
0.11930 0.32507 

0.47521 0.58268 
-- 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.01395 
0.00000 
0.00000 
0.00000 
0.00205 
0.00000 
0.00000 
0.00000 
0.00000 
0.01969 
0.00574 
0.00000 
0.00000 
0.00000 
0.01535 
0.00000 
0.00977 
0.00259 
0.02001 
0.02469 
0.00000 
0.00250 
0.00138 
0.00694 
O.Op064 
0.00860 
0.00119 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00115 
0.00000 
0.27808 

0.41431 
- 

0.00000 
0.00000 
0.00031 
0.00000 
0.00000 
0.00139 
0.00000 
0.00000 
0.00000 
0.00201 
0.00000 
0.00000 
0.00000 
0.00000 
0.00025 
0.00000 
0.00098 
0.03789 
0.00000 
0.00049 
0.00601 
0.02664 
0.00000 
0.00196 
0.00038 
0.00020 
0.02637 
0.00316 
0.00055 
0.00012 
0.00029 
0.05106 
0.08578 
0.00697 
0.00488 
0.05413 
0.00078 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00046 
0.00000 
0.32535 

0.63840 

0.00000 

- 

0.00000 
0.00000 
0.00013 
0.00000 
0.00000 
0.00077 
0.00000 
0.00000 
0.00000 
0.00271 
0.00000 
0.00000 
0.00000 
0.00000 
0.00036 
0.00000 
0.00003 
0.01187 
0.00000 
0.00191 
0.00944 
0.03524 
0.00000 
0.00309 
0.00058 
0.00029 
0.02787 
0.00471 
0.00084 
0.00017 
0.00044 
0.04953 
0.04874 
0.01026 
0.00730 
0.07157 
0.00115 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00068 
0.00000 
0.32535 

0.61502 

0.00000 0.00000 
0.00000 0.00000 
0.00018 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00285 0.00047 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.02103 0.00657 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00034 0.00015 
0.00000 0.00000 
0.00061 0.00010 
0.00210 0.00382 
0.00000 0.00000 
0.00263 0.00032 
0.02759 0.00749 
0.02147 0.00287 
0.00000 0.00000 
0.00187 0.00047 
0.00051 0.00024 
0.00023 0.00007 
0.04716 0.02166 
0.00431 0.00211 
0.00077 0.00037 
0.00015 0.00007 
0.00036 0.00017 
0.04327 0.03911 
0.03914 0.06360 
0.00916 0.00484 
0.00801 0.00354 
0.04270 0.01936 
0.00106 0.00052 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00070 0.00031 
0.00000 0.00000 
0.32535 0.49419 

0.60383 0.67271 
-- 

0.07348 1 
0.10494 2 
0.02323 3 
0.00155 4 
0.00000 5 
0.00000 6 
0.00005 7 
0.00000 8 
0.00000 9 
0.00012 10  
0.00000 11 
0.00000 1 2  
0.00000 13 
0.00000 14  
0.00244 1 5  
0.02480 16  
0.00019 17 
0.00000 18 
0.00131 1 9  
0.00106 20 
0.00317 2 1  
0.00000 22 
0.00000 23 
0.00000 24 
0.00000 25 
0.00000 26 
0.02313 27 
0.00465 28 
0.00600 29 
0.00187 30 
0.00040 3 1  
0.02976 32 
0.00185 33 
0.00709 34 
0.00341 35 
0.00810 36 
0.00060 31 
0.00000 38 
0.00000 39 
0.00000 40 
0.00000 4 1  
0.00000 42 
0.00000 43 
0.00000 44 
0.00000 45 
0.00000 46 
0.00000 47 
0.00000 48 
0.00000 49 
0.00000 50 
0.00000 5 1  
0.00092 52 
0.00000 53 
0.14492 54 

0.46901 

I 

I 



Table L-1. Input-Output Tables, Lea and Eddy Counties, 
November 1979: Direct Coefficients (Continued) . 

Indus t ry  Purchas ing  
I n d u s t r y  S e l l i n g  17  18  19 20 21  22 23 24 

Lives tock  &d l i v e s t o c k  products  
Cot ton  
G r a i n s  and s e e d s  ' ' . ' 

F r u i t s  and v e g e t a b l e s  
F o r e s t r y  and f i s h e r y -  products  
A g r i c u l t u r a l  s e r v i c e s  
Misce l laneous  m e t a l l i c  and nonmeta l l ic  minera ls  
Crude pe t ro leum 
N a t u r a l  g a s  and l i q u i d  petroleum 
Stone ,  g r a v e l ,  and sand 
Potash  mini.ng 
R e s i d e n t i a l  c o n s t r u c t i o n  
N o n r e s i d e n t i a l  c o n s t r u c t i o n  
A l l  o t h e r  c o n s t r u c t i o n  ' 

Const ruc t ion  maintenance 
Food p r o d u c t s  
F a b r i c s  and a p p a r e l  
Wood and lumber products  
P r i n t i n g  
Chemical p r o d u c t s  
P l a s t i c s  and pe t ro leum products  
Glass  and s t o n e  products  
Primary metal products  
F a b r i c a t e d  m e t a l  p r o d u c t s  
Machinery 
E l e c t r i c a l  p r o d u c t s  
T r a n s p o r t a t i o n  and warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale t r a d e  
R e t a i l  t r a d e  
F inance ,  insurance ,  and r e a l  e s t a t e  
Lodging and p e r s o n a l  and r e p a i r  s e r v i c e s  
Bus inesses  and misce l laneous  s e r v i c e s  
Medical and n o n p r o f i t  
WIPP s u r f a c e  c o n s t r u c t i o n ,  1980 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1981 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1982 - 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1983 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1984 
WIPP c o n s t r u c t i o n  management and des ign  
WIPP underground c o n s t r u c t i o n ,  1980 
WIPP underground c o n s t r u c t i o n ,  198.1 
WIPP underground c o n s t r u c t  ion ,  198 2 
WIPP underground c o n s t r u c t i o n ,  1983 
WIPP underground c o n s t r u c t i o n ,  1984 
WIPP g e n e r a l  s u r f a c e  o p e r a t i o n s  
WIPP s e c u r i t y  and remote handl ing  
WIPP Underground o p e r a t i o n s  
Government 
Households/FC weekly 
Households/FC local 

column sums 

I,. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
13  
14 
15 
1 6  
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

0.00568 
0.03292 
0.00000 
0.00000 
0.01529 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00131 
0.00001 
0.10091 
0 .ooooo 
0.00001 
0.00080 
0.00093 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00945 
0.00319 
0.00687 
0.00048 
0.00049 
0.02700 
0.00261 
0.01053 
0.00102 
0.00681 
0.00043 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00180 
0.00000 
0.29852 

0.52704 
- 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00294 
0.00000 
0.00080 
0.00791 
0.00004 
0.00274 
0.00272 
0.00034 
0.00000 
0.00000 
0.00191 
0.00001 
0.02748 
0.00406 
0.00674 
0.00134 
0.00000 
0.04642 
0.00177 
0.01530 
0.00163 
0.00877 
0.00049 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00103 
0.00000 
0.28617 

0.42061 
- 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00311 
0.00000 
0.00143 
0.00000 
0.01586 
0.01263 
0.00236 
0.00000 
0.00000 
0.00000 
0.00000 
0.00002 
0.01179 
0.01098 
0.00499 
0.00096 
0.00062 
0.01965 
0.00510 
0 .a1723 
0.00339 
0.02700 
0.00156 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00664 
0.00000 
0.23671 

0.38203 
- 

0.00000 
0.00000 
0.00006 
0.00114 
0.00374 
0.00000 
0.00124 
0.00000 
0.00231 
0.00038 
0.00755 
0.00000 
0.00000 
0.00000 
0.00431 
0.00088 
0.00021 
0 .ooooo 
3.00004 
0.05002 
0.05459 
0.00000 
0.00000 
0.00005 
0.00002 
0.00002 
q.02047 
0.00326 
0.01371 
0.01014 
0.00235 
0.01909 
0.00247 
0.01438 
0.00129 
0.01384 
0.00056 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000~ 
0.00000 
0.00000 
0.00076 
0.00000 
0.38320 

0.61209 
- 

0.00000 I 

0.00000 
0.00000 ' 
0.00000 
0.00000 
0.00000 
0.00004 
0.45740 
0.02337 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.01019 
0.00000 
0.00007 
0 .ooooo 
0.00000 
0.00578 
0.05487 
0.00001 
0.00000 
0.00001 
0.00001 
0.00000 
0.02876 
0.00067 
0.00569 
0.01029 
0.00188 
0.00657 
0.00045 
0.01657 
0.00048 
0.00968 
0.00015 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00050 
0.00000 
0.10374 

0.73718 

0.00000. 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.06606 
0.00000 
0.00000 
0.00000 
0.00000 
0.00289 
0.00000 
0.00047 
0.00000 
0.00008 
0.00123 
0.00919 
0.02440 
0.00000 
0.00000 
0.00308 
0.00000 
0.12118 
0.00573 
0.00645 
0.00399 
0.00008 
0.02680 
0.00175 
0.01788 
0.00418 
0.01648 
0.00078 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00080 
0.00000 
0.31907 

0.63258 

0.00000 
0.00000 
0.00000~ 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
o:ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.31473 

0.31473 
- 

0.00000 1 
0 . 0 0 0 0  2 
0.00000 3 
0.00000 4 
0.00000 5 
0.00000 6 
0.00000 7 
0.00000 8 
0.00000 9 
0.00008 1 0  
0,00000 11 
0.00000 1 2  
0.00000 1 3  
0.00000 1 4  
0.00224 1 5  
0.00000 16 
0.00075 17  
0.00065 18  
0.00000 19 
0.00071 20 
0.00410 21 
0.00018 22 
0.00000 23 
0.00141 24 
0.02363 25 
0.00001 26 
0.01518 27 
0.00490 28 
0.00639 29 
0.00339 30 
0.00008 31  
0.02364 32 
0.00844 33 
0.01264 34 
0.00103 35 
0.00885 36 
0.00055 37 
0.00000 38 
0.00000 39 
0.00000 40 
0.00000 41  
0.00000 42 
0.00000 43 
0.00000 44 
0.00000 45 
0.00000 46 
0.00000 47 
0.00000 48 
0.00000 49 
0.00000 50 
0.00000 5 1  
0.00067 52 
0.00000 53 
0.30851 54 

0.42805 
- 



c C 
Table L-1. Input-Output Tables, Lea and Eddy Counties, 

November 1979: Direct Coefficients (Continued) 
Industry Purchasing 

Industry Se l l i ng  25 26 27 28 29 30 31 32 

Livestock and l ivestock products 
Cotton 
Grains and seeds 
F r u i t s  and vegetables 
Forestry and f i she ry  products 
Agricul tural  s e rv i ces  
Miscellaneous metallic and nonmetall ic minerals 
Crude petroleum 
Natural  gas  and l i qu id  petroleum 
Stone, gravel ,  and sand 
Potash mining 
Resident ia l  construct ion 
Nonresident ia l  construct ion 
A l l  other construct ion 
Construction maintenance 
Food products 
Fabrics  and apparel  
W o c d  and lumber products 
P r in t ing  
Chemical products 
P l a s t i c s  and petroleum products 
Glass and stone products 
Primary metal  products 
Fabricated metal  products 
Machinery 
E l e c t r i c a l  products 
Transportation and warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
Gas utility 
Water and sewer 
Wholesale t rade 
R e t a i l  t rade 
Finance, insurance,  and r e a l  e s t a t e  
Lodging and personal and repair  services  
Businesses and miscellaneous se rv ices  
Medical and nonprofit  
WIPP su r face  construct ion,  1980 
WIPP su r face  construct ion,  1981 
WIPP su r face  construct ion,  1982 
WIPP surface construct ion,  1983 
WIPP surface construct ion,  1984 
WIPP construct ion management and design 
WIPP underground construction, 1980 
WIPP underground construct ion,  1981 
WIPP underground construct ion,  1982 
WIPP underground COhStrUCtlOn, 1983 
WIPP Underground construct ion,  1984 
WIPP general  surface operat ions 
WIPP secu r i ty  and remote handling 
WIPP underground operat ions 
Government 
Households/FC weekly 
Households/FC local 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00001 
0.00000 
0.00000 
0.00000 
0.00000 
0.00168 
0.00000 
0.00070 
0.03302 
0.00000 
0.00029 
0.00562 
0.00000 
0.00000 
0.00002 
0.01938 
0.00081 
0.01890 
0.00339 
0.00541 
0.00134 
0,.00047 
0.04501 
0.00664 
0.01276 
0.00082 
0.00679 
0.00045 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00060 
0.00000 
0.36951 

0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00133 
0.00000 0.00000 
0.00000 0.00002 
0.00000 0.00000 
0.00000 0.00004 
0.00000 0.00065 
0.00000 0.00405 
0.00000 0.00000 
0,00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00245 0.02048 
0.00000 0.00005 
0.00088 0.00036 
0.00000 0.00000 
0.00235 0.00037 
0.00000 0.00015 
0.00735 0.02989 
0.00002 0.00001 
0.00000 0.00000 
0.00000 0 .ooooo 
0.00000 0.00017 
0.01076 0.00000 
0.01110 0.08829 
0.00726 0.00861 
0.00596 0.01622 
0.00193 0.00338 
0.00013 0.00114 
0.02005 0.02379 
0.00762 0.01069 
0.01924 0.01853 
0.00193 0.02424 
0.01306 0.00894 
0.00127 0.00052 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00187 0.00308 
0.00000 0.00000 
0.33341 0.40647 -- 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.01411 
0.00000 
0.00012 
0.00000 
0.00016 
0.00001 
0.00193 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00146 
0.01282 
0.00553 
0.00110 
0.00125 
0.00304 
0.00492 
0.01229 
0.06180 
0.00983 
0.00059 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00254 
0.00000 
0.39097 

0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00059 0.02381 
0.00361 0.14625 
0.00001 0.00000 
0.00001 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.02801 0.01443 
0.00000 0.00000 
0.00022 0.00009 
0.00000 0.00000 
0.00001 0.00000 
0.00086 0.00000 
0.01204 0.00076 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.02086 0.00020 
0.00250 0.00210 
0.07355 0.00260 
0.03353 0.36157 
0.00097 0.00065 
0.00623 0.00063 
0.00168 0.00156 
0.00464 0.00549 
0.00203 0.00034 
0.00417 0.00455 
0.00027 0.00025 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0 .ooooo 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00267 0.01382 
0.00000 0.00000 
0.13980 0.13980 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.06484 
0.00000 
0.00000 0.00031 

0.00001 
0.00154 
0.00334 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00232 0.00443 

0.02800 
0.01650 0.00091 

0.00463 
0.00329 
0.01416 
0.00783 
0.00751 
0.00000 0.00051 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.57360 
0.00000 
0.13980 

0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00117 
0.00000 
0.00001 
0.00004 
0.00002 
0.00000 

~0.00000 
0.00000 
0 .ooooo 
0.00095 
0.00327 
0.00093 
0.00035 
0.00072 0.00064 

0.00877 
0.00048 
0.00000 
0.00001 
0.00044 
0.00006 
0.01572 
0.01173 
0.00382 
0.00046 0.00168 

0.01558 
0.01564 
0.02239 
0.01772 
0.02311 
0.00099 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00282 
0 .ooooo 
0.42500 -- 

0.33824 0.71889 0.87351 0.57453 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

Column sums 0.53363 0.44863 0.67151 0.52446 .... 

I 
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os 
6P 
8P 
LP 
9P 
SP 
PP 
EP 
ZP 
TP 
0) 
6E 
8E 
LE 
9E 
SE 
PE 
EE 
ZE 
TE 
Of 
6Z 
8Z 
LZ 
91 
SZ 
PZ 
EZ 
zz 
TZ 
oz 
6T 
8T 
LT 
9T 
ST 
VT 
ET 
ZT 
TT 
OT 
6 
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CBL6T.O 
L8OEO'O 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
80000'0 
00000'0 
TTZ 00 * 0 
OE800'0 
00000'0 
ET990.0 
00000'0 
00000'0 
P6000'0 
6EV00'0 
TEPOO'O 
00000'0 
TT000'0 
9ET00.0 
00000'0 
00000'0 
LP000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
PPLOO'O 
00000'0 
00000'0 
00000'0 
ZE000'0 
00000'0 
00000'0 
90000'0 
00000'0 
00000'0 

BE060'0 
OTPTO'O 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
80000'0 
00000'0 
TTZOO'O 
Of 800'0 
00000'0 
ET990.0 
00000'0 
00000'0 
P6000'0 
6EP00'0 
TEPOO'O 
00000'0 
TT000'0 
9ET00.0 
00000'0 
00000'0 
LP000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
VPLOO'O 
00000'0 
00000'0 
00000'0 
ZE000'0 
00000'0 
00000'0 
90000'0 
00000'0 
00000'0 

DEL9T'O 
ZT9Z0'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
80000'0 
00000'0 
TTZOO'O 
OE8OO'O 
00000'0 
ET990.0 
00000'0 
00000'0 
P6000'0 
6EP00.0 
TEPOO'O 
00000'0 
TTOOO'O 
9ET00.0 
00000'0 
00000'0 
LP000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
00000'0 
PPLOO'O 
00000'0 
00000'0 
00000'0 
ZE000'0 
00000'0 
00000'0 
90000'0 
00000'0 
00000'0 

SOPPL'O Z9ET9.0 

68PTS'O 99TZP.0 
00000'0 00000'0 
8ELT0.0 E6ZT0.0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
OPEOO'O TZZ00'0 
T8EZ0.0 L6PSO'O 
9S0Z0'0 P8STO.O 
9PZ90.0 SEPEO'O 
888T0.0 ZS9T0'0 
68020'0 EZETO'O 
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T8LT0.0 rTz00'0 
80ET0.0 8LPT0.0 
6PE00'0 E0800'0 
P8000'0 60000'0 
00000'0 8tZOO'O 
00000'0 T0000'0 
00000'0 00000'0 
00000'0 T0000'0 
P8800.0 Ot~00'0 
LT000'0 06000'0 
00E00'0 TSOOO'O 
00000'0 00000'0 
8TOOO'O 00000'0 
ZE000'0 00000'0 
00600'0 P6POO'O 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
T0000'0 00000'0 
zoooo'o 00000'0 
00000'0 00000'0 
00000'0 00000'0 
E0000'0 00000'0 

-- 
88LES'O L68T9.0 

T9LPE.O ESTDE'O 
00000'0 00000'0 
OSEOO'O S96Z0.0 
00000'0 00000'0 
00000'0 00000'0 
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00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 oocoo'o 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
00000'0 00000'0 
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9Z6E0.0 ESPOO'O 
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T0000'0 90000'0 
60T00'0 PE000'0 

-- 

80000*0 00000'0 
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c 
Table L-1. Input-Output Tables, Lea And Eddy Counties, 

November 1979: Direct Coefficients (Continued) 

Industry Se l l i ng  
Industry Purchasing 

41 42 43 44 45 46 47 48 

t: 
W 

Livestock and l ivestock products 
Cotton 
Grains and seeds 
F r u i t s  and vegetables 
Forestry and f i she ry  products 
Agricul tural  s e rv i ces  
Miscellaneous me ta l l i c  and nonmetall ic minerals 
Crude petroleum ' 
Natural  gas  and l i q u i d  petroleum 
Stone, gravel ,  and sand 
Potash mining 
Res iden t i a l  construct ion 
Nonresident ia l  construct ion 
A l l  other construct ion 
Construction maintenance 
Food products 
Fabrics  and apparel  
Wood and lumber products 
P r in t ing  
Chemical products 
P l a s t i c s  and petroleum products 
Glass and stone products 
Primary ,metal'products 
Fabricated metal  products 
Machinery 
E l e c t r i c a l  products 
Transportation and warehousing 
Comunications 
E l e c t r i c a l  u t i l i t y  
G a s  u t i l i t y  
Water and sewer 
Wholesale t rade ' 
R e t a i l  ' t rade 
Finance, insurance,  and r e a l  e s t a t e  
Lodging and personal and repair  s e rv i ces  
Businesses and miscellaneous services  
Medical and nonprofit  
WIPP surface construct ion,  1980 
WIPP su r face  construct ion,  1981 
WIPP su r face  construct ion,  1982 
WIPP su r face  construct ion,  1983 
WIPP surface construct ion,  1984 
WIPP construct ion management and design 
WIPP underground construct ion,  1980 
WIPP underground construct ion,  1981 
WIPP underground construct ion,  1982 
WIPP underground construct ion,  1983 
WIPP underground construct ion,  1984 
WIPP general  su r f ace  operat ions 
WIPP secu r i ty  and remote handling 
WIPP underground operat ions 
Government 
Households/FC weekly 
tIouseholds/€C local 

COlUnm sums 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

0.00000 
0.00000 
0.00006 
0.00000 
0.00000 
0.00032 
0.00000 
0.00000 
0.00000 
0.00744 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00047 
0.00000 
0.00000 
0.00136 
0.00011 
0.00000 
0.00431 
0.00439 
0.00094 
0.00000 
G.00000 
0.06613 
0.00000 
0.00830 
0.00211 
0.00000 
0.00008 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.04351 
0.27879 

0.41832 

0.00000 0.00000 
0.00000 0.00000 
0.00006 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00032 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00744 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00494 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00051 
0.00000 0.00090 
0.00047 0.00430 
0.00000 0.00001 
0.00000 0.00000 
0.00136 0.00001 
0.00011 0.00238 
0.00000 0.00009 
0.00431 0.00803 
0.00439 0.01478 
0.00094 0.00214 
0.00000 0.00262 
0.00000 0.00118 
0.06613 0.01323 
0.00000 0.01652 
0.00830 0.31435 
0.00211 0.01584 
0.00000 0.05497 
0.00008 0.00221 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.03817 0.00000 
0.24445 0.53737 

0.37864 0.71638 
-- 

0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00268 0.00268 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00051 0.00051 
0.00141 0.00141 
0.00000 0.00000 
0.00401 0.00401 
0.00067 0.00067 
0.00882 0.00882 
0.00000 0.00000 
0.00000 0.00000 
0.07448 0.07448 
0.00000 0.00000 
0.00347 0.00347 
0.00236 0.00236 
0.00000 0.00000 
0.00011 0.00011 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0 .ooooo 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.04873 0.05452 
0.27294 0.30537 

0.42019 0.45841 
-- 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00268 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00051 
0.00141 
0.00000 
0.00401 
0.00067 
0;00882 
0.00000 
0.00000 
0.07448 
0.00000 
0.00347 0.00236 

0.00000 
0.00011 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.05462 
0.30590 

0.45904 

0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00268 0.00268 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00051 0.00051 
0.00141 0.00141 
0.00000 0.00000 
0.00401 0.00401 
0.00067 0.00067 
0.00882 0.00882 
0.00000 0.00000 
0.00000 0.00000 
0.07448 0.07448 
0.00000 0.00000 
0.00347 0.00347 
0.00236 0.00236 
0.00000 0.00000 
0.00011 0.00011 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.05265 0.04802 
0.29485 0.26896 -- 
0.44602 0.41550 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
53 
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Table L-2. Input-Output Tables, Lea and Eddy Counties, November 1979: 

Direct, Indirect, and Induced Coefficients - -- 

Industry Purchasing 
Industry S e l l i n g  1 2 3 4 5 6 7 8 

Livestock and l i v e s t o c k  products 
c o t t o n  
Grains and seeds  
Fruits and vegetables  
Forestry and f i s h e r y  products 
Agricultural s e r v i c e s  
Miscellaneous metallic and nonmetallic minerals 
Crude petroleum 
Natural gas and l i q u i d  petroleum 
stone ,  gravel ,  and sand 
Potash mining 
Res ident ia l  construct ion 
Nonresidential ccnstruct ion 

Construction maintenance 
Food products 
Fabrics  and apparel 
Wood and lumber products 
Print ing  . 
Chemical products 
P l a s t i c s  and petroleum products 
Glass and stone products 
Primary metal products 
Fabricated m e t a l  products 
Machinery 
E l e c t r i c a l  products 
Transportation and warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
Gas U t i l i t y  
Water and sewer 
wholesale trade 
R e t a i l  trade 
Finance, insurance, and real estate 
lodging and personal and repair s e r v i c e s  
Businesses and miscellaneous s e r v i c e s  
Medical and nonprofit  
WIPP surface  ccmstruction, 1980 
WIPP surface u m s t r u c t i a t ,  1981 
WIPP s u r f a m  construct ion,  1982 
WIPP surface construction, 1983 
WIPP surface  construction, 1984 
WIPP construction management and des ign 
WIPP underground construct ion,  1980 
WIPP underground construct ion,  1981 
WIPP underground construct ion,  1982 
WIPP underground construction, 1983 
WIPP underground construct ion,  1984 
WIPP general surface operations 
WIPP s e m r i t y  and remote handling 
WIPP underground operations 
Government 
Eouseholds/PC weekly 
~ouseholds /FC l o c a l  

Column sltms 

A l l  other construct ion 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

1.51090 0.04604 
0.00433 1.01744 
0.41657 0.01399 
0.00102 0.00038 
0.00024 0.00030 
0.01001 0.10394 
0.00009 0.00011 
0.01322 0.02325 
0.00206 0.00297 
0.00091 0.00157 
0.00055 0.00080 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.01447 0.01803 
0.04040 0.00657 
0.00015 0.00017. 
0.00010 0.00012 
0.00108 0.00141 
0.00477 0.00643 
0.02844 0.05023 
0.00013 0.00018 
0.00000 0.00001 
0.00001 0.00086 
0.00061 0.00002 
0.00001 0.02361 
0.03758 0.01150 
0.00934 0.01802 
0.01161 0.00781 
0.00589 0.01079 
0.00496 0.05887 
0.05286 0.08122 
0.06697 0.11283 
0.05689 0.03111 
0.02492 0.04582 
0.02349 0.00473 
0.00402 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.02872 0.03973 
0.00000 0.00000 
0.24680 0.30595 

2.62411 2.04678 
-- 

0.15328 
0.00089 
1.07351 
0.00031 
0.00026 
0.01452 
0.00023 
0.02150 
0.00260 
0.00212 
0.00137 
0.00000 
0.00000 
0.00000 
0.01623 
0.00814 
0.00014 
0.00010 
0.00111 
0.00835 
0.04648 
0.00020 
0.00000 
0.00001 
0.00064 
0.00002 
0.02700 
0.00898 
0.01038 
0.00638 
0.00955 
0.05080 
0.06936 
0.07563 
0.02352 
0.04065 
0.00374 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.03253 
0.00000 
0.25042 

0.02313 
0.00050 
0.00712 
1.00402 
0.00019 
0.05937 
0.00009 
0.00923 
0.00147 
0.00105 
0.00061 
0.00000 
0.00000 
0.00000 
0.01079 
0.00411 
0;00010 
0.00007 
0.00081 
0.00313 
0.01986 
0.00012 
0.00000 
0.00001 
0.00046 
0.00001 
0.01647 
0.00617 
0.00888 
0.00457 
0.00904 
0.03878 
0.04510 
0.04115 
0.01783 
0.02363 
0.00285 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.02583 
0.00000 
0.19910 

0.24603 
0.00327 
0.06893 
0.00051 
1.07792 
0.03017 
0.00002 
0.02268 
0.00298 
0.00020 
0.00010 
0.00000 
0.00000 
0.00000 
Oi00665 
0.03027 
0.00017 
0.00007 
0.00148 
0.00217 
0.04896 
0.00007 
0.00000 
0.00002 
0.00057 
0.00002 
0.02285 
0.00853 
0.01108 
0.00847 
0.00280 
0.05948 
0.07780 
0.05798 
0.03298 
0.01368 
0.00467 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04067 
0.00000 
0.39272 

1.96093 1.58565 2.27698 

0.00534 
0.00184 
0.00995 
0.00127 0.00041 

1.00057 
0.00000 
0.00558 
0.00178 
0.00005 
0.00002 
0.00000 
0.00000 
0.00000 
0.00343 
0.00810 
0.00011 
0.00004 
0.00153 
0.00061 
0.01173 
0.00003 
0.00000 
0.00000 
0.00053 
0.00001 
0.01141 
0.00766 
0.00989 
0.00784 
0.00225 
0.02457 
0.07313 
0.03306 
0.02759 
0.00872 
0.00488 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04454 
0.00000 
0.45748 

1.76597 
- 

0.00194 
0.00090 
0.00110 
0.00042 
0.00053 
0.00034 
1.00846 
0.00774 
0.00301 
0.00007 
0.00018 
0.00000 
0.00000 
0.00000 
0.00699 
0.00840 
0.00042 0.00016 

0.00165 
0.02340 
0.00005 0.01613 

0.00000 
0.00001 
0.01154 
0.00003 
0.02348 
0.01163 
0.02340 
0.01326 
0.00246 
0.03643 
0.07814 
0.04404 
0.03039 
0.01922 0.00646 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04891 
0.00000 
0.47816 

1.90946 
- 

0.00110 
0.00050 
0.00069 
0.00022 
0.00025 
0.00022 
0.00001 
1.00833 
0.00194 
0.00023 
0.00003 
0.00000 
0.00000 
0.00000 
0.03197 
0.00453 
0.00010 0.00015 

0.00120 
0.00380 
0.01224 
0.00012 
0.00000 
0.00010 
0.00049 
0.00001 
0.00956 
0.00736 
0.01873 
0.00828 
0.00225 
0.02022 
0.04827 
0.12074 
0.01928 
0.02643 
0.00384 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 0.02978 

0.00000 
0.25761 

1.64059 
- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
17 
18 
19  
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41  
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 



Table L-2. Input-Output Tables,  Lea and Eddy Counties,  November 1979: 
Direct ,  Indirect ,  and Induced Coef f i c i ent s  (Continued) 

Industry Purchasing 
9 10 11 12 13 14 15 16 Industry Selling 

Livestock and livestock products 
cotton 
Grains and seeds 
Fruits and vegetables 
Forestry and fishery products 
Agricultural services 
Miscellaneous metallic and nonmetallic minerals 
Crude petroleum 
Natural gas and liquid petroleum 
Stone, gravel, and sand 
Potash mining 
Residential construction 
Nonresidential construction 
All other construction 
Construction maintenance 
Food products 
Fabrics and apparel 
Wood and lumber products 
Printing 
Chemical products 
Plastics and petroleum products 
Glass and stone products 
Primary metal products 
Fabricated metal products 
Machinery 
Electrical products 
Transportation and warehousing 
Communications 
Electrical utility 
Gas utility 
Water and sewer 
Wholesale trade 
Retail trade 
Finance, insurance, and real estate 
Lodging and personal and repair services 
Businesses and miscellaneous services 
Medical and nonprofit 
WIPPFsurface construction, 1980 
WIPP surface construction, 1981 
WIPP surface construction, 1982 
WIPP surface construction, 1983 
WIPP surface construction, 1984 
WIPP construction management and design 
WIPP underground construction, 1980 
WIPP underground construction, 1981 
WIPP underground construction, 1982 
WIPP underground construction, 1983 
WIPP underground construction, 1984 
WIPP general surface operations 
WIPP security and remote handling 
WIPP underground operations 
Government 
Households/PC weekly 
Households/PC local 

column sums 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

0.00144 
0.00064 
0.00090 
0.00029 
0.00034 
0.00030 
0.00002 
0.00811 
1.17713 
0.00032 
0.00008 
0.00000 
0.00000 
0.00000 
0.04434 
0.00589 
0.00014 
0.00021 
0.00159 
0.01050 
0.01588 
0.00017 
0.00000 
.O. 00006 
0.00068 
0.00002 
0.01275 
0.00996 
0.01685 
0.03337 
0.00358 
0.03213 
0.06323 
0.16625 
0.02541 
0.03654 
0.00508 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.03963 
0.00000 
0.33318 

0.00234 
0.00109 
0.00141 
0.00047 
0.00055 
0.00045 
0.00001 
0.01468 
0.00426 
1.00839 
0.00055 
0.00000 
0.00000 
0 .ooooo 
0.01570 
0.01007 
0.00027 
0.00030 
0.00209 
0.00788 
0.03098 
0.05705 
0.00000 
0.00001 
0.00628 
0.00003 
0.03849 
0.01234 
0.04348 
0.01743 
0.00602 
0.06957 
0.10556 
0.07980 
0.04856 
0.04972 
0.00669 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.06004 
0.00000 
0.56905 

2.04698 2.27161 

0.00174 
0.00081 
0.00100 
0.00037 
0.00047 
0.00030 
0.00003 
0.00990 
0.00916 
0.00007 
1.01431 
0.00000 
0.00000 
0.00000 
0.00762 
0.00751 
0.00015 
0.00059 
0.00148 
0.02170 
0.01890 
0.00005 
0.00000 
0.00001 
0.01642 
0.00003 
0.02270 
0.01066 
0.03226 
0.04859 
0.00226 
0.02708 
0.07059 
0.04067 
0.02751 
0.01914 
0.00594 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04429 
0.00000 
0.42858 

1.89298 
- 

0.00255 
0.OOlZl 
0.00182 
0.00050 
0.00058 
0.00189 
0.00001 
0.01160 
0.00313 
0.00391 
0.00002 
1.00000 
0 .ooooo 
0.00000 
0.00720 
0.01085 
0.00139 
0.03830 
0.00223 
0.00162 
0.02455 
0.02762 
0.00000 
0.00197 
0.00156 
0.00023 
0.05020 
0.01654 
0.017 18 
0.01230 
0.00376 
0.08919 
0.18599 
0.06006 
0.04626 
0.07343 
0.00776 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.06363 
0.00000 
0.60984 

2.38085 
- 

0.00248 
0.00115 
0.00162 
0.00049 
0.00056 
0.00125 
0.00001 
0.01313 
0.00323 
0.00522 
0.00003 
0.00000 
1.00000 
0.00000 
0.00743 
0.01065 
0.00031 
0.01209 
0.00220 
0.00308 
0.02802 
0.03650 
0.00000 
0.00310 
0.00182 
0.00032 
0.05228 
0.01802 
0.01685 
0.01224 
0.00383 
0.08641 
0.14757 
0.06247 
0.04833 
0.09163 
0.00806 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.06263 
0.00000 
0.59955 ' 

2.34460 
- 

0.00246 0.00302 
0.00115 0.00143 
0.00169 0.00176 
0.00049 0.00061 
0.00056 0.00068 
0.00331 0.00103 
0.00001 0.00001 
0.02214 0.01335 
0.00387 0.00348 
0.02274 0.00689 
0.00005 0.00002 
0.00000 0.00000 
0.00000 0.00000 
1.00000 0.00000 
0.00808 1.00715 
0.01043 0.01321 
0.00095 0.00037 
0.00224 0.00395 
0.00214 0.00262 
0.00403 0.00143 
0.04750 0.02830 
0.02337 0.00341 
0.00000 0.00000 
0.00188 0.00048 
0.00167 0.00130 
0.00026 0.00010 
0.07166 0.04317 
0.01692 0.01634 
0.01719 0.01875 
0.01231 0.01389 
0.00374 0.00411 
0.07947 0.08083 
0.13595 0.18448 
0.06105 0.06298 
0.04827 0.05147 
0.06142 0.03756 
0.00776 0.00876 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.06095 0.07548 
0.00000 0.00000 
0.58792 0.74892 

2.32560 2.44131- 
-- 

0.12352 1 
0.11033 2 
0.05911 3 
0.00193 4 
0.00030 5 
0.01259 6 
0.00008 7 
0.00938 8 
0.00247 9 
0.00047 10 
0.00017 11 
0.00000 12 
0.00000 13 
0.00000 14 
0.00922 15 
1.03388 16 
0.00037 17 
0.00007 18 
0.00254 19 
0.00282 20 
0.01987 21 
0.00009 22 
0.00000 23 
0.00001 24 
0.00053 25 
0.00002 26 
0.03909 27 
0.01229 28 
0.01617 29 
0.00958 30 
0.00358 31 
0.05706 32 
0.05893 33 
0.04640 34 
0.02661 35 
0.02324 36 
0.00438 37 
0.00000 38 
0.00000 39 
0.00000 40 
0.00000 41 
0.00000 42 
0.00000 43 
0.00000 44 
0.00000 45 
0.00000 46 
0.00000 47 
0.00000 48 
0.00000 49 
0.00000 50 
0.00000 51 
0.03393 52 
0.00000 53 
0.30990 54 

2.03090 
- 

c) 



c 
Table L-2. Input-Output Tables, Lea and Eddy Counties, November 1979: 

Direct, Indirect, and Induced Coefficients (Continued) 
Industry Purchasing 

Industry Se l l i ng  17 18 19 20 21 22 23 24 

Livestock and l ivestock products 
Cotton 
Grains and seeds 
F r u i t s  and vegetables 
Forestry and f i she ry  products 
‘Agricultural  s e rv i ces  
Miscellaneous me ta l l i c  and nonmetall ic minerals 
Crude petrole? 
Natura1,gas and l i q u i d  petroleum 
Stone, gravel ,  and sand 
Potash mining 
Res iden t i a l  .constr  uction 
Nonresidential,.construction 
A l l  other -construcf ion 
Construction maintenance 
Focd products 
Fabrics  and apparel  
Wood and lumber products 
P r in t ing  
Chemical products 
P l a s t i c s  and petroleum products 
Glass and .stone products 
Primary metal  products 
Fabricated metal  products 
Machinery 
E l e c t r i c a l  products 
Transportation and warehousing 
Communications 
E lec t r i ca l ’  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale t rade 
Re ta i l  t rade 
Finance, insurance,. and r e a l  e s t a t e  
Lodging and persona.1 and repair  services  
Busine-sses .and miscellaneous se rv ices  
Medical and nonprofit  
WIPP surface construct ion,  1980 
WIPP surface construct ion,  1981 
WJPP surface construction,,  1982 
WIPP su r face  construct ion,  1983 
WIPP surface construct ion,  1984 
WIPP construct ion management and design 
WIPP underground construct ion,  1980 
WIPP underground construct ion,  1981 
WIPP underground construct ion,  1982 
WIPP underground construct ion,  1983 
WIPP underground construct ion,  1984 
WIPP general  surface operat ions 
WIPP secu r i ty  and remote handling 
WIPP underground operat ions 
Government 
Households/FC weekly 
Households/FC local 

column sums 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

0.01735 0.00186 
0.03825 0.00030 
0.00543 0.00110 
0.00042 0.00037 
0.01878 0.00044 
0.00474 0.00037 
0.00001 0.00001 
0.00794 0.00764 
0.00245 0.00260 
0.00012 0.00009 
0.00005 0.00003 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00688 0.00793 
0.00948 0.00805 
1.11241 0.00109 
0.00007 1.00811 
0.00177 0.00167 
0.00186 0.00355 
0.01672 0.01600 
0.00007 0.00043 
0.00000 0.00000 
0.00001 0.00001 
0.00066 0.00258 
0.00002 0.00003 
0.02509 0.04246 
0.01316 0.01316 
0.02016 0.01832 
0.01022 0.01077 
0.00347 0.00241 
0.05970 0.07267 
0.08485 0.07546 
0.05319 0.05122 
0.03333 0.03134 
0.02081 0.02072 
0.00603 0.00556 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.05222 0.04633 
0.00000 0.00000 
0.49854 0.45192 

2.12624 1.90719 
-- 

0.00164 0.00359 
0.00080 0.00128 
0.00096 0.00185 
0.00034 0.00171 
0.00044 0.00481 
0.00031 0.00065 
0.00002 0.00133 
0.00674 0.03651 
0.00223 0.01051 
0.00007 0.00052 
0.00011 0.00808 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00777 0.01232 
0.00649 0.01184 
0.00176 0.00045 
0.00007 0.00010 
1.01754 0.00221 
0.01409 1.05419 
0.01416 0.05794 
0.00006 0.00011 
0.00000 0.00000 
0.00001 0.00006 
0.00061 0.00097 
0.00004 0.00005 
0.02383 0.04131 
0.01936 0.01518 
0.01519 0.03091 
0.00932 0.03013 
0.00280 0.00579 
0.04255 0.05487 
0.06942 0.10223 
0.04991 0.06656 
0.02968 0.04050 
0.03904 0.03070 
0.00608 0.00744 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.04722 0.06385 
0.00000 0.00000 
0.39293 0.61410 

1.82400 2.33523 
-- 

0.00142 
0.00065 
0.00089 
0.00029 
0.00034 
0.00028 
0.00006 
0.49197 
0.03421 
0.00023 
0.00007 
0.00000 
0.00000 
0.00000 
0.03091 
0.00597 
0.00022 
0.00015 
0.00140 
0.00887 
1.07140 
0.00013 
0.00000 
0.00007 
0.00057 
0.00002 
0.04417 
0.00909 
0.02165 
0.02642 
0.00437 
0.03035 
0.05998 
0.09850 
0.02450 
0.03077 
0.00457 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.03859 
0.00000 
0.33882 

2.38191 

0.00250 
0.00117 
0.00163 
0.00050 
0.00057 
0.00046 
0.00001 
0.01495 
0.00502 
0.06838 
0.00006 
0.00000 
0.00000 
0.00000 
0.01070 0.01268 

0.00081 
0.00022 
0.00230 
0.00276 
0.03134 
1.02896 
0.00000 
0.00001 
0.00445 
0.00003 
0.15385 
0.01879 
0.02568 
0.01917 
0.00364 
0.06691 
0.10247 
0.07117 
0.04715 
0.03610 
0.00768 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.06236 
0.00000 
0.60640 

2.41090 
- 

0.00161 
0.00076 
0.00090 
0.00033 
0.00037 
0.00027 
0.00000 
0.00474 
0.00155 
0.00003 
0.00001 
0.00000 
0.00000 
0.00000 
0.00287 
0.00709 
0.00010 
0.00003 
0.00136 
0.00047 
0.00994 0.00003 

1.00000 
0.00000 
0.00047 
0.00001 
0.00928 
0.00673 
0.00869 
0.00689 
0.00132 
0.02103 
0.06455 
0.02776 
0.02441 
0.00734 
0.00432 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 * 00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.03950 
0.00000 
0.40704 

1.66242 
- 

0.00191 
0.00092 0.00111 

0.00039 
0.00044 
0.00035 
0.00000 
0.00828 
0.00315 
0.00016 
0.00001 
0.00000 
0 .ooooo 
0.00000 
0.00708 
0.00828 
0.00101 
0.00152 
0.00166 
0.00141 
0.01724 
0.00025 
0.00000 
1.00142 
0.02475 
0.00005 
0.02917 
0.01392 
0.01811 
0.01421 
0.00253 
0.05073 
0.08448 
0.04912 
0.03106 
0.02036 
0.00576 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04763 
0.00000 
0.46956 

1.91802 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

, 
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Table L-2. Input-Output Tables, Lea and Eddy Counties, November 1979: 

Direct, Indirect, and Induced Coefficients (Continued) 
. Industry Purchasing . ,  

Industry Se l l i ng  33 34 35 36 37 38 39 40 

Livestock and l ivestock products 
Cotton 
Grains and seeds 
F r u i t s  and vegetables  
Forestry and f i she ry  products 
Agricul tural  s e rv i ces  
Miscellaneous me ta l l i c  and nonmetall ic minerals 
Crude petroleum, 
Natural  gas  and l i qu id  petroleum 
Stone, g rave l ,  and sand 
Potash mining 
Res iden t i a l  construct ion 
Nonresident ia l  construct  ion 
A l l  other construct  ion 
Construction maintenance 
Food products 
Fabrics  and apparel  
Wood and lumber products 
P r in t ing  
Chemical products ! 

P l a s t i c s  and petroleum products 
Glass and s t o n e  products 
Primary metal products 
Fabricated metal  products 
Machinery 
E l e c t r i c a l  products 
Transportation and warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale t rade 
Retail- t rade 
Financ?, insufanc_e, and r e a l  e s t a t e  
-&ging and personal and r epa i r  services  
Businesses and miscellaneous se rv ices  
Medical and nonprofit  
WIPP surface construct ion,  1980 
WIPP surface construction,.  1981 
WIPP surface construct ion,  1982 
WIPP su r face  construct ion,  lL983 
WIPP surface construct ion,  1984 
WIPP construct ion management and design 
WIPP underground construct ion,  1980 
WIPP undergro&d construct ion,  1981 
WIPP underground construct ion,  1982 
WIPP underground construct ion,  1983 
WIPP underground construct ion,  -1984 
WIPP general  surface operat ions 
WIPP secu r i ty  and remote handling 
WIPP underground operat ions 
Government 
Households/FC weekly 
Households/FC local 

column sums 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

0.'00251 
0.00118 
0.00146 
0.00050 
0.00056 
0.00043 
0.00000 
0.01037 
0.00373 
0.00009 
0.00001 
0.00000 
0.00000 
0.00000 
0.00957 
0.01092 
0.00025 
0.00008 
0.00270 
0.00092 
0.02166 
0.00007 
0.00000 
0.00001 
0.00091 
0.00002 
0.01744 
0.01726 
0.02966 
0.01683 
0.00547 
0.03917 
1.10289 
0.08293 
0.04664 
0.02301 
0.00775 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.08058 
0.00000 
0.61520 

2.15278 

0.00323 
0.00128 
0.00241 
0.00054 
0.00059 
0.00077 
0.00001 
0.01012 
0.00398 
0.00025 
0.00003 
0.00000 
0.00000 
0.00000 
0.02649 
0.01117 
0.00032 
0.00017 
0.00553 
0.00115 
0.02104 
0.00014 
0.00000 
0.00002 
0.00119 
0.00004 
0.02115 
0.02945 
0.02630 
0.01568 
0.00763 
0.04298 
0.11349 
0.14469 
0.04656 
0.07614 
0.01460 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.09927 
0.00000 
0.63006 

2.35848 
- 

0.00454 
0.00114 
0.00555 
0.00047 
0.00054 
0.00070 
0.00001 
0.01159 
0.00356 
0.00014 
0.00002 
0.00000 
0.00000 
0.00000 
0.01434 
' 0.00990 
0.00190 
0.00024 
0.00216 
0.00119 
0.02439 
0.00013 
0.00000 
0.00001 
0.00486 
0.00012 
0.02051 
0.01786 
0.02715 
0.01539 
0.00661 
0.05636 
0.10672 
0.08719 
1.07664 
0.02748 
0.00841 

* 0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.06277 
0.00000 
0.55908 

2.15966 

0.00272 
0.00126 
0.00162 
0.00055 
0.00061 
0.00048 
0.00001 
0.01071 
0.00371 
0.00011 
0.00002 
0.00000 
0.00000 
0.00000 
0.01231 
0.01167 
0.00023 
0.00018 
0.00294 
0.00191 
0.02241 
0.00010 
0.00000 
0.00002 
0.00350 
0.00012 
0.02601 
0.02849 
0.01837 
0.01658 
0.00481 
0.05078 
0.12510 
0.08937 
0.05986 
0.07449 
0.00986 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
0.08188 
0.00000 
0.66581 

2.32859 

0.00338 
0.00156 
0.00199 
0.00068 
0.00074 
0.00060 
0.00001 
0.01468 
0.00487 
0.00016 
0.00002 
0.00000 
0.00000 
0.00000 
0.01877, 
0.01440 
0.00049 
0.00014 
0.00602 
0.00140 
0.03079 
0.00012 
0.00000 
0.00001 
0.00120 
0.00089 
0.02490 
0.02931 
0.03877 
0.02145 
0.01089 
0.06582 
0.14936 
0.12952 
0.07271 
0.04643 
1.01268 

' 0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.09844 
0.00000 
0.80134 

2.60450 

0:00119 
0.00056 
0.00075 
0.00023 
0.00026 
0.00060 
0.00000 
0.00401 
0.00123 
0.00753 
0.00001 
0.00000 
0.00000 
0.00000 
0.00274 
0.00519 
0.00015 
0.00006 
0.00104 
0.00046 
0.00844 
0.00048' 
0.00000 
0.00137 
0.00057 
0.00001 
0.01283 
0.01032 
0.00799 
0.00517 
0.00157 
0.08269 
0.04668 
0.03119 
0.02127 
0.00801 
0.00328 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.02844 
0.02612 
0.27800 

1.60043 
- 

0.00078 
0.00037 
'0.00052 
0.00015 
0.00017 
0.00053 
0.00000 
0.00283 
0.00084 
0.00752 
0.00001 
0.00000 
0.00000 
0.00000 
0.00201' 
0.00339 
0.00013 
0.00005 
0.00069 
0.00034 
0.00597 
0:00047 
0.00000 
0.00136 
0.00045 0.00001 

0.01047 
0.00861 
0.00578 
0.00342 
0.00108 
0.07735 
0.03028 
0 io2414 
0.00614 0.01507 

0.00218 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.01841 
0.01410 
0.17761 

1.42324 
- 

0.00135 
0.00064 
0.00084 
0.00027 
0.00030 
0.00062 
0.00000 
0.00448 
0.00139 
0.00754 
0.00001 
0.00000 
0.00000 
0.00000 
0.00303 
0.00590 
0.00016 
0.00006 
0.00117 
0.00051 
0.00942 
0.00048 
0.00000 
0.00137 
0.00062 
0.00001 
0.01376 
0.01100 
0.00886 
0.00586 
0.00176 
0.08481 
0.05318 
0.03398 
0.02372 
0.00874 
0.00371 
0.00000 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.03241 0.00000 

0.03087 
0.31778 

1.67062 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
.45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

19. 
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Table L-2. Input-Output Tables, Lea and Eddy,Counties, November 1979: 

Direct, Indirect, and Induced Coeff iciehts (Continued) 
Indus t ry  Purchas ing  

I n d u s t r y  S e l l i n g  4 1  42 43 44 45 46 47 48 

Lives tock  and l i v e s t o c k  products  
cotton 
G r a i n s  and s e e d s  

F o r e s t r y  and f i s h e r y  products  
A g r i c u l t u r a l  s e r v i c e s  
Misce l laneous  metallic and nonmeta l l ic  m i n e r a l s  
Crude petroleum 
N a t u r a l  g a s  and l i q u i d  petroleum 
Stone ,  g r a v e l ,  and sand 
Potash  mining 
R e s i d e n t i a l  c o n s t r u c t i o n  
N o n r e s i d e n t i a l  c o n s t r u c t i o n  
A l l  o t h e r  c o n s t r u c t i o n  
C o n s t r u c t i c n  maintenance 
Food p r o d u c t s  
F a b r i c s  and a p p a r e l  
Wood and lunber  products  
P r i n t i n g  
Chemical .p roducts  
P l a s t i c s  and petroleum products  
Glass and stone products  
Pr imary  metal products  
F a b r i c a t e d  meta l  p r o d u c t s  
Machinery 
E l e c t r i c a l  p r o d u c t s  
T r a n s p o r t a t i o n  and warehousing 
C m u n i c a t i o n s  
E l e c t r i c a l  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale t r a d e  
R e t a i l  t r a d e  
Finance, insurance ,  and real e s t a t e  
Lodging and p e r s o n a l  and repair s e r v i c e s  
Bus inesses  and misce l laneous  s e r v i c e s  
Medical and n o n p r o f i t  
WIPP s u r f a c e  c o n s t r u c t i o n ,  1980 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1981 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1982 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1983 
WIPP s u r f a c e  c o n s t r u c t i o n ,  1984 
WIPP constructim management and d e s i g n  
WIPP underground c o n s t r u c t i o n ,  1980 
WIPP underground c o n s t r u c t i o n ,  1981 
WIPP underground c o n s t r u c t i o n ,  1982 
WIPP underground c o n s t r u c t i o n ,  1983 
WIPP underground c o n s t r u c t i o n ,  1984 
WIPP g e n e r a l  surface o p e r a t i o n s  
WIPP s e c u r i t y  and remote handl ing  
WIPP underground o p e r a t i o n s  
Government 
Households/PC weekly 
Eouseholds/PC local 

column sums 

F r u i t s  and v e g e t a b l e s  \ \  

1 
2 

- 3  
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
1 3  
14 
1 5  
1 6  
1 7  
1 8  
1 9  
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 
34 
35 
36 
37 
38 
39 
40 
41  
42 
43 
44 
45 
46 
47 
48 
49 
50 
51  
52 

' 53 
54 

0.00178 
0.00084 
0.00108 
0.00036 
0.00039 
0.00069 . 0.00000 
0-0051T 
0.00180 
0.00754 
0.00001 
0.00000 
0.00000 
0.00000 
0.00380 
0.00780 
0.00019 
0.00007 
0.00153 
0.00063 
0.01202 
0.00049 
0.00000 
0.00137 
0.00075 
0.00002 
0.01624 
0.01279 
0.01118 
0.00770 
0.00227 
0.09043 
0.07043 
0.04140 
0.03025 
0.01071 
0.00487 
0.00000 
0.00000 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04296 
0.04351 
0.42339 

0.00160 
0.00076 
0.00098 
0.00032 
0.00035 - 
0.00066 

0.00519 
0.00162 
0.00754 
0.00001 
0.00000 
0.00000 
0.00000 
0.00347 
0.00700 
0.00018 
0.00007 
0.00138 
0.00058 
0.01092 
0.00049 
0.00000 
0.00137 
0.00069 
0.00002 
0.01519 
0.01203 
0.01020 
0.00692 
0.00206 
0.08804 
0.06311 
0.03825 
0.02748 
0.00987 
0.00438 
0.00000 
0.00000 
0 . 0 0 0 ~ 0  
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.03849 
0.03817 
0.37860 

0.00000 

-0.00328 
0.00152/' 
0700193 
0500066 
0.00074 
Oh0057 
0.00001 
0.01230 
0.00422 
0.00011 
0.00002 
0.00000 
0.00000 
0.00000 
0.01298 
0.01412 
0.00026 
0.00019 
0.00341 
0.00205 
0.02576 
0.00010 
0.00000 
0.00002 
0.00362 
0.00013 
0.02900 
0.03060 
0.02129 
0.01887 
0.00545 
0.05781 
0.14726 
0.09844 
0.06809 
0.07678 
0.01133 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
1.00000 
0 * 00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.08208 
0.00000 
0.80638 

0.00174 
0!00083 
0.00100 
0.00035 
0.00039 
0.00038 
0.00000 
0.00546 
0.00186 
0.00274 
0.00001 
0.00000 
0.00000 
0.00000 
0.00380 
0.00772 
0.00020 
0.00012 
0.00150 
0.00060 
0.01143 
0.00022 
0.00000 
0.00051 
0.00202 
0.00002 
0.01597 
0.00895 
0.01937 
0.00798 
0.00223 
0.09844 
0.06944 
0.03568 
0.02997 
0.01032 
0.00480 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04221 
0.04873 
0.41573 

0.00192 
0.00091 
0.00110 
0.00039 
0.00043 
0.00041 
0.00000 
0.00595 
0.00203 
0.00275 
0.00001 
0.00000 
0.00000 
0.00000 
0.00411 
0.00848 
0.00021 
0.00012 
0.00165 
0.00065 
0.01247 
0.00023 
0.00000 
0.00052 
0.00207 
0.00002 
0.01697 
0.00968 
0.02030 
0.00872 
0.00243 
0.10071 
0.07638 
0.03867 
0.03259 
0.01111 
0.00527 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04646 
0.05452 
0.45809 ----- 

1.85702 1.77799 2.54136 1.85273 1.92831 

0.00192 
0.00092 
0.00110 
0.00039 
0.00043 
0.00041 
0.00000 
0.00596 
0.00203 
0.00275 
0.00001 
0.00000 
0.00000 
0.00000 
0.00411 
0.00849 
0.00021 
0.00012 
0.00165 
0.00065 
0.01249 
0.00023 
0.00000 0.00052 

0.00207 
0.00002 
0.01698 
0.00969 
0.02032 
0.00874 
0.00244 
0.10075 
0.07650 
0.03872 
0.03264 
0.01113 
0.00528 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04653 
0.05462 
0.45878 

0.00186 
0.00089 
0.00106 
0.00037 
0.00042 
0.00040 
0.00000 
0.00579 
0.00197 
0.00275 
0.00001 
0.00000 
0.00000 
0.00000 
0.00401 
0.00823 
0.00020 
0.00012 
0.00160 
0.00063 
0.01213 0.00023 

0.00000 
0.00052 
0.00205 
0.00002 
0.01664 
0.00944 
0.02000 
0.00848 
0.00237 
0.09997 
0.07413 
0.03770 
0.03174 
0.01086 
0.00512 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.04508 
0.05265 
0.44435 

0.00172 
0.00082 
0.00099 
0.00035 
0.00038 
0.00037 
0.00000 
0.00539 
0.00184 
0.00274 
0.00001 
0.00000 
0.00000 
0.00000 
0.00376 
0.00762 
0.00020 
0.00012 
0.00148 
0.00059 0.01130 

0.00022 
0.00000 0.00051 

0.00201 
0.00002 
0.01585 
0.00886 
0.01925 
0.00789 
0.00220 
0.09817 
0.06858 
0.03532 
0.02964 
0.01023 
0.00475 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
1.00000 
0.00000 
0.00000 
0.00000 
0.04169 
0.04802 
0.41053 --- 

1.92956 1.90380 1.84345 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  
16 
1 7  
1 8  
1 9  
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
31  
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53  
54 
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Table L-2. Input-Output Tables, Lea and Eddy Counties, November 1979: 

Direct, Indirect, and Induced Coefficients (Continued) 
Industry Purchasing 

Industry Se l l i ng  49 50 5 1  52 53 54 Row sums 

Livestock and l ivestock products 
cotton 
Grains and seeds 
F r u i t s  and vegetables 
Forestry and f i she ry  products 
Agricul tural  s e rv i ces  
Miscellaneous me ta l l i c  and nonmetall ic minerals 
Crude petroleum 
Natural  gas  and l i qu id  petroleum 
Stone, gravel ,  and sand 
Potash mining 
Res iden t i a l  construct ion 
Nonresident ia l  construct ion 
All other construct ion 
Construction maintenance 
Food products 
Fabrics  and apparel  
Wood and lumber products 
P r in t ing  
Chemical products 
P l a s t i c s  and petroleum products 
Glass and stone products 
Primary metal products 
Fabricated metal  products 
Machinery 
E l e c t r i c a l  products 
Transportation and warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale t rade 
Re ta i l  t rade 
Finance, insurance,  and real e s t a t e  
Lodging and personal and r epa i r  services  
Businesses and miscellaneous se rv ices  
Medical and-nonprofit  
WIPP surface construct ion,  1980 
WIPP surface construct ion,  1981 
WIPP surface construct ion,  1982 
WIPP surface construct ion,  1983 
WIPP surface construct ion;  1984 
WIPP construct ion management and design 
WIPP underground construct ion,  1980 
WIPP underground construct ion,  1981 
WIPP underground construct ion,  1982 
WIPP underground construct ion,  1983 
WIPP underground construct ion,  1984 
WIPP general  surface operat ions 
WIPP secu r i ty  and remote handling 
WIPP underground operat ions 
Government 
Households/FC weekly 
Households/FC local 

COlUran sum 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
53 
54 

0.00347 0.00383 
0.00161 0.00169 
0.00204 0.00369 
0.00070 0.00072 
0.00078 0.00083 
0.00060 0.00067 
0.00001 0.00005 
0.01286 0.02785 
0.00440 0.01108 
0.00012 0.00025 
0.00002 0.00002 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.01332 0.03182 
0.01496 0.01552 
0.00028 0.00075 
0.00020 0.00020 
0.00357 0.00348 
0.00210 0.00165 
0.02693 0.05786 
0.00010 0.00017 
0.00000 0.00000 
0.00002 0.00002 
0.00367 0.00140 
0.00013 0.00003 
0.03010 0.12032 
0.03139 0.02574 
0.02231 0.03985 
0.01968 0.02312 
0.00567 0.00588 
0.06029' 0.07511 
0.15487 0.15491 
0.10171 0.08967 
0.07097 0.08268 
0.07765 0.03091 
0.01184 0.01032 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0.00000 0.00000 
0 .ooooo 0 .ooooo 
1.00000 0.00000 
0.00000 1.00000 
0.00000 0.00000 
0.08674 0.08868 
0.00000 0.00000 
0.85437 0.88099 

2.61947 2.79177 
-- 

0.00295 
0.00139 
0.00168 
0.00060 
0.00067 
0.00050 
0.00000 
0.00930 
0.00360 
0.00008 
0.00001 
0.00000 
0.00000 
0.00000 
0.00929 
0.01290 
0.00022 
0.00060 
0.00251 
0.00093 
0.01934 
0.00007 
0.00000 
0.00001 
0.01652 
0.00003 
0.02934 
0.01542 
0.06459 
0.01530 
0.00363 
0.04246 
0.11948 
0.05945 
0.04586 
0.01466 
0.00916 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
1.00000 
0.07244 
0.00000 
0.73940 

0.00286 
0.00133 
0.00170 
0.00058 
0.00064 
0.00052 
0.00001 
0.01115 
0.00426 
0.00022 
0.00002 
0.00000 
0.00000 
0.00000 
0.02940 
0.01230 
0.00028 
0.00028 
0.00265 
0.00257 
0.02321 
0.00016 
0.00000 
0.00003 
0.00451 
0.00009 
0.03238 
0.02761 
0.02151 
0.01904 
0.00492 
0.05407 
0.12146 
0.08775 
0.05737 
0.03161 
0.00983 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 

0.00000 
0.00000 
0 .ooooo 
0.00000 
0.00000 
0.00000 
1.10787 
0.00000 
0.70171 

0.00000, 

0.00128 
0.00060 
0.00071 
0.00027 
0.00029 
0.00022 
0.00000 
0.00165 
0.00108 
0.00002 
0.00000 
0.00000 
0.00000 
0.00000 
0.00214 
0.00561 
0.00008 
0.00003 
0.00107 
0.00033 
0.00331 
0.00002 
0.00000 
0.00000 
0.00037 
0.00001 
0.00718 
0.00531 
0.00680 
0.00536 
0.00150 
0.01657 
0.05099 
0.02161 
0.01927 
0.00570 
0.00341 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0 .ooooo 
0.00000 
0.03094 
1.00000 
0.07172 

2.31439 2.37592 1.26546 

0.00513 1 
0.00242 2 
0.00287 3 
0.00106 4 
0.00117 5 
0.00085 6 
0.00001 7 
0.01505 8 
0.00492 9 
0.00010 10 
0.00002 11 
0.00000 12 
0.00000 13 
0.00000 14 
0.00913 15 
0.02254 16 
0.00031 17 
0.00011 18 
0.00431 19 
0.00149 20 
0.03158 2 1  
0.00009 22 
0.00000 23 
0.00001 24 
0.00149 25 
0.00003 26 
0.02950 27 
0.02140 28 
0.02760 29 
0.02189 30 
0.00609 3 1  
0.06683 32 
0.20510 33 
0.08821 34 
0.07756 35 
0.02334 36 
0.01374 37 
0.00000 38 
0.00000 39 
0.00000 40 
0.00000 4 1  
0.00000 42 
0.00000 43 
0.00000 44 
0.00000 45 
0.00000 46 
0.00000 47 
0.00000 48 
0.00000 49 
0.00000 50 
0.00000 5 1  
0.12551 52 
0.00000 53 
1.29330 54 

2.10475 

2.23268 
1.22548 
1.72453 
1.03169 
1.12606 
1.26417 
1.01085 
2.12687 
1.67548 
1.17864 
1.02776 
1.00000 
1.00000 
1.00000 
1.76049 
1.58688 
1.13592 
1.10804 
1.13032 1.23028 

2.31894 
1.18561 
1.00000 
1.01902 
1.16641 
1.01516 
2.71340 
1.82307 
2.20222 
2.38613 
1.22293 
4.19660 
6.08939 
4.54199 
3.20018 
2.61442 
1.35884 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
1.00000 
4.60289 
1.41131 

27.27817 

I 



L.3.1 Wages 

F i r s t ,  t h e  leve, o f  wages must be determined. The average annual  wages 
and labor costs f o r  each o f  t h e  37 p r i v a t e  subsec to r s  and t h e  government sub- 
sector ( S t a t e ,  local, and Federa l )  are l i s t e d  i n  Table  6 3 .  

Average employee costs f o r  a l l  of  t h e  38 subsec to r s  i n  t h e  input-output  
model were computed from information obta ined  from t h e  N e w  Mexico Employment 
S e c u r i t y  Department. S ince  complete 1979 d a t a  were not  a v a i l a b l e ,  t h e  1978 
average wages f o r  t h e  area were der ived  from t h e  q u a r t e r l y  report Covered 
Employment and Wages and t h e  increase i n  wages from 1978 to 1979 was esti- 
mated f o r  each sector. 

Expected f r i n g e  b e n e f i t s  were then added to t h e  wages f o r  each subsec tor .  
I The f r i n g e  b e n e f i t s  were computed i n  s e v e r a l  ways. 

b e n e f i t s  was obta ined  from several companies i n  t h e  cons t ruc t ion ,  petroleum, 
and mining i n d u s t r i e s .  For subsec to r s  t h a t r a r e  no t  dominated by large com- 
pan ie s ,  averages r e f l e c t i n g  minimum f r i n g e  b e n e f i t s  a t  v a r i o u s  s a l a r y  l e v e l s  
were used. Thus, t h e  l abor  cost per employee is t h e  es t imated  annual  wages 
pa id  i n  1979 p l u s  t h e  expected f r inge -bene f i t  percentage.  
annual  wages, f r i n g e - b e n e f i t  percentage ,  and es t imated  annual  l abor  cost f o r  
t h e  38 economic subsectors. The annual  wages f o r  t h e  government subsec tor  
were der ived  from Bureau o f  Economic Analys is  da ta .  

Information on f r i n g e  

Table, L-3-gives t h e  

L.3.2' Ca lcu la t ing  I n d i r e c t  Job  Impact 
1 1  

1 Given below is a-sample c a l c u l a t i o n  t h a t  i l l u s t r a t e s  t h e  procedure 'used  to 
estimate t h e  number o f  new i n d i r e c t  j o b s  created by t h e  WIPP i n  t h e  two-county 
area. 

The f i r s t  step is to determine t h e  annual  f low of  dollars through t h e  
economy from an i n c r e a s e  i n  a c t i v i t y  i n  a s p e c i f i c  economic subsec tor .  
example used here  is aboveground c o n s t r u c t i o n  and t h e  year  is 1983. I t  is 
es t ima ted  t h a t  t h e  new dollars brought  to t h e  area by aboveground consfruct ' ion 
i n  1983 w i l l  b e  $53.113 mi l l i on .  
m u l t i p l i e d  by t h e  c o e f f i c i e n t s  g iven  i n  Table  L-2 ( t h e  inve r t ed  input-output  
t ab le  l i s ' t i n g  t h e  direct ,  i n d i r e c t ,  and induced e f f e c t s )  f o r  t h e  a c t i v i t y  'of 
i n t e r e s t  (column 41: aboveg round cons  t r  uc tion--1983 ) . 

The 

This  di rect  c o n s t r u c t i o n  impact 2s then  

The process f o r  determining t h e  impact on i n d i r e c t l y  a f f e c t e d  economic 
subsec tors is i l l u s t r a t ed  i n  t h e  fo l lowing  equat ions :  

I i j  X AXMP1983 = $IMPij 
j .  

(0.01279 X $53 , 113 , 200 = $679,318) 

where 
. .  

Ii j  = c o e f f i c i e n t  from Table L-2 f o r  row i and column e n t r y  j ;  
i = 1,.. . ,52 and j = 1, . . . ,52.  =ample uses i = 28 
(communications subsec to r )  and j = 4 1 ,  (aboveground 
c o n s t r u c t i o n  i n  1983) ;  128,41 = 0.01279. 

AIMPlg83 = aboveground-construction impact f o r  1983 (e.g., $53,113,200). 

L-18 



Grs Table L-3. Estimated Annual Wages and Labor Costs pe r  
Employee i n  Eddy and Lea Counties ,  197ga 

Estimated Estimated 
Estimated f r inge  annual labor 

1979 benef itsc costs per 
Subsec tor annual wagesb ( % I  employee, 197gd 

1. 

2. 
3. 
4. 
5. 

6. 
7. 

8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 
25. 
26. 
27. 

28. 
29. 
30. 
31. 
32. 
33. 
34. 

35. 

Livestock and l ivestock 

Cot ton 
Grains and seeds 
F r u i t s  and vegetables 
Forestry and f i shery  

Agr icu l tura l  se rv ices  
Miscellaneous metals 

and other minerals 
Crude petroleum 
Natural gas and l i qu id  

petroleum 
Stone, gravel ,  and sand 
Potash mining 
Res ident ia l  construct ion 
Nonresidential  cons t r  uc t ion 
All other construct ion 
Cons t r  uc t ion ma i n  tenance 
Food products 
Fabrics and apparel 
Wood and lumber products 
Pr in t ing  
Chemical products 
Plastics and petroleum 

G l a s s  and s tone  products 
Primary metal products 
Fabricated metal products 
Machinery 
Electr ical  products 
Transportation and 

warehousing 
Connnunica t ions 
E l e c t r i c a l  u t i l i t y  
G a s  u t i l i t y  
Water and sewer 
Wholesale trade 
R e t a i l  trade 
Finance, insurance, 

and real estate 
Lodging and personal 

and repair  se rv ices  

products 

products 

products 

, 

$ 9,320 

7,585 
7,585 
7,585 
9,298 

9,298 
17,321 

16,567 
16,567 

17,321 
17,321 
10,545 
12,808 
11,573 
11,052 
10,181 
7,818 

11,097 
9,989 

18,618 
21,227 

12,666 
(e) 

12,323 
13,177 
10,399 

I 12,850 

10,917 
18,821 
18,821 
10,536 
13,946 

11,068 

6,541 

7,751 

10.0 

10 .o 
10.0 
10.0 
16.0 

16 .O 
28.0 

28.0 
28.0 

28.0 
28.0 
20.0 
25.0 
25.0 
15.0 
16.0 
17.0 
16.0 
16.0 
15.0 
15.0 

16 .O 
(e) 

16.0 
16.0 
16.0 
16.0 

16.0 . 
15.0 
15.0 
16.0 
16.0 
17.0 
16.0 

17.0 

$10,252 

8,343 
8,343 
8,343 

10,786 

10,786 
22,17 1 

21,206 
21,206 

22,171 
22,171 
12,654 
16,010 
14,466 
12,710 
11,810 

9,147 
12,873 
11,587 
21,411 
24,411 

14,693 

14,295 
15,285 
12,063 
14,906 

12,664 
21,644 
21,644 
12,222 
16,177 

9,069 
12,839 

7,653 

(e) 
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Table  L-3. Estimated Annual Wages and Labor C o s t s  per Employee 
Employee i n  Eddy and Lea Count ies ,  197ga ( c o n t i n u e d )  

/ 

E s t  ima t ed Estimated 
Es t ima ted  f r inge annual labor 

1979 benef itsC costs per 
Sub sec tor annual wagesb ( % I  employee, 197gd 

36. Businesses and miscel laneous 11,142 

37. Medical and nonprof i t  9,049 
s e r v i c e s  

16.0 

16.0 

12,925 

10,497 

52. Government 12,944 16.0 15,015 

aThese wages and labor costs a r e  f o r  jobs supported i n  i n d i r e c t l y  
a f f e c t e d  subsec tors .  Jobs created by ( d i r e c t l y  a s s o c i a t e d  wi th)  t h e  
cons t ruc t ion  and opera t ion  of t h e  WIPP p r o j e c t  have annual wages t h a t  are not  
included i n  t h e  listed f igures .  

Employment S e c u r i t y ,  1978. 
adjustment f a c t o r  s p e c i f i c  to major sectors. 

a p p l i c a b l e  percentage a p p l i e s  to m o s t  secondary and t e r t i a r y  subsectors. 

n e c e s s a r i l y  of a 40-hour average w e e k .  

bDer  ived from Covered Employment and Wages, Quar te r ly  Report , New Mexico 
Wages were est imated f o r  1979 by using an 

CDetermined from interviews with p r i v a t e  companies and unions. Minimum 

dPer employee costs are r e p r e s e n t a t i v e  of t h e  annual wage and not  

eNo a c t i v i t y  i n  t h i s  subsector i n  t h e  two-county area. 

$IMPij = dollar indirect  impact i n  s u b s e c t o r  i from a n  exogenous in- 
crease i n  s u b s e c t o r  j: t h a t  is, impact on t h e  communications 
s u b s e c t o r  from a n  i n c r e a s e  i n  aboveground-construction a c t i v i t y .  

From t h i s  c a l c u l a t i o n  it is a p p a r e n t  t h a t  t h e  m o d e l  estimates t h a t  t h e  
i n c r e a s e  i n  t h e  communications s u b s e c t o r  d u r i n g  1983 w i l l  be a b o u t  $680,000. 

The n e x t  step is to de termine  t h e  amount of money i n  t h e  communications 
s u b s e c t o r  t h a t  w i l l  be expended for labor ( i . e - ,  labor costs). The f o l l o w i n g  
e q u a t i o n  i l l u s t r a t e s  t h i s :  

SIMPij X LC54i = $LCji 

($679,318 x 0.39097 = $265,593) 

where 

LC54i = c o e f f i c i e n t  for labor costs i n  s u b s e c t o r  i from Table  L-1; i = 
1,. . . ,52 (e.g., LC54,28 = 0.39097 r e p r e s e n t s  t h e  c o e f f i c i e n t  for 
labor cost i n  s u b s e c t o r  i = 28, communications).  
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$ X j i  = dollars flowing to labor cost i n  subsec tor  i from an inc rease  i n  
a c t i v i t y  i n  subsector j (i.e., to ta l  l abor  cost i n  communications 
(i  = 28) as an i n d i r e c t  r e s u l t  of an  i n c r e a s e - i n  aboveground 
c o n s t r u c t i o n  ( j  = 41) o f  $53,113,200 i n  1983).  

A f t e r  determining t h a t  j u s t  more than  $265,000 w i l l  f low i n t o  labor costs 
during 1983 through t h e  communications subsector from increased aboveground- 
c o n s t r u c t i o n  a c t i v i t y ,  t h e  remaining step is to determine how many j o b s  t h i s  
$265,000 w i l l  suppor t  during 1983. Th i s  is accomplished by t h e  fo l lowing  
mathematical  ope ra t ion :  

SLCji + annual  U L C i  = i n d i r e c t  j o b j i  

($265,593 + $12,664 = 21.0) 

where 

Annual U X i  = annual  average per-unit  labor cost i n  subsec tor  i 
(e.g., i n  subsec tor  i = 28, communications, annual  U X i  
= $12,664). 

I n d i r e c t  J o b j i  = number of  j o b s  i n  subsector i supported by new a c t i v -  
i t y  i n  subsec tor  j (e.g., i = 41,  aboveground con- 
s t r u c t i o n ,  $53,113,200, suppor t s  21.0 jobs i n  i = 28, 
communications). 

This  example shows t h a t  t h e  r e s u l t i n g  impact on j o b s  i n  t h i s  subsector-- 
Obviously t h e  number of  jobs communications--will be 21.0 j o b s  f o r  1983. 

supported i n d i r e c t l y  by t h e  WIPP project w i l l  va ry  from yea r  to year .  Tables  
6 4  through L-10 list t h e  i n d i r e c t  e f f e c t s  o f  t h e  WIPP f o r  each year  from 1980 
through 1986 and fo r  an average o p e r a t i o n s  year  t h e r e a f t e r .  These tables list 
t h e  e s t ima ted  d o l l a r  volume flow i n t o  t h e  38 i n d i r e c t l y  a f f e c t e d  subsec to r s  o f  
t h e  two-county economy (37 p r i v a t e  and 1 government) and t h e  number of  jobs 
i n d i r e c t l y  c r e a t e d  i n  each one of  t h e s e  subsectors. 

Tables L-11 and 6 1 2  list t h e  ind i r ec* t  employment impacts by major sector 
( inc lud ing  government) and g i v e  t h e  employment mult ipl ier  f o r  each yea r .  
Table 6 1 3  g i v e s  the to ta l  number of d i r e c t ,  p r i v a t e  i n d i r e c t ,  and government 
j o b s  suppor ted  by t h e  WIPP project f o r  t h e  y e a r s  1980 through 1986 be fo re  t h e  
p l a n t  becomes f u l l y  operational. 
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Table L-4. I n d i r e c t  Impact of t he  WIPP Pro jec t  i n  1980: Dollar Volume - -_ . 
and Jobs Supported by Subsector 

Underground o p e r a t i o n s  
E s t  imated Jobs  

Management and des ign  
Estimated Jobs  

Surf  ace o p e r a t i o n s  
Est imated J o b s  

volumea volumea supported supported volumea supported Subsec tor  

Livestock and l i v e s t o c k  

Cot ton  
Grains and s e e d s  
F r u i t s  and vegetab les  
F o r e s t r y  and f i s h e r y  

A g r i c u l t u r a l  services 
Miscel laneous metals 

and o t h e r  minera ls  
Crude petroleum 
N a t u r a l  gas and l i q u i d  

petroleum 
Stone,  g r a v e l ,  and sand 
Potash mining 
R e s i d e n t i a l  c o n s t r u c t i o n b  
N o n r e s i d e n t i a l  c o n s t r u c t i o n  
A l l  o t h e r  c o n s t r u c t i o n  
Cons t ruc t ion  maintenance 
Food products 
F a b r i c s  and apparel 
W o o d  and lumber products  
P r i n t i n g  
Chemical products 
P l a s t i c s  and petroleum 

G l a s s  and stone p r o d u c t s  
Primary metal products 
F a b r i c a t e d  metal products 
Machinery 
E l e c t r i c a l  p r o d u c t s  
T r a n s p o r t a t i o n  and 

warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale ts ade 

products  

products  

products  

- 
1. 

0.2 
0.1 
0.1 
0.0 

0.0 
0.0 
0.0 
0.0 

2.0 
0.9 
1.2 
0.4 

0.0 
0.0 
0.0 
0.0 

11.2 
5.3 
6.4 
2.2 

0.0 
0.0 
0.1 
0.0 

2. 
3. 
4. 
5. 

0.0 
0.0 

0.4 
0.3 

0.0 
0.0 

0.0 
0.0 

2.5 
2.4 

0.0 
0 .1  

0.0 
0 .1  6. 

7. 
0.0 
7.5 

0.0 
34.9 

0.0 
0.2 

0.0 
0.7 

0.0 
0.0 8. 

9. 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.3 
0.1 
0.0 
0.0 
0.0 
0.0 

11.9 
17.5 

0.1 
0.0 
0.0 
0.0 

24.3 
49.3 
1.3 
0.8 
9.6 
3.8 

0.1 
0.3 
0.0 
0.0 
0.0 
0.0 
0.9 
0.6 
0.0 
0.0 
0.2 
0.1 

0.2 
1.3 
0.0 
0.0 
0.0 
0.0 
0.5 
0.9 
0.0 
0.0 
0.2 
0.1 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.6 
0.1 
0.0 
0.0 
0.0 
0.0 
7.9 
8.6 
0.2 
0.2 
2.1 
1.2 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

1.5 
0.1 
0.0 
0.2 
0.1 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

15.7 
0 . 1  
0.0 
0.0 
2.2 
0.1 

0.1 
0.0 
0.0 
0.0 
0.1 
0.0 

73.1 0.3 
1.4 0.0 
0.0 0.0 
3.3 0 .1  

12.9 0.3 
0.1 0.0 

22. 
23. 
24. 
25. 
26. 
27. 

17.6 
18.6 
12.9 
11.5 

3.3 
35.1 

0.5 
0.6 
0.1 
0.1 
0.0 
0.9 

102.1 2.8 
57.3 1.8 

123.9 0.8 
51.1 0.3 
14.2 0.2 

629.6 16.5 

2.3 
1.8 
1.4 
0.9 
0.3 

14.8 

0.1 
0 .1  
0.0 
0.0 
0.0 
0.4 

28. 
29. 
30. 
31. 
32. 



c 

Table L-4. Indirect Impact of the WIPP Project i n  1980: Dollar Volume 
and Jobs supported by Subsector <continued) 

Surf ace operations Management and design Underground operations 
Estimated Jobs Estimated Jobs Estimated Jobs 

Subsec tor volumea supported volumea supported volumea supported 

33. Retail trade 8 -3 0.4 89.5 4.2 444.1 20.8 
34. Finance, insurance, 

and real estate 5.6 0.2 59.8 1.7 228.2 6.4 
35. Lodging and personal 

and repair services 3.8 0.2 41.4 1.9 191.6 8.7 
36. Businesses and miscellaneous 

services 1.4 0.0 46.7 1.5 66.0 2.2 
1.5 37. Medical and nonprofit 0.6 0.0 6.9 - 30.7 - 0.3 - - 

Total indirect impact 47.9 1 396.8 13 2213.1 65 

Source: Larry Adcock and Associates, 1979. 

Note: 

9housands of 1979 dollars. 
bA portion of the construction impact is assigned to the finance, insurance, and real estate subsector 

Detail may.not equal total due to rounding. 

because of the procedures followed in building the national model by the Bureau of Economic Analysis, Department 
of Commerce. The exact impacts of the construction-subsector portions cycled through the fire, insurance, and 
real estate subsector are not available. 



Table 6 5 .  I n d i r e c t  Impact of the WIPP Project i n  1981: Dollar Volume 
and Jobs Supported by Subsector 

S u r f a c e  o p e r a t i o n s  Management and d e s i g n  Underground o p e r a t i o n s  
Es t imated  J o b s  Est imated J o b s  Estimated Jobs 

Subsec  tor volumea suppor ted  volumea suppor ted  volumea s u p p o r t e d  

1. 

2. 
3. 
4. 
5. 

6. 
7. 

8. 
9.  

10. 
11. 
12. 
13. 
14. 
15. 
16.  
17.  
18. 
19. 
20. 
21. 

22. 
23. 
24. 
25. 
26. 
27. 

28. 
29. 
30. 
31. 
32. 

Lives tock  and l i v e s t o c k  

C o t t o n  
G r a i n s  and seeds 
F r u i t s  and vegetables 
F o r e s t r y  and f i s h e r y  

A g r i c u l t u r a l  services 
Misce l laneous  metals 

and o t h e r  m i n e r a l s  
Crude petroleum 
N a t u r a l  g a s  and l i q u i d  

petroleum 
Stone ,  gravel, and sand  
P o t a s h  mining 
R e d  d e n t  i a1 c o n s  t r  uc t i o n  

p r o d u c t s  

p r o d u c t s  

N o n r e s i d e n t i a l  c o n s t r u c t i o n  
A l l  other c o n s t r u c t i o n  
C o n s t r u c t i o n  maintenance 
Food p r o d u c t s  
F a b r i c s  and apparel 
W o o d  and lumber p r o d u c t s  
P r i n t i n g  
Chemical p r o d u c t s  
P l a s t i c s  and petroleum 

Glass and s t o n e  p r o d u c t s  
Pr imary metal p r o d u c t s  
F a b r i c a t 4  metal p r o d u c t s  
Machinery 
E l e c t r i c a l  p r o d u c t s  
T r a n s p o r t a t i o n  and 

warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale trade 

p r o d u c t s  

15.7 
7.4 

10.5 
3.0 

3.4 
10.7 

0.0 
57.2 

17.0 
151.9 

0.2 
0.0 
0.0 
0.0 

40.6 
68.4 

2.6 
1.0 

14.0 
6.9 

120.6 
9.6 
0.0 

27.5 
9.2 
0.2 

211.5 
173.8 
116.8 

69.1 
21.8 

1561.7 

0.1 
0.1 
0.1 
0.0 

0.1 
0.3 

0.0 
0.3 

0.1 
2.2 
0.0 
0.0 
0.0 
0.0 
1.6 
0.8 
0.1 
0.0 
0.3 
0.1 

0.5 
0.2 
0.0 
0.6 
0.2 
0.0 

5.8 
5.4 
0.8 
0.4 
0.2 

41.0 

13.7 
6.4 
8.1 
2.8 

3.1 
2.4 

0.0 
51.3 

17.6 
0.5 
0.1 
0.0 
0.0 
0.0 

54.2 
58.9 
1.1 
0.8 

14.2 
8.6 

107.5 
0.4 
0.0 
0.1 

15.1 
0.5 

121.0 
127.7 

88.8 
78.7 
22.7 

241.3 

0.1 
0 . 1  
0.1 
0.0 

0 .1  
0.1 

0.0 
0.3 

0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
2.1 
0.7 
0.0 
0.0 
0.3 
0.2 

0.5 
0.0 
0.0 
0.0 
0.4 
0.0 

3.3 
3.9 
0.6 
0.5. 
0.3 
6.3 

31.6 
15.1 
18.1 

6.4 

7 .1  
6.7 

0.1 
98.1 

33.4 
45.3 

0.2 
0.0 
0.0 
0.0 

67.7 
139.7 

3.4 
2.0 

27.2 
10.7 

205.4 
3.7 
0.0 
8.5 

34.1 
0.3 

279.5 
159.4 
334.5 
143.7 

40.1 
1659.2 

0.1 
0 . 1 .  
0.2 
0 .1  

0 .1  
0.2 

0.0 
0.6 

0.2 
0.7 
0.0 
0.0 
0.0 
0.0 
2.6 
1.7 
0.1 
0.0 
0.6 
0.2 

0.9 
0 .1  
0.0 
0.2 
0.8 
0.0 

7.6 
4.9 
2.2 
0.9 
0.5 

43.6 
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Table L-5. I n d i r e c t  Impact of t h e  WIPP Project i n  1981: Dollar Volume 
and Jobs Supported by Subsector (cont inued)  

Surface  o p e r a t i o n s  Management and des ign  Underground o p e r a t i o n s  
Est imated J o b s  Est imated Jobs  Es tima t e d  Jobs  

Subsec tor volumea supported volumea supported volumea supported 

33. Retai l  t r a d e  611.4 28.7 614.6 28.8 1258.5 59.0 
34. Finance,  insurance ,  

and real estate 487.4 13.7 410.8 11.6 ' 637.1 17.9 
35. L+ging and personal  

and repair s e r v i c e s  304.2 13.8 284.2 12.9 537.0 24.4 
36. Businesses  and miscel laneous 

services 124.0 4.0 320.5 10.5 183.1 6.0 
4.3 37. Medical and n o n p r o f i t  44.0 2.2 47.3 2.3 86.8 - - - 

I .  

T o t a l  &d i n d i r e c t  impact 4303.2 124 2725.0 86 6083.4 181  

Source: 

Note: Detail may not equal  to ta l  due to rounding. 

aThousands of 1979 d o l l a r s .  
bA p o r t i o n  of t h e  cons t ruc t ion  impact is ass igned  to t h e  f i n a n c e ,  insurance ,  and real estate subsec tor  

because of t h e  procedures  followed i n  b u i l d i n g  t h e  n a t i o n a l  model by t h e  Bureau of Economic Analys is ,  Department 

real estate subsec tor  are not  ava i lab le .  

Lar ry  Adcock and Associates, 1979. 

of Commerce. The exact impacts of t h e  cons t ruc t ion-subsec tor  p o r t i o n s  cyc led  through t h e  f i r e ,  insurance ,  and 



Table  L-6. I n d i r e c t  Impact of t h e  WIPP P r o j e c t  i n  1982: D o l l a r  Volume 
and Jobs Supported by Subsec tor  

S u r f  ace o p e r a t i o n s  Management and d e s i g n  Underground o p e r a t i o n s  
Es t imated  Jobs Est imated J o b s  ES t ima t e d  Jobs 

Subsec tor volumea suppor ted  volumea supported volumea suppor ted  

1. Lives tock  and l i v e s t o c k  

Cot ton  
G r a i n s  and seeds 
F r u i t s  and v e g e t a b l e s  
F o r e s t r y  and f i s h e r y  

A g r i c u l t u r a l  s e r v i c e s  
Misce l laneous  metals 

and o t h e r  m i n e r a l s  
Crude petroleum 
N a t u r a l  g a s  and l i q u i d  

pe t ro leum 
Stone ,  g r a v e l ,  and sand 
Potash  mining 
R e s i d e n t i a l  c o n s t r u c t i o n b  
Nonce s i d e n  t i a l  c o n s t r u c t  i o n  
A l l  o t h e r  c o n s t r u c t i o n  
C o n s t r u c t i o n  maintenance 
Food p r o d u c t s  
F a b r i c s  and apparel 
Wood and lumber p r o d u c t s  
P r i n t i n g  
Chemical p r o d u c t s  
P l a s t i c s  and pe t ro leum 

Glass and s t o n e  p r o d u c t s  
Pr imary metal p r o d u c t s  
F a b r i c a t e d  metal p r o d u c t s  
Machinery 
E l e c t r i c a l  p r o d u c t s  
T r a n s p o r t a t i o n  and 

warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale trade 

p r o d u c t s  

p r o d u c t s  

p r o d u c t s  

75.8 
35.9 
47.3 
15.0 

0.3 
.. 0.3 

0.4 
0.1 

32.9 
15.3 
19.3 
6.6 

0.1 
0 . 1  
0.2 
0 .1  

69.3 
33.1 
39.6 
14.0 

0.3 
0.3 
0.3 
0 .1  

2. 
3. 
4. 
5. 

0.3 
1.1 

7.4 
5.7 

0 .1  
0.2 

15.5 
14.7 

0.3 
0.5 

16.7 
35.0 6 .  

7. 
0.0 
1.4 

0.1 
123.4 

0.0 
0.7 

0.1 
215.1 

0.0 
1.2 

0.1 
251.8 8. 

9. 

t;' 
N 
cn 

42.3 
1.2 
0.2 
0.0 
0.0 
0.0 

130.2 
141.6 

2.6 
1.9 

34.2 
20.5 

0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
5.1 
1.7 
0 .1  
0.0 
0.7 
0.4 

73.3 
99.2 

0.3 
0.0 
0.0 
0.0 

148.4 
306.5 

7.5 
4.4 

59.6 
23.5 

0.4 
1.5 
0.0 
0.0 
0.0 
0.0 
5.8 
3.8 
0.2 
0 .1  
1.2 
0.4 

78 .O 
423.9 

0.6 
0.0 
0.0 
0.0 

170.4 
332.1 

9.2 
.3.6 

65.9 
28.5 

0.4 
6.2 
0.0 
0.0 
0.0 
0.0 
6.6 
4 . 1  
0.3 
0 .1  
1.3 
0.5 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18.  
19. 
20. 
21. 

529.9 
27.2 

0.0 
76.8 
34.9 

0.8 

2.3 
0.6 
0.0 
1.7 
0.8 
0.0 

258.3 
1.0 
0.0 
0.2 

36.3 
1.3 

1.1 
0.0 
0.0 
0.0 
0.9 
0.0 

450.7 
8.2 
0.0 

18.6 
74.8 

0.7 

1.9 
0.2 
0.0 
0.4 
1.8 
0.0 

22. 
23. 
24. 
25. 
26. 
27. 

21.1 
19.1 

3.2 
2.1 
1.1 

125.3 

290.8 
306 -8 

189.2 
54.6 

579.7 

213.4 

7.9 
9.5 
1.4 
1.2 
0.6 

15.2 

612.9 
349.7 
733.3 
315.3 

87.9 
3636.2 

16.7 
10.8 

4.7 
2.0 
1.0 

95.5 

774.3 
618.5 
498.6 
329.9 

99.1 
4770.6 

28. 
29. 
30. 
31. 
32. 
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Table L-6. I n d i r e c -  Impact of t h e  lIPP Project i n  1982: Dollar Volume and J c  
. Supported by Subsec tor  (cont inued)  

SS 

Surface oDerations Manaaement and desian Underaround oDerations < 

Estimated Jobs Estimated Jobs - Est imated  i o b s  
- . I  Subsector volumea supported volumea supported volumea supported 

\ 

33. R e t a i l  t r ade  2,991.3 140.2 1416.6 69.2 2,761.0 129.4 
34. Finance, insurance,  

-35:s Lodging and personal  
and r e a l  estate 1,911.5 53.8 987.1 27.8 1,397.5 39.4 

and r epa i r  s e rv i ces  1,334.5 60.6 682.8 31.0 1,178.0 53.5 

37. Medical and'nonprofit 208.9 10.2 113.6 5.6 190.4 9.3 

36. Business and Ciscellaneous 
se rv ices  491.9 16.0 769.9 25.1 401.6 13.1 

-- - -  
Total and i n d i r e c t  impact 16,288.4 482 6541.1 206 13,340.9 396 

Source:' L a r r y  Adcock and Associates, 1979. 

Note: Detail may not equal t o t a l  due t o  rounding. 

aThousands of 1979 do l l a r s .  
bA porkion of the  construction impact is assigned to the  finance,  insurance, and r e a l  

e s t a t e  subsector because of the  procedures followed i n  building the  na t iona l  model by t h e  Bureau 
of Economic Analysis,  Department of Commerce. The exac t  impacts of t he  construction-subsector 
por t ions  cycled through t h e  f i r e ,  insurance,  and r e a l  e s t a t e  subsector a re  not  ava i l ab le .  



Table L-7. I n d i r e c t  Impact of the WIPP Project i n  1983: Dollar Volume 
and Jobs Supported by Subsector 

Surface  o p e r a t i o n s  Management and des ign  Underground o p e r a t i o n s  
Est imated J o b s  Estimated J o b s  Est imated J o b s  

supported Subsec tor volumea supported volumea supported volumea 

1. 

2. 
3. 
4. 
5. 

6. 
7. 

8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 
25. 
26. 
27. 

28. 
29. 
30. 

’ 31. 
32. 

Livestock and l i v e s t o c k  

Cotton 
Gra ins  and seeds 
F r u i t s  and v e g e t a b l e s  
F o r e s t r y  and f i s h e r y  

A g r i c u l t u r a l  s e r v i c e s  
Miscel laneous metals 

and o t h e r  minera ls  
Crude petroleum 
N a t u r a l  g a s  and l i q u i d  

petroleum 
Stone,  gravel, and sand 
Potash  mining 
Res iden t i a l  c o n s t r u c t i o n b  
N o n r e s i d e n t i a l  cons t r  uc t ion 
A l l  o t h e r  c o n s t r u c t i o n  
Cons t ruc t ion  maintenance 
Food products 
F a b r i c s  and apparel 
W o o d  and lumber products  
P r i n t i n g  
Chemical products  
P l a s t i c s  and petroleum 

G l a s s  and stone p r o d u c t s  
Pr imary metal products  
F a b r i c a t e d  metal products 
Machinery 
E l e c t r i c a l  p r o d u c t s  
T r a n s p o r t a t i o n  and 

warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale t r a d e  

products 

products  

products  

94.5 
44.7 
57.5 
18.9 

21.0 
36.9 

0.2 
303.6 

95.6 
400.7 

0.6 
0.0 
0.0 
0.0 

201.6 
414.3 

10.1 
3.9 

81.5 
33.5 

638.4 
26.1 

0.0 
72.6 
39.6 

0.9 

862.7 
679.6 
594.0 
409.2 
120.7 

4,802.9 

0.4 
0.4 
0.5 
0.2 

0.4 
1.2 

0.0 
1.7 

0.5 
5.9 
0.0 
0.0 
0.0 
0.0 
7.8 
5.1 
0.3 
0.1 
1.7 
0.6 

2.7 
0.6 
0.0 
1.6 
1.0 
0.0 

23.5 
21.0 
3.8 
2.6 

126.2 
1.14 

57.2 
26.6 
33.7 
11.5 

12.8 
10.0 

0.1 
214.8 

73.7 
2.0 
0.4 
0.0 
0 .o 
0.0 

226.6 
246.5 

4.6 
3.4 

59.5 
35.8 

449.8 
1.8 
0.0 
0.4 

63.1 
2.2 

506.4 
534.3 
371.6 
329.4 
95.1 

1,009.4 

0.2 
0.2 
0.3 
0.1 

0.2 
0.3 

0.0 
1.2 

0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
8.8 
3.0 
0.2 
0.1 
1.2 
0.6 

1.9 
0.0 
0.0 
0.0 
1.5 
0.1 

13.8 
16.5 

2.4 
2.1 
1.1 

26.5 

23.4 
11.2 
13.4 

4.7 

5.2 
5.0 

0.0 
72.8 

24.8 
34.5 

0.1 
0.0 
0 .o 
0.0 

50.4 
103.5 

2.6 
1.5 

20.1 
8.0 

152.5 
2.8 
0.0 
6.5 

25.8 
0.2 

209.2 
118.7 
251.4 
106.7 

29.7 
1256.8 

0.1 
0.1 
0.1 
0.0 

0.1 
0.2 

0.0 
0.4 

0.1 
0.5 
0.0 
0.0 
0.0 
0.0 
2.0 
1.3 
0.1 
0.0 
0.4 
0 .1 

0.6 
0.1 
0.0 
0.1 
0.6 
0.0 

5.7 
3.7 
1.6 
0.7 
0.3 

33.0 
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T a b l e  L-7. I n d i r e c t  - Impact of t h e  WIPP P r o j e c t  - i n  _____ 1983: Dollar Volume 
and Jobs Supported by Subsec tor  (cont inued)  

Surface  o p e r a t i o n s  Management and des ign  Underground o p e r a t i o n s  
Est imated J o b s  Est imated Jobs  Est imated Jobs  

S h s e c t o r  volumea supported volumea supported volumea supported 
I .. 

33. Retail  t r a d e  3,740.6 175.3 2 , 571.2 120.5 931.9 43.7 
34. Finance? insurance?  

35. Lodging and p e r s o n a l  

36. Businesses  'and misc.ellaneous 

37. Medical and n o n p r o f i t  258.6 12.7 197.7 9.7 64.3 3.2 

and real estate 2,198.7 61.9 1,718.7 48.4 473.9 13.3 

and repair s e r v i c e s  1,606.5 73.0 1,188.8 54.0 399.0 18.1 

"serv ices  568.6 18.5 1,340.6 43.7 136.5 4.5 

T o t a l  and i n d i r e c t  impact 18,438.5 553 11,399.9 359 4547.2 135 

I 

Source: 

Note:" Detail may n o t  e q u a l  t o t a l  due to rounding. 

aThousands of 1979 d o l l a r s .  
bA p o r t i o n  of t h e  cons t ruc t ion  impact is ass igned  to t h e  f i n a n c e ,  insurance ,  and real estate subsec tor  

because of t h e  procedures  followed i n  b u i l d i n g  t h e  n a t i o n a l  model by t h e  Bureau o f  Economic Analys is ,  Depart- 
ment of  Comerce.- 'The exact impacts of  t h e  cons t ruc t ion-subsec tor  p o r t i o n s  cyc led  through t h e  f i r e ,  insur -  
ance,  and real estate subsector are n o t  a v a i l a b l e .  

Lar ry  Adcock and Associates, 1979. 

L 

I 



Table 6 8 .  Ind irec t  Impact of the WIPP Project in 1984: Dollar Volume 
and Jobs Supported by Subsector 

Surface  o p e r a t i o n s  Management and des ign  Underground o p e r a t i o n s  
Jobs Est imated Est imated J o b s  Estimated J o b s  

Subsector  volumea supported volumea supported volumea suppor ted  

1. Livestock and l i v e s t o c k  

Cotton 
Gra ins  and s e e d s  
F r u i t s  and v e g e t a b l e s  
F o r e s t r y  and f i s h e r y  

A g r i c u l t u r a l  s e r v i c e s  
M i s c e  l l a n e o u s  metals 

and o t h e r  m i n e r a l s  
Crude petroleum 
N a t u r a l  gas and l i q u i d  

petroleum 
Stone,  g r a v e l ,  and sand 
Potash  mining 
R e s i d e n t i a l  c o n s t r u c t i o n b  
N o n r e s i d e n t i a l  c o n s t r u c t i o n  
A l l  o t h e r  c o n s t r u c t i o n  
Cons tr uc t i on maintenance 
Food products  
F a b r i c s  and apparel 
Wood and lumber products  
P r i n t i n g  
Chemical products  
P l a s t i c s  and petroleum 

G l a s s  and s t o n e  products 
Primary metal products  
F a b r i c a t e d  metal p r o d u c t s  
Machinery 
E l e c t r i c a l  p r o d u c t s  
T r a n s p o r t a t i o n  and 

warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
G a s  u t i l i t y  
Water and sewer 
Wholesale t r a d e  

products  

products 

products  

13.9 
6.6 
8.5 
2.8 

0.1 
0.1 
0.1 
0.0 

40.5 
18.8 
23.8 
8.2 

0.2 1.6 
0.2 0.8 
0.2 0.9 
0 .1  0.3 

0.0 
0.0 
0.0 
0.0 

2. 
3. 
4. 
5. 

3.1 
5.8 

0.1 
0.2 

9.1 
7.1 

0.2 ' 0.4 
0.2 0.4 

0.0 
0.0 6. 

7. 
0.0 

45.1 
0.0 
0.3 

0.1 
151.8 

0.0 0.0 
0.9 5.1 

0.0 
0.0 8. 

9. 
7 
w 
0 

0.1 
1.0 
0.0 
0.0 
0.0 
0.0 
1.2 
0.7 
0.1 
0.0 
0.2 
0 .1 

52.1 
1 . 4  
0.3 
0.0 
0.0 
0.0 

160.2 
174.3 

3.3 
2.4 

42.1 
25.3 

0.3 1.8 
0.0 2.6 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
6.2 3.6 
2.1 7.3 
0 .1  0.2 
0.1 0.1 
0.9 1.4 
0.5 0.6 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.1 
0.1 
0.0 
0.0 
0.0 
0.0 

14.1 
65.5 

0.1 
0.0 
0.0 
0.0 

30.1 
60.8 

1.5 
0.6 

12.0 
5.0 

10. 
11. 
12. 
1 3  
14. 

16. 
17. 
18. 
19. 
20. 
21. 

15  

94.8 
4.2 
0.0 

11.9 
6.0 
0.1 

0.4 
0 .1  
0.0 
0.3 
0.1 
0.0 

318.0 
1 .2  
0.0 
0.2 

44.6 
1.6 

1.4 10.8 
0.0 0.2 
0.0 0.0 
0.0 0.5 
1.1 1.9 
0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

22. 
23. 
24. 
25. 
26. 
27. 

3.6 
3.2 
0.6 
0.4 
0.2 

20.1 

357.9 
377.7 
262.7 
232.9 

67.2 
713.5 

9.8 15.1 
11.7 8.5 

1.7 18.4 
1.5 7.5 
0.8 2.1 

18.7 93.7 

0.4 
0.3 
0.1 
0.0 
0.0 
2.5 

131.9 
104.5 

88.6 
60.1 
17.9 

764.7 

28. 
29. 
30. 
31. 
32. 
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Table L-8. Indirect  Impact of the WIPP Project  i n  1984: Dollar Volume 
and Jobs Supported by Subsector/ (continued) 

Surface operations Management and design Underground operations 
Estimated Jobs Estimated Jobs Estimated Jobs 

sudsector volumea supported volumea supported volumea supported 

33. Retail trade 548.1 25.7 1817.4 85.2 65.5 3.1 

332.2 9.4 1214 .8 34.2 33.7 0.9 
34. Finance, insurance, 

and real estate 
35. Lodging and personal 

and repair services 238.7 10.8 840.3 38.2 28.3 1.3 
36. Businesses'and miscellaneous 

services' r 85.8 2.8 947.6 30.9 9.8 0.3 
37. Medical and nonprofit 38.0 1.9 139.8 6.9 4.5 0.2 - 

Total and indirect-impact 2803.0 84 8057 .8 254 327.6 10 

Source: Larry Adcock and Associates, 1979. 

Note: 

aThousands of 1979 dollars. 
bA portion of the construction impact is assigned to the finance, insurance, and real estate subsector 

The exact impacts of the construction-subsector portions cycled through the fire, insur- 

Detail may not equal total due to rounding. 

because of the procedures followed in building the national model by the Bureau of Economic Analysis, Depart- 
ment of Comerce. 
ance, ana real estate- subsector are not available. 



Table L-9. Ind irec t  Impact ~ Of the WIPP Project  i n  1985 and 1986: 
Dollar Volume and Jobs Supported by Subsector 

Management and d e s i g n ,  1985 Management and d e s i g n ,  1986 
Es t imated  J o b s  Es t imated  J o b s  

Subsec tor volumea suppor ted  volumea suppor ted  

1. 

2. 
3. 
4. 
5. 

6.  
7 .  

8.  
9. 

10. 
11. 
12.  
13. 
14. 
15. 
16.  
17.  
18.  
19.  
20. 
21. 

22. 
23. 
24. 
25. 
26. 
27. 

28. 
29. 
30. 
31. 
32. 

Lives tock  and l i v e s t o c k  

Cot ton  
G r a i n s  and s e e d s  
F r u i t s  and v e g e t a b l e s  
F o r e s t r y  and f i s h e r y  

A g r i c u l t u r a l  s e r v i c e s  
Misce l laneous  metals 

and o t h e r  m i n e r a l s  
Crude pe t ro leum 
N a t u r a l  g a s  and l i q u i d  

pe t ro leum 
Stone ,  g r a v e l ,  and sand 
Potash  mining 
R e s i d e n t i a l  c o n s t r u c t  ionb  
N o n r e s i d e n t i a l  c o n s t r u c t i o n  
A l l  o t h e r  c o n s t r u c t i o n  
C o n s t r u c t i o n  maintenance 
Food p r o d u c t s  
F a b r i c s  and a p p a r e l  
Wood and lumber p r o d u c t s  
P r i n t i n g  
Chemical p r o d u c t s  
P l a s t i c s  and pe t ro leum 

Glass and s t o n e  p r o d u c t s  
Pr imary metal p r o d u c t s  
F a b r i c a t e d  metal p r o d u c t s  
Mach i n e r  y 
E l e c t r i c a l  p r o d u c t s  
T r a n s p o r t a t i o n  and 

warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
G a s  u t i l i t y  
Water and sewer 
Wholesale t r a d e  

p r o d u c t s  

p r o d u c t s  

p r o d u c t s  

49.2 
22.9 
29.0 

9.9 

11.0 
8.6 

0 . 1  
184.8 

63.4 
1.7 
0.3 
0.0 
0.0 
0.0 

194.9 
2 1 2 . 1  

4.0 
2.9 

51.2 
30.8 

386.9 
1.5 
0.0 
0 .3  

54.3 
1.9 

435.6 
459.6 
319.7 
283.4 

81.8 
868.2 

0.2 
0.2 
0.3 
0 . 1  

0.2 
0.3 

0.0 
1 .0  

0.4 
0.0 
0.0 
0.0 
0.0 
0.0 
7.6 
2.6 
0 .1  
0.1 
1.0 
0.0 

1.6 
0.0 
0.0 
0.0 
1 .3  
0 .1  

11.9 
14.2 

2.1 
1.8 
0.9 

22.8 

68.7 
31.9 
40.5 
13.9 

15.4 
12.0 

0 .1  
258.0 

88.5 
2.4 
0.4 
0.0 
0.0 
0.0 

- 29’6.1 
5.5 
4.0 

71.5 
43.0 

540.3 
2.1 
0.0 
0 .4  

75.8 
2.7 

608.2 
641.7 
446.4 
395.7 
114.2 

1,212.3 

272.2 

0.3 
0.3 
0.4 
0 .1  

0.3 
0.4 

0.0 
1 .5  

0.5 
0.0 
0.0 
0.0 
0.0 
0.0 

10.6 
3.6 
0.2 
0.1 
1 .5  
0.8 

2.3 
0.0 
0.0 
0.0 
1.8 
0 . 1  

16.6 
19.8 

2.9 
2.6 
1.3 

31.8 
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Table L-9. Indirect  Impact of the  WIPP Project  i n  1985 and 1986: Dollar 
Volume and Jobs Support& -by Subsector (continued) 

Management and d e s i g n ,  1985 Management and d e s i g n ,  1986 
Es t imated  J o b s  Es t imated  J o b s  

Subsec tor volumea suppor ted  volumea suppor ted  

33. Re ta i l  trade 2211.6 103.6 3,088 .O 144.7 
34. F inance ,  i n s u r a n c e ,  

and real  es ta te  1478.3 41.6 2,064.2 58.1 
35. Lodging and p e r s o n a l  c 

and repair - s e r v i c e s  1022.6 46.4 1,427.8 64.9 
36. Bus inesses  and 

s m i s c e l l a n e o u s  s e r v i c e s  1153.1 37.6 1 ,610 .1  52.5 
37. Medical and n o n p r o f i t  170.1 8.3 237.5 11.6 

I. I 

T o t a l  and i n d i r e c t  impact 9805.6 309 13,691.7 437 

-~ ~ 

_ _  
- Source: L a r r y  Adcock and Associates, 1979. 

Note: Detail may not  e q u a l  t o t a l  due to  rounding.  

aThousands of  1979 d o l l a r s .  
bA p o r t i o n  of  t h e  c o n s t r u c t i o n  impact is a s s i g n e d  to t h e  f i n a n c e ,  i n s u r a n c e ,  and real  estate 

s u b s e c t o r  because o f  t h e  procedures  fo l lowed i n  b u i l d i n g  t h e  n a t i o n a l  model by t h e  Bureau o f  Eco- 
nomic Analys is ,  Department of Commerce. The e x a c t  impacts  of  t h e  c o n s t r u c t i o n - s u b s e c t o r  p o r t i o n s  
c y c l e d  through t h e  f i r e ,  insurance ,  and real  es ta te  s u b s e c t o r  a r e  n o t  a v a i l a b l e .  



Table L-10. Indirect Impact of the WIPP Project, Average Year 1987 and Thereafter: 
Dollar Volume and Jobs Supported by Subsector 

Surf  ace operations Management and d e s i g n  Underground operations 
Est imated Jobs  Estimated Jobs Est imated J o b s  

subsecur volumea supported volumes supported volumea suppor ted  

1. 

2. 
3. 
4. 
5. 

6. 
7. 

8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 
25. 
26. 
27. 

28. 
29. 
30. 
31. 
32. 

Livestock and l i v e s t o c k  

cotton 
Grains and s e e d s  
F r u i t s  and v e g e t a b l e s  
F o r e s t r y  and f i s h e r y  

A g r i c u l t u r a l  s e r v i c e s  
Miscellaneous metals 

and o t h e r  m i n e r a l s  
Crude petroleum 
Natural gas and l i q u i d  

petroleum 
Stone,  gravel, and sand 
Potash mining 
R e s i d e n t i a l  c o n s t r u c t i o n b  
N o n r e s i d e n t i a l  c o n s t r u c t i o n  
A l l  o t h e r  c o n s t r u c t i o n  
Cons t ruc t ion  maintenance 
Food products  
F a b r i c s  and apparel 
Wood and lumber products  
P r i n t i n g  
Chemical products  
P l a s t i c s  and petroleum 

Glass and s t o n e  p r o d u c t s  
Primary metal products  
F a b r i c a t e d  metal products  
Machinery 
E l e c t r i c a l  p r o d u c t s  
T r a n s p o r t a t i o n  and 

warehousing 
Communications 
E l e c t r i c a l  u t i l i t y  
Gas u t i l i t y  
Water and sewer 
Wholesale t r a d e  

products 

products 

products  

47.3 
22.0 
27.8 
9.6 

10.6 
8.2 

0.1 
175.5 

60.1 
1.6 
0.3 
0.0 
0.0 
0.0 

181.7 
204.1 

3.8 
2.7 

48.7 
28.7 

367.5 
1.4 
0.0 
0.3 

50.1 
1.7 

410.7 
428.4 
304.4 
268.5 

77.4 
822.6 

0.2 
0.2 
0.2 
0.1 

0.2 
0.3 

0.0 
1.0 

0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
7 .1  
2.5 
0 .1  
0.1 
1.0 
0.5 

1.6 
0.0 
0.0 
0.0 
1.2 
0.0 

11 .2  
13.2 

2.0 
1.7 
0.9 

21.6 

9.0 
4.0 
8.6 
1.7 

2.0 
1.6 

0.1 
65.3 

26.0 
0.6 
0.0 
0.0 
0.0 
0.0 

74.6 
36.4 
1.8 
0.5 
8.2 
3.9 

135.7 
0.4 
0.0 
0.0 
3.3 
0.1 

282.1 
60.4 
93.4 
54.2 
13.8 

176.1 

0.0 
0.0 
0.1 
0.0 

0.0 
0.1 

0.0 
0.4 

0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
2.9 
0.4 
0.1 
0.0 

0.1 

0.6 
0.0 
0.0 
0.0 
0.1 
0.0 

7.7 
1.9 
0.6 
0.4 
0.2 
4.6 

0.2 

22.0 
10.4 
12.5 
4.5 

5.0 
3.7 

0.0 
69 ;4 

26.8 
0.6 
0.1 
0.0 
0.0 
0.0 

69.3 
96.3 

1.6 
4.5 

18.7 
7.0 

144.3 
0.5 
0.0 
0.1 

123.,3 
0.3 

218.9 
115.1 
481.9 
114.1 

27.1 
316.8 

0.1 
0.1 
0.1 
0.0 

0.1 
0 .1  

0.0 
0.4 

0.2 
0.0 
0.0 
0.0 
0.0 
0.0 
2.7 
1.2 
0.1 
0.1 
0.4 
0.1 

0.6 
0.0 
0.0 
0.0 
3.0 
0.0 

6.0 
3.6 
3.1 
0.7 
0.3 
8.3 

Q 
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Table L-10. Indirect Impact of the WIPP Project Average Year, 1987 and Thereafter: 
Dollar Volume and Jobs Supported by Subsector (continued) 

Surf  ace o p e r a t i o n s  Management and des ign  Underground o p e r a t i o n s  
Est imated Jobs  Est imated Jobs  Est imated Jobs 

Subsector  volume” supported volumea supported volumea supported 

33. Retail  ‘ t r a d e  2133.0 99.0 363.3 17.0 891.4 41.8 
34. Finance, insurance ,  

and real estate 1387.7 39.1 210.3 5.9 443.5 12.5 
35. Lodging and personal 

36. Businesses .  and miscel laneous 
and repair s e r v i c e s  968.3 44.0 193.9 8.8 342.2 15.5 

37. Medical and n o n p r o f i t  161.5 7.9 24.2 1.2 68.3 3.4 
. s e r v i c e s  1059.4 34.6 72.5 2.4 109.4 3.6 

T o t a l  and i n d i r e c t  impact 9255.6 29 2 1927.8 56 3749.5 108 

Source: Lar ry  Adcock and Associates, 1979. 

Note: Detail may n o t  equal  t o t a l  due to rounding. 

aThousands of 1979 d o l l a r s .  
bA portion of t h e  cons t ruc t ion  impact is ass igned  to  t h e  f i n a n c e ,  insurance ,  and real estate subsec tor  

because of t h e  procedures  followed i n  b u i l d i n g  t h e  n a t i o n a l  model by t h e  Bureau of Economic Analys is ,  Depart- 
ment of Comerce.  The e x a c t  impacts of t h e  cons t ruc t ion-subsec tor  p o r t i o n s  cyc led  through t h e  f i r e ,  insur -  
ance, and real estate subsector are n o t  a v a i l a b l e .  



Table L-11. Indirect  Impact of the  WIPP Project, 1980-1983: Dollar Volume 
and Jobs Supported by Major Sector 

Total 1980 T o t a l  1981 Total 1982 T o t a l  1983 
Estimated Jobs  Estimated Jobs Estimated Jobs  Estimated Jobs  

Major sector volumea supported volumea supported volumea supported volumea supported 

35.9 
76.8 
32.7 

189.0 

0.3 
0.6 
1.2 
2.0 

171.8 
472.9 
162.5 
902.3 

1.8 
4.4 
6.3 
9.6 

499.2 
1,309.6 

449.0 
2,561.3 

5.2 
12.0 
17.5 
26.8 

488.3 
1,223.9 

478.6 
2,511.3 

5.0 
10.9 
18.6 
25.7 

Agr i cu l tu re  
Mining 
Cons t ruc t ionb  
Manufacturing 
Transpor t a t ion ,  comunica- 

t i o n ,  and u t i l i t i e s  
Trade 
Finance, insurance,  and 

S e r v i c e s  
real estate 

419.2 
1221.3 

7.2 
43.3 

1,989.3 
5,946.7 

37.3 
207.4 

5,474.4 
16,215.4 

102.6 
574.8 

5,218.9 
14,312.8 

100.3 
525.2 

8.3 
16.3 - 

293.6 
389.1 

1,535.3 
1,931.0 

43.2 
80.3 

4,296 .O  
5,371.5 

121.0 
224.5 

4,391.3 
5,760.7 

123.6 
237.3 

S u b t o t  a1 7 ( p r i v a t e  sector) 2657.6 79.2 13,111.8 390.3 36,176.4 1084.4 34,385.8 1,046.6 

324.9 - 9.8 1,479.7 44.6 4,325.6 130.5 4,281.7 129.1 
W cn 

Government 

Total 2982.5 89.0 14,591.5 434.9 40,502.0 1214.9 38,677.3 1175.7 

Employment m u l t i -  
plier ( a d d i t i v e )  1.44 1.54 1.32 1.24 

Source: Larry Adcock and Associates, 1978. 

N o t e :  Detail may not  equal  total  due to rounding. 

a I n  thousands of 1979 d o l l a r s .  
bA p o r t i o n  of t he  constructon impact is assigned to the  f inance,  insurance,  and real estate sector because of t h e  

procedures  followed i n  bu i ld ing  t h e  n a t i o n a l  model by t h e  Bureau of Economic Analysis ,  Department of Commerce. The e x a c t  
impact of the cons t ruc t ion - sec to r  p o r t i o n  cycled through t h e  f inance ,  insurance,  and real estate sector is n o t  a v a i l a b l e .  



c 

Table L-12. Indirect Impact of the WIPP Project, 1984-1987 and Thereafter: 
Dollar Volume and Jobs Supported by Major Sector 

Total 1987 and 
Total 1984 Total 1985 Total 1986 each year thereafter 

Estimated Jobs Estimated Jobs Estimated Jobs Estimated Jobs 
Major sector . volumea supported volumea supported volumea supported volumea supported 

Agriculture $ 152.3 1.5 $ 130.7 1.2 $ 182.4 1.7 $ 210.4 1.9 
Mining 340.0 2.6 250.3 1.4 349.5 2.0 426.5 2.5 
Constructionb 193.9 7.5 194.9 7.6 272.2 10.6 325.6 12.7 
Manufacturing 832.9 8.3 745.8 7.4 1,041.4 10.4 1,295.5 14.0 

30.9 2,206.2 43.1 2,950.3 53.4 Transportation ; comunica- 1,753.0 34.3 1,580 .O 

Trade 4 , 002.8 155.2 3,079.8 126.5 4,300.4 176.6 4,683.4 192.4 
Finance, insurance, and 1,580.7 44.5 1,470.3 41.6 2,064.2 58.1 2,041.5 57.5 

Services 2,332.8 93.1 2,345.0 92.4 3,275.4 129.0 2,999.7 121.4 

tion, and' utilities 

real estate ' 

Subtotal 11,188.4 347.1 9,805.6 309.0 13,691.7 431.5 14,932.9 455.8 
(private sector) 

Government 

Total 

Employment multi- 
plier (additive) 

1,387.1 41.9 1,232.7 37.2 1,721.2 51.9 1,931.8 58.3 

514.1 16,864.7 12,575.5 389.0 11,038.3 346.2 15,412.9 483.4 

1.31 1.29 1.16 1.17 

Source: . Larry Adcock and Associates, 1979. 

Note: Detail may not equal total due to rounding. 

aIn thousands of 1979 dollars. 
bA portion of the construction impact is assigned to the finance, insurance, and real estate sector because of the procedures fol- 

The exact impact of the construction- lawed in building the national model by the Bureau of Economic Analysis, Department of Commerce. 
sector portion cycled through the finance, insurance, and real estate sector is not available. 



Table L-13. Jobs Created or Supported by the Construction 
and the Operation of the WIPP Project, 1980-1987 and Thereafter ___ 

A c t i v i t y  
After 

1980 1981 1982 1983 1984 1985 1986 1987 1987 

Surf  ace cons t ruc t ion  

Direct jobs 
P r i v a t e  indirect jobs 
Government Jobs 
T o t a l  jobs 
Annual new jobs 

Management and des ign  

Direct jobs 
P r i v a t e  i n d i r e c t  jobs 
Government Jobs 
T o t a l  jobs 
Annual new jobs 

Underground cons t ruc t ion  

Direct jobs 
P r i v a t e  i n d i r e c t  jobs 
Government Jobs 
T o t a l  jobs 
Annual new jobs 

Surface  o p e r a t i o n s  (gene ra l )  

Direct jobs 
P r i v a t e  indirect jobs 
Government Jobs 
T o t a l  jobs 
Annual new jobs 

Operations:  remote s to rage  and s e c u r i t y  

Direct jobs 
P r i v a t e  indirect jobs 
Government Jobs 
T o t a l  jobs . 
Annual new jobs 

Underground o p e r a t i o n s  

Direct jobs 
P r i v a t e  indirect jobs 
Government Jobs 
T o t a l  jobs 
Annual new jobs 

T o t a l  a l l  a c t i v i t i e s  

Direct jobs 
P r i v a t e  indirect jobs 
Government Jobs 
T o t a l  jobs 
Annual new jobs 

415 
48 2 

55 
952 
749 

152 
206 

25 
383 
235 

355 
396 

51  
802 
436 

-- 
-- 
-- 
-- 
-- 

-- 
-- 
-- 
-- 
-- 

-- 
-- -- -- 
-- 

922 
1084 
131  

2137 
4274 

551 
553 

69 
1173 

221 

281 
359 

43 
684 
301 

119 
135 

17 
271 

(531) 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

951 
1047 

129 
2128 

79 
84 
10 

173 
1000) 

208 
254 

31  
493 

(191) 

9 
10 
1 

20 
(251) 

296 
348 

42 
686 

(9) (1442) 

Note: De ta i l  may not  equal total  due to rounding. 
%he years 1984-1986 are t r a n s i t i o n  yea r s ,  and s o m e  jobs l isted as management and des ign  w i l l  con t inue  

i n t o  operaticm pos i t i ons .  

, 
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L.4 POPULATION 

a L.4.1 Factors Affect ing Population 

Three cri t ical  economic parameters must  be analyzed i n  order to determine 
the  o v e r a l l  impact generated by an exogenous increase  i n  a s p e c i f i c  a c t i v i t y  
within a region: employment increases ,  increases  i n  the  f l o w  of dollars, in- 
cluding personal  income, and population changes. The order i n  which these 
specific categories are computed is important to the  methods demonstrated i n  
t h i s  appendix. 

Changes i n  employment and increases  i n  dollar flows can be der ived d i r e c t l y  
from t h e  results of t he  input-output model. Population migrat ion,  however, is 
dependent on the  increase  i n  employment derived from t h e  input-output model. 
While t h e  de r iva t ion  of employment depends on assumptions concerning c e r t a i n  
c o e f f i c i e n t s  and factors drawn from previous s t u d i e s ,  increases  i n  population 
may be s i g n i f i c a n t l y  inf luenced by changes i n  a c t i v i t y  i n  other  areas of t h e  
economy that cannot be predicted w i t h  reasonable accuracy. Specific condi- 
t i o n s  of uncer ta in ty  involve mining, which supports much of the  economic 
a c t i v i t y  i n  the two-county area. 

Recent examples of f l u c t u a t i o n  i n  economic a c t i v i t y  that make  it d i f f i c u l t  
to determine exac t  population-migration f i g u r e s  a r e  evident.  Between 1960 and 
1970 both Eddy and Lea Counties lost population p r i n c i p a l l y  because of de- 
creased l e v e l s  of a c t i v i t y  i n  mining. During t h e  10-year period, t h e  popu- 
l a t i o n  of Eddy County decreased by 19%, and t h e  populat ion loss i n  Lea County 
was j u s t  more than 7%. Before t h i s  decreasing trend was recognized, i n  the  
middle and e a r l y  1960s, population p ro jec t ions  by t h e  Bureau  of Business and 
Economic Research (BBER), t he  o f f ic ia l  S t a t e  population-projecting agency, 
were r e l a t i v e l y  h igh ,  i nd ica t ing  that profess iona l  demographic researchers 
f e l t  t h a t  t h e  area would continue to  grow. 
t h e  Federal  Government and the  BBER indica ted  somewhat lower l e v e l s  of popu- 
l a t i o n  growth. Since 1970, and p a r t i c u l a r l y  s ince  t h e  energy crisis, both 
count ies  have maintained high l e v e l s  of growth. 
correlated w i t h  t h e  end of potash "dumping" on t h e  U.S. market by Canadian 
firms. 
production have increased t h e  population. 

Later populat ion p ro jec t ions  by 

Growth i n  Fddy County is 

I n  Lea County higher l e v e l s  of o i l  and gas explora t ion  and continued 

While the  c u r r e n t  ou tlook--par t icular  l y  -du ng the l a s t  5 or 6 years--has 
been one of high expec ta t ions ,  i n  terms of populat ion growth i n  the  near fu tu re ,  
population growth is influenced by a number of ou t s ide  factors.- For example, 
high prices and l imi ted  ^supplies of petroleum have i n d i r e c t l y  created growth 
i n  Lea County and i n  the  C i ty ' o f  Hobbs. Should these' condi t ions  change, t h e  
degree of growth i n  t h e  area could also change. The potash indus t ry  of Eddy 
County ( t h e  major b a s i c  industry)  now suppl ies  between 80% and 90% o f - a l l  pot- 
a s h  sold i n  U.S. markets. Should the  demand f o r  potash decrease, the mining 
sector i n  Eddy County would be s i g n i f i c a n t l y  affected. 

Personal interviews w i t h  i n d u s t r i a l  development execut ives  for Hobbs and 
Carlsbad ind ica t e  t h a t  a determined effort is under way to d i v e r s i f y  the econ- 
omy of both count ies  i n  order to s t a b i l i z e  their economic bases. Because of 
the  high level  of a c t i v i t y  i n  the  e x t r a c t i v e  indus t r i e s ,  t h e  a v a i l a b i l i t y  of 
labor  for c e r t a i n  occupations i n  Eddy and Lea Counties may require t h e  
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in-migration of a number of laborers i n t o  t h e  area. However, recent  develop- 
ments whi le  t h i s  study was being conducted i n d i c a t e  t h a t  there is a reasonable 
labor supply for many of the  needed occupations i n  t h e  area. n w 

Employment-application records from t h e  NMESD were examined to determine 
the a v a i l a b i l i t y  of  labor for  var ious  occupations. From t h i s  examination t h e  
percentage of worke r s  needed for occupations d i r e c t l y  connected wi th  the con- 
s t r u c t i o n  and operat ion of the  WIPP w a s  determined. Economic a c t i v i t y  wi th in  
an area can change rather rap id ly .  A s  the  l e v e l  of economic a c t i v i t y  changes, 
a v a i l a b l e  labor i n  c e r t a i n  occupations also changes. Migration to work on a 
l a r g e  cons t ruc t ion  project or to operate a f a c i l i t y  l i k e  the  WIPP depends on 
many factors. These include the  recrui tment  procedure for employees, t h e  
a v a i l a b i l i t y  of labor within an area, t h e  construction-company subcontract ing 
practices, and the a v a i l a b i l i t y  of community f a c i l i t i e s .  

Many of t h e  major f a c t o r s  a f f e c t i n g  in-migration can be recognized, bu t  
dea l ing  w i t h  them i n  a q u a n t i t a t i v e  manner is d i f f i c u l t .  Researchers tend to 
r e l y  on previous s t u d i e s  conducted to determine the  degree of migration and/or 
s p e c i f i c  analogous case s t u d i e s  of cons t ruc t ion  projects. Possibly one of the  
b e s t  s t u d i e s  i n  recent  yea r s  is t h e  Construction Worker Profile, completed for 
the Old West Regional Commission (OWRC) i n  early 1976. A larqe number of  t he  
migrat ion f a c t o r s  contained i n  t h i s  appendix have been drawn from t h a t  doc- 
ument. However, there is very l i t t l e  information t h a t  can be used i n  esti- 
mating t h e  number of people who w i l l  move i n t o  the  area to f i l l  jobs i n  sec- 
ondary and ter t iary sectors (i.e., spinoff  jobs from the cons t ruc t ion  and 
opera t ion  of t h e  WIPP). These facts should be recognized while reading t h i s  
appendix . 

L.4.2 Population Impact Calcu la t ions  

The impact on populat ion of WIPP cons t ruc t ion  and opera t ion  w a s  calculated 
from the  r e s u l t s  of t h e  employment po r t ion  of the  m o d e l .  The c a l c u l a t i o n s  for 
each year are too extens ive  to g ive  here. 
formulas are given below to i l lustrate  the  procedure used i n  determining the 
annual population impact. For i l l u s t r a t i v e  purposes only,  t h e  year 1981, t h e  
second year  o f  cons t ruc t ion ,  and the  year  1987, the f i r s t  f u l l  year of opera- 
t i o n ,  have been used i n  the  sample ca l cu la t ions .  

However, sample c a l c u l a t i o n s  and 

The ca l cu la t ion  of populat ion impact c o n s i s t s  of t h r e e  major steps. The 
f i r s t  step calculates the  number of people who are expected to move i n t o  the  
prea because of WIPP cons t ruc t ion .  The formulas are as follows: 
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AGcm1981 + BGcm1981 = cm1981 
w 

(37 + 98 = 135) 

mmM1981 = M m 1 9 8 1  

(26 = 26) 

Mom1981 OwHSz1981 = M0p1981 

(26 x 2.75 = 72) 

Mcp1981 + M0p1981 = mp1981 

(303 + 72 
where 

AGc1981 

=1981 

MDE198 1 

Mig(XINA 

MigCONB 

= 375) 

= the total number of WIPP-associated aboveground-construction 
jobs in 1981. 

= the total number of WIPP-associated belowground-construction 
jobs in 1981. 

= the total number of WIPP-associated management and design jobs 
in 1981. 

= the proportion of total aboveground-construction jobs expected 
to be filled by newcomers to the area. The factor 0.539 was 
derived from Construction Worker Profile figures for the Four 
Corners Region in 1975 (Arizona, Colorado, New Mexico, and 
Utah). 

= the propor tion of total belowground-construction jobs expected 
to be fiiled by newcomers to the area. 
determined by matching needed occupations and skill levels to 
present availability (first quarter of 1977 and third quarter 
of 1978 and 1979) of labor. 

The factor 0.606 was 

= the proportion of total nonconstruction jobs expected to be 
filled by newcomers to the area. The factor 0.498 is the 
weighted average of the final operational migration factors. 
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JM1981 = t h e  to ta l  number of  jobs expected to be f i l l e d  by newcomers to 
t h e  area: AGCJM = aboveground-construction JM: BGCJM = 
belowground-construction J M ;  MDE = management-and-design JM; 
CJM = c o n s t r u c t i o n  JM. . I  

HCWF = t h e  f a c t o r  t h a t  accounts  f o r  more than  one c o n s t r u c t i o n  worker  
per household (0.985) . 

MCWH1981 = t h e  number o f  newcomer construction-wor ker households ex- 
pected i n  t h e  area i n  1981. 

MOwHlg81 = t h e  number of  newcomer management-and-design worker house- 
holds i n  1981. 

CWHSZ = t h e  average s i z e  o f  newcomer construction-worker households 
(2.28--Construction Worker P r o f i l e ) .  

0wHsz1981 = t h e  average s i z e  of  newcomer nonconstruction-worker house- 
ho lds  i n  1981 (see pages 6 5 4  and 6 5 5 ) .  

MCPlg81 = t h e  expected number of  i n d i v i d u a l s  in-migrating d i r e c t l y  f o r  
WIPP-construction j o b s  i n  1981. 

MOP1981 = t h e  expected number of  i n d i v i d u a l s  in-migrating d i r e c t l y  for 
management-and-design jobs at  the WIPP i n  1981. 

MDP1981 = t h e  expected number o f  i n d i v i d u a l s  in-migrating d i r e c t l y  f o r  
jobs a t  t h e  WIPP i n  1981. 

The sources  of  d a t a  are extremely important  i n  computing t h e  popula t ion  
in-migrating to t a k e  new jobs i n  t h e  c o n s t r u c t i o n  and o p e r a t i o n  o f  t h e  WIPP. 
The average number of employees by year  f o r  c o n s t r u c t i o n  or o p e r a t i o n  was 
der ived  from d a t a  supp l i ed  by t h e  Bechte l  Corpora t ion  (October 23, 1979) and 
t h e  Westinghouse Electric Corpora t ion  (November 1978) .  The p ropor t ion  of  new 
jobs expected to be f i l l e d  by newcomers to t h e  area is der ived  from t h e  e- 
s t r u c t i o n  Worker P r o f i l e .  That  OWRC s tudy  involved 1 4  large c o n s t r u c t i o n  
projects ( s i x  projects i n  t h e  Four Corners  Region) and showed t h a t  t h e  per- 
centage  of  lbcal w o r k e r s  v a r i e d  from a high o f  more than  79% to a l o w  of  3 .3% 
f o r  a l l  projects and a h igh  o f  79% to a l o w  o f  32% f o r  t h e  s i x  projects i n  t h e  
Southwest (Arizona, Colorado, New Mexico, and Utah).  The average percentage  
o f  local w o r k e r s  employed on t h e  southwestern projects was 46.1%, i n d i c a t i n g  
t h a t  53.9% of t h e  c o n s t r u c t i o n  workers were n o t  r e s i d e n t s  of  t h e  area before  
t h e  c o n s t r u c t i o n  a c t i v i t y  (Four Corners  Region o n l y ) .  A review o f  job appli- 
c a t i o n s  i n  t h e  computer f i l e s  of t h e  NMESD suppor t s  t h i s  d i s t r i b u t i o n .  Thus, 
approximately 54% o f  t h e  c o n s t r u c t i o n  workers f o r  t h e s e  s i x  projects had m i -  
g r a t e d  to t h e  area f o r  c o n s t r u c t i o n  work.  
compute t h e  number o f  aboveground, jobs t h a t  would be f i l l e d  by i n d i v i d u a l s  n o t  
i n  t h e  area be fo re  t h e  c o n s t r u c t i o n  began. 

Th i s  percentage  has  been used to 

’ /  A s  cons t ruc t ion’workers  move i n t o  t h e  area to f i l l  t h e s e  p o s i t i o n s ,  t hey  
br ing  with them otherlmembers of  t h e i r  households. 
t h e  older c h i l d r e n  and tspouse--may t a k e  up j o b s  i n  t h e  area o f  t h e  construc-  
t i o n  si te.  
c o n t a i n  two cons t ruc tdon  workers. Th i s  means t h a t  985 households w i l l  supply 

C e r t a i n  of  t hese  members-- 

The OWRC s tudy  i n d i c a t e s  t h a t  about  1.5% of  t h e  new households 

1’ 
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1000 cons t ruc t ion  workers to t h e  project, on t h e  average. Thus, t h e  number of 
needed households has been decreased by 1.5% to account f o r  t h e  t w o -  
construction-worker households. This  f a c t o r  of 0.985 is i d e n t i f i e d  i n  t h e  
formula above as HCWF. The f i n a l  formula above y i e l d s  t h e  total number of 
i nd iv idua l s  in-migrating to t a k e  new cons t ruc t ion  jobs.  
puted by t ak ing  t h e  average household s i z e  and mul t ip ly ing  it by t h e  needed 
number of households to f i l l  cons t ruc t ion  pos i t i ons .  
household s i ze  of 2.28 is t h e  average household s i ze  determined from t h e  OWRC 
s tudy  of a l l  14 cons t ruc t ion  projects i n  t h e  West and Southwest. 
explana t ion  of t h e  nonconstructicm employment in-migration, see t h e  s e c t i o n  
below on operat ion-associated in-migration. ) 

This  number is com- 

I n  t h i s  case t h e  average 

(For t h e  

After t h e  popula t ion  in-migration due d i r e c t l y  to cons t ruc t ion  has been 
c a l c u l a t e d ,  the change due to opera t ion  must b e  computed. 
i n  t h e  same way and is given  by t h e  fol lowing formulas: 

This is determined 

(Note: 
occur before 1987. ) 

The example year  is 1987 because t h e  f u l l  o p e r a t i o n a l  impact does not  

(256 x 0.498 = 127) 

(140 x 0.498 = 70) 

(44 x 0.498 = 22) 

(127 + 70 + 22 = 219) 

(219 = 219) 

MowH1987 AvHsz1987 = M0P1987 

(219 x 2.71 = 594 600) 

where 

0 x 1 9 8 7  = t h e  total  number of WIPP-associated aboveground-operation j o b s  
i n  1987. 

0 x 1 9 8 7  = t h e  total  number of WIPPLassociated belowground-operation jobs  
i n  1987. 

om1987 = t h e  to ta l  number of  WIPP-associated disposal-operat ion jobs  i n  
1987. 
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MigOPPAG = t he  proport ion of to ta l  aboveground-operation jobs expected 
to be f i l l e d  by newcomers to the  area. The factor 0.498 was 
determined' from occupation and s k i l l - l e v e l  da ta  supplied by 
Sandia Nat ional  Laboratories, a review of ava i l ab le  occupa- 
t i o n s  and s k i l l s  i n  the  two-county area, and information 
suppl ied by the  Westinghouse Electr ic  Corporation. 

MigOPPBG = the  proport ion of to ta l  belowground-operation jobs  to be 
f i l l e d  by newcomers to the  area. The factor 0.498 is the  same 
f a c t o r  t h a t  was used i n  the  genera l  p ro j ec t ions  fo r  above- 
ground operat ion.  

MigOPPOST = t he  proport ion of to ta l  disposal-operat ion jobs  to be f i l l e d  
by newcomers to the  area. The f a c t o r  0.498 is t h e  same as t h e  
factor used for o ther  opera t ion  jobs. 

JM1987 = t he  number of to ta l  ope ra t iona l  jobs expected to be f i l l e d  by 
newcomers to the  area: OAGJM = aboveground-operation JM, OBGJM 
= belowground-operation J M ,  OSTJM = remote handling and 
s e c u r i t y  JM, OJM = total. 

MOW1987 = the  number of newcomer operational-worker households i n  1987. 

AVHSZ1987 = the  average s i z e  of household for  the  in-migrating opera- 
t ional worker s. 

MOP1987 = t he  population in-migrating d i r e c t l y  to t a k e  opera t iona l  jobs  
a t  t h e  WIPP. 

Again, sources of information for  the  formulas above are extremely 
important. The d i r e c t  ope ra t iona l  employment is determined from information 
suppl ied by Westinghouse. 
newcomers to t h e  area is determined to be  0.498. Literature searches  i n d i c a t e  
no d i r e c t l y  applicable research p r o j e c t s  t h a t  would g ive  the  average number of  
operational jobs f i l l e d  by newcomers to the  area. In  order to determine t h i s  
f a c t o r ,  NMESD job-application records,  cu r ren t ly  a v a i l a b l e  occupat ional  s k i l l  
l e v e l s ,  and t h e  occupations and s k i l l  l e v e l s  needed f o r  t he  opera t ion  phase 
were reviewed. 
tractors was obtained from the  Westinghouse E l e c t r i c  Corporation. 

The proport ion of ope ra t iona l  jobs to be f i l l e d  by 

In  addi t ion ,  information on the  a c t i v i t i e s  'of opera t ing  con- 

Data on the  average s i z e s  of newcomer households were drawn d i r e c t l y  from 
Bureau o f  t he  Census pub l i ca t ions  on projected household s i z e s  and family 
s i zes .  
f i g u r e s  and Series D household s i zes .  These are the  high-range household 
s i z e s  of the  12 p ro jec t ions  l i s t e d  by the  Bureau of t he  Census i n  Current  
Population Reports, Series P-25, No. 805, May 1979. 

The f i g u r e s  used wi th in  t h e  c a l c u l a t i o n s  represent  Series I population 

The last quan t i ty  needed to determine t h e  o v e r a l l  populat ion impact is the  
number o f  people taking jobs  generated i n d i r e c t l y  by t h e  cons t ruc t ion  and 
opera t ion  of the WIPP. These population changes are computed much l i k e  the. 
preceding ca l cu la t ions ,  with one major exception. Construction workers and 
opera t iona l  worke r s  who have moved i n t o  the area bring with them other  house- 
hold members. Some of  these household members t a k e  up employment i n  o ther  
areas of  the  economy. These people must be accounted fo r  i n  determining the  
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overall in-migration of people  to t h e  area. Thus, t h e  fol lowing formulas  
d i f f e r  somewhat from t h e  preceding calculations: 

IDE1981 X MigID = D m 1 9 8 1  

(435 x 0.50 = 218) 

(218 - 26 - 8 = 184)  

(184 x 0.769 = 141)  

(141 x 2.75 = 388) 

where 

IDE1981 = t h e  number of  new i n d i r e c t  jobs ( p r i v a t e  and government) 
supported by t h e  cons t ruc t ion  or ope ra t ion  of  t h e  WIPP 
(example year  is 1981).  

MigID = t h e  Propor t ion  of i n d i r e c t  jobs to be f i l l e d  by newcomers 
to t h e  area (0.50). 

= t h e  number of  i n d i r e c t  jobs i n  1981 to be f i l l e d  by 
newcomers to t h e  area. 

IDm198 1 

ADCE198 1 = t h e  expected number of  i n d i r e c t  jobs i n  1981 f i l l e d  by 
members of households moving in to  t h e  area to take new 
cons t ruc t ion  jobs (0.195 x MCWH). 

mE198 1 = t h e  number of i n d i r e c t  j o b s  f i l l e d  by members of households 
moving i n t o  t h e  area i n  1981 to t a k e  new management-and- 

-a des ign  jobs (0.30 x MOWH) . 
N e t  IDJM1981 = t h e  n e t  number of jobs i n  1981 to be f i l l e d  by newcomers 

moving i n t o  t h e  area'to t a k e  jobs created i n d i r e c t l y  by t h e  
cons t ruc t ion  or operation of t h e  WIPP. 

HWF = t h e  factor t h a t  accounts  for more than  one worker per 
household i n  in-migrating households J0.769). 

MIDWH1981 = t h e  number of newcomer households a t t r a c t e d  to t h e  area i n  
1981 p r i m a r i l y  by j o b s  i n d i r e c t l y  created by t h e  
cons t ruc t ion  or ope ra t ion  of t h e  WIPP. 

, , ~  

AvHsZ1981 = t h e  average household s i z e  i n  1981 of persons  moving i n t o  
t h e  area for jobs i n d i r e c t l y  created by t h e  cons t ruc t ion  or 
ope ra t ion  of t h e  WIPP. 
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MIDP198 1 = t he  population moving i n t o  the area i n  1981 f o r  j obs  
i n d i r e c t l y  created by t he  cons t ruc t ion  or opera t ion  o f  
t he  WIPP. 

From the above formulas, it is apparent that seve ra l  new characteristics 
have entered the  ca l cu la t ions  of populat ion impacts. The quan t i ty  IDE is 
determined from ca lcu la t ions  explained i n  t h e  employment sec t ion  of this 
appendix. I t  is a d i r ec t  result  of the  input-output modeling process.  The 
quan t i ty  MigID is a sub jec t ive  number based on an evaluat ion of t h e  area i n  
terms of labor a v a i l a b i l i t y  and t h e  s k i l l  l e v e l s  needed for i n d i r e c t  new 
jobs. I n  t h i s  case, the factor is 0.5, which ind ica t e s  t h a t  half  of t he  new 
jobs created i n  i n d i r e c t l y  affected sectors w i l l  be f i l l e d  by newcomers to t h e  
area.  

A s  workers move i n t o  the area to work i n  cons t ruc t ion  or operat ion,  they 
br ing w i t h  them households t h a t  conta in  members who also become part o f  t h e  
labor force and are a v a i l a b l e  to f i l l  newly created pos i t i ons  i n  t h e  area 
under impact. The q u a n t i t y  AWE accounts f o r  these add i t iona l  workers brought 
by construction-worker households. The OWRC Construction Worker Profile 
indicates t h a t  between 19 and 29 add i t iona l  worke r s  f o r  each 100 newcomer 
construction-worker households w i l l  t a k e  jobs i n  i n d i r e c t l y  a f f e c t e d  sectors. 
I n  t h i s  study, a factor of 0.195 was used to determine the  number of addi- 
t i o n a l  workers i n  each household in-migrating d i r e c t l y  for cons t ruc t ion  work. 

The term A X E  accounts for the number of new w o r k e r s  brought by households 
in-migrating d i r e c t l y  f o r  opera t ion  jobs. The Construct ion Worker P r o f i l e  
indicates t h a t  t h i s  number is s u b s t a n t i a l l y  larger than the  factor for the 
construction-worker households. Between 30 and 31 a d d i t i o n a l  workers w i l l  be 
brought i n  for each 100 households moving i n  to t a k e  direct opera t ion  jobs. 
A factor of 30% w a s  used i n  t h i s  appendix to account for those a d d i t i o n a l  
workers. It is also apparent t h a t  t he  households moving i n  to work i n  sectors 
i n d i r e c t l y  affected by cons t ruc t ion  and opera t ion  may conta in  more than one 
worker per household. Again, t h i s  number is approximately 30 to 31 a d d i t i o n a l  
workers for 100 new households. Thus, fo r  100 households, j u s t  about 130 
workers would be available for p o s i t i o n s  i n  i n d i r e c t l y  a f f e c t e d  sectors. I n  
order to account for these multiple-worker households, a factor of  1/1.3 = 
0.769 was used  to decrease t h e  number of needed households moving i n t o  t h e  
area. 

F ina l ly ,  t he  actual s i z e  of t he  households moving i n t o  t h e  area was calcu- 
lated from Bureau of the  Census data on projected household and family s i z e s  
( s p e c i f i c a l l y  Population Series I and Household Series C). 

The f i n a l  step i n  determining t h e  populat ion impact of WIPP cons t ruc t ion  
and opera t ion  is to add t h e  three q u a n t i t i e s  that determine populat ion change: 
t h e  change caused d i r e c t l y  by cons t ruc t ion ,  the change caused d i r e c t l y  by 
operat ion,  and t h e  change caused i n d i r e c t l y  by cons t ruc t ion  and operation. 

Because t h e  economy may be  somewhat slow to react to new jobs, populat ion 
changes are assumed to lag  i n  t h e  i n d i r e c t l y  affected sectors. I n  order  to 
account for t h i s  l ag  i n  the  m o d e l ,  it is assumed t h a t  only ha l f  t he  expected 
in-migration w i l l  occur  within t h e  f i r s t  year of impact. The remaining indi-  
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v idua l s  are assumed to in-migrate during the next  year.  This assumption 
allows for a 6-month to l-year lag  i n  t h e  spinoff  e f f e c t s  of cons t ruc t ion  and 

GOpera ion 
It should be noted t h a t  the assumption allowing for a 6-month to l-year 

l a g  i n  f i l l i n g  indirect jobs w i t h  newcomers does not necessa r i ly  a f f e c t  t h e  
t i m e  a t  which the  impact on t h e  economy is calculated to occur. The impact on 
t h e  economy is incurred when local purchases or payments to direct  labor  are 
made; therefore ,  the support for the jobs to be f i l l e d  by t he  newcaners occurs 
before  t h e  jobs are a c t u a l l y  f i l l e d .  This means, for example, that  persons 
who receive income from the cons t ruc t ion  of t he  WIPP do not wait to spend 
t h e i r  income u n t i l  population-serving businesses  increase  their employment. 
For the economic e n t i t i e s  t h a t  are i n d i r e c t l y  a f f ec t ed  by WIPP cons t ruc t ion  
and opera t ion ,  there w i l l  be a period of time i n  which new economic a c t i v i t y  
creates support for new jobs, but  those jobs have not y e t  been f i l l e d .  This 
means t h a t  t he  p roduc t iv i ty  of employees w i l l  have to increase above the aver- 
age u n t i l  employers recognize the  need fo r  new employees and h i r e  them. There- 
f o r e ,  there is no discrepancy between c a l c u l a t i n g  t h e  impact of t h e  WIPP and 
assuming that the  economy does not instantaneously react i n  terms of new em- 
ployees i n  sectors t h a t  are i n d i r e c t l y  a f fec ted .  

The to ta l  in-migrating population fo r  a given year is determined by adding 
t h e  populat ion attracted by cons t ruc t ion ,  t h e  populat ion a t t r a c t e d  by opera- 
t i on ,  and the  population attracted by new a c t i v i t y  i n  i n d i r e c t l y  a f f ec t ed  
economic sectors. The formula t h a t  is used is as follows: 

(303 + 72 + 1 9 4  + 39 = 608 N 600) 
where 

K P l 9 8 1  

MOP1981 

= population in-migrating d i r e c t l y  for cons t ruc t ion  jobs. 

= population in-migrating d i r e c t l y  for management-and-design 
(or opera t iona l )  jobs. 

MIDPlg81 = population in-migrating f o r  j obs  supported i n d i r e c t l y  by 
construction and operation. 

MP198 1 = total  in-migrating population fo r  1981 (= 608 cy 600). 

MIDP1981-1 = population in-migrating fo r  jobs supported i n d i r e c t l y  by 
cons t ruc t ion  and management and design (or operational) jobs 
i n  1980. 

A f i n a l  word of caut ion is needed. The sample c a l c u l a t i o n s  f o r  1981 above 
are for impacts during the second year of  construct ion.  
people moving i n t o  the  area i n  following yea r s  is not necessa r i ly  the same. 
Calcula t ions  mus t  also be made for each succeeding year.  

The annual number o f  
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As t he  cons t ruc t ion  phase of t h e  WIPP ends and t h e  
n s  (1987),  the  job  s i t u a t i o n  w i l l  change drastical 

f u l l  o p e r a t i o n a l  phase 
y. From t h e  end of 

1984 through 1986 a t r a n s i t i o n a l  per iod  between cons t ruc t ion  and ope ra t ion  
w i l l  cause s i g n i f i c a n t  changes i n  t h e  populat ion.  These popula t ion  changes-- 
t h a t  is, negat ive  changes, or outflows--are computed l i k e  t h e  preceding 
example. -However, o the r  s t u d i e s ,  such as t h e  Construct ion Worker P r o f i l e ,  
i n d i c a t e  t h a t  i nd iv idua l s  do not  l eave  immediately. This  l a g  has  been taken,  
i n t o  account i n  determining t h e  impacts occurr ing  during t h e  t r a n s i t i o n a l  
phase of the  p ro jec t .  The f i n a l  resul ts  of a l l  o f  t h e  c a l c u l a t i o n s  appear i n  
Table L-14. 

The population-impact p r e d i c t i o n s  have been made for t w o  d i f f e r e n t  
popu la t ion -d i s t r ibu t ion  scena r ios .  The f i r s t  s c e n a r i o  assumes t h a t  99% of t h e  
direct impact and 90% of the  i n d i r e c t  impact w i l l  go  to Eddy County, wi th  only  
1% of t h e  d i r e c t  impact and 10% of  t h e  i n d i r e c t  impact going to Lea County. 
The second scena r io  assumes t h a t  42% of  t h e  combined impact w i l l  occur i n  Lea 
County and 58% of t h e  combined impact w i l l  occur i n  Eddy County. 

The t w o  d i f f e r e n t  s cena r ios  resulted from in te rv iews  with s i x  l a r g e  
potash-mining ope ra t ions  i n  t h e  area. Carlsbad is t h e  c e n t e r  of potash-mining 
a c t i v i t y ,  and more than  95% of t h e  p r e s e n t  po tash  miners l i v e  i n  Eddy County. 
However, one company r e c r u i t s  mainly i n  t h e  Hobbs area, and as a r e s u l t  42% of 
i ts  employees l i v e  i n  Lea County. 

The c o n s t r u c t i o n  and ope ra t ion  of the WIPP w i l l  be s i m i l a r  to a com- 
b ina t ion  of cons t ruc t ion ,  mining, and warehousing ope ra t ions  and hence similar 
to t h e  potash-mining a c t i v i t i e s  i n  t h e  area. Thus, t h e  f i r s t  s cena r io  assumes 
that the  major impact w i l l  be f e l t  i n  Eddy County, inc luding  about  88% i n  
Carlsbad. It w a s  assumed t h a t  t h e  c o n t r a c t o r s  would r e c r u i t  employees from 
t h e  Carlsbad area for WIPP cons t ruc t ion  and opera t ion .  

Subsequent d i scuss ions  suggested t h e  p o s s i b i l i t y  that t h e  cons t ruc t ion  and 
ope ra t ion  c o n t r a c t o r s  might recruit from t h e  Hobbs area, wi th  t h e  major impact 
being f e l t  i n  Lea County and the C i t y  of Hobbs. To account for t h i s  possibil- 
i t y ,  a second s c e n a r i o  was developed, as o u t l i n e d  above. 

It should also be noted t h a t  popula t ion  p r e d i c t i o n s  for t h e  cities l isted 
inc lude  only t h e  popula t ion  wi th in  t h e  incorpora ted  l i m i t s  and do not  i nc lude  
t h e  f r i n g e  areas. I n  Hobbs and Carlsbad, these f r i n g e  areas con ta in  from 3000 
to 5000 a d d i t i o n a l  people.  
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Table 6 1 4 .  Baseline Population Estimates and Pro jec t ions  (wi thout  WIPP Project) 

rr Car lsbad Loving Hobbs 
Eddy School School Lea School 

Year County Car lsbad D is tr ic t Loving District County Hobbs D i s t r i c t  

1 9 i o  
1975 
1976 
1977 
197.8 
1979 
198 0 
1 9 8 1  
198 2 
1983 
1984 ' 

1985 
1986 
1987 
198 8 
1989 
1990 
1995 
2000 

4 1  I 119 
42 I 900" 
'45,300- 
46,200 

.,47 ,300 
48,200 
49,300 

b 50,200 
51,600 

,52,000 

53 , 800 
55 , 100 
56,400 
57, I 800 

60,600 
64,300 
68,30O-- 

52 900 

59 , 200 

21,297 

25 I 500 

a 27,900 
' 28,600 

~ 29,500 
30 , 200 
31,300 
31,600 
32,300 
32,800 
33,600 
34 , 400 
35,300 
36 I 100 
37 , 000 
39,200 

N/A 

'26,600 

41,700 

25 , 9 6 1  
N/A 

29,300 

3 1  I 600 
32 I 400 
33 I 300 
34,100 . 
35 I 300 
35,700 
36,400 
37 000 
37 , 900 
38 I 800 
39,800 
40,700 
4 1  I 700 

30 ,400 

44 ,200 
47,000 

1,192 
N/A 
W A  

1,488 
1,550 
1 I 600 
1,650 
1,650 
1 , 7.00 
1,700 
I , 750 
1,800 
1,800 
1,850 
1,900 
1,950 
2,000 
2 , 100 
2,250 

1,350 
W A  
N/A 

1,650 
1,700 
1,750 
1,800 
1,800 
1,850 
1,850 
1 I900  
1,950 

2,000 
2 I 050 
2 ,100 
2 150 
2 I 250 

1,950 

2 ,450 

49,554 
5 1  , 600 
53,100 
55 ,100 
56,300 
57,500 
58,700 
60,000 
6 1  I 200 
62,500 
63,800 
65 I 200 
66 , 500 
67,700 
68 , 800 
69,900 
70,900 
75 ,100 
79,000 

26,025 
N/A 

29,600 
30 , 550 
31,650 
32 I 600 
33,450 
34,400 
35,250 
36 ,.200 
37,150 
38 , 150 
38,900 
39 , 600 
40,250 
40 , 900 
4 1  , 500 
43,950 
46 , 200 

29,858 
N/A 

33,400 
34 , 500 
35 , 650 
36 , 650 
37,550 , 

38,550 
39,450 
40,450 
4 1  I 450 
42 I 500 
43 I 350 
44 , 150 
44,850 
45 I 600 
46,250 
49 , 000 
51 I 500 

- Source: 1970 data from 1970 Census of Population. A l l  other data collected for t h i s  r epor t  by 
. , Larry Adcock and Associates, 1979. 

~ - -- 
N/A = N o t  avai lable .  

1 



L.5.1 General 

L.5 PERSONAL INCOME 

n 

The change i n  total  annual personal  income i n  the  two-county area is de- 
termined from the  d i r e c t  wages pa id  during the  cons t ruc t ion  and opera t ion  of 
t h e  WIPP, allowing f o r  a c e r t a i n  amount of f r i n g e  benef i t s .  The i n d i r e c t  
to ta l  personal  income generated is computed by determining what proport ion o f  
labor costs w i l l  enter the  total personal-income stream from the total  number 
of  dollars a l loca ted  to labor  costs. 

I n  addi t ion  to wages, dividends,  i n t e r e s t ,  and r e n t s  account fo r  a por t ion  
of  t h e  total personal  income. 
l i shed  reg iona l  data  for the  two-county area provided by the  Bureau of Eco- 
nomic Analysis to t h e  Bureau of Business and Economic Research a t  t h e  Univer- 
s i t y ' o f  New Mexico (Tables 6 1 5  and 6 1 6 ) .  

That por t ion  has been estimated from unpub- 

From Tables 6 1 5  and 6 1 6  it is apparent  t h a t  t he  total  labor  and proprie- 
tors' income i n  1977 ( t h e  latest year ava i l ab le )  amounted to some $526.3 m i l -  
l i o n  i n  t h e  two-county area. I n t e r e s t ,  dividends,  and r e n t s  accounted f o r  
$72.3 mi l l ion  (13.7%) i n  add i t iona l  income. Further  ca l cu la t ions  ind ica t e  a 
v a r i a t i o n  of  approximately 4% from t h i s  f igu re ,  depending on which year of t h e  
last  few years  is examined. The a c t u a l  f i g u r e  used for t h i s  study was 14%. 

The other major factor considered i n  ca l cu la t ing  the  total  annual personal  
income is t r a n s f e r  payments. As shown by the data from t h e  Bureau of Economic 
Analysis,  t he  flaw of t r a n s f e r  payments to t h e  area is pos i t i ve .  However, 
during the  cons t ruc t ion  of t he  WIPP, t h e  impact of t r a n s f e r  payments on t h e  
total-personal-income stream is assumed to be negat ive because more Social 
Secur i ty  payments w i l l  flow out than flow i n  from these  jobs  c rea t ed  and sup- 
ported by t he  cons t ruc t ion  phase. During t h e  ope ra t iona l  phase, however, t h e  
impact of t r a n s f e r  payments on the  total-personal-income stream may'be e i t h e r  
negat ive or pos i t i ve .  In  the  e a r l y  yea r s  of  opera t ion  it should be pos i t i ve ;  
however, as ind iv idua l s  retire from jobs  or p o s i t i o n s  c rea t ed  by the  operat ion 
of  t h e  WIPP, t h e  t r a n s f e r  payments w i l l  r e turn .  Therefore,  it is assumed t h a t  
t r a n s f e r  payments are n e u t r a l  during the  operat ion of t h e  WIPP. 

L.5.2 Explanation and Values 

Table 6 1 7  summarizes s o m e  of t he  information presented i n  t h i s  sect ion.  
D e t a i l s  appear i n  the  t e x t  below. 

During the  cons t ruc t ion  period (mid-1980 through mid-1984) and fo r  t he  
per iod before  f u l l  opera t ion  (mid-1984 through 1986),  it is expected t h a t  a 
total  of  j u s t  over $93 mi l l i on  w i l l  flow d i r e c t l y  i n t o  wages and salaries from 
the  cons t ruc t ion  of t h e  p l a n t  and a s soc ia t ed  management-and-design employ- 
ment. In  addi t ion ,  t he re  w i l l  be almost $46 mi l l i on  i n  wages and salaries i n  
businesses  i n d i r e c t l y  a f f e c t e d  by construct ion.  

Personal income from i n t e r e s t ,  dividends,  and r e n t  is expected to total an 
est imated $20 mi l l ion  during t h e  6.5-year period. A total  of about $140.5 
mi l l i on  is expected to be der ived both d i r e c t l y  and i n d i r e c t l y  i n  t h e  p r i v a t e  
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c Table L-15. Personal Income in Eddy County by Major Source, 1972-1977 
(bousands  of dollars) 

Item 

", LABOR AND PROPRIETORS' INCOME BY PLACE OF WORKc 

By tme 
Wage and s a l a r y  disbursements 
Other labor income 
Proprietors incomed 

P a r i  
Nonfarmd 

Farm 
By indus t ry  

85,032 91,736 103,723 
6,294 7,229 . 8,999 

16,270 19,194 21,864 
5,258 9,482 1,227 

11,012 9,712 14,637 

6,975 11,392 9,041 
N a I f  a r m  100,621 106,769 125,545 

P r i v a t e  86,225 91,476 109,280 
A g r i c u l t u r a l  s e r v i c e s ,  f o r e s t r y ,  f i sh-  

ing, and o there  426 425 486 
Mining 33,166 32,344 41,966 
Construtition 5,744 6,771 7,631 
Manufacturing 5,844 6,655 8,430 

Nondurable goods 4,459 5,041 6,547 
Durable g o d s  1,385 1,614 1,883 

Transpor ta t ion  and publ ic  u t i l i t i e s  7,355 8,860 9,812 
Wholesale t r a d e  3,522 4,012 4,959 
Retail t r a d e  12,370 13,227 15,300 
Finance, insurance,  and rea l  estate 3,295 3,397 3,616 
S e r v i c e s  14,503 15,785 17,080 

Government and government e n t e r p r i s e s  14,396 15,293 16,265 
Federa l ,  c i v i l i a n  2,447 2,583 2,794 
Federa l ,  m i l i t a r y  478 5 26 531 
State and local 11,471 12,184 12,940 

> 

DERIVATICN OF PWSONAL lN(?oME BY PLACE OF RBIDENCE 

Total labor and p r o p r i e t o r s '  income by place  of  
work 107,596 118,161 134,586 

surance by place of work 5,085 6,102 7,194 

work 102,511 112,059 127,392 
Plus: residence adjustment 201 218 4 25 

res idence  102,712 112,277 127,817 
Plus: dividends,  i n t e r e s t ,  and ren ts f  20,098 22,278 26,687 
Plus: t r a n s f e r  payments 18,529 21,646 25,236 

Personal income by p l a c e  of residence 141,339 156,201 179,740 
Per capita personal income (dol la rs )  3 , 442 3,781 4,332 
'Irotal popula t ion  (thousands) 41.1 41.3 41.5 

kss: perianal c o n t r i b u t i o n s  for s o c i a l  in- 

N e t  labor and proprietors' income by place of 

N e t  labor and proprietors' income by p l a c e  of 

132,147 
12,082 
18,827 
5,701 

13,126 

7,732 
155,324 
136,552 

553 
50,315 
13,926 
11,765 

9,705 
2,060 

11,336 
7,656 

16,666 
4,274 

20,061 
18,772 

3,162 
540 

15,070 

163,056 

8,948 

154,108 
-62 

154,046 
31,728 
29,529 

215,303 
5,018 

42.9 

148,472 
14,360 
23,839 
6,883 

16,956 

9,103 
177,568 
155,724 

524 
57,698 
15,736 
14,964 
11,425 
3,539 

13,607 
. 7,136 
18,613 
5,316 

22,130 
21,844 
3,803 

579 
17,462 

186,671 

10,027 

176,644 
-208 

176 ,436 
34,838 
33,919 

245,193 
5,415 

45.3 

168,934 
17,385 
26,427 
6,752 

19,675 

9,121 
203,625 
179,886 

58 7 
68,140 
17,159 
16,879 
13,012 
3,867 

16,054 
8,330 

21,368 
6,156 

25,213 
23,739 

4,009 
59 2 

19,138 

212,746 

11,338 

201,408 
-192 

201,216 
39,023 
36,536 

276,775 
6 , 089 

45.5 
~~ 

Source: 

aEstimates based on 1967 SIC. 
hstimates based on 1972 SIC. 
cCons is t s  of wage and s a l a r y  disbursements, o t h e r  labor  income, and proprietors' income. 

dIncludes t h e  capital consumption adjustment for nonfarm proprietors. 
e Inc ludes  wage and salaries of U.S. r e s i d e n t s  working f o r  i n t e r n a t i o n a l  organiza t ions .  
f I n c l u d e s  t h e  capital consumption adjustment for r e n t a l  incape of persons.  

R e g i o n a l  Economics Information System, Bureau of  Economic Analysis. 

Primary source f o r  p r i v a t e  nonfarm wages: ES-202 covered wages, New Mexico Employment S e c u r i t y  Comiss ion .  
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T a b l e  L-16. P e r s o n a l  Income i n  Lea County by Major Source,  1972-1977 
l thousands  of dollars) 

I t e m  1972a 1973a 1974a 1975b 1 9 X b  1977b 

TOTAL LABOR AND PROPRIETORS' INCOME BY PLACE OF WORKc 

BY twe 
Wage and s a l a r y  d i s b u r s e m e n t s  
Other  l a b o r  income 
P r o p r i e t o r s '  incomed 

Farm 
Non f armd 

By i n d u s t r y  
Farm 
Nonfarm 

P r i v a t e  
A g r i c u l t u r a l  s e r v i c e s ,  f o r e s t r y ,  f i s h -  

Mining 
C o n s t r u c t i o n  
Manufactur ing 

i n g ,  and o t h e r e  

Nondurable  goods 
Durab le  goods 

T r a n s p o r t a t i o n  and p u b l i c  u t i l i t i e s  
Wholesale  t r a d e  
R e t a i l  t r a d e  
F inance ,  i n s u r a n c e ,  and real estate 
S e r v i c e s  

Government and government e n t e r p r i s e s  
F e d e r a l ,  c i v i l i a n  
F e d e r a l ,  m i l i t a r y  
State and local 

121,107 
10,982 
21,399 
7,993 

13,406 

9,579 
143,909 
127,968 

635 
42,573 

8,287 
7,545 
5,172 
2,373 

22,591 
9,162 

15,846 
4,838 

16 ,491  
15 ,941  

1,294 
494 

14,153 

133,089 
12,343 
24,521 
13 I 766 
10,755 

15  ,673 
154,280 
137,470 

694 
46,162 

8,498 

6,127 
2,157 

23,952 
9,972 

16,810 
5,296 

17,802 
16,810 

1,428 
534 

a ,284 

i4,a48 

163,925 
16,397 
37,549 
13,746 
23,803 

15,689 
202,182 
184,385 

(D) 
74,419 
13,051 
10,021 

7,775 
2,246 

27,343 
12,329 
18,842 

22,090 
17,797 

1,575 
537 

15,685 

(D) 

DERIVATION OF PERSONAL. INCOME BY PLACE OF RESIDENCE 

T o t a l  labor and proprietors' income by place o f  work 153,488 169,953 217,871 

P l a c e  of work 7,050 8,651 11,376 
N e t  labor and proprietors' income by place of work 146,438 161,302 206,495 

P lus :  r e s i d e n c e  a d j u s t m e n t  807 
N e t  labor and proprietors' income by place of r e s i d e n c e  147,245 161,188 204,806 

19,678 23,907 Plus:  d i v i d e n d s ,  i n t e r e s t ,  and r e n t f  18,505 
P lus :  t r a n s f e r  payments 15,440 18,055 20,878 

Less: personal c o n t r i b u t i o n s  for social i n s u r a n c e  by 

-114 -1,689 

P e r s o n a l  income by place of  r e s i d e n c e  
P e r - c a p i t a  personal income (dollars) 

181,190 198,921 249,591 
3,643 4,028 5,014 

190,942 
20,650 
31,241 
12,818 
18,423 

14 ,991  
227,842 
207,165 

(D) 
79,026 
14,411 
12,609 

9,562 
3,047 

32.506 
15,502 
21,100 

(Dl 
24,728 
20,677 

1,827 
564 

18,286 

242,833 

12,850 
229,983 

-986 
228,997 

28,132 
25,018 

282,147 
5,464 

T o t a l  p o p u l a t i o n  ( thousands )  49.7 49.4 49.8 51.6 

207,111 
23,585 
42,417 
12,430 
29,987 

14,805 
258,308 
234,457 

692 
93,976 
14,724 
13,070 
11,329 

2,741 
36,330 
17,642 
23,541 

8,173 
25,309 
23,851 

2,043 
599 

21,209 

273,113 

14,226 
258,887 

-924 

29,909 
28,468 

316,340 
5,954 

25i  ,963 

53.1 

236,570 
28,379 
48,604 
13,779 
34,825 

16,312 
297,241 
271,081 

804 
112,645 

16,645 
16,539 
13,229 

3,310 
39,662 
20,483 
26,650 
9,812 

27,841 
26,160 

2,258 
643  

23,259 

313,553 

16,146 
297,407 

-896 
296,511 

33,269 
30,674 

360,454 
6 ,811  

52.9 

Source: Reg iona l  Economics In fo rma t ion  System, Bureau of Economic Ana lys i s .  

a E s t i m a t e s  based on 1967 SIC. 
bEsimates  based on  1972 SIC. 
C C o n s i s t s  o f  wage and s a l a r y  d i sbur semen t s ,  o t h e r  labor income, and proprietors' income. 

d I n c l u d e s  t h e  capital consumption a d j u s t m e n t  for nonfarm proprietors. 
eIncludes wage and salaries of U.S. r e s i d e n t s  working f o r  i n t e r n a t i o n a l  o r g a n i z a t i o n s .  

fNot  & to a v o i d  disclwure of c o n f i d e n t i a l  i n fomat ion ,  data are inc luded  i n  totals. 

p r imary  s o u r c e  f o r  p r i v a t e  
Nonfarm wages: Bs-202 Covered Wages, New Mexico Bnployment S e c u r i t y  Commission. 

I n c l u d e s  t h e  capital 
c o n s u n p t i a r  a d j u s t m e n t  far r e n t a l  income of pe r sons .  
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Table 6 1 7 .  P e r s o n a l  Income From The WIPP 
(Millions of 1979 Dollars) 

Construct  iona Total  before  Operation 
Income type 1980 1981 1982 1983 1984 1985 1986 f u l l  each year-- 

opera t ion  1987 and after 

D i r e c t  wages and salaries 2.2 9.3 28.1 27.8 8.4 7.3 10.1 93.2 11.9 - 

I n d i r e c t  wages and s a l a r i e s  1.0 4.9 13.7 13.0 4.2 3.7 5.2 45.7 5.5 

I n t e r e s t ,  dividends,  and rents 0.5 2.1 6 .1  6 .O 1.9 1.6 2.2 20.4 2.5 

5' Tota l  pr ivate-sector  income 3.7 16.3 47.9 46.8 14.5 12.6 17.5 159.3 19.9 
ul 
W 

Public-sector income 0.1 0.6 1.8 1.8 0.6 0.5 0.7 6.1 0.8 

N e t  t r a n s f e r  payments (0.2) ( 0 . 9 )  (2.6) (2.6) (0.8) (0.3) (0.5) (7.9) (b) 

N e t  personal  income , 3.6 16.0 47.1 46 .O 14.3 12.7 17.8 157.5 20.7 

SOURCE: Larry Adcock and Associates, 1979. 

aThe f i g u r e s  f o r  the  construct ion period 1980 through 1986 include management and design a c t i v i t y .  

bTransfer payments during t h e  operat ional  phase are assumed to be n e u t r a l  over t i m e .  



sector. I n  the  p u b l i c  sector, about  $6 m i l l i o n  i n  personal  income w i l l  come 
from t h e  increased  a c t i v i t y  i n  t h e  area from a d d i t i o n a l  State  and local gov- 
ernment and t h e  i n d i r e c t  Federal-agency employment requi red  f o r  support .  
Thus, t h e  total  personal  income added to t h e  area during t h e  cons t ruc t ion  
phase of t h e  WIPP p r o j e c t  is expected to be $165 m i l l i o n  from t h e  beginning of 
cons t ruc t ion  u n t i l  f u l l  ope ra t ion  a t  t h e  beginning of  1987. However, n e t  loss 
from t r a n s f e r  payments (gene ra l ly  Social S e c u r i t y  payments) w i l l  decrease t h i s  
t o t a l  to j u s t  less than $158 mi l l i on .  

The personal  income to be der ived  from t h e  ope ra t ion  of t h e  WIPP p r o j e c t  
w i l l  be s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  der ived  i n  t h e  cons t ruc t ion  phase. 
The amount of money flowing d i r e c t l y  i n t o  t h e  local economy during a normal 
year  o f  ope ra t ion  w i l l  be approximately $16.9 mi l l i on .  Although t h i s  amount 
may vary with expendi ture  p a t t e r n s  i n  t h e  ope ra t ion  of t h e  p l a n t ,  t h i s  appen- 
d i x  uses  a cons t an t  f i g u r e  o f  $16.9 mi l l i on .  This  f i g u r e  is s i g n i f i c a n t l y  
d i f f e r e n t  from the  to ta l  direct expendi tures  of $40 to  42 m i l l i o n  annual ly  
during t h e  peak yea r s  o f  t h e  cons t ruc t ion  per iod.  

The estimated $16.9 m i l l i o n  annual f low d i r e c t l y  a s soc ia t ed  with t h e  opera- 
t i o n  of  t h e  p l a n t  wi th  local procurement and labor  w i l l  mean t h a t  (1) approxi- 
mately $11.9 m i l l i o n  w i l l  be  r e a l i z e d  i n  pe r sona l  income by persons connected 
d i r e c t l y  wi th  t h e  p l a n t ;  (2)  wages and salaries der ived  from indirectly a f -  
f e c t e d  bus inesses  i n  t h e  area w i l l  amount to almost $5.5 mil l ion ;  ( 3 )  govern- 
ment expenditures requi red  by a d d i t i o n a l  a c t i v i t y  and flowing i n t o  personal 
income w i l l  t o t a l  a b o u t  $ 0 . 8  m i l l i o n  per year; ( 4 )  new dividends, i n t e r e s t ,  and 
r e n t s  w i l l  create approximately $2.5 m i l l i o n  i n  personal  income; and (5) during 
the  f i r s t  yea r s  of ope ra t ion ,  n e t  t r a n s f e r  payments w i l l  be negat ive ,  bu t  later 
they  w i l l  have a n e t  p o s i t i v e  e f f e c t .  Because of  t h i s  ba lanc ing  e f f e c t ,  t r ans -  
f e r  payments f o r  an average year have been considered neu t r a l .  The n e t  r e s u l t ,  
t h e r e f o r e ,  w i l l  be an annual i nc rease  i n  total  pe r sona l  income of  approximately 
$20.7 mi l l i on .  

L.6 HOUSING, LAND USE, AND COMMUNITY SERVICES 

L.6.1 Housing and Land U s e  

The demand f o r  new housing depends on popula t ion  and household s i z e .  The 
housing-demand p r o j e c t i o n s  developed for t h e  impact a n a l y s i s  prepared i n  
conjunct ion  with t h i s  appendix are based on popula t ion  p r o j e c t i o n s  d iscussed  
p rev ious ly  and household-size p r o j e c t i o n s  der ived  from s e v e r a l  sources. 

Household s i z e  f o r  t h e  b a s e l i n e  popula t ion  is based on household-size 
p r o j e c t i o n s  i n  Bureau of  t h e  Census Pub l i ca t ion  P-25, No. 607, ad jus t ed  to 1970 
household s i z e  i n  t h e  impact area (der ived  from t h e  1970 Census of Housing). 
Thus, i f  t h e  1970 household s i z e  i n  t h e  impact area is above t h e  U.S. average 
i n  t h a t  year ,  t h e  projected household s i z e  i n  t h e  impact area w i l l  be ad jus t ed  
upward from t h e  p r o j e c t e d  U.S. average. 

Household s i z e s  f o r  WIPP-induced popula t ion  changes come from two b a s i c  
sources.  For cons t ruc t ion  workers and t h e i r  f a m i l i e s ,  household s i z e  is based 
on information i n  t h e  Cons t ruc t ion  Worker P r o f i l e  (Old West Regional Commis- 
s ion ,  Washington, D.C., 1975) .  For opera t ion  employees and for persons  migrat-  
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ing  for i n d i r e c t l y  c r e a t e d  jobs ,  household s i z e  depends on t h e  l i k e l y  place of 
o r i g i n  of t h e  i n d i v i d u a l s  moving i n t o  t h e  area. I f  t h e r e  is no obvious or 
logical s i n g l e  place of o r i g i n ,  then the  U . S .  average household s i z e  (from 
Bureau o f  Census P u b l i c a t i o n  P-25, No. 607) w i l l  be used. I f  it appears t h a t  

t hen  U.S. household-size p r o j e c t i o n s  w i l l  be ad jus t ed  to account f o r  past 
State d i f f e r e n c e s  from the U . S .  average. 

c.$ most of the i n d i v i d u a l s  w i l l  be l i k e l y  to c o m e  from elsewhere i n  New Mexico, 

Once household s i z e s  have been projected, t h e  demand for housing u n i t s  is 
determined by d i v i d i n g  the household s i z e  i n t o  t h e  appropriate popula t ion  
component. For b a s e l i n e  popula t ion  changes, t h e  popula t ion  component is 
e s s e n t i a l l y  the e n t i r e  popula t ion ,  w i t h  a smal l  adjustment  for t h e  p o r t i o n  of 
t h e  popula t ion  not  l i v i n g  i n  housing u n i t s .  This l a t t e r  group is g e n e r a l l y  a 
small  f r a c t i o n  o f  t h e  to ta l  popula t ion ,  comprised p r i m a r i l y  of  people l i v i n g  
i n  nurs ing  homes. The popula t ion  components for p r o j e c t - r e l a t e d  popu la t ions  
are der ived  by methods d iscussed  earlier i n  t h i s  appendix. 

The demand for occupied housing u n i t s  provides  t h e  base for a second set  
of c a l c u l a t i o n s  t h a t  show t h e  housing stock necessary  to main ta in  a 3% vacancy 
rate. Th i s  is found simply by d i v i d i n g  t h e  demand for occupied u n i t s  by 0.97. 

The amount o f  c o n s t r u c t i o n  a c t i v i t y  needed to meet t h e  demand fo r  housing 
a t  a 3% vacancy rate is then  c a l c u l a t e d .  I t  is based on the  p r e s e n t  assess- 
ment of housing and vacancy-rate f i g u r e s  and projected housing requirements.  

F i n a l l y ,  housing requirements  are a l l o c a t e d  to housing types ( s i n g l e  
fami ly ,  mul t i fami ly ,  and mobile home) based on information in- t h e  Cons t ruc t ion  
Worker P r o f i l e .  Table  L-18 shows t h e  housing-type demands of three classes of 
populat ion:  newcomer c o n s t r u c t i o n  workers, o t h e r  newcGmers, and long-time 
r e s i d e n t s .  Base l ine  popu la t ions  are assumed to have t h e  same housing-type 
demands as t h e  long-time r e s i d e n t s ,  whi le  t h e  {preferences of newcomer con- 
s t r u c t i o n  workers are used to allocate housing types f o r  c o n s t r u c t i o n  new- 
comers a t t r a c t e d  by t h e  project. The in-migrants at tracted by i n d i r e c t l y  
c r e a t e d  jobs are assumed to have t h e  same pre fe rences  a s  t h e  other newcomers. 

Table L-18. Housing-Type Demand 

Newcomer 
c o n s t r u c t i o n  Other Long- t ime 

Type o f  u n i t  workers newcomers r e s i d e n t s  
~~ 

S i n g l e  fami ly  
Mult i family 
Mobile home and o t h e r  

34 -. 

11 
56 - 

55 
17 
27 - 

81 
5 
14 - 

Tota lsa 10 1 99 10  0 

Source: Old West Regional Commission, Cons t ruc t ion  Worker Profile,  
Washington, D.C., 1975, p. 103. 

aTotals do n o t  add to  100 because of rounding. 
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Methods used to c a l c u l a t e  land  requirements  f o r  projected popula t ion  in- 
creases depend on t h e  r e l a t i v e  scale o f  popula t ion  changes, both under base- 
l i n e  and impact condi t ions .  For small r e l a t i v e  changes i n  popula t ion  (and 
t h e r e f o r e  small changes i n  housing demand) t h e  p r i n c i p a l  demand f o r  land is 
f o r  housing u n i t s  and roads. I n  t h i s  case, land-use requirements  are calcu-  

/ lated on t h e  basis of a r e l a t i v e l y  generous average lo t  s i z e  (e.g. ,  one-quarter 
acre) per housing un i t .  The assumption is t h a t  r e l a t i v e l y  small  i n c r e a s e s  i n  
popu la t ion  w i l l  no t  r e q u i r e  p r o p o r t i o n a l  i n c r e a s e s  i n  all municipal land-use 
c a t e g o r i e s ,  For example, a 5% popula t ion  inc rease  should no t  r e q u i r e  a 5% 
inc rease  i n  land  requirements  associated wi th  such public f a c i l i t i e s  a s  c i t y  
h a l l ,  p o l i c e  s t a t i o n s ,  and f i r e  s t a t i o n s .  I n  essence ,  it is assumed t h a t  
t h e r e  is some excess  c a p a c i t y  i n  t h e  land associated wi th  such f a c i l i t i e s .  

For l a r g e r  r e l a t i v e  popula t ion  inc reases ,  t h e  basic assumption is t h a t  land 
requirements  f o r  v i r t u a l l y  a l l  types o f  land  u s e  w i l l  grow i n  p ropor t ion  to t h e  ’ 

housing s t o c k .  I n  t h i s  s i t u a t i o n ,  t h e  t o t a l  land  occupied i n  t h e  mun ic ipa l i t y  
is d iv ided  by t h e  amount o f  housing to o b t a i n  t h e  land  required f o r  each u n i t  
of housing e 

F i n a l l y ,  it should be noted t h a t  f o r  d i f f e r e n t  purposes  e i t h e r  of  t h e  
methods above may be appropriate i n  determining land-use requirements.  For 
example, t h e  b a s e l i n e  popula t ion  growth may be s u b s t a n t i a l ,  c a l l i n g / f o r  t h e  
u s e  of a large land-use f i g u r e  f o r  each housing u n i t ,  whi le  t h e  marginal  
change associated with t h e  impact popula t ion  is small, t hus  r equ i r ing  only  a 
small land-use f igu re .  Conversely, t h e r e  are i n s t ances  i n  which b a s e l i n e  
growth is expected to be small whi le  t h e  project impact is expected to  be 
l a r g e ,  which indicates t h a t  a small b a s e l i n e  land-use f i g u r e  arid a large 
impact f i g u r e  are appropriate. 

L . 6 . 2  Community Se rv ices  and F a c i l i t i e s  

Populat ion i n c r e a s e s  i n  a community u s u a l l y  gene ra t e  t w o  types  of  impact 
on community s e r v i c e s  and f a c i l i t i e s .  F i r s t ,  i n  most cases t h e r e  w i l l  be an 
inc rease  i n  t h e  demand f o r  s e r v i c e s ,  more or less i n  p ropor t ion  to  popula t ion  
or housing inc reases .  For example, more people w i l l  require more water, gen- 
erate more sewage, and need more medical a s s i s t a n c e .  As a r e su l t  o f  t h e  in- 
creased demand, personnel  requirements  and o p e r a t i n g  expenses w i l l  g e n e r a l l y  
rise. (For a d i scuss ion  of ope ra t ing  expenses,  see Sec t ion  L.7, Fiscal-Impact 
Analysis .  ) 

The second type of  impact is an over loading  of  s o m e  par t  of t h e  system 
t h a t  has  a f i x e d  capac i ty .  Genera l ly ,  f i x e d  c a p a c i t y  implies some type o f  
cap i t a l  f a c i l i t y ,  such as a school  or a sewage-treatment p l a n t ,  b u t  it also 
inc ludes  water r i g h t s .  

The a n a l y s i s  of  impacts on community s e r v i c e s  and f a c i l i t i e s  t h e r e f o r e  
r e q u i r e s  t w o  b a s i c  steps. F i r s t ,  changes i n  t he  demand for v a r i a b l e  parts of 
t h e  system (e.g., personnel ,  cub ic  feet of  n a t u r a l  gas )  must be projected. 
Then, p r o j e c t e d  i n c r e a s e s  i n  demand m u s t  be compared wi th  t h e  e x i s t i n g  capac- 
i t y  of those  parts of t h e  system t h a t  are n o t  r e a d i l y  va r i ed  i n  small incre-  
ments. I n  o the r  words, an important  part  o f  t h e  a n a l y s i s  is to determine 
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whether one of the impacts of a proposed action is to require the construction 
of, for example, a new sewage-treatment plant. 

Two basic methods are used to project the demand for services: the per- 
capita multiplier and the per-household multiplier (or its equivalent, the 
multiplier for each occupied housing u n i t ) .  
priate application and t h e  advantages and disadvantages of these methods, see 
R. Burchell e t  al . ,  The Fiscal Impact Handbook, Center for Urban Policy Re- 
search, N e w  Brunswick, New Jersey, 1978.) Generally, the per-household m u l t i -  
pl ier is used to project demands for natural-gas, electricity,  and telephone 
service, while the per-capita method is used to project the demands for water, 
sewage treatment, solid-waste disposal, f i r e  and police protection, and medical 
services. With s l i g h t  modifications, the per-capita multiplier is used to 
project t ra f f ic  flows as w e l l .  

(For a discussion of the appro- 

The multipliers used i n  each approach are based on recent actual per-capita 
or per-household figures i n  the impact area, w i t h  adjustments made where ap- 
propriate. ;Adjustments are made when national, regional, or local data indi-  
cate that recent per-capita or per-household levels may not remain unchanged 
mer time. For example, i n  projecting water demand for New Mexico communi- 
t ies ,  per-capita use rates are changed over time i n  t h e  same proportion as  the 
changes projected by the New Mexico State Engineer i n  the "County Profile" 
series (New Mexico Interstate Stream Commission and New Mexico State Engineer 
Office, County Profile (various counties), Santa Fe, New Mexico, 1975). 

Adjustments are also made i f  very recent changes i n  some key factor have 
caused historical per-capita or per-household use rates to be unreliable for 
future projections. 
the past year, resulting i n  less than a f u l l  year's data a t  the new rate, 
per-capita use rates w i l l  be adjusted on the basis of water-demand price elas- 
t ic i ty  estimates. (For a discussion of water-demand price e last ic i ty  esti-  

For example, i f  a water-price increase has occurred i n  

mates; see G. Bonem e t  a l . ,  Water Demand and Supply i n  the Albuquerque Greater 
Urban Area, Bureau of B u s i n e s s  and Economic Research, University of New 
Mexico, December 1977.) 

Once demand for a service has been projected, it is compared wi th  the 
service capacity of the fixed components of the system. This is generally a 
straightforward numerical comparison (e.g., acre-feet per year of w a t e r  demand 
versus annual water rights).  The areas i n  which demand exceeds existing ca- 
pacity are identified, and the implications of the excess demand are noted. 

For several reasons, the level of detai l  varies considerably i n  the anal- 
y s i s  of each community-service category. 
existing service capacity may show that there is considerable excess capacity, 
more than needed to accommodate any potential change i n  demand from baseline 
or impact population changes. A similar situation exists when the impact area 
is small i n  relation to the service area, as often happens with natural-gas, 
electricity,  and telephone service. I n  t h i s  case, -even relatively large base- 
l ine or impact population changes i n  the impact area have l i t t l e  effect on the 
overall service area. I n  both situations (significant excess capacity and 

Firs t ,  an investigation of the 
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small impact area i n  r e l a t i o n  to t h e  se rv ice  area) a d e t a i l e d  ana lys i s  is 
gene ra l ly  unwarranted. 

A t  the o ther  extreme, sometimes a proposed ac t ion  may e x e r t  a l a r g e  re- 
l a t i v e  iqact on the demand f o r  a serv ice .  
made to determine i n  detail t h e  ex ten t  of t h e  impact. This o f t en  involves 
ex tens ive  interviews wi th  t h e  manager or o ther  personnel of t he  agency or - 
company, providing the service.  

I n  t h i s  ins tance ,  every e f f o r t  is 

F ina l ly ,  base l ine  p ro jec t ions  o f t en  use less-sophisticated techniques 
(e.g., unadjusted per-capita m u l t i p l i e r s )  than do impact pro jec t ions .  This is 
because base l ine  p ro jec t ions  gene ra l ly  are intended to provide a background 
aga ins t  which impacts are evaluated,  and not to be a precise p ro jec t ion  of 
serv ice- leve l  demands under base l ine  condi t ions.  The key f a c t o r  i n  t h e  anal- 
y s i s  o f  base l ine  p ro jec t ions  is the  e f f e c t  on system capaci ty .  
sewage-treatment p l an t  or school is required under base l ine  condi t ions  during 
t h e  per iod under ana lys i s ,  then the  capital cost of t he  f a c i l i t y  is not as- 
signed to the proposed ac t ion  whose impact is being 's tudied.  
hand, i f  capital faci l i t ies  or water r i g h t s  are adequate under base l ine  con- 
d i t i o n s  bu t  inadequate under impact condi t ions,  t h e  burden of reduced s e r v i c e  
l e v e l s  or increased capital costs rests on the  proposed act ion.  A more de- 
t a i l e d  discussion of the  t reatment  of costs is presented i n  Sect ion L.7. 

If a new 

On the other 

L.7 FISCAL-IMPACT ANALYSIS 

L. 7.1 Revenues 

Pro jec t ion  techniques f o r  county and municipal revenues are e s s e n t i a l l y  
t h e  same. The f i r s t  step is to collect data on past revenue l eve l s .  For New 
Mexico count ies  t h e  source is genera l ly  the Department of Finance and Admin- 
i s t r a t i o n ,  New Mexico County Governments, Annual Report. For New Mexico 
mun ic ipa l i t i e s  the souzce is the equiva len t  annual report series, New Mexico 
Municipal Governments. During t h e  period t h a t  fol lows t h e  end of the fiscal 
year bu t  precedes the  publ ica t ion  of t h e  annual reports, county and municipal 
governments are contacted to ob ta in  reports f o r  t h e  most recent  f i s c a l  year.  

Once data covering seve ra l  yea r s  have been co l l ec t ed ,  a prel iminary anal- 
y s i s  is made. This  involves pu t t ing  each major revenue category (fund) i n  
cons tan t  dollars, using the Gross Nat ional  Product  Price Index as a d e f l a t o r ,  
and examining t h e  record f o r  pronounced t rends  or major changes. If such 
t r ends  or changes are found, they are considered i n  making pro jec t ions .  How- 
ever ,  trends gene ra l ly  are gradual  and are usua l ly  ignored. Major changes 
usua l ly  r e s u l t  from increases  i n  revenues t h a t  are not  expected to continue 
each year.  
ernment t r a n s f e r s  (e.g., drought r e l i e f ) .  Such changes are noted .ind con- 
s idered  i n  subsequent s t ages  of t h e  p ro jec t ion  process, as described below. 

These are gene ra l ly  revenues from bond sales or from s:sial gov- 

After the  prel iminary examination of the budget is completed, the  revenues 
for t h e  most recent  f i s c a l  year are separated i n t o  the  ca t egor i e s  shown i n  
Table L-19. These ca t egor i e s  present  a clear picture of the  type and source 
o f  revenues, a p i c t u r e  t h a t  is not evident  when revenues are c l a s s i f i e d  by 
fund, as they genera l ly  are i n  municipal or county budgets. 
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Table L-19. Revenue Categor ies  and Pro jec t ion  Methods 
Used fo r  New Mexico Munic ipa l i t i e s  and Countiesa 

Revenue Type Municipal County 
~~ ~ 

OWN-SOURCE REVENUE 
Taxes 

Property 
Franchise  (M) 
Occupation (M) 
O i l  and gas  
Lodgers 
Gross receipts 

Charges and miscellaneous 
Licenses,  permits, and f e e s  
Charges f o r  s e r v i c e s  
F ines  and f o r f e i t s  
U t i l i t i e s  (M) 
I n t e r e s t  on investments 
Payments i n  l i e u  of taxes 
Miscellaneous 

INTERGOVERNMENTAL TRANSFERS 
S t a t e  

Gasoline t axes  
Au to- l i cense  d is t r  i bu t ion  (M) 
C i g a r e t t e  t axes  
Gross receipts taxes (M) 
Motor veh ic l e  (C) 
F i r e  a l lo tment  
Grants  
Miscellaneous (C) 

Fede ra 1 
Revenue shar ing  and g r a n t s  
Miscellaneous (C) 

L o c a l  (M) 

Otherb 

PH 
Pc 
Pc 
NC/T 
Pc 
Pc 

Pc 
Pc 
Pc 
PH 
Pc 
Pc 
Pc 

Pc 
Pc 
Pc 
Pc 

Pc 
Pc 

Pc 

Pc 

Pc 

PH 

NC/T 
Pc 
PC 

PH 
Pc 
Pc 

Pc 
Pc 
Pc 

Pc 

Pc 

Pc 
Pc 
Pc 
Pc 

Pc 
Pc 

Pc 

Source: Adcock and Associates, 1979. 

aKey: C, county revenue i t e m  only; M, municipal revenue i t e m  only; PH, 

bIncluded i n  "other" ,are revenues not  clearly -assignable  to specific 

p ro jec t ion  on per-housing-unit bas i s ;  PC, p r o j e c t i o n  on per-capita bas i s ;  NC, 
no change projected.  

sources  . 
t 
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Once revenues have been a l l o c a t e d  to t h e  proper c a t e g o r i e s ,  p r o j e c t i o n s  
are made. The revenue-project ion method is based on mod i f i ca t ions  of methods 
suggested i n  The Fiscal Impact Handbook. For b a s e l i n e  p r o j e c t i o n s ,  most 
revenue items are projected on a per-capita b a s i s .  
projected per housing u n i t ,  and occas iona l ly  a revenue i t e m  is p ro jec t ed  to 
s h m  no change. 

A smaller group are 

For most revenue items t h e  most r e c e n t  a c t u a l  annual  per-capita or per- 
housing-unit  l e v e l  is taken as t h e  most reliable guide  to f u t u r e  l e v e l s .  
Although budgeted l e v e l s  f o r  t h e  coming f i s c a l  year  are checked f o r  major 
changes from past amounts, budgets are f e l t  to be an u n r e l i a b l e  b a s i s  f o r  
p r o j e c t i o n s .  For one t h i n g ,  they are themselves p r o j e c t i o n s ,  and t h e i r  
accuracy depends on t h e  s k i l l  o f  t h e  municipal  or county off ic ia ls  making 
them. There is also a tendency f o r  budgets to inc lude  a rather large "o ther"  
ca tegory  wi th  unspec i f ied  components. F i n a l l y ,  comparisons o f  past budgeted 
revenues w i t h  a c t u a l  revenues show a rather l a r g e  discrepancy between budgeted 
and actual amounts. 

I n  choosing the most r e c e n t  a c t u a l  revenue l e v e l s  as t h e  guide  to t h e  
f u t u r e ,  s e v e r a l  assumptions are made. F i r s t ,  it is assumed t h a t  t ax  rates 
w i l l  n o t  change. While t h i s  is probably n o t  a reliable assumption, t h e  al- 
t e r n a t i v e  is to project t h e  behavior  of e l e c t e d  o f f i c i a l s ,  many of whom have 
n o t  y e t  been elected, s i n c e  it is t h e s e  o f f i c e h o l d e r s  who set t a x  rates. The 
"no change" assumption s e e m s  t h e  more conse rva t ive  of t h e  t w o  a l t e r n a t i v e s .  

A similar set of  assumptions ( t h a t  is, no change) applies to t h e  l e v e l  of 
charges  f o r  s e r v i c e s ,  such as  u t i l i t y  rates, and d i s t r i b u t i o n  formulas for 
State and Fede ra l  t r a n s f e r s .  Again, it is no t  f e l t  t h a t  t h e s e  items w i l l  
never change, bu t  t h a t  p r e d i c t i n g  t h e  d i r e c t i o n  and t iming of  such changes is 
less reliable than assuming no change. 

I n  essence,  t h e  use of  the  most r e c e n t  a c t u a l  revenue l e v e l  combined wi th  
t h e  per-capita or per-housing-unit  p r o j e c t i o n  method i n d i c a t e s  what revenue 
l e v e l s  would be i f  c u r r e n t  c o n d i t i o n s  cont inued i n t o  t h e  f u t u r e .  

There are some excep t ions  to t h e  u s e  o f  t he  per-capita or per-housing-unit  
p r o j e c t i o n  method. Some revenue sources  are c l e a r l y  independent o f  local  pop- 
u l a t i o n  or household l e v e l s ,  because of t h e  n a t u r e  o f  t h e  t a x  base or because 
o f  t h e  d i s t r i b u t i o n  formula. For example, i n  some c o u n t i e s  i n  New Mexico, o i l  
and gas  product ion  ( severance)  t axes  are an important  revenue source.  These 
t a x e s  are based on t h e  l e v e l  o f  o i l  and gas product ion  i n  t h e s e  coun t i e s ,  a 
tax base t h a t  is no t  in f luenced  by popula t ion  or t h e  housing stock. 

Four a l t e r n a t i v e s  are a v a i l a b l e  f o r  t h e  p r o j e c t i o n  of  such a revenue 
source.  F i r s t ,  an independent p r o j e c t i o n  of t h e  t a x  base may be used. How- 
eve r ,  such p r o j e c t i o n s  are f r e q u e n t l y  unavai lab le .  A second p o s s i b i l i t y  is to 
gene ra t e  a p r o j e c t i o n  o f  t h e  base,  a process t h a t  is u s u a l l y  too time-consuming 
(and expensive) f o r  an impact a n a l y s i s .  The t h i r d  approach is to r e l y  on re- ' 
c e n t  trends i n  t he  base--or i n  t h e  t ax  revenue i t s e l f .  Th i s  is o f t e n  t h e  best 
a l t e r n a t i v e ,  given the  l i m i t s  of t i m e  and budget,  b u t  t h e r e  are s i t u a t i o n s  i n  
which it is not  appropriate. 
product ion t a x e s  mentioned above, t h e  r e c e n t  h i s t o r y  of t h e  indus t ry  shows 
g r e a t  f l u c t u a t i o n s  i n  t h i s  source o f  revenue i n  s o m e  coun t i e s .  As a r e s u l t ,  
no s t a t i s t i c a l l y  r e l i a b l e  r e c e n t  t r end  can be  i s o l a t e d .  This  makes  it neces- 
s a r y  to u s e  t h e  f o u r t h  method, which is to assume no change i n  t h e  total  (as 

For example, i n  t h e  case o f  t h e  o i l  and g a s  
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! opposed to per-capita) l e v e l  o f  t h i s  source of  revenuq. While t h i s  is t h e  
most conse rva t ive  assumption under t h e  c i rcumstanc  leads to problems 
when projected revenues are compared wi th  projecte d i t u r e s .  More w i l l  
be  s a i d  about  t h i s  problem a f t e r  expend i tu re -p ro jec t io  hods are d i scussed  
below. 

There are also except ions  to  t h e  use of t h e  m o  
l e v e l  f o r  p r o j e c t i o n s ,  even when per-capita or per-housing-uni.t p r o j e c t i o n s  
are used. These except ions  are g e n e r a l l y  made f o r  those  nonrecur r ing  revenue 
items mentioned above (bond proceeds and government t r a n s f e r s )  t h a t  may have 
occurred i n  t h e  most r e c e n t  year .  I n  t h e  case o f  bond proceeds, it is gener- 
a l l y  assumed t h a t  no bond sales w i l l  occur un le s s  a s p e c i f i c  bond i s s u e  has  
been planned. For government t r a n s f e r s ,  t h e  general ru le  is t h a t  t h e  most 
r ecen t  year  is used except  f o r  those  programs t h a t  are obviously not  r ecu r r ing .  

The same g e n e r a l  methods are used to project revenues r e s u l t i n g  from t h e  
impact of  t h e  proposed ac t ion .  However, i f  t h e  proposed a c t i o n  r e q u i r e s  major 
capi ta l  expendi tures  t h a t  would n o t  be required under b a s e l i n e  cond i t ions ,  an 
attempt is made to project t h e  magnitude and t iming o f  bond revenues to f i -  
nance t h e  expendi tures .  

Table L-19 shows t h e  s p e c i f i c  p r o j e c t i o n  methods used f o r  m u n i c i p a l i t i e s  
and c o u n t i e s  i n  New Mexico. I n  most i n s t a n c e s  t h e  per-capita m u l t i p l i e r  is 
used. There are t h r e e  reasons  f o r  choosing t h i s  method. F i r s t ,  i n  many cases 
(e.g., gross receipts taxes) it is c l e a r l y  t h e  best a v a i l a b l e  a l t e r n a t i v e .  

I n  some cases it is used even though s o m e  o t h e r  method is c l e a r l y  b e t t e r .  
An example o f  t h i s  is Taylor Grazing A c t  f e e s  (a Federal t r a n s f e r )  going to  
t h e  county. S ince  t h e  base is independent of  popula t ion ,  t h e s e  f e e s  would no t  
be  expected to r ise  i n  p ropor t ion  to county popula t ion .  However, t h e  actual 
amount of  revenue from t h i s  source  is so small t h a t  making an independent pro- 
j e c t i o n  or assuming ,no change would involve  computat ional  complexi t ies  no t  
o f f s e t  by a measurable improvement i n  t h e  r e l i a b i l i t y  of  t h e  o v e r a l l  revenue 
p r o j e c t i o n .  Therefore ,  t h i s  source is included , w i t h  o t h e r  Federa l  t r a n s f e r s ,  
and t h e  e n t i r e  subgroup is projected on a per-capita b a s i s .  , 

A t h i r d  group o f  revenue items is p r o j e c t e d  on a per-cap 
though populat ion represents only one of t h e  determining fac 
revenue l e v e l .  This group inc ludes  gaso l ine- tax ,  cigarette-tax, and auto- 
license d i s t r i b u t i o n s  from t h e  S t a t e ,  ali of  which have d i s t r i b u t i o n  formulas  
i n  which popu la t ion  is only  one f a c t o r .  However, it can be shown t h a t ,  i f  t h e  
o t h e r  items i n  t h e  d i s t r i b u t i o n  formula i n c r e a s e  i n  prop t i o n  to population, 
then  per-capita p r o j e c t i o n  methods, are -a&ropriate c o g i t i o n .  is l i k e l y  
to  be  m e t  f a i r l y  c l o s e l y  when comparing revenu a s e l i n e  .and impact 
cond i t ions .  For example, i n  c a l c u l a t i n g  g a s o l  ax  d i s t r i b u t i o n s  t h e  r a t io  
o f  roads i n  t h e  local j u r i s d i c t i b n  to roads i n  t h e  S tage  is 
popula t ion .  I f  t h e  number o f  miles of road i n  a local area 
p a l i t y )  is h igher  under impact c o n d i t i o n s  than  under b a s e l i n e  c o n d i t i o n s  i n  
rough p ropor t ion  to t h e  r e l a t i v e  popula t ion  l e v e l s  u n d e r , t h e  two cond i t ions ,  
then t h e  per-capita sha re  of  gaso l ine- tax  d i s t r i b u t i o n s  w i l l '  be  t h e  same under 
both  cond i t ions .  Thus, t h e  use  of t h e  per-capita pr method may s o m e -  
what bias t h e  b a s e l i n e  revenue p r o j e c t i o n s ,  bu t  w i l l  e l y  accurate i n  
comparing b a s e l i n e  and impact condi t ions .  

- 
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Revenue items pro jec ted  on the basis of housing u n i t s  include u t i l i t y  
fees, property taxes ,  and fees (e.g., bui lding permits), s ince  these are more 
c l o s e l y  related to the  number of housing u n i t s  than to population. 

The only i t e m  projected to show no change i n  the total  revenue l e v e l  i n  
the  t w o  examples shown is the  o i l  and gas  t a x  category f o r  the county. 

L . 7 . 2  Expenditures 

As w i t h  revenues, t h e  p ro jec t ion  methods used for county and municipal 
expendi tures  are e s s e n t i a l l y  t h e  same. The process begins with t h e  acquis i -  
t i o n  of data from the same sources  as those for revenues. Spending f o r  sev- 
eral  yea r s  is then converted to cons tan t  dollars by using the  Gross National 
Product Price Index. Municipal expendi tures  are allocated by fund, while  
county expendi tures  are a l loca ted  by se rv ice  func t ion  (e.g., public works, 
pub l i c  s a f e t y ) ,  as dictated by the format of the  o r i g i n a l  data .  

Once t h e  data are i n  cons tan t  dollars, they are examined f o r  major trends 
and nonrecurring items, which are noted and accounted fo r  i n  t h e  projection 
process . 

After  a prel iminary ana lys i s  of the  data, t h e  p ro jec t ions  are made. The 
methods used are a combination of the  per-capita mul t ip l i e r  and the case s tudy  
method, as set f o r t h  i n  The F i s c a l  Impact Handbook. Bas ica l ly ,  t h i s  involves 
p ro jec t ing  f u t u r e  expendi tures  on t h e  basis of t h e  m o s t  r ecent  a c t u a l  per- 
capita levels, except  t h a t  nonrecurring capital-spending items are excluded. 

The p ro jec t ions  made i n  t h e  ana lys i s  of demands for community se rv ices  and 
fac i l i t i es  provide the basis for the  capital-spending forecasts. If these  
p ro jec t ions  indicate excess  capac i ty  for a p a r t i c u l a r  capital f a c i l i t y  f o r  t h e  
per iod under ana lys i s ,  only recur r ing  capital expendi tures  are included i n  t h e  
se rv ice  function. On t h e  other hand, i f  a capital f a c i l i t y  is pro jec ted  to 
become inadequate i n  the  fu tu re ,  estimates of expansion costs are included i n  
the forecasts. Recurring capital spending is based on s ta tewide,  county, or 
municipal averages,  der ived from Department of Finance and Administration 
annual reports. Capital-f a c i l i t y  costs are derived f ran var ious  sources gen- 
e r a l l y  i n  the bui ld ing  industry;  they are expressed i n  terms of annual debt  
se rv ice .  

The same genera l  methods apply to base l ine  and impact pro jec t ions .  I n  
both cases the  approach is to isolate the factors t h a t  w i l l  r e s u l t  i n  devia- 
t i o n s  from recent  per-capita spending l e v e l s  and to incorporate  those changes 
i n t o  sperding p ro jec t ions .  

L . 7 . 3  N e t  Fiscal Impacts 

The underlying philosophy used to make base l ine  p ro jec t ions  of revenues and 
expendi tures  is somewhat d i f f e r e n t  from t h a t  used to make impact projections, 
although the  methods used i n  each case are similar. Basel ine p ro jec t ions  are 

n 
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used to judge impacts. As a r e s u l t ,  less de ta i l  goes  i n t o  t he  b a s e l i n e  projec- 
t i o n s .  For example, for coun t i e s ,  a l l  spending is projected to grow i n  propor- 
t i o n  to popula t ion  under b a s e l i n e  cond i t ions ,  wh i l e  some revenue items may n o t  
be projected to grow. Th i s  can r e s u l t  i n  a projected def ic i t  f o r  a county. 
However, t he  proper i n t e r p r e t a t i o n '  of t h i s  r e s u l t  is n o t  t h a t  t h e  county is 
n e c e s s a r i l y  f a c i n g  f iscal  d i f f i c u i t i e s ,  bu t  rather t h a t ,  i f  spending grows i n  
p ropor t ion  to popula t ion ,  some revenue sources  w i l l  have to inc rease  by more 
than  the  projected amount. As an a l t e r n a t i v e ,  spending (and s e r v i c e )  l e v e l s  
may be reduced from c u r r e n t  per-capita levels. 

N o  matter what f iscal  adjustments  may be made under b a s e l i n e  cond i t ions ,  
t h e  b a s e l i n e  p r o j e c t i o n s  are intended to i n d i c a t e  orders of 'magnitude for 
spending and revenues during t h e  period under a n a l y s i s . '  

On the  other hand, fiscal-impact p r o j e c t i o n s  are intended to show, w i t h  as 
much accuracy as possible, given his tor ical  d a t a  and informat ion  obta ined  i n  
in t e rv i ews  w i t h  local officials,  the a c t u a l  l i k e l y  fiscal effect of t h e  pro- 
posed ac t ion .  Every e f f o r t  is made to inc lude  i n  the  a n a l y s i s  on ly  the  f iscal  
impacts induced by the  proposed ac t ion .  Thus, a projected f iscal  de f i c i t  or 
s u r p l u s  associated w i t h  t h e  proposed a c t i o n  should be i n t e r p r e t e d  as such. 
N o t  on ly  is greater de ta i l  incorpora ted  i n t o  impact p r o j e c t i o n s ,  bu t  g e n e r a l l y  
these p r o j e c t i o n s  c a n , b e  made w i t h  g r e a t e r  r e l i a b i l i t y  than  can b a s e l i n e  pro- 
j e c t i o n s .  For example, p r o j e c t i n g  o i l  and gas  t a x  revenues causes  problems 
under b a s e l i n e  cond i t ions ,  but  s i n c e  o i l  and g a s  product ion  g e n e r a l l y  is n o t  
expected to be affected by t h e  proposed project, no change i n  these revenues 
is a t t r i b u t a b l e  to the  project, regardless of what happens to o i l  and gas 
t axes .  

. .  
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I n  an a r t i c l e  e n t i t l e d  "An Appraisal of Non-Survey Techniques f o r  
Estimating Regional Input-Output Models," David G. McMenamin and Joseph 
Haring s ta te  t h a t :  

"Non-survey o r  minimum-survey methods f o r  cons t ruc t ing  reg iona l  
input-output t a b l e s  are attractive t o  model bu i lde r s  because of 
t h e  r e l a t i v e l y  s m a l l  cos t  involved as compared with f u l l  survey 
models. " (9) 

McMenamin and Haring go on t o  state that many of t h e  non-survey tech- 
n i  ues have not  been highly successfu l  i n  t h e  pas t ,  but r ecen t ly  accuracy 
seems t o  have improved by t h e  use of newly developed techniques. Indeed, 
t h e  f u l l  survey method of bu i ld ing  input-output t a b l e s  is cos t ly .  While 
records  are r a t h e r  poor, i t  is estimated t h a t  t h e  1960 New Mexico t a b l e  cos t  
approximately $100,000 t o  cons t ruc t  and work was accomplished over a three- 
year period. 
t h e  full-survey type would probably cos t  well over $100,000. 

Recent estimates ind ica t e  t h a t  a new t a b l e  f o r  New Mexico of 

Such c o s t s  f o r  a full-survey t a b l e  f o r  r e l a t i v e l y  small states makes 
t h e  non-survey technique d e s i r a b l e  i n  terms of a v a i l a b l e  resources.  How- 
ever, t h e  l e v e l  of accuracy of t h e  non-survey technique t a b l e  is s t i l l  i n  
question. Therefore, i n  t h i s  study, an in-depth examination of several 
a spec t s  of t h e  l o c a t i o n  quot ien t  adjustment process f o r  der iv ing  a non- 
survey input-output t a b l e  from na t iona l  c o e f f i c i e n t s  w a s  undertaken. I n  
performing t h e  t a sk ,  two bas i c  ques t ions  w e r e  answered: 
be constructed wi th  a v a i l a b l e  d a t a  and a v a i l a b l e  techniques? and (2) how 
does t h e  t a b l e  compare wi th  a full-survey based t a b l e ?  

(1) can t h e  t a b l e  

The r e s u l t s  of t h i s  study could be extremely important no t  only t o  t h e  
research  work being conducted a t  the  University of New Mexico, but t o  the  
State i n  general .  
l i t t l e  updating has occurred (2, Appendix A). 
w a s  made of t h i s  o r i g i n a l  survey-based t a b l e  t o  determine i f  a household 
s e c t o r  could be added t o  the  d i r e c t  c o e f f i c i e n t s  t a b l e  given t h e  information 
a v a i l a b l e  from the  na t iona l  level. This w a s  accomplished i n  1971. Bas ica l ly ,  
t h i s  c o n s t i t u t e s  t h e  updating of t h e  o r i g i n a l  1960 t a b l e .  

Since the 1960 New Mexico full-survey table w a s  compiled, 
I n  e a r l y  1970 an examination 

It i s  apparent t h a t  s ince  t h e  economic sec to r  mix and t h e  level of sophis- 
t i c a t i o n  of t h e  economy has changed s i g n i f i c a n t l y  s ince  1960, t h e  va lue  of t h e  
1960 t a b l e  f o r  research  work is questionable. I n  t h i s  study, a non-survey 
1960 t a b l e  w a s  derived from a v a i l a b l e  information and then compared t o  t h e  
full-survey t a b l e  i n  order t o  determine t h e  level of accuracy of t h e  non- 
survey technique. Since t h e  tests proved pos i t i ve ,  t h e  BBER used t h e  tech- 
nique t o  cons t ruc t  a non-survey 1972 t a b l e  f o r  t h e  S t a t e .  

METHOD 

The bas i c  method employed i n  t h i s  study cen te r s  around t h e  use of loca- 
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t i o n  quot ien ts  f o r  determining t h e  adjustment t o  be made t o  t h e  d i r e c t  co- 
e f f i c i e n t s  of t h e  United S t a t e s  input-output t a b l e  i n  order t o  produce a 
r eg iona l  d i r e c t  c o e f f i c i e n t  input-output t ab le .  
input-output t a b l e  of d i r e c t  c o e f f i c i e n t s  f o r  t h e  N e w  Mexico economy of 1960. 
Consequently, t h e  loca t ion  quo t i en t s  w e r e  those f o r  t h e  period 1960 while t h e  
na t iona l  survey c o e f f i c i e n t s  are from 1963. 
na ive  assumptions t h a t  t h e  c o e f f i c i e n t s  d id  not change between 1960 and 1963, 
and t h a t  on t h e  average t h e  techniques of production i n  New Mexico are similar 
t o  those i n  t h e  United S t a t e s ,  a t  least i n  t h e  1960-1963 period. 

The r e s u l t  is a non-survey @ 

The method the re fo re  makes t h e  

The ob jec t ive  of t h i s  paper i s  not t o  engage i n  a d ig res s ion  of t h e  rela- 
t ive p o s i t i v e  and negative a spec t s  of t h e  input-output technique i t s e l f ,  but 
i t  does seem i n  order t o  d i s c u s s  t h e  assumption t h a t  t he  techniques used i n  
production are constant t o  a s p e c i f i c  indus t ry  regard less  of i t s  geographic 
loca t ion  o r  s i ze .  Bas ica l ly ,  a survey-derived input-output t a b l e  f o r  a 
s p e c i f i c  reg ion  should po in t  ou t  t h e  va r ious  techniques used i n  production 
when that t a b l e  is compared wi th  a t a b l e  compiled f o r  any o the r  region. 
would expect some d i f f e rences ;  f o r  example, t h e  use  of labor as a quant i ty  
input  t o  production would vary from region  t o  region depending upon t h e  
a l t e r n a t i v e  c o s t s  i n  t h e  production of a product, recognizing t h e  f a c t  t h a t  
t h e  producer minimizes h i s  c o s t  and t h a t  t h e  labor  c o s t s  relative t o  t h e  
p r i c e  of o ther  i npu t s  vary  from region  t o  region. 

W e  

The  non-survey technique employed i n  t h i s  study, however, cannot take 

I n  t h i s  way t h e  non-survey t a b l e  
t h e  varying techniques of production under cons idera t ion  because t h e  process 
of adjustment does not account f o r  them. 
d i f f e r s  from t h e  region-specific survey type model. 

Although many o ther  minor d i s s i m i l a r i t i e s  can be d is t inguished ,  one o ther  
major d i s t i n c t i o n  i n  t h i s  method e x i s t s .  
t i o n  that normally occurs, no t  i n  t h e  building of t h e  model bu t  i n  i t s  use. 
I n  employing an  1-0 model f o r  der iv ing  t h e  impact of changes t o  a s p e c i f i c  
indus t ry  i n  terms of s i z e  o r  production levels, o r  f o r  t h e  a d d i t i o n  o r  dele- 
t i o n  of i n d u s t r i e s  i n  an  area, normally we make t h e  assumption that a s p e c i f i c  
_- indus t ry  o r  f i rm  buys input  products from other  f i rms  i n  t h e  area t h a t  appear 
t o  produce those needed products f o r  t h e  production of t h e  buyer 's  products. 
I n  o the r  words, under normal condi t ions ,  t h e  input-output process is not re- 
f ined  t o  t h e  degree needed t o  a d j u s t  f o r  t h e  absence of a s p e c i f i c  product 
needed from t h e  e x i s t i n g  indus t ry  t h a t  appears t o  produce t h e  input  simply 
because t h e  Standard I n d u s t r i a l  C l a s s i f i c a t i o n  code l i s t i n g  encompasses that 
s p e c i f i c  input.  

This v a r i a t i o n  concerns an  assump- 

I n  t h e  bui ld ing  of a survey-type input-output m o d e l  t h i s  assumption is 
not needed, s ince  t h e  inpu t s  are t raced  t o  domestic producers i n  t h e  e x i s t i n g  
economy o r  t h e  input  is designated as an  import. However, i n  t h e  non-survey 
technique of building t h e  input-output model, an assumption is a l s o  made t h a t  
if t h e  indus t ry  exists i n  the  area, the  product is bought i n  the  area, and 
thus it is ava i l ab le .  The loca t ion  quot ien t  does nothing more than ad jus t  
t h e  l e v e l  of purchasing of t h a t  s p e c i f i c  input.  Therefore, under normal 
conai t ions ,  it may be assumed that t h e  non-survey technique employed i n  t h i s  
study could s l i g h t l y  overestimate t h e  purchasing of t h e  requi red  input-product 
from e x i s t i n g  i n d u s t r i e s  i n  t h e  area by another e x i s t i n g  industry.  This could 
possibly underestimate t h e  importation of needed inpu t s  by any one s p e c i f i c  
industry.  On the  o ther  hand, s i n c e  a f i rm  is c l a s s i f i e d  by t h e  major product 
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(or service) i t  produces, then some product ident i f ica t ion  is obscured through 
c l a s s i f i ca t ion  and the  r e s u l t  is an underestimate of avai lable  products. 
lat ter s i t ua t ion  appears t o  be the lesser of the two-sided problem. 

The errs 
Turning t o  the  spec i f ic  method used i n  t h i s  study, the f i r s t  matter t o  

Two types of 
consider is  that of the  adjustment technique, spec i f ica l ly ,  the  location- 
quotient der ivat ion and i ts  appl icat ion t o  the U.S. table.  
locat ion quot ients  w e r e  used i n  t h i s  study. The f i r s t  is the  t r ad i t i ona l  
type, which i s  a comparison of the r e l a t i v e  importance of an industry i n  a 
region with its relative importance i n  the Nation, by use of employment figures.  
Secondly, the output-location quotient accomplishes the same comparison; how- 
ever, instead of employment, the  do l l a r  volume of output i s  used. 

The following is a descr ipt ion of the locat ion quotients employed. 

LOCATION QUOTIENTS 

Employment Location Quotient 

. I n  i t s  simplest form the employment-location quotient i s  defined f o r  the  
i t h  industry as: 

where : 

ELQ is defined as the Employment-Location Quotient; 
e i  is the regional (New Mexico) employment i n  the ith industry; 
e is  the t o t a l  employment i n  the region (New Mexico); 
E i  is  the  nat ional  ( t o t a l )  employment i n  the ith industry; 
E is  the  t o t a l  nat ional  employment (13,14). 

If the  loca t ion  quotient is 'equal t o  1, we assume tha t  the region is self- 
su f f i c i en t  i n  that industry. T h a t  is, on t he  average, the region is  producing 
its domestic needs spec i f ic  t o  t h a t  industry. 
less than 1, the region is probably not producing its domestic needs i n  rela- 
t i o n  t o  that industry,  and therefore  pa r t  of the  industry-specific consumption 
of t ha t  region i s .neckssar i ly  imported. On the other hand, i f  t he  locat ion 
quotient is  more than one, we assume t h a t  the  region is  producing goods f o r  
export.1 Several basic  qua l i f ica t ions 'a re  necessary i n  order f o r  t he  locat ion 
quotient t o  be a r e a l i s t i c - t o o l .  

I f  the  locat ion quotient is 

. 

" - I  

One necessary assumption I s  that the  consumption pa t te rns  f o r  each region 
are analogous t o  those of t he  nation as a whole, and t h a t  a l l  production i n  
the  United S ta tes  is  consumed domestically. 
consumption is not 100 percent domestic, 'then a locat ion quotient f o r  any 
spec i f ic  industry which is  equal t o  uni ty  does not necessar i ly  mean t h a t  
t h a t  industry is j u s t  self-suff ic ient .  It may i n  f a c t  be a net  exporter. 

W e  can easkly see that i f  the  

Moreover, i f  nat ional  consumption of a spec i f ic  product warrants impor- 
t a t i o n  of that product, a Location quotient greater  than uni ty  may be needed 
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f o r  an industry t o  be self-suff ic ient  i n  the production of that spec i f ic  
product. However, i f  we assume that the consumption pat terns  are f a i r l y  
equal from region t o  region, and t h a t  imports and exports a r e  small rela- 
tive t o  t o t a l  production, then the location quotient concept is  in tu i t i ve ly  
a log ica l  too l  fo r  the adjustment process. 

Output-Location Quotients 

Basically, those def ic iencies  and posi t ive aspects of the employment- 
The output- locat ion quotient hold t rue  fo r  the output-location quotient. 

location quotient is  defined as: 

where: 

XLQ is defined as the dol la r  out ut-location quotient; 
x i  is  the  dol la r  output of the ith industry i n  the region .(New Mexico); 
x is  the dol la r  output of a l l  industry (Gross State Product) i n  the 

X i  is the dol la r  output nat ional ly  of the ith industry; 
X is the t o t a l  do l la r  output of a l l  industry (Gross National Product) 

region (New Mexico) ; 

i n  the  nation. 

W e  should note a t  t h i s  point t h a t  the output-location quotient is a non- 
t r ad i t i ona l  locat ion quotient. 
necessary i n  t h i s  study simply because employment location quotients-do not 
properly represent an adjustment fac tor  f o r  cer ta in  industries.  
because of the incompleteness of data on employment i n  ce r t a in  industr ies  or  
the simple non-existence of cer ta in  types of data needed t o  make the employ- 
ment-location quotient a workable too l  f o r  other industr ies  (par t icular ly  
agr icul ture) .  

The use of the output-location quotient is  

This is t r u e  

Direct Coefficients 

The objective of t h i s  study i s  t o  produce a tab le  of d i r ec t  coeff ic ients  
f o r  a region by adjusting the nat ional  technical d i r ec t  coeff ic ients  from the  
1963 nat ional  study. The U.S. study used i n  t h i s  research consis ts  of 352 
endogenous sec tors  plus 27 exogenous sectors  including such things as house- 
hold, inventory-evaluation adjustment, ne t  inventory change and government 
expenditures i n  addition t o  ne t  exports and imports (23). 

Procedure fo r  Adjustment 

Theorctically, the use of locat ion quotients t o  adjust  the nat ional  input- 
output coef f ic ien ts  can be j u s t i f i e d  by the  assumption that i f  an industry i n  
an area is not of average s i ze ,  then it  cannot supply a l l  of the needs of other 
industr ies  Ln terms of product inputs. The adjustment procedure using location 
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quo t i en t s  assumes that the  s e l l i n g  i n d u s t r i e s  are ab le  t o  supply a product t o  
the  buying i n d u s t r i e s  i n  r e l i t i o n  t o  t h e i r  s i z e .  
determined by both the  indus t ry ' s  employment and output. 

Their s i z e  i n  the  study is  

The loca t ion  quot ien ts ,  having once been computed, are used as adjustment 
f a c t o r s  on a row-by-row b a s i s  t o  t h e  na t iona l  t ab le .  
which is  g r e a t e r  than 1 i nd ica t e s  i n  the  most bas ic  terms t h a t  t h a t  indus t ry  
i s  an exporting industry.  That is, since it  produces more, o r  employs more 
people than t h e  average industry employs f o r  t he  domestic l oca t ion  i n  which 
i t  is  set, then t h e  excess product is' exported and i t  becomes a n e t  exporting 
indus t ry .  For those i n d u s t r i e s  which had a loca t ion  quot ien t  g rea t e r  than 1, 
we assumed t h a t  they continued t o  buy input  products i n  a similar fash ion  t o  
t h a t  of t he  average indus t ry  ac ross  t h e  United S t a t e s ;  t he re fo re ,  any upward 
adjustment i n  t h e  d i r e c t  c o e f f i c i e n t s  on t h e  na t iona l  t a b l e  would ind ica t e  
t h a t  t h a t  s p e c i f i c  indus t ry  is  s e l l i n g  more of a product, percentage-wise, 
t o  a region-specific indus t ry  than t h a t  indus t ry  can use. This assumption, 
of course,  would be u n r e a l i s t i c .  Therefore, a l l  l oca t ion  quo t i en t s  which 
were g r e a t e r  than 1 were set  t o  a constant f a c t o r  of unity.  This s i t u a t i o n  
means t h a t  t he  s e l l i n g  indus t ry ,  with a loca t ion  quot ien t  of un i ty ,  provides 
no more or  no less than the  products needed as inputs  t o  o ther  i ndus t r i e s .  

Any loca t ion  quot ien t  

Data Limitations and Locatioa-Quotient Computation 

I n  t ry ing  t o  gather da t a  t o  compute t h e  needed loca t ion  quo t i en t s  f o r  
352 endogenous s e c t o r s ,  t h e  obvious conclusion is  that the  f i n e r  t h e  break- 
out  of t h e  sub-industries of any major indus t ry ,  t h e  more l imi t ed  t h e  da ta .  
For example, exce l l en t  wage- and salary-employment s t a t i s t i c s  are a v a i l a b l e  
f o r  a complete year a t  the  two-digit SIC code level f o r  a l l  manufacturing 
i n d u s t r i e s .  However, when t h e  i n d u s t r i e s  are disaggregated t o  a bas i c  four- 
d i g i t  SIC code level, then the  da t a  becomes harder t o  obtain.  Those employ- 
ment da t a  which are a v a i l a b l e  a t  t h e  four -d ig i t  SIC code level are published 
only once a year f o r  t h e  first qua r t e r  of t h e  year. Therefore, when comput- 
i ng  t h e  employment loca t ion  quot ien ts ,  use of year-round d a t a  a t  t h e  four- 
d i g i t  SIC code l e v e l  w a s  impossible, and only f i r s t - q u a r t e r  information w a s  
used. 

This s i t u a t i o n  could lead t o  a problem: t h e  f i r s t  quar te r  may not be 
r ep resen ta t ive  of t he  employment i n  t h e  industry,, s ince  (1) t h e  indus t ry  may 
expand o r  con t r ac t  throughout t h e  year and t h e ' l e v e l  i n  t h e  f i r s t  quar te r  
is not t h e  average f o r  t-he year and (2) many i n d u s t r i e s  are bese t  with 
seasonal employment and t h e  f i r s t  quar te r  nationwide is normally t h e  slowest 
qua r t e r  of t h e  year. Therefore, employment i n  t h e  f i r s t  qua r t e r  i n  many cases  
would not be r ep resen ta t ive  of t h e  t o t a l ,  year because of seasonal f l uc tua t ion .  

To e l imina te  p a r t  o f . t h e  problem of using f i r s t - q u a r t e r  da t a ,  t h e  1960 
f i r s t - q u a r t e r  d a t a  could be averaged with t h e  1961 d a t a  t o  produce a f i g u r e  
which probably would be c lose r  t o  t h e  1960 average than that produced by using 
t h e  f i r s t - q u a r t e r  data. ,However, since t h i s  procedure would involve averaging 
two qua r t e r s  from the'same t i m e  of t h e  year,  no adjustment would be made f o r  
seasonal f l uc tua t ion .  
appeared t o  be a f r u i t l e s s  t a s k  s ince  i n  computation of t h e  loca t ion  quo t i en t s  
by both methods, very l i t t l e  d i f f e rence  occurs i n  t h e  r e s u l t s .  

The e f f o r t  i n  making such an averaging adjustment 

This f a c t  can 
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be accounted f o r  because a region i n  most cases would experience t h e  same 
f l u c t u a t i o n s  i n  employment f o r  any s p e c i f i c  indus t ry  that t h e  na t ion  would 
i n  t h e  very sho r t  run. 
qua r t e r  da t a  f o r  1960 would be as r e l evan t  t o  t h e  s i t u a t i o n  as t h e  average 
of t h e  f i r s t  qua r t e r s  of 1960 and 1961. The employment-location quo t i en t s  
w e r e  therefore  applied t o  a l l  of t h e  manufacturing sec tors .  

Therefore, i t  w a s  decided t h a t  t h e  use of f i r s t -  

While i t  would have been p re fe rab le  t o  use  employment-location quo t i en t s  
f o r  a l l  s e c t o r s  defined i n  the  na t iona l  t a b l e ,  such a plan w a s  not poss ib l e  
considering the  l i m i t a t i o n s  of t h e  da ta .  For example, very l i t t l e  information 
i s  a v a i l a b l e  on employment i n  t h e  a g r i c u l t u r a l  s ec to r  f o r  t h e  sub-industry 
ca tegor ies  l i s t e d  on t h e  na t iona l  t ab le .  A f i g u r e  f o r  employment i n  a l l  
a g r i c u l t u r e ,  of course,  is  a v a i l a b l e  (24). However, when t ry ing  t o  l o c a t e  
employment i n  da i ry  farms, o r  f o r  poul t ry  and egg production, o r  i n  meat 
animal and miscellaneous l i ves tock  products, o r  i n  co t ton ,  etc.,  t he  t a s k  
is  highly d i f f i c u l t  i f  not impossible. Furthermore, i f  f i g u r e s  can be lo- 
ca ted ,  t he re  is  no guarantee t h a t  those f i g u r e s  are inc lus ive  of t h e  t o t a l  
employment i n  that indus t ry ,  s ince  many of t h e  production u n i t s  i n  t h e  ag r i -  
c u l t u r a l  indus t ry  are nothing more than "ma and pa" operations,  wi th  employ- 
ment of t he  p ropr i e to r  r a r e l y  counted i n  t h e  employment s ta t is t ics  a t  t h e  
sub-industry level. Therefore, a f t e r  c a r e f u l  examination of t he  problems 
involved i n  t ry ing  t o  use employment-location quot ien ts  for the a g r i c u l t u r a l  
s e c t o r ,  a dec is ion  w a s  made t o  use  a non- t rad i t iona l  l oca t ion  quot ien t  which 
w e  have c a l l e d  an output-location quot ien t  (as  explained i n  the  foregoing 
sec t ion  of t h i s  paper ) .  

AGGREGATION OF THE NATIONAL TABLE 

While t h e  ob jec t ive  of t h i s  study i s  t o  produce a nonsurvey input-output 
table ,  the  o v e r a l l  r e s u l t  of t h e  study can be s a i d  t o  include a comparison of 
t h e  nonsurrey t a b l e  wi th  a survey d a t a  t a b l e  f o r  New Mexico of 1960. 
New Mexico t a b l e  contained 42 endogenous s e c t o r s  (2). I n  order t o  make such 
a comparis m, t h e  352 endogenous s e c t o r s  i n  t h e  na t iona l  t a b l e  must be aggre- 
gated t o  t t e  42 sec to r  level. Note that 292 of t h e  352 s e c t o r s  a r e - s p e c i f i c  
t o  manufac-uring b a s i c a l l y  a t  t h e  fou r -d ig i t  SIC code level. Therefore, t h e  
manufacturing po r t ion  of t he  t a b l e  makes up near ly  83 percent of t h e  t o t a l  
s e c t o r s  de:ined i n  t h e  na t iona l  t ab le .  While aggregation is necessary due 
t o  the  obj x t i v e  of t h e  study, i t  should a l s o  be d e s i r a b l e  f o r  any region 
which c o u l l  be defined below t h e  n a t i o n a l  l e v e l  because a high p robab i l i t y  
e x i s t s  thal: something less than t h e  292 defined manufacturing sec to r s  e x i s t  
i n  that  region. . 
small manutacturing sec to r  t h a t  comprised approximately 7 percent of t o t a l  
wage and s a l a r y  employment i n  1960 (33). 

The 1960 

This premise  is p a r t i c u l a r l y  t r u e  i n  New Mexico with its 

The a:gregation process could have been accomplished using several means. 
F i r s t ,  a s i m p l e  averaging of t h e  c o e f f i c i e n t s  f o r  each by adding together each 
of t h e  na t iona l  s e c t o r s  i n t o  i t s  r e spec t ive  New Mexico s e c t o r ,  and then divid- 
ing by the  number of s e c t o r s  included. Obviously, t h i s  is  a naive approach. 
Secondly, the s e c t o r s  could have been averaged by weighting them as t o  t h e i r  
employment, which w a s  apparently done i n  previous research  (Shaffer,  e t c . )  
using t h e  Location-quotient method (13, 14) .  However, a t h i r d  method e x i s t s  
which appeired t o  be b e t t e r .  Estimated output f o r  each of t h e  i d e n t i f i e d  
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national sectors was computed and these sectors were weighted by their out- 
put. Obviously, one of the effects of this method would be the same as using 
employment as a weight -- that is, to give the larger industries in the state 
more influence in the determination of the direct coefficients than the 
smaller industries when two or more industries of unequal size are aggregated 
together. 
by employment size was able to accomplish. The aggregation by volume of out- 
put accounted for varying levels of productivity which exist from industry 
to industry. For those industries which had been adjusted by output location 
quotients the output figures already existed for the aggregation process. 

c3 
However, the third method did something more than the aggregation 

For other industries'which had been adjusted by employment-location 
quotients, estimating output in 1960 was necessary. Luckily, output data 
for 1958 and 1963 existed from the various detailed Censuses of Manufactur- 
ing, Business, etc. for those industries which had been adjusted by employment- 
location quotients (26). -Therefore, the procedure was to arrive at an estimated 
level of output per employee (productivity) using a weighted average for the 
two data years. 
employees to get an estimated total output for that industry or sub-industry 
in 1960. Where possible, the level of productivity was specific to that 
State. However, some sub-industr*ies were so small that no information on a 
state level was given in the various censuses. Therefore, productivity at 
the regional or national level had to be used. 

That output per employee is applied to the number of 

The question arose as to how productivity at the national level compares 
with productivity for the individual states. In order to determine whether 
or not national productivity would be valid measure of local productivity, 
a random sample of five industries was chosen and an analysis was completed 
with from 10 to 20 observations, by state. The results of this analysis 
showed that the variation in productivity was negligible in the five indus- 
tries among the states tested. Therefore, based on this random selection 
of five industries, we concluded that national productivity was a valid 
alternative to statewide productivity when necessary for use in computing 
estimated output. 

COMPARISON 

In this portion of the study; a' description of the comparison between 
the 1960 surveyybased table and the 1960 non-survey table-is given. This 
comparison waspperformed with 39 and not 42 columns. 
the survey-based 1960 New Mexico table had,to be deleted as they were de- 
fined differently in the non-survey:tatile. A comparison test was performed 
that was similar to the test described-by Shaffer and Chu in their article 
on non-survey based. input.-output techniques (14). 

Three sectors from 

. -  . s  , I  

To test the accuracy of the non-survey table, x2 was computed for each 
column in the direct requirements table, taking as the.true values the tech- 
nical coefficients from the survey-based 1960 New Mexico Tnput-Output Table 
published by the UNM Bureau of Business Research. ,Two ccmparisons were made 
between the survey-based table and the direct requirements table with function 
weights: (1) a non-survey table aggregated without the use of location quo- 
tients to the 1960 survey-based table; and (2) a direct requirements table 
with both function weights and location quotients to the 1960 survey-based @ 
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table. 
direct requirements coefficients which were the same as those in the survey- 
based table. An evaluation was made of the results of the tests at the 95 
percent level with 38 degrees of freedom. The results of the tests were as 
follows: for $he direct requirements table without location quotients the 
x2 statistic in 22 of 39 columns was in the rejection interva1,l indicating 
that function weights alone are not enough to produce reasonable accuracy. 
However, for the table - with the location quotients, the x2 statistic was in 
the rejection interval in only 8 of the 39 columns. This figure indicates 
that the location-quotient method produces results that are reasonably close 
to the 1960 survey value. 

The null hypothesis was that the non-survey technique would yield 

CONCLUSION 

In the introduction we stated that two questions were to be answered 
in this study: (1) can the table be constructed with available data and 
techniques? and (2) how does the table compare with a full survey-based 
table? 

First, a non-survey based table obviously can be constructed in the 
The methodology in manner by which it was accomplished in this project. 

this study was considerably more time consuming and difficult than the 
location-quotients adjustment procedbre described in the recent literature 
(9, 11, 13, 14). The procedure of adjusting coefficients previous to aggre- 
gation should be more accurate. Unfortunately, the study cannot attest to 
a difference in accuracy; however, obtaining data for the 352 endogenous 
sectors listed in the national input-output tables of 1963 and 1967 is 
more detailed and difficult than locating data for the more highly aggre- 
gated sectors, such as those appearing in the New Mexico and Washington 
state tables (1, 3, 4). 

The advantage of the lower-cost non-survey technique is significant. 

(A 1972 New Mexico non-survey table 
Compared with a survey-based table, the total time involved in producing 
a non-survey based table is minimal. 
was produced in five weeks using this technique. The cost was less than 
$5,000) . 

The comparison of the location-quotient adjusted non-survey based table 
with the full survey table showed that some columns were significantly 
different. However, analysis of the columns which varied significantly in 
the two tables indicates that certain major sectors accounted for a large 
portion of that variation. For example, five of the six sub-sectors in 
agriculture showed significant variation, and one of the six sub-sectors 
of the mining industry varied significantly. 
were adjusted by output-location quotients and since the mining sector 

Both of these major sectors 

1 with 38 d.f. was computed according to the formula: .05 
n n L = n ( l - ~ + Z ,  ) 3  

9n where n = 38 and Z, = 1.645. 

n 

(Z, is the normal deviate at the 95 percent level.) 
Thus x2.05 = 53.380. 
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Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

Industry 

x2 Value Without 
Locat ion Quo t tent 

x2 Value With 
Locat ion Quotient 

Adjustment Ad j us tment 

Meat Animals 1837.86908 1836.52435 
Dairy Products 3.91990 1.98851 
Feed Grains 121.61327 110.09386 
Cot ton 68.22235 63.40295 
Other Farm Products 79.11645 66.52820 
Agricultural Services 1500.84171 535.16665 
Copper Mining 156.29900 18.90447 
Non-ferrous Ores Mining 126.60604 11.98700 
Crude Oil & Petroleum 19.60852 11.60208 
New Construction, Other 569.80825 70.58260 
Chemical Mining 9.83117 0.80598 
Coal, Stone & Clay Mining & Quarrying 157.44106 15.11602 
Meat Products, Processed 334.29984 54.75327 
Dairy Products, Processed 64.18916 0.17410 
Grain Mill & Baked Products 466.76550 8.19718 
Miscellaneous Food Products 107.07334 3.11619 
Lumber, Wood & Furniture 56.70250 9.85470 
Printing & Publishing 1155.28348 11.25779 
Chemicals, Plastics & Rubber 94.98391 11.31261 
Petroleum Refining 29.28434 0.92766 
Concrete & Stone Products 10.50268 2.07352 
Electrical Equipment & Machinery 95.06541 0.28200 
Fabricated Metal Products 613.84833 0.25926 
Miscellaneous Manufacturing 153.26054 0.92913 
Railroads 20.06416 3.00616 
Other Transportation 7.69775 0.51413 
Gas & Oil Pipelines 17.40511 15.08370 
Communications 11.00637 6.57453 
Electric & Water Utilities 39.57436 2.81252 
Gas Utilities 3321.07094 3320.87176 
Wholesale Trade 21.68048 4.12142 
Retail Trade 4.84526 0.13118 
Finance & Insurance 2.77826 0.67102 
Real Estate 4.20676 1.98422 
Hotels & Motels i 3.75628 0.28428 
Personal Services 69.65323 1.18209 
Business Services 1.58041 0.22846 
Auto Repair 340.81264 1.46602 
Medical & Educational 28.18200 0.15089 
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fared well in the test there is no reason to believe that the output-location 
quotient adjustment accounted for the variation in agriculture. 
concerning agriculture and mining, six of the twelve columns varied signifi- 
cantly between the two tables. 
the total columns which had x2 in the unacceptable range. 

Therefore, 

These columns account for three quarters of 

In manufacturing, only one column showed significant variation between 
This column was meat packing (closely related to the agri- 
This x2 (54 .75)  could be said to be in a marginal range 

the two tables. 
cultural sector). 
of acceptance. 
columns. The variation in the gas-utilities column could be expected since 
the gas-utilities in New Mexico are different in activity compared with the 
national average. The New Mexico gas utilities are both producers and dis- 
tributors and therefore the national coefficients should not and do not 
reflect this vertical integration. 

The gas-utilities colunm had the largest x2 of any of the 

Considering these results, we believe that the non-survey based technique 
used to build a 1960 table for New Mexico is an acceptable procedure and gives 
valid results in a majority of the columns. 
significantly different from the survey-based 1960 table, most problems occur 
in the one sector (agriculture) for which data is very limited. 

For those columns that have x2 
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Attachment B- 1 

With Location Quotlent 
Adjustment 
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Conplete tables will be furnished upon request t o  the Bureau o f  Business and Economic Research, Universi ty 
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Table  M-1. Populat ion Es t imates  and Pro jec t ions :  WIPP Scena r io  Ia 

Car  lsbad Loving 
Eddy School School  Lea  

County Car l sbad  District Loving District County 
G 

Year (99%, (88%, 80%)b (93%, 85%)b (6%, 3%)b (6%, 3%)b  (la, 10%Ib 

1970 4 1  , 119 21,297 25 , 498 1,192 1,350 49 , 554 

197 5 42 , 900 NA NA 1,400 NA 51,600 

1976 45 , 300 25 , 500 29 , 300 1,4,50 1,600 53 , 100 
1977 46,200 26,600 30,400 1 , 500 1,650 55 , 100 
1978 47 , 300 27 , 900 31,600 1,550 1,700 56 , 300 
1979 48,200 28 , 600 32 , 400 1,600 1,750 57 , 500 
1980 49 425 29 , 600 33 , 410 1,660 1,810 58 , 710 

198lC 50,780 30,710 34 , 640 1,680 1 , 830 60,030 
1982 53,430 32,930 37 020 1,790 1,940 61,280 
198 3 54,120 33 , 480 37 , 690 1,800 1,950 62,620 
1984 53 , 880 33,170 37 , 320 1,790 1,940 63,870 

54 , 430 33,360 37,590 1,830 1 , 980 65,230 1985 

1986 55,950 34,360 38,700 1,840 1,990 66 , 540 
1987 57,340 35,230 39 , 680 1,900 2 , 050 67,740 
1988 58., 750 36 , 140 40 , 690 1,950 2 ,100 68,850 
1989 60,150 36 , 940 41,590 2 , 000 2 , 150 69,950 
1990 61,550 37,840 42 , 590 2,050 2,200 70 , 950 

1995d 65,250 40,040 45,090 2 , 150 2 , 300 75,150 

2000 69 , 250 42,540 47 , 890 2 , 300 2 , 500 79 , 050 

2010 73,150 44,940 50,590 2,450 2,600 88 , 150 
~~ ~ 

aIn  scenario I, t h e  direct impact of t h e  WIPP (construction and operation) 
is assumed to be d i s t r i b u t e d  as fol lows:  Carlsbad, 88%; Loving, 6%; rest of Eddy 
County, 5%; Lea County, 1%. The i n d i r e c t  impact is d i s t r i b u t e d  as follows: C a r l s -  
bad, 80%; Loving, 3%; rest o f  Eddy County, 7%; Lea County, 10%. Data computed by 

LarrisThe percentages  given i n  pa ren theses  are the direct and indirect  population 
migra t ion ,  r e s p e c t i v e l y ,  r e s u l t i n g  from t h e  WIPP. Percentages  may vary  because 
of  rounding. 

CConstruct ion of  t h e  WIPP assumed to begin i n  1980. A l l  impacts assumed to 
be static a f t e r  1987. 

dPro jec t ions  for y e a r s  beyond 1995 assume con t inue3  a c t i v i t y  i n  t h e  o i l  and 
gas i n d u s t r y  a t  a ' s t a b l e  but  constant' level .  Present'  p roduct ion  levels  measured 
a g a i n s t  proved o i l  and gas reserves and recovery rates i n d i c a t e ' t h a t  a c t i v i t y  
could  decrease  b e f o r e  1990. However, secondary and tertiary (oil  only) recovery 
procedures  could  prolong a c t i v i t y  beyond t h e  year  2010. 

A d c o c k  and Associates; NA = not  available. 

I .  
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Table M-2. Populat ion E s t i m a t e s  and P ro jec t ions :  WIPP Scena r io  IIa 

Remainder Remainder Hobbs 

Hobbs 
Eddy. of Eddy Lea o f  Lea School  

‘Ountf: (39%) b 
District 

Year ‘Ountg (58%) ( 54 %) b ( 4 % ) b  Countf: (42%) (36%) b (6%) 
Carlsbad County 

1970 

1975 
1976 
1977 
1978 
1979 
1980 

19 8 lC 
1982 
198 3 
1984 
1985 

1986 
1987 
1988 
1989 
1990d 

1995 

2000 

2010 

41,119 

42 , 900 
45 , 300 
46,200 
47 , 300 
48,200 
49 , 370 

50 , 550 
52,710 
53,300 
53 I 510 
54,180 

55 , 620 
56,970 
58 , 380 
59 , 780 
61,180 

64 880 

68 , 880 

72,780 

21  I 297 

NA 
25 I 500 
26 , 600 
27 , 900 
28 , 600 
29 , 560 

30 I 530 
32 ,330 
32 , 810 
32 , 870 
33,160 

34 , 080 
34,930 
35 , 840 
36 , 640 
37 , 540 

39 , 740 

41 , 240 

44,640 

19,822 

NA 
19,800 
19 , 600 
19 I 400 
19 , 600 
19 , 800 

20,020 
20 , 380 

20 , 640 
21 , 010 

21,540 
22,040 
22 , 540 
23,140 
23,640 

25 , 140 

26 , 640 

28 , 140 

20,490 

49 I 554 

51,600 
53 ,100 
55,100 
56 , 300 
57 , 500 
58 , 750 

60,250 
62 , 000 
63 , 440 
64 , 240 
65,480 

66 , 870 
68,110 
69 220 
70,320 
71,320 

75 , 520 

79 , 420 

88 , 520 

26 , 025 

NA 
29,600 
30 I 550 
31,650 
32 , 600 
33 , 490 

34 , 620 
35,940 
37,000 
37 ,530 
38 , 390 

39 ,220 
39,950 
40,610 
41 , 260 
4 1  , 860 

44 I 310 

46 , 560 

51,910 

23,529 29,858 

NA 33 , 300 

24,550 36 , 900 
24 , 650 37 I 400 
24,900 37,950 

23 I 500 35 ,600 

25,260 37,600 

25 , 630 38 , 790 
26 060 39 , 200 

26 , 710 41 , 860 
27,090 42,760 

26,440 41,320 

27 , 650 43,700 
28 , 160 44 , 530  
28,610 45 , 240 
29,060 45 , 960 
29 , 460 46 , 640 

31 , 210 49 , 390 

32,860 51  , 890 

36,610 57,840 

a I n  s c e n a r i o  11, t h e  d i s t r i b u t i o n  of direct and i n d i r e c t  impacts is 
assumed to be as,follows: Carlsbad,  54%;  rest of Eddy County,.4%; Hobbs, 
36%; rest of Lea County, 6%. NA = no t  a v a i l a b l e .  

t i o n  r e s u l t i n g  from t h e  WIPP project. 
rounding. 

CConstruct ion of t h e  WIPP assumed to begin i n  1980. 
sumed fo be static af ter  1987. 

dPro jec t ions  f o r  yea r s  beyond 1995 assume cont inued  a c t i v i t y  i n  t h e  
o i l . a n d  gas i n d u s t r y  a t  a s t a b l e  but  c o n s t a n t  l e v e l .  P re sen t  product ion  
l e v e l s  measured a g a i n s t  proved o i l  and gas r e s e r v e s  and recovery rates in- 
dicate t h a t  a c t i v i t y  could decrease  be fo re  1990. However, secondary and 
t e r t i a r y  (oil  o n l y )  recovery  procedures could  prolong a c t i v i t y  beyond t h e  
yea r  2010. 

b h e  percentages  g iven  i n  pa ren theses  are t h e  gross popula t ion  migra- 
Percentages  may vary  because o f  

A l l  impacts as- 
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Table M-3. 1980 Resident Population Within 50 Miles of the 
WIPP' Site (Maximum Impact--Scenarios I and 11) 

Miles from site 
Sector 0-5 5-10 10-20 20-30 30-40 40-50 Total 

N 
"E 
NE 
ENE 

E 
ESE 
SE 
SSE 

S 
SSW 
sw 
WSW 

W 
WNW 
Nw 
NNW 

Radius total 
Cumulative total 

0 
0 
0 
0 

0 
0 
0 
0 

0 
6 
0 
0 

0 
0 
0 
0 

6 
6 

- 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
5 
0 

0 
10 
0 
0 

15 
21 

- 

35 
25 
0 
10 

5 
5 
5 
0 

5 
5 
55 

1,810 

70 
5 
30 
15 

25 
5 
25 
70 

15 
10 
20 
25 

15 
30 
30 
200 

32,660 
190 
20 
5 

2,080 
2,100 

~ ~~ 

33,345 
35,445 

175 25 
55 5,690 
75 8,785 
205 34,100 

3,290 16 0 
3,080 2 70 

20 30 
10 40 

50 15 
95 15 
10 40 
50 65 

40 30 
55 40 
65 12,260 
220 10 

~ ~~~ 

7,495 61,575 
42,940 104,515 

26 0 
5,775 
8,885 
34,385 

3,470 
3,365 

75 
75 

85 
150 
140 

2,125 

32,800 
300 

12,375 
250 

104,515 

Note: See Tables M-1 and M-2 for a description of the distribution of 

Population allocations into the various geographic sectors have been based 
direct and indirect impacts associated with scenarios I and 11. 

on the maximum impact of both scenarios I and 11. This procedure leads to 
some double counting in a few areas, but increases the population count by a 
maximum of only 0.3% (approximately 400 people) in the overall area. 
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Table M-4. 1990 Resident Population Within 50 Miles of the WIPP 
Site (Maximum Impact--Scenarios I and 11) 

Miles from site 
Sector 0-5 5-10 10-20 20-30 30-40 40-50 Total 

N 
"E 
NE 
ENE 

E 
ESE 
SE 
SSE 

S 
SSW 
sw 
WSW 

W 
WNW 

NNW 
mi 

Radius total 
Cumulative total 

0 
0 
0 
0 

0 
0 
0 
0 

0 
6 
0 
0 

0 
0 
0 
0 

6 
6 

- 

0 30 
0 20 
0 0 
0 10 

0 5 
0 5 
0 5 
0 0 

0 5 
0 5 
5 50 
0 2,245 

0 65 

0 30 
0 15 

15 2,495 

10 5' 

- -  
21 2,515 

20 
5 
20 
65 

15 
10 
15 
25 

15 
30 
15 
175 

41, 145 
185 
20 
5 

160 
50 
65 
185 

3 , 840 
3,595 

20 
10 

45 
100 
10 
50 

40 
50 
60 
235 

20 
6,640 
10 , 860 
42,625 

140 
255 
25 
40 

15 
15 
40 
65 

35 
45 

15 , 975 
10 

230 

10 , 945 
42,885 

4 , 000 
3,865 

65 
75 

80 
155 
120 

2 535 

6,715 

41 , 285 
295 

265 
16 085 

41,765 
44,280 

8,515 
52 , 795 

76 , 805 
129,600 

129,600 

Note: See Tables M-1 and M-2 for a description of the distribution of 

Population allocations into the various geographic sectors have been based 
direct and indirect impacts associated with scenarios I and 11. 

on the maximum impact of both scenarios I and 11. This procedure leads to 
some double counting in a few areas, but increases the population count by a 
maximum of only 0.3% (approximately 400 people) in the overall area. 
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Table M-5. 2000 Resident Population Within 50 Miles of the WIPP 
Site (Maximum Impact--Scenarios I and 11) 

Miles from site 
Sector 0-5 5-10 10-20 20-30 30-40 40-50 Total 

N 
"E 
NE 
ENE 

E 
ESE 
SE 
SSE 

S 
ssw 
sw 
WSW 

W 
wN(rJ 

Nw 
raw 

Rad ius 
- 

total 6 

0 30 
0 20 
0 0 
0 10 

0 5 
0 5 
0 5 
0 5 

0 75 
10 5 
0 30 
0 15 

Z5 2;820 
Cumulative total ' 6 21 2,840 

20 
: 5  
20 
60 

15 
10 
15 
20 

15 
30 
15 
195 

46 8 225 
205 
20 
5 

150 
45 
60 
175 

4 8 080 
3 8 890 

15 
10 

45 
100 
10 
50 

40 
60 
70 
260 

20 
7,385 
12 8 070 
47,335 

13 5 
240 
25 
35 

15 
15 
50 
70 

35 
50 

5 
14 8 915 

46,875 
49,715 

Note: See Tables M-1 and M-2 for a description of the distribution of 

Population allocations into the various geographic sectors have been based 
direct and indirect impacts associated with scenarios I and 11. 

on the maximum impact of both scenarios I and 11. This procedure leads to 
some double counting in a few areas, but increases the population count by a 
maximum of only 0.3% (approximately 400 people) in the overall area. 
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Table M-6. 2010 Resident Population Within 50 Miles of the WIPP 
Site (Maximum Impact--Scenarios I and 11) A 

Miles from site 
Sector 0-5 5-10 10-20 20-30 30-40 40-50 Total 

N 
"E 
NE 
EN& 

E 
ESE 
SE 
SSE 

S 
SSW 
sw 
WSW 

W 
WNW 
Nw 
NNW 

Radius to tal 
Cumulative total 

0 
0 
0 
0 

0 
0 
0 
0 

0 
6 
0 
0 

0 
0 
0 
0 

6 
6 

- 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
5 
0 

0 
10 
0 
0 

30 
25 
0 
10 

5 
5 
5 
0 

5 
5 
65 

2,645 

80 
5 
30 
15 

20 
5 
25 
70 

15 
10 
20 
20 

15 
30 
15 
205 

49 , 465 
230 
20 
5 

160 
50 
70 

195 

4,605 
4 , 335 

20 
10 

45 
100 
10 
55 

40 
65 
75 
275 

20 
8 , 300 
13,500 
52,850 

13 5 
240 
,2 5 
35 

15 
15 
50 
75 

35 
55 

15 770 
5 

230 
8 , 380 

53,125 

4,760 
4,590 

70 
65 

80 
155 
14 5 

2,980 

49 , 620 
365 

300 

13 595 

15 895 

15 
21 

2,930 
2,950 

50 , 170 
53 , 120 

~~ 

10 , 110 
63 , 230 

91,125 
154 , 355 

154 355 

Note: See Tables M-1 and M-2 for a description of the distribution of 

Population allocations into the various geographic sectors have been based 
direct and indirect impacts associated with scenarios I and 11. 

on the maximum impact of both scenarios I and 11. This procedure leads to 
some double counting in a few areas, but increases the population count by a 
maximum of only 0.3% (approximately 400 people) in the overall area. 
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Table M-7. Carlsbad Municipal Finances: Baselinea 

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

FGYENUES (thousands of 1979 d o l l a r s )  

own source 
Taxes 690 710 730 740 760 770 790 810 a30 
Charges and miscel laneous 3 , 300 3,410 3,500 3,560 3 640 3,720 3,810 3,900 4,000 

Intergovernmental transfers  
S t a t e  2,960 3,050 3 , 120 3,170 3,230 3,290 3 , 370 3 450 3,540 
Federal 1,040 1,070 1,100 1,110 1 , 130 1,160 1,180 1,210 1,240 

3,430 3,540 3 , 620 3,670 3,740 3,820 3 , 910 4 , 010 4 , 100 s 
4 Other 

TOTAL 11,420 11,780 12,060 12 , 260 12,500 12,760 13,060 13 , 390 13,720 

EXPENDITURES (thousands of 1979 d o l l a r s )  

General government 1,190 1,230 1,260 1,280 1,300 1,330 1,360 1,390 1,430 
Public  s a f e t y  I, 530 1,580 1,610 1,640 1,670 1,700 1,740 1,790 1,830 
Public  works 7 , 890 4 , 140 4,250 4,330 4,430 4 , 520 4,630 4 , 750 4,860 
Health and welfare 60 60 60 60 60 70 70 70 70 
Recreation and cul ture  7 60 7 80 800 8 10 830 8 50 870 890 910 
Debt ser  v ice 760 810 8 10 e10 900 eo0 620 620 620 

TOTAL 12 , 210 8,610 8 , 800 8 , 940 9,190 9,270 9,290 9 , 510 9,730 
- 

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding. 

I 



Table M-8. Carlsbad Municipal Finances: Impact of the  WIPP Projecta 

Revenue s o u r c e  or e x p e n d i t u r e  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands  of 1979 dol lars)  

Own s o u r c e  
Taxes 6 22 39 34 20 1 6  18 1 9  20 
Charges  and m i s c e l l a n e o u s  38 130 2 11 162 81 74 90 94 9 5  

I n t e r  gover  m e n t a l  t r a n s f e r s  
S t a t e  30 106 174 136 71 65 79 83 83 
F e d e r a l  

T 
OD Other  

TOTAL 

5 18 29 23 12 11 13  14 1 4  

20 70 114 90 46 43 52 54 55 

99 346 567 445 231 209 2 51  265 266 
- - - - - - - - - 

EXPENDITURES ( thousands  of 1979 d o l l a r s )  

G e n e r a l  government 
P u b l i c  s a f e t y  
P u b l i c  works 
H e a l t h  and w e l f a r e  
R e c r e a t i o n  and c u l t u r e  

TOTAL 

12 43 70 55 28 26 32 33 34 
16 55 90 71 37 34 4 1  4 3  43 
47 161  262 200 99 90 109 115  116 
1 2 4 3 1 1 2 2 2 
8 27 45 35 18 1 7  20 21  2 1  

83 288 470 363 184 1 6  9 204 214 216 
- - - - - - - - - 

aData computed by L a r r y  Adcock and Associates. D e t a i l  may n o t  e q u a l  to ta l  because  of rounding.  
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Table M-9. Loving Municipal Finances: Baselinea 

c 

Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES (thousands of 1979 d o l l a r s )  

Own source 
Taxes 
Charges and miscellaneous 

Inter  gover m e n  t a l  tr ansf& s 
S t a t e  
Federa l  

7 L o c a l  
w 

TOTAL 

18 
162 

46 
18 
63 

307 
- 

18  19 19 20 
165 168 170 176 

46 47 48 49 
18 18 19  19 
64 65 66 68 - - - - 

312 317 3 22 332 

20 20 21 
178 181 186 

50 51 52 
19  20 20 
69 70 72 

337 342 3 51  
- - - 

21 
191  

._ 53.. 
2 1  
74 

360 

EXPENDITURES (thousands of 1979 d o l l a r s )  

General government 35 36 36 37 38 38 39 40 41 
Pub l i c  s a f e t y  77 78 79 80 82 04 85 87 89 
Publ ic  w o r k s  165 169 172 175 180 183 186 191  196 
Health and welfare 6 6 6 6 6 6 6 7 7 
Recreat ion and c u l t u r e  11 11 11 11 11 12 12 12  1 2  

TOTAL 3 1 4  3 20 326 332 3 42 348 3 54 364 375 

Debt s e r v i c e  20 21 22 23 24 25 26 28 29 - - - - - - - - - 
aData computed by Larry Adcock and Associates. D e t a i l  may not  equal total  because of rounding. 

I 



Table M-10. Loving Municipal Finances: Impact of t h e  WIPP Projecta 

Revenue source or expendi ture  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1 9 8 8 ~ 8 9  

REVENUES (thousands of  1979 d o l l a r s )  
~ ~~~~ ~~~~ 

Own source 
Taxes (b) 1 1 1 (b) (b) 1 1 1 
Charges and miscel laneous 3 8 13 9 4 5 5 6 6 

Intergovernmental t r a n s f e r s  
State 1 2 3 2 1 1 1 1 1 
Federa l  (b) 1 1 1 ( b) ( b) ( b) 1 1 

5 U Local 1- 1 1 1 1 1 1 1 1 
0 

TOTAL 

EXPENDITURES (thousands of 1979 d o l l a r s )  

General government 1 1 2 2 1 1 1 1 1 
Publ ic  s a f e t y  2 3 4 3 2 2 2 2 2 
Publ ic  w o r k s  3 9 1 4  10  5 5 6 6 6 
Health and welfare (b) (b) (b) (b) (b) (b) (b) (b) (b) 
Recreat ion and c u l t u r e  (b) (5) (b) (b) ( b) (b) (b) ( b) (b) 
Debt s e r v i c e  (b) (b) (b) 1 1 1 1 1 2 

TOTAL 
- 
12 

aData computed by Larry Adcock and Associates. 
bLess  than $500. 

D e t a i l  may not  equal  total because of rounding. 



c 

Table M-11. Eddy County Finances: Baselinea 

c 

- __ _ _ _  _ _ _  ___- , 
Revenue source or.  expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES (thousands of 1979 dollars) 
,- 

Own source 
Taxes 2,380 2,420 2,440 ' 2,460 2,490 2 I 510 2 , 540 2 I 570 2,600 
Charges and miscellaneous 1,780 1,820 1,850 1,880 1,910 1,950 2 , 000 2,040 2,090 

Intergovernmental transfers 
State 610 620 630 640 650 660 680 700 710 
Federal 8 70 8 90 9 10 9 20 940 960 980 1,000 1,030 

tc - 
I 

TOTAL 5,640 5,750 5,840 5 , 900 5,980 6,080 6,190 6 , 310 6,440 

EXPENDITURES (thousands of 1979 dollars) 

General government 1,380 1,410 
Public safety 7 80 7 90 
Public works 1,820 1,860 
Health and welfare 3 80 3 90 
Recreation and culture 10 0 110 

TOTAL 4,460 4 , 570 

1,440 1 I 460 1,480 1 , 510 1,550 1,590 1 , 620 
8 10 820 830 8 50 870 8 90 910 

1,890 1 I 920 1,950 1 , 990 2 , 040 2,090 2 , i40 
4 00 400 4 10 420 430 440 450 
110 110 110 110 120 120 120 

4,650 4,700 4,780 4,880 5,000 5,120 5,250 

aData computed by Larry Adcock and Associates. 
~ ~~~ ~ ~ _ _ _ _ _ _ _ _ ~  ~~~ 

Detail may not equal total because of rounding. 
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Table M-12. Eddy County Finances: Impact of the WIPP Projecta 

Revenue source  or e x p e n d i t u r e  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 d o l l a r s )  

Own s o u r c e  
Taxes 4 20 40 44  28 1 8  1 9  2 1  22 
Charges and miscel laneous 6 20 32 25 1 3  12 14 1 5  1 5  

In te rgovernmenta l  t r a n s f e r s  
S t a t e  4 1 5  24 19 10 9 11 11 1 2  
F e d e r a l  6 20 33 26 1 3  1 2  1 5  16 1 6  F 

r w TOTAL 

EXPENDITURES ( thousands of 1979 dollars) 

Genera l  government 10 33 55 43 22 20 25 26 26 
P u b l i c  s a f e t y  5 19 31  24 12 1 2  14 1 5  1 5  
P u b l i c  works 1 2  44 72 57 29 27 33 34 34 
H e a l t h  and w e l f a r e  3 9 1 5  1 2  6 6 7 7 7 
R e c r e a t i o n  and c u l t u r e  1 2 4 3 2 2 2 2 2 

TOTAL 
- - - - - - - - - 

31 108. 177 139 72 66 80 84 8 5  

“Data computed by L a r r y  Adcock and Associates. Detail may n o t  e q u a l  t o t a l  because of rounding. 



c 

Table M-13. Hobbs Municipal Finances: Baselinea 

e 

Revenue source or expendi ture  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 dollars) 

Own source , 

Taxes ~ 1,110 1,140 1,180 1,210 1,250 1,280 1,310 1,330 1,350 
Charges and miscel laneous 4,070 4,190 4 , 310 4,440 4 , 560 4,680 4,760 4 , 840 4,890 

Intergovernmental  t r a n s f e r s  
S t a t e  5,190 5,330 5,470 5,610 5,760 5 , 900 6 , 010 6 , 110 6 , 170 
Federa l  1,220 1,250 1 , 280 1,320 . 1,350 1,380 1,410 1,430 1,440 

!?z 
I E TOTALb 13 , 860 11,590 11,920 12,240 12 , 580 12 , 930 13,240 13,490 13 , 720 

1 EXPENDITURES (thousands of 1979 d o l l a r s )  

General  government 1,810 1,860 1,910 1,960 2 , 010 2,060 2 , 100 2 , 140 2,160 
Publ ic  s a f e t y  2,320 2,380 2,450 2 , 510 2,580 2,640 2,690 2,740 2,760 
Publ ic  works  ' '  3,580 3 , 590 3 , 800 3,920 4,040 4 , 140 4 , 220 4,290 4,330 
Health and we l fa re  600 5 1 0  630 640 6 60 6 80 6 90 700 710 
Recreat ion and c u l t u r e  710 730 750 770 790 810 820 840 840 
Debt s e r v i c e  670 670 670 670 670 670 670 670 6 50 

11 , 450 9 , 690 9 , 950 10 , 200 10,470 10,750 10 , 990 11,180 11 , 360 
I ,  

 TOTAL^ 

aData computed by Larry Adcock and Associates.  
bTotal  inc ludes  approximately $4000 i n  t r a n s f e r s  no t  c l a s s i f i e d  a s  S t a t e  or Federal .  

D e t a i l  may no t  equal  t o t a l  because of rounding. 



Table M - 1 4 .  Hobbs Municipal Finances: Impact of the WIPP Projecta 

Revenue source or expendi ture  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES (thousands of 1979 d o l l a r s )  

Own source 
Taxes 3 13 23 21 12 9 11 12 12 
Charges and miscel laneous 17 60 97 75 38 35 42 44 44 

I n t e r  governmental t r a n s f e r s  
State 20 69 114 90 47 43 51 54 55 
Federal  

? 
TOTAL 

ib 

4 15 24 19 10 
- - - - - 

45 157 259 206 io8 

9 11 12 12 

96 115 122 122 
- - - - 

EXPENDITURES (thousands of 1979 d o l l a r s )  

General government 
P u b l i c  s a f e t y  
P u b l i c  w o r k s  
Heal th  and welfare 
Recreat ion and c u l t u r e  

TOTAL 

7 24 40 32 16 15 18 19 19 
9 31 51 40 21 19 23 24 24 
16 55 89 69 34 31 37 39 40 
2 8 13 10 5 5 6 6' 6 
3 9 16 12 6 6 7 7 7 

37 128 209 163 84 76 91 96 97 
- - - - - - - - - 

computed by Larry Adcock and Associates. D e t a i l  may not  equal t o t a l  because of rounding. 
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Table M-15. Lea County Finances: Baselinea 

Revenue source OE e x p e n d i t u r e  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands  of 1979 d o l l a r s )  

own s o u r c e  
Taxes 3,260 3 I 440 3,620 3 I 810 4 , 010 4 , 230 4,450 4,680 4,920 
Charges and misce l laneous  1,340 1,380 1,400 1,430 1,460 1,500 1,520 1, 550 1,570 

I n t e r g o v e r n m e n t a l  t r a n s f e r s  
State 560 580 590 600 610 630 640 650 660 
F e d e r a l  1, 070 1,090 1,110 1,140 1,160 1,180 1,210 1 , 230 1,250 

6,240 6,480 6 , 730 6 I 980 7,250 7,530 7 , 820 8,110 8,400 
- - - ? 

TOTAL 

EXPENDITURES ( thousands of 1979 dollars) 

Genera l  government 1 ,410 1,440 1,470 1, 500 1,530 1,560 1,590 1,620 1,650 
P u b l i c  safety 730 750 7 60 780 800 8 10 830 840 860 
P u b l i c  works 2,060 2,110 2,150 2,200 2,240 2,290 2 I 340 2 , 380 2 I 410 
H e a l t h  and w e l f a r e  400 4 10 420 430 440 4 50 460 460 470 
Recreation and c u l t u r e  1 0  10 10 1 0  10 10 10 1 0  10 
Debt s e r v i c e  0 0 0 0 0 0 0 0 0 

TOTAL 4,620 4 , 720 4,820 4 I 920 5,020 5,130 5,230 5,320 5,400 

aData computed by L a r r y  Adcock and Associates. Detail may n o t  equal total  because of rounding. 



Table M-16. Lea County Finances:  Impact of the WIPP Projecta 

Revenue s o u r c e  or e x p e n d i t u r e  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 d o l l a r s )  

Own source  
Taxes 2 7 14 15  10 6 6 7 7 
Charges and misce l laneous  3 9 15  12 6 6 7 7 7 

In te r  gover m e n t a l  transfers 
S t a t e  1 5 8 6 3 3 4 4 4 
F e d e r a l  2 6 10 8 4 4 4 5 5 

I 
P 
Q\ TOTAL 

- - - - - - - 7 - 
7 27 47 4 1  23 1 9  2 1  23 23 

EXPENDITURES (thousands of  1979 d o l l a r s )  

Genera l  government 
P u b l i c  s a f e t y  
P u b l i c  works 
Heal th  and w e l f a r e  
Recrea t ion  and c u l t u r e  

TOTAL 
- - - - - - - - - 
12 41 68 54 28 25 30 32 32 

~~ ~ ~ 

aData computed by Larry  Adcock and Associates. 
bLess  than  $500. 

Detail may n o t  e q u a l  to ta l  because of rounding. 
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Table M-17. Carlsbad School D i s t r i c t  Finances: Baselinea 

Revenue source or expenditure 1980-81 1981-82 1982-83 1903-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES (thousands of 1979 dollars) 

Operational fund 10,090 10,210 10,160 10,370 10,470 10,750 11,060 11,420 11,850 
Other funds 3,960 4,040 4,070 4,160 4,220 4,320 4 , 440 4,570 4,720 

I f  TOTAL 
. .. 

14,060 '. 16,580 15,500 15,990 14,250 14,230 14,530 14,690 15,070 

EXPENDITURES (thousands of 1979 dollars) 

12,520 Operational fund 10,660 10,780 10,720 10,950 11,060 11,350 11,680 
5 Other funds - 2,660 2,690 2,670 2,730 2,760 2,830 2,910 3,010 3,120 

Debt service 2 80 2 80 2 80 280 280 280 280 280 280 

12,050 

-. , I  

TOTAL 
- 

15,340 15,910 14,450 14,870 13,590 13,740 13,670 13,950 14,090 

aData computed by Larry Adcock and Associates. Detail may not equal total because of rounding. 



Table M-18. Carlsbad School District Finances: Impact of t h e  WIPP Pro jec t a  

~ 

Revenue s o u r c e  or e x p e n d i t u r e  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 dollars) 

Operational fund 
Other  funds  

TOTAL 

109 372 617 493 262 240 2 90 305 309 
36 1 3  1 231 206 119 94 109 117 119 

145 504 848 699 381 335 3 98 422 428 
- - - - - - - - - 

EXPENDITURES ( thousands of 1979 dollars) 
x 
CI I Operational fund 115 393 6 52 521 276 254 306 322 327 
a0 Other  funds 29 98 162 13 0 69 63 76 80 8 1  

TOTAG 143 491 8 14 650 345 317 382 402 408 
- - - - - - - - - 

aData computed by L a r r y  Adcock and Associates. Detail may n o t  e q u a l  t o t a l  because of rounding.  



c c 

Table M-19. Lbving School D i s t r i c t  Finances: Baselinea 

Revenue source  or expendi ture  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 d o l l a r s )  

Operational fund 600 I 600 6 10 6 20 640 640 6 50 670 680 
210 220 220 220 230 230 240 240 250 Other funds 

TOTAL 8 10 ~ 820 830 840 860 880 890 9 10 930 
. _  - - - - - - - - - 

EXPENDITURES ( thousands of 1979 d o l l a r s )  

7 Opera t iona l  fund 6 70 6 80 6 90 700 720 730 740 760 780 
170 . 170 180 180 180 180 190 190 200 

1 0  20 20 30 40 50 60 I 70 
\D Other funds  P 

Debt s e r v i c e  10 

TOTAL 
- - - - - - 7 
_S50 87 0 890 900 930 950 980 1,010 1,040 

aData computed by Larry Adcock and Associates .  D e t a i l  may not  equal  t o t a l  because of rounding. 

- . .  



Table M-20. Loving School Dis t r ic t  Finances: Impact of the  WIPP Projecta 

-Revenue source or expenditure 1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES (thousands of 1979 d o l l a r s )  

Operational fund 3 17 27 24 12 10 1 4  17 17 
Other funds 1 4 7 6 3 3 4 4 4 

TOTAL 
- - - - - - - - - 

4 2 1  34 30 15 13 17 21 2 1  

EXPENDITURES (thousands of 1979 d o l l a r s )  
7 
tb Operational fund 

Other funds 
Debt service 

TOTAL 

0 
4 1 9  31 27 13 11 15 19 19 
1 5 8 7 3 3 4 5 5 
(b) ( b) (b) 1 1 2 2 3 3 - - - - - - - - - 
5 24 39 34 18 16 21 27 27 

aData computed by Larry Adcock and Associates. 
bLess than $500. 

Detai l  .may not equal t o t a l  because of rounding. 
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Table M-21. Hobbs School Dis tr i c t  Finances: Baselinearb 

Revenue source  or expendi ture  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 
~~~ ~ 

REVENUES ( thousands of 1979 d o l l a r s )  

12,040 Opera t iona l  fund 11,220 11,230 11,270 11,310 11,480 11,690 11,830 
Other funds . . . I  2,030 2,040 2,060 2,090 2,130 2,170 2,200 2,230 2,250 

14,300 TOTAL 13,250 13 , 280 13,330 13,400 13,610 

11,950 

s- < ". 
13,870 14,030 14,180 

EXPENDITURES (thousands of 1979 d o l l a r s )  . 

7 Opera t iona l  fund 11,210 11; 230 11,260 11,300 11 , 480 11,690 11,820 11,940 12,030 
E Other funds 1;590 1,600 1,600 1,610 1,630 1,660 1,680 1,700 1,710 

Debt s e r v i c e  590 6 10 6 20 640 660 6 80 700 7 10 730 

TOTAL 13,400 13 , 430 13,480 13,550 13 , 720 14,020 14,200 14,350 14,480 

aData computed by Larry Adcock and Associates .  
bThe e f f e c t  of p o s s i b l e  new school  bu i ld ings  is no t  included. 

Detail may not  equal  t o t a l  because of rounding. 
I 



Table M-22. Hobbs School District Finances: Impact of t h e  WIPP Pro jec t a rb  

Revenue source or e x p e n d i t u r e  1980-81 1981-82 1982-83 1983-84 1984-85 1985-86 1986-87 1987-88 1988-89 

REVENUES ( thousands of 1979 d o l l a r s )  

O p e r a t i o n a l  fund 
Other  funds  

TOTAL 

42 150 252 203 108 98 119 124 124 
7 26 45 39 22 18  21 23 23 
- - - - - - - - L_ 

49 176 297 242 1 3 1  117 140 147 14 7 

EXPENDITURES ( thousands of 1979 dollars) 

7 O p e r a t i o n a l  fund 
N Other  f u n d s  N 

TOTAL 

42 150 2 52 202 108 98 119 124 124 
6 21 36 29 1 5  1 4  17  18 18 

48 172 288 2 3 1  124 112 136 142 142 
- - - - - - - - - 

aData computed by L a r r y  Adcock and Associates. 
bThe effect  of possible new s c h o o l  b u i l d i n g s  is is n o t  included.  

Detail may n o t  e q u a l  to ta l  because of rounding. 
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Appendix N 

EFFECTS OF LEAVING THE TRU WASTE AT IDAHO 

If no TRU-waste repository away from the current storage locations becomes 
available, there will be three general alternatives for managing stored 
TRU waste : 

1. The waste could be left in place, as is. A delay in making a decision 
on what to do with the waste would amount to a temporary selection of 
this alternative. 

2. Improved in-place confinement could be provided for the waste. 

3. The waste could be retrieved, processed, and disposed of at another 
location at the storage site. 

This appendix discusses these alternatives in terms of the methods that 
might be used at the Idaho National Engineering Laboratory (INEL), the source 
of the waste to be received at the WIPP; similar methods might be used at 
other storage locations. 

This appendix is based on a detailed report (DOE, 1979) that contains the 
The evaluations presented here cover only the full analyses and discussions. 

TRU waste expected to have been stored at the INEL Radioactive Waste Manage- 
ment Complex (RWMC) by 1985. The effects of waste that might be received 
after 1985 are addressed in the-detailed report. 

N.l LEAVING THE WASTE IN PLACE, AS IS 

N.l.l Description of Operations 

In this alternative, the stored TRU waste would be left in place, as is. 
A cover of plywood, polyvinyl sheeting, and 3 feet of earth over the waste 
would be maintained. The present environmental monitoring and sampling proce- 
dures would be continued, with improved procedures,incorporated as they are 
developed. 
Protection Agency (EPA, 1978), it was conservatively assumed that the mainte- 
nance and monitoring procedures would continue for only 100 years. 

In accordance with the,proposed criteria of the Environmental 

N.1.2 Environmental Effects 

In the near future (i.e., up to 100 years after the implementation of a 
waste-management alternative), the environmental effects of this alternative 
would be essentially thessame as those measured to date for operations in the 
Transuranic Storage Area (TSA) at the INEL. Radiation doses received by people 
near the covered waste would be approximately the natural-background doses. 
The nonradiological effects normally associated with construction projects 
(e.g., excavation of soil, use of motor fuels, emissions from construction 
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equipment, and socioeconomic impacts from an influx of workers) would not be 
present. Thus, the effects on the environment, in the near term, would be the 
smallest of any of the alternatives considered. 

The long-term environmental effects of this alternative would be associated 
with the disruptions caused by natural disasters or human intrusion. 

N.1.3 Radiological Risk to the Public 

The hundred years of monitored, normal waste-management operations would 
not be a hazard to the public under this alternative. Rather, the hazards in 
both the near and the distant future would be associated with waste disruption 
by natural disasters. Table N-1 shows the results of dose-commitment evalua- 
tions for the most important natural disasters. The evaluations were based on 
hypothetical releases occurring in the year 2085, when the monitoring was as- 
sumed to stop. The effects from releases occurring in the more distant future 
are presented in Section N.3, where they are compared with the long-term ef- 
fects of other alternatives. Risks were not evaluated because of the great 
uncertainties in estimating the probabilities of disruptive events many years 
in the future. 

The scenarios leading to the largest dose commitments involve waste dis- 
ruption by volcanic action or by future populations inadvertently intruding 
upon the site. The RWMC lies near the edge of the Arco Volcanic Rift Zone, 
which was the site of volcanic action as recently as 10,500 years ago and is 
likely to become active in the future (Kuntz, 1978). In an explosive eruption, 
molten lava encounters groundwater at a relatively small depth beneath the 
surface of the earth: a small but significant number of eruptions in the east- 
ern Snake River Plain have been of this type in the past. A fraction of the 
waste could thereby become airborne and be carried off the site. This event 
is of extremely low probability. 

In a related scenario, lava flow from outside the immediate area could 
cover the RWMC. The waste could be disrupted, and a fraction could become 
airborne and be carried off the site. The lava-flow scenario is the more 
probable of these two scenarios, because eruptions originating in a larger 
area could deliver flaws to the RWMC. As long as the cover over the waste 
were maintained, the effects’would probably be minimal. However, if the waste 
were left in place indefinitely after maintenance operations cease, the cover 
would erode away, and releases of radionuclides could occur (Table N-1). The 
relative severities of the two scenarios for volcanic action are the subject 
of continuing studies. The results presented here are based on conservative 
assumptions and may overestimate greatly the quantity of radionuclides that 
would be released. 

Another important scenario is future intrusion by small groups of people 
onto the waste site after institutional controls have lapsed. 
are assumed to live on the waste site, plow the land, eat food raised there, 
and dig into the waste looking for artifacts or construction materials. Over 
a 50-year period people living on the waste site could receive the dose cam- 
mitments listed in Table N-1. 

These people 

N-2 



, Table N-1. Summary of Dose Commitments for Leaving the Stored Waste in 
Place, as  IS^ 

Maximum individual 50-year dose commitment (rem) 
Disruptive event Whole ~ y b  Bone Lung 

Explosive volcano 6 x 
Earthquake 2 x 10-8 
Mackay Dam failure 3 x 10-9 
Volcanic lava flawcrd 3 x 10-2 
Intrusion 
Ingestion 
Inhalation 

7 
10 

8 20 
2 10-5 - 4 10-5 
1 10-4 N A ~  

50 90 

400 
500 , 

NA 
700 

Populationf 50-year dose commi tment (man-rem) 
Disruptive event Whole body9 Bone Lung 

Explosive volcano 40 40 , 000 80 , 000 

Mackay Dam failure 1 x 10-8 5 10-4 NA 
Volcanic lava flawCid 100 200,000 400 , 000 
Intrusion 

Ear t h q h  ke 1 10-4 1 x 10-1 2 x 1o-J- 

Ingestion 70 4,000 NA 
Inhalation 90 4 , 000 6 , 000 

aData from DOE (1979). 
bThe whole-body dose received from natural background radiation 

COverburden is assumed to resist lava flow as long as maintenance is 
during the 50 years is about 7.5 rem. 

continued. Release is assumed to occur 100 years after implementation, 
when maintenance has been discontinued. 

large uncertainties. 
%he dose-commitment calculations for this scenario are subject to 

qJA = not applicable. 
fpopulation = 130,000 except for intrusion, where it is 10. 
gThe whole-body population dose received from the natural background 

radiation during the 50 years is about 1,000,000 man-rem for the larger 
population and about 75 man-rem for the population affected by intrusion. 

Flooding of the RWMC could result.from failure of the Mackay Dam, which is 

This disrup- 
about 42 miles upstream on the Big Lost River. 
faulty design or construction, degradation, or seismic activity. 
tive event is also listed in Table N-1. 

The d&n could fail because of 

I .  
4 1  

N.1.4 Hazards to Workers . ! .:. 
4 -  . 

Experience at the R e  indicates that hazards' to workers for this alterna- 
Maintenance and surveillance workers would receive radi- tive would be small. 

ation doses that are barely distinguishable from those delivered by natural 
background radiation. 
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N.1.5 Costs 

The estimated cost of continuing the present program of maintenance and 
surveillance for the Transuranic Storage Area is $600,000 annually. (The 
number of years for which maintenance and surveillance would be continued 
cannot be projected with confidence.) Upgrading the program could increase 
this cost. In addition, capital costs for the periodic replacement of some 
equipnent items would be less than one-tenth of the operations cost. 

. .  

N.2 IMPROVING IN-PLACE CONFINEMENT OF STORED WASTE 

N.2.1 Description of Operations 

This alternative provides additional in-place protection for the waste. 
Protection would be provided against penetration by water and intrusion by 
people, animals, and plant roots. 
constructing confinement barriers for the waste (a barrier over the top and 
sides and barriers over the top, sides, and bottom) and one immobilization 
approach. 

This discussion covers two approaches for 

, 

In the top-and-side-barrier approach, an additional 10-foot cover of com- 
pacted clay and a 3-fOOt cover of basalt riprap would be built up over the 
existing mounds on the storage pads. 

In the top-side-and-bottom-barrier approach, increased isolation would be 
provided by pressure-grout sealing of the sediments beneath the asphalt pad. 
As long as the grout remained intact, it would be an additional barrier 
against downward migration of the waste. Assurance cannot be given, however, 
that the grout would remain intact for the thousands of years required for the 
radionuclides to become innocuous. 

In the immobilization approach, the waste would be immobilized in place by 
injecting grout into the waste and into the sediments beneath the pad. 
waste would thereby be encased in a massive, impermeable block of grout. The 
grout would not penetrate sound waste containers, which would be surrounded by 
the grout. This immobilization method would make any future retrieval ex- 
tremely difficult. 

The 

I For all of these methods of improved confinement, maintenance and surveil- 
lance would be continued as discussed in Section N.l. 

N.2.2 Environmental Effects 

Under normal operational conditions, there would be no near-term releases 
of radioactivity from any of the three improved-confinement methods and hence 
no dose commitments to the public. Direct radiation from the stored waste 
would be reduced by the shielding of the mound over the waste, and radiation 
exposures at the surface of the mound would be expected to be near background 
levels. Long-term environmental effects would be associated with the disrup- 
tive events considered in the risk analysis below. 
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Nonradiological effects would be those resulting from the use of materi- 
als, energy, and labor. For example, it is estimated that 30,000 cubic yards 
of clay and 12,000 cubic yards of basalt riprap would be required for the 
additional protective cover over the waste. An estimated 1000 cubic yards of 
grout and 13,000 cubic yards of concrete would be required for grouting be- 
neath the waste. 
34,000 cubic yards of grout. 
so there would be no additional loss of habitat or use of lands, A possible \ 

habitat loss might be expected at the playas from which clay would be extract- 
ed to construct the waste overburden. This impact would be minor. 

The immobilization approach would require an estimated 
The waste-management area is already disturbed, 

N.2.3 Radiological Risk to the Public 

For the three confinement approaches discussed, the risk associated with 
the confinement operations themselves would be essentially zero, Only in the 
immobilization operation, in which grout-injection pipes would be forced 
through the clay cover and the pad, can a release scenario associated with 
operations be postulated. During insertion and withdrawal, the grout-injection 
pipes would be provided with external containment to prevent the spread of 
contamination. The hazards from waste-management operations would be much 
smaller than those from the disruption of the waste by such events as volcanic 
activity or human intrusion. 

The ability of improved confinement to resist disruptive natural events is 
difficult to assess. 
neered barriers deteriorate. A credit, ranging in value from a factor of 1 to 
a factor of 1000, has been taken for the beneficial effects of the barriers in 
reducing the release quantities. 

This ability would undoubtedly decrease as the engi- 

The dose commitments for disruptive-event scenarios, assumed to occur in 
the year 2085, were estimated. (The effects from releases occurring in the 
more distant future are presented in Section N.3.) For the two approaches 
involving confinement barriers, the dose commitments are similar to the cor- 
responding dose commitments listed in Table N-1. The similarity stems from 
the worst-case assumption that the maintenance of the confinement barriers 
would cease i n  the year 2085 and that  the erosion of the barriers would occur 
immediately thereafter. 

The dose-commitment results for the immobilization' approach are summarized 
in Table N-2. A comparison of these data with those in Table N-1 shows the 
beneficial effects of the immobilization in reducing the severity of releases, 
at least for 100 years. 

N.2.4 Hazards to Workers 

For this alternative, hazards to workers would be only slightly greater 
than those for the alternative of leaving the waste as is. A low level of 
hazard would exist during immobilization operations, but waste-confinement 
measures for the immobilization operations are being developed. 
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Table N-2. Summary of Dose Commitments from Dis rup t ive  Events for Approach 
wi th  In-Place Immobilization of Wastea 

Maximum i n d i v i d u a l  50-year dose commitment (rem) ’ 

Dis rup t ive  event  Whole ~ y b  Bone , Lung 
~ 

Explosive volcano I 6 x 
Earthquake 2 x 10-10 

Inges t  ion 7 x 10-2 

Mackay Dam f a i l u r e  
Volcanic  l ava  f l o w c r d  

3 x 10-11 
3 x 10-4 

I n t r  u si on 

I nha 1 a t  i on 0.1 
50-year background dose 7.5 

~ ~~ ~ - ~ 

8 x l o e 2  2 x 10’1 
2 10-7 4 10-7 
1 x 10-6 NAe 
5 x 10-1 9 x 10’1 

4 
5 

NA 
7 

Populat  ionf 50-year dose commitment (man-rem) 
Di s rup t ive  event  Whole body9 Bone Lung 

Explosive volcano 0.4 400 800 
Earthquake 1 x 10-6 1 x 10-3 2 10-3 
Mackay Dam f a i l u r e  1 x 10-10 5 x 10-6 NA 
Volcanic  l ava  flowcrd 1 2000 4000 
I n t r u s i o n  

Inges t  ion 0.7 40 NA 
I n h a l a t i o n  0.9 40 60 

50-year background dose 1 x 106 

aData from DOE (1979). 
bThe whole-body dose received from n a t u r a l  background r a d i a t i o n  dur ing  

t h e  50 y e a r s  is about  7.5 rem. 
Coverburden is assumed to resist l a v a  flow as long as maintenance is 

continued. Release is assumed to occur  100 y e a r s  after implementation, when 
maintenance has been discont inued.  

dThe. dose-commitment calculations for t h i s  scenario are s u b j e c t  to large 
u n c e r t a i n t i e s .  

~ N A  = not  app l i cab le .  
fPopula t ion  is 130,000 except  f o r  i n t r u s i o n ,  where it is 10. 
gThe whole-body popula t ion  does rece ived  from natural  background radia- 

t i o n  during t h e  50 y e a r s  is about  1,000,000 man-rem for t h e  l a r g e r  popula t ion  
and about  75 m a n - r e m  for the  popula t ion  a f f e c t e d  by in t rus ion .  

N.2.5 C o s t s  

The es t imated  costs for improving t h e  confinement of TRU waste s t o r e d  a t  
t h e  Transuranic  S torage  Area are summarized below. The number o f  yea r s  f o r  
which maintenance and s u r v e i l l a n c e  would be cont inued cannot be p ro jec t ed  with 
confidence.  The costs are i n  m i l l i o n s  of  1979 dollars (DOE, 1979).  

Annual ope ra t ions  
M e t  hod Capital and maintenance 

Top and s i d e  b a r r i e r  1.9 
Top, s i d e ,  and bottom barriers 5.4 
Immobilization 21  
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N.3 RETRIEVING, PROCESSING, AND DISPOSING OF THE WASTE AT THE INEL 

I n  t h i s  a l t e r n a t i v e ,  t h e  s t o r e d  TRU waste would be r e t r i e v e d  from its 
p resen t  l o c a t i o n ,  processed,  and shipped to a d i s p o s a l  f a c i l i t y  e lsewhere a t  
t h e  INEL. The r e t r i e v a l  and process ing  of t h e  s t o r e d  waste would begin i n  
1985 or as soon t h e r e a f t e r  as p r a c t i c a b l e .  

N.3.1 Desc r ip t ion  of Fac i l i t i e s  and Opera t ions  

R e t r i e v a l  

The waste would be r e t r i e v e d  as descr ibed  i n  Sec t ion  9.8.2. 

Process ing  

Three p o s s i b l e  methods were 'arialyzed f o r  process ing  t h e  stored waste: 
(1) i n c i n e r a t i o n ' b y  s l agg ing  py ro lys i s ,  followed by packaging; (2)  compaction, 
immobilization, and packaging; and (3)  repackaging only.  The f i r s t  and t h i r d  
of t h e s e  methods provide  upper and near-lower bounds for t h e  environmental  
e f f e c t s  of  any waste-processing method t h a t  might u l t i m a t e l y  be s e l e c t e d  and 
implemented. The e f f e c t s  of t h e s e  t w o  bounding methods are presented  here.  
The e f f e c t s  from compaction, immobil izat ion,  and packaging methods are d i s -  
cussed elsewhere (DOE, 1979) and are in te rmedia te  i n  magnitude. 

Slagging p y r o l y s i s  and repackaging only  are d iscussed  i n  Sec t ion  9.8.3. 
The d e t a i l s  of process ing  would be a f f e c t e d  very  l i t t l e  by t h e  choice  of t h e  
u l t ima te  d e s t i n a t i o n  for t h e  waste product.  

On-site shipment 

On-site shipment of processed waste would be by semitrailers p u l l e d  by 
s tandard  t ruck  tractors. The cast s l a g  from s lagging  p y r o l y s i s  would be 
shipped i n  DOT-17C 55-gallon drums; each drum would weigh about  1360 pounds. 
The repackaged waste would be shipped i n  DOT-17C drums w i t h  90-mil po lye thylene  
l i n e r s ;  each drum would weigh about  260 pounds. 

On-site disposal ,~ 
- . I  

Four on - s i t e  d i s p o s a l  methods were analyzed and are d iscussed  below. 
Waste processed by any of t h e  methdds d iscussed  p rev ious ly  could be disposed 
of by any of t h e s e  disposal methods. A l l  disposal methods would be designed 
to allow r e t r i e v a l  of t h e  waste, i f  necessary ,  dur ing  an obse rva t ion  period. 

Deep-rock d i sposa l :  s h a f t  access. Th i s  method involves  waste d i s p o s a l  i n  
a v a u l t  a minimum of 800 f e e t  below ground. Access to t h e  v a u l t  would be 
provided by two s h a f t s .  
s ign ,  bu t  smaller and less complex. A f t e r  waste emplacement and a r e t r i e v a -  
b i l i t y  per iod ,  t h e  s h a f t s  would be f i l l e d  wi th  rock and plugged wi th  concre te .  

The r e p o s i t o r y  would be similar to t h e  WIPP i n  de- 

The conceptual  l o c a t i o n  is i n  ca l ca reous  r o c k s ' i n  t h e  Lemhi Mountain 
Range, i n  the  northwestern corner  of t h e  INEL. Although t h i s  l o c a t i o n  is t h e  
only  p o r t i o n  of t h e  I N E L  t h a t  is not  under la in  by t h e  Snake River P l a i n  aqui- 
f e r ,  it is be l ieved  to be hydro log ica l ly  coupled to t h e  aqu i f e r .  There is 
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also a p o s s i b i l i t y  that  l imestone i n  the  v a u l t  area would be found to be 
water-saturated.  For these  reasons,  t he  area would have to be explored by 
core d r i l l i n g  and hole  t e s t i n g  before  proceeding f u r t h e r .  

A 

Deep-rock disposal: tunnel  access. The conceptual l oca t ion  s tudied  f o r  
t h i s  disnosal method is about 3 miles from t h a t  s tud ied  for deep-rock d i sposa l  - 
w i t h  s h a f t  access. Two tunnels  and a subsurface r epos i to ry  f o r  t h e  waste 
would be constructed.  
for t h e  shaf t -access  disposal. 

The r epos i to ry  would be i d e n t i c a l  w i t h  t h a t  descr ibed 

Engineered shallow bur ia l  a t  Si te  14 .  This  method involves engineered 
shallow bur ia l  i n  l a c u s t r i n e  sediments a t  t h e  c e n t r a l  area of t h e  I N E L  known 
as Site 14 .  This area has the  deepest known surface sediments a t  t h e  INEL. 

The f a c i l i t y  would c o n s i s t  of underground concre te  s t r u c t u r e s  i n  a rec- 
tangular  a r ray .  
below t h e  o r i g i n a l  ground surface.  
t h e  length  of the  s t r u c t u r e  and would have a high ratio of solid material to 
void,  obtained by the  use of massive in t e r lock ing  concrete  blocks and by the  
use of a t h i c k  layer  of n a t u r a l  material ( c l ay  and b a s a l t  riprap) to protect 
the  concrete  from the  environment. 
ana lys i s ,  one w i t h  a less massive cons t ruc t ion  than the  other i n  order to 
reduce cost. 

Each structure would be buried so t h a t  its top would be w e l l  
Each s t r u c t u r e  would conta in  rooms running 

Two hypothe t ica l  designs were used i n  t h e  

D i s p o s a l  i n  an engineered surface f a c i l i t y  near t h e  RWMC. The loca t ion  
s t u d i e d  for the  engineered surface-disposal f a c i l i t y  is i n  t h e  southeas te rn  
corner of the  RWMC, extending outside and to t h e  sou th  of t h e  p re sen t  fence. 
The su r face  soil  i n  t h i s  area is t y p i c a l l y  15  f e e t  t h i ck  above a layer  of 
basalt approximately 100 feet t h i c k .  

The engineered surface-disposal  f a c i l i t y  would c o n s i s t  of elongated,  
earth-covered concre te  s t r u c t u r e s ,  each r e s t i n g  on t h e  b a s a l t  base. Includ- 
ing t h e  cover material, each s t r u c t u r e  would s tand  considerably above ground 
l e v e l .  Each s t r u c t u r e  would conta in  a number of disposal rooms extending its 
f u l l  length.  

The s t r u c t u r e  would be massive, w i t h  t he  i n t e n t i o n  of providing long- . 
term containment of t h e  waste. I t  would have a high ratio of solid material 
( re inforced  concrete)  to void,  obtained by the  use  of massive in t e r lock ing  
concrete  blocks. A t h i c k  l aye r  of n a t u r a l  material ( c l ay  and b a s a l t  riprap) 
on top of the  concrete  would p r o t e c t  t he  concre te  from the  environment. 

N.3.2 Environmental Effects  

The environmental e f f e c t s  of r e t r i e v a l ,  s lagging py ro lys i s ,  and repackag- 
ing are given i n  Sec t ion  9.8. 

The shipment and disposal of waste a t  the  I N E L  disposal loca t ions  would 
not  r e s u l t  i n  s i g n i f i c a n t  r ad io log ica l  effects, a t  least i n  t h e  near term (up 
to 100 years ) :  The waste would be packaged to prevent  t he  release of contam- 
i n a t i o n  during normal handling and shipping. 
t he  genera l  populat ion from normal opera t ions  because the  waste would be 
shipped on committed roadways. 

There would be no exposure to 
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After  t h e  waste had been put  i n  t h e  disposal f a c i l i t y  and the  f a c i l i t y  
closed, long-term environmental effects of disposal would be associated prin-  
c i p a l l y  with the  d i s rup t ion  of t h e  waste by n a t u r a l  disasters. 

0 Nonradiological impacts would r e s u l t  from the  use of land,  energy, resour- 
ces, and labor. These impacts are summarized i n  Table N-3 for t h e  four dis-  
posal loca t ions ,  including the  less-massive v a r i a t i o n  of engineered shallow 
burial .  Implementation of t h i s  v a r i a t i o n  would g r e a t l y  reduce t h e  amount of 
concrete  required, as shown i n  the  table. 

The cons t ruc t ion  of roadways would remove some sagebrush habitat .  The use  
of Site 1 4  would cause the  lpss of some of the  crested wheatgrass, which w a s  
introduced to increase  t h e  grazing area on t h e  INEL.  Both of these e f f e c t s  
would be m i n o r .  The use of either Lemhi Range s i t e  would cause a loss of 8000 
acres of graz ing  land for cattle and sheep. 
to ta l  would be i n  the form of a 2-mile-wide buffer zone around t h e  disposal 
site. The buffer  zone might be judged unnecessary after opera t ions  ceased, 
because of the  p ro tec t ion  afforded by the  disposal f a c i l i t y  i tself .)  About 
200 acres of w i l d l i f e  h a b i t a t  would also be lost i n  t h e  Lemhi Range, mostly 
because of the  cons t ruc t ion  of t he  roadway. 

( A l l  but  about '200 acres of t h i s  

1.3.3 Radiological R i s k  to . the  P u b l i c  

The r ad io log ica l  r i s k s  associated w i t h  r e t r i e v a l ,  s lagging  pyro lys i s ,  and 
repackaging of waste are discussed i n  Sec t ions  9.8.2.3 and 9.8.3.3. 

For waste processed by slagging pyro lys i s ,  t he  r i s k  to  the  pub l i c  during 
waste shipment and t h e  ope ra t iona l  phase of disposal would be thousands of 
times smaller than t h a t  associated w i t h  processing t h e  waste. For t he  repack- 
aged waste, t h e  r i s k  from shipment and from disposal opera t ions  would be about 
t he  same as t h a t  from processing. 

Some of the  disposal methods are designed for long-term i n t e g r i t y  of the  
containment. Thus, ca l cu la t ions  of hypothe t ica l  releases occurr ing i n  t h e  
year 2085 are of l imited value. Figure N-1 shows t h e  consequences of more 
d i s t a n t  releases (DOE, 1979) as a func t ion  of the  t i m e  a t  which they occur. 
( R i s k s  were not evaluated because of the u n c e r t a i n t i e s  i n  es t imat ing  the  prob- 
a b i l i t i e s  of d i s r u p t i v e  events  thousands of years  i n  t h e  fu ture . )  For per- 
spec t ive ,  r e s u l t s  are also shown for the other t w o  a l t e r n a t i v e s  discussed i n  
t h i s  appendix. 
confinement is assumed to occur instantaneously,  rather than gradual ly .  The 
increase  i n  populat ion dose shown for t h e  f i r s t  100 yea r s  is a r e s u l t  of as- 
sumed population growth during t h a t  period. 

The f i g u r e  is s impl i f i ed  i n  t h a t  t h e  degradation of t he  waste 

I n  terms of  populat ion dose commitment, t h e  dominant hypothe t ica l  release 
event after disposal is volcanic  ac t ion :  either an e rupt ion  up through the  
waste or lava flow over it from a nearby erupt ion.  A f r a c t i o n  of the  waste 
could thereby become a i rborne  and be carried o f f  the site. 

A l l  t he  other  evaluated-,.spenarios were found to produce lower population 
The RWMC could be flooded by high water i n  doses. Flooding is among these.  

t h e  Big L o s t  River or by failure of t h e  Mackay Dam. 
t he  I N B ,  where most of it would evaporate. 

Such water would pond on 
To reach t h e  Snake River P l a i n  
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Table N-3. Nonradiological Impacts of Disposala 

Construction Operations 
Disposal P a r t i c u l a t e  Diesel 

method and Man- emi ss ionsb fue lb  Landb#= ConcreteC Person- Electr i c i t p  
location monthsb ( lo3  l b )  (103 g a l )  (acres) ( lo3  yd3) nelc ( lo6  kW-hr/yr) 

D e e p r o c k  
disposal:  
shaf t  access 924 36 330 205-210 2 39 3-6 

D e e p r o c k  
disposal:  
tunnel access 924 36 330 206-211 5 31 2-4 

Engineered 
shallow land 
disposal  a t  
S i t e  14 393 10.3 94 288-493 510-1200 19-28 0.13 - 0.26 

Less-massive 
construction 
than above 288 8.3" 76 185-266 14-41 10-19 0.13 - 0.26 

Engineered 
surf  ace 
disposal  near 
theRWMC 246 8.1 73 41-115 380-1100 21-30 0.10 - 0.17 

aData from DOE (1979). 
bIncludes committed roadway. 
CRanges of values reflect the d i f f e r e n t  output volumes of waste from the  three processing methods 

Higher values are for the repackage-only approach; lower values are f o r  slagging .pyrolysis. studied. 
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Figure N-1. Summary of consequences from dominant long-term release 
scenarios for all on-site disposal methods discussed. 

L 

aqu i fe r ,  water would have to percolate downward through 580 f e e t  of sediments 
and basalt. Flaw i n  t h e  aquifer is a t  the  rate of 4 to  20 feet per day, bu t  
sorp t ion  would g r e a t l y  slow the  t r anspor t  of TRU nucl ides .  
decay would cause the  r e s u l t a n t  concentrat ions to be low.  Indeed, t he  analy- 
sis i n d i c a t e s  a g r e a t e r ,  b u t  still minor, hazard from the  resuspension of TRU 
nucl ides  l e f t  on t he  s u r f a c e  after t h e  evaporation of ponded water (DOE, 1979) .  

A s i g n i f i c a n t  s cena r io  from the  s tandpoin t  of i nd iv idua l  doses is f u t u r e  
i n t r u s i o n  on t he  waste s i te  by i nd iv idua l s  or smaLLgroups of people. These 
scenar ios  could  r e s u l t  i n  ind iv idua l  doses' as  high as 200. rem to the  bone or 
the  lung. The populat ion dose would be small because of t he  .small number of 
people involved. 

Dispersion and 

N.3.4 Hazards to  Workers I . .  
,~ . .  

The hazards to workers during waste-retr i e v a l  and processing opera t ions  

During on-si te  shipment and 'd isposal  of waste, small r ad ia t ion  exposures 

are discussed i n  S e t i o n s  9.8.2.4 apd 9.8.3.4, respec t ive ly .  . I . '  i 

would occur to the  work force from direct r ad ia t ion .  Physical  c o n t r o l s  and 
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adminis t ra t ive  procedures would be implemented to  keep the  r ad ia t ion  doses 
received by workers a s  l o w  a s  p rac t i cab le  and w i t h i n  DOE s tandards (ERDA, 
1 9 7 7 ) .  Present  experience w i t h  t h e  handling of TRU waste shows t h a t  individu- 
a l s  d i r e c t l y  involved i n  t h e  opera t ions  do n o t  rece ive  maximum doses near t h e  
radiation-worker l i m i t  of 5 rem per year .  

N.3.5 Costs 

The estimated costs of r e t r i e v a l  and of processing fo r  each of the  th ree  
a l t e r n a t i v e  methods evaluated are given below. These  costs a r e  i d e n t i c a l  w i t h  
those given i n  Sect ion 9 . 8 . 2 . 5  and 9 . 8 . 3 . 5 ;  they a r e  i n  m i l l i d n s  of d o l l a r s  
(DOE, 1 9 7 9 ) .  

Operation 
To ta l  

Cap i t a l  O&Ma D&Db To ta l  

Re t r i eva l  
Slagging pyro lys i s  and packaging 
Repackaging only 

9 20 . 1  30 
37 2 226 1 3  635 
109 92 11 212 

aoperat ions and maintenance. 
bDecon tami nation and decommission ing . 

The es t imated costs for on-si te  shipment and d i sposa l  are summarized i n  
Table N-4. For each d i sposa l  method, t h e  costs a r e  given for managing t h e  
waste form r e s u l t i n g  from the  two processing methods discussed. 
cost of t h e  less-massive vers ion of engineered s h a l l o w  bur ia l  is consequently 
less than t h a t  of t h e  other  vers ion;  t h e  d i f f e rence  is due p r i n c i p a l l y  to t h e  ' 

smaller quan t i ty  of concrete  required.  

The es t imated  

N . 4  CONCLUSIONS 

The resu t of ..av,ng no .0  -site TRU-waste repos-Lory wou be t h a t  t..e 
TRU waste s tored  i n  Idaho could be (1) l e f t  i n  p lace  a s  is; ( 2 )  l e f t  i n  place 
with improved confinement being provided; or ( 3 )  r e t r i eved ,  processed, and 
disposed of a t  t h e  INEL. 

N o  normal ope ra t iona l  r e l e a s e s  of r a d i o a c t i v i t y  would be assoc ia ted  w i t h  
t h e  leave-in-place a l t e r n a t i v e  or t h e  improved-conf inement  a l t e r n a t i v e .  I n  
the  sho r t  term (i.e., up to about 100 y e a r s ) ,  the  a l t e r n a t i v e  with r e t r i e v a l ,  
processing, and d i sposa l  a t  t h e  INEL would resul t  i n  a g rea t e r  r ad io log ica l  
impact than t h e  t w o  other a l t e r n a t i v e s .  The l a r g e s t  r ad io log ica l  impact would 
result  from normal ope ra t iona l  r e l eases  from t h e  s lagging-pyrolysis  process.  
During processing, a whole-bod 
year of operat ion or 3.6 x millirem to t h e  bone could be expected a t  
the  po in t  of maximum a i rborne  concent ra t ion  (Table 9-70) .  

dose commitment of 1 . 9  x lom7 m i l l i r e m  per 
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Table N-4. Estimated C o s t s  of On-Site Disposal f o r  Stored Waste 
(Mil l ions of Dollars) a 

Total 
Disposal method Shipping Capital O&Mb D&DC Total 

D e e p  d i sposa l  i n  rock: s h a f t  
Slagg ing pyro lys i s  2.7 
Repackaging only 1.1 

Deep d i sposa l  i n  rock: tunnel  
Slagging pyro lys i s  2.7 
Repackaging only 1.1 

Engineered shallow b u r i a l  
Slagging pyro lys i s  
Repackaging only 

2.3 
1 .4  

Less-massive v a r i a t i o n  of 
engineered shallow b u r i a l  

Slagging py ro lys i s  2.3 
Repack ag i ng only 1 .4  

Disposal i n  an engineered 
su r face  f a c i l i t y  

Slagging pyro lys i s  NAd 
Repackaging only NA 

36 103 0.3 14  2 
111 0.3 1 4  9 37 . .  

37 ‘96 0.3 136 
38 108 0.3 147 

26 3 69 0.3 335 
604 73 0.4 679 

34 65 0.3 102 
79 69 0.4 150 

154 70 0.2 225 
451 74 0.2 526 

aData from DOE (1979). 
bFor each e n t r y  i n  t h i s  column, $60 mi l l i on  of the  operations-and- 

maintenance (O&M) costs stemmed from 100 years  of maintenance and su rve i l -  
lance.  

CIncludes only costs assoc ia ted  with decontamination and decommis- 
s ioning (D&D) of se rv ice  f a c i l i t i e s  such as maintenance f a c i l i t i e s .  N o  D&D 
would t a k e  place for  the  d i sposa l  f a c i l i t i e s  themselves. 

= not appl icable .  

During handling assoc ia ted  with shipment of processed waste to the  INEL 
d i sposa l  l oca t ions ,  workers would be exposed to d i r e c t  r a d i a t i o n  from t h e  
waste packages. Experience i n d i c a t e s  t h a t  the  doses  received by t he  workers 
w i l l  be w e l l  below t h e  S-rem/yr limit f o r  r a d i a t i o n  workers. 

There would be no r ad io log ica l  exposures to the  gene ra l  populat ion during 
normal opera t ions  for disposing of t h e  waste a t  t h e  INEL. The dominant 
waste-handling accident  would be assoc ia ted  with the  waste t h a t  has only been 
repack aged. 

Over the  long term (i.e., over more than about 100 y e a r s ) ,  n a t u r a l  d i sas -  
ters ( f loods ,  volcanoes, etc.) could occur, d i s rup t ing  t h e  waste and r e l eas ing  
radionucl ides .  Also, i nd iv idua l s  and small groups of people could inadvert-  
e n t l y  come i n t o  contac t  with the  waste. In  terms of r ad ia t ion  doses to t h e  
surrounding populat ion,  volcanic  ac t ion  was determined to be the  predominant 
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event for a l l  of these al ternat ives .  Altriough s ign i f icant  50-year dose com- 
mitnents could be delivered to maximally exposed persons i n  t h e  volcanic-lava- 
flow scenario (90 rem to the lung) and the intrusion scenario (500 rem to the  
bone, 700 rem to the  lung), no near-term fatali t ies from radiat ion would be . 
expected to result from such events.< Dose commitments t h i s  large are predicte 
only for the a l t e rna t ive  of leaving t h e  waste as is, wi thout  .improving,its 
a>nf inement . 

Nonradiological effects from any of t h e  three a l te rna t ives  discussed above 
wpuld generally be limited to minor commitments of energy, resources,h’and: la- 
bor. An exception is the la rge  requirement of concrete for the massive struc- 
tu re s  for engineered surface disposal and for engineered shallow burial..  The 
latter f a c i l i t y  a n  be made less massive, using less concre*te, wi th  somes sac- 
rifice i n  long-term safety.  
for the engineered surface-disposal f a c i l i t y ,  which would be openly exposed to 
the elements i n  an area of severe winters; s ign i f icant  rates of deter iora t ion  
of the containment would then be expected over the  long .term; . 

T h i s  reduction i n  mass is probably not possible  

Slagging pyrolysis Auld be t h e  most cos t ly  of the- processing methods 
studied, but the resu l t ing  waste product would be the safest. 
the reduced disposal costs resu l t ing  fram the  decreased volume of waste proc- 
essed by slagging pyrolysis would tend to offset t h e  increased cost of proc- 
essing, pa r t i cu la r ly  for disposal i n  massive concrete s t ructures .  Deep-rock 
d i s p a l  and the less-massive var ia t ion of engineered disposal would cost much 
less than the  other disposal methods studied. 

Furthermore, 
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Appendix 0 

INTERPRETATION OF THE RADIATION DOSES 
PREDICTED I N  THIS M>cuMENT 

/ 

- , - e l  

/ Some of the  analyses  i n  t h i s  document predict t h e  r ad ia t ion  doses and dose 
commitments t h a t  people may rece ive  from ac t iv i t ies  a s soc ia t ed  w i t h  the WIPP. 
Th i s  appendix begins w i t h  a b r i e f  d i scuss ion  of t he  meaning of t hese  two quan- 
t i t ies.  It  then describes the  methods t h a t  t h i s  document uses  for in t e rp re t -  
ing them. 

0.1 RADIATION DOSES AND DOSE COMM1"TS 

The impacts of r a d i a t i o n  from the WIPP are predicted i n  terms of two d i f -  
f e r e n t  quantit ies--dose and dose commitment--because people can r ece ive  t w o  
types of exposure to rad ia t ion :  e x t e r n a l  exposure and i n t e r n a l  exposure. 
e x t e r n a l  exposure comes from a source outside the  body;. i f  t h e  source is rem- 
oved or the person moves away from it, t h e  e x t e r n a l  exposure stops. A person 
who s tands ,  for example, on a contaminated su r face  may r ece ive  an e x t e r n a l  
exposure u n t i l  he moves away from t h e  surface.  
o ther  hand, comes from rad ioac t ive  material in s ide  the  body. If such material 
is inhaled or ingested,  part  of it cont inues to i r r a d i a t e  body t i s s u e s  u n t i l  
it decays or is el iminated by b io log ica l  processes.  

An 

I n t e r n a l  exposure, on the  

When t h i s  environmental impact s ta tement  p r e d i c t s  t h a t  a person w i l l  re- 
ce ive  an e x t e r n a l  exposure to rad ia t ion ,  it also eva lua tes  the  b io log ica l  dam- 
age done during the exposure by ca l cu la t ing  the  dose de l ivered  to the  person. 
S t r i c t l y  speaking, it calculates the  quan t i ty  called "dose equiva len t , "  b u t  
t h i s  document, l i k e  most o t h e r s  of its type, uses t h e  less awkward term "dose." 

I n t e r n a l  exposures are evaluated i n  terms of  "dose commitment," a q u a n t i t y  

A dose commitment is ca l cu la t ed  by in t eg ra t ing ,  or sum- 
descr ibing the  e f f e c t s  of i r r a d i a t i o n  t h a t  cont inues after r ad ioac t ive  material 
has entered the body. 
ming, the annual dose received from radioactive nuclides inside the body; 
usual ly  t h i s  i n t eg ra t ion  is performed for a period of 50 years  after intake.  
The in t eg ra t ed  dose r e s u l t i n g  from 1 yea r ' s  i n t ake  of the  material is then, by 
d e f i n i t i o n ,  t he  50-year dose commitment from t h a t  intake.  For radionucl ides  
t h a t  decay quick ly  or are el iminated quickly,  most, of t h e  dose combitment is 
received i n  a s h o r t  period of t i m e  a t  the  beginning of t he  50 years;  f o r  
longer-l ived or longer-retained materials, it may be received over t he  e n t i r e  
50 years.  T r i t i u m ,  for example, would de l ive r  a dose commitment e a r l y  i n  the  
50-year per iod.  Among t h e  radionucl ides  t h a t  would de l ive r  a dose commitment 
over a longer t i m e  are the a c t i n i d e  elements that are i n  the  waste to be re- 
ceived a t  t he  WIPP. 

Both dose and dose commitment are expressed i n  terms of a u n i t  called rem, 
a measure of b io log ica l  damage done by r ad ia t ion .  

When more than a few people are exposed to rad ia t ion ,  t he  q u a n t i t i e s  com- 
monly used to describe t h e  e f f e c t s  are populat ion dose and populat ion dose 
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, commitment. Expressed.in man-rem, these  q u a n t i t i e s  are ca l cu la t ed  by multiply- 
l i n g  the  number of exposed people by the  average dose or dose commitment they 

\ receive.  
sible,  -as explained below, to predict the  hea l th  effects r e s u l t i n g  from 
exposure;, ~ 

From estimates of populat ion,dose and dose corynitment, it is pos- 

- 
. . . 

0.2 METHODS FOR INTERPRETING PREDICTIONS OF RADIATION DOSES 

Because most people are not familiar w i t h  measurements of r ad ia t ion  doses 
and dose commitments, the  main t e x t  of t h i s  document provides,  i n  add i t ion  to 
the  p red ic t ions  themselves, information intended to help t h e  readers judge 
t h e i r  s ign i f icance .  I n  providing such information, documents l i k e  t h i s  one 
can use th ree  convenient methods: comparison of a predicted dose w i t h  t he  dose 
received from n a t u r a l l y  occurr ing background r ad ia t ion ,  comparison of a pre- 
d i c t ed  dose with o f f i c i a l  s tandards intended to insure  public s a f e t y ,  and es- 
t imat ion of the hea l th  e f f e c t s  t h a t  might arise from a predicted dose. T h i s  
appendix b r i e f l y  discusses these three methods of i n t e r p r e t a t i o n  and exp la ins  
how They are used i n  t h i s  document. 

The remainder .of t h i s  appendix is pr imar i ly  a s h o r t  summary of the  more 
complete d iscuss ion  i n  the  d r a f t  gener ic  environmental impact s ta tement  (GEIS) 
on t h e  Management of Commercially Generated Radioactive Waste (U.S. Department 
of Energy, 1979). 
essay on the effects of low-level r ad ia t ion ,  nor does it t a k e  a pos i t i on  i n  
the  cu r ren t  cont rovers ies  about the  effects of low-level r ad ia t ion .  I n t e r e s t e d  
readers  can f ind  f u l l  d i scuss ions  elsewhere: the GEIS, for example, conta ins  
an ex tens ive  list of re ferences ,  only a few of which are repeated here. 

T h i s  appendix is not intended to be a complete t u t o r i a l  

0.2.1 Method 1: Comparison with N a t u r a l  Backqround Radiat ion 

A l l  people are exposed to r a d i o a c t i v i t y  from na tu ra l  sources. -3smic rays  
from space a r r i v e  cons tan t ly  a t  the  earth: people rece ive  r a d i a t i o n  doses from 
the  rays d i r e c t l y  and from i n t e r a c t i o n s  between t h e  rays  and matter on earth. 
People also rece ive  r ad ia t ion  doses from terrestrial  sources: r ad ioac t ive  
elements t h a t  e x i s t  i n  t he  e a r t h ' s  crust and i n  l i v i n g  tissue and radioactive 
elements t h a t  are produced when cosmic rays  i n t e r a c t  w i t h  stable elements. 
Because some of the  r ad ioac t ive  elements e x i s t  i n s i d e  the human body, t h e  
terrestrial  sources con t r ibu te  i n t e r n a l  r ad ia t ion  doses as w e l l  as ex te rna l  
r ad ia t ion  doses. 

The doses received from these  n a t u r a l  r ad ia t ion  sources vary from place to 
place. For example, t h e  dose from cosmic rays  increases  w i t h  e leva t ion ,  t h e  
average dose a t  about 6600 feet above sea l e v e l  being double the  dose a t  sea 
l e v e l ;  the  e x t e r n a l  dose from terrestrial sources is higher i n  places where the  
rocks near the  su r face  of the ground are richer i n  n a t u r a l  rad ioac t ive  elements. 
The GEIS conta ins  tables and t e x t  descr ib ing  t h e  doses from n a t u r a l  background 
r ad ia t ion ,  and d e t a i l e d  d iscuss ions  appear i n  the  re ferences  cited there. 
Table 0-1, taken from the  GEIS, summarizes the  average doses from na tu ra l  
r ad ia t ion .  I n  the  t e x t  of t h i s  document the  value usua l ly  used f o r  the  average 
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whole-body dose from n a t u r a l  r ad ia t ion  is 0.1 rem per year ,  s l i g h t l y  lower 
than the value i n  the t ab le .  This  choice in su res  t h a t  t he  comparisons do not  
overest imate  background doses even though they vary from place to place as-2' 
explained above.' When d iscuss ing .  events  i n  Idaho, t he  t e x t  uses  0.15 rem per 
year because i n  that state the average annual dose from na tu ra l -_ rad ia t ion  is 
about 0.17 rem. / 

/ 

Table 0-1. Estimated Annual Average Whole-Body Doses from 
Natural  Radiation i n  t h e  United States 

Annual dose 
Source (rem) 

Cosmic rays  
Terrestrial r ad ia t ion  

Externa l  
I n t e r  n a l  

Total 

0.045 

0.060 
0.025 - 
0.130 

Th i s  document uses  natural-background doses as a reference  for comparison 
w i t h  the  doses it p red ic t s .  -Such a comparison is usefu l  f o r  a t  least t w o  
reasons. 
w e l l  understood; it is a number t h a t  is not  l i k e l y  to change s i g n i f i c a n t l y  
wi th  new studies or w i t h  advances i n  t h e  understanding of r a d i a t i o n  e f f e c t s .  
Second, comparisons w i t h - n a t u r a l  background are comparisons with r a d i a t i o n  
l e v e l s  t h a t  a l l  people have experienced; readers may u s e  t h e i r  own f e e l i n g s  
about background r ad ia t ion  i n  evaluat ing the  s ign i f i cance  of t he  doses t h a t  
the WIPP may add to the  n a t u r a l  doses. 

I n  spite of these t w o  reasons,  some opposi t ion to comparisons w i t h  n a t u r a l  
background r ad ia t ion  was expressed i n  public comments on t h e  d r a f t  of t h i s  
environmental impact statement.  S o m e  commentors seemed to feel t h a t  i n  making 
these  comparisons the  statement was t a c i t l y  assuming tha t  natural-background 
l e v e l s  are safe. Whether natural .background radiation is4 dangerous or not is 
a complex quest ion.  Some authors  have suggested t h a t  as many a s - 5 0 %  of human 
cancers  are caused' by na tura l - ' rad ia t ion . .  Other  i n v e s t i g a t o r s  have.pointed out  
t h a t  t h i s  hypothesis is not supported by a v a i l a b l e  da ta ,  such as the observed 
cancer rates i n  d i f f e r e n t  places where n a t u r a l  r a d i a t i o n  var ies .wide ly ;  some 
i n v e s t i g a t o r s  have. even found negat ive c o r r e l a t i o n s  between n a t u r a l  r ad ia t ion  
and health effects. 
na tu ra l  r ad ia t ion  are so-small tha t  they are l i k e l y  to be undetectable  among 
the  e f f e c t s  of other siSurces of human ill hea l th .  

First ,  the natural-background dose has been r e l i a b l y  measured and is 

According to the  major i ty  of s tud ie s ,  t h e  e f f e c t s  of 

1 .  
Z r  I _. . 

L i k e  the  GEIS, t h i s  document does not t a k e  a p o s i t i o n  on t h e  ques t ion  of 
whether n a t u r a l  background r ad ia t ion  is respons ib le  f o r  hea l th  e f f e c t s  i n  
human beings. It uses  t h e  doses received from n a t u r a l  background r ad ia t ion  
only as an e a s i l y  understood reference.  
t he  predicted doses are lower than natural-background doses, members of t h e  
pub l i c  and government officials can decide for themselves whether radiation 
from the  WIPP would be s i g n i f i c a n t .  

Reasoning from the  information t h a t  

a 
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0.2.2 Method 2: Comparison wi th  O f f i c i a l  S tandards  
'\. 

\ 
Radia t ion  s tandards  are set a t  l e v e l s  t h a t ,  i n  t h e  judgaent  of  experts, 

w i l l  proteqt people from ill effects. 'Comparing p red ic t ed  doses  with these  
s tandards  is therefore, a simple way of i d e n t i f y i n g  doses  t h a t  can be l abe led  
"safe;' i n  a way &at has a well-defined meaning. 

'@ 

A d i f f i c u l t y  wi th  exp la in ing  r a d i a t i o n  doses by such comparisons is t h e  
confusion t h a t  can arise because s t anda rds  are s u b j e c t  to change. 
t h a t  set r a d i a t i o n  s t anda rds  have, i n  f a c t ,  r e c e n t l y  rece ived  r e q u e s t s  both to 
lower 'and to raise some c u r r e n t - s t a n d a r d s .  A f u r t h e r  confusion sometimes 
arises because t h e  s t anda rds  t h a t  apply  to members of t h e  g e n e r a l  p u b l i c  are 
d i f f e r e n t  from those  t h a t  apply to workers i n  i n d u s t r i e s  t h a t  use r a d i a t i o n .  
For t hese  reasons,  t h i s  document seldom u s e s  o f f i c i a l  s t anda rds  as a re fe rence  
f o r  comparison with p red ic t ed  doses.  

The agencies  

0.2.3 Method 3: Estimates of Heal th  E f f e c t s  

Acute e f f e c t s  

The doses  p reh ic t ed  f o r  t h e  r o u t i n e  ope ra t ion  of t h e  WIPP are too low to 
produce acute ,  or prompt, h e a l t h  effects, which appear only  a t  higher  doses.  
According to t h e  Nat iona l  Council  on Radia t ion  P ro tec t ion  and Measurements 
(1974a, pp. 44-46), changes i n  whi te  blood cells are not  found e a s i l y  a t  doses  
below 50 rem. Spec ia l i zed  ana lyses  of chromosomes can detect changes from 
doses  i n  t h e  range of 5 to 25 rem, bu t  " the  b i o l o g i c a l  s i g n i f i c a n c e ,  i f  any, 
o f  t hese  changes is unknown a t  present . "  The lowest doses  t h a t  produce v is -  
ible evidence t h a t  a person has  been affected by r a d i a t i o n  are i n  t h e  range of 
75 to 125 rem, which is t h e  "minimal dose l i k e l y  to produce vomiting i n  about 
10% o f  people  so exposed." The r o u t i n e  ope ra t ion  of  t h e  WIPP is no t  predicted 
to d e l i v e r  doses i n  even t h e  lowest  of t h e s e  ranges.  

The a n a l y s i s  of acc iden t s  dur ing  t h e  t r a n s p o r t a t i o n  of  waste predicts 
upper- l imit  dose commitments of  3T rem to t h e  bone from t h e  worst  acc iden t s ,  
which are h igh ly  unl ike ly .  .These doses would be d e l i v e r e d  over a 50-year 
per iod  and would t h e r e f o r e  no t  be expected to produce acu te  h e a l t h  e f f e c t s .  

-The only  h igher  doses  p r e d i c t e d  i n  t h i s  document appear i n  t h e  ana lyses  
t h a t  s tudy  upper l i m i t s  to i n t e n t i o n a l  d e s t r u c t i v e  acts (Chapter 6) and to 
hypo the t i ca l  long-term releases of waste l e f t  i n  s t o r a g e  a t  Idaho (Appendix N). 
These whole-body dose'commitments might reach l e v e l s  t h a t  would produce nausea 
and vomiting i n  s o m e  people i f  t h e  doses were de l ive red  i n  b r i e f  e x t e r n a l  
exposures  r a t h e r  than over 50 years .  While such prompt e f f e c t s  are not  to be 
expected from 50-year dose commitments, it is d i f f i c u l t  to p r e d i c t  whether they  
might occur  a t  s o m e  time dur ing  t h e  50 years .  A s  t h e  Nat iona l  Council  on Radi- 

t h e  r e l a t i o n  between i n t e r n a l  dose and whole-body e x t e r n a l  dose (1974b, p. 37).  

Delayed e f f e c t s  

8 a t i o n  P ro tec t ion  and Measurements p o i n t s  o u t ,  t h e r e  are no re l iable  d a t a  on 

Although t h e r e  is l i t t l e  p o s s i b i l i t y  of acu te  i l l n e s s  from t h e  doses pre- 
dieted i n  t h i s  document, exposure to them might be expected to produce effects 
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not iceable  a f t e r  times measured i n  years .  
t w o  types: somatic effects, which are p r i n c i p a l l y  cancers ,  and gene t i c  ef- 
fects, which a r i s e  from a l t e r a t i o n s  or. rearrangements of  genes i n  l i v i n g  
cells. The GEIS lists four  kinds of disease assoc ia ted  w i t h  g e n e t i c - e f f e c t s ,  
and it po in t s  o u t  t h a t  there may also be other gene t i c  in f luences  on phys ica l  
and mental heal th .  Because  these o ther  in f luences  are m r l y  def ined,  how- 
ever ,  t he  s t u d i e s  t h a t  t r y  to predict the  gene t i c  e f f e c t s  of low-level radia- 
t i o n  simply assume values  t h a t  appear to be the  h ighes t  possible ones. 

These delayed hea l th  effects are of 

@ 

Using hea l th  effects as a method of explaining r ad ia t ion  doses has t h e  
apparent advantage that  the  pub l i c  can understand numerical p red ic t ions  of 
deaths more e a s i l y  than p red ic t ions  of doses expressed i n  unfamil iar  un i t s .  
The disadvantage of using hea l th  e f f e c t s  is t h a t  i n t e r p r e t i n g  p red ic t ions  of 
poss ib l e  deaths  is less simple than it might appear to be; t h e  s c i e n t i f i c  
basis for such p red ic t ions  is complex and con t rove r s i a l .  

The complexity and controversy stem from the  d i f f i c u l t y  of measuring t h e  
effects of law-level rad ia t ion .  The doses predicted i n  t h i s  s ta tement  l i e  far 
below the  doses f o r  which hea l th  e f f e c t s  i n  people have been measured d i r e c t l y .  
A l m o s t  a l l  of the d i r e c t l y  measured data are for doses near 100 rem and higher;  
they shaw t h a t  t he  magnitude of hea l th  effects increases  w i t h  the  r a d i a t i o n  
dose (Figure 0-1). To predict the  effects of lower doses requires extrapola-  
t i o n  of these data, and ex t r apo la t ion  to doses, l i k e  those predicted for the  
WIPP is subject to l a r g e  uncer ta in ty ;  the  doses from the  rout ine  operat ion of 
the  WIPP gene ra l ly  l i e  i n  the  range below 0.1 rem, a thousand times lower than 
the  direct measurements. 
meaningfully ex t rapola ted  to lower doses simply by drawing a s t r a i g h t  l i n e  on 
a graph t h a t  shows hea l th  e f f e c t s  as a funct ion of dose (Figure 0-1). 
i nves t iga to r s  feel t h a t  t h i s  , l inear  ex t r apo la t ion  underestimates hea l th  ef- 
fects a t  l aw  doses; they prefer a "superl inear"  ex t r apo la t ion  l i k e  the  one 
shown i n  Figure 0-1. S t i l l  other inves t iga to r s  f e e l  t h a t  a t  l o w  doses t h e  
human body can a t  least p a r t i a l l y  repair the  damage induced by r ad ia t ion ;  t h i s  
theory would support  an ex t r apo la t ion  l i k e  t h e  one labeled "subl inear"  i n  
Figure 0-1. 

Some,author i t ies  feel  t h a t  the  direct da ta  can be 

Other  

It  is d i f f i c u l t  to decide experimentally which ex t r apo la t ion  procedure is 
correct, because the e f f e c t s  of r ad ia t ion  a t  low doses are almost impossible 
to separate f r o m  s i m i l a r  effects exer ted  by other agents  i n  the  biosphere. I n  
the  absence of d e f i n i t i v e  experiments,, ; ,most  groups of experts recommend the  use 
of the l i n e a r  hypothesis for making p red ic t ions  intended to protect the  hea l th  
of t h e  publ ic .  The p red ic t ions  made'in t h i s  .document the re fo rez impl i c i t l y  con- 
t a i n  the l i n e a r  ex t rapola t ion .  Because the  l i n e a r  hypothesis remains unproved 
a t  law doses,  however, t he  hea l th  e f f e c t s  of r ad ia t ion  doses below natural-  
background l e v e l s  must. be predicted as possibil i t ies,  not  as c e r t a i n t i e s .  

For t h e  i n t e r p r e t a t i o n  of r ad ia t ion  doses-, t h e  GEIS p re sen t s  " r i s k  factors" 
t h a t  convert  p red ic t ions  of population doses to p red ic t ions  of hea l th  effe 'cts.  
These r i s k  factors were derived from the  l i terature  dea l ing  wi th  the  somatic 
and the  gene t i c  effects of low-level r ad ia t ion .  A discuss ion  of the  de r iva t ion  
appears i n  Appendix E of the  GEIS. For convenience, t h e  re ferences  consul ted 
i n  the  de r iva t ion  are l isted here: the  BEIR Report issued by the  Nat ional  Acad- 
emy of Sciences (1972), t h e  UNSCEAR Report issued by the  United Nations Scien- 
t i f ic  Committee on the Effects of A t o m i c  Radiation (1977), pub l i ca t ions  on the  
uranium f u e l  cyc le  issued by t h e  U.S. Environmental Pro tec t ion  Agency (1973a, 
1973b, 1976), t he  Reactor Sa fe ty  Study issued by the  U.S. Nuclear Regulatory 
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Figure 0-1. Suggested methods of determining the effects 
of low-level radiation by the extrapolation of 
existing data for high levels. For clarity, the 

i curves exaggerate the'differences from the I 

linear extrapolation. Predicted doses from the 
WlPP are mostly in the dose range below 1 
rem, where extrapolations are highly uncertain. 

Conmission (1975), and a report issued by the Medical Research Council i n  
Bngland (1975). 

Table.0-2, taken from the GEIS, lists the health-effects risk factors used 
i n  t h i s  statement. There are two types of r i s k  factors i n  Table 0-2: those 
expressing somatic effects as numbers of fa ta l  cancers and those expressing 
geneticseffects. The somatic effects are further divided among cancers aris- 
ing from four different kinds of exposure. The health effects predicted by 
the r i s k  factors i n  Table 0-2 are delayed effects that would occur years after 
the exposure. The predicted deaths would occur throughout the lifetimes of the 
people who receive the dose; the genetic effects are the total numbers. that 
would occur i n  a l l  generations after the exposure. 
above do not agree on single values for each of these r i s k  factors, the entries 
in Table 0-2 are ranges that encompass the reported values. 

Because the reports listed 
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1% Table 0-2. Health-Effects Rgsk Fac tors  Used i n  This  Statement 
- \  

\ Predicted incidence 
per 1 mi l l ion  man-rem '. Type of e f f e c t  

\ 

50-500 
5-50 
2-10 
3-15 

Fatal cancers  from 
whole-body exposure 
Lung exposure 
Bone exposure 
Thyroid exposure 

Genet ic  e f f e c t s  i n  a l l  genera t ions  
from whole-body exposure 50-300 

The r i s k  factors i n  Table 0-2  can be explained by the example of whole- 
body exposure. 
man-rem, the number of f a t a l  cancers  induced by the  exposure might l i e  between 
50 and 500. 
mil l ion  people received a dose of 1 rem; it could  arise i f  each of 100 mil l ion 
people received a dose o f  0.01 rem. 

If a populatim received a total who le -body  dose of 1 m i l l i o n  

Such a populat ion dose could arise, for example, i f  each of 1 

Table 0-3 i l l u s t r a t e s  the use of the r i s k  factors. It p resen t s  t h e  n e  
bers of f a t a l  cancers  t h a t  might develop i f  populat ions of var ious  s i z e s  re- 
ceived whole-body doses of var ious  magnitudes. 
o ther  e f f e c t s  of  exposure can be used s imi la r ly .  

The r i s k  f a c t o r s  that count 

Table 0-3. I l l u s t r a t i o n  of the  U s e  of R i s k  Factors To Calcula te  
Radiation-Induced Deaths 

~ 
~~~ ~ 

Average whole-body Population dose . Predicted 
Population dose (rem) (man-rem) ' fa tal  cancers  

10,000 0.01 100 0.005-0.05 
0.1 1 , 000 0.05-0.5 10 , 000 

100 , 000 0.001 100 0.005-0.05 
100,000 0.01 1,000 0 . 05-0.5 

100 , 000 -0 .1  10 , 000 0.5-5 
1,000,000 0.1 100,000 5-50 

100,000 * 0.02 2,000 0.1-1 
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COMMENTS FROM FEDERAL AND STATE GENCI ES 
ON THE DRAFT ENVIRONMENTAL IMPACT STATEMENT 

FOR THE WASTE ISOLATION PILOT PLANT 

Th i s  appendix c o n t a i n s  comments from Fede ra l  and s ta te  agenc ie s  on t h e  
d raf t  environmental  impact s ta tement  f o r  t h e  Waste I s o l a t i o n  P i l o t  P l an t .  Only 
t h e  cover let ters of t h e  state government agencies  are presented  i n  t h i s  appen- 
d ix .  
rece ived  from c i t i z e n s  groups and p r i v a t e  persons,  are a v a i l a b l e  f o r  p u b l i c  
review a t  t h e  fo l lowing  DOE p u b l i c  reading rooms: 

Copies of t h e s e  comment let ters i n  t h e i r  e n t i r e t y  as w e l l  as a l l  le t ters  

Albuquerque P u b l i c  L i b r a r y  
501 Copper Avenue Northwest 
Albuquerque, New Mexico 87102 

Car l sbad  P u b l i c  L ib ra ry  
P u b l i c  Document Room 
101  South Halaguene Street 
Carlsbad,  New Mexico 88220 

Hobbs P u b l i c  L ib ra ry  
509 North Shipp 
Hobbs, New Mexico 88248 

Thomas Brannigan L i b r a r y  
106 West Hadley 
L a s  Cruces,  New Mexico 88001 

R o s w e l l  P u b l i c  L i b r a r y  
301 North Pennsylvania  Street 
R o s w e l l ,  N e w  Mexico 88201 

New Mexico Technical  Library 
Campus S t a t i o n  
Socorro, New Mexico 87801 

2 immerman L ib ra ry  
U n i v e r s i t y  of  New Mexico 
Albuquerque, N e w  Mexico 87138 

Na t iona l  A t o m i c  Museum 
K i r t l a n d  A i r  Force Base - E a s t  
Albuquerque, N e w  Mexico 87115 
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May 2 5 ,  1979 

Mr. Eugene Beckett 
Department of Energy 
WIPP Project Office 

Washington, D.C. 20545 
MS B-107 

Dear Mr. Beckett: 

YOU will find attached written comments for inclusion 
and consideration at the public hearings being held 
on the draft environmental impact statement, DOE/EIs- 
8026-D, Waste Isolation Pilot Plant, 
New Mexico. 

If you would please keep me advised as to the progress 
of this project, I would appreciate it. 

Eddy County, 

Sincerely, 

Kent Hance 

KH : mpo 

Attachment 



ECTOR COUNTY DEMOCRATIC WOMEN'S CLUB 
P. 0. BOX 2944 

ODESSA, TEXAS 79760 

Hay 18, 1979 Q 
l ~ ~ e  Honorable Kent Hance 
Ihe House of Representatives 
I039 Lqngworth Bui  1 d ing  
Jashington, 0. C. 20515 

Re: Waste Isolation P i lo t  P lan t  
Near Carlsbad, New Mexico 

k a r  Congressman Hance : 

he members of the Ector County Democratic Women's Club are opposed t o  the bu i ld ing  of 
he Waste Isolat ion P i lo t  Plant (UIPP) near Carlsbad, New Mexico. The club reached 
his decision af ter  consulting w i t h  members of the League of Women Voters of Odessa, 
exas, and reviewing the League's in-depth study of this  p i l o t  plant. We agree w i t h  
he League t h a t  th is  s i t e  is not sufficiently safe for  long-term storage o f  large 
uantities of nuclear waste for the following reasons: 

1. According t o  t h e  hydrological studies conducted t h e r e  are h igh  pressure deposi ts  
of na tu ra l  gas and water underlying the s i t e  which are potentially dangerous 
i f  the h i g h  pressure gas should ever force the water i n t o  the WIPP s i te .  
These natural  gas deposits are potentially valuable sources o f  natural gas, bu t  
the WIPP s i t e  will remove them from usefulness. 

2. There have been earthquakes as recently as the spr ing  o f  1978 i n  Winkler County, 
Texas, which i s  adjacent to  Eddy County, New Mexico, the location o f  the 
proposed WIPP site. 

3. The aquifers o f  southeastern New Mexico and southwestern Texas are too close to  
the chosen s i te .  
i t  could pollute a portion or the entire water supply of the area. 

If any leakage should occur and seep i n t o  these water supplies, 

9 addition wastes being delivered t o  the plant would be  transported through the State 
f Texas, which is certainly a potential hazard to  residents along the route. 

F,'however, the Carlsbad s i t e  is chosen we would 1 
istituted as recomnended by the League: 

1. There should be monitoring of the mine u n t i l  
t h a n  the natural  radioactivity of the region 

ke t o  see the following safeguards 

the mine site i s  no more radioactive 

' 2. There should be monitoring of private and public water supplies o f  southeast 
New Mexico and southwest Texas as long as i t  is  necessary t o  monitor the mine. 
The monitoring should be a t  the expense of the United States government, not 
a t  the expense of the ind iv idua l  water user. 



The k n o r a 3 l e  Kent Hance 
Hay 18, 1979 
Page 2 
WIPP - Carlsbad, New Mexico 

3. I f  p o l l u t i o n  o f  any water supply should occur f r o m  the Waste I s o l a t i o n  P i l o t  

water should no t  be a t  the expense o f  the property owner/owners, but  ra the r  a t  
the expense o f  the United States government. 

-Plant, the water supply should be replaced w i t h  potable water. This good, usable 

4. There should be secur i ty  provis ions fo r  the t ranspor tat ion o f  the radionuclear 
waste t o  the s i t e .  

5. The rad ioact ive waste should be i so la ted  i n  as re t r i evab le  a manner as possible, 
pending fu tu re  technology when the waste can be safe ly  disposed o f  o r  u t i l i z e d  
f o r  fue l .  

We fee l  conf ident t h a t  you w i l l  weigh these considerations c a r e f u l l y  and help protect  
the residents o f  Texas. 

Sfncerely yours, 

Mrs. Gene Ater 
Presi  den t 
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UNITED STATES ARMS CONTROL AND DISARMAMENT AGENCY 
WASHINGTON 

June 26, 1979 
GENERAL COUNSEL 

Dear Mr. Beckett: 

reviewed the Department of Energy's draft Environmental' Im- 
pact Statement (DOE/EIS-0026-D) on the proposed Waste Isolation 
Pilot Plant (WIPP) which was forwarded to us for comment by 
Assistant Secretary elusen's letter dated April 18, 1979. 

The U.S. Arms Control and Disarmament Agency (ACDA) has 

ACDA would prefer to see .more emphasis placed in the 
draft EIS on the importance to our national nuclear waste 
management program of the intermediate-scale facility (ISF) 
demonstration component of the WIPP project. This could be 
handled relatively easily by placing additional balancing 
text from the Interagency Review Group Report (1979, p.55) at 
the end of the third paragraph on p. 2-15 of the draft EIS. 
Specifically, we would suggest using the following statements: 

"An ISF would also provide valuable experience in 
constructing, operating, and maintaining facilities 
and equipment for waste packaging, handling, trans- 
porting, emplacement, and retrieval," and 
"Exercising the licensing process for at least one 
ISF at an early date would be extremely useful prep- 
aration for the later licensing proceeding of the 
first full-scale repository." 

We recognize that these statements appear as part of a verbatim 

Mr. Eugene Beckett 
WIPP Project Office 
Mail Stop B-107 
Department of Energy 
Washington, D.C. 20545 
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reproduction of selected IRG material in Appendix C, but 
believe they are likely to be overlooked if not included 
in the main text. 

In this regard, it is important to keep in mind that 
progress in demonstrating that nuclear spent fuel can be 
stored acceptably in geological respositories has important 
implications for U.S. nuclear non-proliferation policy. 
Again quoting from the Interagency Review Group Report (1979, 
p.68): 

While it is difficult to predict what impact any 
particular strategic planning basis for the United 
States waste disposal program would have on other 
countries, it is fair to say that a strategy per- 
ceived as indecisive would almost certainly reduce 
our influence on achieving overall non-proliferation 
objectives at the international level. 
important to the United States because of our con- 
cern about possible proliferation consequences of 
nuclear power, our need to influence other countries 
with regard to the feasibility of permanent disposal 
of spent fuel, and our desire to protect the global 
environment by working with other countries to devise 
acceptable approaches to spent fuel management and 
waste disposal. 

This is 

The ISF demonstration could be an important factor in convinc- 
ing other nations that the U.S. is moving decisively ahead in 
solving its spent fuel management problems. 

3zlyb/- 

G 

Thomas Graham, Jr. 
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-DEPARTMENT OF HEALW EDUCATIOM JlM WLP#RL 
OFFICEOFTHESECRETARY - 

WASHING'-: m 

M r .  Eugene B e c k e t t  
WIPP Project O f f i c e  
U.S. Department o f  Energy 
Washington, D.C. 20545 

Dear M r .  Becke t t :  

Thank you f o r  t h e  o p p o r t u n i t y  IIO r ev iew t h e  D r a f t  Environ- 
men ta l  Impact S ta t emen t  (EIS)  f o r  Waste I s o l a t i o n  P i l o t  
P l a n t  (DOE/EIS-0026-1) . W e  o f f e r  t h e  f o l l o w i n g  comments 
for  c o n s i d e r a t i o n  i n  p r e p a r i n g  t h e  f i n a l  EIS. 

S i n c e  t h i s  is a new p i l o t  u n d e r t a k i n g ,  w e  were n o t  a b l e  to  
r e v i e w  t h e  adequacy o f  t h e  d e s i g n  o b j e c t i v e s  f o r  meet ing 
r a d i a t i o n  p r o t e c t i o n  s t a n d a r d s  associated w i t h  p o t e n t i a l  
i n d i v i d u a l  doses. 

The impact  s t a t e m e n t  does  n o t  c o n t a i n  a s p e c i f i c  c r i t e r i a  
fo r  r a d i o l o g i c a l  p r o t e c t i o n  r e l a t i v e  to  g e n e r a l  p o p u l a t i o n  
exposure and o c c u p a t i o n a l  exposure .  The summary of major 
i m p a c t s  d e s c r i b e d  i n  Table  3-10 is p r e s e n t e d  as a p e r c e n t  
of background r a d i a t i o n  fo r  t h e  g e n e r a l  p o p u l a t i o n  and t h e  
c u r r e n t  s t a n d a r d s  f o r  o c c u p a t i o n a l  exposure. I n  order to  
e n a b l e  a b e t t e r  e v a l u a t i o n  of t h e  r a d i o l o g i c a l  impact, DOE 
s h o u l d  i n c l u d e  a d i s c u s s i o n  of t h e  r a d i o l o g i c a l  p r o t e c t i o n  
c r i t e r i a  t h a t  t h e y  c o n s i d e r  a p p l i c a b l e  to  t h e  Waste 
I s o l a t i o n  P i l o t  P l a n t  (WIPP) o p e r a t i o n .  F u r t h e r m o r e ,  such  
c r i t e r i a  shou ld  a d d r e s s  t h e  r ange  o f  d o s e s  t h a t  DOE con- 
s iders  a c c e p t a b l e  as  a r e s u l t  of a c c i d e n t s .  For example,  
o n  page 3-15 t h e  E I S  s ta tes  t h a t  as a r e s u l t  of  d r i l l i n g  
i n t o  t h e  s t o r e d  s p e n t  f u e l  1 0 0  y e a r s  a f t e r  a r e p o s i t o r y  is 
s e a l e d ,  t h e  d r i l l - c r e w  g e o l o g i s t  cou ld  r e c e i v e  a dose  of  9 0  
rem (18 times o c c u p a t i o n a l  d o s e  of 5 rem/year ) .  P l e a s e  
n o t e  t h a t  s e c t i o n  2.2 and Appendix G o f  DOE/EIS-0046-D on 
t h e  management o f  commerc ia l ly  g e n e r a t e d  r a d i o a c t i v e  wastes 
c o n t a i n s  such  a d i s c u s s i o n .  

I n  a s s e s s i n g  t h e  a c c e p t a b i l i t y  of  t h e  proposed WIPP, t h e  
r a d i o l o g i c a l  impact from t r a n s p o r t a t i o n ,  normal o p e r a t i o n s ,  
o p e r a t i o n a l  a c c i d e n t s ,  and long-term impacts  are c r i t i ca l  
c o n s i d e r a t i o n s .  S e c t i o n  1 . 4  p r e s e n t s  an env i ronmen ta l  
a n a l y s i s  o f  a l t e r n a t i v e s .  
t h e  r a d i o l o g i c a l  impact of  each  a l t e r n a t i v e  would s e r v e  t o  
more c l e a r l y  i d e n t i f y  such  impacts .  

A summary t a b l e  or  m a t r i x  showing 
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T h e r e  n e e d s  t o  be a d i s c u s s i o n  of t h e  f a c i l i t y  emergency 
p l a n ,  p a r t i c u l a r l y  w i t h  respect to  c o o r d i n a t i o n  w i t h  s ta te  
emergency r a d i a t i o n  p l a n s .  Such a d i s c u s s i o n  s h o u l d  a lso 
i n c l u d e  c o o r d i n a t i o n  e f f o r t s  w i t h  local medical f a c i l i t i e s .  

T h e r e  is i n s u f f i c i e n t  i n f o r m a t i o n  for  d e t e r m i n i n g  whether  
e n v i r o n m e n t a l  pathways and models p r o v i d e  a c c u r a t e  estimates 
of doses t h a t  t h e  p o p u l a t i o n  would be s u b j e c t e d  to  under  
normal  o p e r a t i n g  c o n d i t i o n s  and a c c i d e n t  s i t u a t i o n s  . 
S e c t i o n  9.2.10 describes t h e  impact of  r o u t i n e  releases 
of r a d i o a c t i v i t y  from f a c i l i t y  o p e r a t i o n s .  The estimates 
of p o p u l a t i o n  and i n d i v i d u a l  e x p o s u r e  are estimated u s i n g  
t h e  AIRDOS-I1  Code. I t  is n o t  e v i d e n t  from t h e  p r e s e n t a -  
t i o n  t h a t  there are u n c e r t a i n  t i e s  i n  t h e  i n p u t  da ta  t h a t  
s h o u l d  be i d e n t i f i e d .  I t  would be h e l p f u l  to  know t h e  
r a n g e  of doses associated w i t h  t h e  estimates p r e s e n t e d  i n  
Tables 9-17 t h r o u g h  9-27. 

The u s e  of AIRDOS-I1  Code t o  compute doses to  p o p u l a t i o n s  
from e n v i r o n m e n t a l  pathways as a bas i s  f o r  p o p u l a t i o n  dose 
carr ies  w i t h  it an a c c u r a c y  c o n n o t a t i o n  t h a t  may or may n o t  
e x i s t .  It  is n o t  e v i d e n t  from t h e  D E I S  or its r e f e r e n c e  
t h a t  t h e  dose model h a s  been v e r i f i e d  by means o f  f i e l d  
t e s t i n g  and a n a l y s i s  o f  real  t i m e  m o n i t o r i n g  data .  

F i n a l l y ,  t h e  impact s t a t e m e n t  lacks i n f o r m a t i o n  on moni- 
t o r i n g  associated w i t h  d r i n k i n g  water, human food, an ima l  
feed and t h e i r  p r o d u c t s ,  such  as m i l k ,  and t h e  disposal  
o f  r a d i o a c t i v e  p l a n t  wastes. 

S i n c e r e l y  y o u r s ,  

Char les  Cus ta rd  
Director 

1 O f f i c e  of Envi ronmenta l  A f f a i r s  
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United States Department of the Interior 
OFFICE OF THE SECRETARY 

M'ASHISGTON, D:C. 20240 

ER 79/388 

Honorable Ruth Clusen 
Ass is tant -  Secretary f o r  Environment 
Department o f  Energy 
Washington, D.C. 20545 

Dear Ms. Clusen: 

Thank you f o r  your l e t t e r  of A p r i l  18, 1979, t r ansmi t t i ng  copies 
o f  the d r a f t  environmental impact statement f o r  the k'aste I s o l a t i o n  
P i l o t  Plant, Eddy County, New Mexico. 

As you may be aware, the I R G  review o f  the nuclear waste management 
program as w e l l  as the  DOE d r a f t  Environmental Impact Statement fo r  
C o m e r c i a l l y  Generated Waste has i d e n t i f i e d  a number o f  outstanding 
s c i e n t i f i c  and technica l  concerns associated w i t h  the disposal o f  
h igh- level  and t ransuranic  wastes. Many o f  these concerns are 
r e f l e c t e d  i n  our comments on the review of the WIPP GEIS  s ince the 
WIPP G E I S  contains proposals f o r  the disposal o f  h igh- level  and 
transuranic wastes. 
been s u b s t a n t i a l l y  a l t e r e d  i n  the FY '80 au tho r i za t i on  process and 
tha t  the President i s  c u r r e n t l y  d e l i b e r a t i n g  the r o l e  o f  the WIPP 
P ro jec t  i n  the o v e r a l l  nuclear waste management program. 

Our comments are p r i n c i p a l l y  addressed t o  the proposal contained i n  
the WIPP G E I S  and s p e c i f i c a l l y  t o  the disposal  o f  h igh- level  waste/spent 
f u e l  a t  t h a t  s i t e .  From a NEPA and FLPMA viewpoint, we be l i eve  the 
cu r ren t  G E I S  w i l l  have t o  be s u b s t a n t i a l l y  rev i sed  and supplemented 
i n  order f o r  t h i s  Department t o  make use o f  i t  i n  support o f  any land 
withdrawal decis ions we may wish t o  make a t  t h a t  s i t e .  Thus, our 
s p e c i f i c  concerns a re  discussed i n  each of the sect ions below w i t h  
a view t h a t  DOE'S subsequent impact statement w i l l  be rev ised t o  take 
i n t o  account our concerns, espec ia l l y  those concerns under FLPMA. 
We w i l l  be pleased t o  work w i t h  you i n  the r e v i s i o n  of the WIPP G E I S  
t o  the extent  t h a t  we have the c a p a b i l i t y  t o  do so. 

We are a lso aware t h a t  the WIPP p r o j e c t  has 

qk AMERICAS 
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Relationship to the IRG Report 

The President has recognized the immediate and long-term problems o f  
nuclear waste management. In March 1978, he established a Federal 
Interagency Review Group (IRG) for nuclear waste management. The IRG 
published a final report in March 1979 specifying recornendations for 
the overhaul and reorientation of the Federal Government's waste manage- 
ment program. 
baseline of policy expertise in the Federal Government. 
devotes considerable attention to the development of an intermediate- 
scale facility. 
intermediate-scale facility could be contemplated at the WIPP site, 
the IRG also defines a:process of site selection for high-level, spent 
fuel, and transuranic wastes in differing geologic media in diverse 
geologic environments. 
Project in light of the IRG alternatives with a view of how the proposed 
WIPP Project conforms with the recom'ended process laid out by the IRG. 
This should be done in a thorough manner so that it can be readily 
implemented. 

Additionally, the IRG work is considered to be the 

Although the IRG report does provide that the 

The IRG report 

The final statement should evaluate the WIPP 

For example, the IRG report indicates that although more is known about 
the engineering aspects of a repository in salt than other media, on 
purely technical grounds,' no particular geologic host medium is an 
obvious preferred choice at this time. The IRG report also indicates 
that the capability must be developed to characterize and evaluate media 
in a number of geologic environments for possible use as repositories 
built with conventional mining technology. The WIPP DEIS only discusses 
salt as a host medium. 
and potential a1 ternatives for geologic and hydrologic conditions 
necessary to store nuclear waste. 
o f  the omission of a credible discussion of alternative geologic host 
environments. 
for disposal of nuclear waste such as burial at sea, rocketing the waste 
Into outer space, etc. 

The ultimate criterion for< geologic host media i s  the successful isola- 
tion o f  radioactive. waste (JRU,'HLW, etc.) for periods of time ranging 
from 1,000 years to 250,000 years. During such a long time frame, a 
number of factors may change including climate, geologic stability, and 
the existence of man on earth, etc. The WIPP DEIS does not offer a 
credible discussion, in simple English, of the expertise that would be 
necessary to characterize the integrity o f  a nuclear waste disposal 
site for 100,000 years or more, let alone provide institutional surety 
that such a site could be maintained over that time period. 

However, the IRG report discusses the existing 

Thus, the EIS is inadequate because 
This point is distinct from programnatic alternatives 

t .  . .  
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The Environmental Protection Agency is now preparing final regulations 
for standards on acceptable levels of radioactivity in the environment. 
EPA's standards are general rather than site-specific. The I R G  and EPA 
have recognized that zero release of radioactivity cannot be assured. 
The I R G  urges that ikis more feasible to defer the choice of waste 
technology so the ultimate choice of disposal options will factor in 
EPA's criteria. The .WIPP D E I S  does not address the need for applica- 
tion bf'the criteria to an intermediate-scale facility. This issue 
should be addressed in the final statement. Secondly, since the purpose 
of the GEIS is to establish the scientific feasibility of pursuing 
mined repositories and' defining the necessary supporting programs, e.g. , 
R&D, etc., to accomplish that purpose, the WIPP EIS should also address 
the relationship between the WIPP Project and the overall waste manage- 
ment program and its specific role in the overall program, 

Outstanding Technical Issues 

We recognize that some of the proposals contained in the document may 
be moot because of Presidential and Congressional decisions. Nonetheless 
we have responded to the document as it exists, 

Before any waste is emplaced on a retrievable basis, the waste-form 
question will obviously have to be settled. 
produces significant amounts of heat is emplaced on a retrievable basis, 
the exact mechanism and significance of migration of fluid inclusions 
in the salt to the heat source must be determined. 

Before any waste that 

Before large amounts o f  waste are emplaced on a nonretrievable basis, 
the hydrologic flow system must be more completely characterized, 
especially the question of radionuclide retardation and the details of 
flow-through features in the Rustler Formation. In addition, the 
permeability and effectiveness of backfill materials and the potential 
for the successful sealing of shafts must be known. Assurances that 
there are no large brine pockets in the vicinity of the site must be 
available. A more precise estimate of long-term risk must also be made 
including tectonic, climatic, or other factors which might initiate a relel 
from the repository (such as by breccia pipe formation), shorten the flow 
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path between the repository and Malaga Bend, o r  result i n  loss of 
di lut ion by the Peccs River a t  Malaga Bend. Work an a l l  of these 
topics is currently underway. 

Before a decision is  made t o  proceed w i t h  licensing a t  the WIPP s i te ,  
the d i f f i c u l t  issue of future human intrusion and the risk posed by i t  
must be resolved. Whether o r  n o t  a l te rna t ive  si tes and media a re  indeed 
comparable i n  long-term risk, and superior or  in fer ior  as regards 
at t ract iveness  f o r  future i n t r u s i o n ,  should be assessed a t  an ear ly  date. 
An R&D e f f o r t  t o  make these comparisons should be par t  of the national 
program t o  achieve sa t i s fac tory  means o f  waste disposal. These a re  a l l  
s ign i f icant  technical issues tha t  must be resolved before reliance on 
the risk assessments model results as contained i n  the  d r a f t  EIS can be 
undertaken w i t h  any degree of confidence and credi b i  1 i ty. 

Format of the Draft Statement 

The format o f  this environmental impact statement is disorganized and 
confusing. 
systematically set for th .  
proposal, i t  i s  not possible t o  understand the impacts on the environ- 
ment of t h a t  proposal. Unfortunately, the proposal is n o t  c lear ly  set 
forth i n  any one section i n  the EIS. That par t  o f  the proposal re la t ing  
t o  transportation of the radioactive waste i s  found i n  the f i r s t  half of 
Chapter 6. Other parts of the proposal a r e  found i n  the l a t t e r  par t  of 
Chapter 8. To learn of the waste forms t ha t  are  par t  of the overall plan 
one must t u r n  t o  Chapter 5 and the central  section of Chapter 5. The 
description of geology, hydrology and archaeology are found i n  Chapter 7. 
The land use description is  pa r t i a l ly  located a t  the b e g i n n i n g  of 
Chapter 8 and p a r t i a l l y  i n  Chapter  12. 
h i s to r i c  and cul tural  resources is located i n  Appendix H i n  Volume 2 of 
the document. 
description of three other environmental parameters. 
the description o f  the environment i s  spread through three chapters and 
two appendices. For the reader t o  p u t  it together is  a major undertaking. 

Impacts from the proposal a re  1 i kewise spread throughout various sections 
i n  the document. In the a l te rna t ives  chapter (Chapter 3) the a l te rna t ive  
of "no action" is considered i n  two pages. 
not f u l l y  discussed there. 
leave the  waste i n  Idaho. 
of Chapter 9. 

For example, a description of the proposal should be 
Wi thou t  a complete understanding of the 

A descr ipt ion of the scenic, 

Appendix I i n  Volume 1 of the document contains a 
In other words, 

However, this a l te rna t ive  is 
Part of the a l te rna t ive  of "no action" i s  t o  

The impact of t h a t  can be found i n  Section 7 
Similar problems can be found w i t h i n  Chapters 6 and 9. 
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I 

He a lso recommend t h a t  addi t ional  e f f o r t  be taken t o  reduce technical  
jargon t o  make the statement more understandable. 

We bel ieve tha t  the exact nature o f  the proposed act ion must be described, 
along w i th  a1 ternat ives t o  the proposed action, the environmental conse- 
quences o f  the proposed act ion and a1 ternatives; and possible terminat ion 
o f  the withdrawal. 
i n s t i t u t i o n a l  reasons, found t o  be u l t imate ly  unsuitable, or, a1 ternat ive ly ,  
r e t r i e v a b i l i t y  problems could occur. 
adequately analyze these issues. Moreover, the s i t e  character izat ion 
and .evaluation f a i l s  t o  comply w i t h  the Federal Land Pol icy  and Management 
Act o f  1976 (FLPMA) and the National Environmental Pol icy  Act o f  1969 
(NEPA) and hence, i s  inadequate f o r  the purposes o f  considering a 
withdrawal o f  pub l i c  lands. F ina l ly ,  i f  the Department o f  Energy has 
changed the purpose o f  the WIPP since the d r a f t  EIS was released, then 
the current document i s  inadequate by de f i n i t i on .  
supplemental E I S  w i l l  be required a t  a minimum. 

This s i t e  could be d i squa l i f i ed  f o r  technical  o r  

We bel ieve the d r a f t  E I S  f a i l s  t o  

I n  such case, a 

Analysis 

The EIS contains outdated data and a consistent lack o f  an analysis o f  
the environmental impacts o f  the proposed act ion i n  a number o f  areas. 
Addi t ional ly ,  a l o t  o f  fac ts  and s t a t i s t i c s  are given, but  pragmatic 
analysis o f  the e f fec ts  on the environment o f  those fac ts  and f igures  
I s  lacking. Impacts are f requent ly  s p l i t  up i n t o  cons t i tu ten t  par ts  
and are not  evaluated cumulatively. For example, the analysis of the 
impacts o f  noise by the operation o f  the p lan t  i s  found i n  Section 9.2.5 
on page 9-26. 
are. 
mental * s e t t i n g  sect ion i s  unknown. Moreover, the c r i t e r i a  used are 
outdated. 
Housing and Urban Development p r i o r  t o  the passage o f  the Noise Control 
Act o f  1972 and thus are outdated. Addi t ional ly,  the a p p l i c a b i l i t y  o f  

We bel-ieve the use o f  more recent c r i t e r i a  developed by the Environmental 
Protect ion Agency could a1 t e r  t h i s  analysis. 

e r i a l  on noise i s  then broken down i n t o  s i x  categories; however, 
the impacts i n  each o f  these categories are not  exanlined cumulatively. 
For each category the EIS states what the noise leve l  i s  expected t o  be 
w i t h  no analysis o f  what t h a t  noise l eve l  means. Several times the 
document states t h a t  w i l d l i f e  " w i l l  become accustomed" t o  the noise 
levels. 
w i l d l i f e  acc l im i t i za t i on  are not evaluated. Speci f ic  e f fec ts  upon 
w i l d l i f e  from noise are not  evaluated. 

It begins w i t h  a shor t  statement as t o  what noise standards 
Why t h i s  i s  contained i n  the impact sect ion rather  than the environ- 

The c r i t e r i a  used were establ ished by the Department of 

!$HUD standards ( f o r  urban areas) t o  a r u r a l  s i t e  i s  a lso unexplained. 

However, the p r o b a b i l i t y  of, or the length o f  time f o r ,  
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In the t ransportat ion of the nuclear wastes the impacts of "intentional 
destructive acts," discussed i n  a few lines a t  Section 6.8, are dismissed 
by saying that the wastes are'packaged so well, the packaging could 

ached. 
Evidence of analysis  t o  

conclusion should have been presented, pa r t i cu la r ly  since 
e of wha t  the state-of-the-art on pa'ckaging is  today, o r  
osed waste form is likely t o  be since the Department of 
t 'p lan mak'ing this decision before the early 1980's. In 
siderable additional' information about the t ransport  o f  

l t , t o  f i n d  any assessment o f  mitigat ion actions i n  
ji 

And i f  for  some reason they are breached, there 
1 atively 1 imi ted consequences. 'I 

this specific s i t e  should have been included. 

For example, under landscape restoration the analysis 
he 'completion of construction, a71 areas disturbed 
ot. required for  permanent faciqities wil'l. be re- 
T h a t  is"the entire discussion. 
;of vegetatton; f n  what'areas; how large of an area; 

t will be the impact of the regrading and 

Issues such as  

reseeding ofj  the area ver addressed. T h i s  entire section should 
be revised t o  assess the effectiveness of the m i  tigation actions proposed. 

There has been a 
radiation exposu anium mines and other h i g h  risk areas 
4over.past years. scussion of exposure should be 
expanded i n  t h  t. Very l i t t l e  discussion o f  the indirect 
impacts on pla ivestock)* attributable t o  .radiation 
exposure t o  soS1 near the s i t e ,  nor a t  intervals from 
t h a t  s i t e  has been 'p itionally, an explanation should be 

easured and how' the various units of 
safety. The effects o f  certain 

radfation dose 'so t h a t  they may be compared w i t h  
those possible  ea based on dosage estimates .given i n  
the d ra f t  s tat  

The draft  statem sources 'ob data i n  various sections 
of the document which address' 'the amounts of resources'and reserves of 
potash mineralization present i n  the WIPP a? a: -These sources consist 
o f  the Geolog Open-f i 1 e Report 78-828, 1928; U. S. Bureau of 
Mines report , 
Engineering r ' ' s t  i n  the: resource-reserve 
estimates pres'eng ifferences 'are largely 
due t o  var'iations: i n  
and reserves under: the' 
Values used i n  the d r a f t  statement have been selected and used w i t h o u t  
any clear explanationcas t o  why they were chosen. 

' *  

i n  the public press recently on 

977', and the Americ'an Institute> o f  Mining 

each source to  evaluate resources 
eological' 'Survey Bulletin 1450-A. 
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There also appears t o  be l i t t l e  evidence of follow-through i n  the 
document. 
o f  impacts caused by p l an t  operation. 
i n  the impact section on p l a n t  o eration are ( a )  effects of non- 
radioactive-waste discharges, ( b  P impact of routine releases o f  
radioactivity, and (c)  r a d i a t i o n  exposure of the work force. These 
three areas of impacts are not even mentioned i n  the mi t iga t ion  section. 

. The €IS concludes t h a t  the proposed action and a l l  of i t s  aspects 
throughout 100 years of i t s  l i f e ,  including the t ransportat ion of the 
waste product, the excavation of the mine, the storage, the testing, 
the various different radioactive waste products, potential accidents, 
leakage, etc. ,  and al l  impacts are small "save two": f irst ,  a long- 
term denial of access of 3 percent of the United States reserves of the 
mineral langbeinite and, second, if  there is any drilling i n  the s i t e  

~ during the next 100 years, members of the dr i l l  i n g  crew could be exposed 
t o  doses o f  "above permissible occupational exposures.* In view of the 
many outstanding scientific and technical uncertainties i n  the GEIS, 
we do not understand how these conclusions can be supported. 

For example, Section 9.2.13 is  a discussion of mi t iga t ion  
Three of the impacts mentioned 

Treatment of A I  ternatives 

A most se'rious deficiency i n  the WIPP d r a f t  EIS is i ts  treatment of 
alternatives. The entire discussion of a1 ternatives is  limited t o  
33.pages, approximately ha l f  of which is a discussion of the impacts 
o f  the proposed action. 
which relate t o  var ia t ions w i t h i n  the proposal and only one is  an 
a1 ternative outside of the proposal, namely, the "no action" a1 ternative. 
Three deficiencies exist: (1) failure t o  t reat  a number of other 
reasonable a1 ternatives; (2 )  failure t o  provide a sufficient analysis 
o f  those alternatives which are considered; and (3) failure t o  comply 
w i t h  the provisions of FLPMA by p rov id ing  analyses as t o  why the WIPP 
s i t e  is the best s i t e  for i t s  intended use under section 204(c). 
believe these must be remedied i n  the revised d ra f t .  

There i s  same discussion i n  the EIS of s i tes  i n  Washington and Oregon. 
These are lava formations geologically. identified as the Columbia River 
basal ts .  
and northeastern Oregon. Surface and subsurface management on many 
tracts i n  these areas is  under the jurisdiction of this Department's 
Bureau of Land Management. As a result, we are concerned t h a t  the 
statement does not identify environmental impacts for these a1 ter- 
native s i tes  which may be on public lands.  

S ix  other alternatives are discussed, five of 

We 

T h i s  formation is very extensive i n  southeastern Washington 
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Additionally, the statement does not contain sufficient data to identify 
or utilize impacts on water resourccs, range land use for livestock 
and wildlife, forestry, cultural resources, wilderness, areas of 
critical environniental concern, 041 and gas exploration an'd extraction, 
and nonenergy minerals; nor- does it quantify impacts to any relevant 
degree. 
environmental impacts associated with alternatives to the propbsed 
action. 
revised EIS. 

The GEIS deals only in generalizations with regard to 

We believe these impacts must be more fully addressed in the 

6 ,  

Site Selection and Land Withdrawal 

The process of selection used between 1973 and 1976 to select the 
WIPP site included consideration of numerous a1 ternative sites in 
salt environments only. 
that complete containment would be provided by the salt formations. 
Groundwater flow paths from the potential repository to the biosphere 
were considered in the analysis of alternate sites but not from a 
regional viewpoint early in the analysis. Sorptive capacity o f  the 
rocks along the flow path, as a significant barrier to nuclide move- 
ment, was not a factor in the site selection criteria (fiwers, et al., 
1978, p. 9-23). The approach used to select the WIPP site reflected 
the historical view at the time that salt would be the emplacement 
medium. Recently, however, emphasis on the total geohydrologic 
system in the site-selection proc-ess has become the key item of con- 
cern. (Interagency Review Group, 1979, p. 42) While we are 
sympathetic with the notion that it is difficult to retrofit new 
criteria to existing sites, because of health and safety considerations, 
we believe the WIPP site-selection process should be revi 
o f  recent technical findings and the systems approach. 

An important criterion for 'suitable geologic host formati,ons i s  that 
they have not been extensively drilled, miIned, or altered- by the hand 
o f  man. This is also a prime characteristic f o  existing and ,potential 
wilderness areas. The statement fai'ls to discu 
between potential a1 ternative g.eol'ogic media and possible 
impacts on the integrity of existing or potential wildern 
as the WIPP. site; ~ The Bureau of Land Management is reviewing public 

The process also involved the taci't assumption 

. 

any rhl at i ons h i p 

, 
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n 

l ands  fo r  potential  wilderness values under Section 603 of the Federal 
Land Policy and Management Act of 1976 (43 U.S.C. 1782), and  Section 2(c) 
of the Wilderness Act of 1964 (16 U.S.C. 1131). 
review process and a l l  ident i f ied potential wilderness areas must be 
taken in to  consideration i n  any discussion of the environmental impacts 
associated w i t h  alternative geologic formations considered f o r  nuclear 
waste disposal sites. The Bureau's greatest  concern is  t h a t  the s i t e  
selection, characterization, and evaluation process will involve many 
potential locations on public lands and subsequent application for  
withdrawals fo r  future s i t e s ,  including al ternat ives  t o  the WIPP site.  
These must be addressed i n  order t o  comply w i t h  FLPMA. 

BLM's wilderness 

A l and  withdrawal for 250,000 years i s  necessarily a n  irreversible and 
i r re t r ievable  commitment of resources. A credible discussion of a l t e r -  
nat ive sites s h o u l d  address the relationship between current,  l oca l ,  
short-term uses ofaman's environment and enhancement of long-term 
productivity. The argument has been made i n  the statement. t h a t  a 
,demonstrated capabi l i ty  t o  i so l a t e  nuclear wastes i n  geologic host media 
i s  necessary t o  promote safe use of nuclear materials for the nation. 
However, the trade-offs between storage of nuclear waste and e x i s t i n g  
uses of public lands have n o t  been given the a t ten t ion  they deserve i n  
the WIPP d r a f t  EIS. 

For example, section 8.1.3 s t a t e s  t h a t  two 5-acre and two 20-acre 
biological study p lo ts  will  be formed o u t  of control zone 11. However, 
there is no discussion of the s tudies  t o  be conducted there nor  how 
the results of this moni tor ing  will be used t o  promote public safety,  
or prevent d i r e c t  impacts of radiation on plants  and animals. 
section 2.3.2 i t  I s  s ta ted  tha t  17,200 acres o f  public rangelands would 
be required f o r  the WIPP withdrawal, which, i n  turn, would require 
cancellation of existing g r a z i n g  and mineral leases. However, 
section 8.1.3 a l so  states t h a t  grazing would be allowed i n  control 
zones 11, I11 and 'IV. There is  no discussion of how this grazing use 
would be managed, either by BLM, the WIPP s i t e  manager, the S ta te  of 
New Mexico, e tc .  Similarly,  there  is  a reference tha t  m i n i n g  may be 
allowed i n  zone IV w i t h  no discussion of how this m i n i n g  use would be 
managed i n  a way n o t  t o  interfere w i t h  the in tegr i ty  of the repository. 
Wi thou t  this information i t  is not  possible t o  quantify the economic 
e f f ec t s  of the withdrawal nor des ign  a1 ternat ive allotment management 
plans t o  attempt t o  mitigate these e f fec ts .  

As is the case for a l l  withdrawals, compliance w i t h  the requirements o f  
the Federal Land Policy and Management Act of 1976 and the National 
Environmental Policy Act of 1969 is  mandatory. The requirements i n  
FLPMA and NEPA applicable t o  s i t e  characterization and evaluation of a 
potent ia l  s i t e  are equally applicable t o  the proposed action and i ts  
alternatives as described i n  the WIPP d r a f t  statement. 

In 

@ 
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The Department of Energy has described the WIPP s i t e  a s  being designed 
for defense. wastes (TRU, HLW) , and also fo r  commercial spent nuclear 
fuel. 
wastes, and n o t  merely for research and  development, then the potential 
environmental impacts of t h a t  proposed action, and  a1 ternatives, must 
be described accordingly. 
inadequate by definition. 

If the WIPP s i t e  i s  intended as a repository for high-level 

Failure t o  do so would leave the document 

In addition, section 9.2.10 describes the impact o f  routine releases of 
radioactivity and exposure pathways i n  the environment, and  section 9.3 
describes the environmental impacts of accidental releases of radio- 
activity on humans. 
environmental impacts of the release of radioactivity, planned o r  n o t ,  
on soils, plants, water; and especially the long-term effects of r ad io -  
active residuals i n  the environment. I t  is  not possible t o  completely 
evaluate the short- and long-term impacts of the WIPP s i t e  on manage- 
ment o f  adjacent public' lands w i t h o u t  the above information. 

A description i s  needed o f  the potential adverse 

The WIPP statement does not  identify socioeconomic impacts of new 
population moving t o  the area t o  b u i l d  or manage the WIPP s i te .  Such 
Impacts would include required increases i n  municipal services, in f ra -  
structure, etc., and the parallel need for additional t a x  revenues o r  
other sources o f  f u n d i n g  t o  pay for these new services and infrastructure. 
Additional. impacts might be created by increased demand for  open space 
and recreational use of the public lands, especially hunting, fishing 
and use o f  off-road vehicles. 
after the employment associated w i t h  the construction phases l e f t  the 
Carlsbad area. These impacts must also be addressed. 

Further impacts would be experienced 

Unsuitability, Retrievabi 1 i t y  , and Termination 

The WIPP s i t e  could ultimately be disqualified for technical o r  i n s t i t u -  
tional reasons; could be. found unsuitable, o r ,  alternatively, 
retrievability problems could occur. 
20 years, the Department o f  Energy may decide t h a t  an alternative s i t e  
or sites are more suitable for permanent storage o f  nuclear waste. 
If any o f  these events were t o  occur, the waste then on the s i t e  and 
at1 associated infrastructure would be removed and the project would be 
terminated. 
potentially involve either complete return of the s i t e  t o  multiple use 
resource management OF stipulations as t o  limitations on use. 

o f  the Land Withdrawal 

Add i t iona l ly ,  after' 10, perhaps 

Termination of the project and a withdrawal would 
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The d ra f t  statement should discuss how terminat ion o f  the WIPP s i t e ,  
under a v a r i e t y  o f  circumstances, would take place and what l i m i t a -  
t i o n s  o r  r e s t r i c t i o n s  t o  assure pub l i c  hea l th  and sa fe ty  might be 
necessary t o  r e t u r n  the withdrawal area t o  m u l t i p l e  use resource 
management. I n  o ther  words, the d r a f t  statement should i nd i ca te  
whether any rad ioac t ive  mater ia ls  would remain, and i f  so, how would 
DOE arrange t o  prevent these mater ia ls  from having adverse environ- 
mental impacts on plants,  animals, humans, and the environment i n  
general. 

Further, i t  i s  unclear whether r e t r i e v a l  i s  t o  be considered f o r  
10 years o r  20 years. Page 2-18 s tates (number 1, l a s t  sentence)) 
u . . . i t  can be re t r i eved  dur ing a 20-year per iod  i f  i t  becomes 
necessary t o  do so." This 20-year f i g u r e  does no t  correspond w i t h  
the  f i g u r e  o f  10 years given on page 1-2. The per iod f o r  which waste 
can be re t r i eved  must be represented cons is ten t ly  as i t  has a d i r e c t  
bear ing on terminat ion o f  the withdrawal i f  an a l t e r n a t i v e  s i t e  i s  ever 
sought. 

These issues should be addressed. 

Ground Water 

I t  is  s ta ted  on page 1-4 t h a t  the d i sso lu t i on  f r o n t  a t  the top  o f  the 
Salado Formation i s  about two mi les  west o f  the center o f  the  s i t e  and 
i s  advancing toward the  east a t  a r a t e  estimated t o  be 6 t o  8 mi les  per  
m i l l i o n  years. It 
would thus appear t h a t  w i t h  cur ren t  a r i d  c l i m a t i c  condi t ions and current  
hydrogeologic condi t ions the d i sso lu t i on  f r o n t  a t  the top o f  the Salado 
would reach the center o f  the s i t e  i n  about 250,000 t o  300,000 years. 
Furthermore, because changes i n  c l i m a t i c  condi t ions are r e a l i s t i c a l l y  
probable w i t h i n  the  t ime frame involved (e.g., U.S. Committee fo r  the 
Global Atmospheric Research Program, 1975,  understanding^ c l i m a t i c  

The l o c a t i o n  o f  the f r o n t  i s  shown on f i g u r e  7-25. 
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change, a program for action: National Academy of Sciences, Washington, 
D.C., p. 182-190), the statement should  a l so  assess "worst-case" effects 
w f t h  respect t o  the dissolution f ront  t h a t  may result from great 
increases i n  precipitation. 
current rates for the dissolution of s a l t  may be slower t h a n  those 
suggested by present geologic conditions; however, an adequate analysis 
should include effects of the progression of the dissolution front 
through the project area b o t h  w i t h  and w i t h o u t  accelerated solutioning 
such as t h a t  apparently produced by climatic change d u r i n g  Wisconsin 
time. Inclusion of a t  least brief discussion of present knowledge of 
pas t  and probable future climatic change would a i d  i n  the assessment. 

drs 

Page 7-75 of the statement suggests t h a t  

I t  is stated on page 7-66 t h a t  1,ows in- the potentiometric surface of 
the Santa Rosa Sandstone aquifer suggest recharge i n t o  underlying rocks, 
possibly t h r o u g h  collapse zones. 
Beds are. sa id  t o  function.as a confining bed (p.  7-65), the regional 
extent of the Dewey Lake beds should be discussed and the possible 
significance of such downward leakage should be assessed for the 
vicinity of the proposed project. 

Because the underlying Dewey Lake Red 

Ml'neral Resources 

A major weakness of the statement is  t h a t  i t  failed t o  address properly 
the m i n i n g  problems associated w i t h  developing an underground disposal 
s i te .  Major concerns are the stabil i ty o f  the opening and disposal of 
mined waste material. 

* 

The impact o f  the surface disposal and storage o f  the mined rock can 
be lessened by lining the storage s i t e  w i t h  hypalon liners and u s i n g  
chemical stabilizers t o  control wind and water erosion, i f  the s a l t  
crust i s  no t  sufficient. Then, after the mined material is returned 
t o  the underground areas, the s i t e  can be restored. 

I t  i s  likely t h a t  some ground movement will occur; however, w i t h  the 
improvements expected i n  underground backf i 11 i ng technology , surface 
subsidence and induced faulting of the overlying s t ra ta  could be 
negligible. If significant' f a u l t i n g  d i d  occur,. some groundwater 
penetration could be expected. 

The statement d i d  no t  discuss the necessity of ground. and surface water 
monitoring (i.e.,  equipment, sampling g r i d ,  amount and time intensity 
o f  gathering d a t a ) .  
statement. 
ing water quality i n  a disposal site. '  

This subject should be discussed i n  the final 
The statement should also review the problems of maintain- 
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One potential. accident scenario t h a t  should  be included i n  Section 9-3 
3s the possibi l i ty  o f  an undetected h i g h  pressure gas pocket located 
near the storage fac i l i ty .  Over periods o f  time, carbonaceous material 
will tend t o  decompose and produce gases which may b u i l d  up pressure 
t o  the p o i n t  of fracturing the formation, thereby comprising i ts  integril 
Moreover, d u r i n g  the operating l i f e  of the disposal s i t e ,  the potential 
fo r  f i r e  and explosion is  present whether o r i g i n a t i n g  from spontaneous 
combustion or leakage of methane or  other  gases. In the confined space 
o f  an underground mine, such a f i r e  is  usually more serious and more 
damaging than i t  would be above ground. . Consequently, we urge that  
all .  wastes, including radioactive combustibles, be placed i n  a chemicallj 
stable condition before emplacement i n  the repository. 

There I s  a great deal of discussion on heating of the bedrock and 
subsequent effects on aquifers and surface u p l i f t .  O f  equal importance 
f s  the deformation of the rock dur ing  and a f te r  the cooling stage. . 
Generally, fractures and microcracks generated i n  the bedrock from 
thermally induced stress would tend t o  open d u r i n g  cooling and affect  
air and water flow patterns t h r o u g h  increased permeability. 

WIPP will not impact significantly on domestic reserves of sylvinite 
and this aspect of the draf t  report will no t  be addressed here. However, 
according to  10-K reports f i led f o r  1978 by two langbeinite producers, 
the total  U.S. reserves of recovered langbeinite, a l l  near Carlsbad, 
i s  11 mil l ion short tons of K20 equivalent. 
o f  langbeinite identified i n  the WIPP s i t e  i n  our IPOC November 1977 
report for DOE then equals about 40 percent of Carlsbad reserves of 
this material, instead of the 11.6 percent given i n  the t h i r d  paragraph 
o f  page 9-20 of the subject report. 
the Carlsbad area is unknown although a consulting firm, Agricultural 
and Industrial Minerals, Inc., has recently estimated i t  t o  be 
14 million tons of K20. We suggest that  this is overly conservative. 

The 4.4 mil l ion K20 tons 

The total langbeinite resource i n  

Total langbeinite capacity of the two producers i s  about 300,000 tons 
per year. I t  follows, then, t h a t  langbeinite reserve i n  the WIPP s i t e  
would be depleted i n  about 15 years a t . t he  current ra te  of extraction. 
The 5-year depletion figure given i n  the first paragraph of page 9-18 
o f  the subject report is, then, incorrect. 

The statement contains two other errors on page 9-20. 
paragraph gives langbeinite resource and reserve i n  K20 equivalents; 
this should be as langbeinite which contains 22 percent K20 and the data 
should be m u l t i p l i e d  accordingly by 0.22 t o  give resource and reserve 
figures of 13.9 and 8.4 million tons of K20, respectively. 
fourth paragraph shows a langbeinite m i n i n g  ra te  t h a t  i s  about 3 times 
too high;  the actual current rate i s  roughly 300,000 tons per year o f  K20, 

First, the t h i r d  

Second, the 

6d 
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The obvious conclusion from al l  of the above is t h a t  the langbeinite 
reserves i n  the Carlsbad area will be impacted by WIPP more significantly 
t h a n  indicated i n  the subject report. However, the seriousness of this 
i s  decreased greatly by the following factors: 
of the langbeinite reserves i n  the WIPP are i n  outer zone 4 of the s i t e  
and could, according t o  a likely scenario, be mined a t  a la ter  date, 
perhaps i n  this century, ( b )  mixtures of potassium sulfate and 
magnesium sulfate, b o t h  of which are i n  ample domestic reserve o r  can 
readily be synthesized, appear t o  be a viable alternative t o  langbeinite 
for agricultural use, and (c) loss of the langbeinite reserve i n  the 
WIPP s i t e  would n o t  threaten the economic s tabi l i ty  of the Carlsbad area 
or the United States. Nevertheless, we believe t h a t  this problem of 
the withdrawal o f  mineral resources i n  the WIPP area should be more 
fully addressed i n  the final statement. 

( a )  about  three-quarters 

I ' 
A more basic concern, however, was never addressed i n  the d r a f t  state- 
ment. 
impact on the mineral resources nationally; however, this is  just a 
p i l o t  for a number of similar faci l i t ies .  
located i n  similar sa l t  deposits, the potential loss of mineral resources 
for the vital production of food and energy may be quite significant. 
On page 11-1 the document states t h a t  development of-the repository will 
deny access t o  25 billion cubic feet of natural gas ,  and 350,000 barrels 
o f  dis t i l l a te .  This denial seems t o  be a h i g h  price t o  pay f o r  a dump, 
a lbei t  a very necessary one. 
should include projections on the number of Waste Isolation P l a n t  s i tes  
needed and the future demand for the mineral resources. This informa- 
t ion  may show t h a t  alternative burial materials should be used i n  
preference t o  s a l t  t h a t  is i n  close association w i t h  agricultural 
minerals and petroleum resources. 

The geology sections of the statement should mention the potential for 
scientifically valuable fossils, especia'lly i n  the Rustler formation. 
Page 9-11 should contain a discussion o f  the actions which would be 
taken t o  preserve any scientifically valuable fossils  i f  found on s i te .  

The single Waste Isolation Plant may n o t  have a significant 

I f  these are all  t o  be 

For this reason, the final Statement 

Cultural Resources 

We are pleased' t o  see the'extent o f  the Department o f  Energy's commit- 
ment t o  protecting the archeological resources of the Waste Isolation 
Pilot Plant (WIPP) area. However, we w i s h  t o  p o i n t  ou t  t h a t  the long- 
term management of the area, w h i c h  includes nearly 20,000 acres, requires 
more t h a n  project-specific archeological survey and m i  t i g a t i o n  work 
confined t o  control zones I and I1 and proposed right's-of-way. Although 
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much of the area will no t  be directly affected by the physical fac i l -  
i l i t i e s  and construction associated w i t h  the WIPP, a t  least  11,400 
acres will be available for o i l ,  gas and potash development leasing, 
and the ent i re  area i s  open for  stock graz ing .  
by Executive Order 11593, section 2 ( a ) ,  the Department of Energy shou ld  
i n i t i a t e  surveys of a l l  the area a s  soon as possible i n  consultation 
w i t h  the New Mexico State Historic Preservation Officer i n  order t o  
identify the archeological o r  other cultural resources under i t s  
jurisdiction and control. 

The f i n a l  statement shou ld  include plans for avoidance and/or mitigation 
of the 33 archeological s i t e s  determined el igible  for the National 
Register as an archeological d i s t r i c t ,  future cultural ' resource manage- 
ment f o r  the area, and  the appropriate recommendations and opinions o f  
the State Historic .Preservation Officer and the Advisory Council on 
Historic Preservation. 

Therefore, as  mandated 

Recreation 

The impact o f  the additional workforce on nearby recreational areas 
should  be addressed. I t  i s  mentioned that  the primary recreational 
use of the proposed s i te  is for h u n t i n g .  
i f  this use or  other recreational uses will be permitted on those 
portions of the si te w h i c h  will not  be extensively developed or  utilized. 

However, i t  is not  mentioned 

T h i s  project does no t  appear t o  have impacts o r  potential impacts on 
any existing u n i t  of the National Park System or on areas under study o r  
recommendation for possible inclusion i n  this System. 

The WIPP System: Long-term Impacts 

The long-term effects ,  which are the center of earth science concerns 
for a l l  hazardous waste repositories, are judged i n  the statement t o  be 
very s l i g h t ,  based on a consequence analysis i n  which the worst possible 
future scenarios are postulated and the i r  long-term effects calculated. 
The judgment that  long-term effects will be s l i g h t  stems partly from the 
low concentrations and low t o t a l  amount o f  some radionuclides proposed 
t o  be emplaced i n  the WIPP. If i t  were planned t o  emplace higher concen- 
trations and amounts o f  these nuclides, a new EIS would be required. If 
a decision is  made to  incinerate TRU waste as  a cri terion for acceptance 
a t  GIIPP, a substantially larger amount of TRU could be disposed of t h a n  
4s considered i n  th i s  EIS, Such a decision is  very probable because of 
gas generation from radiolysis, hydrolysis, and bacteriological act ivi ty  
i n  nonincinerated TRU wastes, and also the hazard from mine f i r e s  i n  non- 
incinerated waste. The waste form for  incinerated TRU waste (presumably 
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a concrete?) should contribute an as yet unspecified amount toward 
commitment. The low level of effects i n  scenarios involving moving 
ground water also stems from ,the assignment of significant retardation 
for  certain long-lived nuclides along the natural  flow p a t h  from the 
repository t o  i t s  present discharge po in t .  
retardation has yet t o  be determined i n  situ o r  i n  comparable rock 
systems. This optimistic assumption regarding retardation is  pa r t ly  
offset  by the pessimistic assumption that the release rate  for  the 
waste is the same as the rate  of dissolut ion of s a l t  i n  the invading 
waters. These l a t t e r  assumptions are necessary because the form for  
the TRU waste has n o t  yet been specified. Thus ,  this EIS does not 
fu l ly  evaluate the total  waste disposal system a t  the WIPP and vicinity 
because significant parts of the system are e i ther  unspecified (waste 
form and total  amount) o r  uncertain (retardation effects)  

The actual degree o f  

The natural geohydrologic system a t  the WIPP s i t e  and vicinity appears 
t o  be favorable for containment i n  many respects. The postulated flow 
path  from the repository to  discharge is relatively long and the estimated 
times of water t rans i t  range from 5,000 t o  100,000 years depending on 
the hydraulic conductivity used i n  the calculations. T h i s  hydrologic 
path should provide a barrier for the short-lived fission products from 
the spent fuel. Water movement is  downward i n  the rocks above the flow 
path along i ts  length making the likelihood o f  short-circuiting by natural 
or  human ac t iv i t ies ' s l igh t .  
unlikely t o  be uti l ized by humans. The t rans i t  time i n  itself is not 
an adequate barrier,  however, f o r  the long-lived transuranics; s i g n i f i -  
cant re tardat ion must take place along the path if  the d isso lu t ion  rates 
are as assumed. Sandia has begun experiments to  determine the degree of 
retardation, and the results are encouraging. 
uncertainties,  however. One o f  the principal uncertainties concerns 
the extent o f  retardation i n  the Magenta and Culebra members i n  which 
ground water f low is largely through fractures i n  dolomite and dolomitic 
sandstone. In such flow, the fluids may be i n  contact w i t h  much less  of 
the so rb ing  materials than they would be i n  flow through a porous 
medium. 
reduced for  the transuranics, concentrations of these nuclides i n  the 
Pecos River a t  Malaga Bend'would st i l l  be low b u t  considerably closer 
t o  the background unless leach times were on the order of 106*to lo7 
years (see GEIS, app. I ,  f i g .  1.3). 'Given -the recent increased concern 
w i t h  low levels of radiation, whether such a risk would be acceptable 
i s  not clear. 
discussed i n  the EIS. 

T h i s  water would also be nonpotable and 

There are many acknowledged 

If retardation i n  the Magenta and Culebra is substantially 

The possible effects of lower retardation are not 
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The same uncertainties concerning flow through fractures may also affect  
the estimates of the regional hydrologic flow pattern. The direction, 
volume, and ra te  of flow i n  the fractured Magenta and Culebra aquifers 
a l l  have large attached uncertainties w i t h o u t  more hydrologic d a t a  t h a n  
was used i n  preparation of the EIS. Values of transmissivity given on 
page 7-65 for  the Rustler are estimated, n o t  "calculated." The 10 percent 
porosity value for the Rustler, same page, comes from one measurement 
(Gnome s i t e )  and is not an average. 

Another important assumption i n  the long-term impact analysis i n  the 
EIS is t h a t  the d i l u t i n g  effect  of the Pecos River a t  Malaga Bend will 
remain constant or  poss ib ly  increase. 
climatic factors'combine t o  reduce or h a l t  the flow of the Pecos River 
a t  the discharge p o i n t ,  the transported transuranics would b u i l d  up a t  
that  point. The hazard from such a b u i l d u p  would be about the same 
as that  o f  a sandstone uranium deposit which night or might  not be 
deemed an acceptable risk. The possible impact of such a bu i ldup  is 
not discussed in the EIS. 

Should tectonic, geomorphic, and 

In summary, the statement does not provide a complete analysis of the 
system o f  barriers t o  waste migration. 
not yet  been specified, leach rates over a plausible range of values 
could be assumed, Additional values f o r  the uncertain hydraulic con- 
ductivity of the principal aquifer could be used i n  addition to  those 
presented. Retardation values could be varied over reasonable ranges 
including possible low values fo r  flow through fractured media. 
o f  the total  system of any proposed repository i s  called for i n  the 
Interagency Review Group's report on waste management, no t  merely an 
estimate of worst case conditions. 

Even t h o u g h  the waste form has 

Analysis 

Engineering Geology 

We believe that  the EIS should include more engineering detai ls  on the 
proposed underground excavations a t  the WIPP s i te .  The s t ab i l i t y  of the 
underground rooms will be c r i t i ca l  to  any retrieval of the radioactive 
wastes . 
The "Herring Bone" pattern of the underground CH waste storage area 
shown on Fig.  8-11 will  create areas of weakness a t  the "points" of the 
pi l lars .  
This is true of mining  depths of 700 t o  1,100 feet  and will certainly 
be true a t  2,100 feet. I t  does n o t  necessarily create a major hazard, 
and the oblique angle turns would probably be easier for rubber-tired 
or mono-rail transportation t o  negotiate, a t  least  coming from one 
direction. However, the spa1 l i n g  would need cleanup and/or extra 
support. I f  the planned entry wid ths  would not allow turnoffs of 90 
degrees, possibly the corners could be stubbed., 

Experience has shown that  the p i l la rs  will f a i l  a t  these places. 
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Comparison o f  WIPP w i t h  Other A1 ternative Sites 

The E I S  states i n  chapters 3 and 4 t h a t  proceeding w i t h  WIPP f u l f i l l s  
objectives for TRU recommended by both the Deutch and the I R G  reports. 
The Department's U.S. Geological Survey agrees. I t  is  also argued i n  
chapter 3 and the f i r s t  page of chapter 4 t h a t  i n  terms o f  long-term 
effects, there really is no technical basis for choosing between s a l t  
and basalt because "s i te  selection will ensure no increase i n  predicted 
risk" (tables 3-12, 3-13) a t  basalt si tes.  W i t h  regard t o  shale and 
granite, the EIS claims t h a t  the GEIS "predicts impacts approximately 
l ike those of s a l t  and basalt repositories" (p .  3-32).  
the environmental impacts, the EIS asserts (p. 4-1), "the impacts of 
the remaining six alternatives (2  through 7 ) ,  on the other hand, are 
small i n  bo th  the near term and the long term (centuries and longer) 
and are n o t  different enough from each other t o  afford a basis for choice 
on environmental grounds. The choice must therefore rest on programmatic 
considerations. I' 

In summarizing 

CEQ's "Regulations for Implementing the Procedural Provisions of the 
National Environmental Pol icy Act" (43 FR 55978-56007, November 29, 1978, 
40 CFR Parts 1500-1508) requires t h a t  an agency "rigorously explore and 
objectively evaluate a1 1 reasonable alternatives" (paragraph 1502.14) 
We would argue t h a t  a statement t h a t  " s i te  selection will ensure no 
increase i n  predicted risk" (tables 1-12, 3-13) merely defines a com- 
parison as  unnecessary because the problem is solvable. A meaningful 
comparison would be an in-depth comparison between WIPP,' other s a l t  
sites, basalt (above and below water table),  alluvium (above water table) 
and tuff ,  shale and granite (above and below water table). Such a 
comparison i s  lacking. 

In none of the routine comparisons of impacts,from construction o f  TRU 
and HLW repositories (or combinations of ,the two) i n  alternate locations 
or media (sec. 3.0) is there any discussion of  potential alternate system 
in which isolation of radionuclides m i g h t  be more confidently predicted 
than  a t  the WIPP reference s i te .  As noted earljer,  i f  retardation of 
radionuclides a t  WIPP i s  not  as efficient as postulated, small increment$ 
t o  the long-term radiological hazard result (depending on the release 
rate) w h i c h  could n'onetheless be crucial i n  the final acceptance of the 
s i te .  
i s  the same i n  a l l  regions being considered for HLW and TRU waste disposal, 
which is  certainly not the case. 
downdip from gulf coast s a l t  domes, for example, would be i n  porous media 
w i t h  very long flow pa ths ;  prediction of radionuclide containment m i g h t  
be much surer i n  t h a t  environment t h a n  a t  the WIPP. As the EIS notes, 
there has not been a complete analysis of other si tes and systems w i t h  
which t o  make a rat ional  comparison; however, a s  noted above, neither 

The present discussion of alternatives implies t h a t  the hydrology 

Potential radionuclide t ransport  
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has there been for  the WIPP. 
page 3-27, future studies can significantly change the predicted impacts 
and risks both a t  WIPP and in alternate systems. 

I n  summary, the EIS asserts t h a t  a l l  s i t e s  are l i k e l y t o  be, o r  can be 
engineered t o  be, equal t o  WIPP. 
hydrology and definitely not  the case for future human intrusion. 

Contrary t o  the statement a t  the top of 

T h i s  i s  unlikely t o  .be the case for  

Future Human Intrusion 

A major potential problem w i t h  the WIPP s i t e  is future human intrusion. 
The IRG (p. 39) recognized t h a t  "it is n o t  possible t o  predict or t o  
r e s t r i c t  the ac t iv i t ies  of future generations" and, therefore, " s i t e  
selection guide1 ines, s i t e  sui tabi 1 i ty c r i t e r i a ,  and repository design 
c r i te r ia  must be developed i n  such a way as t o  minimize potentially 
deleterious effects of human activit ies." The' Committee on Radioactive 
Waste Management of the National Academy of Sciences has stated Itno areas 
w i t h  a present or past  record of resource extraction, other t h a n  for  bulk 
materials won by surface quar ry ing ,  should be considered a s  a geological 
sl ' te f o r  radioactive wastes" (Geological c r i t e r i a  f o r  repositories f o r  
high-level radioactive wastes, 1978, p. 13-14). 

The EIS acknowledges that  there m i g h t  be future d r i l l i n g  a t  the s i t e  
through a spent fuel assembly; and i t  computes the radiological dose t o  
a geologis t  examining a core of the fuel. 
-out t h a t  the potash ores are above the proposed TRU repository horizons 
and, moreover, t h a t  b o t h  the potash an9 oi l  and gas (beneath the repositor< 
can be exploited w i t h o u t  breaching the TRU waste horizon. 
agrees w i t h  these statements. Not taken seriously t h o u g h  i s  the issue of 
trying t o  predict the actions of humans 500, 1000, or 10,000 years hence. 
The presence of mineral wealth i s  an open invitation t o  our descendants 
t o  explore the subsurface i n  ways we cannot begin t o  imagine. 

In add i t ion  t o  our general comments, we also have specific comments 
w i t h  regard t o  the WIPP EIS which can be found i n  Attachment 1. 

The EIS also correctly p o i n t s  

The USGS 

We hope these comments will be helpful t o  you, particularly in l igh t  o f  
the fac t  t h a t  the direction o f  the WIPP program i s  changing and will 
continue t o  do so a s  the f i n a l  decisions flowing from the IRG are made 
and implemented. 
w i t h  your staff  i n  revising the additional informational requirements 
that  are necessary t o  meet our concerns under FLPf4A for the revision 
o f  the WIPP E I S .  

As noted ear l ie r ,  we will be more t h a n  pleased t o  work 

A 
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Attachment 3 

Specific Corrunents 

I t  i s  implied i n  paragraph 3 on page 2-24 t h a t  synthetic high-level 
waste may have to be used for  t e s t  purposes. 
meaningful, both from a chemical and r a d i a t i o n  intensity s t a n d p o i n t ,  
real high-level wastes must be employed. 

If these tes t s  are t o  be 

T h i s  issue should be discussed. 

Page 7-8 i n  volume 1 and H-83 i n  volume 2. 
amphibians are not an important p a r t  of the regional fauna.  
ment is  n o t  accurate and needs t o  be revised. 
of amphibians found i n  New Mexico occur i n  the southeastern port ion of 
the State. 
well adapted t o  the most arid habitats of this area. 

Mention is made t h a t  
T h i s  state- 

Thirteen o f  the 24 species 

These species occur i n  a variety o f  habitats and many are 

Page 7-20. 
treatment i n  the geology and mineral resources sections. 
system deserves more detailed discussion as it  contains the hydrocarbon 
reservoir o f  in te res t  i n  the area. 

In general, o i l  and gas appears t o  have been given l i g h t  
The Pennsylvanian 

Page 7-43, f ig.  7-15. 
and D-250 should be shown on figure 7-15. 

Locations of  holes 0-231, D-233, 0-235, 0-248, 

Pages 7-42 through 7-51. I t  should be noted t h a t  the southwest boundary 
o f  the withdrawal area was drawn to  avoid existing gas wells i n  the area. 
I t  can be shown tha t  the o i l  and gas industry has interest  i n  d r i l l i n g  
w i t h i n  the withdrawal area since there have been six applications t o  
d r i l l  approved there. Tliese applications and the subsequent condemnation 
of the d r i l l  s i t e s  by ERDA were not mentioned i n  the EIS. Five o f  the 
proposed wells are on Federal mineral leases. 
follows: 

Their locations are as 

Opera tor Well Name Location 

Continental O i l  Co. James Ranch No. 8 

Continental Oil Co. James Ranch No. 8A 

Perry Bass James Ranch No. 10 

Perry Bass James Ranch No. 12 

Perry Bass James Ranch No. 14 

3 .  

Lot 3, sec. 31, 
T:22 S . ,  R. 31 E. 

SW1/4 NW1/4, sec. 31, 
T. 22 S., R. 31 E. 

SW1/4 NE1/4, sec. 30, 
T. 22 S., R. 31 E. 

NE1/4 SW1.4, sec. 20 
T, 22 S., R. 31 E. 

NE1/4 SW1/4, sec. 17, 
T. 22 S., R. 31 E. 
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One we l l  was proposed by Gulf O i l  Company on State land i n  sec. 32, 
T. 22 S., R. 31 E. 

This aspect of o i l  and gas a c t i v i t y  deserves mention i n  the EIS. 

Page 7-44, tab le  7-5 and text .  The Geological Survey a lso evaluated 
reserves. The standards c i t e d  i n  tab le 7-5 are ca l led  resource standards. 
In fac t ,  the Survey repor t  uses the low-class standard f o r  resources and 
the lease, and high-class standards f o r  reserves. The lease class 
standard i s  based on current economic mining condit ions i n  the Carlsbad 
area. (John, e t  al., 1978, p. 26). 

Page 7-44, l a s t  par. What i s  the source of the average grade data c i t e d  
i n  the f i r s t  sentence of the paragraph? With regard t o  the second 
sentence o f - t h e  paragraph, the Geological Survey considers the median 
standard, termed "lease," t o  be equivalent t o  current mining costs and 
market prices. 

Pages 7-45 and 7-46, tab le  7-6, f i g .  7-16. The results o f  the Geological 
Survey evaluat ion are t reated as resources i n  the d r a f t  statement. 
fact, the Survey repor ts  both resources and reserves (John, e t  a1 . , 
tab le  4-A-C). Table 7-6 does not  r e f l e c t  th is .  Only the low-grade 
category i s  reported as resources i n  the Survey report.  
h igh grade are reported as reserves. This f a c t  i s  not  re f lected i n  
f i g u r e  7-16 e i ther .  

In 

Lease grade and 

Page 7-46. No mention o f  the speci f ic  c r i t e r i a  used i n  the Bureau o f  
Mines repor t  i s  given. This information would help c l a r i f y  the range 
o f  values t h a t  e x i s t  between the Summary and the Bureau o f  Mines reports.  
Table 7-7 represents a summary of the Bureau o f  Mines f indings. The 
f ind ings  are based on spec i f i c  c r i t e r i a  and assumptions which these 
numbers are dependent upon. 
the numbers i n  proper perspective. 

An add i t ion  should be made t o  the f i r s t  sentence under tab le  7-7. 
should read "only mining u n i t  B-1 meets today's market pr ices under the 
Bureau of Mines c r i t e r i a  ($42 per ton o f  muriate, $94 per ton o f  ' s u m t e '  
1K$O4), and $48 per ton of langbeini te) ."  Some explanation as t o  the 
source o f  t h i s  p r i c e  data would a lso be helpfu l .  

Page 7-49. The Sipes, Williamson, and Aycock study o f  economic reserves 
appears t o  present the most rea l  i s t i c  estimates o f  hydrocarbon resources. 

Page 7-51. An attempt should be made a t  p lac ing a monetary value on the 
hydrocarbon reserves, as was done fo r  potash reserves on page 7-47. 

An explanation o f  these fac to rs  would pu t  

It 
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Water: 
should be changed t o  19,800 acre-feet, and "10,000 acre-feet" should 
be chanaed t o  19,100 acre-feet. This information i s  based on a BLM 

page 7-61 (para. 2, f i r s t  sentence) states, "12,000 acre-feet" 

repor t  11978) - Groundwater Study t o  the Proposed Expansion o f  Potash 
Mining. Near C a r l  sbad, New Mexico. 

Section 8.1.4 describes the new highway and r a i l r o a d  rights-of-way t o  
be acquired f o r  the WIPP s i te ,  but  does not  discuss whether these ROW 
w i l l  be fenced. Fencing could have adverse environmental impacts on 
ex i s t i ng  grazing use and also on w i l d l i f e  use o f  ex is t ing  habi ta t .  
S imi lar ly ,  a descr ip t ion i s  needed o f  any possible adverse environmental 
impacts associated w i th  the construction, operation and maintenance of 
fenced ROW f o r  r a i l  roads, paved roads, d i r t  construct ion t r a i  I s ,  pipe- 
l ines,  o r  e l e c t r i c  transmission l ines.  
speci f ied,  i f  necessary. 

Page 9-9. 
cut ion on u t i l i t y  l ines .  It i s  unclear i f  these deaths w i l l  r e s u l t  from 
project-constructed power l ines.  However, we would l i k e  t o  po in t  out  
t h a t  proper design and construct ion o f  power 1 ines can minimize e lect ro-  
cu t ion  impacts t o  raptors. 
pub l i ca t ion  "Suggested Practices f o r  Raptor Protect ion on Power1 ines" 
by Dean M i l l e r ,  e t  al., Raptor Research Foundation, Provo, Utah. 

M i  t i g a t i o n  measures should be 

Mention i s  made t h a t  rap tor  deaths may be caused by e lect ro-  

Your agency may wish t o  consul t  the 

Roadway construct ion causes loss of hab i ta t  which resu l t s  i n  reduced 
p roduc t i v i t y  f o r  f i s h  and w i l d l i f e  resources. Secondary e f fec ts  may 
inc lude vehic le accidents and l i m i t i n g  animal movements. While some 
type of benef ic ia l  vegetation may be reestabl ished i n  roadway r igh t -o f -  
ways, the establishment o f  creosote bush would no t  be h igh l y  desirable. 
This species of vegetation provides l i t t l e  hab i ta t  value f o r  food o r  cover. 

Pages 9-9 and 9-10. 
displaced from l o s t  habitats. As presented on page 9-9, these hab i ta t  
losses resul  t i n  1 ong-term losses when carry ing capaci t i e s  are reached. 
One m i t i g a t i v e  e f f e c t  t h a t  could be considered 5s management o f  adjacent 
habi ta ts  t o  increase carry ing capaci t ies and p roduc t i v i t y  o f  the hab i ta t  
and o f f s e t  losses. 

Pages 9-9 and 9-22. Revegetation is .one measure tha t  i s  proposed fo r  
mi t igat ion.  Grasses, forbes and shrub species o f  value f o r  w i l d l i f e  
food and cover should be used i n  the revegetation o f  d isturbed areas. 
I t  may be important t o  manage grazing t o  insure adequate establishment 
o f  vegetation. 

Mention i s  made t h a t  w i l d l i f e  species w i l l  be 

Pages 9-11 through 9-19. Estimates o f  the t o t a l  potash resource and 
reserve are considered by the Geological Survey t o  be accurate w i t h i n  
+ 20 percent, based on the present d r i l l  hole spacing. We agree t h a t  
V,OOO-foot d r i l l  spacing would increase t h i s  accuracy. 
t o  expect t h a t  addi t ional  d r i l l i n g  would show increased reserves i n  

I t  i s  reasonable 
63 
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some areas and decreas d i n  0 t h  rs. This p o i n t  should be considered. 
The Survey has made a preliminary estimate of langbeinite reserves for  
the Carlsbad d i s t r i c t  since the publication of Geological Survey Open- 
f i l e  Report 78-828. 

Our preliminary figures show 1.14 x lo9 tons of langbeinite reserves a t  
6.6 percent K20 weighted average grade present i n  the Carlsbad d i s t r i c t .  

Page 9-15, Summary. T h i s  section deals w i t h  the impact of denial of 
potash resources, and i t  is w i t h i n  this section that  the variation i n  
reserve estimates between the Bureau of Mines and the Geological Survey 
have the greatest effect. The c r i te r ia  used by each group should  be 
related t o  the presentation of data l i s ted  i n  tables 9-9, 9-10, and 9-11. 

Page 9-16, table 9-9. 
as resource numbers. 
report, sylvi te  ore resources would -be 133.2 x 106 tons,  and langbeinite 
ore resources would be 351.0 x 106 tons. Table 9-10 would show the 
following reserves u s i n g  Survey data: sy lv i te  ore reserves--89.1 x lo6 
tons a t  weighted average K20, equivalent of 11.8 percent; langbeinite 
ore reserves--264.2 x 106 tons a t  weighted average K 0, equivalent of 
6.10 per ent. These figures would also appear i n  t a  2 l e  9-11. The 

able. John, e t  a l . ,  (1978) report 5.4 b i l l i o n  tons of potash ore 
reserves for  the region. The 38 x 106 tons K20 as langbeinite for 
reserves i n  the region needs more explanation. The WIPP area is reported 
t o  represent 11.6 percent of the total  reserves of langbeinite. 
estimates by the Survey af te r  publication of the open-file report suggest 
that  i t  may represent as much as 20 percent o f  total  reserves. 

Geological Survey data are here treated s t r i c t l y  
If the data were presented as i n  the open-file 

500 x 10 & -ton figure for  regional resources i n  table 9-11 i s  question- 

Recent 

Pages 9-20 through 9-21. Discussion of the AIM study referred t o  i n  this 
section needs t o  be elaborated. What were the c r i te r ia  used i n  the study, 
and how do they compare w i t h  those used i n  the Survey and Bureau of Mines 
studies? 

Page 9-24 i n  "Effects of P l a n  Operation" should contain a paragraph on 
the  potential effects of the WIPP action on fossil  resources. 
secondary effect  of the action is the access t o  remote areas t h a t  would 
be opened by the new roads created for the WIPP site. While amateur 
fossil collectors would n o t  have significant impacts, commercial ( i  .e., 
i l l ega l )  collection of fossi ls  .might  occur on wholesale basis. 
Similarly, page B-8 should contain a statement i n  the geology section, 
"Permian Beds i n  this general area are reported to  have provided the 
world's most complete record of early Permian amphibians and reptiles." 

An important 
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Page 9-86. The references t o  the Bureau o f  Outdoor Recreati n sh u l  d 
be-corrected to  read the Heritage Conservation and Recreation Service. 

Page H-62 should ref lect  the following information: While Colorado 
had some ice f ie lds  dur ing  the Pleistocene, the ice sheet i n  the Rocky 
Mountains went no further south t h a n  Montana and Idaho. T h u s ,  glacial 
action does not appear t o  be a threat ,  t o  the integrity o f  the s i t e .  

/' 

Pages 3-38 and 3-39, sec. 3.4.3.  There should be mention i n  this section 
of the environmental analyses that are prepared by the Geological Survey 
for proposed o i l  and gas operations. I t  should  be notgd ' that ,  t h r o u g h  
t h i s  process, an assessment of environmental impacts/would be made before 
any further development of Federal mineral resources would be allowed. 

Edi tor i  a1 Comments 

In order t o  make the EIS more intel l igible  t o  other professionals and 
concerned lay people, editorial  improvement is essential. 

An index map showing the precise location should be one of the f irst  
figures i n  the report. 

The WIPP s i t e  should  be located on maps wherever practical and i t  should 
appear a t  the same place on a l l  maps. 
figure 7-12. Township and Range should be shown on maps where practical 
( f ig .  7-12, f o r  example). 

Page 7-7, f i g .  7-2. 
Epoch probably began between 2 mi l l ion  and 3 mill ion years ago (e.g. , 
Holmes, Arthur, 1964, Principles o f  physical geology, 2nd ed i t ion :  New 
York, Ronald Press, p. 360-361; Obradovich, J.D., 1965, Age o f  marine 
Pleistocene o f  California: Am. Assoc. Petroleum Geologists, v. 49, no. 7, 
p. 1037). 

Page 7-7, f i g .  7-2. Deposition o f  Ogallala fan sediments and the forma- 
tion of the caliche capping these sediments occurred dur ing  the Pliocene 
rather t h a n  d u r i n g  the Pleistocene, as shown. 

Page 7-28, f i g .  7-11. "pre-Cambrian" in upper l e f t  should be "Permian." 

Page 7-59, table 7-14. "Dayton, Texas" should be "Dayton, New Mexico." 

I t  i s  badly mislocated on 

I t  is now generally agreed that  the Pleistocene 

Page 7-64, f i g .  7-22. An explanation o f  units and patterns, a scale, 
and location of WIPP s i t e  are  needed. 

Page 7-65, par. 4, line 4. "west" should be "east." 
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Page 7-68. The heading "Groundwater Q u a l i t y "  r e f e r s  o n l y  t o  the 
succeeding paragraph. The r e s t  o f  pages 7-68 and 7-69 i s  p a r t  o f  
"Groundwater Fl ow. 'I 

Page 7-73, par. 3. 

Page 7-74, f i g .  7-27. Show WIPP s i t e ;  
show'l-ine o f  sec t i on  on a map; i d e n t i f y  " s o l u t i o n  f r o n t "  r e f e r r e d  t o  i n  
tex t ;  l abe l  i r r e g u l a r  l i n e  "Top o f  Rust ler  - s a l t "  not  "Top o f  Rustler." 

Page 7-76, par. 1. Add reference "Nicholson and Clebsch (1961)." 

Page 8-39, l a s t  par., f i r s t  l i n e .  This should read "Southwestern Pub l i c  
Service Company," n o t  " P a c i f i c  Service Company." 

"Jones (1972)" should be "Jones (1973)." 

A b e t t e r  explanat ion i s  needed. 

'.\ 

Page 9-112, par. 5. The proper f i g u r e  number would appear t o  be K-3 
andlor  K-5 r a t h e r  than K-6. 

Page H-101, l i n e  3. Loving County i s  i n  Texas, n o t  New Mexico. 
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UNITED STATES ENVl RON MENTAL PROTECTION * A’G’EmCY 
WASHINGTON, D.C. iLQ4-6Q 

SEP 2 6 1979 

Mr. Eugene Beckett 
WIPP P ro jec t  Office, Mail Stop E-107 
U.S. Department of  Energy 
Washington, D.C. 20545 

Dear M r .  Beckett: 

I n  accordance w i t h  Sect ion 309 of the  Clean A i r  Act,. as’amended, we 
have reviewed t h e  Draft Environmental Impact Statement for the Waste 
I s o l a t i o n  P i lo t  P lan t  (WIPP), DOE/EIS-0026-D. Our detailed comments 
are enclosed. 

i 

The f i n a l  environmental statement should br ing  out  more conclusively 
the adequacy of the s i t e  and the  bedded-salt host medium, and, f u r t h e r ,  
that  the  de f i c i enc ie s  revealed i n  t h i s  environmental s ta tement  are no 
worse than m i g h t  be expected a t  o the r  c a r e f u l l y  selected sites. 
s u f f i c i e n t  information cannot be provided i n  the  f i n a l  environmental 
statement t o  t h i s  end, a program f o r  reso lv ing  those matters should be 
spec i f i ed  and a course of ac t ion  proposed t h a t  w i l l  be taken i f  t h e  
r e s u l t s  are not  favorable  t o  t h e  WIPP pro jec t .  

If 

The quest ion of t h e  adequacy of t he  s i te  relates i n  part t o  the 
cont inuing i n t e g r i t y  of t h e  sa l t  formation and the  p robab i l i t y  of 
adequately s e a l i n g  boreholes and shafts aga ins t  subsidence stresses and 
other phenomena. 
problem of de tec t ion  of e x i s t i n g  boreholes and of small-scale 
d i s so lu t ion  f e a t u r e s  within t h e  r epos i to ry  formation. 
be l i t t l e  information on d i s so lu t ion  below the host sa l t  formation and 
the potent ia l  for f a i l u r e  from below. The hydrologic modeling appears 
t o  have the p o t e n t i a l  f o r  large u n c e r t a i n t i e s ,  and the a n a l y s i s  should 
t reat  t h e  s e n s i t i v i t y  of the  r e s u l t s  t o  the  range of p o t e n t i a l  e r r o r .  

The draf t  s ta tement  does not  adequately address the  

There appears t o  

A major concern is the assumption implied i n  t h i s  proposal,  t ha t  
t r ansu ran ic  wastes and spent fuel are compatible w i t h  each other and 
w i t h  t h e  bedded sal t  and hydrology of t h i s  s i te  i n  t h e  proposed 
repos i tory  configurat ion.  
i ts high radionucl ide content  but chemically r e s i s t a n t  uranium dioxide 
ceramic form, i n  a r epos i to ry  selected for its chemical barriers t o  
radionucl ide migration and, likewise, pu t t i ng  i n t o  the same repos i to ry  
t ransuranic  waste wi th  i t s  mult i tude of chemicals. 

No case is made f o r  pu t t i ng  spent  fuel,  w i t h  

Although it is 
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desirable to combine disposal facilities to decrease costs, such 
combining of facilities should be supported by an assessment in the 
final environmental statement of the compatibility of the different 
waste forms. 
receive particular attention in this assessment. 

The presence of organic chemicals i n  the TRU waste should 

I 

The EPA is also greatly concerned with the lack of a positive commitment 
in the DEIS to the development of mitigation plans .  We are equally 
concerned about the need to monitor environmental impact conditions, 
and implement mitigation measures during all phases of construction 
and operation of the WIPP. 
avoid violation.of existing standards, but also to minimize negative 
impacts on the environment. 
inclusion of "current knowledge" and "best management practices" as 
developed after initiation of operatiom at the selected site. 
strongly urges that DOE require the design of a dynamic monitoring and 
mitigation plan before either licensing or  approving construction of 
WIPP. 

Mitigation and monitoring is needed, not only t o  

The mitigation plans should allow the 

The EPA 

On the basis of these concerns, we have environmental reservations about 
the actions proposed in this draft statement and consider that the 
statement provides insufficient information. 
this draft statement ER-2, i.e., environmental reservations and insufficient 
information. 

Therefore, we have rated 

Should you or your staff have any questions about our comments, please 
call M s .  Betty Jankus (NJIPA matters, 755-0770) of my staff, or 
Dr. Jerry J. Swift (technical matters, 557-7604) of EPA's Office of 
Radiation Programs. 

am N. Hedeman, Jr. 

/ Office of Environmental Review 

Enclosure 
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U.S. ENVIRONMENTAL PROTECTION AGENCY 

Detailed Comments 
on the 

Department of Energy's 
Draft Environmental Impact Statement 

for the 
Waste Isolation Pilot Plant 

General Comments 

The final statement should bring out clearly the adequacy of the 
site and long-term integrity of the host medium, and, further, that 
the deficiencies revealed in this environmental statement are no worse 
than might be expected at other carefully selected'sites. 

The combination of a facility for the disposal of transuranic 

There 
wastes with facilities for testing of high-level waste forms and 
disposal of spent nuclear fuel is not adequately supported. 
should be a showing in the final environmental statement that the 
differences in waste forms and the configuration of the respository do 
not significantly diminish the protection that would be provided by 
separate facilities. It is not clear that the proposed approach is 
consistent with the near-term objective "to proceed by deliberate steps 
in a technically conservative manner." 

The principal problems with the proposed projects are: 

1. 
spent fuel are compatible for disposal in this repository. 
alternatives considered is limited and rests heavily upon this same 
assumption. 

It has apparently been assumed that transuranic wastes and 
The list of 

2. There are appreciable mineral resources at the site. There is 
also a reliance on long-term institutional controls to prevent human 
intrusion. 
the WIPP area will be lost,for future exploitation because of the 
presence of the respository. 
institutional control could be lost after hundreds or thousands of 
years while the hazard from the waste remains substantial. 
resources could be explored without knowledge of the remaining hazard. 

The DEIS addresses only the point that natural resources in 

However, it should also consider that 

The natural 

3. The host salt formation is under solution att,ack from above 
and from the side and may also be under attack from below. 

I "  
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4. The groundwater Eh may be in the range where it will make 
actinide elements more mobile. 

5 .  The assessment of potential impacts on the surrounding population 
appears to disregard the workers at the potash mines nearby. 

6 .  There has apparently been no question of the desirability of 
having two levels in the respository rather than one. 

7. Impacts of potential releases of radionuclides are regarded in 
this draft environmental statement as short-term impacts; the potential 
impacts of releases of radioactivity over long time periods should be 
addressed. 

8. As a research tool, the project should provide valuable 
information on the 'effectiveness of various waste disposal methods. 
Much of this data, of a generic nature, should be applicable to future 
waste disposal projects. 

9 .  Criteria for the acceptance of the various waste forms have not 
yet been made firm. 
interactions that might occur between the wastes, the salt, and any water 
that is present. 

Firm criteria would help resolve the nature of the 

10. The site selection process has been successful in finding a 
location with a low population density, much lower than in Michigan, 
Kansas, and Ohio. This is a clearly advantageous feature of the Los 
Medanos site. With respect to site selection criteria, however, some 
of the data gathered from WIPP may not prove useful in future siting 
decisions, primarily because of differing geologic formations. Other 
geologic structures, such as salt domes, basalt, granite, shale, and tuff are 
currently being investigated, and the EIS notes that future sites will be 
evaluated on a case-by-case basis. 
site specific differences is critical to the selection of regional 
repositories, and strongly endorse this approach. 

We believe that the recognition of 

11, The EPA is also greatly concerned with the lack of a positive 
commitment,in the DEIS to the development of mitigation plans. 
equally concerned about the need to monitor environmental impact conditions, 
and implement mitigation measures during all phases of construction and 
operation of the WIPP. 
violation of existing standards, but also to minimize negative impacts on 
the environment. The mitigation plans should allow the inclusion of "current 
knowledge" and "best management practices" as developed after initiation of 
operations at the selected site. 
the design of a dynamic monitoring and mitigation plan before either 
licensing or approving construction of WIPP. 

We are 

Mitigation and monitoring is needed, not only to avoid 

The EPA strongly urges that DOE require 
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Deta i l ed  Comments 

12. In  addressing the population d is t r ibu t ion  around the site, 
there are statements l ike that on page 1-3, %ixteen people l ive within 
10 miles of the  center of the proposed site." This bverlooks the 
approximately 650 workers a t  potash mines and mills within 12 miles, 
plus other people employed in the o i l  and gas producing industry. 
Table 2-2, "Application of Site-Selection Criteria," a l so  shows t h i s  
dis tor t ion.  
10 m i l e s  of the proposed site." 
mines should a l so  be shown on the  maps of the area; e.g. i n  Figure 8-1, 
the rai l road spurs are'shown - they probably end a t  potash ref iner ies .  

drs 

Another example is on page 7-1, "Thirteen people l ive within 
Such per t inent  features  as the potash 

13. Although the low annual r a i n f a l l  and l imited runoff are mentioned 
i n  several  places (e.g. page 7-59), the f l a sh  flooding associated with 
rainstorms i n  a r i d  lands is not mentioned, nor is there  mention of its poten t ia l  
f o r  influencing the repository o r  transportation accidents. Section 9.3.3.2 
should be revised t o  include discussion of the poten t ia l  f o r  f l a s h  flooding, 
which may occur much closer  than the Pecos River. 

14. 
can be meaningful when they are exposures t o  an individual. 
exposures are t o  a population group, they become less meaningful because 
the  r e l a t i v e  values can be a l te red  by including more people who get  the 
same background exposure but l i t t l e  o r  none from the other  source in question. 
Such comparisons should always include the maximum individual exposures. 
The last statement on page 1-6 is an example: "An accident of the  extreme 
severi ty  postulated in the transportation analysis could del iver  a 50-year 
radiation-dose commitment tha t  might reach 25 percent of the dose from natural  
background radiation." 
provide information on those most affected. 

Comparison of radiat ion exposures t o  those from natural  background 
When the 

This provides only the average value and does not 

15. It is  correct ly  indicated on page 1-8 tha t  f o r  an alternative act ion 
involving a delay i n  construction, t h  estimated addi t ional  costs  of $280 
mil l ion are mostly due t o  in f l a t ion  and therefore do not represent real 
addi t ional  resource expenditures. I f  put i n to  1978 dol lars ,  t h i s  la rge  sum 
would become almost zero. Its use In t h i s  statement tends to be mlsleading. 

16. This d ra f t  statement quotes various solut ion rates f o r  the Salado 
salt,  such as the 500 f e e t  per mill ion years (on page 2-12). 
statement should a l so  provide the uncertainty in the  solution rates. 

The second "basic reason" given on page 2-16 is i l log ica l .  
d r a f t  statement proposes t o  use the  f a c i l i t y  f o r  both transuranic waste and 
1000 spent f u e l  elements; therefore, i t  is not "dedicated only t o  TRU waste ."  

The second basic reason on page 2-16 contains a clear example of the 
concept tha t  there is no s igni f icant  l o s s  i n  safety o r  protection of the 
environment occasioned by putting more than one type of radioactive'waste in a 
repository. 
appears without s c i e n t i f i c  support. 
"to combine compatible f a c i l i t i e s ,  where suitable," must cer ta inly have been 
wri t ten i n  the bel ief  that compatibility and s u i t a b i l i t y  would be established 
rather  than assumed. 

The f i n a l  

17. This 

18. 

This concept, used extensively throughout the d r a f t  statement, 
The IRG objective, s ta ted  on page 1-2, 

The r e su l t  of disregarding the  differences i n  the 
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chemical na ture  of waste types is seen i n  the statement on page 3-26, 8 
"There is no reason t o  expect that  adding TRU waste t o  a H L W  repos i tory  
a t  either s i te  would appreciably increase  the p robab i l i t y  of long-term 
releases of r ad ioac t ive  material." The TRU waste contains  var ious  
organic  substances.which can form complexes and greatly inc rease  t h e  
mobi l i ty  of t he  a c t i n i d e  elements. 

19. It is recommended t h a t  the f i n a l  statement be revised t o  
state a practical purpose for t h e  reference repos i tory  as designed. 
page 2-22, the draft  statement states, "The re ference  r epos i to ry  is 
intended for the  disposal of  only t h a t  amount of readi ly  r e t r i e v a b l e  
waste expected t o  be stored a t  INEL throueh 1990," and further, tfSome 
100 acres of r epos i to ry  space w i l l  be more than adequate f o r  t h i s  
purpose." 
lifetime, it is only practical t o  spec i fy  in s t ead  t h a t  the f ac i l i t y  is 
intended t o  be used t o  capacity (70 mi l l ion  cubic  feet, per  
Table 2-3). If t h e  design is successfu l ,  t o  use i t  a t  such a small 
f r a c t i o n  (2.4 mil l ion  cubic feet) of its capacity would be wasteful.  

On 

As t he  design is f o r  a 2000 acre faci l i ty  and a 30 year 

20. The statement  on page 2-23 regarding the pol icy announced on 
October 18, 1977, should be corrected t o  s ta te  clearly tha t  the fee 
inc ludes  disposal costs as w e l l  as storage costs. 

21. The draft s ta tement ,  on page 2-28, conta ins  the pecu l i a r  
argument t h a t  "while some use fu l  gener ic  information could be obtained 
from a stand-alone ISF (Appendix C) ,  only a por t ion  of tha t  information 
could be t r a n s f e r r e d  t o  another  site." 
unless  it is intended t o  use the  WIPP s i te  for large-scale disposal of 
spent  fuel or  high-level waste, only about t h e  same information can be 
transferred from WIPP to another  si te,  i .e.,  the amount of information 
gained is e s s e n t i a l l y  the  same. This  s ta tement  and Figure 8-11 a l s o  
raise the quest ion again as t o  what eventual  use w i l l  be made of t h i s  
r epos i to ry  and whether it would not  be a better approach t o  seek 
approval for f u l l  u t i l i z a t i o n  a t  t h i s  time. 

It appears, however, t h a t  

22. I n  Table 3-10, a l l  estimated acc iden ta l  exposures are 
compared to  background except the case of d r i l l i n g  through spent  fuel, 
which is. compared t o  occupat ional  exposure l i m i t s .  
reason t o  be l i eve  the dr i l le rs  would have been classified as r a d i a t i o n  
workers, there is no j u s t i f i c a t i o n  f o r  comparing t h e i r  estimated 
exposures t o  occupat ional  limits. 

23. 
the  case (on page 3-16) where leaving spent  f u e l  i n  storage pools "is 

background." Spent fuel i n  storage pools cannot reasonably be 
considered t o  irradiate a s i g n i f i c a n t  f r a c t i o n  of the publ ic ,  much less 
the  worldwide population. 

Because there is no 

The comparison of the impacts is not  c o r r e c t l y  constructed i n  

, estimated t o  g ive  a worldwide population exposure of 10-7 of 

P-42 



24. 
asserts, heat-producing waste can be emplaced more densely i n  basalt 
than i n  salt.  
waste, for example, t o  s i g n i f i c a n t l y  higher temperatures than  
emplacement i n  sa l t ,  and would raise t h e  r epos i to ry  t o  higher  ambient 
temperatures. Other t echn ica l  documents have ind ica ted  that ,  because 
of t h e  poorer thermal conduct ivi ty  and heat capac i ty  of basalt, a spent  
f u e l  or high-level waste r epos i to ry  i n  basalt should be loaded t o  a 
lower heat generat ion dens i ty  than i n  salt. 

It is questioned whether, as the  discussion on page 3-19 

Such an approach would appear t o  sub jec t  h u h - l e v e l  

G 

25. The d iscuss ions  i n  Sect ion 3.5.2 i n d i c a t e  tha t  no conceptual 
designs e x i s t  f o r  TRU r e p o s i t o r i e s  i n  dome sa l t  and basalt. 
suggests  that considerat ion of these a l t e r n a t i v e  media was q u i t e  
l i m i t e d ,  and perhaps no t  adequate as a cons idera t ion  of a l t e r n a t i v e s  
required by NEPA. 

T h i s  

26. The quest ion of whether pyrophorics w i l l  be permitted t o  be 
included with the TRU wastes does no t  appear t o  be adequately 
answered. 

the c r i t e r i o n  of "no pyrophoric materials." 
is assumed i n  p red ic t ing  the environmental iapacts of shipping and 
handling, and y e t  t he  impact es t imat ions  are described as y ie ld ing  
ffmaximum environmental-impact predict ions."  If pyrophoric materials 
are t o  be permitted i n  TRU waste packages, the  terrn-ns&ll quan t i t i e s "  
should be def ined i n  numerical terms (as was done for  gas-generating 
materials i n  Table 5-1) and the acceptance c r i t e r i o n  given i n  Sec t ion  
5.1.2. 
assumptions should be factored i n t o  the  impact analyses  f o r  t he  
r e t r i e v a l ,  t r anspor t a t ion ,  handling, storage, and acc ident  scenarios .  

It is stated t h a t  9'small quan t i t i e s "  of pyrophoric materials 

The absence of pyrophorics 
I may be accepted (page 5-31, bu t  the  waste acceptance cr i ter ia  inc lude  

If s i g n i f i c a n t  q u a n t i t i e s  are t o  be permitted,  appropriate 

27. Additional criteria appear t o  be needed for waste forms t h a t  
"cannot be immobilized" (page 5-3). With few except ions r ad ioac t ive  
waste can be immobilized i f  the resources are a v a i l a b l e  t o  do so. For 
some waste ca t egor i e s ,  immobilization may no t  be practic"a1 i n  terms of 
c o s t  versus  cost of overpacking, or low p o t e n t i a l  dose savings per 
dol lar  spent ,  o r  because of excessive volume of the f i n a l  waste 
product. 
immobilization requirements so p o t e n t i a l  impacts can be better 
evaluated . 

The f i n a l  EIS should contain numerical cri teria on 

28. The d iscuss ion  of t r anspor t a t ion  i n  Chapter 6 would be 
g r e a t l y  improved by t h e  add i t ion  of expected doses t o  ind iv idua l s  i n  
the publ ic  i n  the discussion of rout ine ,  non-accident exposures. 
Statements such as "it exposes the  nearby populat ion a t  a very  low dose 
rate" (page 6-15) immediately raise the quest ion of v e y  low r e l a t i v e  
t o  what. The c o l l e c t i v e  exposures of Tables 6-9, 6-10, and 6-1 1 , while 
they are good information, only set upper bounds t o  the indiv idua l  dose. 
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29. The discussion of poss ib le  t r anspor t a t ion  acc idents  i n  
Sect ion 6.7 i n d i c a t e s  tha t  exposures t o  a i rborne  rad ioac t ive  materials 
released by acc idents  i n  urban areas are ca lcu la ted  using a d ispers ion  
model and parameters (page 6-23) appropr ia te  t o  f l a t ,  smooth, open 
t e r r a i n ,  and thus  inappropr ia te  t o  a loca t ion  where bui ld ings  i n t e r f e r e  
wi th  the  airflow. Turbulences around bui ldings,  while providing more 
mixing ac t ion  f o r  d i l u t i o n ,  could a l s o  br ing  t h e  plume t o  ground l e v e l  
much closer t h a t  one ha l f  mile and perhaps appreciably increase  maximum 
indiv idua l  exposures. S imi la r ly ,  although a low wind-speed is 
conservat ive once the  mater ia l  is i n  t he  plume, it is clearly not  
conservat ive with regard t o  l i f t i n g  t h e  material from t h e  ground i n t o  
the air .  
condi t ion,  a larger f r a c t i o n  of t h e  material m i g h t  be en t ra ined  i n  the  
plume ,by l o c a l l y  higher wind speeds induced by f i r e  o r  by passing 
vehic les  during the period before  a u t h o r i t i e s  c lose  o f f  t h e  area. 

Furthermore, even i f  a low-wind speed is the  e x i s t i n g  

30. The food pathway should be examined again;  while heal th  
a u t h o r i t i e s ,  ac t ing  after an acc ident ,  would remove contaminated food 
from d i s t r i b u t i o n ,  they would have t o  n o t i f y  people quickly i n  order  t o  
in t e rcepL  food being eaten.  

31. Frequencies such as i n  the l a s t  column of Table 6-16 tend t o  
mis lead  when.they include a f r a c t i o n  f o r  t he  s t a b i l i t y  category and 
wind d i rec t ion .  . I n  an urban area, almost 100 percent  of t h e  time t h e  

--*wind w i l l  c a r ry  t h e  material i n  t h e  d i r e c t i o n  of a number of people. 
"STheyefore t h e  r i s k (  from such an acc ident  is greater tha t  t h a t  ind ica ted  

by t h e  combination of Table 6-15 and t h e  last  column of  Table  6-16. 

--.- .5.9- 
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_?. -- 
5- 

rpl- 

--: 32. 
and poss ib le - t ranspor ta t ion  rou te s  a v a i l a b l e  t o  carry t h i s  material t o  
t h e  WIPP sit;. 
used a maximum c i t y  s i z e  equal  t o  Albuquerque, New Mexico. 
Figure 6-1, on page 6-9, t he  t y p i c a l  r a i l  rou te s  depic ted  f o r  
t r anspor t a t ion  of waste ma te r i a l s  pass through metropolitan areas much 
larger than Albuquerque. Transportat ion scenar ios  should be developed 
under worst poss ib le  condi t ions  for  each type of waste material t o  be 
t ranspor ted  t o  the  WIPP si te  (TRU,  H L W ,  spent  f u e l  c a n i s t e r s ) .  These 
scenar ios  should d e p i c t  the  adverse impacts which might be incurred i n  
a densely populated metropolitan area such as Dallas o r  Houston. 

The F ina l  E I S  should i d e n t i f y  the  sources  of high-level waste 

The t r anspor t a t ion  scenar ios  developed i n  t h e  Draft E I S  
I n  

33. A t  the  end of Chapter 6 there is a s h o r t  s ec t ion  devoted t o  
the  p o s s i b i l i t y  and consequences of " in t en t iona l  des t ruc t ive  acts." It 
claims t h a t , t h e  consequences from an i n t e n t i o n a l  act of  te r ror i sm or  
sabotage I f w i l l  not produce consequences more s i g n i f i c a n t  than the  
accsdent consequences ca l cu la t ed  i n  Sec t ion  6.7." Acts of terrorism 
(us ing  explosives  f o r  example) could create more se r ious  s i t u a t i o n s  
than conceivable t ruck  o r  t r a i n  wrecks. 
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34. I n  the  s e c t i o n  on acc tdents  involving contact-handled TRU 

waste (beginning on page 6-23), a f i re  should be assumed t o  be taking 
place.  Surely t h i s  would create a worse hazard than i f  a f i re  was no t  
present .  Previously on t h a t  page,"DOE s t a t e d ,  ". . . the condi t ions that  
lead t o  the greatest population dose have been chosen." 
and the  cited scenar io  do not  seem t o  correspond. 
release f r a c t i o n s  used on page 6-26 should be documented. 

This statement 
I n  addi t ion ,  the 

35. I n  Sect ion 6.7.3, Resul t s  of the Analysis, the r e s u l t s  were 
not  converted from person-rem t o  health effects. 
acc ident  y i e l d s  non-negligible impacts, t h e  acc ident  involving spent  
fuel .  Based on DOE estimates t h i s  acc ident  w i l l  r e s u l t  i n  a 50-year 
whole body dose commitment of 3700 person-rem for a small urban area 
and 8300 person-rem f o r  a large urban area. 
factor of 600 h e a l t h  effects per mi l l ion  person-rem, estimates of t o t a l  
heal th  impacts are about 2 and 5,  respec t ive ly .  

I n  this case, one 

Using EPA's conversion 

36. There appears t o  be a considerable  seismic r i sk .  An 
earthquake with an ep icen te r  a t  the WIPP s i t e  could d i s r u p t  t he  
r epos i to ry  and break conta iners ;  t h i s  would result i n  wastes coming 
i n t o  direct contac t  with sa l t  sooner than an t i c ipa t ed .  
magnitude of poss ib l e  consequences, t h i s  scenar io  should be explored 
fu r the r .  The f i n a l  statement should include among t h e  acc ident  cases 
it discusses ,  t h e  case of an earthquake-induced rock f a l l  i n  the  
repos i tory  (analogous t o  those reported i n  the  nearby potash mines). 
Such a rock f a l l  could damage a number of  waste conta iners  i n  open 
rooms. 
degrade the HEPA f i l t e r  i n s t a l l a t i o n .  

Considering t h e  

Though unl ike ly ,  an earthquake could a l s o  simultaneously 

37. 
(page 7-74 f f )  i l l u s t r a t e s  well the  d i f f i c u l t y  i n  determining such 
rates. F i r s t  one estimate is referenced of 0.33 foo t  v e r t i c a l  pe r  
thousand years  average but the suggestion is  made t h a t  most of the 
d i s so lu t ion  occurred long ago a t  a faster rate, and t h a t  the  present  
rate is slower. 
a present  v e r t i c a l  d i s so lu t ion  rate of 0.5 foo t  of sa l t  i n  1000 years.  
Although it is unl ike ly  t h a t  these estimates are so g r e a t l y  i n  e r r o r  
that there would be a threat t o  t h e  r epos i to ry  i n  t h e  nex t  thousand 
years  or so, it would, i n  any case, h e l p  the presenta t ion  i n  the f i n a l  
statement i f  the unce r t a in i ty  i n  these estimates were presented. 

The discussion of rates of removal of sa l t  by d i s so lu t ion  

Then an a l t e r n a t i v e  approach is referenced which g ives  

38. The physical  p rope r t i e s  of v e r t i c a l  so lu t ion  f e a t u r e s  and 
wells can be very similar r e l a t i v e  t o  ground water movement. 
page 74., states t h a t  "extensive inves t iga t ions"  a t  the si te show no 
evidence of continuing deep d isso lu t ion .  
f e a t u r e s  are very d i f f i c u l t  to  detect u t i l i z i n g  su r face  geophysical 

Chapter 7, 

Small scale v e r t i c a l  so lu t ion  
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methods such as t h e  r e s i s t i v i t y  surveys mentioned i n  the repor t .  
p robab i l i t y  of  l oca t ing  a v e r t i c a l  Iichimneyn while d r i l l i n g  a test hole 
is even more remote. 

The 

39. On page 7-75, t he  l as t  paragraph states, "The rate of deep 
d i s so lu t ion  is d i f f i c u l t  t o  assess, and Anderson (1978) does no t  
be l ieve  t h a t  estimates can be made wi th  any degree of confidence from 
t h e  ava i l ab le  data." Then, without f u r t h e r  support  o r  re ference ,  t he  
conclusion is drawn "In any case, deep d i s so lu t ion  does not  occur near  
t h e  site." We recommend t h a t  t h i s  conclusion be de le ted  un le s s  some 
evidence i n  support  of i t  can be referenced. 
under t h e  s i t e  is sub jec t  t o  d i s so lu t ion  l i k e  t h a t  i n  neighboring 
Carlsbad Caverns should be discussed. 

Whether t h e  l imestone 

40. On page 8-28 is s ta ted "The amount of  material released 
through cracks is assumed t o  be proport ional  t o  t h e  r a t io  of t h e  area 
of t h e  cracks t o  the t o t a l  area of the drum." 
cur ren t  experience w i t h  sa l t  shakers and the  pas t  record of 
hourglasses ,  i n  which a l l  t h e  material has exited t h e  ho le s ,  t h i s  
assumed l i m i t a t i o n  on the  amount of material released needs 
experimental v e r i f i c a t i o n  t o  g ive  i t  c r e d i b i l i t y .  The final statement 
should provide a t  least a support ing re ference  t o  such v e r i f i c a t i o n .  

I n  view of widespread 

41. On page 8-39, it is  indica ted  t h a t  a 24-inch wa te r l ine  i s  

If no t ,  it 
proposed t o  br ing  water t o  t h e  s i t e  from a t i e - i n  w i t h  an e x i s t i n g  
10-inch main; t h i s  appears t o  be a typographical e r r o r .  
should be explained. 

42. The use of carbon-steel  p ipe  (page 8-49) f o r  c a n i s t e r s  for 
t h e  spent-f ie1 assemblies as ind ica ted  i n  t h i s  draft  s ta tement  
represents  a much better use of n a t u r a l  resources  than earlier 
proposals  f o r  t h i c k  c a n i s t e r s  of  s t a i n l e s s  steel containing large 
amounts of chromium and n icke l .  

43. On page 8-50, i t  is indica ted  t h a t  "The backf i l l i ng  of t he  
storage d r i f t s  w i l l  no t  g r e a t l y  affect t h e  r e s u l t s  of t h e  demonstration 
or monitoring program." It should be explained why the  v e n t i l a t i o n  a i r  
w i l l  no t  carry away hea t  t ha t  would otherwise be s t o r e d  i n  and 
conducted through the  s a l t ,  r a i s i n g  i t s  temperature. 

44. On page 8-52, the  s ta tement  i n d i c a t e s  that  stress-induced 
creep c losure  of t he  storage room "may possibly" damage the  waste 
containers ,  I f ,  i n  due time, such c losu re  is expected t o  e l imina te  
almost a l l  voids  i n  t h e  s a l t ,  damage t o  the con ta ine r s  would seem a 
ce r t a in ty .  
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45. The Demonstration of Spent-Fuel Disposal (Sect ion 8.10) has 
some se r ious  problems. 
page K-20 it appears  t ha t  t h e  overlying aqu i f e r  is oxidizing. 
i n fe r r ed  from the high mobil i ty  of U and Tc. 
high d i s t r i b u t i o n  c o e f f i c i e n t  for  Np i s  either from a s e l e c t i v e  
adsorpt ion of Np02+ or from reduct ion of tha t  spec ies  t o  Np02. 
Because the overlying aqu i f e r ,  i f  d iver ted  by n a t u r a l  or human f a c t o r s  
through the repos i tory ,  w i l l  d i sso lve  the  spent  f u e l ,  the  r i s k  is much 
higher (a thousand times or more) than it would be i f  t h e  overlying 
aqu i f e r  were reducing. Th i s  ox id iz ing  aqu i f e r  raises se r ious  ques t ions  
concerning the s i te  s u i t a b l i i t y  for spent  f u e l  d i sposa l .  
considerat ion does not affect the  impact from the  TRU wastes so 
severe ly ,  s i n c e  those wastes (mostly Pu) are not  as s e n s i t i v e  t o  
oxidation. 
and E 3  condi t ion where Np is  reduced t o  Np ( I V ) ,  or t h e  rock 
s e l e c t i v e l y  removes Np02+ from solu t ion .  
d i s t r i b u t i o n  c o e f f i c i e n t  t a b l e  por t ion  of table K-3. It would also be 
he lp fu l  i f  t h e  dens i ty  and poros i ty  of t h e  R u s t l e r  formation were used 
t o  t r a n s l a t e  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  which are given, i n t o  
Equilibrium Adsorption Constants,  as defined by Equation K-9. These 
Equilibrium Adsorption Constants (sometimes called "Retardation 
Factors") are more d i r e c t l y  usefu l  i n  groundwater migration 
ca l cu la t ions  than d i s t r i b u t i o n  c o e f f i c i e n t s .  It is also l i k e l y  t h a t  
some of the  d i s t r i b u t i o n  c o e f f i c i e n t s  have a high degree of e r r o r  
associated wi th  them; presenta t ion  of the percent  e r r o r  w i l l  i n d i c a t e  
those values  f o r  which the unce r t a in i ty  is  high. 

Based upon the d i s t r i b u t i o n  c o e f f i c i e n t s  on 
This  i s  

It is poss ib le  t h a t  t h e  

This  

It appears t h a t  either the  rock is such t h a t  i t  makes a Ph 

C-14 should be added t o  the  

46. The environmental impacts of the experiments t o  be performed 
(pages 8-45 t o  8-53) cannot be evaluated without more information on 
t h e  na ture ,  and e s p e c i a l l y  the scale, of the  experiments. There appear 
t o  be no p lans  f o r  p a r t i c i p a t i o n  i n  dec is ions  on t h e  experimental  
program by non-DOE agencies.  There should c e r t a i n l y  be a review 
process before  p lans  for the experiments are f ina l i zed .  

47. I n  view of the concerns expressed i n  years past about 
e x i s t i n g  d r i l l  holes a t  the Lyons, Kansas site,  it is s u r p r i s i n g  t o  
read (page 8-56) "that the ,long-term consequences a n a l y s i s  (Sect ion 
9.5.1 
s a f e t y  consequences." It would, perhaps, be reassur ing  t o  include a 
comparison of the Los Medanos s i te  with the,Lyons,  Kansas site. 
Sec t ion  9.5.1 conta ins  s e v e r a l  scenar ios  which have been modeled for 
ca lcu la t ions .  
there are s e v e r a l  f a c t o r s  which could be reasonably expected t o  alter 
Scenario 1 such as the pressure  d i f fe rence  between the Rus t le r  and t h e  
B e l l  Canyon aqu i f e r s ,  the  number o f  undiscovered boreholes, t he  amount 
of cas ing  i n  the boreholes, waste conta iner  leaks, etc. Appendix 
Sec t ion  D-2 f l a t l y  states t h a t  "the r epos i to ry  and c o n t r o l  zone I11 are 

shows t h a t  an unplugged hole has ' b u t  small environmental or 

Scenario 1 is pos tu la ted  t o  be the worst case. However, 
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f r e e  of pre-existing holes  that extend through t h e  salt, sha f t s ,  and 
mining ac t iv i ty . "  This statement is questionable on i t s  face  value i n  
t h e  absence of conclusive da t a  -- none appeared t o  be provided. There 
is no mention of holes i n  t h e  remainder of Control Zone I and in Zones 
I1 and I V .  

48. I n  Section 9.1.5, Plans f o r  Mitigation of Impacts, t h e  
discussion of eros ion  con t ro l  should a l s o  address con t ro l s  aga ins t  wind 
e ros ion  f o r  those p a r t s  of t h e  s i te  where the  s o i l  is p a r t i c u l a r l y  
suscept ib le .  As ind ica ted  on page 7-53, t h e  p o t e n t i a l  f o r  wind eros ion  
is  high i f  t he  vege ta t ive  cover is se r ious ly  depleted. 
i t  is  indicated t h a t  Laguna P l a t a  and Laguna Gatuna were formed as 
blowouts. The discussion should a l s o  address con t ro l s  f o r  any areas 
t h a t  may be subjec t  t o  f l a s h  flooding. I n  addition, when impacts of t h e  
proposed ac t ion  are being discussed i n  several p laces  (page 9-8) mi t iga t ing  
measures are discussed as op t iona l  approaches. I f  a dec is ion  is made t o  
proceed with a r epos i to ry  a t  t h i s  site, t h e  decision should include a 
p o s i t i v e  commitment t o  u t i l i z e  those measures t o  l i m i t  po l lu t an t  impacts. 

On page 7-72, 

49. 
of miners a t  t he  potash mines, and of oil and gas workers in t h e  v i c i n i t y ,  
are included i n  the  exposure ca lcu la t ions .  The d r a f t  s t a t e m e n t  i nd ica t e s  that 
t h e  miners are t r e a t e d  as if they were home i n  Carlsbad r a t h e r  than a t  the 
mines. The discussion on page 9-55 a l s o  should be enlarged t o  spec i fy  how 
potash miners and o i l  workers are t r e a t e d  i n  t h e  ca lcu la t ions .  

It should be made clear in Section 9.2.10.2 how t h e  populations 

50. I n  as much as use  of diesel-powered waste t r anspor t e r s  is 
contemplated (Chapter 8),  among the  conceivable acc idents  that should be 
considered i n  Chapter 9 should be those including f i r e s  involving t h e  
t r anspor t e r  and i t s  f u e l  tanks. 

51. On page 9-51, t h e  air-entrainment f a c t o r  is quoted a t  0.014 
percent per  hour, one t en th  t h e  f a c t o r  quoted earlier i n  t h e  d r a f t  
statement; t h i s  discrepancy should be c leared  up. 

52. The Department of Energy has pu t  together a high q u a l i t y  eva lua t ion  
of t h e  economic and s o c i a l  impacts of t h e  WIPP projec t .  
impacts are based on an input-output a n a l y s i s  of t h e  d i r e c t  and i n d i r e c t  
impacts of both t h e  cons t ruc t ion  and. t h e  operation per iods  of t h e  pro jec t .  
The d r a f t  po in t s  o u t  t h e  u n c e r t a i n t i e s  inherent  i n  t h e  economic impact 
pro jec t ions ,  due t o  t h e  unce r t a in ty  i n  pro jec ted  alternative employment 
oppor tuni t ies ,  s p e c i f i c a l l y  i n  mining and i n  a pro jec ted  l a r g e  dam p r o j e c t  in 
t h e  area. A minor cri t icism of t h e  ana lys i s  is t h a t  t h e  input-output 
eva lua t ion  of i n d i r e c t  impacts should have been based on an area somewhat l a r g e r  
than Eddy and Lea Countiep. 
measured f o r  those two count ies  only, but the i n d i r e c t  e f f e c t s  can be 
expected t o  impact an area l a r g e r  than these  two counties. 
had encompassed a l a r g e r  area, t h e  estimated m u l t i p l i e r s  of t h e  input-output 
ana lys i s  would be expected t o  be somewhat l a rge r .  

The economic 

It is appropr ia te  that t h e  d i r e c t  e f f e c t s  be 

I f  t h e  ana lys i s  
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53; The c o s t  estimates of  t h e  UIPP are given i n  1978 do l l a r s :  
construction--$225 mi l l ion ;  engineering, cons t ruc t ion  management, and 
technica l  support--$205 mi l l ion ;  year ly  operation--$36 mil l ion.  An 
estimate of these c o s t s ,  however rough, needs t o  be made using 1980 
do l l a r s .  Also, the effects of lengthened cons t ruc t ion  time on t o t a l  
costs i n  constant  dollars should be discussed. 

c13 

54. I n  Sect ion 9.4.1.2, mention is made of a r e se rv io r  p ro jec t  on 
the  Pecos River between Artesia and Carlsbad. The f i n a l  statement 
should address the p o t e n t i a l  of t h i s  r e se rv io r  t o  induce seismic events  
as a r e s u l t  of the load from its f i l l i n g ,  and its p o t e n t i a l  t o  induce 
changes i n  the ground water flows. 

55. The discussion ( i n  Sect ion 9.5) of ground water flows and 
the i r  p o t e n t i a l  t r anspor t  of leached materials from the s i t e  should 
a l s o  address the p o t e n t i a l  f o r  changes t o  be induced i n  the ground 
water flows, and f o r  t r anspor t  of leached materials t o  Carlsbad Caverns. 

56. Although some of the assumptions used i n  Sect ion 9.5 provide 
bounding analyses  t h a t  appear t o  be beyond p o t e n t i a l  d i f f e rences  due t o  
leaching,  waste-matrix degradation, and changes i n  the  valence states 
of important rad ionucl ides ,  these matters and their  p o t e n t i a l  impacts 
on radionucl ide t r anspor t  should be addressed d i r e c t l y  or by re ference  
i n  t h e  f i n a l  statement.  

57. The labels of Tables 9-43 and 9-44 are unclear.  If they 
present  concentrat ions i n  waste i n  s t i l l - i n t a c t  and una l te red  
conta iners ,  t h i s  should be s p e c i f i c a l l y  stated. 

58. 
t h e  dose rate ana lys i s  for t h e  pos tu la ted  four  scenar ios  is 
quest ionable .  
equation used i n  the numerical model was multi-dimensional and 
temperature dependent. However, t h e  a c t u a l  models representing 
scenar ios  1, 2, 3, and 4 were one-dimensional and temperature 
independent. 
model could be g r e a t l y  s impl i f ied .  
numerical model from multi-dimension and temperature dependent t o  a 
single-dimension and temperature-independent model may r e s u l t  i n  * 
inducing add i t iona l  unnecessary error of ana lys i s .  
the aboye error and t h e  add i t iona l  numerical error for a t r anspor t  
distanc.e of 70 meters has been demonstrated by t h e  I n t e r a  'Environmental 
Consultants,  , Inc.  i n  a report 'to the U.S. Nuclear Regulatory- 
Commission. The repor t  analyzed the t r anspor t  of a<rad ionuc l ide  wi th  a 
half-life of 433 years ,  i n  an aqu i fe r  wi th  hydraul ic  conduct ivi ty  of 
2 f t /day,  by the  same numer+ical model and by the a n a l y t i c a l  s o l u t i o n  

The s u i t a b i l i t y  of t h e  hydrologic t r anspor t  model employed i n  

A s  was stated i n  Appendix K,  Sect ion K.1.2, the  basic 

Therefore, the  basic system equat ions for the  numerical 
The r e s u l t  of reducing the 

The combination of 
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model. The concentrat ions of  radionucl ide a t  a d is tance  of  70 meters 
were 
numerical model and for the  a n a l y t i c a l  model. The combined error was 
evaluated t o  be 10 or 1000 percent  a t  a d is tance  of 70 meters. Th i s  
combined e r r o r  i s  expected t o  inc rease  exponent ia l ly  with t h e  increase  
i n  t h e  t ranspor t  dis tance.  Therefore, t he  results of t h e  a n a l y s i s  
using the  Iiumerical model could have large unce r t a in t i e s .  

and 1.5 X 10-3 of the o r i g i n a l  mass respec t ive ly  f o r  t he  

59. On page 9-100 is a discussion of compilations of scenarios .  
The work by S.E. Logan and M. C. Berbano ( EPA 520/6-78-005) seems t o  
be appropriate f o r  inc lus ion  i n  t h i s  discussion. 
specific t o  t h i s  New Mexico s i te .  

This  work was 

60. Sect ion 9.5 should also include discussion of t he  p o t e n t i a l  
use of waste-contaminated water c l o s e r  t o  the s i te  than Malaga Bend, 
v i a  wells f o r  dr inking water or s tock  watering. 
i n d i c a t e  a number of wells c l o s e r  than Malaga Bend. While it is 
unl ike ly  t h a t  anyone would dr ink water t h a t  is 100,000 ppm sal t ,  they 
m i g h t  use some tha t  had been d i l u t e d  by o the r  ground water. Any 
p o t e n t i a l  pathway through the Laguna Grande de l a  S a l  should a l s o  be 
discussed. 

Figures  7-23 and 7-24 

- 

61. Sect ion 9.5.1.5 should have its sequence of 99events t ha t  must 
occurtt revised:  

(a) For the  first event ,  i t  is only necessary t h a t  i n s t i t u t i o n a l  
con t ro l  f a i l  rather than be l o s t .  
i n s t i t u t i o n a l  c o n t r o l s  f a i l i n g ;  a recent  one is t h e  waste tank leak a t  
Hanford t h a t  went uncorrected for over a month although monitoring duly 
recorded the decreasing l e v e l  of waste i n  the tank. Perhaps t h e  s ta te  
of f i re  prevention a t  t h e  Browns Ferry Nuclear Power P lan t  i n  
January 1975 could also be put  i n  t h i s  class. 

There are many examples of  - 

(b) With regard t o  the  second event ,  it is  no t  ‘necessary t h a t  
knowledge of the r epos i to ry  be lost .  
overcome by avar ice ,  as may have happened wi th  kepone i n  
Hopewell, Virginia.  
complacent about hazards;  experience i n  t h i s  respect is given by 
flood-control levees  being allowed t o  f a l l  i n t o  d i s r e p a i r  when t h e  
period between f loods  grows long. 

Fear  of i ts  hazards could be 

It is a l s o  not  unheard of f o r  people to  become 

62. Sec t ion  9.5 addresses subsidence (page 9-131 f f )  and 
concludes t h a t  1 t o  1.6 feet of subsidence w i l l  be i n s i g n i f i c a n t .  The 
discussion should be enlarged t o  include the  effects of subsidence and 
its concommitant d i s t o r t i o n  of the  rock strata upon t h e  borehole and 
shaft sea l ing ,  and whether i t  could induce failures t h a t  should be 
included i n  the  rad ionucl ide  release scenarios .  

~ 

I n  t h i s  respect, 

P-50 



although i t  is reas su r ing  t h a t  water has not  flowed i n t o  the  local 
potash mines i n  s p i t e  of more severe  subsidence, the  experience time 
period i s  r e l a t i v e l y  sho r t .  

6ld 

63. The sub jec t  of l i q u i d  inc lus ions  i n  the  salt  a t  the  WIPP s i t e  
and br ine  migrat ions along thermal g rad ien t s  is important. 
discussion of b r ine  migration i n  Sect ion 9.5.3.2, some mention should 
be made of the p o t e n t i a l  case i n  which br ine  migrates t o  open spaces  
around the c a n i s t e r s  and then evaporates  and moves through t h e  voids  i n  
the  b a c k f i l l  sa l t  upward t o  the room above. 
bounding analyses  of radioactiv’e releases (Sect ion 9.5) are so broad 
tha t  they envelope a l l  p o t e n t i a l  problems from br ine  migrat ion and 
c a n i s t e r  corrosion. 

I n  the 

It is not  clear that  the 

64. I n  the  course of sa l t  c losure  i n  the  repos i tory ,  i n  perhaps 
200 yea r s  (page 9-135) i t  is poss ib le  t h a t  volumes of noncondensible 
gases w i l l  be trapped and pressurized by the inward creeping salt.  
discussion of s cena r io  5 (Sect ion 9.5.1.5) should be expanded t o  
address the  p o t e n t i a l  f o r  d r i l l i n g  i n t o  a pressurized gas volume, 
inc luding  t h e  p o s s i b i l i t y  that  the gas includes rad ionucl ides  released 
from the  wastes. 
any mode i n  which it could t r i g g e r  a release of stored .energy from 
rad ia t ion  damage. 

The 

This  d r i l l i n g  sequence should a l s o  be examined for 

65. The discussion of stored energy i n  Sec t ion  9.5.3.5 appears t o  
consider only t h e  case i n  which t h e  radionucl ides  remain i n  t h e  waste 
conta iners .  The discussion should be expanded t o  cover the p o t e n t i a l  
for nuc l ide  migrat ion i n t o  the  sal t  where the beta and alpha energy 
would a l s o  be ava i l ab le .  

66. I n  preparing the  TRU waste from INEL, the s lagging  py ro lys i s  
process uses  makeup s o i l  blended wi th  the  waste i n  the  ra t io  1.5 pound 
per  pound of waste (page 9-155). 
100,000 tons  of soil through 1985. 
the source of s o i l  or s o i l  type t o  be used. 
TRU-contaminated s o i l  be obtained and used for t h i s  purpose. Th i s  
a c t i v i t y  appears to present  a rare opportuni ty  t o  so lve  a t  least p a r t  
of some e x i s t i n g  waste disposal problems a t  s e v e r a l  l oca t ions  around 
the country. 

Th i s  w i l l  r equ i r e  some 50,000 t o  
The draft EIS makes no mention of 

We suggest  t h a t  

67. The cri teria i n  D.l and D.3 tha t  t h e  r epos i to ry  w i l l  not  be 
breached while the wastes remain hazardous.should be qua l i f i ed .  
breaches may and probably w i l l  occur. 
d e f i n i t e l y .  

b r ine  on the  ion-exchange properties of the geology. 
to  remove adsorbed nuc l ides  from ion-exchange systems. 

Minor 
The period should be stated more 

68. The discussion on page D-8 should address the effect of the  
Br ines  are used 



NUCLEAR REGULATORY COMMISSION 
WASHINGTON, D. C. 20555 

Mr. Eugene Beckett 
WIPP Project Leader 
U.S. Department of Energy 
WIPP Project Office 

Washington, D.C. 20545 
MS B-107 

Dear Mr. Beckett: 

The U.S. Nuclear Regulatory Commission ( N R C )  staff has reviewed the draft 
environmental impact statement issued by the U.S. Department of Energy (DOE) 
related t o  the Waste Isolation Pi lo t  Plant (WIPP) located near Carlsbad, 
New Mexico. 
general comments. Detailed comments on the WIPP draft environmental impact 
statement (DEIS) are enclosed. 

On the b a s i s  o f  our review, the staff offers the following 

Background 

on page 

1. 

2. 

3. 

4. 

5. 

The DEIS evaluates the environmental effects of the WIPP reference repository 
along w i t h  six other alternatives. 
licensed by NRC except op t ion  1. 

1-5 are as follows: 

The DEIS assumes t h a t  a l l  options would be 
The seven options presented i n  the D E I S  

No action. 
the Idaho National Engineering Laboratory and elsewhere as  i t  
i s  now. 

No ISF i s  built,  and TRU waste remains stored a t  

The WIPP reference repository i n  southeastern New Mexico. 
includes an Intermediate Scale Facility (ISF) with up t o  1000 
commercial spent fuel elements as well as limited military 
h i  g h- 1 eve1 wa s t  e. 

This 

The WIPP reference repository, b u t  w i t h o u t  the ISF. 

Disposal o f  TRU waste i n  the f irst  available HLW repository. 
By 1982 or soon thereafter, s i tes  in the Gulf Interior region 
s a l t  domes and Hanford basalt should be available fo r  considera- 
tion. An HLW repository would be built a t  one such s i t e ,  and 
TRU waste would be p u t  into it .  The ini t ia l  retrievable- 
storage phase of the repository would take the place of the ISF. 

Delay o f  Alternative 2. By 1982 or  so, the WIPP may also have 
the choice of dome sa l t  and basalt s i tes  as well as the bedded 
sa l t  s i t e  at Carlsbad. 
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6. Delay of Al te rna t ive  3, s imi la r ly .  
c3 

SEp 2 4 1979 

7. A longer delay. 
be ava i l ab le  i n  g ran i t e ,  tu f f ,  o r  sha le  f o r  a HLW repos i tory  
a s  i n  Al te rna t ive  4. 

By 1985 o r  somewhat,thereafter, sites may a l s o  

The DEIS concludes t h a t  none of the a l t e r n a t i v e s  i s  super ior  t o  the o thers  
based on environmental considerati  ons ; however, a1 t e r n a t i  ve 1 does not appear 
v i ab le  over the long term. 
matic standpoint,  a l t e r n a t i v e s  2, 3, and 5 appear a t t r a c t i v e .  While the DEIS 
does not e x p l i c i t l y  s t a t e  which  of these a l t e r n a t i v e s  i s  the preferred option, 
the document implies t h a t  the WIPP reference repos i tory  is  the a l t e r n a t i v e  
t h a t  wi l l  be pursued. Indeed, most of the document i s  devoted t o  an evalua- 
t i o n  of environmental impacts r e su l t i ng  from the development o f  th i s  option. 

T h e  WIPP reference repos i tory  a s  described i n  the DEIS could provide f o r  the 
ult imate disposal of 70 mi l l ion  cubic feet of T R U  waste. 
plans c a l l  only f o r  the dispositbion of t h a t  amount of r ead i ly  r e t r i e v a b l e  
waste expected t o  be stored a t  the Idaho National Engineering Laboratory 
(INEL) through 1990. This waste will  amount t o  about three mi l l ion  cubic feet 
o r  about 800 kg of TRU. The DEIS s t a t e s  t h a t  the WIPP reference repos i tory  
will have the capacity t o  receive TRU waste from the dismantling and decon- 
tamination of obsole te  weapons-production f a c i l  i t i es  such a s  the Hanford 
plutonium reac tors .  
mill ion cubic feet. 
evaluate the effects o f  shipping any of this dismantling and decommissioning 
waste t o  WIPP. 

The DEIS further concludes t h a t  from a program- 

However, current 

Estimates of the volume of such waste range from 5 t o  95 
The t r anspor t a t ion  impact ana lys i s ,  however, does not 

Comments 

1. The NRC s t a f f  considers t h a t  the EIS does not present the bas ic  informa- 
t i o n  needed t o  make a reasonable comparative assessment o f  the a l t e rna -  
t i v e s .  For example, cost information which  would permit a rigorous 
comparison is not e x p l i c i t l y  provided. In addi t ion ,  where comparative 
information is discussed, -it is done i n  a rather judgmental and qua l i -  
t a t i v e  way which does not f a c i l  i t a t e  independmt review and assessment 
(e.g., 1 and use, resources,  transport, socioeconomics, potential  f o r  
future d i s rup t ion ,  i s o l a t i o n  po ten t i a l ) .  The s t a f f  considers t h a t  a 
more rigorous comparative analysis of the a1 t e r n a t i v e s  may indeed 
sharpen the differences among them and lead t o  c l e a r e r  conclusions 
regarding which a1 ternatives are preferred. 

In re-evaluating the a l t e r n a t i v e s  on a more rigorous bas i s ,  .the NRC 
s t a f f  considers t h a t  p a r t i c u l a r  attention should be given to  the 
following, points:  

(a )  The  DEIS s t a t e s  t h a t  the cap i t a l  cos t  of the WIPP reference f a c i l i t y  

2. 

( a l t e r n a t i v e  2)  i s  about $430 mill ion.  This would result i n  a 
cons t ruc t ion  cos t  of more than $500,000 per kilogram. 
i n  the operating c o s t s  would l i k e l y  run the c o s t s  up t o  i n  the 
order o f  $1,000,000 per kilogram of TRU disposed- 

F i g u r i n g  
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The D E I S  po ints  out t h a t  a l t e rna t i ves  such as 4 and 7 could r e s u l t  
i n  a 40 percent reduct ion i n  land use whi le  increasing the cost o f  
the HLW reposi tory  on ly  fou r  t o  ten percent. This would appear t o  
be an enormous cost advantage. 

This evaluat ion should be made e x p l i c i t  and quan t i t a t i ve  so-a 
d i r e c t  cost comparison can be made. 

63 

(b) The DEIS s ta tes  t h a t  although the WIPP reference f a c i l i t y  i s  sized 
f o r  disposal o f  70 m i l l i o n  cubic feet o f  TRU, on l y  the mater ia l  
expected t o  be stored a t  INEL through 1990 i s  being d e f i n i t e l y  
intended f o r  disposal a t  t h i s  time. The DEIS implies, however, 
t h a t  t h i s  addi t ional  capacity could i n  the f u t u r e  be used f o r  the 
large quan t i t i es  o f  TRU waste which would r e s u l t  from dismantl ing 
o f  surplus f a c i l i t i e s  l a r g e l y  a t  Hanford (estimates range up t o  
95 m i l l i o n  cubic .feet). 

Elsewhere, t he  D E I S  observes t h a t  there would be a small transpor- 
t a t i o n  advantage if the TRU ( a t  INEL) were eventual ly disposed o f  
a t  a HLW reposi tory  a t  Hanford; however, the D E I S  goes on t o  con- 
clude that  t h i s  advantage i s  small since the d i f f e r e n t i a l  distance 
from INEL t o  Hanford and Carl sbad i s  small. 

If a l l  o f  t he  TRU mater ia l  requ i r i ng  disposal a t  the other DOE s i t e s  
( p a r t i c u l a r l y  Hanford) i s  considered i n  the t ranspor t  e f fects ,  
however, s u b s t a n t i a l l y  d i f f e ren t  conclusions would 1 i ke ly  emerge. 
The NRC s t a f f  f e e l s  t h a t  considerat ion o f  the known TRU r e q u i r i n g  
disposal should be e x p l i c i t l y  considered. 

(c)  The DEIS  discusses general ly t h a t  t he  mineral resources s i t u a t i o n .  
a t  the WIPP reference s i t e  would have two adverse impacts. 
resources would be denied t o  f u t u r e  generations; and secondly, the 
existence o f  resources a t  and near the s i t e  could i n v i t e  f u t u r e  
disrupt ion.  
The DEIS po in ts  out, however, t h a t  these undesirable e f f e c t s  could 
probably be avoided w i t h  almost a l l  the other a l ternat ives.  

The treatment o f  t h i s  issue i n  the DEIS i s  general and somewhat 
qua l i t a t i ve .  
t i t a t i v e  basis as possible comparing it w i t h  the  other a l ternat ives.  

The potash and hydrocarbon resources a t  the WIPP s i t e  should be 
monetized and factored i n t o  the a1 t e r n a t i v e  s i t e  analysis. Mineral 
resources a t  a l t e r n a t i v e  s i tes,  i f  they ex i s t ,  should also be con- 
sidered i n  the comparison of s i tes.  Furthermore, t he  f i n a l  
environmental impact statement should elaborate on any t e n t a t i v e  

F i r s t l y ,  

The DEIS concludes t h a t  these e f f e c t s  are small. 

DOE should reassess t h i s  important issue on as quan- 
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3. 

plans for recovering these resources prior t o  construction, d u r i n g  
operation, o r  after closure of the repository. 
should p u t  primary emphasis on the potential consequences these 
recovery operations might have on the integrity of the repository 
t o  function satisfactorily. 

Any such discussion 

The Fi nal Statement should reconsider the re1 a t  i ve merits of proceed- 
ing  ahead a t  the WIPP reference s i t e  without comparative information 
which will be available in the mid-1980's from several other s i t e  
characterization efforts resulting from the HLW program. The merits 
of proceeding t o  fully characterize ( i  .e., a t  depth expl o ra t ion  and 
R&D) the WIPP reference s i t e  in parallel w i t h  those being evaluated 
i n  the HLW program ( b u t  not making any construction commitments t o  
the s i t e  until the comparative exploration and R&D information is 
avai 1 able) should be quantitatively analyzed. 

The analysis for  the WIPP referenced faci l i ty  (alternative 2) assumes i t  
will be licensed by NRC. The DEIS emphasizes t h a t  th is  will provide 
an opportunity t o  t ry  the licensing process a t  an early date and discusses 
the institutional advantages of th i s  approach. The WIPP reference case 
also emphasizes the considerable technical advantages of an early ISF 
u s i n g  spent fuel where experiments involving h i g h  temperature HLW could 
be performed and evaluated a t  an early date. 

Recently, DOE officials have stated t h a t  DOE no longer will pursue WIPP 
as a licensed fac i l i ty  nor the ISF involving the 1000 fuel elements. 
This would appear t o  greatly reduce the u t i l i ty  of the reference alter-  
native from a technical development standpoint and would appear t o  
render any previously positive institutional advantages non-existent 
or negative. 

The changed 'nature o f  the reference a l te rna t ive  should be expl i c i t l y  
included i n  the more rigorous comparative analysis discussed i n  
comment 2 above. 

Finally, i t  must  be pointed out t h a t  by commenting on the DEIS, the NRC staff 
does not intend t o  preclude i tself  or  the, Commission i n  any way from (1) carry- 
ing  out a licensing review, i f  subsequently authorized by law, i n  accordance 
w i t h  procedural and substantive rules and statements of policy of the Commission, 
o r  ( 2 )  denying a license o r  incorporating conditions on any license t h a t  may 
be issued for the WIPP fac i l i ty  a t  a la ter  date that may reflect ,a more restric- 
tive position than that taken in these comments on the DEIS. 
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Thank you for providing the NRC wi th  the opportunity t o  comnent on the WIPP 
DEIS. We hope tha t  these comments w i l l  be o f  assistance i n  preparing the  
f i n a l  environmental impact statement. We would be pleased t o  discuss these 
comments wi th  you or  members o f  your s t a f f  i f  you so desire. 

Sincerely, 

Div is ion o f  Waste Management 

Enclosure: NRC Comnents on 
WIPP DEIS 
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Specific Comments - Chapter 1 

The document does not address the issue of safeguards requirements f o r  
protection of WIPP facilities or for protection of waste materials in 
transit to or between such facilities. The Final Environmental.1mpact 
Statement should discuss safeguards requirements for the facility and 
the impacts o f  these requirements. 

Section 1.1, page 1-1, second paragraph The location in the text containinq 
the definitions for HLW and TRU should be referenced. 

Section 1.1, page 1-1, third paragraph 
elimination of less desirable sites led to the bedded salt o f  southeastern New 

The document states that "progressive 

Mexico and to the k I P P  reference site described later in this document." 
Either in Chapter 1 or at some other appropriate point in the text, the process 
o f  site elimination should be discussed. Included in such a discussion should 
be the basis, including both the technical and economic factors, for elimina- 
tion o f  the less desirable sites. 

Section 1.2, page 1-2, item 1 I t  is recommendcd that the following revision 
be made in line 7: "for the disposal of TRU wastes from other DOE sites." 

Section 1.2, pages 1-2 and 1-3, items 1 and 3 The waste retrieval period is 
stated to be 10 years for TRU waste and 20 years for spent fuel. 
staff opinion regarding retrievability o f  wastes disposed in deep geologic 
repositories i s  that the repository design should permit the waste to be 
retrieved throughout the operating life of the repository and 50 years thereafter. 

The current 

Section 1.1, page 1-3, Geology, second paragrap!! The last sentence states 
that there will be--l of access to approximately 
one-third of the natural gas, three-quarters of the langbeinite, and all of 
the sylvite at the reference site.'' This implies that zone IV will be exploited 
for hydrocarbons and potash. However, on page 9-21 it is stated that "mining 
and drilling may be allowed in this zone if they would not affect the integrity 
o f  the site," which means that potash mining may not be permitted. Therefore, 
the sentence should be reworded to state that there may be only a temporary 
denial rather than there - will be only a temporary denial. 

If it is necessary to indefinitely deny the extraction of resources at WIPP, 
then this would apparently require long-term reliance on institutional contr0i.c 
However, this requirement conflicts with EPA's draft criteria for radioactive 
waste disposal, which states that "Controls which are based on institutional 
functions should not be relied upon for longer than 100 years." Therefore, 
the final environmental statement should address DOE'S plans for denying these 
resources after 100 years. 

Section 1.2, page 1-2, Item 1 The document states that WIPP will receive 
TRU waste from the Idaho National Engineering Laboratory (INEL). However, a 
recent Department of Energy document (DOE/ET-0081) states on page 1-4 of that 
document that "Before a decision is made for long-term management of INEL TRU 
stored waste, a Programmatic EIS, covering both buried and stored waste, will 
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be prepared.'' 
be completed in late 1979. It would appear that the issuance of the WIPP EIS 
should have been subsequent- to the issuance o f  the programmatic EIS discussed 
in DOE/ET-0081. The final environmental statement on WIPP should reconcile 
and discuss the sequencing and objectives of the various environmental impact 
statements that have been or will be issuedbj ,  IlaF, 

The document further states on page 7-5 that the draft EIS will 

Section 1.2, pages 1-2 and 1-3 
at the W I P P  site i s  the probability that these resources will attract future 

An important concern about mineral resources 

exploration and intrusion. The final environmectal statement should discuss 
the impacts that future mineral exploration activities could have.on repositoiy 
performance. 

Section 1.2, page 1-3, Geology, third paragraph 
"low seismicity" of the site area should be provided. 

Section 1.2, page 1-4, fourth paragraph 
ground dissolution o f  salt is an active process in the region of the site ( " A t  

The basis for stating the 

The document indicates that under- 

the site itself dissolution has removed some salt from above the Salado"). 
Although Anderson (1978) believes that the site is in an area of the Delaware 
Basin that is relalively free o f  deep dissolution features, he indicates that 
localized features are present in the vicinity (see page 7-74). He alsc 
indicates that the rates of deep dissolution are difficult to assess and does 
not believe that estimates can be made with any degree of confidence from the 
available data (set page 7-75). 
confidence that dissolution processes or rates are sufficiently understood to 
locate WIPP in an area of active dissolution prccesses. 
that additional information is needed on current rates o f  dissolution and on 
changes which migh'* occur in dissolution rates in the future. 
statement should discuss the effects that boreholes, wells, changes in hydro13g- 
ical conditions, and mineral exploratibn activities could have on dissolution 
rates in the site vicinity. 

Section 1.3, page 1-5, first paragraph 
site in southeastern New Mexico and the plant design were chosen because they 
were "the most ccmpletely analyzed of the"a1ternatives." The selection of the 
reference case should be based on a comparative evaluation of the relevant 
environmental , economic, and technical factors of each a1 ternative considered. 

Thus, the draft statement does not convey 

The staff believes 

The final 

The document states that the reference 

Section 1.3, pages 1-9 , third paragraph This document states that the 
alternative of no action (i.e., leaving the TRU waste at INEL) is unacceptable 
i n  the long term. 
long-term radiological consequences of no action, with Table 3-5, which displays 
the radiological impacts of transportation of waste to the WIPP site, shows 
that the radiological impacts are of the same order of magnitude. for example, 
the exposure resulting from a transportation accident involving a rail shipmelit 
of CH TRU waste is provided in Table 3-5 to be 0.49 rem, 0.025 rem, and 0.012 rem 
to the bone, lung, and whole body respectively. Table 3-1 shows that for improved 

However, a comparison of Table 3-1, which illustrates the 

'confinement at INEL, the respective doses assuming a lava flow release mechanism 
Glwould be 0.5, 0.9, and 0.0003 rems, respectively. 
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In view of the similar long-term impacts between the reference case (WIPP) and 
the no action alternative, the final environmental statement should'examine in 
greater detail the need for the proposed action. 

Section 1.4, page 1-6, fourth paragraph Justification should.be given for 
the statement that, 'I. . . an estimated 3% of the U.S. reserves of this mineral 
(langbeinite) would be denied for perhaps several decades. I' This statement 
implies that the langbeinite in control zones I, 11, and I11 will be mined in 
perhaps several decades. Such a statement should be accompanied with a full 
analysis of the im?acts of mining in control zoms I, 11, and I11 with special 
emphasis on waste isolation. 

Use o f  the WIPP site may entail the long-term denial of mineral resources in 
control zones I, 11, 111, and IV. These resouries are stated in Section 9.1.4.2 
to include 11.6% of the U.S. reserves of langbeinite. This statistic should 
be included in Section 1.4. 

Section 1.4, page 1-6, sixth paragraph It is suggested that the 50 year 
dose commitment to the maximally exposed individual and to the population from 
the postulated tranportation accident should be stated numerically as well as . 
a percentage o* natural background. 

Section 1.4, page 1-8, second paragraph An expected release i s  equal to the 
sum o f  the probabilities of release times the amount o f  release. Since the 
probabilities for all releases are not zero, the expected release of radio- 
activity is not zero. 

Section 1.4, page 1-8, fourth paragraph For clarification, the basis for 
the $280 million cost estimate should be referecced. 

-- 

Section 1.4, page 1-9, second paragraph 
"It appears that the alternative of no action (alternative 1) is unacceptable 
for the long term and that there i s  no clear environmental basis for choosing 
among the remaining alternatives." No discussion is presented for the accep- 
tance or rejection of the no action alternative for the short-term. 
provide the ositted discussion. 
clear CLV ironmental basis" for choosing among the alternatives. The environ- 
;rtentai impacts addresssed throughout this section should be evaluated and 
compared. 
environmental impact statement. 

The following statement is made: 

Please 
Also, it is not obvious that, "there is no 

An analysis based upon "policy objectives" is not sufficient for an 



Speci f ic  Comments - Chapter 2 

The dra f t  statement should consider a l t e rna t i ve  disposal methods f o r  the DOE 
TRU wastes. 

Section 2.1.2, page 2-2, t h i r d  paragraph 
should be Ncr i te r ia . "  

It appears t h a t  "desiderata" 

Section 2.1.3, paqes 2-3 through 2-6., Stage 1 o f  the  process The DEIS does 
not  provide the l o g - c  needed t o  proceed from stage 1 of the s i t e  se lect ion 
process t o  stage 2. 
which would ' 'select storage media; define geographic regions where they occur; 
consider t h e i r  character is t ics  i n  terms o f  t en ta t i ve  se lect ion c r i t e r i a . "  The 
discussion presented does not provide the ra t iona le  o r  supporting data f o r  
se lect ing bedded s a l t  a s  the  prefer red media o r  eastern New Mexico as a region 
for  fu r ther  study. 

Stage 1 i s  defined i n  Table 2-1 (page 2-3) as- the step 

Section 2.1.3, pages 2-3 through 2-12 
four-stage s i t e  se lect ion process, however, the t e x t  presents only three 
steps. 

Section 2.1.3, pages 2-7 through 2-12, Stage 3 o f  the process Table 2-1 on 
page 2-3 states t h a t  stage 3 o f  the s i t e  se lect ion process w i l l  inc lude con- 
ducting deta i led f i e l d  studies o f  candidate s i t es .  However, the discussion o f  
the. stage 3 process does no t  ind ica te  t h a t  de ta i l zd  f i e l d  studies were undertaken 
for the e igh t  candidate s i tes.  

Table 2-1 (page 2-3) describes a 

It i s  not c lear  whether the c r i t e r i a  out l ined on Pages 2-7 and 2-8 were developed 
p r i o r  t o  the se lect ion of the e igh t  s i t e  areas i r e n t i f i e d  i n  Table 2-2 (page 2-10), 
or i f  the s i t es  wer-e selected and the c r i t e r i a  developed and appl ied l a te r .  
I f  the c r i t e r i a  were used t o  se lect  a s i t e ,  then one could question why several 
o f  the s i t e s  were selected f o r  comparison. 
states t h a t  "the s i t e  should be a t  l eas t  6 mi'les from the Capitan reef." Yet 
f i v e  o f  the e igh t  s i t es  do not comply w i th  t h i s  c r i t e r i on .  
6 miles are not v iab le s i tes ,  then the analysis presented i n  Table 2-2 compares 
only  three - real  a7 ternatives. 

The a l te rna t ive  s i t e  invest igat ion should contain informat ion and comparisons 
of t h e ' r e l a t i v e  environmental e f fec ts  o f  each o f  the a l te rna t i ve  s i tes.  For 
example, Table 2-2 (page 2-10) contains-no i n f o m a t i o n  on the  r e l a t i v e  importance 
of the ecological aspects o f  each s i ts .  

Table 2-2, page 2-10 
c r i t e r i o n  should be shown; 
r u l e  out the use o f  a s i t e  should be ident i f ied .  

C r i t e r i on  2 (central  3 miles should not be i n  potash d i s t r i c t )  and 4 (avoid 
known o i l  and gas trends) should take i n t o  account fu tu re  explorat ion t h a t  may 

explorat ion i s  acknowledged i n  the tex t ,  i t  i s  t reated as a non-problem. 
Substantiat ion f o r  the non-problem view should be provided. 

For example, the  f i r s t  c r i t e r i o n  

I f  s i t e s  w i t h i n  

The weight (i.e. ! degree o f  importance) given t o  each 
Those c r i t e r i a  which, i f  n o t  complied with, would 

@ r e s u l t  from the known presence o f  potash, o i l  and gas. Although t h i s  future 

P-61 



Criterion 5 (at least one mile from the nearest dissolution front) considers @ 
only present or accumulative rate of dissolution. 
clarify whether consideration was given to potential increases in rate o f  
dissolution due to climatic changes in the distant future, i.e., the extreme 
rates of dissolution. 

Criterion 9 (distance and population o f  nearest town) considers only present 
population. 

Section 2.1.3, paqe 2-11, fifth paragraph References to the analyses in the 
document should be given to support the conclusion that the remaining questiorls 
in area 1 (i.e., criteria in conflict) "either do not affect repository integcity 
or are found to be nonproblems." 

Section 2.2.2, page 2-16, item 2 The document points out that it is unlikely 
that there will be another opportunity to build a repository dedicated only to 
TRU wastes because future HLW repositories are expected to be available for 
storage of both HLW and TRU waste. This is not necessarily correct unless it 
includes a basis for assuming that TRU wastes and HLW will be compatible 
(after breach of the respective containers). 
dismantling and decommissioning may coqtain chenicals that could increase the 
mobi 1 i ty of radi omzl ides in HLW. 

Section 2.3.3, page 2-22, second paragraph The document states that WIPP 
has the capacity to receive some TRU waste from dismantling and decontamina- 
tion o f  obsolete weapons production facilities. It should be noted that 
dismantling and decommissioning (D&D) wastes can be very radioactive and 
provisions for assuring their safe disposal should be discussed. Further, the 
DEIS states that the transportation impact analyses presented later in the 
document do not assume that any of the D&D waste is sent to the WIPP. The 
assumption that ncl,e of this D&D waste is transported to the WIPP is not 
conservative. 
tion impact analyses. 

Section 2.3.3, page 2-24, first paragraph 
should be included concerning the ultimate disposal of the experimental waste 
recovered and removed from the WIPP. The discussion should also address 
whether the waste would be processed or packaged at the WIPP for transporta- 
tion. 

The discussion should 

It should consider future growth. 

For example, TRU wastes from 

The final statement should include D&D waste in the transporta- 

Fsr completeness, a brief discussion 

Section 2.3.3, page 2-24, second paragraph 
that !'little defense high-level waste has been produced." 

Provide the basis for stating Section 2.3.3, page 2-24, second paragraph 
that !'little defense high-level waste has been produced." 

Provide the basis for stating 

Section 2.4.1, page 2-26, second paragraph, second item This item states 
that the commitment to remove all nuclear waste brought into the experimental 
area means that the experiments introduce no long-term environmental risks of 
their own. The experiments may result in providing a pathway for water migra- 
tion or may increase the risk of mechanical failure, particularly when thermal 
testing is performed.. Therefore, long-term effects may result from the experi- 
ments and this possibility should be factored into the analysis. 

P-62 



i 

A more specific system of referencing should be used. 
referenced should be keyed to the reference. 
where applicable, should be given. 

The statement that i s  
6d 

Page numbers of the references, 
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Specific Comments - Chapter 3 

Chapter 3 In the economic comparisons between alternatives, the document 
does no t  clearly specify which cost differences are for  the WIPP project 
alternatives (e.g., WIPP costs with an ISF vs.  WIPP costs w i t h o u t  an ISF) and 
which represent the difference i n  cost t o  society (e.g., -cost  of interim 
storage fo r  spent fuel and saved opportunity cost of t h e  WIPP investment). 

There should be a section that  compares the relative costs and benefits of 
alternatives. 
dollars and an estimate of the environmental impacts (both  radiological and 
nonradiological) f o r  each alternative. 

Section 3.1, page 3-1,  second paragraph T h i s  discussion indicates tha t  no 
releases of radioactivity are expected t o  occur a t  INEL as a resul t  of natural 
disasters fo r  the next  100 years. The discussion should s ta te  the basis f o r  
t h i s  assertion and why such events are not  expected during this period. 
stronger case should be made f o r  the urgency of moving the wastes t o  the WIPP. 

I n  the t h i r d  'line, "produce in" should be "produce." 

Section 3.1, pages 34 and 32 The alternatives that  are offered are e i ther  
no action o r  programmatic delays of 2-6 years t o  qualify other s i t e s  i n  s a l t  
(bedded and domed) and i n  other geologic media. 
there i s  no.significant increase in risk t o  the health and safety of the 
public over the near term i f  the TRU waste intended for  the WIPP repository 
remains i n  INEL.  Thus ,  w i t h o u t  an urgent need f c r  geologic disposal of t h e  
TRU waste a t  INEL, the draf t  statement f a i l s  t o  make a s t rong case f o r  the 
proceeding w i t h  WIPP before the analyses o f  alternate geologic media and 
a1 ternate s i t e s  are completed. 

Section 3.1, page ?-2, f i r s t  paragraph 
individual lung dose of 9 rem and references Table 3-1, Subalternative 3. 
However, Table 3-1, Subalternative 3 shows a lung dose of 0.2 rem. 
crepancy (a factor of 45) should be resolved. 

The comparison should include a cost estimate i n  constant 

A 

The statement poin ts  o u t  that  

T h i s  discussion predicts tha t  an 

The dis- 

Table 3-1, page 3-2 
i n t r u s i o n  should be discussed. 
future volcanic eruption and resulting lava flow would be ten times higher 
than t h a t  resulting from intrusion by man. Also, there appear t o  be other 
release mechanisms that are n o t  accounted fo r  b u t  which should  be assessed, 
;.e., releases due t o  accidents (plane crash, nearby explosions), glaciation, 
climatic changes and tornadoes. 
for. 

The basis for t h e  estimated doses due t o  volcanism and 
I t  seems unlikely that  consequences of a 

The action of groundwater should be accounted 

The individual bone dose of 0.8 rem for the volcano mechapism, Subalternative 2, 
should be 0.08 rem (see Table 9-63, page 9-171). 

Section 3.2, page 3-3, second paragraph 
should be added t o  the l i s t  of s i t e  impacts resulting from WIPP. 

The denial of mineral resources 
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Speci f ic  Comments - Chapter 3 

Chapter 3 
does not c l e a r l y  specify which cost dif ferences are f o r  the WIPP p ro jec t  
a l ternat ives (e.g., WIPP costs wi th an ISF vs. WIPP costs wi thout an I S F )  and 
which represent the dif ference i n  cost  t o .  society (e.g., cost o f  i n te r im  
storage f o r  spent fuel and saved opportunity cost  o f  the  WIPP investment). 

I n  the economic comparisons between a l ternat ives,  the document 

There should be a section t h a t  compares the r e l a t i v e  costs and benef i ts  o f  
a l ternat ives.  
do l la rs  and an estimate o f  the environmental impacts (both rad io log ica l  and 
nonradiological) f o r  each a l ternat ive.  

The comparison should include a cost  estimate i n  constant 

Section 3.1, page 3-1, second paragraph 
releases o f  rad ioac t i v i t y  are expected t o  occur a t  INEL as a r e s u l t  o f  natural  
disasters f o r  the next 100 years. 
t h i s  assert ion and why such events are not expected dur ing t h i s  period. 
stronger case should be made f o r  the urgency of moving the wastes t o  the WIPP. 

This discussion indicates t h a t  no 

The discussion should s ta te  the basis f o r  
A 

I n  the t h i r d  l i ne ,  "produce in "  should be "produce." 

Section 3.1, pages 34 and 32 The a l ternat ives t h a t  are o f fe red  are e i the r  
no act ion o r  progrcmmatic delays of 2-6 years t o  q u a l i f y  other s i t es  i n  s a l t  
(bedded and domed) and i n  other geologic media. 
there i s  no s ign i f i can t  increase i n  r i s k  t o  the heal th and safety o f  the 
publ ic  over the near term i f  the TRU waste intended f o r  the WIPP reposi tory  
remains i n  INEL. Thus, without an urgent need f o r  geologic disposal of the 
TRU waste a t  INEL, the d r a f t  statement f a i l s  t o  make a strong case f o r  the 
proceeding w i th  WIPP before the analyses o f  a l tc rna te  geologic media and 
a1 ternate s i t es  are completed. 

The statement po ints  out  t h a t  

Section 3.1, page 3-2, f i r s t  paragraph 
ind iv idual  lung dose o f  9 rem and references Table 3-1, Subalternative 3. 
However, Table 3-1, Subal ternat ive,3 shows a lung dose of 0.2 rem. 
crepancy (a fac to r  o f  45) should be resolved. 

This discussion predic ts  t h a t  an 

The d is -  

Table 3-1, page 3-2 
in t rus ion  should he discussed. 
fu ture volcanic erupt ion anderesulting lava f low would be ten  times higher 
than tha t  resu l t i ng  from in t rus ion  by. man. Also, there appear t o  be other 
release mechanisms tha t  are not accounted f o r  but  which should be assessed, 
i.e., releases due t o  accidents (plane crash, nearby explosions), g lac ia t ion,  
c l ima t i c  changes and tornadoes. 
for .  1 

The ind iv idual  bone dose of 0.8 rem'for , the volcano mechanism, Subalternative 2, 
should be 0.08 rem (see Table 9-63, page 9-171). 

Section 3.2, page 3-3, second paragraph The denial o f  mineral resources 
should be added t o  the l i s t  o f  s i t e  impacts resu l t i ng  from WIPP. 

The basis f o r  the estimated doses due t o  volcanism and 
It seems .un l ike ly  t h a t  consequences of a 

The ac t ion  o f  groundwater should be accounted 



Table 3-2, page 3-4 
the CH level as 2.4 x lo6 ft3, and full capacity of the CH level as 
70 x 10" ft3. 
of TRU waste not from INEL. 
(page 1-4, ninth paragraph) that the receipt rate is 1.2 x lo6 ft3/yr. 
this rate, approximately 60 years would be required to receive and store the 
70 x lo6 ft3 of waste, contrary to the 30 year design life (Section 1.2, 
page 1-4, eighth paragraph). 

The footnote states the TRU waste volume from INEL for 

Provide the source(s) of the TRU for the remaining 67.6 x lo6 ft3 
Also,  it is previously stated in Section 1.2 

At 

Table 3-3, page 3-5 
should refer to footnote "b" rather than "a. 'I 

The 11.6% of U.S. reserves estimate for langbeinite 

Section 3.2.1, pagt 3-6, first paragraph The first sentence states that 
mineral resources "will eventually'' be released for exploitation. The second 
sentence statas that subsurface development "would probably" be allowed in the 
outer control zone (emphasis added). 
sistent with one another and should be reconciled. If the conclusion is that 
mineral resources will be recovered, justification for that conclusion should 
be provided. 

These statements are not entirely con- 

The reference to Section 8.1.2 in the second sen%ence should be Section 8.1.3. 

Rules under'wnich some of the subsurface development rights could be restored 
are not clearly defined in either this section or in Section 8.1.3. 

. 

Section 3.2.3, page 3-9, first paragraph RadiLlogical dose estimates in 
this section should be made on an annual basis. For example, if a truck 
driver receives an average exposure of 40 mrem per trip and makes a few trips 
during a one-year period, the total annual exposure would be on the order o f  
background. . Additionally, transport workers, a!:hough they may receive an 
occupational radia:ion dose, are not considered to be radiation workers in 
accordance with the definition in 10 CFR 19. 
their exposure to the levels permitted in unrestricted areas which should not 
result in an exposure exceeding 500 mrem in a year. 

It may be more proper to compare 

Tables 3-6 through 3-9, pages 3-10 through 3-13 These tables present dose 
or dose commitments to individuals and the population. The 50-year dose 
commitments calculated are due to repository operation in a period of one 
year. 
plying the natural background radiation received in one year times 50 years of 
exposure. The latter is not a 50 year 
dose commitment due to one year's exposure, but is a cumulation of 50 years of 
background exposure. 
ment for one year's exposure (* 0.1 rem) should be presented. This will in 
turn alter the percentage comparisons between exposure due to repository 
operation and natural background. 
ingly throughout the document. 

However, the natural background dose commitment was obtained by multi- 

This is not a consistent comparison. 

To be consistent, the background radiation dose commit- 

Such comparisons should be revised accord- 

Section 3.2.5, page 3-10, first paragraph 
release o f  radioactive material is expected after the repository is sealed. 

The document states that no 
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The basis f o r  t h i s  assumption should be presented tak ing i n t o  account a l l  the 
reasonably l i k e l y  events tha t  could af fect  the repository. 
Section 9.5. ) 

W 
(See comment on 

Table 3-7, page 3-11 
o f  "a." 

The superscript on "worst sector" should be "b" instead 

Section 3.2.7, pages 3-13 and 3-14, second paragraph, i tem 1 It i s  s ta ted 
tha t  "about one- th i r t ie th  o f  the know U.S. reserves o f  the mineral langbein i te  
w i l l  be kept from exp lo i ta t ion  f o r  a long time, possibly several decades." 
This statement implies t h a t  the langbeini te w i l i  be miqed a t  some t ime i n  the 
near future (several decades). 
f u l l  analysis of the po ten t ia l  impacts o f  mining w i th  special emphasis on 
waste iso la t ion.  

Such a statement should be accompanied by a 

Table 3-10, page 3-14 
presented under Socioeconomic impacts were calculated (i.e., whether the  
f igures apply t o  population, employment, o r  labor force). 

Please c l a r i f y  how the employment percentage f igures 

Section 3.3, pages 3-17 and 3-18 The summary f a i l s  t o  emphasize the degree 
change o f  environmental impacts between a TRU/ISF f a c i l i t y  and a TRU f a c i l i t y .  
It i s  not apparent t h a t  the reduction o f  doses f rom normal operation, trans- 
portat ion,  and accidents i s  ins ign i f i can t .  
with the statement presented i n  the discussion on possible long-term impacts 
i n  Section 3.4, page 3-25: " I n  the analysis o f  long-term impacts a t  the 
reference reposito:y, the releases from spent fue l  have much more severe 
e f fec ts  than the releases from TRU waste (Table 3-7 and Section 9.5.1)." 

For example, t h i s  summary c o n f l i c t s  

Section 3.4, page 3-23, f i f t h  paragraph 
the  employment p r e i i c t i o n s  ranging f rom 1,000 t o  1,500 employees a t  a HLW 

Please provide the references o r  

reposi tory i n  sa l t .  

Section 3.4, page 3-24, four th  paragraph FOY' c l a r i f i c a t i o n ,  i t  i s  suggested 
t h a t  a numerical comparison be- made between the estimated dose commitment"for 
a HLW reposi tory and the doses received from natural background sources. 

Section 3.4, pageA3-25, Possible long-term impacts The discussion should 
c l a r i f y  whether the e f f e c t  o f  mixing chelat ing agents and organics ( tha t  may 
have been added t o  TRU wastes t o  f a c i l i t a t e  dismantl ing and decommissioning) 
upon the mobi l izat ion o f  HLW was considered. 

Section 3.5.1, page 3-27, second paragraph 
generation ra te  o f  defense TRU waste i s  dependent upon the  t im ing  o f  WIPP. It 
i s  not apparent how the delay o f  WIPP would increase the quant i t ies  o f  defense 
TRU waste. 

The document impl ies t h a t  the 

Section 3.5.1, page 3-27, four th  paragraph 
how the estimated delay cost of $280 m i l l i o n  was calculated. 

Please expla in  i n  greater d e t a i l  
Does it include 

(1) the sawed opportunity cost o f  the WIPP investment, and (2) the cost  o f  
in te r im storage elsewhere? Also t h i s  f i gu re  should be recalculated and pre- 
sented i n  constant do l la rs  t o  r e f l e c t  the t rue  cost o f  delay and r e i n i t i a t i o n  
o f  present e f fo r t s .  
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Section 3.5.2, page 3-31, second paragraph 
r igorous comparison o f  the long-term impacts o f  TRU-waste reposi tor ies a t  
a l te rna t ive  s i t e s  can be made." 
analysis i s  requirzd t o  geriorm a proper NEPA analysis. 

Section 3.5.2, page 3-31, second paragraph The document states t h a t  studies 
t o  date have shown no reason t o  expect t h a t  any of the s i t e s  are c l e a r l y  safer  
than the others. A reposi tory  i n  basal t  may have a s i g n i f i c a n t  advantage over 
the other considered media due t o  a reduced po ten t ia l  f o r  i n t rus ion  (e.g., 
basal t  s i t es  are nc t  l i k e l y  t o  be explored f o r  o i l  and gas). 

The document states t h a t  "no 

It i s  the view o f  the NRC s t a f f  t h a t  such an 



Specific Comments - Chapter 4 
Chapter 4, page 4-1, second paragraph 
that the DEIS does not present a detailed and comprehensive analysis o f  

Since it is the judgment o f  the NRC 

alternatives, 'de cannot accept the conclusion that the choice between alter- 
natives rests "largely on programmic considerations. '' 
Chapter 4 The programmatic impacts should include a discussion of whether 
the concept of co-storage of TRU and HLW is feasible from the standpoint of 
interactions between the two types of waste. 
assumed, it may not be true. 

Aithough compatibility is 
Thus, some alternitives may not be feasible. 

Chapter 4, page 4-5, Summary 
alternative 6 does not merit favorable consideration since it is a combination 
o f  alternative 3 (i.e., no ISF) and alternative 5 (i.e., delay and possibly 
relocate). 
favorable consideration. 

It is not apparent from the summary that 

Please provide the rationale for alternative 6 not receiving more 
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Speci f ic  Comments - Chapter 5 

Chapter 5 This chapter sets f o r t h  the acceptance c r i t e r i a  f o r  waste forms. 
However, the document does not provide a descr ip t ion o f  the ant ic ipated waste 
forms and associated packaging. The f i n a l  statement should provide a de ta i led  
descr ipt ion o f  the ant ic ipated waste forms, inc lud ing a descr ip t ion o f  the 
containers, packages, overpacks, and any other addi t ional  engineered bar r ie rs ,  
fo r  a l l  radioact ive wastes t o  be emplaced i n  the WIPP f a c i l i t y .  

This chapter considers a l t e rna t i ve  processing techniques f o r  f i n a l i z i n g  the  
waste form o f  TRU wiste .  A s im i la r  analysis should be provided which evalu- 
ates the various techniques f o r  processing spent fue l  i n t o  other waste forms. 
The analysis should consider on a comparative basis the environmental impacts 
o f  each a l ternat ive,  inc lud ing the one which i s  proposed. 

Section 5.1, pages 5-1 through 5-7 
insur ing the preclusion o f  c r i t i c a l i t y  events should be provided. 

Section 5.1, page 5-1, second paragraph 
waste form acceptance c r i t e r i a  document w i l l  be published i n  Ju l y  1979. 
Please re la te  whether t h i s  document has been published y e t  f o r  pub l i c  dissemin- 
at ion. 

The c r i t e r i a  and design measures f o r  

The document states t h a t  a f i n a l  

Section 5.1.1, page 5-2, t h i r d  paragraph Combustible mater ia ls are defined 
herein as any mater ia l  t h a t  w i l l  sustain combustion i n  a i r  a t  a temperature o f  
1475OF f o r  a per iod o f  f i v e  minutes. The technical  basis f o r  t h i s  d e f i n i t i o n  
should be stated, inc lud ing the t e s t i n g  method and environment, or  the appl icable 
industry code (e.g., ASTM). 

Section 5.1.1, page 5-2, four th  paragraph 
defined herein "as any mater ia l  t h a t  produces gas dur ing i t s  decomposition." 
This d e f i n i t i o n  seems so a l l  inc lus ive  t h a t  i t  should be made more r e s t r i c t i v e .  

Gas producing mater ia ls a re  

Section 5.1.2, page 5-2, f i r s t  paragraph 
as waste packages w i th  surface dose rates no higher than 200 mrem per hour. 
The technical basis f o r  t h i s  l i m i t  should be presented. 

Contact handled wastes are defined 

Section 5.1.2, page 5-3, t h i r d  paragraph 
form c r i t e r i a  must exclude hazardous materials. Hazardous mater ia ls should be 

The document states t h a t  waste 

defined and the technical support f o r  exlusion of these mater ia ls should be 
provided. 

The document sets a l i m i t  o f  10 percent by weight per room f o r  gas-generating 
waste. 
ducing materials, any discussion invo lv ing  gas generating waste has no meaning 
u n t i l  "gas generating waste" i s  defined more spec i f i ca l l y .  

As noted i n  an e a r l i e r  comment regarding the d e f i n i t i o n  o f  gas pro- 
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CIS 
Section 5.1.2, page 5-3, fourth paragraph I t  is stated that  any combustible 
container mus t  be overpacked w i t h  a disposable steel container. 
statement should clar i fy  whether steel is the only allowable overpack material 
and whether t h e  DOT-7A plywood box must be overpacked w i t h  a steel box. 

The final 

Section 5.1.2, page 5-3, f i f t h  paragraph; Table -5-3, p.?3e 5-4; and 
Section 5.1.2, page 5-6, t h i r d  paragraph 
container fo r  CH and RH TRU waste is  Given as a t  least  10 years in order tha t  

The deaiyn l i f e  of the waste 
- 

containers may be retrieved intact." T h i s  assumes that  the required period of 
retrievability will be less than 10 years. I t  is the current NRC s ta f f  opinicn 
that  for a deep geologic repository the wastes siiould be capable o f  being 
retrieved during the operating period and the time period necessary t o  r e t r i e j e  
the waste. 

Table 5-1, pages 5-4 and 5-5 
Waste Acceptance Criteria Steering Committee (WACSC) "reconciles t h e  interests 
of various agencies involved w i t h  the production, treatment, and disposal o f  
defense TRU wastes." The section then goes on t o  discuss interim c r i t e r i a  f o r  
waste forms. 
represents the present views o f  the WACSC on acczptance c r i te r ia .  
more, i t  i s  not  knom whether the table i s  a complete l i s t ing  of t h e  acceptance 
c r i t e r i a  as they are presently envisioned. 

Paragraph 2 of Section 5.1 s ta tes  tha t  the 

I t  is not clear i f  the interim c r i t e r i a  l i s ted  i n  Table 5-1 
Further- 

The cr i te r ia  for  containers and packages should be specified as DOT Type A 
requi rements. 

The c r i te r ia  assumed i n  Section 5.2 indicate tha? there w i l l  be no pressurized 
gases and no pyrophoric materials i n  the TRU waste. However, t h i s  table ,  
which  sets  f o r t h  the interim acceptance c r i t e r i a ,  does not identify pres- 
surized gases as a consideration i n  sett ing c r i t e r i a  and indicates tha t  small 
quantities of pyrophorics may be accepted. P1 ease resolve these discrepancies. 

Section 5.1.3, page 5-6 
and presented in the final environmental impact statement. These c r i t e r i a  

Acceptance cr i ter ia  f o r  spent  fuel should  be developed 

should be consistent w i t h  the c r i t e r i a  applied i n  the environmental evaluations 
(e.g., Section 9 .2 .7 ) .  
waste forms and the i r  associated packaging f o r  spent fuel should be provided 
i n  the final statement. 

I n  addition, a detailed description of the anticipated 

Section 5.1.4, page 5-7, first  paragraph 
mental waste form and associated packaging should be described i n  the final 
statement. 
the environmental evaluations (e.g. , Section 9.3.1). 

Acceptance c r i t e r i a  for the experi- 

These c r i t e r i a  should be consistent w i t h  the c r i t e r i a  applied in 

Section 5.2 ,  page 5-7, second paragraph 
(stated t o  be conservative) in estimating the environmental impacts o f  shipping 
TRU waste and handling i t  a t  the reference repository. 

T h i s  section assumes criteria,  

These c r i t e r i a  are: 
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63 . No explosive materials 

, No pyrophoric materials 

. No pressurized gases 

, .  

. No free liquids 

. 25 percent combustibles 

. 10 percent dispersible powder 

The above criteria are not conservative in predicting maximum environmental 
impacts because there is the potential that the TRU waste will not conform to 
the assumed criteria. For example, there is potential for small. amounts o f  
pyrophoric materials to be included in the waste, and some free liquids could 
be present. Furthermore, NRC considers there should be no combustibles and 
the waste form should be non-dispersible. A detailed analysis should be 
presented to show that the assumed criteria are indeed conservative and that 
the use o f  these assumptions would really resul: i n  the maximum environmental 
impact. 

Section 5.3.1, page 5-9, fourth paragraph 
finding that the slagging pyrolysis incinerator is "the superior process and 
holds the highest promise for producing non-combustible, immobile waste pro- 
ducts that are free o f  gas-producing material." The final statement should 
contain a comparative analysis of the environmental effects of each of the 
processing methods and the basis for selecting the slagging pyrolysis inciner- 
ation system should be provided. 

This section presents the DOE 
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Specific Comments - Chapter 6 
Section 6.1, page 6-1 It is incorrect to state that DOT "has primary responsi- 
bil ity" for transportation regulations. 
responsibilities of DOT and NRC would be appropriate in addition to a description 
of their assigned functions under their memorandum of understanding. 
example, although the discussion in Section 6.2 recognizes that packages must 
meet DOT regulations, NRC certification of packages is not mentioned. 
NRC certification of packages used solely by DOE contractors is not required 
by law, the DOE ha: been requiring its contractors to obtain NRC certification 
of their packages (an arrangement not discussed in this chapter). If the WIPP 
facility were to receive packages from NRC licensees, the NRC regulations 
would require NRC certification of a Type 8 package, not authorized as a DOT 
specification packi ge. 

A description of the overlapping 

For 

Although 

Section 6.2, pages 6-1 and 6-2 
reaulations be expanded. Also, it should be noted that the discussion regard- 

It is suggested that the discussion on 

in; route control' Peeds to be updated (see comment on Section 6.2.3 regarding 
route control). 

Section 6.2.1, page 6-2, second paragraph The qualification that heat 
dissipation i s  important to containment features of package design also applies 
to shielding and subcritical ity features. 

Section 6.2.1, page 6-2, Regulations to insure adequate containment, first 
paragraph The proper reference i n  the first sentence should be 49 CFR 173. 

The word "size" should be replaced by the word ttquantity.'t 

In proposed revisions of regulations (revised 10 CFR Part 71; new 49 CFR 
Part 127 to replace 49 CFR 173.389-173.398), which are still under review, the 
concept o f  large quantity is eliminated. 

Type A and Type B packages differ not only in quantity o f  contents, but also 
in response to the transportation environment. ]Type A packages must be deter- 
mined (by the user, with the requirement that the documentation be kept on 
file at least one year after the latest shipment (49 CFR 173.395 (a) (1))) t o  
meet standards for normal transportation conditions. Type B packages must be 
certified by the N!IC to meet standards for both normal transportation con- 
ditions and transportation accident conditions. 

Section 6.2.1, page 6-3, first paragraph 
fifth sentence describing Type B package requirements, the following rewording 
i s  suggested: 
specified impact, puncture, and fire environments, providing reasonable 
assurance that the package will withstand most severe transportation accidents . . . I '  

In place of the clause in the 

' I . .  .a Type B package must be designed .to withstand a series of 

The last sentence in this paragraph is misleading. 
Type 8 packaging for Large Quantities but there is no Large Quantity package. 
Thus, no difference exists for Type B packages containing smaller amounts of 
radioactive materials. One regulation does exist, however, for which the 

The regulations require 
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sentence is true’concern-i 
designed for decay heat 1 
excess of 15 psig. 

Section 6.2.2, pade 6-4 
71concept”. ~* 

Section 6.2.3, oage 6-4 
regarding route control s 
DOT rul emaki ng proceedi ng 
(43 FR 36492, August 77, 
protection of spent fuel 
activities invalidate the 
routing controls. 

Section 6.2.3, page 6-4 
”standards“ should be Ilk 
Section 6.3.1, page 6-5, 
questionable becaute i t  tl 

Section 6.4, page 6-8, se 
TRU waste at ORNL is incl 
though the RH TRU vas te  a 

Section 6.4, page 6-9, fi 
Valley, New Yirk, may be 

Section 6.4, page 6-9, 
must comply with new NRC 
ning. The spirit o f  this 
shipments as well. 

Section 6.4, page 6-70, f 
risk i s  too specu72tive. 
infinitesimal until the e 
It may be useful to point 
highways is about h a l f  that an secondary mads .  
Traffic Safety Administration, S l a t f s t i c s  Ilii:”sScn, (202) 426-1470.] 

Section 6.4, page 6-10, f i rs t  paragraB 
practiced? 
particular routes, even :bough they might not. be ca71e$ .dedicate 
exposure to particular populations. 

EFfects of dedicated routes other than rout.r’ne exp.~~sure PP 
should be analyzed and discussed: enhancement o f  
political advantages and disadvantages e‘tce- I 

Two recent1 

(donsulc t h e  Na.tionid.1 Hjcjhway 

Are .randam raut, 
It seems’ to  require a ’conscisus managerial dec 

.. 
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63 
Section 6.4, page 6-11, first partial paragraph Please describe why reduced 
speed and controlled passing, as would. be associated with special trains, do 
not reduce the radiological risk significantly when, as explained on the 
previous page, the extra mileage from special routes may increase the 
probability of accidents. 

Section 6.5 through 6.7, pages 6-11 through%% 
routine transportation o f  the experimental high-level waste may be negligible 

-?Whough the impact due to 

compared to routine shipment of the other wastes, a HLW transportation acci- 
dent may be the worst case accident situation. It is recommended that these 
sections address the information and analysis tci determine the impact. 
accident dose resulting from HLW shipments should be included in Tables 6-13 
through 6-15. 
this accident is very low and hence the contribution to the total risk (con- 
sequence x frequency) from HLW accidents is very small. 

Section 6.5.1, page 6-12, first paragraph 
vided regarding the impact o f  having to build additional ATMX cars and Super 
Tigers needed to work off the backlog over the 10-year period. 

Section 6.6, page 6-15 - 
control. 

The 

Table 6-16 should then be revised to show that the frequency o f  

Some indication should be pro- 

This paragraph should also recognize NRC regulatory 

Section 6.6.1, page 6-15, second paragraph Tables 6-9 through 6-11 do not 
contain data to sqnort the conclusion described in this paragraph that 
handlers and nearby workers receive exposures exceeding those o f  the vehicle 
crew. 
whether the handlers and nearby workers are defined as radiation workers in 
the facilities o f  the consignor or consignee. 

People near the shipments may receive the greatest doses, but the document 
should state that the observed dqses are small. 

Section 6.6.2, page 6-15, first paragraph It should be noted that 
NUREG-0170 analyzed the transportation of radioactive material in general, not 
just radioactive waste. 

Section 6.7, page 6-20, second paragraph It would be useful to clarify that 
empirical data were used fo r  parameters in the accident analysis which differ 
considerably from the conservative assumptions used in the NUREG-0170 
walysi s. 

Please provide information to support this conclusion and identify 

Section 6.7.2, page 623, Yirst paragraph 
are not conservative for: the scenario described o f  a .transportation accident 
i n  an urban area. 
conditions, evacuation timing, and resuspension 'of  spilled powders should be 
reviewed to assure the desired conservatism remains in the analysis. 

The meteorological conditions used 

The relationships 'among' the .release mode,+meteorological 

For an assumed effective release height of 20 meters, a Class F stability 
ondition is not conservative for assessing ground-level concentrations. 

e a t h e r  unstable stabi 1 i ty conditions wil I oroduce higher ground-level 
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concentrations within several hundred meters of the release. 
within 200 meters of a 20-meter high release point, ground-level concentrations 
assuming a Class B stability can be 3 to 15 orders of magnitude greater than 
if a Class F stability condition was assumed. Also a ground-level release and 
a Class F stability would provide a more conservative approach from a meteoro- 
logical standpoint. In an urban area with many buildings, it is-more likely 
that an initially elevated plume will be entrained into the wakes of the 
buildings and act more like a ground-level release. 

Section 6.7.2, page 6-23, third paragraph 
from distribution aoes not completely eljminate :he food pathway although it 
may render the pathay as being an insignificant contribution to the dose. 
Another course o f  action that local health authoiuities might take to eliminate 
the ingestion hazard is to impound contaminated land. 

For example, QlP 

The removal of contaminated food 

Section 6.7.2, page 6-24, first partial paragraph 
for the discussion on the solidification of  CH TRU waste after 1981. 

Please provide the reference 

Section 6.7.2, page 6-24, second paragraph 
a windspeed of 2.5 mph for determining air entrainment of dry powders, and the 
basis for then incraasing the entrainment percentage by a factor of 10. For a 
conservative asqessment, a windspeed should be selected to provide the highest 
downwind concentration considering both resuspension and atmospheric .dis- 
pers i on. 

Are the empirical formulas by Mishima and Schwendiman valid for wind speeds 
greater than 2.5 mph? 

Section 6.7.2, page: 6-25, third paragraph 
four.th sentence should be "breachi ngl' 

Provide the basis for selecting 

The word "breeching" in the 

Section 6.7.3, page 6-26;second paragraph 
determining that the maximum dose for an individual is at one-ha1.f mile from 

Please explain the basis for 

the accident (e.g., time for release to occur, release concentrations). Dis- 
cuss the effects on people at distances within the one-half mile radius. 
Describe what evacuation measures will be taken, particularly for faster 
transport resulting from more likely windspeeds o f  greater than one meter per 
second. 

Section 6.7.3, page 6-27, third paragraph 
regarding the results o f  the four hypothetical accidents. 
circumstances make the consequences appear 1 arger, not relatively unimportant. 
Only when probability is considered will the sentence be true. 

The "irst sentence is unclear 
Compounding unlikely 

Tables 6-13, 6-14, and 6-15, pages 6-27 and 6-28 
tables should note that they apply to an assumed transportation accident. 

For-clarification, these 

Section 6.8, page 6-29 
results of the study by DuCharme. While the results of the DuCharme study may 
not be applicable to the transport of aged defense wastes, the consequences he 
described of the successful sabotage of a shipment of spent fuel were certainly 
significant. It is suggested that this section be expanded to provide elabor- 
ation of the topics. 

This discussion does not accurately describe the 
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Specific Comments - Chapter 7 
Section 7.1, page 7-3, second paragraph 
proposed extension to the railroad spur. 

Please state the length of the 

Section 7.2.5, pages 7-26 through 7-31 
the tectonic development of the region with respect to plate-tectonics. 
a discussion should be included. 
activity in addition to earthquakes should be included (i.e., geodetic movemeits, 
residual and tector,ic stresses, rates o f  present day uplift or subsidence). 

Section 7.2.6, pagc 7-32, eighth paragraph The discussion notes that water 
injection into wells has been used for recovery of hydrocarbon resources. 
effect of this injection on salt dissolution in the site vicinity should be 
assessed. 

This section lacks any discussion of 

Additionally, discussion of percent tectonic 
Such 

The 

Figure 7-13, page 7-38 
seismic assessment. It should delineate major structural features, historic 
earthquakes, 1ocat;ons o f  seismic instruments, mines, and producing and abandoned 
oil and gas wells. 

Section 7.2.6, pages 7-39 and 7-40, Earthquakes in the Central Basin platform 
Salt water disposal wells and secondary hydrocarbon recovery operations exist 
i n  the Delaware Basin. 
waste isolation should be considered. Studies O F  these types of activities 
should consider the likely increase in secondary recovery operations in the 
future as hydrocarbon resources become more valuable. 

Section 7.2.6, page 7-40, second paragraph Th? earthquake risk analysis 
starting on page 7-40 is based on the assumption given in this paragraph'that 
the Central Basin Platform structure limits earthquake magnitude. However, 
the document states that evidence supports the explanation that minor shocks 
observed were caused by human activity (see item 3, page 7-40). Justification 
should he given for ignoring the assumption that minor seismic shocks are 
related to human activity. 

The figure is considered inadequate for proper 

The effects of these activities on seismicity and 

Section 7.2.7, page 7-42, second paragraph Estimates of reserves are based 
on %resent economic conditions." Estimates based on extraoolations of m e -  
sent economic cona-itions .in the near term and far term shouid be considered. 
Also,  differences in costs resulting from changes in economic or social struccure 
or the development of more efficient mining methods should be evaluated. 

Section 7.2.7, pages 7-42 through 7-46, Methods used to determine potash 
resources at the reference site Formal resource criterion have been estab- 
lished by the U.S. Geologic Survey (USGS) and U.S. Bureau of Mines (USBM). 
Resources are defined as naturally occurring,materials such thit, "...economic 
extraction of a commodity i s  currently or potentially feasible" 
Bulletin 1450-A, 1976). WIPP potash resources should be classified according 

(USGS 
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t o  such a standard definition and justif ication given for  classifying mineral. 
occurrences as being subresource quality o r  not potentially feasible. 

I .  

Section 7.2.7, page 7-44, f o u r t h  paragraph 
between average and minimum richnesses. 

More distinction should be made 
4 

Figure 7-16, page 7-46 
extrapolations should be provided. 

Justif ication for  t h ~ m m p t  decline o f  the dashed 
" 

Section 7.2.7, pages 7-46 and 7-47, Methods used t o  determine potash reserves 
a t  the WIPP reference s i t e  
since i t  is  based on variable prices and production costs. Future changes i n  
potash and potash product prices and production costs should be predicted and 
their  effects on reserve quantity should be estimated. Since waste isolation 
may necessitate the long-term denial of WIPP s i t e  mineral resources, resource 
denial analyses should consider long-term impacts. 

Estimates of the magnitude o f  potash reserves denied by WIPP are given only i n  
terms of the amount present w i t h i n  WIPP s i te  boundaries. However, restric- 
t ions  on mining w i t h i n  t h e  WIPP s i t e  may prevent t h e  p ro f i t ab le  exploitation 
of potash reserves i n  adjacent areas, thereby effectively denying reserves 
outside WIPP s i t e  boundaries. Similarly, denial of the mineral reserves of 
control zones I ,  11, and I11 may resul t  i n  the effective denial of  control 
zone IV deposits (see Section 9.1.4.7). 
denial should be ccnsidered. 

The potash reserve estimate is  subject t o  change 

Th i s  aspect of mineral resource 

Section 7.2.7, page 7-47, four th  paragraph and Table 7-8, page 7-49 The 
hydrocarbon resource estimation was considered complete since, "All poten- 
t i a l l y  productive 7ones were considered i n  the evaluation . . ' . ' I  I t  would 
appear from Foster, 1974, that  some potential resources ex is t  i n  the Ordovi- 
cian interval. 
hydrocarbon resources t o  thi  s interval . 

Justification should be given f o r  not assigning any potential 

Section 7.2.7, page 7-48, first  paragraph 
Mexico Bureau of Mines and Mineral Resources identified reserves by calcu- 

The hydrocarbon study by t h e  New 

lating past and frjture production. 
presentation o f  these identified reserves as resources in the final statement. 
Precise definitions directly applicable t o  hydrocarbons should be given for  
reserves and resources. 

Section 7.2.7, page 7-50, f i r s t  paragraph The uncertainty o f  hydrocarbon 
resource and reserve estimates should be determined and! characterized. Con- 
sideration should be given t o  the uncertainty of  decline curve reserve estimates 
used t o  define hydrocarbon production. The decline wrve estimates made by 
Sipes, Williamson, and Aycock were based on relatively s h o r t  production spans 
which ended in 1976. 
have affected new well decline curve reserve estimates. 
updated information would affect  hydrocarbon reserve estimates a t  the WIPP 

Justification should  be given f o r  the 

Discuss how recent hydrocarbon well production figures 
Describe whether this 
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Section 7.2 
has been no 

@ 

2 I 

7, paqe 7-50, first paragraph 
actual drilling within control Zones I through 111.” This statement 

The document states that “there 

conflicts with the drill holes in zones I through I11 depicted in Figure 7-15, 
page 7-43, and Figure 3-1, page 3-2. Please resolve this discrepancy. 

Section 7.2.7, pages 7-50 and 7-51, Results of the hydrocarbon - reserve 
estimate 
Formation of Pennsylvanian age, is worthy of exploration risk. The 1976 
Sipes, Williamson, and Aycock study included reserves in the Strawn and Atoka 
formations as well as the Morrow zone. 

The 1976 Sipes, Williamson, and Aycock study identified substantial hydrocarbon 
reserves in the B o x  Springs and Delaware Mountain Group of the Los Medanos 
field. 
be considered. 

It is stated in the document that only a single zone, the Movtrow 

The reserve potential of pay zones other than the Pennsylvanian should 

Possible drill sites are identified on the basis o f  subsurface ruck structure. 
Since stratigraphic and combination stratigraphic/structural Pennsylvanian 
traps may be more common than structural traps in the Delaware Basin (Foster, 
1974), the potentizl for hydrocarbon reserves in WIPP site stratigraphic and 
combination strati gcaphi c/structural traps should be assessed. 

Justification should be given for the per well estimates of 1.33 billion to 
2.09 billion cubic feet for Pennsylvanian natural gas production, particularly 
in view of New Mexico Bureau of Mines and Mineral Resources estimates ranging 
from 3.2 to 7.2 bcf per Pennsylvanian well. 

No Atoka hydrocarbon reserves were assigned to proposed drill sites 3, 14, anu 
15 in the Sipes, Williamson, and Aycock study (see Table 3 of the study). 
Atoka formation hydrocarbon reserves should be eialuated and included for 
proposed drill sit.?r 3, .14, and 15. 

Possible drill sites are ranked according to hydrocarbon presence potential. 
(For example, see Figure 7-18 which identifies proved undeveloped probable and 
possible rankings.) Since these rankings (or drilling risk factors) are used 
to estimate WIPP site reserves, quantitative justification for their magnitudes 
should be provided. 

Potential drill sites in the Los Medanos area of the WIPP site are spaced at 
about 160 acres per well, while those located at sther points at the WIPP site 
have per well spacing o f  320 acres (see page 23 of the Sipes, Williamson, and 
Aycock study). Justification should be given for per well reserve estimates 
in light of unequal well spacing. 

According to the Sipes, Williamson, and Aycock study, page 20, a large (35.9 bcf) 
natural gas reservoir exists in the Atoka formation of the Los Fedanos field 
just outside the WIPP site boundary. 
large reservoir within the WIPP site should be ewaluated. 

The potential for the presence of such a 

0 The results of hydrocarbon resuurce estimates indicate potential hydrocarbon 
Thus, detailed discussion appears warranted as to resources under the site. 
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why the site s considered suitable in light of potential future drilling for 
hydrocarbons. 

Section 7.3.2, pages 7-62 through 7-69 Given the importance o f  hydrology to 
long-term repository performance, the discussion of hydrologic characteristics 
of the various formations seems to lack the detail necessary for. an assessment. 
For example, quantitative information such as hydraulic conductivity and 
porosity is stated without stating how the data was collected, how represen- 
tative it is, or if local variations are to be expected (as gleaned from the 
site and off-site measurements). 
such as "low - hydradlic conductivity" and "confirring bed." Such terms should 
be described quantitatively. 
confining bed; however, in assessing long-term performance o f  the repository, 
a quantitative assessment o f  hydro1 ogic properties i s needed (even for "conf i ni ng 
beds" and beds with ''low - hydraulic conductivity'.). 

Descriptions cf some formations employ terms 

In conventional utage, a formation may be a 

Section 7.3.2, pages 7-62 through 7-69 
that an earthen dam (Brantley Dam) will be constructed on the Pecos River 
between Artesia and Carl sbad. Would the reservoir created by the Brantley Dam 
have any ef fec t  or the regional groundwater hydrology or any other safety or 
environmental aspect of the proposed WIPP facility? 

The document states on page 9-62 

Figure 7-21, page 7-63 
Mexico" instead of "southwestern New Mexico. 

The title block should state "southeastern New 

Section 7.3.2, page 7-68, third paragraph The document notes that stable 
isotope measurements indicate that sampled groundwater comes from rainwater. 
More information should be provided on this assessment since it may bear on 
assessments of long-term ground water flow. Also, some indication should be 
provided whether the rainwater comes from the site or some distance away. 
Additionally, some attempt should be made to date the groundwater. 



Speci f ic  Comments - Chapter 8 

Section 8.1.3, page 8-6, second paragraph 
mineral exDlo i ta t ion i n  contro l  zones I. 11. and I11 i s  contingent upon the 

It i s  s ta ted t h a t  permisston f o r  
_._ - - 

resu l ts  o f  eval ut ions i n  progress. 
for  completion of these evaluations. 

Section 8.1.3, page 8-6, t h i r d  paragraph 
o r  dr i l l -and-b last  mining i n  contro l  zone IV f o r  potash may be permit ted 
under DOE rest r ic l ' ions and t h a t  new wells f o r  o i l  and gas production may be 
d r i l l e d  i n  conformance w i th  DOE standards. 
and res t r i c t i ons  should be de ta i led  i n  the F ina l  Environmental Impact Statement. 

Section 8.7.3, page 8-6, four th  paragraph 
exercise no control  over land outside o f  cont ro l  zone I V .  Discuss what con- 
s iderat ion has been given t o  the e f fec ts  o f  secondary hydrocarbon recovery, 
s a l t  water disposal, so lu t ion mining, and other subsurface operations outside 
Control Zone I V  on the long-term i s o l a t i o n  capab i l i t i es  o f  the repository. 
The Final  Environnental Impact Statement should address these effects. 

Describe the nature, scope; -and t imetable 

The document states t h a t  continuous 

(emhasis added) These DOE standards 

ThL document states t h a t  DOE w i l l  

Section 8.1.4,'pages 8-6 through 8-8 
of-way should be presented and compared with t h a t  proposed. 
should be presented which demonstrates t h a t  the proposed rights-of-way are the 
preferred al ternat ives.  

A l ternat ives t o  the proposed r i gh ts -  
An evaluat ion 

Section 8.2, page 8-15, f i r s t  paragraph 
f a c i l i t i e s ,  p a r t i c u l a r l y  where there are accesses t o  the mine shafts, w i l l  be 

It should be mentioned t h a t  surface 

designed t o  withstand the e f fec ts  o f  l o c a l l y  severe p rec ip i t a t i on  and floods. 

Section 8.6, pages 8-27 through 8-34 
po ten t ia l  release o f  radioact ive mater ia ls by the 1 i q u i d  pathways. Although 
S t  is recognized that airborne releases are o f  major concern, as evidenced by 
the release mechanisms out l ined i n  Table , *  8-5 (page 8-29), the l i q u i d  pathway 
should not be completely ignored. 

This sect ion does not  discuss the  

Section 8.7.3, page 8-36, t h i r d  paragraph '. 

not  considered reasonable f o r  thunderstorms. _The r a i n f a l l  used i n  the evalu- 
The i n f i l t r a t i o n  estimate used i s  

a t ion  i s  most  l i k e l y  the r e s u l t  o f  a thunderstorm, and losses dur ing such an 
event are usual ly minimal because tt ie r a i  
the i n f i l t r a t i o n  rateAfor 'short  periods of time. 
event i s  not severd enough even t o  use i n  t h i s  analysis. 
event would be a more standard hydrologic engineering design' basis. 

Section 8.9, pages 8-41 through 8-48 This section-takes the pos i t i on  t h a t  
the experimental and developmental programs t o  be conducted i n  the WIPP w i l l  
r e s u l t  i n  no environmental impacts. Jus t3 f i ca t ion  f o r  t h i s  pos i t i on  should 
be provided. The descript ions of the R&D program should be great ly  expanded 
t o  discuss de ta i l s  o f  the programs. A p a r t  a1 l i s t  o f  items t h a t  should be 
included follows: 

11 - ' in tens i ty  i s  much greater than 
Also, a 10-year r a i n f a l l  

A 50 t o  100-year 
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a. A description o f  the effect of these experiments on the repository environ- 
ment as a whole or on the long-term behavior of other parts of the repository, 

b. A description of experiments with bare spent fuel assemblies or fuel 
assemblies with exposed fuel pellets. 

Section 8.9.2, page 8-43, Studies o f  radionuclide movement, item 2 This 
item mentions that studies of leaching of contact handled waste will be con- 
ducted to determine the extent to which water can mobilize radionuclides from 
combusti'ble and non-combustible wastes. 
combustibles will be allowed in a repository (see the comment on Section 5.2). 

Section 8.9.2, page 8-44, item 3 
of actinide mobility are underway and will be checked by less-extensive in-situ 
monitoring. 
as important as laboratory testing and therefore it should be ,as extensive, 
not less extensive. 
in-situ conditions adequately. 

Current staff opinion is that no 

This item states that laboratory studies 

The .staff comment i s  that in-situ tasting of; actinide mobility is 

To date, lab testing has not been able to represent 

Section 8.9.3, pagi 8-44, second paragraph Tbe document states that studies 
of the interactions of waste with bedded salt were performed between 1965 and 
1967 in Project Salt Vault near Lyons, Kansas. A brief summary of the results 
should be given along with a discussion of how they will affect the current 
programs. 

Section 8.9.5, pages 8-47, Experiments with bare waste Describe what 
provisions will excst for the retrievability o f  bare waste. Describe the 
retrievability process for recovery of the bare waste. 

Section 8.10, pages 8-48 through 8-51 
defined for the 1000 spent fuel assemblies that will be emplaced in the facility. 

. Traceability (i.e., records) of these spent fuel assemblies should be maintaincd. 

Methods of hand1 i ng breached canisters should be described. 

A contingency plan should be presented for the retrieval of the spent fuel 
assemblies in case the demonstration program does not meet expectations. 

The acceptance criteria should be 

Section 8.10, page 8-48 
20 years for spent fuel. 
(page 2-19), states the retrieval period as 10 years. 
discrepancy. 
retrievabi 1 i ty. . 

Section 8.10.2, page 8-49 
configuration are not presented. 
specified thermal loading of approximately 30 kW/acre, but may not provide an 
optimal thermal distribution in the storage area. 

This section is based upon a retrieval period of 
The reference case, as described in Section 2.3.2 

- 
Please clarify this 

A l s o  see the applicable comment on Section 1.2 regarding 

The criteria for determining the storage area 
The proposed configuration may meet the 
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C3)ection 8.10.2, page 8-49, second paragraph The proposed canister for the 
spent fuel assemblies is described as a single overpack fabricated from a 
carbon steel pipe. 
material should be given, i.e., a comparison o f  carbon steel with alternatives 
should be presented together with selection criteria. 

Section 8.10.3, page 8-50 
waste were required at some point in the future, describe the plans for storing 
or disposing of the retrieved waste from WIPP. 

A more detailed description of the spent fuel re.;rieval system should be 
provided. The description should contain the method that will be used for 
spent fuel retrieval, the anticipated time that would be required, and the 
plan for retrieving damaged or deteriorated canisters. 

If retrieval of spent fuel were ultimately required, describe how the wastes 
empladed at the higher level ( i . e . ,  CH waste at the 2,100 foot level) would be 
affected. Describe the measures that would be used to control the adverse 
effects of subsidence resulting from retrieval rclated underground openings. 

Section 8.10.4, page 8-51, second paragraph The document states that signifi- 
cant corrosion effects of spent fuel assemblies in canisters '"will probably be 
minimal or nonexistent." The basis for this statement should be provided, 
including test data and results of analyses, 

The basis for selection of carbon steel as the canister 

If retrieval of either the spent fuel or the TRU 

/ 

Section 8.11, page 8-51 
for waste stored in the WIPP facility is ten years for TRU waste and 20 years for 
spent fuel. 
to the question of retrievability of waste. A possible approach to the retri,e$va- 
bility issue i s  that the design of the repositor] facility and the stability of 
the site be such as to allow the waste to be retrieved throughout the operating 
life of the repository, and as much as 50 years thereafter. 
be such that the waste could be retrieved with the same or less effort and in 
the same or less overall time frame i n  which it was emplaced. 1 should remain intact during this period. In this manner, if some unTavorable ; information is developed during the operational life of the repository that 
indicates the long-term performance objectives will not be achieved, corrective/ 
action can be taken. 
surveillance of the trastes before closure of the repository, if they choose t o /  
do so. . I  

The DEIS states (p.8-51) that the retrievability period 

As DOE is aware, the NRC staff has been considering various approaches 

,' The design should 

Waste canisters / 

It also provides future generations the option to maintaifl 

I 
/ 

Section 8.11, pages 8-51 through 8-53 
contaminated materi ai s (i . e. , waste, contaminated backf i 1.1 and work material S >  
should be described. I .  

Section 8.12.2, pages 8-55 and 8-56 The reference repository description 
contained 5n the document does not take advantage of several types of engi- 
neered barriers to radionuclide release that the staff feels could enhance 
repository performance. The staff feels that consideration should be given to 

@the use of the backfill as a barrier to radionuclide migration, engineered 
plugs to retard water movement within the repository and radionuclide migration 
from the repository and multicomponent shaft and borehole seals. 

The plan for disposition of the - r' 
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Section 8.12.3, paqe 8-56 
for the administrative controls. should be provided. 
if .any, that will mitigate the calculated accident exposure resulting from 
intrusion (i.e., drilling into the stored spent fuel 100 years after closure). 
This section should discuss the size of the area (i..e., distance from the 
repository) over which post-decommissioning controls would be exercised to 
prevent activities that could adversely affect the hydrology of the site or 
its long-term containment capabilities. 'This is particularly important for 
the WIPP site because of the mineral resources at and near the WIPP site. 

Specific Comments - Chapter 9 

The estimated time period and respective criteria - 
Describe the provisions, 

. 

The report should address uncertaintities, probabilities and statistics in 
much greater detail. 
For example, numerical values are shown in tables and figures (F.igure 9-2, 
page 9-29, is one o f  many examples) with no indication o f  the error band or 
uncertainty in the numbers. 

Section 9.1.1.2, pace 9-3, third paragraph It is stated that soil impacts 
from water lines and electrical power lines will be b r i e f  because t h e  soil 
will recover after construction is completed. Please describe the nature o f  

, recovery (e.g., protective vegetation) and the estimated duration o f  the 

These subjects are essentially unaddressed in the DEIS. 

' impact. 

Tables 9-2 and 9-3, page 9-4 
estimates of the construction vehicles and equipment and their respective 
sound levels. 

Section 9.1.1.3, page 9-4, third paragraph The reference to "spherical 
divergence'' should read "hemispherical divergene. 'I Also, the amount of 
attenuation of sound due to the ground cover in the noise path should be 
indicated and referenced. This figure should be used to support the estimate 
of excess attenuation beyond the 6dB per doubling of  distance attenuation due 
to divergence and air losses for the predicted noise level at the James Ranch. 
i 
kction 9.1.1.3, page 9-4, fourth paragraph If ambient sound level data is 
alailable for the receptor site (i.e., the James Ranch), it should be pro- 
v%d. 

Sectih 9.1.1.3, page 9-5, first paragraph 
based'? i p  the first sentence should be defined. 
''broad band. I t  0. 

Section 9.J.l.3, page 9-5, second and third paragraph 
time oVeyi wpich blasting operations will take place, the estimated frequency 
of blasts, time o f  day when such activities will occur and estimate o f  peak 
overpressure'and corresponding dB level to which blasting will be limited 
should'be presented in the Shaft sinking section. 
Section 9.1.1.3, 'page 9-5, fourth paragraph 
of the other construction activities should be provided as bases for impact 
assessments. 

Please provide thr: references 'for the numerical 

The meaning of the term "broad 
?erhaps this term should be 

V? / 
The overall period of 

i '"., 
Schedules and time of duration @ 
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J Section 9.1.1.3, page 9-5, sixth paraqraph 
number of truck deliveries per day should be provided along with an estimated 

If available, estimates of the 

sound level (Le ) for the delivery routes (which should be identi- 
an estimate 8f the likely total affected population may be 

Section 9.1.1.5, page 9-9, fourth paragraph 
Anderson, Mann, and Schugart, 1977, describes the positive-effect o f  right-of-way 

The referenced documentation by 

corridors on bird populations in the forest o f  Tennessee. 
does not necessarily apply to desert vegetation. 

Section 9.7.1.6, page 9-10 
between DOE and its consultants and various federal and state agencies involved 
i n  the preservation of archeological and historical resources. 
this .subject in Appcndix I (see pages 1-12 through 1-13) concludes that there 
are 33 sites within the survey area that are eligible for the National Register 
o f  Historic Places. However, the statement does not address whether construction 
and operation of the WIPP facility will have an adverse impact on these sites. 
The final environmental impact statement should set forth any adverse impacts 
resulting from construction and operation o f  WIPP on the 33 sites and, if 
adverse impacts do result, determine whether there is a feasible and prudent 
alternative to avoid or satisfactorily mitigate any adverse impacts. 

The same conclusion 

Appendix I of the DEIS contains correspondence 

A letter on 

Section 9.1.2.1, palje 9-11 
amears to underestimate water consumption. 

This section is very brief and, on the surface, 
Please provide a description of 

hbw the estimates were derived. 

Section 9.1.3.1, page 9-13 This section does not address the impacts to the 
terrain and soils resulting from the salt particles discharged from the venti- 
lation exhaust (see Section 8.7.5, page 8-37, secnd paragraph). 
the effects o f  the release of these salt aerosols, it would be necessary to 
know the number and locations of the facility discharges and the dispersion 
characteristics (i. e. , distance and concentration). 
Table 9-11, page 9-‘7 
resources and reserzs with deposits that have not yet been exploited or that 
also include previously exploited deposits. 
should be compared with similarly in-place resourczs and reserves. 
clarify. 

Sections 9.7.4.3 and 9.1.4.4, pages 9-18 through 9-21 
projected dollar values of WIPP site mineral resources and reserves should’be . 
included in the final statement. 

The socioeconomic impacts of the early denial of WIPP site mineral resources 
are not considered in the WIPP DEIS. 
9.1.4.4 and 11.2 that construction and operation o f  WIPP could shorten the 
life of Carlsbad area langbeinite production by about five years. The effects 
of the early curtailment of Carlsbad langbeinite production on area socio- 
economics should be considered. I 

The final statement should fully analyze the significance o f  WIPP site potash 
deposits, including quantitative’economic analysis o f  alternatives’to langbe- 
inite, analysis o f  the development of future potassium and magnesium sources, 
and the future worth o f  WIPP site potash and other minerals. 
such minerals as polyhal i te, kieserite, and kainite should be considered. 
Mineral significance analyses should address impacts over long-term time Spans. 

To evaluate 

It is not clear whether this table compares WIPP s i t e  

Site resources and reserves 
Please 

I 

The present and / 

For exampqe, it is stated in Sections 

Specifically, ccs 
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Section 9.1 .4 .4 ,  page 9-20, third paragraph 
reserve estimates by Agricultural and Industrial Minerals, Inc. (AIM) are 
cited, 

Langbeinite resource. and 

Describe how AIM defines resources and reserves. 

Agricultural and Industrial Minerals, Inc. e s t  
langbeinite reserves and resources are quoted in t3"e'"lYEIS i n  terms of tons K2Q 
equivalent. 
duct. 
estimates. 
document o r  the AIM study, the Carlsbad area langbeinite reserve and resource 
estimates should be* justified. 

.of Cqrlsbad area 

However, i n  the AIM study, the same numbers re fer . to  tons pro- 
The figures i n  the statement should be made consistent w i t h  the AIM 

Since the o r i g i n  of these estimates i s  no t  described i n  t h e  

Section 9.1.4.4, page 9-20, f o u r t h  paragraph 
are estimated t o  correspond t o  five years product ion at the current Carlsbad 
area rate. 
langbeinite. This rate may be too high and should  be checked. A lower rate 
of production would increase the production year equivalent o f  WIPP s i t e  
potash. 

WIPP s i t e  langbeinite reserveq 

This i s  based on an annual production rate o f  900,000 tons  K20 as 

Section 9.1.4.5, psge 9-21 
reserve s t a t i s t i c s  are compared with the WIPP s i t e  estimated occurrences. 
i s  not clear whether the regional and national figures include previously 
exploited deposits. 
national and regioral amounts of similarly in-place hydrocarbons. 
tion'should be given t o  the long-term relative importance of  WIPP s i t e  
hydrocarbon resources. 

Regional and national hydrocarbon resource and 
I t  

S i t e  resources and reserves should  be compared w i t h  t h e .  
Considera- 

Section 9.1.4.6, p;ge 9-21 
s i t e  hydrocarbon reserves and resources should be included i n  the final 
statement. 
\ Section 9.1.4.7, page 9-21, f i r s t  paragraph 
exploitation (mining, dr i l l ing,  solution mining, secondary oJ1 recovery, e t C . )  
on WIPP waste containment should be considered. 

Potash mine pi l lars  f o r  the Carlsbad area are often removed o r  "robbed" t o  
Increase the recovery of ore. As stated i n  t h i s  paragraph, i t  may be neces- 
sary t o  leave a number of p i l la rs  in-place i n  control zone I V  mines i n  order 
t o  control subsidence. This would lead t o  low extraction efficiency and the 
effectihe denial o f  significant quantities o f  langbeinite i n  control zone IV. 
Therefor?, more than one-quarter of the langbeinite a t  the WIPP s i t e  may be 
denied despite the exploitation of control zone I V .  

Section 9.1i.5, page 9-24, second and t h i r d  paragraph The construction phase 
noise irnpact',assessrnent does no t  address t r a f f i c  ( i  .e. , materials delivery and 
commuter) related noises due t o  t h e  faci l i ty .  
affected and th\e numbers of people involved i n  each should be presefited. 

Section 9 . 2 . 5 . 7 ,  page 9-26, Noise standards 
Urban Development has recently proposed standards, requirements and guidelines 
on noise abatement and control replacing those previously set  f o r t h  i n  HUD 

The present and projected dollar values o f  WIPP 

The impacts o f  control zone I V  

\ 

The areas most likely t o  be 

The Department of Housing and 
\\ 
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Circu lar  1390.2 (see 43 FR 60396-60401). 
adoption o f  the guidel ines pu t  f o r t h  by the U.S. Environmental Protect ion 
Agency i n  i t s  document e n t i t l e d  "Information on Levels o f  Environmental Noise 
Requisite t o  Protect  Publ ic Health and Welfare w i t h  an Adequate Margin o f  
Safety" f o r  the HUD Exter ior  Noise Goal. This document recommends the use o f  
the Normalized Day Night Sound Level as an ind ica tor  o f  l i k e l y  e f fec ts  and 
community response. Consideration of the use o f  t h i s  ind ica tor  should be 
given f o r  preparation o f  the f i n a l  statement. 

These new c r i t e r i a  propose the 
ir3 

Section 9.2.7, pabes 9-28 through 9-30 
forth i n  t h i s  secl ion r e l i e s  so le ly  on a thermal loadinq density of 30 kW/acre 

It appears t h a t  the evaluat ion se t  

t o  assess creep e f fec ts  o f  sa l t .  
assesses near - f ie ld  creep e f fec ts  resu l t i ng  from maximum canis ter  wa l l  tem- 
peratures. The evaluation should include the bases f o r  t h i s  assessment, 
inc lud ing such items as the maximum canis ter  wall temperatures, and physical 
and mechnical propert ies o f  s a l t  a t  the speci f ied temperatures. 

'kn evaluat ion should 6e presented which 

The elevated temperatures discussed i n  t h i s  sect ion and i l l u s t r a t e d  i n  
Figure 9-2 should be considered when r e t r i e v a b j ? i t y  concepts are evaluated. 
f o r  example, machinery used i n  the r e t r i e v a b i l i t y  operations w i l l  have t o  
funct ion proper ly a t  temperatures a t  l eas t  as high as about 44OC (120OF). 

Figure 9-2, page 9-29 
mined tunnel containing spent fuel elements up t o  25 years a f t e r  emplacement. 
The f igure  should be expanded t o  include an estimate o f  temperature increase 
up t o  several centuries a f te r  emplacement ( a f t e r  which the decay heat r a t e  
will be grea t ly  reduced). 

Section 9.2.10, page 9-32 This sect ion states t h a t  releases r e s u l t i n g  f rom 
rout ine handling w i l l  be held t o  leve ls  as low as reasonably achievable. 
Numerical estimates of maximum, rout ine rad ioact ive releases should be made 
and the basis f o r  the estimates should be discussed. 

The f igure shows the temperature increase i n  the 

Tables 9-18 and 9-19, page 9-38 
exposures and background should be presented as suggested i n  the comment on 
Tables 3-6 through 3-9. 

The tables should show the per iod o f  exposure t h a t  corresponds t o  these dose 
commitments, f o r  example, "annual" i f  t h a t  i s  applicable. 

Section 9.2.71, pcges 9-39 and 9-40 This sect ion discusses the occupation41 
exposure t o  four job categories. This sect ion should a lso include an ,estimate 
o f  the number of workers i n  a l l  job Categories, the estimated exposure.to each 
'worker and the estimated t o t a l  annual occupational exposure f o r  the e n t i r e  ' 
" f a c i l i t y .  

Table 9-23, page 9-51 
showing the quant i ty  of each rad ioact ive isotope assumed t o  be i n  a drum. 
Also, there should be a discussion o f  the basis f o r  the assumptions. 

The dose comparison between ca lcu lated 

For c l a r i f i c a t i o n ,  the tab le  should have a column 

_ -  G 

P-87 



Section 9.3.1, page 9-55, third paragraph 
release to the James Ranch that was used to estimate dose commitments to the 
maximally exposed individual should be stated. 

The distance from the point o f .  . 

Section 9.3.1, page 9-57, second paraaraph It is stated that .the scenario 
with the greatest impact (i.e., spent fuel) would result in an individual lung 
dose of 1.0 x 10 
receive during a 5-hour jet-plane trip. However, consideration should be 
given to the uncertainties associated with the estimates o f  scenario con- 
sequences to make such comparisons meaningful. 

rem, and a comparison is made to the dose a person would 

I 

Section 9.3.1, page 9-57, sixth and seventh paragraph 
accidents considered during facility operation assume that the HEPA filters 
will be highly effective (by a factor of lo6) in removal o f  particulate activ- 
ity prior to releasr, to the environment. The document presents the doses that 
might be experienced if the ''HEPA filters were not working" and conclude that 
even in such an event the above dose to the nearest resident would be well 
below background. This conclusion may be premature; further consideration 
should be given to the analysis o f  the consequences of a large fire which 
simultaneously causis a release of radioactivity and renders the filters 

The analysis of the 

inef fect ive  and where any activity previously tra- on the HEPA filters may 
be released. The statement should indicate thGiinae of conseauences o f  such 
events and how their probability would be minimized: 

Section 9.3.3, pages 9-59 and 9-60 
istics, dust storms are relatively common in the site area. 
effects of dust storms on facility operation should be evaluated (e.g., emergency 
diesels, f i 1 ters). 

Because of  high winds and soil character 
Therefore, the 

Natural gas is commonly found associated with sa l t  deposits. The potential 
for the occurrence of gas within the mined area and the attendant hazard to 
both people and the facilities should be assessed. 

Section 9.3.3.1, page 9-59, first paragraph 
maximum earthquake(5) expected to occur at the site followinn closure of the 

Provide an estimate o f  the 

surface facility and the possible effect o f  that earthquake(s) on the integrity 
of the underground f aci 1 5 ties, 

Section 9.3.3.1, page 9-59, third paragraph 
accurate data relative t o  the underground effects o f  earthquakes is considered 
quite important. Without this information, extremely conservative assumptions 
may have to be made to make an impact assessment. Estimates should be made o f  
the effects of ground shaking on the mined shafts and cavities during the 
operating life of the facility as well as after closure. 

Acquisition of comprehensive, 

Ground displacement and the attendant effects upon both groundwater regimes 
and natural gas deposits should be addressed. 
were to occur, such that communication between the natural gadgroundwater and 
the repository were made possible, the potential for an induced explosion or 
gadwater seepage into the cavities should be addressed. Such an event should 

In the event ground rupture 
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considered dur ing the operational l i f e  o f  the f a c i l i t y  as well as fo l low ing  

It has been suggested t h a t  seismic events have been induced as a r e s u l t  o f  
mining ac t i v i t i es .  The l i ke l i hood  of t h i s  type of event should be assessed. 

Seismicity, induced as a r e s u l t  o f  secondary hydrocarbon production (i. e. , 
water in jec t ion)  has been hypothesized as z ~ ~ i ~ ' i w ~ & ~ & <  events i n  Texas 
and elsewhere. 
(or t e r t i a r y )  recovery operations i n  present and fu tu re  nearby gas f i e l d s  
should be assessed. 
scenario) on the proposed surface and subsurfacc f a c i l i t i e s  should be 
determined. 

The po ten t ia l  f o r  such occurrences resu l t i ng  f rom secondary 

The resu l tan t  e f fec ts  o f  ir,duced se ismic i ty  (from any 

Section 9.3.3.2, page 9-60, four th  paragraph 
adeauatelv address the,ef fects  of l o c a l l v  severe r a i n f a l l  on the s i te .  

The discussion does no t  
Thun- 

derkorm; have intense r a i n f a l l  for  s h o h  periods o f  time. 
i n  desert areas, w i l l  not  normally prevent some ponding and loca l  f looding. 
Since thunderstorms can be expected o f ten  dur ing the operational l i f e  o f  the 
plant,  consideration should be given t o  m i t i ga t i ng  any adverse e f fec ts  on the 
pl ant. 

I n f i l t r a t i o n ,  even 

Section 9.3.3.3, p;ge 9-60 Provide the design c r i t e r i a  o f  the bui ld ings and 
systems f o r  t h e i r  resistance t o  "tornado-force winds, tornado-driven missi les, 
and sudden pressure changes. 'I 

Section 9.4, pages 9-61 through 9-97 
establ ished mechanism throuah which m i t i aa t i on  e f f o r t s  re la ted  t o  socio- 

There should be a presentat ion o f  an 

economic impacts would be i s e n t i  f ied, moii  torec! and hand1 ed between the  
appl icant and the cbgnizant o f f i c i a l s  of impacted ju r isd ic t ions .  

Section 9.4.1, pages 9-61 and 9-62, seventh paragraph The document states 
t h a t  the employee-lbcation pat tern f o r  scenario I1 i s  based on the pa t te rn  
established' b fa  large mining company i n  the area. 
f o r  assuming t h a t  past employee-location patterns for mining companies are 
ind ica t ive  o f  projected patterns f o r  WIPP. 

Section 9.4.1.2, page 9-62, second paragraph 
between the WIPP pro jec t  and the Brantley Dam p ro jec t  i s  discussed. 
of a lack o f  a comparative analysis and discussion of 'the schedule overlaps of 
the two projects,  i t  i s  unclear what changes i n  ant ic ipated impacts would 
occur i f  e i the r  o f  the schedules should change. 
informat i  on. 

Section 9.4.1.2, page 9-65, second paragraph 
unemployment ra te  during the construct ion per iod i s  projected. Are the types 
o f  workers expected t o  be unemployed j u s t  p r i o r  t o  the construc,tion per iod the 
same kinds o f  workers l i k e l y  t o  be employed by the WIPP p ro jec t?  How many i ' 
workers does t h i s  estimate include? 

Please provide the basis 

The construct ion overlap 
Because 

Please provide t h i s  

An ant ic ipated drop i n  the 
I 
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Section 9.4.3, paqe 9-70, first and second paragraph 
on.the Dro-iecter! social Structure would benefit from expansion to substantiate 

The discussion presented 
8 -  

the broad statements made. 
the inmovers would be of similar background, occupations, and transiency. 

For example, provide the basis for assuming that 

,Sections 9.4.5.2 and 9.4.5.3, pages 9-75 through 9-80 These sections project ' 
I a housing shortage for the Carlsbad and Hobbs areas; however, mechanisms for 

relieving the shortage are not addressed. 
mentioned but no discussion o f  constraints, if any, to mobile home expansion 
is presented. 
plans are being considered to alleviate this expected impact. 

Preference for mobile homes is 
, 

If housing supply is anticipated to be tight, describe what 

Section 9.4.6.1, pages 9-85 through 9-87 and 9-92 through 9-94 
should also include the socioeconomic impacts associated with increased traffic 

The discussion 

through Carlsbad and Hobbs. 
around each of these population centers to accommodate the increases in general 
traffic arising from site activities. 

There may be justification for a bypass highway 

Section 9.4-6.2, page 9-89, Education--Hobbs School District The discussion 
states that the enrollment capacity at the Hobbs municipal schools will be 
exceeded beginning in either j982 'or 1983, depending upon the assumed sce- 
nario. 
capacity and what efforts will be taken to mitigate this occurrence. 

The discussion does not address the,time duration of this excessive 

Section 9.5, pages 9-98 through 9-146 This section presents an analysis of 
long-term effects considering a broad spectrum of events that could result in 
environmental impacts from the facility. Although the document is not meant 
as a risk assessment, it would be beneficial to in-lude further discussions o f  
fa) uncertainties in data values used in the consequence calculations, (b) possible 
variations in the geohydrologic system over the time. period o f  concern and the 
effect of these variations on the consequence calculations, and (c) the compila- 
tion of release scenarios for the WIPP site and thz reduction to the five 
scenarios considered for analysis. 

+ 

Section 9.5, page 9-98, first paragraph 
sum of probabilities of release time the amount of release. Since the prob- 
abilities for all releases are not zero, the phrase "the expected release of 
radioactive material is zero" should be revised to read "no radioactive material 
i s  expected to enter the biosphere." 

An expected release i s  equal to the 

Section 9.5.1.1, page 9-98, third paragraph 
axlysiz indicates t r : a t  the waste and its containers are not important in 
hindering the release of radioactivity. The NRC's preliminary thoughts on 
t h i s  matter are that the repository should consist of a series of multiple 
barriers. The primary barrier to release of radioactive materials is the 
waste form system. 
overpacks, absorbent materials, and the first few inches of surrounding rock. 
For spent fuel, the waste form system should contain the radioactive materials 
for 1,000 years and as long thereafter as is reasonably achievable assuming 
early saturation of the repository after closure. This will allow the short- 
lived nuclides that control the initial hazard associated with the waste to 
decay to innocuous levels. Beyond that period of time, the waste form system 
should maintain releases as low as is reasonably achievable but less than 
ten ppm per year. The limit o f  ten ppm per year for the release rate is con- 
sidered by NRC to be achievable based on information presented in the Draft 
Generic Environmental Impact Statement on the Management of Commercially 
Generated Radioactive Waste and t o  be sufficiently low to protect the public 

The DEIS states that the safety 

The waste form system includes the waste form, canister, 

health and safety. P-90 



c d a i f l t i :  $3 yet eaSe isably achievable but less than 0.1 ppm per 
year. The I f w i t  a 
t a  be achimrible based -on 

f a r  t h e  release rate is considered by NRC 

atement 01; t k e .  M&riacgemer.t o f .  Cclmuiarcial ly  Generated Radioactive Waste 
11 present.ed- i n  the Draft Generic Environmental 

$1 *a y r o t e ~ t  the public health and safety. 

7 > ,  Sst3c:c~ion sf scknari:os far analysis 
sCertar'i0s t a r  -id breach and transport (see 

ri page 9-101 ). T h e  di  ssussion of scenario 4 may 
t h & t  f t  l"s much less likely to occur that the other 

t;t.re d iscuss iWt  neglects the possibility that scenario 2 
Sa sceabario 4 tho-augh dissolution o f  salt along the 
cri' XCTW.~G 2, t he~e fo rc ,  is deficlent because i t  

This 
- . - r t - r~u- - . - -  

does n o t  r.'oaisider eirfargemnt o f  f1;w paths as a result of salt dissolutioning 
an$ i t  a l so  f a i ? s  i;ct r:orciid&r saSt  replacement by creep. This analysis should 
compare the ra te  
replaceme~t by creep f o r  337. c~eclible i n i t i a t i n g  events (e.g. faulting, shaft 

s a l t  wmuvsl by dissulutiuning wi th  the  rate of salt 

- cmparj5on.  %ilk det-ennine events far which the repository 
the evealts thdt  result l 'w  massive repository failure. 

T1.t-i~. &k"cion st!nc11,? deicr ihe  the basis  for selecting these five scenarios frcm 
the 94 idenit.ifSed t . E : ! ~ ~ i ~ g h  f w 7 t  "arcze anafysi 5 .  

The pc;te:rtx f.9 
to be directly 11 

we1 1 -p f anrled i nv 

yrr i d b r c a d i  and' 'ta"arrsyorL (Scenarios I through 4) appears 
d ~ n t  u p x  .(? b inadequate sea; i ng of known boreholed  

shafts, Br (2) i" urr l  ilc'ated borefisl e5 jr other openi ngs. Careful , 
' dnd pi-otedures before duri ng , and particularly 

cari pmve  these scenar*ios from occurring for the most 
ve i '1 9 ance ' bo of 'stirface d r i  1 1  ing operations and sal i n i v  
er'3.yikg and under?yiag aquifers may provide assurance that 

It is stated that Tables 
the "'most important in 'long-term 

re considered "most 
st inventory, greatest 

on-14 was consideyed 
odeled. Because o f  
ogical impact could 

toxicm'ty, rnOSt Y i k  
I 

is re1 ati wely 

clarify whether the concentrations 
er liter of repository volume. 

nd states that the 
d by assuming that 

when water COMES ii:tci contact w i t h  waste, the radionuclides dissolve with the 
salt .  
cBfnh?s in contact  with thc ~vastes .is bvack-ish and will dissolve the salt 
S~owly; however, t h i s  brackish water may corrode o r  leach the waste, thus  

This-assumption does not g j v e  an upper bound because the water that 

F 4 1  
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producing an accelerated release of radionuclides. 
releases should take this possibility into consideration. 

Section 9.5.7.3, page 9-103, second paragraph 
numerical model used in the geosphere-transport calculations is-based on a 
model developed for USGS and modified for the NRC. 
out that the modified geosphere-transport code is under development and NRC 
has not released it for general use. At this time, the code has not been 
validated by the NRC and, therefore, the results from the use of'this code may." 
not provide an accurate assessment of the geologic transport. 

The statement that a detailed mathematical discussion of the model (and its 
application to the analysis) appears in Appendix K is erroneous. Appendix K 
presents 6 pages of mathematics; it should be expanded to show how to use the 
model in an analysis. (See the comment on Appendix K.) 

The estimate of  radioactive 

The document states that the 

The staff wishes to point L r  

Section 9.5.1.3, page 9-104, item 2 
be changed to "fluid viscosity." 

It appears that "fluid velocity'' should 

Section 9.5.1.3, ptiae 9-105, first paragraph, item 1 The document states 
that a computer COGS modeled the Delaware basin hydrology. The code used 
should be identified. 
information mentioned in the last sentence (i.e., "tested the consistency 
between model -generated numbers and hydro1 ogic measurements in the field"). 

Section 9.5.1.3, page 9-105, Bioshpere-transport calculations, first paragrap,, 
An important factor that will influence consequences i s  the path length to the 
point of release becairse it will affect the decay time prior to release and 
thus the activity levels. 
(i.e., Malaga Bend). 
investigated. 
effectively shorten the path length. 

Also, a reference should Le provided for the test 

The path length assumed for the analysis is 14 miles 
The effect of shortening ttle path length should also be 

For ,zxample, stock watering wells may be driled which could 

Section 9.5.1.3, page 9-1 06, f i rst complete sentence The document states 
that the analysis calculates the yearly intake of radionuclides by a person 
exposed through the biosphere pathways. 
ways should be clarified. 
and usage factors should be defined as well as the pathways ,that were evaluated. 

Section 9.5.1.3, paje 9-107, third paragraph 
permeability o f  the wellbore was calculated. 
appears that hydraulic resistance was calculated. 
meant by permeability. 

Section 9.5.1.3, pages 9-111 and 9-112, Rates of dissolution 
of dissolution of the salt as a result of water f l o w  through the medium are 
addressed, and the resultant eventual dose to man is estimated; however, one 
obvious effect on the environment as a direct result of continuing salt 
dissolution does not appear to be considered. This is the collapse o f  the 
overlying strata with a gradual propagation to the surface resulting i n  an 

The modeling of the biosphere path- 
For example, the assumed population distributions 

The document states that the 
Ratner than permeability, it 

If not, explain what i s  

Varying Cates "' 
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ever-enlarging. depression. 
for rainfall and, because of the resulting direct communication with the 
aquifer(s) and the salt, accelerate the solutioning process. 
o f  the salt between the repository levels and the overlying strata occur, 
corrective measures, such as attempts to seal the breached repository, may 
not be f easi bl e. 

The collapse structure could serve as a collector 

Once collapse 

P1 e a s e , ~ ~ = , 3 ; ~ ~ , ~ u r r e n c e .  

Section 9.5.1.3, page 9-113, second paraqraph 
in secular equilibrium with their parents and, therefore, not included in the 
geosphere-transpor? model. 

Identify the daughter products 

Table 9-45, page 9-114 
from 4.5 X 10 
3 mile distance. The Malaga Bend-(l4 miles) transportation rate increases 
from 3.3 X 10 Ci/yr to 4.6 X 10 Ci/yr. Figure 9-14 indicates that the 
transport rate should be increasing or steady. 
resolved. 

Table 9~45 shows the transport rate of 1-129 dropping 
Ci/yr to 5.4 X 10 Ci/yr in a period of 3500 years for the 

These discrepancies should be 

Table 9-46, page 9-115 - 
page 9-114. 
3 miles, for sceoario 2, upper transmissivity. 
rate o f  5.8 x 10 
same period o f  time, i.e., 3500 years. 

Section 9.5.1.3, page 9-115, first paragraph, itzm 3 This item states that 
.'to a high degree of confidence, in each scenario the actual geosphere trans- 
port must lie within the results predicted by calculations with the two 
transmissivities.'' Although the statement may be correct, it i s  meaningless 
because, for time spans up to 40,000 years, the range of predicted values for 
transport rates indicated in Figure 9-14 (page 9-113) is 20 orders of magnitude. 

This table is not consistent with Table-9-45, 
Table 9-45 shows an 1-129 transport rate of 4.5 X 10 Ci/yr at 

Table 9-46 shows a transport 
Both values are for the Ci/yr for the same conditions. 

Sectfon 9.5.1.4, page 9-115, first paragraph 
exposure pathways for man include ingestion of f i s h  and water, boating, swim- 
ming and shoreline activities. 
irrigation of crops and long-term buildup in soils and sediments as exposure 
pathways for man. An explanation should also be given for why only radio- 
nuclides originating in spent fuel and CH TRU waste, and not RH TRU waste, 
were used in the calculations. 

Section 9.5.1.4, page 9-121, Summary for liquid breach and transport 
doses received by the maximally exposed person from scenarios 1 and 4 are 
presented. The popu'lation exposure should also be given. 

Section 9.5.1.6, page 9-127, item 3 
from CH TRll waste and spent fuel should be given to show the effect resulting 
from a factor-of-20 difference between the flow rates for upper and lower 
transmissivities. 

Section 9.5.2.2, page 9-132, fifth paragraph 

The document states that 

Consideration should also be given to the 

The 

* 
The numerical range of maximum doses 

The document states that one 63 foot of surficial subsidence is estimated as a result of 70% backfill in a 
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i 
I 

16 foot cavity. 
repository as a result of subsidence and fracturing o f  the intervening strata 
is not presented as a scenario for evaluation. 
scenario be considered for analysis. 

Communication between the Rustler aquifer and.the waste 

It is suggested that this 

Section 9.5.3.1, page 9-135,third paragraph 
generation time span (i.e., much longer than 200 years) is inconsistent with 
the assumed time span of 100 years for gas production calculations identified 
in the first partial paragraph of page 9-136. 
resolved. 

The statement regarding the gas 

This discrepancy should be 

Section 9.5.3.1, page 9-135, fourth paragraph 
for the computer code used to describe the diffusion of gas from the repository. 

Section 9.7.1, pages 9-166, last line It is ,lot clear whether the low 
probability event (4 x 10 
the waste becoming airborne and carried off the site. 
then clarification is needed for the statement on page 3-2, third paragraph, 
that states that "volcanic action is quite probnble." 

Please provide the reference 

per year) refers to the occurrence of a volcano or 
If it is the former, 

References for Chapter 9 The Dillion reference should be revised to show 
that the. report was pub1 ished October 1978. 

A 
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Speci f ic  Comments - Chapter 10 
0 

Chapter 10 
impacts resu l t ing  from construct ion and operation of the WIPP f a c i l i t y  on the 
33 s i tes  i den t i f i ed  i n  Appendix I as e l i g i b l e  for the National Register o f  
H is to r i c  Places. 

There i s  no discussion which presents the unavoidable adverse 

(See the comment on Section 9.1.1.6. ) 

Section 10.2, page 10-2, s i x t h  paragraph 
presented as suggested i n  the comment on Tables 3-6 through 3-9. 

The dose comparison should be 
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Specific Comments - Chapter 1 1  
Chapter 1 1  
irretrievable commitment of historical and archeological resources (i.e., the 
33 sites identified i n  'Appendix I as eligible for the National Register of 
Historic Places) associated with WIPP facility. 
9.1.1.6.) 

There is no discussion which presents,the irreversible and, 

(See the comment on Section 

Section 11.3, page 11-2 It is stated that the total construction resource 
requirements do not exceed 1% of the U.S. production during the construction 
period. 
such resources as water, fuel, electricity, and lumber. 

A more siqnificant basis of reference would be the local impact on - 
Section 11.4, page 11-2 
include those major resources consumed (either onsite or offsite) for 
packaging and containment of the waste. 

The listing o f  resources for operation should also 
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Specific Comments - Chapter 13 c3 
Chapter 13, page 13-1, third paragraph 
620 acres o f  land wi l l  be used for surface fac i l i t i e s ,  transportation routes, 
and the mined-rock pi le .  
considered "disturbed area" and provide an estimate o f  the area which will 
return t o  its natural state. 

I t  i s  stated that approxi.mately 

Please define what portion o f  the 620.acres i s  
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t 63 
h p a s i g r -  Pl6ase provide the-name o f  &? 

b i r d  species on t h e  State list o f  rare and endangered species which is likely 
to be in jeopardy. 

Section 14.3, page 14-8, item 7 There should be a discussion on the status 
of federal impact fund availability as well as a listing o f  existing federal 
program funds and assistance fo r  which the impacted jurisdictions would be 
qualified. 



Specific Comments - Glossary 

$lossa!'Y 
inclusion 3 n the glossary: 

The following terms and t h e i r  def ini t ions are suggested f o r  
tectonics, caprock. 

r 
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3 63 Speci f ic:Commnnts -: Appendix A, 
I * , . - < * , c m  

Section A.2, page A - 3 ,  t h i r d  paraqraph Since brine migration is apparently 
initiated only when elevated temperatures w i t h  thermal gradients: a r e  pres,ent, 
an alternative would be the placement of that  waste capable of, generating' 
adverse:temperatures i n  a temporary.storage area until-manageable heat levels 
were attained, then movement of the waste to  the permanent respository l.oca- 
t i  on. P1 ease address t h i  s a1 ternati ve t o  mi t i  gate bri ne m i  grati on. 

Section A . 2 ,  page A-5 , second. paragraph S i  nce explosives are not required 
fo r  mining,  another advantage of s a l t  over the other host  media being$con- 
sidered (shale, grEnaiite, and basalt) is that only minimal .fracturing o f  the 
cavity walls rand f loors ,  may occur. % T h i s  characteristjc increases both  the 
integrity, of the mined opening as well. as improves the abi l i ty  t o  grout (seal) 
the cayity: d r i f t s  and shafts. 

L 

A1 though "waste" s a l t  w i  11 result  
l i t y  of selling some o r  a l l  of t h i s  

material by competitive b idding  i s  not addressed. 
effort  shou3d be made t o  4nvestigate the marketing potential for t h i s  common, 
b u t  n o t  valueless, natural resource. 

I t  is suggested that  some 

The drainage basins of southeastern New Mexico, like adjacent areas of 
Colorado, Kansas, Oklahoma, and Texas, discharge considerable quantities (many 
tens of tons) o f  sodium chloride per day, (Swenson, F. A . ,  1974, Rates of 
Salt S o l u t i o n  i n  the Permian Basin; U.S. Geol. Survey Jour. Research, Vol. 2, 
No. 2). Therefore, the introduction of  s a l t  (per- se) i n t o  the repository 
surface runoff systems would n o t  necessarily present a uniquely undesirable 
environmental impact a t  least  i n  the Permian Basin. 

Section A . 3 ,  page A-6, second paragraph ', 
crystalline rock my contain innumerable fractures f i l l ed  wi th  water, i t  is 
1 i kewi se true that extensive granite quarries, immediately adjacent t o  and 
well below the nearby water level, are essentially dry. A careful and $us- 
tematic search of those areas o f  the country underlaid by crystalline rock may 
identify regions n o t  permeated w i t h  excessive groundwater. 

Although i t  is true that 

\ 

Section A . 3 ,  page A - 7 ,  t h i r d  paragraph Drill and blast techniques for 
mining crystalline rock create numerous fractures i n  the access shafts and i n  
the dr i f t s ,  thus accentuating the potential for  groundwater migration from 
overlying water-filled zones. The created fractures w i l l  complicate the ' 
adequate long-term sealing of the shafts. 

Section A . 3 ,  page A-7, fourth paragraph Considerable number o f  areas i n  the 
north-central United States are underlaid by ancient crystalline rocks. , These 
areas have undergone several periods of glaciation. I f -  future glacial advance 
i n t o  these areas were to occur, i t  would have the potential, because o f  the 
weight o f  the ice mass, to  temporarily decrease the fracture size t h u s  



@decreasing permeability and hence, water flaw. However, g lac ia l  re t reh t  may 
lead t o  Isos ta t i c  rebound and extensive fracturing. 

Section A.4, page A-7 and A-8, f i r s t  paragraph 
inclusions o f  i r on  pyr i te ,  marcasite, and other minerals are common wi th in  
large shale bodies and w i l l  contribute to. the variables involved i n  assessing 
a shale repository. 

Section A.4, paqes A-7 throuqh A-9 
although essential ly impermeable, near-comercia1 quanti t ies o f  natural gas 
have been found w i th in  the shale a t  many loca t ims,  especially i n  the Ohio- 
Michigan area. These areas, because o f  t h e i r  sedimentary or ig in ,  are likewi!le 
i n  regions underlaid occasionally by extensive o i l  and gas deposits and evapo- 
r i tes .  A potent ia l  preemption o f  natural resources may r b s u l t  i f  repositorfes 
are considered i n  these areas. Likewise extensive d r i l l i n g ,  re la ted t o  explo- 
ra t i on  f o r  o i l ,  gas, and other resources, has occurred over a period o f  near'y 
100 years. The locations o f  many o f  these holes have not been recorded and 
t h i s  would present problems i n  assessing the i n t e g r i t y  of a repository. 

Section A.5, pages A - 9  and A-10 Since t u f f ,  by de f in i t ion ,  is located i n  
volcanic areas, the potent ia l  f o r  renewed volccnic a c t i v i t y  should be con- 
sidered f o r  assuring long-term i so la t i on  o f  the waste. 

It should be noted tha t  

The documeh% does not discuss that, 

, I  - : 
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Specific Comments - Appendix B 
A 

Section 8.3.3, page 8-5, first paragraph 
fault should be presented. The definition.should address*(l) when a fau-lt i,s- 
classified as "active" and (2) what constitutes a level of activity'such that 
the fault is considered inactive. 

Please define what constitutes a sufficient period o f  quiescence such that the 
volcanic hazard is nonexistent. 

The definition of an "active'j- 

Section 6.5.1, page B-15, second paragraph 
Salina region may t e  low, the selection of the,design earthquake should not. 
necessarily be based upon an event occurring in the Salina Basin. For exam-: 
ple, although numerous nuclear power plants are located within the Salina 
Basin, the design earthquake for each of these p1ants"is based upon an event 
in western Ohio, ncar Anna. A similar approach should be taken for selecting 
the controlling earthquake for a repository located in the Salina region. 

Section 8.5.1,  page B-15, third paragraph Hydrocarbon exploration has been 
conducted within t5is region for nearJy a century. 
tory wells may h a w  penetrated the salt beds; however, the locat ions o f  many 
o f  these wells are unknown and not recorded. If we17 sealing was inadequate, 
salt solutioning through communication with underlying and/or overlying aqui- 
fers may have occurred. 
wells may prove to be difficult within any proposed repository site area. 

Section B.4 through 8.8, pages B-6 through B-36 
for the regional studies, it should be noted that the site selection process 
should be cognizant of and minimize the preemption of natural resources. 

Section 8.6.1, page 8-25, second paragraph 
probably taken p1a;e within the Paradox Basin (even some activity within the 
Tertiary period) than the other basins, this aspect of siting should receive 
closer scrutiny. 

Though the seismicity 'in the 

Many of the older explora- 

The detection of these forgotten, perhaps solutioned, 

In the geology discussions 

Sitace more tectonic activity has 

Section 8.7.1, page B-27, first paragraph 
potential for additional hydrocarbon exploration within and adjacent to the 
many domes in the region will probably continue. 

Section B.8.1, page 8-35, first and second paragraph 
other candidate areas, current NRC siting positions resulting from nuclear 
power plant reviews (regarding capable faults, design earthquakes, etc.) 
should be considered when selecting a waste repository site, since three 
nuclear plants are presently located at the Hanford site. 

It should be noted that the 

As in the case of 
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0 
Speci f ic  Comments - Appendix 0 

Section 0.2, page D-5, Man-made penetrations 
so lut ion due t o  groundwater migrat ion through man-made openings (e.g., shafts, 
boreholes) can be minimized if ef fec t ive  long-term seal ing techniques are 
developed and used. 

The po ten t ia l  hazard o f  d is-  

Section D.5, page D-9, Natural resources The recoverable mineral resources 
underlying and over ly ing the s i t e  should receive carefu l  evaluation. 
t h i s  i s  one o f  the few s i t e  se lect ion c r i t e r i a  ci .e. ,  minimizing the unavoid- 
able c o n f l i c t s  w i th  actual or poten t ia l  resources) over which contro l  can be 
exercised, caution should be exercised before f i n a l i z i n g  the actual s i t e  
location. The success o f  administrat ive controls t o  r e s t r i c t  the access and 
exp lo i ta t ion  o f  natural  resources, such as potash, cannot be assured beyond 
the short-term. 

Since 
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8 Specific Comments - Appendix F 

Appendix F 
the various incineration and immobi 1 i z a t i o n  processes and the properties of 
the result ing products. 

The discussion should be expanded t o  describe i n  greater d e t a i l  

- 
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Specific Comments - Appendix G cr3 
Section G.2,  paqes G-1 through G-4 It was stated in Section G.l that X/Q 
values were calculated using the MESODIF model instead of AIRDOS-11. 
fore, the AIRDOS-I1 X/Q routine description should be replaced with a brief 
summary o f  MESODIF. 

There- 

Section G.3, page G - 5 ,  second equation 
sistent for X (pCi/m3) and Cim (rem-cm3/uCi-hr). 

The volumetric units are not con- 

P105 



Spec i f i c  Comments - Appendix H 

Section H.4.1, page H-48, f i r s t  paragraph Based upon the methodology 
presented i n  Regulatory Guide 1.76 and WASH-1300, i t  i s  estimated t h a t  t h e  
Design Basis Tornado (DBT) would be greater  than 300 mph r a t h e r  than the  
183 mph value stated. 

Section H.4.3 and H.4.4, pages H-57 and H-58 
v e r t i c a l  growth o f  plumes i n  a deser t  environment are l ess  than t h e  growth 
r e f l e c t e d  by the  Pasquil l / G i f f o r d  plume spread parameters. Therefore, f o r  
atmospheric d ispers ion ca lcu lat ions,  i t  i s  suggested t h a t  t h e  use o f  t h e  
spread parameters which r e f l e c t  t he  lessened v e r t i c a l  growth o f  plumes i n  a 
deser t  environment be considered. (For examttle. see G. R. Yanskev. 

It has been observed that  the  

Section H.4.3, page ti-58, f i r s t  paragraph 
model described ir. d r a f t  Regulatory Guide 1 . X X X  was used. 
the p r o b a b i l i t y  l e v e l  used i n  a d d i t i o n  t o  t h e  X/Q equations?) 
the  use o f  the d r a f t  guide. 

Section H.4.6, pages H-61 through H-64 A discussion w i t h  conclusions should 
be included regarding the poss ib le  c l i m a t i c  changes t h a t  could adversely 
a f f e c t  the repos i to ry  i n  the  long-term f u t u r e  (e.g., g l a c i a t i o n ,  temperature, 
and p r e c i p i t a t i o n  changes). 

It i s  n o t  c l e a r  i f  the  e n t i r e  
(For example, was 

Please descr ibe 

Section H.4.6, page H-63, f o u r t h  paragraph 
f u t u r e  g l a c i a t i o n ,  the e f f e c t  o f  C02 atmospheric bui ldup, which could cause 

I n  the  discussion on present ar,d 
. .  

excessive warming, should be addresied. 

Section H.8.4, page H-100, f i r s t  paragraph 
from man-induced atmospheric changes, r e s u l t i n g  i n  e i t h e r  increased o r  
decreased temperatures and r a i n f a l l  and consequent increased a l l u v i a t i o n  or  
erosion. Also,  the impact o f  t ime and eros ion on the removal o f  evidence o f  a 
repos i to ry ’ s  existence, thereby increas ing t h e  p o t e n t i a l  v i o l a t i o n  o f  t h e  s i t e  
by d r i l l i n g  and mining, should be addressed. 

Describe the e f f e c t s  r e s u l t i n g  

A 
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- . . . . . . . . . . . . . 

Speci f ic  Comment - Appendix J 

Figure J-1, page 5-2 
the v i c i n i t y  o f  the WIPP reference s i t e ,  inc lud ing a number o f  deep producing 
and abandoned gas wells. 
several aquifers. 
could r e s u l t  i n  uncontrol led solut ioning, an assessment should be made o f  t h i s  
potent ia l  mu1 t iple-source so lut ion ing and the e f f e c t  of ) .his poten t ia l  hazard 
on the proposed s i te .  The effect iveness ( p r i ~ , : ~ . , . , ~ ~ i y e v i t y )  and nature of 
the well  seal ing upon abandonment o f  each we l l  should be addressed. 

This f i gu re  depicts d r i l l  holes o f  various types i n  
63 

These wel ls  penetrate the s a l t  horizons as we l l  as 
Since borehole communication w i th  aqui fers and the s a l t  

Considering the mult i tude of hydrocarbon re la ted  d r i l l  holes i n  the study 
area, i t  i s  imperative t h a t  a l l  ex i s t i ng  holes Le located, p a r t i c u l a r l y  w i t h i n  
zones I, 11, and 111 on Figure J-1. 
and v e r i f i c a t i o n  methods used t o  determine the presence ( o r  absence) o f  hydro- 
carbon holes w i th in  the study area should be presented. 

A de ta i led  descr ip t ion o f  the procedures 

Section 3.1.1, page J-1, t h i r d  paragraph Since a number o f  exploratory 
holes have been made w i th in  the s i t e  area, any hole seal ing t h a t  may have been 
completed should be evaluated w i th  respect t o  any po ten t ia l  so lu t ion ing o r  
reposi tory i n t e g r i t y  hazards which may have been created. 

Discuss the methodclogy being considered t o  remove ex i s t i ng  borehold sealant, 
i f  it was determined necessary t o  do so. 

Section J. 1.1 , page J-1, four th  paragraph 
used by DOE i n  selecting the 26 l i n e  miles of seismic data. The discussion 
should address whether a l l  o f  the avai lable data were examined f o r  evidence o f  
s t ruc tu ra l  anomalies instead o f  using a se lect  ( o r  random) sampling o f  data. 

Please discuss the procedures 

Figure 5-2, page 3-4 
seismic data ac tuz i i y  obtained by DOE (see Section J.l.1, page J-1, f ou r th  
paragraph). 

The f i gu re  should del ineate the 26 l i n e  mi les o f  

Section 3.1.7,  page 5-6 ,  second paragraph A c learer  assessment o f  the 
probable subsurface condit ions expected t o  be encountered w i t h i n  the s a l t  
horizons can be made by inspect ing working mines. 
t h i s  assessment, please provide a common map showing the reference s i t e ,  
working and abandoned mines o f  a l l  types w i t h i n  a t  l eas t  15 mi les o f  the 
reference s i t e ,  and designating those mines examined c lose ly  by DOE o r  i t s  
contractors. 

Therefore, t o  accommodate 

Section.J.2.1, page 5-32, second paragraph As i n  the case o f  subsurface 
v e r i f i c a t i o n  a t  nuclear power p lan t  s i tes,  it i s  recommended t h a t  photographic 
coverage be made o f  a l l  shafts and d r i f t s  f o r  review by cognizant agencies or 
indiv iduals.  
deserving special at tent ion.  

Intensive geologic mapping should be conducted a t  those areas 
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Section 5.2.1,  page 5-32, fifth paragraph 
seismometers, subsurface instruments established at varying levels either 
within the mined area or elsewhere may prove valuable in assessing the varia- 
tion of any possible ground motion with increasing depth. The information 
obtained may permit a more economical design of shafts and drifts, as well 

future guidance in selecting one of the many alternative disposal methods 
suggested in the GEIS. 
construction in order to acquire potentially valuable background data. Some 
consideration should be given to the possibility of maintaining some instru- 
mentation beyond the operational phase o f  the f;cility in order to acquire 
information that can be applied toward the design of future repositories. 

In addition to surface.. 

I enclosed equipment. Additionally, such information may be useful in providing 

Perhaps these instruments could be installed prior to 
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aecjfic Comments - Appendix K 
Appendix K 
model. 
using the model should be discussed in detail. 
Section 9.5.1.3, page 9-103. ) 

6d 

More detail should be provided on the hydrologic transport 
For example, the method used to represent (simulate) the WIPP system 

(See the applicable comment on 

Section K.2.1, pages K-9 through K-20 
system in the WIPP area. 
the aquifers in the WIPP area to accessible waters (e.g., Pecos River) in the 
region would be helpful in reviewing the basis for the release scenario selec- 
tion and the points of reference in the consequence calculations (see Section 
9.5.1.3). 

This section discusses the aquifer 
A group of schematics showing the relationship of 

Section K.2.2, page,K-21, second paragraph The document states that the 
transport calculations "generally assume that the events in the scenarios 
begin'1,OOO years after the repository is sealed." It is implied in Section 
9.1.5.4 (page 9-115, first paragraph) that calculations are made for deter- 
mining event conseauences assuming that the repository is breached after 100 
years. Please clarify this apparent discrepancy. 

Section K.2.2, page K-21, fourth paragraph The document concludes that the 
consequences of a scenario beginning with a 1 OO-year breach "are not affected 
significantly if it begins 900 year; later." 
for containing the calculational results for supporting this conclusion. 
However, Section 9.5.1.4 presents only the results of a Cs-137 concentration 
calculation for 100 years (see Figure 9-21, page 9-121). To provide a basis 
for the conclusion in question, the results of a 700-year repository breach 
should be elaborated with at least a figure similar to Figure 9-20, page 9-12! 
(i.e., bounding cal xlation for the concentration of all radionuclides). 

Section 9.5.1.4 is referenced 

The document states that it is not important to model events at early times 
because "the travel times to the biosphere are so long that only the long-lived 
nuclides are still active when the contaminated aquifer water is discharged. I' 
The staff points out that this conclusion is valid only for long travel times. 
The two controlling parameters are path length (assumed as 14 miles) and rate 
o f  nuclide release (assumed to be equal to rate of salt dissolution). 
values assumed for each of these two controlling parameters are not conservative. 
Thus, early time evants may be important and should be factored into the 
model. 

The 

Section K.3.1, page K-23 
the page, "13.4 square miles" should be changed to "13.4 square meters." 

In the first sentence after the third equation on 

Section K.3.3, page K-24 The effects of uncertainties in radionuclide 
transport by groundhater estimations should be discussed, including some 
estimation of their magnitude. 
for the distribution coefficients be encompassed by the upper values for 
transmissivities presented in the consequence calculations in Section 9.5? 

For example, would uncertainties in the values 
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SUITE 800 0 2120 L STREET, NW WASHINGTON, DC 20037 

JuL . I  2 1979 

Mr. Eugene Beckett 
WIPP Project Office 
Mail Stop B - 107 
Department of Energy 
Washington, D. C. 20545 

Dear Mr, Beckett: 

This to acknowledge receipt of the draft environmental impact state- 
ment (EIS) titled, "Waste Isolation Pilot Plant'' (DOE/EIS-0026-D). 

The Water Resources Council has no comments to  offer regarding 
this EIS. 

x c  Leo M. Eisel 

Director 

MEMBERS: SECRETARIES O F  AGRICULTURE. ARMY,  COMMERCE, ENERGY,  HOUSING A N D  U R B A N  DEVELOPMENT, 
INTERIOR, TRANSPORTATION; ADMINISTRATOR. E N V l  RONMENTAL PROTECTION AGENCY - OBSERVERS: ATTORNEY 
GENERAL; DIRECTOR, OFFICE O F  MANAGEMENT A N D  BUDGET; CHAIRMEN, COUNCIL O N  E N V I R O N M E N T A L  QUALITY,  
TENNESSEE V A L L E Y  AUTHORITY BASIN INTERAGENCY COMMITTEES; C H A I R M E N  A N D  VICE CHAIRMEN, R I V E R  BASIN 
COMMISSIONS 
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COMMENTS FROM STATE AGENCIES 
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crs 0 Kd /JAY S. HAMMOND, Governor 

POUCH AD 
JUNEAU, ALASKA 9981 1 
PHONE: 465-3512 

I OFFICE OF ' -8  THE 2 6OVBHBpliT4D 
DIVISION OF POLICY DEVELOPMENT AND PLANNING 

June 28, 1979 

M r .  Eugene Beckett 
WIPP Pro jec t  Off ice  
Mail Stop B-107 
Department of Energy 
Washington, D.C. 20545 

Subject: Waste I s o l a t i o n  P i l o t  P lan t  DEIS 
S t a t e  I . D .  No. 790523023s 

Dear M r .  Beckett: 

The S t a t e  Clearinghouse has completed i t s  review of t h e  subjec t  proposal. 
The following comment w a s  received from the  Alaska Department of Commerce 
and Economic Development: 

"The subjec t  of the  EIS is  obscured by omission of t he  main purpose 
from t h e  t i t l e .  The word ' rad ioac t ive '  should be included f o r  
c l a r i t y .  WIPP appears  t o  be as good an acronym as any but f o r  
c l a r i t y ,  some indica t ion  of t he  nuclear purpose should be provided. 

"The purpose of t he  waste i s o l a t i o n  p l an t  appears  t o  be eventual 
permanent s torage  of nuclear wastes. Ret r ieva l ,  however, may 
become more des i r ab le  i n  t h e  fu tu re ,  when new techniques and treatment 
of processes can make t h e  present waste valuable. The d iscuss ion  
of t h e  waste handling f a c i l i t y ,  meanwhile, speaks i n  terms of t en  
and twenty year retrieval periods and capacity t o  year 2000. 
appears incons is ten t  except f o r  a s t r i c t l y  experimental i n s t a l l a t i o n .  
Investment i n  t h e  p l an t  w i l l  be considerable,  however, and long- 
term use should a l s o  be p a r t  of t h e  plan. 
d i sposa l  and experimental p l an t  is essential  t o  developing accept- 
a b l e  procedures f o r  nuclear power and o the r  app l i ca t ions  o r  radio- 
a c t i v e  materials. 

This 

The proposed waste 

"The objec t ive  appears t o  be t o  ge t  a p o s i t i v e  program developed 
and operating a t  the  earliest opportunity. 
f i t  t h a t  ob jec t ive ,  and a l s o  appears t o  have s u f f i c i e n t  room f o r  
expansion as new information is  developed. 

Al te rna t ive  12 seems t o  

"One very d e f i n i t e  requirement f o r  a l l  government documents which 
d e a l  with acronym designations should be a l i s t i n g  of t he  acronym's 
meanings. I' 
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Mr. Eugene Beckett -2- June 28, 1979 

We would stress that this DEIS refers to one specific method operating 
in one pilot plant. 
largely on the provision of safe storage and disposal of nuclear wastes. 
All methods of disposal and storage should be explored, at least theoretically, 
while realizing that specific applications will be subject t o  the EIS 
process prior to implementation. 

Thank you for the opportunity to comment. 

The future of nuclear development will depend 

Jerry L. Madden 4 S tate-Fed era1 Coordinator 

JLM: BR: cl 

cc: Bertram Wagnon, CED 
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. .  

a. Applicant Name 
b. Organization Unit 

d. Ci ty e .  County : 

: Department of Enercly 
: WIPP Project Office 

___- 
(Name & telepltoitr no.) 

lemental Grant E-Other 
1% tcr appropriate Irtter(s) 

10. Area of project impact (Natriesoj cities, coutrtic 

Statewide, Arizona ' .  

___.___ -. - 
19. Existing federal iderit 

_______ 
26. Organizational Unit 27. Administrative office 

29. Address 

Ycnr i t t o i i t / i  da.v 

Year moiir/i du,v 

amendment 37. 17emarks added 

c. Other 
d. Deferred 

e. Withdrawn ____ ~ _l____l_-_-. 

38. 
Federal 
A-95 action 

424-101 

a. In  taking above action, diry comments recelvt!d from cleailrig- 
houses were considered. If agenc? response is due under Provisions 
of Part 1, OMB Circular A-95, it has been or i s  being mada. 

h. Federal Agency A-95 Off ic ia l  
(Nntnc, atid t&plrotre tritt,rher) 

Standard Form 424 Page 1 (10-75) 
Pwscribrd by (i.S.4, Fc11crd h ~ l n t i n ~ ~ c t r i o i t  Circular 74- 7 P-115 



STATE OF CALIFORNIA-THE RESOURCES AGENCY 

DEPARTMENT OF CONSERVATION 

EDMUND 0. BROWN JR., Gwer 

DIVISION OF MINES AND GEOLOGY 
DIVISION HEADQUARTERS 
1416 NINTH STREET, ROOM 1341 
SACRAMENTO, CA 95814 
(Phone 916-445-1825) 

September 19, 1979 

Eugene Beckett 
Waste Isolation Pilot Plant Project Office 
Mail Stop 8-107 
Department of Energy 
Washington, D.C. 20545 

Dear Mr. Beckett: 

Enclosed please find a discussion of the "Waste Isolation Pilot 
P1 ant" Department o f  Energy draft Environmental Impact Statement 
0026-D. I hope this information will be useful to you. 
be of further service please advise. 

. 

I f  I can 

,/ ,." State Geologist 

Enclosure i.' 

I 

I 
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STATC'OF CALIFORNIA-THE RESOURCES AGENCY EDMUND G. BROWN JR., Governor 

ENERGY RESOURCES CONSERVATION 
DEVELOPMENT COMMISSION 

WE AVENUE 
SACGMENfO, CALIFORNIA 95825 

(91 6)920-6815 

September 6, 1979 

Mr. Eugene Beckett 
WIPP Pro ject  O f f i ce  
Mai l  Stop B-107 
Department o f  Energy 
Aashington, D.C. 20545 

Dear Mr. Beckett: 

The Nuclear Fuel Cycle Committee o f  the Ca l i fo rn ia  Energy Commission i s  
pleased t o  submit the attached comments on the D r a f t  Environmental Impact 
Statement on the Waste I s o l a t i o n  P i l o t  Plant (DOE/EIS-0026-D). 
comments are spec i f i c  t o  the DEIS  as sent out  f o r  review; however, because 
the DOE has t e n t a t i v e l y  changed the scope o f  WIPP because o f  Congressional 
desires, we have included an addendum addressing some o f  the impl icat ions o f  
having an unlicensed TRU waste reposi tory.  

Our 

We have been cheered by the i n c i t e f u l  review o f  the federal waste manage- 
ment program i n  the "Report o f  the Task Force f o r  luuclear Waste Management'' 
and the  "Report t o  the President by the Interagency Review Group on Nuclear 
Waste Management", the " I R G  Report". The WIPP DEIS  i s  out  o f  step w i t h  i t s  
predecessors. The WIPP DEIS uses the I R G  Report t o  provide a set  o f  ''pro- 
grammatic object ives" by which t o  rank a l ternat ives,  but i t  f a i l s  t o  f u l -  
f i l l  the promise o f  the I R G  t h a t  TRU waste management s t ra teg ies would be 
thoroughly evaluated i n  subsequent documents. Instead the WIPP D E I S  uses 
ten ta t i ve  p o l i c y  object ives as though they were f i r m  po l i cy  based on a l t e r -  
nat ives analyses. Such an approach no t  on ly  comprises the f a i t h  t h a t  the 
pub l i c  has placed i n  the DOE, but  i t  also v io la tes  the proper order o f  form- 
u l a t i n g  programmatic object ives subsequent t o  environmental considerations. 

The major f a u l t  o f  the WIPP DEIS  i s  fundimental: i t  i s  not  an environmental 
impact assessment a t  a l l .  Instead o f  evaluat ing a l ternat ives,  inc lud ing no 
act ion,  on the basis o f  environmental c r j t e r i a  as required under the National 
Environmental Po l i cy  Act o f  1969, the no1 ac t ion  a l te rna t i ve  i s  re jected as 
being unacceptable i n  the long term, and1 the remaining a l te rna t ives  are 
ranked on the basis o f  t en ta t i ve  programmatic ra ther  than environmental c r i -  
t e r i a  because a l legedly  "there i s  no c lear  environmental basis for  choosing 
among the remaining a l ternat ives."  
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Mr. Eugene Beckett 
Page 2 
September 6, 1979 

Environmental bases f o r  ranking have been compromised i n  p a r t  by proposing 
a selected s u i t e  o f  a l ternat ives.  We propose the a l te rna t i ve  o f  an exten- 
s ive  research and development program a t  WIPP wi thout the premature disposal 
options. This a l t e rna t i ve  has lower shor t  term and long term adverse im- 
pacts than the ranked a l te rna t ives  i n  the WIPP DEIS. 

Because the WIPP DEIS  c l e a r l y  f a i l s  t o  f u l f i l l  NEPA requirements, I recom- 
mend t h a t  i t  be withdrawn u n t i l  the matur i t y  o f  the s c i e n t i f i c  basis f o r  
the geologic disposal concept i s  s u f f i c i e n t  t o  j u s t i f y  the issuance o f  a 
considerably rest ructured DEIS. - - MIL10 E. VARA I N I .  I11 

Commissioner 
Presiding Member, Nuclear Fuel 

Cycle Committee 
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Department of Local Affairs 
Colorado Division of Planning 

Philip H. Schmuck, Director 

September 4,  1979 

Richard D. Lamm, Governor 

M r .  Eugene F. Beckett 
WIPP Pro jec t  Leader 
Off ice  of Nuclear Waste Management 
Department of Energy 
Washington, D.C. 20545 

SUBJECT: Draf t  Environmental Impact Statement 
Waste I s o l a t i o n  P i l o t  P l an t  

Dear M r .  Beckett: 

The Colorado Clearinghouse has received t h e  above-referenced Draf t  Environ- 
mental Impact Statement and has  d i s t r ibu ted  i t  t o  in t e re s t ed  s ta te  agencies. 
Comments received from t h e  S t a t e  Highway Department and the  Off ice  of Energy 
Conservation are enclosed f o r  your information. 

Thank you f o r  t he  opportunity t o  review t h i s  matter. 

Sincerely , 

Stephen 0. E l l i s  
Chief Planner 

SE/MK/vt 
Enclosures 

cc: Off ice  of t he  Governor 
Department of Highways 
Off ice  of Energy Conservation 
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STATE OF DELAWARE 
EXECUTIVE DEPARTMENT 

OFFICE OF MANAGEMENT, BUDGET, AND PLANNING 
OFFICE OF THE DOVER. DELAWARE 19901 PHONE: (302) 678.427 1 

DIRECTOR 

June 5, 1979 

Mr. Eugene Beckett 
WIPP Project Office 
Mail Stop B-107 
Department of Energy 
Washington, D.C. 20545 

Dear Mr. Beckett: 

RE: DRAFT EIS, DOE/EIS-OOE6-D, WASTE ISOLATION PILOT PLANT 

The Office of Management, Budget and Planning, in its function as the 
State Clearinghouse, has reviewed the subject EIS and has no comments 
to offer at this time. 

Sincerely, 1 
I 
I 

-%-- Nathan Hayward I11 ~ 

Director 

fb 
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R.G.Whlttlm, Jr. 
STATE KANNWQ D(IIEcc1oI) 

OF W R I D A  

Division of State Planning 
Room 530 Carlton Building 

TALLAH ASSEE 
32304. 

(904) 488- 2 0 1  

May 30, 1979 

Bob Graham - 
SCIIETARV 01 A W Y E  
Jim Tait 

Mr. Eugene Beckett 
WIPP Project Office 
Mail Stop B-107 
Department of Energy 
Washington, D.C. 

Dear M r .  Beckett: 

Functioning as the s t a t e  planning and development clearinghouse 
comtemplated i n  U.S. Office of  Management and Budget Circular A-95, 
we have reviewed the following draf t  environmental impact statement: 
Waste Isolation P i lo t  Plant, SA1 79-2123E. 

During our review we referred the environmental impact statement 
t o  the following agencies, which we identified as interested:  
Department of Environmental Regulation, Department of Health and 
Rehabilitative Services, Department of Natural Resources, Bureau of 
Land and Water Management, and the State  Energy Office. 

Agencies were requested t o  review the statement and comment on 
possible e f fec ts  that actions contemplated could have on matters o f t h e i r  
concern. 
comments regarding t h i s  project.  
received by t h i s  clearinghouse we sha l l  forward them immediately. 

A s  of t h i s  date the reviewing agencies have not submitted any 
If l e t t e r s  of review and comment are  

In accordance with the Council on Environmental Quality guidelines 
concerning statement on proposed federal actions affect ing t h e  environment, 
as required by the National Environmental Policy Act of 1969, and U.S. Office 
of Management and Budget Circular A-95, t h i s  l e t t e r ,  with attachments, should 
be appended t o  the f inal  environmental impact statement on t h i s  project. 
Comments regarding t h i s  statement and project contained here in  o r  attached 
hereto should be addressed i n  the statement. 

We request that  you forward us copies of the  f i n a l  environmental fmpact 
statement prepared on t h i s  project.  

Sincerely, 

p-121 R. G. Whittle, Jr., D i r e c t d  



.TWIN TOWERS OFFICE BUILDING 
2600 BLAIR STONE ROAD 
TALLAHASSEE, FLORIDA 32301 

STATE OF FLORIDA 

DEPARTMENT OF ENWIRONMENTAL 

July 27, 1979 

Mr. Eugene Beckett 
WIPP Project Office 
Mail Stop B-107 
Department of Energy 
Washington D.C. 20545 

Dear Mr. Beckett: 

Please consider this public document. As a systems analyst, 

it expresses a number of my own concerns regarding the WIPP pro- 

ject. 

Sincerely, 

J. S. Sherman 

JSS/j s 

Enclosure 

A 

original typed on 100% recycled paper 
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OF ENVIRWMENTAL REGULATION 

INTEROFFICE MEMORANOUM 
- -  -- -- 

TO : John Outland, Intergovernmental Review Section 

FROM: Don Kell, Bureau of Permitting 

DATE : June 21, 1979 

SUBJECT: Draft EIS, Waste Isolation Pilot Plant (WIPP), 
Appendices, and Attachments, DOE 

I have reviewed subject documents and am concerned about the 
following initial statements: 

"This...(EIS) has been prepared..,to assess the environ- 
mental impacts of constructing and operating ... (WIPP)." 
*The draft EIS  is intended to serve as environmental imput 
(sic) into future decisions..." 

"Analyses show that there are (sic) no significant radio- 
logical health impacts resulting from the alterna€ives 
considered, and that there are no clear environmental bases 
for choosing among alternatives..." 

I believe it can be shown that subject documents aannot stand as 
a legitimate statement of the long term environmental impacts of 
WXPP. The bulk of this memorandum is devoted to supporting this 
view . 
If subject documents cannot stand as a legitimate WIPP environ- 
mental impact statement, then they cannot logically serve as 
input for future decision making regarding these impacts. 

If DOE'S first two statements are false, then the third, that 
WIPP would present no significant radiological health impacts, 
would be meaningless-at best. 

If all three statements are false, then an extreme positive bias 
toward waste isolation and burial would be demonstrated on the 
part of DOE. 

Consider the follow1ng"sample of quotations taken from subjeot 
documents which illustrate the breath of DOE'S apparent bias: 
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"Southeas tern 
is monotonous 

New Mexico is arid ... The site (Figure 7-1) 
in aspect and covered with desert vegetation ... - 

Ranch buildings are many miles apart...one sees an occasional 
windmill, ... drilling rig, or grasshopper pump." 
ice ages t a k e  pldce within 10% of the time required for some 

of the wastes that would bc associated with WIPP to decay. Popu- 
lations come and g o  following climatic changes. Entire civili- 
zations last but 4 0  - 50  generations, while these wastes would 
still be hazardous after 50,000 generations. Except for immediate 
impacts concerning construction and socioeconomic interactions 
(on the order of 0.01% of total WIPP radiation-impact time), these 
statements appear to be entirely irrelevant, and further demon- 
strate a positive bids on the part of DOE toward waste burial in 
repositories. 

"...(WIPP) is part of thc national program f o r  the permanent 
disposal of radioactive waste. It stems from two decades of 
analytical, laboratory, and field study ..." 

This statement conveys the impression of steady, unbroken pro- 
gress at full effort for 30 years in each of the waste disposal 
areas. In fact, that 20 years of effort represents a series of 
relatively minor, uncoordinated attempts at providing a "techno- 
logical fix" for the nuclear waste problem, each attempt meeting 
ultimately with failure as the record shows. 

"This document is concerned only with decisions concerning 
atransuranic-waste depository, an intermediate-scale facility, 
and associated experiments. 'I 

The entire WIPP review process has  become too highly fragmented. 
Looking only at small pieces of the project conveniently avoids 
analysis of the project's total impacts. Bergson's argument that 
a collection of anatomical parts cannot comprise a living, func- 
tioning human being is applicable and profound. A description 
of man's separate components would miss all the essential elements 
of humanity. 

"...experiments performed with all types of nuclear waste 
will answer technical questions about the disposal of waste, 
including HLW, in salt ... thus gaining further experience in 
designing repositories." 

This statement contradicts the original justification for utilizing 
burial facilities, which claimed that the needed "technology al- 
ready exists". The clause, to "build a base of empiracle data," 
implies that even the basic information upon which tentative 
repository designs would be based does not exist, a fact abundantly 
reflected in other DOE documents. 

63 
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"...the Waste Acceptance Criteria Steering Committee (still 
has not developed workable criteria). ..Data for quantifying 
the criteria are being developed ... The criteria are con- 
stantly evolving and ... reflect only interim proposals ... con- 
tinually subject to revision." 

A circular argument has b en developed: WIPP cannot be designed 
without WACST criteria, yet these criteria cannot be finalized 
until WIPP is completed and put into operation. But WIPP cannot 
legitimately be put into operation until this data is compiled. 

". . .to avoid unnecessary costs.. . 'I 
Cost cannot be an object concerning research on a facility of such 
unprecedented import. Already there are in existence upwards of 
a thousand billion curies of HLW that would be buried in reposi- 
tories. .To subject research on these materials to the agencies 
of economy and haste would be to foredoom the project to "exped- 
iencies" voiced by vested industrial, financial, and political 
interests. 

"Sixteen people live within 10 miles of the center of the 
proposed site (page 1-3) ... Thirteen people live within 10 
miles of the proposed site (page 7-1)." 

Such a glaring contradiction of even unimportant data belies DOE'S 
solemn presentation of "hard scientific fact". 

"This is a truncated list of the isotopes present in com- 
mercial high-level waste (Table E - 4 ,  Appendices) ... This is 
a truncated list of the isotopes present in one spent-fuel 
assembly (Table E-5, Appendices) . It 

Such "truncated lists" conveniently eliminate more than 80% of 
all actinides-and daughters, and.95% of fission products from the 
high level wastes, and .more than 70% of all actinides and daughters, 
and 95% of all fission products from the spent-fuel assembly. 
represents an incredible omission of fact, and is further evidence 
of DOE'S bias toward waste burial in repositories. 

"Hamstra (1975). . .compareb the' hazards of buried waste to 
those of buried uranium ore and concluded that deeply buried 
high-level waste is safe after about 1,000 years o f  burial...; 
Gera (1975)̂ . .comp d thelhazard of nuclear waste to the 
hazard of unburie raniufn - mill tailings piles..'.Gera con- 
cluded that- the w e decays to a safe level in 100,000 years." 

This 

I 
Aside from the' fa 
from each other .by 2 orders of1 magnitude in time, both conveniently 
ignore the fact that the kinds of materials and radiation in VlUClear 

. that these1 positively biased guesstimates vary 

- 
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wastes differ fundamentally from those in the original Uranium 
ore and tailings. Compared with some 37 naturally occurring 
species of Uranium, Thorium, and respective daughter products in 
both the ore and tailings, some 6 8  actinides and daughters, 300 
fission products, and an indefinite number of neutron activation 
products have been identified in spent fuel and HLW. There are, 
whatismore, no Plutonium and higher  transuranides (such as Americium) 
in Uranium ore or mill tailings. The biochemical properties of 
most of the spectrum of radionuclides in spent fuel and HLW is 
unknown. 

"The site ... is near a drainage divide ... separating two major 
and actively developing solution-erosion features.,.The prin- 
cipal groundwater aquifer of the region is the Capitan Forma- 
tion ... Groundwater in the Capitan ... has been heavily pumped 
for oil field flooding. These withdrawals have lowered the 
potentiomerie surface (of the Capitan). . . 

Depending upon final hydraulic gradients, contaminated groundwater 
from the site could move into the Capitan aquifer which currently 
is in heavy use. The movement of contaminants into the Capifan 
might be slow if.the relatively low transmissibilities reported 
are true; however, later statements regarding "rocks (that are) 
strongly jointed, cavernous, and locally brecciated" cast doubt 
on the pump test derived transmissibilities. Furthermore, the 
million years required for the decay of much of the waste com- 
ponents would provide ample opportunity both for the transmission 
of contaminated wastes into the Capitan, and for major climatic 
and tectonic events which might completely alter the present qeo- 
hydrology of the area. 

"Deformation related to salt flow has occurred ... accompanied 
by artesian brine flows ... rocks exposed there are strongly 
jointed, cavernous, and brecciated ... The Pecos Valley (in 
which the WIPP site is located) has widespread solution- 
subsidence features." 

"The greatest deformation in the evaporite sequence at  ... the site 
seems to be spatially related to a structural trough trending 
northwest - southeast and parallel to the base of the Capitan 8 
miles north of the site. This trough is 3 to 4 miles wide. .. 
The belt of deformation includes salt flow structure...Anderson 
(1978) has attributed some localized depressions within the eva- 
porite units to "deep dissolution". . .these "deep-seated sinks" 
may be related to other collapse features ... as different stages 
of a general erosion ... dissolution of 100 - 200 feet of salt has 
modified the surface and subrjurface structure...In the.,.mining 
district. ..there has been subsidence during and after underground 
mining. I' 
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Wells have penetrated major faults beneath the burial area. Major 
structural features l i e  to the East of the site a few miles. The 
old Ouachita mountain rmyc and structures lie to the Southeast 
only 125 miles. The aryument that, because an area has been 
tectonically stable for millions of years, that area is suitable 
for waste disposal activities is not a good one. Tectonic acti- 
vity may be long overdue and might erupt at any time through 
reactivation of the old structures. Who would drive across a 
million year old bridge? That such a bridge were still standing 
would be amazing; it would definitely not be safe to drive across. 

"(The site lies within a) seizmic zone where the probable 
maximum intensity would be VIII...From April 1974 to October 
1977, 291 events identified as earthquakes were recorded by 
a station (CLN) 4 miles from the center of the site...rock- 
falls and ground cracking were reported at an active potash 
mine (following earthquake events on July 2 6 ,  1972 and Nov- 
ember 29, 1974) ... Very little is known of the effects of 
earthquakes underground." 

Even if major earthquakes occurred with a frequency of only one 
per 1,000 years, the repository would still be subject to 1,000 
major seizmic events before most of its waste had decayed to safe 
levels. 

To any competent geologist, the aforequoted statements on earth- 
quakes and structures would appear ominous. It is incredible that 
their significance has been omitted or gone completely unrecognized 
by DOE. The following statements thereby are rendered absurd; 

"Ventilated air...will* pass through a filtration system before 
release to the atmos here whic t prevent the re- 
lease of H 3 ,  C 1 4 ,  Krg5, I1 4 g ,  1!!3f~~tt lgg and ather gases). 
The release will be continuously monitored.,.administrative 
controls will be established to prevent deep drilling, mining, 
or other activities. ..fences and other security measures (like 
sealed doors and periodic inspection) will be needed to pre- 
vent public access. 'I 

To speak of administrative controls, monitoring, filtration Systems, 
and fences that would need to be maintained for several million 
years is absurd. Even if man and organized society still existed, 
and these stopgaps could be so maintained, the spectacular costs 
associated would reduce WIPP's B/C ratio to essentially zero. 
Such stopgaps, furthermore, imply the embryogeny of a 'gairrison 
state" so widely predicted by critics. 

Because truth regarding the future impacts of nuclear waste burial 
is evidently unknowable now, and must remain unknowable for at 
least a half million years, due to the infinite number of  "inCal- 
culables't that lie in the far future, the determina*ion oE "truth" 

, 
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hds evidently been deemed not only unnecessary by DOE, but posi- 
tively undesirable. My recommendations follow accordingly: 

Regarding the f i v e  major decisions under consideration by DOE 
(page iii): 

Ill. Whether to pursue the construction of the proposed 
...( WIPP), a mined repository for the disposal of transuranic 
wastes, with an initial period of retrievable emplacement." 

No; unless only for purposes of pure research on a small scale 
(no more than 100 spent fuel assemblies, a corresponding amount 
of HLW, and positive prohibitions against use of the facility for 
disposal for 100 years or more).* Accordingly there cou-ld be no 
plans for retrievability of wastes other than those wastes which 
had been used for pure research. Retrievability would have the 
-effect of jeopardizing the integrity of any repository design. 
If wastes are percieved as having value, then they are obviously 
not wastes, and should be stored at the reactor site. 

"2. Whether the WIPP should include an intermediate-scale 
facility in which up to 1,000 assemblies of spent fuel from 
commercial electricity-generating reactors would be disposed 
of, with an initial period of retrievable emplacement." 

No; covered under 1. above. 

" 3 .  Whether the WIPP should include a research-and-develop- 
ment facility in which experiments with all types of nuclear 
waste, including high level waste, can be performed.'' 

Only under conditions described for 1. above. 

" 4 .  What the timing and location of the WIPP should be." 

1990 - 2090, under conditions described for 1. above. 
"5. Whether to commit land now for a potential repository 
site in Eddy County, New Mexico". 

No; this would be premature. Any such committment should be pre- 
dicated upon 100 years of pure research as in 1. above. New Mexico 
was picked partly because it is not politically strong. Repeated 
surveys have revealed that the New Mexican people are overwhelmingly 
against such a committment. Even DOE's review of letters received 
revealed that New Mexican citizens were opposed 2 to 1. 

Regarding DOE's actions and intentions to date, the following words 
by W.H. Auden seem particularly apt: 
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"Oh dear white cklildren casual as birds, 

so small beside their large confusing words, 
playing among t he ruined languages , 
so gay agdinst the greater silences; 

Of dreadful thincis you did, oh hang the head 
impetuous child with the tremendous brain. 

Oh weep child, 011 
weep away the ~tain.. . 'I 

* DOE should be given ample opportunity to demonstrate its con- 
tinued faith in the pcbrfectability of science and technology in 
the future. Experimental facilities, constructed with prohibitions 
against future uses, should be designed, built, and adequately 
tested by exhaustive means. If, eventually, such experimental 
development results in a prototype repository unit suitable for 
actual use, that unit should be mothballed for at least 100 years 
while second, third, and even fourth generation units are developed. 
If these later units could be developed, then earlier units would, 
by definition, be infcrior, and thereby unsuitable for use in a 
project of such import that any imperfection whatsoever could be 
of incalculable impact. 

In the meantime, above ground, plant-site disposition of wastes 
could provide for adequate storage, access, retrievability, and 
monitoring, as well as for decreased transportation hazards, a 
realistic public vision of the magnitude of the waste storage 
problem, and the elimination of the current propensity toward 
"expeditious" burial of wastes in an out of sight, out of mind 
fashion. Should solar disposal prove feasible during the time 
of advanced repository development, or should waste generation 
for one reason or another be terminated, then solar disposal  
should be seriously considered, as should those other alternatives 
of promise being simultaneously explored. 

Above ground containment of spent fuel for a hundred years or more 
would provide a more nearly sufficient time period for thermql 
cooling of those wastes. Such a period would minimize thermal 
geologic disturbances and consequent damages to any repository 
that might come to be employed, thus minimizing the likelihood 
of jeopardizing that repository's containment integrity in a 
fashion that could not provide for safe, permanent isolation o f  
materials which, by the year 2000,could provide enough radiation 
to kill or deform every person on earth 1000 times. 
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Clark T. Stevens 
Director 

TO : M r .  Eugene Beckett, 
WIPP Project Office, Mail Stop B107 
Department of Energy 
Washington, D.C. 20545 

4 

FROM: Badger, Administrator 
Georgia State Clearinghouse 
Office of Planning and Budget 

DATE : September 17, 1979 

SUBJECT: RESULTS OF STATE-LEVEL REVIEW 

Applicant: Energy, U. S. Department 
I 

Project: Draft EIS DOEIEJS - 0026-D 
Waste Isolation P i lo t  Plant 

State  Clearinghouse Control Number: 79-05-14-10 

The State-level review of the above-referenced document has been completed. As a result of 
the environmental review process, the ac t iv i ty  t h i s  document was prepared for  has been founc 
t o  be consistent with those State  social, economic, physical goals, policies, plans, and 
programs with which the State is concerned. 

The following State  agencies have been offered the opportunity to  review and comment on 
t h i s  project: 

cc: Barbara Hogan, DNR 

Enclosure: 

Department of Natural Resources 
Office of Planning I Budget, Executive Dept. 

I 

Comments prepared by Department of Natural Resources, dated Sept. 10, 1979 I CHB:if  

A 
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a o c  p. aaruroo 
COYYIWIONPW 

270 WASHINGTON ST.. 8.W. 

ATLANTA. GEORGIA 30334 
(404 I 656.3500 

September 10, 1979 

M E M O R A N D U M  

To: Chuck Badger, administrator 
State Clearinghouse 

VBOM : Barbara A. Hogan, Coardinator ,y,g/f$ 
Comprahensdwe R s w i e w  c 

HSSUE: Completion of Department of Natural Resources Review of 
State Cbearinghouee Control Number 79-05-14-10 

".,ICh"f: U.S. Dept. of Energy 

PROJECT: Draft EIS - Waste Isolation Pilot Plant 
FEDERAL AGESCY: DOE 

Because of the location of this project and constraints on staff time,the 
Pepartmsnt of Natural Resources does not have any comments to offer on this 
project a t  t h i s  bbme. 

W / p s  : l h  

cc: Jim Benson 
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STATE OF ILLINOIS 

EXECUTIVE OFFICE OF TEE GOVERNOR 

BUREAU OF THE BUDGET 
SPRINQFIILD 627Q6 

June 22, 1979 

Mr. Eugene Beckett 
WIPP Pro jec t  Off i c e  
M a i l  Stop B-107 
Department of Energy 
Washington, D.C. 20545 

Dear Mr. Beckett: 

RE: DEIS: Waste Isolat ion P i lo t  Plant, DOE/EIS-0026-D 
SA1 #79 05 09 60 

The I l l i n o i s  S t a t e  Clearinghouse has  reviewed t h e  referenced subjec t  

S t a t e  agencies which 
pursuant t o  the  National Environmental Pol icy A c t  of 1969, OMB Circular  A-95, 
Revised and t h e  adminis t ra t ive  pol icy of t h e  State. 
are authorized t o  develop and enforce environmental standards have been given 
t h e  opportunity t o  comment on t h i s  subjec t .  
on the  referenced subjec t .  

No comments have been received 

Thank you f o r  your ass i s tance .  

Respectfully yours, 

T .  E.  Hornbacker, DireEtor 
I l l i n o i s  S t a t e  Clearinghouse 

TEH/ li 
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STATE BOARD OF HEALTH 
An Equal Opportunity Employer 

Address Reply to: 
Indiana State Board of Health 

1330 West Michigan Stfeet 
Indhpdio, IN 46206 

TO : M r .  Roland J. Mross 
Federal Aid Director 
Harrison Buflding 

Attention Indiana S t a t e  Clearinghouse 

W i l l i a m  T. Paynter, M. D. /// 
S t a t e  Health Commissioner 

FROM: 

SUBJECT: A-95 Projec t  Review 
S t a t e  Iden t i f i ca t ion  No. 190 50 0 o 00 
P&:S 
\CJ-=-4c 3-5~\G-A,- 7 \ 6 4  *+ 
The G-Q Indiana 

State Board of Health has reviewed t h e  documents forwarded 
from your o f f i c e  on 
the comments as checked elow. 

nlq, r e l a t i v e  t o  the  subjec t  pro jec t  and o f f e r s  

No comments. 
No object ions t o  t h i s  proposal. However, plans and spec i f ica t ions  fo r  

t he  indicated (x) heal th  and san i t a ry  fea tures  must be submitted for  
review and recommendations f o r  appropriate  approvals p r i o r  t o  con- 
s t ruc t ion .  

( ) Water production 
( ) Water d i s t r ibu t ion  
( ) Sewage co l lec t ion  
( ) Sewage treatment 
( ) Solid waste management 
( ) 
( ) 
( ) 

Fuel combustion and inc inera t ion  
Long-term nursing care f a c i l i t i e s  
Schools, hospi ta ls ,  community hea l th  f a c i l i t , c s ,  jail+ v -  + r. 7 :, - 7 : r, ’:.,; ,Tz 7 

( ) Other cii ikt \;z 2, t,, i:= 5- 
. -  

( ) Cannot endorse t h i s  proposa1:for t h e  following reasons: -, ‘4RY 11 
!!! 1 $979 

( ) 

( ) 
( ) 
( ) Other 

The cornunity is on the sewer ban list 80 addi t iona l  sanitary.., ... 
The pro jec t  s i t e  is inadequate for t he  intended purpose. 
The economic soundness o f  t h e  proposal is questioned. 

sewer connections are prohibited.  
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Clearinghouse Use Only 

I State Identification No. I 
5/91 79 Date Received 

Review Terminated 6/9/79 

INDIANA STATE CLEARINGHOUSE 
A-95 RESPONSE 

@ 

TO: Mr. Eugene Beckett 

I 79 0 501 0000 I 

Project Description (Nature, Purpose, Location): 

Draft Environmental Impact Statement (DOE/EIS-0026-D) Waste Isolation Pilot Plant 
USDOE 

Federal Program Title; Agency and FDA Catalog Number. 

Amount of Funds Requested 

The following agencies have reviewed the above project and make the following disposition concerning this 
application: 

of Natural Resources John Feingold 
Reviewing Agency Contact Person 

FAVORABLY UNFAVORABLY WITH COMMENTS 
xx 

Board of Health Jon Satrom 

Reviewing Agency Contact Person 

UNFAVORABLY WITH COMMENTS 
No comments 

FAVORABLY 

Energy Group Clarence Broadus 
Reviewing Agency Contact Person 

FAVORABLY UNFAVORABLY WITH COMMENTS 
No comment. 

The A-95 response, along with any reviewing agency comments is to be attached to your formal application 
being submitted to the appropriate Federal Agency. These comments will be kept on file in the State Clearing- 
house for one year. 

fA  P LW June 18, 1979 
Indiana State Clednghou.36 Date 
State Planning Services Agency 
143 West Market Street, Suite 300 
Indianapolis, Indiana 46204 
3171633-4346 P-134 
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STATE OF KANSAS 

DIVISION OF STATE PLAXNINC AND RESEARCH 
9th Fioor-M:lI.; Building 

109 W. 9:h 
Topeka. Kansas 666 t 2 

May 30, 1979 

D r .  Colin A. Heath 
Division of Waste I so la t ion  Re: U.S. Dept. of Energy 
M a i l  Stop B-107 
U.S. Department of Energy 

Draft  Environmental Impact Statement 
Waste Iso la t ion  Pilot Plan t  

Washington, D.C. 20545 #DEIS/DOE - 7208 

The referenced p ro jec t  has been processed by the Division of S t a t e  Planning 
and Research under i t s  clearinghouse r e s p o n s i b i l i t i e s  described in Circu la r  
A-95. 

After  review by i n t e r e s t e d  state agencies,  i t  has been found t h a t  the pro- 
posed p ro jec t  does not adversely a f f e c t  state plans. 
concerning t h i s  p ro jec t  for your information and r e f e r r a l .  We do ask t h a t  
you submit 2 copies  of your f i n a l  grant  appl ica t ion  f o r  ou r  f i l e s  at t he  
t i m e  you submit your appl ica t ion  t o  the  funding agency. P l e a s e  be sure t o  
include our S t a t e  Application I d e n t i f i e r  (SAT) number on the a p p l i c a t i o n  
and any f u t u r e  correspondence. 

Enclosed are comments 

Sincerely,  

Paul V. DeGaeta 
A-95 Coordinator 

.PVD: j c  

cc : 
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C. Frank Hsrscher, 111 
Seeretaw 

COMMONWEALTH OF KENTUCKY 
DEPARTMENT FOR NATURAL RESOURCES AND ENVIRONMENTAL PROTECTION 

OFFICE OF THE SECRETARY 
OFFICE OF POLICY AND PROGRAM ANALYSIS 

CAPITAL PLAZA TOWER 
FRANKFORT, KENTUCKY 40601 

PHONE 6021 564-7320 

October 2, 1979 

-Mr. Eugene Beckett  
W.I.P.P. P ro jec t  O f f i c e  
Mai l  Stop B-107 
Department o f  Energy 
Washington, D. C. 20545 

RE: D r a f t  Environmental Impact Statement on Waste I s o l a t i o n  

Dear Mr. Beckett: 

P i l o t  P lan t  

The D r a f t  Environmental Impact Statement prepared on the pro- 
posed Eddy County, New Mexico, Waste I s o l a t i o n  P i l o t  P lan t  has 
been c i r c u l a t e d  t o  selected Kentucky Environmental Review Agencies 
fo r  t h e i r  comments. No comments have been returned by them. We 
would l i k e  t o  review the f i n a l  repo r t  when i t  becomes avai lab le.  -... .-_- . 

Sincerely,  

Boyce R. Wells 
Environmental Review Coordinator 

Governor 

BRW: bsc 
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Harry Hughes 
GOVERNOR 

Mr. Eugene Beckett 
WIPP Project Office 
Mail Stop B-107 
Dept. of Energy 
Washington, D .  C. 20545 

M A R Y L A N D  

D E P A R T M E N T  O F  S T A T E  P L A N N I N G  

301 WEST P R E S T O N  S T R E E T  
BALTIMORE,  M A R Y L A N D  21201 

TELEPHONE: 301-383-2431 

June 25, 1979 

Constance Lied.er 
S E C R E T A R Y  OF S T A T E  PLANNING 

E I S )  REVIEW 
Applicant: U. S .  Department of Energy 
Project: Draft EIS - Nuclear Waste Isolation Pilot Plant: 

State Clearinghouse Control Number: 79-5-1203 
State Clearinghouse Contact: James W. McConnaughhay (383-2467) 

(DOE # EIS-0026-D) 

Dear. Mr. Beckett: 

The State Clearinghouse has reviewed the above Statement. I n  accord-mce with 
the procedures established by the Office of Management and Budget Circular A-95, 
the State Clearinghouse received comments from the following: 

Denartment of Natural Resources, Department of Economic and Comiunitv Developnent,l 
including their Historical Trust section, Department of Transportation, Depart- 
ment of Aqriculture, and our staff noted that the 53atement appears to adequately 
cover those areas of interest to their agencies. 

Environmental Health Administration provided comments (copy attached) indicating 
that continued indecision on the part of the nati.ona1 leadership regarding a 
national nuclear spent: full waste management policy will. probably cause leas 
desirable temporary and local alternatives to be util-ized. 

The State Clearinghouse appreciates your agency's attention to the A-95 review 
process and hopes that the referenced comments will be useful in your continuing 
evaluation of this project. 

Chief, State CleariXghouse 
JWM:BG:mmk 

cc: Lowell Frederick/ Wm. Wadsworth/ Clyde Pyers/ M a x  Eisenberg/ Henry Silbermanr 
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F/NC 

CLIFF FINCH 
GOVERNOR 

OFFICE OF THE GOVERNOR 
Planning 6i Coordination 

1303 Walter Sillers Building 
JACKSON, MISSISSIPPI 39201 

354-7018 

STATE CLEARINGHOUSE FOR FEDERAL PROGRAMS GEORGE F. NEWMAN 
DIRECTOR 

TO: United States Department of Energy STATE CLEARINGHOUSE NUMBER 
WIPP Project Office 
Mia1 Stop B-107 79051710 
Washington, D.C. 20545 

Attn: Mr. Eugene Beckett 

-- 

DATE: September 7, 1979 

PROJECT DESCRIPTION: NATIONWIDE 

Draft Environmental Impact Statement (DOE/EIS-0026-D) FJaste 
Isolation Pilot Plant. Volume 1 of 2. 

The S t a t e  Clearinghouse, i n  cooperation w i t h  the state agencies interested 
or possibly affected, has completed the A-95 review of the project described 
above. 

None o f  the state agencies involved in the review had comments or recornrnenda- 
tions t o  offer a t  th i s  time. 
and we encourage appropriate action as soon as possible. 

This concludes the State Clearinghouse review, 

A copy o f  this l e t t e r  is t o  be attached t o  the application as evidence of 
cornpl lance w i t h  the A-95 requi rernents. 

Lester Howel 1 , C o o r F  tor 
Clearinghouse for Federal Programs 
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CLIFF FINCH 
GOVERNOR 

OFFICE OF THE GOVERNOR 
Planning & Coordination 

1303 Walter Sillers Building 
JACKSON, PvllSSlSSlPPl 39201 

354-7018 

STATE CLEARINGHOUSE FOR FEDERAL PROGRAMS 
GEORGE F. NEWMAN 

DIRECTOR 

TO: United States Department of Energy STATE CLEARINGHOUSE NUMBER 
WIPP Porj ect Off ice 
Mail Stop B-107 
Washington, D.C. 20545 

Attn: Mr. Eugene Beckett 

--- 79051711 
-- ___ 

DATE: September 7, 1979 

Draft Environmental Impact Statement, Waste Isolation Pilot Plant. 
DOE/EIS - 0025-D. Volume 2 of 2 Appendices. 

The Sta te  Clearinghouse, i n  cooperation with the s t a t e  agencies interested 
or possibly affected,  has completed the A-95 review o f  the project described 
above . 
None o f  the s t a t e  agencies involved i n  the review had comments o r  reconmenda- 
tions t o  of fe r  a t  this time. 
and we encourage appropriate action a-s soon as  possible. 

Th’is concludes the S ta te  Clearinghouse review, 

A copy o f  this l e t t e r  i s  t o  be attached .to the application a s  evidence of 
cornpl i ance with the A-95 requi rernents. .- 

/ 
Lester Howel 1 , Coordi ndtor 
Clearinghouse f o r  Fyera l  Programs 
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Joseph P. Teardale 
Governor 

State of Missouri 
OFFICE OF ADMINISTRATION 

P.O. Box 809 
Jefferson City 65102 

William D. Dye, Director 
Division of Budget and Planning 

June 26, 1979 

Mr. Eugene Beckett 
WIPP Project Office 
Mail Stop 8-107 
Department of Energy 
Washington, D.C. 20545 

Dear Mr. Beckett: 

Subject: 

The Division of Budget and Planning, as the designated State Clearinghouse, 
has coordinated a review of the above referred draf t  environmental impact 
statement w i t h  various concerned o r  affected state agencies pursuant t o  
Section 102(2)(c) of the National Environmental Policy Act. 

79050148 (Waste Isolation Pi lo t  P lan t )  

Enclosed please f i n d  the comments received. None of the other state agencies 
involved i n  the review had comments or  recommendations t o  offer a t  this t me. 

We appreciate the opportunity t o  review the statement and anticipate rece 
the final environmental impact statement when prepared. 

C . m .  Lois Pohl  
Chief, Grants Coordination 

LP:cm 

Enclosure 
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STATE O F  NEVADA 

1 1  8 35 GOVERNOli'S OFFICE OF PLANNING COOR+N+TIO.N 
CAPITOL COYPLCX l / l .  % - -  

CARSON CITY. NEVADA 89710 
(7021 805-4065 

J u l y  5,  1979 

D r .  C o l i n  A.  Heath  
D i v i s i o n  of Waste I s o l a t i o n  
N a i l  Stop B-107 
U.S. Dept Energy 
Washington D.C. 20545 

RE: S A 1  NV # 79300067 P r o j e c t :  DOE/EIS 0046-D 
79300068 DOE/SIS 0026-0 

Dear D r .  Heath: 

A t t a c h e d  are t h e  comments from t h e  f o l l o w i n g  affected S ta t e  
Agencies :  D i v i s i o n  of Env i ronmen ta l  P r o t e c t i o n , a n d  Dept. of 
Energy c o n c e r n i n g  t h e  above r e f e r e n c e d  projects .  

These  comments c o n s t i t u t e  t h e  S t a t e  C l e a r i n g  house  r e v i e w  of 
t h i s  proposal. 
or summary report . P l e a s e  a d d r e s s  t h e s e  comments i n  t h e  f i n a l  

S i n c e r e l y ,  

/Mike  Nolan for 
Robert M. H i l l  
State P l a a n i n q  C o o r d i n a t o r  

R E I  : md 

'Enc losu res  

r _ .  

. .  
.., . 

7-31-39 - Xerox cy to :  
E. Hardin, AL and 1 cy to R.M. 'Nelson, MI. 
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September 6, 1979 
BRUCE KING - 

Thk Honorable Charles Duncan " 

Secretary of Energy 
U.S. Mpartment of Energy 
M a i l  Stop 86031 
Forrest a1 Build ing 
Washington, D. C. 20585 

Attention: Mr. Eugene Beckett 
WIPP Project Leader 

Dear Secretary Duncan: 

I wish to congratulate you o n  your recent appointment as Secretary of 
Energy. 
accepted will have a tremendous impact on the future of our country. 
look forward to working cooperatively with you and your administration to 
meet the energy needs of our Nation. 

As you know, the State of New Mexico and the Department of Energy (DOE) 
have been working cooperatively through a process of consultation and 
concurrence to review and evaluate the proposed Waste Isolation Pilot 
Plant (WIPP) in Southeastern New Mexico. 
process has been the issuance of a Draft Environmental Impact Statement 
(DEIS) by your Department. 
the leadership of Secretary of Finance and Administration David W. King 
I n  conjunction with the Radioactive Waste Consultation Task Force, and 
Oncludes comments from all relevant Cabinet Departments, the Environmental 
Evaluation Group (EEG), and the Governor's Advisory Committee on WIPP. 
comments are enclosed for your consideration. 

We have found three major deficiencies in the DEIS--those portions dealing 
with transportation, emergency preparedness, and socioeconomics. 
areas have been ,recognized by both federal agencies and Congressional delegates, 
and various efforts have been initiated to remedy them. 
to the three major DEIS deficiencies cited are the health and environmental 
conterns expressed by the EEG and the Governor's Advisory Comittee on WIPP 
which have analyzed the scientific and technical aspects of the DEIS. 
evcluations have revealed a number of areas that should be addressed in the 
final EIS or supplemental documents. 

I know your work will be rewarding and the challenge you have 
I 

An important stage in this 

Our review of this draft was carried out under 

These 

These problem 

Of equal importance 

Their 
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&e Eonorable Charles Duncan 
September 6, 1979 
Page Two 

It is my request t h a t  the  transportation and emergency preparedaess Issues 
bey adequately addressed through the preparation of supplements to the DEIS 
and that these supplements be reviewed by Nesv Mexico p r io r  to cbmpletion of 
the  final EIS and p r i o r  t o  the in i t i a t ion  of T i t l e  I1 activities. W e  con- 
sfder  i t  important that progress on the  project i t s e l f  should be synchronized 
with progress in t h e  area of transportation, since the success of the project 
w i l l  depend on the  resolution of a number of important technical and ins t i tu t iona l  
issues pertaining t o  transportation. 

The socioeconomic issue,  currently being studied by the S ta t e  of New Mexico 
under a grant from t h e  DOE, must also be thoroughly evaluated as t o  Its ultimate 
impact on the State.  
are not the same, the Sta te  and the DOE need t o  jo in t ly  define how the socio- 
economic study r e s u l t s  can be fu l ly  incorporated through the consultation and 
concurrence process. 
t o  the technical and s c i e n t i f i c  issues raised by the EEG. 
be addressed in the  context of the current negotiation with the S ta te  on con- 
sul ta t ion and concurrence. 

Because the study completion date and the f i n a l  EIS date 

A similar def ini t ion needs t o  be determined with respect 
These issues  should 

In the event t h a t  the DOE I s  unable t o  issue supplements on the  inadequate 
portions of the DEIS f o r  timely review pr ior  t o  the publication of the f i n a l  
EIS, then I must declare  the en t i r e  DEIS Inadequate. 
mental studies can be prepared and the weaker sections of the DEIS can be 
brought up t o  standard i n  time t o  be incorporated in the  final EIS. 

Since the issuance of the  DEIS in April, there have been important changes In 
the mission of the  WIPP project. 
vas anticipated that couuuercial spent fue l  would be Included in the  scope of the 
project. Commercial w a s t e  has now been eliminated, and the project has reverted 
t o  a f a c i l i t y  f o r  the permanent disposal of defense transuranic w a s t e s  and for 
research and development on high-level waste. 
whether the DEIS I n  Its present form is an adequate representation of the proposed 
scope of the project.  
t o  comercial  waste be removed pr ior  t o  the publication of the f i n a l  EIS. 

It I s  my hope tha t  supple- 

0 

When the State  i n i t i a t ed  the DEIS reviews, it 

This raises the question of 

Under the circumstances, I would request t h a t  references 

With t h i s  change of mission, it also appears tha t  the sense of nat ional  urgency 
associated with a spent fue l  disposal capabili ty has been removed from the project. 
We understand from hearings before the House Oversight and Investigations Sub- 
committee and other  federal  sources tha t  there  is no immediate hazardous con- 
d i t ion  existing a t  current transuranic waste storage sites, and t h a t  we have 
gczned suf f ic ien t  time t o  adequately evaluate a l l  aspects of the WIPP as well as 
other a l te rna t ive  disposal sites. 
f fha l  EIS should spec i f ica l ly  ident i fy  the intended scope of the  project,  in- 
cluding estimates of the amounts and types of radioactive material t o  be permanently. 
or  temporarily located in  the  repository. 

In  t h i s  connection, it is important tha t  the 

We expect t o  par t i c ipa t e  In  the 
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The Honorable Charles Duncan 
September 6, 1979 
Page 3 

determination of the final Prcope of the project w3th the DOE through the 
consultation and concurrence process which is now being defined. 

Ilkcause of the complexity of the WIPP, it is necessary that the final EIS 
address and respond to all issues identified in the review process. 
agencies identified many potential costs in reviewing the effects of this 
project on their operations. 
quantified in the final statement. Of great importance among these costs 
fs the liability resulting from loss  of life or property related to a project 
accident or nuclear waste transportation accident. We believe that this issue 
should be comprehensively addressed in the final EIS, including an evaluation 
of the adequacy of the Price-Anderson Act and the extent of federal and state 
liability. 

We have stated on many occasions that the WIPP should be licensed by the 
Nuclear Regulatory Commission. 
the health and safety of New Mexicans will not be compromised. 
of consultation and concurrence will also help to meet our concern for health 
and safety by providing for active State participation in decision making on 
the WIPP. 
but it must be appreciated that any approval given to the final EIS will not 
represent the State's final concurrence on the WIPP project. 

To assure continued positive communication and coordination, the flow of in- 
formation and documentation must be further improved. 
the State's Radioactive Waste Consultation Task Force and the A-95 Clearinghouse 
should receive pertinent documentation and notification of all meetings or 
hearings. Financing should continue to be provided to enable the State to 
carry out its own independent evaluation of the project. 

State 

These costs must be further explained and 

The licensing process will help ensure that 
The process 

The EIS process is an integral part of consultation and concurrence, 

In addition to the EEG, 

We further suggest that a summary of the main conclusions of the final EIS 
should be provided in both English and Spanish languages. Consideration should 
a l s o  be given to translation into appropriate Indian languages for those tribes 
likely to be impacted by the WIPP. 

The attached review provide details of the State's DEIS review. We sincerely 
hope that our commentsaid you in the evaluation of such a complex project and 
we stand ready to assist you in whatever way we can. 

Hncerely , 

BRUCE KING 
Governor 

At tachmgnt 
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New Mexico Bureau of Mines dk Mineral Reswrces 
Socorro. NM 87801 

A DIVISION OF 
NEW MEXICO INSTITUTE OF MINING & TECHNOLOOY 

September 5, 1979 

Mr. Dennis Rivera 
State Planning Division 
527. DOG Gaspar Santa. Fe, NM 87503 

Dear Mr. Rivera: 

Our economic geologists, petroleum geologists, hydrogeologist, 
environmental geologist- chemist, mining engineer, petrologist, 
mineralogist and mining geologist reviewed the draft EIS for 
WIPP, April 1979. 
Geological Characterization Report WIPP Site, prepared by Powers 
et al., Sanaa Labs, 1978.. 

Some aspects of the detailed geologic controls, transportation, 
mining and depository construction, hydrogeology and mineral 
resources development are site specific and require constant 
investigation as work proceeds. 
plan are needed to adjust to minor variances in these factors. 

We had reviewed in detail a draft of 

Minor modifications of development 

The area is tectonically stable, salt solution appears to be 
relatively slow, and other geologic factors are reasonably 
favorable. Transportation safeguards appear adequate. Mining 
and construction plan for subsurface and surface facilities is 
conservative with safety aspects emphasized. 

Potash reserves probably will be lost; slant drilling may 
recover gas and oil resources. Loss of these mineral resources 
is our major criticism of the site. 

Sincerely yours, 

Frank E. Kottlowski 
Director * 
m W j p  

cc: mgene Beckett t 
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BRUCE KING 

DAVID W. KING 

ODVERNOR 

m A R Y  

STATE OF NEW MEXICO 
DEPARTMENT OF 

FINANCE AND ADMINISTRATION 
PLANNING DIVISION 

ANITA HISENBERG 
DIRECTOR 

September 11, 1979 

M r .  Don Schueler 
Project  Manager 
WIPP Pro jec t '  Off ice  
U.S. Department of Energy 
Albuquerque Operations Off i c e  
Post Off ice  Box 5400 
Albuquerque, New Mexico 87115 

Dear M r .  Schueler: 

505 DON GASPAR AVEN 
=\MA FE. NEW MEXICO E 

I5051 8273073 
(505) 827-5191 

Enclosed f o r  your information is a copy of t h e  S t a t e  of New Mexico's review 
of t h e  Draf t  Environmental Impact Statement (DEIS) on t h e  Waste I so l a t ion  
P i l o t  P lan t  (WIPP). This review c o n s t i t u t e s  t he  S t a t e ' s  o f f i c i a l - r e s p o n s e  
t o  t h e  Department of Energy on t h e  DEIS of t h e  proposed WIPP pro jec t .  

This review is comprised of four  s ec t ions  based on reviews compiled by t h e  
S t a t e  Planning Division, t h e  Governor's Advisory Committee op WIPP, the  
Universi ty  of New Mexico's Economic Resource Group and t h e  Environmental 
h ra lua t ion  Group. 
is not provided i n  t h e  enclosed document. 
or can be acquired by d i r e c t  request  t o  them. 

The repor t  conducted by the  Environmental Evaluation Group 
That review w i l l  be  sent  t o  you 

I f  you d e s i r e  f u r t h e r  information on t h i s  matter, pleas-e contact  Dennis Rivera 
I n  Santa Fe a t  827-5191. 

Sincerely,  

Anita Hisenberg. 6 
Direct or 

AH: j eh 

Enclosure 

P-146 



- . . - . . - . . . . . - . . - . . . . - . . . . . -. - - - - - . 

H 
-E 

A 
"equa l  o p p o r t u n i t y  employer"  3 

STATE OF NEW MEXICO 

f ENVIRONMENTAL EVALUATION GROUP 
320 E Marcy Street 

P 0. Box 968 
department Santa Fe, N.M 87503 

[5051827-5481 

-- I1 E 

September  7 ,  1979 

Mr. Don T .  S c h u e l e r  
W I P P  P r o j e c t  Manager 
Department o f  Energy 
Albuquerque O p e r a t i o n s  O f f i c e  
P .  0. B o x  5400 
A 1  buquerque , New Mexico 871  15 

Dear Mr. S c h u e l e r :  

Enclosed  you w i l l  f i n d  an advanced copy of  o u r  " R a d i o l o g i c a l  
Hea l th  Review o f  t h e  D r a f t  Environmental  Impact S t a t e m e n t  
(DOE/EIS-0026-D) Waste I s o l a t i o n  P i l o t  P l a n t ,  U .  S .  Department 
of  Energy",which i s  now be ing  r e a d i e d  f o r  d i s t r i b u t i o n .  
I was s u r e  t h a t  you would l i k e  t o  have a copy i n  advance 
o f  t h e  r e l e a s e  t o  t h e  news media.  

I am e s t i m a t i n g  t h a t  t h e  m a i n  d i s t r i b u t i o n  of  t h i s  document 
w i l l  begin Tuesday ,  September 1 1 ,  1 9 7 9 .  The r e l e a s e  t o  t h e  
news media w i l l  be on September  11 o r  12.  

Very t r u l y  y o u r s ,  
&- 

$d> 
Robert H. Neil1 
D i r e c t o r  

R H N : p t  , .  

E n c l o s u r e :  one 
* .  

Providing an independent analysis for the New Mexico Health and Environment Department 
of the proposed Waste Isolation Pilot Plant MIIPPI, a federal nuclear waste repository. 
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NEW MEXICO TECH 
THC CRADUATL O f f l C C  (505)  835-5513 

SOCORRO. NEW MEXICO 87801 
-I-. - - -- ---- - -- 

&y 18, 1979 

Cavcmor Bruce King 
Sta tc  Capitol Building 
Santa Fe, New Mexico 87503 

Dcar Cnvcrnor King: 

We are  writ ing t o  report  another recent act ion of our Advisory Comit tec  
on IWT. 

The following statcmcnt r c l a t i v c  to  Ptincral Resources and the \ h s t e  Isolation 
Pilot P l a n t  has been adoptctl .by imnnimous sgreemcnt : 

Wc cndorsc' thc findings o f  thc Foster Rcport t o  t he  
extent  t h a t  mineral rcsources a t  the  lCTPP S i t e  represent 
a t h r e a t  t o  long tcrm in teg r i ty  of a waste r e p s i t o y .  
.Judging from thc  NAS c r i t e r ion* ,  t h i s  would bc a basis 
f o r  questioning t h c  s u i t a b i l i t y  of thc XIPr Site .  

*No area w i t h  a prcsent or past  record of resource 
ex t rac t ion  o thcr  th,m f o r  bulk matcrials  won by surface 
quarrying, should bc considered as a geological s i te  
for radioact ive wastes. Ceolofiical C r i t c r i a  f o r  

Science, p. 13-15, August-3, 1978. 

A copy of Roy Foster ' s  rcport c n t i t l e d  'Ylineral Resources and the  WIPP Site," 
is attached. 
Force have concerning t h i s  action or the  report  i t s e l f  please don't hes i t a t e  
t o  contact-Roy or mcmbcrs of our Comit tec .  

If there  arc ilny qucstions tha t  you or mcmbers of the  Task 

Govcrnor's Advisory Commi ttcc / on IfIPP 

Mt: ccg 

A t  t achmcnt 
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STATE O F  NEW MEXICO 

@€€Ue af *&? pttmtq @ q a l  
DEPARTMENT OF JUSTICE 

P.0. Drawer 1508 
JEFF BINGAMAN 
ATTORNEY GENERAL s- 3% p. $It. m,!jm 

August 30, 1979 

United States Department of Energy 
Washington, D. C. 20545 

Re: DOE/EIS-0026-D, Waste Isolation Pilot Plant 
Our Ref. No. 30401-201/204/206 

Dear DOE : 

As comments by the Attorney General on the above indicated draft ' 

environmental impact statement, which DOE prepared in response to 
aerequest we made in April, 1978, enclosed please f ind  a copy of 
the testimony given by Attorney General Jeff Bingaman on August 10, 
1979, to the House Subcommittee on Oversight and Investigations 
of the Interior Committee. 
legal issues: 
at pp. 14-2, 2nd paragraph, and 14-7, paragraph 3) ; and (2) New 
Mexico's role of "consultation and concurrence" with respect to 
the establishment of WIPP. 

Our comments address the following 
(1) the Price Anderson Act (discussed in the DEIS 

Technical comments on non-legal issues raised by the DEIS will be 
provykd by other state agencies. 

Ver ' truly 

/+ La- . .  
/SkEVEN ASHER 
Assistant Attorney General 
Director, Energy Unit 
Consumer and Economic Crimes Division 

ccs: Governor Bruce King 
State Planning Division 
Attn: Mr. Dennis Rivera 
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SOUTHEASTERN NEW MEXICO 
ECONOMIC DEVELOPMENT DISTRICT 

P. 0. BOX 6639 R. 1. A. C. ROWELL, NEW MEXICO 88201 505- 34 7-5425 

NICK J. PAPPAS Executlva Direct0 \ 

~ - 

September 6, 1979 

M r .  Eugene .Beckett 
Department of Energy 
WIPP Project Office 
Mail Stop 8~-031 
Washington, D.C. 20585 

RE: Draft Environmental Impact Statement - Waste Isolation Pilot 
Plant 

Dear M r .  Beckett: 

In accordance with OMB Circular A-95, the Southeastern New Mexico 
Economic Development District (SNMEDD) has reviewed the above ref- 
erenced statement and offer the following comments: 

1. 

2. 

3 .  

4. 

The SNMEDD will defer judgement on potential environmental 
impacts to the Governor's Special Task force on WIPP which 
has the greatest expertise available for analysis of project 
related environmental concerns. 

The SNMEDD, which works closely with communities throughout 
t h i s  part of the state, fee ls  that the WIPP project can have 
positive benefits on the Lea and Eddy County economies and 
could also provide much needed diversification of the regions 
economic base. The project must, however, be carefully phased 
and properly funded so as not to create negative impacts that 
are typical of rapid growth or "sudden rise" boom town situations. 

The proposed project will directly benefit low and modexate 
income wage earners, including minorities, as the construction 
work force could approach 800 people, many of which will be 
hired locally. 

The SNMEDD Board has endorsed the WIPP project as a disposal 
site for defense generated waste and as a small-scale experi- 
mental site for diposal of commercial waste. The SNMEDD has 
not shown any support for permanent storage,of large amounts 
of commercial waste. 
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The project obviously represents a decision of enormous regional 
and statewide impact. This office will not pretend to speak for 
anyone other than an association of local governments, who had 
given preliminary endorsement to a concept that has been revised 
and amended substantially over the past five years. 
hesitate to contact this office if we can be of further assistance. 

Please do not 

Sincerely , 

Nick J. Pappas 
Executive Director 

BY : 

IXJi/dlg 

cc: Dennis Rivera - SPO 
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~ blRECTOk 

Seven LaWke 
CHAIRMAN- I Hoyrd  A. &Gee 

' SECRETARY- 
Charles Ingram 

YATES COUNTY PLANNING BOARD 

County Duilding Annex 
431' Liberty Street 

Penn Yon, New York 14527 

Phone (31 5) 536-2531 

Augublt 2 ,  1 9 7 9  

As a wunty .Ldenti$Led $oh nuCem mute di6pobaR &kin the  S&na S& WLn, 
Xhme A plur/ticuRah Ln.te~~e6.t among W z e n s  and public onganizlr/tians .to moniton Xhe 
ongoing he6eMch and devebpment, and any pmpobed p h  dedeing ulcth, nuCeeah waAte 
dibpo4aL. 

The Y.C.P.B. heviwed Zhe Vfr.a$X E . 1 . S .  $ O h  Xhe Waslte h o w o n  Paolt  Plant  i n  
C u b a d ,  N.M., and unanho~cs&y buppom the endbed hte60hLtiOn doh bubmLt2u.t a6 

hecognizea the h c h e a ~ i n g  need Xo d e v d o p  pa02 p l a n 1 2  doh dWLthm 

public comment. 

The 
heseahch on w X e  disposd; yet, a p j e c t  2he bwpe 0 4  Xhe pnapobed WlPP 

geologic env&nmem% and devbpmen t  a$ p.iLot p h n t ~  a$ l u a m  magnctude. 

a 
e conacCttment &in.u.nCiaeey and &J the c0ncep.t a$ wabte di4poba.t i n  h a l t  beds. 9 Rat m X h a n  $he WTW, Xhe B a d  buppo&t6 mom extensive hesmch  on a U  pobbible 

We appheciate .the oppoh tun i t y  20 comment on lthe pmpobed pmject .  

HAM/& 

Enc . 
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OIREOOR. 
wmw L&he 

CHAIRMAN-. ‘?5,. 
Howard A. McGee 

Roy Wood 

Charles Ingram 

VICE-CHAIRMAN- 

SECRETARY- 

YATES COUNTY PLANNING BOARD 

County Building Annex 
431 Liberty Street 

Penn Yon, New York 14527 

Phone (31 5) 536-2531 

WUEREAS, The U n L t e d  s;tate~ Vepaktmnt 0 6  Enmgy has &equated input &om 
;the genehae pubfic negdtLding the  pkopoaed Was.te Z~olaaXon PLtot Plan t  
i n  Caned bad, NW Mexico, and 

WHEREAS, tk i6 F o j e c t  WU be a pil0.t p / r o g m  t o  deterunine the  m & a b W y  

UffEREAS, Y a Z a  County, Nw Yohh  ha^ been identidied as p a ~ A  0 6  a gwtehae 

06 a& beds 6oh t he  d i s p o ~ d  0 6  &a&oac;tive wa.tu and, 

mgion 06  poaaibte  a d b W y  604 hadioac-tLve waste d i s p o ~ d  due .to 
Xhe S&na d a e t  bed geoLogLc doma&Lon, now thehedone be .it; 

RESOLVED THAT, t he  Y a t u  County Planning B o d  encowLageb the  compmheMaive . 

h u m c h  06 u6e 06 & poaaible tradioadve was.te diSp0ba.t media and 
d&hw be i.2; 

RESOLVEV TUAT, the  YaZu County Planning B o d  haeby e n w w g e b  t h e  
devbpment 04 am&  de on-ai.2e p i l o t  pnajec/ts don t he  tu;ting 06 
aU poas ib le  d o a c - t L v e  waste d i s p o ~ d  media and b a t h a ;  

RESOLVED TffAT, t h e  YaZu County Planning Bo& auppom cutr/taieed p i l o t  
pmjects wkich would n0.t involve the  h@h COAX and 6 a U y  c a p a d y  
06 .the popoaed  CarrRsbad, Nw Mexico, Waste Z a o M o n  P i L o t  P W .  
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North Carolin 
Department of Adminis 

116 West Jones Street Raleigh 27611 
A 

James B. Hunt, Jr., Governor 
Joseph W. Grimsley, Secretary 

Division of State Budget and Management 
<John A. Williams, Jr., State Budget Officer 
(919) 733-7061 

J u l y  3 ,  1979  

M r .  Eugene  B e c k e t t  
WIPP P r o j e c t  O f f i c e  
Mail S t o p  B-107 
D e p a r t m e n t  o f  E n e r g y  
W a s h i n g t o n ,  D .  C .  20545 

D e a r  M r .  B e c k e t t :  

R E :  SCH # 1 1 8 - 7 9 ,  D r a f t  E n v i r o n m e n t a l  I m p a c t  S t a t e m e n t  
(DOEIEIS-0026-D) Waste I s o l a t i o n  P i l o t  P l a n t  - US 
D e p a r t m e n t  o f  E n e r g y  

The S t a t e  C l e a r i n g h o u s e  h a s  r e c e i v e d  a n d  r e v i e w e d  t h e  a b o v e  
r e f e r e n c e d  p r o j e c t .  A s  a r e s u l t  o f  t h i s  r e v i e w ,  t h e  S t a t e  
C l e a r i n g h o u s e  f i n d s  t h a t  n o  comment i s  n e c e s s a r y  on t h i s  
p r o j e c t  a t  t h i s  t i m e .  

S i n c e r e l y ,  

C h r y s  B a g g e t t  (Mrs f )  

C 1 e a r  i n  gh oils e D i r e c t  o r  

CB:maw 
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NORTH DAKOTA STATE PLANNING DIVISION 
STATE CAPITOL. NINTH FLOOR - BISMARCK. NORTH DAKOTA 58505 

70 1-224.281 8 

June 1.4. 1979 

STATE INTERGOVERNMENTAL CLEARINGHOUSE "LETTER OF CLEARANCE" 
ON PROJECT REVIEW IN COMFORMANCE WITH OMB CIRCULAR NO. A-95 

To: U.S. Department of Energy 

STATE APPLICATION IDENTIFIER: 7905169556 

Mr. Eugene Beckett 
WIPP Project Office 

Department of Energy 
Washington, D.C. 20545 

Dear Mr. Beckett: 

Mail Stop B-107 

Subject: Draft Environmental Impact Statement for the Waste Isolation 
Pilot Plant. 

This Draft EIS was received in our office on May 15, 1979. 

Thank you for submitting your draft environmental impact statement for 
review and comment through the North Dakota State Intergovernmental 
Clearinghouse. 

Your draft was referred to the appropriate agencies, and no comments 
were received to this date. 

Please send me copies of the final environmental impact statement and 
any supplemental impact statements to the North Dakota agencies that 
have commented on the draft, and to this office. The opportunity to 
review your draft is appreciated, and if this office as Clearinghouse 
can be of further assistance with this project, please let me know. 

Sincerely yours, 
A 

k5Lf+udd& Mrs. Leonard E. Banks 

Associate Planner 

BAB/gd 
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30 EAST BROAD STREET 39TH FLOOR COLUMBUS, OHIO 43215 614 / 466-7461 

June 28, 1979 

Mr. Eugene Beckett 
Waste Isolation P i lo t  
Plant Project Office 
Mail Stop 8-107 
U .  S.  Department of Energy 
Washington, D .  C .  20545 

RE:  Review of Environmental Impact Statement/Assessment 
Ti t le :  Draft Environmental Impact Statement, Waste Isolation P i lo t  

SA1 Number: 36-471-0002 
Plant, April, 1979, U .  S. Department of Energy 

Dear Mr. Beckett: 

The S ta te  C1  ear i  nghouse coordinated the review of the above referenced 
environmental impact s tatement/assessment. 

Comments from the O h i o  Environmental Protection Agency s t a t e  t h a t  
inasmuch as the operations described i n  the subject document are out of 
the jur isdict ion of the State  of Ohio, there i s  no immediate concern w i t h  
this Draft Environmental Impact Statement (EIS). However, since Ohio has 
a well-established ongoing in te res t  i n  fuel cycle and radioactive waste 
disposal matters, this document has been examined w i t h  considerable in te r -  
e s t .  

A t  present, Ohio has an active commercial reactor b u i l d i n g  program; one 
u n i t  i s  operation, three are  under construction, one has been decommissioned, 
and fou r  more a re  i n  the p l a n n i n g  stage.  I n  a d d i t i o n ,  rad ioac t ive  waste i s  
generated a t  the Portsmouth isotope separations f a c i l i t y ,  the Mound Laboratories 
and the Fernald uranium feed f a c i l i t y .  If  the s,pent fuel from these reactors 
must ultimately be stored a t  a Federal Repository, such a program would be more 
easi ly  established if  the management of defense matters were fu l ly  in harmony 
w i t h  the commerci a1 waste program. 

I t  i s  also becoming increasingly apparent t h a t  the radioactive waste 
disposal i s  beset w i t h  a number of (non-technical) ins t i tu t iona l ,  pol i t ical  
and social barr iers  which are  more evident i n  the case of commercial reactor 
spend fuel elements than for  defense related wastes. T h i s  EIS'does not take 
these conditions into account. 

The following comments are  offered. 
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M r .  Eugene Beckett 
June 28, 1979 
Page 2 
WIPP 

C ncerni 
several comme 

1.  

2. 

the s 
; whic 

ec i f i c  a l ternat ives  which are  presented there are  
you will f i n d  pertinent. 

Alternative 1 ,  continue storage a t  the Idaho National 
Engineering Laboratory (INEL). While t h i  s "No Action" 
al ternat ive m i g h t  be cheapest, environmentally benign 
and backed by the greatest  experience, i t  also has the 
disadvantages of contributing nothing new or progressive 
to  the s t a t e  of the a r t  of radioactive waste management. 
I t  also m i g h t  add to  a public perception o f  the U .  S .  
Department of Energy's ( D O E )  inabi l i ty  or indecision to  
dispose successfully of defense wastes. 

Concerninging the other a l ternat ives .  
i f  the Department of Energy real ly  wishes to  move care- 
fu l ly  i n  incremental s teps ,  i t  would be pol i t ic  to  plan 
the f a c i l i t y  or iginal ly  t o  handle only CH (contact 
h a n d l i n g )  waste, as  much as t h i s  would take care o f  t h e  
greatest  b u l k  of the INEL waste easi ly  and expeditiously. 
After the Waste Isolation P i lo t  Plant (WIPP) and the 
Department of Energy have demonstrated the a b i l i t y  t o  
handle this sa t i s f ac to r i ly ,  the f a c i l i t i e s  fo r  storage 
of RH (remote handling) waste and spent reactor fuel can 
be added. 

I t  appears tha t  

On inst i tut ional  problems, i t  i s  hoped t h a t  you would be cognizant 
of the workshops held throughout the country. 
"Recommendations Toward Establishing a Publicly Responsive and Acceptable 
National Nuclear Waste Management Policy", adopted a t  the Denver workshop, 
fo r  inclusion i n  the Final Environmental Statement. 
DOE will be responsive to  these recommendations. I t  would be appropriate 
t o  include a complete section on inst i tut ional  problems and how DOE intends 
to  deal w i t h  them. 

Enclosed i s  a copy of the 

I t  i s  expected tha t  

Generally, the d r a f t  EIS i s  thorough and well done. Howeyer, i t  i s  
f e l t  t ha t  DOE has been rather vague about the process of decommissioning; 
also,  about what would be done w i t h  retrieved fuel or waste. 

inst i tut ional  c r i t e r i a  l i s t ed  there 
about i nsti t u t i  onal problems. Page 
Williston Basin would not be feasib 
for  "the r ichest  potash deposits i n  
i s  quite superfluous. 

which 
2.6,  
e fo r  
North 

SDecific comments made are  tha t  on Page 2-4 e t .  seq., there are no 
p o i n t  to our general remarks 
f mining the s a l t  beds i n  the 
the WIPP, i t  would not be feasible  
America" e i ther  so t h a t  statement 

Page 2-7, do  "d r i l l  holes'' include small exploratory core d r i l l i ng  
as well as larger holes, page 2-17, Section 2.2.3, p o i n t  2. I t  should be 
pointed out that  transuranic (TRU) waste as compared w i t h  high-level waste 
( H L W )  n o t  only generates less  heat b u t  also requires l i t t l e  i f  any shieldimg 
and, therefore, under normal operating conditions resul ts  in lesser  radiation 
f i el ds and 1 ess occupati onal exposure. 
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hr. Eugene Beckett 
/, June 28, 1979 
c.$ Page 3 

WIPP 

Page 2-26. 
the second paragraph. 

We concur w i t h  the conclusions on t h i s  page beginning w i t h  

Page 9-17 and 14-9, the denial of resources to  the s t a t e  and the i n -  
dustry, especially o f  langbeinite seems the greatest  drawback of the present 
WIPP s i t e ,  yet  the EIS makes no mention of possible monetary compensation 
fo r  th i s -denia l .  

I t  i s  stated by the Department o f  Natural Resources that  they concur 
w i t h  the elimination of the Salina region fo r  s i t ing  of the WIPP. 
rock s a l t  i n  O h i o  would meet few o f  the tenative selection c r i t e r i a .  

The Silurian 

Also, i t  should be noted the the Ohio Department of Energy has made a 
specif ic  request to  review the final environmental impact statement when 
i t has been compl eted. 

I n  conclusion, i t  i s  recommended tha t  the above comments be addressed 
i n  the f ina l  environmental impact statement and that  there be a expeditious 
so lu t ion  to  the nuclear waste problem. 

Sincerely, 

Judith Y .  Brachman 
Administering Officer 

JYB/ 1 ew 

cc: D N R ,  Mike Colvin 
OPEA, Gene Wright 

Enclosure 
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63 Exec utive Department 
INTERGOVERNMENTAL RELATIONS DIVISION. 
ROOM 306, STATE LIBRARY BLDG., SALEM, OREGON 97310 

June 2 6 ,  1979 

M r .  Eugene B e c k e t t  
wIPP P r o j e c t  O f f i c e  
M a i l  Stop B - 1 0 7  
Department of  Energy 
Washington D.C. 20545 

WASTE ISOLATION PILOT PLANT 
‘PNRS 7905 4 890 

Thank you fo r  submi t t ing  your d r a f t  supplement t o  t h e  
f i n a l  Environmental Impact Statement f o r  State of 
Oregon review and comment. 

Your d r a f t  w a s  r e f e r r e d  t o  the appropr ia te  s ta te  
agencies  f o r  review. 
agencies  w a s  t h a t  t h e  d r a f t  adequately descr ibed  t h e  
environmental  impact of  your proposal .  

W e  w i l l  expec t  t o  r ece ive  copies  of t h e  f i n a l  s ta tement  
as r equ i r ed  by Council of Environmental Q u a l i t y  
Guidel ines .  

The consensus among reviewing 
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Commonwealth 
of 

Pennsylvania 

PbnmsgZvania 

C ; l e a r i r C g !  
I P.O. BOX 1323 - HARRISBURG, PA. 17120 - (717) 7878046 

783-3133 

July 6, 1979 

GOVERNOR'S OFFICE 
OFFICE OF THE BUDGET 

- 
PSCH -4f- 57905006 

Mr. Eugene Beckett, 
WIPP Project Office 
Mail Stop B-107 
Department of Energy 
Washington, D.C. 20545 

Dear M r .  Beckett: 

The Pennsylvania State Clearinghouse has received from your 
Office copies of the Draft Environmental Impact Statement (DOE/ 
EIS-0026-D) for the Waste Isolation Pilot Plant. 

Please be advised that the State Clearinghouse has no comments 
to make on the Draft. 
Final Statement. 

We would appreciate, however, a copy of the 

Richard A. Heiss, Supervisor 
Pennsylvania State Clearinghouse 

M : a r  

cc: File (2) 

crir 
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STATE OF RHODE ISLAND AND PROVIDENCE PLANTATIONS 

Department of Administration 
STATEWIDE PLANNlNC PROGRAM 
265 Melrose Street 
Providence, Rhode Island 02907 July 12, 1979 

Mr. Eugene Beckett 
WIPP Project Office 
Mail Stop B-107 

‘\ Dept. of Energy 
Washington, D.C. 20545 

Dear Mr. Beckett: 

This office, in its capacity of clearinghouse designate 
under OMB Circular Number A-95, Part 11, has reviewed the 
Draft Environmental Impact Statement (DOE/EIS-0026-D), Waste 
Isolation Pilot P l a n t ,  U . S .  Department of Energy, dated 
April 1979, as received in this office on April 11, 1979. 

was presented the staff findings as a result of the review 
along with the staff’s recommendation at its meeting of 
July 6, 1979. 
house has no comment on the draft. 

The Technical Committee of the Office of State Planning 

The Committee’s decision is that the clearing- 

We thank you for the opportunity to review this document. 

Youqs very- truly, 
.7 

Rene 3. “.Fontaine 
A-95 Coordinator 

RJF/sj c 
Reference File: EIS-79-07 
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S T A T E  P L A N N I N G  B U R E A U  
State Capitol 

Pierre, South Dakota 57501 
605/224-366 1 

5- -? . 
'i, 

Office of 

Executive manaqement 2 

J u l y  1 0 ,  1979 

M r .  Eugene Becket t  
WIPP P r o j e c t  O f f i c e  
Mail S top  B-107 
Department of Energy 
Washington, D.C.  20545 

R e :  D r a f t  Environmental Impact Statement  (DOE/EIS-0026-D) 
EIS 111079 
Waste I s o l a t i o n  P i l o t  P l a n t  

Dear M r .  Becke t t :  

The S t a t e  Clear inghouse has  d i s t r i b u t e d  f o r  review t h e  above 
s t a t e d  d r a f t  environmental  impact s t a t emen t .  
Thank you f o r  t h e  o p p o r t u n i t y  t o  review and comment. 

N o  comments w e r e  r e c e i v e d .  

S i n c e r e l y ,  

R .  Richardson 
i s s i o n e r  

w t e  Planning  Bureau 

JRR/mjn 
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WILLIAM P. CLEMENTS, JR. 
GOVERNOR 

OFFICE OF THE GOVERNOR 

July 2, 1979 

M r .  Eugene Beckett 
WIPP Project  Office 

Department of Energy 
Washington, D.C. 20545 

N a i l  Stop B-107 

Dear M r .  Beckett: 

The d ra f t  environmental impact statement (DOE/EIS-0026-D) per ta ining 
to  the  Waste Iso la t ion  P i l o t  Plant, has been reviewed by the  
Budget and Planning O f f i c e  and in te res ted  S t a t e  agencies. 
comments of the Department of Water Resources, A i r  Control Board, 
Parks and Wildl i fe  Department, State Department of Highways and 
Public Transportation, Railroad Commission and the  Department of 
Health are enclosed f o r  your information and use. 

The 

The Budget and Planning O f f i c e  appreciates the opportunity t o  review 
t h i s  document. 
application process, please do not h e s i t a t e  t o  call. 

I f  w e  can be of any fu r the r  ass is tance during the  

Sincerely , 
d 

Donald E. Harley, Manage; 
Economics and Natural Resources 
Budget and Planning Office 

Enclosures: Comments of - 
Department of Water Resources 
A i r  Control Board 
Parks and Wildl i fe  Department 
State Department of Highways and Public Transportation 
Texas Railroad Commission 
Department of Health 

D E H : j l  
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RICHARD SIT2 
UOUNW JUDGE 

WARD COUNTY 
MONAHANS. TEXAS 79756 

Marcb 30,  1979 

Honorable Jimmy Carter 
President o f  the United States of America 
Washington, 0. C. 20510 

Dear M r .  President: 

Enclosed i s  a copy o f  a reso lu t ion  passed by our Court on March 26, 1979, 
which i s  s e l f  explanatory. 

We would l i k e  t o  have a response from you concerning t h i s  reso lu t ion  t o  
enter i n t o  our cour t  records. Even though the f i n a l  decis ion has not been 
made on the s i t e  locat ion,  we fee l  i t  i s  p a r t i c u l a r l y  necessary-for you t o  
rep ly  t o  item # 3 o f  the resolut ion.  

Yours very t r u l y ,  

&db Richard Sitr g7 
County Judge 

RS : bw 
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li RiCHARD S l f Z  
COUNTY dUDOE 

.: . 5,. . . 

WARD C O U N T Y  'i 

MONAHANS. TEXAS 79756 

The f a l l o w i n g  i s  a t r u e  and co r rec t  copy o f  the Resolut ion passed by the Ward Cou 
Coimissioners' Cocrt a t  ,Cloilahans, Texas, on h i - c h  26, 1579, w i t f i  said k e s o l u t i o n  

present a t  the meeting, t o  w i t ;  H. A. Co l l i ns ,  Commissioner Prec inct  1, 
Robert R. Spinks, Commissioner Prec inct  2, J . H .  Raglin, Commissioner Prec inct  3 ,  
Lenora Price, Commissioner Precinct  4 and Richard S i t z ,  County Judge. 

, recorded i n  the Hinutes o f  Commissioners' Court. A l l  members on the Court were 

R E S O L U T I O N  ---------- 

We recognize the need f o r  the United States t o  f i n d  a p lace to  s t o r e  
the accumulated waste o f  our nuclear programs. 
problems o f  the proposed Waste I s o l a t i o n  P i l o t  P lant  near Carlsbad, New Mexico, 
which have-not been solved. 

However, there a re  some basic  

F i r s t ,  according to the hydro log ica l  studies conducted by Sandia 
Laborator ies i n  Albuquerque, New Mexico, there are h igh pressure deposi ts o f  
na tu ra l  gas and water under ly ing the s i t e  which are p o t e n t i a l l y  dangerous if 
the h igh  pressure gas shoyld ever fo rce  the water i n t o  the WlPP s i t e .  

These na tu ra l  gas. deposi ts a r e  p o t e n t i a l l y . v a l u a b l e  sources o f  na tu ra l  
gas, but t he  WIPP.site w i l l  remove them from usefulness. Also the potash 
deposi ts o f  the area w i l l  be rendered useless by the proposed choice of s i t e .  

Second, there have been earthquakes as recen t l y  as the spr ing o f  1978 
i n  Winkler County, Texas, which i s  adjacent t o  Eddy County, New Mexico, the 
l o c a t i o n  of the proposed WlPP s i t e .  
g e o l o g i c a l l y  i n a c t i v e  as has been claimed by the Department o f  Energy. 

These quakes show the area i s  not as 

Third,  the a q u i f e r s  o f  southeastgrn New Mexico and southwestern Texas 
are too c lose t o  t h e  chosen s i t e .  
i n  the boundaries o f  the mine area. I f  any leakage should occur and seep i n t o  
thcse watcr supplies, i t  could p o l l u t e  a p o r t i o n  o r  the e n t i r e  water supply o f  
the area. 

The Santa Rosa limestones a re  a c t u a l l y  present 

Because of the above reasons, we f e e l  t h i s  s i t e  i s  not s u f f i c i e n t l y  
safe for long-term storage of l a rge  q u a n t i t i e s  o f  nuclear waste. 
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Resol ut ion Page 2 

I f ,  however, the President of thc United States and the Department 
of Energy choose this si'te in southeastern New kxico, tJe ~011ld like to see 
the following precautions: 

1 .  
active than the natural radioactivity of the region. 

2. 
New Mexico and southwest Texas as long as it is necessary to monitor the mine. 
The monitoring should be at the expense of the United States government, not at 
the expense of the individual water user. 

There should be monitoring of the mine until the mine site is no more radio- 

There should be monitoring of private and public water supplies of southeast 

3. I f  pollution of any water suppJy should occur from .the Waste Isolation Pilot 
Plant, the water supply should be replaced with potable water. This good, usable 
water.shou1d not be at the expense of the property owner/owners, but rather at 
the expense o f  the United States government. 

4. There should be security provisions for the transportation o f  the radio- 
nuclear waste to the site. 

5. The radioactive waste should be isolated in as retrievable a manner as possible, 
pending future technology when the waste can be safely disposed of or utilized 
for fuel. 

If the present plans o f  the Department of Energy are carried out by 
the United States, the Carlsbad WlPP site will ultimately contain the largest 
(or. one of the largest) concentrations of radionuclear waste in one place that 
has ever been gathered together in the history of  mankind. We certainly feel 
this justifies extraordinary precautions and safety measures for the. humans and 
animals which populate thC area.  A l s o ,  there are many unique features of the 
lend which need preservation -- t o  name but two -- Cuadalupe National Park in 
Texas and Carlsbad Caverns National Park in New Mexico. 

IntrQduced and passed by the Commissioners' Court of Ward County, Texas, this 
26th day of March, 1979. 

Attest: 
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.' .7 

STATE OF UTAH 
Scott M. Matheson 

Goveinor 

Kent Briggs 
State Planning Coordinator 

A /95 
State Clearinghous 

533-4976 
533-4971 

Environmen tat 
Coordinating 
committee 
533-5794 

Human Resources 
Coordinating 
Committee 
533-608 1 

A /85 
FederaVState 
Coordination 

533-6083 

Federal 8esource 
Information 

Center 
533-4983 

Division of Policy and Planning Coordination 
Intergovernmental Relations Section 

Lorayne Tempest, Assistant State Planning Coordinator 
124 State Capitol 

Salt Lake City, Utah 8411 1 
533-4981 

June 27 ,  1979 

Mr. Eugene Beckett 
WIPP Project Office, 
Yail Stop B-,107 
Department of Energy 
Washington, D . C .  20545 

Dear Mr. Beckett: 

The Utah S t a t e  Environmental Coordinating Committee has re-  
viewed the Draft Environmental Impact statement; !Ilaste Isolat ion 
P i l o t  Plant.  The Comnittee of fe rs  the following comments. 

1. Bottom of Page 1-2 and t o o  of Page 1-3 

' I .  . . the WIPP will  recieve as  many as 1000 assemblies 
emplaced i n  such a manner t h a t  they can be retr ieved for 
20 years if  necessary, b u t  without the expectations of 
d o i n g  so." 

T h i s  l a s t  phrase (underlined) should not be voiced 
as  a par t  of the mission. A change i n  the White House 
occunancy could enable the Nation t o  pursue the reason- 
able  course of fuel rewocessing and breeder reactors 
f o r  power genera ti  on. 

2. Page 6-8 - "There a r e  no shipping casks i n  existence designed 
s p e c i f i c a l l y  for  transporting HLW canis te rs . "  

I f  these High-Level Wastes a r e  moved, most of them would 
probably go through Utah and S a l t  Lake City. 
ant ic ipated tha t  much of the spent fuel wil l  be transported 
through Utah. The Droposed cask f o r  HLW would probably be 
limited t o  r a i l  transportation because of i t s  weight (-100 tons 
We ,would hope a l l  of the High-Level Waste could be sent  by 
r a i l  to  minimize contact w i t h  the vublic. 

I t  i s  a l s o  
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I f  the WIPP i s  t o  be constructed, Utah w i l l  need an i n -  
creased capab i l i t y  o f  monitor ing shipments t o  assure i t s  
c i  ti zens t h a t  they are being protected from unnecessary hazards. 
We w i  11 also need addi t ional  emergencyiresponse capabi 1 i t y  and 
i t  i s  our fee l i ng  t h a t  the added respons ib i l i t y  imposed by a 
Federal program should be supported by Federal funds. 

Thank you f o r  the opportuni ty t o  comment. 

Lorayne Tempest 
Assistant State Planning Coordinator 

LT/dk 
790515138 
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OFFICE OF THE GOVERNOR 

STATE A-95 CLEARINGHOUSE 

STATE OF VERMONT 
MONTPELIER, VERMONT 05602 

MEMORANDUM 

To: M r .  Eugene Beckett, WlPP P r o j e c t  O f f i c e  
Ma i I Stop B-107, Department o f  Energy 
Washington, D. C. 20545 

From: Emily Neary, A-95 Coordinator-$+ A d ?  

Date: June 27, 1979 

Re : D r a f t  Env 
Waste Is0 

ronmenta 
a t  ion 'pi  

Impact Sta 
o t  P lan t  ( W  

ement, DOE/E I S-OO26-D, 
PP 1 
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Appendix Q 

REPORT OF THE HEARINGS PANEL 
ON THE ENVIRONMEEJTAL IMPACT STATEMENT 

FOR THE WASTE ISOLATION PILOT PLANT 

This  appendix con ta ins  the  report of the  hear ings  panel on t h e  d r a f t  
environmental impact statement f o r  t h e  Waste Isolation P i l o t  P l an t .  The 
report i d e n t i f i e s  t he  s i g n i f i c a n t  issues r a i s e d  dur ing  public hear ings  a t  
Odessa, Texas, on October 1, 1979; Hobbs, N e w  Mexico, on October 2, 1979; 
and San ta  Fe, N e w  Mexico, on October 5, 1979. 



November 6, 1979 

Ms. Lynda Brothers 
Acting Deputy Assistant 

Department of Energy 
Washington, D.C. 

Secretary for the Environment 

Dear Ms. Brothers: 

The attached report of the hearing panel on the Waste Iso- 
lation Pilot Plant Draft Environmental Impact Statement (DOE/ 
EIS-0026-D) identifies the significant issues raised during pub- 
lic hearings held on the draft environmental impact statement on 
the following dates at the following locations: 

Odessa, Texas - October 1, 1979 
Hobbs, New Mexico - October 2, 1979 
Santa Fe, New Mexico - October 5, 1979. 

These hearings were held pursuant to a notice published in the 
Federal Register on September 5, 1979 (44 Fed. Reg. 51848). Adr 
vertisements were also placed in the local press in Spanish and 
in English in various cities and towns in New Mexico and Texas 
to encourage participation in these hearings. Earlier hearings 
on the same DEIS were held in Idaho Falls, Idaho, June 5, 1979, 
Albuquerque, New Mexico, June 7 and 8, 1979, and Carlsbad, New 
Mexico, June 9, 1979. 

The Panel for the hearings consisted of Robert W. Hamilton, 
Vinson and Elkins Professor of Law at The University og Texas 
School of Law, the presiding officer, Dr. John Cumberland, Pro- 
fessor of Economics at the University of Maryland, and Dr. Irwin 
C. Remson, Professor of Applied Earth Sciences and Professor of 
Geology at Stanford University. 

Since no member of the Panel is an employee of DOE the 
record of the hearing was not compiled by the Board. 
tion is being performed by the Albuquerque office of DOE. 
attached report hs h m & e d  
sentations and testimony at the hearings and does not address 
issues that may have been raised in the voluminous written com- 
ments on the DEIS, which have not been examined or reviewed by 
the Panel. 

That func- 

+ie i-wraised in the oral pre- 
The 

a .  

The Panel has not undertaken to resolve the substantive 
issues raised or to render judgment on the desirability of the 
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Ms. Lynda Brothers 
Acting Deputy Assistant 
Secretary for the Environment 
November 6, 1979 
Page Two 

WIPP Project. 
Panel has made substantive observations or suggestions which it 
believes will be of assistance to DOE in evaluating the record 
of this hearing. 

In a few instances in the attached report, the 

Respectfully submitted, 

AJu4 cJ* /- 0 

Robert W. Hamilton 
Presiding Officer 

Dr LJ LhM John 
Cumberland 

L R u  
Dr. Irwin Remson 

A 
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November 6, 1979 

Report of the Panel Identifying 
Significant Issues on the Draft 
Environmental Impact Statement 
on the Waste Isolation Pilot 

Plant DOE/EIS-0026-D 

This Report describes the significant issues raised at 'public 

hearings on the above draft environmental impact statement (DEIS) 

held on October 1, 1979 at Odessa, Texas, on October 2, 1979 at 

Hobbs, New Mexico, and on October 5, 1979 at Santa Fe, New Mexico. 

These hearings were held pursuant to the ground rules established 

in the notice of the hearings, published at 44 Fed. Reg. 51848. 

This Report considers only the issues raised at these public 

hearings. The Panel has not reviewed the numerous written comments 

received by the Department of Energy (DOE) relating to the Waste 

Isolation Pilot Plant (WIPP) project. The full record of these 

hearings is being developed by DOE. 

The format of these hearings was unusual in two respects. 

First, all members of the Panel were drawn from outside DOE. Second, 

the morning of each session was devoted to a public presentation by 

DOE and its contractors on various aspects of the WIPP project. 

bers of the Panel questioned closely each person taking part in the 

DOE presentation and a relatively few written questions were asked 

about this presentation by members of the general public. 

noon, and where necessary the evening, sessions were devoted to the 

testimony of interested'members of the general public who had re- 

quested an opportunity to testify, and to unscheduled presentations 

by members of the audience. 

Mem- 

The after- 
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>-@ Many of the significant issues and comments described below 

were developed during the morning sessions when DOE employees and 

its contractors made presentations subject to questioning by the 

Panel. At these sessions the DOE presentation summarized the prin- 

cipal objections to the Project made at the earlier public hearings 

and in the written comments, and responded to them. In the view of 

the members of the Panel, this format provides a useful and meaning- 

ful role for non-DOE Panel members. 

The DOE presentation addressed the following substantive areas: 

(1) Transportation of waste to the WIPP site; 

( 2 )  

( 3 )  

( 4 )  Geologic suitability of the site; 

(5) Effects of low level radiation; 

(6) Retrievability capabilities for the waste; and 

(7 )  

Conflict with energy and mineral resources at the site: 

Potential contamination of west Texas water supplies; 

Socioeconomic impact of the projeot. 

In many of these areas, the DOE presentation adequately responded 

to questions and concerns that had been \ raised previously, and clar- 

ified precisely what was being proposed at the WIPP project. 

would be desirable for the final EIS to incorporate portions of 

these presentations. 

It 

In the view of the Panel the following are the principal problem 

areas that remain to be addressed by DOE: 

I. Recent Changes in the WIPP Project. 

As a result of Congressional decisions, there have been two sig- 

nificant changes in the WIPP project since the DEIS was released las 



@April: the proposal for the intermediate storage facility involving 

the storage of up to 1000 spent commercial fuel rod assemblies has 

been deleted and it is no longer proposed that the facility be re- 

viewed and licensed by the Nuclear Regulatory Commission (NRC) .  (Tr 

1073-74) Of course, at a minimum the final E I S  should reflect these 

revisions, 

The decision to eliminate the commercial spent fuel rod assem- 

blies increases the conservatism of the project in several respects: 

the amount of high level waste that must be transported to the site 

has been greatly reduced, possible problems relating to the effect of 

long-term heat and radioactivity on salt formations have been elimi- 

nated, and the amount of radioactivity released during some of the 

"worst possible" scenarios discussed in the DEIS has been greatly re- 

duced. (Tr 1075) Since all aspects of this change appear to reduce 

the possible adverse environmental affects of the WIPP proposal, 

this change appears to require no further procedural steps other than 

changing the DEIS so that the final E I S  accurately reflects the cur- 

rent scope of the project. 

The elimination of NRC licensing presents other problems, how- 

ever. Several witnesses, including particularly representatives of 

the State of New Mexico, continued to call for NRC licensing despite 

the Congressional decision to eliminate it. (E,g., Tr 1210, 1213-14, 

1757). In its most definitive statement, the State of New Mexico 

called for "the creation of an independent "review process at the na- 

tional level" and "a second opinion . , . to provide adequate assur- 
ance of the safety of the project." (Tr 1757) DOE employees drs 
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commented that DOE possessed the technical capability to review the, 63 
safety of the proposed project with the same degree of sophistication 

as the NRC, (Tr 1087) but this appeared unacceptable to the State of 

New Mexico, whose representative objected that "self-regulation 

should not be relied upon to protect public health and safety when 

complex and potentially hazardous technologies are involved." 

(Tr 1757). 

The hearings demonstrated that the issues surrounding the WIPP 

project are as much political as they are engineering and scientific. 

The question of NRC licensing clearly raises a political issue. In 

the view of the Panel it is unlikely that an unstructured internal 

review process by DOE employees, no matter how competent and impar- 

tial, will satisfy the persons calling for NRC licensing. DOE should 

consider the development of an "independent" board of safety review 

within DOE with scientific and engineering capability to provide d 

final review of projects such as WIPP. Similar boards have been 

created by other agencies to investigate air disasters, naval acci- 

dents, nuclear accidents, and other similar events. While the safety 

issues underlying WIPP are prospective rather than retrospective, the 

procedures would appear to provide the desired "second opinion." 

(See generally Tr 1451-53) 

11. 'Should DOE Now Proceed to the Final Environmental Impact 
Statement? 

On several occasions during the recent hearings DOE personnel 

stated that DOE planned to move promptly to the development of a 

final environmental impact statement. The State of New Mexico, on 

the other hand, called on DOE to issue "supplements" to the DEIS on 



63 the following broad areas: 
(a) Transportation; 

(b) Emergency Preparedness; and 

(c) Socioeconomics. (Tr 1205-1206) 

The statement of the New Mexico representative concludes that 

"in the event that the DOE is unable to issue supplements on the in- 

adequate portions of the DEIS for timely revj.ew prior to the publi- 

cation of the final E I S ,  the Governor has stated that he will have 

to declare the entire DEIS inadequate." (Tr 1753-54) 

While the DOE presentations at the hearings may have provided 

some of the detailed information desired by the State of New Mexico, 

it is clear that some of the information requested by the State was 

not presented at the hearing and, indeed, may not currently be in 

existence. The State requested, for example, a "clear" identifica- 

tion of the proposed routes for shipment of waste materials, proce- 

dures fo r  monitoring shipments through the state, and the capability 

of hospitals to respond to a nuclear accident along those routes. 

(Tr 1749) However, the identification of specific routes has not 

been made. (Tr 1302) 

One witness argued that the- DEIS so far failed to meet the reg- 

ulations of the Council on Environmental Qual - 

DEIS should be prepared. 

tion to a number of minor inconsistencies and errors in the DEIS, 

which should be reviewed in connection with the preparation of the 

that an entirely new 

(Tr 1456) This witness also called atten- 

final EIS. 

111. Possible Future Changes in the Scope of the WIPP Project. 
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At the hearings DOE representatives were questioned about the 63 
binding nature of the final EIS and the possibility that the project 

might be increased in scope or magnitude in the future. (Tr 1493) 

The Panel was advised that any substantial change would require an 

amendment to the final EIS. (Tr 1497) 

The project is described as involving only contact handled TRU 

waste from the Idaho National Engineering Laboratory (INEL), plus 

experimentation relating to the effect of high level waste on salt 

formations. (DEIS 1-1, Tr 1073-71) However, the DEIS contains nu- 

merous references and statements that may be construed as authorizing 

shipment to and storage at the WIPP site of contact and remote han- 

dled TRU waste from numerous other locations, e.g., Hanford, Los  

Alamos, and Savannah River. (See, e.g., DEIS, 6-8 to 6-12). 

The low estimates relating to the traffic generated by WIPP at 

the hearing are all based on the project being limited to INEL stored 

TRU waste. Yet, again, the DEIS contains data implying that annual 

shipments will be made from various locations in addition to INEL. 

(See e.g., DEIS 6-13). For example, Table 6-4 of the DEIS indicates 

an annual total of 181 rail and 187 truck shipments from INEL but a 

total of 338 rail and 487 truck shipments. 

IV. The Role of the State of New Mexico in Connection with the 
Approval of the Project. 

At the time of the hearings, representatives of both DOE and the 

State of New Mexico referred to negotiations that were then taking 

place relating to the precise definition of "consultation and concur- 

rence," the phrase used by the President's Interagency Review Group 



@to describe the role of States in connection with nuclear waste dis- 

posal facilities. (Tr 1074-75, 1756) One witness stated that Con- 

gressional sources objected to the concept that “concurrence” amounted 

to a veto (Tr 1273, 1453); the State of New Mexico, however, testi- 

fied that “a right of concurrence also implies the right of noncon- 

currence.” (Tr 1209-10) 

Assuming that agreement is reached on the appropriate role of 

the State of New Mexico, this role should be described in the final 

E I S .  In the event agreement is not reached, the final E I S  should at 

least describe the role DOE is willing for the State of New Mexico 

to play in the final decisional process. 

IV .  Transportation of Waste. 

The DOE presentation gave considerable emphasis to the various 

issues relating to the transportation of nuclear waste to the WIPP 

site for disposal. 

the representative of the State of New Mexico also concentrated on 

issues relating to the transportation of waste. Several different 

problems were raised: 

Several members of the general public as well as 

(a) Objections were made that the DEIS was vague and im- 

precise. Specific routes are not designated, the packaging in which 

the waste is to be transported is not described (since it is still 

under development), (Tr 1217-19) and even the form in which the 

waste is transported is not identified. (Tr 1172, 1299; DEIS 5-2 to 

- 

3-31-  WhllF? i t  epprnc r- lenr that a h c n l i i t n  n r n r i c i n n  a c  tn  A a t a  i e  - 

neither required nor desirable,, additional information and data should 

be incorporated into the final E I S  to the extent it is available. 
G 

. . . ._ . . . .... 
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@ 
(b) The most important observation is that problems re-' 

lated to transportation as presented by DOE witnesses at the hearing 

gave a picture of a safer and more responsible operation than does 

the DEIS. (Tr 1310) For example, the consequence analysis assumes 

and starts with an accident and a leak. (DEIS 6-20) This analysis 

ignores the extensive engineering that is apparently going into pack- 

aging and leak reduction, which appears to reduce significantly the 

probability of a leak in the event of an accident. The analysis in 

the DEIS is misleading because it assumes that a leak will occur 

without indicating the low probability of an accident severe enough 

to breach the packaging. As a result, transportation dangers appear 

to be overemphasized by orders of magnitude. (Tr 1519) 

The possibility of injuries from excess radioactivity in an ac- 

cident is a function of several possible variables: 

(i) The probability of the occurrence of an accident; 

The probability that the package will be breached 
in the accident; and 

(ii) 

(iii) The probability that the accident will occur in an 
area in which people may be exposed to radioactivity. 

These variables, it was felt, should be more specifically addressed 

in the transportation section of the DEIS. (See Tr 1521-22) 

Even thdvgh possibility (ii) described above is a small number 

because of the design of the packaging, there is always the possibil- 

ity of human error, e.g., in correctly closing the package. Thus, 

discussion of the "worst possible" scenarios in the transportation 

area seems appropriate so long as the plausability of the scenarios 

are put into perspective. (Tr 1308-10) Indeed, a DEIS that posited 4iiP 
I 



I 
~ @no excess radioactivity for every conceivable type of accident might 

lack credibility with the general public in light of well publicized 

instances of releases of radioactivity in accidents involving non- 

defense products. 

(c) At the hearing, a number of transportation accidents 

involving commercial radioactive materials were described. 

32) 

were not being followed. (Tr 1498-99, 1518) The DEIS may understate 

the risks of exposure caused by human error despite the existence of 

adequate regulations. The DEIS should be reassessed in this regard. 

(Tr 1630- 

Many were explained on the ground that applicable regulations 

(d) Similarly, the risks of exposure due to terrorism also 

appear to be understated. 

give no information with respect to terrorism on the theory that such 

information may give persons contemplating terrorist acts a "cook- 

book" (Tr 1100) 

withholding of such information does more harm than good. 

At the hearing, the possibility of terrorism was minimized on the 

theory that waste shipments are not attractive targets. 

1294-95, 1515) 

Both the DEIS and the DOE presentation 

A question may be raised whether in the long run 

(Tr 1524) 

(Tr 1100; 

No documentation to support this theory was set forth. 

(e) Information in the DEIS about increases in $raffic are 

related to traffic in the entire State of New Mexico on the theory 

that routes will be selected by-commercial carriers. This obviously 

understates the impact of the WIPP project on specific routes to the 

extent those routes are actually to be used by many or all WIPP-bound 

vehicles. More precise information about impact on specific routes 

@ should be provided where feasible. (Tr 1302-1303) 

Q-13 



63 (f) Consideration should also be given to possible bene- 

fits and costs of DOE transport, convoys, or escorts. (Tr 1297-99) 

V. Geology and Hydrology. (The comments in this section are 

principally though not exclusively those of Dr. Remson), 

(a) Good practice requires aquifer-wide hydrological anal- 

ysis and consideration of all formations rather than analysis df a 

small area. (Tr 1329) It appears that the DEIS modeled only a por- 

tion of the aquifer which was done before the hydrologic investigation 

‘was complete. (Tr 1331) These facts make one wonder how and where 

boundary conditions were set on the models. Apparently the hydrolog- 

ical modeling did not consider natural aquifer extensions i n t o  Texas 

either. (See DEIS, 5 7.3) As a result, it is difficult to see how 

conclusions expressed at this hearing relating to scenarios involv- 

ing a radioactive leak into an aquifer and the effects of aquifer 

depletions in Texas can be justified. (Tr 1329-30) Furthermore, 

the possible failure to delineate the boundary conditions accurately 

raises a question as to the validity o f  the entire modeling effort. 

(Tr 1329) A broader regional analysis should be undertaken to include 

a description of systems hydrologically connected with the WIPP site, 

including the Pecos River and aquifers that receive recharge from the 

Pecos River. (Tr 1232) 

(b) In connection with the hydrology study the need for 

additional wells for ground water samples was emphasized. It was 

pointed out that wells downgradient from the disposal site are more 

than a mile apart. It was also suggested that the frequency of samp- 

ling be increased from a quarterly to a monthly schedule. (Tr 1233@ 
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(c) Questions were raised at the hearing about the shal- 

The DEIS is confusing in this re- low-dissolution zone. 

gard. Figure 7-25 shows the shallow dissolution to the west of the 

site while Figure 7-27 shows the Rustler thinning, presumably due to 

(Tr 1135) 

dissolution under the site. 

the definition of "shallow dissolution" which may refer either to 

Conceivably the ambiguity arises from 

"near surface dissolution" or to all dissolution above the Salad0 

Formation. 

An experienced geologist testified that he believed the thinning 

of the Salado salt section was due more to offlap than to dissolu- 

tion. (Tr 1405, 1409) The DOE contractor gave similar testimony 

which disagrees with a study by Anderson. (Tr 1410-11, 1414) This 

issue should be clarified in the DEIS. 

(d) One witness refers to a ''dome" under the site. (Tr 

1189). This possibility should be referred to (or negated) in the. 

final EIS. 

(e) It appears to be desirable to drill out some of the 

"dissolution pipes" south of the site. (See Tr 1415) 

(f 1 One experienced geologist proposed that the questions 

relating to subsurface conditions should be reviewed by an indepen- 

dent panel of geologists. (T,r 1732-3) , 

(9) The use of groundwater for various purposes (domestic, 

livestock, etc.) from the Rustler and - ,  Santa Rosa aquafers between the 

site and the Pecos River should be tabulated. (Tr 1231) 

(h) The groundwater monitoring program (DEIS, App. J) should 



solids such as sodium chloride as well as radionuclides in order to 

evaluate the effect of WIPP construction on water quality. (Tr 1232- 

33) 

(i) The bEIS should describe measures that will be taken 

if significant radionuclide contamination of groundwater actually oc- 

curs. '(Tr 1233) 

VI. Socioeconomic Information. 

While additional socioeconomic information was presented at the 

hearing, (Tr 1582-90) additional information was requested in several 

other areas: 

(a) The socioeconomic indicators such as probable effects 

on crime, divorce, alcoholism, drug abuse, child abuse, and other 

"boom town effects." (Tr 1183, 1185, 1615) 

(b) Energy requirements, e.g., for gasoline and electricity. 

(Tr 1384) 

(c) Quantities of household, sanitary, solid and municipal 

waste, both primary and secondarily generated, by type and source. 

(Tr 1382) 

(d) Additional state and local fiscal information on added 

revenues and added costs, by time periods, with the number of unem- 

plyed persons specified. (Tr 1380-81) 0 

VII. 

The Panel recogniz'ps \ that there is lively scientific controversy 

Damage to Health by Low Level Radiation. 
\ 

\ 
over the long-term effecqs of low level radiation. (Tr 1355) However, 

a comparison of energy levels between nuclear waste and electric light 

bulbs seems both irrelevant and self-serving. (Tr 1356) Indeed the 



a u b l i c  interest and concern about this ussue is so great that any at- 

temped justification of low levels of radiation by a representative 

of a contractor who may actually operate the project if it is approved 

is likely to be considered not credible because of a potential con- 

flict of interest. (Tr 1361-62) 

(b) The DEIS does not discuss health effects as such but 

consistently uses doses of radiation as an index of hazard. Such dose 

related data should be translated into anticipated health effects such 

as the total number of incremental cancers, person days lost, hospi- 

tal days, and shortening of life. (Tr 1152-53) The Panel recognizes 

that such estimates are ranges rather than precise data but suggests 

that they give a clearer perspective as to the effect of exposure to 

radiation. (Tr 1154) 

(c) Dose related data impacts should be separately esti- 

mated, where possible, for high risk groups such as children and preg- 

nant women. 

(d) The practice in the DEIS of describing exposure to 

radiation as a percentage of background, while technically accurate 

and generally accepted, tends to mask..the harmful effect of exposure, 

which, of course, is in addition,to natural background radiation that 

will be absorbed in any event. -(Tr 1554) 

(e) The DEIS describes,exposures from a variety of dif- 

ferent sources,-e.g., from transportation and from emplacement of the 

waste in WIPP. Nowhere is there an aggregation of total exposure of 

the US population to radiation as a result of the contemplated con- 

astruction and operation of the WIPP project and the number of health 



consequences of' such exposure. (Tr 1156-57 ) CS 
(f) The Panel believes 'that if the credibility-of addi- 

priate to have additional studies prepared by respected and competent 

persons or organizations who are not otherwise connected with the 

WIPP project. 

VIII. 

The DEIS describes the high level waste experiments only in very 

The Nature of the High Level Waste Experiments. 

generai terms. While some additional information about' the nature o f  

the exp'eriments and the amount of radioactivity involved was pre- 

sented at the hearing (Tr 1076, 1495, 1552, 1760-2), additional infor- 

mation about these experiments should be presented in the EIS to the 

extent feasible. (Tr 1203-1205) 

IX. Compensation to Adversely-Affected Persons. 

Dr. John Cumberland, a member of the Panel, was particularly con- 

cerned about comments that residents of New Mexico were being asked to 

share an unreasonable portion of the cost of nuclear waste. He raised 

with several witnesses the question whether compensation might help 

to alleviate that imbalance. (Tr 1400, 1538, 1684) This suggestion 

is broader in scope than nuclear waste management since it would be 

potentially applicable to many projects having adverse environmental 

consequences, and probably would require enabling legislation. How- 

ever. the idea has merit. 

plaining his suggestion follows: 

A fuller statement by Dr. Cumberland ex- 

"THE POTENTIAL CONTRIBUTION OF ECONOMIC INCENTIVES 

"One of 'the major opportunities. which has been missed in the h 



WIPP proposal is to make use of the helpful role which 
financial incentives could play in achieving a more equi- 
table and efficient distribution of benefits and costs of 
nuclear waste disposal. A major concern in proposals for 
large governmental and other projects is the discrepancy 
between the benefits and costs as between individuals, 
groups, locations, and generations. Presumably, the en- 
tire nation benefits from nuclear weapons (although many 
would dispute this). What is clear is that the costs are 
very unequally distributed. In this case, residents of 
New Mexico are being asked to bear the heaviest burdens as 
would others along the transportation roctes. Therefore, 
providing financial assistance to those who wanted to move 
could offer a more equitable distribution of the costs. 
While most parties would probably reject the concept of a 
"national sacrifice area," even low levels of risk cause 
perceived damages which, are true psychological and there- 
fore real social costs, above and beyond any real actuarial 
risk. While many at the hearings totally rejected the idea 
of economic assistance for moving, or other forms of finan- 
cial compensation on the basis that residential preference 
is an entirely different matter from economic compensation, 
(Tr 1684) others indicated that for some who are highly risk 
averse and would like to move, offering relocation assis- 
tance would open a new option not previously available. 
(Tr 1400-1401) This option could be especially valuable to 
pregnant women and children who might bear a disproportionate 
amount of risk. 

"Providing such relocation assistance need not be especially 
costly to the government if aid were limited to fair market 
value of residences and some reasonable amount of relocation 
and retraining aid with appropriate limitations. This would 
be an e f f i c i e n t  s o l u t i o n ,  s i n c e  less risk averse persons 
could then be offered an opportunity t o  purchase affected 
residences and move into any vacated jobs.. The fair market 
value should be determined before the institution of WIPP, 
as adjusted for inflation. 

"Another dimension of equity in sharing the benefits and 
costs would be to compensate the State of New Mexico for tax 
revenues lost on minerals at-the site. Offers could also be 
made to provide alternative water supplies for any whose 
water was contamihated)and/or to provide 'land purchase and 
relocation for those engaged in agriculture, commerce, or 
industry which would+be adversely affected by WIPP. 

"Additional economic instruments should be considered in the 
case of health and property damage to those who remain as a 
result of accidents or other types of exposure. The Depart- 
ment of Energy and the Federal Government should address 



several aspects of this problem which currently are unclear, < - :  

such as: would the existence of workman's compensation laws 
prevent adequate compensation to any injured or damaged? If 
so, alternative adequate compensation should be established. 
Additionally, a long carcinogenic lag might prevent compen- 
sation to those whose health damage was not apparent for 
many years. In the interest of fairness, appearance of ra- 
diation-related types of health damage should be presumed to 
result from the WIPP project, even if it could not be statis- 
tically or medically proven. 

"Establishment of these forms of compensation and aid would 
not satisfy all of those who object to potential damage to 
their health, property, and land, but it might reduce the 
perceived level of injustice and recurring discrepancy be- 
tween the benefits and costs of major nuclear and even other 
energy facilities and large projects which people now view 
as beyond their control." 

X.  Miscellaneous. 

During the course of the hearings a number of miscellaneous sug- 
- 

gestions and recommendations were made on a variety of subjects, in- 

cluding the following: 

(a) Emphasis should be given to the objective of proceed- 

ing with waste disposal "by deliberate steps in a technically conser- 

vative manner.'' (Tr 1233-34) 

(b) A continuing reassessment of plans for the disposal of 

transuranic waste at the WIPP site should be undertaken, particularly 

with respect to other disposal sites. If other sites are shown to 

provide equally safe storage for this kind of waste, it was suggested, 

the advantages of reduced quantities of waste storage at a single 

site should be carefully considered. (Tr 1234) In a similar vein, 
, 

several persons suggested that the WIPP project should be deferred 

until other sites are investigated, (Tr 1427) though it was also 

pointed out that the question is whether this site is suitable, not - 
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I 

‘ a h e t h e r  it is  t h e  best poss ib l e  s i te .  

t h a t  wi th  t h e  e l imina t ion  of spen t  f u e l  assemblies, t h e  urgency be- 

hind t h e  p r o j e c t  has  decreased. ( T r  1 2 0 7 )  However, t h e  Panel a lso 

wishes t o  p o i n t  o u t  t h a t  earlier hear ings  revealed t h a t  t h e  wastes  

are c u r r e n t l y  stored i n  areas t h a t  o v e r l i e  important a q u i f e r s  i n  

Idaho, and t h e r e f o r e  t h e i r  p re sen t  l o c a t i o n  i s  not  s u i t a b l e .  

( T r  1 0 7 7 )  It  was poin ted  ou t  

(c) Sec t ion  7.2.6 of t h e  DEIS should be expanded t o  de- 

scribe t h e  e f f e c t  maximum a c c e l e r a t i o n s  caused by seismic effects  

might have on t h e  s t a b i l i t y  of t h e  waste-storage a r e a ,  t h e  r e t r e i v a -  

b i l i t y  of stored waste, and t h e  p o t e n t i a l  for l i q u i d  breach of t h e  

site. I f  no such e f f e c t s  are l i k e l y ,  t h e  E I S  should so state.  ( T r  

1231) 

(d) The DEIS is i n t e r n a l l y  i n c o n s i s t e n t  s i n c e  it states 

t h a t  groundwater from t h e  Santa  Rosa and Rus t l e r  i s  used only for  

l i v e s t o c k  and potash mining. (Sec t ion  7.3.2) bu t  la ter  s ta tes  t h a t  

water is used f o r  human consumption a t  t h e  James ranch ( D E I S ,  J-28).  

(Tr 1231) This  minor incons is tency  should be co r rec t ed .  

(e) It was suggested t h a t  a n a l y s i s  of the four  scenarios 

involving breach of t h e  WIPP s i te  by water should be broadened by 

e s t ima t ing  t h e  e f f e c t s  of a breach immediately fol lowing s i t e  clo- 

s u r e  (as w e l l  as t h e  100 year  and 1000  year  assumptions).  ( T r  1232) 

(f) One wi tness  poin ted  o u t  an incons is tency  i n  I t h e  DEIS 
-, 

t rea tment  of endangered s p e c i e s ,  s t a t i n g  i n  one p l ace  t h a t  t h e r e  

were no endangered s p e c i e s  known t o  i n h a b i t  t h e  s i t e  b u t  r e f e r r i n g  

t o  endangered s p e c i e s  a t  another  p lace .  ( T r  1462-63) 

(9) While t h e  hear ing  produced some information about t h e  4iii 

.. . 



availability of insurance for accident or injury, (Tr 1292-94, logT@ 

99) it was suggested that the EIS should contain information about 

the location of liability (as among the Federal Government, commer- 

cial operators and commercial transportation facilities) (Tr 1208, 

1362) for such events. 

t i o n  and the Price-Anderson Act should also be discussed. 

The possible effects of workmen's compensa- 

(Tr 1362- 

63) 
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