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Foreword 

In furtherance of its responsibilities to develop and implement methods 
for the safe and environmentally acceptable management of radioactive wastes, 
the U.S. Department of Energy (DOE) is considering five major decisions: 

1. Whether to pursue the construction of the proposed Waste Isolation 
Pilot Plant (WIPP), a mined repository for the disposal of transuranic 
wastes, with an initial period of retrievable emplacement 

2. Whether the WIPP should include an intermediate-scale facility in 
which up to 1000 assemblies of spent fuel from commercial electricity- 
generating reactors would be disssseci of, with En i ~ l t i a l  ~?riod of 
retrievable emplacement 

3. Whether the WIPP should include a research-and-development facility in 
which experiments with all types of nuclear waste, including high- 
level waste, can be performed 

4. What the timing and location of the WIPP snould be 

5. Whether to commit land now for a potential repository site in Eddy 
County, New Mexico 

Pursuant to its responsibilities under the National Environmental Policy 
Act of 1969 (42 U.S.C. 4321 et seq.), the DOE has prepared this document as 
environmental input for the foregoing decisions. It also may be used as input 
for subsequent decisions by the DOE and other Federal agencies with respect to 
the site of the proposed facility. 

Should it be decided to pursue the construction of the WIPP as a combined 
transuranic-waste repository, intermediate-scale facility, and research-and- 
development facility in New Mexico, that decision would not be irreversible. 
Consultations with State and local officials would take place during the 
preconstruction phase; comprehensive reviews of site suitability would be 
undertaken before each major step in repository construction; and if the WIPP 
is licensed as proposed by the Interagency Review Group on Nuclear Waste 
Management, authorization from the U-S. Nuclear Regulatory Commission would be 
required before repository construction. 

All waste emplaced will be retrievable or actually removed; transuranic 
waste will be retrievable for 10 years, spent fuel will be retrievable for 20 
years, and experimental waste will be removed when the experiments are 
completed. 

This environmental impact statement does not analyze the permanent disposal 
of high-level waste other than the limited quantity of spent fuel in the inter- 
mediate-scale facility. Aside from that spent fuel, high-level waste will appear 
at the WIPP only for use in experiments that will examine the interactions be- 
tween solidified high-level waste ,and the geologic burial medium; these experi- 
ments will build a base of empirical data for later decisions about a system of 
repositories for the disposal of high-level waste. The high-level waste used in 



experiments will be removed after the experiments are done. Any future pro- 
posal to modify this approach would require further environmental review, 
state and public input, and licensing amendments. 

This document is concerned only with decisions concerning a transuranic- 
waste repository, an intermediate-scale facility, and associated experiments. 
To provide a sufficient basis for these decisions, it also analyzes the radio- 
logicay consequences of waste transportation and processing. Nevertheless, it 
is not intended to provide an environmental analysis to support decisions on 
actual routes or methods for transporting material to the repository or to 
support decisions on the construction of facilities for processing waste des- 
tined for the repository. The environmental implications of these decisions 
will be addressed in subsequent documents. 

T\.Ls ~nvir3nrr.?ntal i ~ p a . - t  .-.'-.~t-- -.i.t i.: . -  z :-. 1-3 in th? foll:;~!..:, nanner : 
Chapter 1 is an overall s'm~zry of :?.e an?' - -  . ~~ntained in the document. 
Chapters 2 through 4 set fcrth the policy ..jectives of the r.:~lonal waste- 
management program and analyze the full spectrum of reasonable alternatives 
for meeting these objectives, including the WIPP. Chapter 5 presents the 
interim waste-acceptance criteria and waste-form alternatives for the WIPP. 
Chapters 6 through 13 provide a detailed description and environmental analy- 
sis of the WIPP repository and its proposed site. Chapter 14 describes the 
interactions that have taken place with Federal, State, and local authorities 
and with the general public in connection with the repository. The appen- 
dices contain data and discussions in support of the material in the text. 
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1 Summary 

1.1 WASTE-MANAGEMENT POLICY LEADING TO 
THE PROWSED WASTE ISOLATION PILOT PLANT 

The proposed Waste Isolation Pilot Plant (WIPP) is part of the national 
program for the permanent disposal of radioactive waste. It stems from two 
decades of analytical, laboratory, and field study and from a recent reassess- 
ment of waste-management policy that has recommended a unified program to the 
president. 

Large quantities of radioa:tive waste have result92 from the production of 
nuclear weapons as part of the U.S. defense effort.   his vaste includes both 
high-levei waste (HLW) and transuranic (TRU) wast?, defined in ti?? naln text 
of this document. The earliest decision on managing these wastes was inade in 
the mid-1940s: to store high-level waste as liquids in tanks and to bury other 
waste in trenches. In the mid-1950s a committee of the National Academy of 
Sciences suggested salt formations for the permanent disposal of high-level 
waste. Studies of salt, including experiments in a salt mine in central 

. Kansas, led to a 1970 proposal to establish an HLW repository in that mine; 
this proposal, however, foundered on a variety of technical and political 
problems. 

After the Kansas site was given up, there was a renewed examination of 
possible repository sites, still primarily for high-level waste. Progressive 
elimination of less desirable sites led to the bedded salt of southeastern New 
Mexico and to the WIPP reference site described later in this document. In 
1975 the WIPP mission was narrowed--only TRU waste from U.S. defense programs 
was to be accepted--and work started on a conceptual design for a repository 
at that site. 

In the meantime, studies concerned with repositories for spent fuel from 
commercial reactors and other high-level waste continue under the Hational 
Waste ~erminai Storage (NWTS) program. This program is considering sites in 
other regions and in rocks other than salt, such as basalt and shale. 

A comprehensive review of the overall national program, started in 1977, 
has led to recent (March 1979) recommendations by a presidentially estab- 
lished Interagency Review Group (IRG) on Nuclear Waste Management. The 
Interagency Review Group found (1979, p. 15) that the primary objective of 
waste-management planning and implementation is to provide assurance that 
"existing and' future waste from military and civilian activities (including 
discarded spent fuel from the once-through nuclear power cycle) can be iso- 
lated from the biosphere and pose no significant threat to' public health and 
safety." In order to meet this Long-term programmatic objective, the follow- 
ing near-term objectives have been derived from the historic waste-management 
program and its reassessment by the Interagency Review Group: 

1. To meet stated U.S. Government intentions for early removal of the TRU 
waste stored at the Idaho National Engineering Laboratory. 

2. To use existing opportunities, if they are adequate and acceptable, to 
advance waste-management technology and to dispose oE existing wastes. 



3. To emphasize work at sites that may realistically be considered for 
waste disposal. 

4. To proceed by deliberate steps in a technically conservative manner. 

5. To build a Licensed full-scale TRU-waste repository in advance of HLW 
repositories, thus gaining experience in designing, analyzing, and 
operating repositories and in obtaining approval from the U.S. Nuclear 
Regulatory Commission and other regulatory bodies. 

6. To build a licensed intermediate-scale facility for the disposal of 
spent fuel from commercial reactors in advance of HLW repositories, 
thus gaining further experience in designing, analyzing, and o~erating 
reposit:r:?s and in obtaining .i?proval f r x  the U.S. Nuclear ".?guia- 
tory Commission and other regulatory bodies. 

7. To combine compatible facilities, where suitable, in order to 
avoid unnecessary costs and to assist in integrating research-and- 
development programs. 

To meet these near-term objectives, the Department of Energy is consider- 
ing several alternative plans. This document examines these plans and com- 
pares their impacts to those of a reference plan, the WIPP, which has been the 
most thoroughly investigated of the alternatives. A discussion of the WIPP 
appears in the next section. 

C 
'. i 1.2 THE WIPP REFERENCE CASE 

$7 

Intended to meet the seven policy objectives as thoroughly and quickly as 
possible, the WIPP reference repository has been designed to accomplish a 

, ,$'& three-part mission: 

k -? 
\ G- The WIPP is to be a licensed, full-scale repository for the permanent 

-.. . dispos,al of TRU waste. It will receive this waste from the Idaho 

'6 National Engineering (INEL). The initial underground exca- 
-3%- i vation will create a prea that can hold all the TRU waste now 
w,q k stored at the INEL ashd3r-a~' the waste expected there through 1990; 

* -* 3- future expansion of the repository can provide an area of 2000 acres 
. \  \ for the disposal of TRU waste from other sites. All the TRU waste to 

be received at the WIPP will have been produced in the U.S. defense 
program. The waste will be emplaced in such a manner that it can be 
retrieved during a 10-year period if it becomes necessary to do so. 

,-- 

2. The WIPP will contain a 20-acre underground area for research and 
development. There experiments performed with all types of nuclear 
waste will answer technical questions about the disposal of waste, 
including high-level waste, in salt. All the waste used in these 
studies will be removed when the experiments are over. 

3. The WIPP will contain a 20-acre underground area for the- 
disposal of spent-fuel assemblies removed from nuclear reactors. 
Called an "intermediate-scale facility" by the Interagency Review 
Group, this part of the WIPP will receive as many as 1000 assemblies 



emplaced i n  such a manner t h a t  they can be r e t r i e v e d  fo r  20 yea r s  i f  
necessa ry ,  but  wi thout  t h e  e x p e c t a t i o n  of  doing SO. 

A proposed s i t e  f o r  t h e  WIPP r e f e r ence  r e p o s i t o r y  has been i nves t i ga t ed .  
Under t h e  WIPP concep tua l  de s ign ,  a l l  t h r e e  p a r t s  of t h e  miss ion can be accom- 
p l i s h e d  a t  t h i s  s i t e .  

c h a r a c t e r i s t i c s  of t h e  r e f e r e n c e  s i t e  

The WIPP r e f e r e n c e  s i t e  is i n  s o u t h e a s t e r n  New Mexico, about  25 mi l e s  e a s t  
of Car lsbad.  Its a r e a  is 18,960 a c r e s ,  a l l  Fede ra l  and S t a t e  land.  

The s i t e  is on a p l a t e a u  e a s t  of t h e  Pecos R ive r ,  an  a r e a  of r o l l i n g  sand- 
covered h i l l s  and sand dunes w i th  d e s e r t  vege t a t i on .  The l and  is used f o r  
g r az ing  a t  a d e n s i t y  o f  about  s i x  c a t t l e  per squa re  mile .  

S ix teen  p-ople i i v e  w i t h i n  10 mi l e s  of t h e  cen t e r  ?f t h e  p r o ~ o s e 2  s i t e ;  
approximateiy  94,000 people  l i v e  w i t h i n  50 mi l e s .  Basic  rndustr:;:; In  t h e  
a r ea  a r e  mining, manufac tur ing ,  and a g r i c u l t u r e .  Tourism is important  because 
of t h e  nearness  of t h e  Car l sbad  Caverns Nat iona l  Park ( 4 1  m i l e s  west-southwest 
of t he  s i t e ) .  

Sou theas te rn  Mew Mexico is a r i d .  There is a w e t  season i n  l a t e  summer, 
but t h e  t o t a l  r a i n f a l l  a t  t h e  s i t e  is on ly  about  13 inches  a year .  Winds a r e  
from t h e  throughout  t h e  y e a r ,  a l though  t h e  s torm winds of win te r  and 
s p r i n g  tend t o  come from t h e  w e s t .  

Geology 

The s i t e  is i n  t h e  no r th - cen t r a l  p a r t  o f  t h e  Delaware ba s in ,  a region i n  
which evapora t ion  i n  a sha l l ow  Permian s e a  depos i t ed  about  3600 f e e t  of evapo- 
r i t e s .  A r e p o s i t o r y  a t  t h i s  s i te  would be b u i l t  i n  t h e  n e a r l y  pure  s a l t  of 
t h e  Sa lado  Formation,  i t s e l f  a lmost  2000 f e e t  t h i c k ,  wi th  mined d i s p o s a l  lev-  
e l s  2100 and 2700 f e e t  below t h e  s u r f a c e .  

Potash mine ra l s  and hydrocarbons ( o i l  and g a s )  a r e  important  resources  i n  
t h e  region.  The former occu r s  s p o r a d i c a l l y  i n  a l a y e r  800 t o  1000 f e e t  below 
t h e  s u r f a c e ,  t h e  l a t t e r  i n  v a r i o u s  s t r a t a  from 4000 t o  14,000 f e e t  below t h e  
s u r f a c e .  There appear  t o  be no economic r e s e r v e s  of crude o i l  a t  t h e  s i t e ,  
but t h e r e  is n a t u r a l  gas  amounting t o  about  0.02% of U.S. r e s e rve s .  On t h e  
o t h e r  hand, t h e  Car l sbad  po t a sh  d i s t r i c t  is t h e  p r i n c i p a l  domestic source  of 
s y l v i t e  and l a n g b e i n i t e  f o r  f e r t i l i z e r s ;  t h e  l a n g b e i n i t e  of t h e  a r e a  may be 
unique i n  the  f r e e  world. To p r o t e c t  t h e  r e p o s i t o r y  it w i l l  be necessa ry  t o  
deny t h e  e x t r a c t i o n  of some of t h e s e  resources .  There w i l l  be ,  however, on ly  
a temporary d e n i a l  of a cce s s  t o  approximately  one- th i rd  of t h e  n a t u r a l  ga s ,  
t h r ee -qua r t e r s  of t h e  l a n g b e i n i t e ,  and a l l  of t h e  s y l v i t e  a t  t h e  r e f e r m c e  
s i t e .  

The s i t e  is i n  an a r e a  of low s e i s m i c i t y .  

Hydrology 

The Pecos River is 14 miles t o  t h e  southwest ,  bu t  t h e r e  is no i n t e g r a t e d  
dra inage  l e ad ing  from t h e  s i t e  t o  t h e  r i v e r .  The p r i n c i p a l  groundwater 
a q u i f e r  of t he  r eg ion  is t h e  Capi tan  Formation about  10 mi l e s  t o  t h e  nor th .  
Aqui fe r s  a t  t h e  s i t e  i t s e l f  y i e l d  l i t t l e  wa t e r ,  and i t  is of l c w  q u a l i t y .  



Underneath the salt-bearing formations, there are about 3000 feet of rocks 
bearing brackish water. This water flows slowly toward the northeast with 
some connections to the base of the Capitan. 

The salt-bearing formations contain no circulating groundwater, although 
isolated pockets of pressurized brine have been found below the Salado. 

Above the salt-bearing formations there are two beds of dolomite that bear 
water sometimes used for stock. This water flows to the southwest, finally 
discharging in brine springs along the Pecos River. 

Underground dissolution of salt is still an active process in the region. 
At the site itself dissolution has removed some salt from above the Salado, 
but essentially no Salado salt. The dissolution front at the top of the 
Salado is about 2 ~iles west of the center of the site and is 3dvancing toward 
the east at a ra:e estlxateci. t3 be 6 to d miles per inrllion years. 

The possit;ilitq~ of dissolution at the base of the evapocites has been 
under investigation because this process appears to be active to the south in 
Texas. Tt does not appear to be active within 10 miles of the site. 

The plant and its operation 

The reference rzpository consists of both surface and underground facili- 
ties, incLuding a waste-handling building, an underground-personnel building 
to support underground construction, an administration building, four shafts 
to the underground area, underground openings at two levels for waste storage, 
and various support structures. There will be a storage pile for mined rock, 
an evaporation pond for sewage-treatment effluents, a disposal area for con- 
struction spoils, and a landfill for sanitary wastes. 

At the site, railcars and trucks will be unloaded within a waste-handling 
building, where the waste will be prepared for movement underground. Of the 
two storage and disposal levels underground, the upper one, 2100 feet below 
the surface, will be used for the disposal of contact-handled TRU waste; the 
lower level, 2700 feet underground, will be used for the disposal of remotely 
handled TRU waste. The lower level will also be used for demonstrating the 
disposal of spent fuel and for experiments with high-level waste. Both levels 
will be in the Salado Formation, a thick layer of bedded salt that extends 
from 860 to 2836 feet below the surface at the center of the site. 

Construction of the facility will take 42 months, and the plant is de- 
signed for a useful Life of at least 30 years. 

Operating at three shifts per day, the reference repository can handle 1.2 
million cubic Eeet per year oE contact-handled TRU waste, 10,000 cubic feet 
per year of remotely handled TRU waste, 350 canisters per year ,of spent-fuel 
assemblies, and 100 canisters per year of high-level waste for experiments. 

The area set aside for potential underground storage operations is about 
2000 acres; the remaining acreage will provide a 2-mile-wide buffer zone 
around the underground operations area. The initial excavation at the upper 
(contact-handled waste) level will take place in about 170 acres; about 100 
acres will be used as waste-disposal rooms. Later mining could allow about 70 



m i l l i o n  cub i c  f e e t  o f  was te  t o  be s t o r e d  on t h i s  l e v e l .  The lower mine l e v e l  
w i l l  have t h r e e  s e p a r a t e  a r e a s  of about 10 t o  20 a c r e s  each f o r  t h e  s t o r a g e  of 
remotely  handled TRU was t e ,  f o r  t h e  spen t - fue l  demons t r a t i on ,  and f o r  high- 
level-waste  exper imenta t ion .  Se rv i ce  a r e a s  w i l l  t a k e  up a d d i t i o n a l  acreage on 
both l e v e l s .  

1.3 ALTERNATIVES 

The re fe rence  s i t e  i n  s o u t h e a s t e r n  New Mexico and t h e  p l a n t  des ign  formu- 
l a t e d  f o r  t h a t  s i te  a r e  bu t  one of  a number o f  p o s s i b l e  a l t e r n a t i v e s  f o r  meet- 
i n g  t h e  WIPP miss ion.  Because they  a r e  t h e  most comple te ly  analyzed of t h e s e  
a l t e r n a t i v e s ,  they a r e  used a s  the  WIPP r e f e r ence  ca se .  A l l  o t h e r  a l t e rna -  
t i v e s  a r e  eva lua ted  r e l a t i v e  t o  t h e  r e f e r ence  case .  These a l t e r n a t i v e s  in-  
c lude  no ac t i nn -aL i i l l ,  ___--- a l t w  o r  TRU-waste d i s p o s a l ,  a l t e r n a ~ i v e s  f o r  

- s c a l e  f a c i l i t  a l t e r n a t i v e  t ime s c a l e s ,  and a l t e rna -  

One conceivable  a l t e r n a t i v e  f o r  t he  ISF is a s tand-a lone  f a c i l i t y ,  one 
t h a t  is only an ISF and s a t i s f i e s  no o the r  p a r t s  of t h e  WIPP miss ion.  This  is 
no t  considered an a t t r a c t i v e  a l t e r n a t i v e  because of its h igh  c o s t  r e l a t i v e  t o  
o t h e r  a l t e r n a t i v e s ,  because o f  its limited achievement o f  program o b j e c t i v e s ,  
and because it might f o r e c l o s e  t h e  use  o f  a site t h a t  cou ld  o the rw i se  be used 
f o r  a f u l l - s c a l e  r e p o s i t o r y .  

A l t e r n a t i v e  time s c a l e s  and l o c a t i o n s  a r e  i n t e r connec t ed .  The Nat iona l  
Waste Terminal S to r age  program is cons ider ing  o t h e r  p o s s i b l e  l o c a t i o n s  f o r  
waste  d i s p o s a l ,  bu t  no o t h e r  s i t e  has rece ived  t h e  k ind  of d e t a i l e d  s tudy  t h e  
New Mexico s i te  has. Delay would g ive  t ime f o r  such  s t u d y  and permi t  a l t e rna -  
t i v e  l o c a t i o n s  t o  be cons idered . ,T  

The f u l l  s e t  of a l t e r n a  d '  es considered i n  t h i s  document is a s  follows: 

1. No ac t i on .  N b u i l t ,  and TRU waste remains s t o r e d  a t  t h e  Idaho 
Nat iona l  Engi Laboratory and e l sewhere  a s  i t  is now. 

2. The WIPP r e f e r e n c e  r e p o s i t o r y  i n  s o u t h e a s t e r n  N e w  Mexico. 

3. The WIPP r e f e r e n c e  r epos i t o ry ,  bu t  wi thout  t h e  ISF. 

4. Disposa l  o f  TRU waste  i n  t h e  f i r s t  a v a i l a b l e  HLW r e p o s i t o r y .  By 1982 
o r  soon t h e r e a f t e r ,  s i tes i n  t he  Gulf i n t e r i o r  r eg ion  s a l t  domes and 
Hanford b a s a l t  shou ld  be a v a i l a b l e  f o r  c o n s i d e r a t i o n .  An HLW reposi-  
t o r y  would be b u i l t  a t  one such si te,  and TRU was t e  would be put i n t o  
it. The i n i t i a l  r e t r i evab l e - s t o r age  phase o f  t h e  r e p o s i t o r y  would 
t ake  t h e  p l a c e  of t h e  ISF. 

5. Delay of a l t e r n a t i v e  2. By 1982 o r  so ,  t h e  WIPP may a l s o  have t h e  
choice  of dome s a l t  and b a s a l t  s i t e s .  

6 .  Delay of a l t e r n a t i v e  3 ,  s i m i l a r l y .  



7. A longer delay. By 1985 or somewhat thereafter, sites may also be 
available in granite, tuff, or shale for an HLW repository as in 
alternative 4. 

1.4 ENVIRONMENTAL EYALUATION OF ALTERNATIVES 

Alternative 2 is the most thoroughly analyzed of the seven and therefore 
constitutes the reference case for this evaluation. The costs and impacts of 
HLW repositories, required for alternatives 4 and 7, are taken primarily from 
the DOE'S draft generic environmental impact statement for the Management of 
Commercially Generated High-Level Waste. Consideration of alternatives 4 
and 7 , .lade from two points or view: (1) the cnanges in impacts (usually 
increases) associated with expanding the mission of the HLW repository and 
(2) the changes in impacts (us~~ily decreases) in having one repository rather 
than two. 

Alternative 1: No action 

If neither the WIPP reference repository nor any of its alternatives 
becomes available, TRU waste will have to remain at its present storage sites, 
and spent fuel will remain in storage pools. In the short term, the radio- 
logical consequences of no action are small. At the INEL, for instance, expo- 
sures of no more than 3.6 x rem per year could be expected. The popu- 
lation exposure from the operation of storage pools is estimated as less than 
20,000 man-rem world wide. 

In the long term, on the other hand, some natural events that might pro- 
duce large exposures due to natural forces are quite probable. The INEZ, for 
instance, is located at the edge of the Arco Volcanic Rift Zone, which has 
been active within the last 400,000 years and is likely to be the scene of 
future volcanic action. 

Alternative 2: The WIPP reference repository 

The most important physical impacts of alternative 2 are the removal of 
980 acres of land from grazing and the denial of access to subsurface min- 
erals. Probably the only land use that would be truly permanent would be the 
30 acres used for storing mined salt. The important mineral reserve is lang- 
beinite, a mineral used for fertilizer where chlorides cannot be used; an 
estimated 3% of the U.S. reserves.of this mineral would be denied for perhaps 
several decades. Although langbeinite is useful, it is not essential to agri- 
culture; substitutes for it exist. 

The WIPP reference repository will cost $430 million (1978 dollars) to 
design, engineer, and build and $36 million a year to operate. Jobs created 
directly and indirectly will peak at about 3100 during construction and drop 
to 1100 during operation. 

An accident of the extreme severity postulated in the transportation anal- 
ysis could deliver a 50-year radiation-dose commitment that might reach 25% of 
the dose from natural background radiation. 



~uring plant operation the most severe accident would be the drop of a 
spent-fuel canister in the mine shaft. The maximum individual (skin) dose to 
persons at the nearest off-site point would be 0.2% of the 3ose from nztural 
background radiation. 

After the WIPP ceases operation and is closed up, the expected release of 
radioactive material is zero. Nevertheless, if someone were to drill 2irectly 
into the stored spent fuel 100 years later, the geologist on the drill crew 
could be exposed to a whole-body dose of about 90 rem. This dose is 18 times 
the current permissible occupational exposure for 1 year. It is sufficiently 
high that control over the site may be required to insure against accidental 
or unauthorized 2rilling intrusions. The largest individual exposure from 
radioactivity carried by groundwater after a hypothetical breach of the repo- 
sitory is estimated to be an annual bone 3ose of 0.002 rem, 2% of the dose 
received from natural background r2diation. 

~lternatiac 3: ?he reference roFsitorv without - 2  IS? 

If no ISF is built in the WIPP, there will be little change in physical or 
socioeconomic effects: no change in land use, a 10% reduction in volume mined, 
and a cost reduction of a few percent. Transportation risks will be reCuced 
because there will be 8% fewer shipments; the consequences of the postulated 
accidents, if they occur, will be reduced by at least a factor of 2. Elimi- 
nation of spent fuel will change the most severe operational accident to an 
underground fire, reducing maximum off-site individual exposures from 0.2% to 
lo-'% of the dose received from natural background radiation. 

In the long term, elimination of spent fuel drops the maximum individual 
exposure from drilling into the repository from about 90 to 0.001 rem. The 
hypothetical exposure from groundwater-borne radioactivity decreases by 
roughly a factor of 25 to 50, dropping to less than 0.1% of background 
exposures. 

Alternative 4: Combination with an HLW repository 

In this alternative, there is no separate TRU-waste repository, and the 
initial retrievable-storage phase of the HLW repository takes the place of an 
ISF. The delay inherent in this alternative means that the m U  waste and the 
spent fuel remain longer in their present storage; leaving them there entails 
no significant impact or risk. The additional candidate sites to be consid- 
ered are in dome salt and in basalt. 

At the HLW repository, land use may be larger by about 25% with the addi- 
tion of TRU waste, but combining the two repositories into one reduces the 
overall land use by 40%. The quantity of mined rock will increase at the HLW 
site and remain unchanged overall. It is believed that the use of a site 
other than the reference site in southeastern New Mexico will decrease inter- 
ference with the use of mineral reserves. 

The cost will increase at the HLW site by 4 to lo%, but will decrease 
overall. The number of workers will increase at the HLW site by 27 to 35%, 
but will decrease 10% overall. 

Transportation routes will be longer to dome-salt sites and shorter to 
basalt sites than to southeastern New Mexico. The consequences of individual 
accidents will remain essentially unchanged. 



There is no reason to expect any change in operational accident probabil- 
ities; overall population exposure will be increased because population den- 
sities are greater near prospective dome-salt and basalt sites. 

In the long term, the expected release of radioactivity from all sites is 
the same: zero. Credible events or processes that might impair repository 
integrity differ with the site, and analyses of the consequences of such 
breaches at sites other than the one in New Mexico have not been performed. 
However, any such alternative site will have to be subjected to such analyses 
to meet the requirements of the National Environmental Policy Act, and any 
site that appears to offer significant risks from long-term releases will not 
be judged an acceptable site. 

Alternatives 5 and ": A TRU-waste repository !?uilt after cc~nsideration of 
addition~ I ; ~ ? ~  

These alternatives amount to alternatives 2 and 3, delayed. During the 
delay, the TRU waste and spent fuel will remain in their present storage, with 
no significant consequences. The quantity of defense TRU waste will increase 
by about 2% per year. 

The greatest consequence of delay is in the cost. To close out the pres- 
ent effort is estimated to cost about $3 million. To start the project up 
again, either at the reference site or elsewhere, will cost an estimated $280 
million, much of this from inflation. 

With or without an ISF, the costs and benefits of a TRU-waste repository 
in dome salt or basalt will differ from the costs and benefits in the bedded 
salt of southeastern New Mexico. Interference with mineral reserves will 
probably be reduced. Socioeconomic impacts and radiation exposures from acci- 
dents during operation will be changed by the greater population densities 
near the prospective dome-salt and basalt sites.   ran sport at ion routes will 
be longer to the dome-salt sites and shorter to the basalt sites than to 
southeastern New Mexico. 

Finally, as in alternative 4, the long-term risks at alternative sites 
cannot now be assessed. Any such site must be subjected to the process re- 
quired by the National Environmental Policy Act, and any site with a potential 
for significant risk will be rejected. 

Alternative 7: Long delay 

This alternative amounts to alternative 4, further delayed until sites in 
such media as granite, tuff, and shale can be evaluated. Not enough is known 
about these other media to evaluate them in comparison with bedded salt, dome 
salt, or basalt. 

Environmental conclusions 

All the predicted environmental impacts of the reference repository are 
small save two : 

1. Use of the southeastern New Mexico site entails a long-term denial of 
access to 3% of the U.S. reserves of the mineral langbeinite. 



2. ~rilling at the site, if it occurs within about 100 years after the 
repository has been sealed, could expose members of the drill crew to 
doses above permissible 'bccupational exposures. 

In addition, it was found that delay and reinitiation of present efforts 
would cost on the order of $280 million. 

~t appears that the alternative of no action (alternative 1) is unaccep 
table in the long term and that there is no clear environmental basis for 
choosing among the remaining alternatives. The choice among the remaining six 
alternatives must therefore lean heavily on programmatic considerations. 

1.5 PROGRAMMATIC EVALUATION OF ALTERF7ATIVES 

An analysis carried out in this docunent examines the extent to which each 
of the seven alternative plans neets the seven -policy cbjectives. A summary 
of this analysis follows : 

Objective Best alternatives Worst alternatives 

Stated intentions 2 ,  3 7 
Existing opportunities 2, 3 7 
Work at actual sites No distinction 
Deliberate steps 2, 3 o r  5, 6 4, 7 
Early experience with 2, 3 4, 7 
TRU waste 

Early experience with ISF 2, 5 3, 4 ,  6, 7 
Combination of facilities 2, 4, 5, 7 3, 6 

This summary suggests that alternatives 2, 3, and 5 merit the most favor- 
able consideration among all the alternatives evaluated. 



2 Background and Scope of the WIPP Alternatives 

During the last two decades the disposal of radioactive waste in geologic 
formations has been studied through exploration, laboratory experiments, field 
tests, and analysis; these efforts have produced a conceptual design for a 
repository and have characterized one possible site. In the last 2 years, a 
presidentially chartered Interagency Review Group (IRG) on Nuclear Waste Man- 
agement has reassessed the entire waste-management effort and has recommended 
a unified program. The 20 years of study and the recent recommendations have 
led to an analysis, presented in this environmental impact statement, of the 
Waste Isolation Pilot Plant (WIPP) and of alternatives to it. 

This chapter summarizes the history of the waste-management program and 
the IRG's recent reassessment of the program; it derives najor prccrammatic 
object~,;?s f r 3 m  this rcassessnent; it defines the WIPP reference ~r~?osal, 
which embodies the earliest opportunity to address those objectives: and it 
presents programmatic alternatives to the WIPP reference proposal that are 
compatible with those objectives. 

2.1 NUCLEAR-WASTE-MANAGEMENT POL1 CY 

Large quantities of radioactive waste have resulted from the production of 
nuclear weapons as part of the U.S. defense effort. The production of elec- 
tricity in commercial nuclear reactors is also generating radioactive waste. 
The kinds of waste considered in this document are high-level waste (HLW) and 
transuranic (TRU) waste. High-level waste is the residue left after repro- 
cessing spent fuel to recover uranium and plutonium for further use; spent 
fuel from nuclear reactors discarded without reprocessing is also high-level 
waste. It is characterized by high levels of heat and penetrating radiation. 
Transuranic waste is any solid radioactive waste, other than high-level waste, 
that is contaminated with transuranic nuclides to the extent that it is not 
suitable for surf ace disposal. 

2.1.1 Early History of Waste-Management Programs 

In 1955, the U.S. Atomic Energy Commission (Am) asked a committee of the 
National Academy of Sciences to examine the issue of permanent disposal of 
radioactive waste. They concluded (NAS/NRC, 1957) that "the most promising 
method of disposal of high-level waste at the present time seems to be in salt 
deposits." They recommended salt for further evaluation because of its ther- 
mal and physical properties and because its very existence for hundreds of 
millions of years has demonstrated its isolation from aquifers and the stabil- 
ity of the geologic formations in which it is located. This recommendation 
led the AM3 to sponsor several years of research (1957-1961) at the Oak Ridge 
National Laboratory (ORNL) on phenomena associated with radioactive-waste dis- 
posal in salt. 

In 1962, Pierce and Rich (1962) reported on salt deposits in the United 
States that might be suitable for the disposal of radioactive waste. The 
Delaware basin in eastern New Mexico was one of the areas discussed. 



In 1963, the ORNL research was expanded to include a large-scale field 
program in which simulated waste (irradiated fuel elements), supplemented by 
electric heaters, was placed in salt beds for the observation of resulting 
phenomena. This experiment, called Project Salt Vault (Bradshaw and McClain, 
1971), was conducted in an already-existing salt mine at Lyons, Kansas, from 
1963 to 1967. 

In June 1970, the Lyons site was tentatively selected by the AM3 as a po- 
tential location for a nuclear-waste repository; the selection was conditional 
on satisfactory resolution of site-specific issues under study. The concept 
and location were conditionally endorsed by the NAS/EmC committee in November 
1970. A conceptual design for a repository accommodating both high-level 
waste and TRU waste was completed in 1971. In 1972, however, the site was 
judged unacceptable for technical reasons: there were previously undiscovered 
drill holes nearby, and water used in nearby solution mines could not be 
iccounted for. .',ccordi- - -if t h z  decision ::as made to ab~ndor! -hat s :  ?. 

2.1.2 The Site-Selection Process 

The rejection of the Lyons site led the AEC, with the assistance of the 
U.S. Geological Survey, to seek sites elsewhere in the United States. 

The site-selection process can be thought of as a set of information 
screens (Table 2-1) proceeding from general ideas to specific details, from 
large areas of the country to small, well-defined ones, and from surveys of 
the literature to measurements in the field. This information screening in- 
volves a progressively more stringent application of the site-selection 
criteria. 

Stage 1 of this screening is one of general information gathering. Appli- 
cation of general desiderata at this level of knowledge leads quickly to a few 
regions that warrant further investigation. 

Stage 2 is a careful study of the literature to narrow the remaining 
regions down and to identify potentially acceptable sites, from which are 
chosen the ones that best meet the site-selection criteria. Each candidate 
site thus chosen then becomes the focal point for the detailed studies re- 
quired to support engineering, safety, and environmental evaluations. 

Stage 3 includes extensive field studies at the candidate sites: detailed 
investigation of geologic structure and stratigraphy, hydrologic characteris- 
tics, and resources present; an archaeological and historic site survey; demo- 
graphic and biological studies; and the operation of a meteorological sta- 
tion. At this stage of the screening process the site-selection criteria may 
be refined or added to. It is possible that these detailed studies will re- 
veal some aspects of the sites that are less than ideal, but it is not neces- 
sary that a site be ideal with respect to all selection factors. However, a 
site may be rejected at this stage, and the process may back up to stage 2. 

Finally, stage 4 is site analysis, including the nuclear-safety analysis 
and environmental impact assessment required by law. The basic question, 
acceptability of the candidate sites, must be answered only after taking 
account of the full repository system: the specific geologic environment, the 



Table 2-1. Site Selection as a Screening Process 
i 
I 

Function Action Decision stage 1 
1 General information Select storage media; define 

geographic regions where 
they occur; consider their 
characteristics in terms 
of tentative selection 
criteria 

2 Regional studies Identify potential study 
areas and apply selection 
criteria 

3 Site studies Conduct detailed field 
studies to characterize 
candidate site (s) fully; 
determine details about 
h w  each site meets the 
selection criteria; deter- 
mine site factors that 
are less than ideal 

4 Site analysis Analyze site-specific char- 
acteristics and environ- 
mental impacts; determine 
risks of using each site 

Select one (or 
more) regions 
for further study 

Select most prom- 
ising study areas 
and candidate 
sites for fur- 
ther study 

Proceed to step 4 
or reject sites 
and select alter- 
native candidate 
site or sites 

Accept or reject 
each site 

waste form, the plant design, and potential failure modes. Analysis of the 
inevitable shortcomings of the sites must evaluate their influences, large or 
small, on the ability of the sites to isolate the waste indefinitely. If a 
candidate site is acceptable, the selection process is done and the site may 
be used immediately or held for future use; if not, the process may be started 
over again. 

This four-stage process has been used since 1972 in the search for accept- 
able sites. The next section describes its application to the search that led 
to the WIPP reference site and to the continuing searches for sites in geo- 
logic media other than bedded salt. 

2.1.3 History of Site Selection for the WIPP 

Stage 1 of the process 

In 1973 the Atomic Energy Commission, the Oak Ridge National Laboratory, 
and the U.S. Geological Survey (USGS) began seeking repository sites. As 
described in Section 2.1.2, the first task in stage 1 of the selection pro- 
cess is to choose storage media: the search in 1973 was directed primarily 
toward sites in salt, although shale and limestone sites were also considered 
(ORNL, 1972). 



The tentative selection criteria (ORNL, 1973) used in the second task of 
stage 1, evaluating the regions where salt occurs, were as follows: 

Depth of salt 100-2500 feet 

Thickness of salt At least 200 feet 

Lateral extent' of salt Sufficient to protect against 
dissolution 

Tectonics Law historical seismicity, 
no salt-flow structures near 

Hydrology Minimal groundwater 

Mineral potential Minims1 

Existing borehoLes Minimum number 

Population density Low 

Land availability Federal land preferable 

These criteria are mostly geologic and logistic; they are primarily con- 
cerned with nuclear safety, mine safety, and ease of construction. The cri- 
terion of minimal groundwater recognizes that, as a barrier to the release of 
radioactivity, an inefficient hydrologic transport system is second in impor- 
tance only to the salt itself. The requirements on thickness of salt, lateral 
extent of salt, and number of boreholes are to protect the repository from 
dissolution. The criterion of low population density and the preference for 
Federal lands minimize the potential for land-use conflicts. 

During this -search, criteria were added to require that there be no deep 
boreholes within 2 miles and that the available land area include 3 square 
miles and a buffer zone as well. Bedded-salt regions appeared at the time to 
be the most promising; however, salt domes and anticlines (upward folds) were 
also considered. 

The USGS gathered information about 36 salt domes in the Gulf salt-dome 
regions (Figure 2-11. Salt domes are formed when salt flows upward, piercing 
overlying rocks. Where these processes are active, one might question the 
long-term stability of the domes, but there is reason to suspect that the ones 
farthest from the Gulf of Mexico are no longer growing or are growing very 
slwly (Bartlett et al., 1976, p. C.67). Further investigation is needed to 
clarify these phenomena, but salt domes remain potential alternatives for 
waste disposal in salt, and they are currently under evaluation in the 
National Waste Terminal Storage (NWTS) program for the disposal of commercial 
waste (Appendix B; Bechtel, 1978a) . 

The Paradox basin of southeastern Utah and southwestern Colorado (Figure 
2-1) contains a series of northwest-trending salt-cored anticlines in which 
the salt reaches within 500 to 3000 feet of the surface along the northeastern 
edge of the basin. In the larger structures there has been some flow of salt 
from flanking areas into the anticlines under the in£ luence of overburden 



Figure 2-1. Rock-salt deposits in the United States. 



pressure.  D i s so lu t ion  of s a l t  from the  upper s u r f a c e s  of t h e  c e n t r a l  co res  
has developed a caprock of  i n so lub le  ma te r i a l  a long t h e  c r e s t s  of t he  s a l t  
a n t i c l i n e s ,  with the  r e s u l t  t h a t  f u r t h e r  d i s s o l u t i o n  is proceeding only  very 
s lawly ( B a r t l e t t  e t  a l . ,  1976, pp. C.97-118). Thus a n t i c l i n e s  remain poten- 
t i a l  a l t e r n a t i v e s  f o r  waste d i s p o s a l  i n  s a l t ,  and they  a r e  c u r r e n t l y  under 
eva lua t ion  i n  t h e  NWTS program f o r  t h e  d i sposa l  of commercial waste (Appen- 
d i x  B; Bechtel ,  1978b) . 

Large a reas  i n  t h e  United S t a t e s  nre under la in  wi th  bedded s a l t .  The USGS 
search  looked p a r t i c u l a r l y  a t  t h e  Supai s a l t  bas in ,  t h e  S a l i n a  reg ion ,  t h e  
Wi l l i s ton  basin,  and the  Permian bas in  (Figure 2-1) (Barnes,  1974). 

The Supai s a l t  bas in  is i n  e a s t - c e n t r a l  Arizona on t h e  Colorado Pla teau .  
I t  is a small a r ea  of Permian e v a p o r i t e s  under la in  wi th  l imes tone  and o v e r l a i n  
with the  Coconino sandstone.  The s a l t  occurs  i n  a s e r i e s  of  beds from 50 t o  
400 f e e t  t5 ick .  3 e  Coconilo is tb.5 p r i n c i p a l  z q u i f ~ r  of t h e  req icn  and is 
respons ib le  f o r  s a l t - d i s s o l u t i o n  c o l l a p s e  f e a t u r e s  i n  t h e  southwest  p a r t  of 
t he  basin (Mytton, 1973) . 

The Sal ina  region c o n s i s t s  of bedded-salt d e p o s i t s  of L a t e  S i l u r i a n  age 
underlying po r t ions  of New York, Pennsylvania, West V i r g i n i a ,  Ohio, Michigan, 
and southern Ontario.  S t r a t a  both above and below t h e  s a l t  a r e  occas iona l ly  
water-bearing. However, i n  many areas  the  s a l t  beds a r e  o v e r l a i n  with massive 
anhydr i te  and dolomite u n i t s  or  s h a l e s  t h a t  a r e  p o t e n t i a l  h y d r a u l i c  b a r r i e r s .  
The g r e a t e s t  aggregate th i ckness  of s a l t  occurs  i n  Michigan, where it ranges 
from 500 f e e t  a t  t h e  margins t o  1800 f e e t  i n  t h e  c e n t e r .  This  bedded s a l t  is 
considered one of t h e  b e t t e r  a l t e r n a t i v e s  t o  t h e  s a l t  of s o u t h e a s t e r n  New 
Mexico, but  t h e  a r e a  is much more densely populated,  t h e  l a n d  is more intense-  
l y  used, and t h e  hydrologic  c h a r a c t e r i s t i c s  a r e  l i k e l y  t o  be much more complex 
t o  def ine  and e v a l u a t e  (Appendix B; NUS, 1978a). 

The Wi l l i s ton  bas in  is a l a r g e  bas in  i n  t h e  north- . .ontral  United S t a t e s  
and adjacent  po r t ions  of Saskatchewan and Manitoba. e v a p o r i t e  beds i n  it 
a r e  deep, from 4000 t o  12,000 f e e t  below t h e  s u r f a c e ,  dnd t h e i r  depth was t h e  
b a s i c  reason why the  W i l l i s t o n  bas in  was not  cons idered  f u r t h e r  by ORNL and 
t h e  USGS. Excavations i n  it would c l o s e  quickly ,  and mining would be q u i t e  
expensive. Moreover, t h i s  bas in  conta ins  the  r i c h e s t  potash  d e p o s i t s  i n  North 
America . 

The Permian bas in  i n  t h e  western United S t a t e s  is a s e r i e s  of sedimentary 
bas ins  i n  which rock s a l t  and a s soc ia t ed  s a l t s  accumulated dur ing  Permian time 
over 200 m i l l i o n  y e a r s  ago. The region inc ludes  t h e  wes tern  p a r t s  of Kansas, 
Oklahoma, and Texas and t h e  e a s t e r n  p a r t s  of Colorado and New Mexico. (The 
Kansas s a l t  beds f i r s t  cons idered  a r e  i n  the  nor thern  p o r t i o n  of t he  Permian 
basin.) Since Permian time t h e  bas in  has been r e l a t i v e l y  s t a b l e  t e c t o n i c a l l y ,  
although some p a r t s  of  it have been t i l t e d  and warped, have undergone periods 
of e ros ion ,  and have been s u b j e c t  t o  a major incu r s ion  of t h e  sea .  Subsidence 
or co l l apse  of t he  land  s u r f a c e  from d i s s o l u t i o n  has been common i n  the  bas in  
(Appendix B; Bachman and Johnson, 1973; NUS, 1978b). 

Stage 2 of t he  process  

From the  bedded-salt  reg ions  surveyed i n  s t a g e  1, t h e  USGS and ORNL s e l e c t -  
ed e a s t e r n  New Mexico a s  t h e  a rea  i n  t h e  United S t a t e s  b e s t  s a t i s f y i n g  t h e i r  
s i t e - s e l e c t i o n  gu ide l ines .  This  a rea  is well  known geo log ica l ly ;  i t  is t h e  



part of the Permian basin with the flattest bedding at reasonable depths out- 
side of Kansas. In some parts of the Permian basin there has been much deep 
drilling for oil and gas; the choice of eastern New Mexico minimized the 
problem of avoiding such holes. 

Four locations in New Mexico were examined in more detail (Brokaw et al., 
1972; Jones et al., 1973; Jones, 1974a, 1974b), and a location in the northern 
part of the Delaware basin was chosen for exploratory work. One of the more 
restrictive site-selection criteria, adopted primarily because of the Lyons 
experience, proved to be avoidance of drill holes penetrating through the salt 
within 2 miles of the repository border. This criterion caused the potential 
site to be shifted twice as new oil or gas wells were drilled nearby. The 
eventual site selected by ORNL was on the Eddy-Lea County line, about 30 miles 
east of Carlsbad, New Mexico. 

Staqe 3 of th? orxess 

Field Investiqa~ions bogan in i974 but were then halted as the AEC shifted 
emphasis to the concept of surface storage facilities, rather than mined repos- 
itor ies, for high-level waste. 

In 1975, the successor agency to the AEC, the Energy ResearcK and Develop 
ment Administration (ERDA), restarted the program in the Delaware basin. The 
program was reoriented toward a mined repository for the disposal of TRU waste 
with a research-and-development capability for experimentation with high-level 
waste in salt. 

The first task was to con£ irrn the adequacy of the then-current site area. 
Additional drilling and geophysical investigation encountered unexpected geo- 
logic structure: rock strata were much higher than expected, beds exhibited 
severe distortion with dips of up to 75 degrees, sections of the upper Castile 
Formation (the formation below the Salado Formation, the principal salt- 
bearing formation) were missing, and fractured Castile anhydrite encountered 
at a depth of 2710 feet contained a pocket of pressurized brine. The geologic 
structure at this site appeared to be very unpredictable because of its near- 
ness to a formation called the Capitan reef. The structure could have been 
delineated by drilling, but extensive drilling would have been contrary to the 
principle of minimizing the number of holes drilled into the repository. That 
site was given up. 

In late 1975, the New Mexico portion of the Delaware basin was reexamined 
by the USGS and ERDA. The criteria used in looking for a new location were 
the following (Griswold, 1977) : 

1. The site should be at least 6 miles from the Capitan reef. (This cri- 
terion was added as a result of the earlier experience. It serves 
also to avoid any possible dissolution hazard related to the nearness 
of the reef . )  

2. The central 3 square ailes designated for the repository itself should 
not be in the Known Potash District, and as little as possible of the 
surrounding buffer zone should be in the district. (This criterion 
was to avoid conflict with mineral resources. As indicated in Section 
7.2.7, later exploration disclosed that more such resources are pres- 
ent than were thought at the time.) 



3. No part of the central area should be closer than 1 mile to holes 
drilled through the Castile Formation into underlying rocks. (This 
distance was reduced from the earlier 2-mile criterion as a result of 
analysis based on the work of Snow and Chang (1975), which indicated 
that dissolution by water flowing through an inadequately plugged 
borehole through the Salado Formation would not reach a mile in less 
than 250,000 years. ) 

4. Known oil and gas trends should be avoided. (This criterion was to 
avoid conflict with these resources.) 

5. The site should be at least 1 mile from the nearest dissolution 
front. (The nearest one is the Nash Draw dissolution front. It is at 
the top of the Salado Formation, 1220 feet above the upper repository 
level: there is probably another near San Simon Sink. The rates of . - - .  
_vance of the f-rmer front zre  6 to 8  nil?^ y ? r  TIILL - 3  ;ea:; 

horizontally and 500 feet per million yzars vertically.) 

6. Bedding shouid be nearly flat, so far as can be determined by geo- 
physical investigations at the surface. (This criterion is to insure 
mine safety and to ease construction. It also avoids the need for 
many holes with a consequent risk of losing repository integrity.) 

7. Salt of high purity should be available at depths between 1000 and 
3000 feet. (The depth requirements are to insure mine safety and to 
ease construction. In addition, a salt thickness of 200 feet or more 
is preferred in order to confine thermal and mechanical effects to the 
salt.) 

8. State and private 'land use should be minimized, especially in the cen- 
tral area. (There is no way to avoid State land completely, because 4 
square miles out of every 36 in New Mexico are State land. Avoidance 
of private land simplifies land acquisition and makes it unnecessary 
to dislocate people. ) 

Figure 2-2 shows some of these criteria applied to the Delaware basin. 
The criteria shown are the first, second, third, and fifth criteria; the rest 
do not lend themselves to a graphical presentation on this scale. The most 
restrictive criterion is the third, the one that calls for a distance of at 
least 1 mile from deep drill holes. Eight small areas within the basin that 
meet this criterion are shown numbered; areas 1 and 8 are actually parts of 
one very large area, but they have been split in two for this discussion. 
Table 2-2 applies the eight'criteria to these eight areas and adds information 
about the distance to, and size of, the nearest town. 

Three areas survived the screening based on the eight criteria, although 
not without questions about each of the areas. Such questions do not neces- 
sarily rule out an area; one does not insist that a site must meet every cri- 
terion. Instead, as the IRG Subgroup puts it, "most site suitability criteria 
will need to be rather general because the systems view dictates that the 
overall, cumulative effects of the geologic environment and its interaction 
with the waste is more important than any particular characteristics of a 
siten (IRG Subgroup, 1978, p. 78). 





Table 2-2. Application of Site-Selection Criteria to Eight Areas in the Delaware Basin 

C r i t e r i o n  Area 1 Area 2  Area 3  Area 4  Area 5  Area 6 Area 7  Area 8  

1. A t  l e a s t  6 mi l e s  6-10 mi l e s  11-15 mi l e s  5-8 mi l e s  0-8 miles 6-8 miles  0-4 milee  2-9 m i l e s  0-6 mi l e s  
from Capitan 
Reef 

2. S i t e  proper not (a) 
i n  known potash 
d i s t r i c t  (RPD) 

No o v e r l a p  N o  o v e r l a p  N o  o v e r l a p  N o  over l a p  No o v e r l a p  No o v e r l a p  Half of a r e a  
i n  KPD 

3. Deep d r i l l  holea Area choeen Same 
a t  l e a s t  1 t o  meet t h i e  
mi l e  away c r i t e r i o n  

4. Avoid known o i l  f b )  
and gas a n t i -  
c l i n e s  

5. A t  l e a s t  1 m i l e  ( C )  

from n e a r e s t  d i s -  
s o l u t i o n  f r o n t  

Same same Same Same Same Same 

Near s e v e r a l  Monocline near Near Cruz F i e l d  None known near No..e known near Near Arena Roja None known near 
Red Tank F i e l d  F i e l d  

Over 5 m i  from Over 8  m i  from Probably  near Probably near Probably near May be near  Over 1 m i  from 
Nash Draw f r o n t  Nash Draw f r o n t  San Simon Sink San Simon Sink San Simon Sink San Simon Sink Nash Draw f r o n t  

f r o n t  f r o n t  f r o n t  f r o n t  

h) 
I Less than lo Less than 1/2O Less than  1/2O About 2O F l a t  over  2' 

0 
6.  F l a t  bedding, Var i e s ,  0-1.2 Over 2O, and 

0 l e s s  than 2O d i p  d r i l l i n g  proved 
unacceptable  

7. Good s a l t  200 f t  Sa lado  860-2836 Salado 1500- Sa lado  1350- Sa lado  1850- Sa lado  2100- Sa lado  1900- Sa lado  1800- Salado 800-2900 
t h i c k  between f t ;  infra-Cowden 3400 f t ,  i n f r a -  3350 f t ,  i n f r a -  3850 f t ,  i n f r a -  4100 f t ,  i n f r a -  3900 f t ,  i n f r a -  3800 It, i n f r a -  f t ,  fo lded  
1000- and 3000-ft 290 f t  Cowden miss ing Cowden 225 f t  Cowden 200-300 Cowden miss ing  Cowden t h i n  Cowden miss ing  infra-Cowden 

(100-150 f  t )  300 f t  dep ths  f t  

8.  Minimize use of Area chosen has  N o  p r i v a t e  land,  No p r i v a t e  l and ,  Moetly s t a t e  Over h a l f  AD. L h a l f  C r i t e r i o n  not  Some p r i v a t e  
S t a t e  and p r i v a t e  no p r i v a t e  l and ,  smal l  amount m a l l  amount l a n d ,  0.4 sq  p r i v a t e  l a n d  p r l  ~ i e  l and ,  examined l a n d ,  s e v e r a l  
l a n d  2.7 sq m i  s t a t e  s t a t e  l and  s t a t e  l a n d  m i  p r i v a t e  sotr, , r a t e  squa re  mi les  

land s t a t e  l and  

9. Neares t  town Loving Malaga Halaga Eunice J a l  J a l  J a l  Loving 
Popula t ion 1100 300 300 2500 2700 2700 2700 1100 
Dis t ance  18 m i l e s  22 mi l e s  24 m i l e s  24 m i l e s  12 m i l e s  10 ml l e s  12 m i l e s  23 m i l e s  

C r i t e r i a  i n  c o n f l i c t  27 47 57 47. 7  17. 47 1, 4, 57, 6 ,  8  57, 7,  8  1 ,  5 7 ,  6, 7, 1, 4, 57, 7  1, 27, 6, 8  
8  

'Area chosen had p a r t  o f  b u f f e r  zone i n  KPD, r e s t  f r e e .  
b ~ ~ n c l i n a l  a r e a  next  to a  producing gaa  wel l .  

Draw f r o n t  o v e r l a p s  p a r t  of a rea .  



J Y O ~  t h e  f i v e  areas t h a t  d i d  n o t  s u r v i v e  t h e  s c r e e n i n g ,  f o u r  were t o o  c l o s e  
* t h e  r e e f  f r o n t ;  one ,  area 8 ,  was l a r g e l y  w i t h i n  t h e  Known P o t a s h  District;  

3% tro were nea r  known o i l  f i e l d s ;  f o u r  were  p r o b a b l y  too nea r  t h e  d i s s o l u t i o n  

- .. "xi f r o n t  t h a t  must be  a round  San Simon S i n k ;  t h r e e  d i d  n o t  have  f l a t  enough bed- 
p h f  d i n g ;  t h r e e  were n e a r l y  too d e e p  or t o o  l a c k i n g  i n  infra-Cowden sa l t  o r  bo th ;  

52% and f o u r  would i n v o l v e  p r i v a t e  l a n d .  (Infra-Cowden s a l t  l i e s  n e a r  t h e  base  o f  "-: t h e  S a l a d 0  Format ion;  it is t h e  p u r e s t  s a l t  o f  t h e  f o r m a t i o n  and t h e  s a l t  pro- 
posed f o r  t h e  lower mining l e v e l  i n  t h e  WIPP r e f e r e n c e  r e p o s i t o r y .  I t  is 
s t i l l  n o t  clear, however, how i m p o r t a n t  t h e  s a l t - p u r i t y  c r i t e r i o n  is.) 

- C o n d i t i o n s  p e c u l i a r  to area 3 e l i m i n a t e d  it from f u r t h e r  c o n s i d e r a t i o n .  
~t was t h e  smallest o f  t h e  s u r v i v i n g  a r e a s .  ~t was a l m o s t ,  b u t  n o t  q u i t e ,  
e x c l u d e d  by c r i t e r i o n  1. Most i m p o r t a n t l y ,  it is nea r  t h r e e  deep  h o l e s  (shown 
by t h e  b l ack  t r i a n g l e  i n  F i g u r e  2-2) t h a t  had been d r i l l ed  w h i l e  e x p l o r i n g  f o r  
o i l  and gas .  They were d e s c r i b e d  as having had b r i n e  f l o w s  t h a t  were i n  t u r n  
d e s c r i b e d  a s  " s t r o n g , "  20,000 b a r r e l s  per  day,  and 35,000 b a r r e l s  per  day. 3y 
compar ison,  t h e  b r i n e  p o c k e t  i n t e r c e p t e d  by d r i l l  h o i e  E?.DA-6 flowed. a t  t h e  
r a t e  of o n l y  660 b a r r e l s  p e r  day. These  t h r e e  h o l e s  wouia be  i n  t h e  b u f f e r  
zone i f  area 3 were to be s e l e c t e d .  

Thus two a r e a s  remained.  Between t h e  two, a r e a  1 was t h e n  and remains 
today  p r e f e r r e d  over  a r e a  2  b e c a u s e  as a whole t h e  problems w i t h  a r e a  2 are 
more s e r i o u s  t h a n  t h o s e  w i t h  a r e a  1. 

. .  I n  a r e a  2, t h e  s a l t  is d e e p e r  t h a n  i n  a r e a  1, and mining and mine s a f e t y  
would be ha rde r  to i n s u r e .  The re  is no infra-Cowden s a l t  i n  a r e a  2. Area 2  
is n e x t  t o  two s h a l l o w  o i l  f i e l d s  where water  f l o o d i n g  f o r  s e c o n d a r y  r ecovery  
may e v e n t u a l l y  be  used.  A s e i s m i c  c e n t e r  on t h e  C e n t r a l  B a s i n  p l a t f o r m  25 to 
65 miles to t h e  east is b e l i e v e d  to b e  t h e  r e s u l t  o f  s u c h  f l o o d i n g  ( S e c t i o n  
7.2.6), and i t  would b e  w e l l  to a v o i d  t h e  p o s s i b i l i t y ,  a l t h o u g h  t h e  Delaware 
b a s i n  is q u i t e  s t a b l e  t e c t o n i c a l l y  compared to t h e  C e n t r a l  B a s i n  p l a t f o r m  and 
hence l i t t l e  l i k e l y  t o  be  s u b j e c t  t o  induced  seismic a c t i v i t y .  

I n  a r e a  1, on t h e  o t h e r  hand, t h e  remaining q u e s t i o n s  e i t h e r  do n o t  a f f e c t  
r e p o s i t o r y  i n t e g r i t y  o r  a r e  found t o  b e  nonproblems. 

Area 1 met t h e  second  c r i t e r i o n  i m p e r f e c t l y ,  t h e  o n e  conce rned  w i t h  i n t e r -  
f e r e n c e  w i t h  p o s s i b l e  f u t u r e  p o t a s h  mining.  When t h e  sites were b e i n g  s c r e e n e d  
it appea red  t h a t  a  s i t e  ( t h e  p r e s e n t  r e f e r e n c e  s i te)  c o u l d  be chosen  i n  which 
t h e  c e n t r a l  a r e a  would be  o u t s i d e  t h e  Known P o t a s h  Distr ict  and t h a t  t h u s  t h e  
s i t e  would be m i n i m a l l y  i n  i n t e r f e r e n c e  w i t h  p o t a s h  m i n e r a l s .  A s  it t u r n s  
o u t ,  i n f o r m a t i o n  from p o t a s h  e x p l o r a t o r y  h o l e s  d r i l l e d  s i n c e  t h e n  by t h e  WE 
h a s  caused  an en la rgemen t  o f  t h e  Known P o t a s h  District  to i n c l u d e  most of  t h e  
p r e s e n t  r e f e r e n c e  s i te .  C o n t r o l  zone  I remains l a r g e l y  f r e e  o f  i n d i c a t e d  
p o t a s h  m i n e r a l i z a t i o n .  Thus a r e a  1 remains  i n  c o n f l i c t  w i t h  t h e  second cri- 
t e r i o n .  While t h i s  c r i t e r i o n  d o e s  n o t  a f f e c t  r e p o s i t o r y  i n t e g r i t y  pe r  se, t h e  
e x i s t e n c e  of m i n e r a l  d e p o s i t s  migh t  a t t r a c t  d r i l l i n g  a f t e r  c o n t r o l  over  t h e  
s i te  has  been l o s t .  

I n  d e t e r m i n i n g  how w e l l  a r e a  1 s a t i s f i e s  t h e  f o u r t h  c r i t e r i o n ,  which is 
conce rned  w i t h  a v o i d i n g  o i l  and g a s  r e s o u r c e s ,  s u b s e q u e n t  a n a l y s i s  has shown 
t h a t  t h e r e  a r e  no o i l  r e s e r v e s  under t h e  r e f e r e n c e  si te.  There  a r e  some g a s  
r e s e r v e s .  These a r e  a  s m a l l  f r a c t i o n  (0.02%) o f  t h e  n a t i o n ' s  r e s e r v e s ,  and a t  
least  some o f  t h i s  g a s  can  be  withdrawn from o u t s i d e  t h e  s i t e  o r  from w i t h i n  
c o n t r o l  zone Iv. 



Area 1 satisfies the fifth criterion, the one concerned with the nearness 
of the Nash Draw dissolution front. There are 1200 feet of salt over the 
upper repository level, which, given a vertical dissolution rate of 500 feet 
per million years, provide an isolation time of 2.4 million years. x it 

f a s ,  
Thus a new site was identified in the area called Los Medanos, about 6 

miles southwest of the first site.  his is the present WIPP reference site. 4 
Since 1975 the W E  has sponsored continuing and intensive studies there; the i . , 

results to date are reported in the Geological Characterization Report (Powers ) I  

et al., 1978) and summarized in Chapter 7 of this document. These studies * ?  

constituted a principal part of the stage 4 analysis. This environmental im- 
pact statement is also a major part of stage 4. i ' 1  

i 

In 1978, a DOE task force suggested (DOE, 1978a) that the WIPP include a 
demonstration of the disposal of spent fuel from nuclear reactors: under their I 
recornendation, up 'a lG30 sc~nt-fuel a~semSL..~s would be empl,zra retrieva~ly 
in a specially des~qned part of the WTPP mine. The site-selection criteri3 I 

remained unchanged after this addition of the high-level waste in the f ;ra of I 
spent fuel to the mrssion. These criteria, originally established for high- 
level waste, were retained for TRU waste because they were needed to take 
account of potential long-term problems with TRU nuclides. The primary dif- 
ference between TRU waste and spent fuel is in the heat delivered to the r e p  I 

I 
sitory. Over the long term, thousands of years, the fission products in spent 
fuel decay, leaving the radioactive actinides. These actinides from the spent 1 
fuel are nearly the same as those remaining in the TRU waste, and their impacts 
and interactions inside the repository and the biosphere are similar. In the 
short term, up to 1000 years, the spent fuel delivers heat to the repository; 
TRU waste, which is a negligible heat generator, does not. Limitations on 1 
heat loading can reduce the near-term consequences of this heat; retrievable 
emplacement can allow them to be mitigated if monitoring, further research, or 
analysis of these consequences shows that corrective action is needed. I 

2.1.4 The Continuing Site-Characterization Program I 
Along with the investigations in the Delaware basin, ERDA continued its 

site-characterization program for mined repositories for the disposal of 
co~lrmercially generated high-level waste.   his National Waste Terminal Storage 
(NWTS) program is considering a wide variety of media in diverse regions of 
the country in addition to bedded salt (Appendices A and B). 

The other rocks being studied are crystalline rocks (basalt and granite), 
argillaceous rocks (shale), and tuff. Rock salt has received most of the 
attention in waste-disposal studies over the past two decades; hence a great 
deal more information is known on the properties of salt than on the proper- 
ties of the other rocks. None of the other rocks is as soluble as salt. 
Shale is somewhat plastic, but not so plastic as salt. Typically, salt is 
free of flowing groundwatec whereas basalts, gran~tes, and tuffs contain such 
water; although shale often contains water, it is oEten nearly impermeable. 
All the other rocks have a much greater sorptive capacity and a smaller ther- 
mal conductivity than salt (Appendix A) . 



No intrinsic environmental or safety-related problems have been identified 
that would clearly preclude the use of any of these media for a repository. 
On the contrary, it appears that any problems associated with these media 
could be solved by judicious site selection, by engineering design using 
state-of-the-art technology, or by both methods. Nevertheless there are more 
unanswered questions about the use of these other rocks than about the use of 
salt. 

The WIPP and NWTS programs have identified general locations of potential 
interest for repositories. Some locations are still being investigated fur- 
ther, and some have been rejected; while some areas have been studied no fur- 
ther because others appear to have greater potential, they have not been 
rejected--they remain as potential sites in the NWTS program. 

Although the Los Medanos reference site is the only location to date to 
have reached tne st.?ge 4 degree of characterization, t he  !WTS pragram will 
eventually take alternative Locations to that skaqe. 3 e  impLications of this 
progress, in terms of alternatives to the reference case, are developed in 
this chapter and evaluated in Chapters 3 and 4. 

2.1.5 The IRG Process--A Current Reassessment of the 
Waste-Management Program 

President Carter called for a review of the waste-management program in 
his April 1977 National Energy Plan. In response to this request, the DOE 
established an internal task force and published a draft report in March 1978, 
containing significant criticisms, findings, and recommendations (DOE, 1978a). 
The President then created a formal Interagency Review Group on Nuclear Waste 
Management and instructed it to make policy and program recommendations to 
him, using the draft W E  task force report as one input. This group, chaired 
by the DOE, comprised representatives of 14 agencies. It d:veloped a draft 
report to the President that was published for public comment in October 1978 
(IRG, 1978). Following the review of public comment, the Interagency Review 
Group has published a revised report (IRG, 1979) and is now preparing a Deci- 
sion Paper for the President, who will determine an administration position on 
the issues identified by the Interagency Review Group. 

At the outset, the DOE task force found that a majority of independent 
technical experts have concluded that high-level waste can be safely disposed 
of in geologic media, although validation of the specific technical choices 
will be an important element of the licensing process. An important recommen- 
dation was that consideration be given to an early demonstration of the geo- 
logic disposal of up to 1000 spent-fuel assemblies in the WIPP or in another 
suitable location: this demonstration, designed for conservative levels of 
heat generation, would allow research-and-development measurements to be 
made. The task force recommended that both the TRU-waste disposal and the 
spent-fuel demonstration be subject to licensing by the Nuclear Regulatory 
Commission (NRC) . 

The task force rejected the idea that the WIPP be considered as a poten- 
tial repository for high-level waste from the defense program, recommending 



that the WIPP be dedicated to TRU-waste disposal. The task force concluded 
its discussion of the WIPP (DOE, 1978a, p. 18) as follows: 

Thus, in summary, WIPP would be used for R&D in salt and 
ultimate disposal of TRU wastes as originally proposed. 
The Task Force recommends that this mission be supplemented 
by a demonstration of spent-fuel disposal. These activi- 
ties should be licensed. Any change in scope or character 
from this approach will be subject to a licensing revision 
process involving the opportunity for significant state and 
public participation. 

Subsequently, the Interagency Review Group consulted extensively with the 
scientific and technical community, including independent geologic and envi- 
ronmental experts. The major technical findings of this activity !TRG, 1979, 
p. 42) :ie presented ir. Eull below. 

Present scrc-zific and technological knowledge l z  adequate 
to identify potential repository sites for further investi- 
gation. No scientific or technical reason is known that 
would prevent identifying a site that is suitable for a 
repository provided that the systems view is utilized rig- 
orously to evaluate the suitability of sites and designs, 
and in minimizing the influence of future human activi- 
ties. A suitable site is one at which a repository would 
meet predetermined criteria and which would provide a high 
degree of assurance that radioactive waste can be success- 
fully 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 re- 
duced. 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 de- 
velopment will permit reevaluation of risks, uncertainties, 
and the ability of the site and repository to meet regula- 
tory standards. Such reevaluations would lead either to 
abandonment of the site or a decision to proceed to the 
next step. Reliance on conservative engineering practices 
and multiple independent barriers can reduce some risks and 
campensate for some uncertainties. However, even at the 
time of deconunissioning some uncertainty about repository 
performance will still exist. Thus, in addition to techni- 
cal evaluation, a societal judgment that considers the lev- 
el of risk and the associated uncertainty will be necessary. 

The Interagency Review Group raised an important issue about TRU-waste 
disposal: should a dedicated TRU-waste repository be built if an opportunity 
exists to do so, or should TRU-waste disposal await the availability of HLW 
repositories and take place there? The IRG report states (IRG, 1979, p. 73) 
that "the IRG still considers that proceeding with a dedicated niU repository, 
if an opportunity is available, is consistent with a conservative and stepwise 
approach." 



~t should be noted, however, that the Interagency Review Group approached +- this question generically, as an appropriate interim strategic-planning basis 
. until the environmental-review provisions of the National Environmental Policy 
- ~ c t  (NEPA) have been carried out. This environmental impact statement is the 

NEPA document in which the full environmental considerations of such an 
approach are analyzed so that the DOE can reach a decision. 

The Interagency Review Group recommended a detailed interim strategic- 

! planning basis for the HLW program, again pending NEPA review. The generic 
environmental impact statement (GEIS) on the Management of Commercially Gener- 
ated Radioactive Waste (DOE, 1979a) , issued in draft form in March 1979, is 
intended to represent the formal NEPA documentation for the HLW strategy. 

I I 

The Interagency Review Group defines an intermediate-scale facility (ISF) 
as a licensed facility, in which hundreds, perhaps as many as 1000, spent-fuel 
assern~lies are emplaced retrio~~ably but with the inter?tion of leavirig tkem 
there permanently for disposal. Such a facility would be a deliberate, tech- 
nically ccnservative stew toward the permanent disposal of nuclear q.gaste; it 
would provide technical data and help to develop the institutional arrange- 
ments that will be needed for full-scale waste disposal. 

The Interagency Review Group found that (IRG, 1979, p. 63 )  

An ISF is not an essential component of a program leading 
to a full-scale repository. Nonetheless, if an appropriate 
opportunity to build an ISF on a schedule significantly 
prior to the opening of the first full-scale, high-level 
waste repository were to exist, the opportunity should be 
taken. 

The members of the Interagency Review Group have not agreed on the timing 
and procedures for siting an ISF or on the matter of colocating an ISF with a 
dedicated TRU-waste facility. Additional elaboration of the IRG's views is 
furnished in Appendix C. 

I 2.2 NEAR-TERM WASTE-MANAGEMENT OBJECTIVES 

I 
The Interagency Review Group has stated (1979, p. 15) that the primary 

objective of waste-management planning and implementation is that 

Existing and future nuclear waste from military and civil- 
ian activities (including discarded spent fuel from the 
once-through nuclear fuel cycle) should be isolated from 
the biosphere and pose no significant threat to public 
health and safety. 

I This document analyzes potential near-term steps toward the achievement of 
that longer-term objective. This section discusses three near-term objec- 

I tives: meeting stated intentions for TRU-waste disposal; using existing 
opportunities for progress; and providing technical, institutional, and opera- 
tional benefits to the HLJJ-disposal program. 



Meeting Stated Intentions 

would fulfill the U.S. Government's intentions, expressed 
to the State of Idaho, regarding TRU-waste disposal. In 1970, the AM3 noted 
that it viewed shipment of TRU waste from Idaho to a Federal repository as a 

requirement, hoping then to start by the end of the decade 
Seaborg to Senator Frank Church; see DOE, 1979b, Appendix A) . 

That plan was made when the AM: was working to establish a demonstration re- 
pository in salt at Lyons, Kansas, to be available in 1976. However, as noted 
in Section 2.1.1, site-specific safety questions arose at the Lyons site, and 
the project was abandoned in mid-1972. The desire to dispose of the waste ' 
permanently remains, however, and statements to this effect have been reiter- 
ated as late as March 2, 1978 (DOE, 1979b, Appendix A), although shipments 
will be delayed until 1986 or later. 

2.2.2 Usina Existina O~~ortunities 

This objective takes advantage of the availability of an opportunity to 
proceed, as discussed by the W E  task force report (DOE, 1978a, p. 13) and the 
IRG report (1979, pp. 69ff). 

According to these reports, proceeding now is appropriate and possible for 
four basic reasons summarized below: 

1. There are sufficient quantities of TRU waste to warrant the construc- 
tion of a single, mined repository dedicated to their disposal. This 
waste has been generated in defense programs. Transuranic waste will 
also be generated in the decontamination and decommissioning of both 
defense and civilian facilities. 

2. To obtain the advantages of using a TRU-waste repository as a deliber- 
ate, conservative step toward HLW disposal, it is appropriate to pro- 
ceed now. Because repositories for both defense and civilian HLW are 
expected to be available in the future and because they can also be 
used for TRU-waste disposal, it is unlikely that there will be another 
opportunity to build a repository dedicated only to TRU waste. 

3. A conceptual plant design (WIPP) currently exists, and a site (Los 
Medanos) has been investigated; it is therefore possible to consider 
proceeding now with a repository specifically dedicated to TRU-waste 
disposal. 

4. According to the IRG recommendations, the next step would be to ask 
the NRC for a construction permit for the facility; the question of 
final site suitability would then be resolved through the licensing 
process. Docketing of the case with the NRC would represent a view 
that the DOE site-characterization activities have supported the suit- 
ability of the site for a repository, as far as they have proceeded. 
Docketing is an appropriate step because it would permit more-detailed 
site examinations (including the sinking of a large central shaft and 
excavations at the repository horizon) to proceed in accordance with 
the requirements of the NRC. However, the current Congressional 
authorization for WIPP site characterization and design does not 



include provisions for licensing; this matter would have to be re- 
solved in order to be consistent with the IRG recommendations to the 
president. 

Z 
2.2.3 ~enefiting the HLW-Disposal Program 

5 -&L: 
- " .  1 . . - c .  This objective, which may be the most significant, provides near-term - - 
.,' .- y.;: 

i tachnical, institutional, and operational benefits to the HLli-disposal pro- 
.:**''- 

f ;:;:.. :< as recognized by the Interagency Review Group: 
.;?$:$;i.;i. . .- ,. . . 8 a>>: 7 - 

p ..++~ +; 1.. , Near-term programs should advance the technology for mined reposi- * ;~~:,' ' '- .- 

r,& . ... . . . a~ , ;  tories. Generic laboratory work, while useful, is no longer an ade- 
. , . . quate basis for advancing the program: characterization of actual 

sites and experience at them is now necessary. 

Except for the quantities of wastes, the s3fety considerations 
involved in the disposal of TRU waste are similar to those in HLW 
disposal: after decay of its fission products, high-level waste 
essentially becomes TRU waste in the very long term, after a few 
centuries. (On the other hand, mu-waste disposal is operationally 
simpler; the waste does not generate enough heat to affect its inter- 
actions with the salt.) Much of the experience with TRU-waste dis- 
posal is directly applicable to future HLW-disposal activities, there- 
by providing the HLW-disposal program with experience in designing, 
analyzing, and operating repositories and in obtaining licenses from 
the NRC and other regulatory bodies. 

Near-term TRU-waste disposal would be consistent with the desired 
approach of proceeding by deliberate and technically conservative 
steps toward final methods for waste management. 

4. An ISF, licensed and limited in size, would provide the HLW-disposal 
program with further, independent experience in designing, analyzing, 
and operating repositories and in obtaining licenses from the NRC and 
other regulatory bodies. Colocation of an ISF at a dedicated TRU- 
waste repository would reduce costs below those of an independent ISF 
not intended as the site of a full-scale repository. Furthermore, it 
would be useful to have the ISF near the research-and-development work 
carried on in the repository. 

2.2.4 Summary of Near-Term Objectives 

In summary, the near-term policy objectives for waste management may be 
stated as follows: A*, #P pdOh 'W 

/ 
1. To meet stated U.S. Government intentions for early removal of the TRU 

waste stored at the Idaho National ~ngineering Laboratory. 

2. TO use existing opportunities, if they are adequate and acceptable, to 
advance waste-management technology and to dispose of existing wastes. 



3. To emphasize work at potential sites that may realistically be con- 
sidered for waste disposal. 

4. To proceed by deliberate steps in a technically conservative manner. 

5. To build a licensed full-scale TRU-waste repository in advance of HLW 
repositories, thus gaining experience in designing, analyzing, and 
operating repositories and in obtaining approval from the NRC and 
other regulatory bodies. 

6. To build a licensed intermediate-scale facility for the disposal of 
spent fuel £ran reactors in advance of HLW repositories, thus gaining 
further experience in designing, analyzing, and operating repositories 
and in obtaining approval from the NRC and other regulatory bodies. 

7. To combine compatible facilities, ::here sv: : table ,  In order to avoid. 
unnecessary costs and to assist in integrating the research-and- 
development programs. 

2.3 THE WIPP REFERENCE CASE 

Intent of the Reference Case 

The WIPP reference case, defined in this EIS, is intended to achieve the 
simultaneous but potentially conflicting objectives of Section 2.2.4 as 
thoroughly and quickly as possible. There are questions, of course, as to 
whether this intent is actually achieved by the reference case. In Section 
2.4, alternatives to the reference case are derived. They and the reference 
case are evaluated with respect to their environmental impacts in Chapter 3 
and with respect to the seven policy objectives in Chapter 4. 

2.3.2 Description of the Reference Case 

The reference case consists of 

1. A licensed, full-scale repository for the permanent disposal of TRU 
waste. It will receive this waste from the Idaho National Engineering 
Laboratory (INEL). The initial underground excavation will create a 
100-acre area that can hold all the TRU waste now stored at the INEL 
as well as the waste expected there through 1990; future expansion of 
the repository can provide an area of 2000 acres for the disposal of 
TRU waste from other sites. All the TRU waste to be received at the 
WIPP will have been produced in the U.S. defense program. The waste 
will be emplaced in such a manner that it can be retrieved during a 
20-year period if it becomes necessary to do so. 

2. A 20-acre underground area for research and development. There 
' experiments performed with all types of nuclear waste will answer 
technical questions about the disposal of waste, particularly high- 
level waste, in salt. All the waste used in these studies will be 
removed when the experiments are over. 



. . 3. A 20-acre underground area for the permanent disposal of spent-fuel 
I 4- assemblies removed from nuclear reactors. Called an "intermediate- 

t 

scale facility (ISF)" by the Interagency Review Group, this part of 
the WIPP will receive as many as 1000 assemblies emplaced in such a 

-3z manner that they can be retrieved for 10 years if necessary, but with- 
, - out the expectation of doing so. 

Under the reference proposal, these three parts of the WIPP would all be 
combined at the reference site in Eddy County, New Mexico. The plans would be 
submitted to the licensing authorities for further consideration after comple- 
tion of the material required by the NRC. 

The WIPP reference site (at Los Medanos) is in southeastern New Mexico, 
about 25 miles east of Carlsbad. The plant would require the withdrawal of 
17,200 acres of Federal land, the acquisition of 1760 acres of State land, and 
the cancellation of existing lease rights on both parcels gf land. Another 
590 acres would be required for rights-of-way for roads, a raiiroad, an 
electrical-power line, and a water line. 

At the site railcars and trucks would be unloaded within a waste-handling 
building, where the waste would be prepared for movement underground. Each of 
four shafts would reach the two storage and disposal levels underground. The 
upper level, 2100 feet below the surface, would be used for the disposal of 
contact-handled (CH) TRU waste. The lower level, 2700 feet underground, would 
be used for the disposal of remotely handled (RH) TRU waste, for the emplace- 
ment of spent fuel, and for experiments with high-level waste. Both levels 
would be in the Salado Formation, a thick layer of bedded salt that extends 
from 860 to 2836 feet below the surface at the center of the site. More de- 
tailed information on the reference site is in Chapter 7 and Appendix D, which 
also discusses its compatibility with site-selection criteria. 

In the reference design, the area set aside for potential underground 
storage operations would be about 2000 acres; the remaining acreage would pro- 
vide a 2-mile-wide buffer zone around the underground operations area. The 
initial excavation at the upper (CH) level would provide about 100 acres for 
waste disposal. The lower mine level would have three separate areas of 10 to 
20 acres each for the storage of remotely handled TRU waste, for the spent- 
fuel demonstration, and for high-level-waste experimentation. Service areas 
would take up additional acreage on both levels. 

Operating at three shifts per day, the WIPP reference design could handle 
in any given year 1.2 million cubic feet of contact-handled TRU waste, 10,000 
cubic feet of remotely handled TRU waste, 350 canisters of spent-fuel assem- 
blies, and 100 canisters of high-level waste for experiments. Chapter 8 pre- 
sents a detailed description of the reference repository and its operation. 

It is estimated that the construction of the WIPP would cost $225 million 
(1978 dollars) spread over 4 years and about $36 million a year to operate. 
In addition, engineering, construction management, and technical support would 
cost $205 million. The construction work force would number about 800 people 
on the average; peak employment would be near 1400. The operational staff 
would number about 350. 



2.3.3 Waste To Be Disposed of or Studied in the Reference Repository 

Transuranic (TRU) waste I -a 
The U.S. defense program has already generated large quantities of contact- 

handled TRU waste, which requires no shielding, and remotely handled TRU waste, 
a 

which requires shielding to protect workers who handle it. The acronym TRU 
1 
4 

stands for "transuranic"; transuranic waste is any solid radioactive waste, 1 

other than high-level waste, that is contaminated with nuclides heavier than 
uranium to the extent that it is not suitable for surface disposal. It re- + 

sults from almost every industrial process involving transuranic materials, 
but predominantly from the fabrication of plutonium to produce nuclear wea- I 

pons. It would be produced in spent-fuel reprocessing and mixed-oxide-fuel 
fabrication for recycle to nuclear reactors; these processes, however, are not 
currently in commercial use in the United States. 

Transuranic waste exists in a wide variety of physical forms, ranging from 
unprocessed general trash (absorcent paper:. protective ciothlng, plastics, 
rubber, ;mod, ion-exchange resins, sludges, etc.) to decommissioned tools and 
glove boxes. 

The major producers of defense TRU waste have been the Rocky Flats Plant I 

near Denver, the Hanford complex of facilities near Richland, Washington, and I 
' the Los Alamos Scientific Laboratory in northern New Mexico. Smaller pro- 

I 
I 

I ducers include the Mound Laboratory near Miamisburg, Ohio, the Savannah River 
A, Plant near Aiken, South Carolina, the Argonne National Laboratory near I 

Chicago, the Oak Ridge National Laboratory in Tennessee, and the Lawrence I 

/ Livermore Laboratory in Livermore, California. Most of this waste has been 
I 
I 

stored at the Idaho National Engineering Laboratory near Idaho Falls and at 
Hanford. Smaller inventories are stored at the Pantex Works at Amarillo, 
Texas, and at the Nevada Test Site. 
- 

The radionuclide content of TRU waste varies widely. Weapons-oriented 
plants like Rocky Flats produce waste in which plutonium-239 is the dominant I 

TRU nuclide; waste from the Mound Laboratory is high in plutonium-238; and 
I 
I 

some waste from the Oak Ridge National Laboratory contains curium-244. On a 
volume basis, weapons waste is by far the most important component of the 
total TRU-waste inventory; the Rocky Flats Plant alone produces 40% of all DOE 
TRU waste. For this reason, Rocky Flats waste is taken in this document as 
representative of all DOE contact-handled TRU waste. The characteristics of 1 
such TRU waste are described in Appendix E (Tables E-1 and E-2) and Chapter 5. 

I 

There are virtually no fission products in defense contact-handled TRU 
waste, and its heat output is essentially zero. 

Before 1970, waste containing TRU nuclides was not segregated from other 
waste contaminated with low levels of radioactivity. Therefore, a large vol- 
ume of material now considered contact-handled TRU waste was buried in a man- 
ner similar to conventional sanitary-landfill operations, with additional 
handling precautions appropriate for radioactive materials. The waste was 
placed in open unlined trenches and then covered with several feet of earth. 
At the time of its burial, this waste was not intended to be retrieved. 

In 1970, the AEC adopted a policy requiring that waste containing TRU 
nuclides producing in excess of 10 nanocuries of alpha activity per gram be 



packaqed and stored separately from other radioactive waste. This waste is 
n w  stored in such a way that it "can be readily retrieved in an intact, 
contamination-free condition for 10 years" (DOE Manual, Chapter 0511). 

~emotely handled TRU waste has always been handled separately. Much of it 
has been put into 1- to 2-foot-diameter pipes placed vertically in the ground, 
with a shielding plug at the top of each pipe (Bartlett et al., 1976, Chapter 
20). , 

At the end of 1977, the accumulated volume of TRU waste amounted to 11 
million cubic feet of material, only 1.6 milLion cubic feet of which is 
readily retrievable. By the end of 1986, this volume is projected to become 
13 million cubic feet, including 3.7 million cubic feet retrievably stored 
(Table 2-3). The estimated quantity of transuranic nuclides stored at the 
various W E  sites at the end of 1977 is presented in Table 2-4. About 30,000 
cubic teet rf rc.rorely \ ~ n d i c c  T3U qdoras~e frorn c!efcnse rrroarzxs 1; r?cv Ln star- 
age; t h i s  volu-e is expec t??  t3 grow to about 99,000 cuoic F e e t  by 1386. 

Table 2-3. TRU Waste at W E  Storage sitesa 

- - - - - - - - - - - - - 

Volume (thousands of cubic feet) 
Buried CH waste--stored RH waste--stored 

siteb 10/1/77 10/1/86 10/1/77 10/1/86 10/1/77 10/1/86 

LASL 580 580 54 249 0 9 
Pantex 1 1 0 0 0 0 
ORNL 2 15 222 10 3 2 27 5 2 
Hanf ord 5483 5483 247 855 3 8 
INEL 2102 210Zc 1202 2376 0 + 2 0 
NTS 0 0 6 3 9 0 0 
SRP 108 5 - 108 5 - 56 - 109 - 0 - 0 - 

a~ata from Dieckhoner (1978 and private communication, 1978). See 
also Appendix E of this document. 

h e y :  LASL, Los Alamos Scientific Laboratory, New Mexico; Pantex, 
Pantex Works, Amarillo, Texas; ORNL, Oak Ridge National Laboratory, 
Tennessee: Hanford, Hanford Reservation, Richland, Washington; INEL, 
Idaho National Engineering Laboratory; NTS, Nevada Test Site: SRP, 
Savannah River Plant, South Carolina. 

CIt is estimated that experimental retrieval programs will reduce 
this volume to 2 million cubic feet by 1985. However, if all of INEL's 
buried TRU waste is retrieved for shipment to a Federal repository, the 
total volume recovered will be 6.25 million cubic feet, including 3.75 
million cubic feet of contaminated soil and 500,000 cubic feet of beta- 
and gamma-emitting waste that is intermixed with TRU waste. If this 
waste is treated by slagging-pyrolysis incineration, the total volume of 
waste shipped to the repository will be on the order of 3 nillion cubic 
feet (the overall volume-reduction ratio in the incineration process is 
estimated to be 2:l). 



Table  2-4. T r a n s u r a n i c  Content  o f  WE TRU Waste 
(Es t ima te s  a s  of October 1, 1977)a 

Bur ied  waste 
(kg of  TRU) 

Sto red  waste  
(kg of TRU) 

- - - - - - - - - - - 

LASL 
Pantex 
ORNL 
Hanford 
I N  EL 
NTS 
SRP 

a ~ a t a  from Diet :koner (1977) .  
b ~ e e  Table  2-3 f o r  key t o  abb rev i a t i ons .  

The r a t e  a t  which contac t -handled  TRU waste  is produced is about  0.25 m i l -  
l i o n  cubic  f e e t  per yea r  (DOE, 1978a, pp. 43, 121) .  The WIPP r e f e r ence  repo- 
s i t o r y  is designed to hand le  1 .2  m i l l i o n  c u b i c  f e e t  of was te  per  year .  Thus, 
i f  t h e  WIPP were to s t a r t  a c c e p t i n g  waste i n  1986, t h e  e a s i l y  r e t r i e v e d  waste  
could,  i n  theory ,  be p l a c e d  t h e r e  ove r  a 4-year time p e r i o d  (by 1990) ,  al- 
though t h e  a c t u a l  time r e q u i r e d  to r e c e i v e  a l l  t h i s  would probably  be longer .  

I n  a d d i t i o n ,  t h e  WIPP r e f e r e n c e  r e p o s i t o r y  ha s  t h e  c a p a c i t y  t o  r e c e i v e  
some TRU waste from t h e  d i s m a n t l i n g  and decontaminat ion of o b s o l e t e  and no- 
longer-needed weapons-production f a c i l i t i e s  such as t h e  Hanford plutonium 
reac to r s .  Es t imates  o f  t h e  volume of such waste  range from 5 t o  95 m i l l i o n  
cubic  f e e t ,  depending on t h e  amount of contaminated s o i l  t h a t  must accompany 
t h e  waste (DOE, 1978a, p. 87 ) .  I f  t h e  l a t t e r  f i g u r e  is c o r r e c t ,  o n l y  p a r t  of 
it could be emplaced i n  t h e  r e f e r e n c e  r epos i t o ry .  (The t r a n s p o r t a t i o n  impact 
ana ly se s  l a t e r  i n  t h i s  document, however, do n o t  assume t h a t  any of t h i s  d i s -  
mantling-and-decommissioning waste is s e n t  t o  t h e  WIPP.) 

The r e f e r ence  r e p o s i t o r y  is in tended  f o r  t h e  d i s p o s i t i o n  of o n l y  t h a t  
amount of r e a d i l y  r e t r i e v a b l e  was te  expec ted  t o  be s t o r e d  a t  t h e  INEL through 
1990. This waste i n c l u d e s  t h e  2.4 m i l l i o n  c u b i c  f e e t  shown i n  Table  2-3 f o r  
1986 p lu s  an a d d i t i o n a l  two- th i rd s  of t h e  0.25 m i l l i o n  c u b i c  f e e t  genera ted  
annua l ly ,  for a total  of abou t  3 m i l l i o n  c u b i c  f e e t .  Some 100 a c r e s  of repo- 
s i t o r y  space w i l l  be more t h a n  adequa te  f o r  t h i s  purpose.  

Although t h e  miss ion  o f  t h e  r e f e r e n c e  r e p o s i t o r y  is now l i m i t e d  to t h i s  
s u b s e t  of t h e  total  TRU-waste i nven to ry ,  t h e  envi ronmenta l  a n a l y s e s  conta ined  
i n  Chapter 9 and summarized i n  Chapter  3 assume t h a t  t h e  complete  r e p o s i t o r y  
volume of 2000 a c r e s  is used f o r  TRU-waste d i s p o s a l ,  t h u s  i n s u r i n g  t h a t  t h e  
r e f e r ence  r e p o s i t o r y  would n o t  l i m i t e d  by an i n a b i l i t y  t o  r e c e i v e  and d i spose  
of a d d i t i o n a l  q u a n t i t i e s  o f  TRU waste.  Any d e c i s i o n  t o  do s o ,  however, would 
r e q u i r e  f u r t h e r  env i ronmenta l  review (and l i c e n s e  amendment) a t  t h e  time. 

Fur ther  environmental  review is a l s o  r equ i r ed  f o r  ano the r  dec i s ion :  should  
t h e  TRU waste now bu r i ed  a t  WE sites be exhumed, p r e s e n t i n g  near-term r i s k s  
t o  personnel ,  s o  a s  to improve its long-term d i s p o s a l .  These reviews a r e  to 
be completed by about  1982, a s  recommended by t h e  IRG (1979, p. 76) .  



Spent fuel for the ISF 

Reactor fuel consists of small uranium dioxide pellets stacked in stainless- 
steel or zirconium-alloy tubes. These tubes, called fuel pins or fuel rods, 
are assembled into bundles called fuel-element assemblies. During operation 
of the reactor, radioactive waste is produced in this fuel. 

~pproximately one-third of the fuel in a reactor is replaced each year. 
In a typical 1000-We reactor, this amounts to about 64 fuel assemblies, that 
is, 25 metric tons of uranium (MTU) occupying a volume of about 330 cubic 
feet. Spent-fuel assemblies taken from reactors are presently stored at each 
operating nuclear-power plant; the present inventory of this spent fuel is 
about 2300 MTU. By the end of the century, this inventory could grow to about 
100,000 MTU (DOE, 1978b). 

Because storage space at con~erclal nuclear-power ~Iants i; limited, stor- 
age away from reactor sites is being considered. The U.3. Governnorlt :s pr3- 
posing to provi2e some of this away-from-reactor (AF'R) storage space. Under a 
policy announced on October 18, 1977, the Government proposes to accept and 
take title to spent nuclear fuel from utilities following payment to the 
Government of a storage fee. In addition, it may be possible to ship the 
spent-fuel assemblies to privately owned independent spent-fuel-storage (SFS) 
water basins. Three private SFS basins now exist. They are the General Elec- 
tric (GE) Morris plant in Illinois, the Nuclear Fuel Services (NFS) West 
Valley plant in upstate New York, and the Allied-General Nuclear Services 
(AGNS) Barnwell plant in South Carolina. 

For purposes of analysis, this environmental impact statement assumes that 
the spent fuel for the ISF at the WIPP will be acquired and transported from 
the storage basins at Morris, Illinois. 

Plans for the ISF (Section 8.10) are to dispose of 10-year-old (i.e., 10 
years since discharge from the reactor) spent-fuel assemblies from a 
press ur ized-water reactor (PWR) . The character istics of 10-year-old PWR fuel 
are summarized in Table E-5 of Appendix E. The PWR assemblies have been 
selected because of their dimensional compatibility with the WIPP transfer 
equipnent for remotely handled waste. They will be encapsulated intact in 
individual canisters. 

Nature of waste for experimental program 

The experimental program described in Section 8.9 will be designed to 
answer technical questions about the disposal of spent fuel and other high- 
level waste in bedded salt. This research-and-development program will pro- 
vide an in-situ laboratory that can study, in addition to other phenomena, the 
questions that may arise concerning the disposal of spent fuel in the ISF. 
The focus of the program is on spent fuel and other commercial high-level 
waste rather than on TRU waste and defense high-level waste; the former are 
more radioactive and generate more heat than the latter and thus have more 
potential for undesired consequences. 

In the experimental area, it will be possible to accelerate the inter- 
actions between the high-level waste and the salt and to experiment with can- 
ister materials, overpack or backfill materials, and other multiple-barrier 
techniques. The experimental program can produce information on means of 



protecting the spent-fuel canisters from brine attack for long periods of 
time, on the products of spent-fuel interactions with salt, and on various 
concepts for immobilizing any leached radionuclides within or near the origi- 
nal waste-emplacement locations. 

The experiments will use waste that produces high levels of heat and gamma 
radiation--spent power-reactor fuel and solidified high-level waste. (The 
spent fuel used in the experimental program will be in addition to that used 
in the ISF.) In the interest of accelerating the interactions, some of the 
waste will be emplaced without a surrounding container; some will be ground 
into small particles before being emplaced. All the waste used in experiments 
will eventually be recovered and removed from the WIPP. 

The source of the waste to be used in these experiments is not as yet 
defined. Spent fuel is available from many sourccs: each react-: and spent- 
fuel s'7rage Eacill~y i c  3 ---0tenti21 source. On :ce other h z ~ c i ,  Jolidif;,d 
high-level waste is not readily available. (Except for some laboratory-scale 
batches. no commercral high-level waste has been produced in tnrs country 
since 1-71, and little defense high-level waste has been produced. Further- 
more, the high-level waste in storage has decayed to much lower radiation 
levels than it had when originally produced.) There will be a need for com- 
mercial high-level waste in the WIPP experiments because it produces higher 
outputs of heat and radiation than does defense high-level waste. The experi- 
ments are intended to stress the salt environment severely enough to simulate 
adverse conditions that, in concept, might appear in a future repository for 
high-level waste. They are also intended to cover the possibility that repro- 
cessing of commercial spent fuel may resume, requiring disposal of solidified 
high-level waste; for this purpose only actual commercial waste will be ade- 
quate because the chemical interactions between defense waste and its sur- 
roundings in a repository will be significantly smaller. 

If solidified commercial high-level waste is not available, the experiment 
program may have to use fresh defense high-level waste, which produces heat 
and radiation at levels roughly 10 times lower than those of commercial high- 
level waste. By the late 1980s solidified defense high-level waste may be 
available from the Savannah River Laboratory; however, it will not be avail- 
able until several years after the WIPP experiments are scheduled to begin. 
To increase its levels of radioactivity this waste could be fortified with 
strontium-90 or cesium-137. The resulting material would not, however, simu- 
late the chemical properties of commercial waste. 

2.4 PROGRAMMATIC ALTERNATIVES ?O THE WIPP REFERENCE CASE 

2.4.1 Possible Locations, Geologic Environments, and Decision Dates 

The NWTS and WIPP programs have identified locations that may be suit- 
able for repositories (Appendices A and 8). The continuing NWTS site- 
qualification* program will 2escribe sites in detail; it is based on recommen- 
dations by the Interagency Review Group (IRG 1979, p. 59) that a continuing 

*Site qualification (also called site characterization) is a description 
in enough detail to undertake an environmental impact analysis. 



search for sites suitable for a system of repositories be conducted in a wide 
variety of potential host rocks with diverse geohydrologic characteristics. 
since the purpose of the NWTS program is to identify and qualify locations for 
a system of repositories, its activities do not depend on the time when the 
site for the first proposed repository for commercial waste is selected. Any 
other sites found suitable will simply be held for possible future selection 
as repository sites. 

Within the next 6 years, the NWTS program is expected to qualify or reject 
one or more sites through stage 4 (site analysis) of the previously described 
site-selection process (Table 2-1). The earliest possible dates for the 
qualification of sites are as follows: 

Geologic medium and location - Date 

3e31cd stlt 1 !Delzwarc Sasinl NOW 

Dome salt (Gulf interior region) 198 1 
Basalt (Hanf or d)  1981/!.382 
Bedded salt 2 1982 
Bedded salt 3 1983 
Various nonsalt media (Nevada Test Site) 1983/1984 
Various nonsal t media (non-WE sites) 1984/1985 

Each of these sites will have been taken through stage 3 (site studies-- 
Table 2-1) one or two years earlier than the qualification date. Thus a 
decisionmaker in late 1982, for example, could probably consider all four of 
the previously qualified sites as well as some of the remaining sites whose 
qualification would have passed stage 3. 

The dates shown here are optimistic and subject to delay. The sequence of 
qualifications is more likely to remain correct than the dates, but the se- 
quence would be affected if difficulties delaying the qualification of one 
site were unique to that site. Although these dates will be used in the 
following discussion, it is site qualification that is important, not the 
dates by themselves. 

At some point a decision to select a site for an HLW repository will fore- 
close any further opportunity to construct a repository for TRU waste alone. 
When this decision will be made cannot be predetermined with certainty since 
it could, in theory, be made any time between now and the completion of the 
NWTS site-qualification program in 1984-1985. For convenience of analysis and 
as an appropriate set of specific examples from the full spectrum of possibil- 
ities, the following times are assumed for the dates of the HLW repository 
decision: 

a Now (1979) 
a After qualification of basalt at Hanford (1982) 
a After completion of entire program (1985) 

The first qualification date (1979) is possible only in theory. The 
status of the program is such that no HLW-repository site has been qualified, 
and the WIPP reference site is not being considered for an HLW repository. 
Accordingly, a decision in 1979 is not considered further here. 



The second and third dates are generally consistent with the realistic 
options called HLW strategies I1 and I11 in the IRG Report (1979, pp. 49-50; 
see also Appendix C in this document) and similarly identified and analyzed in 
the draft generic environmental impact statement on the Management of Commer- 
cially Generated Radioactive Waste (WE, 1979a). Accordingly, they are used 
here to construct alternatives to be considered for decisions on TRU-waste 
disposal. 

t 

Also requiring consideration in the construction of alternatives are ? 
1 

variations in programmatic actions for the disposal of TRU waste and up to 
LOO0 spent-fuel assemblies, including "no action" alternatives. It is sub- 

I 
mitted, however, that the colocation of a research-and-development facility i i l  

with at least one of the two disposal facilities is necessary and appropriate; k ? 

the theoretical alternative of no such colocated activity is not reasonable, 
given a decision to locate either a first-of-a-kind TRU-waste repository or an I 

ISF. :'.is conc- - ;n 1s based on the Eollowlng ceasoning: 

r Research and Zevelopment at a specific site is a nr .:ssary proqra~matic 
element that w ~ l l  help to insure the long-term safety of the disposal f 1 
there. 

r The commitment to remove all nuclear waste brought into the experi- 
mental area means that the experiments introduce no long-term envi- I 

ronmental risks of their own. 

The near-term environmental consequences of the normal operation of 
exper iments are a small fraction of the normal near-term environmen- 
tal consequences of the disposal facilities with which it is located 
(Section 9.2). If the normal consequences of the major facility are 
deemed acceptable, the experimental program, which will use signifi- 
cantly less material, will introduce little increase in the overall 
consequences of normal operation. 

Since the disposal facilities are assumed to be licensed, experiments I 

in the colocated research-and-development area will also be subject to 1 
the regulatory control of the NRC, thus helping to insure their envi- I 

ronmental acceptability. i 
It is not reasonable to suggest a repository without an associated experi- 

mental facility, because the need for site-specific data will not be met. 
This information, obtained, for example, by accelerated testing on the actual 
repository environment, is needed to support the safety and efficiency of 
repository operations and to provide the assurance needed to move from lim- 
ited, retrievable operations to full-scale, irretrievable operations. It 
might be argued that a research-and-development facility elsewhere, especially 
if put into operation early, would provide generic information important to 
repository design, retrievability features, understanding of waste-rock 
interactions, and other such technical questions. Such a separate facility 
would not, however, do away with the need for experiments at the repository 
itself; it would only provide early leads for the experiments at the 
repository. Thus it seems prudent to include provision for a research-and- 
development experimental area in the repository. ~uilding a repository 
without an associated research-and-development experimental capability is not 
a meaningful alternative within the context of this environmental impact 
statement. 



2.4.2 Alternatives for TRU-Waste Disposal 
?%. 
% - 
<= 

The basic "no action" alternative for TRU-waste disposal is taken to be 
retention at the .INEL of the full quantity of readily retrievable TRU waste 
expected to be at the INEL in 1990. As subalternatives, this material may 
either 

8 Continue to be stored as at present for an indeterminate time period or 

8 Be placed in an improved storage condition at the INEL for the same 
indeterminate time period. 

Both of these variations are described in greater detail in Chapter 3, 
where their environmental impacts are evaluated. 

Consideration has also been given to the possibility of geoloqic storaqe 
at the INEL as a further variation. dowever, this approacn has Seen discarded 
for the following reasons: 

1. There is no suitable geologic environment at the INEL. The Laboratory 
is on the Snake River Plain, a swath through the mountains 50 to 100 
miles wide. The entire INEL area is underlain by a series of early 
and late basaltic lava flows interspersed with interbeds of unconsoli- 
dated material and sedimentary layers. The Snake River Plain hydrol- 
ogy is characterized by the Snake River aquifer, which is approxi- 
mately 200 miles long by 30 to 60 miles wide. The aquifer permeabil- 
ity is most pronounced in the upper and lower basaltic flows charac- 
terized by voids, fissures, and other fracture networks. The top of 
the aquifer ranges from 200 to 900 feet below the surface; the thick- 
ness of the aquifer is not known precisely, but estimates range as 
high as nearly a mile. This hydrologic system precludes any attempt 
to construct a geologic repository or to drill through such an exten- 
sive aquifer to underlying rocks. 

2. One INEL location that is not located over the aquifer is the Lemhi 
Range on the north edge of the reservation. This is not considered a 
promising site. The rocks are basically limestone whose hydrology is 
unknown; existing mines in the region are troubled by groundwater, and 
hydrologic connections with the aquifer are suspected. 

2.4.3 Alternatives for the ISF 

The "no-actionn alternatives for TRU-waste disposal in the preceding sec- 
tion do not permit the colocation of an ISF at a TRU-waste disposal site at 
the INEL, where the geology is not suitable for HLW disposal. 

In order to fully define alternatives to the reference case, it is neces- 
sary to specify the action to be taken with respect to the ISF. Two possible 
actions are the following: 

Construction of no ISF. Any data required for HLW disposal that would 
have been obtained from the ISF would be obtained later in an HLW 



repository; a portion of the repository would contain waste emplaced 
retrievably and monitored by special instruments. 

Construction of a stand-alone ISF elsewhere. By definition, this 
facility would be neither a TRU-waste repository nor an HLW repository. 

While some useful generic information could be obtained from a stand-alone 
ISF (Appendix C), only a portion of that information could be transferred to 
another site. The value of such information thus needs to be compared to the 
value of information obtained otherwise, in view of the high expense, esti- 

1 
i 

mated at several hundred million dollars, for a stand-alone ISF. For example, d 

a research-and-developent facility, which would not require licensing, could 4 
test a smaller number of fuel elements earlier; the cost, estimated at several 
tens of millions of dollars, would be much lower. Alternatively, information 
could be obtained at the HLW repository at a somewhat later date. Another . 
opportunity would exist if a combination of the ISF with 1 dedicat-d -~T-vraste 
repository (at an rncrcmental cost ;:r colocation estimated at $6 rnilllon 
dollars) were not yet precluded when the Hrr; :zpository was selected. 

In general, the high cost of a stand-alone ISF argues against it, when 
other alternatives are available to meet essentially the same or even more 
extensive objectives at lesser cost. When colocated with a dedicated TRU-waste 
repository, an ISF permits the acquisition of the important institutional and 
technical experience summarized earlier in this chapter, and its modest incre- 
mental cost appears to represent a reasonable investment. In light of the 
preceding points, proceeding with a stand-alone ISF at a relatively high cost 
is not now considered by the Department of Energy to represent an attractive 
alternative in comparison with the other options. Accordingly, if an ISF is 
not to be combined with a dedicated TRU-waste repository, the DOE feels.that 
the only attractive alternative is the first one cited above (construction of 
no ISF). Studies of spent-fuel disposal would then be performed later along 
with the operation of an HLW repository. 

2.4.4 Summary of Alternatives 

The seven* actions listed on the next page represent the spectrum of 
alternatives to the reference case considered in this draft environmental 
impact statement. 

Chapter 3  exantines the environmental impacts associated with each alter- 
native, and Chapter 4  assesses the degree to which each alternative satisfies 
the policy objectives set forth in Section 2.2.4. 

*A stand-alone ISF is not considered an attractive alternative for the 
reasons given in Section 2 . 4 . 3 .  For the sake of NEPA conplinnce, it may be 
considered a partial alternative, and therefore its environmental consequences 
are discussed in Section 3.7. 



k - TRU-waste action ISF action Earliest time for decision 

Alternative 1: No action 

NO action (i.e., subsurface 
storage at INEL) 

None Any time until foreclosed 

Alternative 2: WIPP reference case 

I Dedicated repository (at a 

site selected from Delaware 
basin sites) 

Colocation Now 

Alternitti7~e 3: WTPP reference case without an ISF 

Dedicated rzpositcry (at 3 

site selected from Delaware 
basin sites) 

Wone Mow 

Alternative 4: Disposal of TRU waste in the first available HLW repository 

No dedicated repository (dis- None 
pose of TRU waste at HLW- 
repository site selected 
from Delaware basin, Gulf 
interior, and Hanf ord sites) 

Completion of Hanford 
basalt qualification 
(1982) 

Alternative 5: Delayed and possibly relocated TRU-waste repository with an ISF 

Dedicated repository (at a 
site selected from Delaware 
basin, Gulf interior, and 
Hanford sites) 

Colocation Completion of Hanford 
basalt qualification (1982) 
assuming HLW-repository 
site selection is deferred 

Alternative 6: 
Delayed and possibly relocated TRU-waste repository without an ISF 

Dedicated repository (at a 
site selected from Delaware 
basin, Gulf interior, and 
Hanford sites) 

None Completion of Hanford 
basalt qualification (1982) 
assuming HLW-repository 
site selection is deferred 

Alternative 7: Disposal of TRU waste in a late HLW repository 

No dedicated repository (dispose None 
of TRU waste at HLW-repository 
site selected from full set 
of NWTS sites) 

Completion of full 
set of NWTS site qual- 
if ications (1985) 
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3 Environmental Impacts of Alternatives 

s chapter evaluates and compares the environmental impacts of the 
alternatives delineated in Chapter 2. Alternative 1, no action, is 

T4* - - 

-,*'.'the . - first alternative to be discussed. Next is alternative 2, a Waste Iso- 
#)lation Pilot Plant in southeastern New Mexico, the most completely analyzed of 
epj"these; it is used as the reference case against which to compare the other 
@-alternatives. Its detailed analysis in Chapters 6 and 9 is summarized in 
*Section 1.2. Thereafter the remaining five alternatives are taken up one by 
G -  % one and compared with the reference case. For alternatives that accommodate 

both defense TRU waste and high-level waste in one repository (alternatives 4 
and 7 ) ,  the pint of view is twofold: (1) the chanqes in inpacts ( u s u a l l y  
increases) associated with expanding the mission of the HLW repository and (2) 
the changes in impacts (usually decreases) in having one repository rather 

i>%, than two. 

3.1 ALTERNATIVE 1: NO ACTION 

. I S  

If neither the WIPP reference repository nor any other Federal repository 
should become available, TRU waste would have to remain at its present storage 

-$,,. sites (or be transferred between them). The consequences of following this 
alternative are analyzed in Section 9.7 in terms of the problems at the Idaho 

.,, National Engineering Laboratory (INEL). Three general subalternatives are 
bnsidered: 

@ . c  
+ - 1. The waste could be left in place, as is. Additional waste received 

would be stored similarly. 

2. Improved in-place confinement could be provided for the waste. At 
I N E L  this would consist of added rip-rap over storage pads and/or 
grout injected into and under the waste. 

3 .  The waste could be retrieved, processed, and disposed of at a better 
location at the I N E L .  Disposal alternatives considered were disposal 
in an engineered concrete structure and shallow-land disposal else- 
where at the I N E L .  

In the short term (i.e., up to 100 years), no releases of radiation would 
be associated with the first two subalternatives. The processing involved in 
the third would produce in a small release resulting in a maximum whole-body 
dose mmmitment of 1.9 x 10'1° rem per year of operation or 3.6 x rern 
per year to the bone at the point (on the INEL site) of maximum airborne 
concentration. The dominant handling accident would be associated with waste 
that has not been processed but only repackaged. The resulting maximum dose 
commitment, to the lung, would be about 4 x 10-9 rem for each occurrence. 

Over the long term, natural disasters could occur, disrupting the waste 
and resulting in the release of radionuclides. The INEL is located at the 
edge of the Arc0 Volcanic Rift Zone, which has been active within the last 



400,000 years and is likely to be the site of future volcanic action. There- 
fore the dominant natural disaster would be volcanic action, either an 
eruption through or near the waste or lava flow over it. Human intrusion is 
also credible. Table 3-1 gives estimates of the possible radiation doses 
resulting from these disruptions. Significant dose commitments (up to 100 rem 
to the bone or lung) could be delivered to maximally exposed individuals if 
either of the first two subalternatives were to be used. 

Improved surface storage (subalternative 3 in Table 3-1) gives the possi- 
bility of somewhat lower individual and population dose commitments, but a 
lung dose of 9 rem, probably delivered in the first year or two, is pre- 
dicted if lava flows over the storage area. 

In summary, no environmental reasons have been found why TRU waste could 
not be left at the IMEL stored as i.t :.s for several d? r lde s  . even 2 cen- 
tar>- in c..a Lsng term, however, volca.::c action Chat could roduce large 
exposi,res to radiation is quite probable. 

Table 3-1. Possible Long-Term Consequences, Alternative 1 

Individual dose populationa dose 
commitment (rem) commitment (man-rem) 

Release Whole Whole 
mechanism b e  Bone Lung body Bone Lung 

Subalternative 1: Waste left as isb 

Volcano 0.01 8 20 20 40,000 80,000 
Lava flow 0.03 5 0 90 100 200,000 400,000 
Intrusion 0.003 6 0 6 0 0.03 500 500 

Subalternative 2: Improved con£ inementC 

Volcano 0.0001 0.8 0.2 0.2 400 800 
Lava flow 0.0003 0.5 0.9 1 2,000 4,000 
Intrusion 0.00003 0.6 0.6 0.0003 5 5 

Subalternative 3: Improved disposal a£ ter retrieval and processingd 

Volcano 0.0001 0.08 0.2 0.2 4 00 800 

a~opulation is 130,000 for volcanic action and lava flow, 10 for human 
intrusion. 

bats from Table 9-60. 
CData from Table 9-63. 
d~ata from Table 9-67. 



3.2 ALTmTATIVE 2 : THE WIPP REFERENCE CASE 

A detailed analysis has been made of a Waste Isolation Pilot Plant (WIPP) 
_ located in the bedded salt of the Delaware basin in southeastern New Mexico. 

1t is reported in Chapters 6 and 9 and summarized in this section. This 
alternative is used as the reference against which to compare all other alter- 
natives (except no action) considered in this environmental impact statement. 

The impacts of the WIPP include 

1. Physical impacts during construction and operation 

2. Socioeconomic impacts 

3. Radi~logical impacts of transportation, i~cludinq transpor t.?t in? acci- 
dents 

4. Radiological impacts of normal and accidental releases during the tine 
that waste is being emplaced in the WIPP (the short-term, or operation- 
al, period) 

5. Possible radiological impacts af ter the WIPP is closed and decommis- 
sioned (the long- term period) 

6. Impacts of removing waste from its present storage and processing it 
for shipnent to the WIPP 

The mission of the WIPP reference repository is concerned only with the 
TRU waste stored at the INEL. This analysis, however, in order to keep the 
choice available, assumes that the contact-handled-waste level of the 
repository will eventually be filled to capacity. It also assumes that no 
more than 1000 spent-fuel assemblies are ever disposed of in the repository. 

Even though no more than 1000 spent-fuel assemblies are to be stored in 
the WIPP, there is a greater amount of radioactivity initially associated with 
them than with the TRU waste, even if the TRU repository is filled to capacity 
(Table 3-2). However, the mix of radionuclides for the two forms of waste 
differs; spent fuel will have more of the shorter-lived actinides than defense 
TRU waste. Thus the ratio of actinide activity in the spent fuel to that in 
the TRU waste will decrease, and in a full repository there will eventually be 
more actinide activity associated with the TRU waste than with the spent fuel. 

3.2.1 Phvsical Im~acts 

Physical impacts of the reference case would occur primarily during con- 
struction and operation. These impacts are summarized in Table 3-3. 

Comrnit~nent of the reference site for repository development would 
primarily affect grazing; the land surface currently has few other uses. 
National and local Eood production would sustain no appreciable loss, for the 
980 acres affected normally support fewer than 10 head of cattle. 

Table 3-3 loosely categorizes surface land use as "temporary" and "long- 
term." Probably the only long-term use that would be truly permanent is the 



l and  t o  be used f o r  t h e  mined-rock ( s a l t )  p i l e ;  t h e s e  30 a c r e s ,  s t e r i l i z e d  by 
s a l t ,  would no t  s u p p o r t  g r az ing  again.  The o t h e r  p a r c e l s  o f  l and  included i n  
t h e  long-term c a t e g o r y  a r e  rights-of-way f o r  r o a d s  and r a i l r o a d s  and t h e  l a n d  
occupied by b u i l d i n g s .  Af t e r  t he  p r o j e c t  is o v e r ,  t h i s  a r e a  would l a r g e l y  
r ega in  its n a t u r a l  vege t a t i on  i f  t h e  b u i l d i n g s  a r e  razed .  The temporary ca t e -  
gory i nc ludes  t h e  rights-of-way f o r  e l e c t r i c i t y  and wate r  l i n e s  because t h e  
land  on which t h e y  a r e  b u i l t  would be a l lowed t o  r e t u r n  t o  its n a t u r a l  vege- 
t a t e d  s t a t e  a f t e r  t h e s e  l i n e s  a r e  cons t ruc t ed .  

Table  3-2. Ac t in ide  A c t i v i t y  i n  t h e  WIPP Reference  Repos i to ry  

Source 

A c t i v i t y  ( C i )  
CH l e v e l  loaded  CH l eve l  E l ~ l l y  

o n l y  wFr3 i oaaec  .. t n  
INEL s t o r e d  was t e  TRU waste  

ISF--1000 s p e n t - f u e l  a s s e m b l i e s  

F i s s i o n  produc ts  a t  t i m e  of load ing  153 x l o 6  153 x l o 6  

Act in ides  
A t  time of l o a d i n g  
1000 yea r s  l a t e r  

Act in ides  
A t  time of l o a d i n g  
1000 yea r s  l a t e r  

TRU wastea 

Act in ide  r a t i o s :  spen t -£  uel/TRU waste 
A t  t i m e  of l o a d i n g  9 9 
1000 years  l a t e r  13 

%as t e  volume 2 . 4  x l o 6  f t 3  i f  CH l e v e l  is loaded  o n l y  w i t h  INEL s t o r e d  
waste  and 70 x l o 6  f t 3  i f  CH l e v e l  is f u l l y  l oaded  w i t h  TRU waste.  

The r e sou rce s  t o  be used i n  bu i l d ing  and o p e r a t i n g  t h e  r e f e r e n c e  reposi-  
t o r y  a r e  a  commitment of m a t e r i a l s  t h a t  m u l d  be used e l sewhere .  Supplying 
t h e  resources  l i s t ed  i n  Table  3-3 would n o t ,  however, s t r a i n  t h e  resources  o f  
t h e  na t i on ,  t h e  s t a t e ,  o r  t h e  l o c a l  a r ea .  A l l  a r e  s m a l l  compared t o  t he  
annual  p roduc t ion  of t h e s e  resources  i n  t h e  Un i t ed  S t a t e s .  

Most of t h e  e f f l u e n t s  from the p l a n t  would have l i t t l e  e f f e c t  on t h e  envi-  
ronment, a l though  s a l t  d u s t  from t h e  mined-rock p i l e  and from mining would 
have e f f e c t s  l i k e  t h o s e  of a  normally o p e r a t i n g  s a l t  o r  po t a sh  mine--that is, 
suppress ion  of some s p e c i e s  of p l a n t s  nearby.  Sewage t r ea tmen t  and t h e  d i s -  
posa l  of s o l i d . w a s t e s  i n  a  l o c a l  l a n d f i l l  would be much sma l l e r  than  t he  
f a m i l i a r  o p e r a t i o n s  c a r r i e d  o u t  by c i t i e s .  The e f f l u e n t s  l i s t e d  i n  Table  3-3 
come mostly from t h e  o p e r a t i o n  of d i e s e l  equipment i n  t h e  p l a n t .  

The impacts o f  t h e  r a d i o a c t i v e  e f f l u e n t s  l i s t e d  a r e  g iven  i n  Sec t i on  3 . 2 . 4  
below. 



Table 3-3. Physical Impacts of t h e  WIPP Reference Case 

! 
P a r a m e t e r  Q u a n t i t y  s e c t i o n  

Use o f  l a n d  s u r f a c e  
Tempor a r  Y 360 a c r e s  9 .1 .1 .1  
Long- t e rm 620 a c r e s  9 .1 .1 .1  

Resources  
M a t e r i a l s  Eor c o n s t r u c t i o n a  

C o n c r e t e  125,000 b b l  cement  0.032% 
I 

s t e e l  15 ,000  t o n s  0.012% 
Copper 150 t o n s  0.009% 

9.1.2.2 
o f  U.S. pro- 9.1.2.2 

1 d u c t i o n  p e r  9.1.2.2 
Aluminum 200 t o n s  0.003% y e a r  9.1.2.2 
Lumber 0 . 5  x l o 6  b o a r d  f e e t  0.0005% 9.1 .2 .2  

w a t ? r  
C o n s t r u c t i o n  17 a c r e - f t ' y r  0 .3% of  C a r l s -  9 .1 .2 .1  
O p e r a ~ ~ o n  10 a c r e - E t / y r  bad u s e  9 .2 .2  

E l e c t r i c i t y  
c o n s t r u c t i o n a  4  x  l o 6  kW-hr 9.1.2.3 
O p e r a t i o n  2  l o 4  k~ 9.2.2 

L i q u i d  f o s s i l  f u e l s  
c o n s t r u c t i o n d  2.6 x  l o 6  g a l  9.1.2.3 
O p e r a t i o n  540 g a l / d a y  9.2.2 

E f f l u e n t s  
C o n s t r u c t i o n  p e r i o d  

Carbon monoxide 26 t o n s / y r  0.1% 9.1.1.4 
Hydrocarbons  8  t o n s / y r  0.9% 
N i  t c o g e n  o x i d e s  142 t o n s / y r  2.4% 

9.1.1.4 
o f  Eddy County 9.1.1.4 

Aldehydes  2  t o n s / y r  e m i s s i o n s  9.1.1.4 
S u l f u r  o x i d e s  9  t o n s / y r  0.04% 
P a r t i c u l a t e s  5  t o n s /  y r  0.02% 

9.1.1.4 
9.1.1.4 

O p e r a t i o n a l  per  i o d  
Carbon monoxide 9.7 t o n s / y r  0.1% 9.2.9.3 
N i t r o g e n  o x i d e s  50 t o n s / y r  0.83% of  Eddy County 9.2.9.3 
S u l f u r  o x i d e s  30 t o n s / y r  0.13% e m i s s i o n s  9.2.9.3 
Hydrocarbons  3.2 t o n s / y r  0.04% 9.2.9.3 
P a r t i c u l a t e s  3.2 t o n s / y r  0.02% 9.2 .9 .3  
S a l t  i n t o  a i r  1050 l b / y r  8 .7 .5 ,  9.2.9.3 
S o l i d ,  n o n r a d i o a c t i v e  

w a s t e  (uncompacted)  2500 yd3/yr  8 .7 .2  
S a n i t a r y  w a s t e  25,000 g a l / d a y  9 .2 .9 .1  

( t r e a t e d  e f f l u e n t )  
R a d i o a c t i v e  

S o l i d  ( s p e n t  r e s i n s )  460 f t 3 / y r  8.5.2 
Gaseous  9 . 3  C i / y r  8.6 

M i n e r a l  r e s e r v e s  
I n  e n t i r e  w i t h d r a w a l  

S y l v i t e  3.7 x  l o 6  t o n s  K20 9.1.4.4 
L a n q b e i n i  t e  4.4 x l o 6  t o n s  K20 11.6ea o f  U.S. 9.1.4.4 
Crude o i l  0  r e s e r v e s  
N a t u r a l  g a s  37 x  l o 9  c u b i c  f e e t  0.02% 9.1.4.4 
D i s t i l l a t e  0 .55  x  l o 6  b a r r e l s  0 .00153 lS8% 1 9.1.4.4 

I n  i n n e r  zones  
S y l v i t e  0 
L a n q b e i n i t e  1 . 2  x  l o 6  t o n s  ~ 2 0  3.2eb 9.1.4.7 
Crude o i l  0  
N a t u r a l  g a s  23.5 x  l o 9  c u b i c  E e e t  0.019 
D i s t i l l a t e  0.35 x l o 6  b a r r e l s  O.OOl$ 

Of U.S. 
r e s e r v e s  9.1.4.7 

9.1.4.7 

a ~ o r  a  fou r -yea r  c o n s t r u c t i o n  p e r i o d .  
b ~ e r c e n t a g e  based on  an  u n o f E i c i a 1  e s t i m a t e  ( i . e . ,  n o t  made by t h e  U.S. G e o l o g i c a l  

Survey)  o f  l a n g b e i n i t e  r e s e r v e s .  See  S e c t i o n  9.1.4.4.  



Development of most of the subsurface mineral reserves* listed in Table 
3-3 would be denied temporarily; all of the sylvite, three quarters of the 
langbeinite and about a third of the natural gas and distillate will 
eventually be released for exploitation. Section 8.1.2 presents the rules 
under which some of the subsurface development rights could be restored: min- 
ing other than solution mining and drilling for oil and gas would probably be 
allowed in the outer control zone. The natural gas listed might well be more 
completely recovered because drilling outside the controlled zones would tap 
pools that extend in under those zones. It is uncertain at this time when 
this relaxation of restriction of access could be granted, but it could be 
several decades. Although langbeinite is a useful fertilizer, it is not 
essential in agriculture; substitutes for it exist, 

In summary, the most important physical impacts of development of alterna- 
tive 2, the WIPP reference case, v1oul2 be the use of lap- spem lly tL-t 
requlred for the waste s ~ -  pile, aria the ..enial of accc-.. LO s .,surface 
mineral r-serves. The most important of these reserves is the -assic niner- 
a1 langbelnite, used for fertilizer where chlorides cannot be uszd. 

3.2-2 Socioeconomic Impacts 

These impacts are summarized in Table 3-4 from information given more 
fully in Section 9.4. 

Table 3-4. Socioeconomic Impacts of the WIPP Reference Case 
in Eddy and Lea Counties 

Source 
Impact Constructiona operationb Section 

~xpenditures~ 
Direct 
Indirect 
Total 

Jobs 
Direct 
Indirect 
Tot a 1 

$ 95.9 million $14.3 million 9.4.1.1 
$ 32.7 million 
$128.6 million 

Population changes 
Direct 170 0 
Indirect 1350 - 
Total 3050 

$16.2 million 
$30.5 million 

aTotal costs for the whole 4-year period of construction. 
b~nnual costs. 
C1977 dollars. Multiply ~y 1.5 for 1983 dollars. 
d ~ e a  k year. 

*Reserves are those portions of resources recoverable under today's eco- 
nomic conditions using today's technology. 



The WIPP r e f e r ence  r epos i t o ry  would c o s t  about  $225 m i l l i o n  t o  bu i l d  and 
$36 m i l l i o n  a year t o  ope ra t e  (1978 d o l l a r s ) .  I n  a d d i t i o n ,  i t  w i l l  c o s t  

m i l l i o n  f o r  eng inee r ing ,  cons t ruc t i on  management, and t e c h n i c a l  support .  
t t l e  under a ha l f  of t h e  f i r s t  two costs would be s p e n t  l o c a l l y .  Thus 
ng t h e  pe r iod  of  c o n s t r u c t i o n  (assumed i n  t h e  a n a l y s i s  t o  be 42 months),  
economy of Eddy and Lea Count ies  would r e c e i v e  $95.9 m i l l i o n  i n  d i r e c t  new 

f o r  l abo r  and l o c a l  procurement. I n d i r e c t  o r  sp ino f f  e f f e c t s  i n  
, ' t h e  p r i v a t e  s e c t o r  of an a d d i t i o n a l  $32.7 m i l l i o n  would occur .  During reposi-  

z' tory o p e r a t i o n ,  t h e  t o t a l  d i r e c t  and i n d i r e c t  impact on t h e  p r i v a t e  s e c t o r  of 
: the  economy would be about $30 m i l l i o n  annual ly .  

N e w  jobs would be c r ea t ed .  These would peak i n  1983 (assuming t h a t  con- 
c t i o n  s t a r t s  i n  1981) ,  when a s  many a s  1300 people  would be employed on 
p r o j e c t  and about  1800 jobs would be i n d i r e c t l y  c r ea t ed .  This  t o t a l  w i l l  

drop back tc 4 4 4  2 i r e c t  2nd 560 i z l i r e c t  jobs  dur ing  03era t ion .  About half  of 

% these  people would be h i r ed  l o c a ~ l y .  .Is a r e s u l t  t h e r e  w i l l  be an i nc r ea se  i n  
popula t lcn  I n  t h e  a r e a  that a t  cne t i n e  w i l l  be  3350 b u t  dur ing  ope rz t i on  w i l l  
drop back t o  1200. 1 *. --- 

**. 
-3 -:. Two a l t e r n a t i v e  assumptions were made i n  t h e  socioeconomic a n a l y s i s .  The 

f i r s t  assumes t h e  c u r r e n t  p a t t e r n  of housing f o r  potash- industry  workers: t h e  
+$$; work f o r c e  l i v e s  mos t ly  i n  Carlsbad,  which r e c e i v e s  by f a r  t h e  major impact 
-a* c t e * ,  of t h e  p r o j e c t .  The second assumes t h a t  a s i g n i f i c a n t  f r a c t i o n  of t h e  workers 
,?- l i v e  i n  Lea County: Hobbs then r ece ives  more than  one- th i rd  o f  t h e  impacts. 

- 
2 . Under t h e  f i r s t  assumption, t h e r e  may be a temporary housing shor tage  i n  -* Carlsbad dur ing  t h e  peak cons t ruc t i on  per iod.  Community s e r v i c e s  t h e r e  a r e  

judged to be adequa te ,  a l though t h e  f i r e  and p o l i c e  f o r c e s  would have t o  be g -- - ' 
increased  t o  meet t h e  needs of t he  increased  popula t ion .  

2 
d 
f ., Under t h e  second assumption, housing i n  Hobbs would keep up w i th  demand, 
2 <.- bu t  m u l d  have t o  sp read  beyond t h e  p r e s e n t  c i t y  l i m i t s  and municipal  

u t i l i t i e s .  A t  Hobbs a s  a t  Carlsbad,  Eire  and p o l i c e  f o r c e s  would have t o  be  
. - expanded. 

3.2.3 Rad io log i ca l  I n p a c t s  of T ranspo r t a t i on  

These impacts a r e  summarized i n  Table  3-5 from informat ion  given more 
f u l l y  i n  Sec t i ons  6.6 and 6.7. 

Alt5ough t h e  mission of t h e  WIPP r e f e r ence  r e p o s i t o r y  is to d i spose  of t h e  
TRU waste s t o r e d  a t  Idaho and t o  demonstrate  t h e  d i s p o s a l  o f  spen t  f u e l  i n  t h e  
ISF, t h e  a n a l y s i s  of t r a n s p o r t a t i o n  e f f e c t s  assumed waste  rece ived  from a 
number oE sources  around t h e  country s i n c e  t h e  p l a n t  would be cons t ruc t ed  w i th  
t h e  c a p a b i l i t y  of s t o r i n g  TRU waste from Idaho, Hanford, Los Alamos, Savannah 
River ,  Rocky F l a t s ,  and Oak Ridge and spen t  f u e l  from Morr is ,  I l l i n o i s .  (The 
source  oE spen t  f u e l  has not  been decided; Morris is taken as r e p r e s e n t a t i v e  
of p o s s i b l e  sources .  The source of waste f o r  exper iments  may be Hanford, Oak 
Ridge, o r  Savannah River . )  There would be about  1000 shipments a year t o  t h i s  
r epos i t o ry ,  d i s t r i S u t e d  among types  of waste a s  i n d i c a t e d  i n  Table  3-5. 



Table 3-5. Radiological Impacts of Transportation 

Exposure during accident-free transportation 

Waste type 
Number of 

shipaents per year 
Population exposure 

(man-r em/yr ) 

CH TRU 
RH TRU 
Spent fuela 

Total 1069 17.4 

Scenario 

EXDOSUKe dzrira 3czi5ents: Dose tc 3n in?ividualb 

Dose cxmitment ( ren) 
Bone Lung Whole body 

CH 'X'RU rail 0.49 0.025 0.012 
CH TRU truck 0.59 0.029 0.014 
RH TRU 0.00003 0.000007 0.00003 
Spent f uela 1.2 0.30 1.1 

Exposure during accidents: Dose to a small urban areaC 

Dose commitment (man-reml 
Scenario Bone Lung Whole body 

CH TRU rail 
CH TRU truck 
RH TRU 
Spent f uela 

Exposure during accidents: Dose to a large urban aread 

Dose commitment (man- rem) 
Scenario Bone Lung Whole body 

CH TRU rail 3700 190 90 
CH TRU truck 4500 220 110 
RH TRU 0.22 0.052 0.20 
Spent f uela 9400 2300 8300 

aUntil the full quota of spent fuel is in place. 
haximum dose to an individual one-half mile from the accident. 
C~pproximately 6000 people are affected by the plume. 
d~pproximately 105,000 people are affected by the plume. 

Sources: Sections 6.6.3 and 6.7.3. 



I n  normal,  a c c i d e n t - f r e e  t r a n s p o r t a t i o n ,  t h e  p e r s o n s  exposed would be t h e  
t r u c k  and t r a i n  crews and p e r s o n s  p a s s e d  e n  r o u t e .  The g r e a t e s t  exposures  
would be t o  t r u c k  d r i v e r s  because  o f  t h e i r  c l o s e n e s s  to t h e i r  cargo:  a t o t a l  
of  a b o u t  55 man-rem to 1300 p e r s o n s ,  o r  an a v e r a g e  of 40 mrem per  t r i p  p e r  
person.  T h i s  dose  l e v e l  is one-half  t o  o n e - t h i r d  o f  t h a t  r e c e i v e d  a n n u a l l y  
from n a t u r a l  background r a d i a t i o n  and  w e l l  w i t h i n  t h e  5000 mrem/yr p e r m i t t e d  
to r a d i a t i o n  workers .  The e x p o s u r e  o f  t r a i n  crews would be much less, 0.22 
man-rem/yr. The dose  t o  t h e  g e n e r a l  p u b l i c ,  17.4 man-rem/yr, is s p r e a d  over  
s e v e r a l  m i l l i o n  peop le  and is t h u s  less t h a n  0.01% of  t h a t  r e c e i v e d  from 
n a t u r a l  background r a d i a t i o n .  

Most t r a n s p o r t a t i o n  a c c i d e n t s  would n o t  be  s e v e r e  enough to r e l e a s e  any 
r a d i o a c t i v i t y  a t  a l l  because  of  s t r i c t  Department o f  T r a n s p o r t a t i o n  (DOT) 
r e g u l a t i o n s  on packaging f o r  sh ipment .  S t a t i s t i c s  show t h a t  o n l y  0.5% of  
t r u c k  a c c i d e n t s  and 0 . 4 %  of r a i i  a c c i d e n t s  have impacts  n o r c  S ~ V P ~ P  t h n  t h o s e  
t h a t  t h e  r e g u l a t i c n s  p rov ide  p r o t e c t i o n  a g a i n s t ,  2nd fewer than 0.2% have 
f i r e s  as s e v e r e .  While t h e  t o t a l  number of a c c i d e n t s  s t a t r s t i c a l l y  expec ted ,  
a t  a l l  l e v e l s  of s e v e r i t y ,  is abou t  8 pe r  y e a r ,  a n  a c c i d e n t  exceed ing  i n  
s e v e r i t y  t h e  c o n d i t i o n s  s p e c i f i e d  i n  DOT r e g u l a t i o n s  c a n  be e x p e c t e d  o n l y  
abou t  e v e r y  37 y e a r s  ( S e c t i o n  6.7.3) .  

For t h e  a n a l y s i s ,  maximum a c c i d e n t s  were h y p o t h e s i z e d  under c o n d i t i o n s  
t h a t  reduce t h e i r  p r o b a b i l i t y  to less t h a n  one  i n  10,000 y e a r s .  They were 
assumed to happen i n  a small (30,000 p e o p l e )  o r  medium-sized (300,000 peop le )  
c i t y .  They were assumed to happen under a t m o s p h e r i c  c o n d i t i o n s  t h a t  would 
h o l d  t h e  plume of r e l e a s e d  m a t e r i a l  t o g e t h e r  and blow it i n  t h e  d i r e c t i o n  o f  
t h e  d e n s e s t  p o p u l a t i o n ,  t h u s  maximizing t h e  c o n c e n t r a t i o n  o f  m a t e r i a l .  De- 
t a i l s  a r e  g iven  i n  S e c t i o n  6.7.2. 

T a b l e  3-5 i n d i c a t e s  t h a t  an a c c i d e n t  l i k e  t h o s e  assumed might produce 
i n d i v i d u a l  50-year dose  commitments (to t h e  bone) of  1.2 rem. These a r e  o n  
t h e  o r d e r  of 25% o f  t h e  d o s e  commitments from n a t u r a l  background r a d i a t i o n  i n  
t h e  same 50 y e a r s .  

3.2.4 R a d i o l o g i c a l  Impac t s  Dur ing P l a n t  O p e r a t i o n  

These impacts  a r e  summarized i n  T a b l e s  3-6 and 3-7 from a n a l y s e s  d e s c r i b e d  
i n  more d e t a i l  i n  S e c t i o n s  9.2.10 and 9.3.1. 

T a b l e  8-6 i n  S e c t i o n  8 .6 .2  i n d i c a t e s  t h a t  i n  normal o p e r a t i o n  9.3 Ci/yr  o f  
a c t i v i t y  might be r e l e a s e d  from t h e  f a c i l i t y .  Most o f  t h i s  (7.8 C i )  would be 
krypton-85 from s p e n t  f u e l ;  it is a r b i t r a r i l y  assumed t h a t  one s p e n t - f u e l  can- 
i s t e r  would be r e c e i v e d  damaged d u r i n g  t h e  time such  shipments  would las t .  I f  
no such  damaged s p e n t - f u e l  c a n i s t e r  were r e c e i v e d ,  t h e  t o t a l  r e l e a s e  would 
d r o p  to abou t  1 Ci /y r ,  a l m o s t  a l l  from n a t u r a l  radon r e l e a s e d  by mining. The 
to ta l  r e l e a s e  from s t o r e d  w a s t e  t h e n  w u l d  be  4 x Ci /y r .  

. The consequences shown i n  T a b l e  3-6 a r e  ve ry  s m a l l .  The maximum ind iv id -  
ual d o s e  (to t h e  bone) is o n l y  0.003% o f  t h a t  r e c e i v e d  from n a t u r a l  background 
r a d i a t i o n .  The whole-body commitment is 7 .6  x o f  background. 

A number of  p o s s i b l e  o p e r a t i o n a l  a c c i d e n t s  were s t u d i e d ,  and Tab le  3-7 
shows t h e  doses  t h a t  t h e  w o r s t  o f  t h e s e  would d e l i v e r  to a person a t  t h e  



T a b l e  3-6. R a d i o l o g i c a l ,  I m p a c t s  o f  Normal P l a n t  O p e r a t i o n  

Dose o r  Dose Commitment Rece ived  by a n  I n d i v i d u a l  
R e s i d i n g  a t  t h e  James Ranch, t h e  Nearest I n h a b i t e d  P o i n t  

Dose o r  d o s e  commitment (rem) 
Group Bone Lungs Whole body 

S t r u c t u r a l  m a t e r i a l s  7.7 x 10"l0 6.5 x 10-lo 6.9 x 10- lo  
F i s s i o n  p r o d u c t s  9.7 x 10'~ 1.2  x 2.8 x 10'~ 
A c t i n i d e s  1 . 5 ~ 1 0 ' ~  7 . 1 ~ 1 0 ' ~  3 . 7 ~ 1 0 ' ~  
S p e n t  f u e l  3 . 4 ~ 1 0 ' ~  3 . 5 ~ 1 0 ' ~  3 . 4 ~ 1 0 ' ~  

T o t a l  1 . 5  x 7.1  x 3.8 x i T 5  

N a t u r a l  background 5.0 9 .O 5.0 

Dose or Dose Commitment R e c e i v e d  by t h e  P o p u l a t i o n  
W i t h i n  50 Miles o f  t h e  W I P P ~  

Group 
Dose or d o s e  commitment (rem) 

Bone Lungs Whole body 

S t r u c t u r a l  materials 2 . 7 ~ 1 0 ' ~  2 . 0 ~ 1 0 ' ~  2 . 2 ~ 1 0 ' ~  
F i s s i o n  p r o d u c t s  9.2 x loe4 3.9 x 10'~ 2.4 x lo-4 
A c t i n i d e s  4 . 8 ~ 1 0 ' ~  2 . 2 ~ 1 0 ' ~  1 . 2 ~ 1 0 ' ~  
Spent  f u e l  1 . 1 ~ 1 0 ' 4  1 . 2 ~ 1 0 ' 4  1 . 2 ~ 1 0 ' 4  

T o t a l  4.8 x 10'1 2.2 x 10'~ 1.2 x 

N a t u r a l  background 4.8 x l o 5  8.6 x l o 5  4.8 x l o 5  
- 

a ~ h e  p o p u l a t i o n  w i t h i n  50 miles of  t h e  WIPP is 96,000.  

Source:  S e c t i o n  9.2.10.2. 

n e a r e s t  i n h a b i t e d  p o i n t ,  James Ranch, j u s t  o u t s i d e  t h e  boundary  o f  t h e  s i te  to 
t h e  south-southwest .  The w o r s t  accident is a d r o p  o f  a s p e n t - f u e l  c a n i s t e r  i n  
t h e  waste s h a f t .  I t  c o u l d  expose a p e r s o n  l i v i n g  a t  t h e  James  Ranch to a lung-  
d o s e  commitment o f  0.0001% o f  background o r  to a s k i n  d o s e  o f  0.22% of  
background. 

P o s s i b l e  Long-Term I m p a c t s  

During t h e  l o n g  term a f t e r  t h e  WIPP ceases o p e r a t i o n  and  is c l o s e d  up,  t h e  
e x p e c t e d  r e l e a s e  o f  r a d i o a c t i v e  m a t e r i a l  is z e r o .  

Never t h e l e s s ,  t h e r e  a r e  a number of  p o s s i b l e  man-made a n d  n a t u r a l  e v e n t s  
t h a t  c o u l d  c a u s e  s u c h  a r e l e a s e .  High among them are t h e  d r i l l i n g  o f  h o l e s  
and f a i l u r e s  of  p l u g s  i n  s h a f t s  or h o l e s .  The p r o b a b i l i t i e s  o f  such  e v e n t s  
a r e  ve ry  d i f f i c u l t  to d e t e r m i n e  and are t h e r e f o r e .  n o t  a v a i l a b l e .  The a n a l y s i s  
i n  t h i s  document i n s t e a d  assumes t h a t  such  b r e a k s  i n  r e p o s i t o r y  i n t e g r i t y  d o  
occur  and assesses t h e i r  consequences  ( S e c t i o n  9 .5 .1) .  



s, 

- Table 3-7. ~adiological Impacts of Operational Accidents 
4 < 

-% .-- Dose or Dose Commitment Received by an Individual 

Residing at the James Ranch, the Nearest Inhabited Pointa 

Dose or dose commitment (rern) 
Accident scenario m n e  Lung Whole body Skin Thyroid 

CEI Area 
I Hoist drop 7.8 x 10'~ 3 . 9 ~  1 . 8 ~  10-lo 

Underground fire 1.1 x 10'~ 5.5 x 10-lo 2.6 x 10-lo 

RH Area 
Hoist drop 

Experimental HLW 2.5 x 2 . 4  x 10'~ 1.5 x 
Spent E z e l  8 . 7 x 1 0 - ~  l . O x l ~ - ~  8 . 3 x 1 ~ - ~  2 . 2 ~ 1 0 ' ~  ~ . 2 x 1 0 ' ~  

Underground fire 7 . 2 x 1 0 - ~  5 . 7 ~ 1 0 ' ~  3 . 3 x 1 0 - ~  

Natural background 5.0 9.0 5.0 0.1 4.0 

Dose or Dose Commitment Received by the Population in the "Worst sectorna 

Dose or dose commitment (man-rem) 
Accident scenario Bone Lung Whole body Skin Thyroid 

CA Area 
Hoist drop 1 . 8 x 1 0 - ~  9.2~10'7 4 . 3 ~ 1 0 - 7  
Underground fire 2 . 5 ~ 1 0 ' ~  1.3~10'6 6.1~10'7 

RH Area 
Hoist drop 

Experimental HLW 5.8 x 5.4 x 10'~ 3.4 x 10'6 
Spent fuel 2 . 0 x 1 0 - ~  2 . 3 ~ 1 0 ' ~  1 . 9 ~ 1 0 ' ~  5 . 1 ~ 1 0 ' ~  7.4~10'~ 

Underground fire 1 . 6 x 1 0 - ~  1 . 3 x 1 0 - ~  7.5~10'6 

Natural background 1 . 4 x 1 0 + ~  2 . 6 x 1 0 + ~  1 . 4 x 1 0 + ~  2 . 9 x 1 0 + ~  1.1~10'~ 

a~opulation = 6. 
b28,700 people live in the "worst sector." 

Source: Section 9.3.1. 

Table 3-8 tabulates the most severe consequences found. Scenario 1 
assumes an open hole that connects water-bearing rocks above and below the 
waste-storage levels and that admits flowing unsaturated water to the waste. 
Scenario 4 is a so-called bounding case, the worst imaginable, in which all 
the water in the rocks of the overlying Rustler Formation is diverted down to 
the waste levels and then back up into its original course. Scenario 5 
assumes that drilling into the repository brings material to the surface to 
expose the drill crew directly and people in a downwind farm indirectly. In 
both cases, the dose or 50-year dose commitment to the maximally exposed 
individual is shown. 

Scenarios 1 and 4 produce exposuresof no more than 2% of background. 
Spent fuel in the repository gives greater doses than CH TRU waste because the 
former contains iodine-129 and technetium-99, and the latter does not. 



Table 3-8. Consequences of Possible Long-Term Releases of Radiation 
(Doses to Maximally Exposed Individuals) 

Consequences to bone Consequences to whole body 
Scenar ioa Type of dose Spent fuel CHTRUwaste S~entfuel CHTRUwaste 

- - 

lb Dose (rem/yr) 2.1 10'~ 4.5 x 10'~ 3.0 x 10-5 1.2 x 10'~ 

qb Dose (rern/yr) 2.1 x 10'~ 4.0 lo4 

5 (direct)c Dose from single 0 0 -090 1 x 10-3 
exposure (rem) 

5 (indire~t)~ 50-year dose 0.7 (to lung) 3.6 x 4.3 x lo-z 9.4 x 10" 
lommitment (rernl 

a As defined in Section 9.5.1.3. 
Initiating event at 1000 years. 
Drill-through at 100 years. 

Source: Section 9.5.1. 

Scenario 5 presents the possibility of closes appreciably higher than those 
received from natural background radiation. It presumes coring right through 
the stored waste and exposing the geologist who examines the core tc a dose of 
about 30 rem. This dose is 18 times the current permissible occupational 
exposure for 1 year. It is sufficiently high that control over the site may 
be required to insure against accidental or unauthorized drilling intrusions. 
All other persons would receive much lower doses: if there were a farm nearby, 
an inprobable ?evelopent, people there could be exposed to dose commitments 
of 8% of background at most. 

The heat released from 1000 canisters of spent fuel would cause the ground 
surface to rise about 3 centimeters over a period of 1000 years. It would 
cause the temperature of the overlying Rustler Formation aquifers to rise 
about ~ O C  and that of the underlying Bell Canyon Formation aquifers to rise 
about 0.2OC. 

As the mined cavities close, an area of about 4000 acres over the reposi- 
tory will subside slowly. At the center of this area the surface may sink by 
as much as 50 centimeters. Because the natural variations in the terrain are 
greater, this subsidence will be little noted. 

Inpacts of Removing TRU Waste from Storage 

Removal of TRU waste from its present storage pads at the Idaho National 
Engineering Laboratory is analyzed in Section 9.6 and summarized in Table 3-9. 

The analysis also includes processing by slagging pyrolysis to rr.eet waste- 
acceptance criteria. 

The largest radiological impacts from each year of normal operation would 
be dose commitments of 0.0036 mrem (bone) and 0.00000002 mrem (whole body) to 



Table 3-9. Radiological Consequences of Removing Waste 
from Storage and Preparing for Shipment 

q process and Individual dose commrtment population dose commrtment 
;I*: 

, release event Whole body Bone Lung Whole body Bone Lung 

Normal operationa 

2.4 x 10-l4 4.6 x 10-lo 4.5 x 10'1° 2.9 x 10-lo 4.2 x 4.1 x 10'~ 
1.9 x 10-lo 3.6 x 3.5 x 10'~ 2.3 x 3.3 x 10'~ 3.3 x lo'* 

~ c c i d e n t ~  

6 x 3 x 4 x lo-Q 8 x 4 x 10-1 8 x 10-I 
processina 
Waste p;~yarztion 2 x  LO-^ 1 Y 10-5 2 10-5 4 l n -5  2 x LO-L 4 u lo-* 
pyro?.~si~ 1 r4 7 x lo-? i x 13-' 2 x lo-L 1 x id'' .: x loC2 
Packac: '4 and 
loading 1 lo-7 7 x lo-' 1 x lo-4 2 x 1 x 10-I 2 x LO-1 

,$;. 

.:- .. . , , '  
~ .,.,;, -. Background (50-yr) 7.5 

7.: , , 
1 x 10+6 

e., . 
~*-: . 
, ,.~, , _.. aIndividual dose commitments are given in rem per year: population dose commitments are in .,:.. 
, man-rem per year. 

,?- i.- 
~5 

h h e  accident is fire with loss of building containment. Individual dose conrmitments are given 
in rem per incident; population dose commitments are in man-rem per incident. 3,;: 

.. *,. , 
*$ ' 

7:);~; .,< 
. ;;x,:;, ...- the maximally exposed person and 0.033 man-rem (bone) and 0.0000023 man-rem 

< 

(whole body) to the surrounding population. This release would be from proc- 
. -  essing by slagging pyrolysis. 

r r  
r l  . The maximum dose commitments from accidents would be 0.1 rem (lung) and 

. 0.0001 rem (whole body) to the maximum individual and 200 man-rem (lung) and 
0.2 man-rem (whole body) to the surrounding population. The worst accident 
would be a fire coupled with loss of the confinement afforded by the surround- 
ing building. The worst place for a fire to occur would be in the temporary 
structure erected around a storage pad during retrieval. 

The radiological effects of these exposures would be far smaller than the 
corresponding effects from natural background radiation. Nonradiological 
effects would be limited to relatively minor commitments of manpower and other 
resources. 

3.2.7 Summary of Major Impacts 

The largest impacts entered in Tables 3-3 through 3-9 are brought together 
in Table 3-10. Each impact but the first two is compared with some relevant 
standard, such as an existing condition without the WIPP. Radiation doses, 
for example, are compared with the doses received from natural background 
radiation. 

The largest adverse impacts listed are the following: 

1. Denial of mineral reserves. About one-thirtieth of the known U.S. 
reserves of the mineral langbeinite will be kept from exploitation for 



Table 3-10. Summary of Major Impacts of the Reference Repository 

Physical impacts 
Land use 
Temporary 360 acres 
Long term 620 acres 

Mineral reserves--1angbeinite 
Temporary denial 4.4 x lo6 tons K20 of U.S. reserves 
Long-term denial 1.2 x lo6 tons K20 3.2% 

Socioeconomic impacts 
Jobs, direct and indirect 

Peak 3 141 of the two-county 
Long term 1105 7*4% 2.6% employ - -: 

Population changes, direct 
and indirect 

Peak 3050 o; *.:3 two-county 
Long term 1200 1.2% employment 

Transportation impacts 
Normal, accident-f ree 

Population dose 17.4 man-rem/yr 0.001% of background 
Accidents, maximum bone- 

dose commitment 
Individual 1.2 rem ::: of 50-year 
Small-town population 4200 man-rem background 
Medium-town population 9400 man-rem 1.9% 

Impacts of normal plant operation 
Bone-dose commitment 

Individual 1.5 x lo-4 rem of 50-year 
Population, worst sector 0.48 man-rem 0.0001% background 

Impacts of operational accidents 
Spent fuel, broken canister 

Individual (skin) 2.2 x 10'~ rem of annual 
Population (skin) 0.51 man-rem 0'2% 0.02% } background 

CH TRU waste, fire 
Individual (bone) 1.1 x lo-0 rem 2 x low7% } of 50-year 
Population (bone) 2.5 x 10-5 man-rem 2 x background 

Long-term impacts 
Expected release 0 
~ r i l l i n g ~  through spent fuel 
Crew member (whole-body dose) -90 rem 1800% of permitted 1-year 

occupational exposure 
Farmer (lung-dose comrni tment) 0.7 rem 8 % 

~ r i l l i n g ~  through 
CH-TRU waste, exposed 

farmer (bone-dose commitment) 3.6 x 10-5 rem 0.0007% ) of background 
Water cart ies waste to biosphere, 

maximally exposed person 
(bone-dose commitment ) 0.002 rem/yr 2 % 

aDrilling 100 years after repository sealing, bringing waste to surface. 
borst hypothetical accident analyzed. 



a long time, possibly several decades. Substitutes can, however, be 
extracted from brine lakes. 

Possible accidents during transportation. An accident in transporting 
TRU waste could deliver to a nearby individual a 50-year dose commit- 
ment as large as 25% of the dose commitment delivered by natural back- 
ground radiation. 

Possible long-term releases of radioactivity. If people were to drill 
into the stored spent fuel 100 years after the repository is sealed, 
the drill-crew geologist would.be exposed to a radiation dose of 18 
times a year's permissible occupational dose. 

3.3 ALTFRqATIVE 3: THE XIPP REFERENCE CASE WITIiO'JT .QT 
IMTSFSEDIATE-SCALE FACILITY (ISF) 

The environmental impacts summarized in Section 3.2 are those to be 
: expected from the WIPP reference case discussed in Section 2.3, including the 

demonstration of spent-fuel disposal in the ISF section of the underground 
workings. If the demonstration is deleted from the mission, the spent-fuel 
assemblies will not be shipped to the WIPP site; they will remain stored in 

7: pools until another ISF or an HLW repository is built. Without these assem- 
- blies, the environmental impacts of the WIPP will not include the impacts that 
1 would have resulted specifically from operation of the ISF. Orgznized accord- 

ing to the outline of Section 3.2, this section describes the changes that 
deleting the ISF will bring about in the predicted environmental impacts of % the reference repository. 

. <o ., *; ' 
Physical impacts 

- 
-s : 

Because the ISF will occupy only 20 acres of the WIPP lower underground 
level, omitting it from the design would have little effect on the environ- 
mental impacts of excavation. Omitting the ISF would reduce by less than 1% 
the volume of the mined-rock pile that will hold the material brought to the 
surface during excavation. This small decrease in volume vmuld produce no 
significant change in the limited environmental impacts (Section 9.1.3) 
expected from the pile. 

Similarly, the omission of the ISF would have little effect on the design 
and operation of the plant, which will accommodate remotely handled waste even 
if it receives no spent fuel. Of the impacts summarized in Table 3-3, land 
use and denial of mineral resources would not change; commitment of resources 
and release of effluents would change by a fraction of 1%. 

Section 9.2.7 discusses the effects that the heat from spent fuel will 
exert during WIPP operation. It predicts that the heat will slightly accele- 
rate the closing of the cavities in which the spent fuel is emplaced and that 
the temperature at the upper level, where CH waste is stored, will rise by 
less than 2OC. Without the ISF neither of these effects will occur. 



Socioeconomic impacts 

The changes i n  socioeconomic impacts  because of t h e  omission of  t h e  ISF 
would a r i s e  from decreased expend i tu res  f o r  excavat ion  and waste handling. 
The savings i n  excavat ion a r e  e s t ima ted  a t  $400,000, t h e  cost of c o n s t r u c t i n g  
t h e  20-acre a rea  underground. 

Because the  reduct ion i n  mined volume would be less than  1%, mining during 
t h e  ope ra t ion  of t h e  p l a n t  would b a r e l y  be a f f e c t e d ,  and t h e  f u l l  109 mining 
jobs shown i n  Table 9-28 would remain f i l l e d .  Of t h e  remaining 335 workers 
needed f o r  t h e  f u l l  WIPP mission,  few would handle spent  f u e l ,  which is to be 
rece ived  a t  a r a t e  of about 1 package per working day dur ing  t h e  f i r s t  4 yea r s  
of opera t ion .  The savings from t h e  reduced costs of handling and s e r v i c e s  
might reach $6 m i l l i o n ,  spread over  t h e s e  4 yea r s .  

Transpor ta t ion  i z p a c t s  

Table 3-5 summarizes t h e  annual r a d i a t i o n  doses to people a long t h e  t rans-  
p o r t a t i o n  routes .  During normal, acc iden t - f r ee  t r a n s p o r t a t i o n ,  t h e  cont r ibu-  
t i o n s  from spent  f u e l  a r e  smal le r  t han  those  from remotely handled and contac t -  
handled TRU waste; e l imina t ing  t h e  ISF would e l i m i n a t e  nea r ly  20% of t h e  
annual  dose from t r anspor t a t ion .  Th i s  r educ t ion  would occur ,  however, only  
over t h e  per iod  of about  4 yea r s  when s p e n t  f u e l  w i l l  be shipped to t h e  WIPP: 
a f t e r  a l l  the  spent - fue l  assemblies  have a r r i v e d ,  t h e r e  w i l l  be no f u r t h e r  
impacts of t h e i r  t r anspor t a t ion .  Even more important ,  t h e  p r e d i c t e d  popula- 
t i o n  dose including the  e f f e c t s  of s p e n t  f u e l  is on ly  17.4 man-rem per year 
spread over s e v e r a l  mi l l i on  people. 

Omitting t h e  ISF would e l i m i n a t e  t h e  remote p o s s i b i l i t y  t h a t  an acc iden t  
during t r a n s p o r t a t i o n  might r e l e a s e  r a d i o a c t i v i t y  from a spent - fue l  package. 
The ana lys i s  i n  Sec t ion  6.7 p o s t u l a t e s  s e v e r a l  h igh ly  u n l i k e l y  a c c i d e n t s  dur- 
i ng  t r a n s p o r t a t i o n  of waste to t h e  WIPP: t h e  consequences of t h e  a c c i d e n t s  
involv ing  spent  f u e l  a r e  apprec iably  g r e a t e r  than t h e  consequences of t h e  
acc iden t s  involving contact-handled TRU waste (Table 3-5). Because t h e r e  w i l l  
be f a r  fewer shipments of spen t  f u e l  each year (Sec t ion  6.5) and because they 
w i l l  occur only during a 4-year p e r i o d ,  t h e  r i s k s  from acc iden t s  w i th  s p e n t  
f u e l  w i l l  no t  be comparable to those  wi th  TRU waste. 

Impacts during ope ra t ion  

Table 3-6 summarizes t h e  impacts of r o u t i n e  r e l e a s e  of r a d i o a c t i v i t y  from 
t h e  WIPP; it shows t h e  r e s u l t i n g  doses and dose commitments, a l l  of which a r e  
n e g l i g i b l e  compared t o  those rece ived  from n a t u r a l  background r a d i a t i o n  near 
t h e  si te.  These impacts a r e  dominated by t h e  e f f e c t s  of  a c t i n i d e s .  According 
to t h e  a n a l y s i s  i n  Sec t ion  8.6.2, t h e  a c t i n i d e s  contained i n  spen t  f u e l  do no t  
c o n t r i b u t e  apprec iably  to t h e  t o t a l  amount of a c t i n i d e s  r e l eased  i n  normal 
p l a n t  opera t ion .  While e l imina t ing  t h e  ISF would e l imina te  the  doses  l abe led  
"spent  f u e l "  i n  Table 3-6, it would no t  change t h e  t o t a l  doses l i s t e d  the re .  

Leaving t h e  spent  f u e l  i n  s t o r a g e  pools  impl ies  a small  c o s t  i n  m a t e r i a l s  
and energy and i n  personal  r a d i a t i o n  exposure. Such s to rage  is es t ima ted  to 
g ive  a worldwide populat ion exposure of 10'7 of  background and average work- 
f o r c e  exposures of  0.4 rem/yr-person, o r  40% of t h e  permiss ib le  annual  occupa- 
t i o n a l  exposures (WE, 1978, pp. VIII-2 and 111-27). 



I T a b l e  3-7 p r e d i c t s  t h e  consequences  o f  h y p o t h e t i c a l  s e v e r e  a c c i d e n t s  dur- 
' cfi i n g  WIPP o p e r a t i o n ;  it shows d o s e s  and dose  commitments to a p e r s o n  a t  t h e  

@ r e s i d e n c e  n e a r e s t  t h e  WIPP and t o  t h e  p o p u l a t i o n  i n  t h e  most s e v e r e l y  a f f e c t e d  

1 -$F sector. D e l e t i n g  t h e  ISF from t h e  WIPP p l a n s  would e l i m i n a t e  t h e  p o s s i b i l i t y  
$.% o f  t h e  p o s t u l a t e d  a c c i d e n t  w i t h  t h e  most s e v e r e  consequences:  a  d r o p  o f  a I &,* 
, 

s p e n t - f u e l  c a n i s t e r  down t h e  mine s h a f t .  According to T a b l e  3-7, t h e  next -  
mos t - se r ious  a c c i d e n t  would produce  an  i n d i v i d u a l  d o s e  commitment t h a t  is 

'7t s m a l l e r  by a f a c t o r  of  more t h a n  100; t h e  p o p u l a t i o n  dose  commitment would b e  

;r.. 
s i m i l a r l y  reduced.  Although t h e s e  r e d u c t i o n s  appear  a p p r e c i a b l e ,  t h e y  are 
changes  i n  impacts  t h a t  a r e  f a r  smaller t h a n  t h e  impac t s  of  n a t u r a l  background 

2% r a d i a t i o n .  
4 

-T., 
p o s s i b l e  long- term impac t s  

T a b l e  3-8 sumnar izes  the i r n ~ a c t s  oE unexpected  h y p o t h e t i c a l  r e l e a s e s  of  
r a d i o a c t i v ~ t y  f r m  the G I P P  a t t c r  the repo?l",rir Is d c - c o m ~ ~ l s s i o n a a .  I L  acis- 
c r i o e s  t h e s e  consequences  s e p a r a t e l y  t 2 r  t h e  s F e n t  f u e l  ~ n d  f o r  t h e  concact -  
handled  TRU waste  a t  t k e  kTIPP. A l t h o ~  ,n none of t h e  p r e d i c t e d  consequences  
a r e  a p p r e c i a b l e  compared to t h o s e  o f  n a t u r a l  background r a d i a t i o n ,  t h e  s p e n t -  
f u e l  r e l e a s e s  have t h e  more s e v e r e  impacts .  I f  t h e r e  is no s p e n t  f u e l  i n  t h e  
WIPP, t h e  p r e d i c t e d  bone dose  d e l i v e r e d  i n  s c e n a r i o  1 to a maximally exposed 
pe r son  would be reduced by a f a c t o r  g r e a t e r  t h a n  40. Because t h e  p r e d i c t e d  
d o s e s  a r e  much smaller than  t h e  d o s e s  from n a t u r a l  background r a d i a t i o n ,  how- 
e v e r ,  t h e  r e d u c t i o n  would n o t  be  a p p r e c i a b l e .  Even i n  t h e  bounding a n a l y s i s  
( s c e n a r i o  4 ) ,  which p r e d i c t s  a n  u n r e a l i s t i c a l l y  h igh  upper bound t o  t h e  WIPP 
i m p a c t s ,  t h e  t o t a l  c o n t r i b u t i o n  o f  s p e n t  f u e l  is o n l y  a b o u t  2% o f  t h e  c o n t r i -  
b u t i o n  o f  n a t u r a l  background r a d i a t i o n .  E l i m i n a t i n g  t h e  ISF would t h e r e f  ore 
remove an env i ronmenta l  impact t h a t  would be  small even i f  t h e  ISF is b u i l t  a t  
t h e  WIPP and i f  a  h i g h l y  u n l i k e l y  b reach  o f  t h e  r e p o s i t o r y  o c c u r s .  

T a b l e  3-8 also p r e s e n t s  t h e  consequences  o f  an u n l i k e l y  sequence  o f  e v e n t s  
7, . 

( s c e n a r i o  5) i n  which a d r i l l  p e n e t r a t e s  t h e  r e p o s i t o r y  and b r i n g s  was te  to 
t h e  s u r f a c e .  I f  t h e r e  is rio s p e n t  f u e l  f o r  t h e  d r i l l  to p e n e t r a t e ,  t h e  pre-  
d i c t e d  d o s e s  a r e  much s m a l l e r  because  t h e y  are t h e n  due  o n l y  to c o n t a c t -  
hand led  waste. Although d r a m a t i c ,  s u c h  r e d u c t i o n s  would a p p l y  to t h e  impact  
o f  an e v e n t  of  low p r o b a b i l i t y .  

The h e a t  r e l e a s e d  by s p e n t  f u e l  w i l l ,  a c c o r d i n g  t o  S e c t i o n  9.5.2.1, e x e r t  
minor long-term e f f e c t s  on t e m p e r a t u r e s  i n  t h e  nearby rock f o r m a t i o n s  and a t  
t h e  s u r f a c e ;  i t  may t e m p o r a r i l y  produce  a 3-cent imeter  u p l i f t  of t h e  s u r f a c e  
and s i m i l a r  d i s p l a c e m e n t s  underground.  O c c u r r i n g  over  rough ly  1000 y e a r s ,  
t h e s e  e f f e c t s  w i l l  have l i t t l e  env i ronmenta l  impact .  E l i m i n a t i n g  t h e  ISF 
would, however, e l i m i n a t e  them. 

Summary 

I f  no ISF is b u i l t  i n  t h e  WIPP, some of  t h e  env i ronmenta l  impacts  w i l l  be  
changed.  There  w i l l  be no s i g n i f i c a n t  change i n  t h e  impac t s  o f  p l a n t  con- 
s t r u c t i o n ,  i n  t h e  expec ted  socioeconomic  e f f e c t s ,  i n  t h e  e f f e c t s  due  to h e a t  
produced by t h e  s p e n t  f u e l ,  or i n  t h e  e f f e c t s  of  r a d i o a c t i v i t y  r e l e a s e d  d u r i n g  
normal p l a n t  o p e r a t i o n .  The impacts  o f  normal was te  t r a n s p o r t a t i o n  w i l l  be  
s l i g h t l y  reduced.  Spen t  f u e l  also c o n t r i b u t e s  t o  t h e  r e l e a s e s  h y p o t h e s i z e d  i n  
s t u d i e s  o f  unexpected  even t s - -acc iden t s  a t  t h e  p l a n t ,  a c c i d e n t s  d u r i n g  t r a n s -  
p o r t a t i o n ,  and b r e a c h e s  of t h e  r e p o s i t o r y  i n  t h e  f a r  f u t u r e .  None o f  t h e s e  



releases, however, produce population dose commitments comparable to those of 
natural background radiation. 

Although it is possible to predict the reductions due to elimination of 
the ISF from the WIPP plans, none of the reductions significantly affect the 
predicted environmental impacts of the full WIPP reference mission. 

I 
! 

3.4 ALTERNATIVE 4: DISPOSAL OF TRU WASTE 
IN A REPOSITORY FOR HIGH-LEVEL WASTE 

Under alternative 4, no repository dedicated to the disposal of TRU waste 
is built. Instead, TRU waste from the national defense program is held until 
a repository for high-level waste (HLW) is b u i !  t. Then the c?-.fense ?U wacte 
1s d l -msed  of in the HLW repozltory. The three sites that could be consld- 
ered for an HLW repository in 1982, if the current !3EW strategy is pursued, 
will be in the bedded salt of the Delaware basin, in a salt dome In the Gulf 
interior region, and in a deep basalt formation at the Hanford Site. Thus for 
purposes of this analysis it is assumed that the defense TRU waste is emplaced 

1 I 
4 I 
t 

in an HLW repository at one of these sites. $ 
! 

The impacts of alternative 4 are presented from two points of view: (1) t , 
I 

the local changes in impacts (usually increases) associated with expanding the ? 

mission of an HLW repository to include TRU-waste disposal and (2) the overall i 
national changes in impacts (usually decreases) in having one combined reposi- 4 
tory rather than two separate ones. The two separate repositories are the 
WIPP reference repository and an HLW repository. 

To present impacts from either point of view, predictions of the impacts 
of HIM repositories are needed. To get them accurately would require for each 
site the results of detailed explorations and at least a conceptual design for I 

the plant to be built there. Programs now investigating the disposal of high- 
level waste in salt and in basalt will eventually produce these basic data and 
a thorough prediction of impacts. These programs are, however, still in early 
stages: no specific sites have been selected, and no conceptual designs are 
available. In this section the discussion of HLW-repository impacts is there- 

I ; 
fore based largely on environmental impacts predicted generically in the GEIS, 

I 
the draft generic environmental impact statement for Management of Commer- 
cially Generated High-Level Waste (DOE, 1979). The information from the GEIS 

i 
is supplemented where possible by recent data or estimates from the ongoing 
programs. The predictions available from these sources are the impacts of the 
HLW repositories alone, without the addition of defense TRU waste. 

I 
I I 

Thus, the predictions of impacts used in this section are of different 
quality. Predictions of impacts of an HLW repository are from the GEIS. Pre- 

f 
dictions of impacts of the WIPP reference repository are from Chapters 6 and 9 
of this document and the summary in Section 3.2. No predictions of the im- 
pacts of an expanded repository for HLW and TRU waste have been published; 

1 '  : I  

those used here are ad-hoc estimates for an HLW repository like those des- 
cribed in the GEIS but modified and enlarged to accept the defense TRU waste 
(and spent fuel) that would go to the WIPP if there were separate repositories. 



Tables 3-11 and 3-12 present the impacts of alternative 4 from the two 
of view. The tables are qualitative summaries; detailed, quantitative 

les are premature because of the uncertainties in site characteristics and 
nt designs. Table 3-11 describes changes in the predicted local impacts of 

repository if it is expanded to accept TRU waste. Table 3-12 describes 
ences in impacts on a national scale. Under alternative 4 no impacts 

f: . are exerted at the WIPP reference site. By combining the impacts of the WIPP 
nce repository with those at the expanded HLW repository, alternative 4 

would generally achieve a reduction in overall impacts; for this reason most 
;, of the entries in Table 3-12 are decreases. 

This section explains the entries in Tables 3-11 and 3-12. It begins with 
a resume of the plant designs assumed for the expanded repositories, describ- 

' ing briefLy the additions necessary tc convert the HLV-repository designs 
assuned i z  tne GEIS. Then ~t descri'cns environmentai Impa:cs 3 :ordin3 to the 
outline of Section 3.2. 

;?,+.: 

Assumptions 
I $f- 

li, 
-v  . Each of the expanded repositories receives spent fuel and a lesser amount 

%: , of other IIIW waste such as cladding; it handles about 100 HLW packages per 
, day. Tt receives defense TRU waste at the rates proposed for the WIPP: 1.2 

million cubic feet per year of contact-handled waste and 10,000 cubic feet per 
_ year of remotely handled waste. The extra buildings required for the TRU- 

waste disposal will not be so numerous as those in the complete WIPP reference 

@s 
plan because many of the WIPP buildings--the a3ministrative buildings, for 

4s example--will not need to be duplicated. Furthermore, the designs for the 
reference repository include provision for remote handling that will not need 

.@. to be duplicated in the extensive HLW-handling areas. The expanded reposi- 
&,a tories will require an extra shaft for moving TRU waste underground. 

The extra underground excavation required for emplacement of TRU waste 
will be extensive--approximately the entire 3 million tons of salt proposed in 
the reference design. The preliminary excavation estimate for an HLW reposi- 
tory in a Gulf interior salt Come calls for the removal of 10 million tons of 
salt. The excavation for TRU waste, to be performed on a second level in the 
dome, would therefore add about 30% to the excavation for HLW emplacement. A 
similar increase would be needed at a repository in the Delaware basin. 

No site-specific estimates have been made for the HLW excavation in ba- 
salt. Because heat-producing waste can be emplaced more densely in basalt 
than in salt, it might be expecte? that the total volume to be mined would be 
smaller. The basalt repository assumed in the GEIS will hold more waste than 
the salt repository and will operate longer: for this reason the GEIS predicts 
that 90 miLLion tons of basalt \gill be removed. The addition of TRU-waste 
disposal would add roughly 3% to the mined weight, or about 4% to the mined 
volume, since basalt is roughly 20% more dense than salt. There would be no 

* separate Level for the disposal of TRU waste, which would be emplaced on the 
same level with high-level waste; bringing TRU waste to the repository would 
therefore require horizontal expansion of the single HLW level assumed i n  
preliminary plans for a basalt repository. 



T a b l e  3-11. Loca l  Impac t s  o f  A l t e r n a t i v e  4: Changes i n  P r e d i c t e d  Impac t s  a t  
a n  HLW R e p o s i t o r y  Because of t h e  A d d i t i o n  of TRU-Waste D i s p o s a l  1 

1 

Change 
HLW repository At HLW repository in 

Impact in salta basalt at Hanford 
1 

Physical impacts 
Land use, excluding Increase of less than Increase of less than 
rights-of-way 25% (50 acres) 25% (50 acres) 

Use of resources 
Construction materials Increase of perhaps 20-40% Increase of less than 20% 1 
Water and electricity Substantial increase: Substantial increase: 

perhaps 70% perh~?s - 7 %  

Liquid foss~L fuels Increase of less than 10% Increase of about 1% 

Effluents Small increase: 3-10% Small increase: 3-10% 

Slight size increase Mined-rock pile Significant size increase: 
30% 

Conflict with 
miner a1 resources 

No conflict in Gulf inte- 
rior region; no addi- 
tional conflict in 
Delaware basin 

Probably no conflict 

Socioeconomic impacts 
Construction costs Small increase: 10% Small increase: 4% 

Operating costs Possible increase as large 
as 50% 

Small increase: less 
than 108 

Work force Increase of perhaps 35% Increase of perhaps 27% 

Population changes 
and service demands 

Increase probably not a sig- 
nificant impact on resources 
of area 

Increase probably not a 
significant impact on 
resources of area 

Transportation impacts 
Radiation doses f rom 
normal transportation 

Little change Little change 

Radiation doses f corn 
accidents 

No change that would have No change that would have 
effects comparable to those effects comparable to 
of natural background those of natural back- 
radiation ground radiation 

Impacts during operation 
Radiation doses to 
regional population 

Little change Little change 

Radiation doses from 
accidents 

No change that would have 
effects comparable to those 
of natural background 
radiation 

No change that would have 
effects comparable to 
those of natural back- 
ground radiation 

Possible long-term impacts 
Possibilities for breach 
of repository 

Scenarios similar to those 
at WIPP; site selection 
will insure no increase 
in predicted risk 

Scenarios different from 
those at WIPP; site 
selection will insure 
no increase in predicted 
risk 

atlome salt in the Gulf interior region or bedded salt in the Delaware basin. 



ble 3-12. National Impact of Alternative 4: Differences Between the Impact of 
an Expanded.HLW Repository and the Combined Impacts of Separate 
Repositories Eor HLW and for TRU Waste 

,-. . 
'@;- Difference 

SF> Expanded HLW repository Expanded HLW repository 
%. $7 Impact in salta in basalt at Hanford 

physical impacts 
Land use, excluding Decrease of about 40% Decrease of about 40% 
rights-of-way 

Use of resources 
- ,  Construction materials Decrease of perhaps 20-25% Decrease of perhaps 10-15% 

Water and electric~ty Decrease of pernaps 309 Decrease of p-rha~s 30% 

Liquld fossil fuels Decrease of less than 1% Decrease of less than 1% 

"d? 
, .. 
:$-, Effluents Little difference Little difference 

I 
:* 

- 2 7  Mined-rock pile 

~&. Conflict with 
mineral resources 

I 

; Socioeconomic impacts .~. , 

, Constructioncosts 

.. . Operating costs ;:;, 
, *,&.>. . . ..,. ,. 

V ,- ' 
Work force 

: , .. ,. . 
Population changes 
and service demands 

Transportation impacts 
Radiation doses from 
normal transportation 

Radiation doses from 
accidents 

.Impacts during operation 
Radiation doses to 
regional population 

Radiation doses from 
accidents 

No difference in total No difference in total 
volume volume 

In Gulf interior region, Removal of conflict 
removal of conflict; 
in Delaware basin, no 
difference in conflict 

Small decrease: perhaps 10% Small decrease: perhaps 4% 

Decrease: perhaps 25% 

Decrease: about 10% 

Little difference 

Predicted small increase: 
2 man-rem over several 
million people 

No difference that would 
have effects comparable 
to those of natural 
background radiation 

No difference 

No difference 

Possible long-term impacts 
Possibilities for breach Site selection will in- 
of repository sure no increase in 

predicted risk 

Decrease: perhaps 10% 

Decrease: about 10% 

Little difference 

Predicted small decrease: 
3 man-rem over several 
million people 

No difference that would 
have effects comparable 
to those of natural 
background radiation 

No difference 

No difference 

Site selection will 
insure no increase in 
predicted risk 

a~ome salt in the Gulf interior region or bedded salt in the Delaware basin. 



Physical impacts 

The GEIS assumes that land preempted for surface facilities, not including 
rights-of-way, will total about 200 acres at an HLW repository. Although the 
comparable area at the WIPP reference site is also about 200 acres (Section 
9 .l. 1.1), the total addition to the HLW repository would probably not exceed 
50 acres because most of the WIPP land uses listed in Section 9.1.1.1 would 
not have to be duplicated. The local increase in land use at the HLW- 
repository site would be less than 25%. Since alternative 4 would use no land 
at the reference site, on the national scale the land used under alternative 4 
would decrease by about 40% from the land used by the separate HLW and TRU- 
waste repos i tor ies . 

The resources used in building the expanded re-psitory for HLW and TRU 
wast? vould r,ot be greatly; 1 lcroased over chose used for the HGV rer,o;ltory 
alone. The amounts of construction materials needed depend sens i zively on 
detalls of the plant design. The GZIS predicts, for example, steel use of 
19,000 tons for the reference HLW repository in salt and 43,000 tons for the 
repository in basalt; the comparable figure for the WIPP reference repository 
is 15,000 tons, only a fraction of which will be required at the expanded 
repository. If this fraction is roughly 0.5, the local increase in steel use 
would be about 40% at the dome-salt repository and less than 20% at the basalt 
repository; the local increases in the use of copper (20% and 10%) and lumber 
(25% and 10%) would be smaller. On the national scale the impacts of resource 
use in construction would decrease; the decreases would range from 20% to 25% 
in salt and from 10% to 15% in basalt. 

Resources to be used in operating the reference repository are comparable 
to those expected to be used at the HLW repositories. The GEIS predicts elec- 
trical power demands of 13,000 and 15,000 kilowatts at the salt and basalt 
repositories; the reference-repository estimate of 20,000 kilowatts suggests 
that the use of electrical power at the expanded repository might be substan- 
tially increased over the GEIS estimates--perhaps by 50%. Similarly, water 
use at the reference repository, estimated at roughly 6.5 million gallons per 
year, is comparable to the uses predicted by the GEIS: 4.5 and 6.4 million 
gallons per year. On the other hand, the annual use of liquid fossil fuels at 
the reference repository (200,000 gallons) will be so much lower than the use 
at the HLW repositories (7.4 and 8.4 million gallons) that the incremental 
impact of TRU-waste disposal will be negligible. The entries in Tables 3-11 
and 3-12 assume that half of the predicted reference-repository use of re- 
sources would occur at the expanded repository. 

The amounts of effluents released during operation of the WIPP reference 
repository will be small compared to those released from the HLW-repository 
operation in salt and basalt. The GEIS predictions for the release of hydro- 
carbons, for example, are 94 and 100 tons per year; the WIPP prediction is 
only 3 tons per year. The GEIS predictions for particulate emissions are 41 
and 40 tons per year; the WIPP prediction is only 3 tons per year. An ex- 
panded repository would accordingly produce only slightly more effluents than 
an HLW repository, and little decrease in national impacts would result from 
alternative 4. 

The mined-rock pile will be larger at an expanded repository for both 
types of waste than at an HLW repository. As explained above, about 30% more 
rock would be mined if TRU-waste disposal is added to an HLW repository in 



kt. 1n the Gulf interior region, however, the mined rock not needed for 
kfilling will be treated differently from the mined rock at the WIPP: in 
humid climate near the Gulf of Mexico measures must be taken to contain 

,the pile, which would otherwise wash onto the surrounding land. At Hanford, 
ch has a dry climate, the basalt pile can probably be left standing at the 
face; at an expanded repository there the pile will be only slightly larger 

than the pile predicted by the GEIS, which is much larger than the pile 
predicted for the HLW repository in salt. 

"&s,  Conflict with mineral resources would not be an impact of the expanded 
repositories in salt domes or basalt. Although hydrocarbon resources are 

I 
sometimes found near salt domes, none exist within or beneath the domes them- 

'aselves. No mineral resources are thought to exist beneath the basalt layers 
.-?at Hanford, although further exploration would be required to establish this 
expectation rigorousiy. The ccnflict with ininera1 resources benc - the NIPP 
reference site wuld continue at an expanded repository in the L7~--:fare basin. 

socioeconomic impacts 
F.1- 

The socioeconomic impacts of adding TRU-waste disposal to an HLW reposi- 
I tory stem Eran the addition of expenditures for construction and operation and 
; #$ ifrom the creation of additional jobs. 

; $$ 
: q q  f 

The GEIS estimates construction costs of $1000 million and $3100 million 
or HLW repositories in salt and basalt, respectively; the WIPP construction 

i $ cost is $225 million. If roughly half of the WIPP costs were to be incurred 
I ? -in the additions to an HLW repository, the local increase in construction 

costs would amount to about 10% and 4% in salt and basalt, respectively; the 
: i r  national cost reductions would be about the same percentages. The changes in 
r: .. impacts arising from construction costs would theref ore be barely appreciable. 

& .  
? e The GETS estimates operating costs for a salt repository at $590 million 

over 15 years and for a basalt repository at $2390 million over 24 years. The 
. corresponding cost for the WIPP reference repository, over 24 years, would be 
i - $864 million. To predict the operating cost of an expanded repository for HLW 

-.- and TRU waste would require a careful estimate of the fraction of the WIPP 
+ cost to be added to the HLW-repository cost. In the absence of designs for an 

expanded repository, this prediction is difficult to make. Since the operat- 
ing costs of separate repositories in salt ace roughly similar, the operation 
of the expanded repository in salt might be as much as 1.5 times as costly as 
the operation of an HLW repository there. At a basalt site the added cost of 
operation would pcobably be less than 10%. Under these assumptions, the 
national reductions in operating costs might be 25% and 10% in salt and ba- 
salt, respectively. 

A prediction of the work force at an HLW repository is uncertain because 
the plant designs are still in early stages. The GEIS predicts 870 employees 
at an HLW repository in salt; other estimates range from 1000 to 1500. The 
GEIS predicts 1100 employees at an HLW repository in basalt. Of the 444 em- 
ployees predicted for WIPP operation, probably all the miners (109) and stor- 
age workers (49) would be needed at an expanded repository; an undetermined 
number of the 286 employees at the surface would also be needed. Under the 
assumption that about 150 of these WIPP surface workers would be needed, the 
number of jobs added to an HLW repository would be about 300, an addition of 
35% at a salt repository and 27% at a basalt repository. The national reduc- 
tions in work focce would be about 10% at either repository. 



These increases in the work force would increase the socioeconomic impacts 
predicted for the HLW repositories. The GEIS predicts these impacts in terms 
of the number of people expected to move into the area around a repository and 
in terms of the increased demands for social services. It also accounts for 
the variations that occur in these impacts because the sites are in different 
areas of the United States. For example, the impacts are generally smaller at 
sites in the southeast than in the southwest; for this reason the socioeco- 
nomic impacts of the WIPP reference repository cannot be added directly to 
those of the dome-salt repository. Since none of the socioeconomic impacts 
predicted by the GEIS are likely to strain the resources of the areas near the 
repositories, the addition of mu-waste disposal to HLW repositories wouid not 
severely affect those areas, and the national impacts would change little. 

Transportation impacts 

The added impacts ot transporting TXU waste LO an HLW repository have been 
predicted by calculations of tts population dose commitments that ~ould result 
from shipping defense TRU waste to the Gulf interior region and to Hanford. 
Performed by the methods used in Section 6.6 to analyze normal transportation, 
these calculations predict dose commitments of 15, 17, and 12 man-rem for 
the transportation of TRU waste to the Delaware basin, to the Gulf interior 
region, and to Hanford, respectively. According to these figures, the impacts 
of transportation would, in principle, increase in the Gulf interior region 
and decrease at Hanford; the smaller impact of transportation to Hanford is 
due primarily to the short distance between Hanford and the INEL, the primary 
source of TRU waste. On a national scale, the population dose commitments 
could be reduced by placing an expanded repository at Hanford; they would be 
increased by carrying the INEL waste to the Gulf interior region instead of 
the Delaware basin. Since all these population dose commitments are spread 
over several million people, there would be little change in transportation 
impacts, either locally or nationally, if alternative 4 is selected. 

Because the addition of TRU-waste disposal will require an increased num- 
ber of shipments, the probabilities of transportation accidents on the way to 
the expanded repository would be greater than the probabilities associated 
with transportation to an HLW repository. The analysis of accidents carried 
out in Section 6.7 shows, however, that the conceivable accidents with TRU 
waste would produce effects that are small in comparison to the effects of 
natural background radiation. 

Impacts during plant operation 

The GETS predicts that emissions of radioactivity from an HLW repository, 
whether in salt or in basalt, will be such that the 70-year dose commitment to 
a regional population will be less than 100 man-rem, which is Ear below the 
doses received by the regional population Erom natural-background sources. 
Since the corresponding dose commitments Erom the WIPP operation are much 
smaller than 100 man-rem, adding TRU-waste disposal to an HLW repository would 
add little to the impacts of routine operation. Since the same amounts of 
material will be handled in the expanded repository as in separate reposi- 
tories, alternative 4 will offer no change in routine emissions an a national 
scale. 

The consequences of accidents at an expanded repository for HLW and 
TRU waste would be dominated by the consequences of dropping a spent-fuel 



same acc iden t  i d e n t i f i e d  a s  t he  most s eve re  a t  t h e  WIPP and a t  
&" t h e  HLW r e p o s i t o r i e s  examined i n  t h e  GEIS. Adding TRU-waste d i s p o s a l  to an & RLW r e p o s i t o r y  would no t  make p o s s i b l e  any a d d i t i o n a l  a c c i d e n t s  of g r e a t e r  
$$. s e v e r i t y  than those a l r e a d y  p o s s i b l e  t h e r e .  Handling t h e  TRU-waste packages 

would i nc r ea se  t he  p r o b a b i l i t y  o f  an acc iden t  wi th  waste of lower a c t i v i t y  
than spen t  f u e l ;  a s  po in ted  o u t  i n  Table  3-7, however, t h e  popula t ion  dose 

' .*- s commitments from such a c c i d e n t s  a r e  much smal le r  than t hose  from n a t u r a l  back- . . 
ground r a d i a t i o n .  

- ,. ... 
'L .$? 

**:r .>,:; p o s s i b l e  long- term impacts * 
.;..,.;" .- 

,. 
, . A s  a t  t he  WIPP o r  a t  an HLW repos / t o ry ,  no long-term r e l e a s e  of radio- 
i . a c t i v e  m a t e r i a l  is expected a t  an expanded r epos i t o ry .  Analyses of t h e  conse- .-..:g; 

quences of hypothe t ica l  r e l e a s e s  a r e  neve r the l e s s  under way; us ing  methods 
s i m i l a r  - -  ?hose of S e c t i r n  9 . 5 . 1 ,  these  s t u d i e s  w i l l  p o s t u l a t e  s cena r io s  and 
Ce t e rmi r~ .  :heir  consequences. 

The s cena r io s  fo r  r e l e a s e  from s a l t  domes i n  t h e  Gulf i n t e r i o r  region w i l l  
probably be s i m i l a r  t o  those  p o s t u l a t e d  i n  t he  WIPP s t u d i e s  (Sec t i on  9.5.1);  
most of them w i l l  involve i n t r u s i o n  by water t h a t  d i s s o l v e s  t h e  s a l t  and 
c a r r i e s  t h e  waste. Some of t h e  p o s t u l a t e d  events  t h a t  breach t h e  r epos i t o ry  
w i l l  be d i f f e r e n t  from the  WIPP even t s  because of d i f f e r e n c e s  i n  t h e  geologic  
and hydrologic  cha rac t e r  istics of s a l t  domes and s a l t  beds.  The d r i l l i n g  
s c e n a r i o s  assumed i n  t h e  WIPP ana ly se s  w i l l  be less l i k e l y  i n  dome s a l t .  

The s cena r io s  f o r  r e l e a s e  from Hanford b a s a l t  w i l l  be much d i f f e r e n t  Erom 
t h e  WIPP scena r io s .  Because b a s a l t  is p r a c t i c a l l y  i n s o l u b l e ,  t h e  pos tu l a t ed  
wate r - in t rus ion  events  w i l l  i nvo lve  d i f f e r e n t  flow p a t t e r n s ;  t h e  fo r ce s  dr iv-  
ing t h e  water a r e  l i k e l y  t o  a r i s e  from d i f f e r e n t  sources .  E f f e c t s  of gla-  
c i e r s ,  f o r  example, w i l l  appear  i n  t h e s e  s cena r io s ;  flow along e x i s t i n g  j o i n t s  
can be pos tu la ted  i n  b a s a l t  bu t  no t  i n  s a l t .  D i r e c t  d r i l l i n g  i n t o  a b a s a l t  
r e p o s i t o r y  is even more u n l i k e l y  than  d r i l l i n g  i n t o  a s a l t  r e p o s i t o r y .  

Although t h e  conce ivab le  mechanisms f o r  breaching a r e p o s i t o r y  a r e  c l e a r l y  
' d i f f e r e n t  among t h e  bedded-sa l t ,  dome-salt, and b a s a l t  sites, t h e r e  is a t  

p r e sen t  no evidence t h a t  any of  t h e  sites is s a f e r  than t h e  o t h e r s .  Although 
-*. each s i t e  has c h a r a c t e r i s t i c s  t h a t  could conceivably g i v e  r i s e  t o  a breach of 

a r e p o s i t o r y  i n  t he  f a r - d i s t a n t  f u t u r e ,  t h e  p r o b a b i l i t y  is low t h a t  such a 
breach could produce hazardous r e l e a s e s  of r a d i o a c t i v e  m a t e r i a l .  

I n  t h e  a n a l y s i s  of long-term impacts a t  t he  r e f e r ence  r e p o s i t o r y ,  t h e  
r e l e a s e s  from spent  f u e l  have much more seve re  e f f e c t s  than t h e  r e l e a s e s  from 
TRU waste  (Table 3-7 and S e c t i o n  9 .5 .1) .  A t  an expanded r e p o s i t o r y  f o r  both 
types  of waste t h i s  domination by spen t  f u e l  w i l l  be much g r e a t e r ;  adding TRU- 

I waste d i s p o s a l  t o  an HLW r e p o s i t o r y  would ba re ly  i n c r e a s e  t he  e f f e c t s  of long- 
term r e l ea se .  More impor tan t ,  no s i te  w i l l  be s e l e c t e d  i f  i t  appears  t o  o f f e r  
s i g n i f i c a n t  r i s k s  from long-term r e l e a s e s .  

Summary 

Adding TRU-waste d i s p o s a l  t o  an HLW r e p o s i t o r y  i n  a Delaware bas in  s a l t  
bed, a Gulf i n t e r i o r  reg ion  s a l t  dome, o r  b a s a l t  a t  Hanford would s l i g h t l y  
i n c r e a s e  the  l o c a l  environmental  impacts of t h e  HLW re-msi to ry .  The l o c a l  
phys i ca l  impacts would i n c r e a s e  by f r a c t i o n s  of t h e  o r i g i n a l  impacts ,  probably 



no more than 50% and, for most of the impacts, much less. The local socioeeo- 
nomic effects might increase appreciably around the salt-dome site because the 
expenditures for TRU-waste disposal might be a significant fraction of the 
costs of HLW disposal there; at a basalt site, where operating costs are 
higher, the added impacts would probably be insignificant. The predicted 
impacts Erom the transportation of TRU waste to a salt dome are barely larger 
than the impacts from transportation to the WIPP reference repository; impacts 
of transportation to Hanford are barely smaller. Neither set of impacts is, 
however, comparable to the impact of natural background radiation. Releases 
of radioactivity during repository operations with TRU waste are small; they 
would not be a significant addition to the small releases from an HLW reposi- 
tory. There is no reason to expect that adding TRU waste to an HLW repository 
at either site would appreciably increase the probability of long-term re- 
leases of radioactive material. 

On a national scale, emplacing 7?.U-waste a s  an expanded HLW re~sitory 
would '?crease some of the impacts of operatic9 separate HL7I and TRU-waste 
repositories. The physical impacts would be reduced by amounts ranging up to 
40%. The predicted socioeconomic impacts would decrease if the expanded 
repository is built in either salt or basalt. The impacts of transportation 

\ 
would be greater if the expanded repository site is in salt than if it is in i i  
basalt; the difference would, however, produce effects far smaller than those 
of natural background radiation. On a national level, there would be no dif- 

1 '  
ference in impacts from repository operation or, probably, from unexpected 1 '  
long-term releases of radioactivity. 

3.5 ALTERNATIVES 5 and 6: TRU-WASTE REPOSITORY BUILT AFTER THE 
CHARACTERIZATION OF ADDITIONAL SITES, WITH AND WITHOUT AN ISF 

If the decision to build a TRU-waste repository is deferred until approxi- 
mately 1982, additional sites will have been investigated. If these sites are 
suitable, it will then be possible in principle to choose a site from the 
Delaware basin or some other part of the Permian basin, the Gulf interior 
region, and Hanford. It will also still be possible to choose whether to 
build an ISF in the TRU-waste repository. This section predicts the environ- 
mental impacts of a repository in these places. The differences in impacts 
with and without an ISF are small and similar to the differences in impacts 
between alternatives 2 and 3. A full discussion of impacts at a site in the 
Delaware basin is not needed here, because they are discussed in Sections 3.2 
and 3.3; selecting a Delaware basin site in 1982 would simply delay the onset 
of the impacts. Effects of this delay are discussed in Section 3.5.1. S e o  
tion 3.5.2 discusses the impacts of TRU-waste repositories in dome salt and in 
basalt. 

Impacts of Delaying the WIPP Reference Repository 

The environmental impacts discussed in Sections 3.2 and 3.3 are largely 
independent of the time when construction of the WIPP begins. The issues 
involved in delay are primarily other than environmental. 



I Delay of a project can be environmentally helpful if the time gained can 
I 

be used to decrease the environmental impacts of the project; delay in the 
WIPP program, however, is not likely to reduce - the impacts. Studies at the 
WIPP reference site will continue as needed whether or not the project is de- 

"ayed, but the supplemental information these studies will provide is not ex- 
pected to change the predicted impacts and risks significantly. Rather, this 

. information will improve con£ idence in the risk predictions and narrow the 
2 uncertainties in them. Bounding calculations using the existing data are al- - -ready sufficient to evaluate the potential impacts of the WIPP reference repos- - itory. 

If the WIPP were delayed, the amount of defense TRU waste would increase 
. by about 10% per year at current generation rates, with corresponding in- 
%:- creases in the costs and environmental risks of the current temporary storage 

methods. The spent fuel that would have been emplaced in the ISF would con- 
tinue to occupy space I n  storage pt.01~ tnroughout the deiay period. 

A major impact of delaying the WIPP would be the ccst of closing out the 
, - current project and then reopening it several years later. To end the current 
. programs would require carefully compiling, cataloging, and storing for future 
" use all the documents already developed; negotiating and paying contractorst 
2% q 

- fees; and reimbursing contractors for the costs they will incur in terminating 
the programs. The total close-out cost is estimated at $3.2 million. 

After a delay of roughly 4 years, the costs of designing and building the 
. WIPP reference repository will have increased. All the currently estimated 

- costs will increase because of inflation, which can be estimated at 8% per . year. This increase will affect the cost of design, development of special 
-> waste-handling equipnent, and construction of the plant. Moreover, restarting 
,. the design will require funds for assembling a new design team; it will also 

, be necessary for this new team to review the earlier design work and revise it 
- according to whatever new standards and methods have become applicable since 

the closing of the project. After the addition of a 25% contingency allowance 
to cover any other possibilities, the estimated cost of restarting the project .*" 

L, amounts to an increase of nearly $280 million (including the $3.2 million 
close-out cost) over currently estimated costs. 

$ - L  

'hm alternatives have been considered for delay in removing TRU waste from 
- places where it is now stored: delaying retrieval from storage pads until it 

is to be moved or retrieving it now and putting it into better storage. The 
effects of these alternatives have been shown to be minimal. Even a 20-year 
delay would cause virtually no change in the environmental effects and radio- 
logical risks associated with retrieving, processing, and shipping TRU waste 
to the WIPP or another Federal repository. The radiological effects would be 
much less than those from natural background radiation (Section 9.6). The 
nonradiological effects would generally be limited to those associated with a 
commitment of manpower and the use of other resources. 

Degradation of the waste containers at INEL could occur if retrieval were 
delayed for 20 years, but no release of radionuclides to the environment would 
be expected. Leaving the waste in Idaho for 20 years would slightly increase 
the probability of release of radionuclides as a result of an improbable 
natural disaster. The risk, however, is small compared with that from natural 
background radiation. 



I 
I 

Of t h e  two d e l a y  a l t e r n a t i v e s  cons ide r ed  f o r  t h e  INEL, d e l a y i n g  r e t r i e v a l  
would cost an e s t i m a t e d  $6.4 m i l l i o n  l e s s  t han  r e t r i e v i n g  and p r o c e s s i n g  
immediately. However, t h e  c o s t  s a v i n g s  would be o n l y  a b o u t  3% o f  t h e  t o t a l  
c o s t  of removing t h e  waste  from Idaho.  The r a d i o l o g i c a l  r i s k  from d e l a y i n g  
r e t r i e v a l  f o r  20 y e a r s  is n e g l i g i b l y  l a r g e r  t h a n  t h e  r i s k  from r e t r i e v i n g  t h e  I 

was t e ,  p roce s s ing  it ,  and t h e n  s t o r i n g  it a t  t h e  INEL s i t e  f o r  20 y e a r s ;  
maintenance and s u r v e i l l a n c e  w i l l  be  r e q u i r e d  even i f  t h e  was te  is l e f t  i n  
p l a c e ,  a s  is. I 

I 
3.5.2 Impacts o f  TRU-Waste R e p o s i t o r i e s  I 

I f  a TRU-waste r e p o s i t o r y  is b u i l t  i n  bedded s a l t  i n  t h e  Permian b a s i n ,  i n  I 

a s a l t  dome i n  t h e  Gulf i n t e r i o r  r e g i o n ,  o r  i n  b a s a l t  a t  H a n f c - 4 ,  t h e  g e n e r a l  
d e s l j n  of t h e  ;,-.nt w i l l  remal:l n e a r l y  t h e  c:.-e a s  t h e  WIPP r f z e r e n c e  des i s r . .  
The r a t e s  of r e c e i p t  of waste  and t h e  hand;-n? methods w i l l  change l i t t l e ,  i f  
a t  a l l .  The p r e d i c t e d  e ~ v i r o n m e n t a l  impacts  w i l l  a l s o  change l i t t l e ;  t h e  
changes w i l l  r e s u l t  mos t ly  from d i f f e r e n c e s  i n  rock  t y p e s ,  su r round ing  a r e a s ,  

l 

and t r a n s p o r t a t i o n  r o u t e s .  I 
I 

Because no concep tua l  de s igns  e x i s t  f o r  TRU-waste r e p o s i t o r i e s  i n  dome I I 
1 

s a l t  and b a s a l t ,  p r e d i c t i o n s  o f  t h e  changes  i n  impac ts  must be  q u a l i t a t i v e .  : I  
Table  3-13 compares t h e  impacts  of TRU r e p o s i t o r i e s  a t  t h e  a l t e r n a t i v e  si tes 
wi th  t h e  impacts  o f  t h e  r e f e r e n c e  r e p o s i t o r y  ( S e c t i o n  3 .2 ) .  Because t h e  two 
a l t e r n a t i v e  r e p o s i t o r i e s  i n  s a l t  w i l l  e x e r t  s i m i l a r  impac ts ,  Tab l e  3-13 pre- 
s e n t s  t h e i r  impac ts  i n  on ly  one column and n o t e s  d i f f e r e n c e s  where t hey  a r e  
app rec i ab l e .  The remainder of t h i s  s e c t i o n  e x p l a i n s  t h e  e n t r i e s  i n  Tab l e  3-13. 

A s  po in t ed  o u t  i n  S e c t i o n  3.3,  d e l e t i n g  t h e  ISF from t h e  WIPP mi s s ion  pro- 
duces few s i g n i f i c a n t  changes i n  t h e  p r e d i c t e d  env i ronmen ta l  impacts .  I n s t e a d  
of p r e s e n t i n g  s e p a r a t e  d i s c u s s i o n s  cove r ing  i n c l u s i o n  and omiss ion of t h e  ISF, I I t h i s  s e c t i o n  s imp ly  no t e s  impacts t h a t  would be changed by t h e  ISF. 

I 

P h y s i c a l  impacts  i 

Because t h e  p l a n t  de s ign  and t h e  o p e r a t i n g  methods w i l l  p robab ly  remain 
t h e  same, a TRU-waste r e p o s i t o r y  i n  a s a l t  dome o r  i n  b a s a l t  w i l l  e x e r t  n e a r l y  A 1 

t h e  same phys i ca l  impacts a s  a TRU-waste r e p o s i t o r y  i n  bedded s a l t .  The pr in -  
c i p a l  d i f f e r e n c e s  would appear  i n  t h e  e f f e c t s  of t h e  mined-rock p i l e  and i n  I 

t h e  c o n f l i c t  w i th  minera l  r e sou rce s .  

Although t h e  mined-rock p i l e  would be t h e  same s i z e  a t  bo th  s i t e s  i n  s a l t ,  
t h e  humid c l i m a t e  i n  t h e  Gulf i n t e r i o r  r eg ion  cou ld  change its impacts .  The 
impacts  of t h e  WIPP p i l e  i n  t h e  Delaware b a s i n  a r e  expec t ed  t o  be s m a l l  (Sec- 1 1  0 1 
t i o n  9 .1 .3 ) ,  p r i n c i p a l l y  because of t h e  d r y  c l i m a t e  t h e r e .  I n  t h e o r y ,  h e a v i e r  
r a i n f a l l  cou ld  wash t h e  mined rock o n t o  su r round ing  l a n d .  P r e l i m i n a r y  p l a n s  
f o r  an HLW r e p o s i t o r y  i n  t h e  Gulf i n t e r i o r  r eg ion  i n v o l v e  s p e c i a l  p r e c a u t i o n s  4 I 

I 

to c o n t a i n  t h e  p i l e :  moreover, i t  is l i k e l y  t h a t  t h e  s a l t  no t  needed f o r  back- 
f i l l i n g  w i l l  be removed from t h e  s i t e .  These measures  w i l l  p robab ly  ho ld  t h e  
impacts  of t h e  mined rock t o  t he  low e s t i m a t e s  made f o r  t h e  Delaware b a s i n  

c 

I 
site.  fi I . I 

A b a s a l t  mined-rock p i l e  may be s l i g h t l y  s m a l l e r  because  t h e  s t o r a g e  cav i -  ! 
t i e s  i n  t h e  competent rock may be mined a t  a h ighe r  e x t r a c t i o n  r a t i o ,  w i t h  I 





less n e c e s s i t y  f o r  numerous c o r r i d o r s .  Fur thermore ,  a b a s a l t  p i l e  is n o t  ex- 
pec ted  to be a s  damaging t o  sur rounding  l a n d  as a s a l t  p i l e  might be,  e spec i -  
a l l y  i n  t h e  a r i d  climate of Hanford. 

C o n f l i c t  w i t h  m i n e r a l  r e sou rce s  is one o f  t h e  p r i n c i p a l  impacts  o f  a re- 
p o s i t o r y  i n  t h e  Delaware bas in .  A r e p o s i t o r y  e l s ewhe re  i n  t h e  Permian b a s i n  
might o r  might n o t  e x e r t  t h i s  impact,  depending on t h e  s p e c i f i c  s i te.  A 
r e p o s i t o r y  i n  dome s a l t ,  which o v e r l i e s  no v a l u a b l e  m i n e r a l  d e p o s i t s ,  would 
n o t  e x e r t  t h i s  impact.  Although it  is n o t  comp le t e ly  c e r t a i n  t h a t  no mine ra l  
d e p o s i t s  l i e  benea th  t h e   anf ford b a s a l t  l a y e r ,  no ev idence  has  sugges ted  t h e y  
are p re sen t .  

Socioeconomic impac t s  

The impacts  r e s u l t i n g  from e x p e n d i t u r e s  f o r  c o n s t r u c t i o n  and o n 2 r a t i o n  
wouid change I l ~ t l e  ~f tk.2 b; ?P cere rence  n i s s i o n  1s accomplished ac t h e  
a l t e r n a t i v e  sites. These costs would be g r e a t e r  a t  Hanford because mining 
hard rock is more expens ive  than  mining s a l t ;  a r e l i a b l e  ? r e d i c t i o n  of t h e  
d i f f e r e n c e  i n  cost would r e q u i r e  a concep tua l  d e s i g n  f o r  a TRU-waste r epos i -  
t o r y  t h e r e .  E 

The s i z e  of t h e  work f o r c e  would p robab ly  n o t  change u n l e s s  t h e  i n c r e a s e d  
d i f f i c u l t y  of min ing  b a s a l t  r e q u i r e s  a s i g n i f i c a n t l y  l a r g e r  group of miners  a t  
Hanford. The p o p u l a t i o n  changes and demands f o r  a d d i t i o n a l  s e r v i c e s  w i l l .  b e  
smal le r  t han  t h o s e  i n  t h e  Delaware o r  Permian b a s i n s  because  of t h e  l a r g e r  
work f o r c e  and i n c r e a s e d  s o c i a l  s e r v i c e s  a l r e a d y  a v a i l a b l e  i n  t h e  Gulf i n t e r -  
ior reg ion  and a t  Hanford.  

T r a n s p o r t a t i o n  impac t s  

The impacts  o f  t r a n s p o r t i n g  TRU waste t o  t h e  a l t e r n a t i v e  s i t e s  have been 
eva lua t ed  th rough  c a l c u l a t i o n s  of popu l a t i on  dose  commitments. Performed by 
t h e  methods used  i n  S e c t i o n  6.6 to ana lyze  normal t r a n s p o r t a t i o n ,  t h e s e  ca lcu-  
l a t i o n s  p r e d i c t  dose commitments of 17 ,  19 ,  and 16 man-rem f o r  t h e  t r a n s p o r t a -  
t i o n  of TRU waste and s p e n t  f u e l  f o r  an  ISF t o  t h e  Delaware b a s i n  (assumed to  1 ! 
r ep r e sen t  t h e  Permian b a s i n ) ,  t o  t h e  Gulf i n t e r i o r  r e g i o n ,  and to Hanford,  
r e s p e c t i v e l y .  If t h e  s p e n t  f u e l  is n o t  sh ipped ,  t h e s e  t h r e e  dose  commitments 1 
a r e  15,  17,  and 1 2  man-rem. S ince  a l l  t h r e e  dose commitments a r e  small, t h e r e  
would be l i t t l e  change i n  t h e  t r a n s p o r t a t i o n  impac ts  summarized i n  S e c t i o n s  
3.2 and 3.3. i 

The a n a l y s e s  o f  t r a n s p o r t a t i o n  a c c i d e n t s  i n  S e c t i o n  6.7 remain v a l i d  f o r  
a l t e r n a t i v e s  5 and  6 because t h e  same m a t e r i a l s  would be sh ipped  i n  t h e  same 
t ypes  of c o n t a i n e r s .  

Impacts du r ing  o p e r a t i o n  I 
The normal r e l e a s e  of r a d i o a c t i v i t y  d u r i n g  r o u t i n e  p l a n t  o p e r a t i o n s  would 

remain unchanged i f  t h e  p l a n t  is b u i l t  a t  one of t h e  a l t e r n a t i v e  sites. The 
maximum dose commitments rece ived  by persons  nea r  t h e  p l a n t  would a l s o  remain 
t h e  same. The to ta l  popu l a t i on  dose commitment, exp re s sed  i n  man-rem, would 
i n c r e a s e  because t h e  popu l a t i on  d e n s i t i e s  i n  t h e  Gulf  i n t e r i o r  r eg ion  and near  
Hanford a r e  g r e a t e r  t han  t h e  d e n s i t y  i n  t h e  Delaware b a s i n .  Because t h e  dose 
commitments w i l l  remain much smal le r  t han  t h o s e  from n a t u r a l  background r ad i a -  
t i o n ,  t h e  p r e d i c t e d  e f f e c t s  of r o u t i n e  p l a n t  o p e r a t i o n  would change l i t t l e .  



*:;:;.- . . The accidents postulated a t  the repository would remain the same a t  any of 
.., 

@Yj the a l ternat ive sites. Except for delivering doses to the larger population, 
$:;,:their consequences would also remain unchanged, and no impacts comparable t o  

-.-g!. those of natural background radiation would be expected. 
- >. 

$' , possible long-term impacts 
" : 

A s  explained in Section 3.4, the scenarios for breaching a decommissioned 
" repository i n  the d i s tan t  future w i l l  d i f f e r  among the a l ternat ive sites, 

4 - h  
which have s ignif icant ly  d i f fe ren t  geologic and hydrologic character is t ics .  

- Development of these scenarios is now under way. The scenarios for breaching 
.I I a dome-salt repository w i l l  probably resemble those a t  the reference s i t e ;  the 
C scenarios for breaching a basalt  scenario are  l ikely to be much different .  

Until these scenarios are completed and detailed analyses are  carried out, no 
r i g o r o ~ s  c-~p3clson of t he  ?(:nq-t?rn inpacts of FZU-waste rawositories a t  the 
alternative s i t e s  can be made. Studies to  date,  however, have shown no reason 
to expect that  any of the sires is c lear ly  safer than the others. No long- 
term releases are expected from a TRU-waste repository, whether sper.- fuel is 

., emplaced there or not. 

Summary 
.. .k' -.* 
4.- . . 
,!$ -. The environmental impacts of a TRU repository a t  the a l ternat ive s i t e s  

would be nearly the same as  the impacts of a T R U  repository in  the Delaware 
I,:?" . basin. The principal differences i n  the predicted impacts a re  due to the dif- 
.::*\: 
: ferent mined-rock p i les ,  to the absence of valuable mineral resources a t  the 
, .?.  . a l te rna t ive  s i t e s ,  and to the d i f f e r en t  socioeconomic conditions prevailing in  
.: . . . . the a l te rna t ive  regions. 

3.6 ALTERNATIVE 7 :  DISPOSAL OF TRU WASTE I N  AN HLW REPOSITORY 
SELECTED AFTER THE S ITE-QUALIFICATION PROGRAM IS COMPLETED 

r 

I f  selection of a repository s i t e  is deferred un t i l  1985, it may be 
possible to choose the location from an extensive array of investigated s i t e s  
in  d i f fe ren t  geologic media. BY 1985 studies i n  shale and tu f f ,  i n  addition 
to fur ther  studies i n  bedded and dome s a l t ,  may have shown tha t  s i t e s  not con- 
sidered i n  Sections 3.1 through 3.5 are  a lso sui table  for t h e  disposal of TRU 
waste. 

Impacts 

The environmental impacts of repositories holding both HLW and TRU waste 
i n  bedded or dome s a l t  and i n  basalt  are treated i n  Section 3.4. If a s i t e  i s  
selected i n  the Delaware basin, i n  the Gulf inter ior  region, or a t  the Hanford 
S i t e ,  its impacts w i l l  be those already presented except for the minor influ- 
ence of delay, discussed i n  Section 3.5.1. If a s i t e  i s  selected in s a l t  or 
basal t  a t  some Location other than these three,  its impacts are  l ike ly  to be 
s imilar ;  the principal modifications would probably a r i se  from diEferences in 
climatic conditions affecting the mined rock stored a t  the s i t e ,  from differ-  
ences i n  confl ic ts  with mineral resources lying beneath the s i t e ,  and from 
differences in socioeconomic conditions around the s i t e .  The e f fec t s  of 
breaching the repository i n  the d i s tan t  future are impacts t ha t  may d i f fe r  



from site to site; they cannot be evaluated, however, until specific sites 
have been selected. No site will be selected if a repository there can be 
expected to exert significant long- term impacts. 

If a site is selected in shale, granite, or tuff, the impacts are likely 
to be different. The GEIS (WE, 1979) analyzes HLW repositories in shale and 
granite; that analysis, which does not consider specific sites, predicts im- 
pacts approximately like those of the salt and basalt repositories. Until 
further study of shale, granite, and tuff has been carried out and sites have 
been identified, the impacts of repositories in them cannot be predicted in 
detail. No analyses performed to date have suggested reasons for rejecting 
these materials on grounds of unacceptable environmental impacts. 

Summary 

Few changes would occur in the prea~cted environmental impacts of a r e p  
sitory in salt or basalt if selection of the site is deferred until an exten- 
sive array of sites is avaliable; the effects of delay would dominate the 
changes. A repository in shale, granite, or tuff would exert different im- 
pacts, which can be accurately predicted only after further study of these 
materials and the selection of specific sites. 

3.7 IMPACTS OF A STAND-ALONE INTERMEDIATE-SCALE FACILITY 

Chapter 2 discusses and dismisses the possibility of a facility whose only 
purpose is to be an intermediate-scale facility (1%) for the storage of spent 
fuel. Nevertheless, this section outlines the costs and impacts of such a 
stand-alone ISF, comparing them with those of the WIPP reference repository, 
since the WIPP analysis (Section 3.2) for the most part distinguishes between 
the impacts from spent fuel and from TRU waste. 

Assumptions 1 
The physical plant for a stand-alone ISF would be smaller than that for ! 

the reference repository because there would be no need for such elements as a 
large waste-handling building, two storage levels, and extensive underground 
mining. On the other hand, elements such as a shielded hot cell, multiple 

I 
shafts, an underground area, and shielded transporters would still be required. 
At the reference site, the stand-alone IS!? would use only the lower (2700- 
foot-depth) of the two storage levels planned for the reference repository. 
The deeper level would be used because of its purer salt. 

i 
! 

Impacts 

The physical impacts of a stand-alone ISF would be appreciably smaller 
than those listed in Table 3-3. The mined-rock pile and the area reserved for 
underground operations would be much smaller. However, 2-mile buffer zone 
outside a small repository area would still be required, and the total land 
committed would be about half that required for the reference repository. 



The c o s t  of engineering and cons t ruc t ion  f o r  t he  stand-alone ISF is rough- 
- l y  est imated t o  be half  of t he  $430 m i l l i o n  pro jec ted  f o r  t h e  WIPP reference  

reposi tory.  The work fo rce  would be nea r ly  a s  l a r g e  a s  t h a t  f o r  t he  re ference  
repos i tory  during cons t ruc t ion  but smaller  during operat ion.  

t * 

,+I? W .  Four t o  f i v e  years  would s u f f i c e  t o  load  a stand-alone ISF with 1000 spent- 
%,&, :i f u e l  assemblies ,  and only a few hundred sh ipnents  would be involved. Table 
191 a '3-5 i n d i c a t e s  t h a t  during t h i s  period the  populat ion exposure along transpor- 

c t a t i o n  rou te s  would be 2.8 ins tead  of 17.4 man-rem/yr . The consequences of 
Lt ranspor ta t ion  acc iden t s ,  should they occur ,  would not  be changed. 

The r a d i o l o g i c a l  impacts of opera t ion  would be l i t t l e  reduced from those  
of the re ference  r epos i to ry  because normal and acc iden ta l  re leases  from spent  
f u e l  dominate those  from TRU waste. 

I n  the  long term, the expected r e l e a s e  from a stand-alone ISF is the  same 
a s  t h a t  from t h e  reference reposrtory--namely, zero. The re leases  predic ted  

z qi f o r  a breach i n  an ISF would depend on its loca t ion ;  i f  it is i n  the  Delaware 
- basin, t h e  r e l e a s e s  would be s imi lar  t o  those  from t h e  reference r epos i to ry  

- :%; because the rad ionucl ides  i n  the spent  f u e l  dominate r e l e a s e s  from the  re fer -  
ence s i t e .  

: $!j& 
**; ' Summary 

i $ 
Q 

The phys ica l  impacts of a stand-alone ISF would be appreciably smal le r ,  
? of t en  by h a l f ,  than those of t he  re ference  repos i tory .  The cos t  would prob- 

ip"" 

5 & . ably  be on the  order  of $200 mi l l ion .  R i s k s  during normal t r anspor t a t ion  

.- * would be reduced, but t he  consequences of acc iden t s  would not  be changed. 
Radiological  r i s k s  a t  the s i t e  during the  loading period and i n  the long term 
would hardly be reduced a t  a l l .  

REFERENCES FOR CHAPTER 3 

DOE (U. S. Department of Energy) , 1978. Dra f t  Environmental Impact Statement,  
Storage of U.S. Spent Power Reactor Fuel ,  DOE/EIS-0015-D, Washington, D.C. 

). 
' DOE (U.S. Department of Energy), 1979. D r a f t  Environmental Impact Statement,  

~ Management of Commercially Generated Radioact ive Waste ( i n  p r e s s ) .  



4 Programmatic Impacts of Alternatives 
">L 

.+$ 

A choice among the waste-management alternatives discussed in Chapter 2 
will be guided both by their environmental impacts and by their ability to 
meet the objectives of the waste-management program. Chapter 3 discusses 
their impacts on the environment; this chapter discusses their impacts on the 

- .  overall program. This discussion is in terms of the alternatives* derived in 
section 2.4.4 : 

s 
.= 
7 1. No action 

.~$.. 

2. The WIPP reference repository 

3. The WIPP reference repository without an intermediate-scale facility 

4. Disposal of TRU waste in the first available high-level-waste (HLW) 
repository 

5. Delayed and possibly relocated TRU-waste repository with an 
, .  intermediate-scale facility 

6. Delayed and possibly relocated TRU-waste repository without an 
.t. intermediate-scale facility 

~. 
7. Disposal of TRU waste in an HLW repository chosen after the entire 

s - site-qualification program is complete 

The analysis in Chapter 3 shows that the no-action alternative (altecna- 
tive l), while exerting only small environmental effects in the short term 
(decades), is environmentally unacceptable as an option for the permanent 
disposal of TRU waste. The impacts of the remaining six alternatives (2 
through 7), on the other hand, are small in both the near term and the long 
term (centuries and longer) and are not different enough from each other to 
afford a basis for choice solely on environmental grounds. The choice must 
therefore rest largely on programmatic considerations. 

In comparing the programmatic advantages and disadvantages of the alter- 
natives, this discussion does not attempt to select a "best" alternative. 
Rather, this analysis attempts to discover whether some of the alternatives 
merit stronger consideration than the others because they meet the policy 
objectives better. In additi.on, it is hoped that this discussion will stimu- 
late comment and criticism that will benefit the process of choosing among the 
alternatives. 

*As discussed in Section 2.4.3, the U.S. Department of Energy (DOE) does 
not consider a stand-alone intermediate-scale facility (ISF) for spent fuel to 
be an attractive alternative. Nevertheless its environmental impacts are dis- 
cussed in Section 3.7 in order to comply with the requirements of the National 
Environmental Policy Act of 1969. Programmatically, a stand-alone ISF is not 
desirable because it addresses only a small part of the waste-management ob- 
jectives listed on the next page. It fully satisfies only objective 6 and to 
a lesser degree objectives 2 and 4. 



Seven near-term policy objectives for waste management were derived in 
Chapter 2: 

1. To meet stated U.S. Government intentions for early removal of the TRU 
waste stored at the Idaho National Engineering Laboratory. 

2. To use existing opportunities, if they are adequate and acceptable, to 
advance waste-management technology and to dispose of existing wastes. 

3. To emphasize work at potential sites that may realistically be con- 
sidered for waste disposal. 

4. To proceed by deliberate steps in a technically conservative manner. 

5. To t,:ild a Licenrod €!:?I-scale TU-waste repository in advaqce of HLW 
rec,;;:tories, t b . ~ s  j u A A l l n g  experience in designing, analyzing, ana 
operating repositories and in obtaining approval Erom the NRC and 
other regulatory bodies. 

6. Ta build a licensed intermediate-scale facility for the disposal of 
spent fuel Erom reactors in advance of HLW repositories, thus gaining 
further experience in designing, analyzing, and operating repositories 
and in obtaining approval from the NRC and other regulatory bodies. 

7. To combine compatible facilities, where suitable, in order to avoid 
unnecessary costs and to assist in integrating the research-and- 
development programs. 

The remainder of this chapter discusses the extent to which each of alterna- 
tives 2 through 7 satisfies these objectives. 

Meeting stated intentions 

In 1970 the U.S. Atomic Energy Commission placed high priority on removing 
TRU waste from the Idaho National Engineering Laboratory to a Federal reposi- 
tory (letter, G. T. Seaborg to Senator Frank Church; see DOE, 1979, Appendix 
A).   his intention was restated as recently as March 2, 1978 (DOE, 1979, 
Appendix A) . 

Alternatives 2 and 3 meet this intention at the earliest possible oppor- 
tunity. Alternatives 4 through 7, which postpone the decision to build a 
repository, allow more TRU waste to accumulate at the Laboratory; thus in 
addition to the delay in deciding, the removal of waste from Idaho is further 
delayed by the longer time required to draw down the increased inventory of 
retrievable TRU waste. The greatest net delay in meeting the intention comes 
from alternative 7. 

Using existing opportunities 

The WIPP reference site, because it has already been studied extensively, 
presents an immediate opportunity to advance waste-management technology 
through learning, at a real repository, about institutional and operational 
problems. 



Alternatives 2 and 3 seize such an opportunity; of these two, alternative 
2 would be more useful because of the colocated intermediate-scale facility 
for spent fuel. Alternatives 4 through 6 represent a deferral for 3 or more 

, years, and alternative 7 an even further deferral. 

%$:, 

* ?  
mphasizing work at actual sites 

.-..L 

Alternatives 2 through 7 all involve work at sites that can realistically 
be considered for repositories. They differ primarily in the time they start, 
as discussed above. 

Proceeding by deliberate, conservative steps 

In alternatives 2 through 7 there are three decision points about 3 years 
apart. The largest ncnber of steps cczld be taken under 'he earliesc 
decision--to undertake alternatives 2 or 3, which ztart now and thererore 
provide the longest period fcr experimenting with high-level waste and for 
increasing the understanding of HLW repositories. Alternatives 5 and 6 are 
similar to alternatives 2 and 3 but accept a starting date 3 or more years 
later in order to take advantage of additional qualified repository sites 
(Gulf interior salt domes and Hanford basalt). If a decision cannot be made 
by 1982, however, then the waste-management program will have lost the chance 
for a long period of learning before building an HLW repository. Alternatives 
4 and 7 meet this objective least well, because they allow for the fewest 
steps before facing the problems of a repository for both HLW and TRU waste. 

Opportunities for gaining experience in a repository for TRU waste and in 
an intermediate-scale facility for spent fuel should be linked with the 
strategy for HLW repositories not through such simple terms as "earlyn and 
"laten but in terms of a steadily increasing understanding of risks and their 
mitigation. In this context, a later decision on the siting of the first HLW 
repository could place a greater value on an early TRU-waste repository with 
an intermediate-scale facility; such a repository would be a valuable first 
step in a program of operational-risk assessment. The longer the delay in the 
decision on an HLW repository, the greater would be the value of the growing 
body of operational experience from the earlier repository. 

:r: 
Premature steps in the developent of the technology could, on the other 

hand, lead to operational failures. This thought does not argue so much 
against an early decision as in favor of making the early decisions carefully 
and conservatively. 

I ' \ 

Obtaining early experience 

The issues in the long-term isolation of transuranic nuclides are similar 
for TRU waste and for high-level waste. For this reason a TRU-waste reposi- 
tory can provide partial tests of the licensing process for a later HLW 
repository. The early problems in licensing a TRU-waste repository will 
require careful handling so that approaches to HLW-repository site selection, 
design, and operation can derive maximum benefit from the earlier experience. 

Similarly, licensing the intermediate-scale facility can provide experi- 
ence in the regulatory processes required for high-heat waste; this experience 



can benefit (but not substitute for) later licensing decisions respecting 
high-level waste. Sufficiently early experiments with high-level waste in a 
TRU-waste repository with an intermediate-scale facility can provide a con- 
tinually increasing body of data beneficial to later decisions. 

Only alternatives 2, 3 ,  5 ,  and 6 achieve the objective of obtaining early 
technical and institutional experience. Alternatives 2 and 3 would give use- 
ful experience earlier, although they raise concerns about adequate prepara- 
tion; they also give a longer period of time for analyzing this experience 
before the next major decision is made. Thus, alternatives 2 and 3  maximize 
the lead time; 5 and 6 still provide some lead time; 4 and 7 do not meet this 
objective at all. 

I 

The relationships among institutions involved in waste disposal span a 
great ranae of possible issues ar.: interests ( IXG,  1279, p. 87ff). These 
reiatlonships can obviously be exerclsea earliest and over t h ?  longest period 
of tine under alternative 2, the reference case. Alternative 3 may be per- 
ceived as a less complex basis for early cooperation anc negotiation, particu- I 

larly if there is significant state and local sensitivity or uncertainty about I 
an associated intermediate-scale facility or the additional transportation I 

risks it entails. If the public were not satisfied with respect to these I 

matters, an alternative 2 or 3 might be delayed and become an alternative 5 or 
6. On the other hand, the greater the local sensitivities and uncertainties, 
the more important it is to address them early and the greater the risk in 
doing so. 

The development of waste-management technology will obviously benefit from P 
I 

a generous lead time and from the existence of an operating test bed. Reposi- 
tory-model validation, engineering specifications, construction techniques, 
monitoring requirements, waste processing and containerization, transportation 
systems, and other technical areas require feed-back information from the 
development of a specific site and the handling of waste in operational quan- 
tities. The long-term planning for nuclear-waste management depends on a 
mature technical foundation derived from operating experience. 

Many of the technical developments are likely to be profoundly influenced 
by the choice of geologic medium. If, for example, an HLW repository is to be 
sited in basalt, early emphasis on a bedded-salt repository for TRU waste or 
spent fuel might only weakly enhance, or perhaps even impede, the development 
of supporting technology for a basalt site. This possibility would favor 
alternatives 4, 5 ,  and 6 because in 1982 a wider choice of geologic media and 
locations is likely to be available. 

In summary, one central programmatic issue of the decision appears to be 
the tradeoff between the values of gaining early experience and the risks of 
proceeding prematurely. 

Combining compatible facilities I I 
Two different combinations are involved. Alternatives 2 and 5  combine a 

TRU-waste repository and an intermediate-scale facility for spent fuel; alter- 
natives 4 and 7 accommodate TRU waste and high-level waste in the same mined 
repository. The first type of combination occurs early, before commitment to 
a decision about high-level waste; the latter is a decision about high-level 
waste. 



... 
The o n l y  c l e a r  c o n c l u s i o n  h e r e  is t h a t  a l t e r n a t i v e s  3  and 6 ,  which p r o v i d e  

combina t ion  wha t soeve r ,  a r e  t h e  l e a s t  f a v o r a b l e  w i t h  r e s p e c t  to  t h i s  

The a n a l y s i s  developed i n  t h i s  c h a p t e r  s u g g e s t s  t h e  f o l l o w i n g  t a b u l a r  
of  a l t e r n a t i v e s :  

O b j e c t i v e  B e s t  a l t e r n a t i v e s  Worst a l t e r n a t i v e s  

i s t a t e d  i n t e n t i o n s  2, 3  7 
 xis sting c p p o r t u n i t i e s  2 ,  3  7 
work ac z c t u a l  s i t e s  N o  d i s t i n c t i o n  
~ e l i b e r a t e  s t e p s  2 ,  3 o r  5 ,  6 41 7 

. E a r l y  e x p e r i e n c e  w i t h  
TRU w a s t e  2, 3  4, 7 

E a r l y  e x p e r i e n c e  w i t h  ISF 2, 5 3 ,  4,  6 ,  7 
Combination of  f a c i l i t i e s  2,  4 ,  5 ,  7 3 ,  6  

i 
T h i s  summary s u g g e s t s  t h a t  a l t e r n a t i v e s  2,  3 ,  and 5 meri t  t h e  most favor -  

a b l e  c o n s i d e r a t i o n  among a l l  t h e  a l t e r n a t i v e s  e v a l u a t e d .  
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5 Waste Forms 

This chapter describes the interim criteria for accepting the wastes that 
11 be stored at the WIPP reference repository and describes processing that 
ght be required for TRU waste if certain waste forms are not permitted. 

' ~etailed descriptions of the various waste types are given in Appendix E. 

5.1 WASTE-ACCEPTANCE CRITERIA 

In 1977, The U.S. Department of Energy (DOE) formed the Waste Acceptance 
I Criteria Steering Committee (WACSC). The Committee initially consisted of 

technical personnel from DOE headquarters , DOE field off ices controlling 
defe~se wastes, the Office of iiaste Isolation, and the WIPP staff fzsrn Sandia 
Laboratories. The Committee has since been expanded to include representa- 

.> k tives from the Rocky Flats Plant (DOE'S largest producer of defense 'TXU 
waste), the Office of Nuclear Waste Isolation,* and the Westinghouse Electric 
Corporation (the WIPP technical-support contractor). 

The WACSC reconciles the interests of various agencies involved with the 
- production, treatment, and disposal of defense TRU wastes. Its ultimate goal 

is to formulate workable, practical criteria for the acceptance of these 
' wastes. Data for quantifying the criteria are being developed in research- 

and-development programs at various DOE laboratories. The criteria are 
' constantly evolving and, as described below, reflect only interim proposals. 
' They are continually subject to revision; only after the WIPP design has been 

, made more nearly final and TRU-waste performance data have been gathered will 
a final acceptance-criteria document be prepared. The target date for 
publishing the document is July 1979. 

5.1.1 Definitions 

:'q *. , Discussions of waste-acceptance criteria frequently use several terms that 
- - need to be clearly defined: container, package, overpack, combustible materi- 

?f 

al, gas-producing material, and immobilized material. Each is defined below 
according to its accepted meaning in this chapter. These are not official 
definitions, as precisely described in the proposed WACSC Waste-Acceptance 
Criteria. Rather, they are abstracted versions of the official definitions; 
they convey concepts and avoid specific detail. 

p 
Container: A drum, box, or canister that immediately surrounds the waste 

is the waste container. Any associated hardware such as liner material or 
spiders for spacing is considered part of the container. 

*The Office of Waste Isolation (OWI) was set up by the Union Carbide 
Corporation, Nuclear Division, under contract with DOE to manage part of the 
National Terminal Waste Storage Program. On July 1, 1978, the responsibili- 
ties of the OW1 were transferred to the newly created Office of Nuclear Waste 
Isolation, under the management of the Battelle Memorial Institute, Columbus, 
Ohio. 



Package: Once waste is placed inside the container, the container becomes 
an integral part of the waste. The waste and its container are called the 
waste package. It is the package that is emplaced in the repository. 

Overpack: If required by the physical condition of the container or by 
the surface-contamination levels, a supplementary layer of containment is 
placed over the original container and is then considered to be part of the 
waste package. The supplementary containment is the overpack. 

Combustible material: Any material that will sustain combustion in air at 
a temperature of 1475- for a period of 5 minutes is combustible. 

Gas-producing material: Any material that produces gas during its decom- 
position is gas-producing. Many materials, particularly organic materials, 
produce hydrogen, methan?, c3rbon monoxide, and carbon dioxide by radioiytic 
,;ecom;sosi tion, ;;yr ,:ys 1J, ch-: :ca1 reaction (czL rt:ion) , and/oz ,-zcerial 
decomposition. The salt formation at the reference site has a very low 
permeability for these gases, and the potential may exist for producing gas 
pressures high enough to disrupt the rock formations immediately surrounding 
the repository. The rates of gas production by the various mechanisms and the 
permeability of the salt formation are now being studied. 

Immobilized material: Any material, excluding liquids, that contains less 
than 1% (by weight) of powder (less than or equal to 10 microns in size) is 
considered immobilized. The intent of immobilization is to minimize the 
amount of respirable material in the waste packages. 

5.1.2 Transuranic Waste 

Transuranic waste is categorized in two classes: contact-handled (CH) and 
remotely handled (RH). A qualitative distinction between contact-handled and 
remotely handled TRU waste is made in this document: contact-handled waste 
emits so little radiation that workers can handle it without extensive 
shielding; remotely handled waste requires shielding and/or remote handling to 
protect operating personnel. Therefore, contact-handled TRU waste is distin- 
guished from remotely handled TRU waste on the basis of the surface-dose rate. 
A criterion endorsed by the WACSC designates waste packages with surface-dose 
rates no higher than 200 millirem per hour (mrem/hr) as contact-handled TRU 
waste and those with surface-dose rates higher than 200 mrem/hr as remotely 
handled TRU waste. 

Contact-handled TRU waste I 
About 98% (by volume) of the TRU waste produced in the DOE complex is 

classified as CH TRU waste. 

Contact-handled TRU waste exists in a wide variety of physical forms, 
ranging from unprocessed general trash and concrete-stabilized sludge to 
decommissioned machine tools and glove boxes. Most of the pre-1970 (buried) 
waste is in 55-gallon drums. Although drums are still widely used, the 
present trend is toward large plywood and metal boxes, which not only cost 
less than drums but also make more ef,ficient use of storage volume. At 



esent, about 70% of a l l  CH TRU waste i s  put in to  boxes, most of it in  
ecial  plywood boxes, about 4 by 4 by 7 fee t  i n  outside dimensions, that  are 
vered w i t h  a 3-millimeter layer of fiberglass-re.inforced polyester and lined 

w i t h  polyvinyl chloride and fiberboard. These boxes are approved by the U.S. 
partment of Transportation and are known as  DOT-7A containers. 

A typical  plywood box contains 1 3  grams of plutonium isotopes and produces 
a thermal output of about 0 .03  watt; a typical drum contains 8 grams of pluto- 

%% nium and produces about 0 . 0 2  watt. Surface-dose ra tes  for drums and boxes are  
ry low: approximately 3 mrem/hr on the average for drums and 1 . 4  mrem/hr on 
e average for plywood boxes (Shefelbine, 1978). 

I 
The de t a i l s  of the CH TRU waste-acceptance c r i t e r i a  and the rationale for 

em are s t i l l  being developed by WACSC. The c r i t e r i a  cover many aspects of 
waste forn,  cantainer desrgn, i f i d  pazkzge 62sign; the present i?,terin c r i t e r i a  

, Z  are descr lbed below. Getalls  of these interim c r i t e r i a  governing wasce forms, ,-. ~ 
r . i . .  

+_ containers, and packages are found i n  Table 5-1. 

Several proposed c r i t e r i a  r e s t r i c t  the form of the waste. For obvious 
reasons, and with no serious hardships imposed on the waste-producing 
agencies, waste-form c r i t e r i a  must exclude explosive materials, pyrophoric 

z materials, hazardous materials,  and free  l iquids.  However, small quanti t ies 
of pyrophoric radionuclide metals included w i t h  other waste forms may be 
accepted i f  they can be handled w i t h i n  the operational guidelines of the WIPP 
reference repository. Hazardous materials w i l l  a l so  be allowed on a non- 
routine basis i f  special  precautions are taken and advance notice i s  given. 
The amount of gas-generating waste in a single storage room is to be limited; 
a proposed t o t a l  allowed per room i s  10% by weight. Dry powders, ashes, and 
similar materials w i l l  not be accepted for disposal a t  the repository unless 
they are immobilized in  a binder l i k e  glass,  concrete, or ceramic. If a 
particular waste form cannot be immobilized, it may be accepted if it has been 

-w- . doubly contained. Sludges m u s t  also be immobilized and m u s t  have no free  
liquid. we' A 

One acceptance c r i t e r ion  for CH TRU waste remains unsettled: the permis- 
s ible  amount of combustible material in the waste. A f i re - tes t  program, now 

.v * in progress, w i l l  determine whether engineered fire-safety measures are i n  

d" 
themselves su f f i c i en t  t o  control the f i r e  hazard or whether it w i l l  a lso  be 
necessary to l i m i t  the combustible content of the waste. Presently, combus- 
t i b l e  materials w i l l  be accepted for disposal i f  they a re  packaged i n  a dis- 
posable s t e e l  container or overpack. Any combustible container must be over- 
packed with a disposal s t e e l  container. 

Separate c r i t e r i a  are  proposed for the design and construction of waste 
containers. Waste containers must be constructed according to Type A pack- 
aging requirements (Section 6.2.1). Their design l i f e  i s  to  be a t  l eas t  1 0  
years i n  order t ha t  containers may be retrieved in tac t .  

Many aspects of package design are also considered i n  the waste-acceptance 
c r i te r ia .  Size,  weight, handling accessories, and radiological considerations 
are detailed in Table 5-1. Most importantly, the surface-dose ra te  of a pack- 
age containing CH TRU waste cannot be higher than 200 mrem/hr. Large sup- 
p l ie rs  must a lso observe another l i m i t :  the surface-dose ra te  of their  s h i p  
ments, averaged over 3 months, must be no higher than 10 mrem/hr. 



Table 5-1. Interim Waste-Acceptance Criteria for CH TRU and F\fI TRO Waste 

Criterion Contact-handled TRU waste Remotely handled TRU waste 

WASTE FORM 

Combustibility 

Gas generation 

Irnmobili zation 

Explosives 

Py rophor ics 

Hazardous materials 

Design life 

Structure 

No limit, must be packaged in steel 
containers or overpack 

No criterion; quantities are 
insignificant, and processing 
will probably not be available 

Gas-generating materials in any single No C L  i terion for above reasons 
storage room may not exceed 10% by 
weight 

Powders, ashes, etc., must be bound in 
glass, concrete, ceramic, or other 
approved matrix; double containment 
allowed for special cases; sludges 
must contain no free liquid 

Same as for CH TRU waste 

Not allowed Same ds for CH TRU waste 

Small quantities of radionuclide-metal Same .:; for CH TRU waste 
pyrophorics may be accepted with other 
waste forms 

Allowed only with special procedures 
and precautions 

CONTAINER 

10 years to allow retrievability 

Type A requirements 

Same as for CH TRU waste 

Same as for CH TRU waste 

Same ; for CH TRU waste 



Table 5-1. Interim Waste-Acceptance Criteria for CH TRU and RH TRU Waste (continued) 

Criterion Contact-handled TRU waste Remotely handled TRU waste 

Structure 

Handling 

PACKAGE 

Type A; any damaged container must be Same as for CH TRU waste 
over packed 

Devices to allow handling by means of Axial lifting pintle 
a forklift 

Weight Less than 12,000 pounds Less than 10,000 pounds 

Dimensions Not larger than 8 by 12 by 9 feet 24-i nch diameter, 15-foot length 

Radiation 
Surf ace-dose rate Not exceeding 200 mrem/hr; sources pro- Less than 100 rem/hr 

ducing more than 5000 ft3/yr must 
produce waste with a 3-month average 
of less than 10 mrem/hr 

Surf ace contamination 49 CFR 173.398 49 CFR 73.398 
Criticality 49 CFR 173, Subpart H 30-gallon drum, 100 grams fissile; 

55--qallon drum, 200 grams fissile; 
DOT-7A, 500 grams f issile 

Thermal power Color code if greater than 0.1 w/ft3 No criterion 



Remotely handled TRU waste 

A small fraction (about 2% by volume) of the TRU waste generated by the 
DOE complex exceeds the 200-mrem/hr limit on the surface-dose rate of CH TRU 
waste. The surface-dose rates of almost all packaged RH TRU waste range from 
a few hundred millirem per hour up to perhaps 100 rem/hr. This waste will be 
handled by shielded equipment designed especially for the purpose. 

Acceptance criteria being developed for RH TRU waste are not presently as 
well developed as the criteria for CH TRU waste. As with CH TRU waste, speci- 
fications for waste form, container design, and package design are being con- 
sidered. Presently, the restrictions on the form of RH TRU waste are quite 
similar to those for CH TRU waste, except that no criteria have been formu- 
lated for gas generators and combustibles. Even if all the RH TRU waste were 
gas-nroducip- 3r combusL- 5le,  there would p~?bably not be e r  ;gh to cause + 

slgnlficant problems aK the WIPP reference rcposltory. i 
The criteria for RH TRU-waste containers are generaily the same as those 

for CH TRU waste: containers are designed to Type A specifications and are 
designed to be retrievable for at least 10 years. The only differences are 
the dimensional characteristics of the containers themselves. The shipping 
casks in which the containers will be transported restrict the size of the 
container, as does the remote-handling equipment being designed for the 
reference repository. 

The package criteria are shown in Table 5-1. The surface-dose rates must 
be held below 100 rem/hr. 

5.1.3 Spent Power-Reactor Fuel Assemblies 11 
The WIPP reference mission includes an intermediate-scale facility (ISF) 

for the demonstration, in salt, of the disposal of spent power-reactor fuel. 
Tentative plans are to store 10-year-old (i.e., 10 years since discharge from 
the reactor) spent-fuel assemblies from a pressurized-water reactor. Plans 
for the demonstration are discussed in Section 8.10. 

No preliminary acceptance criteria for spent fuel have been developed by 
the WACSC. It can be anticipated, however, that the criteria for acceptance 
at the WIPP reference repository will specify canister integrity and lifetime, 
thermal power, surface-contamination limits, and the configuration of fittings 
for handling. 

5.1.4 Experimental Waste Packages I 
An isolated area of the reference repository will be dedicated to experi- 

ments intended to define the long-term behavior of various waste forms in a 
bedded-salt storage environment (Section 8.9). Most of the experiments will 
involve waste that produces high levels of heat and radiation; much of the 
waste will undoubtedly be prepared especially for the experiments. Spent-fuel 



.canisters and assemblies will be placed in direct contact with the salt. In 
the interest of accelerating the experimental results, some of the waste forms 
will be deliberately degraded before emplacement in the salt. All the wastes 
used in these experiments will eventually be recovered and removed. 

Experimental waste packages will be tailored to individual experiments. 
Waste form, thermal-power density, and container material and configuration 
will be closely controlled as an important facet of the quality-assurance 
program necessary to validate the test results. Acceptance criteria for 
experimental waste packages, therefore, will be concerned only with safety 
in handling and will be limited to such characteristics as the design of 
handling hardware, outer-container integrity, surface-dose rate, and surface 
contamination. 

5.2 ACCEPTANCE CRITERIA ASSUMED FOR ANALYSES REPORTED IH THIS DOCUMENT 

As discussed above, the acceptance criteria for TRU waste are still being 
developed by the Waste Acceptance Criteria Steering Committee. For this 
reason, two different versions of potential waste-acceptance criteria are used 
in this document. As explained below, these two versions are used in ways 
that yield maximum environmental-impact predictions; the waste-acceptance cri- 
teria finally selected will produce smaller impacts than the impacts calcu- 
lated from these assumed criteria. 

The following assumed criteria are used in predicting the environmental 

A. 

impacts of shipping TRU waste and handling it at the reference repository: 

No explosive materials 
No ~rophoric materials 
No pressurized gases 
No free liquids 
Combustibles allowed (25% assumed) 
10% in powder form 

These assumptions produce the maximum environmental impacts in transportation 
and accidents (fires and container failures followed by releases). There would 
be no releases due to container failure if no portion of the wastes were in 
powder form; releases due to fire would be minimized if the containers did not 
contain combustible materials. These assumed criteria, allowing combustibles 
and 10% of the waste in powder form, are therefore conservative. 

In predicting the environmental impacts of preparing the TRU waste at the 
Idaho National Engineering Laboratory (INEL) for shipnent to the repository, 
the same acceptance criteria were used with two exceptions: only 10% combus- 
tibles and no material in powder form were allowed. The waste at the INEL 
would have to be processed in order to meet these two criteria. Only slagging 
pyrolysis produces waste meeting these criteria without a separate immobiliza- 
tion step and without sorting and/or shredding of waste. These criteria 
produce the maximum environmental impacts in preparing waste for shipment; the 
impacts associated with the construction and operation of a slagging-pyrolysis 
facility are greatest when the processing meets these restrictive criteria. 



The use of the two different sets of waste-acceptance criteria is clearly 
conservative. One "worst casen set is used in analyzing the impacts of ship- 
ping the TRU waste to the repository and handling it at the repository. 
Another "worst case" set is used in analyzing the impacts of preparing the 
waste for shipment. Any set finally selected will have a smaller overall 
impact as long as it is within these bounds. 

The WACSC has agreed on the dividing line between what will be considered 
contact-handled and remotely handled waste. The external surface-radiation 
level of contact-handled waste containers cannot exceed 10 mrem/hr as a 
quarterly average for all containers or 200 mrem/hr on any single container. 
These are limits on the waste as shielded by the packaging, not on the waste 
inside the package. The 10-mrem/hr average limit will protect the repository 
work staff by keeping their radiation exposures within the occupational 

I 

exposure limits specified in 10 " 20; the choice of this figure has no I 

- A  envirc.;~ :- :ai .-msequem -2. The _.:!I-mre- _ -,nt:. .-?r liinit is taken Erorr, the 
limit specifies by the U.S. Department of ?ransportation in 49 CFR 173. 
Packages with surface-dose rates above 200 mrem/hr will be handled remotely; 
the upper limit for remotely handled TRU waste will be 100 rem/hr. 

a 

5.3 PROCESSING OF TRANSURANIC WASTE 5 1 
1 

The interim waste-acceptance criteria described in Section 5.1 and listed 
in Table 5-1 do not require the CH TRU waste to be free of combustible or gas- 
producing material. As long as the waste is in a steel overpack, there is no 
limit to the quantity of combustibles, and as long as the allowed percentage 
of gas-producing material in individual repository storage rooms is not ex- 
ceeded, there is no limit to the quantity in a particular container. However, 
the limitation on combustible and gas-producing material is still a subject of 
much discussion. Should future experimental evidence establish the need for 
limiting the quantity of these waste forms, it will be necessary to process 
the CH TRU waste such as that found at the INEL. I 
5.3.1 Evaluation of Processing Alternatives 

Incineration is considered the only feasible processing alternative for 
reducing the content of combustible and gas-producing materials. In antici- 
pation that it will be necessary to process TRU waste before shipment from the 
INEL, numerous analyses have been conducted at the INEL to evaluate the merite 
of various incineration systems. The analyses assumed that no combustible or 
gas-producing material would be allowed in the processed waste. In addition, 
they assumed that the product had to be immobile because interim waste- 
acceptance criteria require an immobile waste. The analyses examined, in 
addition to incineration, combinations of pretreatment processes, incinera- 
tion, and residue-immobilization processes. 

The first analysis (FMC, 1977) evaluated nine radioactive-waste inciner- 
ation processes (acid digestion, agitated hearth, controlled air, cyclone 
drum, fluidized bed, molten salt, pyrolysis/controlled air, rotary kiln, and 
slagging) and eight commercial/municipal incineration processes (controlled 
air, fluidized bed, molten salt, moving grate, multiple hearth, pyrolysis/ 



controlled air, rotary kiln, and slagging pyrolysis). These processes are 
briefly described in Appendix F. Because many of the investigated incinera- 
tion processes produced residues that were not immobile, it was necessary to 
consider immobilization for treating the residues. The 11 immobilization 

" processes (bitumen, cement, ceramic, clay fixation, glass solution, glass 
encapsulation, metal matrix, pelletization, plastic materials, salt cake, and 
slagging) that were considered are briefly described in Appendix F. 

The most desirable waste-treatment process for the buried INEL waste was 
; found to be slagging ~rolysis (E'MC, 1977), which requires a minimum of waste 

preparation before incineration and no further immobilization after incinera- 
, tion. The output of this process is a basaltlike glass slag that is inert, 

has no combustible or gas-forming material, exhibits a low leach rate, and can 
. be cast into any shape or size. Although this study was conducted for buried 

a" 

waste, its findings are equally applicable to the processing of stored waste. 

To insure objectivity, a multicompany task force was es~ablished to con- 
_ duct an independent analysis of various waste-processing concepts for both 

stored and buried TRU waste at the INEL. The task force consisted of repre- 

$ sentatives from four W E  contractors and one private firm (Cox et al., 1978). 

Of 10 process systems evaluated, three were judged superior: (1) a system 
- using two slagging-pyrolysis incinerators in parallel, each with a capacity of 
. 70,000 kilograms per day; (2) a system having a single slagging-pyrolysis 

incinerator with a capacity of 200,000 kilograms per day: and (3) a system 
,' consisting of an indirectly fired rotary kiln. 

The other studies (EG&G,  1977; Kaiser Engineers, 1977) comparing incinera- 
" tion systems came to similar conclusions: slagging pyrolysis is the superior 

process and holds the highest promise for producing noncombustible, immobile 
waste products that are free of gas-producing material. 

Ir 
The analyses of slagging pyrolysis have been based almost solely on the 

characteristics of the defense TRU waste at the INEL. The results are be- 
lieved to be applicable to waste from other sources. Should it become neces- 
sary to reduce the quantities of gas-producing and combustible materials in 
waste sent to the repository, it is believed that slagging pyrolysis can be 
readily adapted for processing defense TRU waste at other locations. Purther- 
more, slagging pyrolysis may well be the best process for treating commer- 

% cially generated TRU waste. ",Z* 
' . 

s& 

5.3.2 Slagging-Pyrolysis Incineration 
-?t1, 

> -  Slagging pyrolysis is a relatively new form of municipal-waste incinera- 
tion; its original objective was to generate gas that could be used as fuel 
for industrial or municipal operations. In this process waste material is 
loaded into a vertical shaft chamber. As the material descends, it passes 
through a drying zone, a pyrolysis zone, an oxidation zone, and, finally, a 
slagging zone in the bottom of the chamber. The hot gases driven off at each 
zone rise and form the fuel for the upper zones. Volatiles collected in the 
pyrolysis zone may be used as a fuel in a steam boiler or oxidized in an after- 
burner coupled to heat exchangers. The output of this process is a basaltlike 



glassy slag that entraps the ash along with metals and noncombustible~ in the 
waste material. The slag may be cast into any desired shape. 

The superiority of the slagging-pyrolysis incinerator comes from its abil- 
ity to accept a waste feed with only a minimum of sorting and sizing and to 
produce a residue that, when cast and cooled, does not need further processing. 
The residue is in a form that is reduced in volume, safer for storage, and 
safer for handling and transport. 
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6 Transportation of Waste to the WIPP Reference Repository 

  his chapter reviews and evaluates the main features of the system used to 
,-transport radioactive waste to the WIPP reference repository: the regulations 
governing such transport and the organizations involved with them, the pack- 

: ages and packaging systems used for the waste, the routes over which the waste 
is likely to travel and the range of routing controls that can be exercised, 
the volume of transported waste and the number of shipments, and the environ- 

ntal effects of such waste transport under both normal and accident condi- 
ons and as a result of intentional destructive acts. 

6.1 ORGAN ZATIONS 

Shipments of radioactive materials are closely regulated for safety. The 
U.S. Department of Transportation (DOT) has primary responsibility for the 
regulations that cover the safety of interstate and foreign radioactive- 
material transport by all means except postal shipments, which are regulated 
by the U.S. Postal Service. The U.S. Department of Energy (DOE) and the U.S. 
Nuclear Regulatory Commission (NRC) assist and advise the DOT in the establish- 
ment of national safety standards and in the review and evaluation of packaging 
designs. Intrastate shipments are regulated by the NRC or by state agencies. 
Several states, including New Mexico and Texas, have entered into formal agree- 
ments with the NRC that transfer regulating authority to the states. 

q. . All waste packages transported to the WIPP reference repository will com- 
%% ply with DOT regulations, which are designed to insure the safety of the gen- 

eral public from the consequences of transporting radioactive material. The 
specific regulations are found in the Code of Federal Regulations (CFR) under % 
the following headings: 

M 
C 10 CFR 71 Packaging of Radioactive Materials for Transport and Tran- 

sportation of Radioactive Material Under Certain Conditions 
'% 

49 CFR 107 Rule-making Procedures of the Materials Transportation 
Bureau 

49 CFR 171 General Information, Regulations and Definitions 

49 CFR 172 Hazardous Materials Table and Hazardous Materials Communi- 
cations Regulations 

49 CFR 173 Shippers--General Requirements for Shipments and Packagings 

49 CFR 174 Carriage by Rail 

49 CFR 175 Carriage by Aircraft 



49 CF'R 176 Carriage by Vessel 

49 CFR 177 Carriage by Public Highway 

49 CF'R 178 Shipping Container Specifications 

49 CFR 179 Specifications for Tank Cars 

These regulations insure safety through standards for packag 
handling of radioactive materials. They do not specify routing 
ment of radioactive material or requirements for vehicle safety. 
vehicle safety are governed by other Federal regulations, which 
cific to radioactive materials but cover hazardous materials in 

ing and proper 
for the ship d 
Routing and 

are not spe- 
general. 

Tne terms "?ackagingn .. .;a "?acr<age" are .,ed t h r o u g h ~ ~ ~  this section. 
Packaging is defined as the shipping container; packlge is defined as the ccn- 
tainer and its radioactive contents. 

6.2.1 Packaging 

The primary means for insuring safety during transport of radioactive 
material is proper packaging. Consequently, the majority of the radioactive- 
material-transport regulations concern packaging standards. 

Three aspects of packaging are considered by the regulations: 

1. Containment of the radioactive material, with allowance for heat 
dissipation if required. 

2. Shielding from the radiation emitted by the material. 

3. Prevention of nuclear criticality in fissile materials. 

Regulations to insure adequate containment 

Each radionuclide is classified in one of seven transport groups (revi- 
sions pending to 49 CE'R 172 may replace transport groups), according to its 
potential hazard and toxicity. The more hazardous transport groups have lower 
limits on quantity; that is, for the same type of packaging, less activity of 
a more hazardous radionuclide is allowed per package. For example, since plu- 
tonium-239 is in Transport Group I (the most hazardous group) and strontium-90 
is in Group 11, less plutonium-239 is allowed per package than strontium-90. 
In addition, within a transport group, there are different "size" packages. 
The term "size" in this context refers to the activity of a radionuclide 
allowed in a package. Of importance to this document are, in order of in- 
creasing size, "Type A," "Type 3," and "Large Quantity." A Type B package 
contains more cadionuclide activity than does a Type A package. 

Any packaging, including Type A, used to contain radioactive material must 
meet the requirements of 49 CE'R 173.393 to prevent dispersal of the radio- 
active contents and to shield personnel from the contents during normal trans- 
port. These packagings must pass tests that simulate the extreme conditions 
of normal transport. These tests are outlined in 49 CFR 173.398(b) and in 10 



*?. 

JCFR 71, Appendix A. Typical Type A packagings are wooden boxes and metal 
dr urns. 

Quantities of radioactive material exceeding Type A packaging limits can 
be transported only in Type B packagings, which are strongly accident- 
resistant containers of various shapes and sizes. Any Type B packaging design 
must be certified by the NRC or the DOE. The DOE may certify the design of 
packages such as those designed by a DOE contractor for use by the DOE. The 
standards for packaging design are found in LO CFR 71, Subpart C. In addition 
to meeting the standards for Type A packagings, a Type B package must "sur- 

; vive" certain severe accident-test conditions that demonstrate resistance to 
high-speed impact, puncture, fire, and submersion (10 CFR 71, Appendix B). In ". 

, 
order to be judged as surviving, the Type B packaging must not release any of 
its radioactive contents except for limited releases of contaminated coolant 
or gasps.; ~t must n3t allow radiztion le~~els to exceed 1 rem/hr at 3 feet from 
the pacKaqe (10 CFR 71.36). Type B pac~aginss that are ~ s e d  for ~hrprnerts In 
the Larqp-lluantit:~ category are subject to additionai requirements pertaining 
primarily to decay-heat dissipation. 

i$. 
I a Surface contamination on packages, which might be transferable or even 

% dispersible, is limited to levels specified in 49 CFR 173.397, a section that 
also describes the method for assessing the amount of surface contamination. 

Regulations to control radiation exposure 
f 

The radiation emitted by the radioactive contents of a package is not com- 
pletely absorbed by the packaging, but the radiation that is allowed to escape 
the packaging is regulated to minimize exposure of the public. Packages that 
will be handled only by the shipper and receiver (shipped in exclusive-use or 
sole-use vehicles) may not exceed the following dose-rate limits: 

-. . 
a 1. 1000 millirem per hour at 3 feet from the external surface of the 

package (closed transport vehicle only). 

% 2. 200 millirem per hour at any point on the external surface of the car 

p or vehicle (closed transport vehicle only). 

3. 10 millirem per hour at any point 6 feet from the vertical planes 
&: projected by the outer lateral surfaces of the car or vehicle; or if 

the load is transported in an open transport vehicle, at any point 
6 feet from the vertical planes projected from the outer edges of the 
vehicle. 

4. 2 millirem per hour in any normally occupied position in the car or 
vehicle, except that this provision does not apply to private motor 
carriers. 

Regulations to prevent nuclear criticality 

The criticality standards for fissile-material packages are found in 
10 CFR 71.33. A package used to ship fissile material must be so designed 
that it is subcritical if water leaks into the package and/or if any liquid 
contents Leak out. The number of such packages that may be transported 



together is also limited. Some quantities and forms of fissile materials I 

cannot be made critical under credible conditions; they are exempted from I I 
special fissile-material requirements. I 

I 

6.2.2 Handling I 

During handling, the carrier of radioactive materials must perform special 
actions in addition to those required for other hazardous materials, but since 
the safety of radioactive-material transport is primarily governed by pack- 
aging design regulations, the special actions are mainly limited to admini- 
strative actions such as documenting, certifying, and placarding. However, 
one important action is to insure that radiation levels are not exceeded in 
any shipment. A special Transport Index :gse rate in millirem oor qur at 3 , 
feet f r m  tne accessible exterior surface of the package) was deveioped to aid 

I 

the carrier in maintaining radiation levels within allowable limits. 

6.2.3 Routinq 

The Federal regulations governing the routing of radioactive-material 
shipments are limited; the only regulation is that truck carriers with hazard- 
ous shipments are to avoid traveling through or near heavily populated areas, 
crowds, tunnels, narraw streets, and alleys. No similar restrictions apply to 
rail carriers, however. Federal standards do not rely on restriction of 
routes to insure the safety of radioactive-material shipments during transit. 

Since carriers must be in compliance with the laws, ordinances, and regula- 
tions of the local jurisdictions in which they operate, they must observe 
state and municipal restrictions. Hazardous materials, including radioactive 
materials, are subject to limited special-routing requirements imposed by a 
variety of authorities. Authorities in charge of municipalities, turnpikes, 
tunnels, and bridges place restrictions on hazardous-material shipments. Some 
cities have restricted all hazardous-material shipments inside their limits. 

6.2.4 Vehicle Safety I 
No additional or special vehicle regulations are imposed on the carrier of 

radioactive materials beyond those required for a hazardous-material carrier. 
Vehicle safety is insured by other Federal regulations, which are not specific 
to vehicles carrying radioactive material. For example, truck safety is gov- 
erned by the Bureau of Motor Carrier Safety, which imposes vehicle-safety 

I i 
standards on all truck carriers (49 CFR 325, 386-398). Along with other func- 
tions, the Bureau conducts unannounced roadside inspections of vehicles and 
drivers. During an inspection, the condition and loading of the vehicle and 
the driver's documentation are checked. These checks are performed on all 

I 

i 
I 

truck carriers, however, not just those carrying radioactive material. 



6 
6.3 PACKAGES AND PACKAGING SYSTEMS 

Proper packaging design is the foundation of radioactive-material-shipment 
safety. All wastes transported to the WIPP reference repository will be 
shipped in packagings that comply with the applicable regulations detailed in 
section 6.2. To insure that packagings are safe and meet Federal regulations, 
the DOE will test and analyze packagings to be used for the repository. Work 
is under way for developing and testing these packagings. Most development 
and testing will be performed by a model-and-analysis approach that uses 
computer-modeling techniques to reduce the required number of full-scale 
experiments. Several full-scale tests of spent-fuel shipping containers have 
already been performed, primarily to confirm analytical models used in the 
design and evaluation of packag ings . Once models have been thoroughly 
confirxed and validated, they will be used extensively, eliminating much of 
the need fcr expen.5lve 'gll-scale testing. A foraal Safety Analysis R e ~ r t  
for P3ckaginq is prepared frjr each packaging systen--a r epo r t  dcscribinq cha 
system and the analyses and tests performed to verify its acce9tability. In 
addition, a quality-assurance program to be carried out during ccnstruction 
and actual use of the packagings will require their frequent inspection. 

6.3.1 Contact-Handled (CH) TRU Waste 

4s 
.-'ZI 
:u. The predominant waste form to be transported to the repository is CH TRU 
lh- q . - waste. This waste, characterized by low radiation levels, can be handled and 

transported without radiation shielding. Because the radioactivity contained 
- in the CH TRU waste packages will exceed the Type A quantity limits, this 

waste will be shipped in Type B packages. 
&- 
-w Contact-handled TRU waste is currently shipped from Rocky Flats to the 

Idaho National Engineering Laboratory (INEL) in ATMX-600 series railcars under 
the provisions of DOT Exemption 5948, which allows the shipment of CH TRU 

; waste in ATMX railcars as long as it is packaged in Type A polyethylene-lined 
drums or plywood boxes coated with fiberglass-reinforced polyester. In addi- 
tion, drums are prepackaged in steel cargo containers (8 by 8 by 20 feet) that 
provide an effective third barrier for containment. The ATMX packaging system 
is considered by the DOT to be equivalent to a Type B packaging. Because no 
single containment barrier in the system can satisfy the containment-vessel 
criteria, the NRC and W E  cannot approve the system as a Type B packaging 
according to the narrow definition in 10 CFR 71 and 49 CFR 173.389(k). Never- 
theless, the ATMX cars and inner drwns and boxes form a containment system of 
multiple barriers that, as a single unit, is expected to be at least as strong 
as a Type B packaging. 

Since the ATMX packaging system is presently used for shipping CH TRU 
waste, it will be described in detail. The DOE-owned ArmX railcar is massive; 
it incorporates many safety devices, including roller bearings, shock-absorb 
ing draft gear, interlocking couplers to prevent uncoupling in a derailment, 
and locking-type center pins to prevent the loss of the trucks (swiveling car- 
riages at each end of the railcar) under most circumstances. The underf rame 
is a heavy one-piece steel casting reinforced by welded steel plates to pro- 



duce a continuous floor. The superstructure is also very strong because of 
its massive cross-braced sides. The sides, constructed from steel armor that 
is nearly 0.5 inch thick, are designed not to buckle during a rollover. The 
ends of the car are heavily reinforced and designed with a slope that will 
deflect following or preceding cars over the roof of the car should an acci- 
dent occur. This extremely strong railcar is appropriately described as able 
to withstand major catastrophes (Adcock and McCarthy, 1974). 

Additional protection for CH TRU waste shipped in the ATFIX railcar is 
afforded by the Type A packagings placed inside. These Type A packagings can 
be either drums or boxes. Typically, the Rocky Flats drum is a DOT-17C 
55-gallon steel drum with a 2.3-millimeter-thick molded polyethylene liner. 
The Rocky Flats box is a DOT-7A plywood box (4 by 4 by 7 feet) overcoated with 
a 3-millimeter laminate of fiberglass-reinforced polyester and lined with 
polyvinyl chloride and fiberboard (Wi[: and, 1376) . 

Another packaging, callsd a Super Tiger, is certified for both tr.:ck and 
rail Type B shipmer--s. An alternative packaging fo; C:; TRU waste, pres- 
ently is the only such packaging used for truck shipment. The Super Tiger was 
designed as a general-use packaging for the shipment of Type B materials; it I i is frequently used to hold Type A drums or boxes. It has the dimensions of a 
standard cargo container (8 by 8 by 20 feet), and it can be handled, stored, 8 j 
and shipped in the same manner as any standardized shipping container. The 
packaging is constructed from two rectangular steel shells separated with 
rigid fire-retardant polyurethane foam (Hansen, 1970). 

The entire outer-steel shell is fabricated from ductile low-carbon-steel 
plate 3/16 inch thick. This material can elongate by nearly 40%, thus allow- 
ing the shell to deform severely without cracking. All corners are lap 
doubled, continuously seam welded along the overlapping edge, and reinforced 
with a layer of 3/16-inch plate. In addition, all external edges are pro- 
tected with a diagonal gusset plate of 12-gage steel. One end of the shell is 
removable. Ten high-strength 1-inch-diameter bolts secure the container end 
to the body, and additional joint integrity is provided by four l-inch- 
diameter steel dowel pins. 

A special formulation of fire-retardant rigid-polyurethane foam was devel- 
oped for the Super Tiger. This foam, poured in place and allowed to expand 
between the two steel shells, provides excellent thermal protection and, 
because of its high energy-absorbing capability, an ideal shock-isolation 
medi urn as well. 

The steel inner shell, approximately 6 by 6 by 14 feet, has a removable 
end cap. All edges or joints in the shell are overlapped and double-seam 
welded in a manner similar to that used for the outer shell. The inner end 
cover is attached by means of bolts and sealed with soft silicone rubber. 

The Super Tiger is an extremely rugged packaging and has been certified to 
the tests specified in 10 CE'R 71, Appendix B. Nevertheless, the Super Tiger 
and ATMX car may be replaced with new containers currently being developed for 
greater efficiency in handling the volumes expected at the repository. 



- 2  Remotely Handled TRU Waste 

tT~emotely handled TRU waste is commonly generated during the decontamina- 
ion or decommissioning of waste facilities that have handled radioactive 
&erials. Generally composed of piping, valves, machine tools, concrete 
rubble, etc., it must be shipped in shielded containers. Although several 
packagings are under consideration for shipments to the repository, two 
likely configurations are (a) disposable shielded packagings (e.g., 
"&ncrete-shielded drums used by the Federal Republic of Germany at the Asse 
,Bepository) transported as CH waste and (b) canisters placed in reusable 
'shielded packagings similar to those used for high-level waste. In either 
'configuration, the waste shipents must be made in packagings that meet Type B 
'specifications. 

";1 6 .3 .3  Commercial-Reactor Spent Fuel I &  
Spent-fuel assemblies from commercial pressurized-water reactors may be 

emplaced in the WIPP reference repository. Each assembly will have cooled a 
minimum of 10 years after removal from a reactor, and each will be contained 
in a canister. 

Canister designs under development are approximately 15 feet long and 9 to 
, 15 inches wide. Both cylindrical and rectangular canisters are being con- 

dered. The assemblies may be placed into canisters either at the storage 
site from which they are obtained (assuming canning facilities are available 
there) or at some other, as yet unspecified, facility. Both legal-weight 
truck (LWT) and rail spent-fuel shipping casks may be used for transporting 

, the spent-fuel canisters to the repository. 

A number of casks of both types are currently available, but some of the 
current designs would have to be modified to transport canistered spent fuel. 
The existing casks are about 17 feet long and range from approximately 40 
inches in outside diameter for the truck casks to 96 inches in outside 
diameter for the rail casks. Each LWT cask can hold one spent-fuel canister 
from a pressurized-water reactor, while some rail casks can transport 10 such 
canisters. 

Most casks use stainless-steel linings for the cask cavity. Thick layers 
of lead and/or depleted uranium are used to provide gamma shielding in most 
cask designs. One design, however, uses a foot of stainless-steel-clad carbon 
steel for this purpose. Casks also employ water, borated water, or hydro- 
genous resin as neutron shields. The outer steel surface of the cask, either 
circular or polygonal in cross section, may be smooth, corrugated, or finned 
to aid in heat conduction. The cask ends are massive steel forgings containing 
both gamma and neutron shield zones. Impact limiters are generally affixed to 
each end of the cask to provide an energy-dissipation mechanism in the event 
of an accident. 



6.3.4 Exper imenta l  High-Level Waste (HLW) 

High- level  w a s t e  to  be used i n  t h e  e x p e r i m e n t a l  program w i l l  be p l a c e d  i n  
c a n i s t e r s  b e f o r e  b e i n g  t r a n s p o r t e d  to t h e  r e p o s i t o r y .  C a n i s t e r  d e s i g n s  under 
c o n s i d e r a t i o n  r a n g e  from 1 to 2 f e e t  i n  d iamete r  and 10 to  15 f e e t  i n  l e n g t h .  
The l o n g e r  c a n i s t e r s  c o u l d  be e f f e c t i v e l y  t r a n s p o r t e d  i n  c a s k s  used f o r  moving 
s p e n t  f u e l ;  t h e  s h o r t e r  c a n i s t e r s  would be t r a n s p o r t a b l e  i n  s h o r t e r ,  l i g h t e r  
s h i p p i n g  c a s k s ,  i f  t h e y  become a v a i l a b l e .  

There  a r e  no s h i p p i n g  c a s k s  i n  e x i s t e n c e  des igned  s p e c i f i c a l l y  f o r  t r a n s -  
p o r t i n g  HLW c a n i s t e r s .  There  a r e ,  however, t w o  c o n c e p t u a l  HLW c a s k  d e s i g n s ,  
each of  which, i f  f a b r i c a t e d ,  would weigh a b o u t  100 t o n s .  One d e s i g n  
( P e t e r s o n  and Rhoads, 1978) u s e s  a s t a i n l e s s - s t e e l  c a v i t y  l i n i n g  sur rounded  by 
a l e a d  gamma-radiation s h i e l d .  The l e a d ,  i n  t u r n ,  is  e n c l o s e d  by a t h i c k  
s t a i c ? , _ s s - s t e e l  s t r u c t u r a l  w a l l  surr3un3cd S;I a bo- :+zd- .~at?r  ne-:ran sh:~ ;  -. 
The c;ak body is completed by a t h i c k  s t a i n l e s s - s t e e l  o u t e r  w a l l  2qulpped w i t h  
c o o l i n g  f i n s .  The cask l i d  is made from d e p l e t e l  uranium and a s o l i d  hydrog- 
enous m a t e r l a l  t o  s h i e l d  t h e  gamma and n e u t r o n  r a d i a t i o n ,  r e s p e c t i v e l y .  T h i s  
cask ,  14.5 f e e t  l o n g  and 8 . 2  f e e t  i n  d i a m e t e r ,  would have a c a p a c i t y  o f  n i n e  
1-foot-diameter ,  10-foot- long c a n i s t e r s .  Another d e s i g n  ( S u t h e r l a n d ,  1978) 
u s e s  a s t a i n l e s s - s t e e l  c a v i t y  l i n i n g  sur rounded  by a l a y e r  of d e p l e t e d  uranium 
or l e a d  a s  gamma s h i e l d i n g  encased by a s t a i n l e s s - s t e e l  s t r u c t u r a l  w a l l .  
Water or s o l i d  hydrogenous m a t e r i a l  p r o v i d e s  n e u t r o n  s h i e l d i n g .  Copper f i n s  
f o r  h e a t  c o n d u c t i o n  ex tend  from t h e  o u t e r  s t r u c t u r a l  w a l l  th rough  t h e  n e u t r o n  
s h i e l d  zone. A l a y e r  of  d e p l e t e d  uranium, i n c o r p o r a t e d  i n  t h e  c a s k  end f o r g -  
i n g s ,  and a t h i c k  l a y e r  of  hydrogenous m a t e r i a l  p r o v i d e  r a d i a t i o n  s h i e l d i n g  a t  
t h e  cask ends .  T h i s  cask ,  13.5 f e e t  l o n g  and 5.5 f e e t  i n  d i a m e t e r ,  would have 
a c a p a c i t y  of  seven  1 - foo t -d iamete r ,  10-foot-long c a n i s t e r s .  

6.4 ROUTES 

Although t h e  con tac t -hand led  TRU waste  to  be emplaced i n  t h e  r e f e r e n c e  
r e p o s i t o r y  is c u r r e n t l y  i n t e n d e d  to come o n l y  from INEL, the r e p o s i t o r y  w i l l  
be  des igned  w i t h  t h e  c a p a b i l i t y  to  d i s p o s e  of TRU was te  from a l l  o t h e r  s i t e s  
i n  t h e  U n i t e d  S t a t e s .  These  sites a r e  t h e  Hanford complex i n  s o u t h e a s t e r n  
Washington,  t h e  L o s  Alamos S c i e n t i f i c  L a b o r a t o r y  i n  n o r t h - c e n t r a l  N e w  Mexico, 
t h e  Savannah River  P l a n t  i n  Sou th  C a r o l i n a  on t h e  Georg ia  b o r d e r ,  and Rocky 
F l a t s  i n  c e n t r a l  Colorado.  Rocky F l a t s  s h i p s  i ts w a s t e  to INEL; t h e  l a r g e  
i n v e n t o r y  a t  INEL h a s  come mos t ly  from Rocky F l a t s .  By t h e  time t h e  WIPP 
r e f e r e n c e  r e p o s i t o r y  is  i n  o p e r a t i o n ,  Rocky F l a t s  is e x p e c t e d  to  p r o c e s s  its 
waste  and may s h i p  it d i r e c t l y  to t h e  r e p o s i t o r y  i n s t e a d  of t o  INEL. 

The s o u r c e s  of  remote ly  handled TRU was te  a r e  t h e  Oak Ridge N a t i o n a l  
Labora to ry  (ORNL) , INEL, Hanf o r d ,  and Los Alamos. Even though t h e  RH TRU 
waste  a t  OEWL is n o t  r e a d i l y  r e t r i e v a b l e ,  t h e  number of RH TRU w a s t e  sh ipments  
to t h e  r e p o s i t o r y  h a s  been de te rmined  from t h e  volumes of  was te  g i v e n  by 
Dieckhoner (Appendix E), which i n c l u d e  t h e  volumes a t  ORNL. 

Sources  o f  t h e  commercial  h igh- leve l  waste (HLW) to be used i n  t h e  e x p e r i -  
m e n t a l  program c a n n o t  be de te rmined  a t  t h i s  t ime .  I t  is  e x p e c t e d ,  however, 
t h a t  it w i l l  come Erom B a t t e l l e  P a c i f i c  Northwest  L a b o r a t o r i e s  i n  s o u t h e a s t e r n  
Washington; where t h e  h i g h - l e v e l  waste f o r  exper iments  comes from is n o t  
impor tan t  to t h i s  a n a l y s i s  because  t h e  q u a n t i t i e s  to be s h i p p e d  a r e  s m a l l .  



i l e  the specif ic  sources of spent fuel  have not been ident i f ied e i ther ,  
General Electr ic  storage f a c i l i t y  a t  Morris, I l l i n o i s ,  is a  possible 

rce. Another poss ib i l i ty  may be to  obtain spent fuel  d i r ec t ly  from com- 
cia1 reactors. 

, . 

arranging for waste transportation,  the DOE w i l l  s e l ec t  the mode of 
o r t  ( r a i l  or truck) and the car r ie r ;  it may also se l ec t  major junction 

-&d interchange points along the routes. The car r ie rs  w i l l  make whatever 
louting arrangements are necessary and appropriate within the operating 

i t y  granted them by the In te rs ta te  Commerce Commission. They w i l l  prob- 
ably select  routes on the basis of safety ,  economy, and operating convenience. 
 tium umber of routes could be selected by the railroads; the number is limited 
only by existing track. The number of routes for truck ca r r i e r s  is even more 

, .- ..: varied; th i s  analysis of transportation assumes that  truck shipments w i l l  fol- 
: low approxi%ately t+ s2me routes as r l i l  shipments. A scl-~3ction of typical 

I n  principle, routes to the repository could be controlled by the DOE. 
specifying routes through areas of low population density could indeed 

I I 

e- 
Figure 6-1. Typical rail transportation routes from principal sources. Numbers in parentheses 

denote the percentage of the total retrievably stored CH TRU waste that is held 
at each site. 



consequences of an accident of given severity. However, careful attention 
should be given to special routing plans. Many factors must be considered if 
special routing of shipments is planned, and each specific plan must be 
reviewed individually because the risk from transportation accidents has two 
components: probability of occurrence and consequence. By special routing, 
the consequence component may be reduced. However, if the consequence is 
reduced by avoiding population centers, the extra mileage traveled may result 
in an increase in the probability of accident occurrence. The roads avoiding 
large population centers could be freeways; because of their design, accident 
rates are reduced, but the allowed high speeds could produce accidents with 
more-severe consequences. Rails between population centers are often in 
better condition than lesser-used routes skirting the population centers; 
since poor roadbed conditions are often the cause of rail accidents, the 
avoidance of population centers might increase the probability of 2n accident. 

Table 5-1. Shipment Distances 

Location 
Distance (miles) 

Truck Rail 

INEL 1200 1750 
Hanf ord 1750 2300 
LASL 340 N A 
SRP 1500 1500 
RFP 700 750 
ORNL 1300 1600 
Morris 1500 1400 

Another level of routing control would be to specify dedicated routes that 
would be the only routes by which radioactive-material shipments could be 
made. Two obvious effects would result from having dedicated routes. First, 
the accident rate would be reduced because the limited number of routes could 
be more easily maintained than the unlimited number of routes presently avail- 
able for radioactive material shipnent. Second, the population living along 
the dedicated routes would receive higher radiation doses than they would 
receive if routes were not dedicated. The population dose, even though pos- 
sibly reduced, would be concentrated in a smaller segment of the general pub- 
lic, a concentration that would result in higher average individual doses. If 
dedicated routes are to be adopted, the small gain from decreasing the acci- 
dent risk must offset the higher individual doses received by the people in 
the smaller population segment, doses that are received whether or not an 
accident occurs. 

The ultimate level of control--at least for rail shipment--would be to 
have "special trains" running on dedicated lines. A special train is dedi- 
cated to the transport of nuclear waste with no other freight on board and 
operated under restrictions governing, for example, speed and passing. Com- 
pleted at the request of the Association of American Railroads and the Inter- 
state Commerce Commission, two studies have examined the change in impact 
resulting from exclusive use of special trains for shipment of radioactive 



, m a t e r i a l s  (Loscu tof f ,  1977; Smith and Taylor ,  1978).  These s t u d i e s ,  which d id  
Ii' not consider  ded ica ted  rou t i ng  coupled wi th  s p e c i a l  t r a i n s ,  concluded t h a t  
. s p e c i a l  t r a i n s  would no t  s i g n i f i c a n t l y  reduce t h e  r a d i o l o g i c a l  r i s k  of 

rad ioac t ive-mater ia l  t r a n s p o r t  o r  i n c r e a s e  i ts  o v e r a l l  s a f e t y .  

I t  is obvious t h a t  implementation of a d d i t i o n a l  r ou t i ng  c o n t r o l  must be 
considered c a r e f u l l y .  P r e s e n t l y ,  t h e  DOE has no p lans  t o  l i m i t  r ou t e s  o r  use 
s p e c i a l  t r a i n s  fo r  waste shipments t o  t h e  WIPP r e f e r ence  r e p o s i t o r y .  The WIPP 
t ranspor  ta t ion- impact  a n a l y s i s  assumes t h a t  waste shipments w i l l  be placed 
under no c o n t r o l s  i n  a d d i t i o n  t o  t hose  p r e s e n t l y  i n  e f f e c t .  I m p l i c i t  i n  t h i s  
assumption is t h a t  a d d i t i o n a l  o r  t i gh t ened  c o n t r o l s  would no t  s i g n i f i c a n t l y  
reduce o r  i nc r ea se  the  o v e r a l l  r a d i o l o g i c a l  impact. 

6.5 VOLUMES OF WASTE AND NUMBER OF SHIPMENTS 

The q u a n t i t i e s  of waste s t o r e d  a t  var ious  s t o r a g e  l o c a t i o n s  a r e  not  
p r e c i s e l y  known; t h a t  i s ,  t h e  e s t i m a t i o n s  of t he se  q u a n t i t i e s  (Dieckhoner, 
1978--see Appendix E i n  t h i s  r e p o r t )  have l a r g e  u n c e r t a i n t i e s  a s s o c i a t e d  wi th  
them. In  a d d i t i o n ,  it has not y e t  been decided which l o c a t i o n s  w i l l  a c t u a l l y  

. be sh ipp ing  waste t o  t h e  WIPP r e f e r e n c e  r epos i t o ry .  This s e c t i o n  q u a n t i f i e s  
t h e  shipment volumes f o r  t he  v a r i o u s  waste  types  and d e t a i l s  how t h e  number of 
shipments  is ca l cu l a t ed .  

. 6.5.1 Contact-Handled TRU Waste 

I The f i r s t  column of Table  6-2 lists t h e  volumes of CH TRU waste s t o r e d  a t  

I t h e  most important sources .  The waste  volumes were ob ta ined  from Appendix E. 
I t  is conse rva t i ve ly  assumed t h a t  s t o r e d  waste is shipped from a l l  p r i n c i p a l  
l o c a t i o n s  but t h a t  no bur ied  waste  is sh ipped  t o  t he  r e p o s i t o r y  from any loca- 

l t i o n .  I n  Figure  6-1, t h e  number i n  paren theses  a f t e r  t h e  sou rce  name is t h e  
, pe rcen tage  of t he  t o t a l  U.S .  r e t r i e v a b l y  s t o r e d  CH TRU waste t h a t  is s t o r e d  a t  

t h a t  p a r t i c u l a r  source.  

, 
Rocky F l a t s  produces much CH TRU waste  t h a t  has been sh ipped  t o  INEL i n  

I 

I t h e  p a s t ;  t h i s  p r a c t i c e  is assumed t o  cont inue  u n t i l  t h e  r e p o s i t o r y  becomes 
o p e r a t i o n a l .  By t h a t  time, Rocky F l a t s  is expected t o  be p roces s ing  a l l  of 
its new product ion,  which i t  then  may s h i p  to t h e  r e f e r ence  r e p o s i t o r y .  

For CH TRU waste ,  no volume r educ t i on  was assumed because no process ing  
technique  has been s p e c i f i e d ;  r educ t i on  f a c t o r s  would vary s i g n i f i c a n t l y  wi th  
t h e  technique used. 

Table  6-3 pre sen t s  e s t i m a t e s  of t h e  waste volumes t h a t  w i l l  b e  contained 
i n  t h e  shipments of contact-handled TRU waste. Boxes w i l l  be shipped from 
INEL and Rocky F l a t s ;  they  were no t  considered f o r  t h e  o t h e r  sou rce s  s i n c e  t he  
number of  boxes from t h e  o t h e r  sources  is neg l ig ib l e .  The volume-per-shipment 
numbers were generated from t h e  numbers of boxes or  drums t h a t  cou ld  be 
sh ipped  i n  a Super Tiger  o r  ATMX r a i l c a r .  



Table 6-2. Volume of CH TRU Waste Shipped per Year 

volume (ft3) 
Backlog New waste Total waste 

Backlog waste transported production shipped 
Location waste per yeara per year per year 

- - - 

INEL (box) 7. O+sb 7.0+4 2. 3+4C 9.3+4 
INEL (drum) 1.3+6 1.3+5 4.5+4 1.8+5 
Hanford (drum) 7.7+5 7.7+4 4.2+4 1.2+5 
LASL (drum) 2.0+5 2.0+4 2.5+4 4.5+4 
SRP (drum) 9.5+4 9.5+3 7.1+3 1.7+4 
RFP (box) None None 6.7+4 6.7+4 

- - RFP (drum) Xone ~ n e  ?. 3+!. . ? a  
t 

TOTAL 3.1+6 3.1+5 2.4+5 5.5+sd 

a~ssumes backlog volume is transported in 10 years. 
b7.0+5 = 7.0 x lo5. 
CFrom limited sources other than INEL. 
d ~ h i s  value is a best estimate, but the uncertainties in it may be as 

high as +200%, -50%. 

The volume of waste shipped per year from each location is found in 
Table 6-2. It is estimated that one-third of all INEL contact-handled TRU 
waste will be shipped in boxes and two-thirds in drums. New production from 
Rocky Flats is expected to be two-thirds boxes and one-third drums. The 
backlog of waste is estimated to be eliminated during a 10-year campaign, 
although the existing fleet of ATMX cars and Super Tigers is insufficient to 
work off the backlog in 10 years. New production volumes were taken from 
Appendix E except for Rocky Flats; estimates of new production at Rocky Flats 
are based on engineering judgment. The total volume shipped each year is the 
s m  of backlog production and new production. Even by working off the backlog 
volume in 10 years, the total volume shipped each year will be somewhat less 
thdi the maximum throughput of the reference repository as defined in the 
Conceptual Design Report (Sandia, 1977). 

Table 6-3. Volume of CH TRU Waste in a Shipment 

Volume of Waste volume 
container Containers per shipment 

Mode Container (ft3) per shipment (ft3) 

 ail" Box 112 2 4 2700 
Rail Drum 7.4 120 9 30 
 ruck^ Box 112 8 900 
Truck Drum 7.4 4 2 310 

a ~ T M X  railcar assumed for rail shipment. 
bType B container for truck shipment assumed to hold 8 boxes. 



T a b l e s  6-2 and 6-3 were  used t o  g e n e r a t e  T a b l e  6-4, which p r e s e n t s  t h e  
'number o f  sh ipmen t s  o f  CH TRU was te  to t h e  WIPP r e f e r e n c e  s i te  pe r  y e a r .  One 

d d i t i o n a l  a s sumpt ion  was made to  g e n e r a t e  t h e  number o f  sh ipments :  25% by 
lume was assumed to be made by t r u c k  and  75% by r a i l  i n  o r d e r  to be c o n s i s -  
n t  w i t h  t h e  WIPP Concep tua l  Des ign Repor t .  The o n l y  e x c e p t i o n  is made f o r  
e Los Alamos S c i e n t i f i c  L a b o r a t o r y ,  which is n o t  s e r v i c e d  by a r a i l  s p u r  and 
11 s h i p  o n l y  by t r u c k .  

T a b l e  6-4. Annual Shipments  o f  CH TRU Waste 

R a i l  Truck 
Waste volume >:umber of Waste voiume Numb?r o f  

I L o c a t i o n  ( f t 3 )  s h i p x e n t s  ( f t 3 1  s h i ~ n e n c s  

. . '  . INEL (box)  7 .0 t4a  26 2 .3 t4  26 
INEL (drum) 1 . 4 t 5  155 5 .0 t4  1 6 1  
Hanford (drum) 9.0+4 9 7 3.0+4 97 

NA N A 4.5+4 145  
1.3+4 14  4.0+3 1 3  
5.0+4 19 1.7+4 1 9  
2.5+4 27 8.0+3 26 - - 
3.8+5 338 1.8+5 487 

a 7 . ~ + 4  = 7.0 x 104.  

jgX 
. 6.5.2 Remotely Handled TRU Waste 

4 i .  - The number o f  sh ipmen t s  o f  RH TRU w a s t e  was d e t e r m i n e d  u s i n g  methods iden- 
t ical  w i t h  t h o s e  used  f o r  CH TRU waste. The backlog-waste  volumes were 
o b t a i n e d  from a r e p o r t  by Dieckhoner (Appendix E) . A s  s u g g e s t e d  i n  S e c t i o n  
6.3.2, RH TRU waste c o u l d  be s h i p p e d  i n  a t  l e a s t  two c o n f i g u r a t i o n s .  TO 

d e t e r m i n e  t h e  number o f  sh ipmen t s ,  t h e  RH TRU waste was assumed t o  be 

: 
c a n i s t e r e d  and p l a c e d  i n  h e a v i l y  s h i e l d e d  c a s k s .  The volume o f  RH TRU waste 
f n  a sh ipment  is p r e s e n t e d  i n  T a b l e  6-5. F i v e  c a n i s t e r s  were assumed f o r  each  

# ra i l  sh ipmen t  and one  c a n i s t e r  f o r  each  t r u c k  sh ipmen t .  Us ing  t h e  volume- 

, 
shipped-per-year v a l u e s  from T a b l e  6-6 and t h e  volume-per-shipment v a l u e s  from 
T a b l e  6-5, t h e  annua l  number of  sh ipmen t s  o f  RH TRU waste was c a l c u l a t e d  f o r  
each  s o u r c e  l o c a t i o n  (see T a b l e  6-7).  

-& 

T a b l e  6-5 Volume o f  RH TRU Waste i n  a Shipment 

Volume o f  C o n t a i n e r s  Waste volume 
Mode c o n t a i n e r  ( f t 3 )  p e r  sh ipmen t  p e r  sh ipment  ( f t 3 )  

R a i l  
Truck 



Table 6-6. Volume of RH TRU Waste Shipped per Year 

volume (ft3) 
Backlog New waste 

. - 

1.4+4 1.4+3 2.8+3 4.2+3 

Backlog waste transported produced Total waste 
Location waste per yearb per year shipped per year 

LASL 8. 0+3a 8.0+2 7.1+2 1.5+3 
ORNL 4.7+4 4.7+3 2.6+3 7.3+3 
Hanf ord 8.0+3 8.0+2 8.0+2 1.6+3 

TOTAL 7.7+4 ' .7+3  6.9+3 1 . 5 + 4  
-- -- 

a8.0+3 = 8.0 x 10' - 8000. W 
b~ssurnes backlog L; transported in 10 years. 

Table 6-7. Annual Shipments of RH TRU Waste 

Rail Truck 
Location Waste volume (f t3) Shipments Waste volume (f t3) Shipments 

LASL N A 
ORNL 5.5+3 
Hanf ord 1.2+3 
INEL 3.1+3 

6.5.3 Spent Fuel 

On the assumption that the spent-fuel canisters and shipping containers 
will be those described in Section 6.3.3, the number of canisters of spent 
fuel per shipment was estimated for both rail and truck. On the basis of 
known cask capacities, it was assumed that 10 canisters of pressurized-water- 
reactor (PWFI) spent fuel will be shipped per rail shipment and 1 PWR canister 
per truck shipment. Only PWR spent fuel was considered in the impact evalu- 
ation because it is likely that only PWR spent fuel will be deposited in the 
WIPP. It was assumed that all the spent fuel would be delivered to the repos- 
itory during a 4-year period. Using the 25:75 volume split for truck and rail 
shipments, respectively, and a total shipnent of 1000 spent-fuel canisters, 19 
shipments of spent fuel per year will be made by rail and 63 shipments per 
year by truck. 

Waste generated at the reference repository and the high-level waste to be 
used in the experimental program were not considered in the impact study 
because their quantities are so low that their contribution to the impacts of 
transportation will be small by comparison to that of the TRU waste and the 
spent fuel. 



6.6 IMPACT OF WASTE TRANSPORT DURING NORMAL CONDITIONS 

Different forms of radioactive waste will be shipped to the WIPP reference 
repository from various locations throughout the United States, by various 

: modes of transport, and in various packagings. All shipments will comply with 
Department of Transportation requirements to guard against unnecessarily 

, exposing the public to radiation. After defining the conditions of normal 
transport and outlining procedures used in the impact analysis, this section . .. .,.- . 

, 

presents the impacts of waste transport during normal conditions. 

8;. *; 
3: ...I. 
-.q 6.6.1 Conditions of Normal Transport 

In nornal trsnspcr t , the package of radioactive mater i a l  a r r  :vs; at its 
destinatron wrthout releasing its contencs. The potential exposure of ~ : ~ p l e  
to raaiation could arise only from the radiation emitted by the raaioactrve 
material inside the shipping containers. Radiation shields are incorporated 

, in packaging design to protect the public and associated handlers. As a 
radioactive shipment passes by, it exposes the nearby population at a very low 
dose rate; after it has passed, however, no further exposure occurs. zd' 

1 

People nearest the transported radioactive materials receive the greatest 
doses. The population groups exposed to radiation are, in order of decreasing 
exposure, those who directly handle waste packages; people working in the 
vicinity of the packages and those accompanying them (train crew or truck 
drivers); and bystanders, including those living or working along the route, 
passing motorists, and train passengers. The exposure levels will be con- 
sistent with Federal regulations. 

In the analysis of waste transport to the reference site, calculations , - based on these conditions of normal transport evaluated the doses received by 
handling crews as well as by the general public. 

& 6.6.2 Procedures Used in Analysis 

#? This analysis uses the methods recommended and used by the U.S. Nuclear 
Regulatory Commission in its environmental statement on the transportation of 
waste, NUREG-0170 (NRC, 1977). These methods provide quantitative estimates 
of doses that might be expected by the general public as a result of trans- 
porting radioactive material to the repository. The normal transportation 
dose was evaluated by the RADTRAN computer code (Taylor and Daniel, 1977), a 
code actually used in preparing NUREG-0170. 

The normal transportation dose is evaluated using information contained 
in three models within RADTRAN (Figure 6-2). The standard shipment model 
requires user input about the materials shipped, the transport index (dose 
rate in millirem per hour at 3 feet from the accessible exterior surface of 
the package), type of shipping container, number of shipments per year, number 
of miles per shipment, and mode of shipment. The transportation model 
requires such information as traffic patterns and misceLlaneous shipment 
information. The population-distribution model is used to define population 
densities along shipping lanes. 
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model 

Population 
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I 
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Figure 6-2. RADTRAN models used for normal transport calculations. 

The assumed number of sh ipnen t s  of contact-handled TRU waste  from t h e  most 
important  sources is given i n  Sec t ion  6.5. I t  was c o n s e r v a t i v e l y  assumed t h a t  
a l l  s t o r e d  waste a t  each of t h e  l o c a t i o n s  would be s e n t  to t h e  r e f e r e n c e  repo- 
s i t o r y .  Buried waste,  on t h e  o t h e r  hand, was no t  .assumed to be s e n t ,  even 
from INEL. The Rocky F l a t s  P l a n t  (RFP) produces much contact-handled TRU 
waste,  bu t  it has been shipped to INEL i n  t h e  p a s t ;  such a p r a c t i c e  is assumed 
to cont inue  u n t i l  t h e  r e f e rence  r e p o s i t o r y  becomes o p e r a t i o n a l .  I t  is assumed 
t h a t  by then t h e  RFP w i l l  p rocess  a l l  of  i ts new product ion and then  s h i p  it 
d i r e c t l y  to t h e  r epos i to ry .  The q u a n t i t i e s  of  RH TRU waste a t  ORNL r e f e r r e d  
t o  by Dieckhoner (Appendix E) a r e ,  f o r  p r a c t i c a l  purposes,  n o t  r e t r i e v a b l e .  
Never the less ,  ORNL was assumed to be t h e  primary source.  The number of s h i p  
ments of RH TRU waste is a l s o  given i n  Sec t ion  6.5. I t  was assumed t h a t  a l l  
t h e  s p e n t  f u e l  would be d e l i v e r e d  to t h e  r e p o s i t o r y  during a 4-year period.  
Using t h e  25:75 volume s p l i t  f o r  t r u c k  and r a i l  shipments,  r e s p e c t i v e l y ,  and a 
t o t a l  sh ipnen t  of 1000 spent - fue l  c a n i s t e r s ,  19 shipments of  s p e n t  f u e l  per  
year  w i l l  be made by r a i l  and 63 s h i p n e n t s  per year by t ruck .  

Table 6-8 p re sen t s  s e l e c t e d  d a t a  used a s  i npu t  to RADTRAN. Much of  t h e  
informat ion  was based on eng inee r ing  judgment and is c o n s i s t e n t  w i t h  a r e c e n t  
RADTRAN a n a l y s i s  of t ruck  and r a i l  t r a n s p o r t  (Smith and Taylor ,  1978) .  Much 
of t h e  information is conse rva t ive  and w i l l  r e s u l t  i n  dose va lues  g r e a t e r  than  
expected.  The conservatism is n e c e s s i t a t e d ,  a s  i n  t h e  e s t i m a t i o n  of t h e  f r a c -  
t i o n s  of  t r a v e l  i n  reg ions  of d i f f e r e n t  popula t ion  d e n s i t y ,  by l a c k  of  more 
d e t a i l e d  and b e t t e r  documented information.  

The r e s u l t s  of t he  RADTRAN a n a l y s i s  a r e  presented  i n  Tables  6-9, 6-10, and 
6-11. The populat ion doses a r e  g iven  i n  u n i t s  of man-rem. The r e s u l t s  a r e  
t h e  t o t a l  doses rece ived  by persons l i v i n g  along each shipment r o u t e ,  motor- 



Table 6-8. Miscellaneous Input to the RADTRAN Code 

Parameter Truck Rail 

Number of crewmen 2 5 
Mean velocity while crew is aboard 51.5 mph 38 mph 
~istance from source to crew 10 ft 500 ft 
stopover in high-population zone 1 hr 0 
stopover in medium-population zone 5 hr 0 
Stopover in low-population zone 2 hr 24 hr 
velocity in high-population zone 15 mph 15 mph 
Velocity in medium-population zone 25 mph 25 mph 
velocity in low-population zone 55 mph 40 mph 
~raction of trlvel in hiqh-vpulation 0.05 "-05 
zone 

Fractlon of travel in medium-population 
zone 0.05 0.05 

Fraction of travel in low-population 0.90 0.90 
zone 

Traffic count in high-population 2800 cars/hr 5 trains/hr 
zone 

Traffic count in medium-population 780 cars/hr 5 trains/hr 
zone 

Traffic count in low-population 470 cars/hr 1 train/hr 
zone 

People per vehicle 2 5 
CH TRU dose rate at surface of Super 
Tiger or ATMX car 2 mrem/hr 2 mrem/hr 

RH TRU dose rate at 6 feet from 
surface of Super Tiger or ATMX car 10 mrem/hr 10 mrem/hr 

Spent-fuel dose rate at 6 feet from 
cask surface 10 mrem/hr 10 mrem/hr 

ists traveling in the same and opposite directions, people around the shipment 
while it is stopped, and the transportation crew. 

The significance of the population doses can be examined by comparing them 
with the doses received by the same population from natural background radia- 
tion. The doses for persons living along each shipment route, for example, 
can be compared directly to the natural-background doses that would be re- 
ceived by people living within half a mile of the shipping route. At this 
distance doses from transportation become negligible. To make this as speci- 
fic as possible, consider the LASL truck route. Approximately 350,000 people 
live in the 1-mile-wide strip between Los Alamos and the WIPP reference site. 
This population estimate is high, but it is the same number that was calcu- 
lated by RADTRAN from the conservative input; the conservatism is a result of 
averaging population densities for routes from all sources. At an average 
elevation of 5000 feet, each individual would receive about 0.125 rem per year 
from natural radioactivity (NCRP, 1975). Therefore, the population dose 
resulting from natural radioactivity in man-rern is 44,000 for the LASL 



Table 6-9. Calculated Radiation Doses from Normal 
Transportation of CH TRU Waste 

Annual Zose (man-rem) 
Population 

Number Population surrounding 
Origin o f Miles surrounding route 
and shipments per route while Passing while 
mode per year shipment moving motor ists stopped Crew Total 

INEL (box) 
Truck 2 6 1200 0.096 0.049 0.16 2.4 2.7 

2 6 1750 0.0003 0.007 Rail 0.34 0.01 0.37 

I N F L  (drum) 
Truck 
Rail 

Hanf ord 
Truck 
Rail 

LASL 
Truck 

SRP 
Truck 
Rail 

RFP (box) 
Truck 
Rail 

RFP (drum) 
Truck 
Rail 

TOTAL 

truck route. The 1.0 person-rem dose, given in Table 6-10 for the total 
normal-transport impact, is only 0.002% of the dose received by the same pop- 
ulation from natural sources. 

Similar comparisons can be made for the other doses predicted by the 
RADTRAN analysis. They show that the dose to the general public from trans- 
portation of waste to the WIPP is many times smaller than the dose received 
from natural background. 



Table 6-10. Calculated Radiation Doses from Normal I 

Transportation of RH TRU Waste 

Annual dose (man- rem) 
Population 

a'" Number Population surrounding 
L origin of Miles surrounding route 
i and shipments per route while Passing while 
ti Mode per year shipment moving motorists stopped Crew Total 

Truck 2 6 1200 0.29 0.15 0.49 2.4 3.3 
Rail 15 1750 0.26 0.0002 O.OC5 0.01 0.27 

. .- 
Hanford . $&; 

10 1750 0.16 0.08 0.19 1.3 1.8 
6 2300 0.13 0.0001 0.002 0.005 0.14 

3 6 340 0.12 0.06 0.68 0.95 1.8 

43 1300 0.53 0.27 0.82 4.3 6.0 
2 6 - 1600 0.40 0.0004 0.01 - 0.016 - 0.42 

162 1.9 0.56 2.2 9.0 13.7 

Table 6-11. Calculated Radiation Doses from Normal Transportation 
of Spent Fuel from Morris, Illinois 

Annual dose (man- rem; 
Population 

? Number Population surrounding 
Origin of Miles surrounding route 

%, and shipments per route while Passing while 

Mode per year shipment moving motorists stopped Crew Total 
r. 

Truck 63 1500 0.89 0.46 1.2 7.3 9.8 
Rail 19 1400 0.25 0.0002 0.007 0.01 0.27 - 

TOTAL 8 2 1.1 0.5 1.2 7.3 10.1 

a~or 4 years only. 
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6.7 IMPACT OF WASTE TRANSPORT DURING ACCIDENT CONDITIONS 

This section discusses the potential impacts of transportation accidents 
on the general public. It addresses the questions: What are the effects of 
an accident that results in some release of radioactive material? What is the 
likelihood of these accidents? 

This transportation-accident analysis is basically a consequence anal- 
ysis. Accident scenarios were developed to model low-probability transporta- 
tion accidents. Emphasis was placed on describing hypothetical accidents 
that, although unlikely, could occur. After development of the scenarios, the 
quantities of released radioactive material were estimated. From these 
release estimates, from an assumed population distribution surrounding the 
accident location, and from the climatic conditions at the time cf the acci- 
dent, an assessment was made of the 2'fects of the accident 7 .  - zublic. 
Uslng the assumed conditions of release, the probabiilzy of release was esti- 
mated from data availa~le from a report by Dennls (1978) and from NUREG-0170 E 
(NRC, 1977) . 

6.7.1 Accident Conditions 

Most transportation accidents would not be severe enough to release sig- 
nificant amounts of radioactive waste from the packagings that will be used 
for the WIPP reference repository. In all scenarios, DOT Type B packagings 
were assumed since the radioactivity content of all expected shipments will 
exceed Type A packaging limits. Because Type B containers are presently 
available and are used for routine transport, their characteristics, as 
described in NUREG-0170, were used in estimating the amount of material 
released in all the scenarios, including those describing accidents with RH 
TRU waste and spent fuel. 

All Type B packagings are certified to survive sequential exposure to a 
series of test environments. These test environments damage Type B packagings 
to levels that would be expected if the packages were actually involved in 
severe transportation accidents. The complete test sequence incorporates the 
following series of tests in the order indicated: 

a. Drop test--a 30-foot drop onto an unyielding target. 
b. Puncture test--a 40-inch drop onto a 6-inch-diameter probe. 
c. Thermal test--a 30-minute duration fire at 1475O~. 
d. Water immersion test--an 8-hour submersion in water. 

Dennis (1978) studied actual rail and truck accidents. Figures 6-3 and 
6-4, taken from his report, show the cumulative probability of such accidents 
as a function of the velocity change of the packaging. These figures can be 
used to determine what percentage of accidents result in environments at least 
as severe as the environments produced during testing of Type B packagings. 

Figure 6-3 displays the cumulative probability of occurrence of transport 
accidents versus velocity change during truck or rail accidents. The greater 
the packaging velocity is at impact, the greater the severity of the impact. 
Similarly, Figure 6-4 illustrates the cumulative probability of occurrence 



Velocity change assoc~ated witn 
ex~ning impact qualification 
standards (hypothetical accident- 
10 CFR 71, App. 0) 
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Figure 6-3. Cumulative probability of velocity changes due to impact, 
given a reportable truck accident or a reportable train 
accident. 

v e r s u s  t h e  f i r e  d u r a t i o n  o f  a  t r u c k  o r  r a i l  a c c i d e n t .  The measure o f  f i r e  
s e v e r i t y  is t h e  f i r e  d u r a t i o n  i n  minu tes .  The e x i s t i n g  c e r t i f i c a t i o n  test  
s t a n d a r d s  o f  Type B p a c k a g i n g s  a r e  super imposed on F i g u r e s  6-3 and 6-4. The 
p r o t e c t i o n  l e v e l s  p r o v i d e d  by t h e  q u a l i f i c a t i o n  test sequence  f o r  Type B pack- 
a g i n g ~  f o r  t h e  impac t  and f i r e  env i ronment s  a r e  g i v e n  i n  T a b l e  6-12. 

The i n f o r m a t i o n  i n  T a b l e  6-12 may be s t a t e d  i n  a d i f f e r e n t  manner. The 
e x i s t i n g  d r o p  test r e s u l t s  i n  a  30-mph impact  v e l o c i t y  on a r i g i d  s u r f a c e  f o r  
t h e  c a n d i d a t e  packag ing  d e s i g n .  The t r a n s p o r t i n g  v e h i c l e  would have t o  be 
t r a v e l i n g  a t  a much g r e a t e r  v e l o c i t y  i n  o r d e r  to have  its package impact  a t  a 
v e l o c i t y  e q u i v a l e n t  to t h e  30-mph impact .  Thus, 99.5% o f  a l l  t r u c k  a c c i d e n t s  
and 99.6% o f  a l l  r a i l  a c c i d e n t s  a r e  less s e v e r e  (less i n t e n s e )  t h a n  t h e  regu- 
l a t o r y  r e q u i r e m e n t s  f o r  t h e  impact  envi ronment .  S i m i l a r l y ,  t h e  f i r e  env i ron-  
ment of  t h e  s t a n d a r d s  p r o v i d e s  p r o t e c t i o n  a g a i n s t  f i r e  env i ronment s  u n l i k e l y  
to be exceeded i n  99.9% and 99.8%,  r e s p e c t i v e l y ,  of  a l l  t r u c k  and r a i l  a c c i -  
d e n t s  r e s u l t i n g  i n  f i r e .  

T a b l e  6-12. P e r c e n t a g e  of  A c c i d e n t s  T h a t  Are Less  S e v e r e  
Than T e s t  C o n d i t i o n s  i n  R e g u l a t o r y  S t a n d a r d s  

T r a n s p o r t  mode Impact  F i r e  

Truck 99.5% 99.9% 
R a i l  99.6% 99.8% 



1 '  Source: Dennis, 1978 iA Fire duration associated with 
existing qualification standards 
for fire (hypothetical accident- 
10 CFR 71, App. 0). 

Fira duration (minutes ) 

Figure 6-4. Cumulative probability of fire durations, given a reportable truck 
accident or a reportable train accident. 

A broader perspective of the severity of transportation accidents can be 
obtained by considering personal-injury statistics associated with truck acci- 
dents. During 1969-1972, there were 179,070 reportable truck accidents; these 
resulted in 1007 truck-dr iver fatalities and 20,766 truck-dr iver injuries 
(Dennis, 1977, pp. A-6, A-7). Consequently, there were no injuries in 87.8% 
and no deaths in 99.4% of all the reported accidents. 

The existing licensing requirements for radioactive-material packages pro- 
vide very high protection levels and the regulatory test environments are much 
more severe than the vast majority of transportation accidents. 

6.7.2 Procedure: Construction of Accident Scenarios 

As shown in Table 6-12, the 10 CFR 71 licensing criteria tests provide 
complete protection for all but a very small fraction of truck and rail acci- 
dents involving Type B packages. However, in this section, accidents more 
severe than those covered by 10 CF'R 71 are considered for purposes of analysis. 

This analysis is based on four different accident scenarios described 
below under separate headings. Each of the scenarios was assumed to take 
place in two locations with different population densities and distributions. 
As models of typical urban population centers along the routes that will carry 



.; 
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:p waste t o  t h e  r e p o s i t o r y ,  t h e  s tudy  uses  d e t a i l e d  popula t ion  d a t a  fo r  a l a r g e  

urban a r e a  (Albuquerque, N.M.)  and f o r  a smal l  urban a r e a  (Car l sbad ,  N.M.) . 
The use of s p e c i f i c  d a t a  does not  restrict t h e  a p p l i c a b i l i t y  of t h e  r e s u l t s  of 
t he  s tudy;  t he se  p a r t i c u l a r  urban a r e a s  were s e l e c t e d  because t h e i r  populat ion 
d e n s i t i e s  a r e  r e p r e s e n t a t i v e  of many o t h e r  ci t ies along p o t e n t i a l  rou tes .  

a% The c l i m a t i c  cond i t i ons  s e l e c t e d  a r e  very conse rva t i ve ;  t h e  cond i t i ons  
t h a t  l e ad  t o  t h e  g r e a t e s t  popula t ion  doses have been chosen. Because condi- $ t i o n s  p r eva i l i ng  a t  t h e  t i m e  of a hypo the t i ca l  a cc iden t  a r e  l i k e l y  t o  vary 
widely,  t h e r e  a r e  no t y p i c a l  c o n d i t i o n s  r e p r e s e n t a t i v e  of a l l  t h e  urban a r e a s  @ along t he  route .  P a s q u i l l  s t a b i l i t y  ca t ego ry  P, a wind speed of 1 meter per 

3 second, and an i nve r s ion  l a y e r  a t  1000 meters  were used to c a l c u l a t e  t h e  d i s -  
pers ion  of t he  r a d i o a c t i v e  m a t e r i a l  re leased .  These a r e  t y p i c a l  o f  n igh t  
condi t ions  wlth l i m i t e d  mixing and, t h e r e f o r ? ,  h i g h e s t  concen t r a t i ons .  A 
r e l e a s e  nergnt  of 20 meters  was jl-cged t o  be r e p r e s e n t a t i v e  of t he  c s2d i t i ons  
surrounding the accidents--particuiarly those  involv ing  f i r e .  T h e  r e i ea sea  
r ad ioac t rve  ma te r l a l  was assumed t o  pzss i n t o  t h e  most dense ly  populated a r ea s  
i n  t h e  modeled reg ions ;  i n  r e a l i t y ,  t he  wind would blow toward t h e  most 

% dense ly  populated a r e a s  on ly  a f r a c t i o n  of t h e  time. Popula t ion  d e n s i t i e s  
, . - out  t o  a 50-mile r a d i u s  were used i n  t h e  c a l c u l a t i o n .  
* 

-r 

-9. 
a I The computer code AIRDOS-I1 (Moore, 1977) , used t o  compute t h e  d i s p e r s a l  
, of t h e  r ad ioac t i ve  m a t e r i a l  and t o  p r e d i c t  its movement through t h e  biosphere 
" t o  t he  genera l  pub l i c ,  assumes t h a t  t h e  acc iden t  l o c a t i o n s  and surrounding 

t e r r a i n  a r e  f l a t  and t h a t  t h e  plume of d i s p e r s i n g  r a d i o a c t i v e  m a t e r i a l  does 
no t  i n t e r a c t  w i t h  b u i l d i n g s  o r  o t h e r  s u r f a c e  i r r e g u l a r i t i e s .  I n  an urban ,'$a 

T',21 environment w i t h  b u i l d i n g s ,  s u r f  ace i r r e g u l a r i t i e s ,  and thermal  anomalies, a . n 
plume w i l l  d i s p e r s e  more r a p i d l y  than i n  open country.  Consequently,  s t a b i l -  
i t y  category E o r  F is more a p p r o p r i a t e  t han  G (most s t a b l e ) .  Di f fus ion  con- 

., . d i t i o n s  t y p i c a l  of F s t a b i l i t y  were chosen t o  o b t a i n  a conse rva t i ve  mid-range 
I: , atmospheric condi t ion .  No plume scavenging from r a i n  o r  snow was assumed. 

The q u a n t i t y  of r ad ionuc l ide s  r e l ea sed ,  popula t ion  d e n s i t i e s ,  and meteo- 
r o l o g i c a l  da ta  were i npu t  t o  AIRDOS-11, which c a l c u l a t e s  t h e  e f f e c t s  t o  t h e  
gene ra l  publ ic .  The f i n a l  e f f e c t s  were eva lua ted  i n  terms of r a d i a t i o n  dose 
f o r  e x t e r n a l  exposure and rad ia t ion-dose  commitment f o r  i nha l ed  ma te r i a l .  No 
inges t i on  of the  d i spe r sed  m a t e r i a l  was assumed because h e a l t h  a u t h o r i t i e s ,  
a c t i n g  a f t e r  an accident, would remove contaminated food from d i s t r i b u t i o n .  
The primary r a d i a t i o n  dose r e s u l t s  from t h e  con t inu ing  exposure  t o  inhaled 
r ad ioac t i ve  m a t e r i a l  t h a t  t h e  body r e t a i n s .  

Hypothe t ica l  r a i l  a c c i d e n t  involv ing  CM TRU waste 

The assumed r a i l  a cc iden t  involves  a f l a t b e d  r a i l c a r  loaded wi th  t h r e e  
Type B packages. Each package con t a in s  42  drums of CH TRU waste.  The f l a t b e d  
car  is assumed t o  d e r a i l  dur ing  a v i o l e n t  t r a i n  c o l l i s i o n  near t h e  cen t e r  of 
an urban a r ea .  I t  n u s t  be emphasized t h a t  t he  p o s s i b i l i t y  o f  such a v io l en t  
acc iden t  i n  an urban a r ea  is remote because i n  many urban a r e a s  speeds a r e  
decreased f o r  o the r  r a i l  t r a f f i c  and f o r  movement over swi tches .  The crushing 
f o r c e s  from the  impact cause one-half  t h e  drums t o  r e l e a s e  t h e i r  con ten ts  
w i th in  the  packaging. Only one-half r e l e a s e  t h e i r  c o n t e n t s  because t h e  drums 
w i l l  provide t h e i r  own b u f f e r ;  i . e . ,  t h e  drums away from t h e  impact su r f ace  
a r e  cushioned by sur rounding  d r m s .  Approximately 10% o f  t h e  r e l ea sed  mate- 
r i a l  wi th in  the  packaging n i g h t  be r e l ea sed  a s  assumed i n  MUREG-0170 fo r  a 
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similar accident. ~hus, under the assumptions proposed here, the equivalent 
of approximately 6.4 drums of CH TRU waste might be released. The scenario is 
quite conservative since the CH TRU waste produced after 1981 is expected to 
be processed into a solid form. Release of material from a drum containing 
material produced after 1981 would require severe pulverization. 

For the assumed climatic conditions in this scenario, i.e., low wind 
speeds and generally stable conditions, only the finest powder is likely to be 
entrained in the air and transported beyond the immediate vicinity of the 
packaging. Very Little of the CH TRU waste shipped to the repository will be 
fine powder; it is expected that much will be metal scrap, rags, sludge, and 
sludge-concrete mix. Considering data presented by Shef elbine (1978) , the 
WIPP study assumed that 10% of the CH TRU waste will be in a fine-powder form 
after the accident. Thus, of the exposed CH TRU waste, only 0.64 drum is 
assumed to be in a ~ w d e r  F-.rn t51t could beccme - -rcrne. ?his 3~~ilrngtion is 
likely to be conservative Decause a proposed waste-acceptance criterion is to 
limit t:.e allowed qcantity of particies less than 10 ml.:rons l n  diametcr to 1% 
by weignt. 

mpirical data have been obtained for air entrainment of dry powders 
deposited on various surfaces (Mishima and Schwendiman, 1970 and 1973b); the 
entrainment fractions for a dry powder deposited on a roadlike surface were $ 

used for this scenario. Mishima and Schwendiman found empirically that 0.14% I 

of a dry powder was entrained after being subjected to a 2.5-mph wind for 6 
hours. This value was obtained under carefully controlled conditions in which 
dry powder was placed gently on the roadlike surface. This percentage is 
probably not large enough for this scenario, in which some of the powder might 
be dispersed as it falls to the roadbed. For this reason, 1.4% of the dry 
powder (a value 10 times the experimental value) is estimated to be entrained 
in air during the estimated 6-hour cleanup of the accident scene. The exper- 
iments also indicated that only 62% of the airborne powder was of respirable 
size. 

In summary for this scenario, the equivalent of 0.64 drum is exposed to 
the air as a dry powder, 1.4% of the powder is entrained in the air, and 62% 
of the entrained powder is respirable. Thus, the equivalent of 0.55% of one 
drum is entrained and respirable. From Appendix E, the radioactivity released 
and respirable is 

I 
I 
I 

I sotope Release (Ci) I 
Pu-238 
Pu-239 
Pu- 240 
Pu-241 
Am- 241 

Hypothetical truck accident involving CH TRU waste 

A truck carrying one Type B package containing 42 drums is assumed to 
crash near the center of an urban area. A subsequent fire is assumed to 
engulf the packaging and its contents for half an hour. As in the rail acci- 

i 
dent, one-half of the drums are crushed from shifting caused by the impact 



force. They release their contents within the packaging, and 10% of the loose 
material within the packaging is assumed to be released. Thus, the equivalent 
of two drums of uncontained waste may be exposed to the fire. From infor- 
mation in the report by ShefeLbine (1978), about 25% of the CH TRU waste is 
assumed to be mmbustibLe in the form of rags and paper. Therefore, it is 
assumed that about 0.5 drum of CH TRU waste is released and combustible. 

Data have been obtained from experiments in which combustible materials 
d. contaminated with simulated TRU nuclides have been burned. Mishima and 
, schwendiman (1970 and 1973a) have measured releases for a variety of waste 
.'r : forms and confinements. From those releases, it is assumed that 1.0% of the 

TRU waste in the combustible material is airborne and respirable. In addi- 
tion, there may be additional respirable material from solid noncombustible 
mater isls (as discussed for the hypothetical rail accident) . These two 
sources provld? t.-.e c s c a l  3lrb~rn2 reiezse, about 0.655 cf a drum's contents :  

Pu-238 
Pu-239 
Pu-240 
Pu-24 1 
Am- 24 1 

Release (Ci) 

Hypothetical Rail Accident Involving RH TRU Waste 

A shipping cask for RH TRU-waste will be heavily shielded and capable of 
dissipating heat generated by the waste inside. A cask used for rail trans- 
port would be larger and heavier than a cask used for truck transport and 
would carry greater quantities of waste. 

The hypothetical RH TRU waste accident involves a rail flatcar loaded with 
a cask containing five canisters of RH TRU waste. After a violent train wreck 
in an urban area, the cask becomes enveloped in a fire that lasts about an 
hour. As a result of impact and fire, volatile fission products contained in 
the canisters are assumed to be released. Breeching of the cask and heating 
of the waste to the point of volatilizing the cesium-137 are highly unlikely 
because the casks are so massive. Making such an unlikely assumption adds 
even more conservatism to this scenario. It is further assumed that 1% of the 
cesium-137 is released to the interior of the cask and that 10% of the re- 
leased cesium-137 escapes from the cask to the environment. Since there are 
2.1 curies of cesium-137 in each of the five canisters (as described in Appen- 
dix E) , the release to the atmosphere during this scenario is 

I sotope Release (Ci) 

H~Dothetical rail accident involvina s~ent-fuel shi~ments 

The accident assumed for spent fuel is identical with that assumed for RH 
TRU waste. Because a rail cask carries more spent fuel than a truck cask, an 
accident involving a rail cask damaged to the same extent as a truck cask 
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would be potentially more serious. Thus, this accident presents an upper 
limit to the consequences of possible accidents with spent fuel. 

It is assumed for this scenario that 30% of the krypton-85 and 1% of the 
cesium-134/cesium-137 are released to the interior of the cask. Then, all of 
the krypton-85 is assumed to escape to the environment while 10% of the 
released cesium isotopes escape. Since each spent-fuel canister contains 2600 
curies of krypton-85 and 44,000 curies of cesium-134/cesium-137 (as described 
in Appendix E) and since there are 10 canisters in a cask, the releases to the 
atmosphere during this scenario are 

Isotope Release (Ci) I 
7800 

Volatile fission 
products 440 

In this calculation cesium-137 was used to represent all the volatile fission 
products in the radionuclide inventory. 

6.7.3 Results of the Analysis 

In this accident analysis, inhalation of radionuclides is the primary 
pathway to man. When radioactive material is inhaled, a fraction of it is 
retained in the body. Retained material continues to irradiate the body until 
it can decay or be removed by biological processes. By convention, the dose 
given off by radioactive material while in the body is integrated over a 
50-year period after inhalation. This integrated dose is called the 50-year 
dose commitment. For materials that decay rapidly or are removed quickly, 
most of the dose commitment is received during the first year or two. For 
long-lived materials that remain in the body, the dose is relatively uniform 
over the entire 50 years. The results of the accident analysis are given in 
terms of the 50-year dose commitment to the total body, to bone, and to the 
lungs. 

For the assumed meteorological conditions, the individual receiving the 
maximum dose will be a person remaining one-half mile from the accident during 
the entire time the cloud of radioactive material is passing; Table 6-13 pre- 
sents the doses received by this hypothetical person. As the distance 
increases beyond one-half mile, the doses decrease steadily. Because of the 
assumed height of the release, the calculated doses also decrease steadily as 
distance decreases below one-half mile. Conceivably, people at the scene of 
the accident could receive larger doses than the person standing one-half mile 
from the wreck. In an emergency radiological situation, however, local govern- 
ment control could keep people from handling the wastes or remaining near the 
scene of the accident. In addition, an accident of this severity will result 
in a relatively large exclusion region inside which people will have to contend 
with wreckage, fire, etc., and where traumatic bodily injury will probably be 
much more significant than the radiological hazard. 



Table 6-13. Dose to an Individuala 

Scenario 
Dose commitment ( rem) 

Bone Lung Whole body 

., 
CH TRU rail 0.49 0.025 0.012 
CH TRU truck 0.59 0.029 0.014 
RH TRU 0.00003 0.000007 0.00003 
Spent fuel 1.2 0.30 1.1 

- - -- 

aMaximum dose to an individual one-half mile from the 
accident. 

The calcullted doses are very small, particularly if the nmbers in the 
tables are compared to a 50-year natural-background-radiation d.3se. An aver- 
age individual in the general public will receive 5 rem of whole-body dose 
over 50 years from natural radioactive sources (NCRP, 1975). The maximum 
whole-body dose commitment received by an individual Erom the most severe 
accident scenario is 1.1 rem, which is only 22% of the 50-year natural- 
background dose he would receive to the whole body. The bone and lung dose 
commitments from the tables can also be compared with background values. The 
average annual dose rates from natural-background sources are approximately 
100 mrem to the bone and 180 mrem to the lungs (NCRP, 1975). As an indication 
of the significance of the bone and lung dose commitments in the tables, the 
bone dose should be compared directly to the 5 rem received as a 50-year dose 
from natural background, and the lung-dose commitment should be compared to 
the 9 rem received by the lung from natural radiation. 

The population dose commitments in Tables 6-14 and 6-15 represent the sum 
of the dose commitments received by all individuals affected by the dispersion 
of the radioactive material. 

The results of the four hypothetical accidents considered here would 
require a compounding of unlikely circumstances which make these spectacular 
accidents relatively unimportant compared with other hazards to which the 
public is exposed. From the shipping data and accident rates discussed 

Table 6-14. Dose to a Small Urban Areaa 

Scenario 
Dose commitment (man-rem) 

Bone Lung Whole body 

CH TRU rail 1700 8 3 40 
CH TRU truck 2000 99 48 
RH TRU 0.1 0.024 0.090 
Spent fuel 4200 10 00 3700 

a~pproxinately 6000 people are affected by the plume. 



Table 6-15. Dose to a Large Urban ~ r e a ~  

Dose commitment (man-rem) 
Scenario Bone Lung Whole body 

- - -  - - 

CH TRU rail 3700 190 9 0 
CH TRU truck 4500 220 110 
RH TRU 0.22 0.052 0.20 
Spent fuel 9400 2300 8300 

a~pproximately 105,000 people are affected by the plume. 

earliar, the number of accidents of all Lypes were caiculated. Only 0.5% of 
truck accidents and 0.4% of rail accidents will encounter impacts as severe as 
those assumed here. As indicated in Table 6-12, the occurrence of fire in 
accidents is even less likely. When account is taken of the probability that 
an accident may occur (1) in an urban area and at this severity (30%), (2) 
under F stability conditions (approximately 20%)r and (3) with the wind in the 
direction of greatest population (6%), the results shown in Table 6-16 are 
obtained. Since many parameters (such as plume size, cloud height, packaging 
damage, and population densities), have been selected conservatively, the data 
in Table 6-16 should be considered upper limits to the probability of the 
occurrence of the given accidents. 

Table 6-16. Approximate Frequency of Hypothetical Accidents 

Frequency (occurrences per year) 
Accidents under 

Hypothetical Accidents of conditions 
accident All accidents stated severity indicated in text 

CH TRU (rail) 5.9 0.024 
CH TRU (truck) 1.2 0.0012 
RH TRU (rail) 0.82 0.0016 
Spent fuel (rail) 0.27 0.00054 

The existing licensing requirements for radioactive-material packages pro- 
vide very high protection levels, and the regulatory test environments are 
much more severe than the vast majority of transportation accidents. The pre- 
ceding scenario analysis was performed for accidents whose effects are even 
more severe than those protected against by the existing regulations. The 
potential radiation doses to the general public from transportation accidents 
are small, and the likelihood that such severe accidents will occur at all is 
nearly zero. 



6.8 INTENTIONAL DESTRUCTIVE ACTS 

In addition to the normal and accident environments that could occur in 
transit, there is the possibility of intentional destructive acts directed at 
WIPP shipping systems and containers. Various aspects of this potential prob- 
lem have been described in NUREG-0170 (NRC, 1977) and by DuCharme (1978). The 
conclusion to be drawn from these studies is that, even when subjected to 
intentionally destructive acts, the dispersed radioactive materials will not 
produce a significant environmental impact because packaging regulations key 
the level of protection to the potential hazards of the contents. Thus, pack- 
ages containing small quantities of radioactive materials are easier to breach 
than a package of spent fuel. Moreover, the studies show relatively limited 
consequences--even in areas of very high population densities--from hypothe- 
tical releases of spent fuel resulting from extraordinary acts. For shipnents 
to tne K I P ?  reference repository, intentional acts will not ?rodnc? cz:r?- 
quences more significant than the accident consequences caiculated in Section 
6.7. 
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7 The Reference Site and Environmental Interfaces 

This chapter begins with a brief general description of the reference 
site in southeastern New Mexico. It then discusses in some detail the two 
environmental sciences of principal concern to a repository for nuclear 
wastes: geology and hydrology. It concludes with a discussion of the archae- 
ological resources at the site. Detailed descriptions of the demographic, 
socioeconomic, climatic, and ecological chracteristics of the site and sur- 
rounding area are presented in Appendix H .  

7.1 GENERAL DESCRIPTION 

The reference site is in Eddy County, New Mexico about 25 miles eest of 
Carlsbad. Its area is 18,960 acres, 211 Federal and State lan2. 

The site (Figure 7-1) is monotonous in aspect and covered with desert 
vegetation. Ranching is the characteristic activity, and cattle are often to 
be seen. Ranch buildings are many niles apart; in between one sees an occa- 
sional windmill, stock-watering tank, drilling rig, or grasshopper pump. 
There are many roads in the area, the better ones surfaced with caliche, the 
poorer ones often little more than tracks in the sand. The most noticeable 
features are the potash-mining operations, especially the processing plants 
with their very large buildings and stacks. Their emissions often create a 
haze heavy enough to block the view of the mountains 40 to 60 miles to the 
west. 

Thirteen people live within 10 miles of the proposed site; about 94,000 
people live within 50 miles, mainly in seven municipalities: Artesia, Carls- 

-- bad, and Loving in Eddy County and Eunice, Hobbs, Jal, and Lovington in Lea 
County. The closest of these are Loving and Carlsbad, 18 and 26 miles away, 
respectively; the largest are Carlsbad and Hobbs, with 25,500 2nd 31,300 in- 
habitants, respectively. 

The basic industries of the area are mining, manufacturing, and agcicul- 
ture. Flining is the major industry in both counties, accounting for 22.2% and 
27.3% of the personal income generated in Eddy and Lea Counties, respec- 
tively. In Eddy County, mining is centered on potash; in Lea County, it is 
centered on oil and gas. Manufacturing (36 companies in Eddy County and 48 
companies in Lea County) accounted for 5.2% of all personal income genecated 
in the two-county area in 1976. Agriculture, which produces principally neat 
animals and livestock in the two-county area, contributed less than 5% of the 
total personal income. Within 10 miles of the site, agriculture is restricted 
to cattle grazing. 

Tourism also contributes substantially to the economy of the two-county 
area, particularly in Eddy County. The main tourist attraction in the area is 
Carlsbad Caverns National Park, which is ap~roxinately 22 miles southwest cf 
Carlsbad and 41 miles west-southwest of the site. In 1977 it received 862,730 
visitors, or nearly 44% of the visitors tc all 11 national parks and monuments 
throughout the State. Other nearby parks (Guadalupe Mountains National Park, 
Living Desert State Park, the Presic?entst ? . ~ k  in Carlsbad, and others) also 
attract local residents and tourists. Outc?ccr recreation centers around hunt- 
ing, four-wheel-vehicle driving, an? camping. 





P o r t i o n s  o f  New Mexico Highways 3 1  a n d  128 l i e  w i t h i n  10 miles o f  t h e  
r e f e r e n c e  s i t e ,  and U.S. Highway 62-180 r u n s  e a s t  t o  west a b o u t  10 miles n o r t h  
of  t h e  s i te .  

R a i l r o a d  t r a n s p o r t a t i o n  i n  Eddy and  Lea C o u n t i e s  is p r o v i d e d  by t h e  Atchi -  
s o n ,  Topeka and S a n t a  F e  R a i l r o a d  and t h e  Texas-New Mexico R a i l r o a d .  The f o r -  
mer c o n n e c t s  t h e  communi t ies  o f  Loving ,  C a r l s b a d ,  and A r t e s i a  i n  Eddy County.  
A s p u r  l i n e  t o  a  nea rby  p o t a s h  mine o f f e r s  t h e  closest a c c e s s  t o  t h e  s i te .  
The p roposed  e x t e n s i o n  o f  t h i s  s p u r  w i l l  c o n n e c t  t h e  s i t e  w i t h  t h e  A t c h i s o n ,  
Topeka and S a n t a  Fe  l i n e .  

The c l i m a t e  of  t h e  r e g i o n  is s e m i a r i d ,  w i t h  g e n e r a l l y  mi ld  t e m p e r a t u r e s ,  
lw p r e c i p i t a t i o n  and humid i ty ,  and  a h i g h  e v a p o r a t i o n  r a t e .  Winds a r e  most 
commonly f rom t h e  s o u t h e a s t  and  modera t e .  I n  t h e  w i n t e r  and s p r i n g  t h e r e  a r e  
o c c a s i o n a l l y  s t r o n g  w e s t  winds and d u s t  s t o r m s .  Dur ing  t h e  w i n t e r ,  t h e  wea- 
t h e r  is dc3 i r . a t ed  by a i i g h - p r e s s u r e  s y s t e m  o f t e n  s i t u a t e d  i n  t k ~ !  c e x c r a l  >or-  
t i o n  of t h e  Western  V n i t e a  S t 3 t c s  and  a low-pressure  sys tem corrrnonly l o c a t e d  
i n  n o r r h - c e n c r a l  :lex:co. J u r i n g  tcz s m m e r ,  t h e  r e q i o n  is 2 r ' f e c t e d  by a loq#- 
p r e s s u r e  sys t em norma l ly  s i t u a t e d  o v e r  Ar i zona .  

Tempera tu re s  a r e  modera t e  t h r o u g h o u t  t h e  y e a r ,  a l t h o u g h  s e a s o n a l  changes  
a r e  d i s t i n c t .  l lean a n n u a l  t e m p e r a t u r e s  i n  s o u t h e a s t e r n  N e w  Mexico a r e  n e a r  
6 0 9  (Eagleman,  1 9 7 6 ) .  I n  t h e  w i n t e r  (December th rough  F e b r u a r y )  n i g h t t i m e  
lows a v e r a g e  near  23OF and a v e r a g e  maximums a r e  w e l l  up i n  t h e  50s.  The 
l o w e s t  r e c o r d e d  t e m p e r a t u r e  a t  t h e  n e a r e s t  f i r s t - c l a s s  weather  s t a t i o n  i n  Ros- 
w e l l  was - 2 9 9 ,  i n  F e b r u a r y  1905. I n  t h e  summer ( June  th rough  A u g u s t ) ,  t h e  
t e m p e r a t u r e  is above 9 0 9  a p p r o x i m a t e l y  75% o f  t h e  time. The h i g h e s t  re -  
c o r d e d  t e m p e r a t u r e  a t  Roswel l  was l l O O E ' ,  i n  J u l y  1958. 

P r e c i p i t a t i o n  is l i g h t  and uneven ly  d i s t r i b u t e d  t h r o u g h o u t  t h e  y e a r ,  ave r -  
a g i n g  11 t o  1 3  i n c h e s .  Winter  is t h e  s e a s o n  o f  least  p r e c i p i t a t i o n ,  a v e r a g i n g  
less t h a n  0.6 i n c h  o f  r a i n f a l l  p e r  month. Snow a v e r a g e s  a b o u t  5 i n c h e s  p e r  
y e a r  and seldom remains  on t h e  g round  f o r  more t h a n  1 day a t  a  t i m e  because  o f  
t h e  t y p i c a l l y  a b o v e - f r e e z i n g  t e m p e r a t u r e s  i n  t h e  a f t e r n o o n .  Approximate ly  
h a l f  t h e  a n n u a l  p r e c i p i t a t i o n  ccmes from t h e  f r e q u e n t  t h u n d e r s t o r m s  i n  J u n e  
t h r o u g h  September .  Ra ins  a r e  u s u a l l y  b r i e f  b u t  o c c a s i o n a l l y  i n t e n s e  when 
m o i s t u r e  from t h e  Gulf  of  Mexico s p r e a d s  o v e r  t h e  r e g i o n .  

The v e g e t a t i o n  a t  t h e  s i te  and i n  t h e  v i c i n i t y  c o n s i s t s  o f  n a t i v e  scrub- 
l a n d .  The dominant  p l a n t s  a t  t h e  s i t e  a r e  s a g e b r u s h ,  m e s q u i t e ,  muhly g r a s s ,  
d r o p s e e d ,  three-awn,  and yucca.  

About 70 s p e c i e s  of  a n i m a l s  r e p r e s e n t i n g  s e v e n  mammalian o r d e r s  may o c c u r  
i n  t h e  r e g i o n  o f  t h e  s i t e .  Few a r e  r e s t r i c t e d  t o  a  s p e c i f i c  h a b i t a t .  Of 
t h e s e ,  t h e  d e s e r t  c o t t o n t a i l ,  b l a c k - t a i l e d  j a c k  r a b b i t ,  n o r t h e r n  g r a s s h o p p e r  
mouse, s o u t h e r n  p l a i n s  woodra t ,  p o r c u p i n e ,  and c o y o t e  a r e  o b s e r v e d  i n  a l l  
h a b i t a t s  on and near  t h e  s i t e ;  t h e  o n l y  big-game s p e c i e s  is t h e  mule deer. 

E i g h t y  s p e c i e s  o f  b i r d s  have been  o b s e r v e d  on and nea r  t h e  s i t e .  The most 
common a r e  s c a l e d  q u a i l ,  mourning dove ,  mock ingb i rd ,  l ogge rhead  s h r i k e ,  
p y r r h u l o x i a ,  b l a c k - t h r o a t e d  s p a r r o w ,  w e s t e r n  meadowlark, l a r k  b u n t i n g ,  vespe r  
s p a r r o w ,  C a s s i n '  s s p a r  row, and w h i t e - t h r o a t e d  spar row.  

Amphibians a r e  n o t  an i m p o r t a n t  p a r t  o f  t h e  r e g i o n a l  f a u n a  because  s u i t -  
a b l e  h a b i t a t  is l imi ted .  



The area is semiarid, and away from the river aquatic habitats are limited 
to intermittent streams and livestock-water ponds. Poor water quality is 
characteristic of much of the Pecos River basin in the lower sections. Both 
surface water and groundwater are contaminated with salt from natural sources 
(salt springs, brine seeps, or gypsum overburden) and from human activities 
(irrigation return flows and potash mining). An important natural source of 
salt is the concentrated brine springs at Malaga Bend. These sources progres- 
sively concentrate salts downstream. 

Seasonally wet, shallow lakes (playas) are also common, and many of them 
are salty. Permanent salty lakes also occur in the area. I 

There are no permanent surface waters at the site. There may, however, 
be ephemeral surface waters in land depressions during thunderstorm periods. 
These provide minimal habitat for aquatic biota. Surface waters in the v4cin- 
ity a r ?  li~itzd z3 waterin? livestock. 

I 
No species of fish are known to occur clzser to the site than the Pecos e 

River. 

No plants proposed for the Federal list of endangered or threatened 
species have been observed near the site, and the lack of suitable habitat 
makes their occurrence at the site unlikely. 

Of the endangered terrestrial vertebrates that have been observed in the 
region, most are associated with habitats that are not present at or near the 
site. There are only two species on the Federal list of endangered species 
that may occasionally be present near the site; they are the bald eagle and 
the peregrine falcon. i 

7.2 GEOLOGY 

The geologic studies at and around the reference site are aimed at 
collecting detailed geologic information for use in evaluating the site's 
suitability with respect to safety and environmental impact. This section 
summarizes the large amount of geologic information currently available; most 
has been drawn from the WIPP Geological Characterization Report (Powers et 
al., 1978): which should be referred to for more detailed information and for 
references to pr imary sources. 

The geologic characterization of the site started with surveys of litera- 
ture and existing data and continued with the collection of new data. Many 
standard petroleum- and mineral-industry techniques have been used to char- 
acterize the site. Special emphasis has been placed on correlating data 
obtained by geophysical techniques and borehole drilling. The geophysical 
techniques ,nost widely used have been seismic reflection and resistivity. 
By February 1979, new seismic reflection data for about 75 line-miles had been 
obtained and over 9000 resistivity measurements had been made and analyzed. 
Twenty-one boreholes had been drilled to evaluate potash resources. Ten 
stratigraphic boreholes had been drilled on or near the site, and two other 
holes had been drilled well away from the site to study salt dissolution. 
Two of these holes were drilled through the salt to test deep aquifers and to 
acquire geologic data on the deeper strata. 



Geologic  s t u d i e s  c o n t i n u e  i n  o r d e r  t o  pe rmi t  a  b e t t e r  q u a n t i f i c a t i o n  of 
t h e  r a t e s  of g e o l o g i c  p r o c e s s e s  i n  and near t h e  s i te  and t o  develop a  more 

~- - thorough unders tand ing  of t h e  g e o l o g i c  phenomena of i n t e r e s t .  More d e t a i l e d  
d e s c r i p t i o n s  o f  g e o l o g i c ,  h y d r o l o g i c ,  and geophys ica l  methods of i n v e s t i g a t i o n  

- a r e  given i n  Appendix J and i n  t h e  G e o l o g i c a l  C h a r a c t e r i z a t i o n  Report  (powers 
e t  a l . ,  1978) .  

7.2.1 Summary 

The s i te  is a  t o p o g r a p h i c a l l y  monotonous, . s l i g h t l y  hummocky p l a i n  covered 
with c a l i c h e  and sand .  I t  is near a  d r a i n a g e  d i v i d e  a lmos t  f r e e  of d r a i n a g e  
p a t t e r n s  b u t  s e p a r a t i n g  two major and a c t i v e l y  developing s o l u t i o n - e r o s i o n  
f e a t u r e s .  

The underground s t o r a g e  f a c i l i t i e s  of t h e  WIPP r e f e r e n c e  r e p o s i t o r y  a r e  t o  
be near t h e  rrilddle of a  3600-foot- th ick sequence of r e i a t i v e i ~ y  pure e v a p o r i t e  
s t r a t a  c o n t a i n i n g  p r i m a r i l y  rock s a l t  and a n h y d r i t e ,  a t  d e p t h s  of 500 t o  4100 
f e e t  beneath  t h e  s u r f a c e .  The Sa lado  Format ion,  r i c h e s t  i n  rock s a l t  and 
n e a r l y  2000 f e e t  t h i c k ,  c o n t a i n s  t h e  s a l t  l a y e r s  i n  which t h e  f a c i l i t i e s  a r e  
to be c o n s t r u c t e d  a t  d e p t h s  of n e a r l y  2100 and 2700 f e e t .  The s t o r a g e  hor i -  
zons a r e  i s o l a t e d  by a t  l e a s t  1300 f e e t  of und is tu rbed  e v a p o r i t e s ,  mainly rock 
s a l t ,  above t h e  upper l e v e l ,  and an e q u i v a l e n t  t h i c k n e s s  of a n h y d r i t e  and rock 
s a l t  between t h e  lower l e v e l  and t h e  under ly ing  nonevapor i t e  format ions .  

The Delaware b a s i n ,  i n  which t h e  s i t e  is l o c a t e d ,  has  long  been, and is 
cons idered  s t i l l  t o  b e ,  t e c t o n i c a l l y  s t a b l e .  Major t e c t o n i c  a c t i v i t y  and 
bas in  subs idence  ended a b o u t  225 m i l l i o n  y e a r s  ago; s i n c e  then r e g i o n a l  e a s t -  
ward t i l t i n g  has  been t h e  main a c t i v i t y  near  t h e  s i te .  No s u r f a c e  f a u l t i n g  is 
known a t  t h e  s i t e .  

T e c t o n i c  f a u l t i n g  and warping of pre-Permian rocks  near t h e  s i t e  seem t o  
have p r e d a t e d  Permian e v a p o r i t e  d e p o s i t i o n .  Deformation r e l a t e d  t o  s a l t  flow 
has  occur red  p r i m a r i l y  i n  t h e  C a s t i l e  Formation beneath  t h e  Salado and is most 
i n t e n s e  i n  a  b e l t  on t h e  i n n e r  edge of t h e  b u r i e d  Cap i tan  ree f  8  mi les  n o r t h  
of t h e  s i t e .  P e n e t r a t i o n  i n t o  th ickened s a l t  s e c t i o n s  and s a l t - f l o w  s t r u c -  
t u r e s  i n  t h e  C a s t i l e  has  o c c a s i o n a l l y  been accompanied by a r t e s i a n  b r i n e  
f lows.  No such f e a t u r e s  have been found a t  t h e  s i t e .  The s i t e  appears  t o  be 
i n  a s l i g h t  s t r u c t u r a l  s a d d l e .  

Bedded-salt  d i s s o l u t i o n  is r e s t r i c t e d  t o  t h e  R u s t l e r  Formation and t h e  t o p  
of t h e  Sa lado  Format ion.  There  is no ev idence  t h a t  t h e  r e s u l t i n g  s e t t l e m e n t  
has  produced any s i g n i f i c a n t  s t r u c t u r a l  i r r e g u l a r i t i e s  o r  c o l l a p s e  f e a t u r e s  i n  
o v e r l y i n g  s t r a t a .  The c l o s e s t  a r e a  a f f e c t e d  by d i s s o l u t i o n  is Nash Draw, 
whose edge is 4 miles nor thwes t  of t h e  s i t e  c e n t e r .  The rocks  exposed t h e r e  
a r e  s t r o n g l y  j o i n t e d ,  cavernous ,  and l o c a l l y  b r e c c i a t e d .  However, no " b r e c c i a  
p ipes"  o r  domes a r e  known a t  t h e  s i t e .  

Minor igneous a c t i v i t y ,  i n  t h e  form of d i k e s  and p o s s i b l e  s i l l s ,  has 
occur red  i n  t h e  Delaware b a s i n ,  bu t  t h e  c l o s e s t  such f e a t u r e  is about 9  m i l e s  
nor thwest  of t h e  c e n t e r  of t h e  s i t e  and is 35 m i l l i o n  y e a r s  o l d .  

H i s t o r i c a l  r e c o r d s  b e f o r e  1962 i n d i c a t e  t h a t  no ea r thquakes  wi th  a  
Modified M e r c a l l i  (MIII) i n t e n s i t y  of V o r  g r e a t e r  have o c c u r r e d  w i t h i n  120 
m i l e s  of t h e  s i t e .  The c l o s e s t  were two MM I V  e v e n t s  a t  Car l sbad  i n  1323 and 



1949. The s t r o n g e s t  w i t h i n  180 m i l e s  was t h e  1931 MM V I I I  e v e n t  a t  Va l en t i ne ,  
Texas,  about  125 mi l e s  away. The c l o s e s t  shock r e p o r t e d  s i n c e  1962 (when more 
and improved i n s t r u n e n t s  were i n t r o d u c e d  i n  New Mexico) was a magnitude 3.6 
even t  on November 28, 1974, abou t  25 miles nor thwes t  o f  t h e  s i te ;  t h e  l a r g e s t  
was a magnitude 4.6 ea r thquake  c e n t e r e d  a lmos t  180 m i l e s  t o  t h e  southwest .  

The ea r thquake  da t a  show two d i s t i n c t  c l u s t e r s .  Many sma l l  e v e n t s  a r e  
s c a t t e r e d  on t h e  C e n t r a l  Basin  p l a t f o r m ,  j u s t  a c r o s s  t h e  New Mexico-Texas 
border t o  t h e  e a s t ;  t h e s e  a r e  p robab ly  caused  by o i l - r e c o v e r y  a c t i v i t i e s .  A 
second c l u s t e r  is southwest  of t h e  s i t e  i n  t h e  Rio  Grande r i f t  zone, a l s o  out-  
s i d e  t h e  Delaware ba s in  i n  Texas. The remaining recorded  ea r thquakes  w i t h i n  
180 miles a r e  s c a t t e r e d  s p a r s e l y  i n  t h e  Great P l a i n s  and t h e  Basin  and Range 
prov inces  t o  t h e  no r th  and west. 

Ana lys i s  of r i s k  from v i S r a t o r y  ground motion a t  t h e  s u r f a c ?  :Lows t h a t  
t h e  10r3- 3nd 10,03C-year .:cze: . : i on s  .?r? l e s s  ?:-.:a -: A - J .06g L,~;J 

O.lg, respectively. The p r o b a b i i i t i e s  of h ighe r  va lue s  aepena wain ly  on 
a s s u i n ~ t i o n s  about  t h e  s e i smic  p o t e n t i a l  o f  t h e  a r e a  near t h e  s i t e .  

Mineral  r e sou rce s  a t  t h e  s i t e  i n c l u d e  c a l i c h e ,  gypsum, s a l t ,  s y l v i t e ,  lang- 
b e i n i t e ,  o i l ,  g a s ,  and d i s t i l l a t e .  Only po tass ium s a l t s  ( s y l v i t e  and langbein-  
i t e ) ,  which occur i n  s t r a t a  above t h e  r e p o s i t o r y ,  and hydrocarbons ( o i l ,  g a s ,  
and d i s t i l l a t e ) ,  which occur  i n  s t r a t a  below t h e  r e p o s i t o r y ,  a r e  o f  p r e s e n t  
economic concern.  Enormous d e p o s i t s  o f  c a l i c h e ,  s a l t ,  and gypsum o f f  t h e  s i t e  
a r e  more t han  azequa te  f o r  f u t u r e  requ i rements .  To a l a r g e  e x t e n t  t h e  o t h e r  
minera l  r e sou rce s  l i e  i n  c o n t r o l  zone I V ,  i n  which mining and d r i l l i n g  may 
even tua l l y  be a l lowed.  ~ a n g b e i n i t e ,  g a s ,  and d i s t i l l a t e  a r e  t h e  on ly  known 
economic r e sou rce s  t h a t  remain under c o n t r o l  zones 1-111. 

The s i te  s o i l s  a r e  a l l  from t h e  Kermit-Berino Associat ion--sandy,  deep  
soils from wind-worked mixed sand d e p o s i t s .  The Berino and t h e  Kermit a r e  t h e  
on ly  s e r i e s  i n  c o n t r o l  zones I and 11; bo th  a r e  deep,  nonca lca reous ,  yellow- 
r ed ,  r ed ,  o r  l i g h t - c o l o r e d  sands .  They occur  on g e n t l y  s l o p i n g  t e r r a i n  and 
have a s l i g h t  water-erosion p o t e n t i a l  and a very  h igh  wind-erosion p o t e n t i a l .  
Chemical a n a l y s e s  sugges t  t hey  a r e  t y p i c a l  of n o n i r r i g a t e d ,  s e m i a r i d  soils and 
have no unusual  chemical  proper  ties. 

7.2.2 Regional  Geology 

Th i s  s e c t i o n  d i s c u s s e s  t h e  s u r f a c e  and s u b s u r f a c e  geology of t h e  r eg ion  
w i t h i n  200 miles of t h e  r e f e r e n c e  s i t e  i n  s o u t h e a s t e r n  New Mexico, f ocus ing  on  
t h e  Delaware ba s in .  I 
Geologic  h i s t o r y  I 

The geo log i c  h i s t o r y  of t h e  r eg ion  ( F i g u r e  7-2) f a l l s  i n t o  t h r e e  phases  
a f t e r  t h e  fo rmat ion  of a basement c r y s t a l l i n e  complex 1 t o  1.5 b i l l i o n  y e a r s  
ago. The f i r s t  phase ,  l a s t i n g  a t  l e a s t  500 m i l l i o n  y e a r s ,  was t h e  u p l i f t  and 
e ro s ion  of Precambrian sed imenta ry  and metamorphic rocks .  The deep igneous 

I 
rocks  were exposed, and t h e  a r e a  was reduced t o  a n e a r l y  l e v e l  p l a i n  (Powers 
e t  a l . ,  1978, pp. 3-38f f )  . 

The second phase ,  cor responding  t o  t h e  P a l e o z o i c  E ra ,  was an a lmos t  1 
cont inuous marine submergence of abou t  225 m i l l i o n  y e a r s ,  wi th  s low accumu- 
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MAJOR GEOLOGIC EVENTS-SOUTHEAST NEWYEXICO REGION 

Eolian and erosional/solution activity. Development of present landscape. 
De~osition of Oaallala fan sediments. Formation of aliche caprock. 
~egional uplift ;nd east-southeastward tilting; Basin-Range uplift of 
Sacramento and Guadalupe-Oelaware Mountains. 

Erosion dominant. No Early to Mid-Tertiary rocks present 

Laramide "revolution." Uplift of Rocky Mountains. Mild tectonism 
and igneous activity to west and north. 

Submergence. Intermittent shallow seas. Thin limenone and clanics depositd. 

Emergent conditions. Erosion, formation of rolling tenain. 

Deposition of fluvial clastics. 

Erosion. Broad flood plain devslops. 

Deposir~on of evaporlre sequence followed bv continental red beds. 

Sedimentar~on conrtnuous ~n Delaware, Midland. Val Verde basins and 
shelf areas. 

Massive deposition of clanics. Shelf, margin, basin pattern of 
deposition develops. 

Regional tectonic activity accelerates, folding up Central Basin platform, 
Matador arch. ancestral Rockies. 

Regional erosion. Deep. broad basins to east and west of platform develop. 

Renewed submergence. 
Shallow sea retreats from New Mexico; erosion. 
Mild epeirogenic movements. Tobou basin subsiding. Pedernal landmass 
and Texas Peninsula emergent, until Middle Mississippian. 

Marathon-Ouachita geosyncline, to south. begins subsiding. 

Deepening of Tobou basin area; shelf deposition of clanics, derived 
partly from ancestral Central Basin platform, and carbonates. 

Clanic sedimentation - Bliss sandstone. 

Erosion to a nearly level plain. 

Mountain building. igneous activity, metamorphism, erosional cvcles. 

Figure 7-2. Major geologic events affecting southeastern New  Mex ico  and western Texas. 

lations of shelf and shallow basin sediments. The early to middle Paleozoic 
Era was characterized by generally mild epeirogenic movements (vertical move- 
ments on a continental scale) and marine carbonate and clastic (sand, silts, 
and clays) deposition. During the Early Ordovician, a broad sag, the Tobosa 
basin, formed and began deepening. The deposition of shelf clastics contin- 
ued, and carbonates was deposited in shallow waters. Mild tectonic activity 
continued until the middle Mississippian with occasional minor folding and 
perhaps faulting. As the basin subsided, the Pedernal landmass to the north 
emerged and there was some regional erosion (Powers et al., 1978, p?. 3-89ff). 

From Late Mississippian through Pennsylvanian time, tectonic activity 
increased; the Central Basin platform, the Matador arch, and the ancestral 
Rockies formed, with massive deposition of clastics next to the uplifted 
areas. The Tobosa basin was split into the rapidly subsiding Delaware, 
Midland, and Val Verde basins. During Pennsylvanian time, repeated marginal 
faulting caused periodic uplift of bordering platforms and some warping in the 
Delaware basin. By Early Permian time, this tectonic activity apparently died 
out as basin subsidence and sedimentation accelerated. Reefs developed during 



the mid-Permian; eventually the Permian sea became shallow and briny, forming 
thick late-Permian evaporite deposits (Castile, Salado, and Rustler Forma- 
tions) on a vast brine flat. The clastic and evaporite sequence is the result 
of the rapid accumulation of over 13,000 feet of sediments in a relatively 
brief period (50 to 75 million years). The final event of this long, nearly 
continuous accumulation of marine sediments was the deposition of marine or 
brackish tidal-flat red beds over the evaporite strata (Powers et al., 1978, 
pp. 3-93ff) . 

In the third and present phase, which began some 225 million years ago, 
the region emerged from marine conditions and returned to relatively stable 
tectonic conditions. During the Triassic, a broad flood-plain surface 
developed, followe6 late in the period by the deposition of clastics and the 
formation of a rolling terrain. During the Cretaceous, the area was sub- 
nerged, and thin limestone and clastics collected in intermittent shallow 
seas. Durinu t - ?  J,.;i~ssic. -nd perhe~s as early 3s t:e Triassic. r,ubsur?,;? 
dissolution ot the Upper Permlan evaporites beaan. At the close - c  the 
Mesozoic tile Rock:; Mountains were uplifted, w l z n  mild tectonic ar A ~gneous 
activity to the west and north of the site. Throughout most of the Tertiary, 
erosion dominated. Mid- to late-Tertiary Basin and Range uplift of the Sacra- 
mento and Guadalupe-Delaware Mountains was accompanied by regional uplift and 
east-southeastward tilting. Miocene-Pliocene Ogallala fan deposits accumu- 
lated on this gently sloping surface, and a resistant caliche caprock formed. 
During Quaternary time, the present landscape developed through surface ero- 
sion and dissolution of the Upper Permian evaporites, terrace and stream- 
valley deposition, 2nd the deposition of wind-blown material (Powers et al., 
1978, pp. 3-89ff) . 

During the third phase, periods of continental deposition have alternated 
with erosional egisodes marked by angular unconformities. These unconformi- 
ties represent intervals during which the salt beds at the site were tilted 
and subjected to potential dissolution. At least four erosional episodes are 
recognized: 

1. Early Triassic time, in which the Dewey Lake Red Beds were eroded to a 
slight angular unconformity before deposition of the Upper Triassic 
Santa Rosa and Chinle Sandstones. 

2. Jurassic-Early Cretaceous time, in which the Santa Rosa was tilted and 
eroded to a wedge before marine inundation in Washitan time (latest 
Early Cretaceous). 

3. A Late Cretaceous through mid-Tertiary interval when the region was 
again tilted and the Triassic Santa Rosa Sandstones were beveled for a 
second time. 

4 .  A post-Ogallala uplift and erosion in early Pleistocene time, before 
deposition of the (Kansan?) Gatuna took place. 

After the leposition o f  the Gatuna Formation, there probably were wetter 
intervals corresponding to the later 11linoian and Wisconsin glaciations 
during which there was renewed erosion. I 

Each period of tilting and erosion allowed salt migration along the resul- 
tant slope. The salt deformed as it inpinged on reef abutments or responded 
to uneven sediment loading or erosional unloading. There may have been I 



several such episodes. Furthermore, each erosional period subjected buried 
salt to potential dissolution. Any present "deep dissolution" features could 
have started as soon as Early Triassic time, but more probably all episodes of 
active dissolution occurred during the Jurassic and Late Cretaceous-mid 
Tertiary and the several pluvial periods corresponding to Pleistocene glacial 
stages. Attempts to reconstruct the history of salt dissolution and to pre- 
dict its future must consider that dissolution was episodic. There is no sign 
that the present dissolution is any more rapid than that in the geologic 
past. Detailed mapping studies are under way that will clarify dissolution 
rates at various times in the geologic history of the site. 

physiography and geomorphology 

The site proposed for the WIPP reference repository is in the Pecos Valley 
section of the southern Great Plains physiographic province, a broad highland 
belt slaping ycntl-J eastward from tne Rocky b!ountains 2nd Basin and Ranqe 
province to the Central Lowlands province (Figure 7-3). The Pecos Valley sec- 
tion itself is dominated by the Pecos River valley, a long north-south trough 
5 to 30 miles wide and as much as 1000 feet deep in the north. The valley has 
an uneven rock- and alluvium-covered floor with widespread solution-subsidence 
features, the result of dissolution in the underlying Upper Permian rocks. 
The terrain varies from plains and lowlands to rugged canyonlands, including 
such erosional features as scarps, cuestas, terraces, and mesas. The surface 
slopes gently eastward, reflecting the underlying rock strata. Elevations 
range from over 6000 feet in the northwest to about 2000 feet in the south 
(Powers et al., 1978, pp. 3-3ff). 

The Pecos Valley section is bordered on the east by the Llano Estacado, a 
virtually uneroded plain formed by river action. The Llano Estacado is part 
of the High Plains section of the Great Plains physiographic province. Few 
and minor topographic features are present in the High Plains section, formed 
when over 500 feet of Tertiary silts, gravels, and sands were laid down in 
alluvial fans by streams draining the Rocky Mountains. In many areas the 
nearly flat surface is cemented by a hard caliche layer. 

To the west of the Pecos Valley section are the Sacramento and the 
Guadalupe Mountains, part of the Sacramento section of the Basin and Range 
province. The Capitan escarpment along the southeast side of the Guadalupe 
Mountains marks the boundary between the Basin and Range and the Great Plains 
provinces. The Sacramento section has large basinal areas and a series of 
intervening mountain ranges. 

The main geomorphic features bearing on the region are the Pecos River 
drainage system, the Mescalero Plain, karst terrain, an2 wind-erosion "blow- 
outs." The Pecos ~iver system has evolved from the south, cutting headward 
through the Ogallala sediments and becoming entrenched sometime after the 
Middle Pleistocene. It receives almost all the surf ace and subsurface drain- 
age of the region; most of its tributaries are intermittent because of the 
semiarid climate. Most of the ground surface east of the Pecos River valley 
lies in the Llano Estacado, a poorly drained eastward-sloping surface covered 
by gravels, wind-blown sand, and caliche that has developed since early to 
middle Pleistocene time. The surface locally has a karst terrain containing 
superficial sinkholes, dolines, and solution-subsidence troughs, from both 
surface erosion and subsurface dissolution. The site lies near a caliche- and 
sand-covered drainage divide separating two major and actively developing 
solution-erosion features: Nash Draw to the west and San Simon Swale to the 
east. 
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Figure 7-3. Physiographic provinces and sections. 

Stratigraphy and lithology 

A regional geologic section is shown in Figure 7-4. The known strati- 
graphic section at the site region includes Precambrian through ~riassic 
rocks, overlain by outliers of possible Cretaceous age and widespread sedi- 
ments of late Tertiary through Quaternary age. 

Metasediments and granitic-volcanic igneous materials constitute the 
majority of the regional basement, cropping out in isolated areas to the west 
and north. The granitic rocks range in age from about 1400 million years in 
the north to about 1000 million years in the south and are overlain in places 
by younger volcanic terrains. The surface of the Precambrian reflects the 
late Paleozoic platform-and-basin structrir?l configuration of the area (Powers 
et al., 1978, pp. 3-24ff) . 





The Pa l eozo i c  s e c t i o n  c o n s i s t s  of up t o  20,000 f e e t  o f  Upper Cambrian 
sands tones  th rough  Upper Permian evapor i tes and r e d  beds .  The Ordovic ian ,  
S i l u r i a n ,  and Devonian r o c k s  a r e  mainly  c a r b o n a t e s  w i t h  s a n d s ,  s h a l e s ,  and 
c h e r t s  depos i t ed  i n  s h a l l o w ,  calm s h e l f  a r e a s  o f  b r o a d l y  s u b s i d i n g  a r e a s  of 
t h e  Tobosa b a s i n , ' w i t h  minor i n f l u e n c e  from u p l i f t e d  areas such  a s  t h e  
a n c e s t r a l  C e n t r a l  Bas in  p l a t fo rm .  The M i s s i s s i p p i a n  sequence  c o n s i s t s  of 
l o c a l l y  c h e r t y  l i m e s t o n e s  o v e r l a i n  by s i l t y  and sandy s h a l e s ,  t r u n c a t e d  
a g a i n s t  ad j acen t  emerging uplands.  Pos t -Mis s i s s i pp i an  mountain b u i l d i n g  
caused u p l i f t ,  t i l t i n g ,  and e r o s i o n ,  producing a mass ive  s e c t i o n  of  Lower 
Pennsylvanian c o n t i n e n t a l  sed iments  i n t e rbedded  w i t h  d a r k  l imes tones ,  pa r t i cu -  
l a r l y  toward t h e  t o p  of t h e  s e c t i o n .  From l a t e  i n  t h e  Pennsy lvan ian  through 
t h e  Permian, a b a s i n ,  basin-margin,  and s h e l f  c o n f i g u r a t i o n  developed t h a t  
r e s u l t e d  i n  t h e  d e p o s i t i o n  of da rk  s h a l e s ,  c l a s t i c s ,  and  some l imes tones  and 
b i o c l a s t i c s .  During t h e  Permian a s e r i e s  o f  r e e f s  formed a long  t h e  ba s in  mar- 
g i n s ,  and shallow-water l imes tones  and c l a s t i c s  were d e p o s i t e d  on t h e  a d j a z e n t  
s he1 ves . - t h e  L a t e  P ~ r r n r - .  evapor i '  7 were ?epos i cea  i n  ~ h ; , ~ ; ;  sez: 
r e s t r i c t e d  by t h e  e n c i r c l i n g  Permian r e e f s  (Powers e t  a l . ,  1978, pp. 3 -27f f ) .  

The Mesozoic sequence  is r ep re sen t ed  o n l y  by t h e  Upper T r i a s s i c  t e r r i -  
genous Santa  Rosa Sands tone ,  which i n  many p l a c e s  is t r u n c a t e d  or removed by 
e r o s i o n ,  and by s c a t t e r e d  p a t c h e s  o f  C re t aceous  l i m e s t o n e  and s ands tones  
(Powers e t  a l . ,  1978, pp. 3 -53f f ) .  

The lower Cenozoic  s e c t i o n  is mi s s ing  from t h e  r e g i o n  because it has  been 
eroded o r  was never d e p o s i t e d .  The widespread l a t e  Miocene-Pliocene O g a l l a l a  
Formation to t h e  e a s t  o f  t h e  s i t e  r e p r e s e n t s  t h e  e a r l i e s t  p r e se rved  Cenozoic 
d e p o s i t  known i n  t h e  r eg ion .  The O g a l l a l a  is capped by a dense ,  r e s i s t a n t  
l a y e r  of c a l i c h e ,  p robab ly  formed du r ing  t h e  l a t e  P l i o c e n e .  Qua t e rna ry  
d e p o s i t s  occur o n l y  l o c a l l y  and c o n s i s t  of t h e  midd le  P l e i s t o c e n e  to Holocene 
t e r r a c e ,  channe l ,  and p l aya  d e p o s i t s  a s  w e l l  a s  wind-blown sands  (Powers e t  
a l . ,  1978, pp. 3 -56 f f ) .  

S t r u c t u r e  and t e c t o n i c s  i 
1 

The major s t r u c t u r a l  framework of  t h e  r eg ion  is p rov ided  by t h e  l a rge -  I 

s c a l e  ba s in s  and p l a t f o r m s  of  La te  ~ a l e o z o i c  age and by Cenozoic  f e a t u r e s  p r i -  
m a r i l y  a s s o c i a t e d  w i t h  Bas in  and Range t e c t o n i c s  ( F i g u r e  7-5). The p r i n c i p a l  
l a t e  Pa leozo ic  f e a t u r e s  of t h e  a r e a  were t h e  Tobosa b a s i n ,  l a t e r  t h e  Permian 
b a s i n  and its border  l a n d s .  These e lements  i nc lude  t h e  Delaware b a s i n ,  
C e n t r a l  Basin p l a t f o r m ,  Midland b a s i n ,  t h e  Nor thwes te rn  s h e l f ,  Pede rna l  u p  
l i f t ,  Matador a r c h ,  Val Verde b a s i n ,  and D iab lo  p l a t fo rm .  

The Delaware b a s i n  is a broad,  o v a l  asymmetr ical  t r o u g h  w i t h  a n o r t h e r l y  
t r e n d  and southward plunge 2nd a s t r u c t u r a l  r e l i e f  o f  more t h a n  20,000 f e e t  on 
t o p  of t h e  Precambrian.  Deformation of  t h e  b a s i n  rocks  is minor ,  w i th  forma- 
t i o n s  o l d e r  than  L a t e  Permian o n l y  g e n t l y  downwarped. Deep-seated f a u l t s ,  
some r e f l e c t i n g  Precambrian f a u l t s ,  occur--as do f o l d s ,  j o i n t  sets, and a 
number of s m a l l e r ,  p robab ly  s o l u t i o n - r e l a t e d  s t r u c t u r e s  o r i g i n a t i n g  i n  t h e  
Upper Permian evapor i tes. The b a s i n  was d e f i n e d  by e a r l y  Pennsylvanian time, 
w i th  major s t r u c t u r a l  ad ju s tmen t s  d u r i n g  La t e  Pennsy lvan ian  t o  E a r l y  Permian 
time. Since t h e  L a t e  Permian, t e c t o n i c  a c t i v i t y  has  l e s s e n e d  and is expressed  
i n  r eg iona l  eas tward  t i l t i n g ,  r e l a t i v e  u p l i f t  r e s u l t i n g  i n  some e r o s i o n ,  and 
major f a u l t i n g  a long  t h e  w e s t  f a c e  of t h e  Guadalupe Mountains  (Powers e t  a l . ,  
1978, pp. 3-60ff)  . 





The Central Basin platform, a northward-trending subsurface feature 
separated from the Delaware basin to its west by a zone of major normal 
Eaulting, represents a broad uplift of Precambrian to Pennsylvanian rocks, 
within which movement took place perio2ically, probably from the Precambrian 
until the late ~aleozoic, when the basin became structurally stable. 

i 

North and northwest of the Delaware basin lies the Northwestern shelf, 
which was well ?eveloped beEore Permian time and which may have originated in 
the Early Paleozoic as the margin of the Tobosa basin. There are various 
flexures, arches, and faults on the shelf, but tectonic activity probably 
ceased in Tertiary time. 

The Diablo platform, which forms the southwestern border of the Delaware 
basin, experienced upLiEt, folding, and faulting in the late Paleozoic. 
Deformation also occurred in Late Tertiary time through block faulting and 
bucklincj. :!clocen~. uplift clong the easr . . -1 . .> sug.j:?sts zonti :iing tecton:~ 
development in the area. The other late Faieozoic structural elements of the 
area are only remotciy related to the site. 

Late Tertiary Basin and Range tectonics produced the Sacramento, Guada- 
lupe, and Delaware Mountains to the west. They are generally eastward-tilted 
fault blocks bordered on the west by complex normal fault systems forming 
short, steep westward slopes and backslopes dipping gently eastward. Tectonic 
activity began during Mississippizn to Early Permian time as fault systems, 
followed by the major Basin and Range tectonics. Small fault scarps in recent 
alluvium at the western edge of these ranges, some seismic activity, and 
changes in level lines suggest that structural developnent is continuing 
(Powers et al., 1978, pp. 3-73ff). 

Igneous activity 

Post-Precambrian igneous activity in the region consists of Tertiary 
intrusives and Tertiary to Quaternary volcanic terrains located on the north, 
west, and south of the site area outside the Delaware basin. Only minor 
igneous activity, now represented by dikes and possibly sills, is known to 
have occurred within the basin. 

The closest such igneous Eeature to the reference site is a near-vertical 
trachyte or lamprophyre dike or en-echelon dikes trending about N 50° E for 
perhaps 75 miles into New Mexico from near the Texas-New Mexico border south- 
west of Carlsbad Caverns, passing about 9 miles northwest of the site center 
(Figure 7-6). The dike is exposed in two mines. It is also shown by cut- 
tings or logs from drill holes and by aeromagnetic indications, and at the 
surface 42 miles southwest of the site in the Yeso Hills. It has been dated 
as Mid-Tertiary and intrudes only into the late Permian Salado and underlying 
formations. 

The principal Tertiary igneous features outside the Delaware basin are 
possible intrusive bodies within the Delaware Mountains, widespread intrusives 
farther south and west in the Trans-Pecos region of Texas, and several fea- 
tures well to the north of the basin: the eastward-trending El Camino del 
Diablo and Railroad Mountain dikes and the stocks of the Capitan and Sierra 
Blanca Mountains. Quaternary volcanic and related extrusive terrains are 
present west of the site region within the Basin and Range province. 



-- Dike trend Airborne magnetic mponu-19W 

Well intercept of dike 0 Airborne magnetic rnponu-1961-64 

Figure 7-6. Igneous dike in the vicinity of the reference site. 

7.2.3 Site Physiography and Geomorphology 

The land surface in the area of the reference site is a semiarid, wind- 
blown plain sloping gently to the west and southwest, hummocky with sand 
ridges and dunes. A hard caliche layer is typically present beneath the sand 
blanket and on the surface of the underlying Pleistocene Gatuna Formation. 
Figure 7-7 is a topographic map of the area. Elevations at the site range 
from 3570 feet in the east to 3250 feet in the west. The average east-to-west 
slope is 50 feet per mile (Griswold, 1977). 

Livingston Ridge is the most prominent physiographic feature near the 
site. It is a west-facing escarpnent that is about 75 feet high and marks the 
eastern edge of Nash Draw, the nearest drainage course to the site. Nash Draw 
is a shallow 5-mile-wide basin, 200 to 300 feet deep and open to the south- 
west. It is at least partly caused by subsurface dissolution and the accom- 
panying subsidence of overlying materials. Livingston Ridge is the approx- 
imate boundary between terrain that has undergone erosion and/or solution 
collapse and terrain that has not been as significantly affected (Powers et 
al., 1978, pp. 4-5ff) . 
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Figure 7-7. Site topographic map. 

About 15 miles e a s t  of t h e  s i te  is t h e  s o u t h e a s t - t r e n d i n g  San Simon Swale ,  
a  d e p r e s s i o n  due a t  l e a s t  i n  p a r t  to s u b s u r f a c e  d i s s o l u t i o n .  Between San 
Simon Swale and t h e  s i te  is a  broad,  low mesa named "The Divide." I t  is a b o u t  
6 mi les  e a s t  of t h e  s i t e ,  about  100 f e e t  above t h e  s u r r o u n d i n g  t e r r a i n ,  and  is 
a boundary between southwest  d r a i n a g e  toward Nash Draw and s o u t h e a s t  d r a i n a g e  
toward San Simon Swale. The Divide  is capped by t h e  O g a l l a l a  Format ion and 
o v e r l y i n g  c a l i c h e ,  upon which have formed s m a l l ,  e l o n g a t e d  d e p r e s s i o n s  s i m i l a r  
to those  i n  t h e  a d j a c e n t  High P l a i n s  s e c t i o n  t o  t h e  e a s t .  

S u r f a c e  d r a i n a g e  is i n t e r m i t t e n t ;  t h e  n e a r e s t  p e r e n n i a l  s t r eam is t h e  
Pecos R i v e r ,  a b o u t  15 m i l e s  southwest  o f  t h e  s i t e  c e n t e r .  S u r f a c e  runof f  f rom 
heavy r a i n s  a t  t h e  s i t e  may e n t e r  t h e  Pecos River  v i a  Nash Draw; d i s c h a r g e  o f  



sha l low groundwater seems a l s o  t o  be c o n t r o l l e d  by t h e  Pecos River ( s e e  Set- 
, . t i o n  7.3, Hydrology).  Basins  l i k e  Nash Draw have evolved p a r t l y  by subsur face  
i d i s s o l u t i o n  of t h i c k  s a l t ,  but t h e r e  is no way t o  e s t i m a t e  t h e  r a t e s  

o f  d i s s o l u t i o n  under d i f f e r e n t  c l i m a t i c  cond i t i ons .  The site's l o c a t i o n  near 
a n a t u r a l  d i v i d e  p r o t e c t s  i t  from f l ood ing  and s e r i o u s  e r o s i o n  by heavy run- 
o f f .  Should t h e  c l i m a t e  become more humid, any p e r e n n i a l  s t reams  should 
fo l l ow  t h e  p r e s e n t  b a s i n s ,  and Nash Draw and San Simon Swale would be t h e  most 
eroded,  l e av ing  t h e  d i v i d e  a r e a  r e l a t i v e l y  i n t a c t  (Bachman, 1974) .  

Disso lu t ion-caused  subs idence  i n  Nash Draw and elsewhere  i n  t h e  Delaware 
b a s i n  has  caused a s ea r ch  f o r  geomorphic i n d i c a t i o n s  of subs idence  near t h e  
si te.  One f e a t u r e  t h a t  has a t t r a c t e d  some a t t e n t i o n  (Griswold,  1977) is a 
sha l low s i n k  about  8 miles no r th  of t h e  s i te  c e n t e r  i n  t h e  s o u t h e a s t  p a r t  of 
S e c t i o n  9 ,  T 21  S ,  R 31 E. I t  is very subdued, about  1000 f e e t  i n  diameter  
and a mere 30 f e e t  deep. R e s i s t i v i t y  s t u d i e s  ( E l l i o t ,  1976) i n d i c a t e  very 
s h a l l s w  s u r f i c i a l  f i l l  w i t h in  c h i s  s rnk  and no d i s t u rbance  3f u r i e r l y i n q  beds ,  
i n d i c a t i n g  a s u r f a c e ,  r a t h e r  than subsu r f ace ,  o r i g i n .  Recent r e s i s t i v i t y  
su rveys  i n  t h e  s l t e  a r e a  ( E l l i o c ,  1977) showed an anomaly i n  Sec t l on  17,  T 22 
S,  R 31 E, w i t h i n  c o n t r o l  zone 11. I t  resembles  t h e  p a t t e r n  over a known 
s i n k ,  a so - ca l l ed  b r e c c i a  p ipe ,  but d r i l l i n g  showed normal subsu r f ace  s t r u c -  
t u r e  wi thout  b r e c c i a ,  and t h e  geophys ica l  anomaly has  been accounted f o r  by 
l o w - r e s i s t i v i t y  rock i n  t h e  Dewey Lake Red Beds. The p roce s s  of s a l t  d i s so lu -  
t i o n  is d i s cus sed  i n  Sec t i on  7.3. 

7.2.4 S i t e  S t r a t i g r a p h y  and Li tho logy  

Th i s  s e c t i o n  prov ides  s t r a t i g r a p h i c  (chronolog ic  sequence,  age,  dep th ,  
t h i c k n e s s ,  and e x t e n t )  and l i t h o l o g i c  ( rock type)  d e s c r i p t i o n s  of t h e  t o t a l  
rock column a t  t h e  s i t e .  More d e t a i l  is given i n  t h e  Geolog ica l  Cha rac t e r i -  
z a t i o n  Report  (Powers e t  a l . ,  1978, pp. 4 -9 f f ) .  The s i te  geo log i c  column, 
F igu re  7-8, i n d i c a t e s  t he  major rock u n i t s  beneath  t he  s i t e .  Table 7-1 
p rov ide s  s i m i l a r  in format ion  i n  t a b u l a r  form. The systems no t  d i s cus sed  i n  
t h e  t e x t  a r e  no t  p r e s e n t  a t  t h e  s i te  because of nondeposi t ion o r  e ro s ion .  

The rock column a t  t h e  s i t e  c o n s i s t s  of a Precambrian c r y s t a l l i n e  basement 
1400 t o  1000 m i l l i o n  yea r s  o l d ,  most ly  metasediments and igneous rocks;  carbo- 
n a t e s  of Ordovician t o  Mi s s i s s i pp i an  age  depos i t ed  i n  shallow-water o r  s h e l f  
c o n d i t i o n s ;  b a s i n a l  sediments  of La te  M i s s i s s i p i a n  to  mid-Permian age,  most ly  
s ands tone  depos i t ed  a f t e r  t h e  Delaware ba s in  had formed; Permian evapo r i t e s ;  
and La t e  and post-Permian c l a s t i c  rocks.  The s u r f a c e  is covered by a t h i n  
p e r s i s t e n t  veneer o f  Holocene sand. 

The t o t a l  t h i cknes s  of t h e  rock column above t h e  Precambrian basement a t  
t h e  s i te  is about  18,000 f e e t .  Of t h i s ,  pre-Permian rocks  make up about  5000 
f e e t ,  Permian rocks  over 12,000 f e e t ,  and post-Permian rocks  l e s s  than 100 
f e e t .  The Permian system c o n s t i t u t e s  over  two- th i rds  of t h e  sedimentary p i l e ,  
b u t  t he  po r t i on  of i n t e r e s t  f o r  t h e  r e f e r e n c e  r e p o s i t o r y  i s  t h e  upper 4000 
f e e t  of e v a p o r i t e  and e v a p o r i t e - r e l a t e d  rocks of t h e  Ochoan S e r i e s  o f  La te  
Permian age.  

Precambrian 

C r y s t a l l i n e  basement rocks  near t h e  s i t e  a r e  be l i eved  t o  be g r a n i t i c  
igneous rock or  metamorphosed g r a n i t e s  and r h y o l i t e s .  The basement s u r f a c e  is 
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Table 7-1. Summary of Reference-Site Stratigraphy 

Million Approx. depth 
years to lower Approximate 
be£ ore contact at thickness 

Era System Ser ies Format ion present site (ft) (ft) 

Cenozoic Holocene Surf icial sand 10 0-100 
Quaternary Pleistocene Mescalero caliche 1 

Gat una 4 0 0-35 
a 

Tertiary 
a Mesozoic Cretaceous 

a Jurassic 
Triassic 

Paleozoic Permian 
Upper Triassic 
Ochoan 

Guadalupian 

Leonardian 
Wolfcampian 

Pennsylvanian Desmoinesian? 
Derryan? 
Mor rowan? 

Mississippian Upper Miss. 
Lower Miss. 

Devonian Upper Devonian 
Silurian -- 
Ordovician -- 

cambriana 
Precambrian 

Santa Rosa Sandstone 
Dewey Lake Red Beds 
Rustler 
Salado 
Castile 
Bell Canyon 
Cherry Canyon 
Brushy Canyon 
Bone Springs 
"Wolf camp" 

Strawn 
Atoka 
Morrow 
Barnett Shale 

- - 
Woodford Shale 

Mon toya Group 
Simpson Group 
Ellenburger Group 

a~ystems not present at the site. 



about 17,900 to 18,200 feet deep. Radiometric ages are 1140 to 1350 million 
years (Powers et al., 1978, p. 4-12) . 
Pre-Permian rocks 

Ordovician system. In the area of the site, the Paleozoic section begins 
with an estimated 1290 feet of Ordovician rocks beneath the center of the site 
(Foster, 1974). These rocks consist mostly of carbonates alternating with 
minor amounts of shale, sandstone, and conglomerate. 

Silurian system. Lying above the Ordovician dolomites is carbonate rock 
of Silurian or Siluro-Devonian age. Near the site it is entirely light- 
colored dolomite with appreciable chert, except for two prominent intervals of 
limestone (Foster, 1974). The basal contact is apparently disconformable in 
this area. The total thickness of Silurian or Siluro-gevonian carbonates is 
about 1140 f a t  (Foster, 1974). ?F.ey thin :~estwrlrd relatively uniformly. _'he 
top of the Siiurian is about 15,850 feet S2neath the surface (Netherland, 
Sewell, 1974) . 

Devonian system. The Devonian system is represented by a distinctive unit 
of organic, pyritic black shale that unconformably overlies the Silurian car- 
bonates. Beneath the center of the site it is about 175 feet thick and 
thickens gradually southeastward (Foster, 1974). 

Mississippian system. Rocks of the Mississippian system at the site 
include a series of limestones and overlying shale. The top of the Missis- 
sippian is about 15,150 feet below the surface (Netherland, Sewell, 1974). 
The carbonates are about 480 feet thick at the site, gradually thickening 
northward. The overlying black shale is about 175 feet thick. 

Pennsylvanian system. The Pennsylvanian strata at the site are approxi- 
mately 2200 feet thick (Foster, 1974). The section consists of alternating 
membeis of sands tone, shale, and limes tone and rests unconf ormably on the 
underlying Mississippian shale. 

Unlike most of the earlier Paleozoic strata, the Pennsylvanian strata and 
some of the Lower Permian strata in the Delaware basin show many changes in 
vertical lithology and many lateral facies changes along time-equivalent 
horizons. 

Permian system 

The Permian strata are as much as 13,000 feet thick within the Delaware 
basin, the most complete Permian succession in North America. The Permian 
section at the site is about 12,800 feet thick, over two-thirds of the entire 
sedimentary column and more than twice as thick as all earlier Paleozoic for- 
mations combined (about 5200 feet). Of this total, 3600 to 3800 feet of 
thick, relatively pure evaporites (primarily halite and anhydrite) are in the 
upper part of the sequence, where the repository is to be .--nstructed (Powers 
et al., 1978, pp. 4-19fE). 

The Lower Permian rocks are interbedded limestone, shale, dolomite, and 
sandstones. During the Late Permian the Capitan reef and the overlying 
massive evaporites were deposited. These evaporites consist of, in ascending 
order, the Castile, Salado, and Rustler Formations, which are overlain by the 
clastics of the Dewey Lake Red Beds. The four formations at the site have a 



iibt t o t a l  t h i c k n e s s  of  a b o u t  4100 f e e t ,  o f  which a l m o s t  3600 f e e t  a r e  evapor i t e s - -  
7 %  l a r g e l y  a n h y d r i t e  and h a l i t e ,  w i t h  some f i n e - g r a i n e d  clast ics and e v a p o r i t i c  
. sa l t s  i n c l u d i n g  c a r b o n a t e s  and po tas s ium and magnesium m i n e r a l s .  The C a s t i l e  

and R u s t l e r  a r e  r i c h e r  i n  a n h y d r i t e  and c a r b o n a t e  rock t h a n  is t h e  S a l a d o ,  and 
:. t h e y  form b a r r i e r s  t h a t  o v e r  g e o l o g i c  time have  r e t a r d e d  t h e  movement o f  

+-: groundwater  i n t o  t h e  S a l a d o  Format ion .  

The C a s t i l e  Format ion  rests i n  a p p a r e n t  c o n f o r m i t y  o n  u n d e r l y i n g  sand- 
s t o n e s  and l i m e s t o n e s .  A t  t h e  s i te  i ts  t o p  is a b o u t  2800 f e e t  deep,  and it is 

. ./ a b o u t  1300 f e e t  t h i c k .  I t  c o n s i s t s  mainly  o f  m a s s i v e  beds  o f  l amina ted  
c a l c i t e - a n h y d r i t e  and h a l i t e .  I n  t h e  b a s i n  t h e  C a s t i l e  has  s e v e r a l  mass ive  

-I' 
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anhydr i t e  members s e p a r a t e d  by modera te ly  t h i c k  s a l t  beds  merging to t h e  n o r t h  
i n t o  a wedge o f  a n h y d r i t e  t h a t  t h i n s  toward t h e  C a p i t a n  r e e f .  

2 - * 
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The S a l a d o  F o r m a t i o n ,  t h e  p r i n c i p a l  s a l t  f o r m a t i o n  o f  t h e  a r e a ,  l i e s  
unconiorrna~1:- on t h e  : ; s t i l e .  A t  t h e  c e n t 2 r  of  t h e  s i t e  i ts  t c p  is  S E O  f e e t  
d e e p ,  and i ts  t h i c k n e s s  is 1976 f e e t .  :t is d iv i i i ed  i n f o r m a i l y  i n t o  t h r e e  
main aembers .  The i n d i v i d u a l  beds a r e  v e r y  p e r s i s t e n t  and a r e  t h e  b a s i s  o f  a 
numbering sys t em used by min ing  companies. The t h r e e  members a r e  an unnamed 
l o w e r ,  t h e  McNutt P o t a s h  Zone, and an unnamed upper .  The t h r e e  members a r e  
similar e x c e p t  t h a t  t h e  YcNutt P o t a s h  Zone is l o c a l l y  r i c h  i n  potassium- and 
magnesium-bearing m i n e r a l s  and s u p p o r t s  e x t e n s i v e  p o t a s h  mining to t h e  west 
and n o r t h  o f  t h e  s i t e .  The upper member c o n t a i n s  r e l a t i v e l y  l a r g e r  amounts o f  
c l a y  m i n e r a l s  and s u l f a t e  m i n e r a l s ,  i n c l u d i n g  a n h y d r i t e  and p o l y h a l i t e  (Powers 
e t  a l . ,  1978,  pp. 4 - 2 9 f f ) .  

.dq The lower member o f  t h e  S a l a d o  Formation is t h e  p roposed  l o c a t i o n  of  t h e  
r e f e r e n c e  r e p o s i t o r y .  A h o l e  a t  t h e  c e n t e r  o f  t h e  s i t e  shows t h e  p u r e s t  and 

-.- t h i c k e s t  h a l i t e  beds  to be i n  t h i s  lower member. The lower member c o n s i s t s  
p r i m a r i l y  o f  h a l i t e ,  though i n t e r b e d s  of  a n h y d r i t e  and p o l y h a l i t e  a r e  f a i r l y  
common. T h i n  zones  w i t h  up t o  a few p e r c e n t  c l a y  m i n e r a l  c o n t e n t  a r e  p r e s e n t  
i n  t h e  lower member a s  w e l l  a s  i n  t h e  rest  o f  t h e  S a l a d o .  Many o f  t h e s e  zones  
are a s s o c i a t e d  w i t h  a n h y d r i t e  o r  p o l y h a l i t e  beds.  A s i g n i f i c a n t  marker bed i n  
t h e  lower member is a 22-foot  seam of  anhydr i  t e  c a l l e d  t h e  Cowden a n h y d r i t e .  
W i t h i n  t h e  lower member, t h e  h a l i t e  below t h e  Cowden is t h e  p u r e s t  and most 
un i fo rm,  as i n f e r r e d  from d r i l l i n g  l o g s  and t h e  c o r e  t a k e n  from a d r i l l  h o l e  
a t  t h e  c e n t e r  o f  t h e  s i t e  (ERDA-9). Next i n  q u a l i t y  is a h a l i t e  zone above 
t h e  Cowden. T h i s  h a s  l e d  t o  t h e  s e l e c t i o n  o f  a n  RH-waste mine l e v e l  below t h e  
Cowden a t  a d e p t h  o f  a b o u t  2700 f e e t  below t h e  s u r f a c e ,  and a CH-waste mine 
l e v e l  above t h e  Cowden a t  a d e p t h  o f  a b o u t  2100 feet .  

Dur ing  t h e  d r i l l i n g  o f  a h o l e  nea r  t h e  s i t e  (ERDA-6) and o c c a s i o n a l l y  i n  
p o t a s h  mines ,  p o c k e t s  of  n i  t r o g e n - r i c h  g a s  have been e n c o u n t e r e d  i n  t h e  
e v a p o r i t e  sequence .  Lambert  (1978) s u g g e s t s  t h a t  t h i s  g a s  was o r i g i n a l l y  
d i s s o l v e d  i n  s e a w a t e r  t r a p p e d  a s  f l u i d  i n c l u s i o n s .  The e v a p o r i t e s  underwent 
some p o s t d e p o s i t i o n a l  r e c r y s t a l l i z a t i o n  a b o u t  204 m i l l i o n  y e a r s  ago; d u r i n g  
t h i s  p r o c e s s  some f l u i d  i n c l u s i o n s  c o a l e s c e d ,  fo rming  p o c k e t s  o f  b r i n e  and 
a i r .  The f r e e  oxygen is r e a d i l y  scavenged by r e d u c i n g  chemica l  s p e c i e s ,  
l e a v i n g  a c c u m u l a t i o n s  of  n i  t rogen-enr i ched  g a s .  

Ou tc rops  o f  t h e  R u s t l e r  Format ion  i n  Nash Draw a r e  o f t e n  d i s r u p t e d  by 
s o l u t i o n  of  s a l t  n e a r  t h e  s u r f a c e  and form a jumbled mass o f  gypsum w i t h  some 
d o l o m i t e ,  s a n d s t o n e ,  and c l a y s .  Eas tward ,  a t  g r e a t e r  d e p t h s ,  t h e  gypsum i n  
t h e  R u s t l e r  g i v e s  way t o  t h e  o r i g i n a l  a n h y d r i t e  and minor p o l y h a l i t e ,  and t h e  
s a n d s t o n e  and c l a y s t o n e  g i v e  way t o  sandy and c l a y e y  s a l t .  A t  t h e  c e n t e r  o f  
t h e  s i t e ,  where i ts t o p  is 550 f e e t  deep and t h e  f o r m a t i o n  is 310 f e e t  t h i c k ,  



the Rustler consists primarily of thick seams of anhydrite (up to 50 feet 
thick) and siltstones containing halite near the base. It contains two dolom- 
ite beds, the Culebra and the Magenta, 720 and 610 feet leep, respectively. 
Each is about 25 feet thick. The Culebra contains water of varying quality 
and quantity (see Section 7.3) (Powers et al., 1978, pp. 4-39ff). 

The Dewey Lake 2ed Beds rest unconformably on the Rustler Formation and 
are the uppermost of the Late Permian and Paleozoic rocks in the Delaware 

- - 

basin. They are reddish-orange to reddish-brown siltstones and fine-grained 
sandstones. Some beds are structureless, others are horizontally laminated or 
cross-laminated. ~ccording to Vine (1963), they represent the beginning of 
continuous deposition of detrital sediment following the long period of evapo- 
rite deposition in the Delaware basin and adjacent shelf areas of southeastern 
Flew Mexico. At the site, they are 63 feet deep and 490 feet thick. 

; 
PmL-Perai.:n rocks 

Triassic systen. The Santa Rosa Sandstone of Late Triassic age r.2sts 
unconformably with sharp lithologic contact on the Dewey Lake Red Beds. 
Representing a gap between Permian and Late Triassic time, this unconformity 
indicates a break in deposition perhaps longer than any previous in the region 
since Mississippian time or even earlier. At the site the Santa Rosa Sand- 
stone is a 9-foot-thick erosional wedge that pinches out just to the west of 
the site center. Mostly it is cross-stratified, medium- to coarse-grained, 
gray to yellow-brown sandstone, but it includes conglomerate and reddish-brown 
mudstone (Powers et al., 1978, pp. 4-44f f . 

Quaternary system. The Gatuna Formation of Pleistocene age forms a thin 
blanket, locally absent, up to 30 feet thick. In spite of its shallow depth 
below the surface, however, the Gatuna crops out only rarely, being mostly 
obscured by a thin but persistent veneer of caliche and surficial sand. The 
nearest mapped outcrops occur along the west-facing slope of Livingston Ridge 

I 
at the edge of Nash Draw about 4 miles northwest of the center of the site 
(Figure 7-9). Though the Gatuna is mainly a fine-grained, reddish or brownish 

I 
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friable sandstone, conglomerate lenses and blankets are common regionally. 
Gatuna time was the most humid Pleistocene stage in southeastern New Mexico, 
with an age of about 600,000 years (Bachrnan, 1974; Powers et al., 1978, pp. 
4-47f f) . 

Beneath an obscuring cover of wind-blown sand, most of the site is covered 
by a hard caliche (a near-surface layer of calcium carbonate). It is 3 to 5 
feet thick, light gray to white, and sandy and is said to be the remnant of an 
extensive soil profile. It formed about 500,000 years ago through successive 
cycles of dissolution and reprecipitation of carbonates during the dry period 
after the moist Gatuna time. 

Holocene 2eposits near the site include wind-blown sand, alluvium, and 
playa deposits (Figure 7-9). The main deposit is the wind-blown sand, locally 
known as the Mescalero sand (Vine, 1963), that covers nearly all of the site, 
occurring either as a sheet deposit resting on caliche or as conspicuous dune 
fields. The sheets are probably no more than 10 to 15 feet thick on the 
average; the sand dunes may be as high as 100 feet. At many places the sand 
consists of a compacted, slightly clayey moderate-brown sand up to 1.5 feet 
thick overlain by loose, light-brown to light-yellowish-gray sand. The dunes 
appear to be relatively inactive at present, partly stabilized by a sparse 
plant cover. The widespread deposits of wind-blown sand are indicative of a 





large source of fine sand as well as of the extreme fluctuations of climate 
during Pleistocene time. During humid intervals in Pleistocene time the sand 
was eroded from nearby outcrops of the Ogallala Formation, and during arid 
intervals the wind has moved this sand across the Mescalero plain (Bachman, 
1974). 

The proposed emplacement horizons are at depths of about 2100 and 2700 
feet in the Salado Formation. Studies have been made of the mineralogy, 
chemistry, thermophysical properties, deformation, volatile content, and fluid 
inclusions of the beds. The Geological Characterization Report (Powers et 
al., 1978), particularly Chapters 7 and 9, details these studies, studies of 
related horizons, and methods used. 

The physical proDer ties 3nd macha?ic=~ '-p.ti?-..-i or -' - -b.-k --- slit d,Efer from 
those of other q~ologic naterlals. It shows nonlinear inelastic response 
under practically all Loading conditions. It exhibits ductile-like behavlor 
at temperatures and pressures often encountered in mining. It can undergo 
large strains before failure, and openings even at very shallow depths have 
completely closed over long periods (Bar, 1977) . It is therefore important 
to distinguish salt from other rocks, particularly in analyzing deformations. 

The rock salt of southeastern New Mexico has been studied through petro- 
graphy, which gives indirect information on physical and mechanical proper- 
ties, through direct measurement of physical properties, and through direct 
measurement of thermal-mechanical properties. 

The basic mineral of both repository horizons is halite. Also present are 
anhydrite, polyhalite, quartz, and a suite of clay minerals (illite, chlorite, 
talc, serpentine, and expandable clays). Halite beds within the emplacement 
horizons are about 97% halite. Most of the remainder is anhydrite (Bodine and 
MacMillan, 1978) . 

The grain size of all salt studied varies, in order of decreasing abun- 
dance, from coarse (20.45 inch) to medium (0.05 to 0.45 inch) and fine- 
grained (53.05 inch). The grain geometry of many coarse samples suggests some 
secondary recrystallization (Bodine and Madillan, 1978). 

Grain boundaries are moderately tight; halite grains touch locally with 
few mineral constituents in the interstices. Individual grains show no elon- 
gation or preferred orientation. 

Powdered samples were heated in nitrogen and their weight loss measured. 
The loss includes water loss, gas loss, and loss from decomposition. The 
median weight loss was 0.36%, but one sample of polyhalite (theoretically 
6 wt% water) from between the proposed storage levels had a 5.4% weight loss 
(Powers et al., 1978, pp. 7-32ff and Table 7.12). Roedder and Belkin's (1978) 
samples showed an average of 0.36 wt% fluid throughout the evaporites. The 
range of fluid content was from about 0.1 to 1.7 wt%, consistent with results 
obtained by static heating and thermogravimetric analysis. Roedder and Belkin 
(1978) also indicate that the fluids are not simply sodium and potassium 
chloride solutions, but include other ions such as magnesium. The amount of 
gas in the fluid inclusions is generally very low, implying that the inclusion 
would probably move up a thermal gradient toward a heat source. The inclu- 
sions seem not to have migrated significantly since they were formed during 
permian tine. 



The p h y s i c a l  p r o p e r t i e s  measured  i n c l u d e  d e n s i t y ,  m o i s t u r e  c o n t e n t ,  
i t y ,  a i r  p e r m e a b i l i t y ,  e l e c t r i c a l  r e s i s t i v i t y ,  u l t r a s o n i c  v e l o c i t y ,  and  

the rma l  c o n d u c t i v i t y .  Mechan ica l  p r o p e r t i e s  measured i n c l u d e  u n i a x i a l  cm- 
p e s s i v e  s t r e n g t h ,  unconf ined  t e n s i l e  s t r e n g t h ,  s t r e s s - s t r a i n  b e h a v i o r  and 
"ltimate stress i n  q u a s i s t a t i c  t r i a x i a l  compress ion ,  e last ic  modu l i ,  p r i n c i p a l  
s t r a i n  r a t i o s ,  y i e l d  stress (e las t ic  l i m i t ) ,  and  c r e e p  rates. Othe r  tests 

. a d d r e s s e d  t h e  e f f e c t s  o f  spec imen p r e p a r a t i o n  on  t h e  r e s u l t s  o b t a i n e d  i n  t h e  
* l a b o r a t o r y .  R e p r e s e n t a t i v e  m e c h a n i c a l  p r o p e r t i e s  a r e  l i s t e d  i n  T a b l e  7-2. 

I S a l t  f rom t h e  s i te  c a n  undergo t r a n s i e n t  and  s t e a d y - s t a t e  c r e e p .  S teady-  
state c r e e p  is b e i n g  c o n s i d e r e d  i n  d e s i g n  c a l c u l a t i o n s ,  p a r t i c u l a r l y  a t  h i g h  
t e m p e r a t u r e s .  P r e l i m i n a r y  s t e a d y - s t a t e  c r e e p  rates are i n  t h e  r a n g e  o f  10-10 
to 10'~ sec-l. T r a n s i e n t  c r e e p  depends  o n  p r e s s u r e ,  p r i n c i p a l  stress d i f f e r -  
ence ,  and  t e m p e r a t u r e ;  t h e  r e s u l t s  i n d i c a t e  t h a t  t h e s e  t h r e e  a r e  n o t  indepen- 
d e n t  o f  e a c h  o t h e r .  O f  t h e s e  t h r e e ,  t e m p e r a t u r e  a p p e a r s  t o  have  t h e  most 
d ramac lc  e f f e c t  on t h e  c r e e p  r a t ? .  

T a b l e  7-2. P r o p e r t i e s  o f  S a l t  a t  t h e  R e f e r e n c e  sitea 

P r o p e r t y  Average v a l u e  ( r a n g e )  

PHYSICAL PROPERTIES 

D e n s i t y  (g/m3) 2.18 
P o r o s i t y  (%)  0.5 (0.1-0.8) 
M o i s t u r e  l o s s  ( %  by w e i g h t  t o  3 0 0 ~ ~ )  0.4 (0-1.0) 
R e s i s t i v i t y  (ohm-m) 58,100 (4900-230,000) 
A i r  p e r m e a b i l i t y  ( d a r c y s )  10'~ 
P-wave v e l o c i t y  ( k m / s e c )  4.5 (4.42-4.62) 
Thermal c o n d u c t i v i t y  (W/m-K) 5.75 

MECHANICAL PROPERTI ES 

Q u a s i s t a t i c  p r o p e r t i e s  a t  23OC 

Unconf ined  s t r e n g t h  ( p s i )  2450-3300 
S e c a n t  modulus ( p s i )  2  x  l o 6  
P r i n c i p a l  s t r a i n  ( P o i s s o n ' s )  r a t i o  0.25-0.35 
S t r a i n  a t  f a i l u r e  ( % )  f o r  

c o n f i n i n g  p r e s s u r e  a; o f  
0  p s i  2.5-6.0 
500 p s i  17-20 
3000 20 

T e n s i l e  s t r e n g t h  ( p s i )  220 
~ n i t i a l  y i e l d  s t r e s s  (01 - o  3 )  ( p s i )  10 0  

P r e l i m i n a r y  c r e e p  p r o p e r t i e s  

S t e a d y - s t a t e  c r e e p  r a t e  ; (sec-1): 
A t  2 3 O ~  and a 1  - 03  = 1000 p s i  10-lo 
A t  130°c and o l  - 0 3  = 2000 p s i  lo -7  

- - 

aData from Powers e t  a l .  (1978,  pp. 1 - 3 4 f f ) .  



7.2.5 S t r u c t u r e  and T e c t o n i c s  

Rock s t r u c t u r e s  r e co rd  p a s t  rock deformat ions .  T h i s  r e co rd  a l lows  t h e  
r e cons t ruc t i on  of  t h e  t e c t o n i c  h i s t o r y  ( l a r g e - s c a l e  e v e n t s  i nvo lv ing  t h e  
e a r t h ' s  c r u s t )  o f  t h e  s i t e  and r eg ion  and t h e  e v a l u a t i o n  of its g e n e r a l  
s t a b i l i t y .  Th is  s e c t i o n  summarizes t e c t o n i c  and n o n t e c t o n i c  mechanisms, deep  
s t r u c t u r e s ,  s a l t  de format ion ,  sha l low s t r u c t u r e s ,  and man-made subs idence  
s t r u c t u r e s .  More d e t a i l e d  d e s c r i p t i o n s  a r e  g iven  e l s ewhe re  (Powers e t  a l . ,  
1978) . 
Tecton ic  and n o n t e c t o n i c  mechanisms a t  t h e  s i t e  

I n  t h e  development o f  t h e  Delaware b a s i n  p r e e x i s t i n g  rocks  were deformed 
by t h e  weight of r a p i d l y  d e p o s i t e d  sed iments  and by t e c t o n i c  stress from 
w i t h i n  t h e  c r u s t .  The p r e sence  of t h i c k  s a l t  beds s t r o n g l y  a f f e c t s  t h e  
deformat ions .  Thick s a l t  Zeforms p l a s t i c a l l y ,  \ ? r y  d i f f e r e n t l y  f r c  !-he 
deEor73tioa of k ~ r l t _ - - .   roc^. ,IS a r e s u l t ,  when t e c t o n i c  f o r c e s  a c t  on a 

1 
1 

s t r u c t u r e  having a ch ick  s z l t  bed sandwiched between two l a y e r s  of b r i t t l e  
cock, t h e r e  need be no s l m i l a c l t y  between t h e  de fo rma t ions  o f  t h e  upper and 
t h e  lower rock l a y e r s .  I B 

I: 
Di f f e r ences  i n  deformat ion  above and below a s a l t  l a y e r  a l s o  r e s u l t  from ! 

t h e  c o l l a p s e  and de fo rma t ion  of rock u n i t s  o v e r l y i n g  a c t i v e  d i s s o l u t i o n  of a 
s a l t  l aye r  by u n s a t u r a t e d  groundwater.  i 

I 
C l e a r l y ,  t h e n ,  s t r u c t u r a l  f e a t u r e s  i n  t h e  rocks  t h a t  occur  i n  t h e  a r e a  a r e  

r e l a t e d  t o  t h e  p o s i t i o n  of t h e s e  rocks  i n  t h e  g e o l o g i c  column. Accordingly,  
t h e  fol lowing d e s c r i p t i o n  of g e o l o g i c  s t r u c t u r e  a t  t h e  s i t e  is organ ized  i n t o  
s e p a r a t e  d i s c u s s i o n s  o f  s t r u c t u r e s  below t h e  s a l t ,  t h e  s a l t  beds ,  and s t r u c -  

! 
t u r e s  above t he  s a l t ;  a l s o  d i s cus sed  is subs idence  i n  t h e  Po t a sh  Mining 
D i s t r i c t  c l o s e  t o  t h e  s i t e  t o  t h e  west  (Powers e t  a l . ,  1978,  pp. 4 -54f f ) .  

! 
I 

Deep s t r u c t u r e s  i 
The Mid- and Early-Permian rocks  beneath  t h e  s a l t  beds  s l o p e  east -south-  i 

e a s t  a t  about  50 f e e t  pe r  m i l e .  The Pa l eozo i c  rocks  benea th  t h e  Permian s l o p e  1 
i n  t h e  same d i r e c t i o n  bu t  more s t e e p l y ,  a t  about  100 to 150 f e e t  per m i l e .  I 

The nea r e s t  s u b s t a n t i a l  f a u l t  is a no r th - t r end ing  f a u l t  a b o u t  15 t o  20 miles 
e a s t  and s o u t h e a s t  of t h e  s i t e ,  de sc r i bed  by F o s t e r  (1974)  and r e f e r r e d  t o  a s  
t h e  "Bel l  Lake f a u l t . "  I t  has  a l e n g t h  of about  15 miles and a d i sp lacement  
of about  500 f e e t .  F o s t e r ' s  work i n d i c a t e s  t n a t  Upper Permian s t r a t a  a r e  n o t  
o f f s e t  by t h e  f a u l t ,  b u t  t h e  deeper  Permian s t r a t a  a r e  d i s t o r t e d  near  t h e  
f a u l t  (Powers e t  a l . ,  1978, pp. 4 -56f f ) .  

Contour maps based on s e i s m i c  r e f l e c t i o n  d a t a  o f  t h e  P a l e o z o i c  s t r a t a  
below t h e  s a l t  show s m a l l  f a u l t s  running g e n e r a l l y  n o r t h - n o r t h e a s t  and sma l l ,  
sha l low domes and s a d d l e s  s e v e r a l  miles a p a r t  and s e v e r a l  hundred f e e t  from 
c r e s t  t o  trough. 

F igu re s  7-10 and 7-11 (Griswold,  1977) show sou thwes t -no r thea s t  and 
nor thwes t - sou theas t  s e c t i o n s ,  r e s p e c t i v e l y ,  a c r o s s  t h e  s i te .  F a u l t s  a r i s i n g  
i n  t he  basement r ocks  c u t  through t h e  Pennsylvanian s t r a t a  and f ade  o u t  i n  t h e  
Permian. F a u l t s  i n d i c a t e d  i n  t h e  lower p o r t i o n  of t h e  C a s t i l e  a r e  be l i eved  t o  
be depos i t iona l -g rowth  f a u l t s .  They a r e  n o t  found i n  t h e  Delaware Mountain 
Group. There is much l e s s  warping i n  t h e  Delaware ~ o u n t a i n  Group, and it is  
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apparently unrelated to the deeper trends. The Delaware Mountain Group 
locally forms a northwest-trending saddle, with about 100 feet of structural 
relief, near the center of the site. 

Structural differences between Delaware and pre-Permian strata suggest 
different origins and two periods of faulting. Below the Pennsylvanian all 
strata are deformed together, the intensity increasing with depth. Tectonic 
deformation apparently occurred in Late Pennsylvanian or Early Permian time 
and established the local structure of all pre-Permian rocks. Faults arising 
in the basement rocks cut into, but not through, the Pennsylvanian strata 
(Powers et al., 1978, pp. 4-59). 

Salt deformation in the Castile and Salado Formations 

In the northern Delaware basin, a structural feature common to all levels 
of the evzporltz sectlon is the e:~lformit>l in direction and slcpe ?r t h e  
gentle, even, southeastward dip (Figure 7-11) (Cones, 1973). Superlnposed on 
the even dip are locallzed salt-fl~w stiuctures; same mav be Pernian in age, 
others appear related to Delaware basin tilting of mid-Tertiary age (Powers et 
al., 1978, pp. 4-60ff). 

The greatest deformation in the evaporite sequence at or near the site 
seems to be spatially related to a structural trough trending northwest- 
southeast and parallel to the base of the Capitan reef front about 8 miles 
north of the site. This trough is about 3 to 4 miles wide. Halite and 
anhydrite in the middle member of the Castile are folded, decreasing to the 
northwest and increasing to the southeast. This has caused buckling, down- 
warping, and uplift of the Salado in a broad arc trending northwestward across 
the area. 

The belt of deformation sometimes includes salt-flow structures from the 
Castile (Anderson, 1978; Anderson and Powers, 1978). Some seem to have been 
formed when regional tilting caused plastic flow of salt against the Capitan 
reef. The time of the regional tilting has not yet been found, but it 
occurred after Late ~riassic time and before uppermost Miocene time. Other 
salt structures do not appear to involve overlying Permian and post-permian 
rocks, implying that in those instances deformation occurred at about the same 
time as deposition (Powers et al., 1978, pp. 4-61f f) . 

A ridge-and-saddle configuration trending northwest, with a crest-to- 
trough separation of 2 to 3 miles and a total structural relief of up to 400 
feet is indicated by the contours of the top surface of the Castile Forma- 
tion. Its origin is not known; it may be a depositional structure, or it may 
reflect past deformation by salt in underlying units. 

Northeast of the site is a domelike structure with a core of mobilized 
Castile salt within the belt of salt deformation flanking the Capitan reef. 
A similar domelike structure without salt is southwest of the site. 

The Salado has no traces of a northwest-southeast ridge such as the one 
suggested for the Castile. The two domelike structures are also present in 
the Salado, but there seem to be no such structures within the site. 

Anderson (1975) has attributed some localized depressions within the 
evaporite units to "deep dissolution." In the central part of the basin to 
the south of the site, these "deep-seated sinks" may not show at the surface 
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and a r e  no t  c l e a r l y  r e l a t e d  to t h e  sha l lower  d i s s o l u t i o n  f e a t u r e s  d e s c r i b e d  
below. These midbasin  "deep s i n k s n  may n o t  be of  r e c e n t  o r i g i n .  I f  t h e y  a r e ,  
t hey  may w e l l  be r e l a t e d  to o t h e r  c o l l a p s e  f e a t u r e s  i n  t h e  Delaware b a s i n  
reg ion  a s  d i f f e r e n t  s t a g e s  of  a g e n e r a l  p roce s s  of e r o s i o n  (Anderson, 1978, 
pp. 58-59). 

Two d e p r e s s i o n s  i n  t h e  Sa lado  occur  near  t h e  site. One, i d e n t i f i e d  by 
Anderson (1978, F i g u r e  7 )  a s  a p o s s i b l e  "deep  s i n k , "  is n e a r l y  4 miles e a s t -  
s o u t h e a s t  of t h e  edge of  c o n t r o l  zone 11. A second is c e n t e r e d  abou t  a mile 
n o r t h  of  zone 11. Thi s  f e a t u r e  appea r s  no t  to be a s i n k  o r  b r e c c i a  p i p e ,  a s  
o t h e r  hor izons  a r e  no t  a f f e c t e d  and t h e r e  is no r e s i s t i v i t y  anomaly. For s i te  
s t r u c t u r e s  see t h e  Geo log i ca l  C h a r a c t e r i z a t i o n  Repor t  (Powers e t  a l . ,  1978) .  

I n  summary, t h e  Sa lado  Formation ha s  a r e l a t i v e l y  uniform e a s t e r l y  d i p  of  f 
about  80 t o  100 f e e t  per m i l e  a c r o s s  t h e  s i te ,  and t h e r e  is l i t t l e  ev idence  of  

r 

any s i q n i f i c a n t  s t r u c t u r a l  a r ama l i e s .  N o  p l a s t i c  2- . forvat :  7 3uckl in;  
a s s o c : ~ t e a  w i th  s a l t  flow seems to have occu r r ed  i n  t h e  S a l a a o  as i t  has  i n  
t h e  1 :er l e v e l s  of  t h e  C a s t i l e .  The a r t e s i a n  b r i n e  r e s e r v o i r s  sometimes 
founa a r e  a s s o c i a t e d  w i th  th ickened  sa l t  s e c t i o n s  and s a l t - f l o w  s t r u c t u r e s  i n  
t h e  C a s t i l e .  N o  such  deformat ion is r ecogn i zab l e  w i t h i n  t h e  s i t e  i n  any of  
t h e  Sa lado  s t r a t a ;  i n  f a c t ,  t h e  s i te  appea r s  to be i n  a s l i g h t  s add l e .  

Shal low s t r u c t u r e s  1 

R o c k s  above t h e  Sa l ado  Formation have been weathered and sometimes have 
secondary s t r u c t u r e s  r e s u l t i n g  from s u r f i c i a l  d i s s o l u t i o n  and subs idence .  
Shal low s t r u c t u r e s  a t  t h e  s i te  t h e r e f o r e  have g r e a t e r  i r r e g u l a r i t y  and com- 
p l e x i t y  than  do deeper  rocks.  "Shallow" is h e r e  d e f i n e d  t o  i n c l u d e  a l l  d e p t h s  
down through t h e  R u s t l e r  Formation,  o r  to a dep th  of  abou t  850 f e e t  benea th  
t h e  cen t e r  of t h e  s i t e  (Powers e t  a l . ,  1978, pp. 4 -73f f ) .  

The R u s t l e r  Format ion i n  t h e  sou thwes te rn  p a r t  of  t h e  s i t e  h a s  a d i p  of 
about  80 f e e t  p e r  mile t o  t h e  s o u t h e a s t .  Eastward t h i c k e n i n g  of  t h e  R u s t l e r  
is r e l a t e d  t o  t h e  i n c r e a s i n g  amount of h a l i t e  p rese rved .  Subsu r f ace  d a t a  show 
t h a t  d i s s o l u t i o n  o f  100 t o  200 f e e t  of s a l t  ha s  mod i f i ed  t h e  s u r f a c e  and 
sha l low subsu r f ace  s t r u c t u r e  bu t  ha s  n o t  been accompanied by h i g h l y  i r r e g u l a r  
subs idence  s t r u c t u r e s  i n  t h e  o v e r l y i n g  s t ra ta  a t  t h e  site. 

The t o p  of t h e  Dewey Lake Red Beds does  n o t  s l o p e  ea s twa rd  as do  a l l  lower 
Delaware b a s i n  ho r i zons  bu t  s l o p e s  g e n e r a l l y  no r thea s twa rd  ( Jones ,  1973) .  

The s u r f a c e  s and  a t  t h e  s i te  makes  it h a r d  to o b s e r v e  t h e  s u r f a c e  g e o l o g i c  
s t r u c t u r e .  I n  nearby Nash Draw t h e  o r i g i n a l  s t r u c t u r e s  a r e  masked by t h e  
widespread slumping from sa l t  d i s s o l u t i o n .  T h i s  s u r f a c e  jumbling is i n  Nash 
Draw and no t  between L iv ings ton  Ridge and t h e  si te.  

N o  s u r f a c e  f a u l t s  have been mapped w i t h i n  5 miles o f  t h e  c e n t e r  of  t h e  
s i te .  The f a u l t s  t h a t  have been mapped a r e  d i s t a n t  and a r e  p l a i n l y  r e l a t e d  t o  
c o l l a p s e  f e a t u r e s .  

Ke l l ey  (1971) s u g g e s t s  two f a u l t s  t h a t  he calls t h e  B a r r e r  and Ca r l sbad  
f a u l t s  a t  t h e  f o o t  of  t h e  Guadalupe Mountains w e s t  of  t h e  Pecos  River .  O t h e r s  
(e.g., Hayes, 1964, pe r sona l  communication cited by Ke l l ey )  do n o t  b e l i e v e  a 
f a u l t  is p r e s e n t .  These a r e  t h e  n e a r e s t  su spec t ed  r e c e n t  f a u l t s ,  and t h e y  a r e  
s t i l l  be ing  i n v e s t i g a t e d .  



> - ~ivingston Ridge, 4 miles northwest of the site, marks the edge of Nash 
",-&$  raw. The rocks exposed here are strongly jointed, cavernous, and Locally 

brecciated; stratification is generally obliterated (Jones, 1973). The 
process of dissolution is described in Section 7.3. 

On the basis of aerial photographs and limited field work, Griswold (1977) 
suggested a fault on the west edge of Livingston Ridge. Since then, reexami- 
nation in the field has led him to change his mind (personal communication, 
February 20, 1978) . 
Man-made subsidence features 

In the Carlsbad mining district (BIM, 1975) there has been subsidence 
during and after underground mining. Areas where subsidence effects have 
occurred (14 square miles) or are expected (40 square miles) are shown in 
Figure 7-12 .  These areas are north, northwest, and west of the site at 
distances from 3.5 to 26 miies. The maximum subsidence observed is about 
two-thirds of the height of the ore zone mined. Current ore zones are 4 to 8 
feet thick; thus maximum subsidences are 2 feet 8 inches to 5 feet 4 inches. 

-------- 
Teals 

5 0 5 10 Miles 
Source: ELM (1915). - 

Areas where subsldenca ettscts 

4 
Areas where subsidence u n  be 

have likely occurred expected to occur in the tutura 

Figure 7-12. Generalized map of the Carlsbad mining district 
showing likely subsidence areas and expected 
future subsidence areas. 
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7.2.6 Seismology 

The purpose of the seismic studies at the site is to build a basis from 
which to predict the ground motions that the WIPP facilities might be sub- 
j ec ted to. 

I In this discussion all intensities are based on the Modified Mercalli 4 
Intensity Scale (Wood and Neumann, 1931). A detailed discussion of how 1 

magnitudes were determined for the various data sources is presented in the 
Geological Characterization Report (Powers et al., 1978, pp. 5-10ff). 

Seismic history 

Regional seismicity is presented here in two time frames, before and after 
the time when seismograph data became available. 2 

Sanford and Toppozada (1974) have e:.ramined various records to determine 
the seisnic history within 180 miles of the site. Their results for the 
period before 1962 are given in Table 7-3. With the exception of the weak 
shock in 1926 at Hope, New Mexico, and the shocks in 1936 and 1949 felt at 
Carlsbad, all known shocks before 1962 occurred to the west and southwest of 

1 I 
f 

the site and more than 100 miles away. 

Since 1962 instrumental coverage has become comprehensive enough to locate 
most of the moderately strong earthquakes (local magnitude 2 3.5) in the 

I 
region. Instrumentally determined shocks that occurred within 180 miles of 
the site since 1962 are listed in Table 7-4 and shown in Figure 7-13. Their 
distribution may be biased by the fact that seismic stations were more 

I 
numerous and were in operation for longer periods north and west of the site. 

Except for the activity southeast of the site, the distribution of epi- 
centers since 1962 differs little from that of shocks before that time. There 
is clustering associated with the Rio Grande Rift on the Texas-Chihuahua 
border and on the Central Basin platform in Texas near the southeastern corner 
of New Mexico. Surprisingly, "earthquake activity is as intense in the stable 
physiographic provinces, the High Plains and the Colorado Plateau, as it is in 
the unstable provinces, the Rio Grande Rift and southern Basin and Range" 
(Sanford et al., 1978). 

It is not clear from the record whether there were earthquakes in the 
Central Basin platform before 1965, although local historical societies and 
newspapers tend to confirm their absence before that time. 

A station operated for 10 months at Fort Stockton, Texas, indicated many 
small shocks from the Central s as in platform. Activity was under way when the 
station opened on June 21, 1964. Shurbet (1969) suggested that this activity 
is related to water injection for oil recovery. The known hydrocarbon 
resources nearest the site are two gas wells approximately 3 miles to the 
southwest of the center of the site. The nearest oil fields in the Delaware 
basin are 7 miles from the site. The suggestion has merit in that the Central 
Basin platform is an old structure (Early permian), with no surface indication 
of having been rejuvenated, and in that enormous quantities of water have been 
injected. In one of the oil fields, the Ward-Estes North operated by the Gulf 
Oil Corporation, the cumulative total of water injected up to 1970 was over 1 
billion barrels. It accounted for 42% of the water injected in Ward and 



T a b l e  7-3. R e p o r t s  o f  F e l t  E a r t h q u a k e s  W i t h i n  180 Miles o f  t h e  PTIPP R e f e r e n c e  S i t e  B e f o r e  1961 

Location of Distance 
maximum (km) and Maximum 

Time reported direction reported Refer- 
Date (aT) intensity from site intensitya encesb Remarks 

1923Mar 7 04:03 ElPaso,Tex. 260, S75W V 1- 3 Felt in Sierra Blanca (166 km to SE) . 
Coluinbus (130 km to W), Alamogordo 
( 1 3 5  k ~ r ~  to N) . Newspaper accounts sug- 
gest epicenter in northern Chihuahua. 

1926 July 17 22: 00 Hope and Lake 90, N54W 
Arthur, N.M. 

1930 Oct 4 03-25 Ducan, N.M. 280, N32W 

1931 Auq 16 11:40 Valentine, Tex. 210, S20W 

1931 Aug 16 19~33 Valentine, Tex. 210, S20W 

1931 Aug 18 19:36 Valentine, Tex. 210, S20W 

1931 Aug 19 01:36 Valentine, Tex. 210, S20W 

1931 Oct 2 ? El Paso, Tex. 260, S75W 

1931 Nov 3 14:50 Valentine, Tex. 210, S20W 

1935 D e c  20 05:30 Clovis, N.M. 230, N13E 

1936 Jan 8 06:46 Carlsbad, N.M. 40, N89K 

1936 Aug 8 .01:40 El Paso, Tex. 260, S75W 

Earth sounds heard in NE direction at 
Hope; wl~dows rattled at Lake Arthur. 

Modccate shock felt by many. Rolling 
motion, rumbling sound, rattled windows. 
No damage. 

Strong damaging eartQquake. Felt over 
1,250,060 km.2 See text. 

Strong 3Etershock. 

Stronq :~Etecshock. 

Strong 3Etershock. 

Feeble shock. 

Strong aftershock of Aug. 16, 1931 
earthquak.?. 

'I'\Jo shi>~ks. Tile wall in creamery 
cracked. 

Ncwsparvr account indicates this event 
was probably centered near Ruidoso, N.M. 

Weak shack not felt elsewhere. 



Table 7-3. Report of Felt Earthquakes Within 180 Miles of the WIPP Reference Site Before 1961 
(continued) 

- -. . -. - - 

Location of Distance 
maximum (km) and Maximum 

Time reported direction reported Refer - 
Date (GMT) intensity from site intensi tya encesb Remar ks 

1936Oct 15 18: El Paso, Tex. 260, S75W (111) 5 Slight s!~ock. 

1937 Mar 31 22:45 El Paso, Tex. 260, S75W (Iv) 31 5 Felt by ,3ny. 

1937 Sept 30 06:15 Ft. Stanton, N.M. 200, N53W (v) 5 Awakened m ~ n y .  

1943 Dec 27 04:OO Tularosa, N.M. 220, N70W IV 9 Rattled windows. 

1949 Feb 2 23:OO Carlsbad, N.M. 40, N89W I IV) 519 Two dist, ::t shocks felt by several, 
anti a fe.. frightened. Windows, doors, 
dishes rattled. 

1949 May 23 07:22 East Vaughn, 280, N28W VI 519 Felt area 33-km strip connecting East 
N.M. Vaughn as 1 Pastura. At East Vaughn 

few th~r fell from shelves, loose 
objects rattled 

1952 May 22 04:20 Dog Canyon, N.M. 158, N79W I V 5,9 Felt by tiJ[> in ranch house. Windows, 
doors, dislles rattled. 

1955 Jan 27 00:37 Valentine, Tex. 210, S20W I V 5,9 Felt hy many. Houses shaken. 
-. 

a~ased on the Modified Mercalli Intensity Scale of 1931. Intensities given in parentheses were assigned by the 
authors. 

h h e  numbers in this column are for the references listed below. 
1. Woollard (1968). 
2. Bull. Seismol. Soc. Amer. (1923). 
3. Newspaper account. 
4. S. A. Northrop, personal communication. 
5. U.S. Earthquakes (NOAA and USGS, published annually). 
6. Sellards (1933). 
7. Byerly (1934). 
8. Northrop and Sanford (1972). 
9. Abstracts of Earthquake Reports for the Pacific Coast and Western Mountain Region (NOAA). 



~ a b l e  7-4. Instrumentally Located Earthquakes That Have Occurred Within 
7 180 Miles of the Site Since 1961a 

5s 
1 Date Location ~ a g n i  tudeb 

(yr/mo/day) Origin time Lat. N Long. w M (MMT) M (USGS) 



Table 7-4. Instrumentally Located Earthquakes That Have Occurred Within 
180 Miles of the Site Since 1961a (continued) 

Date Location ~ a g n i  tudeb 
(yr/mo/day) Origin time Lat. N Long. W M (NMT) M (USGS) 



~able 7-4. Instrumentally Located Earthquakes That Have Occurred Within 
180 Miles of the Site Since 1961a (concluded) 

'? 

% oate Location ~ a g n i  tudeb 
(yr/mo/dayl Origin time Lat. N Long. w M (NMT) M (USGS) 

3 
? 77/1/29 09:40:44 30.6 104.6 2.1 

77/02/10 01: 22: 49 32.3 103.1 1.0 2.0 
77/3/14~ 10: 10 : 22 32.9 100.8 3.5 
77/3/1gc 21: 27 : 49 31.3 102.8 2.2 
77/3/2Oc 07:54:05 32.3 102.8 2.3 2.2 
77/4/12C 23:18:27 31.2 102.6 2.9 2.2 
77/4/16~ 06:44:22 31.2 102.9 2.1 1.3 
77/4/17' 21: 47 : 07 31.5 102.0 2.1 
77/4/26C 09:03:05 31.9 103.0 2.6 3.1 
77/6/7' 23:Ol: 17 32.7 100.6 4.5 
77/6/aC 00:51:29 32.8 100.8 4.0 
77/6/17C 03: 37:05 32.8 100.9 3.9 
77/8/3' 02: 11: 48 32.8 105.3 2.5 
77/8/2lc 03:Ol: 16 30.8 104.8 3.4 
77/11/28 01: 40: 51 33.0 100.8 3.5 

- - - -  - 

a~ata from Sanford and Toppozada (1974), Sanford et al. (19781, Rogers - - 
and Malkiel (1978), and Preliminary Determination of Epicenters (USGS). 

b ~ h e  frequent difference of about one magnitude unit between local 
magnitudes estimated by Sanford et al. (1978) and by the USGS (Rogers and 
Malkiel, 1978) comes from a New Nexico distance correction used by Sanford et 
al. (1978, p. 27), but not by the USGS. 

CTentative epicenters. 

Winkler Counties, Texas, and the quantity is three times the total injected in 
all the oil fields of southeastern New Mexico in the same period. 

The strongest earthquake on record within 180 miles of the site was the 
Valentine, Texas, earthquake of August 16, 1931 (event 4 in Table 7-3). 
Coffman and von Hake (1973) estimate it to have been of magnitude 6.4 
(MM Intensity VIII) . The Valentine earthquake was 130 miles south-southwest 
of the site. Its MM intensity at the site is estimated at V; this is believed 
to be the highest intensity felt at the site in this century. 

In 1887, a major earthquake occurred in northeast Sonora, Mexico. Al- 
though about 335 miles west-southwest of the site, it is indicative of the 
size of earthquakes possible in the eastern portion of the Basin and Range 
province, west of the province containing the site. Sanford and Toppozada 
(1974) estimate its magnitude to have been 7.8, and Coffman and von Hake 
(1973) list it as VIII-IX in m-l intensity. It was felt over an area of 0.5 
million square miles (as far as Santa Fe to the north and Mexico City to the 
south); fault displacements were as large as 26 feet, and Bavispe, Mexico, was 
reduced to ruins (Aguilera, 1920) . 
Local observations 

From April 1974 to October 1977, 291 events identifiable as local and 
regional earthquakes were recorded by a station (CLN) 4 miles from the center 



Figure 7-13. Regional earthquake epicenters. 

of t h e  s i te  (see Appendix J ) .  For s e v e n t y - f i v e  of t h e  291 even t s  t h e  
e p i c e n t e r s  were i d e n t i f i e d .  These s e i s m i c  p a t t e r n s  a r e  s i m i l a r  t o  t h o s e  of  
t h e  i n s t r u m e n t a l  da t a .  

Local  e a r t hquakes .  Tectonism and seismic a c t i v i t y  near  o r  a t  t h e  s i t e  a r e  
of g r e a t  i n t e r e s t .  Two of t h e  most impor t an t  seismic e v e n t s  i n s t r u m e n t a l l y  
recorded a r e  t h e  two c l o s e  t o  t h e  si te:  t h e  e v e n t s  o f  J u l y  26, 1972, and 
November 28, 1974. They had magnitudes of 2.8 and 3 .6 ,  r e s p e c t i v e l y ,  and bo th  
were about  25 m i l e s  t o  t h e  nor thwest .  A t  bo th  times r o c k f a l l s  and ground 
c rack ing  were r epo r t ed  a t  an a c t i v e  p o t a s h  mine. To de te rmine  whether c o l -  1 

l a p s e  a t  t h i s  mine was r e spons ib l e  f o r  bo th  e v e n t s ,  an  a n a l y s i s  was made of  I 

whether t h e  two e p i c e n t e r s  co inc ided .  They were about  6  miles a p a r t .  Thus 
t h e  two e v e n t s  cannot  have been caused by t h e  mine. Moreover, t h e  e a r t hquake  

1 
1 

had t oo  much energy t o  have been caused by t h e  r o c k f a l l .  Lacking a d d i t i o n a l  
s e i smic  d a t a  on t h e s e  even t s ,  s e i s m i c  r i s k  a t  t h e  s i t e  should be e s t i m a t e d  on 
t h e  assumption t h a t  both were n a t u r a l  ( C a r a v e l l a  and Sanford ,  1977) .  



Another even t  occur red  about  10 miles n o r t h e a s t  of s t a t i o n  CLN on January gig, 1978. Unl ike  t h e  p rev ious  two, it d i d  no t  happen a t  t h e  same time a s  any 
$%known mine a c t i v i t y .  Three o t h e r  ear thquakes  have been recorded w i th in  35 
,, miles of  s t a t i o n  CLN, but  because they  were recorded on ly  by t h a t  s t a t i o n ,  

@*, t h e i r  e p i c e n t e r s  cannot  be ob t a ined ,  and they  were probably minor. 
I lr i 
2 .* 

I .&... seismic r i s k  
, . 
> ..* 

.A. 

. . Maps of t h e  p o s i t i o n  and i n t e n s i t y  of recorded ea r thquakes  a r e  u se fu l  i n  
$;:' eva lua t ing  t h e  p r o b a b i l i t y  of an ea r thquake  a t  a g iven  site. To i n c r e a s e  - .  

f ST, t h e i r  u se fu lne s s ,  t h e  h i s t o r i c a l  d a t a  have been supplemented wi th  f i e l d  geo- 
i]:'?.' l o g i c  da ta .  i :++ : 

s -, 
; t .  Seve ra l  r e s e a r c h e r s  have d iv ided  t h e  Uni ted S t a t e s  i n t o  zones of ea r th -  

quake r i s k .  The s t anda rd  e s t i m a t e  is t h a t  of  Algermissen (1969) .  According 
to t h i s  e s t i m a t e ,  t h e  s i t e  is l o c a t e d  i n  se r smic  r i s k  zone 1, where ot i iy x lno r  
damage is t o  be expec ted ,  corresponding t o  Modified MercaLli I n t e n s i t y  V to 

. VI. E a r l i e r ,  R i ch t e r  (1959) had placed t h e  reg ion  w i t h i n  a s e l smic  zone where 
t h e  p robab le  maximum i n t e n s i t y  would be V I I I .  Sanford and Toppozada (1974) 

- thought t h e  s i te  to be e i t h e r  on t h e  boundary of  zones 2 and 3 o r  w i t h i n  zone 
2, depending on whether ear thquakes  i n  t h e  C e n t r a l  Bas in  p la t fo rm a r e  found to  
be n a t u r a l  o r  man-made. 

i 
One d e s i r e s  no t  on ly  an e s t i m a t e  of t h e  l a r g e s t  seismic motions p o s s i b l e  

a t  a s i te  but a l s o  an e s t i m a t e  of t h e i r  p r o b a b i l i t y .  Such an e s t i m a t e  has  

.:a. 
been made f o r  t h e  WIPP r e f e r ence  s i te ,  s t a r t i n g  w i th  a n a l y s i s  of s e i smic  

. -  recur rence  r a t e s  of  nearby a c t i v e  a r ea s .  

--& ,., Earthquakes  i n  t h e  C e n t r a l  Basin  pla t form.  The C e n t r a l  Basin  p la t fo rm is 
a s t r u c t u r a l  f e a t u r e  l e s s  than  30 miles east of t h e  s i t e ,  a d j a c e n t  t o  t h e  
Delaware bas in .  I n s t rumen ta l  s t u d i e s  have shown t h e  C e n t r a l  Basin p la t fo rm to 6, be much more a c t i v e  than  would be expec ted  from its s t a b l e  t e c t o n i c  s e t t i n g .  

I P r i m a r i l y  f o r  t h i s  reason t h e  Kermit, Texas, se ismographic  s t a t i o n  a r r a y  was 
' e s t a b l i s h e d  i n  l a t e  1975. During t h e  p e r i o d  from November 1975 to  J u l y  1977, 

407 local even t s  were d e t e c t e d  and 135 l o c a t e d  w i th  a r r a y  d a t a .  

The C e n t r a l  Basin  p la t fo rm has been a c t i v e  s i n c e  a t  least  mid-1964. I t  
has  been t h e  most a c t i v e  seismic a r e a  w i t h i n  180 miles of  t h e  s i te  i n  t h e  
number of even t s ,  bu t  no t  i n  i n t e n s i t y .  The d a t a  imply t h a t  seismic a c t i v i t y  

' is equa l l y  l i k e l y  t o  occur anywhere a long  t h e  C e n t r a l  Bas in  p la t fo rm,  wi thout  
any c l e a r  r e l a t i o n s h i p  t o  small-scale s t r u c t u r a l  d e t a i l s  such a s  pre-Permian 
bur ied  f a u l t s .  Attempts have been made t o  r e l a t e  t h i s  s e i s m i c i t y  t o  o i l  
recovery,  but  such a r e l a t i o n s h i p  has no t  been unequivoca l ly  e s t a b l i s h e d .  

I n  1978, Sanford e t  a l .  (1978) had accumulated enough d a t a  t o  c a l c u l a t e  
t h e  appa ren t  recur rence  r a t e s  f o r  ea r thquakes  on t h e  C e n t r a l  Basin pla t form.  
The d i s t r i b u t i o n  of minor shocks impl ied a r e cu r r ence  r a t e  of every  10,000 
yea r s  f o r  ea r thquakes  of t h e  s i z e  of t h e  1887 Sonoran event .  There is no 
evidence t h a t  such ear thquakes  have occur red  ( f a u l t  s c a r p s  25 miles long would 
be expected from sha l low quakes such a s  t he se ,  wi th  d i sp lacements  of  perhaps 
10 f e e t ;  t hey  a r e  no t  found) .  To e x p l a i n  t h i s  d i sc repancy  t h r e e  p o s s i b l e  
exp l ana t i ons  have been advanced: 

1. C r u s t a l  movement has  o n l y  r e c e n t l y  resumed on t h e  C e n t r a l  Basin  
pla t form.  



2. The structure of the Central Basin platform imposes a limit on the 
possible magnitude of earthquakes. 

3. The minor shocks observed were caused by human activity. 

For the analysis that follows we assume the second explanation, even 
though the evidence seems to support the third. 

The method of Cornell (1968) was used to estimate seismic risk at the site 
(Powers et al., 1978, pp. 5-32ff). He used three source regions suggested by 
Algermissen and Perkins (1976): the Rio Grande rift, the Central Basin plat- 
form, and the remainder of the area within 180 miles of the reference site 
(site source zone). The analysis used Sanford's recurrence relationships 
(Sanford et al., 1976, 1978) . On the basis of the earthquake of 1887, an 

C 

upper limit of 7.5 was set on the magnitude of earthquakes in t - - 2  Rio Grande 
i 3.1 the basil; of the ,~rgest earthqua~e otserved so rdr ,inagnltude 3.2) 
and considering the uncertainties in source nechanisms, he set the upper limit 
magnitude for the Central Basin platform at 5 and 6 in separate calculations. 

! 
The largest earthquake so far observed in the remaining region (the site d 
source zone) was of magnitude 3.6; from this, and from the absence of any 
indicatiorr of Holocene local faulting, he set the upper limit in the site 
region at 4.5 and 5 in separate calculations. He assumed the depth of earth- 
quakes in the site source zone to be 3 miles. 

The Cornell method expresses seismic risk as the probability per year that 
a specific acceleration will be reached or exceeded. These probabilities, as 
evaluated for the reference site, are shown in Figure 7-14. I 

Figure 7-14 shows the separate contributions to these totals of each of 
the three source regions with each of the assumed upper magnitude limits. The 
contribution of the Rio Grande Rift source zone to the total seismic risk at 
the site is small at all acceleration levels. The A and B curves and the 
C and D curves indicate the total combined acceleration for the various 
combinations of upper magnitude limits indicated above. 

From Figure 7-14 the accelerations that would be experienced at the site 
from earthquakes in the three source zones separately are as follows for two 
levels of probability: 

Accelerati~cg 
for probability 

Upper limit (per year) 
Source zone magnitude 10'8 10'6 

Rio Grande rift 7.5 
Central Basin platform 6.0 
Central Basin platform 5.0 
Site source zone 5.0 
Site source zone 4.5 

*The fact that this magnitude is less than Sanford and Toppozada's (1974) 
estimate of 7.8 does not affect the conclusions of the analysis. 



The total seismic risk is controlled by earthquake probabilities in one 
of these source zones, depending on the acceleration level considered. The 
relationships are shown below. 

f 2 

'A,. Upper limit magnitude Controlling zone i .- ~ i o  Grande Central Basin Site source High Low 
1. 
z .. rift plat£ orm zone acceleration 
. .- . acceleration 

, -., . . 
; 

- .. 
7.5 5 4.5 ssza ssz 
7.5 6 4.5 SSZ CBP~ 

$:-- 7.5 5 5 .0  SSZ SSZ 
7.5 6 5.0 SS Z CBP 

a~ite source zone. 
b~entral aasin platform. 

Thus assumptions about seismic properties of the area around and beneath 
the site (site source zone) are important in estimating seismic accelerations 
at the reference site. 

Acceleration g Acceleration g 

Figure 7-14. Seismic risk when the maximum magnitude event i s  assumed to be 6.0 (left) and 5.0 (right). 
The following maximum magnitudes are assumed for the site and the Central Basin platform source zones, 
respectively: curve A, 5 and 6; curve B,4.5 and 6; curve C, 5 and 5; curve D, 4.5 and 5. Complete 
descriptions of the assumptions underlying these and the remaining curves may be found in the Geoloqical 
Characterization Report (Powers, e t  al., 1978). 



Energy and Mineral Resources* 

Geologic studies related to site evaluation have included investigation of 
mineral resources so that an evaluation could be made of the impact of denying 
access to these resources. Of the mineral resources expected to occur beneath 
the site, only five are of concern: the potassium salts sylvite and langbein- 
ite, which occur in strata above the repository salt horizons, and the hydro- 
carbons crude oil, natural gas, and distillate (liquids associated with nat- 
ural gas), which occur in strata below the repository horizons. The other 
mineral resources beneath the site are caliche, salt, and gypsum; enormous 
deposits of these resources near the site and elsewhere in the country are 
more than adequate to meet future requirements for these materials (Powers et 
al., 1978, pp. 8-2ff). 

The shape, thickness, depth, and arade of the mtassium salts .=~nd hydr- 
caroons under 1 .; slte had to oe e, -;uiished  firs^. These d ~ t a  formed t. 
basis for calculating the total amount of resources. The next step was to 
determine to what extent these resources could be ciassifled as reserves. The 
latter term is restricted to resources that can be extracted profitably with 
existing technology and under present economic conditions. Obviously re- 
sources will exceed reserves because reserves are a part of resources. It is 
logical to compare relative quantities of a mineral either on a basis of 
resources or of reserves; however, the comparison of resources at a site with 
reserves elsewhere (or vice versa) is to be guarded against (Powers et al., 
1978 , pp. 8-5ff) . 

A further caution is in order. Because the United States has high techno- 
logical expertise in mineral exploration and extraction, estimates of U.S. 
resources and reserves are considered to be much more firm than those for some 
foreign countries. Foreign estimates can be too low because of the lack of 
exploration or too high if an incentive exists to attract outside investment. 

Methods used to determine potash resources at the reference site 

The site is adjacent to the Carlsbad Potash Mining District. This single 
district provides 80% of the U.S. domestic supply of potassic chemical ferti- 
lizers. Private companies have done potash exploratory drilling near the 
site. The results of that drilling were supplemented by 21 exploratory holes 
drilled in the site area by the W E  to evaluate potash deposits. In all, data 
were available from 61 holes drilled by industry, the 21 holes drilled by the 
DOE, and 2 site-characterization exploratory holes--a total of 84 holes. The 
locations of these holes are shown in Figure 7-15. While the spacing of the 
holes is variable, in no case are they more than 1 mile apart within the site 
boundaries. Five additional holes drilled by the Duval Corporation in early 
1978 after the potash evaluation was made for the site are located immediately 
west and outside the site boundary (see locations of holes D-231, D-233, 
D-235, D-248, and D-250). The information from these holes does not affect 
the evaluation of potash resources under the site. 

*A more comprehensive description of the energy and mineral resources of 
the site is presented in the Geological Characterization Report (Powers et 
al., 1978, Chapter 8). . 



Abandoned well 0 Geologic holes 

TA Temporarily ahandoned @ Deep and abandoned Hydrologic holes 

@ Deep producing gas @ Potash drill holes ERDA potash drill holes 

Figure 7-15. Location of all exploration drill holes within a square, 10 miles on a side, 
centered at the WlPP reference site. The figure also shows several exploration 
holes drilled by the ERDA and the DOE outside this square. 



Evaluating potash resources at the site was the responsibility of the U.S. 
Geological Survey (USGS). Descriptive data, including sample analysis, of the 
21 exploratory holes drilled by the W E  have been reported by Jones (1978). 
An estimate of total potash resources has been reported by John et al. (1978). 
The USGS used established procedures for determining the volume, thickness, and 
grade for bedded mineral deposits. The essential steps were to (a) determine 
the thickness and grade for each mineralized intercept discovered in each 
hole, (b) assign the mineralized zone to the appropriate ore bed, (c) determine 
the probable continuity of mineralized ore beds to adjacent holes, and then 
(dl determine the volume and average grade for a bed enclosed in plan by the 
smallest triangular array formed by adjacent and mineralized holes. Reason- 
able extrapolation was permitted outward from a mineralized hole toward barren 
areas, but the distance never exceeded 0.5 mile. 

The USGS established three standard classes--low, lease, and high--to 
quantify the potash resources at the site. These are listed in Table 7-5. 

Table 7-5. Standard Conditions for Potash Resources 

Class Type of ore % K20 Thickness (f t) 

Law Langbeini te 3 4 
Sylvi te 8 4 

Lease 

High 

Langbeini te 
Sylvite 

Langbeinite 
Sylvi te 

Potash salts, whether sylvite or langbeinite, are marketed according to 
the equivalent amount of K20 present as determined by chemical analysis. It 
is the industry-accepted measure of quality, even though sylvite (KC1) and 
langbeinite (K2SO4 2MgS04) do not in themselves contain oxide of potas- 
sium. Pure sylvite contains the equivalent of 63.17% K20, whereas pure 
langbeinite contains 22.7%. Raw ores contain a mixture of minerals, mostly 
halite (salt), clays, and insoluble evaporites in addition to either sylvite 
or langbeinite. Hence, raw ore always contains much less equivalent K20 
than do the pure minerals. All potash ores are upgraded into marketable prod- 
ucts by refining. The accepted standard for refined products is 60% K20 for 
sylvite and 22% for langbeinite. 

At present, the average grades of ores being mined in the Carlsbad dis- 
trict are 14% K20 as sylvite and 8% K20 as langbeinite. Therefore the 
high standard set by USGS is equivalent to current mining costs and market 
prices. The median standard, termed "lease" in Table 7-5, represents the 
lowest grades of sylvite (10% K20) and langbeinite (4% K20) ores treated 
by Carlsbad refineries. The low standard, 8% K20 as sylvite or 3% K20 as 
langbeinite, represents a lower limit, presently uneconomic for mining at 
Car lsbad. 



~ l l  t h r e e  s t a n d a r d  c o n d i t i o n s  a r e  accompanied by a  minimum t h i c k n e s s  o f  
4 feet,  t h e  minimum seam t h i c k n e s s  f o r  e f f i c i e n t  mining .  I f  a n  ore bed is 
t h i n n e r  t h a n  4  f e e t ,  i t  must  have  an  o f f s e t t i n g  i n c r e a s e  i n  K20 c o n t e n t  of  
po ta s s ium s a l t s  such  t h a t  i f  d i l u t e d  w i t h  b a r r e n  m a t e r i a l  i t  s t i l l  meets t h e  
e s t a b l i s h e d  g r a d e  c r i t e r i a .  

~ e s u l t s  of  t h e  p o t a s h - r e s o u r c e  e v a l u a t i o n  

The r e s u l t s  o f  t h e  e v a l u a t i o n  have  been r e l e a s e d  by t h e  USGS and a r e  sum- 
mar i zed  i n  T a b l e  7-6 (see J o h n  e t  a l . ,  1978,  Eor f u l l  d e t a i l s ) .  F i g u r e  7-16 
shows how t h e  amounts o f  t h e s e  r e s o u r c e s  depend on t h e  g r a d e  c r i t e r i a  used. 

I n  t h e  C a r l s b a d  P o t a s h  Mining  D i s t r i c t ,  which is a d j a c e n t  t o  t h e  s i te ,  
commercial  q u a n t i t i e s  o f  p o t a s s i u m  s a l t s  a r e  r e s t r i c t e d  t o  t h e  midd le  ,portion, 
c a l l e d  t h e  McNutt P o t a s h  Member, o f  t h e  S a l a d o  Forma t ion .  A t o t a l  o f  12  ho r i -  
zons o r  beds have been r e c o g n i z e d  i n  t h e  McNutt P o t a s h  Member. Number 1 is a t  
t h e  b a s e ,  and Number 12  is a t  t h e  top .  These  o r e  bed numbers a r e  used  i n  
d e s c r i b i n g  p o t a s h  r e s o u r c e s  i n  T a b l e  7-6. 

T a b l e  7-6 P o t a s h  Resources  ( M i l l i o n s  o f  ~ o n s ) ~  

O r e  bed L w  g r a d e  Lease  g r a d e  High g r a d e  

SYLVITE ORES 

T o t a l  133.2 88.5 53.1 

LANGBEINITE ORES 

T o t a l  351.0 264.8 
ALL ORES 

T o t a l  484.2 353.3 132.3 

a ~ a t a  Cram John e t  a l .  (1978)  , T a b l e  4 .  
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Figure 7-16. Sylvite and langbeinite resources at the site. j 
i 

t 
Estinates of total resources are considered to be accurate because of the 

density of exploratory drilling in the site and nearby areas. The data base 
exceeds both in quality and in quantity that available to other investigators f 

who have estimated national or worldwide resources. 1 

Methods used to determine potash reserves at the WIPP reference site 

At the request of the DOE the U.S. Bureau of Mines (USBM) undertook the 
task of determining potash reserves, using resource calculations and maps 
provided by the USGS resource study. The method of determining to what extent I 

! 
the deposits could be mined consisted of designing conceptual models for 
exploiting the deposits. Models ranged from new mines and refineries to mines 
that merely send the new ore to existing refineries. Shaft locations were 
selected to minimize underground development and allow mining of the richest 
ore beds first. The latter is important to quick recovery of invested capital. 

Costs were either estimated or, when available, matched to known cost expe- 
rience at nearby mines. All costs, including construction, were used in dis- 
counted cash-flow analysis to determine the market price for refined products 
guaranteeing a 15% rate of return on invested capital. Federal, State, and 
local taxes and royalties were taken into account. 

In all, the USBM conceived 12 different conceptual plans (which it has 
termed mining units) for exploiting the potash deposits in the reference site. 
Of these, eight were fully evaluated and four discarded because of complex 
problems related to the beneficiation of raw ore. 



.. R e s u l t s  of  t h e  p o t a s h - r e s e r v e  d e t e r m i n a t i o n  

The f u l l  f i n d i n g s  of t h e  r e s e r v e  e v a l u a t i o n  have been r e p o r t e d  (USBM, 1977) 
and a r e  summarized i n  T a b l e  7-7. The e i g h t  mining u n i t s  t h a t  were conceived 
and then  c o s t e d  a r e  l i s t e d  i n  t h e  approximate  o r d e r  i n  which t h e y  would rank a s  
p o t e n t i a l l y  minable .  

T a b l e  7-7. Review of USBM Potash  Eva lua t ion  

Mining Recoverable  o r e  ( l o 6  t o n s )  
u n i t  P r o d u c t  I n  mining u n i t  I n  s i t e  

L a n g b e i n i t e  
Mur i a t e  
L a n g b e i n i t e  
Mur i a t e  
M u r i a t e  
Langbe in i  t e  
Mur i a t e  
Mur i a t e  

Only mining u n i t  B-1  meets t o d a y ' s  market  p r i c e s  ($42 per t o n  of m u r i a t e ,  
$84 per  t o n  of " s u l f a t e "  (K2SO4), and $48 per  t o n  of  l a n g b e i n i t e ) .  Th i s  
p a r t i c u l a r  r e s e r v e  c o n s i s t s  of l a n g b e i n i t e ,  mos t ly  i n  t h e  o r e  bed 4  i n  t h e  
nor thwes t  q u a d r a n t  of t h e  s i t e .  Uni t  A-1 does  n o t  meet t h e  requirements  of 
t o d a y ' s  market  p r i c e :  however, t h e  market  p r i c e  o f  m u r i a t e  has  exceeded $52 
per ton  i n  t h e  r e c e n t  p a s t ,  a t  which p o i n t  t h e  A-1 d e p o s i t  would be c o n s i 2 e r e d  
a  b o r d e r l i n e  o r  " p o t e n t i a l l y  economic" d e p o s i t .  The d e p o s i t  c o n s i s t s  of s y l -  
v i t e  c o n t a i n e d  i n  t h e  o r e  bed 10 and l o c a t e d  on t h e  w e s t  s i d e  of t h e  r e f e r e n c e  
si te.  

Review of  methods used  t o  de te rmine  t h e  hydrocarbon r e s o u r c e s  a t  t h e  WIPP 
r e f e r e n c e  s i t e  

The N e w  Mexico Bureau of Mines and Minera l  Resources  (NMBM&MR) has  com- 
p l e t e d  a  hydrocarbon-resource  s t u d y  i n  s o u t h e a s t e r n  N e w  Mexico under c o n t r a c t  
t o  t h e  Oak Ridge N a t i o n a l  Labora to ry  ( F o s t e r ,  1974) .  The s t u d y  i n c l u d e d  an 
a r e a  e q u i v a l e n t  t o  a l m o s t  1 m i l l i o n  s q u a r e  miles ( F i g u r e  7-17). A t  t h e  t i m e  
o f  t h a t  s t u d y ,  t h e  proposed s i t e  was abou t  5  miles n o r t h e a s t  of t h e  c u r r e n t  
s i t e .  The NMBM&MR e v a l u a t i o n  i n c l u d e d  a  more d e t a i l e d  s t u d y  of a  four-  
township a r e a  c e n t e r e d  on t h e  o l d  s i t e ;  t h e  p r e s e n t  s i t e  is i n  t h e  southwest  
q u a d r a n t  of t h a t  a r e a  ( F i g u r e  7-17).  

The r e s o u r c e  e v a l u a t i o n  was based on both  t h e  known r e s e r v e s  of c rude  o i l  
and n a t u r a l  g a s  i n  t h e  r e g i o n  and t h e  p r o b a b i l i t y  of d i s c o v e r i n g  new r e s e r -  
v o i r s  i n  a r e a s  where p a s t  w i l d c a t  d r i l l i n g  was e i t h e r  t o o  widely  s p r e a d  o r  too 
sha l low t o  have a l lowed  d i s c o v e r y .  A l l  p o t e n t i a l l y  p roduc t ive  zones were con- 
s i d e r e d  i n  t h e  e v a l u a t i o n ;  t h e r e f o r e ,  t h e  f i n d i n g s  a r e  v a l i d  f o r  de te rmin ing  
t h e  t o t a l  hydrocarbon r e s o u r c e s .  The fundamental  assumption t h a t  t h e s e  re-  
s o u r c e s  e x i s t  can be f u l l y  t e s t e d  o n l y  by d r i l l i n g  i n  s p a c i n g s  c l o s e  enough to  
s a t i s f y  t h e  p r o b a b i l i t y  o f  d i s c o v e r y  and p rov ide  h igh  e f f i c i e n c y  of r ecovery .  



Figure 7- '1 7. Location of hydrocarbon-resource study areas. 

Results of the hydrocarbon-resource evaluation 

Table 7-8 summarizes the findings of the NMBM&MR hydrocarbon evaluation 
as the potential resource of hydrocarbons that probably exist under a square 
mile (640 acres) with the typical geologic and stratigraphic section of that 
region. The New Mexico Bureau of Mines and Mineral Resources examined an area 
of 967,680 acres (1512 square miles). The hydrocarbon resources under the 
site are then estimated as the proportion of the total in the 29.625 square 
miles of the site (Table 7-9). 

Hydrocarbon-resource quantities given in Table 7-9 are equivalent to 
potash-resource-quantity estimates in that both relate to the quantity of what 
is present and not to its economic value. Because the hydrocarbon-resource 
evaluation relies on statistical probability, it is not as accurate as the 
potash-resource evaluation. The potash r.?sources were actually drilled, while 
the hydrocarbon resources were estimated by projecting historic drilling suc- 
cess into an untested area. Site-selection requirements dictated that the 
inner zones be free of deep holes (i.e., oil and gas tests). 



Table 7-8. Potential Hydrocarbon Resources Expected in Various Formations 
in the Delaware i as in^ 

Adjusted production estimate per section (640 acres) 
0 il Gas Distillate 

Format ion (lo6 bbl) (109 ft3) (lo6 bbl) 
- 

Ramsey 
Delaware Mountain Group 
Bone Spring 
Wolf camp 
pennsylvanian 
Mississippian 
Silurian/Devonian 
Ordovician 

TOTAL 

a~ata from Foster (1974). In the original, Foster distinguished between 
"dry" and "associated" gas. The two types have been summed for simplicity. 
The estimates for each stratigraphic unit were derived by dividing the total 
reserves for that unit by the number of acres that have been fully explored, 
both producing and found dry. Foster also calculated expected resources by 
another method, based on the success ratio of "wildcat" wells. The wildcat 
method resulted in lower expected resources; hence, the resources reported 
here are the larger of the two estimates. 

Table 7-9. In-Place Hydrocarbon Resources at the sitea 

Formation 
Gas 

- 

Distillate 

(lo6 bbl) (109 ft3 ) ( lo6 bbl) 

Rams e y 
Delaware Mountain Group 
Bone Spring 
Wolf camp 
Pennsylvanian 
Mississippian 
Silur ian/Devonian 
Ordovician 

TOTAL 37.50 490.12 5.72 

a~roduct of estimate given in Table 7-8 and the number of sections in 
the reference site (29.625). 



Methods u s e d  t o  d e t e r m i n e  hydroca rbon  r e s e r v e s  

The c o n s u l t i n g  p e t r o l e u m  e n g i n e e r i n g  f i r m  o f  S i p e s ,  W i l l i a m s o n ,  and  
Aycock, Inc .  (SW&A) pe r fo rmed  t h e  s t u d y  o f  economic  r e s e r v e s  under c o n t r a c t  t o  
S a n d i a  L a b o r a t o r i e s  ( K e e s e y ,  1 9 7 6 ) .  Because t h e r e  h a s  been  no a c t u a l  d r i l l i n g  
w i t h i n  c o n t r o l  z o n e s  I t h r o u g h  111, t h e  s t u d y  r e l i e d  on i n f o r m a t i o n  g a i n e d  
from nea rby  d r i l l i n g .  To t h i s  e x t e n t  t h e  r e s e r v e  e v a l u a t i o n  f o l l o w e d  t h a t  f o r  
r e s o u r c e s .  SW&A e n g i n e e r s  s t u d i e d  a  400-square  m i l e  a r e a  c e n t e r e d  on t h e  s i t e  
( F i g u r e  7 -17 ) .  U n l i k e  t h e  r e s o u r c e  s t u d y ,  t h e  r e s e r v e  e v a l u a t i o n  c o n s i d e r e d  
economic f a c t o r s .  D r i l l i n g  and c o m p l e t i o n  c o s t s  were  b a l a n c e d  a g a i n s t  
e x p e c t e d  r e c o v e r a b l e  r e s e r v o i r  volumes and d e l i v e r y  r a t e s  t o  a r r i v e  a t  a 
breakeven p o i n t .  E x p l o r a t o r y  d r i l l  sites were  s e l e c t e d  w i t h  t h e  b e n e f i t  o f  
seismic s u r v e y s  t h a t  had been  comple t ed  a t  t h e  s i t e  d u r i n g  t h e  c o u r s e  o f  s i t e  
e v a l u a t i o n  (G. J .  Long and A s s o c i a t e s ,  1 9 7 6 ) .  

R e s u l t s  o f  t h e  h y d r o c a r b o n - r e s e r v e  e s t i m a t e  I 
The s t u d y  o f  r e s o u r c e s  by NMBM&MR i n d i c a t e  t h a t  a s  many a s  1 5  p o t e n t i a l  

I 
I 

p r o d u c t i v e  h o r i z o n s  ( " p a y  z o n e s " )  e x i s t  w i t h i n  t h e  e i g h t  major  s t r a t i g r a p h i c  ! 
d i v i s i o n s  t h a t  u n d e r l i e  t h e  e v a p o r i t e  d e p o s i t s .  Economic a n a l y s i s  r e v e a l e d  
t h a t  o n l y  a  s i n g l e  z o n e ,  t h e  Morrow Forma t ion  o f  P e n n s y l v a n i a n  a g e ,  is wor thy  
of e x p l o r a t i o n  r i s k .  The Morrow is a  f a i r l y  c o n s i s t e n t  n a t u r a l - g a s  p r o d u c e r  
ove r  much o f  t h i s  a r e a .  Twenty h y p o t h e t i c a l  d r i l l i n g  s i tes were s e l e c t e d  to  ! 
deve lop  t h e  g a s  e x p e c t e d  i n  t h e  Morrow ( F i g u r e  7 -18 ) .  L o c a t i o n s  were s e l e c t e d  

I 

R I O E  
R 31 E 

0 1 l d u11.1 - - 

Prowed undevelooed 

'- Probable 

4 
- I 7  Po<s8blc 

Figure 7-18. Hypothetical drilling sites t o  develop potential 
Morrow gas reservoirs. 



T a b l e  7-10. E s t i m a t e  o f  N a t u r a l  Gas  Rese rves  a t  t h e  R e f e r e n c e  S i t 2  
( B i l l i o n s  o f  C u b i c  F e e t )  

W e l l  Zones I ,  11, I11 Zone IV T o t a l  
number Proved  P r o b a b l e  P o s s i b l e  Proved  P r o b a b l e  p o s s i b l e  Proved  P r o b a b l e  P o s s i b l e  

S u b t o t a l  --- 1 0 . 4 5  1 3 . 0 2  4 . 1 4  7 . 9 1  1 . 3 3  4 . 1 4  1 8 . 3 6  1 4 . 3 5  

T o t a l  23 .47  13 .38  3 6 . 8 5  

P l u s  d i s t i l l a t e  3 5 1 , 0 0 0  b b l  P l u s  d i s t i l l a t e  2 0 0 , 0 0 0  b b l  P l u s  d i s t i l l a t e  5 5 1 , 0 0 0  b b l  

on t h e  b a s i s  o f  g e o l o g i c  s t r u c t u r e .  E s t i m a t e d  r e s e r v e s  t h a t  r anged  f rom 1 .33  
b i l l i o n  t o  2.09 b i l l i o n  c u b i c  f e e t  were a s s i g n e d  t o  each  w e l l .  The h i g h e s t  
r e s e r v e s  were a s s i g n e d  t o  wells t h a t  e i t h e r  were d i r e c t  o f f s e t s  t o  known 
Morrow g a s  p r o d u c e r s  o r  c o n t a i n e d  t h e  combina t ion  o f  f a v o r a b l e  g e o l o g i c  s t r u c -  
t u r e  w i t h  chances  of  e n c o u n t e r i n g  s h a l l o w e r  pay zones  on d r i l l i n g  down t o  t h e  
Morrow. R e s e r v e s  e x p e c t e d  under t h e  s i t e  a r e  summarized i n  T a b l e  7-10. The 
t o t a l  n a t u r a l  gas  r e s e r v e  is 36.85 b i l l i o n  c u b i c  f e e t .  Some n a t u r a l  g a s  
l i q u i d s  ( d i s t i l l a t e )  can  be  e x p e c t e d  to be a s s o c i a t e d  w i t h  t h e  g a s .  The NMBbl&MR 
s t u d y  o f  s e v e r a l  Morrow g a s  f i e l d s  r e v e a l e d  t h a t  s u c h  g a s  is accompanied  by 
14 ,950  b a r r e l s  of  d i s t i l l a t e  per  b i l l i o n  c u b i c  f e e t  o f  g a s .  T h e r e f o r e ,  551,000 
b a r r e l s  o f  d i s t i l l a t e  s h o u l d  e x i s t  under t h e  s i t e .  

7 .2.8 S o i l s  

The s e c t i o n  d i s c u s s e s  t h e  p h y s i c a l  and  chemica l  c h a r a c t e r i s t i c s  and  
d i s t r i b u t i o n  o f  s o i l  t y p e s  i n  t h e  r e g i o n  o f  t h e  r e f e r e n c e  s i te .  The b io log -  
ica l  a s p e c t s  o f  s o i l s ,  s u c h  a s  f e r t i l i t y  and p r o d u c t i v i t y ,  a re  d e s c r i b e d  i n  
Appendix H. 

The s o i l s  o f  t h e  r e g i o n  have deve loped  ma in ly  from Q u a t e r n a r y  and permian 
p a r e n t  m a t e r i a l .  P a r e n t  m a t e r i a l  from t h e  Q u a t e r n a r y  sys tem is r e p r e s e n t e d  by 
a l l u v i a l  d e p o s i t s  o f  major  s t r e a m s ,  dune s a n d ,  and o t h e r  s u r f a c e  d e p o s i t s .  
These  a r e  m o s t l y  loamy and sandy  s e d i m e n t s  c o n t a i n i n g  some c o a r s e  f r a g m e n t s .  
P a r e n t  m a t e r i a l  from t h e  permian s y s t e m  is r e p r e s e n t e d  by l i m e s t o n e ,  d o l o m i t e ,  
and gypsum bedrock.  



S o i l s  of t h e  r e g i o n  have developed i n  a  s e m i a r i d ,  c o n t i n e n t a l  c l i m a t e  w i t h  
abundant  s u n s h i n e ,  low r e l a t i v e  humid i ty ,  e r r a t i c  and l o w  r a i n f a l l ,  and a  wide 
v a r i a t i o n  i n  d a i l y  and s e a s o n a l  t e m p e r a t u r e s .  

The p r e v a i l i n g  c l i m a t e  and v e g e t a t i o n  have caused  many s o i l s  of  t h e  r e g i o n  
to deve lop  a  l i g h t - c o l o r e d  s u r f a c e .  S u b s o i l  c o l o r s  normal ly  a r e  l i g h t  brown 
to  r e d d i s h  brown, b u t  a r e  of  t e n  mixed wi th  w h i t e  lime a c c u m u l a t i o n s  ( c a l i c h e )  , 
which r e s u l t  from l i m i t e d ,  e r r a t i c  r a i n f a l l  and i n s u f f i c i e n t  l e a c h i n g .  

The s o i l  d e s c r i p t i o n s  p r e s e n t e d  h e r e  a r e  based  on a  s o i l  s u r v e y  of t h e  
Eddy a r e a  ( S o i l  C o n s e r v a t i o n  S e r v i c e ,  1971) and have been v e r i f i e d  by s t u d i e s  
i n  t h e  f i e l d .  

The s o i l  a s s o c i a t i o n s  of  Eddy and Lea C o u n t i e s  and t h e  s i t e  v i c i n i t y  
(5-mile r a d i u s )  a r e  mapped i n  F i g u r e  7-19. A so i l  a s s o c i a t i o n  is a  l a n d s c a p e  
t h a t  has  a  d i s t i n c t i v e  p a t t e r n  of s o i l  t y p e s  ( s e r i e s ) .  I t  n o r m a l l y  c o n s i s t s  

Eddy County Lea County 
1 L~rnestone rockland 
2 Reagan-Upton 
3 Reeves-Gypsurnland-Cottonwood 
5 Kermit-Berino 
6 Simona-Paiarito 
7 Arno-Harkey-Anthony 

6 Simona-Tonuco 
7 Berino-Cacique 
8 Pyote-Maljamar-Kermit 

Miles 

Figure 7-19. Soil-associations map for Eddy and Lea Counties. 



of one or more major soils and at least one minor soil. The three soil 
associations within 5 miles of the site are 

~ssociation Description Occurrence ( 3 )  

Kermit-Berino: sandy, deep soils 
from wind-worked mixed sand deposits 

S imona-Pa j ar i to: sandy, deep soils 
and soils that are shallow to caliche; 
from wi nd-wor ked deposits 

Pyote-Maljamar-Kermit: gently undulating 
and rolling deep, sandy soils 

Of these three associations, only the Kermit-Berino occurs at the site, in 
control zones I and 11, and consists of two soil series, the Berino and the 
Kermit. These soils are mapped in Figure 7-20; Tables 7-11, 7-12, and 7-13 
give typical soil profiles and detailed physical, engineering, and chemical 
characteristics. 

Generally, the Berino series, which covers about 50% of the site, consists 
of deep, noncalcareous, yellow-red to red sandy soils that ?eveloped in wind- 
worked material of mixed origin. These soils occur as gently sloping (0 to 3% 
slopes) undulating to hmocky areas and are the most extensive of the deep, 
sandy soils in the Eddy area. Berino soils are subject to continuing wind and 
water erosion. If the vegetative ccver is seriously depleted, the water ero- 
sion potential is slight but the wind erosion potential is very high. These 
soils are particularly sensitive to wind erosion in the months of March, 
April, and May, when rainfall is minimal and winds are highest. Permeability 
is high in the surface layer but moderately low in the subsoil. Chemical 
analyses suggest the soils are typical of nonirrigated, semiarid soils with no 
unusual chemical properties. The concentrations of soluble potassium and 
chloride ions are not especially great, despite the proximity of the study 
area to potash mines. 

The typifying profile (moist colors) is as follows: 

AI 0-47.5 cm Yellowish-red (SYR 4/4) fine sand; weak, noclerate 
(0-19 inches) subangular blocky structure; soft; very friable; 

nonsticky, nonplastic; abrupt and smooth boun6ary. 

B21t 47.5-70.0 cm Yellowish-red (SYR (4/4) sandy loam; weak, coarse, 
(19-28 inches) prismatic structure; hard; firm; slightly sticky; 

nonplastic; abrupt and smooth boundary. 

70.0-100 Red (2.5YR 4/4) sandy clay laom, moderate, coarse, 
(28-40 inches) prismatic structure; very hard; firm; stick!?; 

plastic; clear and smooth boundary. 

100-117.5 cm Red (2.5YR 4 / 4 )  light sandy clay loam; tveak sub- 
(40-47 inches) angular blocky structure; hard; firm; sticky; 

plastic; abrupt and smooth boundary. 

117.5-137.5 cm Pink (SYR 6/4) light clay loam; massive; extremely 
(47-55 inches) hard; firm; sticky; plastic; strongly calcareous. 
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Figure 7-20. Soil-series map. 

Generally, the Kermit series, which covers about 50% of the site, consists 
of deep, light-colored, noncalcareous, excessively drained loose sands, typi- 
cally yellowish-red fine sand. The surface is undulating to billowy (0 to-3% 
slopes) and consists mostly of stabilized sand dunes. Kermit soils are 
slightly to moderately eroded. permeability is very rapid, and if vegetative 
cover is removed, the water erosion potential is slight but the wind erosion 
potential is very high. Chemical analyses suggest the soils are typical of 
nonirrigated, semiarid soils with no unusual chemical properties. The 
concentrations of soluble potassium and chloride ions are not especially great 
despite the proximity of the study area to potash mining. 

The typifying profile (moist colors) is as follows: 

A 1 0-15 m Yellowish-red (5YR 4/4) fine sand; single grain; 
(0-6 inches) loose when dry or moist; nonsticky; noncalcareous; 

clear and smooth boundary. 

15-162.5 m Yellowish-red (5YR 4/4) fine sand; single grain; 
(6-65 inches) loose when dry or moist; nonsticky, nonplastic; 

noncalcareous. 



Table 7-11. Estimated Properties, Characteristics, and Engineering 
Suitability of Soils at the Sitea 

Soil sample depth (m) 
Berino Kermit 

0-17 17-50 0-60 Property 

ESTIMATED PROPERTIES AND CHARACTERISTICS 

More than 60 Depth to bedrock or hard caliche 
(in.) 

Classification 
USDA (texture) 

More than 60 

Fine sand and fine 
sandy loam 

SM 
A- 2 

Fine sand 

Unified 
AASHO 

percentage passing sieve: 
NO. 4 (4.7 m )  
NO. 10 (2.0 mm) 
No. 200 (0.074 m) 

SP-SM 
A- 3 

Permeability (in./hr) 
Availabie water capacity 

(in./in. soil) 
Reaction (pH) 
Electrical conductivity 

(103 mhos/cm at 25OC) 
Corrosivity (untreated steel pipe) 
Shrink-swell potential 
Erodibility 
Water erosion (K factor) 

LOW 
Low 

Moderate 
Moderate 

Low 
LOW 

0.17 (slight potential) 0.15 (slight 
potential) 

220 (very high 
potential) 

Wind erosion (I factor) 134-220 (very high potential) 

ESTIMATES OF THE SUITABILITY OF THE SOILS FOR SPECIFIED USES 

Suitability as a source of 
Topso i 1 
Road fill 

Poor: drifting sand 
Good if soil binder 

is added 
Slight: drifting 
sand 

Poor 
Poor to fair 

Degree of limitation Eor disposal 
fields for septic tanks and tile 
systems 

Highway location 

Severe: moderately slow permeabil- 
ity: soft caliche at a depth of 
50 in. 

Features favorable Loose sand hinders 
hauling: drifting 
sand embankments 
highly erodible 

Not applicable Dikes and levees Sandiness of surface material 
necessitates mixing with subsoil 
material 

Susceptible to piping; moderate 
seepage; sandy, porous surface 

Rapid intake rate; smoothing 
necessary; susceptible to wind 
erosion 

Soft caliche at a depth of 50 in.; 

Farm ponds and embankments 

Irrigation 

Not applicable 

Not applicable 

Leveling and benching Not applicable 
highly susceptible to wind 
erosion 

Foundations for low buildings Good bearing capacity Good suitability if 

Pipelines 
Hydrologic group 

soil is confined 
Subject to blowouts 
A 

Features favorable 
A 

a~ata from the Soil Conservation Service (1971). 
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Table 7-12. Physical and Chemical Properties oE the Berino (BA and BB) Soil 
Series at the sitea 

Soil sample depth (cm) 
- 

Ber ino loamy 
fine sand (BA) Berino complex (BB) 
0- 10 25-50 0- 10 25-50 62.5-87.5 Property 

CHEMICAL PROPERTIES 

PH 
Electrical conductivity, 

nun hos / cm 
Water-soluble ions, medl 

Calcium 
Plagnes i um 
Sod i um 
Potassium 
Chlor ide 
Sulfate 
Bicarbonate 
Boron, ppn 
Nitrate, ppm 
Phosphate, ppn 

Exchangeable cations, meq/100 g 
Calcium 
Mag nes i urn 
Sod i um 
Potassium 

Cation-exchange capacity, 
meq/100 g 

Gypsum, % 
Calcium carbonate % 
Organic matter, % 
Total nitrogen, % 

PHYSICAL PROPERTIES 

Hydraulic conductivity, 
m/hr 

Available moistureb 
Texture 

\ 

12.8 I 
2.8 

I 

Fine sandy 
loam 

I 
79.45 
2.29 
23.06 
54.10 

I 
I 
1 

6.20 
i 
I 

14.35 1 

36.2 
1.0 

Fine 
sand 
91.54 
5.39 
17.85 
68.30 
5.40 
3.06 

24.1 
0.7 

Fine 
sand 
91.52 
1.80 
12.18 
76.54 
4.56 
3.92 

41.9 
0.7 

Fine 
sand 
94.15 
2.12 
24.54 
67.49 
4.72 
1.13 

28.8 
0.6 

Fine 
sand 
93.35 
1.83 
24.65 
66.89 
3.88 
2.78 

Sand, % 
Coarse (2-0.5 mm) , % 
Medium (0.5-0.25 mm), % 
Fine (0.25-0.05 mm) , % 

Silt, % 
Clay, % 

aData from Wolf e et al. (1977) . 
b~vailable moisture determined as the difference in percent moisture at 1 

tensions of 1/3 and 15 bars. 



~able 7-13. Physical and Chemical Properties of the Kermit (21) Soil Series 
at the sitea 

--  

Property 

First sampling Second sampling 
site (an) site (cm) 

0-10 25-50 0-10 25-50 

CHEMICAL PROPERTIES 

PH 
~lectrical conductivity, rnrnhos/cm 
Water-soluble ions, medl 

Calcium 
Magnesium 
Sodium 
Potassium 
Chlor ide 
Sulfate 
Bicarbonate 
Boron, ppn 
Nitrate, ppm 
Phosphate, ppn 

Exchangeable cations, meq/lOO g 
Calcium 
Magnesium 
Sodium 
Potassium 

Cation-exchange capacity, 
mew100 g 

Gypsum, % 
Calcium carbonate, % 
Organic matter, % 
Total nitrogen, % 

Hydraulic conductivity, m/hr 
Available mois tureb 
Texture: 

Sand, % 
Coarse (2-0.5 m) , % 
Medium (0.5-0.25 mm), % 
Fine (0.25-0.05 mm) , % 

Silt, % 

Clay, % 

PHYSICAL PgOPERTI ES 

51.6 
0.3 

Coarse 
sand 
97.47 
62.63 
26.36 
8.48 
0.61 
1.92 

37.5 
0.3 

Fine 
sand 
96.16 
1.65 
19.51 
75.00 
2.52 
1.32 

51.2 
0.5 

Fine 
sand 
97.51 
3.02 
34.77 
59.72 
0.15 
2.35 

41.0 
0.3 

Fine 
sand 
96.26 
1.90 
28.25 
66.11 

- -  -- - - 

"~ata Erom WolEe et al. (1977) . 
b~vailable moisture determined as the difference in percent noisture at 

tensions of 1/3 and 15 bars. 



7.3  HYDROLOGY 

The WIPP r e f e r e n c e  s i t e  is i n  t h e  s o u t h w e s t e r n  p o r t i o n  of  t h e  Permian 
b a s i n ,  w i t h i n  t h e  s u r f a c e - w a t e r  b o u n d a r i e s  of  t h e  R i o  Grande  Water Resources  
Region.  The s i t e  and s u r r o u n d i n g  l a n d  d r a i n  i n t o  t h e  P e c o s  R i v e r .  Two major 
groundwater  r e g i o n s  a r e  i n c l u d e d  i n  t h e  Permian b a s i n :  t h e  High P l a i n s  and 
t h e  U n g l a c i a t e d  C e n t r a l  r e g i o n s .  The s i te  l i e s  w i t h i n  t h e  Delaware  b a s i n ,  a  
p o r t i o n  of t h e  U n g l a c i a t e d  C e n t r a l  r e g i o n  t h a t  i n c l u d e s  some o f  t h e  l e a s t  
p r o d u c t i v e  a q u i f e r s  i n  t h e  U n i t e d  S t a t e s .  

There  a r e  no p e r e n n i a l  s t r e a m s  o r  s u r f a c e - w a t e r  impoundments on t h e  s i t e ,  
nor a r e  t h e r e  any w e l l s  y i e l d i n g  more t h a n  a  few g a l l o n s  p e r  minu te .  The 
c l i m a t e  is s e m i a r i d ,  w i t h  a  mean a n n u a l  p r e c i p i t a t i o n  o f  a b o u t  12  i n c h e s ,  a  
mean annua l  runof f  o f  0 . 1  to 0 . 2  i n c h ,  and a  mean a n n u a l  pan  e v a p o r a t i o n  o f  
more t h a n  100 i n c h e s .  U n l i k e  t h e  p r o d u c t i v e  t e r r a c e - a l l u v i u m  O g a l l a l a  a q u i f e r  
e a s t  of t h e  s i t e ,  t h e  main U n g l a c i a t e d  C e n t r a l  a q u i f e r s  a r e  l i m e s t o n e  and 
s a n d s t o n e  f o r m a t i o n s  o f  low t o  modera te  p r o d u c t i v i t y .  B r a c k i s h  w a t e r  w i t h  
t o t a l - d i s s o l v e d - s o l i d s  (TDS) c o n c e n t r a t i o n s  o f  more t h a n  3000 p a r t s  p e r  
m i l l i o n  (ppm) is common from s h a l l o w  w e l l s  used f o r  w a t e r i n g  l i v e s t o c k .  
S u r f a c e  w a t e r s  have  t y p i c a l l y  h i g h  TDS c o n c e n t r a t i o n s ,  p a r t i c u l a r l y  c h l o r i d e ,  
s u l f a t e ,  sodium, magnesium, and c a l c i u m .  

A t  t h e  s i te ,  h y d r o l o g i c  d a t a  have been o b t a i n e d  f rom c o n v e n t i o n a l  and 
s p e c i a l - p u r p o s e  tes t  c o n f i g u r a t i o n s  i n  21  d r i l l e d  h o l e s .  G e o p h y s i c a l  l o g g i n g  
o f  t h e  open b o r e h o l e s  has  p r o v i d e d  h y d r o l o g i c  i n f o r m a t i o n  on t h e  rock s t r a t a  
i n t e r c e p t e d .  P r e s s u r e  measurements ,  f l u i d  s a m p l e s ,  a n d  i n d i c a t i o n s  of  rock  
p e r m e a b i l i t y  have been  o b t a i n e d  f o r  s e l e c t e d  f o r m a t i o n s  t h r o u g h  t h e  u s e  o f  
s t a n d a r d  and m o d i f i e d  d r i l l - s t e m  t e s t s .  The r e c o v e r y  o f  l i q u i d  l e v e l s  i n  t h e  
d r i l l  h o l e s  a f  t e r  t h e  removal  of  a  known amount of  f l u i d  ( b a i l e r  t e s t )  has  
p rov ided  a d d i t i o n a l  d a t a  t o  a i d  i n  t h e  e s t i m a t i o n  o f  a q u i f e r  p a r a m e t e r s .  
P o t e n t i o m e t r i c  s u r f  a c e s  have been mapped from measured  h e i g h t s  of  w a t e r  i n  t h e  
h o l e s ,  and t h e  i n t e g r i t y  of  cement bonds i n  d e e p h o l e  c o n s t r u c t i o n  h a s  been 
v e r i f i e d  wi th  r a d i o a c t i v e - t r a c e r  t e s t s .  

7 .3 .1  Surface-Water  Hydro logy  

The proposed s i t e  is i n  t h e  Pecos R ive r  b a s i n ,  which  c o n t a i n s  a b o u t  50% o f  
t h e  d r a i n a g e  a r e a  o f  t h e  R i o  Grande Water R e s o u r c e s  Reg ion .  The Pecos  R ive r  
headwate r s  a r e  n o r t h e a s t  of  S a n t a  Fe ,  and t h e  r i v e r  f l o w s  s o u t h e a s t e r l y  
t h r o u g h  e a s t e r n  N e w  Mexico and w e s t e r n  Texas  t o  t h e  R i o  Grande .  The Pecos  
R ive r  h a s  an o v e r a l l  l e n g t h  of  a b o u t  500 m i l e s ,  a  maximum b a s i n  w i d t h  o f  a b o u t  
130 miles, and a  t o t a l  d r a i n a g e  a r e a  o f  a b o u t  44 ,535  s q u a r e  miles ( a b o u t  
20,500 s q u a r e  miles a r e  n o n c o n t r i b u t i n g ) .  I ts  p r i n c i p a l  t r i b u t a r i e s ,  i n  
downstream o r d e r ,  a r e  t h e  G a l l i n a s  R i v e r ,  S a l t  C r e e k ,  R i o  Hondo, R i o  F e l i x ,  
E a g l e  Creek ,  R i o  P e n a s c o ,  t h e  Black R i v e r ,  and t h e  De laware  R i v e r .  

R e s i o n a l  water  a u a n t i t v  

The Pecos R i v e r  is g e n e r a l l y  p e r e n n i a l ,  e x c e p t  i n  t h e  r e a c h  below Anton 
C h i c o  and between F o r t  Sumner and R o s w e l l ,  where t h e  low f l o w s  p e r c o l a t e  i n t o  



the stream bed. The main stem of the Pecos River and its major tributaries 
have low flows (Table 7-14), and the streams are frequently dry. About 75% of 

Table 7-14. Discharge in the Pecos River Basin Within or Adjacent 
to the Permian  asi in^ 

River Location 

Drainage Period 
area of Discharge (cfs) 

(mi les2) record Average Minimum Maximum 

~ecos Santa Rosa, M. Mex. 2,650 1912-75 138 0.3 55,200 
~ecos Acme, N. Mex. 11,380 1937-75b 19 4 0 45,000 
~ecos Artesia, N. Mex. 15,300 1936-75b 26 5 0 51,500 
Pecos Malaga, N. Mex. 19,190 1936-75b 196 5 120,000 
P~COS Orla, Tex. 21,210 1937-75b 18 1 0 23,700 
~ecos Girvin, Tex. 29,560 1939-75b 9 6 2.2 20,000 
Rio Hondo Roswell, N. Mex. 963 1963-75 9 0 659 
~ i o  Felix Hagerman, N. Mex. 932 1939-75 16 0 74,000 
Rio Penasco Dayton, Tex. 1,060 1951-75 6 0 29,000 
Black Malaga, N. Mex. 343 1947-75 14 0.7 74,600 
Delaware Red Bluff, Tex. 689 1937-75 14 0 81,400 

a~ata from USGS (1976) . 
b~low regulated. 

the total annual precipitation and 60% of the annual flow occur between April 
and September, Erom intense Local thunderstorms. 

The mean annual precipitation in the site region is about 12 inches, and 
the mean annual runoff is 0.1 to 0.2 inch. The maximum recorded 24-hour 
precipitation was 5.12 inches, in August 1916. The 6-hour, 100-year precipi- 
tation event Eor the site is 3.6 inches and is most likely during the summer. 
The maximum daily snowfall at Carlsbad was 10 inches, in December 1923. 

The maximum recorded flood on the Pecos River near Malaga occurred on 
August 23, 1966, with a discharge of 120,000 cubic feet per second (cfs) and a 
stage elevation of about 2938 Eeet above mean sea level (USGS Station No. 
08406500). The minimum surface elevation for the proposed site is 
approximately 312 Eeet above this maximum historical flood elevation. 

More than 90% of the mean annual precipitation at the site is expected to 
be lost to evapotranspiration. Table 7-15 shows the mean monthly temperature 
for Artesia, the mean monthly pan evaporation for Lake Avalon, and the mean 
monthly rainfall at Carlsbad. On a mean monthly basis, evapotranspiration at 
the site greatly exceeds the available rainfall; however, intense local 
thunderstorms produce runofE and percolation. Water-infiltration rates in the 
local sand dunes are probably similar to the 1.6-inch-per-hour intake rate of 
Harkey sandy loam (75% sand) near Carlsbad (Blaney and Hanson, 1965) . 

Four major reservoirs are located in the Permian basin: Alamogordo 
Reservoir, Lake McMillan, Lake Avalon, and Red Bluff Reservoir. The storage 
capacities of these reservoirs and other Pecos River reservoirs adjacent to 
the Permian basin are shown in Table 7-16. 



T a b l e  7-15. Mean Monthly T e m p e r a t u r e ,  Pan E v a p o r a t i o n ,  and ~ a i n f a l l ~  

- -- 

Mean month ly  Mean monthly  Mean monthly  
t e m p e r a t u r e ,  pan e v a p o r a t i o n ,  p r e c i p i t a t i o n ,  

Month A r t e s i a  (OC) Lake Avalon (an) C a r l s b a d  (an) 

J a n u a r y  
F e b r u a r y  
March 
A p r i l  
May 
J u n e  
J u l y  
August  
September 
Oc tobe r  
November 
December 

a ~ a t a  from Blaney and Hanson ( 1 9 6 5 ) .  

T a b l e  7-16. Major R e s e r v o i r s  i n  t h e  Pecos  R i v e r    as in^ 

R e s e r v o i r  R i v e r  

T o t a l  s t o r a g e  
capac  i tyb 

(ac re -£  ee t )  UseC 

L o s  E s t e r o s  Lake ~ e c o s  
Alamogordo R e s e r v o i r  Pecos  
Lake McMillan Pecos  
Lake Avalon Pecos  
Red Blu f f  R e s e r v o i r  Pecos  
Tvo R i v e r  R e s e r v o i r  R i o  Hondo 

FC 
IR,  R 
IR, R 
IR 
IR, P 
FC 

aData from N e w  Mexico S t a t e  E n g i n e e r ' s  O f f i c e  ( 1 9 6 7 ) ;  U.S. Army Corps  
o f  E n g i n e e r s  (1977) . 

k a p a c i t y  below t h e  l o w e s t  u n c o n t r o l l e d  o u t l e t  or s p i l l w a y .  
CKey: FC = f l o o d  c o n t r o l ;  I R  = i r r i g a t i o n ;  R = r e c r e a t i o n ;  

P  = h y d r o e l e c t r i c .  

R e g i o n a l  water  q u a l i t y  

Water q u a l i t y  i n  t h e  Pecos  R i v e r  b a s i n  is a f f e c t e d  by m i n e r a l  p o l l u t i o n  
from n a t u r a l  s o u r c e s  and from i r r i g a t i o n  r e t u r n  f lows .  s p r i n g s  n e a r  t h e  head- 
w a t e r s  of  t h e  b a s i n  below C o l o n i a s ,  N e w  Mexico, d i s c h a r g e  a p p r o x i m a t e l y  707 
t o n s  pe r  day of c? issolved solids i n t o  t h e  Pecos  R i v e r .  L a r g e  amounts o f  
c h l o r i d e s  f r o n  S a l t  Creek  and B i t t e r  Creek  e n t e r  t h e  r i v e r  n e a r  Roswell. 
R i v e r  i n f l o w  i n  t h e  Hagerman a r e a  c o n t r i b u t e s  i n c r e a s e d  amounts  o f  c a l c i u m ,  
n a g n e s i u ! ,  and s u l f a t e ,  and w a t e r s  e n t e r i n g  t h e  r i v e r  n e a r  Lake A r t h u r  a r e  



high in chloride. Below Lake McMillan, springs flowing into the river are 
usually submerged and difficult to sample; springs that could be sampled had 
TDS concentrations of 3350 to 4000 ppm. Concentrated brine entering at rlalaga 
Bend adds an estimated 70 tons per day of chloride to the Pecos River (FWPCA, 
1967). Time-weighted averages of water-quality parazeters for three sampling 
stations on the Pecos River between Carlsbad and Malaga Bend are shown in 
Table 7-17. 

The potash industry uses 12,000 acre-feet of "fresh water" annually and 
discharges approximately 10,000 acre-feet of brine effluent (BLM, 1975) . The 
effluent sinks to contaminate brackish aquifers or recharges existing playas. 
The potash industry also discards more than 3 parts of solid sodium chloride 
for each part of potassium chloride product. Some 200 million tons of sodium 
chloride waste piled around the refineries contribute to brine runoff after 
thunderstorms. Much of the waste-pile and effluent brine discharges to the 
excess surface flows and ponding in Mash Draw. The slope of the terrain and 
of shallow aquifers around Nash Draw is toward the Pecos River. 

Table 7-17. Water-Quality Parameters (Time-Weighted Averages) for Sampling 
Stations on the Pecos River, October 1975 to September 1976a 

Station 
No. 

Discharge Dissolved-solids concentration (ppm) 
(cfs) pH Total ChloriZe Sulfate Solium Calciun 

08405000 12 7.7 2,500 5 31 1100 3 22 334 
(Car lsbad) 

08406500 26 7.7 5,390 1690 1820 10 30 524 
(Near Malaga) 

08407000 28 7.5 13,900 6500 2280 4020 551 
(Pierce Canyon 
Crossing) 

a~ata from the U.S. Geological Survey (1977), Water Year October 1975 to 
September 1976. 

Regional water use 

The total water-withdrawal rate for the Permian basin in 1975 was about 
30,000 million gallons per day (mgd) , with about 19,000 ngd coming from 
groundwater. The total withdrznal for the Upper Pscos and the Rio Grande- 
Pecos Water Resource Subregions in 1375 was 1771 mg5, of which 1079 cgd, or 
63%, came from groundwater. Agriculture, with a withdrawal of 1546 r.?gd, or 
90% of the total, is the most significant user (Table 7-18). Agricdltural 
acreage between Carlsbad and the Red Bluff Reservoir used less than 7% of the 
total irrigation requirements of the Pecos River basin and less than 1% of the 
total surface-water and groundwater withdrawals for the Permian basin. 



Table 7-i8. Water Use in the Upper Pecos and Rio Grande-Pecos subregionsa 

Use category 
Surface-water and groundwater withdrawals (mgd) 

19755 198 5 2000 

Agriculture 
Steam-electr icity 
Manuf actur ing 
Domestic 
Commercial 
Mining 
Public Lands 
Fish hatcheries 
TOTAL 

a~ata from the U.S. Water Resources Council (in press). 
b ~ h e  total groundwater withdrawal for 1975 was 1079 mgd. 

Local surface-water hydrology 

There are no perennial streams or surface-water impoundments at the 
proposed site. At its nearest point, the Pecos River is approximately 14 
miles southwest of the site center. 

The drainage area of the river at this location is 19,000 square miles. 
A few small creeks and draws are the only westward-flowing tributaries of the 
Pecos River within 20 miles north or south of the site. From the west, the 
Black River (drainage area 400 square miles) joins the Pecos about 16 miles 
southwest of the site. The Delaware River (drainage area 700 square miles) 
and a number of small creeks and draws join the Pecos along this reach. Pecos 
River flow below Fort Sumner is regulated by storage in Lake Sumner, Lake 
McMillan, Lake Avalon, and several other smaller upstream irrigation dams. 

There are no major lakes or ponds within 10 miles of the site center. 
Laguna Gatuna, Laguna Tonto, Laguna Plata, and Laguna Toston are more than 10 
miles north of the site and are at or above elevation 3450 feet. Therefore, 
surface runoff from the site would not flow toward any of them. To the west 
and northwest, Red Lake, Lindsey Lake, Salt Lake, and a few unnamed ponds are 
nore than 10 miles from the site, at elevations of 3000 to 3300 feet. 

Begional Groundwater Hydrology 

The site proposed for the reference case lies within the Delaware basin, 
which contains some of the least productive aquifers in the United States. 
The only large quantities of potable groundwater are in shallow aquifers of 
and along the Pecos River. The Delaware basin is bounded by a limestone reef 
known as the Capitan Formation (Figure 7-21), which is one of the eight rock 
units important to the hydrogeology of the Delaware basin; the others are the 
Delaware Mountain Group, the Castile Formation, the Salado Formation, the 
Rustler Formation, the Dewey Ldke Red Beds, the Santa Rosa Sandstone, and the 
Chinle Formation. 
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Sour-: W. 1. Hiss (19131 

Figure 7-21. Tectonic elements in the Permian basin of western Texas 
and southwestern New Mexico. 

Delaware Mountain Group 

Formations of the Delaware Mountain Group underlie the Capitan reef and 
form the floor of the Delaware basin evaporite sequence. Three separate 
formations, each about 1000 feet thick, are assumed to form a single aquifer 
system with an average hydraulic conductivity of 0.016 ft/day, an average 
porosity of 15.65%, and a calculated transmissivity of about 50 f t2/day 
(Powers et al., 1978, p. 6-14). A potentiometric map representing a composite 
surface for the Delaware Mountain Group (mostly for the Bell Canyon Formation) 
and Capitan aquifer has been constructed by Hiss (1976). The data were adjus- 
ted for the saline density and expressed as a freshwater equivalent. The 
brines in the Delaware Mountain Group flow northeasterly under a hydraulic 
gradient of 25 to 40 ft/mile and discharge into the Capitan aquifer (Figure 
7-22). Velocities range from 0.2 to 0.3 ft/yr, and groundwater yields from 
wells in the Delaware Mountain Group are 0.6 to 1.5 gpm. 



I 
Source: W .  L. Hiss ( l97(  

Figure 7-22. Potentiometric surface map (composite) below the Castile 
Formation. 

C a p i t a n  Limestone  

The C a p i t a n  Limestone  o u t c r o p s  i n  t h e  s o u t h e r n  end  of  t h e  Guadalupe Moun- 
t a i n s  and is a  mass ive  l i m e s t o n e  u n i t  t h a t  g r a d e s  bas inward  i n t o  recemented,  
p a r t l y  d o l o m i t i z e d  r e e f  b r e c c i a  and s h e l f w a r d  i n t o  bedded c a r b o n a t e s  and 
e v a p o r i t e s .  I n  Eddy and Lea C o u n t i e s ,  i t  h a s  an  a v e r a g e  t h i c k n e s s  o f  a b o u t  
1600 f e e t .  Its h y d r a u l i c  c o n d u c t i v i t y  r a n g e s  from 1 t o  25 f t / d a y  and i n  
s o u t h e r n  Lea County and east of t h e  Pecos  R i v e r  a t  C a r l s b a d  is 5 f t / d a y .  
Average t r a n s m i s s i v i t i e s  around t h e  n o r t h e r n  and e a s t e r n  marg ins  o f  t h e  
Delaware b a s i n  a r e  10,000 f t 2 / d a y  i n  t h i c k  s e c t i o n s  and 500 f t 2 / d a y  i n  in-  
c i s e d  submar ine  canyons  (Hiss, 1 9 7 6 ) .  I n  t h e  a q u i f e r ,  w a t e r - t a b l e  c o n d i t i o n s  
a r e  found s o u t h w e s t  o f  t h e  Pecos R i v e r  a t  C a r l s b a d ;  however,  a r t e s i a n  condi-  
t i o n s  e x i s t  to t h e  n o r t h  and e a s t .  A d e e p l y  i n c i s e d  submar ine  canyon nea r  t h e  
Eddy-Lea County l i n e  has  been i d e n t i f i e d ,  and t h e  h y d r a u l i c  g r a d i e n t  t o  t h e  
s o u t h e a s t  of  t h i s  r e s t r i c t i o n  has  been a t t r i b u t e d  t o  l a r g e  o i l - f i e l d  wi th -  
d r a w a l s .  The C a p i t a n  Limestone is r e c h a r g e d  by p e r c o l a t i o n  th rough  t h e  n o r t h -  
e r n  s h e l f  a q u i f e r s ,  by f low from u n d e r l y i n g  b a s i n  a q u i f e r s  to  t h e  s o u t h  and 
w e s t ,  and by d i r e c t  i n f i l t r a t i o n  a t  t h e  o u t c r o p  i n  t h e  Guadalupe Mounta ins .  



1 castile Formation 
I 

The Castile Formation separates the Delaware Mountain Group from the 
salad0 Formation. The thickness of the Castile anhydrite unit is 1300 to 2000 
feet, and the formation is a confining bed (Lohman et al., 1972), without 
circulating groundwater. Groundwater flow from the Capitan aquifer and the 
Delaware Mountain Group toward the Salado is impeded by the low hydraulic con- 
ductivity of the Castile. On the western side of the Delaware basin, local 
cavernous zones near the outcrop of the Castile hold grounc?water for stock and 
domestic use; the water is high in dissolved solids (Bjorklund and ?!otts, 
1959). Drilling in the Castile has found pockets of brine and hydrogen sul- 
fide gas. 

I Salado Formation 

:he Salado Fornation laps extensively over the back reef of the Capitan 
Limestone and includes three divisions: the lower salt member, the McNutt 
Potash Zone, and the upper salt member. It is 1400 to 2100 feet thick and 
sustains no wells. Although the Salado acts hydrologically as a confining bed 
and does not contain circulating groundwater, it has pockets of saturated 
brine and nitrogen gas (Jones et al., 1973). 

Rustler Formation 
I 

The Rustler Formation contains two water-bearing rock members: the upper 
Magenta Member and the lower Culebra Dolomite Member. Its thickness is 200 to 
600 feet, and the Magenta and Culebra Members are each about 25 feet thick. 
The Culebra Dolomite Kember is the more productive aquifer, but groundwater 
yields vary considerably with location. In Nash Draw, the FIagenta and Culebra 
Members are in contact. 

Figure 7-23 is a potentiometric surface map of the Rustler Formation, 
mainly of the Culebra ?!ember. The average effective porosity is about 108, 
and the calculated transmissivity ranges from 140 to 10'~ ft2/day, the 
latter at the west edge of the site boundary (Powers et al., 1978, p. 6-36). 
Gradients range from 7 to 120 ft/mile, depending on hydraulic conductivity. 
Total dissolved solids in sampled well water from the Rustler Formation are 
3000 to 60,000 ppm (Larnbert, 1978). Groundwater movement in the Rustler near 
Los Medanos is westward toward Mash Draw and then southward toward the Pecos 
River. 

Dewey Lake Red Beds 

The Dewey Lake Red Beds are a siltstone deposit, some 200 to 600 feet 
thick, that protects the underlying evaporites (Jones, 1954). Because of 
their Low hydraulic conductivities, the Dewey Lake Red Beds function as a 
confining bed. Groundwater probably occurs only in sandstone lenses of small 
capacity . 
Santa Rosa Sandstone 

The Santa Rosa Sandstone is about 140 to 300 feet thick. It dips gently 
westward, except in areas of collapse, and crops out northeast of Nash Draw. 
It has a porcsity of about 13% and a specific capacity of 0.14 to 0.2 gpm per 
foot of drawdown (Nicholson and Clebsch, 1961). Figure 7-24 is a potenti- 
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Figure 7-23. Potentiometric surface map of t h e  Rustler Formation. 

o m e t r i c  s u r f a c e  map o f  t h e  f o r m a t i o n .  Lows i n  t h e  p o t e n t i o m e t r i c  s u r f a c e  n e a r  
t h e  Eddy-Lea Coun ty  l i n e  and  San Simon Swale  s u g g e s t  r e c h a r g e  i n t o  under- 
l y i n g  r o c k s ,  p o s s i b l y  t h r o u g h  c o l l a p s e  zones .  I n  g e n e r a l ,  g roundwa te r  f l o w s  
s o u t h  and s o u t h w e s t  and  is of b e t t e r  q u a l i t y  t h a n  t h a t  found  i n  t h e  R u s t l e r  
Fo rma t ion .  The r a t e  of g roundwate r  mcvement is a b o u t  0 .3  f t / d a y .  

C h i n l e  Format ion  

J 
The C h i n l e  F o r m a t i o n  is a mudstone d e p o s i t  a b o v e  t h e  S a n t a  Rosa S a n d s t o n e  

to t h e  e a s t  of  t h e  s i t e .  I t  r a n g e s  i n  t h i c k n e s s  f rom a b o u t  0 n e a r  t h e  Eddy- 
Lea County  l i n e  to  as much a s  800 f e e t  n o r t h  o f  S a n  Simon Swa le  (Mercer  and  
O r r ,  1 9 7 7 ) .  Because  o f  t h e  low h y d r a u l i c  c o n d u c t i v i t y  o f  mudstone ,  t h e  C h i d e  i 
Fo rma t ion  is h y d r o l o g i c a l l y  a c o n f i n i n g  bed.  
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Figure 7-24. Potentiornetric surface map of the Santa Rosa Sandstone, 
1952 through 1973. 

Groundwater flow 

Groundwater i n  porous formations west of the Pecos River flows eastward 
from the Guadalupe Mountains. The alluvium and shallow aquifers  contribute 
groundwater t o  the base flow of the Pecos and provide a potable-water source 
for Carlsbad (Hendrickson and Jones, 1 9 5 2 ) .  Brine solut ions  under a hydraulic 
head es tabl ished presumably by f resher  groundwaters of outcrop zones in  the 
Guadalupe Mountains flow northeasterly i n  the  Delaware Mountain Group under 
the Delaware basin to  slowly discharge i n t o  the base of the Capitan aquifer.  

Groundwater i n  the  Capitan aquifer  eas t  of the  Pecos River but west of the 
hydrologic barr ier  near the Eddy-Lea County l i n e  e i t h e r  moves very slowly or 
i s  s t a t i c .  The hydrologic barr ier  formed by a broken or eroded sect ion i n  the  
reef i so la tes  the groundwater users i n  the west from the larger oil-company 



withdrawals in the east. There is little or no coupling between wells on 
opposite sides of the barrier (Hiss, 1975). The oldest water sample from the 
Capitan aquifer was groundwater west of the hydrologic barrier (Barr , Lambert, 
and Carter , 1978) . 

Groundwater in the Capitan aquifer to the east of the Eddy-Lea County line 
has been heavily pumped for oil-field flooding. These withdrawals have 
lowered the potentiometric surface and significantly reduced the artesian head 
in the eastern portions of the reef. Groundwater flows downgradient in the 
Capitan aquifer east of the Eddy-Lea County line in response to the oil-field 
withdrawals, and sources of recharge are the brines in the Delaware Mountain 
Group and the water resources in the various back-reef formations. 

Groundwater in the Rustler Formation east of the Pecos River generally 
flows southerly and southwesterly along formational gradients and discharges 
into the Pecos River. The Magenta and Culebra Members of the Rustler, which 
lie beneath the Dewey Lake Red Beds, tend to be more isolated from percolating 
rainfall and less productive than comparable regions near Nash Draw with no 
siltstone cover. The Santa Rosa Sandstone and Rustler Formation provide 
groundwater for livestock watering and potash mining. 

Groundwater quality 

Analyses of groundwater from the Delaware basin are shown in Table 7-19. 
Stable-isotope measurements indicate that sampled groundwater from the Santa 
Rosa, Rustler, and Capitan Formations comes from rainwater. None of the 
saline groundwaters were found to be original evaporite mother liquors or 
products of partial evaporation (Lambert, 1978). 

There is a shallow-dissolution area in the residuum of the Salado-Rustler 
contact underlying Mash Draw. Extending from northwest of Nash Draw south- 
westward beyond the Pecos River, it is about 30 miles long and 2 to 10 miles 

Table 7-19. Chemical Analysis of Groundwater in the Delaware   as in^ 

Formation Dissolved-solids concentration (mg/l) 
Sample name sampled pH Total Chloride Sulfate Sodium Calcium 

Carlsbad Well 7 
Hackber ry 
Piiddleton 
Shell No. 28 
James Ranch 
Duval mine/ 
collector ring 

H3, Magenta 
H3, Culebra 
Duval mine/ 

seep-BTS8 
ERDA-6 

Capitan 
Capitan 
Capi tan 
Capitan 
Rust 1 er 

Rustler 
Rustler 
Rustler 

Salado 
Castile 

a~ata from Lamber t (1978) . 

7-68 



Figure 7-25. Location of the shallow-dissolution zone. 

wide  ( F i g u r e  7-25) .  Water  p r e sumab ly  e s c a p e s  from t h e  s t r a t a  above  t h e  S a l a d o  
t h r o u g h  f r a c t u r e s  and  s o l u t i o n  zones  a n d  moves s o u t h w a r d  a l o n g  t h e  upper  s a l t  
s u r f a c e  t o  d i s c h a r g e  a s  b r i n e  i n t o  t h e  Pecos  R i v e r  a t  Malaga Bend. R e c h a r g e  
is augmented  by p o t a s h  e f f l u e n t  d i s c h a r g e d  i n t o  E!ash Draw. 

T e s t s  be tween  Ma lzga  Bend and  Laguna Grande  d e  l a  S a l  show t h e  S a l a d o -  
R u s t l e r  c o n t a c t  zone  which  c o n t a i n s  b r i n e ,  to have  a t r m s n i s s i v i t y  cf 8000 
f t 2 / d a y .  AssuIiIing ( f  rom d r  i l l - h o l e  i n f o r m a t i o n )  2.n a v e r a g e  t h i c k n e s s  o f  50 
f e e t ,  a  h y d r a u l i c  g r a d i e n t  o f  1 . 4  f t / m i l e ,  and  a n  e f f e c t i v e  p o r o s i t y  o f  20%,  
t h e  r a t e  o f  b r i n e  movement would  be a b o u t  0 . 2  f t / d a y .  E s t i n a t e s  o f  b r i n e  
d i s c h a r g e  i n t o  t h e  P e c o s  R i v e r  a r e  200 gpm ( T h e i s  and  S a y r e ,  1942)  t o  a b o u t  
300 gpm ( H a l e  e t  a l . ,  1 9 5 4 ) .  



As of February i979, hydrologic tests had been made on 12 exploratory 
holes at the site. Of these, five holes were specifically designed for hydro- 
logic testing: 11-1, the B-2 complex (three holes), and H-3 (Figure 7-26). 

i 
Complexes E-4 ,  kI-5, and S-6  have been drilled but not tested. A more detailed 

I 
description of th? continuing hydrologic studies at the site is given in the I 

! 
Geological Characterization Report (Powers et dl., 1978, pp. 105Ef) . 

In aeneral, the hydrologic testing program was directed at determining the 
static head or reservoir pressure, the water-yielding potential of the rock 
strata, and the chemistry of formation water beneath the site. Data analysis 
was aimed at evaluating geologic stability and groundwater-transport charac- 
teristics. A site geologic column is shown in Figure 7-8. 
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Figure 7-26. Hydrologic test holes. 



D r i l l - h o l e  measurements a t  t h e  s i t e  ( F i g u r e  7-26) show l i t t l e  groundwater 
above t h e  Sa lado .  To d a t e ,  e x p l o r a t i o n  by t h e  U.S. G e o l o g i c a l  Survey h a s  
c o n c e n t r a t e d  on t h e  f l u i d - b e a r i n g  zones of t h e  R u s t l e r  Format ion and t h e  
~ u s t l e r - S a l a d 0  c o n t a c t  (Mercer and O r r ,  1 9 7 8 ) .  These zones  a r e  t h e  most  
p r o b a b l e  avenue f o r  r a d i o n u c l i d e  t r a n s p o r t  through t h e  g e o s p h e r e  to  man, and 
knowledge of t h e i r  h y d r a u l i c  c h a r a c t e c i s t i c s  is n e c e s s a r y  f o r  e s t i a a t i n g  
p o t e n t i a l  h e a l t h  haza rds .  Groundwater i n  t h e  R u s t l e r  Format ion and t h e  
~ u s t l e r - S a l a d o  c o n t a c t  is c o n s i 2 e r e d  a v z l u a b l e  r e s o u r c e  when it can be used 
f o r  l i v e s t o c k  ( R u s t l e r )  o r  p o t a s h  r e f i n i n g  (Xus t l e r -Sa lado  c o n t a c t ) :  however, 
it u s u a l l y  c o n t a i n s  t o t a l - d i s s o l v e d - s o l i d s  c o n c e n t r a t i o n s  of more t h a n  
3000 ppm. 

The B e l l  Canyon Format ion of  t h e  Delaware Nountain Group y i e l d s  unsa t -  
u r a t e d  b r i n e s  t h a t  have s u f f i c i e n t  " f r e s h w a t e r "  head t o  r e a c h  t h e  R u s t l e r  
Format ion  b u t  a c e  blocked by t h e  C a s t i l e  Formation.  The h y d r a u l i c  conduc t iv -  
i t i e s  of  t h e  C a s t i l e  an2 t h e  S a l a d o  have been measured a t  t h e  AEC-8 and EFDA-9 
e x p l o r a t o r y  h o l e s .  The test  r e s u l t s  (Tab les  7-20 and 7-21) show t h a t  t h e  two 
f o r m a t i o n s  a r e  ex t remely  t i g h t .  

C o n c l u s i o n s  on t h e  o c c u r r e n c e  of f l u i d s  i n  t h e  rock u n i t s  uneer  t h e  s i t e  
can  be summarized a s  f o l l o w s  (Mercer and O r r ,  1978) :  

a. Moni tor ing of f l u i d - b e a r i n g  zones i n  t h e  R u s t l e r  shows h y d r a u l i c  
p o t e n t i a l  to d e c r e a s e  w i t h  dep th ;  p o t e n t i a l  f l u i d  movement would t h u s  
b e  downward i n  r o c k s  above t h e  s a l t .  However, t h e  l a r g e  p o t e n t i a l  
d i f f e r e n c e s  between f l u i d - b e a r i n g  u n i t s  i n  t h e  R u s t l e r  i n d i c a t e  l i t t l e  
o r  no v e r t i c a l  c o n n e c t i o n .  

T a b l e  7-20. S t r a t i g r a p h i c  Summarya 

ERDA- 9 AEC- 8 
 orm mat ion t o p  Depth ( f t )  E l e v a t i o n  ( f t )  Depth ( f t )  E l e v a t i o n  (f t)  

Gatuna 
S a n t a  Rosa 
Dewey Lake 
Rustler 

Magenta 
C u l e b r a  

S a l a d o  
103 Marker ( b a s e )  
Vaca T r i s t e  ( b a s e )  
124 Marker ( b a s e )  
126 Marker ( b a s e )  
136 Marker ( b a s e )  
139 Marker ( b a s e )  
Cowden ( t o p )  
Cowden (bot tom) 

C a s t i l e  
Delaware  
T o t a l  

- 

aAE~-8 ,  d r i l l e d  t o  3028 f e e t  on May 10,  1974, was r e e n t e r e d  and 
deepened t o  4910 f e e t  d u r i n g  J u l y  and e a r l y  August 1976. 



b. The d i s t r i b u t i o n  o f  head i n  t h e  C u l e b r a  l o l o m i t e  i n d i c a t e s  f l u i d  move- 
ment to t h e  s o u t h e a s t  a c r o s s  t h e  s i t e .  G r a d i e n t s  are 7 t o  120 f t / m i l e  
and are  lowest where h y d r a u l i c  c o n l u c t i v i t y  is g r e a t e s t .  

c. The d i s t r i b u t i o n  o f  head i n  t h e  Magenta d o l o m i t e  h a s  been d e t e r m i n e d  
i n  o n l y  t h r e e  h o l e s  and i n d i c a t e s  f l u i d  movement t o  t h e  sou thwes t .  
The h y d r a u l i c  g r a d i e n t  is 50 f t / m i l e .  

d .  F l u i d s  i n  t h e  C u l e b r a  and Magenta a p p a r e n t l y  move p r i m a r i l y  a l o n g  
f r a c t u r e  s y s t e m s ,  th rough  104-yielding f r a c t u r e d  r o c k s  whose e f f e c t i v e  
p o r o s i t i e s  and h y d r a u l i c  c o n d u c t i v i t i e s  a r e  h a r d  t o  o b t a i n .  

e. Very low y i e l d s  o f  b r i n e s  were found a l o n g  t h e  R u s t l e r - S a l a d o  c o n t a c t .  

f .  E v a l u a t i o n  o f  tests on B e l l  Canyon s a n d s  is incomple te ,  b u t  p r e l i m -  
i n a r y  r e s u l t s  a t  AEC-8 show t h e  p o t e n t i o m e t r i c  s u r f a c e ,  c o r r e c t e d  to 
f r e s h w a t e r  d e n s i t y ,  t o  be h i g h e r  t h a n  s i m i l a r l y  c o r r e c t e d  l e v e l s  o f  
f l u i d  z o n e s  i n  t h e  R u s t l e r .  

7 . 3 . 4  D i s s o l u t i o n  o f  S a l t s  i n  t h e  P z r n i a n  E v a p o r i t e s  

S o l u t i o n  a n d  s u b s i d e n c e  f e a t u r e s  a r e  common i n  s o u t h e a s t e r n  New Mexico. ! 

Depress ions  n e a r  t h e  s i t e  range from f e a t u r e s  a few m e t e r s  i n  d i a m e t e r  to  
f e a t u r e s  t h e  s i z e  o f  Laguna Grande de l a  S a l  ( S a l t  C a k e ) ,  11 m i l e s  t o  t h e  ! 

west-southwest  o f  t h e  s i t e ,  2nd Laguna P l a t a  and  Laguna Ga tuna ,  14 m i l e s  to  1 
t h e  n o r t h .  Mot a l l  2 e p r e s s i o n s  were f o r n e d  by s o l u t i o n  and c o l l a p s e .  Laguna 
P l a t a  and Laguna G a t u n a ,  f o r  e x a n p l e ,  were formed a s  b lowouts ,  and  o t h e r s  ! 
r e s u l t e d  from t h e  s o l u t i o n  o f  c a l i c h e .  

I t  is e s t i m a t e d  t h a t  up t o  50% o f  t h e  o r i g i n a l  s a l t  of  t h e  Delaware b a s i n  
e v a p o r i t e s  h a s  been removed (Anderson,  1 9 7 8 ) ,  e i t h e r  by s u r f a c e  e r o s i o n  or by 
groundwater .  These  p r o c e s s e s  have been i n t e r m i t t e n t  f o r  more t h a n  100 m i l l i o n  
y e a r s  (9achman, 1 9 7 4 ) .  S a l t  h a s  been renoved by wa te r  p e r c o l a t i n g  downward 
(mainly  f r o n  p r e c i p i t a t i o n  f a l l i n g  on t h e  g round  above t h e  s a l t ) ,  l e a v i n g  
behind i n s o l u b l e  m a t e r i a l  c e f e r r e d  to a s  a l e a c h e d  zone (Vine ,  1963) .  The 
s h a l l o w  d i s s o l u t i o n  b e n e a t h  :lash Draw is s u c h  a zone and  is a p p a r e n t l y  t h e  I 

m i g r a t i o n  r c u t e  f o r  t h e  l e a c h e d  sa l t s  t h a t  d i s c h a r g e  i n t o  t h e  Pecos  R i v e r .  ! 

T a b l e  7-21. C a l c u l a t e d  H y d r a u l i c  C o n d u c t i v i t y  from 
D r i l l - S t e m  T e s t s  i n  E R D A - ~ ~  

I 

T e s t  H y d r a u l i c  
Format i o n  Zepth ( f t )  coneuc t i v i  t y  ( f t / d a y  ) 

Sa lado  
S a l a d o  
S a l a d o  
S a l a d o / C a s t i l e  

a ~ e r  i v e d  from Lanber t and l i e r c e r  (1977) . 



S a l t  h a s  a l s o  been d i s s o l v e d  from w i t h i n  t h e  e v a p o r i t e s ,  g e n e r a l l y  
r e s u l t i n g  i n  t h e  c o l l a p s e  and l o w e r i n g  o f  t h e  o v e r l y i n g  s t r a t a .  Anderson 
(1978) r e c o g n i z e d  t h e  i n s o l u b l e  r e s i d u e  as a b l a n k e t - d i s s o l u t i o n  b r e c c i a  t h a t  
o c c u r s  west of t h e  p r e s e n t  s a l t  edge .  D e e p d i s s o l u t i o n  phenomena i n  t h e  
e v a p o r i t e s  may a l s o  have deve loped  more l o c a l i z e d  c o l l a p s e  f e a t u r e s ,  
r e c o g n i z e d  around t h e  margin  o f  t h e  b a s i n  and w i t h i n  t h e  b a s i n  (Maley and 
~ u f f i n g t o n ,  1953) .  T h e i r  o r i g i n  is more p r o b l e m a t i c a l  t han  t h a t  of  s u r f a c e  
d i s s o l u t i o n ,  and t h e  r a t e s  of  d i s s o l u t i o n  a r e  more d i f f i c u l t  to assess. The 
wa te r  t h a t  d i s s o l v e d  t h e  s a l t  i n  o t h e r  a r e a s  o f  t h e  r e g i o n  is b e l i e v e d  t o  have 
come from a q u i f e r s  b e n e a t h  t h e  s a l t  b e d s ,  through f r a c t u r e  s y s t e m s  i n  t h e  
r o c k s  (Anderson,  1978) .  

Sha l low d i s s o l u t i o n  

The d e p t h  of  s h a l l o w  d i s s o l u t i o n  i n  t h e  e v a p o r i t e s  ( b a s e  o f  l e a c h e d  zone) 
is v e r y  i r r e g u l a r  b u t  u s u a l l y  less t h a n  300 f e e t  near  t h e  p roposed  si te.  I t  
is deve loped  i n  t h e  w e s t e r n  p a r t  o f  t h e  Delaware b a s i n ,  where t h e  e v a p o r i t e s  
a r e  exposed o r  near  t h e  s u r f a c e .  I n  Nash Draw, where t h e  R u s t l e r  Format ion  is 
expvsed ,  l e a c h i n g  e x t e n d s  i n t o  t h e  S a l a d o .  E a s t  of  Nash Draw, down-dip i n t o  
t h e  Delaware b a s i n ,  t h e  e v a p o r i t e  f o r m a t i o n s  become p r o g r e s s i v e l y  d e e p e r ,  and 
t h e  p r e s e n t - d a y  t o p  o f  t h e  s a l t  is found p r o g r e s s i v e l y  h i g h e r  i n  t h e  s t r a t i -  
g r a p h i c  s e c t i o n .  The t o p  of  s a l t  is a t  t h e  t o p  o f  t h e  S a l a l o  F o r n a t i o n  abou t  
2 miles w e s t  of  t h e  s i t e  c e n t e r  and becomes p r o g r e s s i v e l y  h i g h e r  i n  t h e  
R u s t l e r  Format ion  a c r o s s  t h e  s i t e  ( F i g u r e  7-27).  

J o n e s  (1972) r e p o r t e d  t h e  s o l u t i o n  f r o n t  i n  t h e  S a l a d o  Format ion  t o  be 
between 2 and 3  m i l e s  west of  t h e  s i t e  c e n t e r .  Bachman (1974) a t t r i b u t e d  a  
t h i n n i n g  o f  t h e  upper member o f  t h e  S a l a d o  west and n o r t h  o f  t h e  s i t e  to bo th  
t h e  o r i g i n a l  d e p o s i t i o n  and s u b r o s i o n  d u r i n g  t h e  middle  and l a t e  Cenozoic .  
West o f  t h e  f r o n t  t h e r e  i.s a l m o s t  a  f o u r f o l d  r e d u c t i o n  i n  t h i c k n e s s ,  t o  a s  
l i t t l e  as 150 t o  170 f e e t  i n  some p l a c e s .  T h i s  is t h e  r e s i d u e  o f  a  500-foot  
s e c t i o n  a f t e r  l e a c h i n g  by c i r c u l a t i n g  groundwater .  

A s  d i s s o l u t i o n  p r o g r e s s e s ,  v o i d s  d e v e l o p  and t h e  r e s i d u e  is weakened u n t i l  
it is no longer  a b l e  t o  s u p p o r t  t h e  ove rburden .  Slumping o f  t h e  r e s i d u e  and 
c o l l a p s e  o f  t h e  roof c a n  e x t e n d  to t h e  ground s u r f a c e ,  r e s u l t i n g  i n  a topo- 
g r a p h i c  s i n k .  The r e s u l t i n g  d i s t i n c t i v e  p i t t e d  t e r r a i n ,  c a l l e d  " k a r s t , "  h a s  
p o o r l y  developed s u r f a c e  d r a i n a g e  and is e x t e n s i v e  i n  s o u t h e a s t e r n  N e w  Mexico. 

Another l a r g e  d e p r e s s i o n  c i t e d  by Bachman is San Simon Swale ,  22 m i l e s  
e a s t  o f  t h e  s i te .  Shal low d i s s o l u t i o n  is a  f a c t o r  i n  i ts  deve lopment ,  which 
a p p a r e n t l y  s t i l l  c o n t i n u e s .  The l a s t  r e c o r d e d  c o l l a p s e  o c c u r r e d  a b o u t  40 
y e a r s  ago  (Nicholson and C l e b s c h ,  1 9 6 1 ) .  Many s i n k s  a l o n g  t h e  Pecos  R ive r  
V a l l e y  have c o l l a p s e d  i n  h i s t o r i c  times (Bachman, 1 9 7 4 ) .  A s  r e c e n t l y  a s  1973,  
a  small c o l l a p s e  s i n k  formed a t  L a k e  A r t h u r ,  a b o u t  50 miles n o r t h  o f  Car l sbad .  

D e e D  d i s s o l u t i o n  

Large  d e e p - d i s s o l u t i o n  f e a t u r e s  f i l l e d  w i t h  Cenozo ic  s e d i m e n t s  o v e r l y i n g  
t h e  i n n e r  n a c g i n  o f  t h e  C a p i t a n  r e e f  were r ecogn ized  by scme o f  t h e  E i c s t  
g e o l o g i s t s  working i n  t h e  Delaware b a s i n  (Maley and H u f f i n g t o n ,  1 9 5 3 ) .  ?he 
source o f  water  was a t t r i b u t e d  t o  t h e  C a p i t a n  a q u i f e r .  

The most p r o n i n e n t  s m a l l - s c a l e  ( l e s s  than  1 m i l e  a c r o s s )  d i s s o l u t i o n  
f e a t u r e s  near  t h e  Delaware b a s i n  have been d e s c r i b e d  by Vice (1960) z s  "domal 
k a r s t  f e a t u r e s . "  The s u b s u r f a c e  p r o j e c t i o n  o f  one  dome (dome C )  , f o u n d  a t  t h e  
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Figure 7-27. Geologic section through the Los Medanos area. 

l e v e l  of t he  McNutt Po tash  Zone by t h e  M i s s i s s i p p i  Chemical C o r p o r a t i o n ,  was a  
chimney i n  t h e  Sa lado  f i l l e d  wi th  clay-cemented b r e c c i a t e d  rock belonging t o  
h ighe r  s t r a t a .  There  a r e  s i m i l a r  erosion-breached domes i n  t h e  v i c i n i t y  of 
Nash Draw. The i r  s u b s u r f a c e  e x p r e s s i o n  is unknown. A chimney c o n t a i n i n g  
cemented rubb l e  ( i n c o r r e c t l y  termed a  " b r e c c i a  p ipe" )  w a s  encounte red  i n  
e x p l o r a t o r y  d r i l l i n g  near t h e  Weaver Mine, b u t  i t  was n o t  a s s o c i a t e d  w i t h  a  
breached dome a t  t h e  s u r f a c e .  Recent geophys i ca l  su rveys  have shown t h a t  many 
of t h e s e  h i l l s ,  i n c l u d i n g  t h e  "Weaver Pipe"  and V i n e ' s  dome C, a r e  a s s o c i a t e d  
w i t h  r e s i s t i v i t y  lows. 

Anderson (1978) b e l i e v e s  t h a t  deep d i s s o l u t i o n  is an ongoing p roce s s .  The 
s i t e  is i n  an a r e a  of t h e  Delaware b a s i n  t h a t  is r e l a t i v e l y  f r e e  o f  r e g i o n a l  
deep  d i s s o l u t i o n ,  bu t  l o c a l i z e d  f e a t u r e s  a r e  p r e s e n t  i n  t h e  v i c i n i t y .  Never- 
t h e l e s s ,  e x t e n s i v e  i n v e s t i g a t i o n s  a t  t h e  proposed s i t e ,  i n c l u d i n g  e x p l o r a t o r y  
h o l e s  ERDA-10, ERDA-9, and AEC-8, show no c o n t i n u i n g  deep d i s s o l u t i o n  (Powers 
e t  a l . ,  1978, pp. 6 - 4 0 f f ) .  

Ra t e s  of d i s s o l u t i o n  

D i s s o l u t i o n  is an a c t i v e  p rocess  and can be expec ted  t o  con t i nue .  To 
e v a l u a t e  t h e  p o t e n t i a l  hazard t o  t h e  s i t e  of con t inued  d i s s o l u t i o n  i n  nearby 
p l a c e s  such a s  Nash Draw, t h e  r a t e s  of d i s s o l u t i o n  a r e  e s t i m a t e d .  Nash Draw 
appea r s  t o  have subs ided  between t h e  L iv ings ton  and Quahada Ridges  a s  much a s  



180 f e e t  s i n c e  Mescalero  t ime. A t  one p l a c e  its s u r f a c e  is  180 f e e t  below t h e  
p r o j e c t e d  a l t i t u d e  o f  t h e  Mescalero  c a l i c h e .  However, t h e  i n t e r v a l  between 
t h e  t o p  of t h e  S a l a d o  Formation and t h e  t o p  of  marker bed 124 a t  t h e  same 
l o c a t i o n  is 420 f e e t ,  o r  330 f e e t  l e s s  t h a n  a t  t h e  L iv ings ton  Ridge,  where 
r e l a t i v e l y  l i t t l e  of t h e  Sa lado  s a l t  has  been removed. I t  is concluded t h a t  
about  150 f e e t  of t h e  S a l a d o  s a l t  was removed b e f o r e  Mescalero time and about  
180 f e e t  s i n c e .  With t h i s  i n  mind, Bachman (1974) analyzed t h e  d i s s o l u t i o n  i n  
Nash Draw a s  o c c u r r i n g  s i n c e  t h e  development of t h e  Mescalero c a l i c h e ,  600,000 
y e a r s  ago,  and found t h a t  t h e  average v e r t i c a l  d i s s o l u t i o n  was about  0.33 f o o t  
per 1000 y e a r s .  

C l e a r l y ,  t h i s  r a t e  is n o t  a c o n s t a n t  f o r  t h e  reg ion .  A t  l e a s t  two o t h e r  
f a c t o r s  must be c o n s i d e r e d ,  but  no g e o l o g i c  in format ion  is a v a i l a b l e  f o r  t h e i r  
e v a l u a t i o n  : 

a .  D i s s o l u t i o n  and subs idence  r a t e s  p robab ly  have not  been c o n s t a n t  i n  
Nash Draw d u r i n g  t h e  p a s t  600,000 y e a r s .  Much of t h e  subs idence  may 
have o c c u r r e d  d u r i n g  p e r i o d s  of h igh  r a i n f a l l  i n  t h e  l a t e  P l e i s t o c e n e  
(Wisconsin t ime)  . 

b. The s u b s i d e n c e  i n  Nash Draw, whenever it occur red  i n  t h e  P l e i s t o c e n e ,  
is n o t  an a v e r a g e  r a t e  f o r  t h e  reg ion .  I n  t h e  a r e a  of " t h e  Divide"  
between t h e  Ante lope  and L iv ings ton  Ridges ,  t h e  Mescalero c a l i c h e  is 
r e l a t i v e l y  u n d i s t u r b e d ,  s u g g e s t i n g  no d i s s o l u t i o n  s i n c e  Mescalero  
t i m e  . 

An a l t e r n a t i v e  approach was used by F. A. Swenson (Bachman and Johnson,  
1 9 7 3 ) ,  who e s t i m a t e d  t h e  maximum amount o f  s a l t  d i s s o l v e d  and d i scharged  by 
s p r i n g s  and s t r e a m s  a l o n g  t h e  e a s t  f l a n k  of  t h e  b a s i n  to be 955 t o n s  pe r  
s q u a r e  m i l e  each y e a r .  T h i s  g i v e s  a p r e s e n t  v e r t i c a l  d i s s o l u t i o n  r a t e  o f  
about  0.5 f o o t  of  s a l t  i n  1000 years .  

The e s t i m a t e d  l a t e r a l  sha l low d i s s o l u t i o n  i n  t h e  western  p a r t  of t h e  
Delaware b a s i n  is a b o u t  6 to 8 m i l e s  pe r  m i l l i o n  y e a r s  (Bachman and Johnson,  
1973) ,  based on t h e  assumption t h a t  t h e  S a l a d o  Formation extended t o  t h e  
Cap i tan  r e e f  escarpment  on t h e  western  edge of t h e  b a s i n  a t  t h e  end of 
O g a l l a l a  time. I t  is now recognized t h a t  t h e  d i s s o l u t i o n  of t h i s  s a l t  cou ld  
have o c c u r r e d  a t  e a r l i e r  times i n  t h e  p a s t ,  and t h e  average r a t e  of s a l t  
removal by s h a l l o w  d i s s o l u t i o n  is be l i eved  to be much slower than t h o s e  
e s t i m a t e s .  

The r a t e  of  deep d i s s o l u t i o n  is d i f f i c u l t  to a s s e s s ,  and Anderson (1978) 
does n o t  b e l i e v e  t h a t  e s t i m a t e s  can be made w i t h  any degree  o f  conf idence  from 
t h e  a v a i l a b l e  d a t a .  I n  any c a s e ,  deep d i s s o l u t i o n  does n o t  occur  near  t h e  
site. 



7.4 ARCHAEOLOGY 
i 
1 

L i t t l e  a r chaeo log i ca l  r e s e a r c h  has  been done i n  s o u t h e a s t e r n  N e w  Mexico. 
I n t e r e s t  has i n s t e a d  tended t o  focus  on a r e a s  t o  t h e  n o r t h  and west, p a r t l y  
because of t h e  more s p e c t a c u l a r  r u i n s  there--such a s  Chaco Canyon and Mesa 
Verde--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  t h e s e  r u i n s  t o  t h e  
p r e s e n t  Pueblo Ind i ans .  These n o r t h e r n  a r e a s  were f e l t  to be t h e  major cul-  
t u r a l  c e n t e r s ,  whereas s o u t h e a s t e r n  new Mexico has  been regarded  a s  a less 
f r u i t f u l  a rea  f o r  i n v e s t i g a t i o n  t han  a r e a s  t o  t h e  no r th  and west .  More 
r e c e n t l y ,  however, t h e  marg ina l  n a t u r e  of t h e  s o u t h e a s t e r n  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  be- 
tween environment and c u l t u r e .  

S t u d i e s  by Mera (1943) ,  Lehmer (1948 ) ,  and J e l i n e k  (1967) a r e  t h e  t h r e e  
b a s i c  sources  of in format ion  on t h e  archaeology of s o u t h e a s t e r n  New Mexico. 
Lehmer syn thes ized  t h e  knowledge of  t h e  archaeology of t h e  a r e a  and incorpo- 
r a t e d  Mera's d a t a  t o  d e f i n e  what he c a l l e d  t h e  Jornada branch of Mogollon cu l -  
t u r e .  This d i d  n o t  i nc lude  t h e  more e a s t e r l y  p o r t i o n s  of sou the rn  N e w  Mexico 
o r  t h e  a r ea  of t h e  WIPP r e f e r e n c e  s i t e  but  d i d  form t h e  b a s i s  f o r  t h e  c l a s s i -  
f i c a t i o n  of s i t e s  i n  t hose  p o r t i o n s  of t h e  S t a t e .  The t ime  s c a l e  o f  t h i s  syn- 
t h e s i s  was from t h e  e a r l y  C h r i s t i a n  e r a  t o  1400 A.D. J e l i n e k  conducted a sur -  
vey of t h e  Pecos Va l l ey  n o r t h  of Roswel l .  The e a r l i e s t  phase he i d e n t i f i e d ,  
h i s  "Ear ly  18 Mile" (800-900 A . D . ) ,  was g e n e r a l l y  s i m i l a r  to l a t e  Archaic .  
The a r e a  appears  to have been abandoned f o r  some time af  t e r  t h e  mid-14th cen- 
t u ry .  The s t u d i e s  of Lehmer and J e l i n e k  and l a t e r  f i e l d  o b s e r v a t i o n s  i n  Lea 
and Eddy Count ies  l e d  t o  t h e  e x t e n s i o n  of  t h e  boundaries  of Lehmer's Jornada 
Mogollon t o  i nc lude  t h e  r e s t  of s o u t h e a s t e r n  N e w  Mexico. 

Various groups of e x p e r t  amateurs ,  e s p e c i a l l y  t h e  Lea County Archaeolo- 
g i c a l  Soc ie ty ,  have been a c t i v e  i n  e x c a v a t i o n ,  survey ,  and p u b l i c a t i o n  of t h e  
a r chaeo log i ca l  va lue s  o f  s o u t h e a s t e r n  New Mexico. Con t r ac t  a r c h a e o l o g i c a l  
f i rms  have a l s o  been a c t i v e  i n  t h e  C a r l s b a d  Potash D i s t r i c t  immediately west 

I 1  

and nor th  of t h e  s t udy  a r e a  f o r  t h e  r e f e r e n c e  r e p o s i t o r y .  
I 

A Bureau of Land Management s t u d y  (BLM, 1975) has  e s t i m a t e d  t h e  archaeolo-  I 

g i c a l  s i te d e n s i t y  i n  t h e  p o t a s h  a r e a s ,  us ing  d a t a  ga the red  by E a s t e r n  New 
Mexico Un ive r s i t y  (ENMU) on a su rvey  t o  t h e  no r th  and p r o j e c t i o n s  made by 
Schaafsma (1975) from s i m i l a r  a r e a s  e l sewhere  i n  N e w  Mexico. I t  concluded I I 

I I 
t h a t  t h e  "si te d e n s i t i e s  w i t h i n  t h e  po t a sh  ba s in  may be expec t ed  t o  range be- 
tween 12 and 15 s i t e s  per s q u a r e  mi l e .  The m a j o r i t y  of t h e s e  si tes w i l l  be 1 ' 
l o c a t e d  i n  dunes, on c l i f f s ,  i n  c l o s e  prox imi ty  t o  p l ayas ,  o r  a combination o f  1 
t h e se . "  I n  i ts r e p o r t ,  t h e  ELM d i d  n o t  i n d i c a t e  what c o n s t i t u t e d  a si te.  

I 

i '  
'I 

P r e h i s t o r i c  dwel l ings  a r e  exceed ing ly  r a r e  i n  s o u t h e a s t e r n  New Mexico. I 
I 

The nea re s t  known dwel l ings  t o  t h e  r e f e r e n c e  s i te  a r e  a t  Maroon C l i f f s ,  11.5 1 
m i l e s  northwest.  The presence  of  p i t  houses has  no t  been confirmed t h e r e ,  bu t  

I 

year-round occupat ion is sugges t ed  by a deep midden r e c e n t l y  excava ted  by 
ENMU. The Lea County Archaeo log i ca l  S o c i e t y  r epo r t ed  p i t  houses  a t  Laguna I 

P l a t a ,  15 miles n o r t h ,  though J. L.  Haske l l  IENMU, pe rsona l  communication) I 

q u e s t i o n s  its conc lus ions .  The n e a r e s t  confirmed p i t  houses  a r e  a t  t h e  1 

Marchant s i t e  (southwest  of Hobbs and about  18 miles e a s t  of t h e  s i t e ) ,  
excavated by t h e  Lea County Archaeo log i ca l  S o c i e t y  i n  t h e  1960s ( L e s l i e ,  1965).  



I n  t h e  summer of  1976,  ENMU s u r v e y e d  t h e  c e n t r a l  4 s q u a r e  miles of t h e  
s i te ,  i n c l u d i n g  a l l  of  c o n t r o l  zones  I and I1 ( F i g u r e  8-2) .  They found 64 
i s o l a t e d  a r t i f a c t  sites and 33 a r c h a e o l o g i c a l  sites. The l a t t e r  were t a k e n  t o  
be  l o c a l i t i e s  t h a t  were used  and o c c u p i e d  by p r e h i s t o r i c  man. One s u c h  s i t e ,  
w i t h  a m e t a t e ,  is shown i n  F i g u r e  7-28. 

The number o f  s i tes c o r r e s p o n d s  t o  an a v e r a g e  d e n s i t y  of e i g h t  pe r  s q u a r e  
m i l e ,  s i g n i f i c a n t l y  fewer t h a n  t h e  Bureau o f  Land Management had i n f e r r e d  from 
e a r l i e r  s u r v e y s .  ENMU c l a s s i f i e d  t h e  33 s i tes  a c c o r d i n g  t o  a s c a l e  d e f i n e d  by 
t h e  Schoo l  o f  American Resea rch :  Task Locus,  S p e c i a l  A c t i v i t y  Zone, L imi ted  
Base ,  Home Base ,  C e n t r a l  Base, and Occupa t ion  Zone. By t h i s  scale, twenty- 
seven  o f  t h e  s i t e s  ( i n c l u d i n g  t h e  one  shown i n  F i g u r e  7-28) a r e  Task Locuses 
and t h e  remaining s i x  a r e  S p e c i a l  A c t i v i t y  Zones. No p i t  h o u s e s ,  permanent 
s t r u c t u r e s ,  o r  o t h e r  i n d i c a t i o n s  o f  heavy u s e  were found ( a  l a t e r  e x c e p t i o n  is 
found below) . 

The main c o n c l u s i o n s  o f  ENMU were  a s  f o l l o w s  ( N i e l s e n ,  1976) :  

C u l t u r a l  r e s o u r c e s  a r e  remarkably  uni form a c r o s s  t h e  a r e a .  Ground- 
s t o n e  c o n s i s t s  o f  wedge-shaped manos, and oval -shaped m e t a t e s . . .  . 
Although few i n  number, p o t s h e r d s  be long  t o  t h e  E l  Paso  Brown, 
J o r n a d a  Brown, and Chupadero Black-on-White t y p e s ,  which d a t e  be- 
tween A . D .  900-1300. These r e s o u r c e s  a r e  t i e d  t o  t h e  J o r n a d a  Branch 
o f  t h e  E.logollon. Of t h e  seven  p r o j e c t i l e  p i n t s  found ,  one  was from 
t h e  Archa ic  p e r i o d  (4000 B.C .  t o  A.D. 5 0 0 ) .  The o t h e r s  were prob- 
a b l y  of J o r n a d a  Mogollon a u t h o r s h i p  .... H e a r t h s  were o f t e n  n o t e d ,  
w i t h  t h e i r  p r e s e n c e  b e i n g  i n d i c a t e d  e i t h e r  by a d a r k  s t a i n  i n  t h e  
s o i l ,  o r  by a s c a t t e r  o f  burned c a l i c h e  o r  s a n d s t o n e .  

I t  is b e l i e v e d  t h a t  t h e  a r e a  was o c c u p i e d  s e a s o n a l l y  by h u n t i n g /  
g a t h e r i n g  bands. The pr ime r e s o u r c e s  a r e  a c o r n s ,  m e s q u i t e  beans ,  
r a b b i t ,  and dee r .  Owing t o  t h e  r e l a t i v e l y  l a r g e  number o f  
g rounds tone  f r a g m e n t s ,  i t  seems l i k e l y  t h a t  t h e s e  a c o r n s  and 
mesqu i t e  beans were p r o b a b l y  p r imary  r e s o u r c e s  o f  t h e s e  p e o p l e .  

The s i t e  i n v e s t i g a t i o n  has  s o  f a r  (Elarch 1979) r e q u i r e d  b u i l d i n g  about  30 
miles of new road ,  d r i l l i n g  45 h o l e s ,  i n s t a l l i n g  a m e t e o r o l o g i c a l  t ower ,  run- 
n i n g  79 miles o f  o f f - r o a d  s e i s m i c  l i n e s ,  and making a b o u t  9000 o f f - 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  4 s q u a r e  n i l e s  
s u r v e y e d  by BIMU and r e q u i r e d  a r c h a e o l o g i c a l  c l e a r a n c e .  I n  t h e  Drocess  more 
sites have been d i s c o v e r e d .  The most i n t e r e s t i n g  new f i n d  was a room block 
j u s t  o u t s i d e  t h e  i n t e n s e l y  su rveyed  c e n t r a l  a r e a .  T h i s  was i n  t h e  shape  of a 
r e v e r s e d  " L , "  a p p r o x i m a t e l y  23 by 26 f e e t .  The f o u n d a t i o n  o n l y  remains ;  i t  is  
n o t  of  d r e s s e d  s t o n e  b u t  adobe o r  j a c a l .  Nearby a r e  a s e r i e s  of  r e c t a n g u l a r  
a r r a y s  o f  c a l i c h e  b l o c k s .  S u p e r f i c i a l l y  t h i s  f i n d  seems t o  be o f  t h e  e a r l y  t o  
m i d d l e  Jo rna?a  Mogollon p e r i o d  and t o  be a s m a l l  d w e l l i n g  o r  d w e l l i n g  complex. 

The r ights -of -way f o r  t h e  WIPP r e f e r e n c e  r e p o s i t o r y  have n o t  been surveyed 
a r c h a e o l o g i c a l l y .  These  s u r v e y s  n u s t  a w a i t  t5e l a y o u t  of r o a d s ,  e l e c t r i c a l -  
power l i n e ,  and r a i l r o a d .  



Figure 7-28. Overview of rhe site looking toward the east (top) 
and 0 ~ 3 i  basin metate ibo t tomi .  
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8 The Reference Repository and Its Operation 

8.1 CURRENT AND PROPOSED LAND USE 

8.1.1 Location and Description 

I The WIPP reference site is in Eddy County in southeastern New Mexico, 25 
miles east of Carlsbad (Figure 8-1). The land area committed to the project 
will be approximately 6 miles in diameter. It will contain 18,960 acres (29.6 
square miles) in four townships: T 22 S, R 31 E; T 23 S, R 31 E; T 22 S, 
R 30 E; and T 23 S, R 30 E. The actual area under W E  control will not be a 
true circle because of the necessity of squaring up the boundaries for Legal 
description (Figure 8-2) . 

8.1.2 Current Land Use Plithin a 30-Mile Radius from the Site 

Figures 8-3 and 8-4 show Land status and use within a radius of 30 miles 
from the WIPP reference site. From these maps it is apparent that there is 
very little private land in the area. Most of the land is owned by the 
Federal Government or the State of New Mexico. 

The dominant use of the Land around the site is grazing; the average num- 
ber of animals per section is approximately six to nine (Appendix H ) .  There 
are numerous active oil and gas wells. The only agricultural land within a 
30-mile radius is irrigated farmland along the Pecos River, near the munici- 
palities of Carlsbad and Loving; very little, if any, dry-land farming takes 
place within the area. 

I At present, land use within a radius of 10 miles from the site consists of 
potash-mining operations, active oil and gas wells, and grazing. With or 
without the reference repository, this pattern is expected to change little in 
the future. 

8.1.3 Control Zones 

I The four control zones at the site, shown in Figure 8-2, will be under the 
, full control of the W E .  The WE'S intent is to exercise successiveLy fewer 
I restraints on surface and underground use at increasing distances Erom the 
I center of the site. 

Control zone I, covering about 50 acres in Sections 20, 21, 28, and 29 of 
T 22 S, R 31 E, will contain most of the surface facilities. It will be sur- 
rounded by a security fence, with provisions for visual surveillance by closed- 
circuit television and possibly by electronic intrusion detectors. The plant 
will be open to public visits and tours; as a safety precaution, however, 
access must be controlled to insure that the nm5er and location of persons in 
control zone I are known at all times. 
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Figure 8-2. The WlPP reference site. 
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Figure 8-3. Land status within a 30-mile radius of the WlPP reference site. 
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C o n t r o l  zone 1 1 ,  an  a r e a  of  a b o u t  1800 a c r e s ,  w i l l  o v e r l i e  t h e  maximum 
e x t e n t  of  underground deve lopment ;  a l l  r a d i o a c t i v e  w a s t e  w i l l  be emplaced 
underground b e n e a t h  c o n t r o l  zone 1 1 .  I t  w i l l  n o t  be f e n c e d  e x c e p t  f o r  two 
5-ac re  and two 20-acre  a r e a s  s e t  a s i d e  a s  long- term b i o l o g i c a l  s t u d y  p l o t s .  
L i v e s t o c k  w i l l  be  p e r m i t t e d  i n  t h i s  zone under c o n t r o l s  l i k e  t h o s e  of  t h e  
Bureau of  Land Management and S t a t e  a g e n c i e s  on t h e  s u r r o u n d i n g  l a n d .  Only  
d r i l l i n g  and min ing  c a r r i e d  o u t  by t h e  DOE w i l l  be p e r m i t t e d  w i t h i n  t h i s  con- 
t r o l  zone .  

C o n t r o l  zone 1 1 1 ,  s u r r o u n d i n g  c o n t r o l  zone 11, w i l l  have  an o u t s i d e  
d i a m e t e r  o f  4 m i l e s  and an a r e a  of a b o u t  6200 a c r e s .  I t  w i l l  n o t  be f e n c e d ,  
and g r a z i n g  w i l l  be p e r m i t t e d .  With  p e r m i s s i o n  f rom t h e  DOE, s h a l l o w  w e l l s  
may be d r i l l e d  f o r  stock w a t e r ,  b u t  no o t h e r  d r i l l i n g  o r  m i n i n g  w i l l  be  
p e r m i t t e d  u n l e s s  e v a l u a t i o n s  now i n  p r o g r e s s  show t h a t  s u c h  a c t i v i t i e s  can  be 
conduc ted  w i t h o u t  damage to t h e  r e p o s i t o r y .  

C o n t r o l  zone IV, s u r r o u n d i n g  c o n t r o l  zone 111, w i l l  have  an  o u t s i d e  
d i a m e t e r  o f  6 miles and an a r e a  of  a b o u t  11,000 a c r e s .  G r a z i n g  and s h a l l o w  
wells f o r  water  w i l L  be  p e r m i t t e d .  Con t inuous  o r  d r i l l - a n d - b l a s t  min ing  f o r  
p o t a s h  may be  p e r m i t t e d  under DOE r e s t r i c t i o n s ,  b u t  no s o l u t i o n  min ing  w i l l  be  
p e r m i t t e d .  E x i s t i n g  p r o d u c i n g  o i l  o r  g a s  h o l e s  i n  t h i s  zone  w i l l  be  p e r m i t t e d  
to c o n t i n u e  t h r o u g h  t h e i r  u s e f u l  l i v e s ;  t o  p r o t e c t  t h e  r e p o s i t o r y ,  t h e y  w i l l  
be  s e a l e d  a s  p r e s c r i b e d  by t h e  DOE when t h e y  a r e  abandoned.  N e w  w e l l s  f o r  o i l  
and g a s  p r o d u c t i o n  may be  d r i l l e d  i n  conformance  w i t h  DOE s t a n d a r d s  to 
f a c i l i t a t e  e v e n t u a l  p l u g g i n g :  r e c o v e r y  methods l i k e  f l o o d i n g  or 
h y d r o f r a c t u r i n g  w i l l  n o t  be p e r m i t t e d .  

The W E  w i l l  n o t  e x e r c i s e  any c o n t r o l  ove r  t h e  l a n d  o u t s i d e  c o n t r o l  zone  
I V  and w i l l  n o t  impose any r e s t r i c t i o n s  on i t s  u s e .  

Rights-of-way must be a c q u i r e d  f o r  a c c e s s  to t h e  s i t e .  The p roposed  
r igh t s -o f -way ,  shown i n  F i g u r e  8-5,  and t h e  o f f - s i t e  l a n d  a r e a s  c o v e r e d  by 
t h e s e  r igh t s -o f -way  ( T a b l e  8-1) w i l l  be  su rveyed  f o r  t h e  p r e s e n c e  of  
a r c h a e o l o g i c a l  o r  h i s t o r i c  s i tes .  

T a b l e  8-1. Rights-of -way f o r  t h e  WIPP R e f e r e n c e  R e p o s i t o r y  

Length ( m i l e s )  Width Of f - s i t e  
T o t a l  O f f - s i t e  ( f e e t )  a r e a  ( a c r e s )  

Road to n o r t h  L 3 10 200 245 
Road to s o u t h  3 1 200 2 5 
R a i l r o a d  6 3 100 3 5 
E l e c t r i c i t y  10 7 7 5 6  5 
Water ( e x k e n s i o n )  18 18 100 - 220 
T o t a l  5 9 0 





Present access to the area from New Mexico highway 128 is provided by 
caliche-surfaced roads built during exploration for oil and gas or for 
potash, some ranch roads, and extensions of these roads to site-exploration 
drill holes. 

Eventually, access to the area will be from the north and south by new 
paved highways. Rail access will be provided by extending a railspur that 
now reaches the Duval Potash Company's Nash Draw mine to the west-southwest 
of the site. 

Electrical power will be brought to the site from the west over a 
separate right-of-way. A telephone line will be brought from the north on 
the right-of-way For the new highway. Water will be purchased from the 
Double Eagle Water System owned by the City of Carlsbad. It will be carried 
over an 18-mile right-of-way that reaches from a tie-in point on the existing 
system; it then will move to the north road into the site on the road 
right-of-way. 

After construction is finished on the rights-of-way for electricity and 
water, those areas, except for an unimproved maintenance track in each, will 
be allowed to revegetate. The rights-of-way for the road and the railroad 
will be long-term withdrawals from the natural productivity of the land. 

8.1.5 Land Ownership and Leaseholds 

All the land that will be.needed for the WIPP reference repository is 
Federal or State land (Figure 8-15). The withdrawal area consists of 17,200 
acres (26.9 square miles) of Feeera1 land and 1760 acres (2.75 square miles) 
of State land. 

Although there is no private land inside the boundaries of the proposed 
withdrawal area, there are two parcels of private land immediately outside 
the site: 80 acres in the northwest corner of Section 24 (T 22 S, R 30 E) and 
40 acres in the extreme southeast corner of Section 6 (T 23 S, R 31 El. The 
headquarters of the James Ranch is on the latter 40 acres. 

The proposed withdrawal area is encumbered by the long-term leases 
summarized in Table 8-2. 

Grazing rights 

All of the land in the withdrawal area has been leased for grazing. 
There are two leaseholders: William and Kenneth Smith of Carlsbad, New 
:lexica, own the Crawford Ranch, which has lease rights to 6680 acres in the 
northern portion of the proposed withdrawal area. T. T. Sanders, Jr., of 
Roswell, New Mexico, ovner of the James Ranch, has lease rights to 12,280 
acres in the southern portion of the proposed withdrawal area (Figure 8-61. 
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Figure 8-6. Grazing leases within the WlPP reference site. 
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A s  p a r t  of  t h e  development of t h e s e  g r a z i n g  l e a s e  r i g h t s ,  t b e  Crawford 
Ranch has  a  s t o c k  w e l l  i n  S e c t i c n  15 iT  22 S ,  R 31  E ) .  There  a r e  no o t h e r  
w a t e r  wells a t  t h e  r e f e r e n c e  s i t e ,  a l t h o u g h  t h e r e  a r e  a  number n e a r b y ,  
e s p e c i a l l y  near t h e  h e a d q u a r t e r s  of  t \ e  James Ranch o u t s i d e  t h e  southwest  
borde r  of  t h e  s i te .  

According t o  Bureau of Land Management r e c o r d s ,  a g r a z i n g  d e n s i t y  of  
n i n e  c a t t l e  per s e c t i o n  ( 7 0  a c r e s  per head of c a t t l e )  is  p e r m i t t e d  on t h i s  
l e a s e d  l a n d .  
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P o t a s h  leases 

L e s s  t h a n  h a l f  t h e  l a n d  w i t h i n  t h e  w i t h d r a w a l  area h a s  been  leased or h a s  
a p p l i c a t i o n s  p e n d i n g  f o r  p o t a s h  e x p l o r a t i o n .  A s  shown i n  F i g u r e  8-7 a n d  
T a b l e  8-2 ,  4800 acres a r e  now leased by f o u r  c o m p a n i e s ,  t h r e e  o f  wh ich  a r e  
a l r e a d y  o p e r a t i n g  m i n e s  i n  t h e  C a r l s b a d  P o t a s h  Area .  T a b l e  8-2 a l s o  shows 
how much of t h e  i n n e r  t h r e e  c o n t r o l  z o n e s  is unde r  lease; no  p o t a s h  m i n i n g  
w i l l  b e  p e r m i t t e d  w i t h i n  t h e s e  i n n e r  z o n e s  f o r  a number of y e a r s  a n d  p e r h a p s  
f o r e v e r .  The amount  o f  p o t a s h  m i n e r a l i z a t i o n  i n  t h e  w i t h d r a w a l  a r e a  is 
d i s c u s s e d  i n  S e c t i o n  7 .2 .  
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Figure 8-7. Potash leases within the WlPP reference site. 



oil and gas leases 
.a - = 5% 
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In March 1979, about 6600 acres of the withdrawal area were leased for 
- oil and gas exploration (Figure 8-8 and Table 8-2) by ten companies. Since :& 

-4 the beginning of exploratory studies at the site the DOE has acquired oil and 

l L  
gas leases on an additional 7100 acres inside the area. These acquisitions 
have been necessary to keep the salt beds intact; exploratory drill holes 
might penetrate the volume of salt that the repository vill occupy. 

Figure 8-8 shows the four abandoned oil and gas exploration holes within 
the withdrawal area; all are in control zone IV. 

Union Oil  Co. 
(NM21505) 

0 1 2 3 4 Miles 4 
. . . . . Mobil  Oil Corp. a (NM 0281482-A1 

TZZ] N. G. Ptasynski rn Skally 0 il Co. 
(NM 196171 (NM 21771) 

+ + + Shell Oil Co. 
(E 5229.21 a Amom Production . .. . m Continental Oi l  Co. 

Co. (L2642.1) (NM 02887-A) 

rn Gulf Oil  Corp. 
(NM 19616. NM 19618, 
NM 21770, NM 217721 

rn Superior Oi l  CO. 
(NM 21773, NM 21774. 
NM 22081, NM 26387. 
NM 04175081 

Abandoned 
drill hole 

Figure 8-8. Oil and gas leases within the WlPP reference site. 



Table 8-2. Summary of Leases at the Site in March 1979 

Land status 
Whole area Excluding zone IV 

Acres Percent Acres Percent 

Total area involved 
Federal land 17,200 7063 
State land 1,760 1076 - 
Total 18,960 8139 

Subject to grazing leases 
Federal land 17,200 
State land 1,760 
Total 18,960 

Subject to potash leases 
Federal land 3,040 
State land 1,760 
Total 4,800 

Subject to oil and gas leases 
Federal land 6,400 
State land 200 - 
Total 6,600 

Subject to both potash and 
oil and gas leases 
Federal land 
State land 
Total 

8.2 GENERAL DESCRIPTION 

The WIPP reference repository (Figure 8-9) is designed to receive, 
inspect, overpack when necessary, and permanently dispose of radioactive 
wastes in bedded salt. It is a repository for Zefense TRU waste, a demon- 
stration of the disposal of spent power-reactor fuel, and an experimental 
facility for in-situ tests of techniques propose? for the disposal of bigh- 
level wastes. The plant consists of both surface and underground facilities, 
including a waste-handling building for receiving and preparing radioactive 
waste for transfer underground, an underground-personnel building to support 
underground construction, a storage-exhaust-filtration building, an adrninis- 
tration bwilc?ing, four shafts to the underground area, two mined underground 
horizons for the storage of contact-handle6 (CII) and remotely handled (RH) 
wastes, and varicus support structures: a warehouse and workshops, an 
emergency-power plant, a suspect-waste and laundry building, a vehicle- 
maintenance building, a sewage-treatment plant, and a water-supply system. 
In addition, there will be a mined-rock pile and an evaporation pond for 
sewage-treatment effluents. A construction-spoils Zisposal area and a sani- 
tary landfill ace also Fnclused in the design. Figure 8-10 shows the layout 
of the surface structures. 







The plant will be constructed in accordance with the general design 
criteria of DOE Manual Appendix 6301, Part 1 ( W E ,  1977) . Surface 5uilZings 
that will contain radioactive naterials are designed to withstand the effects 
of credible earthquakes, acci$ents, and tornadoes to insure that both public 
health and safety and the environment are protectec?. 

The surface structures consist of eight major buildings in an area of 
about 50 acres. Underground structures consist of four shafts and two waste- 
storage areas about 2100 and 2700 feet below the surface. Approximately 2000 
acres will be used for underground storage. 

8.2.1 Surface Structures 

The principal surface structure is the waste-handling building (Figure 
8-10). It is about 230 feet wide, 550 feet long, and 50 feet high (except 
for a 115-foot-high bay area). The building has separate areas for the 
receipt, inventory, inspection, and transfer of wastes through separate air- 
locks to a common waste shaft. Facilities for CH waste include a rail and 
truck shipping-and-receiving area, a receiving-and-inspection area, an 
inventor y-and-prepara t ion area, and overpac k-and-repair rooms for damaged 
containers. For RH wastes there is a separate shipping-and-receiving area, 
an area for shipping-cask preparation and decontamination, a cask-unloading 
area, and a hot cell for waste-canister storage, overpacking, or decontamina- 
tion. The waste-handling building also contains offices, change rooms, a 
health-physics laboratory, and ventilation-and-filtration equipment. Safety 
equipment and radiation-exposure control measures are included in the design 
of the waste-handling building. 

The unclerqround-personnel building contains support facilities for 
personnel working underground in construction and waste-handling operations 
(Figure 8-10). About 100 feet wide, 150 feet long, and 14 feet high, it is 
some 100 feet from the ventilation-supply and service shaft. 

Other surface structures include the administration building (about 
36,000 square feet) , the storage-exhaust-f iltration building (abcut 10,000 
square feet) the vehicle-maintenance building (about 2300 square feet), a 
warehouse and shops (about 18,000 square feet) , the emergency-power plant 
(about 10,000 square feet), the sewage-treatment plant, and the suspect-waste 
and laundry building. 

A 30-acre area east of the plant (Figure 8-10) contains the mined-rock 
pile, which will store the rock, principally salt, excavated from the 
repository. The maximum height of the pile is 80 feet. 

8.2.2 -. Underground Structures 

The underground structures are on two levels (Figure 8-11). The upper 
level, 2100 feet below the surface, will receive CH waste for storage; it 
will cover about 170 acres when first developed. The lower level, 2700 feet 
below the surface, will contain three areas: one (10 acres) for the disposal 
of RH ?XU waste, one (20 acres) for a demonstration of spent-fuel disposal, 
and one (20 acres) for experiments with high-level waste. 





Both CH and RH wastes will be moved underground through the waste shaft in 
the waste-handling building. The other accessways to the underground storage 
areas are the ventilation-supply and service shaft for ventilation and move- 
ment of personnel and equipment, a construction-exhaust and salt-handling 
shaft to remove mined salt and exhaust air from mining operations, and a 
storage-exhaust shaft to exhaust air from the waste-storage area at each level. 

Specially designed transporters will move wastes from the waste shaft to 
storage areas in each level. Underground workshops, warehouses, and equipment- 
storage areas are provided for the various pieces of mining and salt-transport 
equipment used in construction. An underground ventilation system supplies 
air to both the construction and the waste-storage areas; separate exhausts 
are installed for each area. Restrooms and other personnel facilities are 
also provided. To insure the safety of underground operations, safety equip- 
ment and radiation-exposure-control measures are included in the design of the 
underground facilities. 

8.3 SURFACE FACILITIES AND OPERATION 

8.3.1 Waste-Handling Building and Operation 

The surface facilities will support the waste-storage operations. The 
major surface structure is the waste-handling building (Figure 8-12). It is 
centrally located and equipped to handle both CH and RH waste from the time it 
is unloaded until it is lowered through the waste shaft for placement under- 
ground. Separate areas are provided for handling CH and RH wastes. The 
larger portion of the building will be used for CH-waste unloading and 
loading, inventory, and preparation. A room is provided for overpacking and 
repairing CH-waste containers. A decontamination area, a cooldown-and- 
preparation room, and a hot cell are provided for RH wastes. n ~ o  independent 
airlocks are installed at the shaft entrance for wastes entering from the CH 
and RH areas. Filtration equipment for the waste-handling area, a laboratory, 
change rooms, and offices are also located in the waste-handling builsing. 

Handling of CH waste 

Contact-handled waste will be shipped to the plant in approved shipping 
containers by rail or truck. It will be unloaded with an overhead crane in 
the waste-handling building, through airlocks that control the movement of air 
during the unloading operations. The air in the waste-handling building will 
be maintained below atmospheric pressure to prevent contaminants from leaking 
to the outside air, even though no contaminants are expected to become air- 
borne in significant amounts. 

The CN waste will be received in 55-gallon drums, special boxes, or bins 
that have been transported in shippinq containers. Once the shipping ccn- 
tainers have been unloaded and the waste removed, the empty containers will be 
reloaded onto vehicles leaving the plant; the CH waste will be moved to the 
rece iv ing-and- inspec t ion  area. There the CII-waste containers will be in- 
spected. If found to be acceptable, they will be moved to the CH inventory- 
and-preparation area and then underground. If a container is found to be 
externally contaminated or damaged, it will be sent to the overpack-and-repair 





room (Figure 8-12), where it can be decontaminated, repacked or recoated, and 
returned to the CH inventory-and-preparation area for transf er underground. 

Handling of RH waste 

Remotely handled waste will arrive in special shielded shipping casks, by 
rail or truck. On arrival, each shipping cask, which may contain one or more 
canisters of waste, will be inspected and unloaded from the railcar or truck 
in the cask-unloading-and-receiving area of the waste-handling building. If 
the railcar or truck is found to be contaminated, it can be cleaned and decon- 
taminated in the transporter wash station outside the building. From there 
the cask will be moved to the cask-preparation-and-decontamination area, where 
any special operations such as cask cooling or attachment of handling equip- 
ment can be performed. Remotely handled waste will be handled from behind 
shielding and/or with remote-handling equipment. The RH-waste canisters will 
be unloaded from their shipping casks into the hot cell. After appropriate 
treatment, the shipping cask will be checked for contamination, decontaminated 
if necessary, and returned to the shipper for reuse. Canisters will be 
removed from the hot cell and loaded into the facility cask for transfer 
underground. 

Facilities Supporting Underground Operations 

The underground-personnel building provides facilities for personnel 
working underground: change rooms, showers, equipment storage areas, and 
offices. About 100 feet from the building is the ventilation-supply and 
service shaft and the hoist by which personnel and equipment will be moved 
underground. The storage-exhaust-filtration building adjacent to the 
storage-exhaust shaft contains equipment for exhausting and filtering the air 
from the underground-storage areas. 

Mined rock (salt) will be brought to the surface through the construction- 
exhaust and salt-handling shaft adjacent to the salt-handling-shaft hoist 
house. Once at the surface, the mined rock will be moved by conveyor to the 
mined-rock pile outside the security fence. It is estimated that the pile 
will reach a height of about 80 feet (maximum) and cover about 30 acres. 

8 . 3 . 3  Facilities Supporting Surface Operations 

The administration building provides space for contractor personnel, 
visitors, and services; it is also the center of security operations and a 
control area for monitoring all activities at the site. 

The emergency-power building contains the standby diesel generators and 
the necessary power switchgear. It also houses emergency support equipment, 
which includes air compressors, an air-f iltration system, and fuel tanks. 

The suspect-waste and laundry building adjacent to the waste-handling 
building houses the equipment, tanks, and controls for collecting and pro- 
cessing liquid radioactive wastes. It also contains a laundry for cleaning 
clothing worn in working with radioactive materials. Liquid radioactive waste 
will be collected from holding tanks for reprocessing in the suspect-waste and 



laundry building. The reprocessed effluent will be either recycled or dis- 
charged to the radioactive-was te evaporator. 

The warehouse and shops, the water pumphouses, the vehicle-maintenance 
building, and the sewage-treatment plant are buildings of standard design. 

8.3.4 Environmental Control Svstem 

The environmental control system maintains a controlled environment for 
plant personnel and limits the discharge of radioactivity to the atmosphere. 
Included in it are heating, ventilating, and air-conditioning systems; air- 
cleaning and final discharge systems; and all related subsystems. 

Plant personnel will work upstream fron areas with higher potential for 
contamination. Access to these areas will be restricted. Pressure differ- 
ences, maintained between separated areas in the plant and between these areas 
and the outsic?e air, vill insure air flow in the proper direction. To confine 
ra2ioactive- naterial, t!-,e air-cleaning system will pass the air through banks 
of high-eEEiciency particulate air filters. Monitors will warn of the 
presence of radioactivity in the airstream. 

8.4 UMDERGROUPTD FACILITIES A?TD OPERATIONS 

8.4.1 :.Jaste Facilities 

The underground waste facilities consist of the waste shaft, the waste- 
shaft 3oist-cage system, and al.l Eacilities in the waste-storage areas. 

Waste shaft 

The waste shaft transfers CH and RH waste from the waste-handling building 
to the underground storage areas. The waste-shaft hoist cage will accommodate 
the RII-waste facility cask and the CH-waste ccntainers to be handled at the 
plant. The kist cage can handle a loaded pallet weighing about 30 tons. 

The waste shaft is about 13 feet in diameter and 2700 feet deep. It 
extends 2100 feet from the surface to the CH-waste level and 600 feet from the 
C!!-vaste to the RH-waste Level (Figure 8-13). 

Storage of C:! waste 

The uqner en? of the waste shaft is in the waste-handling building (Figure 
8-12). After a pallet Is 'czc?el, it will be transferred to the hoist cage, 
vhich will be Lo7.qered throcqh tbe waste s5aft to ttle under~round CII-waste- 
receiving stzti?n. The 5oist c33e is a fully enclosed steel cage that is 
gulder5 in its descent ancl, Zscent. 

~t the CII-vaste-receiving station, an opening, ?bout 20 feet high by 40 
feet wide, allows access to the shaft. The pallet an6 the waste containers 
will be unloa?e? from thz hoist cage onto a diesel-pcwered transporter for 
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Figure 8-13. Waste shaft. 

t r a n s f e r  t o  t h e  CH-waste s t o r age  a rea .  A decontamination and r a d i a t i o n - s a f e t y  
check s t a t i o n  is l o c a t e d  near t he  waste s h a f t  on t h e  CH-waste l e v e l .  

The CH-waste s t o r a g e  a rea  c o n s i s t s  of four  a cce s s  t unne l s  and a  number of 
s t o r a g e  rooms (F igure  8 -11 ) .  Not a l l  of t h e  t u n n e l s  and rooms w i l l  have been 
cons t ruc t ed  when t h e  p l a n t  s t a r t s  o p e r a t i n g ;  t h e  l ayou t  of the  s h a f t s  and 
t unne l s  w i l l  a l low mining and s t o r a g e  o p e r a t i o n s  t o  proceed s imul taneous ly .  
The f i r s t  s t o r a g e  rooms w i l l  be ready when t h e  p l a n t  begins ope ra t i ng  and w i l l  
be used to s t o r e  waste whi le  t he  next  rooms a r e  being mined. 

A t y p i c a l  s t o r a g e  room on t he  CH-waste l e v e l  is about  45 f e e t  wide,  16 
f e e t  h igh ,  and 1600 f e e t  long. R o o m s  a r e  s epa ra t ed  by p i l l a r s  of s a l t .  

Contact-handled waste w i l l  be s t o r e d  i n  bulk excep t  f o r  a  smal l  q u a n t i t y  
f o r  exper imenta t ion .  Records w i l l  be kept  on a l l  con t a ine r  s t o r a g e  l o c a t i o n s .  

S torage  of  remotely handled waste 

The f a c i l i t y  c a sk ,  holding RH-waste c a n i s t e r s ,  w i l l  be lowered i n  t he  
h o i s t  cage t o  t h e  RH-waste t r a n s f e r  s t a t i o n  a t  t he  lower end of the  waste  



shaft (Figure 8-13). Here it will be removed from the hoist cage and put into 
a holding position or loaded onto a waste transporter for transfer to the 
RH-waste storage area (Figure 8-11). Decontamination and radiation-safety 
check stations will be located close to the waste shaft. 

The RH waste will be stored in a 10-acre array of rooms. The demonstra- 
tion of spent-fuel disposal will be in an adjacent 20-acre area, and the high- 
level-waste experiments in a third 20-acre area. Not all the tunnels shown in 
Figure 8-11 will have been constructed when the plant begins receiving RH 
wastes. The shaft-and-tunnel arrangement will allow underground development 
and storage operations to go on simultaneously. A typical RH-waste storage 
room is about 14 feet wide, 24 feet high, and 500 feet long. 

A diesel- or electric-powered waste transporter will move the facility 
cask from the shaft to a storage room, where the canister will be transferred 
directly from the cask to a storage hole below the storage-room floor (Figure 
8-13). Special remote-handling procedures will be used through the emplace- 
ment of the canister in the salt. After emplacement, the storage holes will 
be plugged to floor level. 

Backfilling with salt will be part of the permanent-disposal procedures. 
The emplacement procedure for RH waste not intended for permanent disposal 
will depend on the type of waste or the type of experiment being conducted. 

8.4.2 Support Facilities Underground 

The ventilation-supply and service shaft is used to move personnel, mate- 
rials, and equipment between the surface and underground areas. In addition, 
the shaft supplies fresh air for the underground ventilation system (Figure 
8-14). At each underground level workshops and warehouses near this shaft 
contain a repair bay, a welding bay, a lubrication bay, an electrical shop, a 
conveyor repair shop, several storage areas, and a warehouse. Offices and 
restrooms are also built at each level. 

The construction-exhaust and salt-handling shaft is used to bring mined 
rock to the surface and to exhaust air from the mining-operations area at each 
level. The storage-exhaust shaft carries air from the underground storage 
areas to the storage-exhaust-filtration building. 

8 . 4 . 3  Environmental Control System 

The environmental control system (ECS) includes the ventilation and final 
discharge systems and all the associated subsystems. The general requirements 
for the underground ECS ate similar to those discussed for the surface ECS in 
Section 8.3.4. 

A schematic outline of the underground ventilation system is shown in 
Figure 8-14. The air supply to the underground areas enters through the 
ventilation-supply-and-service shaft and the waste shaft. A t  each of the two 
underground levels (CH and RH) , the air flow is divided into two separate 
airstreams: one that supports construction (mining) activities, where there 



is no potent ia l  for  the re lease  of radioact iv i ty ,  and one that  supports the 
waste-storage operations,  where there  is a potent ia l  for  the release of 
radioact iv i ty .  

The method devised for separating the airstream w i l l  allow waste storage 
and construction a c t i v i t i e s  to  proceed simultaneously. Brat t ices  w i l l  main- 
t a in  the independence of the two vent i la t ion airstreams. pressure differences 
across the  b r a t t i c e s  w i l l  insure t ha t  a l l  leakage through them flows to the 
areas t ha t  support waste storage. The b r a t t i c e s ,  made of f i r e - r e s i s t an t  
materials ,  a re  designed to  accommodate displacements from s a l t  creep and 
seismic motion. 

The construction airstream ven t i l a tes  the construction areas,  including 
the shops and warehouses a t  both storage levels .  The a i r  is exhausted through 
the construction-exhaust and salt-handling sha f t  t o  the atmosphere. 

The storage-area airstream ven t i l a tes  waste-storage areas and i s  exhausted 
through the storage-exhaust shaf t  t o  the underground-storage-filtration 
building. 
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5.5 SYSTEMS FOR I-LWDLIIJG RADIOACTIVZ b7ASTE SENERATED AT THE SITE 

The radioactive-waste systems are designed to collect, process, and pack- 
age radioactive waste produced by the plant. The waste-handling systems have 
enough surge capacity to handle waste produced during postulated accident con- 
ditions (Section 9.3.1.1) and by normal operations as well. 

Plant-generated radioactive wastes will be Liquids, like decontamination 
solutions; solids, like gloves, clothing, and filters; or gases, including 
airborne particulates. Appropriate systems will be provi2ed to handle each 
type of waste. 

8.5.1 Liquid Radioactive Plaste 

Sources and quantities 

Liquid radioactive waste (radwaste) will be produced both daily and inter- 
mittently at several locations in the plant (Table 8-3) and will consist of 
either nondetergent radwaste or detergent raewaste. 

In the waste-handling building, Liquid radwaste will be produced routinely 
during shipping-cask cooling and decontamination operations. It will also be 
produced when a facility cask is decontaminated. In addition, small quanti- 
ties of radwaste will be produced both routirely and intermittently in the 
laboratories. Periodic decontamination and washdown of facilities handling 
radioactive waste will produce additional quantities of liquid radwaste. In 
the event of a Eire, large volumes of potentially contaminated water may 
result from fire-fighting efforts. 

In the suspect-waste and laundry building, liquid radwaste will come from 
laundry operations. Additional smaLl quantities will be intermittently 
produced by the decontamination of radwaste-processing equipment. In the 
underground operations, liquid radweste will be pro2uce2 principally by 
periodic decontamination. 

Collection system 

Liquid radwaste will be collected in tanks in the suspect-vaste and 
laundry builzing and segregated in separate tanks holding eetergent and 
nondetergent radwaste. 

The radwaste Erom undergroun2 operations will be collected in portable 
tanks. Periodically, these tanks will be brought to the surface and emptied 
through a transfer system into the tanks of the liquid-ra6waste-processing 
sys ten. 

Liquid-radwaste processing 

The non2etergent liquid radwaste will be processed first by filtration and 
then by ion exchange in a zixed-bed ?enineralizer. After this purification 
process, the liquid will be moved to a colLection tank for nonitoring and 
evaluation. Water that meets recycLo criteria, which specify permissible 



Table 8-3. Estimated Rates of Production of Detergent and Nondetergent 
Liquid Badwaste 

Source 
Production rate (qal/nonthl 

Nondeter gent Detergent 

I Waste-handling area 
Suspect-waste and laundry building 
Underground operations 
Storage-exhaust-filtration building 

TOTAL 

radioactivity levels, will be pumped to a recycle system for use in various 
decontamination operations. Excess water will be discharged to a radwaste 
evaporator. Water not suitable for recycle will be returned to the radwaste- 
processing system for additional purification. Recycled water will be used 
only in areas that normally contain radioactive materials. 

The detergent Liquid radwaste normally will have low levels of radio- 
activity. After processing to remove particulates, the liquid (which will be 
continuously monitored to insure compliance with regulatory requirements) will 
be pumped to the radwaste evaporator. 

Solid Radioactive Waste 

Sources and quantities 

Solid radioactive waste will be produced in the waste-handling building, 
suspect-waste and Laundry building, storage-exhaust-filtration building, and 
underground storage areas. An estimate of solid waste is given in Table 8-4. 
The solid radioactive waste consists of general process trash, ventilation 
filters, and by-products Erom the liquid-radwaste system. 

Normal operation and plant maintenance will generate general process 
trash, the largest volume of solid wastes, including discarded protective 
clothing, cleaning rags, plastic bags, swipes used to check containers, and 
contaminated equipment pacts. Dry solid waste will be segcegated at its 
source into compressible and noncompressible waste. The compressible naterisl 
will be transferred to a compaction station, compacted, and then sealed into 
drums. All noncompressible waste will be sealed into containers. 

4 probable source of solid radioactive waste resulting from normal opera- 
tion will be contaminated ventilation filters. Filters from low-contanination 
areas will be handled by direct contact; protective clothing and respirators 
will keep personnel exposure as low as possible. Hot-ceLl filters can be 
replaced using remote-handling equipment. For disposal, filters will be 
packaged in special plywood boxes (DOT-7A) overcoated with fiberglass- 
reinforced polyester and lined with polyvinyl chloride and fiberboard. 



Table 8-4. Estimated Annual Production of Solid Waste 

Type of waste 

Number of Number of 
Vol ume 55-gal DOT-7A 

(cubic feet) dr urns boxesa 

Compressible waste 
Noncompressible waste 
Cartridge filters 
Resins 
Ventilation f iltersb 

M TAL 

a~ 4 by 4 by 7-foot plywood box overcoated with fiberglass-reinforced 
polyester and lined with polyvinyl chloride and fiberboard; it is approved by 
the U.S. Department of Transportation. 

hJncompacted. Compaction would reduce the volume by approximately 75%. 

The processing of liquid radwaste will generate by-products in the form of 
dirty filter-cartridge sludges (dry cake) and spent ion-exchange resins. 
These by-products will be packaged in drums for disposal. 

Disnosal of solid radioactive waste 

Boxes and drums of the solid waste generated at the site may be disposed 
of in the repository. However, the form of this waste may not meet the 
chemical and physical criteria for acceptance at the repository, and the 
installation of a processing facility to handle the small quantities of site- 
generated waste may not be practical. If it cannot be packaged suitably for 
disposal at the repository, the solid site-generated waste may be shipped to 
another facility for processing and then returned to the repository for 
disposal. 

Gaseous Radioactive Waste 

Gaseous and airborne radioactive waste will appear in the ventilation 
systems, the special gaseous-radioactive-waste system, and the experimental- 
area gaseous-radioactive-waste system. 

Ventilation air Erom surface buildings that might contain radioactive 
particulates will pass through a filtration system be£ ore release to the 
atmosphere. Consisting of prefilters and two stages of high-efficiency 
particulate air (HEPA) filters in series, the filtration system has a com- 
bined decontamination factor of lo6 (American Association for Contamina- 
tion Control, 1968). The release will be continuously monitored for radio- 
activity. The ventilation systems that will handle this air are located in 
the waste-handling building. 

The radioactive-gas system will remove moisture and particulates from 
gases vented when shipping casks are opened and when overpack containers are 



welded or tested for leaks. The cask-cooling system and the liquid-radwaste 
. system may also vent gases into this special system. The gaseous waste will 

pass through HEPA filters before release to the atmosphere. This gaseous 
waste stream will be continuously monitored for radioactivity. 

In the underground experimental area another system will remove particu- 
lates from gaseous waste produced in the underground experimental area. 
Gaseous waste from this system will pass through appropriate air-cleaning 
devices before release to the storage-exhaust system. This gaseous waste 
stream will be continuously monitored for radioactivity. The composition of 
the gaseous effluent released to the general ventilation system will depend on 
the experiments being conducted. 

Mining operations will release cadon isotopes that exist naturally in the 
mined rock. These gases will enter the underground-ventilation system and 
will be released to the atmosphere according to normal mining-engineering 
practice. 

8.6 SOURCES OF POTENTIAL RELEASE OF RADIOACTIVE MATERIALS 

During normal handling and storage operations at the plant, small amounts 
of radioactivity may be released. This section discusses the sources of these 
releases and predicts the amounts of radioactivity that may reach the bio- 
sphere. The predictions are the source terms for the analysis in Section 
9.2.10, which evaluates the radiological impacts of the reference repository. 

The discussion in this section characterizes the pathways for release 
according to five parameters: 

1. Type of waste in a package. 
2. Location inside the plant where the release occurs. 
3. Origin of the released material: insize the package or on its surface. 
4. Process by which the release occurs. 
5. Filtration of the release. 

Estimating the amount of released material requires, in addition to path- 
way descriptions, consideration of such details as container design, quality 
control, handling and transfer procedures, and storage methods. This analysis 
attempts to make realistic assumptions about such details. When data neces- 
sary for precise estimates are lacking, the analysis makes conservative 
engineering j udgments; that is , it attempts not to underestimate the releases. 

8.6.1 Release from Handling CH TRU Waste Above the Ground 

Calculations of radioactivity-release rates from the normal handling of C9 
TRU waste were based on operation at three shifts per day and 5 days per 
week. The WIPP reference repository can handle approximately 1.2 million 
cubic feet of CH waste per year. The numbers of waste packages are 160,000 
drums (55-gallon) and 2400 boxes per year. 



The level of surface contamination on each container (&urn or box) may 
vary significantly. Some containers will be clean; others may be at the 
maximum allowable level of contamination. In order to obtain an upper 
estimate of the radioactivity releases, it is assumed that all containers 
holding radioactive materials will have the maximum surface-contamination 
level permitted by the Department of Transportation (DOT) under Title 49 of 
the Code of Federal Regulations (CFR), Section 173.397. The handling of 
containers inside the waste-handling building will cause some of the removable 
(nonfixed) surface radioactive contaminants to become airborne. It is 
conservatively assumed that 10% of the surface contaminants (i.e., all of the 
radioactivity that could be removed by a wipe test as described in 49 CFR 
173.397) on all containers will be released to the building atmosphere as a 
result of handling. 

Normally, drums and boxes will be inspected for possible damage before 
shipment to the site. Only unsanaged containers will be shipped to the site 
for storage. According to operating experience at the Idaho National 
Engineering Laboratory, the number of containers that suffer some sort of 
damage or have some undetected defects will be very small; of the damaged 
containers, many will be dented but not pierced. To derive an estimate of 
releases from 6amaged containers, 30 drums and 5 boxes each year are assumed 
to be damaged (or defective) and result in the release of radioactivity. 

Radioactivity contained inside a damaged container may be released through 
cracks caused by rough handling. The cracks generated by dropping a 55-gallon 
drum during handling are assumed to be less than 1% of the total drum surface 
area. The amount of material releesed through cracks is assumed to be propor- 
tional to the ratio of the area of the cracks to the total area of the drum. 
Releases from danage? bcxes are treated the same way. 

Only a fraction of the material released from the damaged drum or box will 
become airborne. According to experiments with various waste forms (Mishima 
and Schwendiman, 1973), the fraction of the released waste (including 
particles that are of respirable and nonrespirable size) that becomes air- 
borne is 0.00023 per hour. Under the assumption that 4 hours pass before the 
damageC waste package is brought to the repait area and the spilled waste is 
cleaned up, 0.1% (0.00023 x 4 x 100) of the released activity may become 
airborne. Particulates airborne in tne building will be vented through the 
filtration s stem in the waste-handling building, which has a decontamination 
factor of 10% (American Association for Contamination Control. 1968). The 
radioactivity released to the environment will therefore be one million times 
less than the amount assumed to be airborne in the CH-waste area. The release 
sources and pathways are presented in Table 8-5. 

The surface-contamination level and the internal-activity inventory per 
drum and box ace based on 49 CFR 173.397. The annual release from the CH 
wastes via the ventilation exhaust is given in Table 8-6. 

8.6.2 Release from Hanlling %I Yaste Above the Ground 

Three types of RH waste will be handled in the waste-handling building: 
defense %I TRU waste, high-level waste for experiments, and unreprocessed 
spent-fuel assemblies. 



Table 8-5. Pathways for the Release of Radioactivity During Normal Operationa 

Area Release source Release mechanism 

CONTACT-HANDLED WASTES (SURFACE FACILITY) 

Unloading and loading Surface contamination of Particulates become airborne 
Inventory and prepara- undamaged drums and boxes during unloading or loading 
tion 

Overpac k-and-repair Surface contamination and particulates become airborne 
room contents leaking from during unloading, loading, 

damaged drums and boxes and temporary storage 

CONTACT-HANDLED WASTES (UNDERGROUND) 

Storage-exhaust- Surface contamination of Surface contaminants are released 
filtration building CH drums and boxes to exhaust air during storage 

REXOTELY HANDLED WASTES (SURFACE FACILITY) 

Cask receiving and Surf ace contamination Particulates become airborne 
unloading of casks during unloading, loading, 

and transfer 

Cask preparation and Surface contamination Particulates become airborne 
decontamination of casks during handling 

Particulates are released through 
through leaks in the gaseous- 
waste-handling system 

Hot ce 11 Surf ace contamination Particulates become airborne 
of undamaged canisters during unloading, transfer, and 

temporary storage 

Surface contamination Particulates become airborne 
and contents leaking during unloading, transfer, 
from damaged canisters repair, and temporary storage 

REMOTELY HANDLED WASTES (UNDERGROUND) 

Storage-exhaust- Surf ace contamination Surface contaminants are released 
filtration building of RH containers to exhaust air during storage 

WASTE TREATMENT 

Suspect-waste and Waste in treatment system Particulates become airborne after 
laundry building for suspect waste and partitioning from system leakage 

laundry 

a~xcept for underground operations, effluent treatment is provided by filters in 
the ventilation system (decontamination factor = 106). 



Table 8-6. Releases to the ~nvirornent~ 

Release (Ci/yr) 
Surf ace Operations Underground 

Isotope CH waste RH wasteb storage area Total 

Tritium 
Fe-55 
Co-60 
Ni-63 
Kr-85 
Sr-90/Y-90 
Ru-106/Rh-106 
Cd- 113m 
Sb-125 
I- 129 
CS-134 
Cs-137/Ba-137m 
Ce-144/Pr-144 
hn-147 
Eu-152 
Eu-154 
Eu-155 
Po-212 
Po-216 
Th- 228 
Th-232 
U-234 
U- 23 5 
U- 238 
Np237 
Pu-236 
Pu-238 2.4-10 
Pu-239 2.8-9 
Pu-240 6.8-10 
Pu-241 3.6-8 
Pu-242 
Am-241 4.6-11 
Am-242m 
Am-243 
Cm-242 
Cm-243 
Cm-244 
Cm-245 
Cm- 246 

a ~ n  the year of maximum release. This list includes only those isotopes 
that are significant contributors to potential doses. 

b~ncludes releases from spent fuel, RH TRU waste, and experimental waste 
C4.5-1 = 4.5 x 10-1. 

d~reated separately in the impact analysis since not part of radwaste and 
therefore not included in table totals. 



According to the WIPP design, 10,000 cubic feet of RH waste (about 260 
canisters per year) can be handled in the building. About 75% by volume of 
the RH waste will be delivered to the plant by rail and 25% by truck. The RH 
waste will consist of contaminated trash (70%) and process waste (30%), which 
includes spent resins and solidified products of liquid-waste treatment. 
Because of its wll-fixed form, process waste will make a negligible contribu- 
tion to normal effluents in comparison with contaminated trash. 

Loose particulates on the surface of the shipping casks used for RH TRU 
waste could, in theory, become airborne during the handling of contaminated 
casks in the cask-unloading-and-receiving area and the cask-preparation-and- 
decontamination area. Because the surface of each cask will be decontaminated 
before shipment to the plant, it will normally be nearly free of radioactive 
surface contaminants. It is assumed that 20% of the shipping casks will be 
contaminated and that 1% of the surface radioactivity of the contaminated 
casks will be released to the building atmosphere in the cask-preparation- 
and-decontamination area. (The surface contamination per unit area of a 
contaminated cask is conservatively assumed to be the same as the surface- 
contamination level of a waste canister.) It should be noted that the 
contribution of airborne surface contaminants to the building release is 
insignificant when compared with that of the internal leakage of damaged 
canisters, discussed below. 

Shipping casks will be depressurized in the cask-preparation-and- 
decontamination area. Inert gas inside the cask will carry a small fraction 
of the surface contaminants of the canisters contained in the cask. During 
degassing, radioactive particulates will be released to the special gaseous- 
radioactive-waste system, where almost all of the particulates will be trapped 
by HEPA filters. Although the canisters will be decontaminated at their point 
of origin, it is conservatively assumed that 10% of the canister surface 
radioactivity will be released to the special system. 

The loose surface contaminants released to the hot-cell atmosphere during 
hoisting are conservatively estimated to be 2% of the canister surface radio- 
activity since the canisters are thoroughly cleaned before shipping. Poten- 
tially, the most significant source of airborne activity in the hot cell will 
be internal leakage of damaged canisters. A canister is much less likely to 
be damaged than a drum or a box: the damage would have to occur inside a cask 
during shipping or in the hot cell during handling. It is a conservative 
assumption that one canister per year will have a crack covering 1% of the 
surface area of the canister. Assuming that the release is proportional to 
the area of the crack, 1% of the canister inventory will be released. If 4 
hours pass before the canister is brought to the repair area and the spilled 
waste cleaned up, the amount of radioactivity that will become airborne is 
0.1% (0.00023 per hour x 4 x 100) of the release (Mishima and Schwcndiman, 
1973) . 

Fewer than 300 canisters of high-level waste specially prepared for exper- 
iments will arrive at the plant over a period of 5 years. Because of the 
highly stable nature of this high-level waste, leakage from damaged or 
defective canisters will be negligible. Only the nonfixed surface contam- 
inants of the contaminated canisters are available for release. 

The spent-fuel demonstration will require fewer than 1000 spent-fuel 
canisters, shipped to the plant over a period of 4 years. Rough handling of 



the shipping casks or canisters could damage some of the canisters and, in 
theory, even the spent-fuel assemblies inside. As a result, radioactivity 
could leak from the damaged fuel rods to the canister and from there out to 
the surrounding air. Because of the relatively small number of spent-fuel 
assemblies handled in the waste-handling building and the extra care in 
selecting spent-fuel assemblies and canisters for experiments, chances are 
small that a defective assembly will be selected for shipment or that a 
canister will be damaged in handling. This analysis assumes that one 
pressurized-water-reactor (PWR) spent-fuel assembly and its canister are 
damaged in the 4-year period. Realistic, yet conservative, release fractions 
based on the Reactor Safety Study (NRC, 1975) and NRC Regulatory Guide 1.25 
are used in the evaluation. For the damaged fuel assembly, 1% of the fuel 
rods are assumed to have some cladding damage that allows radioactivity to be 
released. The release fractions from the damaged fuel rods into the canister 
are 30% of the tritium and krypton-85; 0.5% of the iodine-129; 1.5% of the 
cesium and rubidium; 0.01% of the tellurium, selenium, and antimony; and 
0.0001% of the remaining nuclides. Ten percent of the nongaseous radionu- 
clides released to the canister is released into the surrounding air; the 
remaining 90% is plated out on the inside surface of the canister. All the 
tritium, krypton-85, and iodine-129 gases are released from the canister. The 
amount of radioactivity released from a damaged spent-fuel assembly is greater 
than that released by any other source. 

Airborne radioactive material from the handling of RH waste will be fil- 
tered. Although the double-HEPA-filter system has a combined decontamina- 
tion factor of lo6 for particulates, it will not filter out gaseous tritium, 
krypton-85, or iodine-129. Table 8-5 descr ibes the release sources and 
pathways for the RH waste. The annual contribution of RH waste to the plant 
releases is given in Table 8-6. 

It should be noted that most of the radioactivity released from RH waste 
is krypton-85 and tritium from the damaged spent-fuel assembly. The annual 
release from RH waste will be much smaller if there is no damaged spent-fuel 
assembly. The release of radioactivity will be much lower af ter the first few 
years, when the shipment of spent-fuel assemblies is terminated. 

8.6.3 Release from the Suspect-Waste and Laundry Building 

In this building, miscellaneous liquid radwastes will be collected, 
treated, and stored for recycle or evaporation, as described in Section 
8.5.1. Estimates of radionuclide concentrations in these liquids and the 
amounts released from the plant are based on experience with liquid-radwaste- 
treatment systems at nuclear power plants. The concentration estimates assume 
that all external surface contamination on waste containers ends up in these 
liquid radwastes. 

According to reactor experience, leakage from pump and valve seals in the 
nondetergent-waste-handling system will account for 0.5% of the total liquid- 
radwaste radioactivity. Of this, 0.1% is assumed to become airborne. The 
detergent waste stream is estimated to contain 1% of the total liquid-radwaste 
activity; this activity will become airborne during the evaporation process. 
Before discharge to the atmosphere, releases from the suspect-waste and 



laundry building will be vented through the filtration system in the waste- 
handling building, which has a decontamination factor of lo6. 

Because the amount of radioactivity from the suspect-waste and laundry 
building discharged to the atmosphere is much less than the discharges from 
the waste-handling building, its radionuclide breakdown is not separately 
listed in Table 8-6. 

8.6.4 Release from the underground Storage Area 

In general, the containers moved underground will be free from surface 
defects since damaged or defective containers will be repaired or overpacked 
in the waste-handling building at the surface. The only radioactivity 
available for release will be the surface contamination of the containers. 

Although the surface contaminants will be fixed to the surface of the 
containers, hypothetical chemical changes are assumed to release them to the 
surrounding air during underground storage. The assumed release rates of this 
chemically altered, nonfixed surface contamination are 1% per year for CH 
waste and 0.5% per year for RH waste. Airborne surface activity in the under- 
ground storage area will be released to the atmosphere unfiltered. Annual 
release contributions from the underground storage area are given in Table 8-6. 

Radon-220 and radon-222 are released in all mining operations, but the 
quantities released from mining salt are less than those from mining rocks 
such as granite or basalt. Radon-220 and radon-222 arise in the decay of 
naturally occurring rock constituents, thorium-232 and uranium-238, respec- 
tively. They are radioactive gases with such short half-lives (54 seconds and 
3.8 days, respectively) that they normally decay into nongaseous isotopes 
before escaping from the rock structure. Mining, however, creates free sur- 
faces that let these radon isotopes escape into the mine tunnels and thence to 
the open air by way of the ventilation system. 

The releases from a repository in salt have been estimated to be as fol- 
lows: radon-220, 0.04 Ci/yr; radon-222, 0.90 Ci/yr (NRC, 1976). 

During the year that a spent fuel assembly and its canister are assumed to 
be damaged in handling, the release of krypton-85 and tritium will dominate 
radioactive releases from normal plant operation (Table 8-6). At all other 
times, radon-220 and radon-222 will dominate. 

8.6.5 Release from Solid Waste Generated at the Site 

Contaminated ventilation filters will be the largest single source of 
solid radioactive waste resulting from normal maintenance at t h e  site. 
Although a portion of the airborne-particulate radioactivity will be precipi- 
tated onto the prefilters, most will be deposited on the HEPA iilters. To 
estimate the amount of radioactivity on the filters, it can kc assumed that 
all of the airborne radioactivity will be loaded onto the first stage of the 
HEPA filters. The first stage of the filtration system in t h ~  waste-handling 



b u i l d i n g  w i l l  c o n s i s t  o f  200 HEPA f i l t e r s  i n  p a r a l l e l .  When removed from u s e ,  
t h e  f i l t e r s  w i l l  be packaged 12 t o  a box. 

The l i q u i d - r a d w a s t e  sys tem w i l l  g e n e r a t e  460 c u b i c  f e e t  o f  s p e n t  ion- 
exchange r e s i n  p e r  y e a r .  The s p e n t  r e s i n  w i l l  be packed i n  drums ( a n  
e s t i m a t e d  t o t a l  o f  66 drums per  y e a r ) .  R a d i o a c t i v i t y  pe r  drum is  c a l c u l a t e d  
by assuming t h a t  a l l  r a d i o a c t i v e  n u c l i d e s  i n  t h e  l i q u i d - r a d w a s t e  s y s t e m  w i l l  
be loaded  o n t o  t h e  ion-exchange r e s i n .  

R a d i o a c t i v i t y  per  box and per drum f o r  t h e  s o l i d  w a s t e  g e n e r a t e d  a t  t h e  
s i t e  is shown i n  T a b l e  8-7. The v a l u e s  g i v e n  i n  t h i s  t a b l e  r e p r e s e n t  an  upper 
e s t i m a t e  of t h e  r a d i o a c t i v i t y  l e v e l s  i n  e a c h  w a s t e  package.  A c t u a l  r a d i o -  
a c t i v i t y  l e v e l s  from d i f f e r e n t  s e t s  o f  f i l t e r s  w i l l  v a r y  from n e g l i g i b l e  
v a l u e s  t o  t h e  v a l u e s  g i v e n  i n  t h e  table b e c a u s e ,  f o r  example ,  t h e  f i r s t  se t  of 
f i l t e r s  i n  a s e r i e s  w i l l  remove more t h a n  99.9% of t h e  a i r b o r n e  p a r t i c u l a t e s .  

T a b l e  8-7. R a d i o a c t i v i t y  o f  S o l i d  Waste G e n e r a t e d  a t  t h e  S i t e  

I s o t o p e  

Fe-55 
Co-60 
Ni-63 
Sr-90/Y-90 
Ru-106/Rh-106 
Cd-113m 
Sb-125 
Cs-134 
Cs-137/Ba-137m 
Ce- 144/Pr- 144 
PIII-147 
Eu-152 
Eu-154 
Eu-155 
PO-212 
PO- 216 
Th-228 
Th- 232 

R a d i o a c t i v i t y  (C i )  
Pe r  boxa Per drumb I s o t o p e  

U-235 
U-238 

N p 2 3 7  
Pu-236 
Pu-238 
Pu-239 
Pu-240 
Pu-241 
Pu-242 
Am-241 
Am-24 2m 
Am-243 
(31- 24 2 
Cm- 243 
Cm- 24 4 
Cm- 245 

R a d i o a c t i v i t y  (Ci  
P e r  boxa Pe r  d r d b  

U- 234 3.5-11 4.8-11 TOTAL 4.3-2 5.7-4 

aTwo hundred HEPA f i l t e r s  f o r  t h e  f i r s t  s t a g e  of t h e  f i l t r a t i o n  sys tem;  
12 HEPA f i l t e r s  pe r  box. The r a d i o a c t i v i t y  pe r  box is c a l c u l a t e d  a s  f o l l o w s :  

where R is t h e  t o t a l  p a r t i c u l a t e  a c t i v i t y  r e l e a s e  from s u r f a c e  o p e r a t i o n s  ( s e e  
T a b l e  8-61. 

b ~ i x t y - s i x  drums of s p e n t  r e s i n  pe r  y e a r .  The r a d i o a c t i v i t y  p e r  drum is 
c a l c u l a t e d  by assuming t h a t  a l l  r a d i o a c t i v e  n u c l i d e s  i n  t h e  l i q u i d - r a d w a s t e  
s y s t e m  a r e  loaded  o n t o  t h e  ion-exchange r e s i n  and t h e n  d i v i d i n g  t h i s  r ad io -  
n u c l i d e  i n v e n t o r y  by 66. 

c2.5-9 = 2.5 x 10'9. 



9.. 8.7 NONRADIOACTIVE WASTE 

- 2    on radioactive waste will be produced in mining operations, by the use and 
maintenance of equipment and facilities, and by the people working in the 
plant. This waste will be in the form of trash and refuse, mined salt, 
sewage, salt aerosols, emissions from burnt fuels, and some nonradioactive 
gases produced during experiments with high-level waste. 

8.7.1 Sanitary Waste 

During site preparation and the early stages of construction, chemical 
toilets will be used. After the sewage-treatment plant is completed, trailers 
equipped with restrooms and day tanks for waste storage will be used until the 
sanitary-sewage system is completed. The day tanks will be emptied at the 
sewage-treatment plant. The rate of sewage generation during construction is 
estimated to be 15,000 gallons per day (gpd). 

During normal plant operation, the sources of sanitary waste will be 
toilets, showers, and sinks (including sinks in the health physics laboratory) 
and the cafeteria. It is estimated that the rate of sewage generation will be 
25,000 gpd. Sanitary waste will flow to a sewage lift station, from which it 
will be pumped to the sewage- t r ea tmen t plant. 

The sewage-treatment scheme includes comminution, flow equalization, ex- 
tended aeration (with sludge wasting), clarification, and chlorination. The 
sludge from the clarifier underflow will be further stabilized by aerobic 
digestion before transfer to the sludge-drying beds. The sewage-treatment 
plant will convert sanitary sewage with a biological oxygen demand (BOD) of 
240 mg/l to a liquid effluent with a BOD of not more than 24 mg/l. The 
treated effluent will flow to an evaporation pond with a 5-day retention 
period. Most of the effluent will be used for landscape irrigation; the rest 
will be evaporated. It will meet applicable water-quality regulations (e.g., 
the New Mexico Water Quality Control Regulations). The dry sludge produced in 
the evaporation pond may be used as fertilizer or disposed of in the sanitary 
landfill, an area of about 5 acres outside the fence. 

In the underground facilities either chemical or electrical toilets will 
be provided. If chemical toilets are used, the waste will be brought to the 
surface in tanks and either discharged to the sewage-treatment plant or hauled 
off the site for disposal. If electrical toilets are used, the final waste 
product will be in the form of ashes, which will be buried in the sanitary 
landf ill. 

8.7.2 Solid Waste 

Trash 

Most of the solid waste produced by the plant will be paper, rags, plastic 
materials, garbage from the cafeteria, wood scraps, sheet-metal scraps, tires, 
used batteries, and oily refuse. Metals and discarded equipment will be 
recycled through a commercial salvage company. All other materials will be 



collected and disposed of at the sanitary landfill. At three work shifts per 
day, an estimated 2500 cubic yards of solid uncompacted waste will be produced 
annually. During the operating life of the plant, 63,000 cubic yards of solid 
waste will be produced. 

At the sanitary landfill, solid waste will be buried in three levels 
separated by 12-inch layers of soil. Landfill will be performed by conven- 
tional means, such as the cut-and-cover method, using a crawler tractor with a 
dozer blade. To minimize water seepage into the buried material, drainage 
from the area around the. landfill will be diverted by an interception ditch. 
A low-lying area will be selected to make the landfill unobtrusive, and 
natural revegetation of filled areas will be encouraged. 

Mined  roc^ 

The salt removed from the mine will be stored in the mined-rock pile: much 
of it will be used later as backfill for the underground storage area. 
Assuming no salt is used for backfilling or is removed from the site, approxi- 
mately 3 million tons would be produced during the operational life of the 
plant. To protect the stored salt from wind, the salt pile will be sprayed 
with water to form a protective surface crust. 

8.7.3 Liquid Waste 

Most of the liquid waste produced at the plant will be sanitary waste 
(Section 8.7.1). Other liquid effluents processed with the sanitary waste 
will be water used for washing miners' boots and nonradioactive filters. 

Stormwater runoff from paved areas will be collected by storm sewers, 
which may also collect a very small amount of runoff from landscape irriga- 
tion; the rest of the irrigation water will run off and seep into the soil. 

Estimated from rainfall-intensity data published by the National Weather 
Service, the maximum volume of runoff expected from the surface-facilities 
area is approximately 87,000 cubic feet after a 10-year-recurrence 30-minute 
rainstorm. This estimate assumes a water-infiltration rate of 80% and a 
surface area sufficiently large for the spoils-disposal area and future 
surface facilities. Runoff will be caught in a ditch surrounding the plant, 
directed to the outside of the surface facilities, and discharged to seep into 
the sandy soil. 

8.7.4 Chemical and Biocidal Vaste 

Since no chemical processing will be used at the plant, there will be no 
appreciable chemical effluents. Residual chlorine levels from the treated 
sewage-plant effluent will be insignificant. The small quantlties of waste 
hydraulic fluids, iubricants, and the like that will be produced during plant 
operation will be buried in the sanitary landfill or sent away for salvage. 
No biocidal waste will be discharged since none will be used. 



8.7.5 Airborne Effluents 

Airborne effluents will consist of fugitive dust from mining, small gas 
releases from experiments with waste, fumes and particulates emitted by fuel- 
burning equipment and motor vehicles, and wind-blown dust from the mined-rock 
pile. 

Salt aerosols 

Salt dust produced in mining operations has been classified as "nuisance 
dust" by the American Conference of Governmental and Industrial Hygienists 
(ACGIH), with the allowable concentration (threshold limit value) set at 10 
mg/m3 (ACGIH, 1977; 30 CF'R 57). Air samples from potash mines in the 
Carlsbad area show that the actual concentration of particulates in mine air 
is approximately 265 g/m3.  Tf 120,000 cfm of such air is discharged 
through the construction-exhaust shaft, the discharged air will contain salt 
particles and the amount released will be 1050 lb/yr. 

Gases from underground waste experiments 

Gases from waste experiments will consist of small amounts of hydrogen 
from the corrosion of containers and the hydrolysis of brine, helium from 
radioactive decay, and hydrogen chloride from brine decomposition. The total 
quantity of these experimental wastes may be nearly 400 cubic feet. It has 
been estimated (NRC, 1976, Table IV H-16; Bishop and Miraglia, 1976, Table 
4.15) that a hypothetical high-level-waste (HLW) and TRU-waste repository 
containing about 2 million cubic feet of high-level waste would generate 4 
standard cubic feet per minute (scfm) of hydrogen, 0.001 scfm of helium, and 
0.07 scfm of hydrogen chloride. These quantities should be divided by 5000 
(2,000,000/400) to produce an estimate for the WIPP reference repository. The 
results are shown in Table 8-8. 

Table 8-8. Estimated Release Rates of Nonradioactive 
Gases from HLW Experiments 

Gas 
Gas-release ratea 

scfm kg/y r 

Hydrogen 
He1 ium 
Hydrogen chloride 

aBased on estimates by the NRC (1976, Table TV H-16) . 

Fumes from burnt fuel 

There will be three principal sources of fumes from burnt diesel fuel: 
the emergency-power system, the surface handling equipment, and the under- 
ground handling equipnent. Tn addition, an oil-fired drier will be used to 



Table 8-9. Estimated mission Ratesa 

EPA emission factor Total 
Pollutant (g/hp-hr) (kg/~r 

EMERGENCY POWER PLANT 

Carbon monoxide 
Hydrocarbons 
Nitrogen oxides 
Sulfur dioxide 
Particulates 

Carbon monoxide 
Hydrocarbons 
Nitrogen oxides 
Sulfur dioxide 
Particulates 

Carbon monoxide 
Hydrocarbons 
Nitrogen oxides 
Sulfur dioxide 
Particulates 

Carbon rnonox i de 5.0 1,700 
Hydrocarbons 1.0 400 
Nitrogen oxides 22.0 7,900 
Sulfur dioxide 71.0 23,800 
Sulfur trioxide 1.0 400 
Particulates 2.0 700 

a~ased on factors published by the EPA (1977). 
b ~ i s s i o n  rates based on one 8-hour work shift per day. 

dry the salt stored on the surface for backfilling the repository. Table 8-9 
shows the calculated annual emissions. The calculations were based on 
emission factors published by the U.S. Environmental Protection Agency (EPA, 
1977) and on the following assumptions: The emergency-power diesel-generator 
plant, with an installed capacity of about 10,000 horsepower, will be used 1% 
of the time (88 hours per year). The diesel-powered surface handling equip- 
ment (about 3400 horsepower) will be used about 10% of the time (2720 
horsepower-hours for each 8-hour shift). The underground handling equipment 
(about 600 horsepower) will be used about 40% of the time.   he salt drier 



( approx imate ly  30 m i l l i o n  Btu /h r )  w i l l  be used d u r i n g  each w o r k  s h i f t  a f t e r  
abou t  t h e  s i x t h  yea r  of  o p e r a t i o n .  

Wind e r o s i o n  

Dust w i l l  be d i s p e r s e d  to t h e  a tmosphere  because  o f  c o n s t r u c t i o n  a c t i v i -  
t i e s ,  wind e r o s i o n  o f  t h e  mined-rock p i l e ,  and n a t u r a l l y  o c c u r r i n g  soi l  
e r o s i o n .  T o  minimize e r o s i o n  and d u s t  g e n e r a t i o n ,  t h e  a r e a s  l i k e l y  to produce 
wind-blown d u s t  w i l l  be s p r a y e d  w i t h  w a t e r .  E r o s i o n  of  t h e  mined-rock p i l e  
w i l l  be c o n t r o l l e d  by a p p l y i n g  small amounts o f  water t o  promote t h e  format ion 
of  a c r u s t .  P r o j e c t e d  e r o s i o n  r a t e s  and e s t i m a t e s  of  s a l t  d i s p e r s a l  a r e  
d i s c u s s e d  i n  S e c t i o n  9.1.3. S i n c e  a l l  a r e a s  used by v e h i c u l a r  t r a f f i c  are 
paved,  t h e  amount of d u s t  caused  by t h e  movement of  c a r s  o r  t r u c k s  w i l l  be 
minimal once t h e  p l a n t  is completed .  

1 8 .8  AUXILIARY SYSTEMS 

B e s i d e s  t h e  wa te r  and power sys tems ,  t h e  p l a n t ' s  a u x i l i a r y  sys tems i n c l u d e  
r o a d s ,  r a i l r o a d s ,  and communications systems.  

8 .8 .1  Water 

1 The e s t i m a t e d  peak 8-hour demand f o r  water  a t  t h e  p l a n t  is 25,000 g a l l o n s  
I (52 gpm) d u r i n g  d a i l y  u s e  and 190,000 g a l l o n s  (400 gpm) d u r i n g  f i r e w a t e r  make-  

up to t h e  o n - s i t e  s t o r a g e  t a n k s .  

I 
The water  for t h e  p l a n t  w i l l  b e  purchased from, and d e l i v e r e d  by, t h e  

Double Eag le  Water System,  which c o n s i s t s  of  a series of  wells abou t  35 miles 
1 n o r t h - n o r t h e a s t  of  t h e  s i te .  The sys tem h a s  a 542-gpm r e s e r v e  pumping capa- 
I c i t y  and a s t o r a g e  c a p a c i t y  o f  336,000 g a l l o n s .  I t  is e x p e c t e d  t h a t  t h i s  
I sys tem w i l l  be  expanded by d r i l l i n g  new w e l l s  to meet f u t u r e  r equ i rement s .  

1 The t i e - i n  p o i n t  f o r  t h e  new l i n e  to t h e  s i t e  is on t h e  Eddy/Lea County 
l i n e  a t  an e x i s t i n g  10- inch  main. A proposed new 24-inch l i n e  w i l l  run due 
s o u t h  from t h e  t i e - i n  p o i n t  f o r  a b o u t  18 m i l e s  to t h e  Carlsbad/Hobbs highway 
(U.S. 180) and c o n t i n u e  a l o n g  t h e  s i t e  a c c e s s  road  f o r  a n o t h e r  13  m i l e s ,  

I t e r m i n a t i n g  a t  two o n - s i t e  s t o r a g e  t a n k s .  

I 8.8.2 Power 

I 
Most of t h e  ene rgy  used a t  t h e  p l a n t  w i l l  be  e l e c t r i c a l  power purchased 

from a commercial u t i l i t y  company. Except  f o r  t h e  f u e l  used by d i e s e l s ,  o t h e r  
I 

au tomot ive  e n g i n e s ,  and t h e  s a l t  d r i e r ,  f o s s i l  f u e l  w i l l  no rmal ly  n o t  be used. 

! E l e c t r i c a l  power w i l l  be p r o v i d e d  by t h e  Sou thwes te rn  P a c i f i c  S e r v i c e  
I Company (SPSC) from g e n e r a t i n g  s t a t i o n s  nea r  C a r l s b a d  and Hobbs, New Mexico. 

A new 1 1 5 - k i l o v o l t  t r a n s m i s s i o n  l i n e  w i l l  be ex tended  from an SPSC s w i t c h i n g  



station to the site. This tie-in will be about 10 miles west of the center of 
the site on an existing 115-kilovolt line along a 75-foot right-of-way. 

8.8.3 Roads 

Present access to the site is by a crude caliche-surfaced road, extending 
from New Mexico highway 128 to the site. The principal access to the site 
will be on a new road built from U.S. 62/180, about 13 miles north of the 
site. This road will be built to State highway standards. A second road will 
reach New Mexico highway 128, about 4 miles south of the site. Both roads 
will require a 200-foot right-of-way. 

The routing of on-site roads (Figure 8-10) supports the waste-handling 
operations. These roads are designed for the movement of cask-containing 
waste transporters and the routine flow of maintenance vehicles. Vehicles 
will enter only through entrance gates. On-site parking is provided for 
employee vehicles, site-maintenance and staff vehicles, and waste- 
transportation vehicles. 

8.8.4 Railroads 

Railroad access to the site is required for receiving waste shipments by 
railcar. The proposed rail Line to the plant originates from a spur at the 
Duval Corporation Mine, about 6 miles west-southwest of the site (Figure 
8-6). It will require a right-of-way of approximately 100 feet. 

On-site tracks are required for the efficient movement of railcars brought 
to the site. The on-site railroad layout, shown in Figure 8-10, provides a 
siding for railcar transfer from locomotives to plant railcar movers, indi- 
vidual CH- and RH-waste railspurs for access to the waste-handling building, 
and parking space for about 30 railcars. 

8.8.5 Communications 

The communication systems for the site are interconnected (a) to insure 
that no operation will become isolated from the central control point and (b) 
to provide for comrnunlcation with off-site emergency services, such as 
ambulances, Eire fighters, and local law-enforcement agencies. These communi- 
cation systems may include telephone, radio, public address and intercom, and 
closed-circuit television. 

Telephone service will be provided by the General Telephone Company of the 
Southwest Eron Car Lsbad. The total length of new off -site cable is approxi- 
mately 40 siles. 



8 .9 EXPERIMENTAL AND DEVELOPMENTAL PROGRAMS 

AS a part of the reference mission described in Section 1.2, the WIPP will 
include a test bed for in-situ experiments on the interactions of high-level 
waste (including spent fuel) with bedded salt. A specially designed part of 
the underground workings will be used as a place for experiments; the small 
mount of waste used in these experiments will be removed at the end of the 
program. In addition, the project will include several other underground 
activities that can also be broadly characterized as development efforts: the 
further development of storage and handling methods will be supported by 
demonstrations and by monitoring the mine structure; contact-handled waste 
will be monitored to confirm the safety of the methods used in storing it. 
Because the experiments and the development programs cannot begin until after 
the first shaft has been sunk, no earlier than 1982, they are now in early 
design stages. This section describes the current plans for them. 

These studies in the WIPP reference repository are only a part of a larger 
program that includes laboratory investigations, bench-scale studies in large 
blocks of salt, a series of preliminary measurements in existing mines, and 
development of analytical models that predict the behavior of a repository. 
Much of this extensive "pre-WIPP" program has already begun, and most of it 
will be complete before the repository opens. As explained in the following 
discussion, the investigations in the WIPP mine will be extensions of the 
earlier studies. The WIPP studies will establish whether the results of the 
earlier exper iments are valid in an actual repository, and they will check the 
analytical models. 

8.9.1 Structural and Ensineerins Activities 

~lthough the techniques used to construct the underground workings will be 
conventional, the operations subsequently carried out there will produce some 
unconventional stresses in the mined structure. In addition to the stresses 
normally present in mined cavities, heat-induced stresses will appear in areas 
where heat-producing waste is placed: extensive boring of test holes and 
emplacement holes in the sides and floors of some cavities may produce other 
unusual stresses and stress concentrations. To insure the development of 
efficient techniques and safe operations, the studies will include 

1. Monitoring of dimensions and strains in the underground rooms and 
pillars, beginning immediately after excavation. 

2. Studies of the physical characteristics of rock samples. These 
studies will test the applicability of more extensive earlier rneasure- 
ments on core samples. 

3. Monitoring of mine structure in areas where contact-handled waste is 
stored. 

4. Extensive monitoring of structural changes.in areas where heat- 
generating waste and other sources of heat are present. Some of these 
studies may use electrical heaters to simulate or to supplement the 
thermal output of stored wastes. 



Another part of the experimental and development program will refine and 
demonstrate techniques for handling, emplacing, and retrieving waste. 
Engineering studies planned for this purpose include 

1. Retrievability studies. Techniques and machinery for emplacing 
remotely handled waste in retrievable configurations are already being 
developed and will be tried out in the pre-WIPP program. Demonstra- 
tions of retrievability in the repository will include actual recovery 
of previously buried canisters of remotely handled waste. 

2. Studies of shaft and hole plugging. In developing methods for sealing 
a decommissioned repository, experiments will study various materials 
and techniques Eor plugging the mine shafts and preventing future 
cracking or leaking in the seals. These studies will also examine the 
tendency of the shaft walls to develop stress-relief cracks. Most of 
this work will have been carried out by the time the repository opens. 

3. Eleasurements of gross thermal properties of the salt medium, providing 
in-situ checks of previous laboratory measurements on core samples. 

4. Studies of hole closure and sloughing. Emplacing and retrieving waste 
in a well-engineered manner will require knowledge of the rates at 
which holes bored in the salt will close themselves and slough 
material £ran their sides. The studies in the repository will check 
earlier laboratory results. 

5. Studies of the routine handling of waste. This work will include 
full-scale demonstrations of the methods used to move waste containers 
through the plant and to bury them underground. Continued development 
of safe and efficient techniques is the goal. 

8.9.2 Monitoring of Contact-Handled Waste 

Purpose and status 

Studies carried out before the repository opens will furnish detailed 
information on the properties of contact-handled TRU wastes and on the inter- 
actions the wastes will undergo in a bedded-salt repository (Molecke, 1978a). 
This work will help to establish the final criteria that will govern the 
acceptance of such wastes at a repository. 

Most of the required studies can be performed adequately in laboratories; 
many of them are already in progress, and most will be complete by the time 
the repository opens. Some additional monitoring will be performed in the 
underground workings in order to test whether the Laboratory results are valid 
under actual repository conditions. 

The studies planned for contact-handled waste are discussed below. For 
completeness, the discussions also mention briefly the studies that will be 
carried out before the repository opens. Detailed descriptions and results of 
all the work will appear in reports to be issued as the program develops. 



Flammability studies - 
A series of studies will seek to establish acceptance criteria that will 

lessen the severity and consequences of a fire and minimize its probability. 
Flammability studies of existing waste and waste containers (by the Idaho 
National Engineering Laboratory and by Sandia Laboratories) have begun; some 
of this work has already been completed. ~ l l  of the flammability studies are 
being done in laboratory tests; none are planned for the reference site. 

Studies of gas generation 

As the wastes age and degrade, they can produce gases through four 
processes: chemical interactions, radiolysis, thermal degradation (including 
pyrolysis), and bacterial action. Studies of gas generation by the four 
mechanisms are being carried out predominantly in laboratories and through 
bench-scale experiments in salt blocks. Activities proposed for the under- 
ground workings include 

1. Determination of the quantity and nature of gases, including water 
vapor, generated by stored waste. Toxic, flammable, explosive, and 
radioactively contaminated gases will be monitored through the opera- 
tional phase of the WIPP project. 

2. Study of salt permeability to the gases that the waste is likely to 
generate. Laboratory experiments are already under way; studies in an 
existing salt or potash mine are in the planning stage. Monitoring in 
the mine will check the earlier results. 

3. Determination of the effects that water vapor produced by heat and 
pyrolysis may exert on the minerals and equipment in the mine. 

4. Study of synergistic effects due to the simultaneous generation of gas 
by more than one of the four processes. This work will involve care- 
ful assessment of effects produced when waste is stored under condi- 
tions that simulate the adverse effects of overburden pressure and 
water intrusion: a controlled amount of water will be intentionally 
introduced as a leachant into a small backfilled storage chamber con- 
taining contact-handled waste in deliberately damaged containers. 
This study will take place in the mined area devoted to experiments. 

Studies of radionuclide movement 

In order to predict processes related to the long-term safety of the 
repository, a consequence analysis is being prepared. This analysis includes 
a model of possible failure modes for a repository (Section 9.5.1). Some of 
the data needed for the detailed failure model are not available in thorough, 
quantitative form; the studies of contact-handled waste will help to supply 
these data through the following investigations: 

1. Study of the physical integrity of waste packaging. 

2. Study of leaching of the waste. These studies will determine the 
extent to which water can mobilize radionuclides from combustible and 
noncombustible wastes and from waste matrices now under development. 
Measurements in the experimental area will be designed to check the 
extensive laboratory work now in progress. 



3. Study of actinide mobility. Parameters include the chemical composi- 
tion of geologic formations and of brine, the presence and effects of 
organic ligands, and the effects of "getter" materials that retard the 
migration of nuclides. These studies are already under way in labora- 
tories and will be checked by less-extensive in-situ monitoring. 

8.9.3 Experiments with High-Level Waste: General Considerations 

Experiments with high-level waste constitute a basic mission of the WIPP 
reference repository. These experiments are not so much concerned with the 
WIPP itself as they are with planning future high-level-waste repositories. 
They are to answer technical questions about the disposal of high-level waste 
in bedded salt. High-level waste generates more intense heat and radiation 
than do other types of waste, especially in its first several hundred years, 
before fission-product nuclides have decayed to insignificance. Thus it 
affects its burial medium more severely than other wastes do. As many as 
possible of the high-level-waste experiments will be performed in laboratories 
rather than in the WIPP mine, but a thorough investigation cannot be carried 
out by laboratory study alone (OSTP, 1978). 

Studies of the interactions of waste with bedded salt were performed 
between 1965 and 1967 during Project Salt Vault, a project in bedded salt near 
Lyons, Kansas (Bradshaw and McClain, 1971). The WIPP high-level-waste experi- 
ments will build on the knowledge gained from Salt Vault and from later 
laboratory studies. Using advanced instruments and techniques, they will 
significantly expand the earlier data and will also include several studies, 
especially chemical studies, that were not part of Salt Vault. 

The basic goals of the WIPP experiments and the accompanying laboratory 
experiments are to study (1) the effect of the high-level waste on the 
surrounding salt, (2) the changes that will occur in the buried waste as it 
interacts with the salt, (3) the movement of radionuclides out of the waste, 
and (4) the subsequent transport of these radionuclides, especially by any 
circulating groundwater present. 

The experiments with high-level waste will use material originating in 
defense programs and in commercial electric-power generation. Commercial 
nuclear waste is more intensely radioactive than waste produced in defense 
programs; it is therefore preferable for the WIPP experiments. Because, how- 
ever, no commercial waste will be reprocessed for the indefinite future, 
special preparation in prototype or defense processing plants may be necessary 
to provide the waste needed for the WIPP high-level-waste experimental program. 

A fundamental problem in these studies will be the great difference 
between the duration of the experiments and the duration of the processes the 
exper iments are to elucidate. The experiments may continue for several 
decades, but the processes in an actual repository may continue for thousands 
of years after it has been filled. To identify the mechanisms that will pro- 
duce long-term effects, the program will include some efforts to accelerate 
these processes. Some experiments can, for example, use amounts of water or 
heat that are greater t5an those expected in a repository; the effects on the 
waste and the salt will then be hastened or at least intensified. This kind 
of experiment is not a direct simulation of the aging of a repository, but 
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c a r e f u l  a n a l y s i s  o f  its r e s u l t s  shou ld  h e l p  i n  i d e n t i f y i n g  and modeling t h e  

->- important  long-term p r o c e s s e s .  The e x p e r i m e n t a l  program w i l l  a l s o  i n c l u d e  
some exper imen t s  u s i n g  h igh- l eve l -was te  m a t e r i a l s  t h a t  have been broken or 

I 

ground i n t o  s m a l l  p a r t i c l e s .  Such m a t e r i a l  w i l l  s i m u l a t e  degraded waste as i t  
may appear l o n g  a f t e r  b u r i a l ,  when t h e  d i s i n t e g r a t i o n  o f  c o n t a i n e r s  has  

waste m a t e r i a l  d i r e c t l y  t o  t h e  s a l t .  

8.9.4 Exper iments  w i t h  High-Level Waste: S p e c i f i c  P l a n s  

P lans  f o r  t h e  i n - s i t u  exper imen t s  wi th  h i g h - l e v e l  waste  a r e  i n  a pre l im-  
i n a r y  s t a g e .  D e t a i l s  of  t h e  d e s i g n s  (Molecke, 1978b) w i l l  change a s  they  a r e  
e l a b o r a t e d  and r e f i n e d  d u r i n g  t h e  y e a r s  b e f o r e  t h e  r e p o s i t o r y  is ready f o r  
underground exper  i m e n t s  w i t h  r a d i o a c t i v e  m a t e r i a l  , no e a r l i e r  than  1986; 
l a b o r a t o r y  and b e n c h - s c a l e  s t u d i e s  performed d u r i n g  t h a t  time w i l l  gu ide  t h e  
changes.  Because t h e  p r e l i m i n a r y  p l a n s  n e v e r t h e l e s s  r e v e a l  t h e  scope of t h e  
exper imen t s ,  t h i s  s e c t i o n  o u t l i n e s  them. 

A l l  o f  t h e  e x p e r i m e n t s  l i s t e d  h e r e  w i l l  be  a d d i t i o n s  t o  t h e  pre-WIPP 
l a b o r a t o r y  work, much o f  which is a l r e a d y  i n  p r o g r e s s .  The s t u d i e s  performed 
i n  t h e  r e p o s i t o r y  w i l l  i n c l u d e  t e s t s  o f  e a r l i e r  r e s u l t s  and a few o t h e r  t y p e s  
of  exper imen t s  t h a t  can  be c a r r i e d  o u t ' o n l y  i n  a c t u a l  underground workings.  
Molecke (197813) g i v e s  f u r t h e r  d e t a i l s .  

S t u d i e s  o f  r a d i o n u c l i d e  t r a n s p o r t  and m i g r a t i o n  

The exper imen t s  now p lanned  i n c l u d e  

1. S t u d i e s  o f  n u c l i d e  t r a n s p o r t  through bedded s a l t  and su r round ing  rock 
by means o f  b r i n e  m i g r a t i o n .  

2 .  S t u d i e s  o f  t h e  a b i l i t y  of  b r i n e  t o  Leach r a d i o n u c l i d e s  from waste .  To 
a c c e l e r a t e  t h i s  s low p r o c e s s ,  t h e  exper imen t s  w i  L l  i n c l u d e  t h e  
l e a c h i n g  o f  " b a r e "  was te  ( n o t  p r o t e c t e d  by packaging mater i a l )  t h a t  
h a s  been b roken  i n t o  s m a l l  p i e c e s .  

3 .  S t u d i e s  t o  d e t e r m i n e  how l e a c h  r a t e s  a r e  a f f e c t e d  by t h e  h e a t ,  r a d i a -  
t i o n ,  p r e s s u r e ,  and chemical  s p e c i e s  p r e s e n t  i n  a  r e p o s i t o r y  and by 
t h e  r a d i o a c t i  ve-decay p rocess .  

4 .  S t u d i e s  o f  ion-exchange p r o c e s s e s  and o f  " g e t t e r "  compounds ( a a t e r i a l s  
t h a t  s e l e c t i v e l y  s o r b  p a r t i c u l a r  n u c l i d e s  o r  r e a c t  w i t h  them).  These 
s t u d i e s  w i l l  h e l p  t o  deve lop  a d d i t i o n a l  b a r r i e r s  to n u c l i d e  m i g r a t i o n .  

5.  Measurements o f  t h e r m a l l y  d r i v e n  s o l i d - s t a t e  d i f f u s i o n ,  a  mechanism 
f o r  n u c l i d e  t r a n s p o r t  a long  g r a i n  b o u n d a r i e s  i n  t h e  s a l t .  

6 .  Proof t e s t s  of emplaced c a n i s t e r s .  These s t u d i e s  w i l l  measure t h e  
a b i l i t y  o f  w a s t e  c a n i s t e r s  t o  r e t a r d  l e a c h i n g  and subsequent  n u c l i d e  

' t r a n s p o r t .  T e s t s  w i l l  i n c l u d e  measurements w i t h  normal undamaged 
c a n i s t e r s  and w i t h  d e l i b e r a t e l y  damaged c a n i s t e r s .  They w i l l  a l s o  
i n v e s t i g a t e  t h e  use  of s l e e v e s  o r  c o a t i n g s  on t h e  c a n i s t e r s  f o r  
ex tended  c o r r o s i o n  r e s i s t a n c e .  



7. Measurements of gas-phase nuclide transport, which results from the 
volatilization of waste material. This process might occur in a 
future repository containing spent fuel, which produces gaseous 
fission products. 

Studies of chemical effects 

Planned experiments include 

1. Determination of the composition and quantity of fluid inclusions 
in the experimental horizon, measurement of their rate of migration 
under different thermal gradients, and detailed study of the con- 
sequences of such migration. 

2. Studies of the chemical and sorptive properties of getter materials 
to determine their eEfectiveness as an additional barrier to radio- 
nuclide transport. 

3. Studies of canister and sleeve corrosion as functions of brine compo- 
sition and chenistry, metallurgical composition, temperature, 
pressure, and radiation damage. These studies will be limited to 
testing previous laboratory results. 

4. Monitoring of gases produced through radiolysis and corrosion. 

Studies of physical effects due to heat, radiation, and pressure 

Planned experiments include 

1. Measurement of energy stored in the salt through the "metamict" or 
Wigner effect, which occurs when irradiation of the salt surrounding a 
waste container creates radiation-damage sites in salt crystals. The 
thermal fields that accompany this radiation tend to anneal the salt 
and prevent a buildup of stored energy. The annealing effects, how- 
ever, vary strongly with temperature. Laboratory studies are meas- 
uring stored energy in a salt as a function of temperature, pressure, 
and gamma-ray and neutron f luences; the underground experiments will 
be a small effort intended to establish whether the earlier results 
are valid in situ. 

2. Measurement of the variations induced by heat, radiation, and pressure 
in bulk physical properties such as thermal conductivity, strength, 
and viscosity. 

3. Investigation of the effects of these variations on the mobility and 
buoyancy of salt and waste canisters. 

8.9.5 Experiments with High-Level Waste: Methods 

According to the preliminary plans (Molecke, 1978b), two classes of 
experiments will use solidified high-level waste in the WIPP underground 
workings: studies using "bare" radioactive waste unprotected by a container 
and studies using full-scale canisters of radioactive waste. The waste will 



include fission products and actinide materials fixed in a vitrified, low- 
leachability matrix as well as in spent-fuel pellets; the containers will 
include canisters from prototype reprocessing operations and perhaps unre- 
processed spent fuel. 

In both classes of experiments the underground emplacement of high-level 
waste and the subsequent sampling will follow strictly prescribed procedures. 
The experiments will not be routine operations. Detailed analysis will 
precede each experiment in order to insure its safety; this planning will 
include analyses of accidents that might occur during the experiment. Written 
operating procedures will specify each step in each experiment, the apparatus 
to be used, methods for dealing with events that might threaten to release 
radioactivity during the operation, and methods for retrieving radioactive 
material af ter the conclusion of the experiments. 

Experiments with bare waste 

This work will study the processes that may occur after corrosion and 
disintegration of containers have exposed radioactive waste material to salt 
and brine. It will extend results obtained earlier in the laboratory and 
determine their applicability to an actual repository. Designed primarily to 
study chemical, rather than structural or thermal, effects, the bare-waste 
experiments will investigate degradation of the matrix that encapsulates the 
waste, leaching of waste materials, and migration of radionuclides. Their 
design will represent realistic but adverse conditions that may appear in a 
bedded-salt repository long after the waste is emplaced. These simulated 
conditions will represent the following chain of hypothetical .long-term 
events: the metallic waste canister has completely disintegrated, yielding 
corrosion products and bare waste; the waste matrix has partially disinte- 
grated into lumps or into particles the size of sand grains; brine or water 
vapor has collected in the waste-emplacement hole; and water is leaching the 
waste. 

The experiments will be performed in "reaction chambers," unlined holes 
drilled into the salt of the WIPP mine. Bare waste will be put into these 
chambers; other materials, including brine and corrosion products, may be 
added to simulate various stages of advanced aging. Each chamber will be 
sampled periodically; the solid, liquid, and gaseous samples will then 
be packaged and shipped to a laboratory for analysis. 

Bare-waste tests that include all possible variations of conditions and 
replicates needed for statistical accuracy would require an extensive array of 
reaction chambers. The preliminary planning has established only tentatively 
the number of chambers and the geometrical design of their emplacement; the 
number of chambers is currently estimated to be between 20 and 200. The 
results of laboratory studies will heavily influence the plans for in-situ 
experiments, for they will point out which areas of interest are the most 
important for further study underground. 

Experiments with full-size canisters 

Testing full-size canisters under the actual conditions of a repository 
will eliminate the uncertainties introduced by extrapolating data from small- 
scale laboratory tests. It will permit the development of procedures and 
equipment for handling and retrieving waste in future repositories. 



These canisters will be placed in holes drilled in the floors of special 
undergrcund experimental areas. The holes will then be plugged and perhaps 
grouted in order to Zuplicate and test the procedures that may be adopted for 
use in a repository. After emplacement the canisters will be periodically 
sampled, presumably by coring through adjacent salt to obtain specimens for 
laboratory analysis. 

Prelininary designs for the experiments with canisters are not complete. 
The number of canisters required for the studies will probably be between 20 
and 200, but these numbers, like the estimates of bare-waste reaction 
chambers, may change by as much as a factor of 2. 

8.10 DEMONSTRATION OF SPENT-FUEL DISPOSAL (ISF) 

In accor6ance with the recommendations of the InteraGency Review Group 
regarding the construction of intermediate-scale facilities (IRG, 1979, 
p. 59 ) ,  the MIPP reference mission includes 2 nozerate-scale demonstration of 
the capability for ultimate disposal of spent fuel in salt. In parallel with 
the ?emonstration, experiments with spent fuel under more extreme conditions 
will also be carried out (Section 8.9). Additional guidelines for the demon- 
stration are that it should be large enough to be meaningful (up to 1000 
spent-fuel assemblies could be used), that the heat loading (heat generation 
per acre) should be lower than the loading that nay ultimately be reached in 
an operating repository, that the spent fuel should be recoverable for a 
20-year period, and that the 2emonstration should be monitored. 

8.10.1 Size of the Demonstration 

The number of spent-fuel assemblies required for a meaningful demonstra- 
tion is affected by logistics, heat transfer, the size of the nuclear fuel 
cycle, and retrievability. 

The logistical concerns include obtaining, canistering, transporting, and 
emplacing the spent-£ uel assenblies in the salt. The quantity emplaced must 
be sufficient to lemonstrate the capability of the logistical system and to 
pernit the observation of adverse synergistic effects, if any occur. The 
annual Cischarge of a pressurized-water reactor (64 assemblies) would fill a 
typical disposal chamber in a spent-fuel repository. Using 64 assemblies, the 
demonstration could include all phases of repository operations: mining the 
chamber, enplacing the fuel canisters, establishing the required monitor 
systems, sealing the storage room, and withdrawing £con the area. Fewer than 
50 to 60 assemblies would probably not provide a sufficient test of these 
logistical capabilities. 

Instruments will monitor the effects exerted on the salt by the heat from 
the spent-fuel assemblies. For the initial studies, an area with four storage 
rooms (each with approximately 15 assemblies) and three intermediate drifts 
would be needed to insure that there is a sufficient buffer around the center 
of the stuZy area to reduce end effects. Thus, the minimum number of 



I 
- required to determine the local effects of heat transfer would be 
approximately 60 assemblies. To determine far-field effects would require a 

. larger number of assemblies. 

The remaining two factors--size of the fuel cycle and retrievability-- " essentially offset each other. A meaningful demonstration must be significant 
in comparison with the annual output of all U.S. reactors. The upper limit of 

I 1000 spent-fuel assemblies (the annual output of approximately 15 reactors) - 
would certainly achieve this goal. However, retrievability considerations 
dictate a C ~ U ~ ~ O U S  approach at first. The description of the demonstration 
area that follows shows a capability for ultimately handling the upper limit 
of 1000 assemblies. The initial emplacement will probably be on the order of 
several hundred to allow collection of short-term data. After this initial 
information has been evaluated, the total number of assemblies to be emplaced 
can be decided. 

8.10.2 Description of the Storage Area 

Present plans are to receive bare or thinly clad fuel assemblies at the 
plant in existing spent-fuel shipping casks. The assemblies will then be 
sealed inside canisters before emplacement in the storage area. 

The proposed canister for the spent-fuel assemblies consists of a single 
overpack fabricated Erom 14-inch-diameter schedule-10 carbon-steel pipe. All 
fabrication operations except for the final seal weld would be made at an 
approved commercial fabrication facility. The final seal weld would be made 
within the WIPP hot cell by remote-welding equipment. 

Figure 8-11 shows the conceptual layout of the storage horizon for 
remotely handled waste. The area for emplacement of spent fuel contains 28 
storage rooms, each 14 feet wide, 24 feet high, and 500 feet long. The rooms 
are spaced on 70-foot centerlines with a resulting extraction ratio of 20%. 
The emplacement area will be connected to the shaft-pillar complex by four 
access drifts, which provide paths for ventilation as well as access for 
mining equipment, storage equipment, and the salt-handling system. The 
air-supply system for the construction operation will be separated from the 
storage air system to permit simultaneous mining and storage. Sufficient air 
quantities will be provided to support the mining and storage operations as 
well as to remove fission gases that might escape from unsealed storage rooms. 

The proposed storage configuration will produce a thermal loading of 
approximately 30 kilowatts per acre. This value, about one-half the loading 
that has been suggested Eor a spent-fuel repository in salt, was chosen to 
satisfy the guideLine that the Loading be technically conservative. 

Each canistered spent-fuel assembly will be stored in a sleeved hole 
approximately 25 feet deep; the holes will be spaced on 12-foot centers in the 
storage drift. Although the thickness of the sleeve has not been determined, 
it will be sufficient to provide structural integrity for the retrievability 
period. A shield plug will be placed over the spent-fuel canister in the top 
10 feet of the hole. 



8.10.3 Retrieval of Spent-Fuel Assemblies 

It is not intended to retrieve all of the spent-fuel canisters at the 
conclusion of the 20-year demonstration. Instead, the spent fuel will 
probably be allowed to remain in place. All of the spent-fuel assemblies will 
be retrieved only if analysis of the demonstration or the exper imental program 
shows that retrieval is necessary. A small fraction of the spent-fuel 
assemblies will be retrieved to ascertain that retrieval is possible and to 
obtain samples for inspection and analysis; the retrieval will be performed 
first at short intervals and then at longer ones. Data from the monitoring 
and inspections will help to evaluate the adequacy of the retrieval schedule. 

The retrieval operation in rooms that have not been backfilled will be 
I 

essentially a reversal of the emplacement operation. In a backfilled drift 1 i i 
the retrieval operation will also involve remining the partially consolidated i 
crushed salt filling the drift. I 

I ' 
During the early stages of the demonstration, backfilling will not be , I  

done. After ~t has been established that retrieval can be accomplished in the 
open storage rooms, a limited number of assemblies will be stored in a back- 
filled configuration. Subsequent retrieval demonstrations will be executed to 

I 
verify the adequacy of retrieval plans before large-scale backfilling opera- 
tions begin. 

The backfilling of the storage drifts will not greatly affect the results 
of the demonstration or monitoring program. Therefore, it may be possible to 
delay backfilling of a major section of the demonstration area until after 
retrieval has been shown to be no longer necessary.   his delay will reduce 
the costs and time entailed in a full-scale retrieval operation without 
reducing the amount of information gained from the program. 

Since the spent-fuel assemblies will be canistered, emplaced in sleeved 
holes, and stored at a conservative thermal-power density, the reactions that 
will occur between them and the salt are limited. Nonetheless, an extensive 
monitoring program will be undertaken to verify that the behavior follows 
predictions. 

It is not expected that waste-salt interactions, waste leaching, or radio- 
nuclide migration will occur in the spent-fuel area. Observations on these 
phenomena will be made within the experimental area (Section 8.9). Canisters 
recovered in the retrieval operations will be inspected and analyzed to verify 
that these expectations are correct. 

As described in the following paragraphs, measurements and data collection 
will study the thermophysical response of the salt formation, movements of the 
canisters and sleeves, release of fission gases, materials integrity, brine 
migration, and the validity of mathematical models. 

Arrays of thermocouples and extensometers will monitor the effects of the 
low-level heat source; they will obtain creep data and measure second-order 



such as transfer of radiation energy to the salt. The creep measure- 
ments will also determine any movement of the sleeves and canisters. -Data on 
high heat loadings will be obtained from the experimental area. 

~onitoring for fission-gas release will be conducted in the storage areas 
(both backfilled and open) during storage and retrieval operations. This 
program will sample the air in the tunnel and inside some canisters. 

The performance of materials in canisters, sleeves, and fuel assemblies 
will be observed after retrieval operations, although significant corrosion 
effects will probably be minimal or nonexistent. 

Although brine-migration measurements will be made, a significant influx 
of brine is not anticipated, because of the low thermal gradients from spent 
fuel at 600 watts per assembly. Measurements will, however, be made in order 
to verify this prediction. 

Information from all aspects of the demonstration will be used to validate 
models that predict short-term and long-term repository behavior. 

8.11 PLANS FOR RETRIEVAL 

An important part of the WIPP project is the ability to remove emplaced 
wastes from the salt if retrieval becones necessary or desirable in the 
future. This section describes retrieval plans, which will be carried out 
only after a suitable planning and training period. 

The retrievability period for waste stored in the WIPP reference reposi- 
tory is 10 years for TRU waste and 20 years for spent fuel. To permit access 
for retrievability, general undergound storage areas for CH waste will be 
provided with entryways, and ventilation drifts will be left open. Special 
equipment, designed for both retrieval and subsequent repackaging, will be 
shielded to protect the workers. 

8.11.1 Retrieval of CH Waste 

Contact-handled waste is stored as described in Section 8.4.1. Before 
decommissioning, CH waste will not normally require backfill; if the waste 
contains combustible materials, however, a partial backfill of salt may be 
used to limit the possibility of fire unless other fire-protection methods are 
judged sufficient. 

Retrieval before backfilling 

Before salt has been backfilled into the storage rooms, any particular 
batch of CH waste can be retrieved easily, without the need for moving large 
quantities of salt. The first step in retrieving CH waste will be to 
reestablish ventilation through the aisles and the stack of waste by removing 
the bulkhead at the entrance to the storage room. The containers of waste can 
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then be removed one at a time in the reverse order of emplacement. Any 
container found to be breached or externally contaminated will be sealed in 
another container (overpacked) to prevent the spread of contamination. The 
containers will be moved to the surface by the same equipment that brought 
them in. 

As retrieval progresses, the floor of the storage room will be checked for 
contamination and, if necessary, cut away deep enough to reduce the contami- 
nation to an acceptable level. The contaminated salt will be packed into 
drums and ,moved out with the waste. This cleanup operation might add about 2% 
to the volume of the waste. I 

f 
Retrieval after partial backfilling ! 

The waste-storage area will first be cleared of the backfilled salt. Any 
contaminated salt will be packed into drums and handled like CH waste: it 

\ 
I 

might amount to 25% of the volume of CH waste retrieved. Retrieval will then 
proceed as though the storage area had not been backfilled. 

I 

Retrieval after backfilling 

After a decision that retrieval is no longer necessary, the filled storage ! 

rooms will be backfilled with crushed salt. After backfilling, the continuing ! I 
stress-induced creep closure of the room will compress the crushed salt and 
apply pressure to the waste stack. This closure may possibly damage the waste 
containers. I 

Should it be necessary to retrieve some or all of the backfilled CH waste, 
ventilation will first be reestablished in the particular storage room. 
Relief saw cuts will then be made in the salt on each side of the waste stack 
and over its top. The cuts will be as close to the waste stack as possible 
while insuring that the saw cuts into no waste and that all radioactive 
material remains inside the salt block outlined by the cuts. The salt between 
the relief cuts and the waste will be pried or chipped away to free the stack. 
Any contaminated salt will be placed in sealable  containers and handled in the 
same way as other CH waste. Uncontaminated salt will be moved to the mined- 
rock pile on the surface. The waste containers will be removed, inspected, 
sealed in other containers (if necessary), and moved to the surface. 

The floor will be decontaminated by mechanically removing the contaminated 
salt, which will then be placed in sealable containers and hauled away. The 
volume of salt removed in this operation is expected to equal the volume of 
waste removed. The fraction of this salt that is contaminated will depend on 
the mechanical damage to the containers, the corrosion of the containers, the 
migration of the contaminants, and the care used in retrieval. 

8.11.2 Retrieval of RH Waste 

The methods for handling and storing RH waste are discussed in Section 
8.4. The methods used for their retrieval will depend on whether the opera- 
tion is performed before or after backfilling. 



. ~etrieval before backfillinq 

Canisters holding RH waste will be stored in steel-lined holes. The steps 
I 

used in retrieval will be the reverse of emplacement, with the addition of 
more-extensive radiation-monitoring equipment and equipment for handling any 
contai ner breach. 

First, the room will be ventilated by properly positioning the air-flow 
barriers. Owing to the continuing stress-induced creep, the room may need to 
be remined to the dimensions required for entry of retrieval equipment. Once 
the location of the canister is determined, a shielded manifold will be 
grouted into the salt at a known distance above the canister. A hole will be 
drilled to the top of the canister, and the overcore drill will be driven to 
about 6 inches below the canister, where an undercut will be made. The 
canister will then be lifted and sealed into a shielded cask, which will be 
taken to the surface. The hole will be backfilled with clean salt. 

The salt removed during drilling will be caught in a dust collector and 
sealed in drums. After inspection and inventory, these drums will be handled 

1 by the methods described in Section 8.4.1. The volume of such salt is ex- 
I pected to be about twice the volume of the RH waste retrieved. 

The salt removed during the remining of the room will be surveyed for con- 
tamination. Contaminated salt will be packed into drums and treated as waste; 
uncontaminated salt will be taken to the mined-rock pile. Little contaminated 
salt is expected from remining the room. 

I Retr ieval af ter backfilling 

To retrieve RH waste after backfilling, the storage rooms, shafts, drifts, 
I passageways, and ventilation systems will be restored to their original opera- 

ting conditions. The storage area will then be opened by remotely operated 
I 

machinery. The volume of salt to be removed is expected to be approximately 
equal to the amount removed in the original mining of the room. Once the room 

I is opened to the required dimensions, retrieval can proceed in the same way as 
I retrieval before backfilling. 

All wastes used in experiments (Section 8.9) will be removed during the 
operational phase of the WIPP program. Because these wastes will be in dif- 
ferent forms, no single method will govern their retrieval. The plan for each 
experiment will include a procedure for removing the waste; this procedure 
will have to be approved by the DOE before the experiment can begin. 

8.12 PLANS FOR DECOMMISSIONING 

At the end of the WIPP operation, a decommissioning program will be car- 
ried out for the safe permanent disposition of both surface and underground 
facilities. This section discusses the alternatives for decommissioning, the 
current plan for decommissioning and the ways in which the plant design anti- 



cipates this plan, physical security and surveillance after decommissioning, 
and current studies of techniques for plugging shafts and boreholes. The 
environmental eEEects of decommissioning and dismantling are discussed in 
Section 9.2. 

8.12.1 Decommissioning Alternatives 

The alternatives for decommissioning are mothballing, in-place entombment, 
decontamination and dismantling, and conversion to a new system. These alter- 
natives are discussed in NRC Regulatory Guide 1.86, "Termination of Operating 
License for Nuclear Reactors." Although there are now no guidelines for 
decommissioning a waste repository, the purpose of decommissioning is the same 
for both a waste repository and a nuclear power plant: to protect the health 
and safety of the public. 

These alternatives allow for decommissioning the plant under the following 
credible situations: 

1. Decommissioning after the rspository has been filled. The preferred 
methods would be in-place entombment of unusable underground struc- 
tures and decontamination and dismantling of the surface structures. 

2. Decommissioning after retrieving the waste. The surface and under- 
ground would be returned to nearly their original conditions; decon- 
tamination and dismantling would be the preferred methods. 

3. Decommissioning before the repository is filled, leaving open the 
possibility of later returning to fill it. Mothballing of the sur- 
face and underground structures would be the preferred methods. 

The present plan calls for decontaminating and dismantling surface facil- 
ities, entombing in the waste-storage area all wastes generated in disman- 
tling the surface facilities, backfilling the mine, and plugging the shafts 
and boreholes. The actual plan to be used will, however, be chosen at the 
time of decommissioning; it will insure that the environment and the public 
are protected. 

Mothballing 

Mothballing would consist of putting the plant into a state of protective 
storage for a few decades. This alternative would be selected if later re- 
pository operation or experiments were desired. It would require the eventu- 
al use of another alternative for permanent disposition of the p?.ant. The 
plant would be left generally intact except that all radioactive materials 
would be isolated Erom the public by suitable barriers and other means to 
prevent public access to areas with hazardous levels of radiation. Useful 
equipment could be decontaminated, if necessary, and removed from the site. 
Adequate radiation monitoring, environmental-surveillance, and security pro- 
cedures would be established to protect the health and safety of the public. 
The shafts, mines, and underground facilities would be left intact. 



I . Entombment 
? 

Entombment applies mainly to the shafts and mines. Entombment of the 
surface facilities would be similar to mothballing except that radioactive 

I 

materials would be removed and placed in the mine or removed from the site. 
After the removal of usable equipment (and decontamination, if necessary), 
the mine would be backfilled with salt, and the shafts and boreholes would be 
plugged. In this alternative the mines and shafts would be permanently 

I sealed; the surface facilities, however, would be available for some other 
use in the future. 

~econtamination and dismantling 

Along with decontamination and dismantling of the surface facilities, the 
shaft and mine would be entombed as described above. Usable equipment would 
be decontaminated and removed; contaminated equipment and waste would be 
packaged and either placed in the mine or removed from the site if mine dis- 
posal were not feasible. Surface facilities would be demolished and debris 
removed or buried in the landfill. As nearly as possible, the surface would 
be returned to~its original condition. The present plan for decommissioning, 
discussed in Section 8.12.2, uses these methods. 

Conversion to a new system 

I , It is possible that the plant may be put to another use after repository 
operations are completed. It cannot now be predicted whether the plant will 
be converted to another use, but since a railroad spur, roads, and utilities 
will be available, the site might be used for industrial purposes. 

8.12.2 Present Plans for Decommissioning 

Present plans call for decontaminating and dismantling the surface facil- 
ities and entombing the mines and shafts. All usable equipment and materials 
will be decontaminated as necessary and removed from the site. Contaminated 
structural debris and equipment that cannot be decontaminated will be 
packaged and placed in the mine. Structures will be disassembled after 
decontamination. Uncontaminated debris and unusable equipment will either be 
shipped away from the site for disposal or disposed of in the landfill. The 
evaporation pond will be allowed to decay, then treated like other struc- 
tures. In the mine, all equipment will be moved to the surface, decontami- 
nated if necessary, and either shipped away from the site if usable or 
handled like unusable debris from the surface facilities. The mine will then 
be backfilled with salt from the mined-rock pile. The salt will be dried and 
compacted as closely as possible to its original density. Shafts will be 
plugged in accordance with acceptable borehole-plugging techniques (Section 
8.12.4). 

After these operations, the surface will be regraded to approximate its 
original contours and seeded. Markers will be provided for shaft locations 
and the landfill. If any of the mined-rock pile remains, it will be re- . 
moved. ~lectrical-power and telephone lines, railroad spurs, and roads may 
be removed, depending on the future use of the site. If they are removed, 



the rights-of-way will be regraded to approximately their original contours. 
Water will be shut off at the original connection point; however, water lines 
will be removed only where not otherwise needed and where necessary to 
restore the natural terrain. 

Many aspects of the plant design are intended to facilitate decomrnission- 
ing. They include 

1. Easy access to material and equipment that may eventually be 
recovered or dismantled. 

2. Smoothing the surfaces of equipment to make decontamination easier. 

3. Minimizing small dirt-catching spaces and corners to the prevent the 
accumulation of radioactivity. 

4. Modular construction for ease of dismantling. 

5 .  Use of materials that tend not to become contaminated. 

6. Use of equipment that can be disassembled without cutting. 

7. Minimizing the weight of blocks of material that will be moved. 

8. TO the extent possible, use of standard equipment that can be used in 
other applications. 

8.12.3 Post-Decommissioning Controls 

The extent of post-decommissioning controls will depend on whether wastes 
are permanently stored or retrieved (Section 8.11). If wastes are perma- 
nently stored and the repository is decommissioned as presently planned, 
administrative controls will be established to prevent deep drilling, mining, 
or other activities that might allow water intrusion into the storage area. 
If surface facilities are not dismantled, fences and other security measures 
(like sealed doors and periodic inspection) will be needed to prevent public 
access. If wastes are shipped away from the site, the mine backfilled, and 
surface facilities dismantled, the need for post-decommissioning controls 
will be essentially eliminated. 

8.12.4 Borehole and Shaft Plugging 

An essential task during decommissioning any waste repository will be 
plugging the remaining holes and shafts. Ideally the integrity of the plugs 
would be equivalent to that of the surrounding rock formations before human 
intrusion. It should be noted, however, that the long-term consequence analy- 
sis (Section 9.5.1) shows that an unplugged hole has but small environmental 
or safety consequences. While improvement of plugging technology is desir- 
able to provide additional confidence in geologic isolation, it is not abso- 
lutely necessary. 



The DOE and its predecessors have conducted borehole-plugging research 
since 1963. The results obtained so far (and those expected in the near 
future, including demonstrations of techniques) give the DOE confidence that 
newly developed plugging methods will be available well before they are 
needed in decommissioning the repository. 

The purpose of the borehole-plugging studies associated with the WIPP 
project has been to develop and test materials and methods for plugging holes 
and shafts in rocks and salt at the site. The plugs are to have long-term 
durability, low water permeability, resistance to groundwater attack, and 
physical and chemical compatibility with the surrounding rcck. The plug 
materials are also required to bond to the surrounding rock, to expand to 
fill interstices, to be able to be handled in the field, and to be subject to 
quality controls that assure conformance with performance specifications. In 
addition to the DOE studies, Sandia Laboratories has carried out field tests 
near the site and tests in the laboratory. A more comprehensive program is 
currently being formulated under a quality-assurance framework appropriate to 
licensing requirements. 



REFERENCES FOR CIIAPTER 8 

American Association Eor Contamination Control, 1968. AACC Standard CS-IT, 
"Hepa Filter Units," Boston, Massachusetts. 

American Conference of Governmental and Industrial Hygienists (ACGIH), 1977. 
TLV's Threshold Limit Values for Chemical Substances in Workroom Air 
(adopted by ACGIH for 1973). 

Bishop, W. P., and F. J. Miraglia, Jr., 1976. Environmental Survey of the 
Reprocessing and Waste Management Portions of the LFiR Fuel Cycle, 
NUREG-00116 (Suppl. 1 to WASH-12481, U.S. Nuclear Regulatory Commission, 
Washington, D.C. 

Bradshaw, R. L., and W. C. McClain, 1971. Project Salt Vault: Demonstration 
of the Disposal of High-Activity Solidified Wastes in Underground Salt 
Mines, OWL-4555, Oak Ridge National Laboratory, Oak Ridge, Tennessee. 

W E  (U.S. Department of Energy), 1977. Facilities General Design Criteria, 
DOE Manual Appendix 6301, Part 1. 

EPA (U.S. Environmental Protection Agency), 1977. A Compilation of Air 
Pollutant Emission Factors, third edition, AP-42, Washington, D.C. 

IRG, 1979. Report to the President by the Interagency Review Group on 
Nuclear Tiaste Management, TID-29442, U.S. Department of Energy, 
Washington, D.C. 

Mishima, J., and L. C. Schwendiman, 1973. Some Experimental Measurements of 
Airborne Uranium (Representing Plutonium) in Transportation Accidents, 
BNWL-1732, Battelle Northwest Laboratories, Richland, Washington. 

Molecke, M. A., 1978a. Waste Isolation Pilot Plant Transuranic Wastes 
Experimental Characterization Program, Executive Summary, SAND78-1356, 
Sandia ~aboratories, Albuquerque, New Mexico. 

Molecke, M. A., 1978b. Waste Isolation Pilot Plant High-Level Waste 
Experimental Program: Laboratory and in-Situ Studies (draft), Sandia 
Laboratories, Albuquerque, Mew Mexico. 

NRC (U.S. Nuclear Regulatory Commission), 1976. GESMO, Final Generic 
Environmental Statement on the Use of Recycled ~lutonium in Light 
Water Cooled Reactors, NUREG-0002. 

OSTP (Office of Science and Technology Policy), 1978. Isolation of Radio- 
active Wastes in Geologic Repositories: Status of Scientific and 
Technological Knowledge (draft), Executive Office of the President, 
Washington, D.C. 



9 Analysis of Environmental bnpacts at the Reference Site 

T h i s  c h a p t e r  d i s c u s s e s  t h e  env i ronmenta l  impacts  o f  b u i l d i n g  and o p e r a t i n g  
t h e  WIPP r e f e r e n c e  r e p o s i t o r y ,  o f  p r e p a r i n g  w a s t e  f o r  shiprnent to i t ,  and o f  
l e a v i n g  was te  permanent ly  b u r i e d  i n  i ts underground d i s p o s a l  a r e a s .  Some o f  
t h e  c o n c e i v a b l e  impac t s  are c e r t a i n  to o c c u r ,  o t h e r s  a r e  u n l i k e l y ,  and  s t i l l  
o t h e r s  a r e  n o t  e x p e c t e d  t o  occur  a t  a l l .  S e c t i o n  9 . 1  d e s c r i b e s  t h e  e f f e c t s  o f  
p r e p a r i n g  t h e  s i t e  and c o n s t r u c t i n g  t h e  p l a n t  i t s e l f .  S e c t i o n  9.2 d e s c r i b e s  
t h e  e f f e c t s  of  normal p l a n t  o p e r a t i o n  and o f  c l o s i n g  t h e  p l a n t .  S e c t i o n  9.3 
a n a l y z e s  t h e  e f f e c t s  of  p o s s i b l e  a c c i d e n t s  a t  t h e  p l a n t .  Cover ing both  t h e  
' c o n s t r u c t i o n  and t h e  o p e r a t i o n  p h a s e s ,  S e c t i o n  9 .4  a n a l y z e s  t h e  impacts  on t h e  
s o c i a l  and economic s t r u c t u r e  o f  t h e  two-county a r e a  around t h e  p l a n t .  Sec- 
t i o n  9.5 d e s c r i b e s  e f f e c t s  t h a t  may be e x e r t e d  a f t e r  t h e  p l a n t  c e a s e s  opera-  
t i o n s ;  i t  c o n s i d e r s ,  among o t h e r  e f f e c t s ,  t h e  consequences  o f  h y p o t h e t i c a l  
r e l e a s e s  of  r a d i o a c t i v e  m a t e r i a l  from t h e  s e a l e d  r e p o s i t o r y .  S e c t i o n  9 .6  d i s -  
c u s s e s  t h e  impacts  o f  removing TRU w a s t e  from i ts  p r e s e n t  s t o r a g e  a t  t h e  Idaho  
N a t i o n a l  E n g i n e e r i n g  L a b o r a t o r y  and o f  p r e p a r i n g  it f o r  sh ipment  to  t h e  WIPP. 
The l a s t  s e c t i o n ,  9.7,  c o v e r s  t h e  impac t s  o f  l e a v i n g  t h e  waste i n  Idaho f o r  
t h e  i n d e f i n i t e  f u t u r e .  

9 . 1  EFFECTS DURING SITE PREPARATION AND CONSTRUCTION 

The p r e p a r a t i o n  o f  t h e  s i te  and t h e  c o n s t r u c t i o n  o f  b o t h  s u r f a c e  and 
underground f a c i l i t i e s  w i l l  a f f e c t  t h e  environment .  T h i s  d i s c u s s i o n  examines 
t h e  impacts  o f  t h o s e  a c t i v i t i e s .  The f i r s t  and second  s e c t i o n s  p r i n c i p a l l y  
d i s c u s s  impac t s  t h a t  a r e  s i m i l a r  t o  t h o s e  o f  most l a r g e  c o n s t r u c t i o n  pro- 
jects. The n e x t  two s e c t i o n s  examine s e p a r a t e l y  t w o  o f  t h e  more impor tan t  
impacts  o f  c o n s t r u c t i o n :  t h e  e f f e c t s  o f  p i l e d  rock  m a t e r i a l s  brought  t o  t h e  
s u r f a c e  d u r i n g  mining and t h e  d e n i a l  o f  access t o  m i n e r a l  r e s o u r c e s  beneath  
t h e  s i t e .  A f i n a l  s e c t i o n  reviews p l a n s  f o r  m i t i g a t i n g  t h e  impacts .  

9.1.1 S i t e  P r e p a r a t i o n  and C o n s t r u c t i o n  

The e f f e c t s  o f  s i te  p r e p a r a t i o n  and f a c i l i t y  c o n s t r u c t i o n  w i l l  r e s u l t  from 
a c t i v i t i e s  such  as c l e a r i n g  r ights-of-way,  e x c a v a t i n g  l a r g e  volumes of s o i l ,  
s t o r i n g  m a t e r i a l s  i n  ou tdoor  h o l d i n g  a r e a s ,  b u i l d i n g  temporary  a c c e s s  r o a d s ,  
s e t t i n g  up temporary s t r u c t u r e s ,  and d i s p o s i n g  o f  s o l i d  and l i q u i d  wastes. 
C o n s t r u c t i o n  s c h e d u l e s - - i n c l u d i n g  t h e  t i m i n g  o f  a c t i v i t i e s ,  t h e  s c h e d u l i n g  of 
machinery u s e  or working h o u r s ,  and t h e  d u r a t i o n  o f  c o n s t r u c t i o n  a c t i v i t i e s - -  
w i l l  a f f e c t  t h e  magni tude  o f  t h e  impacts .  

Dur ing t h e  4 y e a r s  of  c o n s t r u c t i o n ,  t h e  l e v e l  o f  a c t i v i t y  w i l l  va ry  w i t h  
t i m e  and from p l a c e  t o  p l a c e .  I t  is expec ted  t h a t  most o f  t h e  a d v e r s e  impacts  
o f  c o n s t r u c t i o n  w i l l  beg in  to occur  w i t h i n  t h e  f i r s t  2 y e a r s .  



9.1.1.1 Land Use 

S i t e  p r e p a r a t i o n  and t h e  c o n s t r u c t i o n  o f  s u r f a c e  f a c i l i t i e s  w i l l  modify  
t h e  e x i s t i n g  t e r r a i n .  The m o d i f i c a t i o n s  w i l l ,  i n  t u r n ,  a f f e c t  t h e  use  o f  t h e  
l a n d  by w i l d l i f e  o r  by man. Lands t o  be preempted by c o n s t r u c t i o n  a r e  t h e  
f o l l o w i n g :  

1. C o n t r o l  zone I: an  a r e a  o f  a b o u t  50 a c r e s ,  a  s m a l l  p o r t i o n  o f  which 
will be o c c u p i e d  by t h e  s u r f a c e  s t r u c t u r e s .  T h i s  e n t i r e  zone w i l l  be  
c l e a r e d  o f  s u r f a c e  v e g e t a t i o n ,  a n d  t h e  c a t t l e  g r a z i n g  c u r r e n t l y  t a k i n g  
p l a c e  on t h i s  a c r e a g e  w i l l  no l o n g e r  be p e r m i t t e d .  

2 .  Mined-rock-s torage  a r e a :  an  a r e a  o f  a b o u t  30 a c r e s  t h a t  w i l l  be used 
f o r  s t o r i n g  rock ,  p r i n c i p a l l y  s a l t ,  e x c a v a t e d  i n  min ing .  The p r e s e n t  
g r a z i n g  use  f o r  t h e s e  30 a c r e s  w i l l  be preempted.  

3. P a r k i n g  l o t :  a p p r o x i m a t e l y  10  a c r e s  i n  c o n t r o l  zone 11 used  f o r  au to -  
m o b i l e  p a r k i n g  and removed i r o n  g r a z i n g  f o r  t h e  l i f e  o f  t h e  r e p o s i t o r y .  

4 .  S p o i l s - s t o r a g e  a r e a :  50 a c r e s  i n  c o n t r o l  zone I1 used  f o r  t h e  tempo- 
r a r y  s t o r a g e  of e a r t h  removed d u r i n g  s i t e  l e v e l i n g .  T h i s  l a n d  w i l l  b e  
removed from g r a z i n g  6.uring t h e  c o n s t r u c t i o n  p e r i o d  b u t  w i l l  a f t e r w a r d  
be  a l lowed  to r e v e r t  to i ts n a t u r a l  s t a t e .  

5 .  L a n d f i l l  a r e a :  5 a c r e s  i n  c o n t r o l  zone I1 used f o r  s a n i t a r y  l a n d f i l l  
and removed from g r a z i n g  f o r  t h e  l i f e  o f  t h e  r e p o s i t o r y .  

6 .  B i o l o g i c a l  and m e t e o r o l o g i c a l  p l o t s :  a b o u t  50 a c r e s  used  f o r  b i o l o g i -  
c a l  s t u d y  p l o t s  and t h e  meteorology s t a t i o n .  T h i s  Land w i l l  be re- 
moved from g r a z i n g  f o r  t h e  l i f e  o f  t h e  r e p o s i t o r y .  

7 .  Rights-of-way: 790 a c r e s  used a s  shown i n  T a b l e  9-1. 

Land used f o r  road  and r a i l r o a d  r ights-of-way w i l l  s u f f e r  long- term d i s -  
r u p t i o n  o f  i ts n a t u r a l  p r o d u c t i v i t y  f o r  g r a z i n g ,  w i l d l i f e  p r o d u c t i o n ,  and 
r e l a t e d  u s e s .  Riqhts-of-way f o r  t h e  e l e c t r i c a l - p o w e r  and w a t e r  l i n e s  w i l l  b e  

T a b l e  9-1. Land Areas  Used f o r  Rights-of-way 

Dimensions Area  ( a c r e s )  
Length Width O u t s i d e  ~ n s i d e  

Right-of-way ( n i l e s )  ( f e e t )  zone IV zone IV  T o t a l  

N o r t h  road  13 
South  r o a d  4 
R a i l  road 6 
E l e c t r i c  l i n e  10 
Water l i n e  18 
S u b t o t a l :  

Permanent 2 i s r u p t i o n  
Temporary d i s r u p t i o n  

?O TAL 



a v a i l a b l e  f o r  g r a z i n g  and  r e l a t e d  u s e s  e x c e p t  d u r i n g  t h e  c o n s t r u c t i o n  and 
r e c l a m a t i o n  p e r i o d s .  The r e d u c t i o n  i n  g r a z i n g  r ange  w i l l  a f f e c t  o n l y  a s m a l l  
number o f  c a t t l e ,  p r o b a b l y  less t h a n  20 head.  

P a r t  of  t h e  a r e a  o c c u p i e d  by t h e  r e f e r e n c e  s i t e  w i l l  be removed from use  
for r e c r e a t i o n .  On t h e  o t h e r  hand,  t h e  new road w i l l  make t h e  rest o f  t h e  
l a n d  more a c c e s s i b l e  f o r  r e c r e a t i o n .  The r e c r e a t i o n a l  u s e  of t h e  a r e a  is 
mos t ly  h u n t i n g  f o r  q u a i l ,  dove ,  r a b b i t ,  and coyo te .  

Var ious  s o c i a l  and economic impac t s  r e l a t e d  to l a n d  use  w i l l  occur  
d u r i n g  s i t e  p r e p a r a t i o n  and  p l a n t  c o n s t r u c t i o n .  These  impac t s  a r e  d i s c u s s e d  
i n  S e c t i o n  9.4.  

9.1.1.2 T e r r a i n  and S o i l  

Impacts  on t h e  t e r r a i n  w i l l  b e  minimal s i n c e  t h e  r e f e r e n c e  s i t e  is l e v e l  
to g e n t l y  s l o p i n g  ( 2 %  s l o p e ) .  The g r e a t e s t  change i n  t h e  t e r r a i n  w i l l  r e s u l t  
from t h e  d i s p o s a l  o f  mined m a t e r i a l  ( S e c t i o n  9 . 1 . 3 ) .  

The removal o f  s u r f a c e  soi l  and v e g e t a t i o n  f o r  t h e  c o n s t r u c t i o n  o f  pads  
and a c c e s s  r o a d s  w i l l  e x p o s e  t h e  u n p r o t e c t e d  a r e a  to winds  and r a i n .  Mine 
development and min ing  c o u l d  c a u s e  s i m i l a r  a d v e r s e  impac t s ;  t h e  impacts  o f  t h e  
mined-rock p i l e  a r e  d i s c u s s e d  i n  S e c t i o n  9.1.3. The c o n s t r u c t i o n  of  b u i l d i n g s  
w i l l  a f f e c t  t h e  s o i l  i n  c o n t r o l  zone I and i n  a s m a l l  p a r t  of  c o n t r o l  zone 11. 

A d d i t i o n a l  impac t s  on so i l s  w i l l  occur  when r o a d s ,  r a i l r o a d s ,  and o t h e r  
s e r v i c e  c o r r i d o r s  a r e  b u i l t .  The loss o f  p r o t e c t i v e  v e g e t a t i o n  w i l l  i nduce  
i n c r e a s e d  e r o s i o n  and s u b s e q u e n t  so i l  l o s s .  The i m p a c t s  on so i l  i n  c o n t r o l  
zone I w i l l  l a s t  f o r  t h e  l i f e  o f  t h e  r e p o s i t o r y .  Impac t s  from water  l i n e s  and 
e l e c t r i c a l - p o w e r  l i n e s  w i l l ,  however, b e  b r i e f  b e c a u s e ,  o n c e  c o n s t r u c t i o n  is 
comple te ,  t h e  so i l  w i l l  r e c o v e r .  

9.1.1.3 No i se  

C o n s t r u c t i o n  w i l l  o c c u r  i n  t h r e e  phases :  s i t e  c l e a r i n g  and e x c a v a t i o n ,  
b u i l d i n g  e r e c t i o n ,  and s h a f t  s i n k i n g .  Although t h e s e  p h a s e s  w i l l  o v e r l a p ,  
t h i s  d i s t i n c t i o n  is c o n v e n i e n t  f o r  a s s e s s i n g  t h e  impac t  o f  c o n s t r u c t i o n  n o i s e  
because  each  phase  is d i f f e r e n t  a c o u s t i c a l l y .  S i t e  c l e a r i n g  and e x c a v a t i o n  
normal ly  produce  t h e  h i g h e s t  n o i s e  l e v e l s .  

S i t e  c l e a r i n g  and  e x c a v a t i o n  

I n  a n a l y z i n g  t h e  n o i s e  produced i n  s i t e  c l e a r i n g  and e x c a v a t i o n ,  i t  was 
assumed t h a t  t h e  s i t e  w i l l  b e  l e v e l e d  to a b a s e  e l e v a t i o n  of  3414 f e e t .  
Working o n l y  one d a y t i m e  work s h i f t  each  day,  t h e  c o n s t r u c t i o n  equipment 
l i s t e d  i n  T a b l e  9-2 w i l l  be needed.  T h i s  t a b l e  a l s o  lists t h e  r e s u l t i n g  prob- 
a b l e  sound-p res su re  l e v e l s  (SPL) per  u n i t  measured a t  50 f e e t  f o r  equipment 
i d l i n g  and r u n n i n g  a t  maximum Load. I t  is assumed t h a t  no b l a s t i n g  w i l l  be  
r e q u i r e d .  



Excess  m a t e r i a l  e x c a v a t e d  i n  c o n s t r u c t i o n  w i l l  be p laced  i n  a s p o i l s  a r e a  
immediate ly  t o  t h e  sou thwes t  of  t h e  p l a n t .  T a b l e  9-3 l i s t s  t h e  equipment  
assumed to be dep loyed  a t  t h e  s p o i l s  a r e a .  

T a b l e  9-2. C o n s t r u c t i o n  Equ ipnen t  and Sound-Pressure  L e v e l s  

Equipment 
Number S i n g l e - u n i t  SPL a t  50 f e e t  (dBA) 

of u n i t s  I d l e  Maximum 

Front-end l o a d e r  
Bu l ldozer  w i t h  a 

r i p p e r  
Bu l ldozer  
S c r a p e r  
Grader 
Compactor 
F l a t b e d  t r u c k  
Cher ry  p i c k e r  

Table  9-3. Assumed Equipment and Sound-Pressure  L e v e l s  a t  t h e  S p o i l s  Area  

Equipment 
ITumber S i n g l e - u n i t  SPL a t  50 f e e t  (2BA) 

of u n i t s  I d l e  Maximum 

Grader 
Compactor 
Bu l ldozer  

I t  is a l s o  assumed t h a t  ( a )  a l l  t h e  equipment  a t  t h e  p l a n t  s i t e  and a t  t h e  
s p o i l s  a r e a  is t o  be o p e r a t e d  a t  t h e  maximum sound-pressure  l e v e l  80% o f  t h e  
t i m e  and ( b )  t h e  equipment  is t o  be e v e n l y  dep loyed  over  both  s i tes .  

These d a t a  and assumpt ions  were used t o  p r e d i c t  p r o b a b l e  sound-energy 
a v e r a g e s  (Leq) f o r  s i t e  c l e a r i n g  and e x c a v a t i o n .  A t  a  p o i n t  400 f e e t  n o r t h  
of t h e  was te -hand l ing  b u i l d i n g ,  t h e  Leq w i l l  t y p i c a l l y  range from 80 t o  90 
&A. F u r t h e r  from t h e  s i t e ,  t h e  n o i s e  l e v e l  w i l l  be reduced by s p h e r i c a l  
d i v e r g e n c e  and by a i r  and ground a t t e n u a t i o n .  One m i l e  from t h e  s i t e ,  t h e  
p r o b a b l e  Le w i l l  be abou t  58 dBA. A t  t h e  n e a r e s t  r e s i d e n c e ,  t h e  James 
Ranch, 3 mi?es t o  t h e  south-southwest  of  t h e  s i t e ,  t h e  expec ted  n o i s e  l e v e l  
w i l l  p r o b a b l y  be a b o u t  4 5  dBA. 

The normal ambient  n o i s e  l e v e l  i n  t h e  v i c i n i t y  of t h e  s i t e  has  been 
measured a s  26 to 28 dBA. One m i l e  from t h e  s i t e ,  t h e  c o n s t r u c t i o n  n o i s e s  
w i l l  be c l e a r l y  d i s c e r n i b l e  above t h i s  background. 



~ u i l d i n g  e r e c t i o n  

~ u i l d i n g - e r e c t i o n  n o i s e  t e n d s  to  be b road  based  and c o n t i n u o u s .  I t  
from working w i t h  steel f o r  b u i l d i n g  f r ames ,  c o n c r e t e  p o u r i n g ,  c r a n e  

I o p e r a t i o n ,  and d i e s e l  t r u c k s .  The n o i s e  w i l l  be s i m i l a r  to t h a t  f o r  s i te  
c l e a r i n g  and e x c a v a t i o n ,  w i t h  o c c a s i o n a l  s p o r a d i c  i m p u l s i v e  n o i s e ,  s u c h  a s  
t h a t  made by impact  wrenches .  O v e r a l l ,  t h e  noise l e v e l  f o r  b u i l d i n g  e r e c t i o n  

1 w i l l  be a b o u t  5 to 7 dBA lower t h a n  t h a t  f o r  s i t e  c l e a r i n g .  

I S h a f t  s i n k i n q  

I 

E x c a v a t i o n  of  t h e  v a r i o u s  underground a r e a s  w i l l  t a k e  p l a c e  t h r o u g h o u t  t h e  
i 
, c o n s t r u c t i o n  p e r i o d .  The n o i s i e s t  p a r t  o f  t h e  d r i l l i n g  o p e r a t i o n  w i l l  b e  

w i t h i n  t h e  f i r s t  50 to 90 f e e t  o f  d r i l l i n g .  Below t h i s  d e p t h ,  t h e  sound of  
t h e  power s o u r c e  f o r  t h e  d r i l l  b e g i n s  to drown o u t  t h e  sound o f  t h e  d r i l l  
b i t i n g  th rough  t h e  e a r t h  and rock .  The n o i s e  c o n t r i b u t i o n  o f  t h e  d r i l l  power 
s o u r c e  w i l l  m ing le  w i t h  t h a t  o f  t h e  o t h e r  c o n s t r u c t i o n  equipment  and w i l l  n o t  
be  d i s c e r n i b l e  a t  t h e  w o r k - s i t e  boundary.  

I Some b l a s t i n g  is e x p e c t e d  i n  s h a f t  e x c a v a t i o n .  O f f s i t e  n o i s e  from t h e  

b l a s t i n g  w i l l  be most i n t e n s e  w i t h i n  t h e  f i r s t  50 t o  90 f e e t  o f  e x c a v a t i o n .  
Whi le  t h i s  i n t e r m i t t e n t  n o i s e  w i l l  o c c u r  t h r o u g h o u t  t h e  s h a f t - c o n s t r u c t i o n  
p e r i o d ,  t h e  o f f - s i t e  i n t e n s i t y  w i l l  d e c r e a s e  as t h e  s h a f t  goes  d e e p e r .  

O t h e r  c o n s t r u c t i o n  a c t i v i t i e s  

When si te c l e a r i n g  and e x c a v a t i o n  a r e  s t a r t e d ,  work w i l l  b e g i n  on a c c e s s  
r o a d s ,  t h e  r a i l r o a d  s p u r ,  and u t i l i t y  r ights-of-way,  c o n t r i b u t i n g  to t h e  n o i s e  

I a l o n g  c o n s t r u c t i o n  r o u t e s .  The t y p i c a l  Leq f o r  t h e s e  t y p e s  o f  c o n s t r u c t i o n  
, a c t i v i t i e s  w i l l  r ange  f rom 84 to 88 dBA a t  50 f e e t .  One mile from t h e  s i te ,  

t h e  Leq w i l l  be 45 dBA. 
I 

T r a f f i c  
I 

I The peak commuting t r a f f i c  a l o n g  r o a d s  to  t h e  s i t e  may i n c r e a s e  by roughly  
800 c a r s  p e r  hour d u r i n g  commuting p e r i o d s .  The n o i s e  l e v e l  may t h e n  r each  a n  

I 

I 
Leq o f  a b o u t  65 dBA a t  100 f e e t  from t h e  road.  

As c o n s t r u c t i o n  m a t e r i a l s  a r e  b rough t  to t h e  s i te ,  r e g u l a r  t r a f f i c  a l o n g  
U.S. 180 w i l l  a lso i n c r e a s e .  Each p a s s i n g  d i e s e l  t r u c k  w i l l  p roduce  a momen- 
t a r y  sound peak of  a b o u t  84 dBA measured  50 f e e t  from t h e  road.  

i The i n c r e a s e d  t r a f f i c  is n o t  e x p e c t e d  to c a u s e  any major n o i s e  impact  a t  
t h e  r a n c h e s  a l o n g  t h e  r o a d s  s i n c e  a l l  i n c r e a s e s  i n  t r a f f i c  w i l l  o c c u r  d u r i n g  

I 

d a y t i m e  hours .  Fur the rmore ,  most of t h e  r e s i d e n c e s  a r e  s e t  w e l l  back from t h e  
I 

r o a d ,  away from road-noise  s o u r c e s .  

, Noise s t a n d a r d s  

I 

, A t  p r e s e n t ,  t h e r e  a r e  no F e d e r a l  o r  New Mexico S t a t e  s t a n d a r d s  f o r  con- 
muni ty  e x p o s u r e  to  n o i s e .  The U.S.  Envi ronmenta l  P r o t e c t i o n  Agency (EPA), 
however,  h a s  i s s u e d  some s o u r c e - r e l a t e d  g u i d e l i n e s  f o r  n o i s e  e m i s s i o n s  from 
c o n s t r u c t i o n  equipment.  T h e i r  o b j e c t i v e  is to p r o t e c t  worke r s  a s  w e l l  a s  to  
r e d u c e  undue n o i s e .  Most v e n d o r s  o f  c o n s t r u c t i o n  equipment  o f f e r  q u i e t  

I machines  t h a t  meet t h e  EPA g u i d e l i n e s .  



9.1.1.4 Air Quality 

The construction of the repository will have an adverse effect on local 
air quality, but the construction-related emissions of air pollutants and dust 
will be brief. It is expected that most of the increases in air pollutants 
and dust emissions will occur during the early stages of construction. 

Heavy-duty diesel-powered construction equipment emits carbon monoxide, 
hydrocarbons, nitrogen oxides, aldehydes, sulfur oxides, and particulates. 
Fugitive dust (i-e., dust from nonpoint sources) will also be produced during 
construction. To estimate the annual quantities of these pollutants, it is 
necessary to know (a) the type and quantity of equipment that will be used, 
(b) the annual number of hours of operation, and (c) the rate at which the 
pollutants are emitted. Although an exact description of the construction 
equipment is not available, a reesonable estimate of the type and the quantity 
of equipment can be made by using previous large excavations and mining proj- 
ects as guides. Guidelines dealing with these three factors have been com- 
piled and published by the EPA (1977). An estimate of the equipment inventory 
and the annual number of hours of operation is shown in Table 9-4. 

Table 9-4. Estimated Equipment Inventory for Construction 

Category 
Annual operation 

Quantity Hours per unit Hours per year 

Tracklaying tractors 6 10 50 6,300 
Tracklaying loaders 6 1100 6,600 
Motor graders 4 830 3,320 
Off-highway trucks 16 2000 32,000 
Miscellaneous 10 1000 10,000 

From these figures it is possible to calculate the total annual air- 
pollutant emissions by applying the EPA emission factors for heavy-duty 
diesel-powered construction equipment. The emission factors are listed in 
Table 9-5, and the calculated annual emissions are presented in Table 9-6. 
The nitrogen oxides emitted during construction (140 tons per year) can be 
compared with the present emissions in Eddy County, New Mexico, estimated by 
the New Mexico Environmental Improvement Division to be 5445 tons per year. 
The environmental impact of these emissions on the surrounding area will be 
negligible in comparison. 

Fugitive dust will probably be the most common air pollutant during the 
construction of the repository. It will be produced by the pulverization and 
abrasion of surface materials and the entrainment of dust particles in turbu- 
lent air currents or in high winds (EPA, 1975). The frequency and the inten- 
sity of these two phenomena can be described in terms of six parameters: soil 
type, wind speed, surface moisture, precipitation, vegetative cover, and 
traffic. 



T a b l e  9-5. E m i s s i o n  F a c t o r s  f o r  t h e  C o n s t r u c t i o n  Equipment  
L i s t e d  i n  T a b l e  9-4 

E m i s s i o n  f a c t o r  ( l b / h r )  
P o l l u t a n t  T r a c t o r s  L o a d e r s  G r a d e r s  T r u c k s  Misc. 

Ca rbon  monoxide 0.386 0.160 0.215 1 .34  0.414 
E x h a u s t  h y d r o c a r b o n s  0.110 0 .032  0.054 9 .437  0 .157  
N i t r o g e n  o x i d e s  1.47 0.584 1 .05  7 .63  2.27 
A ldehydes  0.027 0.009 0.012 0 .112  0 . 0 3 1  
S u l f u r  o x i d e s  0.137 0.076 0.086 0.454 0 .143  
p a r t i c u l a t e s  0.112 0.058 0 .061  0.257 0.139 

T a b l e  9-6. Annual  S o u r c e  S t r e n g t h  f rom t h e  C o n s t r u c t i o n  Equipment  
L i s t e d  i n  T a b l e  9-4 

S o u r c e  s t r e n g t h  ( l b )  
P o l l u t a n t  T r a c t o r s  L o a d e r s  G r a d e r s  T r u c k s  blisc. T o t a l  

Ca r  bon monoxide 2432 1056 714 
E x h a u s t  hydro- 

c a r b o n s  693 211  179 
N i t r o g e n  o x i d e s  9  261  3854 3846 
A l d e h y d e s  170 59 40 
S u l f u r  o x i d e s  863  502 286 
P a r t i c u l a t e s  706 38 3 20 3  

The s o i l  a t  t h e  s i  
wind e r o s i o n  and  du 

i n  autumn t o  a b o u t  

t e  is m a i n l y  a  d e e p  f i n e  s a n d  t h a t  is h i g h l y  s u s c e p t i b l e  
st  p r o d u c t i o n .  The mean wind s p e e d  v a r i e s  from a b o u t  8  
11 mph i n  s p r i n g .  S i n c e  t h e  s p r i n g  is r e l a t i v e l y  2 r y  

a n d  is a l so  t h e  w i n d i e s t  s e a s o n ,  t h e  p o t e n t i a l  f o r  n a t u r a l  d u s t  s t o r m s  is 
g r e a t e s t  d u r i n g  t h i s  time. However, s i n c e  t h e  r e g i o n  r e c e i v e s  a n  a v e r a g e  
a n n u a l  r a i n f a l l  o f  o n l y  13  i n c h e s ,  t h e  p o t e n t i a l  f o r  a i r b o r n e  d u s t  e x i s t s  
t h r o u g h o u t  t h e  y e a r .  

V e g e t a t i o n  t e n d s  to mod i fy  t h e  u n d e s i r a b l e  d u s t - p r o d u c i n g  c h a r a c t e r i s t i c s  
o f  s a n d y  s o i l s ,  h i g h  wind s p e e d s ,  a n d  low p r e c i p i t a t i o n :  i t  c u t s  down wind 
s p e e d s  n e a r  t h e  s u r f a c e ;  i t s  r o o t s  a c t  as a so i l  b i n d e r ;  and  i t  t e n d s  t o  
r e t a i n  t h e  w a t e r  t h a t  m i g h t  o t h e r w i s e  r u n  o f f .  I n  g e n e r a l ,  t h e  v e g e t a t i o n  a t  
t h e  s i t e  is s p a r s e ,  c o n s i s t i n g  p r i m a r i l y  o f  woody p l a n t s ,  w i t h  s m a l l  p a t c h e s  
o f  s h o r t - s t a t u r e d  p e r e n n i a l  and a n n u a l  g r a s s e s  (Appendix 11) . 

F u g i t i v e - d u s t  e m i s s i o n s  c a n  be e s t i m a t e d  by u s i n g  t h e  EPA e m i s s i o n  f a c t o r  
f o r  h e a v y - c o n s t r u c t i o n  o p e r a t i o n s - - 1 . 2  t o n s  p e r  a c r e  p e r  month o f  c o n s t r u c -  
t i o n .  Most o f  t h e  c o n s t r u c t i o n  w i l l  o c c u r  i n  c o n t r o l  zone I .  To assess t h e  



ground-level dust concentration at the site boundaries, the Pasquill- 
Gifford diffusion equation may be employed (Turner, 1969; PEDCo, 1973): 

where 

X = 24-hour ground-level concentration (in grams per cubic meter) 
at the desired location 

Q = continuous emission rate (in grams per second) from a ground- 
level source 

uy = a horizontal dispersion coefficient (in meters) that depends 
on atmospheric stability and downwind distance from the source 

a, = a vertical dispersion coefficient (in meters) that depends on 
atmospheric stability and downwind distance from the source 

u = mean wind speed (in meters per second) 

The quantity Q is estimated to be 120 tons per month for a 100-acre con- 
struction site, or 172 g/sec during normal working hours (22 days per month, 8 
hours per day). The average value of Q over a 24-hour period is thus 57 
g/sec. Two miles downwind from the construction site, the product of the dis- 
persion coefficients oy and oZ is 17,000 square meters under restrictive 
dispersion conditions (Turner, 1969, p. 53). The mean wind speed of 7 mph was 
obtained from preliminary meteorological data for the site. 

With these values, the dispersion equation predicts that during normal 
wor king hours the ground-level dust concentration might reach 0.37 mg/m3 at 
a distance of 2 miles downwind from the construction site. The 24-hour aver- 
age concentration would then be 0.12 mg/m3; the 24-hour quality standard for 
airborne particulates in ambient air is 0.15 mg/m3. Therefore, if no miti- 
gating measures were applied, fugitive-dust emissions from construction activ- 
ities might be close to Federal or State standards for suspended particulates 
during times when the restrictive assumptions on dispersion coefficients are 
valid. 

A greater problem during construction will be the generation of large 
quantities of fugitive dust by construction vehicles. Mitigating measures may 
include paving, graveling, wetting, or other palliative treatment of construc- 
tion roads; restricting off-road travel as much as possible: wetting vehicle 
loads; and removing load spills and wheel mud from roads as quickly as possi- 
ble. Such a control program can reduce fugitive dust from construction activ- 
ities by 50 to 75% (EPA, 1977). 

To control gaseous and particulate emissions from diesel equipment, 
pollution-control devices can be installed on all diesel-powered construction 
equipment. These devices may reduce particulate emissions by approximately 
75% and gaseous emissions by 50 to 75%. 



9.1.1.5 B i o l o g i c a l  Resources  

Adverse impac ts  on b i o l o g i c a l  r e s o u r c e s  a r e  expec t ed  to  be s l i g h t  Eor t h e  
f o l l o w i n g  r ea sons  (Appendix H) : 

1. N o  proposed n a t u r a l  a r e a s  a r e  p r e s e n t  on or near  t h e  s i t e .  

2. N o  endangered s p e c i e s  o f  p l a n t s  o r  an imals  a r e  known to i n h a b i t  t h e  
s i t e  o r  t h e  v i c i n i t y  of  t h e  s i t e .  

3. Water r equ i r emen t s  f o r  t h e  s i te  a r e  low. 

4.  The l a n d  c o n t a i n s  soi l  t y p e s  and v e g e t a t i o n  a s s o c i a t i o n s  t h a t  a r e  
common th roughou t  t h e  r e g i o n  of  t h e  s i t e .  

5. Access i n  t h e  form o f  d i r t  roads  is a l r e a d y  a v a i l a b l e  th roughout  t h e  
a r e a ;  t h e r e f o r e ,  r e c r e a t i o n a l  use  o f  t h e  a r e a  is no t  l i k e l y  to 
i n c r e a s e  s i g n i f i c a n t l y .  

P lanned  m i t i g a t i o n  measures w i l l  p r even t  unnecessary  damage to  p l a n t s  and 
an imals  i n  a r e a s  t h a t  might  be a f f e c t e d  by f u g i t i v e  d u s t  ( S e c t i o n  9.1.1.4) and 
d i s p e r s e d  s a l t  ( S e c t i o n  9.1 .3) .  Other  b i o l o g i c a l  e f f e c t s  of c o n s t r u c t i o n  w i l l  
r e s u l t  from t h e  removal of  l a n d  from range land  h a b i t a t s ;  t h e  a c r e a g e s  to be 
removed a r e  l i s t e d  i n  S e c t i o n  9.1.1.1. 

A number o f  impacts  may be expec ted  from t h e  c o n s t r u c t i o n  of  r i g h t s - o f -  
way. Some r a p t o r  d e a t h s  may be caused by e l e c t r o c u t i o n  on u t i l i t y  l i n e s .  
Al though some n e g a t i v e  e f f e c t s  ( i n c r e a s e d  animal  m o r t a l i t y ,  i n h i b i t i o n  of  
animal  movements) shou ld  be expec t ed  when t h e  roads  a r e  b u i l t ,  roadways o f t e n  
have a p o s i t i v e  e f f e c t  on l o c a l  b i o t a  by i n c r e a s i n g  t h e  d i v e r s i t y  of  habi-  
t a t s .  Creoso tebush  may invade  and t h r i v e  a long  t h e  roadway and r a i l r o a d ,  pro- 
v i d i n g  cover  w i t h i n  t h e s e  c o r r i d o r s .  A s  exp l a ined  i n  S e c t i o n  9.1.1.1, much of  
t h e  l a n d  c l e a r e d  d u r i n g  c o n s t r u c t i o n  w i l l  r e v e r t  to n a t u r a l  v e g e t a t i o n .  A l -  
though some of  t h e  removed p l a n t  s p e c i e s  may remain a b s e n t  from t h e  r i gh t s -o f -  
way f o r  y e a r s ,  t h e  impact is c o n s i d e r e d  minor because t h e  removed s p e c i e s  are 
v e r y  common i n  t h e  r eg ion .  

~ i g h t - o f - w a y  c o n s t r u c t i o n  w i l l  f r i g h t e n  and d i s p l a c e  t h e  w i l d l i f e  inhabi-  
t a n t s .  T h i s  d i s t u r b a n c e  is a t t r i b u t e d  n o t  only t o - h a b i t a t  removal b u t  also to 
an i n c r e a s e  i n  t h e  v i s i b i l i t y  of  people  and f r e q u e n t  s h a r p  i n c r e a s e s  i n  ambi- 
e n t  n o i s e  l e v e l s .  The d i s p l a c e d  s p e c i e s  w i l l  m ig ra t e  to  a d j a c e n t  und i s tu rbed  
h a b i t a t s  and may t e m p o r a r i l y  cause  an e c o l o g i c a l  imbalance o r  s t r e s s  c o n d i t i o n  
i n  local a d j a c e n t  h a b i t a t s ,  r e s u l t i n g  i n  a loss of most of t h e  d i s p l a c e d  
organ isms .  However, t h e  p o s i t i v e  e f f e c t  of right-of-way c o r r i d o r s  on b i r d  
p o p u l a t i o n s  has  been documented (Anderson, Mann, and Shuga r t ,  1977 ) .  The 
e f f e c t  ha s  been to i n c r e a s e  h a b i t a t  d i v e r s i t y  ( t h e  "edge e f f e c t " )  and,  i n  
t u r n ,  t h e  d e n s i t i e s  o f  some b i r d  s p e c i e s .  Summer r e s i d e n t s  have sometimes 
i n c r e a s e d  i n  d e n s i t y  a t  t h e  appa ren t  expense of year-round r e s i d e n t s .  

The envi ronmenta l  impact of  c o r r i d o r s  has  been s t u d i e d  by e c o l o g i s t s  f o r  a 
r e l a t i v e l y  s h o r t  time, and concepts  a r e  s t i l l  i n  t h e  fo rma t ive  s t a g e s .  Co r r i -  
d o r s  p rov ide  h a b i t a t  t h a t  may f avo r  t h e  e s t ab l i shmen t  of small-mammal communi- 
t ies  d i f f e r i n g  i n  compos i t ion  from sur rounding  communities. Animals adapted  
to open a r e a s  may appear  i n  t h e  new communities,  and t r a n s i e n t  s p e c i e s  may be 



a b l e  t o  o u t c o m p e t e  r e s i d e n t s .  I n  g e n e r a l ,  however ,  t h e  w i d t h  o f  c o r r i d o r s  
w i l l  b e  m i n i m i z e d ,  and  as much v e g e t a t i o n  c o v e r  ( n o n g r a s s )  as p o s s i b l e  w i l l  be 
a l l o w e d .  C o n s i d e r i n g  t h e  e x t e n t  of  e x i s t i n g  c o r r i d o r s ,  t h o s e  a s s o c i a t e d  w i t h  
c o n s t r u c t i o n  are Q£ l i t t l e  consequence .  

AS c o n s t r u c t i o n  a c t i v i t i e s  b e g i n  i n  c o n t r o l  z o n e  I ,  more a n i m a l s  w i l l  be  
d i s p l a c e d  by c o n s t r u c t i o n  n o i s e .  The c o n s t r u c t i o n  o f  s u r f a c e  f a c i l i t i e s  w i l l  
r e q u i r e  t h e  d e s t r u c t i o n  of some s h i n n e r y  o a k ,  s a g e b r u s h ,  m e s q u i t e ,  g r a s s ,  and  
yucca .  The removal  or d i s p l a c e m e n t  o f  t h i s  v e g e t a t i o n  and t h e  f a u n a  it sup- 
p o r t s  may be c o n s i d e r e d  a minor i m p a c t  b e c a u s e  t h e s e  h a b i t a t s  c o n t a i n  s p e c i e s  
common t h r o u g h o u t  t h e  r e g i o n .  

9.1.1.6 A r c h a e o l o g i c a l  R e s o u r c e s  

A s  s t a t e d  i n  S e c t i o n  7 .4 ,  t h e r e  a r e  n o  known h i s t o r i c a l  o r  n a t u r a l  l and-  
marks w i t h i n  t h e  r e f e r e n c e  s i t e ,  a l t h o u g h  t h e  a r c h a e o l o g i c a l  s i tes  a s  a whole  
have been nomina ted  a s  an a r c h a e o l o g i c a l  d i s t r i c t  (Appendix I ) .  Data f rom t h e  
a r c h a e o l o g i c a l  f i e l d  s u r v e y  i n d i c a t e  t h a t ,  s t a t i s t i c a l l y ,  t h e  s i t e  c o n t a i n s  
a b o u t  e i g h t  a r c h a e o l o g i c a l  sites per  s q u a r e  mile. Thus  t h e r e  a r e  p o t e n t i a l l y  
240 si tes w i t h i n  t h e  b o u n d a r i e s  o f  t h e  s i t e ,  w i t h  a n  a d d i t i o n a l  7 s i tes  w i t h i n  
t h e  proposed r igh t s -o f -way  o u t s i d e  t h e  s i t e .  A s  many a s  t w e l v e  o f  t h e s e  

t 
p o t e n t i a l  247 a r c h a e o l o g i c a l  s i tes  c o u l d  be  d i s t u r b e d  a n d  lost d u r i n g  con- 
s t r u c t i o n ;  two o f  t h e s e  would be w i t h i n  c o n t r o l  z o n e  I a n d  under  t h e  p reempted  
a r e a s  o f  c o n t r o l  zone  I1 and t e n  would be w i t h i n  t h e  r igh t s -o f -way .  

I 
i 

Improved access t o  t h e  a r e a  o f  t h e  s i t e  may have  an  i n d i r e c t  e f f e c t  o n  t h e  
a r c h a e o l o g i c a l  r e s o u r c e s  o f  t h e  r e g i o n .  An i n c r e a s e  i n  t h e  number and t y p e  o f  
r o a d s  i n  a p r e v i o u s l y  i n a c c e s s i b l e  a r e a  f r e q u e n t l y  i n c r e a s e s  t h e  u s e  o f  t h e  f 
a r e a  f o r  r e c r e a t i o n ,  p a r t i c u l a r l y  on weekends a n d  h o l i d a y s .  With  new a c c e s s  
r o a d s  l e a d i n g  i n t o  t h e  a r e a ,  a n  i n c r e a s e  i n  t h e  number o f  amateur  p o t  h u n t e r s  

I 
and a c o n s e q u e n t  i n c r e a s e  i n  t h e  d i s t u r b a n c e  o f  a r c h a e o l o g i c a l  s i tes  c a n  b e  

I 
i ' 

e x p e c t e d .  , 

M i t i g a t i n g  a c t i o n s  w i l l  b e  t a k e n  b e f o r e  and  d u r i n g  c o n s t r u c t i o n  to p r e v e n t  
t h e  l o s s  o f  t h e  1 2  a r c h a e o l o g i c a l  si tes t h a t  m i g h t  b e  i n  t h e  p a t h  o f  ground-  
c l e a r i n g  a c t i v i t i e s  i n  c o n t r o l  zones  I and  I1 a n d  i n  t h e  p roposed  r i g h t s - o f -  
way. A r c h a e o l o g i s t s  w i l l  be  c o n s u l t e d  o n  how to a v o i d  sites or t o  r e c o v e r  
t h e i r  v a l u e s  i f  t h e y  c a n n o t  be avo ided .  

9.1.1.7 Unusual  G e o l o g i c  R e s o u r c e s  I 

The m i n e r a l  l a n g b e i n i t e  is t h e  o n l y  u n u s u a l  g e o l o g i c  r e s o u r c e  a t  t h e  
s i te .  Shou ld  m i n i n g  o f  l a n g b e i n i t e  i n  c o n t r o l  z o n e s  I,  11, and  I11 be  p r e -  
v e n t e d ,  t h e s e  d e p o s i t s  w i l l  remain  i n  t h e i r  n a t u r a l  s t a t e .  S e c t i o n  9.1.4 d i s -  
c u s s e s  t h e  d e n i a l  o f  t h i s  r e s o u r c e  and t h e  economic  s i g n i f i c a n c e  o f  t h e  
d e n i a l .  No a d v e r s e  i m p a c t s  on o t h e r  u n u s u a l  g e o l o g i c  r e s o u r c e s  a r e  e x p e c t e d  
because  no o t h e r  e x i s t i n g  o r  p o t e n t i a l  u n u s u a l  g e o l o g i c  r e s o u r c e s  have  been 
i d e n t i f i e d  w i t h i n  t h e  a r e a  o f  t h e  s i te .  

Any f o s s i l s  found  i n  t h e  l i f e l e s s  rocks a t  t h e  s i t e  would be r a r e  b u t  o f  
g r e a t  i n t e r e s t .  For  example ,  i n  T e x a s ,  f o s s i l s  have  been r e p o r t e d  i n  t h e  



I 

lower part of the Rustler Formation. The fauna, consisting of 35 species of 
@I mollusks that lived in abnormally saline water, is thought to be the youngest 

$ of permian age so far found in North America (Walter, 1953). Exploration and 
construction activities that might discover or expose any fossils would there- 

1 %  fore have a beneficial impact. Similarly, exploratory drilling and the con- 
(.z struction of mine shafts and waste-storage chambers might provide unique expo- 
> - sures of rock in areas on which subsurface information is sparse. Therefore, 

stratigraphic, lithologic, mineralogic, and structural information gained from 
exploration and construction at the WIPP reference site might be of scientific 
research value and of considerable benefit to the scientific and industrial 
communities. 

9.1.2 Resources Used 

The resources committed in site preparation and repository construction 
consist of (a) land temporarily disturbed as well as land occupied by the 
pilot plant, (b) natural resources such as fuels or nonrecyclable building 
materials, and (c) terrestrial biota destroyed or displaced from the site. 
In addition, the construction may foreclose alternative uses of the land or 
resources for the life of the project. However, as stated in Section 9.1.1, 
construction traffic will be restricted to roads, and landscaping will restore 
the site to as nearly its original condition as possible.   his section dis- 
cusses and, where possible, quantifies the irreversible and irretrievable 
commitments of resources for the reference repository. 

9.1.2.1 Water Consumed 

According to current estimates, the reference repository will require 22 
million gallons of water during the 4-year construction phase. This water 
will be purchased from, and delivered by, the Double Eagle System, a part of 
the Carlsbad municipal water system. The use of this allotment of water by 
the plant will not preempt existing industrial, agricultural, or municipal 
uses of water. Although the town of Carlsbad has purchased the rights to this 
water, it has neither piped it in nor allocated it for municipal or agricul- 
tural uses. Moreover, the quantity of water required by the plant (about 17 
acre-feet per year) is less than 0.3% of Carlsbad's current withdrawal from 
the Capitan reef (Appendix H) . 

9.1.2.2 Building Materials Consumed 

The types and estimated quantities of building materials to be used during 
the construction of the reference repository are given in Table 9-7. 

The use of these construction materials for the repository will not sig- 
nificantly affect their availability in the region. Because the quantities of 
materials required are very low in comparison with the national output, their 
use for the construction of the repository should not forestall other con- 
struction. 



Table 9-7. Construction Materials for the Reference Repository 

Material Estimated quantity 1976 U .S. productiona 

Concrete 125,000 bbl portland 
cement 

Steel 15,000 tons 
Copper 150 tons 
Aluminum 200 tons 
Lumber 0.5 million board feet 
Other mater ials No estimate 

a~ata from the U.S. Department of Commerce 

387 million bbl 
por t land cement 

127.9 million tons 
1.6 million tons 
6.25 million tons 
96,905 million board feet 

9.1.2.3 Energy Consumed 

The electrical power and the fuels to generate electrical or mechanical 
power during the construction of the repository are given in Table 9-8. 

The electrical power for the construction as well as the operation of the 
plant will he purchased from the Southwestern Public Service Company (SPSC). 
The fuel required to produce this power will be only an insignificant addition 
to the fuel currently used to produce the 750 million kilowatt-hours that SPSC 
supplies each year to its Carlsbad service area. 

The Euels required by the plant and by the labor force for commuting to 
and from work will probably be purchased from regional sources and retailed by 
local suppliers. 

Table 9-8. Estimated Energy Consumption During 
Construction 

Power source Approximate quantity 

Electricity 
Total, kilowatt-hours 4 million 
Peak demand, kilowatt 1700 
Normal demand, kilowatts 850 

Propane, gallons 140,000 
Diesel fuel, gallons 1.5 million 
Gasoline, gallons 940,000 

9.1.3 Mined-Rock Storage 

In the course of site preparation and construction, the underground areas 
of the reference repository will be excavated by current mining techniques. 
As a result of this mining activity, approximately 3 million tons of bulk 
mined salt and other minerals will be stored in an aboveground mined-rock 



p i l e ,  a p p r o x i m a t e l y  80 f e e t  h i g h .  The p i l e  w i l l  c o v e r  a b o u t  30 a c r e s  i n  
c o n t r o l  zone I1 f o r  t h e  l i f e  o f  t h e  p r o j e c t .  A l l  mined s a l t  s t o r e d  w i l l  be  
less t h a n  2 i n c h e s  i n  s i z e ,  and a p p r o x i m a t e l y  50% w i l l  be less t h a n  0 .5  i n c h  
i n  s i z e .  I n  a d d i t i o n  t o  p r e e m p t i n g  e x i s t i n g  and p lanned  l a n d  u s e s  and chang- 
i n g  t h e  a p p e a r a n c e  of t h e  t e r r a i n ,  t h i s  method of  s t o r i n g  t h e  mined rock may 
c a u s e  sa l t s  from t h e  s u r f a c e  o f  t h e  p i l e  t o  be  d i s p e r s e d  by r u n o f f  or by wind 
e r o s i o n .  

I n  t h i s  s e c t i o n ,  some o f  t h e  d i s c u s s i o n  o f  e n v i r o n m e n t a l  impac t s  is based 
on d a t a  g a t h e r e d  d u r i n g  f i e l d  s t u d i e s  a round  t h e  mined-rock p i l e  a t  t h e  Gnome 
s i t e  9  miles from t h e  WIPP r e f e r e n c e  s i t e .  I n  t h e  Gnome p r o j e c t ,  c a r r i e d  o u t  
i n  1961,  an underground n u c l e a r  e x p l o s i o n  took  p l a c e  i n  c a v i t i e s  t h a t  had 
been mined i n  t h e  S a l a d o  Format ion .  The p i l e  o f  mined m a t e r i a l s  h a s  remained 
a t  t h e  Gnome s i te  f o r  17 y e a r s .  Al though t h i s  p i l e ,  which c o v e r s  a b o u t  3  
a c r e s ,  is s m a l l e r  t h a n  t h e  WIPP p i l e  w i l l  b e ,  it h a s  f u r n i s h e d  a c t u a l  f i e l d  
d a t a  t h a t  can be s c a l e d  to assess i m p a c t s  a t  t h e  r e f e r e n c e  s i te .  

9 .1 .3 .1  T e r r a i n  and S o i l s  

The 30 a c r e s  of so i l  c o v e r e d  by t h e  mined-rock p i l e  w i l l  be r e n d e r e d  
s t e r i l e  and n o n p r o d u c t i v e  by t h e  s t o r e d  s a l t .  T h i s  impact  on t h e  so i l  
b e n e a t h  t h e  p i l e  w i l l  be permanent .  Smal l  a r e a s  w i t h i n  t h e  d i t c h  around t h e  
p i l e  w i l l  be a f f e c t e d  by t h e  a c c u m u l a t i o n  of  h i g h  s a l t  l e v e l s  i n  t h e  
s o i l - - a c c u m u l a t i o n s  t h a t  r e s u l t  from w a t e r  r u n o f f .  

Some s a l t  w i l l  become a i r b o r n e  d u r i n g  t r a n s f e r  from t h e  mine t o  t h e  
p i l e .  The mined rock w i l l  be  t a k e n  by c o v e r e d  conveyor from t h e  head f rame 
to an uncovered s t a c k e r  conveyor .  Whi le  on t h e  s t a c k e r  conveyor ,  t h e  rock 
w i l l  r e c e i v e  a  l i g h t  w a t e r  s p r a y  to s u p p r e s s  d u s t ;  i t  w i l l  t h e n  be dumped 
o n t o  t h e  p i l e .  Al though some s a l t  d u s t  w i l l  b e  blown o f f  t h e  conveyor ,  a 
l a r g e r  amount w i l l  be  blown f rom t h e  plume o f  d u s t  and l a r g e r  p a r t i c l e s  
formed when t h e  rock d r o p s  to t h e  p i l e .  P a r t i c l e s  s m a l l e r  t h a n  100 mic rons  
i n  d i a m e t e r  may, d e p e n d i n g  on wind v e l o c i t y ,  be swept  c o m p l e t e l y  o f f  t h e  
p i l e ;  l a r g e r  p a r t i c l e s  can  be e x p e c t e d  to remain i n  t h e  a r e a  s u r r o u n d e d  by 
t h e  d i t c h .  The amount o f  d u s t  i n  t h e  plume may be  r o u g h l y  e s t i m a t e d  from 
measurements  o f  p a r t i c u l a t e s  p roduced  i n  p o t a s h  min ing  (J. H. M e t c a l f ,  Sand ia  
L a b o r a t o r i e s ,  p r i v a t e  communica t ion ,  1978) and from d a t a  g a t h e r e d  i n  s a l t -  
c r u s h i n g  m i l l s :  t h e s e  d a t a  s u g g e s t  t h a t  each t o n  of  s a l t  d e l i v e r e d  t o  t h e  
p i l e  w i l l  p roduce a b o u t  10 grams o f  d u s t  p a r t i c l e s  s m a l l e r  t h a n  125 mic rons  
i n  d i a m e t e r .  T h i s  p r o p o r t i o n  o f  d u s t  would c o n t r i b u t e  a b o u t  30 t o n s  o f  s a l t  
t h a t  t h e  wind c o u l d  d i s t r i b u t e  o v e r  d i s t a n c e s  of  s e v e r a l  miles. 

Some m a t e r i a l  w i l l  be  blown o f f  t h e  p i l e ;  a  r ev iew o f  wind-eros ion d a t a  
(EPA, 1977) s u g g e s t s  t h a t  1 t o  3  pounds of  m a t e r i a l  p e r  t o n  o f  s a l t  d e l i v e r e d  
migh t  be blown o f f  i f  t h e  p i l e  were  t o  remain i n  p l a c e  f o r  25 y e a r s  w i t h o u t  
f o r m i n g  a c r u s t  t h a t  would r es i s t  e r o s i o n .  Such an e r o s i o n - r e s i s t a n t  c r u s t  
w i l l  form on t h e  p i l e  under t h e  i n f l u e n c e  of  r a i n f a l l ,  a t m o s p h e r i c  m o i s t u r e ,  
and m o i s t u r e  i n  t h e  s a l t  i t s e l f .  The w a t e r  s p r a y e d  f o r  d u s t  c o n t r o l  w i l l  
h a s t e n  t h e  cement ing of t h e  s u r f a c e ,  and wa te r  p e n e t r a t i o n  w i l l  p roduce e x t e n -  
s i v e  r e c r y s t a l l i z a t i o n  of  t h e  s a l t  mass.  A f t e r  s t a b i l i z a t i o n  by cement ing 
and r e c r y s t a l l i z a t i o n ,  t h e  p i l e  w i l l  have few p a r t i c u l a t e s  a v a i l a b l e  f o r  wind 
t r a n s p o r t .  Most of t h e  p a r t i c u l a t e s  t h a t  a r e  a v a i l a b l e  w i l l  be  produced by 
d r y i n g  a f t e r  p r e c i p i t a t i o n  h a s  d i s s o l v e d  p a r t  of  t h e  p i l e  s u r f a c e :  i n  l a r g e  
p a r t ,  t h e y  w i l l  b e  i n s o l u b l e  r e s i d u e s  of  t h e  mined r o c k ,  n o t  s a l t .  



F i e l d  examina t ion  of t h e  mined-rock p i l e  a t  t h e  Gnome s i t e  ( I n t e r a ,  1978) 
s u p p o r t s  t h e s e  e x p e c t a t i o n s .  An upper l i m i t  t o  t h e  d e p o s i t i o n  on t h e  su r -  
rounding  l a n d  is 0.1 pound of s a l t  per t on  of mined rock  i n  t h e  p i l e ;  because 
t h e  d i s t r i b u t i o n  of t h i s  s a l t  around t h e  p i l e  is uniform and shows no co r r e -  
l a t i o n  w i t h  p r e v a i l i n g  wind d i r e c t i o n s ,  t h e  s a l t  ha s  p r o b a b l y  come n o t  from 
t h e  p i l e  bu t  from o t h e r  s o u r c e s  i n  t h e  r eg ion ,  such  a s  Laguna Grande de l a  S a l  
o r  p o t a s h  t a i l i n g s  p i l e s .  Fur thermore ,  measurements o f  t h e  shape  of t h e  Gnome 
p i l e  s h w  t h a t  l e s s  t h a n  1 o r  2% of it has moved i n  t h e  1 7  y e a r s  t h a t  it has  
been i n  p l ace ;  most o f  t h e  m a t e r i a l  t h a t  has  moved has  remained w i t h i n  t h e  
berm su r round ing  t h e  p i l e .  I n s p e c t i o n  of t h e  s u r f a c e  and of  cores t aken  from 
t h e  s u r f a c e  shows t h a t  t h e  p i l e  is cemented and t h a t  most o f  t h e  s u r f a c e  par- 
t i c u l a t e s  f r e e d  d u r i n g  c y c l e s  o f  d ry ing  and w e t t i n g  a r e  n o t  s a l t .  

S i n c e  t h e  mined-rock p i l e  w i l l  p robably  never c o n t a i n  a t  any  one  time t h e  
e n t i r e  3 m i l l i o n  t o n s  of m a t e r i a l  brought  up from underground,  even  t h e  
l i m i t e d  impacts  sugges t ed  h e r e  a r e  g r e a t e r  t han  t h o s e  l i k e l y  t o  occu r .  The 
e f f e c t s  o f  t h e  p i l e  on t h e  su r round ing  t e r r a i n  w i l l  n o t  be s e v e r e .  

9.1.3.2 Land Use 

The p r e s e n t  g r a z i n g  use  o f  t h e  e n t i r e  30 a c r e s  w i l l  be  preempted f o r  t h e  
'Life of t h e  r e p o s i t o r y .  R e c r e a t i o n a l  u se s  of t h i s  a r e a  f o r  h u n t i n g  q u a i l ,  
dove,  r a b b i t ,  and coyote  w i l l  a l s o  be f o r e c l o s e d .  

9.1.3.3 B i o l o g i c a l  Resources  

A t o t a l  o f  30 a c r e s  of v e g e t a t i o n  from t h e  s h i n n e r y  o a k ,  s e n e c i o ,  sage- 
b rush ,  yucca,  mesqui te ,  and broom snakeweed v e g e t a t i o n  t y p e s  w i l l  be c l e a r e d  
f o r  t h e  mined-rock-storage s i t e .  A l l  v e g e t a t i o n  and w i l d l i f e  w i t h i n  t h i s  a r e a  
w i l l  be permanent ly  removed, and t h e  under ly ing  s o i l  w i l l  be s t e r i l i z e d  a s  
s a l t - con tamina t ed  water  l e a c h e s  th rough t h e  rock p i l e .  

Environmental  s t u d i e s  conducted  around s a l t - t a i l i n g s  p i l e s  a t  nearby pot-  
a s h  mines i n d i c a t e  t h a t  v e g e t a t i o n  a d j a c e n t  t o  t h e s e  p i l e s  w i l l  b e  reduced o r  
e l i m i n a t e d  (Appendix H )  . It is p o s s i b l e  t h a t  i n  small a r e a s  n e x t  t o  t h e  p i l e  
enough m a t e r i a l  w i l l  be  d e p o s i t e d  t o  cause  adve r se  e f f e c t s ;  it is r e a s o n a b l e  
t o  assume t h a t  some v e g e t a t i o n  may be Lost.  The f i e l d  examina t ion  around t h e  
Gnome mined-rock p i l e ,  however, found no i d e n t i f i a b l e  s a l t - r e l a t e d  stress on 
any of t h e  v e g e t a t i o n  i n  t h e  a r e a  w i t h  t h e  s i n g l e  e x c e p t i o n  of a mesqu i t e  t r e e  
growing on one end of t h e  p i l e  i t s e l f  ( I n t e r a ,  1978) . 

The d e p o s i t i o n  o f  3 m i l l i o n  t o n s  of  mined s a l t  is i n s i g n i f i c a n t  when com- 
p a r e d  w i t h  t h e  200 m i l l i o n  t o n s  o f  s a l t  t a i l i n g s ,  which i n c r e a s e  by 14 m i l l i o n  
t o n s  a n n u a l l y ,  a l r e a d y  d e p o s i t e d  by l o c a l  potash-mining o p e r a t i o n s .  

9.1.3.4 Water Resources  

S a l t  blown from t h e  p i l e  w i l l  n o t  reach  t h e  l o c a l  g roundwater  s u p p l i e s .  
Although storm runof f  cou ld  conce ivab ly  c a r r y  blown s a l t  t o  t h e  Pecos R ive r ,  



14 m i l e s  away, t h i s  t r a n s p o r t  mechanism is i n  a c t u a l i t y  n o t  a v a i l a b l e .  Rain- 
water a t  t h e  s i t e  n o r m a l l y  d i s a p p e a r s  i n t o  t h e  ground v e r y  q u i c k l y ;  o n l y  a n  
o c c a s i o n a l  s e v e r e  r a i n s t o r m  is heavy  enough t o  c a u s e  t r a n s i e n t  s u r f a c e  f low. 
~ l l  s u c h  s to rmwate r  is c a u g h t  i n  low s p o t s  and e v a p o r a t e d  o r  a b s o r b e d  by t h e  
s a n d ;  t h e r e  is no d r a i n a g e  d e v e l o p e d  a t  LOS Medanos t h a t  l e a d s  t o  t h e  Pecos.  
S u r f a c e  r u n o f f  d i r e c t l y  from t h e  s a l t  p i l e  w i l l  be  c o l l e c t e d  by a d r a i n a g e  

I d i t c h ,  where i t  w i l l  be  a l l o w e d  t o  e v a p o r a t e  and soak i n t o  t h e  ground.  

9.1.4 D e n i a l  o f  M i n e r a l  R e s o u r c e s  

T h i s  s e c t i o n  d e s c r i b e s  t h e  economic s i g n i f i c a n c e  o f  t h e  s p e c i f i c  q u a n t i -  
ties and g r a d e s  of  p o t a s h  and hydrocarbon  r e s o u r c e s  benea th  t h e  r e f e r e n c e  
s i te .  A s  d i s c u s s e d  i n  S e c t i o n  7 . 2 . 7 ,  p o t a s h  and hydrocarbons  a r e  t h e  d e p o s i t s  
t h a t  would be most a f f e c t e d .  A more comprehensive  d i s c u s s i o n  of  t h e  e f f e c t s  
o f  d e n y i n g  t h e s e  r e s o u r c e s  is g i v e n  i n  t h e  G e o l o g i c a l  C h a r a c t e r i z a t i o n  Repor t  
(Powers et a l . ,  1978,  C h a p t e r  8 ) .  

I t  is i m p o r t a n t  to  n o t e  t h a t  t h e  d e n i a l  o f  m i n e r a l  r e s o u r c e s  is h e r e  con- 
s i d e r e d  o n l y  a s  it a p p l i e s  t o  t h e  p u b l i c ,  and n o t  to  t h e  i n d i v i d u a l  owner or 
lessee. I f  t h e  WIPP p r o c e e d s  a t  t h i s  s i t e ,  t h e  i n d i v i d u a l  c a n  be compensated 
f o r  h i s  loss, b u t  t h e  permanent loss t o  t h e  p u b l i c  o f  n a t u r a l  m i n e r a l  re-  
s o u r c e s  must  be c o u n t e d  among t h e  e n v i r o n m e n t a l  consequences  of  l a n d  commit- 
ment  t o  t h e  r e p o s i t o r y .  

9 .1 .4 .1  Summary 

The m i n e r a l  r e s o u r c e s  t h a t  a r e  e x p e c t e d  to u n d e r l i e  t h e  f o u r  c o n t r o l  zones  
of  t h e  r e f e r e n c e  s i t e  a r e  c a l i c h e ,  gypsum, s a l t ,  s y l v i t e ,  l a n g b e i n i t e ,  c r u d e  
o i l ,  n a t u r a l  g a s ,  and d i s t i l l a t e  ( T a b l e  9-9).  Po tass ium s a l t s  ( s y l v i t e  and 
l a n g b e i n i t e ) ,  which occur  i n  s t r a t a  above t h e  r e p o s i t o r y  s a l t  5 o r i z o n s ,  and 
h y d r o c a r b o n s  ( c r u d e  o i l ,  n a t u r a l  g a s ,  and d i s t i l l a t e ) ,  which o c c u r  i n  s t r a t a  
below t h e  r e p o s i t o r y ,  would be  t h e  most a f f e c t e d .  The r e s e r v e s  a t  t h e  s i te  
are p o t a s h  and hydrocarbons  ( T a b l e  9-10) .  ("Resources"  a r e  m i n e r a l s  t h a t  may 
be o f  v a l u e  i n  t h e  f u t u r e ;  " r e s e r v e s "  a r e  t h e  p o r t i o n  o f  t h e  r e s o u r c e s  t h a t  
c o u l d  be produced a t  t o d a y ' s  marke t  p r i c e s  and w i t h  e x i s t i n g  t e c h n o l o g y . )  

The commitment of  l a n d  t o  t h e  r e f e r e n c e  r e p o s i t o r y  w i l l  r e d u c e  t h e  a v a i l -  
a b i l i t y  o f  some p o t a s s i u m  s a l t s  and hydrocarbons .  I n  o r d e r  t o  p u t  t h e  d e n i a l  
o f  t h e s e  m i n e r a l s  i n  p e r s p e c t i v e ,  one  needs  to compare t h e n  w i t h  r e g i o n a l ,  
n a t i o n a l ,  and w o r l d  r e s o u r c e s  and r e s e r v e s .  T a b l e  9-11 c o n t a i n s  t h e  e l e m e n t s  
f o r  s u c h  a compar ison.  The d a t a  r e v e a l  t h a t ,  e x c e p t  f o r  l a n g b e i n i t e  ( f o r  
which t h e r e  a r e  s u b s t i t u t e s ) ,  t h e  t o t a l  l a n d  commitment h a s  l i t t l e  e f f e c t  on 
t h e  r e g i o n a l  a v a i l a b i l i t y  o f  m i n e r a l s  and a l m o s t  no n a t i o n a l  s i g n i f i c a n c e .  
T h i s  is t r u e  whether  the compar i son  is  £ r a n  t h e  s t a n d p o i n t  of r e s o u r c e s  o r  
r e s e r v e s .  

I f  a t  some time i n  t h e  f u t u r e  d r i l l i n g  and min ing  a r c  a l l o w e d  i n  c o n t r o l  
zone  I V ,  t h e  impact  of w i t h d r a w i n g  m i n e r a l  r e s o u r c e s  and r e s e r v e s  w i l l  be  
r e d u c e d .  A s  shown i n  d e t a i l  i n  S e c t i o n  9 .1 .4 .7 ,  e x p l o i t a t i o n  of  c o n t r o l  zone 
I V  would r e c o v e r  a s i g n i f i c a n t  f r a c t i o n  of  t h e  minera ls- -73% o f  t h e  l a n g b e i n -  
i t e  r e s e r v e s ,  f o r  example.  



9.1.4.2 Po t a sh  Resources  

L a n g b e i n i t e ,  a  r e l a t i v e l y  r a r e  e v a p o r i t e  m i n e r a l  found i n  commercial  quan- 
t i t i e s  on ly  i n  t h e  C a r l s b a d  a r e a  and i n  e a s t e r n  Europe ,  is used  c h i e f l y  a s  a  
f e r t i l i z e r .  I t  c o n t a i n s  s o l u b l e  po t a s s ium,  magnesium, and s u l f u r  d e s i r a b l e  i n  
c e r t a i n  soils  t h a t  r e q u i r e  such  e l emen t s  b u t  c anno t  t o l e r a t e  a d d i t i o n a l  ch lo-  
r i n e .  Po tass ium s u l f a t e  is e q u a l l y  b e n e f i c i a l  to  p l a n t  growth b u t  l a c k s  sol- 
ub l e  magnesium. Immense po tass ium s u l f a t e  r e s o u r c e s  e x i s t  i n  t h e  G r e a t  S a l t  
Lake, Utah, and o t h e r  b r i n e  l a k e s .  

L a n g b e i n i t e  d e p o s i t s  a r e  p r e s e n t  i n  s u b s t a n t i a l  amounts a t  t h e  r e f e r e n c e  
s i t e ,  and t h e i r  e x t e n t  has  been w e l l  d e l i n e a t e d .  Because t h e r e  is no compar- 
a b l e  s t u d y  o f  o t h e r  l a n g b e i n i t e  d e p o s i t s  e i t h e r  i n  t h e  C a r l s b a d  Po t a sh  Mining 

T a b l e  9-9. T o t a l  Mine ra l  Resou rce s  a t  t h e  Re fe r ence  S i t e  

Resource 

Ca l i chea  
Gypsuma 
s a l t a  
S y l v i t e  o r e b  
Langbe in i t e  o r e C  
Crude o i l d  
N a t u r a l  gasd 
 ist till ate^ 

Q u a n t i t y  

185 m i l l  i on  t o n s  
1 .3  b i l l i o n  t o n s  
198 b i l l i o n  t o n s  
88.5 m i l l i o n  t o n s  
264.8 m i l l i o n  t o n s  
37.50 m i l l i o n  b b l  
490.12 b i l l i o n  f  t3 
5.72 m i l l i o n  b b l  

Depth ( f t )  

A t  s u r f  a c e  
300-1500 
500-4000 
1600 
1800 
4000-20,000 
4000-20,000 
4000-20,000 

R ichnes s  

21-69% i n s o l u b l e  
Pure  to mixed 
Pu re  to mixed 
11.8% K 2 0  
6.10% K20 
31-46O A P I ~  
1100 ~ t u / f t ~  
530 A P I ~  

a ~ a t a  from Siemers  e t  a l .  (1978) .  
b ~ q u i v a l e n t  to 10.44 m i l l i o n  t o n s  of  K 2 0 .  Data from John  e t  a l .  (1978) .  
C ~ q u i v a l e n t  to 16.15 m i l l i o n  t o n s  of K20. Data  f rom John  e t  a l .  (1978) . 
d ~ a t a  from F o s t e r  (1974) .  
e ~ h e  d e g r e e s  API u n i t  ha s  been adop ted  by t h e  American Pe t ro leum I n s t i -  

t u t e  a s  a  measure  o f  t h e  s p e c i f i c  g r a v i t y  o f  hydrocarbons .  

Table  9-10. T o t a l  Minera l  Rese rves  a t  t h e  Re fe r ence  S i t e  

Reserve Q u a n t i t y  Depth ( f t )  R i chnes s  

S y l v i t e  o r e a  27.43 m i l l i o n  t o n s  1 ,600  13.33% K20 
Langbe in i t e  o r e b  48.46 m i l l i o n  t o n s  1 ,800  9.11% K20 
N a t u r a l  gasC 36.85 b i l l i o n  f t 3  14 ,000  1100 ~ t u / f t ~  
D i s t i l l a t e d  0.55 m i l l i o n  b b l  14 ,000  53O API 

a ~ h e  s y l v i t e  d e p o s i t s  a r e  e q u i v a l e n t  t o  3.66 m i l l i o n  t o n s  o f  K20; t h e y  
do no t  q u i t e  meet t o d a y ' s  market  c o n d i t i o n s  a c c o r d i n g  t o  t h e  U.S. Bureau o f  
Mines (USBM, 1977) . 

b ~ q u i v a l e n t  t o  4.41 m i l l i o n  t o n s  of K20. Da t a  from t h e  U.S. Bureau o f  
Mines (USBM 1977)  . 

C ~ a t a  from Keesey (1976) .  
d ~ s t i m a t e d  from d a t a  p r e s e n t e d  by F o s t e r  ( 1974 ) .  



T a b l e  9-11. S i g n i f i c a n c e  of t h e  R e s o u r c e s  and R e s e r v e s  a t  t h e  

R e f e r e n c e  S i t e  

R e f e r e n c e  U n i t e d  
D e p o s i t  s i t e  Region S t a t e s  Wor I d  

RESOURCES~ 

S y l v i t e  
Q u a n t i t y ,  m i l l i o n  t o n s  K20 10.44 500 1000 100,000 
P e r c e n t a g e  a t  r e f e r e n c e  s i te  2.1 1.0 0.0104 

L a n g b e i n i t e  
Q u a n t i t y ,  m i l l i o n  t o n s  K20 16.15 No e s t i m a t e  a v a i l a b l e  

Crude o i l  
Q u a n t i t y ,  m i l l i o n  b a r r e l s  37.50 1915 200,000 Not a v a i l a b l e  
P e r c e n t a g e  a t  r e f e r e n c e  s i t e  2.0 0.019 

N a t u r a l  g a s  
Q u a n t i t y ,  b i l l i o n  c u b i c  f e e t  490 25,013 855,000 Not a v a i l a b l e  
P e r c e n t a g e  a t  r e f e r e n c e  s i te  2.0 0.057 

D i s t i l l a t e  
Q u a n t i t y ,  m i l l i o n  b a r r e l s  5.72 293 Not a v a i l a b l e  
P e r c e n t a g e  a t  r e f e r e n c e  s i t e  2.0 

~ y l v i  teC 
Q u a n t i t y ,  m i l l i o n  t o n s  K20 3.66 10 6 206 11,206 
P e r c e n t a g e  a t  r e f e r e n c e  s i t e  3.4 1.8 0.033 

L a n g b e i n i t e  
Q u a n t i t y ,  m i l l i o n  t o n s  K20 4.41 3~~ 38d Not a v a i l a b l e  
P e r c e n t a g e  a t  r e f e r e n c e  s i te  11.6 11.6 

Crude oi l  
Q u a n t i t y ,  m i l l i o n  b a r r e l s  N i l  471.7 29,486 646,000 
P e r c e n t a g e  a t  r e f e r e n c e  s i t e  0 0 0 

N a t u r a l  gas 
Q u a n t i t y ,  b i l l i o n  c u b i c  f e e t  36.85 3865 208,800 2,520,000 
P e r c e n t a g e  a t  r e f e r e n c e  s i t e  0.95 0.018 0.0015 

D i s t i l l a t e  
I 

I Q u a n t i t y ,  m i l l i o n  b a r r e l s  0.55 169.1  35,500 Not a v a i l a b l e  
I P e r c e n t a g e  a t  r e f e r e n c e  s i t e  0.32 0.0014 
I 

aData s o u r c e s :  Hydrocarbons,  F o s t e r  (1974)  f o r  t h e  s i t e  and reg ion ;  pot-  
a s h  s a l t s ,  John e t  a l .  (1978)  f o r  t h e  s i t e  and reg lon :  B r o b s t  and P r a t t  (1973) 

I f o r  U.S. o i l  and g a s  and t h e  wor ld  r e s o u r c e s  of s y l v i t e .  
b ~ a t a  s o u r c e s :  Hydrocarbons,  Keesey (1976)  f o r  t h e  s i t e ;  American P e t r o l -  

I eum I n s t i t u t e  (1978)  f o r  t h e  r e g i o n ,  t h e  U n i t e d  S t a t e s ,  and t h e  world;  p o t a s h  
s a l t s ,  U.S. Bureau of Mines (USBM, 1977) . 

C ~ h e  U.S. Bureau of Mines (USBM, 1977) d o e s  n o t  c o n s i d e r  any  s y l v i t e  t o  be  
commercial  today .  However, one bed (mining u n i t  A-1)  o f  s y l v i t e  was m a r g i n a l  

l and h a s  been added t o  t h e  r e s e r v e  l ist .  
I 

d ~ o t  an o f f i c i a l  e s t i m a t e  by t h e  U.S. Geological Survey;  see S e c t i o n  9.1.4. 



D i s t r i c t  or i n  eastern Europe, i t  is d i f f i c u l t  t o  determine whether the 
deposits near the s i t e  should be considered s ign i f i can t  for future needs of 
chemical f e r t i l i z e r s .  However, the t o t a l  langbeini te  reserve a t  the s i t e  is 
equivalent to only 5 years of production of such ore a t  Carlsbad. 

9.1.4.3 Significance of the Results of Potash-Resource Evaluation 

Estimates of the t o t a l  potash resource are  considered to  be accurate 
because of the densi ty  of exploratory d r i l l i n g  a t  the reference s i t e  and i n  
adjacent areas.  The data base exceeds both i n  qua l i ty  and i n  quant i ty  t h a t  
avai lable  to  other invest igators  who have formulated national or worldwide 
resource estimates.  Additional d r i l l i n g  i n  the area of the s i t e  would enhance 
the accuracy of the estimate of resources, but no change exceeding a few per- 
cent plus or m i n u s  is expected. 

The de f in i t ion  of reserves is another matter,  and d r i l l i n g  may be necessary 
on centers as  c lose  as 1000 f e e t  or l e s s  t o  ou t l ine  the boundaries of ore  
bodies tha t  w i l l  meet the more r ig id  modern requirements of assumed economic 
minability. 

I t  is emphasized tha t  most of the s i t e  is underlain by potassium s a l t s  
c l a s s i f i a b l e  as resources. A 1 1  b u t  the very center and parts  of the south- 
western par t  of the s i t e  contain potash resources,  when judged by the median 
standard termed " lease  grade" in Table 7-5 (Figure 9-1). The quant i ty  of 
potassium s a l t s  t h a t  s a t i s f i e s  these requirements is 264.8 mill ion tons of 
langbeinite-bearing beds a t  a K 2 0  content of 4 %  or more supplemented by 88.5 
mill ion tons of sylvite-bearing beds t h a t  contain 10% or more K20 equivalent.  
The s ignif icance of t h i s  mineralization, discovered mostly by the 2 1  explora- 
tory holes d r i l l e d  by the W E ,  has j u s t i f i e d  an expansion of the Known Potash 
D i s t r i c t .  When the s i t e  was f i r s t  se lec ted  i n  l a t e  1976, the mineral izat ion 
was thought t o  l i e  mostly outside the d i s t r i c t  but is now known t o  l i e  mostly 
inside.  

However, these resources need to  be placed in  perspective. While the 
numbers by themselves appear large,  they are  not when compared with potassium 
s a l t s  ava i lab le  nearby i n  the Carlsbad Potash Mining D i s t r i c t  and are  even l e s s  
so when compared w i t h  national and worldwide resources. The discussion w i l l  
commence with s y l v i t e ,  because it has much l e s s  significance i n  terms of e i the r  
regional or national resources. 

The U.S. Geological Survey (USGS) est imates  tha t  the Carlsbad Potash Mining 
D i s t r i c t  contains 5000 million tons of potass ic  s a l t s ,  mostly s y l v i t e ,  t h a t  
meet the lease  standard ( i . e . ,  contain 10% of K20 equivalent or b e t t e r ) .  The 
reference s i t e  contains 88.5 million tons of sylvite-bear i n g  resources, or only 
2.09% of the resources avai lable  nearby. The potash resources of the e n t i r e  
United S ta t e s  t h a t  can meet the 1 0 %  K20 a s  s y l v i t e  requirement are  a t  l e a s t  
twice as large.  Hence, the t o t a l  land commitment Eor the reference repository 
resu l t s  i n  a denial  of about 1% of the nat ional  resources of sy lv i te .  

~ a n g b e i n i t e  contained within the s i t e  is not so eas i ly  discounted. Lang- 
beini te  is both a rare  and a useful evapor i t ic  mineral. Furthermore, Carlsbad 
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Figure 9-1. Lease-standard potash resource. 
Measured and indicated minerali- 
zation is at a cutoff of 4% K 2 0  
as langbeinite, or 10.0% K 2 0  as 
sylvite, or equivalent grade of 
mixed langbeinite-sy lvite occurring 
in a minimum 4-foot interval. 

is the only source of this mineral in the free world. Only two mining com- 
panies (International Minerals and Chemical Corporation and Duval Corporation) 
are presently mining and marketing langbeinite, and no public disclosure of 
their leased resources has been made, in order to protect their exclusive 
rights. The USGS has made no definitive study to determine the langbeinite 
resources in the Carlsbad District. (Lanqbeinite reserves, however, have been 
estimated by a private company; see the next section.) The site contains con- 
siderable langbeinite resources, 264.8 million tons of 6.10% K20 equivalent. 
The grade of langbeinite currently being mined is not known but is estimated 
to be approximately 8% K20 equivalent. The USGS estimates that the site 
contains 79.2 million tons of langbeinite resources of this quality. 

No further comparison can be made of langbeinite resources until either 
the two mining companies elect to release their proprietary information or the 
USGS conducts an independent study of langbeini te resources that encompasses 
the entire Carlsbad District. Pending such events, lessening the impact of 
denial of langbeinite resources known to exist under the site rests with the 
use of substitutes--a subject addressed in the section that follows. 



9.1.4.4 S i g n i f i c a n c e  of t h e  R e s u l t s  of  t h e  Potash-Reserve Study 

Commencing w i t h  a r e s o u r c e  base  of  88.5 m i l l i o n  t o n s  of  s y l v i t e - b e a r i n g  
m i n e r a l i z a t i o n  and 264.8 m i l l i o n  t o n s  of  l a n g b e i n i t e - b e a r i n g  m i n e r a l i z a t i o n ,  
t h e  U.S. Bureau o f  Mines de te rmined  t h a t  o n l y  48.46 m i l l i o n  t o n s  of  t h e  
l angbe in  i t e  can be c o n s i d e r e d  o r e  today.  

I f  l i b e r a l  a l lowance  is g iven  to mining u n i t  A-1  ( e i t h e r  by improvement i n  
t h e  market  p r i c e  f o r  mur i a t e  or by advances i n  e x t r a c t i o n  t e c h n o l o g y ) ,  t hen  
t h e  r e s o u r c e s  a s s i g n e d  to t h a t  u n i t  cou ld  be c l a s s e d  a s  r e s e r v e s .  The average 
g rade  of  t h i s  p o t e n t i a l  ore is 13.33% K20 as s y l v i t e .  T h e r e f o r e ,  t h e  o r e  
bed w i t h i n  t h e  s i t e  c o n t a i n s  3.66 m i l l i o n  t o n s  o f  K20. The USBM has  e s t i -  
mated t h a t  t h e  C a r l s b a d  District  c o n t a i n s  106 m i l l i o n  t o n s  o f  K20 a s  re-  
s e r v e s ;  t h e  s i te  r e p r e s e n t s  o n l y  3.4% of t h a t  r e s e r v e .  These p e r c e n t a g e s  a r e  
c o n s i d e r e d  to be so s m a l l  t h a t  l i t t l e  e f f e c t  can  be expec t ed  from d e n i a l  of 
t h e  s y l v i t e  r e s e r v e s  a t  t h e  si te.  

The o r e s  a s s i g n e d  to mining u n i t  B-1 a v e r a g e  9.11% K20 a s  l a n g b e i n i t e ,  
\ 1 

r e s u l t i n g  i n  a c a l c u l a t e d  4.41 m i l l i o n  t o n s  of  K 2 0  e q u i v a l e n t .  There  h a s  
been no USGS e s t i m a t e  of  t h e  t o t a l  r e s e r v e s  of  l a n g b e i n i t e  i n  t h e  Ca r l sbad  
a r e a .  A p r i v a t e  c o n s u l t i n g  company, A g r i c u l t u r a l  and I n d u s t r i a l  Mine ra l s ,  

1 1  
I n c .  ( A I M ) ,  has  e s t i m a t e d  t h a t  t h e  t o t a l  r e s o u r c e  may be 63 m i l l i o n  t o n s  of  i 
K20 e q u i v a l e n t ,  o f  which o n l y  38 m i l l i o n  t o n s  a r e  c l a s s e d  as r e s e r v e s ;  i f  i ; 
so, then  t h e  e n t i r e  s i t e  c o n t a i n s  11.6% of  t h o s e  r e s e r v e s .  S i n c e  Ca r l sbad  is ; ! 

t h e  o n l y  dis t r ic t  i n  t h e  Uni ted  S t a t e s  t h a t  p roduces  l a n g b e i n i t e ,  t h e s e  ! .  I 

f i g u r e s  a r e  s i g n i f i c a n t  i n  terms of  l a n d  commitment to  t h e  r e f e r e n c e  r epos i -  
t o r y .  

I 

While l a n g b e i n i t e  is a s i g n i f i c a n t  m i n e r a l  r e s e r v e  a t  t h e  s i t e ,  t h e r e  a r e  I / 
compensating f a c t o r s .  Because t h e  Ca r l sbad  area may c o n t a i n  no more t h a n  38 
m i l l i o n  t ons  of K 2 0  as r e s e r v e s  o r  63 m i l l i o n  t o n s  of  K20 a s  r e s o u r c e s ,  t 
t h e  supply  is e x h a u s t i b l e .  C u r r e n t l y  t h e  r e s e r v e s  a r e  d e p l e t e d  by mining 
a t  a r a t e  of  900,000 t o n s  of  K20 per  yea r .  The p r o j e c t e d  l i f e  o f  t h e  oper- 

I I 

a t i o n s  is 42 y e a r s  i f  t h e  p r o j e c t i o n  is based  on r e s e r v e s  and no more t han  70 
y e a r s  i f  t h e  p r o j e c t i o n  is based on r e s o u r c e s .  Because C a r l s b a d  is t h e  o n l y  
known l a n g b e i n i t e  d i s t r i c t  i n  t h e  Un i t ed  S t a t e s ,  it w i l l  e v e n t u a l l y  be nec- 
e s s a r y  to s u b s t i t u t e  o t h e r  mine ra l s .  U s e  o f  t h e  t o t a l  r e s e r v e  a t  t h e  s i t e  
would f o r e s t a l l  t h i s  d e p l e t i o n  by o n l y  5 y e a r s  a t  t h e  most. 

Although l a n g b e i n i t e  is a d e s i r a b l e  p l a n t  f e r t i l i z e r ,  t h e r e  a r e  s u b s t i -  
t u t e s .  Potassium s u l f a t e  is t h e  p r i n c i p a l  b e n e f i c i a l  i n g r e d i e n t .  For t h a t  
m a t t e r ,  some l a n g b e i n i t e  produced from Car l sbad  is t r ans fo rmed  i n t o  potassium 
s u l f a t e  by a base-exchange p r o c e s s  between l a n g b e i n i t e  and s y l v i t e :  

Potassium s u l f a t e  can a l s o  be produced by t h e  Mannheim p r o c e s s ,  a r e a c t i o n  
between s y l v i t e  and s u l f u r i c  a c i d :  



p o t a s s i u m  s u l f a t e  is a l s o  p r e s e n t  i n  t h e  b r i n e  w a t e r  o f  t h e  G r e a t  S a l t  Lake, 
u t a h ,  and is now be ing  e x t r a c t e d  commerc ia l ly  by o n e  company. B r i n e s  i n  
searles Lake,  C a l i f o r n i a ,  a l s o  c o n t a i n  commercial  q u a n t i t i e s .  NO e s t i m a t e  o f  
t h e  r e s e r v e s  of  p o t a s s i u m  s u l f a t e  c o n t a i n e d  i n  t h e s e  b r i n e s  h a s  been pub- 
l i s h e d ,  b u t  AIM e n g i n e e r s  estimate t h a t  t h e s e  r e s e r v e s  are a p p r o x i m a t e l y  s i x  
times l a r g e r  t h a n  what A I M  b e l i e v e s  is p r e s e n t  i n  t h e  l a n g b e i n i t e  o r e s  a t  
C a r l s b a d .  They a l s o  b e l i e v e  t h a t  a s y n t h e t i c  l a n g b e i n i t e  c a n  be  produced by 
s o l a r  e v a p o r a t i o n  of seawater. I t  must  be a d m i t t e d  t h a t  t h e s e  a l t e r n a t i v e  
s o u r c e s  w i l l  be  somewhat more e x p e n s i v e  t h a n  c o n v e n t i o n a l  min ing  and r e f i n i n g  
of n a t u r a l  l a n g b e i n i t e  d e p o s i t s .  

9 .1 .4 .5  S i g n i f i c a n c e  o f  t h e  R e s u l t s  of  t h e  Hydrocarbon-Resource E v a l u a t i o n  

To p u t  t h e  hydrocarbon r e s o u r c e s  i n t o  p e r s p e c t i v e ,  r e f e r  to T a b l e  9-11. 
Whi le  q u a n t i t i e s  o f  h y d r o c a r b o n s  t h a t  may e x i s t  under t h e  s i t e  a r e  l a r g e ,  t h e y  
a c c o u n t  f o r  o n l y  2.0% o f  t h e  c r u d e  o i l ,  2.0% of  t h e  n a t u r a l  g a s ,  and 2.0% o f  
t h e  d i s t i l l a t e  o f  t h e  t o t a l  s u c h  r e s o u r c e s  t h a t  s h o u l d  e x i s t  i n  t h e  r e g i o n .  
(The r e g i o n  is h e r e  d e f i n e d  a s  t h e  a r e a  s t u d i e d  by t h e  New Mexico Bureau of  

Mines and  M i n e r a l  R e s o u r c e s .  T h a t  a r e a  c o n t a i n s  967,700 a c r e s ,  o r  1512 s q u a r e  
miles, v e r s u s  o n l y  18,960 a c r e s ,  o r  29.625 s q u a r e  miles f o r  t h e  s i te . )  On t h e  
n a t i o n a l  b a s i s ,  t h e  e x p e c t e d  c r u d e  o i l  a t  t h e  s i t e  a c c o u n t s  f o r  o n l y  0.019% 
and n a t u r a l  g a s  f o r  o n l y  0.057%. 

9.1.4.6 S i g n i f i c a n c e  o f  Hydrocarbon R e s e r v e s  

The e s t i m a t e d  hydrocarbon  r e s e r v e s  a t  t h e  s i te  a r e  36.85 b i l l i o n  c u b i c  
f e e t  o f  n a t u r a l  g a s  and 0 . 5 5 1  m i l l i o n  b a r r e l s  o f  d i s t i l l a t e .  T a b l e  9-11 com- 
p a r e s  t h e s e  r e s e r v e s  w i t h  s i m i l a r  e s t i m a t e s  f o r  t h e  r e g i o n ,  t h e  U n i t e d  S t a t e s ,  
and t h e  wor ld .  The n a t u r a l  g a s  amounts to o n l y  0.95% o f  t h e  q u a n t i t y  e x p e c t e d  
i n  t h e  r e g i o n  ( s o u t h e a s t e r n  N e w  Mexico) . The d i s t i l l a t e  is less, 0.32%. On a 
n a t i o n a l  l e v e l ,  t h e  p e r c e n t a g e s  r e d u c e  to 0.018% for g a s  and 0.0014% f o r  d i s -  
t i l l a t e .  

9.1.4.7 R e d u c t i o n  of  Impac t  on  P o t a s h  and Hydrocarbons  by E x p l o i t a t i o n  of 
C o n t r o l  Zone I V  

To a l a r g e  e x t e n t  t h e  m i n e r a l  d e p o s i t s  a t  t h e  r e f e r e n c e  s i t e  l i e  under 
zone  I V ,  t h e  o u t e r  c o n t r o l  zone.  Mining and d r i l l i n g  may be a l l o w e d  i n  t h i s  
zone  i f  t h e y  d o  n o t  a f f e c t  t h e  i n t e g r i t y  of  t h e  si te.  For  example ,  t h e  
h y d r o c a r b o n s  c o u l d  be r e c o v e r e d  by s l a n t  d r i l l i n g :  wells l o c a t e d  o u t s i d e  
c o n t r o l  zone IV would s t a r t  v e r t i c a l l y  downward t h r o u g h  t h e  e v a p o r i t e s  and 
t h e n  d e v i a t e  from t h e  v e r t i c a l  to r e a c h  p o o l s  under c o n t r o l  zone I V .  P o t a s h  
m i n i n g  may be a l lowed  i f  s u f f i c i e n t  p i l l a r s  o r  b a c k f i l l i n g  would p r e v e n t  mine 
s u b s i d e n c e .  F u t u r e  s t u d i e s  w i l l  d e t e r m i n e  what methods may be  u s e d  i n  c o n t r o l  
zone I V .  

T a b l e  9-12 g i v e s  d a t a  showing t h e  r e d u c t i o n  i n  impac t  i f  t h e  m i n e r a l s  i n  
c o n t r o l  zone IV a r e  e x p l o i t e d .  More t h a n  h a l f  t h e  hydrocarbon r e s o u r c e s  and 



Table 9-12. The Effect of Allowing Exploitation of Hydrocarbons and Potash 
in Control Zone IV 

Deposit 

Remaining Percentage of total 
In in potentially 

total site inner zones recoverable 

RESOURCES 

Sylvite, a million tons K20 10.44 2.25 
~angbeinite,~ million tons K20 16.15 5.11 
Crude oil, inillion barrels 37.50 16.12 
Natural gas,b billion cubic feet 490 211 
 ist till ate,^ million barrels 5.72 2.46 

RESERVES i 
sylviteIc million tons K20 3.66 Nil 
Langbeinite,c million tons K20 4.41 1.21 
Crude oil, million barrels -- -- 
natural gas,d billion cubic feet 36.85 23.5 
Distillate, nillion barrels 0.55 0.35 

- - 

a~ata from John et al. (1978, Table 4). 
b~omputed from data presented by Foster (1974) by proportion of area of 

zone IV to the total area of the site. 
C~ata Erom the U.S. Bureau of Mines (USBM, 1977, Table 5). 

i 
d~omputed Erom data of Keesey (1976), considering that only reserves under 

the inner zones are precluded from development. 

more than tvro-thirds of the potash resources would become available. Perhaps 
the most significant reduction would be in the impact on langbeinite: nearly 
three-fourths of the reserves can be reached by mining in control zone IV. 

9.1.5 Plans for the ?litigation of Impacts 

Like any construction project, repository construction will produce envi- 
ronnental disturbances: noise, erosion, pollution, disruption of wildlife 
habitats, and lsndscape alterations. This section reviews the plans for con- 
trolling these disturbances. 

Landsca~e restoration 

At the co~pletio2 of construction, all areas disturbed by construction and 
not required for permanent facilities will be regraded and seeded. 



Eros ion  dur ing  g rad ing  and excava t ion  w i l l  be c o n t r o l l e d  by d i v e r t i n g  sur-  
f ace  runof f  from t h e  c o n s t r u c t i o n  and s p o i l s  a r e a s  e i t h e r  by s l o p i n g  t h e  g rade  
away from t h e s e  a r e a s  o r  by c o n s t r u c t i n g  a  s e r i e s  of d i k e s  and d r a i n a g e  
d i t c h e s .  

Mined-rock s t o r a g e  

While  t h e  mined-rock-storage a r e a  is be ing  prepared ,  d i s t u r b e d  s u r f a c e s  
w i l l  be sp rayed  wi th  water t o  c o n t r o l  dus t .  Covered conveyors w i l l  move t h e  
mined rock from t h e  mine-shaft  headframe t o  a  s t a c k e r  conveyor,  on which t h e  
mined rock w i l l  be sprayed  l i g h t l y  w i t h  water  dur ing  i t s  t r i p  t o  t h e  s t o r a g e  
p i l e .  D i t ches  w i l l  channel  n a t u r a l  d r a i n a g e  water  around t h e  p i l e  and r e t a i n  
runo f f .  

T e r r e s t r i a l  environment 

S i t e  acces s  w i l l  be l i m i t e d  t o  d e s i g n a t e d  roads ,  and t r a f f i c  w i l l  be con- 
f i n e d  t o  t h e s e  roads and t o  s p e c i f  i c  pa r  king a r e a s  a s  much a s  p r a c t i c a b l e .  
C o n s t r u c t i o n  m a t e r i a l s  w i l l  be con f ined  t o  s p e c i f i e d  laydown a r e a s .  These 
measures w i l l  p revent  i n d i s c r i m i n a t e  d i s r u p t i o n  of  t h e  d e s e r t  h a b i t a t  by t h e  
c o n s t r u c t i o n  work f o r c e .  Wastes produced du r ing  c o n s t r u c t i o n  w i l l  be hauled 
to a p p r o p r i a t e  d i s p o s a l  a r e a s  f o r  b u r i a l .  A£ t e r  c o n s t r u c t i o n ,  a l l  temporary 
b u i l d i n g s  w i l l  be removed. 

p o l l u t i o n  

C o n s t r u c t i o n - r e l a t e d  a i r  p o l l u t i o n  w i l l  g e n e r a l l y  be l i m i t e d  t o  t h e  imme- 
d i a t e  a r e a  of t h e  si te.  The l a r g e s t  s o u r c e  of p o l l u t a n t s  w i l l  be  t h e  handl ing 
and t r a n s f e r  of s o i l ,  producing f u g i t i v e  d u s t .  To reduce t h i s  d u s t ,  permanent 
roadways w i l l  be paved and main ta ined .  F requen t ly  t r a v e l e d  a r e a s  w i l l  be 
o v e r l a i d  w i th  g r a v e l  o r  c a l i c h e  and watered d u r i n g  working hours .  

I f  a  concr'ete ba tch  p l a n t  is l o c a t e d  a t  t h e  s i t e ,  dus t  from i t s  o p e r a t i o n  
w i l l  be c o n t r o l l e d  us ing  b e s t  e n g i n e e r i n g  p r a c t i c e s .  Combustion emiss ions  
from c o n s t r u c t i o n  equipnent  w i l l  be c o n t r o l l e d  by t h e  use of a l l  a p p l i c a b l e  
EPA emiss ion  c o n t r o l s .  I f  burn ing  of was te  m a t e r i a l s  a t  t h e  s i t e  is neces- 
s a r y ,  it w i l l  be c a r r i e d  o u t  i n  compliance w i t h  a l l  a p p l i c a b l e  r e g u l a t i o n s .  

L i t t e r  w i l l  be c o n t r o l l e d  by t h e  use o f  t r a s h  and s c r a p  c o n t a i n e r s  l o c a t e d  
th roughout  t h e  s i t e .  The t r a s h  and s c r a p  w i l l  be removed t o  an approved d i s -  
posa l  a r e a .  

F u e l s ,  l u b r i c a n t s ,  o i l y  was t e s ,  and o t h e r  chemical  wastes  

A l l  l u b r i c a n t s  and o t h e r  chemica ls  used du r ing  c o n s t r u c t i o n  w i l l  be s t o r e d  
i n  approved s t anda rd  c o n t a i n e r s  w i t h  p r e c a u t i o n s  a g a i n s t  a c c i d e n t a l  s p i l l s  o r  
l eakage .  A l l  f u e l s  w i l l  be s t o r e d  i n  conformance with a p p l i c a b l e  Na t iona l  
F i r e  P r o t e c t i o n  Assoc i a t i on  and l o c a l  codes .  

Waste chemicals  and o i l  w i l l  be c o l l e c t e d  i n  approved and c l e a r l y  marked 
s t a n d a r d  c o n t a i n e r s .  The c o n t a i n e r s  w i l l  be s t o r e d  s e p a r a t e l y  from o t h e r  
waste and removed from t h e  s i t e  f o r  r ep roces s ing  o r  d i s p o s a l  i n  an a c c e p t a b l e  
manner. 



During site preparation and the early phases of construction, chemical 
toilets will be provided for sanitary wastes, which will be collected 
regularly and removed from the site for proper treatment and disposal. Once 
the sewage-treatment plant is completed, trailers with restrooms and day tanks 
for storage will be used until the entire system is completed. The day tanks 
will be emptied at the sewage-treatment plant. 

Noise f 

The highest noise levels will occur in the daytime during site preparation 
and excavation. The impacts of noise will be reduced by limiting noisy con- 
struction work to daylight hours, by using equipment that meets the EPA noise- 

- emission guidelines, and by maintaining and servicing equipment to insure that 
excessive noise is minimized. 

The general public will not be affected by construction noise because the 
site is 18 miles from the nearest municipality (Loving) and 3 miles from the 
nearest resident. 

9.2 EFFECTS OF PLANT OPERATION 

This section describes the environmental effects of plant operation and 
discusses their significance. It also outlines plans for mitigating these 
effects. 

9.2.1 Changes in Land Use 

The construction and operation of the WIPP reference repository will re- 
move some land presently being used for grazing (Section 9.1.1.1). During the 
life of the repository, a total of 620 acres will be preempted for surface 
facilities, rights-of-way, and biological and meteorological monitoring plots. 
Eecause the average grazing density on this land is about 6 to 9 head of stock 
per section, the carrying capacity of the area will be reduced by about 6 to 9 
head of cattle. 

The 140 acres occupied by control zone I and some parts of control zone I1 
will no longer be available for recreation and hunting. No access restric- 
tions or hunting controls are planned for areas away from these facilities. 

9.2.2 Resources Committed 

The natural resources committed for repository operation include energy 
derived from fossil fuels, water, chemicals, and laboratory equipment. 

The energy consumed during operation will be primarily electrical energy. 
The normal operating electricity demand has been estimated to be 20,000 kilo- 
watts. This power will be supplied by the Southwest Public Service Company 
(SPSC), which currently has a generating capacity of 2.7 million kilowatts. 
Industrial customers of SPSC that have recently ceased operation in the 



carlsbad area have used more power than the repository will require. The 
power for the repository will therefore not require adsitions to electrical 
power plants. 

Diesel fuel will power waste-handling equipment both on the surface and in 
the mine and will supply the on-site generators during electricity-supply 
emergencies and when these generators are tested. The quantities of diesel 
fuel and gasoline that may be consumed during operation have been estimated to 
be 400 and 140 gallons per day (gpd) for the underground waste-handling equip- 
ment and the emergency generators, respectively. No natural gas will be used 
at the repository. 

Water to be consumed by the repository will total approximately 25,000 
gpd: 20,000 gpd for domestic needs and 5000 gpd for industrial needs. ?!here 
economically feasible, wastewater will be recycled to reduce consumption; for 
example, treated sanitary effluents will be used for landscape irrigation and 
dust control at the site. 

The following chemicals will be used in sewage treatment, water treatment, 
and on-site experiments: sodium hypochlorite (NaC10) and gases such as hydro- 
gen, helium, and hydrogen chloride. Laboratory equipment will consist of 
laboratory software (glass, tubing, etc.) and holding containers, some of 
which may be made of special metals such as platinum. 

9.2.3 Effects of Mined Rock 

During the operation of the repository, salt and other minerals will be 
removed from underground to provide new storage space. The 30-acre storage 
pile for the mined rock will hold materials to be used for backfilling the 
underground waste-disposal areas. Mined rock not needed for backfilling may 
be hauled from the site. Section 9.1.3 discusses the ways that the disposal 
of this mined rock will affect the environment during construction. The ef- 
fects during operation will be similar. 

No additional acreage beyond that already set aside in the construction 
phase will be needed for mined-rock storage. Because material will continue 
to be added to the pile during operation, fresh salt will be exposed to rain 
as well as to water sprayed from time to time for dual control. The incrusta- 
tion process described in Section 9.1.3.1 will reduce the amounts of dust that 
are blown from the pile. The airborne material will not contaminate ground- 
water, although it will deposit on the soil. As explained in Section 9.1.3.1, 
field investigations of a 17-year-old mined-rock pile 9 miles from the refer- 
ence site have supported the expectation that the mined-rock pile will exert 
no severe impacts on the environment. 

9.2.4 Denial of Mineral Resources 

mplacement of radioactive waste in the repository will preclude for 
safety reasons the extraction of mineral resources from the geologic strata 
above or below the storage levels. The quantities and values oE these 
resources are discussed in Section 9.1.4. 



9.2.5 Effects of Noise 

9.2.5.1 Normal Operating Noise 

Normal operating noise will come primarily from control zone 1 and the 
mined-rock pile. It will be louder in the day than at night. 

Noise standards 

Noise-assessment criteria have been established by the U.S. Department of 
Housing and Urban Development (HUD, 1971). These criteria are presented in 
Table 9-13. 

Table 9-13. Department of Housing and Urban Development 
Criteria for Noise Assessment (1971) 

HUD assessment 8-Hour noise level (dBA) 
- 

Unacceptable 
Normally unacceptable 
Normally acceptable 
Acceptable 

On-site noise sources 

There will be several noise sources within the site. Table 9-14 lists the 
primary sources and typical sound-pressure levels for them. 

An overall sound-pressure level of 50 dBA can be expected 400 feet from 
the waste-handling building. This is within the range of the HUD acceptable- 
noise guidelines. At the James Ranch, the nearest off-site residence, about 3 
miles away, the operating noise is expected to be inaudible. 

Table 9-14. Typical Sound-Pressure Levels (SPL) for 
Operating-Phase Facilities 

Noise source SPL at 3 feet (dBA) 

Water pumphouse 5 5 
Hoist house 5 5 
Transformer and switchyard 7 2 
Mine construction exhaust 6 5 
Train movement during unloading 75 (at 50 feet) 

Mined-rock storage 

The storage of mined rock will continue throughout construction and oper- 
ation. ~ittle fluctuation is expected in the noise level generated by this 
activity over the lifetime of the repository. The equipment used for the 



storage area during construction (Table 9-3) is assumed to be the same as that 
needed during operation. 

At 50 feet from the equipment, a maximum sound-pressure level of 97 dBA 
can be expected with all the equipment operating concurrently at full throttle 
and load. Rarely will all the equipment be operating simultaneously, and the 
sound-pressure level will be more typically in the upper 70s. At the James 
Ranch, this will be inaudible. 

Overall operating noise 

The overall operating noise is expected to be approximately 52 dBA at a 
distance of 400 feet from the waste-handling building. At the James Ranch, 
the- noise will be inaudible. 

Noise at the site will disturb some wildlife species (e.g., mule deer), 
but most of the resident species will become accustomed to the operational 
noise. 

9.2.5.2 Standby Diesel Generators 

Each of the three standby diesel generators is to be tested once a month 
for 1 to 2 hours. During the testing period, the noise from the diesel gen- 
erator will be the predominant noise from the repository. Moise will radiate 
from the exhaust stack and through the air-intake louvers on the diesel- 
generator building. At the boundary of control zone I, the noise level is 
predicted to be 55 dBA. At the James Ranch, the noise will be inaudible. 

9.2.5.3 Traffic 

For purposes of noise estimation, it was assumed that approxinately 400 
people will be employed by the repository during the normal one-shift opera- 
tion. The peak traffic load along the roads could be increased by a maximum 
of 400 cars per hour during commuting hours. The increase in passenger-car 
traffic will generate an Leq of 52 dBA at 100 feet from the roads. 

Truck traffic along the roads to the site will increase during operation. 
Some of the waste to be stored will arrive by truck, and there will also be 
trucks bringing supplies and materials. The number of passenger vehicles and 
trucks along U.S. 180 will be smaller during operation than turing construc- 
tion (Section 9.1.1). Noise levels are not expected to have a significant 
adverse impact on people or wildlife. 

9.2.5.4 Railroad Moise 

Most of the radioactive waste for the repository is to arrive by rail. To 
reach the repository spur, the rail cars may pass through Carlsbad and along 
the Santa Fe line to Loving. At normal operating speeds along this route, the 
train noise will be about 92 ?BA at 100 feet from the tracks. 



There a r e  no r e s i d e n c e s  w i t h i n  a mile of  t h e  proposed  r a i l  s p u r .  The 
n o i s e  l e v e l  du r ing  t r a i n  p a s s a g e  a long  t h e  spu r  s h o u l d  b e  abou t  55 dBA a t  1 
mile. T h i s  n o i s e  l e v e l  s h o u l d  n o t  c ause  any a d v e r s e  impac t .  W i l d l i f e  w i l l  
become q u i c k l y  accus tor r red . ta  t h e s e  i n c r e a s e d  n o i s e  l e v e l s .  A t  t h e  closest 
r e s i d e n c e ,  t h e  n o i s e  l e v e l  w i l l  be below 55 dBA. 

9 .2 .5 .5  Summary 

A t  t h e  James Ranch, t h e  o p e r a t i n g  n o i s e  w i l l  be i n  t h e  a c c e p t a b l e  range  
(less t h a n  45 ~ B A ) .  Near t h e  proposed new r a i l  s p u r  and  a l o n g  U.S. 180,  t h e  
o p e r a t i n g  n o i s e  s h o u l d  be i n  t h e  normal ly  a c c e p t a b l e  r a n g e  (45  to  65 dBA). 

9.2.6 E f f e c t s  on  W i l d l i f e  and R e c r e a t i o n  

A f ence  w i l l  keep a n i m a l s  o u t  o f  c o n t r o l  zone I .  The re  w i l l  be no migra- 
t o r y  b a r r i e r s  a t  t h e  s i te because  a n t e l o p e  f e n c e s ,  which a l l o w  passage  of  dee r  
and a n t e l o p e ,  a r e  p l anned  f o r  a c c e s s  roads ,  and o t h e r  r ights-of-way w i l l  n o t  
be fenced .  T r a f f i c  on t h e  a c c e s s  roads  and r a i l r o a d  may be hazardous  to non- 
m i g r a t o r y  an imals ;  however,  i t  w i l l  a f f e c t  o n l y  p o p u l a t i o n s  w i t h i n  a few hun- 
d red  f e e t  on e i t h e r  s i d e  o f  t h e  road.  

O p e r a t i o n a l  n o i s e  w i l l  f r i g h t e n  r e s i d e n t  w i l d l i f e  s p e c i e s ,  b u t  a f t e r  a 
p e r i o d  of time some an ima l s  w i l l  become a c c l i m a t e d  to  t h i s  k ind  of n o i s e  and 
r e t u r n  to t h e i r  o r i g i n a l  h a b i t a t .  O t h e r ,  more s e n s i t i v e ,  s p e c i e s  w i l l  have 
been d i s p l a c e d  from t h e  a r e a  a s  a r e s u l t  of  c o n s t r u c t i o n  a c t i v i t i e s  ( S e c t i o n  
9.1 .1 .5) .  Th i s  d i s t u r b a n c e  s h o u l d  be a minor and i n s i g n i f i c a n t  impact .  

The p re sence  of  new r o a d s  i n  t h e  a r e a  w i l l  a l l ow  e a s i e r  a c c e s s  f o r  hun t ing  
and o t h e r  ou tdoor  a c t i v i t i e s .  T h i s  improved a c c e s s  w i l l  l e a d  to  i n c r e a s e d  
road  t r a f f i c ,  and i n t e r m i t t e n t  o f f - r o a d  e x c u r s i o n s  may d i s t u r b  v e g e t a t i o n  and 
w i l d l i f e .  The peop le  who move i n t o  t h e  Ca r l sbad  a r e a  to  work a t  t h e  r epos i -  
t o r y  may i n c r e a s e  h u n t i n g  p r e s s u r e  on w i l d l i f e  i n  t h e  a r e a -  

As t h e  a r e a  becomes more a c c e s s i b l e  because o f  t h e  new r o a d s ,  amateur and 
p r o f e s s i o n a l  a r c h a e o l o g i s t s  a l i k e  may be a t t r a c t e d  to unexcava ted  sites t h e r e .  
I t  is p o s s i b l e  t h a t  l o c a l  po t -hunte r  c l u b s  o r  i n d i v i d u a l s  may view t h e  devel-  
opnen t  of t h e  r e p o s i t o r y  a s  an o p p o r t u n i t y  to hunt  f o r  l o c a l  sou thwes t - Ind ian  
a r t i f  a c t s .  

9.2.7 E f f e c t s  o f  Heat  from S t o r e d  Waste 

T h i s  s e c t i o n  d i s c u s s e s  t h e  sho r t - t e rm  t empera tu r e  i n c r e a s e s  and mechanical  
e f f e c t s  produced i n  s a l t  by h e a t  from emplaced s p e n t  f u e l .  The long-term e f -  
f e c t s  a r e  d i s c u s s e d  i n  S e c t i o n  9 .5 .2 .1 .  S ince  t h e  s p e n t - f u e l  demons t r a t i on  
w i l l  produce t h e  g r e a t e s t  t he rma l  l o a d s  i n  t h e  underground was t e -d i sposa l  
a r e a s ,  i ts e f f e c t s  bound t h o s e  to be expec ted  i n  o t h e r  a r e a s .  

When s u b j e c t e d  to h i g h  s t r e s s e s  and h igh  t e m p e r a t u r e s ,  m a t e r i a l s  l i k e  s a l t  
deform. Cont inu ing  d e f o r m a t i o n  under thermal  and mechan ica l  l o a d i n g  is c a l l e d  



1, creep .    his phenomenon is i m p o r t a n t  i n  t h e  d i s p o s a l  of s p e n t  f u e l ,  which w i l l  
t h e  t empera ture  of t h e  s a l t  enough t o  a c c e l e r a t e  t h e  c r e e p  t h a t  w i l l  

begin a s  an e f f e c t  of  t he  stresses brought  on by mining.  C reep  may c o n t i n u e  
~ n t i l  it r e s t r i c t s  o p e r a t i o n s  near  t h e  s p e n t  f u e l  (e .g . ,  by t h e  c l o s u r e  of  
c a v i t i e s )  . 

To a s s e s s  c r e e p  e f f e c t s ,  t h e  t empera tu r e  rises a s s o c i a t e d  w i t h  spen t - fue l  
emplacement i n  t h e  r e p o s i t o r y  have been c a l c u l a t e d  by Thorne (1978) .  The ca l -  
c u l a t i o n  modeled t h e  a r e a  f o r  t h e  d i s p o s a l  of s p e n t  f u e l  a s  a s e r i e s  of  par- 
a l l e l  t u n n e l s  mined a t  a 20% e x t r a c t i o n  ratio; s p e n t - f u e l  a s s e m b l i e s  were 
assumed to  be s t o r e d  i n  h o l e s  i n  t h e  t u n n e l  f l o o r s .  The s u r r o u n d i n g  rock was 
t r e a t e d  as homogeneous sa l t  w i t h  temperature-dependent t he rma l  c o n d u c t i v i t y .  
The h e a t  sou rce  was i n i t i a l l y  a t  a l o a d i n g  d e n s i t y  of 30 kW/acre, and t h e r e  
was no c o o l i n g  of open t u n n e l s  by v e n t i l a t i o n .  C a l c u l a t i o n s  were made f o r  
times of up to  25 y e a r s  a f t e r  was t e  emplacement. 

F i g u r e  9-2 shows a s  a f u n c t i o n  o f  time t h e  c a l c u l a t e d  t empera tu r e s  i n  t h e  
f l o o r ,  w a l l ,  and roof of a t u n n e l .  The f i g u r e  shows t h a t  t h e  peak tempera ture  
r i s e  i n  t h e  t u n n e l  occu r s  a b o u t  25 y e a r s  a f t e r  emplacement; t h e  g r e a t e s t  in- 
c r e a s e ,  about  1 7 O ~ ,  o c c u r s  i n  t h e  f l o o r  of  t h e  tunne l .  

The h e a t  e m i t t e d  by s p e n t  f u e l  i n  t h e  RH-waste l e v e l  of  t h e  r e p o s i t o r y  
w i l l  e v e n t u a l l y  r each  t h e  CH-waste l e v e l  600 f e e t  above. To de te rmine  t h e  
t empera tu r e  r i s e  a t  t h e  CH-waste l e v e l ,  c a l c u l a t i o n s  were performed wi th  t h e  
computer code STEALTH, d e s c r i b e d  i n  S e c t i o n  9.5.2. These c a l c u l a t i o n s  showed 
t h a t  t h e  tempera ture  a t  t h e  CH-waste l e v e l  w i l l  r i s e  by no more t han  about  

enter o f  floor 

/ ' center of roof 4 

Time efter emplacement (years) 

Figure 9-2. Time dependence of temperature in mined tunnel containing 
spent fuel. 



2% and that the peak rise will occur in the first few centuries after em- 
placement (Maxwell, Wahi, and Dial, 1978). 

Because the creep of tunnel walls and pillars at the RH-waste level will 
eventually close the mine cavities, the rate at which the walls close in was 
calculated in a model WIPP geometry similar to that used in the temperature- 
rise calculations (Thorne, 1978). To assess an upper bound on this rate, 
a conservative creep law was used; the heat loading was assumed to be 30 
kW/acre. The analysis predicted that the cavities will decrease to 27% of 
their original height within 25 years after spent-fuel emplacement. The 
actual creep closure of cavities in the RH-waste level will not be this rapid, 
but it will be an important consideration in detailed plans for retrieval. 

9.2.8 Effects of Subsidence 

The forces leading to subsidence will be continuously active from the 
beginning of mining, through operation, and into the long term. Since the 
effects are assumed to be greatest in the long term, they are discussed in 
the analysis of long-term impacts, in Section 9.5.2.2. 

9.2.9 Effects of Nonradioactive-Waste Discharges 

The sources of sanitary and other nonradioactive wastes generate8 during 
operation are desctibed in Section 8.7. Although these wastes will be col- 
lected, treated, and disposed of, there is a possibility that they might ad- 
versely affect the environment. The potential adverse effects are described 
in this section for each type of waste. 

9.2.9.1 Sanitary Waste 

Sanitary-waste discharges during normal operation will amount to about 
25,000 gpd of treated effluent. Most of the treated effluent will be used for 
landscape irrigation and dust control; the rest will be evaporated from the 
evaporation pond. 

The effluent discharged by t!le sanitary-waste-treatment system will meet 
State water-quality standards (NMWQCC, 1977) for discharges onto or below the 
surface of the ground. The treatment of sanitary waste will not aEEect the 
quality of surface water or groundwater. The water in the evaporation pond 
will be of such quality that it will not contaminate the local groundwater if 
the lining of the pond breaks. 

9.2.9.2 Solid Wastes 

Solid wastes consist of sweepings, waste paper, and discarded equipment 
but do not include mined material, discussed in Section 9.2.3. During con- 
struction and operation, these wastes will he collected, compacted, and dis- 
posed of in a landfill in accordance with New Mexico Solid Waste Management 
Regulations adopted on April 19, 1974. The estimated size of the landfill 
area is about 5 acres. 



P 
3.' standard procedures at disposal sites involve continual disposal and back- - 

P filling on new as well as on used areas. This may result in natural revegeta- 
tion at the landfill site as disposal cells are completed. As revegetation 

, .ccurs, the disposal site will again become usable by local wildlife. 

9.2.9.3 Chemical Discharges 

I As described in Section 8.7.5, the rate of salt release from the 

I 
construction-exhaust shaft will be about 1050 lb/yr. Salt particles will be 
deposited on the ground in the surrounding area and may adversely affect veg- 
etation, as described in Section 9.1.3.3. 

Small quantities of waste hydraulic fluid, lubricants, etc., will be gen- 
erated during operation. These materials will be disposed of in the sanitary 
landfill or sent away for salvage. In view of the small quantities involved, 

, the environmental effects of these waste materials will be negligible. 

A small quantity of nonradioactive wastes will be released as a result of 
experiments conducted at the repository. These experiments (described in 

I Section 8.10) will produce small amounts of hydrogen from the corrosion of 
containers and the hydrolysis of brine, helium from radioactive decay, and 
hydrogen chloride (HC1) from brine decomposition (Section 8.7.5). The quan- 
tities are very small and therefore will have a negligible effect on the 
environment. 

There will be three major sources of emissions from burnt diesel fuel: the 
emergency-power system, the surface handling equipment, and the underground 

I handling equipment (Section 8.7.5). In addition, an oil-burning salt drier 
will be used at the mined-rock pile starting about 6 years after the reposi- 
tory begins operating. The total emissions from these systems are tabulated 
in Section 8.7.5 and sumarized in Table 9-15. 

The annual quantities of emissions from burnt fuel are very small in 
, comparison with values obtained in a recent emission inventory for ~ d d y  

County, New Hexico (Table 9-16). 

The unavoidable adverse impacts associated with the dispersion of salt and 
the release of nonradioactive gases will be a small fraction of those cur- 

, rentlyproducedby activities intheregion. 

Table 9-15. Nonradioactive Emissions from Burnt Fuela 

Constituent 
Annual total 
(tons/y r 

Hy6rocarbons 
Carbon monoxide 
Nitrogen oxides 
Sulfur dioxide 
Particulates 

a~uring one 8-hour work shift per day. 



Table 9-16. Eddy County Emission Inventorya 

Inventory (tons/yr) 
Area Point 

Constituent source source Total 

Hydrocarbons 4,373 
Carbon monoxide 18,952 
Nitrogen oxides 2,640 
Sulfur oxides 231 
Particulates 3 26 

a~ata obtained from the New Mexico Environmental Improvement 
Agency, February 1978. 

9.2.10 Impact of Routine Releases of Radioactivity 

The WIPP reference repository is designed to receive and store radioac- 
tive waste shipped from various sources across the country. The operation of 
the repository will require handling of packages and canisters, some of which 
may be externally contaminated. No canister will be opened, but very small 
quantities of nuclides may be released as a result of routine handling. The 
releases will be held to levels as low as reasonably achievable. 

9.2.10.1 Exposure Pathwabs in the Environment 

Radionuclides released to the environment can reach man through a variety 
of pathways, as shown in Figure 9-3. The pathways shown in the figure are 
the ones that were investigated in the analysis for this section. After the 
nuclides are released in the effluent gases, they may simply remain suspended 
in the air, or they may be deposited on the ground or on vegetation. The 
radiation dose received by these pathways can be external or internal. 

Two of the pathways--air immersion and direct exposure from nuclides 
deposited on the soil--are external. An air-immersion dose results from nuc- 
lides suspended in air. The nuclides deposited on the ground are sources of 
direct exposure while a person stands on contaminated ground. Air immersion 
and direct exposure to nuclides deposited on the soil are external pathways 
since no material is actually taken into the body. 

The other pathways result in internal exposure: the nuclides are actually 
taken into the body. Nuclides deposited on the ground may be taken up by 
plant roots and eventually ingested by a person who consumes the plant. The 
process can be even more complex. The food chain may involve an intermediary 
like beef or dairy cattle. The nuclides may be directly deposited on leafy 
vegetables or plants that are then consumed. Another possible internal path- 
way is inhalation. As can be seen, the pathways may be complex or quite 
simple. Although this list of exposure pathways is not exhaustive, it in- 
cludes the potentially important pathways used in the analysis reported in 
this section. Usually, one of these pathways, the critical pathway, domi- 
nates the others. 



Figure 9-3. Primary pathways for nuclides released from the repository. 

Each nuclide behaves differently i n  the environment. For example, some 
nuclides that have been deposited on the so i l  transfer-from the so i l  through 
plant roots and concentrate in leafy plants,  while others w i l l  not transfer 
from the so i l .  S t i l l  others w i l l  concentrate i n  the organs of domestic ani- 
mals or wildlife that  eat  the plants and d i r t  clinging to  roots. Usually one 
or two nuclides are the most l ikely to reach man and dominate the c r i t i c a l  
pathway . 

9.2.10.2 Estimates of Exposure 

Human exposure. by the pathways described above was calculated by using a 
modified version of the computer code AIRDOS-11, as described i n  Appendix G. 
The input used for these calculations and the resul ts  are discussed below. 

Nuclide releases and meteorological data presented i n  Section 8.6  and 
Appendix HI respectively, were used to calculate human exposure. The ex- 
pected annual releases from the repository are given i n  Table 8-6. The 
annual average atmospheric dispersion factors  for various distances of up to  
50 miles and for each of the wind directions are given i n  Appendix H. 

The study area was defined as the area inside a 50-mile-radius c i rc le  
centered on the s i t e .  The area was divided in to  1 6  wedge-shaped sectors 
(Figure 9 - 4 ) ,  and each wedge was subdivided radial ly in to  1 4  subsectors. In 
each subsector the population, agricultural area, significant water area, and 
beef- and dairy-cattle populations were defined. The inputs used are shown 
i n  Figures 9-4, 9-5, and 9-6. An attempt was then made to  define the living 



Figure 9-4. 1976 population within 50 miles of the site. 
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Figure 9-5. Agricultural areas. Values shown are 
millions of square meters cultivated in 
each sector. Shaded areas contain signif- 
icant water. swimming might be possible 
in them. 
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Figure 9-6. Beef cattle, sheep, and dairy cattle (circled) 
within 50 miles of the site. 

patterns of people Living i n  the subsectors. Living-pattern and some miscel- 
laneous data used in  the analysis are  presented in  Table 9-17. These and 
other data were obtained from conversations w i t h  county agricul tural  agents 
and Erom other sources l i s t e d  in  Appendix G. 

A s  can be seen in  Figure 9-5, there is l i t t l e  agricul ture  within the 
study area, Because fresh-produce-growing areas are  qui te  limited i n  s ize ,  
people in  the study area were assumed to  import 90% of their  vegetables. O f  
t he  10% not imported, a large f rac t ion  is assumed t o  be grown i n  home gardens. 
Few dairy herds ex i s t  i n  the study area (Figure 9-6), and the dairy farmers 
send the i r  m i l k  outside the study area to  be processed and distributed. 
Therefore, it was estimated tha t  only 1% of the m i l k  consumed in the area is 
produced within it. 

Beef-cattle ranching is the dominant agr icu l tura l  pursuit  i n  the study 
area. The sheep population was added to the beef-catt le population; t h i s  
addition exaggerates the impact of  beef. I t  was estimated tha t  50% of the 
beef consumed in the area is produced i n  the area, and an average individual 
was estimated to  e a t  0 .3  kilogram of beef per day. 

These data are shown i n  Table 9-17 as they were used to  calculate radio- 
nuclide concentrations for the surrounding environs and to  determine the 
radiological consequences to people. 



Tab le  9-17. L i v i n g  P a t t e r n s  and Misce l l aneous  D a t a  Used i n  t h e  
A n a l y s i s  o f  Human R a d i a t i o n  Exposure  

I n p u t  p o p u l a t i o n  I n d i v i d u a l  

F r a c t i o n  of v e g e t a b l e s  impor ted  0.9 0.0 
F r a c t i o n  of beef impor ted  0.5 0.0 
F r a c t i o n  of m i l k  impor ted  0.99 0.0 
F r a c t i o n  of  v e g e t a b l e s  produced 

i n  50-mile r a d i u s  t h a t  is 
produced i n  s e c t o r  Not a p p l i c a b l e  0 .1  

F r a c t i o n  of  beef produced i n  
50-mile r a d i u s  t h a t  is produced 
i n  s e c t o r  Not a p p l i c a b l e  0.5 

F r a c t i o n  of m i l k  produced i n  
50-mile r a d i u s  t h a t  is produced 
i n  s e c t o r  N o t  a p p l i c a b l e  0 .01 

Bui ldup  t i m e  f o r  s u r f a c e  d e p o s i t i o n ,  y e a r s  15  15 
Length of  g r a z i n g  s e a s o n ,  days  365 36 5 
Time from p roduc t ion  t o  consumpti  on 

Vege tab les  14 14 
Beef 2 0 20 
M i l k  4 4 

S o i l  s u r f  ace a r e a  f u r n i s h i n g  
food  c r o p s  f o r  one  man, rn2 

P a s t u r e  a r e a  per cow, m2 
Dry a r e a l  d e n s i t y  o f  man ' s  above- 

s u r f  a c e  food , kg/m2 
Dry-weight a r e a l  g r a s s  d e n s i t y ,  kg/m2 
Depth of  p l w  l a y e r ,  an 

R a t e  of  i n c r e a s e  of s t e e r  muscle  
mass, kg/day 

Mass of  muscle  a t  s l a u g h t e r ,  kg 
Soil d e n s i t y ,  g/cm3 
F r a c k i o n  of beef herd  s l a u g h t e r e d  

per  day 
Number of m i lk ings  p e r  day 
Beef consumption by man, kg/day 
M i l k  consumption by man, kg/day 
Vege t ab l e  consumption by man, kg/day 
Milk c a p a c i t y  of  udder ,  l i t e r s  
G r a s s  consumption of  cow, kg/day 
Milk p roduc t ion  o f  cow, l i t e r s  per  day 

F r a c t i o n  of time s p e n t  swimming 0 .01  0.01 
Depth of wate r  t o  be used f o r  

submersion d o s e s ,  cm 152 152 



Results 

 or convenience of calculation, the nuclides released were grouped by 
. .  common characteristics. The groups are structural materials, fission 

products, actinides, and spent fuel. The groupings are self-explanatory 
with the exception of the spent-f uel group, which consists of three gaseous 

that are present in spent fuel only. Tritium, krypton-85, and 
iodine-129 are present in relatively large quantities in spent-fuel assem- 
blies and are easily released if a spent-fuel canister is damaged. 

~adiation doses and dose commitments were calculated for each of the 
nuclides in the four groups. If the exposure was external, a dose was cal- 
culated; if the exposure was internal, a dose commitment was calculated. 
When the exposure is external, the exposure lasts until the source is moved 
away. For example, if a person stands on a contaminated surface, he is ex- 
posed until he moves away from the surface. When a radioactive material is 
taken into the body, part of it remains in the body until it decays or is 
eliminated by biological processes. By convention, the annual dose given off 
by the radioactive material while in the body is integrated over a 50-year 
period after ingestion. The integrated dose resulting from each year's in- 
take is called the 50-year dose commitment. For some materials that decay 
very quickly or are eliminated quickly, most of the dose commitment is 
received in the first year or two; for long-lived materials, the exposure 
lasts the entire 50 years. 

Individual doses and dose commitments were calculated for a person living 
at the residence closest to the reference site (James Ranch, 3 miles to the 
south-southwest). Calculations were also made to determine an integrated 
population dose and dose commitment for all persons residing within the 
50-mile study area. To calculate a population dose for a subsector, an indi- 
vidual dose is calculated and then multiplied by the population of the sub- 
sector in which the person resides. This calculation is performed for each 
subsector, and the sum of the individual subsector doses is the population 
dose for the study area. 

The resultant doses and dose commitments for an individual are shown in 
Table 9-18 and for the population in Table 9-19. Since many pathways are 
involved, the tables are a summation of doses from external-exposure pathways 
and 50-year dose commitments from internal-exposure pathways. 

Of the several nuclide groups, the greatest contributor to the overall 
impact is the actinide group. Within the actinide group, plutonium-239 con- 
tributes about 50% of the dose commitment. The rest of the impact is from 
the other plutonium isotopes, americium-241, and cur ium-244. The most 
important pathway for the actinides is inhalation. 

The fission-product and spent-fuel groups are minor contributors to the 
impact. Within the fission-product group, the cesium isotopes are the princi- 
pal contributors, and strontium is an additional significant contributor. The 
most important pathways for the fission products are ingestion and inhalation. 
Within the spent-fuel group, tritium contributes approximately 75% of the dose 
to the whole body, lungs, and bone. The remainder of the dose to these organs 
is from krypton. The pathways of importance for tritium exposure are inhala- 
tion and the ingestion of beef; the pathways for krypton are air immersion and 



Table 9-18. Dose or Dose Commitment Received by an Individual Residing at 
the James Ranch 

Dose or dose commitment (rem) 
Group Bone Lungs Whole body 

Structural materials 7. 7-loa 6.5-10 6.9-10 
Fission products 9.7-8 1.2-8 2.8-8 
Actinides 
Spent fuel 

TOTAL 1.5-4 7.1-6 3.8-6 

Natural background 5.0 
Five-hour jet flight 

Table 9-19. Dose or Dose Commitment Received by the Population Within 
50 Miles of the Reference ~epository~ 

Group 
Dose or dose commitment (man-rem) 

Bone Lungs Whole body 

Structural materials 
Fission proZucts 
Actinides 
Spent fuel 

TOTAL 

Natural background 
- - - - -- - -~~ - - 

a ~ h e  population within 50 miles of the repository is 96,000. 
b2.7-6 = 2.7 x 10'~. 

surface Gose. The doses for the spent-fuel group are not, strictly speaking, 
annual doses; it is assumed in Section 8.6 that these isotopes will be 
released only once during the 4-year period of spent-fuel handling. 

The overall impact from radionuclides released from the waste packages 
during normal operations is very small. The greatest individual dose commit- 
ment is 1.5 x 10'~ rem to the bone. This dose is to be compared with the 
5-rem 50-year dose commitment from natural-background sources. This compar- 
ison is appropriate if the person receiving the dose lives at the James Ranch 
for 1 year. If he lives there for 5 years, his dose commitment would be 
approximately 5 times his first-year 2ose commitment; this value could also be 
compared with the 50-year dose commitment from natural background radiation. 
Thus the maximum dose commitment resulting from repository operation is to the 
bone and is 0.003% of that from natural background radiation. 

The annual whole-body dose from repository operation is 3.8 x loe6 rem 
to a person living at the James Ranch. This person would have to live at the 



ranch for more than 650 years to receive a dose equivalent to that received 
from a 5-hour jet-plane flight. 

An analysis was also made to determine the impact from the radon isotopes 
released during mining activities. This analysis, which does not include 
decay of the radon during transport from the site, considers an individual 
breathing the air at the James Ranch for a year. BY assuming a continuous 
release during the year and by using calculated-annual-diffusion estimates for 
the site environs (Appendix H) the dose received by this person would be 2.5 x 
10'~ rem/yr to the lung. This is 1.4 x of the natural background 
dose (0.18 rem for 1 year) to the lung. 

Thus it is evident that the impact from the release of radon will be very 
small. Indeed, it will be no different from the releases at potash operations 
of similar size. 

9.2.11 Radiation Exposure of the Work Force 

The waste to be handled through the CH facility of the WIPP reference 
repository has a low surface-dose rate that permits the waste to be contact- 
handled. Nevertheless, this waste emits penetrating radiation, and some of 
the work force will be exposed to it. According to Section 5.1.2, a tentative 
acceptance criterion for CH waste is a maximum surface-dose rate of 200 
mrem/hr on any one container and a maximum quarterly average of 10 mrem/hr. 
Experience with more than 60,000 drums of waste at the Idaho National Engi- 
neering Laboratory indicates that a 10-mrem/hr limit actually results in an 
average surface-dose rate of approximately 3 mrem/hr. Therefore calculations 
were carried out for an average of both 3 and 10 mrem/hr. 

A prerequisite for calculating the radiation exposure of workers in the 
CH-TRU-waste facility is a reasonably detailed time-and-motion estimate. This 
involves estimating the various steps that have to be taken from unloading 
drums or boxes at the dock in the surface waste-handling building to the final 
stacking of these drums or boxes in the storage rooms underground, estimating 
the time each step will take, and estimating the distance of the operators 
from the waste for each step. Calculations were performed for a light 55- 
gallon drum containing paper, gloves, etc., for a heavy 55-gallon drum con- 
taining sludge, and for a Rocky Flats box containing contaminated metal. The 
heavy drum containing sludge resulted in the highest dose, and all results 
shown here pertain to that type of drum. 

Exposures were estimated for a forklift operator and a transporter opera- 
tor underground and for two different forklift operators on the surface. The 
resultant estimated exposures are shown in Table 9-20 for container surface- 
dose rates of 3 and 10 mrem/hr. These estimates are for average working con- 
ditions except that the aboveground exposures include the effects of a holding 
area full of drums waiting to be moved underground. The indirect or scattered 
dose is estimated to be 10 to 20% of the direct dose and is not included in 
the table. 

These four workers would receive the greatest exposures from the operation 
of the CH-waste portion of the repository. The estimated exposures are well 
below the occupational dose limits of 5 rem/yr or 3 rem in any calendar quar- 
ter prescribed by regulation (10 CFR 20). 



Table 9-20 Annual Exposure Estimates for Repository Workers 

Average annual exposure (mrem) 
Surface-dose rate = Surface-dose rate = 

Wor ker 3 mrem/hr 10 mrem/yr 

Forklift operator 
(underground) 

Transporter operator 
(underground) 

Forklift operator 
(aboveground--unloading) 

Forklift operator 
(aboveground--pallet loading) 

No estimates are yet available for radiation dose to workers in the RH- 
waste portion of the repository or for doses to workers that would result from 
accidents in any portion of the repository. Such estimates are being made to 
guide the choice of shielding and other design features so that all exposures 
of the work force will be below regulatory limits. The results will be re- 
ported in the Preliminary Safety Analysis Report due in 1979. 

9.2.12 Effects of Decomrnissionin~ and Disnantlina 

This section discusses the environmental effects of decommissioning and 
dismantling: the expected radiological effects, the expected nonradiological 
effects, and the commitment of resources. The current decommissioning plan is 
described in Section 8.12. 

All decommissioning activities will be performed under controls that will 
insure the safety of the general public and of the people involved in the 
decommissioning effort. This objective will be accomplished by the develop 
ment of radiological-control and industrial-safety standards covering all 
activities. This development will be the responsibility of the DOE or its 
contractor responsible for the decommissioning. Where applicable, existing 
standards will be used; they will be reviewed for adequacy, and further inves- 
tigations to develop adequate standards will be carried out when necessary. 
In addition, all detailed decommissioning plans will specify provisions for 
dealing with unusual or abnormal circumstances. At the time of decommis- 
sioning, the plans will be reviewed and approved by the DOE and any other 
Federal agencies under whose jurisdiction the decommissioning of the WIPP 
reference repository falls. Protecting both the public and the workers at the 
site, the procedures and standards will minimize the environmental effects of 
decommissioning. 

Expected radiological effects of decommissioning 

Because decommissioning involves disposal of contaminated equipment, it 
could expose the work force to radiation. Temporary shielding and extensive 
decontamination will insure that the exposures of workers are kept as low as 
reasonably achievable, in accordance with Federal guidelines at the time of 
decommissioning. 



~lthough it is possible in theory that the public will be exposed to 
radiation, the exposure is expected to be insignificant. The special pro- 
cedures taken to protect workers at the site will severely limit any radiation 
doses to the public. Packaging requirements will protect the public and the 
work force from radiation emitted by material shipped from the site. 

~xpected nonradiological effects of decommissioning 

The decommissioning operation is expected to be similar to a heavy con- 
struction project in that the same type of heavy equipment will be used (e.g., 
dump trucks, bulldozers, grading equipment, and rail cars and engines). The 
environmental impacts will therefore be similar to those of construction, 
described in Section 9.4.1. The major impacts expected are an increase in 
noise and vehicular traffic, with associated dust and pollution. Control of 
the environmental impacts of decommissioning will use methods like those used 
during construction (Section 9.1.5). 

The decommissioning is not expected to produce large quantities of chem- 
I 

ical wastes; waste from decontamination operations will be handled in existing 
l or temporary radwaste systems. Any additional facilities that may be required 

for these operations will be installed and operated in compliance with Fed- 
I 
, eral, State, and local standards applicable at the time. 

, The decommissioning operation will not affect any known threatened or 
I endangered species nor any historic or cultural sites. 

I The temporary socioeconomic impact of decommissioning will be an increase 
in employment, in that the process will require a decommissioning work force. 

I 

I 
The overall effect, however, will be a decrease in the size of the labor force 
once the repository is shut down. 

Commitment of resources 

I Resources used during decommissioning will include water and construc- 
I 
I tion materials for site preparation and mothballing. The primary use of water 
I will be for decontamination. Some water will also be used in construction 
I 

I activities. 

I 
It is expected that most of the land will be returned to its original 

~ use--grazing; the area could, however, be made available for other uses since 
a railroad spur is at the site. As discussed in Section 8.12, these alter- 

! native uses will be investigated at a later time. To insure that the health 
I and safety of the public are protected, appropriate security procedures will 
I 
I be established, and radiation monitoring and environmental surveillance will 
i 
I be carried out. Further discussion appears in Section 8.12. 

9.2.13 Mitigation of Impacts 

Mitigation of the environmental impacts will start with construction, as 
I discussed in Section 9.1.5. Mitigating measures like noise abatement will 

continue through operation and decommissioning. Other measures that mitigate 
adverse environmental impacts throughout repository operation are summarized 

I in this section. 



Appearance 

Surface structures are designed to minimize visual conflict with the nat- 
ural features of the site. Simple forms, materials, textures, and colors will 
be used to blend with the desert environment. 

Solid wastes 

Standard procedures for the landfill consist of excavation, disposal, and 
backfilling over the waste. The solid waste will be layered with fill dirt 
for fly control and sprinkled with water to hold down dust. Low-lying areas 
will be selected to make the landfill unobtrusive, and natural drainage will 
be diverted around the site. Natural revegetation of the filled areas will be 
encouraged, and the site will eventually be suitable again for local wildlife. 

Liquid wastes 

Sanitary-waste effluents will undergo secondary treatment to meet state of I 

New Mexico standards. Since these effluents will be contained in a lined 
evaporation-holding pond, they will not leak into the surrounding environment; 
aerobic decomposition will minimize odors. 

Water from the suspect-waste and laundry building and decontamination 
areas will be processed in an evaporator. 

Mined-rock pile 

Measures for minimizing the impact of the mined-rock pile include several 
steps. The rock will receive a light water spray before being dumped on the 
pile. A ditch around the pile will keep salt-bearing water from running 
beyond the storage site . 

Water consumption 

Where economically feasible, wastewater will be recycled to reduce con- 
sumption: for example, treated sanitary effluents will be employed for land- 
scape irrigation and dust control at the site. 

Noise 

By giving due consideration to noise-control engineering during the design 
phase, it will be possible for the repository to operate under normal condi- 
tions with a noise level barely perceptible at the nearest residence. Speci- 
fic mitigation measures may include testing the standby diesel generators 
during daytime hours only, providing silencers for the diesel-generator ex- 
haust, and locating most pumps inside structures. 



9.3 ENVIRONMENTAL ETFECTS OF ACCIDENTS DURING OPERATION 

Much of the planning for the WIPP reference repository has been an effort 
to insure that accidents occuring during the handling of radioactive waste of 
concern will pose no serious risk to the environment. This section reports 
the results of accident analyses performed as part of the planning. During 
repository operation two types of accidents might affect the environment: 
those that release radioactive material and those that release hazardous sub- 
stances emitting no radiation. 

The first part of this section discusses at length the accidents that 
might release radioactive material. It predicts the impacts that might occur 
during operations at the plant itself. The impacts were predicted by using 
the techniques of consequence analysis: postulating severe, yet credible, 
accidents and calculating their effects. To predict the effects realis- 
tically, the calculations use experimental data whenever applicable data are 
available. 

The second part of this section discusses accidents that might release 
hazardous nonradioactive material. The third part discusses the effects of 
earthquakes, thunderstorms, and tornadoes. 

9.3.1 Accidents Involving Radiation 

To assess the environmental impacts of accidents that could release radio- 
active material, scenarios were developed to model severe accidents. Although 
all of these accidents are unlikely, the scenarios are realistic in the sense 
that they are not incredible; the accidents could, in theory, occur during 
repository operation. Each scenario was analyzed in detail to determine 
potential impacts to the general public. This approach yields a consequence 
analysis, not a risk analysis. Risk, which equals consequence times prob- 
ability of occurrence, is difficult to define accurately because probability 
values used in determining risk are usually imprecise. This section presents 
the consequences of selected severe, but possible, accidents during plant 
operation and does not address the detailed probability of their occurrence. 

During an accident, radioactivity can become available for release to the 
environment. The most serious release will result from an accident in which a 
shipping container or waste canister is damaged so severely that the waste is 
no longer contained. 

Since the waste types vary in physical and radiological characteristics, 
available descriptive information was reviewed to determine the representative 
properties of each type of waste. These properties include physical forms, 
radionuclide inventory, and radioactivity; they are listed for each waste type 
in Appendix E. 

It is difficult to state precisely how much of the material inside a 
container can become airborne, even though experiments have been conducted 
with certain waste forms under various accident conditions. Mishima and 
Schwendiman (1970, 1973a, 1973b) have measured the quantities of typical waste 



materials that could become airborne. Even during fires, most of the activity 
does not become airborne; under most accident conditions, the fraction that 
becomes airborne is less than 1% of the volume of the waste. Similarly, in 
experiments not involving fire, most of the activity in various waste forms 
subjected to differing wind conditions does not become airborne. 

The pathways of typical waste packages were followed step by step through 
the repository, from unloading in the receiving area to final storage in the 
mine. Accident scenarios were developed by reviewing the waste-handling pro- 
cedures during each step. Normal operations with waste-handling equipment 
(transporters, forklifts, and hoists) were studied to determine how accidental 
misuse or equipment failure could result in the release of radioactive 
material. 

Tables 9-21 and 9-22 list the postulated accident scenarios and identify 
each accident by number. The analysis of each scenario proceeded by estab- 
lishing values for the factors that affect the amount of accidental release. 
For example, the analysis estimated the quantities of surface activity and of 
waste that could be released from inside a container, the number of containers 
involved in the accident, the fraction of the activity that could become air- 
borne, and the decontamination factor of high-efficiency particulate air 
(HEPA) filtration. These factors were then combined to determine the total 
radioactivity released to the environment. 

The scenarios were grouped into the following categories: (1) fires in 
the waste-handling building, (2) container failures in the waste-handling 
building, (3) underground container failures, and (4) underground fires. 
Within each of these categories, the scenario with the largest potential 
release of radioactivity to the environment was analyzed isotope by isotope 
as a representative and bounding example of that group. All other accidents 
within the groups would have less severe consequences. 

The most severe accidents are the following: 

1. A fire on the surface caused by internal combustion or an external I 

combust ion source. I 

2. Dropping and puncturing a waste package in the surface building. 

3. Rupturing a container through failure of the mine hoist. I 

I 
4. An underground fire ignited by an internal combustion source. I 

The least likely scenarios of the four mentioned are those involving fires. 
Fires from sources external to the waste containers would be infrequent and of 
limited size because of the lack of combustible materials in the handling 
areas. A fire started by internal combustion would be highly improbable be- 
cause of the small amount of combustible waste. The lack of air inside the 
container would not allow a sustained combustion process, and expected waste- 
acceptance critera require most of the containers to be metal or combustion- 
resistant boxes. Indeed, engineering design cf containers and fire-protection 
systems are expected to preclude radioactivity releases from fires. 

Scenarios involving sources other than waste in containers were also 
investigated but were not founci to be significant. Cne of these scenarios, 
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Tab le  9-21. Acc iden t  S c e n a r i o s  for Contac t -Handl ing  Areas 

Area Acc iden t  

Rece iv ing  C 1  

Unloading C2 

C 3 

P a l l e t  s t o r  a g e  C 4 

Overpack and r e p a i r  C9 

C 10 

C 1 1  

P o s s i b l e  s c e n a r i o  Damage to was t e  package  

Veh ic l e  c o l l i s i o n  w i t h  N o  s e r i o u s  damage (package  c l a s s i f i e d  a s  
was te  package  Type B) 

Drop of  whole package One s i d e  of c o n t a i n e r  damaged and c r a c k  i n  
from c r a n e  one  drum ( o r  box) ;  c r a c k  is 2.75 i n m 2  

Drum d r o p  on f o r k l i f t  C rack  i n  one  drum; c r a c k  is 2.75 i n . 2  
(or down t h e  dock) 

Drum p u n c t u r e  by H o l e  i n  s i d e  o f  one  drum (or box) ; h o l e  is 
f o r k l i f t  12  i n .  ( c o r r e s p o n d i n g  to s i z e  o f  

f o r k l i f t  arm) 
Drop from f o r k l i f t  Crack  i n  one drum; c r a c k  is 2.75 i n .  
Drum f a i l u r e  f rom e x c e s s  Drum f a i l s ,  r e l e a s i n g  h a l f  t h e  c o n t e n t s .  

i n t e r n a l  p r e s s u r e  
E x t e r n a l  f i r e  C o n t e n t s  o f  two drums ( o r  one  box) r e l e a s e d  

because  o f  i n t e r n a l  p r e s s u r e ,  and  c o n t e n t s  
o f  one  a d d i t i o n a l  drum (o r  box) burned  

F i r e  caused  by i n t e r n a l  S u r f a c e  c o n t a m i n a t i o n  v a p o r i z e s  from e i g h t  
combust ion i n  drum drums (or two boxes)  ; c o n t e n t s  o f  one  drum 
(or box) ( o r  one box) r e l e a s e d  because  o f  i n t e r n a l  

p r e s s u r e ,  and  c o n t e n t s  o f  one  a d d i t i o n a l  
drum ( o r  one  box) burned  

Drum (or box) d r o p s  on  Crack  i n  one  drum; s i z e  o f  c r a c k  5 times t h a t  
way to r e p a i r  o f  C 3  s i n c e  drum is d e f e c t i v e  i n i t i a l l y  

Drum (or box) f a i l s  on Drum s p l i t s  open ,  r e l e a s i n g  100% of c o n t e n t s  
way to r e p a i r  

E x t e r n a l  f i r e  S u r f a c e  c o n t a m i n a t i o n  v a p o r i z e s  f rom 24 drums 
( o r  two b o x e s ) ;  c o n t e n t s  of  two drums ( o r  
t w o  boxes)  r e l e a s e d  because  o f  i n t e r n a l  
p r e s s u r e ,  and  c o n t e n t s  o f  one  a d d i t i o n a l  
drum ( o r  box) burned  

S u r f a c e  c o n t a m i n a t i o n  from e i g h t  drums 
v a p o r i z e s  (or two boxes)  ; c o n t e n t s  o f  
one  drum ( o r  o n e  box) r e l e a s e d  because  
o f  i n t e r n a l  p r e s s u r e ,  and  c o n t e n t s  o f  one  
a d d i t i o n a l  drum (or one  box) burned 

F i r e  caused  by i n t e r n a l  
combust ion i n  drum 
( o r  box) 



T a b l e  9-21. A c c i d e n t  S c e n a r i o s  f o r  C o n t a c t - H a n d l i n g  Areas ( c o n t i n u e d )  

Area  A c c i d e n t  

C a g e  l o a d i n g  C13 

Underground s t o r a g e  C15 

P o s s i b l e  s c e n a r i o  

Hoist d r o p s  down mine  
s h a f t  

F i r e  i n  h o i s t  c a u s e d  
by i n t e r n a l  c o m b u s t i o n  
i n  drum (or box)  

T r a n s p o r t e r  h i t s  p a l l e t  
(or box) 

F o r k l i f t  p u n c t u r e s  drum 
(or box) 

Drums d r o p  f r o m  f o r k l i f t  
Rocks f a l l  f rom m i n e  

s h a f t  w a l l s  
E x t e r n a l  f i r e  d u r i n g  

h a n d l i n g  

F i r e  c a u s e d  by i n t e r n a l  
combus t ion  i n  drum 
(or box) 

B a c k f i l l i n g  e q u i p m e n t  
p u n c t u r e s  drums 

F i r e  c a u s e d  by i n t e r n a l  
combus t ion  i n  drum 
(or box)  

Damage to  waste p a c k a g e  

24 drums (or two b o x e s )  c r a c k  o p e n ,  r e l e a s i n g  
1 0 0 %  o f  c o n t e n t s  

S u r f a c e  c o n t a m i n a t i o n  v a p o r i z e s  f r o m  e i g h t  drums 
(or two b o x e s )  ; c o n t e n t s  o f  o n e  drum ( o r  o n e  
box)  r e l e a s e d  b e c a u s e  of i n t e r n a l  p r e s s u r e ,  
and  c o n t e n t s  o f  o n e  a d d i t i o n a l  drum (or o n e  
box)  b u r n e d  

L i d  o f  o n e  drum knocked o f f  a n d  c r a c k s  a p p e a r  i n  
s i d e s  o f  t h r e e  o t h e r  drums; c r a c k s  = 2 .75  i n . 2  

Hole i n  s i d e  o f  o n e  drum (or b o x ) ;  h o l e  is 1 2  i n a 2  

C r a c k  i n  o n e  drum; c r a c k  is 2.75 i n . 2  
Holes i n  s i d e s  o f  1 2  drums;  h o l e s  are 1 2  i n e 2 .  

S u r f a c e  c o n t a m i n a t i o n  v a p o r i z e s  f r o m  e i g h t  drums 
(or two b o x e s ) ;  c o n t e n t s  o f  o n e  drum (or o n e  
box)  r e l e a s e d  b e c a u s e  o f  i n t e r n a l  p r e s s u r e ,  a n d  
c o n t e n t s  o f  o n e  drum (or o n e  box)  b u r n e d  

S u r f a c e  c o n t a m i n a t i o n  v a p o r i z e s  f r o m  e i g h t  drums 
(or two b o x e s )  ; c o n t e n t s  o f  o n e  drum (or o n e  
box)  r e l e a s e d  b e c a u s e  o f  i n t e r n a l  p r e s s u r e ,  a n d  
c o n t e n t s  o f  o n e  drum (or o n e  box)  b u r n e d  

Hole i n  s i d e  o f  o n e  drum (or box)  ; h o l e  is 1 2  i n . 2  
( c o r r e s p o n d i n g  to s i z e  o f  f o r k l i f t  arm) 

C o n t e n t s  of two drums r e l e a s e d  b e c a u s e  o f  i n t e r n a l  
p r e s s u r e ,  a n d  c o n t e n t s  o f  o n e  drum b u r n e d  



Table 9-22. Accident Scenarios for Remote-Handling Areas 

Area Accident Possible scenario Damage to waste package 

Receiving R1 

Decontamination 
and cooling 

Hot cell 

Canister R13 
decontamination 

Crane impacts on cask 
Fire around transport vehicle 
during inspection of cask 

Cask drops 
Cask overturns from transport 

roller 
Dry cask with defective canis- 
ters, break in flexible hose 

Wet cask with defective canis- 
ters, break in coolant pipe 

Cask drops 

Hot-cell crane knocks over 
canister 

Canister drops 
Fire from internal combustion 

in canister 

External fire involving high- 
level waste for experiments 

Contaminated-waste-discharge 
line breaks during canister 
decontamination 

Fire from internal combustion 
in canister 

- - 

No serious damage to canister 
because cask is a Type B 
packaging 

Same as R1 
Same as R1 

Same as R1 
Same as R1 

Loss oE radioactive gas 

Loss of radioactive fluids 

No serious damage to canister 
because cask is a Type B 
packaging 

Crack in canister 

Crack in canister 
Contents of one canister burn; 

surface radioactive material 
vapor izes 

Same as R11 

Loss of radioactive fluid to 
decontamination cell 

Contents of one canister burn 



Table 9-22. Accident Scenarios for Remote-Handling Areas (continued) 

Area Accident Possible scenario Damage to waste package 

Hoist-cage-loading R15 Hoist drops down waste shaft 
station 

Under ground R16 Canister drops 
transf er cell R17 Fire from internal combustion 

in canister 

Storage room 

External fire involving high- 
level waste for experiments 

Canister drops in hard salt 
Fire in transport vehicle 

R21 Fire from internal combustion 
in canister 

One canister and facility cask 
broken 

Crack in canister 
Surface radioactive material 
vaporizes from one canister, and 
contents of one canister burn 

Surface radioactive material 
vaporizes from one canister 

Crack in canister 
No serious damage to canister 

because it is protected by a 
shielding cask 

Contents of one canister burn 



for example, was failure of tanks in the liquid-radwaste system with the sub- 
- sequent evaporation of some of the radioactive liquids. The radiological con- 
,"I sequences of such an accident would be small because the radioactive inven- 

tories in each tank are limited. 
*- > 

", 

In general, accidents that could occur during the retrieval of waste from 
the repository are expected to be no more severe than those that could occur 
during emplacement since waste will be retrieved by a reversal of the emplace- 
ment process. Contact-handled TRU-waste containers will be removed one at a 
time so that each container can be inspected. If a container is found to be 
breached or externally contaminated, it will be overpacked at the retrieval 
site (Section 8.11). Remotely handled TRU waste will also be retrieved by 
removing the buried canisters one at a time. Again, if the canister is 
externally contaminated, it will be overpacked or removed by overcoring and 
then placed into a new container. Because of the proposed inspection and 
overpacking procedures and unit-by-unit retrieval, accidents during retrieval 

I 

would be limited to a single container. Accidents involving multiple packages 
could not occur until a batch of containers became available for transport. 
Accidents involving the transport of retrieved waste would be similar to, and 
bounded by, transport accidents during emplacement. 

Description of accidents in the CH-waste area 

The two most common waste containers in the area where CH TRU waste will 
be handled will be the DOT-17C drum (55-gallon steel drum) and the DOT-7A ply- 
wood box (4 by 4 by 7 feet) with a 3-millimeter-thick fiberglass-reinforced, 
fire-retardant polyester coating. 

Because the number of boxes expected at the repository at any time is much 
smaller than the number of drums, the number of accidents involving boxes is 
expected to be much smaller than the number involving drums. For this reason, 
only the accident scenarios involving drums were analyzed even though, on the 
average, drums contain about 35% less radioactivity than do boxes. 

Listed below are the general assumptions used for analyzing the accident 
scenarios for the CH-waste area: 

1. Surface activity on the waste containers is many orders of magnitude 
lower than the activity inside. Since the waste containers are 
breached during the scenarios, the surface contamination is not 
explicitly included because its contribution is insignificant. 

2. Contact-handled TRU waste is expected to have various forms; much of 
the waste is expected to be metal scrap, rags, sludge, and sludge- 
concrete mixes. Data from Shefelbine (1978) support a conservative 
assumption that 10% of the waste is in powder form and that 25% of the 
waste is combustible. 

3. The air-entrainment factor for waste (respirable-size particles only) 
exposed in the accidents is 0.014% per hour. This value, which ex- 
presses the rate at which waste of respirable size will become air- 
borne, comes from experiments by Mishima and Schwendiman (1973a), who 
deposited uranium dioxide powder on a roadlike surface and subjected 
it to a 2.5-mph breeze. They found that in 6 hours 0.14% of the pow- 
der became airborne and 62% of the airborne material was respirable. 



Because t h e  maximum wind s p e e d  t h r o u g h  t h e  s t o r a g e  a r e a  is 0.5  mph, 
t h e  0.014% f a c t o r  is c o n s e r v a t i v e .  

4. S t u d i e s  o f  t h e  r e l e a s e  of r a d i o a c t i v i t y  d u r i n g  f i r e s  have  been per-  
formed by Mishima a n d  Schwendiman (1970,  1 9 7 3 b ) .  When s i m u l a t e d  TRU 
waste c o n t a i n e d  i n  a  c a r d b o a r d  box was b u r n e d ,  a wide r a n g e  o f  v a l u e s  
was o b t a i n e d .  For e n g i n e e r i n g  and  l a b o r a t o r y - s c a l e  e x p e r i m e n t s ,  t h e  
p e r c e n t a g e s  o f  a c t i v i t y  r e l e a s e d  and r e s p i r a b l e  were 0.23% and 9.8%, 
r e s p e c t i v e l y .  These  v a l u e s  r e p r e s e n t  maximum v a l u e s  r e s u l t i n g  from 
i d e a l  c o n d i t i o n s  f o r  combust ion.  For t h e  s c e n a r i o s  d e s c r i b e d  h e r e ,  an 
i n t e r m e d i a t e  v a l u e ,  1 8 ,  was used.  

5. A l o 6  d e c o n t a m i n a t i o n  f a c t o r  is a l l o w e d  f o r  t h e  two-s tage HEPA f i l -  
t e rs .  T h i s  is b e l i e v e d  t o  be a  r e a s o n a b l e  a l l o w a n c e ;  i t  is based  o n  
an  exper  i n e n t a l l y  d e t e r m i n e d  (ACGIH,  1977) removal  e f f i c i e n c y  f o r  test 
p a r t i c l e s  w i t h  d i a m e t e r s  l a r g e r  t h a n  0 .3  mic ron .  

B r i e f  d e s c r i p t i o n s  o f  a l l  t h e  a c c i d e n t  s c e n a r i o s  and t h e  r e s u l t i n g  damages 
a r e  summarized i n  T a b l e  9-21. Four accidents- -C7,  C10, C13, and C22--were 
chosen  f o r  a  d e t a i l e d  c a l c u l a t i o n  of i s o t o p e - b y - i s o t o p e  r e l e a s e  t o  t h e  e n v i -  
ronment.  These  a c c i d e n t s  r e p r e s e n t  t h e  l i m i t i n g  o r  w o r s t  a c c i d e n t  f o r  t h e i r  
r e s p e c t i v e  c a t e g o r i e s :  s u r f a c e  f i r e ,  s u r f a c e  c o n t a i n e r  f a i l u r e ,  underground 
c o n t a i n e r  f a i l u r e ,  and underground f i r e .  T a b l e  9-23 lists t h e  a c t i v i t y  
r e l e a s e  by i s o t o p e  f o r  t h e s e  a c c i d e n t s .  Synopses  o f  e a c h  o f  t h e  f o u r  a c c i -  
d e n t  s c e n a r i o s  a r e  g i v e n  below. 

C7: S u r f a c e  f i r e .  The l a c k  o f  f lammable m a t e r i a l s  i n  t h e  b u i l d i n g  makes i i ' 
t h e  f o l l o w i n g  a s s u m p t i o n  r e a s o n a b l e :  if a f i r e  o c c u r s  i n  t h e  s u r f a c e  f a c i l -  
i t y ,  n o t  more t h a n  t h e  c o n t e n t s  o f  one  drum w i l l  bu rn  and  n o t  more t h a n  two 
a d j a c e n t  <rums w i l l  p r e s s u r i z e  and b u r s t  because  o f  t h e  h e a t .  A s  a p l . a u s i b l e  
way f o r  a  f i r e  to s t a r t ,  i t  is p o s t u l a t e d  t h a t  a s m a l l  p u d d l e  o f  d i e s e l  o i l  i 

s p i l l e d  under a  p a l l e t  o f  waste drums somehow i g n i t e s ;  w h i l e  s u c h  a f i r e  would I 
! 

be small, t h e  a d j a c e n t  drums a r e  assumed t o  f a i l  and s p i l l  h a l f  t h e i r  con- 
t e n t s .  The c o n t e n t s  s p i l l e d  from t h e  a d j a c e n t  drums do n o t  b u r n ,  and o n l y  10% 
o f  t h e  s p i l l e d  m a t e r i a l  is i n  powder form. 

I t  t a k e s  1 hour t o  p u t  o u t  t h e  f i r e  and to r e p a c k  o r  cover  t h e  exposed  I 

waste. S i n c e  o n l y  25% o f  t h e  drum c o n t e n t  is c o m b u s t i b l e  and 1% o f  t h e  a c t i v -  
i t y  i n  t h e  c o m b u s t i b l e  c o n t e n t s  is r e l e a s e d  i n  r e s p i r a b l e  form p e r  h o u r ,  t h e  I 
b u r n i n g  r e l e a s e s  a to ta l  o f  0.25% o f  one drum i n  r e s p i r a b l e  form. I n  a d d i -  I 

I 
t i o n ,  s i n c e  0.014% of t h e  s p i l l e d  powdered w a s t e  from t h e  a d j a c e n t  drums is I 

I 

r e l e a s e d  and r e s p i r a b l e  pe r  h o u r ,  a t o t a l  of 0.0014% of  one drum is r e s p i r a b l e  I 

and r e l e a s e d  Erom t h e  m a t e r i a l  t h a t  is n o t  burned.  The q u a n t i t i e s  a r e  t h e n  I 
I 

f u r t h e r  reduced  by HEPA f i l t r a t i o n  b e f o r e  t h e y  a r e  r e l e a s e d  to t h e  env i ronment .  ! 

(22.0: S u r f a c e  c o n t a i n e r  f a i l u r e .  I n  t h i s  s c e n a r i o ,  a  f o r k l i f t  r u n s  i n t o  a  I 
I 

d e f e c t i v e  ?rum, which is assumed t o  s p l i t  open ,  r e l e a s i n g  a l l  I t s  c o n t e n t s .  i 

The w a s t e  is exposed  t o  t h e  a i r  f o r  1 hour b e f o r e  i t  is repackaged  o r  c o v e r e d  
to p r e v e n t  f u r t h e r  v a s t e  from becoming a i r b o r n e .  Only 10% o f  t h e  w a s t e  is i n  
powder form, and 0.014% of  t h e  exposed  was te  t h a t  is powder becomes a i r b o r n e  
and is r e s p i r a b l e .  Thus ,  a  t o t a l  o f  0.0014% o f  t h e  w a s t e  i n  one  drum is a i r -  
borne  and r e s p i r a b l e  and r e a c h e s  t h e  IIEPA f i l t e r s .  



Table 9-23. Radioactivity of Respirable Material Released to the Environment 
% During Representative Accidents in the CH TRU-Waste Handling Area 
3- - ?- 
I - - 

Radioactivity (Ci) released in accident scenario 
 soto ope c7a C ~ O D  C13C c22d 

1 

PU-238 1.0-loe 5.7-13 1.4-10 2.0-10 
PU-239 1.2-9 6.7-12 1.6-9 2.4-9 
PU-24 0 2.9-10 1.6-12 3.9-10 5.8-10 

I PU-241 7.2-9 4.0-11 9.8-9 1.4-8 
i ~m-24 1 2.0-11 1.1-13 2.7-11 4.0-11 

TOTAL 8.8-9 4.9-11 1.2-8 1.7-8 

I aSurface fire. 
I 

b~ontainer failure. 
CUnderground container failure. 
d~nderground fire. 
e1.0-10 = 1.0 x 10-10. 

C13: Underground container failure (hoist drop). If the hoist cage drops 
down the shaft because of mechanical or electrical failure, all 24 drums on a 
pallet are assumed to rupture, releasing their contents. Only 10% of the 
waste is in powder form. The air-entrainment factor of 0.014% per hour is 
increased in this scenario by a factor of 10 because of the turbulence created 
by the fall; the experiment on which the original factor is based studied a 
gently deposited powder. The waste is exposed to the air stream for 1 hour; 
a£ ter this time workers will have covered the waste to prevent further re- 
lease. The equivalent of 0.34% of the waste in one drum is airborne and 
respirable and reaches the HEPA filters. 

C22: Underground fire. An underground fire, like the surface fire, 
should affect no more than three drums; this scenario assumes that one drum 
burns and two burst in the heat of the fire. Since access to waste in the 
mine is limited, the duration of the accident is assumed to be 2 hours 
(instead of the 1 hour assumed for a surface fire). All other assumptions 
for the underground fire will be the same as those for the surf ace fire (C7 ) .  
Because of its longer duration, this accident will, however, release twice the 
activity released in scenario C7. 

Description of accidents in the RH-waste area 

I Operations in the RH-waste area will handle FGI TRU waste, experimental 

I vitrified high-level waste, and canistered commercial spent-fuel assemblies. 
The physical and radiochemical properties of these waste packages are de- 
scribed in Appendix E. The accidents that can occur in an RH area are the 

I same as those in a CH area. 

The analysis of accidents in handling FGI waste makes six assumptions: 

1. Before a canister enters the hot cell, no damage serious enough to 
release radioactivity can occur to the canister because it is over- 
packed with a Type B shipping cask. 



2. The air-entrainment factor used for CH TRU waste is used for RH TRU 
waste as well. 

3. When a canister containing glass impacts at a velocity of 117 ft/sec, 
less than 0.1% of the contents is broken into particles that are 10 
microns or smaller (smith and Ross, 1975). This result is used for 
the hoist-drop accident with a high-level-waste (glass) canister. Even 
though the impact velocity of a hoist drop can be more than 300 ft/sec, 
it is judged that 0.1% is still conservative because the hoist cage 
and the transfer cask will provide two layers of impact absorption and 
shielding. 

4. If spent-fuel assemblies are involved in a hoist-drop accident, the 
same 0.1% as in assumption 3 above is used for nongaseous radio- 
nuclides because both the spent-fuel cladding and the transfer cask 
would have to be breached before broken fuel pellets could be exposed 
to air in the mine. The R15 accident discussion presents the assump- 
tions Eor gases. 

5. For accidents involving fire, 25% of the RH TRU waste is assumed to be I 
t 

combustible. Since RH TRU waste is not well characterized, 25% is a ! 
conservative upper limit derived from the composition of CH TRU waste. 
The RE? TRU waste will probably contain much less combustible material 
than CII TRU waste. Neither high-level waste (glass) nor spent fuel 
will burn. One percent per hour of the total activity in the burning 
RH TRU waste is released in a respirable form (the same as the amount 
released for CH TRU waste) . 1 

4 

I 

6. A decontamination factor of lo6 is allowed for the two-stage HEPA 
filters. Removal credit is not taken for tritium, krypton-85, and 
iodine-129, because they are gases. 

I 
i 

These factors and assumptions are used to make conservative, yet realis- 
tic, judgments regarding possible accidents. I 

From the list of Table 9-22, three scenarios resulting in the greatest I I 

release of radioactivity were chosen for detailed isotope-by-isotope calcula- I 

tions: surf ace fire (R11) , hoist drop (R15) , and underground fire (R21) . I 

Table 9-24 lists the isotopes released in these accidents, The accidents are 1 
descr ibed below. 

R11: Surface fire. The only waste in the RH-waste area that is combus- 
tible is RH TRU waste. Since the RH facility handles one canister of RH TRU 
waste at a time, only one canister is involved in a fire. Only 25% of the RH 
TRU waste is combustible; of the amount that is combustible, 1% becomes air- 
borne and respirable. Thus the equivalent of 0.0025 canister reaches the HEPA 
filters. The fire is put out and the waste is assumed to be repacked or cov- 
ered in an hour. 

R15: Underground container failure (hoist drop). If the hoist cage drops I 

down the shaft, a canister and its transfer cask will be damaged. It is con- I 

servatively assumed that all the contents of the canister will spill out. 
Only one canister will be involved in this accident since the hoist is de- 
signed to carry only one canister in a transfer cask at a time. The damaged 



Table 9-24. Activity of Respirable Material Released to the Environment 
During Representative Accidents in the RH-Waste-Handling ~ r e a ~  

Accident R11: Surface Fire Accident R21: Underground Fire 

Isotope Activity (Ci) Isotope Activity (Ci) 

Sr-90/Y-90 1. l-6b Sr-90/Y-90 2.2-6 
CO-60 6.6-9 CO-60 1.3-8 
Ru- 106/Rh- 106 9.2-9 Ru-106/Rh- 106 1.8-8 
CS-137/Ba-137111 5.3-9 Cs-137/Ba-137m 1.0-8 
Eu-152 1.3-9 Eu-152 2.6-9 
Eu-154 5.3-9 ELI-154 1.0-8 
Th-232 3.0-12 Th- 2 3 2 6.0-12 
U-234 2.4-14 U-234 4.8-14 
U-235 1.0-12 U-235 2.0-12 
U- 238 2.2-11 U-238 4.4-11 
Pu-238 2.7-10 Pu-238 5.4-10 
PO- 2 39 3.2-9 Pu-239 6.4-9 
Pu-240 7.6-10 Pu-240 1.5-9 
Pu- 24 1 1.9-8 Pu-241 3.8-8 
Am-241 5.3-11 Am-241 1.1-10 
Cm- 244 1.3-8 Cm-244 2.6-8 

TO TAL 1.2-6 TOTAL 2.4-6 

Accident R15: Underground Container Failure (Hoist Drop) 

RH TRU waste High-level waste Spent fuel 
Isotope Activity (Ci) Isotope Activity (Ci) Isotope Activity (Ci) 

Sr-90/Y-90 5.9-8 Sr-90/Y-90 6.9-7 H- 3 4 5 
Co-60 3.7-10 Ru-106/Rh-106 4.5-9 Kr-85 780 
Ru-106/Rh-106 5.2-10 Sb-125 6.9-9 Sr-90/Y-90 2.5-7 
Cs-137/Ba-137m 3.0-10 Te-125m 2.9-9 Ru-106/Rh-106 1.9-9 

I Eu-152 7.4-11 CS-134 8.1-8 1-129 4.5-3 

I 
Eu- 154 3.0-10 Cs-137/Ba-137m 9.6-7 Cs-134 3.6-8 

I Th-232 1.7-13 Ce-144/Pr-144 1.1-9 Cs-137/Ba- 137111 3.4-7 
U-234 1.4-15 Pm-147 7.8-8 Fm-147 3.0-8 

, U-235 5.8-14 Sm- 15 1 1.3-8 Eu-154 2.0-8 
U-238 1.2-12 Eu- 154 5.1-8 Np-237 1.3-12 

I Pu-238 1.5-11 Eu-155 
1 

1.6-9 Pu-238 1.1-8 

I 
Pu-239 1.8-10 Np-239 2.1-10 Pu-239 1.2-9 
Pu-240 4.3-11 Pu-238 1.1-9 Pu-240 1.9-9 

I 
I Pu-241 1.1-9 Pu-239 1.8-11 Pu-241 2.6-7 

Am-241 2.9-12 Pu-240 4.8-11 Pu-242 5.6-12 
I Cm-244 7.4-10 Pu-241 3.6-9 Am-241 5.6-9 
1 

Am-241 1.9-9 Am-242m 3.4-11 
I 
I Am-242911 9.9-11 Rm-243 7.8-11 
I Am-243 2.1-10 Cm-243 1.3-11 

2.5-11 Cm- 244 
3.3-11 

I TOTALS 6.3-9 1.9-6 825 

a~hese lists radionuclides are truncated from those in Appendix E. To perform the 
truncation the ratio of activity to permissible concentration in air was calculated for each 

I radionuclide. These lists contain the radionuclides with the highest values for that ratio. 
bl.l-6 = 1.1 x 10'~. 



canister may contain RH TRU waste, experimental high-level waste (glass), 
or commercial spent fuel. Each of these forms requires a different set of 
assumptions: 

1. For RH TRU waste, the release rate of respirable material is assumed 
to be 0.14% per hour (0.014% per hour x 10) of the released powder; 
the factor of 10 allows for the impact of the drop as in scenario 
C13. The fraction of waste that is powder is assumed to be 10%. The 
waste is assumed to be exposed to air for 1 hour before it is re- 
packed or covered. 

2. If a canister of experimental high-level waste (glass) is in the 
dropped hoist cage, 0.1% of the contents is assumed to be broken into 
particles 10 microns or smaller. Three hours elapse before the waste 
is repacked or covered; hence, 0.42% (0.14% x 3) of the powder is 
entrained in the air in respirable form. 

3. For spent fuel, 0.1% of the canister contents is assumed to be 
crushed into particles 10 microns or smaller by the impact of the 
hoist drop. The duration of this accident is assumed to be 6 hours 
because clean-up personnel might not be allowed at the accident scene 
until the gaseous tritium and krypton-85 had been thoroughly vented. 
Multiplying 0.84% (6 hours at 0.14% per hour) by the powdered inven- 
tory gives the airborne and respirable release for all isotopes 
except tritium, krypton-85 and iodine-129. For these three gaseous 
isotopes, the total gap activity (i.e., the activity between the fuel 
pins and the cladding) is assumed to be released during the first 
hour after the hoist drop. Gap activity is taken to be 30% of the 
total amount of these three isotopes in the spent-fuel assembly. The 
Reactor Safety Study gave 10% as the fraction of krypton-85 and 
iodine-129 released to the gap (NRC, 1975, Table VII 1.1). The more i ! 

conservative 30% factor from NRC Regulatory Guide 1.25 is chosen here I 

I 
for the accident analysis. No credit for removal by HEPA filters is 
taken Eor tritium, krypton-85 and iodine-129. 

R21: Underground fire. All assumptions for the underground fire acci- 
dent are the same as those for the surface fire except that the duration is 
assumed to be 2 hours instead of 1 hour. The underground accident is ex- 
pected to last longer because access to the accident would be restricted. 

Dose estimation I 

Radiation doses are calculated from values for three parameters: the 
quantity oE radioactivity released, x/Q (atmospheric diffusion factor), and 
population distribution. These values were input to AIRWS-11, a computer 
code (Moore, 1976) that traces each nuclide from the point of its release 
through the biosphere to man. AIRWS-I1 and the modifications made to use it 
with directly input x / Q  values are discussed in Appendix G. 

The nuclide releases given in Tables 9-23 and 9-24 were converted to 
release rates for each scenario. The x / Q  values required by AIRDOS-I1 were 
taken from the 1-hour-period 50th-percentile tables in Appendix H. A depo- 
sition velocity of 1 cm/sec was assumed for all respirable particles.   he 
population distribution was the same as that in Section 9.2.10. 



i 

-1 pathways and doses received by people 

For accident scenarios, the pathways by which nuclides can reach people 
are restricted to three: direct inhalation of nuclides, immersion in air, and 
exposure from nuclides deposited on the ground. Inhalation and immersion in 
air are the dominant pathways for the gaseous isotopes released from the 
spent fuel, while the most important pathway for most other radionuclides is 
inhalation. The ingestion pathway is not included since administrative con- 
trols would be imposed on the disposition and sale of contaminated foodstuffs 

I 

during an emergency situation. 

The two important pathways expose people in different ways. Air immer- 
sion is an external-exposure pathway in which no radioactive material remains 
in the body. Once the radioactive material has passed (i.e., after the plume 
has dispersed), no additional exposure is received; the exposure is expressed 
in terms of a dose. Direct inhalation is an internal pathway in which mate- 
rial is taken into the body and remains until it is biologically removed. 
Since the residence time may be many years, the exposure received is ex- 
pressed in terms of a dose commitment. By convention, the contribution of 
the residing radionuclides is integrated for 50 years after their intake; the 
integrated dose is called the 50-year dose commitment. 

In this analysis, doses and dose commitments were calculated for a person 
living at the James Ranch, the residence nearest to the site, and for the 
population within 50 miles of the study area. As stated earlier, the 50th- 

I percentile x/Q values were used in the calculations. The X/Q value at the 
James Ranch was used to determine the individual doses. For the population- 
dose calculations, the wind was assumed to blow continuously during the acci- 
dent period into the sector where the highest population dose would occur. 

I The highest dose sector was determined by calculating the population dose for 
1 

each sector and then selecting the sector with the highest population dose. 
I 

Only the dose to the general public is calculated; doses to workers at the ' repository will be treated in the forthcoming preliminary safety analysis 
report . 

I Results 
I 

The dose commitments resulting from the accident scenarios for CH TRU 
waste are presented in Table 9-25 for individuals and Table 9-26 for the 
population. Since most of the exposure due to the CH TRU waste results from 
the direct inhalation of radionuclides, the values in the tables are dose 
commitments. The greatest percentage of the dose commitments results from 
plutonium, 

The CH-TRU-waste scenario involving an underground fire (C22) would have 
the greatest impact; nevertheless, the impact on the general public would be 
negligible. Consider the bone-dose commitment for a person living at the 
James Ranch. Should an accident like C22 occur, this person would receive 
1.1 x 10'8 rem to the bone over a 50-year period. During 50 years, how- 
ever, natural background radiation will contribute a dose of 5 rem to the 
bone. The dose from the accident would be a small fraction of the naturally 
occurring background exposure. None of the hypothesized scenarios for CH TRU 
waste could result in a significant dose to the public. 



Table 9-25. Dose and Dose Commitment Received by a Person Living at the 
James Ranch 

Dose or dose commitment ( rem) 
Accident scenario Bone Lung Whole body Skin Thyroid 

CH Area 
Surface fire (C7) 
Surf ace container 
failure ((210) 

Hoist drop (C-13) 
Underground fire (C22) 

RH Area 
Surface fire (R11) 
Hoist drop (R15) 

RH TRU waste 
Experimental HLW 
Spent fuel 

Underground f i re (R21) 

Natural backgroundb 
5-hour jet flightC 

a5.5-9 = 5.5 x 10-9 
b~ata from the National Council on Radiation Protection and Measurements 

(NCR?, 1975). 
C~id-Latitudes at 38,000 feet. 

Table 9-26. Dose and Dose Commitment Received by the Population in the 
Worst sectora 

Dose or dose commitment (man-rem) 
Accident scenario Bone Lu: 3 Whole body Skin Thyroid 

CH Area 
Surface fire (C7) 
Surf ace container 
failure (C10) 

Hoist drop ((213) 
Underground fire (C22) 

RV Area 
Surface fire (R11) 
Hoist drop (R15) 
RH TRU waste 
Experimental HLW 
Spent fuel 

Underground fire (R21) 

Natural background 

a28 ,700 people live in the "worst sector ." 
b1.3-5 = 1.3 x 10-5. 



The results of accidents involving RH TRU waste are also presented in 
Tables 9-25 and 9-26. The pathway of importance for HI TRU waste and experi- 
mental high-level waste is the direct inhalation of radionuclides; the path- 
ways of most importance for spent fuel are air immersion and inhalation. 
Since these important pathways include both internal and external exposures, 
Tables 9-25 and 9-26 report values for both doses and dose commitments. For 
RH TRU waste and experimental high-level waste, the most significant nuclides 
are cobalt-60, strontium-90, cesium-137, plutonium isotopes, americium-241, 
and curium-244; for spent fuel the most significant nuclides are krypton-85, 
tritium, and iodine-129. 

The scenario involving spent fuel (R15) has the greatest impact. The dose 
to the lung of an individual at the James Ranch would be 0.00001 rem. This 
value is, however, many orders of magnitude smaller than the corre- sponding 
50-year dose from natural background radiation, which is 9 rem. Furthermore, 
it would take 300 years of exposure at the James Ranch to equal the whole-body 
dose received by a person during a 5-hour jet-plane trip. 

Two additional organs, skin and thyroid, are included for the spent-fuel 
radionuclides. The air-immersion pathway for krypton-85 would result in an 
increased external dose to the skin. The annual skin dose for the individual 
at the James Ranch would be 0.00022 rem.  his number may be compared to an 
annual natural-background-radiation dose to the skin of approximately 100 
mrem. The thyroid dose comes from iodine-129. The person living at the James 
Ranch would receive a 0.000032-rem dose commitment to the thyroid. The 
50-year thyroid-dose commitment from natural background radiation is 4 rem. 

Judged by comparison to doses received from natural background radiation, 
the doses to the general public that would result from any of the accident 
scenarios are very small. 

In addition, waste-acceptance criteria, engineering design of waste can- 
isters, and engineering design of fire-protection systems in the mine-storage 

I rooms are expected to prevent fires or at least limit their extent so that the 
scenarios involving fire can be disregarded. The maximum impact is not 
changed by eliminating the scenarios involving fire; however, half of the 
credible scenarios are eliminated. 

The impacts discussed above assume that the HEPA filters function prop- 
erly. If for some unforeseen reason, however, the HEPA filters were not 
working, most of the impacts would be increased by a factor of lo6 because 
credit could no longer be taken for the lo6 filter factor. The exception is 
the spent-fuel accident; the gases from spent fuel are not filtered at any 
time, and hence their impact would not increase. The doses and dose commit- 
ments incurred are presented in Table 9-27. 

Without the HEPA filters , the underground-f ire scenario would provide the 
greatest impact. The dose commitment to the person living at the James Ranch 
would be 0.072 rem to the bone. This value is still well below background 
levels; the dose commitment of 0.072 rem is only 1.5% of the 50-year dose from 
natural background radiation. If engineering design precludes fires, the most 
serious accident will then be the spent-fuel hoist drop. The impact of this 
scenario is about the same as that of the fire. 



Table 9-27. Dose and Dose Commitment Received by a Person Living at the 
James Ranch if HEPA Filters Are Not Functioning 

Dose or dose commitment (rem) 
Accident scenario Bone Lung Whole body Skin Thyroid 

CH Area 
Surface fire (C7) 5.5-3 a 2.7-4 1.3-4 
Surface container 
failure (C10) 3.2-5 2.0-6 1.0-6 

Hoist drop (C13) 7.8-3 3.9-4 1.8-4 
Underground fire (C22) 1.1-2 5.5-4 2.6-4 

RH Area 
Surface fire (R11) 
Hoist drop (R15) 
RH TRU 1.9-3 1.5-4 8.7-5 
Exper imental HLW 2.5-2 2.4-3 1.5-3 
Spent fuel 7.0-2 3.7-3 2.2-3 2.2-4 7.2-4 

Undergroundfire (R21) 7.2-2 5.7-3 3.3-3 

Natural backgroundb 5.0 9.0 5.0 0.1 4.0 
5-hour jet flight 
at 38,000 feet 2.5-3 

a5.5-3 = 5.5 x 10'~. 
b~ata from the National Council on Radiation Protection and Measurements 

(NCRP, 1975). 

9.3.2 Monradiological Accidents Affecting the Environment 

Accidents that might affect the environment without dispersing radio- i l  

nuclides are releases of chemicals, fuels, or other toxic materials as a 
l 1  

result of chemical explosions, Eire, or structural damage. While some such 
I 

I 

accidents could be caused by natural events, this section discusses accidents I 
that might occur during the handling of materials inside the repository. The ' I  i I 

potential for these accidents will be reduced by facility design, including I 1 

surEace structures hardened to prevent the release of radioactivity, fire- , 
protection systems, the isolation of hazardous materials, and protective dikes I 

and berms. Preparing contingency plans and being ready with cleanup proce- I 

dures will Eurther reduce the possibility of affecting the environment. I 

Explosive, flammable, or toxic materials that may be released as a result I 

of an accident include sodium hypochlorite, used in wastewater- and potable- 
water treatment; hydrogen gas, hydrogen chloride, and chemicals used in on- 

1 

site experiments; and diesel Euel for standby power generators and waste 
transporters. It is not known at present how much of these materials will be 
stored at the site. Since only a health-physics laboratory will be located at 
the site, it is anticipated that the laboratory chemical supplies kept at the 
site will not be large enough to pose a hazard. Furthermore, all potentially I 



hazardous materials to be kept at the site will be stored in such a way as to 
minimize environmental hazards, as shown by the following examples : 

1. Sodium hypochlorite will be stored in an open area in reinforced con- 

- tainers. State fire and safety codes for the use of this chemical in 

$ water treatment will be followed. The rupture of a container will not 
itself result in an environmental effect. However, on exposure to 

-% heat (e.g., sunlight) the sodium hypochlorite will release chlorine 
gas. Since the storage area will be open, any chlorine gas released 
would be diluted and dispersed. 

I + . - . % - 2. Hydrogen gas and other explosive or combustible laboratory materials 
I will be stored in clearly marked modular containers in a well- 
I ventilated area to prevent buildup to explosive concentrations. 

I 

3. Diesel fuel will be stored in a tank surrounded by a dike that will 
, contain any leakage from the tank. 

4. Corrosive chemicals such as hydrochloric acid will be stored in 
clearly labeled corrosion-resistant containers. 

These precautions will preclude hydrogen gas explosions and prevent the 
spread of flmable or toxic material in quantities or concentrations suffi- 
cient to endanger the health and safety of the public. 

9.3.3 Effects of Natural Forces 

9.3.3.1 Earthquakes 

All surface buildings and systems that are essential for the safe handling 
of radioactive waste are designed to withstand any earthquake accelerations 
that might be expected to occur at the site during the life of the facility. 
Therefore earthquake-induced releases of radioactivity to the environment are 
not likely (the effects of other accidental releases of radioactivity are dis- 
cussed in Section 9.3.1). 

1 Strong earthquakes may damage other surface structures (the evaporation 
pond and sewage-treatment plant, the mined-material disposal systems, the , 

I administration building, and other support structures), but failure of these 
I structures and systems would not affect the buildings and systems designed to 
I 
I withstand earthquakes. The failure of the structures and systems might result 
I in the release of sewage, fuels, or chemicals, but this would not cause an 
I 
I off-site effect since the soil would absorb any spillage. There is a possi- 
I 

bility of fire in such an event, but firefighting equipment and procedures I 
I would be available to quickly control any fires. 

I 
I Very little is known of the effects of earthquakes underground; they are, 

however, expected to be less severe than those on the surface. The most 
I 

adverse impact would be a cave-in, which would be handled in the same manner 
I 

as any other mine cave-in with respect to personnel survival. If retrieval of 
buried wastes were required, it would be carried out as described in Section 
8.11. 



9.3.3.2 Thunderstorms 

Thunderstorms, with their high winds, heavy precipitation, hail, and 
lightning, can cause destruction; the damage, however, is usually less than 
that caused by tornadoes. 

High winds and their possible effects are discussed in Section 9.3.3.3. 
All structures essential to the safe operation of the repository are designed 
to withstand winds with speeds of up to 183 mph. However, high winds may dis- 
perse mined material over a larger area than normal. 

Hail is not a significant environmental problem. All structures necessary 
for radiologically safe operation are designed to withstand the impact of a 
tornado-driven missile, and the impact of a hailstorm would be trivial in 
compar i son. 

Large amounts of precipitation within a short period of time may be of 
concern. The average annual rainfall for southeastern New Mexico is only 13 
inches. However, a maximum 24-hour rainfall of 5 to 6 inches can be expected 
about once in 100 years. At the site, rainfall soaks into the sandy ground 
very quickly, and only occasionally dose a severe storm produce enough rain to 
cause water to flow over the ground surface. Because the nearest perennial 
stream, the Pecos River, is 14 miles from the site, floods caused by heavy 
precipitation will not occur. A minor concern is the washoff and wind dis- 
persion of the mined material on the conveyor. The mined-rock pile will be 
protected from runoff by a ditch. 

9.3.3.3 Tornadoes 

All surface buildings and systems essential for the safe handling of 
radioactive waste are designed to resist tornado-force winds, tornado-driven 
missiles, and sudden pressure changes. A tornado would damage other buildings 
and scatter some of their contents; it would also scatter material in the 
open, such as salt from the mined-rock pile and liquids from the sewage pond, 
but this damage would not affect the tornado-resistant buildings. 

Access to the underground storage areas can be gained through the four 
shafts that link the underground storage areas to the surface and therefore to 
surface events such as tornadoes. A tornado produces a sudden drop of surface 
atmospheric pressure, which might disrupt the ventilation system and cause 
some damage to ventilation equipment. The exhaust fans will not be affected 
by a tornado because they are in tornado-resistant structures. Since all air 
leaving the underground storage areas would continue to be filtered, no radio- 
active materials would enter the atmosphere. 
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9.4 ECONOMIC AND SOCIAL EFFECTS O F  PLANT CONSTRUCTION AND OPERATION 

9.4.1 P r o j e c t  D e s c r i p t i o n  a n d  S e t t i n g  

The soc ioeconomic  i m p a c t s  d i s c u s s e d  h e r e  a r e  based  on  t h e  c o n c e p t u a l  de- 
s i g n  f o r  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 r e f e r e n c e  r e p o s i t o r y .  
The i m p a c t s  and t h e i r  d i s t r i b u t i o n  have  been computed by economic mode l ing  
t e c h n i q u e s  t h a t  used  a n  i n p u t - o u t p u t  p r o c e d u r e  w i t h  a s u b s t a n t i a l  e f f o r t  i n  
on- s i  t e  i n s p e c t i o n .  

Two communi t ies  have  been c l o s e l y  a n a l y z e d  f o r  s u b s t a n t i a l  impac t :  
C a r l s b a d  i n  Eddy County  and Hobbs i n  L e a  County--the o n l y  t w o  s i z a b l e  com- 
m u n i t i e s  c l o s e  to t h e  r e f e r e n c e  s i t e .  Two s c e n a r i o s  have  been d e v e l o p e d  f o r  
t h e  a n a l y s i s :  s c e n a r i o  I assumes maximum impac t  on  C a r l s b a d ,  w h i l e  s c e n a r i o  
I1 d e a l s  w i t h  a h i g h e r  impac t  on  Hobbs t h a n  is assumed i n  s c e n a r i o  I.  Both 
s c e n a r i o s  d e a l  w i t h  t h e  h i g h e s t  l e v e l s  o f  e x p e c t e d  impact .  

T h i s  a n a l y s i s  assumes t h a t  t h e  c o n s t r u c t i o n  o f  t h e  r e p o s i t o r y  w i l l  b e g i n  
i n  mid-1981 and end  l a t e  i n  1984.  D u r i n g  t h a t  time, t h e  number o f  c o n s t r u c -  
t i o n  worker s  i n  t h e  s u r r o u n d i n g  l a b o r - m a r k e t  area w i l l  i n c r e a s e .  An under- 
g r o u n d - c o n s t r u c t i o n  p h a s e ,  s i m i l a r  to a mine  development  o r  m i n e - c o n s t r u c t i o n  
o p e r a t i o n ,  w i l l  t a k e  p l a c e  c o n c u r r e n t l y  w i t h  t h e  s u r f a c e - c o n s t r u c t i o n  phase .  

I n  a d d i t i o n  to t h e  worker s  employed by t h e  c o n s t r u c t i o n  c o n t r a c t o r  or 
s u b c o n t r a c t o r s ,  c e r t a i n  employees  o f  t h e  F e d e r a l  Government, S a n d i a  Labora- 
tories,  and  t h e  Wes t inghouse  E l e c t r i c  C o r p o r a t i o n  a r e  e x p e c t e d  to b e  main- 
t a i n e d  i n  t h e  local a r e a .  Whi le  t h e  number o f  t h e s e  employees  w i l l  v a r y  over  
time, it w i l l  i n c r e a s e  a s  t h e  c o n s t r u c t i o n  p h a s e  p r o c e e d s .  To s i m p l i f y  t h i s  
a n a l y s i s ,  t h e s e  i n d i v i d u a l s  and t h e i r  impact on t h e  economy w i l l ,  u n l e s s  
s t a t e d  o t h e r w i s e ,  be i n c l u d e d  i n  r e f e r e n c e s  to c o n s t r u c t i o n  a c t i v i t y .  

I , A s  a r e s u l t  of  t h e  c o n s t r u c t i o n  a n d  m i n i n g  a c t i v i t i e s ,  i n d u s t r i e s  s e r v i n g  , 
I t h e  p o p u l a t i o n  and t h o s e  s e r v i c i n g  o t h e r  b u s i n e s s e s  (ma in ly  some manufac tu r -  
I 

i n g ,  s e r v i c e ,  and w h o l e s a l e  o p e r a t i o n s )  w i l l  e x p e r i e n c e  i n c r e a s e s  i n  b u s i n e s s  
volume and t h e  need f o r  a d d i t i o n a l  employees .  

, 
I The soc ioeconomic  a n a l y s i s  a s sumes  t h a t  t h e  impac t  w i l l  be  s p r e a d  o v e r  
I b o t h  Eddy and Lea C o u n t i e s .  A s u r v e y *  of l a b o r - l o c a t i o n  p a t t e r n s  f o r  t h e  

p o t a s h  i n d u s t r y  i n  t h e  a r e a  o f  t h e  s i t e  shows t h a t  a p p r o x i m a t e l y  88% o f  t h e  
I 

I w o r k  f o r c e  l i v e s  i n  C a r l s b a d ,  11% i n  t h e  r e m a i n i n g  p o r t i o n s  o f  Eddy County,  
I 
I a nd  a p p r o x i m a t e l y  1% i n  Lea County .  F o r  s c e n a r i o  I ,  t h e  d i r e c t  impac t  o f  
I c o n s t r u c t i o n  and o p e r a t i o n  is assumed to f o l l o w  t h i s  e s t a b l i s h e d  p a t t e r n ,  
, w h i l e  t h e  i n d i r e c t  i m p a c t  is s p r e a d  as f o l l o w s :  80% to  C a r l s b a d ,  10% to areas 
I o u t s i d e  C a r l s b a d  i n  Eddy Coun ty ,  and  t h e  r e m a i n i n g  10% to L e a  County.  

I 
I A s u r v e y  o f  t h e  l a r g e  min ing  compan ies  i n  t h e  a r e a  r e v e a l e d  t h a t  o n e  com- 
1 pany had a s i g n i f i c a n t l y  d i f f e r e n t  e m p l o y e e - l o c a t i o n  p a t t e r n .  T h i s  company 

I 

1 *This  a n a l y s i s  is based  on p e r s o n a l  i n t e r v i e w s  w i t h  c o u n t y  c l e r k s  i n  Lea 
County  ( F e b r u a r y  1 9 7 8 ) ,  Eddy County  ( F e b r u a r y  1 9 7 8 ) ,  Loving County  ( F e b r u a r y  

I 

, 1 9 7 8 ) ,  Wink le r  County  (March 1 9 ,  1 9 7 8 ) ;  U.S. G e o l o g i c a l  Survey ,  v a r i o u s  maps; 
Bureau o f  Land Management l a n d - u s e  maps; New Mexico Highway Depar tmen t ,  
P l a n n i n g  D i v i s i o n ,  Q u a d r a n g l e s  o f  t h e  S t a t e  o f  N e w  Mexico, 1963 a n d  1965. 



had recruited through offices in Hobbs. The employee-location distribution 
for this company served as a model for scenario 11, which indicates that Lea 
County, particularly the city of Hobbs, will receive a greater impact from 
WIPP construction and operation. The distribution of direct and indirect 
impacts for scenario I1 is as follows: Eddy County, 58%, with Carlsbad 
receiving 54%; and Lea County 42%, with Hobbs receiving 36%. 

Procedures used to project employment, population, housing, income, and 
other socioeconomic effects are explained in Appendix L. 

9.4.1.1 General Economic Impacts of the WIPP Reference Repository I 

As construction ends and the repository becomes operational, the economic I 
I 

impact will change significantly. Beginning in 1985 some $35.6 million will I 
be spent annually for the operation phase; only $14.3 million will directly I 

affect the area economy. The total local economic impact of the operation , 

phase, both direct and indirect, will amount to almost $30.5 million annually. I 

During repository construction, approximately $224.6 million will be ex- 
pended for labor, equipment, and other construction costs, including expendi- 
tures for associated nonconstruction activities.* The economy of Eddy and 
Lea Counties will receive $95.9 million in direct new expenditures (labor and 

9.4.1.2 Other Events with Economic Impact 1 

, 
1 

In November 1977, Beker Industries and the Duval Corporation announced 
decreases in their Carlsbad-area labor forces of 100 and 200 employees, re- 

. '  spectively. These two events loosened up the labor market in Carlsbad in 
' 

terms of future activity within the area. 
i' - ' <-? 

local procurements). Throughout the construction phase an estimated addi- I 

tional $32.7 million will impact the economy of the two counties by associ- I \  
ated nonconstruction activities. This figure covers labor costs and local 1 1  

procurements. Thus, the total direct impact from both construction and asso- I 

ciated nonconstruction activities will be $128.6 million during the 3.5-year 
construction period. Indirect effects in the private sector will total an 

I 

estimated $115 million. The greatest local economic impact (direct and in- 1 

I 
direct) during a single year is expected to be about $94 million during the I 

third year of construction (1983). I I 

The Brantley Dam, an earthen dam to be built on the Pecos River between 
Artesia and Carlsbad, will begin construction just before 1980. It will 
probably take 3 to 4 years to complete and will employ fewer than half the 
workers expected on the WIPP project. Many of the workers will be heavy- 
equipment operators. Its construction period will overlap the beginning of 
WIPP construction, thus having some effect on the overall availability of 
labor in the Carlsbad area. This fact has been recognized in computing in- 
formation for the WIPP reference repository. 

*Unless otherwise stated, all dollar figures are in constant 1978 dollars. I 



Q -* 9 . 4 3  Employment 
+? 
;-2 

Much of the information presented in this subsection is summarized in 
Table 9-28, which shows, for each year of construction and operation, the 
number of jobs supported by the WIPP repository and the number of newcomers 
to the two-county area. These projections end in 1987 because it is assumed 
that the impact of repository operation will be static by then. 

Jobs directly connected with the WIPP repository have been estimated from 
information supplied by Sandia Laboratories, the Bechtel Corporation, and the 
westinghouse Electric Corporation. Jobs indirectly supported by construction 
and operation have been computed by a region-specific (Eddy and Lea Counties) 
input-output modeling process (see Appendix L) . 

I Construction phase 

Construction is expected to take 42 months, beginning in mid-1981. It is 
expected that by the end of 1981 approximately 588 new jobs will have been 
created by the construction phase and associated nonconstruction activities. 
Of this number, just more than 500 jobs will be directly related to construc- 
tion, while just more than 80 jobs will be connected with the associated non- 
construction activities within the area. Average employment for the 6-month 
period has been established at approximately 284 construction-related jobs 
and 60 nonconstruction-related jobs. 

During 1982 employment is expected to increase dramatically. It is ex- 
pected that by the end of the year, just more than 1100 new positions will 
have been created by both the construction phase and the associated noncon- 
struction activities in the area. Average employment during 1982 will be 
approximately 700 jobs in constructicn and 149 jobs in associated noncon- 
struction positions. 

In 1983 employment is expected to reach a peak. Direct construction- 
activity jobs are expected to peak in mid-1983 at just fewer than 1100. 
Associated nonconstruction positions should increase throughout the year, 
numbering approximately 325 by the end of 1983. Combined employment for con- 
struction and associated nonconstruction is expected to reach just more than 
1380 by the end of 1983. The average number of construction jobs in 1983 
should be just fewer than 1040, while the average for nonconstruction jobs 
should be approximately 270 for the year. 

Because construction is expected to be completed by the end of 1984, the 
number of construction positions should decrease throughout the year. Aver- 
age employment in construction for 1984 is estimated to be 550. Associated 
nonconstruction jobs, however, will increase throughout 1984, with the aver- 
age number of jobs estimated to be 389. By the end of 1984 an operational 
level of 440 jobs is expected to be reached. 

aased on survey information on construction workers (Old West Regional 
I 
I Commission, 1975) and an inspection of job-applicant data for Eddy and Lea 

Counties from the State Office of Employment Security, projections suggest 
that approximately 56% of the workers directly employed in construction will 
be persons not now residing in the area; the remaining 44% will be drawn from 
the labor force in Eddy and Lea Counties. 



Table 9-28. Yearly Averages of the Numbers of Jobs Supported by the WIPP Reference 
Repository, Lea and Eddy Counties 

Year 
Direct jobs--construction per iod Indirect Total Newcomers 

Surf ace Mining Nonconstruction Subtotal Jobs Jobs per yeara 

Direct jobs--operation period 
Surface Mining Storage Subtotal 

1987 286 109 4 9 4 44 661 1,105 0 

%sin (or loss) of population in the two-county area resulting from the reference repository. 



The number of indirect, or spinoff, jobs supported by the construction 
and associated nonconstruction activities of the repository will vary signif- 

. icantly during the 3.5-year construction period. The maximum impact on spin- 
off, or indirect, jobs is expected to occur in 1983. The number of these 
jobs to be filled by newcomers migrating to the area because of the WIPP 
repository is difficult to determine. However, the area is now experiencing 
a significant population growth that is expected to continue. Therefore, the 
assumption has been made that approximately half the jobs created indirectly 
by construction will be filled by newcomers attracted by the opportunities in 
construction. 

During construction, the unemployment rate in the two-county area should 
drop substantially, to approximately 3.5%. This is not unusual for these 
counties: in 1976 Lea County experienced monthly unemployment rates as low as 
3.1% and an overall average of 4.3% for the year. During the 1960s, when 
economic conditions in the two-county area were somewhat depressed, the unem- 
ployment rate was 3.8% in 1963 and as low as 2.8% in 1968 (ESCNM, 1970-78). 
However, a level of 3.5% characterizes an area with a labor shortage, given 
current unemployment rates and conditions throughout New Mexico and the 
United States. 

Operation phase 

As operation begins and construction is completed, population and employ- 
ment characteristics will change significantly. The number of workers will 
decrease; repository operation will directly employ an estimated 444 persons. 

I Most of these (286) will be directly connected with the general operation of 
the plant, while 109 persons will work on continuing mining operations, and 
approximately 49 in the ongoing storage operations. In addition, approxi- 
mately 661 jobs will be supported indirectly. 

Therefore, the total number of jobs both directly and indirectly created 
, by the operation phase will be about 1,105. This level is expected to be 
I achieved by the end of 1984. 

The nature of the operational jobs will require a significant training 
period for the operational personnel, who will be hired throughout the con- 
struction period to be trained by the operating contractor. Thus, the ex- 
pected level of operational employment (444) will be reached by the end of 
1984. While radioactive waste will not be received until 1986, the 444 
workers will be employed in "shake-down" operations, whose impact on the 
economy will be the same as that of actually storing radioactive waste during 
the first year of operation. 

Several important aspects should be noted concerning the operational 
phase. In economic terms, the operational impact will be significantly 
smaller than the impact of construction. Moreover, the shuffling of popu- 
lation caused by losses of construction and mine-development jobs and gains 
in operation jobs will occur from 1984 through 1986. Thus, significant in- 
migration and outmigration will result, not only because the number of jobs 
will change but also because the required skills will change. 

Studies of large construction projects have shown a lag in the out- 
migration of individuals once a project has been finished. It is therefore 
expected that the unemployment rate may increase by 0.5 to 1.0% for 



1 to 2 years af ter construction is complete. Because of the expected lag, 
and the influx of individuals to the operational jobs, the population loss 
during 1984 will be relatively small. In the following years, however, it is 

I 
expected that many will seek employment elsewhere, causing more than 1800 
people to move out of the two-county area. Total population there may drop 
slightly or fail to grow during 1985. 

9.4.1.4 Personal I ncome 

Construction phase 

During repository construction, more than $84.8 million in new personal 
income will flow into the two-county economy in direct wages and salaries 
from construction and associated nonconstruction activities. In addition, 
about $36.1 million in wages and salaries will come from businesses indi- 
rectly affected. 

Personal income from interest, dividends, and rent will add another $19.5 
million during the 3-year-plus period. About $141 million will be derived 
directly and indirectly in the private sector from repository construction 
through 1984. In the public sector, about $6.1 million in personal income 
will result from increased activity in the area and the additional State- and 
local-government employment required for support. Thus the total personal 
income added to the area during construction will be $146.5 million over 3 to 
4 years. However, net loss from transfer payments (generally Social Security 
payments) will decrease this to $138.9 million. 

Operation phase 

The personal income to be derived from repository operation will be sig- 
nificantly less than that derived during construction. As explained in Sec- 
tion 9.4.1.1, the amount of new money flowing directly into the economy 
during a normal year of operation will be approximately $14.3 million. 
Although this amount may vary with expenditure patterns in repository oper- 
ation, this study uses a constant figure of $14.3 million. This figure is 
significantly different from the local direct expenditures of more than $29.0 
million during the peak year of construction. Because the direct impact is 
lessened, clearly the personal-income impact will be lessened. 

The estimated $14.3 million annual flow directly associated with reposi- 
tory operation will affect new personal income as follows: (a) approximately 
$9.1 million will be realized from direct wages and salaries; (b) another 
$4.8 million will come from wages and salaries in businesses indirectly 
affected; (c) about $0.8 million per year will be derived from government 
expenditures; (dl about $2.3 million will come from dividends, interest, and 
rents. During the first years of operation, net transfer payments will be 
negative, and later they will have a net positive effect. Because of this 
balancing effect, transfer payments for an average year have been considered 
neutral. The net result, therefore, will be an increase in total personal 
income of approximately $17.0 million annually. 



personal-income distribution: scenario I 

Carlsbad will receive approximately $117.6 million (net) of the addi- 
tional personal income generated by repository construction; other areas 
inside Eddy County but outside Carlsbad will receive nearly $14.7 million. 
~dditions to total personal income in Lea County will amount to about $6.6 
million. These impacts will be spread over a 3- to 4-year period. During 
the operation phase, the annual personal income impact on Carlsbad is ex- 
pected to be $14.3 million. Total countywide impact (including Carlsbad) 
will be $16.1 million. Lea County should receive $0.9 million annually. 

personal-income distribution: scenario I1 
- 

In scenario 11, in which more of the impact goes to Hobbs, $58.3 million 
in new personal income will flow into Lea County during construction, with 
$50.0 million of this entering the economy of ~ o b b s  and the remainder going 
to areas in Lea County outside Hobbs. While the impact on Eddy County in 
scenario I1 is significantly lower than that in scenario I, the total income 
flow during construction is still substantial: $80.6 million. Of this 
amount, $75.0 million will directly enter the economy of the City of 
Carlsbad, with the remainder going to other parts of the county. 

As operation begins, the impact will be substantially decreased, with new 
personal income totaling approximately $7.1 million annually in Lea County 
and $6.1 million in Hobbs. The annual impact in Eddy County is slightly 
higher, with $9.9 million for the county and $9.2 million for the City of 
Carlsbad. 

9.4.2 Population 

9.4.2.1 Population Growth 

During the first year of repository construction (1981) approximately 600 
persons will migrate to the area as a result of construction and other 
repository-induced activities (Table 9-29). In 1982, an additional 1200 
people will be attracted, and in 1983 the construction phase will bring in an 
additional 1250 immigrants. Thus, the 3-year cumulative (1981-1983) total 
addition to the population of the two-county area will be 3050 people. As 
the construction effort phases down in 1984, a loss of about 400 persons is 
expected. 

The beginning of operation in 1985 should result in a loss of 1150 immi- 
grants directly or indirectly associated with the WIPP. It is projected that 
approximately 300 people will leave in 1986, producing a total population 
loss of 1850 due to the completion of construction; this net change in popu- 
lation should remain constant throughout operation at 1200. 

Interviews with city officials (C. Tabor, City Manager, Carlsbad, 1978; 
K. Gleason, Assistant City Xanager, Hobbs, 1978) indicate that both Carlsbad 
and Hobbs will be able to accept the growth associated with the repository. 
Both cities have departments or agencies that carry on planning and associ- 
ated functions and approve new subdivision development. 



Table 9-29. population Migration Resulting from Jobs Directly and Indirectly 
Related to the WIPP Reference ~epository~ 

Direct jobs Indirect jobs Total jobs 
Annual Cumulative Annual Cumulative Annual Cumulative 

Year migration migration migration migration migration migration 

2 0 10 0 6 50 0 550 0 1200 

a~opulation rounded to the nearest 50 persons. 

Distribution of population: scenario 1 

As explained in Section 9.4.1, scenario I reflects the current patterns 
of place-of-residence choices of potash-company employees in the area; most 
of the WIPP-induced population change occurs in Eddy County. In 1981, 600 
people will move into the two-county area because of construction. Most are 
expected to locate in Eddy County, with Carlsbad housing more than 500 new 
residents. Lea County is expected to receive fewer than 50 people in 1982 as 
a result of the project. The impacts in 1982 and 1983 are somewhat differ- 
ent. In 1982, another 1200 newcomers are expected in the two-county area. 
Most of these people (1125) will locate in Eddy County. Carlsbad should 
receive about 1000 new residents, while in Lea County new residents will 
number between 50 and 100. The pattern in 1983 will be similar, with 1250 
new residents in the two-county area. 

The construction and operation of the repository will exert maximum p o p  
ulation impact on Eddy County in 1984, with a total of 3050 new residents; 
2580 will locate in Carlsbad. The maximum impact in Lea County is projected 
at 150 new residents in 1983, with fewer than 100 during operation. 

I 

Overall population levels with WIPP-induced population changes under sce- I 

nario I are indicated in Table M - 1  of Appendix M. 

Distribution of population: scenario I1 

While the number of people migrating to the two-county area is the same 
in scenario I and 11, the distribution of population is significantly dif- 
ferent. Of the 600 immigrants attracted by the WIPP in 1981, about 350 will 
locate in Eddy County and 250 in Lea County. Carlsbad and Hobbs will receive 
320 and 220 new residents, respectively. 

The second year of construction will bring in another 1200 people: 500 
into Lea County and 700 into Eddy County. Hobbs will receive an expected 
additional 430 people; Carlsbad should receive approximately 650. In 1983 an 
additional 1250 people should be attracted by construction; these people will 
be distributed between counties in about the same pattern. 



The peak population impact on Lea County and Hobbs will occur in 1983, 
with 1280 new county residents, 1100 of whom will locate in Hobbs. After 
the transition from construction to operation, the net population addition to 

4" Lea County is projected at 500 people, with Hobbs receiving 430. In ~ d d y  
- county the net population increase due to the impact of the operation phase 9 *. 

7 

."; should reach 700, with some 650 locating in Carlsbad. Population projections 
. for the area under scenario I1 conditions are indicated in Table M-2 of 

Appendix M. 

9.4.2.2 Population Within 10 and 50 Miles 

Population within 10 miles of the site is expected to change little in 
the foreseeable future. Only one new permanent residence is planned for con- 
struction, about 8 miles west-southwest of the site (Mobley, personal inter- 
views, 1978) . 

Mining employment within 10 miles of the site may vary significantly with 
the national market for potash or with the level of existing mining opera- 
tions. However, the outlook for New Mexico potash demand and the current 
level of operations do not appear to dictate any large changes in the commer- 
cially associated daytime population within the area. The population associ- 
ated with the many oil and gas wells in the area varies from day to day and 
is difficult to predict. 

Within the 50-mile radius, the population is expected to increase sig- 
nificantly at certain locations. The SO-mile radius includes parts of three 
counties in New Mexico and parts of six countiesin Texas. The population 
change in Lea and Eddy Counties through the year 2000 will be concentrated in 
incorporated population centers previously identified. 

Tables M-3 through M-9 in Appendix M show the anticipated population 
within 50 miles of the site in 1980 (1 year before construction begins), in 
1990, in 2000, and in 2010. Many of the areas show extremely low population 
figures. Accurate forecasting for these areas is impossible since a vari- 
ation of less than 100 people causes a high percentage variation in popula- 
tion figures. The population change for these sparsely populated areas is 
based on trends established in areas within the counties outside of incorpor- 
ated places and a continuation of activity now existing within each of the 
defined radius sections. Between 1980 and 2000, the population within the 
50-mile radius is expected to increase by just more than 47,000 persons, or 
about 47% during the 20-year period. The WIPP project, however, will account 
for less than 3% of the total growth during that time if, in fact, the popu- 
lation levels projected for those time periods are accurate. 

9.4.3 Social Structure 

As discussed in Section 9.4.1, the WIPP reference repository will account 
for only a small part of the growth in Eddy and Lea Counties. For this rea- 
son, it will have little effect on the social and cultural institutions of 
the two counties. 



The most widely recognized negative results that the public expects from 
a large construction project are strains on public services, housing short- 
ages, and increased crime resulting from an influx of "rough" construction 
workers. While repository construction will create a temporary housing 
shortage, it will place no appreciable strain on public services; nor will 
it attract large numbers of outsiders compared to the existing population. 
Those who do migrate to the area will probably be people of similar back- 
grounds, occupations, and transiency. In terms of their probable concerns, 
area residents can anticipate more jobs, more business opportunities, and a 
temporary housing shortage. 

The WIPP may affect some classes and ethnic groups slightly more than 
others, but it will have relatively little effect on the region's community 
organizations or political activities. 

9.4.3.1 Sociocultural Impacts 

The composition of income and occupational groups in Lea and Eddy Coun- 
ties will probably change little as a result of population increases attribu- 
table to the WIPP. First, WIPP will cause only a relatively slight increase 
in population. Second, many of the new residents will be working-class peo- 
ple with occupations much like those of residents now in the area. However, 
the project will bring with it some individuals having scientific or tech- 
nical backgrounds not currently found in the area. 

Workers in Eddy and Lea Counties probably will not benefit from the WIPP 
quite as much as property owners, but the difference will be relatively 
slight. While private-wage and salary and government workers compose 90% of 
the employed in both counties, direct and indirect wage and salary plus all 
public-sector income generated by construction and operation is expected to 
be 87% of the total, with the remaining 13% going to property in the form of 
interest, dividends, and rents. (Some wage and salary workers may be the 
beneficiaries of increases in interest, dividends, and rents.) 

Many WIPP employees, primarily miners, may be affiliated with a union. 
One of the several unions that represents potash and other workers in Eddy 
County might be expected to organize the workers, although the workers may 
choose to affiliate with a union new to the area. In either case, the WIPP 
should not change the importance of organized labor in the region. 

9.4.3.2 Churches and Other Community Organizations 

The influx of workers and their families will cause little increase in 
the number and types of churches and community organizations or in the mem- 
berships of existing organizations. The relatively small population incre- 
ment is one reason. Another is that the new people, mostly blue-collar 
workers, will tend to join few organizations other than churches, which will 
probably show the greatest increases. The newcomers, if drawn from adjacent 
labor-market areas, will probably tend to be Baptists and fundamentalists; 
the large number of small churches will probably absorb virtually all of them. 



9.4.4 Private Sector 

~lthough the private sector is strong in both Lea and Eddy Counties, its 
economic base is rather narrow, with most economic activities centering on 
mining. In Lea County the oil-and-gas industry is more active than any other 
industrial sector; in Eddy County potash mining is the most active sector. 
~etail trade and services (normally nonbasic sectors) are also partly a basic 
industry in Eddy County because of the heavy tourism attracted by Carlsbad 
Caverns. Other basic industries in the area, such as agriculture and manufac- 
turing, are substantially less active than mining. 

.. 
9.4.4.1 Industrial Activity 

'I 

I During repository construction, certain industries in Lea and Eddy Coun- 
ties are expected to become more active. Because the WIPP will need highly 
specialized equipment, much of the construction materials and nearly all of 
the technical equipment will be purchased outside the area. However, basic 

I 
materials (sand and gravel, rock, certain electrical products, and concrete) 
can be purchased in the area. It is anticipated that construction will bring 
in approximately $8.4 million in new business to the manufacturing sector in 
the two-county area (Table 9-30). 

As the project moves from construction into operation, its effect on the 
various economic sectors in the two-county area will change significantly. 
The operational phase will be similar to a warehousing operation with one 
important exception: the mining operations will continue. 

During repository operation, the impact on local manufacturing is expected 
to be minimal. Examples of businesses that would experience some impact are 
chemicals, printing products, and machinery manufacturing. An impact may be 
felt indirectly in the manufacturing of food products because of increased 
demand. Spinoff to the industrial manufacturing system in the two-county area 
will be minimal. 

I The mining operation will also have minimal effect in attracting new 

industry because potash mining already dominates an extremely large portion of 
I the economy of Eddy County. The economic impacts of the mining operation 

will, for the most part, flow through industries that are already established. 

I 9.4 .4 .2  Trade and Services 

Trade will be one of the most significantly affected sectors outside the 
industries receiving direct impacts. It is expected that the increase in 
wholesale and retail sales during repository construction will total about 
$48.3 million. The heaviest impact (about $18.6 million annually) will come 
in 1983 as employment, direct and indirect, reaches its peak. Most of this 
impact will be created through increased buying in the household sector. 
Businesses also purchase from the retail sector. However, most of the direct 
purchases for construction will be made from wholesale outlets. Substantial 
increases are also expected in the services sector, with nearly $19.7 million 
in new business, direct and indirect. 



Table 9-30. Construction and Operations: Private Indirect Impact by Major Sector 

(Millions of 1977 Dollars) 

Constructiona Operation 
(average year 

1981 1982 1983 1984 Total 1985 and after) 

Estimated Estimated Estimated Estimated Estimated Estimated Estimated Estimated Estimated number Average Estimated Estimated 
volume jobs volume jobs vol m e  jobs volume jobs volume jobs volume 

jobs 

Agriculture 
Mining 
constructionb 
Manufacturing 
Transportation, com- 

munications, and 
utilities 

Tr ade 
Finance, insurance, 

and real estate 
Services 
Total 

a~ncludes indirect impacts Erom both construction and nonconstruction activities. 
b~ portion oE the construction-sector impact is experienced in the finance, insurance, and real-estate sector because of the procedures 

Followed in building the national input-output model by the Bureau of Economic Analysis, Department of Commerce. The exact impact oE the portion 
cycled through the flnance, insurance, and real-estate sector is not available. 



This analysis assumes that the construction-phase demand for goods and 
services will take advantage of the goods and services available in the area. 

. 1t also assumes that the variety of goods and services offered in the area 
will not change substantially during the construction period. 

Beginning in 1985, repository operation will add $4.6 million annually to 
wholesale and retail sales in the area; this will be larger than the impact on 
any other identified sector. Much of it will flow into the secondary and 
tertiary industries rather than into the manufacturing or basic industries. 
The annual impact on finance, insurance, and real estate will be some $2.3 
million, and the services sector will also enjoy a substantial increase, just 
more than $3.6 million per year. 

In summary, the private-sector response to both the construction and the 
operation of the repository will be expressed in new activity in many of the 
existing secondary and tertiary industries. The operational phase will bring 
very few new manufacturing firms. However, small-equipment manufacturers and 
fabricated-metal operations may be attracted by the maintenance and con- 
struction activities during the operational phase and the need for equipment 
repairs. 

9.4 .4 .3  Tourism 

Certain aspects of tourism in the two-county area may be affected by the 
WIPP reference repository. Detailed effects are, however, difficult to define 
at present. 

Tourism directly affects the retail trade, hotels and motels, eating and 
drinking establishments, service stations, and other trade and service sub- 
sectors. To a lesser degree, it also influences certain government operations 
(e.g., those of the National Park Service) and some manufacturing activities 
(such as curios and jewelry) . 

Tourism in the two-county area centers around the caverns in the Carlsbad 
National Park, 18 miles southwest of Carlsbad. Carlsbad National Park is a 
unique attraction, one not likely to lose its popularity because of the 
repository. Other areas, such as the Living Desert State Park just west of 
Carlsbad, offer a variety of recreational opportunities but do not attract 
many tourists from outside the region. 

The existence of nuclear-weapons laboratories and atomic-energy research 
establishments in New Mexico has not hindered tourism. A prime example is the 
city of Los Alamos, the site of the Los Alamos Scientific Laboratory. Tourism 
in Santa Fe, only 40 miles away, has continued to increase, and Los Alamos 
itself has become a point of interest. Thus past experience indicates that 
the WIPP will exert no significant adverse impacts on tourism over an extended 
period. 

There may, however, be some short-term impacts on hotels, motels, and 
other services and facilities serving tourists. As construction proceeds, a 
number of transient construction workers will locate in the area. Many are 
expected to live in temporary quarters for short periods. Past experience 



r e v e a l s  t h a t  many c o n s t r u c t i o n  w o r k e r s  s t a y  i n  camping  t r a i l e r s ,  campers ,  o r  
carnwinq m o b i l e  homes cwned by c o n c e s s i o n  c o n p a n i e s  -7uring t h e  work week and 
t r a v e l  home f o r  weekends; o t h e r s  n a y  s t a y  i n  s o t e l s  a n d  h o t e l s .  The t r a n s i e n t  
w o r k e r s  may t h e r e f o r e  lecrease t h e  o v e r n i g h t  f a c i l i t i e s  a v a i l a b l e  to t o u r i s t s .  
T h i s  impact  is l i k e l y  to l a s t  o n l y  1 to 2 y e a r s .  D u r i n g  o p e r a t i o n  t h i s  i n p a c t  
is n o t  l i k e l y  s i n c e  t empora ry  h o u s i n g  f a c i l i t i e s  w i l l  n o t  b e  a f f e c t e d  t o  any 
e e g r e e .  

9.4.5 !:cusing snc?. Land Use 

9.4.5.1 T o t a l  1lousir.g R e q u i r e m e n t s  o f  thc? WIPP R e f e r e n c e  R e p o s i t o r y  

The to ta l  deman6 f o r  h o u s i n g  f o r  p o p u l a t i o n  n i g r a t i o n  l i r z c t l y  or i n d i -  
r e c t l y  induced  by t h e  WIPP i n  Eddy a n d  Lea C o u n t i e s  is i n d i c a t e d  i n  T a b l e  
9-31. Kousing demand p e a k s  i n  1 9 8 3  w i t h  1190 t o t a l  h c u s i n g  u n i t s  and de- 
c r e a s e s  tc 420 t o t a l  u n i t s  i n  1936 and  t h e r e a f t e r .  

The c o m p o s i t i o n  o f  h o u s i n g  ?enand (Old West R e g i o n a l  Commission,  1975) is 
e x p e c t e e  to  c h a n g e  a s  c o n s t r u c t i o n  3nfs and  o p e r a t i o n  k e g i ~ s .  Dur ing  con- 
s t r u c t i o n ,  t h e r e  is l i k e l y  t o  be a r e l a t i v e l y  l a r g e  denand f o r  m o b i l e  homes 
and z u l t i f a m i l y  u n i t s ;  d u r i n q  c p e r a t i c n ,  70% o f  t h e  c?emand v r i l l  b e  f o r  s i n g l e -  
f  ani1.v u n i t s .  

T a b l e  ?-31. T o t a l  H9usir.g Demand I n d u c e d  by t h e  PJIPP 
R e f e r e n c e  R e p o s i t o r y  

Permanent  P e r  nanen  t f t o b i l e  homes 
Year 'Tota la  s i n g l e  f z m i l y b  r n u l t i f a n i l y b  and  o t h e r s b  

199 1 250 140 2 0  90 
198 2 720 610 70 24 0  
198 3  1140 7  00 120 370 
1984 10 10  6 30 10 0  36 0  
1985 5 40 380 G O  10  0  
1936 420 300 50 8  0  
1037 4 20 300 50 80 

" ~ c \ t a l  h o u s i n g  demand based  on p o p u l a t i o n  m i g r a t i o n  p r o j e c t i o n s  r e s u l t -  
i n a  f rom clirect a n 2  i n e i r z c t  j o b s  ( T a b l e  9 -23) .  D e t a i l  d o e s  n o t  su:n to t o t a l  
b e c a u s e  of  round ing .  

S > . l i ~ . z z t i ~ n  zf t o t a l  Cecand tc 5 o u s i n g  t y ~ e s  b a s e d  on h o u s i n g  p r e f e r -  
e n c e s  ci c c n s t r u c t i o c  workers  anC o t h e r  r.ewccTers i n  C c n s t r u e t i ~ n  [Torker 
?rsfll? (Slit ? l e s t  ? , e q i c ~ a l  Cmnissicii, l 9 7 5 ) .  



9.4.5.2 S c e n a r i o  I :  C a r l s b a d  

Hous i ng - 
~ c c o r d i n g  to T a b l e  9-32, t h e  p r o j e c t e d  b a s e l i n e - p o p u l a t i o n  i n c r e a s e s  f o r  

~ a r l s b a d  ca l l  f o r  an a d d i t i o n  of a t  l e a s t  1130 hous ing  u n i t s  from t h e  end o f  
1977 th rough  mid-1981; t h i s  f i g u r e ,  which would d r o p  t h e  vacancy r a t e  t o  z e r o ,  
comes from s u b t r a c t i n g  t h e  t o t a l  housing s t o c k  a t  t h e  end o f  1977 (9420) from 
t h e  occup ied  h o u s i n g  i n  mid-1981 (10 ,550) .  When added to t h e  c u r r e n t  t o t a l  o f  
34 s u b s t a n d a r d  u n i t s  n o t  s u i t a b l e  f o r  r e h a b i l i t a t i o n ,  t h i s  means an i n c r e a s e  
of a b o u t  1160 u n i t s  o v e r  t h e  3.5 y e a r s ,  o r  an  a v e r a g e  o f  a b o u t  330 u n i t s  per  
year--somewhat less t h a n  t h e  r a t e  of c o n s t r u c t i o n  i n  1977. 

Planned h o u s i n g  c o n s t r u c t i o n  f o r  t h e  4  y e a r s  from 1978 th rough  1981 c a l l s  
f o r  somewhere between 1650 and 1750 new u n i t s .  The e x a c t  t i m i n g  o f  t h e s e  new 
u n i t s  is n o t  known, b u t  i t  a p p e a r s  t h a t  c o n s t r u c t i o n  w i l l  keep pace w i t h  pro- 
j e c t e d  demand and may even exceed  it. 

I n  o r d e r  t o  b r i n g  t h e  vacancy r a t e  up t o  3% by mid-1981 and t o  r e p l a c e  t h e  
34 s u b s t a n d a r d  u n i t s ,  a  t o t a l  o f  1480 u n i t s  must b e  added over  t h e  3.5-year 
p e r i o d  ( T a b l e  9 -32) .  T h i s  is an average  o f  425 u n i t s  per  y e a r ,  somewhat over  
t h e  r e c e n t  r a t e :  however,  i t  is s l i g h t l y  below t h e  438 u n i t s  p e r  year  p lanned  
f o r  t h e  1978-81 p e r i o d .  I t  t h u s  a p p e a r s  t h a t ,  i f  p l a n n e d  c o n s t r u c t i o n  r a t e s  
a r e  c o n t i n u e d  i n t o  1981 ,  a d d i t i o n  t o  t h e  hous ing  s t o c k  w i l l  be  s u f f i c i e n t  t o  
b r i n g  t h e  t o t a l  h o u s i n g  s t o c k  t o  a  l e v e l  p r o v i d i n g  a  3% vacancy r a t e .  

B a s e l i n e  p o p u l a t i o n  p r o j e c t i o n s  f o r  t h e  p e r i o d  from 1 9 8 1  t o  1985 c a l l  f o r  
1030 new hous ing  u n i t s ,  o r  258 per y e a r .  The n e x t  2  y e a r s  a r e  p r o j e c t e d  t o  
show an i n c r e a s e  i n  h o u s i n g  demand of 560 u n i t s ,  o r  280 p e r  y e a r .  M a i n t a i n i n g  
a 3% vacancy r a t e  o v e r  t h e  1981-87 p e r i o d  would r e q u i r e  an  a d d i t i o n a l  1650 
u n i t s ,  o r  275 per  y e a r .  Thus ,  i t  a p p e a r s  t h a t  t h e  r e l a t i v e l y  r a p i d  pace o f  
c o n s t r u c t i o n  p r o j e c t e d  i n t o  1982 s h o u l d  slow somewhat d u r i n g  t h e  mid-1980s 
under b a s e l i n e  c o n d i t i o n s .  

P o p u l a t i o n  p r o j e c t i o n s  w i t h  t h e  WIPP i n c r e a s e  h o u s i n g  demand f o r  t h e  
1980-84 p e r i o d  t o  2020 u n i t s ,  o r  505 per y e a r .  The p r i m a r y  impact of t h e  
WIPP, however, is i n  t h e  y e a r  from mid-1981 t o  mid-1982: Housing demand w i l l  
i n c r e a s e  by 820 u n i t s  o v e r  t h e  year  v e r s u s  420 u n i t s  under b a s e l i n e  condi-  
t i o n s .  Moreover,  much of t h e  i n c r e a s e  w i l l  be  f a i r l y  sudden,  o c c u r r i n g  soon 
a f  t e r  t h e  s t a r t  o f  c o n s t r u c t i o n .  I t  would appear  t h a t  a  hous ing  s h o r t a g e  may 
d e v e l o p  i n  1981 o r  1982 ( i f  s c e n a r i o  I c o n d i t i o n s  p r e v a i l ) .  

There  a r e  t h r e e  f a c t o r s  t h a t  may m i t i g a t e  t h e  s h o r t a g e ,  however. F i r s t ,  
a s  no ted  above,  i t  is p o s s i b l e  t h a t  c u r r e n t  p l a n s  f o r  c o n s t r u c t i o n  f o r  t h e  
p e r i o d  1978-82 may r e s u l t  i n  some o v e r b u i l d i n g  i n  comparison t o  b a s e l i n e  hous- 
i n g  demand. The r e s u l t i n g  c a r r y o v e r  would l e s s e n  demand f o r  new c o n s t r u c t i o n  
i n  1982. Second,  a  r e l a t i v e l y  l a r g e  s h a r e  of c o n s t r u c t i o n  workers  t end  t o  
p r e f e r  mobi le  homes ( T a b l e  9-33) .  T h i r d ,  c o n s t r u c t i o n  workers  a r e  h i g h l y  
mobi le .  C o n s t r u c t i o n  a c t i v i t y  can be expanded more r a p i d l y  than  most o t h e r  
i n d u s t r i a l  a c t i v i t y .  Tn f a c t ,  t h e  sudden i n c r e a s e  i n  hous ing  demand is i t s e l f  
a  r e s u l t  of  t h e  assumpt ion  t h a t  t h e  l e v e l  o f  c o n s t r u c t i o n  a c t i v i t y  on t h e  
p r o j e c t  can be  r a p i d l y  expanded. 



T a b l e  9-32. Hous ing  Demand: S c e n a r i o  I ,  C a r l s b a d  

Change f rom O c c u p i e d  h o u s i n g  p l u s  Change f rom 
O c c u p i e d  h o u s i n g  p r e v i o u s  y e a r  3% v a c a n c y  r a t e  p r e v i o u s  y e a r  

Year B a s e l i n e  Wi th  WIPP B a s e l i n e  W i t h  WIPP B a s e l i n e  W i t h  WIPP B a s e l i n e  W i t h  WIPP 

a ~ s t i m a t e d  yea r -end  o c c u p i e d  u n i t s .  

b ~ c t u a l  y e a r - e n d  h o u s i n g  s t o c k ,  b a s e d  o n  U.S. D e p a r t m e n t  o f  Commerce, 1970 C e n s u s  o f  H o u s i n g ,  a n d  
s u b s e q u e n t  b u i l d i n g - p e r m i t  a n d  d e m o l i t i o n  d a t a  f o r  C a r l s b a d .  

C ~ i g u r e s  f o r  1978 a n d  s u b s e q u e n t  y e a r s  a r e  mid-year .  

d ~ i x - r n o n t h  change .  

e ~ e g i n n i n g  y e a r  o f  c o n s t r u c t i o n .  Impact assumed to  be s t a t i c  a f t e r  1986.  



T a b l e  9-33. Repos i to ry- Induced  Housing Demand by Type: 
S c e n a r i o  I ,  C a r l s b a d a  

Permanent Permanent Mobi le  homes 
Year T o t a l  s i n g l e  f a m i l y  m u l t i f a m i l y  and o t h e r  

a D e t a i l  does  n o t  e q u a l  t o t a l  b e c a u s e  o f  rounding.  A l l o c a t i o n  o f  t o t a l  
demand t o  hous ing  t y p e s  based on t h e  h o u s i n g  p r e f e r e n c e s  o f  c o n s t r u c t i o n  
w o r k e r s  and o t h e r  newcomers i n  C o n s t r u c t i o n  Worker P r o f i l e  (Old West Regiona l  
Commission, 1 9 7 5 ) .  

I t  is i m p o s s i b l e  to p r e d i c t  t h e  e x t e n t  to which t h e s e  f a c t o r s  w i l l  m i t i -  
g a t e  t h e  housing s h o r t a g e  a t  t h e  s t a r t  o f  r e p o s i t o r y  c o n s t r u c t i o n .  I t  
a p p e a r s  t h a t  t h e r e  w i l l  be  some s h o r t a g e ,  however, w i t h  an a s s o c i a t e d  in- 
crease i n  r e n t s  and housing p r i c e s .  Whatever s h o r t a g e  does  d e v e l o p ,  it is 
n o t  l i k e l y  t o  p e r s i s t  beyond t h e  end o f  c o n s t r u c t i o n . .  The to ta l  demand is 
a c t u a l l y  less i n  1985 and 1986 t h a n  i n  1984,  and t h e  cumula t ive  demand from 
1980 to 1985 can  be m e t  a t  an  a n n u a l  r a t e  of  360 u n i t s .  T h i s  is less t h a n  
t h e  r a t e  e x p e c t e d  between 1978 and 1981. 

Land u s e  

I f  t h e  housing-demand e s t i m a t e s  i n  t h i s  s e c t i o n  a r e  c o r r e c t  and i f  t h e  
a v e r a g e  l o t  s i z e  f o r  new hous ing  u n i t s  is e s t i m a t e d  g e n e r o u s l y  a t  0 .25 a c r e ,  
a b o u t  200 acres w i l l  be  r e q u i r e d  f o r  new r e s i d e n t i a l  development from t h e  
s t a r t  o f  1978 through mid-1980. From 1980 t h r o u g h  1987, an a d d i t i o n a l  478 
acres w i l l  be needed under b a s e l i n e  c o n d i t i o n s .  When compared w i t h  t h e  pres-  
e n t  v a c a n t  a r e a  o f  a b o u t  7500 a c r e s ,  t h i s  8-year cumula t ive  demand of 678 
acres c l e a r l y  l e a v e s  an ample s u r p l u s  f o r  commercial  and i n d u s t r i a l  d e v e l o p  
ment a s  w e l l  a s  p a r k s ,  s t r e e t s ,  and o t h e r  l a n d  u s e s .  

I f  t h e  WIPP r e f e r e n c e  r e p o s i t o r y  is begun i n  1981, an  a d d i t i o n a l  568 
acres w i l l  be r e q u i r e d  f o r  r e s i d e n t i a l  development th rough  1987,  b r i n g i n g  t h e  
8-year c u m u l a t i v e  demand t o  768 acres. Given t h e  a v a i l a b i l i t y  o f  v a c a n t  
l a n d ,  t h e  implementa t ion  o f  t h e  p r o j e c t  does  n o t  appear  l i k e l y  to c a u s e  any 
l and-use  problems i n  C a r l s b a d .  



9.4.5.3 Scenario 11: Hobbs 

According to Table 9-34, the projected baseline-population increases for 
Hobbs call for an addition of at least 410 housing units from the end of 1977 
through mid-1980; this figure, which would drop the vacancy rate to zero, 
comes from subtracting the total housing stock at the end of 1977 (10,880) 
from the occupied housing in mid-1980 (11,290). This represents an annual 
rate of about 165 units for the 2.5-year period, or about 27% of the record 
addition of more than 600 units in 1977. 

In order to maintain a 3% vacancy rate in mid-1980, about 760 units will ! 
I 

be needed, or 304 per year. Under baseline conditions, 2670 new housing 1 
units will be needed from 1980 through 1987, or about 380 per year, a rate i 

well below that for 1977. I 

The WIPP reference repository would increase cumulative 1980-87 require- 
ments by 150 units, bringing the annual rate up to 403 units for the 7 years: I 

the same rate as that achieved in 1976 and only two-thirds the rate main- 
tained in 1977. Thus it does not appear that there will be any difficulty in I 

providing projected new-housing requirements through 1987, with or without 
the WIPP. 

Table 9-35 indicates WIPP-induced housing demand by type. The pattern is 
the same as that projected for Carlsbad, with preference for mobile homes and 
multifamily units during construction and for single-family units during 
operation. 

Land use 

Using the present average lot size of one-seventh of an acre, projected 
cumulative housing additions through 1987 would require about 440 acres under 
baseline conditions and about 460 acres with the WIPP. However, if the lot 
size of newer homes is one-quarter acre, 770 acres will be required without, 
and 808 acres with, the WIPP. 

Not including land in the Hobbs Industrial Air Park, there are an esti- 
mated 960 acres of vacant land within the current Hobbs city limits, primar- 
ily in the north end of town. Thus there is more vacant land than will be 
required for the new housing units alone. There is some question, however, 
about the ability of the vacant area to accommodate new housing and addi- 
tional commercial and public development. Currently, there is an average of 
1.25 occupied acres for every housing unit in Hobbs. If this average acreage 
is to be maintained, projected housing additions (3250 units)* will require 
about 4000 acres, or more than four times the available vacant area. While 
it is not suggested that actual nonresidential land requirements grow in 
direct proportion to those for residential purposes, it is probable that some 
of the currently vacant land will be used for nonresidential purposes. As a 
result, it is possible that there will be little or no vacant land remaining 
within the current city limits of Hobbs by the late 1980s. 

* For 1978 to mid-1981, 800 housing units; for mid-1981 to mid-1987, 
2300 (baseline) plus 150 because of the WIPP repository. 



Table 9-34. Housing Demand: scenario 11, Hobbs 

Change from Occupied housing plus Change from 
Occupied housing previous year 3% vacancy rate previous year 

Year Baseline With WIPP Baseline With WIPP Baseline With WIPP Basel i ne With WIPP 

=~stimated year-end occupied units. 

b~ctual year-end housing stock, City of Hobbs Housing Count, 1978. 

C~igures for 1978 and subsequent years are mid-year. 

d~ix-month change. 

e~eginning year oE construction. Impact assumed to be static after 1986. 



Table 9-35. Repository-Induced Housing Demand by Type: 
Scenario 11. ~ o b b s ~  

Permanent Permanent Mobile homes 
Year Total Single f amily Multifamily and other 

aDetail may not equal total because of rounding. Allocation of total 
demand to housing types based on housing preferences of construction wor kers 
and other newcomers in Construction Worker Profile (Old West Regional Commis- 
sion, 1975). 

To some extent, this increasing scarcity of land may cause some of the 
housing development projected for Hobbs to take place outside the city lim- 
its. This, in turn, may prompt expansion of the city limits, an action that 
must be instigated by petition from the residents or landowners in the an- 
nexed area. Any development outside the current city limits will most likely 
take place to the north of Hobbs. Land to the east and south of the city is 
owned by three individuals who are currently unwilling to sell, while the 
west is constrained by oil- and gas-field developments. 

9.4.6 Community Services and Facilities ! 
I 

I 
9.4.6.1 Scenario I: Carlsbad and Eddy County ! 

Education-Carlsbad School District ! 

Projections of school enrollments indicate that excess physical capacity 
will continue to characterize the Carlsbad school system. The 1986-87 school 
year enrollment will require only about 80% of the available classroom space 1 
(Table 9-36). Overall, the student population should increase by about 25% I 
during the decade from 1976-77 to 1986-87. I 

The principal effect of the WIPP will be to accelerate the rate of in- i 

crease in enrollment, with a 25% increase being reached by the 1983-84 school 
year (Table 9-36). The 10-year increase is projected to be 28%.   his accel- I 

i 

erated rate of student-population growth however, will not tax the capacity 
I of the school system. The 1986-87 enrollment level with the WIPP will re- I 

quire about 85% of the current classroom space. I 

I 

Increased enrollments may require additional teachers, although it is 
possible to allow the student-teacher ratio to rise. Maintaining the current 1 I 
student-teacher ratio would require about 76 additional teachers under base- I 
line conditions by 1986-87 and about 87 with the project. ~dministrative and I I 



- --- 

~ a b l e  9-36. C u r r e n t  and P r o j e c t e d  E n r o l l m e n t s  i n  t h e  C a r l s b a d  School  ~ i s t r i c t ~  

Grade 
year K-6b 6-8 9- 10 11-12 T o t a l  

ENROLLMENT CAPACITY 

BASELINE 

WIPP SCENARIO I 

a ~ e t a i l  may n o t  e q u a l  t o t a l  because  o f  rounding .  
b ~ n c l u d e s  s p e c i a l  e d u c a t i o n ;  k i n d e r g a r t e n  s t u d e n t s  coun ted  as f u l l  time. 
CCarlsbad 40-day a v e r a g e  d a i l y  membership reports. 
d ~ t a r t  o f  c o n s t r u c t i o n .  

, s t a f f  p e r s o n n e l  r e q u i r e m e n t s  w i l l  p r o b a b l y  also grow, b u t  n o t  n e c e s s a r i l y  as 

r a p i d l y  as e n r o l l m e n t .  Because e n r o l l m e n t s  w i t h  t h e  p r o j e c t  a r e  p r o j e c t e d  t o  
b e  o n l y  m a r g i n a l l y  larger t h a n  t h o s e  w i t h o u t  t h e  p r o j e c t ,  t h e y  may n o t  r e s u l t  
i n  any i n c r e a s e  i n  demand f o r  a d m i n i s t r a t i v e  and s t a f f  p e r s o n n e l .  

I 

Dur ing  t h e  1977-78 s c h o o l  y e a r ,  t h e  C a r l s b a d  s c h o o l  d i s t r i c t  reopened an  
e l e m e n t a r y  s c h o o l  i n  t h e  s o u t h  p o r t i o n  o f  t h e  c i t y ,  an  a r e a  o f  h i g h  p o t e n t i a l  
p o p u l a t i o n  growth.  Thus a p o t e n t i a l  s c h o o l  s h o r t a g e  i n  t h a t  p a r t  o f  t h e  c i t y  
h a s  been a l l e v i a t e d .  

I t  a p p e a r s  t h a t  t h e  WIPP r e p o s i t o r y  is n o t  l i k e l y  to c a u s e  any o v e r l a p p i n g  
problems a t  any g r a d e  l e v e l  i n  t h e  C a r l s b a d  s c h o o l  sys tem.  

Groundwater and m u n i c i p a l  water sys tem 

I C a r l s b a d  h a s  s u f f i c i e n t  wa te r  r i g h t s  f o r  t h e  n e x t  s e v e r a l  d e c a d e s  b u t  h a s  
an immediate  need f o r  a d e l i v e r y  sys tem w i t h  access t o  t h o s e  r i g h t s .  T a b l e  



9-37 c o n t a i n s  p r o j e c t e d  wi thd rawa l s  and d e p l e t i o n s *  f o r  Car l sbad  wi thout  t h e  
WIPP p r o j e c t .  ~ a s e l i n e  wi thd rawa l s  a r e  expec ted  t o  r i s e  from t h e  1977 l e v e l  
o f  8800 a c r e - f e e t  to  10 ,950  by 1987 and 13,250 by 2000. Implementation of  t h e  
p r o j e c t  would i n c r e a s e  demand by a s  much a s  8 %  d u r i n g  c o n s t r u c t i o n  and 3% i n  
subsequent y e a r s .  

The c i t y  p r e s e n t l y  h a s  r i g h t s  to 27,121 a c r e - f e e t  per  year  and is negot i -  
a t i n g  t h e  purchase  of  258 a d d i t i o n a l  a c r e - f e e t  pe r  y e a r .  Combined demand f o r  
1978 and 1979 is p r o j e c t e d  to  be 18,300 a c r e - f e e t .  I n  a d d i t i o n ,  t he  Cap i t an  
reef  payback c a l l s  f o r  2200 a c r e - f e e t  over  t h e  2-year p e r i o d ,  which y i e l d s  a 
t o t a l  c la im on C a p i t a n  r e e f  r i g h t s  of 20,500 a c r e - f e e t .  Assuming t h a t  t h e  258 
ac re - f ee t  c u r r e n t l y  be ing  n e g o t i a t e d  a r e  t r a n s f e r r e d  t o  t h e  we l l  f i e l d ,  com- 
bined r i g h t s  i n  t h e  C a p i t a n  reef  f o r  1978-79 a r e  18 ,182 ,  r e s u l t i n g  i n  a cumu- 
l a t i v e  s h o r t f a l l  o f  2318 a c r e - f e e t .  A s  shown i n    able 9-38, without  an addi- 
t i o n a l  d e l i v e r y  sys tem t h i s  overpumping would c o n t i n u e  to worsen, and t h e  WIPP 
re fe rence  r e p o s i t o r y  would e x a c e r b a t e  t h e  problem. 

The excess-demand problem can  be q u i c k l y  c o r r e c t e d ,  however. A p i p e l i n e  
from t h e  Double Eagle  system w i t h  a c a p a c i t y  of  3200 a c r e - f e e t  per year  is 
c u r r e n t l y  i n  t h e  development s t a g e .  I f  t h i s  p i p e l i n e  becomes o p e r a t i o n a l  a t  
t h e  s t a r t  o f  1982, p r e v i o u s  overpumping could  be r e p a i d  by mid-1983 under 
b a s e l i n e  c o n d i t i o n s .  I f  t h e  WIPP p r o j e c t  is implemented, t h e  payback pe r iod  
w i l l  be extended f o r  a few months. 

With t h e  a d d i t i o n  of  3200 a c r e - f e e t  per y e a r ,  t h e  system c a p a c i t y  should  
be s u f f i c i e n t  to meet demands ( i n c l u d i n g  peak l o a d )  u n t i l  n e a r l y  2000. The 
implementation of  t h e  WIPP would s h o r t e n  t h i s  t i m e  by a few months. 

I t  appears  t h a t  i n  t h e  long  run  Car l sbad  has ample water  r i g h t s  to meet 
a n t i c i p a t e d  demands w i t h  o r  w i thou t  t h e  WIPP. The Double Eagle p i p e l i n e  w i l l  
provide a d e l i v e r y  system t h a t  is adequate  u n t i l  abou t  t h e  yea r  2000, wi th  o r  
wi thout  t h e  W I P P .  A t  p r e s e n t ,  t h e  d e l i v e r y  system does  n o t  provide  a c c e s s  to 
s u f f i c i e n t  water r i g h t s .  Without  t h e  Double Eagle  p i p e l i n e ,  t h e  s i t u a t i o n  
w i l l  g e t  worse--the more s o  i f  WIPP is implemented. 

Municipal was tewater  sys t ems  and t r ea tmen t  f a c i l i t i e s  

The new sewage-treatment  p l a n t ,  now i n  t h e  d e s i g n  phase,  w i l l  be capab le  
of s e r v i n g  a p o p u l a t i o n  o f  50,000. Because its d e s i g n  c a p a c i t y  is w e l l  over  
p ro j ec t ed  popu la t ion  l e v e l s  (w i th  o r  wi thout  t h e  WIPP) through t h e  end of  t h i s  
cen tu ry ,  t h e  new p l a n t  s h o u l d  be adequate  f o r  t h e  needs of Car l sbad  f o r  t h e  
nex t  s e v e r a l  decades .  

The p r e s e n t  sewer sys t em w i l l  have to be ex tended  i n t o  a r e a s  of  new hous- 
ing  development. Moreover,  popu la t ion  i n c r e a s e s  w i l l  r e s u l t  i n  i nc reased  
wastewater f lows  th rough  e x i s t i n g  main sewer l i n e s .  C i t y  o f f i c i a l s  have in-  
d i c a t e d  t h a t  t h e  e x i s t i n g  main sewer l i n e s  can handle  p r o j e c t e d  i n c r e a s e s  
(with or  wi thout  t h e  WIPP) through t h e  year  2000. 

* The term " d e p l e t i o n "  r e f e r s  to t h a t  p a r t  of t h e  water  withdrawn t h a t  is 
no longer  a v a i l a b l e  because  i t  has been evapora t ed ,  t r a n s p i r e d ,  i n c o r p o r a t e d  
i n t o  products  o r  c r o p s ,  consumed by man o r  l i v e s t o c k ,  o r  o the rwi se  removed 
from t h e  water environment .  



T a b l e  9-37. Water Demand i n  c a r l s b a d a  ( a c r e - f e e t  pe r  y e a r )  

B a s e l i n e  Wi th  WIPP 
Year Wi thdrawals  D e p l e t i o n s  Wi thdrawals  D e p l e t i o n s  

a ~ e a k  l o a d  i n  1977,  16 mgd; i n  t h e  year  2000: b a s e l i n e ,  24 mgd; w i t h  
WIPP, 25 mgd. 

h e w  Mexico I n t e r s t a t e  S t r e a m  Commission and N e w  Mexico S t a t e  Engineer ' s 
O f f i c e  (1975) ;  County P r o f i l e ,  Eddy County.  

T i t y  Manager ' s  O f f i c e ,  C a r l s b a d ,  New Mexico. 
d ~ a s e d  on p o p u l a t i o n  p r o j e c t i o n s  made i n  t h i s  s t u d y  and  per  c a p i t a  with- 

d rawal  and d e p l e t i o n  p r o j e c t i o n s  by t h e  New Mexico I n t e r s t a t e  Stream 
Conunission, op. c i t . ,  a d j u s t e d  f o r  a c t u a l  1977 w i t h d r a w a l s .  

e ~ t a r t  o f  c o n s t r u c t i o n .  

T a b l e  9-38. C u m u l a t i v e  Excess  Water Demand ( a c r e - f e e t  per  y e a r )  

P r e s e n t  sys tema  Wi th  Double ~ a g l e ~  
Year B a s e l i n e  With  WIPP B a s e l i n e  With WIPP 

a R i g h t s  to 8833 a c r e - f e e t  pe r  y e a r  p l u s  258 a c r e - f e e t  p e r  y e a r ,  f o r  a 
t o t a l  o f  9091 a c r e - f e e t  p e r  y e a r .  

b ~ o u b l e  Eag le  p i p e l i n e  ( c a p a c i t y  3200 a c r e - f e e t  per  y e a r )  assumed t o  
b e g i n  o p e r a t i o n  on J a n u a r y  1, 1982,  r a i s i n g  t h e  t o t a l  c a p a c i t y  t o  12 ,291  
a c r e - f e e t  per y e a r .  

C ~ t a r t  of c o n s t r u c t i o n .  



Electric service 

Projected occupied-housing additions to the Carlsbad area under baseline 
conditions total 2820 from 1978 through mid-1987. By mid-1987, this will 
result in a 6.7% increase in total energy use in the area over current levels 
if current rates of use continue. Moreover, new commercial hookups will be 
required by the end of 1986, causing an additional increase in energy use of 
6.4% over current levels. 

The WIPP project will result in the addition of about 3180 new housing 
units between 1978 and 1987, resulting in a 7.5% increase in energy use. 
Commercial use would add about 7.2%. The net effect of the repository would 
be to increase residential and commercial energy use by about 3.0% by mid- 
1987. Total energy use would be up about 1.3% as a result. 

The WIPP itself will require as much energy as many of the large indus- 
trial users in the area. Its demand level will be about one-tenth that of an 
area ammonia plant that recently closed. The closing of the ammonia plant in 
effect created excess electrical supply capacity sufficient to cover about 10 
times the projected WIPP demand. 

According to Southwestern Public Service Company officials, the generating 
capacity will be sufficient to meet the projected energy demand. However, new 
distribution substations will be required, and there is a lead time of 3 to 6 
months for new hookups. 

Natural gas service I : 

Gas Company of New Mexico officials believe that these increases, with or 
without the WIPP project, can be met without difficulty. 

Projected housing demands through 1987 in the Carlsbad area under baseline 
conditions predict that residential hookups will increase 30% over current 
levels. At current consumption rates, this will increase natural gas consump- 
tion by 3.4%. Increased commercial use will raise consumption an additional 
1.5%. 

Fire protection 

I 

I 
I 
I 

To maintain current levels of fire protection in 1987, Carlsbad will 
need 27 full-time fire-department employees under baseline conditions and 28 
employees with the WIPP. These are increases of five and six employees, 
respectively, from the current 1978 level. One additional piece of major 
equipment will be needed in 1987 without the WIPP and two additional pieces 
with the project. Without the project, the one airport and two nonairport 
substations will provide sufficient coverage in 1987. However, the growth of 
the city with the WIPP will require an additional fire substation by 1987. 
The principal impact of the WIPP will thus be to require additional personnel 
and equipment at an earlier date. 

The WIPP will increase the residential consumption of natural gas by 3.9%. ! 
I 

Commercial use will rise 1.7% above current levels by the end of 1987. As a I 

result of the WIPP, gas consumption will be about 0.5% above baseline levels 
in 1987. I 



p o l i c e  p r o t e c t i o n  

Under b a s e l i n e  c o n d i t i o n s  t h e  number o f  p o l i c e  employees w i l l  have t o  
i n c r e a s e  from 40 t o  49 i n  1987 i n  o r d e r  t o  m a i n t a i n  t h e  c u r r e n t  r a t i o  o f  
@ice employees to c i t y  i n h a b i t a n t s .  The WIPP r e f e r e n c e  r e p o s i t o r y  w i l l  
c r e a t e  t h e  need f o r  two more p o l i c e  employees  ( a  t o t a l  o f  5 1  i n  1 9 8 7 ) .  F i v e  
a d d i t i o n a l  Eddy County S h e r i f f  employees w i l l  b e  needed i n  1987. The WIPP is 
n o t  e x p e c t e d  to c r e a t e  any c o n d i t i o n s  t h a t  would s i g n i f i c a n t l y  change t h e  
r e q u i r e d  number o f  S h e r i f f ' s  Depar tment  employees.  The implementa t ion  o f  t h e  
WIPP w i l l  change t h e  times when a d d i t i o n s  to t h e  p o l i c e  and s h e r i f f ' s  d e p a r t -  
ments  a r e  needed.  

H e a l t h  c a r e  

To m a i n t a i n  c u r r e n t  s e r v i c e  l e v e l s ,  Eddy County w i l l  r e q u i r e  1 9 2  h o s p i t a l  
beds  by mid-1987 under b a s e l i n e  c o n d i t i o n s  and 196 w i t h  t h e  WIPP. If occu- 
pancy rates a r e  a l l o w e d  t o  r i s e  o v e r  c u r r e n t  l e v e l s  and i f  p e r - c a p i t a  demand 
f o r  h o s p i t a l  beds  remains  unchanged, t h e  1987 b a s e l i n e  coun ty  p o p u l a t i o n  c a n  
b e  accommodated w i t h  a b o u t  143  beds .  With t h e  WIPP, a b o u t  t h r e e  more beds  
w i l l  be  r e q u i r e d .  The r e s u l t i n g  i n c r e a s e  i n  occupancy r a t e s  would b r i n g  
coun tywide  occupancy t o  abou t  88% (90% w i t h  t h e  WIPP). Thus,  c u r r e n t  h o s p i t a l  
f a c i l i t i e s  a p p e a r  t o  be a d e q u a t e  to meet demand th rough  t h e  1980s  i f  occupancy 
rates a r e  a l l o w e d  t o  rise. Moreover,  t h e  Guadalupe Medical  C e n t e r  h a s  s e v e r a l  
doub le  rooms t h a t  c u r r e n t l y  c o n t a i n  o n l y  one  bed. The number o f  beds  can  
t h e r e f o r e  be  i n c r e a s e d  f a i r l y  r e a d i l y ,  b r i n g i n g  occupancy r a t e s  down. 

The number o f  p r imary-ca re  p h y s i c i a n s  r e q u i r e d  a t  c u r r e n t  s e r v i c e  l e v e l s  
w i l l  b e  23.5 by mid-1987 under b a s e l i n e  c o n d i t i o n s  and 24 w i t h  t h e  WIPP. T h i s  
would l e a v e  t h e  p h y s i c i a n - t o - p o p u l a t i o n  l e v e l  below t h a t  recommended by 
B e n n e t t  ( 1 9 7 7 ) .  Using B e n n e t t ' s  s t a n d a r d  o f  one pr imary-care  p h y s i c i a n  to 
1200 p e o p l e ,  t h e  WIPP would i n c r e a s e  t h e  demand f o r  p r imary-ca re  p h y s i c i a n s  by 
a b o u t  one .  I n  g e n e r a l ,  t h e  WIPP-related demand f o r  a r e a  medica l  p e r s o n n e l  
w i l l  i n c r e a s e  i n  approx imate  p r o p o r t i o n  to t h e  WIPP-induced p o p u l a t i o n  change 
( a b o u t  2% i n  1 9 8 7 ) .  

P r o j e c t e d  p o p u l a t i o n  l e v e l s  f o r  1987 c a l l  f o r  one a d d i t i o n a l  ambulance 
under b a s e l i n e  l e v e l s .  The WIPP s h o u l d  n o t  add t o  t h i s  r equ i rement .  

T r a f f i c  a n d  t r a n s p o r t a t i o n  

Access to t h e  s i te  w i l l  be  p r o v i d e d  by a road  c o n n e c t i n g  t h e  s i t e  to U.S. 
62-180 to t h e  n o r t h .  Also  p lanned  is a r o a d  t o  t h e  s o u t h  c o n n e c t i n g  w i t h  N.M. 
128; however,  main t r a f f i c  f l o w  is e x p e c t e d  t o  be  from t h e  n o r t h .  There  may 
be t emporary  minor d i s r u p t i o n  of t r a f f i c  on U.S. 62-180 and N.M. 128  w h i l e  t h e  
a c c e s s  r o a d s  a r e  b e i n g  connec ted .  S i t e  c o n s t r u c t i o n  i t s e l f  w i l l  be s e v e r a l  
miles o f f  t h e  p u b l i c  roads  and s h o u l d  t h e r e f o r e  c a u s e  no d i s r u p t i o n  o f  t r a f f i c  
f l o w s  o r  p a t t e r n s .  

Dur ing  c o n s t r u c t i o n  and o p e r a t i o n ,  t h e r e  w i l l  be  some i n c r e a s e  i n  t r a f f i c  
on U.S. 62-180 between t h e  s i te  a c c e s s  road  and C a r l s b a d .  However, s i n c e  
p r e s e n t  p l a n s  c a l l  f o r  some workers  to be bused t o  t h e  site d u r i n g  b o t h  
p h a s e s ,  t h e  t r a f f i c - v o l u m e  i n c r e a s e  w i l l  b e  minimal.  S i n c e  U.S. 62-180 is a 
f o u r - l a n e  highway, slow-moving b u s e s  w i l l  n o t  impede o t h e r  t r a f f i c .  



F i g u r e  9-7 i n d i c a t e s  1976 t r a f f i c  volume f o r  s e l e c t e d  l o c a t i o n s  i n  
C a r l s b a d .  T a b l e  9-39 p r e s e n t s  peak t r a f f i c  f l o w s  and  s t r e e t  c a p a c i t i e s  f o r  
s e v e r a l  o f  t h e s e  l o c a t i o n s .  C u r r e n t l y ,  t r a f f i c  f l o w s  a r e  w e l l  w i t h i n  t h e  
e x i s t i n g  c a p a c i t y  o f  t h e  s treet  s y s t e m  (New Mexico Highway Depar tment ,  1976) .  

p r o j e c t i o n s  o f  1987 peak t r a f f i c  f l o w s  a r e  also p r e s e n t e d  i n  T a b l e  9-39: 
t h e y  a r e  b a s e d  o n l y  on  p r o j e c t e d  p o p u l a t i o n  i n c r e a s e s ,  w i t h  and w i t h o u t  t h e  
WIPP, and  n o t  on  t h e  l o c a t i o n  o f  new h o u s i n g  d e v e l o p m e n t s .  The o n l y  l o c a t i o n  
where  c a p a c i t y  is r e a c h e d  o r  e x c e e d e d  is s i t e  B o n  C a n a l  S t r e e t .  T h i s  is i n  
t h e  downtown b u s i n e s s  d i s t r i c t ,  a n d  t h e  p o p u l a t i o n - b a s e d  p r o j e c t i o n  is prob- 
a b l y  r e a s o n a b l y  a c c u r a t e .  The o t h e r  sites a r e  f e e d e r  r o u t e s  f rom e x p e c t e d  new 
p o p u l a t i o n  c e n t e r s  to t h e  downtown a r e a .  They a r e  t h u s  l i k e l y  to r e c e i v e  
i m p a c t s  g r e a t e r  t h a n  t h o s e  i n d i c a t e d  i n  T a b l e  9-39. Most, however ,  have con- 
s i d e r a b l e  e x c e s s  c a p a c i t y .  

On a s u b j e c t i v e  b a s i s ,  it a p p e a r s  t h a t  t h e  l o c a t i o n  o f  new h o u s i n g  w i l l  
c a u s e  t h e  most s e v e r e  impac t  on  S a n  Jose B o u l e v a r d  a n d  Boyd D r i v e .  ( N o  t r a f -  
f i c  c o u n t s  a r e  a v a i l a b l e  f o r  Boyd D r i v e . )  The e x t e n t  o f  t h e  i m p a c t  is impos- 
s i b l e  t o  p r e d i c t ,  however,  s i n c e  i t  depends  p r i m a r i l y  on t h e  l o c a t i o n  o f  t h e  
p l a c e  o f  work o f  r e s i d e n t s  i n  new homes. (For  t h o s e  work ing  i n  t h e  p o t a s h  
mines  o r  a t  t h e  s i t e ,  i t  depends  on t h e  l o c a t i o n  o f  bus  p i c k u p  p o i n t s . )  The 
p l a c e  o f  work is of  p r i m a r y  i m p o r t a n c e  s i n c e  a b o u t  50% o f  a l l  t r i p s  w i t h  o r i -  
g i n s  or d e s t i n a t i o n s  i n  C a r l s b a d  is f o r  work p u r p o s e s .  

Communication s e r v i c e s  and  f a c i l i t i e s  

Under b a s e l i n e  c o n d i t i o n s ,  by 1988 t h e  number of  t e l e p h o n e  main  s t a t i o n s  
i n  s e r v i c e  w i l l  i n c r e a s e  by a b o u t  3700,  or a b o u t  30% o v e r  t h e  1977 yea r -end  
l e v e l .  With  implementa t ion  o f  t h e  WIPP r e f e r e n c e  r e p o s i t o r y ,  t h e  i n c r e a s e  
w i l l  be  a b o u t  4200, or 34%. A s  a r e s u l t ,  t h e  n e t  e f f e c t  o f  t h e  WIPP w i l l  be 
to r a i s e  t h e  damand f o r  t e l e p h o n e  s e r v i c e  a b o u t  3% above  b a s e l i n e  l e v e l s .  

G e n e r a l  Te lephone  of t h e  S o u t h w e s t  is a n t i c i p a t i n g  c o m p l e t i o n  o f  a new 
c e n t r a l  o f f i c e  w i t h  au tomated  s w i t c h i n g  i n  l a t e  1979 or e a r l y  1980.  Company 
o f f i c i a l s  s ta te  t h a t  t h i s  f a c i l i t y  w i l l  p r o v i d e  ample c a p a c i t y  to meet pro-  
j e c t e d  demands w i t h  or w i t h o u t  t h e  WIPP. 

R e c r e a t i o n  

Q u a n t i t a t i v e  measurement of  i m p a c t  on most community r e c r e a t i o n  f a c i l i t i e s  
is d i f f i c u l t ,  i f  n o t  i m p o s s i b l e ,  f o r  s e v e r a l  r e a s o n s .  F i r s t ,  r e c r e a t i o n ,  par-  
t i c u l a r l y  o u t d o o r  r e c r e a t i o n ,  o c c u r s  o v e r  a g e o g r a p h i c  a r e a  much l a r g e r  t h a n  
t h e  c i t y  l i m i t s .  Second ,  measurements  f o r  d e t e r m i n i n g  c a p a c i t y  and  impact  are 
made by t h e  S t a t e  o f  Mew Mexico i n  c o n j u n c t i o n  w i t h  t h e  Bureau  o f  Outdoor  
R e c r e a t i o n ,  an agency o f  t h e  U . S .  Depar tment  o f  t h e  I n t e r i o r .  I n f o r m a t i o n  
f rom t h e s e  two a g e n c i e s  is l i m i t e d  to m u l t i c o u n t y  a r e a s  known a s  R e c r e a t i o n a l  
Market  Areas  ( R M A s ) .  T h i r d ,  p e o p l e  who m i g r a t e  to t h e  a r e a  may n o t  have t h e  
same r e c r e a t i o n a l  v a l u e s  a s  t h o s e  who a l r e a d y  l i v e  t h e r e .  

The New Mexico S t a t e  P l a n n i n g  O f f i c e  d e f i n e s  s e v e n  RMAs, w i t h  RMA 6 cover -  
i n g  t h e  c o u n t i e s  of  Chaves ,  Eddy, Lea ,  L i n c o l n ,  a n d  O t e r o .  A n a l y s i s  o f  recre- 
a t i o n a l  f a c i l i t i e s  and u s e  p a t t e r n s  for t h i s  RMA i n d i c a t e s  t h a t  f a c i l i t i e s  f o r  
t w o  p o p u l a r  o u t d o o r  r e c r e a t i o n a l  a c t i v i t i e s ,  camping and pool swimming, w i l l  
be i n s u f f i c i e n t  by 1985 i f  p r e s e n t  c a p a c i t i e s  a r e  n o t  i n c r e a s e d .  
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Figure 9-7. Carlsbad average daily traffic, 1976. 
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T a b l e  9-39. S e l e c t e d  T r a f f i c  Flows and Road C a p a c i t i e s ,  C a r l s b a d  

Peak hour  P r o j e c t e d  peak 
Average d a i l y  (4-5 p.m.) hour ,  1 9 8 7 ~  Peak-hour 

sitea S t r e e t  t r a f f i c ,  1 9 7 6 ~  1976C B a s e l i n e  WIPP c a p a c i t y e  

A C a n a l  S t r e e t  9 ,305  850 1150 1180 1900 
B C a n a l  S t r e e t  15,466 1410 1900 1960 1900 
C U.S. 285 14 ,723  1340 1810 1860 2900 
D San Jose B o u l e v a r d  3,174 290 390 400 950 
E M e r m o d S t r e e t  6 ,736 6 1 0  8 20 8 50 1900 
F Texas  S t r e e t  1 ,718 160 220 220 950 
G Lea S t r e e t  2,170 2 00 270 280 950 
H U.S. 62-180 4,890 440 590 690f 2900 

a ~ e e  F i g u r e  9-7. 
h e w  Mexico S t a t e  Highway Depar tment  (1976)  , T r a f f i c  Flow Maps o f  Urban 

Areas .  
C ~ a s e d  o n  p e r c e n t a g e  h o u r l y  l o a d s ,  N e w  Mexico S t a t e  Highway Depar tment  

( 1 9 6 9 ) ,  C a r l s b a d  T r a f f i c  Study.  
d ~ s s u m e s  i n c r e a s e  i n  p r o p o r t i o n  to p o p u l a t i o n  i n c r e a s e .  S e e  t e x t .  
e ~ a s e d  on s t r e e t - c a p a c i t y  e s t i m a t i n g  p r o c e d u r e s  used  by t h e  Midd le  R i o  

Grande C o u n c i l  o f  Governments.  
f ~ s s u m i n g  t r a v e l  from t h e  s i t e  is d u r i n g  t h e  peak hour and an  a v e r a g e  o f  

two o c c u p a n t s  p e r  v e h i c l e .  Comparable f i g u r e  f o r  t h e  peak c o n s t r u c t i o n  y e a r  
(1983)  is 900. 

Popula r  RMA a c t i v i t i e s  t h a t  appear  to have  a d e q u a t e  f a c i l i t i e s  t h r o u g h  t h e  
y e a r  2000, g i v e n  t h e  p o p u l a t i o n  growth w i t h  and  w i t h o u t  t h e  WIPP, a r e  f i s h i n g  
( l a k e  and s t r e a m ) ,  p i c n i c k i n g ,  t e n n i s ,  and g o l f .  

Demand f o r  new swimming p o o l s  i n  C a r l s b a d  is l i k e l y  to d e v e l o p  i n  t h e  n e x t  
few y e a r s .  The c i t y  c u r r e n t l y  h a s  an  a d e q u a t e  s u p p l y  o f  c i t y  p a r k s  and  rec -  
r e a t i o n a l  f a c i l i t i e s  i n  t h e  P r e s i d e n t s '  Pa rk-Car l sbad  Lake complex. 

Indoor  r e c r e a t i o n a l  a c t i v i t i e s  a r e  g e n e r a l l y  s p o n s o r e d  by t h e  p r i v a t e  
s e c t o r .  One major  e x c e p t i o n  is r e c r e a t i o n  f o r  s e n i o r  c i t i z e n s .  The C i t y  o f  
C a r l s b a d  a l r e a d y  p r o v i d e s  a program to meet t h i s  demand, and i t  is e x p e c t e d  
t h a t  t h e  WIPP r e f e r e n c e  r e p o s i t o r y  w i l l  n o t  s i g n i f i c a n t l y  i n c r e a s e  t h e  demand 
i n  t h i s  c a t e g o r y .  Moreover ,  s i n c e  t h e  o v e r a l l  WIPP impac t  on t h e  p o p u l a t i o n  
o f  C a r l s b a d  is o n l y  a b o u t  8% of  t h e  t o t a l  p o p u l a t i o n  i n  t h e  peak impac t  y e a r  
( 1 9 8 3 ) ,  no s i g n i f i c a n t  problems w i t h  i n d o o r  r e c r e a t i o n a l  f a c i l i t i e s  a r e  
e x p e c t e d .  

S o l i d - w a s t e  management 

The p r o j e c t e d  b a s e l i n e  i n c r e a s e  i n  t h e  p o p u l a t i o n  i n d i c a t e s  t h a t  two a d d i -  
t i o n a l  v e h i c l e s  w i l l  be  needed t o  c o l l e c t  r e f u s e  i n  1987. With t h e  r e p o s i -  
t o r y ,  a l m o s t  t h r e e  a d d i t i o n a l  v e h i c l e s  w i l l  be  needed i n  1987. 

The p r e s e n t  C a r l s b a d  l a n d f i l l  is e x p e c t e d  t o  be  f i l l e d  i n  1988. With  t h e  
WIPP p r o j e c t ,  t h e  p r e s e n t  l a n d f i l l  w i l l  r e a c h  c a p a c i t y  2 months e a r l i e r .  



9.4.6.2 scenario 11: Hobbs and Lea County 

  ducat ion--Hobbs School District 

School-enrollment projections indicate that the Hobbs municipal schools 
may experience crowding in all grades by the early to mid-1980s (Table 9-40). 
under baseline conditions, the average class will exceed 24 students in the 
1983-84 school year. Under the assumptions of scenario 11, this increase in 
class size will happen 1 year earlier. By the 1986-87 school year, the aver- 
age class will have more than 26 students under baseline conditions and some- 
what more students with the WIPP. 

I Table 9-40. Projected Enrollments for the Hobbs School District 

Grade 
Year K-6 7-9 10-12 Total 

ENROLLMENT CAPACITY~ 

BASELINE 

I 
t WIPP SCENARIO I1 

1981-82C 4500 1900 1830 8220 
1982-83 4640 1960 1890 8490 
1983-84 4780 2020 1950 8740 
1984-85 4860 2040 1980 8880 
1985-86 4930 2080 2020 9020 
1986-87 5040 2120 2050 9210 

aEstimated capacity, assuming 24 students per classroom. 
k a y  Wasson, Ass is tant Super intendent for Personnel , Hobbs 

Municipal Schools, letter, May 22, 1978. 
%tart of construction. 

Groundwater and municipal water system 

With rights to just more than 18,000 acre feet per year (Herkenhoff, 1976), 
Hobbs has sufficient water rights to cover anticipated demand until well past 
the year 2000. As shown in Table 9-41, withdrawals will be slightly more than 
12,000 acre-feet in 2000 under baseline conditions. With the implementation 



Table 9-41. Water Demand in Hobbsa (acre-feet per year) 

Baseline With WIPP 
Year Withdrawals Depletions Withdrawals Depletions 

a~eak day (based on peak-day factors (Herkenhoff, 1976)), in 1977, 
13,640,000 gallons; in the year 2000: baseline, 23,886,000 gallons; 
with WIPP 24,190,000 gallons. 

h e w  Mexico Interstate Stream Commission and New Mexico State Engineer's 
Of fice (1975) ; County Profile, Lea County. 

C~stimates based on population projections by this study and per capita 
withdrawal and depletion projections by the New Mexico Interstate Stream 
Commission, op. cit., adjusted for recent water-rate increase. 

%tart of construction. 

of WIPP, an additional 100 acre-feet will be required that year. The greatest 
impact will occur in 1983, with an additional demand of 250 acre-feet per year. 

Although water rights are adequate for several decades, the 14-mgd current 
yield of the 23 existing wells is only slightly greater than the current peak- 
day demand. Peak-day demand is projected to exceed existing well yields in \ 1 

1980, before the start of construction. Unless additional wells are brought 
into production, there may be some temporary water shortages in mid-summer of 

I 
1980, with the shortages becoming worse in succeeding summers. ~rnplementation 
of the WIPP project would increase the shortfall somewhat. 

Municipal wastewater systems and treatment facilities i , I 

1 
1 1  

With an anticipated wastewater flow of 79.5 gallons per capita per day, an 
average of 3 rngd of wastewater will be generated in 1985 under baseline condi- 

I ' 

tions. By 1990 this will rise to 3.4 mgd. With the WIPP, wastewater flows 
will reach 3.06 mgd in 1985 and 3.47 mgd in 1990. Since the capacity of the I 

sewage-treatment plant under construction is about S mgd, with expansion to 6 
rngd possible, there should be no problems with sewage-treatment facilities, 
with or without the WIPP, for the next several decades. 



New main sewer lines, replacing or supplementing several existing main 
lines, will provide service from the north side of town, the area of antici- 
pted population growth, to the sewage-treatment plant on the south side of 
town. As a result, no problems should be experienced in delivering wastewater 

g:. to the treatment plant, with or without the WIPP. 
.&F4' 

The foregoing analysis assumes that all projected population increases in 
& ?. + . nobbs actually occur within the city limits. However, as indicated in Section 
- 9.4.5.3, there is a high probability that current city limits will be unable 

to accommodate all of the projected population increase. In fact, much of the 
recent growth in the Hobbs area has taken place outside the city limits to the 
north. If future growth does occur in this area and the new housing units are 
not connected to the municipal sewer system, it will be necessary to use sep- - 

tic systems. Since conventional septic systems have presented problems with 
seepage into groundwater, it is necessary to use the somewhat more expensive 
evapotranspiration systems. This, in turn, will mean a slight increase in 
housing costs . 
Electric service 

By mid-1987, residential energy consumption will increase by 4.2% over 
1977 year-end levels, with 0.2% attributable to the WIPP. If the current 
ratio of commercial to residential use is maintained, commercial use will 
require an additional 4%, of which 0.2% will be induced by the WIPP. The net 
effect of WIPP-induced residential and commercial energy use will be an 
increase of 0.25%. 

Natural gas service 

With the implementation of the WIPP reference repository, 2980 new resi- 
dential connections and 390 commercial hookups will be required through mid- 
1987. Demand for natural gas by these two sectors will rise by 32.3%. The 
net impact of the WIPP will be to cause. an increase of 1.0% in residential and 
commercial natural gas use. According to Hobbs Gas Company officials, provi- 
sion of the projected expansion of service, with or without the WIPP project, 
will not be a problem. 

Fire protection 

Without the WIPP, the Hobbs Eire department will have to increase from 44 
employees in 1978 to 54 in 1987 in order to maintain the current ratioof fire- 
department employees to city inhabitants. The WIPP is expected to increase 
the number of employees by one. By 1987 the nwnber of major fire-equipment 
units and substations will have to increase by 2 and 1, respectively, iE the 
current level of fire protection is to be maintained. The WIPP is not ex- 
pected to alter that projected increase significantly. 

Police protection 

An additional 18 police employees, an increase of 22%, will be needed in 
Hobbs by 1987 under baseline conditions, in order to maintain the current 

I level of service. With the implementation of the WIPP, the ad2ed employee 
requirement would be 19, an impact of 1 employee by 1987. 

Under baseline conditions, the Lea County Sheriff's departnent will need 
an additional six employees. With the WIPP project, the needed increase is 
expected to be one additional employee. 



H e a l t h  care 

P r o j e c t e d  p o p u l a t i o n  i n c r e a s e s  f o r  Lea County t o  mid-1987 w i l l  i n c r e a s e  
t h e  r e q u i r e m e n t s  f o r  h o s p i t a l  b e d s  t o  110 under  b a s e l i n e  c o n d i t i o n s  and cur -  
r e n t  u s e  r a t e s .  With  t h e  WIPP, t h e  demand would r i s e  t o  111.. Occupancy r a t e s  
would r i s e  t o  a b o u t  6 1  and 62%,  r e s p e c t i v e l y ,  w e l l  below t h e  recommended l e v e l  
o f  80% ( B e n n e t t ,  1977) . 

M e d i c a l - p e r s o n n e l  r e q u i r e m e n t s  i n  1987 w i l l  be  a b o u t  1% g r e a t e r  w i t h  t h e  
WIPP t h a n  w i t h o u t .  I f  c u r r e n t  l e v e l s  o f  p r imary-ca re  p h y s i c i a n  to p o p u l a t i o n  
a r e  m a i n t a i n e d ,  t h i s  means an i n c r e a s e  o f  0.3 p h y s i c i a n  due to WIPP. I f  t h e  
s t a n d a r d  p roposed  by B e n n e t t  is u s e d ,  WIPP-induced p o p u l a t i o n  change i n  1987 
w i l l  r e s u l t  i n  t h e  need  f o r  0.5 e x t r a  p r i m a r y - c a r e  p h y s i c i a n .  O v e r a l l ,  t h e  
WIPP w i l l  r a i s e  p e r s o n n e l  r e q u i r e m e n t s  by less t h a n  1% and w i l l  n o t  i n c r e a s e  
c a p i t a l  f a c i l i t y  r e q u i r e m e n t s  m e a s u r a b l y .  Ambulance r e q u i r e m e n t s  w i l l  r i se  t o  
f i v e  v e h i c l e s  under b a s e l i n e  o r  WIPP c o n d i t i o n s .  

T r a f f i c  and t r a n s m r t a t i o n  

Access t o  t h e  s i t e  from Hobbs would b e  on U.S. 62-180. S i n c e  t h i s  highway 
is w e l l  below peak-hour c a p a c i t y ,  commuting by WIPP employees  is n o t  e x p e c t e d  
t o  have  any s i g n i f i c a n t  impac t .  T h e s e  p r o j e c t i o n s  a r e  b a s e d  on p r o j e c t e d  in-  
c r e a s e s  i n  p o p u l a t i o n ,  w i t h  o r  w i t h o u t  t h e  WIPP, and s h o u l d  p r o v i d e  r e a s o n a b l y  
a c c u r a t e  r e s u l t s  f o r  t h e  i n t r a c i t y  t r a f f i c  f lows .  

F i g u r e  9-8 i n d i c a t e s  s e l e c t e d  1976 t r a f f i c  f l o w s  f o r  s e v e r a l  l o c a t i o n s  i n  
Hobbs. T a b l e  9-42 p r e s e n t s  peak t r a f f i c  f l o w s  and s t r ee t  c a p a c i t i e s  f o r  sev-  
e r a l  o f  t h e s e  l o c a t i o n s .  

T a b l e  9-42. S e l e c t e d  T r a f f i c  Flows and Road C a p a c i t i e s ,  Hobbs 

Aver a g e  
d a i l y  Peak- hou r P r o j e c t  peak 

t r a f f i c  t r a f f i c  hour ,  1 9 7 8 ~  Peak-hour 
sitea S t r e e t  1 9 7 6 ~  1976C Baseline WIPP c a p a c i t y e  

Turner  10,829 
Grimes 11 ,035  
Dal Paso  14,135 
Bender 12 ,325  
Turner  14 ,765  
Dal  Paso  15,239 
Broadway 11 ,032  
U.S. 62-180 5 , 9 0 9  

a ~ e e  F i g u r e  9-8. 
b ~ e w  Mexico S t a t e  Highway Depar tment  ( 1 9 7 6 ) ,  T r a f f i c  Flow Maps o f  Urban 

Areas .  
C ~ s s u r n e d  to be 10% o f  t h e  a v e r a g e  d a i l y  t r a f f i c  f low.  
d ~ s s u m e s  i n c r e a s e  i n  p r o p o r t i o n  t o  p o p u l a t i o n  i n c r e a s e .  S e e  t e x t .  
e ~ a s e d  on s t r e e t - c a p a c i t y  e s t i m a t i n g  p r o c e d u r e s  used  by t h e  Midd le  R i o  

Grande C o u n c i l  o f  Governments.  
' ~ s s u m i n ~  t r a v e l  from t h e  s i t e  is d u r i n g  t h e  peak h o u r s  and an a v e r a g e  

o f  two o c c u p a n t s  p e r  v e h i c l e .  Comparable  f i g u r e  f o r  t h e  peak c o n s t r u c t i o n  
y e a r  (1983)  is 830. 
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Figure 9-8. Hobbs average daily traffic, 1976. 



The impact of  f u t u r e  popu la t ion  growth is expec ted  t o  be p a r t i c u l a r l y  
heavy on s t r e e t s  connec t ing  t h e  n o r t h  s i d e  o f  Hobbs t o  o t h e r  p a r t s  of  town. 
However, t h e  o n l y  no r th - s ide  l o c a t i o n s  t h a t  appear t o  have any s e r i o u s  poten- 
t i a l  f o r  crowding a r e  t h e  i n t e r s e c t i o n s  of Dal Paso and Turner  w i th  Sanger.  

Peak f lows  a r e  a t  or s l i g h t l y  above c a p a c i t y  under b a s e l i n e  c o n d i t i o n s  and 
w i l l  be  m a r g i n a l l y  h ighe r  w i t h  t h e  WIPP p r o j e c t .  The i n t e r s e c t i o n  of Dal Paso 
w i t h  Bender w i l l  be approaching  c a p a c i t y  i n  1987 under e i t h e r  c i rcumstance .  
The term "capac i ty"  does n o t  mean an  a b s o l u t e  l i m i t  b u t  r a t h e r  t h a t  t r a f f i c  
movement is slowed a s  t h e  c a p a c i t y  f i g u r e  is approached. Thus, Turner  and Dal 
Paso may e x p e r i e n c e  some rush-hour problems by 1987, w i th  t h e  problems being 
s l i g h t l y  worse i f  t h e  WIPP p r o j e c t  is implemented. There may a l s o  be some 
evening rush-hour t r a f f i c  problems a t  some downtown l o c a t i o n s ,  e i t h e r  w i t h  o r  
w i thou t  t h e  WIPP. 

Communications s e r v i c e s  and f a c i l i t i e s  

With t h e  implementat ion of  t h e  WIPP p r o j e c t ,  abou t  3900 a d d i t i o n a l  main 
s t a t i o n s  w i l l  be  r e q u i r e d  by mid-1987, an  i n c r e a s e  of  32% over  t h e  1977 l e v e l  
and 1% over  t h e  b a s e l i n e  c o n d i t i o n s .  

Genera l  Telephone of  t h e  Southwest  has  r e c e n t l y  i n s t a l l e d  a new exchange 
and p l a n s  a d d i t i o n a l  i n s t a l l a t i o n s  i n  1980 and 1981. I t  a n t i c i p a t e s  no d i f -  
f i c u l t y  i n  meet ing p r o j e c t e d  demand wi th  o r  w i thou t  t h e  WIPP. 

Rec rea t ion  I i 
A s  s t a t e d  i n  S e c t i o n  9.4.6.1,  ou tdoor  r e c r e a t i o n  is g e n e r a l l y  measured 

over  a l a r g e r  geograph ic  a r e a  t h a n  munic ipa l  l i m i t s .  I n  Regional  Market Area 
6 (RMA 6 ) ,  which i n c l u d e s  Chaves, Eddy, Lea, Lincoln ,  and O t e r o  C o u n t i e s ,  
demands f o r  camping and swimming-pool f a c i l i t i e s  may n o t  be met by 1985. How- 
e v e r ,  t h e  lack of  swimming pools  a s  measured on an RMA-wide b a s i s  may n o t  
app ly  t o  t h e  c i t y  of  Hobbs. Hobbs has  fou r  p o o l s ,  two open to t h e  g e n e r a l  
p u b l i c  and t w o  a v a i l a b l e  t o  p r i v a t e  members o n l y ,  and it appea r s  t h a t  t h e  
demand w i l l  no t  exceed t h e  supply  by t h e  yea r  1985. A l a r g e  S t a t e  park i n  
Hobbs ( a t  t h e  Hobbs I n d u s t r i a l  ~ i r  C e n t e r ) ,  to  be completed i n  1983, w i l l  
a l l e v i a t e  t h e  c u r r e n t  s h o r t a g e  of camps i t e s  w i t h i n  t h e  RMA, p a r t i c u l a r l y  i n  
t h e  v i c i n i t y  o f  Hobbs. 

Peak impact  on Hobbs is expec ted  d u r i n g  1983, a t  which t i m e  it is expec ted  
t h a t  o v e r a l l  r e c r e a t i o n a l  demands w i l l  be met. 

Sol id-waste  management 

Two a d d i t i o n a l  v e h i c l e s  w i l l  be needed i n  Hobbs i n  o r d e r  to meet t h e  r e f u s e  I 
c o l l e c t i o n  needs i n  1987. With t h e  WIPP p r o j e c t  t h e  number of  new v e h i c l e s  I 

needed w i l l  be e s s e n t i a l l y  t h e  same. I 

By 1982, a l l  of t h e  p r e s e n t  c o l l e c t i o n  v e h i c l e s  w i l l  be more than  7 y e a r s  
o l d .  The re fo re ,  i t  is p r o j e c t e d  t h a t  11 new v e h i c l e s  w i l l  have t o  be pur- 
chased by 1987. 



With an e s t i m a t e d  r e m a i n i n g  l i f e  o f  30 y e a r s ,  t h e  l a n d f i l l  i n  Hobbs h a s  
n t  c a p a c i t y  (even  w i t h  t h e  WIPP p r o j e c t )  t o  meet t h e  needs  o f  t h e  c i t y  

ti1 a f t e r  t h e  y e a r  2000. 

9.4.7.1 S c e n a r i o  I :  C a r l s b a d ,  Eddy County 

I n  f i s c a l  y e a r  1983-84, t h e  y e a r  of maximum WIPP-construct ion impact on ' 
p o p u l a t i o n ,  C a r l s b a d  m u n i c i p a l  r evenues  a r e  p r o j e c t e d  t o  r e a c h  $10.9 m i l l i o n  
( i n  1977 d o l l a r s )  under  b a s e l i n e  c o n d i t i o n s  ( f o r  a d d i t i o n a l  i n f o r m a t i o n ,  see 
~ p p e n d i x  M ,  T a b l e  M - l o ) ,  o r  a b o u t  $340 on a  p e r - c a p i t a  b a s i s .  With t h e  imple- 
menta t ion  of t h e  WIPP p r o j e c t ,  r evenues  would r e a c h  n e a r l y  $11.7 m i l l i o n  i n  
1983-84. The peak-year  impac t  o f  t h e  WIPP w i l l  add a b o u t  $0.8 m i l l i o n  to 
Car l sbad  revenues  (Appendix M ,  T a b l e  M - 1 1 )  . 

-a The f i r s t  y e a r  o f  long- run  o p e r a t i o n ,  1986-87, w i l l  r e s u l t  i n  an addi-  x* L 

-2, t i o n a l  $0.3 m i l l i o n  i n  m u n i c i p a l  r evenues .  T o t a l  r evenues  w i t h o u t  t h e  p r o j -  
ect s h o u l d  r e a c h  $11.6 m i l l i o n ,  w h i l e  t h o s e  w i t h  t h e  p r o j e c t  shou ld  be  $11.9 
m i l l i o n .  

e 
T C a r l s b a d  m u n i c i p a l  e x p e n d i t u r e s  a r e  p r o j e c t e d  t o  be $11.3 m i l l i o n  i n  
r;, 1983-84 under b a s e l i n e  c o n d i t i o n s ,  w h i l e  implementa t ion  o f  t h e  WIPP s h o u l d  

raise s p e n d i n g  t o  more t h a n  $11.8 m i l l i o n .  Implementa t ion  o f  t h e  WIPP w i l l  4 i n c r e a s e  m u n i c i p a l  e x p e n d i t u r e s  by $0.6 m i l l i o n .  
3" 
9; By 1986-87, C a r l s b a d  e x p e n d i t u r e s  are e x p e c t e d  t o  r e a c h  $12.0 m i l l i o n  

under b a s e l i n e  c o n d i t i o n s  and  $12.2 m i l l i o n  w i t h  t h e  WIPP, which would t h u s  
L i n c r e a s e  f i s c a l  1986-87 s p e n d i n g  by $0.2 m i l l i o n .  

A A s  shown by T a b l e  M - 1 1  o f  Appendix M ,  t h e  n e t  f i s c a l  impact of t h e  WIPP 
p r o j e c t  is p r o j e c t e d  t o  b e  an  e x c e s s  o f  revenues  over  e x p e n d i t u r e s  o f  j u s t  
o v e r  $0.2 m i l l i o n  i n  1983-84 and less t h a n  $0.1 m i l l i o n  i n  1986-87. 

Eddy County r e v e n u e s  a r e  p r o j e c t e d  t o  r e a c h  $4.1 m i l l i o n  i n  f i s c a l  1983-84 
under b a s e l i n e  c o n d i t i o n s  and $4.3 m i l l i o n  w i t h  t h e  implementat ion o f  t h e  WIPP 
( f o r  a d d i t i o n a l  i n f o r m a t i o n ,  see Appendix M ,  T a b l e  M-12). I n  1986-87, reve- 
nues  s h o u l d  r e a c h  $4.3 m i l l i o n  w i t h o u t  t h e  p r o j e c t  and n e a r l y  $4.4 m i l l i o n  
w i t h  it. The peak impac t  o f  c o n s t r u c t i o n  and o p e r a t i o n  would be t o  add $0.2 
m i l l i o n  to r e v e n u e s  i n  1983-84 and l e s s  t h a n  h a l f  o f  t h a t  i n  1986-87 (Appendix 
M ,  T a b l e  M-13). 

*For an e x p l a n a t  i o n  o f  revenue and e x p e n d i t u r e  p r o j e c t i o n  t e c h n i q u e s ,  s e e  
, Appendix L. Revenues and e x p e n d i t u r e s  a r e  rounded, where f e a s i b l e ,  t o  t h e  

n e a r e s t  $0.1 m i l l i o n  i n  t h i s  s e c t i o n .  For d e t a i l e d  f i g u r e s ,  s e e  Appendix L. 



Expenditures for Eddy County are projected to be $3.4 million in 1983-84 
under baseline conditions. The WIPP project should raise spending to $3.5 
million for the fiscal year, an increase of over $0.2 million due to the WIPp. 

Under existing conditions and assumptions used in this analysis, for fis- 
cal 1982-83, the WIPP will add $24,000 more to expenditures than to revenues 
in Eddy County; in 1986-87, additions to expenditures would exceed revenues by 
$8000. 

9.4.7.2 Scenario 11: Hobbs, Lea County 

Hobbs 

The maximum population impact of WIPP construction will occur in fiscal 
year 1983-84. In that year, Hobbs municipal revenues should reach $11.3 mil- 
lion under baseline conditions (for additional information, see Appendix M, 
Table M-14). The WIPP project would raise revenues to $11.5 million, an 
increase of $0.25 million for 1983-84 (Table M-15). 

In the first year of long-run operation impact, fiscal 1986-87, revenues 
are projected at $12.2 million under baseline conditions and $12.3 million 
with the project, a difference of $0.1 million. 

I 
1 

Hobbs municipal expenditures are projected to be $7.4 million in 1983-84 
under baseline conditions and $7.6 million with the WIPP, which would raise 
spending by approximately $0.2 million in 1983-84. In 1986-87, municipal 
spending should reach $8.0 million without the project and $8.1 million with 
the WIPP, an increase of $0.08 million project. 

The net effect of the WIPP project on the Hobbs municipal budget is pro- 
jected to be a surplus of revenues over expenditures of $0.05 million in , 
1983-84 and $0.02 million in 1986-87. , 

I 

Lea County 

Lea County revenues are projected to reach $4.6 million in 1983-84 under 
baseline conditions and show an additional increase of $0.06 million with the 
WIPP (for additional information, see Appendix M, Tables M-16 and M-17). For 
1986-87, baseline revenues should be $4.8 million, and the WIPP project should 
increase these revenues by less than $0.03 million. 

Lea County expenditures for 1983-84 are projected at $3.7 million under 
baseline conditions and $3.5 million with the WIPP, which would raise spending 
by about $0.07 million for the year. In 1986-87, the WIPP is projected to 
raise spending by $0.03 million from the $4.0 million baseline level. 

The net fiscal impact of the WIPP on Lea County is projected to be small. 
For 1982-83, it will raise spending by $9000 more than revenues. In 1986-87, 
the net deficit falls to $3000. 
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. 9.4.7.3 School D i s t r i c t  F inances  

*. . -*- - 

Scena r io  I: Car l sbad  D i s t r i c t  

The p r i n c i p a l  impact  of t h e  WIPP r e f e r e n c e  r e p o s i t o r y  on Car l sbad  school  
expend i tu re s  is expec ted  to be on o p e r a t i o n  expenses.  C a p i t a l  spending should  
not  be a f f e c t e d  because t h e  school  system is p r o j e c t e d  t o  have excess  capac- 
i t y ,  w i th  o r  w i thou t  t h e  WIPP, f o r  t h e  f o r e s e e a b l e  f u t u r e .  The peak impact on 
school  spending is expec ted  i n  1983-84, when expend i tu re s  i n c r e a s e  about 
$617,000 over  b a s e l i n e  l e v e l s  (Appendix M ,  Table  M-18) . 

D i s t r i c t  revenues a r e  expected t o  i n c r e a s e  more than  spending due t o  t h e  
WIPP. I n  t h e  peak impact year  of 1983-84, revenues a r e  p r o j e c t e d  t o  be 
$762,000 g r e a t e r  w i th  t h e  WIPP than wi thout ,  l a r g e l y  because of i n c r e a s e s  i n  
d i s t r i c t  p r o p e r t y  t a x  revenues. 

Scena r io  11: Hobbs D i s t r i c t  

I A s  i n  Ca r l sbad ,  t h e  WIPP is not  expected to s u b s t a n t i a l l y  a f f e c t  c a p i t a l  
spending i n  t h e  Hobbs District by inc reased  en ro l lmen t s .  Hobbs w i l l  r e q u i r e  a 

I new school  i n  t h e  r a p i d l y  growing nor thern  p a r t  of t h e  c i t y ;  t h i s  school  w i l l  
be r equ i r ed  wi th  o r  w i thou t  t h e  WIPP. The g r e a t e s t  WIPP-related i n c r e a s e  i n  
o p e r a t i n g  expenses ($268,000) w i l l  occur i n  1983-84 (Appendix M ,  Table  M-19). 

D i s t r i c t  revenues a r e  p r o j e c t e d  t o  r ise by more than  spending a s  a r e s u l t  
o f  t h e  WIPP. I n  1983-84, revenues w i l l  be $371,000 more wi th  t h e  WIPP than 
wi thout  it. 

Socioeconomic E f f e c t s  Under Changed Circumstances 

I f  t h e  b a s i c  c o n d i t i o n s  assumed i n  t h i s  a n a l y s i s  change, t h e  p r e d i c t e d  
impacts w i l l  change. I f  t h e  p r o j e c t  is de layed ,  appa ren t  costs w i l l  r i s e  
because of i n f l a t i o n .  I f  economic a c t i v i t i e s  i n  Eddy and Lea Count ies  a r e  
app rec i ab ly  d i f f e r e n t ,  t hen  t h e  degree of mig ra t ion  o r  employment of l o c a l  
i n d i v i d u a l s  may change s i g n i f i c a n t l y .  I n  g e n e r a l ,  i f  t h e  economic cond i t i ons  
a r e  not  a s  b r i g h t  a s  f o r e c a s t ,  t he  impacts of t h e  WIPP re fe rence  r e p o s i t o r y  
w i l l  not  be a s  g r e a t  because more c o n s t r u c t i o n  workers w i l l  be a v a i l a b l e  from 
t h e  l o c a l  a r ea .  Converse ly ,  i f  t h e  economic c o n d i t i o n s  a r e  such t h a t  t h e r e  is 
a sho r t age  of c o n s t r u c t i o n  workers beyond t h a t  f o r e c a s t ,  then  a heavier  degree 
of migra t ion  to l o c a l  communities w i l l  be neces sa ry  i n  o rde r  t o  meet WIPP 
employment requirements .  



9 . 5  LONG-TEXUq EFFECTS 

Dur ing  t h e  l o n g  t e r n ,  f o r  t h o u s a n e s  o f  y e a r s  a f t e r  t h e  WIPP r e f e r e n c e  
r e p o s i t o r y  h a s  c e a s e d  o p e r a t i o n  and h a s  been closed up,  t h e  e x p e c t e d  r e l e a s e  
o f  r a d i o a c t i v e  m a t e r i a l  is zero. 

N e v e r t h e l e s s ,  n a t u r a l  e v e n t s  or i n t r u s i o n  by p e o p l e  c o u l d  c o n c e i v a b l y  
c a u s e  such  a  r e l e a s e .  The f i r s t  s e c t i o n  of  t h i s  c h a p t e r  s t u d i e s  unexpec ted  
r e l e a s e s  by assuming  t h a t  t h e y  w i l l  o c c u r  and  by a s s e s s i n g  t h e i r  conse-  
q u e n c e s .  The s e c o n d  s e c t i o n  d i s c u s s e s  long- term e f f e c t s  t h a t  do n o t  i n v o l v e  
any  r e l e a s e  of  r a d i o a c t i v e  m a t e r i a l ;  h e a t  f rom t h e  s t o r e d  waste and  n a t u r a l  
s u b s i d e n c e  o f  t h e  r e p o s i t o r y  c o u l d  p r o d u c e  s u c h  e f f e c t s .  A f i n a l  s e c t i o n  
b r i e f l y  r e v i e w s  t h e  a v a i l a b l e  t e c h n i c a l  i n f o r m a t i o n  o n  i n t e r a c t i o n s  t h a t  may 
o c c u r  between t h e  w a s t e  and t h e  r o c k  i n  t h e  r e p o s i t o r y .  

9 . 5 . 1  E f f e c t s  I n v o l v i n g  t h e  R e l e a s e  o f  R a d i o a c t i v i t y  

9 . 5 . 1 . 1  B a s i s  o f  T h i s  A n a l y s i s  

The p r i n c i p a l  b e n e f i t  e x p e c t e d  f r o n  p l a c i n g  n u c l e a r  w a s t e s  d e e p  under-  
ground is long- term i s o l a t i o n  f rom t h e  b i o s p h e r e .  Numerous s t u d i e s  h a v e ,  
however ,  examined t h e  i n p a c t s  t h a t  b u r i e d  n u c l e a r  w a s t e  m i g h t  e x e r t  on  t h e  
env i ronment  i f  it e s c a p e d  f rom a  r e p o s i t o r y  (Bradshaw a n d  X c C l a i n ,  1971; 
USAEC, 1971;  C l a i b o r n e  and G e r a ,  1374;  McClain a n d  Boch,  1974;  G e r a ,  1975; 
Gera and  J a c o b s ,  1972;  B a r t l e t t  e t  a l . ,  1976; Cohen, 1977;  Cohen e t  a l . ,  
1 9 7 7 ) ;  a  r e c e n t ,  Z e t a i l e d  c o l l e c t i o n  o f  r e f e r e n c e s  a p p e a r s  i n  a document pub- 
l i s h e e  by t h e  U.S. N u c l e a r  R e g u l a t o r y  Commission (MRC, 1976)  . These  a n a l y s e s  
have  p o i n t e d  o u t  t h a t  s u c h  r e l e a s e s  o f  w a s t e  are h i g h l y  i m p r o b a b l e  and t h a t  
t h e y  would p o s e  L i t t l e  h a z a r d  to t h e  b i o s p h e r e .  Such r e s u l t s  have encouraged  
t h e  i n v e s t i g a t i o n  of g e o l o g i c  d i s p o s a l  and have l e d  to t h e  d e t a i l e 2 ,  site- 
s p a c i f i c  a n a l y s i s  p e r f o r m e d  f o r  t h e  WIPP p r o j e c t  and d e s c r i b e d  i n  t h i s  s e c t i o n .  

S i n c e  r a d i o a c t i v e  d e c a y  w i l l  r e d u c e  r a d i a t i o n  l e v e l s  as time p a s s e s ,  some 
s t u d i e s  have a t t e n p t e d  to d e c i d e  a t  what time a f t e r  b u r i a l  t h e  w a s t e  is no 
l o n g e r  dangerous .  D i f f e r e n t  c r i t e r i a  f o r  s a f e t y  h a v e  l e d  to d i f f e r e n t  con- 
c l u s i o n s .  Hamstra ( 1 9 7 5 ) ,  f o r  example ,  compared t h e  h a z a r d s  o f  b u r i e d  waste 
to t h o s e  of b u r i e d  u r a n i m  o r e  and c o n c l u l e d  t h a t  c'.eeply b u r i e d  h i g h - l e v e l  
w a s t e  is s a f e  a f t e r  a b o u t  1000 y e a r s  o f  b u r i a l .  G e r a  (1975)  a d o p t e d  a n o r e  
c o n s e r v a t i v e  c r i t e r i o n .  H e  compared t h e  h a z a r d  o f  n u c l e a r  w a s t e  to t h e  h a z a r d  
o f  u n b u r i e d  u r a n i u n - m i l l  t a i l i n g s  p i l e s .  Tak ing  no a c c o u n t  o f  t h e  i n c r e a s e d  
s a f e t y  t h a t  b u r i a l  would p r o v i ? e ,  G e r a  c o n c l u d e d  t h a t  t h e  waste d e c a y s  to a  
s a f e  l e v e l  i n  100,000 y e a r s .  H i s  s t u d y  r e c o g n i z e $ ,  h o v e v e r ,  t h a t  t h i s  es t i -  
mate  c o u l d  r e a s o n a b l y  be r e 2 u c e d  to a  f e v  t h o u s a n d  y e a r s  under  o t h e r  
a s s u m p t i o n s .  

The l o n g - t e r a  i n t e q r  i t l r  o f  t h e  WIPP ref e r c n c e  r e p o s i t -  zy  depends  on 
m u l t i p l e  b s r r i e r s ,  f e a t u r e s  t h a t  h i n d e r  the r : - le?sc! of  radioactivity. These  
b a r r i e r s  a r e  t h e  w a s t e  and i ts c o n t a i n e r s ,  t h ?  s a l t ,  a n d  t h e  g e o l o g i c  and 
h y d r c l c g i c  s y s t e n  i n  which t h e  r e p o s i t o r y  is embedeed. The long- te rm s a f e t y  
a n a l y s i s  aaae f.sr t h e  WIPP i n d i c a t e s  t h a t  t5.e ws.ste and its c o n t a i n e r s  a r e  n o t  
i m p o r t a n t  i n  h i n d e r i n g  t h e  r e l e a s e  c f  r , :S ioac t iv i ty ;  t h e  i m p o r t a n t  b a r r i e r  is 
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the massive s a l t  bed i t s e l f .  About 1200  f ee t  of rock s a l t  l i e s  above the 
waste horizons, and another 1200 fee t  of rock s a l t  and anhydrite l i e s  beneath 
them; no natural process is expected to  dis turb t h i s  2400-foot barrier in any 
s igni f icant  way during the period required for the wastes to decay to  innocu- 
ous levels .  If the s a l t  were breached, however, the properties of the th i rd  
bar r ie r ,  the geologic and hydrologic system, would become important; the 
analysis for  the WIPP has concentrated on the effectiveness of t h i s  barr ier  
a f te r  a postulated breaching event has disturbed the other two barriers.  

The basic plan for the analysis,  therefore,  is to estimate the conse- 
quences of hypothetical events tha t  might move wastes to  the biosphere. After 
postulating mechanisms for the release of radionuclides from the burial  medi- 
um, the study predicts radionuclide transport through the surrounding geologic 
media and then through the biosphere. The amounts of radionuclides that  might 
reach people are estimated; the estimated concentrations are used to  calculate 
the radiation doses tha t  might r e su l t  from the hypothetical release. 

9.5.1.2 Methods Used i n  This Analysis 

Fundamental plan 

T h i s  study of long-term impacts follows the basic plan of ear l ie r  studies: 
it evaluates the consequences of well-defined hypothetical future events tha t  
could conceivably release waste from a repository. I t  d i f f e r s ,  however, from 
previous studies in three important aspects tha t  make the analysis direct ly 
applicable to the WIPP reference s i t e ,  the WIPP conceptual design, and the 
waste being considered for the project: 

1. The wastes are not assumed safe a f t e r  several hundred years or even a 
few thousand years. Consequences are evaluated as a function of time 
a f t e r  each release event. 

2.  The repository is assumed to  contain both contact-handled TRU waste 
and high-level waste in the form of spent fuel .  Earlier studies have 
usually considered only high-level waste. 

3 .  The analysis is speci f ic  to  the reference s i t e .  I t  uses detailed 
geologic and hydrologic models of the area around the s i t e .  These 
models include data from Eield investigations conducted as part  of 
the WIPP project.  

An array of computational tools  is used to  examine scenarios for waste 
release. The term "scenario" here refers  to the de ta i l s  describing a postu- 
la ted release of radioactive material from a repository. These de ta i l s  
specify the following: 

1. A release event that  breaches the repository. 
2.  A mechanism for moving radionuclides through the breach. 
3 .  The elapsed time between burial  and the releasing event. 
4 .  The response of the burial medium to the breach. 

The scenario, combined w i t h  a source term specifying the radionuclide 
inventory and the physical and chemical condition of the waste, is used t o  



g i v e  i n i t i a l  and boundary c o n d i t i o n s  f o r  c a l c u l a t i n g  t h e  m i g r a t i o n  of  rad io-  
n u c l i d e s  through t h e  g e o l o g i c  media and to t h e  b io sphe re .  The movement of  
r a d i o n u c l i d e s  to man and t h e  dose to man a r e  t hen  c a l c u l a t e d .  The o v e r a l l  
sys tems  a n a l y s i s  is diagrammed i n  F i g u r e  9-9. 

C o m ~ i l a t i o n  o f  s c e n a r i o s  

The c o n p i l a t i o n  o f  s c e n a r i o s  began w i t h  an e x t e n s i v e  l i s t  of  e v e n t s  t h a t  
i n  concept  a r e  capab le  of  r e l e a s i n g  n u c l e a r  waste  from a r e p o s i t o r y  a t  t h e  
r e f e r e n c e  s i t e .  A s  mentioned above, numerous s t u d i e s  have l i s t e d  and evalu-  
a t e d  such  e v e n t s .  I n  a d d i t i o n ,  a  f a u l t  t r e e  used i n  a  German s t u d y  (P roske ,  
1976) and a  f a u l t  t r e e  prepared  by t h e  WIPP s t a f f  a ided  t h e  s e l e c t i o n  of re- 
l e a s e  e v e n t s .  The f i n a l  l ist comprised 19 b a s i c  r e l e a s e  e v e n t s ,  some pro- 
duced by human a c t i v i t y  and o t h e r s  produced by n a t u r a l  p r o c e s s e s .  

Each of t h e  e v e n t s  cou ld ,  i n  t h e o r y ,  g i v e  r i s e  to s e v e r a l  s c e n a r i o s  be- 
c a u s e ,  a s  e x p l a i n e d  above, a  complete  s c e n a r i o  i nvo lves  many d e t a i l s  b e s i d e s  
a  r e l e a s i n g  even t .  I f ,  f o r  exainple, t h e  waste  is assumed t o  have degene ra t ed  
i n t o  a  p a r t l y  l i q u i d  form a t  t h e  t ime  of r e l e a s e ,  t h e  s c e n a r i o  must d i f f e r  i n  
i t s  s p e c i f i c a t i o n s  from a s c e n a r i o  i n v o l v i n g  s o l i d  was te .  Or i f  t h e  s a l t  
medium is assumed to f low q u i c k l y  enough to r e s e a l  i t s e l f  a f t e r  a hypo the t i -  
c a l  b r each ,  t h e  s c e n a r i o  must d e s c r i b e  t h e  c l o s i n g  of t h e  r e l e a s e  p a t h .  Ex- 
c l u d i n g  s c e n a r i o s  d e s c r i b i n g  nuc l ea r  c r i t i c a l i t y  (Sec t ion  9 .5 .3 .6) ,  t h e  t o t a l  
number of  d i s t i n c t  s c e n a r i o s  d e r i v e d  i n  t h e  s t u d y  is 94. Many a r e  s i m i l a r ,  
d i f f e r i n g  o n l y  i n  minor d e t a i l s .  

I t  is no t  p o s s i b l e  to be c e r t a i n  t h a t  a l l  p o t e n t i a l  r e l e a s e  mechanisms 
have been i d e n t i f i e d .  Thus, f o r  comple teness ,  a  bounding-condi t ion s c e n a r i o ,  
c a l l e d  s c e n a r i o  4 i n  t h e  l i s t  below, h a s  been inc luded:  a l l  t h e  w a t e r s  t h a t  
normal ly  f l w  i n  t h e  R u s t l e r  a q u i f e r  above t h e  r e p o s i t o r y  a r e  asswned t o  f low 
through t h e  r e p o s i t o r y  and then  back t o  t h e  R u s t l e r .  
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selection of scenarios for analysis gj* 
-3 

Examination of the 94 scenarios revealed that 90 of them result in the 
k introduction of radionuclides into the Magenta and Culebra aquifers of the 
$ - 
& ~ustler Formation above the repository. The remaining four scenarios result 

in the direct transfer of radionuclides to the surface. 
2. -. 

Five representative scenarios were chosen for the analysis. Scenarios 1 
through 4 introduce the radionuclides into the Magenta and Culebra aquifers. 
These radionuclides are subsequently transported in the aquifers to the out- 
let along the Pecos River near Malaga Bend, approximately 15 miles southwest 
of the site. At this point the radionuclides reach the biosphere. Scenario 
5 introduces the radionuclides directly into the biosphere through a drill 
shaft penetrating the repository. All five scenarios are summarized below. 

Scenario 1: A hydraulic communication connects the Rustler aquifers 
above the repository, the Bell Canyon aquifer of the Delaware Mountain 
Group below the repository, and the repository. 

Scenario 2: A hydraulic communication allows water to flow from the 
Rustler, through the repository, and back to the Rustler. 

Scenario 3: A stagnant pool connects the Rustler aquifers with the 
repository. In contrast to scenarios 2 and 3, which involve flowing 
water, this communication permits radionuclide migration to the Rustler 
only by convection or molecular diffusion. 

Scenario 4: A hydraulic communication connects the Rustler aquifers with 
the repository; all the Rustler water normally moving above the reposi- 
tory flows through the repository and back to the Rustler. In contrast, 
scenarios 1 and 2 establish only a limited hydraulic connection. 

Scenario 5: A drill shaft penetrates the repository and intercepts a 
nuclear-waste canister; the radioactive material is brought directly to 
the surf ace. 

Scenarios 1 through 3 might be consequences of human actions or of 
natural geologic events. They might, in principle, begin to form during 
repository construction and operation or much later, as a result of inter- 
actions between the buried waste and the salt. Scenario 4 would be the con- 
sequence of a major geologic event, while scenario 5 would be the result of 
human actions. 

9.5.1.3 Scenarios for Liquid Breach and Transport 

Scenarios 1 through 4 are referred to as scenarios for liquid breach and 
transport. As explained in the remainder of this section, the analysis of 
their consequences proceeds from a detailed description of each scenario to a 
calculation of radionuclide movement through the geosphere--movement from the 
repository and through the Rustler aquifers. Next the analysis predicts 
radionuclide transport through the biosphere after discharge into the Pecos 
River at Malaga Bend. The final calculations predict radiation doses re- 
ceived by people. 



Description of scenarios 

The first step in the analysis outlined in Figure 9-9 is the block that 
represents the description of a scenario. Four major specifications make up 
this description. 

Breaching event. For computer modeling, the specification of an event 
that breaches the repository consists of parameters for input to the geosphere- 
transport model shown as another block in Figure 9-9. These parameters des- 
cribe the rate at which radionuclides leave the repository and enter the geo- 
sphere. No general prescription for specifying this input applies to all four 
scenarios because each requires its own modeling techniques. 

Transport mechanism. In all four scenarios, the transport mechanism is 
water flow. Details of the flow differ among the scenarios; the specific 
modeling techniques used for each of them are described later in this section, 
in the discussion of scenario modeling. 

Time of breach. The study models breaches of the repository and release 
to the aquifer at 100 and 1000 years after burial. Events at more-distant 
times are adequately represented by the 1000-year modeling because later 
changes in waste form and nuclide inventory are so slow as to give rise to 
no perceptibly different effects. 

Response of burial medium to releasing event. This specification, like 
that of the breaching event, consists of rates and durations of release used 
in the geosphere-transport code. The specific methods used for each scenario 
are described in the discussion of scenario modeling. 

Source term 

The second step in the analysis is to compile the source term shown as a 
block in Figure 9-9. Two major specifications compose the source term. 

Radionuclide inventories. The amount of each radionuclide present during 
the release depends on the type of waste held in the repository and on the 
time at which release occurs. Because actual radionuclide inventories will 
vary among the containers received at the repository, it is necessary to 
specify typical values. For this purpose the study used actual assay data 
from the Idaho National Engineering Laboratory for contact-handled TRU waste 
and computations by Sutherland and Bennett (in press) for spent fuel (Appendix 
E) . A spent-fuel canister was assumed to contain one PWR spent-fuel assem- 
bly. To calculate radionuclide inventories at each time selected for model- 
ing, a computer code (Appendix K) used the known decay characteristics (half- 
lives and daughter nuclei) of each radionuclide in the assays. Tables 9-43 
and 9-44 list the calculated radionuclide inventories at the repository-breach 
times in this study. The tables list the radionuclides that are the most im- 
portant in long-term consequence assessments. Although the inventory listed 
in these tables is not precisely the same as that shown in Appendix E ,  the 
differences are such that the release consequences are not affected. 

The radionuclides included in these inventories produce nearly all the 
radioactivity present in the waste. At 1000 years, the total mass of 



Table 9-43. Nuclide Concentrations at Repository Breaching (CH TRU Waste) 

Concentration at 100 yr Concentration at 1000 yr 
~uclide Half-life (yr) pCi/liter g/li ter t4Ci/li ter g/liter 

Ra-226 
Th-229 
Th-230 
Th-232 
U- 23 3 
U- 2 34 
U- 23 5  
U-236 
Np237 
Pu- 2 38 
Pu-239 
Pu-240 
Am- 24 1 

actinides in spent fuel is 4.40 x l o 5  grams per canister; virtually all of 
this mass is included in the geosphere-transport calculations. The total mass 
of fission products is 1.55 x lo4 grams, of which 610 grams (technetium-99, 
iodine-129, cesium-135) are modeled. The modeling includes 96.6% of the weight 
of the waste, 98.6% of the radioactivity in the waste, and all the isotopes of 
critical concern. 

Physical and cheaical condition of the waste. Because waste-acceptance 
criteria for contact-handled TRU waste will not be established until the 
summer of 1979, the source term cannot include an accurate description of the 
physical and chemical forms of the waste. Consequently, this analysis assumes 
conditions that produce upper bounds on the amounts of waste released. To 
this end the detailed model assumes that when water comes into contact with 
waste the radionuclides dissolve with the salt. It also assumes that the 
radionuclides are easily transported by water. In future analyses, these 
assumptions may be replaced if experimental data show that such phenomena as 
leaching, waste-matrix degradation, and the valence states of the radioactive 
species significantly affect the release rates. 

Geosphere-transport calculations 

The numerical model used in the geosphere-transport calculations (a block 
in Figure 9-9) is based on a model developed for the U.S. Geological Survey 
(Intercomp, 1976). The model was later modified for the U.S. Nuclear Regula- 

I 

, tory Comission to describe the migration of radionuclides. This modification , 
! (Dillon, Lantz, and Pahwa, 1977) vas used in the present study. A detailed 

mathematical discussion of the model and its application to this analysis 
appears in Appendix K. 

Briefly, the model solves three coupled partial-differential equations 
describing the behavior of a liquid injected into an aquifer system. The 
three equations describe conservation of energy, total liquid mass, and mass 



Table 9-44. Nuclide Concentrations in Spent-Fuel Assemblies at 
Breaching Times of 100 and 1000 Years 

Half -1if e 
Nuclide (yr) 

-- 

Concentration 
g/li ter Ci/li ter 

Sr-90 
CS-137 

Tc- 99 
1-129 
CS-135 
Ra-226 
Th-229 
Th-230 
Th-232 
U-233 
U-234 
U-235 
U-236 
U-238 
Np- 2 37 
Pu-239 
Pu-240 
Pu- 24 2 
Pu- 244 
Am-24 3 

Time = 100 yearsa 

Time = 1000 years 

a~hese nuclides are added to those listed below under the 1000-year 
breaching time. 

b1.2-1 = 1.2 x 10-1. 

of specific contaminants dissolved in the injected fluid. An additional equa- 
tion for each radioactive species accounts for conservation of mass of the 
species when dissolved in the fluid phase and when adsorbed onto the rock 
medium; it also accounts for radioactive decay and generation. Solutions are 
calculated for finite-difference equations on a three-dimensional rectangular 
grid, with the following assumptions: 

1. Transient, laminar flow takes place in three dimensions. 

2. Fluid density can be a funct:on of pressure, temperature, and concen- 
tration of the inert compone,-.t, while fluid velocity can be a func- 
tion of temperature and component concentration. 

3. The injected waste liquid is miscible with in-place aquifer liquid. 

4. Aquifer properties vary with position; porosity, permeability, thick- 
ness, and elevation can be specified for each grid block of the model. 



:&* -3 5.  Hydrodynamic d i s p e r s i o n  is a  f u n c t i o n  o f  f l u i d  v e l o c i t y .  s 
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6 .  ~ a d i o a c t i v e  s p e c i e s  a r e  p r e s e n t  i n  t r a c e  q u a n t i t i e s  and do n o t  a l t e r  
- - t h e  p h y s i c a l  p r o p e r  t i e s  o f  t h e  f l u i d s  invo lved .  
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7 .  The energy e q u a t i o n  c a n  be d e s c r i b e d  a s  

( e n t h a l p y  i n )  - ( e n t h a l p y  o u t )  = (change i n  i n t e r n a l  energy o f  
t h e  s y s t e n )  . 

8.  Boundary c o n d i t i o n s  a l l o w  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  
loss t o  a d j a c e n t  f o r m a t i o n s ,  and t h e  l o c a t i o n  o f  i n j e c t i o n ,  produc- 
t i o n ,  and o b s e r v a t i o n  p o i n t s  anywhere i n  t h e  sys tem.  

The f o l l o w i n g  s t e p s  o u t l i n e  t h e  approach used i n  c a l c u l a t i n g  geosphere  
t r a n s p o r t :  

1. Regional  model ing:  A computer code modeled t h e  Delaware b a s i n  hy- 
d ro logy  i n  a  s q u a r e  a r e a  36 miles on a s i d e .  L o c a l  boundary condi-  
t i o n s  were d e t e r m i n e d  f o r  t h i s  model. Then c a l c u l a t i o n s  performed 
wi th  t h e  model d e f i n e d  a q u i f e r  communication ( o r  l a c k  o f  i t )  and 
a q u i f e r  f low r a t e s ;  t h e y  a l s o  t e s t e d  t h e  c o n s i s t e n c y  between model- 
g e n e r a t e d  numbers and h y d r o l o g i c  measurements i n  t h e  f i e l d .  

2.  S c e n a r i o  model ing:  For each  s c e n a r i o  c a l c u l a t i o n s  o f  water flow a r e  
performed i n  b o t h  two and t h r e e  dimensions .  

3. T r a n s p o r t  t h r o u g h  a q u i f e r s :  Because t h e  d imens ions  o f  t h e  a q u i f e r  
a r e  s m a l l  i n  compar i son  w i t h  t h e  g e o l o g i c  c r o s s  s e c t i o n  of t h e  b a s i n ,  
c a l c u l a t i o n s  i n  one a n d  two dimensions  a r e  a d e q u a t e  f o r  t h e  movement 
of n u c l i d e s  from t h e  r e p o s i t o r y ,  through a q u i f e r s ,  and t o  t h e  p o i n t  
where d i s c h a r g e  to t h e  b i o s p h e r e  is assumed to occur .  

An impor tan t  p a r t  o f  mode l ing  t h e  s c e n a r i o s  f o r  l i q u i d  b reach  and t r a n s -  
p o r t  is t h e  assumption o f  two s e p a r a t e  v a l u e s  f o r  t h e  t r a n s m i s s i v i t y  of t h e  
combined Culebra  and Magenta a q u i f e r s ,  which t h e  code models  a s  a  s i n g l e  
40- foo t - th ick  a q u i f e r  s a l l e d  s i m p l y  t h e  R u s t l e r  a q u i f e r  i n  t h e  remainder o f  
t h i s  c h a p t e r .  The  a n a l y s i s  u s e s  t h e s e  t w o  v a l u e s  t o  e s t a b l i s h  upper and 
lower bounds t o  its p r e d i c t i o n s  o f  f low r a t e s  because  t h e  v a l u e s  measured i n  
t h e  f i e l d  may n o t  be a p p l i c a b l e  o v e r  t h e  e n t i r e  r e p o s i t o r y .  

B i o s p h e r e - t r a n s p o r t  c a l c u l a t i o n s  

Having moved from t h e  r e p o s i t o r y  through t h e  C u l e b r a  and Magenta aqui-  
f e r s ,  t h e  r a d i o n u c l i d e s  c o u l d  r e a c h  t h e  Pecos River  n e a r  Malaga Bend. A t  
t h a t  p o i n t  t h e  r a d i o n u c l i d e s ,  d i l u t e d  when t h e  a q u i f e r  wa te r  mixes  w i t h  t h e  
r i v e r  w a t e r ,  would e n t e r  t h e  b i o s p h e r e .  P o s s i b l e  pathways by which t h e y  
might  move through t h e  b i o s p h e r e  t o  p e o p l e  i n c l u d e  t h e  i n g e s t i o n  of f i s h ,  t h e  
i n g e s t i o n  of w a t e r ,  and a c t i v i t i e s  l i k e  swimming, b o a t i n g ,  and sunba th ing .  

The b i o s p h e r e - t r a n s p o r t  c a l c u l a t i o n s  ( a  b lock i n  F i g u r e  9-9) beg in  by 
c o n v e r t i n g  t h e  o u t p u t  o f  t h e  g e o s p h e r e - t r a n s p o r t  c o d e ,  which p r o v i d e s  mass 
f r a c t i o n s  of r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  t h e  a q u i f e r  w a t e r .  For each 



radionuclide, the mass fraction is converted to picocuries per year by the 
following equation: 

(mass fraction) (aquifer flow rate) (specific activity) = (activity per year) 

where the dimensions of the factors are 

Then the analysis calculates the yearly intake of radionuclides by a per- 
son exposed through the biosphere pathways. 

Dose calculations 

The consequence analysis next computes the radiation doses that result 
from the intake of radionuclides by a hypothetical person living near Malaga 
Bend. This calculation (Torres and Balestri, 1978), represented by the 
bottom block in Figure 9-9, uses the EIRC computer code LADTAP. 

When radioactive material is taken into the body, part of it remains 
there, delivering a radiation dose until it decays or is eliminated by bio- 
logical processes. To express the dose received from such material, the 
annual dose delivered while the material is in the body is integrated over a 
50-year period after injection. The integrated dose from a 1-year intake of 
radioactive material is called the 50-year dose commitment. 

In this calculation the yearly intake from ingesting water or fish is 
converted to a 50-year dose commitment by the following equation: 

(yearly intake) (liquid-dose conversion factor) = dose commitment 

where the dimensions of the factors are 

(pCi/yr) [mrem/(pCi/yr )] (10') rem/mrem) = rem. 

The conversion factors for this equation are taken from the NRC study 
MUREG-0172 (Hoenes and Soldat, 1977) . When a person continually ingests 
radioactive material (as the hypothetical person in this study does), the 
50-year ?ose commitment, expressed in rern, is numerically equal to the annual 
dose, expressed in rem per year, received by the body during the 50th year 
after ingestion. For this reason, the calculated dose-commitments presented 
later in this chapter are expressed as dose rates, in rem per year. 

To account for swimming, boating, and use of the river shoreline, the 
study uses the methods given in NRC Regulatory Guide 1.109, Revision 1 (NRC, 
1977). It also uses the factors provided by this Guide for computing 



exposures and doses to individuals characterized by the Guide as "maximum" 
with respect to food consumption, occupancy, and other pathways. Further 
information on the biosphere-transport calculations appears in Section 9.5.1.4. 

scenario modeling 

Although the detailed descriptions in the following pages refer specifi- 
cally to scenarios 1, 2, 3, and 4, the modeling is general enough to represent 
many scenarios. 

Modeling of scenario 1. This scenario develops a vertical connection be- 
tween the upper aquifer (the Rustler) and the lower aquifer (the Bell Canyon) 
through a hypothetical 9-inch-diameter uncased borehole (Figure 9-10). De- 
pending on the actual location of this borehole, flow may be either into or 
from the upper aquifer. Recent measurements (Powers et al., 1978) and the 
calculated freshwater potentials suggest that for the purpose of analysis, the 
flow near the repository can be assumed to be upward, into the Rustler aqui- 
fer, under a pressure difference of 7.5 psia. The calculations therefore 
assume this upward flow. 

The permeability of the wellbore was calculated using Hagen-Poiseuillels 
law for laminar flow through a pipe. The hydraulic resistance of the wellbore 
was found to be negligible relative to the resistances of the aquifers. 

Potentials in Delaware Mountain Group 
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Figure 9-10. Schematic representation of scenario 1 



C a l c u l a t i o n  of t h e  f l ow  through t h e  we l lbo re  was performed by s imu la t i ng  
t h e  h y d r a u l i c  c o n d i t i o n s  of  t h e  two a q u i f e r s  connec ted  by a borehole .  I n  t h i s  
s c e n a r i o ,  water  is withdrawn from one  a q u i f e r  and i n j e c t e d  i n t o  t h e  o t h e r .  
S ince  t h e  t r a n s m i s s i v i t y  of t h e  upper a q u i f e r  is less t h a n  t h a t  of  t h e  lower 
a q u i f e r ,  t h e  upper -aqui fe r  t r a n s m i s s i v i t y  c o n t r o l s  t h e  f l ow  r a t e  through t h e  
wel lbore .  A somewhat c o n s e r v a t i v e  and s imple  way of model ing t h i s  s i t u a t i o n  
is t o  d e s c r i b e  t h e  upper a q u i f e r  numer i ca l l y  a s  a s i n g l e  l a y e r  w i t h  an i n f i -  
n i t e  r a d i u s  and t h e  w e l l b o r e  a t  i ts c e n t e r .  The boundary c o n d i t i o n  a t  t h e  
w e l l b o r e  is s c h e m a t i c a l l y  shown i n  F i g u r e  9-10. 

I n  t h i s  model, a f t e r  an i n i t i a l  t r a n s i e n t  p e r i o d ,  t h e  f l ow  becomes essen- 
t i a l l y  c o n s t a n t .  The c a l c u l a t i o n s  p r e d i c t e d  f l ow  r a t e s  f o r  times a s  l ong  a s  
100,000 yea r s .  From t h e  two bounding v a l u e s  of t h e  t r a n s m i s s i v i t y  i n  t h e  
R u s t l e r  a q u i f e r ,  upper and lower bounds t o  f low r a t e s  th rough t h e  we l lbo re  
were c a l c u l a t e d  to be 600 and 30 f t3 /day .  The p r e d i c t i o n s  of  t h e  conse- 
quence a n a l y s i s  were c a l c u l a t e d  s e p a r a t e l y  f o r  each  of t h e  two bounds on 
t r a n s m i s s i v i t y .  

I t  was assumed t h a t  t h e  Sa l ado  and C a s t i l e  Format ions  d i s s o l v e  uniformly 
a long  t h e  l e n g t h  of  t h e  we l lbo re  and t h a t  t h e  r a d i o a c t i v e - w a s t e  c a n i s t e r s  d i s -  
s o l v e  a t  t h e  same r a t e  a s  t h e  s a l t  fo rmat ion .  The d i ame te r  of  t h e  h y d r a u l i c  
communication i n c r e a s e s  a s  t h e  water  d i s s o l v e s  t h e  s a l t ;  a d i s s o l u t i o n  f r o n t  
advances through t h e  r e p o s i t o r y ,  e v e n t u a l l y  r e a c h i n g  a l l  t h e  s t o r e d  waste .  
The amount of was te  d i s s o l v e d  is p r o p o r t i o n a l  t o  t h e  f r a c t i o n  of  t h e  g e o l o g i c  
fo rma t ions  t h a t  is was te .  

Modeling of s c e n a r i o  2. S c e n a r i o  2 (F igu re  9-11) c o n s i s t s  of  t h e  f a i l u r e  
of two s h a f t s  near  t h e  c e n t e r  of t h e  r e p o s i t o r y  and t h e  development of  a hy- 
d r a u l i c  communication th rough an abandoned 24-inch-diameter we l lbo re .  The 
we l lbo re  is assumed to be l o c a t e d  a t  t h e  downstream end ( toward  t h e  Pecos 
R i v e r )  of  t h e  r e p o s i t o r y .  Conce ivably  water can  f low from t h e  R u s t l e r  a q u i f e r  
down t h e  s h a f t s ,  th rough t h e  two r e p o s i t o r y  l e v e l s ,  and t h e n  back t o  t h e  
R u s t l e r  a q u i f e r ,  

Rustler Formation 
Flow 40 ft - C 

t 
Two 23-ft-diameter shafts 

total communicatien: 
area = 831 ft2 

Conductivity = 50 ftlday 

Contact-handled waste 

Lower level Remotely handled waste 

+6000 ft + :2 ft 
t 

Figure 9-1 1 .  Schematic representation of scenario 2. 
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For modeling purposes it is assumed tha t  the water entering the repository 
contains 8000 ppm of t o t a l  dissolved so l ids ,  the concentration of the Culebra 
and Magenta waters, and that  the water coming out is saturated brine w i t h  a 
total-dissolved-solids concentration of 410,000 ppm. Furthermore, both re- 
pository levels are assumed to dissolve a t  the same r a t e ,  w i t h  the dissolution 
of radioactive waste controlled by the dissolution of s a l t .  In other words, 
the leach ra te  of waste is assumed to equal the leach ra te  of s a l t .  

The permeability of the two 23-foot-diameter* shaf ts  and the repository 
levels  is taken as 50 times the permeability of the Rustler aquifer. T h i s  
number, typical of a highly permeable aquifer,  is believed to  be conservative 
because s a l t  creep would tend to  fill voids l e f t  in the repository af te r  back- 
f i l l i n g  or to  heal f ractures  or f a i lu res  developed i n  the shafts  or the well- 
bore. Even though the spent-fuel repository w i l l  not extend 6000 fee t  from 
the sha f t ,  a conductivity of 50 ft/day is assumed between the shaft  and the 
wellbore a t  the repository level .  Since re la t ive ly  fresh water goes 2own 
the shaf ts  and saturated brine (of higher f lu id  density) comes up the well- 
bore, the actual potent ial  gradient across the sha f t s ,  the repository, and the 
wellbore would be lower than assumed. Therefore, not allowing for fluid- 
density change due to s a l t  dissolution is a conservative assumption. 

Flow calculations for t h i s  scenario were made by a three-dimensional two- 
layer description of the system. The upper layer was the Rustler, and the 
lower layer represented the two repository levels .  Between points A and B i n  
Figure 9-11 are two para l le l  resistances to  flow--the Rustler aquifer and the 
repository levels .  A s igni f icant  amount of water flows through the repository 
because it is assumed to have a lower resistance to  flow: nearly a l l  the 
resistance i n  the repository communication is the hydraulic resistance of the 
wellbore because of i t s  much smaller flow area. The permeabilities of the 
shaf t  area and the repository therefore do not control the flow through t h i s  
communication, as long as the resistances of these two members are small. The 
waste-dissolution ra t e  for scenario 2 was calculated t o  be l e s s  than that for 
scenario 1 by a factor of 2.17. 

I n  scenario 1 ,  some f lu id  from the Bell Canyon aquifer is added to the 
Rustler aquifer;  a f t e r  t h i s  addition the f lu id  velocity in the Rustler aquifer 
increases slightly--roughly by a factor of 1 /6 .  I n  scenario 2 ,  no f lu id  is 
added; the velocity between the repository and the r iver  is essent ial ly  the 
natural velocity in  the Rustler aquifer. Therefore, i f  consequences for 
scenario 2 are obtained from scenario 1 by using the r a t i o  of 2.17, the 
resul t s  are s l igh t ly  conservative but adequate predictions for scenario 2. 

Modeling of scenario 3 .  Simple circumstances producing scenario 3 might 
include one or more d r i l l  holes penetrating the Rustler and reachinq the re- 
pository. Although such holes would eventually f  ill w i t h  water, there would 
be no driving mechanism to make i t  flow. The transport of radionuclides would 
therefore be much slower than transport i n  scenarios 1 and 2 .  A ser ies  of 
deep cracks above the repository might, i n  theory, a l so  give r i se  to  t h i s  
s cenar io. 

*The diameter of the largest  shaf t  a t  the reference repository has been 
changed t o  1 9  f e e t  (Section 8.4.1) since t h i s  calculation was made. However, 
the resul t s  are not sensi t ive to the change. 



I n  more t e c h n i c a l  t e r m s ,  t h i s  s c e n a r i o  assumes t h a t  a v e r t i c a l  c o n n e c t i o n  
is d e v e l o p e d  between t h e  r e p o s i t o r y  and t h e  R u s t l e r  a q u i f e r .  However, l a c k  of 
h o r i z o n t a l  communicat ion p r e v e n t s  w a t e r  f l o w  w i t h i n  t h e  r e p o s i t o r y  ( F i g u r e  
9 -12) .  The o n l y  mechanism assumed f o r  waste t r a n s p o r t  from t h e  r e p o s i t o r y  t o  
t h e  a q u i f e r  is m o l e c u l a r  d i f f u s i o n  i n  t h e  l i q u i d  phase .  L i q u i d - l i q u i d  d i f f u s -  
i v i t i e s  a r e  on t h e  o r d e r  o f  10"~  f t 2 / d a y  cm2/sec) ( P e r r y ,  1963)  ; 
t h i s  v a l u e  was used  i n  t h e  a n a l y s i s .  

A s  i n  s c e n a r i o s  1 and 2 ,  s a l t  d i s s o l u t i o n  is assumed to d e t e r m i n e  t h e  
l e a c h  r a t e s  o f  t h e  w a s t e .  S a t u r a t e d  b r i n e  is assumed t o  e x i s t  i n  t h e  r e p o s i -  
t o r y ,  and w a t e r  c o n t a i n i n g  8000 ppm of  t o t a l  d i s s o l v e d  s o l i d s  is  assumed i n  
t h e  R u s t l e r  a q u i f e r ,  e s t a b l i s h i n g  a  c o n s t a n t  g r a d i e n t  f o r  d i f f u s i o n .  S i n c e  
d i f f u s i v i t y  i s  c o n s t a n t  under t h e s e  c o n d i t i o n s ,  t h e  a r e a  o f  communicat ion is 
t h e  c o n t r o l l i n g  p a r a m e t e r  f o r  s a l t  and waste t r a n s p o r t  i n t o  t h e  a q u i f e r .  To 
d e r i v e  w o r s t - c a s e  c o n c e n t r a t i o n s  f o r  t h i s  s t u d y ,  t h i s  a r e a  is t a k e n  a s  35 
a c r e s ,  f a r  l a r g e r  t h a n  t h e  a r e a  t h a t  d r i l l  h o l e s  might  c r e d i b l y  p r o d u c e .  Flow 
c o n d i t i o n s  i n  t h e  R u s t l e r  a q u i f e r  a r e  assumed to be i n d e p e n d e n t  o f  t h e  e v e n t s  
i n  t h i s  s c e n a r i o .  

40 f t  
Rustler Formation 

No flow 

Upper level 

Figure 9-12. Schematic representation of scenario 3. 

t No flow 

X o d e l i n g  o f  s c e n a r i o  4 .  The t h r e e  s c e n a r i o s  d e s c r i b e d  above d e p i c t  re- 
p o s i t o r y  f a i l u r e s  t h a t ,  a l t h o u g h  u n l i k e l y ,  are p h y s i c a l l y  p o s s i b l e .  The 
w o r s t - c a s e  f a i l u r e  is a l s o  o f  i n t e r e s t  a s  a  bounding c o n d i t i o n  s i n c e  it spawns 
t h e  most  s e v e r e  consequences  of t h e  s c e n a r i o s  f o r  l i q u i d  b r e a c h  a n d  t r a n s p o r t ;  
i t  is even  more u n l i k e l y  t h a n  t h e  o t h e r  t h r e e  s c e n a r i o s .  

v 

I 

I n  t h e  bounding-conc'.ition s c e n a r i o ,  t h e  t o t a l  f low i n  t h e  R u s t l e r  Forma- 
t i o n  o v e r  t h e  e n t i r e  w i d t h  of t h e  r e ~ o s i t o r y  p a s s e s  th rough  t h e  two r e p o s i t o r y  
l e v e l s  and back to t h e  R u s t l e r  ( F i g u r e  9-13) .  Water e n t e r i n g  t h e  r e p o s i t o r y  
is assumed t o  c o n t a i n  8000 pprn of t o t a l  < i s s o l v e d  s o l i d s ,  t h e  c o n c e n t r a t i o n  o f  
t h e  C u l e b r a  and  Magenta w e t e r s :  !(rater c o n i n g  o u t  is s a t u r a t e d  b r i n e  w i t h  a 
t o t a l - d i s s o l v e d - s o l i 2 s  c o n c e n t r a t i o n  of 410,000 ppm. F u r t h e r m o r e ,  b o t h  re- 
p o s i t o r y  l e v e l s  are assumed to  d i s s o l v e  a t  t h e  same r a t e ,  w i t h  t h e  d i s s o l u t i o n  
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Figure 9-1 3. Schematic representation of the bounding con- 
dition (top) and velocities in the Rustler during 
the bounding condition (bottom). 

o f  r a d i o a c t i v e  w a s t e  c o n t r o l l e d  by t h e  d i s s o l u t i o n  o f  t h e  s a l t .  I n  o t h e r  
words ,  t h e  l e a c h  r a t e  o f  w a s t e  is assumed to e q u a l  t h e  l e a c h  r a t e  of  s a l t .  

The t h i c k n e s s e s  o f  t h e  two r e p o s i t o r y  l e v e l s  a r e  t a k e n  a s  16.5  and 4 2  
f e e t ,  t h e  t o t a l  t h i c k n e s s e s  to be  mined. Except  i n  t h e  a r e a  above t h e  r e p o s i -  
t o r y ,  f low c o n d i t i o n s  i n  t h e  R u s t l e r  a r e  assumed to be t h e  same b e f o r e  and  
a f t e r  t h e  s c e n a r i o  b e g i n s .  A s  i n  s c e n a r i o  1, t h e  t r a n s m i s s i v i t y  o f  t h e  
R u s t l e r  a q u i f e r  is a n  i m p o r t a n t  q u a n t i t y ;  c a l c u l a t i o n s  f o r  t h e  bounding cond i -  
t i o n  t h e r e f o r e  assume t h e  two l i m i t i n g  v a l u e s  f o r  t r a n s m i s s i v i t i e s .  

R a t e s  o f  d i s s o l u t i o n  

T h i s  s e c t i o n  d e s c r i b e s  t h e  r a t e s  of  s a l t  and w a s t e  d i s s o l u t i o n  c a l c u l a t e d  
f o r  e a c h  o f  t h e  s c e n a r i o s .  A l l  t h e  s c e n a r i o s  assume t h a t  f l u i d  e n t e r i n g  t h e  
R u s t l e r  a q u i f e r  is s a t u r a t e d  b r i n e .  

I n  s c e n a r i o  1, w a t e r  e n t e r s  t h e  w e l l b o r e  f rom t h e  B e l l  Canyon a q u i f e r  a t  
230,000 ppn ( 2 3 % ) ,  d i s s o l v e s  s a l t  and w a s t e  u n i f o r m l y  a l o n g  2700 f e e t  of  t h e  
S a l a d o  and C a s t i l e  F o r m a t i o n s ,  and e n t e r s  t h e  R u s t l e r  a q u i f e r  a t  410,000 ppm 
( 4 1 % ) .  For a f o r m a t i o n  s p e c i f i c  g r a v i t y  of 2 ,  a f o r m a t i o n  volume e q u a l  to 9% 
o f  t h e  f l u i d  volume p a s s i n g  t h r o u g h  t h e  w e l l b o r e  is d i s s o l v e d ;  b e c a u s e  f l u i d  
f l o w  f o r  t h e  upper  v a l u e  o f  t r a n s m i s s i v i t y  was c a l c u l a t e d  to be 600 f t 3 / d a y ,  
54 c u b i c  f e e t  o f  t h e  f o r m a t i o n  is d i s s o l v e d  p e r  day.  Over t h e  16.5-foot  



t h i c k n e s s  of  t h e  CH-waste r e p o s i t o r y ,  t h e  amount of  t h e  r e p o s i t o r y  d i s s o l v e d  
is (16.5/2700) x  54 = 0.33 f t 3 /day  (3411 l i t e r s / y r )  . The r a t e  f o r  t h e  lower 
bound on t r a n s m i s s i v i t y  is s m a l l e r  by a  f a c t o r  o f  20. The l e a c h  r a t e  i n  t h e  
RH-waste r e p o s i t o r y  is p r o p o r t i o n a l  to  i ts t h i c k n e s s ,  42 f e e t .  

I n  s c e n a r i o  2, t h e  s t e a d y - s t a t e  f low r a t e s  t h rough  t h e  r e p o s i t o r y  were 
c a l c u l a t e d  t o  be 3.2 and 0.16 f t 3 / d a y  f o r  t h e  upper and lower t r a n s m i s s i v i -  
t i es ,  r e s p e c t i v e l y .  A t  t h e s e  flow r a t e s ,  t h e  s a l t  f o r m a t i o n s ,  i nc lud ing  t h e  
r e p o s i t o r y ,  d i s s o l v e  a t  0.64 and 0.032 f t 3 / d a y  (6616 and 331 l i t e r s / y r )  , 
r e s p e c t i v e l y .  

I n  s c e n a r i o  3 ,  a c o n s t a n t  c o n c e n t r a t i o n  g r a d i e n t  is assumed to e x i s t  be- 
tween t h e  r e p o s i t o r y  l e v e l s  and t h e  R u s t l e r  a q u i f e r .  Assuming a  c o n c e n t r a t i o n  
g r a d i e n t  of 400,000 ppm over  an  ave rage  1500-foot  d i s t a n c e ,  a  d i f f u s i v i t y  of 
10'3 f t 2 /day ,  and a  c r o s s - s e c t i o n a l  a r e a  of 35 a c r e s ,  t h e  c a l c u l a t i o n s  
p r e d i c t  a  s a l t - d i f f u s i o n  r a t e  of  0.2033 f t 3 /day .  T h i s  r a t e  cor responds  to  
0.0573 f  t3/day (593 l i  t e r s / y r )  from t h e  CH-waste r e p o s i t o r y  and 0.0117 
f t 3 / d a y  (121 l i t e r s / y r )  from t h e  RH-waste l e v e l .  

I n  s c e n a r i o  4 ( t h e  bounding c o n d i t i o n ) ,  t h e  t o t a l - d i s s o l v e d - s o l i d s  concen- 
t r a t i o n  i n c r e a s e s  by rough ly  400,000 ppm. T h i s  c o r r e s p o n d s  to t h e  d i s s o l u t i o n  
of  a  volume of  t h e  fo rma t ion  e q u a l  to  20% of  t h e  f l u i d  volume pas s ing  through 
t h e  t w o  r e p o s i t o r y  l e v e l s .  F l u i d  v e l o c i t y  th rough t h e  R u s t l e r  a q u i f e r  f o r  t h e  
u p p e r - t r a n s m i s s i v i t y  bound is roughly  0.04 f t / d a y .  For an  a q u i f e r  t h i c k n e s s  
of  40 f e e t  and a  p o r o s i t y  of 0.1, t h i s  co r r e sponds  to a  f low r a t e  of  0.16 
f t 3 /day  per u n i t  w id th  of  t h e  a q u i f e r .  When t h i s  q u a n t i t y  f l ows  through t h e  
two r e p o s i t o r y  l e v e l s ,  0.045 f t 3 /day - f t  f l ows  th rough  t h e  CH-waste l e v e l  and 
0.115 f  t3/day-f t f lows  through t h e  RH-waste l e v e l .  A t  t h e  CH-waste l e v e l ,  
f o r  example, t h e  e q u i v a l e n t  d i s s o l u t i o n  r a t e  is 0.009 f t 3 / d a y  per u n i t  
wid th ,  o r  8 1  f t 3 / d a y  (8.4 x l o 5  l i t e r s / y r )  f o r  t h e  comple te  CH-waste re-  
pos i t o r  y  . 
Nucl ide  t r a n s p o r t  

Geosphere- t ranspor t  c a l c u l a t i o n s  a r e  con f ined  t o  t h e  R u s t l e r  Formation 
wi th  t h e  d i s c h a r g e  p o i n t  a t  Malaga Bend on t h e  Pecos  R ive r .  The p o t e n t i a l  
con tou r s  i n  t h e  R u s t l e r  ( F i g u r e  K-6 i n  Appendix K )  show t h a t  f low between t h e  
r e p o s i t o r y  and Malaga Bend is e s s e n t i a l l y  one-dimensional  ( toward t h e  Pecos 
R i v e r )  and t h a t  a l l  wa te r  from t h e  R u s t l e r  d i s c h a r g e s  i n t o  t h e  r i v e r .  There- 
f o r e ,  d i s p e r s i o n  c a l c u l a t i o n s  i n  t h e  c ross - f low d i r e c t i o n  do n o t  p rovide  any  
a d d i t i o n a l  i n fo rma t ion ;  t h e  e n t i r e  plume of  water  c a r r y i n g  r a d i o n u c l i d e s  would 
d i s c h a r g e  i n t o  t h e  r i v e r .  

The c o n c e n t r a t i o n  o f  r a d i o n u c l i d e s  i n  t h e  a q u i f e r  is a l s o  de te rmined  a t  a  
l o c a t i o n  3 miles from t h e  c e n t e r  of t h e  r e p o s i t o r y  ( i .e. ,  a t  t h e  boundary o f  
t h e  s i te )  a t  t h e  c e n t e r l i n e  of t h e  r a d i o n u c l i d e  plume. A s imp le  procedure 
o b t a i n s  p lume-center l ine  c o n c e n t r a t i o n s  from one-dimensional  model c a l c u l a -  
t i o n s .  One set  of two-dimensional model c a l c u l a t i o n s  was made; from it were 
ob t a ined  r e l a t i o n s h i p s  t h a t  c o n v e r t  one-dimensional  v a l u e s  to p lume-center l ine  
va lues .  These r e l a t i o n s h i p s  can t r a n s l a t e  a l l  o t h e r  one-dimensional r e s u l t s  
i n t o  approximate two-dimensional terms.  

S t eady - s t a t e  p o t e n t i a l s  from s c e n a r i o  model ing a r e  used to r e p r e s e n t  t h e  
boundary c o n d i t i o n s  f o r  n u c l i d e  t r a n s p o r t .  C a l c u l a t i o n s  a r e  performed up to 
100,000 y e a r s  a f t e r  t h e  s t a r t  of each  s c e n a r i o .  



From the dissolution rates discussed above, it is apparent that the worst 
consequences come from the higher-transmissivity assumption for the bounding 
case. Travel times for nonadsorbing radionuclides without dispersion are the 
same as the travel time for water. Nonadsorbing radionuclides would begin to 
reach Malaga Bend in approximately 5000 and 100,000 years for the upper and 
lower transmissivities, respectively. 

Isotopes with relatively short half-lives are not explicitly included in 
the geosphere-transport model, because they are in secular equilibrium with 
their parent nuclides. In other words, the radioactivity of these isotopes is 
approximately the same as that of the parent nuclides. 

Partial results of scenario 2 appear in Table 9-45, which presents, for 
all spent-fuel radionuclides, modeled transport rates integrated in the cross- 
flow direction at Malaga Bend and at the 3-mile location. Table 9-45 shows 
that highly adsorptive plutonium isotopes remain near the repository; even 
after 100,000 years their transport from the repository remains negligible. 
However, the uranium daughters of plutonium, with low adsorption coefficients, 
are transported farther from the repository. 

Although the adsorption coefficient of thorium is greater than that of 
plutonium, thorium transport rates are relatively large at a considerable dis- 
tance from the repository because of the generation of thorium daughter iso- 
topes from faster-moving uranium isotopes. Therefore, in spite of its greater 
adsorption coefficient, thorium reaches downgradient locations faster than 
plutonium does. 

For comparison, the transport rates of three spent-fuel isotopes (iodine- 
129, nonadsorbing; uranium-235, slightly adsorbing; and radium-226, moderately 
adsorbing) are presented in Table 9-46 for three scenarios at the assumed 
3-mile point. The transport rates for scenario 1 are consistently greater 
than those for scenarios 2 and 3. 

Arrival times and discharge rates of iodine-129 are graphed in Figure 9-14 
for scenarios 1 and 4. The bounding condition (Figure 9-14b) shows the effect 
of rapid repository dissolution under extreme conditions; under the upper- 
transmissivity assumption, the entire spent-fuel repository is dissolved in 
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I Figure 9-14. Calculated rate of 1-129 discharge into the Pecos River at Malaga Bend: (a) scenario 1, 
(b) bounding calculation (scenario 4); event initiation, 1000 years; source of radio- 
activity, spent fuel. 
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Table 9-45. Transport Rates for Isotopes from Spent Fuel: Scenario 2, Upper ~ransmissivity~ 

3 m i l e s  
Nuc l ide  g/y r Ci/yr 

Malaga Bend 
9 / ~  r C i /y r  

3 m i l e s  
9 / ~  r C i /y r  

Malaga Bend 
9 / ~  r Ci /yr  - 

Time = 3500 y e a r s  Time = 7000 y e a r s  

Tc-99 1.1+2b 1.9 8.4-3 1.4-4 5.4-14 9.1-16 1 .1+2 1 .9  
I- 129 2.6+1 4.5-3 1.9-3 3.3-7 3.1-13 5.4-17 2 .6+1 4.6-3 

Time = 50,000 y e a r s  Time = 100.000 y e a r s  

CS-135 
Ra-226 
Th-229 
Th-230 
Th- 2 32 
U-233 
U-234 
U-235 
U-236 
U-238 
N p  2 37 
Pu-239 
Pu-240 
Pu-242 
m - 2 4 3  

a A t  Malaga Bend, t h e  t r a n s p o r t  r a t e  is t h e  same a s  t h e  d i s c h a r g e  r a t e  i n t o  t h e  Pecos  R ive r .  
b1.1+2 = 1.1 x 10-2. 



T a b l e  9-46. Comparison of T r a n s p o r t  R a t e s  f o r  T h r e e  S e l e c t e d  I s o t o p e s  
( D i s t a n c e  = 3 Miles) 

Scenario 1 Scenario 2 Scenario 3 8;: Upper ~ower Upper ~ower Upper mwer 
i; Nuclide transmissivity transmissivity transmissivity transmissivity transmissivity transmissivity 

5 Time = 3500 years 

1-129. g/yr 7. 2-la 1.1-10 3.3-1 5.1-11 1.0-2 1.0-2 
1-129, Ci/yr 1.3-4 2.1-14 5.8-5 3.5-15 1.7-6 1.7-6 

Time 50,000 years 

, 
10,000 y e a r s .  Because t h e  e n t i r e  i n v e n t o r y  o f  iodine-129 is i n  t h e  s p e n t  , 
f u e l ,  t h e  u p p e r - t r a n s m i s s i v i t y  bounding c o n d i t i o n  g i v e s  an  iodine-129 d i s -  
c h a r g e  o f  s h o r t  d u r a t i o n .  

U n c e r t a i n t y  on h y d r a u l i c  c o n d u c t i v i t y  i n d u c e s  u n c e r t a i n t y  i n  p r e d i c t e d  
I t r a n s p o r t  r a t e s .  A p r e l i m i n a r y  a n a l y s i s  (Tang and P i n d e r ,  1976)  shows t h a t  

1. Changes i n  groundwater  v e l o c i t y ,  w i t h i n  t h e  range  used h e r e ,  g e n e r a t e  
r e l a t i v e l y  l i t t l e  change i n  t h e  mass c o n c e n t r a t i o n s  a t  l o n g  times. 

2. I n c r e a s e s  i n  groundwater  v e l o c i t y  t o g e t h e r  w i t h  i n c r e a s e s  i n  d i s p e r s -  
i v i t y  c a u s e  e a r l i e r  a r r i v a l s  a t  p o i n t s  where c o n c e n t r a t i o n s  a r e  b e i n g  
de te rmined .  T h e r e f o r e ,  c a l c u l a t i o n s  t h a t  t a k e  d i s p e r s i o n  i n t o  ac- 
c o u n t  may p r e d i c t  e a r l i e r  a r r i v a l  times t h a n  t h o s e  r e p o r t e d  h e r e ,  
a l t h o u g h  t h e  d i f f e r e n c e s  would n o t  be g r e a t .  

3 .  To a  h i g h  d e g r e e  o f  c o n f i d e n c e ,  i n  e a c h  s c e n a r i o  t h e  a c t u a l  geosphere  
t r a n s p o r t  must l i e  w i t h i n  t h e  r e s u l t s  p r e d i c t e d  by c a l c u l a t i o n s  w i t h  
t h e  two t r a n s m i s s i v i t i e s .  

, 4. The u s e  o f  t h e  h i g h e r  t r a n s m i s s i v i t y  v a l u e  g i v e s  c o n s e r v a t i v e  r e s u l t s .  

9 .5 .1 .4  Consequences o f  S c e n a r i o s  f o r  L i q u i d  Breach and T r a n s p o r t  

Throughout  t h e  c a l c u l a t i o n s  t h e  r a d i o n u c l i d e s  are assumed to o r i g i n a t e  i n  
s p e n t  f u e l  and i n  c o n t a c t - h a n d l e d  TRU w a s t e ;  t h e  e v e n t s  t h a t  b r e a c h  t h e  repo- 
s i t o r y  b e g i n  LOO and 1000 y e a r s  a f t e r  t h e  r e p o s i t o r y  h a s  been s e a l e d .  The 
e x p o s u r e  pathways f o r  man i n c l u d e  t h e  i n g e s t i o n  o f  f i s h  and w a t e r ,  b o a t i n g ,  
swimming, and  s h o r e l i n e  a c t i v i t i e s .  The i n t e r f a c i n g  of  t h e  computer codes  
used  i n  t h e  assessment  is d e s c r i b e d  by T o r r e s  and B a l e s t r i  (1978) . 

I n  a d d i t i o n  to d o s e  a s s e s s m e n t s ,  t h i s  s e c t i o n  p r e s e n t s  t h e  c o n c e n t r a t i o n  
h , i s t o r i e s  of  r a d i o n u c l i d e s  d i s c h a r g e d  a t  Xa laga  Bend and a l s o  a t  t h e  c e n t e r  



o f  an  underground c o n t a m i n a t i o n  plume a t  a p o i n t  3 miles f rom t h e  r e p o s i -  
t o r y .  The consequences  o f  s c e n a r i o s  1, 2,  and 3 a r e  d i s c u s s e d  s e p a r a t e l y  
f rom t h o s e  o f  s c e n a r i o  4 b e c a u s e  s c e n a r i o  4 is t h e  bound ing  c o n d i t i o n .  

S c e n a r i o s  1, 2 ,  a n d  3 

I n  t h e  a n a l y s i s  o f  s c e n a r i o s  I ,  2 ,  and  3 ,  s c e n a r i o  1 r e s u l t e d  i n  t h e  most 
s e v e r e  c o n s e q u e n c e s .  R e p o s i t o r y  d i s s o l u t i o n  i n  s c e n a r i o s  2 a n d  3 would pro- 
ceed, r e s p e c t i v e l y ,  a t  less t h a n  one-ha l f  and o n e - f i f t h  o f  t h e  r a t e  f o r  sce- 
n a r i o  1; t h e  c o n s e q u e n c e s  o f  s c e n a r i o  1 a r e  t h e r e f o r e  upper  limits to  t h e  
c o n s e q u e n c e s  o f  t h e  o t h e r  nonbounding  s c e n a r i o s .  

R e l e a s e  o f  s p e n t  f u e l :  c o n s e q u e n c e s  a t  Malaga Bend. F i g u r e  9-15 shows 
t h e  t i m e  dependence o f  r a d i o n u c l i d e  c o n c e n t r a t i o n s  i n  t h e  P e c o s  R i v e r  a t  
Malaga Bend. These  r a d i o n u c l i d e s  o r i g i n a t e  p r i m a r i l y  i n  s p e n t  f u e l  a n d  b e g i n  
to move toward t h e  r i v e r  when a r e p o s i t o r y  b r e a c h  o c c u r s ,  1000 y e a r s  a f t e r  
waste emplacement .  The c a l c u l a t i o n s  assume t h a t  t h e  minimum a n n u a l  f l o w  r a t e  
o f  t h e  Pecos  R i v e r  r e m a i n s  t h e  same as now, 515 l i t e r s / s e c  ( C l a i b o r n e  and  
G e r a ,  1 9 7 4 ) .  The f i g u r e  p r e s e n t s  d a t a  d e r i v e d  from b o t h  t h e  upper  and  t h e  
lower  bounds on t r a n s m i s s i v i t y .  

F i g u r e  9-16 p r e s e n t s  t h e  a n n u a l  whole-body and  o r g a n  d o s e s  r e c e i v e d  by 
t h e  maximal ly  exposed  p e r s o n .  The h i g h e s t  c a l c u l a t e d  whole-body d o s e  is 
3.0 x 10 '~ rem/yr ;  t h e  h i g h e s t  c a l c u l a t e d  o r g a n  d o s e  is 2.1  x 
rem/yr ,  to t h e  bone.  Both d o s e s  came from s c e n a r i o  1 w i t h  t h e  u p p e r - t r a n s -  
m i s s i v i t y  a s s u m p t i o n .  T h e s e  d o s e s  c a n  be  compared w i t h  t h e  whole-body d o s e  
from n a t u r a l  background r a d i a t i o n  a t  t h e  r e f e r e n c e  s i t e ,  which  is a p p r o x i -  
m a t e l y  0 . 1  rem/yr ( S e c t i o n  H . 6  o f  Appendix H ) .  I f  t h e  s e a l e d  r e p o s i t o r y  were  
to b e  b r e a c h e d ,  t h e  d o s e  r e c e i v e d  by t h e  maximal ly  e x p o s e d  p e r s o n  would b e  
less t h a n  0.3% o f  t h e  d o s e  f rom n a t u r a l  background r a d i a t i o n .  
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2.4 X lo-' 

Time from event (thousands of years) 

Figure 9-15. Concentration of all radionuclides in the Pecos River 
at Malaga Bend: scenario 1; event initiation, 1000 
years; source of radioactivity, spent fuel. 
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Release of CH TRU Waste: consequences at Malaga Bend. Figure 9-17 
shows the concentration history at Malaga Bend for radionuclides leaving 
the CH-waste repository after the events of scenario 1 take place. Under 
the lower-transmissivity assumption of scenario 1, the radionuclides do not 
reach Malaga Bend during the first 100,000 years. In contrast, the upper- 
transmissivity assumption produces a concentration near 100,000 years of 
8 x 10'~ pCi/liter. 

Figure 9-18 shows the calculated annual whole-body and organ radiation 
doses received by the maximally exposed person at Malaga Bend for scenario 1; 
the radionuclides come from the CH-waste repository. Only the upper- 
transmissivity data are graphed because there is no transport to the 
biosphere under the lower-transmissivity assumption. The maximum dose 
calculated is to the bone, 4.5 x 10'~ rem/yr . This is approximately 0 -005% 
of the annual dose from natural background radiation. 

Concentrations 3 miles from the repository. Radionuclide-concentration 
histories for the spent fuel and the CH TRU waste 3 miles downgradient from 
the repository are shown in Figure 9-19. The concentrations from spent fuel 
have attained steady state at 100,000 years under both assumptions on trans- 
missivity. Steady state has been attained for the CH-waste contribution only 
with the upper-transmissivity assumption. The greatest concentration, which 
comes from spent fuel under the upper-transmissivity assumption, has a maximum 
value of 1.6 x lo2 pCi/liter. Other maxima occur for spent fuel at low trans- 
missivity, 4.5 pCi/liter; CH waste at the upper transmissivity, 2.7 x 10'5 pCi/ 
liter; and CH waste at the lower transmissivity, 1.2 x 10'12 pCi/liter. 
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Figure 9-17. Concentration of all radionuclides in the Pecos River 
at Malaga Bend: scenario 1; event initiation, 1000 
years; source of radioactivity, contact-handled TR U 
waste. Under the lower-transmissivity assumption, 
radionuclides do not reach Malaga Bend during the 
first 100,000 years. 
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Figure 9-1 9. Concentration of all radionuclides in the Rustler 
aquifer at  a point 3 miles from the repository: 
scenario 1; event initiation, 1000 years; source of 
radioactivity, spent fuel and contact-handled TRU 
waste. 

Scenario 4 

The worst scenario evaluated in this analysis is the bounding condition, 
an event in which all the Rustler waters normally moving above the repository 
pass completely through the spent-fuel repository. It is included to provide 
an upper bound to the impact of the reference repository. 

The concentration of radionuclides in the Pecos River for the bounding 
case is given in Figure 9-20. The upper-transmissivity calculation shows a 
peak at 1.1 x 10'~ ,uCi/liter near SO00 years. The peak appears because the 
repository dissolves rapidly under the bounding conditions and because iodine- 
129 and technetium-99 are not delayed but move with the water to the river. 
At the lower transmissivity, iodine-129 and technetium-99 are dissolved more 
slowly, and the peak is absent. 

Concentration histories at 0.14, 1, and 3 miles for cesium-137 for the 
bounding condition following a repository breach 100 years after sealing are 
shown in Figure 9-21. The important observations are the low 500-year peak at 
3 miles and the rapidity of decay. The strontium-90 profiles are similar be- 
cause the half-lives of these two fission products are nearly the same: 28.1 
years for strontium-90 and 30.1 years for cesium-137. 

The annual whole-body and organ doses received by the maximally exposed 
person are shown in Figures 9-22 and 9-23. The maximum dose of 2.09 x 
rem/yr is to the bone. The maximum annual dose under the bounding case is 
less than 3% of the annual dose from natural background radiation. 
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nuclides in the Pecos River a t  
Malaga Bend: bounding cal- 
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Figure 9-21. Time dependence of the concentration 
L of 0-137 in the Rustler aquifer a t  points 

0.14, 1, and 3 miles from the reposttory: 
bounding calculation (scenario 4); event 
initiation, 100 years; source of radioacttvity, 
spent fuel. 

1 0 - ~ ~ c  / 
/ - 3  miles 

Time from event (years) 

Summarv f o r  l i a u i d  b r e a c h  and  t r a n s ~ o r t  

The d o s e s  r e c e i v e d  by t h e  maximal ly  exposed p e r s o n  f rom s c e n a r i o s  1 and 4 
a r e  s m a l l ,  compared t o  t h e  annua l  a v e r a g e  whole-body d o s e s  r e c e i v e d  by persons  
i n  t h e  Uni ted  S t a t e s  from v a r i o u s  s o u r c e s  (EPA, 1 9 7 2 ) .  T h i s  comparison is 
made i n  t h e  f o l l o w i n g  c o m p i l a t i o n  ( i n  u n i t s  of m i l l i r e m )  f o r  t h e  year  1980: 

S c e n a r i o  1 0.03 
S c e n a r i o  4 0.4 
T e l e v i s i o n  0 . 1  
Consumer p r o d u c t s  1 .0  
A i r  t r a n s p o r t  1 . 0  
Medica l  X-rays: abdominal dose  9 0 
N a t u r a l  background ( r e f e r e n c e  s i t e )  "100 
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Figure 9-22. Doses from all radionuclides at Malaga Bend, bounding calculation (scenario 4): 
(a) whole body, (b)  thyroid, (c) skin, (dl bone. Event initiation, 1000 years; 
source of radioactivity, spent fuel. 
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I Figure 9-23. Doses from all rad~onuclides at Malaga Bend, bounding calculation (scenario 4): 
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(a)  liver, (b )  kidney, (c) lung, (d )  lower large intestine. Event initiation, 1000 
years; source of radioactivity, spent fuel. 



9.5.1.5 S c e n a r i o  5--Direct  Access by D r i l l i n g  

S c e n a r i o  5 was c h o s e n  to  r e p r e s e n t  a  w o r s t - c a s e  s i t u a t i o n  i n  which  p e o p l e  
b r i n g  some of t h e  r e p o s i t o r y  c o n t e n t s  d i r e c t l y  t o  t h e  s u r f a c e .  Whi le  t h e  con- 
s e q u e n t  r a d i a t i o n  d o s e s  a r e  h i g h ,  t h e  s e q u e n c e  o f  e v e n t s  t h a t  mus t  o c c u r  i n  
t h i s  s c e n a r i o  would be b roken  by t h e  f a i l u r e  o f  any  e v e n t  i n  t h e  s e q u e n c e ,  
which is l i s t e d  below. 

E v e n t  Consequence  

1. I n s t i t u t i o n a l  c o n t r o l  is l o s t  1 
2. Knowledge o f  t h e  r e p o s i t o r y  is l o s t  

3. There  is an economic i n c e n t i v e  t o  
e x p l o r e  i n  t h e  a r e a  o f  t h e  s i t e  

4. The r e p o s i t o r y  a r e a  is c h o s e n  f o r  
d r i l l i n g  

5 .  The c o n t e n t s  o f  t h e  r e p o s i t o r y  g o  
u n r e c o g n i z e d  a s  r a d i o a c t i v e  m a t e r i a l  
b e f o r e  and d u r i n g  d r i l l i n g  

6 .  D r i l l i n g  i n t e r c e p t s  a h i g h  concen- 
t r a t i o n  o f  r a d i o n u c l i d e s  

7.  The m a t e r i a l  b r o u g h t  up  is l e f t  
u n t r e a t e d  and exposed  

8 .  The maximal ly  exposed  p e r s o n  
remains  i n  p l a c e  c o n t i n u o u s l y  f o r  
f o r  1 y e a r  a f t e r  d r i l l i n g  

D r i l l  crew r e c e i v e s  
d o s e  

Maximal ly  exposed  p e r s o n  
r e c e i v e s  dose c a l c u l a t e d  
i n  t h i s  s t u d y  

S c e n a r i o  5 is modeled i n  two s e p a r a t e  s t u d i e s .  The f i r s t  s t u d y  models  a  
w e l l  d r i l l e d  f o r  o i l  o r  g a s ,  u s i n g  t o d a y ' s  d r i l l i n g  t e c h n o l o g y .  I t  assumes a  I 
b o r e h o l e  1 0  i n c h e s  i n  d i a m e t e r .  The c u t t i n g s  f rom t h e  h o l e  a r e  mixed w i t h  a n  
e q u a l  volume o f  d r i l l i n g  mud (a  m i x t u r e  o f  b e n t o n i t e  a n d  b a r i t e ) ;  t h e  t o t a l  
amount o f  m a t e r i a l  b r o u g h t  t o  t h e  s u r f a c e  ( a p p r o x i m a t e l y  100 t o n s )  is assumed I 
t o  be l e f t  a t  t h e  s i t e  i n  a  p i t  w i t h  a s u r f a c e  a r e a  o f  720 s q u a r e  f e e t .  A t  I 

1 0 - f o o t  i n t e r v a l s ,  t h e  d r i l l e r s  collect down-hole s a m p l e s  f o r  a n a l y s i s :  o n e  
I 

s i d e - h o l e  core (1 x 3/4 ~ n c h )  a n d  o n e  c h i p  sample  ( 2  g r a m s ) .  'l'wo sets of 
t h e s e  s a m p l e s  ( 0 . 1  l i t e r  p e r  se t )  a r e  assumed to b e  t a k e n  f rom t h e  waste-  
r e p o s i t o r y  h o r i z o n s .  

I 

I 
The second  s t u d y  mode l s  a  h o l e  d r i l l e d  d u r i n g  e x p l o r a t i o n  f o r  m i n e r a l s .  I 1 

I t  assumes a  c o r e  d r i l l  3 i n c h e s  i n  o u t s i d e  d i a m e t e r ;  t h i s  d r i l l  p r o d u c e s  a 
c o n t i n u o u s  c o r e  2.12 i n c h e s  i n  d i a m e t e r .  The c o r e ,  which  c o n t a i n s  8 l i t e r s  o f  

I I 

c o n t a c t - h a n d l e d  TRU-waste or 1 0  l i t e r s  o f  s p e n t  f u e l ,  is assumed to  b e  re-  
t a i n e d  and examined by a g e o l o g i s t .  The d r i l l i n g  mud a n d  c u t t i n g s  a r e  assumed 
to b e  l e f t  a t  t h e  s i t e  i n  a  p i t  w i t h  a s u r f a c e  a r e a  o f  144 s q u a r e  f e e t .  I 
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E x t e r n a l  dose t o  d r i l l - c r e w  members 

I n  c a l c u l a t i n g  d i r e c t  e x p o s u r e s  r e c e i v e d  by t h e  ? r i l l  crew, t h e  a n a l y s i s  
examined c u r r e n t  work p r a c t i c e s  t o  d e t e r m i n e  t h e  amounts o f  time t h a t  Clrill 
crew members s p e n d  near  samples.  The g r e a t e s t  i n s i v i d u a l  e x t e r n a l  f o s e  is 
r e c e i v e d  by t h e  g e o l o g i s t ,  who is assumed t o  examine t h e  samples  f o r  1 hour a t  
an  e f f e c t i v e  d i s t a n c e  of 1 meter. The core and  c h i p  samples  a r e  t r e e t e d  as 
p i n t  s o u r c e s  w i t h  no s e l f - s h i e l d i n g  e f f e c t s .  

The d o s e s  f o r  e a c h  of t h e  d i r e c t - a c c e s s  s c e n a r i o s ,  c ~ l c u l a t e i '  a s  t h e  maxi- 
mum t h a t  an i n d i v i d u a l  d r i l l - c r e w  member n i g h t  r e c e i v e ,  a r e  s h o w  i n  T a b l e  
9-47. The t a b l e  shows t h e s e  6 o s e s  s e p a r a t e l y  f o r  d r i l l i n g  th rough  t h e  r eps i -  
t o r y  f o r  c o n t a c t - h a n d l e d  waste  and f o r  d r i l l i n g  2 i r e c t l y  th rough  a s p e n t - f u e l  
c a n i s t e r .  The l a t t e r  e v e n t  is h i g h l y  u n l i k e l y  because  t h e  c r o s s - s e c t i o n a l  
a r e a  o f  1000 c a n i s t e r s  ( a b o u t  1000 s q u a r e  f e e t )  is much s m a l l e r  t h a n  t h e  a r e a  
o f  t h e  p o r t i o n  o f  t h e  r e p o s i t o r y  i n  which t h e y  w i l l  b e  s t o r e 6  ( a b o u t  870,000 
s q u a r e  f e e t ) .  The h i g h e s t  2ose  o c c u r s  i f  t h e  c o r e  semple frcm t h e  3-inch h o l e  
i n t e r c e p t s  a  s p e n t - f u e l  c a n i s t e r  a f t e r  100 y e a r s .  T h i s  dose  is c a l c u l a t e d  t o  
be  a b o u t  90 rem t o  t h e  whole body, a d o s e  t h a t  is 1 8  times t h e  c u r r e n t  per-  
m i s s i b l e  o c c u p a t i o n a l  exposure  f o r  1 y e a r .  I t  is s u f f i c i e n t l y  h igh  t h a t  
c o n t r o l  o v e r  t h e  s i t e  may be r e q u i r e d  to i n s u r e  a g a i n s t  a c c i 2 e n t a l  o r  
u n a u t h o r i z e d  d r i l l i n g  i n t r u s i o n s .  

Dose v i a  i n d i r e c t  pathways 

I n  a d d i t i o n  t o  exposure  of t h e  d r i l l  c rew,  t h e  impact  on i n d i v i d u a l s  
l i v i n g  n e a r  t h e  s i te  was e v a l u a t e d .  Water e r o s i o n  o f  t h e  mud p i t ,  which 
d e l i v e r s  r a d i o n u c l i s e s  t o  peop le  p r i m a r i l y  t h r o u g h  t h e  i n g e s t i o n  pathway, is 
ignored .  I n  t h e  a r id  r e g i o n  around t h e  s i t e ,  wind e r o s i o n  is t h e  dominant 
mechanism f o r  t h e  i n t r o d u c t i o n  o f  r a d i o n u c l i d e s  i n t o  pathways l e a d i n g  t o  
peop le .  Such a pathway would d e l i v e r  r a d i o n u c l i d e s  p r i n c i p a l l y  th rough  t h e  
i n h a l a t i o n  pathway. 

D e t a i l s  o f  t h e  e x p o s u r e  c a l c u l a t i o n s  appear  i n  Appendix K .  C a l c u l a t i o n s  
o f  t h e  a i r b o r n e  d i s p e r s i o n  o f  r a d i o a c t i v e  m a t e r i a l  from t h e  mud p i t  are based  
on measurements t a k e n  over  20 y e a r s  a t  t h e  GI= area o f  t h e  Nevada T e s t  S i t e  

T a b l e  9-47. E x t e r n a l  Doses Rece ived  by Dr i l l -Crew Members from C h i p  
and Core  Samples 

Sample s i z e  Whole-.body dose (rem) 
Bor e h o l e  t y p e  Waste t y p e  ( l i t e r s )  100 y e a r s  1000 y e a r s  

O i l  and g a s  CH TRU 2 x 0 .1  3 x 10'~ 1.5 x  10 '~  
(10-in.  d i a m e t e r )  

S p e n t  f ue 1 2 x 0 .1  1.8 0.028 

M i n e r a l  e x p l o r a t i o n  CH TRU 8 0.001 6 x 10'~ 
(3- in .  d i a m e t e r )  

Spen t  f u e l  10 -90 1.4 



(Healy, 1977). The air-suspension model parametrized f o r  t h e  Nevada Tes t  S i t e  
observat ions  and WIPP r e f e r e n c e - s i t e  c l ima te  come from t h e  NRC Reactor S a f e t y  
Study (NRC ,' 1975) . 

Although a t  p r e s e n t  t h e r e  a r e  no farms wi th in  s e v e r a l  ki lometers of t h e  
reference  site, f o r  t h i s  a n a l y s i s  it is assumed t h a t  a s ingle-family farm 
e x i s t s  500 meters downwind from t h e  mud p i t .  The farm is assumed t o  produce 
l e a f y  green vege tab les ,  d a i r y  products ,  and beef.  The people l i v i n g  on t h e  
farm a r e  assumed t o  e a t  the  food produced t h e r e  and to breathe  the  a i r  con- 
taminated by t h e  windborne p a r t i c l e s  from the  p i t .  

For d r i l l i n g  through t h e  contact-handled TRU wastes ,  the  maximum calcu- 
l a t e d  dose commitment (Table 9-48) is 3.6 x 10'~ rern to  t h e  bone; the  domi- 
nat ing pathway is i n h a l a t i o n .  This  dose w i l l  be d e l i v e r e d  i f  t h e  r e l e a s e  
occurs from t h e  mud p i t  a s soc ia ted  wi th  a 10-inch hole  d r i l l e d  100 y e a r s  a f t e r  
the  repos i to ry  is s e a l e d .  A l l  t he  o the r  doses i n  t h e  t a b l e  a r e  w e l l  below 
t h i s  value. 

Table 9-48. Maximum ~ o s e ~  Received by a Person by I n d i r e c t  Pathways Af te r  
D i r e c t  Access t o  CH-Waste Repository 

Pathway 
Dose a f t e r  100 y e a r s  (rern) Dose a f t e r  1000 y e a r s  (rern) 

Organ 3-inch h o l e  10-inch h o l e  3-inch h o l e  10-inch h o l e  

I n h a l a t i o n  Lung 2. 0-7d 1.9-6 1.8-7 1.7-6 
Bone 3.6-6 3.5-5 3.3-6 3.2-5 
Whole body 9.3-8 9.0-7 8.2-8 7.9-7 

ingestionb 
Crops  Bane 1.5-7 1.5-6 1.3-7 1.3-6 

W h o l e  body 4.5-9 4.3-8 3.4-9 3.3-8 
H e a t  and mi lk  Bone 2.6-10 2.5-9 1.7-10 1.6-9 

Whole body 1.2-11 1.1-10 1.2-11 1.1-10 

Coabined pathwaysC Lung 2.0-7 1.9-6 1.8-7 1.7-6 
Bone 3.7-6 3.6-5 3.5-6 3.3-5 
Whole body 9.8-8 9.4-7 8.6-8 8.3-7 

a *P4axirnum dose '  i m p l i e s  a 50-year d o s e  commitment i n  rern from 1 y e a r ' s  i n t a k e  by a 
perscn l i v i n g  a t  t h e  c o r n e r  of  t h e  farm n e a r e s t  t h e  d r i l l i n g  si te and o b t a i n i n g  essen-  
t i a l l y  a l l  o f  h i s  food  from c r o p s ,  m i l k ,  and beef r a i s e d  a t  t h a t  l o c a t i o n .  

b =Cropsm i n c l u d e  f r u i t s ,  g r a i n s ,  and v e g e t a b l e s .  
C Canbined-pathway d o s e s  i n c l u d e  s m a l l e r  c o n t r i b u t i o n s  n o t  i nc luded  i n  t h e  r e s t  o f  

t h e  t a b l e .  
2.0-7 = 2.0 x 

The upper l i m i t  t o  doses c a l c u l a t e d  i n  t h i s  a n a l y s i s  appears i n  Table 
9-49: the maximum 50-year dose commitment from spen t  f u e l  is 0.7 rern t o  t h e  
lungs,  p r imar i ly  a s  a r e s u l t  of i n h a l a t i o n .  This is roughly 8% of t h e  lung 
dose received i n  t h e  same time from n a t u r a l  background r a d i a t i o n ;  t h e  lung 
dose from n a t u r a l  sources  i n  50 yea rs  would be 9 rern (NCRP, 1975).  



Table 9-49. Maximum IIosea Received by a Person by Indirect Pathways Af ter 
Direct Access to Spent-Fuel Repository 

Dose after 100 years (rem) Dose after 1000 years (rern) 
3 2 . L  7z~., Pathway Organ 3-inch hole 10-inch hole 3-inch hole 10-inch hole 
<i 

,c. ~nhalation Lung 7. ~ - 2 ~  7.0-1 2.0-5 1.8-4 
Bone 2.2-2 2.0-1 3.3-4 3.0-3 
Whole body 1.4-3 1.3-2 2.2-5 2.0-4 

ingestionb 
Crops Bone 1.1-2 1.0-1 4.3-5 3.8-4 

Whole body 2.5-3 2.2-2 2.8-6 2.5-5 
Meat and milk Bone 3.5-3 3.2-2 3.0-7 2.7-6 

Whole body 8.9-4 8.0-3 2.0-8 1.8-7 

Combined pathwaysC Lung 7.7-2 7.0-1 2.0-5 1.8-4 
Bone 3.7-2 3.3-1 3.8-4 3.4-3 
Whole body 4.8-3 4.3-2 2.5-5 2.3-4 

a"Maximum dose" implies a 50-year dose commitment in rem from 1 year's intake by a 
person living at the corner of the farm nearest the drilling site and obtaining essen- 
tially all of his food Prom crops, milk, and beef raised at that location. 

bl'~rops" include fruits, grain, and vegetables. 
qombined-pathway doses include smaller contributions not included in the rest of 

the table. 
d7.8-2 = 7.8 x 

9.5.1.6 Summary of Calculated Doses 

From this analysis, the following conclusions are drawn: 

I 1. The greatest consequences from a nonbounding scenario are for sce- 
I nario 1 at the upper limit on transmissivity. Under these assumptions, 
I 
I the greatest whole-body and organ doses are less than 0.3% of the 
I whole-body dose from natural background radiation. 
I 

I 2. The highest whole-body and organ doses under the scenario 4 bounding- 
condition assumption for both spent fuel and contact-handled TRU waste 

I 

are less than 3% of the whole-body dose from natural background 
radiation. 

I 

3. The scenario consequences depend strongly on the transmissivity of 
the Rustler Formation. The factor-of-20 difference between the flow 
rates for upper and lower transmissivities (Section 9.5.1.3) trans- 
lates into a difference of many orders of magnitude between the maxi- 
num doses from contact-handled TRU waste. For the spent fuel the 
effect of transmissivity is not so significant, but it usually trans- 
lates into a difference of several orders of magnitude. 

4. Under the lower-transmissivity assumptions, no contact-handled TRU 
waste enters the biosphere in the time frame considered for scenarios 
1 through 4. Although the computer code will generate numbers, these 
numbers are effectively roundoff errors accumulated in the machine. 



5. 1t is n o t  c o n s i d e r e d  l i k e l y  t h a t  a d r i l l  crew ttould i n a d v e r t e n t l y  
d r i l l  i n t o  t h e  r e p o s i t o r y  o n l y  100 y e a r s  a f t e r  s e a l i n g .  I f  they  d.id, 
however, t h e  g r e a t e s t  e x t e r n a l  Zose r e c e i v e d  by t h e  d r i l l  cr2w is 
c a l c u l a t e d  to be abou t  90 rem to t h e  whole bofiy under t h e  e s s u n p t i o n  
t h a t  t h e  d r i l l  h a s  p e n e t r a t e d  a s p e n t - f u e l  c a n i s t e r .  I f  t h e  d r i l l  
should  p a s s  th rough t h e  contac t -handle2  TF.U w a s t e ,  t h e  e x t e r n a l  d.ose 
is 10'3 rem. These two ?oses a r e  reduce? to 1.4 and 6 x 10'4 rem 
f o r  an e v e n t  1000 y e a r s  a£ t e r  s e a l i n g .  

6 .  The i n d i r e c t  50-year dose comnitnent  f o r  a pe r son  l i v i n g  on a nearby 
farm is c o n s e r v a t i v e l y  e s t i n a t e d  to be  3.G x 10 '~ rem to  t h e  bone i f  
a d r i l l  p e n e t r a t e s  t h e  contac t -handled  T3U was te  and 0.7 rem to t h e  
lung  i f  i t  p e n e t r a t e s  a s p e n t - f u e l  c a n i s t e r .  These c a l c u l a t e d  dose 
c o m i t m e n t s  a r e  upper-bound va lues .  

9.5.2 E f f e c t s  ?lot I n v o l v i n g  t h e  Re lease  of  R a d i o a c t i v i t y  

9.5.2.1 " f e c t s  of  Heat from S t o r e d  Waste 1 l 
The e f f e c t s  of  was te  h e a t  i n  t h e  long  term a r e  g r e a t e r  i n  magnitude and 

e x t e n t  than  t h e  l i m i t e d  e f f e c t s  de sc r ibed  f o r  t h e  o p e r a t i o n a l  phase  (Sec t ion  
9.2.7).  This  s e c t i o n  d i s c u s s e s  t h e  c r e a t i o n  o f  buoyant  f o r c e s  t h a t  might l i f t  
t h e  waste  upward i n  t h e  rock column, u p l i f t  of t h e  rock  column (and t h e r e f o r e  
t h e  groucf! s u r f a c e )  due to thermal  expans ion ,  and change  i n  t h e  t empere t c r e s  
of t h e  ground s u r f a c e  and t h e  a q u i f e r s  a*ve and below t h e  r e p o s i t o r y .  

F i g u r e  9-24 shows t h e  l ong - t e rn  tempera ture  r e sponse  c a l c u l a t e d  from th.e 

mod.el. A t  bo th  t h e  RH and  CH l e v e l s ,  t h e  t empera tu re  change caused  by t h e  
s p e n t  f u e l  f a l l s  s t e a d i l y  a f t e r  500 y e a r s ;  a t  t h e s e  l e v e l s  no a p p r e c i a b l e  
tempera ture  changes appear  a t  r a d i i  g r e a t e r  t h a n  1 k i l o m e t e r .  At a depth  of  
4 1  me te r s  from t h e  s u r f a c e  t h e  maximum t empera tu re  i n c r e a s e ,  a b o u t  O.lOc, 
o c c u r s  approximate ly  1000 y e a r s  a f  t e r  emplacement. 

C a l c u l a t i o n s  w i th  t h e  computer code STEALTH have i n v e s t i g a t e d  t h e  thermo- 
mechanical  e f f e c t s  t h a t  heat-producing was te  might  e x e r t  on t h e  e n v i r o m e n t  of 
t h e  r e f e r e n c e  r e p c s i t o r y .  The model r e p r e s e n t s  t h e  r e p o s i t o r y  rock l a y e r s  to 
a dep th  of  300 me te r s  i n  a c y l i n l r i c a l  volume o f  400-meter r a d i a s .  I t  u s e s  
a c t u a l  l a b o r a t o r y  measurements of  t h e  p r o p e r t i e s  of  t h e  s t r a t a  above and below 
t h e  RH-waste r e p o s i t o r y ;  i n  t h i s  way t h e  model a c c o u n t s  f o r  t h e  temperature-  

Suoyancy 

I 
I 

! 

I 

I 

F i g u r e  9-25 shows t h e  e f f e c t s  o f  buoyant f o r c e s .  Accord ing  to t h e s e  d a t a ,  
a p o i n t  a t  t h e  RH l e v e l  f i r s t  a c q u i r e s  a downward v e l o c i t y  and s i n k s  about  

dependent  p h y s i c a l  p r o p e r t i e s  of  t h e  rock l a y e r s .  The s a l t  is a l lowed t o  I 

c r e e p  n o n l i n e a r l y  under s t r e s s .  The spen t - fue l  r e p o s i t o r y  is modeled a s  a 
20-acre d i s k  l oaded  to an i n i t i a l  power d e n s i t y  of 30 kW/acre, which decays  i n  I I 

I 
t i m e  accord ing  t o  t h e  hea t -product ion  r a t e  of  s p e n t  f u e l .  Details of t h e  c a l -  
c u l a t i o n  a r e  g iven  by Maxwell, Wahi, and D i a l  (1978) .  

! 
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Figure 9-24. Temperature increase resulting from spent fuel. 

2 centimeters before it acquires an upward velocity about 250 years after em- 
placement. Then the point rises; at 1000 years it is about 1 centimeter above 
its starting position. A point in the Rustler Formation will, according to 

, Figure 9-25, rise to a maximum displacement of about 3 centimeters before 
I 

sinking slowly toward its starting position. 

None of the predicted displacements is large enough to lift the waste out 
of the salt into the overlying rock; about 560 meters of undisturbed evaporite 
rock lie above the storage horizon. 

Surface uplift 

The surface uplift predicted by the computer calculations appears in 
Figure 9-26, which shows the maximum uplift of about 3 centimeters occurring 
about 1000 years after emplacement. The uplift subsides slowly; at 3000 years 
it is about 1.5 centimeters. A surface uplift of 3 centimeters occurring over 
1000 years would have little effect on the land or the rock strata above the 
repository. 
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Figure 9-25. Predicted displacements resulting from spent fuel. 
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Figure 9-26. Surface uplift resulting from spent fuel. 



= Temperatures in aquifers and at the surface 

As the heat emitted from the buried spent-fuel assemblies penetrates the 
% surroundings, it will eventually reach the ground surface and the 

above and below the Salado Formation. Estimates of these temperature $ increases have come from a thermohydraulic model that describes the movement 

d of released radionuclides in the geologic media by a finite-difference solu- 
g tion of the coupled pressure, energy, and mass-transport equations (Pahwa and 
3; Wayland, 1978). The transmissivity of the dominant water-bearing formations 

(the Magenta and Culebra aquifers of the Rustler) immediately above the 
repository is allowed to range from 1 to 20 ft2/day. The water movement is 
toward the Pecos River, to the south-southwest. 

2 

Under the assumption that a 20-acre area at a depth of 2700 feet is loaded 
to an areal power density of 30 kW/acre, the model predicts that approximately 
2000 years after emplacement the temperature increase in the Rustler aquifers 
will peak at about 3OC. There is little or no effect on this peak increase 
from water expansion or from shutting off the slow flow in the aquifers. Un- 
certainty in the values for thermal conductivity of the rock surrounding the 
repository can introduce errors of as much as 50% in the calculated 3OC 
rise. Currently under consideration is the problem of whether this tempera- 
ture rise can affect the aquifers by producing anhydrite through dehydration 
of the gypsum present there. 

Below the repository, the aquifer system that might be affected is in the 
Delaware Mountain Group. The temperature increase in these aquifers would be 
small, about O.Z°C. 

The maximum temperature rise at the ground surface will be about 0.02OC, 
occurring after 2000 years. This rise can have no significant environmental 
effects. Over the long term there will be an apparent increase in the geo- 
thermal heat flux over the repository; it is not clear that this could have 
any effect on the environment. 

9.5.2.2 Effects of Subsidence 

The underground mined openings of the repository will eventually close 
because of the weight of the overlying rock and the plasticity of the salt. 
This section discusses the closure process and its effects at the surface and 
in the intervening rocks. 

Collapse of underground openings is well known and has been extensively 
studied, especially in coal fields, but only as it affects mine safety and the 
integrity of surface structures. Both in coal mines and in potash mines, the 
surface area affected by subsidence exceeds the area of the underground open- 
ings. The angle between the vertical and a line connecting the edge of the 
surface subsidence and the edge of the underground opening is called the 
angle of draw; this angle is typically about 45O for potash mines near the 
WIPP reference site, which are shallower than the WIPP mine will be (BLM, 1975). 



The r a t e  o f  s u b s i d e n c e  depends  on t h e  d e p t h  o f  t h e  o p e n i n g s ,  t h e  e x t r a c -  
t i o n  r a t i o  ( a r e a  o f  t h e  o p e n i n g s  d i v i d e d  by a r e a  o f  t h e  m i n e ) ,  and t h e  n a t u r e  
o f  t h e  o v e r l y i n g  r o c k s .  I n  p o t a s h  m i n e s ,  which have e x t r a c t i o n  r a t i o s  o f  o v e r  
8 0 % ,  s u b s i d e n c e  o c c u r s  soon a f t e r  p i l l a r s  a r e  mined. 

T h e s e  p r i n c i p l e s  c a n  be a p p l i e d  to t h e  WIPP r e f e r e n c e  r e p o s i t o r y .  The 
s u r f a c e  a r e a  a f f e c t e d  can be e s t i m a t e d  by a p p l y i n g  a  45-degree  a n g l e  o f  draw 
to t h e  a r e a  and d e p t h  o f  t h e  underground work ings .  I f  t h e  WIPP mine is as- 
sumed t o  c o n t a i n  2000 a c r e s  a t  a  d e p t h  o f  2100 f e e t ,  t h i s  p r o c e d u r e  s u g g e s t s  
t h a t  s u b s i d e n c e  w i l l  a f f e c t  t h e  ground s u r f a c e  o u t  t o  a  r a d i u s  o f  s l i g h t l y  
o v e r  7380 f e e t ,  an  a r e a  o f  a b o u t  4000 acres. 

The f o l l o w i n g  e q u a t i o n  (Genera l  A n a l y t i c s ,  I n c . ,  1974) was used  t o  c a l c u -  
l a t e  t h e  maximum s u b s i d e n c e :  

maximum s u b s i d e n c e  = ( s u b s i d e n c e  f a c t o r )  ( c a v i t y  h e i g h t )  ( p e r c e n t  o f  c a v i t y  
remain ing  a f t e r  b a c k f i l l )  ( p e r c e n t  e x t r a c t i o n )  

T h i s  e q u a t i o n  assumes t h a t  t h e  mine w i l l  be  a t  t h e  c r i t i c a l  e x t r a c t i o n  
w i d t h  ( t h e  w i d t h  o f  t h e  a r e a  t h a t  must  be e x t r a c t e d  t o  p r o d u c e  maximum s u b s i -  
d e n c e  a t  t h e  c e n t e r  o f  a  s u b s i d e n c e  t r o u g h ) ;  t h a t  it w i l l  have  a s u b s i d e n c e  
f a c t o r  ( r a t i o  o f  v e r t i c a l  s u r f  a c e  d i s p l a c e m e n t  to c a v i t y  h e i g h t )  o f  2/3,  a  
f i g u r e  from n e a r b y  potash-mining e x p e r i e n c e  (BLM, 1 9 7 5 ) ;  a n d  t h a t  i t  w i l l  have 
a n  e x t r a c t i o n  r a t i o  o f  30%. 

C a v i t y  h e i g h t s  o f  16 f e e t  would p roduce  a  s u b s i d e n c e  o f  a b o u t  1 f o o t  a t  
70% b a c k f i l l  and 1 . 6  f e e t  a t  50% b a c k f i l l .  These  a r e  maximum v a l u e s  o v e r  t h e  
c e n t e r  o f  t h e  s u b s i d e n c e ;  t h e y  d e c r e a s e  from t h e  c e n t e r  to t h e  edge  o f  t h e  
a f f e c t e d  a r e a ,  7400 f e e t  from t h e  c e n t e r .  

C a l c u l a t i o n s  o f  t h e  w a s t e - h e a t  e f f e c t s  on room c l o s u r e  from c r e e p  (assum- 
i n g  a  30-kW/acre h e a t  l o a d )  i n  S e c t i o n  9 .2 .7  p r e d i c t  a b o u t  27% room c l o s u r e  i n  
25 y e a r s .  The c l o s u r e  r a t e  w i l l  be s m a l l e r  i n  most o f  t h e  RH-waste l e v e l ,  
which is o n l y  a small p a r t  of t h e  e n t i r e  mine. 

N e v e r t h e l e s s ,  c a v i t y  c l o s u r e  w i l l  p roceed  q u i c k l y  on t h e  g e o l o g i c  time 
scale; t h e  r e s u l t i n g  d e f o r m a t i o n s  w i l l  be q u i c k l y  t r a n s l a t e d  t o  o v e r l y i n g  
u n i t s .  How t h e  o v e r l y i n g  u n i t s  w i l l  r e spond  to t h e s e  d e f o r m a t i o n s  is n o t  
known i n  d e t a i l .  The p r e d i c t e d  s u r f a c e  s u b s i d e n c e  o f  1 to  1.6 f e e t  w i l l  be  
i n s i g n i f i c a n t  inasmuch a s  t h e  n a t u r a l  r e l i e f  a t  t h e  s i t e  is  g r e a t e r ;  f u r t h e r -  
more,  t h e r e  is no i n t e g r a t e d  s u r f a c e  d r a i n a g e  to d i s t u r b .  

I n  Nash Draw s u b s i d e n c e s  on t h e  o r d e r  o f  200 f e e t  a r e  s u s p e c t e d  to have  
c r e a t e d  v e r t i c a l  i n t e r c o n n e c t i o n s  between w a t e r - b e a r i n g  s t r a t a  i n  t h e  R u s t l e r  
F o r m a t i o n .  H y d r o l o g i c  t e s t i n g  has  n o t  y e t  d e t e r m i n e d  whe ther  t h i s  is  t r u e ,  
b u t  t h e  p o s s i b i l i t y  remains  t h a t  t o  a l e s s e r  e x t e n t ,  b e c a u s e  o f  t h e  s m a l l e r  
s u b s i d e n c e ,  i n t e r c o n n e c t i o n s  may also appear  o v e r  t h e  WIPP underground  open- 
i n g s  a t  t h e  r e p o s i t o r y .  Water from t h e  Magenta and C u l e b r a  a q u i f e r s  m i g h t  
t h e n  be  i n t r o d u c e d  to  t h e  t o p  o f  t h e  S a l a d o  s a l t .  T h a t  by i t s e l f  would have 
l i t t l e  s i g n i f i c a n c e  b e c a u s e  of t h e  1200 f e e t  o f  s a l t  i n t e r v e n i n g  between t h e  
t o p  o f  t h e  s a l t  and t h e  upper s t o r a g e  l e v e l .  The q u e s t i o n  is r a t h e r  t o  what  
e x t e n t  f r a c t u r e s  c o u l d  p e n e t r a t e  down t h r o u g h  t h e  s a l t  to t h e  waste and s t a y  



open. This possibility is basically scenario 3 of the containment-failure 
scenarios evaluated in Section 9.5.1. The calculated radiation doses result- 
ing from that scenario are much lower than the doses from natural background 
radiation. Therefore subsidence, even when extrapolated to an extreme, would 
not significantly affect public health and safety or the ecosystem. Further- 
more, water has not flowed into the local potash mines in spite of much more 
severe subsidence than the repository will experience. 

Investigations of subsidence continue. A first-order level-line survey 
line was laid out in 1978 (Appendix J) to establish baseline elevations at the 
site and to monitor subsidence over certain active potash-mining operations. 
These field observations will help in developing a better understanding of the 
subsidence processes and in providing data for testing models. Other studies 
are now investigating the effects of subsidence on the surface, on the rock 
column, and on the aquifers. 

9.5.3 Interactions Between the Waste and the Salt 

Some of the unresolved technical issues in the analysis of waste disposal 
in bedded salt involve interactions between the waste and the salt. This 
section discusses the most frequently mentioned interactions. It summarizes 
the present state of knowledge about them, emphasizing their applications to 
the WIPP reference repository but leaving extended discussion to referenced 
documents when appropriate documents are available. Since investigations into 
the details of these interactions are continuing as part of the WIPP project, 
this discussion also mentions the programs now under way or planned. 

9.5.3.1 Gas Generation 

It is believed that stored nuclear waste may be able to generate substan- 
tial volumes of gas. Because contact-handled TRU waste sometimes contains 
organic and other gas-producing material, it has received closer scrutiny than 
remotely handled TRU waste or spent fuel. Nevertheless, all the types of 
waste might, in theory, release gases. There are two basic questions to be 
answered about gas generation: 

1. How is the gas generated--by what mechanisms, in what amounts, and at 
what rates? 

2. After generation, how will the gas affect the repository? 

Mechanisms, amounts, and rates 

Mechanisms so far identified for gas production from TRU waste are thermal 
degradation, radiolysis, chemical reactions, and bacterial decomposition. 

The mechanisms for thermal degradation are pyrolysis and combustion; they 
have received considerable discussion in the literature (Godbee, 1972). Un- 
fortunately, the data available were not collected in the temperature range of 



interest to the reference repository. Some data-suggest that there are thresh- 
old temperatures for pyrolysis (Murty, 1969). Because it is not clear whether 
these thresholds are real, some experiments in progress at the Los Alamos 
Scientific Laboratory (LASL) are establishing bounds for thermal degradation 
and catalytically mediated thermal degradation (Zerwekh and Kosiewicz, 1978). 

Gas production by radiolysis is being investigated for unaltered TRU waste 
and for several matrices, including bitumen and concrete. Work at Los Alamos 
(Zerwekh and Kosiewicz, 1978) has shown that hydrogen production by alpha- 
particle radiolysis of unaltered TRU waste is similar to that by gamma-ray 
radiolysis of bitumen (OECD, 1976), about 3 x 10-3 m3/g-~rad. There is 
at present an unresolved issue: whether radiolysis of solid material is self- 
limiting because radiolyzed material shields some water and organic molecules 
from further radiolysis. The corresponding problems associated with the 
radiolysis of concrete are discussed by Bibler (1977). 

In gas production by chemical reaction, the reaction common to all TRU- 
waste forms is corrosion of the steel canister (Braithwaite, 1977). The reac- 
tion is thought to be 4H20 + 3Fe --Fe304 + 4H2; it is not believed to be 
temperature-limited. Although the capacity of a TRU-waste room is 15,400 
barrels, or roughly 7 x lo6 moles of iron (Sandia, 1977), only about 6 x lo6 
moles of water is available (at 0.5 wt%) from the crushed salt used to back- 
fill a room and the associated tunnel. In theory, then, a maximum of 6 x lo6 
moles of hydrogen could be produced. The diffusion of water vapor through the 
porous backfill at 50% of the salt density is an open question. Other chemical 
reactions, which may depend on the waste form and on specific components in 
the waste, have not yet been characterized. 

Bacterial decomposition is expected to occur only in unprocessed, unfixed 
TRU waste. There are a number of anaerobic halophilic bacteria that will be 
introduced with the waste, particularly if unsterilized biological products 
are in it. Nothing in the repository environment--including the salt, radia- 
tion, temperature, or brine--is known to inhibit the bacteria (Kuznetsov et 
al., 1963; Parnas, 1975). It has, however, been suggested that the growth of 
bacteria in the mine may be limited by the absence of sufficient quantities of 
certain nutrients, such as nitrogen (Leckie and Halvadakis, 1975). It is un- 
clear whether such limitations will affect the total gas production or merely 
the rate of production. The problem is under study at the University of New 
Mexico and at Los Alamos. 

The potential for bacterial gas production can be estimated by examining 
data from old landfills (James, 1977). To a reasonable degree TRU rubbish 
approximates the composition of household refuse if the small amount of wet 
household garbage is discounted. The gases produced in landfills tend to be 
mixtures rich in methane and carbon dioxide, produced in volumes like 450 
rn3/tonne of ref use. 

Current observations suggest that the bounds on gas production by pyrol- 
ysis and bacterial decomposition are less than 500 m3/tonne, or about 
2.2 x lo4 moles per tonne; for radiolysis they are less than 50 m3/tonne, 
or about 2.2 x lo3 moles per tonne. 

Gas could also be produced from the high-level waste used in WIPP experi- 
ments and from remotely handled TRU waste. It could arise from chemical reac- 



t i o n s  o f  t h e  w a s t e  c o n t a i n e r s  w i t h  b r i n e ,  i f  any b r i n e  is a v a i l a b l e ,  and from 
t h e  r a d i o l y s i s  o f  w a s t e  i n s i d e  t h e  c o n t a i n e r s .  R a d i o l y s i s  is known t o  produce 
o n l y  a b o u t  0 . 1  c u b i c  c e n t i m e t e r  o f  hydrogen p e r  c a l o r i e  o f  e n e r g y  s t o r e d  i n  
t h e  s a l t  ( J e n k s  and Bopp, 1 9 7 7 ) .  S i n c e  t h e  hydrogen would be  r e l e a s e d  on d i s -  
s o l u t i o n  o f  t h e  s a l t ,  t h e  m o u n t  o f  g a s  produced by t h e s e  wastes c o u l d  be 
e s t i m a t e d  from t h e  c h e m i c a l  r e a c t i o n s  a lone- - tha t  is, from t h e  mass of  i r o n  i n  
t h e  c a n i s t e r .  

S p e n t - f u e l  a s s e m b l i e s  can  p o s s i b l y  r e l e a s e  f i s s i o n - p r o d u c t  g a s e s ,  i n  addi-  
t i o n  t o  t h e  g a s  produced by chemica l  decomposi t ion o f  t h e  c o n t a i n e r s .  I f  s p e n t  
f u e l  is k e p t  i n  s t o r a g e  p o o l s  f o r  a t  l e a s t  10 y e a r s  a f t e r  removal from t h e  reac- 
t o r ,  t h e  p r i n c i p a l  g a s e s  p roduced  w i l l  be  t r i t i u m ,  krypton-85,  iodine-129,  and 
radon-222. The amount o f  g a s  w i l l  depend on t h e  t r e a t m e n t  o f  t h e  f u e l - r o d  bun- 
d l e s  f o r  s h i p p i n g  and on t h e i r  c o n t a i n e r s .  

E f f e c t s  o f  e v o l v e d  g a s  o n  a  r e p o s i t o r y  

The v o i d  volume l e f t  beh ind  i n  a  s e a l e d  r e p o s i t o r y  w i l l  be a b o u t  50% of  
t h e  o r i g i n a l  mined o p e n i n g  b e c a u s e  t h e  b a c k f i l l  s a l t  w i l l  be a t  a d e n s i t y  
a b o u t  50% o f  t h e  r o c k - s a l t  d e n s i t y .  A s  t h e  s a l t  f l o w s  under l i t h o s t a t i c  pres-  
s u r e ,  t h i s  open volume i n  t h e  r e p o s i t o r y  w i l l  close, p r o b a b l y  i n  50 to 200 
y e a r s  ( B a a r ,  1977, p. 1 3 6 ) .  C l o s u r e  t o  f u l l  s a l t  d e n s i t y  is e x p e c t e d  because  
t h e  a i r  i n  a room and t u n n e l  is o n l y  4 x l o 5  moles ,  n o t  enough to m a i n t a i n  
a p p r e c i a b l e  o p e n i n g s  i n  t h e  s a l t .  N e v e r t h e l e s s ,  some volume may become a v a i l -  
a b l e  f o r  s t o r i n g  e v o l v e d  g a s  b e c a u s e  o f  d i l a t a n c y  ( J a e g e r  and Cook, 1976, p. 
85 ) :  a s  t h e  s a l t  c r e e p s  i n t o  o p e n i n g s  i n  t h e  r e p o s i t o r y ,  i t  is a t  a  reduced 
d e n s i t y .  Gas evo lved  from t h e  was te  c o u l d  compress t h e  s a l t  back t o  f u l l  den- 
s i t y ,  c r e a t i n g  g a s - f i l l e d  volumes t h a t  might amount t o  r o u g h l y  10% of  t h e  vol-  
ume t h a t  t h e  c r e e p i n g  s a l t  had f i l l e d .  

Whi le  mine c l o s u r e  may be  comple te  i n  200 y e a r s ,  g a s  may e v o l v e  from t h e  
w a s t e  o v e r  much l o n g e r  times; g a s  p r o d u c t i o n  w i l l  a p p a r e n t l y  be  s low compared 
to  mine c l o s u r e .  Depending o n  t h e  p e r m e a b i l i t y  o f  t h e  s a l t ,  t h e  g a s  may d i s -  
p e r s e  i n  a t  least one o f  t h r e e  p o s s i b l e  modes: 

1. The medium is permeable  enough to a l l o w  g a s e s  t o  move away from t h e  
r e p o s i t o r y  w i t h o u t  any s i g n i f i c a n t  p r e s s u r e  b u i l d u p .  

2. The medium is impermeable ,  and g a s  accumula tes  u n t i l  t h e  medium f r a c -  
t u r e s  under t h e  g a s  p r e s s u r e .  

3 .  The medium is impermeable ,  b u t  t h e  g a s  a c c u m u l a t i o n  is  s u f f i c i e n t l y  
slow f o r  t h e  medium t o  f low p l a s t i c a l l y ,  a d j u s t i n g  t h e  v o i d  volume; 
t h e  p r e s s u r e  never  becomes much more t h a n  l i t h o s t a t i c ,  and t h e  medium 
remains i n t a c t .  

, 
I The f i r s t  o f  t h e s e  modes h a s  been t e s t e d  by a  m a t h e m a t i c a l  c a l c u l a t i o n .  
I The model used i n  t h e  c a l c u l a t i o n  d e s c r i b e s  t h e  d i f f u s i o n  o f  g a s  from a  repo- 

s i t o r y ,  r e p r e s e n t e d  a s  a  p l a n e  s o u r c e ,  through t h e  o v e r l y i n g  s a l t ,  r e p r e s e n t e d  
as a  f l a t  s l a b .  A computer code  i n c o r p o r a t i n g  t h e  model p r o v i d e s  numer ica l  
s o l u t i o n s  f o r  t h e  e q u a t i o n s  d e s c r i b i n g  t h e  d i f f u s i o n  p r o c e s s ,  t h e  boundary 
c o n d i t i o n s ,  t h e  c o u p l i n g  between gas  c o n c e n t r a t i o n s  i n  t h e  r e p o s i t o r y  and i n  



t h e  ove r ly ing  s a l t ,  and t h e  time dependence of t h e  evo lved  gas  volume. Be- 
c ause  t h e  most l i k e l y  modes of g a s  p roduc t ion  have n o t  y e t  been de te rmined ,  
gas-product ion r a t e s  were assumed, i n  s e p a r a t e  c a l c u l a t i o n s ,  t o  have time 
dependencies  t h a t  rough ly  s i m u l a t e d  d i f f e r e n t  modes of p roduc t ion ;  t h e  t o t a l  
volumes of gas  produced were taken  from d a t a  on g a s  produced i n  l a n d f i l l s .  
The equa t ions  were s o l v e d  f o r  va lues  of s a l t  p e r m e a b i l i t y  l y i n g  between 10'5 
and 10-l2 cm2/sec (be tween  0.2 and 2 x  lo-* m i c r o d a r c y ) .  I n  a l l  t h e  c a l c u l a -  
t i o n s  t h e  gas  p r o d u c t i o n  was a l lowed to p e r s i s t  f o r  10.0 y e a r s ,  and t h e  so lu -  
t i o n  of t h e  e q u a t i o n s  was c a r r i e d  o u t  t o  300 y e a r s .  

Even a t  t h e  l a r g e s t  assumed p e r m e a b i l i t y ,  t h e  c a l c u l a t i o n s  p r e d i c t e d  t h a t  
gas  p r e s s u r e s  might  exceed  l i t h o s t a t i c  p r e s s u r e s  a t  t h e  r e p o s i t o r y  depth .  I n  
o t h e r  words, t h e  f i r s t  o f  t h e  t h r e e  d i s p e r s a l  modes does  n o t  appear  l i k e l y ;  
t h e  s a l t  above t h e  r e p o s i t o r y  is no t  s o  permeable t h a t  g a s ,  i f  produced,  is 
s u r e  t o  d i f f u s e  away w i t h o u t  a  s i g n i f i c a n t  p r e s s u r e  bu i ldup .  

Because t h e  c a l c u l a t i o n s  had to use  h y p o t h e t i c a l  r a t e s  and volumes of  g a s  
p roduc t ion ,  t h e  r e s u l t s  canno t  be cons ide red  a c c u r a t e  p r e d i c t i o n s  of t h e  
e f f e c t s  of gas  e v o l u t i o n .  Exper imenta l  programs now under way a r e  i n v e s t i g a t -  
ing  gas  p roduc t ion ,  and i n  approximate ly  2 y e a r s  a c c u r a t e  v a l u e s  f o r  r a t e s  and 
volumes w i l l  be a v a i l a b l e .  U n t i l  t h e s e  d a t a  a r e  a v a i l a b l e ,  i t  w i l l  be p r u d e n t  
t o  assume t h a t  t h e  p e r m e a b i l i t y  of s a l t  is n o t  g r e a t  enough t o  p reven t  s i g n i f -  
i c a n t  p r e s s u r e  b u i l d u p  above a  r e p o s i t o r y .  To i n s u r e  t h a t  evolved gases  w i l l  
no t  f r a c t u r e  t h e  rock o v e r l y i n g  t h e  r e f e r e n c e  r e p o s i t o r y ,  t h e  waste-acceptance 
c r i t e r i a  w i l l  l i m i t  t h e  amount of gas-producing m a t e r i a l  i n  t h e  waste  accep ted  
f o r  b u r i a l .  

9.5.3.2 Br ine  M i g r a t i o n  

A number of p a p e r s  on t h e  movement of f l u i d  i n c l u s i o n s  i n  a l k a l i  h a l i d e  
c r y s t a l s  have drawn a t t e n t i o n  to t h e  p o s s i b i l i t y  of s i m i l a r  movement by t h e  
n a t u r a l l y  o c c u r r i n g  b r i n e  i n c l u s i o n s  i n  t h e  bedded s a l t  of s o u t h e a s t e r n  N e w  
Mexico. Labora tory  e x p e r i m e n t s  and t h e o r e t i c a l  a n a l y s e s  performed so f a r  
(Anthony and C l i n e ,  19741, a s  w e l l  as t h e  one f i e l d  exper iment  (Bradshaw and  
McClain, 1971; Bradshaw and Sanchez,  1969), a r e  i d e a l i z a t i o n s  of t h e  problem 
o f  f l u i d - i n c l u s i o n  movement i n  t h e  t he rma l  f i e l d  of h igh - l eve l  o r  o t h e r  hea t -  
producing waste .  According to expe r imen ta l  s t u d i e s ,  t h e s e  movements depend on 
thermal  g r a d i e n t s  and a r e  c r e d i b l e  o n l y  f o r  s o u r c e s  w i t h  a  s u b s t a n t i a l  t he rma l  
power ou tpu t .  T h e r e f o r e ,  t h e s e  e f f e c t s  a r e  no t  a p p r e c i a b l e  f o r  TRU waste  i n  
t h e  WIPp r e f e r e n c e  r e p o s i t o r y ,  though they  may be f o r  s p e n t  f u e l ,  depending on 
its thermal  o u t p u t .  I f  t h e  e f f e c t s  a r e  a p p r e c i a b l e  f o r  s p e n t  f u e l ,  t hey  w i l l  
have t o  be taken i n t o  accoun t  i n  p l a n s  f o r  r e t r i e v a l .  

D e s c r i p t i o n  of t h e  problem 

Because of t h e  i d e a l i z a t i o n s  involved i n  t h e  work a l r e a d y  pub l i shed ,  i t  
is necessary  to  d e s c r i b e  i n  some d e t a i l  t h e  p h y s i c a l  s i t u a t i o n  i n  t h e  v i c i n i t y  
of  c a n i s t e r s  c o n t a i n i n g  hea t -producing  waste .  

The i n i t i a l  c o n d i t i o n s  a r e  e s t a b l i s h e d  wi th  t h e  d r i v i n g  of t h e  d r i f t  i n  
t h e  s a l t  and t h e  d r i l l i n g  of t h e  emplacement h o l e  f o r  t h e  was te  c a n i s t e r .  
Th i s  excava t ion  p roduces  a  f r e e  s u r f a c e  t h a t  is no longe r  a t  a  l i t h o s t a t i c  



p r e s s u r e  of 150 t o  200 a tmospheres ,  bu t  r a t h e r  a t  about  1 atmosphere.  Thus 
t h e r e  is a s t r e s s - r e l i e v e d  r e g i o n  around t h e  emplacement h o l e ,  normally con- 
t a i n i n g  an abundance of microcracks  ex tending  a s h o r t  d i s t a n c e  i n t o  t h e  medi- 
um. Af t e r  a waste  c a n i s t e r  o r  a spen t - fue l  s l e e v e  is i n s e r t e d ,  t h e  remaining 
volume is b a c k f i l l e d  t o  improve thermal  c o n t a c t  w i th  t h e  w a l l s  of t h e  can is -  
t e r ,  and a plug s e a l  is p l a c e d  over t h e  c a n i s t e r .  The i n i t i a l  s u r f a c e  temper- 
a t u r e  of t h e  c a n i s t e r  is between t h e  f r e e - a i r  t empera ture  and t h e  temperature  
a t  which t h e  c a n i s t e r  and t h e  s a l t  w i l l  e q u i l i b r a t e  i n  t h e  s h o r t  term. 

The s a l t  now e x p e r i e n c e s  a time-dependent thermal  l oad  t h a t  r a i s e s  t h e  
t empera tu re  of t he  s a l t  and a c c e l e r a t e s  p l a s t i c  flow i n  t h e  v i c i n i t y  of t he  
c a n i s t e r .  This  c r e e p  c o n t i n u e s  u n t i l  t h e  s t r e s s  r e t u r n s  t o  t h e  l i t h o s t a t i c  
va lue ;  t h e  p re s su re  i n  t h e  v i c i n i t y  of  t h e  c a n i s t e r  beg ins  t o  r e t u r n  to what 
it was be fo re  d i s t u r b a n c e .  I n  t h e  s h o r t  term,  t h e  e f f e c t s  due t o  changing 

, t empera ture  dominate t h e  e f f e c t s  due t o  changing p re s su re .  

I t  is known e x p e r i m e n t a l l y  and t h e o r e t i c a l l y  how and under what circum- 
s t a n c e s  i n c l u s i o n s  move up and down t h e  thermal  g r a d i e n t .  I f  i n c l u s i o n s  reach  
t h e  c a n i s t e r ,  they  w i l l  p robably  a f f e c t  t h e  r a t e  of c a n i s t e r  c o r r o s i o n  and 
subsequen t ly  t h e  l e a c h  r a t e  of t h e  waste .  I t  has  been sugges t ed  t h a t ,  i f  
enough f l u i d  accumulates  i n  a hea t ed  zone, t h e  l o c a l  s t r u c t u r a l  p r o p e r t i e s  of 
t h e  s a l t  w i l l  be a l t e r e d  (Bredehoef t  e t  a l . ,  1978) .  The s i z e  of t h e  zone i n  
which f l u i d  accumulates  can be e s t i m a t e d  roughly from t h e  amount of water 
a v a i l a b l e  per u n i t  volume of r e p o s i t o r y  s a l t  and from e s t i m a t e s  of t h e  amount 
of s o l i d  m a t e r i a l  per u n i t  amount of f l u i d  m a t e r i a l  r e q u i r e d  to form e u t e c t i c  
m i x t u r e s  (S tewar t ,  1978) ;  t h e  width of t h e  zone of expec ted  s t r u c t u r a l  a l t e r a -  
t i o n  around a c a n i s t e r  would range from a few c e n t i m e t e r s  to,  a t  most, a few 
t e n s  of cen t ime te r s .  I t  has  been f u r t h e r  sugges ted  (Anthony and C l i n e ,  1974) 
t h a t  when i n c l u s i o n s  r each  t h e  waste  t h e i r  gas  f r a c t i o n  cou ld  be a l t e r e d  
enough t o  make them move back down t h e  thermal  g r a d i e n t ,  away from t h e  hea t  
sou rce .  Of t h e s e  p o s s i b i l i t i e s ,  t h e  c o r r o s i o n  and l e a c h i n g  p r o p e r t i e s  a r e  
c u r r e n t l y  under s t u d y  i n  t h e  l a b o r a t o r y  (Sec t ions  9.5.3.3 and 9.5.3.4). The 
phase a l t e r a t i o n s  and s t r u c t u r a l  consequences t he reo f  a r e  under i n v e s t i g a t i o n  
by t h e  O f f i c e  of Nuclear  Waste I s o l a t i o n  and by t h e  U.S. Geolog ica l  Survey, 
which is a l s o  c h a r a c t e r i z i n g  t h e  b r i n e  i n c l u s i o n s  i n  s a l t  a t  t h e  r e f e r ence  
s i t e  and de te rmin ing  t h e i r  h i s t o r y .  Sandia  L a b o r a t o r i e s  is i n v e s t i g a t i n g  the  
movement of i n c l u s i o n s .  Whether i n  f a c t  any r a d i o n u c l i d e s  can be mobilized by 
a moving f l u i d  i n c l u s i o n  is unknown and is being s t u d i e d  a t  t h e  Argonne 
Na t iona l  Laboratory. 

Known e f f e c t s  
I 

I n  l a b o r a t o r y  s t u d i e s  (Anthony and C l i n e ,  1974) ,  f l u i d  i n c l u s i o n s  with 
less than  10% gas a r e  obse rved  t o  mig ra t e  up t h e  thermal  g r a d i e n t  toward t h e  
h e a t  source .  Large i n c l u s i o n s  break i n t o  two o r  more s m a l l  i n c l u s i o n s  with 
d i f f e r e n t  d i s t r i b u t i o n s  o f  ga s  and l i q u i d  and wi th  d i f f e r e n t  r a t e s  of move- 
ment. The i n c l u s i o n s  move up t h e  thermal  g r a d i e n t  because t h e  s o l u b i l i t y  of 
sodium c h l o r i d e  i n  water  i n c r e a s e s  s l i g h t l y  w i th  tempera ture .  S ince  t h e  end 
of  t h e  i n c l u s i o n  c l o s e r  t o  t h e  h e a t  source  is warmer, d i s s o l u t i o n  proceeds a t  
t h e  c l o s e r  end wi th  p r e c i p i t a t i o n  a t  t h e  f a r t h e r  end; t h e  i n c l u s i o n  moves to- 
ward t h e  hea t  source .  

, F l u i d  i n c l u s i o n s  c o n t a i n i n g  vapor a r e  observed t o  m i g r a t e  down t h e  thermal 

g r a d i e n t  away from t h e  hea t  sou rce .  Water evapora t e s  a t  t h e  ho t  end of t h e  



i n c l u s i o n ;  t h e  vapor  moves to t h e  cooler end  and c o n d e n s e s ,  d i s s o l v i n g  s a l t  i n  
t h e  u n s a t u r a t e d  w a t e r .  The i n c l u s i o n  t h u s  moves away from t h e  h e a t  s o u r c e .  

Boundary a n d  i n i t i a l  c o n d i t i o n s  

I n  a n a l y s e s  done  so f a r ,  t h e  c h a n g i n g  t h e r m a l  f i e l d  h a s  been  a p p r o x i m a t e d  
by a  c o n s t a n t  g r a d i e n t .  The a c t u a l  phenomenon t a k e s  p l a c e  i n  a  t ime-dependen t  
t h e r m a l  f i e l d ;  a c c o r d i n g  to e s t i m a t e s  b a s e d  o n  s i m p l e  c a l c u l a t i o n s ,  t h e  h e a t  
f rom an emplaced c a n i s t e r  w i l l ,  w i t h i n  a  few months ,  i n c r e a s e  t h e  h e a t  l o a d  a t  
t h e  n e x t  emplacement h o l e  i n  t h e  a r r a y .  The t h e r m a l  g r a d i e n t s  a r o u n d  t h e  can- 
isters w i l l  s h o r t l y  t h e r e a f t e r  become so un i fo rm t h a t  i n c l u s i o n s  w i l l  cease to  
m i g r a t e .  

F u r t h e r m o r e ,  n o  c o n s i d e r a t i o n  h a s  been g i v e n  i n  p a s t  a n a l y s e s  t o  t h e  
c h a n g i n g  p r e s s u r e  f i e l d .  S i n c e  t h e  amount of vapor  i n  a n  i n c l u s i o n  w i l l  
depend on b o t h  t h e  t e m p e r a t u r e  of  t h e  f l u i d  and t h e  c o n f i n i n g  p r e s s u r e ,  so 
w i l l  t h e  d i r e c t i o n  o f  m o t i o n .  

Bounds o n  m i g r a t i o n  

Anthony and C l i n e  (1974)  o b t a i n e d  t h e i r  r e s u l t s  on t h e  v e l o c i t i e s  of  b r i n e -  
i n c l u s i o n  t r a v e l  a t  a  much h i g h e r  t h e r m a l  power t h a n  t h e  s p e n t - f u e l  demons t ra -  
t i o n  w i l l  p r o d u c e  a t  t h e  WIPP r e f e r e n c e  r e p o s i t o r y ,  where  t h e  t e m p e r a t u r e  a t  
t h e  s a l  t - c a n i s  ter  i n t e r  f a c e  w i l l  be  less t h a n  100°C. T h e i r  e x p e r i m e n t a l  
work was f o r  a  t e m p e r a t u r e  g r a d i e n t  o f  3 K / c m ,  b u t  t h e y  a l s o  p r e s e n t  d a t a  a t  
lower  g r a d i e n t s .  The v e l o c i t y  o f  i n c l u s i o n  movement f a l l s  d r a s t i c a l l y  a s  t h e  
g r a d i e n t  d e c r e a s e s  and is  e s s e n t i a l l y  z e r o  a t  10'3 to 10'~ K / c m ,  wh ich  is 
t h e  g e o t h e r m a l  g r a d i e n t .  ( I f  t h e  movement d i d  n o t  f a l l  to  z e r o ,  t h e r e  would 
be no f l u i d  i n c l u s i o n s  i n  n a t u r a l  s a l t . )  

Accord ing  t o  t h e  c a l c u l a t i o n s  o f  F e w e l l  and  S i s s o n  (1977)  f o r  a  c a n i s t e r  
h o t t e r  t h a n  t h o s e  a t  t h e  WIPP, t h e  i n i t i a l  g r a d i e n t  is g r e a t e r  t h a n  3 K/m 
close to  t h e  c a n i s t e r ,  a b o u t  1 . 3  K/cn o v e r  t h e  f i r s t  30 c e n t i m e t e r s  o u t s i d e  
t h e  s u r f a c e  of  t h e  c a n i s t e r ,  and a b o u t  0 . 3  K / c m  a t  1 meter. A t  t h e  v e l o c i t i e s  
d e t e r m i n e d  by Anthony and C l i n e  f o r  3 K / c m ,  o n l y  a n  i n c l u s i o n  w i t h i n  t h e  f i r s t  
30 c e n t i m e t e r s  c o u l d  r e a c h  t h e  c a n i s t e r  i n  a  y e a r .  The t o t a l  volume o f  w a t e r  
i n  f l u i d  i n c l u s i o n s  w i t h i n  s u c h  a  r e g i o n  is a b o u t  7.5 l i t e r s  p e r  meter o f  can- 
i s t e r  l e n g t h  when t h e  c a n i s t e r  r a d i u s  is a b o u t  1 5  c e n t i m e t e r s .  

A s  m e n t i o n e d  e a r l i e r ,  t h e  a c t u a l  s i t u a t i o n  w i l l  be  more c o m p l i c a t e d .  I f ,  
f o r  example ,  m i c r o c r a c k s  a p p e a r  close to t h e  c a n i s t e r ,  where  s a l t  becomes h o t  
s o o n e s t ,  t h e y  w i l l  a l l o w  v e n t i n g  of  t h e  i n c l u s i o n s  when steam comes i n t o  con- 
t a c t  w i t h  t h e  c a n i s t e r .  Another  c o m p l i c a t i o n  may o c c u r  a s  t h e  t h e r m a l  l o a d  
moves i n t o  t h e  s a l t :  t h e  nongassy  i n c l u s i o n s  w i l l  move toward t h e  c a n i s t e r  
w h i l e  t h e  g a s s y  i n c l u s i o n s  w i l l  move away. S i n c e  t h e  c o n f i n i n g  p r e s s u r e  i n  
t h e  s a l t  d e c r e a s e s  toward  t h e  c a n i s t e r ,  some o f  t h e  nongassy  i n c l u s i o n s  w i l l ,  
when h e a t e d ,  become more g a s s y  and r e v e r s e  t h e i r  mot ion .  E v e n t u a l l y ,  a s  t h e  
p r e s s u r e  nea r  t h e  emplacement  h o l e  i n c r e a s e s  to  t h e  l i t h o s t a t i c  v a l u e ,  any  
f l u i d  i n c l u s i o n  w i l l  r emain  f l u i d  a t  t h e  l o c a l  t e m p e r a t u r e .  

I n  summary, t h e  e x p e r i m e n t a l  r e s u l t s  p r e s e n t l y  a v a i l a b l e  s u g g e s t  t h a t  t h e  
f o l l o w i n g  phenomena a r e  l i k e l y :  

1. G a s s y  i n c l u s i o n s  ( i n c l u s i o n s  c o n t a i n i n g  c o n d e n s a b l e  g a s e s )  move down 
t h e  t h e r m a l  g r a d i e n t  away f rom t h e  h e a t  s o u r c e .  



2. Nongassy i n c l u s i o n s  may move t o  t h e  r eg ion  around t h e  c a n i s t e r -  
emplacement h o l e  where mic roc r acks  a r e  u s u a l l y  p r e s e n t ;  t h e r e  t h e s e  
i n c l u s i o n s  may vapo r i ze .  

3 .  Nongassy i n c l u s i o n s  may f i r s t  move toward t h e  c a n i s t e r  and t h e n  move 
away. 

4. A f t e r  a  s h o r t  t i m e ,  l e s s  t han  a  y e a r ,  t h e  t empera ture  f i e l d  around an 
assemblage  o f  c a n i s t e r s  w i l l  have become s o  uniform t h a t  t h e  weak 
t h e r m a l  g r a d i e n t  w i l l  b r i n g  no more i n c l u s i o n s  t o  t h e  c a n i s t e r s  d u r i n g  
t h e  p e r i o d  of  h igh  hea t  p roduc t i on .  

5. A t  some d i s t a n c e  (10 t o  100 c e n t i m e t e r s )  from t h e  c a n i s t e r ,  t h e r e  w i l l  
I 
I p r obab ly  be a  ha lo  of f l u i d  i n c l u s i o n s  immobilized i n  t h e  weak t he rma l  
I g r a d i e n t .  

6 .  I n  t h e  absence  of more e x t e n s i v e  expe r imen t a l  d a t a ,  t h e  t o t a l  volume 
I o f  f l u i d  drawn t o  any c a n i s t e r  can  be e s t i m a t e d  on ly  c r u d e l y ;  i t  may 
I , l i e  between 0 . 1  and 20 l i t e r s ,  w i t h  0 . 1  l i t e r  more l i k e l y  (Anthony and 

C l i n e ,  1974)  . 
Rigo rous  v e r i f i c a t i o n  of t h e s e  e x p e c t a t i o n s  w i l l  r e q u i r e  f u r t h e r  i n v e s t i -  

g a t i o n s .  B r i n e  m i g r a t i o n  has no t  y e t  been s t u d i e d  i n  i ts e n t i r e t y ,  e i t h e r  
e x p e r i m e n t a l l y  o r  t h e o r e t i c a l l y .  C u r r e n t  knowledge is s u f f i c i e n t  t o  p r e d i c t ,  
however, t h a t  b r i n e  m i g r a t i o n  w i l l  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  r e p o s i t o r y ,  
because  l i t t l e  of  t h e  was te  s t o r e d  t h e r e  w i l l  produce s i g n i f i c a n t  t he rma l  
g r a d i e n t s .  

F u r t h e r  r e s e a r c h  under WIPP a u s p i c e s  w i l l  p rov ide  d a t a  t h a t  w i l l  be  u s e f u l  
i n  d e t a i l e d  a n a l y s i s  of t h e  e f f e c t s  o f  remotely  handled TRU was te  and i n  t h e  
d e s i g n  of  f u t u r e  r e p o s i t o r i e s  f o r  h i g h - l e v e l  waste.  Labora tory  and bench- 
scale work ha s  been under way f o r  a  y e a r .  Experiments a r e  a l s o  p lanned  f o r  
s a l t  i n  a mine,  where t h e  l i t h o s t a t i c  p r e s s u r e s  and boundary c o n d i t i o n s  w i l l  
approach  t h o s e  t o  be encounte red  i n  t h e  WIPP r e p o s i t o r y .  A f t e r  t h e  r e f e r e n c e  
r e p o s i t o r y  opens ,  exper iments  on b r i n e  m i g r a t i o n  w i l l  be c a r r i e d  o u t  t h e r e  
( S e c t i o n  8 . 9 ) .  

I 9.5.3.3 C a n i s t e r  Co r ro s ion  

The re  a r e  s e v e r a l  purposes  f o r  w a s t e  c o n t a i n e r s :  t hey  a r e  i n d i s p e n s a b l e  i n  
was te  p r o c e s s i n g ,  temporary s t o r a g e ,  t r a n s p o r t a t i o n ,  and o t h e r  p h y s i c a l  han- 
d l i n g .  The was te  c o n t a i n e r  is n o t  i n t ended ,  however, t o  be t h e  major b a r r i e r  
p r e v e n t i n g  r a d i o a c t i v e  m a t e r i a l s  from e n t e r i n g  t h e  b iosphere .  The b u r i a l  
medium is t h e  most s i g n i f i c a n t  b a r r i e r ,  f o r  t h e  g e o l o g i c  s t r u c t u r e s  surround-  
i n g  t h e  was t e  p rov ide  a  c o n t a i n e r  s e v e r a l  thousand f e e t  t h i c k .  I n  t h e  l ong  
te rm,  hundreds  t o  thousands  of y e a r s ,  c o r r o s i o n  r e s i s t a n c e  by t h e  c a n i s t e r  is 
of  minimal impor tance .  

I n  t h e  s h o r t  t e rm,  c o r r o s i o n  r e s i s t a n c e  is impor tan t  i n  be ing  a b l e  t o  re- 
I 

t r i e v e  t h e  TRU-waste c o n t a i n e r s  and s p e n t - f u e l  c a n i s t e r s  t o  be emplaced a t  t h e  I r e p o s i t o r y .  Ease  of r e t r i e v a b i l i t y  ha s  t h e r e f o r e  been t h e  major f o c u s  of cor-  
I r o s i o n  s t u d i e s  r e l a t e d  t o  t h e  WIPP p r o j e c t  because t h e r e  a r e  no a c c u r a t e  d a t a  



on the amount of brine required to corrode containers over the 10-year period 
of retrievability. Corrosion resistance can be provided by the choice of 
metal alloy, by anticorrosion coatings such as paints and ceramics, and by 
overpacks made of metal or ceramics, either alone or in combination. Labora- 
tory studies on these topics are in progress. 

Examination of mild-steel canisters holding low-level waste in the salt 
repository at Asse, Germany, revealed minimal corrosion after periods of up to 
12 years (Sattler, 1978). Corrosion of contact-handled waste canisters in the 
dry WIPP salt is expected to be similar. Retrieval of contact-handled waste 
in intact canisters is, therefore, expected to pose no problems at the refer- 
ence repos i tory . 

To insure efficient retrieval of canisters from the spent-fuel demonstra- 
tion and the experiments with high-level waste, corrosion of canisters and 
canister liners holding heat-producing waste needs to be quantified further, 
both in dry salt and in a concentrated-brine environment. This effort is the 
focus of a large fraction of the WIPP corrosion studies (Molecke, 1978) , and 
similar studies are being conducted at the Savannah River Plant (Angerman and 
Rankin, 1978) . Another effort now under way is the engineering design of 
apparatus that can retrieve high-level waste even if the metallic canister has 
corroded away (Sandia, 1977) . 

Also in progress are laboratory feasibility studies to develop canister 
materials with a lifetime of several hundred years. Such materials could pre- 
vent radionuclide leaching and migration if water were to breach the reposi- 
tory during the time when the thermal output of the waste is high enough to 
enhance leaching. 

A program of metallurgical and materials studies is now evaluating materi- 
als for use in the WIPP and other repositories. The results will help in 
selecting materials with adequate mechanical strength and thermal conductiv- 
ity. These materials may be used in canisters, overpacks, anticorrosion coat- 
ings, sampling apparatus, instruments for experiments, and other mine equip 
ment. As much as possible, the studies will use existing metallurgical 
data, although little existing information applies to the conditions expected 
in the high-level-waste experiments: temperatures of up to 250°C, pressures 
of up to 180 atmospheres, a radiation field, and saturated brine. The data 
gathered by Braithwaite (1978) and by Angerman and Rankin (1978) are the most 
pertinent. 

The schedule for corrosion studies extends from the present through the 
early part of repository operation. Laboratory studies at Sandia ~aboratories 
(Molecke, 1978) will be essentially complete in several years. Associated 
work is in progress or planned at other laboratories. Bench-scale corrosion 
studies begun in 1977 are continuing; evaluations in a potash or salt mine 
will begin in 1979, and corrosion results from the Asse mine will be compared 
with the results of the other studies. The final testing of canister materi- 
als will begin with the first acceptance of waste packages at the WIPP mine. 
The results of all these programs will be made public as they become avail- 
able; initial results have already been presented (Braithwaite, 1978; Rankin, 
1978). 



: 9.5.3.4 Leaching 

The leachability of nuclear waste could be important to the WIPP reference 
repository because leaching of the waste by water or brine would have to take 
place before intruding water could mobilize radionuclides. Although the in- 
trusion of water into the WIPP storage areas is of very low probability, it is 
the basis for the most credible scenarios describing the release of radio- 
nuclides from the sealed repository (Section 9.5.1). Interactions between the 
waste and dry salt could also be important because they might, in theory, en- 
hance or retard leach rates. Other conditions that could affect leaching are 
radiolysis of any brine that might be present, rock constituents other than 
sodium chloride, corrosion products of the waste containers, lithostatic pres- 
sure, and elevated temperature. 

Consequence analysis is the principal tool for predicting the long-term 
importance of leaching; experimental data on leaching and interactions with 
dry salt are desirable inputs to the study. The consequence analysis in 
Section 9.5.1 assumes that water removes radionuclides from waste at the same 
rate as water dissolves salt. It makes this unrealistic assumption because 
directly applicable data are not available. When experiments have provided 
the necessary input data, the analysis can become more realistic and less con- 
servative. It is significant, however, that the analysis in Section 9.5.1 
predicts that the WIPP reference repository would produce no serious long-term 
effects even if leaching occurred as rapidly as salt dissolution. 

Much research in leaching has already been performed. The leachability of 
matrices proposed for encapsulating radioactive waste has been a subject of 
study for many years in the United States, Europe, and Japan. In fact, the 
durability of radioactive-waste forms is often specified by leach-rate measure- 
ments. Because collections of these data and discussions of their significance 
are readily available (Katayama, 1976; ERDA, 1977; Schef fler and Riege, 1977) , 
they are not reviewed here. 

Most of these data were obtained under laboratory conditions that did not 
resemble conditions at the reference repository. Applying them to the spe- 
cific geologic conditions of the repository will require additional study. 
Moreover, some questions not addressed in studies to date are of interest to 
WIPP analyses and to the design of future repositories for high-level waste. 
Experiments to answer these questions will be performed over the next several 
years in both laboratory and in-situ studies (Molecke, 1978). Because high- 
temperature, high-pressure data are not available, the leaching of waste 
matrices is being tested under conditions representative of the repository: a 
leachant in the form of concentrated brine or groundwater, temperatures of 25 
to 250°C, and pressures of up to 180 atmospheres. 

I Laboratory data will be used to formulate models that predict leaching 
I 

I 
behavior over hundreds to thousands of years. The models will then be tested 
in the laboratory under accelerated conditions; they will be retested in the 

I WIPP in-situ program (Section 8.9). The results of these studies and 
1 

interpretations of their significance will be made available as the 
experimental programs develop further. , 



9.5.3.5 S t o r e d  Energy 

An o f t e n - r a i s e d  q u e s t i o n  is whether  e n e r g y  s t o r e d  by r a d i a t i o n  damage i n  
t h e  s a l t  s u r r o u n d i n g  b u r i e d  waste o r  i n  t h e  was t e  m a t r i x  c o u l d  be  r e l e a s e d  and 
produce a  s e r i o u s  t he rma l  e x c u r s i o n  o r  some o t h e r  u n d e s i r a b l e  e f f e c t .  T h i s  
problem has  been under s t u d y  a t  t h e  Oak Ridge  N a t i o n a l  L a b o r a t o r y  (ORNL) s i n c e  
1970; t h e  a rguments  and c o n c l u s i o n s  p r e s e n t e d  h e r e  are based p r i m a r i l y  on  d a t a  
c o l l e c t e d  t h e r e .  

Of t h e  a l p h a ,  b e t a ,  gamma, and  n e u t r o n  r a d i a t i o n  e m i t t e d  by t h e  w a s t e ,  
o n l y  gamma r a y s  and n e u t r o n s  e n t e r  t h e  s a l t .  I n  t h e  a b s o r p t i o n  p r o c e s s  t h e  
r a d i a t i o n  i n t e r a c t s  w i t h  t h e  c r y s t a l  l a t t i c e  o f  t h e  s a l t  to produce  r a d i a t i o n  
damage. The gamma-ray i n t e r a c t i o n s  p r i m a r i l y  produce e l e c t r o n  v a c a n c i e s  when 
t h e  photons  e x c i t e  c h l o r i n e  e l e c t r o n s  i n t o  t h e  c o n d u c t i o n  band. By a  series 
o f  p r o c e s s e s  t h e  l a t t i ce  a d j u s t s ,  and e n e r g y  is s t o r e d  i n  t h e  c r y s t a l  s t r u c -  
t u r e ;  t h e  s u b j e c t  is d i s c u s s e d  i n  an  ORNL r e p o r t  ( J enks  and Bopp, 1974) .  The 
i n t e r a c t i o n  w i t h  n e u t r o n s  is l i k e l y  t o  s t o r e  ene rgy  by p roduc ing  i o n i c  d i s -  
p lacement  d i r e c t l y  i n  t h e  c r y s t a l  l a t t i c e .  E x t e n s i v e  s t u d i e s  a t  Oak Ridge  
( J enks  and Bopp, 1974) have shown t h a t  ene rgy  s t o r e d  by e i t h e r  p r o c e s s  c a n  b e  
r e l e a s e d  by a n n e a l i n g  t h e  s a l t  a t  a  t e m p e r a t u r e  above 150°C; l i t t l e  e n e r g y  
from r a d i a t i o n  damage is s t o r e d  above t h a t  t empe ra tu r e .  

Contac t -handled  TRU w a s t e ,  which is t h e  p r ima ry  conce rn  o f  t h e  WIPP r e f e r -  
ence  r e p o s i t o r y ,  has  v i r t u a l l y  no gamma o u t p u t - - l e s s  t h a n  10  mrad/hr from 200- 
l i t e r  drums. The a c t i n i d e  l i m i t  a s  de t e rmined  by INEL i n v e n t o r y  h a s  been less 
t h a n  10 grams o f  p lu ton ium pe r  drum d u r i n g  t h e  y e a r s  f o r  which t h e  i n v e n t o r y  
is a v a i l a b l e .  With t h e  mix of  p lu ton ium i s o t o p e s  assumed f o r  c o n t a c t - h a n d l e d  
TRU w a s t e  (Appendix E), t h i s  l i m i t  s u g g e s t s  a maximum dose  ra te  o f  1.6 x  10'~ 
rad /hr  f o r  n e u t r o n s  (Bingham and Ba r r  , 1979) . 

Contac t -handled  TRU was t e  is p l a c e d  i n  l a r g e  rooms. Even a f t e r  t o t a l  clo- 
s u r e  o f  t h e  mine and compress ion  of  t h e  w a s t e ,  t h e  m a t e r i a l  r emains  i n  b u l k ,  
app rox ima te ly  15 by 130 by 1 me te r ;  t h e  o n l y  major c o n t a c t  w i t h  s a l t  is a l o n g  
t h e  o u t s i d e  o f  t h e  bu lk  m a t e r i a l .  S i n c e  t h e  r e l a x a t i o n  d i s t a n c e  f o r  b o t h  
gamma and n e u t r o n  r a d i a t i o n  is LO to 15  c e n t i m e t e r s ,  most o f  t h e  s t o r e d  ene rgy  
from r a d i a t i o n  damage is l o c a t e d  i n s i d e  t h e  w a s t e  m a t r i x .  A t  t h e  dose r a t e s  
e x p e c t e d  f o r  TRU w a s t e  (less than  10 and 0 .16 mrad/hr f o r  gamma r a y s  and neu- 
t r o n s ,  r e s p e c t i v e l y ) ,  t h e  t o t a l  d o s e  over  1 m i l l i o n  y e a r s  is less t h a n  l o 8  
r a d s .  T h i s  dose  w i l l  produce s t o r e d  e n e r g y  i n  t h e  was t e  m a t r i x  and s a l t  a t  a  
c o n c e n t r a t i o n  lower t h a n  1 c a l / g ,  a n  i n s i g n i f i c a n t  amount (Jenks and Bopp, 
1977,  F i g u r e  6; J e n k s ,  1975,  p. 3 ) .  Tempera tures  i n  c o n t a c t - h a n d l e d  TRU 
w a s t e ,  which produces  e s s e n t i a l l y  no h e a t ,  never  r i s e  t o  t h e  a n n e a l i n g  temper- 
a t u r e  o f  s a l t .  

No s t u d i e s  o f  ene rgy  s t o r a g e  near  hea t -p roduc ing  was t e s  a r e  d i r e c t l y  a p  
p l i c a b l e  t o  t h e  r e f e r e n c e  r e p o s i t o r y ;  t h e s e  a n a l y s e s  have s o  f a r  been per-  
formed o n l y  f o r  h igh - l ave1  was t e .  Because t h e  e f f e c t s  o f  h i g h - l e v e l  waste a r e  
g e n e r a l l y  upper bounds on t h e  e f f  e c t s  of s p e n t  Euel and r emo te ly  handled  TRU 
waste, t h i s  d i s c u s s i o n  r e p o r t s  p r e d i c t i o n s  from t h e  a v a i l a b l e  s t u d i e s .  Qua l i -  
t a t i v e l y ,  t h e s e  remarks  will. appLy t o  s p e n t  f u e l  a s  w e l l  a s  t o  h i g h - l e v e l  
was te .  

The was te  c o n f i g u r a t i o n  assumed h e r e  is t h e  one  d e f i n e d  by Zimmerman 
(1975 ) ,  reduced t o  3.5 k i l o w a t t s :  a  c a n i s t e r  30 c e n t i m e t e r s  i n  d i ame te r  and 
a b o u t  3.5 m e t e r s  l o n g  w i t h  a t he rma l  o u t p u t  of a b o u t  3 .5  k i l o w a t t s  and s u r f a c e  



d o s e  r a t e s  of  a b o u t  2 x l o 5  r a d / h r  f o r  gamma r a y s  and a b o u t  40 rad /h r  f o r  
n e u t r o n s .  These p a r a m e t e r s  d e s c r i b e  r e p r o c e s s e d  PWR f u e l  10 y e a r s  o u t  of  
r e a c t o r .  

I n  t h e  b u r i a l  c o n f i g u r a t i o n s  now under s t u d y ,  a  h igh- leve l -was te  c a n i s t e r  
is i n  i n t i m a t e  c o n t a c t  w i t h  s a l t  and is s e p a r a t e d  from o t h e r  c a n i s t e r s  by d i s -  
t a n c e s  much g r e a t e r  t h a n  t h e  r e l a x a t i o n  l e n g t h  f o r  gamma-ray p e n e t r a t i o n  i n t o  
t h e  s a l t .  T h i s  l e n g t h  is a b o u t  1 5  c e n t i m e t e r s ;  i n  30 c e n t i m e t e r s ,  a b o u t  90% 
o f  t h e  gamma r a d i a t i o n  h a s  been a b s o r b e d .  I n  a d d i t i o n  to  t h e  r a d i a t i o n  damage 
i n  t h e  s a l t ,  t h e r e  is r a d i a t i o n  damage i n  t h e  was te  m a t r i x .  I n s i d e  t h e  can- 
i s t e r ,  however, t e m p e r a t u r e s  are above  t h e  s o - c a l l e d  a n n e a l i n g  t e m p e r a t u r e ,  
and  most o f  t h e  r a d i a t i o n  damage is h e a l e d .  A s i m i l a r  a n n e a l i n g  phenomenon 
o c c u r s  i n  t h e  s a l t ,  r e d u c i n g  t h e  t o t a l  e n e r g y  s t o r e d .  Tempera tu re  p r o f i l e s  
( J e n k s  and Bopp, 1974)  show t h a t  t h e  t e m p e r a t u r e  i n  t h e  s a l t  remains  h igher  
t h a n  lSO°C a t  d i s t a n c e s  o f  f o u r  r e l a x a t i o n  l e n g t h s  ( a b o u t  60 c e n t i m e t e r s )  
f o r  times l o n g e r  t h a n  t h e  h a l f - l i f e  o f  t h e  p r imary  hea t -p roduc ing  n u c l i d e s ,  
cesium-137 and s t r o n t i u m - 9 0 .  A f t e r  a d j u s t m e n t  to  a maximum o f  60 c a l / g  ( t h e  
maximum s t o r e d  e n e r g y )  and e x p a n s i o n  to 60 c e n t i m e t e r s ,  t h e  t o t a l  amount of  
e n e r g y  s t o r e d  beyond 60 c e n t i m e t e r s  is n e g l i g i b l e  ( J e n k s  and  Bopp, 1974,  
F i g u r e  a). .  The a v e r a g e  e n e r g y  s t o r e d  i n  t h e  s a l t  is a b o u t  3.5 c a l / g .  

The same document d i s c u s s e s  t h e  mechan ica l  and s t r u c t u r a l  consequences  of  
t h e  sudden r e l e a s e  o f  t h i s  e n e r g y  by a n n e a l i n g  and c o n c l u d e s  t h a t  t h e y  would 
b e  " p r a c t i c a l l y  n e g l i g i b l e . "  

I n  a d d i t i o n  to a n n e a l i n g ,  t h e r e  is a n o t h e r  p o s s i b l e  means f o r  sudden re-  
l e a s e  o f  t h e  s t o r e d  e n e r g y :  d i s s o l u t i o n  o f  t h e  s a l t .  R e l e a s e  by t h i s  mecha- 
nism produces  a  minor t e m p e r a t u r e  change  because  a t  least 2  c u b i c  c e n t i m e t e r s  
o f  f r e s h  wa te r  is r e q u i r e d  to d i s s o l v e  1 c u b i c  c e n t i m e t e r  o f  sodium c h l o r i d e .  
The d i s s o l u t i o n  p r o c e s s  is somewhat a u t o c a t a l y t i c  s i n c e  t h e  s o l u b i l i t y  o f  so- 
dium c h l o r i d e  depends  on t e m p e r a t u r e ,  i n c r e a s i n g  s l o w l y  a s  t h e  t e m p e r a t u r e  

, rises. On t h e  a v e r a g e ,  however ,  p a r t i c u l a r l y  i f  t h e r e  is any  c o n v e c t i v e  mo- 
t i o n  i n  t h e  f l u i d  d i s s o l v i n g  t h e  s a l t ,  t h e  a v e r a g e  t e m p e r a t u r e  change i n  t h e  
f l u i d  is a b o u t  2OC, a  t e m p e r a t u r e  e x c u r s i o n  t h a t  d o e s  n o t  t h r e a t e n  c a t a s -  
t rophe.  

T h i s  d i s c u s s i o n  h a s  d i s r e g a r d e d  a more complex problem: t h e  f o r m a t i o n  o f  
I m u l t i p h a s e  sys tems  w i t h  i m p u r i t i e s  i n  t h e  s a l t .  (The t e rm "mul t iphase"  is 

u s e d  h e r e  i n  t h e  s e n s e  u s e d  i n  p h y s i c a l  c h e m i s t r y ,  where  i t  r e f e r s ,  l o o s e l y  
s p e a k i n g ,  to s y s t e m s  c o n s i s t i n g  o f  many d i s c r e t e  components i n  v a r i o u s  s t a t e s  

I 
o f  m a t t e r . )  While t h i s  p r o c e s s  d o e s  n o t  a f f e c t  t h e  t h e r m a l  r e l e a s e ,  i t  r a i s e s  
o t h e r  q u e s t i o n s  c o n c e r n i n g  c h e m i s t r y  and d e n s i t y .  Dur ing  d i s s o l u t i o n  t h e  
p r e s e n c e  o f  hydrogen p roduced  by r a d i o l y s i s  may be a  f a c t o r  i n  r e d u c i n g  f u r -  

l t h e r  i n t r u s i o n  o f  b r i n e  or water i n t o  t h e  v i c i n i t y  o f  t h e  c a n i s t e r  u n l e s s  t h e  
i n t r u s i o n  h a s  been m a s s i v e .  

Remotely hand led  TRU w a s t e ,  which w i l l  p robab ly  be  emplaced i n  a  manner 
s i m i l a r  to  t h a t  under s t u d y  f o r  h i g h - l e v e l  waste  i n  f u t u r e  r e p o s i t o r i e s ,  is 
m o d e s t l y  hea t -p roduc ing .  The gamma o u t p u t  is  l e s s  t h a n  4.5 x  103 r a d / h r ,  
which i m p l i e s  s a t u r a t i o n  o f  s t o r e d  e n e r g y  i n  t h e  s a l t  j u s t  a s  f o r  h i g h - l e v e l  
w a s t e .  The t e m p e r a t u r e s  o f  s a l t  i n  c o n t a c t  w i t h  r e m o t e l y  hand led  TRU waste  
w i l l  be less t h a n  t h o s e  f o r  h i g h - l e v e l  waste :  a n n e a l i n g  w i l l  be less impor- 
t a n t .  O t h e r  comments c o n c e r n i n g  t h e  l o c a l  c h e m i s t r y  i n  t h e  s a l t  nea r  high- 
l e v e l  waste a l s o  a p p l y  to r e m o t e l y  hand led  TRU w a s t e .  



In summary, the temperature requirement for sudden release through anneal- 
ing, 150°C, demands local energy inputs that are not available. The more 
credible mechanism for the release of stored energy is salt dissolution, an 
unlikely occurrence. If salt dissolution were to occur, its consequences near 
a canister of remotely handled TRU waste or spent fuel could be a local tem- 
perature rise, averaging a few degrees Celsius; hydrogen-gas production through 
radiolysis; and possible alteration of the chemical and mineral constituents of 
the material near the canister. For contact-handled TRU waste the energy is 
deposited mostly in the waste matrix. Whether this energy, less than 1 cal/g, 
is available on dissolution is a matter for study, but the consequences are 
expected to be negligible. No credible mechanical or thermal mechanism for the 
catastrophic release of stored energy from radiation damage has been identified. 

9.5.3.6 Nuclear Criticality 

The canisters to be emplaced in the repository will contain amounts of 
fissile material ranging from several grams in typical packages of contact- 
handled TRU waste to nearly 6 kilograms in each spent-fuel canister. The 
fissile material will not, however, form a critical mass, because it will be 
widely dispersed through other material that does not moderate and reflect 
neutrons adequately. Simple comparison of this mixture of material with 
assemblies known not to be critical has shown that emplacement configurations 
are not critical (Claiborne and Gera, 1974; Bingham and Barr, 1979). 

To estimate criticality more quantitatively, it is possible to use tech- 
niques developed in the nuclear-weapons program for analyzing complex assem- 
blies of fissile and nonfissile materials. D. R. Smith of the LOS Alamos 
Scientific Laboratory has used these methods (Lathrop, 1965) to calculate the 
infinite multiplication factors that would characterize the wastes stored in 
contact-handled TRU-waste repositories. The infinite multiplication factor is 
a quantity describing the criticality of an assembly containing fissile mate- 
rial; it is the ratio of the number of fissions in one generation to the 
number of fissions in the preceding generation. If this ratio is less than 
unity, no self-sustaining chain of fissions can occur, even in an infinitely 
large assembly. 

Using a criticality program called DTF IV, Smith has modeled the contact- 
handled TRU-waste problem by assuming drums loaded with various amounts of 
material in an infinite array. He has calculated that, for the multiplication 
factor to reach unity, the drums would have to contain amounts of plutonium 
far above the amounts now allowed by the U.S. Department of Transportation 
(Section 6.2.1). For example, a drum holding 140 kilograms of waste would 
have to contain over 5 kilograms of plutonium before the fissile material 
could form a critical mass; drums typically contain less than 0.01 kilogram of 
plutonium, and none are allowed to contain more than 0.2 kilogram. 

Since spent-f uel assemblies contain much more f issile material than do 
contact-handled TRU-waste containers, a separate calculation has examined the 
criticality of the spent-fuel demonstration at the reference repository. 
~eutron-multiplication factors for infinite linear arrays of PWR fuel assem- 
blies were calculated by J. T. Thomas of the Oak Ridge National Laboratory, 
using the KENO IV criticality program (Petrie and Cross, 1975). The calcula- 
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tions were based on new (unirradiated) fuel assemblies, which are more 

than the spent-fuel assemblies to be recerved at the WIPP. Another 
=onservative assumption was that the temperature cf the salt storage matrix 

' is 40%; in actual spent-fuel storage the Initial salt tenperature would be 
- much higher, and the reactivity of the system would be corresgondiagly lcwer. 

~t the areal power density, 30 kW/acre, specified for the WIPP s~ent-fuel 

*- 
storage demonstration, the center line distance between adjacent fuel assem- 

3 blies is 4.3 neters. Because neutronic coupling is weak betr:~een fuel sssem- 
i blies that far apart, Thomas's calculations assume$ a centerlrne distance of 

- i- only 1.0 meter, corresponding to an areal power density of about 130 Itl.:/acre. 
% The calculation covered the five eaplacement configurations listed in Table 

+ 9-50. The first of these describes spent fuel as emplaced, with salt between 

..- 
the canisters and nothing insicle the canisters except the fuel assenblies. 
The next three configurations represent the aftermath of water intrusior?; 
water has attacked the salt between canisters, has entered the voiC space in- 
side the canisters, or has a~peared in both places. The fifth configuration 
represents canisters with wzter inside and no moderating material cutsiile; 
this extrcine configuration exanines the consequences of a dissolution process 
that removes all the salt from the repository and leaves the canisters be- 
hind. The five assumed configurations thus range from a ccnservative Cescrip- 
tion of initial enplacement to a description of a highly unlikely event, 

Table 9-50 displays the neutron-multiplication factor K for each of the 
assumed configurations. All of the factors are less than unity. None of the 
configurations show any possibility that the spent-fuel canisters will form a 
critical assembly. 

Table 9-59. Neutron-Multiplication Factors K for Various 
Configurations of PVTP, Spent Fuel in the I.TIPP 
Reference Repository 

Configuration (with 1-meter spacing) K 
-- 

1. Solid-salt spacing; normal canisters 0.1 
2. saturated-brine spacing; normal canisters 0.1 
3. Solid-salt spacing; water-flooded canisters 0.6 
4. Saturated-brine spacing; water-flooded canisters 0.57 
5. Void spacing; water-flooded canisters 0.6 

A nanyfold reconcentration of fissile xaterial r,lould have to occur in the 
! 

I repository before a critical mass coull form. Such reconcontratior, would re- 
quire extensive dissolution of the salt and the waste; after dissolution, ad- 
2itional unlikely processes would have to act on the waste, selectively remov- 
inq fissile nuclides Eron their surroundings and collecting t h ~ m  into a sepa- 
rate mass. The only natural processes that are knovm to have czncentrated 
fissile material into a critical mass occurred in the Oklo phenomenon (IAEA, 

! 1975; Cowan, 1 9 7 6 ) ;  these processes operated on a body of underground fissile 
material that was much more concentrated than the contents of the WIPP will be. 



Furthermore, even if criticality could occur in a repository, it would 
tend to be self-limiting; because it would heat the solution in which the 
critical mass formed, it would give rise to faster neutrons, which are less 
effective in producing fissions. If a critical assembly were to form, its 
primary effects would be the production of hot brine and an altered fission- 
product inventory. 

Further studies will, however, continue to investigate hypothetical sce- 
narios (Bingham and Barr, 1979) describing the reconcentration of fissile ma- 
terial. If any of these scenarios appear to have an appreciable probability 
of occurring, additional calculations will study their effects; the mere for- 
mation of a critical mass does not necessarily have important consequences for 
the repository (Bingham and Barr, 1979). Calculations investigating critical- 
ity and its consequences will be completed during the next 2 years. In view, 
however, of the self-limiting behavior of a critical assembly and the recon- 
centration required to produce it, there is no expectation that nuclear criti- 
cality is a threat to the WIPP reference repository. 

It is important to note that, even iE the materials could form a critical 
assembly, they still could not explode. Although the terms "critical-mass 
formationn and "nuclear explosion" seem to be used interchangeably by the 
public, they represent entirely different concepts. For stored waste to 
become a nuclear bomb, it would not only have to form a critical mass but 
would also have to undergo extremely rapid compression to a very high density 
while simultaneously experiencing a flux of neutrons much greater than any 
sources in the mine will produce. No known mechanisms can compress under- 
ground nuclear waste to such densities in the short time (perhaps a fraction 
of a microsecond) required to make the f issile material explode. A nuclear 
explosion of the stored wastes is not a credible threat to the repository. 

9.5.3.7 Thermal Effects on Aquifers 

Section 9.5.2.1 presents the results of calculations showing that tempera- 
ture increases in the aquifers near the repository will be of little conse- 
quence. Still under investigation, however, is the general problem of the 
eEfects on aquifers when heat-producing waste raises temperatures significantly. 

Generalized shear-stress estimates for the aquifers near the repository 
(Maxwell, Wahi, and Dial, 1978) suggest a possibility of changes in flow char- 
acteristics as a result of the emplacement of hot waste. TO assess possible 
mineral changes, the equation of state of the affected geologic-formation ma- 
terials will be needed. Another complex problem, currently under investiga- 
tion, is the possible fracturing of the water-bearing rocks. A further objec- 
tive oE the on-going programs is to evaluate the uncertainties introduced into 
stress calculations by uncertainty in the knowledge of thermomechanical prop- 
erties of the WIPP geologic media and by the lack of homogeneity in these 
media. It is important, however, that the consequence analysis in Section 
9.5.1 has shown no serious long-term effects from hypothetical fracturing more 
severe than the fracturing likely to be induced by the heat-producing wastes 
in the WIPP reEerence repository. 



9.6 EFFECTS OF REMOVING THE TRU WASTE STORED AT IDAHO 

9.6 .1  I n t r o d u c t i o n :  C u r r e n t  a n d  F u t u r e  P r a c t i c e s  

About 75% of t h e  pad-s to red  d e f e n s e  TRU waste i n  t h e  U n i t e d  S t a t e s  is 
l o c a t e d  a t  t h e  R a d i o a c t i v e  Waste Management Complex (RWMC) a t  t h e  I d a h o  
~ a t i o n a l  E n g i n e e r i n g  L a b o r a t o r y  (INEL) ( T a b l e  2-2).  Al though t h e  TEiU w a s t e  
s t o r e d  a t  t h e  s e v e r a l  COE s i t e s  v a r i e s  i n  i ts  c h a r a c t e r i s t i c s ,  and t h e  local 
e f f e c t s  o f  r e n o v a l  w i l l  v a r y ,  t h i s  d i s c u s s i o n  of  t h e  e f f e c t s  i n  I d a h o  is con- 
s i d e r e d  to be r e p r e s e n t a t i v e  o f  e f f e c t s  a t  a l l  s t o r a g e  sites f o r  d e f e n s e  TRU 
waste. S u p p o r t i n g  c a l c u l a t i o n s  f o r  t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  s e c t i o n  can  
b e  found  i n  a s e p a r a t e  document (DOE, 1979) . 

9.6 .1 .1  Waste C h a r a c t e r i s t i c s  and C u r r e n t  Management Methods 

S i n c e  1970 ,  c o n t a c t - h a n d l e d  TRU waste a t  t h e  RWMC h a s  been stored a t  t h e  
56-acre  T r a n s u r a n i c  S t o r a g e  Area (TSA), a c o n t r o l l e d  a r e a  s u r r o u n d e d  by a 
s e c u r i t y  f e n c e  w i t h  an  i n t r u s i o n  a l a r m  system.  The waste is s t o r e d  on  two 
a s p h a l t  p a d s ,  each  a p p r o x i m a t e l y  150 by 700 f e e t  i n  s i z e .  

C u r r e n t l y ,  t h e  s o l i d  TRU w a s t e  to be  stored on TSA pads  is r e c e i v e d  from 
t h e  ~ o c k y  F l a t s  P l a n t  and o t h e r  DOE o p e r a t i o n s  i n  government-owned ATMX r a i l  
cars or on commercia l  t r u c k  t r a i l e r s .  (The ATMX s h i p m e n t s  a r e  made under t h e  
a u t h o r i t y  o f  S p e c i a l  P e r m i t  5948 i s s u e d  by t h e  Hazardous  M a t e r i a l s  R e g u l a t i o n  
Board o f  t h e  U.S. Depar tment  of T r a n s p o r t a t i o n  (DOT). T h i s  p e r m i t  h a s  been 
p e r i o d i c a l l y  renewed, and its c u r r e n t  e x p i r a t i o n  d a t e  is May 1980. The 
s h i p p i n g  c o n t a i n e r s  f o r  t h e  waste r e c e i v e d  by t r u c k  meet DOT C l a s s  B r e q u i r e -  
men ts .  These  s h i p m e n t s  comply w i t h  DOT-assigned number USA 6400 o r  USA SP 
6679,  d e p e n d i n g  on t h e  p o i n t  o f  o r i g i n . )  The waste is c o n t a i n e d  i n  4 by 4 by 
7 - foo t  plywood boxes  covered  w i t h  f i b e r g l a s s - r e i n f o r c e d  p o l y e s t e r ,  55-gal lon 
steel drums w i t h  p o l y e t h y l e n e  l i n e r s ,  or 4 by 5 by 6-Eoot s t e e l  S i n s .  (Some 
o f  t h e  w a s t e  p l a c e d  e a r l i e r  on t h e  TSA was s t o r e d  i n  c o n t a i n e r s  o f  n o n s t a n d a r d  
s i z e s . )  The c o n t a i n e r s  a r e  i n t e n d e d  to be r e t r i e v a b l e ,  c o n t a m i n a t i o n - f r e e ,  
f o r  a t  l e a s t  20 y e a r s .  The drums a r e  s t a c k e d  v e r t i c a l l y  i n  l a y e r s ,  w i t h  a 
s h e e t  o f  1/2-inch plywood s e p a r a t i n g  e a c h  l a y e r .  When a s t a c k  h a s  r e a c h e d  a 
h e i g h t  o f  a p p r o x i m a t e l y  15 f e e t ,  a c o v e r  c o n s i s t i n g  o f  5/8-inch plywood, 
n y l o n - r e i n f o r c e d  p o l y v i n y l  s h e e t i n g ,  and  3 Eeet  o f  soil  is emplaced.  

From.1970 (when TRU was te  was f i r s t  s t o r e d  on t h e  TSA) u n t i l  1972 ,  t h e  
plywood boxes  used a s  c o n t a i n e r s  were n o t  c o v e r e d  w i t h  f i b e r g l a s s - r e i n f o r c e d  
p o l y e s t e r .  Such boxes  c o n s t i t u t e d  a p p r o x i m a t e l y  25% o f  t h e  boxes  p lacet i  on 
t h e  TSA t h r o u g h  t h e  end of  1977.  Because  boxes  c u r r e n t l y  r e c e i v e *  Ere  covered  
w i t h  p o l y e s t e r ,  i t  is e s t i m a t e d  t h a t ,  by 1985 ( t h e  zpprox imate  d a t e  a t  which 
r e t r i e v a l  might  b e g i n ) ,  t h i s  p e r c e n t a g e  w i l l  have been reduced  to  1 5 % .  
S i m i l a r l y ,  u n t i l  1972,  t h e  s t e e l  drums p l a c e d  on t h e  TSA had no p o l y e t h y l e n e  
l i n e r s .  (The 90-mil p o l y e t h y l e n e  l i n e r s  p r o v i d e  a d d i t i o n a l  c o n t a i m e n t  f o r  
t h e  TRU w a s t e  and a d d i t i o m . 1  a s s u r a n c e  o f  c o n t a i n e r  i n t e g r i t y  Eor t h e  20-year 
s t o r a g e  i n t e r v a l . )  Such drums c o n s t i t u t e 2  abou t  44% of  t h e  c? ru~s  on  t h e  TSA 
as of  t h e  end of 1977. Because ?rums c s r r e n t l y  r e c e i v e d  a r e  l i n e d ,  i t  is 
e s t i m a t e d  t h a t ,  by 1985,  t h i s  p e r c e n t a g e  w i l l  have e roppe6  t o  a b o u t  30%. 



I t  is e s t i m a t e d  t h a t ,  by 1985, app rox ima te ly  3 m i l l i o n  c u b i c  f e e t  of  TRU 
waste  w i l l  be s t o r e d  a t  t h e  TSA. The a n a l y s i s  performed f o r  t h i s  s t u d y  d i d  
no t  i n c l u d e  t h e  e f f e c t s  of  any  TRU waste t h a t  might  be s e n t  to, o r  g e n e r a t e d  
a t ,  t h e  INEL a f t e r  1985. The e f f e c t s  of  any such  post-1985 was te  on INEL 
o p e r a t i o n s  and impacts  a r e  add re s sed  e l s ewhere  (DOE, 1979) .  

More complete  d e s c r i p t i o n s  of  t h e  INEL, t h e  RWMC, and t h e  TRU was te  
s t o r e d  on t h e  TSA pads  can be found i n  a document r e c e n t l y  pub l i shed  by t h e  
DOE (1979) .  

9.6.1.2 Methods f o r  R e t r i e v i n g ,  P r o c e s s i n g ,  and Shipping  Waste 

S e v e r a l  o p e r a t i o n s  w i l l  be i nvo lved  i n  removing t h e  was te  and s h i p p i n g  i t  
to a F e d e r a l  r e p o s i t o r y :  r e t r i e v a l ,  p r o c e s s i n g  and packaging,  and sh ipp ing .  
S e v e r a l  o p t i o n s  were c o n s i d e r e d  f o r  each  o p e r a t i o n ,  and one o p t i o n  f o r  each  
was e v a l u a t e d  i n  d e t a i l .  

Three methods o f  r e t r i e v i n g  was te  c o n t a i n e r s  were cons ide red :  ( a )  manual 
handl ing  by o p e r a t o r s ;  ( b )  handl ing  by means of  o p e r a t o r - c o n t r o l l e d  equipment;  
and (c)  hand l ing  by means o f  remote ly  c o n t r o l l e d  equipment.  The f i r s t  method 
was no t  e v a l u a t e d  f u r t h e r  because of  unnecessary  r a d i o l o g i c a l  exposure  to t h e  
workers .  The t h i r d  method was no t  examined f u r t h e r  because t h e  p r e l i m i n a r y  
i n d i c a t i o n s  of  c u r r e n t  s t u d i e s  a r e  t h a t  no s i g n i f i c a n t  o v e r a l l  advan tages  
a c c r u e  from remote-cont ro l  handl ing .  

Four confinement  methods f o r  waste r e t r i e v a l  were cons idered :  (a)  open-a i r  
r e t r i e v a l  (no conf inement )  ; (b)  use  of  an i n f l a t a b l e  f a b r i c  s h i e l d  to p r o t e c t  
a g a i n s t  t h e  weather ;  (c) u s e  of a movable, so l i d - f r ame  s t r u c t u r e  o p e r a t i n g  a t  
ambient p r e s s u r e ;  and ( d )  u se  of a movable, so l i d - f r ame  s t r u c t u r e  o p e r a t i n g  a t  
suba tmospher ic  p r e s s u r e .  The f o u r t h  method was pursued because it is t h e  o n l y  
one of t h e  f o u r  t h a t  p r o v i d e s  p o s i t i v e  c o n t r o l  a g a i n s t  t h e  p o s s i b l e  release of  
contamina t ion .  

Four p r o c e s s i n g  o p t i o n s  were cons idered :  ( a )  s h i p  a s  is; (b)  repackage  
only ;  (c) compact, immobil ize ,  and package; and (d)  i n c i n e r a t e  and package. 
Waste sh ipped  to t h e  r e p o s i t o r y  w i l l  have to meet t h e  r e p o s i t o r y  accep tance  
c r i t e r i a .  The d r a f t  a ccep tance  c r i t e r i a  o f  J u l y  1977, used a s  a b a s i s  f o r  
s e l e c t i n g  a p r o c e s s i n g  method to be s t u d i e d ,  e f f e c t i v e l y  l i m i t  t h e  was t e  to 
20% by volume of  combus t ib l e s  and 10% by weight  o f  gas-forming m a t e r i a l s .  
Because app rox ima te ly  25% by volume of  t h e  s t o r e d  TRU waste is combus t ib l e ,  
t h e  waste  would have to be i n c i n e r a t e d  to s a t i s f y  t h e  d r a f t  c r i t e r i a .  An 
e v a l u a t i o n  of i n c i n e r a t i o n  methods (FMC, 1977) has  shown t h a t  o n l y  t h e  p r o d u c t  
of s l a g g i n g  ~ r o l y s i s  would s a t i s f y  a l l  of t h e  accep tance  c r i t e r i a  w i t h o u t  a 
s e p a r a t e  immobi l i za t i on  s t e p  and w i t h o u t  s o r t i n g  and sh redd ing  t h e  waste .  The 
packaging f o r  t h e  s l a g  p roduc t  was assumed to be  55-gal lon steel drums because  
o f  a v a i l a b i l i t y  and p a s t  expe r i ence  w i t h  t h i s  t y p e  of  c o n t a i n e r .  

R a i l  shipment  of  t h e  was te  was assumed because  it  is cheaper  t han  sh ipment  
by t r u c k .  (Use of  ATMX r a i l c a r s  was assumed f o r  t h e  purposes  of  t h i s  s t udy .  
These may be r e p l a c e d  by t h e  s t a r t  of  t h e  r e t r i e v a l  campaign.) 



Thus, the sequence of operations selected for study was (a) retrieval with 
operator-controlled equipment inside a movable, solid-frame structure at sub- 
atmospheric pressure; (b) processing by slagging pyrolysis, with the slag 
packaged in 55-gallon drums; and (c) shipment in ATMX railcars. These oper- 
ations and their effects are briefly discussed in the following subsections. 
Detailed descriptions of the operations and of their effects may be found in a 
document recently published by the DOE (1979). 

9.6.2 Retrieval 

9.6.2.1 Retrieval Building and Operations 

The retrieval building will be a mobile, single-walled structure. Subat- 
mospheric pressure will be maintained inside to preclude the escape of contam- 
inants. The ventilation system will include roughing filters and a bank of 
high-efficiency particulate air (HEPA) filters, for an estimated overall 
decontamination factor of lo3. 

The sequence of retrieval activities is shown in Figure 9-27. The build- 
ing will be erected on an asphalt pad extending from a TSA pad. Most of the 
soil cover will be removed from the area to be covered by the building. After 
the building has been moved over this area, the remainder of the soil, the 
polyvinyl, and the plywood cover will be removed. 

The retrieval equipment (forklift and f ront-end loader) will have envi- 
ronmentally protected cabs with self-contained breathing-air supplies. The 
breathing air will maintain a positive air pressure inside the cab to preclude 
in-leakage of possibly contaminated air. Preliminary calculations indicate 
that shielding of retrieval personnel will not be required; however, if neces- 
sary, removable shields will be mounted on the equipment. 

The waste containers will be inventoried and examined to confirm their 
integrity. Any breached containers will be placed in a waste-transfer con- 
tainer and loaded into a transfer vehicle. Forklifts will remove the intact 
containers from the stacks and place them into the transfer vehicle. The 
waste will be transferred from the retrieval building to the processing plant 
in low-speed semitrailers pulled by a conventional tractor over committed 
roadways within the RWMC. The van bodies of the trailers will be designed to 
resist rupture in the event of an accident. 

During loading or unloading, the van body will be mated and sealed to an 
airlock entrance, thereby forming an airtight extension of the airlock. Con- 
tamination of the exterior of the vehicle is not expected. 

9.6.2.2 Environmental Effects of Retrieval 

Radiological effects from retrieving the stored waste will be limited 
because it is intended that the stored TRU waste be fully contained at the 
time of retrieval. However, for scoping the effects of possible releases, it 
was assumed that 1% of the containers will have been breached before retrieval 



Figure 9-27. Block diagram for the retrieval of  stored 

TRU waste. 

Storcdmre  r a t r m d  

begins and 0.1% of the radioactivity in each breached container will be re- 
leased into the retrieval building, with 0.01% of the released radioactivity 
becoming resuspensed. Table 9-51 shows the average release rates, maximum 
levels oE soil contamination from releases, and the present radionuclide con- 
centration in IElEL soils from natural background radiation and atmospheric 
fallout due to weapons testing. 

+ 

AS shown in Table 9-51, present radionuclide concentrations in INEL soil 
are several orders of magnitude higher than those projected to result from 
retrieval operations. 
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The maximum annual radiation-dose commitments for any person not involved 
in the operation and for the population within 50 miles of the retrieval fa- 
cility are compared in Table 9-52 with doses received from natural background 
radiation. The maximum individual dose commitment assumes the person resides 
at the point of maximum airborne concentrations throughout the year. 
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As stated at the beginning of Section 9.6, the assumptions and supporting 
2ata and details of dose, dose-commitment, and risk calculations summarized 
here and Later are to be found in a separate document published by the DOE 
(1979) . 

AS shown in Table 9-52, both individual and population dose commitments 
from routine releases during retrieval will be several orders of magnitude 
lower than doses received from natural background radiation. 



Table 9-51. Comparison of Soil Contamination Resulting from Routine Releases 
During Retrieval Operations with Existing Natural and Fallout 
Concentrations of Radionuclidesa 

Maximum Present concentra- 
cumulative tions in INEL soil 

Average release concentrations (natural and fall- 
rate from facility in soil out contributions) 

Nuclide (pCi/sec) ( n ~  i/m2) (nci/m2) 

a~ata from DOE (1979). 
b ~ h e  total of these two nuclides is 1.1 n~i/m2. 
CNot measured. 
d~his table contains nuclides (for contact-handled TRU waste) not listed 

in Appendix E. The appendix describes typical Rocky Flats waste. The waste 
stored at IMEL, even though primarily Rocky Flats waste, also includes waste 
from other sources. The uranium-233 is from the Bettis Atomic Laboratory in 
Pennsylvania and the curium-244 is from the Savannah River Plant. The quan- 
tities of the additional nuclides are small and are only considered in the 
analysis of Sections 9.6 and 9.7. 

Table 9-52. Comparison of Dose Commitments from Routine Releases 
During Retrieval Operations with Natural-Background- 
Radiation Doses 

Organ or Maximally exposed Population within 
tissue per son (mrem) 50 miles (man-rem)c 

Whole body 2.4 x 10-ll 2.9 x 10-10 
Lung 4.5 x loe7 4.1 x 10'6 
Bone 4.6 x lo-' 4.2 x 10'~ 
Liver 3.4 x lo-7 3.1 x 10'6 
Kibey 1.6 x lo-' 1.5 x 10'~ 

a~ata Erom DOE (1979). 
b~nnual whole-body dose from natural background radiation is 

150 mrem. 
CAnnual whole-body dose to this population from natural 

background radiation is 2 x lo4 man-rem. 



The n o n r a d i o l o g i c a l  e f f e c t s  of r e t r i e v a l  w i l l  be t h o s e  a s s o c i a t e d  w i t h  a  
commitment of manpower and t h e  use  of o t h e r  r e s o u r c e s .  N e i t h e r  t h e  cons t ruc -  
t i o n  nor t he  o p e r a t i o n  of  t h e  r e t r i e v a l  f a c i l i t y  w i l l  measurab ly  i n c r e a s e  t h e  
t o t a l  p a r t i c u l a t e  e m i s s i o n s  a t  t h e  INEL. The o v e r a l l  e f f e c t  on l a n d  use  w i l l  
be to r e s t o r e  t h e  a r e a  now used f o r  was te  s t o r a g e  w i t h i n  t h e  RWMC t o  i t s  once- 
v e g e t a t e d  s ta te - -a  b e n e f i c i a l  e f f e c t .  

Resources  used can  be  t a b u l a t e d  a s  f o l l o w s  ( W E ,  1979) :  

C o n s t r u c t i o n  p e r i o d ,  months 9  
Average number of  c o n s t r u c t i o n  

p e r s o n n e l  5 0  
C o n s t r u c t i o n  man-months 450 
Housing-uni t  r equ i r emen t s  38 
P i e c e s  of  equipment 10 
Diesel f u e l  used ,  g a l l o n s  54,000 
P a r t i c u l a t e  e m i s s i o n s ,  pounds 5900 

Opera t ions  p e r i o d ,  y e a r s  
Pe r sonne l  
Es t imated  annua l  p a y r o l l  
E l e c t r i c i t y  u s e ,  kW-hr/yr 

The r e sou rces  used a r e  no t  i n s i g n i f i c a n t ,  bu t  t h e i r  u s e  w i l l  no t  p l a c e  any 
s t r a i n  on e i t h e r  t h e  l o c a l  o r  t h e  n a t i o n a l  economy. O the r  e f f e c t s ,  such  a s  
water  use and s a n i t a r y - w a s t e  d i s p o s a l ,  w i l l  be i n  p r o p o r t i o n  to t h e  employment 
l e v e l s .  

9.6.2.3 R a d i o l o g i c a l  R i s k  to t h e  P u b l i c  from R e t r i e v a l  O p e r a t i o n s  

A number of  p o t e n t i a l  a c c i d e n t s  were cons ide red  i n  c o n n e c t i o n  w i t h  re- 
t r i e v a l ,  i n c l u d i n g  (a) a  f i r e  i n  t h e  r e t r i e v a l  b u i l d i n g  w i t h  an accompanying 
f i l t e r  f a i l u r e ,  ( b )  t h e  d ropp ing  of a  waste  c o n t a i n e r  d u r i n g  handl ing ,  and (c) 
t h e  punc ture  o r  c r u s h i n g  o f  a  c o n t a i n e r  by r e t r i e v a l  equipment .  For t h e  domi- 
nant  a c c i d e n t s ,  Tab le  9-53 summarizes t h e  c a l c u l a t e d  dose  and r i s k  f o r  t h e  
i n d i v i d u a l  r e c e i v i n g  maximum exposure  and f o r  t h e  p u b l i c  w i t h i n  50 miles. 
(Risk  is de f ined  he re  a s  t h e  50-year dose commitment m u l t i p l i e d  by t h e  annual  
p r o b a b i l i t y  of t h e  a c c i d e n t  .) 

A number of abnormal e v e n t s ,  g e n e r a l l y  r e l a t e d  to n a t u r a l  d i s a s t e r s ,  cou ld  
a l s o  a f f e c t  t h e  was t e  i n  t h e  r e t r i e v a l  bu i ld ing .  Examples a r e  ea r thquakes ,  
t o rnadoes ,  v o l c a n i c  a c t i o n  ( t h e  RWMC l ies  a t  t h e  edge  o f  a  v o l c a n i c  r i f t  
z o n e ) ,  and a i r c r a f t  impact .  These abnormal e v e n t s  would n o t  be a  r e s u l t  o f  
r e t r i e v a l  o p e r a t i o n s ,  because  t h e y  cou ld  occur  even i f  t h e  was t e  were l e f t  a s  
is; t h e r e f o r e ,  t hey  a r e  n o t  d i s c u s s e d  f u r t h e r  here .  They a r e  t aken  up i n  Sec- 
t i o n  9.7 a s  even t s  t h a t  may a f f e c t  t h e  s t o r e d  was t e  i f  no TRU-waste r e p o s i t o r y  
is b u i l t  and t h e  was t e  is l e f t  a t  t h e  INEL. Comparison w i t h  r e s u l t s  g iven  
t h e r e  shows t h a t  t h e  r a d i o l o g i c a l  dose from such  n a t u r a l  d i s a s t e r s  cou ld  be 
about  100,000 times l a r g e r  t h a n  t h a t  f o r  t h e  wor s t  a c c i d e n t  l i s t e d  i n  
Tab le  9-53. 



Table 9-53. Summary of Dose Commitments and Risks from Accidents During the 
Retrieval of Stored TRU Wastea 

Maximallv exposed person - 
50-year dose commitment (rem) Risk (rem/yr) 

Event Whole bodyb Bone Lung Whole body Bone Lung 
-- - 

Fire 6 x 1 0 - ~  3 x 1 0 - ~  4 x 1 0 - ~  6x10-lo 3x10'~ 4 x 1 0 - ~  
Dropped 

con- 
tainer 7 x 10-l2 5 x 10-9 7 x 10-9 7 x 10-14 5 x 10-11 7 lo-ll 

Population in 1985 
50-year dose commitment (man-rem) Risk (man-rem/yr) 

Event Whole bodyC Bone Lung Whole body Bone Lung 

Fire 8 x loe4 4 x 10-I 8 x 10'1 8 x lo'7 4 x 10'~ 8 x 10'~ 
Dropped 

con- 
tainer 1 x 10'~ 7 x lo-6 1 x 10-5 1 10-10 7 x 10'~ 1 x lo-7 
- 

aData from DOE (1979) . 
b ~ h e  50-year whole-body dose commitment from natural background radiation 

is 7.5 rem. 
C ~ h e  50-year population whole-body dose commitment from natural background 

radiation is 1 x lo6 nan-rem. 

9.6.2.4 Hazards to Workers During Retrieval 

Hazards to workers can be classified as radiological and nonradiologrcal. 
The former are related to the radiological characteristics of the waste and 

I 
I consist of those associated with normal operations and those associated with 

accidental releases. The nonradiological hazards are those that could exist 
even if the waste were not contaminated with radionuclides (e-g., falls and 
electrical shocks). A number of measures will be taken to control these occu- 

I pational hazards to within normally accepted levels. 

The radiation levels to which workers are exposed will be monitored by 
i health-physics personnel; radiation doses will be held to levels as low as 

practicable by following specified procedures. The daily and accumulated 
I doses will be monitored. 

I 
To minimize the possibility of contamination, retrieval workers will work 

in dust-tight enclosures, will wear protective clothing, and will be provided 
I with respiratory protection as needed. Workers will be surveyed frequently 

whenever the possibility of external contamination exists. Bioassays will be 
, performed periodically. 

In addition, continuous-air-sampling and radiation-monitoring instruments 
I 

in the work areas will promptly detect and annunciate abnormal or accident 
conditions. Special procedures will be established for evacuating personnel, 
controlling the spread of contamination, and correcting accident conditions. 



preliminary calculations indicate that, during normal operating condi- 
tions, unshielded operators retrieving stored waste will receive radiation 
doses (an estimated maximum of 300 mrem/yr) that are well below the estab- 
lished limits for radiation workers (5000 mrem/yr) . Operators have been 
placing waste into storage on the TSA at INEL for 7 years without having 
received exposures above radiation-worker limits. 

Some of the worker doses resulting from accident conditions can be esti- 
mated by comparison with the public risk results in Section 9.6.2.3. The max- 
imum individual 2oses given there can be used to estimate worker doses for 
accidents in which significant quantities of radionuclides would escape from 
the facility. Examples are such accidents as volcanic action, earthquakes, 
and airplane crashes. 

Other accidents in which workers could receive significant doses while 
inside the facility were also examined. For example, acci2ental inhalation 
exposure could occur if a box were dropped and breached simultaneously with a 
failure of the worker's environmental cab. The airborne radioactivity was 
estimated to be tcCi/ml. For a breached box, an operator would receive 
a maximum permissible body burden in approximately 40 minutes. For a breached 
drum, the maximum permissible body burden would be received in 10 hours. The 
workers would be expected to evacuate the facility within minutes. 

The number of nonradiological injuries that retrieval workers might incur 
was estimated by comparing the operations involved in retrieval with similar 
operations in other industries for which occupational injury rates are avail- 
able. The results indicated an estimated eight nonradiological injuries 
during the retrieval campaign. One additional injury might be expected during 
the construction of the retrieval facility. In addition to these normal non- 
radiological hazards, special nonradiological hazards may be associated with 
the retrieval of the stored waste. The waste may contain pyrophoric materials 
and toxic chemicals. 

9.6.2.5 Cost of Retrieval 

The cost estimates presented in this section and in Section 9.7 include 
capital costs, operating and maintenance costs, and the cost of decontami- 
nation and decommissioning. The estimates are not considered budgetary cost 
estinates because they are based on a preconceptual design. Furthermore, most 
indirect capital costs (design, construction management, etc.) are not in- 
cluded. uncertainties of as much as a factor of 2 are not unusual in this 
type of estimate, but this degree of accuracy is considered sufficient for the 
present study. The costs are based on constant 1978 dollars. 

The estimated costs of retrieving the stored waste that will have been 
accumulate2 tc 1985 ?.re as follows (DOE, 1979): 

Capital 
Operating and maintenance 
~econtamination arid decommissioning 

Total 



9.6.3 Processing for Repository Acceptance 

For purposes of this study it was assumed that a slagging-pyrolysis plant 
will be constructed near the TSA to chemically stabilize the waste, reduce its 
volume, and immobilize it. The slag product will be cast and packaged in a 
form that could be shipped to the repository. 

9.6.3.1 Plant and Operations 

A block flow diagram for slagging pyrolysis is shown in Figure 9-28. A 
slagging unit with a feed rate of about 41 tons per day of waste and makeup 
soil will be used. The building will be designed with three separate air 
zones, each equipped with its own ventilation system to maintain progressively 
lower pressures between the outside atmosphere and the innermost zone, which 
would include the waste-processing areas. All air removed by the ventilation 
systems will pass through appropriate HEPA filtration systems. 

Retrieved waste will be transferred from the TSA to the receiving airlock 
of the processing plant. All operations in the plant, from waste entry 
through the airlock to final packaging, will be remotely controlled. After 
monitoring for contamination, incoming waste containers will be emptied. The 
waste will be spread on a conveyor belt and inspected for hazardous materials. 

The waste will be blended to achieve some uniformity of the feed material. 
Makeup soil (1.5 pound per pound of waste) will be added to facilitate the 
formation of a glasslike slag of minimum leachability. Coal and wood bark 
will be added to the waste as supplementary fuel and to increase the porosity 
of the feed material. The molten slag will be poured into molds, cooled, and 
packaged into steel drums, which will be labeled and loaded into ATMX railcars 
for shipment to the repository. 

An offgas-treatment system for the slagging incinerator will be employed 
to limit the releases of particulates, aerosols, and volatile compounds to 
levels complying with standards set by the DOE, the Environmental Protection 
Agency, and other government agencies. 

9.6.3.2 Environmental Effects of Processing 

The radiological impact from operating a slagging-pyrolysis plant will 
result from two sources of airborne radioactive effluents: (a) contamination 
generated when material is being prepared for slagging pyrolysis, and (b) off- 
gas from the slagging-pyrolysis process. These streams will pass through HEPA 
filters and offgas-treatment systems before release, resulting in estimated 
decontamination factors of lo6 and lo8, respectively. 

One consequence of the airborne effluents will be the gradual buildup of 
I released radioactivity in the environment. Table 9-54 summarizes the average 

I 
release rates, maximum levels of soil contamination, and the present radio- 
nuclide concentration in INEL soils from natural background radiation and 

I 

I atmospheric fallout. As shown in Table 9-54, the projected buildup of radio- 
, nuclides in INEL soils from the slagging operation would exceed, in some 
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Figure 9-28. Block diagram for processing TRU waste by 
slagging pyrolysis. 

Table 9-54. Comparison of Soil Contamination Resulting from Routine Releases 
During Slagging Pyrolysis with Existing Natural and Fallout 
Radionuclide Concentrationsa 

Maximum Present concentra- 
cumulative tions in INEL soil 

Average release concentration (natural and fall- 
rate from plant in soil out contributions 

Nuclide (~Ci/sec) (nci/m2) (nci/rn2) 

Pu-238 1.1 0.38 0.15 
Pu-239 0.85 0.32 (b) 
Pu-240 0.21 0.077 (b) 
Pu-241 3.9 1.1 (c) 
Pu-242 5.0 x 10'~ 1.9 x lom6 (C) 

Am-241 3.3 1.2 0.3 
Cm-24 4 0.047 0.014 (C 
U-233 0.046 0.017 ( C  

aData from W E  (1979). 
b ~ h e  total of these two nuclides is 1.1 nci/m2. 
C ~ o t  measured. 



cases, the existing soil concentration resulting from natural and fallout 
radionuclides. The implications of these projections can best be understood 
in the context of the resulting radiation-dose commitments, discussed below. 

The maximum radiation-dose commitnents from airborne effluents annually 
for any individual and for the population within 50 niles of the slagging- 
pyrolysis plant are presented in Table 9-55. 

As shown in Table 9-55, both individual and population annual close comit- 
ments from slagging pyrolysis would be several orders of magnitude lower than 
doses presently received from natural background radiation. 

Table 9-55. Comparison of Dose Commitnents from Routine Releases During 
Slagging Pyrolysis with Background ~ o s e s ~  

Organ or Maximally exposed Population within 
tissue per son (mrem) 50 miles (man-rem)c 

Whole body 1.9 x 10'~ 2.3 x 
Lung 3.5 x 10-3 3.3 x 10-2 
Bone 3.6 x 10'~ 3.3 x 10'~ 
~iver 2.7 x 10'~ 2.5 x 10'~ 
Kidney 1.3 x 10'~ 1.2 x 10'~ 

aData from DOE (1979 . 
b~nnual whole-body dose from natural background radiation is 

150 mrem. 
CAnnual whole-body dose to this population from natural back- 

ground radiation is 2 x lo4 man-rem. 

The nonradiological effects of slagging pyrolysis will be limited to 
those associated with a commitment of manpower and the use of other re- 
sources. A summary listing of the resources used is as follows (DOE, 1979) : 

I Construction period, months 
Average number of construc- 

tion personnel 
I Construction man-months 

Housing unit requirements 
I pieces of equipment used 

Diesel fuel used, gallons 

I Particulate emissions, pounds 
Operation period, years 

I personnel 
Estimated annual payroll 
Electricity use, kW-hr/yr 
Coal used, tons/yr 
Bark used, tons/yr 
particulate emissions, lb/yr 

275 
5500 
200 
3 0 
360,000 
40,000 
10 
195 
$3.3 million 
24 million 
4000 
6000 
1.1 



The increment  i n  p a r t i c u l a t e  emiss ions  from 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  
of t h e  s l a g g i n g - p y r o l y s i s  p l a n t  would n o t  be measurable,  nor would it c a u s e  
c u r r e n t  l i m i t s  t o  . be exceeded. 

The impact on l o c a l  communities, p a r t i c u l a r l y  I d a h o - F a l l s ,  where two- 
t h i r d s  of t h e  p e r s o n n e l  a r e  expected t o  l i v e ,  would probably be f e l t  most i n  
t h e  s c h o o l s ,  which a r e  a l r e a d y  o p e r a t i n g  near  c a p a c i t y  because of  r e c e n t  
growth i n  t h e  a r e a .  

The p l a n t  w i l l  occupy about  1.4 a c r e s ,  t o t a l l y  w i t h i n  t h e  c u r r e n t  RWMC. 
Cons t ruc t ion  and o p e r a t i o n  w i l l  r e s u l t  i n  d e v e g e t a t i o n  of  t h i s  a rea .  The a r e a  
has,  however, a l r e a d y  been d i s t u r b e d  and is no longer  i n  i ts  n a t u r a l  s t a t e .  

9.6.3.3 R a d i o l o g i c a l  R i s k  to t h e  Pub l i c  from Waste Process ing  

I n  e v a l u a t i n g  t h e  dose commitments and r i s k s  from p o t e n t i a l  a c c i d e n t s  
a s s o c i a t e d  w i t h  was te  p rocess ing  ( s l agg ing  p y r o l y s i s  and packaging) ,  a c c i d e n t s  
such a s  f i r e s ,  s p i l l s  of  l oose  was te ,  and b reaks  i n  process  l i n e s  were con- 
s ide red .  The r e s u l t s  a r e  summarized i n  Table  9-56. For t h e  t h r e e  a r e a s  i n  
t h e  p l a n t  (was te  p r e p a r a t i o n ,  s l a g g i n g  p y r o l y s i s ,  and s h i p p i n g ) ,  t h e  dominant 
acc iden t  is a f i r e  o r  an exp los ion ,  coupled w i t h  f a i l u r e  of t h e  f i l t e r s  o r  
o t h e r  e s s e n t i a l  p a r t s  of  t h e  confinement.  

The d i s c u s s i o n  of  waste  d i s r u p t i o n  due t o  n a t u r a l  d i s a s t e r s  (e .g . ,  e a r t h -  
quakes and vo lcanoes )  i n  Sec t ion  9.6.2.3 a p p l i e s  to waste p rocess ing  a s  w e l l .  

9.6.3.4 Hazards t o  Workers During Process ing  

The g e n e r a l  d i s c u s s i o n  i n  Sec t ion  9.6.2.4 on t h e  p o t e n t i a l  hazards  t o  
workers and p r e v e n t i v e  measures a p p l i e s  he re  a s  w e l l .  A l l  o p e r a t i o n s  i n  t h e  
s l agg ing-pyro lys i s  p l a n t  w i l l  be remotely c o n t r o l l e d ,  except  f o r  maintenance. 
Doses r ece ived  by workers  dur ing  normal o p e r a t i o n  a r e  expected t o  be w e l l  
below t h e  a l l o w a b l e  l i m i  ts . 

Maintenance workers  performing manual r e t r i e v a l  w i l l  probably wear p l a s t i c  
bubble s u i t s ,  s u p p l i e d  wi th  b rea th ing  a i r  from a c e n t r a l  source.  Under normal 
c o n d i t i o n s  and under most a c c i d e n t  c o n d i t i o n s ,  e x t e r n a l  and i n t e r n a l  r a d i a t i o n  
exposures t o  t h e s e  pe r sonne l  w i l l  be we l l  below radiat ion-worker  l i m i t s .  How- 
e v e r ,  damage to t h e  bubble s u i t  could  r e s u l t  i n  contaminat ion  of t h e  worker.  
A maximum a i r b o r n e  contaminat ion  l e v e l  of abou t  1 x 10'~ yCi/ml cou ld  e x i s t .  
A worker would r e c e i v e  a  maximum pe rmiss ib l e  body burden i n  such an atmosphere 
on ly  i f  he remained i n  t h e  c e l l  f o r  about  40 minutes ,  b rea th ing  contaminated 
a i r .  Evacuzt ion w i t h i n  a  n a t t e r  of minutes is expected.  I f  t h e  bubble-su i t  
damage were caused  by a  po in ted  o r  jagged o b j e c t ,  t h e  worker ' s  s k i n  cou ld  a l s o  
be punctured. Contaminat ion  could thereby De d e p o s i t e d  beneath t h e  s k i n .  Any 
puncture i n j u r y  under t h e s e  c o n d i t i o n s  w i l l  r e c e i v e  s p e c i a l  medical a t t e n t i o n .  

Workers cou ld  a l s o  be exposed t o  the  consequences of  t h e  acc iden t s  d i s -  
cussed i n  S e c t i o n  9 .6 .3 .3 ,  involv ing  r e l e a s e s  of r a d i o n u c l i d e s  to t h e  o u t s i d e  
environment of t h e  p rocess ing  p l a n t .  The doses  r ece ived  would be expected  to 
be s i m i l a r  t o  t h o s e  l i s t e d  f o r  t h e  maximally exposed ind iv idua l .  





The number of nonradiological injuries estimated to involve process 
workers during the campaign is 15. In addition, an estimated 14 injuries are 
expected to occur during plant construction. 

9.6.3.5 Costs of Processing 

The costs of processing the stored TRU waste that will have accumulated at 
the INEL by 1985 were estimated by the methods described in Section 9.6.2.5. 
The results are summarized below (WE, 1979). 

Capital 
Operation and maintenance 
Decontamination and decommissioning 

Total $260,000,000 

9.6.4 On-Site Transfer, Handling, and Load-out for Shipment to the Repository 

9.6.4.1 Operations 

The procedures for handling waste containers during retrieval are 
described briefly in Section 9.6.2.1, which also discusses the methods for 
transferring the containers from the retrieval building to the processing 
plant. The handling procedures to be followed in the processing plant are 
briefly discussed in Section 9.6.3.1. 

9.6.4.2 Environmental Effects 

Vehicular noise and emissions associated with on-site waste transfer will 
be both small and isolated. The number of personnel required for these 
activities will also be small. The RWMC already has its own rail siding, and 
extending it will not involve significant effort nor use additional acreage 
outside the RWMC. 

No releases of radionuclides are expected during waste transfer from the 
retrieval building to the processing plant. Releases resulting from the 
handling of containers inside these facilities are included in the analyses of 
Sections 9.6.2.2 and 9.6.3.2. 

9.6.4.3 Radiation Risk to the Public 

The radiation-dose commitments and risks calculated for handling and 
transfer accidents inside the retrieval and processing facilities were covered 
in the analyses of Sections 9.6.2.3 and 9.6.3.3 (Tables 9-53 and 9-56, respec- 
tively). The radiation-dose commitments and risks to the public will be small 
in comparison with those from other accidents (e.g., fires) that could occur 
during retrieval and processing. 



T a b l e  9-57 summarizes a c c i d e n t s  and i n c i d e n t s  t h a t  have o c c u r r e d  s i n c e  
1970 d u r i n g  t h e  handl ing  o f  TRU was te  a t  t h e  RWMC. Approximately 88,000 con- 
t a i n e r s  have been handled i n  t h a t  time. Only one of  t h e  e v e n t s  l i s t e d  l e d  to 
t h e  r e l e a s e  of  con t amina t i on ,  and ,  i n  t h a t  c a s e ,  no contamina t ion  was found on 
t h e  wsr k e r s .  

Tab l e  9-57. Acc iden ts  o r  I n c i d e n t s  i n  TRU Waste Handl ing a t  t h e  RWMC 
S i n c e  1970a 

Date I n c i d e n t  E f f e c t s  

12/14/72 Punc tur ing  of  b a r r e l  and l i n e r  No contamina t ion  r e l e a s e .  
from Rocky F l a t s .  B a r r e l  d i d  
n o t  c o n t a i n  TRU was te .  

7/9/75 Solid-sewage-sludge drum gen- No contamina t ion  r e l e a s e .  
e r a t e d  i n t e r n a l  p r e s s u r e  caus ing  
bu lg ing  of l i d .  Drums were 
repacked i n  overpack c o n t a i n e r s .  

1976 P a r t i a l  drum p e n e t r a t i o n  by fork-  No contamina t ion  r e l e a s e .  
l i f t .  N o  breach of  i n n e r  l i n e r .  

1/9/78 Drum p e n e t r a t i o n  by f o r k l i f t ;  a  Small amount of  l o c a l  contam- 
sma l l  p o r t i o n  of  c o n t e n t s  was i n a t i o n ,  which was immediately 
s p i l l e d  o n t o  t h e  c a r g o  c o n t a i n e r  con t a ined  and t h e  drum over- 
f l o o r .  packed. There  was no a i r b o r n e  

a c t i v i t y .  A thorough survey  
a f t e r  reconta inment  found no 
r e s i d u a l  con tamina t ion .  

a ~ a t a  from DOE (1979) . 

During t r a n s f e r  from t h e  r e t r i e v a l  b u i l d i n g  t o  t h e  p r o c e s s i n g  p l a n t ,  t h e  
was t e  m a t e r i a l  w i l l  be con t a ined  w i t h i n  a t  l e a s t  two b a r r i e r s .  Although t h e  
t r a n s f e r  v e h i c l e  cou ld  become invo lved  i n  an acc iden t  ( f o r  example, a  r o l l o v e r  
a c c i d e n t  o r  a  c o l l i s i o n  w i th  ano the r  v e h i c l e ) ,  t h e  expec ted  f requency  of such 
a c c i d e n t s  is ve ry  low. There w i l l  be few, i f  any, o t h e r  v e h i c l e s  on t h e  com- 
m i t t e d  roadway used by t h e  t r a n s f e r  v e h i c l e ,  and t h e  speed of  t h e  v e h i c l e  w i l l  
be  l i m i t e d  by a  governor .  The v e h i c l e  w i l l  be des igned  f o r  e x t r a  s t a b i l i t y  
a g a i n s t  r o l l o v e r .  The e s t i m a t e d  dose commitment and r i s k  from t h e  a c c i d e n t s  
t h a t  might  involve  t h e  t r a n s f e r  v e h i c l e  a r e  g iven  i n  Table  9-58, which a l s o  
i n c l u d e s  e s t i m a t e d  dose commitment and r i s k  a s s o c i a t e d  wi th  a c c i d e n t s  t h a t  
cou ld  occu r  du r ing  t h e  o n - s i t e  p o r t i o n  ( abou t  7  m i l e s )  o f  t h e  r a i l  s h i p p i n g  
r o u t e  to t h e  r e p o s i t o r y .  Such a c c i d e n t s  might i nc lude  d e r a i l m e n t s ,  c o l l i -  
s i o n s ,  and f i r e s .  

Acc iden t s  o r  i n c i d e n t s  t h a t  have o c c u r r e d  s i n c e  1970 d u r i n g  TRU-waste 
sh ipment  from t h e  waste g e n e r a t o r s  to t h e  RWMC a r e  l i s t e d  i n  Tab l e  9-59. None 
of  t h e  c a s e s  c i t e d  r e s u l t e d  i n  a  r e l e a s e  of contaminants .  



Table 9-58. Summary of Dose Commitments and Risks from Accidents During the Transfer 
of Stored TRU Waste from the Retrieval Area to the Processing Plant 
and During the On-Site Portion of the Shipment to the Repository 

Maximally exposed persona 
50-year dose commi tment ( rem) Risk (rem/yr) 

Acc ident Whole bodyb Bone Lung Whole body Bone Lung 

Transfer accident 9 x 3 x 10-5 6 x 10-5 g x 10-14 3 x 10-11 6 10-11 

Transfer accident 
with fire 9 x 3 x loe3 6 x 3 x 10-l2 9 x 10-lo 2 x 

Accidents in on- 
site portion 
of shipnent 
to repository 

50-year dose commitment (man-r em) Risk (man-rem/yr) 
Accident whole bodyC Bone Lung Whole body Bone Lung 

Transfer accident 1 x 10'~ 6 x 1 x 10-1 1 x 10-lo 6 x lov8 1 x 

Transfer accident 
with fire 1 x 10'~ 6 10 3 x lo-g 2 x 10'~ 3 x lo-6 

Accidents in on- 
site portion 
of shi-ment 
to repos i tory 4 x lo-7 2 10'~ 4 10'4 1 10-15 4 10-13 1 10-12 

a~ata from M)E (1979). 
b ~ h e  50-year whole-body dose commitment from natural background radiation is 7.5 rem. 
CThe 50-year whole-body population dose commitment from natural background 

radiation is 1 x lo6 man-rem. 
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Table 9-59. Accidents or Incidentsa Since 1970 During Off-Site Shipments of 
Waste to the RWMC 

Date Location Incident Effects 

3/25/70 Blackfoot, ID Seal missing on a truck Load intact, no 
trailer other problem 

6/15/71 Unknown Opened A W  car, evidence No breach, no 
of fire on piggyback trailer contamination 
inside (charred wood, not release 
known if there were signs 
of fire on containers 
themselves 

8/7/73 Blackfoot , ID Derailment during switching No release, no 
of ATMX car apparent damage 

3/31/76 Unknown Opened ATMX car, found No breach, no 
9/21/76 evidence of hard humping: breakage 

some wooden blocking was 
broken and 4 to 5 waste 
containers were dented 

aData from DOE (1979) . 
b ~ l l  incidents reported to safety personnel; reports are on file at DOE 

Health and Safety in Idaho Falls. 

9.6.4.4 Hazards to Workers 

The hazards to workers during on-site waste transfer and handling have 
been included in the discussions of retrieval hazards and processing hazards. 
Approximately one-third of the projected nonradiological injuries during oper- 
ations (Sections 9.6.2.4 and 9.6.3.4) will occur during transfer and handling. 
The preventive and protective measures against radiological hazards will be 
the same as those discussed in Section 9.6.2.4. 

Under normal conditions, workers operating the transfer vehicles will be 
exposed to minimal hazards. Under accident conditions, the operators could be 
exposed to the small amounts of contamination that might escape from the 
vehicle. These exposures are expected to be smaller than exposures that could 
occur in other waste-management operations. 

The costs of handling the containers, loading in, loading out, and trans- 
fer from the retrieval area to the processing plant are included in the costs 
of retrieval and processing (Sections 9.6.2.5 and 9.6.3.5). The costs in- 
volved will be only a few percent, at most, of the total cost of retrieval and 
processing. 



9.6.5 Conclusions 

The effects in Idaho of retrieving, processing, and shipping the stored 
TRU waste will be minimal. The largest radiological impacts from normal oper- 
ations will be dose commitnents of 3.6 x 10'~ rem (bone) and 1.9 x 10'1° 
rem (whole body) for the maximally exposed individual and 3.3 x man-rem 
(bone) and 2.3 x 10'~ man-rem (whole body) for the surrounding population, 
per year of operation. From hypothetical accidents, the maximum dose commit- 
ments would be 1 x 10-1 rern (lung) and 1 x 10'~ rem (whole body) for the 
maximally exposed individual and 200 man-rem (lung) and 2 x 10-I man-rem 
(whole body) for the surrounding population. The maximum radiological risks 
from hypothetical accieents would be 1 x 10'~ rem/yr (lung) and 1 x loe9 
rem/yr (whole body) for the maximally exposed individual and 2 x 10'~ 
man-rem/yr (lung) and 2 x 10'~ man-rem/yr (whole body) for the surrounding 
population. The radiological effects of all of these exposures will be far 
smaller than the corresponding effects from natural background radiation. 
Nonradiological effects will be limited to relatively minor commitments of 
manpower and other resources. 



9.7 IMPACTS OF LEAVING TRU NASTE AT ID'V10 

If no Federal TRU-waste repository away from the current storage locations 
becomes available, there will be three general a1 ternatives for panaging 
stored T W  waste. These alternatives are discussed in terms of the nethods 
that might be used at the Ic?aho National Engineering Lzboratory (IITEL); they 
represent the methods that might be used at the other storage locations: 

--+ - 
1. The waste coull be left in place, as is. 

2. Improved in-place con£ inernent could be provieed for the mste. 

3. The waste could be retrieved, processed, an? disposed of at another 
location at the INEL. 

Only the TRU waste expected to be received at the IMEL Radioactive Waste 
Management Complex (RWMC) by 1985 is included in the evaluations presented 
here. The effects of waste that might be received after 1985 are arYrassed, 
and supporting evaluations for the results are presented, elsewhere (DOE, 
1979). 

9.7.1 Leave the Waste in Place, as Is 

Description of operations 

In this alternative, the stored TRU waste v.muld be left in place, as is. 
The cover of plywood, polyvinyl sheeting, and 3 feet of earth over the waste 
would be maintained (Section 9.6.1). The present environmental monitoring and 
sampling procedures at the RWllC would be continued for perhaps 100 years, with 
improved procedures incorporated as they are developed. 

Environmental effects 

In the near term (i.e., up to 100 years after the implementation of a 
waste-management alternative), the environmental effects of this alternative 
would be essentially the same as those measured to date for operations in the 
Transuranic Storage Area (TSA) at the INEL. Direct radiation from t-he covered 
waste would be near natural-background levels. Routine emissions would not be 
expected. The nonradiological effects normally associated with construction 
projects (e.g., excavation of soil, use of motor fuels, emissions from con- 
struction 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. 

Long-term environmental effects of this alternative would be associated 
with the disruptions caused by natural disasters or human intervention. 

Radiological risk to the public 

Normal waste-management operstions would not be a hazard to the public 
under this alternative, Rather, the risks of this alternative would be asso- 
ciated with waste disruption by natural disasters. Table 9-60 shows the re- 
sults of dose-commitment evaluations for the most important events of this 



Tab le  9-60. Summary of  Dose Commitments f o r  Leaving t h e  S t o r e d  Waste i n  
P l a c e ,  a s  lsa 

Maximally exposed  pe r son  
50-year dose  commitment ( rem) 

D i s r u p t i v e  e v e n t  Whole body Bone Lung 

Exp los ive  vo lcano  
Ear thquake  
Mackay Dam f a i l u r e  
Vo lcan i c  l a v a  f lowb,  c 
I n t r u s i o n  

I n g e s t  i o n  
I n h a l a t i o n  

50-year background dose  

D i s r u p t i v e  e v e n t  

p o p u l a t i o n e  
5 0 - y e a  dose  comrni b e n t  (man- rem) 

Whole body Bone Lung 

E q l o s i v e  vo lcano  2 0  4  x  104 8 x l o 4  
Ear thquake  7 x lo -5  1 x 10-I 2 x 10-1 
rlackay D m  f a i l u r e  1 x l o - 3  3 7 
v o l c a n i c  Lava f lowbrC 1 x 102 2 x 105 4 x 105 
I n t r u s i o n  

I n g e s t i o n  8 x  10'~ 20 N/A 
I n h a l a t i o n  3 x  lo-z 500 500 

50-year background dose ,  
1985 1 x l o 6  -- -- 

a ~ a t a  frcm DOE (1979) .  
b ~ v e r b u r ~ e n  is assumed to r e s i s t  l a v a  f l ow  as l o n g  as main tenance  is 

con t inued .  Re l ea se  is assumed t o  o c c u r  100 y e a r s  a f t e r  implementa t ion ,  
when maintenance ha s  been d i s c o n t i n u e d .  

 h he dose-commitment c a l c u l a t i o n s  f o r  t h i s  s c e n a r i o  a r e  s u b j e c t  t o  
l a r g e  u n c e r t a i n t i e s  and a r e  undergoing f u r t h e r  e v a l u a t i o n .  

~ N / A  = n o t  a p p l i c a b l e .  
e p o p u l a t i o n  = 130,000,  excep t  f o r  i n t r u s i o n ,  where it is 10. 

type .  The e v a l u a t i o n s  were based on h y p o t h e t i c a l  r e l e a s e s  o c c u r r i n g  i n  t h e  
yea r  2085. ( R i s k s  were n o t  e v a l u a t e d  because  of t h e  g r e a t  u n c e r t a i n t i e s  i n  
e s t i m a t i n g  t h e  p r o b a b i l i t i e s  o f  d i s r u p t i v e  e v e n t s  many y e a r s  i n  t h e  f u t u r e . )  

One of t h e  l a r g e s t  dose  commitments would r e s u l t  from an e x p l o s i v e  vol-  
c a n i c  e r u p t i o n  up through t h e  waste .  The R W C  l ies  a t  t h e  edge o f  t h e  Arc0 
Vo lcan i c  4 i f t  Zone, which h a s  been a c t i v e  f o r  t h e  l a s t  400,000 y e a r s  and is 
l i k e l y  to be t h e  s i t?  of f u t u r e  v o l c a n i c  a c t i o n  (Kuntz ,  1978 ) .  I n  an explos -  
i v e  eruption n o l t e n  l a v a  encoun te r s  groundwater  a t  a  r e l a t i v e l y  s h a l l o w  d e p t h  
benea th  t h e  s u r f a c e  of t h e  e a r t h ;  a s m a l l  5 u t  s i g n i f i c a n t  nurnber oE e r u p t i o n s  
i n  t h e  e a s t e r n  Snake  River  p l a i n  have been oE t h i s  t ype  i n  t h e  p a s t .  A f r a c -  
t i o n  of  t h e  was te  cou ld  t he r eby  becone z i r b o r n e  and be c a r r i e d  o f f  t h e  s i te .  
T h i s  even t  is o f  v e r y  low p r o b a b i l i t y ,  e s t i m a t e d  to be a b o u t  4  x  10 '~  per 
y e a r .  



The largest whole-body dose commitment would be the result of lava flow 
over the RWMC. The key difference between volcanic flow over the RWMC and the 
explosive eruption beneath the RWMC is that the former involves a volcanic 
eruption some distance away from the RWMC, with resulting lava flow over 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 
flows to the RWMC. As long as the cover over the waste is 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 the waste would be directly affected by the effects of lava flow. The 
thermal and mechanical effects of the flow could lead to releases of radio- 
nuclides estimated to be as large as 4200 Ci. The relative severities of the 
t m  scenarios for volcanic action are the subject of continuing studies. The 
results presented here are based on conservative assumptions and may over- 
estimate greatly the quantity of radionuclides that would be released. 

Another important scenario in Table 9-60 is future intrusion by small 
groups of people onto the waste site after institutional controls have 
lapsed. The individuals involved are assumed to live at the waste site, plow 
the land, eat food raised there, and dig into the waste looking for artifacts 
or construction materials. 

Flooding of the RWMC could result from failure of the Mackay Dam, which is 
about 42 miles upstream on the Big Lost River. The dam could fail because of 
faulty design or construction, degradation, or seismic activity. This disrup- 
tive event is also listed in Table 9-60. 

Cost - 
The estimated cost of continuing the present program of maintenance and 

surveillance for the TSA is $600,000 annually. (The number of years for which 
maintenance and surveillance would be continued cannot be projected with con- 
fidence.) Upgrading the program could increase this cost. In addition, capi- 
tal costs for periodic replacement of some equipment items would be Less than 
one-tenth of the operations cost. 

9.7.2 Improve In-Place Confinement for Stored Waste 

Description of operations 

This alternative considers means of providing additional in-place pro- 
tection for the waste. Protection would be provided against penetration of 
water and intrusion of animals and plant roots. This discussion covers two 
approaches for constructing confinement barriers for the waste (a barrier over 
the top and sides; and top, side, and bottom barriers) and one immobilization 
approach. 

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 TSA pads. 



In the topside-and-bottom-barrier approach, increased isolation would be 
provided by pressure-grout sealing of the sediments beneath the asphalt pad. 
Downward migration of the waste would be minimized for as long as the grout 
remained intact. Assurance cannot be given, however, that the grout would 
remain intact far the thousands of years required for the radionuclides to 
decay to background levels. 

In the immobilization approach, the waste would be immobilized in place by 
injecting grout into the waste and into the sediments beneath the pad. The 
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. 

For all of these methods of improved confinement, maintenance and surveil- 
lance would be continued and expanded as necessary, for perhaps 100 years, 
with improved procedures incorporated as they are developed. 

Environmental effects 

Under normal operational conditions, there would be no near-term radio- 
logical emissions from any of the three improved-confinement methods. There- 
Eore, there would be no dose commitments to the public from this source. Di- 
rect radiation f r m  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 ef- 
fects would be associated with the disruptive events considered in the risk 
analysis below. 

Nonradiological effects would be those resulting from use of materials, 
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 addi- 
tional 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. The immobilization approach would require an estimated 
34,000 cubic yards of grout. The waste-management area is already disturbed, 
so there would be no additional loss of habitat or use of lands. A possible 
habitat loss might be expected at playas where clay would be extracted to con- 
struct the waste overburden. This impact would be minor. 

Radiological risk to the public 

 or 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 pipes would be forced through the 
clay cover and the pad, can a release scenario associated with operations be 
envisioned. During insertion and withdrawal, the grout pipes would be pro- 
vided with external containment to prevent the spread of contamination. 

The hazards from waste-management operations would be much smaller than 
those from disruption of the waste by causes such as volcanoes or future in- 
trusion on the waste site. The dose commitments for such scenarios (assuming 
they occur in the year 2085) are summarized in Tables 9-61, 9-62, and 9-63. 
These dose commitments are similar to the corresponding dose commitments dis- 
cussed in Section 9.7.1. 



Table 9-61. Summary of Dose Commitments from Disruptive Events for Approach 
with Top and Side Barrier Addeda 

Maximally exposed person 
50-year dose commitment (rem) 

Disruptive event Whole body Bone Lung 

Explosive volcano 
Earthquake 
Mackay Dam failure 
Volcanic lava f lowb 
Intrusion 
Ingestion 
Inhalation 

50-year background dose 

Population 
50-year dose commitment (man-rem) 

Disruptive event Whole body Bone Lung 

Explosive volcano 
Ear thqua ke 
Mackay Dam failure 
Volcanic lava f lowblc 
Intrusion 
Ingestion 
Inhalation 

50-year background dose 

a~ata from DOE (1979). 
b~verburden is assumed to resist lava flow as long as maintenance is 

continued. Release is assumed to occur 100 years after implementation, when 
maintenance has been discontinued. 

C ~ h e  dose-commitment calculations for this scenario are subject to large 
uncertainties and are undergoing further evaluation. 

%/A = Not applicable . 



Table 9-62. Sununary of Dose Commitments from Disruptive Events for Approach 
with TOPI Side, and Bottom Barriers Addeda 

Maximally exposed person 
50-year dose commitment (rem) 

Disruptive event Whole body Bone t ung 

Explos i ve volcano 1 x lo-z 8 20 
Earthquake 2 x 10'~ 2 x 10-5 4 x 10'~ 
Mackay Dam failure 3 x 10'~ 8 x lo'4 2 x 10'~ 
Volcanic lava f lowb, c 3 x LO+ 50 9 0 
I~ntrusion 
Ingestion 8 x 10'~ 2 N/A~ 
Inhalation 3 x 6 0 6 0 

50-year background dose 7.5 -- - - 

Population 
50-year dose commitment (man-rem) 

Disruptive event Whole body Bone Lung 

Explosive volcano 20 4 lo4 8 x lo4 
Earthquake 7 x 10'~ 1 x loe1 2 x 10-I 
Mackay Dam failure 1 x 10'~ 3 7 
Volcanic lava f lowbr c 100 2 x 105 4 x 105 
Intrusion 
Ingestion 8 x 20 N/A 
Inhalation 3 x 10'~ 500 500 

50-year background dose 1 x lo6 -- - - 

aData from W E  (1979) . 
b~verburden is assumed to resist lava flow as long as maintenance is 

continued. Release is assumed to occur 100 years after implementation, when 
maintenance has been discontinued. 

C ~ h e  dose-commitment calculations for this scenario are subject to large 
uncertainties and are undergoing further evaluation. 

%/A = Not applicable. 



Table 9-63. Summary of Dose Commitments from Disruptive Events for Approach 
with In-Place Immobilization of wastea 

Maximally exposed person 
50-year dose commitment (rem) 

Disruptive event Whole body Bone Lung 
- - - 

~xplos i ve volcano 1 x loe4 
Ear thqua ke 2 x 10-lo 
Mackay Dam failure 3 x 10-lo 
Volcanic lava f lowb , 3 x 10'4 
Intrusion 
Ingest ion 8 x 
Inhalation 3 LO+ 

50-year background dose 7.5 

Population 
50-year dose commitment (man-rem) 

Disruptive event Whole body Bone Lung 

Explosive volcano 2 x 10-I 
Earthquake 7 x lo-' 
Mackay Dam failure 1 x 10'~ 
Volcanic lava flowb fc 1 
Intrusion 
Ingest ion 8 x 10'~ 
Inhalation 3 x 10'~ 

50-year background dose 1 x lo6 

aData from DOE (1979) . 
b~verburden is assumed to resist lava flow as long as maintenance is 

continued. Release is assumed to occur 100 years after implementation, when 
maintenance has been discontinued. 

C ~ h e  dose-commitment calculations for this scenario are subject to large 
uncertainties and are undergoing further evaluation. 

%/A = Not applicable. 

The ability of improved confinement to resist violent, disruptive events 
is difficult to assess. This ability would undoubtedly decrease as the en- 
gineered barriers deteriorate. A modest credit, ranging in value from a fac- 
tor of 1 to a factor of 1000, has been taken here for the beneficial effects 
of the barriers in reducing the release quantities. 

The dominant events, in terms of dose commitment, are those related to 
volcanic action and future intrusion. 

Cost - 
The estimated costs for improving the confinement of TRU waste stored on 

the TSA are summarized below. The number of years for which maintenance and 
surveillance would be continued cannot be projected with confidence. 



~stimated Cost of Improving Confinement (Millions of Dollars)* 

Annual operations 
Met hod Capital and maintenance 

Top and side barrier 1.0 0.6 
Top, side, and bottom barriers 2.9 0.6 
Immobilization 11.3 0.6 

*Data from DOE (1979). 

9.7.3 Retrieve, Process, and Dispose at the INEL 

In this alternative, the stored TRU waste would be retrieved from its 
present location, processed, and shipped to a disposal facility elsewhere at 
the INEL. The retrieval and processing of the stored waste would begin in 
1985 or as soon thereafter as practicable. 

Description of facilities and operations 

Retrieval. The waste would be retrieved as described in Section 9.6.2. 

Processing. The constraint of making the waste product comply with the 
repository acceptance criteria would not necessarily apply in this alterna- 
tive. Therefore, three possible methods were analyzed for processing the 
stored waste: (1) incineration by slagging pyrolysis, followed by packaging; 
(2) compaction, immobilization, and packaging; and (3) repackaging only. 

Slagging pyrolysis is described in Section 9.6.3. 

In the second processing method the waste would be compacted within fiber- 
board containers. The containers would be cast in concrete blocks, thus pro- 
viding both immobilization and packaging. After the concrete had cured, the 
blocks would be monitored for contamination, decontaminated if necessary, and 
loaded onto a truck for shipnent to the disposal location. A block flow dia- 
gram of the process is shown in Figure 9-29. 

In the third processing method the waste would be reduced in size, if 
necessary, and then placed in new 55-gallon steel drums. A block flow diagram 
of the process is shown in Figure 9-30. 

On-site shipment. On-site shipment of processed waste would be by semi- 
trailers pulled by standard truck tractors. 

The cast slag from slagging pyrolysis would be shipped in DOT-17C 55-gal- 
lon drums. Each drum would weigh about 1360 pounds. 

The compacted and immobilized waste would be contained in 30-inch- 
diameter, 40-inch-long cylinders, four of which would be within a 63-inch- 
square, 43-inch-tall block Of concrete. Each block would weigh about 8700 
pounds. 
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Figure 9-29. Block diagram for compaction, immobilization, 
and packaging of stored waste. 
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Figure 9-30. Block diagram of the repackaging-only processing. 



The packaged waste would be shipped in WT-17C drums. Each drum would 
weigh about 260 pounds. 

On-site disposal. Two on-site disposal methods were analyzed; waste 
processed by any of the three methods <iscussed previously could be disposed 
of by either of these. The first method involves engineered shallow land 
disposal in lacustrine sediments at the central area of the I M E L  known as 
Site 14. This area has the deepest known surface sediments at the I N E L .  The 
second method is disposal of the waste in an aboveground concrete structure 
near the R'iMC. 30th disposal methods would 5e 6esigned to allow retrieval of 
the waste, if necessary, during an observation period. 

Engineered shallow land disposal at Site 14. The facility would consist 
of underground concrete structures in a rectangular array. Each structure 
would be buried so that its top would be well below the original ground sur- 
face. Each structure would contain rmms running the length of the structure 
and would have a high ratio of solid material to void, obtained by the use of 
massive interlocking concrete blocks and by the use of a thick layer cf nat- 
ural material (clay and basalt riprap) to protect the concrete from the envi- 
ronment. Two hypothetical designs were used in the analysis, one with less 
massive construction than th? other in order to re2uce cost. 

Disposal in engineered surface facility near the !??lirilC. The location 
studied for the engineered surface-disposal facility is in the southeastern 
corner of the RW1C extending outsi3e and to the south of the present fence. 
The surface soil in this area is typically 15 feet thick above a Layer of 
basalt approximately 100 feet. thick. 

The engineered surface-disposal facility would consist of elongated, 
earth-covered, concrete structures, each resting on the basait base. Includ- 
ing the cover material, each structure would stand considerably above ground 
level. Each structure would contain a number of disposal rooms extending its 
full length. 

The structure would be massive, with the intention of providing long- 
term containment of the waste. It would have a high ratio of solid material 
(reinforced concrete) tc void, cbtained by the use of massive interlocking 
concrete blocks. A thick layer of natural material (clay and basalt riprap) 
on top of the concrete would protect the concrete from the environment. 

Environnent~l effects 

The environmental effects cf retrieval and slagging pyrolysis are given 
in Section 9.6. The effects of constructing and operating a compaction, 
immobilization, and packaging process or fron a repackaging-only process are 
lescribe?. below. Since the twc processes are similzr, their releases and 
envircnnental inpact:: voul? he about the same. 

Radiozctive cirborne ef f 'cents from ei ther of these processes would 
result in a gra2uaL buiL2up of raSio2uclides in the environment. Table 9-64 
summarizes average release rltes, maxkum levels of soil contamination from 
these releases, an2 the present ccncentration of radionuclides in INEL soils 
from natur3l sources of ra2ioactivity and from fallout. The projected 
buildup of racfionucliles in INEL soils 1~loulC! be Less than this existing soil 
concentration. 



The maximum annual radiation-dose commitments from airborne effluents for 
any individual and for the population within 50 miles of the facility are 
presented in Table 9-65. Natural background doses in eastern Idaho are also 
presented. Both individual and population annual dose commitments from com- 
paction and immobilization and from repackaging would be several orders of 
magnitude lower than doses presently received from natural background radia- 
tion. 

Table 9-64. Radionuclide Contamination in INEL soila 
- 

Maximum 
cumulative 

Average release concentration Present concentra- 
rate from facility in soilb tion in INEL soilC 

Nuclide (pCi/sec) ( n~ i/m2 ) (nci/rn2) 

Pu-238 0.15 0.053 0.15 
Pu-239 0.12 0.044 
Pu-240 0.028 0.010 
Pu-24 1 0.53 0.16 
Pu-24 2 6.9 x 2.6 x lo-T ( ) 
Am- 24 1 0.47 0.17 0.3 
Cm-24 4 f6. 5 x lo'3 £1.9 x 10'3 
U-233 £5.2 x 10'~ x 10'~ 

a~ata from W E  (1979) . 
b~rom compaction and immobilization or from repackaging. 
C~rom fallout and naturally occurring radionuclides. 
d ~ h e  total of these two nuclides is 1.1 nci/m2. 
e ~ o t  measured. 
 his table contains nucli2es (for contact-handled TRU waste) not listed 

in Appendix E, which describes typical Rocky Flats waste. The waste stored at 
INEL, even though primarily Rocky Flats waste, also includes waste from other 
sources. The uranium-233 is frcin the Bettis Atomic Laboratory in Pennsylvania, 
and the curium-244 is from the Savannah River Plant. The quantities of the 
additional nuclides are small and are considered only in the analysis of 
Sections 9.6 and 9.7. 

Table 9-65. Dose Commitments from Routine Releases from Compaction 
and Immobilization or from ~epackaging~ 

Organ or 
Tissue 

- - 

Maximally exposed Population within 
person (mrem) 50 miles (man-rem) 

Who 1 e body 
Lung 
Sone 
Liver 
Kidney 

"~ata from DOE (1979) . 
"~nnual whole-body dose from natural background radiation is 150 

mrem. 
"?+rnuaL vhole-502y l o se  to this population from natural backqso~ne 

cadi~ti-on is 2 x 10' man-Kern if? 1985. 



The nonradiological effects of compaction and immobilization and of re- 
packaging would be limited to those associated with a commitment of manpower 
and the use of other resources. A summary listing of the resources used is as 
~ O L ~ O W S  (DOE, 1979) : 

Compaction and 
immobilization Repackaging only 

Construction period, months 20 18 
Average number of construc- 
tion personnel 250 200 

Construction man-months 5,000 3,600 
Housing unit requirements 188 150 

Pieces of equipment used 2 5 
Diesel fuel used, gallons 300,000 
Particulate emissions, 
pounds 33,000 

Operations period, years 10 
Personnel 5 0 
Estimated annual payroll $825,000 
Electricity usage, kW-hr/yr 6 x lo6 

The increment in particulate emissions f r m  the construction and operation of 
these facilities would not be measurable or cause current limits to be ex- 
ceeded. 

The areas of the two facilities would be about 1.8 and 1.0 acres, entirely 
within the current boundaries of the RWMC. The construction and operation of 
either facility would result in devegetation of the corresponding area. How- 
ever, the area has already been disturbed and is no longer in its natural 
state. 

The shipment and disposal of waste at the INEL disposal locations would 
not result in significant radiological effects, at least in the near term (up 
to 100 years). The waste would be packaged to prevent the release of contami- 
nation during normal handling and shipping. Small radiation exposures would 
occur to the w r k  force from direct radiation. Physical controls and adminis- 
trative procedures would be implemented to keep radiation doses to workers as 
Low as practicable and within DOE standards (ERDAM-0524). Present experience 
with the handling of TRU waste indicates maximum doses on the order of 400-500 
mrem/yr for individuals directly involved in the operations. There would be 
no exposure to the general population from normal operations because the waste 
would be shipped on committed roadways. 

After the waste has been put in the disposal facility and the facility 
closed, long-term environmental effects of disposal would be associated prin- 
cipally with disruption of the waste by natural disasters. 

Nonradiological impacts would result from the use of land, energy, re- 
sources, and labor. These impacts are presented in Table 9-66 for the four 
disposal locations, including the less massive variation of engineered shallow 



Table 9-66. Nonradiological Impacts of ~ i s p o s a l ~  

Construction Operations 
Disposal Particulate Diesel 
method and Man- emissionsb f ue lb ~ a n d ~ l  ConcreteC ~lectr icityC 
location monthsb (lo3 lb) (lo3 gal) (acres) (lo3 yd3) ~ o b s ~  (lo6 kW-hr/yr) 

Engineered 
surf ace 
disposal near 

\O 
I 

the RWMC 
CI 
h 
4 Engineered 

shallow land 
disposal at 
Site 14 

Less massive 
construction 
than above 290 8 

aData from DOE (1979) . 
b~ncludes comrni tted roadway to Site 14. 
%anges of values reflect the different output volumes of waste from the three processing methods 

studied. Highest values are for the repackage-only approach; lowest values are for compaction and 
immobilization and/or slagging pyrolysis. 



land disposal. Implementation of this variation would greatly reduce the 
amount of concrete required, as shown in the table. 

Construction of the roadways would remove some sagebrush habitat. Use of 
Site 14 would cause loss of some crested wheatgrass (introduced to increase 
the grazing area on the INEL). Both of these effects would be minor. 

Radiological risks to the public 

The radiological risks associated with retrieval and with slagging pyrol- 
ysis are discussed in Sections 9.6.2.3 and 9.6.3.3, respectively. The risks 
associated with processing by compaction and immobilization or by repackaging 
only would be within about one order of magnitude of those for slagging pyro- 
lysis. 

For each disposal method, the risk to the public Curing waste shipinent and 
during the operational phase would be at least a hundred times smaller than 
that associated with processing the waste. 

The radiological dose commitments to the public from the dominant acci- 
dents associated with the post-closure phase of waste disposal on the IMEL are 
summarized in Tab12 9-67. For purposes of simplifying this presentation, the 
evaluations were based on hypothetical releases of radionucliZes occurring in 
the year 2085. Longer-term evaluations have been performed (DOE, 1979), which 
show consequences of releases as a function of the time at which releases 
occur, Risks were not evaluated because of the uncertainties in estimating 
probabilities of disruptive events thousands of years in the future. 

Table 9-67. Summary of Doses for Waste Disposal 2t the IN EL^^^ 

Maximally exposed 1985 Population, 
person, SO-year 50-year dose 
dose commitment comi tment 

0 r gan (rem) (man- r em) 

Whole body 
Bone 
Lung 

50-year whole-body Ecse 
from natural backgcound 7.5 

a~ata from DOE (1979) . 
b ~ l l  values are for waste processed by repackaging only, 

~;?hich &livers the worst accident dose, and for either engineered 
surf?.ce 2isposal or engineered shallow land disposal. 

The eoninant event following disposal is volcanic action, either an erup- 
tion up thzough the waste or lava Elow over it from a nearby eruption. A 
Eractign of the waste could thereby become zirborne 2nd be carried off the 
site. 



All the other evaluated scenarios were found to produce lower doses. 
Flooding is among these. The RWMC could be flooded by high water in the Big 
~ o s t  River or by failure of the Mackay dam. Such water would pond on the 
INEL, where most of it would evaporate. To reach the Snake River Plain 
Aquifer, water would have to percolate downward through 580 feet of sediments 
and basalt. F l w  in the aquifer is at the rate of 4 to 20 feet per day. 
Sorption would slow the transport of TRU nuclides. Peak concentrations would 
arrive at the I N E L  boundary (3 miles) at about 40,000 years. At the nearest 
point of potential use of groundwater by a sizeable population (the Hagerman- 
Twin Falls area along the Snake River), the peak would be delayed for about a 
million years. Dispersion and decay would cause resultant concentrations to 
be very low. Indeed, the analysis indicates a greater, but still minor, 
hazard from the resuspension of TRU nuclides left on the surface after the 
evaporation of ponded water (DOE, 1979). 

No overwhelming differences in the long term level of safety were identi- 
fied among the disposal methods. Although the engineered confinement struc- 
tures were assumed to become completely degraded after many thousands of 
years, the predicted worst-case radiological exposures from hy,mthetical 
releases would not cause any near-term fatalities. 

Those subalternatives that leave INEL waste on the present storage pads at 
the RWMC do not involve radiation exposure of workers other than that associ- 
ated with maintenance and surveillance. 

Subalternatives in which the waste is removed from the pads, processed, 
and disposed of on the IMEL 20 involve some exposure of workers. These expo- 
sures are estimated to be no more than 400 mrem/yr for any individual, well 
below the present occupational limit of 5000 mrem/yr (DOE, 1979). 

Cost - 
The estimated costs of retrieval and of processing for each of the three 

alternative methods evaluated are given below. 

Estimated Costs oE Retrieval and Processing (Millions of ~ollars)~ 

Total 
Operation Capital O&plb D & D ~  Total 

Retrieval 8 16 1 2 5 
Slagg ing pyrolysis and packaging 128 119 13 26 0 
Compaction, immobilization, and packaging 7 3 38 7 118 
Repackaging only 56 51 6 113 

- - 

aData from DOE (1979). 
b~perations and maintenance. 
C~econtamination and decommissioning. 



The estimated costs for on-site shipment and disposal are summarized in 
Table 9-68. For each disposal method, the costs are given for managing the 
waste form resulting from the three processing methods discussed. The esti- 
mated cost of the less massive version of engineered shallow-land disposal is 
less than that of the other version by a factor of about 2 to 4; the differ- 
ence is due principally to the smaller quantity of concrete required. 

9.7.4 Conclusions 

The result of having no Federal TRU-waste repository would be that the TRU 
waste stored in Idaho (or other locations) could be (1) left in place as is; 
(2) left in place with improved confinement being provided; or (3) retrieved, 
processed, and disposed of at the INEL. 

No normal operational releases of radioactivity would be associated with 
the leave-in-place alternative or the improved-confinement alternative. In 
the short term (i.e., up to about 100 years), the alternative with retrieval, 
processing, and disposal at the INEL would result in a greater radiological 
impact than the two other alternatives. The largest radiological impact would 
result from normal operational releases from the slagging-pyrolysis process. 

Table 9-68. Estimated Costs of On-Site Disposal for Stored Waste 
(Millions of ~ollars)~ 

Total 
Disposal nethod Shipping Capital O & M ~  D & D ~  Total 

Engineered shallw land 
S P ~  

' C P T ~  
PKG f 

Less massive variation of 
engineered shallow land 

S P 
CPT 
PKG 

Engineered surface facility 
SP 
CPT 
PKG 

a~ata from W E  (1979). 
b ~ o r  each entry in this column, $60 million of the operations-and- 

maintenance (O&M) costs stemmed from 100 years of maintenance and surveil- 
lance. 

(=Includes only costs associated with decontamination and decomrnis- 
sioning (D&D) of service facilities such as maintenance facilities. No 
D&D would take place for the disposal facilities themselves. 

d~~ - Slagging pyrolysis and packaging. 
e C ~ ~  - Compaction, immobilization, and packaging. 
£PKG - Repackaging only. 



During processing, a whole-body dose commitment of 1.9 x 10" mrem per year 
r. of operation or 3.6 x 10'~ mrem to the bone could be expected at the point 
A of maximum airborne concentration. @' 
4 

't 
During handling associated with shipment of processed waste to the INEL 

: .  disposal locations, workers would be exposed to direct radiation from the 
P waste packages. Experience indicates that these doses to the workers may be 
" 
' as much as 400-500 mrem/yr. 
1$ 

There would be no radiological exposures to the general population during 
normal operations. The dominant handling accident would be associated with 
the waste that has only been repackaged. The resulting maximum individual 
dose commitment to the lung would be approximately 2 x 10'~ mrem for each 
occurrence. 

1 ,  

Over the long term (i.e., over more than about LOO years), natural dis- 
asters (floods, volcanoes, etc.) could occur, disrupting the waste and result- 
ing in release of radionuclides. In terms of radiation dose, volcanic action 
was determined to be the predominant event for all of these alternatives. 
Although significant 50-year dose commitments (up to 90 rem to the lung) could 
be delivered to maximally exposed individuals, no near-term fatalities from 
radiation would be expected to result from such an event. 

Nonradiological effects from any of the three alternatives discussed 
above would generally be limited to minor commitments of energy, resources, 
and labor. An exception is the large requirement of concrete for the massive 
structures for engineered surface disposal and for engineered shallow land 
disposal. The latter facility can be made less massive, using less concrete, 
with little sacrifice in long-term safety. This reduction in mass is probably 
not possible for the engineered surface-disposal facility, which would be 
openly exposed to the elements in an area of severe winters; significant rates 
of deterioration of the containment would then be expected over the long term. 

Slagging pyrolysis would be the most costly of the processing methods 
studied, but the resulting waste product would be the safest. The processing 
cost for compaction and immobilization would be slightly higher than that Eor 
repackaging only. However, the reduced disposal costs resulting from the de- 
creased volume would more than offset this slight difference. Compaction and 
immobilization would also have a small advantage in the safety of the disposed 
waste product. The less massive variation oE engineered shallow-land disposal 
would cost about one-fourth to one-half as much as the other methods studied. 
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10 unavoidable Adverse Impacts of the Reference Case 

10.1 CONSTRUCTION 

For the reference case, the impacts of construction will be Like those of 
other large building projects. They include increased noise levels near the 
site, increased air pollution due to earth-moving and to vehicular activity, 
and the disruption of existing land uses on the site and along new road and 
utility rights-of-way. 

Approximately 620 acres will be removed from rangeland and wildlife 
habitat during both the construction and the operation phases of the plant. 
An additional 360 acres will be temporarily disrupted during construction. 
Details of acreages committed are given in Section 9.1.1. Although scaled 
quail, mourning dove, and mule deer will Lose some habitat, the losses will be 
insignificant because extensive areas of similar habitat exist throughout the 
site region. A loss of individuals oE the more sedentary species (e.g., ro- 
dents, lizards) during construction will have an insignificant impact on the 
population of these species in the area. The site and most areas in which 
land will be disturbed are rangeland where 60 to 64 acres per animal-year has 
been an acceptable grazing capacity. However, the recent average density of 
grazing on the lands in and around the site has been about one head per 100 
acres. Therefore, the loss of grazing land will mean a reduction in grazing 
capacity of 10 to 11 animals. 

Most oE the construction workers are expected to reside in Carlsbad and 
Hobbs, New Mexico. Although some of the workers will be drawn from the local 
labor force, many workers will move into the area to work on the project, in- 
creasing the demands on existing community services and community resources. 
In Carlsbad a temporary housing shortage may develop; it would be met by the 
development of trailer parks or other temporary accommodations. In Hobbs the 
capacity of the school system is now expected to be exceeded by 1983; if a 
major fraction of the construction workers choose to live in Hobbs, the 
capacity may be exceeded 1 year earlier. Highway use within Eddy and Lea 
Counties will increase because of the commuting of construction workers and 
the transport of construction materials. 

These icpacts of the influx of construction workers will require increased 
public expenditures; operating costs will increase. Because revenues normally 
lag behind expenditures, local governments may experience some short-term 
problems in meeting the demands for new public services. The communities, 
however, are already capable of planning to meet these impacts, which will be 
mitigated or offset by increased tax revenues, decreased unemployment, and 
highway improvements associated with the construction of the plant. 



10.2 OPERATION 

During the operation phase, approximately 620 acres of land will remain 
unavailable for rangeland and wildlife habitat. The impacts of this removal 
are discussed in Section 10.1. 

The mined-rock pile will grow and become a more obvious feature of the 
landscape. Rainwater falling on it will dissolve some salt and sterilize the 
soil under the pile and in the surrounding ditch. Some salt will be blown 
onto the surrounding land and may cause changes in vegetation. 

The main access to the plant will be U.S. Highway 62-180. Although 
traffic levels will increase, this highway's capacity will be adequate both 
for the workforce and for trucks transporting waste to the plant. Certain 
segments of the road to Hobbs to the east of the site may need to be upgraded. 

The increase in area population will result in an increased demand for 
primary health care. Current physician-to-population ratios are not at the 
levels recommended by Bennett (1977), although hospital facilities are ade- 
quate. 

The developnent of the site and facilities will deny the future recovery 
of potash anc3 oil and gas beneath the site. These are discussed in Sections 
9.1.4 and 11.1. 

Operation of the plant will release some radioactivity. The greatest 
annual dose commitment is to the bone and is estimated to be 1.5 x 10'~ rem 
(0.15% of 50-year background radiation) for an individual living at the James 
Ranch. The population exposure (whole body) is estimated at 3.8 x loe6 
man-rem, spread over 96,000 persons. 

Transportation of waste to the plant will expose to radiation people near 
the transportation routes. The average radiation dose to these people will be 
a small fraction of the natural background dose; furthermore, it will be a 
small fraction of the limits recommended for members of the general public 
from all sources of radiation other than natural and medical sources. 

The final shutdown of the plant will narrow the economic base of nearby 
communities. 
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11 Irreversible and Irretrievable Commitments of Resources 

for the Reference Case 

11.1 LAND USE 

Approximately 140 acres of land will be occupied by surface facilities for 
the duration of repository operation. This land includes 30 acres for the 
surface storage of excess salt mined from the repository. Approxiinately 480 
acres wiil be used for the roads and railroad. Most of this 620 acres will be 
restored to its original contours, reseeded, and permitted to revert to its 
natural state after plant decommissioning. After final removal of the 
mined-rock pile, the 30 acres that it covered will be regraded and reseeded. 
Full recovery of the area is expected to require several decades. 

These predictions of land-use commitments assume that the surface 
facilities will be razed during decommissioning. If they are mothballed 
instead, the land they occupy and the associated access roads will remain 
committed. 

11.2 DENIAL OF MINERAL RESOURCES 

As discussed in Section 9.1.4, development of the WIPP reference reposi- 
tory will deny access to portions of local deposits of hydrocarbons and potash 
minerals. The most significant of these is langbeinite, an ore that is rich 
in potassium and magnesium and has commercial value as a chemical fertilizer. 
In the United States langbeinite is found only in the Carlsbad Potash Mining 
District, where the resources will probably be depleted in less than 70 
years. The langbeinite reserve beneath the site proposed for the reference 
case is 13 million tons, equivalent to 5 years' production of such ore at 
Carlsbad. Thus, development of the repository will require an earlier transi- 
tion to other chemical fertilizers. 

The site also overlies about 25 billion cubic feet of natural gas 
and 350,000 barrels of distillate. These amount to less than 0.02% of the 
U.S. reserves of these resources. The existence of the repository does not 
necessarily preclude access to the underlying hydrocarbons permanently. They 
may eventually become available through the use of such techniques as slant- 
hole drilling from outside control zone I11 or through a future relaxation of 
the controls now thought prudent for the area. 



11.3 RESOURCES FOR CONSTRUCTION 

As discussed in Section 9.1.2, the following resources will be required 
over the 4-year construction period of the WIPP reference repository: 

Concrete 
Steel 
Copper 
Aluminum 
Lumber 
Water 
Electricity 
Propane 
Diesel fuel 
Gasoline 

125,000 barrels (portland cement) 
15,000 tons 
150 tons 
200 tons 
500,000 board-feet 
19 million gallons 
4 million kilowatt-hours 
140,000 gallons 
1.5 million gallons 
940,000 gallons 

None of these amounts will exceed 1% of the U.S. production over the con- 
struction period. 

11.4 RESOURCES FOR OPERATION 

As discussed in Section 9.2.2, the following resources will be used by the 
plant during its operation: 

Electrical power 
Diesel fuel 
Gasoline 
Water 

20,000 kilowatts 
400 gallons per day 
140 gallons per day 
25,000 gallons per day 

These modest requirements will not significantly affect the local or 
regional availability of these resources. 



12 Relation of the Reference Case to Land-Use Plans, 

Policies, and Controls 

12.1 EXISTING LAND-USE PLANS , POLICISS , AND CONTROLS 

As described in Section 8.1, 17,200 acres of the site proposed for the 
reference case are Federal land, 1760 acres are State land, and none is 
private land. All this land is presently leased for grazing, 25% is subject 
to potash leases, and 35% is subject to hydrocarbon leases, with some overlap 
(Table 8-2). 

There are no State, county, or local land-use policies, plans, or controls 
on this land. There is a "State of New Mexico Policy on Nuclear Waste Dis- 
posal," but it does not explicitly refer to the use of the land itself. This 
policy is discussed in Chapter 14. 

The Federal land is administered by the Bureau of Land Management (BLM) of 
the U.S. Department of the Interior; the State land is administered by the 
Commissioner of Public Lands of the State of New Mexico. Other Federal and 
some State agencies have jurisdiction over certain of the resources in these 
lands. These include the U.S. Geological Survey, which ahinisters the 
development of mineral resources by issuing drilling permits and approvals for 
exploration and mining, and the New Mexico Department of Game and Fish, which 
promulgates hunting regulations for all lands in the State, including Federal 
lands. 

The proposed land-withdrawal area is within the BM's East Eddy Planning 
Unit. The BLM manages land under its control by means of a formal land-use 
planning system. For this planning unit, the BLM has completed a Unit 
Resource Analysis, which identifies inventories, problems, conditions, use, 
and management potentials. This information is being used to develop a 
Management Framework Plan (MFP) indicating decisions on the coordinated 
management of resources and broad-based functional guidelines for the entire 
planning unit. Although the comprehensive MFP for this unit is scheduled for 
completion in 1979, guidelines developed in an earlier PfP are still appli- 
cable to the site proposed for the reference case; they state that the BLM will 

1. Encourage exploration for oil and gas and for potash. 

2. Restrict or control other surface uses that conflict with oil and gas 
or potash development. 

3. Manage intensively for recreational uses. 

4. Encourage livestock use and management, developing Allotment Manage- 
ment Plans (AMPS) for the unit. (The James Ranch encompassing the 
southern 65% of the proposed withdrawal area is already party to an 
AMP; the Crawford Ranch is not.) 

The National Historic Preservation Act of 1966 (16 U.S.C. Section 
470-70n), E X ~ C U ~ ~ V ~  Order No. 11593 (Federal Register, vol. 36, p. 8921, 
1971) , and Public Law 93-291 (May 24, 1974) are related to the preservation of 



cultural, historical, archaeological, and architectural resources. There will 
be no conflict with these requirements, because all construction and other ac- 
tivities that will disturb the surface are preceded by archaeological surveys 
that guide the preservation of these resources. 

As stated in detail in Chapter 14, the activities of the WIPP reference 
repository will comply with all applicable Fe2era1, State, and local require- 
ments Eor protection of the environment. 

12.2 CO>dPATIBILITY OF THE REFERENCE CASE WITH EXISTING LAND-USE PLANS 

The BLM policies and plans encourage exploration for hydrocarbons and 
potash and also encourage recreation and well-managed grazing to the extent 
that they do not conflict with mineral exploration. 

Section 9.1.4 describes the oil and gas resources of the site proposed for 
the reference case and the extent to which the proposal conflicts with their 
exploration. It is clear that the withdrawal of control zones I, 11, and 111 
from mineral exploration and development is incompatible with the goal of 
encouraging exploration Eor oil and gas. However, the existence of the repo- 
sitory does not necessarily preclude access to these resources permanently. 
They may eventually become available for exploitation through the use of such 
techniques as slant-hole drilling from outside control zone I11 or by a future 
relaxation of the controls now thought prudent for the area. 

The potash resources and the extent of conflict with them are also des- 
cribed in Section 9.1.4. The proposal conflicts with the BLM's goal of en- 
couraging the exploration of these resources. It is possible, however, that 

I mining of the potash levels 300 feet above the upper level of the repository 
will eventually be found compatible with the repository. 

I Because oE site-exploration efforts, the road network in the area has 

already been expanded from about 8 miles of low-quality road to 28 miles of 
caliche-surfaced road. The new roads are already allowing more recreational 
use, principally for hunting. In this respect, therefore, the reference case 
is compatible with BLM plans to encourage recreation. 

Cattle grazing is now permitted by the BLM at an estimated six head per 
square mile on the Feder31 lands within the proposed site. The DOE intends to 
allow grazing to continue at this stocking rate (or to adjust to BLM future 
practices) except for 620 acres devoted solely to the plant and an additional 
360 acres required during construction. In this respect, the reference case 
is slightly incompatible with BLM plans Eor grazing. 

In summary, the proposed WTPP reference repository is somewhat in conflict 
I with '3LTI plans for this land. 
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13 Relationship Between S hort-Term Uses and Long-Term Productivity 

at the Reference Site 

The WIPP w i l l  p rov ide  a  permanent r e p o s i t o r y  f o r  i s o l a t i n g  t r a n s u r a n i c  
wastes  from t h e  b io sphe re  f o r  thousands of yea r s .  I t  w i l l  a f f o r d  long-term 
p r o t e c t i o n  to t h e  p u b l i c  from the  p o s s i b l e  r e l e a s e  of r a d i o a c t i v i t y  con ta ined  
i n  t r a n s u r a n i c  was te  m a t e r i a l s  genera ted  i n  n a t i o n a l  defense  programs. I n  t h e  
s h o r t  term, t h e  r e p o s i t o r y  w i l l  o f f e r  an o p p o r t u n i t y  to test d i s p o s a l  methods 
f o r  h igh - l eve l  r a d i o a c t i v e  waste  and to demons t ra te  t h e  d i s p o s a l  of s p e n t  
r e a c t o r  f u e l ;  t h e  knowledge and expe r i ence  ga ined  from t h i s  oppor tun i ty  w i l l  
advance t h e  s t a t e  of t h e  a r t  of waste d i s p o s a l  i n  bedded s a l t .  These mi s s ions  
s u p p o r t  n a t i o n a l  de fense  and energy p o l i c i e s  (Deutch, 1978; I R G ,  1979; OSTP, 
1978) .  

U s e  of t h e  s i t e  a s  a  t ransuran ic -was te  r e p o s i t o r y  w i l l  permanently 
r e s t r i c t  t h e  e x t r a c t i o n  of  minera l  r e sou rces  above and below t h e  r e p o s i t o r y .  
The types  and q u a n t i t i e s  of t h e s e  r e s o u r c e s  a r e  d i s cus sed  i n  S e c t i o n  9.1.4 i n  
t h e  c o n t e x t  of r e g i o n a l  and n a t i o n a l  r e s e r v e s .  

Approximately 620 a c r e s  of  land t h a t  is c u r r e n t l y  rangeland and w i l d l i f e  
h a b i t a t  w i l l  be used f o r  s u r f a c e  f a c i l i t i e s ,  t r a n s p o r t a t i o n  r o u t e s ,  and t h e  
mined-rock p i l e .  Af t e r  decommissioning, which nay t a k e  p l ace  s e v e r a l  decades 
a f t e r  t h e  r e p o s i t o r y  is b u i l t ,  most of  t h i s  a r e a  w i l l  be allowed to r e t u r n  t o  
its n a t u r a l  s t a t e ;  t h e  recovery  time f o r  t h e  d i s t u r b e d  a r e a  is expec ted  to be 
s e v e r a l  decades.  
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14 Environmental Approvals and Consultations: Reference Case 

14.1 REVIEWS AND APPROVALS 

As a Federal agency, the U.S. Department of Energy (DOE) complies with the 
National Environmental Policy Act (NEPA) of 1969, 42 U.S.C. Sections 4321 et 
seq. (1970). In addition, the W E  is complying with Executive Order 12088 
(Federal Register, Vol. 43, p. 47707, October 17, 1978) and Office of Manage- 
ment and Budget Circular A-106, relating to the prevention, control, and 
abatement of environmental pollution at Federal facilities, as well as certain 
provisions of the Clean Air Act, as amended, 42 U.S.C.A. Section 7401 et seq. 
-(1977), the Clean Water Act (Public Law 95-217), and the Solid Waste Disposal 
Act, as amended, 42 U.S.C. Sections 3251 et seq. (Public Law 94-580). 

In accordance with Section 313 of the Clean Water Act and Section 118 of 
the Clean Air Act, the DOE will comply with all Federal, State, interstate, 
and local requirements for the control and abatement of pollution to the same 
extent as any nongovernmental person. In accordance with Title 40 of the Code 
of Federal Regulations, which implements these acts, the DOE will obtain a 
Prevention of Significant Deterioration permit from the U.S. Environmental 
Protection Agency (or f r m  the State of New Mexico, if authority has been 
transferred by the date of the application). Similarly, in accordance with 
Section 6001 of the Solid Waste Disposal Act, the operation of a landfill for 
nonradioactive-solid-waste disposal at the WIPP reference repository will 
comply with all Federal, State, interstate, and local requirements, both sub- 
stantive and procedural. No permit under Section 402, National Pollutant 
Discharge Elimination System, of the Clean Water Act is expected to be re- 
quired for the project since no liquid effluents will be discharged as a 
result of facility operation. 

Applicable State and local requirements can be summarized as follows: 

a. "New Air Contaminant Sourcen construction permits will be obtained 
from the New Mexico Environmental Improvement Division pursuant to the 
New Mexico Air Quality Control Act, Section 12-14-7, NMSA 1953, and 
Section 702 of the New Mexico Air Quality Standards and Regulations, 
with respect to emissions from the operation of equipment fueled with 
diesel oil, gas, and oil. 

b. Plans for sewerage systems, either temporary or permanent, will be 
filed, in advance of construction, with the New Mexico Water Quality 
Control Commission pursuant to the New Mexico Water Quality Act, 
Section 75-39-4.1, NMSA 1953, and Section 1-202 of the New Mexico 
Water Quality Regulations. 

c. A registration certificate will be obtained from the New Mexico 
Environmental Improvement Division for the on-site sanitary landfill 
pursuant to Section 103 of the New Mexico Solid Waste Management 
Regulations. 

Applications for such permits and certificates, and filing of the pertinent 
plans, will have to await the completion of facility design. 



The DOE will also be consulting with the Department of Transportation 
(DOT) and the NRC on transportation safety. 

The DOE will require the operating contractor of the repository to carry 
adequate insurance against public Liability for nonnuclear risks. With re- 
spect to public liability for nuclear risks, however, the DOE intends to enter 
into an indemnity agreement with the operating contractor, as permitted under 
the Price-Anderson Act (Section 170.d of the Atonic Energy Act of 1954, as 
amended). Such an indemnity agreement will also apply to nuclear incidents 
that might occur in the course of waste transportation to or from the 
repository. 

The DOE is complying with the P!ational Historic Preservation Act of 1966 
(16 U.S.C. Sections 470-470n); Executive Order No. 11593 (Federal ~egister, 
Vol. 36, p. 8921, 1971); and Public Law 93-291 (May 24, 1974), which relate to 
the preservation of cultural, historical, archaeol~gical, and architectural 
resources. In compliance with these requirements, an archaeological and 
historic site survey was made in 1976 of the central 4 square miles of the 
reference site (Nielsen, 1976). Archaeological clearances have also been 
obtained from the Bureau of Land Management for all new roads, drilling or 
operational pads, and off-road seismic lines and resistivity surveys. The 
Nielsen report was submitted to the State Historic Preservation Officer for 
New Mexico to determine whether any of the cultural resources found warrant 
nomination in the State or National Register of Historic Places. As a result 
(the correspondence is reproduced in Appendix I), the reference site has been 
declared eligible for nomination as an archaeological district. 

The DOE is also complying with the Endangered Species Act of 1973 for the 
conservation of endangered and threatened biota and their habitat (Public Law 
93-205). As indicated in Section 7.1 and Appendix H, no animals or plants 
Listed on the Federal Lists of endangered species have been found at or near 
the site, although one bird was found that is on the State List of species 
whose prospects for survival are likely to be in jeopardy within the fore- 
seeable future. 

No determination or permits pill he required from the Federal Aviation 
Administration because no plant structures will be more than 200 feet higher 
than the local terrain. 

The necessary Federal lznds require2 for the site will be acquired through 
a legislative withdrawal action. Utility gasements and transportation rights- 
of-way will be acq~ired through easements from the Bureau of Land Management 
in accordance with the Federal Land Policy an? Yanagement Act of 1976 (Public 
Law 94-579, Section 507) . 



14.2 CONSULTATIONS 

In developing various portions of this Draft Environmental Impact 
Statement (DEIS) , the DOE has contacted the following agencies: 

New Mexico State Land Commission 
New Mexico Environmental Improvement Division 
New Mexico Highway Department 
Federal Aviation Administration 
U.S. Department of Agriculture, Soil Conservation Service 
U.S. Department of the Interior, Bureau of Land Management 
U.S. Environmental Protection Agency 
U.S. Geological Survey 
U.S. Army Corps of Engineers 
Carlsbad, New Mexico, municipal authorities 
Eddy County, New Mexico, authorities 

The DOE has also consulted the following agencies, organizations, and 
officials about the construction and operation of the WIPP reference re-msi- 
tory and its inplications on the development of the area: 

Organization or official Dates 

American Association of State Geologists 5/77 
and the Geological Review Group, 
U.S. Geological Survey 

Toney Anaya, former New Mexico 
Attorney General 

Jerry Apo?aca, former New Nexico Governor 1975-1978 

Bureau of Land Management 
(Santa Fe and Roswell) 

1/76, 6/76, et al. 

California Energy Resources Conservation 10/77 
and Development Commission 

Pete ~omenici, U.S. Senator, and staff 4/77, 7/78, 11/78 

Robert Ferguson, former New Mexico 
L t . Governor 2/78 

General Accounting Office 6/76 

Walter Gerrels, Mayor of Carlsbad 7/75, 8/75, 9/75, 8/76, 9/76 
11/76, 3/77, 11/77, 3/78 

Bruce King (now Governor of New Mexico) 1/78, 2/78, 8/78 

National Acalemy of Sciences 4/78, 6/78, 7/78 

Mew Mexico Advisory Committee on the nIPP 1/78 



Organization or official Dates 

New Mexico Energy Resources Board 3/76 

New Mexico Environmental 11/75, 8/76, 4/77, 10/77, 11/77 
Improvement Agency (now Division) 

New Mexico Governor's Technical 7/75, 10/75, 1/76, 7/76, 11/76 
Excellence Committee--Subcommittee on 2/77, 4/77, 5/77, 1/78 
Radioactive Wastes 

New Mexico Legislative Committees 10/75, 7/76, 2/77, 1/79 
on Energy 

New Mexico Senate Conservation Committee 1/78 

New Mexico State Land Commission 1/76, 7/76 

Office oE Management 2nd Budget 8/7 6 

Office of Science and Technology Policy 6/78 

Harrison Schmitt, U.S. Senator, and staff 7/77, 3/78, 7/78, 11/78 

Southeastern New Mexico Economic 
Development Division 12/7 5 

U.S. Department of Justice 3/28 

U.S. Environmental Protection Agency 1/76, 5/77 

U.S. Nuclear Regulatory Commission 10/75, 1/76, 8/76, 11/76, 3/77 
5/77, 10/77, 11/77, 1/78, 2/78 

Utilities Waste Management Group 2/78 

In addition, a Federal-State-Local Review group has been established and 
has met numerous times (June 1976, September 1976, January 1977, December 
1977, and June 1978). This group consists of representatives of the following 
agencies: 

Federal 
Army Corps of Engineers 
Bureau of Land Management 
Bureau of Mines 
Department of the Interior 
Environmental Protection Agency 
Federal Aviation Administration 
Federal Energy Administration 
Federal Highway Administration 
Federal Railroad Administration 

Agencies 
Fish and Wildlife Service 
Mine Safety and Health Adminstration 
National Park Service 
Nuclear Regulatory Commission 
Occupational Safety and Health 
Administration 

Soil Conservation Service 
U.S. Geological Survey 



State of Mew Ilexico 
Department of Health and Social Services Oil and Gas Conservation 
Energy Resources Board Commission 
Environmental Improvement Administration State Engineer's Office 
New Mexico Energy Institute State Highway Department 
Office of the State Geologist State planning Off ice 

State of Texas 
Governor's Energy Advisory Council 

Radiation Control Agency 

Eddy County 
Eddy County Commission 

State Senator from Eddy County, Joseph Gant 

Citv of Carlsbad 
Department of Development 

Other 
Western Interstate Nuclear Board 

The DOE has provided $2.6 million to the State of Mew Mexico to establish 
an Environmental Evaluation Group (EEG) to perform an independent technical 
review of the WIPP reference repository for the State of New Mexico. The group 
is studying health, safety, and environmental impacts, as well as mitigation 
methods. It will report its findings to the New Mexico Environmental Improve- 
ment Division, the Secretary of Health and Environment, the Governor, and the 
DOE. The State will use the EEG's findings as a major portion of its input to 
the NRC's licensing process and to its own judgment of the overall merits and 
desirability of the WIPP reference repository. 

14.3 PUBLIC COMMENT 

The DOE has met with numerous environmental and public interest groups 
during the history of the project. Among these are: 

League of Women Voters 
Natural Resources Defense Council 
New Mexico Wildlife Federation 
Reserve officers' group 
Senior citizens ' group 
Sierra Club 
Citizens' workshop (Las Cruces, EM) 
Bernalillo County Democratic Forum 
Women's Junior League (Fort Worth, TX) 

public reading rooms have been established in Albuquerque, Carlsbad, and 
Las Cruces, New Mexico. A total of 11 public meetings were conducted; tran- 
scripts of the meetings have been prepared and placed in the public reading 
rooms . 



Date - 
C a r l s b a d ,  NM 
Albuquerque, NM 
S a n t a  Fe,  NM 
Midland, TX 
Amar i l lo ,  TX 
E l  Paso ,  TX 
Las Cruces ,  NM 
Roswell ,  NM 
Hobbs, FM 

4/11/78 ( t w o  meet ings)  
4/12/78 ( t w o  meet ings)  
4/14/78 
7/11/78 
7/12/78 
7/13/78 
8/10/78 
11/15/78 
1/4/79 

Not ice  of  i n t e n t  to p r e p a r e  t h i s  DEIS was pub l i shed  i n  t h e  F e d e r a l  
R e g i s t e r  on J u l y  14 ,  1978 (Vol. 43, p. 30331). T h i r t y - s i x  l e t t e r s  were 
rece ived  a s  a  r e s u l t .  The w r i t e r s  were, i n  o rde r  of r e c e i p t  of t h e i r  l e t t e r s :  

P h i l l i p  L, Boucher 
Thomas A. P a r k h i l l  
Vernon E. Arnold 
Dan McNabb, I n d u s t r i a l  Development 

Corpora t ion  of Lea County 
B i l l  Weidenhofer e t  a l . ,  New Mexico 

Organic  Growers Assocat ion  
Arthur  V. Capps 
Don Schrader  
Neal Weinber g  
Ed i th  Kirby ,  New Mexicans f o r  S u r v i v a l  
John W. Hernandez, Sr .  
Mrs. Rosa lee  Xolcombe 
Yrs. R. Wilcox 
H a r t i n  Nix 
Dudley R. S l ade  
Ronnie D. L ipschu tz ,  Union of  Concerned 

S c i e n t i s t s  
Robert E. Lyons 
Mrs. Barbara Kramer 
Mrs, F.J. Dekleva 
Kath leen  Ha l l eck  
David L. Nussear 
David Ber i ck ,  Environmental P o l i c y  Center  
R. D. Enz 
~ a r b a r a  L. C l u t t e r ,  M.D. 
William B. Anderson 
Judy S e l l e r s  
Debra J. Hancock 
Peg PJelk 
Cathy S u l l i v a n  
J. t1. Gobley, Department o f  Finance and 

A d n i n s t r a t i o n ,  S t a t e  of New Mexico 
Wonen's H e a l t h  S e r v i c e s  
John L. H i l l ,  At torney  Genera l  of Texas 
Constance M i l l s  Atk ins  
R.  E. DrumheLler 

M e s i l l a  Park ,  In1 
Albuquerque, NM 

Santa  Fe, NM 
Hobbs, NM 

A 1  buque r  que , II'M 

Roswell ,  NM 
Albuquerque, NM 
Albuquerque, NM 
Albuquerque, hiM 

Las Cruces ,  Ill4 
( addres s  no t  g iven)  

Albuquerque , NM 
Albuquerque, IIM 
Albuquerque , NM 

Cambridge, blA 

Albuquerque , NM 
S a n t e  Fe,  NM 

( addres s  n o t  g iven)  
( addres s  n o t  g iven)  

Albuquerque, EIM 
Washington, D.C. 

( addres s  n o t  g iven)  
San ta  Fe,  NM 

( addres s  n o t  g iven)  
( addres s  not  g iven)  
( addres s  n o t  g iven)  
( addres s  n o t  g iven)  
( addres s  not  g iven)  

San ta  Fe, NM 

Santa  Fe, NM 
Aus t in ,  TX 

C o r r a l e s ,  NM 
( addres s  no t  g iven)  



34. Nick F r a n k l i n ,  S e c r e t a r y ,  Energy and 
M i n e r a l s  Depar tment ,  S t a t e  o f  N e w  Mexico 

35. Sena ida  Chavez y P incka rd  
36. Randolph E. S c h e f f e l ,  D u r i t a  

Development C o r p o r a t i o n  

San t a  Fe,  NM 

Albuquerque, NM 
N a t u r i t a ,  CO 

Most of t h e  36 l e t te rs  d i d  n o t  comment on t h e  c o n t e n t s  of  t h e  proposed 
DEIS b u t  t o o k  t h e  o p p o r t u n i t y  to e x p r e s s  t h e i r  f e e l i n g s  abou t  t h e  r e p o s i t o r y .  
Most of t h e  l e t t e r s  were from w i t h i n  t h e  S t a t e  o f  New Mexico; o f  t h o s e  whose 
a d d r e s s e s  c o u l d  be made o u t ,  o n l y  f o u r  came from o u t  of  S t a t e .  

Twenty of  t h e  t h i r t y - s i x  l e t t e r s  exp re s sed  o p p o s i t i o n  t o  t h e  WIPP, n o s t  of  
them p a s s i o n a t e l y  so, c a l l i n g  it a v i o l a t i o n  of  s tates '  r i g h t s  and an i m p o -  
s i t i o n  of a dumping ground on New Mexico, and worry ing  about  h e a l t h  and s a f e t y  
and a b o u t  s p o i l i n g  a p r e s e n t l y  c l e a n  environment .  Most argued a g a i n s t  t h e  
c r e a t i o n  of any more waste .  Some ment ioned solar power as t h e  way to meet t h e  
c o u n t r y ' s  ene rgy  needs;  o t h e r s  s u g g e s t e d  c o n s e r v a t i o n ,  t r an smu ta t i on ,  rocke t -  
i n g  t h e  was te  i n t o  t h e  s u n ,  l e a v i n g  i t  where it is, and send ing  it to Alaska. 
One pe r son  a s s e r t e d  t h a t  t h e r e  is no s a f e  way to d i s p o s e  of nuc l ea r  waste .  

Eleven o f  t h e  t h i r t y - s i x  l e t t e r s  exp re s sed  some degree  of app rova l  o f  t h e  
WIPP, i n c l u d i n g  s i x  who were w i l l i n g  to l e a v e  t h e  d e c i s i o n  to t h e  e x p e r t s .  

F i v e  of  t h e  l e t te rs  were n e u t r a l .  

The p r i n c i p a l  q u e s t i o n s ,  i s s u e s ,  and s u g g e s t i o n s  coming o u t  o f  t h e s e  
mee t i ngs  and t h e s e  l e t t e r s ,  and t h e  s e c t i o n s  of t h i s  DEIS where t hey  are t aken  
up a r e  l i s t e d  below. A breakZown of  t h e  comments i n  t h e  36 le t ters  and a 
c o r r e l a t i o n  w i t h  p o s i t i o n s  a g a i n s t ,  f o r ,  o r  n e u t r a l  to t h e  WIPP a r e  g iven  i n  
T a b l e  14-1. 

1. Feed f o r  n u c l e a r  power. Those speak ing  o r  w r i t i n g  a g a i n s t  t h e  WPPP 
are u s u a l l y  a g a i n s t  n u c l e a r  power and nuc l ea r  weapoas and q u e s t i o n  
t h e  need f o r  g e n e r a t i n g  any was t e  a t  a l l .  Those f o r  t h e  WIPP ci te  
t h e  need f o r  n u c l e a r  power. T h i s  DEIS does  n o t  speak to t h e  need f o r  
n u c l e a r  power because  it is o u t s i d e  its scope;  i n s t e a d  t h i s  document 
cites t h e  e x i s t e n c e  now of l a r g e  q u a n t i t i e s  of was te  t h a t  need to be  
d i sposed  of  permanent ly .  

2. T r a n s p o r t a t i o n .  Many of t h e  opponents  o f  t h e  WIPP a s s e r t  t h a t  a cc i -  
d e n t s  a r e  c e r t a i n  and t h a t  a c c i d e n t s  w i l l  r e l e a s e  l a r g e ,  dangerous  
amounts of  r a d i o a c t i v i t y  . Some pe r sons  q u e s t i o n  r o u t i n g ,  and t h e  
S t a t e  q u e s t i o n s  t h e  adequacy of  roadbeds w i t h i n  t h e  S t a t e .  Acc iden ts  
a r e  t r e a t e d  i n  t h i s  DEIS i n  S e c t i o n  6.7. The adequacy of  shipment 
sys tems  has  a l r e a d y  been t h e  s u b j e c t  of an  NEPA p roces s  r e p o r t e d  i n  
a document i s s u e d  by t h e  NRC (1977) .  S h i p e n t  systems a r e  a l s o  ex- 
amined i n  Chap t e r  6 of  t h i s  DEIS. 

3 .  I n su rance .  Th i s  m a t t e r  u s u a l l y  z r i s e s  i n  t h e  c o n t e x t  of  t r an spo r -  
t a t i o n  a c c i d e n t s  and is r a i s e d  by opponents  of t h e  WIPP. Of t en  c i t e d  
is t h e  e x c l u s i o n  of  such  coverage  i n  home-owner i n su rance  -policies. 
The m a t t e r  is t r e a t e d  e l s ewhe re  i n  t h i s  chap t e r :  i n su r ance  f o r  loss 
e i t h e r  d u r i n g  o p e r a t i o n s  o r  d u r i n g  t r a n s p o r t a t i o n  is a s s u r e d  by t h e  
government. 



4. ::inera1 resources. As stated elsewhere in this DEIS (Sections 7.2.7, 
9.1.4, 9.2.4, 10.2, and 11.2), development of the WIPP will leny 
access to some oil and gas and to some potash minerals. 

5. Xetrieval. If waste for any reason has to be removed from the WIPP, 
transportation risks will be incurred anew, and there is a question 
about where it can be taken next. Retrieval methods and impacts are 
discussed in Section 8.11. This document does not specifically 
address the question of further transportation risks, but they are 
essentially identical with those involved in transferring waste to 
the KIPP. The Interagency Review Group recommends that regional 
repositories be set up (IRG, 1979, p. 51); waste removed from the 
WIPP would be sent to one of the other repositories. 

6. Ilonitoring. This issue is principally raised by the State, who wish 
to know in detail what the plans are for the operational and post- 
cperational periods. The matter is discussed, so far as present 
plans permit, in Appendix J. 

7. Socioeconomics. The questions are about the economic impacts of the 
WIPP on southeastern New Mexico, the number of jobs, population 
changes, pressures on community facilities, etc. These matters are 
discussed in Section 9.4. Also asked is whether Federal impact funds 
will be available. This matter is not settled. 

8. Dissolution. There are numerous dissolution features in southeastern 
New ZYlexico. Anderson (1978) reports deep dissolution (sol'ution from 
below) in Texas to the south. These facts suggest dangers to the 
long-term integrity of the WIPP. The matter is discussed in Sections 
7.3.4 and 9.5.1. The conclusion is that the processes involved are 
too slow to affect the integrity of the WIPP. 

9. Brine and gas pockets. The public sometimes attributes the abandon- 
ment of the first site in the Delaware basin to a brine pocket en- 
countered by a drill hole in the Castile Formation. Anderson (1978) 
speaks also of gas pockets in the Salado Formation. The matter is 
discussed in Section 7.2, and it is concluded that they do not 
present a hazard to the WIPP. 

10. Yore sites in Mew Mexico? There are two questions involved here, 
whether the existence of the WIPP will attract other related industry 
and whether other repositories will be developed nearby. These 
questions are not Ziscussed in this DEIS, as they are too speculative 
to admit of definite answers. 



Table 14-1. Issues Brought up in Letters of Comment 

Issue 
Mentioned by those Total 

Against For Neutral mentions 

Need for nuclear power 
Transportation risks 
Insurance against accidents 
Mineral resources 
Retrieval 
Mon i tor i ng 
Socioeconomics 
Dissolution 
Brine and gas pockets 
More sites in New Mexico? 

Letter No. 34 includes, among other things, a statement of the State of 
New Mexico policy on nuclear waste disposal: "The state's principal objective 
is to assure that the WIPP proposal is consistent with the economic, social, 
environmental, and public health interests of its citizens. The basic goal of 
the state is to become sufficiently well informed of the implications of waste 
disposal in New Mexico so that an intelligent choice can be made regarding the 
project." In this context the State has adopted certain policy positions and 
proposes certain implementation measures. These include: 

state right of concurrence 
~icensing by the NRC 
Federal responsibility for accidents 
An independent evaluation by the State 
State monitoring of waste-disposal activities 
Insistence on technical conservatism 
Insistence on retrievability until shown safe 
Insistence on retrievability of spent fuel for reprocessing 
Insistence on a full transportation analysis 
Concern over existing DOE burial grounds 
Possible other Federal investments 
Compensation for losses oE revenue 
Rail and road bypasses around New Mexico communities 



REFERENCES FOR CHAPTER 14 

Anderson, R. Y., .1978. Deep Dissolution of Salt, Northern Delaware Basin, 
New Mexico, University of New Mexico (written under contract with Sandia 
Laboratories). 

IRG, 1979. Report to the President by the Interagency Review Group on Nuclear 
Waste Management, TID-29442, U.S. Department of Energy, Washington, D.C. 

Nielsen, J., 1976. An Archaeological Reconnaissance of a Proposed Site for 
the Waste Isolation Pilot Plant (WIPP), SAND77-7024, Sandia Laboratories, 
Albuquerque, N.M. Reprint of An Archaeological Reconnaissance of Sandia 
Laboratories' Los Medanos Nuclear Waste Disposal Facility, Eddy County, 
New Mexico, same author. Agency of Conservation Archaeology, Eastern New 
Mexico University, Portales. 

NRC (U.S. Nuclear Regulatory Commission), 1977. Final Environmental Statement 
on the Transportation of Radioactive Material by Air and Other Modes, 
NUREG-0170, Vols. 1 and 2. 



actinide 

activity 

An element in the series beginning with element 89 and 
continuing through element 103. All the transuranic 
nuclides considered in this document are actinides. 

A measure of the rate at which a material emits nuclear 
radiation, usually given in terms of the number of nuclear 
disintegrations occurring in a given length of time. The 
unit of activity used in this document is the curie (Ci). 

alpha par ti cle A positively charged particle emitted in the radioactive 
decay of certain nuclides. Made up of two protons and two 
neutrons bound together, it is identical to the nucleus of 
a helium atom. It is the least penetrating of the three 
common types of radiation--alpha, beta, and gamma radiation. 

anhydr i te 

annealing 

A mineral consisting of anhydrous calcium sulfate: CaS04. 
It is gypsum without its water of hydration and is harder 
and less soluble than gypsum. 

Originally, to heat and cool again slowly to soften glasses 
or metals. In this document, to heat to the point where 
imperfections disappear. 

anticline A fold of rocks whose core contains the stratigraphically 
older rocks; it is convex upward. 

B (shipment type) A classification (10 CFR 71) of shipments of radioactive 
material depending on the amount of radioactivity con- 
tained; broadly characterized, type B shipments contain 
more radioactivity than type A shipments of similar radio- 
activity and potential hazard. Federal regulations also 
specify standards for the packaging of shipments according 
to type . 

background 
(radiation) 

bare waste 

basalt 

bedded salt 

beta particle 

biological 
half-life 

Radiation in the human environment from naturally occurring 
elements, from cosmic radiation, and from fallout. 

High-level waste that is not enclosed in a canister; such 
waste will be used in some experiments in the WIPP. 

A dark igneous rock, usually formed as lava flows. 

Consolidated layered salt separated from other layers by 
distinguishable planes of separation. 

A negatively charged particle emitted in the radioactive 
decay of certain nuclides; a free electron. 

The time required for an organism to eliminate half the 
amount of a radionuclide ingested or inhaled. 



brine inclusion 

canister 

Capitan Reef 

Carlsbad Potash 
District 

cask 

Castile Formation 

chain reaction 

clastic rock 

commercial waste 

contact-handled 
waste 

containment 

contamination 

control zone 

A small opening in a rock mass (salt) containing brine; 
also the brine included in such an opening. Some gas is 
often also present. 

As used in this document, a container for remote handled 
waste, spent fuel, or high-level waste, usually cylindri- 
cal. The waste will remain in this canister during and 
after burial in salt. A canister affords physical con- 
tainment but not shielding; shielding is provided during 
shipment by a cask. 

A fossil limestone reef of Permian age that rings the 
Delaware Basin except in the south. 

The area east of Carlsbad and north and west of the WIPP 
site formally designated by the U.S. Geological Survey as 
having potentially economic grades of potash mineralization. 

A massive shipping container providing shielding for highly 
radioactive materials and holding one or more canisters. 

A formation of evaporite rocks (interbedded halite and 
anhydrite) of Permian age that immediately underlies the 
Salado Formation in which it is proposed that the WIPP 
reference repository be built. 

A reaction that stimulates its own repetition. In a 
fission chain reaction, a fissionable nucleus absorbs a 
neutron and splits, releasing additional neutrons. A 
fission chain reaction is self-sustaining when the number 
of neutrons released equals or exceeds the number of neu- 
trons lost by escape from the system or by non-fission 
absorption. 

Rock made up of broken fragments of preexisting rocks. 

Nuclear waste deriving from commercial sources. These are 
principally power reactors, but also include research 
laboratories and medical facilities. 

Waste that does not require shielding other than that pro- 
vided by its container. 

The retention of radioactivity within a system to the ex- 
clusion of its release to the biosphere in unacceptable 
quantities or concentrations. 

Undesirable radioactive material present on outside sur- 
faces. This contamination can be either transferrable or 
fixed. Radiation penetrating the walls of a waste package 
from within is not contamination. 

At the WIPP, one of four areas of land whose use is 
governed by controls and restrictions. 



creep closure 

criticality 

critical mass 

Culebra dolomite 

decay, 
radioactive 

decommissioning 

decontamination 

decontamination 
factor (DF) 

defense waste 

Delaware basin 

diapir 

disposal 

Closure of underground openings, especially openings in 
salt, by plastic flow of the surrounding rock under litho- 
static pressure. 

The state of a mass of fissionable material when it is 
sustaining a chain reaction. 

The smallest mass of fissionable material that will support 
a self-sustaining chain reaction. The critical mass de- 
pends on its shape and the nature of the surrounding mate- 
rial because these influence the ease with which neutrons 
can escape and the likelihood that they will be reflected 
back in the mass. 

A layer of dolomite within the Rustler Formation that is 
locally water-bearing. 

The decrease in the number of radioactive nuclei present in 
a radioactive material due to their spontaneous transmu- 
tation. Also, the transmutation of a radionuclide into 
another nuclide by the emission of a charged particle. 

The process of removing a facility from operation. It is 
then mothballed, entombed, decontaminated and dismantled, 
or converted to another use. 

The removal of unwanted material (especially radioactive 
material) from the surface or from within another material. 

The reduction in radionuclide concentration or surface- 
level activity resulting from filtering or cleaning, 
measured as the ratio of activity before and after 
filtering or cleaning. 

Nuclear waste deriving from the manufacture of nuclear 
weapons and the operation of naval reactors. Associated 
activities such as the research carried on in the weapons 
laboratories also produce defense waste. 

An area in southeastern New Mexico and adjacent parts of 
Texas where a sea deposited large thicknesses of evaporites 
some 200 million years ago. It is partially surrounded by 
the Capitan reef. 

A geologic flow structure, either a dome or an anticline, 
in which overlying rocks have been ruptured by the flow 
upwards of a plastic core material such as salt. 

In this document, permanent disposition of waste in a 
repository. Use of the word "disposal" often implies no 
expected need for later retrieval. It also implies a mini- 
mal need for surveillance. 



dissolution 
front 

dolomite 

dome 
(breccia pipe) 

dome, salt 

dose (radiation) 

dose commitment 

dose equivalent 

I 

dose equivalent 
commitment 

The boundary of a geologic region within which salt is dis- 
solving. In this document, the term particularly refers to 
the wedge-like leading edge of dissolution at the interface 
between the Rustler and the Salado Formations. 

A sedimentary rock consisting mostly of the mineral dolo- 
mite !CaMg(C03)2]. It is commonly found with lime- 
stone and usually is formed from limestone by replacement 
of calcium by magnesium. 

A type of hill found near the WIPP reference site; under at 
least some of these hills lies a zone of breccia (rock re- 
constituted from coarse rock fragments). 

A diapiric or piercement structure with a central, nearly 
circular salt plug, generally one to two kilometers in 
diameter, that has risen through the enclosing sediments 
from a deep mother bed of salt. 

A general term indicating the amount of energy absorbed per 
unit mass from incident radiation. The standard unit of 
dose to humans is the rem. 

In this document, a less formal expression meaning dose 
equivalent commitment. 

The product of absorbed dose and modifying factors that 
take into account the biological effect of 'the absorbed 
dose. While dose includes only physical factors, dose 
equivalent includes both physical and biological factors 
and provides a radiation-protection scale applicable to all 
types of radiation. Units are rem for an individual and 
man-rem for a population group. 

The total dose equivalent that results from an intake of 
radioactive materials during all the time from the intake 
to death of the organism. For humans the dose is usually 
evaluated for a period of 50 years from the intake. Units 
are man-rem. 

dose rate The rate at which dose is delivered. 

I drift A mine passageway cut parallel to the course of a rock 
stratum. 

1 e2place~ent The material in which a repository is built and into which 
medium the waste will be placed. 

evapor i te A sedimentary rock composed primarily of minerals produced 
by precipitation from a solution that became concentrated 
by the evaporation of a solvent, especially salts deposited 
from a restricted or enclosed body of seawater or from the 
water of a salt lake. In addition to halite (NaC1) these 
salts include potassium, calcium, and magnesium chlorides 
and sulfates. 



exclosure 

fault 

fault tree 

fertile 

filter bank 

f issile 

fission 

fissionable 

fluid inclusion 

forb 

formation 
(geologic) 

gamma rays 

gamma-spectr urn 
isotopic 
analysis 

geothermal 
gradient 

getter 

A biological study site from which grazing and browsing 
animals are excluded. 

A surface or zone of rock fracture along which there has 
been displacement. 

A tree-like cause-and-effect diagram of hypothetical 
events. Analysis of fault trees is used to investigate 
failures in a system or concept. 

Describes a nuclide that can be transmuted into a fissile 
nuclide by absorption of a neutron and subsequent decay. 

An arrangement of air filters in series and/or parallel. 

Describes a nuclide that undergoes fission on absorption of 
neutrons of any energy. 

The splitting of a heavy nucleus into two approximately 
equal parts, each the nucleus of a lighter element, accom- 
panied by the release of a large amount of energy and 
generally one or more neutrons. Fission can occur sponta- 
neously, but it usually follows the absorption of neutrons. 

Describes a nuclide that undergoes fission on absorption of 
a neutron of energy over some threshold energy. 

Brine inclusion. A small opening in a rock mass (salt) 
containing brine; also the brine included in such an 
opening. Some gas is of ten also present. 

A non-woody plant that is not grass or grass-like. 

The basic rock-stratigraphic unit in the local classifi- 
cation of rocks. It consists of a body of rock (usually 
sedimentary) generally characterized by some degree of 
internal lithologic homogeneity or distinctive features. 

Short-wavelength electromagnetic radiation emitted in the 
radioactive decay of certain nuclides. G m a  rays are the 
same as gammas or gamma particles. 

Analysis of the radionuclides present in a sample by meas- 
urement of the energy spectrum of gamma radiation emitted. 

The rate of increase of temperature of the earth with 
depth. The approximate average value in the earth's crust 
is 25OC per kilometer or 1.49 per hundred feet. 

A material that selectively sorbs and holds particular 
nuclides. 



glove box 

gross alpha 

gross beta 

Gulf interior 
salt dome 
region 

half-life 

halite 

Hanfotd Site 

health physics 

high-level waste 

hundred-year 
storm 

hydraulic 
conductivity 

hydraulic 
gradient 

A sealed box in which workers, remaining outside and using 
gloves attached to and passing through openings in the box, 
can safely handle and work with radioactive materials. 

The total rate of alpha particle emission from a sample, 
without regard to energy distribution or source nuclide. 

The total rate of emission of beta particles from a sample, 
without distinguishing energy distributions or source 
nuclides. 

A region in northeastern Texas, northern Louisiana, and 
central Mississippi containing several hundred salt domes. 
Salt domes near or under the Gulf of Mexico are not in- 
cluded. (See map in Figure B-4.) 

A mineral consisting of hydrous calcium sulfate: 
CaS04-2H20. It is soft and, when pure, is white. 

The time required for the activity of a group of identical 
radioactive nuclei to decay to half its initial value. 

The mineral rock salt: NaC1. 

A 580-miZ DOE reservation in southcentral Washington near 
the Columbia River. The nearest city is Richland, 
Washington. 

The science concerned with the recognition, evaluation, and 
control of health hazards from ionizing radiation. 

Nuclear waste resulting from reprocessing of spent fuel. 
Discarded, unreprocessed spent fuel is also high-level 
waste. It is characterized by intense, penetrating radi- 
ation and by high heat-generation rates. Even in protec- 
tive canisters, high-level waste must be handled remotely. 

A storm that, on a statistical basis, is only expected to 
recur once every hundred years. 

A quantity defined in the study of groundwater hydraulics 
that describes the rate at which water flows through an 
aquifer. It is measured in feet per day or equivalent 
units. It is equal to the hydraulic transmissivity divided 
by the thickness of the aquifer. 

A quantity defined in the study of ground-water hydraulics 
that describes the rate of change of head with distance of 
flow. 



h y d r a u l i c  H y d r a u l i c  p r e s s u r e  c o r r c c t e C  f c r  t h s  p o t e n t i a l  encrgy of  
p o t e n t i a l  ( o r  e l e v a t i o n .  I n  an z q u i f e r  i t  is e u u i v a l e n t  t o  t h e  h i g h e s t  
h y d r a u l i c  head)  l e v e l  of a  co lunn  of water  t h a t  t h e  p r e s s u r e  i n  th-. aqui-  

f e r  w i l l  s u p p o r t .  I t  is >ez?surcc7. r e l a t i v c  t o  2 specified 
l e v e l ,  i n  t h i s  document s e a  l e v e l .  

h y d r o f r a c t u r e  A p r o c e s s  o f  producing underground open ings  hy i n j e c t i o n  of  
f l u i d s  ( u s u a l l y  w a t e r )  a t  p r e s s u r e s  g r e a t e r  t han  t h e  weight  
o f  t h e  o v e r l y i n g  rock and s o i l .  

i n  s i t u  I n  t h e  n a t u r a l  o r  o r i g i n a l  p o s i t i o n .  The ph ra se  is used i n  
t h i s  document t o  dis t inguis i - ,  i n -p l ace  e x p e r l n e n t s ,  rzck 
p r o p e r t i e s ,  and s o  on ,  i r o n  t h o s e  i n  t h e  l a b o r z t o r y .  

i n t e n s i t y ,  A n e a s u r c  of t h e  c f f c c t s  of a c  e?.rthquake o r  humans and 
ea r t hquake  s t r u c t u r e s  a t  a  a r t i c u l a r  p l a c e .  Mot t o  be confused w i th  

magnitu?e.  

I n t e r m e d i a t e  A k in2  of  f a c i l i t y  proposed by t h e  I R G  i n  which t h e  
S c a l e  F a c i l i t y  d i s p o s a l  of up t o  1000 s p 2 n t  f u e l  a s s e n b l i e s  vou lc~  be 
( ISF)  demons t ra ted .  See  t h e  I R G ' s  own words i n  Appendix C .  

i n t e r s t i t i a l  B r i n e  d i s t r i b u t e d  i n  ve ry  sma l l  open ings  throughout  a  
b r i n e  s a l t  ? a s s .  

i on  exchange A phenomenon i n  which chemica l  s p e c i e s  i n  one phase o r  
m a t e r i a l  exchange w i th  s i m i l a r  s p e c i e s  i n  ano ther  phase.  
I n  t h i s  r e p o r t ,  i o n  exchange u s u a l l y  r e f e r s  t o  a  p a r t i c c l a r  
p r o c e s s  i n  an a q u i f e r :  t h e  exchange of  i o z s  i n  t h e  watcr  
f o r  i o n s  i n  o r  on t h e  rocks .  

i r r a d i a t i o n  Exposure t o  any form of  r a d i a n t  energy .  

ISF,  s t and -a lone  An I n t e r m e d i a t e  S c a l e  F a c i l i t y  whose s o l e  gurpose is t h e  
demons t r a t i on  of t h e  d i s p o s a l  of s p m t  f u e l .  

i s o t o p e  

l a n g b e i n i t e  

l e a c h i n g  

l i t h o s t a t i c  
p r e s s u r e  

A s p e c i e s  of atom c h a r a c t e r i z e d  by t h e  c o n s t i t u t i o n  of i ts 
nuc l eus  and hence by t h e  number o f  p r o t o n s  and t h e  number 
o f  neu t rons  i n  it. I n  most i n s t c n c e s  an e l e s e n t  can e x i s t  
a s  any of s e v e r a l  i s o t o p e s ,  ? i f f  e r  i ng  i n  t h e  nunber of neu- 
t r o n s ,  bu t  n o t  t h e  nunber o f  p r o t o n s ,  i n  t h e i r  n u c l e i .  
I s o t o p e s  can be e i t h e r  s t a b l e  i s o t o p e s  o r  rzc l ioac t ive  i so -  
t o p e s  ( a l s o  c a l l e d  r a d i o i s o t o p e s ) .  

A m i n e r a l ,  X2Xg2 ( S 0 4 )  3 ,  used i n  t h e  f e r t i l i z e r  
i n 2 u s t r y  a s  a sou rce  c f  ~ o t a s s i m  s u l f a t e .  

The p r o c e s s  of e x t r a c t i n g  a  s o l u b l e  component from a s o l i d  
by t h e  p e r c o l a t i o n  of a s o l v e n t  ( i n  t h i s  r e p o r t ,  wa te r )  
th rough  t h e  s o l i d .  

Underground p r e s s u r e  due t o  t h e  weigh t  of ove r ly ing  rock o r  
s o i l .  



- - - - -  

L o s  Kedanos L i t e r a l l y ,  " l i t t l e  s a n d  b a r s "  i n  S p a n i s h .  I n  t h i s  r e p o r t ,  
t h e  a r e e  s u r r o u n d i n g  t h e  s i t e  p r o p o s e d  f o r  t h e  WIPP 
r e f  e r z n c e  r e p o s i t o r y .  

magni tude  , A a e a s u r e  o f  t h e  t o t a l  e n e r g y  r e l e a s e d  by an e a r t h q u a k e .  
e a r t h q u a k e  ?lot to be c o n f u s e d  w i t h  i n t e n s i t y .  

man- r  em A u n i t  of  p o p u l a t i o n  close. 

m a t r i x ,  w a s t e  The n a t e r i a l  i n  which r a 2 i o a c t i v e  ~ u c l e a r  w a s t e  is encap- 
s u l a t e d .  A s  used f r e q u e n t l y  i n  t h i s  document ,  t h e  term 
r e f e r s  to t h e  m a t e r i a l ,  l i k e l y  to be a  g l a s s ,  e n c a p s u l a t i n g  
r e p r o c e s s e d  h i g h - l e v e l  waste and c o n t a i n e d  i n  a  c a n i s t e r .  

? : c r c a l l i  A s c a l e  G£ n e a s u r e m e n t  of  e a r t h q u a k e  i n t e n s i t y .  
i n t e n s i  t;r 

mine? m a t e r i a l s  The r c c k  s a l t  2nd o t h e r  n a t u r a l  m a t e r i a l s  b r o u g h t  up to t h e  
ground s u r f a c e  e u r i n g  min ing .  

Mash Draw A s h a l l o w  5-mile-wide v a l l e y  open  t o  t he  s o u t h w e s t  l o c a t e d  
to  t h e  west of t h e  WIPP r e f e r e n c e  s i t e .  See  map i n  F i g u r e  
7-15. 

n s t u r a l  R a d i a t i o n  i n  t h e  human env i ronment  f rom n a t u r a l l y  o c c u r r i n g  
backqrcund  e l e m e n t s  as$ from c o s n i c  r a d i a t i o n .  
r a l i a t i o n  

Mevala T c s t  S i t e  An a r e a  i n  C l a r k  and Mye C o u n t i e s  i n  s o u t h e r n  Nevada d e d i -  
(IlTS) c a t e e  to  t h e  unc~erground  t e s t i n g  o f  n u c l e a r  weapons. The 

n e a r e s t  l a r g e  c i t y  is Las  Vegas,  Nevada. 

n u c l i d e  I s o t c p e  . 
r u c l i d e  i n v e n t o r y  A l ist  of t h e  k i n d s  and m o u n t s  of r a d i o n u c l i d e s  i n  a  

( r a ? , i o ~ u c l i ~ . e  c o n t a i n e r .  Amounts a r e  u s u a l l y  e x p r e s s e d  i n  a c t i v i t y  
i r v e z t o r y )  u n i t s :  c u r i e s  o r  c u r i e s  p e r  u n i t  volume. 

orcler o f  A fc ic to r  of  t e n .  When a  measurement is c a d e  w i t h  a r e s u l t  
nagn i t u l e  s u c h  a s  3 x l o 7 ,  t h e  e x p o n e n t  o f  1 0  ( h e r e  7 )  Is t h e  o r d e r  

of  n z q n i t u d e  of t h a t  measurement.  To s a y  t h a t  t h i s  r e s u l t  
is known to w i t h i n  an o r Z e r  of n a g n i t u d e  is t o  s a y  t h a t  t h e  
t r u ?  v z l u e  l i e s  bet:!een ( i n  t h i s  example)  3 x l o 6  and  
3 x 108.  

c v e r  cor i ng 

o v e r p a c k  

A p r c c c s s  f o r  rcrnoving w a s t e  from its S u r i z l  i n  s a l t  by 
e x t r a c t i n g  s c y l i n d e r  of  s a l t  t h a t  s u r r c u n z s  and  c o n t a i n s  
t h e  was te .  

A c o n t a i n e r  ~ u t  a r o u n d  a n o t h e r  c o n t a i n e r .  I n  t h e  WIPP, 
o v e r T x k s  v l l l  be use?  on danaged o r  o t h e r w i s e  c c n t a m i n a t e d  
drums, boxes,  zn? c a n i s t e r s  t h a t  i t  is n o t  p r a c t i c a l  to  de- 
c o n t a n i n a t e .  



packer 

Par adox basin 

Pasquill 
Stability 
Category 

permeability 

Permian basin 

point source 

population dose 

Ra2iation 
Protection 
Gui 8e 

radiolysis 

reference 
proposal 

reference 
repository 

reference site 

A device used in drilled holes to isolate geological strata 
from one another in order to carry out hydrologic studies 
of particular formations. 

A 10,000-square-mile area in southeastern Utah and south- 
western Colorado underlain by a series of salt-core anti- 
clines. See Figure 5-3. 

Relates atmospheric stability to the dispersion of an 
effluent plume. These categories range from A (extremely 
unstable: a plume will $isperse rapidly) to F (moZerately 
stable: a plume will not appreciably Sisperse). 

Equivalent to hydraulic conductivity. 

A region in the Central Unites States where, during Permian 
times 280 to 225 million years ago, there were many shallow 
seas that laid down vast beds of evaporites. The Delaware 
Basin is a part of the Pernian Basin. See figure 3-1. 

A source of efflu~nts that is small enough in dimensions 
that it can be treates as if it were a ~ i n t .  The converse 
(not used in this docunent) is a diffuse source. A point 
source can be either a continuous source or a source that 
emits effluents only in puffs or for a short time. 

The sun of the radiation doses receive2 by the in2ividual 
members of a population. 

The officially determine? radiation ?oses thzt shculS 2ot 
be exceeded without careful consideration. These stan& 
arda, originally set forth by the ICRP and the YCRP are cow 
part of EPA regulations. They are equivalent to what were 
formerly calle6 Ilaximm Permissible Exposures. 

Chemical decomposition by the action of radiation. 

Short for radioactive waste. 

In this Zocument, the WIPP reference repository at t3e ref- 
erence site, 2s described in Section 2.3. 

In this i!ocanent, a proposed repositciy for certain types 
of ruclear waste in scutheastern Meor :exico. It a26 the 
p r o ~ s e d  reference site (q. v. ) have been stufiec! an? m a -  
lyzei! in &?tail 2nd zre therefore the reference base ce-- 
parativz analysis of altcrnzitives. 

In this focmcnt, a 30-square-nile site in southeastern E!ew 
Mexico, 25 ailes east of Carlcbac, in terns of which t h ~  
reference repositcry k s  been eesigced znc! analyzee. 



remotely handled 
waste 

repository 

reprocessing 

retrievable 

risk 

Rustler Fornation 

Salina region 

Salado Formation 

Salt Vault , 
Project 

San Simon Sink 

San Simon Swale 

scenar io 

A unit of individual dose equivalent. 

Waste that requires shielding in addition to that provided 
by its container in order to protect people nearby. 

A facility for the storage or disposal of radioactive waste. 

The process by which spent fuel from a reactor is separated 
into waste inaterial and uraniun and plutonium to be reused 
as nuclear fuel. 

Describes storage of radioactive waste in a manner designed 
for recovery without loss of control or release of radio- 
activity. 

The product of probability and consequence. In this re- 
port, the radioactive risk of a scenario is the population 
dose resulting from that scenario multiplied by the proba- 
bility that the scenario will actually occur. 

The evaporite beds, including mudstones, of probable 
Permian age that immediately overlie the Salado formation 
in which the WIPP disposal levels are proposed to be built. 

A region in Michigan, Ontario, Ohio, West Virginia and New 
York underlain by extensive bedded salt of Paleozoic age. 
The region is divided into the Michigan and Appalachian 
basins. See Figure B-2. 

The evaporite formation of Permian age within which it is 
proposed to dispose of wastes at the WIPP reference reposi- 
tory. 

A field experiment carried out by ORNL between 1965 and 
1967 in an abandoned salt nine at Lyons, Kansas. Its pur- 
pose was to demonstrate the feasibility and safety of the 
concept of einplacing high-level waste in salt, to demon- 
strate equipment and techniques for handling packages of 
highly radioactive solids, and to secure data for the de- 
sign of an actual disposal facility. Its results are 
reported in Bradshaw and McClain (1971). 

The central, most depressed area of San Simon Swale. 

A broad depression about 15 miles east of the WIPP refer- 
ence site, open to the southeast. See Figure 2-2. 

A particular chain of hypothetical circumstances that 
could, in principle, release radioactivity from a 
repository. 

gloss-lo 



sec to r ,  economic 

Seismic R i s k  Zone 

s h a f t  

s h a f t  p i l l a r  

sorpt ion 

source term 

s p e c i f i c  a c t i v i t y  

spent f u e l  

s torage 

s torage pool, 
spent fue l  

study area 

s y l v i  t e  

thermal excursion 

A d i s t i n c t i v e  par t  of the economy of a geographical region, 
defined by a standard inzus t r i a l  c l a s s i f i ca t ion  scheme. 
O n e  such s c h e ~ e  defines "major" sectors  and divides then 
in to  subsectors;  for example, the major sector  "trac3e" con- 
t a in s  the  subsectors "wholesale trade" and " r e t a i l  trade." 
Another c l a s s i f i ca t ion  scheme spec i f ies  "primary" and "sec- 
ondary" sectors ;  the c r i t e r ion  for including a sector  in  
the primary c l a s s i f i ca t ion  i s  tha t  i t s  l eve l  of a c t i v i t y  be 
generally not controlled by the level  of economic a c t i v i t y  
i n  the region; a primary industry, i n  other words, produces 
goods and services  for export from the region. 

A 2esignation of a geographic region expressing the maximum 
in t ens i ty  of earthquakes tha t  could be expected there.  

A man-made hole, e i t he r  ve r t i ca l  or s teeply incl ined,  t ha t  
connects the surface with the underground workings of a 
mine. 

The cy l indr ica l  volume of rock around a s h a f t  from which 
major underground openings are  excluded in  order tha t  they 
not weaken the shaf t .  

The binzing on a microscopic scale  of one substance t o  
another, such as by adsorption or ion exchange. In the 
WIPP context,  the word i s  especially used in  the sorption 
of so lu tes  onto aquifer so l ids .  

The kinds and amounts of radionuclides t h a t  make up the 
source of a po ten t ia l  release of radioact ivi ty .  See 
nuclide inventory. 

Radioactivity per u n i t  weight of radioactive material .  

Nuclear-reactor fue l  t h a t ,  through nuclear react ions ,  has 
been enough depleted of f i s s i l e  material  t o  require i ts  
removal from the reactor.  

Temporary disposi t ion in  a repository. Use of the word 
storage implies keeping open the poss ib i l i t y  of re t r iev ing  
t h e  waste for reprocessing, for moving i t  elsewhere, e tc .  
Storage usually i np l i e s  the need for continued surveil lance.  

A water-fi l led and cooled basin in  which spent fue l  i s  
stored before being sent away for  reprocessing or disposal.  

The  region about the WIPP reference s i t e  studied i n  the 
evaluation of t ha t  s i t e .  

A mineral, KC1, used as a f e r t i l i z e r .  

A t rans ien t  change i n  temperature or in heat output.  



thermal field 

thermal gradient 

transmissivity, 
hydraulic 

transuranic 
nuclide 

TXU waste 

tuff 

wind rose 

The field or set of temperatures throughout a volume. Use 
of the term usually connotes temperatures that differ from 
point to point. 

The rate of change of temperature in the direction of in- 
creasing temperature. 

I 

A quantity &fined in the study of ground-water hydraulics 
that describes the rate at which water may be transmitted 
through an aquifer. It is measured in ft2/day or equiva- 
lent units. 

A nuclide with an atomic number greater than that of 
uranium (92) . All transuranic nuclides are produced 
artiEicially and are radioactive. 

Waste with specific transuranic alpha activity of 10 nCi/g 
or greater. This waste can vary greatly in its specific 
gamna activity. 

A rock Eormed of compacted volcanic ash and dust. It is 
usually porous 2nd often soft. 

A (:.Lagram showing the distribution with direction of the 
frequency and/or speed of the wind. 



Abbreviations and Acronyms 

AACC 
ACGIH 
AEC 
AFR 
AMAD 
AMP 
AMS 
ANSI 
AQCR 
ARMS 
A m  

AUM 

BBER 

3 u.1 
BOD 

CAB 
C FR 
CH 

DEIS 
DOE 
DO1 
DOT 

EAR 
ECS 
EEG 
EI S 
=.IT 
DTMU 
EP A 
ERDA 
ESCNM 
ESSA 

FEIA 
FR 
FRA 
FIqPCA 
FWS 

GAO 
GEI S 
GESMO 

American Association for Contamination Control 
American Congress of Government Industrial Hygienists 
U.S. Atomic Energy Commission 
Away from rezctor (spent fuel storage) 
Aerodynamic mean activity diameter 
Allotment Management Plan: a BLM term 
Aerial measuring systems 
American National Standards Institute 
Air Quality Control Region -(of EPA) 
Aerial radiological neasurement surveys 
Atomic munitions transport car (a rail car used for 

transporting CH TRU waste) 
Animal-unit month: a term used by the Bureau of Lan2 

Hanagement 

Bureau of Business and Economic Researc5, University 
of New Mexico 

Bureau of Land Management, Department of the Interior 
Biological oxygen denand 

Civil Aeronautics Board 
Code of Federal Regulations 
Contact handled; used as of low-level waste not requiring 

shielding or the facilities for handling 

Draft Environmentel Impact Statement 
U.S. Department of Energy 
U.S. Department of the Interior 
U.S. Department of Transportation 

Environmental Analysis Record: a term used by the BLM 
Environmental control system 
Environmental Evaluation Group, New Mexico 
Environmental Iinpact Statement 
Emergency me2ical technician 
Eastern New b?exico University, Portales, 1Z.M. 
U.S. Envircnmental Protection Agency 
U.S. Energy Research and Developnent AC!ninistration 
Ehployment Security Commission of Mew Kexico 
Environmental Science Services Administraticn (now replacel 

by the National Oceanic and Atmospheric Achinistration) 

Federal Housing Authority 
Federal Register 
Federal Railroad Administration 
(U.S. ) Federal Water Pollution Control Administration 
Fish and Wildl i fe  Service, Department of the Interior 

General Accounting Office 
Generic Environmental Inpact Statement 
GEIS on mixed oxide fuels 



HEPA 
HIAP 
x LIV 
EUD 

LASL 

IlAAQS 
PIAS-NRC 
MCC 
NCRP 
N EPA 
mlI3M&MR 
NMDFA 
NMDGF 
N E E  I 
NMEID 
EJMHD 
NO AA 
NO S 
El PDES 
NRC 
NTS 
NUREG 
EIWS 
!WTSP 

ORNL 
0 STP 
ow1 

I W P  
I RMA 

High-efficiency particulate air; a type of filter 
Hobbs Inchstrial Air Park 
High-level 1:raste 
U.S. Departaent of Hcusing 3rd Urban Development 

International Ninerals and Chemical Corporation 
IZaho National Engineering Laboratory 
Interagency Review Group on Nuclear Waste Management 
InterceZlate Scale Facility 

Los Alamcs Scientific Laboratory, Mew Mexico 
Projable scunf energy average 

Managerbent Framework Plan; a tern used by the BLM 
Nillion gallons per c?ay 
Modified ??ercali (scale of earthquake intensity) 
Metric tons of uraniun 

National axbiznt air quality standards 
National Aczceny of Sciences-National Research Council 
National Cliaatic Center 
Matiocal Council on Radiation Protection and Measurements 
National Environmental Policy Act of 1969 
flew klexico Bureau of Mines and Mineral Resources 
New Mexico Department of Finance and Administration 
Plew ?lexica Department of Game and Fish 
New Mexico Environmental Institute 
New Mexico Environmental Improvement Division 
New PZexico Highway Department 
National Oceanic 2nd Atmospheric Administration 
National Oceanic Survey 
National Pollution Discharge Elimination Administration 
U.S. Muclear Regulatory Commission 
Nevada Test Site 
Identifier on NRC documents 
National Weather Service; formerly U.S. Weather Bureau 
National Waste Terminal Storage Program 

Office of fluclear Waste Is~lation, Battelle Nemorial 
Institute, Columbus, Ohio 

Oak Ridge National Laboratory, Tennessee 
Off ice of Science and Technology Policy 
Office of Waste Isolation, Union Carbide Corporation, 

Oak Ridge, Tennessee 

Public Law 
Parts per million 
Pressurized-water reactor 

Remotely handled; used as of waste requiring shielding or 
of waste containers or waste-handling facilities 

3ocky Flats Plant, Denver, Colo. 
Recreational market area 



RPG 
RWMC 

s cfm 
SCS 
SPL 
S PSC 
SRP 

TDS 
TLD 
TRU 

URA 
USAEC 
USBM 
USC 
USDA 
USDI 
U SEPA 
USERDA 
USGS 
USNRC 

WACSC 
WIPP 
WI SAP 

Radiation Protection Guide 
Radioactive Waste Management Complex at the Idaho National 
Engineering Laboratory 

Standard cubic feet per minute 
Soil Conservation Service, Department of Agriculture 
Sound-pressure level 
southwestern Public Service Company 
Savannah River Plant, South Carolina 

Total dissolved solids 
Thermoluminescent dosimeter 
Transuranic; refers to nuclides beyond uranium in the periodic 

table 
Transuranic Storage Area at Idaho National Engineering 
Laboratory 

Township 22 South, Range 31 East 

Unit Resource Analysis; a term used by BLM 
United States Atomic Energy Commission 
United States Bureau of Mines 
United States Code (of laws) 
United States Department of Agriculture 
United States Department of the Interior 
United States Environmental Protection Agency 
United States Energy Research and Development Administration 
United States Geological Survey 
United States Nuclear Regulatory Commission 

Waste Acceptance Criteria Steering Committee 
Waste Isolation Pilot Plant 
Waste Isolation Safety Assessment Program 




