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1.0 ABSTRACT 

Se i  smic r e f l e c t i o n  data f r a n  pe t ro leum i n d u s t r y  sources showed anomalous 

r e f l e c t o r s  i n  t he  C a s t i l e  Format ion  over a  smal l  area about 3 m i l e s  n o r t h  of 

t h e  cen te r  o f  t h e  Waste I s 0 1  a t i o n  P i l o t  P l  ant (WIPP) s i t e .  A d d i t i o n a l  cor rob-  

o r a t i v e  se ismic  r e f l e c t i o n  da ta  were c o l l e c t e d  as p a r t  of WIPP i n v e s t i g a t i o n s ,  

and WIPP 11 was d r i l l e d  t o  i n v e s t i g a t e  t h e  anomaly. WIPP 11 was d r i l l e d  near 

t h e  nor thwes t  corner  o f  S e c t i o n  9, T.22.S., R.31E. i t  penetrated, i n  descending 

order,  sand dune depos i t s  and t h e  Gatuna Format ion  (29 I ) ,  Santa Rosa Sandstone 

(132 ' ) ,  Dewey Lake Red Beds (502 ' ) ,  R u s t l e r  Format ion (288 ' ) ,  Salado Format ion  

(1379 ' ) ,  andmost  o f  t h e C a s t i l e F o r m a t i o n  (1240 ' ) .  Beds w i t h i n  t h e  lower  p a r t  

o f  the Salado, and t h e  upper a n h y d r i t e  of the C a s t i l e ,  a r e  t h i n n e r  than  normal; 

these  beds ' a re  d i sp l aced  upward s t r u c t u r a l l y  by t h e  upper C a s t i l e  h a l i t e  wh ich  

i s  h i g h l y  t h i c kened  (about  9 6 8 ' ) .  The l owes t  h a l i t e  i s  t h i n  ( 5 1 ' )  and t h e  

bas a1 anhydr i  t e  was not comp le te ly  penet ra ted.  Subsequent s e i  smi c  and boreho le  

d a t a  has shown WIPP 11 t o  be i n  a s t r u c t u r a l  complex now i d e n t i f i e d  as the  

" d i  s t  urbed zone." 

The WIPP i s  a  demons t ra t ion  f a c i l i t y  f o r  t h e  d isposa l  o f  t r a n s u r a n i c  (TRU) 

waste from defense programs. The WIPP w i l l  a l so  p rov i de  a  research  f a c i 1 i t . y  

t o  i n v e s t i g a t e  t h e  i n t e r a c t i o n s  between bedded s a l t  and h i gh  l e v e l  waste, 

though t h e r e  a re  no p lans  a t  t h i s  t ime  t o  d ispose of h i g h  l e v e l  waste o r  spent 

f u e l  a t  NIPP. 



2.0 INTRODUCT I O N  

The i n t r o d u c t i o n  descr ibes background i n fo rma t i on  on t h e  WIPP and t h e  

i n v e s t i g a t i o n s  i nvol v i  ng WIPP 11. 

2.1 The Purpose o f  WIPP 

The purpose o f  the WIPP i s  d i s t i n c t  from t h a t  o f  severa l  o ther  pro- 

j e c t s  f o r  t h e  d isposa l  o f  r a d i o a c t i v e  waste. The WIPP i s  planned t o  

demonstrate d i  spos a1 techno1 ogy f o r  the  TRU waste r e s u l  ti ng f r om t h i  s  

n a t i o n ' s  defense programs o f  over  30 years. A f t e r  a  p e r i o d  ( 5  yea rs )  o f  

l i m i t e d  ( p i l o t )  ope ra t i on ,  i t  i s  a n t i c i p a t e d  t h a t  the  W I P P  w i l l  be con- 

v e r t e d  t o  a  f u l l - s c a l e  r e p o s i t o r y  f o r  permanent d isposal  of defense TRU 

waste. The WIPP p l ans  a1 so i n c l u d e  an underground research  f a c i l i t y  t o  

examine, on a  1  arqe sca le ,  t h e  i n t e r a c t i  ons between bedded s a l t  and h igh-  

l e v e l  r a d i o a c t i v e  defense waste w i t h  i t s  r e s u l t a n t  thermal and r a d i a t i o n  

f luxes .  There i s  no p l an  a t  t h i s  t ime  t o  d ispose o f  h i gh - l eve l  waste o r  

spent f ue l  i n  t h e  WIPP.  

A d d i t i o n a l  i n f o r m a t i o n  on t h e  WIPP and c h a r a c t e r i z a t i o n  of the  W I P P  

s i t e  may be found i n  Powers, e t  a1 ., (1978). 

2.2 The Purpose o f  WIPP 11 

I n  1976, under c o n t r a c t  t o  Sandi a  Labo ra to r i es ,  G. J. Long and Asso- 

c i a t e s  (1977) p rov ided  a  s tudy  o f  t h e  se ismic  r e f l e c t i o n  da ta  f o r  south- 

eas te rn  New Mexico, ava i  1  ab le  f rom var ious  i n d u s t r y  sources. From t h a t  

data, 26 se ismic  anomalies o f  v a r y i n g  types and q u a l i t y  of da ta  were i n d i -  

cated. The anomaly o f  most apparent s i g n i f i c a n c e  t o  t h e  WIPP a t  t h e  t i m e  

was i d e n t i f i e d  i n  t h e  v i c i n i t y  o f  t h e  corner  between Sec t ions  4, 5, 8, 



and 9, T.22.S, R.31E. D iscuss ions  a t  t h e  t i m e  i n f o r m a l l y  r e f e r r e d  t o  t h e  

ananaly as t h e  " se i sm ic  dropout"  because i t  showed a  l a c k  o f  coherent  

se ismic  r e f l e c t i o n s  across an area o f  perhaps 114 t o  112 m i l e .  The anom- 

a l y  appeared on severa l  d i f f e r e n t  se i sm ic  l i n e s  from var ious  data c o l l e c -  

t i o n  e f f o r t s  i n  t h e  same area, and there fo re ,  was accorded much more 

s i g n i f i c a n c e  than  a  s i n g l e  r e c o r d  would have rece ived .  The anomaly was 

judged t o  be a  t r u e  e f f e c t  o f  the geology, though no f i r m  i n t e r p r e t a t i o n  

of t h e  f e a t u r e  cou ld  be ma&. Specu la t ion  about t h e  causes ranged f r o m  

surface v e l o c i t y  e f f e c t s  t o  a  b r e c c i a  p i p e  i n  t he  subsurface. Fu r t he r  

study, p robab l y  i n c l u d i n g  d r i l l i n g ,  was judged t o  be necessary. 

I n  mid-summer 1977, a  new phase of se ismic  d a t a  c o l l e c t i o n  (Hern e t  

a1 . , 1978) was i n i t i a t e d  t o  ga ther  i n f o r m a t i o n  on severa l  se ismic  anma- 

1  i e s  on o r  ' i n  t h e  immediate v i c i n i t y  o f  the WIPP s tudy  area. I nc l uded  i n  

t h a t  program were t h r e e  se i sm ic  r e f l e c t i o n  l i n e s  ove r  t h e  apparent  loca-  

t i o n  o f  the anomaly. I n  view o f  the s t r o n g  i n t e r e s t  i n  t he  anomaly, i t  

was dec ided  t o  ask f o r  pe rm iss i on  t o  d r i l l  a  boreho le  on t h e  l o c a t i o n  

b e f o r e  t h e  new se i sm ic  d a t a  was c o l l e c t e d ,  and ERDA 11 was t h e r e f o r e  l oca -  

t e d  i n  t h e  no r t heas t  corner  o f  S e c t i o n  8, T.22.S, R.31E. I t  appeared 

t h a t  extreme i n t e r e s t  i n  the  anomaly m igh t  r e q u i r e  d r i l l i n g  be fo re  t h e  

new se i sm ic  work was completed. I n  August and September, 1977, se ismic  

r e f l e c t i o n  l i n e s  X-1, X-2 and X-9 were r u n  across the area of the " se i sm ic  

dropout ," and t h e  reco rds  conf i  rmed a  geo log i c  ananal y. Addi ti onal  i nf or-  

mat ion  on t hese  reco rds  suggested s a l t  f l ow  o r  t h i c k e n i n g  i n  t h e  C a s t i l e  

Format ion.  I n  view o f  t h e  general  d i s t u rbance  i n  t h e  se i sm ic  r e c o r d s  i n  

t h i s  area and t h e  apparent s a l t  t h i c ken ing ,  i t  was determined t o  d r i l l  

t h e  anomaly t o  see i f  b r i n e  and gas would be assoc ia ted  w i t h  t h e  s t r u c t u r e  

as i n  ERDA 6 and some o t h e r  s i m i l  ar s i t u a t i o n s .  



The new seismic da ta  i n d i c a t e d  a  p re fe rab le  d r i l l i n g  l o c a t i o n  t o  ERDA 

11; WTPP 11 was l oca ted  i n  t h e  northwest corner o f  Sect ion 9, T.22. S, 

R.31E along the l i n e  o f  X-1. I n i t i a l  p red i c t i ons  independent ly  made on 

the  basis  of t h e  geology and seismic r e f l e c t i o n  placed t h e  contact  between 

the  Rus t l e r  and Salado Formations at 975 and 950 f e e t  depth r e s p e c t i v e l y .  

Sei smic r e f 1  e c t i  on data i n d i c a t e d  s t r a t i  graphic d is turbance m i  ght he as 

s h a l l  ow as 1800 '; depth o f  3800' t o  the  Delaware Mountain Group was pre- 

d i c ted  by bo th  seismic r e f l e c t i o n  and p ro jec t i ons  of nearby geology. No 

pred i  c t i  ons o f  the 1  ower evapor i t e  s t r a t i g r a p h y  were poss ib le  w i t h  the  

seismic r e f l e c t i o n  data. 

A f t e r  WIPP 11 was completed, borehol e  g r a v i t y  1  ogs were r u n  i n  both 

ERDA 9  and WIPP 11 i n  an e f f o r t  t o  b e t t e r  understand t h e  geo log ica l  s t ruc -  

t u r e  (see Chapter 5.0). I n  add i t ion ,  t he  borehole was capped and moni- 

t o r e d  f o r  pressure changes over a  pe r iod  of several months (see Chapter 

4.0). 



3.0 GEOLOGIC DATA FOR BOREHOLE WIPP 11 

R. P. Snyder 
U.S. Geo log i ca l  Survey, Denver, CO 

3.1 Abs t rac t  

Borehole  WIPP 11 was d r i l l e d  i n  t h e  n o r t h - c e n t r a l  p a r t  o f  the  WIPP 

s i t e  i n  eas te rn  Eddy  count.^, New Mexico, d u r i n g  February  and March 1978, 

t o  exp lo re  a  s e i s m i c a l l y  i n f e r r e d  s t r u c t u r a l  anomaly. U n i t s  pene t ra ted  by 

t h e  boreho le  i n  descending o rder  are t h e  Qua te rna ry  Gatuna Format ion,  t h e  

T r i a s s i c  Santa Rosa Sandstone, t h e  Permian Dewey Lake Red Beds, R u s t l e r  

and Salado Format ions, and most o f  t h e  Permian C a s t i l e  Format ion.  The 

Sal  ado Format ion i s  t h i n n e r  a t  t h i s  l o c a t i o n  than  i n  nearby d r i l  l h o l e s .  

An unusua l l y  t h i c k  u n i t  o f  h a l i t e  i s  p resen t  i n  t h e  upper p a r t  of t h e  

C a s t i l e ,  and t he  o v e r l y i n g  a n h y d r i t e  i s  unusua l l y  t h i n .  The h a l i t e  u n i t  

i n  t h e  lower  p a r t  o f  t h e  C a s t i l e  i s  a l so  unusua l l y  t h i n .  

3.2 I n t r o d u c t i o n  

Borehole  WIPP 11 i s  an e x p l o r a t o r y  bo reho le  d r i l l e d  t o  determine t h e  

presence of an apparent  anomalous geo log i c  s t r u c t u r e  as i n t e r p r e t e d  from 

se i sm ic  r e f l e c t i o n  s t u d i e s  done by G. J. Long and Assoc ia tes  (1977). The 

bo reho le  i s  l o c a t e d  i n  t h e  n o r t h - c e n t r a l  p a r t  o f  t h e  WIPP s i t e  ( F i g u r e  1 ) .  

The e x p l o r a t o r y  d r i l l i n g  and se ismic  work were done on beha l f  of the  WIPP 

p r o j e c t  o f f i c e  of t h e  U. S. Department of Energy (DOE). 

A l l  measurements r e l a t e d  t o  t h e  d r i l l  h o l e  a re  r e p o r t e d  i n  t he  i nch -  

pound system. These u n i t s  are used t o  f a c i l i t a t e  d i r e c t  comparison of 

measurements made by su rveyors  i n  es tab1 i s h i  ng t h e  geographi  c  coo rd i  nates 

o f  WIPP 11, by d r i l l e r s  i n  r e p o r t i n g  w e l l  depths f o r  c u t t i n g s  and cores, 



and by geophysi ca l  1  oggers i n  r e c o r d i n g  i n-hol  e  v a r i a t i o n s  i n  r o c k  p roper -  

t i e s  w i t h  depth. I f  m e t r i c  u n i t s  are des i red,  t h e  f o l l o w i n g  convers ion  

f a c t o r s  should be used: 

Mu1 t i p l y  Engl i s  h  u n i t  To o b t a i n  m e t r i c  u n i t  

f o o t  ( f t )  
i nch  ( i n )  
i n c h  ( i n )  

0.3048 meter  (m) 
25.4 m i l l i m e t e r  (mm) 

2.54 cen t imete r .  (cm) 
pounds p  r square i n c h  5 0.006895 megapascal ( M P ~ )  

( l b / i n  ) 

3.3 D e s c r i p t i o n  o f  WIPP 11 

WIPP 11 i s  l o c a t e d  i n  eastern.  Eddy County, New Mexico, i n  t h e  NW 1/4 

Sec. 9, T.22S., R.31E. ( F i g u r e  1, Tab le  1).  The boreho le  was d r i l l e d  

between February  6, 1978 and March 12, 1978, t o  a  depth of 3,583 f t  meas- 

u red  f r om KB ( K e l l y  Bushing 13 f t  above 1  and sur face of 3,426.1 ft above 

mean sea l e v e l ) .  Consecut ive cores were taken from 727.0 t o  786.0, 856.0 

t o  891.0, 950.0 t o  991.0, 2,244.0 t o  3,143.8, and 3,346.7 t o  3,538.4 ft. 

C u t t i  ngs i n  t he  rema in ing  i n t e r v a l  s  were no t  described; i n t e r p r e t a t i o n  of 

t hese  i n t e r v a l s  was done us ing  geophysical  logs.  Core was logged a t  t h e  

d r i l l  s i t e  by C. L. Jones o f  the U.S. Geo log ica l  Survey (USGS) and J. L. 

Gonzales of Fen i x  and Sisson, I nc .  (F&S). 

Borehole WIPP 11 penet ra ted  s t r a t i g r a p h y  c o n s i s t i n g  o f  the  Gatuna 

Format ion o f  Qua te rna ry  age, a t  t h e  Santa Rosa Sandstone o f  T r i a s s i c  age; 

s i  1  t s t ones  and sandstones o f  the Dewey Lake Red Beds; anhydr i  te ,  do1 omi te ,  

and s i l  t s t o n e  o f  t h e  R u s t l e r  Format ion; and ha1 i te ,  po l yha l  i te ,  anhydr i  t e ,  

and mi nor s i l  t s t o n e  o f  the  Sal ado Format ion, a l l  o f  Permian age (Jones, 

1973). Below t h e  Salado Format ion t h e  boreho le  pene t ra ted  i n t o  t h e  lowes t  

a n h y d r i t e  o f  the  C a s t i l e  Format ion, c o n s i s t i n g  of t h i c k  anhydr i  t e  and 

h a l i t e  o f  Permi an age. 
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The Salado Format ion was found t o  be t h i n n e r  than  normal i n  WIPP 11. 

The d i f f e r e n c e  occurs i n  t h e  lower  o n e - t h i r d  o f  t h e  format ion. I n  t h e  

u n d e r l y i n g  C a s t i l e  Format ion t h e  upper h a l i t e  ( H I I )  i s  much t h i c k e r  than  

normal and t h e  lower  h a l i t e  ( H I )  i s  much t h i n n e r .  The h ighes t  a n h y d r i t e  

( A I I I )  i s  much t h i n n e r  than  normal; the  m i d d l e  a n h y d r i t e  ( A I I )  i s  o f  nor-  

mal th ickness .  The 1  owest anhydr i  t e  ( A I )  was no t  compl e t e l y  pene t ra ted  

by t h e  borehole.  A  d e t a i l e d  l i t h o l o g i c  d e s c r i p t i o n  o f  t he  rocks  penetra-  

t e d  by WIPP 11 i s  g i ven  i n  Table 3, and a  l i t h o l o g i c  l o g  prepared from 

the  data i n  t h a t  t a b l e  i s  shown on F i g u r e  2. 

Geophysical l ogs  were taken  t h e  f u l l  l e n g t h  of t h e  horehole.  The 

l o g g i n g  was done t o  f a c i l i t a t e  t h e  i d e n t i f i c a t i o n  and c o r r e l a t i o n  o f  r ock  

u n i t s ,  t o  a i d  i n  tcle i d e n t i f i c a t i o n  o f  y o s s  l i t h o l o g i e s  ( i .e. ,  do lomi te ,  

anhyd r i t e ,  p o l y h a l  i t e ,  and ha1 i t e ) ,  and t o  p rov ide  a  depth de te rm ina t i on  

i ndepenrlent o f  t h a t  i n d i c a t e d  by d r i l l - r o d  measurement. The geophys ica l  

l o g s  i nc l uded  ( 1 )  a  gamma-ray curve  t h a t  recorded v a r i a t i o n s  i n  t h e  d i s -  

tr i  b u t i o n  o f  p o t a s s i  urn and o the r  r a d i o a c t i v e  e lenents ,  ( 2 )  a  compensated- 

son i c  l o g  t h a t  recorded v a r i a t i o n s  i n  v e l o c i t y ,  and (3) a  p o r o s i t y  l o g  

t h a t  recorded v a r i  a t i  ons o f  p o r o s i t y  o f  t h e  var ious  rock un i  ts .  The son i c  

l o g  i s  used on F i g u r e  2 as the  s tandard  t o  c o r r e l a t e  t h e  l i t h o l o g y  w i t h  

depths. 

A  dipmeter and d i  r e c t i  onal survey o f  t he  borehol  e  p rov ides  addi ti onal 

i n f o r m a t i o n  about t h e  bedding a t t i t u d e s  and horehol  e  response. The " tad-  

po le "  p l o t s  and hundred- foot  c l u s t e r  analyses ( F i g u r e  2) i n d i c a t e  t h a t  t h e  

beds h e l m  about 2200' d i p  cons i s ten t1  y  southwest a t  a  few degrees. The 

bed a t t i t u d e  above t h i s  i n  t h e  Salado i s  not  so cons i s ten t .  The boreho le  

d i r e c t i o n a l  survey, by which t h e  d i  pmeter su rvey  was cor rec ted ,  i n d i c a t e s  

t h e  d r i l l i n g  b i t  veered i n t o  t h e  d i p  - the  boreho le  i s  more n e a r l y  normal 

t o  t h e  d i p  (F igu res  3  and 4 ) .  Th i s  behav io r  i s  expec tab le  i n  d r i l l i n g  

d i  pp i  ng s t r a t a .  

-8- 



Table 1.--Abridged borehole h i s t o r y  o f  YIPP-11 

LOCATION: Sec. 9, T. 22 S., R. 31 E. 
712 f e e t  from n o r t h  l i n e  
294 f e e t  f rom west l i n e  

ALTITUDE (LAND SURFACE) : 3,426.1 f ee t .  Datum f o r  depth measurements i n  d r i l l  i ng  and logging 
operat ions i s  3,439.1 f e e t  ( K e l l y  Bushing he igh t )  

LITHOLOGIC LOG PREPARED BY: J. L. Gonzales (FLS) and C. L. Jones (USGS), February 6, 1978 
t o  March 12, 1978. 

DRILLING CONTRACTOR: Verna D r i l l i n g  Company 

DRILLING RECORD: Comnenced d r i l l i n g  February 6,1978, and completed on March 12, 1978,at 
3,583 f e e t  below K e l l y  Bushing (3,570 f t  below l and  sur face) .  

Hole temporar i l y  abandoned pending f u r t he r  s tudies.  

Core 
No. 

Depth i n t e r v a l  ,I RPM Weight C i r c u l a t i n g  
i n  f e e t  on b i t  pressure 

( l b s )  (1  b s / i  n2) 

I n t e r v a l  Percent 
Feet Feet recovered 

cored recovered 

' ~ e p t h  and i n t e r v a l  numbers taken from d r i l l e r ' s  measurements. Some cor rec t ions  o r  changes made 
on t a b l e  3 t o  correspond t o  geophysical logs .  



Table 2 . - -S t ra t ig raph ic  sumnary o f  borehole WIPP-11--Continued 

Rock u n i t  Depth i n t e r v a l L  
Feet 

Lower member 
3 M ~  127 
3~~ 128 
3 M ~  129 
3MB 130 
3~~ 131 

3~~ 132 
3~~ 133 
3~~ 134 
3~~ 135 

3~~ 136 
3~~ 138 

3~~ 139 

3~~ 140 

3~~ 141 
3~~ 142 

3~~ 143 , 

3~ 144 

Cowden Anhydri te lCember7 
Cas t i l e  Formation 

Anhydr i te  1118 
H a l i t e  IIe 
Anhydr i te  IIe 

H a l l  t e  
Anhydr i te  Ie 

Maximum depth recorded 

'Depth i n t e r v a l  recorded from compensated neutron- format ion l og ,  depths are from Ke l l y  Bushing 
13 f e e t  above ground l e v e l .  

2Includes a r t i f i c i a l  f i l l  f o r  d r i l l  pad, unnamed sand dune depos i ts  and Gatuna Formation o f  Pleistocene age. 
3Marker bed. 
'+When on ly  one depth g iven  f o r  marker beds, i t  i s  f o r  t he  base o f  the  u n l t .  
50f Adams , 1944. 

61nformal u n i t  o f  Salado Formation. 
7 0 f  Glesey and Fulk, 1941. 

80f Anderson and others, 1972. 



Table 2 . - -S t ra t ig raph ic  sumnary o f  borehole WIPP-11 

Rock u n i t  
Depth i n t e r v a l  

Feet 

Quaternary deposi t s 2  

T r i a s s i c  rocks 

Santa Rosa Sandstone 

Permian rocks 

Dewey Lake Red Beds 
Sandstone marker 

Sandstone marker 

Rus t le r  Formation 

Magenta Dolomite Member 

Culebra Do1 m i t e  Member 

Sal ado Formati on 

Upper member 

3~~ 101 

3~~ 102 

3~~ 103 

3~~ 104 

3~~ 105 

3~~ 106 

3~~ 107 

3~~ 108 

3~ 109 

3~~ 111 

3~~ 112 

3~~ 113 

3~~ 114 

3~~ 115 

3~~ 116 

McNutt potash u n i t  

Vaca T r i s t e  Sandstone MemberS 

3MB 117 

3MB 118 

3~~ 119 

3~~ 120 

3~~ 121 

3~~ 122 

Union anhydr i te6  

3~~ 123 

3~~ 124 

3~~ 126 



Table 3.-Lfthologic description of borehole YIP P-11 

[Contacts shown on f i g .  2. Where no c o r e  o r  c u t t i n g s  are described, depths a re  taken  
f rom compensated-sonic 1 og ; c o l o r  des igna t ions  a r e  f rom t h e  Rock-Col o r  Chart 
(Goddard and others,  1 9 4 8 ) l  

L i t h o l o g i c  d e s c r i p t i o n  
Depth i n t e r v a l  

( i n  f e e t )  

Depth f rom KB t o  ground level... ... ................................ ... 
No d e s c r i p t i o n  o f  cut t ings. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Anhydri te, medium-l ight-gray @6), b recc ia ted ,  g ranu la r  

and f i b r o u s  gypsum f i l l i n g  i n t e r s t i c e s  between clasts............... 

Dolomite, 1  i ght-gray (!7), t i n t e d  w i t h  p u r p l e  and green, 
f i ne -g ra ined  t o  dense, thin-bedded and laminated, r i p p l e -  
marked and cross-laminated; d o t t e d  w i t h  gypsum porphyro- 
b l a s t s  and c r i ss -c rossed  w i t h  f i b r o u s  gypsum veins.. . . . . . . . . . . . . . . . . 

Anhydri te, medi um-1 i g h t - g r a y  (16), b recc ia ted ,  g ranu la r  
gypsum f i l l i n g  i n t e r s t i c e s  between c l a s t s . . . . . . . . . . . . . . . . . . . . . . . . . . .  

No core............................................................... 

No d e s c r i p t i o n  o f  c u t t i n g s  ............................................ 
Dolomite, medi um-1 i g h t - g r a y  (!6), e x t e n s i v e l y  f r a c t u r e d  

and so1,ution pitted....... .......................................... 
No core ( l o s t  when core  b a r r e l  1  i f t e d  t o  make connect ion)  ............. 
Shale, b lu i sh -g ray  (58 5/1), g rad ing  t o  moderate-reddish-brown 

(10L 416) s i l t y  shaTe i n  lower  2 ft.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Gypsum, gray ish-red ( 1 0 1  4/2),  coarse ly  c r y s t a l 1  ine,  a r g i l l  i c .  ........ 
No core............................................................... 

No d e s c r i p t i o n  o f  c u t t i n g s  ............................................ 
S i l t s t o n e ,  grayish-brown (5YJ 3/2), areas o f  gray ish-b lue 

( 5 E  5/2), a r g i l l  i c  sparse t o  r a r e  ha1 i t e  c r y s t a l s .  .. . . . . . . . . . . . . . .. 
No core  ( l o s t  when l i f t i n g  co re  b a r r e l  t o  make connect ion)  ............ 
H a l i t e ,  l i gh t -b rown ish-g ray  (10YJ 6/1),  a r g i l l  i c ;  few 

a n h y d r i t e  s t r i n g e r s  ................................................. 
Cl ay, moderate-reddish-brown ( 1 0 1  416) ; sparse ha1 i t e  

c r y s t a l s  ............................................................ 
Anhydr i te ,  pale-brown (5YJ 512). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Hal i t e ,  pale-brown (5YR 5/2), coarse ly  c r y s t a l  1  ine,  very 

a r g i  11 i c ;  s c a t t e r e f i t r i n g e r s  and masses o f  anhydri te..  . . . . . . . . . . . . . 
H a l i t e ,  t rans lucen t ,  coarse ly  c r y s t a l  1  ine;  1  i g h t - g r a y  (1 7) 

c l a y  decreasing downward ; sca t te red  s t r i n g e r s  and 
masses o f  anhydr i te .  ................................................ 

H a l i t e ,  t ransparent ,  coarsely  c r y s t a l  1  ine;  t r a c e  o f  
a n h y d r i t e  ........................................................... 

Hal i t e ,  1  ight-brownish-gray (5YR 6/1), very coarse ly  
c r y s t a l  1  ine ;  many anhydr i te  X r i n g e r s  and masses; brown 
c l a y  p a r t i n g  a t  974.5-974.7 ft.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

H a l i t e ,  t ransparent ,  medium- t o  coarse ly  c r y s t a l l i n e ;  t r a c e  
of anhydr i te  s t r i n g e r s  and masses ................................... 

-1 2 -  



Table 3. - - L i t ho l og i c  descr i  p t l  on of borehol e WIPP-11--Contl nued 

L i t h o l o g i c  desc r i p t i on  
Depth I n te r va l  

( i n  f ee t )  

Ha l i t e ,  t ranslucent ,  moderate-brown (5YR 414) a r g i l l  i c  
concentrat ions a long c r y s t a l  boundarFs;  minor amount 
of anhydr i te  s t r i n g e r s  and masses; c l a y  p a r t i n g  a t  
985.1-985.4 ft...................................... 984.7- 985.9 

No core............................................................... 985.9- 991.0 

No c u t t i n g s  descr ibed. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  991.0-2,244.0 

Ha l i t e ,  l i gh t - g ray  (!7), banded w i t h  medium-light-gray (N6) 
a t  0.3-0.5 ft i n t e r v a l  s, medium-crystal1 ine,  equigranuTar 
t o  very s l i g h t l y  schistose; spar ing ly  a r g i l l  i c  i n t e r v a l s  a t  
2,244.8-2,245.8, 2.249.2-2.249.4, and 2,251.5-2,253.2 f t  ............ 2,244.0-2,267.7 

Ha l i t e ,  1 ight -gray t o  medium-1 igh t -g ray  (N7-N6), medium- 
c r y s t a l  1 ine, equigranular  t o  very s l  ighny-schis tose;  
c r y s t a l  e longat ions d i p  10' f rom ho r i zon ta l  ; a rg i  11 i c ,  
as much as 2 percent c l a y  concentrated a long c r y s t a l  
boundaries.......................................................... 2,267.7-2,277.0 

Anhydri te, very 1 i g h t  gray (18), mo t t l ed  medi um-li ght-gray 
e 6 ) ,  d i ps  7O-lo0.. ................................................. 2,277 .O-2,277.2 

Hal i t e ,  1 igh t -g ray  (!7), mlnor medium-1 igh t -g ray  (N6) 
banding a t  0.2-0.4 f t  i n t e r v a l s ,  spar ing ly  a n h y f i i t i c  
and a r g i l l i c ;  few t h i n  seamlets o f  anhyd r i t e  i n  lower  
0.2 f t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2,277.2-2,284.7 

Anhydri te, very 1 i g h t  gray (N8), very f i n e l y  c r y s t a l  1 ine;  
ha1 i t i c ,  mi nor  lenses o f  hx l  i t e  and pseudomorphs a f t e r  
gypsum i n  upper 0.4 ft; a r g i l l i c  i n  lower 0.1 ft, c l a y  
p a r t i n g  a t  2,285.4 ft, d i ps  20°.... ................................. 2,284.7-2,285.5 

Ha l i t e ,  l i g h t - g r a y  (17) ,  mo t t l ed  medium-1 igh t -g ray  @6), 
medium-crystal1 ine, equigranular ,  very spar ing ly  
anhyd r i t i c  and a r g i l l  ic.. .......................................... 2,285.5-2,290.7 

Anhydri te, same as u n i t  a t  2.284.7-2.285.5 ft; l e n t i c u l a r  
h a l i t e  seamlets i n  upper ha l f  of u n i t ,  d iscont inuous 
c l a y  s t r i nge rs  i n  lower h a l f ;  d i p s  2°-30............................ 2,290.7-2,291.1 

Ha l i t e ,  same as u n i t  a t  2,285.5-2,290.7 ft; very a r g i l l i c  
a t  2,291.7-2,291.9 ft............................................... 2,291.1-2,292.8 

Anhydri te; same as u n i t  a t  2,284.7-2,285.5 ft......................... 2,292.8-2,293.2 

H a l i t e ,  same as u n i t  a t  2,285.5-2,290.7 ft; 0.1-ft  a r g i l l i c  
zone a t  2,297.2 f t  .................................................. 2,293.2-2,302.8 

No core............................................................... 2,302.8-2,303.0 

H a l i t e ,  medium-gray (15); 1 i gh t - g ray  ((7) banding a t  
i n t e r v a l s  o f  a few ten ths  o f  a foo t ;  medium-crystal l ine; 
equi g ranu la r  t o  very s l i g h t l y  schi  stose, c r y s t a l  e longa t ion  
near ly  hor i zon ta l ,  spar ing ly  a n h y d r i t i c  and a r g i l l i c ;  t h i n  .......... i r r e g u l a r  seamlets o f  anhydr i te  f rom 2,320.9 t o  2,321.5 f t  2,303.0-2,321.5 

Anhydri te, l i gh t - g ray  (N7), very f i n e l y  c r y s t a l  1 i n e  t o  dense; 
l e n t i c u l a r  seams o f  h g i t e ;  u n i t  d i p s  5°-70......................... 2,321.5-2,322.0 

Ha l i t e ,  1 igh t -g ray  t o  medium-1 igh t -g ray  ((7-!6), medium- 
c r y s t a l  1 i ne; equigranular  t o  very s l i g h t l y  schis tose;  
i r r e g u l a r l y  banded; spar ing ly  anhyd r i t i c ;  concentrat ion 
of broken anhydr i te  seamlets a t  2,323.3-2,323.7 ft; very ................................................ spar ing ly  a r g i l  l i c . .  2,322.0-2,326.8 

Anhydri te, 1 igh t -g ray  u 7 )  t o  greenish-gray ( 5 g  611); very 
f i n e l y  t o  coarsely  c r y s t a l 1  ine;  banded w i t h  numerous 
l e n t i c u l a r  seams o f  h a l i t e ;  u n i t  d i p s  5'-lo0 ........................ 2,326.8-2,328.5 



I Table 3. - -L i tho loq ic  d e s c r i p t i o n  o f  borehole WIPP-11--Continued 

L i t h o l o g i c  d e s c r i p t i o n  
Depth i n t e r v a l  

( i n  f e e t )  

H a l i t e ,  1 igh t -g ray  (!7), medium-crystal1 ine; equigranular .  
s p a r i n g l y  anhydri t ic. . .  ............................................. 2,328.5-2.330.4 

Anhydri te, l i g h t - g r a y  N7) t o  greenish-gray (5GY 6/1),  dense h t o  very f i n e l y  c r y s t a  ine,  mos t l y  t h i n l y  l a x n a t e d ,  
s p a r i n g l y  magnesi t ic  and l o c a l l y  a r g i  11 i c ;  abundant 
small (3-5 nm) ml t i z o n e d  ha1 i t e  pseudomorphs a f t e r  
gypsum from 2,330.4 t o  2,331.0 ft; 0.2-f t  seam of 
ha1 i t e  a t  2,332.0 c u t s  sharp ly  i n t o  o v e r l y i n g  anhydr i te  
and t runca tes  pseudomorphic s t ruc tu re ;  0.5-f t  h a l i t e  
seam a t  2,332.9 .................................................... 2,330.4-2,335.1 

Anhydri te, l i g h t - g r a y  (N7) t o  greenish-gray (5GY 611). 
dense; i n t e r 1  ayered w i t h  numerous t h i n  l e n t i a a r  
seams of halite..................................................... 2.335.1-2,336.1 

Anhydri te, same as u n i t  above, decreased number o f  h a l i t e  
seams, u n i t  d i p s  15°-200s base o f  u n i t  t runca ted  by 
u n d e r l y i n g  ha1 i te . .  ............................................ 2.336.1-2,337.1 

H a l i t e ,  1 igh t -g ray  (N7), medium-crystal1 ine,  equigranular ;  
s p a r i n g l y  a n h y d r i t i c ;  upper 0.5 ft o f  u n i t  i nc ludes  
broken fragments o f  anhydr i te  der i ved  f rom o v e r l y i n g  
unit............................................................... 2,337.1-2,339.5 

Anhydri te, 11 ght-gray N7). dense; sparse l e n t i c u l a r  seams t o f  h a l i t e ;  base o f  un t i n t r u d e d  by u n d e r l y i n g  h a l i t e  
which cu ts  sharp ly  across a n h y d r i t e  bedding......................... 2,339.5-2,339.9 

Hal i te; l ight-gray t o  medium-l ight-gray (A7-N6), medium- 
c r y s t a l 1  ine; s p a r i n g l y  a r g i l l i c  and a n h y d r i t i c ;  
0.1-f t  seam o f  dense a n h y d r i t e  a t  2,342.8 ft ........................ 2.339.9-2,343.0 

Anhydri te, l i g h t - g r a y  (17) t o  greenish-gray (5GY 6/1), 
dense; l e n t i c u l a r  seams o f  ha1 i t e ;  u n i t  dipsTOO.. .................. 2,343.0-2,343.8 

H a l i t e ,  l i g h t - g r a y  (N7), medium-crystal1 ine;  equigranular ;  
s p a r i n g l y  anhydr i  t i c ;  0 .2- f t  broken fragment o f  
a n h y d r i t e  seamed w i t h  h a l i t e  a t  2.344.0 ft.......................... 2,343.8-2,345.1 

Anhydri te, 11 ght-gray &7), dense; few t h i n  l e n t i c u l a r  
seams o f  h a l i t e  i n  upper 0.5 ft; 0 .2 - f t  seam of 
ha1 i t e  c o n t a i n i n g  anhydr i te  seamlets a t  2,346.3 ft; 
0.7- f t  seam o f  a n h y d r i t l c  h a l i t e  a t  2,348.6 ft; most 
a n h y d r i t e  i s  t h i n l y  and i r r e g u l a r l y  laml  nated i n  
shades o f  gray; u n i t  d ips  10°....................................... 2,345.1-2,349.0 

Anhydri te, 11 ght-gray @7), dense, laminated i n  shades of 
gray; l e n t i c u l a r  seams o f  h a l i t e  i n  upper 0.3 f t  a re  
t runca ted  by o v e r l y i n g  ha1 i t e ;  lam1 nated a n h y d r l t e  
between 2.350.0 and 2,351.0 ft c u t  by h a l i t e - f i l l e d  
f rac tu res  d i p p i n g  20'; o t h e r  ha1 i t e - f i l  l e d  f r a c t u r e s  
f rom 2,354.0 t o  2,355.0 ft; u n i t  d i p s  l o 0  ........................... 2,349.0-2,362.5 

Anhydri te, moderate-brown (5YR 3/4), dark-gray ( 1 3 ) ,  and 
dark-ye1 lowish-brown (10YRV/2), v e r y  f i n e l y  c r y s t a l 1  ine ,  
1 am1 nated, grad1 ng downwFd t o  11 ght-gray and medi um-1 1 ght- 
gray &7-N6); near base u n i t  d i p s  30'; r e s t  o f  u n i t  n e a r l y  
h o r i  zontaT.. ........................................................ 2,363.0-2,373.5 

Anhydri te, medi um-gray (15) ,  lam1 nated w i t h  dark-gray &3) 
bi tuminous noncalcareous mate r i  a1 a t  0.1-ft i n t e r v a l s ,  .......................... very  f i n e l y  c r y s t a l l i n e ;  u n i t  d i p s  30°.... 2,373.5-2,387.9 

Anhydrl te, 1 igh t -g ray  (N7), laml nated w i t h  0.5-mm-thick l l g h t -  
brown1 sh-gray (5J 6fl) b i  tuml nous 1 ayers a t  i n t e r v a l  s of 
about 0.1 ft, very f i n e l y  c r  s t a l l i n e ;  h a l i t e - f i l l e d  
'gash" f rac tu res  (en echelon! between 2.398.0 and 2,399.2 
ft; u n i t  d i p s  3O0.............................................. 2,387.9-2,410.0 

NO core  ........................................................... 2,410.0-2,413.0 
- 1  4 -  .- ....--. 



Tab1 e 3 .--Li tho1 og l  c descr i  p t l  on o f  borehol e WIPP-11--Conti nued 

L i t h o l o g i c  descr i  p t i o n  

Anhydri te, 1 ight -gray t o  medium1 lgh t -g ray  (N7-N6); banded 
w i t h  brownish-gray (5YR 411) 1 aminae o f  bffumTnous 
c a l c l t e ,  very f i n e l y  c r y s t a l l i n e ;  laminat tons f a i r l y  
even and un i fo rm except f o r  wavy l e n t i c u l a r  bedding f rom 
2,422.8 t o  2,424.0 ft; between 2,417.5 and 2,419.5 f t  
rock I s  c u t  by h a l i t e - f i l l e d  f r a c t u r e s  a long which t h e  
lamina t ions  are o f f s e t  an unknown amount; basal contact  
w i t h  h a l i t e  i s  i r r e g u l a r  and p luck tng  o f  t h e  anhydr i te  
by t h e  h a l i t e  i s  evident; u n i t  d lps  35'............................. 

Ha l i t e ,  t ransparent  t o  very l i g h t  gray @8), medium 
c r y s t a l l i n e ;  equigranular  t o  s l i g h t l y  schis tose l o c a l l y ;  
banded a t  0.1-ft I n t e r v a l s  w i t h  wh i te  @9) c a l c i t i c  
anhydr i te  1 cm th i c k ;  bands a re  broken and contorted; 
most a re  fea thery  and con ta i n  var ious amounts o f  h a l i t e ;  
u n i t  d ips  30'-35'. .................................................. 

Anhydrl te, 1 i ght-gray t o  medium-1 I ght-gray N7-!6), very t f i n e l y  c r y s t a l 1  ine; banded w i t h  lamtnae o brownish- 
gray (5YR 411) bituminous c a l c i t e  a t  0.5-cm i n t e r va l s ;  
0.2-ft E n s  o f  c l e a r  t o  wh i te  &9) h a l i t e  a t  2,431.7 
ft; u n i t  d i ps  35O.. ................................................. 

Ha l i t e ,  t ransparent  t o  very 1 i ght  gray NB), medium-crystal 1 i n e  t t o  s l i g h t l y  schis tose;  banded w i t h  b r o  en feathery l aye r s  
o f  wh i te  e 9 )  c a l c i t i c  anhydr i te  .................................... 

Anhydrite, . 1 i ght-gray t o  medi um-1 i ght-gray (N7-!6), very 
f i n e l y  c r y s t a l  1 i ne; banded w l t h  1 amlnae o fb rown i sh -  
gray (5YR 4 j 1 )  bi tumtnous c a l c i t e ;  f r ac tu red  and 
broken 5 i r r e g u l a r  fragments and separated by i n t r u s i v e  
veins of t ransparent  ha1 i t e  ..............................,.......... 

Hal i t e ,  t ransparent  t o  very 1 i g h t  gray (N8), medium-crystal 1 ine, 
banded a t  I r r e g u l a r  I n t e r v a l  s w i t h  broren fea thery  l aye r s  of 
wh i te  e 8 )  c a l c i t i c  anhydr i te  a few m i l l  lmeters t o  0.1 f t  
t h i c k ;  u n i t  d i ps  350................................................ 

NO c o r e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hal i t e ,  t ransparent  t o  wh l te  N9), medlum-crystal1 ine, schistose; 
banded a t  shor t  i r r e g u l a r  i n  $ e r v a l s  w i t h  l aye r s  o f  lacy -  
wh i t e  (J9) t o  1 lgh t -g ray  (N8) anhydr t te  con ta in ing  laminae 
of brownish-gray (5YR 4/ l)>i  turn1 nous c a l c l t e ;  1 ayers are 
broken and e x h i b i t  1 -developed boudi n s t ruc tu re ;  u n i t  
dips 3O0-4O0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . e . . e . . ~e .m .~m. .m . . . . .  

Anhydrlte, medl um-dark-gray (14), ve ry  f 1 nel y c r y s t a l  1 i ne; 
r hy thm ica l l y  banded w i t h  laminae of brownish-gray 
( 5 E  411) bituminous c a l c t t e ;  1 .O- f t  l ens  o f  t ransparent ,  
very coarsely  c r y s t a l l i n e  h a l i t e  cu ts  u n i t  a t  2,465.0 ft; 
margins of l ens  c u t  a n h i d r i t e  a t  nea r l y  r i g h t  angle t o  
beddlng; ha1 t t e - f i l  l e d  gash" f r a c t u r e s  c u t  bedding i n  
anhydr i te  below l ens  a t  rl ght  angles; i n d i v i d u a l  f r ac tu res  
about 1-2 mm wide; u n i t  d ips  40°.. .................................. 

Ha l i t e ,  t ransparent  t o  wh i te  @9), medium-crystal l i n e  and 
schistose; boudinaged l aye r s  o f  l a cy  wh i te  e 9 )  t o  
very 1 i g h t  gray @a), f i n e l y  c r y s t a l  1 i n e  anhydr i te  
con ta in ing  laminae o f  b r w n i  sh-gray (5YJ 411) b i tumi -  
nous c a l c i t e ;  u n t t  d i ps  f rom 30'-45'.............. .................. 

NO c o r e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  t ransparent  t o  wh i t e  N9), medi um-crystal 1 ine; banded 
a t  i n t e r v a l s  o f  0.5-3.0 ft w (7 t h  laminae o f  wh i te  @ 9 ) ,  
very f i n e l y  c r y s t a l 1  i n e  anhydr i te  (3-5 nnn t h i c k ) ;  s t r ong l y  
folded and sheared w l t h  occasional development o f  boudi nage 
s t ruc tu re ;  d i p  o f  anhydr i te  1 ayers and s c h i s t o s i t y  40'-50°, 
bu t  1 ocal l y  variable.. .............................................. 

Depth i n t e r v a l  
( i n  fee t )  



Table 3. - -L i tho log ic  d e s c r i p t i o n  o f  borehole WIPP-ll--Continued 

L i t h o l o g i c  d e s c r i p t i o n  
Depth i n t e r v a l  

( i n  f e e t )  

No core............................................................... 2.527.3-2.534.0 

H a l i t e ,  t ransparen t  t o  wh i te  (19). medium-crystal l i n e ,  moder- 
a t e l y  t o  s t r o n g l y  sch i  stose, d o t t e d  w i t h  equ lg ranu la r  
ha1 i t e ;  banded a t  0.5-1.5-ft i n t e r v a l s  w i t h  sheared 
l a y e r s  o f  w h i t e  @9), very f i n e l y  c r y s t a l  1  i n e  anhydr i te ,  
s t rong1 y f o l d e d  and showing we1 1 -developed boudi nage 
s t ruc tu res ;  u n i t  d i p s  40°-450....................................... 2,534.0-2,577.4 

No core............................................................... 2,577.4-2,584.0 

H a l i t e ,  t ransparen t  t o  wh i te  @9); medium-crystal  1  ine, 
sch is tose;  d o t t e d  w i t h  patches o f  equ ig ranu la r  h a l i t e ,  
t ransparen t  t o  wh i te  N9); banded a t  i n t e r v a l s  of t 0.2-0.6 ft w i t h  anhydr t e  a few m i l l i m e t e r s  t h i c k ;  
a n h y d r i t e  l a y e r s  a r e  t w i s t e d  i n  shear f o l d s  and show 
boudinage s t ruc tu res ;  u n i t  d fps  about 30°........................... 2,584.0-2,630.9 

No core............................................................... 2,630.9-2.634.0 

H a l i t e ,  same as u n i t  a t  2,584.0-2,630.9 ft; some anhydr i te  
laminae bent i n  shear and i s o c l i n a l  fo lds ;  d i p s  on f o l d  
axes range f rom v e r t i c z l  t o  40'; planes o f  s c h i s t o s i t y  
d i p  40°, l o c a l l y  much less.......................................... 2,634.0-2,645.8 

H a l i t e ,  same as u n i t  a t  2,634.0-2,645.8 ft; many anhydr i te  
laminae have wel l-developed boudinage s t ruc tu res ;  
planes o f  s c h i s t o s i t y  d i p  f rom 40' t o  60"; heavy 
i n c l u s i o n  o f  anhydr i te  laminae a t  2,652.0-2,654.3, 
2,671.5-2,679.5, and 2,695.0-2,696.4 f t ............................. 2,645.8-2,696.4 

Hal i t e ,  t ransparen t  t o  wh i te  N9), medium-crystal1 ine,  t schis tose;  1  ocal l y  r e c r y s t a l  i zed  and equi  granul a r ;  
1  ami nae o f  very f i n e l y  c r y s t a l  1  i n e  a n h y d r i t e  becoming 
very s l i g h t l y  c a l c i t i c  downward; a l l  laminae t w i s t e d  
i n t o  s teep ly  d ipp ing  i s o c l i n a l  fo lds  w i t h  we l l -  
developed boudi nage s t ruc tu res ;  u n i t  i n t e n s e l y  
deformed; heavy i n c l u s i o n  o f  a n h y d r i t e  laminae a t  
2,696.4-2,702.0 ........................................ 2,696.4-2,746.0 

H a l i t e ,  t ransparent ,  medium-crystal1 ine,  sch is tose,  l o c a l l y  
r e c r y s t a l  1  ized; l i g h t - g r a y  (17) laminae o f  very f i n e l y  
c r y s t a l  1  i n e  anhydr i te  a t  0.3-2.0-ft i n t e r v a l s ;  1  aminae 
1-4 mm t h i c k  a r e  shear fo lded and show boudinage s t ruc -  
tu res ;  a  few laminae c o n t a i n  c a l c i t e ;  heavy concentra- 
t i o n  of anhydr i te  laminae a t  2,778.7-2,784.0 ft; 
s c h i s t o s i t y  d ips  4O0................................................ 2,746.0-2,797.9 

No core............................................................... 2,797.9-2,798.0 

H a l i t e ,  same as u n i t  a t  2,746.0-2,797.9 ft; s c h i s t o s i t y  d fps  
45°..................................... 2,79840-2,844.9 

No core............................................................... 2,844.9-2,848.0 

H a l i t e ,  t ransparen t  t o  w h i t e  ($), medium-crystal1 ine, sch is tose;  
1  ocal r e c r y s t a l  1  i z a t i o n  and coarsening of c r y s t a l  size; 
upper 1 ft o f  u n i t  banded w i t h  f o l d e d  laminae o f  very 
f i n e l y  c r y s t a l 1  i n e  wh i te  @9) t o  very l i g h t  gray (18) 
a n h y d r i t e  showing shear ing and boudinage s t ruc tu res ;  lower  
29.5 f t  banded w i t h  w h i t e  @9) and l i g h t - g r a y  (N8-N7) 
a n h y d r i t e  a t  i n t e r v a l s  o f  0.5 ft as kno ts  and cTusTers 
of anhydr i te  fragments and c r y s t a l s  d i p p i n g  35'-40" 
e s s e n t i a l l y  p a r a l l e l  t o  s c h i s t o s i t y  ............................. 2,848.0-2,894.5 

No core............................................................... 2,894.5-2,895.0 

H a l i t e ,  same as u n i t  a t  2,848.0-2,894.5 ft; occasional fo lded  
1 aminae of anhydr i te ;  we1 l -deve l  oped boudinage s t r u c t u r e  
a t  2,922.0-2,922.5 ................................................. 2,895.0-2,945.0 



Table 3.--Li tho1 og ic  desc r i p t i on  o f  borehole WIPP-11--Continued 

L i t h o l o g i c  desc r i p t i on  
Depth i n t e r v a l  

( i n  f e e t )  

Ha l i t e ,  t ransparent  t o  wh i te  N9), med iumc rys ta l l i ne ;  l o c a l l y  
schis tose and r e c r y s t a l l i z e  k w i t h  some coarsening o f  
c rys ta ls ;  banded a t  0.3-0.6-ft i n t e r v a l s  w i t h  l aye r s  of 
l i g h t - g r a y  N7-16) a n h y d r i t i c  h a l i t e  con ta in ing  sheared 
1  aminae and (7 r a ~ n e n t s  o f  very f i n e l y  c r y s t a l  1  i n e  anhydr i te  
and t races  o f  c a l c i t e ;  some h a l i t e  c r y s t a l s  as l a r g e  as 
0.1 x 0.2 ft con ta in  p a r a l l e l  l i n e s  o f  minute anhydr i te  
c r y s t a l s  ( l a t h 1  i ke ) ;  u n i t  d i ps  40°. ................................. 2,945.0-2,995.0 

Ha l i t e ,  same as u n i t  above; anhydr i te  laminae i n t r i c a t e l y  
folded; s h i s t o s i t y  d i ps  50°; concentrated a n h y d r i t i c  
h a l i t e  a t  3,022.6-3,028.0 ft; laminae con ta in  1-2 mm 
square and rec tangu la r  h a l i t e  c r y s t a l s  .............................. 2,995.0-3,044.2 

No core............................................................... 3,044.2,3,045.0 

Ha l i te ,  same as u n i t  a t  2,995.0-3,044.2 f t  ............................ 3,045.0-3,095.0 

Ha l i t e ,  t ransparent  t o  wh i te  @9), medium- t o  coarsely  
c r y s t a l l i n e ,  sch is tose  t o  equigranular ;  banded a t  0.1-2.0-ft 
i n t e r v a l s  w i t h  l i gh t - g ray  (N7) t o  wh i t e  @9) a n h y d r i t i c  
ha1 i t e  con ta in ing  a  s i n g l e  Taminae o f  very f i n e l y  c r y s t a l  1  i n e  
wh i te  t o  l i gh t - g ray  (N9-N7) c a l c i t i c  anhydr i te  and 1-2 mm 
euhedral c r y s t a l s  o f  T a l i t e ;  r ecu r ren t  s t r a t i g r a p h i c  sequences 
(0.1-2 ft t h i c k )  i n d i c a t e  a  basal l a y e r  of anhydr i te  and an 
ove r l y i ng  u n i t  o f  wh i te  (N9) banded h a l i t e  w i t h  l i n e s  of 
microscopic anhydr i te  c r y T t a l s  p a r a l l e l  t o  bedding grading 
upward t o  t ransparent  h a l i t e  f r e e  o f  anhydr i te ;  most anhydr i te  
laminae a re  tw is ted  i n t o  i n t r i c a t e  shear f o l d s  and show we l l -  
developed boudinage s t ruc tu res ;  d i p  on bedding a t  3,107.0 f t  
i s  50°....................... ...................................... 3,095.0-3,145.4 

No desc r i p t i on  o f  cuttings... ........................................ 3,145.4-3,345.4 

Ha l i t e ,  same as u n i t  a t  3,095.0-3,145.4 ft; d i p s  range from 
40" t o  60'; sca t te red  through h a l i t e  l a ye r s  are broken 
fragments o f  wh i te  @9), banded ha1 i t e  as l a r g e  as 0.1 ft, 
showing p a r a l l e l  l i n e s  o f  microscopic anhydr i te  c r y s t a l s  ............ 3,345.4-3,392.0 

No cu t t i ngs  described (rock b i t  used; d r i l l i n g  t ime l o g  
i nd i ca tes  ha1 i t e -anhyd r i t e  con tac t  a t  3,392.0 f t )  ................... 3,392.0-3,397.0 

Anhydri te, medium-dark-gray (N4), ve ry  f i n e l y  c r y s t a l  1  ine;  
rhythmical  1  y  banded ( 1  m) w i t h  bituminous c a l c i t e ;  
ha1 i t e - f  i l l e d  tensional  f r ac tu res  0.1-0.3 f t  long  
and as wide as 0.1 f t  c u t  bedding a t  steep angles and 
are near v e r t i c a l  (80'); surfaces o f  most f r ac tu res  
l i n e d  w i t h  glassy, co l o r l ess  anhydr i te  l a t h s  and t abu la r  
c r ys ta l s ;  centers o f  f r a c t u r e  f i  11 ings  a re  co l o r l ess  
g lassy ha1 i t e ;  f r a c t u r e s  a t  3,397.1, 3,398.0, 3,398.6, 
3,399.8, 3,402.1, and 3,407.8 ft; t h e  l a s t  has c a v i t i e s  
p a r t i a l l y  ha1 i t e - f i  1  led; f o l d i n g  o f  laminae below groups 
o f  f r ac tu res  between 3,399.0 and 3,400.0 ft; u n i t  d ips  
10'-15' near top, inc reas ing  t o  25' near base... .................... 3,397.0-3.408.0 

Anhydrite, moderate-dark-gray (N4), very f i n e l y  c r y s t a l  1  ine; 
r hy thm ica l l y  banded w i t h  m i l l i m e t e r - t h i c k  laminae of 
bi tuminous c a l c i t e ;  shor t  i n t e r v a l s  o f  m i c ro fo l  d ing  
between 3,408.0-3,410.5 ft; d i ps  range f rom 15' t o  25'.............. 3,408.0-3,424.9 

Anhydri te, mediumdark-gray (N4), very f i n e l y  c r y s t a l  1  ine; 
a l t e r n a t i n g  bands and massiTe anhydr i te  con ta in ing  
zones (0.1-0.6 f t )  o f  rhythmic lami  nat ions a1 t e rna t i ng  
w i t h  t h i nne r  bands (0.1-0.2 f t )  o f  massive, very f i n e l y  
c r y s t a l 1  ine, medium-gray (N5) anhydr i te  f r e e  o f  c a l c i t e ;  
d i ps  range f rom 10' t o  1 5 T  ............................. 

Anhydri te, mediumdark-gray (N4), very f i n e l y  c r y s t a l l i n e ;  
r hy thm ica l l y  laminated wi th-b i tuminous c a l c i t e ;  u n i t  
d i ps  1O0............................................................ 3,434.8-3,438.1 



Table 3.--Lithol og i c  desc r l  p t i o n  o f  borehol e YIPP-11--Conti nued 

L l t h o l o g i  c descr l  p t i o n  
Depth i n t e r v a l  

( I n  f e e t )  

Anhydri te, mediumdark-gray ( ~ 4 ) .  very f l n e l y  c r y s t a l l i n e ;  
a l t e r n a t e l y  r hy thm ica l l y  laminated and massive bands 
(0.1-0.5 f t ) ;  massive bands a re  c a l c i t e - f r e e  and 
poss l b l y  r e c r y s t a l  1 i zed  t ransparent  t o  1 lgh t -g ray  e 7 )  
anhydr i te  tending t o  i n t r ude  t h e  1 am1 nated por t ions ;  
prominent k i nk - f o l  ds grade downward t o  m i c ro fo l  ds a t  
3.442.0-3.442.5 ft; u n i t  d ips  1O0................................... 3.438.1-3.445.5 

Anhydri te, medium-dark-gray (14), very f i n e l y  c r y s t a l  1 ine; 
nodular  w i t h  shor t  i n t e r v a l s  (0.1 f t )  o f  i r r e g u l a r  
c a l c i t e  laminations................................................ 3.445.5-3.447.4 

Anhydri te, medlumgray (~5-N4) ,  very f i n e l y  c r y s t a l l l n e ;  
i r r e g u l a r  lamina t ions  Zf K ~ t u m ~ n o u s  c a l c l t e  a t  5-10 mn 
i n t e r v a l s  near upper p a r t  o f  u n l t  decreasing t o  1 mm near ............ base; u n i t  d i p s  1O0..................................... 3,447.4-3.449.5 

Anhydri te, medium-gray (N5-N4), very f i n e l y  c r y s t a l l l n e ,  
massive and f r e e  o f  caTciTe ( r e c r y s t a l  1 ized)  ........................ 3,449.5-3.450.5 

Anhydrl te, medlum-gray (15-34), very f l n e l y  c r y s t a l l i n e ;  
r egu la r  rhythmlc lamina t ions  o f  bl tumlnous c a l c i t e  
1 mm t h l c k ,  I n t e r r up ted  occas iona l l y  by l r r e g u l a r  bands 
o f  l l g h t - g r a y  N7) anhydr l te  f r e e  o f  s t r a t l f l c a t i o n  and 
c a l c i t e ,  l e s s  k e t i d  than t h e  lamlnated por t lon ;  margins 
o f  bands c u t  i n t o  laminated rock; bands o f  r e c r y s t a l l i z e d  
anhydr i te  a t  3,451.1-3,451.3, 3,453.3-3.453.8. 3,454.2-3.454.3. 
3,454.7-3,454.8, 3,456.4-3.456.5.3.456.7-3,457 -2, 3,458.3- 
3,458;8, 3,459.1-3,459.2,3,459.9-3,460.1, 3,461.2-3,461.7, 
3,462.5-3,462.7, 3,463.1-3,463.5, 3,463.8-3,464.1, 3,464.2- 
3,464.3, 3,466.3-3,466.5, 3,469.5-3,470.1, 3,470.6-3,471.0, 
3,471.3-3,471.5, 3,471.7-3,471.8, 3,472.7-3,472.8, 3,473.1- 
3,473.4, 3,473.8, 3,474.0, 3,474.4-3.474.5, 3,474.9-3,475.0, 
3,477.2-3.477.3, 3,480.9-3,481.3 (under1 a1 n by near -ver t i ca l  
v e i n l i k e  lens  o f  glassy anhydr l te  0.1 ft t h i c k  c u t t i n g  
sharp ly  through banded anhydr i te  about 0.3 f t long) ,  3,483.2- 
3,483.3, 3,483.5-3,483.6, 3,484.6-3.464.7, 3,485.1-3,485.2, 
3,485.6-3,485.7, 3,486.1-3,486.3, 3,486.7-3,486.8, 3,488.7- 
3,488.8, 3,490.6-3,490.7, 3,491.5-3,491.6, 3,492.5-3,492.6, 
3,494-3-3.494.5, 3,495.4-3.495.5, 3,495.7-3,495.8, 3,497.4- 
3,497.5; u n i t  d ips  15" a t  3,454.0 ft, 15' a t  3,461.0 ft, 20" 
a t  3,463.0 ft, 15' a t  3,465.0 ft, 10' a t  3,468.0 ft, 15' a t  
3,476.0 ft, 10' a t  3,481.0 ft, and 15' a t  3,493.0 ft; we l l -  
developed m l c ro fo l  ds a t  3,449.2-3.449.5, 3.450.6-3.450.7, 
3,454.0-3,454.2, and 3,474.2-3.474.6 ft ............................. 3,450.5-3,497.8 

NO core. .............................................................. 3,497.8-3.496.4 

Anhydri te, medlum-dark- t o  dark-gray (N4-N3), very f i n e l y  
c r y s t a l  1 ine;  a1 t e r n a t e l y  banded and i i iasylve a t  sho r t  
i n t e r v a l s ;  banded p o r t i o n  I s  marked by r egu la r  rhythmic 
laml na t ions  o f  very f i n e l y  c r y s t a l  11 ne, moderate-brown 
( 5 g  3/4) bituminous c a l c i t e  1 mm th l ck ;  massive p o r t l o n  
I s  very f l  ne l y  c r y s t a l  1 i n e  ( r e c r y s t a l  1 l zed)  ; medl um-gray 
e 5 )  anhydr i te  f ree o f  c a l c i t e  and c u t t l n g  I n t o  t he  
laminated po r t 1  on; t h e  r e c r y s t a l  1 I zed bands range from 
0.05-0.2 f t  t h l c k ,  a re  l r r e g u l a r  I n  thickness, and a re  
separated by  0.05-0.2 ft; laml  nated p o r t i o n  f rom 3,502.4 
t o  3,502.7 ft i s  cu t  by an e s s e n t l a l l y  v e r t i c a l  v e l n l e t  
of ha1 i t e  1 mm t h i c k ;  u n i t  d i p s  15" ................................. 3,496.4-3.503.2 

Anhydri te, medium-dark- t o  dark-gray (N4-13). very f i n e l y  
c r y s t a l  l i n e ;  i n c l p i e n t l y  banded a t  i T t e r v a l s  o f  1 mm t o  
as rmch as 0.1 ft; wavy uneven laminae of moderate-brown 
( 5 K 3 / 4 ) ,  very f i n e l y  c r y s t a l l i n e  bituminous c a l c i t e ;  
many c a l c i t e  laminae cu t  by i n t r u s i v e  anhydr i te  conta in-  
i n g  small  pods and c r y s t a l s  o f  h a l i t e ;  u n i t  d i p s  15'...... 



Tab1 e 3.--Lithol ogi c description of borehole WIPP-11--Conti nued 

Li tho1 ogi c description 
Depth interval 

( in  f e e t )  

Halite, transparent t o  very l igh t  gray N8), medium crys ta l l ine ;  
banded a t  in tervals  of 0.2-1.5 f t  with (7 ight-gray (57) 
anhydrit ic ha l i t e  containing disseminated fragments and 
broken laminae of very f ine ly  crystal  1 ine, gray (17) 
anhydrite; t h e  more competent laminae contain euhedral 
c rys t a l s  of h a l i t e  and f lecks  of brown ca lc i t e ;  very 
coarsely crystal  1 ine transparent ha1 i t e  (recrystal  1 i zed) 
forms 0.5-ft lens a t  3,513.4 f t  and a 0.3-ft lens a t  ........................................... 3,531.1 f t ;  unit  dips 15O 3,510.4-3,538.7 

No cut t ings  described (geophysical log indicates ha1 i te-  ................................... anhydrite contact a t  3,563.0 f t ) .  3,538.7-3.583.0 
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COURSE LENGTH 280.8 FEET 

COURSE AZIMUTH 54.3 DEG. 

MEASURED DEPTH 3583.0 FEET 
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F i g u r e  4 . - - W I P P  11  D i r e c t i o n a l  S u r v e y  t o  3 5 8 3 ' .  
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4.0 HYDROLOGY 

No d r i l l  stem t e s t s  were performed as no i n - f l o w  of gas o r  p ressur -  

i z e d  f l u i d s  were de tec ted  d u r i n g  d r i l l  ing.  The we l lhead  was f i t t e d  w i t h  

a  p ressure  gauge i n  June 1980 and i t  was mon i t o red  a t  i n t e r v a l s  up t o  2 

weeks f o r  seve ra l  months. The gauge showed a  s teady  6 p s i  over t h e  p e r i o d  

June t h rough  November. I n  December t h e  p ressure  was i n d i c a t e d  t o  be 16-18 

p s i .  The p ressure  i s  no 1  onger b e i n g  moni tored.  



5.0 REMARKS 

V a r i o u s  s t u d i e s  o f  t h e  b o r e h o l e  geo logy  r e s u l  tecl i n  a d d i t i o n a l  i nf o r -  

m a t i o n  which w i l l  be u s e f u l  i n  i n t e r p r e t a t i o n .  

5.1 B o r e h o l e  G r a v i t y  

The USGS used a  b o r e h o l e  g r a v i m e t e r  t o  s u r v e y  b o t h  ERDA 9  (Kososk i  e t  

a1 . , 1978) and WIPP 11. The d a t a  were compared and i n d i c a t e  t h e  presence 

o f  t h e  s t r u c t u r e  a t  NIPP 11 (Schmoker, 1980) .  However, model s t u d i e s  

i n d i c a t e d  t h a t  t h e  t e c h n i q u e  has v e r y  1  i m i t e d  a p p l  i c a t i o n  f o r  d e t e c t i n g  

such s t r u c t u r e s  i n  e v a p o r i t e s ,  b u t  t h e  g e n e r a l i z e d  s a l t  a n t i c l i n e  model 

used by Schmoker i s  r e a s o n a b l y  c o n s i s t e n t  w i t h  t h e  measurements i n  WIPP 

11. Other  a n t i  c l  i n a l  s t r u c t u r e s  have been r e p o r t e d  f r o m  t h e  n o r t h e r n  

Delaware Bas in  (Anderson and Powers, 1978) w h i c h  may be s i m i l a r  t o  t h e  

s t r u c t u r e  a t  WIPP 11. 

5.2 F u r t h e r  S t u d i e s  

S ince  WIPP 11 was completed,  a  h i g h  p r e c i s i o n  g r a v i t y  s u r v e y  has been 

conducted o v e r  much o f  t h e  s i t e  t o  de te rm ine  i f  s t r u c t u r e s ,  such as t h a t  

a t  WIPP 11, c o u l d  be d e t e c t e d  and modeled. The r e s u l t s  o f  t h e  i n v e s t i g a -  

ti on a r e  t o  be r e p o r t e d  e l  sewhere. 

Macroscop ic  and p e t r o g r a p h i c  s t u d i e s  of c o r e  f r o m  t h e  " d i s t u r b e d  

zone" have been i n i t i a t e d  i n  a f u r t h e r  e f f o r t  t o  d i s c e r n  t h e  mechanisms 

o f  de fo rmat ion .  Samples a r e  examined as w e l l  f o r  m i n e r a l s  which may be 

r a d i o m e t r i c a l l y  dated t o  de te rm ine  t h e  age o f  t h e  " d i s t u r b e d  zone". 

I n f o r m a t i o n  from t h i s  s t l ~ d y  w i l l  be r e p o r t e d  s e p a r a t e l y .  
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INTRODUCTION TO APPEND1 X A, JUSTIFICATION 

Appendix A c o n s i s t s  o f  t h e  memorandum f r o m  D. W. Powers t o  L. R. 

H i1  1, dated 1/ 10/78, "W:[PP 11". Th i s  document p rov ides  det  a i  1  s  of back- 

ground i n f o r m a t i o n  and program o p t i o n s  as unders tood a t  t h e  t ime  o f  

i n i t i a t i o n .  The reader  i s  caut ioned,  t h e r e f o r e ,  t h a t  t h e  d e t a i l s  of t he  

program may have heen a l t e r e d  as i n f o r m a t i o n  became a v a i l a b l e  and t h a t  

p r e l  im i  na r y  i n t e r p r e t a t i v e  hypotheses o r  ideas  g u i d i n g  t h e  program formu- 

1  a t i o n  may need r e v i s i o n  based on i n f o r m a t i o n  presented i n  t h i s  r e p o r t .  

L a t e r  i n t e r p r e t i v e  r e p o r t s  may deal  w i t h  such i terns. 



Sandia Laborator~es 

date: January 10, 1978 
Albuquerque. N e w  Meic~co 
L~vermore, C a l ~ f o r n ~ a  

to: L. R. Hill - 5311 

from: D .  W. Powers - 5311 

Summary: WIPP 11 will be drilled in the northwest corner of -- 
Section 9 ,  TZZS, R31E, to explore a structural anomaly in the 
Castile, Salado, and Rustler Formations. The anomaly is 
interpreted, on the basis of seismic reflection profiles, to be 
an anticlinal structure in the upper Castile and Salado 
Formations caused by salt flowage and thickening in the lower 
Castile. Lower Rustler and upper Salado show an apparent 
syncline; the synclinal structure may the the result of salt 
thinning or dissolutioning over the structure. Drilling is 
expected to be complete at 3200 to 3500 feet when the second 
anhydrite or lower halite of the Castile Formation is 
encountered. 'core will be taken from potential aquifer zones, 
levels equivalent to repository horizons, and some of the upper 
Castile Fm. Geophysical logs, drill-stem tests, and mud 
logging will be important parts of the drilling operation. If 
suitable, the borehole will be maintained open for later 
testing bf in situ stress and eventually wiil be converted to a ----- 
hydrological observation hole. 

Background: The area (Fig. 1) of the structural anomaly was --- ---- 
originally pinpointed as anomalous by G. J. Long and 
Associates, Inc., during a review of seismic reflection data 
made available by the petroleum industry (G. J. Long and 
Associates, Inc., 1977). That review resulted in the location 
of 2 areas of anomalous seismic records in the northern 
Delaware Basin in the Salt Lake quadrangle. Fourteen of those 
anomalies are within the study area and its immediate 
surroundings. Because the anomalous records varied in quality, 
a program for new data collection was initiated in 1977 
directed specifically at those 14 anomalies and the upper 

- stratigraphic section of interest. That data is now available 
(Long and Associates, December 30, 1977) and is summarized 
below for the drilling of WIPP 11. 

Geological Data: The geological data relevant to WIPP 11 --- --7 

consists of relatively shallow borehole data from potash holes, 
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s e i s m i c  r e f l e c t i o n  d a t a ,  a n d  r e s i s t i v i t y  d a t a .  T h e  d a t a  f r o m  
t h e  s e i s m i c  r e f l e c t i o n  p r o g r a m  i s  m o s t  r e l e v a n t  t o  d r i l l i n g  
WIPP 1 1 .  

T h e  m o s t  c o n s i s t e n t  i n f o r m a t i o n  a v a i l a b l e  f r o m  i n d u s t r y  a n d  
ERDA p o t a s h  h o l e s  i s  m a r k e r  b e d  1 2 4  n e a r  t h e  b a s e  o f  t h e  M c N u t t  
p o s t a s h  z o n e  o f  t h e  S a l a d o  F o r m a t i o n .  G r i s w o l d  - ( 1 9 7 7 )  s h o w s  o n  
h i s  F i g u r e  1 3  t h g t  t h e  1 2 4  m a r k e r  b e d  s l o p e s  s o u t h e a s t  a t  a b o u t  
1 0 0  f e e t l m i l e  ( 1  1. A l o w  p o i n t ,  w i t h  a b o u t  5 0  f e e t  o f  
c l o s u r e ,  o c c u r s  a b o u t  o n e  m i l e  s o u t h  o f  t h e  WIPP 11 s i t e .  
C o n t o u r s  o f  t h e  t o p  o f  t h e  S a l a d o  ( G r i s w o l d ,  1 9 7 7 )  a r e  n o t  a s  
r e l i a b l e  a l t h o u g h  s e v e r a l  l o w  p o i n t s  w i t h  2 0  - 7 0  f e e t  o f  
c l o s u r e s  a r e  s h o w n  w i t h i n  a b o u t  o n e  m i l e  o f  WIPP 11.  T h e  t o p  
o f  S a l a d o  a t  WIPP 11 a l s o  d i p s  s o u t h e a s t .  

T h e  r e s i s t i v i t y  d a t a  i n  s e c t i o n s  4 ,  5 ,  8 ,  a n d  9  ( T 2 2 S ,  R 3 1 E )  
s h o w  n o  a n o m a l i e s  a s s o c i a t e d  w i t h  t h e  WIPP 1 1  s i t e .  T h e  t r e n d  
o f  r e s i s t i v i t y  r e a d i n g s  i s  f r o m  h i g h  i n  t h e  e a s t  t o  l o w  i n  t h e  
w e s t .  O t h e r  a n o m a l i e s  i n  t h e  , r e s i s t i v i t y  d a t a  i n  t h e  s t u d y  
a r e a  a r e  a d d r e s s e d  e l s e w h e r e  ( E l l i o t ,  i n  p r e p a r a t i o n ) .  

S e i s m i c  r e f l e c t i o n  d a t a  c o l l e c t e d  f o r  S a n d i a  i s  a v a i l a b l e  f r o m  
p a r t s  o f  t h r e e  l i n e s  ( X - 1 , X - 2 ,  X-9) i n  t h e  i m m e d i a t e  v i c i n i t y  
o f  t h e  WIPP 11 l o c a t i o n  ( F i g .  1 ) .  T h e  d a t a  ( F i g s .  2 ,  3 ,  4 )  a r e  
s h o w n  w i . t h  p r e l i m i n a r y  i n t e r p r e t a t i o n s  o f  s o m e  r e f l e c t o r s .  T h e  
i n t e r p r e t a t i o n  i s  t h a t  s a l t  f l o w a g e  h a s  o c c u r r e d  w i t h i n  t h e  
C a s t i l e  F o r m a t i o n  a n d  h a s  b u l g e d  u p w a r d  w i t h i n  t h e  u p p e r  
C a s t i l e  a n d  l o w e r  S a l a d o .  L i n e  X - 1  ( F i g .  2 )  s h o w s  e v i d e n c e  o f  
f a u l t i n g  w e s t  o f  t h e  WIPP 1 1  l o c a t i o n  t h r o u g h  t h e  u p p e r  
D e l a w a r e  M o u n t a i n  G r o u p  a n d  i n t o  t h e  S a l a d o .  L i n e  X-2 ( F i g .  3 )  
a l s o  s h o w s  a p p a r e n t  s y n c l i n a l  s t r u c t u r e  n e a r  t h e  t o p  o f  t h e  
S a l a d o  F o r m a t i o n .  L i n e  X-9 i s  a p p a r e n t l y  a l o n g  s t r i k e  ( F i g .  4 )  
a n d  s h o w s  l e s s  d i s t i n c t  d i p s .  T h e  a p p r o x i m a t e  l i m i t s  o f  t h e  
a n o m a l y  a s  s h o w n  o n  F i g u r e  1 i m p l y  a n  a n o m a l y  a s  much a s  2 , 5 0 0  
f e e t  a c r o s s .  

T h e  s e i s m i c  d a t a  i s  s h o w i n g  a  g e o l o g i c  a n o m a l y  p o s s i b l y  
i n v o l v i n g  f a u l t i n g  a n d  s a l t  f l o w a g e  f o r m i n g  o n  a n t i c l i n a l  
s t r u c t u r e .  T h i s  s t r u c t u r e  b e a r s  some r e s e m b l a n c e  t o  t h a t  a t  
ERDA 6  a n d  may b e  r e l a t e d  t o  t h e  d e f o r m a t i o n  z o ' n e  i n  f r o n t  o f  
t h e  C a p i t a n  r e e f  ( A n d e r s o n  ti P o w e r s ,  i n  p r e s s ) .  

R e c o m m e n d a t i o n s :  T h e  a n o m a l y  l o c a t e d  n e a r  t h e  n o r t h w e s t  c o r n e r  -------- 
o f  s e c t i o n  9 ,  T 2 2 S ,  R 3 1 E ,  m u s t  b e  d r i l l e d  t o  d e t e r m i n e  t h e  
e x t e n t  a n d  o r i g i n  o f  s a l t  f l o w a g e  w i t h i n  t h e  C a s t i l e  a n d  S a l a d o  
a t  t h i s  l o c a t i o n .  T h e  a n o m a l y  b e a r s  some s t r u c t u r a l  
r e s e m b l a n c e  t o  ERDA 6 ,  a n d  d r i l l i n g  w i l l  b e  n e c e s s a r y  t o  
d e t e r m i n e  i f  b r i n e  a n d  g a s  a r e  a l s o  a s s o c i a t e d  w i t h  t h i s  
s t r u c t u r e .  I n d i r e c t  m e t h o d s ,  s u c h  a s  s e i s m i c  r e f l e c t i o n ,  a r e  
n o t  o f  v a l u e  f o r  t h i s  p u r p o s e .  
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The anomaly appears to be generally restricted to below the 
Salado Formation in view of resistivity data. The Rustler 
Formation is probably suited for hydrologic testing, and the 
borehole will be prepared for that circumstance. 

Interpretation of the structural conditions within the lower 
Salado and upper Castile are of high priority in this borehole, 
and the stratigraphic relations may be difficult. Our 
experience in ERDA 6 shows that borehole geophysical logs may 
not be obtainable when brine and H S are present. The core 2 
taken is necessary for our structural interpretations. The 
recommendation here is to begin just above the Cowden with 
continuous core, as far as is consistent with safety 
requirements, to the middle anhydrite (Anhydrite 2) of the 
Castile Formation. Special care is needed to not penetrate 
into the Delaware Mountain Group because of the location of the 
borehole within the Known Potash Area (KPA). 

Because of some potential for brine and gas within this 
structure, safety precautions during drilling operations will 
be extensive with special emphasis on blowout preventers, 
detection and protection, and gas sampling. H2 
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Map s h o w i n g  l o c a t i o n  o f  s e i s m i c  r e f l e c t i o n s  l i n e s  X - 1 ,  X - 2 ,  and 
X-9 .  Dashed l i n e s  show l o c a t i o n  and a p p r o x i m a t e  l i m i t s  t o  
a n o m a l y  i n  s e c t i o n s  8 a n d  9 ,  T 2 2 S ,  R31E. W I P P  11 i s  l o c a t e d  a t  
p o i n t  77  a l o n g  X - 1 .  

FIGURE 1 



FIGURE 2 

Part o f  line X-1 showing anomaly between points 5 5  and 85 
and WIPP 11 location. Scale is about 1:l; 550 feet 

between dark vertical lines 

A. Without interpretation. 
B. Interpretation showing top o f  Salado Formation, 

Castile horizon near top of formation, and 
Delaware sand reflector. 



LINE X-1  

FIGURE 2 A  





F i g u r e  3 .  

P a r t  o f  l i n e s  X-1 s h o w i n g  anomalous  r e g i o n  b e t w e e n  p o i n t s  
6 5  and 1 0 0 .  S c a l e  i s  a b o u t  1 : l ;  550 f e e t  b e t w e e n  

dark v e r t i c a l  l i n e s  

A .  Wi thout  i n t e r p r e t a t i o n .  
B .  1 n t . e r p r e t a t i o n  showing  t o p  o f  S a l a d o  F o r m a t i o n ,  

C a s t i l e  h o r i z o n  n e a r  t o p  o f  f o r m a t i o n ,  and 
De laware  sand r e f l e c t o r .  







F I G U R E  4 

P a r t  o f  l i n e  X-9 s h o w i n g  a n o m a l o u s  r e g i o n  b e t w e e n  points 
3 0  and 5 5 .  S c a l e  is about 1:l; 5 5 0  feet b e t w e e n  d a r k  

v e r t i c a l  lines. 

A. W i t h o u t  i n t e r p r e t a t i o n .  
B. I n t e r p r e t a t i o n  s h o w i n g  t o p  o f  S a l a d o  F o r m a t i o n ,  

C a s t i l e  h o r i z o n  n e a r  t o p  o f  f o r m a t i o n ,  a n d  
D e l a w a r e  sand reflector. 
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INTRODUCTION TO APPEIVDIX B, DRILLING AND TEST PLAN 

The d r i l l i n q  and t e s t i n g  p l a n  i s  t h e  t r ans1  a t i o n  o f  t e c h n i c a l  ob jec -  

t i v e s  conta ined i n  t he  document i n  Appendix A  i n t o  f i e l d  eng ineer ing  

te rns .  Changes or amendments are i n c l u d e d  as we l l .  The approvals  and 

permi ts  obta ined f rom var ious  agencies p r i o r  t o  d r i l l i n g  a r e  kep t  on f i l e  

hu t  are no t  i nc l uded  here. 
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WIPP 11 Drilling Plan, Schedule 
and Test Plans 

A. Objective (as defined in memo, D. W. Powers to L. R. Hill, dtd 1/10/78, subject, WIPP-I 

Summary - WIPP 11 will be drilled in the northwest corner of Section 9, T22S, 
R31E, to explore a structural anomaly in the Castile, Salado, and Rustler 
Formations. The anomaly is interpreted, on the basis of seismic reflection 
profiles, to be an anticlinal structure in the upper Castile and Salado 
Formations caused by salt flowage and thickening in the lower Castile. 
Lower Rustler and upper Salado show an apparent syncline; the synclinal 
structure may be the result of salt thinning or dissolutioning over the 
structure. Drilling is expected to be complete at 3200 to 3500 feet when the 
second anhydrite or lower halite of the Castile Formation is encountered. 
Core will be taken from potential aquifer zones, levels equivalent to 
repository horizons, and some of the upper Castile Formation. Geophysical 
logs, drill-stem tests, and mud logging will be important parts of the drilling 
operation. If suitable, the borehole will be maintained open for later testing 
of in situ stress and eventually will be converted to a hydrological osbservation 
hole. 

Background - The area of the structural anomaly was originally pinpointed as 
anomalous by G. J. Long and Associates, Inc., during a review of seismic 
reflection data made available by the petroleum industry (G.  J. Long and 
Associates, Inc., 1977). That review resulted in the location of two areas 
of anomalous seismic records in the northern Delaware Basin in the Salt Lake 
quadrangle. Fourteen of those anomalies are within the study area and its 
immediate surroundings. Because the anomalous records varied in quality, a 
program for new data collection was initiated in 1977 directed specifically 
at those 14 anomalies and the upper stratigraphic section of interest. That 
data is now available (Long and Associates, December 30, 1977) and is sum- 
marized below for the drilling of WIPP 11. 

Geological Data - The geological data relevant to WIPP 11 consists of relatively 
shallow borehole data from potash holes, seismic reflection data, and resistivity 
data. The data from the seismic reflection program is most relevant to drilling 
WIPP 11. 

The most consistent information available from industry and ERDA potash holes 
is marker bed 124 near the base of the McNutt potash zone of the Salado Formation. 
Griswold (1977) shows on his Figure 13 that the 124 marker bed slopes south- 
east at about 100 feet/mile (lo). A low point, with about 50 feet of closure, 
-occurs about one mile south of the WIPP 11 site. Contours of the top of the 
Salado (Griswold, 1977) are not as reliable although several low points with 
20 - 70 feet of closures are shown within about one mile of WIPP 11. The top 
of Salado at WIPP 11 also dips southeast. 

The resistivity data in sections 4, 5, 8, and 9 (T22S, R31E) show no anomalies 
associated with the WIPP 11 site. The trend of resistivity readings is from 



high in the east to low in the west. Other anomalies in the resistivity 
data in the study area are addressed elsewhere (Elliot, in preparation). 

Seismic reflection data collected for Sandia is available from parts of 
three lines (X-1, X-2, X-9) in the immediate vicinity of the WIPP 11 
location. The data are shown with preliminary interpretations of some 
reflectors. The interpretation is that salt flowage has occurred within 
the Castile Formation and has bulged upward within the upper Castile and 
lower Salado. Line X-1 shows evidence of faulting west of the WIPP 11 
location through the upper Delaware Mountain Group and into the Salado. 
Line X-2 shows apparent synclinal structure near the top of the Salado 
Formation. Line X-9 is apparently along strike and shows less distinct 
dips. The approximate limits of the anomaly imply an anomaly as much as 
2500 feet across. 

The seismic data is showing a qeologic anomaly possibly involving faulting 
and salt flowage forming on anticlinal structure. This structure bears 
some resemblance to that at ERDA 6 and may be related to the deformation 
zone in front of the Capitan reef (Anderson and Powers, in press). 

Recommendations - The anomaly located near the northwest corner of Section 9, 
T22.5, R31E, must be drilled to determine the extent and origin of salt 
flowage within the Castile and Salado at this location. The anomaly bears 
some structural resemblance to ERDA 6, and drilling will be necessary to 
determine if brine and gas are also associated with this structure. Indirect 
methods, such as seismic reflection, are not of value for this purpose. 

The anomaly appears to be generally restricted to below the Salado Formation 
in view of resistivity data. The Rustler Formation is probably suited for 
hydrologic testing,md the borehole will be prepared for the circumstance. 

Interpretation of the structural conditions within the lower Salado and upper 
Castile are of high priority in this borehole, and the stratigraphic relations 
may be difficult. Our experience in ERDA 6 shows that borehole geophysical 
logs may not be obtainable when brine and H2S are present. The core taken 
is necessary for our structural interpretations. The recommendation here 
is to begin just above the Cowden with continuous core, as far as is con- 
sistent with safety requirements, to the middle anhydrite (Anhydrite 2) of 
the Castile Formation. Special core is needed to not penetrate into the 
Delaware Mountain Group because of the location of the borehole within the 
Known Potash Area (KPA). 

~ecause of some potential for brine and gas within this structure, safety 
precautions during drilling operations will be extensive with special 
emphasis on blowout preventers, H2S detection and protection, and gas 
sampling. 
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Griswold, G. B. S i t e  s e l e c t i o n  and e v a l u a t i o n  s t u d i e s  o f  t h e  Waste 
I s o l a t i o n  P i l o t  P l a n t  (WIPP), Los Medanos, Eddy County, New Mexico. 
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Long, G. J . ,  and Assoc ia tes .  Waste I s o l a t i o n  p i l o t  P l a n t  (WIPP) S i t e  
Review - F i n a l  Report: open f i l e  r e p o r t  t o  Sandia ~ a b o r a t o r i e s  (1977).  

B. Schedule 

1. D r i l l i n g  c o n t r a c t  awarded December 1977 

2. BLM pe rmi t  rece ived  December 1977 

3. Access road and d r i l l  pad complete by January 15 ,  1978 

4. Notice t o  proceed g iven  t o  d r i l l  c o n t r a c t o r  January 16 ,  1978 

5. Expect spudding of ho le  t o  be approximately January 23, 1978 

6. Completion d a t a  e s t i m a t e  by e a r l y  March 1978. 

C .  Organiza t ion  

Technical  d i r e c t i o n  w i l l  o r i g i n a t e  w i t h i n  Sandia D iv i s ion  5311 under 
Dennis Powers. F i e l d  o p e r a t i o n s ,  managed by Bob S t a t l e r ,  Sandia Divis ion 
1133, w i l l  b e  conducted by W .  E .  Cunningham, Fenix & Scisson.  D r i l l i n g  
c o n t r a c t  and a s s o c i a t e d  suppor t  s e r v i c e  c o n t r a c t s  w i l l  be l e t  and administered 
by F&S a s  arranged f o r  by Fede ra l  agency o rde r  through Nevada Operat ions O f f i c e ,  
DOE. 

I d e n t i f i c a t i o n  of marker beds,  c o r e  logging and o t h e r  geologic  i n t e r p r e t a t i o n s  
w i l l  be provided by C h a r l i e  Jones ,  USGS-Special P r o j e c t s ,  J e r r y  Mercer, USGS- 
WRD, and Joe  Gonzales,  F&S. 

Qua l i t y  Assurance Program w i l l  be  administered by F. L. McFarling and 
J i m  Jones,  Sandia D iv i s ion  9517. 

I n d u s t r i a l  Sa fe ty  program w i l l  be adminis te red  by s p e c i a l i s t s  from Fenix 
.& Scisson ,  Las Vegas. 

Adminis t ra t ive  a s s i s t a n c e  and l o g i s t i c a l  suppor t  of Sandia Programs w i l l  
be provided by P. D .  Seward and J .  E .  Magruder, Sandia D iv i s ion  1135. 



Fie ld  Operations 

1. S i t e  se lec ted  and land surveyed. Land survey should cons i s t  of a p l o t  showing 
Township, Range, Section,  and dis tance  i n  f e e t  t o  t h e  c lo se s t  sec t ion  boundary. 
P lo t  should show route  of a 25 foo t  wide access road and layout of 300 f e e t  
x 300 f e e t  d r i l l  pad. A temporary monument should be placed i n  a convenient 
cdrner of t he  d r i l l  pad and e levat ion above sea l eve l  t o  c l o s e s t  1/10 of 
foo t  be es tabl ished.  

2. Archeological survey taken i n  conjunction with land survey f o r  f i l i n g  with 
land use permit appl ica t ion.  

3. Temporary land use permit appl ica t ion fo r  spec i f i c  s i t e  f i l e d  with BLM 
f o r  access road and d r i l l  pad. 

4. F i l e  "Notice of In ten t ion  t o  D r i l l  Exploratory Well" with USGS Area Geologist,  
Roswell; USGS O i l  & Gas Commission, Artes ia ;  USGS Area Mining Supervisor, 
Carlsbad; NM S t a t e  Engineer, Roswell; NM O i l  Conservation Commission, Santa Fe; 
a s  appropriate.  Notify surface  land l ease  holder and no t i fy  l e a se  holder of 
O i l  & Gas r i g h t s  and l ease  holder of mineral r i g h t s ,  i f  any. 

5. Award d r i l l  con t rac t ,  purchase long lead time items. Negotiate o ther  pe r t inen t  
con t rac t s  a s  appropr ia te  (mud, casing,  coring,  logging t e s t i n g ,  e t c . ) .  

6. Award d i r t  con t rac t ,  const ruct  access road and d r i l l  pad with 6 inch ca l i che  
base,  excavate 6 foo t  x 6 foot  x 6 foo t  c e l l a r ,  l i n e  with 3 inch timbers. 
Dry hole auger approximately 40 f e e t  of approximately 18 inch diameter hole. 
Se t  13-3/8 J-55 54# casing t o  GL. Cement annulus from TD t o  f l oo r  of c e l l a r .  

7 .  Excavate b r ine  p i t  and reserve p i t s  l i n e  with su i t ab l e  mater ia l .  

8. Move i n  r i g  and associated equipment required fo r  s a f e  d r i l l i n g  of wel ls  con- 
t a in ing  hydrogen su l f i de .  Pad layout should be adapted from recommendation 
published by American Petroleum I n s t i t u t e  Bul le t in  API RP49, l a t e s t  ed i t ion .  

9. Rotary a nominal 0 inch hole t o  approximately 1000 f e e t  o r  about 40 f e e t  below 
Rustler  formation i n t o  the  top of Salado S a l t .  Use conventional c i r cu l a t i on  
with s a l t  base mud a s  required t o  match formation. A t  each of th ree  i n t e rva l s ,  
t he  Magenta, the  Culebra and the  Rustler/Salado in te r face  take  one o r  more 
50 foo t  x 4-1/4 inch 0 core. Core i s  intended t o  a i d  i n  t he  ana lys i s  of 
f resh  water acquifers  above t he  s a l t .  USS-WRD representa t ive  w i l l  speci fy  
core i n t e rva l s .  Core w i l l  be logged, photographed, packaged and s to red  

-according t o  procedure out l ined i n  Appendix A of t h i s  procedure. 

D r i l l  crew w i l l  take cu t t ings  a t  approximately 10 foot  i n t e r v a l s  from 
bottom of surface  casing t o  TD. Depths of cu t t ing  source w i l l  be recorded 
on each package and made ava i lab le  on da i l y  ba s i s  t o  geologis t  on duty. 
Cutt ings w i l l  be handled and s tored a s  out l ined i n  Appendix A. 



10. USGS-WRD crew may run  gamma and neutron logs  of t o p  1000 f e e t .  Other 
commercial l o g s  may be run  a s  t e c h n i c a l  d i r e c t o r  chooses.  

11. Make up ho le  opener and open h o l e  t o  nominal 12 inch  diameter t o  TD. Ca l ipe r  
l o g  may be run a t  d i s c r e t i o n  of F&S manager. Run 9-5/8 inch  OD 36# 5-55 
cas ing  t o  TD wi th  c e n t r a l i z e r s  p l aced  on a t  l e a s t  two l o c a t i o n s .  Cement 
annulus us ing  c l a s s  "C" cement w i th  2% calcium c h l o r i d e  c i r c u l a t e ,  a minimum 
of 50% excess  above c a l i p e r e d  volume c a l c u l a t e d  t o  f i l l  annulus.  T e s t  s t and  
a minimum of  12 hours  under p r e s s u r e  and a t o t a l  of 24 hours  b e f o r e  d r i l l i n g  
p l u g  t o  resume d r i l l i n g .  

12. Rig up gas  and mud c o n t r o l  equipment i nc lud ing  B.O.P., d r i l l i n g  head, gas  
s e p a r a t o r ,  choke manifold, k i l l  l i n e s ,  kel ly-cock,  remote B.O.P. c o n t r o l s ,  
f l a r e  l i n e s ,  wind i n d i c a t o r s ,  and mud logging u n i t s .  B.O.P. should be  
s e l e c t e d  commensurate w i th  p o s s i b l e  s eve re  ho le  cond i t i ons  and t e s t e d  and 
c e r t i f i e d  accordingly.  A p o s s i b i l i t y  e x i s t s  of an  Ar t e s i an  b r i n e  pocket  
charged wi th  high concen t r a t ion  of H2S gas.  Br ine  flow r a t e s  i n  t h e  10,000 
ba r r e l /day  range may e x i s t .  S u f f i c i e n t  s t o r a g e  c a p a c i t y  should be on s i t e  
t o  handle t h e s e  maximums. Gas s e p a r a t o r  l i n e s  and f l a r e  l i n e s  should be 
equipped t o  a l l ow samples t o  be taken  of any f l u i d s  o r  gas  produced. D r i l l i n g  
f l u i d  should be  s a t u r a t e d  b r i n e  t o  match formation.  Have a s u f f i c i e n t  supply 
of H S i n h i b i t o r  on hand f o r  adding t o  d r i l l i n g  mud system a s  may be r equ i r ed .  2 

13. P ick  up nominal 8 inch  d r i l l  b i t  and r o t a r y  down t o  approximately 30 feet  
above Cowden formation. Upon advice  o f  du ty  g e o l o g i s t ,  swi tch  t o  co r ing  
ope ra t ion .  

14. Take cont inuous 4-1/4 inch+ c o r e  down t o  middle of massive anhydr i t e  bed 
a t  t.he t o p  of t h e  C a s t i l e  Formation. Core logging ,  photographing, packaging, 
and handl ing w i l l  b e  c a r r i e d  o u t  a s  de f ined  i n  Appendix A.  Clean and d r e s s  
h o l e  a s  necessary ,  and p repa re  f o r  logging program a s  de f ined  i n  Appendix B 
and d r i l l  stem t e s t s  a s  de f ined  i n  Appendix C. 

P a r t i c u l a r  a t t e n t i o n  needs t o  be g iven  t o  t h e  n a t u r e  o f  any gas  pocket  
p r e s e n t  f o r  a t  t h i s  time a d e c i s i o n  must be made whether o r  n o t  t o  set  a 
product ion  s t r i n g  o f  ca s ing .  If  ho le  is  judged s u f f i c i e n t l y  s a f e ,  then  
c o r i n g  ope ra t ions  can resume through t h e  open h o l e  down t o  t h e  TD i n  
Anhydrite Bed I1 i n  t h e  C a s t i l e .  This  i s  t h e  formation which i s  expected 
t o  produce t h e  b r i n e  flow wi th  o r  wi thout  H2S. 

I f  s e r i o u s  gas pockets  have been encountered i n  t h e  d r i l l i n g  t h u s  f a r ,  o r  
.if t h e  Technical  D i r e c t o r  and/or t h e  Manager of  F&S o p e r a t i o n s  suspec t  
an unsafe  cond i t i on ,  then  a product ion  c a s i n g  s t r i n g  w i l l  b e  s tood  i n  
upper massive a n h y d r i t e  bed t o  t h e  s u r f a c e  a f t e r  logging and d r i l l  stem 
tests a r e  completed. 

The product ion s t r i n g  w i l l  be  7 inches  OD J-55 23# cemented a t  l e a s t  up 
t o  Cowden wi th  a mud pack i n  t h e  annulus t o  t h e  s u r f a c e .  Hole cond i t i ons  



may be such t h a t  cementing of  annulus should be run even higher.  Af ter  t h e  
cementing process,  s i m i l a r  t o  t h a t  used i n  cementing surface  cas ing,  l e t  
cement stand a minimum of 12 hours under pressure  and a t o t a l  of  24 hours 
before  d r i l l i n g  the  plug t o  resume coring.  

15. Resume cor ing with coring t o o l  s u i t a b l e  f o r  s a f e  working i n s i d e  7 inch 
production s t r i n g .  Take continuous core  t o  f i n a l  TD i n  t h e  middle anhydri te  
bed (Anhydrite 11) of t h e  C a s t i l e  Formation. Specia l  ca re  must be exercised 
not t o  pene t ra te  i n t o  t h e  Delaware Mountain Group below t h e  C a s t i l e .  Geologists 
should c lose ly  monitor hole production t o  be su re  TD is s e t  without r i s k  
of a  se r ious  pene t ra t ion  below t h e  C a s t i l e .  

Upon reaching TD i n  Anhydrite 11, t h e  ob jec t ive  i s  t o  complete t h e  logging 
program and make t e s t s  f o r  such a s  formation pressure  and s i z e  of f l u i d  
rese rvo i r  i f  any, and take  samples of f l u i d s  and gases present .  Severa l  
opt ions  may e x i s t  f o r  conducting t e s t  program. I t  i s  important t o  s e l e c t  
one o r  more methods t h a t  a r e  compatible with hole condit ions and maintain 
acceptable s a f e  p r a c t i c e s .  

I t  should be noted t h a t  seismic r e f l e c t i o n  da ta  may be i n t e r p r e t e d  t o  ind ica te  
t h a t  s a l t  flowage has occurred i n  t h e  C a s t i l e  and has bulged upward wi th in  
t h e  upper C a s t i l e  and lower Salado. Top of t h e  C a s t i l e  may occur any depth 
below 2500 f e e t  a s  opposed t o  t h e  3000 f e e t  e a r l i e r  predicted.  

16. When coring,  t e s t i n g  and logging i s  completed, hole should be conditioned 
f o r  s e t t i n g  a cement plug. I f  production s t r i n g  has been stood i n t o  t h e  
upper anhydri te  bed of t h e  C a s t i l e ,  then t h e  hole should be plugged back 
t o  t h e  l e v e l  of cement i n  annulus around production casing.  I f  no production 
casing has been stood,  then hole should be plugged up i n t o  t h e  lower s a l t  
u n i t  of the  Salado. Top of cement i s  uncer ta in  a t  t h i s  wr i t ing ,  and w i l l  
be es tab l i shed  according t o  da ta  given by logs and cores.  

17. Condition wel l  and leave loaded with s a l t  based mud system. Remove B.O.P. 
and associa ted  hardware. I n s t a l l  cas ing head with appropr ia te  f i x t u r e s ,  
valves and gages t o  monitor any gas r e l e a s e  from well .  

18. Rig down and re lease  r i g .  

Qual i ty  Assurance 

Cer ta in  f e a t u r e s  of t h i s  exploratory we l l  may have a s i g n i f i c a n t  bearing on 
decis ions  about s i t e  s e l e c t i o n  and the re fo re  a Quali ty Assurance Program is 
required f o r  those a c t i v i t i e s  t h a t  w i l l  produce important d a t a  and information. 
The a c t i v i t i e s  o r  f e a t u r e s  requir ing q u a l i t y  assurance are :  

1. Location of t h e  wel l .  



2. Measurement of the ground level above sea level, and rig measurement such 
as height of kelly bushing and length of drill stems. 

3. Drill depths as they affect determination of marker bed intercepts, core 
intervals, and formation thicknesses. 

4. Direction of hole to establish that deviation is controlled within API 
recommended practices. 

5. Drilling fluids monitoring and logging to the extent it is used to determine 
presence of formation gases and gluids. 

6. Geologic logs to the extent they are used to determine formation geology 
and supplement data taken from core and cuttings examinations. 

7. Coring, core logging, and handling. 

8. Well bore and drill stem tests to the extent they are used to define well 
characteristics, formation character, fluid and/or gas reservoir strengths 
and character. 

9. Cementing of casing annulus as required to separate specific aquifers and 
formations from communication when required by State and Federal regulation. 

10. Bore hole plugging to the extent required to plug open hole and prevent 
intermixing of fluids and gases of different zones within salt beds. 

Actual procedures to be followed during coring, logging, testing, cementing, 
and plugging operations will be published as appendices to this document. 

Appendix A - Core and Core Handling Program 
Appendix B - Logging Program 
Appendix C - Testing Program 
Appendix D - Cementing and Plugging Program 



WIPP 11 
Appendix A.  Core and Core Handling Program 

Cores w i th  4-114 inch  nominal diameter  a r e  t o  be  taken a t  f ou r  i n t e r v a l s  
i n  WIPP 11. The f i r s t  t h r e e  i n t e r v a l s  a r e  w i t h i n  t h e  R u s t l e r  Formation 
through t h e  Magenta, t h e  Culebra and a c r o s s  t h e  Rus t le r /Sa lado  I n t e r f a c e .  
Carefu l  monitor ing of d r i l l i n g  p rog re s s  should permit minimizing co re  
i n t e r v a l s  t o  50 f e e t  f o r  each of t h e  t h r e e  zones occu r r ing  i n  t h e  f i r s t  
1000 f e e t  of ho l e .  

The f o u r t h  i n t e r v a l  should begin j u s t  above t h e  Cowden, e s t ima ted  between 
2000 f e e t  and 2500 f e e t  depth.  Coring should be  cont inuous down t o  t h e  TD 
es t imated  a t  3200 f e e t .  

. I f  p roduct ion  s t r i n g  is  necessary ,  co r ing  w i l l  be i n t e r r u p t e d  w i t h i n  t h e  
upper anhydr i t e  bed of t h e  C a s t i l e  u n t i l  geo logic  l o g s ,  d r i l l  s tem t e s t s  
and c a s i n g  o p e r a t i o n s  a r e  complete. Coring may then  cont inue  down t o  TD 
t a k i n g  3-112 inch  co re .  

A duty g e o l o g i s t  w i l l  l o g  and measure co re  a s  i t  i s  removed from c o r e  b a r r e l .  
Core w i l l  then  be cleaned and photographed, and sea l ed  w i t h i n  p l a s t i c  
s l e e v i n g  b e f o r e  packaging i n  s tandard  cardboard boxes.  Boxes w i l l  be  marked 
wi th  h o l e  i d e n t i t y  and co re  i n t e r v a l .  Core w i l l  then  c a r e f u l l y  be  loaded 
i n  a  t r a n s p o r t  v e h i c l e  by c o n t r a c t o r  pe r sonne l ,  a s  superv ised  by duty  
g e o l o g i s t ,  and taken t o  co re  s t o r a g e  i n  Car l sbad ,  New Mexico on South Canyon 
S t r e e t .  

A co r ing  record  should be kept  showing: d a t e  and t o u r ,  sequence of co re  
i n t e r v a l ,  l e n g t h  of i n t e r v a l ,  dep th  of i n t e r v a l ,  foo tage  of c o r e  recovered and 
percentage .  Rig o p e r a t i n g  cond i t i ons  such a s  RPM, weight on b i t ,  c i r c u l a t i n g  
p re s su re  should a l s o  be kep t .  

For sake of cons i s t ency  a  r o u t i n e  has  been e s t a b l i s h e d  f o r  handl ing  and marking 
co re  a t  t h e  d r i l l  pad a s  fo l lows:  

1. Coring c o n t r a c t o r  and rous t abou t s  w i l l  remove c o r e  from c o r e  b a r r e l .  
A l l  p i eces  a r e  t o  be recovered and placed i n  t roughs  i n  t h e  o rde r  
they  come ou t  of t h e  b a r r e l  f o r  i n s p e c t i o n  and measurement. Troughs 
a r e  marked orange o r  red i n d i c a t i n g  top  end,  and b l ack  i n d i c a t i n g  down 
d i r e c t i o n .  

2.  Each major p i e c e  should be marked wi th  a  water-proof b l ack  i n k  arrow 
p o i n t i n g  i n  t h e  d i r e c t i o n  t h e  h o l e  i s  advancing. 

3. Log, i d e n t i f y  and measure a l l  co re  p i e c e s ,  express  t o  t h e  c l o s e s t  
1110th of f o o t .  Note: a l l  dep th  measurements a r e  from t h e  t op  s i d e  
of t h e  Kel ly  Bushing u n l e s s  o therwise  s p e c i f i e d .  

4. Move t roughs  t o  photo shed,  s e t  up t o  c o l o r  photograph i n  sequence. 
Each p i c t u r e  should show Hole i d e n t i t y  "WIPP ll", core  run number, 
d i r e c t i o n  h o l e  i s  advancing, and depth  of i n t e r v a l .  

5 .  A s  t h e  photos  a r e  completed, s e p a r a t e  p i eces  i n t o  a p p r o p r i a t e  l eng ths .  
S leeve  and s e a l  and i n s e r t  i n t o  boxes. Tape boxes and mark o u t s i d e  
of box wi th  Hole i d e n t i t y  and depths  of co re  i n t e r v a l .  

6 .  Transpor t  boxed co re  t o  co re  s t o r a g e  t ak ing  p a r t i c u l a r  c a r e  i n  handl ing  
and d e l i v e r y  t o  avoid damage t o  co re .  
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Appendix B. Logging Program 

Geologic l o g s  w i l l  be run  i n  WIPP 11 t o  determine formation c h a r a c t e r  a s  we l l  
a s  h o l e  dimensions and d i r e c t i o n .  The informat ion  of  i n t e r e s t  and t h e  probable 
l o g s  t o  a s s i s t  i n  t h e  de te rmina t ion  a r e :  

Information Probable Log 

Sonic  o r  Acoust ic  Proper ty  

Clay/Water (Hydrogen) 

BHC Acous t i log  

Neutron Log 

Densi ty Densilog 

R e s i s t i v i t y ,  
P o r o s i t y ,  
Water S a t u r a t i o n  

Li thology/Natural  Radia t ion  

Formation Dip 

Dual La tero log  , 
Dual Induct ion ,  
Micro Latero log  

Gamma Ray 

Dip Log 

Hole Diameter Ca l ipe r  

Hole D i r e c t i o n  D i r e c t i o n a l  Survey 

Temperature Top of  Cement 

I t  should be  noted t h a t  t h e  l i s t  of probable l o g s  a r e  t r a d e  names o f  a p a r t i c u l a r  
company and a r e  n o t  in tended  t o  imply t h e  need f o r  s o l e  sourcing.  An except ion  
i s  t h e  Dip Log, where t h e  requirement does e x i s t  t h a t  it be done by Schlumberger. 

The d r i l l i n g  p l a n  f o r  wIPP 11 is such t h a t  logging  w i l l  probably have t o  be  done 
i n  t h r e e  phases  a s  fo l lows:  

Phase 1: 0-1000 f e e t  be fo re  cas ing .  

1. Acous t i log  BHC 
2. Dual Induct ion  Log 
3 .  Micro-Laterolog 
4. Densilog 
5. Gamma 
6. Neutron 
7. C a l i p e r  

A temperature l o g  may be  d e s i r e d  t o  l o c a t e  t o p  o f  cement i n  annulus a f t e r  cas ing .  
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Phase 2: 1000 f e e t  t o  t o p  of  C a s t i l e  be fo re  s tanding  product ion  s t r i n g  

1. Acoust i log BHC 
2. Densilog 
3 .  Dual Latero log  
4. Gamma and Neutron 
5. Dip Log 
6. Ca l ipe r  
7. D i r e c t i o n a l  Survey 

Phase 3: To TD i f  p o s s i b l e  

1. Acoust i log BHC 
2. Densilog 
3. Dual Latero log  
4. Gamma and Neutron 
5. Dip Log 
6. Ca l ipe r  
7. Direc t iona l  Survey 

Mud logging s e r v i c e  should be employed t o  determine t h e  presence of  hydrocarbons, 
H2S, C 0 2 ,  and n i t rogen .  Systems used should be s e l e c t e d  t o  minimize any i n t e r -  
fe rence  wi th in  t h e  measuring due t o  c o e x i s t i n g  gases .  Standard i n d u s t r y  hydro- 
carbon measurements should be used t o  i n d i c a t e  t h e  s p e c i e s  of  hydrocarbons a s  
wel l  a s  t o t a l  hydrocarbons expressed a s  methane. 

Approximate d e t e c t i o n  l i m i t s  a r e :  

H2S - Lower l i m i t :  lppm o r  l e s s  

C02 - Lower l i m i t :  About lOppm 

N2 - Lower L i m i t :  About 2000ppm 

Samples of gases  o r  f l u i d s  a r e  d e s i r e d  when requested by Technical D i rec to r .  

The o r i g i n a l  recordings  and 10 copies  of a l l  l o g s  should be d e l i v e r e d  t o  Fenix & 

Scisson ,  Carlsbad o f f i c e ,  upon completion of  s e r v i c e .  A l i m i t e d  number of f i e l d  
p r i n t s  may be reques ted  a t  t h e  w e l l  s i t e  a s  soon a s  logs  have been run. 

F&S w i l l  d i s t r i b u t e  l o g  records  a s  follows: 

USGS-WRD J. W. Mercer (2)  
USGS-Spec P ro j .  C. S. Jones 
F&S, Carlsbad W .  E. Cunningham (2)  
5311 D. W. Powers ( o r i g i n a l  + 1) 
5311 S. J. Lambert 
5311 Archives F i l e  



Sanclia Laboratories 
date: March 1, 1978 Albuquerque. New M e x ~ c o  

L~verrnore. Calrforn~a 

to. D i s t r i b u t i o n  

/Z - ? 

subject: WIPP 11 D r i l l i n g  

At tached  f o r  your  i n fo rma t ion  is  WIPP 11, Appendix C ,  T e s t i n g  Program. 

enc .  

D i s t r i b u t i o n :  

C. L. Jones ,  USGS, S p e c i a l  P r o j e c t s ,  Denver, CO 

J. W. Mercer, USGS-wRD, Albuquerque,  NM 

R. E. Ashlock, F&S, Las Vegas NV 

W. E. Cunningham, F&S, Ca r l sbad ,  NM (35) 

1130 H. E. Viney 

1135 P. D. Seward 

5311 L. R. H i l l  

5311 D. W. Powers ( 3 )  

5311 S. J. Lambert 

5311 J. W. McKiernan 

5732 G. B. Griswold 

9517 F. L. McFarling ( 2 )  

5311 Arch ives  ( 2 )  

1133 R. D .  S t a t l e r  (5)  
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Appendix C - Testing Program 

One object ive  i n  d r i l l i n g  the exploratory well WIPP-11 is  t o  analyze and 

understand f l u i d  o r  gas entry  i n to  the  well base. The thickness of the 

formation, volume of the  "reservoir"  a s  well a s  the  pressure and composi- 

t i o n  of the  f l u i d s  a r e  a l l  important information. 

~ u r i n g  the  d r i l l i n g  operation,  d i f f i c u l t y  can be expected i n  determining 

the  presence of small pockets of gas. Pa r t i cu l a r  a t t en t ion  must be given 

such things a s  any anomalous d r i l l i n g  r a t e s ,  changes i n  mud densi ty ,  gas 

detected a t  the separator  o r  any visual  evidence t h a t  might s i gn i fy  the  

exis tence of gas pockets o r  f l u i d s  and ind ica te  a need f o r  running a d r i l l  

stem t e s t .  

I f  no s ign i f i can t  quan t i t i e s  of f l u i d s  o r  gas have been encountered during 

the  d r i l l i n g  o r  coring operation then the  d r i l l  stem t e s t  i n t e rva l s  w i l l  

be es tabl ished a f t e r  review of geological  logs  t o  be run a f t e r  reaching 

TD . 
Conventional d r i l l  stem t e s t s  w i l l  be used as  a means of determining 

product ivi ty  of the  subsurface fornat ion i n  WIPP-11. In  order  t o  accomplish 

t h i s ,  the  selected t e s t  i n t e rva l  must be opened t o  atmospheric o r  reduced 

pressure.  

The procedure i s  t o  lower the t e s t i n g  tool  i n t o  the  well  bore on d r i l l  

pipe with the  t oo l  closed t o  prevent entry  of well  f l u i d s  i n t o  the d r i l l  

pipe.  Well-bore packers w i l l  be included i n  the  assembly below and 

ahove the  t e s t i n g  t oo l ,  and expanded t o  block-off the  zone t o  be tes ted.  

The t e s t i n g  tool  w i l l  then be opened, leaving formation f l u i d s  exposed 

t o  atmospheric pressure and allowed t o  flow i n t o  the  empty d r i l l  pipe. 

The amount of f l u i d  flow i n t o  the  d r i l l  pipe w i l l  be used a s  a measure 

of the  a b i l i t y  of the well  t o  produce f l u id .  After a c e r t a i n  prescribed 

flow period,  probably 30 minutes, the t e s t i n g  t oo l  w i l l  he caused t o  close.  

This w i l l  allow the  pressure of the formation t o  bu i ld  back up while 

being recorded on a clock-driven recording device located within the  

t e s t i n g  too l .  



The "shut - in  pressure ' '  w i l l  probably be he ld  f o r  120 minutes  du r ing  t h e  

f i r s t  cyc l e .  A l t e r n a t e  flow and shu t - in  p r e s s u r e s  may be conducted up 

t o  t h r e e  t imes  wi th  flow #2 probably  he ld  f o r  120 minutes  and shut - in  

#2 he ld  f o r  360 minutes.  I f  flow #3 is  cons idered  d e s i r a b l e  t h e  f low 

pe r iod  and shut - in  p e r i o d  w i l l  bc- e s t a b l i s h e d  i n  t h e  f i e l d  by t h e  

Technica l  Di rec tor .  

I t  i s  e s t ima ted  t h a t  t h r e e  s e p a r a t e  DST's w i l l  be  run  i n  WIPP-11 and 

t h a t  each t e s t  w i l l  t a k e  36 hours  t o  complete. 
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Appendix D. Cementing and Plugging Program 

The WIPP 11 exploratory hole i s  located within the known potash area (KPA) and 
within a water basin as designated by New Mexico State  Engineers of f ice .  

State  regulations require t h a t  acquifers be kept separate t o  avoid comingling 
and be kept out of the s a l t  beds below. 

Cementing of the casing w i l l  be carried out according t o  existing pract ices  by 
a reputable supplier knowledgeable of such regulations. 

Hole should be calipered for establishing the volume of cement required t o  fill 
annulus. 

Sufficient quantity of c lass  "C" cement with 2% calcium chloride t o  c i rcula te  up 
t o  50% excess should be provided. 

A casing pressure t e s t  should be applied as follows: displace mud with clear 
water; apply a pressure of 600psi and hold for  30 minutes and observe. If a 
pressure drop of lOOpsi or more should occur within 30 minutes, take corrective 
measures and repeat t e s t .  I f  pressure drop i s  less ,  cementing job i s  considered 
complete. 

See page 2 ,  Appendix D .  
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After completion of the drilling program for WIPP #11 the hole will consist 
of 9-5/8 inch casing set and cemented from the surface into the top of the salt 
at about 1000 feet depth. Below this depth the hole will be 7-7/8 inch down 
to the second Anhydrite bed in the Castile at approximately 3200 feet depth. 
The plugging operation will be done in two phases and will plug the 'hole from 
total depth to the bottom of the casing. 

The first phase will place a continuous plug from total depth to approximately 
2750 feet. After a period of testing and studies in the remaining open hole 
the phase 2 plugging operation will be accomplished. This plug may be continuous 
from about 2750 feet to the bottom of the casing or placed in two stages dependent 
on any "loss of circulation" zones noted during the drilling and coring operations. 

The grout mixture for both phases of the plugging operation will be the same as 
the grout placed in plugs two and three of the ERDA #10 drill hole which was 
plugged during the early part of October 1977. The grout mixture is 70 percent 
Class C (sulfate resistant) cement/30% flyash with water and additives. This 
70/30 mixture by volume equals 75/25 by weight. The mixing water will be 
salt-saturated (approximately 36 percent by weight of water). Other additives 
will include 2 percent Attapulgite (Brine gel), 2 percent calcium chloride, and 
a dispersant or friction reducing agent to improve flow characteristics of the 
grout during pumping. A silica sand (about 5 percent by weight) may be added to 
reduce the loss to the formation. 

Volumes of each pluq will be calculated from the caliper logs. My tentative 
recommendation for each plug is to include enough volume of grout for 50 percent 
excess over the calculated volume of the hole through the plug distance plus 
an additional 100 feet of hole (to be reversed out). This amount of excess 
volume is subject to adjustment during the preliminary meetings and the reviews 
of the drilling data and logs. 

Preliminary meetings with the potential grouting contractors should be held 
during the next few weeks. These meetings should discuss the above proposed 
grouting plan including materials, equipment and operational procedures and 
quality control. 

The quality control program will be provided by the Wagerways Experiment Station 
(WES) and will be similar to the one for the plugging of the ERDA #10 drill hole. 
WES will inspect the batching plant and all of the equipment before the grouting 
operations. Samples of all materials will be taken from storage and from the 
blended batches. Samples of the grout will be taken before and during the pumping 
of each plug and any grout returned to the surface during the  eversi sing out" 
of the grout from above the desired location of the top of the plug. The samples 
will be tested and evaluated at the WES Lab in Vicksburg as a part of the 
Borehole Plugging Development Program investigations. 

The pumping rate and pressure will be monitored and continuously recorded. A 
flow meter will be added to the discharge line to the mud pit to compare directly 
with the pumping rate and to check for loss of grout to the formation. 

I will maintain close liaison with Mr. Earl Cunningham of Fenix & Scisson, Inc., 
Ralph Bendinelli of WES, the grouting contractor and interested Sandia personnel 
until the plugging of WIPP #11 is completed. 



Sandia Laboratories 
March 9, 1978 

to: W. E. Cunningham - F6S 
Albuquerque. New Mex~co  
L~vermore. Cal~forn~a 

~ublect :  Modification to Drilling Program WIPP-11 

Upon completion of taking core #23, expected to be at an approximate 
depth of 3191 feet, suspend continuous coring operations and begin 
rotary drilling. Drill until intercept with Anhydrite I has been 
definitely established. Estimate this to be about 3550 - 3600. Take 
a final core at total depth and then prepare for logging and any 
possible drill stem tests. 

Following logging and testing leave well temporarily completed with 
saturated column of fluid standing. 

Rig down and de-mobilize site. 

RDS : ah 

Distribution 
C. L. Jones, USGS, Special Projects Denver, CO 
J. W. Mercer, USGS-WRD, Albuquerque, NM 
R. E. Ashlock, F6S, Las Vegas, NV 
W. E. Cunningham, F&S, Carlsbad, NM (3) 
1130 H. E. Viney 
1135 P. D. Seward 

7 11 L. R. Hill 
5311 D. W. Powers (3) 
5311 S. J. Lambert 
5311 J. W. McKiernan 
5732 G. B. Griswold 
9517 F. L. McFarling (2) 
5311 Archives (2) 
1133 R. D. Statler (5) 



Sandia Laboratories 
Albuquerque. New Mexico 
Livermore. Cal~forn~a 

from: D .  W. Powers - 1141 

subject: Logging Program f o r  ERDA /I11 

The primary purpose of  ERDA /I11 i s  t o  t e s t  the  so-ca l led  
seismic dropout i n  Sect ion  8, T22S, R31E. Secondary purposes 
o f  the  hole  a r e  t o  t e s t  the  d i s so lu t i on  of  the  upper p a r t  of 
t he  C a s t i l e  Formation and t he  hydrology assoc ia ted  with the  
Rus t l e r  Formation. I n  accordance with those purposes t he  
following logging program i s  an t i c i pa t ed :  

1. The USGS/WRD from Albuquer ue w i l l  l og  the  Rus t l e r  
Formation as soon a s  t h a t  1 r i l l i n g  is  completed. 

2. The e n t i r e  ho le  w i l l  be logged, a s  appropr ia te ,  f o r  
t he  following: 

Formation Character Probable Log 

Sonic o r  acous t i c  property Acoustic l og  (BHC) 
gamma ray  gamma ray  

clay/water  (hydrogen) neutron 
dens i t y  dens i log  
r e s i s t i v i t y  dual  l a t e r o l o g  

*dips d ip log  
*ve loc i ty  up-hole seismic 

*logs t h a t  a r e  cont ingent  on t he  information from the  borehole.  

It i s  poss ib le  t h a t  the  gamma ray  and sonic  log  w i l l  be 
necessary p r i o r  t o  i n i t i a t i n g  cor ing  a t  t h e  Cowden anhydr i te  
t o  f a c i l i t a t e  s t r a t i g r a p h i c  picks;  however, i t  i s  l i k e l y  t h a t  
t he  WRD logging t ruck w i l l  be ava i l ab l e  f o r  t h i s  purpose, 



R .  D. Statler - 1131 -2- 

Copy to: 
C. Jones, USGS, Denver, CO 

W .  Mercer, USGS, Albuquerque, NM 
1140 W. D. Weart 
1141 L .  R .  H i l l  
1141 S.  J .  Lambert 
1141 D. W .  Powers 

August 1 ,  1977 



Sandia Laboratories 
date August 4, 1977 

"T 
10: R. D. Statler - 1 1 3 3 e m - -  

f 

Albuquerque. New Mex~co 
Llvermore. Calrfornla 

from: D. W. Powers - 1141 

subject: ~ u d  Logging for ERDA 10 and 11 

As we have previously discussed, there are four basic pieces 
of information desired from sampling gas separated from the 
mud in ERDA 10 and 11: hydrocarbons, H2S, C02, and nitrogen. 
The further requirements of the monitoring system are: 

1) Minimal interference within the measuring systems 
due to coexisting gases. 

2) Standard industry hydrocarbon measurements indicating 
the species of hydrocarbons, and total hydrocarbons 
expressed as methane. 

3) Detection limits approximately as follows: 

for H2S: lower limit 1 ppm or less 

for C02: lower limit about 10 ppm 

for N2: lower detection limit about 2000 ppm. 

Please understand that these are approximate limits that 
are not purposely designed to eliminate any potential con- 
tractor. These limits have been given in each instance by 
at least one field operator as reasonably obtained in the 
field. If further precision is readily available, we should 
take advantage of it. 

As we also discussed with Mr. Cunningham, a system should be 
available where Steve Lambert can sample gases or fluids. He 
has expressed the desire to use glass sample bottles, and will, 
I presume, be able to advise you concerning any characteristics 
of the system he envisages. 

Copy to: 
W. E. Cunningham, F & S ,  Carlsbad 
1141 L. R. Hill 
1141 S. J. Lambert 



date: Janua ry  25, 1978 

lo: R. D. S t a t l e r -  1 1 3 ~ ~  

Sandia Laboratories 
Albuquerque, New Mexlco 
Llvermore, Cal~fornla 

from: D. W .  Powers - 5311 

subject. Borehole  Logging o f  WIPP #11 

A f t e r  d i s c u s s i o n s  w i t h  John H e r n , i t  i s  a p p a r e n t  t h a t  a  
s o n i c  o r  a c o u s t i c  l o g  w i l l  b e  s u f f i c i e n t  f o r  a i d i n g  i n t e r -  
p r e t a t i o n  of seismic r e f l e c t i o n  d a t a .  The uphole  s e i s m i c  
v e l o c i t y  l o g  r e q u e s t e d  i n  a  p r e v i o u s  memo may be  d i s r e g a r d e d .  
The s o n i c  o r  a c o u s t i c  l o g  w i l l  be  r e q u i r e d  from t h e  s u r f a c e  
down. 

Our p r e v i o u s  e x p e r i e n c e  ha s  i n d i c a t e d  some c o n t r a c t o r s  have 
d i f f i c u l t y  supp ly ing  s o n i c  l o g s  th rough  t h e  s e c t i o n  of 
i n t e r e s t .  Because t h e  i n t e r p r e t a t i o n  o f  t h e  seismic re- 
f l e c t i o n  work here i s  s o  impor t an t  t o  a n a l y z i n g  t h e  s t r u c t u r e  
around WIPP 11, c a r e  shou ld  be t a k e n  i n  s e l e c t i n g  t h e  con- 
t r a c t o r  best a b l e  t o  p rov ide  t h e  s o n i c  l o g g i n g  s e r v i c e .  

Copy t o :  
W.  D. Cunningham - F&S/Car lsbad,  N.M. 
5311 L. R. H i l l  
5311 D. W. Powers  



Sandia Laboratories 
date: F e b r u a r y  6 ,  1978 Albuquerque, New Mexico 

Livermore. California 

to: R.D.  S t a t l e r  1133  
r 

Irom: D.W. Powers  5311 

subject: Marker  H o r i z o n s  i n  WIPP 11 

C h a r l i e  J o n e s  h a s  e s t i m a t e d  (verbal .1 .y)  t h e  f o l l o w i n g  
d e p t h s  a t  WIPP 11: 

t o p  R u s t l e r  Fm 630 '  
Magenta Dolomite ' 710 
C u l e b r a  Dolomite 810 I 
t o p  S a l a d o  Fm 950 ' 

J e r r y  Mercer h a s  s u p p l i e d  approximat .e  d e p t h s  a s  f o l l o w s :  
S a n t a  Rosa 20-140 I 
~ e w e y  Lake 140-635 ' 
R u s t l e r  Fm 635-935 I 
Magenta Dolomite 690-715'  
C u l e b r a  Dolomite 810-885'  
Sal-ado Fm 935-2335! 

J o h n  Hern h a s  e s t i m a t e d  d e p t h s  f rom seismic d a t a  a t  WIPP 
11: 

t o p  S a l a d o  Fm 950 '  
t o p  d i s t u r b e d  zone  1 8 3 0 '  
t o p  Delaware 3900 I 

C a r r y i n g  a C a s t i l e  r e f l e c t o r  t h r o u g h  t h e  d i s t u r b e d  zone  
i n d i c a t e s  t h e  t o p  o f  C a s t i l e  may b e  a s  s h a l l o w  a s  
2500-2600' .  The d i s t u r b e d  n a t u r e  o f  t h e  r e f l e c t o r s  
i n d i c a t e s  we s h o u l d  b e  p r e p a r e d  f o r  u n u s u a l  s t r a t i g r a p h y  
i n  any case. 

D i s t r i b u t i o n :  
. W.E. Cunningham, F&S, C a r l s b a d ,  NM ( 3 )  

C.L. J o n e s ,  USGS, S p e c i a l  P r o j e c t s  (c/o SLA, C a r l s b a d )  
J . W .  Mercer, USGS - WRD (c/o SLA, C a r l s b a d )  

]IB--311 L.R. H i l l  
5311  D.W. Powers  





APPENDIX C 

HClLE HISTORY 

compi 1  ed by 

R. D. S t a t l e r  

D i v i s i o n  1133 

an d  

P. D. Seward 

D i v i s i o n  1135 

Sandi  a  N a t i o n a l  L a b o r a t o r i e s  





INTRODUCTION TO APPENDIX C, HOLE HISTORY 

The h o l e  h i s t o r y  i s  a document p r o v i d e d  soon a f t e r  c o m p l e t i o n  of t h e  

bo reho le ,  and i t  summarizes t h e  r e l e v a n t  i n f o r m a t i o n  on t h e  d a i l y  l o g  k e p t  

by  t h e  c o n t r a c t o r .  The h o l e  h i s t o r y  i s  no t  e d i t e d  t o  ensure conformance 

i n  e v e r y  d e t a i l  w i t h  1  a t e r  i n f o r m a t i o n  deve loped f o r  p r e v i o u s  chap te rs .  

F u r t h e r  i n f  o rmat i  on ma,v be o b t a i n e d  as necessary  t h r o u g h  e x a m i n a t i o n  of 

t h e  o r i g i n a l  d a i l y  t i m e  logs .  



TULSA LAS VEGAS 

P L E A S E  REPLY TO: TES : 1204 
P. 0. BOX 4 9 8  

MERCURY. NEVADA 8 9 0 2 3  

June 16, 1978 

Mr. R .  D .  S t a t l e r ,  1133 
Sandia Laboratories 
P.O. Box 5800 
Albuquerque, New Mexico 

87115 

CARLSBAD HOLE HISTORY 

Enclosed i s  the o r i g i n a l  ho le  h i s tory  on WIPP #11 f o r  your d i s t r i b u t i o n .  

,df~f&-& G .  T .  RUESCH, MANAGER 

TECHNICAL SUPPORT 

GTB: i t  

cc :  W. E .  Cunningham w/encl .  (4)  
W .  D .  Sutherland w/encl.  



FENIX a sc~sson, INC. 

HOLE HISTORY DATA 

DATE: June 8, 1978 
L 

I. D. NO.: H u b E  NO.: WIPP #I1 W. 0. NO.: 

USER: Sandia Lab 

LOCATION New Mexico 

TYPE HOLEI Exploratory 

COUNTYI Eddy 

SURFACE COORDINATESI 709 1 FNJ, 794 1 FWL s 9. T u s  . R31E 
AREA: 

GROUND ELEVATION! 3426.12' 

RIG ON LOCATlONt 2-4-78 

PAD ELEVAT lONl  

SPUDDED1 2-6-78 

TOP CASING ELEVATION: 

COMPLETED: 3-14-78 

CIRCULATING MEDIA1 Salt base mud. 

MAIN RIG b CONTRACTOR NO. OF COMPRESSORS b CAPAClTY l  

985' 3580' 8-3/4' 

T '4L  ~ ~ ~ ~ ~ 1 3 5 8 0 '  AVERAGEMANDRELDEPTHl  FROM REFERENCE ELEVATION @ 
i 

JUNK b PLUGS L E F T  IN  HOLE! 

SURVEYS PAGE1 CORING PAGE: 7 CU. FT. CMT. TOTAL IN PLUGS, ETCI 

LOGGING DATAI Page 6 

BOTTOM HOLE COORDINATESI 872.8' FNL, 522.1' FEL @ 3583' REFEWNCEI  Schlumberger 

RIGS USED (Site Prep Rigs *) 

R I G  NO. 

13 

REMARKS# * Site Prep Items, Depths shown at ground level. 

All depths shown are from kelly bushing elevation, 13' above ground level, 

except for site prep work. 

- 
Horizontal deviation at 3583' (log depth) was 280.8', N 35' E- 

SP-per d i p t ~ r  c- a t i a n s ,  

PREPARED BY, DWS/it c-3 TIME BREAKDOWN ON NEXT PAGE 

NAME 

Verna Drilling Co. 

TYPE 

Brewster/Skytop 

N-4 

C L A S S  
D A Y S  

O P E R A T I N G  

36.38 

S E C U R E D  
W  CREW 

S E C U R E D  
W / O  CREW 

T O T A L  D A Y S  
O N  L O C .  

36.38 



WIPP //I1 

TlME BREAKDOWN 
I 

S I T E  P R E P A R A T I O N  

O P E R A T I D N A L  D E L A Y  TIME (ODT)  

RIG REPAIRS 

W. 0. DRILLING SUPPLIES 

CLEAN OUT F I L L  

SECURED WlTH CREWS 

SITE ODT 

D R I L L I N G  O P E R A T I O N  TIME (DOT)  OTHER SCHEDULED TIME (OST) 

DRILL 

TRIPS 

SURVEYS 

SITE DOT DAY 5 

MOVE 

RUN CASING 

CEMENT CASING 

SITE OST DAYS 

TOTAL SITE PREP TIME DAYS REMARKS: 

D R I L L I N G  OPERATION TIME ( D O T )  

DRILL 4.11 

TRIPS 0.79 

DRESS DRILLING ASSEMBLY 

SINGLE SHOT DEV. SURVEYS 0.25 

OPEN HOLE DIRECTION SURVEYS 

EN HOLE 1.67 

MAIN HOLE DOT 6.82 DAYS 

CASING OPERATION TIME ( C O T )  

R U N  9-518" CASING 0.29 

RUN CASING 

CEMENT 9-518'' CASING 0.92 

CEMENT CASING 

DRILL OUT SHOE 0.06 

MAIN HOLE COT DAYS 

M A l N  H O L E  C O N S T R U C T I O N  

OTHER SCHEDULED T lME (OST) 

MOBlLlZAT ION 6 DEMOBILIZATION 

CORE 15.90 

LOG 2.40 

CASED HOLE DIR. SURVEYS 

UNLOAD CASED HOLE 

RUN MANDREL 

HYDROLOGICAL TESTS 

Rig Up & Down 
Government Equipment 1.58 

Circulate Samples 0.15 

Nipple Up 0.19 

Lay Down Drill Pipe 0.41 

MAIN HOLE OST 2O 63 DAYS 

O P E R A T I O N A L  D E L A Y  TIME ( O D T )  

RIG REPAIRS 2.60 

w. o. EQUIPMENT 0.19 

FISH 1.62 

CLEAN OUT FILL 

UNLOAD WATER INFLOW 

REAM 2.13 

PLUG BACK 

DRILL OUT PLUGS 

SECURED WITH CREWS 

W.O. Loggers 0.18 

Mix &ConditionMud 0.39 

Repair Government 
Equipment 0.28 

Magnaflux Drill Coll- 0.27 
ar s 

MAIN HOLE ODT 7.66 DAYS 

TOTAL MAIN HOLE CONST. TIME 36.38 DAYS I REMARKS: 

T O T A L  E L A P S E D  T l M E  

TOTAL SITE PREP TIME DAYS 

TOTAL MAIN HOLE CONST. TIME 36.38 DAYS 

SEC. W/O CREW SITE PREP DAYS 

. W/O CREW MAIN HOLE CONST. DAYS 

TOTAL SUSPENDED (NO RIG) DAYS 

TOTAL ELAPSED TIME 36.38 DAYS 

C - 4  

REMARKS: 



WIPP #I11 
HOLE HISTORY 

A 6' x  6' c e l l a r  was excavated t o  5 '  and l ined  with 3'' x  12" boards. 
Link Rat Hole d r i l l e d  an 18" hole t o  40.4' with an auger r i g .  Se t  
13-318" O.D., 48H, H-40 cas ing  a t  40.4' (GL). Cemented annulus t o  
the bottom of the  c e l l a r  with 81 f t 3  of ready mix. 

Note: Depths repor ted  w i l l  be from k e l l y  bushing (KB) e l e v a t i o n  - 
13' above ground l e v e l  (GL) un le s s  otherwise noted. 

Moved i n  Verna D r i l l i n g  N-4 Brewster r i g  #I13 with a  96' L.C. 
Moore d e r r i c k  and s t a r t e d  r igg ing  up. 

Continued r igg ing  up. 

Completed r igg ing  up a t  1500 hours.  Dr i l l ed  8-314'' hole  from 53' 
t o  181' us ing  mud. 

Dr i l l ed  8-314" hole from 181' t o  727'. Rigged up I n t e r n a t i o n a l  
Diamond Coring, Inc.  equipment with 8-11/16" diamond core  b i t .  

Cut core  #I1 from 727' t o  786' ,  recovered 57 ' .  Ran 8-314" b i t  i n  
the  h o l e ,  reamed and washed t o  bottom. Dr i l l ed  8-314'' ho le  from 
786' t o  856' .  

Cut core  #I2 from 856' t o  8911,  recovered 20'. Reamed core  hole  
and d r i l l e d  8-314'' ho le  from 891' t o  950'. Cut core #I3 from 950' 
t o  9911,  Lost 250 b a r r e l s  of mud on t r i p  i n  hole with core  b a r r e l .  

Recovered 26.2' on co re  #I3. Ran 8-314" b i t  i n  the hole  washed and 
reamed t o  bottom. Conditioned mud f o r  logging. Ran Schlumberger 
logs. Lost 7.5 b a r r e l s  of mud while logging. Made up 12v1  hole 
opener and reamed hole from 53' t o  263'. 

Opened 8-314" hole  t o  12v '  from 263' t o  784'. Pecos Valley 
Construct ion Co. sandblasted 9-518" O.D. casing.  

Opened 8-3/4" hole t o  12y1  from 784' t o  985'. Conditioned mud t o  
run casing.  Ran Schlumberger c a l i p e r  log. Ran 9-5/8" O.D., 36#, 
5-55 Fos ter  cas ing  i n  the  hole  t o  985.18' (972.18' GL). I n s t a l l e d  
a  Davis type guide shoe on bottom and a  Davis type 702 f l o a t  c o l l a r  
on top of the  bottom j o i n t  a t  943.68'. C e n t r a l i z e r s  were placed 
a t  963.5' ,  701' and 357.96'. 

Finished running casing.  Cemented annulus t o  su r face  using B J  with 
25 b a r r e l s  of water ahead of 154 f t 3  of t h i x  s e t  cement with l o s t  
c i r c u l a t i o n  m a t e r i a l  followed by 502 f t 3  of c l a s s  "C" cement with 
2% calcuim ch lo r ide .  Displaced cement with 79 b a r r e l s  of water and 
bumped plug with 1100 p s i ,  Cement i n  place a t  0425 hours.  Waited 
on cement. 



Page 2 
WIPP /I11 
Hole His tory  

2- 14- 78 Cut o f f  13-3/8" O.D. and 9-518'' O.D. c a s ing  a t  ground l eve l .  Welded 
a 7" cas ing  hanger on the  9-518" cas ing .  Welded the  13-318" cas ing  
t o  the 9-518". I n s t a l l e d  10" s e r i e s  900 blow out preventer  with 
Payne accumulator and 2 s e t s  of c o n t r o l s ,  gas s e p a r a t o r ,  choke 
manifold,  flow l i n e  and f l a r e  l i n e .  Repaired b l ind  rams. 

2-15-78 Completed connect ing up blow out  hardware and t e s t e d  t o  1000 ps i .  
Repaired l eaks  where inducated. Dr i l l ed  out  cement and 8-314" ho le  
from 991' t o  1130' using s a l t  base mud. 

2- 16- 78 D r i l l e d  8-314'' ho le  from 1130' t o  1675'. 

2-17-78 D r i l l e d  8-314" hole from 1675' t o  1997'. Ran USGS log. 

2-18-78 D r i l l e d  8-314" hole  from 1997' t o  2240'. Conditioned ho le  f o r  
logging. Ran USGS log.  Made up 8-11/16" core  b i t  and c u t  core  
#I4 from 2240' t o  2243'. 

2-19- 78 Completed c u t t i n g  core  #I4 from 2243' t o  2299', recovered 58.8'. 
Cut co re  /I5 from 2299' t o  2307'. 

2-20-78 Completed core  /I5 from 2307' t o  2359', recovered 59.5'. Cut 
co re  #I6 from 2359' t o  2368'. 

2-21-78 Completed co re  /I6 from 2368' t o  2408'. Pul led out  of ho le ,  
recovered 47' of core.  Top 3'  of ou te r  co re  b a r r e l  had twis ted  
o f f  leaving  65' of outer  b a r r e l  i n  the  ho le ,  top  of f i s h  a t  2343'. 
Made up S t a r  F ish ing  Tool ' s  spear  and bumper sub. 

2-22-78 Ran i n  ho le  and recovered f i s h .  Corrected depth t o  2409'. Ran 
Schlumberger logs.  Ran Sandia s p e c i a l  instrumented d r i l l  c o l l a r  
i n  the  ho le  and t e s t ed .  Tes t  was negat ive .  

2-23-78 Laid down d r i l l  c o l l a r .  Made up co r ing  assembly and c u t  core /I7 
from 2409' t o  2446'. Pul led out of ho le ,  recovered 29' of core .  
Found bottom p a r t  of outer  b a r r e l  had twisted o f f ,  o v e r a l l  l ength  
was 29.85'. Top of f i s h  a t  2412'. Made up f i s h i n g  too l s .  
S t a r t e d  i n  hole.  

2-24- 78 Completed t r i p  i n  hole.  Latched onto f i s h  and recovered same. Ran 
Dr i l co  bottom hole reaming assembly with 8-314" b i t  i n  the  hole.  
Reamed from 2160' t o  2170' and twis ted  o f f .  Pulled out  of ho le  
and l e f t  9 d r i l l  c o l l a r s  and Dr i l co  assembly i n  t h e  hole.  Made 
up S t a r  F ish ing  Tool ' s  7y '  overshot ,  bumper sub and j a r s .  Washed 
t o  top  of f i s h  and knocked t o  bottom. Latched onto  f i s h  and 
recovered same. 

2-25-78 J o e ' s  Inspec t ion  Service magnafluxed d r i l l  c o l l a r  t o o l  j o i n t s  and 
found 1 cracked box. Ran 8-314" reaming assembly i n  t h e  ho le  and 
reamed from 2160' t o  2446'. 

2-26-78 Pulled up t o  2160' t o  ream second pass. Reamed t o  2352' and twis ted  
o f f .  Pul led  out of hole  and l e f t  10 d r i l l  c o l l a r s  and Dr i l co  t o o l s  
i n  t h e  hole.  Made up f i s h i n g  t o o l s  and recovered f i s h .  Ran 8-314'' 
Dr i l co  reaming assembly i n  t h e  ho le  and reamed from 2360' t o  2398'. 



Page 3 
WIPP 4/11 
Hole History 

Reamed hole from 2398' t o  2446'. made 2 passes. Made up coring 
assembly with 8-11/16" diamond core head. Cut core 418 from 2446' 
t o  2462'. 

Completed core 4/8 from 2462' t o  2485', recovered 30.6'. Cut core  
4/9 from 2485' t o  2530'. 

Recovered 38.3' on core 4/9. C u t  core 4/10 from 2530' t o  25801, 
recovered 43.4'. Cut core 4/11 from 2580' t o  2621'. 

Completed core 4/11 from 2621' t o  26301, recovered 46.9'. Cut 
core 4/12 from 2630' t o  2642'. S tar ted  out of hole and shut 
down a t  1000 hours for  r i g  repa i r s .  

Completed repa i r s  a t  0915 hours. Pulled out of hole and recovered 
11.8' on core 4/12. Cut core 4/13 from 2642' t o  2692', recovered 
50.4'. 

Cut core 4/14 from 2692' t o  2742', recovered 50'. Measured out 
of hole and corrected depth t o  2744'. Cut core 915 from 2744' 
t o  2794'. 

Recovered 49.9' on core 4/15. Cu t  core 4/16 from 2794' t o  2844', 
recovered 46.9'. Ran i n  hole and washed 15' t o  bottom. Mixed 
mud and l o s t  c i r cu l a t i on  material .  S tar ted  cu t t ing  core 4/17. 

Completed core 4/17 from 2844' t o  28911, recovered 46.5'. Cut core 
4/18 from 2891' t o  29411, recovered 50'. 

Cut core 4/19 from 2941' t o  29911, recovered 50'.  Rotary t ab le  
locked up a t  2953', repaired same. 

Cut core $20 from 2991' t o  30411, recovered 49.2'. Cut core 4/21 
from 3041' t o  3091', recovered 50'.  

Cut core 4/22 from 3091' t o  31411, recovered 50.4'. Cut core 4123 
from 3141' t o  3191' , recovered 50'. Repaired ro ta ry  chain. Made 
up 8-3/4" d r i l l i n g  assembly and ran i n  hole. 

Reamed hole t o  bottom and d r i l l e d  8-314'' hole from 3191' t o  3394'. 
Pulled out of hole and made up core barre l .  Started cu t t i ng  core 
4/24. 

Completed core 4/24 from 3394' t o  3444', recovered 50.45'. Cut core 
#25 from 3444' t o  3479'. 

Completed core 4/25 from 3479' t o  3495', recovered 50.8'. Made 1' 
depth correct ion and cut  core 826 from 3494' t o  3534', recovered 
40.3'. Coring assembly was stuck on bottom and worked loose by 
pu l l ing  60,00041 over weight of s t r i ng .  Core b i t  was damaged. 
Found 318'' x 1" hex head bo l t  missing from d r i l l i n g  head f lange,  
may have f a l l e n  i n  hole. 



Page 4 
WIPP 1/11 
Hole Hi s to ry  

3-13-78 Made up 8-314'' d r i l l i n g  assembly and r an  i n  hole.  Reamed and 
washed 60' t o  bottom. D r i l l e d  8-314" hole  from 3534' t o  3577'. 
Measured out of hole and co r rec t ed  t o t a l  depth t o  3580'. Ran 
Schlumberger logs. 

3-14-78 Completed logging. Laid down d r i l l  p ipe  and t o o l s .  Removed blow 
out  equipment. Released r i g  a t  2400 hours.  Hole completed. 
Cut o f f  the 7" cas ing  hanger and welded a 10" s e r i e s  900 f lange  
on t h e  9-5/8" casing.  



P a g e  5 
WIPP i l l 1  
H o l e  H i s t o r y  

B I T  RECORD 

B I T  
NO. - MAKE - S I Z E  - 

1 H u g h e s  8- 314'' 
2 S e c u r i t y  8- 314" 
3 S e c u r i t y  8- 3/4" 

4 H u g h e  s 8-3 /4" 
4 R e r u n  

DEPTH 
TYPE - OUT - 

DEVIATION SURVEYS 

DEPTH - FT 

FEET ROTATING 
DRILLED HOURS 

89 7 28-314 
1249 53-1/4 

0 30-112 
R e a m i n g  

DEVIATION - DEGREES 



! 
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WIPP 4111 
Hole History 

LOG INDEX SHEET 

RUN DEPTH 
NO. DRILLER 

DEPTH 
LoGGER 

LOGGED 
FROM TO TYPE LOG DATE - 

SCHLUMBERGER LOr.S 

Caliper 2-12-78 

Borehole Compensated 2-10- 78 
Sonic Log 

2-22-78 
3-13-78 

Compensated Neutron- 2-10-78 
Formation Density 

2-22-78 
3- 13-78 

Dual Laterolog Micro- 2-10-78 
SFL 

2-22-78 
3-13-78 

Dipmeter - Basic Data 2-10-78 
Log for Directional 

3-13-78 

Continual Directional 2-10-78 
2-22- 78 
3-13-78 

Directional Print - Out 2-10-78 
2-22-78 
3-13- 78 

Dipmeter Arrow Plot- 2-22- 78 
Job 112412 
Job 412427 3-13-78 
Job 412443 3-13-78 

Dipmeter Cluster 2-23-78 
Calculation Job 412412 

Job 412427 3-17-78 
Job 412443 3-30-78 

Core Lab Mud Log 3-17-78 

NOTE: Listing of logs furnished to F & S/ Mercury. - 



Page 7 CORE RECORD 
WIPP #11 HOLE HISTORY 

CORE NO. NTERVAL 

4.&=3494.1 
oot Correctior 

FEET 

1 3  

14 

I I I 1 I 

2642 

2692 

2692.0 

2742 

60 

6 5 

20,000 

22.000 

400 

500 

5 0 

50 

50.4  

50 

100.8 

100 
NUTS: YIpe Tal le l  
Correc. 2742=274L 



NO. OF DAYS 



-5-1 12"  Casing, capped 

10"  S e r i e s  900 F lange reduced 
t o  5-112" c a s i n ?  

w i t h  3"  x 12" b 10"  S e r i e s  900 lJelded F lanye  

Ground Leve l  

18"  h o l e  t o  40.4 '  " ,  4Sh c a s i n q  cer:~ented 
4 '  b i i  t h  $1 f t 3  o f  s l u r ! - y  

d* 
e 
&'\ - 

Not  t o  sca le .  
As b u i l t  h o l e  c o n d i t i o n s  

as o f  3-14-78. 

12-114" h o l e  t o  972'  - 

I I 
2-314" h c l e  t o  3567'  

IiOTE: Depths shown a r e  f r o n  
ground l e v e l  1 3 '  below 
k e l l y  bush ina  e l e v a t i o n  

8 9  

.(k' 

'*a 
0, 

6.. 

h 

\$ 

r3 

' ?Q 

'2. 

9-5/CU, 36,- c a s i n ?  cemented a t  
972'  v:itJ~ 656 f t 3  o f  s l u r r y  



SURVEY MONUMENT "AS BUILT" 
W/.P!? I I 

SECnON - 8  9 TOWNSHIP - 22 S , RANGE 31 E ,  N. M 
EDDY COUNTY, NEW MEXICO 1 

ELEVATION OF BRASS MONUMENT 3 4 2 6 . 0 7 '  
708.89' F N L  & 2 9 ~ 9 6 ' ~  

N 8 g 0  5 5 ' ~  (GLO) 
1 
1 
I 
1 
I 
I 

- 
0 
21 
u 
b 

8 
b 
2 

1 "= 1000' 

I 
I 

_ f - - - - - - - - -  - -  

This islo certify that the forgoing plat was made t o m  
fie1 notes of a bon fide survey made by me and IS true B % an correctto my est knowledgeand belref. 

N .M.PE.6L.S .  N0.5412 

C - 1 4  



LOGS 

S-E. S h a f f e r  

D i v i s i o n  4511 

Sandi a  N a t i o n a l  L a b o r a t o r i e s  





WIPP 11 ~ 0 ~ ~ 1  

Top of Bot tom 
Logged Logged 

interval3 I n t e r v a l  
Log Company ELS 1a2 ( f e e t )  ( f e e t  ) Date 

BHC Sonic  Sch 1 umber ger W7099W Surf ace 3580 3-13-78 

Compens ated Schl  umberger W7099 S Surf ace 3582 3-13-78 
Neutron 
Format i  on 
Densi t y  

Dual - Sch 1 um ber ger W7099X Su r f  ace 358 1 3-13-78 
L a t  e r o l  og 

Micro-SFL 

Cont i nuous Sch 1 umber ger ~ 7 0 9 9 ~  53 3582 3-13-78 
D i  pmeter 

Cont i nuous Sch 1 um ber ger N /A 986 3582 3-13-78 
D i  r e c t i  onal 

' o r i g i n a l  da ta  i s  r e t a i n e d  i n  Sandia WIPP Cent ra l  F i l e ,  D i v i s i o n  4542, 
Sandi a N a t i o n a l  Labora to r ies ,  A1 buquerque, NM 87185 

20rder  number f o r  1 ogs avai  1 ab le  through West Texas E l e c t r i c  Log Service, 
Inc .  (ELSI), 105 West Wal l  Ave., Midland, TX. 

3 ~ e p t h s  measured f rorn ground s u r f  ace; e l e v a t i o n  o f f  i c i  a1 l y  3426.1 ' above MSL. 





DISTRIBUTION:  

U.S. D e p a r t m e n t  o f  E n e r g y ,  H e a d q u a r t e r s  
O f f i c e  o f  N u c l e a r  W a s t e  Managemen t  
W a s h i n g t o n ,  DC 20545  

L a r r y  Harmon, P r o g r a m  M a n a g e r  (WIPP)  
Wade B a l l a r d ,  D i r e c t o r ,  

D i v i s i o n  o f  W a s t e  I s o l a t i o n  ( 2 )  

U.S. D e p a r t m e n t  o f  E n e r g y ,  H e a d q u a r t e r s  
O f f i c e  o f  D e f e n s e  W a s t e  & B y - P r o d u c t s  
W a s h i n g t o n ,  DC 2 0 5 4 5  

D r .  G o e t z  O e r t e l ,  D i r e c t o r  ( N E - 3 2 0 )  

U.S. D e p a r t m e n t  o f  E n e r g y ,  A l b u q u e r q u e  O p e r a t i o n s  
P . O .  Box  5 4 0 0  
A1 b u q u e r q u e ,  NM 8 7 1 8 5  

J. M. McGough, M a n a g e r ,  WIPP P r o j e c t  O f f i F ( 2 )  
D. J a c k s o n ,  D i r e c t o r ,  P u b l i c  A f f a i r s  D i v i s i o n  

U.S. D e p a r t m e n t  o f  E n e r g y  
C a r l s b a d  W I P P  P r o j e c t  O f f i c e  
Room 113,  F e d e r a l  B u i l d i n g  
C a r l s b a d ,  N M  8 8 2 2 0  

U.S. D e p a r t m e n t  o f  E n e r g y  
c / o  B a t t e l l e  O f f i c e  o f  N u c l e a r  

W a s t e  I s o l a t i o n  
505  K i n q  A v e n u e  
~ o l u m b u ; ,  OH 4 3 2 0 1  . qev -----A. 

J e f f  0 

B a t t e l l e  M e m o r i a l  I n s t i t u t e  
O f f i c e  o f  N u c l e a r  W a s t e  I s o l a t i o n  
505 K i n q  A v e n u e  
~ o l u m b u s ,  OH 4 3 2 0 1  -- 

S. G o l d s m i t h .  M a n a q e r  - 
ONWI L i b r a r y  

B a t t e l l e  M e m o r i a l  I n s t i t u t e  
P r o j e c t  Managemen t  D i v i s i o n  
505 K i n a  A v e n u e  
~ o l u m b u ; ,  OH 4 3 2 0 1  

N e a l  C a r t e r ,  G e n e r a l  M a n a g e r  

W e s t i n g h o u s e  E l e c t r i c  C o r p o r a t i o n  
P.O.  B o x  4 0 0 3 9  
A l b u q u e r q u e ,  NM 8 7 1 9 6  

R .  K. B r o w n  
R .  J o n e s  ( T S C )  

D i s t r i b u t i o n  - 1 



B e c h t e l  N a t i o n a l ,  I n c .  
F i f t y  B e a l e  S t r e e t  
P .  0. Box 3965 
San F r a n c i s c o ,  C A  94119  

D. L.  L e d b e t t e r  

N a t i o n a l  Academy o f  S c i e n c e s ,  W I P P  P a n e l :  

F r a n k  L. P a r k e r ,  C h a i r m a n  
D e p a r t m e n t  o f  E n v i r o n m e n t a l  and 

W a t e r  R e s o u r c e s  E n g i n e e r i n g  
V a n d e r b i l t  U n i v e r s i t y  
N a s h v i l l e ,  TN 37235 

K o n r a d  B. K r a u s k o p f ,  V i c e  C h a i r m a n  
D e p a r t m e n t  o f  G e o l o g y  
S t a n f o r d  U n i v e r s i t y  
S t a n f o r d ,  CA 94305  

K a r l  P. Cohen, Member 
C o n s u l t a n t  
9 2 8  N. C a l i f o r n i a  Avenue  
P a l o  A l t o ,  C A  94303  

N e v i l l e  G. W .  Cook, Member 
Dept:of M a t e r i a l  S c i e n c e s  and E n g i n e e r i n g  
U n i v e r s i t y  o f  C a l i f o r n i a  a t  B e r k e l e y  
H e a r s t  M i n i n g  B u i l d i n g ,  # 3 2 0  
B e r k e l e y ,  CA 9 4 7 2 0  

F r e d  M. E r n s b e r q e r ,  Member 
G l  ass  R e s e a r c h  C e n t e r  
PPG I n d u s t r i e s ,  I n c .  
Box 11472 
P i t t s b u r g h ,  PA 1 5 2 3 8  

H a r o l d  L. James, Member 
1 6 1 7  W a s h i n g t o n  S t .  
P o r t  Townsend,  WA 9 8 3 6 5  

R i c h a r d  R .  P a r i z e k ,  Member 
D e p a r t m e n t  o f  H y d r o g e o l o g y  
P e n n s y l v a n i a  S t a t e  U n i v e r s i t y  
U n i v e r s i t y  P a r k ,  PA 16802  

D ' A r c y  A. Shock ,  Member 
233 V i r g i n i a  
P o n c a  C i t y ,  O K  7 4 6 0 1  

J o h n  W .  W i n c h e s t e r ,  Member 
D e p a r t m e n t  o f  O c e a n o g r a p h y  
F l o r i d a  S t a t e  U n i v e r s i t y  
T a l l  ahassee ,  FL  32306  

D i s t r i b u t i o n  - 2  



John  T. H o l l o w a y  
S e n i o r  S t a f f  O f f i c e r  
2101  C o n s t i t u t i o n  Avenue, NW 
W a s h i n g t o n ,  DC 20418 

W I P P  P u b l i c  R e a d i n g  Room 
A t o m i c  Museum, K i r t l a n d  E a s t  AFB 
A l b u q u e r q u e ,  NM 87185 

A t t n :  Ms. Gwynn S c h r e i n e r  

W I P P  P u b l i c  R e a d i n g  Room 
C a r l s b a d  M u n i c i p a l  L i b r a r y  
1 0 1  S. H a l l a c i u e n o  S t .  
C a r l s b a d ,  N M -  88220 

A t t n :  Lee Hubbard ,  Head L i b r a r i a n  

Thomas B r a n n i g a n  L i b r a r y  
106 W. H a d l e y  S t .  
L a s  C r u c e s ,  N M  8 8 0 0 1  

A t t n :  Don ' D r e s p ,  Head L i b r a r i a n  

R o s w e l l  P u b l i c  L i b r a r y  
3 0 1  N. P e n n s y l v a n i a  Avenue 
R o s w e l l ,  NM - 8 8 2 0 1  

A t t n :  Ms. Nancy L a n g s t o n  

Hobbs P u b l i c  L i b r a r y  
509 N. S h i p  S t .  
Hobbs, NM 88248 

Ms. M a r c i a  L e w i s ,  L i b r a r i a n  

S t a t e  o f  New M e x i c o  
E n v i r o n m e n t a l  E v a l u a t i o n  Group 
320 M a r c y  S t r e e t  
P.O.  Box 968 
S a n t a  Fe,  NM 87503 

R o b e r t  H. N e i l l ,  D i r e c t o r  ( 2 )  

N M  D e p a r t m e n t  o f  E n e r g y  & M i n e r a l s  
P.O. Box 2770 - - -  - 

S a n t a  Fe, NM 8 7 5 0 1  
L a r r y  Kehoe, S e c r e t a r y  

New M e x i c o  S t a t e  G e o l o g i s t  
P. 0.  Box 2860 
S a n t a  Fe, NM 8 7 5 0 1  

Emery C .  A r n o l d  

New M e x i c o  S t a t e  L i b r a r y  
P.O.  Box 1629  
S a n t a  Fe, NM 87503 

Ms. I n g r i d  V o l l e n h o f e r  

D i s t r i b u t i o n  - 3 



New M e x i c o  T e c h  
M a r t i n  S p e e r  M e m o r i a l  L i b r a r y  
Campus S t r e e t  
S o c o r r o ,  N M  8 7 8 0 1  

Zimmerman L i b r a r y  
U n i v e r s i t y  o f  New M e x i c o  
~ l b u ~ u e r q u e ,  N M  8 7 1 3 1  

Ms. Z a n i e r  V i v i a n  

U S G S ,  W a t e r  R e s o u r c e s  D i v i s i o n  
P.  0 .  Box 26659 
A1 b u q u e r q u e ,  N M  87 125 

J .  W .  M e r c e r  ( 2 )  

U S G S ,  C o n s e r v a t i o n  D i v i s i o n  
P .  0 .  Box 1857 

U S G S ,  S p e c i a l  P r o j e c t s  B r a n c h  
F e d e r a l  C e n t e r ,  B l d q .  25 
D e n v e r ,  C O  80225 .- 

R.  P. S n y d e r  ( 2 0 )  

New M e x i c o  B u r e a u  o f  M i n e s  and M i n e r a l  R e s o u r c e s  
S o c o r r o ,  NM 87801  

F. E .  K o t t l o w s k i ,  D i r e c t o r  ( 2 )  

K l a u s  Kuhn 
G e s e l l s c h a f t  f u e r  S t r a h l e n - u n d  
U m w e l t f o r s c h u n g  MBH Muenchen 
I n s t i t u t  f u e r  T i e f  l a g e r u n g  
B e r l i n e r  S t r a s s e  2 
3392  C l a u s t h a l - Z e l l e r f e l d  
F e d e r a l  R e p u b l  i c  o f  Germany 

K l a u s  E c k a r t  Maass 
H a h n - M e i t n e r - I n s t i t u t  f u e r  K e r n f o r s c h u n g  
G l i e n i c k e r  S t r a s s e  100  
1 0 0 0  B e r l i n  39 
F e d e r a l  R e p u b l i c  o f  Germany 

M i c h a e l  L a n g e r  
B u n d e s a n s t a l t  f u e r  G e o w i s s e n s c h a f t e n  

und  R o h s t o f f e  
P o s t f a c h  510 153  
3000  H a n n o v e r  5 1  
F e d e r a l  R e p u b l i c  o f  Germany 

D i s t r i b u t i o n  - 4 



H e l m u t  R o t h e m e y e r  
P h y s i k a l  i s c h - T e c h n i s c h e  

B u n d e s a n s t a l  t 
B u n d e s a l l e  1 0 0  
3 3 0 0  B r a u n s c h w e i g  
F e d e r a l  R e p u b l i c  o f  Germany  

R o l f - P e t e r  Rand1  
B u n d e s m i n i s t e r i u m  f u e r  F o r s c h u n g  

u n d  T e c h n o l o g i e  
P o s t f a c h  200  706  
5 3 0 0  Bonn  2  
F e d e r a l  R e p u b l i c  o f  Ge rmany  

F e n i x  & S c i s s o n ,  I n c .  
3 1 7 0  W .  S a h a r a  A v e n u e  
S ~ a n i s h  Oaks  D-12 , -  
L a s  Vegas ,  NV 8 9 1 0 2  

J. A. C r o s s  

F e n i x  & S c i s s o n ,  I n c .  
4 0 1  N. C a n a l  S t r e e t  
C a r l s b a d ,  NM 8 8 2 2 0  

M a t t  W i l s o n  ( 2 )  

G a y l e  P a w l o s k i ,  C-222  
G e o l o g i s t  ,CSDP 
L a w r e n c e  L i v e r m o r e  L a b o r a t o r y  
L i v e r m o r e ,  C A  9 4 5 5 0  

U.S. N u c l e a r  R e g u l a t o r y  C o m m i s s i o n  ( 3 )  
D i v i s i o n  o f  W a s t e  Managemen t  
M a i l  S t o p  6 9 7 5 5  
w a s h i n g t o n ,  D C  2 0 5 5 5  

A t t n :  J. M a r t i n ,  M. B e l l ,  H. M i l l e r  

S a n d i a  I n t e r n a l :  
1133  R. D .  S t a t l e r  
1135  P. D. S e w a r d  
3 1 4 1  L .  J. E r i c k s o n  ( 5 )  
3 1 5 1  W.  L .  G a r n e r ,  F o r :  DOE/TIC ( U n l i m i t e d    el ease) ( 3 )  
3 1 5 4 - 3  C .  H. D a l i n ,  F o r :  DOE/TIC ( 2 5 )  
4 5 0 0  E. H.  B e c k n e r  
4 5 1 0  W .  D. W e a r t  
4 5 1 1  D .  W.  P o w e r s  
4 5 1 1  L .  J. B a r r o w s  
4 5 1 1  D. D .  G o n z a l e z  
4 5 1 1  S. J. L a m b e r t  
4 5 1 1  K .  L .  R o b i n s o n  
4 5 1 1  S-E. S h a f f e r  
4 5 4 0  G. E .  B r a n d v o l d  
4542  S a n d i a  WIPP C e n t r a l  F i l e s  1 1 2 )  
8 2 1 4  M. A. Pound  
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Org. Bldg. Name Bldg. Name Rec'd by 

[$!I] Sandia National Laboratories 


