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1.0 ABSTRACT 

Seismic  r e f l e c t i o n  d a t a  f r o m  p e t r o l e u m  i n d u s t r y  sources showed anomalous 

r e f l e c t o r s  i n  t h e  C a s t i l e  F o r m a t i o n  ove r  a  smal l  area about 3  m i l e s  n o r t h  o f  

t h e  c e n t e r  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) s i t e .  A d d i t i o n a l  co r rob -  

o r a t i v e  s e i s m i c  r e f l e c t i o n  d a t a  werp c o l l e c t e d  as p a r t  o f  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  ananaly. WIPP 11 was d r i l l e d  near  

t h e  n o r t h w e s t  co rne r  o f  S e c t i o n  9, T.22.S., R.31E. i t  pene t ra ted ,  i n  descending 

order ,  sand dune & p o s i t s  and t h e  Gatuna Format ion  ( 2 9 ' ) ,  San ta  Rosa Sandstone 

(132 ' ) ,  Dewey Lake Red Beds (502 ' ) ,  R u s t l e r  F o r m a t i o n  ( 2 8 8 ' ) ,  Salado F o r m a t i o n  

( 1 3 7 9 ' ) ,  and most o f  t h e  C a s t i l e  Fo rmat ion  ( 1 2 4 0 ' ) .  Beds w i t h i n  t h e  lower  p a r t  

o f  the Sal  ado, and t h e  upper anhydr i  t e  o f  the  C a s t i l e ,  a r e  t h i n n e r  than  normal; 

t hese  beds are d i s p l a c e d  upward s t r u c t u r a l l y  b y  t h e  upper  C a s t i l e  h a l i t e  wh icb  

i s  h i g h l y  t h i c k e n e d  (abou t  9 6 8 ' ) .  The l o w e s t  h a l i t e  i s  t h i n  ( 5 1 ' )  and t h e  

basa l  a n h y d r i t e  was no t  c o m p l e t e l y  pene t ra ted .  Subsequent s e i s m i c  and b o r e h o l e  

d a t a  has shown WIPP 11 t o  he 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 u r b e d  zone." 

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

waste f r a n  defense programs. The WIPP w i l l  a l s o  p r o v i d e  a  r e s e a r c h  f a c i l i t v  

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 g h  l e v e l  waste, 

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

f u e l  a t  MIPP. 



2.0  INTRODUCTION 

The i n t r o d u c t i o n  desc r ibes  background i n f o r m a t i o n  on t h e  WIPP and t h e  

i n v e s t i g a t i o n s  i n v o l v i n g  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  f r o m  t h a t  o f  severa l  o t h e r  pro-  

j e c t s  f o r  t h e  d i s p o s a l  of r a d i o a c t i v e  waste. The W[PP i s  p lanned  t o  

demonst ra te  d i s p o s a l  techno1 ogy f o r  t h e  TRU waste r e s u l t i n g  f r o m  t h i s  

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

l i m i t e d  ( p i l o t )  o p e r a t i o n ,  i t  i s  a n t i c i p a t e d  t h a t  t h e  WIPP 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 i s p o s a l  o f  defense TRU 

waste. The WIPP p l a n s  a l s o  i n c l u d e  an underqround r e s e a r c h  f a c i l i t y  t o  

examine, on a  1  arqe s c a l e ,  t h e  i n t e r a c t i o n s  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 l u x e s .  There  i s  no p l a n  a t  t h i s  t i m e  t o  d i spose  o f  h ~ i g h - l e v e l  waste  o r  

spent f u e 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 t h e  WIPP 

s i t e  may be f o u n d  i n  Powers, e t  al. ,  (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  L a b o r a t o r i e s ,  G .  J. Long and Asso- 

c i a t e s  (1977) p r o v i d e d  a  s t u d y  of t h e  s e i s m i c  r e f l e c t i o n  d a t a  f o r  south-  

e a s t e r n  New Mexico, a v a i l  a b l e  f r o m  v a r i o u s  i n d u s t r y  sources.  From t h a t  

data, 26 s e i s m i c  anana l ies  o f  v a r y i n g  t ypes  and q u a l i t y  o f  d a t a  were i n d i -  

ca ted.  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  co rne r  between S e c t i o n s  4, 5, 8, 



and 9, T.22.S, R.31E. D i s c u s s i o n s  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  " s e i s m i c  dropout "  because i t  showed a  l a c k  o f  coherent  

s e i s m i c  r e f l e c t i o n s  across an area o f  perhaps 1/4 t o  1/2 m i l e .  The anom- 

a l y  appeared on s e v e r a l  d i f f e r e n t  s e i s m i c  l i n e s  fran v a r i o u s  data  c o l l e c -  

t i o n  e f f o r t s  i n  the s m e  area, and t h e r e f o r e ,  was accorded much more 

s i g n i f i c a n c e  t h a n  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  of t he  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  c o u l d  b e  made. S p e c u l a t i o n  about t h e  causes ranqed f r c m  

s u r f a c e  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 h e  subsur face.  F u r t h e r  

s tudy,  p r o b a b 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  m i d - s m e r  1977, a  new phase of se i sm ic  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  g a t h e r  i n f o r m a t i o n  on  s e v e r a l  s e i s m i c  anana- 

l i e s  on o r  i n  t h e  i m n e d i a t e  v i c i n i t y  o f  the WIPP s t u d y  area.  I n c l u d e d  i n  

t h a t  program were t h r e e  s e i s m i c  r e f l e c t i o n  l i n e s  o v e r  t h e  apparen t  l o c a -  

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

was dec ided t o  ask for p e r m i s s i o n  t o  d r i l l  a  b o r e h o l e  on t h e  l o c a t i o n  

b e f o r e  t h e  new s e i s m i c  d a t a  was c o l l e c t e d ,  and EROA 11 was t h e r e f o r e  l o c a -  

t e d  i n  t h e  n o r t h e a s t  co rne r  o f  S e c t i o n  8, T.22.S. R.31E. I t  appeared 

t h a t  ex t reme i n t e r e s t  i n  t h e  anomaly m i g h t  r e q u i r e  d r i l l i n g  b e f o r e  t h e  

new s e i s m i c  work was completed. I n  August and September, 1977, s e i s m i c  

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

dropout  ," and t h e  r e c o r d s  c o n f i  n e d  a  g e o l o g i c  ananalv. Addi  ti onal  i nf or -  

m a t i o n  on t h e s e  r e c o r d s  suggested s a l t  f l o w  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  qenera l  d i s t u r b a n c e  i n  t h e  s e i s m i c  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 k e n i n g ,  i t  was determined t o  d r i l l  

t h e  ancmaly t o  see i f  b r i n e  and gas would be a s s o c i a t e d  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 a r  s i t u a t i o n s .  



The new s e i s m i c  d a t a  i n d i c a t e d  a  p r e f e r a b l e  d r i l l i n g  l o c a t i o n  t o  ERDA 

11; WIPP 11 was l o c a t e d  i n  t h e  no r thwes t  co rne r  o f  S e c t i o n  9, T.22.S, 

R.31E a long  t h e  l i n e  of X-1. I n i t i a l  p r e d i c t i o n s  i n d e p e n d e n t l y  made on 

t h e  h a s i s  o f  t h e  geo logy  and s e i s m i c  r e f l e c t i o n  p l a c e d  t h e  c o n t a c t  between 

t h e  R u s t l e r  and Salado Format ions  a t  975 and 950 f e e t  dep th  r e s p e c t i v e l y .  

Se ismic  r e f l e c t i o n  d a t a  i n d i c a t e d  s t r a t i g r a p h i c  d i s t u r b a n c e  m igh t  he as 

sha l l ow  as 1800' ;  dep th  o f  3800' t o  t h e  Delaware Moun ta in  Group was pre-  

d i c t e d  by b o t h  s e i s m i c  r e f l e c t i o n  and p r o j e c t i o n s  o f  nearby  geology. No 

o r e d i c t i o n s  o f  the lower  e v a p o r i t e  s t r a t i g r a p h y  were p o s s i b l e  w i t h  t h e  

s e i s m i c  r e f l e c t i o n  data. 

A f t e r  WIPP 11 was completecl, h o r e h o l e  g r a v i t y  l o g s  were r u n  i n  b o t h  

ERDA 9  and WIPP 11 i n  an e f f o r t  t o  b e t t e r  unders tand t h e  g e o l o g i c a l  s t r u c -  

t u r e  ( see  Chapter 5.0). I n  a d d i t i o n ,  t h e  b o r e h o l e  was capped and mon-i- 

t o r e d  f o r  p ressure  changes o v e r  a  p e r i o d  o f  s e v e r a l  months ( s e e  Chap te r  

4.0). 



3.0 GEOLOGIC DATA FOR BOREHOLE WIPP 11 

by  

R. P. Snyder 
U.S. G e o l o g i c a l  Survey, Denver, CO 

3.1 A b s t r a c t  

Boreho le  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  t h e  WIPP 

s i t e  i n  e a s t e r n  Eddy Count,y, New Mexico, d u r i n g  F e b r u a r y  and March 1978, 

t o  e x p l o r e  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  p e n e t r a t e d  by 

t h e  b o r e h o l e  i n  descending o rde r  a re  t h e  Qua te rna ry  Gatuna Format ion,  t h e  

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

and Sa lado Format ions,  and most of t h e  Permian C a s t i l e  Format ion.  The 

Salado 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 u n u s u a l l y  t h i c k  u n i t  o f  h a l i t e  i s  p r e s e n t  i n  t h e  upper p a r t  o f  t h e  

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

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

Boreho le  WIPP 11 i s  an e x p l o r a t o r y  b o r e h o l e  d r i l l e d  t o  determine t h e  

presence o f  an apparent  anomalous g e o l o g i c  s t r u c t u r e  as i n t e r p r e t e d  f r o m  

s e i s m i c  r e f l e c t i o n  s t u d i e s  done by G. J. Long and A s s o c i a t e s  (1977) .  The 

b o r e h o l e  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 s e i s m i c  work were done on b e h a l f  o f  t h e  W I P P  

p r o j e c t  o f f i c e  of t h e  U.S. Department o f  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 h e  i n c h -  

pound system. These u n i t s  are uspd t o  f a c i l i t a t e  d i r e c t  compar ison o f  

measurements made by  su rveyors  i n  e s t a b l i s h i n g  t h e  g e o g r a j h i c  c o o r d i n a t e s  

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 geophys ica l  l o g g e r s  i n  r e c o r d i n g  i n - h o l e  v a r i a t i o n s  i n  r o c k  p r o p e r -  

t i e s  w i t h  depth. I f  m e t r i c  u n i t s  a re  des i red ,  t h e  f o l l o w i n g  c o n v e r s i o n  

f a c t o r s  shou ld  be used: 

Mu1 ti p l y  E n q l i s h  u n i t  b 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 mete r  (m) 
25.4 m i  11 i m e t e r  (mm) 

2.54 c e n t i m e t e r  (un) 
pounds p  r square i n c h  i 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  e a s t e r n  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, T a b l e  1). The b o r e h o l e  was d r i l l e d  

between F e b r u a r y  6, 1978 and March 12, 1978, t o  a  dep th  o f  3,583 f t  meas- 

u r e d  f r o m  KB ( K e l l y  Bush ing 13 f t  above l a n d  s u r f a c e  o f  3,426.1 f t  above 

mean sea l e v e l ) .  Consecut ive  co res  were taken  f r o m  727.0 t o  786.0, 856.Cl 

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 n g s  i n  t h e  r e m a i n i n g  i n t e r v a l s  were n o t  descr ibed;  i n t e r p r e t a t i o n  o f  

t h e s e  i n t e r v a l s  was done u s i n g  geophys ica l  l o g s .  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. G e o l o g i c a l  Survey (USGS) and J. L. 

Gonzales o f  F e n i x  and Sisson, I n c .  (F&S). 

B o r e h o l e  WIPP 11 p e n e t r a t e d  s t r a t i g r a p h y  c o n s i s t i n g  o f  t h e  Gatunz~ 

Format ion  o f  Q u a t e r n a r y  age, a t  t h e  San ta  Rosa Sandstone o f  T r i a s s i c  age; 

s i l t s t o n e s  and sandstones of the  Dewey Lake Red Beds; a n h y d r i t e ,  d o l o m i t e ,  

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 h a l i t e ,  p o l y h a l i t e ,  a n h y d r i t e ,  

and m inor  s i l t s t o n e  o f  t h e  Salado Format ion,  a l l  o f  Permian age (Jones, 

1973). Below t h e  Sa lado F o r m a t i o n  t h e  b o r e h o l e  p e n e t r a t e d  i n t o  t h e  lowest. 

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

h a l i t e  o f  Permi an age. 

- 6 - 



F i g u r e  1 . - - L o c a t i o n  map o f  t h e  WIPP s i t e  i n  s o u t h e a s t  New M e x i c o ,  a n d  
l o c a t i o n  o f  b o r e h o l e  WIPP 1 1  o n  t h e  s i t e .  



The Sal  ado Format ion  was f o u n d  t o  be t h i n n e r  t h a n  normal i n  WIPP 11. 

The d i f f e r e n c e  o c c u r s  i n  t h e  lower  o n e - t h i r d  of t h e  f o r m a t i o n .  I n  t h e  

u n d e r l y i n g  C a s t i l e  Fo rmat 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 i g h e s t  a n h y d r i t e  

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

mal t h i c k n e s s .  The lowes t  a n h y d r i t e  ( A I )  was n o t  c:ompletely p e n e t r a t e d  

hy t h e  bo reho le .  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  the  r o c k s  pene t ra -  

t e d  by  WIPP 11 i s  g i v e n  i n  T a b l e  3, and a  l i t h o l o g i c  l q ~  p repared  f r o m  

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

Geophysical  l o g s  were t a k e n  t h e  f u l l  l e n g t h  o f  t h e  bo reho le .  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 o c k  

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

a n h y d r i t e ,  p o l y h a l i t e ,  and h a l i t e ) ,  and t o  p r o v i d e  a  dep th  d e t e r m i n a t i o n  

independent  o f  t h a t  i n d i c a t e d  hy  d r i l l - r o d  measurement. The qeophys ica l  

l o g s  i n c l u d e d  ( 1 )  a  gamma-ray c u r v e  t h a t  reco rded  v a r i a t i o n s  i n  t h e  d i s -  

tri h u t i  on of p o t a s s i  urn and o t h e r  r a d i o a c t i v e  elements, ( 2 )  a  compensatecl- 

s o n i c  l o g  t h a t  reco rded  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  recor$er l  v a r i a t i o n s  o f  p o r o s i t y  of t h e  v a r i o u s  r o c k  u n i t s .  The s o n i c  

l o g  i s  used on F i g u r e  2 as t h e  s t a n d a r d  t o  c o r r e l a t e  t h e  l i t h o l o g y  wj i th 

depths. 

A  d i  pmeter and d i  r e c t i  ona l  su rvey  of the  boreho'l e p r o v i d e s  a d d i t i o n a l  

i n f o r m a t i o n  about  t h e  h ~ d d i n g  a t t i t u d e s  and h o r e h o l e  response. The " t a d -  

p o l e "  p l o t s  and hundred- foo t  c l u s t e r  ana lyses ( F i g u r e  2)  i n d i c a t e  t h a t  the 

h ~ d s  belrnv about  22nCl' d i p  c o n s i s t e n t l v  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  no t  so c o n s i s t e n t .  The b o r e h ~ o l e  

d i r e c t i o n a l  survey,  by  wh ich  t h e  d i m e t e r  s u r v e y  was c o r r e c t e d ,  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  - t h e  b o r e h o l e  i s  more n e a r l y  normal 

t o  t h 4  d i p  ( F i g u r e s  3 and 4) .  T h i c  h e h a v i o r  i s  e r p v t a b l e  i n  d r i l l i n q  

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

-8- 



Table 1.--Abridged borehole h i s t o r y  of WIPP-11 

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

ALTITUDE (LAND SURFACE): 3.426.1 feet .  Datum f o r  depth measurements i n  d r i l l i n g  and logg ing  
operat ions i s  3,439.1 feet  ( K e l l y  Bushing h e i g h t )  

LITHOLOGIC LOG PREPARED B Y :  J. L. Gonzales (F6S) and C. L .  Jones (USGS), February 6. 1978 
t o  March 12, 1978. 

DRILLING CONTRACTOR: Verna O r i  11 i n g  Company 

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

Hole temporar i l y  abandoned pending f u r t h e r  s tud ies .  

Core 
NO. 

- 

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

( l b s )  ( l b s / i n 2 )  cored recovered 

'0epth 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 l ogs .  



Table 2 . - - 5 t r a t i q r a p h i c  sumnary of borehole WIPP-11--Continued 

Depth i n t e r v a l 1  
Rock u n i t  Feet 

- ~ 

Lower member 

'ME 127 

'ME 128 

'ME 138 

'ME 139 

3~~ 140 

]ME 141 

3~~ 142 

'ME 143 

3 m  144 

Cowden M h y d r i  t e  #ember7 

C a s t i l e  Formatfon 

Anhydr i te  111' 

H a l i t e  IIB 

Anhydr i te  IIB 

H a l i t e  I8 
Anhydr i te  I' 

Maximum depth recorded 

lDepth i n t e r v a l  recorded f rom compensated neutron-formation l o g ,  depths are from K e l l y  Bushing 
13 f e e t  above ground l e v e l .  

21ncludes 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 t s  and Gatuna Format ionof  P le is tocene age. 

]Marker bed. 

'When o n l y  one depth g iven  f o r  marker beds, i t  i s  f o r  the  base of the  u n i t .  

5 0 f  Adams. 1944. 

6 1 n f o n a l  u n i t  o f  Salado Formation. 

'Of Giesey and Fulk, 1941. 

B O f  Anderson and others,  1972. 



Table 2. - -Strat igraphic sumnary o f  borehole WIPP-11 

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

quaternary depositsz 

T r i ass i c  rocks 

Santa Rosa Sandstone 

Pemian rocks 

Dewey Lake Red Beds 

Sandstone marker 

Sandstone marker 

Rust ler  F o n a t i  on 

Magenta Dolomite M b e r  

Culebra O o l m i t e  Member 

Sal ado F o n a t i  on 

Upper member 

'ME 101 

'ME 102 

'ME 103 

'MB 104 

'ME 105 

'MB 106 

'ME 107 

'ME 108 

'K3 109 

'ME 111 

'ME 112 

'ME 113 

'MB 114 

'M8 115 

'ME 116 

McNutt potash u n i t  

Vaca T r i s t e  Sandstone fbmbers 

'MB 117 

'm 118 

'MB 119 

120 

'MB 121 

'MB 122 

Unfon anhydr f t r  

'MB 123 

'MMB 124 

'ME 126 



Table 3.-Llthologlc &sdptlon d bmhole YIP P-11 
[Contacts shown on f ig .  2. Uhere no core or cu t t i ngs  a 4  described, depths are taken 

from compensated-sonic log .  c o l o r  designat ions a re  from the  Rock-Color Chart 
(Goddard and others, 1948) j  

Depth i n t e r v a l  
L i t ho log i c  desc r i p t i on  ( i n  f e e t )  

- 
Depth from KB t o  ground l e v e l  ......................................... 
No descr ip t ion  of cu t t i ngs  ............................................ 
Anhydrite, medium-light-gray (N6). brecciated,  granular  

and f ib rous  gypsum f i l l i n g  i i i t e r s t i c e s  between clasts..  . . . .. . . . ... . . 
Dolomite, li ght-gray (17). t i n t e d  w i t h  purp le  and green, 

f ine-gra ined t o  dense, thin-bedded and laminated, r i p p l e -  
marked and cross-laminated; do t ted  w i t h  gypsum porphyro- 
b l as t s  and criss-crossed w i t h  f i b rous  gypsum veins.................. 

Anhydrite, medium-light-gray (s), brecciated,  granular  
gypsum f i l l i n g  i n t e r s t i c e s  between clasts........................... 

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

No descr ip t ion  o f  cutt ings...  ......................................... 
Dolomite, medium-1 ight-gray (tjb), ex tens ive ly  f ractured 

and so lu t i on  p i t t e d  ................................................. 
No core ( l o s t  when core ba r re l  l i f t e d  t o  make connection)......... .... 
Shale, b lu ish-gray (58 511). grading t o  moderate-reddish-brown 

(lo! 416) s i l t y  shaTe i n  lower 2 f t  ................................. 
Gypsum, grayish-red (108 412). coarsely c r y s t a l l i n e ,  a r g i l l i c  ......... 
No core............................................................... 

NO descr ip t ion  o f  cu t t i ngs  ............................................ 
Si l t s tone ,  grayish-brown ( 5 E  312). areas o f  grayish-blue 

(5P& 5/2) ,  a r g i l l i c  sparse t o  r a re  h a l i t e  c r ys ta l s  .................. 
No core ( l o s t  when l i f t i n g  c x e  ba r re l  t o  make connection) ............ 
Ha l i t e .  l ight-brownish-gray (10VJ 611). a r g i l l  i c ;  few 

anhydr i te s t r i nge rs  ................................................. 
Clay, moderate-reddish-brown (10E 416); sparse h a l i t e  

c r y s t a l s  ............................................................ 
Anhydrite, pale-brcun ( 5 2  5/2)... .................................... 
Ha l i t e .  pale-brown (5YR 512). coarsely c r y s t a l l i n e ,  very 

a r g i l l i c ;  s c a t t e r e f i t r i n g e r s  and masses o f  anhydr i te ............... 
H a l i t e ,  t ranslucent ,  coarsely c r ys ta l 1  ine;  l i gh t -g ray  ( 1  7) 

c l ay  decreasing downward; scat tered s t r i nge rs  and 
masses o f  anhydr i te ................................................. 

H a l i t e ,  transparent, coarsely c r y s t a l l i n e ;  t r ace  of 
anhydr i te ........................................................... 

H a l i t e ,  l ight-brownish-gray (5YR 611). very coarsely 
c r y s t a l l i n e ;  many anhydr i te - i f r ingers and masses; brown 
c lay  pa r t i ng  a t  974.5-974.7 ft......................... ............. 

H a l i t e ,  transparent, medium- t o  coarsely c r y s t a l l i n e ;  t r ace  
of anhydr i te s t r ingers  and masses................................... 

- 1  2 -  



Table 3.--Lithologic descr ip t ion  of borehole UIPP-11--Continued 

L i t ho log i c  descr ip t ion  

Hal l t e ,  translucent, moderate-bran (5YR 4/4) a r g i l l  i c  
concentrat ions along c r ys ta l  boundarxs; minor anount 
o f  anhydrite s t r ingers  and masses; c l ay  pa r t i ng  a t  ...................................................... 985.1-985.4 ft 

No core ............................................................... 
................................................. No cu t t i ngs  described 

Ha l i te ,  1 ight-gray (17). banded w i t h  medium1 ight-gray (N6) 
a t  0.3-0.5 ft in te rva ls .  medium-crvstalline. eauiaranuTar -~ ~ ~ ~ ~- ~ 7 -  - ~ ~ 

t o  very s l i g h t l y  schist ise;  spar ingly a r g i l i i c  i n te r va l s  at  
2.244.8-2.245.8, 2,249.2-2.249.4, and 2.251.5-2.253.2 ft. ........... 

Hal i te ,  l igh t -g ray  t o  medium-1 ight-gray (N7-$), medium- 
c r y s t a l l i n e ,  equigranular t o  very s l i g h n y  schistose; 
c r ys ta l  elongations d ip  10° frw hor izonta l  ; a r g i l l  i c ,  
as much as 2 percent c l ay  concentrated along c r ys ta l  .......................................................... boundaries 

Anhydrite, very l i g h t  gray (18). mott led medium-1 ight-gray 
&6) .  d ips  7°-100 ................................................... 

Hal i te ,  l i gh t -g ray  ( E l ) ,  minor medium-light-gray (N6) 
banding a t  0.2-0.4 ft in te rva ls ,  spar ingly anhyd i i t i c  
and a r g i l l i c ;  few t h i n  seamlets o f  anhydr i te i n  lower 
0.2 ft .............................................................. 

Anhydrite, very l i g h t  gray ($), very f i n e l y  c r ys ta l l i ne ;  
h a l i t i c ,  minor lenses o f  h a 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 f t ,  c lay  
par t ing  at  2.285.4 ft. d ips  ZOO..................................... 

Ha l i te ,  l igh t -g ray  (17).  mott led medium-light-gray @6), 
medium-crystal1 ine, equigranular, very spar ingly ............................................. anhydr i t i c  and a r g i l l i c  

Anhydrite, Same as u n i t  at  2,284.7-2.285.5 ft; l e n t i c u l a r  
ha1 i t e  seamlets i n  upper ha l f  of u n i t ,  discontinuous 
c lay s t r ingers  i n  lower ha l f ;  d ips  2"-Y............................ 

Hal i te ,  same as u n i t  a t  2.285.5-2.290.7 ft; very a r g i l l i c  
at  2,291.1-2.291.9 ft ............................................... 

Anhydrite; same as u n i t  a t  2,284.7-2.285.5 f t  ......................... 
Hal i te ,  same as u n i t  at  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  .................................................. 
NO core ............................................................... 
Hal i te ,  medi um-gray (55); l i gh t -g ray  (57) banding a t  

i n te r va l s  o f  a fen tenths of  a foo t ;  medium-crystalline; 
equigranular t o  very s l i g h t l y  schistose, c r y s t a l  e longat ion 
nearly hor izontal .  spar ingly anhydr 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 of anhydr i te from 2,320.9 t o  2,321.5 f t  .......... 

Anhydrite, l igh t -g ray  (J7), very f i n e l y  c r y s t a l l i n e  t o  dense; 
l e n t i c u l a r  seams of ha l i t e ;  u n i t  d ips  5 ' . 7 ' . . . . . . . . . . . . . . . . . . . . . . . . .  

Hal i te ,  l igh t -g ray  t o  mediuml ight-gray (17-16). medium 
c r y s t a l l i n e ;  equigranular t o  very s l i g h t l y  schistose; 
i r r e g u l a r l y  banded; spar ingly anhydr i t ic ;  concentrat ion 
of broken anhydrite seamlets a t  2,323.3-2.323.7 f t ;  very 
spar ingly argillic......... ......................................... 

Anhydrite, l i gh t -g ray  &7) t o  greenish-gray ( 5 E  611); very 
f i n e l y  t o  coarsely c r ys ta l l i ne ;  banded w i t h  numerous 
l e n t i c u l a r  seams of  h a l i t e ;  u n i t  d ips  5'.10° ........................ 

Depth i n te r va l  
( i n  fee t )  



Table 3.--Lithologic descr ip t ion  of borehole YIPPS--Continued 

L i t ho log i c  descr ip t ion  

Ha l i te ,  l igh t -g ray  (27). medium-crystalline; equigranular, 
spar ingly anhydr i t i c  ................................................. 

Anhydrite, l i gh t -g ray  N7) t o  greenish-gray (5GY 611). dense 
t o  very f i n e l y  crysta (77 ine, . mostly t h i n l y  l axna ted ,  
spar ingly magnesitic and l o c a l l y  a r g i l l i c ;  abundant 
small (3-5 im) nul t izoned ha1 i t e  pseudomorphs a f t e r  
gypsum from 2.330.4 t o  2,331.0 ft; 0.2-ft seam of 
h a l i t e  a t  2,332.0 cu ts  sharply i n t o  over ly ing  anhydr i te 
and truncates pseudomorphic st ructure;  0.5-ft h a l i t e  
seam a t  2,332.9 ft ................................................... 

Anhydrite, l igh t -g ray  (N7) t o  greenish-gray (5GY 611). 
dense; in te r layered wTth numerous t h l n  l e n t i a a r  ..... seams o f  h a l i t e  ............................................. ..., 

Anhydrite, same as u n i t  above, decreased number of h a l i t e  
seams, u n i t  d ips 15'-20'. base of u n i t  truncated by 
under ly ing h a l i t e  ................................................... 

Hal i te ,  1 ight-gray (N7). medium-crystal l ine, equigranular; 
spar ingly anhydr i t i c ;  upper 0.5 f t  o f  u n i t  includes 
broken fragments o f  anhydrite derived from over ly ing  
u n i t  ................................................................ 

Anhydrite, l igh t -g ray  (N7), dense; sparse l e n t i c u l a r  seams 
of h a l i t e ;  base of u n i t  in t ruded by under ly ing h a l i t e  ............. which cuts sharply across anhydr i te bedding............ 

Ha1ite;light-gray t o  medium-light-gray (17-N6), medlum- 
c r y s t a l l i n e ;  spar ingly a r g i l l i c  and anhydr7tic; 
0.1-ft  seam o f  dense anhydr i te a t  2,342.8 ft....................... 

Anhydrite, l igh t -g ray  (17) t o  greenish-gray (5GY 611). .................... dense; l e n t i c u l a r  seams o f  h a l i t e ;  u n l t  d i p s r n '  

Ha l i te .  l i gh t -g ray  (N7). medium-crystalline; equigranular; 
spar ingly anhydrit7c; 0.2-ft broken fragment of 
anhydrite seamed w i t h  h a l i t e  a t  2,344.0 ft.......................... 

Anhydrite, l i gh t -g ray  &?I7), dense; few t h l n  l e n t i c u l a r  
seams of ha1 i t e  i n  upper 0.5 ft; 0.2-ft seam of 
h a l i t e  contain ing anhydr i te seamlets a t  2,346.3 ft; 
0.7-ft seam of anhydr i t i c  h a l i t e  a t  2,348.6 ft; most 
anhydrtte i s  t h i n l y  and i r r e g u l a r l y  laminated i n  
shades of  gray; u n i t  d ips 1O0....................................... 

Anhydrite, l i gh t -g ray  &7), dense, laminated i n  shades of 
gray; l e n t i c u l a r  seams of h a l i t e  i n  upper 0.3 ft are 
t runcated by over ly ing  h a l i t e ;  laminated anhydr i te 
between 2,350.0 and 2,351.0 f t  cut  by h a l i t e - f i l l e d  
f rac tures  d ipping 20'; other h a l i t e - f i l l e d  f ractures 
from 2,354.0 t o  2,355.0 ft; u n i t  d ips  lo0........ ................... 

No core ............................................................... 
Anhydrite, moderate-brcwn (5YR 314). dark-gray ( 1 3 ) .  and 

dark-yellowish-brown (10 f lT l2 ) .  very f i n e l y  c r y s t a l l i n e ,  
laminated, grading downward t o  l i gh t -g ray  and medium-1 igh t -  
arav f ~ 7 - i 6 i :  nea i  base u n i t  dips-30': r e s t  of u n i t  near ly  

Anhydrite, medium-gray (15).  laminated w i t h  dark-gray &3) 
bituminous noncalcareous mater ia l  a t  0.1-ft in te rva ls .  
very f i n e l y  c r ys ta l l i ne ;  u n i t  d lps  30°.............................. 

Anhydrite. l igh t -g ray  (N?), laminated w i t h  0.5-mm-thick l i g h t -  
brownish-gray (5% 6fl) bituminous layers  a t  i n t e r v a l s  of 
about 0.1 f t, very f i ne 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 ractures (en echelony between 2.398.0 and 2.399.2 ......................... ft; u n l t  d lps ?.On.......................... 

............................................................... No core 
- 1  4 -  

Depth i n te r va l  
( i n  fee t )  



Table 3.- -L i thologic descr ip t ion  of borehole WIPP-11--Continued 

L i t ho log i c  descr ip t ion  

Anhydrite. l igh t -g ray  t o  medium-light-gray y - N 6 ) ;  banded 
w i t h  brownish-gray (5YJ 4/11 laminae of b urnifnous 
ca l c i t e ,  very f i n e l y  c r ys ta l l i ne ;  laminat ions f a i r l y  
even and uniform e x c e p t f o r  wavy l e n t i c u l a r  bedding from 
2.422.8 t o  2.424.0 ft; between 2.417.5 and 2.419.5 ft 
rock i s  cu t  by h a l i t e - f i l l e d  f ractures along which t he  
laminations 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 ing  of  the anhydr i te 
by the h a l i t e  i s  evident; u n i t  d ips 35'..................... 

Depth i n te r va l  
( i n  fee t )  

Ha l i te ,  transparent t o  very l i g h t  gray (18). medium- 
c r ys ta l l i ne ;  equigranular t o  s l i g h t l y  schistose l oca l l y ;  
banded a t  0.1-ft i n t e r v a l s  w i t h  whl te @)  c a l c i t i c  
anhydr i te 1 cm th ick;  bands are broken and contorted; 
most are feathery and contain var ious amounts o f  h a l i t e ;  
u n i t  d ips 30'-35'...... ............................................. 2.425.1-2.431.5 

Anhvdrite. l iah t -g ray  t o  medium-liqht-arav fN7-N61. very - .. 
f i n e l y  c r y s i a l l  i n e i  banded w i t h  iaminac  orbrownish-  - 
gray (5YR 4/1) bituminous c a l c i t e  a t  0.5-cm in te rva l s ;  
0.2-ft %ns of c lear  t o  whi te (N9) h a l i t e  at  2.431.7 - ................................................... ft; u n i t  d ips  35O 2.431.5-2,433.0 

Ha l i te ,  transparent t o  very l i g h t  gray NB), medium-crystal l ine 
t o  s l i g h t l y  schistose; banded w i t h  bro t en feathery layers  
of white @9) c a l c i t i c  anhydr i te .................................... 2,433.0-2.435.1 

Anhydr i te ,  l igh t -g ray  t o  medium-light-gray (N7-16). very 
f i ne l y  c r ys ta l l i ne ;  banded w i t h  laminae o fbrownish-  
gray (5YR 411) bituminous c a l c i t e ;  f rac tured  and 
broken T;i i r r egu la r  fragments and separated by i n t rus i ve  ......... veins of transparent h a l i t e  ............................. .. 2.435.1-2.436.4 

Ha l i te ,  transparent t o  very l i g h t  gray (N8), medium-crystal l ine, 
banded a t  irregular i n te rva l s  w i t h  broren feathery layers o f  
whl te @8) c a l c i t i c  anhydr i te a few m i l l ime te rs  t o  0.1 ft 
th i ck ;  u n i t  d ips  35. ................................................ 2,436.4-2.442.0 

No core ............................................................... 2,442.0-2.450.0 

Ha l i te ,  transparent t o  whi te (N9), medium-crystalline, schistose; 
banded at  short i r r egu la r  inTervals w i t h  layers of lacy- 
whl te Q9) t o  l i gh t -g ray  (N8) anhydr i te contain ing laminae 
of brownish-gray (5YR 4/ l ) -b i tuminous ca l c i t e ;  layers  are 
broken and e x h i b i t  3 1 - d e v e l o p e d  boudin st ructure;  u n i t  
d ips  3 0 4 - 4 0 ' . . ~ ~ ~ ~ ~ ~ ~ . . . . . ~ . ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~ ~ ~ . . . . . . .  2,450.0-2,462.0 

Anhydrite, medium-dark-gray (14). very f i n e l y  c r y s t a l l i n e ;  
rhythmical ly  banded w i t h  laminae o f  brownish-gray 
15YR 411) bituminous ca l c i t e :  1.0-ft lens o f  transoarent. 
icy coarsely c r y s t a l l i n e  h a l i t e  cuts u n i t  a t  2,465.0 f t i  
margins o f  lens cu t  anhydr i te a t  near ly  r i g h t  angle t o  
bedding; h a l i t e - f i l l e d  gash" f rac tures  cut  bedding i n  
anhydr i te be1 a lens a t  r i g h t  angler; i nd i v i dua l  f rac tures  
about 1-2 mm wide; u n i t  d ips 40°.................................. 2,462.0-2,467.0 

Ha l i te ,  transparent t o  whl te &9), medium-crystal l ine and 
schistose; boudinaged layers of lacy  *bite Q9) t o  
very l i g h t  gray &a), f i n e l y  c r y s t a l l i n e  anh d r i t e  
contain ing laminae of brcunish-gray ( 5 3  4/17 bi tumi-  
nous ca l c i t e ;  u n i t  d ips  from 30'-45O ................................ 2.467.0-2,480.6 

No core....................................................... 2,480.6-2.489.0 

Ha l i te ,  transparent t o  whi te N9), medium-crystalline; banded 
a t  i n te r va l s  o f  0.5-3.0 ft w (7 t h  laminae of white &9), 
very f i n e l y  c r y s t a l l i n e  anhydr i te (3-5 mn t h i ck ) ;  s t rongly 
folded and sheared w i t h  occasional developnent o f  boudinage 
structure;  d i p  o f  anhydr i te layers and sch i s tos i t y  40'-SO0, 
bu t  l o c a l l y  var iab le  ................................................ 2,489.0-2.527.3 



Table 3. - -L i tho log ic  d e s c r i p t i o n  of borehole YIPP-11--Continued 

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

No core ............................................................... 
H a l i t e ,  t ransparent  t o  wh i te  (19). medium-crysta l l ine,  moder- 

a t e l y  t o  s t r o n g l y  schistose. do t ted  w i t h  equigranular  
h a l 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 
1  ayers o f  w h i t e  &9) , very f i n e l y  c r y s t a l  l i n e  anhydr i te .  
s t r o n g l y  f o l d e d  and showing we1 1  -developed boudinage ........ st ruc tu res ;  u n i t  d i p s  40"-45'........................ 

No core ............................................................... 
H a l i t e ,  t ransparent  t o  w h i t e  &9); m e d i u m c r y s t a l l i n e .  

schistose; 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 ransparent  t o  wh i te  N9) banded a t  i n t e r v a l s  of $ ; 0.2-0.6 f t  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 ;  
anhydr i te  layers  are 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 i p s  about ?.On.................... 

No core ............................................................... 
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  f o l d s ;  d i p s  on f o l d  
axes range from v e r t i c e l  t o  40'; planes of s c h i s t o s i t y  
d i p  40'. l o c a l l y  much l e s s  .......................................... 

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  
1  aminae have well-developed boudinage s t ruc tu res ;  
planes o f  s c h i s t o s i t y  d i p  from 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  ............................. 

H a l i t e ,  t ransparent  t o  wh i te  N9), medium-crysta l l ine.  
sch is tose;  l o c a l l y  r e c r y s t a l  t i z e d  . and equigranular ;  
laminae of very f i n e l y  c r y s t a l l i n e  anhydr i te  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 teeply  d ipp ing  i s o c l i n a l  fo lds  w i t h  we l l -  
developed boudinage 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  anhydr i te  laminae a t  .................................... 2,696.4-2,702.0 ft 

H a l i t e ,  t ransparent ,  medium-crysta l l ine,  sch is tose,  l o c a l l y  
r e c r y s t a l l i z e d ;  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 l i n e  anhydr i te  a t  0.3-2.0-ft i n t e r v a l s ;  laminae 
I-i mm t h i c k  are shearfolded and show boudinage s t ruc -  
tu res ;  a  few laminae con ta in  c a l c i t e ;  heavy concentra- 
t i o n  o f  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  40°..... 

No core ............................................................... 
H a l i t e .  s a w  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 ips  

4 5 O  ................................................................. 
No core ............................................................... 
H a l i t e ,  t ransparent  t o  wh i te  (Ng), medium-crysta l l ine,  sch is tose;  

l o c a l  r e c r y s t a l l i z a t i o n  and Soarsening o f  c r y s t a l  s ize;  
upper 1  ft of u n i t  banded w i t h  f o l d e d  laminae of very 
f i n e l y  c r y s t a l l i n e  wh i te  b 9 )  t o  very l i g h t  gray (p) 
anhydr i te  showing shearing 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) 
anhydr i te  a t  i n t e r v a l s  of 0.5 ft as knots and cTusfers 
o f  anhydr i te  f r a p e n t s  and c r y s t a l s  d i p p i n g  35O-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  ................................ 

No core ............................................................... 
H a l i t e ,  same as u n i t  a t  2,848.0-2.894.5 ft; occasional folded 

laminae of anhydr i te ;  wel l-developed boudinage s t r u c t u r e  ............................................... a t  2,922.0-2.922.5 f t  

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

2.527.3-2.534.0 



Table 3.--Lithologic desc r i p t i on  of borehole WlPP-11--Continued 

L i t ho log i c  desc r i p t i on  

Ha l i te .  transparent t o  whi te N9). medium-crystall ine; l o c a l l y  b schistose and r e c r y s t a l l i z e  w i t h  some coarsening of 
c r ys ta l s ;  banded a t  0.3-0.6-ft i n t e r v a l s  w i t h  layers  of 
l i gh t -g ray  N7 N6) anhyd r i t i c  h a l i t e  conta in ing sheared 
laminae and(7r&nts of very f i n e l y  c r y s t a l l i n e  anhydr i te 
and t races of 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 rge  as 
0.1 x 0.2 ft conta in p a r a l l e l  l i n e s  o f  minute anhydr i te 
c r ys ta l s  ( l a t h l i k e ) ;  u n i t  d ips  40°........ .......................... 

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 ips  50"; concentrated anhyd r i t i c  
h a l i t e  a t  3,022.64.028.0 ft; laminae conta in 1-2 mm 
square and rectangular  h a l i t e  c r y s t a l s  .............................. 

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

Ha l i te ,  same as u n i t  a t  2,995.0-3.044.2 f t  ............................ 
Ha l i t e ,  transparent t o  whi te (p), medium- t o  coarsely 

c r y s t a l l i n e ,  schistose t o  equigranular; banded a t  0.1-2.0-ft 
i n t e r v a l s  w i th  l igh t -g ray  (N7 )  t o  whi te fig) anhyd r i t i c  
h a l i t e  conta in ing a  s i ng le  Taminae o f  very f i n e l y  c r y s t a l l i n e  
whi 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 ys ta l s  of F a l i t e ;  recur ren t  stratigraphic sequences 
(0.1-2 ft t h i ck )  i nd i ca te  a  basal l aye r  of anhydr i te and an 
over ly ing  u n i t  o f  whi 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 y7 ta l s  p a r a l l e l  t o  bedding grading 
upward t o  transparent h a l i t e  f r ee  of anhydr i te;  most anhydr i te 
laminae are tw is ted  i n t o  i n t r i c a t e  shear fo lds and show wel l -  
developed boudinage st ructures;  d i p  on bedding a t  3.107.0 f t  .............................................................. i s  50" 

No descr ip t ion  o f  cut t ings. .  .......................................... 
Ha l i t e ,  same as u n i t  a t  3,095.0-3.145.4 ft; d ips  range from 

40- t o  60'; scat tered throl lgh h a l i t e  layers  are broken 
fragments of whi te @9), banded h a l i t e  as l a rge  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 rys ta ls .  ........... 

No cu t t ings  described (rock b i t  used; d r i l l i n g  t ime l o g  
ind ica tes  ha l i te -anhydr i te  contact  a t  3,392.0 f t ) . .  ................. 

Anhydrite, med imdark-gray  (N4), very f i n e l y  c r y s t a l l i n e ;  
rhy thmica l l y  banded (1  mn) G i t h  bituminous c a l c i t e ;  
h a l i t e - f i l l e d  tensional  f rac tu res  0.1-0.3 f t  long 
and as wide as 0.1 ft cu t  bedding a t  steep angles and 
are near v e r t i c a l  (80"); surfaces o f  most f rac tu res  
l i n e d  w i t h  glassy, co lo r less  anhydr i te  l a t h s  and tabu la r  
c rys ta ls ;  centers o f  f rac tu re  f i l l i n g s  are co lo r less  
glassy h a l i t e ;  f rac tu res  a t  3,397.1. 3.398.0. 3.398.6, 
3,399.8, 3,402.1, and 3,407.8 ft; the  l a s t  has cav i t i es  
p a r t i a l l y  h a l i t e - f i l l e d ;  f o l d i n g  of laminae below groups 
of f rac tu res  between 3.399.0 and 3,400.0 ft; u n i t  d ips ....................... lo0-15' near top, increasing t o  25' near base 

Anhydrite, moderate-dark-gray (N4), very f i n e l y  c r y s t a l l i n e ;  
rhy thmica l l y  banded w i t h  m i l l ime te r - t h i ck  laminae o f  
bituminous ca l c i t e ;  shor t  i n t e r v a l s  of microfo ld ing 
between 3,408.0-3,410.5 ft; d ips  range from 15' t o  2S0.............. 

Anhydrite, medium-dark-gray (N4), very f i n e l y  c r y s t a l l i n e ;  
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 laminat ions a l t e rna t i ng  
w i t h  th inner  bands (0.1-0.2 f t )  o f  massive. very f i n e l y  
c r y s t a l l i n e ,  medium-gray (N5) anhydr i te f ree of ca l c i t e ;  
d ips  range from 10" t o  1 5 6  .................................. 

Anhydrite, medium-dark-gray (M), very f i n e l y  c r ys ta l l i ne ;  
rhy thmica l l y  laminated wi th-b i tuminous c a l c i t e ;  u n i t  
d ips  l o 0  ............................................................ 

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



Table 3.--Lithol ogic descr ip t ion  o f  borehole UIPP-11--Conti nued 

L i t ho log i c  descr ip t ion  

Anhydrite. mediumdark-gray ($), very f i ne l y  c r ys ta l l i ne ;  
a l t e r n a t e l y  rhy thmica l l y  laminated and massive bands 
(0.1-0.5 f t ) ;  massive bands are ca l c i t e - f r ee  and 
poss ib ly  rec rys ta l l i zed  transparent t o  l i gh t -g ray  @7) 
anhydr i te tending t o  in t rude the  laminated port ions; 
prominent kink-folds grade darmard  t o  microfo lds a t  
3,442.0-3.442.5 ft; u n i t  d ips loo.......................... 

Anhydrite, medium-dark-gray @4), very f i n e l y  c r ys ta l  1 ine; 
nodular w i t h  short i n te r va l s  (0.1 f t )  of i r r e g u l a r  ................................................. c a l c i t e  laminations 

Anhydrite, mediumgray (15-N4), very f i n e l y  c r y s t a l l i n e ;  
i r r e g u l a r  laminations of Tituminous c a l c i t e  a t  5-10 m 
in te rva l s  near upper par t  of u n i t  decreasing t o  1 mm near ............................................... base; u n i t  d ips  lo0.. 

Anhydrite, medium-gray (N5-N4), very f i n e l y  c r ys ta l  1 ine, 
massive and f r e e  o f  caTccife ( rec rys ta l l i zed ) .  ....................... 

............................................................... NO core 

Anhydrite, mediumdark- t o  dark-gray (14-13). very f i ne l y  
c r y s t a l l i n e ;  a l t e rna te l y  banded and massive a t  short  
i n te r va l s ;  banded por t ion  i s  marked by regular  rhythmic 
laminations o f  very f i n e l y  c r y s t a l l i n e ,  mderate-brarn 
( 5 E  314) b i tm inous  c a l c i t e  1 mm th i ck ;  massive por t ion  
i s  very f i n e l y  c r y s t a l l i n e  ( rec rys ta l l i zed ) ;  medium-gray 
&5) anhydr i te free of c a l c i t e  and c u t t i n g  i n t o  the 
laminated port ion;  the r e c r y s t a l l i z e d  bands range from 
0.05-0.2 f t  th i ck ,  are i r r e g u l a r  i n  thickness, and are 
separated by 0.05-0.2 ft; laminated po r t i on  from 3,502.4 
t o  3,502.7 f t  i s  cut by an essen t i a l l y  v e r t i c a l  ve in l e t  ....... o f  h a l i t e  1 m th ick ;  u n i t  d ips  IV.......................... , 

Anhydrite, mediumdark- t o  dark-gray (14-13). very f i n e l y  
c r y s t a l l i n e ;  I n c i p i e n t l y  banded a t  i n t e r v a l s  o f  1 mn t o  
as rmch as 0.1 ft; wavy uneven laminae o f  moderate-brwn 
( 5 K 3 / 4 ) ,  very f i n e l y  c r y s t a l l i n e  bituminous ca l c i t e ;  
many c a l c i t e  laminae cut  by i n t r u s i v e  anhydrite contain- 
i n g  small pods and c r ys ta l s  of h a l i t e ;  u n i t  d ips  15'......... 

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



Table 3 . - -L i tho log ic  d e s c r i p t i o n  of borehole WlPP-11--Continued 

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

H a l i t e ,  t ransparen t  t o  very l i g h t  gray (NU), medium c r y s t a l l i n e ;  
banded a t  i n t e r v a l s  of 0.2-1.5 f t  w i th - l i gh t -g ray  (17)  
a n h y d r i t i c  h a l i t e  c o n t a i n i n g  d isseminated f ragnrn ts  and 
broken laminae of ve ry  f i n e l y  c r y s t a l l i n e ,  gray (17)  
anhydr i te ;  t h e  more competent laminae c o n t a i n  euhedral 
c r y s t a l s  of h a l i t e  and f l e c k s  of brown c a l c i t e ;  ve ry  
coarse ly  c r y s t a l l i n e  t ransparen t  h a l i t e  ( r e c r y s t a l l i z e d )  
forms 0.5-ft l e n s  a t  3,513.4 f t  and a 0.3-ft l e n s  a t  
3,531.1 ft; u n f t  d i p s  15'......................................... 

No c u t t i n g s  descr ibed (geophysical l o g  i n d i c a t e s  h a l i t e -  
a n h y d r i t e  con tac t  a t  3,563.0 f t )  ................................... 



C A S T I L E  i C R M L T 1 0 t i  



40'-2409' DEPTH 
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COURSE LENGTH 12.3 FEET 
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COURSE LENGTH 280.8 FEET 

COURSE AZIMUTH 54.3 DEG. 
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4.0 HYDROLOGY 

No d r i l l  stem t e s t s  were pe r fo rmed  as no i n - f l o w  o f  gas o r  p r e s s u r -  

i z e d  f l u i d s  were d e t e c t e d  d u r i n g  d r i l l i n g .  The w e l l h e a d  was f i t t e d  w i t h  

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

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

June t h r o u g h  November. I n  December t h e  p r e s s u r e  was ' i nd i ca ted  t o  be 16-18 

p s i .  The p r e s s u r e  i s  no l o n g e r  b e i n g  mon i to red .  



5.0 REMARKS 

Various studies of the borehole qeology resulted in additional infor-  

mation which will lie useful i q  in terpreta t ion.  

5.1 Borehole Gravity 

The USGS used a borehole qravimeter t o  survey both E R D A  9 (Kososki e t  

a1 ., 1978) and WIPP 11. The d a t a  were compared and indicate the presence 

of the s t r u c t u r ~  a t  'NIPP 11 (Schmoker, 1980). However, model studies 

indicated tha t  the technique has very limited application for  detectinq 

such s t ructures  i n  evaporites, h u t  the generalized s a l t  ant ic l ine  model 

used by Schmoker i s  reasonably consistent w i t h  the  measurements in WIPP 

11.  Other ant ic l inal  s t ructures  have been reported from the northern 

Delaware Basin (Anderson and Powers, 1978) which may be similar t o  the  

s t ructure  at WIPP 11.  

5.2 Further Studies 

Since WIPP 11 was completed, a high precision gravity survey has been 

conducted over much of the  s i t e  to determine if s t ructures ,  such as tha t  

a t  NIPP 1 1 ,  could be detected a n d  modeled. The r e su l t s  of the investiga- 

tion are t o  be reported elsewhere. 

Macroscopic and petrographic studies of core f ram the "disturbed 

zone" have been i n i t i a t e d  in a fur ther  e f fo r t  t o  discern the  mechanisms 

of deformation. Samples are examined as well for minerals which may be 

radicmetrically dated t o  determine the age of the  "disturbed zone". 

Information from th i s  s t ~ ~ d y  will be reported separately.  
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INTRODUCTION TO APPENDIX A, JUSTIFICATION 

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

H i l l ,  da ted  1/10/78, "WIPP 11". T h i s  document p r o v i d e s  d e t a i l s  o f  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 i m e  o f  

i n i t i a t i o n .  The reader  i s  cau t ioned ,  t h e r e f o r e ,  t h a t  t h e  d e t a i l s  o f  the  

program may have been 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 ~  and t h a t  

p r e l i m i n a r y  i n t e r p r e t a t i v e  hypotheses o r  i deas  g u i d i n g  t h e  program formu- 

1  a t i  on may need r e v i s i o n  based on i n f o r m a t i o n  p resen ted  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 dea l  w i t h  such i t m s .  
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to L .  R. Hill - 5311 

f r i m  D. W. Powers - 5311 

I '  WIPP 1 1  

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 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 o f  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 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 
o f  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 i n i t ~ a t e d  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. 

Geol&cal Data: The geological data relevant to WIPP 1 1  --- --- 
consists of relatively shallow borehole data from potash holes, 
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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 
postash zone o f  the Salado Formation. Griswold (1977) shows on 
his Figure 13 thzt the 124 marker bed slopes southeast at about 
100 feet/mile (1 ) .  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 o f  
closures are shown within about one mile of WIPP 1 1 .  The top 
o f  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 1 1  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 1 1  location (Fig. 1). The data (Figs. 2 ,  3 ,  4) are 
shown with preliminary interpretations of some reflectors. The 
interpretation is that salt flowage has occurred within the 
Castile Formation and has bulged upward w ~ t h i n  the upper 
Castile and lower Salado. Line X-1 (Fig. 2 )  shows evidence of 
faulting west of the WIPP 1 1  location through the upper 
Delaware Mountain Group and into the Salado. Line X-2 (Fig. 3 )  
also shows apparent synclinal structure near the top of the 
Salado Formation. Line X-9 is apparently along strike (Fig. 4) 
and shows less distinct dips. The approximate limits of the 
anomaly a s  shown on Figure 1 imply an anomaly as much a s  2,500 
feet across. 

The seismic data is showing a geologic 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 6 Powers, in press). 

Recommendations: The anomaly located near the northwest corner 
of section 9, T 2 2 S ,  R3lE, 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. 
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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 H2S are present. The core 
taken is necessary for our structural interpretations. The 
re smmendation 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. 
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F I G U R E  2 

Part o f  line X-1 s h o w i n g  anomaly between points 5 5  a nd 85 
and WIPP 11 location. Scale is about: 1:l; 550 feet 

between dark vertical lines 

A .  Without interpretation. 
B .  I n t e r p r e t a t i o n  s h o w i n g  top of Salado F o r m a t i o n ,  

Castile h o r i z o n  near t o p  of formation, and 
D e l a w a r e  sand r e f l e c t o r .  







F i g u r e  3 .  

P a r t  o f  l i n e s  X-1 showing  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 ;  5 5 0  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  p o i n t s  
3 0  and 5 5 .  S c a l e  is a b o u t  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  l i n e s .  

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 ,  and 
D e l a w a r e  sand r e f l e c t o r .  
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INTRODUCTION TO APPENDIX 0 ,  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 a n s l a t i o n  o f  t e c h n i c a l  o b j e c -  

t i v e s  c o n t a i n e d  i n  t h e  document i n  Appendix A i n t o  f i e l d  e n g i n e e r i n g  

terms. Changes o r  amencinents are i n c l u d e d  as w e l l .  The approva ls  and 

p e r m i t s  o b t a i n e d  f r o m  v a r i o u s  agencies p r i o r  t o  d r i l l i n g  a r e  k e p t  on f i l e  

h u t  are n o t  i n c l u d e d  here. 
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5 . 2  WIPP 11 Drilling Program, Schedule and Test Plans 

The exploratory hole designated as WIPP 11 is scheduled to be drilled 
beginning late January 1978. The selected location is very nearly three 
miles due north of EPQA 9 exploratory hole. 

The enclosed document describes the drilling plan, schedule and test plans 
as they are presently understood. The testing program (Appendix C) will 
be forwarded to you under separate cover. 

Distribution w/encl~sures: 
C. L. Jones, USGS, Special Projects, Denver, CO 
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1135 P. D. Seward 
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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) 



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, WIFP- 

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 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 .  3.  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 197'7 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 (T22.5, R31E) show no anomalies 
associated with the WIPP 11 site. The trend of resistivity readings is from 



high i n  t h e  e a s t  t o  low i n  t h e  west.  Other anomalies i n  t h e  r e s i s t i v i t y  
d ~ l t a  i n  t h e  s tudy a rea  a r e  addressed elsewhere ( E l l i o t ,  i n  p r e p a r a t i o n ) .  

S,?ismic r e f l e c t i o n  da ta  c o l l e c t e d  f o r  Sandia i s  a v a i l a b l e  from p a r t s  of 
t w e e  l i n e s  - 1  X-2, X - 9 )  i n  t h e  immediate v i c i n i t y  of t h e  WIPP 11 
l x a t i o n .  The da ta  a r e  shown with prel iminary i n t e r p r e t a t i o n s  of some 
r e f l e c t o r s .  The i n t e r p r e t a t i o n  i s  t h a t  s a l t  flowage has occurred wi th in  
the  C a s t i l e  Formation and has bulged upward wi th in  t h e  upger C a s t i l e  and 
lower Salado. Line X - 1  shows evidence of f a u l t i n g  west of the  WIPP 11 
loca t ion  through the  upper Delaware Mountain Group and i n t o  t h e  Salado. 
Line X - 2  shows apparent s y n c l i n a l  s t r u c t u r e  near  the  t o p  of t h e  Salado 
Formation. Line X-9 i s  apparent ly  along s t r i k e  and shows l e s s  d i s t i n c t  
d ips .  The approximate l i m i t s  of t h e  anomaly imply an anomaly a s  much a s  
2500 f e e t  across .  

The seismic d a t a  is showing a qeologic anomaly poss ib ly  involving f a u l t i n g  
a n d  s a l t  flowage forming on a n t i c l i n a l  s t r u c t u r e .  This  s t r u c t u r e  bea r s  
some resemblance t o  t h a t  a t  ERDA 6 and may be r e l a t e d  t o  t h e  deformation 
zone i n  f r o n t  of the  Capitan r ee f  (Anderson and Powers, i n  p r e s s ) .  

I:ecommendations - The anomaly loca ted  near t h e  northwest corner  of Sect ion  9,  
1 '22s .  R31E, must be d r i l l e d  t o  determine t h e  ex ten t  and o r i g i n  of s a l t  
flowage wi th in  the  C a s t i l e  and Salado a t  t h i s  loca t ion .  The anomaly bea r s  
some s t r u c t u r a l  resemblance t o  ERDA 6, and d r i l l i n g  w i l l  be necessary t o  
determine i f  b r ine  and gas a r e  a l s o  a s soc ia t ed  with t h i s  s t r u c t u r e .  I n d i r e c t  
methods, such a s  seismic r e f l e c t i o n ,  a r e  not  of value f o r  t h i s  purpose. 

The anomaly appears t o  be gene ra l ly  r e s t r i c t e d  t o  below t h e  Salado Formation 
in view of resistivity data .  The Rust le r  Formation i s  probably s u i t e d  f o r  
>ydrologic t e s t i n g ,  bid the  borehole w i l l  be prepared f o r  t h e  circumstance. 

I n t e r p r e t a t i o n  of the  s t r u c t u r a l  condi t ions  wi th in  t h e  lower Salado and upper 
Z a s t i l e  a r e  of high p r i o r i t y  i n  t h i s  borehole,  and the  s t r a t i g r a p h i c  r e l a t i o n s  
may be d i f f i c u l t .  Our experience i n  ERDA 6 shows t h a t  borehole geophysical  
logs may not be obta inable  when b r i n e  and H2S a r e  present .  The core  taken 
i s  necessary f o r  our s t r u c t u r a l  i n t e r p r e t a t i o n s .  The rec:ommendation here  
i s  t o  begin j u s t  above the  Cowden with continuous co re ,  a s  f a r  a s  i s  con- 
s i s t e n t  with s a f e t y  requirements,  t o  t h e  middle anhydr i te  (Anhydrite 2) of 
the  C a s t i l e  Formation. Specia l  core  i s  needed t o  not  p e n e t r a t e  i n t o  the  
Delaware Mountain Group because of t h e  l o c a t i o n  of the  borehole wi th in  the  
Known Potash Area (KPA) . 

Because of some p o t e n t i a l  f o r  b r ine  and gas  wi th in  t h i s  s t r u c t u r e ,  s a f e t y  
precaut ions  dur ing  d r i l l i n g  ope ra t ions  w i l l  be extens ive  with s p e c i a l  
emphasis on blowout p reven te r s ,  H2S d e t e c t i o n  and p ro tec t ion ,  and gas  
sampling. 
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E. Schedule 

1. Drilling contract awarded December 1977 

2. BLM permit received December 1977 

3. Access road and drill pad complete by January 15, 1978 

4. Notice to proceed given to drill contractor January 16, 1978 

5. Expect spudding of hole to be approximately January 23, 1978 

6. Completion data estimate by early March 1978. 

c. Organization 

Technical direction will originate within Sandia Division 5311 under 
Dennis Powers. Field operations, managed by Bob Statler, Sandia Division 
1133, will be conducted by W. E. Cunningham, Fenix & Scisson. Drilling 
contract and associated support service contracts will be let and administered 
by F&S as arranged for by Federal agency order through Nevada Operations Office, 
DOE. 

Identification of marker beds, core logging and other geologic interpretations 
will be provided by Charlie Jones, USGS-Special Projec.ts, Jerry Mercer, USGS- 
WRD, and Joe Gonzales, F&S. 

Quality Assurance Program will be administered by F. L. McFarling and 
Jim Jones, Sandia Division 9517. 

Industrial Safety program will be administered by specialists from Fenix 
& Scisson, Las Vegas. 

Administrative assistance and logistical support of Sandia Programs will 
be provided by P. D. Seward and J. E. Magruder, Sxiia Division 1135. 
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Field Operations - 
Site selected and land surveyed. Land survey should consist of a plot showing 
Township, Range, Section, and distance in feet to the closest section boundary. 
Plot should show route of a 25 foot wide access road and layout of 300 feet 
x 300 feet drill pad. A temporary monument should be placed in a convenient 
corner of the drill pad and elevation above sea level to closest 1/10 of 
foot be established. 

Archeological survey taken in conjunction with land survey for filing with 
land use permit application. 

Temporary land use permit application for specific site filed with BLM 
for access road and drill pad. 

File "Notice of Intention to Drill Exploratory Well" with USGS Area Geologist, 
Roswell; USGS Oil & Gas Commission, Artesia; uSGS Area Mining Supervisor, 
Carlsbad; NM State Engineer, Roswell; NM Oil Conservation Commission, Santa Fe; 
as appropriate. Notify surface land lease holder and notify lease holder of 
Oil & Gas rights and lease holder of mineral rights, if any. 

Award drill contract, purchase long lead time items. Negotiate other pertinent 
contracts as appropriate (mud, casing, coring, logging testing, etc.). 

Award dirt contract, construct access road and drill pad with 6 inch caliche 
base, excavate 6 foot x 6 foot x 6 foot cellar,line with 3 inch timbers. 
Dry hole auger approximately 40 feet of approximately 18 inch diameter hole. 
Set 13-3/8 5-55 54# casing to GL. Cement annulus from TD to floor of cellar. 

Excavate brine pit and reserve pits line with suitable material. 

Move in rig and associated equipment required for safe drilling of wells con- 
taining hydrogen sulfide. Pad layout should be adapted from recommendation 
published by American Petroleum Institute Bulletin API W49,  latest edition. 

Rotary a nominal 8 inch hole to approximately 1000 feet or about 40 feet below 
Rustler formation into the top of Salado Salt. Use conventional c i r ~ ~ l a t i ~ n  
with salt base mud as required to match formation. At each of three intervals, 
the Magenta, the Culebra and the Rustler/Salado interface take one or more 
50 foot x 4-1/4 inch 0 core. Core is intended to aid in the analysis of 
fresh water acquifers above the salt. USS-WRD representative will specify 
core intervals. Core will be logged, photographed, packaged and stored 
according to procedure outlined in Appendix A of this procedure. 

Drill crew will take cuttings at approximately 10 foot intervals from 
bottom of surface casing to TD. Depths of cutting source will be recorded 
on each package and made available on daily basis to geologist on duty. 
Cuttings will be handled and stored as outlined in Appendix A. 



USGS-WRD crew may run g m a  and neutron logs of top 1000 feet. Other 
commercial logs may be run as technical director chooses. 

Make up hole opener and open hole to nominal 12 inch diameter to TD. Caliper 
log may be run at discretion of F&S manager. Run 9-5/8 inch OD 36# 5-55 
casing to TD with centralizers placed on at least two locations. Cement 
annulus using class "C" cement with 2% calcium chloride circulate, a minimum 
of 50% excess above calipered volume calculated to fill annulus. Test stand 
a minimum of 12 hours under pressure and a total of 24 hours before drilling 
plug to resume drilling. 

Rig up gas and mud control equipment including B.O.P., drilling head, gas 
separator, choke manifold, kill lines, kelly-cock, remote B.O.P. controls, 
flare lines, wind indicators, and mud logging units. B.O.P. should be 
selected commensurate with possible severe hole conditions and tested and 
certified accordingly. A possibility exists of an Artesian brine pocket 
charged with high concentration of H2S gas. Brine flow rates in the 10,000 
barrel/day range may exist. Sufficient storage capacity should be on site 
to handle these maximums. Gas separator lines and flare lines should be 
equipped to allow samples to be taken of any fluids or gas produced. Drilling 
fluid should be saturated brine to match formation. Have a sufficient supply 
of H2S inhibitor on hand for adding to drilling mud system as may be required. 

Pick up nominal 8 inch drill bit and rotary down to approximately 30 feet 
above Cowden formation. Upon advice of duty geologist, switch to coring 
operation. 

Take continuous 4-1/4 inch+ core down to middle of massive anhydrite bed 
at the top of the Castile formation. Core logging, photographing, packaging, 
and handling will be carried out as defined in Appendix A .  Clean and dress 
hole as necessary, and prepare for logging program as defined in Appendix B 
and drill stem tests as defined in Appendix C. 

Particular attention needs to be given to the nature of any gas pocket 
present for at this time a decision must be made whether or not to set a 
production string of casing. If hole is judged sufficiently safe, then 
coring operations can resume through the open hole down to the TD in 
Anhydrite Bed I1 in the Castile. This is the formation which is expected 
to produce the brine flow with or without H2S. 

If serious gas pockets have been encountered in the drilling thus far, ox 
if the Technical Director and/or the Manager Of FLS operations suspect 
an unsafe condition, then a production casing string will be stood in 
upper massive anhydrite bed to the surface after logging and drill stem 
tests are completed. 

The production string will be 7 inches OD J-55 23# cemented at least up 
to Cowden with a mud pack in the annulus to the surface. Hole conditions 



may be such t h a t  cementing of annulus should be run even h igher .  Af ter  the  
cementing process,  s i m i l a r  t o  t h a t  used i n  cementing su r face  cas ing ,  l e t  
cement s tand a minimum of 12 hours under p res su re  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.  

Resume cor ing  with cor ing  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 co re  t o  f i n a l  TD i n  the  middle anhydr i te  
bed (Anhydrite 11) of t h e  C a s t i l e  Formation. Specia l  c a r e  must be exerc ised  
not t o  pene t ra t e  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 i s  s e t  without  r i s k  
of a  se r ious  pene t ra t ion  below the  C a s t i l e .  

Upon reaching TD i n  Anhydrite 11, t he  o b j e c t i v e  is 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  
r e se rvo i r  i f  any, and take  samples of f l u i d s  and gases p resen t .  Severa l  
opt ions  may e x i s t  f o r  conducting t e s t  program. I t  is important t o  s e l e c t  
one o r  more methods t h a t  a r e  compatible with hole  condi t 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  d a t a  may be i n t e r p r e t e d  t o  i n d i c a t e  
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  predic ted .  

When co r ing ,  t e s t i n g  and logging is completed, hole  should be condit ioned 
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 anhydr i te  bed of the  C a s t i l e ,  then the  hole should be plugged back 
t o  the  l e v e l  of cement i n  annulus around production casing.  I f  no production 
casing has been s tood,  then hole  should be plugged up i n t o  the  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 e s t ab l i shed  according t o  d a t a  given by logs  and co res .  

Condition w e l l  and leave loaded with s a l t  based mud system. Remove B.O.P .  
and a s soc ia t ed  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 .  

Rig down and r e l e a s e  r i g .  

Qilality Assurance 

Cer ta in  f e a t u r e s  of t h i s  explora tory  w e l l  may have a s i g n i f i c a n t  bear ing  on 
d t x i s i o n s  about s i t e  s e l e c t i o n  and t h e r e f o r e  a  Qual i ty  Assurance Program i s  
rfsquired 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.  
Tle a c t i v i t i e s  o r  f ea tu res  r equ i r ing  q u a l i t y  assurance a r e :  

1. Location of the  wel l .  



! Measurement of the  ground l e v e l  above sea  ' w e l ,  and r i g  measurement such 
a s  he ight  of k e l l y  bushing and length of d r l l l  stems. 

3 .  D r i l l  depths a s  they a f f e c t  determinat ion of marker bed i n t e r c e p t s ,  core 
i n t e r v a l s ,  and formation th icknesses .  

4.  Direc t ion  of hole t o  e s t a b l i s h  t h a t  dev ia t ion  i s  con t ro l l ed  wi th in  API 
recommended p r a c t i c e s .  

5 .  D r i l l i n g  f l u i d s  monitoring and logging t o  the  ex ten t  i t  is  used t o  determine 
presence of formation gases and g lu ids .  

6 .  Geologic logs  t o  the  ex ten t  they a r e  used t o  determine formation geology 
and supplement d a t a  taken from core and c u t t i n g s  examinations. 

7 .  Coring, core  logging,  and '-andling. 

8. Well bore and d r i l l  stem t e s t s  t o  the  ex ten t  they a r e  used t o  def ine  we l l  
c h a r a c t e r i s t i c s ,  formation c h a r a c t e r ,  f l u i d  and/or gas r e s e r v o i r  s t r eng ths  
and cha rac te r .  

9. Cementing of casing annulus a s  requi red  t o  sepa ra te  s p e c i f i c  a q u i f e r s  and 
formations from communication when requi red  by S t a t e  and Federal  r egu ia t ion .  

10. Bore hole plugging t o  the  ex ten t  requi red  t o  plug open, hole and prevent 
intermixing of f l u i d s  and gases of d i f f e r e n t  zones wi th in  s a l t  beds. 

Actual procedures t o  be followed during cor ing ,  logging, t .est ing,  cementing, 
and plugging opera t ions  w i l l  be published a s  appendices t o  t h i s  document. 

Appendix A - Core and Core Handling Program 
Appendix B - Logging Program 
~ p p e n d i x  C - Testing Program 
~ p p e n d i x  D - Cementing and Plugging Program 



WIPP 11 
Appendix A. Core and Core Handling program 

Cores with 4-114 inch nominal diameter are to be taken at four intervals 
in WIPP 11. The first three intervals are within the Rustler Formation 
through the Magenta, the Culebra and across the Rustler/Salado interface. 
Careful monitoring of drilling progress should permit minimizing core 
intervals to 50 feet for each of the three zones occurring in the first 
1000 feet of hole. 

The fourth interval should begin just above the Cowden, estimated between 
2000 feet and 2500 feet depth. Coring should be continuous down to the TD 
estimated at 3200 feet. 

If production string is necessary, coring will be interrupted within the 
upper anhydrite bed of the Castile until geologic logs, drill stem tests 
and casing operations are complete. Coring may then continue down to TD 
taking 3-112 inch core. 

A duty geologist will log and measure core as it is removed from core barrel. 
Core will then be cleaned and photographed, and sealed within plastic 
sleeving before packaging in standard cardboard boxes. Boxes will be marked 
with hole identity and core interval. Core will then carefully be loaded 
in a transport vehicle by contractor personnel, as supervised by duty 
geologist, and taken to core storage in Carlsbad, New Mexico on South Canyon 
Street. 

A coring record should be kept showing: date and tour, sequence of core 
interval, length of interval, depth of interval, footage of core recovered and 
percentage. Rig operating conditions such as RPM, weight on bit, circulating 
pressure should also be kept. 

For sake of consistency a routine has been established for handling and marking 
core at the drill pad as follows: 

Coring contractor and roustabouts will remove core from core barrel. 
All pieces are to be recovered and placed in troughs in the order 
they come out of the barrel for inspection and measurement. Troughs 
are marked orange or red indicating top end, and black indicating down 
direction. 

Each major piece should be marked with a water-proof black ink arrow 
pointing in the direction the hole is advancing. 

Log, identify and measure all core pieces, express to the closest 
1110th of foot. Note: all depth measurements are from the top side 
of the Kelly Bushing unless otherwise specified. 

Move troughs to photo shed, set up to color photograph in sequence. 
Each picture should show Hole identity "WIPP ll", core run number, 
direction hole is advancing, and depth of interval. 

As the photos are completed, separate pieces into appropriate lengths. 
Sleeve and seal and insert into boxes. Tape boxes and mark outside 
of box with Hole identity and depths of core interval. 

Transport boxed core to core storage taking particular care in handling 
and delivery to avoid damage to core. 



WIPP 11 
Appendix B. Logging Program 

Geologic logs will be run in WIPP 11 to determine formation character as well 
as hole dimensions and direction. The information of interest and the probable 
logs to assist in the determination are: 

Information Probable Log 

Sonic or Acoustic Property BHC Acoustilog 

Clay/Water (Hydrogen) 

Density 

Resistivity, 
Porosity, 
Water Saturation 

Lithology/Natural Radiation 

Formation Dip 

Neutron Log 

Densilog 

Dual Laterolog, 
Dual Induction, 
Micro Laterolog 

Gamma Ray 

Dip Log 

Hole Diameter Caliper 

Hole Direction 

Temperature 

Directional Survey 

Top of Cement 

It should be noted that the list of probable logs are trade names of a particular 
company and are not intended to imply the need for sole sourcing. An exception 
is the Dip Log, where the requirement doea exist that it be done by Schlumberger. 

The drilling plan for WIPP 11 is such that logging will probably have to be done 
in three phases as follows: 

Phase 1: 0-1000 feet before casing. 

1. Acoustilog BHC 
2. Dual Induction Log 
3. Micro-Laterolog 
4. Densilog 
5 .  Gamma 
6. Neutron 
7. Caliper 

A temperature log may be desired to locate top of cement in annulus after casing. 
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Phase 2: 1000 feet to top of Castile before standing production string 

1. Acoustilog BHC 
2. Densilog 
3. Dual Laterolog 
4. Gamma and Neutron 
5. Dip Log 
6. Caliper 
7. Directional Survey 

Phase 3: To TD if possible 

1. Acoustilog BHC 
2. Densilog 
3. Dual Laterolog 
4. Gamma and Neutron 
5. Dip Log 
6. Caliper 
7. Directional Survey 

Mud logging service should be employed to determine the presence of hydrocarbons, 
H$;, C02, and nitrogen. Systems used should be selected to minimize any inter- 
ference within the measuring due to coexisting gases. Standard industry hydro- 
carbon measurements should be used to indicate the species of hydrocarbons as 
well as total hydrocarbons expressed as methane. 

Ap.?roximate detection limits are: 

H2S - Lower limit: lppm or less 

C02 - Lower limit: About lOppm 

N2 - Lower Limit: About 2000ppm 

sanples of gases or fluids are desired when requested by Technical Director. 

Tte original recordings and 10 copies of all logs should be delivered to Fenix & 

Scisson, Carlsbad office, upon completion of service. A 1.imited number of field 
pxints may be requested at the well site as soon as logs have been run. 

F t 2  will distribute log records as follows: 

U.'iGS-WRD J. W. Mercer ( 2 )  
USGS-Spec Proj. C. S. Jones 
E l i s ,  Carlsbad W. E. Cunningham ( 2 )  
5311 D. W. Powers (original + 11 
5311 S. J. Larnbert 
5.311 Archives File 
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WIPP - 11 

Appendix C - Test ing  Program 

Cne o b j e c t i v e  i n  d r i l l i n g  the  explora tory  w e l l  WIPP-11 i s  t o  analyze and 

~ n d e r s t a n d  f l u i d  o r  gas en t ry  i n t o  t h e  we l l  base. The th ickness  of t h e  

formation,  volume of the  " r e s e r v o i r "  a s  we l l  a s  t h e  p res su re  and composi- 

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

[luring t h e  d r i l l i n g  ope ra t ion ,  d i f f i c u l t y  can be expected i n  determining 

t h e  presence of small  pockets  of gas. P a r t i c u l a r  a t t e n t i o n  must be given 

such th ings  a s  any anomalous d r i l l i n g  r a t e s ,  changes i n  mud d e n s i t y ,  gas 

d e t e c t e d  a t  t h e  s e p a r a t o r  o r  any v i s u a l  evidence t h a t  might s i g n i f y  t h e  

ex i s t ence  of gas pockets  o r  f l u i d s  and i n d i c a t e  a  need f o r  running a d r i l l  

stem t e s t .  

I f  no s i g n i f i c a n t  q u a n t i t i e s  of f l u i d s  o r  gas have been mcountered  during 

t h e  d r i l l i n g  o r  cor ing  opera t ion  then  t h e  d r i l l  stem tes t .  i n t e r v a l s  w i l l  

t ' e  e s t a b l i s h e d  a f t e r  review of geo log ica l  logs  t o  be run a f t e r  reaching 

1'D. 

C'onventional d r i l l  stem t e s t s  w i l l  be used a s  a  means of determining 

p r o d u c t i v i t y  of the  subsurface fo rna t ion  i n  WIPP-11. I n  o rde r  t o  accomplish 

t .his ,  t h e  s e l e c t e d  t e s t  i n t e r v a l  must be opened t o  atmospheric o r  reduced 

p ressu re .  

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

p ipe  wi th  t h e  t o o l  c losed  t o  prevent  en t ry  of well  f l u i d s  i n t o  t h e  d r i l l  

p ipe .  Well-bore packers  w i l l  be included i n  t h e  assembly below and 

above t h e  t e s t i n g  t o o l ,  and expanded t o  block-off t h e  zone t o  be t e s t e d .  

:'he t e s t i n g  t o o l  w i l l  then be opened, leaving  formation f l u i d s  exposed 

t o  atmospheric p res su re  and allowed t o  flow i n t o  t h e  empty d r i l l  p ipe .  

?he amount of f l u i d  flow i n t o  t h e  d r i l l  p ipe  w i l l  be used a s  a  measure 

of t h e  a b i l i t y  of the  we l l  t o  produce f l u i d .  Af te r  a cer t .a in  prescr ibed  

::low pe r iod ,  probably 30 minutes, t h e  t e s t i n g  t o o l  w i l l  he caused t o  c lose .  

!?his w i l l  3113~ t h e  p ressu re  of t h e  formation t o  b u i l d  back up while  

be ing  recorded on a clock-driven recording device  loca ted  wi th in  t h e  

t e s t i n g  t o o l .  



The "shut - in  pressure"  w i l l  probably be he ld  f o r  120 minutes during t h e  

f i r s t  cyc le .  A l t e rna te  flow and shut - in  p res su res  may be conducted up 

t o  t h r e e  times w i t h  flow # 2  probably held f o r  120 minutes and shut - in  

#2 held f o r  360 minutes. I f  flow # 3  i s  considered d e s i r a b l e  t h e  flow 

per iod  and shut - in  per iod  w i l l  b 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  

Technical Direc tor .  

It is est imated t h a t  th ree  sepa ra te  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 ake  36 hours t o  complete. 



WIPP 11 
Appendix D. Cementing and Plugging Program 

Th? WIPP 11 explora tory  hole is loca ted  wi th in  t h e  known potash a r e a  ( W A )  and 
wi th in  a water basin a s  designated by New Mexico S t a t e  Engineers o f f i c e .  

S t a t e  r egu la t ions  r equ i re  t h a t  acqu i fe r s  be  kept  sepa ra te  t o  avoid comingling 
and be kept  ou t  of the  s a l t  beds below. 

Cementing of the  cas ing  w i l l  be c a r r i e d  o u t  according t o  e x i s t i n g  p r a c t i c e s  by 
a reputable  s u p p l i e r  knowledgeable of such regu la t ions .  

Hole should be ca l ipe red  f o r  e s t a b l i s h i n g  the  volume of cement requi red  t o  f i l l  
annulus. 

S u f f i c i e n t  quan t i ty  of c l a s s  "C" cement with 2% calcium ch lo r ide  t o  c i r c u l a t e  up 
t c  50% excess should be provided. 

A casing pressure  t e s t  should be applied a s  fol lows:  d i sp lace  mud with c l e a r  
water;  apply a p res su re  of 600psi and hold f o r  30 minutes and observe. I f  a 
pressure  drop of lOOpsi o r  more should occur wi th in  30 minutes, t ake  c o r r e c t i v e  
measures and repea t  t e s t .  I f  p res su re  drop i s  less, cementing job i s  considered 
cc~mplete . 

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 
,3t 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 
:lass C (sulfate resistant) cement/30% flyash with water and additives. This 
70/30 mixture by volume equals 75/25 by weight. The mixins3 water will be 
salt-saturated (approximately 36 percent by weight of water). Other additives 
dill 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). Thi.s 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 
(WE$) and will be similar to the one for the plugging of the ERDA #10 drill hole. 
WES will inspect the bbtching 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 "zeversing out" 
of the grout fron 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. 



( I e  March 9, 1978 

' 0  W. E. Cunningham - F6S 

Sandia Laboratories 
A l b w u e i a u e .  New M e r c o  
Livermore Cal~ lo rn ia  

'"blect' Modification to Drilling Program WIPP-11 

Upon completion of taking core 1/23, 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 
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date: August 1, 1977 

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

Sandia Laboratories 
Albuquerque New Mexico 
L~vermore. Cal8fornm 

from D .  W. Powers - 1141 

s ~ b j e c t  Logging Program f o r  ERDA # I 1  

The primary purpose of ERDA #11 i s  t o  t e s t  the  so -ca l l ed  
seismic dropout i n  Sect ion  8,  T22S, R31E. Secondary purposes 
o f  the hole  a r e  t o  test  the  d i s s o l u t i o n  of the  upper p a r t  of 
the  C a s t i l e  Formation and the  hydrology assoc ia ted  with the  
Rus t l e r  Formation. In  accordance with those purposes the  
following logging program i s  a n t i c i p a t e d :  

1. The USGSfWRD from Albuquerque w i l l  log  the  Rust le r  
Formation a s  soon a s  t h a t  d r i l l i n g  i s  completed. 

2. The e n t i r e  hole  w i l l  be logged, a s  appropr ia t e ,  f o r  
the  following: 

Formation Character Probable Log 

Sonic o r  acous t i c  property Acoustic l o g  (BHC) 

gamma ray  gamma ray  

c layfwater  (hydrogen) neutron 

d e n s 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 the  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  the  Cowden anhydri 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  p icks ;  however, i t  i s  l i k e l y  t h a t  
the  WRD logging t ruck  w i l l  be a v a i l a b l e  f o r  t h i s  purpose. 



R .  D. Stat ler  - 1131 -2- 

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

W .  Mercer, USGS, Albuquerque, NM 
1140 W .  D. Weart 
1141 L .  R .  Hi11 
1141 S .  J. Lambert 
1141 D .  W .  Powers 

August 1, 1977 



Sandia Laboratories 
date August 4, 1977 

--I 
to R. D. Statler - 1 1 3 3 v  - 

Albuquerque. N e w  M e x c o  
L~verrnore Cal8lornia 

f , ' J  

~",,,,% i I&& 3 

from D. W. Powers - 1141 

subject Mud 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, HZS, 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 C 0 2 :  lower limit about 10 pprn 

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 



Sandia Laboratories 
m e  January 25, 1 9 7 8  

13 R.  D. s t a t l e r  - 1133&' 
A 

Abuquerq  i ?  New Merco  
Lfveimore Ca l l lo rna  

fiorn D. W .  Powers - 5311 

sub je :~  Borehole Logging of WIPP #11 

A f t e r  d i s c u s s i o n s  w i th  John H e m , i t  i s  appa ren 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  be 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 s e i smic  r e f l e c t i o n  d a t a .  The uphole s e i smic  
v e l o c i t y  l o g  r eques t ed  i n  a  p rev ious  memo may be d i s r ega rded .  
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 prev ious  expe r i ence  has  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  supply ing  s o n i c  l o g s  through 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  s e i smic  r e -  
f l e c t i o n  work h e r e  i s  s o  important  t o  ana lyz ing  t h e  s t r u c t u r e  
around WIPP 11, c a r e  should be  taken  i n  s e l e c t i n g  t h e  con- 
t r a c t o r  b e s t  a b l e  t o  p rov ide  t h e  s o n i c  logging  s e r v i c e .  

copy t o  : 
W .  D .  Cunninqham - F&S/Carlsbad,  N.M. 
5311 L. R. H i l l  
5311 D. W .  Powers 



Sandia 1aboratc:ies 
date: February 6, 1978 Albuquerque. New M e x ~ c o  

L~verrnors. Caldornla 

1 0  R.D. Statler 1133 
r 

lrorn D.W. Powers 5311 

subiect 1la~-ker Horizons in WIPP 11 

Charlie Jones has estimated (verbally) the following 
depths at WIPP 11: 

top Rustler Fm 630 ' 
Magenta Dolomite 710' 
Culebra Dolomite 810' 
top Salado Fm 950 ' 

Jerry Mercer has supplied approximate dept.hs as follows: 
Santa Rosa 20-140' 
~ e w e y  Lake 140-635' 
Rustler Fm 635-935 ' 
Magenta Dolomite 690-715' 
Culebra Dolomite 810-885' 
Sal.ado Fm 935-2835' 

John Kern has estimated depths from seismic data at WIPP 
11 : 

top Salado Fm 950 ' 
top disturbed zone 1830' 
top Delaware 3900' 

Carrying a Castile reflector through the disturbed zone 
indicates the top of Castile may be as shallow as 
2500-2600'. The disturbed nature of the reflectors 
indicates we should be prepared for unusual stratigraphy 
in any case. 

Distribution: 
W.E. Cunningham, P&S, Carlsbad, NM (3) 
C.L. Jones, USGS, Special Projects (c/o SLA, Carlsbad) 
J.W. Mercer, USGS - WRD (c/o SLA, Carlsbad) 

r-m311 L.R. Hill 
5311 D.W. Powers 



APPENDIX C 

HOLE HISTORY 

compi led hy 

R. D. S t a t l e r  

D i v i s i o n  1133 

and 

P. D. S w a r d  

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 APPEND1 X C, HOLE H I S T O R Y  

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  comp le t ion  o f  t h e  

bo reho le ,  and i t  s m m a r i z e s  the  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 q  kep t  

by t h e  c o n t r a c t o r .  The h o l ~  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  l a t e r  i n f o r m a t i o n  developed 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 r m a t i o n  mav he o b t a i n e d  as necessary  t h r n u g h  examina t ion  of 

t he  o r i g i n a l  d a i l y  t i m e  l o g s .  



PLEASE REPLY TO: TES : 1204 
P 0 BOX 4 B B  

M E R C U R Y ,  NEVADA an023 

June 16, 1978 

M r .  R.  D .  S t a t l e r ,  1133 
Sandia Labora tor ies  
P.O. Box 5800 
Albuquerque, New Mexico 

87115 

CARLSBAD HOLE HISTORY 

Enclosed i s  the  o r i g i n a l  hole  h i s t o r y  on WIPP b l l  f o r  your d i s t r i b u t i o n .  

TECHNICAL SUPPORT 

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



F E N l X  6 S C I S S O N .  I N C .  

HOLE HISTORY DATA 

DATE, June 8, 1978 - 
H.-e w. 0. NO., 

USER, Sandia Lab TYPE HOLE, Exploratory 

LOCATION New Mexico COUNTY, Eddy A R E A :  

SURFACE COORDINATESI 7091 & 2941 Fhl'L Set g ~2 

GROUND ELEVATION, 3426.12' PAD ELEVATION: TOP CASING ELEVATION: 

RIG ON LOCATION% 2-4-78 SPUDDED$ 2-6-78 COMPLETED:  3-14-78 

CIRCULATING MEDIA: Salt base mud. 
I 

MAIN RIG b CONTRACTOR 1 NO. OF COMPRESSORS b CAPACITY ,  

B O R E N O L E  RECORD CASING RECORD 

JUNK & PLUGS L E F T  IN  HOLE8 

SURVEYS PAGE, CORING PAGE* 7 CU. FT. CMT. T O T A L  I N  PLUGS. E T C i  

LOGGING DATA,  Page 6 

BOTTOM H O L E  COORDINATESI 872.8' FNL, 522.1' FEL @ 3583' REFERJNCE: Schlumberger 

RIGS USED (S l le  Prep R ~ g s  *) 

R I G  NO. NAME T Y P E  0 1 1 5  S E C U R E D  S E C U R E D  T O T A L  D A Y  
O P E R A T I N G  Y C R E W  V / O  C R E W  Ow L O <  

13 Verna Drilling Co. BrewsterISkytop 36.38 36.38 

N-4 

REMARKS) * Stte Prep I t e m s ,  Depths shown at ground level. 

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

exce~t for site prep work. - 

Horizontal deviation at 3583' (log depth) was 280.,B1, N 35' E- 

PREPARED B Y #  DWSIit C-3 TIME BREAKDOWN ON N E X T  PAGE 



WIPP #11 

TlME BREAKDOWN 
- 

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

T4)TAL SITE PREP TIME DAYS I REMARKS8 - 
- 

SITE DOT DAY I 

- 
D R I L L I N G  O P E R A T I O N  T l M E  ( D O T )  - 

ORI .L 4.11 

TRI'S 0.79 - 
ORE S I  DR ILL ING ASSEMBLY - 
5INI;LE SHOT DEV. SURVEYS 0.25 
OPl iN  H O L E  DIRECTION SURVEYS- 

'IN HOLE 1.67 

O P E R A T I O N A L  O E L A Y  T I M E  ( 0 0 1 )  

fi'IG REPAIRS - 
W. 0. D R I L L I N G  SUPPLIES - 

- C L E A N  OUT F l L L  

SECURED WlTH CREWS - 

- 
D I % I L L I N G  O P E R A T I O N  T I M E  ( D O T )  O T H E R  S C H E D U L E D  T I M E  ( O S T )  

MAIN HOLE DOT 6.82 D A Y S  

CASING O P E R A T I O N  T l M E  ( C O T )  

0.29 R U N  9-5/8" CASING - 
RUN CASING - - 
CEMENT 9-5/8" CASING 0.92 - - 
CEMENT CASING - - 
DRILL OUT SHOE 0.06 - 

- 
D R l l  L - 
TR11'S - 
SUR'IEYS - 

- 

-- 
1 

- 
SITE OST DAYS 

- MAIN H O L E  COT 1'27 DAYS 

MOVE - 
RUN CASING - 
CEMENT CASING - 

- 
- 

SITE D D T  

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

O T H E R  S C H E D U L E D  T I M E  ( O S T )  

M O B l L l Z A T l O N  LOEMOBILIZATION-  

CORE 15.90 

LOG 2.40 

CASED HOLE OlR. SURVEYS -- 

UNLOAD CASED H O L E  - 
RUNMANOREL  -- 
HYDROLOGICAL TESTS - 

Circulate Samples 

Nipple Up 

Lay Down Drill Pipe 

Rig Up & Down - 
Government Equipment 1.58 - 

MAIN H O L E  ~ S T %  

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

RIG REPAIRS 

W. 0. EQUIPMENT 

FISH 

C L E A N  OUT F l L L  

UNLOAD WATER INFLOW 

REAM 

PLUG BACK 

D R I L L  OUT PLUGS 

SECURED WlTH CREWS 

W.O. Loggers 

Mix & Condition Mud 

Repair Government 
Equipment 

Magnaflux Drill Coll- 0.27 
ar s - 

TCITAL MAIN HOLE CONST. TIME 36.38 D A Y S  REMARKSI 

T C T A L  SITE PREP TIME DAYS 

T C T A L  MAIN HOLE CONST. TIME 36.38 DAYS 

SEC. W/O CREW SITE PREP DAYS 

. W 9  CREW MAIN  H O L E  CONST. DAYS 

T O T A L  SUSPENDED (NO RIG) DAYS 

T O T A L  ELAPSED T lME 36.38 DAYS 

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

- 
I 

REMARKS, 



WIPP 1/11 
HOLE HISTORY 

A 6' x  6' c e l l a r  was excava ted  t o  5 '  and l i n e d  w i t h  3" x  12" boards.  
Link Rat Hole d r i l l e d  a n  18" h o l e  t o  40.4 '  w i t h  a n  auger  r i g .  S e t  
13-318'' O.D., 4811, H-40 c a s i n g  a t  40.4 '  (GL). Cemented annu lus  t o  
t h e  bottom of t h e  c e l l a r  w i t h  81  f t 3  of r e a d y  mix. 

Note: Depths r e p o r t e d  w i l l  be from k e l l y  bushing (KB) e l e r r a t i o n  - 
13 '  above ground l e v e l  (GL) u n l e s s  o t h e r w i s e  no ted .  

Moved i n  Verna D r i l l i n g  N-4 Brewster  r i g  1/13 w i t h  a  9 6 '  L.C. 
Moore d e r r i c k  and s t a r t e d  r i g g i n g  up. 

Continued r i g g i n g  up. 

Completed r i g g i n g  up a t  1500 h o u r s .  D r i l l e d  8-314" h o l e  from 53 '  
t o  181'  u s i n g  mud. 

D r i l l e d  8-314" h o l e  from 181' t o  727 ' .  Rigged up I n t e r n a t i o n a l  
Diamond Cor ing ,  I n c .  equipment w i t h  8-11/16" diamond c o r e  b i t .  

Cut c o r e  iil from 727' t o  7 8 6 ' ,  r ecovered  5 7 ' .  Ran 8-3/4" b i t  i n  
t h e  h o l e ,  reamed and washed t o  bottom. D r i l l e d  8-314" h o l e  from 
786' t o  856 ' .  

Cut c o r e  82 from 856' t o  8 9 1 ' ,  r ecovered  20 ' .  Reamed c o r e  h o l e  
and d r i l l e d  8-314" h o l e  from 891' t o  9 5 0 ' .  Cut c o r e  #3 from 950'  
t o  991 ' .  Lost  250 b a r r e l s  of  mud on t r i p  i n  h o l e  w i t h  c o r e  b a r r e l .  

Recovered 26.2' on c o r e  113. Ran 8-314" b i t  i n  t h e  h o l e  washed and 
reamed t o  bottom. Condi t ioned mud f o r  logg ing .  Ran Schlumberger 
l o g s .  Lost  7.5 b a r r e l s  of mud whi le  logging.  Made up 12%'' h o l e  
opener and reamed h o l e  from 53 '  t o  263 ' .  

Opened 8-3/4" h o l e  t o  12-E" from 263' t o  784 ' .  Pecos V a l l e y  
C o n s t r u c t i o n  Co. s a n d b l a s t e d  9-518" O.D. c a s i n g .  

Opened 8-3/4" h o l e  t o  123L" from 784' t o  985 ' .  Condi t ioned mud t o  
r u n  c a s i n g .  Ran Schlumberger c a l i p e r  log.  Ran 9-518'' O.D., 3611, 
5-55 F o s t e r  c a s i n g  i n  t h e  h o l e  t o  985.18' (972.18' GL). I n s t a l l e d  
a  Davis type  gu ide  shoe on bottom and a Davis type  702 f l o a t  c o l l a r  
on t o p  of t h e  bottom j o i n t  a t  943.68 ' .  C e n t r a l i z e r s  were p laced  
a t  9 6 3 . 5 ' ,  701' and 357.96' .  

F i n i s h e d  runn ing  c a s i n g .  Cemented annu lus  t o  s u r f a c e  u s i n g  B J  w i t h  
25 b a r r e l s  of wa te r  ahead of  154 f t 3  of  t h i x  s e t  cement w i t h  l o s t  
c i r c u l a t i o n  m a t e r i a l  fo l lowed by 502 f t 3  of c l a s s  "C" cement w i t h  
2% ca lcu im c h l o r i d e .  Disp laced  cement wi th  79 b a r r e l s  of  wa te r  and 
bumped p l u g  wi th  1100 p s i ,  Cement i n  p l a c e  a t  0425 hours .  Waited 
on cement. 



Pzge 2  
WIPP i111 
Hale  H i s t o r y  

Cut o f f  13-318" O.D. and 9-518" O.D. c a s i n g  a t  ground l e v e l .  Welded 
a  7" c a s i n g  hanger  on t h e  9-5/8" c a s i n g .  Welded t h e  13-3/8" c a s i n g  
t o  t h e  9-518". I n s t a l l e d  10" s e r i e s  900 blow o u t  p r e v e n t e r  w i t h  
Payne accumulator  and 2  s e t s  of  c o n t r o l s ,  g a s  s e p a r a t o r ,  choke 
m a n i f o l d ,  f low l i n e  and f l a r e  l i n e .  Repa i red  b l i n d  rams. 

Completed c o n n e c t i n g  up blow o u t  hardware and t e s t e d  t o  1000 p s i .  
Repa i red  l e a k s  where i n d u c a t e d .  D r i l l e d  o u t  cement and 8-3/4" h o l e  
from 991 '  t o  1130' u s i n g  s a l t  base  mud. 

D r i l l e d  8-3/4" h o l e  from 1130' t o  1675' .  

D r i l l e d  8-3/4" h o l e  from 1675' t o  1997' .  Ran USGS log .  

D r i l l e d  8-3/4" h o l e  from 1997'  t o  2240' .  Condi t ioned h o l e  f o r  
logging.  Ran USGS log .  Made up 8-11/16" c o r e  b i t  and c u t  c o r e  
4  from 2240' t o  2243 ' .  

Completed c u t t i n g  c o r e  114 from 2243' t o  2299 ' ,  r ecovered  58.8 ' .  
Cut c o r e  (15 from 2299' t o  2307'.  

Completed c o r e  #5 from 2307' t o  2359 ' ,  r ecovered  59 .5 ' .  C u t  
c o r e  #6 from 2359' t o  2368' .  

Completed c o r e  116 from 2368' t o  2408' .  P u l l e d  o u t  of h o l e ,  
r ecovered  4 7 '  of  c o r e .  Top 3 '  of o u t e r  c o r e  b a r r e l  had t w i s t e d  
o f f  l e a v i n g  65' of  o u t e r  b a r r e l  i n  t h e  h o l e ,  t o p  of f i s h  a t  2343' .  
Made up S t a r  F i s h i n g  T o o l ' s  s p e a r  and bumper sub. 

Ran i n  h o l e  and recovered  f i s h .  C o r r e c t e d  d e p t h  t o  2409'.  Ran 
Schlumberger l o g s .  Ran Sand ia  s p e c i a l  ins t rumented  d r i l l  c o l l a r  
i n  t h e  h o l e  and t e s t e d .  T e s t  was n e g a t i v e .  

Laid down d r i l l  c o l l a r .  Made up c o r i n g  assembly and c u t  c o r e  117 
from 2409' t o  2446' .  P u l l e d  o u t  of h o l e ,  r ecovered  29' of  c o r e .  
Found bottom p a r t  o f  o u t e r  b a r r e l  had t w i s t e d  o f f ,  o v e r a l l  l e n g t h  
was 29.85'.  Top of f i s h  a t  2412 ' .  Made up f i s h i n g  t o o l s .  
S t a r t e d  i n  ho le .  

Completed t r i p  i n  h o l e .  Latched o n t o  f i s h  and recovered  same. Ran 
D r i l c o  bottom h o l e  reaming assembly w i t h  8-314'' b i t  i n  t h e  h o l e .  
Reamed from 2160' t o  2170' and t w i s t e d  o f f .  P u l l e d  o u t  of  h o l e  
and l e f t  9  d r i l l  c o l l a r s  and D r i l c o  assembly in  t h e  h o l e .  Made 
up S t a r  F i s h i n g  T o o l ' s  7y '  o v e r s h o t ,  bumper sub and j a r s .  Washed 
t o  t o p  o f  f i s h  and knocked t o  bottom. Latched o n t o  f i s h  and 
recovered  same. 

J o e ' s  I n s p e c t i o n  S e r v i c e  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  h o l e  and 
reamed from 2160'  t o  2446' .  

P u l l e d  up t o  2160' t o  ream second pass .  Reamed t o  2352' and t w i s t e d  
o f f .  P u l l e d  o u t  of h o l e  and l e f t  1 0  d r i l l  c o l l a r s  and D r i l c o  t o o l s  
i n  t h e  h o l e .  Made up f i s h i n g  t o o l s  and recovered  f i s h .  Ran 8-314" 
D r i l c o  reaming assembly i n  t h e  h o l e  and reamed from 2360' t o  2398 ' .  



Page 3 
WIPP 811 
Hole H i s t o r y  

Reamed h o l e  from 2398' t o  2446' .  made 2 p a s s e s .  Made up c o r i n g  
assembly wi th  8-11/16" diamond c o r e  head.  Cut c o r e  #8 from 2446' 
t o  2462'.  

Completed c o r e  1i8 from 2462' t o  2485 ' ,  r ecovered  30.6 ' .  Cut c o r e  
1 from 2485' t o  2530' .  

Recovered 38.3 '  on c o r e  1/9. Cut c o r e  1/10 from 2530' t o  2580 ' ,  
r ecovered  43.4'.  Cut c o r e  1/11 from 2580' t o  2621 ' .  

Completed c o r e  1/11 from 2621' t o  2630 ' ,  r ecovered  46.9 ' .  Cut 
c o r e  i l l2  from 2630' t o  2642' .  S t a r t e d  o u t  of h o l e  and s h u t  
down a t  1000 h o u r s  f o r  r i g  r e p a i r s .  

Completed r e p a i r s  a t  0915 hours .  P u l l e d  o u t  of h o l e  and recovered  
11.8 '  on c o r e  1/12. Cut c o r e  1/13 from 2642' t o  2692 ' ,  r ecovered  
50.4 ' .  

Cut c o r e  614 from 2692' t o  2742 ' ,  r ecovered  5 0 ' .  Measured o u t  
of h o l e  and c o r r e c t e d  d e p t h  t o  2744' .  Cut c o r e  #15 from 2744' 
t o  2794'.  

Recovered 49.9 '  on c o r e  1/15. Cut c o r e  1/16 from 2794' t o  2844 ' ,  
r ecovered  46.9 ' .  Ran i n  h o l e  and washed 1 5 '  t o  bottom. Mixed 
mud and l o s t  c i r c u l a t i o n  m a t e r i a l .  S ta r t . ed  c u t t i n g  c o r e  #17. 

Completed c o r e  1/17 from 2844' t o  2891 ' ,  r ecovered  $6 .5 ' .  Cut c o r e  
1/18 from 2891' t o  2941 ' ,  r ecovered  50 ' .  

Cut c o r e  #19 from 2941' t o  2 9 9 1 ' ,  r ecovered  5 0 ' .  Ro ta ry  t a b l e  
locked  up a t  2953' .  r e p a i r e d  same. 

Cut c o r e  V20 from 2991' t o  30411 ,  r ecovered  49.2 ' .  Cut c o r e  1/21 
from 3041' t o  3 0 9 1 1 ,  r ecovered  5 0 ' .  

Cut c o r e  1/22 from 3091' t o  31411 ,  recove.red 50.4 ' .  Cut c o r e  #23 
from 3141' t o  3191 ' ,  r ecovered  5 0 ' .  Reps i red  r o t a r y  cha in .  Made 
up 8-314" d r i l l i n g  assembly and r a n  i n  h o l e .  

Reamed h o l e  t o  bottom and d r i l l e d  8-314'' h o l e  from 3191' t o  3394 ' .  
P u l l e d  o u t  of  h o l e  and made up c o r e  b a r r e l .  S t a r t e d  c u t t i n g  c o r e  
1/24. 

Completed c o r e  1/24 from 3394' t o  3444 ' ,  r ecovered  50.45 ' .  Cut c o r e  
#25 from 3444' t o  3479 ' .  

Completed c o r e  t 2 5  from 3479' t o  3495 ' ,  r ecovered  50.8 ' .  Made 1' 
d e p t h  c o r r e c t i o n  and c u t  c o r e  1/26 from 3494' t o  3534 ' ,  r ecovered  
40 .3 ' .  Cor ing  assembly was s t u c k  on bottom and worked l o o s e  by 
p u l l i n g  60,000# over  weight  of s t r i n g .  Core b i t  w a s  damaged. 
Found 318" x 1" hex head b o l t  m i s s i n g  from d r i l l i n g  head f l a n g e ,  
may have f a l l e n  i n  h o l e .  
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3-13-78 Made up 8 -3 /4 "  d r i l l i n g  assembly and r a n  i n  h o l e .  Reamed and 
washed 60' t o  bottom. D r i l l e d  8-314" h o l e  Erom 3534' t o  3577 ' .  
Measured o u t  of  h o l e  and c o r r e c t e d  t o t a l  d e p t h  t o  3 5 8 0 ' .  Ran 
Schlumberger l o g s .  

3-14-78 Completed logging.  Laid down d r i l l  p i p e  and t o o l s .  Removed blow 
o u t  equipment.  Released r i g  a t  2400 hours .  Hole completed,  
Cut o f f  t h e  7" c a s i n g  hanger  and welded a  10" s e r i e s  900 f l a n g e  
on t h e  9 -5 /8 "  c a s i n g .  
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MAKE - SIZE - 

1 Hughes 8-3/4"  
2 S e c u r i t y  8-314" 
3 S e c u r i t y  8-314" 

4 Hughes 8-314" 
Ii h e r u n  

DATE - 

BIT RECORD 

DEPTH FEET ROTATING 
TYPE - OLT - DRILLED 1lOUllS 

DEVIATION SURVEYS 

DEPTH - FT 

28-314 
5 3 - l l r ,  
30- 111 
Reaming 

DEVIATION - DEGREES 



I 
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TYPE LOG DATE - 
SCHLUMBERGER LOGS 

Caliper 

Borehole Compensated 
Sonic Log 

Compensated Neutron- 
Formation Density 

Dual Laterolog Micro- 
SFL 

Dipmeter - Basic Data 
Log for Directional 

Continual Directional 

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

Dipmeter Arrow Plot- 2-22- 78 
Job #2412 
Job 112427 3-13-78 
Job #2443 3-13-78 

Dipmeter Cluster 2-23-78 
Calculation Job 12412 

Job #2427 3-17-78 
Job W2443 3-30-78 

Core Lab Mud Log 3-17-78 

LOG INDEX SHEET 

RUN DEPTH 
la' DRILLER 

DEPTH 
U)GGER 

987 

991 

2411 
3577 

991 

2411 
3583 

991 

2411 
3583 

99 1 

3583 

991 
2411 
3583 

2411 

3583 
3583 

LOGGED 
FROM TO 

NNCE: Listing of logs furnished to F & S/ Mercury. -- 
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NO. OF DAYS 

I ! 

! 

jm'l 

i 1 CORE *2 

t 
Y 

I . - -- 
t 
P 
Y ACTUAL DRILLING TIME 
0 

. LOG 1997' 

LOG 2240' 

~~ 
. - . -- _ --I _-- - 

FDH II U I G  

2500 - rmumr+- 
1 
! =PAIRS 

URE *4 
THRU ' -- ~. 

-~ -~ corn* 

t 

I 

. . . 
! 

XXW) 

I 
! i \ ' \ 

: \ 
\ 

I -  - .  - 
-. ~~ 

I 
! ! THRU 

3500; p- . .- 
-mTIM* TE-o [)i4TJb-A 

Kc--- ~. 

-- -- 
A 



CIIPP N O .  11 

/-5-1/2" Casing,  cappec 

10" S e r i e s  930 Flanle  reduce3 
t o  5-1 /2 "  cas inp  

10" S e r i e s  903 k l d e 3  Flacce 

Broand Level 

18" hole  t o  4 0 . 4 '  

9-5:C", 3(,: cas in?  cemented a t  
97:' , , : i t '  C5E f t 3  o f  s l u r r y  

1 2 - 1 / 4 '  hole t c  9;'' 

I- 2 - 3 4 ' '  hc le  t o  3567 '  

!.ICTC: 3e;ths shown a r e  f ro?  
ground l eve l  1 3 '  below 
k e l l y  bushino e l e v a t i o n  

Not t o  s c a l e .  
As b u i l t  ho le  cond i t ions  

a s  of 3-14-78. 



SURVEY MONUMENT "AS BUILT" 
JMl.PP 11 

SECTION 9 TOWNSHIP - 22 S , RANGE SIE. N. MPM. 
Z ~ Y  COUNTY, NEW MEXICO 2 

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

This isto certify that the forgoing plat was made t o m  
fie/ notes of a bon f~de survey made by me and sfrue 
an A=' correct to my %est knowledgeand belief. 

N. MPE.  6 L.S. NO. 5412 



APPENDIX D  

LOGS 

compi led by 

S-E. S h a f f e r  

D i v i s i o n  4511 

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



WIPP 11 ~ 0 9 s '  

Too o f  Bo t tom 
~ o g ~ e d  Logged 

interval3 I n t e r v a l  
Company ELS& ( f e e t )  ( f e e t )  Date  

BHC Son ic  

Compensated 
Neu t ron  
F o t m a t i o n  
D e n s i t y  

Dual -  
L a t e r o l o g  

Micro-SFL 

Cont inuous 
D i p n e t e r  

Cont inuous 
D i r e c t i o n a l  

Schl  umberger W7099W S u r f  ace 3580 3-13-78 

Sch l  umberger W7099S S u r f  ace 3582 3-13-7e 

Sch l  umberger W7099X S u r f  ace 3581 3-13-78 

Schl  umberger W7099L 53 3582 3-13-73 

Sch l  umberger N /A 986 3582 3-13-78 

' o r i g i n a l  d a t a  i s  r e t a i n e d  i n  Sandia  WIPP C e n t r a l  F i l e ,  D i v i s i o n  4542. 
Sandi a N a t i o n a l  L a b o r a t o r i e s ,  A1 buquerque, NM 87185 

% o r d e r  number f o r  l o g s  a v a i l a b l e  t h r o u g h  West Texas E l e c t r i c  L o g  Serv i ce ,  
I n c .  (ELSI ) ,  105 West W a l l  Ave., Mid land,  TX. 

3 ~ e p t h s  measured f r o m  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. 


