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1.0 ABSTRACT , 

Borehole WIPP 34 was d r i l l e d  t o  i n v e s t i g a t e  a  s t r u c t u r a l  low i n  an 

area about 2-1/2 m i l e s  n o r t h  o f  the cen te r  o f  the WIPP s i t e .  The bore- 

ho le  i s  l o c a t e d  i n  Sec t i on  9, T22S, R31E, i n  e a s t - c e n t r a l  Eddy County, 

New Mexico, and was d r i l l e d  d u r i n g  August and September 1979. The h o l e  

was d r i l l e d  t o  a  depth o f  1,820 f e e t ,  and encountered f r om t o p  t o  bottom, 

s u r f i c i a l  Holocene depos i ts  ( 1 0  i n c l u d i n g  a r t i f i c i a l  f i l l  f o r  d r i l l  

pad), t h e  Santa Rosa Sandstone ( 1 4 4 ' ) ,  t h e  Dewey Lake Red Beds ( 5 0 3 ' ) ,  

t he  R u s t l e r  Format ion (316 ' ) ,  and t h e  Sal ado Format ion (847 ' ) .  C u t t i n g s  

and cores were taken a t  s e l e c t e d  i n t e r v a l s .  Geophysical l ogs  were r u n  

f o r  t he  e n t i r e  l e n g t h  o f  the hole. The s t r u c t u r a l  low was v e r i f i e d  by 

data f r o m  WIPP 34, however i t  was no t  appa ren t l y  caused by d i s s o l u t i o n  o f  

ha1 i te. 

2.0 INTRODUCTION 

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

I s o l a t i o n  P i l o t  P l a n t  (WIPP) and t h e  i n v e s t i g a t i o n  a t  WIPP 34. 

2.1 The Purpose o f  WIPP 

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

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

demonstrate d isposa l  techno1 ogy f o r  t he  t r a n s u r a n i c  (TRU) waste r e s u l t i n g  

f r om t h i s  n a t i o n ' s  defense programs o f  over  30 years. A f t e r  a  p e r i o d  . 
(5-10 yea rs )  o f  l i m i t e d  ( p i l o t )  operat ion;  d u r i n g  which t h e  waste i s  

r e a d i l y  r e t r i e v a b l e ,  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 conver ted 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 isposa l  of defense TRU waste. The 

WIPP p lans  a l s o  i n c l u d e  a  research  f a c i l i t y  t o  examine, on a  l a r g e  sca le ,  
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t he  i n t e r a c t i o n s  between bedded s a l  t and h igh - l eve l  r a d i o a c t i v e  waste ' 

r e s u l t i n g  f r om thermal  and r a d i a t i o n  f l uxes .  There i s  no p l a n  a t  t h i s  

t i m e  t o  d ispose o f  h i g h - l e v e l  waste o r  spent f u e l  i n  t he  WIPP. 

2.2 The Purpose o f  Borehole WIPP 34 

WIPP 34 was d r i l l e d  t o  e s t a b l i s h  t he  reason f o r  t h e  s t r u c t u r a l  low 

found by e x p l o r a t i o n  work. The records  p rov ided  t o  t h e  U.S. Geo log ica l  

Survey by v a r i o u s  potash ope ra to r s  were used i n  con junc t i on  w i t h  d r i l l  i n g  

f o r  t h e  WIPP p r o j e c t  t o  produce s t r u c t u r e  con tour  and isopach maps (e.g., 

Gr iswold,  1977; Powers, e t  a1, 1978). These maps, p a r t i c u l a r l y  t h e  

s t r u c t u r e  map o f  Harker  Bed 124, i n d i c a t e  a s t r u c t u r a l  low i n  t h e  

v i c i n i t y  o f  FC-92, an i n d u s t r y  po tash  t e s t h o l e  two m i l e s  n o r t h  o f  ERDA 9. 

Thouqh t h e  s t r u c t u r a l  low a t  FC-92 i n d i c a t e d  c l o s u r e  o f  o n l y  50 feet ,  

Anderson (1978) p o i n t e d  o u t  t he  approximate a l ignment  o f  t h i s  low w i t h  

B e l l  Lake and S l i c k  Sink. He p o s t u l a t e d  a f a u l t  o r  f r a c t u r e  a long  t h i s  

t r e n d  and specu la ted  t h a t  d i s s o l u t i o n  a long  t h i s  t r e n d  i s  t he  o r i g i n  o f  

t h e  1 ow. S ince  then,  i t  has been specu la ted  t h a t  a  nascent b r e c c i a  p i p e  

caused t he  FC-92 low. S t r u c t u r e  con tour  maps o f  upper Salado and R u s t l e r  

Format ions were examined by t h e  U.S. Geo log ica l  Survey and Sandia 

Na t i ona l  Labora to r ies ;  these maps i n d i c a t e d  a broader low over much o f  

S e c t i o n  9 (T22S, R.31E). The bo reho le  l o c a t i o n  was u l t i m a t e l y  chosen 

about 2000' e a s t  o f  FC-92 t o  t e s t  f o r  s t r u c t u r e  and i t s  p o s s i b l e  causes 

nearer  t h e  cen te r  o f  t h e  apparent  s t r u c t u r a l  low. A d i r e c t  r e t e s t  o f  

FC-92 was not  cons idered necessary; t he  o r i g i n a l  d r i l l i n g  d i d  n o t  

i n d i c a t e  b recc ia .  The l o c a t i o n  was chosen t o  t e s t  t h e  i m p l i c a t i o n s  o f  a  

broader low which corresponded t o  a  p a r t  of t he  " d i s t u r b e d  zone" (Powers, 

e t  a l ,  1978). The bo reho le  t e s t  was p lanned t o  p e r m i t  l a t e r  deepeninn 

i n t o  t he  C a s t i l e  i f  desired. 

- 2 -  



3.0 GECILOGIC DATA FOR BOREHOLE WIPP 34 

by  

R.P. snyderl a i d  S.L. ~ r e l l a c k ,  Jr. 2  

3.1 A b s t r a c t  

E x p l o r a t i o n  work a t  t he  WIPP s i t e  i n  sou theas te rn  New Mexico i d e n t i -  

f i e d  a  s t r u c t u r a l  low ( c l o s u r e  o f  about 20-40 f e e t )  i n  an area cen te red  

about 2-1/2 m i l e s  n o r t h  o f  t he  cen te r  o f  the  s i t e .  Borehole  WIPP 34 was 

d r i l l e d  t o  e s t a b l i s h  t h e  reason f o r  t h e  low. The h o l e  was d r i l l e d  and 

cored t o  a  depth o f  1,820 f e e t  below a  su r f ace  e l e v a t i o n  o f  3,432.7 f e e t .  

The e v a p o r i t e  s e c t i o n  i n  t h i s  area i n c l u d e s  h a l i t e  u n i t s  i n  t h e  R u s t l e r  

Format ion o f  Permian age, and t he re  i s  evidence f r om o the r  ho les  t h a t  

these u n i t s ,  as w e l l  as some o f  t h e  h a l i t e  a t  t h e  t o p  o f  t h e  u n d e r l y i n g  

Sal  ado Format ion (Permi an), a re  m i ss i ng  because of d i s s o l u t i o n .  Boreho le  

WIPP 34 pene t ra ted  th rough  t h e  lower  unnamed member o f  t h e  R u s t l e r  ancl 

i n t o  t he  u n d e r l y i n g  Sal ado Format ion.  No i n d i c a t i o n  o f  d i s s o l u t i o n  was 

found i n  t h e  lower  member o r  a t  t h e  t op  o f  t h e  Salado Format ion.  

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

Borehole  WIPP 34 was d r i l l e d  i n  the  e a s t - c e n t r a l  p a r t  o f  Eddy County, 

NM, on t h e  WIPP s i t e ,  about 2  m i l e s  n o r t h  and 2000 f e e t  eas t  of t h e  

cen te r  o f  t he  s i t e  (F i q .  1) .  The purpose of t he  h o l e  was t o  i n v e s t i g a t e  

a  s t r u c t u r a l  low which was de f i ned  by s t r u c t u r e  maps drawn on va r i ous  

ho r i zons  i n  t he  R u s t l e r  and Salado Format ion o f  Permian age. 

1  
U.S. Geo loa ica l  Surve,y, Denver, CO. 

2  
Fen ix  b Scisson, Inc., Carlshad, NM. 
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F i g u r e  1 .  I n d e x  map o f  s o u t h e a s t e r n  New t . lexico s h o w i n g  

W I P P  s i t e  a n d  l o c a t i o n  o f  b o r e b o l e  WIPP 3 4 .  



S o l u t i o n  o f  h a l i t e  i n  t he  R u s t l e r  Format ion was the p r i n c i p a l  t a r g e t  I 

o f  t h e  i n v e s t i g a t i o n .  The boreho le  was d r i l l e d  t o  a  depth of 1,820 fee t .  

h i s  depth i s  below the  l owes t  h a l i t e  i n  t h e  R u s t l e r  and evidence of d isso-  

l u t i o n  would be seen if present.  The normal s t r a t i g r a p h i c  s e c t i o n  of t h e  

R u s t l e r  (Jones, 1973) con ta ins  h a l i t e  above and below t h e  two do lomi te  

marker beds (Magenta and Culebra) .  The h a l i t e  i n  t h e  R u s t l e r  a t  t h e  d r i l l  

s i t e  was m i s s i n g  above t h e  Culebra Dolomite,  b u t  was present  below the  

dolomite.  T h i s  p a t t e r n  of d i s s o l u t i o n  i s  a l so  p resen t  i n  boreholes i n  t h e  

immediate v i c i n i t y  of WIPP 34. The s t r u c t u r a l  low was v e r i f i e d  by t h e  

a d d i t i o n a l  da ta  f r om WIPP 34; however, t h e  low was no t  caused by d i sso lu -  

t i o n  o f  h a l i t e  i n  t he  R u s t l e r  Formation. 

To a i d  i n  t h e  i n t e r p r e t a t i o n  of t h e  l i t h o l o g y  and as a  check on 

d r i l l i n g  depths, a  s e r i e s  of geophysical  l ogs  was run. These logs,  on 

F ig .  2, i n c l u d e  a  gamna-ray log,  a  neu t ron  log,  and a  compensated d e n s i t y  

log. D r i l l i n g  was done on b e h a l f  o f  the WIPP P r o j e c t  O f f i c e  of the U.S. 

Department o f  Energy (DOE). 

A l l  measurelnents r e l a t e d  t o  t he  d r i l l  s i t e  a re  i n  E n g l i s h  u n i t s .  

These measurements i nc l ude :  t h e  survey t o  l o c a t e  t h e  d r i l l  ho le  (bo th  

h o r i z o n t a l l y  and v e r t i c a l l y ) ;  the  d r i l l i n g  depth as f u r n i s h e d  by t h e  

d r i l l e r ;  and t h e  w i r e l i n e  l ogs  as fu rn ished  by t h e  l o g g i n g  company. 

Borehole l o c a t i o n  and depths i n  t he  boreho le  are g iven i n  t h i s  r e p o r t  i n  

E n g l i s h  u n i t s .  If m e t r i c  u n i t s  are desired, t h e  f o l l o w i n g  convers ion 

f a c t o r s  should he used: 

Mu1 ti p l y  i nch- pound 
f o o t  ( f t )  
i nch  ( i n )  
pounds p e r  quare 9 i nch  ( I h l i n  - )  

To o b t a i n  m e t r i c  u n i t  
meter  (in) 
mi 1  1  i meter (mm) 

lnegapascal (MPa) 



3.3 D e s c r i p t i o n  o f  WIPP 34 
I 

Borehole WIPP 34 i s  l oca ted  i n  eastern Eddy County, NM, i n  t he  SE 

1/4, SW 1/4, Sec t ion  9, T.22S., R.31E. The ho le  was d r i l l e d  d u r i n g  

August and September 1979 t o  a depth of 1,820 f e e t  measured f rom a l a n d  

sur face  a l t i t u d e  o f  3,432.7 f e e t  above MSL (mean sea l e v e l ) .  Tab le  1 i s  

an abridged borehole h i s t o r y  and Tab le  2 i s  a s t r a t i g r a p h i c  summary o f  

t h e  hole. General s t r a t i g r a p h y  f o r  t h e  area i s  sumnarized elsewhere 

(Jones, 1973). 

WIPP 34 penet ra ted  10 f e e t  o f  dune sand and cal iche;  144 f e e t  o f  

sandstone and s i l t s t o n e  o f  t h e  Santa Rosa Sandstone ( T r i a s s i c ) ;  503 f e e t  

of s i 1  tstone, c laystone,  and sandstone o f  the Dewey Lake Red Beds 

(Permi an); 316 f e e t  of anhydri te ,  gypsum, s i l  tstone, dolomite, and h a l i t e  

of the R u s t l e r  Formation (Permian), and 847 f e e t  o f  h a l i t e ,  anhydr i te ,  

and p o l y h a l i t e  of t h e  Salado Formation (Permi an). The base of t h e  Salado 

Formation was no t  reached. 

The h a l i t e  u n i t s  above the  Magenta and Culebra Do lomi te  Members o f  

t h e  R u s t l e r  Formation have been removed by d i s s o l u t i o n  bu t  t h e  h a l i t e  

below the  Culebra i s  s t i l l  present.  Th i s  p a t t e r n  o f  d i s s o l u t i o n  i s  

p resent  i n  nearby d r i l l h o l e s  and r e f l e c t s  o n l y  t h e  present  progress of 

t h e  d i s s o l u t i o n  f r o n t  present i n  the  R u s t l e r  Formation as the f r o n t  moves 

f rom west t o  east  across t h e  WIPP s i t e .  No d i s s o l u t i o n  o f  h a l i t e  was 

seen i n  the  core below the  Culebra Dolomi te Member o f  the  R u s t l e r  o r  i n  

t h e  Salado Format ion t o  t h e  t o t a l  depth o f  t h e  hole. 

I n  d r i l l i n g  WIPP 34, a rock  b i t  was used t o  a depth of 632 f e e t  and 

c u t t i n g s  were c o l l e c t e d  a t  10- foo t  i n te rva l s .  Core was con t i nuous l y  

taken f rom a depth o f  632 t o  1,795 fee t  (except  f o r  2 - foo t  i n t e r v a l  a t  



657 f e e t ) ,  and c u t t i n g s  were c o l l e c t e d  a t  10-foot i n t e r v a l s  from 1,795 t o  I 

1,820 fee t  (TD). Descr ip t ions  of c u t t i n g s  and core were prepared a t  t h e  

s i t e  by J.L. Gonzales, S.L. Dre l lack ,  Jr., and A.F. McIn ty re  of Fenix & 

Scisson, Inc., and' R.P. Snyder of t h e  U.S. Geological  Survey (USGS). 

I d e n t i f i c a t i o n  o f  rock u n i t s  was made i n  c o l l a b o r a t i o n  w i t h  C.L. Jones o f  

t h e  USGS. 

The geophysical logs run  i n  t he  borehole by Dresser A t l a s  inc luded a 

gamna-ray curve t h a t  recorded v a r i  a t i  ons I n  po tass i  um snd o ther  

r a d i o a c t i v e  elements, a  neutron curve t h a t  recorded v a r i a t i o n s  i n  t he  

d i s t r i b u t i o n  of hydrogen, and a  dens i t y  l o g  t h a t  measured dens i t i es  o f  

the  rock types. These logs are c o r r e l a t e d  w i t h  the  geologic  sec t i on  on 

Fig.  2. 



Table 1.--Abridged h i s t o r y  o f  borehole WIPP-34 

LOCATION: Sec. 9, T. 22 S., R. 31 E. 
201.78 f e e t  from south l i n e  

1,999.73 f e e t  from west l i n e  

ALTITUDE (LAND SURFACE): 3,433 f e e t ,  datum f o r  depth measurements i n  d r i l l i n g  and logg ing  
operat ions. Actual  surveyed e l eva t i on  i s  3,432.7 f e e t  

LITHOLOGIC LOG PREPARED BY: S. L. Dre l lack ,  J r .  , J. L. Gonzales, C. L. Jones, A. F. Mclntyre,  
and R. P. Snyder 

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

DRILLING RECORD: Comnced  d r i l l i n g  on August 16, 1979, and completed on September 1, 1979, a t  
1,820 f e e t  below land  surface. 

A f t e r  complet ion o f  d r i l l i n g  the ho le  was f i l l e d  w i t h  brine-based mud. 

Core Depth i n t e r v a l  , Weight C i r c u l a t i n g  I n t e r v a l  Percent 
No. i n  f e e t 1  RPM on b i t  pressure Feet Feet recovered 

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



Table 1,--8brfdged h is tory  o f  borehole WIPP-34--Continued 

Core Depth i n t e r v a l ,  Weight Circulat ing In terva l  
No. i n  f e e t 1  RPM o n b i t  pressure Feet Feet Percent I 

( lbs)  ( lbs / in2)  cored recovered recovered 



Table 1.--Abridged h i s t o r y  o f  borehole WIPP-34--Continued 

Core Depth i n t e r v a l  Weight C i r cu la t i ng  In te rva l  Percent 
No. i n  feet1 RPM on b i t  Feet Feet recove red 

[E:,=iYe) (1 bs) cored recovered 

'Depths given i n  t h i s  t ab le  are from d r i l l e r ' s  records. Changes i n  footages i n  the body o f  the 
repor t  have been made t o  match the  l i t h o l o g y  t o  the depths recorded on geophysical logs. 

2Some discrepancies i n  core footage matched against depth i n te rva l  are not resolved i n  t h i s  tab le .  
Footage i n  question i s  general ly  very minor ( i .e., 0.3 f t ) .  



Tab le  2 . - -S t ra t ig raph ic  sumnary o f  borehole WIPP-34 

[ME marker bed (anhydr i te ,  p o l y h a l i t e ,  o r  bo th ) ,  depth i s  base o f  u n i t  
t o  nearest  f o o t ]  

- Rock u n i t  Depth i n t e r v a l  
i n  f ee t  

Quaternary deposi t s 2  
.I 

T r i a s s i c  rocks 

Santa Rosa Sandstone 

Permian rocks 

Dewey Lake Red Beds 

Rus t l e r  Formation 

Magenta Do1 omi t e  Member 

Culebra Dolomite Member 

Sal ado Formati on 

Upper u n i t  

ME 101 

ME 102 

ME 103 

ME 104 

ME 105 

ME 106 

ME 107 

ME 108 

ME 109 

ME 110 

MB 111 

MB 112 

MB 113 

MB 114 

MB 115 

ME 116 

McNutt potash u n i t  

Vaca T r i s t e  Sandstone   ember^ 
ME 117 

ME 118 

ME 119 

ME 120 

ME 121 

ME 122 

Union anhydr i te4  

MB 123 

ME 124 

MB 125 

MB 126 



Table 2 . - -Strat igraphic sumnary o f  borehole WIPP-34--Continued 

Rock u n i t  Depth i n t e r y a l  
i n  feet'. 

Lower u n i t  

MB 127 

MB 128 

MB 129 

'Depths from density  log.  

71ncludes a r t i f i c i a l  f i l l  f o r  d r i l l  pad. 

3 0 f  Adarns, 1944. 

'+Informal u n i t  o f  Salado Formation. 



Tab le  3 . - - L i t h o l o ~ i c  l o g  o f  boehole  WIPP-34 

[Color  d e s i g n a t i o n s  a r e  from t h e  Rock-Color C h a r t  (Goddard and o t h e r s .  1948);  no c o r e  

d e s i g n a t e s  i n t e r v a l s  where c o r e  was l o s t  du r ing  d r i l l i n g  o p e r a t i o n s .  From 

1,433.2-1,453.4 f e e t ,  p u l l e d  i n n e r  b a r r e l  from d r i l l  ho le  wi thou t  r e t a i n i n g  "shoe" 

on bot tom of b a r r e l .  Core s t r u n g  o u t  t h e  l e n g t h  of t h e  d r i l l  p ipe .  L i tho logy  

r e c o n s t r u c t e d  from geophys ica l  l o g s  and d r i l l i n g  t ime log]  

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

Sand (90 p e r c e n t ) ,  moderate-reddish-brown (1% 616).  f i n e -  t o  

aedium-grained, unconso l ida ted ;  c a l i c h e  (10 p e r c e n t ) ,  g ray i sh -  

orange-pink (LOR 812) t o  wh i t e  (g9)  ................................. - 
Sand (70 p e c e n t ) ,  pale-reddish-brown (1% 514) t o  dark- 

reddish-brown (lo& 2 /3 ) ,  very  f i n e  t o  f ine -g ra ined ,  

unconso l ida ted ,  rounded t o  subrounded; s i l t  (20 p e r c e n t )  

pale-reddish-brown (lo& 514) t o  dark-reddish-brown 

(1% 3/4)  poor ly  c o n s o l i d a t e d ;  c a l i c h e  (10  p e r c e n t )  

a s  i n  u n i t  a t  5-30 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30.0- 45.0 

Sandstone (90 p e r c e n t ) ,  g ray i sh - red  (5E 412) t o  dark-  

reddish-brown (1% 3 / 4 ) ,  f i ne -g ra ined ,  p o o r l y  conso l i -  

d a t e d ,  rounded t o  subrounded; c a l i c h e  (10 p e r c e n t )  same 

a s  i n  u n i t  a t  5-30 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . ,  60.0- 95.0 

S i l t s t o n e  (60 p e r c e n t ) ,  g ray i sh - red ,  (5& 412) t o  dark- 

reddish-brown (1% 314).  poor ly  c o n s o l i d a t e d ;  s ands tone  

(40 p e r c e n t ) ,  g ray i sh - red  (5K 412) t o  dark-reddish-brown 

(lo& 3 / 4 ) ,  v e r y  f i n e  g r a i n e d ;  t r a c e  of g ray  ( 5 6  611) 

s i l t  and grayish-orange-pink (1% 8 /2 )  c a l i c h e . . . . . . . . . . . . . . . . . . . . . .  95.0- 120.0 

Sandstone (95  p e r c e n t ) ,  g ray i sh - red  (5& 412) t o  dark-reddish-  

brown (10E 3/41. f r i a b l e ,  v e r y  f i n e  g r a i n e d ;  c a l i c h e  

(5  p e r c e n t ) ,  same a s  u n i t  a t  5-30 f e e t ;  t r a c e  of s i l t s tone . . . . . . . . . .  120.0- 145.0 

S i l t s t o n e ,  g ray i sh - red  (5L 412) t o  dark-reddish-brown 



(1% 3 /4 ) ;  t r a c e  of c a l i c h e  and sandstone........................... 

S i l t s t o n e  (80 p e r c e n t ) ,  same a s  u n i t  a t  145-265 f e e t ;  mud- 

.................... s t o n e  (20 p e r c e n t ) ,  dark-reddish-brown (10R_ 3/4)  

S i l t s t o n e  (90 p e r c e n t ) ,  dark-reddish-brovn (lo& 3/4) t o  

g ray i sh - red  (1% 4 / 2 ) ,  well-cemented; s e l e n i t e  (10  p e r c e n t ) ,  

t r a n s p a r e n t  t o  t r a n s l u c e n t ,  fibrous................................. 

S i l t s t o n e  (80 p e r c e n t ) ,  same a s  u n i t  a t  290-410 f e e t ;  sand- 

s tone  (10 p e r c e n t ) ,  grayish-red (10% 4 / 2 ) ,  ve ry  f i n e  g r a i n e d ;  

s e l e n i t e  (10 p e r c e n t ) ,  same a s  u n i t  a t  290-410 feet................. 

S i l t s t o n e ,  same a s  u n i t  a t  290-410 f e e t ;  t r a c e  of selenite. . . . . . . . . . . .  

S i l t e t o n e  (95  p e r c e n t ) ,  same a s  u n i t  a t  290-410 f e e t ;  

s e l e n i t e  (5 pe rcen t ) . . . . .  ........................................... 
S i l t s t o n e  (60 p e r c e n t ) ,  same a s  u n i t  a t  290-410 f e e t ;  

sandstone (40 p e r c e n t ) ,  grayish-red (5% 4 / 2 ) ,  ve ry  f i n e  

g r a i n e d ;  t r a c e  of s e l e n i t e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S i l t s t o n e ,  grayish-red (10% 4/2) t o  dark-reddish-brown 

( 1 E  314). well-cemented; t r a c e  of chalky t o  t r a n s p a r e n t  

and t r a n s l u c e n t  selenite............................................. 

S i l t s t o n e ,  moderate-reddish-brovn (1% 4 /6 ) .  ve ry  f i n e  gra:-.cd. 

i n d u r a t e d ;  numerous t r a n s l u c e n t  t o  t r a n s p a r e n t ,  wavy s e l e n -  

i t e  v e i n l e t s  d ipp ing  o0 t o  13' ; numerous g reen i sh -g ray  

( 5 g  6/1)  t o  pale-green (10G_ 6/2) r educ t ion  s p o t s  1  mm-1 cm 

i n  d iamete r ,  a  few a s  l a r g e  a s  4  cm; s e l e n i t e  v e i n  a t  

635.9 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

S i l t s t o n e .  same a s  u n i t  a t  631.7-638.3 f e e t ;  ve ry  nlnnerour 1-4 mm 

t h i c k  s e l e n i t e  v e i n l e t r  i n  complex i n t e r c o n n e c t i n g  network; two 

p a r a l l e l  v e i n s ,  1-3 pm t h i c k  d ipp ing  63' and 72'; t r a n s l u c e n t  t o  

t r a n s p a r e n t  s e l e n i t e  a t  639.6 and 640.4 ft.......................... 

No c o r e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S i l t s t o n e ,  same a s  u n i t  a t  639.7 t o  647.5 f e e t ;  

c o n t a c t  wi th  u n i t  below i r r e g u l a r  and has  l-cm- 

t h i c k  band of greenish-gray ( 5 5  6/1)  f i s s i l e  



mudstone..............................................~............. 

Rock bit, no core...................................................... 

Anhydrite, dark-yellowish-brown (lo= 412) mottled 

with dusky-yellovish-brown (lo= 2/2), very finely 

crystalline, faintly laminated; wavy bands of 

gyps- 1-4 mm thick from 661.6 to 664.1 feet. 

2 cm thick gypsum bands at 662.6, 663.3. 677.3, 

678.5, and 679.8 feet; unit becomes gypsiferous 

in bottom 1.3 feet ................................................. 
Gypsum, dark-yellovish-brown ( 1 0 E  4/2), very fine 

to finely crystalline; moderate-brown ( 5 E  3/41, 

and dark-reddish-brovn (lo& 314) argillaceous 

laminae; remnant anhydrite, dark-yellovish-brown 

(lox 412) and medium-light-gray (N6) through 

unit ............................................................... 
Gypsum, dark-yellovish-brovn ( 1 0 z  4/21 finely 

crystalline, argillaceous laminae in upper 

foot; rock becomes dusky yellovish brown 

( 1 0 s  212) in lover foot............................................ 

Mudstone, moderate-brovn ( 5 x  314) vith dark-reddish- 

brown (1% 3/4) tint, silty, indurated; greenish- 

gray ( 5 E  611) reduction spots at 686.7-687.7 feet 

and mudstone inclusions and bands at 687.6-689.3 

feet ........................................-...................... 
NO core .............................................................. 

........................... Mudstone, same as unit at 686.7-691.0 feet 

Siltstone, moderate-brown ( 5 E  3/41 vith dark- 

reddish-brovn (lo& 3/41 tint, indurated, upper 

............................ 0.3 foot mottled greenish gray (55 611) 

Mudstone, greenish-gray (5g 611) to dark-greenish- 

gray ( 5 E  4/11, indurated, silty in lower half; 

trace of pyrite and chalky, vhite (L9) gypsum 

at 697.0 feet; upper and lover contact::. 



g r a d a t i o n a l  ......................................................... 
Gypsum, dusky-yellowish-brovn (10YJ 2/2) ,  f i n e l y  

c r y s t a l l i n e ,  m o t t l e d  and l amina ted ,  m a t r i x  

c o n t a i n s  dark-greenish-gray ( 5 z  4/11 c l a y  a t  

697.4-698.3 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Anhydri te ,  l i g h t - g r a y  (L7) and dark-yellowish- 

brown (10% 412).  dense ,  minor a r g i l l a c e o u s  

laminae,  minor l i gh t -o l ive -g ray  (5L 6/1)  

g y p s i f e r o u s  laminae,  some "chicken-wire" 

and nodu la r  t e x t u r e  ................................................ 
No c o r e  .............................................................. 
Anhydr i t e ,  same a s  u n i t  a t  699.1-702.6 f e e t  .......................... 
Gypsiferous  a n h y d r i t e ,  a l t e r n a t i n g  bands and 

laminae of l i g h t - g r a y  e 7 )  and dark-yel lowish-  

brown ( l o x  4 / 2 ) ,  dense ,  nodu la r ,  and "chicken- 

....................... wire" appearance;  a  few a r g i l l a c e o u s  laminae 

Gypsum, o l ive -g ray  (5L 4/11, l amina ted  and 

mot t l ed  w i t h  o l ive -b lack  (5L 2 /1 ) ,  v e r y  f i n e  

t o  f i n e l y  c r y s t a l l i n e  .............................................. 
Dolomite,  l i g h t - o l i v e - g r a y  (5x 6 / 1 ) ,  v e r y  f i n e l y  

c r y s t a l l i n e ;  numerous b l e b e  of gypsum, 1-3 mm 

i n  d i ame te r  arid gypsum v e i n l e t s  1-3 um t h i c k ;  

minor l a m i n a t i o n s  and 1-2 cm t h i c k  beds ............................ 
Dolomite,  l i g h t - o l i v e - g r a y  (5L 6 / 1 ) ,  l i g h t - g r a y  

(5L 4 /1 ) ,  and o l ive -b lack  (5L 2/11; prominent 

s m a l l - s c a l e  c rossbedd ing ,  v e r y  t h i n  t o  t h i n l y  

bedded; numerous 1-3 mm b l e b s  of u. t e  (59) 

gypsum; h o r i z o n t a l ,  1-3 mm t h i c k  t r a n s l u c e n t  

t o  t r a n s p a r e n t  gypsum v e i n s  a t  717.2 and 717.4 

f e e t  ............................................................... 
No c o r e  .............................................................. 
Dolomite,  same a s  u n i t  a t  717.2-723.4 f e e t  ........................... 
Dolomite,  c o l o r s  t h e  same a s  i n  u n i t  a t  717.2- 



723.4 f e e t ,  u n i t  is laminated i n s t e a d  of ve ry  

t h i n l y  bedded; con tac t  with under lying gypsum 

is wavy ............................................................ 733.6- 740.9 

Gypsum, ol ive-gray ( 5 x  4/1) and o l ive -b lack  ( 5 1  2/1) ,  

v e r y  f i n e  t o  f i n e l y  c r y s t a l l i n e ;  numerous wavy, 

i r r e g u l a r  l igh t -o l ive -g ray  (5L 6/1) dolomite  

laminae ............................................................ 740.9- 743.7 

Anhydri te ,  o l ive -g ray  (5L 4/1) and ol ive-black 

(5L 211) g rad ing  downward t o  medium-light-gray 

(z7)  and dark- t o  dusky-yellovish-brown ( l o x  4/2  

t o  10% 2 /2 ) ,  ve ry  f i n e l y  c r y s t a l l i n e ,  minor 

dolomite  bands i n  upper 1.3 f e e t ;  mot t l ed  

appearance,  wi th  "chicken-wire" t e x t u r e ;  1.5 cm 

t h i c k  h o r i z o n t a l  s e l e n i t e  v e i n  a t  768.4 f e e t  ....................... 743.7- 778.0 

GypaiEeroue a n h y d r i t e ,  dusky-yellowish-brown 

( l o x  412) and ol ive-gray ( 5 1  4/1) wi th  pale-  

o l i v e  (10L 6/2)  banding; gypsum and c l a y  seam 

2 cm t h i c k  a t  779.2 f e e t  ........................................... 778.0- 786.7 

Gypsum, g ray i sh -o l ive  (10L 4/2)  and dark-yel lowish-  

brown ( l o x  4 /2 ) ,  c o a r s e l y  c r y s t a l l i n e ;  pa le -  

o l i v e  (10L 6 / 2 )  wavy Laminae i n c r e a s i n g  downward 

from 791.2 t o  794.5 f e e t ;  few s c a t t e r e d  1-2 cm 

t h i c k  a n h y d r i t e  bands i n  l o v e r  2 f e e t  .............................. 786. 7- 796.5 

Gypsum, medium-gray (55) t o  medium-dark-gray 

( 2 4 ) .  minor pa le -o l ive  (10L 6/21, ve ry  f i n e l y  

c r y s t a l l i n e ;  s l i g h t l y  a r g i l l a c e o u s ;  numerovs 

r e h e a l e d  f r a c t u r e s  1-4 mm t h i c k ;  aggrega te  of  

argillaceous g y p s m  and s e l e n i t e  c r y s t a l s  

between 801.2 and 803.5 f e e t  ....................................... 796.5- 804.1 

Cysum, medium-light-gray (26) and dark-greenish-gray 

( 5 g  4 / 1 ) ,  f i n e l y  t o  medium-crysta l l ine ,  a r g i l l a -  

ceous;  laminae and t h i n  bands of l i g h t - o l i v e - g r a y  

( 5 x  611) and dark-greenish-gray ( 5 z  411) gypsum; 



numerous randomly o r i e n t e d  r e h e a l e d  f r , a c t u r e s ;  

a  23 cm t h i c k  gyps i f e roue  c l a y  p a r t i n g ,  medium- 

g r a y  e 5 )  a t  808.6 f e e t ;  medium-light-gray (26) 

c o n t o r t e d  l amina ted  d o l o m i t i c  s i l t s t o n e  band a t  

808.7-809.0 f e e t ;  gypsllm banding nea r  bottom o f  

..................................................... u n i t  d i p s  Zoo.. 804.1- 809.8 

Gypsum, o l ive -g ray  (5L  4/11 t o  l i gh t -o l ive -g ray  

(5L  6 / 1 ) ,  v e r y  f i n e l y  c r y s t a l l i n e ;  zone of 

r e c r y s t a l l i z e d  medium t o  c o a r s e  b l o t c h e s  of 

gypsum, t r a n s l u c e n t  t o  t r a n s p a r e n t  a t  810.2- 

810.4 f e e t  ......................................................... 809.8- 810.4 

Clay, greenish-gray (5G_ 6 /1 ) ,  s o f t ;  numerous 

v e r y  i r r e g u l a r  bands  and b l e b s  of gypsum, 

c h a l k y  w h i t e  (E9) and o l ive -b lack  (5L  211) ......................... 810.4- 810.6 

Clay,  moderate-reddish-brown (lo& 4/6)  t o  dark-  

reddish-brovn (1% 3 / 4 ) ,  s o f t ;  cha lky  v h i t e  

(3) gypsum a s  t h i n  i r r e g u l a r  bands and b l e b s ;  

t r a n s p a r e n t  t o  t r a n s l u c e n t  gypsum c r y s t a l s  a s  

b l a d e s  and r o s e t t e s ;  1-5 m b l e b s  of g r e e n i s h -  

g r a y  (55 611) c l a y  a t  812.0. 812.9, t o  814.7 and 

818.0 t o  818.2 f e e t ;  mo t t l ed  a r g i l l a c e o u s ,  w h i t e  

&9) and o l ive -b lack  (5L 2/11 gypsum bands 2-3 

cm t h i c k  a t  813.6 f e e t  d i p  51'; 6-7 cm t h i c k  

gypsum bands  a t  814.3 f e e t  a r e  h o r i z o n t a l  a s  a r e  

3-4 cm t h i c k  bands  a t  817.6-817.8 f e e t  ............................. 810.6- 818.2 

Gypsum, o l i v e - b l a c k  (5L 2/1) t o  g reen i sh -b lack  

( 5 E  2 / 1 ) ,  minor amount of m e d i u r l i g h t - g r a y  

(16 ) .  f i n e l y  t o  medium-crys ta l l ine  ................................. 818.2- 821.0 

Gyps i f e raus  a n h y d r i t e ,  medium-light-gray c 6 ) ,  

minor l i g h t - b l u i s h - g r a y  ( 5 z  7/1) and l i g h t -  

o l ive -g ray  (5L 6 / 1 ) ,  minor m o t t l i n g  and b l e b s  ...................... 821.0- 824.2 

Gypsum, o l i v e - b l a c k  ( 5 L  2/1)  t o  o l ive -g ray  

(5L 411) ;  numerous s m a l l  medium-light-gray (16) 



anhydrite blebs; few very thin stringers and 

blebs of moderate-red (5& 416) gypsum; dusky- 

brovn ( 5 E  212) siltstone band 6 cm thick at 

824.8 feet ......................................................... 824.2- 

Gypsiferous anhydrite, same as unit at 821.0- 

824.2 feet ......................................................... 825.9- 

Gypsum, olive-black (5L 211) to dusky-yellowish- 

brown ( 1 0 2  2/2), finely to medium-crystalline, 

mottled argillaceous, dusky-brovn ( 5 x  212) 

in portions of unit; few thin wavy laminae ......................... 827.4- 

Gypsiferous anhydrite, dusky-yellowish-brovn 

( 1 0 s  2/2), dark-yellowish-brovn ( 1 0 s  412). 

olive-gray (51 4/1), and medium-light-gray 

(26). mottled, faint laminae, some 

argillaceous ....................................................... 828.1- 

Anhydrite, olive-black (5L 211) to olive-gray (5L 411); 

rehealed fractures dip 43'-80'. ..................................... 829.7- 

Gypsum, olive-black (5L 211) to dusky-yellovish- 

brown ( 1 0 s  212). finely crystalline, mottled, 

wavy laminae, some argillaceous, dip;, ng as much 

as 6°.................. ............................................. 832.8- 

Argillaceous dolomite, light-olive-gray (5L 611) 

to dark-yellowish-brown (5% 314) and grayish- 

brown ( 5YR 312) dip 32O....... ...................................... - 834.2- 

Dolomite, moderate-yellowish-brovn ( 1 0 E  514) and 

light-brovn ( 5 2  516). argillaceous; thin wavy 

laminae dip 72'; few laminae of light-olive- 

gray (51 611). very finely crystalline dolomite 

1-4 mm thick ....................................................... 834.3- 

Dolomite, light-olive-gray (5L 611). very finely 

crystalline, pitted, few horizontal bands as 

thick as 3 cm of argillaceoue dolomite; thin 

horizontal laminae of dusky-yellowish-brovn 



(lo= 212) from 834.8 to 834.9 feet; several 

open fractures dip 65O-85' ; traces of 

moderate-brovn ( 5 E  414) clay coating on some 

fracture surfaces; 1-2 man diameter pits through- 

out unit but concentrated in 838.0-838.7 feet 

interval, few pits as large as 3 cm ................................ 
No core .............................................................. 
Dolomite, same as unit at 834.8-838.7 feet ........................... 
No core .............................................................. 
Dolomite, same as unit at 834.8-838.7 feet, highly 

fractured, dark-yellowish-orange (lo= 616) stain 

on one fracture surface ............................................ 
No core .............................................................. 
Dolomite, samc ,s unit at 834.3-838.7 feet ........................... 
No core .............................................................. 
Dolsmite, light-olive-gray (5L 611) to olive-gray 

(5L 4/1), highly fractured ......................................... 
No core ..........................................~~.................. 
Mudstone, dark-reddish-brown (I(& 314). soft but 

firm; contains numerous 1-4 nrm rounded gypsum 

fragments; 0.5-1 foot gypsum fragment at 867.6- 

868.1 feet; dark-gray (z3) mud marbled through 

unit ............................................................... 
Gypsiferous anhydrite and gypsum, moderate-red 

(5& 514) to pale-reddish-brovn (1% 5/41 mostly 

very finely crystalline but some scattered 

2-5 mm crystals of gypsum, very argillaceous 

dark-redri-sh-brown (1% 314) in upper 5 cm; 

remnant anhydrite in irregular masses .............................. 
hhydrite, medium-light-gray (56), very finely 

crystalline, faintly and sparsely laminated 

with moderate-reddish-brown (1% 416) and 

pale-olive (10L 612) argillaceous laminae, 



laminae concen t ra t ed  i n  875.4-876.2 f e e t  

i n t e r v a l ;  s c a t t e r e d  c o a r s e l y  c r y s t a l l i n e  

gypsum bands, one band 6 cm t h i c k  a t  871.5 

......................... f e e t  and one 3 cm t h i c k  band a t  871.8 f e e t  

S i l t s t o n e ,  grayish-green (lo= 5/2) ,  c o n t a i n s  

5  nrm t o  4 cm i r r e g u l a r  masses of g y p s i f e r o u s  

a n h y d r i t e  .......................................................... 
S i l t s t o n e ,  dark-reddish-brown ( l g  3 / 4 ) ,  v e l l  

conso l ida ted  ....................................................... 
H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  f i n e l y  

c r y s t a l l i n e ,  v e r y  a r g i l l a c e o u s ,  dark-reddish-  

brown (10R_ 3 /4 )  c l a y ;  minor p a t c h e s  of g reen i sh -  

g ray  (lo= 5/2) c l a y ;  minor smal l  masses o f  

a n h y d r i t e  .......................................................... 
H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  medium- t o  

v e r y  c o a r s e l y  c r y s t a l l i n e ;  prominent i r r e g u l a r  

bands of s i l t s t o n e ,  moderate-reddish-brown 

(1% 4/6) 1-6 cm t h i c k ;  same c o l o r  i n t e r s t i t i a l  

c l a y  i n  h a l i t e  ..................................................... 
H a l i t e ,  same a s  u n i t  a t  884.3-886.4 f e e t ,  b u t  

mediuw t o  c o a r s e l y  c r y s t a l l i n e ,  and c o n t a i n s  

s m a l l  p a t c h e s  of moderate-reddish-brown (1% 4/6) 

s i l t s t o n e  .......................................................... 
Anhydri te ,  v e r y  l i g h t  g ray  E7) t o  medium-gray 

..................................... (&5), numerous h a l i t e  c r y s t a l s  

H a l i t e ,  same a s  u n i t  a t  886.4-889.1 f e e t  ............................. 
H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  minor amount of 

moderate-reddish-brown ( l q  4/6) c l a y  and s t r i n g e r s  

and b lebs  of very l & g h t  g ray  (28) t o  l i g h t - g r a y  

(27)  a n h y d r i t e ;  minor moderate-reddish-orange 

(lo& 6/6)  po tash  minera l  ........................................... 
Anhydri te ,  same a s  u n i t  a t  889.1-890.0 f e e t  .......................... 
Anhydri t ic  s i l t s t o n e ,  grayish-red (1% 412) t o  



dark-reddish-brown (1% 314) .............................a,........ 894.3- 895.4 

Siltstone, dark-reddish-brown (1% 3/41, few 

...................................... blebs and stringers of halite 895.4- 897.6 

siltstone, dark-reddish-brown (1% 3/4), very 

halitic, minor reddish-orange (10R_ 616) 

................................................... polyhalite blebs 897.6- 912.1 

Siltstone, moderate-reddish-brown (lo& 4/61 

laminated with medium-bluish-gray (51 511). 

medium-light-gray (16), grayish-red (lo& 412). 

greenish-gray ( 5 E  4/1), and dark-greenish- 

gray ( 5 E  4/11; horizontal wavy laminae; minor 

halite blebs and bands in upper 1.3 feet; 

gypsiferous in gray and blue sections 1 arm to 

6 cm thick ......................................................... 912-1- 918.1 

Sandstone, moderate-reddish-brown (lo& 4/61, 

very fine grained, well-indurated, laminated 

and banded with greenish-gray ( 5 c  6/11 and 

moderate-brovn ( 5 E  314); minor inclusions of 

white (29) to light-gray (E7) gypsum; feu 

healed fractures 1-2 m wide dipping 45'-90' filled 

with moderate-reddish-brown (10& 416) siltstone and 

clear halite ....................................................... 918.1- 929.1 

Siltstone, olive-gray (5z 4/1), light-olive-gray 

(51 6/1), and pale-brown ( 5 z  5/2), laminated and 

banded; small-scale crossbedding; clear halite 

filled fractures 6 cm vide from 929.6 to 933.4 

feet dipping 65'-90°, halite engulfs angular 

fragments of siltstone and crystals oriented at 

right angle to fracture planes ..................................... 929.1- 933.6 

Siltstone, olive-black (5L 2/1) to greenish-black 

( 5 z  2/11. well-indurated, laminated, some small- 

scale crossbedding; discontinuoue fractures healed 

with moderate-brown (5x 314) eiltstone; small 



gypsum i n c l u s i o n e  s c a t t e r e d  i n  upper 4.7 f e e t ,  

u n i t  grades  t o  mudstone i n  s e v e r a l  p l a c e s ;  lower 

4  f e e t  h i g h l y  f r a c t u r e d  ............................................ 
No 'core .............................................................. 
S i l t s t o n e ,  same a s  u n i t  a t  933.6-952.9 f e e t ;  c l e a r  

...................... h a l i t e  f i l l e d  f r a c t u r e  a t  959.0 f e e t  d i p s  60'. 

S i l t s t o n e ,  medium-gray e 5 )  t o  medium-dark-gray 

(24) and minor medium-bluish-gray (5B- 5 /1 ) ,  

we l l - indura ted ,  open f r a c t u r e  a t  964.2 f e e t  d i p s  

4g0, h a l i t e  healed f r a c t u r e  a t  957.8 f e e t  d i p s  

66'; grayish-black (12) c o n t o r t e d  laminae a t  

968.0 t o  968.8 f e e t  ................................................ 
S i l t s t o n e ,  dark-reddish-brown (1% 314).  we l l - indura ted ;  

f r a c t u r e  d ipp ing  78' healed wi th  gypsum and h a l i t e  a t  

969.9 f e e t ;  gyps i fe roue  s i l t s t o n e  medium-light-gray 

................... (26) t o  grayish-blue ( 5 W  512) i n  lower 0.1 foo t  

Anhydri te ,  medium-light-gray (L6) t o  grayish-blue 

( 5 E  512). ve ry  f i n e l y  c r y s t a l l i n e ;  t h i n  band of 

l i g h t - r e d  (5& 616) p o l y h a l i t e  a t  970.4 f e e t ,  t h i n  

band of dark-reddish-brown (10L 314) s i l t s t o n e  a t  

970.6 f e e t ;  laminae of s i l t s t o n e  i n  lower 0.5 f o o t  ................. 
S i l t s t o n e ,  moderate-reddish-brovn (lo& 416) t o  

grayish-red (1% 412). we l l - indura ted ;  numerous 

blebe of h a l i t e ,  minor smal l  b l ebs  of z r a t e -  

r e d  (5& 416) po tash  minera l ;  pa tches  of g reen i sh -  

gray (5g: '11) s i l t a t o n e  1-6 am i n  l e n g t h ,  1 cm 

t h i c k  band of a n h y d r i t e  n e a r  t o p  of u n i t  ........................... 
H a l i t e ,  ve ry  c o a r s e l y  c r y e t a l l i n e ;  v e r y  a r g i l l a c e o u s ,  

moderate-reddish-brovn (10R_ 416); numerous moderate- 

red (5& 416) p o l y h a l i t e  b l e b s  ...................................... 
S i l t s t o n e ,  moderate-reddish-brown (1% 4/61, h a l i t i c ,  

numerous medium-gray (55) c l a y  b l e b s  ............................... 
H a l i t e ,  same a s  u n i t  a t  972.4-977.5 f e e t  b u t  medium- 



crystalline ........................................................ 
Halite, moderate-reddish-orange (1% 6/61, poly- 

halitic, minor stringers of very light gray c7) 

anhydrite ........................................................... 
Halite, translucent to transparent, medium-crystalline; 

numerous stringers and blebs of white e9) potash 

mineral ............................................................ 
Potash mineral, white (&9) and moderate-pink (55 7/4), 

porous; cavities filled with halite................................. 

Silt, reddish-orange (lo& 6/61. poorly consolidated ................,. 
Halite, translucent to transparent, finely crystal- 

line; nymerous blebs of moderate-red (5& 416) 

polyhalite ......................................................... 
Halite, moderate-reddish-orange (1% 6/6), medium- 

to coarsely crystalline; small blebs and stringers 

of polyhalite and light-gray (27) anhydrite de- 

creasing downward to 994.9 feet; numerous leached 

areas; very polyhalitic in lower 0.8 foot.........................,. 

Halitic siltstone and argillaceous halite, moderate- 

reddish-brovn (lo& 4/6) and dark-reddish-brown 

(10R_ 314). halite is finely crystalline; small 

blebs and stringers of polyhalite and anhydrlte......... ............ 
Halite, moderate-reddish-orange (10R_ 6/6), medium- 

crystalline, polyhalitic from 997.3 to 998.5 and 

999.0 to 999.6 feet, argillaceous from 998.5 to 

999.0, moderate- to dark-reddish-brown (1% 416 

to 1 5  3/4); minor polyhalite blebs in middle 

portion; minor stringers of anhydrite, lower 0.1 

foot is dark-reddish-brown ( 1 E  314) clay seam 

........................................................ dipping 14'. 

Argillaceous halite, same as unit at 995.7-997.3 

feet, 3 cm thick greenish-gray (5% 6/1) mud 

seam at 1,003.1 feet.................................t.............. 



H a l i t i c  s i l t s t o n e ,  moderate-reddish-brown (1% 416) 

3  cm g reen i sh -g ray  ( 5 s  611) bands a t  1,004.0 

and 1,004.2 f e e t ;  t r a c e  of a n h y d r i t e  b l e b s . . . . . . . . . . . . . . . . . . . . . . . . . .  

S i l t s t o n e ,  moderate-brown ( 5 s  4/41 and moderate- 

r e d d i s h - b r o w  (1% 416) ;  mot t l ed  w i t h  i r r e g u l a r  

greenish-gray ( 5 z  611) blotches.................................... 

H a l i t e ,  moderate-reddish-brown (1% 4/61,  medium- 

c r y s t a l l i n e ,  a r g i l l a a e o u s ;  t r a c e  o f  moderate- 

r e d  (5& 416) t o  moderate-reddish-brown ( l g  416) 

p o l y h a l i t e  a t  1,010.1 feet.......................................... 

H a l i t e ,  brovn (1% 416).  moderate-reddish-orange 

( l o g  616) and dark-reddish-brown (lo& 3 / 4 ) ,  

medium-crys ta l l ine ,  a r g i l l a c e o u s ;  s c a t t e r e d  

p o l y h a l i t e  and a n h y d r i t e  b l e b s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , .  

A r g i l l a c e o u s  h a l i t e ,  dark-reddish-brovn ( 1 E  314) 

t o  moderate-redd4sh-brovn (1% 416). f i n e l y  t o  

med ium-c rys t a l l i ne ;  few s c a t t p r e d  bLobs o f  

........................................................... a n h y d r i t e  

H a l i t e ,  moderate ly  a r g i l l a c e o u s ,  dark-reddish-  

brown (1% 314).  moderate-reddish-brovn (1% 416) 

and l i g h t - g r a y  (s7), mediunr t o  c o a r s e l y  

c r y s t a l l i n e ;  s c a t t e r e d  b l e b s  and stringers of  

a n h y d r i t e ;  numerous v o i d s  a s  l q r g a  a s  2 cm.......................... 

H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  medium-crys ta l l ine .  

s c a t t e r e d  l i g h t - g r a y  (L7) a n h y d r i t e  b l e b s  and 

s t r i n g e r s ;  few s c a t t e r e d  v o i d s  l e s s  than  2  cat.................. .... 
A r g i l l a c e o u s  h a l i t e ,  same a s  u n i t  a t  1,020.3- 

1,023.4 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  moderate-reddish-brown (1% 416) t o  pa le -  

r e d d i s h - b r o w  (10& 5/41,  medium- t o  c o a r s e l y  

c r y s t a l l i n e ;  a r g i l l a c e o u s  i n  s c a t t e r e d  i n t e r v a l s ,  

a n h y d r i t i c  i n  L, J e r  1.0 f o o t ,  l i g h t - g r a y  e7) ....................... 
Arg i l l aceous  h a l i t e ,  same a s  u n i t  a t  1,020.3- 



1.023.4 feet; unit is leached from top to 

1.052.0 feet; unit becomes less a~gillaceous 

tovard bottom...............................................~........ 

Halite, same as unit at 1,027.7 to 1.034.3 feet....................... 

Argillaceous halite, same as unit at 1,050.1- 

1,060.0 feet........................................................ 

Halite. moderate-reddish-brow (1% 4/61, medium- 

crystalline, moderately argillaceous, slightly 

polyhalitic......... ................................................ 
Argillaceous halite, same as unit at 1,050.1- 

1,060.0 feet; moderate-reddish-brow (1% 4/61 

siltstone at 1,073.6 to 1,074.0 feet................................ 

Halite, moderate-reddish-orange (1% 6/61. medium- 

to coarsely crystalline, polyhalitic; numeroue 

stringers of very light gray (28) anhydrite; 

unit is very polyhalitic in lover 0.1 foot; 

few scattered 2-3 mm voids.......................................... 

Polyhalite; moderate-reddish-orange (lo& 6/61 ; 

.............. numeroue stringers of light-gray c7) anhydrite....... 

Halite, moderate-reddish-orange (1% 6/61, medium- 

to coarsely crystalline, heavily polyhalitic, 

minor amount of moderate-reddish-brown (lo& 4/61 

silt in lower 0.5 foot...................................,.......... 

Siltstone, pale-red (lo& 6/21 grading dovnvard 

to moder.~te-reddish-orange (1% 6/61 and moderate- 

reddish-brown (1% 416); scattered greenish-gray 

( 5 E  611) siltstore blebs at 1,083.0 to 1,083.6 

feet; num..cous fine to medium halite crystals in 

lower 1.7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Halite, reddish-brown (1% 4/6), finely to medium- 

crystalline; moderately argillaceous, moderate- 

reddish-orange (10& 6/61 polyhalite................................. 

Polyhalite, moderate-reddish-orange (10R_ 6/61... ...................... 



H a l i t e ,  moderate-reddish-orange (1% 616) t o  

moderate-reddish-brovn (lo& 416). mediuow t o  

coarse ly  c r y s t a l l i n e ;  very p~lyhalitic...........................~.. 

Polyha l i t e ,  pale-red (1% 312) and l igh t -gray  

e 7 ) ;  l a r g e  c r y s t a l s  of t ransparen t  h a l i t e  a t  

1,089.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  same a s  u n i t  a t  1,087.5-1,088.5 f e e t .  ......................... 
Hal i te ,  t r ans lucen t  t o  t ransparen t ,  f i n e l y  t o  

...................... medium-crystalline; s t r i n g e r s  of anhydri te . . . .  

Po lyha l i t e ,  pale-red (1% 612) and l ight-gray 

K 7 ) ;  numerous c r y s t a l s  and s t r i n g e r s  of 

h a l i t e  a t  1.091.2-1.091.4 and 1,091.6- 

1,091.8 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hal i te ,  same a s  u n i t  a t  1,090.5-1,090.7 feet.......................... 

.................... Polyha l i t e ,  same a s  u n i t  a t  1,088.5-1,090.0 f e e t . .  

Ha l i t e ,  same a s  u n i t  a t  1,087.5-1.088.5 feet.......................... 

H a l i t e ,  same a s  u n i t  a t  1,085.5-1,087.3 feet.......................... 

Ha l i t e ,  same a s  u n i t  a t  1,087.5-1.088.5 feet.......................... 

H a l i t e ,  same a s  u n i t  a t  1,085.5-1,087.3 feet.......................... 

Ha l i t e ,  same a s  un i t  a t  1,075.6-1,078.1; u n i t  

has  fever  anhydr i te  stringers....................................... 

S i l t s t o n e .  same a s  u n i t  a t  1,079.0-1.085.5 f e e t ;  

i r r e g u l a r  h o r i z o n t a l  band of greenish-gray 

( 5 2  611) s i l t s t o n e  a t  1,107.8-1,108.0 feet.......................... 

H a l i t e ,  moderate-reddish-brovn (1% 4 /6) ,  medium- 

t o  coarse ly  c r y s t a l l i n e ;  very a r g i l l a c e o u s ;  

moderate-reddish-orange (1% 616) polyhalite............. ........... 
H a l i t e ,  moderate-reddish-orange (1% 6 /6) ,  medim- 

t o  coarse ly  c r y s t a l l i n e ,  minor disseminated 

p o l y h a l i t e ;  s t r i n g e r s  and bands of very  l i g h t  

gray (27) anhydr i te ,  heavy concent ra t ion  a t  

1,116.6 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Anhydrire, very l i g h t  gray (E8) to  l ight-gray 



g7), microcrystalline... ........................................... 1,121.3-1,121.5 

Polyhalite; moderate-reddish-orange (1% 616) 

to moderate-red (5& 416); minor light-gray 

(27)  anhydrite stringers; greenish-gray 

(5% 611) clay bands at 1,122.1 and 1,122.3 

feet.................................... 1,121.5-1,122.3 

Halite, moderate-reddish-orange (1% 616). medium- 

to coarsely crystalline; moderate amount of 

disseminated polyhalite; moderate-reddish-brown 

(lo& 4 / 6 )  clay from 1,223.0 to 1,223.5 feet......................... 1,122.3-1,126.5 

Halite, grayish-red (5% 412) and moderate-reddieh- 

brown (10% 4/61, finely to medium-crystalline; 

argillaceoue.................... ..................................... 1.126.5-1,129.2 

Halite. grayish-brown (1% 4/7), medium-cryetalline; 

argillaceous from 1,130.0 to 1,131.6 feet; scattered 

blebs and stringers of moderate-reddish-orange 

( 1 E  6/6) polyhalite, heavy in lover foot..............,............ 1,129.2-1.132.3 

Halite, very pale orange ( 1 E  812); scattered light- 

gray E7) anhydrite blebs and stringers in lover 

half of unit, anhydrite band 1 cm thick near 

base, finely to medium-crystalline, p o l y h a l i t i c . . . . . . . . . . . . . . . . . . . . .  1.132.3-1.135.1 

Anhydrite; slightly gypsiferous, dark-yellovish- 

brovn (lo= 412) to olive-gray (52 4/1) and 

light-olive-gray (5x 5/2) and medium-light-gray 

(16). faintly laminated and halitic, some 

.................. argillaceous laminae from 1,143.0 to 1.146.4 feet. 1,135.1-1.147.2 

Clay, dark-greenish-gray ( 5 s  411). soft; halite 

healed fracture 1 mm thick dipping 80' through 

unit............................................... 1.147.2-1.147.8 

Halite, moderate-reddish-brown (lo& 416) and 

moderate-reddish-orange (1@ 6/6), finely to 

medium-crystalline, argillaceous; scattered blebs 

of polyhalite, slightly anhydritic in lover 



0.3 foot.................................... 1,147.8-1,153.5 

Halite, moderate-reddish-orange (1% 6/6), medium- 

to coarsely cryetalline; polyhalitic, atringera 

of light-gray (57) anhydrite in lower half. 

......................... 1 cm thick anhydrite band at 1,156.5 feet.. 1,153.5-1.156- 8 

Anhydrite, light-olive-gray (5L 6/1) to light- 

gray (27). dense, slightly halitic................................. 1,156.8-1.157.2 

Halite, translucent to tranaparent, medium- 

crystalline, very slightly polyhalitic; 

numerous bleba and stringers of light-gray (27) 

anhydrite................................. .......................... 1,157.2-1.161.2 

Anhydrite, light-gray (17) to light-olive-gray 

(52 6/1), dense; halite band 1 cm thick in 

middle of unit.................................... 1,161.2-1,161.4 

Halite, clear and moderate-reddish-orange (10% 6/6), 

moderate amount of disseminated polyhalite, 

minor bleba of light-gray (57) a n h y d r i t e . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,161.4-1,165.8 

Halite, moderate-reddish-brown (10a_ 4/61, finely 

to medium-crystalline, argillaceous; scattered 

blebs of moderate-reddish-orange (1% 6/6) 

polyhalite...................................... : !65.8-1,169.2 

Halite, aame as unit at 1,161.4 to 1,165.8 feet....................... 1,169.2-1,170.9 

..................... Halite, same as unit at 1,147.8 to 1,153.5 feet.. 1,170.9-1.172.1 

Anhydrite, moderate-red ( 5 E  6/1); green1 .- 

gray ( 5 z  6/1) clay seam at top of unit............................. 1,172.1-1,172.2 

Clay, greenish-gray (5% 6/11; wavy light-olive- 

gray (5L 6/1) anhydrite laminae in lover 0.1 

foot.................................... 1,172.2-1,172.4 

Halite, translucent to tranaparent, finely to 

medium-crystalline; numerous stringers and 

blebs of moderate-reddish-brown (1% 4/6) 

anhydrite.... ....................................................... 1,172-4-1.172.8 

Anhydrite, same as unit at 1,156.8 to 1,157.2; 



greenish-gray ( S z  611) clay seam at base of 

unit.......................................... 1,172.8-1,172.9 

Clay, moderate-reddish-brown (LOR_ 4/61. h a l i t i c . . . . . . . . . . . . . . . . . . . . . . .  1,172.9-1.173.1 

Halite, moderate-reddish-brown (1% 4/61. finely 

to medium-crystalline, argillaceous; clay 

seam at 1,173.4 to 1,173.8 feet..................................... 1,173.1-1,174.6 

Halite, grayish-red (S& 412) and moderate- 

reddish-brovn (lCIR_ 4/6), medium- to coarsely 

crystalline, slightly argillaceous..............~............. 1,174.6-1,178.0 

Halite, moderate-reddish-orange ( 1 g  6/6), medium- 

crystalline; disseminated polyhalite; zones of 

moderate-reddish-brown (1% 4/6) argillaceous 

halite; very polyhalitic at 1,179.4-1.179.7 and 

1,189.9-1,190.5 -3et ; moderate-reddish-brown 

(log 4/6) clay seam at 1,179.7 feet; moderate- 

brown ( 5 z  3/4) clay seam at 1,190.5 feet; 1 cm 

thick polyhalite band at 1,190.4 feet............................... 1,178.0-1,190.5 

Halite, same as unit at 1,147.8-1,153.5 feet.......................... 1,190.5-1,192.4 

..................... Halite, same as unit at 1,132.3 to 1,13511 feet.. 1,192.4-1,194.8 

Halite, moderate-reddish-brown (1% 4/6), medium- 

crystalline, highly argillaceous; many blebs 

and stringers of moderate-reddish-brown (1% 416) 

and moderate-red (5& 5/41 polyhalite; few 

scattered voids less than 1 cm in diameter.......................... 1,194.8-1,195.8 

Polyhalite, pale-red (105 6 / 2 ) ,  very finely 

crystalline ......................................................... 1,195.8-1,195.9 

Clay, dark-reddish-brown (1% 3/4).... ................................ 1.195.9-1.196.1 

Halite, same as unit at 1,194.8 to 1,195.8 feet....................... 1,196.1-1.197.0 

Halite, moderate-reddish-brown (1% 4/6), slightly 

argillaceous, grading downward to polyhalitic, 

moderate-reddish-orange (1% 6 / 6 ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,197.0-1,199.4 

........................ Halite, same as unit at 1.194.8-1,195.8 feet.. 1,199.4-1,201.7 

Halite, moderate-reddish-orange (1% 6/6), finely 



to medium-crystalline. polyhalitic, slightly 

.................................... argillaceous in lower 1.3 feet.. 1,201.7-1,206.4 

Halite, same as unit at 1,194.8-1.195.8 feet.......................... 1,206.4-1.207.9 

Halite, same as unit at 1,201.7-1,206.4, medium- 

crystalline, nmerous stringers and blebs of 

polyhalite; 0.1-foot-thick band of polyhalite 

at 1,211.1 feet; becomes very polyhalitic in 

lover 1.8 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,207.9-1,215.2 

Argillaceous halite, moderate-reddiah-brovn 

(1% 4/6), finely crystalline....... ................................ 1,215.2-1.217.4 

Halite, moderate-reddish-brovn (1% 4/6), finely 

to medium-crystalline, argillaceous... .............................. 1,217.4-1,223.5 

Halite, moderate-reddish-orange (10% 6/6), finely 

to medium-crystalline; disseminated polyhalite bleba 

and stringers; zones of concentrated polyhalite..................... 1,223.5-1.227.0 

Polyhalite, moderate-reddish-orange (1% 4/6), 

crumbly; traces of light-gray (17) anhydrite; 

medium-light-gray e 6 )  clay fiiling void in 

center of u n i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.227.0-1.227.4 

Halite, moderate-reddish-orange (1% 616). medium- 

to coarsely crystalline; disseminated polyhalite; 

medium-reddish-brovn (1% 4/6) argillaceoue halite 

at 1,227.4-1.228.9 and 1.229.9-1.231.9 feet; 

scattered stringers of light-gray (17) anhydrite.... ................ 1,227.4-1,231.9 

Halite, translucent to transparent, medium- 

crystalline, minor disseminated moderate-reddish- 

orange (1% 6/6) polyhalite; heavy concentration 

of polyhalite in lover 0.8 foot..................................... 1,231.9-1,235.7 

Polyhalite, moderate-reddish-orange (10% 6/61 to 

moderate-reddish-brown ( 1 E  4/6), very finely 

crystalline; halitic; light-gray (27) clay seam 

at 1,236.1 feet...................................... 1,235.7-1,236.3 

Argillaceous halite; same as unit at 1,215.2- 



1.21 7.4 feet ; trace of light-bluish-gray (5B 711) 

clay ................................................................ 
Halite. same as unit at 1.227.4-1.231.9 feet .......................... 
Halite. same as unit at 1.'231.9-1.235.7 feet .......................... 
Halite. same as unit at 1.227.4-1.231.9 feet .......................... 

........................... Halite . same as unit at 1.231.9-1235.7 feet 

Halite. moderate-reddish-orange (IqR_ 616). finely 

to medium-crystalline; large amount of polyhalite ................... 
Halite. moderate-reddish-brown (10R_ 416). finely 

to medium-crystalline. large amounts of 

argillaceous halite and moderate-reddish-orange 

(lo& 616) polyhalite ................................................ 
Anhydrite. light-gray @7) microcrystalline. 

small to medium blebs of halite; polyhalite. 

pale-red (1% 612) and moderate-reddish-orange 

(1% 616) in upper 0.3 foot and lover 3.2 feet ...................... 
Clay. medium-light-gray @5) to medium-bluish- 

gray (5B 511) ....................................................... - 
Halite . same as unit at 1.254.8-i.257.0 feet .......................... 
Halite. same as unit at 1.253.3-1.254.8 feet .......................... 
Halite. same as unit above. but contains numerous 

stringers of anhydrite .............................................. 
Anhydrite. light-gray (17) . microcrystalline . numer- 

ous blebs of halite ................................................. 
Halite . same as unit at 1.268.1-1.269.5 feet .......................... 
Anhydrite . same as unit at 1.269.5-1.269.9 feet ....................... 
Halite. same as unit at 1,268.1-1,269.5 Eeet; anhydrite 

seam 0.05 foot thick at 1.271.4 feet ................................ 
Anhydrite . same as unit at 1.269.5-1.269.9 feet ....................... 
Halite . same as unit at 1.263.4-1.268.1 feet .......................... 
Anhydrite. light-olive-gray (5L 611) and light- 

gray (K7) ........................................................... 
Mud. light-olive-gray (5L 611) ........................................ 



Polyhalite, light-olive-gray (5L 611). dense. 

halitic........................~............... 1.274.9-1.276.2 

Halite, moderate-reddish-orange (1% 616). medium- 

crystalline, polyhalitic; scattered blebs and 

stringers of light-olive-gray (5L 611) to light- 

gray (17) anhydrite.................. ........................ 1.276.2-1.277.6 

Anhydrite, same as unit at 1,273.9-1.274.7 feet.. . . .. . .. . . . . . . . . .. . . . 1.277.6-1.278.0 

Polyhalite, same as unit at 1.274.9-1.276.2 feet..........?..?........ 1.278.0-1.279.8 

Halite, same as unit at 1,276.2-1,277.6 feet.. . . . . . . . r .. . . . .. . . . . .. . . . 1,279.8-1,281.6 

Halite, medium-gray (15) and olive-gray (5L 4/1), 

finely crystalline, argillaceous; few scattered 

blebs of moderate-reddish-orange (lo& 616) 

polyhalite .............................................. 1,281.6-1,282.1 

Halite, moderate-reddish-orange (lo& 616) to moderate- 

r eddish-brown (1 % 416). finely to medium-crystalline. 

polyhalitic........... ........................................... 1,282.1-1,287.4 

Argillaceous halite, moderate-reddish-brown (1% 412) 

and greenish-gray (56_ 6/1), finely crystalline.. . ................... 1,287.4-1.288.0 

Halite, moderate-reddish-brown ( 1 E  416) and grayish- 

red (5k 4/2), finely to medium-crystalline, 

argillaceous....... ............................................ 1,288.0-1,289.4 
Halite, same as unit at 1,282.1-1,287.4 feet.............?............ 1,289.4-1.290.3 

Argillaceous halite, moderate-reddish-brown (1% 41,. , 

finely crystalline, clay parting at 1,290.7 feet.. . . . . . . . . . . . . . . . . 1,290.3-1.291.3 

Halite, same as unit at 1.288.0-1,289.4 feet.. . . . . . . . . . . . . . . . . . . . . . . , . 1,291.3-1,293.7 

Halite, same as unit at 1,282.1-1,287.4 feet.. . . . . . . . . . . . . . . . . . . . . . . . . 1,293.7-1,296.9 

Halite, same as unit at 1,288.0-1,289.4 feet. .. . . . . . a .  ... ... . ... ... .. . 1,296.9-1,297.9 

Halite, same as unit at 1,282.1-1,287.4 feet.. . . . .. . . . . . . . . . . . . . . .. . .. 1,297.9-1,300.8 

Halite, grayish-red (1% 4/2), medium-crystalline, 

slightly argillaceous; minor polyhalite, moderate- 

reddish-orange (1% 6/6)................. ........................... 1,300.8-1,302.3 

Halite, moderate-reddish-orange (1% 6/6), medium- 

crystalline; minor disseminated polyhalite; some 



polyhalite concentrated in 0.2-foot-thick bands; 

argillacow in portions of lower third of unit.. .................... 1,302.3-1,310.3 

Argillaceous halite, same as unit at 1,290-3-1.291.3 

f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,310.3-1,312.7 

Halite, moderate-reddish-brown (1% 416). medim- 

crystalline; moderate amounts of clay and 

moderate-reddish-orange (1% 616) polyhalite 

blebs and s t r i n g e r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.312.7-1,313.9 

Halite, translucent to transparent, coarsely crystalline 
JL 

in portions containing no clay or polyhalite, finely 

crystalline in portions containing minor concentra- 

tions of grayish-red (5& 412) clay or heavy concentra- 

tions of moderate-reddish-orange (lqR_ 6/61 and 

moderate-reddish-brovn (lo& 416) polyhalite......... ................ 1,313.9-1,315.8 

Polyhalite, moderate-reddish-orange (1% 616). 

dense............................................................. 1,315.8-1,315.9 

Halite, same as unit at 1,313.9-1,315.8 feet................... ....... 1,315.9-1,317.4 

Polyhalite, same as unit at 1.315.8-1,315.9 feet... ................... 1,317.4-1.317.6 

Halite, medium-light-gray c 6 )  and light-bluish- 

gray (58 711). finely to medium-crystalline, very 

fev scattered blebs of moderate-reddish-brown 

(lo& 416) polyhalite....... ......................................... 1,317.6-1,319.3 

Halite, translucent to transparent, finely to 

medium-crystalline; portions contain 

moderate-reddish-orange (1% 616) disseminated 

polyhalitr-; scattered stringers and seams of 

polyhalite....... ................................................... 1,319.3-1,325.7 

Polyhalite, light-gray c 7 )  and light-olive-gray 

(5Y - 611).  dense..................................^ 1,325.7-1.326.0 

Halite, same as unit at 1,319.3-1.325.7 feet.... ...................... 1,326.0-1.330.1 

Halite, moderate-reddish-brown (1% 416). finely 

to medium-crystalline, grading downward to medium 

crystalline; argillaceous, minor amounts of light- 



gray E 7 )  and medium-light-gray E6); moderate 

reddish-brovn (1% 416) clay band 0.3 foot thick 

at 1,331.4 feet........................................ 1,330.1-1.334.1 

Halite, transparent to translucent, finely to 

medium-crystalline; moderate amount of light- 

gray (27) clay....... ............................................... 1,334.1-1,334.9 

Halite, alternating bands as thick as 0.8 foot 

of moderate-reddish-brovn (lo& 416) and 

moderate-reddish-orange ( 1 E  616) with light- 

gray (17) clay, finely to medium-crystal line.....................^.. 1,334-9-1.339.8 

Halite, moderate-reddish-orange (1% 616) and 

moderate-reddish-brovn (1% 4/6), mediul~ to 

coarsely crystalline; disseminated polyhalite, 

heavy concentration of polyhalite in lover 

0.3 f~~tm................................... 1,339.8-1,341.1 

Polyhalite, moderate-reddish-orange (1% 616) 

and moderate-reddish-brovn (1% 416). dense, 

slightly halitic in upper 0.2 foot.................................. 1,341.1-1,342.5 

Halite, transparent, coarsely crystalline; 

disseminated polyhalite, moderate-reddish- 

orange (1CR 6/6).............. ................................ 1,342.5-1,343.0 - 
Polyhalite, same as unit at 1,341.1-1,342.5 

feet, medium-light-gray (17) clay seam at 

b a s e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,343.0-1,343.2 

Halite, medium-crystalline, s e  as unit at 1.342.5- 

1.343.0 feet............................................ 1,343.2-1.343.5 

Clay, medium-light-gray (26), slightly halitic........................ 1,343.5-1,343.7 

Halite, translacent, coarsely to very coarsely 

crystalline, slightly argillaceous, light-gray 

(17) in upper 0.5 foot.................................... 1,343.7-1,345.0 

Halite, same as unit at 1,334.9-1,339.8 feet.. ........................ 1,345.0-1,354.3 

Argillaceous halite, moderate- to dark-reddish- 

brovn (lo& 416-1(R 314). minor amounts of 



m e d i m - l i g h t -  t o  l i g h t - g r a y  c6-N_77); s c a t t e r e d  

................................... s t r i n g e r s  of polyhali te. . . . . . . . . .  

P o l y h a l i t e ,  same a s  u n i t  a t  1,341.1-1.342.5 f e e t ,  

l i g h t - g r a y  (57) c l a y  seam a t  base................................... 

H a l i t e ,  a l t e r n a t i n g  bands  o f  a r g i l l a c e o u s  h a l i t e ,  

p o l y h a l i t i c  h a l i t e  and h a l i t e ,  rnoderate-reddish- 

brown (1% 4/61 a t  1,359.1-1,359.3, and 1,361.8- 

1,362.3 f e e t ;  p o l y h a l i t i c  h a l i t e ,  moderate-  

r edd i sh -o range  (1% 6/61 a t  1,359.3-1,361.8, 

1,362.3-1.364-4,  and 1,365.0-1,365.9 f e e t ;  

t r a n s l u c e n t  h a l i t e  a t  1,364.4-1,365.0 f e e t . .  ........................ 
P o l y h a l i t e ;  same a s  u n i t  a t  1,341.1-1,342.5 f e e t ;  

l i g h t - g r a y  (g7 )  c l a y  seam a t  base................................... 

H a l i t e ,  a l t e r n a t i n g  a r g i l l a c e o u s  h a l i t e ,  p o l y h a l i t i c  

i l a l i t e ,  and  t r a n s l u c e n t  h a l i t e ,  medium- t o  c o a r s e l y  

c r y s t a l l i n e ,  a r g i l l a c e o u s ;  l i g h t - g r a y  (57) and 

moderate-reddish-brown (10R_ 4/6)  h a l i t e  from 1,366.3- 

1,368.4, 1.369.3-1,369.7. 1 ,373-  1-1,374.1, 1,376.3- 

1,376.9,  and 1.377.2-1,379.0 f e e t ;  modera te- reddish-  

o r ange  (LO& 6/6)  p o l y h a l i t i c  h a l i t e  from 1.368.4- 

1.369.3, 1,369.7-1.370- 4, 1.371.0-1,373.1, 1.374.1- 

1,376.3,  and  1,376.9-1,377.2 f e e t ;  t r a n s l u c e n t  

h a l i t e  f rom 1,370.4-1,371.0 feet.................................... 

A r g i l l a c e o u s  h a l i t e ,  moderate-reddish-brown (10s 416) .  

f i n e l y  t o  med ium-c rys t a l l i ne .  ....................................... 
H a l i t e ,  moderate-reddish-brown (1% 4 / 6 ) ,  medium- 

t o  ; ' - a r s e l y  c r y s t a l l i n e ,  a r g i l l a c e o u s ,  s c a t t e r e d  

s t r i n g e r s  and b l e b s  of  modera te- reddish-orange  

(1% 616) p o l y h a l i t e .  ............................................... 
H a l i t e ,  modera te- reddish-orange  (1% 6 / 6 ) ,  med ium-c rys t a l l i ne ,  

mode ra t e  amount o f  d i s s e m i n a t e d  p o l y h a l i t e ;  numerous 

s t r i n g e r s  and b l e b s  of polyhali te. . . . . . . . . . .  ........................ 
Po : : :hali te,  modera te- reddish-orange  (1% 6/61,  v e r y  



f i n e l y  c r y s t a l l i n e ,  halitic...................................*.---*- 

H a l i t e ,  same a s  u n i t  a t  1.382.8-1.386.2 feet. . . . . . . . . . . . . . . . - . . .*. .*. .  

P o l y h a l i t e ,  same a s  u n i t  a t  1,386.2-1,386.4 f e e t . .  .................... 
H a l i t e ,  same a s  u n i t  a t  1,382.8-1.386.2 f e e t ;  t h i n  

band o f  p o l y h a l i t e  a t  1,388.4 f e e t ;  moderate- 

reddish-brown (lo& 4/6)  c l a y  seam a t  base........................... 

H a l i t e ,  moderate-reddish-brovn (1% 415) i n  upper  

0.5 f e e t ,  a r g i l l a c e o u s  ; a r g i l l a c e o u s  c o n t e n t  d e c r e a s e s  

i n  l o v e r  1.8 f e e t  and u n i t  i s  pale-red (5& 612) t o  g ray i sh -  

r ed  (5E 4 / 2 ) ,  medium t o  c o a r s e l y  crys ta l l ine . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  c o a r s e l y  t o  

v e r y  c o a r s e l y  c r y s t a l l i n e ;  v e r y  minor moderate- 

reddish-orange (1U& 6/6)  d i s semina ted  polyhalite.................... 

H a l i t e ,  same a s  above wi th  inc reased  p o l y h a l i t e  

b o t h  d i s semina ted  and i n  s t r i n g e r s  and b l e b s . . . . . . . . . . . . . . . . . . . . . . . .  

P o l y h a l i t e ,  pa le-red (lo& 612) t o  moderate-red 

(5& 4 / 6 ) ,  m i c r o c r y s t a l l i n e ;  minor b l e b s  o f  

h a l i t e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  same a s  u n i t  a t  1,394.1-1,395.6 f e e t . .  ........................ 
H a l i t e ,  same a s  upper  0.5 f o o t  i n  u n i t  a t  

1,389.6-1,391.9 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  moderate-reddish-orange (lo& 6 / 6 ) ,  medium- 

t o  c o a r s e l y  c r y s t a l l i n e ,  minor amount of d issemi-  

nated po lyha l i t e . . . . . . . . . . .  ......................................... 
, u l i t e ,  same a s  u n i t  a t  1,394.1-1.395.6 f e e t . .  ........................ 
H a l i t e ,  same a s  u n i t  a t  1,400.5-1,401.6 f e e t ,  

t r a c e  of d i s semina ted  p o l y h a l i t e .  ................................... 
H a l i t e ,  dark-reddish-brown (lo& 3/4)  and g r a y i s h -  

r e d  (5& 4 / 2 ) ,  f i n e l y  t o  medium-crys ta l l ine ,  

a r g i l l a c e o u s ;  c l a y  p a r t i n g  a t  :, 406.1-1,406.3 f e e t ;  

p o l y h a l i t i c  i n  l o v e r  3.0 feet....................................... 

A r g i l l a c e o u s  h a l i t e ,  moderate-reddish-brown (lo& 4/61 

f i n e l y  t o  medium-crystall ine. . . . . . . . . .  .............................. 



H a l i t e .  same a s  u n i t  a t  1.403.4-1,409.4 f e e t ,  

t r a n s l u c e n t  h a l i t e  i n  l o v e r  0.4 foot................................ 

H a l i t e .  same a s  u n i t  a t  1,394.1-1,395.6 f e e t . .  ........................ 
No core..........................................,.................... 

H a l i t e ,  same a s  u n i t  a t  1.396.0-1.397.0 f ee t . . .  ....................... 
P o l y h a l i t e ,  moderate-reddish-brown (1% 416) t o  

l i g h t - b r o w  ( 5 E  516) g rad ing  d o w v a r d  t o  

moderate-reddish-orange (1% 616); ve ry  f i n e l y  

c r y s t a l l i n e ;  upper p o r t i o n  laminated;  numerous 

b l e b s  of h a l i t e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

H a l i t e ,  s i m i l a r  t o  u n i t  a t  1,396.0-1.397.0 f e e t ,  

more p o l y h a l i t i c  b o t h  d i s s e n i n a t e d  and i n  

s t r i n g e r s  and blebs................................................. 

H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  m e d i u l ~  t o  

c o a r s e l y  c r y s t a l l i n e ;  minor amount of l i g h t -  

g ray  (27) a n h y d r i t e  a t  1.423.0 feet................................. 

H a l i t e ,  l ight-brown (5% 516) and moderate- 

reddish-brown (1% 416).  med ium-crys ta l l ine ;  

p o l y h a l i t i c ,  l i gh t -o l ive -g ray  (5L  611) 

a n h y d r i t e  band a t  1 , 4 2 8 . 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ........ 
P o l y h a l i t e ,  >ame a s  u n i t  a t  1.417.3-1,420.4 f e e t ;  

banded w i t h  l igh t -o l ive -g ray  (5L 611) and l i g h t -  

g ray  (27) a n h y d r i t e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ............ 
H a l i t e ,  same a s  u n i t  a t  1,425.9-1.428.2 feet.......................... 

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

S i l t y  mudstone, moderate-brown ( 5 E  314) and dark-  

reddish-brown (1% 314). h a l i t i c ;  t r a c e  of o l i v e -  

b l a c k  ( 5 z  211) and greenish-gray ( 5 2  611) clay.. . . .  ................. 
H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  f i n e l y  t o  

med ium-crys ta l l ine ;  minor moderate-reddish-orange 

(lo& 6/6) d i s semina ted  polyhalite. . . . . . . . . .  ......................... 
A r g i l l a c e o u s  h a l i t e ,  t r a n s p a r e n t ;  moderate-brow 



( 5 s  4/4) clay, trace of polyhalite b l e b e . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,443.4-1,445.0 

No core............................................... 1,445.0-1,453.4 

Halite, dark-reddish-brown (1% 3/41. medium- to 

coarsely crystalline, argillaceous; scattered 

polyhalite stringers; lover contact gradational..................... 1,453.4-1.455-6 

Halite, translucent to transparent and moderate- 

reddish-orange (1% 6/61. medium tc coarsely 

crystalline, very polyhalitic; thick polyhalite 

stringer at 1,458.3 feet...................................... 1.455.6-1.465.0 

Argillaceous halite, same as unit at 1.443.4-1.445.0 

f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.465.0-1.466.8 

Halite, moderate-reddish-orange (1% 616). medium- 

crystalline, moderate amount of disseminated 

polyhalite; heavy polyhalite in stringers at 

1,467.6 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.466.8-1.468.2 

Argillaceous halite, moderate-reddish-brown (lo& 4/6), 

medium-crystalline; minor greenish-gray (5g 611) 

clay blebe and moderate-reddish-orange (10L 6/61 

polyhalite blebe and stringers.................................. 1.468.2-1.470.7 

Halite, moderate-reddish-orange (la& 616). mediuw 

to coarsely crystalline; very polyhalitic; 

polyhalite both disseminated and in stringers....................... 1.470.7-1.471.8 

Polyhalite, moderate-reddish-orange (lo& 6/61. 

0.1-foot bands at top and bottom of unit; 

polyhalitic halite in middle of unit................................ 1.471.8-1.472.3 

Halite, pale-yellowish-brown !lox 6/2) and 
pale-red (1% 6/2), finely to medium-crystalline; 

slightly a r g i l l a c e o u e . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 1,472.3-1.473.0 

Halite, same as unit at 1.470.7-1.471.8 feet.. . . . . . . . . . . . . . . . . . . . . . 1,473.0-1.474.6 

Clay, greenish-gray (56 6/1).......................... ........... 1,474.6-1,474.8 

Argillaceous halite, same as unit at 1,443~4- 

1,445.0 feet.................................~... 1,474.8-1,476.3 

Halite, greenish-gray (52 6/1) and moderate- 



reddish-brown (1% 4 /61 ,  f i n e l y  t o  medium- 

c r y s t a l l i n e ,  s l i g h t l y  a r g i l l a c e o u s  i n  upper  

0 . 4  f o o t ;  p o l y h a l i t i c  i n  l ower  2.3 f e e t ,  b o t h  

b l e b s  and s t r i n g e r s  of p o l y h a l i t e . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . .  1,476.3-1,479.0 

H a l i t e ,  modera te- reddish-brown (1% 416) and 

g r e e n i s h - g r a y  ( 5 5  6/1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,479.0-1,480.5 

H a l i t e ,  same a s  u n i t  a t  1,476.3-1.471.0 f e e t ;  

p o l y h a l i t i c  only. . . . . . . . . . . . . . . .  ................................... 1,480.5-1,486.0 

H a l i t e ,  same a s  u n i t  a t  1,479.0-1,480.5 f e e t ,  

l owe r  c o n t a c t  g r a d a t i o n a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,486.0-1,489.0 

H a l i t e ,  same a s  u n i t  a t  1,476.3-1,479.0 f e e t ;  

................................ v e r y  p o l y h a l i t i c  i n  l ower  1 .3  f e e t . .  1,489.0-1.496- 0 

P o l y h a l i t e ,  mode ra t e - r edd i sh -o r ange  (lo& 616). 

d e n s e ,  h a l i t i c  i n  u p p e r  0 . 3  foot... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.496.0-1.497.3 

Clay ,  l i g h t - g r a y  (27) t o  medium-light-gray ( 2 6 ) .  ...................... 1,497.3-1,497.5 

H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  medium- t o  

c o a r s e l y  c r y s t a l l i n e ,  mode ra t e ly  p o l y h a l i t i c ,  

zones  0.1-0.6 f o o t  t h i c k  s l i g h t l y  a r g i l l a c e o u s . .  .................... 1,497.5-1.506.2 

H a l i t e ,  same a s  u n i t  a t  1,479.0-1.4FO.5 f e e t . .  ........................ 1,506.2-1,509.0 

H a l i t e ,  p o l y h a l i t i c ,  same a s  u n i t  a t  1,497.5- 

1,506.2 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,509.0-1,511.0 

H a l i t e ,  moderate-reddish-brown ( 1 E  416) and 

dark- reddish-brown (lo& 314).  f i n e l y  t o  medium- 

c r y s t a l l i n e  g r a d i n g  downward t o  c o a r s e l y  

c r y s t a l l i n e ;  a r g i l l a c e o u s  and s l i g h t l y  po ly -  

h a l i t i c  i n  uppe r  3.0 f e e t ,  g r a d i n g  downward t o  

J e r y  p o l y h a l i t i c ,  mode ra t e - r edd i sh -o r ange  

( 1 E  616) i n  l ower  4.4 f e e t ;  numerous s .  . n g e r s  

of p o l y h a l i t e  i n  l ower  1.4 f e e t ;  0.1-foot p o l y h a l i t e  

band a t  1,517. 1 f e e t  .............................................. 1,511.0-1, 518.4 

P o l y h a l i t e .  pa l e - r ed  ( lo& 412) t o  pa le- reddish-brown 

(10R_ 5 /41;  s t r i n g e r s  o f  l i g h t - g r a y  ( 1 7 )  a n h y d r i t e ,  

minor h a l i t e  inclusions.................................-..-.-... 1,518.4-1.519.9 



H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  medium- t o  

c o a r s e l y  c r y s t a l l i n e ,  s l i g h t l y  p o l y h a l i t i c ;  

abundant g reen i sh -g ray  ( 5 z  611) c l a y  i n  middle  

0.5 f o o t  of  unit.......................................,....... 1,519.9-1.521.0 

H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  c o a r s e l y  

c r y s t a l l i n e ,  p o l y h a l i t i c ;  moderate-reddish-  

o range  ( 1 E  6 / 6 ) ,  minor d i s semina ted  po tash  

minerals............................................................ 1,521.0-1.523.1 

P o l y h a l i t e ,  l i g h t - g r a y  ( 1 6 ) ,  m i c r o c r y s t a l l i n e ,  

minor h a l i t e  inclus ions . . . . . . . . . . . . . . . . . . .  .......................... 1.523.1-1.523.3 

H a l i t e ,  same a s  u n i t  a t  1.521.0-1.523.1 f e e t ;  

i n c r e a s e  i n  p o l y h a l i t e  both  d i s semina ted  and 

s t r i n g e r s  ........................................................... 1,523.3-1,524.5 

P o l y h a l i t e ,  same a s  u n i t  a t  1,518.4-1,519.9 f e e t . .  .................... 1,524.5-1.525.0 

H a l i t e ,  greenish-gray ( 5 2  6/11. f i n e l y  t o  

medium-crys ta l l ine . .  ................................................ 1,525.0-1,526.0 

H a l i t e ,  same a s  u n i t  a t  1.521.0-1.523.1 f e e t . .  ........................ 1,526.0-1,528.0 

H a l i t e ,  moderate-reddish-brom (1% 4 / 6 ) ,  f i n e l y  

t o  medium-crys ta l l ine ,  ve ry  a r g i l l a c e o u s  i n  

upper  3.0 f e e t ,  c l a y  c o n t e n t  d e c r e a s e s  downward 

from 1,531.0 f e e t  t o  base  of u n i t ;  g reen i sh -g ray  

( 5 G  611) c l a y  i n  upper  0.4 foot.................................... 1.528.0-1.533.0 

H a l i t e ,  same a s  u n i t  a t  1,523.3-1.524.5 f e e t . .  ........................ 1.533.0-1.536.0 

P o l y h a l i t e ,  same a s  u n i t  a t  1,518.4-1.519.9 f e e t . .  .................... 1.536.0-1.536.3 

H a l i t e ,  same a s  u n i t  a t  1,523.3-1,524.5 f e e t . .  ........................ 1,536.3-1,538.8 

P o l y h a l i t e ,  same a s  u n i t  a t  1,518.4-1, 519.9 f e e t . .  .................... 1.538.8-1.538.9 

H a l i t e ,  same a s  u n i t  a t  1.523.3-1.524.5 f e e t . .  ........................ 1.538.9-1.539.2 

P o l y h a l i t e ,  same a s  u n i t  st 1,518.4-1, 519.9 f e e t ;  

laminated i n  lower  0.3 foot......................................... 1.539.2-1.540.0 

......................... Clay,  g reen i sh -g ray  (5L  6/1)................. 1.540.0-1.540.3 

H a l i t e ,  dark-reddish-brown (10K 3 / 4 ) ,  mediunr t o  

c o a r s e l y  c r y s t a l l i n e ,  a rg i l l aceous . . . .  .............................. 1.540.3-1.543.3 

Hall  t e ,  moderate-reddish-orange (lo& 6 / 6 ) ,  mediu- 



t o  coarse ly  c r y s t a l l i n e ,  p o l y h a l i t i c ;  ntnneroue 

b lebs  and s t r i n g e r s ,  minor l ight-gray e 7 )  

anhydr i te ;  i n d i c a t i o n  of potash minerals.....................*.....* 

H a l i t e ,  dark-reddish-brown (1% 314). f i n e l y  t o  

medium-crystalline, very  argillaceous..............................~ 

Argil laceous h a l i t e ,  grayish-red (1% 4/2) ,  greenieh- 

g ray  ( 5 z  611). and l igh t -gray  (27). f i n e l y  

c r y s t a l l i n e ;  leached a r e a s  i n d i c a t i n g  a s o l u b l e  

potash mineral ;  concentrated zones of c a r n a l l i t e  

and p o l y h a l i t e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ................... 
No core............................................................... 

Argil laceous h a l i t e ,  same a s  u n i t  a t  1,549.0- 

1,552.2 f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  pale-red (5L 612) and moderate-reddish-brown 

(1% 416). medium- t o  coarse ly  c r y s t a l l i n e ;  minor 

amount of s y l v i t e  and greenish-gray ( 5 z  611) clay........... ....... 
H a l i t e ,  moderate-reddish-orange ( 1 E  616). coarse ly  

c r y s t a l l i n e ,  disseminated grayish-orange-pink ( 5 x  712) 

p o l y h a l i t e  s t r i n g e r s ;  moderate amount of s y l v i t e . . . . . . . . . . . . . . . . . . . .  

Anhydrite, l ight-ol ive-gray (5L 611); white K g )  

po tash  m i n e r a l . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  same a s  u n i t  a t  1,555.0-1.559.0 feet.......................... 

P o l y h a l i t e ,  moderate-red (5& 416) and moderate- 

reddish-brown (10K 416); t r a c e  of s y l v i t e . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Clay, greenish-gray ( 5 s  611) and l ight-gray K7)..................... 

H a l i t e ,  t r a n s l u c e n t ,  medium-crystalline, 

a r g i l l a c e o u e ,  dark-reddish-brown (1% 3 / 4 ) . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  same a s  u n i t  a t  1.555.0-1,559.0 f e e t ;  

0.3-foot zone a t  base of u n i t  leached,  ind ica t -  

ing presence of so lub le  potash minerals............................. 

H a l i t e ,  moderate- t o  dark-reddish-brown (1% 4/6- 

10E 314). f i n e l y  t o  medium-crystalline, 

a r g i l l a c e o u s ;  b lebs  and s t r i n g e r s  of p o l y h a l i t e ;  



numerous v o i d s  ( d i s s o l v e d  potash mineral)........................... 

H a l i t e ,  same a s  u n i t  a t  1,555.0-1.559.0 feet.......................... 

P o l y h a l i t e ,  same a s  u n i t  a t  1,559.8-1,560.0 f e e t . .  .................... 
Clay, greenish-gray (56_ 6/1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  same a s  u n i t  a t  1,563.9-1.569.3 f e e t . .  ........................ 
H a l i t e ,  moderate-reddish-orange (1% 616).  medium- 

c r y s t a l l i n e ,  p o l y h a l i t i c ;  minute b l e b s  o f  s y l v i t e . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  t r a n s l u c e n t ,  f i n e l y  t o  medium-crysta l l ine;  

numerous s t r i n g e r s  and b l e b s  o f  polyhalite.......................... 

y P o l y h a l i t e ,  moderate-red (5E 416); h a l i t e  i n c l u s i o n s  
I 

a t  t o p  and bottom of unit........................................... 

. H a l i t e ,  same a s  u n i t  a t  1,577.5-1,579.5 feet.......................... 

H a l i t e ,  same a s  u n i t  a t  1,560.2-1,561.0 f e e t ;  

no p o t a e h . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  same a s  u n i t  a t  1,555.0-1,559.0 f e e t . .  ........................ 
H a l i t e ,  same a s  u n i t  a t  1,560.2-1,561.0 f e e t ;  

no potash........................................................... 

H a l i t e ,  same a s  u n i t  a t  1,555.0-1.559.0 feet.......................... 

H a l i t e ,  same as u n i t  a t  1,560.2-1,561.0 f e e t ;  

......................................................... no potash..  

H a l i t e ,  moderate-reddish-brown (1% 416) and moderate- 

reddish-orange (1% 6 / 6 ) ,  medium-crysta l l ine ,  

p o l y h a l i t i c ;  1-3 cm t h i c k  band of s u c r o s i c  yellow- 

ish-gray (5L 711) potash mineral  a t  1,596.5 feet.................... 

P o l y h a l i t e ,  moderate-reddish-brovn (1% 4 / 6 ) ,  v e r y  

f i n e l y  c r y s t a l l i n e ,  h a l i t i c  laminae and bands 

............................... d i p  up t o  35 O. . . . . . . . . . . . . . . . . . . . . . . .  

Anhydrite,  l i gh t -o l ive -g ray  (5L 611) and medium- 

l i g h t - g r a y  ( 1 6 ) ,  massive ,  h a l i t e  bands a s  t h i c k  

a s  0.1 f o o t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Potash minera l  ( c a r n a l l i t e ) ,  yel lowish-gray 

( 5 x  711). s u c r o s i c ,  h a l i t i c ,  t r a c e  of moderate- 

reddish-orange (1% 616) p o l y h a l i t e  and l i g h t -  



olive-gray (5L 611) to medium-light-gray E6) 

anhydrite........................................................... 

Polyhalite and anhydrite, moderate-reddish-brown 

(LOR 4/61 polyhalite and medium-light-gray (26) anhydrite 

interlaminated, laminae dips as much as 15' 

vertical halite healed fracture from 1,604.4 to 

1,605.9 feet, 5 m thick greenish-gray (55 6/1) 

clay-filled fracture dipping 48' at base of unit.. .................. 
Halite, dusky-yellowish-brown (lo= 111) to dark- 

yellowish-orange (log 6/6), finely to medium- 

crystalline, argillaceous; minor amount of 

olive-gray (5x 411) clay; trace of moderate- 

reddish-brown (10R 4/61 polyhalite.................... .............. - 
Halite, moderate-reddish-orange (lo& 616). 

medium-crystalline, disseminated polyhalite; 

numerous stringers of moderate-reddish-brown 

(1% 416) polyhalite................................................ 

Halite, same as unit at 1,607.4-1.609.0 feet.......................... 

Halite, same as unit at 1,609.0-1,610.3 feet.......................... 

Halite, transparent to translucent, olive-gray (5Y- 411) 

to medim-dark-gray (x4) tint, finely crystalline; 

medium-dark-gray clay (%4), argillaceous, trace of 

moderate-reddish-brown (1% 4/6) polyhalite....... .................. 
Halite, alternating zones as thick as 0.6 foot of 

moderate-reddish-orange (1% 616) disseminated poly- 

halitic halite and moderate-reddish-brown (1% 4/6) 

and dark-reddish-brown (1% 3/4) argillaceous 

halite, finely to medium-crystalline...... .......................... 
Halite, light-bluish-gray (5& 7/1) to greenish- 

gray (52 6/1), finely to medium-crystalline, 

argillaceous; scattered blebs of moderate- 

reddish-brown ( 1 E  416) polyhalite........... ....................... 
Halite, moderzte-reddish-brown (1% 416) to dark- 



reddish-orown (1% 4 / 6 ) ,  .Jery f i n e l y  t o  f i n e l y  

c r y s t a l l i n e ,  very a r g i l l a c e o u s  i n  upper f o o t  of 

u n i t ,  moderately a r g i l l a c e o u s  i n  r e s t  of u n i t ;  

s c a t t e r e d  b l e b s  of p o l y h a l i t e ;  greenish-gray 

( 5 3  6 /1 )  a r g i l l a c e o u s  h a l i t e  a t  1,624.9 f e e t ;  

c l e a r  h a l i t e  bands a t  1,624.7 and 1,625.1 feet...................... 

H a l i t e ,  t r a n s l u c e n t  t o  t r a n s p a r e n t ,  medium- t o  

c o a r s e l y  c r y s t a l l i n e ;  d isseminated p o l y h a l i t e ;  

...................... s c a t t e r e d  b l e b s  and s t r i n g e r s  of po lyha l i t e . . .  

H a l i t e ,  moderate-brown ( 5 x  3 / 4 ) ,  medium- 

c r y s t a l l i n e ,  a r g i l l a c e o u s ;  minor s t r i n g e r s  of 

po lyha l i t e . . . .  ...................................................... 
H a l i t e ,  same a s  u n i t  a t  1,627.2-1.632.3 f e e t ;  few 

smal l  v o i d s ,  probably from leach ing  of potash 

m i n e r a l s ;  greenish-gray ( 5 5  611) t o  l i g h t - b l u i s h -  

gray ( 5 l  711) c l a y  p a r t i n g  a t  base.................................. 

H a l i t e ,  same a s  u n i t  a t  1,632.3-1.634.1 feet.......................... 

H a l i t e .  same a s  u n i t  a t  1,627.2 t o  1,632.3 f e e t ;  

some l e a c h i n g  of po tash  minera l s  a s  i n  1,634.1- 

1,638.7 f e e t ;  ve ry  p o l y h a l i t i c  i n  upper 0.7 foot.................... 

H a l i t e ,  moderate-reddish-brown (1U& 4 /6 )  t o  

moderate-reddish-orange (lo& 6 / 6 ) ,  mediula- t o  

c o a r s e l y  c r y s t a l l i n e ,  a r g i l l a c e o u s ;  t r a c e  of 

greenish-gray ( 5 5  6 /1 )  c l a y ;  b lebs  a s  l a r g e  a s  

2 cm of l igh t -b lu i sh -g ray  ( 5 8  7/1) potash 

minera l  g e n e r a l l y  i n  upper 0.5 foot................................. 

H a l i t e ,  moderate-reddish-orange (1% 616) and 

pale-reddish-brown (1  0R_ 5 / 4 ) ,  medium- t o  

c o a r s e l y  c r y s t a l l i n e ;  d i s semina ted  p o l y h a l i t e ;  

numerous pale-reddish-brown ( L O R _  514) b l e b s  

of p o l y h a l i t e ;  1 .. t h i c k  p o l y h a l i t e  s t r i n g e r s  

a t  1,656.1 and 1,656.5 feet......................................... 

H a l i t e ,  same a s  u n i t  a t  1,645.2-1,654.4 feet. . . . . . . . . . . . . . . .  ......... 



Halite, same as unit at 1,654.4-1,659.1 feet; 

numerous light-gray (E7) anhydrite stringers 

and patches as large as 0.2 foot in lower 1.5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,666.0-1,670.6 

Polyhalite, light-olive-gray (5L 611) and medium- 

light-gray (E6), very finely crystalline, massive; 

minor laminae of halite and pseudomorphs of halite 

after polyhalite scattered through unit............................. 1,670.6-1,673.8 

Halite, translucent, finely to medium-crystalline; 

bands of light-gray (27) anhydrite at 1,677.2- 

1.677.4 feet and at 1,678.5 feet.................................... 1,673.8-1,681.6 

Anhydrite, light-olive-gray (5x 6/1) and medium- 

light-gray (26), banded to laminated; pseudo- 

norphs of halite after anhydrite .................................... 1,681.6-1,687.0 

Polyhalite. light-olive-gray (5Y 611) and moderate- 

brown (5YR - 4/4), l a m i n a t e d . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.687.0-1.687.8 

Clay, medium-gray (x5), slightly h a l i t i c . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,687.8-1.688.1 

Polyhalite, moderate-reddish-brown (1% 416) and 

moderate-reddish-orange (10R_ 6/6), very finely 

crystalline; numerous medium-gray (E5) clay 

i n c l u s i o n s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,688.1-1,689.2 

Clay, same as unit at 1,687.8-1,688.1 feet.. .......................... 1,689.2-1.689.4 

Halite, moderate-reddish-orange (1% 616) alternat- 

ing with clear bands, finely to medium-crystalline; 

disseminated polyhalite; scattered blebs and 

stringers of polyhalite... .......................................... 1,689.4-1.693.9 

Halite, moderate-reddish-brova (1% 4/6), moderate- 

reddish-orange (1% 616) and medium-light-gray 

(26), finely crystalline; argillaceous, minor 

amounts of polyhalite blebs and medium-bluish- 

gray (58 511) clay....................... ........................... 1,693.9-1,695.0 

Halite and langbeinite, moderate-reddish-orange 

( 1 E  616) and yellowish-gray (5L 811); halite, is 



finely to medium-crystalline, langbeinite is 

sucrosic ; medium-bluish-gray (5B- 511) clay and 

trace of polyhalite................................................. 1,695.0-1,697.7 

Halite, same as unit at 1,689.4-1,693.9 feet. ......................... 1,697.7-1,700.8 

Argillaceous halite, dusky-yellowish-green 

( 5 E  5/2), finely crystalline..........~........................... 1,700.8-1,701.8 

Halite, same as unit at 1,689.4-1.693-9 feet .......................... 1,701.8-1,703.2 

Halite, medium-light-gray (26) and pale-reddish- 

brown (log 514) alternating with moderate-reddish- 

orange (1(R 6/6), argillaceous and polyhalitic, 

mediulp to coarsely crystalline.............................. 1,703.2-1,709.0 

Halite, moderate-reddish-orange (1% 6/6), finely to 

medium-crystalline; much disseminated polyhalite, 

n~merous bands of polyhalite ........................................ 1,709.0-1,712.6 

Halite, same as unit at 1,693.9-1,695.0 feet... ....................... 1,712.6-1,713.1 

Halite, same as unit at 1,709.0-1,712.6 feet.. ........................ 1,713.1-1,715.0 

Halite, moderate-reddish-orange (10R_ 6/6), coarsely 

c r y s t a l l i n e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,715.0-1,716.5 

Halite, same as unit at 1,709.0-1,712.6 feet.. ........................ 1,716.5-1,717.3 

Langbeinite and halite, clear to pale-red (1% 6/21 

and moderate-reddish-orange (1% 616); langbeinite 

is sucrosic, halite finely crystalline... ........................... 1.717.3-1,718.5 

Halite, dark-reddish-brown (lo& 314) to blackish- 

red (5& 2/21 grading downward to grayish-red 

(log 412). and moderate-reddish-orange (lo& 616). 

finely to medium-crystalline, argillaceous; 

scattered langbeinite in upper part of unit: 

polyhalitic in lower part; medium-gray (&5) 

clay seam at base................................................... 1,718.5-1.722-4 

Halite, moderate-reddish-orange (1 (R 616) and 

moderate-reddish-brown (1% 4/6), medium to 

coarsely crystalline; polyhalitic; scattered 

zones of clear halite; minor argillaceous zones 



............................... a t  1,726.1 and 1,727.0-1,727.3 f e e t . .  

A r g i l l a c e o u s  h a l i t e ,  medium-light-gray (56 ) ,  

moderate-reddish-brown ( 1 E  416) and l i g h t -  

................... o l ive -g ray  (5L  6 / 1 ) ,  v e r y  f i n e l y  c r y e t a l l i n e . . . . .  

H a l i t e ,  medium-gray e 5 ) ,  l i g h t - o l i v e - g r a y  

(5L  6/1)  and moderate-reddish-brown (10E 4 / 6 ) ,  

f i n e l y  t o  med ium-c rys t a l l i ne ,  a r g i l l a c e o u e ;  

s c a t t e r e d  s t r i n g e r s  and b l e b s  of p o l y h a l i t e  ; 

c o a r s e l y  c r y s t a l l i n e  i n  lower  0.5 foot.............................. 

H a l i t e ,  moderate-orange-pink (1% 7 / 4 ) ,  medium- 

t o  c o a r s e l y  c r y s t a l l i n e ;  t r a c e  of d i s s e m i n a t e d  

p o l y h a l i t e . . .  ....................................................... 
H a l i t e ,  same a s  u n i t  a t  1,729.7-1, 735.2 f e e t  .......................... 
H a l i t e ,  same a s  u n i t  a t  1,735.2-1.735-7 f e e t ;  i n -  

c r e a s e d  amount o f  p o l y h a l i t e  s t r i n g e r s .  ............................. 
H a l i t e ,  l i g h t - g r a y  ( l 7 )  and modera te- reddish-  

brown (1% 4 / 6 ) ,  medium- t o  c o a r s e l y  c r y s t a l l i n e ;  

a r g i l l a c e o u s ;  t r a c e  of p o l y h a l i t e  b l e b s . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  same a s  u n i t  a t  1,722.4-1,728.2 f e e t ;  v e r y  

p o l y h a l i t i c  n e a r  b a s e  of unit....................................... 

P o l y h a l i t e ,  moderate-reddish-brown ( 1  0R_ 4 / 6 ) ,  

s i l t y  ............................................................... 
Clay,  moderate-reddish-brown (1% 416).  s i l t y ,  

halitic............................................................. 

........................ H a l i t e ,  same a s  u n i t  a t  1,722.4-1, 728.2 f e e t . .  

A r g i l l a c e o u s  h a l i t e ,  moderate-reddish-brown 

( 1 %  416) .  f i n e l y  c r y s t a l l i n e .  ...................................... 
H a l i t e ,  moderate-reddish-brown (1% 416) and 

modera te- reddish-orange (1% 6 / 6 ) ,  medium- t o  

c o a r s e l y  c r y s e s l l i n e ,  a r g i l l a c e o u s  w i t h  

p o l y h a l i t i c  zones. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

H a l i t e ,  t r a n s l u c e n t ,  medium-light-gray (E6) ,  and 

pale-brown ( 5 E  5 / 2 ) ,  nedium- t o  c o a r s e l y  



c r y s t a l l i n e ,  s l i g h t l y  a r g i l l a c e o u s ;  minor 

........................................... s t r i n g e r s  o f  p o l y h a l i t e . .  1,754.0-1,757.0 

H a i i t e ,  medium-light-gray ( 5 6 ) ,  g r a y i s h - r e d  (lo& 4 / 2 ) ,  

mode ra t e - r edd i sh -o r ange  (1% 6/61 and t r a n s l u c e n t ,  

f i n e l y  t o  med ium-c rys t a l l i ne ,  a r g i l l a c e o u s ;  numerous 

s t r i n g e r s  and b l e b s  o f  p o l y h a l i t e ,  l a r g e  b l o b  o f  

.......................................... p o l y h a l i t e  a t  1,758.2 f e e t  1,757.0-1,764.2 

i l a l i t e ,  t r a n s l u c e n t  t o  mode ra t e - r edd i sh -o r ange  ( 1  0R_ 6/61 ,  

medium- t o  v e r y  c o a r s e l y  c r y s t a l l i n e ;  numerous zones  

of p o l y h a l i t e  b l e b s ,  bands  of p o l y h a l i t e  a t  

.................................. 1,766.6 and 1,767.1-1,767.2 f e e t . .  1,764.2-1,767.4 

.................... P o l y h a l i t e ,  pa l e - r ed  ( 1 E  6 / 1 ) ,  m i c r o c r y s t a l l i n e . .  1,767.4-1,767.6 

S i l t s t o n e ,  medium-light-gray (L6 ) ,  w e l l - i n d u r a t e d ,  

halitic............................................ 1,767.6-1,767.8 

H a l i t e ,  t r a n s l u c e n t  t o  pa l e - r ed  (10& 6 / 2 ) ,  f i n e l y  

................................. t o  m e d i u m - c r y s t a l l i n e ,  p o l y h a l i t i c .  1,767.8-1,768.3 

...................... P o l y h a l i t e ,  same a s  u n i t  a t  1,767.4-1,767.6 f e e t  1,768.3-1.768.4 

........................ H a l i t e ,  same a s  u n i t  a t  1, 767.8-1,768.3 f e e t . .  1,  768.4-1,768.6 

.......................................... Clay ,  dark-gray  (23 ) .  s o £  t.. 1,768.6-1,768.7 

H a l i t e ,  medium-gray (J5) and pa l e - r ed  ( 1 E  6 / 1 ) ,  

f i n e l y  c r y s t a l l i n e ,  a r g i l l a c e o u s ;  numerous 

............................................ h l e b s  of p o l y h a l i t e . . . . .  1,768.7-1,769.0 

H a l i t e ,  t r a n s l u c e n t  t o  mode ra t e - r edd i sh -o r ange  

( 1 E  6 / 6 ) ,  medium- t o  c o a r s e l y  c r y s t a l l i n e ;  

zones  of t r a n s l u c e n t  h a l i t e  a l t e r n a t i n g  w i t h  

zones  o f  s l i g h t l y  and  h e a v i l y  p o l y h a l i t i c  h a l i t e ;  

zone of p o l y h a l i t e  and a n h y d r i t e  a t  1,773.9- 

1 , 774 .3  f e e t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ . . . . . . . . . . . . . .  1,769.0-1,774.5 

P o l y h a l i t e .  same a s  u n i t  a t  1.767.4-1,767.6 f e e t ;  

da rk -g r ay  &3) c l a y  seam a t  base.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 ,774.5-1,775.1 

H a l i t e ,  t r a n s p a r e n t  t o  medium-gray (L5), and modera te-  

r e d d i s h - o r a n g e  ( 1 E  616 ) .  medium- t o  c o a r s e l y  

c r y s t a l l i n e ;  zones  of c l e a r ,  a r g i l l a c e o u s ,  and 



polyhalitic halite.................................. 1,775.1-1,778.8 

Halite, olive-gray (5L 411) to medium-dark-gray (14). 

medium-crystalline, argillaceous.................................... 1.778.8-1,781.0 

Halite, moderate-brown ( 5 E  3/41 and dark-reddieh- 

brovn (10R_ 314). finely to medim-crystalline, 

argillaceous; halite filled fracture, 15 m vide 

............................... dipping 78 at 1,783.1-1.783.4 feet.. 1,781.0-1,783.9 

Halite, same as unit at 1.775.1-1,778.8 feet.. ........................ 1,783.9-1,785.0 

Halite, moderate-reddish-orange (1% 616) to 

moderate-reddish-brown (lo& 4/6), medium-crvstalline, 

......................... very polyhalite............................ 1.785.0-1,786.3 

Polyhalite, moderate-red (1% 612) to moderate- 

reddish-orange (lo& 6/6), microcrystalline; 

2 cm thick halite band at 1,786.4 feet; 2 cm thick 

medium-light-gray E 6 )  clay seam at base............................ 1,786.3-1.787.2 

Halite, medium-light-gray (16). olive-gray (5L 6/1), 

and moderate-reddish-brow (1% 416) finely 

to medium-crystalline, argillaceous; minor zones 

of translucent halite; numerous needlelike crystals 

........................... as long as 1 cm from 1.788.4-1.788.7 feet 1.787.2-1.789.6 

Halite, translucent to very light gray (&8) and 

moderate-reddish-brown (lo& 416). medium-crystalline. 

polyhalitic in lover half of unit................................... 1.789.6-1.791.6 

Polyhalite, moderate-:addish-brown (1% 4/6), very 

. finely c r y s t a l l i n e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.7'jL.6-1,791.8 

........................ Halite, same as unit at 1,778.8-1,781.0 feet.. 1.791.8-1,793.6 

Halite, same as lover part of unit at 1,789.6- 

1,791.6 feet......................l..l............ 1,793.6-1.794.5 

.................... Halite. same as unit at 1,778.8-1,781.0 feet...... 1,794.5-i. 795.0 

End of cored intemal.....................*................*.......... 1,795.0 

Halite, moderate-reddish-brovn (lg 4'/6), slightly 

argillaceous; trace of p~lyhalite........~...................... 1,795.0-1.820.0 

Total depth. . . . . . .  1,820.0 



4.0 HYDROLOGI CAL DATA 

No h y d r o l o g i c a l  data have been ob ta ined  t o  date from WIPP 34. 

5.0 REMARKS 

D r i l l i n g  a t  WIPP 34 i n d i c a t e d  a  broad s t r u c t u r a l  low ove r  much o f  

S e c t i o n  9 (T.22S., R.31E) which has c l o s u r e  of a  few tens  of feet .  There 

was no obv ious advantage t o  d r i l l i n g  deep a t  WIPP 34 ( o r  any o the r  nearby 

l o c a t i o n )  t o  see i f  deeper s t r u c t ~ j r e s  a f f e c t e d  t h i s  broader area. More 

r e c e n t l y  WIPP 34 was d iscussed  as a  p o s s i b l e  l o c a t i o n  f o r  an a d d i t i o n a l  

t e s t  ( s i n c e  WIPP 13 was deepened) o f  the " d i s t u r b e d  zone", b u t  t h e r e  i s  

no s p e c i f i c  s t r u c t u r e  known t o  be a t  WIPP 34 which would add t o  o u r  

understandi  ng of the " d i s t u r b e d  zone". 

A  b a s i c  data r e p o r t  on WIPP 14 i s  i n  p r e p a r a t i o n  which w ' i l l  g i v e  

f u r t h e r  i n f o rma t i on  on s h a l l  ow s t r u c t u r e  near WIPP 34. 



6.0 BIBLIOGRAPHY , 

1. Adams, J.E., 1944, Upper Permian Ochoa s e r i e s  of t h e  Delaware Basin,  
West Texas and southeastern New Mexico: American Associ  a t i o n  of 
Pet ro leum Geo log i s t s  B u l l  e t i  n, v. 28, p. 1595-1625. 

2. Anderson, R.Y., 1978, Deep d i s s o l u t i o n  o f  s a l t ,  n o r t h e r n  Delaware 
Basin, New Mexico: unpubl ished r e p o r t  t o  Sandi a N a t i o n a l  Labora- 
t o r i e s ,  r e v i s e d  May 1978. 

3. Goddard, E. N., chm., and o thers ,  1948, Rock-col or  c h a r t :  Washington 
N a t i  onal  Research Counci l  ( r e p r i  n ted  by Geo log ica l  S o c i e t y  of 
America, 1975). 

4. Griswold,  G.B., 1977, S i t e  s e l e c t i o n  and e v a l u a t i o n  s t u d i e s  of t he  
Waste I s 0 1  a t i o n  P i l o t  P l a n t  (WIPP), Los Medanos, Eddy County, New 
Mexico: SAND77-0946, Sandi a IVati onal Labo ra to r i es ,  A1 buquerque, NM. 

5. Jones, C.L., 1973, S a l t  depos i ts  o f  Los Medanos area, Eddy and Lea 
Count ies.  Mew Mexico, w i t h  sec t i ons  on groundwater hydro logy  by M.E. 
Cooley and s u r f i c i a l  geology by  G.O. Bachman: U.S. Geo log ica l  Survey 
Open-F -il e Repor t  USGS-4339-7, 67 p. 

6 .  Powers, D.W., Lambert, S.J., Sha f fe r ,  S-E, H i l l ,  L.R., Weart, W.D., 
eds., 1978, Geo log ica l  c h a r a c t e r i z a t i o n  r e p o r t ,  Waste I so l  a t i o n  P i l o t  
P l a n t  (WIPP), sou theas te rn  New Mexico; SAND78-1596, vo l .  I and 11, 
Sandi a N a t i o n a l  Labo ra to r i es ,  A1 buquerque, NM. 







Appendix A  

JUST IF1  CATION 

D. 1. Powers 
D i v i s i o n  4511 

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





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  W.D. Weart, 

dated 8/6/79, "WIPP 34 Scope o f  Work" and t h e  memorandum from W.D. Weart 

t o  R.D. S t a t l e r ,  dated 5/15/79, "WIPP 34 Scope o f  Work M o d i f i c a t i o n " .  

These documents p r o v i  de d e t a i l  s o f  background i n f o rma t i on  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 reade r  i s  

c a ~ l t i o n e d ,  t h e r e f o r e ,  t h a t  t he  d e t a i l s  o f  t h e  program may have been 

a1 t e r e d  as i n f  ormat ion became a v a i l a b l e  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 i v e  

hypotheses or i deas  g u i d i n g  t h e  program fo rmu l  a t i o n  may need r e v i s i o n  

based on i n f o r m a t i o n  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 deal w i t h  such i tems.  
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Iro!l-i D. W .  P o w e r s ,  4 5 1 1  

s!~blric.t. W I P P  3 4  , S c o p e  o f  W o r k  

O b j e c t i v e :  WIPP 34  w i l l  p r i m a r i l y  b e  a  t e s t  o f  t h e  n a t u r e  
and  o r i g i n  o f  t h e  c l o s e d  c o n t o u r s  ( e . g .  F i g u r e  1) o n  m a r k e r  
b e d s  f r o m  t o p  o f  S a l a d o  t o  t o p  o f  R u s t l e r  i n  S e c t i o n  9 ,  
T 2 2 S ,  R31E.  Maps o f  t h e s e  b e d s ,  p r o d u c e d  by  t h e  USGS, a r e  
b a s e d  o n  b o r e h o l e  d a t a  f r o m  t h e  WIPP a n d  a l s o  f r o m  t h e  
p o t a s h  i n d u s t r y .  T h e s e  m a p s  were p r e p a r e d  p a r t l y  f o r  
e v a l u a t i o n  o f  t h e  d i s t u r b e d  z o n e  i n d i c a t e d  by seismic 
r e f l e c t i o n  s u r v e y s .  T h e  b o r e h o l e  may be d e e p e n e d ,  d u r i n g  
a  l a t e r  p h a s e  o f  d r i l l i n g ,  t o  t e s t  t h e  e f f e c t s  o f  t h e  
C a s t i l e  o r  lower S a l a d o  o n  t h e  R u s t l e r .  

M e t h o d :  T h e  b o r e h o l e  w i l l  be d r i l l e d  t o  t h e  1 2 6  m a r k e r  
b e d  w h i c h  is e x p e c t e d  to  b e  a b o u t  1 8 0 0  f e e t  d e e p .  T h e  
b o r e h o l e  w i l l  b e  c o r e d  f r o m  t o p  o f  R u s t l e r  t o  t h e  1 2 6  
m a r k e r  b e d .  I n  a d d i t i o n ,  t h e  b o r e h o l e  w i l l  b e  d r i l l e d  t o  
m i n i m i z e  r e - e n t r y  work  i f  t h e  b o r e h o l e  i s  l a t e r  d e e p e n e d  
t o  t e s t  t h e  C a s t i l e  F o r m a t i o n .  T h e  b o r e h o l e  w i l l  a l s o  be 
d r i l l e d  t o  m a i n t a i n  t h e  o p t i o n  f o r  l a t e r  h y d r o l o g i c  
t e s t i n g .  

D e t a i l s :  T h e  b o r e h o l e  w i l l  b e  l o g g e d  t o  d e t e r m i n e  t h e  -- 
f o r m a t i o n  r a d i o a c t i v i t y ,  a c o u s t i c  p r o p e r t i e s ,  d e n s i t y ,  
h y d r o g e n  c o n t e n t ,  p o r o s i t y ,  a t t i t u d e s ,  a n d  r e s i s t i v i t y .  
T h e s e  l o g s  may be r e q u i r e d  by t h e  p r o j e c t  l e a d e r  a t  o n e  o r  
m o r e  s t a g e s  d u r i n g  d r i l l i n g ,  p o s s i b l y  b e f o r e  o r  d u r i n g  
c o r i n g ,  a n d  a t  t h e  t o t a l  d e p t h .  A f t e r  r e a c h i n g  t o t a l  
d e p t h ,  a n  u p - h o l e  v e l o c i t y  s u r v e y  w i l l  be c o n d u c t e d .  A l l  
b o r e h o l e  l o g s  w i l l  be r e c o r d e d  o n  m a g n e t i c  t a p e s  a n d  t a p e s  
d u p l i c a t e d  b e f o r e  d e l i v e r y  to  S a n d i a .  I n  a d d i t i o n ,  t h e  
mud s h o u l d  be c o n t i n u o u s l y  m o n i t o r e d  f o r  n i t r o g e n ,  c a r b o n  
d i o x i d e ,  h y d r o c a r b o n  g a s e s ,  a n d  h y d r o g e n  s u l f i d e ,  a l t h o u g h  
t h e s e  g a s e s  a r e  n o t  e x p e c t e d  t o  be o f  a n y  c o n s e q u e n c e .  
T h e  r e c o r d  s h o u l d  i n c l u d e  times o f  a l l  g a s  o c c u r r e n c e s .  
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Ex t r ao rd ina ry  c o r i n g  measures a r e  not  now i d e n t i f i e d  s i n c e  
t h e  t a r g e t  is broad.  Coring from about t h e  top  of t h e  
R u s t l e r  t o  about t h e  126 marker bed should be cont inuous 
a l though complete recovery is not expec ted .  The m i n i m u m  
accep tab le  s i z e  co re  is N X .  Core w i l l  r e q u i r e  marking, 
handl ing ,  photography and s t o r a g e  i n  accordance w i t h  
s t anda rd  procedures  s i m i l a r  t o  those  app l i ed  t o  AEC 7 .  

Hydrologic t e s t i n g ,  i f  a p p r o p r i a t e ,  w i l l  be based on f i e l d  
cond i t i ons  a t  t h e  time of d r i l l i n g .  

Rorehole Prognosis :  

Prognos is  f o r  WIPP 34 

Locat ion:  about  2000' ' fwl ,  , 1 0 0 '  f s l ,  S e c t i o n  9 ,  T22S, R 3 1 E  

S u r f a c e  e l e v a t i o n :  about 3440' above mean sea  l e v e l  

Horizon . Approximate ~ e ~ t h l  i n  Fee t  

top  of R u s t l e r  Fm 655 
top  of Magenta Dolomite 7 2 0  
top  of Culebra  Dolomite 825 
t o p  of Sa lado  Fm 990 
top of Sa lado  s a l t  990  
base of MB 1 2 4  1730 
base of MB 1 2 6  1810 

I 

l ~ e ~ t h s  based p r i m a r i l y  on p re l imina ry  s t r u c t u r e  
contour maps by R .  P. Snyder,  USGS, Denver. 

The l o c a t i o n  of WIPP 34 is  w i t h i n  t h e  gene ra l  boundar ies  
of t h e  " d i s t u r b e d  zone" a s  def ined  by se i smic  r e f l e c t i o n  
d a t a .  There is  l i t t l e  informat ion on prognos is  t o  be 
added from p r e s e n t  geophys ica l  in format ion .  

The geo log ic  anomalies being examined appear r e l a t i v e l y  
minor and no e x t r a o r d i n a r y  s a f e t y  measures should be 
necessary  f o r  gas occu r rences .  A s  u s u a l ,  some p o s s i b i l i t y  
of encounter ing a  n i t rogen  pocket w i t h i n  t h e  Sa lado  e x i s t s .  
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F i e l d  S u p p o r t  and C o o r d i n a t i o n :  ~ i v i s i o n  4511 w i l l  he 
r e s p o n s i b l e  f y r  t h e  t e c h n i c a l  program on WIPP 34 ( s e e  
F i g u r e  2 ) .  D i v i s i o n  1133 w i l l  p r o v i d e  f i e l d  e n g i n e e r i n g  
s u p p o r t  f o r  a l l  d r i l l i n g  a c t i v i t i e s .  The USGS w i l l  be 
r e s p o n s i b l e  f o r  c o r e  d e s c r i p t i o n  and w i l l  p r o v i d e  t e c h n i c a l  
e x p e r t i s e  r e g a r d i n g  t h e  geology and hydrology.  The 
U S G S / K K D  is e x p e c t e d  t o  under take  g e o p h y s i c a l  l o g g i n g  of 
t h e  h o l e  t o  complement commercial Logging. 

Q u a l i t y  Assurance:  The o v e r a l l  q u a l i t y  c l a s s i f i c a t i o n  of - 7-- 

t h i s  program 1 s  minor because  t h e  v a l i d i t y  of t e s t s  and 
measurements  can be a s c e r t a i n e d  by review and t h e  a c t i v i t y  
does  not  r e p r e s e n t  a  major programmatic  impact t o  t h e  WIPP 
m i s s i o n .  The n a t u r e  of t h e  program r e q u i r e s  p r o f e s s i o n a l  
q e o l o g i s t s  and h y d r o l o g i s t s  t o  c a r r y  o u t  measurements and 
d e s c r i p t i o n .  The USGS i s  r e s p o n s i b l e  f o r  c o r e  d e s c r i p t i o n ;  
t h e  U S G S  i s  r e s p o n s i b l e  i n t e r n a l l y  f o r  q u a l i t y  a s s u r a n c e  
f o r  ~ t s  p a r t  of t h i s  prorjram. S a n d i a  L a b o r a t o r i e s  w i l l  
~ p p l y  a p p r o p r i a t e  q u a l i t y  measures  t o  d r i l l i n g  and l o g g i n g .  
Uorehole  l o g g i n g  i s  an i m p o r t a n t  i n t e r p r e t i v e  t o o l ,  and 
t he logg ing  shou ld  be completed by an exper ienced  l o g g i n g  
c n g l n e e r  us ing  l n d u s t r y  s t a n d a r d s  and p r a c t i c e s .  The 
p r o j e c t  l e a d e r ,  D .  W. ~ o w c r s ,  w i l l  review t h e  g e o l o g i c  
l ~ l f o r m a t i o n  clnd i n s p e c t  g e o l o g i c a l  o p e r a t i o n s  a s  n e c e s s a r y .  

F u ~ : t h c r  S t u d i e s :  The e x t e n t  o f  c o r e  examina t ion  and s t u d y  
w i l l  depend on t h e  a p p a r e n t  r e a s o n s  f o r  t h e  s t r u c t u r e  
c o n t o u r s .  V i s u a l  examina t ion  and s l a b b i n g  can be e x p e c t e d ;  
; - e t r o g r a p h i c  examina t ion  may then be deemed n e c e s s a r y .  
Geochemical s t u d i e s  of s o l u t i o n  r e s i d u e s  o r  m i n e r a l i z a t i o n  
;nay be under taken i f  a p p r o p r i a t e .  Hydro log ic  t e s t i n g  may 
t:c war ran ted  bv unusual  h c r e h o l e  c o n d i t i o n s .  A c o u s t i c  
p r o p e r t i e s  w i l ?  be used t o  b e t t e r  unders tand  t h e  s e i s m i c  
r e f l e c t i o n  d a t d .  E x t r a o r ~ l i n a r y  measures o r  t e c h n i q u e s  may 
b e  described e l s e w h e r e  when a p p r o p r i a t e .  

C o p y  t o :  
W. P .  Armstronq,  WPO, DOk:/ALO 
kc. S .  ~ w c n h o f e l ,  USGS, S p e c i a l  P r o j e c t s  Branch,  Denver ,  CO 
J .  Mc:,~nn, U S G S ,  Water Resources  D i v i s i o n ,  Albuquerque ,  N M  
:133 R .  D .  S t a t l c r  
1135 P .  D .  Scward 
4500 E. 14. Heckner 
4510 w. D. Weart 
4511 L .  J .  Barrows 
4 5 1 1  D .  D .  Conzalcz  
4511 S .  J .  Lambert 
4542 Sandia WIPP C e n t r a l  F i l e  ( o r i g i n a l )  
4511 D. W .  powers 



F ' i y u r t .  1 : S t r u c t u r a l  i n t e r p r e t a t i o n  from borehole d a t a .  

A - 7  



WIPP 34 O R G A N I Z A T I O N  

F i g u r e  2 

A-8 

L 

N u c l e a r  W a s t e  a n d  
E n v i r o n m e n t a l  P r o g r a m s  

D i r e c t o r  4500 
E .  H.  B e c k n e r  

QA C h i e f  
J .  T .  H e n d e r s o n  

4542 
I 

6 

W a s t e  Management 
T e c h n o l o g y  

D e p a r t m e n t  4510 
W .  D .  W e a r t  

t 
N u c l e a r  W a s t e  

T e c h n o l o g y  
D i v i s i o n  4 5 1 1  

W .  D .  W e a r t ,  A c t i n g  

B o r e h o l e  p r o j e c t  L e a d e r  
D .  W .  P o w e r s ,  4 5 1 1  

2 

H y d r o l o g y  
D .  D .  G o n z a l e z ,  4 5 1 1  

F 
F i e l d  E n g i n e e r i n g  

R .  D .  S t a t l e r ,  1 1 3 3  

---{-I F i e l d  S u p p o r t  
T o  DOE 

A 

' I 

. 

G e o c h e m i s t r y  
S .  J.  L a m b e r t ,  4511  

i 



MODIFICATION 
A u g u s t  1 5 ,  1 9 7 9  

WIPP 

STATEMENT OF WORK 

FOR 

/ 
WIPP 34 

P r e p a r e d  by:  
e r g ,  P r i n c i p a l  I n v e s t i g a t o r  

O r g a n i z a t i o n  A p p r o v a l :  

R e v i e w e d  8 y :  - b , - 
L .  J .I B a r r o w s ,  Peer R e v i e w e r  

I ,  

H e n d e r s o n ,  Qk C h i e f  

Approved By: 



Sandia Laboratories 
d a t e  A u g u s t  1 5 ,  1 9 7 9  

to:  R .  D .  S t a t l e r ,  1 1 3 3  

Albuquerque. Neb*" Mexico 
L~vermore. C a i ~ f o r n ~ a  

/Yip~:~r,-. ,  Y - j - 5 ' .  
. D .  W e a r t ,  4510 

I W I P P  34 S c o p e  o f  Wor k Mod i f  i c a  t i o n  

P l e a s e  m o d i f y  t h e  m e m o ,  D .  W .  P o w e r s  t o  W .  D .  Weart, d a t e d  
A u g u s t  6 ,  1 9 7 9 ,  r e g a r d i n g  t h e  WIPP 34 S c o p e  o f  Work a s  f o l l o w s :  

T h e  p a r a g r a p h  e n t i t l e d  " D e t a i l s : "  D e l e t e  t h e  s e n t e n c e  w h i c h  
b e g i n s ,  " I n  a d d i t i o n ,  t h e  mud s h o u l d  b e  c o n t i n u o u s l y  m o n i t o r e d  
. . . " a n d  r e p l a c e  i t  w i t h  t h e  s e n t e n c e  w h i c h  s t a t e s ,  "Mud 
l o g g i n g  w i l l  n o t  be r e q u i r e d  f o r  t h e  i n i t i a l  d r i l l i n g  p h a s e  
d u r i n g  w h i c h  t h e  b o r e h o l e  w i l l  e x t e n d  to  t h e  1 2 6  m a r k e r  b e d .  
S h o u l d  t h e  h o l e  b e  d e e p e n e d  b e y o n d  t h i s  p o i n t  i n  t h e  f u t u r e ,  
t h e  mud s h o u l d  b e  c o n t i n u o u s l y  m o n i t o r e d  f o r  n i t r o g e n ,  c a r b o n  
d i o x i d e ,  h y d r o c a r b o n  g a s e s ,  a n d  h y d r o g e n  s u l f i d e ,  a l t h o u g h  
t h e s e  g a s e s  a r e  n o t  e x p e c t e d  t o  b e  o f  a n y  c o n s e q u e n c e . "  

Copy  to :  
W .  P .  A r m s t r o n g ,  \GPO, DOEIiALO 
F. S .  T w e n h o f e l ,  USGS, S p e c i a l  p r o j e c t s  B r a n c h ,  D e n v e r ,  CO 
J .  McLean ,  U S G S ,  W a t e r  R e s o u r c e s  D i v i s i o n ,  A l b u q u e r q u e ,  NM 
1 1 3 5  P.  D .  S e w a r d  
4500  E .  H .  B e c k n e r  
4 5 1 1  D .  W .  P o w e r s  
4 5 1 1  L .  J .  B a r r o w s  
4 5 1 1  D .  D .  G o n z a l e z  
4 5 1 1  S .  J .  L a r n b e r t  
4 5 4 2  S a n d i a  WIPP C e n t r a l  F i l e  
4510  W. D .  W e a r t  



Appendix B 

D r i l l i n g  and T e s t i n g  P lan  

R.D. S t a t l e r  
D i v i s i o n  1133 

an d  
P.D. Seward 

D i v i s i o n  1135 
S  andi a N a tona l  L a b o r a t o r i e s  





INTRODUCTION TO APPENDIX B, DRILLING AND TESTING PLAN I 

The d r i l l i n g  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  of t e c h n i c a l  

o b j e c t i v e s  con ta ined  i n  documents i n  Appendix A  i n t o  f i e l d  eng inee r i ng  

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

permi ts  o b t a i  ned f r om va r i ous  agencies p r i o r  t o  d r i l l  i n g  a re  kep t  on f i l e  

bu t  are no t  i n c l u d e d  here. 





Sandia laboratories 
date: J u l y  2 6 ,  1979 

'0: D i s t r i b u t i o n  

I 

Albuquerque. New Mex~co 
Livermore. Cal~forn~a 

from R .  

s u b ~ e c t ' ~ i t e  I n v e s t i g a t i o n s  f o r  WJPP 5 4  
\ 

The a t t a c h e d  document c o n t a i n s  t h e  F i e l d  O p e r a t i o n s  P l a n  f o r  
an e x p l o r a t o r y  b o l e  WIPP 34. D r i l l i n g ,  l o g g i n g ,  c o r i n g ,  2nd 
cement ing  p r o c e d u r e s  a r e  i n c l u d e d  f o r  y o u r f u s e  and i n f o m a t i o n .  
R e v i s i o n s  and a d d i t i o n s  s h a l l  be added t o  t h i s  document a s  
r e q u i r e d  and a p p r o p r i a t e  d i s t r i b u t i o n  made. 

D i s t r i b ~ t i o n :  
C .  L .  J o n e s ,  USGS, S p e c i a l  P r o j e c t s  D i v . ,  Denver ,  CO 
J .  W .  M e r c e r ,  USGS/;4VRD, Albuquerque ,  NJT ( 3 )  
G .  0 .  Rachman, USGSIWRD, Albuquerque ,  NM 
R .  Ta f t . ,  DOE/KVOO, Las Vegas,  NV 
D .  S c h u e l e r ,  DOE/ALO 
J .  C r o s s ,  FGS, Las Vegas ,  NV 
W. E .  Cuhningham, F&S,  C a r l s b a d ,  NN ( 3 )  
I+'. E .  Armst rong,  DOE/Carlsbad 
W .  S .  Twenhofel., USGS, S p e c i a l  P r o j e c t s  D i v . ,  Denver ,  CC 
D.  Van S i c k l e ,  USGS/Area G e o l o g i s t ,  Roswel l ,  I N  

1130 H .  E .  Viney 
1133 C .  W. G u l i c k  
1133 W .  C .  !Vilson 
1135 P .  D .  Seward 
1135 J .  E .  Xagruder  
4510 11,'. n.  w c a r t  
4511 h'. D. Weart ( A c t g . )  
4511 S. J.  Lan1bel.t 
4511 D .  Itr. Powers 
4511 D .  D .  Gonza les  
4542 J .  T .  Henderson 
4542 J .  W. McKiernan 
4542 KIPP C e n t r a l  F i l e s  
11.33 R .  D .  S t a t l e r  (3) 



F i e l d  O p e r a t i o n s  P l a n  o f  S a n d i a  L a b o r a t o r i e s  

WIPP S i t e  I n v e s t i g a t i o n s  

"Dis tu rbed  Zone" 

E x p l o r a t o r y  Wel l :  WIPP 34 

Los Medanos Area:  S e c t i o n  9 ,  Township 22S, Range 31E 

Eddy County ,  New Mexico 

P u r p o s e :  To d e t e r m i n e  t h e  n a t u r e  and o r i g i n  o f  t h i n  f o r m a t i o n s  
above t h e  S a l a d o  a s  d e f i n e d  by p r o j e c t i n g  a d j a c e n t  
b o r e h o l e  d a t a .  

P r e p a r e d  by p r  

F i e l d  E n g i n e e r i n g  P r o j e c t s  
D i v i s i o n  1133 

Reviewed by lt!gL@~ 

N u c l e a r  Waste Technology 
D i v i s i o n  4511 

Approved by 

N u c l e a r  Waste programs 
D i v i s i o n  4542 



TABLE OF CONTENTS 

'Page 

INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . .  i 
. . . . . . . . . . . . .  1 . FIELD OPERATIONS PROGRAM CRITERIA 1 

2 . FIELD OPERATIONS PLAN 

2 . 1  O r g a n i z a t i o n  . . . . . . . . . . . . . . . . . . . . .  5 

2 . 2  S u p p o r t  Da ta  . . . . . . . . . . . . . . . . . . . . .  5  

2 . 3  D r i l l i n g  P a r a m e t e r s  and  Expec ted  D r i l l i n g  
Requ i remen t s  . . . . . . . . . . . . . . . . . . . . .  6 

2.4 D i s c u s s i o n  o f  P o t e n t i a l  Haza rds  . . . . . . . . . .  6 

3  . FIELD OPERATING PROCEDURES FOR QUALITY CONTROL REQUIREMENTS 

3 . 1  Measurement o f  S u r f a c e  L o c a t i o n  and  E l e v a t i o n  . . .  8 

. . . . . . . . . . . . . .  3 . 2  Cor ing  O p e r a t i o n s  P r o c e d u r e  9 

3 . 2 . 1  I n t r o d u c t i o n  . . . . . . . . . . . . . . . . .  9 

3 . 2 . 2  Scope o f  Work . . . . . . . . . . . . . . . . .  9 

3 . 2 . 3  O r g a n i z a t i o n  . . . . . . . . . . . . . . . . .  9 

. . . . . . . . . . . . . . . . . . .  3.2 - 4  O p e r a t i o n s  9 

3 . 2 . 5  Records  . . . . . . . . . . . . . . . . . . . .  1 2  

3 . 3  Boreho le  G e o p h y s i c a l  Logging O p e r a t i o n s  P r o c e d u r e  . . 14  

3 . 3 . 1  I n t r o d u c t i o n  . . . . . . . . . . . . . . . . .  1 4  

3 . 3 . 2  Scope o f  Kork . . . . . . . . . . . . . . . . .  14 

3 . 3 . 3  O r g a n i z a t i o n  . . . . . . . . . . . . . . . . .  1 4  

3 . 3 . 4  O p e r a t i o n s  . . . . . . . . . . . . . . . . . .  1 4  

3 . 3 . 5  Records  . . . . . . . . . . . . . . . . . . . .  1 5  

4 . 1  D a i l y ~ e p o r t  . . . . . . . . . . . . . . . . . . . .  2 1  

4 . 2  Hole  H i s t o r y  . . . . . . . . . . . . . . . . . . . .  21 

. . . . . . . . . . . . . . . .  4 . 3  ~ l i s c e l l a n e o u s  Records  2 1  



INTRODUCTI 

T h i s  document b e g i n s  w i t h  a  s c o p e  o f  work f o r  a n  
e x p l o r a t o r y  w e l l ,  WIPP 3 4 ,  t o  o b t a i n  i n f o r m a t i o n  
and  s a m p l e s  t o  a i d  i n  i n t e r p r e t a t i o n  o f  t h e  o r i g i n  
and a g e  o f  a " d i s t u r b e d  zone" a s  d e f i n e d  by s e i s m i c  
r e f l e c t i o n  d a t a .  I t  d e s c r i b e s  t h e  o p e r a t i o n a l  p l a n  
f o r  c o n d u c t i n g  t h e  f i e l d  a c t i v i t i e s  r e q u i r e d  t o  mee t  
s p e c i f i e d  o b j e c t i v e s .  I t  i n c l u d e s  p r o c e d u r e s  w i t h  
d r a w i n g s ,  s p e c i f i c a t i o n s ,  and i n s t r u c t i o n s  n e c e s s a r y  
f o r  q u a ] - i t y  c o n t r o l  o f  e s s e n t i a l  f e a t u r e s .  



1. F I E L D  O P E R A T I O N S  PROGRAM C R I T E R I A  

The f o l l o w i n g  memorandum has  been p u b l i s h e d  as t h e  d e s i g n  
c r i t e r i a  f o r  WIPP 3 4 ,  and i t  i s  be ing  reproduced h e r e  i n  
i t s  e n t i r e t y .  

(The above r e f e r e n c e d  document, WIPP 3 4 ,  
Scope o f  Work, i s  d e l e t e d  from t h e  

b r e p r o d u c t i o n  o f  t h e  F i e l d  O p e r a t i o n s  P l a n .  
The SOW h a s  been reproduced,  w i t h  modi f i -  
c a t i o n s ,  i n  Appendix A . )  



I 

2. FIELD OPERATIONS PLAN - WIPP 34 

2 .1  O r g a n i z a t i o n  

T e c h n i c a l  d i r e c t i o n  w i l l  o r i g i n a t e  w i t h i n  S a n d i a  D i v i s i o n  
4511.  F i e l d  o p e r a t i o n s ,  managed by Bob S t a t l e r ,  S a n d i a  
D i v i s i o n  1133,  w i l l  b e  c o n d u c t e d  by W .  E .  Cunningham, 
F e n i x  6 S c i s s o n .  D r i l l i n g  c o n t r a c t  and a s s o c i a t e d  s u p p o r t  
s e r v i c e  c o n t r a c t s  w i l l  b e  l e t  and a d m i n i s t e r e d  by F6S a s  
a r r a n g e d  f o r  by F e d e r a l  Agency Order  t h r o u g h  Nevada Opera-  
t i o n s  O f f i c e ,  DOE. 

I d e n t i f i c a t i o n  o f  marker  b e d s ,  c o r e  l o g g i n g  and o t h e r  
g e o l o g i c  i n t e r p r e t a t i o n s  w i l l  be  p r o v i d e d  by d u t y  g e o l o g i s t .  

Q u a l i t y  c o n t r o l  and i n s p e c t i o n  w i l l  be  c o n d u c t e d  by, 
d e s i g n a t e d  e x p e r t s .  

A d m i n i s t r a t i v e  a s s i s t a n c e ,  l o g i s t i c a l  s u p p o r t  o f  S a n d i a  
Programs w i l l  be  p r o v i d e d  by P. D. Seward and J .  E .  
Magruder , S a n d i a  D i v i s i o n  1135 .  

2 . 2  S u p p o r t  Data  - WIPP 34 S e c  9 ,  T22S, R31E 2 0 0 1 f s l ,  20001fwl  

Geology 

The g e o l o g y  o f  t h e  d r i l l  l o c a t i o n  i s  n o t  c e r t a i n  and t h e  
s t r a t i g r a p h y  may p r o v e  u n u s u a l .  The f o l l o w i n g  p r o g n o s i s ,  
p r o v i d e d  by C .  L .  J o n e s ,  USGS, and D .  W .  Powers ,  4511,  
i s  based  on p r o j e c t i o n s  from n e a r b y  h o l e s  assuming normal  
c o n d i t i o n s  : 

Ground E l e v a t i o n  above  Sea Leve l  3435'  

Top R u s t l e r  4 6 5 0 '  

Magenta 

C u l e b r a  

S a l a d o  

E s t  TD 



2.3 D r i l l i n g  P a r a m e t e r s  and  E x p e c t e d  D r i l l i n g  Requ i remen t s  

2 .3 .1  C o n s t r u c t  s u i t a b l e  a c c e s s  r o a d .  Leve l  and  p r e p a r e  
a  s u r f a c e  l o c a t i o n  o f  100 '  x  200 '  min imal  s i z e  
u s i n g  a p p r o x i m a t e l y  6" c a l i c h e  b a s e .  

2 .3 .2  Machine a u g e r  a  c o n d u c t o r  h o l e  o f  s u f f i c i e n t  d e p t h  
and  d i a m e t e r  t o  p e r m i t  i n s t a l l a t i o n  and  cemen t ing  
o n e  j o i n t  o f  a  30 -40 '  x  13-3 /8"  O.D. s u r f a c e  c a s i n g .  

C o n s t r u c t  a  t i m b e r - c r i b b e d  c e l l a r  which  w i l l  b e  
c o m p a t i b l e  w i t h  a p p r o p r i a t e  w e l l h e a d  s a f e t y  e q u i p -  
ment and o t h e r  a s s o c i a t e d  d r i l l i n g  eqd ipmen t .  

2 . 3 . 3  Move i n  and  r i g  up t o  r o t a r y  d r i l l  7-7/8" d i a m e t e r  
h o l e  t o  t o p  o f  R u s t l e r  (rv6501).  Begin  c o n t i n u o u s  
c o r i n g  t a k i n g  NC s i z e  o r  l a r g e r  t o  a  TD o f  1 8 1 0 : .  
Use c i r c u l a t i n g  f l u i d s  b e s t  s u i t e d  t o  enhance  f u l l  
c o r e  r e c o v e r y .  

A l l  c o r e  i s  t o  b e  l o g g e d ,  marked and h a n d l e d  a c c o r d -  
i n g  t o  p r o c e d u r e s  o u t l i n e d  i n  S e c t i o n  3 .2 .  

2.3.4 F o l l o w i n g  c o r i n g  o p e r a t i o n s ,  h o l e  s h o u l d  be  opened  
and  c o n d i t i o n e d  f o r  r u n n i n g  l o g s  by commerc ia l  
s e r v i c e  and  USGS/\\rRD. Logs t o  b e  r u n  i n c l u d e  s o n i c ,  
r e s i s t i v i t y ,  d e n s i t y ,  gamma, n e u t r o n ,  d i p - l o g  and  
u p - h o l e  v e l o c i t y .  P r o c e d u r e s  f o r  l o g g i n g  program 
a r e  o u t l i n e d  i n  S e c t i o n  3 .3 .  

2 .3 .5  When r o t a r y  d r i l l i n g ,  t a k e  d r i l l  c u t t i n g s  a t  5 '  
i n t e r v a l s ,  l o g ,  mark ,  and  r e t a i n  f o r  s t o r a g e  i n  
1 0 0 '  b u n d l e s .  

2 . 3 . 6  When l o g g i n g  i s  c o m p l e t e d ,  r e c o n d i t i o n  h o l e  and  
f i l l  w i t h  f l u i d  c o m p a t i b l e  w i t h  f o r m a t i o n  encountered. 

2 .3 .7  C l e a n  up pad a r e a ,  f i l l  i n  p i t s  and  l e a v e  h o l e  
t e m p o r a r i l y  abandoned p e n d i n g  s u b s e q u e n t  r e o c c u p a t i o n  
f o r  p o s s i b l e  t e s t i n g .  

A s  s t a t e d  p r e v i o u s l y ,  t h e  d r i l l i n g  program may b e  a d j u s t e d  
t o  p r o v i d e  f o r  a  s t u d y  o f  a b n o r m a l i t i e s .  I f  t h e  d r i l l i n g  
program r e v e a l s  abnormal  s t r a t i g r a p h y ,  t h e  q r o g r e s s  may b e  
r e v i s e d  i n  t h e  f i e l d .  

2.4 D i s c u s s i o n  o f  P o t e n t i a l  Haza rds  

D r i l l i n g  t h i s  h o l e  may p r o d u c e  u n u s u a l  f l u i d s  a n d / o r  ;as  
p o c k e t s .  P r e p a r a t i o n s  s h o u l d  b e  i n c l u d e d  f o r  m o n i t o r i n g  
and  f l a r i n g  c o m b u s t i b l e  g a s e s .  



3 .  FIELD OPERATING PROCEDURES FOR QUALITY CONTROL WEQIFIKEMENTS ' 

Some p a r t s  o f  t h i s  program a r e  c o n s i d e r e d  i m p o r t a n t  enough 
t o  e s t a b l i s h  s p e c i f i c  p r o c e d u r e s  f o r  t h e i r  c o n d u c t .  These  
a c t i v i t i e s  a r e :  

Measurement o f  S u r f a c e  L o c a t i o n  and E l e v a t i o n .  
See  Sec t i -on  3.1 

* Coring O p e r a t i o n s .  See  S e c t i o n  3.2 

' Geophys ica l  Logging O p e r a t i o n s .  See  S e c t i o n  3 . 3  

The above a c t i v i t i e s  s h o u l d  b e  m o n i t o r e d  i n  d e t a i l  o r  reviewed 
by d e s i g n a t e d  e x p e r t s  whose e d u c a t i o n ,  knowledge a n d / o r  
e x p e r i e n c e  makes him q u a l i f i e d  t o  a s s u r e  a d h e r e n c e  t o  o p e r a t i n g  
p r o c e d u r e s  o r  t o  a s c e r t a i n  o r  c e r t i f y  t h a t  d e s i r e d  o b j e c t i v e s  
have been met .  

When d e s i g n a t e d ,  t h i s  i n d i v i d u a l  s h a l l  t a k e  a p p r o p r i a t e  measure  
t o  n e g o t i a t e  w i t h  p e r t i n e n t  o f f i c i a l s  t o  wha tever  e x t e n t  
n e c e s s a r y  t o  a s s u r e  a c c e p t a b l e  r e s u l t s .  



Measurement o f  S u r f a c e  L o c a t i o n  and E l e v a t i o n  

The g e n e r a l  l o c a t i o n  w i l l  be e s t a b l i s h e d  by D i v i s i o n  4511 
f o l l o w i n g  a r e v i e w  o f  r e s i s t i v i t y  s u r v e y s ,  s u r f a c e  f e a t u r e s ,  
a c c e s s i b i l i t y  and o t h e r  g e o - p o l i t i c a l  c o n s i d e r a t i o n s .  
A p r e l i m i n a r y  l a n d  s u r v e y  s h a l l  be  conduc ted  by a  R e g i s t e r e d  
Land Surveyor  t o  e s t a b l i s h  a c c e s s  r o u t e s  and s e t  s t a k e s  
f o r  d r i l l  l o c a t i o n  and pad b o u n d a r i e s .  Dimension o f  t h e  
l o c a t i o n  w i l l  be  e s t a b l i s h e d  w i t h  n e a r e s t  s e c t i o n  b o u n d a r i e s  
and n e a r e s t  marked s e c t i o n  c o r n e r s  t o  p r o v i d e  d a t a  n e c e s s a r y  
f o r  o b t a i n i n g  l a n d  u s e  p e r m i t s .  Drawings o r  s k e t c h e s  
s u i t a b l e  f o r  c o n s t r u c t i o n  u s e  s h a l l  be s u b m i t t e d .  A f t e r  pad 
c o n s t r u c t i o n  i s  conlplete  and a t  t h e  t ime  o f  h o l e  s p u d d i n g ,  
a  c o n c r e t e  monument w i t h  a  b r a s s  c a p  w i l l  be s e t  i n  t h e  
immediate  v i c i n i t y  o f  t h e  b o r e h o l e  such t h a t  i t  can  be  
u s e d  a s  t h e  datum p o i n t  f o r  a l l  b o r e h o l e  v e r t i c a l  measure-  
men ts .  Once t h i s  monument i s  e s t a b l i s h e d ,  t h i s  r~ionument 
and i t s  l a t e r a l  r e l a t i o n  t o  b o r e h o l e  a x i s  i s  t o  be 
su rveyed  by a  R e g i s t e r e d  Land Surveyor  t o  e s t a b l i s h  t h e  
v e r t i c a l  e l e v a t i o n  w i t h i n  + 1' o f  t h e  n e a r e s t  NGS monument 
and t h e  l a t e r a l  c o o r d i n a t e s  w i t h i n  + 1' w i t h  r e s p e c t  t o  
n e a r e s t .  s e c t i o n  b o u n d a r i e s  and r e c o v e r a b l e  s e c t i o n  c o r n e r s .  



3 .2  Cor ing  O p e r a t i o n s  P r o c e d u r e  of  S a n d i a  L a b o r a t o r i e s  - I 

WIPF S i t e  I n v e s t i g a t i o n s  

3 . 2 . 1  I n t r o d u c t i o n  

T h i s  p r o c e d u r e  i s  p r e p a r e d  by t h e  F i e l d  E n g i n e e r i n g  
D i v i s i o n  1133 f o r  u s e  i n  S a n d i a  L a b o r a t o r i e s 1  WIPP 
Program. The o b j e c t i v e  i s  t o  e s t a b l i s h  t h e  meth0d.s 
and t e c h n i q u e s  t o  be  u s e d  i n  c o r i n g  o p e r a t i o n s  i n  - 
o r d e r  t o  o b t a i n  r e l i a b l e  samples  i n  a  un i fo rm manner .  

3 .2 .2  Scope of  Work 

T h i s  c o r i n g  o p e r a t i o n  i s  done a s  p a r t  o f  an  i n v e s t i -  
g a t i o n  t o  t e s t  t h e  n a t u r e  and o r i g i n  o f  t h e  c l o s e d  
c o n t o u r s  above t h e  S a l a d o  Format ion .  Cor ing  ' 
o p e r a t i o n  w i l l  c o n s i s t  o f  t a k i n g  a p p r o x i m a t e l y  
1200 '  o f  NC s i z e  c o r e  o r  l a r g e r  t o  a  TD o f  
a p p r o x i m a t e l y  1 8 1 0 ' .  Core i s  t o  be  removed from 
t h e  c o r e  b a r r e l ,  l o g g e d ,  measured ,  c l e a n e d ,  marked,  
p h o t o g r a p h e d ,  packaged ,  t r a n s p o r t e d  and s t o r e d  
a c c o r d i n g  t o  t h e  p r o c e d u r e s  p r e s e n t e d  i n  t h i s  
document.  

3 . 2 . 3  Ornani  z a t i o n  

S a n d i a  L a b o r a t o r i e s  i s  c o n d u c t i n g  t h i s  f i e l d  work 
u n d e r  t e c h n i c a l  d i r e c t i o n  from D i v i s i o n  4511 and 
t h e  S a n d i a  F i e l d  E n g i n e e r i n g  D i v i s i o n  1133 w i l l  
manage t h e  f i e l d  o p e r a t i o n s .  

S a n d i a  Labs h a s  a r r a n g e d  w i t h  Nevada O p e r a t i o n s  
O f f i c e ,  DOE,  f o r  t h e i r  c o n t r a c t o r ,  F e n i x  6 S c i s s o n ,  
t o  p r e p a r e  and a d m i n i s t e r  a  f i e l d  program on b e h a l f  
o f  S a n d i a  and from c r i t e r i a  p r o v i d e d  by S a n d i a  t h a t  
i n c l u d e s  t h e  t a k i n g  o f  c o r e .  The d r i l l i n g  
c o n t r a c t o r ,  t h e  c o r i n g  c o n t r a c t o r  and t h e  r o u s t a b o u t  
c o n t r a c t o r  a r e  u n d e r  c o n t r a c t  t o  F e n i x  6 S c i s s o n .  

I 
S a n d i a  Labs h a s  a r r a n g e d  w i t h  Albuquerque  O p e r a t i o n s ,  
D O E ,  f o r  s u p p o r t  o f  USGS. IJSGS w i l l  p r o v i d e  t h e  
d u t y  g e o l o g i s t  f o r  l o g g i n g  and i d e n t i f y i n g  t h e  c o r e  

I 
I 

and s u p e r v i s i o n  o f  c o r e  h a n d l i n g  i n  t h e  f i e l d .  

S a n d i a  Labs w i l l  p r o v i d e  c o r e  pho tography .  

S a n d i a  Labs w i l l  p r o v i d e  c o r e  s t o r a g e .  

3 . 2 . 4  O p e r a t i o n s  

3 . 2 . 4 . 1  Cor ing  (FGS and T h e i r  C o n t r a c t o r s )  

Con t inuous  w i r e l i n e  c o r i n g  w i t h  N C  s i z e  
o r  l a r g e r  diamond c o r e  b i t  and a  nominal  
1 0 '  s p l i t  c o r e  b a r r e l  i s  p l a n n e d .  



3 . 2 . 4 . 1  ( c o n t i n u e d )  

O t h e r  equipment  and  m a t e r i a l  s u c h  a s  
d r i l l  c o l l a r s  and  s t a b i l i z e r s ,  d r i l l i n g  
f l u i d  s h o u l d  be  u t i l i z e d  a c c o r d i n g  t o  
b e s t  judgment t o  match  t h e  f o r m a t i o n  and  
p r o d u c e  optimum c o r e  r e c o v e r y .  

S e l e c t  and u s e  d r i l l i n g  w e i g h t ,  r o t a r y  
s p e e d  and c i r c u l a t i o n  r a t e s  t h a t  w i l l  
p r o d u c e  optimum c o r e  r e c o v e r y .  

M a i n t a i n  a  d a i l y  r e c o r d  which  shows: d a t e ;  
t o u r  and  o p e r a t i n g  p e r s o n n e l ;  s e q u e n c e  of 
c o r e  i n t e r v a l ;  d e p t h  o f  c o r e  i n t e r v a l ;  
d r i l l i n g  t i m e  o f  c o r e  i n t e r v a l ;  d r i l l i n g  
w e i g h t ;  r o t a r y  s p e e d  and  c i r c u l a t i o n  r a t e ;  
a n d ,  t y p e  c i r c u l a t i n g  f l u i d .  

3 . 2 . 4 . 2  Removal from b a r r e l  ( F e S  and t h e i r  c o n t r a c t o r s )  
c o r e  s h o u l d  be  removed from c o r e  b a r r e l  a s  
g e n t l y  a s  p o s s i b l e  t o  c a u s e  a.minimum 
a l t e r a t i o n  o f  t h e  c o r e .  L i g h t  hammering o r  
j a r r i n g  i s  p e r m i s s i b l e  b u t  heavy hammering 
o r  pounding  t h e  b a r r e l  on i t s  end  i s  t o  
be  a v o i d e d .  Removal by pumping i s  p e r m i s s i b l e .  

A s  t h e  c o r e  i s  removed i t  w i l l  be  p l a c e d  i n  
t r o u g h s  i n  t h e  o r d e r  coming o u t  o f  t h e  b a r r e l .  
Troughs  w i l l  be  marked. w i t h  r e d  a t  t o p  end  
and b l a c k  a t  bo t tom i n d i c a t i n g  down d i r e c t i o n .  

3 . 2 . 4 . 3  Logging (USGS Duty G e o l o g i s t )  

I f  c o r e  i s  s u i t a b l e  f o r  m a r k i n g ,  e a c h  ma jo r  
p i e c e  s h o u l d  be  marked w i t h  a  v i s i b l e  w a t e r -  
p r o o f  i n k  a r r o w  p o i n t i n g  i n  t h e  d i r e c t i o n  
t h e  h o l e  i s  a d v a n c i n g .  Each c o r e  p i e c e  
s h o u l d  be m e a s u r e d ,  i d e n t i f i e d  and  l o g g e d  
i n d e x i n g  e a c h  f o o t  w i t h  f o o t a g e  e x p r e s s e d  
t o  t h e  c l o s e s t  1 / 1 0  o f  a  f o o t .  Depths  
s h o u l d  b e  r e c o n c i l e d  from measurements  o f  
t h e  d r i l l  p i p e  t o  t h e  n e a r e s t  f o o t  t a k e n  
from t h e  t o p  s i d e  o f  t h e  K e l l y  Bushing  ( K B )  
u n l e s s  o t h e r w i s e  s p e c i f i e d .  Any 1 o s t  
r e c o v e r y  s h o u l d  be  l o g g e d  a t  t h e  bot tom o f  
e a c h  c o r e  i n t e r v a l  u n l e s s  known t o  be 
o t h e r w i s e  and  s o  e x p l a i n e d  on t h e  c o r e  l o g .  



3.2.4.4 Clean ing  (FhS  and C o n t r a c t o r s )  , 

Core w i l l  b e  wiped o r  b rushed  t o  remove 
s o f t  mud cake  and e x c e s s  mud as. soon a s  
p o s s i b l e  f o l l o w i n g  removal from t h e  c o r e  
b a r r e l .  A r a g  dampened i n  d r i l l i n g  f l u i d  
w i l l  be used  t o  wipe t h e  c o r e .  I f  c o r e  
i s  a c c i d e n t l y  washed w i t h  f r e s h  w a t e r ,  i t  
w i l l  b e  n o t e d  i n  t h e  l o g  s t a t i n g  i n t e r v a l s  
exposed and t i m e  of o c c u r r e n c e .  

3.2.4.5 Photograph ( S a n d i a  and Duty G e o l o g i s t )  

A f t e r  c o r e  h a s  been l o g g e d ,  l a b e l e d  and 
c l e a n e d  i t  w i l l  be  c a r e f u l l y  moved t o  t h e  
c o r e / p h o t o  shed  and p r e p a r e d  f o r  pho tography .  
Core may be w e t t e d  t o  enhance  p h o t o  c o v e r a g e .  
Core s h o u l d  b e  p o s i t i o n e d  by t h e  d u t y  
g e o l o g i s t  t o  promote coverage  o f  p e r t i n e n t  
f e a t u r e s  such  a s  f r a c t u r e s ,  bedding p l a n e ,  
c o l o r  o r  any o t h e r  s i g n i f i c a n t  c h a r a c t e r i s t i c s .  
Each p h o t o  s h o u l d  have a  t i t l e  b l o c k  showing 
w e l l  number, d a t e ,  c o r e  i n t e r v a l  and p h o t o  
number. 

3 . 2 . 4 . 6  P r e s e r v a t i o n  (Duty G e o l o g i s t ,  FGS C o n t r a c t o r )  

A f t e r  c o r e  h a s  been pho tographed  it w i l l  be 
wiped d r y  and p r e s e r v e d  f o r  t r a n s p o r t a t i o n  
and s t o r a g e  i n  t h e  fo l lowir lg  method. 

3 .2 .4 .6 .1  S e a l i n g  i n  P l a s t i c  Bags 

Core p i e c e s  w i l l  be  s e p a r a t e d  i n t o  
l e n g t h s  a p p r o p r i a t e  t o  f i t  i n t o  t h e  c o r e  boxes .  
P i e c e s  w i l l  be p l a c e d  i n t o  p l a s t i c  s l e e v e s  of  
a p p r o p r i a t e  l e n g t h  o r  wrapped and t a p e d  w i t h  
p l a s t i c  s h e e t .  When u s i n g  s l e e v e s ,  u s e  a  
h o t  i r o n  s e a l i n g  t o o l ,  s e a l  b o t h  ends  of  
p l a s t i c  s l e e v e  a f t e r  s q u e e z i n g  a l l  a i r  
p o s s i b l e  from s l e e v e .  P l a c e  s l e e v e d  o r  wrapped 
c o r e  i n t o  box and t a p e  s h u t .  When c o r e  i n t e r -  
v a l s  a r e  m i s s i n g ,  s p a c e r s  marked w i t h  m i s s i n g  
f o o t a g e  f i g u r e s  may b e  i n s e r t e d  i n  t h e  box 
a s  n e c e s s a r y  t o  p r e s e r v e  sequence .  Boxes 
s h o u l d  be  l a b e l e d  i n  sequence  w i t h  name o f  
agency ,  w e l l  number, d a t e ,  c o r e  number and 
d e p t h  o f  c o r e  p i e c e s  i n  t h e  box.  



3 . 2 . 4 . 7  Hand l ing  and S t o r a g e  ( S a n d i a ,  Duty a 

G e o l o g i s t ,  FGS) 

A f t e r  c o r e  p i e c e s  have  been p r o p e r l y  boxed 
t h e y  s h o u l d  b e  s t o r e d  under  p r o t e c t i v e  c o v e r  
t o  a v o i d  a d v e r s e  w e a t h e r  and t e m p e r a t u r e  
e x t r e m e s  u n t i l  r e a d y  f o r  t r a n s p o r t a t i o n  t o  
c o r e  l i b r a r y  i n  C a r l s b a d .  The d u t y  
g e o l o g i s t  w i l l  b e  r e s p o n s i b l e  f o r  a s s u r i n g  
c o r r e c t  mark ings  on t h e  e x t e r i o r  o f  a l l  t h e  
b o x e s ,  a c c u r a t e  i n v e n t o r y  of  c o r e  b e i n g  
t r a n s p o r t e d ,  s a f e  t r a n s p o r t  of  c o r e  from 
d r i l l  pad  t o  c o r e  l i b r a r y  i n  C a r l s b a d .  

Duty g e o l o g i s t  w i l l  p r e p a r e  a  r e c o r d  f o r  
p l a c i n g  t h e  c o r e  i n t o  s t o r a g e  and d e l i v e r y  
t o  c o r e  l i b r a r y  c u s t o d i a n  a t  t h e  t i m e  o f  
c o r e  d e l i v e r y .  Record w i l l  i n c l u d e  name 
o f  a g e n c y ,  w c l l  number, l o c a t i o n  o f  w e l l ,  
d a t e  c o r e  t a k e n ,  d e p t h  o f  c o r e  i n t e r v a l  
and number of boxes  b e i n g  d e l i v e r e d  and 
name o f  d u t y  g e o l o g i s t .  

Records and Duty G e o l o g i s t )  

3 .2 .5 .1  A d a i l y  c o r e  d r i l l i n g  r e c o r d  w i l l  be main-  
t a i n e d  which shows: d a t e ;  t o u r ;  o p e r a t i n g  
p e r s o n n e l ,  d r i l l i n g  w e i g h t ,  r o t a r y  s p e e d ,  
l e n g t h s  of  d r i l l i n g  t o o l s  u s e d ,  number and 
t i m e  o f  c o r e  i n t e r v a l  b e i n g  d r i l l e d ,  d e p t h s ,  
c i r c u l a t i o n  r a t e .  

3 . 2 , 5 . 2  A d a i l y  c o r e  l o g g i n g  r e c o r d  w i l l  b e  main-  
t a i n e d  which shows: d a t e ;  name o f  d u t y  
g e o l o g i s t ;  w c l l  number; l o c a t i o n ;  permanent  
datum; e l e v a t i o n s  o f  K e l l y  Rush ing ;  g r o u n d  
l e v e l ;  i n t e r v a l  d r i l l e d ;  f o o t a g e  d r i l l e d ;  
f o o t a g e  c o r e d ;  f e e t  r e c o v e r e d ;  p e r c e n t  
r e c o v e r e d .  
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3 . 3  B o r e h o l e  G e o p h y s i c a l  Logging O p e r a t i o n s  P r o c e d u r e  o f  
S a n d i a  L a b o r a t o r i e s  - WIPP S i t e  I n v e s t i g a t i o n s  

3 . 3 . 1  I n t r o d u c t i o n  

T h i s  p r o c e d u r e  i s  p r e p a r e d  by t h e  S a n d i a  L a b o r a t o r i e s  
F i e l d  E n g i n e e r i n g  D i v i s i o n  1133 f o r  u s e  i n  S a n d i a ' s  
WIPP S i t e  I n v e s t i g a t i o n .  The o b j e c t i v e  i s  t o  e s t a b l i s h  
s t a n d a r d  r o u t i n e s  and me thods  f o r  b o r e h o l e  g e o p h y s i c a l  
l o g g i n g  i n  o r d e r  t o  a s s u r e  q u a l i f i e d  d a t a  i n  a  
r e l i a b l e  manne r .  

3 . 3 . 2  Scope  o f  Work 

G e o p h y s i c a l  l o g g i n g  o f  b o r e h o l e s  i n  t h e  WIPP s i t e  
i n v e s t i g a t i o n s  may i n c l u d e  a  w i d e  v a r i e t y  o f  
i n d i v i d u a l  l o g g i n g  s e r v i c e s .  Logging s e r v i c e s  
may be  p r o v i d e d  by s e v e r a l  d i f f e r e n t  comnler ical  f i r m s  
u t i l i z i n g  d i f f e r e n t  t y p e s  o f  t o o l s  and  t e c h n i q u e s .  
S e r v i c e s  may be  p u r c h a s e d  d i r e c t l y  by S a n d i a  Labs 
o r  t h r o u g h  engineer in^ f i rms s u c h  a s  F e n i x  S c i s s o n .  

The s c o p e  o f  l o g g i n g  s e r v i c e s  w i l l  change  from h o r e h o l e  
t o  b o r e h o l e  and  w i l l  depend on t h e  s p e c i f i c  o b j e c t i v e s  
o f  t h e  b o r e h o l e  program.  

I t  i s  t h e  i n t e n t  o f  t h i s  document t o  e s t a b l i s h  
s t a n d a r d  r o u t i n e s  and  l lcheck l i s t "  t o  make c e r t a i n  
t h e  o b j e c t i v e s  o f  t h e  l o g g i n g  program a s  s t a t e d  
by t h e  t e c h n i c a l  d i r e c t o r  can be  a c h i e v e d  t h r o u g h  
t h e  exchange  of p e r t i n e n t  i n f o r m a t i o n  and u t i l i z a t i o n  
o f  q u a l i f i e d  p e r s o n n e l .  

The S a n d i a  L a b o r a t o r i e s  i s  c o n d u c t i ~ i g  th is  f i e l d  
work w i t h  T e c h n i c a l  D i r e c t o r  f rom D i v i s i o n  4511.  
F i e l d  o p e r a t i o n s  i s  m a ~ a g e d  by S a n d i a  F i e l d  E n g i n e e r i n g  
D i v i s i o n  1133.  

S a n d i a  Labs h a s  a r r a n g e d  w i t h  DOE/NLrOO f o r  t h e i r  
c o n t r a c t o r ,  FZS, t o  p r e p a r e  and z d n i n i s t e r  a  d r i l l i n g  
program and  a s s o c i a t e d  s u b c o n t r a c t s  f rom c r i t e r i a  
p r o v i d e d  by S a n d i a  which i n c l u d e s  b o r e h o l e  l o g g i n g .  

3 .3 .4  O p e r a t i o n s  

3 . 3 . 4 . 1  The F i e l d  O p e r a t i o n s  P l a n  p r e p a r e d  f o r  e a c h  
.. b o r e h o l e  w i l l  i d e n t i f y  t h e  p r o b a b l e  l o g s  t o  

- - b e  r u n .  S i n c e  t h e  l o g g i n g  program i s  u s u a l l y  
c u s t o m i z e d  t o  f i t  t h e  h o l e  c o n d i t i o n s ,  t h e  
s p e c i f i c  l o g 5  t o  b e  r u n  may n o t  be i n c l u d e d  
b u t  w i l l  be t h e  s u b j e c t  o f  a w r i t t e n  su-,;~:le:nent 
t o  t h e  F i e l d  O p e r a t i o n s  P l a n  and d i s t r i b u t e d  
i n  t i m e  t o  s e l e c t  t h e  p r o p e r  s e r v i c e .  



3 . 3 . 4 . 2  P r i o r  t o  s e l e c t i n g  a  l o g g i n g  s e r v i c e ,  a  
S a n d i a  r e p r e s e n t a t i v e  w i l l  meet w i t h  
Fen ix  6 S c i s s o n  and p r e p a r e  t h e  form 
" I n s t r u c t i o n s  t o  Logging Companyu f o r  
t h e  . s p e c i f i c  l o g s  t o  be  r u n .  

3 . 3 . 4 . 3  P r i o r  t o  l o g g i n g  a  q u a l i f i e d  r e p r e s e n t a t i v e  * 

of Sand ia  Labs w i l l  meet w i t h  t h e  l o g g i n g  
s e r v i c e  company's l o g g i n g  e n g i n e e r .  He 
w i l l  p r e s e n t  t h e  " I n s t r u c t i o n s  ...." and 
d i s c u s s  : 

a )  t h e  e n t i r e  l o g g i n g  program 
and s p e c i a l  r e q u i r e m e n t s ,  

b) h o l e  c o n d i t i o n s  t h a t  may c a u s e  
p rob lems ,  and 

c )  zones  of s p e c i a l  i n t e r e s t .  

3 . 3 . 4 . 4  During t h e  p r e - l o g  c o n f e r e n c e ,  t h e  S a n d i a  
r e p r e s e n t a t i v e  w i l l  d i s c u s s  and r e q u e s t  
t h e  f o l l o w i n g  b e  done:  

The equipment  w i l l  be  "warmed up" f o r  
t h e  a d e q u a t e  amount o f  t i m e  and t o o l s  
w i l l  be checked t o  s e e  t h a t  t h e y  a r e  
f u n c t i o n i n g  p r o p e r l y  upon a r r i v a l  a t  
t h e  l o c a t i o n .  

' Rm, Rmf, and Rrnc w i . 1 1  be  measured on mud 
samples .  E s t i m a t e d  v a l u e s  a r e  n o t  
a c c e p t a b l e .  The s e r v i c e  company s h o u l d  
r u n  t h e  sample t h r o u g h  a  mud p r e s s .  

A l l  s i d e w a l l  and compensated n e u t r o n  l o g s  
and a l l  d e n s i t y  p o r o s i t y  c u r v e s  w i l l  be 
run  on l i m e s t o n e  m a t r i x  o v e r  t h e  zones  of  
i n t e r e s t ,  r e g a r d l e s s  o f  t h e  l i t h o l o g y .  

Equipment w i l l  be t e s t e d  w h i l e  runn ing  
i n  h o l e .  

Before  and a f t e r  l o g  c a l i b r a t i o n s  w i l l  be 
shown f o r  a l l  c u r v e s .  

Pane l  c a l i b r a t i o n s  w i l l  be shown f o r  a l l  - 
d e n s i t y  and n e u t r o n  l o g s ,  i n t e g r a t i o n  
checks  w i l l  be  shown f o r  a l l  i n t e g r a t e d  
a c o u s t i c  l o g s .  a 

I n  a d d i t i o n  t o  c a l i p e r  r i i L g s ,  t h e  c a l i p e r  
c a l i b r a t i o n  shou ld  show " t o o l  f u l l  open" 
and c a s i n g  r e a d i n g s .  



3 . 3 . 4 . 4  ( c o n t i n u e d )  I 

' A minimum 200  f e e t  r e p e a t  must be  shown. 

Over lap  p r e v i o u s  r u n s  by a t  l e a s t  200  f e e t .  

A l l  h e a d i n g s  i n f o r m a t i o n  w i l l  be  c o m p l e t e l y  
f i l l e d  o u t .  

3 .3 .4 .5  The S a n d i a  l o g g i n g  r e p r e s e n t a t i v e  w i l l  be 
p r e s e n t  and o b s r r v e  t h e  l o g g i n g  o p e r a t i o n  
t o  t h e  e x t e n t  n e c e s s a r y  t o  a s s u r e  o b j e c t i v e s  
have been met .  He s h c u l d  comple te  a  "Log 
Q u a l i t y  Repor t t f  f o l l o w i n g  t h e  o p e r a t i o n  a n d ,  
a l o n g  w i t h  a  copy o f  " I n s t r u c t i o n s  t o  
Logging Company," fo rward  t o  S a n d i a  F i e l d  
E n g i n e e r i n g  D i v i s i o n  1133.  

3 .3 .5  Records 

3 . 3 . 5 . 1  " I n s t r u c t i o n  t o  Logging Company" 

FGS s h o u l d  p r e p a r e ,  f o l l o w i n g  a  c o n f e r e n c e  
w i t h  S a n d i a  r e p r e s e n t a t i v e .  

D i s t r i b u t i o n  s h o u l d  b e  made a s  f o l l o w s :  

1 Logging Company 

1 S a n d i a  R e p r e s e n t a t i v e  - Observing 
Log O p e r a t i o n s  

1 S a n d i a  C a r l s b a d  Ho1.e F i l e  

3 S a n d i a  D i v i s i o n  1133 ,  ABQ (3  c o p i e s )  

1 USGS, qpec. P r o j  . , Denver 
A t t n :  C .  J o n e s  

1 USGS/I:'RD, A B Q ,  A t t n :  J .  Mercer 

1 USGS/WRD, A B Q ,  -4 t tn :  G .  0 .  Bachman 

3 .3 .5 .2  Log Q u a l i t y  Repor t  

S a n d i a  r e p r e s e n t a t i v e  s h o u l d  p r e p a r e  and 
d i s t r i b u t e  a s  f o l l o w s :  . . 

3  O r i g i n a l  and two c o p i e s  t o  Sand ia  
F i e l d  E n g i n e e r i n g  D i v i s i o n  1113, A B Q ,  
who w i l l  be  responsible f o r  fo rward ing  
t o  h11?P C e n t r a l  F i l e s  



3.3 .5 .2  ( con t i nued )  
I 

1 Sandia  Ca r l sbad  Hole F i l e  

1 F&S, Ca r l sbad  

3 .3 .5 .3  Geophysica l  Logs ( F i e l d  P r i n t s )  

F&S Carl.sbad shou ld  o b t a i n  9 c o p i e s  
o f  l o g  f i e l d  p r i n t s  and d i s t r i b u t e  a s  
f o l l o w s  : 

1 Sandia  Ca r l sbad  Hole  F i l e  

1 USGS , Spec.  P r o j  . , Denver 
A t t n :  C .  J ones  , 

I * \ 

1 USGS/WRD, ABQ,  A t t n :  J .  Mercer  

1 USGS/WRD, ABQ, A t t n :  G .  0 .  Rachman 

1 Sandia  D i v i s i o n  4511, ABQ 
A t t n :  D. W.  Powers 

4 F&S Ca r l sbad  (4 c o p i e s )  

3 . 3 . 5 . 4  Geophysica l  Logs ( F i n a l  P r i n t s )  

FbS shou ld  o r d e r  1 5  f i n a l  c o p i e s  of l o g s  
and two c o p i e s  of l i b r a r y  m a g n e t i c t a p e s  
of t h e  l o g s  and d i s t r i b u t e  a s  f o l l o w s :  

1 Sandia  Ca r l sbad  Hole F i l e  

2 USGS, Spec .  P r o j . ,  Denver 
A t t n :  C.  J o n e s  

1 USGS/WRD, ABQ, A t t n :  J .  blercer 

1 USGS/WRD, ABQ, A t t n :  G .  0 .  Bachman 

3  Sand i a  D i v i s i o n  4511, ABQ 
A t t n :  D. W. Powers 

2 Sand ia  D i v i s i o n  4512, WIPP C e n t r a l  
F i l e ,  ABQ; 2 c o p i e s  l o g s  and 
2 c o p i e s  t a p e s  

1 FbS Ca r l sbad  

1 FbS Las Vegas 

1 S t a t e  Eng inee r ,  Roswel l ,  NM 

1 USGS Area Geologist, Roswell., NM 

1 West Texas E l e c t r i c  Log Serv ic ' c  
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C H E C K  A L L  B O X E S  -- A C C E P T A O L E  Y.ES OR 
I 
I U N A C C E P T A B L E N O  

Sect ions n o t  opp l i cob le  to o por t i cu lo r  service, 
L c o v e  Blank.  

A. H E A D I N G  

1. Correct  Heading U s e d  

2. t l eod ing  Dota  Proper ly  Completed 

3. Equipment U s e d  Sect ion Completed 

4. Equipment Doto Scct ion Completed 

5. Scole Changes Noted  on Heod ing  

6. Are a l l  obnormol condi t ior ls  c x p l o i n c d  i n  thc 
r c n ~ a r k s  sec t ion  

6. C A L I B R A T I O N S  A N D  S C A L E S  

1. Scolcs Correct  lor  Arco 

2. Scolcs L o L c l l e d  

3. Scole Chonges L o b e l l e d  

4. :zeroes,  Recordcd - 
5. ~ e f o r e  L o g  Co l ib ra t ions  

6. A l te r  L o g  Co l ib ra t ions  

7. Repcot Sect ion Recordcd 

8. Repeat Sect ion Acccp tob le  

Log Anolyst 

REMARKS: Code Hemorks w i t h  the proper Sect ion Nunt l c r .  

F o r  Example: Remork, concerning b c l c r e  l o g  

c o l i b r o t i o n s  wou ld  b e  coded B.5. 
- 

YES NO 

m -- -4 

C. V A L I D I T Y  O F  L O G  1 
1. Curvcs  F u n c t i o n i n g  Cor rec t l y  

2. D o  Log volues f o l l  w i t h i n  reosonobla l i m i t s  

4. Logg ing  Speed Ind ica ted  

5. Logg ing  Speed Correct  

0. A P P C A R A t i C E  

I ' I  
1. P r i n t i n g  or T y p i n g  Noot  

2. P r i n t i n g  or T y p i n g  Accurote 



FENIS & S C I S S O N ,  INC, 

I N S T R U C T I O I I S  T O  L O G G I N G  C O M P A N Y  .- 

D a t c .  - Logging  Company I 

W i t n e s s e d  By 

Cornpany F e n i x  t S c i s s o n ,  I n c .  f o r  Gnndin L n b o r o t o r i e s  

Wel l  Number WIPP No. 

F i c l d  County  S t a t e  N e w  t.1exico 

S e c t i o n  Township  Range 

Permanen t  Datun E l e v a t i o n s :  K.R. 

Lo6 M c ~ s u r e d  From D .  F. -- 

D r i l l i n g  X e a s u r e d  From G.L. 

Mole S t a t u s :  S I Z E  FROM TO 
C a s i n g s  - ...- - 

SIZE F R O M  TO -. --- - 
'A 

R o r e h o l e  --- 

Type F l u i d  i n  B o r e h o l e  F l u i d  L e v e l  

n c n s j . t y  P ~ I  

V i s c o s i t y  - F l u i d  1 , o s s -  

P u r p o s e  o f  L o ~ ~ i n g  P r o g r a m ,  Zones o f  S p e c i a l  I n t e r e s t . ,  C r i t i c a l  Hole  
C o n d i t i o i ~ s ,  Remarks ,  E t c .  

--. 
I 

Nuinbcr o f  P r i n t s :  F i c l d  F i n q l  

I n v o i c e  To: F c n i x  t S c i n s o n ,  I n c .  
1401 I i .  Cnrlril  S t r e e t  
C a r l s b n d ,  NM 80220 



Fcnid  L G c f a n a n ,  I n c .  
i o n s  t o  L o ~ c i n g  C o m p n z  

- .  . . .-- Log. .No. .. ,.. :. 
(81 Vertical ~ c ~ t h ' ~ c a l e s  2 - i n c h r . s / 1 0 0 - f e e t  and. 5 - i n c h c s / 1 . 0 0 - f e e t  
-(b) H o r i z o n t a l  Logging S c a l e s  .--- 

( c )  L o e g i n c  Speed D c s i r c d  
( d )  I n t c r v n l  t o  be Locgcd 
(c) Zones of S p e c i a l  I n t c r e s t  

( f )  S p e c i a l  I n s t r u c t i o n  

Log. No. -- 
( a )  V e r t i c a l  Depth S c a l e s  - 2 - i n c h e s / 1 0 0 - f e e t  a n d  5 - l n c h e s / 1 0 0 - f e e t  - 
( b )  H o r i z o n t a l  Logging S c a l e s  
( c )  Logging Speed D e s i r e d  - 
( d )  I n t e r v a l  t o  be Logged - 
( e )  Zones of  S p e c i a l  I n t e r e s t  

( f )  S p e c i a l  I n s t r u c t i o n  -- 

Log. No. - 
( & )  V e r t i c a l  U e p ~ h  S c a l e s  2 - i n c h e s / 1 0 0 - f e e t  and 5 - i n c h e s / l 0 0 - f e e t  - 
(b) l l o r i z o n t a l  Logging S c a l e s  
( c )  Logging S p e e d  D e s i r e d  -- 
(d) I n t e r v a l  t o  b e  Logged -- 
(e) Zones of S p e c i a l  I n t e r e s t  - 

( f )  S p e c i a l  I n s t r u c t i o n  - 



4 ,  REPORTS 

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

4 . 1  D a i l y  Repor t  

FGS, C a r l s b a d ,  s h a l l  p r o v i d e  t o  S a n d i a ,  C a r l s b a d ,  a  copy 
of t h e  d a i l y  r e p o r t .  S a n d i a ,  C a r l s b a d ,  w i l l  t e l e f a x  
weekdays t o  DOE,  C a r l s b a d  o f f i c e  and S t a t l e r ,  1133.  - 
A copy of t h e  d a i l y  r e p o r t  i s  t o  be  k e p t  by S a n d i a ,  C a r l s b a d .  

4 . 2  Hole H i s t o r y  

Compiled by FGS, C a r l s b a d ,  and Las Vegas ,  NV. Send copy 
t o  R .  D .  S t a t l e r ,  1133,  f o r  S a n d i a ,  Albuquerque  d i . s t r i b u t i o n .  

4 . 3  M i s c e l l a n e o u s  Records s h a l l  be p r o v i d e d  by FGS, C a r l s b a d ,  
i n c l u d i n g  t h e  f o l l o w i n g ,  w i t h  o r i g i n a l  t o  b e  k e p t  on f i l e  
a t  FGS, C a r l s b a d ,  and one  copy t o  S a n d i a ,  C a r l s b a d :  

D r i l l e r s  Logs,  B i t  Records ,  Dr i l .1  F l u i d  Recaps 

Equipment C e r t i f i c a t i o n  

D r i l l i n g  H i s t o r y  Char t  

Cost  Records (Copy Also  t o  R .  D.  S t a t l e r ,  1133 ,  
A 1  buquerque)  



Copy to: 
W .  S. T w e n h o f e l ,  S p e c i a l  P r o j e c t s  B r a n c h ,  USGS, D e n v e r ,  CQ 

A t t n :  L.  M .  Gard, C .  L.  J o n e s ,  R .  P.  S n y d e r  
J. McLean, W a t e r  R e s o u r c e s  D i v i s i o n ,  USGS, A l b u q u e r q u e ,  NM . Attn: J .  W .  M e r c e r  
W .  E.  Cunningham,  F&S, C a r l s b a d ,  NM 
1135 P .  D .  S e w a r d  . 4 5 1 0  W .  D. W e a r t  
4 5 1 1  L .  J .  Barrows 
4 5 1 1  S .  J .  L a m b e r t  + 5 1 1  D. W .  P o w e r s  



Sandia Laboratories 
date A u g u s t  8 ,  1 9 7 9  

ro R .  D .  S t a t l e r ,  1 1 3 3  

from. D. W .  P o w e r s ,  4 5 1 1  

Scales  f o r  G e o p h y s i c a l  L o g s  o n  G e o l o g i c a l  B o r e h o l e s  

T h e  f o l l o w i n g  s u i t e  o f  l o g s  h a v e  b e e n  f a i r l y  s t a n d a r d  f o r  
c o m m e r c i a l  l o g g i n g  o f  g e o l o g i c a l  b o r e h o l e s  f o r  t h e  WTPP. 

1. BHC A c o u s t i c  or S o n i c  
2 .  C o m p e n s a t e d  N e u t r o n  
3 .  D e n s i l o g  
4 .  Gamma Ray  
5 .  Micro L a t e r o l o g  - D u a l  L a t e r o l o g  

We s h o u l d  r e c o r d  a l l  l o g  i n £  o r m a t i o n  o n  m a g n e t i c  t a p e s  a s  a 
s t a n d a r d  p rac t i ce .  M y l a r s  or " f i l m "  s h o u l d  be o b t a i n e d  f o r  
e a c h  l o g .  I n  a d d i t i o n ,  t h e  f o l l o w i n g  p r i m a r y  p a p e r  sca les  a r e  
recommended f o r  s t a n d a r d  p r a c t i c e  a n d  e a c h  u n i t  w o u l d  h a v e  
" w r a p a r o u n d "  or b a c k u p  s ca l e s .  

1. BHC A c o u s t i c  or S o n i c  40-140 p s e c / f  t ( 1 4 0  t o  2 8 0 )  
2 .  C o m p e n s a t e d  N e u t r o n  -15% to 45% 
3 .  D e n s i l o g  2 . 0  t o  3 . 0  ( 1 . 0  t o  2 . 0 )  
4 .  Gamma Ray  0  to  1 5 0  API u n i t s  ( 1 5 0  to  3 0 0 )  
5 .  M i c r o l a t e r l o g  - D u a l  L a t e r l o g  0 . 2  - 1 0 0 0  ohms m 2 / m  ( 1 0 0 0  a n d  u p )  

C h a n g e s  t o  t h e  a b o v e  c a n  be s p e c i f i e d  o n  a h o l e - b y - h o l e  b a s i s ,  
t h o u g h  r e c o r d i n g  o n  m a g n e t i c  t a p e  w i l l  r e d u c e  t h e  r e q u i r e m e n t s  
f o r  s u c h  c h a n g e s .  

O t h e r  l o g s  w h i c h  may be r e q u i r e d  i n  t h e  f i e l d  a r e  d i p l o g s .  
S t a n d a r d  i n d u s t r y  p r e s e n t a t i o n  is a c c e p t a b l e  f o r  t h e  d i p l o g .  

U p - h o l e  v e l o c i t y  s u r v e y s  a r e  r e q u i r e d  f o r  some h o l e s .  
V i b r o s e i s  s y s t e m s  o f f e r  a d v a n t a g e s  i n  d a t a  a c q u i s i t i o n  a n d  
m a n i p u l a t i o n  t h a t  a re  v e r y  u s e f u l  to  WIPP; w e  s h o u l d  c o n t i n u e  
t o  s e e  t h o s e  s y s t e m s .  T h e  number a n d  l o c a t i o n s  o f  c h e c k  p o i n t s  
w i l l  be d e t e r m i n e d  i n  t h e  f i e l d  by a q u a l i f i e d  o b s e r v e r  
r e p r e s e n t i n g  S a n d i a .  B 



United States Department 2 the Interior 
GEOLOGICAI.  S U R V E Y  

Box 25046 
Denver Federal Centrr 

Denver, Coloratlv 80'225 IN REPLY REFERTO: Mai l  Stop 954 

August 24, 1979 

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

From: Char1 es L. Jones 

Subject :  Geophysical 1 ogging program f o r  NIPP-34 and WIPP-13 

For WIPP-34 and WIPP-13, t h e  rn?.ximum l i t h o l o g i c  d e t a i l s  and phys i ca l -  
p rope r t y  data from the  Salado and C a s t i l e  Formations a re  requ i red  t o  
f a c i l i t a t e  geo log ic  s tud ies .  To accomplish t h i s  o b j e c t i v e ,  t he  stand- 
a rd i zed  geophysical l ogg ing  program should be exparded t o  i n c l u d e  a 
standard gamma ray-neutron l o g ,  and the  pr imary  "paper" sca le  ( w i t h  
backup) f o r  s e l e c t e d  logs  through t h e  Salado and C a s t i l e  should be as 
f o l  lows : 

1 . BHC Acoust ic  ( o r  son ic )  40-100 p s / f t  (100-160) 

2. Gama-ray 0-125 API u n i t s  (125-250) 

3. Neutron 0-2,400 API u n i t s  (2,400-4,800) 

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

L. H i l l  
D. Powers 
R. D. S t a t l e r  
J. W .  Mercer 
3. Hudson 
R. P. Snyder 
L. 1.1. Gard 





Appendix C 

Ho le  H i s t o r y  

R.D. S t a t l e r  
D i v i s i o n  1133 

and 

P.D. Seward 
D i v i s i o n  1135 

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





INTRODUCTION TO APPENDIX C, HOLE HISTORY 

The ho le  h i s t o r y  i s  a document p rov ided  soon a f t e r  complet ion of t h e  

borehole,  and i t  summarizes the  r e l e v a n t  i n f o r m a t i o n  on t he  d a i l y  l o g  kep t  

by t h e  con t rac to r .  The ho le  h i s t o r y  i s  no t  e d i t e d  t o  ensure conformance 

i n  every  d e t a i l  w i t h  1 a te r  i n f o r m a t i o n  developed f o r  p rev ious  chapters.  

F u r t h e r  i n f  ormat i  on may be o b t a i  ned as necessary th rough exami n a t i o n  o f  

the  o r i g i n a l  d a i l y  t i m e  l ogs .  





F E N l X  & SCISSON, INC. 

HOLE HISTORY DATA . 
DATE:  11 -28-79 

-. 

CIRCULATING MEDIA: B r i ne  Mud 

H O L E  No.: WIPP #34 
- - - 

USER: Sandia Lab 

LOCATION: New Mexico - 

-- - -- - -  - 

No. of COMPRESSORS 8 SIZE: I 
BORE H O L E  RECORD I C A S I N G  R E C O R D  I 

W.O. No.: 

TYPE HOLE:  Exp lo ra to ry  I I 
4 

1 TOTAL DEPTH:  1820' 1 MANDREL DEPTH I PLUGS: I 

1. D. No.: 

COUNTY: Eddy A R E A  WIPP 
GROUND ELEVATION: * 
COMPLETED: 9-4-79 

SURFACE COORDINATES: * 291 .78 FSL, 1993.73' FWL 

I I 

Move Rig  up 8 down :::'I 1 - 0' 7 days I Equipment Repair 1.05 days I Dr i l l i ng  T.me 2.75 doys 

RIG ON LOCATION. 

LOGGING DATA:  Paqe 2 1 SURVEYS PAGE, 

1 Secured 
1 - 1 3  
- days I ~ o v ' n a  - days 1 Tr ip  Time 

SPUDDED: 8- 16-79 

CORING PAGE:  3 

BOTTOM HOLE COORDINATES: e 
NOH-OPr RAT IONAL  TIME I OPERATIONAL  DELAY TIME 

B o i l  8 Run Mondrel - days 

Logging s6 days 

1 Cement 

REFERENCE: 

WORKING TIME 

- days 

99 2. days 
- - 

- days 1 

Las t  Circ. - doys 

Fish ing 0.05 - day, 

d o y a 7  Non-Opnational T,me 

Single Shot Survey T me - days 

- days 

W. 0. Equ~pmwnt - doys 

M i x & C o n d i t i o n M u d  '5 days 

Tota l  3.05 days 

Tot01 Suspended Time - days 

I I 

REMARKS:  * Locat ion o f  brass monument: 

197.89' FSL, 2003.76 FWL, Sec. 9, T22S, R31E. E leva t i on  3432.74' 

Coring 9 08 days 

Lay Down D r i l l  Pipe days 

T O T A L  14.74 days 

-- 

r R i p  No. Name 

I 1 Pennsylvania D r i  11 i n g  Co. days 

- days 

- days 

T O T A L  1 .42  days 

Operatianol Delay T ~ m e  - 1 -42 days 

Work~ng T ~ m e  - 3-05 days 

T O T A L  ELAPSED TIME 19.21 doy, 



I FENlX & SCISSON, INC.. 

USER: Sandia Lab I TYPE HOLE:  Exploratory  

HOLE HISTORY DATA 
DATE: 11 -28-79 

H O L E  No.: WIPP #34 

LOCATION: New Mexico 

RIG ON LOCATION. 1 SPUDDED: 8-1 6-79 I COMPLETED: 9-4-79 

W. 0. No.: 

SURFACE COORDINATES: * 201.78' FSL, 19563.73' FWL 

No. o f  COMPRESSORS 6 SIZE: 

BORE H O L E  RECORD I C A S I N G  R E C O R D  

I. 0. No.: 

COUNTY: Eddy 
GROUND ELEVATION:  * 

I 

AREA: WIPP 

I BOTTOM H O L E  COORDINATES: P I REFERENCE:  

FROM 

0 '  
5 ' 

38' 

NON-OPr RAT IONAL  T lME 

- - - 

OPERATIONAL  D E L A Y  T lME 

TO 

5 ' 
38' 

1820' 

- 

WORKING TlME 

SIZE 

Excav. 
18" 

6-3/4" 

PLUGS: TOTAL  DEPTH: 1820' MANDREL DEPTH 

I I 

I. D. 

12.715" 

JUNK: 

Move Rig  up 6 down ~:I'I 1 0 17 doys 

1 .  13 
Secured - doys Cov'ng - days 

Equipment Repoir 1.05 day. 1 D r i l l i ng  T -me  2.75 day, 

Tr ip  Time 0.30 do,! 

Ba i l  6 Run Mandrel - days 

Logging 1.16 days 

Survey - day s 

Casing, Run & Remove &!?!~OY* 

I REMARKS: * Locat ion o f  brass monument: 

WT./FT. 

48# 

CORING PAGE: 3 LOGGING DATA: Paqe 2 1 

I I 

Coring - 9.08 days 

Lay Down D r i  11 Pipe 0.21 days 

TOTAL 1 4 . 7 4 d o y s  

197.89' FSL, 2003.76 FWL, Sec. 9, T Z Z S ,  R3qE. Elevat ion 3437.74' 

S U R V E Y S  PAGE:  

Los t  Circ. - days 

F ish ing 0.05 days 

W. 0. Equipment - days 

Mix & C o n d i t i o n M u d  U !  days 

1 Rig  No. Nome 

WALL  

( 5 '  x 

Single Shot Survey T me day 

- day: 

Tota l  3.05 day, 

T O ~ O ~  Suspended Time - day' 

- days 

- days 

TOTAL 192-  days 

1 Pennsylvania D r i l l  ing Co. 19.21 day! 

- day! 

Operational Delay Tlme 1.42 day 

Warklng T ~ m e  x5 day 

TOTAL ELAPSED TIME 19.21 day 

I I - day! 

GRADE 

5 '  c e l l 3 r )  

I 
- - 

- doys 

C P L a G  FROM 

0 ' 
0 '  

TO 

5 ' 
38'  

CU. FT. CMT. 

D i r t  



WIPP #34 
H O L E  HISTORY , 

Moved i n  Pennsy lvan ia  D r i l l i n g  Company's r i g  #1 and r i g g e d  
up o v e r  e x i s t i n g  c e l l a r  w i t h  13-318" c a s i n g  cemented a t  3 8 ' .  

Completed r i g g i n g  up.  D r i l l e d  6-314" h o l e  from 3 8 '  t o  3 0 4 '  
u s i n g  b r i n e  b a s e  mud. 

Dri 11 ed 6-314" h o l e  from 3 0 4 '  t o  627 ' . Made up 9 '  s p l  i t  t y p e  
c o r e  b a r r e l  w i t h  a 6-314" x 3-112" c o r e  head. Cut c o r e  #1 
from 6 2 7 '  t o  6 3 2 ' .  

Cornpl e t e d  c o r e  #1 from 632 ' t o  636 '  , recovered  7 .6  ' . Cut c o r e  
#2 and #3 from 636 '  t o  6 5 4 ' .  Ran 6-314" b i t  i n  t h e  h o l e  and 
d r i l l e d  from 654 '  t o  6 5 6 ' .  Ran 4-112" 0.D.y 9 . 5 0 # ,  5-55 
c a s i n g  i n  t h e  h o l e  and hung a t  6 5 6 ' .  

Made up 1 0 '  s p l i t  c o r e  b a r r e l  w i t h  a 3 . 7 5 '  x 2 . 4 "  c o r e  head.  
Cut c o r e  #4 t h r u  #6 from 656 '  t o  6 8 2 ' .  Cut c o r e  #7 from 
682 '  t o  6 8 3 ' .  

Completed c o r e  #7 from 683 '  t o  6 9 2 ' .  Cut c o r e  #8 t h r u  #17 
from 6 9 2 '  t o  7 9 2 ' .  

Cut c o r e  #18 t h r u  #28 from 792 '  t o  8 6 7 ' .  

Cut c o r e  #29 t h r u  #37 from 8 6 7 '  t o  9 4 4 ' .  S tuck  d r i l l  p i p e  
and worked free.  Los t  c i r c u l a t i o n  w h i l e  s t u c k ,  mixed mud 
and c i r c u l a t e d  h o l e .  

Cut c o r e  #38 t h r u  #45 from 9 4 4 '  t o  1 0 3 3 ' .  

Cut c o r e  #46 t h r u  #54 from 1033 '  t o  1 2 1 3 ' .  

Cut c o r e  #55 t h r u  #59 from 1213 '  t o  1313 '  w i t h  no r e t u r n s .  

Cut c o r e  #60 t h r u  #67 from 1313 '  t o  1473 '  w i t h  25% r e t u r n s  t o  
no r e t u r n s  a t  1 4 5 3 ' .  

Cut c o r e  #68 t h r u  #77 from 1473 '  t o  1 6 7 3 ' .  

Cut c o r e  #78 t h r u  #83 from 1673 '  t o  1 7 9 3 ' .  Laid down d r i l l  p i p e .  

Attempted t o  p u l l  4-112" O . D .  c a s i n g ,  cou ld  n o t  work f r e e .  
Rigged up Bowen j a r s  and j a r r e d  on c a s i n g .  

Ran f r e e  p o i n t  i n d i c a t o r  and s h o t  c a s i n g .  Recovered 1 8  j o i n t s .  
Ran a s p e a r  and j a r s  i n  t h e  h o l e  and l a t c h e d  o n t o  c a s i n g  no 
r e c o v e r y .  



WIPP #34 
HOLE HISTORY 
PAGE 2 

TYPE LOG 

Continued f i s h i n g  f o r  4-1/2" O.D. cas ing  w i t h  a spear and 
recovered balance o f  cas ing.  Ran 6-3/4" b i t  i n  t h e  h o l e  
and washed t o  bottom a t  1793 ' . Made up ho le  opener and 
reamed .3.75" ho le  t o  6-3/4" from 656' t o  798 ' . 

Opened 3.75" h o l e  t o  6-3/4" f rom 798' t o  1793' and d r i l l e d  
6-3/4" ho le  t o  1820' .  Condi t ioned h o l e  t o  log .  

Ran Dresser A t l a s  and B i r d w e l l  l o g s .  

Rig secured. 

Rigged down. 

LOG INDEX 

RUN DEPTH DEPTH LOGGED 
DATE NO. - DRILLER LOGGER - FROM -- TO 

BIRDWELL LOG - 
Seismic V e l o c i t y  Survey 9-2-79 1 1820 1819 20 1800 

DRESSER ATLAS LOGS. 

Acous t i l og  , BHC 9-2-79 1 1820 1819 0 1812 

Densi log Neutron 9-2-79 1 1820 1819 0 1818 

Gamma Ray Neutron 9-2-79 1 1820 181 9 0 1818 

Dual Later01 og Mic ro  9-2-79 1 1820 181 9 0 1816 
La t e r o l  og 



W I P P  #34 
HOLE HISTORY 
PAGE 3 

CORE RECORD - 

CORE 
NO. 

INTERVAL 
FEET 

- 

FEET 
CORED 

9 
9 
9 
6 

10 
10 
10 
10 
10 
10 
10 
10 
1 0  
1 0  
10 
10 
10 
1 0  

5 
9 
6 

10 
1 0  
1 0  

5 
1 
4 
5 

10 
5 

10 
1 0  
10 
10 
10 
10 

2 
8 

10 
10 
10 
10 
10 
11 
20 

FEET 
RECOVERED 

7.6 
7.8 
8 
6.15 

10 
10 

7.3 
8.9 

10.3 
9.4 

1 0  
10.1 
1 0  

9.9 
10.2 
1 0  
10.1 

9.9 
5.7 
9.2 
5.2 

10 
4.4 
0.4 
0 . 6  
0.2 
0 .8  
4.7 

1 0  
5.3 
9.6 
9.9 

10.2 
10.2 

9.9 
10 
2 
6.8 

10 
9.9 
9.85 

10.2  
10.1 
11.5 
20.3 



WIPP #34 
HOLE HISTORY 
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NOTE: Core i n f o r m a t i o n  t a k e n  f r o m  d r i l l i n g  r e c o r d s .  
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I COUfJTY,NEW MEXICO 
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Dan R. Reddy 
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Appendix D 

Top of Bottom 
Logged Logged 

interval3 I n t e r v a l  
Company ELSIX' ( f e e t )  ( f e e t )  Date 

BHC Acoust i 1  og Dresser W9442Z Surf ace 1812 9-2-79 
A t  1  as 

Compensated II W9443 S  II 1818 II 

Densi  l og /  
Compensated 
Neutron 

Dual L a t e r a l  og/ #I W9443 X I I 

M i c r o  L a t e r a l o g  

Gamna Ray Neutron " W9443 W II 

Seismic V e l o c i t y  ~ i r d w e l  14 N/A la 

Survey and Log D i v i s i o n  
C a l i  h r a t i  on 

1 0 r i g i n a l  da ta  i s  r e t a i n e d  i n  Sandia WIPP Cen t ra l  F i l e ,  D i v i s i o n  
4542, Sandia N a t i o n a l  Labora to r ies ,  A1 buquerque, NM, 87185. 

'order number f o r  l ogs  ava i  1  a b l e  th rough  West Texas E l e c t r i c  Log 
Serv ice,  Inc .  (ELSI) ,  105 West Wal l  Avenue, Midland, TX. 

3 ~ e p t h s  measured f r om ground s u r f  ace; e l e v a t i o n  o f f i c i a l l y  3433 ' 
above MSL. 

4 ~ e i s m o g r a p h i c  Se rv i ce  C o r p o r a t i  on, P.O. Box 1590, Tulsa, OK 
74102. 





DISTRIBUTION 

U.S. Department of  Energy, Headquarters 
O f f i c e  o f  Nuclear Waste Management 
Washington, DC 20545 

L a r r y  Harmon, P r o j e c t  Coordinator (WIPP) 
C o l i n  A. Heath, D i rec to r ,  D i v i s i o n  o f  Waste I s o l a t i o n  (2 )  

U. S. Department o f  Energy, A1 buqueraue Operat ions 
P. 0. Box 5400 
~ l b u ~ u e r ~ u e ,  NM 87185 

J. M. McGouqh, Manaqer, WIPP P r o j e c t  O f f i c e  ( 2 )  
D. ~ a c k s o n , - ~ i r e c t o r ,  Pub l i c  A f f a i r s  D i v i s i o n  

U.S. Department o f  Energy 
Carlsbad WIPP P r o j e c t  Of f ice 
Room 113, Federal  B u i l d i n g  
Carlsbad, NM 88220 

U.S. Department o f  Energy 
c/o B a t t e l l e  O f f i c e  o f  Nuclear 

Waste I sol  a t i  on 
505 K ina  Avenue 
~olumbu;, OH 43201 

J e f f  0. Nef f  

B a t t e l l e  Memori a1 I n s t i t u t e  
Of f i ce  o f  Nuclear Waste I s o l a t i o n  
505 K ina  Avenue 
~ o l  urnbus, OH 43201 

S. Goldsmith. Manaqer 
ONWI ~ i b r a r ~ -  

- 

B a t t e l l e  Memori a1 I n s t i t u t e  
P r o j e c t  Management D i v i  s i  on 
505 K inq  Avenue 
Columbus, OH 43201 

Neal Carter,  General Manager 

Westi nghouse E l e c t r i c  Corporat ion 
P.O. Box 40039 
Albuquerque, NM 871% 

R. K. Brown 
R. Jones (TSC) 

Bechtel  Nat ional ,  Inc .  
F i f t y  Beal e S t r e e t  
P. 0. Box 3965 
San Francisco, CA 94119 

D. L. Ledbet te r  
Dale Roberts 

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



Nat i ona l  Academy o f  Sciences, WIPP Panel : 

Frank L. Parker,  Chairman 
Department o f  Env i  ronment a1 and 

Water Resources Engi nee r i  nq  
Vanderb i l  t U n i v e r s i t y  
Nashv i l l e ,  TN 37235 

Konrad B. Krauskopf, V ice Chairman 
Department of Geology 
S t a n f o r d  U n i v e r s i t y  
Stanford,  CA 94305 

K a r l  P. Cohen, Member 
Consul t ant 
a28 N. C a l i f o r n i a  Avenue 
Pa lo  A l t o ,  CA 94303 

Nevi 1 1 e G. W .  Cook, Member 
Deot . o f  M a t e r i  a1 Sc i  ences and Engi nee r i ng  
U n i v e r s i t y  o f  Cal if o r n i  a a t  B e r k e l e y  
Hears t  M in ing  Bu i l d i n? ,  #320 
Berke ley ,  CA 94720 

F r e d  M. Ernsberger,  Member 
Glass Research Center 
PPG I n d u s t r i e s ,  I nc .  
Box 11472 
P i t t sbu rgh ,  PA 15238 

Ha ro ld  L. James, Member 
1617 Washington S t .  
P o r t  Townsend, MA 98368 

R ichard  R. Par izek,  Member 
Department o f  Hydrogeol oay 
Pennsy lvan ia  S t a t e  U n i v e r s i t y  
I J n i v e r s i t y  Park, PA 16802 

D 'Arcy  A. Shock, Member 
233 V i r g i n i a  
Ponca City, OK 74601 

John W. Winchester, Member 
Department of Oceanography 
F1 o r i  da S t  a t e  U n i v e r s i t y  
T a l l  ahassee, FL 32306 

John T. Hol loway 
Sen io r  S t a f f  O f f i c e r  
2101 C o n s t i t u t i o n  Avenue, NW 
Washington, DC 20418 

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



WIPP P u b l i c  Reading Room 
Atomic  Museum, K i  r t l  and Eas t  AFB 
Albuquerque, NM 87185 

A t t n :  Ms. Gwynn Sch re i ne r  

WIPP P u b l i c  Reading Room 
Car l  sbad M u n i c i p a l  L i b r a r y  
101 S. Hal 1 aaueno S t .  
C a r l  sbad, NM- 88220 

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

Thomas Branniqan L i b r a r y  
106 W .  Hadley St.  
Las Cruces, NM 88001 

A t t n :  Don Dresp, Head L i b r a r i a n  

Roswel l  P u b l i c  L i b r a r y  
301 N. Pennsy lvan ia  Avenue 
Roswel l ,  NM -88201 

A t t n :  Ms. Nancy Langston 

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

Ms. M a r c i a  Lewis, L i b r a r i a n  

S t a t e  o f  New Mexico 
Envi ronrnent a1 Eva1 u a t i  on Group 
320 Marcy S t r e e t  
P.O. Box 968 
Santa Fe, NM 87503 

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

NM Department of Energy & M i n e r a l  s 
P.O. Box 2770 
Santa Fe, NM 87501 

L a r r y  Kehoe, Sec re ta r y  
Kasey LaPlante,  L i b r a r i a n  

New Mnxico S t a t e  G e o l o g i s t  
P. 0. Box 2860 
Santa Fe, NM 87501 

tmery C.  A rno ld  

New Mexico S t a t e  L i b r a r y  
P.O. Box 1629 
Santa Fe, NM 87503 

Ms. I n g r i d  V o l l  enhofer 

New Mexico Tech 
M a r t i  n Speer Memori a1 L i b r a r y  
Campus S t r e e t  
Socorro, NM 87801 

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



Zimmerman L i b r a r y  
U n i v e r s i t y  of New Mexico 
~ l b u ~ u e r ~ i e ,  NM 87131 

Ms. A l i c e  Clark 

USGS, Water Resources D i v i s i o n  
P. 0. Box 26659 
A1 buquerque, NM 87 125 

J. W. Mercer ( 2 )  

USGS, Conservation D i v i s i o n  
O f f i c e  o f  Min ing & Resource Eva luat ion  
P. 0. Box 506 
Carlsbad, NM 88220 

C. B. John 

USGS, Conservat ion D i v i s i o n  
P. 0. Box 1857 
Roswell , NM 88201 

W. Me1 t o n  

USGS, Speci a1 P ro jec ts  Branch 
Federal Center. Blda. 25 
Denver, CO 80225 

R. P. Snyder '(20) 

New Mexico Bureau o f  Mines and Mineral  Resources 
Socorro, NM 87801 

F. t. Kot t lowsk i ,  D i r e c t o r  ( 2 )  

Klaus Kuhn 
Gesel 1 schaf t f uer S t r a h l  en- und 
Umwel tf orschung MBH Muenchen 
I n s t i t u t  f u e r  T ie f lagerung 
Ber l  i ner S t rasse 2 
3392 Clausthal -Zel  l e r f e l d  
Federal Republ ic o f  Germany 

Klaus Eckart  Maass 
Hahn-Mei t n e r - I n s t i  t u t  f u e r  Kernforschung 
G l  i e n i c k e r  Strasse 100 
1000 B e r l i n  39 
Federal Republ ic  o f  Germany 

Michael Langer 
Bundesanstal t fue r  Geowissenschaf ten 

und Rohsto f fe  
Postfach 510 153 
3000 Hannover 51 
Federal Republ ic  of Germany 

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



Helmut Rot  hemeyer 
Ph.ysika1 isch-Technische 

Bundesanstal t 
Bundesal le  100 
3300 Braurtschveig 
Federa l  Repub l i c  o f  Germany 

R o l f  -Peter  Randl 
Bundesmin is te r i  um f u e r  Forschung 

und Techno1 o g i  e 
Pos t fach  200 705 
5300 Bonn 2 
Federa l  Repub l i c  o f  Germany 

Fen ix  & Scisson, Inc .  
3170 W. Sahara Avenue 
S ~ a n i s h  Oaks D-12 
L'& veqas, NV 39102 

J. A. Cross 

Fen ix  & Scisson, Inc .  
401 N. Canal S t r e e t  
Carlsbad, NM 88220 

M a t t  Wi lson ( 2 )  

Gayle Pawlosk i ,  L-222 
Geo log i s t  CSDP 
Lawrence L ivermore Labo ra to r y  
Livermore, CA 94550 

U.S. Nuc lear  Regu la to r y  Cornmissi on ( 3 )  
D i v i s i  on o f  Waste Management 
Ma i l  S t o ~  69755 
washington, DC 20555 

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

Sandi a I n t e r n a l  : 
1133 R. D. S t a t l e r  
1135 P. D. Seward 
3141 L. J. E r i c k s o n  ( 5 )  
3151 W. L. Garner, For:  DOE/TIC ( U n l i m i t e d  Release) ( 3 )  
3154-3 C. H. Da l i n ,  For:  DOE/TIC (25 )  
4500 E. H. Beckner 
4510 W. D. Weart 
4511 D. bf. Powers 
4511 L. J. Barrows 
4511 D. J. Borns 
4511 D. D. Gonzalez 
4511 S. J. Lambert 
4511 K. L. Robinson 
4511 S. E. Shaf fer  
4540 M. L. Kramn 
4542 Sandia WIPP Cen t ra l  F i l e s  (11)  
8214 M. A. Pound 

D i s t r i b u t i o n  - 5 







Org. Bldg. Name Rec'd by r g  Bldg. Name Rec'd by 

@ Sandia National Laboratories 


