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Inch-pound u n i t  t o  m e t r i c   nit convers ion f a c t o r s  

Tn t h i s  r e p o r t  f i g u r e s  f o r  measurements a r c  g iven  i n  inch-pottnd u n i t s  
on ly .  The foLlowing t a b l e  c o n t a i n s  f a c t o r s  f o r  ccnver t ing  t o  met r i c  
u n i t s .  

Mul t ip ly  inch-pound u n i t s  3 To ob:ain m e t r i c  u n i t s  

f o o t  ( f t )  -3048 meter (m) 

f o o t  per m i l e  ( f t l m i )  .I894 meter per ki lometer  (m/km) 

f o o t  squared per  day ( f t 2 / d )  .0929 meter squared per day 

f o o t  cubed per day ( f t 3 / d )  .0283 meter cubed per day ( d i d )  

mile (mi) 1.609 k i lomete r  (km) 

g a l l o n  per  minute (ga l lmin)  -06309 l i t e r  per second (L/s) 

g a l l o n  per minute l i t e r  per second 
per  f o o t  [ (gal /min)  / f t  ] .2070 per  meter [(L/s)/m] 

pound per square  inch  ( l b / i n 2 )  .07031 kilogram per square 
cen t imete r  (kg/cm2) 

Chemical c o n c e n t r a t i o n s  a r e  g iven  on lv  i n  m e t r i c  u n i t s - m i l l i g r a m s  
per  l i t e r  (mg/L), micrograms per l i t e r  (ug/L),  o r  p icocur ies  per l i t e r  
(pCi/L). 

Liquid d e n s i t i e s  a r e  given only i n  met r i c  units--grams per cubic  
c e n t i m e t e r  (g/cm3). 



INTERIM DATA REPORT ON THE GEOHYDROLOGY OF THE 

PROPOSED WASTE ISOLATION PILOT PLANT SITE, 

SOUTHEAST NEW .HEXICO 

By J. W. Mercer and R. R. Orr 

A b s t r a c t  

Data were c o l l e c t e d  durLng hydro log ic  i n v e s t i g a t i o n s  a t  t h e  
Waste I s o l a t i o n  P i l o t  P l a n t  s i t e  i n  s o u t h e a s t  New Mexico throvgh 
September 1977. These d a t a  w i l l  be considered a s  p a r t  of a s i t e  char- 
a c t e r i z a t i o n  s tudy  e v a l u a t i n g  t h e  f e a s i b i l i t y  of nuclear-waste  
s t o r a g e  w i t h i n  bedded s a l t  of t h e  Salado Formation of Permian age.  

L iqu ids  i n  t h e  rocks o v e r l y i n g  t h e  Salado Formation a r e  found a t  
t h e  c o n t a c t  between t h e  Permian-Rustler and Salado Formations,  and i n  
t h e  Culebra an6 Magenta Dolomite Members of t h e  R u s t l e r  Formation. 

C a l c u l a t i o n s  of h y d r a u l i c  g r a d i e n t  and d i r e c t i o n  of f l o w  of 
water  moving along t h e  Rust ler-Salado c o n t a c t  have been h indered  
because heads a r e  s t a b i l i z i n g  very slowly. P r e l i m i n a r y  c a l c u l a t i o n s  
of t r a n s m i s s i v i t y  range from 10-I f e e t  squared per  day on t h e  western 
margin of t h e  s i t e  t o  10"' f e e t  squared per day on t h e  e a s t e r n  
margin. L iqu ids  from t h e  Rustler-Salado c o n t a c t  c o n t a i n  from 311,000 
t o  325,800 mi l l ig rams  per  l i t e r  t o t a l  d i s s o l v e d  s o l i d s .  Liquid 
chemis t ry  s u g g e s t s  long res idence  times and e x t e n s i v e  l i q u i d -  rock 
i n t e r a c t i o n ,  i n c r e a s i n g  with  decreas ing  permeabi l i ty .  

L iqu ids  i n  t h e  Culebra Dolomite Kember move s o u t h e a s t  a t  
g r a d i e n t s  ranging from 7 t o  120 f e e t  pe r  mile .  P r e l i m i n a r y  
t r a n s m i s s i v i t y  c a l c u l a t i o n s  range from 140 f e e t  squared per day  on 
t h e  western margin t o  f e e t  squared per day t o  t h e  e a s t .  T o t a l  
d i s s o l v e d  s o l i d s  range from 23,721 mi l l ig rams  per l i ter  a l o r a  t h e  
western margin of the  s i t e  t o  118,292 m i l l i g r a m s  per  l i t e r  t o  t h e  
e a s t .  1,iquid chemis t ry  w i t h i n  t h e  Culcbra v a r i e s  f r a n  w e l l  t o  w e l l  
probably a s  a f u n c t i o n  of f r a c t u r e  d i s t r i b u t i o n .  



L i q u i d s  i n  t h e  Magenta Dolomite Member move southwest a t  a 
g r a d i e n t  of abou t  50 f e e t  per  mi le .  P re l iminary  t r a n s m i s s i v i t y  
e s t i m a t e s  range from l e s s  than  1 f o o t  squared per  day t o  40 f e e t  
squared pe r  day. T o t a l  d i s s o l v e d  s o l i d s  range from 10,347 mi l l ig rams  
p e r  l i t e r  t o  29,683 m i l l i g r a m s  per  l i t e r .  

Tho ex t remely  low v e r t i c a l  h y d r a u l i c  c o n d u c t i v i t y  w i t h i n  t h e  
R u s t l e r  Formation r e s t r i c t s  l i q u i d  migra t ion  between t h e  Magenta and 
Culebra  Dolomite Members, and between the  Culebra and t h e  Rus t l e r -  
Sa lado  c o n t a c t .  Heads a r e  h i g h e s t  i n  t h e  Magenta and lowest a t  the  
Rust ler -Salado c o n t a c t .  

L iqu id  l e v e l s  i n  w e l l s  t app ing  t h e  Permian k11 Canycin Formation 
n e a r  t h e  s i t e  a r e  lower than  l e v e l s  i n  w e l l s  t app ing  the  R u s t l e r  
Formation. L i q u i d s  from t h e  B e l l  Canyon Formation c o n t a i n  
189,000 m i l l i g r a m s  per  l i t e r  t o t a l  d i s s o l v e d  s o l i d s .  Liquid d e n s i t y  
and chemis t ry  i n d i c a t e  long res idence  t imes  and e x t e n s i v e  l iqu id - rock  
i n t e r a c t i o n .  

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

A proposed s i t e  f o r  a n u c l e a r  waste i s o l a t i o n  p i l o t  p l a n t  is i n  
e a s t e r n  Eddy County, 30 m i l e s  e a s t  of Car l sbad ,  N. Mex., i n  an a r e a  
known a s  Los Medanos ( f i g .  1) .  The geohydrology of t h i s  a r e a  is 
being s t u d i e d  by t h e  U.S. Geological  Survey a t  t h e  r e q u e s t  of t h e  
Waste I s o l a t i o n  P i l o t  P l a n t  (WIPP) P r o j e c t  O f f i c e  of t h e  
U.S. Department of Energy. The s t u d y  was des igned t o  supplement t h e  
t e c h n i c a l  program o f .  Sandia L a b o r a t o r i e s ,  which is r e s p o n s i b l e  f o r  
t e c h n i c a l  development of t h e  WIPP f a c i l i t y .  The proposed WIPP 
f a c i l i t y  vould be c o n s t r u c t e d  i n  t h e  bedded salts of t h e  Pemian- 
Salado Formation f o r  t h e  d i s p o s a l  o f  defense-associa ted nuc lea r  
wastes .  

The s i t e  covers  about  54 square  m i l e s  and t!ncompasses a l l  of 
T.22 S., R.31 E., t h e  e a s t e r n  p a r t  o f  T.22 S., R.30 E., and t h e  
n o r t h e r n  part o f  T.23 S., R.31 Z. 

Los Medanos is p a r t  of t h e  g e n t l y  s l o p i n g  t e r r a i n  which r i s e s  
eas tward from t h e  Pecos River  Val ley.  Topographic r e l i e f  is l e s s  
t h a n  50 f e e t  and t h e  s u r f a c e  is comprised of d e s o l a t e  sand dunes. 
The a r e a  s t r a d d l e s  a low d i v i d e  between Nash Draw t o  the  west and 
San Simon Swale t o  t h e  e a s t .  



Figure I.--Location map of  the WlPP study area shewing hydrologic 

and selected geologic test  holes a t  Los Hedanos. 



This  r e p o r t  c o n t a i n s  geohydr ~ l o g i c  and water-qual i ty  d a t a ,  
hydro log ic  t e s t i n g  methods, and pre l lminary  i n t e r p r e t a t i o n s  r e l a t e d  
t o  t h e  site a r e a  and it supplements a  r e p o r t  i n  which the reg iona l  
hydrogeologic  regime was descr ibed  (Mercer a::d Orr, 1977). 

The f e a s i b i l i t y  of conf in ing  westes wi th in  geologic  format ions  
f o r  a  s p e c i f i e d  t ime per iod is  an important  t e c h n i c a l  c c ~ n s i d e r a t i o n  
when s i t i n g  a  r a d i o a c t i v e  waste i s o l a t i o n  f a c i l i t y .  Two f a c t o r s  a r e  
d i r e c t l y  r e l a t e d  t o  the  conf in ing  proper ty  of the a q u i f e r :  (1 )  t h e  
geo log ic  s t a t i l i t y  of the  format ion o r  format ions  i n  which the  wastes  
a r e  t o  be i s o l a t e d ,  and (2 )  the  occurrence of l i q u i d  t h a t  could 
t r a n s p o r t  r a d i o n u c l i d e s  away from the s i t e .  Because the  format ion 
proposed f o r  waste i s o l a t i o n  is e a s i l y  d i s s o l v e d  h a l i t e ,  the  waste 
conf in ing  p r o p e r t y  is dependent upon the  hydrologic  regime wi th in  and 
around t h e  i s o l a t i o n  horizon.  

Pressure  heads,  magnitude and d i r e c t i o n  of flow, and l l q u i d  
cherr is t ry  i n  the  format ions  from the  top of t h e  s a l t  up t o  t h e  ground 
s u r f  ace ( sha l low hydrology) need t o  be evaluated.  Unsaturated waters  
migra t ing  a long  t h e  upper s u r f a c e  of t h e  s a l t  beds w i l l  a f f e c t  t h e  
s t a b i l i t y  of t h e  s t o r a g e  format ions .  The pressure  heads,  d i r e c t i o n s  
and r a t e s  of f low,  and l i q u i d  chemistry  below (deep hydrology) t h e  
s t o r a g e  hor izon  a l s o  need . t o  be eva lua ted  t o  p r e d i c t  t r a n s p o r t  of 
r a d i o n u c l i d e s  should they be a c c i d e n t a l l y  discharged i n t o  t h e  
l iqu id-bear ing  zones. 

General s i t e  geohydrclogy 

General s e t t i n g  

Sedimentary rocks exposed a t  the  WIPP s i t e  range i n  age from 
Ear ly  Permian t o  Quaternary. The o l d e s t  rocks l i e  t o  the  west and 
p r o g r e s s i v e l y  younger rocks l i e  t o  the  e a s t .  A d e t a i l e d  knowledge of 
t h e  s t r a t i g r a p h y  must be obtained from d r i l l  ho les  because the  rocks 
g e n e r a l l y  a r e  covered by Quaternary c a l i c h e  and semis tab i l i zed  and 
a c t i v e  dune sands. 

A t o t a l  of 3 1  test h o l e s  have been d r i l l e d  f o r  geologic  and 
hydro log ic  i n v e s t i g a t i o n s .  Test h o l e s  (P-18, P-10, P-2, ERDA-9, P-3, 
P-6, P-14) were used t o  c o n s t r u c t  an east-west g * o l o g i c  s e c t i o n  
( f i g .  2). The rocks pene t ra ted  by d r i l l i n g  f t a b i e  1) c o n s i s t  mainly 
of  Permian sands tone ,  e v a p o r i t e s ,  and red beds,  but include some 
T r i a s s i c  sands tone  and P l e i s t o c e n e  bolson-type d e p o s i t s .  





Table 1.--Summary of rock units of Permian (Ochoan and Cuadalupian) and younger age, WIPP 

site area, Eddy and Lea Counties, New Hexico 
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Permian rocks 

Guadalupian Series.--The Delaware Mountain Group c o n s i s t s ,  i n  
ascending  o r d e r ,  of t h e  Brushy Canyon, Cherry Canyon, and B e l l  Canyon 
Formations ,  and i s  conposed predominant ly  of sandstone c o n t a i n i n g  
in te rbedded  l imestone.  The Delaware Mountain Grol~p is of hydro log ic  
importance i n  WIPP i n v e s t i g a t i o n s  because i t  is t h e  f i r s t  
l iqu id-bear ing  zone below t h e  p o t e n t i a l  was tz - repos i to ry  hor izons .  
The B e l l  Canyon Formation, t h e  uppermost rock u n i t  i n  t h e  Delaware 
Mountain Group, is t h e  o l d e s t  rock pene t ra ted  by WIPP boreholes  and 
forms t h e  b a s i n  f l o o r  t o r  the  o v e r l y i n g  Ochoan e v a p o r i t e s .  

The B e l l  Canyon Formation was pene t ra ted  i n  t h e  AEC-8 boreho le  
( f i g .  1) a t  a depth of 4,315 f e e t ,  o r  a t  an e l e v a t i o n  of 783 f e e t  
below mean s e a  l e v e l .  The t o p  of t h e  B e l l  Canyon i n  t h e  ERDA-10 
boreho le ,  8.5 miles southwest  OF t h e  si te c e n t e r  ( f i g .  l), l i e s  a t  a  
d e p t h  of  3,829 f e e t ,  o r  a t  an e l e v a t i o n  of 458 f e a t  below mean s e a  
l e v e l .  

Ochoan Series.--The Ochoan r ~ c k s  2ene t ra ted  a t  t h e  W I Y D  s i t e  a r e  
predominant ly  rock s a l t  and a n h y d r i t e ,  bu t  i n c l u d e  potash a s  w e l l  a s  
some l:mestone, do lomi te ,  and f  ine-grainsd c l a s t i c s .  The Ochoan 
S e r i e s  i n  ascending  o r d e r  c o n s l s t s  of t h e  C a s t i l e ,  Salado,  and 
R u s t l e r  Formations and t h e  Dewey Lake Red Beds. 

The C a s t i l e  Formation, (Richardson,  1904) was p e n e t r a t e d  a t  t h e  
WIPP s i t e  at a dept;, of 2,824 f e e t  i n  ERDA-9 and 2,982 f e e t  i n  AEC-8 
( f i g .  1 ) .  The C a s t i l e  l i e s  conformably over  t h e  B e l l  Canyon 
Formation and c o n s i s t s  of a  massive t o  banded a n h y d r i t e  i ~ t e r b e d d e d  
w i t h  h a l i t e  seams. The predominance of a n h y d r i t e  i n  t h e  C a s t i l e  
d i f f e r e n t i a t e s  i t  from t h e  predominant ly  h a l i t i c  Salado Formation. 
The upper c o n t a c t  of t h e  C a s t i l e  is conformable,  wi th  l a t e r a l  and 
v e r t i c a l  g r a d a t i o n  from a n h y d r i t e  t o  rock salt.  

The Salado Formation, d i f f e r e n t i a t e d  f i ~ m  t h e  C a s t i l e  by t a n g  
(19351, is one of t h e  most e x t e n s i v e l y  eva lua ted  fo rmat ions  a t  t h e  
WIPP s i t e .  It is i n  s e l e c t e d  salt hor izons  of t h i s  fo rmat ion  t h a t  
t h e  wastes  would be placed.  The Salado Formation was found a t  
v a r y i n g  d e p t h s  a c r o s s  t h e  s i t e .  From west t o  e a s t  t h e  Salado was 
p e n e t r a t e d  i n  P-14 a t  a  depth of 687 f e e t  o r  an e l e v a t i o n  of 
2,671 f e e t ,  i n  H-1 a t  a dep th  of 808 f e e t  o r  an e l e v a t i o n  of  
2,595 f e e t ,  and i n  P-18 a t  a  dep th  of 1,088 f e e t  o r  an e l e v a t i o n  of 
2,391 f e e t  ( f i g .  2). 

The Salado Formation c o n s i s t s  of a  heterogeneous sequence of 
t h i c k  l a y e r s  of s a l t  in te rbedded  wi th  a n h y d r i t e  and p o l y h a l i t e .  It 
a l s o  c o n t a i n s  potassium-bearing e v a p o r i t a s .  The r e g i o n a l  d i p  of t h e  
format ion is t o  t h e  e a s t  under t h e  s i t e .  D r i l l i n g  has  confirmed t h a t  
t h e r e  i s  minor s a l t  d i s s o l u t i o n  a t  the  top  of the  Salado west of t h e  
s i t e  a r e a .  



The R u s t l e r  Formation (Richardson,  1904) is t h e  uppermost 
e v a p o r i t e  u n i t  pene t ra ted  by boreholes  a t  t h e  WIPP s i t e .  The Rus t l e r  
confoimably o v e r l i e s  t h e  Salado Formation, and c o c s i s t s  of 
in te rbedded  a n h y d r i t e ,  s i l t s t o n e ,  and mudstone, t h i n  cont inuous 
dolomite  beds ,  and h a l i t e .  

The eas tward d ipp ing  R u s t l e r  Formation was pene t ra ted  i n  P-14 a t  
a  dep th  o f  387 f e e t ,  o r  an e l e v a t i o n  of 2,969 f e e t ,  i n  H-1 a t  a  dep th  
of 507 f e e t ,  o r  a n  e l e v a t i o n  of 2,896 f e e t ,  and i n  P-18 a t  a  depth of 
628 f e e t ,  o r  a n  e l e v a t i o n  of 2,851 f e e t  above mean sea  l e v e l  
( f i g .  2) .  The o v e r a l l  t h i c k n e s s  decreases  t o  t h e  west ,  ranging from 
460 f e e t  i n  P-18 t o  300 f e e t  i n  P-14, and corresponds t o  a  westward 
removal of R u s t l e r  s a l t  ( f i g .  2) .  The upper c o n t a c t  of the  Rus t l e r  
is s h a r p  and is marked by a  d i s t i n c t  change from reddish-brown 
mudstone t o  g r a y  a n h y d r i t e .  

The Magenta and Culebra Dolomite Members, two r e g i o n a l l y  
p e r s i s t e n t ,  t h i n  ca rbona te  marker beds w i t h i n  the  R u s t l e r ,  a r e  found 
i n  a l l  WIPP t e s t  h o l e s ,  and a c t  a s  the  p r i n c i p a l  hydrologic  s n i t s  i n  
rocks  over l - . lng t h e  r e p o s i t o r y  hor izons .  The Hagenta ranges i n  
t h i c k n e s s  f:~m 23 t o  27 f e e t  and the  Culebra ranges  i n  th ickness  from 
18  t o  28 f e e t  ( f i g .  2).  

The Dewey Lake Eed Beds (Page and Adams, 1940) comprise t h e  
youngest rocks  i n  t h e  Ochoan sequence a t  t h e  WIPP s i t e  and mark an 
abrup t  change i n  t h e  d e p o s i t i o n a l  environment. The e v a p o r i t i c  
a n h y d r i t e  of t h e  R u s t l e r  Formation changes s h a r p l y  t o  the  c l a s t i c  
sediments  of t h e  Dewey Lake Red Beds i n  which no e v a p o r i t e  deposition 
is observed. The Dewey Lake Red Beds were depos i t ed  f l l l v i a l l y  on 
broad mud f l a t s  a f t e r  t h e  f i n a l  r e g r e s s i o n  or' Permian seas  and 
c o n s i s t  of a  heterogenous sequence of in terbedded s i l t s t o n e s ,  
mudstones,  and sands tones  (Brokaw, 1972, p. 26). S i l t - f i l l s ?  mud 
c r a c k s  occur a t  t h e  top  of many mudstone l a y e r s ,  and s e c t i o n s  of t h e  
u n i t  a r e  i n t r u d e d  by h o r i z o n t a l  and c r i s s c r o s s i n g  v e i n s  of s e l e n i t e .  

The Dewey Lake Red Beds were i n t e r c e p t e d  by P-14 a t  a  depth of 
42 f e e t ,  o r  a t  an  e l e v a t i o n  of 3,316 f e e t ;  by H-1 a t  a  depth of 
35  f e e t ,  o r  a t  an  e l e v a t i o n  of 3,368 f e e t ;  and by P-18 a t  a  depth of 
87 f e e t ,  o r  a t  an e l e v a t i o n  of 3,392 f e e t  ( f i g .  2).  In  t h e  western 
h a l f  of t h e  s i t e ,  t h e  Dewey Lake is covered only by t h i n  s u r f i c i a l  
d e p o s i t s  o r  by t h e  bolson- l ike  f i l l  of t h e  Gatuna Formation. To t h e  
e a s t ,  t h e  Dewey Lake is o v e r l a i n  by t h e  Santa Rosa Sandstone 
( f i g .  2 ) ,  which t h i c k e n s  eas tward.  The Dewey Lake i n c r e a s e s  i n  
t h i c k n e s s  from 350 f e e t  i n  P-14 t o  541 f e e t  i n  P-18 ( f i g .  2 ) .  The 
va ry ing  t h i c k n e s s  is probably a  r e s u l t  of post-Permian e r o s i o n ,  
p r i m a r i l y  west of ERDA-9. 



T r i a s s i c  rocks 

Dockum Group.--The Santa Rosa Sandstone, named by Darton (1922) i n  
t he  a r e a ,  covers  the e a s t e r n  one-half of the  WIPP s i t e ,  thinning to  a  
fea theredge  a l o r g  a  north-south l i n e  through the  s i t e  cen t e r  near 
ERDA-9 ( f i g .  2 .  I'he basa l  contac t  is marked by an e ros iona l  
unconformity on the  underlying Dewey Lake Red Eeds. The Santa Rosa 
Sandstone c o n s i s t s  predominantly of crossbedded sandstone,  s i l t s t o n e ,  
and conglomerate. The Saiita Rosa Sandstone was penet ra ted  i n  P-18, 
where i t  is 78 f e e t  t h i ck ,  and i n  AEC-8, where i t  is  127 f e e t  th ick .  
The sandstone is truncated by a nodular t o  laminar limestone of 
middle P le i s tocene  age, informally named the  Mescalero c a l i c h e  by 
Bachman (1974, p. 31). 

J u r a s s i c ,  Cretaceous, and T e r t i a r y  rocks 

No rocks of J u r a s s i c ,  Cretaceous, o r  T e r t i a r y  age occur w i th in  
t he  s i t e  a rea .  

Quaternary rocks 

The Quaternary Gatuna Formation, named by Lang (1938), occurs  a s  
disconcinous bolson-type depos i te  i n  channels  and depress ions  
poss ib ly  r e l a t e d  t o  s o l u t i o n  wi th in  the Salado and Q u s t l e r  
Formations. It is found spo rad ica l ly  i n  the d r i l l  ho les .  A t h i n  
c a l i c h e  caprock of Holocene age extends ac ros s  t he  s i t e  and is 
ove r l a in  by a  s h i f t i n g  mantle of semis tab i l ized  dune sands. 



Important  deep geohydrologic  u n i t s  

The occurrence of l i q u i d s  w i t h i n  rock u n i t s  l y i n g  beneath the  
Salado Formation is important  because of the p o t e n t i a l  f o r  l i q u i d s  ro 
t r a n s p o r t  r a d i o n u c l i d e s  avay from the b u r i a l  s i t e .  Br ines  occur i n  
t h e  sandstone of t h e  Delaware Mounrain Group. Previous 
i n v e s t i g a t i o n s  (Hiss ,  1976) i n d i c a t e  t h a t  these  b r i n e s  move nor theas t  
a c r o s s  t h e  Delaware Basin and d i s c h a r g e  i n t o  the  Guadalupian Capitan 
Limestone and a s s o c i a t e d  back-reef rocks.  The uppermost rock u n i t  of 
t h e  Delaware Mountain Group, t h e  B e l l  Canyon Farmation, d i r e c t l y  
u n d e r l i e s  t h e  e v a p o r i t e  rocks  of t h e  C a s t i l e  Formation. It is the  
l iqu id -bear ing  zone most l i k e l y  t o  a f f e c t  proposed s t o r a g e  hor izons  
from below t h e  Salado Formation. Tescing of these  deep hydrologic  
environments f o r  the  WIPP s t u d i e s  has p r i m a r i l y  taken place  i n  AEC-8. 

Important shal low geohydrologic  u n i t s  

The l iqu id -bear ing  rocks of the R u s t l e r  Formation have k e n  the  
primary s t u d y  zones i n  WIPP hydrologic  i n v e s t i g a t i o n s  because they 
d i r e c t l y  o v e r l i e  the  Salado Formation and f u r n i s h  a  p o t e n t i a l  avenue 
f o r  s a l t  d i s s o l u t i o n  and rad ionuc l ide  t r a n s p o r t .  Work p r i o r  t o  WIPP 
i n v e s t i g a t i o n s  (Yercer  and Orr, 1977) lrad ind ica ted  s e v e r a l  zones of 
hydro log ic  i q t e r e s r  w i t h i n  Lhe R u s t l e r  Formation. The Hagenta and 
Culebra Dolomite Members a r e  p roduc t ive  a q u i f e r s  i n  o t h e r  a r e a s  
w i t h i n  the  Delaware Basin. Water i n  the  ~ u s t l e r  dolom'tes appears  t o  
move s lowly  southward a c r o s s  the  western h a l f  of the  Delaware Basin 
a long f r a c t u r e s  (Cooper, 1971, p. 8) e v e n t u a l l y  discharging near  
Melaga Beqd. Recharge probably occilrs by in f  i1:rat ion  through 
f r a c t u r e s  and exposed c o n t a c t s  i n  upper Nash Draw and Clayton Basin 
t o  t h e  nor th .  The c o n t a c t  between the  R u s t l e r  and Salado Formarions 
t r a n s m i t s  l i q u i d  near  Nash D r a w  ("br ine  a q u i f e r "  hor izon)  (Mercer and 
Orr, 1977, p. 20). The Mag.:nta and Culebra Dolomite Members, and 
Rustler-Salado c o n t a c t  a r e  considered t o  be t h e  most probable 
l iquid-producing zones wi th in  the  R u s t l e r  i n  the  s tudy  a r e a .  
Otherwise,  the  predominant l i t h o l o g y ,  a n h y d r i t e  with s i l t s t o n e ,  has 
n o t  t e e n  known t o  produce a p p r e c i a b l e  amounts of l i q u i d .  Racks 
w i t h i n  t h e  R u s t l e r  i n  which previous  h a l i t e  l each ing  had occurred 
( s a l t  r e s i d u e  zones) were propcsed a s  a d d i t i o n a l  hydrologic  t e s t i n g  
hor izons  (C. L. Jones ,  1976, o r a l  comun.).  



The s i l t s t o n e s  and mudstones of the  Dewey ~ a k e  Red Eeds l i m i t  
l i q u i d  t r a n s m i s s i o n  c a p a b i l i t y .  However, zones of p e r m e a b i l i t y ,  a s  
i n d i c a t e d  by l o s s  of c i r c u l a t i o n  of d r i l l i n g  f l u i d ,  have p r e v i o u s l y  
been encountered w i t h i n  t h e  Dewey Lake Red Beds i n  t h e  v i c i n i t y  o f  
t h e  WIPP s i t e  by wel l  d r i l l e r s .  P e r m e a b i l i t y  is J measure of t h e  
r o c k ' s  a b i l i t y  t o  t r a n s m i t  f l u i d  under h y d r o p o t e n t i a l  g r a d i e n t .  
These zones  have been t e s t e d  b r i e f l y  d u r i n g  t h e  t e s t - w e l l  d r i l l i n g  
p r o g r m  of t h e  R u s t l e r  a s  p o t e n t i a l  avenues of l i q u i d  t r a n s m i s s i c n ,  
bu t  no a p p r e c i a b l e  l i q u i d  f l o - a  were Found. 

Data c o l l e c t i o n  

The o b j e c t i v e s  of t h e  h y d r o l o g i c  t e s t i n g  program a t  t h e  WIPP 
s i t e  a r e  t o  de te rmine  t n e  s t a t j c  head o r  r e s e r v o i r  p r e s s u r e ,  t h e  
magnitude and d i r e c t i o n  of f iow,  and t h e  chemis t ry  of f o m a t t o n  
wa te r s .  Comonly,  t h e s e  hydrol.ogic t e s t s  a r e  made i n  e x p l o r a t o r y  
t e s t  h o l e s  e i t h e r  d u r i n g  d r i l l i n g  o r  a f t e r  tile h o l e  has  been d r i l l e d  
t o  t o t a l  dep th .  Hydrologic t e s t s  s e r e  made i n  11 e x p l o r s t o r y  t e s t  
h o l e s  a t  t h e  WIPP site--H-1; H-2 a ,  b,  and c ;  H-3; P-14; P-15; P-17; 
P-18; A -  and EHDA-10 ( f i g .  1 ) .  Of t h e s e  11 h o l e s ,  5  were 
s p e c i f i c a l l y  designed f o r  hydro log:^ t e s t i n g  (H-1; H-2 a ,  b, and c ;  
and H-3). 

The hydro log ic  t e s t  h o l e s  (H-1; H-2 a ,  b ,  and c; and H-3) were 
p1ace.I i n  a t r ' a n g u l a r  a r r a y  measur ing approximately  one-half m i l e  
long  or each s i d e .  Th i s  a r r a y  was s e l e c t e d  t o  de te rmine  h y d r a u l i c  
g rad ie r . t s  i n  t h e  l i q u i d - b e a r i n g  zoaes  above t h e  s a l t  s e c t i o n .  

The H-2 complex (H-2a, H-2b, and H-2c) was designed i n  a c l o s e l y  
spaced t r i a n g u l a r  a r r a y  ( f i g .  1 )  t o  provide long t e r n  o p e r r h o l e  
t e s t i n g  and pump t e s t i n g  f o r  v e r t i c a l  and ( o r )  h o r i z o n t a l  
communications between l iqu id -bear ing  zones. 

The potash-hydrologic  t e s t  h o l e s  (P-14, P-15, P-17, and P-18) 
were not  d r i l l e d  s p e c i f i c a l l y  f o r  h y d r o l o g i c  t e s t i n g  bu t  were 
des igned  f o r  po tash  minera l  e v a l u a t i o n .  These p a r t i c u l a r  h o l e s  were 
s e l e r t e d  f o r  h y d r o l o g i c  t e s t i n g  i n  t h e  l i q u i d - b e a r i n g  zones above t h e  
s a l t  because of t h e i r  l o c a t i o n  n e a r  t h e  o u t e r  boundary of t h e  GnPP 
sf t e .  

The two remaining h o l e s  (AEC-8 and ERDA-10) were deep  t e s t  h o l e s  
used t o  t e s t  l i q ~ i d - b t  a:ing zones below t h e  s a l t  s e c t i o n .  AEC-8, 
d r i l l e d  p r i o r  t o  t h e  WIPP p r o j e c t ,  J a s  deepened f o r  t e s t i n g  of 
l i q ~ i d - b e a r i n g  zones below t h e  s a l t .  Hydrologic t e s t i n g  of t h i s  
i n t e r v a l  i s  now (October ,  1977) being conducted i n  ERDA-10, a  test 
h o l : ~  61;illed f o r  o f f s i t e  g e o l o g t c  e v a l u a t i o n .  



Methods of d r i l l i n g  and t e s t i n g  

The a i r - r o t a r y  d r i l l i n g  method was used t o  d r i l l  the  h o l e s  
designed s p e c i f i c a l l y  f o r  hydrologic  t e s t i n g  a t  t h e  WIPP s i t e  (H-1, 
H-Za, H-Zb, H-Zc, and H-3). This  method d i f f e r s  f r m  s tandard  r o t a r y  
d r i l i i n g  i n  t h a t  t h e  d r i l l i n g  f l u i d  o r  mud g e l  used t o  coo l  t h e  h i t  
and remove c u t t i n g s  is rep laced  by compressed a i r  whicn is  pumped 
down the  d r i l l  p ipe  and moves back up t h e  annu la r  space between the  
d r i l l  p ipe  and t h e  borehole  w a l l .  Dry ccmpressed a i r  ? s  used u n l e s s  
mois t  zones o r  l i q u i d  a r e  encountered,  a t  which time soap and water 
a r e  added t o  a s s i s t  i n  removal of t h e  c u t t i n g s .  Yris  procedure is 
r e f e r r e d  t o  as m i s t  d r i l l i n g .  The a i r  method was used t o  make i t  
e a s i e r  t o  i d e n t i f y  zones t h a t  might c o n t a i n  l i q u i d  and t o  decrease  
aqu i fe r - t e s t -zone  plugging which may occur  us ing bentordt ic-based 
d r i l l i n g  f l u i d s .  

Open-hole t e e t i n g  procedures  a r e  p r e f e r r e d  a s  they  a l l o w  
exposure of t h e  maximum s u r f a c e  a r e a  of t h e  t e s t  i n t e r v a l .  I f ,  
however, t h e  zones a r e  of very low permeab i l i ty  r e q u i r i n g  long 
per iods  of recovery time, t h i s  type of t e s t i n g  may be too ex:onsive 
and the  h o l e  must be cased. 

Cased h o l e s  were prepared f o r  hydrologic  t e s t i n g  by p e r f o r a t i x g  
t h e  c a s i n g  w i t h  j e t  s h o t s  (shaped exp los ive  charges )  0.5 inch i n  
d iamete r  and 3 h o l e s  p e r  f o o t  of cas ing .  Because of d i f f i c u l t i e s  
t h a t  occur  due t o  p e r f o r a t i n g  i n  d ry  h o l e s ,  the  p e r f o r a t i n g  t o o l  was 
g e n e r a l l y  cushioced by water which wa3 b a i l e d  o r  swabbed a f t e r  the  
t o o l  was f i r e d .  

General methods of i n v e s t i g a t i o n  f o r  nydrologic  ' t e s t ing  rlsually 
began wi th  geophys ica l  logging of t h e  open borehole.  These logs  
provided d e t a i l e d  in fo rmat ion  on l i t h o l o g i c  cnanges,  fo rmat iona l  
c h a r a c t e r i s t i c s ,  p o t e n t i a l  zones of water  y i e l d ,  and borehole 
d iamete r  changes.  These parameters  were i n i t i a l l y  needed f o r  
s e l e c t i o n  of  i n t e r v a l s  t o  be t e s t e d ,  a s  w e l l  a s  t o  provide 
in fo rmat icn  on h o l e  c o n d i t i o n s  i n  the  s e l e c t i o n  of packer s e a r s .  For 
a d e t a i l e d  d i s c u s s i o n  of logging and l o g  i n t e r p r e t a t i o n  s e e  Keys and 
MacCary (1971) .  

Hydrologic  t e s t i n g  a t  t h e  WIPP s i t e  f r e q u e n t l y  u t i l i z e d  
h y d r a u l i c a l l y  i n f l a t a b l e  packers.  These packers enabled s e l e c t e d  
i n t e r v a l s  i n  e i t h e r  open h o l e s  o r  cased h o l e s  t o  be e f f e c t i v e l y  
i s o l a t e d  and t e s t e d .  The advantages of us ing  i n f l a t a b l e  packers over  
o t h e r  mechanical dev ices  a r e  found i n  t h e  g r e a t e r  running c lea rance  
and i n  t h e  more p o s i t i v e  s e a l  of an i n f l a t a b l e  element. For a  
d e t a i l e d  d i s c u s s i o n  of t h e  i n f l a t a b l e  packer and i t s  u s e s ,  r e f e r  t o  
Blankennagel (1967, p.  41-45;. 



Following logg?ng, a  proposed t e s t  zone was i s o l a t e d  by an 
i n f l a t a b l e  packer o r  packers ,  a d  a  p r e l i m i n a r y  d r i l l - s t e m  t e s t  was 
conducted.  The d r i l i - s t e r n  t e s t  is  designed t o  p r o v i d e  r e p r e s e n t a t i v e  
samples of water  from the  fo rmat ion ,  u n d i s t u r b e d  p r e s s u r e s  i n  t h e  
f o r m a t i o n ,  and i n d i c a t i o n s  of t h e  p e r m e a b i l i t y  of the  f o r a a t i o n .  
Standard o i l - f i e l d  d r i l l - s t e m  t e s t s  were run on AEC-8 and ERDA-10, 
b u t  i n  a o s t  c a s e s  t h e  procedures  were modif ied.  The m o d i f f r s t l o n  
mo,t commonly made was i n  t h e  method of r e c o r d i n g  .ormat ion 
p r e s s u r e s .  I n  s t a n d a r d  o i l - f i e l d  d r i l l - s t e m  t e s t s ,  p r e s s u r e s  a r e  
recorded  throughout  t h e  t e s t  by a  bourdon-tube p ressure - record ing  
gage ( p r e s s u r e  bomb) l o c a t e d  near  t h e  bottom of t h e  d r i l l  s t r i n g .  
Data from t h i s  p r e s s u r e  bomb cantlot  be r e t r i e v e d  u n t i l  a f t e r  
complet ion of the  t e s t .  I n  t h e  modified d r i l l - s t e m  t e s t s  used i n  
WIPP h y d r o l o g i c  i n v e s t i g a t i o n s ,  t h e  tub ing  was opened t o  t h e  t e s t  
zone,  l i q u i d  was removed from t h e  t u b i n g ,  and t h e  r i s i n g  f o r m a t i o n a l  
l i q u i d  l e v e l  was measured i n  t h e  d r i l l  s t r i n g .  Th i s  m o d i f i c a t i o n  
a l lowed con t inuous  moni to r ing  d u r i n g  t h e  t e s t .  A d d i t i o n a l l y ,  
p r e s s u r e - m o n i t o r i n g  d e v i c e s  were placed a t o v e  and below packers  t o  
de te rmine  whether t h e  zone was e f f e c t i v e l y  i s o l a t e d  from the  r e s t  of 
t h e  borehole .  

Hydrologic  t e s t  procedures  a t  t h e  WlPP s i t e ,  whether performed 
a s  d r i l l - s t e m  t e s t s ,  open-hole t e s t s ,  o r  cased-hole t e s t s ,  g e n e r a l l y  
c o n s i s t e d  of b a i l i n g  o r  swabbing a  known volume of l i q u i d  a t  a  known 
r a t e  and observinp, the  r a t e  of recovery f o l l o c ~ i n g  l i q u i d  wi thdrawal .  
Y i e l d s  from t e s t  zones could then be c a l c u l a t e d  from t h e  r a t e  of 
change i n  water  l e v e l s  wi th  time. 

The b a i l i n g  t e s t s  a r e  conducted us ing  a b a i l e r ,  which is  a  
hol low s t e e l  c y l t n d e r  u s u a l l y  20 f e e t  long and s l i g h t l y  s m a l l e r  t h a n  
t h e  borehole .  Tne b a i l e r  i s  equipped with  a  dar t -door  v a l v e  (check  
v a l v e )  a t  the  bottom. When t h e  b a i l e r  is surged up and down i n  t h e  
b o r e h o l e ,  the  d a r t  a l l o w s  wnter t o  e n t e r  t h e  b a i l e r  where i t  is 
en t rapped .  The b a i l e r  is then removed from t h e  h o l e  and the  l i q u i d  
is  dumped i n t o  a  c a l i b r a t e d  tank.  

Swabbing t e s t s  a r e  s i m i l a r  t o  b a i l i n g  t e s t s  i n  t h a t  t h e i r  
purpose i s  t o  e x t r a c t  a  known volume of l i q u i d  from t h e  h o l e  o r  a r e  
used t o  remove mud and o t h e r  l i q u i d  from t h e  h o l e  p r i o r  t:~ t e s t i n g .  
General  procedures  a r e  a s  fo l lows  : 



A f t e r  t h e  d r i l l  p i p e  o r  t u b i n g  is lowered i n t o  the  h o l e ,  t he  swab is 
a t t a c h e d  t o  a  w i r e  l i n e  and lowered i n t o  t h e  tub ing .  The swab 
c o n s i s t s  of ti ho l low s u p p o r t i n g  mandrel wi th  an  upward opening va lve  
(check v a l v e ) ,  s i n k e r  b a r ,  and rubber  cups  (Uren, 1946). k t he  swab 
i s  lowered i n t o  the  h o l e  and i n t o  t h e  l i q u i d ,  t h e  l i q u i d  i n  t h e  ho le  
p a s s e s  up through t h e  check v a l v e  and e n t e r s  t h e  space  above. A t  
some dep th  below t h e  l i q u i d  l e v e l ,  t h e  swab is pu l l ed  up and o u t  of . 
t h e  ho le .  The check v a l v e  keeps  t h e  l i q u i d  from a g a i n  pass ing  
th rough  t h e  swab. The weight of t h e  l i q u i d  f l a t t e n s  the  rubber cups  
and expands t h e i r  d i a m e t e r  u n t i l  they p r e s s  f i r m l y  a g a i n s t  t he  pipe.. 
T h i s  p r e v e n t s  l eakage  of t h e  l i q u i d  around t h e  swab and t h e  p i p e ,  and 
t h e  l i q u i d  is l i f t e d  t o  t h e  s u r f a c e  and i n t o  a  c a l i b r a t e d  t ank  
( Blankennagel ,  1967, p. 27-29). 

R a d i o a c t i v e - t r a c e r  tests were conducted i n  some of t h e  WIPP 
h y d r o l o g i c  test h o l e s  a f t e r  they had been cased and p e r f o r a t e d  a t  
s e l e c t e d  i n t e r v a l s .  These t e s t s  were employed p r i r a r i l y  t o  check f o r  
cement bond between t h e  c a s i n g  and t h e  boreho le  wal l .  These t e s t s  
a l s o  y i e l d e d  i n f o r m a t i o n  on v e r t i c a l  d i s t r i b u t i o n  of p e r m e a b i l i t y  
a c r o s s  t h e  t e s t  i n t e r v a l .  The t r a c e r  c o n s i s t e d  of an aqueous 
s o l u t i o n  of r a d i o a c t i v e  i o d i n e ,  131 (1311). 

Seve ra l  methods of running t r a c e r  t e s t s  a r e  a v a i l a b l e ;  however, 
because of t h e  low p e r m e a b i l i t i e s  invo lved ,  t h e  depth-dr ive  t echn ique  
was used a t  t h e  WIPP s i t e  (S lankennage l ,  1967 p. 16).  I n  t h i s  
t e c h n i q u e ,  wa te r  is pum d a t  a  n e a r l y  c o n s t a n t  ra:.e i n t o  t h e  
boreho le  and a  s l u g  of 1 3 G  i s  i n j e c t e d  above t h e  p e r f o r a t i o n s .  The 
s l u g  is t h e n  fo l lowed downhole with a  s c i n t i l l a t i o n  g a m a  d e t e c t o r .  
As t h e  d e t e c t o r  makes p a s s e s  a t  timed i n t e r v a l s  through the  s l u g ,  a  
s u r f a c e  r e c o r d e r  p i c k s  up t h e  i n c r e a s e  i n  gamma a c t i v i t y .  The d e p t h ,  
d i r e c t i o n ,  and r a t e  o f  movercent of t h e  s l u g  can  be c a l c u l a t e d  by 
comparison of s u c c e s s i v e  gamna t r a c e s .  

With regard  t o  c o l l e c t i o n  of water  samples t h e  t e s t  zones were 
b a i l e d  o r  swabbed u n t i i  l i q u i d  t empera tu re ,  c o n d u c t i v i t y ,  and d e n s i t y  
s t a b i l i z e d .  T h i s  r e s u l t i n g  c o n d i t i o n  was t h e  gu ide  used t o  determine 
t h a t  r e p r e s e n t a t i v e  f o r m a t i o n a l  l i q u i d  had been drawn i n t o  t h e  hole .  
Samples were then  c o l l e c t e d  and t r e a t e d  a c c o r d i n g  t o  s t a n d a r d  USGS 
t e c h n i q u e s  a s  o u t l i n e d  by Brown and o t h e r s  (1970).  These samples 
were analyzed f o r  t h e  major and t r a c e  e l emen t s  and f o r  r ad iochemis t ry  
( t a b l e  2) .  Th i s  i n f o m a t i o n  w i l l  be used t o  provide  background l e v e l  
c h e l a i s t r y  and t o  determirle i f  wa te r  chemis t ry  can provide  in fo rmat ion  
o n  l i q u i d  h i s t o r i e s .  



Table 2.--Chemical and radiochemical analyses of water from wells in - 
the WIPP site area, New Mexico 

Date of a m p l a  
( m r  ,month.da~) 77- 2-23 77- 2-23 

Klwat  Lon of l a d  
aurface d a t u  
( f t  abort  oeaa 
m a  lewel) 3,403 3.377 

Cttlebra Oblomite kmber 
of Ruatler t o m a t  ion 

Ycll R-1 

r 

Rustler-%lado contsct  

Total depth of -11 
( f t  below land 
murfaca d a t u )  056 795 

Y.11 U-1 .. 

Dlpth t o  b o t t a  of 
m a p l e  lnt  erval  
( f c  belav land 
m r f a c e  d a t u )  027 79s 

Well U-2C Well P-14 

Prpth t o  top of 
sample intarwal 
( f t  b e l w  land 
rurface & t u )  803 743 

Trmperature 
( i n  degree8 
c41c iw)  

Dismlred  S i l i c a  
(SIO2) (.g/L) 

Dlaaolved N i t r i t e  p l w  
Nit.-at* (N) (.glL) -29 1.1 

Direolred Or thophor  
phorw (P) (-/I.) .00 .00 



I 
! Table 2.--Chemical and radiochemical analyses of water from wells in 

the KIPP site area, New Mexico - Continued 



Table 2.--Chemical and radiochemic-tl analyses of water f r o ~ ~  we l l s  i n  

the WIPP s i t e  area, Xew Mexico - Continued 

Sodiu rbrorptia, 
ratio ( d t l r r a )  62 81 67 655 UO 19 33 

hrtler-5.lrda eontrct 

Y.11 6 1  Y.11 F2C Y.11 F 3  Y.11 P-lb 

i 
i Total a&iu 

(U) (udL) 

Culabra Dolomite k k r  
of Rurtler tomatian 

Y.11 Fl Y.11 R-2B Y.11 R2C 



Table 2.--Chemical and radiochemical analyses of water from wells i l l  

the WIPP site area, Xew Ilexico - Continued 

Bell Canyon 
lomation 

Ycll MC-8 

Culebra Dolaire -bar 
of lumtler lorut ion 

1 3 1 1 1 4  1 1 1  1 5  1 1  1 7  1 Wall 1 

I(rgenta Dolomite h k r  
of Ruatlar lorutiocr 

all R-1 I Wall R-2A I Wall R-3 



Table 2.--Chemical and radiochemica? analyses of water from wells in 

the WIPP site area, :Jew Nexico - Continued 

Total C h r a i u  
( C r )  (UJL) 

butlmr&lado coatact 

all Fl all +2C YIll 11-3 all ?-14 

Total Cobalt 
(6) ( u d L )  

Culmbra Dolomite Ikbar 
of hat lac  lomation -- 

all F 1  all F2S & l l  F2C 

Total bppar 
(cu) (uJL) 

Total Iron 
(I*) (u J L )  

total Ird 
(rb) (UJL) 

Total I r q a w r  
(m) (U#/L) 

! 

I 
! Total More- 
i (ar) (I&) 

Total S a l r a i u  
( a )  (VJL) 



Table 2.-Chemical and radiochemical analyses of  water from we l l s  i n  
I 

I the WIPP s i t e  area, New Mexico - Continued 

b s e a t e  D a l a i t a  l h b e r  Bell Cmnyon 
of hutlu l o r u t i o n  lormat ion 

YIll R-1 YI11 R-U (kll R-3 (kll MC-8 

Culabra D o l a i t e  lbkt 
of Rwtlet  T o ~ t i o s  

YIll  6 3  YIll F l 4  YIll FU YIll F 1 7  Y 1 1  F 1 8  



Table 2.-Chemical and radiochemical  ana ly se s  of water  from w e l l s  i n  

t h e  WIPP s i t e  a r e a ,  New Xexico - Continued 

D i ~ ~ h c d  Crooo A l e  
00 m t u r o l  U r o n i u  
(U) ( r d L )  

Ruot lorS . l .do  e o n t w t  

V.11 R-1 Uoll R-2C Y11 it-3 Y11 P-14 

Suopnd.d Croo. Alp?u 
00 m t u r o l  U r e n i u  
(u)  ( u d t )  

Culobro D o l a i t .  k r k r  
of I t u t l a r  h o r r a t i a .  

V.11 B-1 Y11 R-2B Y11 

Dl0001r.d Crooo Bat. 
0. C.oi l . r l37 
(a-137) (pCi/L) 

1 So.pd.d Crooo ).to 
u C.oil . r l37 
(U-137) (pCi/L) 

Dlooolrod C r o n  h t ~  
a0 S t r o a t i u  901 
T t t r i u  90 
(SR)0/190) (pCt/L) 

W o ~ l r e d  na tura l  
U r a n i u  (U) ( r d t )  

Mo001r.d U r o n i u  
(0) (MOIL) 



Table 2.--Chemical and radiochemical analyses of water from wells in 

the WIPP site area, New llexico - Concluded 

Culabr8 D o l a i t a  h b e r  
of Ruatler l o r u t i o n  

hgenta  lblomite m k r  Bell Canyon 
of Rustler Formation Fornatlon 

Y.11 F 3  Uell MC-8 1 1  1 4  Wall Rl Hal1 P-15 Hall R-2A Hall W3 Wall P-17 Wall P-18 



Well H-1 

D r i l l i n g  History.-ERDA Hydro No. 1 (H-1) is loca ted  1,084 f e e t  from 
the  e a s t  l i n e  (FEL) and 620 f e e t  from the  nor th  l i n e  (FNL) of 
sec.  29, T.22 S., R.31 E., i n  Eddy County, New Mexico. The ground 
l e v e l  a t  the  t e s t  hole i s  3,403.2 f e e t  above mean sea l e v e l .  A n  
abbreviated wel l  chronology is  included i n  t a b l e  7. 

The t e s t  hole was spudded ( d r i l l i n g  s t a r t e d )  on May 20, 1976, 
and was r o t a r y  d r i l l e d  using a i r  a s  t he  c i r c u l a t o r y  medium u n t i l  
moist c u t t i n g s  were encountered a t  a depth of 180 f e e t .  The open 
ho le  was then monitored f o r  l i q u i d  e n t r y  f o r  n ine  hours ,  bu t  i t  was 
dry. A i r -d r i l l i ng  was resumed and a p a r t i a l  l o s s  oZ d r i l l  c u t t i n g s  
and c i r c u l a t i o n  was observed a t  about 580 f e e t .  A t  a  depth of 592 
f e e t ,  l i q u i d  en tered  the  hole f r m  the  Magenta Dolomite Member. 
Liquid l e v e l s  were monitored f o r  23 hours  i n  which time the  l i q u i d  
l e v e l  rose  from 592 f e e t  t o  406 f e e t  below ground l e v e l .  Then a 
s h o r t  b a i l i n g  t e s t  was run. However, up-hole caving and 
water-thieving zones r e su l t ed  i n  poor hole condi t ions ,  sugges t ing  
tha t  the  zone could b e t t e r  be t e ~ t e d  with packers a t  a  l a t e r  time. 
Af te r  b a i l i n g ,  the  l i q u i d  l e v e l  had r i s e n  t o  364 f e e t  i n  21 hours and 
was s t i l l  r i s i n g  a - t e r  24 hours. 

D r i l l i n g  continued from 592 f e e t  t o  731 f e e t  using a i r  m i s t  (one 
ga l lon  of soap per b a r r e l  of water).  A t  731 f e e t ,  an i n t e r v a l  was 
cored through the Rustler-Salado formational  contac t .  The core  was 
c u t  i n  t h r ee  runs from 731 t o  842 f e e t  with a  recovery of 92 f e e t  of 
core (83 percent  core recovery). The hole  was then condit ioned with 
d r i l l i n g  f l u i d  and geophysical ly logged by the  USGS p r i o r  t o  
hydrologic t e s t i n g .  Following open-hole t e s t i n g  from May 31  t o  
June 5, i t  was decided tha t .  because of the  low y ie ld  of the  zones, 
t h e  hole  should be reamed and cased f o r  long-term t e s t i n g  and 
monitoring. On June 6 the hole was reamed t o  a  9 718-inch diameter  
t o  848 f e e t .  The f l u i d  was displaced with mud and Dresser  A t l a s1  
borehole geophysical logs  were run ( f i g .  3). 

Casing was s e t  and cemented on June 8 t o  a depth of 848 feet. 
The hole was then t en~pora r i l y  abandoned pending l a t e r  hydrologic 
t e s t i n g .  The f i n a l  ho le  conf igura t ion  and well  cons t ruc t ion  
s p e c i f i c a t i o n s  a r e  included i n  f i g u r e  4. 

LITtte use of brand naines i n  t h i s  repor t  is f o r  i d e n t i f i c a t i o n  
purposes only and does not  imply endorsement by the  U.S. Geological  
Survey. 



Table  3.--Chronology of we11 H-1 

i 
[ A l l  depth measurements a d j u s t e d  t o  ground l e v e l ,  3,403.2 f t  above mean 

sea l e v e l ]  

Date - 

Uay 15  Sur face  pipe set. 

Play 20 Hole spudded. 

Uay 24 Open-hole test (0-546 f  t ) ;  dry.  

Play 25-27 Rotary d r i l l e d  t o  592 f t :  f i r s t  x a t e r  (Magenta). 
23-hour recovery t e s t  
b a i l  
21-hour recovery t c s t  

May 27-29 Rotary d r i l l e d ,  592-731 f t .  

Hay 29 Core4 R u s t l e r S a l a d o  c o n t a c t ,  731-842 f t .  

b y  30 Monitored l i q u i d  l e v e l s .  

Uay 31- S e t  s i n g l e - i n f l a t a b l e  packer a t  699 f t ;  Rustler-Salado 
June 1 contac t  d r i l l - s t e m  test. 

June 1-2 Se t  i n f l a ~ a b l e - s t r a d d l e  packer ,  667-699 f:; d r i l l - s t e m  t e s t  
(modif ied)  i n  t h e  Culebra. 

June 2 S e t  in f  l a t a b l e - s t r a d d l e  packer,  626-667 f t ;  s a l t  r es idue  
d r i l l - s t e m  t e s t  (modified).  

June 3-4 S e t  i n f l a t a b l e - s t r a d d l e  packer ,  562-592 f t ;  d r i l l - s t e m  t e s t  
(modif ied)  i n  t h e  Magenta. 

June 5-7 Reamed hole  t o  848 f t  f o r  cas ing .  

June 8 Dresser  At las  geophysical  l o g s ,  cas ing  landed a t  848 f t .  

June 9  Cemented cas ing ,  ho le  t emporar i ly  abandoned. 



Mar. 24 

Mar. 24-30 

Mar. 30 

Apr. 1 

Date - 
1977 - 

Jan.  21-22 

Jan. 22 

Jan. 22- 
Peb. 23 

Mar. 4 

March 7 

March i3 

March 3-17 

March 17 

Marsh 21 

Mar. 22-23 

Apr. 5 

Apr. 6 

Apr. 6- 
May LO 

Hay 10 

May 13- 
Oct. 1 

Table 3.-Chronoln~y of we l l  H-1 - - Concluded 

Dr i l l ed  cement plug, 797-831 f t .  

Bailed hole dry;  perf ora ted  cas ing  a t  Rustler-Salado con tac t ,  
803-827 f t .  

k n i  to red  l i q u i d  l eve l s .  

Set i nP la t ab l e  packer a t  790 f t .  

Perf ora ted  cas ing  at. Culebra , 675-703 f t . 
Bailed hole  (432 ga l lons) .  

Monitored l i q u i d  l eve l s .  

Bailed hole  f o r  samples (180 ga l lons ) .  

Ran r ad ioac t ive  t r a c e r  log (1311) on Culebra zone. 

Bailed hole. 

Latched on t o  packer; reopened t o  Rustler-Salado contac t .  

Dual monitoring of l i q u i d  l e v e l s  (Rustler-Salado, Culebra).  

Shut i n  Rustler-Salado contac t ;  pu l led  tubing. 

Set i n f l a t a b l e  packer a t  651.3 f t ;  pul led tubing. 

Perforated cas ing  a t  Magenta (567-590 f t ) .  

Bailed hole. 

Monitored l i q u i d  l eve l s .  

Bailed and sampled f o r  l i q u i d  i n  the Magenta. 

Reran tubing and reopened t o  Culebra; ho l e  was l e f t  i n  a dual- 
completion conf igura t ion  f o r  monthly measurements. 



DENS l LOG MICRO-LATEROLOG DUAL LAl'EROLbG 
BULK DENS.ITY, I N  GRAMS COMPENSATED NEUTRON R E S I S T I V I T Y ,  I N  R E S I S T I V I T Y ,  I N  

UIIVANV Dresser Atlas PER CUB1 C CENTIMETER POROSITY ,  I N  PERCENT OHMS-METER OMS-METER 

V t L L  - 1  

L O C A T I O N ~ ' F ~ O N  NORTH LINE. 

& FROM L I S T  L I N €  

s r c T l o N  L Q r o b w s H l P ~ s .  

RANGE UE. 
PERMANENT DATUM I S  L I N D  SURFACE, 

t L t w r r l o v  JYO3.2' 

n u s u n l n c  POINT I S  KELLY B U S ~ I N G  

w l c u  1~7.9 FEET AWWE P c a w w r u T  

D A T W  

op;stleio 4 
8 -- lop Solodo - -- 

t top D o w r y  Lake- 
3 r d  Beds 

F i g u r e  3 . - - S e l e c t e d  g e o p h y s i c a l  l o g s  for w e l l  H - 1 .  I 



AS CDNSTRUCTED ~D~~~~ :",:!:, , 
LAND SURFACE 

To ta l  dep th  
856 f e e t  

LOCITION: 621) f e e t  from nor th  I l n e .  1.081 f e e t  from e a s t  I l n e .  s e c t l o n  29. Tomsh lp  22 South. 
RBnge 31 East .  Eddy County, New tlexlco 

ELRVATlON: 3.603.2 f e e t  (ground l e v e l )  

DEPTH DRII.LED: W2 f e e t ,  reamed a f t e r  o p e n - h i e  t e s t i n g  t o  856 f e e t ,  cemenc plug d r l l l e d  back t o  
831 f e e t  

DATE C(M?LEV.LI: June 9 .  1976 

DRII.:ING CuNTWCn)R: Sonora D r l l l  l ng  Company, Carlabad,  W u  ICxlco. 

DRILLING XETHOD: Aug-r 18-inch ho le  (0-68 f e e t ) ;  Rorary 7 718-inch hole u l t h  a l r  a d  d l r  mis t  
(&a-731 f e e t ) ;  Core 4 114-Inch ho le  v l t h  d l r  mlat (711-842 f e e t ) ;  Ream 9 71R-lnch 
ho le  (48-856 f e e t )  Rotary -ement plvg (797-811 f e e t )  

"ELL :As.!:'; W.CIRD: 1 I 314-lnch o u t s l d e  diameter  s t e e l  s u r f a c e  p i p  (0-48 f e e t )  cemented t o  
s u r f a c e  7-inch o u t s i d e  diameter  s t e e l  cas ing .  26 pounds. 1.61 g a l l o n s  per foo t  
(0-818 f e e t ) ,  c e n t r a l i z e r s  a t  5 2 5  and 835 f e e t ,  cemented t o  s u r f a c e  (cement 
piup t o  797 f e e t .  d r l l l e d  t o  831 f e e t )  

Shovn Ln f l ~ u r e  3 :  Compensated Dcnsl log.  m a 1  Larerolog.  I l i c ro la t e ro log .  Cumpensated Neutron 

Not ohom i n  f lgure f: D i f f e r e n t i a l  Temperature, 8HC k o u s t l c .  Sperry-Sun Xsgnr t l c  Survey.  Cams 

Figure 4 . - -Wel l  H-1 construction, completion, and specif icat ions.  



Hydrologic Test%.-In open-hole hydrologic t e s t s  of H-1,  t h e  
modifiea dr i l l - s tem method was used ( see  methods of t e s t i n g ) .  The 
main purpose of these  dr i l l - s tem t e s t s  was t o  gain prel iminary 
hydrologic  information upon which dec i s ions  f o r  subsequent hydraul ic  
t e s t i n g  could be based. 

The modified dr i l l - s tem t e s t 3  i n  H-1 were made a t  the contact  
between the  Rus t le r  Formation and the  Salado Formation (zone of Nash 
Draw d i s s o l u t i o n ) ,  the l iquid-bearing Culebra Dolosi te  Member of the 
Rus t l e r ,  a  poss ib le  sa l t - res idue  zone i n  the  Rus t le r  (determined from 
geophysical l ogs ) ,  and t he  Magenta Dolomite Member of the Rust ler  
( f i g .  5). 

The d r i l l - s t em t e s t  of the  contac t  between the Rus t le r  and 
Salado Formations was made i n  an open-hole i n t e r v a l  from 699 t c  
848 f e e t  ( f i g .  5).  A s i ng l e - in f l a t ab l e  packer was s e t  a t  699 f e e t ,  
s ea l i ng  the t e s t  i n t e r v a l  from the r e s t  of the hole. The zone was 
opened t o  t he  tubing and the  tubing was swabbed dry. After  20 hours  
the  zone produced only 9.1 ga l lons  of l i qu id .  The slow r a t e  a t  which 
l i q u i d  en te red  t he  hole precluded continued open-hole t e s t i ng .  

The modified dr i l l - s tem t e s t  of the Culebra Do lmi t e  Member was 
made i n  an open-hole i n t e r v a l  from 667 t o  699 f e e t .  After  11.5 hours 
t he  t e s t  i n t e r v a l  produced 10.6 ga l l ons  of l i qu id .  A s  with the  
Rust ler-Salado t e s t ,  low y i e l d s  precluded continued t e s t i ng .  

The modified dr i l l - s tem t e s t  of the suspected sa l t - res idue  zone 
was made i n  an i n t e r v a l  of open hole from 626 t o  667 f e e t  below land 
sur face .  Af te r  12 hours of l i qu id - l eve l  monitoring, the t e s t  
i n t e r v a l  yielded 11.2 ga l l ons  of l i qu id .  The well was swabbed in  an 
attempt t o  s t imu la t e  water flow from the zone, but it could not be 
f u r t h e r  developed. 

The modified dr i l l - s tem t e s t  of the Magenta Dolomite Member was 
made i n  an open-hole i n t e r v a l  from 562 t o  592 f e e t  i so l a t ed  with 
s t r a d d l e  packers ,  and t he  zone was developed by swabbing. After 
13.5 hours of monitoring, the l i qu id  l e v e l  had r i s e n  only 83 f e e t ,  
which is equiva len t  t o  13 ga l l ons  of proaclced l i qu id .  

Continued open-hole dr i l l - s tem t e s t s  of the l o r y i e l d i n g  zones 
i n  H-1 were not f ea s ib l e .  I n  H-1, long-term t e s t i n g  of the zones i n  
cased holes  appeared t o  be the  best way t o  ob ta in  the needed 
information. 



Figure 5.--Open-hole i n t e r v a l s  tested i n  w e l l  H - 1 .  

Land Surface 
0 

Surf icia l deposits and 
Gotuna Formationr 

38 fool 
- 

Moist cuttings 
180 feet 

Dewey Lake 

Red Beds 

507 f r r t  

) Ofy cutt inpr- No fluid otter 
9 hours d i es t inq  ond lopping 

(Dfil led depth 546 feet) 

m3 fnc 
Magenta ~olomit- Test interval (Moqlclt0) 

c Member - Stroddlr poder set ot 562-592 feet 
0 

3(19 f m -  -= 
Test k t e r m l  (w l t  residue) 
Stfoddle poder set ot 626-667 feet 

L Culeha Dolomite Test intuvo! (Culebro) 

Member /-- Straddle pader set at 667-699 feet 

Test i a l m o l  ( Rustler - Solodo contott) 
Sinqle pocket set at 699 fuet 

Totol Wpth ' 842 feet 



Casing was s e t  and cemented on June 9 ,  1976, and H-1 then was 
t empora r i ly  abandoned u n t i l  January 22, 1977, when t e s t i n g  was a g a i n  
i n i t i a t e d .  The h o l e  was b a i l e d  d r y  and t h e  c a s i n g  a d j a c e n t  t o  t h e  
Rust ler-Salado c o n t a c t  was pe r fo ra ted  from 803 t o  827 f e e t  ( f i g .  4) .  
A f t e r  p e r f o r a t i n g ,  t h e  l i q u i d  l e v e l  i n  t h e  h o l e  was monitored f o r  33 
days  ( t a b l e  4) d u r i r ~  l ~ h i c h  t ime the  water s lowly  cont inued t o  e n t e r  
t h e  c a s i n g ,  r a i s i n g  t h e  water  l e v e l  from 826.5 t o  811.1 f e e t ,  s t i l l  
8  f e e t  below t h e  top  p e r f o r a t i o n s .  Twenty-five g a l l o n s  of l i q u i d  
were produced from t h e  t e s t  i n t e r v a l .  The ho le  was b a i l e d  on 
February 23, 1977, and a  l i q u i d  sample was c o l l e c t e d  and analyzed 
( t a b l e  2). 

On March 4  a n  i n f l a t a b l e  packer was s e t  a t  790 f e e t ,  s e a l i n g  o f f  
t h e  Rust ler-Salado p e r f o r a t i o n s  from t h e  r e s t  of t h e  hole.  The 
t u b i n g  uas pu l led  and t h e  c a s i n g  oppos i t e  t h e  Culebra Dolomite Member 
was p e r f o r a t e d  on March 7 ,  i977,  from 675 t o  703 f e e t  ( f i g .  4) .  
A f t e r  n ine  d a y s ,  t h e  l i q u i d  l e v e l  had r i s e n  from 665 t o  406 f e e t  
( t a b l e  5 ) ,  producing a  t o t a l  of 416 g a l l o n s  of l i q u i d  from t h e  zone. 
Liquid l e v e l s  were s t i l l  r i s i n g  a t  t h e  end of the  t e s t .  On March 17 
t h e  ho le  was b a i l e d  (180 g a l l o n s ) ,  and a  l i q u i d  sample was c o l l e c t e d  
and analyzed ( t a b l e  2).  

A t r a c e r  (1311) and temperature  survey was conducted i n  t h e  
p e r f o r a t e d  i n t e r v a l  of t h e  Culebra on March 21, 1977 t o  determine t h e  
i n t e r v a l  of l i q u i d  l o s s  and t o  d e t e c t  p o s s i b l e  communication or  
channe l ing  w i t h i n  t h e  cemented annulus.  Liquid was pumped down t h e  
ho le  a t  r e t e s  of approximately  8  gal/rcin. A t o t a l  of 1,634 g a l l o n s  
was i n j e c t e d  i n t o  t h e  formation. The r e s u l t s  of t h e  r a d i o a c t i v e  
t r a c e r  and t empera tu re  p r o f i l e s  ( f i g .  6 )  i n d i c a t e d  t h a t  no l i q u i d  was 
moving w l t h i n  t h e  cemented annulus .  Both t h e  r a d i o a c t i v e  t r a c e r  and 
i n j e c t i o n  t empera tu re  g r a d i e n t s  i n d i c a t e d  t h a t  t h e  major l i q u i d  l o s s  
t o  t h e  fo rmat ion  was from 675 t o  694 f e e t .  There was no flow i n  t h e  
i n t e r v a l  694 t o  703 f e e t .  A f t e r  the  i n j e c t i o n  t e s t . ,  t h e  hole  was 
b a i l e d  dry. 

On March 24 t u b i n g  was reopened t o  the  Rustler-Salado zone and 
l i q u i d  l e v e l s  were monitored f o r  s i x  days ( t a b l e  4) .  L i t t l e  change 
o f  water  l e v e l  was noted d u r i n g  t h e  t e s t .  The t e s t  i n t e r v a l  was then 
s h u t  i n ,  s e a l i n g  t h e  zone from t h e  r e s t  of t h e  hole .  

An i n f l a t a b l e  packer was s e t  a t  651.3 f e e t ,  s e a l i n g  t h e  Culebra 
from t h e  r e s t  of t h e  ho le  i n  p repara t ion  f o r  p e r f o r a t i n g  the  Magenta. 
The c a s i n g  a d j a c e n t  t o  t h e  Magenta was p e r f o r a t e d  on Apr i l  6 ,  1977, 
from 562 t o  590 f e e t  ( f i g .  4) .  A f t e r  the  ho le  was p e r f o r a t e d ,  
804 g a l l o n s  of l i q u i d  used t o  cushion the  p e r f o r a t i n g  gun were ba i l ed  
from t h e  hole .  The zone appeared t o  be f a i r l y  p roduc t ive  a s  t h e  
l i q u i d  l e v e l  could not  be b a i l e d  much below 424 f e e t .  Liquid l e v e l s  
were monitored f o r  33 days  a t  which time the  l i q u i d  l e v e l  was a t  
340.7 f e e t  and s t i l l  r i s i n g  ( t a b l e  6 ) .  On May 10,  1977, 612 g a l l o n s  
were b a i l e d  from t h e  ho le  and a  l i q u i d  sample was coLlected and 
analyzed ( t a b l e  2) .  



Table 4.-Liquid-level recovery da ta ,  well  H-1 (Rustler-Salado contac t )  

[Perf orated i n t e r v a l  803-827 f t  below land surface]  

Method of tes t ing:  The casing was perforated and the l i q u i d  l e v e l  was 
monitored i n  the  open casing. 

1-22-77 1250 0 - Zone perfora ted ,  no l i q u i d  
a t  time of per fora t ion  

1400 89 826.5 - 
14 13 102 826.5 - 
1427 116 826..5 - 
1448 13 7 826.6 - 
1500 149 826.6 - 
1525 174 826.6 - 

Date 

- Bailed hole dry; end t e s t  

Clock 
time 

Time 
s ince  t e s t  
began (min) 

Water l eve l  
( f t  below 

land surface)  Remarks 



Table 4.-Liquid-level recovery da t a ,  well H-1 (Rustler-Salado 

i contac t )  - Concluded 
I 

Method of t e s t i ng :  A modified dri l l -s tem t e s t  was conducted i n  
the caeed hole. 

3-24-77 1705 0 - Sheared packer plug t o  
open tubing t o  zone 

1712 7 806.1 - 

3-30-77 1019 8,234 798.2 Shut i n ,  temporarily 
abandoned. 

Remarka 

. . 

Date 
Clock 
time 

Time 
s ince  t e s t  
began (min) 

Water l e v e l  
( f t  below 

land eurface)  



Table 5.-Liquid-level recovery  d a t a ,  we l l  H-1 (Culebra Dolomite Member 

of  Rus t l e r  Formation) 

[Pe r fo r a t ed  i n t e r v a l  675-703 f t  below land s u r f a c e ]  

Method of t e s t i n g :  The ca s ing  was pe r fo r a t ed ,  t he  ho l e  was b a i l e d ,  
and t h e  l i q u i d  l e v e l  was monitored. 

2,759 

4,393 

5,706 

7,262 

8,962 

10,393 

12,910 

Bailed f o r  

2,615 416.4 

4,249 410.2 

5,562 408.8 

7,118 408.5 

8,818 408.3 

10,249 406.8 

12,766 406 a0 

sample - -nd of test 

Remarks Date 
Clock 
t ime 

Time s i n c e  
p m p i n 8  

s topped ( m i d  

Time s i n c e  
pmp ing  

s t a r t e d  ( m i d  

Water level 
( f t  below 

land su r f ace )  
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Table 6.--Liquid-le~el recovery da t a ,  well  H-1 (Magenta Dolomite Member 

of Rus t le r  Formation) 

[Perforated i n t e r v a l  562-590 f t  below land su r f ace ]  

Metnod of t e s t i n g :  The casing was per fora ted ,  the well was ba i l ed ,  
and l i q u i d  l e v e l s  vere monitored. 

Bailed 67 runs  - - - - 

Bailed f o r  samples - end t e s t  

Date Remarks 
Clock 
time 

Time s ince  
Pumping 

stopped (min) 

Time s ince  
pumping 

s t a r t e d  (min) 

Water l e v e l  
( f t  below 

land sur face)  



Tubing wi th  a  l.atch-on t o o l  was run on May 13,  1977 t o  the  
pack= s e t  a t  651.3 f e e t  and the tubing was opened t o  the  Culebra 
zone a l lowing  long-term monitoring of l i q u i d  l e v e l s  i n  the  Culebra 
through t h e  tub ing  and of t h e  Magenta i n  the  annulus.  The t e s t  hole  
c o n f i g u r a t i o n  i s  shown i n  f i g u r e  4. Measurements through 
October 1977 suggest  t h a t  t h e  l i q u i d  l e v e l s  i n  t h e  Culebra were 
approaching prepumping l e v e l s  a t  about 390 f e e t  ( t a b l e  7 )  and those 
i n  the  Magenta at about 249 f e e t  ( t a b l e  8 ) .  

Well H-3 

D r i l l i n g  history.-ERDA Hydro No. 3  (H-3) is loca ted  3,200 f e e t  FNL 
and 140 f e e t  FEL of sec .  29, T.22 S., R.31 E., i n  Eddy County, 
New Hexico. 5.2 e l e v a t i o n  of the  land s u r f a c e  a t  the  d r i l l  s i t e  is 
3,388.7 f e e t  above mean sea  l e v e l .  An abbrev ia ted  wel l  chronology is 
included i n  t a b l e  9. 

Sur face  cas ing  was s e t  a J u l y  15, 1976, t o  a  depth of 38 f e e t .  
The t e s t  h o l e  was spudded on J u l y  27, 1976. A moist  zone was 
d e t e c t e d  i n  d r i l l  c u t t i n g s  at 175 f e e t  and d r i l l i n g  continued t o  a  
dep th  of 553 feer: where geophysical  l o g s  were run and hydrologic  
tests were conducted. A f t e r  e i g h t  hours,  no l i q u i d  was de tec ted  i n  
t h e  open hole .  D r i l l i n g  wi th  a i r  cont inued u n t i l  water  was 
encountered at 570 f e e t  where m i s t  d r i l l i n g  was s t a r t e d .  

The d r i l l  p ipe  and b i t  were removed from t h e  ho le  a t  600 f e e t  
and a s i n g l e  packer was s e t  e t  530 f e e t  t o  i s o l a t e  the  l i q u i d  zone 
from t h e  r e s t  of t h e  hole.  The zone appeared product ive and a f t e r  
30 hours  of moni tor ing the  l i q u i d  l e v e l  had r i s e n  t o  301 f e e t .  After  
t h e  packer was r e l e a s e d  and pul led from t h e  ho le ,  d r i l l i n g  of the  
h o l e  cont inued from 600 t o  894 f e e t  us ing a i r  m i s t  ( 1  ga l lon  soap per 
b a r r e l  of wa te r ) .  Geophysical l o g s  wera run by t h e  U.S. Geological 
Survey a f t e r  d r i l l i n g  was completed. The hole  was then cleaned p r i o r  
t o  hydro log ic  t e s t i n g .  Af te r  t e s t i n g  (August 2-10, 1976) the  hole  
was reamed i n  p r e p a r a t i o n  f o r  running cas ing .  The l i q u i d  was 
d i s p l a c e d  wi th  b r i n e  mud and borehole geophysical  logs  were run by 
Dresser  A t l a s  ( f i g .  7 ) .  

Dr i l l - s t em t e s t s  i n  t h e  open h o l e  i n d i c a t e d  the  necessFty f o r  
f u r t h e r  h y d r a u l i c  t e s t i n g  and t h e  hole  was cased on August 12 t o  a  
depth of 891 feet.. The f i n a l  ho le  c o n f i g u r a t i o n  and wel l  
c o n s t r u c t i o n  s p e c i f i c a t i o n s  a r e  included i n  f i g u r e  8. 



1 Table 7 .-Long-t e m  l iquid-level  recovery data ,  well B-1 (Culebra 

Dolomite Member of Ruetler Formation) 

[Perforated i n t e r v a l  675-703 f t  below land eurface] 

Method of tes t ing:  A modified drill-etem t e e t  was conducted. The 
packer was opened a f t e r  being shut i n  fo r  1.5 monthe. 

5-13-77 1200 
( e s t  .) 
1523 

Sheared packer plug to  open 
tubing t o  zone - 

Water level  
( f t  below 

land surface) 

Time 
since t e s t  
began (min) Date Remarks 

Clock 
time 



Table 8.-Long-term liquid-level recovery data,  well H-1 (Magenta - 
Dolomite Member of Rustler  Formation) - 
[Perforated i n t e r v a l  562-590 f t  below land surface] 

Method of tenting:  Long-term monitoring i n  annulus was conducted. 

1,105 hrr .  Bailed f o r  sample 
(51 bai lers)  612 gallons 

Ran tubing to packer 

Ran tubing to packer 

- 

Remarks 

Water l eve l  
( f t  below 

land surface) 

Time 
rince t e s t  
began (min) Date 

Clock 
time 



Table  9.--Chronology of w e l l  H-3 

[ A l l  dep th  measurements a d j u s t e d  t o  ground l e v e l  3,388.7 f t  above mean 

sea l e v e l ]  

Date  - 
1976- - 

.Jcly 15 Sur face  p ipe  set. 

J u l y  27 Hole spudded; mois tu re  d e t e c t e d  a t  175  f t .  

J u l y  28 USGS g e o p h y s i c a l  l o g s  a t  384 f  t t o t a l  dep th .  

J u l y  29 USGS g e o p h y s i c a l  l o g s  a t  524 i t  t o t a l  dep th .  

J u l y  30 Rotary d r i l l e d  t o  600 f t ;  l i q u i d  encountered a t  570 f t ;  
s i n g l e - i n f l ~ t a b l e  packer s e t  a t  330 f t .  

J u l y  30- 
Aug. 1 Liqu id  l e v e l s  moni tored;  r e l e a s e d  and p u l l e d  packer.  

Aug. 2 Rotary d r i l l e d  t o  894 f t  t o t a l  depth;  USGS ran  g e o p h y s i c a l  logs .  

Aug. 3 S e t  i n f l a t a b l e - s t r a d d l e  packer  800-868 f t ;  Rus t l e r -Sa lado  
c o n t a c t  d r i l l - s t e m  t e s t .  

Aug. 3-4 Sot i n f  l a t a b l e - s t r a d d l e  packer 703-780 f  t ;  s a l t - r e s i d u e  
d r i l l - s t e n  t e s t .  

Aug. 6-8 S e t  i n f  l a t a b l e - s t r a d d l e  packer 672-703 f  t ; d r i l l - s t e m  t e s t  
i n  t h e  Culebra .  

Aug. 9-10 S e t  i n f l a t a b l e - s t r a d d l e  packer 558-605 f t ;  d r i l l - s t e m  t e s t  
i n  t h e  Magenta. 

Aug. 10-11 Reamed h o l e  f o r  c a s i n g .  

Aug. 11 Dresse r  A t l a s  geophys ica l  logs .  

Aug. 12 Casing landed 8 9 1  f t ;  cemented; h o l e  t e m p o r a r i l y  abandoned. 
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Table  9.-Chronology of w e l l  H-3 - Continued 

Date - 
. - 1977 

Jan. 17-18 Bai led h o l e  dry. 

Jan. 20 D r i l l e d  cement plug (804-864 f t ) . 
Jan. 2 1  Bai led h o l e  dry. 

Jan. 22 P e r f o r a t e d  c a s i n g  (Rust ler-Salado c o n t a c t ,  813-837 f t ) .  

Jan. 22- 
Feb. 23 Liquid l e v e l s  monitored. 

Peb. 23 Bai led h o l e  d r y  and sampled (Rustler-Salado) . 
Peb. 23- 
Mar. 4 L iqu id  l e v e l s  monitored. 

Mar. 4 Set  i n f l a t a b l e  packer (793.5); tub ing  pu l l ed ;  h o l e  b a i l e d  dry. 

M r .  7 P e r f o r a t e d  c a s i n g  (Culebra ,  675-703 f t ) .  

Mar. 9 Bai led ho le .  

M r .  9-17 

Mar. 17 

Mar. 2 1  

Mar. 23  

Mar. 24 

M r .  24-30 

Mar. 30 

Mar. 3 1  

Apr. 1 

Apr. 6 

Liquid l e v e l s  monitored. 

Bai led h o l e  and sampled (Culebra).  

McCullough r a d i o a c t i v e  t r a c e r  survey (1311). 

Bailed.  ho le  dry.  

Reran tub ing  t o  packer;  reopened Rustler-Salado zoae. 

Liquid l e v e l s  monitored. 

Closed packer t o  p u l l  tubing;  dropped packer; f i s h i n s ;  
pu l l ed  packer.  

Se t  i n f l a t a b l e  packer (793.5 f t ) ;  pu l l ed  tubing. 

Se t  i n f l a t a b l e  packer (652.6 f t ) .  

P e r f o r a t e d  c a s i n g  (Magenta, 562-590 f t) . 



Table 9.--Chronology of  wel l  H-3 - Concluded 

Date - 
1977 - 

Apr. 6-7 Bailed hole .  

Apt. 7 Liquid l e v e l s  monitored. 

May 10 Bailed hole and sampled (Magenta). 

h y  13 Ran tubing with a i r l i n e ;  latcherl on t o  packer; reopened 
t o  Culebra. 

Nay 13- 
Oct. 1 Honthly measurements. 
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502 fee t  

820 fee t  

Salado F o r n a t i ~ n  u 

18-inch d r i l l  ho le  
Bottom 10'1~ - inch casing w l t h  10'/4 - i n c h  

casing (38 f e e t )  

25, - inch tub ing  

Cement grout  83 - i n c h  d r i l l  ho le  
w i t h  6 % - i n c h  
casing (0-891) 

Perforated i n t e r v a l  (564-592 fee t )  - inch j e t  s h ~ t s  per f o o t )  

nf  l a t a b l e  product ion m c k e r .  
52 fee t  t o  center 

Perforated i n t e r v a l  (675-703 f e e t )  
( th ree  j12 - i n c l  j e t  shots per f o o t )  
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To ta l  depth 
894 fee t  

LOC,\TIO';: l.?c10 fea t  from w r t h  I i n ? ,  140 f c e t  from east L ine,  sec t i -n  29. Tomsh ip  22 South. 
Ranye ) I  F.ast. Eddy County. Yew Sexico 

FLtY4Tll~ri: l.lHtl.7 fee t  (ground l e v e l )  
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Unrl.l.i:.f; ~:IINTYACT.OR: Pennsylvania D r i  i l i n g  rampany, Carlshad. Yev ?lexica 

Ilnll.!.rsc; YbTIIOD: Auger 18-inch ho le  (0-38 fee t )  
Rotary 7 ?/%-inch hu le  w i t h  a i r  and a i r  w is t  08-891  f e e t )  
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Rot.~ry crmenc p lug  (804-864 fee t )  

. , .. 
I .  1 K : :  10 l / l - l n c l i  ou ta ide  diameter s t e e l  3urfacr p ipe (0-18 fee t )  cmented  t o  

*ut ,acr ,  6 5/8- inch ou ts ide  diameter s t e e l  casing. 26 pounds. 1.13 g a l l o n 3  per 
foot  (0-891 feet) ,  cemented t o  surface (cement p l q  t o  804 feet. d r i l l e d  t o  
R h O  ';ICL) 

hot .;hum i n  f i x u r e  7 :  BHC. A c o ~ ~ s t i l o g .  D i f f e r e n t i a l  Temperature. Cama 

Figure 8.--Well H - 3  construction, completion, and specifications. 



Hydrologic testing.-As i n  H-1,  modified dr i l l - s tem t e s t s  of ERDA H-3 
were conducted a t  the  contact  between the  Rus t le r  and Salado 
Formations, the Culebra Dolomite Member of the Ruet le r ,  a  possible  
s a l t - r e s idue  zone i n  the Rus t le r ,  and the Magenta Dolomite Member of 
the  Rus t le r  ( f i g .  9).  

The dr i l l - s tem t e s t  of the contac t  betveen the Ruetler and 
Salado Formations ( p o t e n t i a l  "brine aquifer"  horizon) was made i n  an 
i n t e r v a l  of open hole from 800 t o  868 f e e t  w i n g  an i n f l a t a b l e  
s t r a d d l e  pazker t o  i s o l a t e  the i n t e r v a l  from the r e s t  of the hole 
( f i g .  9). Af*.er the tubing was swabbed, the packer was opened and 
a f t e r  16.5 hours of monitoring, the  t e s t  zone had produced only 
1.8 ga l lons  of l i qu id .  Low permeability r e su l t i ng  in  long i n t e r v a l s  
of recovery time thus precluded continued t e s t i ng .  AT attempt was 
made t o  swab and develop the zone but the formation would not y ie ld  
l i qu id .  

The dr i l l - s tem t e s t  of the Culebra was made w i n g  an i n f l a t a b l e  
s t r a d d l e  packer t o  i s o l a t e  an i n t e r v a l  of open hole from 672 t o  
703 f e e t  ( f i g .  9) .  The tubing was opened t o  the t e s t  zone and a f t e r  
21.5 hours the  l i q u i d  l e v e l  had r i s e n  i n  the tubing only 13.5 f e e t ,  
represent ing  2.1 ga l lons  of produced l i qu id .  Low formatiou y i e ld s  
r e s u l t i n g  i n  long recovery periods were again c h a r a c t e r i s t i c  of t h i s  
i n t e r v a l .  The t e s t  zone was swabbed v i t h  a  recovery of only 
10 ga l lons  of l i qu id .  

The dr i l l - s tem t e s t  of the  suspected sal t -residue zone (picked 
from geophysical logs)  was made i n  an i n t e r v a l  of open hole from 703 
t o  780 f e e t  which had been i so l a t ed  from the r e s t  of the hole by 
i n f l a t a b l e  s t r a d d l e  packers ( f i g .  9). The tubing was opened to  the  
t e s t  zone and a f t e r  26 hours of monitoring the iormation had produced 
only 2 ga l lons  of l i qu id .  

Two dr i l l - s tem t e s t s  were mad;; on the Magenta Dolomite Member. 
Data from the  f i r s t  dr i l l -s tem t e s t  on the Magenta, with a  s ing l e  
packer a t  530 f e e t ,  was s u s ~ = = t  because l i qu id  monitoring i n  the 
annulus ind ica ted  possible  comunica t ion  around the packer, 
t he re fo re ,  a  second dr i l l - s tem t e s t  of the Magenta was made i n  an 
i so l a t ed  i n t e r v a l  of open hole from 558 t o  608 f e e t  ( f i g .  9) .  The 
zone was developed by swabbing and a f t e r  37.5 hours of monitoring, 
the  zone produced 23 ga l lons  of l i qu id .  Swabbing of the zone a f t e r  
the  dr l l l - s tem t e s t  produced 442 ga l lons  of l i qu id .  
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F igure  9.--Open-hole i n t e r v a l s  tes ted  i n  w e l l  H - 3 .  



A f t e r  c a s i n g  was s e t  arid cemented on August 12,  1976, H-3 was 
t e m p o r a r i l y  abandoned u n t i l  January  20, 1977. A t  t h a t  t ime t h e  
cement a t  t h e  bottom of t h e  ho le  was d r i l l e d  out  and t h e  hole  was 
b a i l e d  dry.  On January  22, t h e  cas ing  o p p o s i t e  t h e  Rustler-Salado 
c o n t a c t  was p e r f o r a t e d  from 813 t o  837 f e e t  ( f i g .  8 ) .  Liquid l e v e l s  
were monitored i n  t h e  ho le  and a f t e r  32 days  the  l i q u i d  l e v e l  had 
r i s e n  from 850 t o  824 f e e t ,  about 12 f e e t  below the  top  p e r f o r a t i o n s  
( t a b l e  10)  and was s t i l l  r i s i n g .  Thirty-seven g a l l o n s  of l i q u i d  were 
produced from t h e  t e s t  i n t e r v a l .  The ho le  was b a i l e d  and a  l i q u i d  
sample was c o l l e c t e d  f o r  chemical a n a l y s e s  on February 23, 1977 
( t a b l e  2) .  An i n f l a t a b l e  packer was run on tubing and s e t  a t  
793.5 f e e t  on March 4, s e a l i n g  o f f  t h e  Rustler-Salado p e r f o r a t i o n s  
from t h t  r e s t  of t h e  ho le .  Casing a d j a c e n t  t o  t h e  Culebra was 
p e r f o r a t e d  i n  a  d r y  ho le  from 675 t o  703 f e e t  on March 7  ( f i g .  8 ) .  A 
t o t a l  of 480 g a l l o n s  of l i q u i d  was b a i l e d  from t h e  hs l e  a f t e r  
p e r f o r a t i n g .  A f t e r  8  days ,  , t h e  l i q u i d  l e v e l  had r i s e n  from 550 t o  
410 f e e t  ( t a b l e  11)  and 20G g a l l o n s  of l i q u i d  had been produced from 
t h e  formation. On March 17 the  ho le  was b a i l e d  (168 g a l l o n s )  and a  
l i q u i d  sample was c o l l e c t e d  f o r  chemical ana lyses  ( t a b l e  2 ) .  

A t r a c e r  (1311) and temperature  survey was run on the  pe r fo ra ted  
i n t e r v a l  of t h e  Culebra on March 21, 1977, t o  determine t h e  i n t e r v a l  
of l i q u i d  l o s s  and t o  d e t e c t  p o s s i b l e  communication o r  channel ing 
w i t h i n  t h e  cemented annulus .  The survey was run wi th  l i q u i d  
i n j e c t i o n  r a t e s  of approximately  8  gal /min with  a  t o t a l  of 
450 g a l l o n s  of l i q u i d  i n j e c t e d  i n t o  the  format ion.  The r a d i o a c t i v e  
t r a c e r  ( f i g .  1 0 )  i n d i c a t e d  major l i q u i d  l o s s e s  of 36 pe rcen t  i n  t h e  
i n t e r v a l  from 684 t o  692 f e e t  and of 64 percent  i n  t h e  i n t e r v a l  from 
692 t o  695 f e e t .  There was no i n d i c a t e d  f low below 696 f e e t .  The 
t r a c e r  survey a l s o  gave no i n d i c a t i o n  of communication o r  channel ing 
w i t h i n  t h e  cemented annulus  above o r  below the  pe r fo ra ted  i n t e r v a l .  
A f t e r  t h e  i n j e c t i o n  t e s t ,  the  ho le  was b a i l e d  dry.  

On March 24 a  latch-on t o o l  on tubing was run and l a tched  onto 
t h e  b r idge  packer t h a t  had been s e t  a t  793.5 f e e t .  The tubing was 
then  opened t o  t h e  Rust ler-Salado c o n t a c t  and l i q u i d  l e v e l s  were 
monitored f o r  s i x  days  ( t a b l e  10) .  There was very l i t t l e  change i n  
wa te r  l e v e l s  from those  of t h e  t e s t  made on February 23. The zone 
was s h u t  i n  and tub ing  was removed from t h e  hole. 



Table 10.-Liquid-level recovery data,  well H-3 (Rust lerSalado contact)  

[Perforated in te rna l  812-837 f t  below land surface] 

Method of testing: The casing was perforated and l iquid levels  were 
monitored. 

Perforated zo~ie 813-837 i t  - 

End t e s t  - bailed,  shut in 

Remarka Date 

Time 
since t e s t  
began (min) 

Clock 
time 

Water level  
( i t  below 

land surface) 



Table  10.-Liquid-level r ecovery  d a t a ,  w e l l  H-3 (Rust ler-Salado 

c o n t a c t )  - Concluded 

Method o f  testing: The shear  plug was knocked o u t ,  opening t h e  zone 
t o  t h e  tub ing  f o r  moni tor ing.  

3-24-77 1429 0 - Packer opened 
1448 1 9  820.4 - 

3-27-77 1048 3,939 S19.7 - 
3-28-77 1150 5,481 822.0 - 
3-29-77 1149 6,920 823.3 - 

s h u t  i n  

D8tc 
Clock 
time 

Time 
s i n c e  test 

Water l e v e l  
( f t  below 

began b i n )  land s u r f a c e )  I Remarks 



Table 11.-Liquld-level recovery d a t a ,  well  H-3 (Culebra Dolonite  Member 
1 

of Rus t l e r  Formation) 

[Per fora ted  i n t e r v a l  675-703 f t  below land su r f ace ]  

Method of t e s t i n g :  The cas ing  was pe r fo ra t ed ,  the hole  was ba i led  dry,  
and l i q u i d  l e v e l s  were monitored. 

3- 7-77 - - - - Perfora ted  

Date 
Clock 
time 

Water l e v e l  
( f t  below 

land su r f ace )  Remarks 

Time s i n c e  
pumpj ng 

s t a r t e d  (min) 

Time s ince  
P P l n g  

stopped (min) 



WELL 
PUMP I N  RATE, 8 

TEMPERATURE LOG 

- 

- 
I 
t 

- 
69 7 0  71 7 2  73 7 4  75 
TEMPERATURE, I N  DEGREES 

FAHRENHEIT 

H -3  
GALLONS P E R  MINUTE 

RADIOACTIVE TRACER LOG 
600 

6 5 0  

7 0 0  

7 5 0  

WELL P-14 
PUMP I N  RATE, 7 GALL 

TEMPERATURE LOG 
I i 1 1  r \ l i  - 

- 
- 

0 
S - 
0 - 

I 
C 

- 
a - rtwt I ~ C R  I X J C C ~ ~ O N  

0" - N c r  ~ V I I L ~ O L C  

I l l l l i l  
W 66 6 8  7 0  7 2  7 4  

TEMPERATURE, I N  DEGREES 
F A H R E N H E I T  

NC SCALE 

.ONS PER MINUTE 
RADIOACTIVE TRACER LOG 

nun u 7  
10.35 

5 0 0  I 

I- 1 3 s  8 I I + l Z  

VALUE bV RUN NUY#ER n U " ~ ~ o  
I S  I# U I U U r f S  4UO SECWOS 
r r r m  INJCC~IOU 

NO S C A L E  

F i gu re  10. - -Radioact ive t r ace r  ( t r a c e j e c t o r )  and temperature logs i n  the  

Culebra Dolomite Member o f  Rus t le r  Formation f o r  w e l l s  ti-3 

and P - 1 4  



An i n f l a t a b l e - r e t r i e v a b l e  b r i d g e  packer was s e t  a t  652.6 f e e t ,  
s e a l i n g  t h e  Culebra  from t h e  r e s t  of t h e  ho le .  The tub ing  was p u l l e d  
on A p r i l  6 ,  1977; t h e  zone o p p o s i t e  t o  t h e  Magenta was then  
p e r f o r a t e d  from 564 t o  592 f e e t  ( f i g .  8) .  The ho le  was b a i l e d  on 
A p r i l  6  t o  deve lop  t h e  t e s t  zone. On Apr i l  7 ,  360 g a l l o n s  of l i q u i d  
were b a i l e d  from t h e  h o l e  i n  1 hour wi th  a  r e s u l t a n t  d rop  of on ly  
6 f e e t  i n  t h e  l i q u i d  l e v e l .  L iqu id  l e v e l s  were monitored f o r  33 days  
i n  which t ime t h e  l i q u i d  recovered from 405 t o  401 f e e t  ( t a b l e  12) .  
The w e l l  was b a i l e d  on May 10 (624 g a l l o n s )  and a  sample was 
c o l l e c t e d  f o r  chemical  a n a l y s e s  ( t a b l e  2 ) .  On May 25 t h e  l i q u i d  
l e v e l  was 299 f e e t ,  which was 102 f e e t  h igher  than t h e  measurement 
made p r i o r  t o  b a i l i n g  on May 10 ( t a b l e  12) .  Th i s  d i f f e r e n c e  probably 
r e s u l t e d  from blocked p e r f o r a t i o n s  on t h e  e a r l y  t e s t s .  T e s t s  
i n d i c a t e d  t h a t  the  zone was p roduc t ive  and may leqd i t s e l f  t o  pump 
testing a t  a l a t e r  time. 

Tubing wi th  a  la tch-on t o o l  was run t o  t h e  b r i d g e  packer on 
May 13. The Culebra was then  reopened t o  t h e  tub ing  and t h e  t e s t  
ho le  was put i n t o  a  long-term dual-complet ion phase ( f i g .  8 ) .  The 
Culebra was monitored through t h e  tub ing  and t h e  Magenta i n  t h e  
annu lus .  A s  of October 1977 p e r i o d i c  measurements i n d i c a t e  t h a t  
l i q u i d  l e v e l s  were becoming s t a b i l i z e d .  The Culebra l i q u i d  l e v e l  was 
a t  about  405 f e e t  ( t a b l e  13)  and t h e  Magenta l i q u i d  l e v e l  a t  about  
245 f e e t  ( t a b l e  14) .  

Well complex H-2 

D r i l l i n g  program.--Modified open-hole d r i l l - s t e m  t e s t s  in  H-1 and H-3 
r e q u i r e d  long-term t e s t i n g  and moni tor ing because of t h e  low 
p e r m e a b i l i t i e s .  For t h i s  r e a s o n ,  t h e  H-2 d r i l l i n g  program was 
a l t e r e d .  The a l t e r n a t i v e  program was t o  d r i l l  a  c l o s e l y  spaced n e s t  
of t h r e e  h o l e s  ( f i g .  l ) ,  one f o r  each p o t e n t i a l  l i q u i d - b e a r i n g  zone. 
The i n d i v i d u a l  h o l e s  were d r i l l e d  t o  a  po in t  above t h e  zone, and 
c a s i n g  was run and cemented t o  t h e  s u r f a c e .  The zone was then cored 
and prepared f o r  open-hole t e s t i n g  ( t a b l e  15) .  The zones  t e s t e d  
inc luded  t h e  Rust ler-Salado c o n t a c t  and the  Culebra and Magenta 
Dolomite Members of t h e  R u s t l e r  Formation. 

D r i l l i n g  history.--The H-2 complex (H-2a, H-2b, and H-?c) c o n s i s t s  of 
t h r e e  c l o s e l y  spaced h o l e s  around a  p o i n t  720 f e e t  FNL and 3,584 f e e t  
FEL, s e c .  29, ~ . 2 2  S., R.31 E.  The ground l e v e l  a t  t h e  d r i l l  s i t e  is 
3,377.1 f e e t  above mean sea  l e v e l .  The t h r e e  h o l e s  were l o c a t e d  i n  a  
c l o s e  t r i a n g u l a r  a r r a y  ( f i g .  1 )  which provided an o p p o r t u n i t y  f o r  
l a t e r  i n t e r f e r e n c e  t e s t i n g  between h o l e s  and f o r  e v a l u a t i o n  of 
p o s s i b l e  v e r t i c a l  h y d r a u l i c  connect ion between zones.  An a b b r e v i a t e d  
w e l l  chronology is included i n  t a b l e  15. 



Table  12.-Liquid-level recovery d a t a ,  w e l l  H-3 (Magenta Dolomite Member 

of  R u s t l e r  Formation) 
; 
i 
! [ P e r f o r a t e d  i n t e r v a l  564-592 f t  below ].and s u r f a c e ]  

Method of  t e s t i n g :  The c a s i n g  was p e r f o r a t e d ,  the  hole  was b a i l e d ,  and 
l i q u i d  l e v e l s   ere monitored. 

Perforated zone 

Bailed 30 rune 
(360 g a l l o n s )  - 

- - 
- - - - - 

Date 

End t e s t  - b a i l e d  

Water l e v e l  
( f  t below 

land s u r f a c e )  Remarks 
Clock 
t i m e  

Time sl.nce 
pumping 

s t a r t e d  (min) 

Time s i n c e  
pumping 

stopped (min) 



Table 13.-Long-term l i q u i d  l e v e l  recovery da ta ,  wel l  H-3 (Culebra 

Dolomite Member of Rust ler  Formation) 

[Perf orated i n t e r v a l  675-703 f t below l a d  eurface]  

Method of t e s t ing :  The tubing was reopened to zone fo r  long-term 
moni t o r i  ng. 

5-13-77 1536 1,656 403.7 Sheared plug i n  in f l a t ab le -  
packer to  open zone t o  , 
tubing 

- 

Remarks Date 

Time 
s ince  t e s t  
began (min) 

Clock 
time 

Water l e v e l  
( f t  below 

land surface)  



Table  14.-Long-term l i q u i d - l e v e l  r ecovery  d a t a ,  w e l l  H-3 (Uagenta 

Dolomite Member o f  R u s t l e r  F o r m t i o n )  

[Perf  o r a t e d  i n t e r n a l  564-592 f  t below land  s u r f  ace ]  

Method of  testing: Tubing a s  opened t o  the  Culebra i n t e r v a l ,  and 
l i q u i d  l m e l e  were monitored on a long-term b a s i s .  

0 - Bailed 52 b a i l e r s  
= 624 g a l l o n s  

k t 0  
Clock 
O i m e  

Water l e v e l  
( f t  below 

land  s u r f a c e )  

Time 
s i n c e  test 
began (min) Remarks 



Table  15.-Chronology of w e l l  complex H-2 

[ A l l  d e p t h  measurements a d j u s t e d  t o  ground l e v e l ,  3,377 i t  above mean 

s e a  l e v e l ]  

Well H-2a 

Dare - 
1977 -- 

Jan .  24-25 S u r f a c e  pipe s e t .  

Feb. 14  Hole spudded. 

Feb. 1 5  Open h o l e  t e s t e d  (0-188 i t )  5 hours ;  no a p p r e c i a b l e  l i q u i d .  

Feb. 1 6  Rotary d r i l l e d  t o  513 i t .  

Feb. 17 USGS r a n  c a l i p e r  log ;  c a s i n g  landed aL 511 i t  and cemented. 

Feb. 19  Magenta cored (513-563 i t ) ;  h o l e  b a i l e d  dry.  

Qeb. 22 Hole c leaned  up, b a i l e d ,  and l i q u i d  sampled. 

Feb.22- 
Apr. 6 L iqu id  l e v e l s  moni tored.  

Apr. 6- 
Oct. 1 Monthly measurements. 



Table 15.-Chronology of well  complex H-2 - Continued 

Well H-2b 

Date - 

Jan. 24-25 

Feb. 7 

Feb. 10 

Peb. 12 

Feb. 13  

Peb. 13-21 

Peb. 22 

Feb.22- 
Apr. 1 

Apr. 4 

Apr. 6 

Apr. 8- 
Hay 13 

May 13- 
Oct. 1 

Surf ace pipe s e t .  

Hole spudded; moist c u t t i n g s  185 f t .  

Rotary d r i l l e d  t o  611 f t ;  casing landed a t  .609 f t  and 
cemented. 

Culebra cored (611-661 f t )  . 
Hole ba i led  dry. 

Liquid l e v l l s  monitored. 

Hole bai led f r y  and sampled. 

Liquid l e v e l s  monitored. 

I n f l a t a b l e  packer s e t  a t  585.9 f t  and tubing pulled. 

Perforated casing (Magenta 510-538 f t ) .  

Hole ba i led  dry. 

t i q u i d  l e v e l s  monitored. 

Packer released and pulled; Sentry device s e t  below 
i n f l a t a b l e  packer a t  578 f t ;  tubing opened to Culebra. 

Monthly measurements. 



Table  15.--Chronology of w e l l  complex H-2 - Concluded 

Well H-2c 

Date  - 

Jan .  24-25 Sur face  pipe s e t .  

J a n .  27 Hole spudded; mois t  zone at 181 f t ;  f i r s t  l i q u i d  at  515 f t .  

Jan.  31 Rotary d r i l l e d  t o  743 f t .  

Feb. 1 USGS geop5ys ica l  logs .  

Feb. 2 Dresser  A t l a s  geophys ica l  l o g s ;  c a s i n g  landed a t  742 f t ;  
cement. 

Feb. 4-5 Rust ler-Salado c o n t a c t  cored (743-795 f t ) .  

Mar. 3 Set  i n f l a t a b l e  packer a t  731.9 f t ;  p u l l e d  tub ing ;  b a i l e d  d ry .  

Mar. 7 P e r f o r a t e d  c a s i n g ,  (Culebra ,  624-652 f t )  . 
Mar. 8 b i l e*  hole .  

Mar. 8-16 Liquid l e v e l s  monitored. 

Mar. 16 Hole b a i l e d  and sampled (Culebra)  . 
Mar. 2 1  Ran r a d i o a c t i v e  t r a c e r  su rvey  ( l 3 l 1 )  and t empera tu re  log .  

Mar. 23 Bai led h o l e  d ry .  

Mar. 25 Reran tub ing ;  reopened Rust ler-Salado zone t o  tub ing .  

Mar. 25- 
May 25 Liquid l e v e l s  monitored. 

May 25- 
Oct. 1 Monthly measurements. 



Hole H-2c was spudded on J a n u a r y  27,  1977 and m o i s t u r e  was 
d e t e c t e d  i r ~  t h e  d r i l l  c u t t i n g s  a t  181 f e e t .  D r i l l i n g  con t inued  from 
1 8 1  t o  188 f e e t  w i t h  no c u t t i n g  r e t u r n s ;  a t  t h i s  t ime the  c i r c u l a t j n g  
medium was char.ged t o  a i r  mist. D r i l l i n g  c o n t i n u e d  w i t h  a i r  m i s t  t o  
a dep-h  of  615 f e e t  where l i q u i d  was encoun te red .  A f t e r  t h e  d e p t h  of 
l i q u i d  e n t r y  was n o t e d ,  d r i l l i n g  c o n t i n u e d  t o  a t o t a l  d e p t h  o f  
743 f e e t .  Geophys i ca l  l o g s  were run by t h e  U.S. CRologica l  Sur;rey 
a f t e r  d r i l l i n g  was comple ted .  The h o l e  was t h e n  c o n d i t i o n e d ,  loaded 
w i t h  mud g e l ,  and logged by Dres se r  Atlas ( f i g .  1 1 ) .  

Hole H-2c was d e s i g n e d  t o  t e s t  t h e  Rus t l e r -Sa l adp  c o n t a c t .  
Cas ing  was s e t  and cemented on Feb rua ry  2  t o  a  dep th  of 741.6 f e e t  
below l a n d  s u r f a f  ,. A f t e r  w a i t i n g  36 h o u r s  f o r  t h e  cement t o  s e t ,  
t h e  c a s i n g  was blown d r y  and t h e  i n t e r v a l  from 743 t o  795 f e e t  was 
c o r e d  w i t h  a i r  m i s t ,  w i t h  10C p e r c e n t  c o r e  r ecove ry .  A l i t h o l o g i c  
d e s c r i p t i o n  of  t h e  c o r e s  t h e  f i n a l  h o l e  c o n f i g u r a t i o n ,  and 
w e l l - c o n s t r u c t i o n  s p e c i f i c a t i o n s  a r e  i nc luded  i n  f i g u r e  12. 

Hole H-2b was spudded on Feb rua ry  7 ,  1977. A t  185 f e e t ,  
m o i s t u r e  was d e t e c t e d  i n  t h e  c u t t i n g s  and p a r t i a l  l o s s  of  dr i1 . l  
c u t t i n g s  o c c u r r e d .  The c i r c u l a t i n g  medium was changed t o  a i r  m i s t  
( 3  g a l / m i n  w i t h  s o a p ) .  No a d d i t i o n a l  l i q u i d  was d e t e c t e d  and t h e  
h o l e  was d r i l l e d  t o  611 f e e t  below l and  s u r f a c e .  A f t e r  t h e  h o l e  was 
loaded  w i t h  mud g e l ,  c a s i n g  was set and cemented on February  10 t o  
609 f e e t  below l a n d  s u r f a c e .  A f t e r  t h e  cement had set f o r  36 h o u r s ,  
t h e  c a s i n g  was blown d ry .  The i n t e r v a l  from 611 t o  661 f e e t  was 
co red  u s i n g  a i r  m i s t ,  w i t h  100 p e r c e n t  c o r e  r ecove ry .  A l i t h o l o g i c  
d e s c r i p t i o n  of  t h e  c o r e ,  f i n a l  h o l e  c o n f i g u r a t i o n ,  and 
w e l l - c o n s t r u c t i o n  s p e c i f i c a t i o n s  a r e  i n c l u d e d  i n  f i g u r e  13. 

Hole H-2a was spudded on Feb rua ry  14 ,  1977. A t  185  f e e t ,  
m o i s t u r e  was d e t e c t e d  i n  t h e   cutting^, and d r i l l i n g  con t inued  t o  
188 f e e t  w i t h  no r e t u r n  of c u t t i n g s .  The d r i i l  p ipe  was removed and 
t h e  h o l e  was mon i to red  f o r  f i v e  h o u r s .  During m o n i t o r i n g ,  v e r y  
l i t t l e  l i q u i d  was d e t e c t e d  i n  t h e  h o l e .  A f t e r  t h e  t e s t  was 
comple t ed ,  d r i l l i n g  con t inued  w i t h  a i r  m i s t  t o  a  c a s i n g  d e p t h  of 
513 f e e t  below l and  s u r f a c e .  The h o l e  was loaded w i t h  mud g e l  and 
c a s i n g  was set and cemented t o  a  d e p t h  of 511 f e e t .  Af t e r  t h e  cement 
had s e t  f o r  36  h o u r s ,  t h e  c a s i n g  was blown d ry .  The i n t e r v a l  from 
513 f e e t  t o  563 f e e t  was c o r e d  u s i n g  a i r  m i s t ,  wi th  100 p e r c e n t  c o r e  
r ecove ry .  A l i t h o l o g i c  d e s c r i p t i o n  o f  t h e  c o r e ,  f i n a l  h o l e  
c o n f i g u r a t i o n ,  and w e l l - c o n s t r u c t i o n  s p e c i f i c a t i o n s  a r e  i nc luded  i n  
f i g u r e  14. 

Hydro log ic  tes t ing . - -1Iydrologic  t e s t i n g  on H-2c began February  5 ,  1977 
w i t h  m o n i t o r i n g  o f  l i q u i d  produced from t h e  Rus t l e r -Sa l ado  cored  
i n t e r v a l ,  and cont i r lued  th rough  February  23 ,  1977. The t e s t  i n t e r v ' l l  
produced o n l y  1 4  g a l l o n s  of l i q u i d ,  r a i s i n g  t h e  w.-ter l e v e l  15  f e e t .  
On F e b r u a r y  23,  1977,  t\e h o l e  was b a i l e d  d r y  and samples  wtlre 
r ecove red  f o r  chemica l  a n a l y s e s  ( t a b l e  2 ) .  
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AS MODIFIED FOR 
AS CONSTRUCTED HYDROLOGIC TESTING Land Surface 

10% - i n c h  cas ing  I 
18-inch d r i l l  h o l e  

u l t h  10314 - inch  
c a r i n g  (33 f e e t )  

Y 
L Dewey Lake 

Z Red Beds 

Y 1 a3/4 - i n c h  dr  i l l hole 

a 
w i t h  63 - i n c h  

Y) cas ing  f0-742 f e e t )  

Per fo ra ted  i n t e r v a l  (624-652 f e e t )  
( t h r e e ) 2  - i n c h  j e t  shots per f o o t )  

I l i f  l a f a b l e  prooucf i on  Dacker 
(731 f e e t  t o  cen te r )  

44, - i n c h  core ho le  - ! 743 feet  
4% - i n c h  core ho le  
L 

Tota l  depth 
795 fee t  

LLXATIUN: 720 f e e t  from n o r t h  l i n e .  3.584 f e e t  from east l i n e .  sec t ion  29. Tovnshlp 22 South. 
Pange 31 h a t .  Eddy County. SEW Eexico 

LLEVATIUN: 3.377.1 f e e t  (ground l e v e l )  

DEPlY DRILLED: 795 f e e t  

DATE CLMPLETED: Februsry 5, 1977 

DRILLING CUMHACTOR: Pennsylvania D r i l l l n g  Company, Car lsb ld,  Yew .%xlco 

DRILLING METHOD: A w e r  18-inch h o l e  (0-33 fee t ) .  Rotary 8 310-Inch hn le  w l t h  a l r  and .ilr 7 i a t  
(33-743 f e e t ) ,  Core 0 310-inch h o l e  w i t h  a l r  n l s t  (7L3-795  fee^) (cut 2 l / i - I n c h  
d lameter  core)  

WELL CASING RECORD: 10 314-inch s t e e l  cas ing  (0-33 fee t )  cemented t o  sur fdce;  h 5/8-inch oufq lde 
d iameter  s t e e l  casing; 20 pounds; 1.43 ga l luns  per foo t  ( 0 - l a ?  f ee t ) ;  
c e n t r r l i z e r s  a t  260 f e e t ,  460 f e e t .  580 feet  .and 7:JU fee t ;  cemented tt, sur fdce 

GEOPHYSICAL LOCS: 

Shorn i n  f i g u r e  11: C m p n s a t e d  Densi log,  t*ml La te ro log .  \ l ic ro latero lc>g.  Cnmpensated Scutr.-n 
Not shorn i n u i g u r c  11: BHC Acoust i log,  4-Am Ca l lpe r .  US(:S L l t h a l o ~ l c  Log, 6.1- 

C W  DESCRIPTION: Ruatler-Salado cored I n t e r v a l  (743-795 fee t )  

Depth ( f e e t 1  Deacr ip t l on  

703 - 762.2 Gray mldstone w l t h  p ink  ha1 l t e  vugn .inti c l e . 1 ~  h.ilL:Lr fr.icfclrr 
f l l l l n g a ,  g r a d a t l o n a l  ~tovnward t o  handed, red, i w l  l ~ l c  ~,.<l+c ) . I . . .  

762.2 - 760.1 Red-brcm h a l l r a c  ?ndstone. 
160.1 - 767.3 Red-brom, argillaceous ha1 I r e .  
767.3 - 772.5 RI-d-orange p c l y h a l l t l c  h a l l t e  r l t h  p n l v h a l l t e  h1eh.r awl 'l?nds. 
772.5 - 773.5 Red-brom hill l t l c  c l a y  and red-hrovn . ~ r g L l  laceflus '3.31 Ice.  
773.5 - 795.6 LLg..t p lnk  t n  I l g h t  red-orang* p o l y h a l l t l c  h a l i t e ,  a111or i!.?u 

p a r t l n s ,  w i t h  brovn I u l I ' L c  c l a y  aL hass. 

F igure 12.--Well H-2c construct ion,  completion, and spec i f i ca t ions .  



AS CONSTRUCTED ~~o~~~~ :DTL:!l Land Sur face  

2 - 
Y 
u O n y  Lake z 
e 3 Red Beds 
"I 

e r f o r s t e d  I n t e r v a i  510-518 f e e t  
t h r e e %  -Inch j e t  s h o t s  per f m t )  

4 9, -Inch c o r e  ho le  

To ta l  dep th  
661 f e a t  

WAT:UN: 720 f e e t  f r w  nor th  I i n a ,  3.58b f e e t  I r a  r ~ s t  l i n e ,  m c t i o n  29, T o ~ 1 8 h i p  22 South,  
Rmwe 31 Lst. Eddy County. Ncu Mexico 

ELEVATIUN: 3.377.1 f e e t  (ground l e v e l )  

DCPM DRILLED: 795 f e e t  

DATE CVIPLETEU: F e b r u u y  5, 1977 

DRILLING CMRACTOK: Yennsylvania D r i l l i n g  Compdny. Carlabad,  V I E W  Pbxico 

DRILLING HEtNOD: 4 q e r  18-lnch ho le  (0-33 f e e t ) ,  Rotary 8 314-irrh hole with a i r  and a i r  m i s t  
(31-611 f e e t ) ; . C o r e  4 114-inch ho le  wlth a i r  m i s t  (611-661 f e a t )  (cue 2 114-inch 
d iamete r  core)  

UEU W I N G  RECtlD: 10 314-inch o u t s i d e  d iameta r  cee ing  '0-33 f e e t )  cemented t o  u r f u c e ;  
6 518-inch o u t s i d e  d i m e c a r  e t e e l  casing.  24 pourde. 1.43 a a l l n u  p r  f m t  
( 0 6 0 9  f e e t ) ,  c e n t r a l i z e r .  a t  406 f e e t  and 568 f e e t ,  c e w n t e d  t o  u r f m c e  

C W  DESCRIPTION: 

Culebra W l a i c e  cored I n t e r v a l  (611-661 f e e t )  

6 i l  - 624.2 Den- gray  a n h y d r l t e ,  massive t o  h n d e d  
624.1 - 642.0 ~ r o m  s l l t y  dolomite with s c L e n i t i c  f r a c t u r e  f i l l i n g s  md c r p t a l s .  

p i t t e d  and f m c t u r e d  f r a  629.5 t o  642.0 f e e t  
642.0 - 644.0 Gray mudstone 
664.0 - 652.0 Red-brom s e l ~ n i t i c  s i l l e t o n u  
652.0 - 660.7 Uense g ray  a n h y d r i t e  

f l g u r e  1].--*11 H-2b c o n s t r u c t l a .  c ~ l e t l a 4 .  and s ~ c l f l u t l o n * .  

Figure 13.--Well H-2b construction, completion, and speclficatlons. 



AS COMPLETED Land S u r f a c e  

D n e y  Lake 
Red k d 5  

b t : a  o f  6 ? @ - i o c h  c a r i n g  

Total  depth 

3 L 
563 f e e t  

5 0 

i 

W T I O N :  720 f e e t  from nor th  l i n e .  3,584 f e e t  from ? a t  l i n e .  s e c t i o n  29. Township 22 South. 
Range 31 Eas t ,  Eddy County, fku M x i c o  

ELEVATIOR: 3.377 -1 f e e t  (ground l e v e l )  

OCPTH DRILLED: 563 f e e t  

DATE COIBLETED: February 19. 1977 

DRILLIW OKIRACXIR: Pennsylvania  D r i l l i n g  Company, Cerlsbad.  Hcw l4x i co  

DRILLIM: METHOD: Auger 18-inch ho le  (0-33 f e e t ) ;  Rotary 8 3/4-inch hole  with a i r  a d  a i r  mi s t  
(33-513 f e e t ) ;  Core 4 3/4-inch hole  vlch a i r  mist (513-563 f e e t )  ( c u t  
2 l /4- inch dimmeter c o r e )  

UEU USIXG RECORD: 10 3/$-inch o u t s i d e  diameter  s t e e l  ca s ing  (0-33 f e e t )  cemented t o  m r f a c e  
6 5/&inch o u t s i d e  d inmete r  s t e e l  ca s lng ;  24 pounds; 1.43 g a l l o n s  per fon t  
(0-511 f e e t ) ;  c e n t r a l i z e r s  a t  270 t e e t .  350 f e e t ,  m d  469 f e e t ;  cemented t o  
s u r f a c e  

CORE DESCRIPTION: 

Magenta Dolomite cored i n t e r v a l  (513-563 f r e t )  

9ep th  ( f e e t )  Desc r ip t ion  

511.7 - 513 Cement 
513.0 - 514.6 Dense g ray  anhydr i r e  
514.6 - 539.6 may-brown s i l t y  d o l m i t e  with s o r  f r a c t u r e s  i n  the  i n t e r v a l  

537.5-539.6 Feet 
539.6 - 563 Brown-gray banded a n h y d r i t e  

Figure 14.--Well H-2a construction, completion, and specifications. 



An i n f l a t a b l e - r e t r i e v a b l e  p roduc t ion  packer  was s e t  a t  
731.9 f e e t  on March 3, 1977, s e a l i n g  o f f  t h e  Rust ler-Salado cored 
i n t e r v a l  from t h e  r e s t  of t h e  h o l e ,  and t h e  t u b i n g  was pul led .  

On March 7 ,  1977, the  c a s i n g  was p e r f o r a t e d  from 624 f e e t  t o  
652 f e e t  ( f i g .  12) .  The h o l e  was b a i l e d  March 8 ,  and Culebra zone 
f l u i d  l e v e l s  were monitored u n t i l  March 16,  a t  which t ime the  w a t e r  
l e v e l  had r i s e n  t o  352.4 f e e t  below land s u r f a c e  ( t a b l e  16) .  On 
March 16 t h e  h o l e  was b a i l e d  and samples were t a k e n  f o r  chemical  
a n a l y s e s  ( t a b l e  2 ) .  

A t r a c e r  (1311) and t empera tu re  survey made on March 21 ,  1977, 
i n  H-2c i n d i c a t e d  no s i g n i f i c a n t  upward o r  downward movement w i t h i n  
t h e  cemented annulus .  Mcvement of the .  r a d i o a c t i v e  t r a c e r  outward 
from the  boreho le  occurred from 631 t o  644 f e e t ;  the  m a j o r i t y  of t h i s  
l i q u i d  l o s s  occur red  from 640 t o  644 f e e t  ( f i g .  6 ) .  T h i s  c o i n c i d e s  
wi th  t h e  c o r e  d e s c r i p t i o n  from H-2b ( f i g .  1 3 )  which i n d i c a t e d  t h e  
occur rence  of p i t t e d  dolomite  from 629.5 f e e t  t o  642 f e e t ,  and with  
s i g n i f i c a n t  f r a c t u r i n g  from 535 t o  642 f e e t .  No flow was i n d i c a t e d  
w i t h i n  t h e  c a s i n g  below 644 f e e t .  The su rvey  was run down the  c a s i n g  
wi th  a  f l u i d  p u p i n  r a t e  of approx imate ly  8 g a l l m i n  f o r  a  t o t a l  of 
697 g a l l o n s  i n j e c t e d  i n t o  the  t e s t  i n t e r v a l .  On March 23  t h e  h o l e  
was b a i l e d  t o  renove contaminants .  

On March 25, a  latch-on t o o l  was run on t u b i n g  t o  t h e  packer and 
t h e  tuh ing  was opened t o  the  Rust ler-Salado i n t e r v a l .  The w e l l  was 
placed i n t o  a  long-term dual-completion monicoring phase ,  wi th  
Rust ler-Salado wate r - l eve l  measurements being made i n  the  t u b i n g  and 
Culebra wa te r - l eve l  measurements being nade i n  t h e  annu lus  ( f i g .  1 2 ) .  
As of  October 1, 1977, t h e  Culebra  i r a te r  l e v e l  was approaching 
prepurnping l e v e l s  a t  355 f e e t  ( t a h l e  1 7 )  and t h e  Rust ler-Salado zone 
was s t i l l  recover ing ,  wi th  a  change i n  water  l e v e l s  o f  34 f e e t  from 
September t o  October ( t a b l e  18) .  

Hydrologic  t e s t i n g  of H-2b began on February 13,  1977 by b a i l i n g  
l i q u i d  from t h e  Culebra cored i n t e r v a l  (611 t o  661 f e e t ) .  The h o l e  
was b a i l e d  n e a r l y  d r y  and l i q u i d  l e v e l s  were monitored from 
February 1 3  t o  February 21, 1977, a t  which t ime t h e  l i q u i d  l e v e l  
stood a t  352 f e e t  bclow land s u r f a c e  ( t a b l e  19) .  On 
February 22, 1977, t h e  h o l e  was a g a i n  b a i l e d  d r y  and water  samples 
were csken f o r  chemical a n a l y s e s  ( t a b l e  2 ) .  A f t e r  l i q u i d  l e v e l s  were 
moni tored from February 22, 1977 t o  March 7 ,  1977, the  Culebra zone 
i n  H-2c was a g a i n  b a i l e d  and t h e  response was noted i n  H-2b. On 
March 16 ,  19'17, t h e  t e s t  was repea ted  with  c l o s e  moni to r ing  of H-2b 
l i q u i d  l e v e l s  ( t a b l e  19) .  The f i r s t  response was d e t e c t e d  54 minu tes  
a f t e r  b a i l i n g  commenced. 



Table  16.--Liquid-level r ecovery  d a t a ,  w e l l  H-2c (Culebra  Dolomite 

Member o f  R c s t l e r  Formation) 

[ P e r f o r a t e d  i n t e r v a l  624-648 f t  below land  s u r f a c e ]  

Method of  t e s t i n g :  Casing a s  p e r f o r a t e d ,  the  h o l e  was b a i l e d ,  and 
4 l i q u i d  l e v e l s  were moni tored.  

Date 
Clock 
time 

Time s i n c e  
pumping 

s t a r t e d  (min) 

Time s i n c e  
Pumping 

s topped (min) 

Water l e v e l  
( f t  below 

land s u r f a c e )  Remarks 



Table 16.-Liquid l e v e l  recovery data, well  H-2c (Culebra Dolomite 

Member of  Rustler Formation) - Concluded 

3-15-77 1603 10,423 10,361 354 -0 - 
3-16-77 1200 11,620 11,558 352.4 - 

Bailed - end of t e s t  

Remarks Date 
Clock 
time 

Time aince 
pumping 

started (min) 

Time since 
~ 'mPing 

etopped (min) 

Water l e v e l  
( f t below 

land surf a=) 



Table 17.--Long-term liquid-level recovery data, well H-2c ( C u l e b ~  

Dolomite Member of Rustler Formation) 

[Perforated interval 624-648 ft below land surface] 

Method of testing: Long-term monitoring began followlog dual completion 
of the well. 

Date 
Clock 
time 

Time 
since test 
began (min) 

(ft below 



Table 18.--Long-term l iquid- leve l  recovery data, wel l  H-2c 

(Rustler-Salado contact)  

[Perforated interval  743-795 f t  below land surface]  

Method of  t e s t a :  The packer plug MS sheared t o  open the zone to 
the tubing and l iqu id  l e v e l s  were monitored. 

Date 

Time 
since t e s t  
began (min) 

Clock 
time 

Water l e v e l  
( f  t below 

land surface)  



3 
+ Table 19.--Liquid-level recovery d a t a ,  wel l  H-2b (Culebra Dolomite 
1 

Member of Rus t le r  Formation) 

[Per fora ted  i n t e r v a l  611-661 St below land sur face]  

Method of t e s t i n g :  H-2b uae bai led  d ry  and l i qu id  l e v e l s  were monitored. - 

10 b a i l e r s  - 70 ga l lons  - - - 
- - - 
- - 

Bailed end of t e s t  

Remarks Date 
Clock 
time 

Time s ince  
pumping 

s t a r t e d  (min) 

Time s ince  
pumping 

stopped (min) 

Water l e v e l  
( f t  below 

land sur face)  



Table 19.--Liquid-level recovery d a t a ,  u e l l  H-2b (Culebra Dolomite 

Member of Rus t le r  Formation) - Continued 

3- 7-77 1310 18,715 18,590 351.4 - 
3-8-77 - - - - Bailed H-2c 

Method of t e s t ing :  The hole was bai led and l i qu id  l e v e l s  were monitored. 

Method of t e s t ing :  H-2c was baiLed and l i q u i d  l e v e l s  i n  H-2b were monitored. 

Comenc =d 
b a i l i n g  H-2c, 
1 run every 
4 minutes, 
1 2  ga l lons  per 
b a i l e r  - 

Remarks Date 

2-22-77 1315 0 - - 38 b a i l e r s  
= 470 ga l lons  

1520 125 0 - - 
1528 133 8 630.6 - 
17 15 240 115 600 .O - 

Clock 
time 

Time sf nce 
pumping 

s t a r t e d  (min) 

Time s:nce 
pumping 

stopped (min) 

Water l e v e l  
( f t  below 

land su r f ace )  



T a b l e  1 9  .--Li q u i d - l e v e l  r ecove ry  d a t a ,  well H-2b (Cu leb ra  Dolomf t e  

Member of R u s t l e r  Format ion)  - Concluded 

3-26-77 1153 14,323 - 
3-28-77 1407 17,337 - 
3-29-77 0948 18,518 - 
4- 1-77 1510 23,160 - 

Shut i n  

t r a c e  i n j e c t o r  
t e s t  conducted 
on H-2c, 3-22-77 

R e m r k s  

Water l e v e l  
( f t  beiow 

land s u r f a c e )  Date  
Clock 
time 

Time s i n c e  
pumping 

s t a r t e d  (min) 

Time s i n c e  
pumping 

s topped  (min) 



An i n f l a t a b l e  p r o d u c t i o n  packer  was set a t  a d e p t h  of 585.9 f e e t  
on A p r i l  4 ,  1977. On A p r i l  6 ,  t h e  c a s i n g  was p e r f o r a t e d  from 510 t o  
538 f e e t  f o r  t e s t i n g  t h e  Magenta ( f i g .  13 ) .  The h o l e  was b a i l e d  t o  
d e v e l o p  t h e  p e r f o r a t e d  i n t e r v a l ,  a f t e r  which t h e  Magenta zone l i q u i d  
l e v e l s  were moni tored from A p r i l  8 ,  1977 t o  May 6 ,  1977 ( t a b l e  20) .  
These test d a t a ,  when compared w i t h  t h e  H-2a open-hole Magenta t e s t ,  
i n d i c a t e  t h a t  l i q u i d  communicat i o n  between t h e  f o r m a t i o n  and t h e  
cased  h o l e  is n o t  a s  e f f i c i e n t  a s  i n  an  open t o r e h o l e  i n  which t h e  
maximum s u r f a c e  a r e a  of t h e  fo rma t ion  is exposed t o  t h e  borcho le .  

On Hay 1 3 ,  1977, a la tch-on t o o l  was run  on t u b i n g  t o  t h e  p a c k e r  
i n  H-2b and t h e  packer  was then  r e l e a s e d  and p u l l e d  from t h e  h o l e .  A 
Lynes S e n t r y  p res su re -moni to r ing  sys tem was p laced  b e n e a t h  t h e  
packer ,  and t h e  packer  was r e r u n  on t u b i n g  t o  578 f e e t .  The packer  
was i n f l a t e d ,  t u b i n g  was swabbed, and t h e  Culebra  was opened t o  t h e  
tub ing .  Long-term dual-complet  i o n  moni t o r i n g  began i n  H-2b w i t h  t h e  
Culebra  l i q u i d  l e v e l s  be ing  measured th rough  t h e  t u b i n g  and t h e  
Magenta l i q u i d  l e v e l s  be ing  measured i n  t h e  annu lus .  The f i n a l  h o l e  
c o n f i g u r a t i o n  and w e l l - c o n s t r u c t i o n  s p e c i f i c a t i o n s  a r e  inc luded  i n  
f i g u r e  13. On October  1, 1977, t h e  Culebra  l i q u i d  l e v e l  was 
approach ing  prepurnping l e v e l s  a t  351 f e e t  ( t a b l e  21) and t h e  Nagenta 
l i q u i d  l e v e l  was s l o w l y  r e c o v e r i n g  47 f e e t  below Magenta l i q u i d  
l e v e l s  i n  H-2a ( t a b l e s  22 and 23).  

T e s t i n g  on t h e  Magenta co red  i n t e r v a l  i n  H-2a began 
February  22,  1977, when t h e  h o l e  was b a i l e d  and a w a t e r  sample was 
t a k e a  f o r  chemical  a n a l y s e s  ( t a b l e  2 ) .  L iqu id  l e v e l s  were moni tored 
th roughou t  t h e  rest of t h e  y e a r  ( t a b l e  23). On A p r i l  9 ,  1977, t h e  
Magenta i n t e r v a l  was b a i l e d  i n  H-2b and a s l i g h t  e f f e c t  was noted i n  
t h e  Hagenta i n  H-2a. By October  1, 1977, a l i q u i d  l e v e l  i n  H-2a was 
a t  abou t  249 f e e t  below land s u r f a c e  ( t a b l e  23).  

Well P-14 

D r i l l i n g  history.--P-14 is l o c a t e d  312 f e e t  from t h e  s o u t h  l i n e  (FSL) 
and 613  f e e t  from t h e  west  l i n e  (FWL) of s e c .  24, T.22 S., R.30 E., 
i n  Eddy County,  New Mexico. The e l e v a t i o n  of t h e  ground s u r f a c e  a t  
t h e  d r i l l  s i t e  is 3,358.1 f e e t  above mean s e a  l e v e l .  



< T a b l e  20.--Liquid-level r e c o v e r y  d a t a ,  w e l l  H-2b (Magenta Dolomite 
1 

Member o f  R u s t l e r  Formation) 

[ P e r f o r a t e d  i n t e r v a l  510-538 f t  below l a n d  s u r f a c e ]  

Method o f  t e s t i n g :  The zone was p e r f o r a t e d ,  t h e  h o l e  was b a i l e d  d r y ,  
and l i q u i d  l e v e l s  were moni tored.  

- 
Bai led  33  r u n s  

= 396 g a l l o n s  - 
- 
- 
- 
- 
- 
- 
- - 

End of test 

- 

Date 

Water l e v e l  
( i t  below 

l and  s u r f a c e )  Remarks 
Clock 
t ime  

Time s i n c e  
pumping 

s t a r t e d  (min) 

Time s i n c e  
pumping 

s topped (min) 



Table 21.--Long-term l i qu id - l eve l  fecovery d a t a ,  wc l l  H-2b (Culebra 

Dolomite Member of Rus t l e r  Formation) 

[Per fora ted  i n t e r v a l  611-461 f t  below land su r f ace ]  

Method of t e s t i ng :  The tubing ms opened t o  the Culebra zone and l i q u i d  
l e v e l s  were monitored. 

0 - Ran sen t ry  and packer 

opened packer t o  tubing 

Date 
Clock 
time 

Time 
s ince  t e s t  
began (min) 

Water l e v e l  
( f t below 

land eurface)  Remarks 



Table 22.-Long-term l i qu id - l eve l  recovery d a t a ,  w e l l  !I-2b (Magenta 

Dolomite Member of Rus t l e r  Formation) 

[Pe r fo r a t ed  i n t e n r a l  510-538 f t  below land su r f ace ]  

Method of  t e s t i n g :  The l i q u i d  l e v e l s  were monitored on a long-term bas i s .  

5-13-77 1900 0 - Ran tubing t o  i n f l a t a b l e  
(est .) packer 

5-25-77 1045 16,785 291 - 
6-23-77 1430 58,770 283.4 - 
8- 4-77 1220 119,110 286 - 
9- 4-77 1312 163,812 291 - 

10- 3-77 1455 205,675 295.7 - 

Remarks Date 

Water l e v e l  
( f  t below 

l a d  sur face)  
Clock 
time 

Time 
s i n c e  t e s t  
began (min) 



Table 23.--Long-term l i q u i d - l e v e l  recovery  d a t a ,  w e l l  H-2a (Magenta 

Dolomite Member of R u s t l e r  Formation) 

[ p e r f o r a t e d  i n t e r v a l  513-563 f t  below land  s u r f a c e ]  

Method of t e s t i n g :  The ho le  was b a i l e d  d r y  and l i q u i d  l e v e l s  were 
monitored. 

Bailed and c leaned  o i l  
from hole - 

Date 
Clock 
time 

Time 
s i n c e  t e s t  
began (min) 

Water l e v e l  
( f t  below 

land s u r f a c e )  Remarks 



Table 23.-Long-term l iquid-level  recovery data, well H-2a (Magenta 

Dolomite Member of Rustler Formation) - Concluded 

.H-2b bailed in Magenta 

H-2b bailed in Magenta 

- 

Date 
Clock 
t i m e  

Time 
s ince t e s t  
began (min) 

Water l eve l  
( f  t below 

land surf ace)  Remarks 



Sur face  c a s i n g  was s e t  t o  a  dep th  of 20 f e e t  and t h e  t e s t  h o l e  
was spudded on September 24, 1976 ( t a b l e  24). The h o l e  was d r i l l e d  

: w i t h  a i r  and a i r  m i s t  a s  a  c i r c u l a t i n g  medium. No l i q u i d  was 
encounte red  i n  t h e  h o l e  u n t i l  455 f e e t ,  a t  which t ime soap was added 
t o  t h e  c i r c u l a t o r y  system t o  a s s i s t  i n  removal of c u t t i n g s .  D r i l l i n g  
con t inued  t o  a  c a s i n g  dep th  o f  784 f e e t .  Geophysical  l o g s  were r u n  
by t h e  U.S. Geo log ica l  Survey a f t e r  d r i l l i n g  was completed ( f i g .  15) .  
A f t e r  t h e  h o l e  was cond i t ioned  and loaded wi th  mud g e l ,  c a s i n g  was 
s e t  and cemented on September 29 t o  a  depth of 775 f e e t .  

A f t e r  cement had s e t ,  a  4-inch h o l e  was d r i l l e d  t o  t h e  c o r e  
dep th  of l , l 8 d  f e e t .  The po tash  zone was cored from 1,188 f e e t  t o  a  
t o t a l  dep th  of 1 ,5&5 f e e t .  On October  3, 1976, t h e  h o l e  was logged 
by t h e  U.S. Geo log ica l  Survey and was then plugged back t o  759 f e e t  
w i t h  cement. The f i n a l  h o l e  c o n f i g u r a t i o n  and w e l l - c o n s t r u c t i o n  
s p e c i f i c a t i o n s  a r e  inc luded  i n  f i g u r e  16. 

Hydrologic  testing.--P-14 hydro log ic  t e s t i n g  began on 
January  1 9 ,  1977, when t h e  h o l e  was b a i l e d  d r y  and U.S. Geo log ica l  
Survey geophys ica l  l o g s  were r e r u n  :o p i c k  p e r f o r a t i o n  i n t e r v a l s .  On 
J a n u a r y  21, t h e  c a s i n g  was p e r f o r a t e d  a c r o s s  t h e  Rus t l e r -Sa lado  
c o n t a c t  i n t e r v a l  (676 t o  700 f e e t )  ( f i g .  16).  L iqu id  produced from 
t h e  Rus t l e r -Sa lado  c o n t a c t  was monitored from J a n u a r y  21 t o  
February 24,  d u r i n g  which time t h e  l i q u i d  l e v e l  r o s e  from 730 t o  
417 f e e t  below land  s u r f a c e  ( t a b l e  25). 'Later t e s t s  i n d i c a t e d  t h a t  
t h e  p e r f o r a t i o n s  had plugged d u r i n g  t h e  test. On February 24, 
250 g a l l o n s  of l i q u i d  were b a i l e d  from t h e  h o l e  and samples were 
t aken  f o r  chemical  a n a l y s e s .  Water l e v e l s  were then  monitored u n t i l  
February 26 when t h e  Rust ler-Salado zone was t e m p o r a r i l y  s h u t  i n  
( t a b l e  25).  The f i n a l  h o l e  c o n f i g u r a t i o n  and w e l l - c o n s t r u c t i o n  
s p e c i f i c a t i o n s  a r e  inc luded  i n  f i g u r e  16. 

On March 2 ,  1977, a n  i n f l a t a b l e  p roduc t ion  packer  was run i n t o  
t h e  h o l e  and s e t  a t  663.2 f e e t .  The c a s i n g  was p e r f o r a t e d  i n  a  d r y  
h o l e  z c r o s s  t h e  Culebra i n t e r v a l  (573 t o  601  f e e t )  on March 7. On 
March 8,  720 g a l l o n s  of l i q u i d  were b a i l e d  wi th  no n o t i c e a b l e  changc 
i n  wa te r  l e v e l s .  Liquid l e v e l s  were monitored u n t i l  March 14 
( t a b l e  26) 

On March 15 ,  1977, a  la tch-on t o o l  on tub ing  was run t o  t h e  
packer ,  t h e  tub ing  was opened t o  t h e  Rust ler-Salado i n t e r v a l ,  and t h e  
zone was swabbed. Liquid l e v e l s  were monitored u n t i l  March 18  when 
t u b i n g  was a g a i n  swabbed t o  check t h e  packer s e a t .  A f t e r  t h e  
Rus t l e r -Sa lado  i n t e r v a l  was s h u t  i n  and t h e  tub ing  was p u l l e d ,  l i q u i d  
l e v e l s  were monitored i n  t h e  Culebra u n t i l  March 21 ( t a b l e  25) when 
t h e  packer  a t  663.2 f e e t  was r e l e a s e d  because of p o s s i b l e  
communication w i t h  t h e  Rust ler-Salado i n t e r v a l .  The packer  was t h e n  
r e r u n  t o  656.5 f e e t  and s e t .  



T a b l e  24.--Chronology of w e l l  P-14 

[ A l l  d e p t h  measurements a d j u s t e d  t o  ground l e v e l ,  3,358.1 f t  above mean 

s e a  l e v e l ]  

Da te  - 
1976 - 

S e p t .  24 Se t  s u r f a c e  p i p e ;  h o l e  spudded.  

Sep t .  27 Reran l a r g e r  d i a m e t e r  s u r f a c e  p ipe ;  c o n t i n u e d  d r i l l i n g .  

S e p t .  28 R o t a r y  d r i l l e d  t o  635  f t ;  l i q u i d  encoun te red  a t  589 f t .  

Sep t .  29 Ro ta ry  d r i l l e d  t o  784 i t ;  USGS g e o p h y s i c a l  l o g s ;  c a s i n g  
l anded  a t  775 f t ;  cemented.  

Sep t .  30- 
Oct .  1 R o t a r y  d r i l l e d  t o  c o r e  p o i n t  (1 ,188  f t ) .  

Oct .  1-3 Cored t o  1 , 5 4 5  f t .  

Oct .  3  USGS g e o p h y s i c a l  l o g s .  

Oct .  4  Hole plugged back t o  759 f t .  

Oc t ,  25 Rigged up; r a n  d r i l l  p i p e  and b i t ;  t agged  cement a t  775 f t ;  
h o l e  t e n p o r a r i l y  a b a n d ~ n e d .  

J a n .  1 9  Hole b a i l e d  d r y ;  USGS l o g s .  

J an .  2 1  P e r f o r a t e d  c a s i n g  ( R u s t l e r - S a l a d o  c o n t a c t ,  676-700 f t ) .  

J a n .  21- 
Feb. 24 L iqu id  l e v e l s  moni tored .  

Feb. 24 Ba i l ed  h o l e  and sampled ( R u s t l e r - S a l a d o )  . 
Feb. 24-26 L iqu id  l e v e l s  moni tored .  

Mar. 2  S e t  i n f l a t a b l e  packer  (663.2 f t ) ;  p u l l e d  t u b i n g ;  b a i l e d  
h o l e  d r y .  

Mar. 7  P e r f o r a t e d  c a s i n g  ( C u l e b r a .  573-601 f t ) .  

Mar, 8 Ba i l ed  h o l e .  

78 



T a b l e  24.--Chronology o f  w e l l  P-14 - Concluded 

Date  - 

Mar. 8-14 

Mar. 14  

Mar. 1 5  

Mar. 15-18 

Mar. 18  

Mar. 18-21 

Mar. 21 

Mar. 22 

Mar. 23 

Mar. 24- 
May 25 

May 25- 
Oct 1. 

L i q u i d  l e v e l s  mon i to red .  

B a i l e d  h o l e  and sampled ( C u l e b r a ) .  

Reran t u b i n g  t o  packe r ;  reopened Rus t l e r -Sa lado  zone .  

L i q u i d  l e v e l s  mon i to red .  

Swabbed t u b i n g  t o  check packer  seal; s h u t  i n  R u s t l e r - S a l a d o  
zone;  p u l l e d  t u b i n g .  

L i q u i d  l e v e l s  mon i to red .  

P u l l e d  packe r ;  r e s e t  packer  a t  656.5; p u l l e d  t u b i n g .  

Ran r a d i o a c t i v e  t r a c e r  s u r v e y  (1311) on Cu leb ra  zone. 

Ba i l ed  ho:e ( 1 , 4 4 0  g a l l o n s ) .  

Reran  t u b i n g ;  swabbed t u b i n g  d r y ;  reopened packe r  t o  
R u s t l e r - S a l a d o  zone. 

Monitored l i q u i d  l e v e l s .  

Monthly meast;rements . 
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AS MOnlFIED FOR 
AS CONSTRUCTED HYDROLOGIC TESTING Land S u r f a c e  

Dewey L a k r  
Red Beds 

I u i r h  4)2 - i n c h  
c a s l n g  (0-775 f e e t )  

n f l a t a b l e  p r o d u c t ~ o n  p a c k e r  

e r f o r a t e d  i n t e r v a l  1676-700 f r e t 1  

695 feet-Top o f  S a l a d o  s a l t  Top o f  cement p l u g .  ?59 f e e t  

P lugged c o r e  h o l e  
4- inch c o r e  h o l e  

T o t a l  d w t h  
1545 f e e t  

LOCATION: 312 f e e t  f rom m u c h  l l n e .  6 1 3  f e e t  from c e s t  l l n e .  s e c t l o n  2G. l o r n r h i p  21 S o u t h .  
Range 30 E a s t .  Eddy County, Yew X e r l c o  

ElEV4TION: 3,358.1 f e e t  ( g r o u n d  l e v e l )  

DCf'TH DRILLED: 1.545 f e e t  ( p l u g g e d  back t o  759 f e e t )  

DATE CMP:.ETED: O c t o b e r  3 ,  1976 

DRILLING i(mRAClVR: B o y l e s  B r o t h e r s  D r l l l l n g  Cornpatby, Iss C r u c e s .  Yew '(erlco 

DRILLING SETHOD: R o t ~ r y  8 3 l l - I n c h  h o l e  u l t h  a l r  (0-20 f e ~ t ) ;  R o t a r j  7 719-Inch hole  v l t h  a l r  .and 
s l r  a l s t  (ZU-7YL f e p t ) ;  R o t a r y  i - l n c h  h o l e  w l t h  d l r  a l s t  (781- l . ldR f e e t ) ;  "ore  
1-Lnch h o l e  u l t h  b r l n e  m u d  ( 1 , 1 8 8 - 1 , 5 4 5  f e e t )  

WELL CASING REC((ID: 8 518- inch o u t r l d e  d l a m e t e r  s t e e l  c a s l n ~  (0-20 f e e t ) ;  4 1'2-Lnch n u t q i J e  
d l a m e t e r  s t e e l  c a o l n s ;  9.5 pounds; 0.68 g a l l o n s  per f o , l t  (0-775 f e e t ) ;  
c e n c r a l l z e r s  a t  32h f r e t ,  371 F e e t ,  571 f e e t  and 7h5 f e e t ;  -emenfed t., 

s u r f a c e ;  h o l e  p lugged back f r a .  1 ,545 f e e t  t c  759 f e e t  v l t h  zement 

GEOPHYSICAL. LOCS' 

Shorn i n  f l g u r e  15: C a m a ,  ramna-Camna. S ~ u t r u n  

k t  s h o r n  In f l g u r e  15:  C a l l p e r  

Figure 16.--Well P-14  construction, completion, and specifications. 



T a b l e  25.--Liquid-level  r e c o v e r y  d a t a ,  w e l l  P-14 ( R u s t l e r - S a l s d o  c o n t a c t )  

[ P e r f  o r a t e d  i n t e r v a l  676-700 f  t below l a n d  s u r f a c e ]  

Method o f  t e s t i n g :  The c a s i n g  was S a i l e d  d r y  and p e r f o r a t e d ,  and 
l i q u i d  l e v e l s  were a o n i t o r e d  w i t h  a r e c o r d e r .  

Date 
Clock 
time 

Time s i n c e  
pumping 

s t a r t e d  (min) 

Time s i n c e  
Pumping 

s topped  (min) 

Water l e v e l  
( f t  be low 

l a n d  s u r f a c e )  Remarks 



Tabla 25.-Liquid-level recovery data, well P-14 (Rustler-Salado 

contact)  - Continued 

Remarks 

Water l eve l  
( f t  below 

land surface) 

Time since 
pwnpiq 

stopped (min) Date 
Clock 
time 

Time since 
pumping 

started (min) 



Table 25.--Liquid-level recovery data, well P-14 (Rustler-Salado 

contact) - Continued 

Time since Time since Water level  
Clock pumping pumping ( f t below 

Date time started (min) stopped (min) land surface) Remarks 



T a b l e  25.--Liquid-level r e c o v e r y  d a t a ,  w e l l  P-14 (Rus t l e r -Sa lado  

c o n t a c t )  - Cont inued 

End o f  test - b a i l e d  

Method o f  t e s t i n g :  F l u i d  uas  b a i l e d  from t h e  c a s i n g  and t h e  f l u i d  
l e v e l  r ecovery  was monitored.  

Remarks 

25 b a i l e r s  = 
250 g a l l o n s  - 

- 
- 
- 
- 
- - - 
- 
- 

Water l e v e l  
( f t  below 

l and  s u r f a c e )  

Time s i n c e  
pumping 

s topped  (min) 

Time s i n c e  
pumping 

s t a r t e d  (min) Date 
Clock 
time 



Table 25.--Liquid-level recovery d a t a ,  wel l  P-14 (Rustler-Salado -- 
c o n t a c t )  - Continued 

- - - - .- 

Shut i n  

Method of t e s t i ng :  The packer plug was sheared t o  open the  zone t o  
the  tubing. 

3-15-77 1430 0 
( e s t  .) 
1455 25 
1505 35 

Water l eve l  
( f t  below 

land sur face)  

Time s ince  
pumping 

stopped (min) Date 

Method of t e s t i ng :  The tubing was swabbed and l i q u i d  l e v e l s  were monitored. 

Remarks 

- Last swab 3 $0 
ga l lons  t o t a l  

545.4 - 
535.4 - 
537.4 - 

Clock 
t i m e  

Time s ince  
pumping 

s t a r t e d  (min) 



Table 25.-Liquid-level recovery data, well P-14 (Rustler-Salado 

contact) - Concluded 

3-19-77 0913 1,265 - 
3-20-77 0852 2,684 - 
3-21-77 0815 4,087 - 
Shut in 

Reacarks 

Water level  
( f t  below 

land surface) Dste 
Clock 
time 

Time since 
pumping 

started (min) 

Time since 
P - P ~ %  

stopped (min) 



Table 26.--Liquid-level recovery d a t a ,  w e l l  P-14 (Culubra Dolomite 

Member of Rus t le r  Formation) 

[Per fora ted  i n t e r v a l  573-601 f t  below land sur face]  

Method of t e s t i n q :  The casing was perfora ted ,  the hole bas bai led ,  and 
l i q u i d  l e v e l s  were monltored. 

Bailed, ran tubing t o  Rustler-Salado contact  

Clock 
Time s ince  

pumping 
s t a r i e d  (min) Remarks 

.ime s ince  
P-ping 

stopped (min) 

Water l e v e l  
( f t  below 

land sur face)  



A t r a c e r  (1211) and temperature survey ( f i g .  10)  wag conducted 
on the  Culebra zone perforated i n t e r v a l  on March 22, 1977, t o  
determine the i n t e r v a l  of l i qu id  l o s s  and t o  de t ec t  possible  up-hole 
o r  down-hole communication. The gamma t r a c e  and temperature p r o f i l e  
ind ica ted  t h a t  most of the l i q u i d  (63 percent)  was l o s t  t o  the 
formaiion across  the i n t e r v a l  from 583 t o  590 f e e t  with the remainder 
l o s t  from 573 t o  583 f e e t .  No flow was detected i n  the casing below 
590 f ee t .  No communication was de tec ted  in  the cemented annulus. 
The survey was conducted down the casing a t  a l iqu id- in jec t ion  r a t e  
of 7 gal lmin with a t o t a l  of 1,634 ga l lons  being in jec ted  duririg the 
survey. The hlgh permeabil i ty  of the zone allowed the i n j ec t ion  of 
l i q u i d  t o  take place under g rav i ty  feed. On March 23, contaminated 
l i q u i d  was bai led from the hole. 

On March 24, 1977, a latch-on tool  on tubing was run t o  the 
packer, the tubing was swabbed dry,  and the packer was opened 
allowing l i q u i d  f r a a  the Rustler-Salado zone t o  r i s e  i n t o  the tubing. 
The hole was placed i n t o  a long-term dual-completion phase, with the 
Rustler-Salado water l e v e l s  being monitored i n  the tubing ( t c b l e  27) 
and the Culebra water l e v e l s  being monitored i n  the annulus 
( t a b l e  28) and ( f i g .  16). AB of 3ctober 1, 1977, the Rustler-Salado 
l i q u i d  l e v e l  had r i s e n  t o  about 389 f e e t  below land surface 
( t a b l e  27) and the Culebra l i q u i d  l e v e l  hod r i s en  t o  about 324 f e e t  
( t a b l e  28). 

Well P-15 

D r i l l i n g  history.-P-15 i s  located 398 f e e t  FSL and 184 f e e t  FdL of 
aec. 31, T.22 S., R.31 i., i n  Eddy County, New Mexico. The e leva t ion  
of the land sur face  a t  the d r i l l  s i t e  is 3,309.1 f e e t  above mean sea 
level. 

Surface casing was s e t  t o  a depth of 20 f e e t  and the t e s t  hole 
vas  spudded on October 4, 1976 ( t a b l e  29). The hole was d r i l l e d  with 
a i r  and a i r  m i s t  a s  a c i r cu l a t i ng  medium. Moist cu t t i ngs  were f i r s t  
observed a t  a depth of 225 f e e t  a t  which time soap was added t o  
a s s i s t  i n  c u t t i c g s  removal. The hole was d r i l l e d  to  a depth of 
405 f e e t  and U.S. Geological Survey geophysical logs were run because 
d r i l l  c u t t i n g s  indicated tha t  the top of the Rust ler  Formation was 
higher  than expected. Dr i l l i ng  was resumed a f t e r  the geophysical 
l ogs  showed s t r a t i g r a p h i c  markers to  be a t  the projected depths. The 
i n t e r v a l  across  the Rustler-Salado contac t ,  from 515 t o  600 f e e t ,  was 
cored and the hole was zeamed t o  the casing depth of 635 f e e t .  
Geophysical logs  were rlln by the U.S. Geological Survey a f t e r  
d r i l l i n g  was completed ( f i g .  17). The hole was then conditioned and 
loaded with mud g e l  i n  preparat ion f o r  running casing. 



Table 27.--Long-term l iquid-level  recovery data, well P-14 (Rustler-Salado 

contact) 

[Perforated Interval 676-700 f t  below land surface] 

Method of tes t ing:  The packer plug was sheared, opening the tubing 
to zone, and l iquid  l e v e l s  were monitored. 

Water l eve l  
( f t  below 

land surface) 

Time 
since t e s t  
began (min) Date 

Clock 
t i m e  



Table 27.--Lcng-term l iquid-level  recovery data, wel l  P-14 (Rustler-Salado 

contact)  - Concluded 

Date 
Clock 
time 

I 
Time , Water leve l  

s ince  t e s t  
began b i n )  

( f t  below 
land surface) 



Table 28.-Long-term liquid-level recovery data,  well P-14 (Culebra 

Dolomite Member of Rustler Formation) 

[Perforated in te rva l  573-601 f t  below land surface] 

Method of tes t ing:  A radios-:tive t racer  (1311) in ject ion t e s t  was 
conducted, the well was bailed,  and loq-tenn 
liquid-level monitoring was begun. 

0835-0947 injected 
38.9 bar re l s  in to  
zone (1,634 gallons) 

Bailed 1,440 gallons 

Remarks 

Water level  
( f t below 

land surface) Date 
Clock 
time 

Time 
since t e s t  
began (min) 



Table  29.-Chronology of wel l  P-15 

[All depth  measurements a d j u s t e d  t o  ground l e v e l ,  3,309.7 f t  hbove mean 

s e a  l e v e l ]  

Date - 
1976 - 

O c t .  4 S e t  s u r f a c e  pipe; h o l e  spudded; damp c u t t i n g s  a t  225 f t .  

kt. 6 Rotary d r i l l e d  t o  515 f t .  

Oct. 6-8 Cored Rustler-Oalado c o n t a c t  (515-600 f t ) .  

~ c t .  8 USGS geophysical  logs ;  r o t a r y  d r i l l e d  t o  637 f t ;  
cas ing  landed a t  635 f t .  

kt. 8-9 Casing cemented. 

Oct. 10-12 Rotary d r i l l e d  t o  core  point  (1,038 f t ) .  

Oct. 12-14 Cored t o  1 ,465  f t .  

Oct. 14-15 USGS geophysical  logs .  

Oct. 1 5  Plugged back t o  600 f t .  

Oct. 26 D r i l l e d  o u t  cement plug t o  620 f t .  

Oct. 29 Dresser  At las  Spec t ra log ;  hole  t cmporar i ly  abandoned. 

1977 - 
Jan. 1 9  Hole ba i led  dry. 

Jan .  21 P e r f o r a t e d  cas ing  (Rustler-Salado c o n t a c t ,  532-560 f t ) .  

Jan.  21- 
Apr. 4 Liquid l e v e l s  monitored. 

Apr. 4 Se t  i n f l a t a b l s  packer (511.6); pul led tubing.  

Apr. 6 Per fora ted  cas ing  (Culebra ,  410-438 f t ) .  

Apr. 7 Hole b a i l e d  (156 gal lons; .  

Apr. 7- 
b y  10 Liquid l e v e l s  monitored. 



Table 23.-Chronology of wel l  P-15 - Concluded 

Date - 

May 10 Bailed hole and sampled. 

May 11 Reran tubing and a i r l i n e .  

May 14- Reopened the Rustler-Salado t o  tubing; commenced long-term 
Oct 1 monitoricg of Rustler-Salado contact and Culebra. 
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Casing was s e t  and cemented on October 8 t o  a depth of 635 f e e t  
below land sur face .  Af te r  the  cement had s e t ,  a 5-inch hole  was 
d r i l l e c !  t o  r core  depth of 1,038 f e e t .  The p o t e n t i a l  potash zone was 
cored from 1,038 t o  a t o t a l  depth of 1 ,465 f e e t .  On October 14, 
1976, the hole  was logged and plugged back t o  600 f e e t  with cement. 

On October 26, 1976, the  cement was d r i l l e d  ou t  from 600 t o  
620 f e e t .  A Dresser  At las  spec t r a log  was run on Ch'ober 29 because 
t he  Culebra had s;~own a high gamma count during i n i t i a l  loggiag. The 
epec t ra log  i nd i ca t ed  the  anosolous zone t o  be an i n t e r v a l  of 
n a t u r a l l y  depos i ted  uranium. Following the logging,  the wel l  was 
temporar i ly  abandoned pending l a t e r  hydrologic t e s t s .  The f i n a l  hole 
con f igu ra t i on  and wel l -construct ion s p e c i f i c a t i o n s  a r e  included i n  
f i g u r e  18. 

Hydrologic testing.-P-15 hydrologic  t e s t i n g  began on 
January 19 ,  1977, vhen t he '  hole  was ba l l ed  dry. The casing was 
per fora ted  January 21 from 532 t o  560 feet: below land sur face  
( f i g .  18).  Liquid produced from the Rustler-Salado contac t  was 
monitored from January 21 t o  Apr i l  4 ,  1977, a t  which time l i q u i d  
l e v e l s  had r i s e n  from 618 t o  497 f ee t  ( t a b l e  30). On Apri? 4, an 
i n f l a t a b l e - r e t r i e v a b l e  br idge packer was run on tubing and was s e t  a t  
511.6 f e e t  t o  shut  i n  the  Rustler-Salado pe r fo r a t i ons  below. Tubing 
was then pul led.  

1 The i n t e r v a l  from 410 t o  438 f e e t  was per fora ted  on 
Apr i l  6 ,  19?7 ( f i g .  18).  Liquid produced from the  Culebra was 
monitored from Apr i i  7 t o  May 10,  1977, during which time the l i q u i d  
l e v e l  had t i s e n  from 496 t o  312 f e e t  below land sur face  and the zone 
had yielded 125 g a l l o n s  ( t a b l e  31).  

On May 10 ,  1977, the hole was ba i led  and samples were taken f o r  
chemical ana ly se s  ( t a b l e  2 ) .  On May 11, a latch-on t oo l  on tubing 
was run t o  t he  packer and the  tubing was opened t o  the  
Rustler-Salado. The hole  was placed i n t o  a l ~ n g - t e r m  dual-completion 
monitor ing phase, w i th  the Rustler-Saiado l i q u i d  l e v e l s  being 
monitored i n  the  tubing and Culebra l i q u i d  l e v e l s  being monitored i n  
t h e  annulus ( f i g .  18). By October 1, 1977, the Rustler-Salado was 
approaching prepumping l e v e l s  a t  324 f e e t  ( t a b l e  32) and the Culebra 
was a p p r o a c h i ~ g  prepumping leve iv  s t  308 f e e t  ( t a b l e  33). 

Well P-17 

D r i l l i n g  hist=.-P-17 is located 1,351 f e e t  FSL and 395 f e e t  FWL of 
sec. 4, T.23 S., R.31 E.,  i n  Eddy County, New Mexico. The e l eva t i on  
of the ground su r f ace  a t  the  d r i l l  s i t e  is 3,339.5 f e e t  above mean 
sea l eve l .  
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AS MODIFIED FOR 
AS CDNSTRUCTLD HVDROLOC lC TEST l NG 

Bbttom 8% - inch  cas ing  

W 
v Red Beds 

f 

e r f o r a t e d  i n t e r v a l  (410-438 
t h r e e h  - inch j e t  s h o t s  per  

I n f l a t a b l e  p roduc t ion  packer  

P e r f d r a t e d  i n t e r v a l  (532-556 
( t h r e e  b2 - inch  j e t  s h o t s  per  

bl Lr Plugged c o r e  h o l e  

Land s u r f a c e  

314 - inch  d r i l l  ho le .  
8% - inch  c a s i n g  

(20 f e e t )  

7 h  - inch d r i l l  h o l e ,  
f e e t )  wi th  491 - inch  
f o o t )  c a s i n g i 0 - 6 3 5 f e e t )  

f e e t )  

637 f e e t  

4- inch c o r e  h o l e  

I 
I- 

Tota l  depth 
1465 f e e t  

LDCATION: 398 f e e t  from south l i n e ,  184 f e e t  from r e s t  l i n e .  s c c t l o n  31,  Township 22 South.  
Range 31 F a s t ,  Eddy County, New Xexico 

ELEVATlOl: 3.309.7 f e e t  (ground l e v e l )  

DEPTH I)RII.LED: 1,465 f e e t  ( p l u ~ g c d  back t o  620 f e e t )  

DATE CIMPLETED: October  l o ,  1976 

DRILLING CONTRACTOR: BDyles Brother. D r i l l i n g  Company, las Cruces. Hcv Mexico 

DRILLING YETHOD: Rotary 8 314-inch hnle wi tn  a i r  (0-20 !eet) ;  Rotary 7 7/8-inch hole wlth a i r  and 
a i r  n i s t  (20-515 f e e t ) :  Cora 4-inch h o l e  v i t h  a i r  mist  (515-600 f e e t )  ( cu t  

116-inch . l iameter  c o r e ) ;  Ream 7 7/&inch hole with a i r  m i s t  (515-637 f e e t )  
Rotary 4-inch ho le  with a i r  mint (600-1,038 f e e t ) ;  Core 6-inch ho le  v i t h  b r i n e  
mud (1.038-1.465 f e e t )  

UELL CASING KECIIRD: 8 518-inch o a t s i d e  d lamete r  s t e e l  c a s i n g  (0-20 r e e f ) ;  4  112-inch o u t s i d e  
d iamete r  s t e e l  cae lng .  9.5 pounds, 0.68 g a l l o n s  per f n o t  (0-635 f e e t ) .  
cemented t o  9urf.lce. h o l e  pltsgged back from 1.465 f e e t  t o  600 f e e t  u l t h  
cement, cement d r i l l e d  out  t o  620 f e e t  

Show i n  f i g u r e  19: Cams. Cawma-Canma. Hcutron 

Hot shnun In f l ~ t ~ r e  19: C a l i o e r ,  Soec t ra lnn  

Figure 18.--well  P -15  construct ion,  completion, and s p e c i f i c a t  ions. 



Table 30.--Liquid-level recovery data, wel l  P-15 (Rustler-Salado contact) 

[Perf orated interval  532-560 f t  below land surface] 

Method of tes t ing:  The casing was perforated and l iquid  l e v e l s  were 
monitored. 

Perforated zone - - - - 

DaLe 

4- 4-77 
Shut in 

Remarks 
Clock 
time 

Time 
since t e s t  
began (min) 

Water l e v e l  
( f t below 

land surface) 



I Table  31.--Liquid-level recovery  d a t a ,  well P-15 (Culebra  Dolomite 

Uember of R u s t l e r  Formation) 

[ P e r f o r a t e d  i n t e r v a l  410-438 f t  below l a d  s u r f a c e ]  

- - Railed 1 3  r u n s  
( 156 g a l l o n s )  

6 - 
55 496.4 - 
65 495.4 
75 494.6 

Method of  t e s t i n g :  The c a s i n g  vas w r f o r a t e d ,  t h e  ho le  was b a i l e d .  

bailed-end of  t e s t  

Date 

Time s i n c e  
pumping 

s t a r t e d  (min) 
Clock 
t i m e  

Time s i n c e  
( f t below 



Table 32.-Long-term l iquid-level  recovery data, well P-15 

(Ruetler-Salado contact1 

[Perforated interval  532-560 f t  below land eurface] 

n e t h d  of tes t ing:  The packer plug uae sheared to  open the zone to  
the tubing and long-term moni tor i r~  began. 

Water l eve l  
( f t  below 

land surface) .Date 
Clock 
time 

Time 
eince f e e t  
begar. (mir.) 



Table 33.-Long-term l i qu id - l eve l  recovery d a t a ,  wl l  P-15 (Culebra 

Dolomite Member of Rua t l e r  Formetion) 

[Per fora ted  i n t e r v a l  410-438 f t  below land su r f ace ]  

Method of t e s t i n g :  The ho l e  was ba i l ed  and l i q u i d  l e v e l s  were monitored 
on long-term bas i s .  

0 - Las t  b a i l e r  
(commenced 1640) 

Remarks Date 
Clock 
t ime 

Time 
s i n c e  t e s t  
began (min) 

Water l e v e l  
( f t  below 

land su r f ace )  



Surface cas ing  was s e t  on October 18, 1976, t o  a depth of 
20 f e e t  ( t a b l e  34). The t e s t  ho le  was spudded on October 18  and was 
d r i l l e d  us ing  a i r  and a i r  m i s t  a s  a c i r c u l a t i n g  medium. Liquid was 
encountered i n  t h e  ho le  a t  425 f e e t ,  a t  which time soap and water  
were i n j e c t e d  t o  a s s i s t  i n  removal of c u t t i n g s .  D r i l l i n g  continued 
t o  a c a s i r ~ g  dep th  o f  755 f e e t .  Geo2hysical logs  were run by t he  
U.S. Geological Survey a f t e r  d r i l l i n g  was completed. The ho le  was 
then condi t ioned and loaded with mud g e l  p r i o r  t o  running casing. 

Casing was set on October 19 and 20 t o  a depth of 751 f e e t .  
b e t  c i r c u l a t i o n  occurred during cementing and add i t i ona l  cement had 
t o  be added. Af t e r  the  cement hed set, a 4-inch hole  was d r i l l e d  t o  
a cor ing  depth of 1,220 f e e t  below land sur face .  The potash zone was 
cored from 1,220 f e e t  t o  a t o t a l  depth of 1,660 f e e t .  The hole  was 
logged on October 26 by t h e  U.S. Gealogical  Survey ( f i g .  19) and was 
then  plugged back t o  720 f e e t  with cement. The cement plug was 
d r i l l e d  t o  a depth of  731 f e e t  and the  hole  was temporar i ly  abandoned 
pending l a t e r  hydrologic  t e s t i n g .  The f i n a l  ho le  conf igura t ion  and 
wel l -construct ion s p e c i f i c a t i o n s  a r e  included i n  f i g u r e  20. 

Hydrologic testing,--;'he Rustler-Salado contac t  i n  P-17 rlas 

~ e r f o r a t e d  on Januarv 20. 1977. i n  an i n t e r v a l  of cased hole  from 702 
;o 726 f e e t  ( f i g .  20). k t e r  73 days of monitoring, the  l i q u i d  l e v e l  
had r i s e n  from 726 f e e t  t o  622 f e e t  ( t a b l e  5 , represen t ing  
7 1 g a l l o n e  of l i q u i d  produced from the  i n t e r v a l .  An 
i n f l a t a b l e - r e t r i e v a b l e  b r idge  packer was set on Apr i l  5 a t  682.5 f e e t  
t o  s e a l  o f f  t he  Rustler-Salado pe r fo r a t i ons  from the  r e s t  9f the  

i 

hole.  Tubing was then pul led and the casing ad jacen t  t o  the Culebra 
was per fora ted  from 558 t o  586 f e e t  ( f i g .  20). Following 
pe r fo r a t i on ,  324 ga l l ons  of l i q u i d  used t o  cushion the per fora t ing  
guu was ba i led  from t h e  hole .  Liquid l e v e l s  were monitored f o r  
29 days, i n  which t h e  l i q u i d  l e v e l  rose  from 622 t o  372 f e e t  

, ( t a b l e  36). On May 10, 1977, 288 ga l l ons  of l i q u i d  was ba i l ed ,  from 
the  ho le  and a sample was taken f o r  cheu icd l  ana lyses  ( t a b l e  2). 
Ba i l ing  ind ica ted  t h e  zone t o  be f a i r l y  productive. Tubing with a 
latch-on t o o l  was run  and connected t o  the  br idge packer t h a t  had 
been set a t  682.5 f e e t .  The Ruetler-Salado zone was opened t o  t he  
tubing and t h e  t e s t  ho l e  was put i n t o  a long-term dual-completion 
phase i n  which the  Rustler-Salado contac t  was monitored through the  
tubing and the  Culebra monitored i n  the  annulus ( f i g .  20). The 
Rustler-Salado l i q u i d  l e v e l  has f l uc tua t ed  very l i t t l e  (tab3 e 37) 
s i n c e  t he  tubing was opened t o  the zone on Hay 14, 1977. In  f a c t ,  
t h e  l i q u i d  l e v e l  approximates t he  Culebra l i q u i d  l e v e l  which aas a t  
371.9 f e e t  i n  October 1977 ( t a b l e  38). The da t a  might suggest t h a t  
e i t h e r  the  br idge  packer is leaking or  t he r e  is comunica t ion  i n  t he  
cemented annulus. Water-level da t a  co l l e c t ed  from January t o  Hay 
1977 from the  Rustler-Salado zone ( t a b l e  35) would probably e l imina te  
t he  p o s s i b i l i t y  of communication wi th in  the cemented annulus. The 
connect ion between t he  tubing and t he  packer may have been leaking.  
Swabbing and l i q u i d  l e v e l  monitoring w i l l  be conducted t o  determine 
whether t h e r e  is r.ommunication between the  annulus and tubing. 



Table  34.--Chronology of wl l  P-17 

[ A l l  d e p t h  meaeurements a d j u s t e d  t o  ground l e v e l ,  3,339.5 f t  above 

mean s e a  l e v e l ]  

Date - 
1976 - 

k t .  18 Se t  s u r f a c e  pipe;  h o l e  epudded . 
kt. 20 Rotary d r i l l e d  t o  755 f t ;  USGS geophys ica l  l o g s ;  

c a s i n g  landed a t  751 f t ;  cemented. 

Oct. 21-22 Rotary d r i l l e d  t o  c o r e  p a i n t  (1,220 f t ) .  

Oct. 22-26 Cored t o  1,660 f t .  

kt. 26 USGS geophys ica l  i o g s ;  plugged back t o  720 f t .  

kt. 28  D r i l l e d  and wasbed back t o  731 f t ;  h o l e  t emporar i ly  
abandoned. 

1977 - 
Jan.  20 Hole b a i l e d  d ry ;  p e r f o r a t e d  c a s i n g  (Rust ler-Salado c o n t a c t ,  

702-726 f t ) .  

Jan.  20- 
Apr. 4 L i  qu id  l e v e l s  monitored. 

Apr. 5 Set i n f l a t a b l e  packer (682.5); pu l led  tub ing ;  p e r f o r a t e d  
c a s i n g  (Culebra ,  558-556 f t )  . 

Apr. 7 Hole b a l l e d  dry. 

Apr. 7- 
May 10 Liqu id  l e v e l s  monitored. 

%y 10-12 Liquid l e v e l s  monitored. 

Hey 12 Reran tub ing  t o  packer.  

May 14- 
Oct. 1 Reopened packer t o  Rust ler-Salado zone; monthly measurements. 
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I S  HODIFIED FOR 
I S  COWSTRUCT;? HYDROLOGIC TESTING Land Surface 

D m y  Lake 
R d  k d s  

t h r e e &  - i ~ , c n  j e t  s h o t s  per Koot) 

n f l a t a b l e  product ion packer 
683 :eet t o  c e n t e r )  

op  of cement plug.  731 f e e t  

lugged core  ho le  

Total  depth 
1660 f e e t  

m R O N :  1 ,351  f e e t  from much  l i n e ,  395 f e e t  from m a t  l i n e ,  s c c t i o n  4 ,  l o m s h l p  23 Sauth.  
b r y a  31 U e t .  Eddy County. New Pkxico 

lMVATIOII: 3.339.5 f m c  (gmund I a v e l )  

WII I I  DRILLED: 1.660 f e e c  (pl-ad h c k  t o  731 f e e t )  

DAIZ CCWLITXD: D c t o k r  26. 1976 

DRILLING m c r o C :  b y l e a  b o t h e r s  D r i l l i n g  h p n y ,  I r a  Crucea, New Pkxico 

DIIUIffi m D :  Rotary 8 314-inch ho le  r i c h  a i r  (0-20 f e e t ) ;  Rotary 7 718-inch hale  with a i r  and 
a i r  mi.: (20-755 f e e t ) ;  Rotary 4-inch hole with a i r  miat (755-1.220 feet); Core 
4-inch ho le  with b r i m  ad (1.220-1,660 f e e t ) ;  Rotary cement plug (720-731 f e e t )  

UEU CASING: 8 5/&inch o u t a i d e  d l a n t e r  s t e e l  cas ing  (0-20 f e e t ) ;  4 112-inch ou t s ide  diameter  
s t e e l  c a e i q .  9.5 pounds, 0.68 g a l l o n s  per foo t  (0-741 f e e t ) ,  cemented ro s u r f a c e ,  
h o l e  p l y a d  back from 1,660 f e e t  t o  720 f e e t  with cement, cement d r i l l e d  out  t o  
731 f e e t  

Shorn i n  f i ~ r e  19: h a .  C .mrG.ma .  Hcutron 

m e  a b m  i n  f i g u m  19: C I l i p r  

Figure 20.--Well P-17  construction, completion, and sp:cifications. 



T a b l e  35.-Liquid-level r ecovery  d a t a ,  w e l l  P-17 (Rus t l e r -Sa lado  c o n t a c t )  

[ P e r f o r a t e d  i n t e r v a l  702-726 f t  below l a d  s u r f a c e ]  

Uethod o f  t e s t i n g :  The c a s i n g  uas p e r f o r a t e 3  ~ n d  l i q u i d  l e v e l s  were 
monitored. 

1-21-77 

1-22-77 

1-24-77 

1-25-77 

1-28-77 

2- 1-77 

2-12-77 

2-15-77 

2-19-77 

3- 1-77 

3- 7-77 

3-10-77 

3-13-77 

3-26-77 

3-30-77 

4- 4-77 

Shut i n  

Date 
- 

- 
Water l e v e l  

( f t  below 
l a n d  s u r f a c e )  

Clock 
time 

Time 
s i n c e  t e s t  
began (min) 



T a b l e  36.--Liquid-level r ecovery  d a t a ,  well P-17 (Culebra  Dolomite 

Member o f  R u s t l e r  Formation) 

[ P e r f o r a t e d  i n t e r v a l  558-586 f t  helow l and  s u r f a c e ]  

Method o f  t e s t i n g :  The c a s i n g  was p e r f o r a t e d ,  t h e  h o l e  was b a i l e d ,  and 
l i q u i d  l e v e l s  were moni tored.  

28 b a i l e r s  = 
324 g a l l o n s  - - - - - - - - - - - - - 

Date 
Clack 
time 

Time s i n c e  
pumping 

s t a r t e d  (min) 

Time s i n c e  
p m p i n g  

s topped (min) 

Water l e v e l  
( f t  below 

land s u r f a c e )  Remarks 



Table 37.-Long-term l i qu id - l eve l  recovery d a t a ,  well P-17 

(Ruet ler-Salado con t ac t )  

[Per fora ted  i n t e r v a l  702-726 f t  below land s u r f a c e ]  

Method of t e s t i n g :  The packer plug was sheared t o  open t he  zone t o  
t he  tub ing  and l i q u i d  l e v e l s  were monitored. 

5-14-77 1430 0 - Reopened zone 

5-25-77 1335 15,785 37 1 - 
8-23-77 1055 57,385 373.9 - 
8-4-77 1425 118,075 376 - 
9- 4-77 1154 162,564 370 o 

10- 1-77 0920 201,290 370 o 

11- 4-77 0830 250,200 368.8 o 

Date 
Clock 
time 

Time 
s i n c e  t e a t  
began (min) 

Water l e v e l  
( f t  below 

land su r f ace )  Remarks 



Table  38.--Long-term l i q u i d - l e v e l  recovery d a t a ,  e l l  P-17 (Culebra 

Dolomite Member of  R u s t l e r  Formation) 

[Per fora ted  i n t e r v a l  558-586 f t  below land s u r f a c e ]  

Method of t e s t i n g :  The hole  was ba i led  p r i o r  t o  long-term monitoring. 

5-10-77 1615 0 - 1500 - 1615 h r s ,  24 runs ,  
288 g a l l o n s  

5-25-77 1340 22,360 - 
6-23-77 1112 63,972 - 

Date 
Clock 
t i n e  

Water l e v e l  
( f  t below 

land s u r f a c e )  

Time 
s i n c e  test 
began (min) Remarks 



Well P-18 

D r i l l i n g  history.-P-18 is located 134 f e e t  FSL and 797 f e e t  FEL of 
sec.  26, T.22 S., R.31 E., i n  Eddy County, New Mexico. The e l eva t ion  
of the ground surface  a t  the d r i l l  s i t e  is 3,478.7 f e e t  above mean 
sea l eve l .  

Surface casing was se t  on October 19, 1976, t o  a depth of 
18 f ee t .  The t e s t  hole was spudded in  on October 19 and was d r i l l e d  
using salt-water gel  a s  a c i r c u l a t i n g  medium ( t a b l e  39). Because the 
hole was d r i l l e d  with mud, no l i q u i d  ent ry  was detected during 
d r i l l i n g .  D r i l l i n g  continued t o  a casing depth of 1,139 f e e t  where 
geophysical logs  were run on the hole by the  U.S. Geological Survey. 

1 The hole was conditioned and casing was s e t  and cemented t o  a 
I depth of 1,138 f e e t .  After the  cement had s e t ,  a 4-inch hole was 
i d r i l l e d  t o  the coring depth of 1,630 f e e t  below land surface.  The 

potash zone was cored f r m  1,630 f e e t  t o  a t o t a l  depth of 1,998 f e e t .  
' f ie  hole was logged by the U.S. Geological Survey on November 5 
( f i g .  21). The d r i l l  uole was then plugged back to  1,125 f ee t  with 
cement and was temporarily abandoned pending l a t e r  hydrologic 
t e s t ing .  The f i n a l  hole configurat ion and well-construction 
spec i f i ca t ions  a re  included i n  f igu re  22. 

Hydrologic testing.-The casing opposite  the Rustler-Salado contact  
i n  P-18 was perforated on January 21, 1977, from 1,076 to  1,100 f e e t  
( f i g .  22). l'he zone was perforated i n  a dry hole and a f t e r  73 days 
of monitoring, the l i qu id  l e v e l  had r i s e n  from 1,123.1 t o  
1,073.2 f e e t  ( t a b l e  40), only 3 f e e t  above the top  perfora t ions .  
This l i q u i d  l eve l  r i s e  represents  a t o t a l  production of 34 ga l lons  of 
l i q u i d  from the test in t e rva l .  



Table  39.-Chronology of well P-18 

[ A l l  dep th  measurements a d j u s t e d  t o  ground l e v e l ,  3,478.7 f t  above mean 

s e a  l e v e l ]  

Date - 
1976 - 

Oct. 19 Se t  s u r f a c e  pipe;  h o l e  spudded. 

Oct. 21 Rotary d r i l l i n g ;  l o s t  c i r c u l a t i o n  a t  349 f t ;  regained 
ground-level c i r c u l a t i o n  a f t e r  c o n d i t i o n i n g  mud. 

kt. 27 Rotary d r i l l e d  t o  1,139 f t ;  USCS geophysical  logs ;  
c a s i n g  landed a t  1,138 f l .  

Oct. 28 Casing cemented. 

Oct. 29-31 Rotary d r i l l e d  t o  c o r e  point  (1,630 f t ) .  

Nov. 1-5 Cored t o  1,998 f t .  

NOV. 5 USCS geophys ica l  logs .  

Nov. 6 Plugged back t o  1 ,125 f t  ; hole  t empora r i ly  abandoned. 

1977 - 
Jan .  19-20 Hole b a i l e d  dry.  

Jan.  21 Per fo ra ted  c a s i n g  ( R u ~ t l e r - S a l a d o  c o n t a c t ,  1,076-1,100 f t ) .  

Jan.  21- 
Apr. 4 Liquid l e v e l  s moni tA;ed. 

Apr. 4 Set  i n f l a t a b l e  packer (1,061 f t ) ;  pul led tubing. 

~ p r .  6 P e r f o r a t e d  c a s i n g  (Culebra ,  912-940 f t ) .  

Apr. 7 Hole b a i l e d  dry. 

Apr. 7- 
Hay 10 Liquid l e v e l s  monitored. 

May 10 Hole b a i l e d  and sampled (Culebra) .  

May 14- Reran tub ing  with  a i r  l i n e ;  r e o p n e d  t o  Rustler-Salado; 
Oct. 1 monthly measurements. 
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e r f o r a t e d  i n t u r v a l  (912-940) 
three Vz - inch  j e t  shots per f m t  

n f l a t a b l e  production packer 
1061 f e e t  t o  cen te r )  

e r f o r a t e d  I n t e r v a l  (1076-1100 fee t  
three - Inch Je t  shots per foo t )  

Top o f  cement plug. 1125 fee t  

Plugged core  h o l e  

To ta l  deoth 
I998 feet  

UXATlOII: 134 fee t  from .ouch l i n e .  797 f e e t  f r a  eaat l i n a ,  s e c t i o n  26. Tomahip 22 Souch, 
U n g a  31 b e t ,  Eddy County. New Mexico 

ELKVAnM(: 3.478.7 t n c  (sround l e v e l )  
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DIIWIIY: HBTWD: b c e r y  8 314-inch hole w i t h  b t i m  mud (0-18 feat) ;  Rotary 7 7 l b i n c h  ho le  w i t h  
b r i n e  wd (18-1.139 fact) ;  Rotary 4-Inch b l e  d c h  b r i n e  wd (1,139-1.630 feet); 
Core 4-inch hole wlch b r i m  mud (1.630-1.998 feet)  

Vlu. CMlffi RCCWD: 8 518-inch oucaida dlanecer a t e e l  casing (0-18 feet) ;  4 112-inch outside 
diameter aceel c r a i n l .  9.5 pourus. 0.68 ga l lons  per f o o t  (0-1.138 Eeec). 
eaenced ca surface.  hale p lug led  back Ira 1,998 f e e t  t o  1,125 f e r c  r i c h  
emnenc 

¶how i n  f lgurm 21: &ma. CamrGamna, Neutron 

Figure 22.--Well P-18 construction, completion, and specifications. 



Table 40.-Liquid-level recovery d a t a ,  wel l  P-18 ( R u a t l e r S a l a d o  contac t )  

[Per fora ted  i n t e r v a l  1,076-1,100 f t  below land aur face]  

Method of t e s t i n g :  The cas ing  was per fora ted  and l i q u i d  l e v e l s  were 
monitored. 

0 

1,465 

4,040 

6,975 

9,715 

16,830 

31,330 

35,590 

41,465 

60,065 

64,390 

68,695 

73,262 

81,795 

91,983 

97,555 

104,960 

Shut i n  

Perforated zone 

- 
- 
- 
- 

Remarks 

Water l e v e l  
( f t  below 

land sur face)  

Tine 
s i nce  t e a t  
began (min) Date 

Clock 
time 



A br idge  packer was set on Apr i l  4 a t  1,061 f e e t  t o  s e a l  o f f  the  
Rustler-Salado pe r fo ra t i ons .  Tubing was then pul led and the  ca s ing  
next  t o  t he  Culebra was per fora ted  i n  a l i q u i d - f i l l e d  ho le  from 912 
t o  940 f e e t  ( f i g .  22). Af te r  pe r fo ra t i ng ,  t h e  l i q u i d  used t o  cushion 
t h e  p e r f o r a t i n g  gun was ba i l ed  from the  hole. Liquid l e v e l s  were 
monitored f o r  33 days,  i n  which time the  l i q u i d  l e v e l  r o se  from 1,045 
t o  1,022 f e e t  ( t a b l e  41) .  This  r ep re sen t s  16 g a l l o n s  of l i q u i d  
produced from the  i n t e r v a l .  The l i q u i d  e n t r y  i n t o  the  ho le  was very  
slow and a t  t h e  end of t he  f i r s t  t e s t  the l i q u i d  l e v e l  was s t i l l  
82 f e e t  below the  bottom of t h e  pe r fo ra t i ons .  The hole  was ba i l ed  on 
b y  10,  1977 (14 g a l l o n s ) ,  and a l i q u i d  sample was c o l l e c t e d  f o r  
chemical ana ly se s  ( t a b l e  2). Tubing with a latch-on t o o l  was run and 
connected t o  the  br idge  pachr t h a t  was set a t  1,061 f e e t .  The lower 
zone (Rust ler-Salado con t ac t )  was opened t o  t h e  tubing on May 14 and 
t h e  ho le  was placed i n t o  a long-term monitoring phase ( f i g .  22). 
Per iod ic  measurements a s  of October 1977, i nd i ca t ed  t he  l i q u i d  l e v e l  
of t h e  Rustler-Salado con t ac t  (monitored i n  t h e  tub ing)  was a t  
801 f e e t  and s t i l l  recover ing  ( t a b l e  42). The l i q u i d  l e v e l  i n  t h e  
annulus (Culebra)  was a t  998.9 f e e t  and a l s o  s t i l l  r i s i n g  ( t a b l e  43).  
h e  long-term Rustler-Salado recovery r a t e  was much f a a t e r  than t h e  
Culebra recovery r a t e .  This  might be a t t r i b u t e d  t o  s e v e r a l  f a c t o r s .  
The Rustler-Salado contac t  may indeed be more permeable, r e s u l t i n g  i n  
g r e a t e r  product ion and f a r t e r  recovery r a t e s  o r  f r a c t u r e s  
c o n t r i b u t i n g  t o  the Culebra permeabi l i ty  may have been sea led  o f f  
dur ing  cementing o r  missed completely during per fora t ion .  

Well MC-8 

D r i l l i n g  history.-AEC-8 i s  loca ted  937 f e e t  FNL and 1,980 f e e t  PWL. 
of aec. 11, T.22 S., R.31 E., i n  Eddy County, New Mexico. The 
e l e v a t i o n  of t he  land su r f ace  a t  the d r i l l  s i te is 3,531.9 f e e t  above 
mean s e a  l e v e l .  

Sur face  ca s ing  was s e t  and the  ho l e  was spudded on Apr i l  24, 1974 
( t a b l e  44). Core d r i l l i n g  cont inued t o  a depth of 1,027 f e e t  du r ing  
which t i m e  d r i l l - s t em t e s t s  were performed on rock u n i t s  wi th in  the 
Rus t l e r  Formation. Casing was s e t  and cemented t o  1,027 f e e t  and co re  
d r i l l i n g  continued t o  a t o t a l  depth of 3,019 f e e t .  The hole  was then 
temporar i ly  abandoned. 



Table 41.-Liquid-level recovery d a t a ,  wel l  P-18 (Culebrs Dolomite 

Member of Rustler: Formation) 

[Per fora ted  i n t e r v a l  912-940 f t below land sur face]  

Method of t e s t i n g :  The casing was per fora ted ,  the hole was ba i l ed ,  and 
l i q u i d  l e v e l s  were monitored. 

13  b a i l e r s ,  
135 ga l l ons  - - 

No l i q u i d  
de tec ted  

No l i qu id  
de tec ted  

1,045.4 
1,045.2 
1,045.0 
1,045.0 

hi led 

Water l e v e l  
( f t below 

land surface)  

Time s ince  
Pumping 

stopped (minj Date Remarks 
Clock 
time 

Time s ince  
pumping 

s t a r t e d  (min) 



Table 42.-Long-term liquid-level recovery data, well P-18 

(RustlerSalado contact) 

[Perforated interval 1,076-1,100 f t  below l a d  surface] 

Method of testing: The packer plug uas sheared, opening tubing to 
zone, and liquid l eve l s  were monitored. 

Data 
Clock 
time 

Water level  
( f  t below 

land surface) 

Time 
since tes t  
began (min) Remarks 



Table 43.-Long-term l iquid-level  recovery da ta ,  well P-18 (Culebra 

Dolomite Member of Rustler  Foramtion) 

[Perforated i n t e r v a l  912-940 f t  belov land surface]  

Method of tes t ing:  The hole was bailed and l iqu id  l eve le  were monitored 
on a long-tern baais. 

5-10-77 143C - - Bailed o m  run 

5-rr-77 1000-1300 houre (uee 1300 houre a s  0 )  Ran tubing t o  Runtler- 
Salado a i r l i n e  
mearureraents; uncorrected 
for  densi ty 

Remarks Date 

Time 
since t e a t  
began (min) 

Clock 
time 

Water l eve l  
( f t  belov 

land surface) 



Table  44.-Chronology of  well AEC-8 

[ A l l  d e p t h  measurements a d j u s t e d  t o  ground l e v e l ,  3,531.9 f t  above mean 

eea l e v e l ]  

Date - 
1974 - 

Apr. 24 S u r f a c e  pipe s e t ;  h o l e  spuddeci; cored i n t e r v a l  31-768 i t .  

Apt. 30 Set s i n g l e - i n f l a t a b l e  packer ,  d r i l l - s t e m  t e s t  no. 1, Magenta 
(678-768 f t ) ;  coxed i n t e r v a l  768-922 i t .  

*Y 2 Set s i n g l e - i n f l a t a b l e  packer ,  d r i l l - s t e m  t e s t  no. 2,  Culebra  
(768-922 i t ) ;  cored i n t e r v a l  922-1,027 f t .  

b y  3 Set  s i n g l e - i n f l a t a b l e  packer ,  d r i l l  stem t e s t  no. 3, R u s t l e r  
Salado c o n t a c t  (922-1,027 f  t )  . 

k Y  3 Welex geophys ica l  loge ;  reamed hole  t o  875 i t ;  c a s i n g  
landed a t  874 f  t ;  cemented; cored i n t e r v a l  1,027-3,019 it. 

Hey 19  Wclex gesph j e i c s l  logs  t o  t o t a l  depth. 

Yay 23 Hole loaded vi t h  brine- based mud; t emporar i ly  abandoned. 

June 18 Bailed h o l e  t o  + 700 i t .  

June 19  Set  r e t r i e v a b l e  plug a t  944 i t ;  b a i l e d  ho le ;  p e r f o r a t e d  
c a s i n g  (Culebra ,  850-860 f t ) ;  a c i d i z e d  p e r f o r a t i o n s ;  
s e t  i n f l a t a b l e  packer a t  767 i t ;  squeezed; fo rmat ion  
broke a t  400 l b s / i n 2 ;  p u l l e d  tubing a .~d packer.  

June 26 Swabbed 100 f t  of l i q u i d  from h o l e ;  l a t c h e d  on t o  b r idge  
plug; h o l e  made gas;  b l e v  tub ing  and packer ou t  of ho le ;  
p r e s s u r e  head and gages  i n s t a l l e d ;  ho le  t e m p o r a r i l y  
abandoned. 

1976 (under  'VIPP Program) - 
June 28 Moved i n  r i g  t o  deepen hole .  

June 28- 
J u l y  7  Washed and reamed h o l e  t o  3,018.5 f t .  

J u l y  7-11 D r i l l e d  and mi l l ed  junk from hole  t o  3,050.5 i t .  



Table  44.-Chronology o f  well AEC-8 - Continued 

Date - 
1976 - 

J u l y  11-27 

J u l y  28 

J u l y  28- 
A u ~ .  2 

Aug. 2-3 

Aug. 5 

1977 - 
Aug. 8-7 

Aug. 12-15 

Au;. 1 5  

Aug . 15-17 

Aug. 17-19 

hug. 20-21 

A u ~ .  22 

Aug. 22-23 

A u ~ .  24 

hug. 25 

Cored and d r i l l e d  i n t e r v a l  3,050.5-4.862.5 f t ;  r a n  Salado 
d r i l l - s t e m  t e s t s .  

Reamed c o r e  ho le  and r o t a r y  d r i l l e d  t o  4,910.5 f t .  

Dresse r  Atlas g e o p h y s i c i l  l ogs .  

Casing landed a t  4,907 f t ;  cemented. 

Hole recompleted and t empora r i ly  abandoned. 

Moved i n  p u l l i n g  u n i t  and blowout p reven to r ;  d r i l l e d  o u t  
cement p lug (4,858-4,878.6 I t ) .  

Swabbed hole .  

P e r f o r a t e d  c a s i n g  ( lower  sand i n  l l e l l  Canyon Foxmation, 
4832.5-4,845.5 f t ) :  monitored l i q u i d  l e v e l s ;  d r i l l - s t e m  
t e s t  s i n g l e - i n f l a t a b l e  packer  (4,832.3 f t )  wi th  Sen t ry  
p r e s s u r e  device .  

Monitored shut- in  p r e s s u r e  reco,#ery. 

Opened packer ;  swabbei tubing. 

Xoni t o r e d  l i q u i d  l e v e l s .  

Pullecl t u b i n g  and packer;  b a i l e d  f o r  :ample; r e r a n  packer ;  
a t  tempted t o  open packer.  

Monitored l i q u i d  l e v e l s ;  packer not  open t o  t u b i n s .  

Pu l l ed  tub ing  and packer;  b a i l e d  f o r  samples. 

Monitored l i q u i d  l e v e l s .  

McCullough ran  r a d i o a c t i v e  t r a c e r  log  (131 1). 

Swabbed hole .  



Table  44.--Chronology o f  w e l l  AEC-8 - Concluded 

Date - 
1977 - 

Aug. 26- 
Sept .  1 9  Monitored l i q u i d  l e v e l s .  

Sept.  13-21 Ran t u h i n g  t o  swab; swabbed h o l e ;  n o n i t o r e d  l i q u i d  l e v e l s .  

Sept .  2 1  P e r f o r a t e d  c a s i n g  (upper  sand i n  Re11 Canyon Formation, 
4,809.5-4,815.5 f t ) ;  r a n  i n f l a t a b l e - b r i d g e  plug (4,835 f t ) ;  
p u l l e d  one j o i n t  tubing.  

Sept.  22 Swabbed h o l e ;  pu l l ed  tub ing .  

C tp t .  23 Ran s i n g l e - i n f l a t a b l e  packer (4,805 f t )  wi th  S e n t r y  p r e s s u r e  
dev ice .  

Sept .  22-26 Ptonitored shut- in  p r e s s u r e s .  

Sept .  26 Opened packer;  monitored l i q u i d  l e v e l s .  

Sept .  27 Svabbed h o l e  and sampled. 

Sept.  27-28 Monitored l i q u i d  l e v e l s .  

Sept .  28- 
Oct. 3 Shut i n  packer and monitored p r e s s u r e s .  

Oct. 3 Pu l led  packer and S e n t r y ;  a t t empted  t o  run r a d i o a c t i v e  
t r a c e r  l o g ;  fo rmat ion  wou1.d not  t a k e  l i q u i d .  

Oct. 4-6 Ran tub ing ;  swabbed; pu l l ed  t u h i n g ;  monitored l i q u i d  l e v e l s .  

Oct. 7 McCullough r a n  r a d i o a c t i v e  t r a c e r  log  (1311). 

Oct: 10 Jbn tub ing ;  swabbed ho le ;  l a t c h e d  on t o  b r i d g e  plug; 
p u l l e d  tub ing  and b r i d g e  plug. 

Oct. 11 Single- inf  l a t a h l e  packer (4,836.5) with Sen t ry  p r e s s u r e  
d e v i c e s  mounted above and below f o r  dua l  complet ion;  
opened packer t o  tuhing.  

Oct. 12 Svabbed tub ing ;  demobi l ized p u l l i n g  u n i t ;  h o l e  i n  long- 
term dual-monitoring p!icse. 



D r i l l i n g  commenced under t h e  WIPP program on June  28, 19?6, and 
AEC-8 was r o t a r y  d r i l l e d  and cored t o  4,910.5 f e e t  and g e o p h y s i t a l l y  
logged ( f i g .  23) .  Casing was s e t  and cemented on August 2-3, 1976, 
and t h e  h o l e  was t e m p o r a r i l y  abii-doned pending l a t e r  hydro log ic  
t e s t i n g .  The f i n a l  h o l e  c o n f i g u r a t i o n  and we l l - cons t ruc t ion  
s p e c i f i c a t i o n s  a r e  inc luded  i n  f i g u r e  24. Hydrologic t e s t i n g  by t h e  
U.S. Geo log ica l  Survey began Angust 8 ,  1977 when t h e  cement plug was 
d r i l l e d  o u t  t o  4,878.6 f e e t .  

Hydrologic  testing.--This r e p o r t  p r e s e n t s  AEC-8 d a t a  c o l l e c t e d  i n  
1977 from t e s t s  performed on rock u n i t s  i n  t h e  B e l l  Canyon Formation 
o f  the  Delaware Mountain Group. AEC-8 d r i l l - s t e m  test d a t a  from the  
Salado and C a s t i l e  Formations a r e  a v a i l a b l e  i n  Lambert (1977).  

Analyses  of geophys ica l  l o g s  t aken  from s e l e c t e d  zones of the  
B e l l  Canyon Formation i n d i c a t e d  t h a t  two u n i t s ,  des igna ted  i n  t h i s  
r e p o r t  a s  the  lower sand (4,832.5 t o  4,848.5 f e e t ) ,  and t h e  upper 
sand (4,809.5 t o  4,815.5 f e e t ) ,  p o t e n t i a l l y  would y i e l d  l i q u i d  
( f i g .  25) .  The n a t u r a l  g a m a  log  i n d i c a t e d  t h a t  t h e  two u n i t s  were 
predominant ly  sands tone  and t h e  p o r o s i t y  log  i n d i c a t e d  t h a t  they had 
g r e a t e r  p o r o s i t i e s  than, o t h e r  Bell Canyon sand u n i t s .  P o r o s i t y  is 
expressed  q u a n t i t a t i v e l y  a s  t h e  r a t i o  of t h e  t o t a l  volume o f  
i n t e r s t i c e s  o r  v o i d s  t o  t h e  t o t a l  rock volume. 

P r i o r  t o  p e r f o r a t i n g ,  t h e  l i q u i d  l e v e l  i n  t h e  c a s i n g  was lowered 
by swabbing t o  approximately  4,200 f e e t .  The c a s i n g  a d j a c e n t  t o  t h e  
lower sand was p e r f o r a t e d  August 11, 1977 ( f i g .  24).  The zone 
y i e l d e d  3 1  g a l l o n s  i n  t h e  166-minute t e s t ,  a t  an average r a t e  of 
0.19 ga l /min ,  r a i s i n g  t h e  l i q u i d  l e v e l  t o  4,095 f e e t  ( t a b l e  45).  The 
zone was then shu t  i n  w i t h  a  product ion packer s e t  a t  4,832.3 f e e t  t o  
a l l o w  recovery t o  s t a t i c  format ion p ressure .  A Sen t ry  moni to r ing  
d e v i c e  mounted benea th  t h e  packer was used t o  record p r e s s u r e  
bu i ldup .  A s t a b i l i z e d  p r e s s u r e  of 2,037 l b s / i n 2  was reached i n  
44.5 hour-; of t e s t i n  ( t a b l e  45). L a t e r  samples i n d i c a t e d  a  l i q u i d  f d e n s i t y  cP 1.11 g/cm . Head c a l c u l a t i o n s ,  uncor rec ted  t o  fresh-water 
d e n s i t i e s ,  were made u s i n g  t h i s  l i q u i d  d e n s i t y .  The fo l lowing  
e q u a t i o n  was used t o  c a l c u l a t e  b r i n e  l e v e l s  from p r e s s u r e  and d e n s i t y  
measurements : 

H = d e p t h  t o  S e n t r y  d e v i c e  - (P)(144 i n 2 / f t 2 )  
b  

(pI(62.4 l b / f t 3 )  

*ere Hb = b r i n e  l i q u i d  l e v e l  i n  f e e t  
P  = p r e s s u r e  a t  S e n t r y  ins t rument  i n  l b / i n 2  

p  = s p e c i f i c  g r a v i t y  of borehole  l i q u i d  

A t  2,037 l b s / i n 2  t h e  actui-l  l i q u i d  l e v e l  would be about 600 f e e t  
below land  s u r f a c e .  On August 17,  1977, t h e  packer was r e l e a s e d ,  
p u l l e d ,  and 850 g a l l o n s  of l i q u i d  wJre ba i l ed .  
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ACOUST l LOG HICRO-LATEROLOG DUAL LATEROLOG 
SPEC l F l C ACOUSTI C T l H E  COMPENSATED NEUTRON R E S I S T I V I T Y ,  I N  R E S I S T I V I T Y ,  ! N  
MICRO SECONDS PER FOOT POROSITY,  I N  PERCENT OHHS-HETER OMS-METER 
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DEPTH BELOW KELLY B U S H I N G ,  I N  FEET 



ACOUST l LOG HICRO-LATEROLOG DUAL LATEROLOG 
SPEC l F l C ACOUST 1 C T IHE. COMPENSATED NEUTRON RESISTIVITY,  I N  RESISTIVITY,  I N  
MICRO SECONDS PER FOOT POROSITY, I N  PERCENT OHMS-METER OHMS-METER 

F igure  23 . - -Selected geophysical  logs f o r  we1 l AEC-8 -Concluded. 



AS MODIFIED FOR 
AS CONSTRUCTED MVOROLOCIC TE5TINC Land Sur face  

.- 
Y 
Y L 

k l a d a  formation 
f 

U 

i 
Y1 

I C a s t i l e  Formation 
C pper sand-Per fo ra ted  i n t e r v a l  
a 
LI (k810-4816 f e e t )  
a three'/,  - inch  j e t  s tmts  Per f o o t )  

4825.5 f e e t  t o  c e n t e r  

l a r e r  sand-Perforated i n t e r v a l  
(4832-4845 f e t  .) 
( t h r e e  )2 - inch  j e t  s h o t s  pcr  f ~ t )  

Format ion )  

LJXATION: 937 f e e t  from m r t h  l i n e ,  1,980 f e e t  from vest l i n e ,  s e c t i o n  11, Township 22 South. 
Range 31 b r t ,  Fddy County, I*w M x i c o  

ELEVATION: 3,531.9 f e e t  (ground l e v e l )  

RPni DRILLED: 3.019 f e e t  (1974). deepened t o  4,910.5 f e e t  (1976) 

DRILLING CCWUCTDR: Sonora D r i l l i n g  Company. Cnrlsbad. !&w ?*xico 

DRILLING UEntOD: Auger 17i-Inch ho le  (0-42 f e e t ) ;  r a r e ,  ream. r o t a r y  12t-inch hole with b r i n e  
mud (44-874 f e e t ) ;  Core, ream. r o t a r y  7 718-inch ho le  v l t h  b r ine  mud 
(874-4.910.5 f e e t )  

UEU CASING PSCORD: 13 318-inch ou ta ide  diameter  s t e e l  casind(0-12 f e e t ) .  8 518-inch o u t s l d e  
d iamete r  s t e e l  ca r ing .  28 pounds. 2.62 g a l l o n s  per f o o t  (0-874 f e e t ) ,  
cemented t o  s u r f a c e ;  5 LIZ-inch o u t s i d e  diameter  s t e e l  cas ing .  
15.5 pounds, 1 g a l l o n  per f o o t  (0-4.907 f e e t ) ,  cemented t o  880 f e e t  

Shorn In  f l g u r e  23: Compnsated Neutron, Mic ro la te r lng .  m a 1  I r t e r o l o ~ .  k o \ a t i l o g  

Figure 24.--We1 1 A E C - 8  construction, completion, and specifications. 
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AMERICAN PETROLEUM 
INST IT  UT E UNITS 
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8 10 14 I 
~ ~ - r ~ - r 3 - \ 2 - ~ - r ~ - ~  

c o n p w v  Dresser Atlos 
HLL AEC -8  
LOCATION 937' FROM NORTH LINE.  1480' FEET 

FROM EAST L INE 

SECTION L T o U N S H ~ P  2 2 5. RANGE 3! E 
PEWANENT DATUM I S  LAND SURFACE. 

ELEVATION 3531.91 
MEASURIffi POINT I S  KELLY BUSHING W l C H  I S  

1 1 . 5 ~ ~ ~ 1  AWVE P E ~ N E W T  DATUM 

I NEUTRON I 
AMERICAN PETROLEUM INST ITUTE UNITS 

L I M E S T O N E  P O R O S I T Y ,  I N  P E R C E N T  

F i g u r e  25.--Gamma, c a l i p e r ,  and neu t ron  logs o f  the  p e r f o r a t e d  i n t e r v a l s  

i n  the Be1 1  Canyon Format ion - we1 1  AEC 8. 
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T a b l e  45.--l.iquid-level r e c o v e r y  d a t a ,  w e l l  AEC-8 ( lower  s a n d ,  B e l l  Canyon Format ion,  Delaware 

Mountain Group) i 
[ P e r f o r a t e d  i n t e r v a l  4,832.5-4.846.5 f t  below l a n d  s u r f a c e )  

I 

9e thod  of test in^: The c a s i n g  was p e r f o r a t e d  and l i q u i d  l e v e l s  were moni tored.  

8-11-77 1045 0 
1214 83 
1220 95  
1225 100 

I- 
W 1235 110 
V) 1242 117 

1250 125  
1306 14 1 
1331 166 

Entl t e s t  - r u n  S e n t r y  packer  

Da te  

P e r f o r a t e d  zone 
. - - - - - - - - 

Method o f  t e s t i n g :  Shut  i n ,  S e n t r y  p r e s s u r e  moni to r ing .  I 
! 

Clock 
time 

54 1 2,065 Shut  i n  
I 

76 1 1,981 Br ine  l i q u i d  l e v e l s  
c a l c u l a t e d  u s i n g  
s p e c i f i c  g r a v i t y  
of 1.11, tempera- 
t u r e  t7'C 

891  1,897 - 
935 . 1,876 - 

1,ooa 1 ,841  - 
1,008 1 ,841  - 

Time s i n c e  
1'umPing 

s t a r t e d  (min) 

Water l e v e l  
( f t  helow 

l a n d  s u r f  a c e )  

Time s i n c e  
pumping 

s topped  (rnin) 
P r e s s u r e  
( l b / i n 2 )  R e m a r k  



Table 45.-Liquid-level recovery data ,  wll  AEC-8 ( l over  sand, B e l l  Canyon Formation, Delaware 

Mountain Group) - Continued 

8-15-77 0800 4,020 
0830 4,050 
0840 4,060 

End test - open packer to  tubing 

Pressure 
( lh / in2 )  Date Remarks 

Time s ince  
 PUP^ ng 

stopped (=in) 

Water l e v e l  
( f t  below 

land surface)  
Clock 
time 

Time since 
punpin8 

s tarted  (min) 
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Table 45.-Liquid-level recovery data ,  w e l l  AEC-8 (lover aand, Be11 Canyon Formation, Delavare 

Mountain Group) - Continued 

Remarlcs 
P e e s s u ~ e  
l b i n  - 

Water l e v e l  
( f  t below 

land s u r f a c e )  

Time ehce 
pumping 

stopped (min) Date 
Clock 
t i m e  

Time s i n c e  
pllmping 

s t a r t e d  (min) 



Table 45.--Liquid-level recovery data, vell AEC-8 (lower sand, Bell Canyon Formation, Delaware 

Mountain Cr3uD) - Continued 

Remarks 

Time since 

8-28-77 0935 4,193 2,817 3,288.0 - - 
0941 4,199 2,823 3,286.0 - - 
0948 4,206 2,830 3,284 .O - - 
0954 4,212 2,836 3,282.0 - - 
1001 4,219 2,843 3,280.0 - - 
1318 4,236 2,860 3,275.0 - - 
1529 4,547 3,171 3,185.4 - - 
1533 4,551 3.17 5 3,184.0 - - 
1540 4,558 3,182 3,182.0 - - 
1547 4,565 3,183 3,180.0 - - 
1554 4,572 3,196 3,178.0 - - 
1601 4,579 3,203 3,176.0 - - 
1607 4,585 3,209 3,174.0 - - 

.. 
Water level 
(ft below 
land surface) 

Pressure 
ilb/in2) 
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Table 45.--Liquid-level recovery d a t a ,  well AEC-8 (lower sand,  B e l l  Canyon Formation. Delaware I 
Mountain Group) - Continued 

Date 

8-31-77 0830 8,448 7,072 2,295.0 - - 
0840 8,458 7,082 2,293.0 - - 
0849 8,467 7,091 2,291.0 - - 
0900 8,478 7,102 2,289.0 - - 
0912 8,490 7,114 2,287.0 - - 
0924 8,502 7,126 2 , 285 0 - - 
0947 8,525 7,149 2,281.0 - - 
0959 8,537 7,161 2,279.0 - - 
17 LO 8,968 7,592 2,207 .O - - 
1720 8,978 7,602 2,205.0 - - 
1732 8,990 7,614 2,203.0 - - 
1744 9,002 7,626 2,20100 - - 
1758 9,016 7,640 2,199.0 - - 
1810 9,028 7,652 2,137.0 - - 

Clock 
t i m e  

Time s i n c e  
p w ~ i n g  

s t a r t e d  (min) 

Time s i n c e  
P ~ P ~ W  

stopped (min) 

Water l e v e l  
( f t  below 

land su r f ace )  
P r e s su re  
( l b / i n 2 )  Reharks 
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Table 45.--Liquid-level recovery data ,  w e l l  AEC-8 ( lower sand, B e l l  Canyon Formation, Delavare 

Mountain Group) - Continued 

Date 

Time s i n c e  
P W P ~  nt3 

s tar ted  (min) 
Clock 
t i m e  

Time s i n c e  
pumping 

stopped (rnin) 

Water l e v e l  
( f t below 

land surface)  
Pressure 
( lb / inZ)  Remarks 



Table 45.-Liquid-level recovery data,  v e l l  AEC-8 ( l o v e r  sand, Be l l  Canyon Formation. Delaware 

Mountain Group) - Continued 

Preerure 
( lb / in2 )  , Remark. 

Water l e v e l  
( f t  below 

land aurface) 

Time s ince  
prnping 

stopped ( r i a )  Vlte  
Clock 
t i m e  

Time s ince  
pmping 

s tarted  ( a h )  



Table 45.--Liquid-level recovery data, we l l  AEC-8 (lower sand, Be l l  Canyon Formation, Delaware 

Hountain Croup) - Concluded 

End of test 

Uethod of  t e s t i q :  Lcng-term monitoring 

11- 7-77 - - - 

Date 

1 

Time s ince  
pumping 

started (min) 
Clock 
time Remarks 

Tine s ince  
p ~ p i n g  

stopped ( r in )  

Water l e v e l  
( f t below 

land surface) 
Preueure 
( lb / in2 )  



On August 24, 1977, a t r a c e r  (1311) and temperature survey was 
t un  on t h e  lower sand pe r fo ra t i ons  ( f i g .  26) t o  determine t h e  
i n t e r v a l  of l i q u i d  l o s s  and t o  d e t e c t  pos s ib l e  communication or  
channel ing wi th in  t he  cemented annulus. The t r a c e r  and temperature 
l o g s  ind ica ted  major l i q u i d  l o s s  occur r ing  i n  the  i n t e r v a l  from 
'),827.5 t o  4,848.5 f e e t .  Very minor communication was observed down 
ca s ing  t o  4,858.5 f e e t .  The survey was run down the cas ing  with 
l i q u i d  i n j e c t i o n  r a t e s  of 14 ga l lmin  with a t o t a l  of 2,289 g a l l o n s  
i n j e c t e d  i n t o  t he  formation. On August 25-26, 1977, 4,300 g a l l o n s  of 
l i q u i d  were swabbed t o  remove i n j e c t e d  l i q u i d  f r m  the formation. 

Liquid l e v e l s  were son i to r ed  from August 26 t o  September 19 
dur ing  which time the  l i q u i d  l e v e l  rose from 4,178 t o  781 f e e t  
( t a b l e  45). A t  the  end of the  t e s t ,  t he  water-level recovery r a t e  
was 1 7  f e e t  per day. 

The cas ing  next t o  the upper sand (4,809.5 t o  4,815.5 f e e t )  was 
per fora ted  on September 21, 1977. A packer was s e t  between the  two 
per fora ted  zones a t  4,835 f e e t  and l i q u i d  i n  the  upper zone was 
swabbed t o  a depth of 2,600 f ee t .  On September 23, an i n f l a t a b l e  
product ion phcker with a Sentry pressure  monitoring device  mounted 
beneath i t  was run on tubing and s e t  a t  4,805 f ee t .  S tu t - in  
pressures  recovered t o  2,037 l b s / i n 2  i n  57 hours ( t a b l e  46). Liquid 
d e n s i t y  was measured t o  be 1.12 g/cm3. Using ti-is d e n s i t y ,  t he  
s t a t i c  head, uncorrected t o  f r e s h  water ,  was c a l c u l a t e d  t o  be 
608 f e e t  below land sur face .  

The packer was opened on September 26, 1977, a l lowing l i q u i d  
from the  upper sand t o  r i s e  i n  the  tubing. Liquid l e v e l s  were then 
monitored i n  t h e  tubing and pressures  were monitored with the  s e n t r y  
pressure  device  ( t a b l e  46). Because f r e s h  water was i n  the  tubing a t  
t he  time the packer was opened, measurements showed l i q u i d  l e v e l s  t o  
be h igher  than those ca l cu l a t ed  f o r  corresponding pressures  a t  t he  
br ine  dens i t y  of 1.12 g/cm3. On September 27, 3,800 g a l l o n s  of 
l i q u i d  from the  zone were swabbed, lowering t h e  water l e v e l  t o  
2,800 f e e t ,  and samples were taken f o r  chemical ana lyses  ( t a b l e  2).  
Calculated water l e v e l s  f r m  pressure  readings and a c t u a l  water- level  
recovery measurements corresponded a f t e r  f r e s h  water had been removed 
from the  tubing ( t a b l e  46). Liquid l e v e l s  rose from 2,771 t o  
767 f e e t  i n  17 hours a t  which time the  zone was shut in .  A longer  
shut- in  d r i l l - s t em t e s t  was run from September 28 t o  October 2, 1977 
( t a b l e  46). A t  t h i s  time, p ressures  appeared t o  have s t a b i l i z e d  a t  
2,044 l b s / i n 2  o r  a t  a b r ine  l e v e l  of 593 f e e t  below land su r f ace .  
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( INJECTION RATE, I I  ClLLONS PER MINUTE) 

t- TEMPERATURE LOG 

w 
o NO S C A L E  

RADIOACTIVE TRACER LOG 
t 1 

VALUE 8 I  AUU XUM8Eff IS  IN 
u / r *urcs  A f r m  IUJ~CTIOU 

NO SCALE 

Figure 2 6 . - - ~ a d i o a c t i v e  t racer  ( t r a c e j e c t o r )  and temperature logs i n  

the Bet 1 Canyon Formation for  we1 1 AEC-8 .  



Table  4b.-Liquid-level recovery  d a t a ,  w e l l  AEC-8 (upper  sand ,  B e l l  Canyon Formation, Delaware 

Mountain Croup1 

[ P e r f o r a t e d  i n t e r v a l  4,809.5-4,815.5 f t  helow land  s u r f a c e ]  

Method o f  t e s t i n g :  The zone was p e r f o r a t e d ,  a n  i n f l a t a b l e  b r i d g e  plug was set below t h e  zone t o  
i s o l a t e  i t  from t h e  lower sand,  t h e  Sen t ry  packer  w a s  set above t h e  p e r f o r a t i o n s ,  
and s h u t  i n  p r e s s u r e s  were monitored. 

I n f l a t i n g  packer  - - 
Brine l i q u i d  l e v e l s  

c a l c u l a t e d  u s i n g  
s p e c i f i c  g r a v i t y  of 
1.12 and l i q u i d  temper- 
a t u r e  of  27.0°C - 

Date 

Time s i n c e  
pumping 

s t a r t e d  (n in )  
Clock 
t ime  

Time s i n c e  
pumping 

s topped (min) 

Water l e v e l  
( f t below 

land  s u r f a c e )  
P r e s s u r e  
( l b / i n 2 )  Remarks 



T a b l e  46.--Liquid-level recovery  d a t a ,  w e l l  AEC-8 (upper  earid, B a l l  Canyon F o r n a t i o n ,  Del iware 

Mountain Croup) - Continued 

Date 
Clock 
t i m e  

- 

Time s i n c e  
~ ~ ~ i n g  

s t a r r e d  (rnin) 
- 

3-24-77 0030 6 10  - 680 : ,007 - 
0130 670 - 680 2,OG2 - 
02 30 7 30 - 6CO 2,OOL - 
0330 790 - 680 2,0C2 - 
0430 8 50 - 666 2,009 - 
V530 9 10  - 666 2,0b9 - 
0630 9 70 - 666 2,009 - 
0638 978 - 666 2,009 - 
0730 1.030 - 666 2,003 - 
0830 1,090 - 666 2,009 - 
0930 1,150 - 666 2,009 - 
10 30 1,210 - 666 2,009 - 
1130 1,270 - 666 2,009 - 
ii5d 1,330 - 666 2,009 - 
1330 ;,390 - 666 2,009 - 
1430 1,433 - 666 2,009 - 
1452 1,47.! - 666 2,009 - 
~ 5 1 0  1,490 - 666 2,009 - 
1610 1,550 - 666 2,009 - 
17 10 1,610 - 651 2,016 - 
18 10 1,670 - 651 2,016 - 
1910 1,730 - 651 2,016 - 
2010 1,790 - 651 2,016 - 

Tj m e  s i n c e  
pumpi~. ? 

s topped ( m i d  

Waier le  re1 
( f t  below 

land s u r f  a c e )  
P r e s s u r e  
( l b /  ~ - n ~ )  

- 

Remdrks 



T a b l e  4 6 . - - L i q u i d - l e v e l  r e c o v e r y  d a t a ,  w e l l  AEC-8 ( u p p e r  s a n d ,  B e l l  Canyon F o r m a t i o n ,  Delaware  

Mountain Group) - Cont inued 

-- 

Date  
C ~ o c k  
t i m e  

Time j i n c e  
pumping 

s t a r t e d  (min) 

Time s i n c e  
P I ~ P ~  ng 

s t o p p e d  (min) 

Water l e v e l  
( f t  b e l o w  P r e s s u r e  

l a n d  



Table  46.--Liquid-level  r e c o v e . ,  d a t a ,  w e l l  AEC-8 (upper sand,  Bell Canyon Formation, Delaware 

Mountain Croup) - Continued 

End of t e s t  

Date 
Clock 
time 

Time s i n c e  
purapiug 

s t a r t e d  (min) 

Tirne s i n c e  
pumping 

stopped (min) 

Water l e v e l  
( f t  below 

land s u r f a c e )  
Pressure  
( l b / i n 2 )  Remarks 



Table  46 . - -Liquid- level  recovery  d a t a ,  w e l l  AEC-8 (upper  sand ,  Bell Canyon Formation,  Delaware 

Mountain Croup) - Continued 

Method o f  t e s t i n & :  The packer plug was sheared and p r e s s u r e s  were monitored.  

- 
Note: tub ing  conta ined  

18 b a r r e l s  o f  f r e s h  
water  a t  time o f  
open ing  - 

- - 
- - - - - 
- 

Wire l ine  measurement* - - 
- 
- 
- 
- 
- 
- 
- - 

Pressure  
( ~ b /  i n 2 )  Remarks 



a l o  
u e  4 
0 al 
Z 0 0 -  > 

d O a l  
4 





T a b l e  46.--Liquid-level r e c o v e r y  d a t a ,  v e l l  AEC-8 ( u p p e r  s a n d ,  B e l l  Canyon Format ion ,  Delaware  

Mountain Group) - Cont inued 

I- 

9-28-77 08110 1,406 
0830 1,426 
0847 1 ,443 
0900 1,456 

End of t e s t  - s h u t  i n  

Method of t e s t i n g :  Shut  i n  i n f l a t a b l e  p a c k e r ,  mon i to red  s t a b i l i z a t i o n  t o  f o r m a t i o n a l  p r e s s u r e .  

Date  - 
9-27-77 2130 766 340 968 1,862 - 

2133 769 343 960 - - 
2146 782 356 9  50 - - 
2200 796 370 94 0 1,876 - 
2206 802 376 93 5  - - 
2230 826 400 92 5  1 ,883  - 
2245 84 1 4 15 9  10 - - 

iZemarks 

T i m e  s i n c e  
pumping 

s t o p p e d  (min) 
Clock 
time 

Ti-e s i n c e  
p m p i n g  

s t a r t e d  (rnin) 

Water l e v e l  
( f  t below 

l a n d  s u r f a c e )  
P r e s s u r e  
( l b / i n 2 )  
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The packer was re leased  and pul led October 3 ,  1977, p r i o r  t o  
running a r a d i o a c t i v e  t r a c e r  survey on the upper sand (4,809.5 t o  
4,813.5 f e e t ) .  The t e s t  was aborted due t o  an apparent  blorkzge or' 

p e r f o r a t i o n s ,  p reven t ing  i n j e c t i o n  of l i q u i d  i n t o   he formation. 
Tubing was run and t h e  w e l l  was swabbed October 4-6, 1977, t o  reopen 
t h e  p e r f o r a t i o n s .  The & r a c e r  (1311) and temperature survey was 
s u c c e s s f u l l y  run k t o b e r  7 ( f i g .  26j. The survey i n d i c a t e d  t h a t  
l i q u i d  i n j e c t i o n  was occur r ing  evenly over t h e  bottom 4 f e e t  of 
perf o r a t i o n s .  No communication upward o r  downward was de tec ted .  The 
survey waa run down t h e  c a s i n g  a t  a l i q u i d  i n j e c t i o n  r a t e  of 
11 gal /min ,  w i t h  a t o t a l  of 300 g a l l o n s  i n j e c t e d  i n t o  the zone. On 
October 10, 1977, 1,300 g a l l o n s  were swabbed from the hole  t o  remove 
contaminated l i q u i d ,  and t h e  packer s e p a r a t i n g  t h e  two per fora ted  
zones was r e l e a s e d  and pu l led .  On October 11, a s i n g l e  i n f l a t a b l e  
product ion packer,  wi th  Sentry pyessure moni tor ing d e v i c e s  mounted 
above and below the  e lement ,  W 6 S  run on tubing and i n f l a t e d  a t  
4,836.5 f e e t .  The tubing was opened t o  t h e  lower sand and was 
swabbed October 12,  1977. AEC-8 was then placed i n  a dua l -comple t f~n  
long-term monitor ing phase with the  lower zone (4,832.5 t o  
4,848.5 f e e t )  p r e s s u r e  head being monitored i n  t h e  tubing and t h e  
upper zone (4,809.5 t o  4,815.5 f e e t )  being monitored i n  t h e  annulus 
( f i g .  24) .  Sen t ry  p r e s s u r e  dev ices  a r e  being used t o  monitor 
format ion p r e s s u r e s  and v e r i f y  l i q u i d - l e v e l  measurements. A s  of 
November 1977, the  l i q u i d  l e v e l  from the lob2r  zone was approaching 
prepurnping l e v e l s  a t  615 f e e t  ( ta .ble  45) and the  upper zone a t  
560 f e e t  ( t a b l e  46).  

Data i n t e r p r e t a t i o n  

Shallow hydrologic  t e s t i n g  

A t  the  WIPP s i t e ,  modified open-hole d r i l l - s t e m  t e s t s  i n  H-1, 
t h e  H-2 complex, and H-3 were used i n  the  i n i t i a l  i n v e s t i g a t i o n s  t o  
g a i n  p re l iminary  hydrologic  informat ion on which t o  base d e c i s i o n s  
f o r  subsequent hydrau l ic  t e s t i n g .  Data from these  t e s t s  i n d i c a t e d  
t h a t  t h e r e  were t h r e e  p o t e n t i a l  l iquid-bear ing zones above the  s a l t .  
These zones i n  ascending order  a r e  a s  fol lows:  ( 1 )  The Ros t le r  
Formation-Salado Formation c o n t a c t ,  ( 2 )  t h e  Culebra Dolomite Member 
of t h e  R u s t l e r  Formation, and (3)  t h e  Magenta Dolomite Member of the  
R u s t l e r  Formation. D r i l l i n g  a l s o  ind ica ted  t h a t  these  zones a r e  
l a t e r a l l y  cont inuous under the  s i t e  a rea .  Sa l t - res idue  zones were 
a l s o  t e s t e d  i n  the  R u s t l e r  Formation i n  H-1 and H-3, and were found 
t o  c o n t a i n  no s i g n i f i c a n t  l i q u i d .  A i r  d r i l l i n g  and subs2quent 
geophysical  logging of t h e  zones above t h e  R u s t l e r  Formation 
i n d i c a t e d  t h a t  the  format ions  d id  not y i e l d  water with the  except ion 
of a t h i n  sandy u n i t  i n  the  Dewey Lake Red Beds. This  u n i t  was 
t e s t e d  i n  H-2a and y ie lded  very  l i t t l e  water. Af te r  open-hole 
t e s t i n g ,  the  hydro log ic  t e s t  ho les  were cased t o  provide long-term 
s ta t i c -head  d a t a  f o r  the  l iquid-bear ing zones,  



T e s t i n g  of l i q u i d - b e a r i n g  zones i n  t h e  R u s t l e r  Formaticn showed 
t h a t  s t a t i c  heads  a r e  h i g h e s t  i?i t h e  Magenta, lower Ln t h e  Culebra ,  
and lowest  a t  t h e  Rust ler-Salado c o n t a c t .  Over 100 f e e t  of head 
d i f f e r e n c e  e x i s t s  between t h e  Magenta and i u l e b r a  Dolomite Members a t  
t h e  H-2 complex, wi th  a  s t a t i c  water  l e v e l  of 249 f e e t  i t :  t h e  Magenta 
( t a b l e  23) and a  s t a t i c  water l e v e l  of 351 f e e t  f o r  rhe Culebra  
( t a b l e  21). Approximately 60 f e e t  of head d i f f e r e n c e  e x i s t s  between 
t h e  Culebra  and Rust ler-Salado a t  P-14, wi th  a  s t a t i c  water  l e v e l  of 
324 f e e t  i n  t h e  Culebra  ( t a b l e  28) and a  s t a t i c  wa te r  l o v e 1  of 
386 f e e t  a t  t h e  Rust ler-Salado c o n t a c t  ( t a b l e  27). Approx!mately 
1 9  f e e t  of head d i f f e r e n c e  e x i s t s  between t h e  Culebra  and 
Rust ler-Salado heads  i n  P-15, wi th  a  s t a t i c  water  l e v e l  o f  308 f e e t  
i n  t h e  Culebra  ( t a b l e  33) and a  s t a t i c  water  l e v e l  of 327 f e e t  a t  t h e  
Rust ier-Salado c o n t a c t  ( t a b l e  32). The low h y d r a u l i c  c o n d u c t i v i t i e s  
o f  t h e  t h i c k  a n h y d r i t e ,  s i l t s t o n e ,  and mudstone u n i t s  s e p a r a t i n g  t h e  
t h r e e  l i q u i d - b e a r i n g  u n i t s  probably r e s t r i c t s  v e r t i c a l  l i q u i d  
movement s i g n i f i c a n t l y  d e s p i t e  d i f f e r e n c e s  i n  head between zones. 

Head d i s t r i b u t i o n  ( l i q u i d - l e v e l  e l e v a t i o n s  i n  t h e  t e s t  h o l e s ) ,  
a s  d e s c r i b e d  by a  p o t e n t i o m e t r i c  s u r f a c e  map, is u s e f u l  i n  
de te rmin ing  t h e  d i r e c t i o n  of f low,  h y d r a u l i c  g r a d i e n t ,  and changes  i n  
h y d r a u l i c  c o n d u c t i v i t y .  A p o t e n t i o m e t r i c  suzf  a c e  is t h e  s u r f a c e  
de f ined  by t h e  l e v e l  t o  which water  w i l l  r i s e  i n  a  t i g h t l y  cased  
wel l .  Hydrau l i c  g r a d i e n t  is t h e  change i n  s t a t i c  head per  rcnit of 
d i s t a n c e  i n  z g i v e n  d i r e c t i o n  and h y d r a u l i c  c o n d u c t i v i t y  is a  measure 
o f  t h e  a b t l i t y  of t h e  fo rmat ion  t o  t r a n s m i t  l i q u i d  under a  h y d r a u l i c  
g r a d i e n t  a t  p r e v a i l i n g  f i e l d  c o n d i t i o n s .  

Rust ler-Salado s t a t i c  heads  a r e  a v a i l a b l e  on ly  i n  P-14 and P-15 
because of t h e  v e r y  slow recovery  r a t e s  i n  o t h e r  we l l s .  The P-15 
l i q u i d  l e v e l  is a t  an e l e v a t i o n  of 2,985 f e e t ,  and t h e  P-14 
l i q u i d  l e v e l  is a t  an e l e v a t i o n  of 2,969 f e e t .  Br ine-densi ty  
d i f f e r e n c e s  and t h e  ve ry  low h y d r a u l i c  c o n d u c t i v i t y  of t h e  
Rust ler-Salado c o n t a c t  h i n d e r s  c u r r s n t  a n a l y s e s  of d i r e c t i o n  of f low 
and g r a d i e n t  c a l c u l a t i o a s .  F u r t h e r  d e f i n i t i o n  of hydro log ic  
c o n d i t i o n s  a t  t h e  Rust ler-Salado c o n t a c t  w i l l  r e q u i r e  long-term head 
s t a b i l i z a t i o n  and a c c u r a t e  l i q u i d - d e n s i t y  measarenients. 

The Culebra  was t e s t e d  i n  a l l  sha l low hydro log ic  h o l e s  n t  t h e  
s i t e .  Head d i s t r i b u t i o n ,  c o r r e c t e d  t o  f resh-water  d e n s i t y ,  a s  shown 
i n  t h e  p o t e n t i o m e t r i c  s u r f a c e  map ( f i g .  27) i n d i c a t e s  movement of 
l i q u i d  t o  t h e  s o u t h  2nd s o u t h e a s t  a c r o s s  the  s i t e .  The h y d r a u l i c  
g r a d i e n t  r anges  from 7 f t / m i  (between P-15 and P-17) t o  120 f t / m i  
(between H-1 and H-3). The wide v a r i a t i o n s  i n  g r a d i e n t  on t h e  
Culebra p o t e n t i o m e t r i c  s u r f a c e  may be a t t r i b u t e d  t o  l a t e r a l  
v a r i a t i o n s  i n  h y d r a u l i c  c o n d u c t i v i t y .  



p-17 WELL--P-17 i s  w e l l  i d e n t i f i c a t i o n .  (2979) i s  a l t i t u d e  o f  
(2979) water l e v e l ,  i n  f e e t  (expressed as freshwater w i t h  a 

dens i t y  o f  1.00 gram per cen t imete r ) .  Datum i s  mean 
sea l eve l  

POTENTIOMETRtC CONTOUR--Shows a l t i t i l d e  a t  which f r esh  water - 2990 - - having a dsns i t y  o f  1.00 gram per cent imeter  would have 
s tood i n  a t igh: ly  cased w e l l ,  October 1977. Dashed where 
approximately located.  Contour i n t e r v a l  10 f e e t .  Datum 
i s  mean sea l e v e l  

F i gu re  27. - -Potent iometr ic  su r face  o f  the Culebra Dolomite Member 

nf Rust1 ?r Formation. 

161 



Heads i n  t h e  Magenta have been determined i n  o n l y  t h r e e  w e l l s  
( 1  H-2b, and H-3). The p o t e n t i o m e t r i c  s u r f a c e  s u g g e s t s  t h a t  
l i q u i d  moves t o  t h e  southwest  beneath  sec .  29, T.22 S., R.31 E., a t  a  
g r a d i e n t  of about  50 f t / m i  ( f i g .  28). T e s t i n g  i n  t h e  a d j a c e n t  
hydro log ic  h o l e s  is needed t o  b e t t e r  d e f i n e  d i s t r i b u t i o n  of heads  i n  
t h e  Magenta. 

P r e l i m i n a r y  t r a n s m i s s i v i t y  v a l u e s  c a l c u l a t e d  f o r  the  Rus t l e r -  
Salado c o a t a c t  range from 10 ' l f t2 /d  (P-14) west of t h e  s i t e ,  t o  
10 '~f  t 2 / d  (P-18) e a s t  of t h e  s i t e .  P r e l i m i n a r y  t r a n s m i s s i v i t y  v a l u e s  
c a l c u l a t e d  f o r  t h e  Culebra  range  from 140 f t 2 / d ,  on t h e  f l a n k s  of 
Nash Draw (P-14). t o  10 ' l f t2 /d ,  a t  t h e  s i t e  c e n t e r  - 1  t o  
1 0 ' ~ f t ~ / d ,  on t h e  Divide t o  t h e  e a s t  of t h e  s i t e  (P-18). The s t a n d a r d  
t echn iques  used i n  t h i s  phase of t h e  hydro log ic  t e s t i n g  were s u i t a b l e  
f o r  c a l c u l a t i n g  p r e l i m i n a r y  v a l u e s  of t r a n s m i s s i v i t y .  New methods 
need t o  be developed t h a t  w i l l  compensate f o r  t h e  e f f e c t s  of 
well-bore s t o r a g e  and w e l l  e f f i c i e n c y .  These s t a n d a r d  methods used 
d i d  i n d i c a t e ,  however, t h a t  t r a n s m i s s i v i t i e s  of a l l  rock u n i t s  were 
low and t h a t  t h e  Culebra t o  t h e  west of t h e  s i t e  on t h e  f l a n k s  of 
Nash nraw (P-14) would be t h e  t r a n s m i s s i v e  zone. D r i l l i n g  and 
hydro log ic  t e s t i n g  have i n d i c a t e d  minor s a l t  s o l u t i o n  a t  t h e  t o p  of 
t h e  Salado F ~ n n a t i o n  a long  t h e  wes te rn  margin of t h e  WIPP s i t e  
( f i g .  2 ) .  S o l u t i o n  of s a l t  w i t h i n  t h e  R u s t l e r  Formation ranges  from 
complete removal i n  P-14 t o  l i t t l e  o r  no removal i n  P-18 ( f i g .  2).  
Dr i l l - s t em t e s t s  were conducted i n  H-1 and H-3 a c r o s s  r e s i d u e  zones 
i n  t h e  R u s t l e r  l e f t  by s a l t  removal. R e s u l t s  i n d i c a t e d  t h a t  v e r y  
l i t t l e  f l u i d  now o c c u r s  i n  t h e s e  zones.  S a l t  d i s s o l u t i o n  i n  t h e  
R u s t l e r  and Salado Formations fol lowed by subs idence  and a n  
accompanying i n c r e a s e  i n  f r a c t u r e  p o r o s i t y  w i t h i n  t h e  Culebra most 
l i k e l y  c o n t r i b u t e s  t o  t h e  h i g h e r  v a l u e s  of t r a n s m i s s i v i t y  t o  t h e  
west .  Conversely ,  t h i c k  i . t t ac t  s a l t  s e c t i o n s ,  t o  t h e  e a s t  of the  
s i t e  approaching t h e  d l v i d e ,  i n d i c a t e  l i t t l e  t o  no d i s s o l u t i o n .  

The Magenta has been t e s t e d  on ly  i n  t h e  hydro log ic  t e s t  h o l e s  i n  
s e c t i o n  29. P r e l i m i n a r y  v a l u e s  of t r a n s m i s s i v i t y  c a l c u l a t e d  f o r  t h e  
Magenta a r e  l e s s  t h a n  1 f t 2 / d  except  f o r  - 3  i n  which a  
t r a n s n i s s i v i t y  of 2  f  t 2 / d  was c a l c u l a t e d .  Addi t iona l  t e s t s ,  
s p e c i f i c a l l y  des igned  f o r  v e r y  l o r p e r m e a b i l i t y  rocks ,  a r e  planned 
f o r  t h e  n e a r  f u t u r e .  



0 I 2 4 MILES 
I I I I 

EXPLANATION 

WELL--H-3 i s  w e l l  i d e n t i f i c a t i o n .  (3141) i s  
a l t i t u d e  o f  water  l e v e l ,  i n  f e e t  (expressed as 
f r e s h  wa te r  w i t h  a  d e n s i t y  o f  1.00 gram pe r  
c e n t i m e t e r ) .  D a t m  i s  mean sea l e v e l .  

POTENTIOMETRIC CONTOUR--Shows a l t i t u d e  a t  wh ich 
3/30 -0- f r e s h  water  h, . i n g  a  d e n s i r y  o t  1.00 gram per  

c e n t i m e t e r  wou ' have s t o t d  i n  a  t i g h t l y  cased 
we1 1 ,  October 7. Dashej  where app rox ima te l y  
l o c a t e d .  Contor r  i n t e r v a l  10 f e e t .  Oatum i s  
mean sea l e v e l .  

F i g u r e  2 8 . - - P o t e n t i o m e t r i c  s u r f a c e  o f  t he  Magenta Do lomi te  Member o f  

R u s t l e r  Format ion.  
l h 3  



S h a l l o r w a t e r  q u a l i t y  

High concent ra t ions  of d i sso lved  s o l i d s  have been f c ~ n d  i n  
waters  moving through the  Rus t le r  Formation overlying cne proposed 
r epos i to ry  a r ea  ( t a b l e  2).  The Rustler-Salado con tac t ,  Culebra and 
Magenta Dolomite Members comprise t he  l iquid-bearing rocks of the  
Rus t le r  Formation. Concentrations of major chemical cons t i t uen t s  a r e  
d i r e c t l y  r e l a t e d  t o  t he  i n t e r a c t i o n  between host  rocks and the  l i q u l d  
moving slowly through them a s  a  func t ion  of residence time. 
I n t e r p r e t a t i o n  of water-chemistry analyses from these rocks w i l l  a i d  
i n  t he  understanding of hydrologic mec1:zzisms a t  work i n  t he  
evapor i t e  rocks above the  WIPP horizons.  

Comparisons between chemical ana lyses  of water samples a r e  
f a c i l i t a t e d  by g raph ica l  r ep re sen ta t i ons  known a s  S t i f f  diagrams 
( S t i f f ,  1951, p. 15). The chemical equiva len t  concent ra t ions  of t he  
c a t i o ~ s ,  calcium, magnesium, and s o d i m  (piua potassium), a r e  p lo t t ed  
a s  propor t iona te  l i n e  segments on equal ly  spaced p a r a l l e l  l i n e s  t o  
t he  l e f t  of a  c e n t r a l  axis and the  equiva len t  concent ra t ions  of the  
anions,  bicarbonate (p lu s  carbonate) ,  s u l f a t e ,  and ch lo r ide  (p lus  any 
n i t r a t e ) ,  a r e  p lo t t ed  on the  same l i n e s  extended t o  the  r i g h t  of the  
a x i s  (Metzger and o the r s ,  1973, p. 7  In WIPP hydrochemical 
ana lyses ,  a  modified S t i f f  diagram (Hiss ,  1975) was used i n  which 
mi l l i equ iva l en t  concent ra t ions  of ca t i ons  and anions were p lo t t ed  on 
a  logar i thmic  s c a l e  t o  a l low f o r  the wide v a r i a t i o n s  i n  
concent ra t ions .  I n t e r p r e t a t i o n s  should be t r e a t e d  a s  prel iminary,  
pending i a t e r  sampling programs. 

The con tac t  between the  Rus t le r  and Salado Formations is known 
t o  c a r r y  l i q u i d  i n  Nash Draw. This zone yielded moderate amounts of 
l i q u i d  t o  P-14. However, extremely low y i e l d s  from o the r  hydrologic 
holes  hindered the  c o l l e c t i o n  of r ep re sen ta t i ve  l i q u i d  samples. The 
moderate recovery r a t e  and higher  y ie ld  observed i n  P-14 c o n t r a s t s  
sharp ly  t o  t he  slower recovery r a t e s  and lower y i e l d s  observed i n  
H-1, H-2c, and H-3. These d a t a ,  i n  combination with chemical-quality 
d a t a ,  suggest  t h a t  g r e a t e r  l i q u i d  movement is occurr ing t o  the  west 
of t he  WIPP s i t e  a t  the R u s t l e r S a l a d o  contac t .  

S t i f f  diagrams were p lo t t ed  from analyses of water from the  
Rustler-Salado contac t  ( f i g .  29). These graphic r ep re sen ta t i ons  
por t ray  s i m i l a r i t i e s  i n  the chemical composition of samples from H-1, 
H-2c, and H-3. The presence of l a r g e  q u a n t i t i e s  of calcium and 
magnesium i n  these waters  suggests  longer l i q u i d  residence times i n  
the  host  rock, and subsequently g r e a t e r  l iquid-rock in t e r ac t ion .  On 
the  o the r  hand, the  S t i f f  diagram f o r  P-14 show s i g n i f i c a n t l y  l e s s  
calcium and magnesium, suggest ing sho r t e r  residence time and 
subsequently l e r s  l iqcid-rock in t e r ac t ion .  



WELL H-1 

DATE: 2-23-77 TIME: 10:19 
INTERVAL: 803-827 FEET 

LO6ARITWU 1C SCALE 
Y I L L I C P U I V A L C M ~ S  PER LITER 

lo4 d 3 lo1 o 10' lo2 d IO* 
I I k I ( . I . A  

WELL H-3 

DATE: 2-23-77 TIME: 11:30 
INTERVAL : 81 3-837 

LOOIRITMUIC SCALE - 
Y I L L I E P U I V A L E M T I  PER L I T E R  

10" d lo2 lo1 o lo1 lo2 10' lo4 

E X P L A N A T I O N  

C A Calcium 
898.2 

MC Magnes I urn 

2056.5 

WELL H-2c 

CATE: 2-23-77 TIME: 38:3@ 
INTERVAL: 743-795 FEET 

LOQARITHYIC SCALE 
Y ILL ILOUIVALEMTS P E R  L l t t R  

lo4 I$ tog  t o '  o to '  t o2  to' lo4 

WELL P- 14 

DATE: 2-24-77 TIYE: 11:55 
INTERVAL: 676-700 FEET 

LOQARITHYIC 3CAL? 

UlLLlEPUtVALCMTS PER L I T E R  

lo4 10' loZ to1 o 10' to2 10' m4 

HC0,+C03 Bicarbonate plus carbonate 
7.7 

5 0 4  Su l fa te  
7.7 

NAtK Sodium plus potassium CL+F Chloride plus f l u o r i d e  
2898.9 5924. I 

NOTE: Number beneath chemical symbol i s  va lue 
i n  m i l l i e q u i v a l e n t s  per l i t e r .  

F igure 29 . - -S t i f f  j iagrams o f  chemical c h a r a c t e r i s t i c s  o f  l i q u i d  from the 

Rust ler -Salado con tac t .  



Water s a t u r a t e d  wi th  pure sodium c h l o r i d e  a t  25OC c o n t a i n s  
318,000 mg/L d i s s o l v e d  sodium c h l o r i d e .  The p o i n t  of sodium c h l o r l d c  
sa tu ra ' t ion  v i l l  be r a i s e d  s l i g h t l y  by t h e  a d d i t i o n  of o t h e r  d l4  vlved 
m i n e r a l s  a r k  w i l l  be lowered by a  d e c r e a s e  i n  b r i n e  t e n p 2 r a t u r e .  
Rus t l e r -Sa lad3  b r i n e s  a t  t h e  WIPP s i t e  c o n t a i n  from 266,000 t o  
300,000 mg/L d i s s o l v e d  c h l o r i d e  and from 311,000 t o  327.000 mg/L 
d i s s o l v e d  s o l i d s  ( t a b l e  2 ) .  These b r i n e s ,  a l though  h igh  i n  d i s s o l v e d  
m a t e r i a l s ,  appear  t o  be u n s a t u r a t e d  wi th  r e s p e c t  t o  sodium c l - lo r ide .  
The presence of s a l t  i n  t h e  Rust ler-Salado b r i n e s  is probab ly  t h e  
r e s u l t  of sal t  removal f r a n  t h e  t o p  of t h e  Salado Formation and from 
t h e  lcwer s e c t i o n  of t h e  R u s t l e r  Formation. Other major c o n s t i t u e n t s  , 
calcium and magnesium c a t i o n s  and s u l f a t e  a n i o n s ,  may be a t t r i b u t e d  
t o  r o c k  d i s s o l u t i o n  and i o n  exchange w i t h i n  t h e  predominately  calc ium 
s u l f a t e  and c l a y e y  l i t h o l o g y  of t h e  lower p a r t  of t h e  R u s t l e r  
Formation. 

Dissolved s o l i d s  i n  wa te r s  sampled from t h e  Culebra  tend t o  
i n c r e a s e  from t h e  west t o  t h e  e a s t  a c r a s s  t h e  WIPP s i t e ,  ranging from 
23,700 mg/L i n  P-15 t o  118,000 mg/L i n  P-18. Samples from o t h e r  WIPP 
w e l l s  f a l l  w i t h i n  t h i s  range excep t  f o r  H-2b which c o n t s i n s  
8,890 mg/L d i s s o l v e d  s o l i d s .  The h a l i t e ,  ca lc ium s u l f a t e ,  and c l a y e y  
l i t h o l o g i e s  of rocks  a d j a c e n t  t o  and w i t h i n  t h e  Culebra a r e  r e f l e c t e d  
by t h e  chemical composi t ion of Culebra wa te r s  a s  i s  i n d i c a t e d  by 
S t i f f  d iagrams p l o t t e d  from sampie a n a l y s e s  ( f i g .  30). L a t e r a l  
d i s t r i b u t i o n  of t h e  major chemical  c o n s t i t u e n t s  d i f f e r s  c o n s i d e r a b l y  
from w e l l  t o  w e l l  probably a s  a f u n c t i o n  of wa te r  v e l o c i t y  and 
r e s i d e n c e  t ime a s  c o n t r o l l e d  by f r a c t u r e  p e r m e a b i l i t i e s .  

Sodium c h l o r i d e  c o n c e n t r a t i o n s ,  althonlgh h f g h  i n  comparison t o  
f r e s h  w a t e r ,  l i e  we l l  below s a t u r a t i o n  liaits i n  a l l  sampled Culebra 
l i q u i d s .  They range from 4,900 t o  89,200 mg/L. Th i s  c o n t r a s t s  t o  
t h e  near  s a t u r a t i o n  l e v e l s  of l i q u i d s  o c c u r r i n g  a t  t h e  R u s t l e r - S ~ l a d o  
c o n t a c t .  

Culebra  wa te r  samples from P-17 a r e  of dubious  va lue  because of 
t h e  p o s s i b i l i t y  of l i q u i d  c o m u n i c a t i o n  between zones. Samples from 
P-18 were found t o  c o n t a i a  h igh  amounts of potassium ( t a b l e  2 )  
r e l a t i v e  t o  o t h e r  w e l l s  completed i n  t h e  Culebra . A d d i t i i n a l  t e s t s  
a r e  p l a n n e l  f o r  P-17 and P-18 i n  o r d e r  t o  r e s o l v e  t h e s e  q u t s t i o n s .  

The Magenta wa te r s  h a - ~ e  been chemica i ly  analyzed i n  H-1, H-Za, 
and H-3 on ly .  Liquid sampled from t h e  Magenta is s i g n i f i c a n t l y  lower 
i n  d i s s o l v e d  s o l i d s  than  i t  is i n  under ly ing  l i q u i d - b e a r i n g  rocks .  
Dissolved s o l i d s  v a r y  wide ly  w i t h i n  t h e  Magenta, rangir ls  f r o m  
10,300 mg/L i n  H-2a t o  22,200 mg/L i n  H-1 and 29,700 mg/L i n  11-3. 
Sodium c h l o r i d e  c o n c e n t r a t i o n s  range from 6,800 t o  24,300 mg/L. 
D i f f e r e n c e s  i n  sodium c h l o r i d e  c o n c e n t r a t i o n s  accoiint f o r  t h e r e  wixe 
v a r i a t i o n s  i n  d i s s o l v e d  s o l i d s  ( f i g .  31).  



WELL H-1 

DATE: 3-17-77 TIME: 11:00 
INTERVAL: 675-703 FEET 

LOOARITHMIC SCALE 

YILLIEOUIVALEMTS PER L I T E R  

to4  I$ loz ~d o lo1 lo2 103 104 
I-- 

WELL H-?b 

DATE: 2-22-77 TIME: 13:30 
INTERVAL: 611-661 FEET 

LOQARITHMIC SCALE 
YILLIEOUIVALEMTS PER L ITER 

lo4 10' 102 lo1 o 10' lo2 10' to4 

C A MCOs + C03  
3 4 . 4  1.1 

WELL H-2c WELL H - 3  
DATE: 3-16-77 TIME: 16:CO DATE: 3-17-77 TIME: 12:30 
INTERVAL: 624-652 FEET INTERVAL: 675-703 FEET 

LOGARI'HMIC SCALE LO3ARITHMIC SCALE 
Y.L L I E Q U I V A L E N T S  PFA L I T E R  MILLIE~UIVALENTS PER L I T E R  

10' 103 I$ lo1 o ~d lo2 10' to4 1 0 4  1 0 3  102 lol o 10' 13 ~9 lo4 
1 1 1 1 1 1 , 1 1  1 1 1 1 " " l  

CA nco3t co, ' H C O ~  +co3 
33.9 1.0 1.9 

YO 
Z 4 6  , 7: 58.1 m s o 4  9.9 118.7 

ma+ N S L  +F  NA+K CL+F 
159.7 132.7 042 .6  677 .1  

EXPLANATION 

C A C a l c i u m  HCOs+COs B i c a r b o n a t e  p lus car tonate 
33.9 1.0 

M G  Hagnes i urn 

9.9 
5 0 4  S u l f a t e  
66.6 

NA+K S o d i u m  p lus p o t a s s i u m  CL+F Chlor ide p lus f l ua r i de  
159.7 132.7 

NOTF. Number beneath chemical symbol i s  va lue  
i n  m i l l i e q u i v a l e n t s  pe r  l i t e r  

F i g u r e  3 0 . - - S t i f f  diagrams o f  chemical c h a r a c t e r i s t i c s  o f  l i q u i d  f rom t h e  

Culebra D o l o m i t t  Member o f  t h e  R u s t l e r  Format ic? 



WEL'. P-15 

DATE: 3 - i4 -77  TIME: 15:00 
INTERVAL: 573-6Gi FEET 

DATE: 5- i0-77 TIME: 17:00 
INTERVAL: 410-438 FEET 

LOGARITHMIC SCALE 
Y ILL IEQUIVALENTS PER L I T E R  

1 0 4  I$ 19 lo1 o to1 102 13 to4 
I I I I I I I I  

LOGARITHMIC SCALE 
MILL IEQUIVALENTR PER L I T E R  

WELL P-17 WELL P-18 

DATE: 5-10-17 TIME: 14:30 
INTERVAL: 912-940 FEET 

DATE: 5-10-77 TIME: 16:15 
I NTERVAL : 558-586 FEET 

LOGAR!THMIC SCALE -- 
M I  L L I E Q U I V A L E N T S  PER L I T E R  

lo4 10' 102 id o 101 102 10' lo4 
1 1 1 1 1 1 1 1 1  

LOGARITHMIC S C A L E  
M l L L l E Q U l V A L E N T S  PER L I T E R  

104 103 I# 101 lo1 lo2 10' lo4 
1 1 l t I 1 1 1 1  

C A H C O s t  CO) 
8 4 . 8  

EXPLANATION 

HC03+C03 Bicarbonate plus carbonr te  
1.3 

s o 4  S u l f a t e  
104.1 

NA+K Sodium pius potassium CL+F Chloride plus fluoride 
I 3OE.  I 1523.4 

NOTE: Number beneath chemical symbol i s  va lue  
i n  m i l l i e q u i v a l e n t s  pe r  l i t e r  

F i gu re  3 0 . - - S t i f f  diagrams o f  chemical c h a r a c t e r i s t i c s  o f  l i q u i d  from 

t he  Culebra Dolomi te  Member o f  the  R u s t l e r  Format ion - Concluded 



WELL H-1 

DATE: 5-10-7; TIHE: 11:OO 
INTERVAL: 562-590 FEET 

LOaAnlTnYlc SCALE 
YILLILQUIVALENTS PER LITER 

WELL H-2a 

DATE: 2-22-77 TIHE: 10:OO 
INTERVAL: 513-563 FEET 

L o u n l t n u l c  SCALE 
YILLIEQUIVALENTS PER LITER 

WELL H-3 

DATE: 5-10-77 TIME: l j : 0 0  
1 N T E R V A ~ :  564-592 FEET 

LmAnltnuIc SCALE 
hIILLlEQUIVALENTS PER LITER 

HC03tC03 B i c a r b o n a t e  p l u s  carbonate  
.8 

so, S u l f a t e  
7 0 . 8  

NA+K Sodium p l u s  potass ium C L+F C h l o r i d e  p l u s  f l u o r i d e  
410.9 423 .2  

NOTE: Hunber beneath chemical symbol i s  va lue 
i n  m i l l i e q u i v a l e n t s  per l i t e r  

F igure  31 . - -S t i f f  diagrams of  chemical c h a r a c t e r i s t i c s  o f  l i q u i d  from the  

Magenta Dolomite Member o f  t he  Rus t le r  Formation 



Deep hydrologic  t e s t i  ~g 

Data c c l l e c t e d  from AEC-8 hydrolog-;c t e s t s  was i n  t h e  
p re l iminary  s t a g e  of i n t e r p r e t a t i o n  a t  t h e  t ime t h i s  r e p o r t  was being 
prepared because t e s t i n g  was no t  completed u n t i l  October 1977. 
Format ional  p r e s s u r e s  were measured dur ing  shu t - in  phases of t e s t i n g  
and l i q u i d - l e v e l  c a l c u l a t i o n s  have been made from t h e s e  p r e s s u r e s .  A 
measured p r e s s u r e  of  2,037 l b s / i n 2  i n  t h e  lower sand (4,832.5 t o  
4,848.5 f e e t )  of t h e  Bel l  Canyon Formation was approach ing  
fo rmat iona l  p r e s s u r e  ( t a b l e  45) .  This  p ressure  can be converted t o  a  
b r i n e  l i q u i d  l e v e l  of about  600 f e e t  below land surl 'ace by us ing  a  
measured l i q u i d  d e n s i t y  of 1.11 g/cm3. A p ressure  of 2,044 l b s / i n 2  
was observed i n  t h e  upper sand (4,809.5 t o  4,815.5 f e e t )  and t h i s  
p r e s s u r e  can be converted t o  a b r i n e  l i q u i d  l e v e l  of 605 f e e t  below 
land s u r f a c e  by us ing  a  measured l i q u i d  d e n s i t y  of 1.12 g/cm3. These 
c a l c u l a t e d  l i q u i d  l e v e l s  a r e  i n  c l o s e  agreement with l i q u i d  l e v e l s  
measured i n  November 1977, a f t e r  t h e  h o l e  had been placed i n t o  a  
long-term d u a l  configuration ( f i g .  24) .  These November measurements 
were 615 f e e t  and 560 f e e t  f o r  t h e  lower and upper zones 
r e s p e c t i v e l y .  

I n  AEC-8, t h e  measured p r e s s u r e  of 2,037 l b s / i n 2  i n  t h e  lower 
sand is converted t o  an e q u i v a l e n t  f resh-water  head which a g r e e s  wi th  
t h e  p o t e n t i o m e t r i c  s u r f a c e  of the. Delaware Mountain Group ss 
cons t ruc ted  by H i s s  ( 1976). 

Deep-water q u a l i t y  

Liquid samples were c o l l e c t e d  from t h e  lower sand and t h e  upper 
sand of t h e  B e l l  .Canyon Formation. Dense b r i n e s  occur  In t h e s e  
i n t e r v a l s  as i s  i n d i c a t e d  by t h e  S t i f f  diagram ( f i g .  32) .  
P r e l i m i n a r y  e v a l u a t i o n  of these  b r i n e s  s u g g e s t s  t h a t  a  s i g n i f i c a n t  
amount o f  l iqu id- rock  i n t e r a c t i o n  has  take.1 p lace  which would ba 
expected from a deep-seated,  s lowly moving hydro log ic  system. Liquid 
sampled from t h e  upper sand c o n t a i n s  189,000 mg/L d i s s o l v e d  s o l i d s  
and 175,000 mg/L sodium c h l o r i d e .  The abundance of calc ium,  
magnesium, sodium, and potassium c a t i o n s  s u p p o r t s  t h e  concept of  
e x t e n s i v e  l iqu id- rock  i n t e r a c t i o n  a s  a  r e s u l t  o f  long l i q u i d  
res idence  t imes i n  rocks of t h e  Bell Canyon Formation. 



WELL AEC-8 

DATE: 9 - 2 2 - 7 7  T IME:  1 4 : 5 5  
INTERVAL: 4 8 0 9 . 5 - 4 8 1 5 . 5  FEET 

LOQARlTHMlC SCALE 
MlL i lEQUIVAiEMTS PER L I T E R  

104 10' lo2 IOI 0 lo1 19 I# 10$ 
I " " 1 1 ' 1  

EXPLANATION 

C A Calcium HCO,+CO, B i c a r . ~ o n ~ t e p l u s c a r b o n r t e  
499.0 6.9 

nG nagnes I urn SO4 Sulfate 
205.7 5.0 

VA+K Sodium plus potassium CL+F Chloride plus fluoride 
2414.5 3385.3 

NOTE: Number beneath chemical symbol is value in 
milliequivalents per liter. 

Figure 32.--Stiff diagram of chemical characteristics of liquid from the 

Bell Canyon Formation. 



Summary and conc lus ions  

Hydrologic t e s t s  were made i n  11 e x p l o r a t o r y  t e s t  h o l e s  a t  t h e  
WIPP s i t e .  Of t h e s e  11 h o l e s ,  f i v e  (H-1, H-2 complex, and H-3) were 
s p e c i f i c a l l y  designed f o r  hydro lob ic  t e s t i n g  of l iqui.4-bearing zones  
above t h e  s a l t .  A d d i t i o n a l l y ,  four  potash L?nt h l e s  (P-14, P-15, 
P-17, and P-18) were c o n s t r u c t e d  t o  a l low s ta t i c -head  d e t e r m i n a t i o n  
and hydro log ic  t e s t i n g  t o  be conducted i n  t h e  l iqu id-bear ing  zones 
above t h e  s a l t  near  t h e  o u t e r  boundary of t h e  WIPP s i t e .  The two 
remaining h o l e s  (AEC-8 and ERDA-10) were deep geo log ic  test h o l e s  
acqu i red  f o r  t e s t i n g  of l iqu id-bear ing  zones below t h e  s a l t  s e c t i o n .  
ERDA-10 t e s t i n g  was not  completed by t h e  t ime of the  cu tof f  d a t e  f o r  
t h i s  r e p o r t .  

Sedimentary rocks exposed a t  the  WIPP s i t e  range i n  age from 
E a r l y  Permian t o  Quaternary wi th  t h e  o l d e s t  rocks l y i n g  t o  t h e  west 
and p r o g r e s s i v e l y  younger rocks t o  t h e  e a s t .  The rocks p e n e t r a t e d  by 
d r i l l i n g  c o n s i s t  mainly of Permian sands tones ,  e v a p o r i t e s ,  and red 
beds,  but  do i n c l u d e  some T r i a s s i c  sandstone and P l e i s t o c e n e  bolson- 
type  d e p o s i t s .  Most of the  o l d e r  c o n s o l i d a t e d  rocks a r e  blanketed by 
Quaternary c a l i c h e  and s e m i s t a b i l i z e d  and a c t i v e  dune sands.  

Few rock u n i t s  pene t ra ted  a t  t h e  WIPP s i t e  were found t o  y i e l d  
l i q u i d s .  Br ines  were found i n  AEC-8 i n  the  sands tones  of t h e  Be l l  
Canyon Formation, which d i r e c t l y  u n d e r l i e s  t h e  e v a p o r i t e  s e c t i o n .  
Above t h e  Salado Formation, l i q u i d s  were found on ly  i n  t h e  Magenta 
and Culebra Dolomite Members of t h e  Permian R u s t l e r  Formation, a ~ d  
a long  t h e  c o n t a c t  of the  R u s t l e r  and Salado Formations.  Rocks i n  
which prev ious  h a l i t e  l each ing  had occur red  w i t h i n  t h e  R u s t l e r  
y i e l d e d  no l i q u i d .  Although zones of l o s t  c i r c u l a t i o n  have 
prev ious ly  been encountered i n  t h e  Dewey Lake Red Beds, t e s t i n g  of  
t h e s e  zones i n d i c a t e d  ml nimal amounts of l i q u i d .  

A t  t h e  WIPP s i t e ,  t h e  l iqu id-bear ing  rocks of t h e  R u s t l e r  
Formation have been t h e  primary s t u d y  zones because they  direct1 .y  
o v e r l i e  t h e  s a l t  and o f i e r  a  p o t e n t i a l  ,avenue f o r  s a l t  d i s s o l u t i o n  
and r a d i o n u c l i d e  t r a n s p o r t .  

The d r i l l i n g  and hydrologic  t e s t i n g  of these  h o l e s  a t  t h e  WIPP 
s i t e  suppor t  t h e  fol lowing conc lus ions .  



T e s t i n g  procedures 

Liquid-bear ing rocks  a t  the  WIPP s l t e  a r e  low y i e l d i n g  and a r e  
d i f f i c u l t  t o  t e s t  by s t andard  methods. Modif l e d  o p e n - h ~ l e  d r i l l - s t e m  
t e s t s  can be used t o  o b t a i n  p re l iminary  hydro log ic  parameters  which 
can  be used t o  d e s i g n  l a t e r  long-term t e s t s .  Cased-hole t e s t i n g  is 
no t  a s  d e s i r a b l e  a s  open-hole t e s t s  of low-yielding rocks  found a t  
t h e  t e s t  s i t e .  The H-2 complex of t h r e e  w e l l s  was found t o  be the  
b e s t  d e s i g n  f o r  long-term open-hole t e s t i n g .  Determinat ions  of 
h y d r a u l i c  c o n d u c t i v i t y  and e f f e c t i v e  p o r o s i t y  a r e  very d i f f i c u l t  t o  
o b t a i n  from l o r y i e l d i n g  f r a c t u r e d  rocks .  A b e t t e r  unders tanding o f  
t h e  h y d r a u l i c  parameters  of these  f r a c t u r e d  rocks  r e q u i r e s  the  
development of s p e c i a l i z e d  t e s t i n g  techniques .  

S h a l l o r z o n e  hydrology 

Hydrologic t e s t s  of 1iqu:d-bearing zones i n  the  R u s t l e r  
Formation i n d i c a t e  t h a t  heads decrease  wi th  depth;  consequent ly ,  
p o t e n t i a l  l i q u i d  movement would be downward i n  rocks  above t h e  s a l t .  
The degree  t o  which ground water can move toward the  Salado, however, 
is c o n t r o l l e d  by t h e  very low v e r t i c a l  hydrau l i c  c o n d u c t i v i t y  of t h e  
R u s t l e r .  

Minor s o l u t i o n  of salt has occurred a long  the  western  margin of 
t h e  s i t e  a t  t h e  top of the  Salado Pornat ion.  So lu t ion  of s a l t  i n  t h e  
R u s t l e r  ranges  from complete removal i n  t h e  west t o  l i t t l e  o r  no 
removal i n  t h e  e a s t .  

High c c n c e n t r a t i o n e  of d i s s o l v e d  s o l i d s ,  p a r t i c u l a r l y  sodium 
c h l o r i d e ,  occur  i n  l i q u i d s  above the  s a l t ,  and chemical composition 
o f  t h e s e  l i q u i d s  is dependent upon e x t e n s i v e  i n t e r a c t i o n  wfth the 
e v a p o r i t e  hos t  rocks  r e s u l t i n g  from long res idence  times. 

Rus t l e r -Sa l rdo  contact.-Brines a r e  found a long  the  Rustler-Salado 
c o n t a c t ,  but  extremely low y i e l d s  r e q u i r e  long-term t e s t i n g  t o  
e s t a b l i s h  r e l i a b l e  heads. P re l iminary  v a l u e s  of t r a n s m i s s i v i t y  of 
t h e  Rys t ler-Salado c o n t a c t  range from l0- l f  t* /day i n  P-14 t o  
10 '~f  t & / d a y  i n  P-18. Water from the Rustler-Salado c o n t a c t  c o n t a i n s  
from 311,000 mg/L t o  327,000 mg/L d i s s o l v e d  s o l i d s .  Sodium c h l o r i d e  
ranges  from 266,000 mg/L t o  300,000 mg/L. 

Culebra  Dolomite Member of t h e  R u s t l e r  Formation.-Head d i s t r i b u t i o n  
determined f o r  t h e  Culebra  Doloni te  Member i n d i c a t e s  l i q u i d  movement 
t o  t h e  s o u t h e a s t  beneath t h e  s i t e .  Grad ien t s  range from 7 t o  
120  f t / m i  and v a r y  a s  a  f u n c t i o n  of hydrdu l ic  conduc t iv i ty .  



S a l t  d l s s o l u t i o n  i n  t h e  R u s t l e r  and Salado Format ions ,  w i t h  
a c c ~ p a n y i n g  subs idence  o f  t h e  R u s t l e r ,  c a u s e s  an  i n c r e a s e  i n  
f r a c t u r e  p o r o s i t y  of t h e  Culebra and c o n t r i b u t e s  t o  v a r i a b i l i t i e s  i n  
t r a n m i s s i v i t i e s .  

P r e l i m i n a r y  v a l u e s  o f  t r a n s m i s s i v i t y  fo.. t h e  Culebra range  from 
140  f t 2 / d a y  i n  P-14 on t h e  f l a n k s  of Nash Dr,aw, t o  1 0 - l f t 2 / d n y  i n  H-1 
n e a r  the  s i t e  c e n t e r ,  t o  loeL f t 2 / d a y  i n  P.&18 t o  the  e a s t .  Culebra  
l i q u i d s  range from 8,890 mg/L t o  118,000 mg/L d i s s o l v e d  s o l i d s .  
Sodium c h l o r i d e  ranges  from 4,900 mg/L t o  89,200 mg/L. 

M a ~ e n t a  Dolomite M-?mber of t h e  R u s t l e r  Format=.-Head d i s t r i b u t i o n  
w i t h i n  t h e  Magenta Dolomite Member has  on ly  been determined . i n  t h r e e  
h o l e s  - 1  H-2a, and H-3) and s u g g e s t s  t l u i d  movement t o  t h e  
southwest .  The h y d r a u l i c  g r a d i e n t  i n  t h e  v i c i n i t y  of t h e s e  t h r e e  
h o l e s  is 50 f t / m i .  

Prel imLnary v a l u e s  of t r a n s m i s s i v i t y  f o r  t h e  Magenta range from 
2 f t 2 / d a y  i n  H-3 t o  l e s s  than 1 f t 2 / d a y  i n  H-1. Magenta l i q u i d s  
range from 10,300 mg/L t o  29,700 mg/L d i s s o l v e d  s o l i d s .  Sodium 
c h l o r i d e  ranges  from 6,893 ag/L t o  24,300 mg/L. 

Deep-zone hydrology 

T e s t s  conducted i n  AEC-8 were s t i l l  being eva lua ted  a t  t h e  t ime 
o f  t h e  w r i t i n g  of t h i s  r e p o r t .  Measured p r e s s u r e s  from t h e  B e l l  
Canyon Formation were approaching r e s e r v o i r  p r e s s u r e s  and ranged from 
2,037 l b / i n 2  i n  t h e  lower sand t o  2,044 l b / i n 2  i n  t h e  upper sand. 
These p r e s s u r e s  a r e  e q u i v a l e n t  t o  b r i n e  l i q u i d  l e v e l s  of abou t  600 
and 593 f e e t  below land s u r f a c e ,  respe:t ively.  

Br ines  i n  t h e  upper sand of t h e  Be l l  Canyon Formation c o n t a i n  
189,000 mg/L d i s s o l v e d  s o l i d s  and 175,000 mg/L d i s s o l v e d  sodium 
c h l o r i d e .  Th i s  b r i m  chemis t ry  w i t h i n  t h e  Be l l  Canyon Formation i s  
probab ly  dependent upon e x t e n s i v e  l iqu id - rock  i n t e r a c t i o n .  

Fu tu re  t e s t i n g  

Fu ture  t e s t i n g  is needed t o  e s t i m a t e  h y d r a u l i c  c o n d u c t i v i t y ,  
t r a n s m i s s i v i t y ,  and e f f e c t i v e  p o r o s i t y  of t h e  l i q u i d - b e a r i n g  rocks .  
However, a c c u r a c y  i n  t h e s e  e s t i m a t e s  w i l l  be d i f f i c u l t  t o  a c h i e v e  
because of v e r y  low p e r m e a b i l i t i e s  of t h e  rock u n i t s  and t h e  
u n c e r t a i ~ h .  i e s  a s s o c i a t e d  wIth  f r a c t u r e  p e r m e a b i l i t i e s .  Consequent ly ,  
f u t u r e  programs w i l l  r e q u i r e  i h e  developnent  of s p e c i a l i z e d  t e s t i n g  
t echn iques .  
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