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INTRODUCTION - 

Utah Geophys ica l ,  I n c .  (UGI) , u n d e r  c o n t r a c t  t o  t h e  U. S .  Bureau o f  Re- 

c l  amat ion  (BOR) has i n t e r p r e t e d  s e i  mi c  r e f l e c t i  on d d t a  f o r  t h e  Paradox Val l e y  

Region ( F i g u r e  I ) ,  Mont rose County, Co lorado.  Based on t h i s  i n t e r p r e t a t i o n  r e -  

commendations have been made f o r  t h e  s e l e c t i o n  o f  t h e  b e s t  il a i l a b l e  s i t e s  f o r  

b r i n e  i n j e c t i o n  we1 1s .  

The Bureau o f  Rec lamat ion  commissioned t h i s  s t u d y  as p a r t  o f  an e f f o r t  t o  

reduce  t h e  i n f l o w  o f  b r i n e  s p r i n g s  t o  t h e  D o l o r e s  R i v e r .  T h i s  has been i d e n t i -  

f i e d  as one o f  t h e  m a j o r  sou rces  o f  s a l i n i t y  i r ,  the  Co lorado R i v e r  B a s i n .  B r i n e  

w a t e r  p r e s e n t l y  s e e p i n g  i n  a long  t h e  banks and b o t t o m  o f  t h e  D o l o r e s  R i v e r  wou ld  

be c o l  l e c t e d  b y  pumping i t  f r o m  e x i s t i  ny  we1 I s  a long  t h e  r i v e r ,  and t r a n s p o r t e d  

by  p i p e l i n e  t o  t h e  i n j e c t i o n  we1 1  s i t e .  r h e r e  i t  wou ld  be pumped i n t o  a  r r a t u r a l  

r e s e r v o i r  p r o v i d e d  b y  t h e  M i s s . i s s i p p i a n  Leadv i  l l e  f o r m ~ t i o n .  

U s i n g  s e i s m i c  and w e l l  l o g  d a t a  p r o v i d e d  b y  t h e  BOK,atid supplemented by 

w e l l  l o g  d a t a  o b t a i n e d  d i r e c t l y  b y  UGI, t h e  necessa ry  g e o p h y s i c a l  i n t e r p r e t a -  

ti ons were made. 

Two-way t i m e  maps were p roducxd  f r tmi  t h e  s e i s m i c  da ta ,  and v e l o c i t y  maps 

f o r  t h e  r e g i o n  were g e n e r a t e d  f rom we1 1  l o g  d a t a .  T h i s  i n f o r m a t i o n  was t h e n  co~n-- 

b i n e d  t o  p roduce  s t r u c t u r a l  maps showing t h e  t o p s  ! ~ f  t h e  Paradnx S a l t  arid M i s s i -  

s s i p p i a n  Fo rmat ions .  I n  a d d i t i o n  a  s t r u c t u r a l  rnap showing t h e  t o p  o f  t h e  C u t -  

l e r  Fo rmat ion ,  two  c r o s s - s e c t i o n s ,  and I s o p a c h  maps o f  t h ~  Parodox S a l t  t o  F l i s s i -  

s s i p p i a n  and t h e  M i s s i s s i p p i  an Format i  on, were made. 

From t h i s  i w t e r p r e t e d  g e o p h y s i c a l  d a t a  a p p r o p r i a t e  we1 1 s i t e s  m e e t i n g  t h e  

BOR1s c r i t e r i a  were recommended. I n  a d d i  t i o r i  t o  t h e  above s t r u c : t u r a l  maps, a  

"We1 1  S i t e  S e l e c t i o n  Base Map" summar iz ing  r e s u l t s  was produced.  1  h i s  m;lp shows 

t h e  l o c a t i o n s  o f  recommended we1 1  s i  t e s  , t h e  p o s i  t i o n  o f  c r o s s  - s e c t i  ons , and 

o t h e r  s i t e  r e 1  a t e d  i n f o r m a t i o n .  



I N D E X  MA? 



LOCATION AND REG1 ONAL GEOLOGY 

The Paradox V a l l e y  a rea  o f  t h i s  r e p o r t  i s  l o c a t e d  w i t h i n  t h e  s a l t  a n t i -  

c l  i n e  r e g i o n  o f  t h e  Paradox B a s i n  0.F Suuthwes t e r n  Co lo r~ado .  The Paradax Val  -- 

l e y  i s  u n d e r l a i n  b y  a  s a l t  a n t i c l i t ! .  w i t h  up t o  20,000 f t .  o f  i n t e r b e d d e d  s a l - t  

and sha les  o f  t h e  Paradox Fo rmat ion  (Penn . ) .  O v e r l y i n g  beds hcrvct e i t h e r  n o t  

been depnsi t .ed o r  e roded  t o  f o r m  t h e  p r e s e n t  day v a l l e y .  

The s t r a t i g r a p h y  i s  summarized i n  T a b l e  I ( P a r k e r ,  1981) .  U n d e r l y i n g  t h e  

tierrnosa Fo rmat ion  i s  t h e  M i s s i  ss i p p i a n  Leadv i  1  l e  i-!,rn~ati on. I t  i s  cowposed o f  

vuggy f r a c t u r e d  1  in iestor ie and do1omit.e. A1 thouqh t h e  e f f e c t i  ve p o r c s i t y  or1 l y  

averages 6 % ,  widespread  f r a c t u r i n g  has . i q n i f - i c a n t l y  enhancr2d pemieab i  i i t y  t o  

make i t  a  r e s ~ r v o i r  o f  e x c e l l e n t  d e l i v e r a b i l i t y .  L a t e  M i s s i s s i p p i a n  faul . t ; ing 

p a r t i a l l y  o r  c o m p l e t e l y  e roded  t h e  M i s s i s s i p p i a n  on t h e  upthrown s i d e  o f  many 

. f a u l t  b l o c k s .  The M i s s i s s i p p i a n  t h i c k n e s s  v a r i e s  f r o m  0 trs 350 ft,. I t  i s  

l i k e l y  t h a t  p o r o s i t y  and f r a c t u r i n g  w i l l  i n c r e a s e  w i t h  p r o x i m i t j l  t o  f a u l t i n g  on 

-the upthrown s i d e .  A s t u d y  o f  t h e  p r o l i f i c  L i s b o n  o i l  f i e l d ,  20 mi l e s  t o  t h e  

Southwest ,  c o u l d  p r o v i d e  u s e f u l  i n f o r m a t i o n  i l b o ~ ~ t  t h e  ILcadvi 1 l r  F'onnat ion r e -  

s e r v o i  r q u a l i t y  and a n t i c i p a t e d  i n j e c t i o n  r a t e s .  

The o v e r l y i n g  M i d d l e  and Lower H e m o s a  o f  Pent,sj/l v a n i  an ,ape i s  c h a r a c t e r -  

i z e d  p r i m a r i l y  by t h e  Paradox S a l t  Member. W h i l e  t h i s  u n i t  was d e p o s i t e d  o r i -  

g , i n a l l y  w i t h  a  u n i f o r m  t h i c k n e s s ,  substtquent o v e r l o a d i n g  o f  Permiatl  C u t l e r  

c l a s t i c s  caused t h e  s a l t  t o  f l o w  and t h u s  now have a . th. ickness - t h a t  v a r i e s  f rom 

0 t o  12,000 f t .  The Upper  Hermosn Honaker TI-ai 1  Forrr1at.i on r ~ u g t i l y  ! jar-al l c l s  

t h e  t,op of' t h e  Paradox S a l t  and marks t h e  erjd o f  l i t nes tone  d ~ p ~ s i t i o n  ill a  mar ine  

e n v i  ronment. The up1 i ft  o f  t h e  anc i  e n t  Uncom~ahgre  o f  Permi an t.1 mes k r o u g h t  

C u t l e r  c l  a s t i  c  wedges o f  sandstones,  rnudstone and conulornerates whi  ch var,y i n  

t h i c k n e s s  f r o m  500 t o  5000 f t .  t h i c k .  The Paradox V a l  l e y  s a l t  ari.t;i c l  i n e  formed 

a t  t h i s  t i m e .  Modern day s u r f a c e  s t r u c t u r e  d a t e s  f r o m  t h i s  Linlc:.. 

The r o c k s  exposed a t  t h e  s u r f a c e  i n c l u d e  t h e  c l i f f  for-mirig s d n d s t o n ~ s  o f  



TABLE I 

..... .......... 
- . - 

-- 

Upper Cretaceou~ 

.. ....... -. . 

Lower Cretaceous 
- .- . --. . - . - - 

Upper Jurassic 

[Jpper a i d  Middle 
Jurassic 

IJpper Triassic 

Permian 

I'ennsy lvaniiin 

- - 

Upper Cambrian 
- - 

Middle and Lowcr 
Cambrian 

I~wmalrm 

Mancos 

STRATIGRAPHY OF LISRON FIELD APEA 

I i / h u l ~ ~ p u  I)escripiam, T k k n c s s  ( I I )  
- -  - . - - - -  - -- - -- 

Grdy n l d r ~ ~ l e  slialc 500 + (top not 
e x p m d  in arm) 

- . ---  - - - . -- ----- -- 

!)1:1:1i 1nari111. 111 shureline ;m(! fitrean-cllar~nel sandstone, 200 
conglomer;rte, slide, mudstone, and rrml. 

. l l l , ( l n , ) r r l y )  - . - . - .  - .- - .  . . - - - . . - -  - . - . . . -  -. - - . . - .  ~- - ... - ...... -. 

Hurru ('allyon I.agoonal, shoreline, stream chnnnel, and mud-flat sand- 200 
stone, conglc)rr!eralrtz antl variegated rr~udstone. 

.. ~~ . . . . .  . . .  . . . .  . -  . . .  ~- 

h.1 orriwn Variegat~rl rnu~lslone, sundstone, and thin limestone beds. 5.50 
Brushy H;i%ir~ unit a t  top (225 It k) cwtairis n~osrl .  murl- 
stone ; ~ n d  Salt Wash u n ~ t  a1 base (325 !t :f:) cor~tair~s more 
sarrtlsl~~nc. 

.. - . .  . . . . . . . . . . . . . . . . .  - ... . . . . . . . . . . . . . .  .. 

Sumrnerville Mudstone ant1 wr(lstorrc. 130 
- .  - . . . . . . . . . .  ~~ . . . . . . . . . . . . .  - .... - -. . .  - - . . .  

I k t r a d a  (:rosa-l)erlcled san~l:  I 811~. 1 ,90 
- . . . . . . . . .  . . . .  . . . .  .. . . 

Carme1 Sillstonc and s a r r t l s l ~ ~ ~ ~ e .  7 5 
. - .. (llllconfOrnlily) - . . . .  - . . .  - - -. - - - . . .  - - . -  - .- -- .- - .... - 

Navnjo (‘'ross-l,~tlde~I :;andstonc. 1W300  
. . . . . . .  . . .  . ~ L  ........ - . - . ~  ~ ~ 

Kaycnta Fine gr;iined !;;rndstone. 75--250 
. . . . . . . . .  . . . . .  - -  . ~~ .- . . 

W i n p l e  ('ross- I~etlcletl sanclslone. 300 
. . . . . .  . . . . . . .  . . . . . . . .  

Chinle Sandstone, ronglor~ierale, and nnldstone. Slrirrarurnp 4 0 0  700 
sirrdstonc and cr~nglomcrate unit a t  base. 

- .. (u l l ronfor r r l i ly )  .. -. .. - .. - . . .  - . - - .- - .- - .- - -- .- - .. - - - - -. - .- - - 
Moerrkol~i Mudstone, siltstorre, and tine-grained undstone.  W550 

r Cutler (:onglomerale, sillslow, mudutone, urkosic santlslor~e, 5 5 0 4 , 5 0 0  
locul chrrf and lirnestor~e. 

. (ullconformily j . . . . . . .  - . . .  -. . . . . . . . . . .  . . . . . . . . . . . . . .  - .. - . 
1.c1wer Cutler Mudvtor~e and siiiillclone. SUO- 8M  

. . . . . . . . . . . . . . . . . . . . . .  . - .......... ........ 

Ilouaker l'rnil (;ray lossililerous, marine lirnefilone, ir~lerbeddrtl with 1,600--1,m 
(Illqier Hernrosa) sarrduto~~e, siltslonc, mnclutone, all(! gray shale. Fewer red 

arkosic sandstone I d s  in I)asnI part. 
. . . .  .............. - . . . .  - - .. . - .. - - ... .... .- 

(![)per Paradox (Ismay carhonalc cycle of I;r~r~r Corners area.) T)olonrile, 325-400 
sillstone, gray Lo I)lar-k shale, anhydrite. 

. . . . . . . . . . . . .  . . . . . . . . . . . . . .  

Salt with thin I d s  ol tllxc.k shale, anhjtlritc, s i l tsf~me, and 50 i&-8 ,Wl  
a Iew earl l~y dulnrr~ite I)eds. 

. . . . . .  . . . . . .  

h l o m i t e  rind limestone, p.ay-brown, den:;e, some gray 15-110 
dolorni1.ic siltslwi., tlrit~ anhytlrite t,etiz, slime chert in the 
limestone. 'Thin gray-green and dark grny  shale!^. 
. . . . . . . .  .. ......................... .......... 

Shale, red-brown. gray, green, purple, silty and ~ ~ n d y  20-60 Molas 
. . . . . . . . . . . . . . . . . . . . . . . . . .  .. .. - (unconiormity) -- - . - - - - - 

1,en~lvillc I)olomilc and lin~estone. 330- 500 
........... -- . . . . . . . . . . . . . . . . . .  .................. 

Ourity Idrnestvne. 70-130 
~. ... .......................... .. 

Elbert I)o!r~niite, [:ray-l~rown, i ~ l l e r t d d e t l  wit11 greeri sha!e. 1lnl-160 ' 

. . . . . . . . . . . .  .... ~ . ~..  -- - ~ - 
Mc(:~.ack~;n Sar111 .! . I , ( .  ;ln~l san~ly  clol~)mitc, 70-140 

........ . . . . . .- .- - - .- 

Anrt h l h l o r - ~ i t ~ ,  gla~~rcir~ili!. ~ x i l h  siltstme partings. 200 k 
.. . . . . . . . . . . . .  -. . - ( I I I I ( . , I I I ~ I ) I I I ~ ~ ~ ~ )  . , - 

Lynch Ilr~lon~ite. 
. . . . . . . . . . . . .  ............. . -  . .  . 

200 * 
Ol~hir  Shale, K ~ R V ,  green; stlt:i(me, ran. 125f 

. . . . . .  ....... . . . . . . . . . . . .  

Ti l~ l ic  Gray grcer~ shalc a~!,l siltstonc at top, grading clownward BOO+ 
t o  red, pink, antl 1)11tf coerse.grained sa~rdstone. 

( u n c o r l ~ u r m i t y )  - .... - . . .  - ... - - . -  - - - - .. - - .... - .. - - . - - - 
Granite, pink. 30':;, quartz, 50'z feldsprar, Ih)":, biotite. 

....... ........ 



t h e  T r i  a s i  c - J u r a s s i  c  Glnn Canyon Group - Navajo ,  E n t r a d a ,  Ka,yenta and W i r ~ g a t e .  

They a r e  o v e r l a i d  on t h e  h i g h e s t  mesas by t h e  Morrison ( J u r . )  and  Dakota ( C r e t . )  

f o r m a t i o n s ,  the y o u n g e s t  rocks  remaining a f t e r  Lar imide u p l i f t  ( e a r l y  t e r t i a r y )  

and e r o s i o n .  Al l  t h e s e  f o r m a t i o n s  a r e  rough'ly p a r a l l s l  t o  t h e  top o f  t h e  C u t l e r  

I-ormati on.  



DATh BASE 

The s t ~ u c t u r e  mnps i n c l u d e d  i n  t h i s  r e p o r t  were made based or) t h e  i n t e -  

g r a t i o n  a t  s e i  smic  d a t a  and w e l l  c o n t r o l .  

Two v i n t a g e s  o f  se i sm i  c  1  i n e s  were incurpor 'a tec l .  L:ines 136,131 ,103,340, 

135,102,347,197,225,127,286,132,130,137 and 129 were acqui  r e d  b y  Empi re  Geo- 

p h y s i c a l  f o r  I l n i o n  O i l  i n  1961. 1.he d a t a  was r e c o r d e d  on analo(q t a p e .  A  

s i n g l e  s h o t  o f  65 l b s .  o f  dynami te  a t  a  dent1.1 o f  65 f t .  was r e c o r d e d  f o r  each 

geophone spread.  Twenty f o u r  geophone s t a t i o n s (  t r a c e s )  were 12-i d o v e r  $ m i  ! e  

w i t h  t h e  s h o t  i n  t h e  c e n t e r .  T h i s  pre-modern method o f  reco rd l : r~q  r e s u l t e d  i n  

100% f o l d  da'ta. Western Geaphysi c a l  r e p r o c e s s e d  t h e  d a t a  i n  1984 f o r  t h e  B O R .  

The a n a l o g  d a t a  was c o n v e r t e d  t o  d i g i t a l  and r e p r o c e s s e d  t,o modern s e i s m i c  i n -  

d u s t r y  s t a n d a r d s .  The d a t a  q u a l i t y  depended on b o t h  t h e  medium t h e  s h o t  h o l e  

was d r i l l e d  i n  and t h e  s u b s u r f a c e  geo logy .  Areas o f  ex t re~r !c  s a l t .  expans ion  

such as f o u n d  i n  Twp 46 and 47 N .  and Kge. 1 8  W .  caused d e . t e r , i o r a t i o n  o f  d a t a  

q u a l i t y  due t o  d i s t o r t i o n  o f  t h e  s e i s m i c  ray:;. A l s o ,  a reas o v e r l a i n  h y  uri- 

c o n s o l i d a t e d  m a t e r i  a1 such as i n  t h e  v a l  l e y  bo t to r r~s  d e t e r i o r a t e d  d a t a  qua1 -i ty .  

The l i n e s  s h o t  on W i l d  S t e e r  Mesa i n  Twp 46 N .  and Kge. 17 W. a r e  o f  e x c e l l e n t  

q u a l i t y .  

The second s e t  o f  s e i s r n i c  d a t a  i n c o r p o r a t c d  i n  t h i s  r e p o r t  were l i n e s  r e -  

corded by S e i r p o r t  E x p l o r a t i o n  f o r  T a r g e t  Geophys ica l .  Thev were reco rded  i n  

a  p o r t a b l e  mode i n c o r p o r a t i n g  t h e  use o f  h e ' l i  copt .ers.  T h i s  i s  an expens ive  me- 

t h o d  o f  a c q u i s i t i o n  t h a t  i s  used t o  overcome ex t reme t o p o g r a p h i c a l  r e 1  i c f .  The 

da-ta was r e c o r d e d  i n  1982 u s i n g  a  p o r t a b l e  dyndrni t e  sou rce .  N i r i e t y - s i x  geo- 

phone s t a t i o n s  were l a i d  o u t  w i t h  a geophone s t a t i o n  i n t e r v a l  (3.1; 165 f t .  Every  

600 ft. a  s h o t  was reco rded  f r o m  t h e  c e n t e r  o f  t h e  spread i n  o r d e r  t o  a c h i e v e  

1200% f o l d .  T h i s  means t h a t  each subsur face  p o i n t  . i s  r e c o r d e d  f r o m  12 d i f f e r -  

e n t  s h o t  and s t a t i o n  l o c a t i o n s .  The r e s u l  t a r i t  12  t r a c e s  a r e  averaged o r  

" s t a c k e d "  t o  enhar1c;e r!:\ta q u a l i t y .  T h i s  r.ompares w i t h  one s h o t  f o r  each cubsur -  



face p o i n t  f o r  t h e  o ' l de r  Un ion d a t a .  The qua7.i t y  of t h e  d a t a  v a r i e s  frm p o o r  

t o  good. The d a t a  q u a l i t y  worsens on L i n e  8 $7 i t  approaches t h e  S h e l l  i f 2  

U n i t  w e l ' l  because o f  t h e  d i s t o r t i o n  o f  t h e  r a y  p a t h s  t h r o u q t i  t h e  s a l t  dome. The 

Sou th  two m i l e s  o f  l i n e  204 i s  o f  p o o r  q u a l i t y  bccause o f  unconso l ida t ,ed  sand- 

s tones  and rough  topography .  O t h e r w i s e  t h e  d a t a  was good. 



DATA INTERPRETATION ----..- 

Because two d i f f e r e n t  s e t s  o f  d a t a  were used i n  t h i s  s t u d y  pre- . in ter .? re-  

t a t i o n  p r e p a r a t i o n s  were needed. A base rnap was p r e p a r e d  on rl s c a l e  o f  one 

. inch t o  2000 f e e t  showing t h e  s h o t p o i n t  1 o c a t i r . v ; ~  f u r  b o t h  s e t ?  c~f d a t a .  We11 

l o c a t i o n s  were a l s o  p l o t t e d  on t h i s  rnap. 

The T a r g e t  d a t a  was p rocessed  u s i n g  a datuni p l a n e  o f  7500 f t .  compared t o  

6500 f t .  f o r  t h e  Western Geophys ica l  da ta .  The T a r g e t  d a t a  was a d j u s t ~ d  t o  a 

6500 f,t. datuni u s i n g  a  10,000 f . p . s .  daturn v e l o c i t y .  T h i c  p r o v i d e d  a  u n i f c r n ~  

6500 f t .  datum t h r o u g h o u t  t h e  s tudy .  The s e i s m i c  s e c t i o n s  were marked t o  show 

l o c a t i o n s  o f  w e l l  t i e s  and c r o s s  t i e s  w i t h  o t h e r  ' l i n e s .  

I n  o r d e r  t o  p r o p e r l y  i d e n t i f y  r e f l e c t o r s  on t h e  se. ismic r e c o r d s  w i t h  geo- 

l o g i c  u n i  t s  r e p o r t e d  f r o m  we1 1s s y n t h e t i c  seismograms were p r o d u i e d .  Synthe-  

t i c  seismograms were g e n e r a t e d  f o r  t h e  S h e l l  U n i t  #l and #2,  lJnion O i l  and 

Jack Grynberg  w e l l s .  T a r g e t  L i n e  8 was t i e d  t o  She'll U n i t  f # l  and #2 w e l l s  us-  

i n g  t h e  s y n t h e t i c s .  S o n i c  l o g s  used t o  produce t h e  She ' l l  and Purc O i l  w e l l  

s y n t h e - t i c s  were o b t a i n e d  b y  U G I  d i r e c t l y ,  and p r o v e d  necessa ry  f o r  t h e  i n t e r -  

p r e t a t i o n .  The o t h e r  l o g s  were s u p p l i e d  by !;OR. 

U s i n g  t h e  s y n t h e t i c  seismogranis t h e  t o p s  0.f t h e  Her~nosa (I-lonaker T r a i l ) ,  

Paradox S a l t ,  and M i s s i s s i p i  an l om at ions were p i c k e d  f o r  L i n e  (3. These were 

t h e n  t r a c e d  f o r  t h e  e n t i  r e  2tne and c ross  t i e d  t o  L i n e  208A. Us.ing t h e  Un ion 

O i  1  we1 1  f o r  f u r t h e r  c o n t r o l  . the r e s p e c t i v e  r e f l e c t o r s  were p i c k e d  and t i e d  on 

a l l  l i n e s .  The r e f l e c t i o n  t i rnes  a t  each s h o t p o i n t ,  f o r  each r e f l e c t o r  were 

hand d i g i t i z e d  and e n t e r e d  i n t o  a  computer .  Computer g e n ~ r a t e r i  two-wa,y t r a v e l  

t i m e  maps were p roduced  f o r  t h e  t o p s  o f  t h e  Faradox S a l t  and M i s s i s s i p p i a n  

Fo rmat i  ons. 

To c o n v e r t  t h e s e  t i n ~ e  s t r u c t u r e  maps t o  dep th  s t r u c t u r e ,  i . t  was neces5ar.y 

t o  f i r s t  make an avert lge v e l o c i t y  map t o  t h e  t o p  o f  t h e  sa l t : .  'This was a c h i e v e d  

b y  o b t a i n i n g  v e l o c i t y  i n f o r m a t i o n  f r o m  we1 1  l o g s .  These v e l o c i t y  va l ! . .~es  were 

-8- 



e n t e r e d  i n t o  t h e  computer  f o r  each s h o t p o i n t .  They were t h e n  ar ! r ! l ied  t o  t h e  

p r e v i o u s l y  e n t e r e d  t i m e  v a l u e s  o f  t h e  t o p  o f  sa l t ;  r e f l e c t o r .  T h i s  p roduced  a 

dep th  above mean sea l e v e l  map f o r  t he "Top  0.f Paradox S a l t " .  

U s i n g  t h e  computer ,  ' the t r a v e l  t i m e s  t o  t h e  "Top o f  M . i s s i s s i p p i a n  F o r m a t i o n "  

was s u b s t r a c t e d  f r o m  t h e  t i m e s  f o r  t h e  "Top o f  Paradox Cal t "  t o  g e n e r a t e  a t i m e  

i s o c h r o n  o f  t h e  S a l t  F o r m a t i o n .  These va lues  were t h e n  m u l t i p l i e d  i n  t h e  com- 

p u t e r  a t  each s h o t p o i n t  b y  t h e  a p p r o p r i a t e  s a l t  v e l o c i t e s  t o  produce a  t h - i c k -  

ness  o f  s a l t  i s o p a c h .  These i s o p a c h  va lues  were  s u b t r a c t e d  f r o m  t h e  p r e v i o u s l y  

de te rm ined  "Top o f  Paradox S a l t "  d e p t h  va lues  t o  produce a "Top o f  M i s s . i s s i p p i a n M  

s t r u c t u r e  map. The Paradox S a l t  U n i t  mapped i n  t h e  i s o p a c h  t y n ' i c a l l y  c o n t a i n s  

i n t e r b e d d e d  s h a l e s  and s h o u l d  n o t  be c o n s t r u e d  t o  be a  mass ive  s a l t  bed.  I t  

a l s o  c o n t a i n s  t h e  P i n k e r t o n  T r a i l - M o l a s  f o r m a t i o n s  f o u n d  at.  t h e  base o f  t h e  s a l t .  

These a re  t h i n  beds u s u a l l y  l e s s  t h a n  1 0 0 '  t h i c k .  R e f e r r i n g  t o  t h e  s t r a t e g r a -  

p h i  c  column o f  T a b l e  1, t h i s  u n i t  wou ld  b e g i n  a t  t h e  M i d d l e  Paradox and e x t e n d  

t h r o u g h  t h e  Mol  as. The uncon fo rm i  ty f o u n d  a t  t h e  t o p  o f  t h e  Leadv i  'I l e  Form- 

a t i o n  was used t o  map t h e  "Top o f  M i s s i s s i p p i a n  Format ' ion" .  

The C u t l e r  r e f l e c t o r  was n o t  d i s c e r n a b l e ,  t h e r e f o r e ,  t h e  C u t l e r  s t r u c t u r e  

map i s  based p r i m a r i l y  on  s u r f a c e  s t r u c t u r e  and w e l l  c o n t r o l .  I n  t h i s  case a 

s u r f a c e  map of t h e  E n t r a d a  was produced.  The dep th  o f  t h e  C u t l e r  be low t h e  

E n t r a d a  was d e t e r m i n e d  f r o l r ~  we1 1  c o n t r o l .  U s i n g  t h i s  d e p t h  d i  f f e r c n c e ,  t h e  

C u t l e r  s t r u c t u r e  was mapped. 

I t  was n o t  p o s s i b l e  t o  r e s o l v e  t h e  t h i c k n e s s  o f  t h e  M i s s i s s i p p i a n  L e a d v i l l e  

f r o m  t h e  s e i s m i c  d a t a .  The M i s s i s s i p p i a n  L e a d v i l l e  i s o p a c h  was  made f r o m  w e l l  

c o n t r o l  and s t r u c t u r a l  e l e v a t i o n  changes o f  t h e  Leadv i  1  l e  F o r m a t i  on. The She1 1  

U n i t  #1  and # 2  w e l l s  show t h e  base o f  t h e  s a l t  t o  be above -4000 f t .  and t h a t  

t h e  u n d e r l y i n g  M i s s i s s i p p i  an Leadv i  1  l e  Fo rmat ion  t o  be e roded  a t  t h i s  e l e v a t i o n .  

Whereas, t h e  nearby  Pure  O i  1  Wray Mesa f 3  st.wws t h e  p rc : - tmce  0.T Niss'i s s i p y i  an 



L e a d v i l l e  a t  -4571 f t .  Based on these  obse rva t i ons ,  i t  has beet? assumed t h a t  

whenever t h e  M i s s i  ss i pp i  an Leadvi  1  'le s t r u c t u r a l  e l e v a t i  ons exceeded approxirna- 

t e l y  -4200 ft, t h e  M i s s i s s i p p i a n  was eroded as was no ted  i n  t h e  S h e l l  w e l l s .  

An approximate eas t -wes t  s t r i k i n g  f a u l t  crosses l i n e  204 i n  S e c t i o n  6, 

T.46N., R.18W. T h i s  f a u l t  occurs  i n  a  area o f  s a l t  swe l l - i ng .  A t h i c k e r  s a l t  

s e c t i o n  o f  l owe r  v e l o c i t y  m a t e r i a l  than  t h e  under1,ying M i ss i ss - i pp i an  Fonua t ion  

cou ld  cause a  t i m e  de lay  t h a t  would  appear as a  f a u l t  i n  t h e  sei:;mic sect . ions.  

I t  i s  poss ib l e ,  b u t  u n l i k e l , ~ ,  t h a t  t h i s  fam1t i s  n o t  p r e s e n t  b u t  was a  r e s u l t  

o f  s a l t  s w e l l i n g .  

The f a u l t  n o r t h  o f  t h e  p rev i ous  otit: and between proposed we1 1 s i - t c s  1  and 

2  i s  shown on moss-Sect ion A-B t r u n c a t e d  i n  t h e  s a l t .  A su r f ace  geology map 

(Wi th ing ton ,  1955) does n o t  i n d i  ca te  s u r f a c e  f a u l t i n g  at. t h i s  l o c a t i o n .  How- 

ever ,  t h e  change i n  course o f  t h e  Dolores R i v e r  and t h e  presence o f  W i l d  Steer. 

Canyon may be s u r f a c e  express ions  o f .  t h i s  f a u l - t .  P r e l i m i n a r y  obse rva t i ons  o f  

f o rma t i  on d i  s p l  acements i n  M i  l d  Steer. Canyon by UGI  appeared t o  i n d i  ca te  o f f s e t .  

West o f  t h e  Dolores R i v e r  t h e  f a u l t  may d i e  o u t  'in t h e  s a ' l t  s w e l l ,  whereas, eas t  

o f  t h e  r i v e r  i t  may be p resen t  i n  t h e  absence o f  any s i g n i f i c a n t  sa l t .  depos i t s  

a t  depth.  However, i t  i s  recommended . tha t  a q u a l i f i e d  g e o l o g i s t  v i s i t  t h e  s i t e  

and s t r u c t u r a l l y  map t h e  area t o  de te rw ine  i f  any su r f ace  express ion  o f  t h i s  

f a u l t  e x i s t s .  

Two c ross - sec t i ons  were produced. The l o c a t i o n  o f  these cross - s e c t i  ons a re  

shown on t h e  w e l l  s i t e  base map. These p o s i t i o n s  were chosen a f t e r  c o n s u l t i n g  

w i t h  BOR personne l .  They were s e l e c t e d  because they  t r ansve rse  p r e v i o u s  and p r o  - 

posed we1 1  s i t e s .  Bo th  c r o s s - s e c t i  ons a r c  . t runcated a t  t h e  Conoco We1 1  s i t e ,  

Cross-Sect i  on A-R t ransverses  t h e  Do1 ores K i  v e r  Gorge and encolripasses proposed 

H e l l  S i t e s  1, 2, 3, 6 and 7 .  Cross-sect. ion A - C  crosses Wra,y Mesa and i n c l u d e s  

We l l  S i t e s  4, 5  and 6. 



WELL. SITE SE!.ECTION : 

S e l e c t i o n  C r i  t e r i  a :  

The w e l l  s i t e s  were s e l e c t e d  and ranked  u s i r ~ g  t h s  f o l l o w i n q  ( , r i t e r i a :  

1 .  Reservoi  r p r o p e r t i e s .  The i n . i n c t i o n  r e s e r v o i  r s h o u l d  / lave s j q n i - f i c a n t  
p o r o s i t y .  

2. S a l t  Th i ckness  : The t h i c k n e s s  o f  s a l t  b e i n q  k e p t  t o  a  minimum b u t  b e i n g  
a t  l e a s t  250 ft. t h i c k  t o  p r o v i d e  a  c o t ~ f i n i r i g  b a r r i e r .  

3. Depth t o  M i s s i s s i p p i a n  L e a d v i l l e :  L o c a t i n g  a s i t e  w-i t h  a n ~ i n i m ~ i m  dep th  
t o  t h e  M i s s i s s i p p i a n  R e s e r v o i r  t o  reduce d r i  1  l i n g  c o s t s .  

4. S u r f a c e  l o g i s t i c s  : E l e v a t i o n  c l  o ~ e s t  t o  4 9 5 0 ' .  

5. Con f idence  i n  d a t a  i n t e r p r e t a t i o n .  

6. Access : L o c a t i n g  a  s i  ke t h a t  c o u l d  be e a s i l y  accessed. 

7. D i s t a n c e  f r o m  w i t h d r a w a l  we1 1s t o  i n j e c t i o n  s i t e .  

Ranking:  

The f o l l o w i n g  7 w e l l  s i t e s  a r e  l i s t . e d  i n  o r d e r  o f  u r e f e r e ~ ~ e  f r o m  f i r s t  

t o  l a s t .  The p r e f e r r e d  r e g i o n  f o r  s i t i n g  a w e l l  l i e s  w . i t h i n  t h e  Do lo res  K i v e r  

Gorge, n o r t h  o f  W e l l  S i t e  #2,  as shown on t h e  S i  te S e l e c t i o n  Base Map enc losed .  

West o f  We1 1  #2 t h e  s a l t  t h i c k e n s  a p p r e c i a b l y .  W e l l s  1, 2 dnd 3 a r e  l o c a t e d  

w i t h i n  t h i s  r e q i o n .  Cdell # l  was g i v e n  t.he h i g h e s t  p r i o r i t y  s i n c e  i t  t w i n s  t h e  

Un icn  W e l l  and t h u s  has known c h a r a c t e r i s t i c s .  W e l l  # 2  has a  t h i c k e r  s a l t  sec-  

t i o n ,  b u t  i t  occurs  i n  a  s e p a r a t e  f a u l  t b l o c k  fro111 We1 1  s 'I and 3 .  Thus, i t 

may p r o v i d e  a d d i t i o n a l  r e s e r v o i ' r  c a p a c i t y  i f a d d i t i o n a l  we1 1s a r e  needed. We1 1  

#3 was ranked  t h i r d  because i t  l i e s  c l o s e  t o  f a u l t i n g  w h i c h  may cause d r i  l l i n g  

prob lems.  A l so ,  t h e  s a l t  s e c t i o n  t h i n s  i n  t h i s  a r e a  and mdy n o t  be p r e s e n t  i t 7  

t h e  t h i c k n e s s e s  r e q u i  red ,  a1 though t h e  Lower Hevrno5a shale<; s h o u l d  p r o v i d e  a  

r e s e r v o i r  s e a l .  W e l l  #4 s h o u l d  be q u i t e  s i m i l a r  t o  W e l l  #3. 

We1 1  #5  d i  f . f e r s  f r o m  t h e  o t h e r  s i  t e s  i n  t h a t  t h e  t a r g e t e d  r e s e r v o i  r i s  

t h e  t b n a k e r  T r a i l - U p p e r  Hermosa sands.  T h i s  s i t e  .is a t  a  t i ~ g h e r .  e l e v a t i o n  and 

g r e a t e r  d i s t a n c e  than  t h e  o t h e r  we1 lf<, b u t  i s  p r t >  , e n t e d  as   in a l t ~ r n a t i  vo t o  

t h e  deeper M i s s i s s i p p i a n  r e s e r v o i r .  \dell,; $6 and 7 a r e  c o n s i d e r a b l y  l e s s  de- 

s i r c a b l e  t h a n  t h e  f i r s t  Sour c h o i c e s .  W e l l  #6 has r? t h i c k  s a l t  s ~ c t i o n  e l la t  



makes d r i l l i n g  expensive. Well # 7  i s  more d i s t an t  and a t  a highev. e l ~ v a t i o n  m a k -  

ing access more d i f f i c u l t .  

An evaluation o f  each well s i t e  i s  s ta ted  i n  the following pages. 



A F U 1  ( F i r s t  C h o i c e ) :  

L o c a t i o n :  T .47 N . ,  R.  18W. , SWSE S e c t i o n  30 ( P r e v i o u s  Un ion  O i l  S i t e )  

E l e v a t i o n :  5030' 
E l e v a t i o n  Change t o  Wi thd rawa l  S i t e :  +80' 
D i s t a n c e  t o  Wi thd rawa l  Wel l  : 1 Y V O 1  
Dept,h t o  t o p  o f  S a l t :  13,781 ' 
Depth t o  t o p  o f  M i s s i s s i p p i  w :  14,042'  
M i  s s i s s i ~ ~ i a n  T h i c k n e s s :  3 4 2 '  
S a l t  T h i  
Res e  r v o i  
Top o f '  S 

8 

ckness :  270 '  
r Qua1 i t y  : good 
a l t  t o  M i s s i s s i p p i a n  864 '  

Cornmen t s  : 

T h i s  l o c a t i o n  t w i n s  t h e  Un 

bc?cause t h e  geo logy  i s  known from 

been e s t a b l i 5 h e d  t h a t  t h e  above p 

i o n  O i l  Co. # 

t h e  p r e v i o u s  

ararr leters a r e  

1  Ayers.  I t  i s  d e s i r e a b l e  

d r i l l i n g  and, t h u s ,  i t  has 

p r p , e n t .  A d r i l l  s tem t e s t  

o f  t h e  M i s s i s s i p p i a n  r e c o v e r e d  6680 '  o f  s a l t  w a t e r  a f t e r  a  one h o u r  f l o w  

p e r i o d  i n  w h i c h  f l o w i n g  p r e s s u r e s  i n c r e a s e d  from 255W t o  5318#. I n  d d d i -  

e x c e l l e n t .  

o r  c l o s e r  

i o n .  

t i o n  t h e  d i s t a n c e  

I t  i s  recommended 

t o  t h e  p r e s e n t  we 

arid accessab i  1  i ty t o  t h e  w i t h d r a w a l  z i  t e s  i s  

t h a t  a  w e l l  t w i n i n g  t h i s  l o c a t i o n  be 600 f t .  

11 s i t e  t o  s t a y  w i t h i n  t h e  same g e o l o g i c  s e c t  



WELL #2 - -- 

Locat ion :  T.47N. , R .  18W. , NiLJSE Sec t i on  31 

E leva t i  on : 5050'  
E leva t ion  Change : +I00 ' 
Dis tance  t o  Withdrawal We1 1 : 24,000 '  
Depth t o  S a l t :  10,250'  
Depth t o  Mis s i s s ipp i  an:  12,450 '  
S a l t  Thickness:  1400'  
Missi s s i p p i  an Thickness : 300'  
Reservoi r Q u a l i t y  : probably good 
Top o f  S a l t  t o  Mis s i s s ipp i an :  2200' 

Commen t s  : 

This  s i t e  has good access i  bi 1 i t , y  t o  t h e  withdrawal we1 1 s  w i t h  mini - 

m u m  e l e v a t i o n  change. The Mis s i s s ipp i an  i s  a t  l e a s t  1600 '  sha l l ower  than 

t h e  81 s i t e .  The s a l t  s e c t i o n  however i s  cons iderab ly  t h i c k e r .  Because 

of a  d e t e r i o r a t i o n  of t h e  s a l t  r e f l e c t o r  on t h e  s e i smic  s e c t i o n s ,  an a l t e r -  

na t i  ve i n t e r p r e t a t i o n  i s  p o s s i b l e .  'I hi s  i n t e r p r e t a t i o n  would prov ide  f o r  

a t h i c k e r  s a l t  s e c t i o n  bu t  would r e s u l t  i n  a  sha l lower  Mis s i s s ipp i an  depth 



.!4ELL # 3  

Loca t i on :  T.47N., R.l8W., NENE S e c t i o n  30 

E l e v a t i o n  : 5050 
E l e v a t i o n  Change : + I 0 0  
D is tance  t o  W i  thdrawal  We1 1  : 15000 ' 
Depth t o  Top S a l t :  13450' 
Depth t o  Top o f  M i s s i s s i p p i a n :  13850' 
S a l t  Th ickness : 250'  
M i s s i s s i p p i a n  Thickness:  300' 
Reservoi  r Qua1 i t y  : probab ly  good 
Top o f  S a l t  t o  M i s s i  s s i p p i a n :  400'  

Comne n t s  : 

Th is  s i t e  i s  a t t r a c t i v e  f rom t h e  s t a n d p o i n t  o f  i t s  p r o x i m i t y  t o  the 

w i thd rawa l  w e l l s  and minimum e l e v a t i o n  change. There may be l e s s  s a l t  sec- 

t i o n  t h a n  t h e  270'  o f  s a l t  encountered by t h e  Union Wel l  (We l l  # I )  l o c a t e d  

approx in ia te ly  3/4 o f  a  m i l e  south.  However, t h e  lower  Hemiosa sha le  t h a t  

shou ld  be p resen t  would  l i k e l y  fo rm an adequate sea l  f o r  t h e  L e a d v i l l e  

Format ion.  The r e s e r v o i r  q u a l i t y  shou ld  be s i m i l a r  t o  t h a t  found i n  t h e  

Union Wel l .  I n  a d d i t i o n ,  f a u l t i n g  o c c u r r i n g  approx imate ly  a  $ m i l e  t o  

t h e  n o r t h e a s t  may enhance r e s e r v o i r  q u a l i t y  by f a u l t  assoc ia ted  f r a c t u r -  

i n g .  Shal low f a u l t i n g  a t  t h i s  s i t e  may cause l o s s  c i r c u l a t i o n  when 

d r i l l i n g  t h e  f i r s t  few thousand f e e t .  



WELL # 4  

L o c a t i o n :  T.47N. , R. IgW., NWSE S e c t i o n  14 

E l e v a t i o n  : 5350 '  
E l e v a t i o n  Change : +400 '  
D i s t a n c e  t o  Wi thd rawa l  We1 1  : 21,000 ' 
Depth  t o  Top o f  S a l t :  12950'  
Depth  t o  Top o f  M i s s i s s i p p i a n :  13350 '  
S a l t  Th i ckness  : 200 ' 
M i s s i s s i p p i a n  T h i c k n e s s :  300 '  
R e s e r v o i r  Q u a l i  ty  : p r o b a b l y  good 
Top of S a l t  t o  M i s s i s s i p p i  an: 4 0 0 '  

Cornrnen t s  : 

T h i s  l o c a t i o n  i s  on s t r i k e  t o  We1 1  #3 and shows s i m i l a r  c h a r a c t e r -  

i s t i c s .  The s u r f a c e  e l e v a t i o n  o f  t h i s  w e l l  i s  s l i g h t l y  h i q h e r  t h a n  t h a t  

o f  W e l l  #3 ,  b u t  t h e  d e p t h  t o  t h e  M i s s i s s i p p i a n  i s  l i k e l y  a  few hundred 

f e e t  l e s s .  B o t h  w e l l s  a r e  e s t i m a t e d  t o  have abou t  200 f e e t  o f  s a l t  b u t  

t h i s  i n t e r p r e t a t i o n  i s  s p e c u l a t i v e  s i n c e  t h e  w e l l s  a r e  l o c a t e d  i n  an a rea  

o f  s a l t  e v a c u a t i o n  ( t h i n n i n g ) .  I n  t h e  absence o f  any s a l t  a t  t hese  l o c a -  

t i o n s ,  t h e  l o w e r  Herrnosa s h a l e s  s h o u l d  p r o v i d e  an adequate r e s e r v o i r  s e a l .  

S h a l l o w  f a u l t i n g  may cause l o s s  c i r c u l a t i o n  when d r i l l i n g  t h e  f i r s t  few 

thousand f e e t .  The deeper  f a u l t i n g  may enhance t h e  Miss- i  s s i p p i a n  r e s e r -  

v o i  r p r o p e r t i  es . 
The i n t e r p r e t a t i o n  . a t  t h i s  s i t e  i s  more u n c e r t a i n  s i n c e  i t  i s  l o -  

c a t e d  3 / 4  of a  m i l e  from t h e  n e a r e s t  s e i s m i c  c o n t r o l .  However, t h e  geo- 

l o g i c  c h a r a c t e r i s t i c s  a r e  b e l i e v e d  t o  be  s i m i l a r  t o  t h a t  a t  W e l l  #3.  



WELL # 5  (Honaker T r a i  1  Reservo i  r )  She1 1  O i  1  # 2  Wray Mesa U n i t  

L o c a t i o n  : T.4JN. , R. l9W. , NENW S e c t i  on 32 

E l e v a t i o n  : 6982 ' 
E l e v a t i o n  Change: +2032'  
D i s t a r ~ c e  t o  Wi thd rawa l  We1 1  : 43,000' 
Depth t o  t o p  o f  S a l t :  7033 '  
Depth  t o  t o p  o f  M i s s i s s i p p i a n :  Eroded 
S a l t  Th i ckness  : 3026 '  
M i s s i s s i p p i a n  Th ickness :  0  
Top o f  C u t l e r :  4042 '  
R e s e r v o i r  Qua1 i ty :  good f o r  Upper  Hermosa l o w e r  C u t l e r  sands-Top 4600 '  

Commen t s  : 

T h i s  l o c a t i o n  t w i n s  t h e  S h e l l  O i l  # 2  Wray Mesa l l n i t  w e i l .  T h i s  

l o c a t i o n  i s  recommended o n l y  because o f  w e l l  deve loped  l o w e r  C u t l e r  and 

Upper Hermosa sands b e g i n n i n g  a t  a  d e p t h  o f  4600'  . Logs i n d i c a t e  appro-  

x i m a t e l y  300 '  o f  c l e a n  sand development.  P e r m e a b i l i t y  i s  i n d i c a t e d  b y  

t h e  f a c t  t h a t  S h e l l  a p p a r e n t l y  l o s t  c i r c u l a t i o n  w h i l e  d r i l l i n g  t h r o u g h  t h e  

zone. O t h e r  i n d i c a t . i o n s  a r e  t h e  l a c k  o f  r e s i s t i v i t y  d i f f e r e n c e s  between 

deep and s h a l l o w  r e s i s t i v i t y  t o o l s  on t h e  l o g s .  These sands were  n o t  

t e s t e d  (DST) . 
Anomalous ly  h i g h  p o r o s i t y  i n d i c a t e d  b y  t h e  s o n i c  l o g  a t  t h e  t o p  o f  

t h e  sands may be due i n  p a r t  t o  a  gas e f f e c t .  T h e r e f o r e ,  t h e r e  i s  a  p o s s i -  

b i l i  t y  o f  e n c o u n t e r i n g  gas i n  t h i s  r e s e r v o i r .  

The c l e a n  sand development s h o u l d  r o u g h l y  f o l l o w  t h e  a x i s  o f  t h e  

S a l t  S w e l l  encoun te red  b y  t h e  S h e l l  #2  U n i t  we1 1. The e x t e n d  o f  t h i s  r e s e r -  

v o i  r i s  t h e r e f o r e  e s t i m a t e d  t o  f o l l o w  t h e  2400 '  c o n t o u r  on t h e  S a l t  I s o p a c h  

map. I t  i s  l i k e l y  t h a t  t h e  s a l t  began t o  i n f l u e n c e  s t r u c t u r e  as e a r l i e r  

as Honaker  T r a i  1  t i m e .  T h e r e f o r e ,  c l e a n  sands d e p o s i t e d  i n  a s h a l l o w  f l u -  

v i a l  d e l t a i c  env i ronmen t  c l e a n e d  u p  on s l i g h t l y  p o s i t i v e  f e a t u r e s  r e s u l t i n g  

f r o m  s a l t  s w e l l i n g .  

The n e g a t i v e  aspec ts  o f  t h i s  s i t e  a r e  i t s  d i s t a n c e  and e l e v a t i o n  

d i f f e r e n c e  f rom t h e  w i t h d r a w a l  w e l l s .  The a t t r a c t i o n  a r e  i t s  d e p t h  t o  t h e  

Honaker T r a i l  r e s e r v o i r  and t h e  p o r o s i t y  t h a t  i s  p o s s j b l v  t h e r e ,  a l t h o u g h ,  

t h e  r e s e r v o i r  has n o t  been t e s t e d .  -17- 



WELL #6 (Conoco We1 1  S i t e )  : 

Loca t i on :  T.47N., R.l8W., SWSW S e c t i o n  8  

Reservoi  r 
Top o f  Sa 

Cornmen t s  : 

Th 

s i t y .  On 

E l e v a t i o n  : 5062 ' 
E l e v a t i o n  Change : + I12  ' 
D i  s tance t o  W i  thdraw.al Well : 8000' 
Depth t o  Top o f  S a l t :  3440'  
Depth t o  Top o f  M i s s i s s i p p i a n :  14760' 
S a l t  Th ickness :  11231' 
M i s s i s s i p p i a n  Thickness : 250'  

Q u a l i t y :  exce l  l e n t  
l t  t o  M i s s i s s i p p i a n :  11320'  

i s  l o c a t i o n  t w i n s  t h e  Conoco We l l .  Th i s  w e l l  had exce l  l e n t  po ro -  

a  DST o f  t h e  Leadv i ' l l e  Format ion 8500' o f  s a l t  wa te r  was recovered 

a f t e r  a two hour  f l o w  p e r i o d .  F low ing  p ressure  i nc reased  f r om 3440# t o  6400#. 

Th is  s i t e  i s  t h e  c l o s e s t  l o c a t i o n  t o  t h e  w i  thdrawal s i t e  w i t h  known r e s e r v o i  r 

and g e o l o g i c  p r o p e r t i e s .  The d isadvantage o f  t h i s  s i  t e  i s  i t s  t h i c k  s a l t  

s e c t i o n  (11,231 I ) .  S a l t  tends t o  f l ow  a t  depth which makes d r i  l l i n g  ve ry  

d i f f i c u l t  and expens ive.  Also,  t h e  M i s s i s s i p p i a n  a t  t h i s  s i t e  i s  deeper 

than  any o f  t h e  o t h e r  recornended s i t e s .  



WELL #7 

Loca t ion :  T.47N., R. l8W. , NWNW Sec t i on  7 

E l e v a t i o n :  6500 '  
E l e v a t i o n  Change: +15501 
Dis tance t o  Withdrawal We1 1 : 32,000' 
Depth t o  S a l t :  11,200' 
Depth t o  M i s s i s s i p p i a n :  12,200 
Sal t Thickness : 1000'  
M i s s i s s i p p i  an Th i  ckness: 350'  
Reservoi  r Qua1 i t y  : probab ly  good 
Top o f  S a l t  t o  M i s s i s s i p p i a n :  7000' 

Comments : 

Th i s  l o c a t i o n  i s  cha rac te r i zed  by a  reasonable S a l t  t h i ckness  and 

depth t o  M i s s i s s i p p i a n .  The se i sm ic  da ta  q u a l i t y  i s  good i n  t h i s  l o c a t i o n  

which adds r e l i a b i  li ty  t o  t h e  i n t e r p r e t a t i o n .  However, t he  d i s tance  and 

e l e v a t i o n  d i f f e r e n c e  f rom t h e  w i t hd rawa l  w e l l s  makes t h i s  o u r  l a s t  choice.  



years .  I t  

w e l l s .  Th 

c o s t  b a s i s  

area, t h e  

i s  i s  e s p e c i a l l y  t r u e  when t h e  data i s  r e a d i l y  

as was t h e  case here.  A l though,  t h i s  was n o t  

i n f o r m a t i o n  e x t r a c t e d  shou ld  prove w o r t h w h i l e  

CONCLUSIONS 

Seismic  da ta  has been used by t h e  o i  1  i n d u s t r y  t o  s e l e c t  w e l l  s i t e s  f o r  

makes good sense f o r  BOR t o  use t h i s  same techno logy  t o  s i t e  t h e i r  

a v a i l a b l e  on a shared 

t h e  b e s t  da ta  q u a l i t y  

i n  s i t i n g  and reduc ing  

d r i l l i n g c o s t s o f t h e ~ i n j e c t i o n w e l l s .  T h e d a t a a l s o p r o v i d e d i n s i g h t  i n t o t h e  

l o c a t i o n  o f  f a u l t i n g  t h a t  may e i t h e r  enhance o r  l i m i t  r e s e r v ; \ i r  q u a l i t y .  Th is  

i n f o r m a t i o n  i s  a l s o  u s e f u l  i n  i n f o r rn i ng  t h e  engineers  o f  p o s s i b l e  d r i l l i n g  

problems. 
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