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I NTKO 0 U C T I a ii 

SPfl Prograiii Oescri p t i  on 

The Energy Policy and Conservation Act ( E P C A )  enacted i n  December 1975 
provided the l e g i s l a t i v e  auihorizat ion fo r  the Strategic  Petroleum iieservc 
(SPK). Ihe object ive of the SPR i s  t o  s to re  substant ia l  quan t i t i e s  of crude 
o i l  i n  order t o  diini!iisti US vulnerabi l i ty  t o  the e f f ec t s  of a severe inter-  
ruption in supply. The clirrent plan f o r  the SPR consis ts  of  three phases 
cha t ,  when coiiiplete, wil l  provide the U S  w i t h  a 753-million-barrel (MMB) re- 
serve.  The l eg i s l a t ion  authorized u p  t o  a 1-bi l l ion-barrel  reserve,  b u t  
plans have not been coinpleted f o r  tne l a s t  250 MMB. 

The Phase 1 portion of  the reserve uses ex is t ing  storage -!olutne a t  f i v e  
s i t e s .  
L A ;  and  tjayoti Choctaw, L A )  have solution-mined caverns t h a t  were o r ig ina l ly  
Created to  produce brine as chemical feedstock, a n d  the f i f t h  s i t e ,  Weeks 
Island, LA9 has a conventional s a l t  mine. The t o t a l  ex is t ing  capacity of 
t w s e  f i v e  s i t e s  i s  248 WE. Phase 2 plans a re  t o  expand the 3ryan Hound and 
idest tiackberry s i  teq by solution-mining 1 2  a n d  16  additional caverns, respec- 
t i v e l y ,  of 10  i44d each. 
reach t o  750 ill4li reserve a re  under review by the US Uepartment of Energy ( D O E ) .  

Four o f  the s i t e s  (Bryan I,lound, TY,; West Hackberry, L A ;  Sulphur Mines, 

Plans f o r  tile reniajnder c f  the s torage capaci ty  t o  

Sandi a SPA P a r t i  ci p a t i  on 

Sandia i4at.ional Laboratories a t  DOE request has inade a short-term sys- 
wems integrat ion a n d  enginee,-irig support study. The r e su l t s  of  t h i s  study 
liave ixsn pub1 i shed.] Several geotechni cs l  recommendations resu‘l ted from 
this study, and Sandia was assigned the respons ib i l i ty  t o  provide a coordi-  
nated prograri: of geotechtrical invest igat ions t o  s u p p o r t  continued develop- 
ment of toe S3R. Thc? geotechnical program w i l l  provide a s u f f i c i e n t l y  com- 
prehensive, s i  t e -spec i f ic  ciata base t o  suppo.rt the planning, design, construc- 
t i on ,  and Tperation of  3?!-? crude-oil storhge f a c i l i t i e s .  These d a t a  w i l l  be 
used i n  assessing the long-term s t a b i l i t y  of SPR storage caverns and mines 
t o  minimize the pot:-nr;iai f o r  cavity f a i l u r e s  thax could r e s u l t  in  s i g n i f i -  
cant envi ronineiital iiiipacts , economic losses ,  o r  f a i  1 ure to  withdraw oi  1 when 
needed. 
teilance of  tile qdan-tity and qual i ty  of the stored crude o i l  i n  a r ead i ly  
recoverable condi t ion.  T’ne geutcchnical prograiii incl  udcs the f o ?  1 owing ac t iv-  
i t i e s -  geological s i t e  character izat ion;  engineering design ass i s tance  a n d  
evaluatioti,  includir;g numerical sirnulaticn s tudies ;  laboratory and bench-scale 
tes t ing  of s a l t  cores froiii SPR s i t e s ;  monitoring and in te rpre ta t ion  of f i e l d  
events; jjid instrumentation evaluation a n d  development. These e f f o r t s  per ta in  
t o  tile fiv.; s i t e s  current ly  in  the SPR prograiil. 

iiuriiig the conti’act period f o r  the Bayou Choctaw geological s i t e  charac- 
r e r i za t ion ,  tile SPR 2rvjec.i: rhxiager’s Office (SPRPI\l0) asked Sandia t o  par t ic -  
i p a w  i t 1  two additional s tud ies ,  The f i r s t  was the s i t e  location for 
Expansion Cavern ‘102 ( t h i s  work was done by Acres Ainerican , Inc. ) , and the 
secozfi was the s t av i l i za t ion  of  Cavern 4 .  Tne s i t e  for  Cavern 102 has been 
se lecwd and ,mrk i s  in progress, b g t  tile ztudy of Cavern 4 continues a t  the 
time of this  writing. 

A 1 ong-teri;i iiioni tori ng  pl an w i  1 1  be devel oped t h a t  wi i 1 assure  inai n- 
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iieporr; descr ipt ion 

?xis t ing aiid planned caverns a t  clayou Choctaw. 
by using typical material propert ies .  
the inforiiiation reported in Sections I1 and  111 of t h i s  report .  
analyses are  coii:pleted, r e su l t s  and  recoiiiiiiendati ons wi 11 be pub1 islied f o r  the 
exis t ing and planned caverns. 

t ion stl;dy uoiie by Acres Aiilerican, Inc, f o r  Sandia. 
i za t ion  was t o  be i i i  two phases. 
would be prepared froiii ex is t ing  d a t a ,  and  i n  the  second phase f i e l d  programs 
would be used t o  gather spec i f i c  information as needed. 
the resu l t s  o f  Phase 1 only. 
prograin i s  necessary t o  s d p p o r t  development a n d  operation of Caverns 15, 18, 
and 19  or xhe construction of  Expansion Cavek-n 102.  
the qua l i ty  of the s a l t  i i iust be be t t e r  del'ined before Cavern 20 can be f u l l y  
used for o i l  s torag?.  

Sdction I reviews cavern s t a b i l i t y ,  i n t e g r i t y ,  a n d  usabi l i ty  for both 
The ear ly  analyses were done 

Future analyses will  be done by using 
As these 

Section I1 of t h i s  report  i s  a comprehensive geclogical s i t e  character iza-  
Tne geological character-  

Section I 1  represents  

The f i r s t  phase, a coiiiprehensive study, 

We d o  n o t  believe a Phase 2 geological f i e l d  

The edge of tile dome and 

Section I11 of t h i s  report  on s a l t  properties of the Bayou Choctaw s a l t  
donie i s  necessar i ly  b r i e f .  
w t i e s ,  and the only avai lable  core (from Well 19A) i s  k i n g  analyzed by Sandia 
i l laterials groups. 
aole.  

ilo geophysical logs e x i s t  t h a t  provide s a i t  prop- 

iiesults wil l  be added i:i Section I11  as they become zvai l -  

Sandi a Recorniiiendati oris Resul t i  n g  Froin the Geol ogi cal Si t e  
Liiaracteri zation Study 

Cavern 15 .  - \!e recoininend continued operation of t h i s  cavern t o  the  
A1 1 i ed Cheini cal Corporati on agreeriien t ,  a n d  no freshwater 
withdrawal cycles unt i l  Cavern 17  i s  b o u g h t  by the 
government and a 15 /17  ga l le ry  i s  planned, 

Cavern 18. 140 recomniendati on .  

Cavern 19. ijo recoininenciati o n .  

Cavern 20 .  Because o f  the  proximity o f  t h i s  cavern t o  the edqe o f  
dome and  the uncertainty of t h i s  dis tance,  we recommend 
an exploratory proaraiii t o  accurately define the edqe and 
the qual i ty  o f  s a l t  between the cavern and  the edge before 
o i l  s torage.  These d a t a  woiuld a l lo \ J  a determination of 
the  long-tern1 s u i t a b i l i t y  o f  t h i s  cavern for  o i l  s to rage .  
If  o i l  storage i s  required before such a prograii i ,  \de recoin- 
mend: ( 1 )  a thorough t e s t  of the cavern, including a low- 
pressure t e s t  t o  determine the current condition o f  the 
cavern, ( 2 )  i f  a t  a l l  possible ,  l imitat ion of o i l  s torage  
t o  t h a t  above -4950-ft l eve l ,  a n d  ( 3 )  continuous iiionitor- 
ing o f  cavern pressure t o  immediately detect  any change 
t h a t  could r e su l t  froiii comiiiunication between the cavern 
and  the ex ter ior  o f  the doiiie. 
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SECTIObl I 

B A Y O U  CHOCTAW Ck’JERld STABILITY ISSUES 

OCTOBER 1980 

Robert G .  Hogan a n d  M a t t  t!. Gubbels 
SPR Geotechnical Division 

Sandi  a ilati onal Laboratories 
AI  buquerque NM 571 55 

ABSTRACT 

Cavern s t a b i l i t y ,  i n t e g r i t y y  and usab i l i t y  issues re- 
garding a i s t i n y  and  planned s torage caverns in the 
’dayou Choctaw s a l t  dome are  reviewed. Previous s tudies  
a re  discussed, oilgoing invest igat ions dre suinmarized, 
and d a t a  needed t o  support the assessinents a re  described. 
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Introduction and Summary 

The US Stra teg ic  Petmleuni Reserve (SPR) program i s  current ly  st.oring 
crude o i l  in Caverns 15 ,  18, and  19  a t  the Bayou Choctaw s i t e ,  and  Cavern 20 
i s  being prepared t o  receive crude o i l .  
cal led Location C y  has been surveyed a n d  preparations f o r  d r i l l i n g  and  
leaching have begun. This report  b r i e f ly  discusses the four caverns men- 
tioned and a l s o  a potential  subsidence problem a t  Cavern 4 ,  which i s  on DOE 
property b u t  i s  n o t  su i tab le  f o r  o i l  s torage.  Other caverns owned by the  
D O E  have been judged unacceptable f o r  o i l  s torage because they ( 1 )  a r e  not 
pressure- t ight ,  (2) coiiiniunicate hydraulically with each o ther ,  o r  ( 3 )  have 
t h i n  I-oofs and a r e  thus s t ruc tura l  ly  questionable.  

Expansion Cavern 102, formerly 

’i’?ere a re  riiany common issues of concern a t  each s i  te--depressurization 
The techniques used t o  address con- effect:  , long-teriri creep closure,  e t c .  

cerns a t  otie s i t e  a p p l y  a t  a l l  s i t e s .  

t! revieiai of cavern s t a b i l i t y  issues  f o r  each SPR s i t e  was provided i n  
Reference 1 i n  1979. Froii i t i t i s  blueprint  f o r  ackion, Sandia National 
Laboratories began a prograiii o f  geotechni cal invest igat ions t o  support the 
continued developnient of the SPR. I n ;  t i a l  evaluations of cavern i n t e g r i t y  
nave been based upon the use of generic o r  “ typ ica l ”  s a l t  propert ies .  
evaluations have attempted t o  bound  concerns associated with creep-c7 osure 
r a t e s ,  depressurization o f  the caverns t o  zero surface pressure on the @ i l  
col unin,  and pi 1 l a r  or web thickness. Concurrently w i t h  these eval uatioris, 
a materials t e s t ing  program was begun t o  character ize  the s a l t  from each 
s i t e .  Tiese d a t a  will  be used in current  a n d  fu ture  s tudies  t o  more accu- 
r a t e ly  represent the geoniechanical response o f  exis t ing  caverns i n  the  
3ayou Choctaw donie a n d  t o  simulate the additional cavern planned for the 
dome. Additional data on the f a i l u r e  or f r ac tu re  of the s a l t  w-i l l  a l so  pro- 
vide cavern-specific geological input t o  leaching-simulation a c t i v i t i e s .  
I n i t i a l  evaluations of cavern in t eg r i ty  were based upon  cavern spaci r,g data  
and donie boundary 1 ocations of questjonabl e accuracy. SS t e  charac te r iza t ion  
a c t i v i t i e s  (Section 11)  have now Srougiit together inore consis tent  geological 
and geonietrical d a t a  on sedinients, cap rock, s a l t  s tock,  and cavern loca t ions  
t h a t  wi 1 1  be val u a b l  e i n  assessi  ng  s tabi 1 i ty  concerns. 

These 

S i t e  charac te r iza t ions ,  and careful consideration o f  the numerical a t i a l -  
yses made t o  date  on tlayou Choctaw caverns a n d  caverns -in other domes, have 
resulted n o t  only in several useful observations abciit the ex is t ing  caverns 
b u t  have a1 sc he1 ped define addi t ional eval uati  ons t h a t  a re  needed. 

I n  thei r present confi g u r a t i  ons , Bayou Choctaw Caverns 1 ti and 19 cur ren t -  
l y  used f o r  s torage of crude c i l  a r e  geomechanically s t ab le  and  can be sa fe ly  
operated as storage caverns. Cavern 15  should be operated t o  the cur ren t  
agreement w i t h  Allied Chemical Corporation a n d  should be cycled with sa tu -  
rated brine d u r i n g  !Aiitiidrawal. Since Cavern 20 i s  -130 f t  from clie d g t .  of ‘ C I I C  
s a l t  dome, we csnnot reconiniend i t s  use unt i l  the distance froiii the cavern to  
the edge of trle dome a n d  the qual i ty  o f  the s a l t  a re  k n o w n .  

2 



Existiiig Cavcrns a t  I3ayou Choctaw 

Table 1 summarizes the geoniechdnical d a h  f o r  SPi? Caverns i 5 ,  18, 19, 
and 20 in  the dayou Choctaw s a l t  dome. 
t ions .  a iiiao. and sonar surveys of the  caverns a re  found i n  Chapter 6 of  

In add.ition, brief paragraph  descrip- 

Geological S i t e  Ciiaracterizat'ion .11__1 of the Bayou Choctaw S a l t  D o i ~ ,  by Acres 
Ainerican. Inc. Sirice the Acrss s i t e  character izat ion i s  bound i n  t h i s  volunle 
as Section 111, the -infonilation in  Chapter 6 ,  "Sa l t  Stock Geology," i d i l l  n o t  
be repeated i n  t h i s  sect ion,  which dezls priiiiarily with geomer,hdn'c?l issues. 

decause t i e  cavern geoiiietry (as  re la ted  t o  the vert-ical and horizcnta'i 
distances t o  the dome boundaries arjd t o  adjacent caverns) largely governs i t s  
s u i t a b i l i t y  f o r  storage from a geoixechanics viewpoint, these propert ies  a n d  
ensu ing  r a t i o s  t o  the cavern diameter, D, have been recorded i n  Tabie 1 .  
Tie paraiiieters f o r  the Bayou Choctabd caverns (Table 7 )  are seer! as t he  bounds 
on several of the parariieters i n  t t i e  overall  prograiii. 

l i e  dis tance between adjacent caverns, P ,  i; the current  wall  thickness 
( n o t  the center-to-center spacirtg between caverns) and i s  used as a i i i e d ~ i i r e  
of the 1 i kel i hood f o r  cavern coalescence. The P/D ITatfo i t ld i  ea tes the p i  11 ar  
widti1 r e l a t i v e  t o  the cttvity s fze  and inversely refaees t o  the i n t e n s i t y  of 
t h e  loading tha t  i i i i gh t  be f e l t  i n  the  p i l l a r ;  i . e . ,  a 100-ft  p i l l a r  between 
500-ft-dia caverns ( P / U  = 0,2) would be more intznsively loaded t h a n  i f  the 
surrounding caverns a t  the same depth had only a diaiiietcr of 100 f t  (P/D = ? ) .  

The roof or  back thickness,  i3 (arnognt o f  s a l t  between caveri) r o o f  and 
the cap rock) ,  i s  important t o  cavern s t a b i l i t y  s ince the s a l t  nust  be thick 
enougn t o  ensure proper g r o u t i n g  of t h e  casing. The B / G  r a t i o  ind jca tes  t l i n  
thickness-to-span r a t i o  f o r  ?&e cas(eyn r o o f .  As tbgz S i 2  m t j o  decreases ?! 

i s  for transiiii t t i  ng 1 oads  f r G i i l  .;:!IC? c-7p ;-ock t~ t h e  cavcrri va'l 1 s wj t i l o u t  de- 
veloping t ens i l e  s t r e s s e s .  

wei  1 bel ow 1 .0 colicern .i n tens  i fi es regardi ny  how adequai;? .tile i'c13.f !!la * .'~,- LT/" j ' :j i 

- i3ayou ChDctaw Cavern 15 

decause D O E  Cavern 15 i s  estimated t o  be 130 t o  230 f t  from A i  1 ied 
Chemical Company's Cavern 77,  b o t h  a r e  discussed i n  t h i s  sect ion.  
a s t ab le  configuration o f  16.6  Mi48, current ly  ccntains 8 Wt3 o f  crd& 0 7 7 .  
Caverr! 1 7  i s  likewise a s t ab le  configuration o f  1 2 . 2  HYB a n d  r s  used SJ 
Allied Cheniical Company t o  s tore  ethane. The ethane pressure i s  desci-ibi-d 
by the fol  lowing equation: 

Cavern ; C ,  

( p s i )  = (0.16) (depth ; n  . f t )  + 1250 7 



I I n  1979 we r a n  a t\.;o-diriicnsional, ve r t i ca l ,  p!ane-strain, e l a s t i c -  
p l a s t i c  analysis of t h e  web between the two caverrts, using a minimum e s t i -  
mated v~eb r;iiickness of  100 f t .  The analysis  showed a small region Of ten-  
s i l e  s t r e s s  in  the web area betweeri the two caverns ins ide  contour l i n e  1 
(Figure 1 ) .  ?!lis condition existed when Cavern 15  was held a t  oil-head 
prezsure and Cavern i 7  a t  ethane pressure,  in accordance with the above 
equati 011. 

Therefore, 
in 19130 a triree-di:iiensional, e las t ic-p!ast ic  analysis was made by u s i n g  tile 
saiiie web t!iickness a n d  pressure conditions o f  the two-dimensional ana lys i s .  
For b o t h  tile xwo- and three-ditnensional analyses a 1 i t hos t a t i c  loading of 
1 p s i / f t  was siinulated on a symmetric half  section of the caverns (Figure 2 ) .  
Caver-11 15  i s  on the l e f t  in Figure 2 .  Figure 3 shows a ver t ica l  (Z) s t r e s s  
oti a plane t i t rougl i  the cent?rlines o f  b o t i i  caverns. Unlike the two- 
aiiriensioiial ana lys i s ,  n o  t ens i l e  s t r e s s  appears i n  the  web froin t h i s  model. 
l k  believe t h i s  i s  t t ie most representative answer. 
zontal ( x )  s t r e s s  in a piane perpendicular t o  the cavern axes; no t e n s i l e  
s-iress app2srs in tne web. Figure 5 ,  perhaps the most in te res t ing ,  shows 
die iriasiiiiuiii s t r e s s  in the plane o f  Figure 4. tlgain, there i s  no  area of 
t ens i l e  s t r e s s  i n  tile web, arid the value shown c joses t  t o  tension i s  985 psi 
in coiripression. ijased upon the  iiicre val id  ttiree-diiiiensional analysis ,  we 
believe t h a t  tile 100-ft web iirider t h e  pressure conditions gi:ven provide; 
s t ruc tura l  adeqlracy f o r  S P l i  use. 

uur analysts  cotisidered th i s  a very conservative solut ion.  

Figure 4 shows the hori-  

--.. dayou  Choctdw Cavern 18 - 

cavern ext2r;ding f r m  2?03 t o  -4200 f t ,  with diameters varying from -50 f t  
a t  the t o p  t o  3 G O  f t  a-c t h e  bot tom.  
tile distaqce t o  cap  r o c k ,  edge o f  d m e ,  o r  other caverns i s  inore t h a n  ade- 
quate. Tie shape i s  qui te  regular,  + / i t h  no s a l t  ledges or other  anomalies 
indicated 0': me s o m r  survey. 

According t o  a 1978 sonj r  survey, Cavern 18 i s  a t a l l ,  candle-shaped 

This cavern should be very s t a b l e  s ince 

d dayolr Choctaw Cd;/er-n 19 

Caverii 19  i s  an idea l ly  shaped c2vcrt-i e x t e n d i n g  f l-oti i  3000 t o  4200 f t  in 

The shape i s  very regular ,  w ? t h  no ledges 
depth with ati average diaiiieter o f  -200 Ft. 
cavei'ns arid the edge of the donie. 
or other anoinalfes. 
causes us to douu-i  i t s  structur21 i n t e g r i t y .  

I t  i s  well-separated f rox  clther 

idothing in the his tory of t h i s  cavern o r  i n  i t s  geornetry 

tw3-dSiwnsiona7, plane-strain,  e l a s t i c - p l a s t j c  analysis was niade of  - Cavern 20 t o  decermi ne m-in imuin edge-of-dome thickness. ihe paraii!et?rs used 
i n  t h i s  analysis were oil-pressure tiead on the cavern, a 100-ft-thick cavern 
web a t  r i ~ c  edge of  the dome, and  l i t h o s t a t i c  pressure on the ex te r io r  o f  the  
s a  I t  dG,;ie. ihe  h o r i z o n t a l ,  plane-strain s l  'ce was assutiied a t  a iiiaximum cav- 
e r n  depm o f  4305 f t  and a i l iaxiiiiutii cdverti d iainctcr o f  500 f t .  
snows me i i  iii te-el  eliieni niesii picture  o f  the geoiiiei.rg an;ll:;zed. Fi gurc 7 
sno;!s a p l  or. o f  t,he imxi inui i i  teiisi l e  s t r e s s e s  produced in the  area i i i os t  1 i [ e -  
14, to Fixh ih i t  SLICII  stresses. No t ens i l e  s t r e s s  developed, indicat ing t h a t  

- 

f igure  G 
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~i coiiipeteiit s a l t  web 100 f t  thick i s  adequate t o  withstand cavern depressijr- 

inclusion-free zofie (see Section 11, paragraph 6 , 3 . 4 ) ,  and t h a t  i s  ver:] d ? T .  
f f c u l  t t o  guarantee without an experimental program. 

i Z r l  t i  on t o  o i  1 -head pressure. Idowever, coiiipetent sa l  t woul ci 1neai1 a n  
. c  

Bayou Choctaw Expansion Cavern 102 

Frru:- potent ia l  cavern locations have been proposed i i l  a n  ea r l  i e :  ., .3tJyL 
and have bzen described in  de ta i l  by  Acres American, Inc ,  ?:;? Chapter 6 P ?  
t! leir  Geological S i t e  Characterization of the Bayou C h o c ~ ~  I__ 5 2 1  t Dome (2.32 
Sect5on I1  o f  th i s  vofune).  Figures 6-34, 6-31, and 6-32 :ti t h e  !.cres 5ec- 
tiloci s!?ow b o t h  the locations and radial  sec t icns  t!irgL!gh the proposed C ~ Y -  
erns to the edge o f  t h e  s a l t  dome, 
Lc)cdi,ioris i3 and D potential  1y accept;tble i f  addi tiondl geopi?ys?; 731 ;#' 
p o ~ L s  tilai: viewI. and Locatiuri C was judged acceptable.  

C O I : C C ~ I I S  a b o u t  Cavern 4. 
4 5  years ago as a brine cavern. 
i20-ft-thick massive gypsun-anhydrite cap rock. 
served between former Cavern 7 (now Cavern Lake) and Cavern 4 .  Aerospace 
Corporation has bcen asked by the DOE t o  assess the risks o f  Cavern 4 f o r  
S P 9  operations a t  the s i t e .  
' i j z 'ng  Cavern 4 i n  an attempt t o  preclllde a repeti t ion o f  what  happened a t  
C3vei-n 7 .  
7 i m -  2nd n o L h i n g  fur ther  can be sa id  o f  the s u b j e c t  i n  th is  paper. 

Location A was judged unaccuptaSl?,  

O u r  investigation of expansion cavern locat ions A, E;, C ,  a n d  2 \ 7 & i ~ c e ~ :  

Many sSi1Ii l a r - i t i es  a r2  ob- 

Cavern 4 was abandoned b y  A1 1 i ed Chcmi ca l  ColnDcin\; 
The cavern ~ G W  extends -30 f t  i n t o  tkc 

Sandia has Seen asked t o  consider ways o f  s t a b i -  

E o t h  Aerospace and  Sandia a r e  ccntinuing tneir a c t i v i x i e s  a t  ~ L c  

Re Pe r e n ce s 

2* :Jacobs/D'Appolonia a rch j tec tura l  engineering f;;ms, Xe?! Orleaiis o f f i c c  - 
"Surge  Cavern Feas ib i l i  ty Study," R O l O ,  January 1980. 
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1.1 

1 - SUMMARY P.ND CONCLUSIONS 

1.1 - Summary 

1.1.1 - Introduction 

The Bayou Choctaw s a l t  dome, located in  south-central Louisiana, was 
discovered i n  1926 and s ince then over 300 o i l  and  gas wells have been 
d r i l l e d  on and around the dome and shallow holes d r i l l e d  i n t o  the 
caprock. Since 1937, A1 l ied Chemical Corporation (formerly Solvay 
Process Company) has d r i l l e d  over 20 br ine wells on the dome. In 1976, 
t h e  Department of Energy ( D O E )  purchased 11 r3f these leached caverns 
and i s  cur ren t ly  s tor ing  a t o t a l  of approximately 22 mill ion ba r re l s  of 
crude o i l  i n  t h ree  of the caverns numbered 15 ,  18 and 19  forming par t  
of the  S t ra teg ic  Petroleum Reserve Program. 

The Phase I Geological S i t e  Characterization fo r  t he  Bayou Choctaw 
S t ra t eg ic  Petroleum Reserve (SPR)  Si t e  was performed by Acres American 
Incorporated, Buffalo, New York i n  association with Dr. T .  R .  Magorian, 
Consul t i  ng Geologi s t  and Geophysi ci s t ,  under Contract Document No. 
46-6273 wi t h  Sandi a National Laboratori es .  

The object ives  of t he  study were t o :  

a .  Acquire, compile, evaluate and i n t e rp re t  ex is t ing  da ta  per t inent  t o  
the geological character izat ion o f  Bayou Choctaw; 

b .  Characterize t h e  surface and near surface geology and hydrology; 

c .  Define the  geological,  hydrological and geophysical c h a r a c t e r i s t i c s  
of t he  caprock; 

d .  Define the  geometry and geology of the  dome; 

e .  Assess e f f ec t s  of natural  events;  

f .  Provide geotechnical advice on Expansion Cavern locat ions A, B, C 
and 0 .  

All i n t e rp re t a t ions  and  analyses performed fo r  t h i s  study were based on 
ex is t ing  data  col lected from public and pr iva te  sources. The report i s  
summarized below and the  conclusions are presented i n  Section 1 . 2 .  

1 . 1 . 2  - Geologic Set t ing 

The geologic h i s to ry  of the  G u l f  Coast began w i t h  t he  opening of the 
At lan t ic  d u r i n g  the  Tr iass ic  period (See Table 3 .1)  and the formation 
of the Sigsbee Deep, a large deposit ional basin i n  the  cen te r  of the 
G u l f .  From the  Tr iass ic  t o  t h e  present,  the Gulf Coast geosyncline has 
been f i l l i n g  with thick sequences o f  sand, s i l t s ,  c lays  and evapor i tes .  

ACRES AMERICAN INCORPORATED - 
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The thickness of these sediments a t  the  Bayou Choctaw s i t e  a re  on the  
order o f  30,000 f c e t .  Under the  accumulated weight of the  sediments, 
l i gh te r  rocks such as s a l t  and geopressured shale ,  rose i n  domes and 
d i ap i r s .  Faulting in  the  G u l f  Coast geosyncline cons is t s  of regional 
growth f a u l t s  re la ted t o  subsidence i n  the  basin and  small, local 
f a u l t s  associated with the  emplacement of s a l t  domes. 

1.1.3 - Surface and Near-Surface Geology 

The surface and near surface sediments overlying the  Bayou Choctaw dome 
are  of Pleistocene through Holocene age. The o ldes t  sediments cons is t  
of proglacia: sands and gravels w i t h  some clay layers .  These sediments 
a re  overlain by an a l te rna t ing  sequence of sands, s i l t s  and clays.  The 
upper 60 f e e t  of sediments consis t  of the  Atchafalaya Clay, a post- 
g lac ia l  backswamp sediment. 

The p r i n c i p a l  aquifer a t  the  s i t e  i s  the Plaquemine Aqcifer of 
Pleistocene age. This unit  l i e s  approximately 60 f e e t  below the  sur- 
face  and extends t o  a depth o f  between 500 and  600 f e e t .  Groundwater 
f l o w  in  the Plaquemine i s  away from the  Mississippi during the  h i g h  
s tage and towards the  r ive r  during the  low stage.  The coef f ic ien t  of 
perrceability f o r  t h i s  aquifer i s  estimated t o  be i n  the  range of 1,900 
i o  2,500 gallons per day per square foot .  The freshwater /sal ine water 
i n t e r f ace  occurs a t  a depth of 400 t o  500 f e e t  below the surface.  S a l t  
dissolut ion r a t e s  calculated using a simple diffusion/dispersion model 
a re  of the order 1.6 x 10-5 in lyear .  

I 

1 . 1 . 4  - Caprock I 
Two d i s t i n c t  zones are  found i n  the  caprock a t  Bayou Choctaw: an upper 
zone, termed the  c l ay  and  gypsum zone; and the  lower zone, cal led t h e  
massive gypsum-anhydrite zone. The c lay  and gypsum zone i s  composed of  
layers  of gypsum intercalated with c lay .  This zone i s  u p  t o  150 f e e t  
thick and l i e s  w i t h i n  400 t o  433 f e e t  of the surface.  The massive 
gypsum-anhydrite zone i s  the lower u n i t  and  cons is t s  of gypsurn-anhy- 
d r i t e  w i t h  some clay a n d  sand. A discontinuous massive layer of 
gypsum-anhydrite, 20 t a  60 f e e t  thick,  marks the t o p  of t h i s  zone which 
l i e s  w i t h i n  500 t o  600 f e e t  of  the  surface.  The zone i s  general ly  
between 100 t o  200 f ee t  thick and extends t o  a depth of approximately 
1,500 f e e t .  Fau?ts and f r ac tu res  i n  the  caprock, formed by s a l t  
solutioning and  collapse a t  the salt/caprock contact,  r e s u l t  i n  a 
highly permeable and discontinuous unit  w i t h  l i t t l e  s t ruc tu ra l  
s t rength.  

l.i.5 - S a l t  Dome I 
The t o p  of t he  Bayou Choctaw dome l i e s  between 600 a n d  700 f e e t  below 
the  surface.  The east  f l a n k  dips gently downward t o  1,500 f e e t  where 
the  d i p  increases t o  approximately 80" between 2,000 a n d  6,000 f e e t .  
The west f l a n k  o f  the  dome i s  overhung between 1,000 and  5,000 f e e t .  
Below 6,000 t o  8,000 f ee t  a round the dome, the slope of  the  s a l t  
surface begins t o  f l a t t e n  toward 60" Calculations show an average 
dome g r o w t h  r a t e  between 2.8 x t o  3 .5  x in jyear  s ince  
the  end of the  Pliocene. 
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Zones o f  s a l t  inclusions (areas  of detached s a l t  blocks) , frequently 
300 f e e t  th ick ,  have been mapped a r o u n d  the n o r t h  and  s o u t h  s ide  of the 
dome. The sediments around the  dome have been faul ted by radial  a n d  
tangential  f a u l t s  which developed as t h e  dome moved upwards. Several 
of  the  f a u l t s  may be "active" in t h a t  they appear t o  displace recent 
sediments over the dome. The most problematic f a u l t ,  as i t  r e l a t e s  t o  
the  SPR f a c i l i t i e s ,  i s  a n  a c t i v e  east-west trending tangential  f a u l t  
along the northern edge of the dome. 

1.1.6 - Hazards 

The e f f ec t s  of- haza rds  such as hurricanes,  flooding, earthquakes, n a t u -  
ra l  subsidence and cavern col l  apse have been evaluated. Two principal 
hazards  ex i s t  a t  Bayou Choctaw t h a t  could severely e f f ec t  the SPR f ac i -  
l i t i e s ;  floodjng of t he  s i t e  and the potential  collapse of Cavern 4. 

Flood waters, reaching a maximum elevation of +14 f e e t ,  can be expected 
a t  the s i t e  every two years.  The s i t e  elevation ranges from +5 t o  +10 
f e e t  and so the potential  fo r  flooding i s  qui te  high and i s  considered 
t o  be a serious problem which could r e su l t  in the temporary loss of 
f a c i l i t i e s  a t  the s i t e .  

The nearest recorded earthquake t o  Bayou Choctaw occurred a t  Napoleon- 
v i l l e ,  Louisiana on December 19 ,  1930, f o r t y  miles t o  the southeast .  
The in t ens i ty  was V I 1  (Modified Mercall i)  a t  the  epicenter  b u t  was 
estimated t o  be IV in the s i t e  area. Sediment loading on the Baton 
Rouge f a u l t  i s  interpreted t o  be the  cause o f  the  earthquake. An 
earthquake of i n t ens i ty  V I 1  occurring a t  the s i t e  i s  unlikely t o  cause 
damage t o  surface s t ruc tures  or underground openings. 

A subsidence survey a t  Bayou Choctaw indicated typical subsidence rates 
o f  0.01 t o  0.02 f e e t  per year f o r  survey points n o t  located over a 
cavern. Higher r a t e s ,  from 0.03 t o  0.05 f e e t  per year ,  were recorded 
over the caverns. A possible subsidence of th ree  f e e t  has occurred 
in the v i c in i ty  of Cavern 4 ,  Whether t h i s  subsidence i s  due t o  t h e  
compaction of the unconsol idated clay beneath these newly constructed 
brine pond or t o  i n s t a b i i i t y  of Cavern 4 i s  n o t  k n o w n .  F a c i l i t i e s  
constructed a t  the s i t e  may experience some sett lement,  b u t  i t  i s  
probable t h a t  the settlement would n o t  severely a f fec t  we1 1-engineered 
s t ruc tures .  

Recent surveys indicate ::hat the roof of Cavern 4 extends 30 f e e t  i n t o  
t h e  massive caprock zone. The s i tua t ion  current ly  exis t ing a t  Cavern 4 
i s  similar  t o  t h a t  which existed a t  Cavern 7 p r io r  t o  i t s  collapse i n  
1954. I t  i s  estimated t h a t  i f  Cavern 4 were t o  col lapse,  the maximum 
cone of surface depression would form a n  800 foot  diameter c i r c l e  
centered over the p o i n t  of roof f a i lu re .  Insuf f ic ien t  geatechnical 
modelling a n d  d a t a  however, prohibi ts  the quant i ta t ive  determination of 
the node or t i n e  of f a i lu re .  
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1.2 - Conclusions 

The following conclusions a re  based on a review 
avai 1 ab1 e d a t a .  

i d  in te rpre ta t ion  of a l l  

. 

a .  Well d a t a  on and around the s i t e  are generally su f f i c i en t  f o r  inter-  
pret ing the local s t ra t igraphy,  s t ruc tu re ,  and dome gecmetry and 
geolo3y. 

b. The roof of Cavern 4 has been eroded a t  l e a s t  30 f e e t  in to  the overlying 
caprock. Similar condition2 t h a t  led t o  the collapse o f  Cavern 7 i n  
1954 a r e  present a t  Cavern 4. Indications a re  t h a t  collaFse o f  Cavern 4 
will  occur; however, insuf f ic ien t  d a t a  a r e  avai lable  t o  quantify the  
mode a n d l o r  t i  me o f  col 1 apse. 

c. Eleven major f a u l t s  have been mapped a t  Bayou Choctaw (Section 6). 
Three o f  these f a u l t s  (F -1 ,  F-2 and  F-3) may be act ive.  F a u l t  F-1  
s t r i k e s  t h r o u g h  the  northern part of the dome a n d  may ult imately have 
been the cause of the Cavern 7 collapse.  Fault F-2,  trending across t h e  
southern flank of the  dome, appears t o  s t r i k e  t h r o u g h  t he  southern 
caverns. These caverns, however, a r e  pressure t i g h t  suggesting t h a t  
th i s  f a u l t  has been healed by s a l t  creep. Fault F-3 s t r i k e s  north-south 
across the eas t  flank a n d  dips t o  the  east  b u t  does n o t  i n t e r sec t  t h e  
s a l t .  No evidence of ac t ive  fau l t ing  has been fnund o n  the west f lank 
of the dome. I t  i s  l i ke ly  t h a t  the  rnovemert on most  f a u l t s ,  i f  any, i s  
slow enough t h a t  s;lt creep can seal the  f rac ture .  

d .  Cavern 20 h a s  been leached t o  within an estimated 130 f e e t  of the dome 
edge. The s t u d y  o f  the dome edges show t h a t  iryure s a l t  and inclusions 
may extend 300 f e e t  i n t o  the s a l t  froin the ma?ped boundaries. 

I t  i s  fo r  t h i s  reason t h ? t  previous studiEs 'risve recommended t h a t  a 
minimum 300-foot buffer zone be maintained between the s a l t  edge and O i l  
s torage caverns. 

e. Detailed in te rpre ta t ions  of the proposed Expansion Cavern locations for 
ethane storage showed t h a t :  

i Location A would in te rsec t  the edge of the dome; 

i i  Locatior? B may f a l l  within the zone of collapse if Cavern 4 were 
t o  T a i l  ; 

i i i  Location C i s  acceptable; a n d  

i v  Location D was s i t ed  i n  a n  area of faulted s a l t  subject t o  
subsidence. 

f .  S i t e  f :ooding  poses a chronic problem. 1\11 major surface f a c i l i t i e s  a r e  
below f l o o d  s tages  a n d  f l o o d i n g  of the  s i t e  occurs approximately every 
two years. 

g.  Subsidence i s  not a potential local problem a t  the s i t e .  
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2.1 

2 - INTRODUCTION 

2.1  - Scope and Purpose 

Sandia Natiorial Laboratories has been given the respons ib i l i ty  f o r  the 
Geotechnical Program f o r  the  Department of Energy's S t ra teg ic  Petroleum 
Reserve (SPR) .  The overall  scope of the  program includes a l l  of t he  geo- 
technica: invest igat ions necessary t o  support the  SPR Program. Site-speci-  
f i c  e f f o r t s  have been directed i n  f i v e  areas: 

1. s i t e  character izat ion 

2. engi neeri ng desi g n  assi stance and eval uati on ( i  ncl udi ng numeri cal  
simul a t i  on studi es )  ; 

3. laboratory and bench scale  t e s t ing  of s a l t  and other mater ia ls  from the  
SPR s i t e s ;  

4 .  instrumentation development and evaluation; and 

5 .  

This report  has been prepared as a comprehensive Phase I geological s i t e  
charac%erization program fo r  t he  Bayou Choctaw SPR S i t e  under Sandia con- 
t r a c t  document 46-6273 t o  Acres American Incorporated of Buffalo, New York, 
i n  association with Dr. Thomas R .  Magorian, C o n s u l t i n g  Geologist and  
Geophysicist. T h i s  phase of work cons is t s  of compi la t ion ,  analysis  and 
in te rpre ta t ion  of exis t ing data  and data  being generated as  p a r t  of current  
SPR a c t i v i t i e s .  Specif ic  tasks were: 

monitoring and in te rpre ta t ion  o f  f i e l d  events.  

1. Acquisition, compilation, evaluation and in te rpre ta t ion  of ex i s t ing  da ta  
per t inent  t o  the  geological character izat ion of the Bayou Choctaw SPR 
S i t e .  A l l  avai lable  data  from public and p r iva te  sources were obtained 
under t h i s  task.  

2 .  Characterization of  the surface and  near surface geology a n d  hydrology 
with respect t o  i t s  impact on the  SPR f a c i l i t i e s .  

3. Geologi ca l ,  hydrologi cal and geophysi cal characteri  zati on of t h e  
caprock . 
Characterization and  geometrical def in i t ion  o f  t h e  s a l t  dome including 
accurate mapping of  the  sa l t  dome boundaries, analysis o f  s a l t  cores, 
and  a review of a l l  d r i l l i n g  a c t i v i t i e s  which penetrated the  s a l t .  

4. 

5 .  Assessment of possible e f f e c t s  of n a t u r a l  events (i .e .  hurr icanes,  
earthquakes, natural  subsidence and cavern collapse) on SPR f ac i  l i  t i e s .  
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2.2 

A number- o f  previous reports have been prepared on the Bayou Choctaw S i t e  
during the course o f  the SPR program. I t  i s  t h e  intention o f  this report t o  
present a comprehensive document of the  geologic chGracterization of t h e  
Bayou Choctaw s a l t  dome ra ther  t h a n  “redo’fi or summarize the previously pre- 
pared documents. The majority of work preser;ied here has been developed as 
p a r t  of t h i s  study. Since no f i e l d  work was perforfied as p a r t  of t h i s  Phase 
1 program, a l l  d a t a  i i i terprptation has been based on mater ia ls  col lected 
from other soLrces. Ccrtain internreta , t ions have been ident i f ied  throuchout 
t h e  t e x t  in  those 3reas where insGfficient d a t a  i s  available.  

The character izat ion t,as emphasized the in te rpre ta t ion  of the  geology ?;Id 
geometry o f  the Bayou Choctaw s a l t  dome. Gn‘ly minima‘ e f f o r t  has  been 
d i rec ted  a t  those technics1 and noi1-tech:lical items t h a t  were considexd t o  
have no d i rec t  impact on the o i l  storage and containment a t  the  s i t e ,  bre 
therefore  r e f e r  the reader t o  previous reports  addressing other  areas O f  
concern (See Section 8 ) .  

The report  has f i v e  technical sections.  Section 3 presents t ke  geologic 
s e t t i n g  of Bayou Choctad; Section 4 presents the siJrface a n d  nzar-surface 
geology and  includes the hydrology above the caprock; Section 5 addresses 
the  caprock geology; Section 6 discusses the s a l t  dome a n d  includes domal 
u p l i f t ,  dome yeornetry, f au i t i ng ,  and  cavern geometry; and Section 7 
discusses h a z a r d s  t h a t  could e f f ec t  the SPR f a c i l i t i e s .  

This report  has  been prepared i n  associat icn w i t h  Dr. T. R .  Magorian, 
Geologic Consultant. Dr. Magorian provided ful l - t ime project ass i s tance  
t h r o u g h o u t  the  contract  period. Mr. C. Smith, Consdlting Groundwater Hydro- 
l o g i s t ,  a l s o  provided assis tance ii! the d a t a  col lect ion a n d  i n t e rp re t a t ion  
e f f o r t  o f  the pro jec t -  

2 .2  - Location 

The Bayou Choctaw s i t e  i s  located i n  the south-central part of Louisiana 
approximately 13 miles southwest of B a t o n  Rouge and approximately 5 m i 1  es 
west of the  Mississippi River (Figure 2 . 1 ) .  Spec i f ica l ly ,  the  dome i s  
located in 5ections 52,  53, 60 and 6 1  o f  Township 9 South, Range 11 East and 
i n  Sections 28 a n d  29 of Township 8 S o u t h ,  Range 11 East i n  I be rv i l l e  and 
West Baton Rouge Parishes as shown on the s i t e  topographic map (Figure 2.2) .  
This map shows the re la t ion  of the s i t e  t o  the Mississippi River on the e a s t  
a n d  the backswamps of the Atchafalaya basin on the south and  west. The s i t e  
i s  accessible  by r o a d  from Rbute I o r  by canals excavated across the dome 
from Choctaw Bayou ( F i  gure 2.3).  

2.3 - Man’s Ac t iv i t i e s  

The Bayou Choctaw dome, as many others i n  the  G u l f  Coast regioti, was d i s -  
covered by the  Gulf Oil and  Refining Corporation’s seismographic pa r t i e s  in 
1926. Shortly a f t e r  discovery, the su l fur  r igh ts  t o  the dome were obtained 
by the Texas Gulf S u l p h u r  Company. Texas Gulf S u l p h u r  Company completed 
d r i l l i n g  s ix  wells i n  1930 and  two !Ire:’s i n  1931, b u t  no su l fu r  was found. 
The o i l  d r i l l i n g  r igh ts  were thc:.i 3btained by the S t a n d a r d  Oi l  Company of 
Louisiana. 

i 
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The f i r s t  well completed by S t a n d a r d  Oil was Gay Union Corporation No. 1 
d r i l l e d  i n  1931 which produced 500 bar re l s  of o i l  per day. Subsequent t o  
t h a t  time, over 300 wells h a v e  been d r i l l e d  by various companies on o r  
around the  Bayou Choctaw dome f o r  development of o i l  and gas .  Peak Oil 
production f r o m  the  dome was f r o m  the l a t e  3 0 ' s  t h r o u g h  the ear ly  50's.  Oil 
i s  s t i l l  being extracted from a r o u n d  the dome; however, production has 
declined t o  l e s s  t h a n  100,000 bar re l s  per year. 

In 1934 A1 1 ied Chemical Corpora t ion  (formerly So lvay  Process Company), p u r -  
chased the property over dome and commenced d r i l l  ing f o r  br ine dew; apment. 
Since 1934 Allied has d r i l l ed  over 20 br ine well\ r ?  the dome. Discussions 
and f igures  showing these caverns a re  presented rr jw: :on  6 of t h i s  report .  
A l l i e d ' s  method of brine operation was f o r  rap id  extract ion of brine with 
minimal attempt made t o  control the shape or s i ze  of the caverns. As a 
r e s u l t ,  several of the caverns were so?utioned t o  the caprock resu l t ing  i n  
1 eakage and ultimate abandonment. This uncontrol led b r i n i n g  method resul: ted 
i n  the collapse o f  Cavern 7 i n  J a n u a r y ,  1954. The f a i l u r e  of  t h i s  cavern 
was catastrophic ,  resul t ing i n  a l a rge  area of ground subsidence and the 
formation of Cavern Lake. 

The r e su l t s  of m a n ' s  a c t i v i t i e s  a t  the Bayou Choctaw s a l t  dome are presented 
i n  Figure 2.3. This map shows the s i t e  boundaries and cavern loca t ions ,  as 
well as ,  o i l  and gas  leases in the  area o f  the dome. Depth contours a t  
2,500 and  4,500 f e e t  on the  s a l t  surface are shown fo r  reference. The sur- 
face  entry locat ion of  a l l  caverns i s  shown on the figure.  

F o r  caverns which have been sonar surveyed, the  out l ine  o f  the  maximum 
cavern diameter i s  shown. This oLtline i s  a composite o f  the  la rges t  cavern 
diameters,  taken a t  10 f o o t  in te rva ls  over the length of the  cavern; i t  i s  
n o t  the maximum cavern diameter f o r  a par t icu lar  depth i n  the cavern. 
Cavern geometry i s  discussed in de ta i l  i n  Section 6.7.  

The surface locat ions of a l l  known wells d r i l l ed  over and a r o u n d  the  dome 
a r e  indicated and,  i f  v e r t i c a l i t y  survey d a t a  was avai lable ,  the bottom hole 
locat ion ' s  shown. Wells with n o  v e r t i c a l i t y  d a t a  were assumed t o  be 
ve r t i ca l .  An unsurveyed hole may deviate  u p  t o  2.5' from the v e r t i c a l .  
We1 1 s which penetrate s a l t  are  d i f fe ren t ia ted  from other we1 1 s. 

Wells a re  ident i f ied  by a l e t t e r  and  n!merical designation, which represent  
t h e  c e l l  operator a n d  the  a c t u a l  well number. A hyphenated well number 
r e fe r s  t o  a side-tracked hole. The well ident i f ica t ion  i s  generally unique 
only within the par t icu lar  lease i n  which i t  i s  found. The lease 4s ident i -  
f i ed  by the l e s s o r ' s  name ( f Q r  example, Gay Union Corporation o r  Wi lber t ' s  
Myrtle Grove). Wells ident i f ied w i t h  the  l e t t e r  F were numbered sequent ia l -  
l y  by the Feeport Oil Company i r regardless  o f  the lease ;  however, the  
remaining wells were numbered i n  sequence by the operators only w i t h i n  one 
lease .  For  t h i s  reason, there a re ,  f o r  example, two C 1 welis - -  one i n  the 
Gay Union lease and the other i n  the Morley Cypress lease.  
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In 1976 the  DOE purchased p a r t  of the  Bayou Choctaw s a l t  dome from Allied 
Chemical Corporation f o r  the SPR storage program. Included w i t h i n  t h i s  
property,  shown on Figure 2.3, are  11 caverns of which Caverns 15, 18 and 19  
a r e  current ly  being used fo r  o i l  storage. Cavern 1 5  contains approximately 
13 mill ion bar re l s  o f  oil  and Caverns 18 and 19 ,  4 mill ion and 5 mil l ion 
barrel  s , respectively.  

Other caverns current ly  in use on t he  dome are  Al l i ed ' s  Cavern 17 ,  b e i n g  
used for h i g h  pressure ethane storage and brine enrichment, a n d  Cavern 16, 
f o r  brining and  ethane storage.  Allied has d r i l l e d  wells 2 4  a n d  2 5  i n  the  
southern portion of the dome f o r  fu ture  devel opment o f  brining operations 

The DOE i s  current ly  in the process of se lec t ing  and  developing a new cavern 
t o  be used as a replacement f o r  the ethane :torage Cavern 17 .  

2.4 - Method o f  Study 

The in te rpre ta t ion  of the geology and geometry o f  the Bayou Choctaw s a l t  
dome has been based en t i r e ly  on availab'!e geophysi?al l o g  d a t a  obtained i n  
t e s t  wells over and a r o u n d  the dome. Yo seismic r e f l e c t i w ~  o r  re f rac t ion  
work has been performed on or near the? d * m ?  :J provide any additional 
i nformation. 

The gamma-ray logs provided the best  i n f o r m a t i o n ;  however, the  l imited 
number of these logs i n  the area has requi red  the principal use of t h e  
e l e c t r i c  log f o r  in te rpre ta t ion .  The s a l t  may include t h i n  or minor 
anhydrite which cannot be discriminated w i t h o u t  the use of  rad ioac t iv i ty  o r  
sonic l o g  d a t a .  A few d r i l l e r ' s  logs  were used f o r  in te rpre ta t ion  of t h e  
dome; however f o r  the most part ,  these wells were n o t  d r i l l ed  t o  depths t h a t  
could provide much worthwhile data a p p l  icable  t o  the storage program. The 
well l o g s  were used t o  in te rpre t  a n d  cor re la te  key s t ra t i3Faphic  marker 
horizons a round  the dome. These uni t s  a r e  discussed i n  de t a , :  i n  Sections 
4 ,  5 a n d  6 .  

A t o t a l  of twenty-eight holes have been d r i l l e d  into the s a l t  on t o p  o f  t he  
dome for brine o r  s torage,  while 73 more wells,  d r i l l ed  on the s ides  of t he  
dome, penetrated s a l t .  Of the 350 a d d i t i o n a l  o i l  and  g a s  wells d r i l l e d  
around the dome, 50 were d r i l l e d  t o  withirl 100 f e e t  o f  the  s a l t .  The exten- 
s j v e  well d r i l l i n g  aroilnd and  on the dome has afforded excellent control in 
defining the s a l t  dome geometry, s t ruc tu re  and s t ra t igraphy of the s i t e  
area.  The sect ions and  s t ruc ture  aad isopach maps presented i n  t h i s  report  
have been based on more t h a n  150 control points. 

ACRES AMERICAN INCORPORATED 



ARKANSAS 

0 MONROE 
OSHREVEPORT 

I s s ISS I PPI 

cn 
Q 
X 
w 
I- 

@BATON R O E  

6 LAFAYETTE QLAKE CHARLES 

GULF OF MEXICO 

0 50  100 

P C R ES A MER IC AN 1 N C 0 R PO RATE D 
T. R. MAGORIAN 
SEPTEMBER I980 FIG. 2.1 

-I__ 



BAY o LS c H o C T A W ~ ' ~ ,  I ll 









OBA 7 0BE IO 
d c4 @BE9 

@UTP I 

WILBERT MINERALS CORP. 



1 I ___7- - 1 

i I 
I 
I i AUGUST LEVERT PLANTING CO. 

I as\ 9.1 
I 

' I  k 1 ~ - 4 7 p e 5  GAY UNION CORP, 

&:h+C3 QC23-I 
I 

oc44 0 ~ 4 2  0 
%I6 

0 
I 
1 @# c - 4 3  

I - 

c 

8C49 

i 

t 

4 

e-c G I  

t 

' /  

8 3  

I. 

2. 

8 B A I  

-1. 

61 
GAY UNION CORP 

f c 48 

C4E.O 

e C46 

+ 
0 L47 

ODELTA 2 

82 

NOTES 

SEE TABLES A-I THROUGH A-3 FOR 
EXPLANATION OF WELL NUMBERS 

SUFiFACE WELL LOCKr'iONS ARE ACCURATE 
i-0 ' N I T ~ i N  25 FEE: AS MAPPED 

UIiSURVEYED MOLE MAY DEVIATE FROM 
V T T I C P L  BY UP70 2 112' 

CON7XJREC EEPTHS MEASURED IN  
FEET' b X 0 W  DRILLING FLOOR 

4 1200 1600 

SCALE IN FEET 

LEGEND 

CAVERN LDCATION SHOWING MAXIMUM 
CAVERN DIAMnER 
SURFACE LOCATION OF WELL 
SURVEYED BOTTOM HOLE LOCATIOF! 
OF WELL 
SURVEYED BOTTOM HOLE LOCATION 
OF SIDETRACK HOLE 
DRILLED AS VERTICAL HOLE. NO 
BOTTOM-HOLE SURVEY AVAILABLE 

LOCATION OF WELL PENETRATING SALT 

PARISH EQUdDARY 

SECTION LINE 

RANGE A N t  TOWNSHIP NUMBERS 

SECTION N U M a E R  

LEASE BOUNDARIES 

BAYOU CHOCTAW SPR SITE 
DEVELOPMENT MAP 

ACRES AMERICAN INCORPORATED 

T. R. MAGORIAN 
SEPTEMRER 1980 FIG. 2.3 



I 

3.1 

3 - REGIONAL GEOLOGY - 

3.1 - Geologic Sett ing 

T h e  Bayou Choctaw sa l t  dome l i e s  w i t h i n  the Gulf Coast geosyncline, a n  area 
of sediment deposition from the Mesozoic era t o  t he  present.  Table 3.1 i s  a 
geologic time chart  showing the  breakdown o f  geologic time i n t o  e r a s ,  per- 
iods and  epochs. I n  t he  s i t e  area,  the geosyncline contains u p  t o  30,000 
f e e t  of si  I t s ,  sands,  shales ,  limestones and evaporites.  These sediments 
were deqosi ted i n  a var ie ty  of sedimentary environments including deser t  
basin, evaporting f l a t ,  ocean b a s i n  and de l ta .  

S a l t  domes within the  geosyncline occur i n  two regions: a northern be l t  
through northern Louisiana and  Mississippi,  and a southern be l t  along the  
Gulf Coast and offshore.  These two  b e l t s  are  shown on the regional tec tonic  
map (Figure 3 .1 ) .  The Bayou Choctaw dome i s  on the  northem edge of t he  
southern coast a1 be l t  of s a l t  domes. 

The largest  t ec tonic  fea ture  near the s i t e  i s  the  Baton Robge f a u ? t  system 
which l i e s  approximately f i v e  miles t o  the n o r t h  (Figure 3 .1 ) .  T h e  f a u l t  
t rends from Breton Sound ,  Louisiana, t o  Matagorda Bay, Texas, a d i s t ance  of 
more t h a n  500 miles.  I n  Louisiana the Baton Rouge f a u l t  marks t h e  nortnern 
l imit  of the  southern Gulf Coast s a l t  domes. 

3.2 - - Geoloqi c Hi s to ry  

The major sedimentary and  orogenic events t h a t  affected the Bayou Choctaw 
area are  discussed in  t h i s  sect ion.  A deta i led  summary o f  Gulf Coast strat-  
igraphic  uni t s  from the  Paleozoic through ea r ly  Cenozoic i s  given i n  Table 
3,2. Stra t igraphic  units from the  middle and l a t e  Cenozoic are  discussed i n  
Section 6 ,  Tables 6 . 1  afid 6 . 2 .  The i n f o r m a t i o n  on these t ab le s ,  except for 
t h e  Paleozoic t h r o u g h  ear ly  Cretaceous, i s  based on the in t e rp re t a t ion  of 
e l e c t r i c  logs from wells j u s t  north of the Bayou Choctaw dome (these wells 
a re  shown on Figure 3 . 2 ) .  The Paleozoic t h r o u g h  ear ly  Cretaceous d a t a  i s  
from published sources. The major un i t s  o f  the  middle cretaceous t o  Eocene 
were d r i l l e d  i n  t he  False River gas f i e l d  15 miles north of Bayou Choctaw. 
Wells a t  Bayou Choctaw have been d r i l l e d  only as deep as the Oligocene. 
Major s t r a t ig raph ic  changes p r o b a b l y  occur across the  Baton Rouge f a u l t  
between t h e  uni ts  shown i n  Table 3.2 a n d  those s u r r o u n d i n g  the s i t e .  

3 .2 .1  - Paleozoic Era 

No Paleozoic rocks are  exposed w i t h i n  the  s t a t e  of Louisiana. Geo- 
physical evidence a n d  d r i ' i l ing  d a t a  ind ica te  t h a t  continental  Paleozoic 
basement underlies the northern and central  sect ions o f  t h o  s t a t e .  
Recent in te rpre ta t ion  of the geophysical data indicate  t h a t  the 
southern p a r t  o f  Louisiana i s  underlain by oceanic basa l t s  of Mesozoic 
aye ( see  Section 3 .2 .2) .  The exact l o c a t i o n  and nature of t h e  contact 
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between the continental  and oceanic basements i s  uncertain b u t  i s  
believed t o  be expressed i n  t h e  overlying sediments as the  Baton Rouge 
f a u l t .  Tf t h i s  i s  the case, the Bayou Choctaw s i t e  i s  approximately 
over the contact area,  Depth t o  basement, e i t he r  continental  er 
oceanic, i s approximately 30,000 f e e t .  

3 .2 .2  I,- Mesozoic Era 

The geologic h is tory  o f  the  G u l f  Coast geosyncline began w i t h  t h e  
opening o f  t h e  Atlant ic  Ocean in  the  Tr iass ic .  Before t h e  Americas 
separated from Africa, the l a n d  mass of t he  present s t a t e s  o f  Alabama 
and Georgia was adjacent t o  Venezuela and Brazil ( t h e  Flordia peninsula 
was no t  formed u n t i l  t he  Cretaceous). With the  opening Qf t h e  cont i -  
nents,  t h e  gap between the  Americas began t o  f i l l  w i t h  oceanic basa l t s  
and l a t e r  with sediment. The Sigsbee Deep, a large deposit ional basin 
i n  what i s  now the Gulf o f  Mexico, apparently formed a t  t h i s  time. 
T b i s  major orogenic episode was followed by a l o n g  period of quiescence 
i n  the  ear ly  Jurassic  during which time the  thick sequence (1,000 t o  
5,000 f e e t )  o f  Louann  evaporites ( s a l t  and anhydrite) were deposited. 
Fo 1 lowi ng the deposi t i  on of the Louann evapori t e s ,  t he  p r i  nci pal 
sediments deposited in  the  G u l f  Coast geosyncline were c l a s t i c s  and 
carbonates o f  1 a te  Jurass ic  and ea r ly  Cretaceous age. 

The Mesozoic section cons is t s  of sedimentary rocks deposited during 
cycles o f  a l te rna t ing  marine transgression and regression. These 
sequences of d i f f e ren t  sediments form the  basis  f o r  the  Gulf Coast 
s t r a t ig raph ic  divis ions as shown i n  Table 3.2.  The depths of t hese  
sediments range from 18,000 t o  30,000 f ee t  near t he  s i t e .  

The f i r s t  movement of t he  s a l t  occurred i n  e i t he r  the l a t e  Jurass ic  or 
Cretaceous. The movement probably formed a r idge r u n n i n g  northwest- 
southeas t  para l le l  t o  the  Ba ton  Rouge f a u l t  ( s ee  Section 3 . 3 ) .  

3 .2 .3  - Cenozoic Era 

The base o f  the  Cenozoic sect ion,  a s  shown by the  d r i l l i n g  a t  False  
River, i s  marked by the f i r s t  d a r k  phosphatic shales averlying 
Cretaceous chalk.  

During the  Eocene, the westward-dri f t i  n g  North American conti nent 
c o l l i d e d  w i t h  the East Pacif ic  Ri se.  This Lararnide orogeny caused the  
formation of the Mexican volcanoes and the Rocky Mountains. T h e  
erosion o f  these upl i f ted areas resul ted i n  large amounts of  sediments 
being deposited i n  the  Gulf basin. The i n i t i a l  sediments representing 
the  Laramide in  the southern Louisiana area are  the  sands of tile Wi lcox 
Formation (Table 3 . 2 ) .  

The thick Gulf Coast sedimentary deposits are  the best k n o w n  North 
American example of an act ive geosyncline. The geosyncline has 
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continued t o  subside under the accumulated weight of sediments I ,-om the 
Eocene t o  the present.  Lighter rocks such as s a l t  and  geopressured 
shale ,  r i s e  from s a l t  ridges in  the  form o f  domes and d i ap i r s .  Sedi- 
ment accumulation i s  localized by down-to-the coast g r o w t h  f a u l t s  l i k e  
the  Baton Rouge f a u l t ,  w h i c h  forms the  northeast  edge of  the  recent 
backswamps, levees and de l tas .  The shallow beds d i p  towards the G u l f ,  
w i t h  dip and  structural  complexity increasing with d e p t h .  These forma- 
t ions represent a l te rna t ing  t ransgressions of thick marine shale  wedges 
and regessions of d e l t a i c  sands with interbedded lagoonal or backswamp 
muds. The d e l t a i c  s t ra t igraphy i s  complex in  de ta i l  with unconformi- 
t i e s  and  local sand lenses.  S t ra t igraphic  cor re la t ions  are d i f f i c u l t ,  
as wou ld  be expected, i n  t h i s  complex d e l t a  environment. 

3 .3  - Regional Faulting 

Faulting i n  the  G u l f  Coast region occurs a t  two scales:  large-scale regioiial 
f au l t i ng  associated with basin f i l l i n g ,  and small-scale, localized f au l t i ng  
associated with the upward movement of s a l t  domes. The regioval f a u l t s  can 
be mapped fo r  miles and  have displacements on the order of hundreds t c  thou- 
sands of f e e t  while the  f au l t i ng  associated with s a l t  domes i s  res t r ic tec ,  t o  
t h e  immediate dome a rea  and seldom extends more t h a n  a few miles from the  
dome. Displacements of domal f a u l t s  a re  on the  order o f  t ens  t o  hundreds of 
f e e t .  This section addresses the regional f a u l t i n g  i n  proximity t o  the  
Bayou Choctaw s i t e  while a detai led discussion o f  dome-related f ? u l t i n g  i s  
presented in  Section 6 .  

As previously s ta ted ,  the Bayou Choctaw s a l t  dome i s  located w i t h i n  the  Gulf 
Coast geosyncline, a region typ i f ied  by large-scale,  east-west trending 
normal f a u l t s  (Figure 3 . 1 ) .  The f a u l t s  a r e  generally para l le l  t o  t h e  pre- 
sent Gulf Coast or para l le l  t o  one o f  the  older G u l f  Coast geosynclinal axes 
which are  subparallel  t o  the  present coas t .  These f a u l t s  are f requent ly  
referred t o  a s  " g r o w t h "  f a u l t s  s ince t h e i r  o r i g i n  was caused by t h e  long-  
term and  continuing subsidence of the  geosynclinal basin. G u l f  Coast growth  
f a u l t s  are  d o w n t h r o w n  t o  the south i n  the  direct ion o f  the major  area of 
basin f i l l i n g .  The larger  s t ruc tures  may have up t o  f i v e  miles of f a u l t  
displacement. The f a u l t s  d i p  a t  approximately 60" i n  the  near surface sedi-  
ments b u t  tend t o  f l a t t e n  o u t  at! depth. Regional growth f a u l t s  i n  t h e  Bayou 
Choctaw area are  the  i3aton Rouge and  West Addis, n o r t h  of t he  s i t e ,  and the  
Bayou Plaquemine t o  the south of the  s i t e .  These f a u l t s  a re  shown on t he  
regional geologic map (Figure 3 . 2 ) ,  which i s  a contour map of the t o p  of  the  
Miocene "A" Sand ( s ee  Section 6 ) .  

T h e  Baton Rouge f a u l t  l i e s  5 miles t o  t he  north o f  the  s i t e  a t  t h e  surface 
a n d  i s  estimated t o  pass beneath the  s i t e  a t  depths betweer. 30,000 t o  50,000 
f e e t .  This normal f a u l t  dips toward the G u l f  and  has a displacement of u p  
t o  25,000 f e e t .  

The West Addis f a u l t  pa ra l l e l s  the Baton Rouge f a u l t  a n d ,  a t  the sufface,  
l i e s  4 miles n o r t h  of the Bayou Choctaw s i t e .  The f a u l t  i s  para ; le l  t o  the  
f 7 a t  n o r t h  s ide of the dome (Figure 3.2) and  may have had  some i n f ? i w x - e  on 
t he  shape of the dome. The f a u l t  plane dips toward  the dome; howevery any 
in te rsec t ion  of the dome with the f a u l t  i s  below the depth of  present well 
d a t a .  

i- 
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TABLE 3.; 
BAYOU CHOCTAW SPR SITE 

GEOLOGIC TIME TABLE 

PERIOD 

0 U ATE R N A RY 

TERTIAZY 

CRETACEOUS 

JURASSIC 

TRIASSIC 

EPOCH GLACIATION INTERGLACIATION 

HOLOCENE 
I 

PLEl STOCEN E 

WISCONSINIAN 

SANGAMON IAN 

ILLINOIAF; 

YA R ?VI 0 UTH I A N 

KANSAN 

AFTON IAN 

NEBRASKAN 

(BLANCAN ? 1 

PLIOCENE 

MIOCENE 

OLIGOCENE 

EOCENE 

PALEOCENE 

MILLIONS OF 
YEARS AGO 

0.012 

0215 

0.70 

1.3 

1.8 

IO 

22.5 

40 

55 

70  - - 

14 1 

195 

230 -- 

FIEFERENCE: VAN EYSINGA , 1975 



TAHLE 

BAYOU CHOC - PALEOZOIC, MESOZUIC A N D  E A R '  

St  r a t  i g raph ic  biostratigraphic 5ediment k p o s i t r o n a l  
Zone Type Environment Aqe Format ion  Unit  

EOCENE Jackson Yazoo Late  Black s h a l e  

Yegua 

Wilcox 

PALEOCENE Midway 

CRETACEOUS G u l f  

Comanche 

Coahuila 

JURASSIC Cotton 
Valley 

B uc kne r 

Smackover 

Norphlet  

TRIASSIC Eagle Mills 

PALEOZOIC Basement 

NOTES : - 

Cock f i e l d  

Middle 

? 

Austin-Taylor 
Navarro 

Eagle Ford 

Woodbine/ 
Tuscaloosa 

Glen Rose 

Trav i s  Peak 

Louann 

Newark 

Not known 

Upper 

Globoro ta l i a  rex  

Danian 

Senoni an 

Turonian 

Cenomanian 

Albian-Aptian 

Neocomian 

Por t landian-  
Kimmeridgian 

Oxfordian 

Dogger 

L ia s  

Rbaet i a n  

More than  230 
m i l l i o n  yea r s  ago 

Qlack  s h a l e  

Sands 

Black s h a l e  

Chalk 

Black s h a l e  

Green sand  

Anhydrite,  sand 

Red s h a l e  

Shale & a r k r o s e  

Anhydrite 

Limestone 

S a l t  - o r i g i n a l l y  
7,500+ f t  t h i c k ,  ove r -  
l ies  Werner Anhydr i te  

Red s h a l e ,  h a s a l t s  

Poss ib ly  s c h i s t  a s  
seen i n  nearby 
F lo r ida  

Pe lag ic /ocean  
f l o o r  

Pelagic/ocean 

De l t a  

R e s t r i c t e d  Pei 

Pe lag ic  

Pe lag ic  

Del ta  

Desert  f l a t  

Deser t  

Nonmarine fan 
and bas in  

Evaporating f '  

Reef 

Playa f l a t s  

Desert  bas in  
Red Sea a rea  . 

Not known 

( 1 )  This  s e c t i o n  t h i n s  southward a s  shown on r eg iona l  s e i smic  p r o f i l e  p re sen ted  by Chevron USA a t  Louisiana 
Conservation Commission hea r ings  de f in jng  t h e  u n i t i z a t i o n  limits o f  t h e  Fa l se  River gas f i e l d  and 1,780 a: 
well spacing. 

( 2 )  The t o p  is over 17,000 f e e t  deep i n  d r i l l  ho les .  
i nc lud ing  t h e  Gulf of  Mexico. 
Domeless a r e a s  which s e p a r a t e  t h e  s a l t  dome b a s i n s  and such major t e c t o n i c  f e a t u r e s  as t h e  Monroe u p l l f t .  
and Jackson dome a r e  covered i n  p a r t  by a t  l e a s t  a t h i n  veneer of  Louann s a l t .  

A cont inuous  bed o f  Louann s a l t  once  under lay  the  G u l f  . 
A s i n g l e  s a l t  bas in  covered an a r e a  ex tending  a l l  t h e  way t o  Tabasco. 

The Louann was depos i ted  i n  a c losed  d e s e r t  bas in  or play:, l i k e  t he  Red Sea ,  along t h e  west s l d e  o f  t l v  
narrow At l an t i c .  
o f  Mexico. 

R i f t i n g  of  t h e  Caribbean opened t h e  Gul!  of i4exico t o  s e p a r a t e  Tabasco o r  I s thman  s-lt 

( 3 )  Southern edge of  North American con t inen t ,  a s  represented  by t h e  Baton Rouge f a u l t ,  d i p s  south  u n d e r  the  : 



TABLE 3.2 

BAYOU CHOCTAW SPR s 

i r o t a l i a  r e x  

In 

i i a n  

i i a n  

nanian 

an-.4pt i a n  

m i a n  

l and ian -  
e r i d g i a n  

r d i a n  

e r  

t i a n  

? t han  230 
!ion yea r s  ago 

Black s h a l e  

Black s h a l e  

Sands 

Black s h a l e  

Chalk 

Black s h a l e  

Green sand 

Anhydrite,  sand 

Red s h a l e  

Shale  & a r k r o s e  

An h yd r i t e 

Limestone 

S a l t  - o r i g i n a l l y  
7,500+ f t  t h i c k ,  over- 
l i es  Werner Anhydrite 

Red s h a l e ,  b a s a l t s  

Poss ib ly  s c h i s t  a s  
s een  i n  nearby 
F l o r i d a  

Pelagic/ocean 
Floor 

Pelag c/ocean f l o o r  

Delta 

Res t r i c t ed  Pe lag ic  

Pe lag ic  

Pe lag ic  

Delta 

Desert  f l a t  

Desert  

Nonmarine fan  
and bas in  

Evaporating f l a t  

Reef 

Playa f l a t s  

Cesert bas in  ( l i k e  
Red Sea a r e a  today)  

Not known 

31 s e i s m i c  p r o f i l e  
3 i t i z a t i o n  limits of t h e  Fa l se  River gas  f i e l d  and 1,700 a c r e  

p re sen ted  by Chevron USA a t  Louisiana 

. G cont inuous  bed of Louann s a l t  once underlay the  Gulf r eq ion ,  4 
4 s i n  covered an a r e a  ex tending  a l l  t h e  way t o  Tabasco. 

i n s  and such na jo r  t e c t o n i c  f e a t u r e s  a s  t he  Monroe u p l i f t ,  8 

;i t a t h i n  veneer o f  Louann s a l t .  

i n  or p l aya ,  l i k e  t h e  Red Sea ,  a long  t h e  west s i d e  of thp s t i l l  
cd t h e  Gulf o f  Mexico t o  s e p a r a t e  Tabasco or  Isthmlan spit b a s i n  

"' 

epresen ted  b y  t he  Baton Rouqe f a u l t ,  d i p s  south under Che s i t e .  

i ! TABLE 3 . 2  
k 

RAYDU CHOCTAW SPR SITE 

Deposit ional 

Pe lag  i d o c e a n  
f l o o r  

Pelagic/ocean f l o o r  

D e l t a  

Res t r i c t ed  Pe lag ic  

Pe lag ic  

Pe lag ic  

Del ta  

Desert  f l a t  

Desert 

Nonmarine fan 
and basin 

Evaporating f l a t  

Reef 

Playa f l a t s  

Desert  bas in  ( l i k e  
Red Sea a rea  today) 

Not known 

$USA a t  Louisiana 
F f i e l d  and 1,280 a c r e  t 

bnder l ay  the Gulf reg ion ,  
9 t o  Tabasco. 
%he Monroe u p l i f t ,  

vest s i d e  of t h e  s t i l l  
o r  Isthmian s a l t  bas in  

south  under the  s i t e .  

Organic  bloom 

Suspension & bloom 

Fans f rom Laramide 
u p l i f t  o f  Rocky 
Mountains 

Suspended/organic 

C lea r  water - o p m  
ocean  

Suspended/organic 

Beachhlar ine  bar  

A l l u v i a l  t e v a p o r i t e  

A l l u v i a l  f a n s  

Dese r t  wash 

Seawater  i n c u r s i o n s  

C l e a r  water 

Seawater i n c u r s i o n s  

A l l u v i a l  f a n s  

N G t  known 



TABLE 3.2 

i CHOCTAW SPR SITE 
i~ E A R L Y  CEhOZOIC GEOLOGIC UNITS 

Depths t o  iop m a  1 Kelated 
ant Transport  Mode S t r u c t u r e / ? h i c k n e s s  Hiqh on Dome ( f t )  A way from Dome ( f t )  

Organic bloom Forms most o f  s h a l e  
shea th ,  ex t ruded  w i t h  s a l t  

Sheath Icean 

x e a n  floor 

?d Pelagic  

l a t  

10,000 a t  F a l s e  River  

11,200 a t  F a l s e  River  

Suspension h bloom 

Fans from Laramide 
u p l i f t  o f  Rocky 
Mountains 

Thin t u r b i d i t e  sand a t  top  Not p e c e t r a t e d  

Not p e n e t r a t e d  

13,400 a t  False River  Not p e n e t r a t e d  Suspended/organic Not known 

16,000 a t  F a l s e  River  Not p e n e t r a t e d  Clear water - open 
ocean 

Suspended/organic  

Beach/Marine b a r  

S t a b l e  carbonate  s h e l f  

18,100 a t  F a l s e  River  

19,200 a t  F a l s e  River  

E a s i l y  overpressured  

Deep g a s  f i e l d s  be ing  
developed (see Note 1 )  

Black s h a l e  a t  t o p  

Not known 

Not p e n e t r a t e d  

Not p e n e t r a t e d  

Not p e n e t r a t e d  

Not p e n e t r a t e d  

Not p e n e t r a t e d  

Not p e n e t r a t e d  

Not p e n e t r a t e d  

613 

A l l u v i a l  & e v a p o r i t e  

A l l u v i a l  f a n s  

Not p e n e t r a t e d  

Not p e n e t r a t e d  

e fan 
n 

i n g  f l a t  

Not known Desert wash 2,500 f t  t h i c k  

Not known 

Not known 

Approx. 23,000 under  s i t e  
37,000 under g e o s y n c l i n e  

Seawater  i n c u r s i o n s  

Clear  water 

Seawater  i n c u r s i o n s  

1,000 f t  t h i c k  

800 f t  t h i c k  

a t s  Domes develop with over- 
burden, probably s a l t  
bu lge  at. t o e  of  s h e l f  
( see  n o t e  2) 

Faul ted  ha l f -grabens  o f  
mid-Atlant ic  r i d g e ;  d i a b a s e  
i n t r u s i o n s  o v e r  7,000 f t  
i n  Arkansas (see n o t e  3) 

Under s a l t  a s i n  ( l i k e  
a r e a  today)  

A l l u v i a l  f a n s  

Under s a l t  Approx. 30,000 f t  N G t  known Only p r e s e n t  under Baton 
Rouge F a u l t  

;iana 
,280 acre  

Gulf reg ion ,  

> l i f t ,  

f t h e  s t i l l  
i: s a l t  b a s i n  

F t h e  s i t e .  
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4.1 

4 - SURFACE AND NEAR-SURFACE GEOLOGY 

4.1 - Introduction 

The surface and near surface geology a t  Bayou Choctaw cons is t s  of 
Pleis tocene t h r o u g h  Holocene sediments. These unconsolidated sediments t h i n  
from a thickness of approximately 1 ,000  f e e t  away from the dome t o  about 400 
f e e t  over the  t o p  o f  the  dome, The uni t s  were mapped u s i n g  well logs a n d  
samples. A sample e l e c t r i c  l o g  showing the in te rpre ta t ion  of t he  near 
surface sediments i s  included as Figure 4.1. The logs were used t o  de te r -  
mine l i thology a n d  water qual i ty .  Formation names a re  based on regional 
correl  a t i  ons. 

The S ta t e  o f  Louisiana requires the  t o p  100 f e e t  o f  gas and oi l  wells t o  be 
cased t o  prevent contamination of near surface aquifers.  Because of  t h i s  
requirer:ient, wells can be logged only below t h i s  depth. However, several  
s h a l l o w  borings ( P B / K B B ,  1978d arid 1978h) have been d r i l l ed  in the s i t e  area 
a n d  form the basis of the s t r a t ig raph ic  d l t a  f J r  the upper 100  f e e t  O f  
sediments. Eased on a l l  o f  these d a t a ,  two geologic e,-oss-sections trending 
northeast-southwest and northwest-southeast across the s i t e  were constructed 
(Figures 4 .2  a n d  4.3).  A key t o  the geologic symbols on  these and other  
f igures  i s  shown on Table 4.1. 

4.2 - Strat igraphy 

The Pleistocene t h r o u g h  Holocene sediments overl ie  Tert iary d e l t a i c  deposi ts  
which have been accumulating in the Gulf Coast geosyncline and are a p p r o x i -  
mately 400 t o  1000 f e e t  thick over the s i t e .  These sediments a re  r e l a t ed  t o  
recurring periods of glacial  advance and r e t r ea t .  D u r i n g  periods of g lac ia l  
i c e  accumulation, sea leve ls  were lowered and  the Mississippi River cut i n to  
the  o l d e r  sediments. As the g lac ie rs  melted, sea levels  rose,  r e su l t i ng  in 
the  deposition of sands a n d  gravels i n  the valleys cut during the preceeding 
glacial  stage.  D u r i n g  in te rg lac ia l  periods, the carrying capaci ty  of the  
Missicsippi decreased as the g lac ie rs  melted and  sea level rose,  causing a 
decrease i n  sediment g r a i n  s i ze  t o  s i l t  a n d  clay (Bernard a n d  LeBlanc, 
1965) .  These coarse-fine cycles can be seen on the  two geologic cross- 
sections.  

The oldest  P1 eistocene deposits a r e  proglacial sediments o f  Kansan and 
Nebraskan age. They are  the undifferent ia ted sediments of the Williana- 
Bent1 ey Format ion  which consis t  predominantly o f  sands a n d  gravels w i t h  some 
c lay  layers .  T h i s  u n i t  i s  no t  present over the dome, b u t  occurs a t  depths 
o f  approximately 900 f e e t  surrounding the dome. The Will iana-Bent1 ey 
thickens t o  150 f e e t  away f r o m  the dome (Figures 4.2 a n d  4 .3) .  

An unnamed clay of Yarmouthian age (Table 3.1) over1 ies the Nil 1 iana-Bent1 ey 
Formation. The clay was deposited as an interglacial  backswamp sediment. 
Away from the dome, this  u n i t  l i e s  a t  a depth of  approximately 650 f e e t .  
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Over  the dome, i t  was found t o  over l ie  the  caprock i n  two wells,  J 1 and N 
I, a t  depths o f  477 and 500 f e e t ,  respect ively.  The c lay  thickens t o  
between 250 and 300 f ee t  away from the dome (Figure 4 .2  and 4 . 3 ) .  I t  i S 
l i k e l y  tha t  the  c lay  and gypsum caprock u n i t ,  which i s  discussed i n  Section 
5, i s  composed of a considerable amount of t h i s  c lay  uni t .  

The Gonzales Sand i s  a thick sequence of sands deposited by the g lac ia l  
meltwaters during the  I l l i no ian  in t e rg l ac i a l .  Sand a n d  gravel with minor 
s i l t  and c l ay  were deposited by coalescing p o i n t  bars as the Mississippi 
River meandered across i t s  channel. C 1  ayey o r  s i  l t y  layers accumulated near 
t h e  t o p  of the Gonzales as the Mississippi neared i t s  base level .  The 
Gonzales has  n o t  been conpletely pierced by the  s a l t  dome. The u n i t  thins 
t o  I30 f e e t  over Cavern 2 and  thickens t o  350 t o  400 f e e t  away from the  dome 
(Figure 4 . 3 ) .  Samples from Core Holes 1 and 2 ( P B / K B B ,  1978c) ind ica te  t h a t  
t h e  Gonzales i s  predominantly a coarse t o  f i n e  q u a r t z  sand w i t h  occasional 
organic matter and shel l  fragments. The base of the Gonzales i s  t he  base of  
t h e  Plaquemine Aquifer ( s ee  Section 4 .3 .2 ) .  

The P ra i r i e  C 1  ay was deposited over the Gonzales d u r i n g  the Sangamoni an 
in te rg ldc ia l  period while t he  Mississippi was a t  base level .  The formation 
i s a backswamp deposit  of c lay  a n d  si  I t .  The P r a i r i e  i s  of uniform thick-  
ness between 40 t o  60 f e e t  over the  dome and  thickens t o  80 f e e t  away from 
t h e  dome. The e f f e c t s  of domal u p l i f t  are  evident on the  P ra i r i e .  The 
P r a i r i e  i s  a t  a depth of  nearly 150 f e e t  i n  wel‘ls F 28, DOE 20A and  Cavern 
8A overlying a caprock h i g h  (Figure 4 . 3 ) .  Away from the dome, the  P r a i r i e  
i s  generally a t  a depth of a b o u t  200 f e e t .  

Overlying the  P r a i r i e  i s  a p r o g l a c i a l  sand of Wisconsinian age. This sand, 
here referred t o  as the  S h a l l o w  Plaquemine, was deposited i n  an environment 
s imilar  t o  t h a t  of the  Gonzales S a n d .  Samples fron! shallow borings ind ica t e  
t h a t  the  Shallow Plaquemine i s  a coarse t o  medium, dense, gray, q u a r t z  sxid 
w i t h  layers of s i l t  a n d  c l ay  and occasionally organic matter. The thickness 
of  the u n i t  i s  d i f f i c u l t  t o  determine because o f  the  ‘lack o f  d a t a  a t  shallow 
depths. 

On the  cross-sect ions,  i t  appears t h a t  the  S h a l l o w  Plaquemine var ies  from 
100 t c  150 f e e t  t h i c k  and  i s  thinnest  3 v x  the  west flank of the dome. The 
t o p  of the  u n i t  i s  assumed t o  be a t  a depth o f  60 f e e t  b o t h  away from 2nd  
over the t o p  o f  the  s a l t  dome. 

The Atchafalaya Clay (Topstratum of Fisk, 1944)  overl ies  t h e  Shailow 
Plaquemine. The unit  i s  a Holocene, p o s t - g l a c i  a1 backswamp sediment 
deposited as the  Mi s s i  s s i  p p i  reached base level a f t e r  the  Wi sconsi n i  an 
g lac ia l  epoch. Samples from shallow borings indicate  t h a t  the u n i t  i s  
predominantly a sof t  gray c lay  w i t h  minor s i l t  layers and pockets a n d  l aye r s  
o f  wocd and other organic matter. Ferrous nodules are f o u n d  near t h e  
surface.  The Atchafalaya i s  approximately 60 f ee t  t h i c k  a n d  l i e s  a t  the 
surface over much of  the  area.  River f l o o d  waters l e f t  t h i n  sand layers  a t  
t he  t o p  of the u n i t ,  
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The e f f ec t  o f  dome growth on sedimentation can be seen on the  cross-sec- 
t i ons .  All of the Pleistocene uni t s  a re  thinner or absent over the dome and 
thicken away from the don!e. Some of the  uni ts  missing over the dome may 
have been incorporated i n t o  the caprock. 

4.3 - Geohydrology 

This section addresses the geohydrology on and around the Bayou Choctaw s a l t  
dome for the purpose of defining the groundwater regime as i t  r e l a t e s  t o  
dissolut ioning of s a l t  from the dome. The geohydrology of the dom2 was 
assessed from pub1 ished 1 i t e r a t u r e ,  in te rpre ta t ions  of selected geophysical 
we1 1 l o g s  and discussions w i t h  Mr. C. S m i t h ,  Consulting Groundwater Hydro1 o- 
g i s t .  

1.3.1 - Regional Groundwater Conditions 

A t  Ba ton  Rouge where the  Mississippi River crosses tbe B a t o n  Rouge 
f a u l t ,  t he  r ive r  chances from being erosional ,  north of the c i t y ,  t o  
deposi t ional ,  south of the  c i t y .  A t  approximately the same loca t ion ,  
t he  groundwater flow changes from being inf luent  t o  the r ive r  north of 
B a t o n  Rouge t o  being e f f luent  from the r ive r  south o f  the  c i ty .  In the  
v i c i n i t y  o f  Bayou Choctaw, the  r iver  i s  e f f luent  from i t s  r iver  channel 
between the  levees t o  the Atchafalaya r ive r  d u r i n g  the spring high 
s tage  period while d u r i n g  the l o w  s tage  period during the f a l l ,  t he  
f l  ow i s reversed. 

I n  the  c i t y  of Baton Rouge, t he  principal aquifers  a r e  the  "2,000" a n d  
"2,800" f o o t  sands. These a re  of Miocene age a n d  a re  comparable t o  the  
"A"  dnd  No. 1 Sands  i n  the  Bayou Choctaw area. The Baton Rouge f a u l t ,  
downthrown t o  the s o u t h ,  a c t s  as  a hydraulic b a r r i e r  t o  the s a l i n e  
waters in the region as shown in Figure 4.4. This f igure  shows t h e  
contact  between SI igh t ly  and  moderately sal ine groundwater (1,000-3,000 
mg/l and 3,000-10,000 ng/ l  dissolved s o l i d s ) .  Freshwater i s  defined as 
h a v i n g  l e s s  t h a n  250 mg/l dissolved sol id .  I n  the Baton Rouge area ,  
t h i s  contact i s  a t  a depth of  approximately 2,000 f e e t  while south of 
t h e  Baton  Rouge f a u l t ,  the  contact r i s e s  sharply and i n  the Bayou 
Choctaw area i s  a t  a depth of a b o u t  400 t o  500 f e e t .  Munitoring of 
wel ls  i n  the Baton  Rouge area i s  underway t o  determine t h e  p o s s i b i l i t y  
o f  sa l ine  water migration from south of the f a u l t  in to  the indus t r ia l  
and  potable water supplies o f  the  c i t y .  Evidence t o  date  ind ica tes  
t h a t  the f a u l t  i s  a s ign i f icant  hydraulic ba r r i e r  t h a t  precludes t h i s  
from happening. 

I n  the Bayou Choctaw area,  the principal aquifer i s  the Plaquemine 
Aquifer in sediments of Pleistocene age. The aquifer i s  an a l luv ia l  
deposit  of the Mississippi River and  has a thickness of about 200 
f e e t  . 
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4.3.2 - _I.- Groundwater i n  the  Rayou Choctaw Area 

Atchafalaya Clay 

The Holocene Atchafalaya C 1  ay was deposited under backswamp conditions 
and cons is t s  of highly p l a s t i c  clays with occasional peat and s i l t  
layers .  No d a t a  on the  c l ay  conditions a t  the s i t e  were avai lable ,  b u t  
t h e  r e s u l t s  of a geotechnical invest igat ion fo r  Atchafalaya levee 
construction a re  reported by Foat and Ladd ( 1 9 7 7 ) .  These investiga- 
t i o n s  show the  c l ay  t o  have a moisture content generally of 40 t o  70 
percent with occasional values over 140 percent. The deposit i s  
normally consolidated with some s l igh t  over-consolidation a t  some 
horizons. The c l ay  i s  much more impermeable t h a n  t he  underlying 
Plaquemine Aquifer, and hence ac t s  as a confining stratum. The extent 
of the  c l ay  a t  the s i t e  i s  shown on the  sect ions,  Figures 4.2 and 4.3. 

P1 aquemi ne Aqui f e r  

The Plaquemine Aquifer i s  composed o f  sediments o f  Pleistocene age and 
i s  made u p  of two un i t s .  The upper S h a l l o w  Plaquemine Aquifer unit  i s  
a sand of probable Wisconsinian age. The lower aquifer,  which i s  
l a t e r a l l y  equivalent t o  the  Gonzales S a n d ,  i s  of I l l ino ian  age. These 
un i t s  a re  separated by the P r a i r i e  Clay (Sangamonian age) .  This c l a y  
i s  l a t e r a l l y  discontinuous, which makes the S h a l l o w  Plaquemine and 
Gonzales hydraulical l y  connected (Smith 1 9 7 6 ) .  The Mi s s i  ssippi Ri ver 
channel i s  downcut t h r o u g h  the  Atchafalaya Clay a n d  hence i s  in  d i r e c t  
hydraulic connection with the Plaquemine Aquifer. Thus changes in  
r i v e r  stage a re  re f lec ted  by changes in  water levels within t h e  
aquifer .  A t  the  Bayou Choctaw s i t e ,  the  piezometric head i n  t h e  
aquifer r i s e s  t o  elevation +15 f e e t  d u r i n g  the high r ive r  s tage w i t h  
flow towards the Atchafalaya and drops t o  +5 f e e t  d u r i n g  low r i v e r  
s tage with f l o w  towards the Mississippi . 
From the numerous wells extending in to  the  Plaquemine Aquifer i n  t h e  
Ibe rv i l l e  Parish area,  the coeff ic ient  of permeability i s  estimated t o  
be i n  t he  range 1 ,900- to  2,500 gallons per 'day per sfuare f o o t  (White- 
man,  1972). 

The r e s u l t s  of chemical analyses on the  water from wells in  the  Iber- 
v i l l e  Parish have been recorded b )  Whiteman (1372). The re la t ionship  
between the  spec i f ic  conductivity,  t o t a l  dissolved so l ids  [TDS], and 
t h e  chlor ide content are shown i n  Figure 4.5. The relat ionship between 
t o t a l  dissolved so l ids  and spec i f ic  conductivity i s  given by: 

l o g  [TDS] = 0.97132 l o g  K O  . 6.14676 

where [TDS] = t o t a l  dissolved so l ids  concentration, ppm 
= spec i f ic  conductivity corrected t o  25"C, 

mi cromhos/cm 
KO 
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The chloride contents for the water samples ind ica te  two d i s t i n c t  
populations: Group A avd Group B (Figure 4.5)  

Ttip, pre$$nce of ions other t h a n  Na+ and Cl'(for example, 
Ca , Mg , SQ-- , C0,- , H C O i -  ) r e s u l t s  i n  departure f r o m  the  
NaCl l ine.  The spec i f ic  conductivity of 800 rnicrom os/cm 
corresponds t o  a f i e l d  formation r e s i s t i v i t y  of 25 ohms m /m a t  
25°C. T h e  Group A data  points lying above the l i n e  a re  obtained 
from waters w i t h  a high chlor ide content.  The Group B po in ts  a r e  
from shallower waters w i t h  chlor ide conten t  up  t o  40 ppm. The 
groups ind ica te  d i f f e ren t  chemical compositions a n d  a general lack 
of mixing of the  two types o f  water. The sa l ipe  waters are, thus, 
r e l a t i v e l y  s t ab le  and immobile compared t o  the  shallower f resh  
water. 

#. 

The elevation of t he  fresh water /sal ine water i n t e r f ace  around t h e  
dome i s  a t  approximately 400 f e e t  as  shown i n  Figures 4.2 and 4.3.  
For the  purpose of t h i s  repor t ,  the  sa l ine  water as been defined 
a s  f i e l d  formation r e s i s t i v i t y  l e s s  than 25 ohms m 9 /m. 

The Plaquerni ne Aquifer i s underlain by 
of ear ly  Pleistocene age. These a re  a 
the  s a l t  dome. 

a se r  
1 sal  

es  o f  clays and sands 
ne in  the  v i c i n i t y  of 

4.3.3 - S a l t  Dissolution 

S a l t  d issolut ion has been estimated based on t h e  simple one dimensional 
model described by Glasbergen (1979) .  Thi s consi s t s  of d i f fus ion  
through the  caprock and dispersion under flow conditions i n  t h e  over- 
lying sandy sediments. The model i s  shown diagramatically i n  Figure 
4.6.  This model assumes s t a t i c  water i n  the  caprock and does not 
include thermal e f f e c t s  on flows resu l t ing  fron higher temperatures 
above the  s a l t  compared t o  the  surrounding sediment, or dens i ty  e f f e c t s  
from s a l i n i t y  var ia t ions.  The estimated dissolut ion r a t e s  w i  11 there-  
f o r e  be lower t h a n  i f  these additional mechanisms were included. Two 
dimensional models f o r  s a l t  dissolut ion and fo r  flow around s a l t  domes 
have Seen developed ( f o r  example, Peck e t  a l ,  1979 and  G n i r k ,  1979) 
which include the e f f ec t s  of heat and dens i ty  var ia t ions .  Fer t h e  l - D  
model t he  calculated r a t e  of dissolut ion i s  primarily a function of t h e  
r a t e  of diffusion t h r o u g h  the caprock. For one-dinensional d i f fus ion:  

a'- a zL 

where: D = bulk diffusion coef f ic ien t  
C = concentration 
z = coordinate direct ion 
t = time 

i ACRES AMERICAN INCORPORATED 



4.6 

The bulk diffusion coef f ic ien t  includes the e f f ec t  o f  t h e  porous medium 
i n  reducing the diffusion coef f ic ien t  compared t o  t h e  species i n  water. 
For steady s ta te  conditions,  the above equation reduces t o :  

Q = D i A  

where: Q = concentration f lux  
i = concentration gradient 
A = area of diffusion 

Data on the diffusion coef f ic ien t  for the  caprock does n o t  ex i s t  for 
t h i s  s i t e .  Freeze and  Cherry (1979) ind ica te  tha t  the  diffusion 
coe f f i c i en t  fo r  ion ic  species i n  water i s  1 - 2 x lo-’ m2/s. Bulk 
diffusion coef f ic ien t  of the same species in  porous medic range from 1 
x 10-10 Glasbergen (1979) employs a value of 
7.9 x lg’t8 m2/s. 

The  concentration gradient above the  caprock has been calculated from 
r e s i s t i v i t y  logs. In the  sands immediately above the sa l ine  zone, t5e 
concentration i s  approximately 30 ppm. A t  the  caprock/salt  i n t e r f ac? ,  
it. i s  assumed t h a t  sa tura ted  brine c o n d i t i o n s  occur and the concentrz- 
t i on  would thus be approximately 300,000 ppm. For a caprock thickness 
of 150 f e e t ,  a s a l t  d issolut ion r a t e  of about 4 x mm/yr 
(1.6 x iG-5 in /y r )  i s  estimated, S a l t  d issolut ion by t h i s  mechanism i s  
t h u s  n o t  s ign i f icant  i n  terms of the l i f e  period expected fo r  the  
f a c i l i t y .  I t  i s  probable t h a t  d u r i n g  periods when sea level was 
r e l a t i v e l y  depressed, the fresh water layer wou ld  have extended deeper 
around the  dome. Under these conditions,  dissolut ion could have 
occurred a t  a f a s t e r  r a t e  t h a n  i s  indicated by the  above calculat ions.  

1 x IO-’’ m2/s. 

4.3.4 - Summary 

The geohydrology of the  area i s  s~immarized by the  following: 

- t h e  extensive groundwater extract ion i n  the  area of Ba ton  Rouge 
appears t o  be i so la ted  from the  Bayou Choctaw area by the  Baton Rouge 
f a u l t ;  

- t h e  f resh water/saline water in te r face  i n  t he  Bayou Choctaw area 
occurs i n  the  Plaquemine Aquifer a t  a depth of 400 t o  500 f e e t ;  

- groundwater f l o w  i n  the  Plaquemine Aquifer var ies  depending u p o n  the  
s tage  o f  the  Mississippi River away from the  r ive r  d u r i n g  periods of  
high s tage and towards the r ive r  d u r i n g  periods of low stage; a n d  

- S a l t  d issolut ion r a t e s  calculated using a simple diffusion/dispersion 
model a re  o f  the  order 4 x l o m 3  mmlyr (1.6 x i n l y r ) .  

I 
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TABLE 4.1 
BAYOU CHOCTAW SPR SITE 
KEY TO GEOLOGIC SYMBOLS I 

I +  + + + + 1  

S a l t  + + + +  
+ + + + +  

A A A A A A A A  
A A A A A A A A  Caprock, predominantly 

includes c lay  and sand 
A A A A A A A A  

gypsum-anhydri t e ,  

Undifferentiated clay a n d  shale ,  includes 
sand where noted 

-=@-L i 

19 
I 
I 

I 
CAVERN 18 

b 

Geologic u n i t ,  see Section 6 

St ra t ig raph ic  contact ,  dashed where 
infer red  

Normal f a u l t ,  dashed where inferred.  
rjuriiber keyed t o  t ex t .  See Section 6 

We71 locat ion showing logged interval 
( s o l i d  l i n e )  and well ident i f icaLion.  
Freeport we1 l s unless otherwise noted. 

Cavern prof i le .  F o r  d e t a i l s ,  see S e c t i o n  8 
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5.2 

Caprock Lithology 

The most de ta i led  information on caprock l i thology can be obtained fror? t h e  
co re  samples from Core Holes 1 a n d  2 ,  s ince  well l o g s  can  only give general 
1 i t hQlog ic  inforniation. The Following 1 i tho logic  descr ipt ions a re  based 
p r inc ipa l ly  on Acres in t e rp re t a t ion  of  the  core samples and  we'll 'logs w i t h  
addi t ional  information from reports  by PB/KBB (1978ej , Hendron a n d  Mahar 
Ci97S) and Ferrel (1978). 

5.2.1 - a n d  Gypsum Zone 

The c lay  and  gypsum zone is composed of layers  o f  gypsum in te rca la ted  
with c;a;(. The proportion o f  clay t o  gypsum i s  highly var iab le ,  with 
gener31fs* twre clay t h a n  gypsum. The c lay  i s  gray t o  black, s " l t y  t o  
sandy, p l < s t i c ,  s t ' f f ,  and occasionally f issured.  Within the  clay a r e  
rounded, ?ebb; e-s ize  nodules o f  gyDsum a n d ,  r a r e ly ,  c a l c i t e  w i t h  cl US- 
t s r s  of  euhedral gypsum c rys t a l s .  Some nodules show evidence of 
brecc ia t ion  and  reheai ing. The gynsum layers  a re  composed of parti ; l l  l y  
a l t e r ed  and  recrystal  1 ized gypsum. The ;*ecrys ta l l  ized gypsum occurs as 
very t h i n ,  f i r .e ly  c r y s t a l l i n e  layers  with the a l te red  gypsum. Ir, Core 
Koles 1 a n d  2 ,  rjypcrim layers  ranged from 0.5 t o  2 f e e t  thick.  I n  some 
w e l l s ,  for example F 45  (Figure 5 . 1 ) ,  t he  i n i t i a l  gypsum layer  can be 
from 20 t o  30 f e e t  thick.  The clay-gypsum contacts are sharp, subhori-  
z o n t a l  and  show no evidence of movement, (Hendron a n d  Mahar, 1978). I n  
Core Hole 2 ,  t w r )  1 ayers of unconsol idated sand were recovered near t he  
base of the  zone. A two-foot v o i d  near the  t o p  of the zone was i n t e r -  
sected i n  Core Hole 2. 

The c lay  a n d  gypsuni zone i s  probably equivalent t o  the Piiocene a n d  
1 ower F! e i  stocene cl  ays a n d  shales  surrounding the  dome (Figures 4.2 
a n d  4 .3) .  As the  dome rose t h r o u g h  the  sediments, anhydrite l aye r s  
were i n i t i a l l y  deposited by c i r cu la t ing  groundwater a n d  l a t e r  hydrated 
t o  gypsum. The presence o f  the  gypsun nodules suggests t h a t  a t  t i n e s ,  
t h e  caprock was very near ,  or exposed a t ,  the  surface and was b e i n g  
eroded. Only t r a c e  amounts of c a l c i t e  have been f o u n d  i n  the  cdprnck. 

5.2.2 - Massive Gypsum-Anhydrite Zone 

There i s  disagreement among those w h o  have examined samples from the  
core holes as t o  the  actual mineralogy of  the  caprock of th i s  mne. 
Acres ( t h i s  s t u d y ) ,  P B / K B B  (1978) a n d  Hendron and  Mahar ( ,9?8) on 
extensive examination have described the core samples i n  the  f i e l d  as  
predominantly anhydrite with minor c~ypsum. Fe-re1 (1978),  or1 the :)thcr- 
h a n d ,  r epor t s  t h a t  based on x-ray a n d  opt ical  examination o f  a few 
samples, t he  rock i s  gypsum with minor  anhydrite. The term yypsm-an- 
hydr i te  i s  used in th i s  discussion. 

The l i t ho log ic  descr ipt ion of th i s  zone i s  based oq core samples from 
Cure Holes 1 a n d  2 a n d  from well logs. This lower caprock zone i s  
predominantly gypsum-anhydrite w i t h  minor  amounts o f  c lay ,  sand and 
gypsum. The gypsum-anhydrite i s  black with very t h i n ,  h o r i z o n t a l  
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layers o f  white, f i n e l y  c r y s t a l l i n e  gypsum. The black color i s  due  t o  
irnpuri  t i e s  such as si I t  and c l a y  par t ic les  w i t h i n  the  gypsum-anhydri t e .  
T h e  gypsum-anhydri t e  i s occasionally vuggy. Layers of euhedral gypsum 
c r y s t a l s ,  u p  t o  2 inches, are sc5;irtirnes found along the  cleavage planes 
and  foi-m a weak surface 2;~lny which the core breaks. Hendron and Mahar 
(1978) report  t h a t  " the presence of gypsum c r y s t a l s  has  l i t t l e  e f fec t  
on the  overall s t a b i l i t y  of the  caprock because they tend t o  be 
i solated and are  very small". 

The top of t h i s  zone i s  distinguished by 2 r e l a t i v e l y  unfractured, 
massive layer o f  gypsum-anhydrite. This layer i s  variable i n  thickness 
b u t  generally ranges from 20 t o  60 f e e t  thick.  Well l o g  data ind ica tes  
t h a t  below the i n i t i a l  massive layer,  t h e  gypsum-anhydrite tends t o  
become more fractured and layered. Cn the  l o g  of well F 45 (Figure 
5.1), there  are two massive layers from 655 t o  685 f e e t  and from 700 t o  
755 f e e t .  These are indicated by zones o f  high r e s i s t i v i t y ,  which are  
underlain by a zone of moderate r e s i s t i v i t y  w i t h  t h i n  peaks of h i g h  
r e s i s t i v i t y .  The lower r e s i s t i v i t y  i s  due primarily t o  water f i l l e d  
f rac tures  i n  the  gypsum-anhydrite and a l s o  t o  the presence of c l a y  and, 
occasionally, sand layers.  The higher r e s i s t i v i t y  zones are unfrac- 
t i r ed  layers o f  gypsum-anhydrite similar t o ,  b u t  thiriner t h a n ,  t he  t o p  
1 ayer . 
Changes i n  l i thology can  occur rapidly within the lower zone. For 
example, i n  F 71, a 20-foot c lay  layer overl ies  the shale; whereas, i n  
F 69, 500 fee t  t o  the west, the s a l t  i s  overlain by 35 fee t  of 
evaporite,  

In Core Hole 2 ,  which overl ies  Cavern 4 ,  core from below 593 f e e t  con- 
s i s ted  of a l tered,  horizontally laminated, gypsum-anhydrit?. which i s  
fractured paral le l  t o  the laminations. Cleavage planes are spaced from 
0.25 t o  1.0 inches a p a r t .  This fractured zone overl ies  a two-foot void 
wt;ich was encountered during dri l l ing .  No core recovery was made below 
the v o i d ,  b u t  i t  was assumed t h a t  the  material d r i l l e d  was s a l t .  A 
possible 40-foot v o i d  a t  the  salt/caprock c o n t a c t  was interpreted on 
the l o g  of the hole for  Cavern 8A. 

The only evidence of fau l t ing  i n  the caprock was observed in  Core Hole 
1 a t  598 f e e t  where %he gypsum-anhydrite layers d i p  t o  40" and are  o f f -  
s e t  approximately 5 mm by a se t  of small f a u l t s .  Because Core Holes 1 
and 2 were ver t ica l ,  i t  was unlikely t h a t  they would i n t e r s e c t  any 
steeply dipping f a u l t s  which would be expected t o  occur i n  the  caprcck. 

5.3 - Thickness and Structure 

5.3.1 - Clay and  Gypsum Zone 

The c lay  and gypsum zone varies in thickness from 100 t o  150 f e e t  over 
the  t o p  of the dome and pinches o u t  a t  depth (Figure 4 .2  and 4 . 3 ) .  The 
u n i t  extends around the edge o f  the dome t o  a depth of approximately 
80Q f e e t .  The c lay  and  gypsum zone l i e s  w i t h i n  400 t o  450 f e e t  of the 
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surface over t h e  t o p  of t h e  dome. T h i s  u n i t  i s  generally COntinuOuS; 
however, i t  has n o t  been ident i f ied i n  t he  northwest area of the dome 
i n  wells F 11, F 1 2  and F 55. I n  wells F 11 and F 1 2 ,  a th ick,  massive 
evaporite layer i s  present a t  the s t ra t igraphic  level where the c l a y  
and gypsutlr zone i s  expected t o  occur. This evaporite has been defined 
as p a r t  o f  tne  massive sypsum-anhydri t e  zone. 

5.3.2 - Massive Gypsum-Anhydrite Zone 

A caprock isopach map of the massive gypsum-anhydrite zone i s  shown as 
Figure 5 .2 .  T h e  thickness o f  the  caprock was calculated on the d i s -  
tance from a point on the t o p  of the  caprock along a l ine normal t o  the 
s a l t  surface. The massive caprock zone generally ranges between 100 
a n d  200 f e e t  thick across the t o p  of  the  dome and pinches o u t  a t  depth. 
The zone i s  l e s s  t h a n  100 fee t  thick in  a n  east-west trending be l t  
across t h c  north-central p a r t  cif the dome and  thickens t o  t h e  northwest 
and south, especial ly  i n  the area o f  the s a l t  overhang on %he west 
f lank.  On the  southwest f lank, a ridge of massive gypsum-anhydrite 
over 200 f e e t  thick para l le l s  the edge of the dome. To the northwest, 
t h e  u n i t  i s  over 350 f e e t  t h i c k .  

I n  wells F 11 and F 1 2  d r i l l e d  i n  t h i s  northwest section, the massive 
gypsum-anhydrite i s  underlain by t h i c k  shales and sands, atypical of 
the lower p a r t  of t h i s  zone. S a l t  contours 5n t h i s  area show an embay- 
ment i n t o  the s a l t  (Figure 6 . 1 9 ) .  This area l i e s  on the downdip s i d e  
of the northeast-southwest trending act ive f a u l t  which runs th rough  t h e  
n o r t h  f l a n k  of the dome (see  Section 6 ) .  Therefore, t h i s  anomalously 
thick caprock zone may be the resu l t  of a block of  s a l t  sl ipping off 
the  s ide of  the dome a l o n g  the f a u l t  while the caprock remained in  
place. The void formed between the caprock and  s a l t  may have been 
i n f i  l led from the surrounding sediments resul t ing i n  the apparent over- 
thickening of the zone. 

A caprock s t ructure  contour map i s  shown as Figure 5 .3 .  The map i s  
constructed on the t o p  of the massive gypsum-anhydrite zone. The shape 
of  the massive zone i s  nearly t h a t  of the s a l t  dome (Figure 6 . 1 9 ) ,  t h a t  
i s ,  s l igh%ly  Lr i a r igu la r  ' n  p l a n .  The surface appears nearly horizontal 
( a l t h o u g h  i n  r e a l i t y ,  probably qui te  i r regular )  a n d  l i e s  w i t h i n  500 t o  
600 f e e t  of the surface. The t o p  of the massive zone should n o t  be 
considered as a s t ra t igraphica l ly  continuous, correlatable  layer across 
the  dome, Segments o f  the  massive caprock formed a t  various times 
depending on the areas of s a l t  movement a n d  dissolution. Below 600 
f e e t ,  the surface begins t o  d i p  away from the dome. The d i p  of t h e  
massive caprock i s  nearly ver t ical  where the u n i t  pinches o u t  on t h e  
dome flanks.  

The exterit of the massive caprock a l o n g  the f l m k s  of the  dome a r e  
based on scattered wells and  approximated projection. Twenty-three 
we1 1s which penetrate s a l t  do  n o t  show evidence of  caprock (Table A-3).  
The best well c o n t r o l  on the extent of the massive caprock  i s  between 
wells F 1 2 ,  which enters  caprock a t  635 f e e t ,  and well F 5 ,  120 f e e t  t o  
t h e  west, which was d r i l l e d  ko 2,960 f e e t  and  d i d  no t  penetrate caprock 
or s a l t .  
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Gased on these wells, the  massive gypsum-anhydrite contact was pro- 
jected a l o n g  a se r ies  of  cross-sections aroiind the dome. The caprock 
extends t o  between 1,000 and 1,500 f e e t ,  except on the  southeast flank 
where i t  extends nearly t o  2,000 f e e t  (Figure 5.3) .  Due t o  t h e  lack of 
well control ,  100-foot contours are shown only t o  1,000 f e e t .  A 1,500 
foot contour c %  shown on t he  southeast f l a n k  based on wells F 16 and  C 
25 .  The z c  isopach l ine  marks the  extent of the  caprock on the east-  
ern flank 0; the dome. However, on the west f lank, the caprock dips  
s teeply below G O O  fee t  and i s  overhung generally below 900 t o  1,000 
f e e t .  Because o f  the overhang, t h e  edge of the caprock does n o t  coin- 
c ide with the zero isopach which i s  below the overhang. The edge of 
caprock i s  drawn on the projection of  the  f a r t h e s t  westward extent of  
the  caprock based on wells C 9 ,  F 5 ,  F 1 2  a n d  F 1 7 .  

The combined thickness o f  the two caprock uni t s  i s  generally between 
2CG and 300 f e e t  over the t o p  of the dcme. This i s  thinner t h a n  most 
Gulf Coast domes whose estimated average caprock thickness i s f ron  300 
t o  400 f e e t  (Halbouty, 1979) .  

5 - 4  - CaDrock Geochemistrv 

This  section discusses the  chemistry o f  the caprock and  i t s  a f f e c t s  on 
casing and  cement. Groundwater within the caprock can be severely corrosive 
depending c p o n  the caprock chemi s t r y .  An understanding o f  the caprock chew 
j s t r y  can be used t o  take preventative measures against the e f f e c t s  of 
casing corrosi or and cement deter iorat ion.  

Chemical analyses were performed on caprock samples from Core Holes 1 and 2 
by Ferrel (1978) f o r  PB/KBB,  Inc. His analyses indicate  the caprock i s  
composed predominant i y  of calci  um s u l f a t e  (gypsum and  anhydrite) . M i  nor 
amounts of calci  um carbonate (limestone) have been ident i f ied i n sidewall 
cores from wells on the northwest flank of  the dome. 

No chemical analyses o f  the i n t e r s t i t i a l  water w i t h i n  the Bayou Choctaw 
caprock have been done; however, caprock waters tend t o  be o f  moderate 
s a l i  n j  t y  w i t h  a b u n d a n t  calci  urn, su l fa te  a n d  bicarbonate i o n s  (Walker, 1974)  
S a l i n i t y  increases with depth, being saturated i n  sodium and chlor ide i n  the  
connected voids a l o n g  the salt/caprock c o n t a c t .  

The caprock lithology i s  indicat ive o f  i t s  geochevical s t a t e .  I n  most s a l t  
domes, unlike Bayou Choctaw, carbonate predominates over the s u l f a t e .  T h i s  
i s  a r e s u l t  of the biogenic reaction between the  s u l f a t e  a n d  methane gas 
(commonly abundant around mcst domes) : 

Cas04 + Ct-14 4 CaC03 + H2S + H 2 G  

Anhydrite Methane Limestone Hydrogen W a t e r 
Sulfide 
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Methane gas i s  abundant i n  t h e  sediment and groundwater a t  Bayou Choctaw. 
However, because of t he  location of t he  caprock i n  the  Plaqticmine Aqiiifer 
{ see  Section 4 ) ,  t h i s  g a s  i s  constant ly  being ca r r i ed  away from t h e  caprock 
so t h a t  only small amounts of methane a re  ava i lab le  t o  react with anhydrite 
or gypsum. The predominance of s u l f a t e  ind ica tes  t h a t  t he  caprock i s  i n  a 
basic  reducing environment (Walker, 1974) . 
The hydrogen s u l f i d e  produced i n  the  react ion can cause casil-rg corrosion i n  
forms such as  hydrogen b l i s t e r ing ,  embri t t lement and s t r 2 s s  cracking. 
Because a t  Bayou Choctaw t h e  react ion goes only p a r t i a l l y  t o  completion, 
t h e r e  i s  l e s s  hydrogen s u l f i u e  present i n  the  caprock and  so i t  i s  
considered a less  se r ious  problem t h a n  a t  o ther  domes. 

Su l f a t e  a t tack on cement has been a problem i n  t he  older wel ls .  Caverns 1 
and 1 0  were a1 1 completed before su l f a t e - r e s i  s t an t  cement was avai lab ie .  
Several cavern pressure f a i  lures  can be a t t r i bu ted  t o  cement breakdown. 
Su l f a t e  r e s i s t a n t  cement has  been used f o r  Caverns 11 t h r o u g h  20. 

5.5 - Encjineering and Physical Propert ies  

By the  nature o f  i t s  formation, the  caprock i s  a complicated geologic u n i t  
t o  def ine f o r  engineering proper t ies .  Individual layers can be tes ted  for 
s t rength  and  permeabili ty,  b u t  i t  i s  the  caprock as a whole which must be 
considered in  an engineering evaluation. The caprock i s  l i t h o l o g i c a l l y  
heterogeneous containing i nterbedded layers  of b o t h  higher s t rength ,  
gypsum-anhydrite, and lower s t rength mater ia l s ,  c l a y  and sand. The th i ck  
gypsum-anhydri t e  1 ayer wi t h i n  t he  massi ve uni t  i s t he  most competent 1 ayer 
withiil t he  caprock. I t  i s  l i k e l y  that, t h i s  layer i s  discontinuous, being 
broken by f a u l t s .  Gypsum layers  above and  gypsum-anhydrite layers  be;ow t h e  
massive layer break a l o n g  t h in  horizontal  laminae of gypsum c r y s t a l s  and 
c l a y  l aye r s .  A l t h o u g h  these  laminae and  c l ay  layers  are  discontinuous,  
t he re  a re  enough layers  t o  "combine a n d  a l l o w  progressive f a i l u r e  of t 5e  
caprock" (Hendron and Mahar, 1978). 

Voids formed by s a l t  solut ioniny a t  t he  salt /caprock contact caused co l lapse  
of the  overlying caprock layers .  The f a u l t i n g  a n d  f rac tur ing  r e su l t i ng  from 
t h i s  col lapse c rea t e  openings f o r  groundwater movement and a highly perme- 
able  zone. 

Samples of caprock from Core Holes 1 a n d  2 were t e s t ed  by Dames and  Moore 
(1978) f o r  F B / K B B  t o  determine physical p roper t ies .  The samples tes ted  were 
from the  massive gypsum-anhydrite uni t  a t  depths of 602 f ee t  and  645 t o  648 
f e e t  i n  Core Hole 1 and 558 t o  642 f e e t  in  Core hole 2 .  The t e s t  r e s u l t s  
a r e  l i s t e d  in  Tables 5.1,  5.2 and 5.3. 

Caprock moisture and b u l k  dens i ty  a re  l i s t e d  i n  Table 5.1. The moisture 
content of the  samples var ies  from 6.3 percent t o  19.3 percent. Dames & 
Moore (1978) reported t h a t  t he  moisture content may be p a r t i a l l y  the  result 
of dehydration of the  gypsum which occurred during oven d r y i n g .  B u l k  den- 
s i t y  da ta  i s  l e s s  var iable  a n d  averages 144.4  and 144.8 pounds par cubic  
foo t  (pc f )  i n  Core Holes 1 and 2 respect ively.  The r e s u l t s  of u l t r a son ic  
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5.7 

pulse ve loc i t ies  i s  shown i n  Table 5.2. Velocities were measured f o r  both P 
and S waves. These veloci t ies  increased w i t h  increases i n  a p p l i e d  s t r e s s ,  
b o t h  uniaxial and hydrostatic (Dames & Moore, 1978). 

l l n i  axi a1 compressive strength t e s t s  were performed on  samples f ro3  b o t h  core 
hcles (Table 5 . 3 ) .  Samples from Core Hole 2 were somewhat stronger t h a n  
those from Core Hole 1. Triaxial  compression t e s t s  were performed on 
samples from Core Hole 2 (Table 5.3).  These samples remained i n t a c t  a f t e r  
f a i l u r e  although s ingle  and conjugate shear planes were v i s i b l e  i n  most 
cases.  Elast ic  properties (Young's modulus a n d  Poisson's r a t i o )  were deter-  
mined for the caprock samples (Table 5 . 3 ) .  In uniaxial compression Young's 
modulus i s  a b o u t  the same for a l l  samples and  averjges 3.1 x lo6' psi f o r  
Core Hole 1 and  2.28 x lo6 f o r  Core Hole 2 .  Poisson's r a t i o  i s  somewhat 
higher in  samples from Core Hole 1 (average 0.381) t h a n  Core Hole 2 (0.288) 
b u t  the r e s u l t s  are inconclusive. The lower values o f  Young's modulus for  
t r i  axi a1 cornpressi on are the resu l t  o f  d i  f f  erent computational methods. No 
values for  Poisson's r a t i o  were calculated because no l a te ra l  deformations 
were recorded d u r i n g  the  t r i a x i a l  t es t ing  (Lames R Moore, 1978). 
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TABLE 5.1 

BAYOU CHOCTAW SPR S I T E  ..' 
CAPROCK MOISTURE AND BULK DCEiSI'TY - 

D o r i n g  I>zpthY As Keceived As Keceived 
Number : f t )  D e n s i t y  (pcf)  Mois tu re  (%) - 
DOE CH? 

DOE C H i  

602.5 144.1 - 
607.95 - 12.3 

- 13.5 
144.1 

645.6 
645.75 
648.0 - 17.0 
6.h8.05 145.8 - 
648.4 143.5 - 
648.75 - 11.7 

- 

Mean Value 144.4 
Std. Dev. 1.0 

13.6 
2.4 

.--- 

DOE C H 2  

DOE C H 2  

144.1 - 
- 6.6 

558.0 
558.4 
566.0 142.9 19.6 
566.15 144.0 - 
582.1 145.9 19.7 
606.7 143.8 13.9 
634.3 145.6 1 1 . 1  
634.7 145.3 - 
635.13 145.7 - 

'145.5 - 
145. [! 

635.63 
611.58 - 
642.17 - 6.3 
642.25 145.4 - 
Mean Value 144.8 12.9 
S t d .  Cev. 1.0 6.0 

* Depth below r o t a t i n g  K e l l y  bush ' rq  which vias 15 f e e t  above qround surface. 

M o d i f i e d  from Dames I!S Moor?, 1978 



TABLE 5.2 

BAYOU CHOCTAW SPR S I l E  
CAPROCK ULTRASONIC VELOCITIES 

DOE CHI 602.5 10,067 10,152 10,202 10,430 - 16,975 17,184 17,326 17,470 - 

648.4 7,375 7,501 7,569 7,569 - 16,849 17,464 17,464 17,647 - 
645.75 7,624 9,300 9,645 9,883 10,007 17,032 18,616 19,525 59,525 19,525 
648.05 7,980 8,704 8,818 8,91! - 17,053 17,870 18,874 19,198 - 

DOE CH1 Mean Value 8,229 8,916 9,059 9,198 10,007 16,977 17,784 18,297 18,h60 19,525 
Std. Dev. 1,213 1,115 1,144 1,255 - 92 622 1,077 1,052 - 

DOE CH2 558.0 
566.0 
566.15 
582.1 
606.11 
634.7 
635.13 
635.63 

3,425 
2,854 
3,438 

15,407 
6,050 

16,704 
17,143 
16,215 

5,538 
5,187 
5,384 

16,763 
9,797 

17,009 
17,537 
16,392 

8,209 
6,582 

11,441 
16,946 
16,444 
17,009 
17,671 
16,569 

DOE CH2 Mean Value 
Std. Dev. 

10,155 11,701 13,859 
6,725 5,779 4,452 

DOE CH2 634.33 
641.50 
642.25 

z 500 = 1000 = 2500 

16,585 16,736 16,966 17,045 
16,851 17,147 17,301 17,376 

-- **= 0 

- 16,589 - - 

DOE CH2 Mean Value 
Std .  Dev. 

16,718 16,824 17,134 17,211 
188 289 237 234 

* = a x i a l  s t ress  i n  p s i  
** = h y d r o s t a t i c  s t r e s s  i n  iisi 
*(** Depth below r n t a t i n g  K e l l y  bushing which was 15 f t  above ground sur face.  

--- 
M o d i f i e d  from Dames & Moore, 1978. 



TABLE 5.3 

BAYOU CHOCTAW SPR SITE 
CAPROCK STRENGTH AND ELASTIC PROPERTY DATA SU4MAAY 

Conf in ing  F a i l u r ?  Young's F a i l u r e  
Bor ing  Depth" P r e s s u r e  S t r e s s  Modulus1 P o i s s o n ' s  S t r a i n  
Number ( f t )  ( p s i  1 ( p s i )  (ps ix106)  R a t i o  (XI 

648.05' 0 2044 3.3 0.670 1 

-- 
DOE CH1 602.5 0 2082 4.5 0.472 I 

648.4 0 2796 3.1 0.289 1 

DOE CHI Mean Value3 - 2307 3.1 0.381 - 
Std .  Dev. - 424 1.4 0.129 - 

DOE CH2 558.0 
582.1 
606.11 
634.33 
634.71 
635.13 
63s. 63 
641.58 
642.25 

0 
0 
0 
0 

500 
1000 
2500 

0 
500 

2740 
3386 
3625 
3524 
405 Z4 

67634 
2927 
41054 

52384 

0.84 
4.25 
3.49 
3.65 
1.153 
1.213 
0.803 
4.05 
1.07 

0.220 1 
0.319 1 
0.229 1 
0.327 1 - .5 

- .6  
I . R  

0.345 1 - .4 

2.28 0.288 - 
- 0. 059 

DOE CH2 &an Value - 32405 
S td .  Dev. 3875 7.52 - 

Notes:  1 )  Not c o r r e c t e d  f o r  area change due t o  specimen de fo rma t ion ,  b u t  
c o r r e c t e d  f o r  l e n g t h  t o  d i a m e t e r  r a t i o  o f  2.0 u n l e s s  o t h e r v i s e  
noted. 

F a i l u r e  i n f l u e n c e d  by p r e - e x i s t i a g  weakness o l a n e  i n  specimen. 2 )  

3 )  Does n o t  i n c l u d e  d a t a  f o r  648.05 f t .  

4)  C o r r e c t e d  f o r  c r o s s - s e c t i o n a l  a r e a  change due t o  specimen 
deformat  ion. 

5 )  U n i a x i a l  s t r e n g t h  d a t a  only.  

* Depth below r o t a t i n g  K e l l y  bush ing  which was 15 f t  above ground s u r f a c e .  

Modif ied from Dames & Moore, 1978. 
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6.1 

6.1 - ;r,tr;duction 

Uti l iz ing the avJi1sble well log d a t a ,  t h i s  study has used pract izal  methods 
of sediment convergence and  s a l t  edge tectonics  t o . d e f i n e  the geornetry 3f 
the s a l t  d s w .  The methods are based on tne assumption that  the shape of 
t.he dome can be determined from the properties of the surrounding sediments 
and t h e i r  deformatima! cbarac te r i s t ics .  I t  i s  well established t h a t  the  
d i p  ~? f  shales and  t h i n  sand uni t s  adjacent t o  a dome tend t o  be asynptotic 
( v e r t i c a l )  t o  ;he s a l t  a t  the edge o f  the dome. Therefore, by projecting 
the  increasing d i p  of two or more beds towards the s a l t ,  a p o i n t  where the 
beds c3rtvorge can be plotted on a geologic section. This geometric re la -  
t j m s h i p  allows more accurate prediction o f  the s a l t  edge. Similarly,  
de+a. led evaluation of the f a u l t  geometry i n  the adjacent sediment; also 
ass5sts i n  defining the s a l t  dome boundaries. 

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

llsing well l o g  d a t a ,  a se r ies  of sections have been coqstructed on and 
a r o m a  the iioiae t o  de ta i l  the  subsurface s t ructures  t o  a depth of nearly 
8,OCO ree t .  Lis ts  o f  the  depths {:a the  tops of the geologic units used i n  
constructing the sections are i n  t.he Appendix dS Tables A - 1 ,  A - 2  a n d  A-3.  
FOi-  the rrlost ? a r t ,  Jccuracy o f  the  m a j o r i t y  of the dome geometry as shown i n  
t h e  sections i s  considered t o  be w i t h i n  plus or minus 100 f e e t .  The base 
map shnwiig section l ines  i s  presented on Figure 6 . 1 .  Sections were drawn 
r a d i a l l y  ( A - A '  t h r o u g h  L - L ' )  a n d  tangent ia l ly  ( M - M '  t h r o u g h  T-7')  t o  the  
dome a n d  are :how-, 1.1 FiGures 6 . 7  - 6.8, 6.20, 6 .26  and  6 . 2 7 ,  and Figures 
B - 1  t h r o u g h  8-8 i n  Appendix B, respectively.  

Based on the sections,  s t ructure  maps of ':he t o p  o f  the s a l t  a n d  key marker 
uni ts  were d r a w n  t o  fur ther  definE the geometry o f  the dome a n d  t h e  extent 
o f  fau l t ing .  These maps are shows on Figures 6 . 1 2  t h r o u g h  6 . 1 9 .  

A detai led l i s t  of the  Pliocene, Miocefi? a n d  Oligocene geologic u n i t s  sur- 
r o u n d i n g  Eayou Choctaw i s  presented as Tables 6 . 1  a n d  6 . 2 .  T'he information 
on these tables  i s  based on e l e c t r i c  l o g  d a t a  from wells w i t h i n  t h r e e  miles 
o f  the done and includes the pap  smbois  used on the sections,  descr ipt ion 
o f  the sediment types and the depositional environment. 

6 . 2  - Structure & Stratigraphy Around t h e  Oome - 
6 . 2 . 1  - Introduction 

The sediments f l a n k i n g  the dome are steeply d i p p i n g  sands, shales and 
limestones of Pliocene, Miocene, and Oligocene age. The deepest wells 
d r i l l e d  around the dome were completed i n  the F r i o  Formation ( O l i g o -  
cene) or s a l t  so t h a t  sediments older t h a n  the Oligocene have c o t  been 
penetrated. The detai led s t ra t igraphy around the dome i s d i  scussed i n  
t h i s  section. 
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6.2 

Many of the sands close to  the dome have been found t o  be g a s  and o i l  
productive. Most o f  these reservoirs  are segmented by faul t ing.  Mapp- 
able f a u l t  displacement s tcps  a t  the dome where i s  becomes ind is t in-  
guishable due t o  the p l a s t i c  and self-healing nature o f  the  s a l t  mass. 
Faulting i s  discussed i n  de ta i l  in  Section 6.4.  

5.2.2 - Pliocene -- 
The Pliocene sedimentary rocks a t  Bayou Cnoctaw consist of sha le  with 
minor sands w h i c h  were deposited i n  a se r ies  of backswamp and a l luv ia l  
levee deposits (Table 6 . 1 ) .  The caprock i s  probably composed of 
considerable Pliocene material. The r e l a t i v e l y  simple and  undeformed 
s t ruc ture  of the Pliocene can be seen i n  Sections A - A '  through G - G '  
(Figures 6 .2  t h r o u g h  6 . 8 ) .  Faulting occurs mostly below the  Pliocene 
i n the  Mi ocene uni ts .  

The e f fec t  o f  domal u p l i f t  on  the ?liocene sediments i s  evident on  
Figure 6 .9 .  S u r r o m d i n y  the dome, the t o p  of the Pl.iocene i s  a t  a 
d e p t h  of approximately 1,000 f e e t ,  while a t  t he  edge of the dome t h e  
Pliocene top i s  l e s s  t h a n  700 f e e t  deep a n d  i s  probably close t o  600 
f e e t  within equivalent uni ts  i n  the  caprock. 

The isopach of the Pliocene and  the upper Mioca2ne shale (Figure 6.10) 
shows the e f fec t  of the dome on sedimentation. The shale thins  from 
more t h a n  1 ,400  f z e t  away from the dome t o  l ess  t h a n  1,000 f e e t  a t  the  
dome edge. 

6 . 2 . 3  - Miocene 

The Miocene consis ts  of over a mile-thick p i l e  of de l ta ic  sands w i t h  
many :ndividual sand uni ts  on t h e  order of hundreds of feot  th ick .  
Prentice (1978)  has numbered the Miocene sand intervals  between 4,000 
a n d  7,000 f e e t  deep, which are more a t t r a c t i v e  fo- ; ~ < , I P  8ir;posal. The 
s e r i e s  numbers have been extended t o  the h L t m  of i.ht dc7taic sand 
p i l e .  Miocene sands are found t o  a depth o f  9,500 fee t  i n  the  present. 
disposa! area south of the s i t e  and t o  d depth r a n g i n g  between 1,000 
and  8,000 f e e t  near the s a l t .  Below the No. 16 Sand  i n  the  s i t e  area,  
the  sands become thinner,  muddier and  separated by thicker marine 
shales.  

Table 6 .1  provides a breakdown of the Miccene s t ra t igraphy i n  and 
a r o u n d  t'io Bayou Choctaw dome. The Miocene s a n d s  represent a typical  
d e l t a  regression t h a t  can be divided i n t o  a sequence of dis t i f ic t  sand 
types based on mode of deposition. Each o f  these sand types has a 
typica? or ientat ion and  extension so t h c t ,  by knowing i t s  type,  a 
par t icu lar  sand can be -lapped or predicted i n  l a te ra l  extent w i t h  a 
great degree of accuracy. I n  a d d i t i o n ,  a t  p a r t i c u i a r  places i n  the 
d e l t a i c  sequence, the sand types can be ident i f ied o r  confirmed b y  
Lermeabi l j t y  v a r i a t i o n s  which are ,-eaai l y  detectable on the e l e c t r i c  
7 ogs.  

i 

-- 
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6 . 3  

The two main contrasting sand  types are  beach sands and channel sands. 
TI)? base of the d e l t a  (No. 18 s a n d )  overl ies  marine shales.  This i s  a 
th in  widely-spread sheet of sand extending i n t o  the shale.  Above 
several o f  these de l ta ic  sands are offshore bar or beach type sands. 
Figure 6.11 i s  a sample l o g  cf a typical Miocene sequence and shows the 
in te rpre ta t ion  of the sediment types. 

These shoreline sands are  overlain by backbay muds, which are  often 
highly o r g a n i c .  These lagoonal muds are  succeeded by r i v e r  channel 
sands which are r e l a t i v e l y  th in .  They are gravelly a t  the base, f i n e r  
upward and highly permeable due t o  the high-velocity sor t ing and 
cross-bedding of t h e  f luv ia l  currents .  Most of these channel sands 
were deposited on the inside of meandering r iver  bends as point bars. 
Therefore, these sands are generally limited i n  extent and  a r e  formed 
i n t o  crescent shape deposits. 

The permeabilities of the beach sands tend t o  average half a darcy as 
contrasted t o  channel sands which have permeabilities as high as s i x  
darcies  a t  t h e i r  base a n d  average two t o  three darcies (Figure 6 .11 ) .  
The marine beach and offshore b a r  sands l a c k  the basal gravel fourrd i n  
channel or point b a r  sands and so are less  permeable. Additional 
d e t a i l s  o f  Miocene sedivents are  included in  brine disposal s tud ies  
performed by Magori an (1978) .  These include porosity and permeabi l i  t y  
data,  extent  and  continuity of sands and structure i n  the area s o u t h  c f  
the  dome. 

Structure  contour maps on the  tops of the "A" and Numbers 2 ,  4 ,  8 and 
1 6  Sands  are presented as  Figures 6.12 t h r o u g h  6 .16 .  These naps are  
e s s m t i a l l y  s l i c e s  t h r o u g h  the dome and were drawn t o  define the s a l t  
edge a t  the level of the par t icu lar  u n i t  being mapped. The maps show 
the  ire-ease i n  area o f  the dome with depth. This i s  p a r t i c u l a r l y  
evident in comparing the maps af the "A" and  No. 16 Sands (Figures 6.12 
and  6 .16 ) .  The amount of displacement on the t o p  of the u n i t s  a l s o  
increases w i t h  depth showing the  affect  of dome u p l i f t  on t he  surround- 
i n g  sediments. The " A "  Sand i s  a t  a depth cf approximately 3,600 f e e t  
away from the dome a n d  a s  shallow as 2,500 f e e t  a t  the  dome edge f o r  a 
m a x i m u m  displacement o f  1,100 f e e t .  The No. 16 Sand i s  a t  a depth of 
abolf,  C,2OC f e e t  away from the dome and u p  t o  5,500 f e e t  ayiiinst the  
dome edge for  a maximum displacement of 2,700 f e e t .  Sand No. 1 i s  t h e  
"2,80': t0r.t" fresnwatei- aquifer a t  Baton Rouge (Snith,  1976) .  No 
raarine shale i s  present between i t  and  the No. 2 Sand as evidence i n  
l o g s  from F r w p o r t  Wells 6 ,  9, and 11 ( see  Figlire 2 .1 ) .  Hcwever, t h e  
ho. 1 Sand i s  sdi ine i n  the brine disposal area south o f  the dome. 

Thick marine .;::?IF?: '-t f o u n d  around the dome a t  5,000 f e e t  between t h e  
No. 2 and No. 3 Sands; a t  6,000 f e e t  between No. 4 and 5 2ands ;  and a t  
7,000 f e e t  betweer: ':be No. 6 and 7 Scnds (Figures 6 . 2  t h r o u g h  6 .8 ) .  
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Continuity o f  the sand uni ts  in the immediate area o f  the s i t e  a re  
excellent with the  exception of No. 6, a localized beach sand ,  which i s  
found i n  only some o f  t he  surrounding wells. T h e  sequence of Sand No. 
5 and 6 i s overlain by the most extensive marine transgression of the  
Miocene, the Amphistegina B shale, followed by a regular sequence of 
sediments s t a r t i n g  w i t h  the No. 4 Sand.  

6 . 2 . 4  - Oligocene 

The Oligocene sediments a re  the oldest  penetrated by well d r i l l i n g  a t  
t h e  Bayou Choctaw s i t e  (Figures 6 .2  t h r o u g h  6 . 7 ) .  These sediments a re  
deep-water c lays  and  s i  I t s  and pelagic (organic) shales interspersed 
with t u r b i d i t e  sands. These sands were deposited by currents flowing 
down the s teep si:)pes a t  the edge of  the continental shelf i n t o  
deep-water areas. T h e  Oligocefie a t  the  s i t e  i s  represented by the  
Vi cksburg, Frio and Anahuac format ions ,  the  Margi nuli na howei sand and 
the  Heterostegina reef limestone. A description o f  these units i s  
presented in  Table 6 . 2 .  Struct.ure on t he  t o p  c f  the  Oligocene 
(Heterostegina) and t h e  Fr-io are  shown on Figures 6.17 and  5.18. 

6 .3  - S a l t  Dome Geometry 

6.3.1 - Sal t  Dome Emplacement 

S a l t  responds p l a s t i c a l l y  under high temperature and  pressure condi- 
t i o n s .  The specif ic  grsv i ty  o f  s a l t  i s  2 . 2 .  Thus when the surrounding 
material around the s a l t  equals and/or exceeds t h i s  density, the s a l t  
becomes "buoyant" and s tar ts  an upward  migration thro l igh  the overlying 
material .  I n  t h i s  p a r t  of the  G u l f  Coast, s a l t  buoyancy begins a t  
between 5,000 t o  12,000 f e e t  ( a s  shown by density logs i n  the  disposal 
area) a n d  di scussed in  Section 6 .5 .  The additional pressure required t o  
i n i t i a t e  s a l t  movement a t  t h i s  depth and temperature i s  qui te  small 
(Ode', 1 9 6 8 ) .  Gussow (1968) and  others ,  however, have pointed o u t  t h a t  
in t rus ive  s a l t  features  require b u r ' i a l  t o  a b o u t  12,OOG f e e t  depth i n  
order t o  break t h r o u g h  the c res ta l  sediments o n  the t o p s  o f  folds  or 
s a l t  ridges from which the domes form. 

The mode o f  s a l t  dome emplacement i s  well described by Kupfer (1974) 
ana others.  Therefore, i t  i s  no t  considered necessary i n  t h i s  report  
t o  de ta i l  these previous w r k s .  I t  i s  i m p o r t a n t  t o  note, however, t h a t  
t h e  s a l t  migrates upward i n  a se r ies  o f  s a l t  "spines" w h i c h  tend t o  
override themselves i n  t h e i r  upward migration. The overlying beds 
which are pierced by the intruding sa l t  are dragged upward a l o n g  the  
s a l t  body resul t ing i n  them being pinched o u t ,  smesred a l o n g  the s a l t  
edge, incorporated i n t o  the s a l t  and  faulted (Figures 6.2 through 
6 . 8 ) .  When the s a l t  reaches a depth where i t  i s  heavier t h a n  the  
surrounds ng sediments, overhangs develop causing the s a l t  t o  " s l u m p "  
back or break off i n t o  the l ighter  surrounding sediments. 



6.3.3 - Rate of Domal UDlift 

6.5 

6.3.2 - Dome Geometry 

The geometry of the Bayou Choctaw dome as determined from avai lable  
well d a t a  i s  d e f i n e d  by depth contours on the s a l t  surface (Figure 
6.19)  and by Sections A-A' t h r o u g h  H-H' (Figures 6.2 t h r o u g h  6.8 and 
6 .20 ) .  

The top of the dome !ies between 600 a n d  709 f e e t  below the surface.  
T h ?  s a l t  surface over the t o p  of the  dome i s  r e l a t i v e l y  f l a t ,  s lop- ing  
gently outward t o  a depth o f  approximately 1,000 f e e t  where the  angle 
steepens sharply. The cross-sectional area within the 1,000 foot con- 
tour i s  abou t  284 acres. A moderate depression across the t o p  of the 
dome, near. t h e  south f lank,  i s  possibly caused by solctioning. 

The east  f l a n k  dips gently downward t o  1,500 f e e t  where t h e  dip i n -  
creases t o  approximately 89" between 2,000 and 6,000 f e e t .  The west 
f l a n k  of  the dome i s  overhung between 1,OOG and  5,003 f c e t .  Belcw 
6,000 t o  8,000 fee t  on b o t h  flartks, the slope of  the s a l t  surface 
begjns t o  f l a t t e n  toward 60" .  

The change i n  the  d i p  o f  the  s a l t  mass i s  demonstrated by the sectional 
zrea of the dome a t  5,000 f e e t  which i s  371 acrcc;. 6y 9,000 feet., how- 
ever, the area has increased t o  742 acres.  The steepest  d i p  i s  fcuns 
on the west flank where there  i s  the pronounced caprock and sa l t  
overhang.  Other small overhangs are i n d i c a t e d  on i h e  east  a n d  n o r t h  
f lanks ( see  Section 6 . 3 . 4 ) .  

Boundaries of the deep s a l t  were based on the key pelagic narkers: 
Afiahuac Shale, the upper Frio Formation, and the individbal b i o s t r a t i -  
g r a p h i  c zones w i  thin the  Fri o (Mi ogypsi noi des, C i  b i  ci des hazzardi , 
Marginulina texana, B o l i v i n a  mexicana a n d  Nodosaria b l a n p i e d i )  (Table 
6 . 2 ) .  These uni ts  are sensi t ive t o  u p l i f t  md tend t o  pinch * :  near 
t h e  edge of the s a l t .  An isopach o f  the  Anahuac shale (Figu e 6.21) 
shows the thinning of  the shale as i t  nears the dome boundary. A deep 
pelagic zone map showing the areas of pelagic sediments a round  t h e  dome 
i s  shown o n  Figure 6 . 2 2 .  The area where the deep pelagic zones are 
absent r e f l e c t s  even deeper s a l t  u p l i f t .  The b u l g e  t o  t h e  northwest 
may r e f l e c t  extension of the base of  the dome along the underlying s a l t  
r idge.  The area absent of  these sediments i s  interpreted as  marking 
the  approximate boundary o f  the s a l t  between 12,000 a n d  15,000 f e e t .  

The coastal s a l t  domes have r isen t h r o u g h  over f i v e  miles o f  accumulat- 
i n g  sediment a l o n g  d i s t i n c t  s a l t  r idges a n d  regional growth  f a u l t s  ( see  
Section 3 ) .  Upward motion of the s a l t  has been rteddy, a t  l e a s t  since 
the Miocene when de l ta ic  sedimentation reached the area. The r a t e  of 
u p l i f t  has been calculated using b o t h  the displacement on top of  the 
Pliocene (Figure 6 .9 )  as well as by defining the average s t ra t igraphic  
dip since deposition of the Miocene No. 2 S a n d .  The Pliocene displace- 
ment shows an average growth r a t e  o f  2.8 x in/yr ,  while the 
dips on the Miocene show growths on the order of 3.5 x i n / y r  
(Fi gure B - 1 )  . 
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6.3.4 - Salt  Dome Structure 

As previous1 
and geometry 
dome. Bayou 

y stated,  the current interpretat ion of the dome geology 
has been based on  over 300 wells d r i l l e d  on and around t h e  
Choctaw shows a consistent h i s tory  of central  domal u p l i f t  

without the formation o f  any large rim synclines or other evidence of 
s a l t  exhausti on or stagnation. Thi s section g i  ves a general d i  scussi on 
of several key features  of dome geometry and  how they may af fec t  SPR 
f a c i l i t i e s .  

a .  Sal t  Inclusions 

A number of  thin s a l t  sections have been logged a l o n g  the  western, 
northern, and east-central  edges of the dome where the s a l t  over- 
hangs i n t o  the  sof t  sediments. These sections are e i t h e r  
"inclusions" of sediment i n t o  s a l t  mass or pieces of detached s a l t  
t h a t  have separated from t h 2  main s a l t  body. S a l t  o u t l i e r s  or 
inclusions i n  the  sediment are eventual ly d i  ssolvecl away; whereas, 
sediment inclgsions inside the m a i n  s a l t  mass are be t te r  preserved. 

A s  discussed i n  Section 6.3.1,  s a l t  overhangs develop a t  shallow 
depth where the s a l t  becomes heavier t h a n  the  unconsolidated sedi-  
ments and  lenses, or blocks of s a l t  detached themselves g r a v i t a -  
t i o n a l l y  from the  underside of the main s a l t  body. The reduction 
of confining pressure may a l s o  a l l o w  the s a l t  t o  mushroom s l i g h t l y  
by recrysta? l i  zation. The voids between these detached blocks a r e  
i n f i l l e d  with muds and  sands and  became s u b i x t  t o  continued domal 
u p l i f t  (Kupfer,1974). Figure 6 .23  i s  a nap  o f  zones where s a l t  
"inclusions" have separated from the  dome and dropped in to  t h e  
surrounding sediments. These overhangs indicate  general ly  unstable 
areas around the periphery of the dome. A l l  observed inclusions 
appear t o  be associated w i t h  overhangs. This disturbed zone around 
the  periphery o f  the dome often reaches 300 fee t  i n  thickness as 
shown on sections B-B' and  H-HI  (Figures 6 . 3  a n d  6 . 2 0 ) .  

Figure 6 .24  i s  a p l o t  of  s a l t  inclusion thickness as measured ver- 
t i c a l l y  a l o n g  the d r i l l  holes with respect t o  depth below the  
surface. The p l o t  suggests t h a t  the  "thickness" of the inclusions 
i ncreases w i t h  depth. Thi s re1 a t i  onshi p i s probably a t t r ibu ted  t o  
increased solutioni ng  a r o u n d  the dome perivztet- a t  the  shallower 
depths resul t ing i n  the  removal o f  much of the inclusions.  

5 .  West F l a n k  Overhang 

As shown on Sections A - A '  t h r o u g h  G - G '  (Figures 6 . 2  t h r o u g h  6 . 8 ) ,  
the  west flank of the Bayou Choct6w overhangs i n t o  the surrounding 
sediments. The work performed for t h i s  study enhances the e a r l i e r  
interpretat ion made by Oden (1978) which shows the average s t r i k e  
cf the overhang being approximately N 1 O " W  and  d i p p i n g  8 O " E  ( h o l e s  
intersect ing the base of  the solid s a l t  between 78" and  84") .  

I I 
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c. Sou th  Corner 

A t  the  south edge of the dome, the west s ide overhang swings around 
i n  a complex s e r i e s  o f  s a l t  spines. A l t h o u g h  smooth contours have 
been shown on Figure 6.19 delineating t h i s  overhang, fur ther  
studies will  be required alcing the east  flank t o  accurately 
del ineate  t h e  s a l t  configuration. However, based on ex is t ing  data,  
t h e  s a l t  boundary must swing towards the east  near Precise 
Exploration Company Well No. 4 (Figure 6 . 1 9 ) .  The south edge of 
the  overhang must extend n2ar  t o  or just  east  of Freeport Wells No. 
7 1  and  No. 7 2  (Section E - E ' ,  Figure 6 . 6 ) .  

d .  Northeast Corner 

An overhang e x i s t s  along the  n o r t h  s ide of the dome. This overhang 
i s  much smaller and shallower t h a n  t h a t  a l o n g  the  west s ide.  I t  i s  
associated w i t h  movement a l o n g  F a u l t  F - 1  discussed i n  Section 6.4 
below.  T h e  sharp northeast corner (Section C-C', Figure 6 .4)  i s  a t  
t h e  intersect ion of f a u l t s  F-1 a n d  F-3 a s  shown on tangent ia l  
Section N - N '  (Figure B - 2 ) .  No s a l t  caverns are located i n  c lose 
proximity t o  the east  f lank.  

e .  'I Bowt i e" S t r uc t ur e 

Section H-H' (Figure 6 .20 )  a l o n g  the eastern edge of t h o  dome shows 
a deep overhang with a "Sowtie" type s t ructure  forming a complex 
obtuse corner o f  the dome. This overhang i s  formed where F a u l t  F-2  
( s e e  Section 6 . 4 . 3 )  has cut the s a l t  resul t ing in  s l id ing  of the 
s a l t  downward onto the Heterostegina r e e f .  The overhang area i s  
very small and has been penetrated by Carter-Gay Union  wel ls  31 and 
36. The srcall zone of s a l t  inclusions on the east  f l a n k  (Figure 
6 . 2 3 )  represent t h i s  area. Multiple sand  ccnvei-gence i s  part icu-  
1 a r l y  we1 1 docur.,ented immedi a te ly  cver t h e  "bowtie" n o r t h  above the  
main s a l t  mass and act ive f a u l t  F-2. 

6 . 4  - Dome-Related F a u l t i n g  

6 . 4 . 1  - Introduction 

The Bayou Choctaw s a l t  dome i s  a piercement s t ructure  which has pene- 
t r a t e d  Mesozoic thrcugh Quaternary sediments. As i n  other types of 
intrusions,  the s a l t  dome must displace the overlying sediments as i t  
i s  emplaced. As u p l i f t  proceeds, any sediment deposited over the t o p  
of the  dome must be e i ther  pushed aside or eroded away. On domes with 
surface expression such as B i g  Hi 11 ,  sediments are eroded o f f  t h e  t o p  
o f  the  dome as i t  r i s e s .  A t  Bayou Choctaw, the sedimentary record 
indicates  t h a t  the  oome has h a d  no surface expression which means 
normal sedimentation h a s  occurred over the dome as i t  was ri sing. As 
each layer of sediment was deposited over the dome, the upward movement 
o f  the  s a l t  stretched i t  t o  the point J f  f a i l u r e ,  e s s e n t i a l l y  pulling 
the  layer a p a r t  i n  a se r ies  of normal f a u l t s .  The mechanical f a i l u r e  
o f  the sediments surrounding the dome has caused t5e i a u i t s  t o  develop 
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r a d i a l l y  from, and t angen t i a l ly  t o ,  the  dome in  a s e r i e s  of 
graben-horst s t ruc tu res .  

Dips on f a u l t  planes a t  Bayou Choctaw are  dependent on l i thology.  
Faul t s  t h r o u g h  loose sands general ly  d ip  a t  60" while s teeper  d ips  
occur i n  the more consolidated sediments. T h e  Heterostegina reef 
limestone can dip up  t o  80" par t i cu la r ly  near t h e  sal t  edge, which i s  
t echn ica l ly  a f a u l t  surface.  I n  t he  s i l t y ,  consolidated t u r b i d i t e s  of 
t he  F r i o  formation, which i s  overpressured, dips  can range up t o  
v e r t i c a l .  Gnce the  f a u l t  h a s  formed, i t  continues t o  grow as addi- 
t i o n a l  sedimentary layers  are deposited as the  dome continues t o  r ise.  
Therefore, t he  f a u l t  o f f s e t  decreases upward along the  f a u l t  plane. 
Although the  displacement o f  some of these  dome-related f a u l t s  i s  on 
t h e  order  of hundreds o f  f e e t ,  a t  t he  dome edge, the  f a a l t s  d i e  out 
r ap id ly  away from the  dome, general ly  in  l e s s  t h a n  one mile.  

Mapping o f  the  dome-related f a u l t s  a t  Bayou Choctaw has been based on 
e l e c t r i c  lo3 d a t a .  Faul ts  can be in te rpre ted  from the  logs by cor re la -  
t i o n  o f  the major  s t r a t ig raph ic  horizons such as  the  "A " ,  2 ,  4,  8 and 
16 Miocene sands. Absence of s t r a t ig raph ic  o f f s e t s  of these major 
u n i t s  i n f e r s  f au l t i ng .  The r e l a t i v e l y  good well c o n t r o l  on and around 
t h e  Bayou Choctaw dome allows fo r  the  f a u l t s  i n  one well t o  be corre-  
la ted  with those i n  the  surrounding wel ls  t o  determine the  o r i en ta t ion  
of t he  f a u l t  planes. The accuracy of determining the  avount of o f f s e t  
depends on t he  l i tho logy  of the  sediments th rough  which the  f a u l t  
passes.  I n  sha les ,  f o r  example, t h e  resGlution of a n  e l e c t r i c  i o g  i s  
good t o  within two f e e t ;  whereas, i n  a coarse,  cross-bedded levee or 
channe: sands, a f a u l t  with 200 f e e t  of o f f s e t  may be obscured. 

The sec t ions  isopach a n d  s t ruc tu ra l  maps constructed from t h e  well log 
d a t a  were used t o  def ine the  subsurface s t ruc tu re  surrounding t h e  s a l t  
dome. The s t ruc tu re  contotir maps on t he  surfaces  of t he  major marker 
horizons ( " A "  a n d  Kumbers 2 ,  4, 8 and  1 6  Sands, Heterostegina Limestone 
a n d  Fr io  Format ion;  Figures 6 . 1 2  t h r o u g h  6.18) were drawn t o  def ine the  
s a l t  edge a n d  show the  l a t e r a l  extent  of faGlting. Since the  f a u l t s  
a r e  pushed from the  s a l t ,  t h e i r  pat tern helps predict  the  locat ion of 
t h e  L a l t  dome. The hatched areas on the  s t ruc tu ra l  maps show where the  
key marker un i t s  a r e  absent caused by the  s t ruc tu ra l  o f f s e t  o f  the  uni t  
by normal f au l t i ng .  As can be seen on t he  s t ruc tu re  maps, the  extent  
a n d  magnitude of f a u l t i n g  increases  w i t h  depth. F a u l t  o f f s e t s  on t he  
Pliocene a re  on the  order of 50 t o  100 f e e t  while those on t h e  
01 i gocene Heterostegi na  Li mestone are  general ly  over 400 f e e t .  Sect ions 
were drawn r a d i a l l y  (Figures 6 . 2  t h r o u g h  6 .8  and  6 . 2 0 )  a n d  t angeq t i a l ly  
(F'2ures B - 1  t h r o u g h  B-8) t o  the  dome, i n  order t o  o r ien t  them normal 
'LO tkie rad ia l  and tangent ia l  f a u l t s .  I f  a section i s  n o t  or iented 
norma! t o  t he  f a u l t ,  the  d i p  o f  t he  f a u l t  plane w i l l  appear shallower 
t h a n  i t  a c tua l ly  i s .  For example, tangent ia l  F a u l t  F - 1  i s  i n t e r -  
sected a t  approximately a r i gh t  angle by radi a1 cross-section B - B '  
(Figure 6.3)  and so the  t r u e  dip angle o f  a b o u t  60" i s  shown. A t an-  
cjential sect ion S - s '  (Figure B - 7 ) ,  however, i n t e r s e c t s  F - 1  f a u l t  plane 
a t  an oblique angle and so the  t r ace  of t he  f a u l t  appears near ly  
horizontal .  
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Since tlie motive force f o r  normal (down) f a u l t i n g  comes from growing 
s a l t  u p l i f t ,  the  sense of motion a l o n g  the edge o f  the  sa l t  i s  opposite 
t o  tha t  shown by the sediments. Where the sediments show a l inear  d r o p  
on the down ( d i p )  s ide o f  the  f a u l t ,  the  s a l t  shows a curved updrag  i n  
the  same direction as indicated u n  sec t ion  K - K '  through proposed Cavern 
C (Figure 6 . 2 7 ) .  

Construction of radi a1 cross-sections i s  necessary for accurate 
estimation of the geometry o f  the s a l t .  The controll ing tectonic  
s t resses  and resultant. s a l t  geometry are observed i n  the  f a u l t  pat terns  
which require both radial  a n d  tangential  sections t o  define t h e  s a ? t  
dome in  three dimensions. 

6 . 4 . 2  - Major Dome Fau  1 t s 

Eleven major f a u l t s  ( label led F - 1  t h r o u g h  F-11) a n d  nunerous minor 
f a u l t s  have been defined around the Bayou Choctaw sa l t  dome. Many more 
small scale f a u l t s  (displacement in  the tens of f e e t )  are l i k e l y  t o  
e x i s t  b u t  are n o t  considered c r i t i c a l  t o  defining the  s a l t  dome. Three 
of the major f a u l t s  displace the  t o p  of the Pliocene sediments a d  are  
l i k e l y  t o  continue t h r o u g h  t o  the  surface. These f a u l t s  are considered 
"act ive" i n  t h a t  they cut Holocene sediments. The rcmaining fau:ts 
o f f s e t  only Miocene a n d  older sediments a n d  are considered " inact ive".  
Active f a u l t s  are discussed separately below. 

The major f a u l t s  are b o t h  r a d i a l  from a n d  tangential t o  the dome. The 
r a d i a l  f a u l t s  appear on many of the s t ruc ture  maps t o  s t r i k e  through 
the s a l t  mass, for  example, f a u l t  F-7 on the " A "  Sand s t r u c t u r e  map 
s t r i k e s  o u t  of the northwest and southeas: f lanks of the  dome (Figure 
6 . 1 2 ) .  This i s  because many r a d i a l  f a u l t s  or ig ina l ly  formed tangen- 
t i a l l y  t o  the dome. As the  s a l t  dome moved upward ,  i t  passed through 
the f a u l t  plane destroying i t  b u t  leaving t races  of t h e  plane away from 
the  dome i n t a c t .  Tjble 6.3 l i s t s  the major  tangential  and rad ia l  
f a u l t s .  

a .  Tangenti a1 Faults 

i F a u l t  F-4  

F a u l t  F-4 s t r i k e s  N60"W and  dips steeply t o  the northeast .  
The amount of o f fse t  varies considerably. Offsets  are 
greatest  riear the dome and a t  depth and  d ie  o u t  away from t h e  
dome and  near the surface. Displacement also depends on the 
s t ructural  re la t ionship w i t h  adjacent f a u l t s .  About 100 f e e t  
of  o f fse t  occurs on the s t ructure  map o f  the  " A "  sand ( F i g u r e  
6 . 1 2 ) .  This increases downward t o  200 fee t  on the F r i o  forma- 
t ion  (Figure 6.18) .  A t  the  intersection w i t h  f a u l t  F-3, there  
i s almost 600 f e e t  of d ;  splacement. 

r-- 
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i i  

i i i  

Fault F-5 

Fault F-5 on the south s ide o f  the s a l t  dome s t r i k e s  N80"W and 
dips  t o  the south away from the  dome. T h i s  f a u l t  i s  a good 
example o f  f a u l t  growth with d e p t h  as  shown by s t ructure  maps 
of  the  "A", No. 2 and No. 4 sands (Figures 6.12, 6.13, and 
6.14). On t h e  "A" Sand, t h e  o f f s e t  i s  l e s s  than 100 f e e t  b u t  
increases t o  nearly 200 f e e t  on the No, 4 Sand.  The length 
and width of the f a u l t  t race  also increases w i t h  dept.h from 
3,400 f e e t  b y  100 f e e t  on the "A"  sand t o  6,500 f e e t  by 140 
fee t  on the No. 4 Sand.  The f a u l t  plane i s  off the map cn the 
deeper geologic uni t s ,  F a u l t  F-5 i s  shown on section F-F' 
(Figure 6 . 7 )  as coming u p  under the s a l t  overhang which 
suggests t h a t  the  f a u l t  may be related t o  t h i s  s t ructure .  

-- 

Fault. F-6 

F a u l t  F-6 i s  on the northwest fiank o f  the dome. The f a u l t  
plane s t r i k e s  N30"E and d i p s  t o  the northwest. T h e  o f fse t  i s  
qui te  var :ab le  b u t  generally increases from less  t h a n  100 f e e t  
on the  " A "  S a n d  t o  a b o u t  200 f e e t  on t he  No. 4 Sand (Figirre 
6 . 1 4 ) .  The F-6 borders the overhung s a l t  edge on the n o r t h -  
west flank between 3,000 a n d  1,200 f e e t  where i t  i s  truncated 
by the  younger act ive F - 1  f a u l t  (Figures B-3 a n d  B-9). 

b .  Radial Faults - 
i Fault F-7 

The F-7 f a u l t  s t r i k e s  N70"W and dips t o  the southwest. The 
f a u l t  plane o f f s e t s  beds t o  the t o p  of the Miocene. Displacc- 
merits range from less  than 50 fee: on the " A "  Sand (Figure 
6 .12 )  t o  4 0 0  f e e t  on the No. 8 S a n d  (Figure 6 . 1 5 ) .  The F-7  
forms the  edge of the main s a l t  overhang on the west side of 
the dome (Figure B-3). 

i i  Faults F-5 and F-9 

F a u l t s  F-8 and  F-9,  which occur on the southeast f l a n k  o f  the 
dome, s t r i k e  Ni9"W. F a u l t  F-8 dips t o  the west a n d  F-9 d i p s  
eas t .  The F-8 f a u l t  forms a c lass ic  graben-horst s t ruc ture  
w i t h  the  F-9 f a u l t  a n d  the F - 4  f a u l t  t o  the northeast (Figure 
6 . 1 2 ) .  (The graben i s  the downthrown block bounded by F-8 and 
F-9) .  The F-3 f a u l t  has of fse t  b F d s  betweell the t o p  of  the  
"A "  S a n d  arid the No. 8 sand. Displacement varies from a b o u t  
100 f e e t  on the "A "  Sand (Figure 6 . 1 2 )  t o  300 f e e t  on the No. 
4 sand (Figure 6 . 1 4 ) .  
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i i i  

i v  

Fault F-10 

The F-10 f a u l t  l i e s  on the southwest f l a n k  of the dome. T h e  
s t r i k e  and  d i p  are N40"W a n d  southwest, respectively. The 
F-10 has offset  beds from t h e  No. 2 sand t o  the No. 8 sand  
(Figures 6.13 and 6 .15) .  Di splacements d o  n o t  s ign i f icant ly  
change with depth being generally from 100 t o  150 f e e t .  T h i s  
f a u l t  i s  a good example,of the t rans i t ion  from tangential  t o  
radial  f a u l t .  The t r a c e  of the f a u l t  plane on the No. 8 Sand 
s t ruc ture  map i s  tangential  t o  the  dome. Following the f a u l t  
p l a n e  up-dip t o  t he  No, 4 sand  (Figure 6.14), where i t  i s  
intersected by the  dome, On section A - A '  (Figure 6.21, the 
s a l t  edge i s  of fse t  along the t races  of the F-10 f a u l t  plane 
and an mnumbered f a u l t  below i t .  

F a u l t  F-11 

F a u l t  F-11,  lying on the southeast f l a n k  of the dome, s t r i k e s  
N30"W and  dips t o  t he  southeast. The F-11 has o f f s e t  beds t c  
t h e  t o p  of the Miocene No. 8 Sand  (Figure 6 .15) .  Displacement 
i s  generally 300 t o  40G f e e t .  

6.4.3 - Possible Active Faults 

Only several of the f a u l t s  shown o n  the  sections may be considered t o  
be ' 'active" in  t h e  terms t h a t  they are continuing t o  grow with 
increased sedimentation and s a l t  dome u p l i f t .  T h e  best eviderice f o r  
ac t ive  fau l t ing  i s  f a u l t  F - 1  on the n o r t h  s ide of the dome. Three sec- 
t i o n s  were drawn N15"W out  from t h e  dome t o  cross F-1  a t  r i g h t  angles 
(Section 6-6, C-C '  and  E-E ' ;  Figures 6.3, 6 .4 ,  and 6 . 6 ) .  All of these 
sections pick up 50 f e e t  or more of displacement i n  Pliocene (Figure 
6 . 9 )  and shallower sediments. The f a u l t  dips t o  t h e  north away from 
the  dome a t  60". There i s  a s l i g h t  s a l t  overhang above where t h i s  
f a u l t  cuts  i n t o  t h e  s a l t  mass, apparently i so la t ing  a block of s a l t  a t  
the  northwest corner of the dome. This suggests grav i ta t iona l  
i n s t a b i l i t y  s a l t  a t  shallow depths where the s a l t  i s  denser than t h e  
surrounding sediments resul t ing i n  the s a l t  s ta r t ing  t o  break away frorn 
t h e  main done. The f a u l t  passes under collapsed Cavern 7 (Section 
B - B ' ,  Figure 6 .3) .  The surface sver t h i s  broken s a l t  block shows signs 
o f  surface subsidence as evidenced by the  anomalous meander of t h e  
bayou below Cavern Lake (Figure 2.3).  

Although the SGutheast f l a n k  f a u l t ,  F-2, (Figure 6 . 9 )  may c u t  the t o p  
of  the Pliocene, there  i s  l i t t l e  evidence For i t s  current a c t i v i t y .  
The F-2 f a u l t  appears t o  cut t h r o u g h  the southern caverns (Figure 6.12) 
which are pressure-tight,  suggesting t h a t  i t  i s  an  o l d  f a u l t  zone t h a t  
has been heaied by s a l t  creep. There i s  n o  large overhang on t h i s  s i d e  
of the dome, except a small complex "bowtie" s t ructure  (Figure 6.20)  
f o u n d  a t  approximately a h a l f  mile depth where t h i s  f a u l t  i s  projectad 
t o  intersect: the dome (see  Section 6.3.4).  
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Another possibly active f a u l t  (marked F-3 on Section H - H I ,  Figure 6.20) 
s t r i k e s  north-south along the  east  s ide of the dome. The f a u l t  d i p s  t o  
the  east  and does not appear t o  in te rsec t  the s a l t .  I t  has been 
ident i f ied  on the top of t h e  Pliocene and appears t o  r e f l e c t  the area 
of maximum s a l t  u p l i f t  today, forming the act ive margin of the dome. 
Temporary springs were found a l o n g  t h i s  l ine  a t  the time of t h e  
co l  lapse of Cavern 7 .  

No evidence f o r  act ive faul t ing has been found on the west s ide  of t h e  
dome e i ther  above or below the large overhang. T h e  movement of most Of  
the f a u l t  i s  so slow t h a t  s a l t  creep can probably keep ahead of them, 
a t  l eas t  i n  :ne i n t e r i o r  of the dome. 

6.5 - Temperature-Depth Relationship 

I n  order t o  show the e f fec t  s a l t  s t ructures  have on the  geothermal tempera- 
tu re  gradients,  two graphs were constructed (Figure 6.25 A and  B ) .  T h e  
f i r s t  g r a p h  p l o t s  the temperatures measured in  the  wells in the immediate 
v i c i n i t y  o f  t h e  dome (including those which penetrated s a l t ) ,  and  the second 
p l o t s  tezperatures in  regional we1 Is.  

The wide variance in  temperatures a t  equal depths, as noted on t h e  t w o  
graphs, i s  the resu l t  of temperature measuring techniques. To achieve a 
more accurate temperature prof i le ,  a well must be l e f t  i d l e  for  several days 
(twice the  d r i l l i n g  time f o r  s h a l l o w  holes) a f t e r  d r i l l i n g  so t h a t  the  tem- 
per-aturns of the d r i l l i n g  f l u i d  can equi l ibra te  w i t h  the surrounding 
sediments. Bzcause of the h i g h  cost of d r i l l i n g ,  t h i s  procedure i s  not 
always followed. Therefore, those temperatures tha t  p l o t  t o  the l e f t  
(cooler)  a r e  l i k e l y  from holes tnat  were not equilibrated.  

A s  shown i n  Figure 6.25A, thcse wells which e i t h e r  penetrated o r  are  c lose  
t o  the s a l t  edge tend t o  have h i g h e r  temperatures t h a n  those fur ther  away. 
The average goethermal gradient from ground  surface t o  approximately 8,000 
f e e t  i s  approximately 7°F per i,OOO f e e t .  Below 8,000 f e e t ,  the gradient 
steepens t o  approximately 1 1 ° F  per 1,000 f e e t  in the surrounding sediment, 
and t o  approximately 30°F per 1,000 f e e t  i n  the  s a l t .  T h i s  change i n  gra- 
dient  occurs a t  the major l i thologic  change from the Miocene sands t o  t h e  
underlying Oligocene shales.  

i 

The more permeable Miocene sands tend t o  d i ss ipa te  heat more rapidly by 
c i rcu la t ing  groundwater t h a n  the more impermeable shales.  Therefore, t h e  
shales and the s a l t  re ta in  more heat resul t ing i n  a higher geothermal 
gradient.  The gradients of these rocks are related t o  t h e i r  material pro- 
per t i  es and thermal condlrcti vi t y .  

The regional data supports t h i s  finding. The regional data plotted on 
Fjgure 6.25B i s  primarily from the brine disposal wells south of  the s i t e  
a n d  g a s  wells north of the s i t e  i n  the Bayou Choctaw Northwest, Port Hudson 
and False River f i e l d s  ( see  Figure 3 . 2 ) .  The temperature gradients from 
these wells are the same a s  shown i n  Figul-e 6.25A, with the exception t h a t  
the  change i n  g r a d i e n t  occurs 5,000 fee t  deeper a t  a depth of a b o u t  13,000 
f e e t .  As stated above, t h i s  depth corresponds t o  the contact between t h e  
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Miocene sands and Oligocene shales.  The contact i s  higher a t  the dome as a 
r e s u l t  o f  s a l t  dome tectonics  which has dragged t h i s  contact upwards along 
the dome boundari es. 

Examination of Figure 6.258 shows the  Amoco Production Company ( A P )  wells t o  
have a higher temperature gradient t h a n  the deeper Chevron ( C H  and C O )  
wells.  The Amoco wells are  in  the  P o r t  Hudson f i e l d  which, based on seismic 
data,  i s  s t r u c t u r a l l y  controlled by a s a l t  r idge.  The sediments fn the Port 
Hudson f i e l d  being closer t o  the s a l t  have a higher g r a d i e n t  than those i n  
the  Chevron wells a t  the False River f i e l d  which i s  s t ra t igraphica l ly  
control led. 

In summary, the  geothermal gradients i n  and around s a l t  domes are, i n  part , ,  
control led by the surrounding geology and geohydrology. A comprehensjve 
understanding o f  the  s i t e  geology and geotherma gradients allows f a r  a 
quantification of the s a l t  behavior. 

6.6 - Impacts on SPR F a c i l i t i e s  

6 .6 .1  - Introduction 

T h i  s section summarizes the potenti a1 impacts on exi s t ing atid proposed 
SPR s i t e  f a c i l i t i e s  resul t ing from the characterization of the geology 
and geometry of the  Bayou Choctaw s a l t  dome. The impacts of natural 
hazards are fur ther  discussed i n  Section 7. 

6 .6 .2  - Alternate Cavern Locations 

Four potential  cavern locations were proposed i n  previous s tud ies  as 
a l t e r n a t e  cavern locations for  storage of high pressure ethafie by 
A 1  l ied Chemical Corporaticn. During the contract  period special  empha- 
s i s  was given t o  a geotechnical study o f  the f o u r  locations a t  t h e  
spec i f ic  request of Sandi  a National Laboratories. 

Location A - Location A i s  shown o n  Figure 6.1 with a section t h r o u g h  
the cavern shown on Figure 6.26, Section 1-1'. Based on t h e  interpre-  
t a t i o n  of the s a l t  dome boundary i t1  t h i s  area, the pr-oposed Cavern A 
w o ~ l d  in te rsec t  the s a l t  boundary a t  approximately 4,000 f e e t  below the 
surface. As indicated i n  Section 6.3.4, s a l t  "inclusions" and d i s -  
turbed s a l t  may extend up  t o  300 f e e t  i n t o  the  s a l t  mass. I t  i s  f o r  
t h i s  reason tha t  a minimum of a 300 f o o t  i n t o  the s a l t  mass. I t  i s  f o r  
t h i s  reason t h a t  a minimum of 300 foot buffer zone be maintained 
between any cavern and the dome boundary. I n  summary, Location A i s  
n o t  considered a viable s i t e  for  cavern development. 

Location B - Location B i s  shown on Figure 6 .1 .  A cavern located a t  B 
i s  well w i t h i n  the  s a l t  dome boundaries. However, the well head and 
upper casings would be within the zone of possible f a i l u r e  influence 
from a collapse of Cavern 4 (Tillerson, 1980) ( see  Section 7.5 and 
Figure 7 . 3 ) .  Unless measures are  taken t o  s t a b i l i z e  Cavern 4 ,  Location 
B should n o t  be considered a viable s i t e .  
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Location C - Location C i s  shown on Figure 6 .1  and sections K - K '  and 
L-L'  (Figure 6 . 2 7 ) .  As shown, an estimated 300 foot  s a l t  buffer can be 
safel;! projected a t  the  bottom of a sump t o  a depth of 5,500 f e e t  below 
ground surface. No geologic features  were found i n  t h i s  study t h a t  
wolild adversely a f fec t  location C as an ethape storage f a c i l i t y .  

Location D - Location D i s  shown on Figure 6 . 1  and Section J-J '  (Figure 
6.26) and i s  found i n  the  northwest corner of the  dome in  an area of 
faul ted and disturbed s a l t  (see Section 6.3.4) .  The h is tory  of cavern 
leakage and collapse i n  t h i s  area of the dome causes concern as t o  t h e  
v i a b i l i t y  of t h i s  s i t e  for  ethane storage. Additional d r i l l i n g  and 
t e s t i n g  i n  t h i s  area would be required before the  s i t e  could be f u l l y  
assessed f o r  cavern development. 

6.6.3 - Cavern 20 - 

Cavern 20 i s  located along the west f l a n k  of the dome (Figure 6 . 1 ) .  
Section A - A '  on Figure 6 .2  shows the best estimate of distance t o  t h e  
edge of the  s a l t  t o  be approximately 130 f e e t .  This i s  consistent w i t h  
in terpretat ions made by PB/KBB (1978) within the  l imit  of accuracy of 
available well control.  Section A - A '  (Figure 6 . 2 )  show the  s a l t  sur- 
face of fse t  by f a u l t  F-10 a n d  a deeper, unnumbered f a u l t .  These f a u l t s  
may indicate  an unstable area of s a l t  near Cavern 20. 

6 . 7  - Cavern Geometry 

6 . 7 . 1  - Introduction 

This section i s  a summary of available i n f o r m a t i o n  regarding cavern 
geornetry, condition and present use. The information i s  based on t h i s  
study, the work of Parsons Bri nkerhoff, Quade and Doiigl as,  
Inc./Kava-nen Bau-und Betri ebs-GmbH ( P B / K B B ,  1978c) w i t h  updates on 
cavern geometry and volume from the r e s u l t s  o f  recent sonar surveys 
(Dowell, 1980a and  1980b). 

There are a t  present twenty-five caverns a n d / o r  wells w i t h  undeveloped 
caverns penet:-ating the  Bayou Choctaw s a l t  dome. Fifteen o f  these a re  
w i t h i  n the  Department of Energy acqui si ti o n ,  

I n  addition t o  caverns i n  the present D O E  acquisit ion,  the other  
cavsrns within the Bayou Choctaw dome are discussed b r i e f l y  as they 
r e l a t e  t o  the D O E  storage zaverns. Cavern and well locations can be 
!ound on Figure 2.3 i n  Section 2 .  Cavern prof i les  based on sonar sur- 
:'?y data are presented as Figures 6 .28  t h r o u g h  6 .41 .  Each f igure shows 
the  most recent east-west and  north-south profi 1 6  s .  Where possible,  
the  oldest  a n d  l a t e s t  sonar prof i le  are shown so that a comparison o f  
the  changes i n  cavern geometry can be seen. On Lhe shallow caverns, 
the  sal tlcaprcck, c lay  and  gypsumlmassive gypsum-anhydri t e  and caprock/ 
sediment contacts are shown.  These contacts are based on the s a l t  
s t ruc ture  map (Figure 6 .19 )  and the s t ructure  map the of  massive 
caprock u n s  t ( F i  gure 5.3)  . 

ACRES AMERICAN INCORPORATED 



6.15 

A cavern and brine well summary of pertinent data for  a l l  caverns in 
the Bayou Choctaw dome i s  presented as Table 6.4.  

6 .7 .2  - Caverns arid Brine Wclls WithSn 
Department of Energy Property 

The caverns within the  DOE acquisition are  discussed below. 

Cavern 1 

Cavern 1 was d r i l l e d  in  1937 t c  a depth of 1,988 f e e t .  As o f  1977, the  
t o p  of the cavern was a t  a depth of 950 f e e t  and the  diameter was, on 
the  average, 250 f e e t  (Figuri  6.22). The cavern volume i s  8.42 million 
bar re l s .  The t o p  of the ra ; t  o v w  the cavern i s  dt a dopth of 579 
f e e t .  The s a l t  roof thickness i s  371 f e e t .  The cavern i s  current ly  
i nacti ve. 

Previous studies performed by P6;K;;b ( 1 9 7 8 ~ )  recommended a s a l t  roof 
thickness t o  cavern span r a t i o  of 1 .0  b u t  never t o  be l e s s  t h a n  0.5, t o  
m a i n t a i n  cavern s t a b i l i t y .  T h e  r a t i o  f o r  Cavern 1 i s  about 1.5, t h u s ,  
t h e  cavern i s  considered s t r u c t u r a l l y  s tab le .  

T h e  cavern, however, i s  nct pressure-tight due t o  u n d e r m i n i n g  of the 
lower cemented casing w i t h  solutioning upward t o  the caprock. Repair 
af the  well bore and sealing o f  the cavern was n o t  considered feas ib le  
and therefore the cavern wzs no t  considered for o i l  storage or brine 
production ( P B / K B B ,  1 9 7 8 ~ ) .  

Cavern 2 

Cavern 2 was d r i l l e d  i n  1934 t o  a depth of 1,846 f e e t .  T h e  volume of 
the  cavern (calculated from the l a s t  sonar survey i n  1977) i s  9.02 
million barrels .  The cavern i s  no longer being brined. The s a l t  roof  
over the cavern i s  generally 50 t o  100 f e e t  thick (Figure 6 . 2 9 ) .  

Gulf In te rs ta te  Engineering Corporation has c e r t i f i e d  Cavern 2 fo r  
crude o i l  storage as a "limited service" cavern. P B / K B B  ( 1 9 7 8 ~ )  has  
rejected the use of t h i s  cavern f o r  o i  1 storage based on: the  th in  
s a l t  r o o f ,  the  poor qua l i ty  of the caprock, possihle f rac tur ing  of sa l t  
froin detrimental pressure variations and  r i sk  o f  o i  1 leakage. 

Cavern 3 

Cavern 3 was d r i l l e d  in  1934 t o  a depth o f  2,000 f e e t .  The cavern roof 
i s  a t  a depth of 890 f e e t ,  approximately 100 f e e t  be1W the  t o p  of the 
s a l t  (Figure 6 .30) .  The present volume (based on 1977 sonar data) i s  
5.01 million barrels .  Currently, the cavern i s  no lovger being brzned. 
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Cavern 3 i s  in pressure comvunization with Caverns 11 and 13. PB/KBB 
( 1 9 7 8 ~ )  s ta ted t h a t  t e s t s  indicate  t h a t  a t  low pressures, the caverns 
communicate t h r o u g h  s a l t  b u t  a t  higher pressures a connection through 
the caprock or caprock/salt contact develops. Sonar  surveys show no  
evidence t h a t  t h e  caverns have coalesced. 

The cavern was abandoned a f t e r  a large quantity of ethane was injected 
and l o s t  i n t o  the  shallow sands. 

Cavern 4 

Cavern 4 was d r i l l e d  i n  19z5 t o  a d z p t h  o f  1,990 f e e t .  The cavern raof 
(Figure 6.311, a t  a depth of 620 f e e t  which extends in to  the massive 
caprock zone a b o u t  40 f e e t  above the t o p  of the  s a l t .  The volume of 
t h e  cavern i s  5.94 mi;lion barrels  based on a 1980 sonar survey. 
Cavern 4 was abandoned i n  1954 a f t e r  several years of brining by a i r -  
l i f t  due t o  loss  of cavern pressure. 

The sonar survey run i n  1980 (Figure 6.31) shows a s ignif icant  enlarge- 
ment of the  cavern t o  the west and  upwards from t h e  i n i t i a l  survey i n  
1963. A detai led discussion of the potential  f o r  collapse of Cavern 4 
i s  presented i n  Section 7 .  

Allied 5 

The Allied Number 5 well was d r i l l e d  i n  1943 t o  a depth of 775 f t ,  b u t  
was abandoned before leaching began becavcc! of local subsidence. 

Allied 8 

The Allied Number 8 was dr i l led  i n  1944 b u t  abandoned due t o  local 
susidence. I t  was replaced by Cavern 8A. 

Cavern 8A 

Cavern 8A was d r i l l e d  i n  1944 t o  a depth of 2,007 f e e t .  The t o p  of t h e  
cavern (Figure 6 .32 )  i s  presently a t  a depth of 1,235 f e e t ,  a p p r o x i -  
mately 460 f e e t  below the  t o p  of the s a l t .  The most recent ( i980)  
sonar survey shows v i r t u a l l y  no change in shape or volume since t h e  
I973 survey. The present volume of  Cavern 8A i s  3.12 million b a r r e l s .  
Currently, the cavern i s  n o t  being brined because of a leak in  t h e  
10-3/4 inch casing a t  a depth o f  about 1,160 f e e t .  Efforts a t  seal ing 
t h i s  zone have fa i led  t.0 date.  

The roof-to-span r a t i o  i s  a b o u t  3, indicating a s table  condition. 
Cavern 8 i s  located f a r  enough from adjacent caverns t o  permit addi- 
t ional  brining or several cycles of o i  1 w i t h d r a w a l  w i t h o u t  coalescing 
w i t h  adjacent caverns. I f  Cavern 8A can be made pressure t i g h t ,  i t  
w o u l d  be su i tab le  f o r  brining and/or  o i l  storage (PG/KBB, 197Se). 
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Allied 9 

A l l i e d  9 well was d r i l l e d  in  1944 t o  a depth of 2013 fee t  b u t  was 
abandoned before leaching began when the casing collapsed due t o  local 
subsidence. 

Cavern 10 was d r i l l e d  in 1347 t o  a depth of 1942 f e e t .  The present t o p  
of the cavern i s  a t  a depth of 990 f e e t  an3 i s  overlain by over 300 
feet, of sal t  (Figure 6.33).  The cavern Was abandoned when brine 
returns  wCr2re l o s t .  This may have rcsult2d from the cavern being 
leached t h r o u g h  the  s a l t  t o  the surrounding sediments. P B / K B B ,  ( 1 9 7 8 ~ )  
a l s c  suggests t h a t  a l te rna t ive ly ,  the  loss of pressure may be due  t o  a 
leak i n  the  casing sea t .  The volume o f  the  cavern i s  6.4 mill ion 
bar re l s  e 

Cavern 11 

Cavern 1.1 was d r i l l e d  t o  a d e p t h  of 1,928 f e e t  in 1947. Based on the 
1980 sonar survey, the cavern t o p  i s  a t  a d e p t h  of 1,030 f e e t  and i s  
overlain by approximately 350 f e e t  of s a l t  (Figure 6 .34) .  The volume 
of t h e  cavern i s  9.5 million barrels .  T h e  cavern i s  curren t ly  
inact ive.  The cavern has enlarged subs tan t ia l ly  t o  the west and 
upward. The cavern roof-to-span r a t i o  i s  s l i g h t l y  greater  than 1 which 
i s  considered s tab le .  (See preceeding Cavern 3 section for  a discus- 
sion of the  pressure communication between Caverns 3, 11 and 13 ) .  

i 

Allied 12  

Allied 12 well was d r i l l e d  i n  1947 t o  a depth of 2020 f t .  The well 
collapsed and was abandoned before leaching began. 

Cavern 13 

Cavern 13 i s  a shallow cavern which was d r i l l e d  t o  a depth of 1,915 
f e e t  i n  1948. Data 
from the  1977 sonar survey indicates  a cavern volume o f  4.31 mill ion 
bar re l s .  Because of the d i p  of the  t o p  of the s a l t  surface (Figure 
6.35),  the  thickness of the  s a l t  roof varies corth t o  south from 270 t o  
190 f e e t .  Assuming an average w i d t h  of about 230 f e e t ,  the cavern 
roof-to-span r a t i o  i s  approximately 1 and so t h i s  cavern i s  considered 
s tab le .  (See Cavern 3 section for  discussion of the pressure comntclni- 
cation between Caverns 3, 11 and 1 3 ) .  

The t o p  of the cavern i s  a t  a depth of 1,103 f e e t .  

Cavern 15 

Cavern 15 was d r i l l e d  in  1953 t o  a depth of 3,357 f e e t .  The t o p  o f  t h e  
cavern (Figure 6.36) i s  a t  a depth of 2,597 f e e t  which i s  1,960 f e e t  
below the t o p  of the sal t .  The volume o f  the cavern, calculated from 
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the 1974 sonar survey i s  16.6 c i l l i o n  bar re l s ,  Cavern 15 i s  presently 
being vsed t o  s tore  crLidc o i l  and contains zpproximately 8 million 
bar re l s .  With the present thick s a l t  roof and cavern shape, Cavern 15 
i s considered stable.  

Allied Chemical's nearby Zavern 1 7  i s  presently being used t o  s t o r e  
ethane under h i g h  pressure ( u p  t o  2000 psi)  arrd t.0 strengthen brine. 
Figure 6.37 i s  an east-west section through Caverns 15 and 17 .  Because 
of t h i s  ongoing operation, and  the lack of recent sonar data,  i t  i s  
d < f f i c u l t  t o  accurately determine the  thickness of the s a l t  web between 
t h e  two caverns. I t  i s  l i k e l y  t h a t  the  actual thickness between the  
two caverns i s between 100-200 f e e t .  

- Cavern 18 

Cavern 18 i s  a deep cavern t h a t  was d r i l l e d  i n  1967 t o  a depth of 4,383 
f e e t .  8ased on the 1978 sonar  survey, the  cavern roof i s  a t  a depth of 
2,100 f e e t  which i s  over 1,200 f e e t  below the t o p  of the s a l t .  The 
present volume of the cavern i s  8.5 million bar re l s .  Figure 6.38 shows 
cavern prof i les  from t h e  1971 a n d  1978 sonar surveys. The cavern has 
nearly t r i p l e d  i n  s ize  between surveys. Based on cavern shape, roof 
thickness, distance from adjacent caverns and  the edge of  the  dome, 
Cavern 18 i s  considered s table .  Approximately 4 m i l l i o n  barrels  o f  o i l  
are current ly  in storage i n  t h i s  cavern. 

Cavern. 1 9  i s  a deep cavern d r i l l e d  t o  4,400 f e e t  in 1957. The cavern 
t o p  was measured a t  a depth of 2,980 f e e t  d u r i n g  the 1977 sonar survey 
(Figure 6.39) .  The t o p  of the s a l t  i s  a t  a depth of 850 fee t  which 
leaves a s a l t  roof thickness of over 2,100 f e e t .  The volume of the  
cavern i s  7 .46  m i l l i o n  barrels .  Cavern 19  has suf f ic ien t  rooi and s a l t  
web thickness a n d  a favorable cavern shape so t h a t  i t  i s  considered 
s tab le .  Approximately 5 million barrels  of o i l  are current ly  i n  stor- 
age in  t h i s  cavern. 

Cavern 20 

Cavern 20 i s  a deep i ~ v e r n  d r i l l e d  t o  a depth o f  4,452 f e e t  t n  1970. 
The t o p  of the cavern i s  presently a t  3,935 f e e t ,  approximately 3,20C 
f e e t  below the t o p  of t h e  s a l t  (Figure 6.40) .  ?he 1978 sonar s i rvey  
d a t a  indicates  t h a t  the cavern volume i s  5.2 m i l l i o n  barrels .  The 
cavern i s considered s tab le  w i t h  respect t o  roof thickness w d  cavern 
shape. However, the cavern i s estimated t o  be w i t h i n  approximately 133 
f e e t  from the edge of the dome under the west flank overhang (ses 
Section 6.6.3 a n d  Figure 6 . 2 ) .  

6.7.3 - Caverns and  Brine Wells Outside 
Department of' Energy Property 

The caverns and brine wells currently on Allied Chemical Corporation's 
praperty are discussed below. 
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Cavern 6 

Cavern 6 (Allied 6 )  i s  a small cavern d r i l l e d  in  1943 t o  a depth of 
2,007 f e e t .  The t o p  of the cavern as well as the t o p  of the s a l t  are 
n o t  known.  The cavern volume i s  estimated t o  be less  than 100,000 
b x r e l s .  The or iginal  cavern was abandoned due t o  a high magnesium 
content i n  the brine. Currently Allied i s  planning t o  expand Cavern 6 
t o  l e s s  t h a n  1 million barrels f o r  the storage of product. Further 
development of the cavern should not affect  the DOE f a c i l i t y  (PB/KBB, 
1 9 7 8 ~ ) .  

Cavern 7 

Cavern 7 was d r i l l e d  in  1942 t o  a depth of 1,951 f e e t .  The depth t o  
the original t o p  o f  the  cavern i s  n o t  k n o w n .  The cavern volume was 
calculated from production data t o  be 2 . 9  million barrels .  Normal 
brining operations continued i n t o  the ear ly  1950's when cavern pressure 
was los t .  I t  i s  assumed t h a t  presure was los t  when the  cavern roof was 
leached t o  the  t o p  of the s a l t .  Brining continued by the a i r l i f t  
method u n t i l  January, 1954 w h e n  the  cavern collapsed. T h i s  resulted i n  
the  formation of a c r a t e r  abou t  800 f e e t  i n  diameter which f i l l e d  with 
water and  i s  now cal led Cavern Lake. Cavern collapse resu!ted from 
leaching of t h e  s a l t  t o  the  salt/caprock contact followed by t h e  f a i l -  
ure of the caprock and overlying sediments. 

Cavern 14 

The Allied cavern 14 was d r i l l e d  i n  1953 t o  a depth of 3,057 f e e t .  The 
d e p t h  t o  the t o p  of the cavern i s  n o t  k n o w n .  The cavern was leached 
f o r  a short period of time and then abandoned because of h i g h  niagnesiurn 
content i n  the brine. The cavern volume was estimated t o  be l e s s  than 
100,000 barrels .  

Cavern 16 

Cavern 1 6  was d r i l l e d  i n  1954 t o  a depth of 3,408 f e e t .  The depth of 
the top of the cavern i s  2,620 f e e t .  The cavern i s  overlain by about 
1,400 f e e t  of s a l t .  The estimated cavern volume in  1976 was 9.1 
million barrels .  Currently, Allied i s  storing ethylene i n  Cavern 16. 
Cavern 16 i s  considered s tab le  based on the thick s a l t  roof. 

Cavern 1 7  

Cavern 1 7  was d r i l l e d  t o  a depth of 4 ,125  f e e t  i n  1955. The t o p  of the  
cavern i s  a t  a depth of 2,590 f e e t  and i s  overlain by approximate7y 
1,900 f e e t  of s a l t  (Figure 6 .41) .  The volume of the cavern, estimated 
i n  1976, i s  1 2 . 2  million barrels .  Currently, Allied i s  s t o r i n g  ethane 
under h i g h  pressure in  Cavern 17 .  The cavern roof i s  s table;  however, 
the s a l t  web thickness between Caverns 1 7  and 15 may be between 100-200 
f e e t .  See Section 6 . 7 . 2 ,  Cavern 15 f o r  fur ther  discussion. 
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Caverns 24 and 25 

Caverns 24 and 25 were both d r i l l e d  i n  1979 t o  replace caverns taken by 
DOE. They are  both current ly  shut-in awaiting the  need for  brine. 

Caverns J 1, N 1 and UTP 1 

Caverns J 1, N 1 and UTP 1 are  small caverns d r i l l e d  between 1967 and 
1972 t o  depths below 3,500 f e e t .  Tht? depths t o  the t o p s  of J 1 and N 1 
are 2,850 f e e t  and 2,670 f e e t  respectively.  The depth t o  the top of 
UTP 1 i s  unknown. The volume of each cavern i s  l ess  t h a n  1 million 
barrels .  Ethylene i s  current ly  being stored i n  each of these caverns. 

i 
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TARLE 6.1 

BAYOU ChUCTAW SPR 
PLIOCEKE PND MIOCENE GEO 

_I_ _-  

S t  r a t i g r a p h i c  B i o s t r a t i g r a p h i c  b d i m e n t  ( j , p o s i t i o n a l  Map Type Environment Aqe Formation Symbol Unit Zone 

PLIOCENE Gola id  

MIOCENE Fleming 

Ca tahou l  

SD 

NOTES: - 

M 

LP 

A 

1 

2 

3 

4 

AB 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Lower 

C l o v e l l y  

Duck Lake 

Duck Lake 

N a p o l e o n v i l l e  

Bul imine l l a  

Robulus E 

B i  gene r i na h umb le i  

Amphistegina B 

C i s c o r b i s  b o l i v a r e n s i s  

S iphon ina  d a v i s i  

P l a n u l i n a  palrnerae 

( 1 )  Deepest mun ic ipa l  d r i n k i n g  wa te r  supply is  a t  4100 f e e t  i n  C a l l e r y  Schwing 

Sand o v e r  
c l a y  

Sand o v e r  
s h a l e  

Sand over 
s h a l e  

Sha le  

Sand 

Sand 

Sand 

Sand 

Sand 

S h a l e  

Sand 

Sand 

Sand 

Sand 

Sand 

Sha le  

Sand 

Sand 

Sand 

SWld 

Sand 

Sand 

Sand 

Sand 

Sand 

A l l u v i a l  levee 
and backswamp 

A l l u v i a l  l ev?e  

A l l u v i a l  l e v e e  
and backswamp 

Backswamp 

Delta 

Delta 

D e l t a  

Delta 

Delta 

Mar ine  t r a n s g r e s s i o n  

Delta 

Delta 

D e l t a  

D e l t a  

F r i n g s  b a r  

Marine t r a n s g r e s s i o n  

Delta 

Delta 

Delta 

Delta p l a i n  

Delta f r i n g e  

Delta f r i n g e  

Delta F r inqe  

D e l t a i c  p l a i n  

Delta f r i n g e  



Sand over 
c l a y  

Sand over 
s h a l e  

Sand over 
s h a l e  

Shale  

Sand 

Sand 

Sand 

Sand 

e i  Sand 

Shale  

Sand 

Sand 

Sand 

i r e n s i s  Sand 

Sand 

r a e  

Shale  

Sand 

Sand 

Sand 

S 3 l d  

Sand 

Sand 

Sand 

Sand 

Sand 

ry Schwing 

River channel 

S i i t y  rnud/overbank 

D i s t r i b u t a r y  channel 

D i s t i b u t a r y  channel 

Beach/bar 

Beach/bar 

D i s t r i b u t a r y  channel 

Suspended mud 

D i s t r i b u t a r y  channel 

Beach/bar 

D i s t r i b u t a r y  channel 

Shore l ine  beach/bar 

Shore l ine  beach/bar 

D i s t r i b u t a r y  channel 

D i s t r i b u t a r y  channel  

Levee s h e e t  work 

Channe 1 

Channel 

D i s t r i b u t a r y  ckannel  

Beach/bar 

Offshore bar  
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A l l u v i a l  levee 
and backswamp 

Al luvia?  levee 

A l l u v i a l  levee 
and hackswamp 

Back swa mp 

Delta  

Del ta  

Del ta  

Del ta  

Delta 

Marine t r a n s g r e s s i o n  Suspe i n e  t ransgress ion  

Del ta  

Delta 

Delta 

Del ta  

Fr inge b a r  

Marine t r a n s g r e s s i o n  i n e  t ransgress ion  

Del ta  

Del ta  

Del ta  

Del ta  p l a i n  

% l t a  f r i n g e  

Del ta  f r i n g e  

Del ta  f r i n g e  

D e l t a i c  p l a i n  

Del ta  f r i n g e  

Not mapped - Diff i l  
t o  c o r r e l a t e .  MaJo, 
s e a l  for  f i e l d  

See Note 1 

S t r a t i g r a p h i c  o i l  

5150 on SE i de 
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\W SPR SI rE  
XE GEOLOGIC uurs 

R e l a t e d  Uepths t o  Top 
T r a n s p o r t  Mode S t r u c t u r e / T h i c k n e s s  h q h  on Dome ( f t )  Away froir. 3ome ( f t )  

s s i o n  

s s i o n  

River  c h a n n e l  

S i i t y  mud/overbank 

Not mapped - Dif  i c u l t  
t o  c o r r e l a t e .  Major o i l  
s e a l  f o r  f i e l d  

D i s t r i b u t a r y  channe l  

D i s t i b u t a r y  channe l  

Beach/bar 

Beach/bar 

D i s t r i b u t a r y  channe l  

Suspended mud 

D i s t r i b u t a r y  channe l  

Be ach/ba r 

D i s t r i b u t a r y  channe l  

S h o r e l i n e  beach/bar  

S h o r e l i n e  beach/bar  

D i s t r i b u t a r y  channe l  

D i s t r i b u t a r y  c h a n n e l  

Levee sheet work 

Channel 

Channel 

D i s t r i b u t a r y  channe l  

lueach/bar 

O f f s h o r e  b a r  

See Note 1 

E x t r a p o l a t e d  on 1050 t o  no r thwes t  
t o p  - 550 approx. 

7500 

2395 i n  Callery-Schwin,!  

3155 i n  Cal lery-Schwing 

2550 on e a s t  s i d e  

2450 a t  n o r t h  end 

3050 on e a s t  s i d e  

S t r a t i g r a p h i c  o i l  t r a p  

4650 on n o r t h  s i d e  

7885 i n  Callery- 
Schwing 

5150 on SE s i d e  

3750 i n  Delta Ne. 2 

2800 a t  Baton Rouge 

4500 i n  Cal lery-Schwing 

5245 i n  Cal lery-Schwing 

5735 i n  Cal lery-Schwing 

5900 i n  Weaver-Wilberts 

6600 i n  Cal lery-Schwing 

6840 i n  Cal lery-Schwing 

7375 i n  Cal lery-Schwing 

7565 i n  Cal lery-Schwing 

7800 i n  Cal lery-Schwing 

Boil0 i n  Cal lery-Schwing 

8150 i n  Cal lery-Snhwing 

8360 i n  Cal lery-Schwing 

8450 i n  Cal lery-Schwing 

8635 i n  Cal lery-Schwing 

8848 i n  Cal lery-Schwing 

9028 i n  Cal lery-Schwing 

9260 i n  Cal lery-Schwing 

9620 i n  C a l l e r y  Schwing 



Table C 
BAYOU CHOCTAW 

OLIGOCENE GEOLL 

S t r a t i g r a p h i c  B i o s t r a t i g r a p h i c  Sediment Deposit ior 
Map Zone Type E n v i r s  Formation Symbol Unit  Aqe 

OLIGOCENE 

Anahu 

F r i o  

H 

MU 

C A 

F 

MG 

CH 

MT 

BM 

NE 

Vicksburg 

Heteros teg ina  sp. 

Marginul ina howei 

Miogypsinoides sp,. 

C i b i c i d e s  h a z z a r d i  

Marginul ina texana  

Hackberry Bol iv ina  mexicana 

Lower Nodosaria b l a n p i e d i  

T e x t u l a r i a  warren i  

Reef l imes tone  

Thick errat ic  
sand 

Shale 

Sand 

Sand 

Sand 

Sand 

Sand 

Tight ,  d i r t y  
sand 

Black s h a l e  

Coral a t01  
around s a l  
dome 

Shel f  edge 

Deep watei 

Deep wate: 

Deep wate; 

Deep water 

Deep water 

Ernbayment 

Emb a yme n t 
o f  Sigsber 
Deep 

Pe l a g  ic /o  c 
f l o o r  

MOTES: (1) The Heteros teg ina  (Het.) lime is used f o r  waste d i s p o s a l  by t h e  Ethyl Corpora t ion  on the r 
The Ethyl  Corp. bought t h e  abandoned P.R. Rutherford,  HEP Development Co. # 2  well which er 
depth o f  9,050 f e e t .  
15@ b a r r e l d d a y  on vacuum. 

Reefs  i n  t h e  Het. lime are i n t e r v a l  c h a r a c t e r i s t i c  o f  domes i n  t h i s  a rea .  Up t o  400 f e e t  o 
40 f e e t  o f  lime are r e m r d e r l  i n  t h e  CLAW (Clean Land Air Water) wel l  o r i g i n a l l y  d r i l l e d  a s  
Land 1833 # I ,  which h a s  been used For t o x i c  was te  d isposa l .  

The under ly ing  Anahuac s h a l e  of Oligocene age is overpressured  and t h i c k e r  and c o n t a i n s  'IK: 

sha les .  Deeper limes or sands a r e  t h i n  and c c n t a i n  l a r g e  amounts o f  hydrocarbons,  p a r t i c u  
pressure.  ?he Anahuac is known f o r  i t s  high p r e s s u r e  i n s t a b i l i t y .  The enc losed  MH and Fr 
on t h e  water  still t r a p p e d  within t h e s e  organic- r ich  muds. The s h a l e s '  p e r m e 8 b i l i t y  is ve 
of o v e r l y i n g  sed iments ,  coltpaction can occur only a s  t h e  t rapped f l u i d  (402 w a t e r  with gas 
caused t h e  growth o f  faults and some o f  the  complex s t r u c t u r e s  found i n  t h e  deeper  Oligoccr 
underly t h e  b r i n e  d ispc tsa l  s i t e .  The remainder o f  t h e  sedimentary column, i n c l u d i n g  the G 

reached by d r i l l i n g  south o f  Fa lss  River. 

The t o p  f i f t y  f e e t  shows e x c e l l e n t  vugular 3r c a v e i n o u s  p o r o s i t y  on 

( 2 )  



H e t c r o s t e g i n a  sp. 

Marginul ina howei 

4 iogyps ico ides  sp. 

X b i c i d e s  h a z z a r d i  

l a r g i n u l i n a  texana  

3 o l i v i n a  m x i c a n a  

' iodosar ia  b l a n p i e d i  

T e x t u l a r i a  warren i  

Reef lime-t one 

Thick e r ra t ic  
sand 

Shale 

Sand 

Sand 

Sand 

Sand 

Sand 

Tight ,  d i r t y  
sand 

Black s h a l e  

Coral a t o l l  
around s a l t  
dome 

Shelf edge 

Deep water 

Deep water 

Deep water 

Deep water 

Deep water 

Embayment 

Embayment 
o f  Sigsbee 
Deep 

Pelagic/ocean 
f loor  

Clear  water ,  
o rganic  pre-  
c i p i t a t e  

Lnrge fair 
B a i t  (see 

Turbid i ty  
c u r r e n t  p o x -  
mal end 

Block slu.  
o f  contin1 

Pe lag ic  L SUS- 

pended mid 
Overpress  

Turb id i ty  c u r r e n t  

Turb id i ty  c u r r e n t  

Turb id i ty  c u r r e n t  

Turb id i ty  c u r r e n t  

T u r b i d i t y  c u r r e n t  

Turb id i ty  c u r r e n t ;  
d i s t a l  end 

Suspension h blooa 

Slumps, s 

Slumps 

Slumps 

Slumps 

Slumps ne 

U p l i f t e d  



H e t c r o s t e g i n a  sp. 

Kasginul ina  howei 

4io g yps  i n o  i d e s  sp. 

3 b i c i d e s  h a z z a r d i  

b r g i n u l i n a  texana  

3 o l i v i n a  m x i c a n a  

Vodosaria O l a n p i e d i  

T e x t u l a r i a  warren i  

Reef l imes tone  Coral  a t o l l  
around s a l t  
dome 

Thick e r ra t ic  Shelf  edge 
sand 

Shale 

Sand 

Deep water 

Deep water 

Sand Deep water 

Sand Deep water 

Sand Deep water 

Sand Emb a p e n  t 

Tight ,  d i r t y  Embaymnt 
sand o f  Sigsbee 

Deep 

Black s h a l e  P e l a g i d o c e a n  
f loor  

Clear  water ,  
o rganic  pre-  
c i p i t a t e  

Turb id i ty  
c u r r e n t  prox- 
mal end 

Pe lag ic  & SUS- 

pended mid 

Turbid i ty  c u r r e n t  

Turb id i ty  c u r r e n t  

Turb id i ty  c u r r e n t  

Turb id i ty  c u r r e n t  

T u r b i d i t y  c u r r e n t  

Turb id i ty  c u r r e n t ;  
d i s t a l  end 

Suspension & blccm 

Large fai l  
s a l t  ( s e e  

Block s l u ;  
o f  contins 

Overpress, 

Slumps, s 

Slumps 

Slumps 

Slumps 

Slumps ne 

U p l i f t e d  



Table 6.2 
I CHOCTAW SPR SITE 
:€NE GEOLOGIC UNITS 

& p o s i t i o n a l  Transport 
nvironment 

Re l a  t ed Depths t o  l o p  
Mode Struc ture /Thickness  High on Dome ( f t )  Awey from Dome ( f t )  

:o ra l  a t o l l  
iround s a l t  
!OM! 

he1 F edge 

)eep water 

k e p  water 

k e p  water 

k e p  water 

b e p  water 

Imbayment 

:mbayment 
i f  Sigsbee 
>e ep 

'elagic/ocean 
'loor 

Clear water ,  
o rganic  pre-  
c i p i t  a t  e 

Large f a u l t s  c l o s e  t o  
s a l t  ( s e e  Note 1) s i d e  

6350 on s o u t h e a s t  

Turb id i ty  
c u r r e n t  prox- 
mal end 

Block slumps on t o p  
o f  c o n t i n e n t a l  s l o p e  

Pe lag ic  & sus-  
pended mid 

Overpressured 

Turbid i ty  c u r r e n t  

Turb id i ty  c u r r e n t  

Turb id i ty  c u r r e n t  

Turb id i ty  c u r r e n t  

T u r b i d i t y  c u r r e n t  

Turb id i ty  c u r r e n t ;  
d i s t a l  end 

Suspension h bloom 

Slumps, see Figure  6 . 3  6750 on SE f l a n k  

Slumps Approximately 7000 

Slumps Approximately 7500 

s1 umps 7718 i n  Carter-Gay 
Union S I 9  

Slumps near  t o e  6290 i n  Carter-Gay 
Union # 11 

8705 i n  Carter-Gay 
Union # I 1  , 

U p l i f t e d  with s a l t  Probably not  pene- 
t r a t e d  except  i n  
s h e a t h  

9012 i n  Cal le ry-  
Schwing 

10020 i n  Cal le ry-  
Schwing 

10030 i n  C a l l e r y -  
Schwing 

10430 i n  C a l l e r y -  
Schwing 

10800 i n  C a l l e r y -  
Schwing 

11045 i n  C a l l e r y -  
Schwing 

11532 i n  Alcoa- 
A. Wilber t s  Sons 

11870 i n  Alcoa Uni t  #11 

12205 i n  Alcoa w e l l  

Probably near  13600 
i n  Alcoa well 

I on the  nor th  side o f  t h e  Bayou Choctaw dome. 
1 which encountered 120 f e e t  o f  Het. L i m e  a t  a 
- o s i t y  on t h e  log. It a p p a r e n t l y  t a k e s  some 

io0 f e e t  of  lime have been found a t  t h e  White Cas--- dome. 
j r i i l e d  as t h e  H u n t  I n d u s t r i e s  Schwing S t a t e  

m t a i n s  more volcanic  a s h  t h a n  t h e  Miocene 
:, p a r t i c u l a r l y  n a t u r a l  g a s  under excess 

l i t y  is very low, so t h a t  d e s p i t e  t h e  weight 
r wi th  gas) escapes through f a u l t s .  
e r  Cligocene. 
d i n g  t h e  o r i g i n a l  s a l t  beds ,  h a s  not been 

MH and F r i o  sands a r e  e s s e n t i a l l y  f l o a t i n g  

This  has  
Over  10,000 f e e t  o f  s h a l e  



TABLE 6.3 

BAYOU CHOCTAW SPR S I T E  
- MAJOR FAULTS 

Type o f  F a u l t  

TANGENTIAL FAULTS 

F- 1 
F-2 
F- 3 
F-4 
F- 5 
F-6 

RADIAL FAULTS 

F- 7 
F-8 
F- 9 
F-10 
F- 11 

S t r i k e  DiJ Beds O f f s e t  To . ,  

N80" E 
N60"E 

N60"W 
N80"W 

N-S 

Pi30"E 

iUl0"W 
N i O " " ;  
NLQ": 
N40'W 
N30"W 

N 
SE 
E 
NE 
s 
NW 

L;W w 
E 
sw 
N E  

Sur f  ace 
Stir f ace 
Sur f  ace 
Top of Miocene 
Top of M i  ocene 
Top o f  Miocene 

Top o f  Miocene 
Tbp o f  Miocene 
Top of Miocene 
Top of No. 2 Sand 
Top o f  No. 8 Sand 
( lower M i  ocene) 



TABLE 6.4 Page 1 of 2 
BAYOU CHOCTAW SPA SITE 

CAVERN AND BRINE FELL SUMMARY 

Cavern 
or 
Well No. -- 

I" 

2, 

3* 

4* 

5, 

6 

7 

8A* 

!P 

1 Of 

11+ 

12" 

13* 

14  

15, 

Dated 
D r i l l e d  

1937 

1934 

1934 

1935 

1943 

1943 

1942 

1944 

1944 

1947 

1947 

1967 

1940 

1953 

1953 

I n i t i a l  
D r i l l e d  
Depth F t .  

1900 

1845 

2000 

1990 

775 

2007 

1951 

2007 

201 3 

1942 

1928 

2020 

1915 

3057 

3357 

Depth t o  
t o p  o f  
Cavern f t .  
( Date 1- 

950 (1977) 

715 (1977) 

890 (1977) 

620 (1980) 

-- 
Unknown 

-- 

1235 (19EO) 

-- 

990 (1973) 

1030 (1978) 

-- 

1103 (1977) 

Unknown 

2597 (1974) 

Gross 
Vo urne 

( D a t e )  
I"$ bb1 

8.42 (1977) 

9.02 (1977) 

5.01 (1977) 

5.94 (1900) 

-- 
<0.1 ( E s t )  

9.5 (1978) 

4.31 (19773 

<0.1 ( E s t )  

16.6 (1974) 

P resen t  Use 
o f  Stetl!s 

I d l e  

I d l e  

I d l e  

Abandoned 

Abandoned 

Developing f o r  
s t o r a g e  by A l l i e d  
Chemica I 

Col lapsed 

I d l e  

Abandoned 

I d l e  

I d l e  

Abandoned 

I d l e  

.Abandoned 

S t  or i n g  

Rernai- k s  

Not p r e s s 2 r e  t i g h t  and no t  r e p a i r a b l e .  

Thin s a l t  roof. 

P r e s s u r e  communicates w i t h  Nos. 11 and  13. 

Leached i n t o  cap rock.  Permanent f a c i l i t i e s  
s i t e d  w i t h i n  p o s s i b l e  zone of c a v e r n  f a i l u r e .  

Never c m p l e t e d ,  c r a t e r e d .  No cave rn .  

P r e v i o u s l y  undeveloped cavern.  Abandoned 
because  o f  h igh  magnesium. 

-I 

C o l l a p s e d  forming lake,  Janua ry  1954. 

Not p r e s s u r e  t i g h t .  Replacement for  abandoned 
Well No. E. 

Cas ing  c o l l a p s e d ,  l o c a l i z e d  s u b s i d e n c e .  No cave rn .  

Not p r e s s u r e  t i g h t .  U n c e r t a i n  s o u r c e  o f  leakage.  
C a u s t i c  waste b e l i e v e d  d i s p o s e d  i n  well. 

See No. 3. Operated w i t h  No. 1 3  i n  1972. Sonar  
volume i n  1972 was 10.5 rnin bbl .  

Well c o l l a p s e d .  L o c a l i z e d  s u b s i d e n c e .  
No c a v e r n  b r ined .  

See  No. 3. Operated w i t h  No. 11  i n  1972. 

Mined For s h o r t  p e r i o d  a t  two d e p t h s .  
Abandoned because  o f  h i g h  magnesium. 

S t o r i n g  11.6 mrn b b l .  
i-----l 



Cavern 
or  
E i v .  No. 

16 

17 

1 E* 

19' 

20, 

24 

25 

J 1  

N 1  

l l i P  1 

Re f c  rence: 

Dated 
Dr i 1 led 

1954 

1955 

1967 

1967 

1970 

1979 

1979 

1972 

1972 

1967 

I n i t i a l  
D r i l l e d  
Depth f t .  

3408 

4125 

4383 

4400 

4452 

-- 

-- 

3338 

3593 

3000 

Depth t o  
t o p  o f  
Cavern ft. 
(Date)  

26 20 

2590 

2100 (1978) 

2780 (1977) 

-3935 (1978) 

-- 

-- 

2850 (1973) 

2670 (1972) 

Unknown 

-..--..... -. .. I^ . -  
CAVERN AND BRINE WELL SUMMARY 

Gross 
Vo 1 ume 
I O 6  b b l  
(Data) 

(Est. 1976) 

12.2 
(Est .  1976) 

9.1 

8.54 (1978) 

7.46 (1977) 

5.25 (1978) 

-- 

_-  

0.7 ' (1973) 

C.5 (1972) 

0.7 (?)  

Present  Use 
o f  S t a t u s  - 
S t o r i n g  e t h y l e n e  

S t o r i n g  e t h a n e  

S t o r i n g  Crude O i l  

S t o r i n g  Crude O i l  

I n t e r m i t t a n t  
BriniGg 

I d l e  

I d l e  

StGring e t h y l e n e  

S t o r i n g  e t h y l e n e  

S t o r i n g  e t h y l e n e  

Volmes are as determined by sonor measureincnts unless  noted.  
* iliclicetes w i t h i n  DOE proper ty .  
fop of cavern is highes t  p a r t  o f  cavern a s  determined by 
inspect  ion o f  sonar  s u r e y s .  

PB/KBR, 1 9 7 8 ~ ;  Dowel 1, 19003 and 1900b. 

Remarks 

Page 2 o f  2 

Volume 0.8  x I O E  bbl. 
prior t o  s t o r i n g  ethylene.  

Volume 10.1 x IO6 bbl. 
prior t o  s t o r i n g  ethane. See No. 15. 

Sonar i n  1968, 

Sonar i n  1972, 

3.8 nm b a r r e l s  of crude. 

5.1 mm b a r r e l s .  

Cavern c l o s e  t o  f lank  of dome. 

No d a t a  a v a i l a b l e  

No d a t a  o v a i l e b l e  

S torage  s i n c e  January 1974. 

S torage  s i n c e  January 1973. 

No sonar  c a l i p e r .  
Washing t o  i n c r e a s e  s i z e .  

S torage  s i n c e  Februsry 1968. 
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NOTES 

SEE TABLES A-I  THROUGH A-3  FOR 
EXPLANATION OF WELL NUMBERS 

SURFACE WELL LOCATIONS ARE ACCURATE 
TO WITHIN 25 FEET AS MA3PED 

- 
I. 

2 .  

3. UNSURVEYED HOLE MAY DEVIATE FROM 
VEF!TICAL BY UP TO 2 1 / 2 O  

4 

SCALE IN FEET 

LEGEND 
CAVERN LOCATION SHOWING MAXIMUM 
CAVERN D I A M m R  
SURFACE LOCATION OF WELL 
SURVEYED BOTTOM HOLE LOCATION OF 
WELL 
SURVEYED BOTTOM HOLE LOCATION OF 
SlDETkACK HOLE 
DRILLED AS VERTICAL HOLE. NO BOTTOM- 
HOLE SURFACE AVAILABLE 
LOCATION OF WELL PENETRATING SALT 

SECTION LINE 

WELLS PROJECTED TO SECTION LiNE 

PROPOSED CAVERN LOCATION 

BAYOU CIDCTAW SPR SITE 
SECTON REFERENCE MAP 

4CRES AMERICAN INCORPORATED 
T F. MAGORW 
SEPTEMBER 1980 FIG 6.1 
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J - l + + + * + J - + + + + + + + + + + +  ACRES AMERICAN INCORPORATED 
T. R. MAGORIAN 
SEPTEMBER 1980 FIG. 6 2 
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NOTES 

SEE TABLES A-I THROUGH A-3 FOR 
EXPLANATION OF WELL NUMBERS 

SURFACE WELL LOCATIONS ARE ACCURATE 
TO WITHIN 25 FEET AS MAPPED 
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SEE TABLES A - I  THROUGH A-3  FOR 
EXPLANATION OF WELL NUMBERS 
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NOTES 

SEE TABLES A-I  TIiROUGH A-3  FOR 
EXPLANATION OF WELL NUMBERS 
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I. SEE TABLES A- l  THROUGH A-3 FOR 
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NOTES 

SEE TABLES A- I  THROUGH A-3 FOR 
EXPLANATION OF WELL NUMBERS 
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2. SURFACE WELL LOCATIONS ARE ACCURATE 
TO WiTHlN 25 FEET AS MAPPED 

3. UNSURVEYED HOLE MAY DEVIATE FROM 
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NOTES 

SEE TABLES A-I  THROUGH A - 3  FOR 
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NOTES 

SEE TABLES A-l  THROUGH A - 3  FGR 
EXPLANATION OF WELL NUMBERS 
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7.1 

7 - HAZARDS 

7.1  - Introduction 

This sections addresses the potential  impacts on the SPR f a c i l i t i e s  
resul t ing from hazards. These hazards may be e i ther  nz.turally occurring or 
resul t ing from man's a c t i v i t i e s .  The major hazards t h a t  have been addressed 
i n  t h i s  study, which are considered t o  have the greatest  impact on t h e  s i t e ,  
i ncl ude: 

- Hurricanes, h i g h  winds and floods - Earthquakes 
- Natural subsidence 
- Cavern collapse 

These hazards are individually d i x u s s e d  i n  the f o l l o w i n g  sections. 

7 .2  - Hurricanes, High Winds, and Floods 

Hurricanes passing t h r o u g h  southerti Loui si a n a  resu l t  i n  h i g h  w inds ,  heavy 
ra ins  and f l o o d i n g .  Hurricanes with winds greater t h a n  100 mph passing 
t h r o u g h  the  Bayou Choc taw area occurred in  1964, 1965 a n d  1971. The year ly  
r i sk  o f  hurricanes (winds 74-124 m p h )  i s  6-9% and for t ropic81 cyclones 
( w i n d s  39-73 m y h )  i s  13-15%. No hurricane with w i n d s  greater t h a n  125 mph  
has o c c i v e d  i n  southern Louisiana. Data  from Bator! Rouge ind ica te  t h a t  
extreme winds a t  30 f e e t  above the g r o u n d ,  with a 50-year recurrence 
in te rva l ,  are around 100 mph (SPRI), 1976) .  These w i n d  ve loc i t ies  may be 
s l i g h t l y  higher a t  the s i t e  which i s  c loser  t o  the  coast .  

Flooding i n  t h e  s i t e  area generally occurs i n  the  winter and e a r l y  spring. 
To maintain safe  water levels and  prevent f l 3 o d i n g  i n  the Baton Rouge and 
New Orleans areas, water i s  diverted from the Mississippi i n t o  the  
Atchafalaya d u r i n g  the peak f l o w  periods. When t h i s  occurs, h i g h  water 
levels  i n  the  Atchafalaya cause water t o  back up  i n t o  i t s  t r i b u t a r i e s ,  
f l o o d i n g  the  surrounding lowlands .  Flood water levels  i n  the c a n a l s  reach a 
maximum elevation of +14 f e e t .  These levels  can be expected every two years 
a t  the s i t e .  

A l l  exis t ing SPR f a c i l i t i e s  irtcluding pumps, office' buildings, computers, 
well heads a n d  piping f a l l  below the +14 foot flood level.  Bayou Choctaw 
s i t e  personnel sandbag specif ic  areas of the s i t e  duv i f ig  f l o o d  periods.  The 
a f f e c t s  on SPR f a c i l i t i e s  resul t ing from f l o o d i n g  w o u l d  be a temporary 
operating loss of the s i t e .  

The average s i t e  elevation ranges between +5 and +10 f e e t .  

7.3 - Earthquakes 

The h is tor ica l  record o f  s e i s n i c i t y  i n  the  S u l f  Coast indicates t h a t  the  
area i s  nearly aseismic. Figure 7.1 i s  a map of e;,rtfiquake epicenters and 
major  f a u l t s  i n  the G u l f  Coast area.  The closest  epicenter t o  t h e  Gayou 
Choctaw s i t e  was located a t  Napoleonvi 1 l e ,  40 m i  les to the southeast where 

---1 
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an earthquake o f  Intensi ty  V I 1  (Modified Mercalli) occurred on Decepber 19, 
1930. The i n t e n s i t y  a t  White Castle, 15 miles southeast o f  Bay?u Choctaw 
was V .  The estimated i n t e n s i t y  f e l t  a t  the  s i t e  was IV. Thjs earthquake 
and two others located southeast o f  the s i t e  appear t o  be related t o  t h e  
Baton Rouge f a u l t .  Figure 7.1 shows pa r t  of the t race  of t h i s  f a u l t  and the  
projection of the f a u l t  plane. The Baton Rouge f a u l t  i s  an active growth 
f a u l t  which marks the boundary between erosion t o  the n o r t h  and  deposition 
t o  the  s o u t h  in  the  Mississippi del ta .  The s i t e  l i e s  south o f  the f a u l t  i n  
an area o f  minimum deposition. The epicenters l i e  near the  area of maxiinum 
deposition where the e f fec t  of sediment loading has Ldused movement ajong 
t h e  f a u l t  plane, generating earthquakes. Because of the minimum sediment 
loading over the Baton Rouge f a u l t  i n  the  s i t e  area, i t  i s  unlikely t h a t  an 
earthquake of In tens i ty  VI1 could be expected a t  the  s i t e .  However, even 
with an earthquake of  t h i s  in tens i ty ,  no damage would be expected t o  
well-built  s t ructures  o r  underground openings. 

7 .4  - Natural Subsidence 

A 1  l ied Chemical Corporation established benchmarks and conducted a subsi- 
dence survey a t  Bayou Choctaw from 1954 t o  1971. A review of t h a t  data 
performed by P B / K B B  ( 1 9 7 8 ~ )  showed t h a t  survey points n o t  l o c a t e d  over a 
cavern indicated typical subsidence ra tes  on the order of 0.01 t o  0.02 f e e t  
per year. Larger orders of subsidence (0.03 t o  0.05 f e e t  per year) were 
recorded over the  caverns. These readings were Frequently averaged over a 
period of u p  t o  seven years. P B I K B B  re-established a subsidence survey 
network over the dome i n  1978. The survey included the  establishment of 
b o t h  deep and shallow monuments. The r e s u l t s  of two surveys, r u n  a t  
four-month in te rva ls ,  indicated t h a t  no subsidence greater t h a n  the accuracy 
of t h e  survey (f 0.06 f e e t )  had occurred. Based on t h i s  d a t a ,  i t  appears 
t h a t  the r a t e s  of subsidence on the dome are small w i t h  no unusually 
anomalous r e s u l t s  suggesting cavern collapse.  

I n  March 1980, an access road  above Cavern 4 h a d  subsided enough t o  be 
underwater, suggesting an order of subsidence of three f e e t .  The cause for  
t h i s  subsidence was no t  f u l l y  k n o w n ;  however, i t  may be a t t r i b u t e d  t o  
settlement and compaction of the underlying s o i l s  caused by the recent ly  
constructed brine ponds in the immediate area. The s i t e  i s  underlair. by u p  
t o  a 60-foot thick c lay  layer which i s  found immediately below the grorind 
surface ( see  Section 4 ) .  This material i s  qui te  sof t  and unconsolidated and  
subject t o  consolidation under surface l o a d i n g  ccnditions. Therefore, the 
construction of any new f aci l i  t i  es on the surf ace may experi ence some degree 
of settlement. 

In summary, i t  appears t h a t  surface subsidence w i l l  no t  severely a f f e c t  
exis t ing or proposed SPR faci l i t i e s .  However, appropriate geotechnical a n d  
foundation engineering designs must be considered pri or t o  the construction 
o f  any new f a c i l i t y  a t  the s i t e .  Long-term factors  t o  be considered are  
d i f f e r e n t i a l  settlements t h a t  could resu l t  i n  pipe s t r e s s  and i n  foundation 
problems. 
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7.5 - Cavern Collapse --- 
- 7 1  
i1:e e f f e c t s  o f  cavern collapse a t  Bayou Choctaw i s  well evidenced by the 
f 3 i 1 c - x  of Cavern 7 i n  1954 (see Section 6 ) .  Any uncontrolled ;hallow 
brining operation has the  potential  f o r  causing cavern collapse. Caverns 4 
?'id 7 and zeveral other caverns on tne dome were brined w i t h o u t  a "blanket" 
t o  pcbtec,: t!ie roof of the cavern. As a result ,  brining operations resulted 
i n  the  erosion o f  the cavern in to  the overlying caprock which led t o  
u?timate Cavcrn 7 fa i  lure  which caused large-scale g r o u n d  subsidence. 

The g r c i t e s t  present potential  for cavern collapse a t  Bayou Choctaw i s  
Cavern 4. As discussed i n  Section 6 and shown i n  Figure 6.31 , the  cavern 
roof i s  a t  a depth o f  620 f e e t  which extends 30 f e e t  i n t o  the massive czp- 
rock .?oqe. As i n  the case of Cavern 7 ,  the  cavern was brined by the  a i r l i f t  
methsd vhich resulted in  loss of cavern pressure a n d  abandonment i n  1954. 

A ser ies  of three sonar surveys have been performed i n  the cavern: 1963, 
1978 and 198C. As stated in Section 6 ,  the  most recent surveys show a sig- 
nif icant  enlargement of the cavern t o  the west and  upwards  from the 1963 
survey. A comparison of the Post recent surveys (1978 and 1980) shows no 
i d e n t i f i a b l e  changes. 

I t  i s  impossible t o  deterFinP i f  the "enlar*gernent" noted between 1963 and  
1978 i s  real or the r e s u l t  3 f  the lirni-tations of the sonar ?egging technique 
used a t  t e a t  time, I f  enlargement occurred d u r i n g  t h i s  time, i t  must have 
been caused by the  circulat ion of unsaturated waters i n  and through the 
capreck. 

Recent sl:rcace observations show sribsidence on the  order of th ree  f e e t  a l o n g  
2 newly constructed rgad  over Cavern 4 .  Whether t h i s  subsidence i s  the  
r e s u l t  o f  foundation settlement caused by the newly constructed brine ponds  
or cavern i nstabi l i  t y  cannot tx determined. 

Nonetheless, i t  i s  prudent t o  rlote t h a t  the same s i tua t ions  t h a t  resulted i n  
t h e  collapse of Cavern 7 are pr.zsent a t  Cavern 4 .  Therefore, continued r o o f  
decay a n d  s o l u t i o n i  n g  a l o n g  the caprock/salt interface caused by groundwater 
movement can ultimately r e s u l t  in roof  c o l 1  apse and  g r o u n d  :ai 1 ure. 

Figure 7 .2  shows a hypothetica? sequence of cavern f a i  lure.  I n  the  case o f  
Cavern 7 ,  collapse began a t  the  well head. T h i s  may p o t  be t h e  case w 5 t h  
Cavern 4 since the greatest  wosion o f  the caprock h a s  occurred a l o n g  the 
west s ide o f  the cavern. 

The surface area t h a t  w o u l d  be affected by the possible F a i l u r e  o f  Cavern 4 
i s  dependent upon the c3vern volume a n d  was estimated using t h e  f o l l o w i n g  
assumptions: 

- Failure could occur  a t  any p o i n t  011 the roof t h e  cavern: 

- A conical surface depression; 
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- The f i n a l  angle of repose of sediments w o u l d  be 26" as a t  Cavern Lake. 
( T h i s  may be conservative i n  t h a t  sediments adjacent t o  Cavern 4 appear t o  
be mcre sandy and coarser t h a n  those near Cavern 7 ) ;  and 

- The t o t a l  volume of the  cavern would be f i l l e d  by the overlying 
sedi ment s . 

I B2sed on these assumptions, i t  was calculated t h a t  the  maximum cone of sur- 
face depression w o u l d  form an 800-foot diameter c i r c ? e  centered over the  
point o f  roof f a i l u r e .  The maximum zone of f a ' l u r e  influence i s  shown on 
Figure 7.3. T h i s  zone del ineates  the area t h a t  could potential 'y be 
affected i f  t o t a l  f a i l u r e  occurred a t  sny point along the roof. Surface 
s t ruc tures  beyond t h i s  depression would also be affected by long-term creep 
and slumping of the surface s o i l s  i n t o  the  depression. 

Ti l ierson (1980) calculated t h a t  the zone o f  f a i l u r e  would be an 800 f o o t  
diameter c i r c l e  around the  point of f a i l u r e .  A zone of f rac tures  would ex- 
tend tc~ a diameter of 1,100 fee t  from the point of f a i l u r e  as  shown on 
Frgure 7.3. 
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APPENDIX A 

This Appendix includes Tables A - 1 ,  A-2 a n d  A.3. Table A - 1  i s  a l i s t  of 
depths t o  the tops of the Pliocene th rough  the Miocene No. 5 Sand.  Table 
A-2  i s  a l i s t  of depths t o  the tops o f  the  Miocene No. 6 Sand through the  
Nodosaria blanpiedi zone in  the Frio Formation. Table A-3 l i s t s  the t o p  t o  
t h e  caprock and s a l t .  Data  i n  these tab les  i s  based on the  interpretat ion 
of logs of morc t h a n  300 wells. Well locations a re  shown on Figure 2.3.  TO 
locate data for  a par t icular  well, i t  i s  necessary f i r s t  t o  f i n d  on the  map 
t n e  township, range and section i n  which the  well l i e s .  Next the lease must 
be determined. The lessors name, f o r  example, Yorley Cypress Company, and 
t h e  lease boundaries are  marked on Figure 2.3. The tab les  are arranged i n  
order by township and range, section, lease name, operator and well 
i denti f i cat  i on. 
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TABLE A - 1  

DEPTHS TO PLIOCENE 
THROUGH NO. 5 SAND 
BAYOU CHOCTAW SPR S I T E  
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1. 

2. 

3. 

4. 

5. 

Depths  i n  F e e t  

- NOTES FOR TABLES A-1  AND A-2 

b e l  ow ground.  

BTD: Below T o t a l  Depth  of log.  

“F” d e n o t e s  f a u l t e d  c o n t a c t .  

“ F a u l t ”  d e n o t e s  u n i t  

*Exact  we1 1 1 o c a t  i on 

w h i c h  is  

u n k n o w n .  

f a u l t e d  ou t .  
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TABLE A-1  (Con t ' d )  Page 2 of 14 
_.- 

WELL M idd le  Lower Sand 
IDENTIFICATION P l i ocene  P l i ocene  P l i ocene  Miocene "A" No. 1 No. 2 NO. 3 No. 4 N 0. 5 

S e c t i o n  35 

W i l b e r t  Amerada 

Lou is iana  Clay Products  

Headingt on 

Township 8 South, Range 11 East 
Sec t i on  27 

HEP Development Co. 

E t h y l  Corp. 

H .  Lever t  

Ladd Petro leum Corp. 

Sec t i on  28 

Leve r t  H e i r s  
BA 1 Temple Hargrove e t  a1 

BA 9-1 B r i t i s h  American 
BA 1-1 

O i l  P roduc t i on  Co. 
8A C - I  
BA D-1 
EE 2 Brock E x p l o r a t i o n  Corp. 
Penton 1 Penton-Sohio- 

Southwest Gas 
Roussel 1 L.J. Roussel Co. 

Morley Cypress Co. 
BA 1 
BA 2 
EA 3 
BA 4 
0A 5 
BA 6 B r i t i s h  American O i l  

88 7 
BA 8 
BA 6-1 
EA 8-2 

Temple Hargrove E t  A 1  

P roduc t i on  Co. 

-- 

-- 

31 30 

31 32 

3055 

31 35 

3080 
3225 
3045 
31 08 

3025 

2790 
2730 
301 2 
2860 
2860 
2630 

2671 
2605 
2983 
2890 

2900 

2872 

35 35 

3458 

3625 

-- 

3545? 
35 38 
3640 
3598? 

3525? 

3270 
3205 
3240 
3255 
3355 
3112 

3160 
3080 
3392F 
3358 

31 50 

3310 

3780 

3768 

3878 

357 5 

3895 
3880 
3882 
3973 

3868 

3500 
3420 
341 0 
3515 
3640 
3340 

337 5 
3280 
3640 
3648 

3466 

3488 

41 07 

4080 

4350 

3885 

4290 
421 0 
4265 
431 5 

4205? 

3890 
3G05 
3705 
3900? 
4005 
3568 

3670 
3450 
3955 
3965 

? 

? 

4895 

4760 

4755 

4440 

4825 

4898 
494 3 

4882 

4800 

4505 
4400 
4373 
4595? 
4685 
4352 

4205 
4045 
4545 
4675? 

4400 

4392 

5258 

5170 

5285 

4950 

5065 
5292 
5380 
5248 

52 35 

4840 
4828 
4715 
5070 
4935 
4673 

4495 
4998 
4920 
5016 

51 55 

4840 

6045 

6040 

? 

5545 

? 

? 
5858 

? 

5958 

5380 
5320 
5285 
5465 
5395 
? 

5067 
5050 
5575 
5524 



TABLE A-1 (Con t ' d )  Page 3 of 14 
WELL M idd le  Lower Sand 

IDENTlFICATION P l i ocene  P l i ocene  P l i ocene  Miocene "A" No. 1 No. L No. > No. 4 h 0. 5 

BE 9 Brock E x p l o r a t i o n  Corp. 
BE 10 
BE 11 

BE 12 
C 2 Car te r  O i l  Co. 
c 3  
c 3-1 
c 4  
c 5  

BE 11-1 

Sec t i on  29 

Mor ley Cypress Company 

Lou is iana  
c 1  Standard O i l  o f  

E.B. Schwing 
BA 1 Temple Hargrove e t  a1 
BA 1-1 
BA A-2 
Elf. A-2-1 
BA A-2-2 
BA A-3 
R A  C - I  
SE 1 Brock E x p l o r a t i o n  Corp. 
BE A-4 
LC 1 L o c i s i a n a  O i l  Crusaders 
LC 2 
LC 3 
LC 
LC 5 
LC 6 
S t r a t a  1 S t r a t a  Energy Inc. 

& C r y s t a l  O i l  Eo. 

Sec t i on  30 

W i l b e r t  & Son E t  A 1  

S h e l l  O i l  Co. 

Sec t i on  37 

B a i s t  Cwpzrage & Lurnbei Co. 

2. Lacy, Inc. 

I .  

2750 
2790 

2950 
2895 

-- 

-- -- 
2745 
31 55 

-- 
2930 

2900 

3145 
-- 
-- -- 

3165 
3090 
31 20 
2765 
3060 
3050 
3060 
3120 
3070 -- 
-- 

3220 

-- 

3198 
3316 

3395 
3370 

-- 

-- 
-- 

3260 
3420 

-- 
3400 

F a u l t  

3425 
-- 
-- -- 

3568 
3568 
3614 
F a u l t  
3475 
3460 
351 0 
339 f f  
3480 

3620 
-- 

3545 

31 56? 

3445 
3574 

3690 
3680 
3562 

3420 
3680 

-- 

-- 

-- 
3655 

3395? 

37 38 
-- 
-- 
-- 

3752 
3830 
38 38 
F a u l t  
3750 
3725 
3?20 
3645 
5 1 7 5  

391 8 
-_ 

3804 

3600 

3717 
3948? 

4098 
3970 
3965 

3640 
4020 

-- 

-- 

-- 
4035 

3670 

4065 
-- 
-- 
-- 

4? 55 
41 55 
4230 
31 3ff 
41 00 
5095 
4055 
4070 
4110 

4255 
-- 

4140 

391 1 

4475 
4478 

4753 
4690 
4702 

4480 
4885 

-- 

-- 

-- 
4740? 

4480 

4750 
-- 
-- -- 

4740 
4880 
4870 
3738 
4670 
4700 
4730 
4655 
4725 

4903 
-- 

4803 

? 

4945 
4865 

5090 
50Xl  
5030F 

4695 
5175 

-- 

-- 

-- 
4990 

4930 

5125 
-- 
-- -- 

51 30 
5145 
5 198 
4553? 
5040 
5055 
51 10 
507C 
5022 

5162 
-- 

5208 

4962 

5346 
5735 

5695 
5575 
5560 

5250 
5745 

-- 

-- 

-- 
5460 

5370 

5493 
-- 

-- -- 
5698 
5760 
5590 
5060 
5480 
5450 
5560 
? 
5568 

5895 
-- 

6018 

5192 



TABLE A-I (Cont'd) 
Page 4 o f  14 

WELL Middle Lower Sand 
IDENTIFICATION P l i o c e n e  P l i o c e n e  P l i o c e n e  Miocene "X" No. 1 No. 2 No. 5 No. 4 N 0. 5 

S e c t i o n  39 

J.H. Schwing 

Mar t in  E x p l o r a t i o n  Corp. -- -- 

S e c t i o n  41 

E.B. Schwing, Jr .  
Pan American 

Pan American Reen t ry  
Pe t ro l eum Corp. -- -- 
(For tune  & Hodges I n c .  
& C.H. R e f i n i n g  I n c . )  

A .  Y i l b e r t  & Sons Lumber Co. 

Lea & A s s o c i a t e s  -- -- 

S e c t i o n  42 

E.B. Schwiny 
Dynamic E x p l o r a t i o n  I n c .  -- -- 
Dynamic E x p l o r a t i o n  Inc.  -- -- 

( B z i s t  Cooperage)  
( s i d e t r a c k  of  auove h o l e )  

LVO Cozp. & C a r l  Oil & 
Gas Co. -- -- 

S e c t i o n  53 

J. 1-1. Schwirlg 

M a r t i n  E x p l o r a t i o n  Zoo. -- -- 

Township 8 South,  Range 12 East 
S e c t i o n  37 

Grace 

S. J. Recile 880 1395 

Township 8, South,  Range 13 E a s t  
S e c t i o n  3 

A u s t r a l i a  " l a n t i n q  Co. 

S h e l l  O i l  Co. 71 0 1387 

3440 

3382 

-- 

3535 -- 

3408 

3466 

3490 

3490 

3809 

3902 

3835 

3775 -- 

3800 

3798 

3732 

3685 

41 58 

4205 

4208 

4085 -- 

4175 

41 45 

4099 

3990 

4742 

4905 

4925 

461 5 -- 

4802 

4858 

4595 

4510 

5270 

5365 

5357 

5218 -- 

5256 

5260 

5040 

Qarra 

6065 

6190 

6125 

5998 
5998 

6045 

6055 

5805 

5710 

1 



TABLE A-1 (Cont 'd )  
Page 5 of 14 

WELL Middle Lower Sand 
IDENTIFICATION Pl iocene  P l iocene  P l incene  Miocene "e" No. 1 No. L No. 5 No. 4 K 0. f, 

Township 9 South, Ranqe 1 1  East 
Sec t ion  7 

3.A. Wilbert e t  a1 

Aluminum Co. o f  America -- 

Sect ion  8 

A. Wilbert Sons 

Aluminum Co. o f  America 888 

Sect ion  51 

Schwing Lumber & 
Shingle  Co. 

F.A. Cal le ry  -- 
Sect ion  5 2  

Gay Union Corp. 

c 1  
c 2  
c 3  
c 4  
c 5  
C 6  
C 6-1 
c 7  
C 7-1 
C 8  
c 8-1 
c 9  
c 10 
c 10-1 
c 1 1  
c 12 
C 1 3  
c 13-1 
C 14 
C 15 
C 16 
C 17 
c 10 

Standard O i l  o f  Louisiana -- -- 
-- 
-- 
-- 
-- -- 
-- 
-- 
995 -- 
-- 

Car ter  O i l  Co. -- 
-- 
935 -- 
-- 
-- 
-- 
930 

1145 
1078 
1062 

3598 

3590 

3665 

-- -- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

3218 

2490? 
31 30 

3465 
3300 
3422? 
3433 

3195 
? 
3260 
3485 

-- 

-- 

-- 

4020 

4075 

4065 

-- 
-- -- 
-- -- 
-- 
-- 
-- 
-- 

? 

3090 
3350 

? 
357 5? 
39; 5 
391 5 
2890 
3440 
? 
? 
374 0 

-- 

-- 

4348 

4405 

4465 

-- 
-- 
-- 
-- -- 
-- 
-- 
-- 
-- 

3660 

3465 
3590 

4060 
3832? 
4075? 
4075? 
3100 
3682 
4000? 
3830? 
4140 

-- 

-- 

497 3 

5092 

5245 

-- -- 
-- 
-- 
-- 
-- -- 
-- -- 

4 392 

? 
3990 

4610 
4360 
4595 
4590 
810 
4335 
4499 
4302 
4710 

-- 

-- 

5538 

5530 

5735 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

4520 -- 
47 no -- 
4060 
4270 

5090 
4845 
4998 
4999 

4770 
4949 
4770 
5175  

-- 

-- 

6415 

6392 

6600 

-- -- 
-- 
-- 
-- 
-- -- 

5045? 

5538? 

? 
5050 

? 
561 0 
? 
? 

BID 
5540 
5535 
? 

-- 
-- 

-- 

-- 
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WELL Midd le  Lower Savd 
IDENTIFICATION P l i ocene  P i i ocene  P l i ocene  Miocene "A'' No. 1 N 0 .  L No. J No. 4 N 0. > 

C 19 
c 20 
c 21 
c 2 1 - 1  
c 21-2 
c 21-3 
c 22 
c 23 
c 23-1 
c 24 
C 25 
C 26 
c 27 
c 28 
c 29 
c 30 
c 31 
c 32 
c 3 3  
c 34 
c 35 
C 36 
c 37 
c 38 
c 39 
C 40 
C 41 
c 42 
c 43 
c 44 
c 49 
C 50 

C 51 
Gulf 1 

Humble O i l  13 R e f i n i n g  Co 

1058 
1040 
'1 060 

Texas Gas E x p l o r a t i o n  
Corp. (Gay M i n e r a l  
Carp. ) -- 

G u l f  R e f i n i n g  Co. dr -- 
G u l f  Producing D i v .  

G u l f  1-1 -- 

2 345 
2245 
2 300 
-- 
-- -- 

1390 
2195 

2 308 
2245 
1480 
2105 

1680 
2355 
1620 
231 3 
2247 
1998 
1965 
1662 
1715 
1560 
2 148 
21 05 
2089 
2255 
2285 
2145 
2332 

-- 

-- 

-- 
-- 

-- 

3032 
2740 
3002 
-- 
-- 
I- 

2880 
2681 

2778 
2855 
1955 
2648 

2198 
2870 

2790 
2705 
2670 
2485 
2100 
2145 
2050 
2782 
2750 
2480 
2770 
2825 
2845 
3018 

- _. 

-- 

-- 

-- 
- -  

-- 

3480? 
3295 
3530 
-- 
-- 
-- 

3445 
31 06 

3310 
3375 
2560? 
3158 

2550 
3298 

3395 
3040 
2978 
2945 
2705 
3045 
3033 
3078 
3173 
? 
31 58 
32 30 
3514 
3585? 

-- 

-- 

-- 

-- 
5570 
3202 

-- 

3715 
3555 
381 5 -- 
-- 
-- 

371 5 
3320 

3560 
3650 
291 0 
3405? 

3095 
3605 
301 5? 
3665 
3245 
31 30 
31 35 
3045 
? 
31 45 
3310 
341 2 
2990 
3450 
3505 
3724 
391 5 

-- 

-- 

-- 
F a u l t  
3480 

-- 

4058 
3745 
4095 -- -- 
-- 

4060 
387.5 

3R40 
3950 
307 5 
3670 

3245 
3875 
31 35 
39 JO? 
3460? 
3495 
3570 
3200 
? 
? 
3510 
3678 
3215 
3638? 
3762 
4050 
4280 

-- 

-- 

-- 
41 05 
3898? 

-- 

4660 
4325 
46 38 
-- 
-- -- 

4518? 
4045 

4530 
4635 
3500 
4258 

3745 
4350 

4430 
F a u l t  
? 
3905? 
3718F 
3005 
3490 
? 
4188 
? 
41 20 
4272 
4630? 
49 7 O? 

-- 

-- 

-- 

-- 
4785 
4405? 

-- 

5078 ? 
4758 ? 
502W 5580 -- , _  

-- -- 
-- -- 

5130 ? 
4240 5000 

4875 5315? 
5103 518W 
365 f f  BTD 
4668 5180 
4270 BTD 
4008 -- 
4540 5410? 
38OE -- 
4730 5315 
4082 4828 
3856 45iO? 
41257 ? 
4178 ? 
3865 4703 
3660 4250? 
4075 4805 
4447 5065 
3750 BTD 
4240? 5125? 
4606 ET0 
4985 5445 
5286 6043 

-- -- 

-- -- 
5232 5942 
4810 5345? 



TABLE A - I  ( C o n t ' d )  
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WELL M idd le  Lower Sand 
- IDENTIFICATION P l i ocene  P l i ocene  P l i ocene  Miocene *A" No. 1 No. L No. I No. 4 N o .-T- 

Department o f  Energy 
DOE CH 1 (Core Hole 1 )  
DOE CH 2 (Core Hole 2 )  
Cavern 2 
Cavern 3 
Cavern 4 
A l l i e d  5 
A l l i e d  6 
A l l i e d  8 
Cavern 8A 
A l l i e d  9 
Cavern I 5  
DOE 15 A (Cavern 15 r e e n t r y )  
Cavern 18 
DOE 18A (Cavern 18 r e e n t r y )  
Cavern 19 
DOE 19A (Cavern 19 r e e n t r y )  

W i l b e r t  M ine ra l s  Corps. 

A l l i e d  1 A l l i e d  Chemical Corp. 
Cavern 7 
Cavern 16 
Cavern 17 
A l l i e d  24 
A l l i e d  25 

BTD 
BTD 
BTD 
6TD 
BTD 
BTD 
BTD 
BTD 
BTD 
BTD 
BTD 
BTD 
BTD 
BTD 
BTD 
BTD 

BTD 
BTD 
BTD 
BTD 
RTD 

J 1  

N 1  
UTP 1 
F 1  
F 16 
F 20 
F 22 
F 23 
F 24 

F 26 
F 29 

F 24-1 

F 30-1 
F 30-2 
F 31 
F 32 
F 3 3  

F 35 
F 37 
F 38 
F 39 

F 33-1 

( W  i 1 be r t  underground BTD 
storage)  

BTD 
(Union Texas  Petroleum) BTD 
Freepor t  Sulphur Co. 895 

Freepor t  O i l  Co. 755 
955 

800 
-- 



Page 8 of 14 
TABLE A-1 (Con t ' d )  

WELL M i d d l e  Lower Sand 
IDENTIFICATION P l i o c e n e  P l i o c e n e  P l i o c e n e  M i o c e n e  "ll" No. 1 No. L No. 5 No. 4 N 0. 5 

F 40 
F 41 
F 42 

F 43 
F 44 
F 45 
F 46 
F i17 
F '48 
i $9 
F 50 
F 52 
F 54 
F 56 
F 58 
F 59 

F 71 
F 72 
F 82 

F 42-1 

F 59-1 

W i l b e i t ' s  Myrtle G r o v e  
c 1  

c 2  
c 3  
c 4  
c 5  
C 6  
C i  
e 8  
c 8-1 
c 8-2 
c 8-3 
c 10 
c 10-1 
c 10-2 
C 19 
c 20 
c 21 
c 22 
c 22 
c 23 
C 24 
C 24-1 
c 24-2 
C 25 
C 25-1 

885 
885 

1668 
1788 
1555 

1720 
1715 
2605? 
BTD 
1950 

1872 

1950 
1875 
2110 
1960 

1580 

2255? 
2170 

-- 

-- 
-- 

-- 
-- 

-- 
-- 
-- -_ 
- .  
- .  
-_ -- 
-- 
-- 
-- 

1905 
-- 
-- 

1 280 
1860 
1980 
-- 
-- 

1910 
1410 
1975 

BTD 
-- 
-- 
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WELL Middle Lower Sand 
IDENTIFICATION P l i ocene  P l i ocene  P l i ocene  Miocene "A" No. 1 No. L No. > No. 4 N 0. 5 

C 26 

C 27 
C 27 A 
c 28 
c 30 
c 31 
c 32 
c 33 
c 34 
c 35 
C 36 
c 37 
c 38 
c 39 
C 40 
C 41 
c 42 
c 43 
c 44 
H 1  
H 2  
H 3  
H 4  
PE 7 
TGS 4 

C 26-1 
975 -- 

-- 
-- 
-- 
-- 
858 

Humble O i l  & R e f i n i n g  Co -- 
Texas Gas E x p l o r a t i o n  Co. -- 
T.H. Hoffman -- 

-- 
-- 

-- 
-- 
-- 

Prec i se  E x p l o r a t i o n  Co. -- 
Texas Gulf  Sulphur -- 

Sect ion 53 

E.B. SchHing e t  a1 
EA 8-1 Temple Hargrove e t  a1 915 
EA 0-2 -- 
BA 6-3 -- 
EA 8-4 -- 
BA 8-5 -- 
EA 8 - 5 4  -- 
EA 8-6 -- 

1275 
-- 
-- -- 
1670 
1400 
1385 

1370 
1370 
1345 
1395 
1375 
1300 
1380 
1337 
1260 
1400 
1420 
1375 
1378 
1390 

-- 

-- -- 
-- 
-- 

1460 
1720 -- 
-- 
1495 -- 
-- 

2020 -- 
- .. 
7215? 
2190 
2030 
1920 
1764 
1898 
1902 
790@ 
1925 
7895 
1920 
1945 
1975 
1840 
1928 
1995 
1895 
1895 
1872 -- 
-- 
-- 
-- 

2145 
2325 
2330 
2090 
2180 

2120 
-- 

2805 -- 
-- 

? 
? 
2435 
? 
BTD 
? 
? 
? 
? 
? 

? 
2690 
? 

? 
? 
BTD 
? 

-- 

-- 

-- 
-- 

2045 
-- 

304C 
31 30 
3068 
2933 
2930 

2982 
-- 

3150 -- 
-- 

BTD 
3168 
3160 
2830 

3045 
2998 
2975 
3025 
2973 
2950 
3050 
2996 
281 0 
3028 
2990 
2995 

3030 

-- 

-- 
-- 
-- 

BTD -- 

3430 
3460 
3467 
3458 
3540 

3510 
-- 

-- -- 
-- -- 
3408 
3395 
F a u l i  

? 
? 
? 
? 
? 
3072 
? 
F a u l t  
? 
? 
? 
? 

? 

-- 

-- 
-- 
-- 
-- 
-- 

3508 
3660 
3660 
3705 
3755 

3745 
-- 

3540? -- 
-- 
-- 
3565 
3555 
3210 

3338? 
3248 
3250 
3202 
3140 
3295 
3290 
31 40 
3410 
3205 
3172 
3160 

3360 

-- 

-- 
-- 
-- 
-- 
-- 

3885 
3925 
394 3 
3895 
3988 

3986 
-- 

4058 
-- -- -- 

? 
? 
8 TO 

3695 
361 4 
3656 
3850 
3595 
? 
3787 
3955 
810 
3845 
? 
3660 

ET0 

-- 

-- 
-- 
-- 
-- 
-- 

4660 
4715 
4550 
4528 
4605 

4650 
-- 

4375 -- 
-- 
-- 

4485 
452 3 -- -- 
3930 
401 5 
BTD 
4074 
3805 
3578 
4195 -- 
-- 
4058 
3885 
386 3 -- 
-- 
-- 
-- 
-- 
-- 

4930 
497 5 
4920 
4945 
5025 

4955 
-- 

BTD -- 
-- 
-- 

? 
BTD -- 
-- 

a io 
BTD 

4570? 
BTD 
412f)F? 
4500F? 

-- 

-- 
-- 
4445 
4405? 
BTD -- 
-- 
-- -- 
-- -- 

5440 
5424 
5 367 
5318 
561 3 

5595 
-- 



TABLE A-1 (Con t ' d )  Page 10 of 14 
Sand - WELL Middle Lower 

P l i ocene  Pl iocene P l i ocene  Miocene No. 1 No. L No. 5 No. 4 N 0. 5 "A" IDENTIFICATION 

BA 8-7 B r i t i s h  American o i l  
Product i o n  00. -- 

BE 2 Brock E x D l o r a t i o n  Corp. -- 
Choctaw 1 

H a l l  & 
Damson 1 Brooks H a l l  & Damson 

011 co. 
S t a t e  1 Temple Hargrove & 

Freepor t  Sulphur Co. 
Texas 1 The Texas Co. 
Texas 2 
Texas Levy 1 

Department of Energy 

Choctaw O i l  Co. 

Cavern 1 
Cavern 10 
Cavern 1 1  
A l l i e d  12  
Cavern 1 3  
Cavern 20 
DOE 20A (Cavern 20 r e e n t r y )  

W i l b e r t  M ine ra l s  Corp 
F 2 Freepor t  Sulphur Co. 
F 3  
F 4  
F 5  
F 6  
F 7  
F 8  
F 9  
F 10 
F 11 
F 1 1 - 1  
F 11-2 
F 12 
F 12-1 
F 13 
f 13-1 
F 14 

301 5 
-- 

3080 

3223 
2970 

3260 
3040 

-- 

-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
291 0 
2905 
F a u l t  
2940 
3035 
3025 
3002 
2795 
251 5 -- 
-- 

2695? 

2940 
2933 
2830 

-- 

3553 
-- 

3565 

3775 
3490 

3495 
3578 
3465 

-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

-- 
3178 
31 7 f f  
3178 
331 5 
F a u l t  
3320 
3280 
3296 
2825 -- -- 
301 5? 
2855 
3445 
3452 
3248 

3762 -- 
381 5 

3985 
3745 

3830 
3794 
3670 

-- 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

? 
3410 
3360 
3425 
3455 
3565 
351 8 
3490 
34 30 
3062 

3035 
3278 
8 TD 
3680? 
363 !J? 
3565? 

-- 

3985 -- 
41 05 

4305 
3968 

4155 
406 3 
3955 

-- 

-- 
-- 
-- 
-- 
-- -- 
-- 

38501 
3660 
3698 
3725 
37 30 
3895 
3895 
3940 
3692 
3405? 

329W 
BTD 

3398 
3878 
38'7? 

-- 

-- 

4695 -- 
471 5 

4808 
4545 

4665 
4614 
4580 

-- 

-- -- 
-- 
-- 
-- 
-- 
-- 

4265? 
4590 
4400 
? 
4455 
4506 
4820 
4780 
4288 
4008 
? 
3905? -- 
-- 

4540 
4545 
4322 

4992 -- 
5025? 

5280 
4968 

5055 
51 44 
5020 

-- 

-- -- 
-- -- 
-- -- 
-- 

? 
4840 
471 8 
? 
5810 
4827 
4964 
4970 
4828 
4248 
4255? 
4290 -- 
-- 

4980 
4980 
4795 

5660 -- 
5648 

61 50 
5572 

5095 
5198 
5658 

-- 

-- 
-- 
-- 
-- -- 
-- 
-- 

? 
5350 
5280 
5052 
5360 
5405 
5 390 
5538 
5355 
? 
? 
BTD -- 
-- 

5592 
5602 
5914 
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WELL Middle Lower Sand 
I DENT I f  I C A T  I ON P l i ocene  P l i ocene  P l i ocene  Miocene "'K" No. 1 No. 2 No. 5 No. 4 N 0 .  5 

F 15 
F 17 

F 18 
F 19 
F 21 
f 25 

F 28 
F 51 
F 5 3  
f 55 
f 60 
F 61 
F 62 
F 64 

f 65 
F 67 
F 68 
F 69 
C 7 0  
F 73  
F 7 4  
f 76 
F 78 
F 79 
f 81 
PE 4 

f 17-1 

F 25-1 

f 64-1 

f r e e p o r t  O i l  Co. 865 
W i l b e r t  S t a t e  U n i t  -- 

-- 
( F 1 1  s i d e t r a c k )  -- 

-- 
-- 
-- 
-- 
-- 

Prec i se  E x p l o r a t i o n  Corp -- 
W i l b e r t ' s  M y r t l e  Grove 

c 1  Standard O i l  o f  

c 9  
C 9-1 
c 1 1  Car te r  Oil Co. 
c 12 
c 12-1 
c 13 
C 14 
C 14-1 

Lou is iana  

2770 
2640 

2830 
2920 

-- 

-- 
-- 
-- -- 
-- 
.- - 
-- 
-- 
I- 

-- -- 
2890 
3362 
B TD 
BTD -- 
-- 

2445 

2752 
2960 
2800 
3158 

-- 

-- 

3728 
3584 

3 8 7 8 ~  

-- 
3860 

-- 
381 0 
3858 -- 
-- 

3255 
3352 
3590 -- 
-- -- 

3s 3 
41a5 -- 
-- -- 

2950? 
329W 
2895 
3650 
39 05 
321f f  
4000 -- 

-- 
34 28 
3312? 

4412 
4210 

4575 
4565 

? 
? 

-- 

-- 

-- 
-- 

3750? 
3758 
4201 -- 
-- 
-- 

4555 
4700 -- 
-- 
-- 

BTD 
3905 
3620? 
4160f 
4806 
4030 
481 5 -- 

-- 
? 
3670? 

3675 
-- 

4870 
4712 

4955 
4886 

4 306 
4 388 
4765 

41 35 
4260 
4720 

-- 

-- 

-- 

-- -- -- 
4998 
5253 -- -- 
-- 
-- 

4290 
BTD 
? 
494 1 
4355 
5098 -- 

5483 
5350 

5552 
5425 

BT D 
? 

-- 

-- 

-- 
-- 
._ - 

? 
5068 
-- -- -- 

5595 
5595 -- 
-- -- 
-- 

BTD 

4840 
54 30 
4940 
5601 

-- 

-- 
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WELL M idd le  Lower Sand 
0 .  5 - IDENTIFICATION P l i ocene  P l i ocene  P l i ocene  Miocene nA" No. 1 NO. 2 No. J No. 4 N 

C 15 
C 16 
c 29 
C 29-1 
c 29-2 
TGS 1 Texas Gulf Sulphur 
TGS 2 
TGS 3 
TGS 4 
TGS 5 
TGS 6 

TGS 8 
r G j  7 

Sec t ion  58 

W i l b e r t  & Sons Lumber 

1 F l a i t z  & M i t c h e l l  
2 

S e c t i o n  6 0  

W i l b e r t  M ine ra l s  Corp 

F BO F reepor t  O i l  Co. 
PE 1 P r e c i s e  E x p l o r a t i o n  Corp 

Sec t ion  61 

W i l b e r t  M ine ra l s  Corp. 

BE 12 Brock E x p l a r a t i o n  Corp 
Cabot 1 Cabot Corp 
C 18 Car te r  O i l  Co. 
D e l t a  3 D e l t a  Development Corp 
F 34 Freepor t  Oil Co. 

-- 
2748 -- 
? -- 
-- 
-- -- -- 
-- 
-- 
-- -- 

3548 
361 5 

3525 
3675 

3260 
3615 
3560 
3308 
3350 

3160 
? 

3452 
-- 
-- 
-- -- 
-- -- 
I- 

-- 
-- 
-- 

4055 
41 50 

3778 
3976 

3525 
3975 
3885 
3645? 
3650 

3840 
3895 

ETD 
-- 
-- -- -- 
-- -- 
-- 
-- -- 
-- 

51 05 
5145 

4805 
4922 

4400 
4795 
4848 
4605 
4520 

5760? 
6 !05  

ETD 
6085 
6040 
5778 
5574 
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WELL Midd le  Lower Sand 
IDENTIFICATION P l i ocene  P l i ocene  P l i o c e n e  Miocene =A'' No. 1 No. 1_ 0. 5 No. 4 N 0. > 

Sec t ion  61 

F 36 
F 57 
F 63 

F 66 
F 77 
Lone S t a r  1 

LVO 1 LVO Corp. 
Texas P a c i f i c  

F 63-1 

Lone S t a r  P r o d u c t i o n  Co 

Texas P a c i f i c  O i l  Co. 

Sec t ion  62 

Department o f  Energy 
DOE 1 B r i n e  D isposa l  W e l l s  
DOE 2 
DCE 3 
DOE 4 
DOE 5 
DOE 6 
DOE 7 
W E  8 
(JOE 9 
DOE 10 
DOE 11 
DOE 12 

Township 9 South, Range 12 East 
Sec t i on  61 

Cay Union Corp. 
8A 1 Temple Hargrove e t  a1 -- 
BA 8-1 Temple Harqrove & 

C 45 Humb.le 011 J( R e f i n i n g  Co -- 
C 46 -- 
c 47 -- 

H. Hurt 1040 

2145 
2120 
2220 

2198 
2150 

-- 

-- -- 
-- 

2 305 
2405 
2388 
2 340 
2330 
2322 
2310 
2305 
2315 
2 320 
2395 
2322 

2270 

2298 

2220 
2 195 

-- 

3032 
2985 
3055 

2858 
3090 

2935 
3105 

309 5 

-- 

3118 
3210 
32 30 
3150 
31 50 
3168 
31 55 
3155 
31 50 
3148 
3184 
3175 

3058 

31 18 
301 0 
3320 
301 2 

3460 
3 395 
3488 

3432 
3475 

3350 
3696 

3642 

-- 

3638 
3755 
3754 
3695 
3695 
3718 
3690 
3690 
3695 
3695 
3695 
3710 

3625 

36 30 
3615 

3605 
3648 

3790 
3710 
3885 

? 
3790 

36 38 
3970 

3870 

-- 

3960 
4050 
4048 
3996 
4002 
4010 
3980 
3978 
4055 
4058 
3978 
4063 

4035 

406 0 
3850 
39'32 
F a u l t  

4118 
3935 
4165 

401 5 
4076 

3345 
4 348 

4210 

-- 

4362 
4480 
4405 
4340 
4340 
4358 
4335 
4335 
4348 
4 350 
4393 
4355 

4290 

435 3 
4205 
4173 
3964 

4760 
4418 
48 08 

4630 
4762 

4525 
5085 

4985 

-- 

5065 
5210 
5295 
5085 
5150 
B TD 
51 22 
5098? 
BTD 
5105 
BTD 
5143 

4902 

4920 
4910 
4665 
4640 

51 50 
4755 
5228 

5055F 
498Uf 

4925 

-- 

5498 

5450 

5565 
5645 
561 5 
5565 
BTD 

5595 
BTD 

5600 

5598 
-- 

5425 

5365 
5320 
507 3 
5014 

5993 
? 
? 

5750 
5 120 

57iO 
6322 

6295 

-- 

6348 
6503 
6465 
6414 

64.55 

6475 

6490 
-- 

6295 

6190 
6090 

581 5 
5840 
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Page 14 of 14 

WELL Middle Lower Send 
IDENTIFICATION Pl iocene  P l iocene  Pl iocene Miocene 3 0. 0 .  0 .  0. 

4512 5250 6050 
3798f 4140 4682 5116 5910 

c 48 -- -- -- 3098 3452 3795 4177 
Davis 1 Davis O i l  Co. & -- -- -- 3060 3688 

Leberi D r i l l i n g  Inc. 

Sec t ion  70 

Wilbert Minerals Corp. 

21 12 3050f  3560 4031 4450 5260 5605 6486 Weaver C.W. Weaver D r i l l i n g  Co -- -- 
Sect ion 82 

Wilbert Minerals Corp. 

Co. Inc. 
3066 F a u l t  3722 4085 4690 5122 5965 Del ta  2 Delta Development 970 1385 2098 



T A B L E  A - 2  
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TABLE A-2 
BAYOU CHOCTAW SPR SITE 

DEPTH TO NO. 6 SAND THROUGH NODOSARIA ELANPIEDI ZONE 

Hetero- Mio- C i b i c i d e s  Marginulina Bol iv ina  Nodosaria 
Mexicana Blanpiedi  s t e g i n a  F r i o  gyps ina  Hazzardi Texana Sand 

WELL Limestone Formation Zone Zone Zone Zone Zone IDENTIFICATION No. 6 N 0. 7 N 0. 8 N 0. 16 

Township 4 South, Range 2 West 
Sec t ion  64 

Georgia P a c i f i c  Corporation 

Arnoco Prod. CO. #1 

Township 6 South,  Range 10 East 
Sec t ion  15 

C.A. Lorio 

Milton J. 8ernos 

Sect ion  25 

.R.  Palmer 

Wilcans & 
Secan O i l  

Sec t ion  37 

L. Crochet E t  a1 

Chedron O i l  Co. 

Township 6 South, Range 11 East 
Sect ion 17 

Ulrner 

Chevron, 
U.S.A., Inc. 

Sec t ion  31 

Southern Land Production Co. 

Humble O i l  & 
Ref in ing  Co. 

4172 

4630 

3868 

4335 

4640 

4949 6020 6560 725 1 

4208 

4601 4935 

5140 5730 5985 6980 7090 7162 7310 

5170 6118 6810 7560 

4720 5648 6210 6990 

5905 6503 71 80 

5200 6260 6953 7665 

7580 7748 81 70 8350 8969 

7870 8094 8638 8125 

7273 7520 7852 8018 8521 

7150 81 70 8330 8905 

7810 8342 8790 8359 9311 
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TABLE A-2 (Cont 'd)  

He t e ro- Mio- C i b i c i d e s  Marginulina Bol iv ina  Nodosaria 
Mexicana Elanpiedi  WELL Sand s t e g i n a  Frio gypsina Hazard Texans 

IDENTiFICATION No. 6 N 0. I N 0. 8 N 0. z Limestone Formation Zone Zone Zone Zone Zone 

Township 7 South, Range 11 East 
Sec t ion  3 

Morley Cypress 

J e t t  D r i l l i n g  Co. 

Sec t ion  14 

A. Wilbert Sons 

Monteray 
Explorat ion 

Sec t ion  35 

Amerada 

Louis iana Clay Products  

Headington 

Township 8 South, Range 11 East 
Sec t ion  27 

HEP Development Co. 

E t h y l  Corp. 

H. Levert 

Ladd Petroleum 
Corp. 

Sec t ion  23 

Levert Heirs 

8A-1 Temple Hargtove 
e t  a 1  

4855 

5365 

5348 

6220 

6214 

6865 

6720 

5308 6375 

5420 6580 

5990 7238 

5958 7212 

7020 7701 

7201 7878 

7842 8472 

7842 8399 

8820 9032 9478 

9101 9413 9668 

9558 

9770 BTD 

7120 8310 8962 9573 9815 10114 10510 11003 

6833 8178 8810 4442 9685 10045 10885 11230 

6130 6965 7325 7695 83&0 BT D 
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TABLE A-2 (Cont'd) 

He t ero-  Mio- Cib ic ide  Marsinul ina Bol iv ina  Nodosaria 
Me x-i cana B 1 anp ied i WELL Sand s t e g i n a  F r i o  gypsina Hazzardi Texana 

IDENTIFICATION No. 6 N 0. 7 N 0. 8 N 0. 16 Limestone Formetion Zone Zone Zone Zone Zone 

Sec t ion  28 

BA 1-1 
BA 6-1 B r i t i s h  American 

O i  1 Prouductiori 
Co. 

BA C-1 
BA D-1 
BE 2 Brc& Explorat ion 

Penton 1 Penton-Sohio 
Corp. 

Southwest Gas 
Roussel 1 L.J. Roussel Co. 

Morley Cypress Co. 
BA 1 Temple 

BA 2 
BA 3 
BA 4 
BA 5 
BA 6 B r i t i s h  American 

Hargrove e t  a 1  

O i l  Production Co. 

BA 7 
BA 8 
BA 8-1 
BA 8-2 
BE 9 Brock Explorat ion 

BE 10 
BE 11 

BE 12 

c 2  C a r t e r  O i l  Co. 

Corp. 

BE 11- I*  

c 3  
C 3-1 
c 4  
c 5  

5875 

6065 

5540 
5580 
5588 
5695 
5558 

5235 
5290 
5835 
5810 

5570 
5858 
5858 
5898 

5750 
5785 

5505 
5938 

- 

6150 
6190 

6075 

6393 

5732 
5785 
5806 
6008 
6048 

810 
6230 
6008 

F a u l t  
601 5 
6105 
6235 

6205 
6160 

F a u l t  
6395 

- 

6320 7385 
6365 7485 
6423 7545 

6230 7426 

6657 7845 
6225 7390 

6080 6955 

5968 6815 
621OF 6820 
6210 7175 

5700 6435 

5488 BTD 

6445 7355 
6345 7377 

5872 6805 

5982 6580 
6268 7185 
6265 7150 
6450 7630 

6340 7175 
6302 7010 

5868 6310 
6585 7455 

- - 

7882 
8015 
7885 

8325 
7645 

7190 
Faul t  
7273 
7420 
7305F 

6930 

7862 
7890 

7035 
7652 
7665 
8152 

7495 
7542 
7532 
6715 
8005 

7560 

8360 
8310 
8400 

8155 

8852 
8115 

7675 
7325 
7550 
7682 
7730 

BTD 

8320 
8258 

BTD 
7850 
7818 
8520 

7980 
7620 
7590 
BTD 
850 

B? D 

8605 
8580 
8520 

8532 

BTD 
BTD 

7885 
7650 
BTD 
8010 
8070 

8460 
8510 

8070 
8040 
%6 8'0 

8250 
7928 
7902 

8850 

8700 
8715 
8650 

8632 

BTD 
7845 

BTD 
BTD 

8740 
8684 

8540 
85 30 
9045 

8465 
8215 
BTD 

8190 

9038 9345 BTD 
8910 9410 BTD 
E742 9005 BTD 

8790 9150 BTD 

810 

8882 9270 BTD 
8780 9075 BTD 

BTD I 

BTD 
BTD 

BTO 
BTO 

8TD 
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TABLE A-2 (Cont 'd )  

Hetero- Mio- ClbicifJes Margiriulina 9 o l i v i n a  N r d m a r i a  
WELL Sand gypsina Hazzardi Texana Mexicana Blenpiedi  s t e g i n a  F r i o  

IDENTIFICATION no. 6 N 0. I N 0. 8 N 0. 7b Limestone Fcrmation Zone Zone Zone -_ Zone -_ Zone 

Sect ion 29 

Morley Cypress CO. 

c1 Standard O i l  
o f  Louisiana 

E.B. Schwing 

BA 1 Tenple Hargrove 
e t  a 1  

EA 1-I* 
BA A-2 
RA A-2-1* 
BA A-2-2* 
EA A-3 

8A c-I 
BE 1 Brock Explorat ion 

Corp. 

LC 1 Louisiana O i l  

LC 2 
LC 3 
LC 4 
LC 5 
L C  6 
S t r a t a  1 S t r a t a  Energy 

BE A-4 

Crusaders 

Inc. & C r y s t a l  
O i l  Co. 

3ect ion 30 

Wilbert I Son e t  a 1  

S h e l l  O i l  Co. 

Section 37 

5640 

5675 

- 
5760 

- 
- 

6038 

5915 

5835 
5455 

5720 
5685 
5860 

5735 

6177 

6238 

Bais t  Cooperage I Lumber Co. lnc. 

R. Lacy, Inc. 6020 

6160 

6060 

- 
6225 

- 
- 

6343 

6315 

6164 
5895 

F a u l t  
6115 
6365 
6225 
6215 

6590 

6785 

6320 7390 

6290 6860 

- 6870 
6350 7305 - 7310 

- 7310 
6425 7347 

6745 7700 

6433 7478 
5985F 6478 

6680 7440 
6600 7220 
6512 7205 
6395 7202 
6720 7365 

6792 7825 

6890 8155 

7535F 

7395 

7470 
7675 
7650 
7660 
7798 

Faul t  

7990 
6980 

7810 
7705 
7635 
7555 
7845 

8433 

8968 

7960 

7530 

7 7 4 w  
8095 
7992 
8060 
8202 

8222 

8370 
7140 

8300 
81  70  
8160 
8010 
8150 

8958 

9455 

6630 8110 8772 9412 

8358 

BTD 

BTD 
8290 
8182 
81  90  
8405 

9080 

8770 
BTD 

BTD 
9 390 
BTD 
8202 
BTD 

9201 

9715 

BTD 

BTD 
3415 
8430 
a732 

9312 

BTD 

BTD 

810 

9498 

10035 

813 
BTD 
9068 9380 

9600 BT L; 

9680 10432 

1019UF 10615 

13970 11430 

BTD 

BTD 

BTD 

BTD 
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TABLE A-2 (Cont 'd)  

Heterc-  Mio- C i b i c i d e  M a r o i n u l i n a  B o l i v i n a  Nodosarin . - - - - - - - 
WELL Sand s t e g i n a  F r i o  gyps ina  Hazzard i  Texana Mexicana B l a n p i e d i  

IDENTIFICATION No. 6 No. I N 0. 8 N 0. 16' Limestone Fo rmat ion  Zone Zone Zone Zone Zone 

Sect ion 39 

J.H. Schwing 

. M a r t i n  E x p l o r a t i o n  
Corp. 2 6390 

Sect ion 41 

E. 8. Schwing, Jr. 

Pan American 
Petroleum Corp. 6440 

Pan American Reentry 
(For tune & Hodges, 
Inc. & G.H. R e f i n i n g  
Inc. 1 

A. W i l b e r t  & 
Sons Lumber 00. 
Lea & Associates 
#I 

Sec t ion  42 

E.B. Schwing 

Dynamic 
E x p l o r a t i o n  Inc. 

Dynamic 
E x p l o r a t i o n  
Inc. ( B a i s t  
(Cooperage) 
( s ide  t r a c k  
o f  above h o l e )  

LVO Corp. & 
C a r l  O i l  & 
Gas Co. 

-- 

6385 

6305 

6305 

6345 

6825 

6768 

- .- 

6958 

I 

6785 

I 

I 

6795 

6840 

6999 

6945 

-- 

7095 

6915 

6940 

6998 

8315 

7850 

-- 

7870 

0255 

7983 

7755 

9083 

9153 

-- 

9205 

9025 

9205 

9055 

9712 

9903 

9903 

10050 

3682 

9895 

9700 

9955 10258 10778 

10253 10822 11 303 

10208 10825 11313 

10265 10883 11382 

9932 10240 11010 

10155 10480 11100 

9940 10235 10906 

BTD 

11785 

11802 

BTD 

11912 

11502 

BTD 

BTD 

BTD 
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TABLE A-2 (Cont'd) 

HP t ern- Mio- Cibicides Marqinulina Bolivina Nodosaria . ,----- 
stegina Frio gypsina Hazzardi Texana Mexicans Blanpiedi 
Limestone Formation Zone Zone Zone Zone Zone Sand 

'No. 6 N 0. I N 0. 8 N 0. 16 WELL 
IDENTIFICATION 

Section 52 

Gay Union Corp. 

Standard Oil 
o f  Louisiana 

c 7  
C 8  
c 9  
C 10 Carter Oil 

co . 
c 11 
c 12 
C 13 
c 13-1 
C 14 
C 15 
C 16 
C 17 
c 18 
C 19 
c 20 
c 21 
c 21-1 
c 21-2 
C 21-3* 
c 22 
C 23 
C 23-1 
c 24 
c 25 
C 26 
C 27 
c 28 
c 29 
C 30 
C 31 
c 32 
c 33 
c 34 
c 35 
C 36 

BTD 
5765 

-- 

5820 

5775 
-- 
-- 

5210 

5535 

-- 

-- 
5605 

5050 
4648 

4590 

B i  D 

-- 
6060 

6135 
5945 

6145 

6145 
-- 
-- 

5676 

5810 

4800 
6010 

B ID 

5030 

5740 6430 
6250 6940 
6160 7112 
6425 7140 
6415 7112 

6292 
6035 6930 
5886 6658 
ljsm 6530 
5750 BTD 
6195 6945 -- 6980 
6192 6755 
6190 6940 

5720 

6312 6638 

5708 6735 

5728 6350 

5882 6210 

BTD 
6145 6682 

5715 6565 
5655 6450 
5490 BTD 
5695 BTD 

5450 

7608 

6935 
7330 
6975 
7085 

7355 
7515 
7150 
7250 

6250 

7265 
6760 

66 30 

-- 

6973 

6880 
BTD 

BTD 

6860 
7395 
7870 
7735 
7790 

7302 
7843 
7405 
7390 

7600 
7840 
7450 

7336 
BTD 

BTD 
BTD 

7092 

741 D 

BT D 

7170 
7515 
8095 
8325 
8260 

7540 
8145 
7590 

BT D 
BTD 
BTD 
7725 
7667 

BTD 

7590 

BTD 
7685 7990 
BTD 
BTD 
8770 BTD 

7820 8082 
8450 BTD 

78 15F 
7718 

BT D 
7948 BTD 

8160 

8290 8710 

a i 5 0  BTD 

BTD 
BTD 

8485 BTD 
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TABLE A-2 (Cont’d) 

Hetero- Mio- C ib ic ides  Marginul ina Bo l i v ina  Nodosaria 
Sand stegina F r i o  qypsina Hazzardi Texana Mexicana Rlanpied i 

Zone IDENTIFICATION ko. 6 N 0. I N 0. 8 N 0. I &  Limestone Formation Zone Zone Zone Zone 
WELL 

c 37 
c 38 
c 39 

C 40 
c 42 
c 43 
c 44 
c 49 
C 50 

C 51 

Gulf 1 

Div. 

Gulf  1-1 

Wi lber t  Minerals Corp. 

F 1  Freeport 

F 16 
F 20 Freeport O i l  Co. 

Sulphur Co. 

F 22  
F 23 
F 24 
F 26 
F 30-1 
F 31 
F 33-I* 
F 37 
F 41 
F 42-1 
F 43 
F 44 
F 52 
F 56 
F 58 

? 

5135? 

? 

4815 

? 
? 
BTD 
? 
? 
? 
5540 
? 

-- 
-- 

4615 
Humble O i l  
dr Ref in ing  Co. 5070 

5295 
5325 

5623 
6360 

Texas Gas 
Exp lora t ion  Corp. 
(Gay Mineral  
(Corp. ) 

Gu 1 f Ref  i n i n a  

6238 

Co. - Gul Producing 
5570 

BTD 

BTD 
5783 
5806 

? 
Fau l t  

Fau l t  

6118 

? 

BTD 

? 

5195? 

? 
? 

? 
BTD 
? 
601 2 
? I  

-- 
-- 

5450 BTD 

5845 6660 
5880 ? 

6375 6930 
667W 7785 

6392F 7445 

6230 7020 

4980 5585? 

5280 BTD -- -- 
5305 6020 
5625 BTD 
5165 BTD 
4495 BTD 

4630 BTD 

5095 BTD 
6135 6870 
5668 6370 

707 2 741 0 
6382 6910 

7155 7565 
8110 8663 

7550 1937 

7195 7723 

BTD 

7370 7675 
6762 7070 

BTD 
7190 7615 BTD 

7698 7990 81 55 8440 BTD 
9198 BTD 

F a u l t  81 15 8400 9045 9470 

8125 ? 8610 8975 BTD 

81 30 BTD 
7330 7725 BTD 
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TABLE A-2 (Cont’d) 

Hetero-  Mio- C i  b i c i des Mar g inu 1 i n a  Bo 1 i v  i na No dosa r i a 
Mexicana B l a n p i e d i  s t e g i n a  F r i o  gyps ina Hazzard i  Texana Sand 

Zone - Zone Zone Zone Zone WELL Limestone Format ion IDENTIFICATION ?do. 6 N 0. I No. 8 N 0. 16 

W i l b e r t ’ s  M y r t l e  Grove 

c 28 
C 36 
c 38 
c 39 
C 40 
C 42 Humble O i l  

& R e f i n i n g  
co . 

c 43 * 
Township 9 South, Range 11 East 

Sec t i on  53 

E. 8. Schwing e t  a1 

8A 8-1 Temple 
Hargrove e t  a 1  

BA 8-2 
BA 8-3 
EA 8-4 
BA 8-5 
EA B-5-1* 
8A 8-6 
8A 8-7 B r i t i s h  American 

O i l  P roduc t i on  
co. 

Corp. 
BE 2 Brock E x p l o r a t i o n  

Choctaw 1 

Choctaw 011 Co. 

H a l l  & Damson 1 

Brooks H a l l  & 
Damson O i l  Co. 

? 
4875 
4385 
BTD 
-- 

4590 
46 2 O? 

5585 
5587 
5510 
5490 
5765 

5760 
-- 

5815 

-- 

5830 

6455 

? 
? 
BTD 

-- 

-- 
? 

5970 
6073 
5980 
5985 
6055 

6200 
-I 

6235 

-- 

BTD 

6758 
I 
I 

I 

I 

? 5424 
5155 BTD 

4725 5750? 

5145 BTD 
5169 BTD 

6350 7200 
6520 7360 
6458 7205 
6325 7265 
6496 7345 
6%90? 7362 
6385 7330 

6425 7348 

-- -- 

6963 8240 

BTD 

BTD 

7585 
7863 
7610 
8155 
7958 
F a u l t  
7780 

7908 

-- 

8640 

7950 
8160 
8005 
BTD 
8290 
7750 
8122 

8262 

-- 

9288 

8170 8393 8592 
8382 8571 BTD 
8223 8605 BT D 

BTD 
7854? 8132 BTD 
BTD 

8435? 8580 9055 

9522 10048 BTD 

9105 9561) 

9802 

-- 
BTD 

-- 

r i  
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TABLE A-2 (Cont 'd)  

Hetero- Mio- C i b i c i d e s  Marg inu l i na  B o l i v i n a  Nodosar ia  
Mexicans B l a n p i e d i  s t e g i n a  F r i o  gyps ina Hazzardi Texana 

IDENTlFlCPlION No. 6 N 0. 7 N 0. 8 N 0. 16 Zone Zone Zone Zone - Limestone Fo rmat ion  Zone 
WE:.L Sand 

- 
S t a t e  1 

Tenple Hargrove & 
Freepor t  Suplur 
co . 

Texas 1 

The Texas Co. 

Texas 2 

Texas Levy 1 

W i l b e r t  M i n e r a l s  Corp. 

F 2  

F 3  
F 4  
F 5  
F 6  
F 7  
F 8  
F 9  
F 10 
F 11 

F 13 

F 14 
F 15 
F 17 

F 18 

F 19 

F 11-1 

F 13-1 

F 17- 

F 25- 
F 28 
F 51 
F 53 
F 55 
F 60 

F reepor t  Sulphur 
co. 

Freepor t  O i l  
co . 
Wi lber  t S ta te  
U n i t  

5760 

6315? 

6149 

F a u l t  

5455? 
5545 
5598 
5410 
5522 
5585 
5588 
5723 
5518 
? 
? 
5785 
5703 
5548 
5635 
5530 -- 
5775 

5592 
? -- 
-- 
-- 
-- 

5278 

6015 

6515 

6028? 

? 
6005 
5885 
5905? 
5788 
5855 
6146 
? 
? 
? 
? 
6054 
6043 
5886 
5910 
5780 
-- 

6115 

5856 
? -- 
-- 
-- 
-- 

BTD 

6472 7075 

6704 7802 

6405 7340? 

6405 7225 

5975 BTD 
6085 6975 
6040 6920 
6035 6975 
6210 6973 
6300 7230 
6275 7210 
6200 7180 
6025 6978 
5148 6030 
5045? RTD 
BTD 
65 25 707 O? 
6250 7002 
6390 6948 
6250 6835 -- 6835 

6330 7245 

6292 7276 
5605 BTD 
5875 
5135? BTD 
5360 BTD 
54115 BTD 

7288 

8458 

8040 

76411 

7362 
7318 
7390 
7249, 
7608 
7602 
7695 
7167 
BID 

7340 
F a u l t  
7120 
6972 
? 

7 705 

7475 

7410 

7703 

8945 

8470 

8042 

7792 
7700 
7730? 
7648 
7860 
8045 
7965 
7645 

7775 
7485 
7673 
7250 
7362 

7!945? 

7'745 

BTD 

8140 

91 20 

? 

8250 

8152 
BTD 
BTD 
7830 
8020 
831 5? 
8155 
BTD 

81 30 
BTD 
8000 
BTD 
BTD 

BTD 

7970 

BTD 

9690 

? 

8825 

8302 

8192 
8378 
8785 
0360 

BTD 

BTD 

8302 

702C2? 10970 11 445 

8705 9500? 10220 

91 10 9590? BTD 

8645 

BTD 
BTD 
BTD 
BTD 

BTD 

8940 BTD 

r i  
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TABLE A-2 (Cont 'd)  

He t e ro- M i  o- C i b i c i d e s  Merg inu l i na  B o l i v i n a  Nodosar ia  
Mexicana B l a n p i e d i  s t e g i n a  F r i o  gyps ina Hazzard i  Texana 

IDENT I F  I C A T  I ON No. 6 N 0. I N 0. 8 N 0. 16 Zone Zone Zone Zone Zone Limestone Fo rmat ion  
WELL Sand 

F 64 

F 65 
F 76 
F 78 
F 79 
F 81 

F 64-1+ 

W i l b e r t ' s  M y r t l e  Grovee 

C 14-1 
C 15 
C 16 

Sec t ion  58 

W i l b e r t  & Sons Lwnber 

1 F l a i t z  & 
M i  t c h e l l  

2 

Sect ion 60 

W i l b e r t  M i n e r a l s  Corp. 

F 80 Freepor t  O i l  Co. 

PE 1 Prec ise 
E x p l o r a t i o n  Co. 

Sect ion 61 

W i l b e r t  M i n e r a l s  Corp. 

BE 12 Brock 
E x p l o r a t i o n  Corp. 

Cabot 1 Cabot Corp. 

C 18 Carter f l i l  Co. 

D e l t a  3 D e l t a  Dedelopment 
Corp. 

-- 
5935 
5995 
5060 
5585 
? 
5802 

5150? 
4860? 

6910 
6960 

6198 

6415 

6295? 

6410 

6172 

-- 
6140 
6208 
5555 
6160 
? 
6086 

? 
5295 
? 

? 
? 

6490 

6878 

6768 

F a u l t  

ETD 

7108 7432 
6235 7120 
6323 7222 
5955 6645 
5295 ? 
5705 ETD 
6553 7598 

? 6450 
5 X O ?  BTrt 
? ? 

7475 8855 
7350 8793 

6630 7060? 

7040 8410? 

7010 7905 

6820 7905 

8125 
7370 
7460 
7057 
7592 

8096? 

6803 

6630 

9560 
9503 

7678 

8825 

8445? 

8615 

BTD 
7980 
8042 
7495 
8032 

8301 

7290 

BTD 

10290 
10192 

8330 

?548? 

885oF 

8740 

8240 
8290 
BTD 
BTD 

BTD 

BTD 

10593 
10472 

BTD 

9790? 

9142 

9005 

BTD 
8772? 

11185 
10832 

10085 

9345 

9340? 

BTD 

BTD 
11515 1 1795 12450 

10685 3TD 

9595 9950 BTD 

BTD 
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TABLE A-2 (Cont 'd )  

He t ero-  Mio- Cib ic ides  Marginulina Bolivina Nodosaria 
Mexicana Blanpiedi  Sand s tcgona F r i o  gypsina Hazzardi Texana 

IDENTIFICATION No. 6 N 0. I N 0. 8 N 0. I6 Limestone Formation Zone Zone Zone Zone Zone 
WELL 

F 34 Freeport  

F 36 

F 57 

F 63 

O i l  Co. 

F 63-1 

F66 

F77 

Lone Star  

Lone S t a r  
Production Co. 

LVO 1 LVO Corp. 

Texas P a c i f i c  

Texas P a c i f i c  
O i l  Co. 

Sect ion 62 

De par t  men t o f  Energy 

DOE I Brine 

DOE 2 
DOE 3 
DO€ 4 
DOE 1 
DOE 10 
DOE 12 

Disposal Wells 

? 

6138 

? 

? 

-- 
5965 

5986 

5940 

6563 

6586 

6680 
6750 
6720 
BTD 
6653 
5668 
6666 

6025 

Faul t  

6052 

6450 

6450 

6395 

6302 

6363 

7098 

6901F 

7188 
BTD 
7315 

B!D 
7233 
7242 

6175F ? 

6396 6990 

6214 6910 

6772 BTD 

? 744D? 

6502 7635 

6498 7478 

6465 7395 

7 2 5 0 ~  a422 

7083 6296 

7403 BTD 

BTD 

BT D 
B I D  

7060 7410 

7148 7845 

7460 8000 

7 8320? 

8218 8870 

7872 BTD 

7908 8435 

9198 9862 

9040 9702 

BTD 

BTD 

BTD 

BTD 

BTD 

8710 

10050 

9960 

91 75 9400 BTD 

10218 10493 BTD 

10254 10705 10988 BTD 
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TABLE A-2 (Cont 'd )  

Hetero Mio- C i b i c i d e s  Marginul ina Bolivina Nodosaria 
k x i c a n a  Blanpiedi Sand s t e g i n a  F r i o  gypsina Hazzardi Texana WELL 

IDENTIFICATION No. 6 N 0. I N 0. 8 No.% Limestone Formation Zone Zone Zone Zone Zone 

lownship 9 South, Range 12 East 
Sect ion 61 

Gay Union Corp. 

BA 1 Temple 

BA 8-1 Temple Hargrove 

C 45 H d l e  O i l  

C 46 
c 47 
c 48 

Davis 1 Davis O i l  Co. 
I Leben D r i l l i n g  
Inc. 

Hargrode e t  a1 

I H .  Hurt 

I Refining Co. 

Sect ion 70 

H i  1 be r t I4i  ne r a 1s Co rp . 
C.W. Header 
D r i l l i c g  Co. 

h c t i o n  82 

Hilber t  I4inerals Corp. 

Del ta  2 Delta Degelopment 
Corp. 

? 

6460 

Faul t  
6078 
6070 
6352 

6130? 

6730 

6185 

6705 6005 7950 

6835 6993 8200 

6435 6590 7785 
6478 6638 7690 
6252 6417 7565 
Faul t  6543 7656 

6562 6725 7982 

6572 6756 7806 

0425 

8755 

8220 
8192 
8002 
8155 

8433 

9685 

0302 

W 6 0  

9435 

8916 
8715 
8425 
8675 

9050 

10362 

8780 

9025 9315 9520 9958 8TD 

9722 10055 10245 10925 11225 

? ? 9205 9990 BTD 
8910 9137 9330 10025 10322 
a m  8890 9060 9630 B I D  
9880 F a u l t  9112F 9842 BTD 

9308 9522 9742 10399 10792 

10648 11019 -- 

8992 9333? 9400? 

-- BTD 

9980 BTD 



TABLE A-3  

DEPTHS TO CAPROCK AND SALT 
BAYOU CHOCTAW SFR S I T E  

n 

ACRES AMERICAN INCORPORATED 



NOTES FOR TABLE A-3 

1. Depths in Feet 

2. Depths written 100/200 refer  t o  the tcps of the Clay and Gypsum Zone 
and Massive Gypsum-Anhydri t e  Zone, respectively. 

+ before a depth indicates a well n o t  logged t o  t o p  of s a l t .  3 .  

4. + af te r  a depth indicates a well logged from t o p  of s a l t .  

5. DNP - d i d  not penetrate. 

ACRES AMERICAN INCORPORATED 
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TABLE A-3 
BAYOU CHOCTAW SPR SITE 

DEPTHS TO CAPROCK A N D  SALT 

SALT 
WELL 

I DENT1 FICATION CAPROCK 

Township 8 South, Range 11 East 
S e c t i o n  28 

Mor 1 e y  Cypress  

c 4  C a r t e r  Oi 1 Co. 

Sec t ion  29 

E .  B.  Schwing 

B A  1 Tanple  tiargrove e t  a1 

Township 9 South,  Range 11 East 
S e c t i o n  52 

Gay Union Corporat  i on 

c 1  
c 4  

c 5  
C 6  
C 8  
c 9  
C 13 
C 13-1 
C 1 4  
C 18 
c 1 9  
c 21  
c 21-2 
C 26 
C 28 
C 31 

C 36 

Standard Oi 1 o f  Louis iana  

C a r t e r  O i  1 Co. 

1018 -- 

-- 
5796? 
-- 

-- 
No 
No 
No 

No 

7510? 

7831 

-- 
3212-3428 
3630-3645 
3714-5594+ 
4881-5091 
4590-5490+ 
6468-6801 
6162 
9327 
9420-9505+ 
3200-3610 
8205-a756+ 
8105 
7776 
7775 

5194-5490+ 
4460-4530 
46 12 -485 0 
4870-5010 
5410-5426+ 
4790-5170 
5350-5468+ 

3a25-3855+ 



TABLE A-3 ( C o n t ' d )  

DEPTHS TO CAPROCK AND SALT 

Page 2 of 5 

WELL 
IDENTIFICATION CAPROCK SALT 

Department o f  Energy 

DOE CH1 (Corehole 1 )  
DOE C H 2  (Corehole 2 )  

Cavern 2 
Cavern 3 
Caverr! 4 
Cavern 8A 
A1 1 ied 8 
Allied 9 
Cavern 15 
DOE 15A (Cavern 1 5  Re-entry) 
Cavern 18 
DOE 18A (Cavern 18  Re-entry) 
Cavern 19 
DOE 19A (Cavern 19 Re-entry) 

W i 1 bert Mineral Corp. 

Allied 1 Allied Chemical Corp. 
Allied 5 
Allied 6 
Cavern 7 
Allied 14 
Cavern 16 
Cavern 17 
J1 
N 1  

F 16 Freeport Sul p h u r  Co. 
F 20 Freeport Oil Co. 
F 22 
F 29 

F 32 
F 35 
F 39 
F 40 

F 30-1 

F 42 
F 45 
F 46 

5161586 
4021509 

376/? 
5061625 

?I557 
437/? 
4 50 
555 
41  5?/52 5 
485 
420 , I  

428/605 
550 
565/677 

50 1 
470 

644 
53 5 
655 
4 55 
49515 55 
52 5/605 

1305 

No 
No 
No 

No 
No 

No 

No 
503/655 

658-809+ 
646-668+ 

63 9 -1 84 6+ 
791 -2OOO+ 
662-1986+ 
7 76 
74 0 
890 
G37-3297+ 
513 -240 5+ 
857-4285 
805-1816+ 
8 50-4440 
862-2621+ 

655-2300 
64 5 

8 50 
760 
800 
660 
64 5/1132+ 
705-1122+ 

1412-2485 
4798-4818+ 
4 76 5 ~ 4  7 76+ 
544 7 
5170-5278+ 
4636-4658; 
5415-5468; 
4327-4337+ 
351 5-3 52 5 
3 83 5-38 50 
3970-4022+ 
4060-4106 

93 5-2605 
3420-4310 
44 10-4 760 
5160-5298; 



TABLE A-3 (Con t ' d )  
Page 3 of 5 

DEPTHS TO CAPROCK AND SALT 

WELL 
IDENTIFICATION CAPROCK SALT 

F 56 
F 59 

F 71 

F 72 

F 59-1 

PE 7 

c 1  
c 2  
c 3  
c 4  
c 10 
c 10-1 
c 10-2 

C 10-3 
c 24 
c 2 5  
C 26 
c 27 
C 27A 

C 28 

C 30 
c 32 

c 33 
C 38 
C 40 

TGS4 
UTPl 

S e c t i o n  53 

No 
No 
No 

508/715 

Precise Exp lo ra t ion  Corp. 

S t anda rd  Oil of Lou i s i ana  2535 

2438 
2366-2384+ 

C a r t e r  Oil Co. 

Texas G u l f  Sulphur  
Union Texas Pe t ro leum 

Department of Energy 

Cavern 1 
Cavern 10 

No 
1790 
No 

610/710 

No 

No 
2460-2 568 
2732-2775 
No 
Nc 
No 

480-6 56 
520 

40 7/ 5 79 
?/549 

8415-8424+ 
1400-1922+ 
1700-1860 

90511 228 
1258-1342 
1267-3.452 
1518-1 552 

2448-4175 

2 566-2 7 I O  
4201-5220+ 
2469-2472+ 

523 5- 5303+ 
4828-4912 
4814-4885 
5188-5458 
5434-581 4+ 

3910-4166+ 
2010-2113+ 
474 3-4 76 2+ 
1290 -1 91 0 

995-1G4 5 
1295-1880 
4 73 5- 50G0 
51 70- 52 0 5 
5885- 592 2+ 
4868-4853+ 
2568-2646 
2 7 74-2829+ 
4670-4678+ 
4593-4 595+ 
5275- 5395 

51 50 

800 

650-1 988+ 
661 



TABLE A-3 (Cont'd) 

DEPTHS TO CAPROCK AND SALT 

Page 4 of  5 

CAPROCK SALT WELL 
IDENTIFICATION 

Cavern 11 
Allied 1 2  
Cavern 13 
Cavern 20 
DOE 20A 

W i 1 bert M i  neral Corp. 

F 2  
F 3  
F 11 
F 12 
F 17  
F 21 

F 25 

F 25-1 

F 28 

F 51 
F 53 

F 55 
F 60 

F 61 

F 62 

F 59 

F 70 

PE 4 

Freeport  Sul p h u r  Co. 

Freeport  Oil Co. 

Prec ise  Fxpl o r a t i o n  

?/bo5 
5 5G 
571 
500 
4081528 

?/560 
?I635 

850-91 5 
445/545 

485 

3 7 5/ 50 5 

56C/? 
635/732 

? /833 
439/482 

448/510 

425/470 

683 
920 
87 5 
681-4440+ 
692-2438+ 

2273 
9040-907O+ 

991-1700 
940-1640 

NO 
81 5-3370 

42 70-4569 
5420-5580 

7 54 -2 22 0 
2850-2980 

+1800-2218 
2850-2980 
694-3668 

4070-4435 
793-31 55 

?8 50-2770 
2852-3000 
8 70 -22 6 0 
73 5-1250 

2 3 72 -2 522 
760-1 320 

1948-2085 
2093-2115 
2142-2208 
2355-2375 
+697 -2670 
3070-3270 

670-1238 
1385-1660 
2100-2222 
233 5-2 500 
22CO-2370 
251 5-2 725 

1395-i600 

+980-1745 
2088-2212 



Page 5 of 5 
TABLE A-3 (Cont’d) 

DEPTHS TO CAPROCK AND SALT 

SALT 
N E L L  

IDENTIFICATION CAPROCK 

W i l  berts Myrtl e Grove 

1 
9 
11 
12-1 
13 
14 

1 5  
16 
29 

TGSl 
TGS2 
TGS3 
TGS5 
TGS6 
TGS7 
TGS8 

S e c t i o n  61 

Standard Oil o f  Louisiana 

Louark Product ion Co. 
C a r t e r  “1 Co. 

Texas Gulf Sulphur 

Wi 1 b e r t  Mineral Corp. 

D e l t a  3 Del ta  Development Co. 

F 34 Freepor t  Oil Co. 
F 63 

54 5 667-2690 
705-1 302 

718-4660 
4225-4242+ 

852-2894 
823- 

792 5-7938 
735-2850 
80 5-1 988 

?/835/1120 DNP 

43 5 
503 
594 

No 

No 
No 

660-682+ 

679-682; 
690 

?6 940-6 99 1 + 

7885-7903+ 
7570-/’770+ 



APPENDIX B 

Tangential Sections through the Bayou Choctaw Salt Dome 

These additional sections provide detai ls  of the s a l t  dome needed t o  
delineate radial fau l t s  and correlate the radial sections. Many of these 
sections are actually parallel or tangential t o  the sa l t  a t  the edge of  the  
dome. They complete the three-dimensional picture of the dome necessary f o r  
more accurate description of the s a l t  boundaries. These sections should be 
read in association with the radial sections and plans on t o p  of the various 
marker beds. 

a .  Section M - M I  

A large-scale section (Figure B-I) tangenti a1 ly  t h r o u g h  the "bowti e" 
structure on the east flank shows t h i s  small s a l t  overhang. The over- 
hang runs from southwest t o  northeast. Steeply-dipping Miocene sands, 4 
through 6 ,  overlie the "bowtie" which i s  cut by the section t o  show an 
isolated, dipping s a l t  out l ier .  The main s a l t  mass i s  bounded by a 
tangential f a u l t  a t  a depth of 5400 fee t .  

b. Section N-N' 

This section (Figure B-2)  runs across t h e  east flank of the dome. I t  
cuts across t h e  even edge of the sa l t  which i s  completely linear. The 
structure i s  simple: active f au l t  F-2 i s  parallel t o  the s a l t  on the 
south side of t h e  section and  f a u l t  F-4 i s  parallel t o  the s a l t  on the 
nor th  side, b u t  i t  only extends up  t o  the No. 2 Sand.  The shallow 
structure i s  a simple doming of sediments over the sa l t .  

C .  Section 0-0' - 
The section (Fi gure B-3) runs northeast-southwest across the southeast 
corner of the dome. I t  cuts across domal material including the shale 
sheath on the south side. Active faul t  F-2 forms the boundary of t h i s  
up l i f t .  The 
shallow structure i s  a simple faulted doming o f  sediments over the 
s a l t .  

The northeast side of the dome i s  paralleled by fau l t  F-9. 

d .  Section ? - ? I  

This section (Figure B-4) runs east-west across t h e  n o r t h  flank of the 
dome. I t  shows how fdu l t s  form a simple, even, linear structure.  
However, the sa l t  and shale sheath a t  the t o p  o f  the s a l t  are very 
complex. The sa l t  i s  bounded by a deep inner fau l t  parallel t o  f a u l t  
F-6 a t  tb 'O west end. The edge of the sa l t  i s  parallel t o  faul t  F-4 a t  
the east tmd and where there i s  no clear evidence of a fau l t .  The shal- 
low structure i s  a complex of fau l t s  caused by the sa l t  up l i f t .  

ACRES AMERICAN INCORPORATED 1 ~ ~ ~ 1  



e. Section Q-Q' 

The section ( F i  gure B-5)  runs northwest-southeast across the northwest 
corner of the dome. I t  shows deep s a l t  bounded by f a u l t  F-7 on the  
s o u t h .  The shallow structure i s  re la t ively simple faulting with consid- 
erable folding over the s a l t  upl i f t .  

f .  Section R - R '  

This section (Figure B-6) runs east-west across the n o r t h  f l a n k  of the  
dome, showing deep s a l t  bounded by simple converging fau l t s  carrying an 
upward wedge of re la t ively undeformed sediments inside these f a u l t s .  
The shallow structure i s  a complex of radial and tangential fault ing 
(F-1, F-3 and F-4) over the sa l t  up l i f t .  

Section S - S I  

The section (Fi gure B-7) runs northeast-southwest across northwest cor-  
ner of the dome. I t  shows the north end of the west flank which i s  
bounded by active fau l t  F-1 on t h e  north and F-7 on the south. The 
shallow, tabular s a l t  intrusive,  in the shape of a " s i l l " ,  i s  separated 
from deep s a l t  inferred from surrounding sediments below 6,000 fee t .  

h. Section T - T I  

This section (Figure B-8) runs north-south along the west flank, showing 
the main overhang. The complex base of the overhang follows active 
f a u l t s  F-1 and F-2, as well as fau l t  F-6. The section cuts across pro- 
t r u d i n g  deeper s a l t  a t  the center of the west f l a n k  bounded a t  the top 
by f a u l t s  F-7 and F-IO. The s a l t  forms an hour-glass structure as cut 
by t h i  s section. 

ACRES AMERICAN INCORPORATED 
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