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Well leak tests ar& a caverti pressure test were conducted i n  
June through December 1981, and are described i n  PAKT I. The 
testLs did not indicate conclusively tkt there was no leakage 
fraa Ule cavern, but the data indicate that cavern structural 
failure during oil  storage is unlikely. The test results 
indicated that retesting and well workover were desirable prior 
to mkiw a decision on the cavern use. Well leak tests were 
conducted i n  March through May 1982, and are described i n  PART 
11. The tests indicated that tilere was no significant leakage 
fraa wells 2 and 4 but that the leakage from wells 2A and 5 
exceedel the WE criterion. Because ot the proximity of cavern 
2-4-5 to the edge of the salt, t h i s  cavern should be considered 
for p l y  one fill/withdrawal cycle prior to extensive 
reevaluation. 
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Cavern 2-4-5 at the Sul@mr Mines, Louisiana SPH Oil 
storage site was certified for oil storage on Noverbr 2, 1977 
(Ref. 1). 
1977, and includeci in Ref. 1, indicated a total composite 
cavern volunle of 12.34 x 106 bbls. 

The Dowell Sonar caliper survey taken Novenhr 29, 

The surveys taken in May 1479 (included in the +F&S well 
histories) indicated a total cavern volume of 13.57 x 106 
bls. %le surveys in well 2A and well 4 as taken in 1981 ( R e f  
2 h 3) do not include a composite cavern volume because no 
survey was run in well 5. There was surely a volurie increase 
in cavern 5 as a result of continued brining, prior to June 10, 
1981, to get brine enriclunent for PPG. 

Testing described in Part I of this report was started in 
July 1981 usiny test procedures (Ref. 11 which were developed 
in conjunction with tke procedures and testing of West 
Hackberry cavern 6 (Ref. 5 and 6 ) .  
through December 1981 and verified gas entry into the cavern 
ana indicated some abnormal pressure betmior. We recoIimt3l~ed 
to W E  that testiny to locate the gas entry/exit location be 
conducted anu that access through well 5 be provided and that 
well 5 be tested prior to oil storage. 

I4arch 1982 and included wells 2, 2, 4, and 5. Preliminary 
data indicated a combined leak rate at storage conditions of 
the order of two thousand barrels per ;..-iw ;ran well 2A and 
from well 5. This irifoniiation was discs< with DOE, and the 
test effort was stop- in May 1982. 

This testing continued 

Testing described in Part I1 ot this report was started in 
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H I S T B Y  

W e l l  2 was originally cccpleteci i n  1946, w e l l  4 i n  1944, 
am w e l l  5 i n  1953 as brine producing wells,  A sorm caliper 
survey conducted i n  1973 tor  Allied Chewical Caayan indicated 

(Kef. 1). The cavern survey ccrtlcructed in  1977 for Gulf 
Interstate indicated a ccmp0sit.e cavern volune of 12.34 x 106 
bills (Ref. 1). 

a composite cavern volulile of approximately 15 x 10 8 bbls 

1% site has a ccmercial history w h i c h  dates back to 1868 
when the Louisiana Petroleum and Coal O i l  caolpany dril led the 
first oil ex#oration w e l l .  subsequent exploration e t fo r t s  
discovered large deposits of nigh quality sulphur i n  the 
caprock. After several attenpts to ],line the sulphur 
conventionally, IIernan Frbsch invented a method to recover the 
stll&ur using pres=-ized hot wter, Approximate12 4,400,000 
tons of Sulphur were removetl frcm the caprock using the Frasch 
process. The remva3 of t h i s  vast arawnt or sulphur caused the 
overlying caprock to collapse causiny subsidence at the 
surface. In addition to the sul&ur iildustry, o i l  and gas have 
been produced by Union Texas Petrolem company from the flanks 
of the dome. Pittsburgh Plate Glass and Allieu chejaical still 
have active brining operations i n  the dane. PPG produces brine 
from BSd 14 a m  Wl 15. Allied Chemical stores ethylene i n  w11 
1 and Bf 3 (Ref. 7). 

SpR facilities at  Sulphur M i n e s  frart Allied chemical 
Corporation. During 1977, Gulf Interstate Engineering colrp?any 
UndezLOak certification studies for each of the acquired 
caverns. Tylese were the 2-4-5 gallery and caverns 6 and 7 ,  
A l l  were determined to  be su i t ab le  for  o i l  storage for five 
storage cycles (Ret‘. 1). Later, Dm deteriiunecl that Sulphur 
Mines wuld only be utilized for one storage cycle. The 
storage potential i n  1977 w a s  a~roximate ly  24 million barrels 
(Ref. 7). The cavern locations are illustrated in  Figure 1. 

I . 

In  1977 f f ~  DOE acquired wroximately 64U acres for the 

A workover of w e l l  2 i n  May and Jure 1974 included 
installation of the 8 5/8 inc&h-32 lb/ft-K55-flush joint casing 
to a casing seat depth of 1821 W (Ref. 8). A hanging string 
of 5 1/2 inch-14 lb/ft-K55 casing was set to 3057 f t ,  but t h i s  
casing was removed Iry TBC prior to the iui t ia t ion of testing i n  
1981 . 

Fteentry well 2A was drilled i n  July ami August 1979 (Ref. 
9 ) .  The f ina l  cemented string w a s  10 3/41 inch-45.5 lb/ft-165 
casing to a casing seat depth of 1815 f t  below bradenhead. A 
hanging s t r ing of 7-inch 23 lb/ft-K55 casing was set to 2748 
f t ,  but t h i s  string was removed anci reinstalled by ‘IBC prior t o  
th@ ini t ia t ion of testing i n  1981 (Ref. 10). 

included installation of the 8 5/8 inch-32 lb/ft-K55 flush 
joint  casing to a casing seat depth of 1788 f t  belou 

A workover of w e l l  4 in  May and June 1579 (Ref, 11) 



bradenhead. A hanging string of 5 1/2 inch-14 lb/ft-K55 casing 
was set to 3070 ft, but this string was removed and reinstalled 
by 'IW: prior to the initiation of testing in 1981 (Ref. 12). 

m. Tfie quantities of yas were not determined, and since 
cavern lesching continued until Febrwry 1981, there is no 
verification from the pressure reaxas. 

h workover of well 5 in 1457 included installation ot 4.1 
inch inside diameter pipe to a depth of 1690 ft belm 
bradenhead. A worKover of well 5 by W-F&S in May through July 
1979 included a sonar log of cavern 5 and installation of a 
cement plug from 1570 ft to 1850 ft (Ref. 13). A workwer of 
well 5 by lBC, in 1981, included drilling the cement plug, gas 
bleed-off, attempts at loggiw, and reestablishiw a cement 
plug fram 1550 E t  to 1860 ft ( R e f .  14). The well 
configurations are shown in Figures 2,  3r 4r  and 5. 

cavern test on July 13, 1981, and was continued through 
Deceinber 9, 1981. There were interruptions in the testing for 
well workovers along with other delays. Duriny interruptions 
and delays and after December 9 ,  1981, the O&M contractor 
continued to collect pressure data fron wellhead gages. 
Restilts of this test indicate significant gas entry at law 
pressures and a zero cavern pressure increase with the cavern 
pressurized to a gradient at 0.77 psi/ft at the shallawest 
casing seat. These results led us to recormend that oil not be 
stored until additional cavern evaluation and workover can be 
cwleted. This recamendation was presenterl to DOE in 
briefings on Deceriber 9, 1981, and on January 14, 1982. 

Gas entry and well leak testing w a s  restarted on kiarch 17, 
1582, and was continued through May 31, 1982. Results of this 
test indicate significant gas entry at luw pressures ancl 
significant leakage from wells 2A and 5. This inforrimtion led 
W E  tr) stop the testing prior to installation of any new piping 
in well 5. 

Free gas w& observed in wells 2 ana 2A in early 1980 by 

Certification testing w a s  started with the law pressure 

a 
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DUGMETIC ACJ!lVITIES 
I 

A l l  the cavern analyses use salt properties as derived 
fran West Hackberry salt a s  publistA i n  Ref. 15 because there 
is no salt core and 110 side-wall--le rtaterial available from 
sulphur Mines site. 

. 

Table 1 cor,tain~ a l i s t ing  a€ all available logs for the 
four wells. The interface logs were rm to locate the  
nitrogen/brine interface duriny well l e a k  tests. llie 
temperature logs i n  we!.l 2 (Figure 6) indicate nearly 
wyliyisle teriiperature increase over a period of about 6 
months. The average taperature  frau 0 to 2000 feet was 
126% with a maxinum temperature of about 160%’. These 
high temperatures in  the area of 600 feet are the result of 
residual heat from the sulphur mining operations. 
sanplesi were analyzed and show about 996 saturation. 
analysis of these sariples is included i n  Table 4. 

volumes: 

The brine 

Cavern sonar surveys were mde and indicate the following 

composite - Date - well voiune, his 

1977 (Ref. 1) 2, 48 5 12.34 x lo6 
13.57 x 106 1979 (&?fa 8, 11, 13) 28 48 5 

1981 (Ref. 2h3) a, 4 No ccmposite 

The latest sonar siirvey indicates a canposite cavern shape as 
shown in Figure 7. 

To &&ermine the best estimate of the distance from cavern 
4 to the edge of tile salt, a study was done t o  review all  of 
t h e  available data from wells outside mu inside of the s a l t  
dome, in the area of cavern 4. The cavern sonar data frm Ref.  
3, the well 4 directional locf ciata frora Ref. lo, data collected 
during preparation of Ref .  7 8  and the  results of a 1981 well 
locatim survey by Tocid Engiileering were ccwined to arrive a t  
an edge distance of 140 f t .  5 100 ft. The tolerance on t h i s  
estimate is caposea of (1) 5 25 f t .  for docmllcle wellbore 
locations for off done wells, (2) 2 55 ft .  for location of the 
salt edge baseti on contours through the salt picks from well 
logs anil drilling records, (3) 2 13 ft .  for location of t h e  
cavern wing using 5 percent error on 250 f t .  radius, and (4) 5 
7 f t .  for the location of well 4 at the cavern roof. !%e 
cavern and salt edge are stlawn i n  Figure 7. 
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Ihe lav pmss- test was caoducted f r a u  July 13,1931, 
thragh July 27, 1981, as d e w  in Hef. 4. Ihe pressme 
criteria for ttle low pressure test was 0.47 puft at tae 
cas* seat (1700 ft x 0.47 = 799 psia). 
conducted at 0.05 psi/ft  less tnan tbe 0.52 psi/& brinerleed to 
verify that there muld not be a loss of cawsrn structural 
integrity, particularly of the salt vleb -mtrJeen Me cmem aml 
the fdge of Qpg, at miniorrm storage pressures. 

lhis t%t was 

Brine was extracted frcan the CBNern using an airlift in 
welli?Adadownholetrmsducerata&pmof 1700ft. in 
-11 2 served as tne coatrol. After the desired pressure level e, &life M -Y-- * t n e  
pressure at 1700 ft near 749 psia. lbe - average closure 

t t o  rate! to maintain & 799 psia pressure was d.iffinrl 
Qtermine becwse of the ofi  extrertioo fmm well 4 and the 
wcmkmer cinu~?ll. 5, but the pressure was hcreasing at about 8 
psi/day.  be pressure vs tipre plots are s n o ~ n  in Figures 9 and 
10. 

. .  

(%ern Shut in at I%xiuun Allawable Pressure 

Owern pressurizatim was started oa &gust 27 using the 
sitepllnpsandtakingbrinetkanthesitepoad. Therewasno 
test acti.. frcm July 27 to August 27, hut me data start 
tbecfJulyl3atll3OhoUrswasreWned. Ihecavernwas 
pressurized ~neoughu1?;12 over a of 2 days to a w l 1  2A 
pressure of 515 psia whwh is 0.80 psi/& at a depth of 1788 
ft. Pressure ctrenge was from 140 psi to 515 ps i  and 36167 bbls 
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were paiped. This test was run with Lynes instruments uritil 
september 3 when the Lynes instruments were renoved for 
ecomaic reasons. 
pressure WAS mrmtorea using site gages. From Septemkr 23 
ti~rough se;?tember 25, the pressure was mitored using 
Samiia gages. Prm !September 25 through Octokr 2,  the 
pressure was monitored using site gages. !RE slope of the 
pressure curve from September 23 through October 2 was li.0 
psi/day and the f i n a l  brine pressure was 428 p i a  (0.76 psi/ft 
at 1690 f t ) .  

0x1 October 2 ,  TBC &la the cavern throuyh well 2~ annulus 
to ii pressure of 250 psig and WCI continued to monitor the 
prrr3ssures. -11 quantities of gas and o i l  were occasionally 
b k i  frm the three wells, but it is likely that t h i s  w a s  
t r a m  roof oil  released due to the pressure decrease. This 
test was  continued through Wtobez 20, and the f inal  slope of 
the pressure curves w a s  about plus 1.5 psi/day. The pressure 
curves for t h i s  test are shown i n  Figures 11 through 13, and 
the data from the Sandia transducers is shown i n  Figure 14. 

Frcm September 3 through September 22, the 

. 

W l l  J&ak Test  

Testing with Lynes instrumentation resut%& on October 15, 
1981. The brine pressure had increased to about 300 psi so no 
pressurization was required. 
remainder of the 198itests is October 21, 1981 (Day 294) at 
2000 hours. The cavern pressure vs time plots from t h i s  time 
are Shawn i n  surrmary i n  Figures 15 through 17. The data from 
t h e  interface logs, the cavern pressures, and the calculated 
leak rates are shown i n  Table 6 .  Details of the leak  rate 
calculational procedures are identicdl to  those used i n  Ref. 16 
and 17. %%e pressure vs. tine plots are shown i n  Figures 18 
through 20. The pressure curve near the erid of this test was 
increasing at  about 0.7 psi/day. 

- 

The chta start time for the 

The leak rate calculation requires knowledge of pressures, 
temperatures, interface depths, and borehole volumes i n  the 
zone of the nitrogen-brine interface. The interface depths are 
measured, tm  pressures are measured, and the nitrogen 
teaperature is assuimd to be a constant. The borehole volumes 
are obtained from a cambination of dril l ing history, caliper 
logs if  available, and weights of nitrogen put into the w e l l .  
The rritrogen weights are obtained by using a load cell to weigh 
the Waukesha-Fierce Id. liquid nitrogen tiink during injection 
and using a density log to spot the interface as it passes a 
given depth. The borehole volune data are probably the most 
inaccurate of the inputs required for leak rate calculation. 



After culpietion of tne well le&k tests and the resyNal of 

presmresrJeSsrarted. G l v e r n m  - - oaoctdber3owas 
fmDl ux? wells, tne Geries of cavern brine tests at 5 

throq# the amulus of 4 1  2A, used t h  site prps at apmp 
psessureof 725psi, amlraisedtheca\llenrpressurefrom305 
ps i  b 405 psi in abaa 2.5 noms. Ihe were 
moaitared and ell 4 @us slope wmt pztzve at smut 300 

4. ch Nwember 6, 95 fC3 o f z S i P  (3.7 fd at ell 
pressurea) and 0.37 bbl of gas cut oil 
d u s .  ItwsscoacludedthattnisrJesoiloff~cavrwn 
roofttratreleesedgasasit~uptnerJellbore. Except 
fixell 4 ~ m m s h s ,  tlle final slopeof tnepressure curves at 
385 p i  (0.75 p s i / f f r )  was 0.0 p%/day. 'me behavim 
forelevendayscanbeSeeninFig\nesUttmugh23. lhis 
benaviarwa6-=--Ca\nerns 
slopes at tbe mexirmBi operating presslne of 

the pressure was about 385 pia (0.74 psi/ft) and a sequenoe of 
tests =*e started at hrawmml 1y-pressuses- 
determirre at mat pressures gas started to eater tile cavern. 
Brine was bled through ure 2A amdus to reduce tm pressure to 
Bwut 320 psia (0.70 psi/ft). Ihe test at this Level e r m  

h a o r s w h i l e ~ o t b e r s l o p e s a r e ~ n e .  ' Ihiswasan 
mbatimofalowdeasity - (sas or oil) enteriqg le11 . .  

bled frap well 4 

After tne elevm-dq test at m x h m  operating pressure, 

far only three days, aad eheplxssme- are shasnin 
Figures 24 ttnwgh 26. lherew M ~&~.c&~LIs Of g a ~  

Brine was bled off to reduce the frarabout 340 
pia to &out 235 psi8 (8.65 psi/&). lhrs test ww nm 10 
days, and ttm? pressure curves reached a final slope of plus 1.9 
psi/day. Ihe pressure curves are sham in Figures 27 through 
29. nEerewereaoindicaihofgase.ncry. 
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B r i n e  was x led off to  reduce the pressure frai, about 280 
psia to about 150 p i a  (0.60 psi/ft). lh is test was run for 
eight days, and the pressure curves reached a final slope of 
plus 3.0 psi/day. The pressure curves are shown in  Figures 30 
through 32. The step i n  the pressure curve of Figure 32A was a 
bleed of gas and oil  from well 4, but it is probable that the 
gas was released from the o i l  as it migrated up the well. 
There was 110 other indication of gas entry. 

Br ine  was bled off OE December 1 to  reduce the pressure 
fran about 200 psia to m u t  65 p i a  (0.55 psi/ft) . Wring the 
bleeddown, it w . a  noted that well 2 started nuking gas. 
Urmediately after we st@ bleeding brine through 2A annulus, 
it became obvious t h a t  well 2A was also making gas. 
o i l  were periwically bled from the three wells and the  
resulting changes in  pressure can be seen i n  the pressure 
curves shown in  Figures 33 through 35. oil  and yas quantities 
that were bled from the wells are sumnarized i n  !cable 88 and a 
sumary of the gas analyses is presented i n  TaLle 9. The gas 
and oi l  bled prior t o  December 1 could logically have cone frcm 
out gassing of o i l  and brine and from o i l  migrating from the 
cavern roof. The large quantities found on December 1 indicate 
that another gas source was tapped. The Lynes pressure 
instruments were removed on December 9, but WCI continued to 
read the well pessure gauges. The cavern was kept shut in and 
no gas or o i l  was bled off between Deceaber 7 and February 10, 
1982. %e pressure curve from w e l l  4 annulus, Figure 35A8 
shows a change i n  slope near hour 1717 which w a s  January I, 
1982. This change indicates the beginning of a free gas cap 
formation i n  the well. ?he slope of the pressure 
curves appear t o  have reached a constant value of plus 1.0 
psi/day i n  late January 1982 (60 days at t h i s  pressure). 
Activities after January 1, 1982, are discussed i n  PART I1 of 
this report. 

G a s  and 

The cavern depressurization to 0.47 ysi/ft on July 14 and 
July 15 used an a i r l i f t  system. The brine pumped was 5800 bl 
to rekce the dawnhole pressure from 900 psia t o  810 psia in  a 
period of 18 hours. !&is is 73 bbl/psi, .08 psi/min, and 322 
bl/hr- Tple value of elasticity,  73 bbl/psi, is taken from the 
straight line portion of the curve i n  Figure 36 prior to the 
disturbance ot a gas release frcin well 5. The recovery rate at 
800 p i a  after about 300 hours at low pressure was  8 psi/day. 
The average recovery rate from 800 psi to 900 psi was not 
deterrrrined due t o  w e l l  workover activity on well 5. 

14 



OrVern pressurization on wgust 27-29 wsnt from approxistately 
140 psi to 515 p6ia with several shutdawn periars. This  
pressurization gave a high elasticity value of 96 bbl/psi due to 
sever& shutdawns and several pPuibim~ leaks. !rherefore, this value 
will not be *asmi in any calculations. There were IK) volune 
measureamts made during the sukequmt bl- and pressurization 
cycles. 

The systea elasticity at a pressure change rate of about 0.1 
psi/& is 73 bbl/psi aS system elasticity is CQoipaiIed to the 
vahe of brine elasticity, using the values fraa R&. 19 at !WE+, 
of: 

2.1 x 10-6 bbl/bul/psi x U.57 x 186 bbl = 211.5 sbl/psi 
w h i c h  leaves 73 - 28.5 = 44.5 bbl/psi for a cavern (salt) 
elasticity. This 44.5 bl/psi for cavern 2 4 5  is high 
oaqpared to 4.7 hbl/psi for cavern 6 (Ref . 16) ancl 7.1 bbl/psi 
far cavern 7 (Ref 17). 

Sumary of Pressure change Rate Results 

The measured. rates of cavern 2 4 5  wellhead brine pressure 
change at different cavern wessures are summarized as follows: 

w€llheaci 

-100 
428 
300 
310 
385 
280 
200 

+ 8  
0 

+1.5 
a . 7  

0 
+1.9 
+3.0 (+LO in Jan. '82) 

The parameters of brine tenperature and brine salinity mst be 
considered with the pressure change rate. AS previously stated8 the 
temperature change rate was negligible, wd the brine salinity was 
near saturation. 
very small and being of W i t e  sign, essentially are canceling 
effects. 

Therefore, it is expected that both affects are 

The decreasiny pressure at the PLaxipUlp allamble pressure, 
constant pressure at maximum operating pressure, ard the trend of 
increasirig pressure change with decreasing pressure tust be due to a 
combination of salt creep and cavern leakage. 

Salt creep, the tiine depencrent flow of salt under stressed 
conditions, will cause volume changes of undergrand salt storage 
caverns. chatiging volumes correspond to changing pressures8 
therefore, evaluation of salt creep is essential to the Malysis of 
leak rate in term of caverii pressure. salt creep is a very  COW?^^ 
and incompletely understood phenapenar. Finite element methods, as 
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currently used for salt creep analyses of underground salt storage 
caverns, are generally considered to provide carparative relative 
results, but only order of magnitude results in an absolute sense 
for short times ( 4 300 days). Factors affecting the accuracy of 
such analyses include; typical relatively large variations in 
measuTed values of salt properties which must be used in the 
analyses; differences between the behavior of laboratory spechnens 
and the insitu salt; the dependence of creep on salt tenperature to 
about the ninth power; and the time &pendent and stress history 
dependent nature c5 creep. Unfortunately, order of magnitude creep 
analyses are inadequate for analysis of cavern pressures in terms of 
leak rate. It is thus generally concluded that complete analysis of 
pressure test results for SPR storage caverns, in terms of leak 
rates, are not possible with presently available methods of salt 
creep analysis. It appears possible that in-situ measurements 
underway in caverns ]nay in the future provide data to inprove the 
accuracy of creep calculations, possibly to the point where they . 
would be useful to calculate actual leak rates frun pressure tests. 
(Ref. 6). 

Iz?e tulknowns associated with creep and the data scatter of the 
data points make detailed quantitative intepretation questionable. 
some general conclusions are possible: 

1. cavern closure rate and leak rate are indistinguishable at this 
time. Therefore, pressure change rates are cavern closure rate 
minus leak rate. However, for this cavern gallery at maxinuun 
operating pressures, the pressure was constant indicatiny 
creep closure equaled any pressure loss due to a leak. All 
other caverns tested had a pressure increase at this pressure 
condition. , 
Pressure change rate is higher with lower cavern pressure. 
The pressure change rates of Sulphur Mines 2-4-5 (!Fable 10) are 
lower than Sulphur Mines 6 and 7 which are similar to those of 
West Hackberry 6 (Ref. 6). 

2. 
3. 

16 
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Altlmugh a l l  questions cannot be conclusively eliminated, 
cavern 2-4-5 in its condition at the end of 1981 does not appear to 
be suitable for long term oil storage at normal pressure. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

rn general, the most probable location o€ a cavern leak is from 
the wells. 
test indicate oil leaks from the wells during storage at near 
brine head pressures were within the W E  leak rate criterion of 
100 bbls/yr per cavern. 

It w a s  not possible on the basis of the pressure tests to 
determine conclusively that there was no cavern leakage, in 
aadition to that measured from the wells, due to the 
indeterminate effect of creep closure. However, this cavern. 
did not exhibit the same pressure/time behavior as other 
caverns that have been tested. 
the cavern is leaking. 

The cavern is separated from the edge of the dome by about 140 
100 feet in cavern 4 and 130 feet? 20 feet in well 5, which 

is less than the 300 feet miniiiuii required in new design. With 
gooil salt properties under normal conditions the 100 feet is 
structurally adequate but the quality of salt is unknown. 

Analyses indicate the cavern, assuming 100 feet of -tent 
salt to the done edge, is structurally adequate except for 
unlikely ledge falls during or after oil fill. 

Ihe cavern produces gas at brine pressures less than 200 psi. 

It is recomnended that the cavern be evaluated to determine the 
source of gas and the potential for oil escape along the gas 
entry path. 

!dell 2, 2A, and 4 leaks measured during the 1981 

This leads us to a concern that 

.r 

It is recomended that access to the cavern be provided through 
well 5 and that this well be tested prior to oil storage (Ref. 
20). 

It is rec-nded that prior to oil storage a 2royram be 
initiated to monitor the activities and the production of al l  
Union Texas Petroleum and YPG wells and caverns in the vicinity 
of avern 2-4-5 (Ref. 21 and 22). 

i 
~ j 

. 

. 
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PAKT II 

kll IsaK Tests in  M6rcn-%y 1982 

Following tbe stop of test- and rretylval of tlle Lynes pressure 
iastnrnents on fkcemer 9,1981, ttle site persame1 caltitn& to 
mze gauge pressure readiags wim the cavarn Gulltt in. lhe shut in 
pressure on Decemer 1, 1981, was abut 65 psia, and tnis pressure 
continued to irseese to 275 psia an Memr 17, 1982. Ihe slap of 
the pressure cunre in early Fetmrary was plus 1.2 psi/day. 

of tniS bleedT&zrc?: 

On F- 10, 1982, w e l l s  2, 24, and 4 were bled to r- 
all gas and oil to verify unat each tell was p r m .  PLe results 

I 

Sttirt  Finisn 
wel l  Pressure Pressure Gas Vol. oil VOl. 

2 235 235 0 0 
2A 350 210 28OOo <1 
4 335 220 18ouo <1 

Tnis data verified that wells 2A aad 4 uere both pr.xhacing gas a t  
pressures between 65 ana 220 pig. 

The configurations of *wells 2A a d  5 as of Hay 1982 are sbrrwn 
in  Figures 3 7 d  38. Asurmaryof ue borade logs is sl~own in  
Tables 11 and 12. A surmary of tne 1982 testiag is show in Table 
13 and Figure 39. 

- # PSig pig AtsIPft3 bbl 

m e  weli leak tests started mch 17 and coathued tmwgh 
April 2. 'Lhe &&a time was startedwittlhour zero at oooo hrxas 
March 17. E& brine pressure nad iacseesed to about 271 pia and 
the desired %-brine inter- &pth was 2325 ft. lhis resulted 
i n  pressure gradients at the casing seats in 2, 2A, and 4 of less 
than 0.81 psi/ft, and ttlis gradient was coosidered acceptable to 
w6SI and to SNL. 'Be cavern pressure vs. time plots are Shawn i n  

pressures, a d  tile calculated leak rates are smwn in Table 14. 
Details of the leak rate calculational procedures are identiail to 
t m s e  used in  References 16 a& 17. Ihe hole mlupe used is that 
&termin& from N2 injection and not that calculated fran me 
caliper logs. %e tecrrnique of weig&ng tne nitrogen injected w i l l  
in  general give calculated nola sizes tnat  are reasonable men 
compared to ti= caliper logs. 

areasured nitrogen leak rate were coosidered acceptable, but: b e d  oa 
tne measured nitrogen leak rate the oil leak rate in wel l  2A was 

Figures 40 through 43. Ihe data from tlle interface logs, the caviern 

'Ihe oil  leak rates in wells 2 and 4 correspding to the 

expected to exceed ule DOE criterion of 100 bbl/yr. 
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rn Pressure Tests (3rh Pressure = U) 

the plug in w e l l  5. The cavern was depressurized an 4ril 2 and 
repressurized an April 14. 'Ihe details of the dr i l l ing  can be 
obtained fran the drillers record from Welsh Drilling. % 
penetration rates indicated primarily poor quality cement and 
tawxlasolidated salt. atere was such a small quantity of wre 
recover& that analysis was not atteapted, but s m e  of the core 
sixwed high angle joints  between two kinds of cement. 'Ihe primary 
dats obtained during tnis time were cavern bleeddawn voluw?~ which 
a 
TabLe 16. lbe cavern pressure vs. t h e  plots are shown in E5guree 

I )  

'Ibis evall3€ltion was ZM during the workwer to d r i l l  ttmugh 

amarized in Table 15 and gas analyses whicn are s u m a r h d  in 

46 tnraugh 47. 

well u a ~  Tests w i t h  N2 and Oil (Brine pressure - 200) 
May 5. Ihe brine pressure increased frcm the 200 psia set pressure 
otl @ril 15 to  223 psia on May 5. lhe cavern brine pressure was 
increasing at a~outs 1 psi/day at the end of this test. 'Ihe cavern 
pressure vs. time plots are snown in Figures 48 thmugn 51, and the 
leak rates are sham -in Table 14. zhis test involved N2 tests on 
wells 2A and 5 and t preliminary oil test of wel l  2A. One of the 
problerts witn ti.ie nitrogen test io w e n ,  5 was that  5 O O s l t h A  to 
prodwe gas at tne rate of about 500 ftj/day at SIP. W e  tests 
offer an oppartunity to compare a &  lea^ rate w i t n  an oil leak 
rate evlen though tne pressures and depths were not identical. 'Ibis 
c a n p z k m  (oil leak rate about half of the 142 leak rate) is 
sensit i .  to  leak patti and  lea^ path pressures; mefore, ulis 
ratio should not be applied to  ottm wells or other test c o n d i t h .  

hole size and the hanging string. Ihe technique used was to select 
a possible interface location on the density log then acid oil or  
resnove oil and determine if the log character cnanged. 'ihe first 
M Of 
o i l  was not measured and the interface was at the cavern roof before 
me logging techniques were establisned. 7% change in cavern 
pressure of 9 pi during oil injectim, subsequent oi l  flawr 
measurements, aod detailed revby of wents during oil injection an 
4/29 makes us confident tnat the total oi l  injected was about 9 p s i  
x 70 bblfpsi = 630 bbl instead of tne 268 bbl - 2440 ft x .W76 
&l/ft - 152 bbl required. lhe oil removed on 5/5 was 221 W. 

Ihe oil leak rates in  wells 2A ( W S S ~ )  and 5 (estimated) 
were greater tnen the DOE criterion. 

- - -------- 

lhese w e l l  l e  tests started A p r i l  15 a d  continued tbrougn 

Ime logging of tne oil-brine interface was d i f f i d t  wit31 this 

0s On 4/29 created additha1 difficulty because the 

well Imk Tests wit31 O i l  (Brine Pressure = 425) 

?hese ell leak tests started May 13 and continued through May 
21 when tne Lynes pressure instnanents here removed (refer to Table 
13). Ihe briae pressure was increased to near the maximpl allowable 
casing seat grwient of 0.81 psi/ft with o i l  in w e l l  2A in an 
attempt to stop tne gas entry into the ells.  lhis brine pressure 
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of abaa 425 psja dkl stop tne &as eatry in 2, a, and 4, but not in 
t!dl5. Uetkdbre amtimed to bleea me gas off of hell 5 each 

plots are ShaJn in Figures 52 thzxxgh 55, and me leak rates are 
s h m  in Table 14. 

s t r b g  was cut off at 19w) ft. 2be total vel- of oil injected to 
settheioterfece to 2t40 ft was m bbl. Ibe total oil voluee 
injected during uris test was 374 bbl and tbe Quantitydetails are 
shaun in Table 15. Tnis test ms nn by logging tbe in te rhe  and 
resettiqg that intr?rface back to 2440 ft each day whicn gave a total 
ofeigbttests. Iheleakratedeu-w~~ -wittltipaeandwittl 

Ibe-pressurevs.tirne 

R k  to injectionof oil lnto2Aon !i/l3, tne 7 inchhanging 

well Lsak Test wita oil (Brtensim) 

aie prevrous tests uere M witna daily iaertke relocation 
and w i t h  Lynes pressure ins-taticm. It was Qtermiaed that me 
test could contua~ . for sane laager &ation wim nvinimm cost after 

lere;.emmnea .by using dial gages to be read by 
the po6sI opetators. 'Ibis extension of tm oil test ran from May 21 

t3iea the oil was remwed. aWe m e  218 bbl of oil removed 
ampared to a tom1 of 374 bbl injected between May 12 and Msy 20. 
'he pressure v6. time curves are shown i n  pigures 56 ami 57, and the 
leak rate is sibam in Table 14. 

Shquent  oil remuved was 55 bbl OQ 6/10, and 10 bbl an 6/29 
w i t h  the cavern at lau pressure, plus we expect thes well will 
canthe to rem d l  quantities of oil as it has since May 
1981. lhis leak rate is laJer tban the tests of May 13 thrcwgh May 
21, but it axpares w i t n  the preliminary oil  test of 4ri.i 29 
thrcngh May 4 and is still over an or&r of 

t h ~ ~ @ M a y 3 1 .  OlHayU, tk- was logged at 2381 ft but 
WBS Oot (Ln ELty 31, the inteSfsce w med at 2173 f t  and 

higher than 
the loo bbl/year criterion. 

SLmnary of Pressure (hmg e Results 

w;ren the cavern pressure lms to be cmllged, the brine injected 
or reMlvled was measured w i t h  a 6-inch Hallihrton turbine flow 

ttlat the cavern elasticity is abaut 70 bbl/psi CMiqg pressurizath 
and depressurization. AS discussed in Part I of this report that 
leaves a relatively nigh value of elasticity for the salt cavern. 
T h i s  high cavern elasticity could be due to a combination of cavern 
atlpe, cavern proximity to dome edge, liquid or gas entrapments 

meter. 'Ihe 8- of tnis data is shown in Table 17. It 

outside the measured voluse, flaw paths betwen the cavern and the 
area sediments, urpusual sait properties suQ1 as the lllcomolodated 
salt in le11 5, and possibly 0- tnings. 
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S M W Y  DISIJSSm 

 he leak testing described in part: I of t h i s  report indicated l l ~  
s- 7 leaks fran wells 2, a, and 4 w i t h  the IG2-brine 

oil --% leaks ail well 2Awith the Q-brjnle or oil-brine hterfae 

interfaceat 9u)f t .  IheleaktestingdesQcibedinPartIIofthis 
repart M i s ,  (1) no s i g d f i c a t  Q l& fran wells 2 and 4 

mow 2300 ft., and (3) signiffcant % leaks franwe115 with the 

tm wellbare leak i n  well 2A is tllgnest near the cavern roof and 
approacbs zero move a p p ~ ~ & ~ t e l y  2OOO ft. It is possible, but 
mpruven, that tne w e l l  5 leak increases w i t h  deptn similar to -11 
2A. It is also possible, but unproven, that there may be sicmificant 
haks directly fran tne roof around wlells 2A and 5. 

It nad been suspected tha t  there was a cclmatnlcatioa path betteen 
wells sand 5. After well 5 was opened on April 12, - were d l e  
to arry Oonrmnicath betwen sand 5 w i t h  N2 in 5 ,  U - d t n  
N2 111 2 A d  tnen with o i l  in 2A. It is possible that there is a 
1- tortuous leak patn betwen 2A to 5, but it is m e  likely mat 
these tkm wells have - t leak paths. Prior to injectiaa of 
4 into 2A an 4/26, we= to d a d a t e  a nitrogen balance to 
coopare tne Q injected w i t n  
dculate au merage leak rate. 'me total N2 injected (3/19-3/29) 
w 232,ooc) ft3, ana the total bled aut (3/31-4/26) was 207,000 
ft3. Ibe loss was 25000 ft3 fran 3/19 to 3/31, and this 
translates to a leak rate of about 1600 bbl/yr. 'Ibis calculation 
halves several approximations but Qes yield leak rates of the same 
m q p i t u I e  as other tests. 

-rally speaking, tne most probable location of leakage frm a 
cmem is frora tne uells, where tt.8 CoIllpetent salt has been b r d .  
€bwwer, tnere is a possibility of leakage fran the caverr~ proper. 
such Leekage does exist, the probability is high that it w i l l  be to a 
aeeuby edge of dome. 
possible leakage path d d  be to caprock through a zcme of gas 

inpurities i n  me salt. =is dome my well have sane caprock 
located on tne dum? flanks as wel l  as on the top. metore, vlis 
possible leak path is laot necessarily mrtical. 

(%ern 2-4-5 is about 140 ft. fram t& dane edge as slm in 
Figure 7 and d l  5 casing is 1 3  ft. into Salt as sha~n in Figure 5. 

operating pressure show a final slope of -, w h i m  indicates that caver~ leakage is equal to cavern creep. 

after 
cavern creep plus gas entry. 

=i=-waY to attempt to validate uk? creep models such as "sANCH3". 
of tbeary and =perimental data. 

P r w  data QL1 sulpcntr Mines salt. 

-brine interface below 2300 ft., (2) sisnificant % and 

b-brke interface Delow 1890 ft. 'Ihls and other data indicate fitat 

recovered and then to 

If 

In the case wbere extensive gas is present, a 

pressure data a t  

"I= Erressure data at  275 psi MUSS a final slope of plus 1 psi/day 
3 e, which indicates wt c a ~ x n  leakage is less tnan 

Efforts including field mssuresents at  o i l  filled caverns are 

?his 

SllPhK Hnes caverns will be limited due to lack of material 

w i l l  a l low prediction of cavern creep closure on the basis 
lhese and other dmlat ians  on 

22 



Al- all qz+stioos camot be conclusively eliminated, cavern 
2-4-5 in its present caaditioa does  no^ appear to be suitable for lcmg 
term oil storage standard. starage 
1. In generd, ttle nmst probable locauoa ofacmernleakisfran 
ttle uells. 
a d  cavern roof at 2445) 
surface pressures of 435 end 20 psi respctively.  Ihe measured 
nitrogm leek rate in well 2% at 200 psi surface brine pressure was 
2374 barrels per year. 'ihe measurd aitrogen leak rate in w e l l  5 w i t h  
nitmgen to 1900 feet tsis 1550 barrels per year at a brioe surface 
pressure of 200 psi. 

CaQditiOas @rine pressureX50 psi) the d i n e d  leak rate is 
appr oadmatelp 2OOO barrefs per year. 
2. At a surface brine presmae of 2CUl psi, wells 2A and 5 produce gas 
( p x b h m t l y  metnane) at a rate of 120 and 500 standard cubic feet 
Per aay r - a Y *  
3. It was not possible on t k  -is of the pressure tests to  
*termhe coac~usively onat t&?re was zy) cavern lealtage in addition to 
that nmsured frun the wells due to me indeterminate effect of creep 
closure. -, this cavern did not exnibit tne same pressure/time 
behavior as omer CaYernS tha t  &lave bee0 tested. lhis may be clue to 
tie leaks in WllS 2A and5. 
4. ltle cavern is separated from tzle edge of tbe cilme by abaut 140 2 
100 feet in CBV~SLI 4 and frola the top of the salt in well 5 by 160 
feet+#) feet, urich is less tkvm tne 300 feet minirmm required in 
new &*. Aaalyses indicate ttle cauenl, asmpliag 100 feet of 
canpetetlt salt to t e  dame dge, is strucnnal ly  adequ- except for 
unlikely ledge falls during or after oil fill.  

Heesured oil leak rates in d l  2A (with oil to 2440 feet 
4000 aod l370berrezs per year at brine 

Based on extrapolatioo of tlle above test data to oil storage 

5. 
initiated to monitor the activities and the productim of all Union 
'kxas %troleun and mweils aml cavercls in the vicinity of cavern 
2-4-5 21 and 22). 
6. It is reclmpeoded that oil n~ be s m e d  sum that it is in  
contact w i t h  tne bureiwle of uells 2A aod 5. 
7. Ihe risk associated w i t h  storage of oil in cgvetn 4 abave the 
connection co cavlcrcas 5 and 2 (about 1.5 million bbl) appears to be 
acceptable. 

It is remma&d miat if there is to be oil storage, a progrm be 
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It3c, Well History, i!orkover of Well 2A i n  1981, to be 
published. 

WF&S, well History, Reentry Well 4 Sulphur Mines, 
published i n  New Orleans, LA, dtd 12/5/79. 

IBC, Well History, Korkover of Well 4 in 1481, to be 
published. 

W-F&S, Well History, Wor::wer of Well 5 Sulphur Mines, 
published i n  New Orleans, LA, "rd 12/5/80. 

3% W e l l  History, Workover of W e l l  5 Sulphur Mines i n  
1981, to be published. 
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15. 

16. 

17 . 
18 . 
-19. 

20 

21. 

22 . 

SPR Oil Storage Cavern Sulphur Mines 6 Certification Tests 

SPR O i l  Storage Cavern sulphur nines 7 Certification Tests 

Analysis, SMWl-2U68, dtd 4/82. 

and w y s h ,  !%ND81-2069, dtd 5/82 

-8 JaweS G. and Kat28 Danald L.8 'Pluiif m C S  and 
Heat ~fansfer,~ m&aw Hill aodc c0.8 m.8 1958. 

Analysis and Leak Tests of wells for New Solution lhxxi 
Cavern at the Bryan Mound DCX-SPR Storage Site, 
Wm1-0979, dtd 4/81. 
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Date 

9/2/77 
9/8/77 
9/9/77 

9/12/77 

5/6/79 
5/12/79 

5/22/79 

6/1/79 
6/6/79 
6/12/79 

6 5/29/81 

- 

6/4/81 

6/5/&l 

6/9/81 

7/20/8l 

10/23/81 
10/26/81 
10/29/81 

12/18/81 

7/3/79 
7/4/79 
7/12/79 
8/2/79 

8/9/79 
8/10/79 
8/15/79 
8/15/74 
8/20/75 

warn 

‘IIABLE 1 

List of Borehole Loris S. M. Well 2 

!Capratme 
sonar 
Direction 

Casing Insp 

Direction 
soriar 

Caliper 

CBL 
Collar 
Formation Tester 

DaMmhole TV 

aBL 

Caliper 

!kmperature 

Interface 

Interface 
Interface 
Interface 

l’emperature 

rw 
I)crwell 
Sprry-Sun 

Micro 

Sperry-sun 
Dowell 

scil 

0 
Go 
sch 

Saniiia 

Micro 

Gearhart 

Gearhart 

Piicro 

Micro 
Elicro 
Micro 

Micro 

List of Borehole LOCJS S. M. Hel l  2A 

Induction 
Caliper 
Density 
Caliper 
c3iI 

Density 
Wiper 
sonic 
ct3L 
Direction 

sch 
scll 
Dresser 
Dresser 
sch 
SCh 
Sch 
Sch 
sch 
Unkn<rwn 

Ref 1 
Ref 1 
Ref 1 

Ref 1 

Ref 8 
Ref 8 

2ef 8 

Ref 8 
Ret‘ 8 
Ref 8 

DoEspRpMo 

Tic 

1Bc 

‘Iw: 

TtK: 

Tt3c 
1BC 
!mc 

n3c 

Ref 10 
Ref 10 
Ref 10 
Ref 10 
Ref 10 
R e f  10 
Ref  10 
Ref 10 
Ref 10 
Ref 10 
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Date 

6/4/81 
6/4/81 
6/9/81 
6/11/81 

6/11/81 

7/23/81 

10/22/81 

- 

io/26/ai 

10/29/61 

8/13/77 
8/39/77 
8/31/77 

8/3l/77 

5/16/79 
6/4/79 

6/7/79 

6/35/79 
6/19/79 

7/29/81 

7/29/81 
8/5/81 
10/22/81 

10/26/81 

10/29/81 

lrtJgerature Gearhart 

Interface niCr0 

Interface Mix0 

Interface Micro 

Interface Micro 

L i s t  of Borehole Logs S. M. well 4 

Direction Sperry-Suri 
sonar Doweu 
CBL MiCrO 

-ins Insy Micro 

SoMr 
Caliper 

Dowell 
French 

Casing Insp HiCrO 

CBL 
colla 

Tecperature Gearhart 

Caliper Gearhart 
sonar Dotell 
Interface Ricro 

Interface Micro 

Interface ilicro 

Tw: 

Tw: 

Tw: 

Ref1 
Ref 1 
Ref 1 

Ref1 

Zef 11 
Ref 11 

Ref 11 

Ref 11 
Ref 11 

TW: 

ll3c 
TBC 
!Bc 

me 

TBC 
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6/24/81 

6/25/81 

7/16/81 

9/1/77 
9/u77 
9/2/77 
9/2/77 

9/6/77 
9/6/77 

5/17/79 
5/18/79 
6/4/79 

L i s t  of Borehole Low S. n. Well 5 

Casing Insp Micro 
k , r a t u r e  Micro 
sonar Dowell 
CBL Micro 

Direction Sper ry-Sun 
Wmperature Mcc 

Direct ion Sperry-Sun 
sonar Dowell 
Caliper French 

Caliper Gearilart 

Density Micro 

Temperature Gearhart 

R e f  1 
Re€ 1 
R e f  1 
R e f  1 

R e f  1 
Re€ 1 

R e f  13 
Ref 13 
R e f  13 

TBC 

TBC 
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weu. 2 ccmroents 

SOMI: 
9/8/77 

cuaposite volume of 12.2 x 106 MI, roof 
at 2446 ft, floor at 3086 ft 

Direction 
5/6/79 

SOMI: m i t e  vo1t.1~~ of u.57 x 106 hl, roof 
5/12/79 

A 44.7 ft deviation in a souulerly direction 
at a depth of 2460 ft 

at 2446 ft, floor at 3U82 ft 

CBt 
6/1/79 

A fair to good bond below 1490 ft with poor 
m above this level 

. 

Dm!V 
5/29/81 1827 ft 

Caliper 
6/5/81 

poor visibility, but could see gas bubbles at 

Irregular hole from casing seat at 1821 to 
2050 ft at about 2 ft m t e r ,  a 4-irdi 
dieter neck at 2050 ft, a relatively 
SIilOoth bole from 2lW ft to 2350 ft, an 
asurgt enlargerimit at 23% ft. 

Temgerature Slu;mary sketch an Fiy 6. Uaximm tenpera- 
6/9/81 P 12/18/81 ture of 1- at 600 ft, an average 

borehole teraperature of 126*, a cavern 
tenperatme of WOP, a probable gas entry 
point at 1835 ft. 

Interface 
10/23/81 

10/26/81 

io/29/ai 

y interface at 1930 ft 

N;! interface at 1923 ft 

& interface at 1913 ft 

well 2A 

Sonic 
8/15/79 

CBL 
8/15/79 

Direction 
W20/79 

small zone of high gama and law transit 
time from 2268-2280 ft. but they did not 
show on repeat log. 

Good to fair bond fran Br- to 
1815 ft. 

A 18.5 ft deviatim in a westerly direckion 
at a depth of 2460 ft 
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TABLE 2 (Con't) 

m 
6/4/81 

Caliper 
6/4/81 

sonar 
6/9/81 

TenperatUte 
6/11/81 

Interface 
10/22/81 

10/29/&1 

10/29/81 

Well 4 

Direction 
8/18/77 

sonar 
8/30/77 

sonar 
5/16/77 

CBt 
6/15/79 

Temperature 
7/29/81 

m r  visibility, but could see 9 s  bubbles 
at 1825 ft 

Relatively SIllOoth hole from casiny seat at 
1815 ft cavern roof at 2444 ft 

Shw an individual velum of 9.25 x lo6 
bbl, roof at 2441 ft# floor at 3054 ft a 
large wing  to the south only at 2441 ft which 
is probably into cavern 5 

bell was  flowing brine just prior to logging. 
~axir ;wn temperature of 115%8 at 530 ft, 
small tenperature irregularities at 2065, 
2090, alii fron 2240 to 2380, a cavern temp 
erature of 89%. 

NL interface at 1930 ft 

N2 interface at 1916 ft 

N2 interface at 1915 ft 

conments 

A 13.8 ft deviation in a north- 
westerly direction at a depth of 
2650 ft 

Composite volume of 12.34 x lo6 bbl, 
roof at 2792 ct# floor at 3115 ft 

Composite volume of 13.57 x 106 bbl, 
roof at 2646 ft, floor at 3090 ft 

Good bond from 1788 ft to 1645 ft and 
high yanuna ray in the sarw zone 

Maximum temperature of 144OF at 980 
ft8 temperature irrqularities at 2360 
to 2390 ft, cavern tenperature of 
88OF 
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. 
Caliper 
7/29/81 

Sonar 
8/5/&1 

Interface 
10/ 22/81 

10/26/81 

10/29/81 

Hell 5 

sonar 
9/2/77 

CBL 
9/2/79 

D i r e c t i o n  
5/17/79 

sonar 
5/18/79 

Caliper 
6/24/81 

Density 
6/25/81 

Temperature 
7/16/81 

ReasoMbzy regular hole at 24 inch to  
16 inch frw the seat at 17118 f t  to  
2139 f t ,  reasonably reyular hole at 7 
inch to 9 inch fraa 2l30 f t  to  2410 

off scale at 2550 f t  

Individual volume of 4.91 x lo6 bbl, 
roof at 2646 f t ,  floor at 3086 f t  

f t p  to about 18 inch goes 

542 interface at 1930 f t  

N2 interface at 1916 f t  

N2 interface at  1916 f t  

ca;rpasite volinae of 12-34 x 106 *I, 
roof a t  2447 f t8  floor cit 3450 f t .  with a 
large chhmey above the roof, w i n g s  at 2450 
f t  and at 291iG C t 8  w i t h  a saall diameter sunq 
from 3600 f t  to 3450 ft.  

No nolEcI 1690 to 1663 ft, 5ond 1663 to 
1522 f t ,  no bard or poor bond above 1522 ft .  

A 23.5 tt ueviation in a westerly direction 
at 2570 f t  

CXwosite voluae of 13.57 x 106 bbl, roof 
at 2447 ft8 floor at 3420 f t ,  similar sump 
atid chimey as More 

A casing diameter j u s t  over 4 inches, and 
top of plug at 1585'. A t t e p l p t s  to run 
caliper logs atter dril l ing through the plug 
on July 16, 1981, but two caliper tools were 
lost, 

Indicated tap of cenent outside the &inch 
pipe at about 1030 f t ,  

Haxirnubl terperature of 127oP at 1030 f t .  
Tearperatwe disturbances at 250 ft8 710 f t  
970 f t ,  1160 f t ,  and 1670 ft .  

. 
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cx3 
GR 
KB 
Isu 
WSSI 

m 
PSIA 
PSIG 

SPR 

WP 

Abbreviatioas and symbo 1s 

Brine source well 
wcine well 

barrels (42 Iff gallane) 
&&enhead Flasge 
Bottam of logged iIlten7a.l 
CkIlent bond log 
(3mpemated density log 
Depaament of Ebergy 
IDraVo Utility Coastmctors, mc. 
Gearhart (a0 Hreline CO.) 
-Ray- 
Kelly Bushing on lkill R i g  
Loerisiana state university 
Fetroleun Operaticas and supporr services 
Inc 

Pittsburg Plate Glass a. 
Pounds per Square Inch Abbolute 
paunds per Square Inai Gauge 

McCullough (Baroid Petrolem services) 
MicroGage, bc. 
Nitrogen 
Scidmberger mted 
sulphur Mines 
Sandia &itional Iaboratory 

Strategic Petroleun R,ESWW? 

Standard Teqerature and Pressure 

Texas Brioe Caopany 

%i.l lhtS & m S  E l n g k r j q  CO. - F& & 
scissm, Inc. 

kkucesha - Pierce, Ind. Nitrogen services 
DiV. 
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. 

c 

Results of Analysis of Cavern 2-4-5 Brine Sawples 

platerials Description 

Brine at or near saturation 

Smple No, 

SPR 109 
spii 110 
b’pR 111 
SPR 112 

SPR 130 
Si?R 131 
SPR 132 
sm 133 

Sn - 2A - 2450 
s n - a - 2 5 0 0  
SI-2A-2750 
Sn - 2A - 2965 
Sn - 4 - 2700 
s H - 4 - 2 s w  
S&l-4-2%0 
SM - 4 - 3000 

S w l r  Date 

6/11/81 
6/uJbl 
6/11/81 
6/11/81 

7/29/81 
7/24/81 
7/29/81 
7/29/81 

109 
110 
111 
112 
130 
131 
132 
133 

1,200 
1,201 
1,201 
1.201 
1.195+ 
1.190 
1.196 
1.195 

21 
21 
2l 
21 
39 
41 
35 
39 

124500 
1252% 
125250 
124750 
127000 
126000 
125000 
126000 

191550 
191~ulo 
190900 
190950 
192560 
191990 
191790 
192530 

- - - - 
161 . 1 
161 3 
160.4 
161 . 1 

6.94 
7.09 
6.96 
6.99 

- - - 
saixration values at 20% 

saturation values at 40Oc 
1,200 20 124000 103 192000 160 

- 40 l26OUO 104 194000 162 

*salt crystals reolained after treat- 
**lo milliliter -le taken at tenp shoun 

The saturation value during the test period is taken as 
between 99% and 100%. 
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Date and 
Day of year 

TAt3LE 5 

Cavern 2-4-5 Test Chronology 

Activity/Comnent 

7/13/81, 194 

7/14/81, 195 

7/15/81, 196 

7/16/81, 197 

7/17/81, 198 

7/18/81, 199 

7/19/81, 200 

7/20/81, 201 

7/21/81, 202 

7/22/81, 203 

Data start at 1130 hrs for a low pressure test. 
Workover crew was fishing for Dyna-drill in well 
5. 

Began brine removal from well 2A at 1415 hours 
using N2. 
w e l l  z was 900 psia. DUcI started oil rexitoVal 
from well 4 with trucks. 

Starting pressure at 170G ft in 

Finished brine rermval from well 2 at 0900 at a 
pressure of 810 psia at 1700 ft. Workover crew 
on well 5 yot to 1650' arld had a gas release at 
about 0830. 

uUCI began releasing oil out of 4 into a PHAC 
tarik, this increased rate made it unnecessary 
to remove brine troni well 2. 
in well 5 a d  got the tool stuck trying to 
Cali-r. Plug in well fell away at 1750 ft. 

DUCI still removing oil from well 4 and pressure 
in well 2 went down to 793 pia. 

Tenporarily stopped o i l  renoval from well 4. 
Corrected instrunent malfunction on probe in 
well 2. Got significant gas pressure in 2 and 
2A. 

Drilled thru plug 

Continued inonitoring 

itan interface logs on 2, 2A, and 4. Took gas 
sanples from 2 and 2A. Took oil sanple from 4, 
oil gravity was 290. 

Removed brine from well 2A to reduce pressure 
from 820 to 810 psia. 

Removed 809 bbls.brine from well 2A to reduce 
pressure from 820 to 810 psi. Underream well 
5. Pu?ped oil front we11 4. 

Pumped oil fraa well 4 7/23/81, 204 
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7/24/81, 205 Removed brine fran w e l l  2A but they were pumping 
brine into well 5 faster than we could retaove it. 

7/25/81, 206 

7/26/81, 207 

7/27/81, 208 

7/28/81, 209 

7/29/81, 210 

8/2/81, 213 

8/3/81, 214 

8/21/81, 239 

8/28/81, 240 

8/30/83., 242 

8/31/81, 243 

9/1/01, 244 

X e m v e d  987 blblblblblblblblblbl brine fran well 2A and there was 
no other cavern activity, 78 bbl/jpi. 

Removed 537 bbl brine fran wel l  2A 

Hemoved 574 bbl brine from well 2A to pressure 
of 811 ysia. Remwed downhole pressure 
transducer €ran 2 and encied the lcrw pressure 
test. 

Automatic data recorders tailed and were replaced 

Tried to run temperatue tool in  w e l l  4 and hidl 
hangup problem at 2167 ft and 231 ! f t .  

Ran d r i l l  s t r ing into 5 and h i t  metal 
obstruction at about 916 f t .  

-11 2 is producing 75 &/day (at ST) gas 
with well presswe about 30 psia. Well 2A is 
producing 315 ft3/day (at UP) gas With well 
pressure about 100 pia. 

sandia l e f t  the site. llBc was to periodically 
bleed gas from 2 and 2A and coerplete the 
workover on w e l l  5. 

'E-mugh 8/25/81, 238 no activity 

Started pumping brine into wel l  2 to increase 
pressure for a brine test. 

Continued putping brine into well 2. Well 2A 
pressure was 280 psig. 

Put Lynes instruments on to monitor cavern 
pressure. plmpecl unti l  1810 hours when pressure 
reached 515 p i a  36167 bl. 

Moriitor pressures 

Bled 3.4 bbl oi l  from 4 brine side. 
b ~ l  o i l  from 4 o i l  side. nurped additional 
brine into w e l l  2 to w y  tank, total volume i n  
was 36502 bbl. Injected 1200 f t 3  (at SrP N2 
into well 4 annulus to check for hanger leak .  

4 pipe. aled N 2  out of 4 annulus. 

Bled 8.8 

-ked W l e l l S  and found IK) gaS On 2, a m 8  



9/2/81, 245 

9/3/81, 246 

9/4/81, 247 

9/22/81, 265 

9/Z/81, 268 

9/26/81, 269 

10/2/81, 275 

10/3/81, 276 

10/23/81, 2% 

W t o r  pressures. 

ells. 
funding becaues available. 

~lklrwgh 4/21/81, 264 no activity 

‘Ihrougn 9/24/81, 267 bitmitored w e l l  24 pressure 
w i t h  sandia transducers. shrrwed zero slope an 
pressure curve. 

Remnred transducers and reinstalled gages. 

Through 10/1/81, 274 activity 

IBG bled cavern t o  250 psig 

Through 10/20/81, 293 TX checked wells 
periodically and got gas fran 2A and 4 and got 
o i l  fran 2 and 4. 

Installed Lynes iastnments on 2, 2A, ancl4. 
Data start time is 2000 hours 

ibaoved Lynes instrunents and installed gages m 
Cavern w i l l  hold at this condition unt i l  

Bled 3.6 bbl o i l  frau 4 and little gas. Bled 2 
gal o i l  kan 2 and no gas. Bled 0 gal oil  fran 
2A and little gas. Injected N into mll 4 t o  

Injected N2 into w e l l  2 to 1930 ft. but W-P 
scales were nonfunctional. 

1930 ft.  Injected N;! into we1 f 2A t o  1930 ft. 

10/24/dl, 297 A& 10/25/81, 298 ~X&XCI e1-W 1- all 
wee -11s. Monitored pressures. 

10/26/81, 299 zkd roustamut crew tignten bolts to  stop 

191b ft, w e l l  2A at 1916 f t ,  mll 2 at 1923 ft. 
wellnead leaks. bgged  interfaces: w e l l  4 at 

1O/27/81, 300 W t o r  pressures 

10/28/81, 301. Tom Magorian on site to work w i t h  JDE and Todd 
Ebg. to get survey data for w e l l  locations. 

10/29/81, 302 Ugged interfaces wel l  4 at 1916 ft ,  wel l  2A at 
1915 ft, w e l l  2 at 1913 ft.  Removed N2 fran 
a l l  tnree wells. Tan Magorian met with UTP 
(Mr.Oblah) and PFG (Mr. Oliff) t o  discuss site 
nistory. 

I 
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10/30/81, 303 Injected brine th ru  2A to 405 psia, 0.75 psi/ft. 

on site survey and well locations. 

Bled 95 Pt3 (at Srp) gas and 0.37 bbl oil fran 
w e l l  4. 

'Ihrough u/9/81, 313 MnitOr pressures 

10/3u81, 304 Through 11/5/81, 309 HonitOr PreSSUKeS ancl work 

11/6/81, 310 

11/7/81, 311 

1~10 /81 ,  314  led 43 f t 3  gas am3 2 gas oil from 48 20 
f t3  (-1 gas ana o gal  oil  frua 2 8 8  o f t 3  
gas and 8 gal oil fran 2. Bled brine fran 2A 
annulus to go from 384 psia to 320 psia which is 
0.7 psi/ft. 

11/11/81, 315 The automatic data record- system 
malfunctioned and was sent to Albuquerque. 

11/12/81, 316 Monitor pressures 

11/13/81, 317 '113c bled cavern to (1.65 psi/ft 

11/14/81, 318 ThrU 1v22/81, 326 HOIlitor PreSSUreS 

11/23/81, 327 T53C Bled cavern to 151 psi (0.60 psi/ft) 

11/24/81, 328 'IhrU 11/29/81, 333 nonitor PlXZSSUreS 

11/30/81# 334 Bled f t 3  (m) 7 @ oil  fr- 4, 
14 t t3  (STP) gas ami 10 gal oil from 2248 

o ft3 gas anti 20 gal oi l  from 2. 

Bled 14 f t 3  (SB) gas fran 2A and from 4. 
Then bled cavern pressure fran 210 psia to 55 
p i a  by removing brine frm 2A annulus. Bgan 
to  get lots of gas i n  2 and i n  2A. VPP started 
a workover on sell 529. 

 led 290 f t 3  (STY) gas from wel l  2, d 1150 
f t3  (sw) gas frm w e l l  2. mis is a rate of 
about 100 f t 3  ( s~ i l ? ) /k  fran the cavern. 

12/1/81, 335 

iyz/si, 336 

, 
12/3/81, 337 m i t o r  ;>ressures 

12/4/81, 338 Bled 145 f t 3  (SZi?) gas from we11 2,  1275 f t 3  
gas from well 2 A p  anti 39 f t 3  (STPI gas 

from w e l l  4. 

12/5/82, 339 Thru 12/8/81, 342 Monitor pressures 



12/9/81, 343 Had a meeting in New Orleans and agreed that the 
test should stop. Lynes instruments removed. 

12/10/81, 344 Thru 12/20/81, 354 DEI monitor pressures 

12/W81, 355 Ran temperature loy in well 2, and log had an 
indication of gas entry at 1835 ft. 

12/22/81, 356 Thru 12/31/81, 365 I)(JcI nnnitor pressures. This 
activity is to continue until retesting is 
initiated early in 1982. 
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TABU 7 

Cccllpari.son Pressures a t  1690 Ft. Depth 

Condition 
Casing Seat 

Fluid 

Nitroyen test @ 0.70 psi/ft. N2 

Br ine  test @ 0.75 psi/ft. Brine 

Br ine  test 8 0.80 psi/ft. Brine 

Zero brinehead with 0.52 psi/ft. brine Brine 

O i l  f i l l  at ruximni operating gradient of O i l  
0.75 psi/ft. 

oil  drawdown with 150 psi on the oil  at  O i l  
t he  wellhead and 150 psi oil flaw 
pressure drop i n  w e l l  with 0.37 psi/ft. o i l  

zero brinehead with .37 psi /ft oil  and 
the oilbrine interface i t  2768 f t .  

O i l  

Psia - 
11.83 

1267 

1352 

879 

1267 

625 

1040 

-. 

.. 

- 

- 
. 
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canponent 

carbon Dioxide 

Nitrogen 

Methane 

Ethane 

propane 

i-Sutam? 

N-mtane 

i-Pentane 

N-pentane  

lfexane -I- 

m/ft3 Dry 

TAaLE 9 

Analysis of (;as Sa~@les from S. M. 2-4-5 (Mol %) 

wel l  2 
Pipe 
2/81 

0.08 

9.3 

89.2 

0.64 

0.11 

0.02 

0.02 

0 

0 

0.62 

- 

well 2 
m u 1  . 
2/81 

7.7 

0.11 

90.4 

0.33 

0.48 

0.12 

0.36 

0.12 

0.14 

0.24 

- 

Well 2 
3/81 

0.G6 

2.4 

93.3 

'3.98 

1.U3 

I 

- 

Well 2A 
3/81 

10.9 

0.07 

85.5 

0.39 

0.20 

we l l  2 
7/20/81 

1.69 

0.81 

89.96 

1.98 . 

2.41 

1.17 

3.55 

1.73 

2.01 

3.69 

1445 

well 2 

1.80 

0.60 

81.37 

2.0u 

2.43 

1.19 

3.60 

1.75 

2.02 

3.24 

1430 
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Well 2A 
7/20/81 

5.60 

0.09 

92.71 

0.41 

0.22 

0.W 

U.30 

0.12 

0.15 

0.31 

1013 

well 2A 
7/2U/81 

5.55 

0.05 

92.78 

0.41 

0.22 

G.04 

0.30 

0.12 

0.15 

0.29 

1012 

Analysi 

Bell 2 
12/4/81 

0 

1.74 

94 . 49 
0.83 

0.73 

0.26 

0.75 

0.32 

0.34 

0.54 

1101 

TWU 9 ( C m ' t )  

of Gas Saaples fran S. H. 2-4-5 

0.07 

0.33 

96.85 

0.53 

0.19 

0.12 

0.43 

0.25 

0.34 

0.85 

1104 

c. 

0.61 

97.27 

0.99 

0.31 

0.13 

0.30 

(i.13 

0.14 

0.12 

1064 

0.02 

2.08 

94.18 

0.68 

0.59 . 

0.22 

0.64 

0.30 

0.36 

0.88 

1107 

L.k1l 2A 
12/7/81 

1.63 

0.36 

96.13 

0.46 

0.09 

i1.06 

0.25 

0.18 

0.23 

0.61 

1065 

Well 4 
12/7/81 

0.06 

u.73 

96.80 

1.01 

0.28 

0.11 

0.27 

0.13 

0.15 

0.46 

1076 

43 



TABLE 9 (COn't) 
(jas Analysis from Sulphur Mines Brine Samples Taken 1/6/82 

(Data in Mole Percent) 

Well 2 Well 2A 
om C- t 1800 Ft 1950 Ft 2100 Ft 2460 Ft 3040 Ft 

Carbon Dioxide G.50 

Nitrogen 10.05 

Methane 89.28 

Et- 0.15 

Ropane 0.02 

E t 3  r;aS 
bbl Brim 0.451 

Degas& 

Brine 

GFn, 1.2u12 

2.05 

14.91 

82.91 

0.12 

0.01 

0.797 

i .2007 

10.91 

8.55 

80.38 

0.13 

0.02 

2.35 

1.1983 

0.35 

39.76 

59.42 

0.40 

0.06 

0.742 

1.2009 

0.35 

4.81 

89.24 

0.53 

0.06. 

0.742 

1.2004 

4.8 

4.41 

89.78 

0.38 

0.01 

NA 

NA 



Final 
Cavern ?res& pia 

W 6  195 
(- 6 )  480 

495 (3)  
660 
740 

sM6 474 (3)  
(RBF 16) 608 

695 

sM7 -110 
(REF 17) -58 

390 (3) 
553 
570 

Sw 2-4-5 -80 
128 
ZGO 

250 
280 
3ou 
312 (3)  
385 
428 

'rABLE 10 

Caparison of Pressure Curve Slopes 

!rest 
Duration 

4 
5 
6 
5 
8 

13 
9 
9 

2 
2 
7 
5 
8 

9 
8 
8 

60 
10 
18 
8 
11 
32 

Slqpe 
psi/*y 

6 . 2  
+2.2 
+1.1 
+0.2 
-2.0 

+1.1 
+1.0 
-1.0 

+21 
+10 
0 

+0.7 
-1.2 

+8.3 
+3.8 
+3.0 
+1.u 
+1.9 
+1.8 
+0.7 

G 
ci 

salt 
Stress (1) 

1447 
1162 
1132 
982 
887 

1153 
1037 
947 

1656 
1604 
1141 
993 
976 

1578 
1355 
1298 
1248 
1218 
1198 
1171 
1113 
1070 

Gradient ( 
psi/tt 

.595 

.7u4 

.774 . 804 

- 

- 
.763 
.798 

.473 

.495 

.75b 

.763 

.473 

.596 

.668 

.686 

.698 

.748 

.773 

-- 

.638 

(1) Lithostatic pressure (1.0 psi/ft)'minus brine pressure at the cavern floor 

(2 )  EQuivalent pressure gradient at the critical casing seat depth. 
(3)  Nitrogen tests. 

(WH 6 = 33901 SM 6 5 3390, SM 7 3190, SM 2-4-5 = 3090 Ft). 

. 
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Table 11 

b t e  

3/18/82 
3/30/62 

- 

3/19/82 
3/20 
5/22 
3/2s 
4/26 
4/24 
4/25 
513 
5/12 
5/13 
5/14 
5/15 
5/16 
5/17 
5/18 
5/19 
5/20 
5/21 
5/31/82 

3/17/82 
3/23/82 

4/13/82 
4/15/82 
41/19/82 
4/21/82 
4/24/82 

List of Borehole Logs S. M. Wells 

(Well 2) 

Type of Log 

4 interface @ 2310 
N2 interface Q 2274 

(Ne11 2A) 

fv2 interface 13 2325 
N2 interface 13 2179 

rJ;! interface @ 2380-2306-2380-2324 
N2 interface I 2 2 0 3  
o i l  interface @ 2440 
oil interface @ 2378 
o i l  interface I@ 2174 
o i l  interface 63 2440 
oil interface 13 2318-2440 
o i l  interface Q 2341-2440 
oil interface @ 2353-2440 
o i l  interface d 2338-2440 
o i l  interface @ 2384-2440 
o i l  interface 62 2385-2440 
o i l  interface ri? 2363-2440 
o i l  interface @ 2381 
o i l  interface 13 2173 

interface @ 2146-2372-2292 
interface 63 2140-2370-2310 

(dell 4) 

N2 interfs2e @ 2321 
N2 interface @ 2292 

(del l  5) 

Caliper 
f9 interface @ 1898 
N2 interface @ 1894 
4 interface @ 1893-1812 
N2 interface @ 1824 

Mote: All logs run by microgage for WSSI 
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Table 12 

Comnents on Logs 1982 

wel l  2A 

Interface logs that show multiple interface locations were 
multiple logs t o  observe interface rnavement and/or t o  observe 
interface reset. 

' The injection of  o i l  into well 2A allows the calculation of 
. borehole volume and equivalent diameter. The data indicates a . typical diameter of 12.5 inches above 2350 f t ,  expanding t o  14.5 
' inches a t  2410 f t ,  to 17.5 inches a t  2440 ft. 

'el1 5 
The caliper logs show casing a t  1725 f t  and bottom of the plug a t  
1640 w i t h  washout a t  1775. Density log on 4/15 veri'ies the 
casing seat a t  1725, the plug bottom a t  1840 and t h e  washout a t  
1775. 

. 
+ 
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Table 13 

chronology of 1982 Tes ts  

Rate and 

1/26/82, 026 

D%y of Y e  

2/9/82, 040 

2/10/82, 041 

3/16/i12, 075 

3/17/82, 076 

3/U/82, 077 

3/19/82, 078 

3/20/82, 079 

3 / 2 l / 8 2 , m  

3/22/82, 081 

3/23/82, op32 

3/26/82, 085 

3/29/82,088 

3/30/82, 089 

3/31/82, (No 

4/1/82, 091 

A c t i v i q d m t  

DOE accepted test p-sn for 
including ~ 1 1 -  5 reentry. 

4- 

Met Wim POSSI in New Orleans to  
present o w  plan for testing. 

Bled gas and oil off 2, 2A, 4. 

Install LyneS instnments. 

Teat s t a r t  time is 03/17/82 
oO:OO:oO~ Bled -3.1 4 gaS. Put N2 
into #4 to 2325 ft. Filled w e l l  5 
w i t h  water. 

Put N;! into r/2 to 2310 ft. 

Put N2 into #2A to 2325 ft. 
15 8IH1u1u6 with 500 gal of water. 
Pressured #5 pipe to  526 psia, it is 
dropping 1 psi/&. 

b g  #2A I'face 4 2179 ft. Repressure 
85 to 515 pa-. 

C5 d u s  pulled wcum, presswed 
to 50 ps i  and pressure dropping 10 
psi/&* 

Filled 

#2ANz interface at 2146, reset to 
2380 ft. 

fi4 
mt log 112 because camron valve 
would not seal. 

interface at 22Y2 ft. could 

Elad planning meseting with FOSSI 

They started putting boards on pad 
5. 
2140 to 2380 ft. 

Reset N2 interface in #2A 

rPg ell 2 interface at 2274 ft. 

Bled N2 off #2A. 

Bled N2 off lri2 and #4. 
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Table 13 Coat'd 

4/2/82, ijg2 

4/6/82, 0% 

4/7/82, 097 

4/8/82, 048 

4/9/82, 099 

4/10/82, loo 

4/l2/82,102 

4/13/82, 103 

4/14/82, 106 

4/15/82, 105 

4/17/82, 107 

4/19/82, 1041 

4/21/82, 111 

4/23/82, 113 

messured c ~ ~ e r n ,  75 bbllpsi 

strnrted Wlhg plug in w e l l  5 w i t n  
3 718 inch bit. 

Drilling #5 with 4OOO l b  on bit, 
maidqg 5 ft/min tbru rmsny Cenent. 
Gas -kick at 1646,260 psig. 

Reprrvled core 1710 to 1731 ft, 
reawer& 6.5 ft. 
ft, 1758 ft, 1763 ft. Rmmed core 
173l to 1763 e., 

Gas kichs crt 1743 

1 *t. 

mmued core 1763 to 1808 ft, 
~ l e s s t h a u l f t .  soft 

1767 to 1782 ft. 
1808ft. D e c i d e d t o q u i t e a n d  
dri l l  w i t h  3 718 inch bit sinre core 
si sop oar. started 
g&tir)g salt cuttings at 1830 ft ami 
stopped drilling. 

Restarted drilling witn drill collars 
to s- the nole. 

Drilled ttrrorlgh tne plug, got 860 
wig gas -0  

Gas kicK 

Rrm carnay SOlMr d caliper lcg in 
#5, and r6mnm iirili rig. 

Install Lgrres probe on #5. Ressure - to 200 psia, 73 bbl/psi. 

pressure - fraa 188 to 200 
psip a t # ~  spot at 1750-1760 ft. Fut 
$into#5tol898ft. l h i s w a s  
10408 Ib end oae puep truck load. 

Lplee D6R on #2 nmlflmcticm. 

&in density log in #5 and hit 

-1 
repaired m a l l  leak on #.5. 

Irrgsed & i n  #5 at 18% ft. 

lhen 
bled Q to get I** at 1812 ft. 

w N 2  in #5 at 1824 f€., but 
losses would d c e  t h i s  at 1836 ft. 
Bled Q off #S. 

Logged Q in PS at l893 ft. 



4/24/82, 114 

4/26/82, 116 

4/29/82, 119 

5/3/82, 123 

5/4/82, 124 

5/5/82, 125 

5/7/82, 127 

5/11/82, 131 

5/12/82, 132 

5/13/82, 133 

5/14/82, 134 

5/16/82, 136 

5/17/82, 137 

5/19/82, 139 

Table 13 Cont'd 

Stivted @a bleed of #5 eaCn day* 

Injected N2 into #2A to 2380 ft. 

Ugged N2 in #2A at 2203 ft. Bled 
OS N and injected oil. Had 

and te put in excess oil prior to 
locating I'face. O i l  voltlme was 
about 650 bbl injected. 

I.qj oil in 82A at 2378 f t .  

01 site meeting wim DOE, FOSSI 
SNL. started oil remmal *an 0%. 

t r d  1 e locating oil-brine I'face, 

campleted oil removal froin 82A, got 
178 bbl. Injected brine to raise 
pressure t o  330 psia, 75 bbl/psi. 

well 5 still maklqj about loo psilday 
of gas (500 m ft /day). Injected 
brine to raise pressure to 440 psia, 
71 bbl/psi. B l e d  all wells to brine. 

J?renCil cut the hanging string in #2A 
at 1990 ft. 

Injected brine to raise pressure to 
445 psi. 
into #2A. Bled unsaturated brine out 

Injected oil into i/2A to set 
inmrike at 2440 ft. Todc a to ta l  
of 268 bbl a t  77O F. 

Set up plan to log oi l  interface in 
11% each day and reset the interface 
to 2440 ft. See table 14 for 
quantities. 

RES1 poured concrete t o  i u p m  the 
site 

Injected 122 bbl of oil  

of i/4 pipe. 

'Be m-ofk -1- blew ~n tlEe p q  
and we nad aa oil s p i l l  of less than 
1 bbl. 

Injected brine to raise cavern 
pressure to 438 psia. 
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5/21/82, 141 

5/31/82, 151 

6/1/82, 152 

6/11/iQ, 162 

6/29/82, 180 

Table U Cont'd 

1'face in #2A at 2173 fi and 
repovlryl2i8 bbl of oil. 

B l e c l b t i n e t o d e p t e s s u t e t a e ~  
tozen,brinepressure. 

Bled a&mAmal 55 bbl of oil  out of m. 
BAeu &iitiad 10 bbl or oil out of #a, 5 bbl adl of #2, and 112 bbl out 
of #2. 



Table 14 

d e l l  
No. W t ' l  - -  
2 N2 
4 k! 

2 A  IYZ 
2A lrcz 
2A k 2  
24 N2 
5 Y 
2A o i l  
2A o i l  
2A o i l  w oil 

Tabulation o f  Well Leak Tests 

Gradient I * face Typical 
a t  Casing Depths &ire - Dates Seat p s i / f t  ft Press psia 

3/18-4/1 
3/17-4/1 
3/19-3/22 
3/22-3/26 
3/29-3/31 
4/26-4/29 
4/15-4/23 
4/29-5/4 
5/13-5/19 
5/19-5/21 
5/20-5/31 

.80 

.81 

.79 

.79 

.79 

.75 

.65 

.69 

.80 

.81 

.80 

2310-2274 
2321-2292 
23225-2146 
2380-2237 
2380-2275 
2380-2202 
1698-1893 
2440-2378 
2440-2318 

2440-2173 
2440-2360 

275 
275 
275 
275 
275 
200 
200 
200 
425 ' 

425 
425 

Leak 
Rate 
bbl/yr 

150 
50 

240@ 
loo0 
2000 
2400 
1500 
1400 
t Q  4000 

5000 t o  4000 
1600 
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2/10/82 
3/17/82 
3/18/82 
3/22/82 
3/26/82 
3/29/82 
4/2/82 
4/5/82 
4/7/82 

4/8/82 
4/9/82 
4/12/82 
4/1k/82 
4/15/82 
4/17/82 
4/24/82 
4/26/82 
4/29/82 
5/5/82 
5/7/62 
5/8/82 

5/12/82 

5/12/82 
5/13/82 
5/14/82 
5/15/82 
5/i6/82 
5/17/82 
5/18/82 
5/19/82 
5/20/82 
5/31/82 
6/10/82 
6/29/82 

Table 15 

Gas and O i l  Bled or (injected)(A) 

de l l  2 Well 2A 
Gas O i l  Gas oil 
(C) bbl (C) bbl 

600 

- 
? 

Did a gas bleed each day thru 5/12/82 
small quantities of gas and oil .  
2, 2A, 4 appear to  make no gas or o i l  
at  pressures above 440 psia on t he  brine. 

htes for Table 15 
A. Does not include & or Brine. 
b. Pressure drop due to gas bleed psi .  
C. Cubic ft o f  gas a t  STP. 
0. LQed &om pipe indicating a hanging string leak. 

Well 5 
Gas O i l  
(C) bbl 

Kick -- 
Kicks -- 
Kicks -- 
V e n t  -- 
500 0 

2000 -- 
Did a gas 
bleed each 
day t h r u  
5/21, Got 
zero o i l .  
Gas was about 
500 ft3/day 
a t  200 p s i  
brine. 

-- -- 
-- -- 
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Hell 
mte - 

4 
41'2 

97 
3 

5 
4/8 

- -- 

- 
-- -- 
99 

5 
4/30 

7 
2 

90 

- 

2 
4/7 - 
. .  
35 
61 

4 
4/7 

90 
8 

5 
4/9 

- -- 

- 
-- 
2 

97 

5 
5/1 

6 
2 
92 

- 

Table 16 

Gas Sample Analyses 

2 2 2A 2A 2A 2A - 4/14 4/26 ---- 4/7 4/14 4/19 4/26 

1 1 
22 26 
74 71 

1 11 15 15 
64 74 17 22 
32 14 67 62 

5 5 5 5 5 '  5 5 
4/12 4/21 4/23 4/26 4/27 4/28 4/29 - -  

-- 3 9 9 6 
2 100 1OG 3 3 3 3 

97 -- -- 92 87 88 91 

-- -- 

5 5 5 
5/13 - - 5/2 5/3 

6 8 a 
1 1 1 

93 90 91 

Note: Samples contained small quantities o f  ---anes. Valves a l l  rounded 
to nearest whole number. 
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Table 17 . 

4/3 

1 -  

I 
I 

4/4 

4/5 

4/6 

4/7 

418 

4/9 

4/12 

Tinre 
1500 
wK3 
1700 
1800 
1900 
2ooo 
2100 
2#)(3 
2300 

lxlo 
1600 
1800 
2ooo 
2200 

ooo(3 
MOO 
0900 

1500 

1400 

1400 

Brine Removed from Cavern 4/2 - 4/12 

bbl Test Hour 
m 2  
2614 400 
3372 
4387 

6224 404 
7190 
8033 
89g0 

-- 

9752 
10301 
10955 
11951 
12630 
13288 
13857 
14596 
15177 
15777 
16631 

16747 
18563 
19380 
20065 
20733 

22464 
22834 
22036 

22270 
22321 
22403 
22481 
22957 
23636 
23872 

416 

448 

472 

496 

24387 
24735 
24922 51 3 

25834 

26463 milled Thru #5 Plug 

2 a m  



Time 

1425 
1500 
1530 
3.600 
1630 
1700 
1730 
1600 
1830 
igoo 
1930 
2000 
203G 
2100 
2130 
2200 

- 

Table 17 (cont'd) 

Brine Injected into Cavern 4/14 

- bbl psi 

0 15 
975 22 
1882 36 
2761 50 
3636 63 
4495 75.8 
5331 88.8 
6180 100.7 
7028 112.7 
7884 126.8 
8696 139.6 
5594 152.4 692 
10422 165.1 
11305 177.4 
12126 189.5 
12988 200.2 

Test Hour 

685 

This plots as a straight l i n e  
12126 - 975/&9.5 - 22 = 11151/167.5 = 67 bbl/psi 
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CASING 
PROFILE 

DEPTH 
BELOW B.H.  

16" CONDUCTOR CASING 

1 3  3/8" SURFACE CASING 
SET AT 563'  

SET AT 772' (B.H.)  

I 
I 
I 10  3/4" INTERMEDIATE CASING 

LJ SET AT 1 , 5 7 0 '  ( B . H . )  I 
I 

8 5/8" PRODUCTION CASING 
SET AT 1 , 8 2 1 '  (B.H.) 

32 LB/FT - K55 
,I 

ROOF 2447'  I 
I 
I 

5 1/2" HANGING STRING 
I 

J 
I (REMOVED) 

AT 3 ,062 '  (B.H.) 

FIGURE 2 .  AS-BUILT CASING DIAGWi 

SPR 2CWOI SULPHUR MINES 

FROM m F  8 



K.B. AT 34.5'  MSL 20' 
B.H.  AT 14 .8" MSL 

Li 22"  H O L L  

17 1/2" HOLE 

9 7/8" HOLE ~- 

DEPTH BELOW K.B. 
I 1 1  
I I 1 30" DRIVEN CASING 

16 " FIRST INTERMEDIATE !k6 66 C+SICG 

13 3/8" SECOND 
CASING 

, I  1,691' 

FIGURe 3. AS-BUILT CASING DIAGRAM 
S P R  RE 2 A  SULPHUR MINES 

I 10 3/4" PRODUCTION CASING 
45.5 LB/FT 

7 "  HANGING STRING 
2,464 ' TOP CAVERN ROOF 
2445 B . H .  
" HANGING DILUTION 
STRING 2 , 7 2 7 '  REMOVED 
,769' BOTTOM OF 
7" HANGING STRING 

FROM REF 9 
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*BY OTHER THAN WILLIAMS-FENIX & SCISSON 
COMPLETE INFORMATION NOT AVAILABLE. 

7 
A 

NOTE : 

ALL MEASUREMENTS ARE 
FmM BRADENHEAD FLANGE. 

A 

m I 

I 

16 " CONDUCTOR* 
819' 

13 3/8"* 
SURFACE CASIES 

- 1 , 1 6 4 ' *  

- 10 3/4"* 
INTERMEDIATE CASING 

L- 1,640'* - 8&8; PRODUCTION CASING 32 

h-1,788t 

2 , 6 4 5  I.' TOP OF CAVERN 
/ 

- - -  L- -- - 5 1/2"-€IANGING STRING 

- 3,07Q 
3,090 BOTTOM OF CAVERN . 

FIGURE 4 .  AS-WILT CASING DIAGRAM 
SPR 4 (WO] SULPHUR I"lINES 

FROM REF 11 
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*BY OTHER THAN WILLIAMS-FEN= 6 SCISSON 
COMPLETE INFORMATION NOT AVAILABLE 

CEMENT PLUG 
FROM 1570' 
TO 18% ' (R.H.. 1 
I N  1981 

'1 TOP OF SIUT 1564' 
1 3  3/8" SURFACE CASING* 
1,574' 

4 1/2" PRODUCTION CASING* 
L 1,710' 

169Q B.H.  

ASSUMED DISTANCE FcWM 
K.B. TO B.H. IS 20' 

FIGURE 5 .  AS-BUILT CASING DIAGRZLY 
SPR 5(WO] SULPHUR MINES 

FROM REF 13 
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Ihe W-P scales were not frtnctional. 'Ihe volume from the 
caliper is 3.1 &/ft using a 24-inCri hole. A plot 02 nitrogen 
pressure vs rime is a straignt line fmn 440 psi to 1184 ps i  wh ich  
ver i fhs  tne desired constant p m p  rate. zhe interface mvment in 
the casing was about 12.5 ft/minute and the interface mvemmt in  
open imle was about 3.6 ft/min. Using ti= ratio of 12.5/3.6 times 
the 7.921 diameter of 8 5/8 - 32 Wft casing gives a hole diemeter 
of 27.5 incnes. Ihe assuned hole diameter w i l l  be (24 + 27.5) .SO = 
25.75 inches and a specific volume of 0.644 bbl/ft. 

weil 2~ 

In casing: 
Deptn range selected = 1700 to 1760 f t  
N2 might = 10020 - 9876 
N2 ml (STP) = 144 x 13.8 = 1987 f t3  
Average N;! pressure = Pavg (bf if& 
Pavg = 1224 + 1224 (l.ooOo3082) i 2  - 1258 si 

N2 Vol- per foot of casing - 23.2/60 = 3 8 7  ft3/ft 

144 lb 

N2 V o l e  in we11 = 1987 x 14.7/1258 = 23.2 f t  $ 

Ihe Helliburtm book gives .2727 f&ft for this casing, 
tnerefore, tbe N2 calculatim indicates too mch N2 by a factor 
of .387/.2727 = 1.42. 'merefore, to  get boreble  lune fran the 
N2 nreamaements, the value will be divided by 1.42 for this test 

In open mle: 
Nn. 

Depth range selected - 1850 t o  1930 f t  
N;! WeieJnt = 10186 - 98% 31 336 lb 
N2 Voluae (SIP) = 336 x 13.8 = 4637 f t3  

Pavg = 1224 + 1224 (l.ooOo3082)1890 /2 = 1261 ps i  
N2 Voltgle in ell = 4637 x 14.7/1261 = 54.1 ft3 
Borehole Volune = 54.1/8Oft x 1/1.42 = .476 ft3/ft 

zhis value m l d  result fran a hole diamter of about 11.6 
iacbes. Ihe caliper log shows about a 2:.6 inchdiameter. 
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wel l  4 

In Casing: 
Depth range selected = 1700 to 1780 ft 
N2 weight = 10162 - 10036 = 126 Ib 
Id2 V o l m  (SPP) = 126 x 13.8 5 1739 f t 3  
Pavg = 1222 + 1222 (1 .00003082)~~~ /2 = 1256 psi 
N2 Volume i n  w e l l  = 1739 x 14.7/1256 = 20.3 f t3  
32 volume per foot of casing = 20.3/80 = -254 ft3/ft 

The IIalliburton book gives .1772 ft3/ft for th i s  casing, 
therefore, the N2 calculation indicates too mch Q by a factor 
of .254/.1772 = 1.43. Therefore, to yet borehole volume from the 
t+l2 measurements, the value w i l l  be divided by 1.43 for th i s  test 
run. 

In open hole: 
Depth range selected = 1870 - 1930 = 6U ft 
N2 weight = 9222 - 8616 = 606 lb  
N2 Volume = 606 X 13.8 = 8363 ft3 
Pavg = 1222 + 1222 (1.00003082)1900 /2 = 1259 psi 
N2 V o l u m  in  well = 8363 x 14.7/1259 = 97.6 f t 3  
Borehole Volume = 97-6/60 f t  x V1.43 = 1.137 ft3/ft 

This value would result from a hole diameter of about 15.5 
inches. The caliper log shows abwt a 17.5 inch diameter. 

. 
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APPENDIX I (C(3N'T) 

Leak rate calculations: 
pressure changes will cause the interfaces to move. TO 

eliminate any specific reading error, use the average pressure 
change: 

310.2 - 308.9 = + 1.3 
314.1 - 312.2 = + 1.9 
1219.5 - 1222.2 = - 2.7 
1221.1 - 1220.9 = + 0.2 
1223.2 - 1220.4 = + 2.8 

delta Pavg = + 0.7 

2A Brine 
4 Brine 
2 N2 

2A N2 
4 N2 

well 2 1923 x 1222.2/(1222.2 + .7) = 1922 (measurt?? at 1913 ft); 

% lubricator fill in the slick hole will mve the 

interface about 1 ft. A faulty valve closure on this well 

caused a bleed of 4 psi which is equal to 6 ft of 

interface movement. Therefore, the 1922 should really be 

1922-7 1915 ft. 

well 2A 

well 4 

1916 x 1220.9/(1220.9 + .7) = 1915 measured at 1915 ft 

1916 x 1220.4/(1220.4 + .7) = 1915 measured at 1916 ft 

The calculated leak rates are: 

well 2 (1915 - 1913) ft x 3.62 ft3/ft x .178 &l/ft3 x 365 

& Y S / ~  X 1/(184 - 112) k/24 k/&Y 157 bbl/K 

Well 2A 1915 - 1915 = 0 ft 0 bbl/~ 

Well 4 1915 - 1916 = -1 ft 0 bbl/yr 
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1. oil 
Approximately 30 millim barrels of oil have been produced frail 
Ule outside of the salt at  Sulphur Mines. Possibly t w i c e  that 
rmch is still present in contdct with the edges of tne salt. 

The oil  and gas came through Oligacene sands which produce only 
on the S d  side of the dome. The Anahuac shale forms a seal t o  
hold the oil  which is broken by the salt intrusion and its 
associated active faults. The Miocene sands in  contact with 
the salt at cavern level are filled by vertical miyration. 
They produce all a r o m  the dome (E'iyure 11  but particularly 'on 
the southeast flank. The outside surface of the salt probably 
leaks o i l  (as well as gas) except where it overhangs the 
sands. Pew shale seals are kncun within the Miocene. 

No bottm-hole pressure data is available from any of the  
oil-prducing holes drilled close to  the caverns. 

lA SoUtheastPlank 

me salt edge next to the wing of cavern 4 is the best Miocene 
o i l  production anywhere around the done (Figure 1). The oil is 
trapped by the largest, and possibly deepest overhany (salt 
reentrant) (Figure 2). 

The newest oil w e l l ,  947, was q l e t e d  kn January 1980 (Figure 
2) in the E sand, a tight, limy zone of tile usually mineralized 
soil at the salt edge. After the gas w a s  blown out and flared, 
the w e l l  finally made a few barrels of oil  per day on m. 
Beyond the north end of t h i s  overhang, near well 9U6, o i l  has 
not been trapped as wel l  and has migrated upard into the 
caprock, aonbrniMthg the sulphur i n  w e l l  S-1. "his black 
sulphur probably contains 1.0% oil (J. Gabriel, pers. cam.). 

The oil i n  the caprock at sulphur w e l l  S-1 thus probably 
represents the north end of the salt overhang which seals the 
relatively-large Miocene aecumlation i n  863 and surrounding 
wells (Figure 2). 
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The oil wells closest t9 the overhang had the follminy surface 
pressures in addition to brine heads of 9.6 &/gallon in sands 
at cavern wing level: 

- well Static (Casing) Pressure 

882 
881 
863 

521 psi 
590 
585 

The last of these wells, 863, produced over half a million 
barrels of oil from this sand, the main Miuzene D. Well 881 is 
standing open, still tu11 of oil, bubbling to the surface when 
its tar seal is broken. Me11 882 produced almost no oil. 

~n oil sand was encountered at the salt/caprock interface when 
drilling brine well (cavern) 5. Well 798 was completed in this 
location high on the dome. Well S-2 was also cqleted in the 
zone imnediately above the salt for 16 barrels per day 20% 
water. 

best Side 

There is prolific oil production from wells 940, 941, and 442 
opposite cavern 7, from both Miocene and deeper Oligocene 
sands. Since these caverns show nearly norrttal behavior on 
pressure test, the detailed data 011 surrounding sands is not 
presented here. 

Rest of Dorile 

A new well 946 just north of cavern 6 along the west side was 
ca;lpleted as a good oil well by directionally drilling dawn 
alowj the edge of the salt. No serious threat of comnunication 
to the cavern is found this far north around the done. 

Gas 

Large quantities of gas have been produced from the outside of 
the sdlt at Sulphur Mines. 
present in contact with the edge of the salt. As hydrocarbons 
migrate up along the edge of the salt, the gas and oil tend to 
separate forming gas caps in the upper ends of the sands 
against the salt. This 'attic" gas is difficult to produce and 
expands as the oil is depleted. 

Even larger quantities are still 

Even where the edge of the salt is tight to oil, gas leakage 
my be observed. The water wells at Sulphur Mines Dome were 
first observed to be gassy before oil and sulphur production 
began. 

128 



Large aQIxult8 of gas are dissolved in the oil, both inside and 
outside the salt. Without evidence frm successful 
Pressure-ItlainteMnce, the salt apparently is not gas-tight, 
although it traps oil. It m y  even be Weakenect sy oil 
production. 

The history of gas production in the C and D SaClEts of the 
Miocene is confused by the absence of data. All of the Union 
Texas Petroleum wells were coupleted as oil  wells with a small 
water cut but there are no caapany recorus of -/oil ratio or 
wlum of gas actually produced, sane of the wells are known 
to have produced gas for use in the plant. since no pressure 
maintenance was instituted in the production of the oil field, 
the lawer portions of each sand would be subject to water 
encroaclnimt, but the upper end of each sand filled with 
expanded gas. PEG, in their brining operations at this site, 
has encountered so mch gas that they decided some years ago. to 
keep gas pads on all the caverns, since it allows them to gas 
lift brine, and a gas cap w i l l  eventually ?Ways form in a 
leaky cavern: any oil or brine leak to the outside of the dome 
will equilibrate with an inward counterflow of gas. The extent 
of the gas cap in Mst of the Miocene sands is unknown since 
the gas w a s  blown off and flared to produce oil. Only wells 
940 thru 947 have dual-neutron logs which allow differentiation 
of gas frm oil. 

The gas pressure in priocene satxk is probably highest under the 
salt overhang next to Cavern 4, The wells closest to the salt 
here produce gas: 881 open and gassy, 882 abandoned as a gas 
well. 

Cavern 5 has made gas since drilling while in cavern 4, gas 
dissolved in the blanket oil. 

In the main sand opposite the cavern wing, well 882 had a final 
gas-oil ratio of 280 which is relatively lcw, although 
virtually no oil was produced. on wells 906 and 767, permits 
were issued for gas injection w i t h  no record of operation. 

A gas urn@ was recognized on the dual neutron loy and sidewall 
core in the top of the new pay in well 947, the mineralized E 
sand. 

. 

28 West Side- 

Brine well lA is making gas at same 4 CPD. 
PPG 15 has been redud w i t h  oil in the annulus into which it 
is probably dissolving. 

The gas cominy into 
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cas production data is liniited to: 

Union Texas (Allied) 
well # - Date Production Records - 
944 1979 gas at 2100 psi a t  6927 f t  depth 

rmde about 1/2 MCFD 

(A secondary recovery permit w a s  issued) 

935 workover 
2/80 gas p. 3670 flowing W 1200 ii made 

sand (Cut valves) 

This recent well, 935 had a blowout in  February 1980 which may have 
fed both flanks of the dore. 
D sand a t  high overpressure until it sanded out. 
cemented into the Miocene sand. 

It blew Frio gas into the MiOCene min  
1%e pressure was 

Significant quantiYes of methane CH4 and carbon dioxide 0 2  
have been found in  the new brine w e l l  drilled for PPG on the west 
side of the  dace beside Allied U. Apparently the  total  amount of 
gas bled from wells 13/15 is a t  least a standard MCFD. The 
nearly-pure CH4 m i l e d  from these wells on 2/4/81 is typical of 
gases from South Louisiana domes. Anything else is anomalous. The 
16% cO2 saripled on 7/11/80 and 10% on 3/6/80, are difficult t o  
explain. 

The only known sources of CD2 are in  the caprock (ayain pointing 
to the leak at the  top of cavern 5). 

1. Product contamination i n  Allied caverns 1 and 2. This has been 
observed in  the  past. However, it inplies comnunication past 
caverns 6 and 7 a l l  around or over the dome. 

The second sample taken on 2/4/81 also contained a small 
propane anmly ,  .07k vs only .04% ethane. If the gas came 
frcm oil-proilucing sands against the salt, possibly repressured 
by well 935, then .04% ethane is rxjrnlal but no more than .02% 
propane can occur with it. The excess propane my  come from 
the product known to have been stored in  caverns 1 and 2 by 
Allied. Since the  other sample taken a t  the sane the showed 
M) ananalies, replication is needed before drawing any 
conclusions. 

2. Accumulation in  the caprock. This implies sulfate-free lime 
zones i n  contact with the salt, which are cornRon on North 
Louisiana domes, but unkiiwn i n  the South. 



RPI;, by filling tne atmulus w i t h  oil, has deferred free gas at 
tnewellhead. It is ckubtid - t h a t t h e y ~ S t o p P e d i t .  

1. Pressure test: not readily caupumble w i t h  these tests. 

2. well data: 
prolpss 140 + 50 ft. Additiaral dip data and estimates 

frcmp oil aad gas pr&tioo, caupter model in 

from equatioti-of state being iacluQd. 

3. CEossnole seiapsic stmting rnder Coosideraticm (accuracy + - 
10-20 ft), (could be up to 70 e). 
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a 

. 
Well 4 

289 - 272 +17 
287 - 275 3 +12 
l.36 - 1368 5 -2 
& l U I m = S  

4 Pipe 
2A Pipe 
4 N;! 

Using the rate of the calculated i n t e r h  mDvement just after 
the log at 2292 on March 23 sod the associated pressure change, the 
inter* mc~vlement is 2 */day far a Leak rate of 40 bbllyr. 
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In 

Well 2 

casing: 
Depth ranye selected = 1700 to 1800 
N2 weight 5: 10500 - 10212 = 288 lb 
Nq V d U m e  (SIP) = 288 X 13.8 = 3974 

= 100 f t  

f t 3  
Acerage N2-pressure = pavg 
pavg = [1118 + 1118 ( 1 . 0 0 0 0 3 0 7 ) ~ ~ ~ ~ ~ / 2  = 1149 I;"i 
N2 V o l  per foot Of Casing = 50.8/100 = .508 f t  / f t  

The Haliburton book gives .3422 ft3/ft for  t h i s  casing, 
therefore, ule IJ2 calculation indicates too m c h  N2 by a factor 
of .508/.3422 = 1.48. 
NZ measurements, the value w i l l  be divided by 1.42 for this test 
run. 

Therefore, to g e t  borehole volume from the 

In  open hole: 
Depth range selected = 2200 to  2300 = 100 f t  
N2 weight = 10442 - 7264 = 3178 Ib 
N2 V o l u n E  (STP) = 3178 X 13.8 = 4356 f t 3  
Average N2 pressure = PaVY 
Pavg = [1347 + 1347 (1.0000307)22~]/2 = 1395 psi 
N2 volume i n  well = 4386 x 14.7/1395 = 462 f t 3  
Borehole volume = 462/100 f t  x W . 4 8  = 3.12 ft3/ft 
This value would result from a hole diameter of about 24 

inches. The caliper log shows about a 25 inch diameter. 

Leak rate calculation: 
Using an averaye brine pressure increase of 15 psi, the 
interface would have moved from 2310 to: 
2310 x 1368/(1368 + 15) = 2285 f t  
The leak rate would then be (2285 - 2274) x 3.12 x .178 x .365 x 
1/12 days = 186 bbl/yr 
Minus t h e  lo.ses due to lubricator f i l l i n g  and valve leakage. 

Well 2A 

 he leak rate calculations for w e l l  2~ w i l l  be repeated for t h e  
several tests t h a t  were run i n  between March 19 and May 31, 1982. 
1. %?st 3/19 through 3/31 with N2 
In casing: 

Depth range selected = 1700 to 1800 = 100 f t  
N2 weight = 12290 - 12054 = 236 Ib 
N2 Volume (STP) = 236 X 13.8 = 3257 f t 3  
Average N2 pressure = pavy 
Paw = [ l l la  i 1118 ( 1 . 0 0 0 0 3 0 7 ) 1 ~ ~ ~ ~ / 2  = 1149 si 

N2 volume per foot of casing = 41.7/100 = .417 ft3/ft 

The Elalliburton book gives .2727 ft3/ft for t h i s  casing, 
therefore, the  N2 calculation indicates  too much N2 by a 
factor of .417/.2727 = 1.53. Therefore, to yet h r e h o l e  volume 

N2 volume i n  w e l l  = 3257 x 14.7/1149 = 41.7 f t  5 
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frun the N2 IpeasurerentS, the value w i l l  be divided by 1.53 for 
this tes t run.  

In  open hole: 
Depth range selected = 2lou to 2300 = 200 f t  
N2 weight 5 10700 - 9460 = 1240 3l.1 
N2 volUOe (STP) = 1240 IK 13.8 = 1742  f t3  
pavlg = 11325 + 1325 (l.OMw)307)~J/2 = 1371 $' 
N2 v o l m  well = 17ll.2 x 14,7/1371 = 183 f t  
Borehole volume = 183/200 x 1/1.53 5 -598 ft3/ft 

This value muW result frtm a bole criameter of about 12.6 
inches. TtK caliper log shws about a 14 inch diameter. 

Isak rate calculation: 
For 3/19 to 3/22 

!&e brine pressure inrreased from 284 to 286 which would have ' 
moved the interface frat 2325 to: 2325 x 1380/(1380 + 2) = 2322 
f t .  The cIweplt)It was frapr 2325 to 2l46 = 179 ft from 1300 hrs 

hl/ft3 X 365 day/- X v2.83 day = 2416 hl/yr. 

'The brine pressure increased fran 2b6 to 291 wbicb would have 
moved the interface fraa 2380 to: 2380 x 1400/(1400 + 5) = 2372 
ft. The rn-t vas trcra 2380 to 2237 = 143 f t  frohi 1100 llrs 

3/19 tQ 0900 hrs 3/22. (179 - 3) ft x -598 f t3  f t  X ,178 

For 3/22 to 3/26 

3/22 to 1500 hrs 3/26. (143 - 8) X -598 X ,178 X 365 X 1/5.2 
1009 Ml/yr. 

Por 3/26 to 3/29 
%be interface ~ v e d  frm 2140 ft to 2157 f t  witich indicates that 
gas was entering the wel l .  

The brine pressure increased fran 290 to 294 which d d  have 
m a  the interface from 2380 to: 2380 x 1355/(l355 + 4) = 2373 
f t .  The rawenaMt was fran 2380 to 2275 = 110 f t  from 1600 W s  

For 3/29 to 3/31 

3/29 to 1700 h r ~  3/31. (110 - 7) X -598 X -178 X 365 X 1/2eO = 
2000 &7bl/yr. 

'Berefore, for brine pressures of about 290 psi and a N2 
interface about 2350 ft., the leak rate is from 1000 to 2400 
bbl/year plus any gas entry volumes. 

2. Test 4/26 thru 4/29 with N2 
The brine pressure increased frm 205 to 212 *id, would have 
w e d  the interface fran 2380 to: 2380 x 1320/(1320 + 7) = 2367 
ft.  The lirnre;urent was from 2380 to 2202 = 178 f t ,  from 1400 hrs 
4/26 to 0700 hrs 4/29. (178 - 13) X ,598 X -178 X 365 X V2.7 
day = 2374 ubl/yr. Plus any gas entry volwaes. 
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3. *st 4/29 thru 5/3 with o i l  
The hrehole volume is taken from data fror,i the following test. 
%e interface moved from 2440 f t  at 2130 hrs on 4/29 t o  2378 ft  
at &out 2100 hrs on 5/3. The change i n  brine pressure would 
have made a negligible change. The change in o i l  temperature 
from 7OOF on 4/29 t o  near 1269 on 5/3 should have mved the 
interface downward. The o i l  expansion would have been: (268 - 
A476 X 2440) bbl X 4.5 X 10'4pF X 560F = 3.8 bbl. 
gas entry into the w e l l  a t  about 200 psi can be estimated from 
the differences i n  pressure curve slopes and pressure drops when 
the gas is bled off. Using 120 ft3/day at  STP and an average 
well pressure of 1020 psi, the yas entry is approxinately 1.7 
ft3/day x 4 days x .178 bLl/ft3 = 1.2 bbl. Borehole volume 
fran 2440 to 2378 f t  is 268-255-.0476 x 62 = 10 bbl. Therefore, 
the oil  l e a k  rate is approximately: (10 + 3.8 + 1.2) x 365/4 = 
1370 bbl/yr at  brine pressures of about 200 p ia .  

The 

4. Test 5/13 Thur 5/31 with O i l  

5/14 
5/15 
5/16 
5/17 
5/18 
5/19 
5/20 
5/21 
5/31 

122 
101 
87 

102 
60 
55 
80 
59 

267 

21.5 
17.8 
15.3 
18.0 
10.6 
9.7 

14.1 
10.4 
47.0 

-98 
.98 
.99 

1.21 
.88 
.92 

1.01 
.92 

11.00 

8000 
6630 
5640 
5430 
4400 
3850 
5100 
4130 
1560 

795 
793 
792 
790 
789 

796 
788 

- - 

e 

. 

(1) %is is interface movement times the average volume in the 
lower portion of the hole of 0.176 bbl/ft. 

(2) VOlum? loss times 365 days/yr divided by elapsed time in days. 

(3) O i l  pressure after interface reset to 2440 ft. 

Therefore, for brine pressures of about 430 psi, the leak rate is 
about 4000 bbl/year with the oi l  interface near the cavern roof. 
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Hell 5 

In casing: 
Uepth range selected = 0 to 1820 = 1820 ft.  
N2 weight = 11384 - 10226 = 1158 lb. 
N2 V O ~ W  (STP) = 1158 x 13.8 = 15980 ft3. 
Average & pressure = Pavg. 
Pavg = [652 + 652 (1.oooO3)910]/2 = 661 p s i  
N2 volume i n  well = 15980 x 14.7/661 = 355 f t 3  
tu2 volume per foot of casing = 355/1820 = .195 ft3/ft. 
The volume of a 4 1/8 inch hole is .0928, therefore, the 
calculation indicates to0 mch % by a factor of .195/.0928 = 
2.1. Therefore, to  get borehole volune from the N2 
measurements, the value w i l l  be diviaed by 2.1 for t h i s  test run. 
The probable reason that th i s  value of 2.1 is higher than found 
for the other wells was the increased pump rate and t h e  associated 
aecreasecl 9 temperature. 

Depth range selectea: 1888 to  1898 = 10 f t  

N2 volume (SP)  = 2356 x 13.8 = 32513 f t 3  
kverage y Pressure = Pavg 
Pavg = [llO7 + 1107 (1.000033)1893]/2 = 1143 psi 
% volume i n  well = 32513 x 14.7/1143 = 418 f t 3  
mrehole volume = 418/10 x U2.1 = 19.9 ft3/ft. 
This value would result from a hole diameter of about 60.4 
inches. The 1979 sonar gives an average diameter a t  1893 ft of 24 
inches. 

Leak rate calculations for th i s  well must include consideration o f  

In open hole: 

weight = 10168 - 7812 = 2356 l b  

pressure changes, N2 temperature changes, and gas entry. The logged 
interface was 1898 f t  a t  2200 hrs on 4/15, 1894'ft a t  1100 hrs on 
4/19, and 1893 f t  a t  lo00 hrs on 4/22. 

from 4/19 to  4/21 so that the change i n  brine pressure from 4/15 t o  
4E.I was only 0.3 psi .  This wwla result i n  negligible interface 
movement we to  pressure changes. 
from 4/15 t o  4/21 shows a temperature increase from 9@F to 125of. 

The cavern pressure decreased from 4/15 to  4/19 then increased 

Calculation o f  the N2 dens i ty  

The total  volume of 4 ' n  the well on 4/15 was: 

11384 - lil19U + 10980 - 9950 + 12080 - 8150 + 12046 - 7812 = 1194 
+ u3xI + 3930 + 4234 = 10388 l b  
10388 x 13.8 = 143354 f t 3  STP 
Pavg = [lo99 + lo99 (l.ooOo33)1875]/2 = 1134 psi 
Volume i n  well = 143354 x 14.7/1134 = 1858 f t 3  
Volume should increase due t o  temperature: 
1858 x (460+125)/(460 + 90) x .178 = 352 bbl 

The log run on 4/15 fwnd the gas interface at 140 f t  after a bleed 
down 13 hwrs before. This volume of gas a t  well pressures is about: 
.OW x 140/13 E 1 ft3/hour. For the test duration of 132 hours t h i s  
is: 

. 
132 x .178 = 23 bbl of gas addition. 
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Leak rate is: 
(1898 - 1893) ft x 19.9 ft3/ft x .178 bbl/ft3 x 365 day/yr x 
U5.5 days + 352 bbl + 23 bbl = 1175 + 352 + 23 = 1550 bbl/year. 
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