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A TECHNOLOGY FOR INTE-GRITY TESTING OF IN SITU LEACH MINING WE LLS 
USING A SYSTEM OF INFLATABLE PACKERS 

By Jon K, Ahlness, 1 Stephen C. Gould, 2 and Michael G Poiar 1 

ABSTRACT 

The Bureau of Mines i nves tigated tech nologies f or t e sting the integ
rity of in situ leach mi ning wells , as required by env i ronmental regu
lat ions . To test for l eaks, i nf l at able packers we r e u s ed t o seal the 
well cas i ng . Laboratory test ing de te r mined t hat the pa cke rs could con
tain a ca sing pr e ssure up t o 50 to 60 psi (3 45 to 414 kPa ) less than 
t he packer inflat ion pre ssur e . Singl e - a nd doubl e - pa cker configura
t i ons were success f ully field-tes ted in 32 wel l s ranging f rom 500 to 
530 ft (153 to 162 m) in depth. A rigid pipe l ine and a hoist truck 
were used to r u n t he pa ckers i n and out of the wells fo r the double
p a cker tests, which a veraged 2-1 /4 h each . 

I n an effor t to decrease the time o f the r igid-pi pe doubl e -packer 
t est . a self -contai n ed trai l e r-mounted test s ystem was designed and 
built . It ut ilizes a winch and steel cab le t o run the packe r s in and 
o ut of the wel l and h igh-pressure nylon tubi ng f or packer inf l at ion. 
Thi s system was suc cessfully f i eld-tes ted i n eight we l ls averaging 650 
ft ( 198 m) in depth and resulted in a time savings of 13 pct and an 
operator-hour reduct ion of 42 pct . 

--_ .. _----
1Min~ng engineer, 
?Mechanical enginee~ . 
Twin Cities Research Center , Bureau of Mines , Minneapolis, MN . 
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INTRODUCTION 

The Bureau of Mines began conducting 
research in 1971 to develop improved in 
situ leach mining techniques and to mini
mize environmental risks. Major research 
areas include well construction tech
niques, computer simulation, reducing en
vironmental concerns, borehole mining, 
blasting to increase permeability, and 
economic analyses. A publication summa
rizing recent Bureau in situ mining re
search is avai1ab1e. 3 

As part of this program, the Bureau in
vestigated technologies for determining 
the integrity of in situ leach mining 
wells using a system of inflatable pack
ers. This report describes the labora
tory and field testing of such packers 
and the field testing of a complete well 
integrity testing system. 
~ In situ leach mining is a selective 
mining technique whereby the ore mineral, 
which has not been transported from its 
geologic setting, is preferentially 
leached (dissolved) from the surrounding 
host rock by the use of specific leach 
solutions and the mineral value is recov
ered. Commercial application of the 
technique to recover uranium has been 
used in Texas and Wyoming and is dis
cussed in a previous Bureau of Mines 
publication. 4 

All current in situ uranium mining op
erations use injection wells to introduce 
leach solutions to the ore. State and 
Federal regulations require that these 
wells be integrity-tested (pressurized) 
to prove that they do not have leaks, 
which could cause excursions (movement of 
leach solution away from the well field) 
in aquifers overlying the ore zone. This 
means that well integrity testing is a 
regular part of the well field construc
tion phase. Some States also require 

3U.S. Bureau of Mines. In Situ Mining 
Research. Proceedings: Bureau of Mines 
Technology Transfer Seminar, Denver, 
Colo., August 5, 1981. BuMines IC 8852, 
1981, 107 pp. 

4Larson, W. C. Uranium In Situ Leach 
Mining in the United States. BuMines IC 
8777, 1978, 87 pp. 

retesting at certain intervals. The 
Wyoming Department of Environmental Qual
ity (WDEQ) 7 for instance, requires re-
testing every 5 yr of use. 5 

It is important to detect well failures 
for both operating and environmental rea
sons. Besides ground water contamina
tion, casing leaks might result in exces
sive costs for leach solution reagents, 
10y1 mineral recovery, and low-grade preg-
nant solutions. 

The Nuclear Regulatory Commission (NRC) 
and WDEQ specifications for well integ
rity testing are not well defined c NRC 
regulations state that the well casing 
must be pressurized to its maximum po
tential injection pressure, isolated from 
the pressure source, and monitored for 
10 to 30 min. If the pressure does not 
drop more than 5 to 10 pct, the well is 
deemed acceptab1e. 6 The WDEQ is in the 
process of formalizing its regulations, 
but for the present it is following NRC 
guidelines. 

Before integrity testing regulations 
were in effect, wells were checked for 
damage with caliper and resistivity logs, 
and downhole television cameras. In or
der to integrity-test a well, the casing 
must be sealed at the top and bottom. 
Current methods of bottom sealing uti
lize a cement seal in wells that are not 
screened or perforated. A single inflat
able packer on a string of pipe is used 
to bottom-seal wells that are screened or 
perforated. Top sealing is most commonly 
achieved with modified well caps that 
fit onto the casing. These methods · are 
either time consuming or not suitable for 
isolating casing leaks. 

A well integrity testing system utiliz
ing two inflatable packers to seal the 

5Wyoming Department of Environmental 
Quality, Land Quality Division. Rules 
and Regulations. Ch. 21--In Situ Mining, 
sec. 3(C)(6), Mar. 1981, p. 167. 

6U. S • Nuclear Regulatory Commission, 
Uranium Recovery Licensing Branch. 
Groundwater Monitoring at Uranium In Situ 
Solution Mines. Rep. WM- 8102, Dec . 1981, 
p. 33. 



ends of a casing and a steel cable- winch 
system to run them in and out of the well 
would be quicker to use and would make it 
possible to isolate leaks. The majority 
of commercially available packers are de
signed for use in oil wells. They are 
built for use at great depth in a variety 
of hostile environments and are posi
tioned, set, and released through drill 
pipe manipulated by a drilling rig. 

3 

Integrity testing of in situ leach mine 
wells is not as demanding on a packer. 
Typical depths of 1,000 ft (305 m) or 
less and a ground water environment mean 
that shorter, lighter, less expensive 
packers designed for plastic and fiber
glass casing can be used. The Bureau 
purchased inflatable packers of this type 
and incorporated them into a self-con
tained well integrity testing system. 
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INFLATABLE PACKER DESCRIPTION 

The inflatable packers tested are shown 
in figure 1. They were manufactured for 
the BureaU by Paul Properties, Inc.,7 of 
Houston, TX. Similar packers from other 
manufacturers may also be available. The 
overall length of each is approximately 
18 in (457 mm). The inflatable rubber 
packing element is about 12 in (305 mm) 
long, is 3.75 in (95 mm) in diam when de
flated, and is mounted on a 1.25-in (32-
mm) diam steel pipe. The packers are de
signed for use in 4- and 4.5-in (102- and 
114~) diam nominal-size casings. 

The upper and lower packers are built 
slightly differently. Besides the 1.25-
in (32-mm) diam central steel pipe common 
to both packers, the upper packer has two 
0025-in (6-mm) diam stainless steel tubes 
entering the top, one of which goes com
pletely through and exits through the 
bottom. The flowchrough tube and Lhe 
central pipe of the upper packer can be 
used interchangeably as the water pres
sure line and the lower packer inflate 
line. The other tube entering the upper 
packer is used for its inflation. 

7Re ference to specific products does 
not imply endorsement by the Bureau of 
Mines. 

Woler pressure 
flowlhrough line 
0.25 - in diam 

Ftaw
through 
line 

wer packer 
inflation line 

Upper packer 
inflation line, O.2S-in-dlam 
tubing 

Co 

lower packer 

Inflation line 

FIGURE 1. . Inflatable packers: left, upper 

packer; right, lower packer. 
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Wi th the packe rs inside the well cas
i ng , ni t rogen under pre ssure is applie d 
t o t he t wo inflation lines. This causes 
the rubbe r packing elements to expand 
until t hey contact t he inside of the 

casing, formi ng a s eal. Wa ter pressure 
can then be built up between the pa cke r s . 
The maximum operat i ng or inf lation pres
sure is 650 psi (4, 480 kPa ). 

PACKE R TESTING 

The packe rs were t es ted in both t he 
laboratory and the f ield. Laboratory 
t esting was done t o determine the maximum 
holdback pressures (the maximum pressure 
t hat ca n be maintained between the in
f lat e d packe r s without leakage a round 
them) fo r a range of i nflation pre ssures. 
Field t esting was t hen done i n we lls at a 
s ite i n Wyoming. 

LABORATORY TESTS 

Procedure 

Laborat ory tests with t he do uble - packe r 
system were conduct ed i n s hort pie ces ( up 
t o 10 f t (3 m» of unconfined well c as
i ng, which was mounted in a nearly v e rti
cal pos ition. The purpos e of these tests 
wa s to deter mi ne the ability of the pack
ers to contain press ure i n well casings 
for diff e rent packe r pre ssures. 

Three sets of tests were run , t h e fi rst 
t wo in 4-in ( 102-mm) lD polyvinyl chlo
ride (PVC) casing and the third in 4 .33-
in (11 0-mm) ID f ibergla ss casing . The 
packers were connec ted togethe r with 
steel pipe , whi ch prevente d them fr om 
mov i ng apart during t h e test and se r ved 
as the l owe r packer i nf lation line. The 
pipe length wa s diffe r ent for each of 
the t hree sets o f tes ts. The resulting 
leng ths of open c asing between the i n
flated r ubber packer e lements f or t h e 
t h r e e sets of t e s t s were 7 i n ( 178 mm) , 
5.5 f t (1.7 m), and 7 f t ( 2 . 1 m), 
r espectively. 

The test procedur e was the same fo r al l 
thr e e s ets of tests. First t he packers 
were connec t ed toge the r and all fi t tings 
were checked fo r l e aks. The packe r 
string was then placed in the piece of 
well casing . Th e ImV'er pa cke r was in
flated to t he desired pres s ure f r om a 
nit r ogen tank, the casing a bove i t was 
f illed with wa t er , and the u ppe r packer 
was i nflated to t h e s ame pre s s ure a s t he 
lower. Figure 2 i s a s c hemati c drawing 
of this tes t system in a f i eld s etting . 

The wat e r be tween the packers was pres
surized with a bladder accumulator and a 
ni trogen tank . An accumulator is an ap
paratus f or storing fl uid in a hydraulic 
system to assure a constant supply at the 
wo rking pr essure , and t he bladder inside 
i t preven t s nit r ogen from entering the 
c asing . The water pressure was i n c reas e d 
until water obvious l y l e aked a round the 
packe r s . Thi s happened when the water 
pressure became about 20 psi ( 138 kPa) 
l e ss t han the packe r inflation pr essure . 
The valve be tween t he acc umulat or and the 
u pper packer was t hen closed , a nd the 
water pressure was allowed t o stabilize. 
Stabil ization t yp i cally t ook 1 h , at 
wh i ch point a water p res s ure read i ng wa s 
taken . This was determined to be the 

Upper packer 

Cement 

ORE ZONE 

Pipe 
connecting 
packers 

Casing 

" ~ La'cler packer 

FIGURE 2. - DOUble -packer test conf iguration . 



mC'.ximum holdback pi'essure . Maximum hold
back pressures were determined for packer 
inflation pressures rangiRg from 100 to 
350 psi (690 to 2,400 kPa), inclusive, 
for all three sets of tests. 

Results 

The results from all three sets of lab
oratory tests are shown in table 1. They 
are similar for each set of tests, which 
indicates that packer spacing and small 
differences in casing diameter have lito . 
tIe or no effect on the maximum holdback 
pressure. The resiliency of the rubber 
packer element requires an inflation 
pressure greater than the pressure de
sired for the well integrity test. From 
the test data, it can be seen that this 
pressure differential is about 60 psi 
(414 kPa), or in other words, the maximum 
holdback pressure is roughly 60 psi (414 
kPa) less than a given packer inflation 
pressure. Therefore, when well integrity 
tests are run, the packers should be in
flated at least 100 psi (689 kPa) more 
than the required well test pressure in 
order to include a safety factor. This 
is consistent with the recommendations of 
the manufacturer. 

FIELD TESTS 

Test Site 

Field testing of the packers was con
ducted at the Uranerz U.S.A., Inc., Ruth 
in situ leach site near Linch, WY, about 
65 miles (105 km) northeast of Casper 
(fig. 3). The uranium leaching site, 
currently in the research and development 

Ruth ISL site ;l 

Cosper. 

WYOMING 

o 50 100150 
iIjM t"""""I 

Scale, mites 

-Crow Butte 
Project site 

N 

6 

NEBRASKA 

FIGURE 3. - Locations of field test sites. 

TABLE 1 . - Laboratory test results : 
maximum holdback pressure, 
pounds per square inch 

Packer 4.00-in-ID 4.33-in-ID 
inflaticfl PVC casing fiberglass 
pressure, 7-in 5.5-ft casing, 

psi spacing spacing 7-ft spacing 
100 55 40 33 
125 69 NT NT 
150 91 87 NT 
175 119 NT NT 
200 140 140 140 
2£5 170 NT NT 
250 191 190 NT 
275 218 NT NT 
300 242 246 240 
325 266 NT NT 
350 290 301 NT 

NT No test was run. 

stage, has 32 leaching wells arranged 
in 7 interconnected 7-spot patterns (fig. 
4). They range from 500 to 530 ft (153 
to 162 m) deep and are cased and cemented 
through the ore zone with 4.33-in (110-
mm) ID fiberglass well casing. The 
wells were not perforated at the time of 
tes ting. 

o o 

o o 

o o o 

KEY 
o Injection well 
o Recovery well 

FIGURE 4. - Ruth site well pattern. 
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The maximum potential injection pres
sure at the site was 200 psi (1,379 kPa). 
The pressure drop and time period used 
for testing were 5 pct and 10 min, re
spectively. These figures are within NRC 
and WDEQ guidelines. This meant that the 
wells could not lose more than 10 psi (69 
kPa) during the 10-min test in order to 
be acceptable. 

Procedure 

Two types of well integrity tests were 
run at the site: single and double pack
er. Single-packer tests use only the up
per packer positioned just below the top 
of the well casing. This test is limited 
to use in cased and cemented wells that 
are not screened or perforated. The 
double-packer test configuration is shown 
in figure 2 and can be used in any cased 
and cemented well. 

Single-packer tests were run first. 
The test procedure was to fill a well 
with water, place the upper packer in the 
casing below the belled end (this re
quired an extension pipe on the top of 
the packer), inflate the packer to 300 
psi (7,068 kPa), and pressurize the water 
in the well to 200 psi (1,379 kPa) on a 
surface gauge. After a 3-min stabiliza
tion period, the valve from the accumula
tor to the well was closed and the well 
pressure was monitored for 15 min. The 
gauge used to monitor the water pressure 
in the well casing was graduated in 2-psi 
increments and was accurate to ±1/2 pct 
at full scale. The test apparatus is 
pictured in figure 5. A single-packer 
integrity test can be completed in 20 to 
30 min. 

The only problem that was encountered 
with the single-packer tests was keeping 
the packer in the well. The pressurized 
well water forced the packer up and out 
of the casing. This was remedied by 
physically restraining the packer with a 
modified threaded well cap, as shown in 
figure 5. 

The double-packer integrity testing 
procedure was to run the lower packer 
down the well on 0.56-in (14-mm) diam 
high-pressure stainless steel pipe (13-
to 16-ft (4- to 5-m) sections) to the top 

FIGURE 5. - Single-packer field test. Arrow 

indicates modified well cap. 

level of the future well perforations; 
the upper packer was attached to the pipe 
string and then lowered into the casing 
just below the belled end. Packer spac
ing was almost the entire length of the 
well. Pipe handling was done with a 
hoist truck (fig. 6) and was fairly time 
consuming. (Trip-in time to 500 ft (150 
m) typically took about 45 min and trip
out time about 30 min.) 

The lower packer was then inflated 
to 550 psi (3,792 kPa), the casing was 
filled with water (if it was not already 
full), and the upper packer was inflated 
to 300 psi (2,068 kPa). (The lower pack
er was inflated an extra 250 psi (1,724 
kPa) to take into account the 500-ft 
(150-m) water pressure head.) The water 
in the casing between the packers was 
p£essurized to 200 psi (1,379 kPa) on a 
surface gauge a nd allowed to stabil
ize for 3 min before the valve from the 



FIGURE 6. " Hoist truck lowering packer into well. 

accumulator was closed. Casing pressure 
was then monitored for 15 min. 

If a large drop in pressure occurred 
(indicating a leak in the casing), sev
eral pipe sections between the packers 
were removed to decrease the spacing and 
raise the lower packer. The test proce
dure was then repeated. If a large pres
sure drop occurred again, more pipe was 
removed and another test was run. This 
process was repeated until the pressure 
remained at or near the initial level. 
The location of the casing leak (or up
permost leak if there was more than one) 
was then approximately known from the 
depth of the lower packer. 
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When the water between the packers was 
pressurized, the upper packer would rise 
about 2 or 3in (51 or 76 nnn) because of 
pipe and joint tensioning; however, even 
though the packer moved, no leakage oc
curred around it . The only problem in 
the double- packer tests occurred when the 
joints in the pipe between the packers 
leaked . This caused the casing pressure 
to increase during a test and required 
extra time to find and correct the 
problem. 

The double-packer tests were run with a 
three-person operating crew: one to op
erate the hoist truck controls, one to 
connect and disconnect the pipe at the 
pipe rack, and one to handle the pipe 
wrenches to make and break pipe joints. 
This was probably the most efficient man
ner in which the rigid-pipe system could 
be handled. When no problems were en
countered, double-packer test time aver
aged 2-1/4 h in these wells, which had an 
average depth of 503 ft (154 m). This 
time does not include any casing water 
fill timeD Since the wells were not 
screened or perforated, they were all 
filled in advance. A two-person crew 
could operate this system, but efficiency 
would decrease, resulting in a longer 
time necessary to complete a test (proba
bly an additional 20 to 30 min). If only 
one person were to attempt to run a test, 
a tremendous inefficiency would result 
and probably limit integrity testing to a 
single well per shift. 

Results 

Single-packer tests were run on 27 of 
the 32 leaching wells at the site. The 
other five wells were known from water 
level monitoring to have leaks. Well 
numbers and casing pressure information 
for the single-packer tests are shown in 
table 2. The WDEQ and NRC guidelines for 
well integrity (maximum 10-psi (69-kPa) 
drop in 10 min) were met in 21 wells but 
not in 6: wells 13, 16,18, 20, 21, and 
22. 

Those six wells along with four of the 
five wells with known leaks r,lere then 
tested using the double-packer system. 
The casings in 8 of these 10 wells weI.e 
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TABLE 2. - Single- packer testcesults: casing pressure, 
pounds per square inch 

(Casing pressure at 0 min 200 psi) 

We ll I 5 min 10 min 15 min Well I 5 miT' 10 min 15 min _ . 
4 •••••••••••••• 198 195 193 19 ••••••••••••• 199 198 197 
5 •••••••••••••• 199 198 197 20 ••• •••••••••• 182 176 173 
6 •••••••••••••• 198 196 196 221 ••••• •••••• •• 144 J41 140 
7 •••••••••••••• 198 196 195 22 •.• •••••••.•• 190 182 175 
8 •••••••••••••• 199 199 199 
9 •••••••••••••• 198 197 1.96 23 • ••.. . .•• • . •. 198 198 198 
10 •••••••••••• • 200 199 197 24 • •. • ••••••••• 199 198 197 
11 ••••••••••• •• 197 195 192 25 •••••••••••• . 198 196 194 
12 ••••••••••••• 197 195 194 26 ••••.•••.••• • 198 196 194 

27 ••• •••••••••• 195 191 190 
13 ••••••••••••• 184 172 163 28 ••. •.•••••••. 199 197 195 
14 . .• ... ..• ••• • 197 1% 194 29 ••••••••••••• 199 193 183 
16 •••••• • •••••• i58 110 69 30 ... . • •....... 197 194 192 
17 ••••• •••••••• 199 196 194 31 ••••••••••••• 197 195 194 
18 •••• ••••••••• 171 142 110 

IWells 1, 2, 3 , 15, and 32 had known leaks; single-packer tests were not run. 
2Casing pressure at 0 min = 170 psi . 

proven competent, as shown in table 3 . 
The leaks were associated with poor ce
ment seals at the bottoms of n,ese wells , 
and there tl7as no plobleru with the cas~_ngs 
themselves.. Welle 16 and 18 lest pres
sure, and well 3 had a leak at a depth of 
about 15 ft (4 ,6 m) known from water lev-' 
el moni toring ,. 

Well 18 was the first well tested with 
the double-packers that lost substantial 
plessure . In order to locate the leak, 
a series of double-packer tests was run 
in the well, each time raising the lower 
packer , as described in more detail in 
the preceding section, "Procedure." A 
leak was found near the top of the well 
betr,leen 2 and 8 ft (0 ,, 6 and 2 m)o Time 
and pressure data were not recorded for 
each of the leak isolation tests in the 
well. Each test was run just long enough 
to determine \"hether the casing pressure 
remained stable, If th.e pressure Has 
dropping , the test was discontinued and 
the lower packer was raised and another 
test initiated . As the spacing between 
the packers decreased, the casing pres ··· 
sure dropped faster if there was a casing 
leak in the test interval" 

Since the leak isolation process ~('e" 

quired so much time, it was decided to 

TABLE 3. - Double-packer test results: 
casing pressure, pounds per square 
incQ 

(Cas1ng pressure at 0 min 200 psi) 

Bottom 
Well I packer 5 min 10 min 15 min 

depth, ft 
1 ••••• 494.5 198 197 195 
2 •• • •• 513.7 197 195 194 
13 •••• 507.6 199 199 198 
15 •••• 494.5 199 198 197 

216 •••• 8 . 0 NT NT NT 
18 •••• 503.0 151 110 69 
20 •••• 503.0 200 200 200 
21 •• •• 472.8 199 198 198 
22 • ••• 513.4 199 199 198 
32 • • • • 500.3 199 198 197 

NT No test was run. 
h;.;rell 3 had a known leak at about 15 

ft; no double-packer test was runo 
2A pressure of 200 psi could not be 

reached, indicating a leak. 

test the 2- to 8-ft (0.6- to 2-m) depth 
portions of the remaining wells before 
conducting the full-length double-packer 
test. This proved successful when well 
16 was found to leak in this same zone. 



The g r ound a round wel ls 3, 16 , and 18 
was e xcava ted t o de termine the cause of 
the leak s . Phys i c a l examinat ion r evealed 
t hat loose joint s and two mi s sing O-r ings 
we r e t he probl em. After these jo i nts 
were r epa ired , single-packe r te sts p r oved 
that all thes e we lls we r e competent 
(table 4) . 

Th rough al l of the laborato r y and field 
tests t he packers pe r f ormed we l l and suf
f ered no visible damage . 

TABLE 4 . - Single-pack e r te s t r esult s 
af t e r cas i ng re pai r : casing pres
sure , po unds per squar e inch 

(Cas i ng pressure at 0 min = 200 psi) 

We ll 5 min 10 min 15 mi n 
3 ••••••••••••••• 198 193 189 
16 ••••.••••••••• 198 196 194 
18 ............... 200 198 198 

INTEGRITY TESTING SY STEM DESCRIPTION 

Afte r the packer s and in t egr it y test 
i ng procedures were p r oven in the field , 
the Bureau designed a nd built a trailer
mounted well i ntegr ity tes ting s ystem 
( WI TS) (f i gs . 7-8) , wh i ch us es a wi n c h 
a nd stee l cable to ru n the packers i n and 
ou t of t he wel l. The advantages of the 
WITS a r e --

1 . No dril l 
needed to run 
t he we ll. 

rig or hois t t ruck i s 
the pack e r s i n and out of 

2 . A test can be completed i n a shor-c·· 
er amount of t i me . 

3 The system ~&n be ope~ate~ by one 
pe:cson, 

4 Casing leaks can ~e located in the 
r.Jell. 

5 . The system is easily portab l e. 

These advantages wi l l result in a lower 
cost per well tes~eG. 

The sy~tem ccnsists of the follGw~ng 

corrponents" 

1. Electr i c winch (200-lb (91-kg) max
i mum capacity) with 0 . 25--in (6 . 4- rum) diam 
g alvanized steel c able . 

2 . Gasol ine-powered electri cal genera
tor (115 V, 2 , 500 W) 

3 . Hand- operated reel (19--in (48~-mm) 
d i am drum) with 0 . 25 - in (6.4-mm) diam 
high- pressur e nylon tubing . 

4 . Boom . 

5 . Accumulat o r ( 5 gal ( 18 . 9 L» . 

6 . Nit r ogen tanks . 

7. Inflatable pack e r s . 

8 . Wate r reservoir . 

9 . Plumbing system (regulator, valves, 
gauges , et c. ) . 

Th e wi nch r aises and lowers the cable 
to posit ion the packer s at the desired 
depths i n the we ll. It is po\-!ered by the 
electrical generator. The hand-operated 
r eel holds the high- pressure nylon tubing 
used to inflate the packers ; both a sin
gle line used in the s tandard double
packer tests and a t riple line for leak 
is olation tests . The boom is used to po
s i tion the cable ever the we l l casing . 
The accumulator is used in combination 
with the nitrogen tanks to pressurize t he 
wa ter in the casing between t he packers . 
It has an internal rubber bladder to pre
vent ni trogen gas from entering the well . 
Nitrogen pressur e i s u s e d to inflate the 
packe r s , which expand in the casing and 
create a seal, The packe r s (fig . 1) can 
be used in any 4- or 4 . 5-in (100- or 115-
rum) nominal-s i ze well casing. The water 
r eservoi r is used for f il ling the accumu
lator and can be used to "top off" a well 
if only a small amount of water is 
needed . The plumbing system is used to 
cont r ol the fl ow of nit r ogen and water . 
The pressure gauge on the wate r line is 
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FIGURE 7. - Diagram of well integrity testing system (WITS). 

FIGURE 8. - Trailer-mounted well integrity testing system. 
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TABLE 5. - System component costs (1982) 

Component Cost 

Flatbed trailer ••••••••••••••••••••••••••••••••••••••••• 
Electric winch •..• •.•.•.. .• •••. ••• ••. •... ••. ...• .•...••. 

$911 
2 , 160 

210 
375 
172 
867 

Galvanized steel cable (0 . 25-in diam , 700 ft) ••• • •• ••• •• 
Generator (115 V, 2,500 W) • • • • • • ••• ••• ••• ••••• • ••••••••• 
Nylon high-pressure tubing (0.25-in OD , 2,500 ft) •••• •• 
Bladder accumulator (5 gal) •••••••••.•••••.••••••••••••• 
Inflatable packers (2) •••••••• • •••••••••••••••.••. • ••• •• 
Pres sure regulators (2) ••••••••• •• ••••• ••• • ••• ••• .•••• • . 
Pressure gauges (3) . • .............. 0 •••••• 0 ••••••••••••• 

2,000 
170 
360 
380 Miscellaneous (steel , fittings , canvas cover, etc . ) • ••• • 

Total •.. •.. . .•• •• ••• •. .• ... .... •.•.. .... ... ...•. .• . 7,605 

graduated in 2-psi increments and is 
accurate to ±1/2 pet at full scale. 

The system component costs are shown in 
table 5. The total cost of the WITS was 

$7,605 . 00 in late 1982. This cost does 
not include labor costs for constructing 
the boom and hand-operated reel, and for 
mounting the components on the trailer. 

FIELD TESTING OF SYSTEM 

TEST SITE 

Wyoming Fuel Co,' s Crow Butte Pro j ec t 
site is located in northwestern Nebraska 
abou t 5 miles (8 km) sou t heas t of Craw
ford (f ig. 3). Eigh t wells were com-' 
pleted at the site in 1982 for hydrologic 
test work and to collect environmental 
baseline data. Six wells were in the ore 
zone and averaged 650 ft (198 m) in 
depth. Three of these wells will be mon
itors, two will be injectors, and one 
will be a producer in the proposed pilot 
plant operation for which permits were 
applied in February 1983. The water ta
ble in these wells was about 115 ft (35 
m) below the surface. The other two 
wells were in shallow aquifers for ground 
water monitoring. The wells were all 
cased with 4.5-in (114-mm) Yelomine (PVC 
plastic) well casing and were screened in 
the ore zone. 

The maximum potential injection pres
sure, as stated in the pilot plant permit 
application, is 100 psi (689 kPa). The 
well integrity test criteria at the site 
were a casing pressure of 100 psi (689 
kPa), which had to be held within 10 pct 
(10 psi, 69 kPa) for a period of 10 min 
after the pressure source to the well had 
been closed off o 

PROCEDURE 

All the well s ~.,ere screened, so double
packer tests were run . Upper and low
er packer inf l a tion pressures were 300 
and 500 psi (2,068 and 3,447 kPa), 
respectively. 

Since no leaks were found in any of the 
wells, double-packer leak isolation tests 
were tried only in one well to test the 
procedure. A fixed distance of 15 ft 
(4.6 m) was maintained between the pack
ers . This unit was lowered down the well 
in 15-ft (4.6-m) intervals, with an in
tegrity test run at each stop. 

l~e triple line of nylon tubing 
tached to the three connections 
top of the upper packer. This 
the upper packer to be lowered 
well. 

PROBLEMS 

was at
on the 

allowed 
down the 

Two major problems surfaced during the 
field testing of the WITS. The first and 
most troublesome was that the lower pack
er caught in the casing as it was being 
lowered into the well. This occurred 
at depths around 600 ft (180 m) and was 
evident when the nylon inflation tube 
stopped moving down the well. In most 
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c as e s , by r aising and l owe ri ng t he packer 
a t these cat ch spot s , t he packer cou ld 
be worke d pas t t h em a nd down t o near the 
d esired dep t h . If t he downward moment um 
of the packer co u l d be mai n t a i ned, the 
ca tchi ng pr oblem did no t occur a s o f t en . 
The re was no cat ching probl em whe n r a is
ing t he pack e r up t he well. 

This problem may be caused by a l ack 
o f weight i n the bottom pa cker in co n
junct i on wi th inc reas i n g we l l devi a ti on 
(frict i on of t he packer a gain s t t h e cas 
ing) at depth . Th e lowe r pa cke r weighs 
11 Ib (5 kg ) i n a i r, bu t only 4 I b ( 1 .8 
kg) in wa ter . 

The second prob l em wa s lea ks i n the 
lower packer inflat ion l i ne between the 
two packe rs. This is obvi ous whe n t he 
lower packe r is i n f l ated and t he casing 
is filled with wate r . If a lea k is pres
ent , a con tinuous s tream of bubb l es will 
br eak the s urf ace . These are not t o be 
confused , however, with ent r a pped air 
bubbl e s from the cas ing f i l ling proces s , 
which are usual l y smalle r a nd d i mi ni s h 
after a short t i me. 

Leaks of the l ower pa cker i nf lation 
line have to be e l i minated bef o r e a va lid 
i n t egrity t e s t c a n be conduc t e d; other
wise, the casing pr essur e will i ncr e a se 
during t he t est . I t was easies t to check 
the line connect i ons before t hey we r e 
lowered ~nto the wel l . The pr oc edur e was 
t o Lot<1er the lower pa ck e r into t he wel l 
until a connection in the inflat i on l ine 
was reached " The packer was then i n
flated a nd the connection checked fo r 
leaks with soap bubbles . The connection 
that caused the most problems was the one 

a t the bottom 
was c onnect e d 
t e s t , and t he 
made it more 
was necessary 
occasionally . 

o f t h e up per packer. I t 
a nd discon nected with every 

wear on t he bra ss f itting 
sus cep t ible to l e ak a ge . I t 

to r e pl a ce thi s f it ting 

TIME REQ UIREMENTS 

The double-pack er t est pr ocedure can be 
b r oken down in t o f i ve opera t ions , each 
with it s own time requ i remen t , a s s hown 
i n t a ble 6 . Thes e t imes wer e develo pe d 
wi t h a two-pe r s on crew conduc t i ng t h e 
t e s ts . It s hould be possibl e t o ope rat e 
t he WI TS with only one pe rso n . The s e t up 
t i me is t h e t i me r e quired to move the 
e qu i pme n t f rom one we ll t o an o ther and 
pos ition i t corre c t ly . Double- packe r po
s i t ioning t ime wa s gr eatly a ff ected by 
the problem of t h e lower packe r's catch 
i ng , described e a rli er, and is an a v e rage 
fo r t he wells t est ed. The wa t e r f ill 
t ime was based on a 11 5- f t ( 35-m) water 
t abl e de p t h and a 4 . 5-in (1 14- mm ) ID we l l 
ca sing . 

Table 6 a lso shows average t e s t time s 
fo r th r ee d ifferent wel l depths (85, 19 0 , 
a nd 650 ft ( 26, 58, and 198 m», cor
r e spo nd i ng t o t hose tested a t the Crow 
Bu t t e fiel d si te . The t i me requir ed to 
tes t a we l l in t he 634- t o 65 2- f t (19 3-
to 199-m) dep t h r ange wa s ab out 2-1 / 2 h . 
The 50 3- ft ( 153-m) we ll depth cor r esponds 
to the aver age depth of the wells double
pa cker tested wi t h the rigid-pipe system 
at the Ura nerz Ru t h s it e . Thos e t ests 
aver aged 2-1 /4 h . A di r e c t time compari
s on shows that the WITS can t e s t a we ll 

TABLE 6 . - Test t imes , using the WITS 

Averag e t ime Time , min 
Operation or r a t e 85- f t 190- f t 650-ft 503- ft 

well well well weIl l 
1. Se tu p •• • ••••• •• •••••• • ••••••••••••• • 20 mi n •••••• 20 20 20 20 
2 . Double-packer positio!1ing (lowering) 11 ft/min • • • 8 18 59 46 
3. Casing water fill . . ... ..... .. ... . . .. 7 ft/min •••• 12 17 17 ( 2) 
4. Integrity te st . . . . . .........••....•• 25 min ••...• 25 25 25 25 
5. Double- packer removal (raising) ••••• 20 ft/mi n ••• 5 10 33 26 

To tal .•...•...•..••••...••.•.•.•• NAp ••••••••• 70 90 154 11 7 
NAp Not appl i cable . 
lTimes extrapolated from column 2 . 
2Cas :Lng water fill time was not included in t h e 2- 1/4- h aver age time fo r t he rig i d

p i pe double-pa c ke r test a t the Ur a nerz Ruth s ite . 



TABLE 7. - Crow Butte Pr ojec t fi eld dat a s ummary 

Well Max packe:r Lower packer Well p r essure, ps i 
depth, ft depth, 

1 •••••••• 643 639 
2 • • •••••• 635 619 
3 • • • ••••• 642 634 

1 3 •• •• ••• • 642 634 
4 • • •••••• 646 635 
5 •• ••• •• • 634 618 
6 ••• • ••• • 189 184 
7 •• ••••• • 0') 79 UJ 

8 •• • ••• • • 652 558 
1 8 • • •• • • •• 652 558 
NR No reading taken, 

in 18 fewer minutes than the rigid-··pipe 
system in a 503-ft (153-m) well . This is 
a time savings of 13 pct. A direct labor 
comparison shows that the WITS reduces 
operator-hours by 42 pct, remembering 
that the times for the rigid-pipe system 
were developed with a three-person crewo 
Since the WITS times were based on an 
average of all tests, and the rigid-·pipe 
system times were based only on tests 
where no problems occurred , these t i me 
saving estimates should be condidered 
conservative . 

RESULTS 

The well integrity test results for 
the eight wells tested at the Crow Butte 
Project site are shown in table 7. The 
requirements for tEsting were to maintain 
100 psi (689 kPa) within 10 pct (10 psi, 
69 kPa) for a period of 10 minn All of 
the wells met these requirements. Wells 

ft Gmin 5 min 10 min 15 min 
100 . 0 98 . 5 96 . 5 95 . 5 
100 . 5 99 . 0 97 . 0 96 . 0 
100 . 5 94 . 5 90 . 0 NR 
100 . 0 96 . 0 94.0 9 1.5 
100 . 0 97 . 0 94 . 0 91 . 0 

99 . 5 96 . 0 93 . 5 91. 0 
100.0 99 . 0 98 . 5 98 . 0 
100 . 0 100 . 0 100 . 0 99 . 7 5 
100 . 0 93 . 5 89 . 0 NR 
100 . 0 96 . 0 92 . 5 90 . 0 

3 and 8 lost iO.5 and 11. 0 psi (72 a nd 76 
kPa), ~espectively, dur i ng their fi r st 
tests , bu t after repressurization to 100 
psi (689 kPa), they r emained wi thirl the 
allowed 10 pc t. 

In the deep wells (634 to 652 ft (1 93 
to 199 m», some difficulty occurred in 
lowering the lower packer to the desired 
depth , as previously described . I n all 
of these wells except 8 , the lower packer 
was se t in the last sec tion of cas ing 
(the casing was in 20- ft (6-m) lengths) . 
In we ll 8 , the lower packer was finally 
set at 558 ft (170 m), which was 94 ft 
(29 m) short of the maximum packer depth . 

Even though no leaks were found in any 
of the wells, the double-packer leak iso
lation test pr ocedure was tried in well 
7. Two tests were run, one from 0 to 15 
ft (0 to 4 . 6 m), and the other f r om 15 t o 
30 ft (4 06 to 9 m)o No pr essur e was lo s t 
during either test. 

CONCLUSIONS 

Preliminary laboratory and field test
ing of the inflatable packers proved 
their effectiveness in sealing 4-in (102-
mm) diam nominal--size PVC and fiberglass 
well casings; the packers were used in 
single- and double-packer well integrity 
tests, with well pressures up to 200 psi 
(1,379 kPa). It was found that packer 
inflation pressure should exceed the well 
cas i ng test pressure by a mir.imum of 100 
ps i (689 kPa) . The packers Here field
tested in 32 in situ leach mining wells 
and performed within expectations. 

Single· packer tests req uired a phys i cal 
constraint to keep the packer from moving 
up and out of the well when the casing 
was pressurized. The double- packer tests 
were run with a rigid pipeline connecting 
the packers. 

The amount of time required LO run the 
packers in and out of the well with this 
system led the Bureau to design and con
s truct a s e l f -con t a ined trai l er-mounted 
well integrity testing system (WITS) . 
The WITS was successfully field - tes t ed 
in eight in situ leach mining wells at 
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depths up to 640 ft (195 m). Double"
packer well integrity tests were run at 
100 psi (689 kPa) in 4 . 5-in (114-mm) diam 
PVC well casing. The only major unre
solved problem encountered during testing 
was the lower packer's catching as it was 
lowered down the well. This typically 
occurred at depths around 600 ft (183 m) 
and required extra time to position the 

"' u.s. GPO: 1985-505-019/20,052 

packer at the desired depth.. The problem 
was probably caused by the light weight 
of the packer in conjunction with the 
friction of the packer against the cas
ing, caused by increasing well deviation 
at depth . With the WITS, wells can be 
integrity-tested faster and with fewer 
people than with a rigid-pipe system, 

IN T. - B U.O F MINE S ,P G H . ,P A. 27 980 


