
XA04NO861

GASBUGGY RESERVOIR EVALUATION - 1969 REPORT

C. H. Atkinson and Don C. Ward (Bureau of Mines,
U.S. Department of the Interior) and R. F. Lemon
(El Paso Natural Gas Company)

ABSTRACT

The December 10, 1967, Project Gasbuggy nuclear detonation followed the
drilling and testing of two exploratory wells which confirmed reservoir char-
acteristics and suitability of the site. Reentry and gas production testing
of the explosive emplacement hole indicated a collapse chimney about 150 feet
in diameter extending from the 4,240-foot detonation depth to about 3900 feet,
the top of the 300-foot-thick Pictured Cliffs gas sand. Production tests of
the chimney well in the summer of 1968 and during the last 12 months have re-
sulted in a cumulative production of 213 million cubic feet of hydrocarbons,
and gas recovery in 20 years is estimated to be 900 million cubic feet, which
would be an increase by a factor of at least over estimated recovery from
conventional field wells in this low permeability area. At the end of pro-
duction tests the flow rate was 160,000 cubic feet per day, which is 6 to 7
times that of a average field well in the area. Data from reentry of a pre-
shot test well and a new postshot well at distances from the detonation of
300 and 250 feet, respectively, indicate low productivity and consequently low
permeability in any fractures at these locations.

INTRODUCTION

The nominal 26-kiloton nuclear explosive for Project Gasbuggy was detonated
December 10, 1967. Project Gasbuggy a nuclear fracturing experiment conducted
jointly by the U. S. Atomic Energy Commission, El Paso Natural Gas Co., and the
U.S. Department of the Interior's Bureau of Mines, was designed to test the
effectiveness of nuclear explosives to fracture and thus ncrease the produc-
tivity of low-permeability natural gas reservoirs 11.,

The Bureau of Mines and El Paso Natural Gas Co. designed and executed the
reservoir evaluation program for the experiment. This report is part of a
continuing effort to keep industry informed of its progress and results. Test
data and completed reports are placed on open file at the U.S. Bureau of Mines'
Bartlesville Petroleum Research Center, Bartlesville, Okla; the U.S. Bureau of
Mines' Office of Mineral Resource Evaluation, Denver, Colo.; and the University
of Nevada, Las Vegas, Nev.

BACKGROUND

To supplement reservoir and production data available from the eight
original field wells in the Gasbuggy test area (Fig. 1), two preshot test wells,

l/ Underlined numbers in parentheses refer to items in the list of
references at the end of this report.
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GB-1 and GB-2, were drilled in 1967. These wells were completed naturally,
rather than being artificially fractured which is the customary practice in the
San Juan basin. The Pictured Cliffs sandstone formation was cored using
natural gas as the drilling medium in both wells. Induction, gamma ray,
density, flowing temperature, and flowmeter logs were run in the gas-filled
holes. Production tests were run on GB-1. The very low productivity pre-
cluded obtaining meaningful production tests on GB-2 so they were not attempted.
Laboratory analyses were obtained on produced fluids. Fig.2 shows locations
of preshot test wells and postshot well GB-3, and their relation to field well
No. 10 and the emplacement hole, GB-E. Preshot test data and evaluations have
been reported previously 34), and core analysis data and preshot reservoir
characteristics are summarized in table I.

The detonation occurred at a 4,240-foot depth, 40 feet below the base of
the 300-foot-thick Pictured Cliffs formation. Seismic results indicated that
the explosive performed satisfactorily.

POSTSHOT PRODUCTION TESTS

After the explosive emplacement hole, GB-E, was reentered and completed
as gas well GB-ER, brief production tests were run before the well was shut in
January 17, 1968, for pressure buildup. Bottomhole pressure (BHP) was measured
at 3790 feet, 126 feet above the top of the Pictured Cliffs formation; BHP
increased gradually from about 950 to 1067 pounds per square inch gauge (psig)
when production was resumed June 28, 1968. This BHP was 84 psi higher than
that measured preshot in test well GB-1 and approximately 160 psi lower than
pressures measured initially in nearby field wells 13 years ago.

A 15-day production test begun June 28 consisted of flowing GB-ER at 
million cubic feet per day (5 MMcf/D, where M = ,000) for 6 days, during which
time BHP dropped to 906 psig at 248'F bottomhole temperature (BHT); then the
well was shut in for 24 hours. During this shut-in period, the HP rose to
917 psig and BHT declined to 174'F. Production testing was resumed for days
at 5 MMcf/D, resulting in 780 psig BHP and 247'F BHT. The production rate was
lowered to 750 Mcf/D, and at the end of 4 days the BHP had increased 16 psi.
The well was then shut in and remained so until testing was resumed November 4,
1968, except for one brief production period for collecting gas samples. Fig.
3 shows BHP and production rate versus time.

A series of three 30-day production tests on GB-ER, each at successively
lower (and constant) chimney pressure, followed by a 7-month production period
at a still lower pressure, was begun November 4 1968. Having built up to 950
psig BHP at that time, GB-ER was blown down to 884 psig BHP, and based on past
performance, an 850-Mcf/D rate was set. It was necessary to lower the pro-
ducing rate three times in attempting to maintain constant BHP, and the final
rate was 350 Mf/D. Following the first 30-day period, the BHP was lowered
from 854 to 706 psig by producing 5 NMcf/D for days, then the rate was set
at 600 Mcf/D. The rate was lowered to 500 Mcf/D toward the end of the 30-day
period; however, the pressure continued to decline, and final BHP was 687 psig.
The BHP was then reduced to 506 psig by producing at about 4 MMcf/D for 7 days.
The initial 650-Mcf/D rate for the last 30-day test had to be decreased four
times to 400 Mcf/D, with the final pressure being 496 psig.

For the 7-month test, which was begun March 19, 1969, blowdown to 264
psig BHP was accomplished, and a 500-Mcf/D rate was selected to maintain con-
stant pressure. The rate was gradually decreased to 160 Mcf/D by June 26, 1969.
An increasing pressure then dictated raising the production rate to 175 Mcf/D
on August 3 1969. This rate was maintained until October 4 1969, when the
rate was decreased to 160 Mcf/D. Further rate adjustments were unnecessary.

723



Ul0h Colorod

A,.zono No. MOXICO

form n"� v

R-4-W R 3 

2] 26 25 A-2 30 29

T
2 29

34� *4 16* N N

* 2 1 j E - I

to 6* 7* 6 5

1 5 14 3 T

28
7 8 N

LEGEND

Gas well
Emplacement hole

FIGURE I.-Gasbuggy Test Area

NO - 0

0

LEGEND

Eplacee.1 hole

0 8 o' lo- hole loCol.ol, N

Go, ell

G -3

0
�\T

G - I

10

0 30'
GBE G - 2
CB-ER

FIGURE 2.-Plat of Wells, Gosbuggy Test Site

724



TABLE I--AVERAGE RESERVOIR PROPERTIES AT GASBUGGY SITE

Gas-saturated sand with 60 or
less water saturation Total gas-saturated sand

Preshot Postshot Preshot Postshot
GB-1 GB-2 GB-3 GB-1 GB-2 GB-3

Porosity, percent 11.2 12.4 10.6 9.6 10.6 9.1
Gas saturation, percent 52.0 52.7 55.5 42.5 41.8 41.4
Permeability, millidarcys 0.14 0.19 0.15 0.10 0.15 0.10
Thickness, feet 156 149 143 254 255 255
Temperature, OF 130 130 130 130
Pressure, psia 1,050 1,050
Gas-in-place, MMcf/160 acres 4,512 4,919 4,192 5,504 6,064 5,152

Gas volumes expressed at 15.025 psia and 60'F.



A final pressure drawdown for this test series was begun October 28, 1969,
and was terminated November 14 with 125 psig BHP. GB-ER is shut in for a long-
term pressure-buildup test. Fig. 4 shows data for this test series.

REVIEW OF WORK ON OTHER WELLS

Preshot test well GB-2 was reentered in June 1968. A 6-1/4-inch hole was
gas-drilled to 4600 feet after sidetracking out of a window milled in 7-inch
casing at 3691 feet. Sidetracking was necessary because casing damage at
3,812 feet prevented further progress. Logs were run and the well, GB-2R, -was
completed with production tubing landed in the uncased hole at 4224 feet. The
open hole apparently collapsed around the bottom of the tubing and sealed it
off sufficiently to prevent use of the well for production tests. Production
tests that were made during drilling of the sidetracked hole and a flowmeter
survey that was run after reaching total depth indicated that productivity had
been improved by the detonation; however, very little connection with the chim-
ney was evidenced. BHP of GB-2R versus time is shown in figs. 3 and 4 More
detail on reentry of GB-2 is given in ref 4.

Well No. 10, located 436 feet northwest of GB-ER, was reentered in October
1968. Stemming material was cleaned out of the 5-1/2-inch casing to a 3,612-
foot depth (about 300 feet above the top of the Pictured Cliffs gas sand), where
damaged casing prevented further penetration. The well then was completed in
the Ojo Alamo sand as an aquifer monitor well.

Well GB-3 was drilled in August and September 1969 during GB-ER production
testing to investigate changes in the Ojo Alamo and Pictured Cliffs formations
and in the underlying shale to a 4,800-foot depth. An extensive coring program
together with logs and natural-flow gauges was successful in defining reservoir
characteristics, which were similar to preshot conditions in nearby well GB-1
(see Fig. 2 for well locations) except that GB-3 core showed more fractures
and was generally more fragmented on removal from the core barrel. Average
values of the gas reservoir properties found in GB-3 are listed in table I.

Gas production was first encountered during coring at a 3,871-foot depth
immediately above the Pictured Cliffs sand, and the production reached a maxi-
mum rate of 54 Mcf/D at a 4,058-foot depth, about the middle of the Pictured
Cliffs. The production rate was less than expected and showed a lack of open
fracture communication with the chimney, as had GB-2R. After completion, the
BHP in GB-3 built up in approximately month to 445 psig, while chimney pres-
sure remained at 256 psig. During the final blowdown of GB-ER to 125 psig
BHP, GB-3 BHP declined to 426 psig. No experiment-related radioactivity was
detected in GB-3 cores or produced fluids. The well is being used to monitor
reservoir pressure.

EVALUATION

In analyzing the behavior of the chimney well, the open-flow potentials
(theoretical producing rate at zero psig backpressure) that were indicated
from backpressure curves, constructed from data obtained near the end of each
constant BiP test, were examined. The open-flow potentials are as follows:

Approx. open-flow
potential, Mcf/D

July 1968: Short-term test 2,800
Dec. 1968: End of first 30-day test 930
Jan. 1969: End of second 30-day test 840
Feb. 1969: End of third 30-day test 500
July - October 1969: Lasthalf of 7-month test 170
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The marked decline in open-flow potential makes it clear that short test
periods in the early life of a well in this type of reservoir do not reflect
true long-term productivity. During the 7-month test, the BHP and production
rate were stabilized; consequently production-rate data from that test were
considered to be adequate for comparison with preshot productivity data from
field wells, which have been producing for about 10 years. Table II gives
production history of the original field wells. The GB-ER 160-Mcf/D produc-
tion rate was obtained with a 232-psig surface backpressure. At a 500-psig
surface pressure, which corresponds to the field gas-gathering line pressure,
GB-ER should produce 135 Mcf/D. After the initial flush production period,
the five field wells nearest the test site produced at an average rate of 1
to 30 Mcf/D. Well No. 10, only 436 feet from GB-ER, produced an average of
22 Mcf/D. Therefore, the Gasbuggy postshot well produces at 6 to 7 times the
rate of the average of these five field wells, which were hydraulically frac-
tured when completed. Three field wells, Nos. 2 A-2, and E-1, were not in-
cluded in the comparison because they are farther from GB-ER; also, natural
fracture systems encountered in these three wells gave them much higher pro-
ductivity than is believed representative of the test area.

In comparing postshot productivity with that of the preshot test wells,
the 30-day production tests of GB-1 4 provided the most reliable data of all
the preshot tests. Although 30 days is not enough time to obtain a stabilized
producing rate, the 125-Mcf/D open-flow potential for GB-l indicated at the end
of the 30-day test should be comparable with that of GB-ER after producing for
an equal time under similar conditions. As previously stated, the open-flow
potential of GB-ER after the first 30-day test was 930 Mcf/D a 7.4-fold in-
crease.

GB-ER has produced approximately 284 MMcf of gas 213 MMcf of hydrocarbons)
and, based on preliminary estimates of projected performance, should produce
900 MMcf in 20 years, which would amount to about 19 percent of the gas orig-
inally in place under 160 acres (a normal producing unit area for the field).
With Well No. 10 having produced 81 MMcf in 10 years, total recovery in 20
years for a well at that location (No. 10 is no longer completed in the
Pictured Cliffs sand) can be estimated with fair confidence. The 20-year pro-
duction for Well No. 10 is estimated at 170 NMcf maximum, which is slightly
more than twice the 10-year volume; an anticipated gathering-line pressure
reduction would increase producing rates. Therefore, GB-ER is expected to
produce at least times the estimated production from a conventionally com-
pleted well in the area.

Pressure behavior during blowdown periods of the recent tests confirms
the previously determined 2.6-million-cu.-ft. void volume. This volume is
equivalent to the void volume of a resultant chimney from a nuclear-created
cavity with an 80- to 85-foot radius, depending on volume in fractures emanat-
ing from the chimney. As mentioned previously, drillback data from GB-2 and
GB-3, both within 300 feet of GB-E, show little increase in productivity and
indicate a smaller radius of effective fracturing than was anticipated.

Initially 52 percent of the chimney gas was hydrocarbons, instead of the
usual 99 percent in gas from field wells. This decrease resulted from dilution
by C02 and H2, which were byproducts of the detonation. As expected, fresh
gas entering the chimney has increased the hydrocarbon content by flushing C02
and H2 from the chimney. On November 14, 1969, when GB-ER was shut in, the
hydrocarbon content of the produced gas had increased to 88 percent, while
radioactivity in the gas had decreased by over a factor of 10 as a result of
this chimney flushing. Gas composition was determined during production tests,
and table III shows representative analyses at various times.
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TABLE II--CHOZA MESA PICTURED CLIFFS FIELD PRODUCTION HISTORY

Well 28-4 28-4 29-4 29-4 29-4 29-4 Indian Indian
No. 6 No. 7 No. 2 No. 4 No. 10 No. 16 A-2 E-1

Location, Section-Township-Range 11-28-4 12-28-4 35-29-4 35-29-4 36-29-4 36-29-4 30-29-3 31-29-3
Initial potential, Mf/D 3,182 1,058 6,928 801 1,348 635 5,709 20,200
Open-flow potential, Mcf/D --- --- --- --- 1,403 647 7,984 ---
Annual production, MMcf:

1955 1.7 4.3 --- --- --- --- 138.8
1956 11.0 144.6 9.2 --- --- --- 37.2
1957 --- --- 89.3 4.1 2.3 --- --- ---
1958 18.6 6.1 84.2 2.6 12.5 --- 131.7 63.4
1959 12.1 5.0 60.2 6.0 9.0 5.7 108.9 23.8
1960 12.4 4.3 42.7 4.5 8.2 3.9 68.6 23.3

N
t1a 1961 11.9 4.8 44.9 4.4 8.5 4.3 53.8 8.710

1962 10.3 3.1 39.5 2.9 9.3 3.1 47.7 10.5
1963 10.6 3.9 39.0 2.2 7.5 3.6 32.7 11.7
1964 10.0 4.1 24.2 2.4 6.6 4.2 17.1 5.7
1965 8.1 4.8 33' 0 1.7 8.6 3.7 26.3 8.8
1966 5.8 4.1 30.1 2.3 8.4 2.9 34.6 6.7

Cumulative production, 11-67, MMcf 112.5 44.5 631.7 42.3 80.9 31.4 l/ 521.4 338.6
1966 New Mexico State test, Mcf/D 20 14 112 8 22 4 219 27

l/ 1965 test.



TABLE III--GAS COMPOSITION (Mol. Percent) GB-E

Short-term Blowdown prior to Blowdown prior Blowdown at end
production test, first 30-day prod. to extended prod. of extended prod.

Component Preshot June 1968 test, Nov. 1968 test, Feb. 1969 test, Nov. 1969

Carbon dioxide 0.29 35.60 24.27 16.37 8.89
Hydrogen 12.03 10.11 6.38 2.35
Hydrogen sulfide 0.11 0.02 0.04 0.02
Nitrogen 0.59 0.51 0.80 0.65 0.54
Methane 85.36 45.45 56.35 65.66 73.24
Ethane 7.40 4.83 5.30 6.03 7.20
Propane 4.00 0.95 1.93 2.86 4.41
I-Butane 0.75 0.19 0.39 0.58 0.86
N-Butane 0.94 0.16 0.41 0.69 1.18
I-Pentane 0.29 0.05 0.12 0.22 0.39
N-Pentane 0.20 0.03 0.08 0.16 0.29
Hexane 0.18 0.09 0.22 0.36 0.63
Heating value

(Btu/cu. ft.) 1178 588 790 938 1112
Specific gravity 0.673 0.890 0.808 0.776 0.768
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