
XA04NO862

AN EVALUATION OF WATER PRODUCTION FROM THE

GASBUGGY REENTRY WELL

Dean V. Power
Charles R. Bowman

El Paso Natural Gas Company

ABSTRACT

During the gas production testing of the Gasbuggy chimney,
water rduction rates increased from an initial 4 to barrels
per 109 standard cubic feet of gas to 40 to 50 barrels per 106
standard cubic feet of gas. This unexpected occurrence hampered
operations and increased waste disposal costs. A model is devel-
oped which calculates the amount of water produced from condensa-
tion of water vapor through the cooling and expansion of the gas
in the production tubing. Results from this model are compared
with the observed water production from November of 1968 through
May of 1969. This comparison shows that up to seven times more
water is being produced at high gas flow rates than can be
explained by condensed vapor, indicating that water is being intro-
duced into the production tubing in particulate or liquid form.
A correlation of excess water with the pressure, temperature and
gas flow velocity prameters is performed to determine the rela-
tionship between this excess water and these parameters. It is
found that the excess produced water varied linearly with downhole
pressure when a threshold gas flow velocity was exceeded. The
relationship is expressed by the equation H20 (in barrels per day)
= 126.5 - 01473 BHP (in pounds per square inch). The threshold
gas velocity for excess water production was found to be about 6
feet per second in the 7 casing or 40 feet per second in the
2 78" tubing.

An examination of the radioactivity of the gas and water
produced from GB-E indicates that the tritiated water vapor in the
chimney and tubing has been diluted by extraneous water. The trit-
ium in the gas decreased as expected from about 10.9 �iCi/SCF in
November 1968 to 62 pCi/SCF in late February 1969. During this
same period, the tritium in the water decreased from about 12
pCi/ml to 012 PCi/ml.

Examination of water chemistry, preshot and during the pro-
duction testing, indicates that at early times when there was no
excess water, the produced water was distilled. At times of high
water production, the trace chemical constituents are character-
istic of undistilled water from the Ojo Alamo Formation (SO4 con-
centrations of about 3000-5000 ppm).
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It is concluded that a decrease in the bottom hole pressure
of GB-E resulted in 0jo, Alamo water entering GB-E and either being
produced or flowing down GB-E into the chimney. The water entry
rate follows Darcy's Law in that it is proportional to the pres-
sure gradient between the hydrostatic head and the chimney pressure.
It is postulated that the water is flowing directly from the Ojo
Alamo into GB-E and then flowing downward through the stemming
material until it enters the inner casing through a break at 3796
feet, just 3 feet below the bottom of the production tubing.

A calculation of the water volume which could enter the
chimney in this manner is less than could be detected by chimney
volume measurement techniques presently available.

Hydrologic data shows that the hydrostatic level fluctuation
of the Ojo Alamo correlates with chimney pressure and a sink is
indicated at or near GB-ER.

Preliminary analyses from data obtained during the test
period of October and November 1969 indicate that the leak in GB-
ER has been sealed,,water production during this period corre-
sponds to the calculated vapor model, water levels have risen to
near normal in the Ojo Alamo and tritium levels in produced water
have increased to 0.5 �iCi/ml.

INTRODUCTION

Gasbuggy was a 26-kiloton nuclear explosion which was deto-
nated underground at a depth of 4240 feet. The event occurred on
December 10, 1967 at a site 55 air miles east of Farmington, New
Mexico. The purpose of the explosion was to create a chimney of
broken rock and induce fractures in the rock beyond the chimney
boundary in order to increase the rate of gas production in a gas-
bearing formation just above the detonation point.

It was anticipated that the gas produced from this chimney
would contain water vapor and perhaps condensed water. The source
of this water was expected to be the bound and the free water
which existed preshot in the rock which was vaporized, melted,
broken and fractured by the explosion.

Initially, the amount of water produced from the chimney
through the reentry well was minor. During the November 1968
"blowdown," about 4 to barrels of water per million standard
cubic feet of gas was produced. As the program progressed, the
water production rate increased. During the blowdown period in
February and March of 1969 this rate of water production reached
40 to 50 barrels per million standard cubic feet of gas. Since
this water contained tritium, it required special handling which
in turn increased safety program and waste disposal costs.

Initially, (during the summer tests in 1968) the tritiated
water was put into barrels and shipped to the Nevada Test Site for
disposal. A vaporizing unit was fielded prior to November 1968
which could disperse the water vapor safely to the atmosphere.

The increase in water production rate was unexpected and a
program was initiated to determine the source of the water and its
relationship to the Gasbuggy chimney. A first step in understanding

733



the situation was to develop an appropriate model which could cal-
culate, -reasonably well, the amount of water which should be pro-
duced under the observed conditions. In this we were fortunate in
that the Production Department of El Paso Natural Gas Company had
kept very good records of temperatures, pressures, flow rates and
liquids production.

MODEL OF WATER PRODUCTION

A schematic diagram of the chimney and reentry well (GB-ER)
is shown in Figure 1. Bottom-hole temperature and pressure meas-
urements were made by lowering an instrument package on a wire line
through the 2 7811 tubing to four feet below the packer which was
set at 3786 feet. (Measurements at lower levels were not made even
though the hole was open to a depth of 39161 because of the fear of
not being able to retract the instrument package back into the
2 78" tubing.)

The model incorporates the assumption that sufficient water
is present in the chimney to maintain a 00% humidity condition in
the gas delivered from within the chimney to the bottom of the
2 78" tubing. This assumption esults in a model which produces
the greatest amount of water possible by condensation of vapor
within the production tubing. Gas is transported from the cavity
through a 7 OD casing to the lower end of a 2 78" OD tubing at
the observed temperatures and pressures. The volume of gas and
total water vapor entering the 2 78" OD tubing and the gas veloc-
ities in both the 7 casing and 2 78" tubing can be calculated as
follows:

Gas volume transported per unit time (cubic
feet per second) at bottom-hole conditions:

QT P.
V B 0 Z 1

B _T__7_ B 4
0 B 8.64 x 10

where Q Flow rate in standard cubic feet/day

TB Measured bottom hole temperature (OR)

To Standard temperature (520OR)

PB Bottom-hole partial gas pressure (psi)

ZB Gas compressibility (Ref. 1)

Po Standard pressure 14.7 psi)

It should be noted that PB is a partial gas pressure and not
the measured total pressure. The total pressure is the sum of the
partial gas pressure and the vapor pressure of water at the bottom-
hole temperature.

The average gas velocity in a given diameter conduit is then
given by

= B/A

7 34



where A = inside cross section area of the pipe.

The amount of water vapor, W B entering the 2 78" tubing is
given by

W N P dt V P t

where t time in seconds, and
where PB density of water vapor at a given temperature.

Identical calculations can be made to calculate volume
(VT), velocity (vT), and water vapor by weight (WT), at observed
tophole conditions. if WB is greater than WT, the excess vapor
will condense out of the vapor phase into a liquid. If the gas
velocity is sufficiently great, this water, in the form of drop-
lets, will be carried up the tubing and collected in the baffle
separator at the surface.

The critical gas velocity for a given droplet of water to
be carried up the pipe can be determined by using Stokes' Law.
Stokes' Law calculates the terminal velocity of a sphere moving in
a gravitational field through a viscous media. The equation is

2 gr2 (P P
2

Vs 9 1

where g 980 cm/sec2

r radius of sphere

pi density of sphere (gm/cm3)

P2 density of viscous media (gm/cm3)

viscosity of viscous media (poises)

Stokes' velocity (vs) is the relative velocity between the sphere
and the viscous media. If the gas or viscous media is moving up-
ward, the absolute velocity of the sphere will be the difference
of the two velocities (v-vs). Thus, if the terminal velocity of
a sphere of water is greater than the upward gas velocity, the
water will fall back into the chimney. If the terminal velocity
is less than the gas velocity, the water will be carried up the
tubing and into the separator. Figure 2 shows a plot of terminal
velocity versus droplet size. (Actually, is dependent upon both
temperature and pressure of the viscous media. For the range
involved, however, the effect is small and has been neglected here.)

In actual practice small droplets spend enough time in the
pipe to coalesce into bigger drops with resultant higher terminal
velocities. As a result, there is a tendency for all or most of
the condensed water to return downward to the chimney at low up-
ward gas velocities. As the gas velocity is increased, water drop-
lets and surface film collect in increasing amounts in the tubing
causing an effective reduction in tubing diameter and a further
increase in gas velocity. As gas velocities approach some critical
value, the condensed water is produced to the surface, sometimes as
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intermittent slugs. At greater than critical velocities the water
is produced at a more uniform rate.

The critical velocity used in the model was set at zero to
simplify the calculations. The model, therefore, calculates the
maximum water possible from condensed vapor sources and should give
high values at low gas production rates. The total water is given
by the equation

WP = B - WT

where Wp is the difference between the water vapor in the gas at
the bottom and the top of the tubing.

COMPARISON OF MODEL WITH EXPERIMENTAL RESULTS

The period for this comparison extends from November 5, 1968
through May 7 1969. This includes four rapid drawdowns, three
thirty-day constant bottom-hole pressure runs and one long-term
constant pressure run. (Some preliminary data from a rapid draw-
down in October - November of 1969 are discussed briefly in a later
section. However, it was too late to include this data in the main
analysis.) This test program results in data points which form
clusters at the high and low gas velocities. It is unfortunate
that there is a paucity of data for intermediate flow rates.

Figure 3 shows the gas flow rate and cumulative gas produc-
tion for this period. Figure 4 shows the top and bottom-hole
temperatures and the corresponding partial gas pressures are shown
in Figure S. These quantities along with Z, To and Po were used
to calculate the water production which is compared to the measured
water production in Figure 6.

It can be seen from Figure 6 that the model matches the data
well at early times and at later times during periods of low flow
rates. During periods of low flow rates the model predicts some
water production whereas none was experienced. This is a result of
using a zero value for Stokes' critical velocity in the model, as
noted earlier.

It is obvious that during the last two high flow periods,
considerably more water was produced than would be expected from
the model. During these periods it is calculated that over 90 of
the total water entering into the bottom of the tubing in vapor
form condenses (Wp 09 WB). Since the observed produced water is
from three to over seven times the calculated water vapor during
these periods, it must be concluded that quantities of additional
water are entering the 2 78" tubing in droplet or liquid form.

In an effort to explain and locate this source of additional
water, several correlations were performed.

EXCESS WATER CORRELATED WITH GAS PARAMETERS

Gas velocities in the well were calculated for several points
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FIGURE 3 Gas production history and cumulative total gas
for the Gasbuggy reentry well. The circles in-
dicate those days which were used to perform the
correlation study.
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FIGURE 4 Temperature history in GB-ER at 2 points: top
hole (surface) and bottom hole (in the 2 7/8"
tubing at a depth of 3790 feet).
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FIGURE 6 Observed and calculated water production for

GB-ER.
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in the tubing and casing. The values calculated for the top and
bottom of the 2 78" OD tubing are shown in Figure 7 (Velocities
calculated for the 7 casing are not shown.) The model does not
allow for frictional forces or a closure of the tubing due to the
condensed liquid film adhering to the inner walls; hence, these
calculated average velocities should not be greater than the actual
gas velocities in the well bore. In fact, they are probably con-
siderably less.

In order to do a correlation on the available data, it was
necessary to select time intervals of one day. This interval was
necessary because water production ecords were kept only on a
daily basis. Data points were selected such that each drawdown and
long-term test was represented by at least two and no more than
five data points except for the period of April to May. An attempt
was made to limit data points to clays when no changes in conditions
or flow rates occurred. The data points selected for the correla-
tion studies consisted of the 35 points shown as dots in Figure 3.
The correlation study was performed using the graphical regression
analysis described by Ezekiel (Ref 3.

Since the water produced from GB-ER is apparently only
partly due to water vapor in the gas, the first step in determin-
ing the other source or sources of water is to calculate the excess
water. This esidual or excess water can be easily obtained from
Figure 6 since it is simply the difference between the calculated
and the measured water. This method results in a negative excess
water for some days as a result of the zero critical velocity in
the model, which has already been discussed. This is not a serious
problem since these negative values are never very large.

The residual or excess water is then correlated with the
various parameters of temperature, pressure and velocity. In
Figure 8, residual water is plotted as a function of the velocity
at the lower end of the 2 781' OD tubing. This Figure indicates
that there is a probable cut-off at about 40 ft/sec below which
the gas has insufficient velocity to carry the excess water up the
2 7811 tubing.

A good linear correlation was found between excess water and
total bottom-hole pressure. This is shown in Figure 9 The con-
cept of a critical velocity is very apparent in Figure 9 where the
data points fall into two distinct groups, those which cluster
about the abscissa and those which cluster about the line,

H2ORe = 126.5 - 01473 BHP Total.

This linear relationship between excess water and pressure
strongly suggests Darcy flow where te volumetric flow across a
given surface is proportional to the pressure difference. If we
were to assume the excess water were coming from a source of con-
stant hydrostatic head, the available excess water would be propor-
tional to bottom-hole pressure. This can be seen by the following
form of Darcy's Law:

Q = k VP (P - BHP)- H
T1 T1
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If k (permeability), fl (viscosity) and PH (hydrostatic head) are
constant, then

Q = A - (BHP)

where A and are constants.

The residual or excess water is also shown as a function of
top-hole pressure in Figure 10. Clearly this does not result in a
linear relationship. Similar plots using the pressure at various
depths within the well bore would yield a family of curves ranging
between those shown in Figures 9 and 10. Because of the excellent
correlation between the data and a linear relationship to bottom-
hole pressure, it is most likely that the excess water is entering
the well bore near the bottom of the 2 78" tubing. This is con-
sistent with what was found during drill-back through the 7 OD
casing when it was noted that the cement in the emplacement hole
was wet below a depth of 3029 feet and casing breaks were detected
at 3796 feet and lower in the 7 casing (Ref 4.

The most probable source of water is the aquifer in the Ojo
Alamo Formation. However, since production is through the 2 78"
tubing and a packer is set at 3786 feet, the water would have to
be entering the gas stream either through the joints in the 2 78"
tubing or through the bottom opening of the tubing which extends
through the packer to 3793 feet. The measurements which put the
bottom of the tubing at 3793 feet and the casing break at 3796 feet
are close enough (consideringthe degree of accuracy involved) to
suggest that the excess water is probably entering at this point.

Borehole photographs of the well bore (Ref 4 Figure 
indicate that just after drill back, considerable water was present
in droplets and adhering to the side of the 7 casing in a uniform
manner at a depth of 3828 feet. It is possible that water is being
sprayed through the casing break and into the 7 casing just below
the packer where it is either caught directly into the gas stream
entering the 2 78" tubing or it is collecting on the surface of
the 2 78" tubing and running down to the lip where it is then
drawn into the production tubing.

Assuming that all hole surveys are accurate to within one
foot, it appears most reasonable that water is entering the 7"
casing just below the 2 78" tubing in such a manner that at that
point the water is in the form of a fine mist. If this mist were
close enough to the bottom of the tubing, the critical Stokes'
velocity that would apply would be the 40 ft/sec threshold value
from Figure 8. This would mean that all or most of the droplets
must be less than .0111 in radius. If we use the velocity in the
7" casing 6ft/sec), we must conclude that the droplets are less
than 004" in radius. The conclusion that six feet per second is
the critical velocity is supported by the fact that when the gas
velocity in the 2 7811 tubing drops to less than ten feet per
second, no water is produced at all and even condensed water vapor
returns to the chimney.

If we assume that water is seeping into GB-ER and is either
being produced or, at low flow rates, is entering the chimney, we
can use Figures and 9 to calculate the total influx of water into
GB-ER. This is shown in Figure 11. Between November 4 1968 and
October 25, 1969, about 25,000 barrels of water are estimated to
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have entered GB-ER. After subtracting the water which was produced
at the surface, we find that about 15,000 cubic feet of water has
entered the chimney. This volume change is just at the level of
detectibility using the present volumetric measurement methods
available to us. No volume change greater than this limit of accu-
racy has been observed and it can be concluded that no more than
about 125,000 cubic feet of water has entered the chimney during
this time. Thus, it is unlikely that water is entering the chim-
ney through any other path.

WATER RADIOACTIVITY

Radioactivity in the produced water further indicates a
dilution of the chimney water. Liquid samples containing water
from the cavity gas have been extracted b dehydration ad partic-
ulate removnl at the wellhead complex. These samples have been
analyzed for both chemical composition and tritium radioactivity
(HTO) since the inception of the first flow tests in late June
1968. Figure 12 presents the radioactivity concentration in the
produced water. Liquid scintillation measurements were made by
LRL (Ref. 5) and Eberline Instruments (Ref 6 The concentration
of early tritium radioactivity appears relatively constant slightly
above 1.0 pCi/ml through December 1968. During the drawdown for
the second thirty-day test in mid-January 1969, a sharp decline in
the water radioactivity occurred. From February 1969 until
October 1969 the concentrations remained consistently below about
.2 pCi/ml, declining gradually to a level of about .05 pCi/ml.
This sudden and large change in radioactivity at all flow rates
seems to indicate a dilution in either or both the chimney vapor
and produced water.

A very interesting sidelight is the fact that it is diffi-
cult to account for the total tritium. If one were to assume uni-
form mixing i the cavity water, then the initial radioactivity
concentration of about 12 pCi/ml combined with the assumption that
about 90% of the initial four gms. of tritium went into the water
(only about 10% can be accounted for in the gas) would require that
the chimney contain something like 800,000 cubic feet of water.
This is roughly one-third of the calculated void volume of the Gas-
buggy cavity! In order to get a concentration of < .1 VCi/ml, many
times the cavity void volume of water would be required.

Two questions are emphasized by the foregoing considerations:

1) What happened to the tritium?

2) Why the order of magnitude decrease in
water radioactivity during January of 1969?

It is possible (a) a considerable fraction of the tritium was trap-
ped at early time in the melt; (b) a considerable fraction of trit-
ium exists in a form which is bound chemically with rocks in the
cavity; or (c) an isolated tritium-rich water pool exists somewhere
in the cavity. It may be possible for tritium in these forms to
exchange with circulating gas or free liquids containing hydrogen.
No indication that such an exchange establishes a base level trit-
ium concentration for the gas has been observed to date.
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The decrease in radioactive concentration since January
could have resulted from dilution by water from outside the cavity
environment. Two possible sources of water suggest themselves;

1) water from Ojo Alamo, and

2) water from Pictured Cliffs.

CHEMICAL COMPOSITION

The top of the Gasbuggy chimney occurs at 3906 feet. This
is very near to the boundary between the Pictured Cliffs sandstone
and the Fruitland coal. The Ojo Alamo sandstone aquifer occurs
some 200-250 feet above the top of the chimney. Chemical composi-
tion analyses of water samples taken from the Ojo Alamo Formation
and the Pictured Cliffs Formation are depicted in Table I. This
table shows the characterization of water by formation association
in a rather straightforward way by sulfate or chloride content.
One can characterize Pictured Cliffs water as having high chloride
content and relatively low sulfate content, contrasted with the
Ojo Alamo water which has high sulfate and relatively low chloride.

Table I

Water Chemical ComDosition

Ojo Alamo Formation

Location Sample Date Cl Dm. S04 PPm-

34501 GB Nov. 2P 1967 140 3580
3539 GB Nov. 2, 1967 120 3700
36501 GB Nov. 2, 1967 130 3340
36361 GB-1 Mar. 1, 1967 170 5470
3696 GB-1 Mar. 1, 1967 170 5470
35051 GB-ER Jan. 12, 1968 280 4330

Pictured Cliffs Formation

3920 GB-2 May 1, 1967 5320 480
Indian E-1 Well May S, 1967 3700 0
Feasel 2 Well Feb. 8, 1968 12,100 0

With the exception of the reentry sample from GB-ER and
Feasel 2 all samples shown in Table I were taken preshot from
their respective formations. Feasel 2 is the only well listed
which is not in the immediate area of the GB-E well; i.e., within
a three-mile radius. It does not appear that water chemical com-
position changes will occur in samples taken from the same forma-
tion at this distance (three miles) in the absence of a geologic
anomaly.

Table II shows the results of chemical analyses on water
produced from GB-ER. Analyses of the data in Table II strongly
indicate the presence of Ojo Alamo water in the produced gas post-
shot. Samples taken on November 7 1968 and between December 14,
1968 and December 30, 1968 are strongly indicative of distilled
water. During the high flow rate periods and continuously after
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January 11, 1969. the water produced from GB-ER shows chemical com-
position very similar to the Ojo Alamo water. The concentration
of ions during these periods is so high as to indicate this water
has not passed through the vapor state since it left the aquifer.
At no time has water been detected postshot in the produced water
which has characteristic Pictured Cliffs chemical composition.
This, of course, does not preclude the possibility that Pictured
Cliffs water is entering the chimney at lower depths where gas
velocities are insufficient to carry the liquids into the produc-
tion tubing.

Table II

Date Cl ppm so 4 ppm Date Cl ppm so 4 ppm

ll/ 768 20 82 1/17/69 216 3SOO
11/10 190 1620 1/23 10 583
11/12 140 2095 1/2S 14 208
11114 185 2135 1/29 16 208
11/16 170 2180 2/18 160 294S
11/18 144 2220 2/19 220 3200
11/20 13S 2160 2/20 240 4033
11/24 310 550 2/21 220 3993
11/26 200 2160 2/22 240 3934
11/29 13S 2180 2/24 280 3380
12/ 1 140 2200 2/25 248 3875
121 3 80 2240 2/26 232 38SS
12 7 32 158 2/27 2S2 3SSS
121 8 28 267 2/28 248 369S
12/10 8 178 3/ 1 248 3890
12/11 40 2S7 3/ 2 2S6 3SOO
12/12 40 247 3/ 3 264 3830
12/14 16 0 3/ 4 264 4360
12/16 20 0 3/ 5 276 4690
12/18 4 S9 3/ 6 285 4690
12/20 16 0 3/ 7 268 45SO
12/22 20 0 3/ 8 275 4740
12/24 20 0 3/10 264 4600
12/26 48 0 3/12 84 3260
12/28 20 0 3/13 264 4640
12/30 6 0 3/15 285 4520
1 /11/69 148 2372 3/17 2SS 439S
1 /12 168 2866 3/19 28S 3980
1 /13 140 3222 3/21 48 1150
1 /14 184 3360 3/24 22S 3090
1 /15 208 3S60 3/27 28 820
1 /16 2 2 3 4 4 2 3 2 3 2 6 

4/24 225 3090

HYDROSTATIC LEVEL OBSERVATIONS

If water from the Ojo Alamo Formation were entering GB-ER,
the hydrostatic level in this aquifer should reflect this by show-
ing an appropriate fluctuation. Good level measurements were
obtained during the entire program in the nearby well designated
as San Juan 24 Unit Well #10, which is about 420 feet from GB-ER.
In addition, several observations were made in the 7 casing in
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GB-ER beginning in March of 1969 and a single data point was taken
in GB-3 in September 1969 (Ref 7 GB-3 is located about 200 feet
from GB-ER at the Ojo Alamo Formation depth of 3S50 feet.

Figure 13 shows the hydrostatic level history in all three
locations. The level in 29-4 #10 well shows a distinct response
to the decreases in chimney pressure and suggests a "sink" some-
where in the vicinity. It was not until March of 1969 that a
measurement was accomplished in the GB-ER annulus which verified
the existence of a sink. The observation in GB-3 appears to indi-
cate (when combined with other observations) that GB-ER is at or
near the center of the sink.

LATER RESULTS

On October 28, 1969 a drawdown was started to lower the
chimney pressure to about 125 psig. This was completed on Novem-
ber 14, 1969 and GB-ER was then shut in for pressure buildup
studies. Because of the time limitation in getting this paper to
the publisher, it was impossible to include data from this late
period in the graphs and figures. However, we can report the
following preliminary results.

1) Chimney volume measurements during the October 28
to November 14 period show no decrease in chimney
volume grrter than the uncertainty in the calcula-
tions (10 cubic feet).

2) Water production during this period corresponds to
that which would result from condensed vapor alone;
i.e., no excess water was observed. This in spite
of the fact that calculated gas velocities were
greater than critical.

3) Tritium in water increased from 0.1 pCi/ml to
roughly 0.5 pCi/ml during the first few days of
production and remained at that level for the rest
of the period. (Ref. 8)

4) During this seventeen-day period, the water level
in 29-4 #10 rose from 10211 to 9761. Correspondingly,
the water level in GB-ER was at 122S' on October 28
and rose to about 10101 or 10201.

All of this indicates that the leak has been sealed during
this last test period. An examination of the history of 29-4 #10
shows that a partial sealing of the leak may have occurred in mid-
April 1969.

CONCLUSIONS

The production of water during the period of November 1968
to May of 1969 from GB-ER exceeded that which could be expected
from condensed vapor entrained in the gas flow. Radioactivity
levels of the produced water indicated a high dilution from an
extraneous source. Chemical analyses of this water and hydrostatic
level observations support the proposition that the source of the
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extraneous water is the Ojo Alamo Aquifer. The hydrostatic level
and chimney volume measurements support the thesis that the "sink"
is at or near GB-ER. In view of the difficulties encountered dur-
ing cementing operations on the lower portion of GB-E, it is not
surprising that there was a leak into the chimney area through the
stemming materials in this hole. It now appears that the leak has
been plugged by some obscure process although the permanency of
this plug is not assured.

It is important to realize that the device explosion did
not alter the region such that the chimney region was flooded by
massive quantities of water from the overlying aquifer and the leak
in GB-ER should be regarded as an exception due to the difficulties
which were encountered in cementing the emplacement hole at the
depth of the Ojo Alamo Formation
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