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RESULTS OF EXPERIMENT 186, THE HIGH BACK-PRESSURE
FLOW EXPERIMENT

by

Donald W. Brown

ABSTRACT

Experiment 186, the High Back-Pressure Flow Experiment, has contribu-
ted significantly to our understanding of HDR reservoir flow processes,
and pointed to a revised method of reservoir pressure management for the
forthcoming 20 Mw heat extraction experiment. For the increased flow
rates anticipated for this experiment -- up to 40 kg/sec -- operation in
a high back-pressure flow mode may offer several advantages: lower surface
injection pressures and consequently reduced water loss rates when compared
to low back-pressure flow operation.

During Experiment 186, it was conclusively demonstrated that by
pressurizing the exit wellbore, the reservoir flow impedance can be reduced
to a very low value: about 0.4 psi/gpm. The strong impltication is that at
fracture exit pressurization levels close to the least principal earth
stress, the high fracture-to-wellbore exit flow impedance existing under
previous low back-pressure flow conditions is eliminated.

Although the hoped-for large increase in heat transfer surface was not
obtained, under the somewhat higher mean pressure level existing throughout
this experiment, buoyant circulation -- and therefore enhanced heat extrac-

tion -- may be occurring in the main fracture.



I. INTRODUCTION

Within the framework of the specific objectives Tisted below, Expt.
186, the High Back-Pressure Flow Experiment, was intended as a second long-
term closed-loop reservoir drawdown experiment. Thus, Expt. 186 was similar
in operation to the 75-day Phase I Heat Extraction Experiment, but with a
high back-pressure imposed at GT-2, a lower initial mean reservoir tempera-
ture of 136°C, and a shorter 28-day flow duration.

A. Objectives of Expt. 18601 )%

The first objective of this experiment was to assess the effective
reservoir heat transfer surface under an imposed high back-pressure condition
at GT-2. The second objective was to measure the change in the reservoir
specific flow impedance caused by increasing the reservoir outlet pressure
to a level close to that of the reservoir inlet, and therefore also close
to 53.

The first experimental objective was proposed to verify a reservoir
model consisting of a number of near-vertical fractures interconnected by
a series of less steeply dipping joints. In theory, these near-vertical
fractures in the vicinity of GT-2B would have been held closed by the earth
stress during previous low back-pressure flow tests, resulting in the
preferential cooling of a single more or less direct fracture connection.
However, under an imposed high back-pressure at GT-2, these other fractures
would tend to open and contribute significantly to the heat transfer area.

This model had been proposed to explain the results of the 75-day Phase I

*Numbers in parentheses refer to the 1ist of references at the end of
this memorandum.
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circulation experiment, which had indicated a permeating area considerably
larger than the heat transfer area.
The second objective of this experiment was to confirm a long-held
view of the author -- first indicated during Expt. 120 (May, 1976) and
then exhibited again during Expt. 161 (May, 1977) -- that the reservoir
specific flow impedance is controlled to a great extent by the reservoir
outlet pressure level relative to the least principal earth stress, 53.
B. General Procedure
With GT-2 shut in, EE-1 was pressurized with the centrifugal
pumps to a surface pressure of about 1300 psi, and then maintained at this
level with an injection flow of about 180 gpm. When the GT-2 surface
pressure reached 1400 psi, a controlled vent of GT-2 was initiated to
maintain this surface pressure (+ 25 psi). Nine hours following the
initiation of pumping at EE-1, the GT-2 outflow was over 100 gpm at a back-
pressure of 1380 psi -- a higher pressure than the surface pressure at EE-1
by about 100 psi. The reservoir specific flow impedance at this time was
about 1.4 psi/gpm and rising as the GT-2 wellbore warmed up and the downhole
fracture outlet pressure was dropping (at a constant GT-2 back pressure).
These general flow conditions were maintained for the next 28 days,
inturpted only occasionally for brief shut-in periods to directly measure
the buoyant pressure differential between the cold and hot legs, or to
remove or replace a downhole temperature sonde. Near the end of this
experiment (10-12-78), the overall specific flow impedance had dropped

below 0.5 psi/gpm, with a net pressure drop across the downhole reservoir
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of only 51 psi at a GT-2 outflow of 150 gpm (the surface pressure at GT-2
was still 1400 psi, 65 psi above the EE-1 surface injection pressure of
1335 psi).
G Time Sequence
Expt. 186 formally began at 1830 h on Sept. 18, 1978 with the start
of pumping at EE-1. The pumping phase of this experiment was terminated
28 days later, at 1600 h on Oct. 16. With EE-1 shut in, GT-2 was then
vented for the next 7 days, until EE-1 was again repressurized at the begin-
ning of Expt. 190 on Oct. 23, 1978.
D. Related Experiments
When relevant, the results of the experiments immediately preceding
and following the High Back-Pressure Flow Experiment are reported herein.
The preceding experiment, Expt. 185, was an acoustic logging experiment 1in
GT-2 which included two pressurizations of EE-1 with GT-2 shut in(z)
The following experiment was Expt. 190, the aborted long-term pumping
experiment.* In addition, numerous references are made to the results
of the 75-day Phase I Heat Extraction Experiment.(3)
II. RESERVOIR THERMAL DRAWDOWN
The thermal drawdown of the fracture system connecting EE-1 and GT-2B
at depth during Expt. 186 followed the same general behavior as previously
exhibited during the 75-day Phase I heat extraction experiment. The single
most noteable difference between these two flow tests was the difference

in GT-2B wellbore inflow locations. Under an imposed high back-pressure

*This experiment was originally inciuded as the second part of Expt. 18@.
However, it was subsequently conducted as a separate experiment, but using
the procedure as outlined in Ref. 1.
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at GT-2, the majority of the fracture system flow entered the wellbore near
the bottom of GT-2B, at a depth of about 8850 ft. This is contrasted to a
mean entry point about 80 ft higher during the 75-day test, as discussed
in a subsequent section on Flow Distribution. The effect of this change
in flow distribution on the height of the effective heat transfer area,
however, should have been quite noticeable, and it was not.

An effective heat transfer area (one side of the fracture) of 8000 m2
was again found to match the reservoir drawdown data, as shown in Fig. 1.
Since this is the same area as for the previous 75-day test, we must con-
clude that operation in the high back-pressure mode did not result in the
hoped for large increase in heat extraction area.

However, under conditions of high back-pressure at GT-2, the height
of the directly-connected flow path between EE-1 and GT-2B decreased by
about 25% relative to the 75-day flow test. Given that the majority of

the flow exits the EE-1 wellbore at a depth of 9050 feet, the major fracture

exit point (69% of the total flow) at 8850 feet during Expt. 186 results

in an effective decrease in reservoir height from 310 feet to only about

230 feet.

However, as shown in Fig. 1, the theoretical curve representing the
drawdown of a 8000 m2 fracture matches the measured drawdown performance
quite well. The tentative conclusion is that natural convective circulation
in the fracture under conditions of high overall fracture pressurization is
compensating for this 25% loss in directly-connected fracture height. This
conclusion would not obtain if the deeper wellbore connections in GT-2B

represented more tortuous flow connections, but other data strongly deny
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this possibility. The bromine tracer test (Expt. 193) performed after
Expt. 186 shows that the wellbore entrance points near the bottom of GT-2B
(at about 8650 feet) represent the shortest and most direct connections
to EE-].(4)

Some speculative calculations based upon the impedance of the main frac-
ture (wellbore-to-fracture impedances excluded) suggest that the aperture
of the main fracture connection is of the order of 0.5 mm. This fracture
opening is sufficient to yield a buoyancy parameter of 1, i.e. natural con-
vection equals viscous drag in magnitude.

One curious artifact of high back-pressure flow operation has not been
explained, however. Prior to Expt. 186, several Tow-flow low back-pressure
tests indicated a mean recovered reservoir surface temperature of only 130°C.
However, during the first day of Expt. 186, the reservoir outlet temperature
was above 135°C. One possible explanation for this phenomenon is that natural
convection in the initially inflated fracture system under high back-pressure
operation augmented the previously-available fracture area under the earlier
Tow back-pressure flowing conditions.

The fracture system thermal performance data are given in Table I. As
shown, the reservoir thermal power dropped only slightly during the majority
of Expt. 186 because the flow rate increased to compensate for the thermal

drawdown.



TABLE I

Thermal Performance Data, Expt. 186

Day: 1 24
Outlet Flow Rate, gpm 100 150
Reservoir Inlet Temp., °C 74 61
Reservoir Qutlet Temp, °C 135 99
Thermal Power, MW 1.54 1.44

III. HIGH BACK-PRESSURE RESERVOIR FLOW IMPEDANCE
The most significant result of Expt. 186 was the clear demonstration
that the reservoir specific flow impedance, except for the small and
~ essentially constant inlet flow impedance, is a function of the reservoir
outlet pressure. The majority of the fracture flow impedance is concen-
trated near the fracture outlet, and appears to be controlled by the
effective fracture closure stress (APC) at this location as discussed in
Section III below. For a wellbore fluid pressure at the fracture intersec-
tion with the wellbore equal to Pw, and the least principal earth stress at
this depth being 53,
AP, = S3 - P,
A. Interpretation of the High Back-Pressure Flow Impedance Data
Initially, the overall reservoir specific flow impedance was plotted
vs time in the usual manner (several earlier curves of this form were pre-

sented at Expt. 186 briefing sessions). However, when the early time data
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were added to this curve, an unusual variation was noted, as seen in Fig. 2.
During the first five days of this experiment, the impedance first increased
from its initial value of about 1.3 psi/gpm to a maximum value of 2 psi/gpm,

and then dropped quite sharply again to a value of about 1.3 psi/gpm.

During this same time as shown in Fig. 1, the reservoir outlet tempera-
ture initially rose by about 2°C to a level of 136°C after 12 hours, and
then remained essentially constant at this value for the next 18 hours (the
specific impedance was still rapidly increasing at 12 hours, as shown in Fig.
2); The fracture outlet temperature then dropped considerably to about
122°C at the end of five days. Obviously then, the reservoir specific
impedance was not following the fracture outlet temperature variation, but
still appeared to be somehow related to temperature. However, it was the
mean GT-2 wellbore fluid temperature that it was responding to: first rising
sharply as the warm fluid in the fracture system filled the GT-2 wellbore,
and then dropping again as the reservoir was cooled by continued flow into
EE-1.

Since the quantity effected by variations in the temperature of the
fluid column in GT-2 (at a constant surface pressure) is the downhole pressure,
the Expt. 186 specific impedance data were replotted vs reservoir pressure,
as shown in Fig. 3. As can be seen, a remarkably good correlation results,
with a RMS deviation of about + 20 psi in the Tinear fit (the data scatter
is emphasized by the scale of this plot). These results reconfirm the con-
clusion drawn from a re-analysis of the Expt. 161 data taken during the flow
testing of the EE-1/GT-2A fracture connection: that the reservoir flow im-
pedance is primarily a function of the fracture outlet pressure level relative

(5)
to 53-
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B. Fracture-to-Wellbore Exit Flow Impedance
However, Fig. 3 shows the overall reservoir specific flow impedance,
including the near-constant EE-1 wellbore-to-fracture inlet impedance and

both wellbore pressure drops. If only the flow shut-in buoyancy calibration

data are analyzed, the measured GT-2B near-wellbore fracture impedance
(fracture-to-wellbore) can be obtained from the initial pressure rise at
GT-2, by subtracting out the small calculated wellbore pressure drop. These
data are plotted in Fig. 4. This figure reveals several important things.
First, the fracture outlet impedance appears to vanish at a downhole pressure
of 509Q psi,* herein interpreted as the fracture opening pressure (S3 for a
near-vertical fracture) at a depth of 8850 feet. Second, when compared to
Fig. 3, a residual -~ and supposedly minimum -- overall fracture system
flow impedance of 0.4 psi/gpm would have been obtainable for the flow
conditions of Expt. 186.
C. Flow Shut-in Analyses: For Both Low and High Back-Pressure Flow
From a careful examination of the surface pressure responses at EE-1

and GT-2 during flow shutins, the several components of the overall fracture
flow impedance can be recognized. The instantaneous pressure responses at
EE-1 and GT-2 represent the localized fracture inlet and outlet flow impedances.**
The longer-term pressure responses at EE-1 and GT-2 -- which finally stabilize
to give a direct measure of the buoyant AP -- give an indication of the dis-
tributed flow impedance along the fracture itself.

Figures 5 and 6 show two flow shutins near the end of Expt. 186 which
were used to measure the buoyant AP. The shapes of both these sets of shut-

in curves, with the abrupt pressure drops at EE-1 and the almost as abrupt

*Corresponding to a GT-2 surface pressure of 1420 psi near the end of
Expt. 186.
**The small casing friction pressure drops must first be calculated, and

then subtracted from these instantaneous shutin pressure responses to
actually obtain the inlet and outlet flow impedances.
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pressure increases at GT-2, strongly imply that the majority of the frac-

ture system flow impedance is concentrated near the fracture inlet and exit

points. For both of the high back-pressure flow shutins shown, the outlet
impedance is the lower: when corrected for the small GT-2 casing friction
lToss, about 0.1 psi/gpm.

The remainder of the flow impedance, which is distributed along the
fracture itself, is negligibly small: less than 10 psi in both cases (at
a flow rate of about 150 gpm). Therfore, with the fracture system pres-
surized from both ends at a pressure level close to 83, the internal flow
impedance of the fracture itself almost vanishes, i.e. the fracture must be
essentially inflated.

Similar analyses of the flow shutins at the end of the 75-day Phase I
flow test and during Expt. 190 result in a rather remarkable -- but ir-
refutable -- conclusion: In a Tow back-pressure flow mode, almost all of
the reservoir flow impedance is concentrated near the fracture exit. This
high GT-2 fracture-to-wellbore flow impedance is most probably a direct
consequence of the wellbore stress concentration, since this same impedance
almost completely vanishes with a high back-pressure at GT-2, as clearly
demonstrated during Expt. 186.

Figure 7 shows the Phase I flow shutin data upon which these conclusions
were based. As can be seen, following the flow shutin of GT-2, there was
an almost instantaneous pressure rise of about 635*psi at GT-2, representing
a low back-pressure fracture-to-wellbore exit flow impedance of 2.6 psi/gpm.
The corresponding flow shutin at EE-1 resulted in a 58 psi pressure drop.

When corrected for casing friction losses, this corresponds to an EE-I

*623 psi when corrected for the casing pressure drop.
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wellbore-to-fracture inlet flow impedance of 0.18, almost identical to that
measured during Expt. 186. The longer-term pressure recovery data at EE-1
and GT-2 indicate a distributed fracture impedance of about 0.18 psi/gpm,
at a mean fracture pressurization level of about 800 psi.

The shutin flow data during Expt. 190, the low back-pressure long-
duration flow test following Expt. 186 Qﬂhich was aborted after only four
day§) also support the above conclusions concerning the concentration of
Tow back-pressure flow impedance near the fracture exit. The surface pres-
sure responses at EE-1 and GT-2 during this short (22 minute) flow shutin
are shown in Fig. 8. Again, there is an essentially instantaneous pressure
rise at GT-2 of 1160 psi, representing a fracture-to-wellbore exit flow
impedance of 5.2 psi/gpm -- the majority of the overall 5.65 psi/gpm frac-
ture system flow impedance at this time. The 72 psi pressure drop
resulting from the shutin at EE-1, when corrected for casing friction losses,
corresponds to a 0.16 psi/gpm wellbore-to-fracture inlet flow impedance,
very close to other measurements. However, the longer-term pressure
recovery data EE-1 and GT-2, at this higher mean reservoir pressurization
level of about 1200 psi (and closer to 53) show a lower distributed frac-
ture pressure drop of about 30 psi, as would be expected. The correspond-

ing distributed fracture impedance at this higher fracture pressurization
level is only 0.13 psi/anm.
D. The Influence of Reservoir Temperature
fhe question now to be asked is what phenomenon, in the absence of
significant wellbore pressurization at GT-2, produced the significant decrease
in reservoir specific impedance during the 75-day Phase I test? From an early
value of about 15 psi/gpm, the reservoir specific impedance slowly decreased

during this test to a final value of about 3 psi/gpm.
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Since the majority of this impedance is undoubtedly concentrated near
the fracture exit at GT-2B, the variation in this impedance (at a low and
near constant GT-2 wellbore pressurization level) must have been caused by
the variation in an analog of pressure. Crossplotting the specific impedance
and reservoir exit temperature profiles from the 75-day flow test, as suggested
by Hugh Murphy, gives the answer: The thermal-cooldown-induced stresses near
the fracture exit at GT-2B -- a direct analog of pressure -- probably accounted
for the observed decrease in fracture flow impedance during this test.* The
plot of reservoir exit temperature vs. flow impedance is shown in Fig. 9. As
can be seen, following the initial reservoir transient flow interval, there
appears to be a remarkably good correlation between reservoir outlet tempera-
ture and flow impedance.
E. The Apparent Reversibility of the Low Back-Pressure Flow Impedance

One final point needs to be made regarding the fracture system flow
impedance under low back-pressure conditions at GT-2. Although Expt. 190
was terminated after only 4 days due to flow bypass at EE-1, it was suf-
ficiently Tong to again measure the reservoir flow impedance, as previously
mentioned. On 10-25-78, just prior to a flow shutin where the buoyancy was
measured, the following conditions obtained:

EE-1 Pressure and Flow: 1325 psi at 308 gpm

GT-2 Pressure and Flow: 214 psi at 224 gpm

Buoyant AP (Measured): 153 psi

Reservoir Qutlet Temperature: 105°C
For these above conditions, the total reservoir specific impedance had

markedly increased again (from that during Expt. 186) to a value of 5.65

psi/gpm; as also shown in Fig. 9.

*Although not pursued here, a future study will attempt to correlate the
reservoir outlet temperature at which this impedance essentially vanishes
(about 80°C) with the calculated stress field -- including the effects
of thermal stress -- near the wellbore. A possible result of this study
would be an effective in-situ Young's Modulus for the rock mass.
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Further, and most important, this value is almost identical to the
reservoir specific impedance of 5.6 psi/gpm measured on the 36th day of
the 75-day Phase I test, at almost exactly the same reservoir outlet
temperature level (106°C). The obvious conclusion is that the Tow back-
pressure fracture flow impedance is reversible. The observed decrease in
reservoir specific impedance during Phase I was probably not due to a con-
tinuing state of fracture movement, but rather to a continued cooling of
the rock near the reservoir exit.

In addition, the obvious should be pointed out: A reduction in reservoir
specific flow impedance produced by drastically cooling the reservoir

exit region is a very non-productive approach to reservoir management for

our program.*
IV.  EXTRAPOLATED RESERVOIR PRODUCTION RATES

It has been said that the reservoir back-pressure condition really
doesn't make much difference, since the observed flow rates under low and
high back-pressure flow were roughly the same. However, with a Timited long-
term EE-1 pressurization capability (and legy_s3), it is apparent that this
comparison is not really valid. With a net reservoir AP of only about 60
psi near the end of Expt. 186, an increase of 70 psi at EE-1, from 1330 psi
to 1400 psi, would probably have doubled the GT-2 outflow rate. Unfortunately,
our centrifugal pumps are not capable of delivering 300 gpm at a wellhead
pressure of 1400 psi, so this point could not be demonstrated.

In Ref. 6, J. Tester et al discuss the economics of HDR geothermal
systems in considerable detail. In this report, the minimum reservoir flow

rate considered is 40 kg/sec (633 gpm). It is an illuminating exercise to

*The Phase 1 low back-pressure specific flow impedance was only reduced

to the marginally acceptable value of 3 psi/gpm after an excessive cooling
of the reservoir outlet region to below 90°C, a rather non-productive
outlet temperature level for a HDR reservoir.
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extrapolate the flow performance of our present reservoir* to a reservoir
flow rate of only 500 gpm (31.6 kg/sec). For this flow condition, only

one reservoir outlet temperature was selected: 99°C. This is a temperature
for which the buoyancy AP is known, and for which the repeatability of the
Tow back-pressure reservoir specific flow impedance shown in Fig. 9 cannot
be disputed.# The required surface pressures and supporting information are
given in Table II. From Table II one can infer several things. First, as
discussed in Section III above, with most of the pressure drop concentrated
at the GT-2 fracture outlet, the water loss rate would be higher under low
back-pressure flow conditions. Second, the overall reservoir pressure re-
quirements would be reduced, and with a considerable reduction in power

requirements, under a high back-pressure flow condition,

TABLE II
FLOW CONDITIONS AT A 500 GPM RESERVOIR
FLOW RATE (TOut = 99°C)

High Back-Pressure Low Back-Pressure

Buoyant AP, psi 133 133
GT-2 Surface Pressure, psi 1470 200
Overall Specific Impedance, psi/gpm 0.47 4.4
EE-1 Surface Pressure, psi 1570 2270
Pumping Power, Kw 10 200

*The one connecting EE-1 and GT-2B prior to remedial casing cementing
operations in January, 1979.

#Besides, a comparison at a more reasonable reservoir outiet temperature
of 150°C (15 psi/gpm from Fig. 9) would have been an exercise in futility!
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V. GT-2B QUTLET FLOW REDISTRIBUTION DUE TO HIGH BACK-PRESSURE

A. Analysis of Spinner Surveys: Probable GT-2B Fracture Geometry

Spinner surveys of the open-hole section of GT-2B, intended to measure

the distribution of flow between the several wellbore fluid entry points,
were taken before, during, and after the high back-pressure experiment.
The pre-Expt. 186 spinner survey was taken on 4-12-78, one day before the
termination of the 75-day Phase I flow test(7)The Expt. 186 spinner survey
was conducted on 10-12-78, coincident with a flow shutin four days before
the end of this experiment. The post-Expt. 186 spinner survey was taken on
11-1-78, following Expt. 190.

The results of these three spinner surveys are shown in Fig, /d: As
can be seen, the two Tow back-pressure flow distribution curves are generally
similar, but considerably different from the high back-pressure flow
distribution curve. Since much of the following discussion will be directed
at the lowermost wellbore fracture connections shown in Fig. 10 (at a
median depth of approximately 8850 feet), a tentative conclusion needs to
be made now, and supported later. This conclusion is that these two lower-
most points of fluid entry, separated by only about 20 feet, are in fact
a single near-vertical fracture,* with the majority of the flow being
concentrated at the two ends of the very elongated elliptical fracture
intersection with the steeply-dipping GT-2B wellbore, as illustrated in
Fig. 11. The fact is, as we have often seen in core samples containing
very steeply dipping fractures, the majority of the drilling-related
mechanical damage to these exposed fractures (chipping, erosion and
abrasion) has been concentrated at the thin, tightly-curved and vulnerable

ends of these elliptical fracture intersections with the core. Further,

*Within 2 or 3 degrees of vertical.
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a near vertical fracture intersection with the 10-inch diameter GT-2B
wellbore, inclined from the vertical by about 4° at this depth, could have
a wellbore exposure close to 20 feet high, depending on the difference in
azimuth between the wellbore direction and the fracture direction.
TableIII lists, for the three spinner surveys shown in Fig. 10, the

depth to the flow-weighted mean point of fluid entry into the GT-2B wellbore.

TABLE III
SPINNER SURVEY DATA FOR GT-2B

GT-2 Back-Pressure Mean Fluid
Survey Date Flow Condition Entry Point, ft

4-12-78 Low 8736
10-12-78 High 8322
11-1-78 Low 8741

Table [V summarizes the relevant flow data associated with the first

two spinner surveys listed in Table III.*

TABLE IV
SPINNER-SURVEY-RELATED FLOW DATA

Survey Total GT-2 Flow Through Total Fracture-to

Date & OQutlet 8850-ft Fracture Reservoir -we]]bore
(Condition) Flow,gpm Connection, gpm AP, psi AP, ps1#
4-12-78 (low) 242 63 (26%) 728 623
10-12-78(high) 149 103 (69%) 65 18
11-1-78 (low) - (16%) - --

*Flow data are not listed for the post Expt. 186 spinner survey, since
no acceptable steady-state flow condition was established during this
rather short flow test.

#These fracture-to-wellbore AP values were obtained from the associated
flow shutin data discussed earlier, by subtracting out the small casing
friction loss (see Figs. 6 and 7).
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The data of Tables IIIand IV illustrate that under an imposed high back-
pressure condition at GT-2, the mean wellbore fluid entry point is deeper
by 80 to 85 feet than under low back-pressure flow conditions. Another
significant feature of these flow distributions is their reversibility, as
also shown in Fig. 10. The major flow connection near the bottom of GT-28B
that markedly opened under high back-pressure flow conditions, closed
again when the back-pressure was reduced to the previous 200 psi level of
the 75-day test.

Of even more significance is the fact that during Expt. 186, more
total flow was exiting through this lowermost fracture connection, but

under a very much reduced driving AP, as shown in Table IV. . By selecting

the appropriate flow model (either laminar or turbulent), one can calculate

the change in fracture permeability between the low and high back-pressure
flow conditions listed in this table. For a representative fracture height
of 20 feet, but with the flow concentrated at the two ends of the very
elongated elliptical fracture-wellbore intersection as depicted in Fig. 11,
an appropriate Reynold's number for the flow would be in the range of
2000. Therfore, a turbulent flow model would be the more appropriate for
flow across this fracture-to-wellbore impedance.

The change in fracture permeability under turbulent flow conditions

can be represented as:*

“n = % / APy (1)
KQ Qg APh

*h > high back-pressure, £ > low back-pressure; k = permeability.
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For the data listed in Table IV,

K
h:m @ = 9.8

K2 6 18
The above pressure-induced change in the measured fracture permeability
can be compared to experimental fracture permeability variations with con-
fining pressure (or stress) reported in the literature. In Ref. 8, a
Taboratory study of the effect of confining pressure on fracture perme-

ability for 71ow porosity rocks, the following empirical equation was

3 173 14g Py - 4.602
K,)  Tog?, - 4.602 (2)

where P = Net Confining Stress, S3 - Pw

developed:

Taking the value for 53 of 5090 psi as shown in Fig. 4, and the

value for Pw corresponding to the 10-12-78 flow shutin data for which
the Table IV values were developed , a net fracture confining stress of
only 20 psi (Ph) at high back-pressure results. For the same value of 33,
the ﬁermina] flow shutin data from the 75-day test result in a Tow back-
pressure net fracture confining stress of 1210 psi (Pg).

For these values of Ph and Py, equation (2) gives:

3

Kn _ {109 (20) - 4.602 1 _ 4.7
Ry - [Tog (12107 - 4.602 :

Obviously, there is remarkable agreement between our in-situ fracture
flow measurements and the extensive laboratory flow tests reported in Ref.8 .

In fact, the somewhat lower value for the in-situ permeability difference
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given by equation (1) may be due to the 11°C difference in the GT-2B near-wellbore
reservoir rock temperature between the two measurements listed in Table IV. *
One nagging problem remains, however, in the above development. Suppose
this fracture intersection at 8850 feet in GT-2B is not vertical, but s
instead a high-angle joint (or two) dipping at 70° from the horizontal.?
Then the 53 value used above to calculate the net fracture confirning stress
is not appropriate. For an 53 value of 5090 psi as given above, and for
an S] value of 9770 psi (equal to pgh at a depth of 8850 ft, for p=2.6 gm/cc),

the stress normal to a joint dipping 70° between S1 and S3 would be:

5, = S, sin’ + S, cos’e (3)
where 6 = 90° - 70° = 20°
Sn = 1143 + 4495 = 5638 psi
or
Sn = 53 + 548 psi

In this case, Ph would equal 568 psi and PQ would equal 1758 psi. Using
equation (2), the predicted variation in the permeability of a 70°-dipping
joint, between the Tow and high back-pressure conditions given in Table

IV would be:

*At the end of the 75-day flow test, the reservoir outlet temperature was
88°C, while on 10-12-78 during Expt. 186, the reservoir outlet temperature

was 99°C.

#An angle which is very representative of the joints observed in core
samples and televiewer scans of the GT-2 wellbore.
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Kn _ [ _log(s68) - 4.602)° _ , ¢
R, [1og(1758) ~ 7502 :

This variation is obviously much less than the observed permeability
variation between low and high back-pressure conditions at GT-2, strongly
supporting the conclusion reached earlier: That the lTowermost flow con-
nection in GT-2B is the intersection of a near-vertical fracture with
the wellbore.

But, can we say anything about the other flow connections in GT-2B?
If one assumes that all the other flow connections in GT-2B represent the
intersections of high-angle joints with the wellbore, one can use equation
(1) to compare the measured in-situ permeability variation between low
and high back-pressure flow conditions for these joints with that predicted by
equation (2). The low back-pressure and high back-pressure flow residuals assigned

to these combined joint intersections with the GT-2 wellbore are from Table IV

Qh = 149 - 103 = 46 gpm

Q, = 242 - 63 =179 gpm
From equation (1)

no.gs fez |

KQ 179 18

In comparison, the predicted joint permeability variation between Tow and
high back-pressure flow, using equation (2) is 2.5 for a joint dipping 70°

as given above, and 1.3 for a joint dipping at 65°.
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Obviously, then, the following GT-2B flow connection model fits the
observed data:
¢ A Towermost near-vertical fracture-wellbore
intersection centered at a depth of about
8850 feet.
¢ A set of high-angle joints, dipping between
65 and 70 degrees, which intersect the wellbore
between the depths of 8660 feet and 8800 feet.
B. Flow Characterization Tracer Studies
Two dye tracer experiments (1-5 and 1-6) were conducted during
Expt. 186. The results of these experiments are compared with the Tow back
pressure tracer experiments run at the end of the 75-day test (1-4, 4/7/78),
and following the high back pressure experiment, during Expt. 190 (1-7,
10/26/78). Table V and Figs. 12-17 illustrate the results.
In all cases, a Na-fluorescein tracer was injected at the EE-1 wellhead.
Test 1-4 used the Kobe system for this while all subsequent tests used the new
dye injection by-pass system at EE-1. After injection, the dye slug was pumped
down EE-1, through the fracture system, and recovered at the GT-2 wellhead.
Although tracer tests conducted under low and high back pressure conditions
at GT-2 showed a well-mixed, highly dispersed residence time distribution with
mean fracture system volumes in excess of 7000 gal, there are some prominent
differences:
(1) The early high back-pressure test (1-5, 9/28/78) showed an initial
arrival of dye at a residence time that would correspond to some-
thing less than the EE-1 and GT-2 wellbore volumes based on flow-

rate weighted averages of the injection and production zones volumes,
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Captions for Figures 12-17

Concentrations normalized with respect to percent dye recovered shown
as a function of net effective fracture system volume (the product of
production flow rate and residence time corrected for wellbore volumes) and

normalized flow volume (V/<V>) or residence time (8 = t/1).
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o

as determined by radioisotope injection logs, temperature surveys,
and spinner surveys. There are two plausible explanations: First,
a short-circuit path may exist behind the cement microannulus in
EE-1 above 9000 ft, or a secondary injection zone may exist below
9050 ft with, in either case, a direct connection to a production
zone high in GT-2B. Second, flow rates and resulting volumes from
time integrations for GT-2B and EE-1 may be in error. A 10% error
in either the EE-1 or GT-2 flowrate could explain the early arrival.
The results of the second, high back-pressure experiment (1-6,
10/13/78) run at essentially the same conditions as the 1-5 experi-
ment, suggest that flowrate errors may have caused the apparent
early arrival and that the initial portion of both curves may over-
lap. A flowrate error of this magnitude has apparently not been
observed in earlier dye tests.

In future experiments, inaccuracies of this character will be
eliminated by using radioisotope tracers with logging in both
injection and recovery wellbores.

If we assume that the 1-5 test had a flowrate measurement error,
there are still idfferences between the high back-pressure experi-
ments. For example, the difference in curve shape and peak concen-
tration between the 1-5 and 1-6 tests is significant and may
indicate that a change in flow pattern occurred between 9/28/78 and
10/13/78. (See Figs. 12 and 13.) The reduction of impedance over
this period could be attributed to an increase in production rate

in the deep zones of GT-2B (8850 ft) which would lead to a somewhat
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larger mean GT-2B wellbore volume (~1000 gal), but not enough

to compensate for the observed differences in the tracer curves.

A change in the flow pattern through that section of the fracture
system which produces fluid at or near 8850 ft may be the cause

of the observed differences.

The major portions of the high back-pressure residence time distri-
butions (RTD) suggest that the fracture system volume is somewhat
smaller and that the degree of mixing is different than under low
back-pressure conditions (Figs. 14, 15, 16, and 17). Spinner surveys
taken in the production zones of GT-2 during high and Tow back-
pressure conditions (see Fig. 10) indicate a shift to a higher flow
fraction in the Tower section (8850 ft) of GT-2B, 69% with 1400 psi
back pressure and ~20% with 200-250 psi back pressure. This effect
could certainly lead to a different RTD as well as a mean fracture
system volume.

The general shape of all RTD curves is consistent with a model where
the observed large dispersion effect is caused by a superposition

of mixed flows in the GT-2B wellbore each having a much smaller
degree of dispersion. Furthermore, the Na-fluorescein tracer tests
have revealed, at the very least, that distinct qualitative flow
pattern differences exist between high and Tow back-pressure conditions.
Dye was observed in the EE-1 annulus on all three experiments
(1-5, 1-6 and 107). A preliminary analysis of the data indicated
that approximately 25-40 gal/min flowing in the open annulus above

the cement in EE-1 could account for the observed dye. Later
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experiments with Br82 have verified that flow is occurring in

the cement microannulus and above the cement in EE-1 at approxi-

mately these flow rates.

VI . PERMEATION FLOW ANALYSES

The data from Expts. 185 and 186 have been analyzed in terms of the
diffusion mode{3’9’ and ]O), The data and theoretical fits are
presented in sections A, B, C, and D. During Expt. 185, two separate pres-
surizations of EE-1 with GT-2 shut-in provided data on flow into permeation.
Expt. 186, the high back-pressure experiment, provided data on both the early-

and long-term water losses with both EE-1 and GT-2 pressurized to near S3.

A. Early-Time Low-Pressure Data
Figures 18, 19, and 20 are plots of the EE-1 flow (indicated by
Q and +) and pressure (P and .) for the first 30 minutes of the two pump
ups of Expts. 185 and 186. Buoyancy has little effect at early times and
the data has not been corrected. In each case the pressure data has been
fit to a P a/time curve (solid line). From these curves the value of
A/E§7§E was calculated and is annotated on each graph. The flow was assumed
to be a step function starting at t0 and having the value a-as indicated on
each graph. These values are approximately twice those measured on previous
experiments with GT-2 vented.
B. Early-Time High-Pressure Data
After the pressure becomes greater than ~ 4.0 MPa (600 psi), the
constant flow case pressure departs from the square root of time behavior.

Figures 21, 22, and 23 indicate the quality of the data in the high pressure
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range for the three pump-ups. Each is a plot of the permeation flow (either
EE-1 or EE-1 minus GT-2) and the wellhead pressures for EE-1 and GT-2.

The permeation flow is approximately the same in each case and is constant
to within 10% over the range of interest. An examination of the EE-1 and
GT-2 pressure plots indicates the results are the same for all three
pressurizations.

The second pressurization of experiment 185 had the longest period of
constant flow (over 4-5 hours) and an initial reservoir pressure of zero.
Since the period of constant flow is Tongest and the pressure reached at
constant flow is highest, this is the best of the three for comparison with

the pressure=dependent diffusion mode1(3’9)- Figure 24 is a plot

of the EE-1 pressure increase corrected for buoyancy. The solid line fit
to the data is the results of any AYER calculation of the pressure-dependent
model with constant flow over a circular fracture.
C. Long-Term Water Loss

After 16 hours of pumping the EE-1 surface pressure reached 1330
psi and was stabilized within a few percent of this value. The flow into
permeation during this constant pressure phase is plotted in Fig.25. The
data has been corrected for the controlled leak at the GT-2 packoff. The
solid line fit to the data is again the result of an AYER calculation of
the pressure dependent diffusion model with a constant fracture pressure.
The long-term diffusion flow, while masked by the developing leak up the
EE-1 annulus, after the eighth day of Expt. 186, still appears to be approxi-

mately twice that measured during the 75-day Phase I test.
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During the seventh day of operation (Sept. 25) both wellbores were
shut-in to measure the buoyancy. After this operation the water losses
no longer match the expected theoretical rates but increased gradually to
about 0.32 x 10'2m3/s (51 gpm) at the conclusion of Expt. 186 on Oct. 16.
The difference between the theoretical curve and the data is replotted in
Fig. 26. The rate of increase of this leak with time is seen to be nearly
constant at approximately1.0 gpm/day. The total amount of water lost to
this leak was 1660 m> (438,000 gallons).

However, the inferred 25 gpm flow bypass up the EE-1 annulus at the
end of Expt. 186, as shown in Fig. 26, is considerably less than the 40 gpm
leak rate measured following this experiment (4). The balance of this

measured flow bypass up the EE-1 annulus may well have existed throughout

Expt. 186. If this additional leak up the EE-1 annulus were to have been
constant at about 12 gpm throughout Expt. 186, then the fluid Toss rate under

high back-pressure may actually have been similar to that measured during
the 75-day low back-pressure flow test, as shown in Fig. 27.

If the fracture itself was similarly pressurized under either Tow* or
high back-pressure flow conditions, one would not anticipate that the frac-
ture system water loss rates would be appreciably different between these
two long-term flow tests.

D.  Summary

With both EE-1 and GT-2B pressurized to a level approaching S3,
the characteristics of the system are generally those for the combined
system. The diffusion parameter and long-term water losses reflect the

properties of the fracture systems connected to both wellbores. The permeation

*As shown in Section III above, under Tow back-pressure flow conditions,

the majority of the fracture system pressure drop occurs at or near the
fracture exit.
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flow in all phases of the experiments was approximately twice that measured
in Segment II with only EE-T1 pressurized. However, the Tong term water
loss rates may actually have been comparable. The resulting values of the
diffusion parameter o = A/EE7EE at hydrostatic pressure are summarized in
Table VI. A similar discrepancy between the short- and long-term values

of o was noted in the Phase I data. This discrepancy is probably due to
the heterogeneity of the reservoir; in particular the low impedance con-
nection between the fracture systems. The pressure dependence of o remains

the same as in past experiments.

TABLE VI
A#KE/BR(m3)
Exp. 185 186
Short Term 0.372% x 1073 0.373 x 1072
Long Term 0.285 x 107 0.301%* x 1073

*Average of two measurements.
**Constant pressure, others are constant flow.

Diffusion parameter measured in experiments 185 and 186.

VII. FLUID CHEMISTRY DATA

During Expt. 186, one sample per day was collected at each of the
following points:

1. GT-2 filtered through a .45 p millipore filter

2. GT-2 not filtered

3. EE-1 not filtered

4, Make-up water - filtered through 100 u filter.
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These samples were anlyzed for pH, conductivity, bicarbonate, chloride,
fluoride, sulfate, sodium, potassium, calcium, magnesium, iron, Tithjum
and silica by techniques described in the Phase I, Segment 2 report.(3)
A.  Results
The results of the analyses are presented in Figs. 28-37. .Unlike
the results of the Phase I, Segment 2 run, the species in this experiment

did not build up to some steady level but rather showed some decline in con-

centration (see Figs. 28 and 29).The main reason for this decline was the

extremely high makeup flow rate (often as high as 30% of the total flow
rate) due to high water losses in the formation and to leaks in the system.
This high makeup flow completely dominated the mixing and therefore the
buildup of dissolved species with time. The slight decline observed in
several of the graphs could be due to the addition of "dirty" GT-2 water
to the EE-1 pond early in the experiment. This "dirty" water was needed
because the high water losses drained the pond much faster than the 400-
foot well could supply. After the water from the GT-2 pond was added, water
from San Antonio Creek was hauled up to supplement the supply well. The
addition of "clean" makeup water would dilute the earlier "dirty" water
causing the decline. An analysis of the GT-2 pond "dirty" water is included
as Tab]eVII,Alss included is a Table VIl of trace element concentrations
courtesy of I. Binder of CNC-11.

B. Preliminary Interpretations

The graph of 51'02 vs time (Fig. 37) is the basis for the following tenuous

4

interpretation. The S1'02 vs time curve has a steady slope of -1.1 x 10~

ppm/min. This change in concentration can be evaluated using the reservoir
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TABLE VI

ANALYSIS OF GT-2 POND WATER - September 20, 1978

S1'02 181.4 ppm
Na 580 ppm -
Ca 49.4 ppm
K 318 ppm
Mg 2.6 ppm
Fe 4.4 ppm
HCO4 362.8 ppm
c1 1102 ppm
F~ 4.2 ppm
pH 7.74

Conductivity 3600 wy/cm

36.22

L cations

T anions 36.99
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3) This

model developed in section 5 of the Phase I, Segment 2 writeup.(
model takes into account the effect of the water loss rate which is
significant in Expt. 186.

A mass balance around the system pictured in Fig. 38 gives the follow-

ing relation:

VE -4y, - T+, (- TR (- ) (1)

dt n

&here
Cin . 6T : a]oss T+ E%QEE cM - (2)
a7 A

v = total volume of all fracture flow paths = V,+V,
V2 = volume of hot region flow path
CM = (5102) makeup = concentration of S1'02 in the makeup wateh
¢ = (Siogat)T=T = saturation concentration of quartz at T .
T = (§?5;)= avenge concentration of Si0, at time t
k = dissolution mass transfer coefficient, cm/sec
a* = rock surface area to fluid volume ration, qm'
az = fluid circulation rate through hot region at time t
gy = total fluid circulation rate at time t
61055 = amakeup = fluid loss rate to permeation at time t
T, = mean residence time in hot region = Vz/éz
f = fraction of plug flow conversion = function of dispersion in hot

region (f < 1)
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Substituting for c'h gives

T . M= i - 5= 4 N
VG T Goss €D + 8 (=) TSR @) )
T

[«

where 6 = ka*rz,

rearranging
dC , - = M
- V@t q]oss(c'c )
(1-e79) [c™-C+d10ss (T-c™)]
i

(4)

%

where

v = 10000 gal from dye experiments

%§;= Constant = 21.1" x 1074 ppm/min

%oss is taken from Fig. 25

c™ is from Fig. 37

e is taken to be large so e® 50
sat (qtz controlied)
aq

C” is chosen to be the S1'02 at the temperature of the

hot region.

For large 6, the effect of kinetic dissolution rates is small and the
change in concentration with time is due to mixing concentrated fluid with
less concentrated fluid. As long as the concentration in the makeup fluid,

CM, is less than the average fluid concentration, C, a high d. will strongly

ions
influence the change in concentration with time (egn. 3). For an observed
concentration vs time graph the value of éz as a function of C* (and therefore
temperature) can be calculated using equation (4). A plot of &z vs time as a

function of jsothermal temperature is given in Fig. 39. With the assumption
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of very fast kinetics in the isothermal path, the mixing model predicts that

the flowrate through this path must decline from an initial 80 gpm to about

30 gpm at a temperature of 145°C. Lower temperature would require a higher

flow rate as would slower kinetic rates of dissolution. At 140°C, the total
flow rate is not sufficient to account for the buildup. As temperatures
increase, the required flow rate drops and approaches 5-10 gpm for a temperature
of 190°C. This is quite consistent with the results of the Phase I, Segment 2
test where the isothermal path temperature was ~ 189°C and the corresponding

flow rate was ~ 4 gpm.
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VITI. SUMMARY AND CONCLUSIONS
A.  Thermal Drawdown Results

During this 28-day flow experiment, the GT-2B reservoir outlet
temperature decreased from 136°C to 98°C. Due primarily to a slowly in-
creasing GT-2B reservoir outlet pressure at a constant surface back-pressure
Tevel of 1400 psi, the GT-2 outflow slowly increased during this time
interval from an initial value of about 100 gpm to a final value of about
150 gpm. Therefore, during Expt. 186, the reservoir thermal power (Eout'%n)
decreased only slightly, from an initial value of 1.54 MW(th) to a final

value of 1.44 MW(th).

An effective heat transfer area (one side) of 8000 m2 was found to
match the drawdown data for this experiment. Since this is the same area
as for the previous 75-day test, we can conclude that operation in the high
back-pressure mode did not result in the hoped for large increase in heat
extraction area.

However, as discussed later, a comparison of spinner surveys at high
and Tow back pressure shows a significant shift downwards in the GT-2B
fluid entry points for Expt. 186. These lower fracture outlets are pre-
sumably closer to-the main EE-1 fracture inlet at 9050 ft, so that the flow-
weighted mean reservoir outlet temperature profile during Expt. 186 should
actually be Tower than the theoretical curve for a 8000 m2 fracture
would indicate. Possibly, the effects of buoyancy are becoming apparent
under this high back-pressure mode of operation. Some speculative calculations

suggest that under these conditions, natural convection and viscous drag in
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the fracture are approximately the same magnitude. In this case, natural
convection may be contributing as much as 25% to the circulating fluid
heat pickup.
B. Reservoir Specific Flow Impedance

This experiment has clearly demonstrated that the reservoir flow
impedance in primarily a function of the downhole pressure at the fracture
. outlet. Under conditions of low back-pressure at GT-2, the reservoir flow
impedance is large and concentrated near the fracture exit. However, this
fracture-to-wellbore flow impedance drops almost linearly with increasing
back-pressure at GT-2 until it essentially vanishes at or near the local

reservoir value for 53. At this point, for the inlet flow conditions of

Expt. 186, a "residual" reservoir flow impedance of about 0.4 psi/gpm
remains, primarily concentrated near the EE-1 fracture inlet.

During Expt. 186, at a near-constant GT-2 back-pressure of 1400 psi,
the downhole pressure at 8850 feet increased by about 200 psi as a result
of the gradual cooling of the ascending column of fluid. In response to
this increasing downhole pressure, the reservoir flow impedance dropped
from a maximum value of 2.0 early in the experiment to a final value just
under 0.5 psi/gpm.

From an analysis of the lTow back-pressure flow data from the 75-day
Phase I test and Expt. 190, it is clear that the drop in reservoir flow
impedance during the 75-day test represents a reversible phenomenon. Follow-
ing Expt. 186, the measured low back-pressure reservoir flow impedance
"recovered" to a value of 5.65 psi/gpm. Further, the decrease in the
reservoir flow impedance during the 75-day test, from an initial value of

15 psi/gpm to a final value of about 3 psi/gpm, can be directly correlated
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with the decrease in the reservoir outlet temperature during this test.

Since the majority of the reservoir flow impedance for these conditions

was concentrated at the fracture outlet, undoubtedly as a wellbore stress
concentration, it is reasonable to conclude that thermal contraction stresses
in this region -- a direct analog of pressurization -- probably accounted

for the observed decrease in reservoir flow impedance with decreasing
reservoir outlet temperature. That the Expt. 190 flow impedance of 5.65
psi/gpm at a reservoir outlet temperature of 105°C compares so closely

with the 75-day Phase I reservoir flow impedance of 5.6 psi/gpm at a

reservoir outlet temperature of 106°C supports this conclusion.

C. GT-2B Qutlet Flow Redistribution Due to High Back-Pressure
Under conditions of high back-pressure at GT-2, the mean reservoir

fluid entry point into the GT-2B wellbore shifts downwards by about 80 to
85 feet relative to the mean fluid entry point under Tow back-pressure flow
conditions. This redistribution of flow is accounted for by the opening
of a near-vertical fracture near the bottom of GT-2B, under a downhole
pressurization level approaching the local value of S3.

The conductance of this near-vertical fracture-wellbore connection
increased by a factor of 9.8 between low and high back-pressure conditions.
This variation is close to that predicted by an empirical correlation based
on extensive laboratory measurements of the variation of fracture permeability
with confining stress. However, if this lowermost GT-2B flow connection was
instead an intersecting high-angle joint dipping 65 to 70 degrees, the

predicted increase in permeability would have been only about 1.3 to 2.5,

much less than the observed permeability increase of almost ten.
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Na-Fluorescein dye tracer studies conducted with high back-pressure
at GT-2 have shown some important differences from those of run segment 2 of
Phase I (75-day circulation test) with Tow backpressure at GT-2. Changes in
the distribution of flow from production zones in GT-2B can be correlated
with changes in the observed residence time distributions (RTD) with the
majority of disperson effects caused by a superposition of mixed flows in the
GT-2B wellbore. The fracture system flowing volume under high back-pressure
condition is somewhat smaller than that obtained at low back-pressure

[median volumes of 13,000 vs 10,000 gal].

The following GT-2B flow connection model fits the observed data:
¢ A lowermost near-vertical fracture-wellbore
intersection centered at a depth of about
8850 feet.
¢ A set of high-angle joints, dipping between
65 and 70 degrees, which intersect the wellbore
between the depths of 8660 feet and 8800 feet.
D. éermeation Flow Analyses
With both EE-1 and GT-2 pressurized to a level approaching 53, the
observed permeation and diffusion characteristics are generally those for
the combined fracture systems. The diffusion parameter, A/F§7E;, and
long-term water losses reflect the properties of the fracture systems
connected to both wellbores. The permeation flow in all phases of the
experiment was approximately twice that measured during the 75-day flow
test, with only EE-1 pressurized. However, due to flow bypass up the EE-]
annulus, the long-term water loss during Expt. 186 may actually have been

quite similar to that during the 75-day flow test.
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The source of the increasing water loss after the seventh day of Expt.
186 (9-25-78) was determined, during Expt. 190 to be an inlet flow bypass up

the wellbore annulus outside the production casing string in EE-1. During

Expt. 186, this bypass flow increased by about 25 gpm. However, follow-
ing Expt. 190, this EE-1 bypass flow was measured at 40 gpm. Expt. 190

was terminated due to this problem.

E. Fluid Geochemistry
High makeup flow rates during Expt. 186 constantly diluted the

fluid in the reservoir. Because of this high dilution, none of the dis-
solved species attained "steady state"; rather a very gradual decline in
concentration with time was observed in all species. Due to the use of
water from the GT-2 pond (which contained high TDS) for makeup water early
in the experiment, there was an initial spike in the concentration-time
curves. This spike had the effect of obscuring the change in fluid
composition with time due to chemical interaction in the reservoir.

The silica vs time data were analyzed using the mixing model developed
in Phase I, Segment 2 to set temperature and flow rate constraints on flow

through a portion of the reservoir.
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