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INTRODUCTION

In Part I of this memo the growth of the Phase I reservoir was
traced in terms of changes in the following parameters:

o Heat exchange areas

o Tracer volumes

o Number of fractures

o Average fracture appertures
o Average fracture widths.

This was done for the total system and in some cases for individual flow

paths.

Here, the following topics are reviewed:

le] The relation of the long-term water loss to reservoir size and
heat exchange area.

° The relation of the loci of microseismic events to reservoir
size and heat exchange area.

o The recent (81/03/17) post Expt. 217 temperature log in EE-1
and the possibility of reservoir growth during Expt. 217.

II. LONG-TERM WATER LOSS FOR EXPT. 217
The data for the water loss during Expt. 217 and the status of the
analysis is discussed in Appendix C.

The water loss is only 30 percent higher than that of Segment 2.
The heat exchange area was a factor of 2.5 to 5 larger during Expt. 217
than during Segment 2 (see Part I of this memo). Also estimates of a
dfffusion area associated with the water losses indicate a limiting area
many times the heat exchange area (Ref. 4). An obvious conclusion is
that the heat exchange system utilizes a small portion of a much larger
fracture system that controls water loss. This large fracture system was
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not altered to any large extent by the MHF experiments of Segment 4. The
heat exchange area has changed rapidly compared to any area associated
with the water loss.
III. LOCI OF MICROSEISMIC EVENTS

The loci of the microseismicity has always occupied a volume of rock

large compared to any possible volume of the cooled reservoir (Ref. 3 and
5). This large volume is part of the pressurized storage volume
associated with short- and long-term water loss. Most of the seismic
experiments (Segments 4 and SUE) are for pressure increases of one day or
less duration. The large extent of the loci indicate that fractures of
intermediate size and permeability are being pressurized and not the
small-scale porosity. Here one example from Segment 4 will be examined.
Figure 1 is a projection of the accumulated microseismic events on the
horizontal plane (Ref. 3 and 5). The main group of points occupies an
area 400 meters by «»100 meters. This same accumulation of events has a
vertical extent of 300 meters and hence, a vertical projected area of 400

x 300 = 120,000 m2. However, since there is considerable evidence for

multiple fracture (Part I), it is reasonable to interpret this
microseismicity as occurring in or near the extensions of the fractures
that form the heat exchange system. If three fractures are involved the
total area is 360,000 m2. It is likely that the actual fracture system
is fairly complicated containing many fractures and cross joints.
Iv. POST EXPERIMENT 217 TEMPERATURE LOGS IN EE-1

Two post Expt. 217 temperature logs are now available for EE-1. 1In
Fig. 2 they are compared with the last log before Expt. 217. Each major

tempera- ture depression is labeled with the flow segmént that produced
the major part of it. This data must be subject to a detail computer
analysis in terms of specific models. For now we examine three
significant general features of the logs.

The most recent log (81/01/21 (2) of Fig. 2) is beginning to show
considerable structure. In addition to the flow entrance at A in the
figure, there are three distinct fracture intersections with the wellbore
located at B, C, and D in the lower half of the wellbore. Since two of
these may represent the same fracture crossing the curved wellbore twice,

there are at least two fractures sharing the inlet flow.



The local maximum in the temperature located at E in the figure was
due to the presence of an undepleted portion of the reservoir. As the
cooling wave moves up through the reservoir this maximum first moves up
(curves (1) and (2)) then during recovery moves back down. The highest
vertical excursion of this maximum indicates that the cooling wave is not
moving through the reservoir as fast as previous (Part I and Ref. 6)
analyses have indicated. This maximum has not reached the vertical
position of the flow exits in GT-2B located at L, M, and U in the figure,.

The vertical extent of the depleted region for Segment 5 is also
somewhat less than that indicated by an extrapolation from the Segment 4.
The depletion is confined to the lower half of the reservoir. The flow
duration for Segment U4 was thirteen times longer than that of Segment 5
and the average flow rate was somewhat higher. Scaling with the square
root of the flow duration and directly with flow rate would indicate that
the width of the Segment 5 temperature depression should be over 200
meters wide rather than the 150 meters indicated by the figure.

Any interpretation of these observations must be qualified by the
fact that the reservoir is heterogeneous and contains several fractures.
However some questions can be raised and tentative conclusions reached.

o The lower portion of the reservoir may contain three or more

fractures. _
o] The curvature observed in the Expt. 217 outlet temperature.
curves may not be drawdown, but may be due mostly to the
Segment 2, 3 temperature depression reaching the outlets.

o The total fracture width in the lower portion of the reservoir
is larger than that observed in Expt. 215.

The Expt. 217 outlet temperatures and the EE-1 temperature logs need
to be examined in terms of specific heat conduction models.
V. SUMMARY

A number of important general reservoir characteristics can now be
listed.

- 1) Pressurization and cooling have resulted in the development of
complex multi-fracture systems associated with all pressurized wellbore
segments with the possible exception of the original GT-2. Figures 3 and
4 located the major flow entrances and fracture crossings (i} as observed
in the temperature logs. These represent only those fractures with
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significant cooling and 'do not reflect the multiplicity of joints
identifiable by tracer studies.

2) The heat exchange area is small compared to areas identified by
other methods. Table 1 lists some of these area estimates. The
extremely large inflation areas are obtained from total injected volumes
divided by a nominal 1 mm aperture. The actual area associated with this
volume could be larger as some of the water must be in small sacle
porosity with smaller apertures. Most of this area cannot be expected to
participate in heat exchange flow.

The seismic area is the vertical projection of the locus of
seismicity (section III) multiplied by N, the number of fractures in the
microseismic volume. For N=3 the areas are very close to the diffusion
area. The diffusion area is obtained mainly from water loss data. The
assumptions used to obtain this area are discussed in ref. 4.

An area can be obtained from the volume of water vented at high flow
rates after the system has been pressurized for a long time. The higher
vent rates are assumed to come from a large low impedance system before
the decreasing internal pressure closes the fractures. The vent areas in
the table are for a fracture system with a 4 mm aperture at the start of
the vents. This 4 mm aperture is consistent with the values obtained for
the pressurized flow through system in Ref. 4 and Part I of this memo.

The heat exchange areas as determined in Part I of this memo are in
the final columns of the table and are seen to be small compared to any
other area estimate. This indicates that only a small portion of the
pressurized fracture system is being utilized as heat exchange area.

3) The heat exchange area grows during drawdown and the additional
area is in the partially depleted portions of the reservoir. Changes of
reservoir geometry have produced modest new hot heat exchange area.
Repressurization has increased the heat exchange area in the depleted
portions of the reservoir. Figure 5 traces the growth of the heat
exchange area and the modal tracer volumes throughout Phase I. The area
ipcreases are from the analysis are from Part I and the volumes from
Refs. 3 and 6.

The initial area of 7500 m2 was established by many pressurizations
and some cooling. This area grew to 15,000 m2 in the 75 day drawdown of
Segment 2. The high back pressure of Segment 3 (Ref. 2) caused a
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redistribution of flow and the heat exchange area started at 6,000 m2 and
grew to 12,000 m2 during the 28 day flow. The temperature history and
flow geometry indicate that this was the same area involved in Segment 2,

The system was pressurized to high pressures several times during
Segment 4 but no area or volume ‘measurements made until Expt. 215. After
215 the EE-1 temperature logs indicated that between 6000 and 9000 m2 had
been added to the lower part of the reservoir by the recementing and
pressurization of Segment 4. This increased the measured heat exchange
area to between 21,000 and 24,000 m2.

The area measurements during Segment 5 are somewhat uncertain (Part
I and section IV). The best estimates are that the heat exchange area
was at least 37,000 m2 at the start of flow and at least 45,000 m2 at the
end. The lack of recovery of the outlet temperature indicates that the
additional area is in the depleted upper half of the reservoir or was

partly added to the lower half as Expt. 217 proceeded.
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APPENDIX C

Water Loss For Expt. 217, H. N. Fisher, January 20, 1981.
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I. INTRODUCTION

The water loss data for Segment 5 (experiment 217) have been compared
with that of the Segment 2 (75 day test, ref. 1) and Segment 3 (experiment
186, ref. 2). Direct comparisons of the raw data indicate that the water
loss rates for the 217 system are approximately 40 percent higher than
those of Segment 2. Since the operating pressure (EE-1 surface pressure)
was 10 percent higher during Segment 5, the reservoir parameters governing
water loss were not more than 30 percent greater for Segment 5 as compared
to Segment 2.

Use of the pressure dependent diffusion model (refs. 1, 2, and 3)
confirms this comparison. Curve fitting to the water loss rate data with
this model also indicates that the reservoir parameters that determine the
response to short-term pressure transients is different than that of the
Segment 2 reservoir (ref. 3). These short-term transients reflect local
properties of the reservoir and indicate that flow in the lower part of the

reservoir is governed by a higher stress than the upper (Segment 2)



reservoir, A detailed analysis of the step flow data for experiments

195-204, 215, and 217 is needed to characterize the development of pressure
response of this reservoir,

II. REVIEW OF DATA

Figures 1, 2, and 3 are the raw data for the full duration of Segment
5. Figure 1 is the water loss rate as measured by the make-up pump flow.
Figure 2 is the integral of the water loss and Fig. 3 surface pressures.
The EE-1 annulus leak which began after day 150 of Segment 5 (labeled (3)
in Fig. 1) obscures the water loss data during the last 130 days of the
experiment. The seven-day shut-in at day 74 also introduces additional
transients at the re-start. The early time data ((1) in Fig. 1) for the
first 70 days is best suited to size the system.

The water loss flow rate for Segment 2 is displayed in Fig. 4. The
data contains many operatioonal transients and is smoothed by a fit to the
pressure-dependent flow model (ref. 1). The break in the data at (1) in
Fig. 4 is due to the start of a slow pressure decline in EE-1. The
extremely low values of flow at the end of the experiment are due to this
transient (ref. 1) and should not be used for comparisons with the Segment
5 system. Thé early time data is best suited for comparison with other
systems.

Water loss measurements were also made during the high back pressure
experiment (Exp. 186, of Segment 3, ref. 2) with both EE-1 and GT-2
pressurized. The loss rates of that experiment were equal to or greater
than that of Segment 2. The exact amount depends on hoow much is alloted
to the annulus leak at early times. Reference 2 should be consulted for

details.



A direct comparison of Figs. 1 and 4 show that for the first 30 days,
the flow rates of Segment 5 are somewhat higher than Segment 2. Because of
Ithe existance of so many transients, however, the easiest comparison is on
the accumulative or integrated losses which smoothed out the transients.
The integrated losses are shown in Fig. 5. The dashed curse (2) is Segment
2 scaled linearly to the Segment 5 pressure. The remaining difference is
only 30 percent of the Segment 2 losses.

III. COMPARISON WITH DIFFUSION MODEL

The diffusion model and the resulting fits to the Segment 2 data (the
dashed curve of Fig. 4) are detailed in refs. 1 and 3; and, for Segment 3
in ref. 2. The best fit obtained thus far to the Segment 5 data is shown
in Fig. 6. The flow transient located at (1) is induced by the pressure
steps located at (1) in Fig. 3.

These fits are most sensitive to two parameters: (a) 4 = AJEE
evaluated at starting or hydrostatic pressure. Here A is the diffusing
area, k the permeability, and 8 the system compressibility. (b) C a
constant that determines the pressure dependence of a (see ref. 3). This
parameter is best interpreted as the reciprocal of the sum of the

confining stress and a fracture modulus.

NOTE: 1In all previous reports o has been reported as the one-sided or

one-half the measured value. Also g in ¢ has been normalized to a rock

5

compressibility of 2.7 x 10 MPa—1. Here both of these conventions have

been discarded and o« is reported as the full measured value in SI units.

The current best values for o at hydrostatic pressure and C"'1 obtained
from the fits are summarized in the table below.
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Segment o(r2MFa /%) ¢ (1pay
2 1.4 % 10’6 9.3
3 1.4 < o< 2.8 % 107 9.3
5 1.9 x 107 13.3 ¢ ¢! < 20.0

The o for Segmert 5 is «30 percent higher tharn that of Segment 2 and
probably reflects the additior of the lower half of the reservoir. The
value of C was determired mainly by one flow transient in segment 5. The
range of C—1 jndicated in the table reflects the lack of sernsitivity to

this parameter. Short-term transierts, even in the water losses, measure

some local parameters. It is possible that the response of lower half of

the reservoir is determired by a larger comporent of ir-situ stress.
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