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ABSTRACT 

Production and injection data from 11 slim holes and 10 
large-diameter wells at the Oguni Geothermal Field, Japan, 
were examined in an effort to establish relationships 
(1) between productivity of large-diameter wells and slim 
holes, (2) between injectivity and productivity indices and 
(3) between productivity index and borehole diameter. The 
production data from Oguni boreholes imply that the mass 
production from large diameter wells may be estimated based 
on data from slim holes. Test data from both large- and small- 
diameter boreholes indicate that to first order the productivity 
and the injectivity indices are equal. Somewhat surprisingly, 
the productivity index was found to be a strong function of 
borehole diameter; the cause for this phenomenon is not 
understood at this time. 

1. INTRODUCTION 

Since a major impediment to the exploration for and 
assessment of new geothermal areas worldwide is the high 
cost of conventional rotary drilling, it would be desirable to 
be able to utilize low-cost slim holes ( 100 mm diameter) 
for geothermal exploration and definitive reservoir 
assessment. Garg and Combs (1993) presented a review of 
the publicly available Japanese data regarding slim holes. 
Slim holes have been successfully used in Japan (Garg and 
Combs, 1993) for (1) obtaining core for geological studies 
and delineating the subsurface stratigraphic structure, 
(2) characterizing the geothermal reservoir fluid state, and 
(3) as shutin observation boreholes in pressure interference 
tests. In order to establish the utility of slim holes for 
definitive reservoir assessment, it is also necessary to be able 
to predict the discharge characteristics of large-diameter wells 
based on injection/production tests on small-diameter slim 
holes. At present, there do not exist sufficient published data, 
either in Japan or elsewhere, to establish a statistically 
meaningful relationship between the injectivity/productivity 
of small-diameter slim holes and of large diameter production 
and/or injection wells. 

The U S .  Department of Energy (DOE) through Sandia 
National Laboratories (Sandia) has initiated a research effort 
to demonstrate that slim holes can be used (1) to provide 

reliable geothermal reservoir parameter estimates com- 
parable to those obtained from large-diameter wells, and 
(2) to predict the discharge behavior of large-diameter wells 
(Combs and Dunn, 1992). As part of its research program, 
DOE/Sandia plans to drill and test pairs of small-diameter 
slim holes with existing production wells i n  several 
geothermal fields in the western LJnited States; the first of 
these tests was recently completed in mid-1993 at the 
Steamboat Hills Geothermal Field, Nevada. Because of fiscal 
constraints, it is unlikely that sufficient U.S. data will become 
available in the near future. Fortunately, the Japanese 
geothermal industry has had extensive experience in the use 
of slim holes for geothermal exploration and reservoir 
assessment. Most of the Japanese slim hole data are 
proprietary. However, assuming that data ownership issues 
can be resolved, the existing Japanese data in conjunction 
with planned field tests in the Uniled States should help in 
establishing a statistically valid relationship between the 
injectivity/productivity of slim holes and of large-diameter 
wells. 

The Oguni Geothermal Field, Kumamoto Prefecture, 
Kyushu, Japan is an attractive candidate for a case history 
on the use of slim holes in geothermal exploration and 
reservoir assessment. Since 1983, Electric Power Develop- 
ment Company, Ltd. (EPDC) has lsamed out an extenqive 
exploration and reservoir assessment program in the area 
(Abe, 1992). As of mid-1993, EPDC had drilled and tested 
more than 20 boreholes ranging in depth from 500 to 2000 
meters. In this paper, we examine data from I I slim holes 
and 10 large-diameter wells at the Oguni Geothermal Field. 

A brief overview of the Oguni Geothermal Field is presented 
in Section 2.  This Section also lists the feed zone depths for 
all the 2 1 boreholes for which production and/or injection 
data are- available. Injectivity indices and estimates of 
reservoir permeability-thickness product (kh) obtained from 
injection and fall-off data are discussed in Section 3. The 
discharge test data,'productivity indices, and estimates of kh  
product given by pressure buildup data are presented in 
Section 4. Finally, in Section 5, we discuss the ( I )  variation 
of discharge rate, productivity index, and injectivity index 
with borehole diameter, (2) relationship between productivity 
and injectivity indices, and (3) kh determined from shor- 
term injection and longer-term discharge tests. 
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2. OGUNI GEOTHERMAL FIELD 

The Oguni and the Sugawara Geothermal Fields together 
comprise the northwestern Hohi geothermal region, 
Kumamoto and Oita Prefectures, Kyushu, Japan (see Fig- 
ure 1). An area of numerous hot springs, it is approximately 
40 km southwest of the coastal resort of Beppu, and some 
20 km north of Mt. Aso, an active caldera. The New Energy 
and Industrial Technology Development Organization 
(NEDO) carried out a regional (200 km2 area) exploration 
program in the Hohi area during the years 1979-1985; this 
work resulted in the identification of a highly permeable 
geothermal area in the northwestern Hohi area. EPDC 
initiated a geothermal exploration program in the Oguni area 
in 1983. The Oguni field is located at the northeast end of 
Kumamoto Prefecture; Oita Prefecture is to the north and 
northeast of the Oguni area. The Sugawara field, to the north 
of the Oguni area, is being surveyed by NEDO as a possible 

site for the demonstration of a binary power plant. Although 
the northern Hohi area has been subdivided into two separate 
geothermal fields (Oguni, Sugawara), the area constitutes a 
single hydrological unit. 

The subsurface stratigraphic structure in the northem Hohi 
area is shown in Figure 2. The granite basement (not shown 
in Figure 2) is found at about -1000 m ASL in the Oguni 
area, and drops off steeply to the northeast (in the Sugawara 
area). The stratigraphic sequence above the basement consists 
of the Pliocene Taio formation, the late Pliocene/early 
Pleistocene Shishimuta formation (pre-Kusu group), the 
lower to middle Pleistocene Hohi and Kusu formations, and 
the upper Pleistocene Kuju formation. The Nogami 
mudstones (part of the Kusu group) and the Kuju volcanics 
appear to function as a caprock for the geothermal system. 
Based upon feedpoint locations, it appears that the Hohi 
formation and the upper part of the Shishimuta formation 
constitute the principal aquifers. 

19.0 

18.0 

17.0 

16.C 

15.0 

Figure 1. The northern Hohi geothermal area, Kyushu, Japan. The inset map of Japan (lower left hand comer) shows the 
location of the Hohi geothermal area (dark rectangle). 
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Figure 2. A north-south stratigraphic cross-section for the 
northern Hohi area. The following abbreviations 
are used for formation names: KJ (Kuju); Kun 
(KusdNogami mudstone); Klm (Kusu/Machida 
lava); OH (Hohi); OHh (HohVHatchobaru lava); 
SH (Shishimuta): TA (Taio). 
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The feedzone pressures imply that the northern Hohi region 
consists of two pressure zones (a high pressure zone in the 
area of wells GH-15, GH-19, GH-6, "-2, N2-KW-3 and 
DY-2; a low pressure zone in the central and northern parts 
of the field) which are in poor communication with each 
other. At present, the reasons for the existence of two different 
pressure zones are poorly understood. The maximum 
temperature (-240°C) in the area occurs near Oguni wells 
GH-4, GH-IO, and GH-11 and Kumamoto Prefecture well 
K-7 (see Figure 3). Temperatures in the Sugawara field are 
significantly lower than those prevailing in the Oguni field. 
The northern Hohi area (excluding the Oguni high pressure 
zone) in its natural state is characterized by a vertical pressure 
gradient of 8.531 kPdm (see Figure 4). This corresponds to 
a hydrostatic gradient at about 195°C and implies upflow 
in regions of the geothermal reservoir where temperature 
exceeds 195°C. The mathematical fit to feedpoint pressures 
also implies that pressures decrease to the north; the pressure 
gradient is -0.065 b a r s h .  Apparently, hot fluid is upwelling 
in the area of Oguni wells GH-4, GH-6, GH- 10 and GH- 1 1 ; 
this hot fluid then flows horizontally to the north. It is also 
worth noting here the Oguni geothermal reservoir fluid is 
single-phase liquid; the geothermal wells do not provide any. 
direct evidence of a two-phase zone at depths greater than 
300 meters in the Oguni field. The presence of a two-phase 
zone at shallow depths is, however, suggested by chemical 
data. 

As part of its well drilling and testing program, EPDC has 
drilled both small-diameter core holes (9 GH and 3 HH 
series) and large-diameter production size wells (8 GH and 
2 IH series); in addition, NED0 has drilled 3 small-diameter 
core holes (N2-KW- 1, N2-KW-2 and N2-KW-3) in the Oguni 
area. With the exception of four core holes (GH-1, GH-2, 
HH- 1 and HH-3), some production and/or injection data are 
available for all of the Oguni boreholes. Downhole pressure 
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Figure 3. Subsurface temperature distnbution along a south- 
north vertical plane in the northern Hohi area 
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Figure 4. Correlation of pressure with equivalent feedpoint 
elevation of low-pressure zone wells (A). Also 
shown as 0 are wells (DB-IO, MW-5, DB-9, 

not included in the pressure correlation. 

measurements were made (1) during most of the injection 
tests and (2) for buildup after production tests. Pressure, 
temperature and spinner (PTS) surveys were run during 
production tests. In addition, repeat pressure and temperature 
@e., heatup) surveys under shutin conditions were recorded 
in all of the Oguni boreholes. The available drilling 
(circulation loss, well completion, and geologic data) and 
downhole PTS surveys in flowing and shutin wells have been 
analyzed by the authors to obtain (1) feedzone depths and 
(2) feedzone pressures and temperatures. A list of Oguni 
boreholes for which some production (P) and/or injection 
(I) data are available is presented in Table 1. The feedzone 

GH-15, N2-KW-3, GH-19, GH-6, "-2, DY-2) 
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Table 1. List of Oguni boreholes with production or injection data. 

Measured Vertical Feedzone Final 

Well Name (meters) (m m) (m TVD) (mm) 
Depth Depth Depth Diameter 

Downhole Production/ 

(“C) Data 
Flowing Temp Injection 

L 
GH-3 
GH-4 
GH-5 
GH-7 
GH-8 
GH- 10 
GH-11 
GH- 12 
GH- 17 
GH-20 
GH-21 
IH- 1 
IH-2 
N2-KW-1 
N2-KW-2 - 

21.4 
234 
187 
219 
212 
24 1 
236 
232 

24 1 
- 

- 
- 
226 
- 
- 

1500 
1001 
1501 
1547 
1300 
1063 
1381 
1100 
1505 
1790 
810 
900 
650 

1000 
1000 

P 
P 
P 
P 
P , I  
P,I 
P,T 
P,1 
I 
P,I 
I 
I 
P, 1 
I 
I 

1498 
1001 
1421 
1442 
1255 
1027 
I143 
1045 
1354 
1576 
810 
8 10 
616 
898 

? 
680 
750 
850 
810 

978 
R I  

1 78 
216 Two-Phase P, 1 

I 216 
76 Two-Phase P 
76 227 P,I 

- 

- 
GH-15 
GH- 1 9 

1000 999 
N2-KW-3 1350 1317 

- 

1100 

1220 
1010 
1140 
750 
760 

1560 
650 
590 
550 
860 

9 80/ 1400 

- 

voir 
79 
76 
76 
98 
78 

159 
216 
216 
216 
216 
216 
159 
216 
76 
76 860 

770 I 76 I 215 I P 
gh-Pressure Reservoir 

depth, final borehole diameter and downhole flowing 
temperature (production tests only) are also given in Table 1. 

3. INJECTION TESTS 

It is common practice at Oguni to conduct a short term (a 
few hours) injection test soon after the completion of a 
borehole. The injection test consists of injecting cold water 
into the borehole, and simultaneously recording pressure and 
temperature downhole at or near the principal feedzone for 
the borehole. (In a few cases, the pressure/temperature tool 
was placed substantially above the feedzone. Most of these 
measurements are dominated by thermal effects in the 
wellbore, and are not useful for inferring formation 
properties.) Measurements taken during a typical Oguni 
injection test are shown in Figure 5. After start of injection, 
the pressure rapidly rises and then slowly falls. The pressure 
rapidly falls after injection is terminated. The rapid fall off 
at shutin is not unusual, but the rise and subsequent fall in 
pressure which accompany injection need to be explained. 
Since the injection test was conducted right after borehole 
completion, it is likely that the fractures were still laden with 
cuttings at the time of the test. Injection tests presumably 
washed these cuttings away from the borehole. It is common 
practice in Iceland to “stimulate” a well by injection at 
maximum available rates. Strictly speaking, injection does 
not cause well stimulation in the usual sense; it merely 
accomplishes an effective washing of the borehole. Based 
on this interpretation, the three pressure falloffs for GH- 11 
in Figure 5 represent the real response to changes in injection 
rate; the pressure records during the injection phase for 
GH-11 (as well as most other Oguni wells) merely reflect 
the washing of the borehole. 
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Figure 5.  Downhole pressure and temperature (gauge 
depth = 1121 meters vertical depth) recorded 
during the injection test of well GH-11 on 
March 30, 1988. 



The pressure fall-off data recorded after injection at 
1000 kg/min (see Figure 5) are displayed in Figures 6a 
and 6b. At small shutin times, the pressure falls rather rapidly 
(Figure 6a); after a shutin time of about 15 minutes, the 
pressure fall off slows down considerably (Figures 6a 
and 6b). The slope of the late time pressure fall-off data 
(rn -1.19 lo5 Palcycle, Figure 6b) gives the following value 
for the formation permeability-thickness product (assuming 
T -225°C and dynamic viscosity p - 1.2 x lo4 Pa-s, 
p = 834 kg/m3): 

- 
4.5 
1.3 

29 
92. 
83. 
32. 

55. 
- 

- 
- 

44. 
- 
- - 

1 15Mp 
2 m  

1.15 x 1000 x 1.2 lo4 
2 n x  60 x 1.19 IO5 x 834 

- 3.7 lo-'* m2 - 3.7darcy-m 

k h = - L - - - -  
- 
- 
- 
- 
- 
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5.1 
0.14 
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Figure 6a. Homer plot of pressure fall-off data no. 1 for well 
GH-11 (March 30, 1988). 
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Figure 6b. Homer plot of pressure fall-off data no. 1 (late 
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shutin time) for well GH- 11 (March 30, 1988). 

The pressure fall-off data from all! the Oguni injection tests 
were analyzed in a similar manner. The kh values inferred 
from the injection tests are listed in Table 2. 

Table 2. Permeability-thickness (kh) inferred from pressure 
fall-off (injection tests) and pressure buildup 
(discharge tests) data 

Find 
Diameter 

A. Low-Pres 

GH-7 
GH-8 
GH-10 159. 
GH-11 216. 
GH-12 216. 
GH-17 216. 
GH-20 216. 
GH-2 1 216. 
IH- 1 159. 
IH-2 I 216. 
N2-KW-1 76. 
N2-KW-2 I 761 

Production Injection* - L l - r  
(darcy-m) I (darcy-m) 

ire Reservoir - 0.44 1 - 

B. High-pressure Reservoir 
GH-6 I 76. I - I - 

76. - N2-KW-3 I 
* Average value obtained from the various fall-off tests 

I - 

for a borehole. 

The injectivity index (11) is defined as follows: 

M (11) = -- 
P f  - p ,  

where M is the mass rate of injection, Tr is the flowing 
pressure and Pi is the initial'(or static) pressure. It was noted 
earlier that the flowing pressure Pf was observed to fall in 
many Oguni injection tests; in 'such cases, the computed 
injectivity index represents a lower limit. The most reliable 
values of the injectivity index for the various Oguni boreholes 
are given in Table 3. 

4. DISCHARGE TESTS 

A borehole must be discharged to ascertain its productive 
capacity. A total of 8 small-diameter core holes and 6 large- 
diameter Oguni wells have been discharged at one time or 
another. As part of these discharge'tests, the characteristic 
well output curves (i.e., mass and enthalpy versus wellhead 
pressure) were also obtained. The output curve for well 
GH-20 is illustrated in Figure 7; the maximum well mass 
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Table 3. Productivityhjectivity indices of Oguni wells. 

Final Productivity 
Diameter Index 

WellName (mm) (kg/s-bar) 

0.53 GH-3 79 
GH-4 76. 1.44 

1.19 GH-5 76. 
98. 1 .os GH-7 

GH-8 78. 1.01 
GH- 10 159. 3.88 
GH-11 216. 5.65 
GH- 12 216. 5.77 
GH-17 216. - 
GH-20 216. 15.2 
GH-2 1 216. - 
IH- 1 159. - 
IH-2 216. 11.9 
N2-KW-1 76. - 
N2-KW-2 76. - 

A. Low-Pressure Reservoir 

Injectivity 
Index 

(kds-bar) 

- 
- 
- 
- 
- 
3.39 
1.53 
5.12 
0.46 
7.82 

0.84 

2.1 1 
0.86 

12.1 

33. 

Final Measured 
Well Diameter Discharge 
Name (mm) (tonsh) 

A. Low-Pressure 
GH- 3 19 20 
GH-4 76 27 
GH-5 76 22 
GH-7 98 30 
GH-8 78 36 

340 

f 320 

6 300 

280 

3 
0 

C 
0 c 

c m 

F 
5 260 

n 

m 
In .- 

240 

Area Scaled 
Scaled Maximum, 

Discharget Discharge'' 
(tons/hr) (tonslhr) 

151 266 
218 39 1 
178 319 
146 221 
216 488 

Reservoir 

0 
0 

~ ~. 

GH-IO I 159 I 164 
p 
Average (GH-3 to GH-IO) 
GH-11 I 216 I 2 19 

0 
0 

303 359 
194 338 

212 342 

GH- 15 
"-2 
N2-KW-3 

discharge rate (- 370 tonshour) occurs at a wellhead pressure 
of - 8 bars. The maximum measured discharge rates for the 
various Oguni boreholes are given in Table 4. 

Following the discharge tests (varying in duration from a 
few days to several months) pressure buildup was recorded 
by lowering a gauge (usually Kuster) into the borehole. 
Because of instrument limitations, it was in many cases 
necessary to pull (and reinsert) the gauge out of the hole 

- .~ 

216 36* 
16 5* 40 72 
76 28 226 406 
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Table 4. Measured and predicted discharge rates for Oguni 
boreholes. 

0 
- 

1 10.61,0 1.5 2.0 2.5 3.0 3.5 4. 

-._ - . ~ .  -1 
B. High-pressure Reservoir 

GH-6 I 16 I 24 I 194 I 348 

220 - 
I I I I I I I 

(21fYwell dia. in mmj2 
t i  Scaled Maximum Discharge Rate = Measured Discharge Rate x 

(216/well dia. in mm)2.56 
* Two-Phase Flow 

- 

after a few hours; this resulted in a gap in the pressure buildup 
record. A multi-rate Homer plot of pressure buildup data for 
well GH-20 is shown in Figure 8. The pressure buildup data 
in Figure 8 lie on a straightline; the slope of the straightline 
yields a permeability-thickness value of 55 darcy-meters for 
large-diameter production well GH-20. The kh values 
inferred from the pressure buildup data for the various Oguni 
boreholes are listed in Table 2. 

111.6 

111.4 

e 111.2 

@ 
7 

m 
.a 

2 111.0 
a 

110.8 

\ m - 0.3430 x 1 Pal- 

Figure 8. Multi-rate Homer plot of pressure buildup data for 
well GH-20 (04-27-9 1). Pressures were recorded 
at 1750 m MD (1542 m TVD) for 256 minutes 
following well shutin. 



During all of the discharge tests, pressure and temperature 
(or pressure, temperature and spinner) surveys were also run. 
These pressure surveys are useful for estimating flowing 
feedzone pressures (P3. Given P? stable feedzone pressure 
Pi, and mass discharge rate, the productivity index (PI) can 
be calculated from the following expression: 

M PI=- . 
Pi - Pf 

The computed values of PI for the Oguni boreholes are given 
in Table 3. 

5. DISCUSSION AND CONCLUSIONS 

EPDC has carried out several pressure interference tests in 
the Oguni Geothermal Field. Analyses of pressure 
interference data from the low-pressure zone wells indicate 
that the northern Hohi area has good permeability (100 to 
250 darcy-meters). By comparison, pressure buildup data 
(see Table 2)  from individual Oguni boreholes (low-pressure 
zone) yield kh values in the range 0.4 to 92 darcy-meters; 
interestingly, smaller kh values (Table 2) are generally 
associated with small-diameter boreholes. For large diameter 
wells, kh values inferred from buildup tests vary from 32 to 
92 darcy-meters. In fractured reservoirs, interference tests 
commonly yield higher kh values than those given by 
pressure buildup tests. (An individual well intersects at most 
a few major fractures. These major fractures join the fracture 
network at some distance from the borehole. A pressure 
buildup test samples a smaller region of the reservoir than 
that investigated by an interference test.) In any case, the kh 
values inferred from pressure buildup tests (large-diameter 
wells) at Oguni are of the same order of magnitude as those 
given by interference tests. The kh values obtained from 
short-term injection tests range between 0.1 and 25 darcy- 
meters for all the low-pressure zone boreholes; the kh values 
for large-diameter wells (excluding well GH-17) vary from 
5 to 25 darcy-meters. Clearly, the kh values derived from 
short-term injection tests (5  to 25 darcy-meters) are much 
smaller than those obtained from longer term discharge tests 
(32 to 92 darcy-meters). The explanation for the discrepancy 
in kh values is tied to the duration of the tests; the reservoir 
radius investigated during a well test is roughly proportional 
to the square root of time. In contrast with longer term 
discharge tests (days to months in duration), short term 
injection tests (a few hours) sample only the near well bore 
region. Thus, short term injection tests are likely to yield a 
lower bound on reservoir transmissivity. 

Ignoring pressure transient effects, the flow resistance (or 
pressure losses) of the reservoir rocks can be represented by 
the productivity (or injectivity) index. Both the productivity 
and injectivity indices are available for only 7 of the Oguni 
boreholes (Table 3); these data are displayed in Figure 9. It 
is apparent from Figure 9 that to first order the productivity 
and injectivity indices for the Oguni boreholes are equal. 
The latter observation is at variance with the results of the 
classical porous-medium flow analyses ( e . g . ,  Garg and 

0 35 

Figure 9. Productivity versus injectivity index for low- 
pressure reservoir boreholes, Oguni Geothermal 
Field. 

Pritchett, 1990) which suggest that the injectivity index 
should be a strong function of the sand face injection 
temperature. Grant, et al. (1982), however, maintain that the 
classical analyses do not apply to geothermal systems which 
are mostly associated with fractured formations; and that 
injectivity is at least as great as productivity in discharge 
tests. The Oguni data are consistent with Grant, et a/.’s 
viewpoint and imply that in the absence of productivity data. 
injectivity index may be used to characterize the flow 
resistance of the reservoir rocks. 

Theoretical considerations (Pritchett, 1992) suggest that apart 
from any systematic difference associated with differences 
in drilling techniques (rotary versus core drilling), the 
productivity (or injectivity) index should exhibit only a weak 
dependence on borehole diameter. The available pro- 
ductivity/injectivity index data for low-pressure zone 
boreholes (see Table 3) are displayed in Figures I Oa and 1 Ob. 
Both the productivity and injectivity indices display a strong 
dependence on borehole diameter. At present, the exact cause 
for the latter phenomenon remains unknown. 

To compare the fluid carrying capacity of boreholes of 
varying size, it is useful to introduce the “area-scaled 
discharge rate” M* as follows: 

M* = 

where M is the actual borehole discharge rate, and do is the 
internal borehole diameter (mm). Based on numerical 
simulation of fluid flow in boreholes of varying diameters, 
Pritchett (1 992) suggests that the maximum discharge rate 
will increase somewhat faster than the square of diameter. 
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Figure lob. Injectivity index versus diameter for low- 
pressure reservoir boreholes, Oguni Geothermal 
Field. 

The exact value of n will of course depend on the downhole 
conditions (e.g., feedzone depth, flowing pressure and 
enthalpy, and gas content of fluid). For the conditions 
assumed by Pritchett (feedzone depth = 1500 meters, 
feedzone pressure = 80 bars, feedzone temperature = 250°C, 
single-phase liquid-water at feedzone, uniform wellbore 
diameter), n is equal to 0.56. With the exception of two wells 
(GH-15 and “-2) in the high pressure zone, all the Oguni 
boreholes have single-phase liquid conditions at their 
principal feedzones. On average, the Oguni feedzones are 
shallower and the feedzone temperatures are somewhat lower 
than that assumed by Pritchett (1 992) for his computations. 

Both the “area-scaled” and “scaled maximum ( n  = 0.56)” 
discharge rates are given in Table 4. For the low-pressure 
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zone large-diameter wells (GH-11, GH- 12, GH-20 and IH-2), 
the average measured maximum discharge rate (3 11 tons/ 
hour) is bracketed by the averaged “area-scaled” ( 194 tons/ 
hour) and averaged “scaled maximum” (338 tons/hour) 
discharge rates. Despite differences between the conditions 
assumed by Pritchett (1992) and the actual conditions 
obtaining in the Oguni boreholes, it would appear that the 
“scaled maximum discharge rate” provides a reasonable 
prediction of the discharge performance of large-diameter 
wells. 

In summary, it has been shown that the Oguni data are 
consistent with the premise that it should be possible to use 
small-diameter slim holes for definitive reservoir assessment, 
and for forecasting the dischargeiinjection performance of 
large-diameter production size wells. These conclusions 
must, however, be tested with data from a statjstically 
significant collection of geothermal fields. 
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