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NATURAL CONVECTI ON SYSTEM AT THE . OHNUVA- SUM KAWA GEOTHERVAL FI ELD, NORTHEAST JAPAN

Yasuhi ro KUBOTA

Geot hermal Energy Devel opment Departnent, M tsubishi Metal Corporation
1-5-2 Ohte-nmachi, Chiyoda-ku, Tokyo 100, Japan

ABSTRACT | NTRODUCTI ON
A nunber of wells were drilled, and downhol e Prior to the oil crisis that occurred in 1973,
tenperature and pressure surveys were conducted to M t subi shi Met al Cor por ati on (MVO) comenced
identify the major feed point of geothernmal fluid, and geot her nal exploration in 1965 ained at power
to determne the subsurface distribution of pressure generation to be used for donestic power consunption
and tenperature in and around the devel oping area. The on the northern slope of the Hachimntai volcanic
isothermal map reveals that the heat source in the region.
area is probably seated beneath the volcanic chain.
The pressure distribution provides inportant insights To delineate the nost potential ar ea, vari ous
concerning the general characteristics of the natural - exploration nethods were enployed and a number of
state flow pattern in the area. Based on the wells were drilled covering around 30 knf. The
subsurface isobars map, the natural-state convection borehole field in the area was classified into four

systemin the area is estimated as follows:

(1) It is virtually certain that a vapor-doninated
flow region is present in the southern part of
the reservoir system at a depth extending from
the lower part of the caprock.

(2) The wup-flow zone of the geothernal fluid is
located in the southern part of the area. The
down-flow zone is in the northern part of the
developing area, as a whole, forning a large

convection cell.
A study of the natural-state
field data is being
suitable field devel opnent

flow pattern based on
design the nost

examned to
schene.
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The GChnuma 10 MAe power plant was installed in the
latter part of 1973, and power has been transmtted to
MWC's Akita zinc refiner since 1974. Exploitation of
the Sum kawa field commenced after commi ssioning of
the Chnuma power plant in 1981. Up to the present, six
production wells distributed in the southern part of
the Sumikawa field are intended to supply steamto a
50 MA¢ power plant, which will be installed in the
near future. The Taninainuma field has been devel oped
for the direct use of waste water from the GChnuna

well's, while the Kumazawagawa field was al so investi-
gated to survey subsurface tenperature and pressure
gradient in the early stage of exploitation.
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RESERVAO R CHARACTERI STI CS

Well localities, subsurface tenperatures,
di stribution, etc.
summary of each wel |

perneability
are illustrated in Figure 1, and a
field is listed in Table 1.

The Chnuma- Sum kawa geot hermal reservoir
domi nated type with a two-phase
liquid phase in its natural state.

is a liquid-
zone overlying the

Results of the geoscientific

drilled wells provided the

the geol ogi cal structure and

as suggested by Kubota (1985).

(1) North-south structure characterized by a dual
series of graben and uplifted zones was forned in

exploration and deeply
following information on
reservoir characteristics

the regional district of the Hachimantai area.
The east-west trending volcanic chain connects
M. Hachimantai and M. Yakeyamn, which are

north-south
the OChnuma-

active volcanoes intersecting wth
_structure at the southern part of
Sum kawa geot hernal reservoir.

The Pre-Tertiary basenent has not yet to be
confirmed even with the deepest well (2486 n) in

the area. The lowest fornmation identified is
granodiorite, which intrudes into the Tertiary
formation.

(2) Subsurface tenperatures appear to be highest to
the south, inplying that the thermal anomaly is
closely associated with the east-west volcanic
chain located to the south in the area. It is
believed that deep heat sources in the area

itself underlie the volcanic chain.

(3) Underground pressures are approximtely uniform
throughout the area at depth. In the shallower
parts of the area, vertical pressure distribution
is characterized by a substantially subhydrostat-
ic gradient. The Quaternary vol canics and | acus-
trine sedinents serve as relatively inperneable

caprocks for the two-phase or vapor-dom nated
geot hernmal system

(4) Fuid flows principally through an extensive
network of fractures. While drilling, regions of
| ost circulation are frequently encountered
within the high-tenperature zone, but fractures

within the cooler parts of the area are sealed
with vein materials. The fracture system was
formed by volcanic activity, and self-sealing
has occurred within the cold-water recharge area.
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Static tenperature profiles as to the depth of each ‘\
well field are shown in Figure 2. N
Figure 2. Tenperature profile of each field.

Table 1. Sunmary of each well field at the Chnuna- Sumi kawa geot hernal area.
LOCALI TY SUM KAWA OHNUVA TANI NAI NUVA KUVAZAWAGAVA
NUMBER OF VELLS 11 13 6 3
DRI LLED M n. 448 635 710 80
DEPTH(mM [ Max. 2486 1768 1406 701
BOTTOM SHALLOWEST +576. 2 + 300 + 149 +523
ELEVATI ON

DEEPEST -1400. 4 -778 -513 11

(nrsl)

LOST G RALATION 0.274 0.241 0. 089 ND
I NDEX (n¥/ hr/m

WVELL SA-2 0-1 R K-2 0-2T
STATI C ELEV. (nrsl) - 836 -535 - 355 -10
TEMP. TEMP. (°O) 317 226 236 176

ELAPSED 261 *EST *EST 529

TI ME( hr s)

*EST : estimated from HORNER pl ot



The Sutnikawa field shows highest tenperatures of the’
subsurface in the area; its maximm of 317°C was
neasured at an elevation of -840 nrsl, at the bottom
of Well SA-2. The tenperature profile below +400 nrsl
is nearly equal to the boiling curve with depth. A
| owtenperature anonmaly at -1220 nrsl of the deepest
hol e, Well N61-SN 7D, was neasured 4248 hours after an
injection test, but the anomaly still may not have
been reached to- be considered as static. The tenpera-
ture profile above +600 nrsl suggests a conductive
heat transfer through inperneable formations, and the
shal | onest tenperature profile shows a cold ground
aquifer. Vertical tenperature gradient in the north of
the Sumkawa field is low, simlar to a tenperature
pattern in the Chnuma field.

the GChnuma field is that the
tenperature profile for depth bel ow +400 nrsl scarcely
increases any further, the maxi mum tenperature being
225°C at the bottom (-263 nrsl) of Wll 0-2R The
tenmperature profile in the shallow fornmation has not
been determined as a result of a lack of data.

One characteristic in

Tenperature in the Taninainuma well
increases with depth,

field linearly
showing a tendency to be higher

bel ow -500 nrsl than that in the GChnuma field. In
variation, the tenperature profile of Well K-1 in the
south of the field is simlar in pattern to the Chnuma
field, and tenperature in the northwestern part in
this field is around 20°C lower than in the central
part. )
The borehole tenperature in the central part of the
Kumazawagawa field is approximtely 40°C higher than
in the western part of the field, which is alnost
equal to geochemical tenperature determined from
natural weak-saline hotspring water.

PRESSURE PROCFI LE
Reservoir = pressure at the feed point is plotted
agai nst elevation, as shown in Figure 3. It can be
clearly recognized that the pressure profile of each

field differs.
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In the Sumkawa well field, the pressure profile
bel ow +400 nrsl is nearly equal to the saturated
pressure profile of the pure water columm, and vapor
pressure above +400 nrsl is approximately 3.1 MPa in
which the specific enthalpy of vapor is highest in a
saturated state. Then, pressure Ps (MPa) against
elevation H (nmrsl) for a 1liquid-dom nated reservoir

is given by equation (1), which is the same as the
equation for the saturated pressure profile of the
pure water columm given by Hass (1971).

Ps = 0.1 x 0.1897 x (800-H) *-%71® (1)
In the Chnuma field, feed point pressure only before
operation of the power plant is also shown in Figure
3. The shallowest one, Wl O0"7T, suggests the
presence of a two-phase reservoir froma |ow vertical
pressure increase. Correlation of pressure Po (Ma)
agai nst elevation H (nrsl) is given by the follow ng:

Po = (785.7-H x 769.8 x 10" ° (2)
Pressure profiles for depth in the Taninainuma field
Pt (MPa) and the Kumazawagawa field Pk (MPa) are
witten as equations (3) and (4), respectively.

Pt = (566.3-H x 933.9 x 10_° .. (3)

Pk = (590.5-H) x 924.4 x 10° .(4)

Pressure at the shallow cold aquifer in volcanic

rocks is also plotted in Figure 3. Deep pressure
extrapol ated from this shallow profile is far higher
than that of the geothermal reservoir.
PERMEABI LI TY PROFI LE
Lost Crculation Index (LCl), indicating reservoir
perneability, is defined as equation (5).
LC = Q/Lv .(5)
where, QI is lost circulation flowrate (m*/hr) axd

Lv is vertical drilled depth (m).
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The LCI ~'for every well field is plotted against eleva-
tion at "every 100 m depth as shown in Figure 4, and
horizontal distribution of perneability estimated from
LCl is illustrated in Figure 1, High-LCl is frequently
encountered within the high-tenmperature zone.

(hservable in the Sutnikawa field are two |owLCl zones
of +700 to +900 nrsl and -200 to +400 nrsl, the forner
zone corresponding to the layer of weakly consolidated
lacustrine sedinent; however, the latter zone is not
related to the distribution of geological formations.

Also estimated in the Ohnuma field are tw |owLCl
zones, constituting above +500 nrsl and -200 to -500
nmrsl. These |owpernmeabile zones are not associated
with geol ogi cal succession.

The Taninainuma field is the lowest in perneability,

indicative of LCI values in three well fields. Two

i mpermeabl e zones are also marked above +400 nrsl and -
-200 to -500 nrsl, conpletely wunassociated with
subsurface geol ogy.
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Figure 4. Vertical profile of LCI (Lost Circulation I|ndex)..

FLU D POTENTI AL

Fluid potential ($) is the resultant of the force
acting (1/px grad P) and gravity potential (U as
shown in equation (6).

grad $= 1/px grad P + grad U ...(6)

Thermal fluid noves in the direction of the fluid
potential gradient vector. Pressure gradient (grad P)
is estimted from equations (1) through (4), and
saturated fluid density (p) is given from the sub-
surface tenperature profile shown in Figure 2.

Fluid potential gradient and its direction conputed
at each well field are shown in Figure 5. Up-flows
are inferred at the Sumikawa, Taninainuma, and
Kumazawagawa fields. In the steam cap zone devel oped
at the shallow part of the reservoir, the fluid
probably flows upward, while down-flow is estinated
at the Ohnuma field, and at an elevation of around 0
nrsl of the Sumkawa field.

NATURAL CONVECTI ON SYSTEM

The convection system in a natural state of the
geothermal field has been defined from nunerical and
| aboratory experinments. In this study, a convection
system of the Ohnuma-Sum kawa geothermal field is
prelimnarily discussed by an approach from tenpera-
ture and pressure data measured at the fields. .

Since ‘a nunber of wells have been drilled in the
fiel ds—Sum kawa, GChnuma, and Tani nainuma, a reservoir
pressure profile can be estimated by relating with

pressures neasured at feed points. On the basis of .

pressure distribution projected on an orthogonal
plane to the volcanic chain to the north, the isobar
dips toward the southern volcanic chain at a deeper
level, and toward the north at a shallower level, as
shown in Figure 5. The shallow part of the Kumazawa-
gawa field is a little higher in pressure than that
in the Taninainuma field. The upper inperneable zone
has been napped near an isobar of 2 or 3 MPa, acting
as a caprock of the vapor-dominated reservoir and as
a barrier to prevent an infiltration of cold surface

water. As shown in Figure 5, distribution of the
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Figure 5. Fluid potential map profiled on the section fromvolcanic center to north.

1. Quaternary volcanics, 2:
Tertiary formation, 4:
vapor-dom nated reservoir, 7: well,
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i nper reabl e zone does not correspond to the geol ogical

formation, therefore, there is a possibility that the
i mper meabl e zone was forned by self-sealing.

" The geothermal fluid flows upward above the heat
source situated beneath the volcanic chain, and the

fluid flow changes to down-flow about 3 km from the
vol canic center. Features of the tenperature profile
at the Chnuma field also suggest the presence of down-
flow. Another up-flow zone, in the Kumazawagawa fi el d,
is sighted 5 km from the vol canic chain, where sub-
surface tenperature is chenically detected to be above
200°C. This convection cell might have been taken
place as the result of another deep heat source, or it
m ght have been forned by vying between potential flow
and thermal convective flow, as shown in nunerical
sinul ati on by Yusa (1983).

The vapor-dom nated reservoir, closely related to the
up-flow system and depth of the bottom of the vapor
zone, will simlarly increase to the south toward the
heat source. Both the isobar and isotherm also may
di p sout hward.

The horizontal distribution of subsurface tenperature

Kubot a
From this study, ained at proposing a natural
convection system the nost promsing area to devel op

the geothermal resources will be selected to choose
an area showing minor differences in tenperature along
the fluid flow line, because the self-sealed zone
probably results minly from scaling of SC2 or
CaCO3 as a consequence of tenperature changes.

CONCLUDI NG REMARKS

A nunber of wells were drilled, and downhol e tenpera-
ture and pressure surveys were conducted to identify
the major feed point of geothermal fluid. Based on

the subsurface isobars map, the natural-state convec-
tion systemin the area is estimated as foll ows:

(1) It is virtually certain that, a vapor-domn nated
flow region is present in the southern part of
the reservoir systemat depth, extending from the
| ower part of the inperneable |ayer.

It is also recognized that the up-flow zone of
the geothermal fluid is located in the southern
part of the area where an east-west trending
vol canic chain exists, and the down-flow zone is
in the northern part of the developing area, as a

(2)

o . whol e, forming a |arge convection cell.
probably indicates that |owtenperature zones in the (3) Another small convection-cell has been formed far
northwest and northeast areas to the Chnuna field are from the volcanic center resulting from a
recharge areas of cold water. A deep recharge flow is related deep heat source’ or vying between
probably situated at a level below -2 kmrsl. potential flow and thermal convective flow.
. . . . Study of the natural-state flow pattern .is being
The convection system previously nentioned is investigated, aimed at designing the nost suitable
conceptually illustrated in Figure 6. The natural- field devel opnent schene.
state convection system estimated in this study,
based on field data, is qualitatively consistent with
the three-dinensional nunerical study in the Sum kawa
field of Maki et al. (1988).
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Figure 6. Schematic profile for natural convection system of the Chnuma- Sum kawa geot hernal area.
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