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ABSTRACT

Velocities of convective ascending flow in
hydrothermal convection systems show typical
characteristics. From simple  one-dimensional
analyses based on static temperature logging data, it
was found that the macro velocities of convective
ascending flow in active convection systems
approach to given order of vaue. It may be closely
related to the structure of permeability and
consequently to the stress condition partidly.
Simulation studies for liquid-dominated
hydrothermal systems were also conducted in order
to clarify the effects of the permeability or the stress
condition on the vel ocities of ascending flow.

INTRODUCTION

Convective ascending flow is an important
phenomenon for understanding hydrothermal
convection system and therefore for geothermal
development. Hydrotherma convection systems have
one or more domains of convective ascending flow.
In this study, based on static temperature |ogging data
from severa geotherma areas, simple one-
dimensiona analysis for estimating the velocities of
ascending flow in active convection systems is
employed. The results may be closely related to the
structure of permeability and consequently to the
stress condition.

Hydrothermal convection can be representative as
fluid and heat flows in a porous medium heated from
below. Simulation studies for liquid-dominated
hydrothermal systems, therefore, were also conducted
in order to clarify the effects of the permeability or
the stress condition on the velocities of ascending
flow in this study.

GOVERNING EQUATIONS

Simple governing equations for fluid flow and energy
transport are used in this study. Since liquid-
dominated hydrotherma systems in natural state

before exploitation are treated here, it is assumed that
the flow region is represented by a porous layer, the
fluid is single-phase (only water), and mass and heat
flow is under the steady state. Accordingly, mass,
momentum and energy balance equations of mass
and heat flow in a porous medium are as follows (e.g.
Donaldson, 1962):

Nxr v)=0 (1)
Np- rfg+E'v=O (Darcy's equation) 2
c,r vANT=1 N°T (3)

where boldface type indicates a vector or a second-
order tensor quantity. In the above equations, r , , Cy
and mr are the density, the specific heat and the
dynamic viscosity of fluid, respectively. v is the
Darcian velocity vector of fluid. k is the permeability
tensor of the porous medium and |  is the isotropic

thermal conductivity of the saturated porous medium.
g is the gravity vector. T is the equilibrium
temperature of saturated porous medium and P is the
pressure of saturating fluid.

ONE-DIMENSIONAL ANALYSIS FOR
VERTICAL FLOW IN A POROUSLAYER

In liquid-dominated hydrotherma  convection,
preferred orientation of hot-water flow possibly
appears. Dominant vertical ascending flow may exist
in the layer just above heat source, such as magma
intrusion. While, dominant descending water flow
may also occur in the layer. In those cases, one-
dimensiona analysis of vertica flow can be useful to
estimate the verticd flow velocity and the vertica
permeability of the layer.

Reducing eguation (3), we obtain the differentia
equation for steady one-dimensional flow of heat and
fluid through saturated homogeneous porous media
(Bredehoeft and Papadopul os, 1965):



1z* I, Tz 0 )
where v, is the component of velocity in the z
(verticd) direction (positive downward). Solving
equation (4) with the conditiontha T=Ta z=27
ad T=T,a z=2 (z and z ae abitrary if their
points arein the layer and 7 < ), we can abtain the
following equation:
T-T, exp{a (z- zl)}- 1

= ©)
T.-T epalz-z)}-1
where a =c,r v, /I .Inthisequaion,if T;=Tea
z7=0and T, =T ,az=L (the Iength of verticd
section over which temperature measurements
extend) then the solution obtained by Bredehoeft and

Papadopul os (1965) appears.

Assuming steady ascending flow in a homogeneous
hdf-infinite porous medium and the boundary
conditionstha T=Tya z=0,and dT/dz® Oand T
® T, as z® ¥ when solving equation (4), we can
obtain the following equation ( Turcotte and Schubert,
1982):

T-T _
7o, = k) ®

0

Though equetion (6) is only available to ascending
flow, equation (5) is gpplicable to not only ascending
flow but dso descending flow. Applications of
equation (6) to temperature logging data appear in
andyses of the Kakkonda field, Jgpan in  Hanano
(1998) and Kgiwara et d. (1993) and of the Mori
field, Jgpan in Sakegawa et d. (1994). In those
andyses, the linear relationship of  zto log(Tr - T) in
the equation is used.

An Application of the Analysis

Kao et d. (1996) investigaed a severd of
temperature logging data obtained from geothermd
aess manly in Jgoan. An example of one
dimensionad andysis for verticaly ascending flow
using equation (6) is shown below. The procedure of
this method to estimate macroscopic ascending
velocity and verticd permeability isstated in - Hanano
(1998).

Fig. 1 shows the temperature profile obtained from
the Okuaizu area ( Suda and Yano, 1991). In this
figure, Solid line represents measured temperature
showing convective ascending flow type . dashed line
shows temperature caculated using the ascending
velocity obtained in this cdculation . Fig. 2 shows the
result of gpplication of this method to the temperature
logging datashown in fig. 1. Linear regression lineis
fitted to the data. As a result, the vertica ascending
velocity is 2.0x10° (mys) and in this case the

correlation coefficient, R, is 0.997 where | is 2.0
(W/mK), r, is 891 (kgm?), and cy is 4.39x10°
(JkgK) a the intermediate depth.
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Fig. 1. Temperature profilesat N58-OA-7 Well in
the Okuaizu area. Solid line is measured
temperature showing convective
ascending flow type from Suda and Yano
(1991) and dashed line shows
temperature calculated using the
ascending velocity obtained.
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Fig. 2. Fitting result to temperature data in
figure 1.Solid line shows linear regression
lineof log(Tr - T) to z

Results of application of this method to more than ten
aeas show that the velocities of convective
ascending flow in the upflow region of the
convection have the same order of vaues, 10 . (Kao
et d. in prepaaion). This velocity means
agoproximately 3 cm per year. It may be interesting
results for geophysicists and geothermd researchers.



TWO-DIMENSIONAL MODEL FOR LIQUID- fI £ ks

DOMINATED HYDROTHERMAL P :
CONVECTION SYSTEM =
Gderkin finite element method is used in numerica =

smulation for understanding behavior of liquid-
dominated hydrotherma convection system in two
dimensions. The governing equations used here are =
shown in the previous section (equetions (1) - (3)).
These differentid equaions are transformed to
smultaneous linear equations by employing the

method and solved for pressure and temperature. A L e L e
Permesghility in permeable region is assumed as
isotropic and dtress-dependent variable, that is 5 | e - e b -
equivaent to depth-dependent varigble. km e
BT i 0T

An example of models and results of 2-D simulation
isillustrated in figs. 3-5. Here, the velocity of active
ascending flow shows characteristices mentioned
above.

Fig. 3. Grid mesh and bottom boundary
temperature  digtribution  of  2-D
smulation modd. Permeability of gray
areais10™® m? and that of white area is

CONCLUDING REMARKS depth-dependent variable.

In this study, smple one-dimensiond andysis based

on daic temperature logging daa and two-

dimensiond simulaion studies for liquid -dominated

hydrothermal systems were conducted in order to 500

daify the effects of the permeability or the stress

condition on the velocities of ascending flow.

Consequently, macro velocities of convective

ascending flow in hydrotherma convection systems [ 150

show typica characteristics. From simple anayses f——

based on static temperature logging data, it was found | 200 ]

that the velocities of ascending flow in active [ L ———

convection systems gpproach to given  order of vaue. o AR

It may be dosely relaed to the structure of o S e

permeability and accordingly to the stress condition ) o ) )

patialy . Fig. 4. Temﬁerature digtribution of the smulation

results.
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Fig. 5. Mass flow rate of the simulation result.
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