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- ABSTRACT

A praliminary conceptual model of the East
Mesa hydrothermal system is developed and a sub-
region selected for quantitative modeling. .An
axisymmetric model approximating the data available
within the subregion is usad together with a reser-
voir simulator to develop a computer model simulat-
ing the natural flow of heat and fluid mass within
this geometric constraint. The axisymmetric cal-
culations demonstrate that the balance between the
convective ‘and conductive modes of heat transport
required to match the temperature and heat flow |
data implies a very low effective formation verti- .
cal permeability throughout the system.-

The East Mesa hydrothermal system, lying in
tne southern Imperial Vallay, is currently an area
of active geothermal davelopment.” Fourteen geo-

tnermal wells (as of 1377) nave oeen drilled within

the KGRA. The geothermal reservoir lies below a
depth of 2,000 feet and {s separated from shallow
groundwatar aquifers by a clay cap of extremely low

vertical permeability.  We are presently developing

an inteqgrated computer model of the shallow and

deep hydrothermal systems in ths East Mesa region . S

of the Imperial VYalley which will be used to
examine tha response of the full hydrothermal sys-
tem to large scale flow of gecthermal fluid and
assoclated heat transport. “Of particular interest

will be changes in the snallower groundwater system C

due to fluid mass and neat. transcort_orocesses in
the deaper geothermal systam. 7The §9 reservair
simylator MUSHRM is being us2d o synthesize the

gartiient geothermal and geaochydrological data base - f

into 2 #ull three-dimensizaal mcdai.” Because of

R 4 H] 1ncsvpaefeness of the data pase, the MUSHRM o
simulator has first been usad in its two-dimension-.

al mods of operation t2 2arfsrm a-sequence of cal~.
culations to quantitativeiy investigate various

aspects of a conceptuail mcdsl of the East Mesa sys~ o

tem and to sxamine the effacts of uncertainties in

~the input data. This paser summarizes the results

of a series of 2-D MUSHARM axploratory calculations”
performad For an axisymmetric 2pproximation. for the
geothermal system. i > .

Figure 1 presents.a scrematic of our concep-

- tual model of the hydrological characteristics of

the integrited East Mesa aydrothermal system.
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Fig. 1. Schematic of preliminary conceptual model
of full East Mesa hydrothermal system and
the subregion modeled in this project.

Seepage from the Colorado River and the unlined .
irrigation canal system is the principal scurce of
the recharge water, Part of this recharge, @) ,
will flow into the shallew confined aquifer
studied by Miller [1977]; part will flow down
permeable faults, s since the recharge water
is cooler {and denser) than the deeser fluid. The
downward. fiowing water will pe heatad within some
"heating volume". -Some of the heated fluid mass
will then convect upward along permeable faults,
Most of this upwelling fluid will likely
elther Teak off Taterally into the geothermal res-
ervoir or be forced laterally by the relatively
impermeable geothermal reserveir cap, (@ ., but
some will Jeak across into the shallow cdnfined
Part of the fluid leaving the
heating volume will also.be pushed Jaterally,‘GD .

The paraweters required to deve10p a4 computer.
simulation of tha full nydrothermal system would
include the three-dimensional distributions of
temperature, water quality, rock thermal conduc-
tivity, oorosity, permeability, etc. throughout
the system.  Knowledge of the natural flux of

_'fluid mass and heat would also be required. Al-~

though the East Mesa system i's one :of the most ex-
tensively explored hydrothernal systems in the
United States, sufficient data will probably never
be available to model the compiete system
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represented schematically in Figure 1. Our effort
is restricted to tha depicted subregion which is
-centered on the geothermal anomaly and extends to
a depth which includes the geothermal reservoir of
interest for electrical power generation. It en-
compasses the region for which the bulk of the
available geohydrologic data have been generated.

As indicated in the conceptual model, faults
can act as conduits for rising geothermal fluids

and descanding cold groundwataer. Three Taults with-

no surfaca expression (Rex Fault, Babcock Fault
and Combs-Hadley Fault) have bzen inferred. The
three intarsect near the center at the high heat
flow region at East Mesa. Comdbs and Hadley [1977]
hypothesize that the convectiva uowelling of hot
fluid in an associated deep variically fractured
region is the cause of the measured abnormal sur-

face heat flow. Figure 2 shows the surface traces

of the three faults superposed on the surface heat
flow contours at East Mesa. The contours are
based on heat flow measurements made in shallow
drill holes throughout the area. The raw data
were reanalyzed by TRW and the results summarized
by Pearson [1976]. The heat flow measurements
extrapolate to surface temperatures between 80°
‘and 90°F, rather than to the mean annual tempera-
ture of 73°F, probably due to poor thermal con-
ductivity of the layer of unsaturated sandy soil
above the water table and influx of water from the
irrigation canals.
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Fig. 2. Surface heat flsw contours taken from TRW
" results [Pearson, 1573]. Locations of
the four geothermal walls drilled subse-
quent to TRW anaIys‘s are denoted by =.

”

Strata in the £ast Masa araa, and throughout
the central part of the imoarial Valley, are es-
sentiaily horizontal. Ta srovide a reference
framewark for constructing a mscal which includes
the variations of the thzrmal 2nd geohydrological
charactaristics of the ragicn studied, we have
divided the systam inta six aorizontal layers (see
Figure 3). From the 2ariiar TRW 2nalysis of the
well logs frem the geothermal and oil test wells
in the region [Pearson, 15757, we have estimatad
the distribution of the ':rﬁ=**c1 gorosity (¢) for
tne sand/shale sequesnca ¢omsrising 2ach 1ayer
The assumed temperature (T) distribution in the
region is bzsea on the aporoximate subsurface
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. temperature contours at 1,000 foot depths con-

structed by TRW from well measurements.
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Distribution of subsurface temperature
(°F), surface heat flow, and formation
porosity in idealized axisymmetric
model. Axis of radial section is
located near center of anomaly.

Fig. 3.

The axisymmetric approximation to the subsur-
face 4 and T distributions are shown on the radial
section presented in Figure 3; the axis of the
section is considered to penetrate the centar of
the geothermal anomaly midway between Mesa wells
6-1 and 6-2. An axisymmetric approximation to the
surface heat flow data {(of Figure 2) is also
shown,

The horizontal formation permeability (kh) fs
assumed to be related to the porosity by a ky -
transtorm [Riney, et al., 1979]. The transform is
calibrated by the [BL well test results
[N1therspoon et al., 1978; Narasimhan, et al.
1978], i.e., ky ~ 20 'md near the center of the
geothermal reservoir. The corresponding distribu-
tion of ky is defined by Figure 3 and the folioa—
ing transform values:

#(%) : 0-5 5-1¢ 10 10-15 15-20 20-25 25-30
kp(nd): 1 4 9 20 90 320 850

Since the interbedded shales and sands within
each formation layer are predominantly norizontal,
the vertical formation permeability {%y) will be
drastically restricted by nearly impermeable
shales. Except for flow within vertical fractures,
any net vertical flow will likely follow tortuous
paths around the end of the interbedded shales, if
such sand paths are in fact available. [n the ab-
sence of any direct information, we will nesd to
vary ky parametrically in our model studies. That
ky is small near the center of the reservoir seems
apparent from the fact that saline watar is pro-
duced from the formation below 6,000 feet and di-
lute water from shanlower depths [Hoagland and
Elders, 1977].

Figure 4 compares the axial temperature onro-
file with the data for the Mesa §-2 well. the
axisymmetric aporoximations to the data are
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Fig. 4. Comparison of axial temperature-depth pro-
-file of axisymmetric model with the mea-
sured profile for the Mesa 6-2 well, The
vertical dimensions of the finite dif-
ference grid used in the axisymmetric - -
calculation is superposed. :

rzasonziily good near the fenizr oF the ancmaly.

The modal is incapable of representing the east-
to-west variations in the sand content (and hence
in 3) of the horizontal layers but radial varia-
tions are included in Figure 3 so that the general
affect of lateral variations can be examined in the
2-D calculations. Any asscciated directionality of
the fluid flow is necessarily ignored in the axi-
symmetric approximation; the cylindrical boundary
conditions at the periphery of the model represent
averaged conditions. , ,

-

The axisymmetric made! zssumas that a cylin-
drically fractured regica, in tne vicinity of the
intersecticn of the tnrsa Faui“s shown in Figure 2,
channels not geothermal Fluid from deep within the
basement rock, through tha ciharwise nearly im-
parmeable gverlying shala-rich sedimentary se-
quence, and into the higher psrmeadbility sand-shale
sequence that comprisaes <ne reservoir, Much of the
hot. fluid is shunted radizily outward as it rises
within the raservoir. Tha za2othermal cap prevents
any c¢f the net fluid from rsaching the surface. We
further assura that thare is ng fiuid exchange
across the hottom of the ressrvoir (bottom of layer
5) except the central copvectiva influx.  Then the
total influx mass rats, ¥, must be balanced by an
squal net outward fiow at the seriphery of the sub-
region. The anthalpy ¢f the fluid entering the
reservoir less the enthalpy of the fluid leaving
must be balancad Sy the surfacz heat flux in excess
of the normal geathermal gradient. This leads to

the approximation
fi_ = 16.9 kg/sec (T_ = 469.26°K) ..

In-the numerical solution, the mass influx
from the bottom boundary is represented by a mass
source in the zone closest to the axis of symmetry
(see Figure 5}. Figure 5 shows the various bound-
ary conditions used in. the numerical model, The
temperature distribution at the outer boundary
(Tg), used to compute the.fluid density and hence
the prescribed-hydrostatic pressurs {PR), was com-
puted from the surface temperature and an effec~
tive thermal gradient. VWa note that thermal
conduction dominates. heat transfer above a depth
of 2,500 feet (Figure 4); layer j = 1 1ies in this
regime and represents the lower part of the geo-
thermal cap. The heat flux at the surface, Qi,
was modelad by a distributed volumetric heat sink
in the top layer of the form )

where subscript 1 denotes the radial grid block,
Tg Ts the surface temperature, Ti{ is the computed

temperature in the grid block (i,1) and A is a
constant.
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Fig. 5./ Computational grid, internal sources/
sinks, and boundary conditions. Heat
flow through the top boundary is modeled

by heat sinks in zones indicated by x.

A saries of MUSHRM calculations employing the
grid shown-in Figure 5 'were:-carried out to investi-
gate the effects of permeability distribution upon
the ‘surtface heat flux and subsurface temperature
distribution: . In-an early calculation, we em- .
ployed a formation porosity distribution which es-

-sentially duplicated that shown in Fiqure 3. - The

corresponding-horizontal formation permeabilities -
(kp) in each computational cell were calculated -
from the.d - kp transform; the vertical formation. .
permeability (k,) in.each computational cell in
layers 2-5 was Simply set equal te kp/3.- Since
Iayerklrgcts as-a geothermal cap, the value of

ky =.1074 md was used there. The calculated flow
pattarn exhibitad a:large convective loop-accom--
panied by a tamperature inversion in the reservoir.
The convective loop is fed. by two mechanisms (1)
the rising hot fluid from .the convective source
which flows outward at the top and (2) the influx
of colder (and denser) fluid from the outer bound-
ary wnich flows inward at the bottom of the reser-
voir. i
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Fig. 8. Calculated steady-state temperature field.
Simulated heat flow at surface is com-
pared with values in axisymmetric model
(Figure 3).

It is appropriate to point out here the non-
unigueness of the model. Riney, et al. [1979]
describe a number of other simulations utilizing
different porosity and kn distributions which
yield quite satisfactory agresment with the ob- ’ -
served heat flow and temcaratura data. In the pre-
sent case, however, there is sufficient information
available that the ranga of jarameters that give an
adequate solution is reascraaly iimited. The con-
clusien that the effective formation vertical
permeadility in the East Mzsa nydrothermal system
is small 2ppears to be o1 firm ground. This con-
clusion is in agreement wizh the model proposed by
Hoagland and Elders [1577] #3r the eveolution of the
system. Goyal and Kasscy [s22 3oyal [1978]) have
neglectad vartical sermazpiiizy altogether in their
analytical studies of ths g2othermal reservair.
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