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ABSTRACT

The basic idea of the method of three-dimen-
sional temperature field reconstruction is to
express the cbservable temperature field as a
superposition of source functions and a core
of ""a*'"-operator (background temperature
plane) in accordance with Green's formila.The
technical realization of ‘this method was pro-
vided on the basis of computer program LIDA-3
(Library of Data Approximation). It has been
demonstrated that the method of three-dimen-
sional temperature field reconstruction can be
applied to convective geothermal reservoirs.
The reconstruction of three-dimensional tem-
perature fields of the Mutnovsky geothemal
reservoir is shown as an example.

The three-dimensional temperature field recan-
struction based on the temperature loggmg da-
ta is of practical importance. for ‘ :
" -(a). establishing the temperature anomly geo- :
- metry and its genesis;

" (b) assessing the heat energy storage (explo1-
tational reserves of geothermal: flelds),

(c) determining-the most favourable sites for

geothermal drill holes; . =
(d) foreasting tempeératures. at kdlfferent
‘depths and in adjacent areas; -

" (e) 1dent1fymg the h1gh-tenq>erature flows. v “

Until nowadays the -temperature field recon- :

struction has been made "by hand" in vertical.

" or horizontal (two-dimensional) cross sections

~ on the basis of .linear interpolation (extrapo-.
lation) taking into account the intuitive no-< -

tions of an investigator. The attempt to solve

reverse boundary . problems for elliptic-type .
- equation is also inefficient because of the

.. lack of Teal’ physicalconditions for boundary

- conditions and geometry determinations. There- -
is the source function (the Green's function) .

fore it‘is necessary to improve our methods of
- When the character of heat transfer is quasi-

temperature field reconstruction ‘to satisfy
" some energetic prmc1p1es m a three-d:mensm-
nal f1e1d. TS , R

METHOD OF TEMPERATURE FIELD REGJNSTRUCI’ I('N

The stationary temperature field in convec-
tive geothermal reservoirs satisfies heat and
mass transfer equations

AaT=CVyT =0 [¢))
where T'vis the temperature; A , the heat

~conductivity coefficient, (g , the specific

heat capacity of fluid; {/ , the mass filtra-

..tion velocity; A ,Laplas operator and V,

nabla operator. The mass filtration veloc;.ty
distribution V depends mainly on geometry of
permeable channels in geothermal reservoirs.
Then the second term in equation (1) expressed
with ‘the help of the heat source function
f(x,y.z) can be rewritten as

AAT + f(x.y 2) =0 @

Equatmn (Z) can be solved by fmdmg the -
known sources f(x.,y,z) in the three-dimensio- -

. 'nal field. However, the Green's functions for
harmoruc operator ‘are not contimuous. There-

fore we transform equation (2) to biharmonic

. 'view-by applyiniz A -operator

A=T+A @™

Thus, the problem of three-dunensmnal tempe-
- rature field reconstruction can be reduced to

selection of the Green's functions (sources)

- for bxhamom.c operator which can be expressed

T(’"Y.Z) faof-ﬂ,x +)42y * ’432 +
4

.( A; (5 Y’ z) V(x - x:)z*'fy -Y;)’+('ze )acch{ydg

o where the- flrst four r1ght-hand terms are the

coré ‘of ' A3" (A) operator and the last temm

stationary, the approach based on formila . (4)
seems to be also possible; in this Case the
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g =x) + (g <))+

" coefficients

nonstationary term is also taken into account

_in function f£(x,y,z}. It follows also from
equation (4) that the temperature field recon-

struction is made based on the piece-linear
functions for which the mean square error of
approximation is 0 (h?), where h is the dis-
tance between observationzl points. If the
temperature data *T," in N points (x;yjz;) of
the geothermal field are known, the ﬂireen's
function which provides the observable tempe-
rature field can be expressed as

T . '
pa AVoe-36P s (v z-2)? (s)

where X; is the intensity of sources(of con-
vective nature, in our case) in points (xj,
Yi» 2i) which provide the achievement of E"’l‘i"
in observational points. The coefficients

i (i=1,N) and M;(j=0.3) can be determined
from a system Of equations

R

where T=(T; «.. T, A=(Aqo he) , M=
(Mo> My s M2 437 . A is the symmetrical mat-
rix with NN dimension and components

(z;-2;)2)% , B- mat-
rix with N«4 dimeénsion, wfmici\ consists of
(1,x;,Y; ,2¢) vectors; T is the sign of trans-
pose of a matrix (vector). The last four
equations in system (6) indicate that the
background temperature plane Mg+MX +MYy +MZ
is the average in terms of ernergy and ﬁalan—
ces positive and negative anomalies of the
temperature field,

After the A and M determination, the three-
dimensional temperature field reconstruction
is realized bX basis functions (4) using the
and M

T= r°+r‘x+r42y+}dsz +
+ }'i‘ A VOC-X )P (v )P (2 -2

it
In reality, temperature logging in boreholes
is made with some error "d "

0= \HI'AZ (T -Taj)? (8)

In order to assess this error in a system of
equations (6) it is necessary to disturb
somewhat matrix A

N

A A +olT 9

Then the contrasting effect of sources and
sinks is decreasing. As a result, reconstruc-
tions based on formula (7) give an imitation
of deviation from erroneous data owing to
greater smoothing of the sought temperature
field. The problem of searching for the
spline functions to equation (6) taking into
account equation (8) is solved by using
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"LIDA-3" computer program (Vasilenko,1987).

THREE-DIMENSIONAL TEMPERATURE FIELD RECON-
STRUCTION OF THE MUINOVSKY GEOTHERMAL
RESEROIR ~

Data base. The following data were used as a
data base for temperature field reconstructi-

©oons

(1) bottom hole temperature logging data du-

ring drilling after several days of temperatu-
re build-up; C
€2) data from flow tests (enthalpy, discharge

after penetrating the productive zone.

RESULTS OF CALCULATIONS AND THEIR DISCUSSION

The data base is in accordance with the state
as of April 1988; the three-dimensional tempe-
rature field reconstructions were made for vo-
lume (xe 0,4000 m, y €2500, 6750 m, z€-1300,
+400 m); tﬂe horizontal coordinates were ar-
bitrary. The mean square deviation of the cal-
culated temperature field from the actual data
was 2°C (AL=1.0). Figures 1,2 and 3 show the
temperature distribution in lateral (z=0m
a.s.l.)(Fig.1), meridional (Fig.2) and latitu-
dinal (Fig.3) sections. In the lateral section
the main thermal anomaly has a center near
well B-1 (the whole area of this anomaly is
approximately 4 km?, the temperature above :
200°C) . The temperature anomaly here has sharp
boundaries with high temperature gradients in
the west, north and south which point to the
presence of hydrodynamically impermeable bo-
undaries. In the north-east the temperature
gradients are very low and the temperature
field is more homogeneous which apparently
point to large horizontal spread of thermal
water flows in this direction.

In the meridional section (Fig.2) there is a
prominent ascending flow in the region of
well 01, which rises at an angle of 30-45°
from the south. There is a descending fluid
flow between wells 24 and 012 (descending at
an angle of 45° to the south). Apparently,
those are elements of semiconfined convective
mesh. A subvertical steam. tube feeding the
natural steam jets (Dachnye fumaroles) is shot
oﬁfffrom the upper part of the ascending flu-
id flow.

In the latitudinal section (Fig.3) the ascend-
ing flow can be identified by relatively sym-
metrical temperature anomaly in a section bet-
ween wells 7 and 10. The forecasted maximum
temperature in the area of the temperature
field reconstruction, 200 m to the south of
well 01 at an elevation of-1300 m, was 320°C.
This flow is probably confined to the super-
posed submeridional fracture zone and contacts
with Miocene intrusions.

Analysis of the temperature field distributi-
on in other sections also shows the existence
of ascending hot water flow in the region of



well 013; this flow rises at an angle of 75-
80° from the east and it is also confined to
the fracture zone of submeridional trend. A
descending hot and cold water flow is present
in the region of well 011-012 (it descends at
an angle of ~45° to the south). . This
flow is confined to the fracture zone of north
-west trend. Unfortunately, the volume of the
paper does not allow us to present all corres-
ponding sections of the temperature field.

CONCLUSIONS

The new method of three-dimensional tempera-
ture field reconstruction in geothermal re-
servoirs was suggested. This method is based
on the spline approximation of the unknown
field using Green's formula.

The three-dimensional temperature field recon-
struction was made within the Mutnovsky

Fig.1. The temperature distribution within the Mutnovsky geothermal reservoir
as a result of three-dimensional temperature field reconstruction in the
lateral section, z=0 m a.s.1l., scale 1:25000.
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geothermal reservoir (Dachnye Site). The high- reservoir monitoring for the purpose of its

temperature flows were identified on the basis exploration and exploitation.
of temperature distribution. The forecasted ma- _
ximm temperature at an elevation of-1300 m REFERENCE
was 320°C. ' Vasilenko,V.A.(ed.) (1987) ,"Library of Data

: ggroximatign: Functions and Numerical Signal
The suggested method of temperature field re- Image Filtration”, Part 1, Novosibirsk,
construction can also be applied to geothermal 169 pp.(in Russian).

Fig.2. The temperature distribution within the Mutnovsky geothermal reservoir
as a result of three-dimensional temperature field reconstruction in the
meridional section AA', scale 1:25000 (horizontal), 1:10000 (vertical).
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Fig.3. The temperature distribution within the Mutnovsky geothermal reservoir
as a result of three-dimensional temperature field reconstruction in the
latitudinal section BB!, scale 1:25000 (horizontal) ; 1:10000 (vertical).
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