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Table 2 C l a s s i f i c a t i o n of temperature and number o f w e l l s

Output c l a s s i i c a t i on

300 2 5 0 3 0 0 2 5 0 2 0 0 1 0 0 150 100
,

1 2 16

0
F i g u r e L o c a t i o n o f geothermal development promotion survey areas

arc hierarchical remaining input itcms

An index, AI, which is listcd in

No. of is an proximity the

center of gcothcrmal activity proposed The output

item is the temperature, which is into six

ranges listcd in The tempcraturc in Tahle is he

compared maximum temperature ohtained in a well.

The of classified six ranges of tcmperature is also

listed in this

data for areas shown in Figure are

items listcd in Tahle 1.

The data used in this study includes that in

these 24 areas. We ground surface

results as input the neural network each area.

numher of wclls drillcd i n each area is as listed in 3.

of wells wcrc drillcd at geothermal most them arc

thought have drillcd into hydrothermal systcm which

temperature shows various at each well. In

tempcraturc changes with dcpth in well drilled in

system usually small distribution

in is thermal convcction.

such a consideration. drilled depths

among descrihed thought

in study. maximum in

is neural output. in

this indicatc which data is uscd learning and which is

used dcscrihed kiter.

3. OUTLINE OF NETWORK SYSTEM 

systcm differs significantly from

mcthods such analysis, in that

of system hy

program is

software. Likewise, enough

data that has hcen cxamincd hierarchial

nctwork used in this study, shown in Figurc is

numhcr cells a ccll).

consists the input layer. the output and

layers installed the input output

in cach layer arc callcd
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name , K e l Is S o . Is
1 7 9 5 17 7
2

7 19 3
6 , l ake 18 4 Outaki

T a b l e 3 Geothermal development promotion survey used f o r system c r e a t i o n , and number o f w e l l s

m ode l i ng \

the stimulus of (input

the input output laycr. The

intcnsity (signal dcpcnding threshold and

wcights hetwecn In this study,

sigmoid function in is used gcncral

indicating rcsponsc of the stimulus intcnsity.

Thcrcforc, from cuch ccll is real numher

i . The of cell in the is called a

.............................. ....... ............

whcrc,

output stimulus intcnsity

: input stimulus

: wcight

: thrcshold

T :

As T i n (I) sigmoid of

sigmoid function As T sigmoid

network if T is In the

precision of an unlearned to

in this effective value of T is which

to hc pursued in the future. Judging on past experience. T

in this study set

n u t p u t l aye r

learning mcthod of the used this study is

called the hack propagation mcthod. As dcscrihed the

input data with the whilc

from input laycr through synapse nctwork.

data is each ccll output layer

certainty valuc. the answer

valuc, is each cell output laycr. In

reduce hetween value and

an of thrcshold value weights

hack from the output laycr the input laycr. This i s

called hack propagation method.

GEOTHERMAL RESOURCE ASSESSMENT SYSTEM 

USING NEURAL NETWORKS 

Among the listcd Tahlc wcrc used

system remaining four were uscd

of the system in which learning was

4.1 Neural network systems

Three neural nctwork systcms were in this study.

listed in Tahlc In system *-
marked areas wcrc sclected for and I O

data shown in Tablc I input dircct In

learning same system

numeric data items input rank from In

systcm the numeric input in the way

systcm Howcrcr. the areas the four
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T a b l e 4 Learning condition and learning results 
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that input item other than constant in

this of is given (4)

according equation and

1.oo

0.40

0.60

0.20

0.00

hc derivcd from distinguish the

in a whcn input data is

Whcn is rangc.

of in the high wclls those shown in

line 5 and is in systcms.

reason thcrc were much

wells the data shown in

comparing whole, so that

this could be

temperature

Underground

.....

SENSITIVITY ANALYSIS

of input output was

know correlation hctwccn ground

itcms and

with

The that changc in an input

of output item defined partial

in the systcm in

this study. "B," of ccl l

output shown in Figure

following equations. ( I ) .

...................................
= f

.....................................................

JB,

,- =E--

y ) .........................

At the

hccn

this stud). war to the that the

calculating the output 

whcn input "X,"

System in which thcrc thrcc cells in an output layer

which ratc data

uscd analysis. input data, input

itcms to ,

mean which tcmpcrature

morc than arc

shown in Figure 3 Figurc

In graphs. in

(an of is in

shown thrcc

tcmpcrature in graph. In such a graph,

of which cross cuch other indicate that

1.oo

0.80

, Underground
0.60

temperature

0.40

0.20

0.00

L

0.00 1.00 2.00 3.00 4.00 6.00 7.00 8.00 9.00 1
Area o f a l t e r a t i o n

00

Distance from the nearest hot spring
F i g u r e 4 Relation between d i s t a n c e f r o m the nearest hot s p r i n g and underground temperature 
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output from input is largc. Whcn pair do not

each the rcsponsc small.

3 shows the hetween the area ha lo

thrcc undcrgmund tcmpcraturc. When 

oi is small. of

is high. When it is the

certainty of is high.

is quitc

halo distinguish hctwccn and

However. distinguish

is good. This that

applicd in this study is quitc to whcthcr

temperature is

depth. This in which

is high tcmpcraturc

of oi the halo, i t

is not much distinguish hctwccn

Figurc hetwecn

hot spring the at thrcc

When the distance small.

is high. Whcn it is certainty high.

This shows kind of to

In this

is also

in the results are

with of gcothcrmal prospecting. 

6. CONCLUSION

The kinds of and

in drilled which depths

were using

systcm. nctwork systcms completed hy lcarning

the sclected areas of Thhc systcms

applied the underground temperature at depth

using data of surfacc

each and cstimatcd verified

to

systcm in which lcarning

that

and the network system could used

underground Howcrcr, the

the

numhcr judgements wells

in thrcc systems in this study.

high wclls required learning data

d in which empirical

ground surface method could hc hy using

sensitivity method. kinds method investigated.

The hctween an area alteration halo the

underground tcmpcraturc, and distancc hot spring

and the undcrgmund temperaturc, wcre

using the mcthod sensitivity analysis. 

In hoth cases, the results with the 

thcsc. the temperaturc

following were obtained the

( I ) the nctwork on whether

input arc in the direct rank Though the

rate learning the composcd hy using rank

ai direct was than the ratc dircct

correct the contrary.

In the ai i s

composcd hy But

comparing correct answer composcd

hy using lcarning data othcr, therc much

difference hetween them. 
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