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Abstract

tests between an injection
and a production wellbore wcrc conducted i n

1992. at Dry Rock
site i n Akita Japan.This testing. conducted 

Research Laboratory of Research
of Powcr (CRIEPI). included

injection testing zones which
two hole intervals depths of 720 m and

1000

reservoir Ogachi site (transmissivity and
were calculated using an

inversion on nonlinear least-squares
method. t o avoid the local
initial valucs for reservoir parameters werc
selected I [rial-and-error curve matching

and of storage wcre 
I .31 respectively. the combined

fractures, derivcd in 1993,the transmissivity and
of were X and

1 . 0 1 Those that were derived 
after a to the production in 1994,
were I and

profile changcs of production
during the circulation period can

easily hy using optical tcmperature measurement 
Sensor. From

profile changcs. places where fracture had
the production can be determined.

From the data obtained during hydraulic testing, 

For the fracture, derivcd i n 1992, the resulting

Introduction

1990. Central Research o f Electric
Powcr has becn conducting a research

key technologies Hot Dry Rock
(HDR) power generation at sitc. At
this site. there two fracture zoncs hctween an injection
wellbore it production fracture
wcrc produced pressurized water through 
open hole in the injection wellbore.

The lower fracture was created first. by the
usual This was formed by injecting over
10.000 water at the bottom of the injection

this proccss, hole was with sand to
depth o f In a m-length window cut

in the casing depth of 720 'This open hole was

created by using casing reamer. Then, the upper 
was by injecting nearly 5,500 of watcr.

This way of creating a fracture is callcd casing
reamer and plug (CRSP)

In the first circulation test
and second one conductcd in

The results derived from these tests
not especially the production flow rate.
in production wellbore was stimulated

conducted to increase the water recovery. this
stimulation, were improved. Also

was improved, the value increasing
twice much prcvious year's recovery rate,

Method of hydraulic communication analysis

During communication test, prcssurc changes
the thr production wellbore couldn't
So. a way analysis to determine
derived the hctwccn changes flow rate and
pressure the hottom of wellborc,
be used. I n this authors used a way of analysis to

and coefficient of storagc that arc
in following equations. can

from relation between changcs of rate
and watcr hcad is ohtained from wellhead pressure.

I n this analysis, followings:

Water flow is described Darcy's law.
2. Flowing water isn't cxtcrnal factors

Water radially and through a
except gravity.

homogeneous, isotropic, horizontally confined
aquifcr from the

4. change i n water. And
i n cylindrical coordinate? is

as below

T
where
T : transmissivity

radial from center of injection
(m) .

2701



Yarnamoto, Motojima

By using the following conditions

= O : H = 0

= =

I = = - 2nrt- =c o n s t a n t

wherc

radial from the

: injection rate

I bore

a solution of Equation is

4 T t

In to deribe two rcscrvoir parameters (T and
a result hydraulic test, an

automatic analysis based on the nonlinear least-
method used ] '" . A for this
is

- = o

where

dual of water

and values

by (2)

of

Equation ( 3 ) is solved by using of method

wherc
unit

multiplier .
After repetitions of calculations

and reservoir paramctcrs are obtained.
In order avoid the local minimum solutions, initial
values for these parameters are given using a trial-and -
error curve matching method.

Results at the single fracture zone in 1993

shows lime of injection flow
rate and pressurc at the injecting during the test 
i n The averagc flow and pressurc were about
I64 and respectively.

6

E I t

Fig. I Injecting in 1992

Figure 2 shows time variation simplified
rate uscd this analysis the head

at production wellbore, and an analytical
tu the head. I n this the level the

beginning the test taken as m of water head, and
also the same the other tests.

analysis.

hetween the wellbore and production
wellbore was supposed t o he 50 m.

and of storagc, were 2.97X and
1.31

curve derived from the automatic 

I n this which is only to

The reservoir transmissivity
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Fig. 2 Communication rcsults in 1992
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Results at the two fracture zones, in 1993

I n this analysis, the between the injection 
wellbore and the production wellbore i s supposed to

tn, because both aren't parallel and the
distance is not constant with depth.

production flow rate to water head, using a proponional
This proportional coefficient derived from

the relation betwccn flow rate and shut-in pressure at the
production wellhead. This relation is shown in Figure 3.

Before the analysis, there need to the

0.5

0.0 0.5 1.0 1.5 2 .0 2.5 3.0

Fig. 3 proportional

injection rate used this

ra te

this proportionalcoefficient, all flow rate data were
into water head (W.H.). Aftcr this conversion.

the data were smoothed digital low-pass filter.

converted and smoothed water hcad, and water
hcad.

Figure 4 shows the time dependence injection rate.

G.L.

I . , I I

-1
0 96 192 288 672

time

Fig. 4 rcsults in 1993

this analysis. the derived transmissivity and
of storage were and

1 I rcspcctively. The measuring and
conditions wcrc not same, so there not a direct
comparison bet ween the results of I992 and

Figure gives plots injecting flow rate and
prcssurc a i the injection wellbore hcad.

, , , , , , ,

0 192 208 304 400 576 672 768

Elapsed t ime

Fig. Injecting condition in

In this case, shown in Figure 5. injectinn
up after 240 hours from the

beginning the The data injection ratc and
water hcad used i n this analysis, was that

following the in injection ratc 
at 240 hours. Whencvcr time limited, the residual sum

squares rather bigger than that of the time 
limited case. This suggest that a small change occured
the production wellbore, like connecting a new fracture
zone to the production wellbore. This phenomenon was

in o f production flow rate and
temperature of the production wellbore. From 240
h 27) to 380 h there were steps in

change convened W.H. in Fig. 4). step
o n 240 h. injection rate was up at this

time. and the second on 320 h (Oct. 3 I The
step i s thought to result from new fracturc

that dilated t o become connected to production
A sudden changc of temperaturc of

production was measured by an optical
temperature cable Temperature
Sensor, DTS). I n Figure the four lines show changes
the wellbore condition. Only data of Oct. was
measurcd by thermostat. On Oct. 27, injection rate
boosted up to 1,200 lrom 800 There is a
gradual changc 3 days ti11 Oct. and this change was
about same from the wcllbore's bottom to the top.
From comparison of and Nov. 1 data, thcrc a
clear i n the upper part above
During that time. as shown i n Figure there was a sccond
step in production flow rate. As mentioned hcforc, the
flow ratc increased on 320 h (Oct. 3 I ) .
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Results in 1994, after the wellbore stimulation

A the production was done
days June, During this

was injected i n the production wellborc.
Figure 7 plots injecting tlow rare arid
pressure the production head.

m

/-

water level change

simulation 1934

N o war used i n this stimulation. The full
of production well was

tcst conducted by injecting i n
rate

during is shown i n
Figure

three days' the

Elapsed time

in

this communication shown in
Figure In analysis . distancc hctwccn

and
be the same as in the

4c

m
i n j e c t i on r a t e

t h i s analysis

0
, , , , , ,
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Elapsed

results i n
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and

point gradually. During stimulation
the amount of water that this

larger than any other points. Then largc
surrounding area at this point, larger than any other area,

cooled there this zonc might he
niore strongly connected production well than any
other fracture 

Fig. flow ratc

5 0 o i l ! 5 0 2 5 0

T e m p e r a t u r e

Fig. in the wellbore

logged 24 shows
the production

downward i n show where the fracture
are production wellbore. These

downward cusps showed ot' tcmpcrature with
time during circulation period. This phenomenon
he interpreted as During the stimulation period.
cool injcction watcr must have cooled the production 
wellbore and i t s surrounding arcas in fractures that

production Then. at the circulation
water tlnwed through these fracturcs by

heating the cooled areas. by circulating water 
caused a of in production
wellbore.

A point the bottom of was
with time till at

results of hydraulic tcsts hctwccn
injection and the production well at the Ogachi

sitc are below.

using single fracture zone, transmissivity
storage werc and

I X respectively respectively. 
2. In using two fracture transmissivity and

coefficient of storagc wcrc and

X
3. In measuring temperature profiles of the

production by DTS, a of temperature
due a fracture connection to the wellborc
detected in.

n after stimulation to the production wellbore,
transmissivity and coefficient of storage were

to X and 7.05X
The production welhore stimulation, full

horcholc were increase the 
f low rate.

circulation period from
o f production wellbore, returns of

cold water fracture zones were
detected. Positions o f fracture zones that arc

the wellbore were able to be determined by
using

know edgeme

Thanks Hideshi and
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about the
And also to and Nippon Steel Welding 
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