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ABSTRACT

The major ob jec t i ve s of i n t e r f e r e n c e tests are
t o determine whether two or more w e l l s are i n pressure

i n the same rese rvo i r ) and when
communication exis ts , t o provide estimates of t h e
t r ansmis s iv i t y and s t o r a t i v i t y t h e
v i c i n i t y of t h e wells.

An i n t e r f e r e n c e test is conducted by producing
or i n j e c t i n g at least one w e l l ( t h e a c t i v e we l l ) and
by monitoring the pressure response i n a t least one ,
o t h e r w e l l ( t he observation we l l ) . The pressure
response is then analyzed by comparison with
t i c a l models t o obta in  the  necessary  r e s u l t s .

This paper presents the r e s u l t s of i n t e r f e r e n c e
tests conducted i n the Malitbog s e c t o r of the Tongonan
geothermal f i e l d . The f i r s t test r e s u l t s gave a l i n e a r

pressure response, i hd i ca t i ve of flow f r a c t u r e s .
The second r e s u l t s followed. t h e Theis o r radial
flow so lu t i on .

The r e s u l t s of the t e s t s i n d i c a t e t h a t very
permeable flowpaths e x i s t w i th in t h e Nali tbog s e c t o r ,
w i th t r a n s m i s s i v i t i e s  g r e a t e r  than 50 and
a t i v i t y values 7.5 x

INTRODUCTION

Pressure t r ans i en t t e s t s , both s i n g l e w e l l and
mul t i p l e w e l l i n t e r f e r ence tests, a r e now r o u t i n e l y
used f o r determining re se rvo i r  p rope r t i e s  i n geother-
m a l systems.
pressure t r a n s i e n t  d a t a  were o r i g i n a l l y developed f o r
petroleum and groundwater hydrology app l i ca t i ons but
have now been adapted f o r geothermal use. 

The techniques used t o analyze the

The purposes of pressure t r a n s i e n t a n a l y s i s
include:

"determination of the near  wel lbore  cond i t i on

'measurement of the t r ansmis s iv i t y of t h e

of the s t o r a t i v i t y of t h e

of the  r e se rvo i r  

r e se rvo i r

r e s

A s i n g l e wel l t e s t (pressure drawdown, buildup
or f a l l - o f f t e s t ) can provide a l l the above informa-
t i o n but the  ca l cu l a t ed  t r ansmis s iv i t y  and s t o r a t i v i t y
values a r e only appl icable t o the  a r ea  of the reser-
v o i r a f f ec t ed by the t e s t . In a mul t i p l e  we l l  i n t e r -
ference test t h e pressure response caused by a s t e p
r a t e change i n flow ( e i t h e r production o r  i n j e c t i o n )
a t one wel l is recorded i n one or observat ion
w e l l s . Hence, the a rea of the r e s e r v o i r  a f f e c t e d  by
the test is increased and a r e a l average t r a n s n i s s i v i t y
and s t o r a t i v i t y values between w e l l pairs can be 
measured.

The purpose of t h i s paper is t o present  the  
r e s u l t s of mul t ip le well tests con-

ducted in the s e c t o r o f the geo-
thermal field, o f the Ph i l i pp ines . A

is also made w i t h die r e s u l t s of s i n g l e well
pressure t e s t s . da t a has

Figure 1: Location map of Tongonan geothermal
f i e l d

been presented Sarmiento and Aquino (1984).

Atmospheric Pressure and Earth Tidal E f f ec t s

The recorded pressure response may not only be due
t o t h e e f f e c t of the s t e p change i n the ac t i ve w e l l .
Atmospheric pressure changes and ea r th t i d e s can a l s o
a f f e c t t he pressure response, (1980). I t is
t he r e fo re advisable t o record t h e atmospheric and down-
hole p re s su re before the in t e r f e r ence test begins to
f ind t h e c o r r e l a t i o n between the two. The ratio of t h e
change i n downhole pressure t o the change i n atmospheric
pressure is def ined as "barometric ef f ic iency (BE)
and t h i s is used t o the atmospheric response
from t h e in t e r f e r ence data .

,

Ear th t i d a l e f f e c t s can a l s o cause changes i n the
measured downhole pressure. The t i d a l acce l e r a t i ons
can be computed using the formulas of Longman
and the c y c l i c response can be compared graphica l ly
with the measured pressure da t a . The pressure
pe r tu rba t i on induced by the  ea r th  t i d e s is expected to
be approximately 1 and is therefore  unl ike ly  t o be
s ign i f l c a n t i n t h e ana lys i s of the in t e r f e r ence  da t a .  

Ins t rumenta t ion

The pre s su re response an observation w e l l is
genera l ly much smal ler than tha t measured dur ing
s i n g l e w e l l t e s t . I t is therefore necessarv to use
very s e n s i t i v e pressure measuring equipment. This
equipment has recent ly become ava i l ab l e to  the -
Energy Development ion through the UNDP.

The equipment, which has been supplied by P rue t t
Indus t r i e s . includes:

" cap i l l a ry tubing €or t ransmi t t ing the downhole
pressure s igna l t o the  sur face  



Sarmiento e t a l .

a

Figure 2: W e l l l o ca t i ons i n the Tongonan
geothermal f i e l d

"quar tz c r y s t a l l i q u i d f i l l e d pressure
t ransducers which produce an e l e c t r i c a l
s i g n a l propor t ional t o t h e measured pressure.
The accuracy of the t ransducers is 0.07

computer readout u n i t coupled t o a programma-
b l e p r i n t e r .

tored s taneously.

(0.01 p s i ) .
" surface equipment comprising a programmable

Up t o e i g h t wells can be

With t h i s equipment it is poss ib l e t o continously
monitor t h e changes i n t h e observat ion w e l l pressures.

RESERVOIR DESCRIPTION

The Tongonan geothermal f i e l d is s i t u a t e d on
t h e  i s l a n d  of Leyte i n the Republic of the  Ph i l i pp ines  
(Figure 1).
with geophysical r e s i s t i v i t y surveying and t h e d r i l l -
ing of 11 temperature gradient w e l l s . I n October
1976 the f i r s t deep w e l l (Well 401) w a s completed i n
t h e Mahiao s e c t o r t o and encountered a maximum
temperature of 314°C.

Exploration of the f i e l d began i n 1973

Since 1976 explora t ion and development d r i l l i n g
have occurred i n the Sambaloran, Malitbog and

s e c t o r s i n add i t i on t o the Mahiao (Figure 2).  
With more than 50 deep w e l l s now completed, t he
p o t e n t i a l of the Tongonan resource is estimated t o
be approximately 700 MW.
encountered is 329°C i n w e l l 410 located i n
the sec to r .

The maximum temperature

Large s c a l e development of t h e resource s t a r t e d
wi th t h e commissioning of the Tongonan I power s t a t i o n
( i n s t a l l e d capac i ty of 112.5 i n Ju ly 1983. The
steam f o r the power s t a t i o n is suppl ied from the
Sambaloran and lower Mahiao s e c t o r s . I t is envisaged
t h a t f u r t h e r power p l a n t s w i l l be cons t ruc ted
i n the Malitbog, Mahanagdong and Upper s e c t o r s
of the resource ;  br inging  the  t o t a l i n s t a l l e d capac i ty
t o approximately 440

The Malitbog s e c t o r of the Tongonan resource has 
been des ignated a s t h e s i t e f o r the second s t age
development of 112.5
i n t h i s s e c t o r a r e genera l ly lower than in the Mahiao
or Sambaloran s e c t o r s , poss ib ly due t o cool meteoric
water pe rco l a t i ng down f a u l t s or f r a c t u r e s .

da t a (Lovelock, Cope and Ba l t a sa r , 1982) a l s o
sugges t s t h a t the f l u i d is more d i l u t e than in the

o r Sambaloran sectors. The lower temperatures

Temperatures encountered 

have a l s o meant t h a t the two phase zone encountered in
t he upper l e v e l s of the Mahiao and Sambaloran s e c t o r s
does not appear to e x i s t i n the Malitbog.

S t r u c t u r a l  S e t t i n g  and Subsurface Geology
(Leach, Wood and Reyes, 1983) 

The geology of the i s l and of Leyte is dominated
by the a n d e s i t i c mountain chain associa ted wi th the
major northwest trending, s i n i s t r a l
Ph i l i pp ine f a u l t . Up to 30 lateral movement has
been es t imated t o occur along the Phi l ippine f a u l t
whi le o f f s e t of i n t r u s i v e s and sediments wi th in the
Tongonan region ind i ca t e over 1000 of v e r t i c a l move-
ment. It is postu la ted t h a t  t h i s  v e r t i c a l movement is
due t o continuous volcanism, u p l i f t , f a u l t i n g (both
lateral and v e r t i c a l ) and eros ion s ince l a t e Miocene/
Pl iocene) .

D i f f e r e n t i a l movement along branches of the
Ph i l i pp ine  Fau l t  has formed a l a r g e i n
t h e Tongonan-Burauen region. The geothermal system
a t Tongonan appears t o be concentrated wi th in t h e
eastern and where numerous s p l i n t e r
f a u l t s have been i den t i f i ed .

The subsurface geology consists b a s i c a l l y of
2600 of a n d e s i t i c flows, b recc i a s and t u f f s ( t he
Bao volcanics)  under la in  by a v a r i e t y of i n t r u s i v e s ,
grouped together as the I n s t r u s i v e Plutonic
Complex. The Plutonic Complex is encountered a t
1500 below sea level. Between t h e two, t h e con tac t
zone is encountered comprising numerous po rphyr i t i c

apophyces and volcanics (poss ib le roof
pendants) . This zone occurs wi th in of the
P lu ton i c Complex. The con tac t zone and the s p l i n t e r
f a u l t s appear t o be the major sources of permeabil i ty
wi th in  t he  f i e l d .

TEST DESCRIPTION RESULTS

Tes t 1

Well 501 w a s the f i r s t w e l l d r i l l e d i n t h e
Malitbog s e c t o r and was completed to a depth of 1665 m
in Apr i l 1978. The well encountered a maximum temper-
a t u r e of 285°C and produces 114 of steam and
water a t discharge.

Wells 508D and 510D a r e both devia ted w e l l s d r i l l e d
from the same pad as w e l l 501. They were completed t o
2534 and 2477 re spec t i ve ly , wi th  both  having
a maximum temperature of 
encountered permeabi l i ty i n the con tac t zone.

A l l t h r e e w e l l s

The ob jec t i ve s of the in t e r f e r ence t e s t were t o
assess t h e t r ansmis s iv i t y and s t o r a t i v i t y wi th in the
Malitbog sec to r . As a l l t h r e e w e l l s had encountered
permeabi l i ty wi th in the  contac t  zone, i t was expected
t h a t t h i s would be the major permeable connection
between the  t h r ee  w e l l s .

The c a p i l l a r y tubing w a s i n s t a l l e d i n wells 508D
and t o an equivalent  v e r t i c a l depth of 1078 m
on 23 Ju ly 1983 and the s ta t ic downhole pressures and
atmospheric p re s su re were monitored for about a day
before w e l l 501 w a s discharged.
measured i n w e l l 510D were found t o show some corre-
l a t i o n wi th the measured atmospheric pressures but
t h i s was not the .or w e l l The d a t a ,
however, were not s u f f i c i e n t for the ca l cu l a t i on of
barometric e f f i c i ency ; hence i t is not poss ib le to
co r r ec t  t he  downhole d a t a co l l ec t ed during t h e i n t e r-
ference t e s t  f o r  the e f f e c t of atmospheric pressure .

The pressures

W e l l 501 was h r s , 25 July 1983,
with the downhole pressures in wel l s and
being monitored a t f i v e minute i n t e r v a l s . The wel ls
were monitored f o r days (637 hours) and the tubing 
was t h e n removed. The tubing was r e i n s t a l l e d on 1 7
September 1983 t o monitor the pressure response when
w e l l 501 was s h u t - i n on 26 September 1983.
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Figure 3: Interference da ta from w e l l 508D

Resul ts and Discussion

a) Pressure Drawdown

The da ta from wells 508D and are p lo t t ed on
Cartes ian coordinates i n Figures 3 and 4.
pressure response f o r the f i r s t 637 hours are very
similar f o r both w e l l s , with an sharp decrease
i n pressure a l i n e a r decrease pressure'.
With time:. l i n e a r change i n pressure with time is
c h a r a c t e r i s t i c of pseudo-steady s t a t e , indicat ing tha t
flow is coming from a closed system.

The

The da ta were a l s o p lo t t ed on log-log coordinates
(Figures 5 and 6) f o r type curve matching with

curves. Both sets of d a t a have an i n i t i a l
s lope of approximately one h a l f ; a c h a r a c t e r i s t i c
of l i n e a r flow which is normally associa ted with flow
i n f rac tu res . Gringarten and Witherspoon (1972)
mention tha t t h i s type of response w i l l only occur
when the ac t ive and observation w e l l s a r e completed
i n the same fracture . The s imi l a r pressure response
i n both wells and f u r t h e r suggest t h a t a l l
th ree w e l l s a r e completed in t h e same frac tu re .

The da ta are matched with the uniform-flux
f r a c t u r e solut ion i n Figure 5 and 6. The t h e o r i t i c a l
curve used is not s t r i c t l y appl icable t o in t e r f e rence
t e s t i n g but is very similar t o the  so lu t ion  presented
i n Gringarten and Witherspoon (1972). 

I n both cases , the experimental da ta match the
t h e o r i t i c a l curve up to approximately 370 hours and
then appear to  dev ia t e above t h e  t h e o r i t i c a l curve.
The devia t ion above the curve is c h a r a c t e r i s t i c of
a closed boundary. As mentioned e a r l i e r , t he
Car tes ian a l s o appear t o i n d i c a t e the
of a closed system.

WELL

From the type curve matching it is poss ible to
obta in the t ransmiss ivi ty from the pressure match and
the s t o r a t i v i t y from the time match. The r e s u l t s are
compared with the parameters obtained from s i n g l e well
tests and the buildup da ta i n Table 1.

The transmiss ivi ty values obtained from
ference test are i n good agreement f o r bothobservation
w e l l s , with an average value of 50 dm.
i n good agreement with the pressure buildup r e s u l t
from w e l l 501. The r e s u l t s from single w e l l tests
conducted i n w e l l s 508D and range from 4.6-19 dm;
i n con t ra s t t o the interference test re su l t s . Grant
(1980) found s imi l a r permeability con t ra s t s i n tests
conducted Broadlands and concluded tha t  t he  " inter-
ference is the permeabili ty of the la rge s c a l e
f r a c t u r e network while each well may i n t e r s e c t some
smaller f rac tu re and its performance would r e f l e c t
th i s . The calcula ted t ransmiss ivi ty value of 50
ind ica te s t h a t the f r a c t u r e network has very good
permeability.

This is a l so

The calcula ted s t o r a t i v i t y of 4-8 x
gives a porosity-thickness of 200-400 assuming
a compressibil i ty f o r water at of 2 x

The cap i l l a ry tubing w a s re ins t a l l ed i n wells
508D and 510D on 17 September 1983 and t he drawdown
i n pressure monitored u n t i l w e l l 501 was shut- in,
26 September 1983.

Figures 3 and 4.
with t h e earlier drawdown data , although the i n i t i a l
s lope appears t o be similar.
the indicat ion of a constant pressure boundary near
the end of the test.
be due t o changes i n other nearby wells.

The measured pressures are included
The pressures are not

The major d i f f e rence is

It is possible tha t t h i s could
The w e l l

DELTA t

Figure 5: Log-log p lo t and type curve
match f o r w e l l 508D

which might be expected t o a f f e c t the response is w e l l
as it may i n t e r s e c t the same l i n e a r fea tu re

which caused the pressure response wells and

b) Pressure buildup

Well was shut- In 26 September 1983 and the
subsequent pressure buildup was recorded i n both wells
508D and
coordinates i n Figures 7 and 8. The pressure response
does not have the i n i t i a l s lope of one half noted i n
the drawdown da ta but apoears t o match the Theis o r
r a d i a l flow solut ion. This may tha t the
period had been of s u f f i c i e n t duration to reach the
pseudo-radial flow regime and hence the pressure reco-
very is i n i t i a l l y control led by rad ia l inf lux.

The d a t a have been plot ted on log-log

The transmiss ivi ty and s t o r a t i v i t y a r e calcula ted
from the pressure and time match respectively the
r e s u l t s are included i n Table 1.

Figure I n t e r f e r ence data well
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DELTA t

Figu re Log-log p lo t and type curve
match f o r w e l l

Table 1: In t e r f e r ence T e s t Resul t s

Well Transmi s s iv i t y (dm)

1 2 3 4

501 - - 50
508D 46 146 19 14

55 146 5.5 4.6

1 - i n t e r f e r e n c e test (drawdown)
2 - i n t e r f e r e n c e test (buildup)
3 - p re s su re f a l l o f f test
4 - p re s su re buildup test

S t o r a t i v i t y

1 2

4.2 2.1
7.5 4.3

The c a l c u l a t e d t r ansmi s s iv i t y va lues are higher
than those c a l c u l a t e d from t h e drawdown data .
reasons f o r t h i s are not clear although t h e r e s u l t s
do conf t h e high connection Setween
the w e l l s . The ca l cu l a t ed s t o r a t i v i t i e s  a r e  of t h e
same o r d e r of magn i tudean the drawdown r e s u l t s and are
similar t o t h e va lue s obtained (1980) f o r

The

The ca l cu l a t ed  po ros i t y  th ickness of

I I

DELTA t I

Figure 7: Log-log p l o t and type match

f o r bui ldup d a t a from w e l l 508D

100-400 appears t o be high but u n l i k e Broadlands i t
cannot be expla ined by t h e presence of two phase f l u id .
Hence it may i n d i c a t e a highly f r ac tu r ed formation
wi th good po ros i t y .

Tes t 2

The second i n t e r f e r e n c e test was conducted
a s s e s s  t h e  t r an smi s s iv i t y and s t o r a t i v i t y i n the
nor thern a r e a of t h e Malitbog s e c t o r .
t e s t . w e l l s and were discharged with average

r a t e s of 96 and 29 re spec t i ve ly .
Enthalpy measurements suggested both we l l s were

from a s i n g l e phase source a t 280-290°C

During the

The observa t ion w e l l s used dur ing t h e test were
w e l l s 503 and Both w e l l s encountered tempera-
t u r e s g r e a t e r than although measured discharge
e n t h a l p i e s suggested an average resource temperature
of 285°C.

The major permeable zones encountered appear t o

be due t o t h e contac t zone i n w e l l 503, t h e East
Ph i l i pp ine  Fau l t  i n wells and and both
the c o n t a c t zone and the i n Leach

The c a p i l l a r y tubing w a s i n s t a l l e d i n w e l l 503

The downhole and atmospheric p re s su re s were
and t o 445 and 396 m r e spec t i ve ly
1983.
monitored f o r about t h r ee days before w e l l was
discharged on 18 December 1983.
a good c o r r e l a t i o n between t h e
pressure  readings  but t h e d a t a co l l e c t ed dur ing t h e
i n t e r f e r e n c e test were not  cor rec ted  as
response was found t o have l i t t le e f f e c t on t h e cal-
c u l ation o f t ransmiss y or s t ty.

There appeared t o be

DELTA t

Figure 8: Log-log p l o t and type  curve  match

f o r buildup d a t a from w e l l

W e l l w a s discharged a t 1600 h r s 18 December
1983 wi th t h e downhole pressures i n w e l l s 503

monitored a t f i v e minute i n t e r v a l s . The test continued
with w e l l on discharge u n t i l 1448h r s
1983 when w e l l 516D was discharged. The discharge of
w e l l d i d not appear t o a f f e c t t h e pressure res-
ponse in e i t h e r observa t ion w e l l (Figure although
i t is p o s s i b l e t h a t any response may have been 
by t h e s h u t t i n g of w e l l a t 0920 29

Due to p o s s i b i l i t y t h a t both a c t i v e
have a f f e c t e d  t h e  pressure response af 28 December
1983, i t w a s decided t o only analyze  the  d a t a from
18-28 December 1983 a t t h i s s tage .

I
-.

I- wel l discharged

discharged

shut

TIME hrs

Figure 9 : d a t a from wells

503 and
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Figure 10: Log-log p lo t and type curve
match f o r w e l l 503

WELL 5140

Resul ts and Discussion

The d a t a f romwel l s 503 and 514D are plot ted on
log-log coordinates in Figures 10 and 11f o r type
curve matching.
cons i s t en t with the Theis o r r a d i a l flow solut ion,
i n con t ra s t t o the  f r ac tu re  so lu t ion  used t o analyze
the drawdown da ta i n the test .

It was found t h a t t h e da ta

The calcula ted r e s u l t s f o r t ransmiss ivi ty and
s t o r a t i v i t y a r e compared with the parameters obtained 
from s i n g l e w e l l tests i n Table 2.

Table 2: In terference T e s t Resul ts

Well Transmissivity S t o r a t i v i t y (x

2 . 3 , 1

503

514D
5 16D

60 4.2 -
80 4.8 -
-
- 1.4 0.4

1- i n t e r f e rence test (drawdown)
2 - pressure f a l l o f f test
3 - pressure buildup test
VP - very permeable

3.7

1.5-6.0

The r e s u l t s give an average in te r f e rence kh of
70 dm, i nd ica t ing  tha t  the f r a c t u r e network has very
good permeabili ty.  This again con t ra s t s s t rongly
with the r e s u l t s from s ing le w e l l tests which suggest
a

4
a

W

t ransmiss ivi ty of 4-5 the observation wells.

F i g u r e 11: Log-log p l o t and t y p e c u r v e

f o r well

I

e t a l .

The low transmiss ivi ty of 0.4 -1.4 f o r w e l l
should a l s o be noted as t h i s may the lack of
response i n the observation wells t o i t s discharge.

The calcula ted s t o r a t i v i t y values a r e s i m i l a r t o
the test re su l t s , suggesting a
thickness of 75-300
w e l l 514D r e f l e c t s the uncertainty the  d i s t ance  
between the permeable zones in wells 513D and 514D.
However, the high values f o r porosity thickness again 
suggest a highly  f rac tured 

The range i n the r e s u l t s f o r

CONCLUSIONS

The da ta presented here ind ica t e that with the
present c a p i l l a r y tubing and surface equipment i t is
poss ible t o conduct successful in ter ference tests and
t o analyze the r e s u l t s with r e l a t i v e l y simple
ica l models.
s e c t o r of the Tongonan geothermal f i e l d is highly
fractured. This conclusion is based on the calcula ted
t r ansmiss iv i t i e s which ind ica te t h a t the f r a c t u r e net-
work is highly permeable and the high values of
s t o r a t i v i t y .

The r e s u l t s ind ica t e t h a t the Malitbog

The authors wish t o thank t he management of t he
Phi l ippine National Oil Company - Energy Development 
Corporation (Geothermal Division) f o r permission t o
publish t h i s paper.
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