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ABSTRACT 
Data  from an interference test performed in the Ohaaki geother- 
mal field hetween wells Br13 and Br'23 in December 1979 are 
analysed. T h e  drawdown and buildup portions of the test are 
analysed using log-log and semi-log curve matching techniques. 
Horner semi-log type curve matching is also used in the analysis of 
the  buildup portion of the data. Results indicate the presence of a 
no  flow boundary for whicli the inference ellipse ha s  been located. 
A pressure support boundary is indicated a t  greater distance than 
the  no  flow boundary. 

INTRODUCTION 
T h e  Ohaaki geothermal field is located near the center of the 
North Island of New Zealand. T h e  main reservoir is located in 
the Rangitaiki ignimbrite and Rautnwiri breccia formations below 
GOO metres depth (Grant 1983) and contains geothermal brine at a 
temperature of about '270 ' C. 
Between 1979 and 1982 a number of interference tests were carried 
o u t  which showed boundary effects important t o  the formation of 
a comprehensive hydrological model of the field (Grant 1980). 
Th i s  paper esamiiies d a t a  from one test between source well BrP3 
and observation well Br13 performed between 12 and 18 Dec. 
1979. 
B r l 3  was drilled to lOSl metres depth and has its main permeable 
zone a t  about 930 metres, while BrP3 was drilled to 1097 metres 
and has its main permeable zone a t  about 1030 metres. T h e  plan 
distance between the wells is 279 metres ( F i g u r e  1). Both wells 
have a nominal open hole diameter of 200 mm.  Data  were col- 
lect,ed using a water level chart  recorder mounted on the Br13 
wellhead. Drawdown d a t a  was obtained by producing Br23 at Fj'2.4 
l / s  for 49.5 hours. Buildup d a t a  were obtained for a further 93 
hours. 

FIGURE 1: \\'ell layout in !.lie 0lin;iki gcotlicrmal fcltl. 

B 0 UN D A RY DE TE CTIO N M ET11 0 D S 
T h e  esistence of lincnr bouiitlarics in reservoirs has a great eflect 
011 thcir exploitation. T h e  presence or scaling or leaky linear boun- 
darics rnny he tlctcctetl b y  tlra\vtlown and buildup tests. r i  log-log 
type curve mntching inelhod Tor a constant ratc well near a liiienr 

boundary was presented by Slaf fman (19.52). T h e  log-log type 
curve is applicable for both no-llow and constant pressure linear 
boundaries anti is presented in F i g u r e  2 .  Staflniuti (195'3) used 
superposition of the line source solution presented by Tlieis (1935). 
This  log-log type curve matching technique is applicable for ana- 
lysing pressure responses of active constant rate source wells and 
observation wells. 
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2: Log-log type curves for detecting linear boun- 
claries. After S t a h a n  1953. 

As was ol>servecl later (Duvis atid f1awkhis 19G3, Il'itherspoon et  of 
19G7, and Earlouglier 1 9 7 )  tlie resolution of the determination of 
the ratio r 2 / r 1  from the log-log match is not adequate. ( r l  is the 
distance between the observation well and the source well, and r:! 
is the distance between tlie observation well and the image well.) 
T h e  semi-log double straight line method (Davis  and Hwki t z s  
1963) was developed to achieve an improved determination of the 
ratio r ? j r l .  \C'hen the pressure response of a well to constant rate 
withdrawal near a linear boundary is graphed in a semi-log form, 
two straight lines dcvelop. Tlie distance between the well and the 
linear boundary or the ratio t 2 / r l  may be determined from the 
intcrscction point of these two straight lines. 
Tlie double-straight line analysis method requires the development 
of two straight lines and has two main tlisadvantages. Commonly, 
the first semi-log line does not develop for observation wells, and 
most of the pressurc d a t a  match the line source solution prior t o  
ID  / ra=10.  I n  addition? reservoir limit tests require a long dura- 
tion so t h a t  the second straight line may not completely develop 
bcrpre tJhc test is terminatetl. 
S n g e e u  el a1 (19S.5) presented a semi-log type curve matching 
method for det,ecting linear bountlnrics froin drawdown or injec- 
tion const.aiitf ratc tests. This method makes use of the trnnsition 
period between the two straight lines, niid rcqu ires a log-log match 
of the infinite acting early tiinc rcsponse to tlie line sourcc. This 
match is usiinlly obtaincd for interference wells with rcnsonal)le 
confitlcnce. The  senii-log type curve (see F i g u r e  3) has ;I single 
ctirvc rcprcsenting no-flow boundaries anti a single curve 
rcprcsentiiig constant pressure bountlnries. The  use of this typc 
curve is tlcrnonstratctl i n  this paper. 
Lincar I)ountlarics may be tI(-t,ectctl b y  analysing drawdown atid 
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buildup interference tests. Log-log type curves Tor a combined 
tlrawclown-l)uildup test in an infinite reservoir werc prcsentecl b y  
Rarriey el  (11 (1080), and are a function or thc production time, $ 0 .  

Bipper  (19S.j) presented an estension of the Stalliniiri (19.53) 
approscli to include drawdown niicl buildup log-log analysis for 
detecting linear boundaries. Fox (198-1) presented a semi-log type 
curve matching method for cletectitig linear l~oundaries from a. 
combined d rawclown- huildu 11 test. 

I 
Impermeable linear 

linear boundary 
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FIGURE 3: Semi-log type curve for detecting linear boun- 
daries. After Sageeo et a1 198.5. 

T h e  double-straight line analysis method is applicable for buildup 
tests, a s  presented by Horner (1951), and requires tlie development 
of the two straight lines. Fox (1084) presented a semi-log type 
curve matching technique for detecting linear boundaries using 
modified Horner time and pressure. The  type curve for detecting 
a no-flow linear boundary is presented in Figure 4. This  method 
allows the determination of the distance t o  the linear Boundary or 
the ratio r 2 / r 1  with a shorter buildup period, since only the transi- 
tion period between the two straight lines is required. Tlie use of 
the  semi-log I-lorner type curve matching method is discussed in 
this paper. 

u) f * i l  
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FIGURE -I: h4oclifictI f l o r t i c r  scinilog type curve for detxcting 
no-flow liner Imitncla.ries using buildup tests. N l c r  Fox  
19s I. 

A linear boundury may  11e considered as a circular boiiittlxry with 
a11 infiniac radius. Ilcncc, tlirce oliscrvntion wells are required t o  
determine the esnct location of the boiintlnry. This paper prcsents 
t,he i n  tcrprctatioii of %ti in t.rrrcrcncc test from a single oliservation 
wcll. Vein  (IOii) coticlutlctl tha t  such an interference test yields 
an cllipse ;wound the active well and the observation well t h a t  is 
frcc ot' any I>oiintl;lric.s. The linrnr I)oundary is tangent to this 
ellipse. This p i ~ p e r  presents the tlcterminat.ion of tlie elliptical 
infcrcncc a r m  arouiitl the two wclls. 

ANALYSIS OF DATA 
This section describes the analysis of the interference Lest data 
from Br13 presented in Figure 5 in Cartesian l'orm. The  d a t a  are 
analyzed with the log-log and semi-log drawclown nicthods and 
wit  ti t h e modified sem i-log IIor rier me tliocl. 
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FIGURE 5 :  Cartesian plot of the interference test data.  

Log-log Analysis 
A log-log pressure-time plot of the da t a  is drawn and matched on 
the Stalfinnn dimensionless pressure-time plot of the same scale 
(Figure 6.). Dimensionless pressure and dimensionless time are 
defined as: 

PD = ?akh ( p i  - p  ) / q  11 (1 )  
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FICURI? G: Log-log type curve matxli of the da t a  to the 
Sfnllrricrn type curves. ' 

The  plot contains tliree curves. Curve 1 represents thc line source 
solution, wliile curves S and 3 represent type curves for drawdown 
m t l  briiltlup which include the presence of a no Row boundary 
(S/a/ / iuurt  19.52) with r2/r I= 0.'35. The early time data. is ma.tched 
to tlie line source solution giving a inatch point or: 

p ,  = 10 kPa -9 / l i t 3  pv =0.050 . '. 

In conventional log-log analysis tlic Intc time da t a  is rnntclicd to 
the appropriate S t d l ~ t i u i i  typc  curve and the distance to tlie nc- 
flow boundary or thc ratio r 2 / r I  tleterminetl. Froin Figure 0 it 
can be seen tli:it therc is insitn'icicnt late time da ta  to make RII 

accurate match t o  one of the S'/irflri iati  citrvcs, yet tlir early timc 
in1init.e acting rcsponsc matches rcnsonihly well t o  the line source 
solution. 
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The  huilclup portion of tlie tcst initially follows the log-log buildup 
curve up to about 70 hours. Then,  the pressure l)uilcls up  faster 
than espectcd for a system with one no-flow linear boundary. 
'This rapid buildup indicates tlie presence of a, pressure support 
houiidary in tlie system. The elfect or this pressure support houii- 
clary is not apparent in the drawdown portion of tlie test, suoo ffmest- 
iog t h a t  the distance between the source well ant1 the pressure 
support boundary is greater than the distance between the soiirce 
well and the no-illow boundary. 

Semi-log Analysis  
This analysis involves using tlie semi-log type curve formed hy 
mat.hematica1ly collapsing the semi-log plots of Stallnicrn's type 
curves (Sngeeu e t  of. 198.5). T h e  plot uses modified dimensionless 
coordinate ases for pressure and time (Figure 4). Modified pres- 
sure and time are defined respectively s: 

I Time lhrl Prom. m f c h  poin18 

Figure 7 presents a semi-log match of the dimensionless pressure 
d a t a  t o  the type curve presented by Sngeev e l  af (1985). T h e  pres- 
sure match point is: 
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FIGURE i: Semi-log type curve match to the generalized 
. semi-log type curve. 

Substituting the semi-log pressure match point into Eq. 3 and 
solving for the ratio r 2 / r 1  yields: 

r 2 / r  = exp(0.0-2.37+ln 99) = 0.55 

T h e  distance between the soiirce well and the observation well, r 
is 279 metres. Hence the distance between the observation well 
and the image well, r 2 ,  is: 

r 2  = (370)(0.25) = 2582 vze f re s  

From the semi-log plot it can be noted t h a t  in order  t o  get a 
unique match, only one semi-log straight line and the transition 
period arc reqiiirccl. T h e  d a t a  show tha t  during tlic drawdown 
period the second semi-log slraiglit line did not devclop. 

Horncr Analysis  
This  analysis involves using the semi-log type curve for long pro- 
ducing times ( R a m e y  et a l .  1973) formed by mtlthemntically col- 
lapsing tlie fnmily of iforrier curvcs describing buildup behavior 
aIl"ectet1 hy a linear no flow I>ouudary (Foz 19S'l). This plot uses 
modified cliniensioiiless coorclinnte ases for pressure and FIorticr 
time. The inotlifictl prcssure and modified I-Iorner time arc  clefinccl 
respectively :u: 

and are arI)itrnrily defined for d ,  =loo ( t i D  = r 3 / r w  ) and t ,D =lod. 
Type  curve matching the diLts requires careful interpretation. :I 
simple hest tit of the (lata 011 the type Curve would give 5 match 
point of (Figure 8): 

from Figure 6: 

f,D = (49.5)(0.07) = 33.17 

from Equation 6: 

solving for r 2 / r l  gives: 

r 2 / r  I = [ 4*33.17 e(3.44.0)/100 1"' = G.3 
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FIGURE 8: Horner match of the buildup interference data  to 
the modificd semi-log type curve. 

Th i s  analysis is incorrect. Tlie log-log analysis (Figure 6) shows 
tha t  the da t a  after t D  = -13 ( t  = M h r )  is not influenced by the 
pressure support boundary and tha t  only the buildup da t a  
recorded before this time can be expected to match the type 
curve. Inspection of the semi-log plot (Figure 8) shows tha t  only 
tlie first semi-log straight line is present and tha t  the transition 
and second semi-log straight lines are masked by the eflect of the 
pressure support boundary. Analysis of the drawdown da t a  gives 
r 2 / r l  = 9.25. T h e  correct match point for the buildup data  can be 
determined by substituting this value in  Equation 6 .  This  gives: 

pi / [  = O.O+ln 100-ln (4*  33.17/9.55*) = 4.2 

Tlie correct match can now be made (Figure 9). 

1 IO 100 1000 10000 

Modified Horner Time 

FIGURE 9: Tlie corrcct Ilorner mntdi of the builtlop 
int,crfcrcnce data t o  the motlifictl semi-log type curve. 
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DISCUSSION 
Using log-log type curve analysis ( F i g u r e  6)  a good infinite acting 
early time match can he niade t o  the line source type curve, But it 
is clifl'icult t o  ol)t,ain an accurate match a t  late time to the Stail- 
~ i i a n  type curves. T h e  drawdown da t a  is not afkctetl long enough 
b y  tlie no flow boundary for a unique match to be made and the 
b u i l d u p  da ta  \ v a s  affected by tlie pressure support boundary after 
t = G-lhr. 
T h e  semi-log type curve analysis ( F i g u r e  7) enabled a good match 
to be made to the drawdown da t a  using the first semi-log straight 
line and the transition portion of the drawdown da t a  without 
requiring the secoiid scmi-log straigh to line. T h e  buildup data  could 
not be matched clue to effcct of the pressure support boufidary. 
Iiorner type curve analysis (Figure 9) could not confirm the loca- 
tion of the  boundary, again due t o  the influence of thc pressure 
support bounclary. However, analysis showed tha t  an incorrect 
match could e s i l y  have heen made I>y mistaking the effect of the 
pressure support boundary for the transition between the two 
semi-log straight lines (see Figure 8). 
From the result for r2 / r l  the inference ellipse (Ve la  1977) for the 
no flow boundary has heen located (F igu re  10). Tlie no-flow 
hounclary detected in the test is tangent to this ellipse, and two 
more observation wells are needed to determine the location of 
this boundary. The  physical interpretation of the results awaits 
the  analysis of other interference tests which should provide 
further insight into the hyclrological structure of the reservoir. 

! C O U U I  

FIGURE 10: T h e  elliptical inference area. 

CONCLUSIONS 
1. 

2. 

3. 

-4. 

T h e  early time infinite acting interference da t a  match well t o  
the line source solution. 
There  is a lack of resoultioii in determinig the ratio r 9 / r 1  
from the log-log match t o  the Stallman type curve. 
T h e  semi-log type curve matching procedure of the draw- 
down portion of the test yields r 9 / r  l =; 9.35. 
T h e  ratio r 2 / r l  is determined without the formation of the 
two semi-log straight lines required by conventional tech- 
niques. 
T h e  labe time pressure builds up more rapidly. than espected 
from a rescrvoir 1vi.it.h a single linear nel low boundary. This 
indicates the presence of a pressure support boundary in thc 
system. 
Sincc the drawdown response is not significantly aiTected by 
tlic pressure support I)ountlnry, the distance to this boundary 
is likely larger thnn t.he distmice to the no-flow linear bouii- 
da1.y. 

7.  T h e  i l o r n e r  nndysis niay yicld an erroueous ratio 
r 2 / r ,  = (3.3. T h e  transilion pcriocl on the Iloriier plot is 
causccl I)y thc pressiirc support hounclsry and not by the no- 
How lincnr bo i in t la iy  seen i n  the drawdown portion of the 
test,. 
T h e  t1nt.n show tehe presence of a ~lo-flow bountlnry tangent to 
tlie located infercncc ellipse. 

5. 

G. 

8.  
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NOTATION 

total compressibility ( ~ n  - I )  

tl imensionless cl istance be tween source well ;iiicl 1100 adar! 
formation thickness ( ) P I  ) 
permeabiIity ( i n  '1 
pressure ( k P n  ) 
initial pressure ( / ;Pa ) 
specific pressure ( ~ a  - 9  i m  '1 
cl imension less 1) ressu re 
modi fi et1 dimension less p rcss ii re 
niodifietl Uorner  dimelisionless pressure 
volumetric flow rate ( r n 3 / s  ) 
distance between pressure point and source well ( r n )  
distance lietween source well and oliservat.ion well ( iri  ) 
distance between source npell and the image well ( r n  ) 
distance lietween source well and the boundary ( JJI ) 
source well radius ( T t t  ) 
time (6ec ) 
dimensionless time 
modified dimensionless time 
dimensionless Horner time 
modified dimensionless Horner time 
dimensionless production time 
dynamic viscosity (kPa  -8 ) 
porosity 
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