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could be appfied. 
The mise-a-la-masse measurements (hole-to-surface) 
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ABSTRACT 

Hydraulic f r a c t u r i n g  experiments has  been con- 
ducted f o r  making a man-made c i r c u l a t i o n  system a t  
Akinomiya by CRIEPI s i n c e  1987. 
surveys using a casing p ipe  as one c u r r e n t  elect- 
rode has  been c a r r i e d  o u t  f o r  observing f l u i d  flow 

The mise-a-la-masse The p o t e n t i l a  of a l i n e  source of  c u r r e n t  (steel 
cas ing  pipe)  can be der ived by a process  of i n t e -  
g r a t i o n  s t a r t i n g  from eq . ( l ) .  

behaviors  during massive hydraul ic  f r a c t u r i n g  oper- 
a t i o n s  s i n c e  1988 by Kyushu Universi ty  on the  site. 

Apparent r e s i s t i v i t y  values  were mapped before  
and a f t e r  massive f r a c t u r i n g  opera t ions  and monitor- 
ed during pumping opera t ions  f o r  e s t i m a t i n g  f r a c t u r e  
ex ten ts .  The i n j e c t e d  f l u i d  flow w a s  continuously 
de tec ted  and monitored i n  a real t i m e  wi th  a person- 
a l  computer system a t  the  site. The d i s t r i b u t i o n  
of f r a c t u r e s  der ived from t h e  de tec ted  flow pa ths  
show good agreements wi th  the  geometry of f r a c t u r e s  
obtained by te leviewer and a c o u s t i c  emission da ta .  

The present  hole-to-surface survey w a s  very use- 
f u l  f o r  mapping f l u i d  flow pa ths  during f r a c t u r i n g  
opera t ions ,  while  hole-to-hole survey could g ive  
informations on f r a c t u r e  depths connected between 
i n j e c t i o n  and production wells on the  site. 

INTRODUCTION 

I f  t h e  p o t e n t i a l  is  measured on t h e  ground s u r f a c e ,  
eq.(2) becomes i n  a simple form: 

Therefore, t h e  apparent  r e s i s t i v i t y  va lue  f o r  
the  four  e l e c t r o d e  a r r a y  used i n  t h e  f i e l d  survey 
is  expressed as 

where K is named a s  a geometric f a c t o r  f o r  t h e  mise- 
A-la-masse (hole-to-surface) surevy and def ined by 
the  following equat ions : 

THEORETICAL COMPUTATION 

The p o t e n t i a l  due t o  a bur r ied  p o i n t  source of Figure 1. Derivat ion of t h e o r e t i c a l  p o t e n t i a l s  
c u r r e n t  i n  a i n f i n i t e  medium a t  a d i s t a n c e  r is f o r  t h e  l i n e  source-to-surface survey. 
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FIELD SURVEY 

Figure 2 shows the  e l e c t r o d e  a r r a y  used i n  t h e  
present  survey. 
ted  t o  t h e  wellhead of cas ing  pipe of hydraul ic  
f r a c t u r i n g  w e l l  ( i n j e c t i o n  wel l ) .  
ear thed  i n t o  t h e  conductive formations (40 ohm-m) 
t o  390 m depth (TD = 400 m). 
e l e c t r o d e  C2 is taken 300 m NW d i r e c t i o n  from t h e  
w e l l .  
set 200 m SE d i r e c t i o n  from t h e  w e l l .  The potent- 
a1 e l e c t r o d e  P I  is moved i n  a gr ided manner with 
10 m s e p a r a t i o n  f o r  mapping surveys. The mapping 
surveys were repea ted ly  c a r r i e d  o u t  before  and 
a f t e r  each pumping operat ions.  However, P1 a t  20 
s t a t i o n s  are f i x e d  with 5 m o r  10 m i n t e r v a l s  f o r  
monitoring surveys during massive f r a c t u r i n g  ope- 
r a t i o n s .  A commutated e lectr ic  cur ren t  of 2 A 
i n t e n s i t y  which h a s  a frequency of 0 .1  Hz is in t ro-  
duced through a cas ing  p ipe  and t h e  r e s u l t i n g  vol- 
tages  on t h e  ground s u r f a c e  are observed by the  
d i g i t a l  recording system wi th  a personal  computer. 

i z e d  and s tacked 30 times and s t o r e d  on t h e  f loppy 
d i s k e t  of PC (NEC 9801 VM). The observed d a t a  are 
processed, then t h e  r e s i s t i v i t y  changes can be 
monitored on t h e  CRT during massive f r a c t u r i n g  
opera t ions  wi th  the  present  computer-controlled 
system on t h e  site. 

A cur ren t  e l e c t r o d e  C 1  is corinec- 

The w e l l  is 

The d i s t a n t  e a r t h i n g  

The f i x e d  p o t e n t i a l  e l e c t r o d e  P2 is a l s o  

The vol tages  a t  s t a t i o n s  are f i l t e r e d  and d i g i t -  

Figure 2. Electrode a r r a y  f o r  t h e  Hole(Line Source) 
-to-Surface survey a t  Akinomiya, Japan. 
C1,  C2: Current e l e c t r o d e  
P1, P2: P o t e n t i a l  e l e c t r o d e  

P1 e l e c t r o d e  is moved a t  69 s t a t i o n s  f o r  mapping 
surveys,  P1 e l e c t r o d e  i s  f i x e d  a t  20 s t a t i o n s  
f o r  monitoring survey and is connected t o  t h e  
logging t o o l  f o r  c rosshole  survey. 

(non-polarizing e lec t rode)  

a C1: current electrode connected to casing pipe 

@ GPIB/Personal Computer 0 
@ P1: moving potential electrode 
@ P2: fixed potential electrode 

0 C2: distant earthing current electrode 

Figure 3. Automatic d a t a  a c q u i s i t i o n  system f o r  
t h e  mise-a-la-masse survey. 

H I J K 

Figure 4. P1 e l y c t r o d e  s t a t i o n s  used f o r  t h e  

Sol id  circles: F-fractur ing w e l l ,  P=production 

Open circles:  Mapping survey s t a t i o n s  (69) 
Cross circles: Monitoring survey s t a t i o n s  (20). 

mise-a-la-masse measurements. 

w e l l  ( d i r e c t i o n a l  w e l l )  

MAPPING SURVEY 

Mapping surveys were repeatedly conducted a t  69 
s t a t i o n s  before  and a f t e r  f r a c t u r i n g  opera t ions  
over t h e  surveyed area (Fig. 4). 

cula ted  f o r  each mapping survey data .  
Apparent r e s i s t i v i t y  d i s t r i b u t i o n s  can be  cal- 
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10- 

Figure 5. R e s i s t i v i t y  changes i n  percent (W )  
between be fo re  and a f t e r  massive 
f r a c t u r i n g  operat ions.  
( a f t e r  run / befo re  run ) 

10 
Apparent r e s i s t i v i t y  changes can be obtained by 

comparing with two mapping d a t a  as shown i n  Fig.5. 
Average r e i s t i v i t y  values  i n  the  surveyed area 

a r e  s l i g h t l y  increased from 42.4 ohm-m before f rac-  
t u r i n g  conducted on Ju ly  9 ,  1989 t o  43.3 ohm-m a f t e r  
massive f r a c t u r i n g  operat ions measured on Ju ly  22, 
1989, because a l a r g e  amounts of r i v e r  water ( 70 
ohm-m ) were i n j e c t e d  during operat ions.  

The d i s t r i b u t i o n  of t h e  major f r a c t u r e s  can be 
est imated from Fig.5 as N25OE d i r e c t i o n  i n  t h i s  
area. 

- 

MONITORING SURVEY 

CHN: 4 S t a t i o n  I15 C m V / h I  
80 1 

Figure 6a. Observed p o t e n t i a l s  a t  s t a t i o n  I15 with 
t i m e  (days),  Ju ly  10 - Ju ly  25, 1989. 

CHN: 12 
CrnV'A' S t a t i o n  ~5 
80 1 
' O t  

20 301 

Figure 6b. Observed p o t e n t i a l s  a t  s t a t i o n  M5 with 
time (days),  Ju ly  10 - Ju ly  25, 1989. 

E l e c t r i c  p o t e n t i a l s  were continuously measured 
a t  20 s t a t i o n s  surrounding the  f r a c t u r i n g  w e l l  as 
shown i n  cross  c i r c l e s  i n  Figure 4. 

Examples of observed p o t e n t i a l s  over t h e  per iod 
of Ju ly  10 t o  July 25 i n  1989 are shown i n  Figures 
6a and 6b. The p o t e n t i a l s  observed a t  s t a t i o n  I15 
(NE d i r e c t i o n  of t he  we l l )  shows almost constant  
values  of about 40 mV/A wi th in  3 X var i a t ions .  

However, t h e  p o t e n t i a l s  a t  s t a t i o n  I S  (SW d i r -  
e c t i o n  of the we l l )  show d r a s t i c  changes during 
massive f r a c t u r i n g  operat ions.  The values  change 
from 40 mV/A t o  60 mV/A on Ju ly  13, 1989. 

of MlO, M15, M20. Therefore,  f l u i d  flows extend 
t o  the  SW d i r e c t i o n  from the  f r a c t u r i n g  w e l l .  

wi th  t i m e  funct ions as shown i n  Figures 7. 

"4 

The same l a r g e  changes were observed a t  s t a t i o n s  
Figure 7a. R e s i s t i v i t y  changes before  f r a c t u r i n g  

observed a t  9:30 on July 1 3  ( 30 min. 
before  hydrau l i c  f r a c t u r i n g ) .  Apparent r e s i s t i v i t y  changes give flow pa ths  
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CROSSHOLE MISE-A-LA-MASSE SURVEY 

The foregoing mise-a-la-masse survey (hole-to- 
sur face)  techniques provide d i s t r i b u t i o n  of f r a c t -  
u res ,  b u t  less information about the  depth of flow 
pa ths  connected between i n j e c t i o n  and production 
holes .  Anomalies der ived  from t h e  previous survey 
are a l ready  checked by t h e  d r i l l i n g  of production 

\ 
\ 

w e l l  i n  t h i s  site. 

ed during f r a c t u r i n g  opera t ions  f o r  l o c a t i n g  t h e  
major flow pa ths  more accura te ly .  

Frac tur ing  w e l l  w a s  used as a source hole  and 
product ion w e l l  was used as a r e c e i v e r  hole .  

The electrical w e l l  logging way conducted i n  
t h e  product ion w e l l  f o r  t h e  mise-a-la-masse array.  

Electrical  r e s i s t i v i t y  d a t a  obtained by the  comp- 
u t e r  cont ro l led  system shows t h a t  the  major f r a c t u r e s  
exist a t  depths  between 320 m and 330 m. 

d a t a  processing of s t a c k i n g  opera t ions  wi th  a per- 
sona l  computer. SP l o g  shows more c l e a r l y  depths  
of f r a c t u r e s  connected between i n j e c t i o n  and pro- 
duc t ion  holes  i n  t h e  surveyed area. 

Hole-to-hole (crosshole)  survey was a l s o  conduct- 

Se l f  p o t e n t i a l  d a t a  w a s  a l s o  obtained during the  

CONCLUSIONS 

The mise-;-la-masse measurements using a cas ing  
p ipe  of f r a c t u r i n g  w e l l  as one cur ren t  e l e c t r o d e  
has  been c a r r i e d  o u t  f o r  t h e  per iods  of Aug. 27 t o  
Sept. 12 i n  1988 and J u l y  8 t o  August 25 i n  1989. 

Mapping surveys were repea ted ly  conducted before  
and a f t e r  each massive h y d r a u l i c  f r a c t u r i n g  operat- 
i o n s  a t  69 s t a t i o n s  i n  t h e  surveyed area. 

Monitoring survey was cont inuously conducted 
during f r a c t u r i n g  opera t ions  a t  20 s t a t i o n s  sur-  
rounding the  f r a c t u r i n g  w e l l  wi th  a computer-con- 
t r o l e d  d a t a  a c q u i s i t i o n  system on t h e  site. 

(1) Mapping survey i n d i c a t e d  t h e  major f r a c t u r e  
o r i e n t a t i o n  (N25OE d i r e c t i o n )  over t h e  surveyed 
area. 

(2) Monitoring survey suggested the  major flow pa ths  
curiaected betweeii i n j e c t i o n  and production wells 
i n  a real t i m e  by means of a personal  computer. 

(3) Crosshole survey v e r i f i e d  the  major flow pa ths  
wi th  depths  dur ing  f r a c t u r i n g  operat ions.  
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