
-1 26- 

APPLICATION OF A DOWNHOLE FLOWMETER TO DETECTING 
CASING BREAKS I N  A GEOTHERMAL WELL 

Margot C.  Syms Peter H .  Syms and, Paul F. Bixley, 
Geophysics Divis ion,  D . S . I . R . ,  Minis t ry  of Works & Development, 
Wairakei, New Zealand Wairakei,  New Zealand. 

The downhole flowmeter logging system f o r  high temperature 
geothermal wel l s  developed a t  Wairakei,  New Zealand, i s  proving 
t o  be an inva luable  t o o l  f o r  use  du r ing  workovers t o  r e p a i r  o r  
r e i n s t a t e  problem wel l s .  This c o n t r i b u t i o n  desc r ibes  a 
s t r a igh t fo rward  example of i d e n t i f y i n g  breaks  i n  p l a i n  casing 
near  the top of a product ive we l l .  

THE DOWNHOLE FLOWMETER 

The flowmeter (described i n  Syms, 1980) conta ins  an 
impe l l e r ,  o r  spinner,which i s  r o t a t e d  by w a t e r  flowing through 
t h e  t o o l .  The flowmeter is operated whi le  i t  i s  t r a v e l l i n g  up 
or  down a w e l l  and t h e  frequency of sp inne r  r o t a t i o n  is 
recorded a t  t h e  sur face .  The frequency i s  made up .o f  two 
components: one due t o  the  movement of the  t o o l  and the o the r  
due t o  water  flowing i n  the  w e l l .  These components e i t h e r  
r e i n f o r c e  each o the r  or  tend t o  cance l  depending on the i r  
r e l a t i v e  d i r e c t i o n s ;  and t h e  magnitude of each depends on t h e  
c ros s - sec t iona l  a r ea  of the w e l l  a t  t h e  depth  of t he  flowmeter. 
The s i g n  convection adopted i s  t h a t  f low i n c i d e n t  on t h e  t o o l  
f r o m  above i s  p o s i t i v e ,  f o r  example when the t o o l  is  moving 
upwards i n  s tagnant  water .  The sp inner  frequency i s  given a 
s ign  t o  conform wi th  this .  

THE REPAIR OF WELL WAIRAKEI 216 

This  w e l l  has been supplying steam t o  t h e  Wairakei p o w e r  
s t a t i o n  s i n c e  1961. During a r o u t i n e  in spec t ion  i n  1978, 
s e v e r a l  l a r g e  p i eces  of casing were found i n  t h e  wellhead 
equipment. Two breaks i n  the cas ing  and a pu l l ed  coupling 
w e r e  i d e n t i f i e d  by a cas ing  c a l i p e r  survey i n  1979. When the  
w e l l  was s h u t  o r  on b leed ,  t h e  measured i n t e r n a l  p re s su re  
exceeded t h e  ca l cu la t ed  formation p res su re  a t  t h e  l e v e l  of the 
shallowest break,  i nd ica t ing  p o t e n t i a l  blowout condi t ions .  It 
w a s  t h e r e f o r e  decided t o  r e p a i r  t h e  cas ing  and t h i s  was 
commenced i n  February 1980. 

J u s t  a f t e r  t h e  wel l  had beenquenchedthe  i n j e c t i o n  p res su re  
suddenly b u i l t  u p  and no f u r t h e r  water  could be pumped, even 
a t  a p re s su re  of 60 bg, The w e l l  was found t o  be blocked a t  
19 m ,  and a major casing c o l l a p s e  w a s  suspected.  Subsequent 
events  showed t h a t  once the  w e l l  had been quenched, pressure  
a t  t h e  l e v e l  of the  breaks w a s  reduced and t h e  loose, water 
s a t u r a t e d ,  pumice brecc ia  formation flowed i n t o  t h e  w e l l  
through t h e  cas ing  b r e a k ( s ) .  T h i s  material w a s  then d r i l l e d  
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o u t  t o  149 m dep th .  Seve ra l  o b s t r u c t i o n s  w e r e  found i n  t h e  
8: i nch  c a s i n g ,  even wi th  a 4% inch  d r i l l  b i t ,  so t h e  c a s i n g  
w a s  r e a l i g n e d  w i t h  a r o l l e r  t o o l .  

A t  t h i s  s t a g e  t h e r e  w e r e  a t  l e a s t  seven s i tes  of p o s s i b l e  
cas ing  damage above 149 m and i t  w a s  d e s i r a b l e  t o  know which 
of t h e s e  p o s s i b l e  breaks  would accep t  f l u i d  from t h e  w e l l  so 
t h a t  cement could  be p laced  a t  t h e  a p p r o p r i a t e  l e v e l s .  The 
purpose of  t h i s  cementing ope ra t ion  w a s  t o  hold t h e  8: i nch  
c a s i n g  i n  t h e  p r o p e r l y  a l igned  p o s i t i o n  so t h a t  a smaller 
cas ing  could  be run and cemented i n s i d e  i t .  

I n v e s t i g a t i o n s  w e r e  c a r r i e d  o u t  w i t h  t h e  s p i n n e r  flowmeter 
whi le  i n j e c t i n g  6 l i t r e s / s e c o n d  of coo l  w a t e r  from t h e  s u r f a c e  
a t  10 bg wel lhead  p r e s s u r e .  F igure  1 shows t h r e e  l o g s  of 
sp inne r  f requency a g a i n s t  dep th ,  two made w i t h  t h e  t o o l  moving 
upwards i n  t h e  w e l l  and one wi th  t h e  tool moving downwards. 
Since t h e  measurements w e r e  made i n s i d e  p l a i n  cas ing  ( i . e .  t h e  
w e l l  area i s  uniform) and t h e  logging speed f o r  each run w a s  
c o n s t a n t ,  i n  any one l o g  t h e  frequency should  on ly  change 
when w a t e r  e n t e r s  or  l e a v e s  t h e  w e l l .  Regular c y c l e s  of s m a l l  
ampli tude on t h e s e  l o g s  are caused by f l u c t u a t i n g  d e l i v e r y  r a t e  
of t h e  p i s t o n  pump. Logs made i n  w e l l s  which a re  n o t  under 
p r e s s u r e  du r ing  i n j e c t i o n  do n o t  have t h e s e  r e g u l a r  v a r i a t i o n s ,  
b u t  do have a small amount of no i se .  

I n  t h e  upper  p a r t  of t h e  w e l l  (above 107 m) t h e  i n j e c t e d  
water  f low i s  caus ing  t h e  sp inne r  t o  r o t a t e  f a s t e r  than  it 
would i f  ope ra t ed  i n  a s t agnan t  w e l l  f o r  t h e  up runs  and s lower  
f o r  t h e  down run .  The t o o l  i s  over tak ing  t h e  flow on t h e  down 
run so t h e  s p i n n e r  frequency i s  negat ive  ( w a t e r  e n t e r i n g  t h e  
t o o l  from below). F ive  logging runs  were made a l t o g e t h e r  and 
a l l  l o g s  show d i s t i n c t  changes i n  frequency a t  107 m and 127 m 
depth.  Water f low i s  l e a v i n g  t h e  w e l l  a t  bo th  t h e s e  dep ths  
s i n c e  t h e  f requency  magnitude decreases  on t h e  up run l o g s  and 
i n c r e a s e s  on t h e  down run  logs. 

R e l a t i v e  f low q u a n t i t i e s  are shown by t h e  r e l a t i o n s h i p  
of  logging  speed t o  average sp inne r  f requency,  F igure  2 .  The 
i n t e r p o l a t e d  s p i n n e r  frequency corresponding t o  zero  logg ing  
speed i s  p r o p o r t i o n a l  t o  volumetr ic  flow. About 25% of t h e  
i n j e c t e d  flow i s  l o s t  a t  107 m and most of t h e  remainder a t  
127 m depth .  The s m a l l  remaining flow (7% o f  i n j e c t e d )  t h a t  i s  
i n d i c a t e d  below 1 2 7  m i s  wi th in  t h e  e r r o r  l i m i t s  of  t h e  
measurements, so t h e r e  may be no flow t h e r e .  

The s p i n n e r  flowmeter revea led  t h a t  on ly  a t  107 m and 127 m 
depth w e r e  t h e r e  any s i g n i f i c a n t  breaks i n  t h e  cas ing .  These 
breaks w e r e  g r o u t e d ,  t ak ing  450 and 730 l i t res  of  g r o u t  
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r e s p e c t i v e l y .  P l a i n  cas ing  of smal le r  diameter ( 7  inch)  was 
then cemented i n s i d e  t h e  repa i red  8; inch cas ing  and the  wel l  
is  now back on product ion.  
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Figure 1: Three flowmeter logs made i n  w e l l  Wairakei 216 wi th  
6 l /s  being i n j e c t e d  from the  su r face .  The logging d i r e c t i o n  
and speed are shown bes ide  each record.  Average va lues  of 
sp inner  frequency have been drawn t o  remove c y c l i c  v a r i a t i o n s  
caused by t h e  p i s t o n  pump. 
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F i g u r e  2 :  A p l o t  o f  a v e r a g e  s p i n n e r  f requency  a g a i n s t  
l o g g i n g  speed  f o r  t h e  t h r e e  c o n s t a n t - f l o w  r e g i o n s  i n  t h e  upper  
149 m of Wairake i  216. I n t e r c e p t s  w i t h  t h e  f requency  a x i s  
i n d i c a t e  t h e  r e l a t i v e  amounts o f  f low i n  each r e g i o n .  




