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ABSTRACT

The downhole flowmeter logging system f o r
high temperature geothermal w e l l s , developed a t
Wairakei by Ministry of Works Development and
Geophysics Divis ion of D.S.I.R., has proved t o be
an invaluable too l f o r use during workovers to
repa i r o r  r e i n s t a t e  problem w e l l s . I n addi t ion
to iden t i fy ing  the  exact  nature and loca t ion of
c e r t a i n common problems, such as natura l cool down-
flows, t h e can be used to e f f e c t i v e l y caliper
t h e hole so t h a t d r i l l a b l e cementers can be

properly located, and then used to manage
cementing operat ions designed to block cool infiow 
zones.

For some of these  inves t iga t ions  a very
simple flow indica tor which can be run on a
regula r single- strand wirel ine has been tes ted .
Resul ts to d a t e i n d i c a t e that i f operated care-
f u l l y , usefu l r e s u l t s can be obtained by t h i s
method f o r a minimal f i n a n c i a l outlay.

INTRODUCTION

appl ica t ion of the downhole flowmeter
developed j o i n t l y by M.W.D. and D.S.I.R. Wairakei
(Syms and Bixley has been t o reso lve
problems i n production w e l l s of the Wairakei
qeothermal f i e l d . The flowmeter conta ins a n
impeller which is r o t a t e d by water flowing through
the instrument and i ts r o t a t i o n a l frequency is
recorded a t the surface. Measurements a r e made
while the instrument is i n motion a t a known r a t e
e i t h e r up or down t h e bore. The water v e l o c i t y
throuqh the flowmeter is determined by: t h e r a t e
of movement of the t o o l , the cross- sect ional  area 
of the w e l l , and a l s o the volumetric f l o w of water 
i n the w e l l (due t o pumping from the  sur face  or
na tura l  p ressure  i n e q u a l i t i e s ) . Analysis of
flowmeter records requi res separat ion of these
effects and t h i s can be d i f f i c u l t where t h e hole
area is l a r g e , s ince much of t h e water then flows,
around the spinner ra ther than throuqh it. The
technique of i n t e r p r e t i n g recorded to
determine flow s t r u c t u r e i n a w e l l is given i n
d e t a i l by Syms (1980).

WAIRAKEI 107

A f t e r a rou t ine maintenance shutdown i n
February 1976, w e l l Wairakei 107 could not be
r e s t a r t e d . Temperature p r o f i l e s showed a d r a s t i c

change had occurred. U p to this t i m e , tempera-
t u r e s over the production i n t e r v a l had been 220 t o

and now they had f a l l e n to about
throughout t h e l iqu id column i n t h e w e l l . This

w a s in te rpre ted as indicat ing that the w e l l
had e f f e c t i v e l y been quenched by a 'cool' down-
flow from near water l e v e l t o below 600 m. I n

1979, spinner flowmeter measurements con-
firmed t h e presence of a very l a r g e na tura l down-
flow enter ing the w e l l a t 290 m and continuing
to a t least 600 m. The flow was estimated to be
50 with an e r r o r of 15% (due to t h e
l a r g e and v a r i a b l e area of the bore outs ide  the  
s l o t t e d

Repair operat ions commenced i n January 1980.
It w a s planned to seal off the inflow zone by
cement grouting, bu t this could n o t be done u n t i l
t h e flow w a s stopped, s ince otherwise t h e cement
would be washed away. A spec ia l cementing plug
w a s designed to be placed i n t h e hole below the
i n f l o w zone. I t would f i r s t be cemented i n
p o s i t i o n with the flow passing through the plug,
then a valve would be operated to s t o p the flow.
To ensure the success of t h i s operat ion, the plug
had to be placed i n a sect ion of hole which was
near the o r i g i n a l d r i l l e d s i z e , so the  ca l iper ing  
e f f e c t of the spinner was used to select the plug
loca t ion .

Figure 1 shows spinner runs made with and
without the s l o t t e d l i n e r i n place. Since the
f l o w is presumed to be constant below t h e inflow
zone, t h e spinner frequency should be inversely
proportional to bore area. 
t h e shape of t h e hole w a s changed by t h e extrac-
t i o n of the l i n e r , espec ia l ly where t h e hole area 
w a s smallest. The n a r r o w region from 310 to 320m
w a s almost completely broken away, and also the
narrowest port ion of the 370 to 385 m zone. The
487 m squeeze and most of t h e long 555 to 575 m
zone appear to be unaltered.

I t is evident that

By placing the plug j u s t below t h e inflow
zone, t h e amount of grout required t o s e a l off
t h e inflow could be kept t o a minimum.
s u i t a b l e p a r t of the w e l l was t h e sec t ion from
377 to 383 m and the plug was eventually
placed a t about 377 m , with a s m a l l quant i ty of
grout on top.
spinner ' logging was done while i n j e c t i n g water
a t 1 0 The water l e v e l i n the w e l l
w a s found to be nearly 100 m higher than before, 

The most

When the grout had hardened,
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Fig . 1 Wairakei 107. Spinner flowmeter records and wi thou t (January 1980) s l o t t e d

l i n e r i n w e l l , showing changes i n ho le size. Location of g r o u t plug ind ica ted .

sugges t ing a s i g n i f i c a n t blockage had been made.
The sp inner showed t h a t a l l of t h e i n j e c t e d water
w a s los t from t h e w e l l a t 290 m depth leav ing
s t a g n a n t water between t h e r e and t h e plug. N o
l eakage past t h e plug was de tec ted .

Fur the r  g rou t ing  opera t ions  followed, us ing
approximately 70 tonnes of cement, to close off
t h e inf low zone. The ho le was then r e d r i l l e d
through t h e grou t , l i n e d wi th inch  cas ing  and
l e f t s h u t for four days so that t h e ex i s t ence of
any n a t u r a l flows could be determined. The
temperature p r o f i l e (Figure i n d i c a t e s  t h e  
p o s s i b i l i t y of flow i n t h e cons tan t temperature
r e g i o n s around 520 and 600 m.

400 500 600 700
Fig . 2 Wairakei 107. Temperature and flow

d e t a i l s f r o m sp inner ins t rument , February

1980. Well s h u t 4 days, followingworkover.

The drop i n temperature below 640 m impl ie s t h a t

any warmer n a t u r a l flow has l e f t t h e w e l l ' by t h i s
depth, wi th r e s i d u a l co ld water from d r i l l i n g
opera t ions below. Flowmeter measurements show
s t agnan t water i n t h e p l a i n l i n e r . A t t h e top
of t h e s l o t t e d s e c t i o n (478 an inf low of a t
least 4.4 occurs and t h i s presumably
o r i g i n a t e s behind t h e p l a i n  l i n e r .  A l l t h e flow
is los t from t h e w e l l a t 637 m, with s t agnan t
water from here to h o l e bottom a t 646 m.

The w e l l w a s subsequent ly allowed to hea t
up and a f t e r 10 days a maximum temperature of 

w a s measured, wi th  an  o v e r a l l p r o f i l e
similar to Figure 2 .

neously d i scharqe i n t h i s cond i t ion ,  bu t  af ter
i n j e c t i o n of steam from t h e p o w e r s t a t i o n p i p e l i n e s
i t w a s discharged and downhole runs  dur ing t h i s
showed a feed temperature of 

The w e l l would no t sponta-

The repair of w e l l Wairakei 107 was
success fu l i n reducing t h e n a t u r a l downflow t o

about a t e n t h of its previous  value .  Output has
been r e s t o r e d to i ts o r i g i n a l l e v e l and t h e w e l l

is aga in supplying steam to t h e Wairakei Geothermal
Power S t a t i o n .

ALTERNATIVE FLOWMETER

A simple flowmeter, t h e " S l a t t e r p l a t e " ,
has been developed as a cheap and easy t o u s e
a l t e r n a t i v e to t h e sp inner instrument. This
c o n s i s t s o f a hor izon ta l c i r c u l a r  p l a t e  suspended
i n a w e l l on t h e standard 1.8 w i r e l i n e used

f o r  r o u t i n e  downhole measurements. Wire tens ion
is monitored a t t h e  s u r f a c e ,  wi th t h e p l a t e he ld
s t a t i o n a r y i n t h e wel l . The tension inc reases

s t e a d i l y wi th  inc reas ing  l e n g t h of wire a s t h e
p l a t e is' lowered i n t h e w e l l f o r

flow condi t ions .

.. .



I Depth-

Fig. 3 S l a t t e r plate flowmeter. Expected l i n e

tension i n a w e l l .
bore area shown dotted.

Response t o changing

I f a downflow of water is presen t , t h e
force of t h i s flow on the p l a t e increases t h e
l i n e tension above t h e expected still-water
grad ien t .
s l i g h t l y higher i n flowing water because of t h e
flow drag on t h e w i r e , I f the p l a t e is lowered
f u r t h e r  i n t o  a region o f ' s t i l l w a t e r , t h e tension
again follows t h e still-water grad ien t ,  bu t  with
an o f f s e t equal t o t h e total drag of t h e flowing
region on t h e w i r e .

The increase i n tension with depth is

Most New Zealand geothermal w e l l s are of
v a r i a b l e cross- sect ion (outs ide t h e s l o t t e d l i n e r )
because of erosion o r collapse of t h e bore walls .

For a cons tan t volumetric water f l ow , t h e water
v e l o c i t y w i l l be high where the bore is narrow
and v i c e versa. Therefore the  wi re l ine  tension
v a r i e s inverse ly with bore area i n zones of

flowing water, a s shown dotted i n Figure

.

Depth 400 500 600

Fig. 4 Wairakei 107. Comparison of spinner and
p l a t e flowmeters, February 1980. Tension 
is r e l a t i v e t o flow drag gradient .

Measurements w e r e c a r r i e d o u t wi th
p l a t e flowmeter i n Wairakei 107 after the

was completed. A comparison of r e s u l t s from the
two flowmeters i s given i n Figure 4 . W i r e
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tension values f o r the p l a t e aye p l o t t e d r e l a t i v e
to the flow drag grad ien t and show g r e a t
v a r i a t i o n i n the region of flowing water, while i n
still water the tension is reasonably steady. The
f luc tua t ions i n spinner frequency are s imi la r
i n nature to those i n w i r e tension, showing t h a t
both a r e responding t o hole area changes.
I d e n t i c a l responses a r e not expected, s i n c e the
spinner i s less of a blockage to t h e flow and
samples a grea te r length of w e l l than t h e p la te .
The spinner frequency values i n t h e two regions
of stagnant water (above 478 m and below 637
a r e not equal, because of d i f f e r e n t ho le areas.

It can be seen from the flow diagram of Fig-
ure 4 (derived from spinner measurements) t h a t
t h e r e is no apparent r e l a t i o n s h i p between w i r e
tension and volumetric flow. However, t h e hole
s i z e is known t o be s i g n i f i c a n t l y l a r g e r than
o r i g i n a l l y d r i l l e d f o r m o s t of t h e w e l l , except

a t a f e w narrow sect ions 487 m and near

580 and it is only i n these sec t ions t h a t t h e
tension w i l l approach t h e expected values. I n a
w e l l a s badly eroded as t h i s one, it is not
f e a s i b l e t o obtain estimates of f lowrate from the
p l a t e tension readings. I t is poss ib le , however,
to d e t e c t t h e d i f fe rence between flow and no flow
wi th very good depth reso lu t ion .

I n w e l l s with a s l o t t e d l i n e r ,
which is held s ta t ionary while measurements a r e
taken w i l l respond t o di f fe rences i n hole area.
It w i l l thus be d i f f i c u l t t o obtain an in te rpre ta-
t i o n of flow s t r u c t u r e unless s u f f i c i e n t
measurements a r e taken t o de l inea te narrow p a r t s
of t h e w e l l , over which it may then be poss ib le
to determine flowrates  with acceptable  accuracy.
This could be done with a more sophis t i ca ted
downhole recording flowmeter, once s u i t a b l e
zones f o r measurement are found.

An unlimited number of measurements can be
made with the p l a t e flowmeter and r e s u l t s p lo t ted
immediately t o show fea tures i n the required
d e t a i l .
meter ind ica te an approximately square l a w
response t o flow.

Preliminary experiments wi th t h i s flow-

I n November 1968, t h i s w e l l w a s closed t o
bleed during the annual shut-down of t h e Wairakei
Geothermal Power Stat ion. The wel l could not be
r e s t a r t e d and was no longer used f o r production

purposes.

Temperature p r o f i l e s (while shut) showed
a region of approximately constant temperature
from near water leve l down to a t least 600 m depth.

The mean temperature of this region f e l l from
to over a period of 10 years from

1966. A natural downflow of cool w a t e r was
again suspected t o be the cause of the l o s s of

output.
Flowmeter measurements c a r r i e d o u t i n 1979

confirmed the presence of a s i g n i f i c a n t downflow
of water. The w e l l has eroded t o a l a r g e
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Fig. 5 Wairakei 101. Temperature and f l o w

d e t a i l s from spinner instrument (March
1979). W e l l shut .

s e c t i o n a l a rea and thus it is d i f f i c u l t to i n t e r -
p r e t t h e measurements accurately. The estimate of
maximum volumetric flow is about 42

Figure 5 g ives flow and temperature d e t a i l s
der ived from spinner measurements. Between 360
and 386 m, t h e w e l l contains stagnant w a t e r .
inf low of w a t e r occurs i n the zone 386 to
392 m and cont inues down u n t i l a t least 516 m ( t h e

maximum clear depth f o r t h e instrument) . No
repairs have y e t been attempted on t h i s w e l l .

Figure 6 compares r e s u l t s from t h e two
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Fig. 6 Wairakei 101. Comparison of spinner

(March and plate (December 1979)
flowmeters i n downflow region. Tension is

r e l a t i v e t o estimated flow drag grad ien t .

increasing depth near 430 and 540
probably caused by t h e p l a t e becoming stuck i n
t h e w e l l .

This w a s t h e f i r s t t r i a l of t h e p l a t e
flowmeter, before t h e measuring technique w a s
properly es tab l i shed . I t is important t o take
tension readings as t h e w i r e is being pul led very
slowly upwards. This leads to reproducible
values being recorded f o r t h e tension ( s l i d i n g
f r i c t i o n , p l u s flow forces , p l u s weight of w i r e
and instrument) .

SUMMARY

I n many cases, t h e s impl ic i ty and relia-
b i l i t y of t h e plate flowmeter outweigh its
l imi ta t ions . The provis ion of surface readout  
and its inheren t r e s i s t a n c e to h e a t and d i r t y
f l u i d s are s t rong p o i n t s i n i t s favour. As a
prel iminary survey instrument it can provide
rap id information on flow condi t ions i n a w e l l .

To obta in r e l i a b l e q u a n t i t a t i v e ana lys i s of
f lowrates requires t h e more sophis t i ca ted and

expensive spinner instrument (which is st i l l
under development). 
through s l o t t e d l i n e r (whether o r n o t water flow
is present) has proved extremely

Its a b i l i t y to c a l i p e r holes
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flowmeters below 360 m.
read ings are r e l a t i v e t o t h e estimated f l o w drag
grad ien t . I t is apparent that water is still
flowing down t h e w e l l t o a t least 560 m (plate
maximum depth) s i n c e the tension has not s e t t l e d
t o a s teady value by then. There are s e v e r a l
s e c t i o n s where t h e tension is constant  with 

The p l a t e flowmeter




