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ABSTRACT 1) Locating production and Injection 

This paper discusses the development 
and use of a high temperature (3000Cl 2) Indicating changes in production and 
downhole flowmeter for geothermal well injection zones resulting from acid- 
logging. The availability o f  t h e  izing or fracturing8 
instrument gives the reservoir engineer 
a powerful tool for formation evalua- 3) Locating the flashpoint or bubble 
tion and 6tUdying wellbore dynamics. point in a wellbore; 
The instrument components, their 
function, and temperature limitations 4) Reflecting scale buildup, casing 
are discussed in detail. Several field damage, plugged perforations or thief 
examples of spinner log interpretation zones. 
are also presented. 

To make downhole measurements, the 
flowmeter is'attached to a high temper- - ature single conductor armored logging 
cable. It is lowered into the well 

The Earth Sciences Div on at the with a conventional logging hoist. A8 
Lawrence Berkeley Laboratory has the flowmeter is lowered into the well, 
developed a reliable high temperature the vertical fluid velocity causes an 
(300OC) downhole flowmeter . T h e  impeller to rotate. The rotational 
utility of downhole flowmeters for speed is sensed and recorded at the 
locating production and injection zones Changes in the vertical fluid 
in petroleum reservoirs has resulted in velocity can be used to indicate the 
their use for many years. The high items previously mentioned. 
tem eratures,'corrosive brines and very 
higR fluid velocities encountered in 
geothermal wells prohibited the use of 
conventional downhole flowmeters. In A general utility geothermal downhole 
the raid 1970's both the U.S. government flowmeter should have a temperature 
and private industry put a significant rating of at least 30BoC and an Operat- 
effort into developing high temperature ing pressure of 10,000 psi. In 1977, 
instruments (including downhole flow- when reeearch in this area began, the 
meters) suitable for use in geotbermal only high temperature downhole flow- 
wells (Veneruso et al, 1979; Lawton et meter available was a subsurface 
al, 1982). This ongoing effort has recording unit with a temperature 
resulted ,in the development and testing rating of 2 6 0 O C  (Kuster) . A stylus 

uld scribe a number of marks on a 
tal chart located inside the body of 
e flowmeter. Each mark on the chart 
presented a certain number of turns 

quire making stops of equal length in 
ime at various well depths, never 
owing if the instrument was still 
nctioning or if zones of interest had 
en located and properly identified. 
her downhole flowmeters had been used 

several purposes: extensively in oil wells but were not 
well suited for the high temperatures 
in geothermal wells. Host of these 

zones ; 

surface. 
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the impeller. A survey would 



used pivot bearings and had rather 1) High temperatures; 
sophisticated downhole electronics 2 )  Corrosive liquids and gases; 
The downhole electronic packages 3) Scale formation; 
typically had a maximum temperature 4 )  Sand production; 
rating of 177OC. Due t o  the high 5) Very high fluid velocities in the 
wellbore velocities, thermal and flash zones. 
mechanical shock, scaling and t h e  
Corrosive nature Of geothermal fluids, To design and fabricate a high tempera- 
conventional pivot bearings and unpro- ture flowmeter that will function 
tected ball bearings were unreliable. reliably under these conditions, 

First, the downhole electronics should 
be simple and function reliably at high 
temperatures. Second, the bearings 

ExtQmEm must be shock resistant, have a high 

several design criteria must be met. t.. ,,‘ 

v 
operating temperature and be protected 
from the geothermal brine. Finally, 
all components exposed to the brine 
must be corrosion and abrasion resis- 

The basic concept Of the ‘pinner is 
that the O r  down a 
wellbore and passing through the flow 

the impeller inside the flowmeter at a 
passage of the instrument rotate tant in the operating environment. 

rate that is proportional to the fluid 
velocity. The impeller in turn rotates 
a magnet assembly. The rotating magnet 
opens and closes a reed switch, thus 
generating a frequency signal which is 
recorded electronically at the surface. 
The frequency signal is proportional to 
the number of revolutions per minute at 
which the impeller is rotating. The 
Fpinner rotates at approximately 150 
revolutions per minute f o r  each foot 
per second of fluid velocity (for 
liquid water). The volumetric flowrate 
is calculated by multiplying the 
measured fluid velocity by the cross- 
sectional area of the bore. A photo- 
graph of the flowmeter is shown in 
Figure 1. The total length of the 
instrument is 2 feet and its maximum 
outside diameter is 2 inches without 
the centralizer. The flowmeter makes a 
pressure tight connection to a high 
temperature cablepead with the aid of 
metal to metal seals and high tempera- 
ture elastomer O-ring seals. 

sawm=ts 
Table 1 lists the major components Used 
in the instrument. The advantages of 
these components in hostile downhole 
conditions are discussed below. Down- 
hole geothermal environments are 
particularly harsh on instruments due 
to: 

The first objective was accomplished by 
using a reed switch* t o  sense t h e  
rotation of the impeller. This simple 
device eliminates the need for any 
active downhole electronics such as 
voltage regulators, voltage to frequen- 
cy converters or signal amplifiers 
which may be temperature sensitive. 
The reed switch assembly operates in 
the following manner. The reed switch, 
enclosed in a stainless steel tube, is 
placed in close proximity to a magnet 
which is fastened to the top of the 
shaft (Figure 2 ) .  A s  the impeller 
rotates it opens and closes the reed 
switch. T h i s  creates a frequency 
signal which can be monitored and 
recorded at the surface. Two types of 
bearings are frequently used in down- 
hole flowmeters, pivot bearings and 
ball bearings. Pivot bearings are more 
commonly used in conventional flow- 
meters but for the reasons discussed 
previously they may not be best suited 
for geothermal applications. Ball 
bearings, if kept clean and well 
lubricated will function extremely 

*A reed switch is a passive electronic 
device. It has electrically insulated 
contacts that can be made to close by 
passing a magnetic fdeld in close 
proximity of the device, and will open 
when the magnetic field is removed. 

CBB 796-8435 
Figure 1. Photograph of the downhole flowmeter. 
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re l iab ly  a t  high temperatures and high' 
' ro t a t iona l  speeds. In  add i t ion ,  t h e i r  

successful  use i n  the  early subsu r face  
recording u n i t s  made them a l o g i c a l  
choicee Two bea r ings  a t e  used (shown 
i n  Figure 2),  one c lose  t o  t h e  impeller 
and the  o t h e r  n e a r .  t h e  t .op:of  t h e  
shaf t .  The two precis ion bea r ings  l e t  
the  1/8 inch diameter i m p e l l e r  s h a f t  
r o t a t e  f ree ly .  They are protected fromo 
t he  corrosive wellbore f l u i d  by an  o i l  ,--u,,oloOOnOao 
bath reservoi r .  The o i l  is prevented  
from leaving the  enclosure a t  the  lower 
bearing by cap i l l a ry  ac t ion  due t o  t h e  
c lose  f i t  of the  impeller shaf t  and the  
s h a f t  e x i t  p o r t  l o c a t e d , - b e l o w  t h e  
bottom bearing..  After the flowmeter is 
lowered i n t o  a well, t he  higher ,specif-  
ic  g r a v i t y  and  t h e  pressure o f  t h e  
br ine  prevents  t h e  1 t u r b i n e  o i l  f rom 
leaving the  enclosure. 

To p r o t e c t  t i n s t r u m e n t  from t h e  
corrosive and ab rao ive  downhole envi-  
ronments i n  geothermal wells t h e  body 
was fabr ica ted  of t y p e  304  s t a i n l e s s  
steel. A t i tanium impeller was chosen 
.and fabricated because of the  very high 
s t rength  t o  w e i g h t  c a t i o  a n d  h i g h  

mmll.tt0 

res i s fance  t o  coirosion i n  geothermal  
brines.  T h e  a l u m i n u m  a n d  p l a s t i c  f lowmeter . impellers used i n  many downhole flow- 

Figure 2. schematic of t h e  downhole 

meters are u s u a l l y  des t royed  w i t h i n  a 
shor t  time b y  t h e  b r i n e s  a n d  h i g h  
temperatures. Exm?m' 

Bear ings 

Reed Switch 

Lubricating Oi High Temperature Turbine O i  
(Union 32 or equivalent)  

blagne t Alnico 5 or Alnico 8 4BB°C 

*No t empera ture  r a t i n g  g i v e n .  T h i s  v a l u e  was d e t e r m i n e d  
experimentally and t h e  t r u e  value may be s i g n i f i c a n t l y  h igher .  
The only reed switch tested is manufac tu red  by t h e  C a l e c t r o  
Conpany . 
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f l u i d  flow near f ractures  or per fo ra -  
t ions.  Methodical e v a l u a t i o n  o f  t h e  
spinner log can r e s o l v e  some of these 
complications and r e su l t  i n  q u a n t i t a -  
t i v e  e v a l u a t i o n  o f  p r o d u c t i o n  a n d  
in j ec t ion  zones. The f i r s t  two exam- 
p l e s  are spinner surveys obta ined  from 
wells i n  t h e  Imperial V a l l e y ,  C a l i f .  
The f irst  one demons t r a t e s  a conven-  
t i o n a l  i n t e r p r e t a t i o n  o f  a s p i n n e r  
survey from a w e l l  c o m p l e t e d  i n  a I 

sandstone and s h a l e  r e s e r v o i r  . The  
second demonstrates f l a s h  p o i n t  loca-  
t i o n  i n  a very hot well which produces 
highly s a l j n e  brine.  The last .  example 
demonstrates t he  I n t e r p r e t a t i o n  of a 
spinner log i n  a w e l l  w i t h  an  openhole 
completion. 

Flowmeter logs are obtained by lowering 
the  instrument i n t o  t h e  well. The l o g  
can be obtained while the  instrument is 
lowered down t h e  b o r e  a t  a c o n s t a n t  
rate or w i t h  s t o p s  made a t  r e g u l a r  
in te rva ls ,  Logging a t , a  constant speed 
has the  advantage t h a t  t h e  l i n e  speed 
can be s u f f i c i e n t  t o  o v e r c o m e  t .he  
s t a r t i n g  ve loc i ty  (0 .25 f t /s)  o f  t h e  
spinner. On t h e  o t h e r  hand ,  it h a s  
been found t h a t  the  p r e c i s i o n  of t h e  
survey is . f a r  g rea t e r  i f  s t o p s  a re  
made. During logging  runs  it is a l s o  
important t o  ensure t ha t  t h e  instrument 
is adequately c e n t r a l i z e d  i n  t h e  bore  
throughout t h e  survey.  T h i s  can be a 
problem i n  l a r g e  diameter wel l s  o r  
wells w i t h  s i g n i f i c a n t  b o r e  diameter 
changes. , I n  t h a t  case the  c e n t r a l i z e r  
is chosen toJ  f i t  t h e  r e g i o n  of major 
in t e re s t .  ’ 

j *  

Wells completed i n  sandstone formations 
may have an even p e r m e a b i l i t y  d i s t r i -  
bution over t h e  bo re  l e n g t h ’ o r  it may 
be concentrated i n  discrete i n t e r v a l s .  
Wells i n  t h e  Imper i a l  Val ley  may have 
open in t e rva l s  u p  t o  s e v e r a l  thousand 
feet. Detailed r e s e r v o i r  eng inee r ing  
s t u d i e s  and  wel l  workover s  r equ i r e  
knowledge of t h e  p e r m e a b i l i t y  d i s t r i -  
bution i n  t h e  formation(6) pene t r a t ed .  
Correlat ion o f  g e o p h y s i c a l  b o r e h o l e  
logs can be used f o r  t h i s  purpose b u t  
r a r e l y  w i t h  s u f f i c i e n t  c o n f i d e n c e .  
Spinner surveys provide a direct method 
of determining the  d i s t r ibu t ion  of w e l l  
product ivi ty  over the  borehole l eng th .  
Comparison of the  product iv i ty  d i o t r i -  
bution t o  c u t t i n g s  and  b o r e h o l e  l o g  
analyses can be used t o  i n f e r  bo th  t h e  
formation permeabi l i ty  and  nea r -bo re  
permeability damage. 

f l u i d  v e l o c i t y  is r e l a t i v e l y  h i g h  
(reflected by t h e  ro ta t ion  rate of over, 
300 RPM). A t  2 2 5  f e e t ,  t h e  f l u i d  
ve loc i ty  drops t o  zero. T h i s  r e f l e c t s  
t h e  t r a n s i t i o n  .from the  f l a shed  t o  . t h e  
unflashed br ine i n  t h e  w e l l b o r e  ( t h e  
f l a s h  depth).  From 225 f ee t  t o  1750  
feet  t h e  f l u i d  v e l o c i t y  is below t h e  
s t a r t i n g  v e l o c i t y  o f  t h e  s p i n n e r .  
Therefore no f l u i d  v e l o c i t y  is regis- 
tered. From 1750 feet  t o  t h e  bottom of 
t he  casing ( 1 7 0 0  f e e t ) ,  t h e  f l u i d  
ve loc i ty  remains near ly  cons t an t  ( w i t h  
t he  exception of the higher v e l o c i t i e s  
a t  t he  casing shoe). 

Data from t h e  s p i n n e r  s u r v e y  i n  t h e  
s l o t t e d  l i n e r  is shown i n  F i g u r e  4 .  
Analysis of t h e  data ind ica tes  t h a t  two 
i n t e r v a l s  produce a t  l ea s t  73% of  , t h e  
f l u i d .  The upper zone loca ted  between 
4708 f e e t  a n d  4 7 2 0 .  f e e t ~ p r o d u e e s  
approximately 188 o f  t h e  t o t a l  f l ow.  
Between 4720 feet  and 49811 feet only’?% 
of t h e  t o t a l  f l o w  is prod 
second major .product ive i n  
between 4980 feet  and 5100  fe’et.  at 
least  55% of t h e  flow is produced from 
t h i s  i n t e r v a l .  Because of t h e  low 
f l u i d  ve loc i ty  below 5100 fee t ,  it is 
not  possible  t o  determine i f  any f l u i d  
is k i n g  produced. Approximately 20% 
of the t o t a l  f l u i d  may be produced from 
below t h i s  depth. 

RPM 
u9LIOIO-2246 A typical spinner s u r v e y  from s u c h  a 

w e l l  is shown i n  Figures 3 and 4. The 
well completion is shown i n  P igu re  5. 
In  F i g u r e  3, t h e  c a s i n g  p r o f i l e  ,is 
shown. A t  t h e  very top  of t h e  well  t h e  

Figure 3. Casing s p i n n e r  s u r v e y  from 
well 87-6, Imprial  Valley? Calif- 

4 



T h i s  is a good example of a convention- . a l  s p i n n e r  l o g  i n t e r p r e t a t i o n ,  and  
severa l  key p o i n t s  a r e  i l l u s t r a t e d .  
F i r s t ,  the  sp inner  e a s i l y  detects  t h e  
f l a s h  depth i n  t h e  w e l l .  Second, t h e  
low flowrate ( 2 5 0  gpm) a t  which t h e  
survey was conducted c rea ted  a r e l a -  
t i v e l y  large u n c e r t a i n t y  i n  t h e  quan- 
t i t y  of flow t h a t  was coming from below 
5100 feet  (20% u n c e r t a i n t y )  . There- 
fore ,  i t  wou ld  seem d e s i r a b l e  t o  
conduct t h e  survey a t  a h i g h e r  f low-  
rate. However, there is a disadvantage 
t o  t h i s ,  i n  t h a t  the  flow regime i n  t h e  
v i c i n i t y  of t h e  perforat ions may become 
errat ic  a t  h i g h e r  p r o d u c t i o n  r a t e s .  
T h i s  results i n  a further ambigui ty  i n  
the  in t e rp re t a t ion  of t he  survey. 

The depth of t h e  f l a s h  po in t  i n  a well 
is t y p i c a l l y  i n f e r r e d  f r o m  a b r u p t  
changes i n  t h e  s l o p e s  o f  f l o w i n g  
temperature and pressure p r o f i l e s .  I n  
wells producing from g a s  r i c h  reser-  
voirs wi th  h i g h l y  s a l i n e  b r i n e ,  t h e  
s lope of t h e  p r e s s u r e  and tempera ture  
p r o f i l e s  change g r a d u a l l y ,  c r e a t i n g  
uncertainty i n  the  t r u e  d e p t h  o f  t h e  
f l a s h p o i n t .  The  s p i n n e r  p r o f i l e  
obtained from the  upper portLon of such 
a w e l l  is shown i n  Figure 6. Near t h e  
t o p  of t he  wel'l t h e  f l u i d  v e l o c i t y  is 
very h i g h ,  r e f l e c t i n g  a h i g h  steam 
content i n  t h e  f l u i d ,  With i n c r e a s i n g  
depth t h e  f l u i d  v e l o c i t y  g r a d u a l l y  
decreases (due t o  lower steam qual i ty) .  
Below 3 0 0 0  f e e t  t h e  f l u i d  v e l o c i t y  
s t a b i l i z e s ,  i n d i c a t i n g  t h a t  o n l y  a 
l i q u i d  phase is p r e s e n t .  The spfnner  
survey p r e c i s e l y  l o c a t e s  t h e  f l a s h  

% depth. - 
The ve loc i ty  of the f l u i d  a8 i t  t r a v e l s  
up the  wel l  is i n v e r s e l y  p r o p o r t i o n a l  
t o  t h e  s q u a r e  o f  t h e  b o r e  r a d i u s .  
Therefore, even small changes  in t h e  
radius  can resul t  i n  l a r g e  changes i n  
the  f l u i d  v e l o c i t y .  I n  o p e n h o l e  
completions the  bore diameter is o f t e n  
highly var iab le  r e s u l t i n g  in e r r a t i c  
f l u i d  ve loc i t ies .  These  c h a n g e s  are  
of ten  so l a rge  t h a t  i n t e r p r e t a t i o n  of 
t h e  spinner da t a  is very-  d i f f i c u l t .  
However, i f  a caliper survey is a v a i l -  
able, ca re fu l  c o r r e l a t i o n  of t h e ,  two 
logs can result i n  q u a n t i t a t i v e  evalu- 
a t ion  of t he  s p i n n e r  survey,  Th i s  is , 

demonstrated by t h e  f o l l o v i n g  example 
which was obtained f roan a g e o t h e r m a l  
well completed i n  a na tu ra l ly  f rac tured  
g r a n i t i c  rock. The spinner and ca l ipe r  . 
surveys from t h i s  wel l  a r e  sbown i n  
Figure 7. Prom t h e  c a l i p e r  s u r v e y  
( r i g h t  side of Figure 7) it can be seen 
t h a t  t h e  b o r e  d i ame te r  i s  h i g h l y  

5 

focny we11 87-6 
Own interval s p m  omfile 
Mow= 2% gpm 8/16/80 

-t 1 1 

RPM 

Figure 4. Open in t e rva l  sp inner  su rvey  
from well  87-6, Imperial Valley, C a l i f .  
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Sperry well 87-6 
East Mesa KGRA, Ca 

1755'- 4700' 
4,000 

O K )  2030 
Casing diameter (in) 

Figure 5. Casing schedule ,  wel l  87-6, 
fmper i a l  Valley, C a l i f  . 
erratic,  T h i s  is r e f l e c t e d  i n  t h e  
va r i a t lons  in t he  f l u i d  v e l o c i t y  shown 
ih tbe sp inne r  s u r v e y  ( l e f t  s i d e  o f  
Figure 7 ) .  By c o m p a r i n g  t h e  f l o w  
ve loc i ty  t o  t h e  c a l i p e r  survey  a t  t h e  
depths a t  which t h e  b o r e  diameter i s  
t h a t  of t h e  o r ig ina l ly  d r i l l e d  hole (13 
inches t o  5300 f ee t )  t h e  d i s t r i b u t i o n  
of production i n t e r v a l s  can be deter- 
mined. The survey showed t h a t  7 1  o f  
the  flow was enter ing the  bore  between 
5120 f e e t  t o  5180 f e e t ,  131 be tween 
5190 f e e t  a n d  5 2 6 0  f e e t ,  a n d  t h e  
remaining 80% between 5280  f e e t  and  



5320 feet, Below 5320 f e e t  t h e  impel- 
l e r  stopped r o t a t i n g ,  i n d i c a t i n g  t h a t  
t h e  f l u i d  ve loc i ty  had  d ropped  below 
t h e  r u n n i n g  v e l o c i t y .  Because t h e  
survey was conducted a t  a r e l a t i v e l y  
high f l o w r a t e  ( 6 8 8  gpm) i t  c a n  be  
determined t h a t  l e s s  t h a n  6% o f  t h e  
flow (40 gpm) was e n t e r i n g  t h e  w e l l  
below 5320 feet, 

This example demonst ra tes  t h e  extreme 
s e n s i t i v i t y  of t he  flowmeter results t o  
changes i n  the  bore diameter. Whereas 
f o r  conventional app l i ca t ions  t h i s  may 
be a drawback, it c a n  be v e r y  u s e f u l  
f o r  de tec t ing  scale  bu i ldup  or c a s i n g  
co l lapse  i n  a wellbore.  Because t h e  
spinner can be run w h i l e  t h e  wel l  is 
under production, t h e  s p i n n e r  c a n  be 
used a s  a p r o d u c t i o n  mode b o r e h o l e  
ca l ipe r .  Tbis h a s  t h e  a d v a n t a g e  i n  
t h a t  scale bui ldup  or c a s i n g  problems 
can be diagnosed w i t h o u t  s h u t t i n g  i n  
the well . 
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Figure 6. Spinner s u r v e y  . t h r o u g h  t h e  
f lash zone. 
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Figure 7. Spinner and c a l i p e r  su rveys  
from a well  w i t h  an  open h o l e  comple- 
t ion . 
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By using e x i s t i n g  t e c h n o l o g y  a h i g h  
temperature (300OC) downhole f low-  
meter can be c o n s t r u c t e d .  I n  a d d i -  

* t i o n  t o  t h e  conventional uses, downhole 
flowmeters can be used f o r  1) l o c a t i n g  
the  f l a s h  poin t  i n  a w e l l ,  and 2)  a s  a 
very s e n s i t i v e  production mode borehole 
ca l ipe r .  Careful ana lys i s  i s  required 
t o  avoi-d erroneous i n t e r p r e t a t i o n  o f  
t he  data and t o  e x t r a c t  t h e  maximum 
amount of information from t h e  survey. 
I f  a caliper s u r v e y  i s  a v a i l a b l e ,  a 
spinner survey  c a n  b e  u s e d  s u c c e s s -  
f u l l y  i n  an openhole completion. 

There a r e  s e v e r a l  p r a c t i c a l  g u i d e -  
l i n e s  t o  follow i n  order t o  o b t a i n  t h e  
best q u a l i t y  spinner data. 

1) E n s u r e  t h a t a t h e  i n s t r u m e n t  i s  
adequately c e n t r a l i z e d  d u r i n g  t h e  
survey . 
2) A c o m b i n a t i o n  of  l o g g i n g  a t  a 
constant l i n e  speed with regular stops 
'throughout t h e  regions of i n t e r e s t  w i l l  
provide the most accurate record. 

3) Conduct the  survey  a t  t h e  maximum 
flowrate possible without deve loping  a 
highly erratic f low regime around t h e  
perforations.  This f l o w r a t e  m u s t  be 
determined empirically. 

4)  Expect  t o  s p e n d  a f a i r  amount o f  
time on the  ana lys i s  of the data. 
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