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ABSTRACT 

Republic Geothermal, Inc. is  p resen t ly  car ry ing  
o u t  extensive wel l  t e s t ing  i n  the  E a s t  Mesa Fie ld .  
The t e s t i n g  and development of geothermal w e l l  pumps 
is  one important phase of t h i s  t e s t i n g .  The i n t e n t  
is two-fold: 1) t o  t e s t  t he  d e l i v e r a b i l i t y  of t he  
w e l l s  under high r a t e  pumping conditions and 2) to  
guide the  economic se l ec t ion  of w e l l  pumps f o r  pro- 
duc t ion  t o  the  fu tu re  power p lan t .  To da te ,  two 
types  of pumps have been t e s t ed ,  a l i n e s h a f t  t u rb ine  
pump and an e l e c t r i c  submersible pump. 

Tes t ing  Summarx 

The two types of pumps undergoing t e s t i n g  d i f e e r  
pr imar i ly  i n  the  means of t ransmi t t ing  power down 
t h e  w e l l  t o  the  pump. The l i n e s h a f t  tu rb ine  i s  a 
downhole multistage turbine pump driven by a motor 
o r  engine on the  surface through a r o t a t i n g  sha f t .  
The p m p  i s  suspended from t h e  surface on a p ipe  
c a l l e d  the  p m p  column through w$ich f l u i d s  a r e  
pumped t o  the surface.  Control of pump output is 
achieved by t h r o t t l i n g  the discharge a t  the  sur face  
o r  by rpm cont ro l  with the prime mover o r  gearbox. 
The e l e c t r i c  submersible 1s also a turb ine  pump; 
however, it i s  driven d i r e c t l y  by a downhole motor(sl  
Power is transmitted to the motor(s1 by an e l e c t r i c  
cab le  banded t o  t h e  s ide  of the  pipe on which the 
pump and motor assembly is  suspended. This pipe ,  o r  
tub ing ,  a l s o  conducts the  pumped f l u i d  t o  the  sur- 
face .  Control of pump output is achieved by th ro t -  
t l i n g  the  discharge a t  the surface.  

Table 1 is a summary of t e s t  conditions.  The 
l i n e s h a f t  turbine pump has been t e s t ed  f o r  39 days 
and 27 days respec t ive ly  i n  each of two wel l s .  The 
pump completed both t e s t s  successfu l ly  but  required 
extensive repairs a f t e r  the f i r s t  run. The e l e c t r i c  
submersible pump ran 4 days i n  one wel l ,  then f a i l e d ,  
w a s  pulled and repaired and i s  cu r ren t ly  running i n  
another well .  In  both cases the f a i l u r e s  a r e  a t t r i b -  
u t ab le  to  f ac to r s  which can be corrected and do not 
negate the bas ic  a b i l i t y  of the  systems t o  perform 
i n  the  geothermal well  environment. 

I n  the case of the  e l e c t r i c  submersible, the 
p r i n c i p a l  question is  whether o r  no t  t he  e l e c t r i c  
motors and cable w i l l  withstand the geothermal w e l l  
temperatures f o r  extended runs. The f i r s t  t e s t  w a s  

terminated a f t e r  5 days by a none lec t r i ca l  f a i l u r e ,  
so t he  d u r a b i l i t y  of the  motors and cable i n  t h e  
high temperature environment has not  been adequately 
t e s t ed .  The f a i l u r e  w a s  a bearing se i zu re  i n  t h e  
s e a l  as’sembly caused by excessive t h r u s t  loads when 
the  producing r a t e  f e l l  below the  recommended op- 
e ra t ing  range f o r  the pump. 

The p r i n c i p a l  operating problems with t h e  l i n e -  
s h a f t  t u rb ine  have been associated with the l i n e -  
s h a f t  bear ings  and bearing f lu sh  water. With r e s u l t s  
from two t e s t s  and competitor experience, t h e  solu- 
t i o n s  t o  these  problems appear t o  be v i r t u a l l y  i n  
hand. 
standard water well  construction except t h a t  it has 
increased bearing clearances and carbon-fil led 
Teflon l i n e s h a f t  bearings. I n  t h e  f irst  t e s t ,  i n  
well  N o .  38-30, severe wear t o  the  l i n e s h a f t ,  
bearings and impellers r e su l t ed  from the  f a c t  t h a t  
i n i t i a l  bearing clearances were too s m a l l  t o  o f f -  
s e t  thermal expansion and the f i l t e r e d  geothermal 
water used as bearing f l u s h  w a t e r ,  c a r r i ed  suspended 
s o l i d s  and formed p rec ip i t a t e s  which abraded t h e  
bearings and shaf t .  I n  t h e  E a s t  Mesa 56-30 in -  
s t a l l a t i o n ,  l i nesha f t  bearing clearances were in-  
creased and a softened f l u s h  water f i l t e r e d  wi th  
1Q-micron f i l t e r s  was used. Some carbonate scale 
was formed on the s h a f t  because of hardness leakage 
through the  sof teners  but bearing wear w a s  minimal, 
1.e. 0.002-0.003 inches. Recent experience of 
another opera tor  with water lubr ica ted  bronze bear- 
ings as w e l l  a s  the carbon-fil led Teflon bear ings  
has been good. 

The pump is an enclosed l i n e s h a f t  design of 

Technical Appl icabi l i ty  o;f pumping 

I n  genera l ,  pumping is advantageous i n  a mod- 
e r a t e  temperature resource where a s u b s t a n t i a l  ga in  
$n production over f lash ing  flow can be achieved. 
Additional advantages of reduced wel l  bore s c a l i n g  
and single-phase surface gathering l i n e s  may a lone  
j u s t i f y  pumping i n  some pro jec t s .  

Eas t  M e s a ,  a moderate temperature resource 
with a r e l a t i v e l y  low noncondensable gas conten t ,  
i s  w e l l  s u i t e d  t o  pumping production. Subs tan t i a l  
production increases  of 2-3 fo ld  over f l a sh ing  
flow are economically achievable. Also, carbonate 
sca l e  depos i t ion ,  although not severe,  has been 
observed t o  be primarily coincident with steam 
f l a sh .  Pumping with a sur face  discharge p res su re  
above f l a s h  pressure appears to have v i r t u a l l y  
eliminated wel l  bore sca l e  deposit ion.  

In  order  t o  evaluate the  t echn ica l  app l i cab i l -  
i t y  of pumping t o  a hot water resource,  one must 
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know the resource temperature, t he  f r e e  gas con- 
tent  and sca l ing  tendency of the geothermal f l u i d  
a s  a funct ion of pressure and the inflow perform- 
ance of the w e l l s ,  i.e., producing rate as a func- 
t ion of bottom-hole pressure.  For acceptable pump 
l i f e  and eff ic iency,  the pump intake must, of 
course, be set below the depth of steam flashing. 
Where subs t an t i a l  f r e e  noncondensable gas evolves 
below the f l a s h  point ,  the  pump s e t t i n g  depth must 
be even deeper to  avoid cavi ta t ion.  Further,  t o  
avoid sca l ing  in o r  above the  pump, the surface 
discharge pressure must normally be above steam 
flash pressure,  but  i n  some cases much higher. 
Where a high surface discharge pressure i s r equ i r ed ,  
the energy requirement alone may r u l e  ou t  pumping 
a s  a means of control l ing scale deposit ion.  

The l i n e s h a f t  turbine has t h e  following speci- 
f i c  advantages over t he  electric submersible pump: 

1. It operates  over a broader range of 
rates than electric submersibles a t  a 
given rpm. This advantage i s  f u r t h e r  
enhanced by the po ten t i a l  of rpm control  
a t  t h e  surface which would allow matching 
w e l l  production t o  p l a n t  demand without 
wasteful t h r o t t l i n g  . 
suscept ible  to  erosion than a submersible. 
Its temperature capab i l i t y  is probably 
qu i t e  high s ince  only metal p a r t s  are  
required downhole. 

2. Its lower rpm probably makes i t  less 

3. 

Its p r inc ipa l  disadvantage is  high c a p i t a l  cost  f o r  
a deep-set pump due t o  the high cost  of the column 
and l i n e s h a f t  assembly. 

The pr inc ipa l  advantage of the e l e c t r i c  submer- 
s i b l e  over t he  l i n e s h a f t  turbine is t h a t  i t s  capi- 
t a l  cost  is subs t an t i a l ly  lower f o r  deep se t t i ngs .  
Its pr incipal  disadvantages as mentioned above are 
suscep t ib i l i t y  to  erosion i n  t h e  pump and i t s  
r e l a t ive ly  narrow operating range. If sustained 
sand production is no t  a problem and i f  the pump 
capacity is properly matched t o  the  w e l l  productiv- 
i t y ,  t h e n  these disadvantages become unimportant. 
T h e  p r inc ipa l  unknown is  the a b i l i t y  of the elec- 
t r i c a l  components t o  withstand t h e  geothermal 
temperatures f o r  long perlods. 

requirements f o r  l i n e s h a f t  turbine and submersible 
Based on published performance data,  energy 

steel  tube was banded to  the outs ide  of the  l ine- 
s h a f t  turbine pump column as i t  w a s  being run i n  
the w e l l ,  I n  both cases, contact  with the  w e l l  
casing crimped the  tube and made i t  unusable. 
the E a s t  Mesa 56-30 i n s t a l l a t i o n ,  the pump dis- 
charge head w a s  modified so t h a t  a s t r i n g  of 1/4" 
l i n e  pipe could be run a f t e r  the pump w a s  in- 
s t a l l e d .  This procedure was successful.  

For 

In  the submersible pump i n s t a l l a t i o n s ,  a 1/8" 
O.D. s t a i n l e s s  s teel  tube w a s  banded to  the out- 
s i d e  of t he  7" O.D. tubing on which the pump was 
run. The armored e l e c t r i c a l  cable  (-1-1/4" O.D.) 
was then banded on beside the bubble tube, pro- 
viding protect ion from contact with the w e l l  
casing. Both i n s t a l l a t i o n s  were successful.  

Surface bubble tube pressure readings, com- 
bined with normal flow ra t e ,  temperature and 
pressure da t a  are used to  c a l c u l a t e  pump intake 
pressure,  pump submergence, t o t a l  pumping head and 
w e l l  P I .  These calculat ions,  assuming negl igible  
k i n e t i c  energy e f f e c t s ,  a r e  out l ined  below. 

Pump Intake Pressure 

where G ZL 
Y 

53.3 Tavg Z 
= Pbse 

Pump Submergence 
pbs - pa 

Zf = 
yf 

This assumes t h a t  t he  density of gas i n  the casing 
annulus equals t h a t  i n  the bubble tube. In  f ac t ,  
t h e  dens i t i e s  of the two gases a r e  probably not 
equal,  but t he  ca l cu la t ion  provides a t  least an 
est imate  of submergence to  pro tec t  the pump 
aga ins t  cav i t a t ion .  

Total  Pumping: Head 

Product ivi ty  Index 

J =& 
Pe - Pwf 

where 
pumps are q u i t e  comparable. The goals of t e s t ing  Pwf = Pin + yf (Zd - 'in) + 'Pf, 
are to  confirm the published performance i n  a 
geothermal appl ica t ion  and t o  estimate the long- Future Testing 
term repa i r  and maintenance expense for the  two 
types of pumps. 
t o  develop t h i s  information. 

Future pumping tests a t  East  Mesa are aifned 
a t  t e s t i n g  the  d u r a b i l i t y  of l i n e s h a f t  turbine and 
e l e c t r i c  submersible pumps and pro jec t ing  opera- 

The t e s t ing  program is beginning 

Pump Performance Monitoring 

A nit rogen-f i l led "bubble" tube has been used 
to  measure downhole pressure a t  t h e  pump during 
production. (Refer t o  Figure 1.) These data  a r e  
e s sen t i a l  f o r  monitoring pump performance and can 
be used t o  ca l cu la t e  the w e l l  product ivi ty  index 
(PI) 9 

t i n g  and maintenance expenses t o  guide the econo- 
mic select ion.  Larger capactiy pumps capable of 
800,000-900,000 l b / h r  w i l l  be t e s t e d . '  One l ine- 
s h a f t  turbine of t h i s  s i z e  is scheduled f o r  deliv- 
e r y  i n  June, 1978. I f  r e s u l t s  with the present 
submersible pump are s u f f i c i e n t l y  encouraging, 
a l a rge r  submersible probably w i l l  be ordered 
and tes ted.  

The f i r s t  two attempts t o  i n s t a l l  a bubble 
tube f a i l ed .  In both these attempts,  i n  East Mesa 
38-30 and one previous w e l l ,  a 1/4" O.D. s t a i n l e s s  
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NOMENCLATURE 

G =  

h =  
J =  

Pa = 

Pb = 

P, = 

P s  = 

- 

Pin 
pbs 

PWE = 

APf ,  = 

AP€, = 

q =  

Tavg = 

Z b  = 

Zf = 

' in = 

= P  = 

gas g r a v i t y  r e l a t i v e  t o  a i r  = 0.967 
for nitrogen 
head, f e e t  

p r o d u c t i v i t y  index, l b / h r / p s i  

c a s i n g  annulus  p r e s s u r e  a t  s u r f a c e  

p r e s s u r e  a t  bottom of n i t r o g e n - f i l l e d  
bubble  tube ,  psia 

external boundary p r e s s u r e  i n  the  
r e s e r v o i r ,  p s i a  

pump d i s c h a r g e  pressure at su r face ,  psia 

pump i n t a k e  p res su re ,  p s i a  

s u r f a c e  bubble  tube  p r e s s u r e ,  p s i a  

bottom-hole flowing p r e s s u r e  at Zd, psia 

p r e s s u r e  loss due t o  f r i c t i o n  i n  t h e  
column or t ub ing  above t h e  pump, p s i  

p r e s s u r e  loss due t o  f r i c t i o n  I n  t h e  
well c a s i n g  below the  pump, p s i  

w e l l  producing rate, T b / h r  

ave rage  tempera ture  of nitrogen i n  bubble 
t ube ,  OR. Assume equa l  t o  temperature 
of pumped f l u i d .  

d e p t h  t o  bottom of bubble  tube, f e e t  

d e p t h  to liquid level, feet 
dep th  t o  pump intake, f e e t  

dep th  t o  t o p  of pump, f e e t  

Z d  = datum depth in producing i n t e r v a l  

Z = gas c o m p r e s s i b i l i t y  f a c t o r  

Yf = s t a t i c  pressure g r a d i e n t  of the produced 
f l u i d  a t  flowing c o n d i t i o n s ,  p s i / f o o t .  
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FIGURE 1. PUMP AND WELL SCHEMATIC 

TABLE 1 - SUMMARY OF PUMPING TESTS 

Type P D P  Test Range of Optimum 

No. Pump Depth (days) Rates of Pump 
W e l l  of S e t t i n g  Dura t ion  Producing Capac i ty  Range 

- 1 ( feet ) ( l )  (M lb/hr) (M lb/hr) 
38-30 l i n e s h a f  t 400 39 170-350 230-590(3) 

turbine 

t u r b i n e  

submers ib le  

submers ib le  

56-30 l i n e s h a f  t 840 27 207-520 2 3 0-590 (3) 

78-30 e l e c t r i c  12 03 4 276-440 3 2 0-51 5 (4) 

16-29 e lectr ic  1319 7+(2) 320~440 320-515(4) 

(1) 
(2) Test i n  p rogres s  
(3)  
(4) 

Depth from surface to top of pump. 

Range f o r  pump e f f i c i e n c y  2 70% 
Range i n  which t h r u a t  loads are properly balanced i n  pump 
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