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ELECTRICAL SUBMERSIBLE PUMPS I N  GEOTHERMAL ENVIRONMENTS 

Joseph E .  Vandevier  

C e n t r i l i f t ,  I n c .  

ABS TRACT 

The need f o r  u s i n g  a r t i f i c i a l  l i f t  t o  
produce geothermal  f l u i d s  i s  a r e a l i t y .  Elec- 
t r i c a l  s u b m e r s i b l e  pumps r e p r e s e n t  a promis ing  
method of pumping t h e s e  h o t ,  h o s t i l e  f l u i d s .  
A d e s c r i p t i o n  of t h e  equipment which makes up 
an e l e c t r i c a l  s u b m e r s i b l e  pump (E.S.P.) sys tem 
is  d i s c u s s e d  a l o n g  w i t h  c o n s i d e r a t i o n s  i n v o l v e d  
w i t h  geothermal  a p p l i c a t i o n s .  Areas of  equip-  
ment development needed t o  improve r e l i a b i l i t y  
and e x t e n d  t h e  o p e r a t i n g  range  are l i k e w i s e  
p r e s e n t e d .  

INTRODUCTION 

The economics of d r i l l i n g  and producing  
geothermal  f i e l d s  i n d i c a t e  t h e  need f o r  u t i -  
l i z i n g  a r t i f i c i a l  l i f t  methods t o  i n c r e a s e  
t h e  p r o d u c t i o n  of geothermal  f l u i d s .  E l e c t r i c a l  
submers ib le  pumps have been  used f o r  many y e a r s  
i n  t h e  pe t ro leum indus t , ry  f o r  pumping f l u i d s  
from h o s t i l e  envi ronments .  It i s  only n a t u r a l  
t h a t  t h e i r  u s e  b e  extended t o  t h e  pumping of 
geothermal  r e s o u r c e s .  The a p p l i c a t i o n  t o  geo- 
t h e r m a l  w e l l s  does  p r e s e n t  unique problems and 
is  r e q u i r i n g  t h e  e x t e n s i o n  of t h e  state of t h e  
a r t  f o r  s u b m e r s i b l e  pumps i n  o r d e r  t o  r e l i a b l y  
o p e r a t e  i n  t h e s e  h o t  environments .  

The p r e s e n t  s ta te  of t h e  a r t  f o r  E.S.P. ' s  
i s  found i n  pe t ro leum i n d u s t r y  a p p l i c a t i o n s .  I n  
r e c e n t  y e a r s ,  s u b m e r s i b l e  pumps have been  suc-  
c e s s f u l l y  o p e r a t i n g  i n  o i l  w e l l s  w i t h  t e m p e r a t u r e s  
t o  260°F, producfng d e p t h s  t o  12,000 f t .  and f low 
rates through 1500 GPM. O i l  w e l l  environments  
c o n t a i n  crude o i l ,  water, and b r i n e  f l u i d s  as 
w e l l  as methane, C02, and H2S g a s e s .  Submergence 
p r e s s u r e s  exper ienced  by t h e  pumping equipment 
can b e  3500 p s i .  

THE PUMPING SYSTEM 

A s u b m e r s i b l e  pumping i n s t a l l a t i o n  i s  a 
system made up of s e v e r a l  v i t a l  components. 
T e c h n i c a l l y  s p e a k i n g ,  t h e  sys tem t a k e s  e l e c t r i c a l  
power and c o n v e r t s  i t  i n t o  mechanical  power v i a  

t h e  e l e c t r i c a l  motor. The mechanical  power is 
t h e n  coupled t o  t h e  pump where i t  is conver ted  
t o  h y d r a u l i c  power which does work on t h e  f l u i d  
b e i n g  l i f t e d .  
b e  c o n s t r u c t e d  as i n  F i g u r e  1. 

A s i m p l e  system block  diagram can 
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F i g u r e  1 

F i g u r e  2 shows a t y p i c a l  submers ib le  pumping 
sys tem i n s t a l l a t i o n .  The e lements  of t h e  i n s t a l -  
l a t i o n  s ta r t  a t  t h e  e l e c t r i c a l  power d i s t r i b u t i o n  
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l i n e s  wi th  t h e  t h r e e  phase  t r ans fo rmer  bank. The 
purpose,  of cour se ,  of t h e  t r a n s f o r m e r s  is  t o  
change t h e  l e v e l  of t h e  v o l t a g e  from t h e  d i s t r i -  
b u t i o n  v a l u e  t o  t h e  r e q u i r e d  s u r f a c e  v a l u e .  The 
s u r f a c e  v a l u e  is  a f u n c t i o n  of t h e  motor nameplate  
and t h e  v o l t a g e  drop i n  t h e  downhole c a b l e  f e e d i n g  
t h e  motor.  S ince  each i n s t a l l a t i o n  may have a 
d i f f e r e n t  s e t t i n g  depth and,  t h e r e f o r e ,  a d i f f e r -  
e n t  l e n g t h  of t h e  downhole c a b l e ,  s e v e r a l  d i f f e r -  
e n t  secondary v o l t a g e  t a p s  a r e  u s u a l l y  r e q u i r e d .  

The nex t  element of t h e  system is  t h e  motor 
c o n t r o l l e r .  The f u n c t i o n  of t h e  motor c o n t r o l l e r  
is  t h r e e f o l d .  F i r s t ,  t h e  motor c o n t r o l l e r  houses  
t h e  power c o n t a c t o r  which e n e r g i z e s  o r  deene rg izes  
t h e  submers ib l e  motor.  In e f f e c t ,  i t  t u r n s  on o r  
o f f  t h e  pump. Secondly,  t h e  motor c o n t r o l l e r  con- 
t a i n s  p r o t e c t i o n  elements  which shou ld  s e n s e  motor 
ove r load ,  w e l l  pump o f f ,  s i n g l e  phase c o n d i t i o n s ,  
and harmful  l e v e l s  of unbalanced v o l t a g e .  F i n a l l y ,  
t h e  motor c o n t r o l l e r  p rov ides  i n t e r f a c i n g  and 
c o o r d i n a t i o n  of shutdown and s t a r t u p  w i t h  a u x i l -  
i a r y  c o n t r o l  d e v i c e s  such a s  p r e s s u r e  s w i t c h e s ,  
t a n k  l e v e l s ,  and remote commands. 

Motor c o n t r o l l e r  r a t i n g s  depend upon t h e  
horsepower of t h e  motor and t h e  s u r f a c e  v o l t a g e .  
Because of t h e  deg ree  of t h e  r e q u i r e d  p r o t e c t i o n  
and t h e  uniqueness  of t h e  submers ib l e  motor 
c h a r a c t e r i s t i c s ,  t h e  submers ib l e  pump manufactur- 
ers des ign  and manufacture  motor c o n t r o l l e r s  t o  
t h e  requirements  of t h e  s p e c i f i c  a p p l i c a t i o n .  

Once e l e c t r i c a l  power is  connected t o  t h e  
system v i a  t h e  motor c o n t r o l l e r ,  i t  i s  t r a n s -  
m i t t e d  t o  t h e  motor through t h e  downhole c a b l e .  
Th i s  c a b l e  is a t h r e e  conductor  c a b l e  which can 
have s e v e r a l  d i f f e r e n t  p h y s i c a l  c o n f i g u r a t i o n s  
a s  wel l  as u t i l i z i n g  d i f f e r e n t  materials. 
F i g u r e  3 shows t h e  most common c o n f i g u r a t i o n  used 
i n  o i l  w e l l  a p p l i c a t i o n s .  
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Figure  4 shows two o f  t h e  cab le s  b e i n g  
p r e s e n t l y  used i n  geothermal  a p p l i c a t i o n s .  The 
l e a d  s h e a t h  c a b l e  h a s  t h e  advantage of t h e  q u a l i -  
t i es  of l e a d  be ing  impervious t o  t h e  environment .  
On t h e  o t h e r  hand,  t h e  l e a d  s h e a t h  t ends  t o  
stress c rack  wi th  h a n d l i n g  and i s  a l s o  v e r y  
d i f f i c u l t  t o  r e l i a b l y  s p l i c e .  

The CL-81 cab le  uses  a p a t e n t e d  h i g h  
t empera tu re  formula of EPDM rubber  f o r  t h e  con- 
d u c t o r  i n s u l a t i o n .  P r e s e n t  c a b l e  a p p l i c a t i o n s  
of t h i s  c o n f i g u r a t i o n  go as h igh  as 300°F. Tests 
have been performed on t h e  material a t  500°F w i t h  
encouraging r e s u l t s .  
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\ COPPER / COhlDUCTOR 

CL- 8\ 

F i g u r e  4 

The downhole e lectr ical  power c a b l e  is 
connected t o  t h e  submers ib l e  motor through an 
e l ec t r i ca l  connec to r  commonly c a l l e d  a "pothead". 
T h i s  connec to r  i s  u s u a l l y  a plug-in d e s i g n  and 
is c o n s t r u c t e d  t o  p reven t  t h e  w e l l  environment 
from l e a k i n g  i n t o  t h e  motor .  
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The submers ib l e  motor i s  a t h r e e  phase ,  
s q u i r r e l  cage i n d u c t i o n  motor of v e r y  s p e c i a l  
des ign .  Th i s  motor is commonly b u i l t  i n  diame- 
ters of 4-1/2", 5-7/16", and 7-1/2" O.D.'s. 
Horsepower o u t p u t  can r ange  from 15-750 hp .  The 
l e n g t h  of t h e s e  motors i n  s i n g l e  p i e c e  cons t ruc -  
t i o n  can be i n  e x c e s s  of t h i r t y  f e e t .  I n  tandem, 
they  can exceed s i x t y  f e e t .  

The motor is  f i l l e d  w i t h  a h i g h l y  r e f i n e d  
i n s u l a t i n g  o i l  and t h e r e f o r e  o p e r a t e d  w i t h  a 
f l u i d  i n  t h e  gap between t h e  r o t o r  and s t a t o r  
i n s t e a d  of t h e  a i r  found i n  a t y p i c a l  s u r f a c e  
motor .  Th i s  f l u i d  i n c r e a s e s  t h e  d i e l e c t r i c  
s t r e n g t h  of t h e  e lec t r ica l  winding,  l u b r i c a t e s  
t h e  b e a r i n g s  of t h e  motor ,  and p rov ides  f o r  
p r e s s u r e  e q u a l i z a t i o n  of t h e  i n s i d e  of t h e  motor 
w i t h  t h e  o u t s i d e  o f  t h e  motor ( w e l l  environment) .  
I n  such a way, v e r y  l i t t l e  p r e s s u r e  d i f f e r e n t i a l  
is  allowed t o  e x i s t  a c r o s s  t h e  s e a l i n g  j o i n t s  
and e l e c t r i c a l  connec to r  of t h e  motor.  

Coupled t o  t h e  submers ib l e  motor is  a n o t h e r  
e lement  of t h e  system c a l l e d  t h e  seal  s e c t i o n .  
Th i s  seal  p l a y s  t h r e e  fundamental  r o l e s  i n  t h e  
submers ib l e  system. F i r s t ,  t h e  seal  s e c t i o n  
c o n t a i n s  t h e  t h r u s t  b e a r i n g  which c a r r i e s  t h e  
t h r u s t  of t h e  pump. The seal  s e c t i o n  a l s o  
a l lows  f o r  t h e  expansion and c o n t r a c t i o n  of  t h e  
d i e l e c t r i c  o i l  i n  t h e  a i r g a p  of t h e  motor which 
changes w i t h  motor t empera tu re .  F i n a l l y ,  t h e  
seal  s e c t i o n  a l l o w s  t h e  e q u a l i z a t i o n  of t h e  
i n t e r n a l  p r e s s u r e  i n  t h e  motor w i t h  t h e  w e l l  
p r e s s u r e  wi thou t  a l l o w i n g  water, b r i n e  , hydro- 
ca rbons ,  p r e c i p i t a t e s ,  and o t h e r  contaminants  
t o  e n t e r  t h e  motor and b reak  down t h e  d i e l e c t r i c  
i n s u l a t i o n  p r o p e r t i e s  w i t h i n  t h e  motor.  F i g u r e  
5 shows a cutaway of t h e  i n t e r n a l  p a r t s  of t h e  
seal .  S e p a r a t i o n  of t h e  w e l l  f l u i d  from t h e  
motor f l u i d  i s  accomplished by s h a f t  s e a l s  and 
a series of U-tubes. S ince  t h e  w e l l  f l u i d  i s  
h e a v i e r  t han  t h e  d i e l e c t r i c  o i l  i n  t h e  moto r ,  i t  
s t a y s  a t  t h e  bot tom of t h e  U-tube and w i l l  n o t  
m i g r a t e  i n t o  t h e  motor u n l e s s  a l l  t h r e e  s h a f t  
s e a l s  l e a k .  F i e l d  
has  been e x c e l l e n t  

expe r i ence  w i t h  t h i s  d e s i g n  

Operating 

=Wel l  Fluid 

Shutdown 

O M o t o r  O i l  

Blocking F lu id  

The f i n a l  e lement  of t h e  submers ib l e  system 
i s  t h e  pump. F i g u r e  6 shows an  i n t e r n a l  c r o s s  
s e c t i o n  of a t y p i c a l  pump. The pump, of cour se ,  
i s  of t h e  c e n t r i f u g a l  d e s i g n  and i s  made up of a 
number of s t a g e s .  Each s t a g e  is  comprised of an  
i m p e l l e r  and d i f f u s e r .  The i m p e l l e r  i s  f i x e d  t o  
t h e  s h a f t ,  and t h e r e f o r e  r o t a t e s .  The d i f f u s e r  
i s  f i x e d  t o  t h e  pump housing.  The submergence 
p r e s s u r e  pr imes t h e  f i r s t  s t a g e .  A s  t h e  i m p e l l e r  
t u r n s ,  t h e  vanes  app ly  c e n t r i f u g a l  f o r c e  t o  the  
f l u i d  which t h e n  undergoes a p r e s s u r e  change 
which causes  f low.  The d i f f u s e r  p i cks  up t h e  
f l u i d  from t h e  circumference of t h e  i m p e l l e r  con- 
v e r t i n g  k i n e t i c  energy i n t o  p r e s s u r e  and re- 
d i r e c t i n g  t h e  f l u i d  upward and inward t o  t h e  
i m p e l l e r  eye of  t h e  n e x t  s t a g e .  A s  t h e  f l u i d  
p r o g r e s s e s  th rough  each succeed ing  s t a g e ,  a 
g r e a t e r  p r e s s u r e  i s  ob ta ined .  

IO? 
S l l l O U D  

10110m 
SHlOUO 

Figure  6 

GEOTHERMAL ENVIRONMENTAL CONSIDERATIONS 

The geothermal  environment i s  one which is  
somewhat d i f f e r e n t  t h a n  o i l  i n d u s t r y  a p p l i c a t i o n s  
and can be e i t h e r  m i l d e r  o r  t oughe r  depending 
upon s e v e r a l  f a c t o r s .  The pr imary r u n - l i f e  
c r i t e r i a  i s  env i ronmen ta l  temperature .  Some 
"greenhouse" geothermal  a p p l i c a t i o n s  comprise 
pumping wa te r  o r  b r i n e  a t  t empera tu res  as low 
as 180 F. Other  a p p l i c a t i o n s  such  a s  power 
g e n e r a t i o n  s o u r c e  w e l l s  i nvo lve  ambient w e l l  
t empera tu res  between 300°F and 400°F and f l u i d s  
hav ing  p r e c i p i t a t e s  which must b e  kept  under 
p r e s s u r e .  I n  most cases, c o r r o s i o n  i s  a p o t e n t i a l  
problem because  of b r i n e  con ten t  as w e l l  as the  
p re sence  of s o l u a b l e  gases  such as CO2 and H2S. 

Modi f i ca t ion  of a s t a n d a r d  e l e c t r i c a l  sub- 
m e r s i b l e  pump i s  n e c e s s a r y  f o r  geothermal  opera- 
t i o n  i n  environments  w i t h  t empera tu res  i n  excess  
of 250°F. 
system i n  t h e  h o t t e r  environments  i n c l u d e  e l a s t o -  
mers used f o r  s e a l i n g ,  c a b l e  m a t e r i a l s ,  o i l s  used 
i n  motors ,  t h r u s t  b e a r i n g  s u r f a c e s ,  b e a r i n g  mate- 
r i a l s  and t o l e r a n c e s ,  and mechanical  seal  con- 
s i d e r a t i o n s .  

C r i t i ca l  elements  of  t h e  pumping 

F igure  5 
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With r e g a r d  t o  e l a s t o m e r i c  materials, a Temperature E l e c t r o n i c s  and I n s t r u m e n t a t i o n  
c o n s i d e r a b l e  amount o f  e n g i n e e r i n g  a n a l y s i s  and Seminar, 1-1, December 3 ,  4 ,  1979. 
i n v e s t i g a t i o n  h a s  been c e n t e r e d  toward m o d i f i c a t i o n  
of Vi tons  and EPR t o  w i t h s t a n d  t h e s e  h i g h  tempera- 
t u r e s .  S p e c i a l l y  compounded EPDM's seem t o  have 
c o n s i d e r a b l e  promise f o r  u t i l i z a t i o n  a t  tempera- 
t u r e s  t o  400°F. 
O-rings, packing  material, c a b l e  i n s u l a t i o n ,  and 
bel lows e n a b l e  t h e  e x t e n s i o n  of t h e  ESP o p e r a t i n g  
range .  The upper l i m i t  a t  p r e s e n t  is  thought  t o  
e x i s t  between 350°F-4000F. 

The use  of t h e s e  EPDM's i n  

EXISTING GEOTHERMAL INSTALLATIONS 

To d a t e ,  t h e r e  have been only a h a n d f u l  of 
e l e c t r i c a l  submers ib le  pumps o p e r a t i n g  i n  geo- 
thermal  w e l l s .  Some of t h e s e  a p p l i c a t i o n s  have  
been lower temp era t u r e  "greenhouse " we 11s wh i l e  
s e v e r a l  i n s t a l l a t i o n s  i n v o l v e  o p e r a t i o n  a t  t e m -  
p e r a t u r e s  from 280°F through 360°F. 
are p r e s e n t l y  i n s t a l l e d  i n  Idaho a t  R a f t  R i v e r ' s  
5 Megawatt Power Demonstrat ion P l a n t .  
are t y p i c a l l y  1300 BPD pumps w i t h  as l a r g e  as 
650 hp.  motors  capable  of  1325 head f t .  of  
l i f t  . 
Other  i n s t a l l a t i o n s  i n v o l v e  w e l l  t e s t s ,  t h e  
h o t t e s t  a p p l i c a t i o n  b e i n g  approximate ly  360°F. 

S e v e r a l  pumps 

These pumps 

Temperatures  are i n  t h e  280°F-3000F range .  

The run  l i f e  performance of e l e c t r i c a l  
submers ib le  pumps i n  t h e s e  h o t  environments  h a s  
only been margina l .  However, improvement i n  
materials and d e s i g n s  are p r e s e n t l y  i n  p r o g r e s s  
by a t  least a couple  of manufac turers .  A 
r e a l i s t i c  e v a l u a t i o n  of o p e r a t i n g  p o t e n t i a l  i n  
tempera tures  i n  t h e  300°F-4000F range  would 
i n d i c a t e  t h a t  technology e x i s t s  w i t h  t h e  a i d  of 
m o d i f i c a t i o n s  ga ined  through e x p e r i e n c e  t o  
o p e r a t e  s u c c e s s f u l l y  a t  t h e s e  tempera tures .  

SUMMARY 

The u s e  of e l e c t r i c a l  submers ib le  pumps i n  
geothermal  a p p l i c a t i o n s  is  r e l a t i v e l y  new. 
Opera t ion  i n  environment tempera tures  t o  250°F 
i s  s ta te  of t h e  a r t .  P r e s e n t l y ,  modi f ied  u n i t s  
are o p e r a t i n g  a t  tempera tures  t o  300°F i n  R a f t  
River ,  Idaho.  A t  l e a s t  one test  u n i t  h a s  o p e r a t e d  
a t  ambient tempera tures  of approximately 360°F f o r  
a p e r i o d  of about  one month w i t h o u t  f a i l u r e .  

Material r e s e a r c h  i s  ongoing t o  p r o v i d e  
i n c r e a s e d  tempera ture  c a p a b i l i t i e s  f o r  E.S.P. ' s .  
P r o g r e s s  i n  improved e l a s t o m e r i c  materials h a s  
been made and a p p l i c a t i o n  of improved materials 
i s  i n  p r o c e s s .  A s  f u r t h e r  f i e l d  e x p e r i e n c e  is 
o b t a i n e d ,  n e c e s s a r y  m o d i f i c a t i o n  w i l l  b e  made 
which w i l l  r e s u l t  i n  a v i a b l e  pump f o r  geothermal  
f l u i d s  a t  tempera tures  t o  400°F. 
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