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GEOTHERMAL mMPING SYSTEMS AND TWO-PHASE FWW STUDIES 

R. J. e n o l d  
IDS Alamos Nationjil Laboratory 

Lo6 Almos,  EJM 87545 

ABSTRACT 

fmprovements i n  electric submersible pumping systems 
have resu l ted  i n  a denonstrated downhole r m n i n  l i f e  o f  
one year f o r  low horsepower tmits operating in  180 C brine.  
The implementation of a prototype pressurized lub r i ca t ion  
system t o  prevent b r ine  in t rus ion  and l o s s  of lubr ica t ing  
oil from the motor and protector sect ions has been 
successfully tes ted .  Second generation pressurized 
lub r i ca t ion  systems have been designed and fabricated &d 
w i l l  be  u t i l i zed  in  downhole production pumping tests 
during FY 84. Fumping system l i f e t ime  i s  cur ren t ly  l imited 
by ava i l ab le  power cable  designs tha t  are degraded by high- 
temperature brine. A proto type metal-sheathed power cable  
has been designed and fabricated %,and is  cur ren t ly  
undergoing des t ruc t ive  and nondestructive labora tory  
tes t ing .  This cab le  design has t he  poten t ia l  f o r  
e l h i n a t i n g  brine in t rus ion  i n t o  the power de l ivery  system 
through the use o f  a hermetically sealed cable from the 
surface to the downhole motor., 

The. A .two-phqse program is  d i rec ted  a t  
under'standing the hydrodynamics o f  two-phase f lows. The 
tbQ-phase flow regime 1s characterized by a s e r i e s  o f  flow 
p a t t e r n s  that are designated as bubble, slug, churn, and 
annular flow. - Churn. flow h a s r e c e i v e d  very l i t t l e  
s c i e n t i f i c  a t ten t ion .  Ihis l a c k  o f  a t t e n t i o n  cannot be 
j u s t i f i e d  because ca lcu la t ions  pred ic t  that the churn flow 
p a t t e r n  w i l l  exist over a subs tan t ia l  portion o f  t he  two- 
phase flow zone in producing geothermal wells. Ihe 
University o f  b u s t o n  i s  experimentally inves t iga t ing  the 
dynmics  o f  churn flow and i s  measuring the holdup over the 
f u l l  range of flow space f o r  which churn flow e x i s t s .  
Ihese experiments are being conducted in an air/water 
vertical tm-phase flow loop. Brown University has  
constructed and is  operating a unique tm-phase flow 
research f a c i l i t y  s p e c i f i c a l l y  designed t o  address flow 
problems of relevance t o  the geothermal industry. An 
important f ea tu re  of t h e  f a c i l i t y  i s  that  it is dedicated . 
to  two-phase flow of a s ing le  substance (including 
evzporation and condensation) as  opposed t o  the case o f  a 
tw-component two-phase flow. This f a c i l i t y  can b e  
operated with horizontal  o r  vertical test sec t ions  of 
constant diameter o r  with s t e p  changes i n  diameter to 
simulate a geothermal w e l l  p rof i le .  
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GECfl?HERMAL PUMPING SYSTEMS 
1, BACKGROUNn 

The goal of the geothermal pump program is  t o  demonstrate the r e l i a b i l i t y  
and performance of high-capacity e l e c t r i c  submersible pumping systems tha t  
could be used to supply br ine  to the S O W  Geothermal Demonstration Plant a t  

Heber, California. Accomplishment of t h i i g o a l  w i l l  be achieved by stimulating 

the deve lopen t  and extensive tes t ing of improved e l ec t r i c  submersible pumping 
systems that have been hardened to survive the conditions imposed by production 
pumping of ho t  brines.  Downhole pumping of geothermal wells o f f e r s  the 

potent ia l  f o r  several s ign i f icant  bene f i t s  including enhanced f l o w  r a t e s  t ha t  
reduce the nmber of wells required,  elimination o r  reduction of  well-bore 

chemical prec ip i ta t ion  and scaling through downhole pressurization, higher 
wellhead brine temperatures fo r  increased energy conversion eff ic iency,  and 

single-phase f lu id  d i s t r ibu t ion  lines on the surface as opposed to separate 
steam and brine piping to the power plant. 

11. STRATEGY 

The i n i t i a l  thrust  of  the  geothermal pump program was t o  provide a 

- Geothermal - Pump - Test  - F a c i l i t y  (GPTF) t h a t  could be used by electric submersible 
pump manufacturers t o  test pumping systems under realistic geothermal 
production conditions. Although this f a c i l i t y  has  been used extensively by 

REDA, CENTRTLIFT, and ,KOBE p p companies, only REM has * .  ac t ive ly  pursued , .  the 
development of a specialized geothermal product l i n e .  

hear t  of t he  successful REM geothermal pumping system i s  the vas t ly  
improved s e r i e s  540 io tor .  REM has concentrated the i r  geothermal developnent 
e f f o r t s  on the series 540 motors, p a r t i a l l y  because o f  t h e i r  r e l i a b i l i t y  and 
popularity i n  o i l  f i e l d  service,  and also because of  the  extensive on 
the h e  recent ly  
completed Xl-month endurance test of a REM 80-horsepower geothermal pumping 

system a t  East %sa has demonstrated tha t  the present engineering design and 

mater ia l s  can survive with very l i t t l e  degradation in 180°C brine if brine 
in t rus ion  in to  the motor and power cable  can be eliminated or  minimized. 'Ib 

extrapolate the results from t h i s  test t o  a typical  production pumping scenario 

i n  the 'Imperial Valley, t he  following concepts m u s t  be  demonstrated through 

extensive tes t ing:  

i 

, -  ~ . . .-. 

The 

tes t ing  
series 540 80-horsepower u n i t s  i n  the GPTF and a t  East %sa. 
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That higbhorsepb'wer 'tandem motor pumping systems can be operated with 
the  r e l i a b i l i t y  already demonstrated by the 80-horsepower un i t s  . 
That a continuous metal-sheathed cable can be developed that vi11 

eliminate b r ine  in t rus ion  ln to  the power cable  and pothead assembly, 
thus eliminating the steady degradation observed i n  present day 
cables  . 
That a pressurizgd downhole lubr ica t ion  system can be  tes ted that w i l l  
eliminate b r i n e  in t rus ion  in to  the motor sect ions,  and w i l l  operate a t  

any pump s e t t i n g  depth. 

It is t he  objec t ive  of t he  geothermal pump program to  demonstrate these 

concepts through continued t e s t ing  i n  the GPTF, through higkhorsepower u n i t  

t e s t ing  i n  production wells i n  the Imperial Valley, and through subcomponent 
t e s t ing  i n  both the GPTF and i n  laboratory f a c i l i t i e s .  

111. EMlURANCE TEST AT EAST MESA 

A series 540 80-horsepower REIN geothermal pumping system completed an 
ll-month production pumping test i n  well 86-2 a t  East Mesa during the last  
quarter  of 1982. The pump was used to  supply br ine  to  the SOO-kW binary power 
plant .  'he b r ine  temperature wds 180°C, and..the pump nominally produced 220 
GFN a t  a wellhead pressure of 300 ps i .  This u n i t  was equipped with a 

Barber-Nichols designed and in s t a l l ed  pressurized lubr ica t ion  system. The 

pumping system was ;pulled from the well a f t  11' m'okths ok o'p&:tion because of 

s t e a d i l y  declining pump performance as indicated by a declining flow rate and 
wellhead prdssure. A t  the t i m e  the u n i t  was pulled, the  motor performance was 

st i l l  s a t i s f a c t o r y  and t e s t ing  would have been continued were it  no t  for the 
poor pmp perfonnance. 

Although every e f f o r t  is made t o  minimize shutdowns on pumping systems 
i n s t a l l e d  i n  geothermal production wells, the  cmblna t ion  of power p lan t  

shutdowns, planned electrical system maintenance, and power in te r rupt ions  
during severe storms results i n  the pumping systems being turned off and cooled' 

down on the order of e igh t  times a year. The ensuing cool-down and heat-up 
after the pump is r e s t a r t ed  produce subs tan t ia l  contraction and expansion of 
t h e  motor o i l ,  which m u s t  be  compensated f o r  by the  motor expansion chamber 
bellows and pressurized lubr ica t ion  system. These shutdowns provide an 

opportunity f o r  taking phase-to-ground res i s tance  readings o f  t he  motor/cable A 

system. b r i n g  t e s t ing  of t h e  80-horsepower u n i t  a t  East Mesa, s i g n i f i c a n t  ' 
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changes i n  the motor/cable' phase-to-ground res i s tance  readings were observed. 
These changes included the long-term de ter iora t ion  o f  t he  notor/cable system 
re s i s t ance  along with short-term var ia t ions  noted during the shutdowns. The 

long-term de te r io ra t ion  of t he  system i s  i l l u s t r a t e d  in Fig. 1 with a f ina l  
phase-to-ground res i s tance  of approximately 250,000 ohms when the pump was shut 

down. d 

After removal from the well, the  phase-to-ground res i s tance  o f  t he  motor 

was measured separately as 2,000 megohms, confirming that the o i l  
p ressur iza t ion  system had kept the motor d ry  and free from brine intrusion. 

For comparison purposes, t h e  overhauled replacement motor supplied by REM was 
a l s o  checked, and i t s  phase-to-ground res i s tance  was measured as approximately 

2,000 megohms, The de ter iora t ing  phase-to-ground resis tance was, therefore ,  a 

function o f  cab le  degradation ra ther  than an impending motor problem. 

- The apparently exce l len t  condition of t h i s  motor was fur ther  ver i f ied  

a f t e r  a complete teardown inspection was perfonned a t  the REM plant .  A l l  
t h rus t  and radial bearings were found to  be  in  l i k e  new condition, t h e r e  was no 

evidence of b r ine  i n t  
1 

1ooc 
usion, the  motor o i l  was clean,  the expansion bellows 

I I 1. I I 
b 

EAST MESA WELL 6-2 
80 UP REOA TEST 

NEW MOTOR-2000 MEQOHMS 

\ 

MINIMUM START - UP RESISTANCE 

2 4 6 a 10 
RUNNING TIME ( MONTHS 1 i 

. I  

,Ng. 1. Phase-to-ground res i s tance  vs running t i m e  f o r  80-horsepower endurance 
test a t  Fast &sa. 

. I  
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looked l i k e  new, the  seals 6howed very l i t t l e  s ign of  v i s i b l e  wear, and it was 

- conjectured t h a t  t h i s  motor could have run another year under the same 
conditions.  The protector  was a l s o  in excel lent  condition; i t  was f i l l e d  with 
c lean  o i l  and showed no signs of br ine  intrusion. 'Ihe protector thrust  
bearing, which supports the  pump downthrust load, was a l s o  in  very good 

condition with only a f e w  l i g h t  wear marks: This bearing is i l l u s t r a t e d  in 

Fig. 2 where the exce l len t  condi t ion of the t i l t i n g  pad surfaces can be seen. 

Almost a l l  the pump impeller and d i f fuser  s tages  showed excessive 
mechanical wear explaining the poor pump performance. Evidence obtained during 

the  pump disassembly showed tha t  the pump impellers' labyrinth s e a l s  were worn, 
t h i s  wear probably being i n i t i a t e d  by abrasive mater ia l  in the brine.  With the 

l abyr in th  seals leaking,  pressure balancing of the  pump s tages  was l o s t  
c r ea t ing  addi t ional  downthrust on each pump i m p e l l e r  stage. This addi t ional  

downthrust destroyed the leading edge thrust  bearings and ult imately allowed 
mechanical contact  between the ro ta t ing  impellers and the s ta t ionary  d i f fusers .  

Eventually the  impeller f ron t  shrouds were completely worn away and numerous 
impeller vanes were e i t h e r  broken f r e e  o r  mechanically worn down. The impeller 

rear hubs, which function as r a d i a l  bearings, were a160 warn away on most of 
t he  impellers. This des t ruc t ive  wear is i l l u s t r a t e d  in Figs. 3 and 4. It 

A 

A \  

c 

I -  

* .  

Mg. 2. Ti l t i ng  pad surfaces of protector  thrust  bearing a f t e r  l l-month test. . 

. 
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F i g .  3. Severlp worn impeller vanes and missing front shrouds. 

. 

. 
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IV. PRESSURIZED LUBRICATION SYSTEMS 
A. N , / O i l  Accumulator with Bubble Tube 

me Earber-Nichols developed pressurized lubricat ion system uses nitrogen 
gas  pressure in an oil accumulator tank t o  pressurize the motor o i l  to the 
desired leve l .  'Ihe accumulator tank is connected t o  the motor wlth a sinal1 

diameter in jec t ion  pipe and in l ine  filter'assembly. A nitrogen bubble tube is 

placed in the w e l l  adjacent t o  the motor section to  measure the br ine  pressure 
a t  this depth. When the br ine pressure is determined from the bubble tube, the  

nitrogen gas pressure in the o i l  accumulator tank is adjusted to provide a 

small The pressure r e l i e f  valve in the 
protector  sect ion w l l l  open to  bleed off excessive o i l  pressure i f  the motor is 
acc identa l ly  overpressurized from the surface supply line. "he Barber-Nichols 
~ ~ / o l l  accumulator system has t m  d i s t i n c t  disadvantages f o r  a commercialized 

d ownhol e lub r i c  a t io n 6 ys tern . 

o i l  overpressure i n  the motor housing. 

. 1) In addition t o  the o l l  flow l i n e ,  it requires  a separate bubble tube 

line set  t o  the pump depth; and bubble tubes frequently plug 
necessitating pulling and cleaning. 
The system cannot b e  used on d e e p s e t  punps where the hydrostatic head 
of the  o i l  column exceeds the  d e s i r e d  oil pressure i n  the motor 

\ 
2) 

housing . 
. As a 'proof-.of-cd , 'tse Barber-Nichbls system' performed 

exceptionally w e l l  during the endurance test. The almost brand new condition 
o f  the moto'r and protector a f t e r  an ll-rnonth running period serves as  adequate 
testimony t o  the effect iveness  of' at pressurized lubr ica t ion  system. !ibis 
system is i l l u s t r a t e d  in Ng. 5 a s  i t  was i n s t a l l ed  a t  Fast Mesa. 'Ihe nitrogen 

b o t t l e s  are used f o r  the bubble tube and to  control  the pressure of the motor 

oil in  the accrnnulator tank pictured in the center o f  t h e  ins ta l la t ion .  

r B. Oil Netering Pump with Relief Valve Bleed 

REM has  provided a POSI-LIFE pressurized motor lubr ica t ion  system f o r  
tes t ing  on the 300-horsepower pumping system i n  a MACriA production w e l l  a t  East 

Mesa. 'Ihis system eliminates the bubble tube and can be  used a t  any pump 
s e t t i n g  depth. Using a surface-mounted a l l  metering pump, i t  provides an 

e s sen t i a l ly  constant flow of oil to  the downhole motor. .me oil pressure in 
the motor is controlled by the  protector  relief valve,  which allows a constant 

oil 

, 

bleed from the motor to  the external  brine. "his system has the  advantage . 
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F i g .  5. Barber-Nichols pressurized lubr ica t ion  ,system lns t a l l ed  a t  East Wsa 
- e 3 1  I -  2. WTIL U T  

of providing a s m a l l ,  continuous f r e sh  supply of oil t o  the motor, which should 

improve the q u a l i t y  of  the  lubr icant  during long production pumping intervals .  
It a l s o  assures  that the motor is completely immersed i n  oil because the oil 
bleed va lve  is a t  the top of the protector.  Only,very l imited f i e l d  test data  
has been obtained on this system to da te .  An oil bleed un i t  of t h i s  type has 
the  following poten t ia l  disadvantages: 

1) Because the motor oil pressure is controlled by discharge through the 
protector  relief valve,  a steady stream of oil i s  introduced in to  the 
produced brine. 

If t he  r e l i e f  valve f a i l s  o r  i t s  discharge port  plugs with scale, the  
motor Can be  overpressured with oil, which could result i n  a f a i l ed  

seal and br ine intrusion.  The discharge por t  of t he  r e l i e f  valve did 
plug during the 80-horsepower test a t  East Mesa. 

2) 

C. Downhole Pressure Regulator 

r e l i a b l e  pressurized lub r i ca t ion  system is one that incorporates a downhole 
pressure regula tor  that senses the d i f f e r e n t i a l  pressure between the motor o i l  

.. 
Based on the above considerations,  po ten t i a l ly  the  most universal  and- 

and the ex terna l  brine.  If the  d i f f e r e n t i a l  pressure between the motor oil and 
the  b r i n e  drops below the  regulator 's  preset  value,  the  regula tor  w i l l  open a 

valve  allowing o i l  under pressure t o  flow In to  the motor. When the motor oil 
pressure increases  t o  the desired l eve l  above the b r ine  pressure,  the  regulator  

1 ... 1 '  



c loses  the  o i l  valve and 0-il flow stops.  This system operates independent of 

pump s e t t i n g  depth because the pressure regulator  always references the  motor 
oil pressure t o  the external  br ine pressure. With this system, the  protector 
r e l i e f  va lve  functions only a s  an emergency backup i n  the event the motor is 
acc iden ta l ly  overpressurized through a pressure regulator  malfunction. This 

redundancy is an important feature when asGessing the ove ra l l  r e l i a b i l i t y  of a 

downhole pumping system. h n i n a l l y  the  motor oil would be pressurized to 3-5 

p s i  above the ex terna l  br ine pressure, a value su f f i c i en t ly  high t o  prevent 

. br ine  in t rus ion  while still minimizing the sea l  forces. 

Barber-Nichols has been performing component tests on commercially 

. ava i l ab le  pressure regula tors  a t  195OC i n  wter .  Material f a i l u r e s  i n  some 

regula tor  components were i n i t i a l l y  experienced under these conditions . 
Barber-Nichols has  fabr icated new components from acceptable mater ia l s ,  and the 

pressure regula tors  are now surviving a t  19S°C. These tests w i l l  be followed 
with addi t iona l  laboratory tests i n  a simulated East Mesa brine.  When r e l i a b l e  

pressure regula tor  operation has been demonstrated, Barber-Nichols w i l l  
f ab r i ca t e  a downhole pressurized lubr ica t ion  system based on the pressure 

regula tor  concept, and this system w i l l  be in s t a l l ed  on an 80-horsepower REM 

punping A schematic drawing 

\ 

system when it is placed i n  the GPTF' f o r  tes t ing .  
1 -_ 

! 

Fin. 6. Downhole pressure regula tor  control led motor lubr ica t ion  system. , 

. .  . . 
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of the pressure-regulatorcontrolled lubr ica t ion  system is i l l u s t r a t e d  in 

Fig4 64 

V. METAL-SHEATHED P O W E R  CABLES 

Since the i n i t i a t i o n  of t e s t ing  electric submersible pumping systems i n  

geothermal wells, degradation and f a i l u r e  of  some portion of the  power cable 

system has been the most reoccurring problem to  da te ,  'Ihe most cormon forms of 

f a i l u r e  have been: 

* 

1) Mechanical abuse of  the cable  during pump i n s t a l l a t i o n ,  resu l t ing  i n  

b r ine  in t rus ion  through the damaged area. 
2) I n s t a l l a t i o n  e r r o r s  i n  the packoff where the power cable  en ters  the  

wellhead, leading t o  br ine  intrusion and cable fa i lure .  
Cable/pothead f a i l u r e s  where the cable  en ters  the pothead, leading 

br ine  in t rus ion  and f a i lu re .  
3) to  

e -  

. 4) Without any evidence of  an abused or  damaged area on the cable ,  b r ine  
penetration in to  the cable ,  apparently through s m a l l  leaks in the 

protect ive lead sheath. \ 

m e  declining phase-to-ground res i s tance  readings observed on the 80- 

horsepower pumping system a t  East Mesa were obviously an indicat ion of  cable  
de t e r io ra t ion  r a the r  than an impending motor problem. 'Ihe pothead and packoff 

region were'lnspected &d found t o  be In  excel lent  condition. No obviously 
damaged regions on the cable  could be located. ' he  suspected cause of  cable  
de t e r io ra t ion  must oxke again be a t t r i bu ted  t o  a pinhole leak  i n  the protect ive 
lead sheath, Vhich resul ted i n  b r ine  penetration in to  the Kapton insulat ion 

l aye r  of one of  the  three-phase poser conductors. Tktecting the loca t ion  of 
t he  br ine  in t rus ion  is an almost impossible task unless  a some v i s i b l e  damage o r  
d i s t o r t i o n  can be  located on the outs ide  surface-of  the cable. It should be 
noted t h a t  the cable  on the 80-horsepower un i t  did not f a i l  and it  was 

operating the motor s a t i s f a c t o r i l y  when i t  was pulled. It was, however, 
d e ter io  ra t ing  rapidly. 

Jus t  8s the  use of a pressurized lubr ica t ion  system is regarded as the 
so lu t ion  to b r ine  invasion in to  the motor sec t i on  seals , encapsulating the 

power cable  i n  a continuous m e t a l  sheath that is welded or s i lve r  soldered to 
the pothead is envisioned as the  f i n a l  so lu t ion  t o  the cable  deter iorat ion ' 

problem. A mater ia l s  invest igat ion was i n i t i a t e d  to  determine su i tab le  ' 

' _. . - - .  

, 



candidates f o r  the metal-sheath material .  Based on coupon samples tested 

extensively i n  East &sa geothermal br ines ,  three metals were ident i f ied that 
have exce l len t  tolerance to  a higbtemperature  br ine  environment. They are 
Inconel 625 ,  Hastelloy C, and Allegheny Ludlum 29 chrome-4 moly steel alloy. 
Many of  the  popular s t a i n l e s s  steels exh ib t t  d e f i n i t e  stress corrosion cracking 
tendencies in hot b r ine  and m u s t  be  eliminated. In general ,  t he  alloying 

elements that provide the*grea tes t  r e s i s t ance  to a t t ack  by h o t  geothermal 
b r ines  are molybdenum and chrome. 

Inconel 625  I welded sheaths have been used f o r  small-diameter h i g b  

temperature logging and instrumentation cables  f o r  geothermal service. 

Although Inconel 625  is an excel lent  mater ia l  wlth good f ab r i ca t ion  qua l i t i es ,  
f o r  l a rged iame te r  power cables  its very high cos t  becmes a severe 

disadvantage. A cos t  comparison, normalized t o  304 s t a i n l e s s  steel, is 
presented i n  Table I. 

Allegheny Ludlmi 2 9  chrome4 moly is being used in the  heat exchanger 
tubes f o r  the Chevron plant  a t  Heber. It is d e f i n i t e l y  the preferred choice 
f o r  the metal-sheathed power cable.  

Halpen Engineering has proposed a prototype $-ZCV cab le  consis t ing of a f 2  

s o l i d  copper conductor, t h ree  l aye r s  of mica insu la t ion ,  one layer  of PTFE 

t e f l o n  insu la t ion ,  and a 0.020-in AL 29-4  steel  sheath. Halpen m u l d  supply 

t h i s  cab le  as a single-conductor cable  as they do not present ly  have the 
c a p a b i l i t y  of fabr ica t ing  qn outer  pro tec t ive  sheath ,over, , the ,..,three-conductor 

f l a t  cab le  assembly. a l p e n  provided laboratory test da ta  that indicated the 
proposed cable  d i d  not show any evidence of corona a c t i v i t y  below an applied 
vol tage o f  6000 vol t s .  

. - -  
304 STAINLESS STEEL 
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R E M  and Ins Almos have purchased 250 f t  of s ing le  conductor prototype 

cable  from Ralpen Engineering. Three 50-ft lengths w i l l  be used to form a 
50+t, three-conductor cable  f o r  use i n  the GPTF t o  run an 80-horsepower 

pumping A protec t ive  outer sheath wi l l  not be required fo r  use i n  the 

GPTF although it would be needed for a prod_uction well test. me two remaining 
SO-ft lengths  w i l l  be provided t o  REDA and Barber-Nichols f o r  both destruct ive 

and nondestructiv'e laboratory t e s t ing  . Pending successful laboratory 
evaluat ion of  t he  prototype cable  samples, negotiations wi l l  be conducted with 

Ralpen Engineering f o r  a production cable  tha t  can be used in  a MAGMA well a t  
East Mesa. %e proposed production cable  is i l l u s t r a t e d  i n  Fig. 7. 

f e e l s  strongly about applying a t  l e a s t  two continuous 
fus ion  welded AL 29-4 steel  sheaths around an e l e c t r i c  submersible power cable. 

I f  f o r  any reason a metallurgical flaw is present i n  one of the  sheaths, the  
second sheath w i l l  still prevent br ine  intrusion. 

system. 

- Halpen Engineering 

, 
I 

i 
! 1 

. 
COND SHEATH 

t 

I 

# i 

EP 0.005 THK i 
f 

1 RAID 0.015 THK 

LAYERS MICA TAPE INSULATION 0.020 THK 

SOLID OR STRANDED COPPER CONDUCTOR ' I 

+2-t/0 AWG. I 
Fig. 7. Proposed Halpen Engineering metal sheathed production power cable  . 
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VI. MAmA PRODUCTION WELL PUMP TESTS 

A. 300-~orsepower Pump Bst a t ' a s t  *sa 

IMPERIAL MACMA i s  cur ren t ly  operating a 7- binary geothermal power plant 

a t  East Mesa, California.  MAWA expressed an i n t e r e s t  i n  t e s t ing  the new RFlDA 

geothermal proquct line of e l e c t r i c  submersible pumping systems under 

production conditions.  'A 300-horsepower un i t  i s  required f o r  the ?fAW wel ls  
and two 150-horsepower series 540 geothermal motors operating i n  tandem were 

selected.  The pmping system was supplied with a prototype vers ion of the REDA 
POSI-LIFE pressurized motor lubr ica t ion  system f o r  f i e l d  evaluation. Because 
the *requi red  se t t i ng  depth f o r  the pump is 1500 f t ,  t he  Barber-Nichols 
developed lubr ica t ion  system u t i l i z i n g  a bubble tube could not be  used. 

The 300-horsepower REDA geothermal pumping 'system was i n s t a l l ed  i n  UAMA 

w e l l  44-7 a t  East Mesa and began production pumping on 6 March 1983. lack of 
experience in instal l . ing geothermal pumping systems once again manifested 
i t s e l f  during this i n s t a l l a t i o n  and a number of r e l a t i v e l y  minor but very 

inconvenient delays were experienced. The major source of  problems was re la ted  
t o  vacuum f i l l i n g  the tandem motor u n i t s  with the  very ViSCOUS synthet ic  motor 

o i l  when the anbient a i r  temperature was low. Despite the f a c t  that  the o i l  
was preheated t o  105OC before f i l l i n g ,  the combination of s m a l l  diameter f i l l  

' l i n e s  and the l a r g e  thermal mass of t he  cold motors made this a slow operation. 
REM - . . i s  cur ren t ly  mxlifying ,.their oil f i l l i n g  equipment t o  eliminate this 

d i f f i c u l t y .  A photograph o f  t h e  REM geothermal vacuum f i l l i n g  u n i t  i s  
i l l u s t r a t e d  i n  Fig. 8. "his unit evacuates the air from the motor sect ions and 
pumps the  heated synthet ic  oil in to .  the motors under a vacuum. 

The only ser ious problem encountered during the i n s t a l l a t i o n  was the 

sudden appearance of an "ope o r  l o s s  i n  cont inui ty  i n  one cable  l eg  wbile the 
pumping system was being lowered in to  the w e l l .  The unitbwas pulled from the 
w e l l ,  i t s  o i l  was drained, and the pothead was removed. When the pothead was 
removed, the connections between the pothead and the motor l eads  apart .  
with very l i t t l e  e f f o r t .  The cable  and motor were each meggered separately and 
each measured 2000' megohms phase-to-ground, indicat ing t h a t  the  source of the  

"open" was apparent ly  a loose motor lead connection. When these leads were 
made up the  next  t i m e ,  they were crimped together t o  assure  t i g h t  connections. 

After r e f i l l i n g  with oil, the  u n i t  was again in s t a l l ed  i n  the well and a l l  

megger readings were normal during the i n s t a l l a t i o n .  

pulled 

- .  
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Fig. 8. REDA geothermal vacuum oil f i l l i n g  un i t  skid. 

1 The pumping system operated normally u n t i l  a power Interrupt ion occurred 

on 22 March. The pump was del iver ing Over 600 GPM a t  a wellhead pressure of 

275 p s i ,  and MAGHA noted excel lent  s t a b i l i t y  of t h e  w e l l  f i e l d  during this 

production interval . r the pmp was r e s t a r t ed ,  i t  tripped out on overload, 

-and fu r the r  attempts t start  the u n i t  were unsuccessful. The pumping system 
was pulled from the well, and surface inspection revealed that a massive 
"short" had occurred ,in the pothead region. The pothead was l i t e r a l l y  

destroyed from the re su l t i ng  arc. 

... 

A teardown inspect ion was performed on the f a i l ed  u n i t  a t  the REDA plant .  
Most cri t ical  elements of  the  motors, p ro tec tor ,  bellows, pmp,  and cable 

s p l i c e  were found t o  be i n  excel lent  condition. Sone sand erosion of t he  pump 
impel lers  was evident;  however, sand pr uct ion from a w e l l  is normally the 

highest  when it i s  first put on l ine  a f t e r  downhole cleaning operations a r e  
completed. The failure mode was c l e a r l y  an e l e c t r i c a l  sho r t  and resul t ing 

severe "burn" i n  the pothead/rnotor lead wire rea.  The r e su l t i ng  arc was of 
s u f f i c i e n t  i n t e n s i t y  t o  explode the pothead housing, leaving the upper' motor 

assembly open t o  b r i n e  intrusion.  Because this is the  a rea  where the loose 
motor lead connections were repaired during i n s t a l l a t i o n ,  i t  appears highly ' 

l i k e l y  t h a t  they were p a r t i a l l y  o r  t o t a l l y  responsible  f o r  the e l e c t r i c a l  short  ' 
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t ha t  developed. REDA has  redesigned the motor lead/pothead connectors t o  

e l h i n a t e  this poten t ia l  f a i l u r e  i n  the future.  

the general ly  exce l len t  condition of the  pumping system, REDA has 
e lec ted  to  supply a l l  new components f o r  the next MAGMA production w e l l  test. 
An e n t i r e l y  new 300-horsepower pumping system has been provided. "his system 
has been completed, shipped to  the REDA p l an t  i n  fibng Beach, and is ready f o r  
i n s t a l l a t i o n  In the next i v a i l a b l e  HAGHA production w e l l .  REDA a l s o  supplied a 

pump with three addi t ional  s tages  t o  increase the well output. Data from the 

l as t  production test indicated tha t  t he  300-horsepower motors were operating i n  

a s l i g h t l y  underloaded condition. 
B. Improved REDALEAD Cable 

Despite 

. 

. 

REDA has  developed an improved vers ion of t h e i r  REDALEAD power cable. The 
improved vers ion has a thicker  extruded lead sheath f o r  b e t t e r  res i s tance  to  
b r ine  intrusion.  New in su la t ion  mater ia l s  have a l s o  been developed t h a t  

e l iminate  the need f o r  KAPTON, which degrades rap id ly  i n  the presence of ho t  
br ine.  The new insu la t ion  materials are more to l e ran t  t o  br ine  in t rus ion  and 

should provide improved serv ice  l i f e  i n  geothermal wells. REDA has ordered a 

production length  of this new cable; and If  i t  'ds fabricated p r io r  t o  the 

i n s t a l l a t i o n  of t he  300-horsepower system in. the M A W  w e l l ,  i t  w i l l  be used in 
place of the conventional REDALEAD cable.  

L 

VII. GEOTHERMAL PUMP TEST FACILITY (GPTF) .- -. 

The GVTF has  been moved to the REM pump p lan t  i n  Bar t l e sv i l l e ,  Oklahoma, 
and has b e k  prepared for operation. Required maintenance and preventative 

maintenance tasks have been performed by Barber-Nichols personnel i n  
preparation f o r  an extended higbtemperature  t e s t ing  period a t  REM. 

REDA has fabricated two new experimental 80-horsepower motor uni t s .  These 
u n i t s  have a t o t a l l y  new s t a t o r  insu la t ion  package that incorporates mater ia l  

and design changes t o  improve the higbtemperature  mechanical and e l e c t r i c a l  
i n t e g r i t y  of t he  motors. Although the  mater ia l s  used i n  these new motors are 

proprietary,  REDA has  expressed a d e s i r e  t o  run the GPTF a t  temperatures up t o  

22OoC f o r  t h e i r  evaluation tests. Operation a t  these temperature l e v e l s  would 

indicate REM's confidence i n  the supe r io r i ty  of  this new insu la t ion  package 

over the ex is t ing  geothennal motor design. 

1 

.. 

, 
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. With the  80-horsepower un i t  ins ta l led  i n  the GPTF with a metal-sheathed 

power cable  and a pressure-regulatorcontrolled pressurized lubricat ion system, 


