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ABSTRACT 

A p i l o t  s c a l e  t e s t  f a c i l i t y  was used t o  
t e s t  f o u r  c a l c i t e  s c a l e  i n h i b i t o r  
chemicals.  The t e s t  f a c i l i t y  was designed 
t o  reproduce process  condi t ions  of t h e  43 
MWg GEM 1 power p l a n t ,  which u t i l i z e s  
moderate temperature geothermal f l u i d  from 
pumped w e l l s  and d u a l - f l a s h  s t e a m  
s e p a r a t i o n  a t  t h e  power p l a n t .  The two 
most e f f e c t i v e  i n h i b i t o r s  were s e l e c t e d  by 
simple,  2 4  hour atmospheric f l a s h  t e s t s ;  
t h e y  were t e s t e d  more e x t e n s i v e l y  i n  a 
dual-f lash t e s t  configurat ion which modeled 
a c t u a l  p l a n t  f l a s h  c o n d i t i o n s .  
A d d i t i o n a l l y ,  l a b o r a t o r y  t e s t s  were 
conducted t o  determine t h e  e f f e c t i v e  
l o n g e v i t y  of t h e  i n h i b i t o r  c h e m i c a l s .  
Monsanto Dequest 2 0 6 0 ,  a phosphonate-based 
product ,  was most e f f e c t i v e  a t  prevent ing 
s c a l e  f o r m a t i o n ,  and was a l s o  most 
e f f e c t i v e  a t  delaying c a l c i t e  p r e c i p i t a t i o n  
a t  r e s e r v o i r  tempera tures  f o r  up t o  2 0  
hours .  These r e s u l t s  a r e  c o n s i s t e n t  with 
previous work by o ther  authors .  

INTRODUCTION 

The Eas t  Mesa Geothermal System, 
l o c a t e d  i n  t h e  I m p e r i a l  V a l l e y  of  
s o u t h e a s t e r n  C a l i f o r n i a ,  i s  a . l i q u i d -  
dominated, moderate tempera ture  ( 1 7 S o C ) ,  
low s a l i n i t y  ( < l w t %  t o t a l  dissolved s o l i d s )  
geothermal  r e s o u r c e .  Geothermal f l u i d  
production a t  East  Mesa i s  accomplished by 
down-hole pumping, which allows higher mass 
flow r a t e s  t h a n  down-hole f l a s h i n g  and 
main ta ins  f l u i d  p r e s s u r e s  above gas and 
l i q u i d  s a t u r a t i o n  pressures .  The s i n g l e -  
p h a s e  f l u i d  i s  d e l i v e r e d  t o  t h e  
43 megawatt-gross (MWg) GEM 1 power p l a n t  
which u t i l i z e s  a d u a l - f l a s h  s t e a m  
s e p a r a t i o n  p r o c e s s .  F i e l d  exper ience ,  
f i e l d  t e s t i n g  and chemical modeling a t  E a s t  
Mesa i n d i c a t e d  t h a t  f l a s h i n g  of t h e  
geothermal f l u i d  would r e s u l t  i n  calcium 
c a r b o n a t e  s u p e r s a t u r a t i o n ,  a n d  
p r e c i p i t a t i o n  of 25-100 kg of c a l c i t e  per  
1 , 0 0 0 , 0 0 0  kg of produced f l u i d  where system 
p r e s s u r e s  dropped below 80 p s i a .  Under 

f u l l  4 3  MWg load a t  GEM 1, where t h e  f i r s t  
f l a s h  occurs  a t  - 4 7  p s i a ,  t h i s  amounts t o  
c a l c i t e  p r e c i p i t a t i o n  r a t e s  of  88-354 
kg/hr.  This i s  considerably higher than t h e  
s c a l i n g  tendency of 6.5 ppm, c a l c u l a t e d ’ f o r  
t h e  nor thern  p a r t  of t h e  East Mesa f i e l d  
( V e t t e r  e t  a l . ,  1 9 7 9 ) .  Because t h e s e  
p r e c i p i t a t i o n  r a t e s  would s c a l e  t h e  f l a s h  
t r a i n  s h u t  i n  a m a t t e r  of days ,  s c a l e  
mi t iga t ion  was required.  

The f i r s t  developers t o  use dual-f lash 
technology a t  Eas t  Mesa, GEO Opera tor  
Corporat ion,  a wholly-owned s u b s i d i a r y  of 
Geothermal Resources I n t e r n a t i o n a l ,  I n c . ,  
recognized t h a t  s c a l e  m i t i g a t i o n  must be 
p a r t  of an i n t e g r a t e d  geothermal f l u i d  
t rea tment  program. The program needed t o  
m i n i m i z e  impairment of s u r f a c e  opera t ions  
due t o  s c a l i n g ,  while  c o n t r o l l i n g  t h e  
c o n c e n t r a t i o n s  of  s u s p e n d e d  and  
p r e c i p i t a t e d  s o l i d s  i n  t h e  discharged f l u i d  
a t  l e v e l s  undamaging t o  i n j e c t i v i t y .  
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R e s e a r c h  conducted  d u r i n g  e a r l y  
development of  t h e  Eas t  Mesa r e s o u r c e  
determined t h a t  t h e  high c a l c i t e  s c a l i n g  
p o t e n t i a l  would i n h i b i t  commerc ia l  
product ion (Vet te r  e t  a l . ,  1 9 7 9 ;  Michels, 
1981) .  However, f i e l d  t e s t i n g  showed t h a t  
i n h i b i t o r  chemicals could c o s t - e f f e c t i v e l y  
decrease  o r  e l i m i n a t e  c a l c i t e  s c a l i n g  i n  
s u r f a c e  f a c i l i t i e s  (Vet ter  and Campbell, 
1 9 7 9 ) .  Scale  i n h i b i t o r  chemicals have a l s o  
been l a b  and/or f i e l d  t e s t e d  f o r  geothermal 
a p p l i c a t i o n s  i n  I t a l y  (Corsi  e t  a l . ,  1985),  
Turkey ( P a r l a k t u n a  and Okandon, . 19891, 
Dixie Valley,  Nevada (Benoit ,  1989) Coso, 
C a l i f o r n i a  ( L o v e k i n ,  19891,  Heber ,  
C a l i f o r n i a  (Korf,  1 9 8 9 ) ,  and e l sewhere .  
Where t e s t e d ,  phosphonate products  were 
genera l ly  most e f f e c t i v e .  

The s c a l i n g  p o t e n t i a l  of  f l u i d  
suppl ied  t o  t h e  GEM 1 p l a n t ,  however, i s  
d i s t i n c t  from geothermal f l u i d s  used i n  
previous t e s t s  a t  East  Mesa. For example, 
GEM 1 f l u i d  c o n t a i n s  4-15 t i m e s  more 
c a l c i u m  i n  s o l u t i o n  ( T a b l e  1 ) .  I n  
addi t ion ,  GEM 1 process condi t ions a r e  a l s o  
d i f f e r e n t ,  combining pumped w e l l s  wi th  
dual-f lash steam separat ion.  
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Table 1 - UnFlashed Fluid Compositions 

Well 44-7  GEM 1 Well 56-30" 

TDS (ppm) 67 95 
Na (ppm) 2440.  
c1 (ppm) 3570 
S i O ,  (ppm) 225 
Ca (ppm) 25.6 
Total  CO, (ppm) 1370 
HC0-j (PPm) 488 
pH ( u n i t s )  6.59 
Temperature ( " C )  1 7 2  

5935 
2 0 4 2  
3100 
220  
23 
1520 
480 
6 . 0 7  
1 7 4  

-- 
600 
540 
1 4 0  
5 
1040 
-300 
7 . 9  
157 

*previously t e s t e d  East Mesa f l u i d  (Ve t t e i  
and Campbell, 1 9 7 9 )  

A p i l o t  s c a l e  t e s t  was conducted t o  
s e l e c t  t h e  most c o s t  e f f e c t i v e  c a l c i t e  
s c a l e  i n h i b i t o r  a v a i l a b l e .  E f f e c t i v e n e s s  
was def ined  a s  m i n i m u m  s c a l e  formation a t  
t h e  su r face  and minimal p o t e n t i a l  damage t o  
t h e  i n j e c t i o n  r e s e r v o i r .  The p i l o t  s c a l e  
t e s t  f a c i l i t y  was designed t o  simulate the  
GEM 1 dual-f lash power p l a n t  and i n j e c t i o n  
system. Tes t ing  c o n s i s t e d  of an i n i t i a l  
screening t o  s e l e c t  t h e  two most e f f e c t i v e  
s c a l e  i n h i b i t o r  c h e m i c a l s ,  e x t e n s i v e  
t e s t i n g  i n  t h e  dua l - f l a sh  conf igu ra t ion ,  
and l abora to ry  'bomb' t e s t i n g  a t  r e se rvo i r  
temperatures .  Spec ia l  a t t e n t i o n  was paid 
t o  t h e  e f f e c t s  of i n h i b i t o r s  on suspended 
s o l i d s  load, i n h i b i t o r  l ongev i ty ,  and t o  
o t h e r  forms of f l u i d  t rea tment  such a s  

T N L E  T 

f i l t r a t i o n .  The i n h i b i t o r s  t e s t e d  were 
Na lco  Dynacool 1382 ( p o l y a c r y l a t e )  , 
Monsanto Dequest 2 0 6 0  (phosphonic a c i d ) ,  
Drew Milsperse  802 (polymaleic a c i d ) ,  and 
Betz DG-1181. 

i 

Test F lu id  

study was suppl ied by Well 4 4 - 7 ,  c e n t r a l l y  
loca t ed  i n  t h e  GEO East Mesa f i e l d .  I t  was 
s e l e c t e d  f o r  u s e  b e c a u s e  of i t s  
a v a i l a b i l i i t y  and chemical s i m i l a r i t y  t o  
t h a t  expected f o r  t h e  proposed GEM 1 power 
p l an t  (Table 1 ) .  

The geothermal f l u i d  used i n  t h i s  . 

METHODS 

S c r e e n h a  T e s t  Method 
The screening t e s t  used a segment of 

t h e  dua l - f lash  t e s t  skid,  from t h e  i n l e t  t o  
CV102 (F igu re  1 ) .  Geothermal f l u i d  was 
de l ive red  t o  t h e  i n l e t  by a s l ipstream from 
Well 4 4 - 7 .  I n h i b i t o r  w a s  mixed wi th  
d i s t i l l e d  water  i n  a 55 g a l l o n  p l a s t i c  
drum.. An Eldex p r e c i s i o n  metering pump 
i n j e c t e d  t h e  mixed i n h i b i t o r  a t  a r a t e  of 
6 ml/minute i n t o  a mixing spool .  The f l u i d  
flow r a t e  was c o n t r o l l e d  a t  - 0 . 0 7  I / s .  
Temperature, pressure, '  i n h i b i t o r  feed r a t e ,  
and f l u i d  flow r a t e  were monitored. The 
f l u i d  was f l a s h e d  a t  CV-102 i n t o  p re -  
weighed, 4 6  c m  long, 3 cm O . D .  s t e e l  t ubes .  
q f t e r  24f0.5 hours each t e s t  was completed 
and t h e  s t e e l  t ubes  were d r i e d  and re- 

Figure 1 - Simplified schematic of dual-flash test apparatus 
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w e i g h e d  t o  d e t e r m i n e  t h e  mass o f  sca le  
depos i ted .  S c a l e  t u b e s  were n o t  r e u s e d .  
B a s e l i n e  s c a l i n g  rates were e s t a b l i s h e d  b y  
t h r e e  b l a n k  r u n s  w i t h  n o  i n h i b i t o r ,  t w o  a t  
t h e  b e g i n n i n g  of t h e  t e s t  a n d  o n e  n e a r  t h e  
e n d  (Blank  r u n  #1 las ted o n l y  1 4 . 7  h o u r s ) .  

t h o d  
D u a l - F l a s h  t e s t i n g  e v a l u a t e d  t h e  

p e r f o r m a n c e  of Nalco D y n a c o o l  1 3 8 2  a n d  
M o n s a n t o  D e q u e s t  2 0 6 0  a t  v a r i o u s  
c o n c e n t r a t i o n s  .. T h e  t e s t  s k i d  
c o n f i g u r a t i o n  w a s  d e s i g n e d  t o  rep l ica te  GEM 
1 p l a n t  o p e r a t i n g  c o n d i t i o n s  ( F i g u r e  1, 
T a b l e  2 ) .  F l u i d  a n d  i n h i b i t o r  were 
s u p p l i e d  a n d  mixed  as i n  t h e  s c r e e n i n g  
t e s t .  I n i t i a l  f l a s h i n g  o c c u r r e d  a t  CV-102, 
t h e  v a l v e  u s e d  t o  c o n t r o l  t h e  f l o w  r a t e  a t  
- 0 . 6 2  I / s .  The h i g h  p r e s s u r e  (HP) f l a s h  
was m a i n t a i n e d  a t  -48 p s i a  by  a d j u s t m e n t  of 
PV1. T h e  l o w  p r e s s u r e  ( L P )  f l a s h  o c c u r r e d  
a t  -17 p s i a .  L e v e l s  i n  b o t h  f l a s h  vessels 
were m a i n t a i n e d  w i t h  l e v e l  c o n t r o l  v a l v e s  
(LV-1, LV-2). A b o o s t e r  pump a t  t h e  l i q u i d  
o u t l e t  o f  t h e  LP f l a s h  s u p p l i e d  f l o w  t o  t h e  
r e s i d e n c e  chamber, where  t h e  minimum f l u i d  
r e s i d e n c e  t i m e  was m a i n t a i n e d  a t  -13 
m i n u t e s  b y  a d j u s t m e n t  of PV2; r e s i d e n c e  
chamber  t i m e  s i m u l a t e d  t i m e  s p e n t  i n  t h e  
GEM 1 i n j e c t i o n  p i p i n g  s y s t e m .  T h e  
r e s i d e n c e  chamber  w a s  o u t f i t t e d  w i t h  pre- 
w e i g h e d  s t e e l  p l a t e s ;  t h e y  d i s p l a y e d  
n e g l i g i b l e  sca le  f o r m a t i o n  t h r o u g h o u t  t h e  
d u a l - f l a s h  t e s t s .  The r e m a i n d e r  of t h e  LP 
f l a s h  d i s c h a r g e  w a s  pumped t h r o u g h  a 
f i l t r a t i o n  loop t h a t  w a s  u s e d  t o  e v a l u a t e  
f i l t r a t i o n  s y s t e m s .  The s p e n t  l i q u i d  w a s  
d i s c h a r g e d  t o  a n  e v a p o r a t i n g  pond. 

Each d u a l - f l a s h  t e s t  was s c h e d u l e d  f o r  
1 4  d a y s .  L i q u i d  a n d  gas samples were 
t y p i c a l l y  col lected a t  th ree  day  i n t e r v a l s .  
S a m p l e s  were c o l l e c t e d  b y  f l o w i n g  t h e  
sample f l u i d  ( a t  s y s t e m  p r e s s u r e s  t o  
p r e v e n t  a d d i t i o n a l  f l a s h i n g )  t h r o u g h  t e f l o n  

o r  s t a i n l e s s  s t e e l  t u b i n g  t o  w a t e r - c o o l e d  
c o n d e n s e r  co i l s ,  a n d  t h r o u g h  a 0.2pm f i l t e r  
membrane .  S a m p l e s  were c o l l e c t e d  i n t o  
5 0 0  m l  p o l y e t h y l e n e  b o t t l e s  ( f o r  a n i o n  
a n a l y s i s ) ,  250  m l  p o l y e t h y l e n e  b o t t l e s  
a c i d i f i e d  w i t h  5 m l  HNO3 ( c a t i o n  a n a l y s i s ) ,  
o r  e v a c u a t e d  Giggenbach- type  g l a s s  b o t t l e s  
t rea ted  w i t h  NaOH a n d  CdC12 (gas a n a l y s i s ) .  
Sample c o l l e c t i o n  a t  low p r e s s u r e  p o r t s  was 
aided b y  pumping; a s m a l l  p e r i s t a l t i c  pump 
w a s  u s e d .  Ca lc ium a n a l y s e s  were p e r f o r m e d  
b y  a tomic a b s o r p t i o n  s p e c t r o s c o p y  i n  t h e  
f i e l d  l a b  a n d  b y  i o n - c o u p l e d  plasma mass 
s p e c t r o m e t r y  a t  t h e  U n i v e r s i t y  o f  U t a h  
R e s e a r c h  I n s t i t u t e  i n  c o n j u n c t i o n  w i t h  
comprehens ive  water a n a l y s e s .  Complete gas 
a n a l y s e s  were performed by  Thermochem, I n c .  

A f t e r  e a c h  t e s t  r u n  t h e  f l a s h  t r a i n  
was o p e n e d  a n d  i n s p e c t e d ,  t h e n  c l e a n e d  
b e f o r e  t h e  n e x t  t e s t .  M a s s i v e  s ca l e  
d e p o s i t e d  d u r i n g  T e s t  1 w a s  s o f t  a n d  e a s i l y  
removed b y  s c r a p i n g ,  e t c .  S c a l e  d e p o s i t e d  
i n  t h e  f o l l o w i n g  t e s t s  was much h a r d e r ,  a n d  
removal was v a r i o u s l y  accomplished b y  
s c r a p i n g ,  s a n d b l a s t i n g ,  w a t e r b l a s t i n g ,  a n d  
acid d i s s o l u t i o n .  

I n h i b i t o r  e f f e c t i v e n e s s  was d e t e r m i n e d  
q u a l i t a t i v e l y  b y  v i s u a l  i n s p e c t i o n  o f  t h e  
f l a s h  t r a i n ,  a n d  q u a n t i t a t i v e l y  b y  
e v a l u a t i o n  o f  c a l c i u m  c o n c e n t r a t i o n s  i n  t h e  
t e s t  f l u i d .  A f t e r  T e s t  1 t h e  sca le  was 
removed a n d  weighed;  t h i s  w a s  n o t  possible  
i n  l a t e r  t e s t s  d u e  t o  small sca le  volumes  
a n d  sca le  h a r d n e s s .  S c a l i n g  r a t e s  w e r e  
c a l c u l a t e d  b y  d e t e r m i n i n g  t h e  l o s s  o f  
c a l c i u m  f rom t h e  t e s t  f l u i d  ( a f t e r  
c o r r e c t i n g  f o r  c o n c e n t r a t i o n  d u e  t o  
f l a s h i n g )  . 
Bomb T e s t  Met  hod 

Bomb tests were d e s i g n e d  a n d  c o n d u c t e d  
t o  d e t e r m i n e  t h e  r e l a t i v e  e f f e c t i v e n e s s  o f  

Table 2 - Dual-Flash Test and GEM 1 Plant Conditions 

Z s L L  JkziL.2 2kS.2  

I n l e t  Flow Rate (1b/hr* lO3)  4 . 0 0 5  3 .960  4 .459  

I n h i b i t o r  Tested N-1382 N-1382 M-2060 
I n h i b i t o r  C o n c e n t r a t i o n  (ppm) 1 . 0  4 . 4  3 . 2  

I n l e t  Tempera tu re  ("C) 172 172 172 
I n l e t  P r e s s u r e  ( p s i a )  269 .7  272.2 272 .2  
HP F l a s h  P r e s s u r e  ( p s i a )  48 .0  47 .0  46 .8  
HP F l a s h  F r a c t i o n  ( % )  7 . 0 8  7 . 2 5  7 . 2 6  
LP F l a s h  P r e s s u r e  ( p s i a )  1 6 . 8 4  16 .88  1 7 . 1 5  
LP F l a s h  F r a c t i o n  ( % )  5 . 7 7  5 .82  5 .22  

T o t a l  I n l e t  F l u i d  ( lb*106)  0 . 8 8 8  1 .452  0 .703  
T e s t  D u r a t i o n  ( d a y s )  9 .2  1 5 . 3  6 . 7  
N-l382=Nalco Dynacool 1382; M-2060=Monsanto Deques t  2060 

I n j e c t i o n  Loop Time (minu tes )  1 2 . 7  1 2 . 5  1 2 . 3  

xeS?A 
M-2060 
2 . 0  
4 .450  
172 
257 .7  
46 .7  
7 . 3 0  
1 7 . 1 5  
5 . 6 5  
1 2 . 4  
1 .302  
1 2 . 2  

GaLL 
N-1382 
8 . 0  
7228 
174 
233 .7  
46 .9  
7 . 6 0  
1 6 . 2 3  
6 .30  
2-20 
---- 
---- 

Ratios  o f  B r i n e  Flow Ra te  t o  I n t e r n a l  S u r f a c e  A r e a  of V e s s e l  o r  P i p e l i n e  

HP F l a s h  Vessel 486 480 540 539 964 
LP F l a s h  V e s s e l  4 5 1  445 501 5 0 0 ,  809 
I n j e c t i o n  Loop 4 8 . 3  48 .8  4 9 . 4  4 9 . 1  1 6 1  

( l b s / h r / f t * )  
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i n h i b i t o r s  i n  d e l a y i n g  c a l c i t e  
p r e c i p i t a t i o n  u n d e r  i n j e c t i o n  c o n d i t i o n s  
( i n  t h e  r e s e r v o i r ;  h i g h  t e m p e r a t u r e ,  
e x t r e m e  c a l c i t e  s u p e r s a t u r a t i o n )  . 
I n h i b i t o r - t r e a t e d ,  d u a l - f l a s h e d  t e s t  f l u i d  
w a s  loaded i n t o  p r e s s u r e  bombs t h a t  w e r e  
p l a c e d  i n  a l a b o r a t o r y  oven  a n d  removed a t  
s e l e c t e d  t i m e  i n t e r v a l s  f o r  a n a l y s i s .  
Changes i n  c a l c i u m  c o n c e n t r a t i o n  were u s e d  
a s  a n  i n d i r e c t  m e a s u r e  o f  c a l c i t e  
p r e c i p i t a t i o n .  S t a i n l e s s  s tee l  bombs, 300  
cc i n  volume, were e q u i p p e d  w i t h  v a l v e s  a t  
e a c h  e n d  f o r  sample t r a n s f e r  a n d  a p r e s s u r e  
r e l i e f  v a l v e  t o  d i s c h a r g e  e x c e s s  f l u i d ,  
w i t h o u t  i n t e r n a l  b o i l i n g ,  as it e x p a n d e d  
w i t h  t e m p e r a t u r e .  T h e  bombs were 
p r e t r e a t e d  w i t h  f l a s h e d  f l u i d  i n  a 132OC 
oven  f o r  12  h o u r s  t o  passivate t h e  i n t e r n a l  
s u r f a c e s  a n d  t o  d e p o s i t  a f i l m  of ca l c i t e .  
The bombs were n o t  a c i d - c l e a n e d  b e t w e e n  
t e s t s  i n  o r d e r  t o  m a i n t a i n  a c a l c i t e  
n u c l e a t i n g  s u r f a c e .  

Before f i l l i n g ,  each bomb was f l u s h e d  
w i t h  N2 t o  e l i m i n a t e  0 2 ,  t h e n  f l u s h e d  w i t h  
f l u i d  from t h e  t e s t  s k i d  f o r  a t  l ea s t  1 0  
m i n u t e s .  F o r  e a c h  t e s t  r u n ,  . 5 .to 8 bombs 
w e r e  f i l l e d  w i t h  i n h i b i t e d  a n d  f l a s h e d  
f l u i d ,  t h e n  placed i n  t h e  l a b o r a t o r y  o v e n  
a t  a t  t e m p e r a t u r e  of 132OC. Bombs  were 
a l s o  f i l l e d  a n d  i m m e d i a t e l y  t a k e n  t h r o u g h  
t h e  sample r e c o v e r y  s t eps  w i t h o u t  o v e n  
h e a t i n g  t o  d e t e r m i n e  i n i t i a l  c a l c i u m  
c o n c e n t r a t i o n s .  

The bombs were removed f rom t h e  oven  
a t  se lec ted  t i m e  i n t e r v a l s ,  w e i g h e d  t o  
d e t e r m i n e  f l u i d  l o s s  d u e  t o  e x p a n s i o n  
( t y p i c a l l y  5 %  o r  1 5 g ) ,  a n d  i m m e d i a t e l y  
a t t a c h e d  t o  t h e  sample r e c o v e r y  s y s t e m .  A 
f i l t e r  h o l d e r  (0.2pm f i l t e r )  a n d  m i n i a t u r e  
c o n d e n s e r  were a t t a c h e d  t o  t h e  bomb o u t l e t .  
P r e s s u r i z e d  N2 was a t t a c h e d  t o  t h e  bomb 
i n l e t  t o  force t h e  f l u i d  t h r o u g h  t h e  f i l t e r  
a n d  c o n d e n s e r  w i t h o u t  f l a s h i n g ,  w h i l e  t h e  
c o n d e n s e r  o u t l e t  valve s l o w l y  d i s p e n s e d  t h e  
f l u i d  i n t o  a s a m p l e  b o t t l e .  T o t a l  sample 
r e c o v e r y  t i m e  w a s  l e s s  t h a n  4 m i n u t e s ,  
which min imized  t e m p e r a t u r e  decrease of t h e  
f l u i d  b e f o r e  f i l t r a t i o n .  D u r i n g  e a c h  
sample r e c o v e r y  o p e r a t i o n  t w o  bombs were 
removed f r o m  t h e  o v e n ,  s e q u e n t i a l l y ,  t o  
p r o v i d e  d u p l i c a t e  r e s u l t s  f o r  e a c h  t i m e  
i n t e r v a l .  

Screenincr Test  Results 
Nalco  D y n a c o o l  1 3 8 2  a n d  M o n s a n t o  

D e q u e s t  2060 were t e s t e d  f i r s t ,  e a c h  a t  
t h r e e  c o n c e n t r a t i o n s .  B e c a u s e  t h i s  
e s t a b l i s h e d  a b a s e l i n e  f o r  j u d g i n g  r e l a t i v e  
i n h i b i t o r  e f f e c t i v e n e s s ,  i t  was o n l y  
n e c e s s a r y  t o  t e s t  t h e  r e m a i n i n g  t w o  
p r o d u c t s  ( B e t z  DG-1181, D r e w  Milsperse 802)  
a t  t w o  a n d  o n e  c o n c e n t r a t i o n s ,  
r e s p e c t i v e l y .  S c a l i n g  r a t e s  were 
c a l c u l a t e d  as  mass of p r e c i p i t a t e  d e p o s i t e d  
p e r  mass of f l u i d  f l o w  ( T a b l e  3 ) .  The 
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Monsanto  p r o d u c t  w a s  c l e a r l y  most effect ive 
a t  p r e v e n t i n g  scale f o r m a t i o n  ( a t  t w o  of 
t h e  t e s t  c o n c e n t r a t i o n s  n o  scale  formed, 
a n d  t h e  mass of t h e  s c a l i n g  t u b e  decreased, 
p r o b a b l y  d u e  t o  c o r r o s i o n ) ,  f o l l o w e d  b y  
Nalco, B e t z ,  a n d  D r e w ,  i n  t h a t  o r d e r .  
Thus ,  t h e  Monsanto a n d  Nalco p r o d u c t s  were 
se l ec t ed  f o r  t e s t i n g  i n  t h e  d u a l - f l a s h  
c o n f i g u r a t i o n .  

O x b o w  G e o t h e r m a l  ( D i x i e  V a l l e y ,  
Nevada) c o n d u c t e d  a f i e l d  t e s t  t o  d e t e r m i n e  
r e l a t i v e  e f f e c t i v e n e s s  of v a r i o u s  sca le  
i n h i b i t o r s  f o r  down-hole a p p l i c a t i o n .  The 
p r o d u c t s  t e s t ed  were s u p p l i e d  b y  Nalco, 
B e t  z ( d i f f e r e n t  p r o d u c t  number) , a n d  D r e w .  
T h e i r  r e s u l t s  a re  c o n s i s t ' e n t  w i t h  t h o s e  of 
t h e  p r e s e n t  t e s t ;  t h e  Nalco p r o d u c t  was 
c l e a r l y  more e f f e c t i v e  t h a n  b o t h  t h e  B e t z  
a n d  D r e w  p r o d u c t s  ( B e n o i t ,  1 9 8 9 ) .  
C o r s i  e t  a l .  ( 1 9 8 5 )  c o n d u c t e d  l a b o r a t o r y  
t e s t i n g  of 7 d i f f e r e n t  i n h i b i t o r  c h e m i c a l s ;  
t h e i r  l a b o r a t o r y  t e s t  c o n d i t i o n s  w e r e  v e r y  
s i m i l a r  t o  o u r  s c r e e n i n g  t e s t  c o n d i t i o n s .  
They f o u n d  t h e  most e f fec t ive  p r o d u c t  t o  be 
Monsan to  D e q u e s t  2066 ( t h e  p H - n e u t r a l i z e d  
v e r s i o n  of D e q u e s t  2 0 6 0 ) .  S i m i l a r l y ,  i n  
down-ho le  t e s t i n g ,  t h e y  f o u n d  t h a t  t h e  
o r g a n i c  p h o s p h o n a t e s ,  Monsanto Deques t  2066 
a n d  E u r o s y n  C h e l o n e  DPNA, were m o s t  
e f f e c t i v e  a t  s ca l e  i n h i b i t i o n .  W i t h  
i n h i b i t o r  c o n c e n t r a t i o n s  of 400-500 ppm, 
t h e y  f o u n d  n o  e v i d e n c e  of p s e u d o - s c a l e  
( c a l c i u m  p h o s p h a t e )  f o r m a t i o n .  
D e q u e s t  2060 s u c c e s s f u l l y  i n h i b i t e d  scale 
f o r m a t i o n  i n  e a r l i e r  t e s t s  i n  t h e  n o r t h e r n  
p a r t  of t h e  E a s t  Mesa f i e l d ,  b u t  fo rmed  
p s u e d o - s c a l e  a t  i n h i b i t o r  c o n c e n t r a t i o n s  
> 7 . 5  ppm a n d  t e m p e r a t u r e s  of 132-160°C 
( V e t t e r  a n d  Campbell, 1 9 7 9 ) .  

Nalco D y n a c o o l  1 3 8 2  a n d  M o n s a n t o  
D e q u e s t  2060 w e r e  t e s t e d  i n  t h e  d u a l - f l a s h  
c o n f i g u r a t i o n  a t  t w o  c o n c e n t r a t i o n s  e a c h .  
C a l c i u m  a n d  s o d i u m  c o n c e n t r a t i o n s  a s  
m e a s u r e d  a t  t h e  t e s t  s k i d  i n l e t  (SP-1) a n d  
o u t l e t  (SP-4) ,  a n d  as c a l c u l a t e d  f o r  t h e  
o u t l e t  b y  c o r r e c t i n g  t h e  i n l e t  
c o n c e n t r a t i o n  f o r  steam loss, provide  a 
q u a n t i t a t i v e  a n a l y s i s  o f  i n h i b i t o r  

T a b l e  3 - S c r e e n i n g  T e s t  R e s u l t s  

I n h i b i t o r  S c a l i n g  - &Le1 
Blank  # 1  0 1 0 . 5  
B lank  #2 0 1 4 . 2  
B lank  #3 0 1 7 . 7  
Nalco D-1382 0 . 5  0 .105  

1 . 0  0 . 0 2 1  
2 . 0  0 .015  

0 .009  
1 . 0  -0 .005  
2 . 0  -0.015 

B e t z  D G - 1 1 8 1  0 . 5  0 .472  
0 .023  1 . 0  

D r e w  M-802 0 . 5  2 .966  
l m g  of scale d e p o s i t e d  per k g  of f l u i d  f l o w  

Monsanto D-2060 0 . 5  
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e f f e c t i v e n e s s  (Table 4). The sodium values 
serve  a s  a check of t h e  accuracy of t h e  
calcium values  (assuming no sodium los s  i n  
t h e  sys tem) .  The percent  calcium l o s t  i n  
t h e  f l a s h  system i s  ca lcu la ted  by comparing 
measured o u t l e t  c o n c e n t r a t i o n  (0,) t o  
c a l c u l a t e d  o u t l e t  concentrat ion (Ot) (Table 
4, right-hand column). 

T e s t  1 was t e r m i n a t e d  due t o  f l u i d  
flow r e s t r i c t i o n ;  examination of t h e  f l a s h  
v e s s e l s  revea led  t h a t  r e s t r i c t i o n  was due 
t o  e x c e s s i v e  c a l c i t e  s c a l e  d e p o s i t i o n .  
S c a l i n g  began where t h e  p r e s s u r e  f i r s t  
dropped s i g n i f i c a n t l y  (CV-102), with most 
s c a l i n g  o c c u r r i n g  ' i n  t h e  high p r e s s u r e  
s e p a r a t o r .  In  T e s t  1 60-70% of t h e  i n l e t  
ca lc ium was l o s t  t o  s c a l e  f o r m a t i o n .  
Apparently, t h e  s c a l i n g  r a t e  increased  a s  
t h e  t e s t  progressed,  a s  evidenced by an 
i n c r e a s e  i n  w t . %  calcium l o s s  dur ing  t h e  
t e s t  (Table 4). 

T o t a l  f l u i d  flow dur ing  Tes t  1 was 
403,000 kg, and t h e  average s c a l i n g  r a t e  
was 51.5 ppm CaCO,, suggesting t h a t  -20.7 kg 
of CaC03 was depos i ted  i n  t h e  t e s t  u n i t .  
The mass of s c a l e  removed from t h e  f l a s h  
t r a i n  was 17.3 kg.  A d d i t i o n a l l y ,  t h e  
f i l t r a t i o n  loop removed 0.86 kg of s o l i d s ,  
mostly c a l c i t e ,  from t h e  f lashed f l u i d ,  f o r  
a t o t a l  mass of 18.2 kg. The d i f fe rence  of 
2.5 kg may be t h e  r e s u l t  of using a mean 
i n s t e a d  of an i n t e g r a t e d  s c a l i n g  r a t e ,  
incomplete removal of s c a l e  from t h e  f l a s h  
t r a i n ,  and r e s i d u a l  c a l c i t e  p a r t i c l e s  
f i l t e r e d  out during sample co l lec t ion .  

I n  T e s t  2 t h e  i n h i b i t o r  concentrat ion 
was increased  t o  4 ppm, and t h e  s c a l i n g  
r a t e  dec l ined  t o  less than 20%. Again, it 
appeared t h a t  t h e  s c a l i n g  r a t e  increased a s  
t h e  t e s t  progressed.  Examination of t h e  
f l a s h  t r a i n  revealed t h a t  t h e  i n h i b i t o r  was 
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s i g n i f i c a n t l y  more e f f e c t i v e  than a t  1 ppm, 
with depos i t ion  of 0.5-1.0 kg ( ? )  of s c a l e ,  
mostly i n  t h e  HP f l a s h  v e s s e l .  The average 
s c a l i n g  r a t e  was 8.35 ppm CaC03 and t h e  
t o t a l  f l u i d  flow was 659,000 kg, suggesting 
t h a t  -5.4 kg of CaC0, p r e c i p i t a t e d  a s  pipe- 
wall  depos i t s  and suspended s o l i d s .  

T e s t  3 evaluated Monsanto Dequest 2060 
a t  a concentrat ion of 3 ppm. This t e s t  was 
h a l t e d  due t o  corrosion-induced f a i l u r e  of 
t h e  i n h i b i t o r  feed pump. Although t h e  pump 
f a i l u r e  made q u a l i t a t i v e  assessment of t h e  
i n h i b i t o r  e f f e c t i v e n e s s  d i f f i c u l t ,  i t  was 
apparent  t h a t  s c a l i n g  was m i n i m a l  dur ing  
t h i s  t e s t .  Therefore ,  w e  decreased  t h e  
i n h i b i t o r  c o n c e n t r a t i o n  i n  t h e  fol lowing 
t e s t .  

T e s t  4 l a s t e d  11.5 days and was 
d i s c o n t i n u e d  when it appeared t h a t ,  t h e  
i n h i b i t o r  feed pump was again on t h e  verge 
of c o r r o s i o n - i n d u c e d  f a i l u r e .  S c a l e  
depos i t ion  was minimal; t h e r e  was s l i g h t l y  
more t h a n  i n  t h e  p r e v i o u s  t e s t  a t  a 
concent ra t ion  of 3 ppm f o r  6.5 days, but  
s i g n i f i c a n t l y  l e s s  than  t h e  t e s t  of t h e  
Nalco product a t  a concentrat ion of 4 ppm 
f o r  15.2 days.  A very t h i n  l a y e r  of s c a l e  
formed a t  t h e - i n l e t  t o  t h e  HP f l a s h  v e s s e l  
and c o n t i n u e d  i n  a plume around t h e  
i n t e r i o r  of t h e  f l a s h  vesse l .  The s c a l e  i n  
t h e  high p r e s s u r e  separa tor  was a maximum 
of 6-8mm t h i c k  near  t h e  f l u i d  i n l e t .  The 
s c a l e  appears  as  a l t e r n a t i n g  whi te  and 
green t o  b lack  l d y e r s .  Nine t o  twelve 
l a y e r s  could be d i s t i n g u i s h e d ,  suggest ing 
t h a t  t h e  whi te  l a y e r s  formed while  t h e  
i n h i b i t o r  f e e d  pump r a t e  was b e i n g  
c a l i b r a t e d .  During each pump c a l i b r a t i o n  
t h e  i n h i b i t o r  feed  was d i v e r t e d  f o r  4-10 
m i n u t e s  from t h e  f l a s h  t r a i n .  F i e l d  d a t a  
l o g s  i n d i c a t e  t h a t  t h i s  procedure  was 
performed e i g h t  t imes  dur ing  t h i s  t e s t .  

Table 4 - Dual-Flash Test Calcium Concentrations 

I n l e t  
Inh ib i tor  Measured 

Tested Ca Na 
N-l382/lppm 26.8 2370 

27.0 2390 
26.4 2360 

N-l382/4ppm 26.4 2360 
27.0 2430 
26.1 2430 
26.3 2420 

M-2060/3ppm 26.1 2420 
M-2060/2ppm 25.7 2430 

25.6 2440 
25.6 2360 
25.2 2340 
25.4 2370 

Outlet  
Measured (Om) 

Ca Na 
11.6 2770 
9.6 3690 
8.7 2700 

29.7 2700 
27.2 2730 
26.4 2750 
24.4 2770 
29.1 2730 
29.3 2780 
28.1 2740 
28.8 2730 
28.9 2710 
29.4 2750 

W t .  % Change Out l e t  
Theoret ical  ( O t )  a t  Outlet2 
ca Na ?a Na 
30.6 2707 -62.1 -2.3 
30.8 2730 -69.0 1.5 
30.2 2695 -71.3 0.2 
30.2 2702 - 1.7 -0.1 
30.9 2782 -12.0 -1.9 
29.9 2781 -11.7 0.1 
30.1 2770 -18.9 -0.0 
29.7 2770 - 2.0 -1.4 
29.8 2778 - 1.7 0.1 
29.3 2790 - 4.1 -1.8 
29.3 2698 - 1.7 1.2 
28.8 2675 0.3 1.3 
29.0 2710 1.4 1.5 

A l l  concentrations expressed i n  ppm 
O t  = I n l e t  concentration (pprn) corrected f o r  steam loss  
Om-0t/Ot; w t %  l o s s  o r  gain of calcium and sodium 
Average CaC03 s c a l i n g  r a t e  f o r  duration of t e s t  

sca l ing3  
Rate (mm) 

51.5 

8.35 
1.5 

<1 
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Energy d i s p e r s i v e  X-ray a n a l y s i s  i n d i c a t e s  
t h a t  t h e  white l aye r s  a r e  composed of up t o  
8 1 %  calcium with minor strontium (carbonate 
i s  not de t ec t ed  by X-ray d i s p e r s i o n ) .  The 
green  t o  b l a c k  l a y e r s  a r e  composed of 
nea r ly  equal  f r a c t i o n s  of s i l i c a  and i r o n  
( 3 5 - 4 0 %  e a c h ) ,  w i t h  minor f r a c t i o n s  of 
sodium, magnesium and ca lc ium.  These 
r e s u l t s  i n d i c a t e  r a p i d  d e p o s i t i o n  of 
calcium (and s t ron t ium)  carbonate  dur ing  
pump c a l i b r a t i o n ,  and slow deposi t ion of an 
i ron s i l i c a t e .  

Although t h e  r e s u l t s  of f i l t r a t i o n  
t e s t i n g  w i l l  not be d iscussed  ex tens ive ly  
h e r e ,  t h e y  can be summarized w i t h  t h e  
fo l lowing  s t a t e m e n t s .  Flow of i n h i b i t e d  
f l u i d  through cot ton and s y n t h e t i c  s t r i n g -  
wound c a r t r i d g e  f i l t e r s  caused r ap id  and 
e x t e n s i v e  c a l c i t e  p r e c i p i t a t i o n  on t h e  
f i l t e r  m e d i a .  S c a n n i n g  e l e c t r o n  
micrographs of t h e  f i l t e r  ma te r i a l  i nd ica t e  
t h a t  p r e c i p i t a t i o n  occurred on t h e  f i l t e r  
i t s e l f ,  not i n  t h e  f l u i d .  Energy d i spe r s ive  
X-ray s p e c t r o m e t r y  s u g g e s t s  t h a t  t h e  
p r e c i p i t a t e  i s  almost exc lus ive ly  calcium 
ca rbona te .  E longate  c r y s t a l  morphologies 
a r e  c h a r a c t e r i s t i c  of a r a g o n i t e .  Crys t a l s  
formed d u r i n g  Tes t  1 ( r e l a t i v e l y  poor 
i n h i b i t o r  pe r fo rmance )  were e u h e d r a l ,  
whereas t h o s e  formed dur ing  Test 2 a r e  
anhedral ,  occu r r ing  i n  bo t ryo ida l  masses. 
The anhedral morphologies a r e  ind ica t ive  of 
d i s t o r t e d  c r y s t a l  g rowth ,  caused  by 
r eac t ion  w i t h  t h e  i n h i b i t o r  chemical. W i t h  
r egard  t o  i n j e c t i o n ,  it i s  reasonable t o  

Analvte 
NZi 
K 
Ca 
Fe 
S io2 
B 
L i  
S r  
A s  
Ba 
HC03 
co3 
c1 
so4 
TDS 
P H  
Total  Gas 
co2 
H2 s 
"3 
N2 

CH4 

Test 
Inlet 
2440  

1 9 1  
2 5 . 6  
0 . 3 1  

225  
8 . 7 6  

7 . 5  
5 . 4 5  
0 . 5 7  
0 . 8 1  

488 
<1 

3 5 7 0  
1 0 2  

6795 
6 .59  
1 4 4 0  
1 3 7 0  
0 . 5 5  
1 7 . 4  
1 6 . 9  
2 9 . 9  

assume t h a t  t h e  sed imen t s  r e c e i v i n g  
i n j e c t i o n  f l u i d  w i l l  a c t  a s  a f i l t e r  media, 
and may promote p r e c i p i t a t i o n  of calcium 
carbonate.  

I ,  n V- 
Dual-flash t e s t i n g  c l o s e l y  s imula ted  

GEM 1 p l a n t  p rocess  parameters s u c h ,  a s  , 

i n l e t  t e m p e r a t u r e ,  H P  and LP f l a s h  
p r e s s u r e s  and,  t o  a l e s s e r  e x t e n t ,  
i n j e c t i o n  system residence time (Table 2; 
Table 5 ) .  The average HP steam f r a c t i o n  f o r  
dua l - f lash  t e s t i n g  was about 5 %  lower than . 
GEM 1 - d u e  t o  t h e  s l i g h t l y  lower i n l e t  
t empera tu re .  Dual-flash t e s t i n g  LP steam 
f r a c t i o n s  averaged about 1 0 %  lower than GEM 
1 due t o  inc reased  heat  l o s s  from p ip ing  
connections between the  t e s t  f l a s h  vesse l s ,  
which were un insu la t ed .  Lower t e s t  steam 
f r a c t i o n s  r e s u l t e d  i n  proport ional ly  higher 
steam phase  gas- c o n c e n t r a t i o n s ,  g iven  
s i m i l a r  i n l e t  f l u i d  gas content.  

The r a t i o  of f l u i d  flow r a t e  t o  
s u r f a c e  a r e a  i n  each of t h e  t e s t  f l a s h  
vesse l s  was 50-60% lower than the  analagous 
v e s s e l s  i n  GEM 1 (it was not p o s s i b l e  t o  
match t h e s e  condi t ions more c lose ly  due t o  
t h e  non l inea r  r e l a t i o n s h i p s  of v e s s e l  and 
p ip ing  s i z e s  t o  f l u i d  dynamics), r e s u l t i n g  
i n  decreased  s c a l e  depos i t  t h i ckness  i n  
t h e  t e s t  v e s s e l s  r e l a t i v e  t o  GEM 1 a t  
s i m i l a r  mass , d e p o s i t i o n  r a t e s .  The 
i n j e c t i o n  loop ( r e s idence  chamber) f l u i d  
flow r a t e  t o  s u r f a c e  a r e a  r a t i o  f o r  t h e  
t e s t  was s e t  a t  about  3 0 %  of GEM 1 

Table 5 - Dual-Flash Test' and GEM 1 Plant Chemistry 

T e s t  HP 
Steam. 

2 1 2 0 0  
2 0 4 0 0  

9 . 5 1  
98 .4  

2 4 2  
4 67 

Test HP 
Liauid 
2650  

2 0 8  
2 7 . 2  
0 . 0 8  

232  
9 .35  
8 .12  
5 . 8 1  
0 . 5 8  
0 . 9 8  

484 
9 

3 8 0 0  
1 0 6  

7 2  65 
8 . 6 0  

T e s t  LP 
Liauid 
2 7 4 0  

213  
. 2 8 . 1  
0 .07  

245  
9 . 6 1  
8 . 3 9  
5 . 9 7  

. 0 . 5 6  
0 . 9 3  

432 

3 9 4 0  
1 0 9  

7 5 1 0  
9 . 1 0  

3 3 5  
0 . 5 7  
1 2  .o  

< O .  0 3  
< O .  1 5 3  

42 ' 

3 4 8  

GEM 1 
Inlet 

2 1 2 0  
1 7 0  

2 2 . 0  
0 . 1 6  

2 2 6  
7 . 9 5  
6 . 4 4  
4 . 9 1  

< 0 . 4 9  
0 . 5 8  

5 0 2  
<1 

3 1 6 5  
1 0 9  

6 0 9 9  
6 . 0 4  
1 7 4 0  
1 6 7 0  
1 . 1 7  
1 4 . 9  
1 7 . 9  
2 9 . 8  

GEM 1 HP 
steam 

1 8 4 0 0  
17700  

9 .42  
8 7 . 5  

2 3 0  
388  

GEM 1 HP 
Liuuid 
2 3 2 9  

1 8 4  
2 5 . 4 '  
0 . 0 5  

2 4 9  
8 . 7 8  
6 . 9 9  
5 . 4 1  
0 . 5 8  
0 . 8 1  

5 0 9  
1 9  

3 4 6 0  
1 2 1  

6 6 7 0  
8 . 7 0  

GEM 1 LP 
Liauid 
2 5 2 5  

2 0 0  
2 7 . 5  
0 .14  

272  
9 .45  
7 .57  
5 .84  

- 0 . 6 0  
0 . 8 6  

434 
40  

3 6 8 0  
1 3 0  

7124  
9 . 1 6  

ITest Samples co l l ec t ed  during Test 4 
A l l  concentrations expressed i n  ppm 
C02 includes HCO3 
Refer t o  Figure 1 f o r  sample port  (SP) locat ions 
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2 0  $ 4  W 

i n j e c t i o n  s y s t e m  c o n d i t i o n s  i n  o rder  t o  
maximize t h e  s u r f a c e  a r e a  f o r  s c a l e  
d e p o s i t i o n  on t h e  t e s t  p l a t e s .  
R e c i r c u ' l a t i o n  of  f l u i d  t h r o u g h  t h e  
i n j e c t i o n  loop may have genera ted  more 
turbulence than i s  c u r r e n t l y  experienced i n  
t h e  GEM 1 i n j e c t i o n  system (which now 
o p e r a t e s  a t  lower f l u i d  v e l o c i t i e s  t h a n  
o r i g i n a l l y  es t imated  and i s  experienceing 
s c a l e  d e p o s i t i o n ) .  Higher f l u i d  turbulence 
i n  t h e  t e s t  i n j e c t i o n  loop may have reduced 
t h e  depos i t ion  of weakly adherent s c a l e s ,  
even though more surface a rea  was a v a i l a b l e  
f o r  s c a l i n g .  

5 1  J IO 

In  order  t o  compare t h e  f l u i d  s c a l i n g  
p o t e n t i a l  of t h e  dual-f lash t e s t  t o  t h e  GEM 
1 p l a n t ,  ' c a l c i t e  s a t u r a t i o n s  were 
c a l c u l a t e d  a s  a funct ion of f l a s h  pressure  
using t h e  chemical modeling program, WATCH 
(Svavarsson, 1981). For Test  1, c a l c i t e  
s a t u r a t i o n  r a t i o s  (Q/K; a c t u a l  c a l c i t e  
s o l u b i l i t y  p r o d u c t  [Q], e q u i l i b r i u m  
s o l u b i l i t y  product  [K] ) were c a l c u l a t e d  
based on p r e - f l a s h  chemistry assuming no 

J 
I- 

0 

6o 1 

I I I 1 I I 1 

c o 

0 < I  1 I I 1 

d e p o s i t i o n  ( s c a l i n g  completely i n h i b i t e d ;  
Figure 2 ;  upper curve)  and a l s o  on post-  
f l a s h  chemis t ry  wi th  d e p o s i t i o n  a t  each 
f l a s h  s t a g e  ( r e s i d u a l  c a l c i t e  s a t u r a t i o n ;  
Figure 2; lower c u r v e ) .  

The c a l c i t e  s a t u r a t i o n  curve f o r  GEM 1 
(Figure  3), with e s s e n t i a l l y  100% s c a l e  
i n h i b i t i o n  ( a s  i n d i c a t e d  by c a l c i u m  
c o n c e n t r a t i o n s )  i s  comparable  t o  t h e  
s a t u r a t i o n  curve of complete i n h i b i t i o n  for  
t h e  d u a l - f l a s h  t e s t  ( F i g u r e  2 ) .  The 
maximum c a l c i t e  supersa tura t ion  through the  
GEM 1 HP f l a s h  i s  h i g h e r  t h a n  t h a t  
c a l c u l a t e d  f o r  T e s t  1, with a peak value of 
Q/K=37.4 versus  Q/K=28.3. This  i s  due t o  
t h e  higher  C 0 2  content of HP f l a s h  steam i n  
GEM 1 compared t o  t h e  d u a l - f l a s h  t e s t  
(Table  5 ) ,  which was t h e  r e s u l t  of t h e  
lower H P  f l a s h  f r a c t i o n  i n  t h e  t e s t .  

80 60 40 20 IO0 130 120 

The GEM 1 i n l e t  f l u i d  i s  s l i g h t l y  
supersa tura ted  before  f l a s h i n g  (Q/K=l. 45) . 
This s u p e r s a t u r a t i o n  may be t h e  r e s u l t  of 
us ing  down-hole s c a l e  i n h i b i t o r s  (due t o  

0 

a i  

I I I I 1 

FLASH PRESSURE. P S l A  4 8 .  I 1 7 . 2  

DUAL FLASH TEST I : C A L C I T E  SATURATION V S .  FLASH PRESSURE 
SATURATION CURVE BEFORE CALCITE DEFOSIT ION 
SATURATION CURVE AFTER CALCITE DEPOSITION 

Figure 2 
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d e - g a s s i n g  a t  i n d i v i d u a l  w e l l s ) ,  
e q u i l i b r i u m  w i t h  h y d r a t e d  forms of ca l c i t e  
i n  lower t e m p e r a t u r e  p r o d u c t i o n  wel l s ,  o r  
m i x i n g  o f  f l u i d s  from d i f f e r e n t  wells.  I n  
a n y  case, it d o e s  n o t  a p p e a r  t o  be c a u s i n g  
c a l c i t e  p r e c i p i t a t i o n .  The  t e s t  s k i d  
i n l e t  f l u i d  w a s  s l i g h t l y  u n d e r s a t u r a t e d  
( Q / K = O .  96)  due  t o  f l u i d  t e m p e r a t u r e  d e c l i n e  
t h r o u g h  t h e  wellbore a n d  p i p i n g  t o  t h e  t e s t  
s k i d .  

The GEM 1 LP f l a s h  f l u i d  i s  o n l y  a b o u t  
1 0 %  more s u p e r s a t u r a t e d  t h a n  t h e  t e s t  LP 
f l a s h  f l u i d  (Q/K=55 vs .  5 0 ) .  With t h e  l o s s  
o f  a lmost  a l l  n o n c a r b o n a t e  C02 a t  t h e  HP 
f l a s h ,  t h e  LP f l a s h  c a l c i t e  s a t u r a t i o n  
r a t i o s  a r e  much c l o s e r  i n  v a l u e .  The 
d e h y d r a t i o n  of HC03- t o  C02 g e n e r a t e s  most 
o f  t h e  steam p h a s e  C02 i n  t h e  LP f l a s h ,  b u t ,  
a g a i n ,  C02 w a s  h i g h e r  i n  c o n c e n t r a t i o n  
d u r i n g  t h e  d u a l - f l a s h  t e s t s ,  d u e  t o  t h e  
lower LP f l a s h  s t eam f r a c t i o n .  - 

Bomb t e s t s  e v a l u a t e d  t h e  l o n g e v i t y  o f  
t h e  Nalco p r o d u c t  a t  c o n c e n t r a t i o n s  of 3 . 4  
ppm a n d  7 . 0  ppm, a n d  t h e  Monsanto p r o d u c t  
a t  1 . 4  ppm. The c o n c e n t r a t i o n  of c a l c i u m  i n  
s o l u t i o n  d e c l i n e d  s i g n i f i c a n t l y  be tween  2 
a n d  5 h o u r s  f o r  a l l  c o n c e n t r a t i o n s  ( F i g u r e  
4 ) .  A f t e r  4 . 6  h o u r s  t h e  c o n c e n t r a t i o n  o f  
c a l c i u m  i n  s o l u t i o n  h a d  d e c r e a s e d  52% ( 7 . 0  
p p m  i n h i b i t o r )  a n d  5 4 %  ( 3 . 4  ppm i n h i b i t o r )  
w i t h  t h e  Nalco p r o d u c t ,  b u t  o n l y  45% w i t h  
t h e  Monsanto  p r o d u c t .  More i m p o r t a n t l y ,  
t h e  c a l c i u m  i n  s o l u t i o n  c o n t i n u e d  t o  
d e c l i n e  w i t h  b o t h  c o n c e n t r a t i o n s  of t h e  
Nalco p r o d u c t ,  Fo minima of 1 9 %  a t  7 . 0  ppm 
a n d  31% a t  3 . 4  ppm, w h i l e  t h e  Monsan to  
p r o d u c t  m a i n t a i n e d  a r e l a t i v e l y  c o n s t a n t  
c a l c i u m  c o n c e n t r a t i o n  ( 4 7 % )  up  t o  20 h o u r s .  
O v e r a l l ,  t h e  Monsan to  p r o d u c t  seems t o  
d e l a y  c a l c i t e  p r e c i p i t a t i o n  much more 
e f f e c t i v e l y  t h a n  t h e  Nalco  p r o d u c t ,  
e s p e c i a l l y  c o n s i d e r i n g  t h e  much lower 
c o n c e n t r a t i o n  t es ted .  

SUMMARY 

Based on  t h e  i n h i b i t o r  s c r e e n i n g  t es t s ,  t h e  
Nalco a n d  M o n s a n t o  p r o d u c t s  a re  c l e a r l y  
s u p e r i o r  t o  B e t z  a n d  D r e w  p r o d u c t s  f o r  
i n h ' i b i t i n g  s c a l i n g  i n  a p p l i c a t i o n s  s u c h  as 
g e o t h e r m a l  f l u i d  p r o d u c t i o n  a t  E a s t  Mesa. 
L i k e w i s e ,  from t h e  d u a l - f l a s h  tests it i s  , 

c l e a r  t h a t  t h e  M o n s a n t o  p r o d u c t  a t  a 
c o n c e n t r a t i o n  of 2 ppm i s  c o n s i d e r a b l y  more 
e f f e c t i v e  t h a n  t h e  Nalco p r o d u c t  a t  a 
c o n c e n t r a t i o n  o f  4 ppm. A t  t h e  t i m e  of 
t h i s  p u b l i c a t i o n  t h e  Monsanto p r o d u c t  cost 
w a s  1 . 6  t imes g r e a t e r  t h a n  t h e  Nalco 
p r o d u c t ,  making  it t h e  most-cost e f f e c t i v e  
p r o d u c t  t e s t ed .  However,  t h e  c o r r o s i v e  
n a t u r e  of t h e  Monsanto  p r o d u c t  i n c r e a s e s  
c a p i t a l  costs f o r  i t s  feed equ ipmen t ,  a n d  
makes  i t s  u s e  i n  down-hole  a p p l i c a t i o n s  
v e r y  d i f f i c u l t .  

T h e  r e s u l t s  o f  t h e  s c r e e n i n g  t e s t  were 
repeated i n  t h e  d u a l - f l a s h  t e s t ,  s u g g e s t i n g  
t h a t  t h e  former t e s t ,  which  i s  much f a s t e r  
a n d  less e x p e n s i v e ,  c a n  a d e q u a t e l y  reveal 
t h e  r e l a t i v e  e f f e c t i v e n e s s  of v a r i o u s  
i n h i b i t o r  c h e m i c a l s .  However, n e i t h e r  t e s t  
p r o c e d u r e  w a s  ab le  t o  m i m i c  t h e  a c t u a l  
p l a n t  c o n d i t i o n s  a c c u r a t e l y  e n o u g h  t o  
d e t e r m i n e  t h e  a b s o l u t e  c o n c e n t r a t i o n s  
r e q u i r e d  f o r  complete scale  i n h i b i t i o n  i n  
t h e  p l a n t .  S i m i l a r l y ,  t h e  l a c k  of scale 
f o r m a t i o n  i n  t h e  r e s i d e n c e  chamber d o e s  n o t  
r e f l ec t  a c t u a l  i n j e c t i o n  p i p i n g  c o n d i t i o n s ;  
s c a l i n g  i n  GEM 1 i n j e c t i o n  l i n e s  h a s  
o c c u r r e d  s i n c e  s t a r t - u p .  

The bomb t e s t  r e s u l t s  make it a p p a r e n t  
t h a t  d e g r a d a t i o n  of i n h i b i t o r  p e r f o r m a n c e  
w i l l  o c c u r  a f t e r  i n j e c t i o n .  The Monsanto  
p r o d u c t  d e l a y e d  c a l c i t e  p r e c i p i t a t i o n  
l o n g e r  t h a n  t h e  Nalco p r o d u c t ,  a n d  k e p t  
more c a l c i u m  i n  s o l u t i o n .  
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Figure 4 - Calcium concentration vs. time for laboratory bomb tests 
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