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As p a r t  o f  t h e  Penn S t a t e  s c a l i n g  p r o j e c t  sponsored by t h e  
U. S .  Bureau o f  Mines, we designed a f i e l d  t e s t  t o  determine 
s c a l i n g  r a t e s  f rom homogeneous geothermal f l u i d s .  T h i s  techn ique  
has been used on t h e  concen t ra ted  b r i n e s  o f  t h e  S a l t o n  Sea K.G.R.A.  
The p r i n c i p l e  adopted for  t h e  t e s t  was t o  c o o l  t h e  b r i n e  a b r u p t l y  
t o  a c o n t r o l l e d  temperature and then t o  m a i n t a i n  f l o w  u n t i l  s u f f i -  
c i e n t  s c a l e  was d e p o s i t e d  t o  determine s c a l e  compos i t i on  and 
amount d e p o s i t e d  a l o n g  t h e  f l o w  path.  

F i g u r e  1 i s  a schematic diagram o f  o u r  exper imenta l  appa- 
r a t u s .  A s e l e c t e d  p r o p o r t i o n  o f  t h e  geothermal b r i n e  i s  mixed 
w i t h  i r r i g a t i o n  o r  o t h e r  water  a t  ambient temperatures t o  produce 
a mixed f l u i d  a t  t h e  r e q u i r e d  temperature.  The remainder o f  t h e  
geothermal b r i n e  f lows th rough  a smal l  heat  exchanger where i t  
i s  coo led  t o  t h e  chosen temperature and ma in ta ined  as a s i n g l e  
phase. The smal l -volume heat  exchanger ( F i g u r e  2) was c o n s t r u c t -  
ed f rom a two- foo t  l e n g t h  o f  s i x  inch-d iameter  p ipe .  Bo th  end 
p l a t e s  a r e  i d e n t i c a l  and c o n t a i n  p o r t s  f o r  e n t r y  and e x i t  o f  
b o t h  t h e  geothermal b r i n e  and t h e  c o o l i n g  f l u i d .  The b r i n e  i s  
quenched w i t h i n  a 2 5 - f o o t ,  h e l i c a l  c o i l  o f  1 / 4  inch-d iameter  
copper t u b i n g .  The c o i l  has a f o u r - i n c h  o u t s i d e  d iameter  wh ich  
g i v e s  each t u r n  a t o t a l  l e n g t h  o f  app rox ima te l y  one f o o t .  
Flow r a t e s  were determined by measur ing t h e  t i m e  t o  c o l l e c t  
measured volume o f  e f f l u e n t  i n  a b a r r e l .  

The b r i n e  from Magmamax I ( cou r tesy  o f  San Diego Gas and 

A c o n s t a n t  f l o w  r a t e  o f  1 f 0.1 g a l l o n s ' p e r  
E l e c t r i c  Company) was i n t r o d u c e d  i n t o  t h e  heat  exchanger a t  
225OC and 25 ba rs .  
m i n u t e  was ma in ta ined  f o r  t h e  f o u r  hour d u r a t i o n  o f  each run. 
Exper iments were repeated a t  i n t e r v a l s  o f  25OC f o r  quench tempera- 
t u r e s  between 225OC and 75'C. 
15 m inu tes  and f l o w  r a t e s  every h a l f  hour.  Due t o  s c a l i n g  w i t h i n  
t h e  tube  and f l u c t u a t i o n s  in t h e  f l o w  r a t e  o f  t h e  w e l l ,  minor  
p e r i o d i c  ad justments had t o  be made t o  m a i n t a i n  t h e  constancy 
o f  temperature and f l o w  r a t e .  Dur ing  t h e  course o f  i n d i v i d u a l  
exper iments,  t h e  c h l o r i d e  c o n t e n t  o f  t h e  incoming b r i n e  was moni- 
t o r e d  t o  determine whether upstream f l a s h i n g  was s i g n i f i c a n t l y  
a l t e r i n g  t h e  compos i t i on  o f  t h e  incoming b r i n e .  Any runs wh ich  
i n c l u d e d  f l a s h e d  b r i n e s  were d i sca rded .  Upon comp le t i on  o f  t h e  
exper iment ,  t h e  c o i l s  were removed, weighed and s t o r e d .  

Temperatures were mon i to red  eve ry  
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When t h e  e n t i r e  s u i t e  o f  c o i l s  were re tu rned t o  o u r  labora-  
t o r y ,  they were d r i e d  i n  a n i t r o g e n  stream, any e x t e r i o r  s c a l e  f rom 
t h e  c o o l i n g  f l u i d  was removed and t h e  c o i l s  were reweighed. F i g u r e  
3 i s  a p l o t  o f  t h e  t o t a l  weight  o f  t h e  c leaned c o i l  as a f u n c t i o n  
o f  quench temperature.  The maximum amount o f  s c a l e  was formed a t  
quench temperatures between 125 and 150°C. 
t h e  b r i n e  was o n l y  s l i g h t l y  supersaturated and a t  lower  tempera- 
t u r e s ,  t h e  r a t e s  o f  p r e c i p i t a t i o n  were s low enough t h a t  o n l y  a 
r e l a t i v e l y  smal l  amount o f  s c a l e  was p r e c i p i t a t e d  d u r i n g  f l o w  
through t h e  tube. 

A t  h i g h e r  temperatures,  

The c o i l s  were c u t  i n t o  i n d i b i d u a l  loops and t h e  d i s t r i -  
b u t i o n  o f  s c a l e  a long t h e  c o i l s  was determined by weighing.  
Several  s c a l e  samples f rom d i f f e r e n t  c o i l s  were mounted and 
analyzed by x - r a y  d i f f r a c t i o n ,  scanning e l e c t r o n  microscopy-- 
i n c l u d i n g  x - r a y  emiss ion spectroscopy, and s tandard p o l i s h e d  
s e c t i o n  mic roscop ic  techniques. Scales formed f rom t h e  S a l t o n  
Sea B r i n e s  a r e  a complex m i x t u r e  o f  carbonate,  s u l f i d e  and s i l i -  
c a t e  m i n e r a l s .  The m a j o r i t y  o f  t h e  s c a l e  i s  composed o f  Pbs and 
c o p p e r - i r o n  s u l f i d e  phases d ispersed i n  a carbonate m a t r i x - -  
l a r g e l y  a r a g o n i t e .  The c r y s t a l  h a b i t  o f  t h e  a r a g o n i t e  and t h e  
abundance o f  c o p p e r - i r o n  s u l f i d e s  i s  a f u n c t i o n  o f  b o t h  t h e  
r a p i d i t y  o f  t h e  quench and t h e  quench temperature.  

The r e s u l t i n g  e a s i l y  acqu i red  da ta  show t h e  dependence 
on temperature decrement and d is tance,  o f  t h e  amount and compo- 
s i t i o n  o f  s c a l e  t h a t  i s  l i k e l y  t o  form d u r i n g  geothermal develop-  
ment o f  a w e l l .  These da ta  app ly  t o  a f l u i d  o f  f i x e d  i n i t i a l  
compos i t ion  be ing  cooled,  e i t h e r  b e f o r e  o r  a f t e r ,  b u t  n o t  d u r i n g  
f l a s h i n g .  The k i n e t i c s  o f  f l a s h i n g ,  where v o l a t r t e  components 
a r e  p a r t i a l l y  removed, may be s i g n i f i c a n t l y  d i f f e r e n t  b o t h  i n  
r a t e s  and i n  composi t ion o f  r e s u l t i n g  scale.  F u r t h e r  exper iments 
have been designed t o  determine t h e  e f f e c t s  o f  f l a s h i n g  on t h e  
k i n e t i c s  o f  s c a l e  fo rmat ion .  
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FIGURE 3 .  Weight change o f  coils as a function of quench temperature. 
The 175°C experiment was duplicated and both values are plotted. 
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