
SILICA PRECIPITATION AND SCALING I N  DYNAMIC GEOTHERMAL SYSTEMS* W 
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demonstrated exce l l en t  s e r v i c e a b i l i t y  over a period of years  i n  s a l i n e  water cor- 
rosion s t u d i e s  ( to  275°C and 2 M N a C l ) ,  with and without po l lu t an t  add i t ives  such 
as H2S, N'H3, and S02, and should be equally usefu l  i n  t h i s  application. Simulated 
s i l ica  sa tu ra t ed  geothermal waters are prepared by c i r c u l a t i n g  p a r t  of t he  loop 
flow (%1 gpm) through a bypass column f i l l e d  with amorphous s i l i ca  powder. Ex- 
p lora tory  s t u d i e s  i n  a Once-Through Development System (described below) ind ica ted  
t h a t  porous Vycor (Cornin- Glass Code #7930, 97% S i 0  3% B2O3) w a s  a s u i t a b l e  ma- 

approached equilibrium i n  agreement with ca l cu la t ion  and with the  an t i c ipa t ed  15 
p s i  pressure drop through an 18 in .  deep bed of 140-200 mesh Vycor powder. 

terial f o r  loading the  column. A recent  run a t  % 22 r O C  confirmed t h i s :  t h e  system 

A second %1 gpm stream is c i r cu la t ed  through a hea t  exchanger i n  which dynamic 
sca l ing  s t u d i e s  w i l l  be conducted. 
l i n e a r  flow rate of  4-7 fps ,  Reynolds' number of 104 t o  lo5. 
is divided i n t o  f i v e  consecutive segments so successive temperature i n t e r v a l s  can 
be instrumented t o  monitor changes i n  hea t  t r a n s f e r  c h a r a c t e r i s t i c s ;  selective de- 
s t r u c t i v e  examination, when desired,  is a l s o  f a c i l i t a t e d .  Blind end flanges on 
each segment permit borescope examination of scales i n  s i t u  and sampling access.  
The stream leaving the  hea t  exchanger is reheated by an e l e c t r i c a l  rehea t  system to 
rep lace  t h e  40 kw heat equivalent removed a t  maximum AT and recycled. 

I n  order t o  prevent overheating of t he  windings, transformer o i l  is c i r c u l a t e d  
through t h e  pump s t a t o r  t o  maintain a temperature of 50 t o  100OC. 
end of t he  canned motor pump, which normally operates i n  the  s a m e  composition 
f l u i d  as is c i r c u l a t i n g  in t h e  loop, would be a p o t e n t i a l  site f o r  scale forma- 
t ion .  
through t h e  pump motor compartment i n t o  t h e  loop proper. This  r e s u l t s  i n  t h e  neces- 
s a r y  letdown of 1 gph of so lu t ion  sa tura ted  with s i l ica  a t  t h e  temperature of column 
operation; t h i s  stream is a v a i l a b l e  f o r  monitoring the  sca l ing  c h a r a c t e r i s t i c s  of 
t h e  so lu t ion  o r  preparing sca led  specimens f o r  o the r  s tud ies .  
can be used t o  modify the  composition of t h e  stream as desired.  

Design va r i ab le s  include: o v e r a l l  AT t o  125OC, 
The hea t  exchanger 

Thus the  motor 

In  order t o  e l imina te  t h i s  p o s s i b i l i t y ,  s i l ica  f r e e  feed so lu t ion  is pumped 

An i n j e c t i o n  pump 
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I n i t i a l  consideration of t h e  modification of the 100 gpm loop pointed up the need 
f o r  a Once-Through Development System t o  produce design d a t a  and experience. The 
system involves a high pressure  Pulsafeeder feed pump, preheater,  s a t u r a t o r  column, 
and letdown system - which have changed and evolved with needs and experience. 
The system was  o r i g i n a l l y  used t o  provide spec i f i ca t ions  f o r  design of t h e  dynamic 
loop sa tu ra t ing  column. Other uses t o  be  discussed: Prepartng s tock  and s p e c i a l  
s i l ica  so lu t ions  f o r  bench scale s tud ie s .  Studying so lu t ions  t o  letdown valve 
pluggipg problems. Scaling s t u d i e s  i n  t h e  letdown system(s) a. conditions pro- 
moting sca l ing ;  b. provide scale samples f o r  development of cha rac t e r i za t ion  
methods. 
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HEATING ELEMENT NO. 3 / 

ORNL-DWG. 75-44904 

HEATING ELEMENT NO. 2 

INTER MEOiATE 
COOLER 

S I  L l C A  DEPOSITION DEVELOPMENT SYSTEM 
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On Carbon Steel a t  approximately 100'C; 
4 5 0 0 ~  

On Stainless Steel a t  approximately 
100°C; 4 5 0 0 ~  
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MONOMER CONCENTRATION IN FEED (Ppn1 SIO,)  u 
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MONOMER ON AMORPHOUS SILICA POWDER 



P 0 L Y : I E R  CONCENTRATION IN F E E D  ( , ~ p ~ l  SIO,) 
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