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A b s t r a c t  

A program t o  de te rmine  i f  concrete polymer m a t e r i a l s  

can  be u t i l i z e d  a s  m a t e r i a l s  of c o n s t r u c t i o n  i n  geothermal  

p r o c e s s e s  is i n  p r o g r e s s .  T o  d a t e  several  h i g h  t empera tu re  

poiymer c o n c r e t e  f o r m u l a t i o n s  have  been i d e n t i f i e d ,  l a b o r a t o r y  

tests performed i n  s imula t ed  geothermal  environments ,  f i e l d  

t e s t i n g  i n i t i a t e d  a t  f o u r  geothermal  s i tes ,  and economic 

s t u d i e s  s t a r t e d .  Labora to ry  d a t a  f o r  exposure  t i m e s  >1.5 

years a r e  a v a i l a b l e .  

f o r  180 day  exposures  t o  f l a s h i n g  b r i n e  and h o t  wa te r  and 

a 1 y e a r  exposure t o  d r y  s team. 

Work accomplished d u r i n g  t h e  p e r i o d  October 1 - D e c e m b e r  31, 1976 

is d e s c r i b e d  i n  t h e  c u r r e n t  r e p o r t .  

F i e l d  t es t  r e s u l t s  have been ob ta ined  

Good d u r a b i l i t y  i s  i n d i c a t e d .  

- iii - 



Summary 

S i g n i f i c a n t  improvements i n  t h e  the rma l  s t a b i l i t y  of 

polymer c e m e n t  l i n i n g  m a t e r i a l s  have been made by t h e  use  

of chemical  a d d i t i v e s  and by i n c r e a s i n g  t h e  amount of 

p o r t l a n d  cement i n  t h e  aggrega te .  An optimum a g g r e g a t e  

composi t ion  of 50% sand - 50% cement h a s  been de termined .  

Labora to ry  t e s t i n g  of specimens a t  s imu la t ed  geo- 

t h e r m a l  environments  was con t inued .  Samples w e r e  examined 

a f t e r  exposure  t o  25% b r i n e  a t  177OC (350 F) for  601 

0 0 days ,  25% b r i n e  a t  238 C (460 F) f o r  -200 days, and 400 ppm 

0 

b r i n e  a t  15OoC (302OF) f o r  247 days .  Good d u r a b i l i t y  

is  i n d i c a t e d .  Polymer concrete exposed t o  PH 1 

h y d r o c h l o r i c  a c i d  a t  90°C (194OF) f o r  110 days h a s  not  

d e t e r i o r a t e d .  The c o n c r e t e  control f a i l e d  a f t e r  2 1  days .  

I n i t i a l  f i e l d  tests have been completed a t  BaCa W e l l s ,  

T h e  Geysers, Klamath F a l l s ,  and Raf t  River. Second t e s t  

se r ies  a r e  i n  p r o g r e s s  a t  T h e  Geysers  and Raf t  River. 

Samples e v a l u a t e d  a f t e r  exposure  a t  The  Geysers t o  

d r y  s team a t  238OC (46O0F) f o r  o n e  y e a r  showed good 

d u r a b i l i t y .  The s t r e n g t h s  w e r e  e s s e n t i a l l y  t h e  same a s  

- iv - 
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Examination of specimens exposed f o r  70 days  a t  Raft  

River i n d i c a t e d  t h a t  polymer-impregnated c o n c r e t e  has  

good a b r a s i o n  r e s i s t a n c e .  

exposed i n  t h e " R a f t  River  Corros ion ,  Depos i t i on ,  and 

Components T e s t  Labora tory"  f o r  YO days showed s t r e n g t h  

Polymer concrete samples 

r e d u c t i o n s  of ~30%. The use  of p o r t l a n d  cement i n  t h e  

a g g r e g a t e  can  correct t h i s  c o n d i t i o n .  

Samples w e r e  removed f r o m  3 w e l l s  a t  Klamath F a l l s  

a f t e r  exposure  fo r  1 y e a r .  T e s t  r e s u l t s  a r e  no t  yet 

a v a i l a b l e  . 
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A 1  t e r n a t e  Mate r i a  Is of  Cons t ruc t  i o n  

f o r  Geothermal A p p l i c a t i o n s  

P r o g r e s s  Report  N o  . 11 
October-December 1976 

I n t r o d u c t i o n  

The f e a s i b i l i t y  of u s i n g  concrete-polymer composi tes  

a s  m a t e r i a l s  of c o n s t r u c t i o n  f o r  h a n d l i n g  hot  b r i n e  was 

demonstrated i n  1972 i n  work sponsored by t h e  A t o m i c  Energy 

Commission and the O f f i c e  of S a l i n e  Water. The r e s u l t s  1 

from t h e s e  tests i n d i c a t e d  t h a t  t h e  composi tes  had long- 

t e r m  s t a b i l i t y  i n  seawa te r  a t  177 C (350 F) and i n  a c i d  

s o l u t i o n s .  Based upon these r e s u l t s ,  a research program 

t o  de te rmine  i f  t h e  composi tes  w e r e  a p p l i c a b l e  t o  geothermal  

systems was i n i t i a t e d  i n  A p r i l  1974. 

laboratory and f i e l d  tests have been performed. 

t o  d a t e  have  been  pub l i shed  i n  t e n  p r o g r e s s  r e p o r t s  

a r e  summarized below. 

0 0 

S i n c e  t h a t  t i m e  

The r e s u l t s  

and 2-11 

The a v a i l a b i l i t y  of d u r a b l e  and economic m a t e r i a l s  of 

c o n s t r u c t i o n  for  h a n d l i n g  h o t  b r i n e  and s t eam i s  a s e r i o u s  

problem i n  t h e  development of geothermal  energy.  To d a t e ,  

c o r r o s i o n  and s c a l e  i n c r u s t a t i o n s  have  been encountered  i n  

a l l  geothermal  p l a n t s ,  and t o  v a r i o u s  d e g r e e s ,  a d v e r s e l y  

a f f e c t e d  p l a n t  l i f e  t i m e s  and power o u t p u t .  12 

- 1 -  
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Genera l  gu ides  t o  m a t e r i a l s  s e l e c t i o n  for  oxygen-free 

12 
geothermal  systems have  been pub l i shed  by  Shannon. A t  

i 

1 
* f  

i 
i 

0 0 t empera tu res  of 120 C (250 F) and pH < 6, the  use  of expens ive  

m a t e r i a l s  such  a s  t i t a n i u m ,  z i rconium,  and H a s t a l l o y  C is  i 

i 
sugges t ed  . 

A t  a t empera tu re  of 6OoC (14O0F) severe c o r r o s i o n  of 

carbon s tee l  o c c u r s  i n  a e r a t e d  geothermal  f l u i d s .  The 

c o r r o s i o n  r a t e  i n  a e r a t e d  systems is  r e p o r t e d  t o  be 100 t i m e s  

g r e a t e r  t h a n  i n  oxygen-free gea thermal  f l u i d s .  A s  a r e s u l t ,  13 

a l l  condensa te  and c o o l i n g  w a t e r  p i p i n g  a t  The Geysers is  

c o n s t r u c t e d  of  s t a i n l e s s  s tee l  o r  p l a s t i c - l i n e d  m a t e r i a l .  

It is  a l s o  n e c e s s a r y  t o  c o a t  a l l  c o n c r e t e  s u r f a c e s  t h a t  

come i n  c o n t a c t  w i t h  w a t e r  w i t h  c o a l - t a r  epoxy compounds or 

s y n t h e t i c  rubbe r .  14 

The c o r r o s i o n  r a t e  of carbon s t e e l  i s  a l s o  h i g h l y  

dependent upon t h e  pH of t h e  b r i n e .  A t  t h e  p r e d i c t e d  pH of 

4.9 for oxygen-free S a l t o n  Sea b r i n e s  and a t e m p e r a t u r e  of 

l2 A t  50 C (122 F ) ,  a service l i f e  of < E  yr  is e s t i m a t e d .  

a pH of 4 ,  t h e  e s t i m a t e d  service l i f e  is  2 yr .  

0 0 

E l e c t r o c h e m i c a l  a t t a c k  due t o  h igh  s u l f a t e  c o n t a i n i n g  

s o i l s  p r e s e n t  i n  many p a r t s  of t h e  w e s t e r n  s t a t e s  may res t r ic t  

- 2 -  
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t h e  u s e  of carbon s tee l  p ipe  i n  t h e  development of medium 

. 

t empera tu re  geothermal  r e s e r v o i r s .  Durable and law-cost 

p i p i n g  systems w i t h  minimum thermal  losses a r e  e s s e n t i a l .  

N o t i n g  t h e  above m a t e r i a l s  problems, it appears  t h a t  

c o n c r e t e  polymer composites may have a p p l i c a t i o n  i n  many 

p a r t s  of geothermal  p rocesses .  

l a b o r a t o r y  and f i e l d  conditions a r e  i n  p rogres s  and economic 

s t u d i e s  a r e  b e i n g  made i n  o r d e r  t o  i d e n t i f y  c o s t - e f f e c t i v e  

a p p l i c a t i o n s  . 

D u r a b i l i t y  tests under 

Summary of E a r l i e r  Work 

P r e l i m i n a r y  tests t o  de termine  t h e  s t a b i l i t y  of 

s t y r e n e ,  t r ime thy lo lp ropane  t r i m e t h a c r y l a t e  (TMPTMA), and 

a c r y l o n i t r i l e  (ACN) t e rpolymers  w e r e  completed . D u r a b i l i t y  

t e s t i n g  i n  b r i n e  and s team is  be ing  performed i n  au toc lave-  

t y p e  experiments  a t  t empera tures  up t o  238 C (460 F) . 0 0 

S t u d i e s  t o  e v a l u a t e  t h e  e f f e c t s  of v a r i o u s  t y p e s  of 

aggrega te  on t h e  d u r a b i l i t y  of t h e  composi tes  w e r e  i n i t i a t e d .  

Cooperat ive f i e l d - t e s t  programs w e r e  s t a r t e d  a t  Baca W e l l s ,  

Klamath F a l l s ,  Raft  River and The Geysers. I n i t i a l  tests a t  

Baca W e l l s  and Klamath Fal'ls have been completed. T e s t i n g  

a t  t h e  o t h e r  s i tes  is  con t inu ing .  

Labora to ry  tests t o  de termine  t h e  r e s i s t a n c e  of polymer 

c o n c r e t e  (PC) m a t e r i a l s  t o  pH 1 and pH 3 hydroch lo r i c  a c i d  

- 3 -  



s o l u t i o n s  and t o  s o i l s  c o n t a i n i n g  high s u l f a t e  concen t r a -  

t i o n s  a r e  c o n t i n u i n g ,  To d a t e  e x c e l l e n t  d u r a b i l i t y  is  

i n d i c a t e d  , 

Work was s t a r t e d  t o  deve lop  t h e  t e c h n i q u e s  for pro- 

d u c i n g  PC p i p e  and t h i n  impermeable l i n i n g s  on s tee l  

s u r f a c e s  . T e s t i n g  of t h e s e  m a t e r i a l s  a t  s imu la t ed  Niland 

and Raf t  R i v e r  geothermal  c o n d i t i o n s  was s t a r t e d .  

Cos t -bene f i t  a n a l y s e s  were started and several cost 

effect ive u s e s  f o r  t h e  m a t e r i a l s  w e r e  i d e n t i f i e d .  Appli-  

c a t i o n s  i n  condensa te  p i p i n g  sys tems,  c o o l i n g  w a t e r  systems,  

c o o l i n g  t o w e r s ,  s team s e p a r a t o r s ,  and a c i d  h a n d l i n g  systems, 

appea r  t o  have p o t e n t i a l .  

During t h e  f irst  q u a r t e r  of FY 1977, work was con t inued  

i n  each of t h e  program t a s k s .  T h i s  work is  described i n  the 

c u r r e n t  report .  

Task 1 S e l e c t i o n  of L i n i n q  M a t e r i a l s  

Work i s  b e i n g  performed t o  develop  polymer 

f o r m u l a t i o n s  and polymer c o n c r e t e  composi tes  which can  be 

used a s  m a t e r i a l s  of c o n s t r u c t i o n  a t  t empera tu res  up t o  

260 C (500OF) . 
if m a t e r i a l s  can  be formula ted  f o r  use  a s  w e l l  a s  cementing 

m a t e r i a l s  a t  t empera tu res  up t o  400 C (750 F). T h i s  work is 

d e s c r i b e d  i n  a s e p a r a t e  program e n t i t l e d  "Cementing of 

Geothermal W e l l s " .  15 

0 
Research is  a l s o  b e i n g  performed t o  de termine  

0 0 
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. 

Figure 1. 
dry steam at 238'C for 1 year. 
aggregate consisting of 90% sand - 10% cement. 
others contain only sand. 

PC samples after exposure at The Geysers to 
Samples 275-278 contain 

All 
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Experiments t o  i d e n t i f y  t h e  t y p e s  of a g g r e g a t e  t h a t  

should  be used i n  v a r i o u s  geothermal  environments  w e r e  

con t inued .  M a t e r i a l s  such  a s  s i l i c a  sand ,  p o r t l a n d  cement , 

gypsum (ca lc ium s u l f a t e ) ,  aluminum oxide, aluminum hydroxide,  

and lumni te  cement a r e  b e i n g  i n v e s t i g a t e d .  

Based upon e a r l i e r  o b s e r v a t i o n s  t h a t  PC c o n t a i n i n g  

a mix tu re  of s i l i c a  sand and p o r t l a n d  cement a g g r e g a t e  had 

g r e a t e r  d u r a b i l i t y  i n  b r i n e  and s team t h a n  specimens wi thou t  

cement (see F igure  1 X  a s t u d y  t o  op t imize  t h e  cement c o n t e n t  

h a s  been  performed. I n  t h i s  s t u d y ,  mix tu res  of sand  and 

p o r t l a n d  cement i n  r a t i o s  v a r y i n g  from 9/1 t o  1/4 w e r e  used 

i n  c o n j u n c t i o n  w i t h  t h r e e  styrene-ACN-TMPTMA mix tu res  . The 

thermal s t a b i l i t y  and s t r e n g t h  of the samples  a f t e r  exposure  

a t  238OC (46O0F) was measured. 

Inc reased  the rma l  s t a b i l i t y  w i t h  i n c r e a s i n g  p o r t l a n d  

c e m e n t  c o n c e n t r a t i o n  up t o  a maximum of 50% was noted .  

When a 50% sand-50% cement mix tu re  was used i n  c o n j u n c t i o n  

w i t h  a monomer mix tu re  c o n s i s t i n g  of 55 wt% s t y r e n e  - 36 wt% 

ACN - 9  wt% TMPTMA, e s s e n t i a l l y  no change i n  s t r e n g t h  occur red  

a f t e r  a 30 day exposure a t  238OC (460OF). 

b r i n e  s o l u t i o n  a t  260 C (500 F) is  i n  p r o g r e s s .  

T e s t i n g  i n  a 25% 

0 0 
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Studies to identify other monomer systems which can be 

used to produce high temperature composites are in progress. 

The melting point of a pure polymer can be predicted 

from the following equation: 

A H  T =  -2 

su 
m 

where T, is the thermodynamic melting point of the polymer 
AH is the enthalpy increase per mole of 

&SU is the entropy increase per mole of 
repeating chain units, and 

repeating chain units 

The equation predicts that polymers containing groups 

in their molecular structure with low free rotational energy 

( h  Su) will have the highest melting points and therefore be 

heat resistant materials e 

Polymides and polyphenylene oxides are two classes of 

high temperature polymers being considered. 

polyimides produced from pyromellitic dianhydride and the 

Initially 

following will be evaluated: 4 4'-diaminodiphenyl ether, m- 

phenylenediamine, and p- phenylenediamine. Studies to 

determine if the reactions can be initiated in the presence 

of sand and cement and the effects of hydrolysis on the 

composites will also be performed. 

- 7 -  



The i n c o r p o r a t i o n  of a r i n g - s t r u c t u r e d  m a t e r i a l  such as 

n-phenyl meleimide i n t o  a polymer w i l l  a l s o  i n c r e a s e  the 

t h e r m a l  s t a b i l i t y .  When a c o n c e n t r a t i o n  of  10% of n-phenyl 

meleimide by weight  of monomer was added t o  a mix tu re  

c o n t a i n i n g  55 w t %  s t y r e n e  - 36 wt% ACN - 9 wt% TMPTMA, 

0 
the weight  loss of t h e  composi te  a f t e r  15 days a t  238 C 

(460 F) was reduced by a f a c t o r  of 6 compared t o  the  c o n t r o l s .  

The use  of t r i a l l y l  c y a n u r a t e  (TAC) a s  a c r o s s l i n k i n g  

0 

a g e n t  f o r  p o l y e s t e r  r e s i n s  is  a l s o  under  i n v e s t i g a t i o n .  TAC 

combines the  f u n c t i o n a l i t y  of three a l l y l i c  groups  w i t h  the 

t r i a z i n e  nuc leas .  The l a t t e r  is  o n e  of the m o s t  t h e r m a l l y  

and chemica l ly  s t a b l e  s t r u c t u r e s  known. 

D i f f i c u l t y  i n  c u r i n g  polyester c o n t a i n i n g  TAC was 

encountered  i n i t i a l l y .  T h i s  problem h a s  now been resolved 

u s i n g  2% benzoyl  pe rox ide  and tricresyl phosphate  a s  the 

i n i t i a t o r .  Specimens have been p repa red  f o r  use  i n  t h e r m a l  

s t a b i l i t y  tests which a r e  c u r r e n t l y  i n  p r o g r e s s .  If the 

system h a s  adequate  the rma l  r e s i s t a n c e ,  t h e  r e l a t i v e l y  h i g h  

v i scos i ty  of the p o l y e s t e r  shou ld  be advantageous i n  producing  

t h i n  liners for process piping and vessels. 

- 8 -  
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Copolymers of a s r y l w i d a  w i t h  a c r y l o n i t r i l e  and 

acry lamide  w i t h  styrene a r e  a l s o  be ing  s t u d i e d .  

of t h e  bu lk  copolymers and PC samples have been produced. 

T e s t i n g  is i n  p r o g r e s s -  

Samples 

Task 2 Process  Technology 

Work i s  i n  p r o g r e s s  t o  develop  t h e  technology 

r e q u i r e d  t o  produce PC or PC-lined carbon steel pipe 

f o r  use  i n  t r a n s p o r t i n g  geothermal  f l u i d s .  F i e l d  t e s t i n g  

of p r o t o t y p e s  w i l l  be performed a t  Raft  River  and p o s s i b l y  

a t  Boise, Idaho. This is d i s c u s s e d  i n  Task 4 .  

During t h e  c u r r e n t  r e p o r t  pe r iod  a 3 - f t  l e n g t h  of 

4-in.-i.d. x 6.375-in.-o.d. pc p ipe  was f a b r i c a t e d -  The p ipe ,  

a p r o t o t y p e  of t h e  section t h a t  w i l l  be t e s t e d  a t  Raft  

River, was composed of a monomer mixture  c o n s i s t i n g  of 50 wt% 

s t y r e n e  - 33 wt% ACN - 1 7  wt% TMPTMA and an  aggrega te  

c o n t a i n i n g  90% sand - 10% p o r t l a n d  cement. A f t e r  removal f r o m  

t h e  f o r m ,  t h e  p ipe  was c u t  i n t o  t h r e e  1 - f t  s e c t i o n s  which 

a r e  being used i n  s t r e n g t h  and d u r a b i l i t y  tests. 

The r e s u l t  f r o m  a c r u s h i n g  test i n d i c a t e d  an  i n i t i a l  

three-edge b e a r i n g  s t r e n g t h  of 16,300 lb/ft .  

- 9 -  
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A second t e s t  s e c t i o n  was emersed i n  a 400 ppm b r i n e  

s o l u t i o n  a t  15OoC (3Q2OF) and 80 p s i  fo r  30 days .  

edge b e a r i n g  s t r e n g t h  of 12,000 lb / f t ,  -25% less t h a n  the 

control, was measured. Tests t o  de termine  i f  t h e  d i f f e r e n c e  

A t h r e e -  

i n  s t r e n g t h  was caused by t h e  exposure  t o  hot b r i n e  or 

non-uni formi t ies  i n  t h e  pipe a s  a r e s u l t  of poor compaction 

a r e  underway. 

A h y d r o s t a t i c  test  a t  (200 p s i  and 15OoC ( 3 0 2 O ~ )  is  

p r e s e n t l y  b e i n g  performed. A f t e r  30 days a t  t h i s  c o n d i t i o n ,  

t he  c r u s h i n g  s t r e n g t h  w i l l  be measured. Cont ingent  upon 

the r e s u l t s  f r o m  t h i s  t e s t ,  a 4 - f t  s e c t i o n  w i l l  be 

i n s t a l l e d  a t  Raf t  River. 

Work is  i n  progress t o  deve lop  a durable- low t h e r m a l  

c o n d u c t i v i t y  p i p e  f o r  use  i n  geothermal  space  h e a t i n g  

a p p l i c a t i o n s ,  such a s  a t  Klamath F a l l s ,  Boise, and R a f t  

River. A p i p e  c o n s i s t i n g  of a l i g h t w e i g h t  (-0.31 g/cc) 

core of i n s u l a t i n g - t y p e  c o n c r e t e  w i t h  a t h i n  i n n e r  and o u t e r  

s h e l l  of PC t o  p rov ide  s t r e n g t h  and d u r a b i l i t y  i s  env i s ioned .  

The l i g h t w e i g h t  c o n c r e t e  is made b y  i n c o r p o r a t i n g  p o l y s t y r e n e  

was te  a s  p a r t  of t h e  a g g r e g a t e  and subsequent  h i g h  p r e s s u r e  
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s team c u r i n g .  The the rma l  c o n d u c t i v i t y  of t h e  r e s u l t a n t  

2 m a t e r i a l  is ~ 0 . 0 5  B T U k  ft 

f i b e r g l a s s  i n s u l a t i o n .  

be performed on t h e  composite p ipe .  

OF, only 2.5 t imes that of 

S t r e n g t h  and d u r a b i l i t y  tes ts  w i l l  

Task 3 P h y s i c a l  and Chemical P r o p e r t y  Measurements 

I n  suppor t  of t h e  exper imenta l  work be ing  

performed i n  Tasks 1, 2 and 4, t h e  mechanical and chemical 

r e s i s t a n c e  p r o p e r t i e s  of concrete polymer m a t e r i a l s  a r e  

b e i n g  determined.  

a u t o c l a v e s  a t  c o n d i t i o n s  s i m u l a t i n g  environments i n  which 

f i e l d  tes ts  a r e  i n  p r o g r e s s  or  be ing  planned.  The f a c i l i t y  

consis ts  of 10 a u t o c l a v e s  which a r e  designed f o r  cont inuous 

o p e r a t i o n  w i t h  b r i n e  and s team a t  a tempera ture  of 22OoC 

(428O~) and 2 o t h e r  p r e s s u r e  vessels r a t e d  a t  280 C (536 F). 

The t e s t s  a r e  being performed i n  

0 0 

P r e l i m i n a r y  t e s t i n g  of PC specimens i n  an au toc lave  

c o n t a i n i n g  a 25% c o n c e n t r a t i o n  of s y n t h e t i c  I m p e r i a l  v a l l e y  

geothermal b r i n e  a t  a t empera tu re  of 177 C (350 F) was 

cont inued  d u r i n g  t h e  r e p o r t  pe r iod .  The tempera ture  c o n d i t i o n ,  

f o r  t h i s  t es t  is  approximate ly  the same a s  t h a t  expected 

a t  t h e  i n l e t  to  t h e  second s team s e p a r a t o r  a t  t h e  San Diego 

Gas and Electr ic  Company (SDG & E) f a c i l i t y  when t h e  well-head 

0 0 
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0 0 t e m p e r a t u r e  is  a t  238 C (460 ) ,  and i s  approx ima te ly  8QOc 

(14491 h i g h e r  t h a n  the t empera tu re  a t  which specimens w e r e  

exposed a t  Baca W e l l s .  Two monomer systems, 60 wt% s tyrene-40  

W t %  TMPTMA and 50 wt% s ty rene -33  wt% ACN-17 wt% TMPTMA a r e  

b e i n g  e v a l u a t e d .  The PC f o r m u l a t i o n s  c o n s i s t  of 12 wt% of 

t h e  monomer mixture  and 88 wt% of a 90% sand-lO% p o r t -  

l and  cement aggrega te .  

The test  h a s  been i n  p r o g r e s s  fo r  631  days .  S t r e n g t h  

measurements w e r e  made a f t e r  exposure  f o r  417 days.  A t  t h a t  

t i m e  the s t r e n g t h s  w e r e  the same a s  those measured a f t e r  

exposure  f o r  63 days .  

A v i s u a l  i n s p e c t i o n  of the samples  made a f t e r  631 days  

i n d i c a t e d  no c r a c k i n g  or other s i g n s  of d e t e r i o r a t i o n .  This 

t e s t  is c o n t i n u i n g .  

’Bats in  a n  environment s i m u l a t i n g  the a n t i c i p a t e d  w e l l -  

head c o n d i t i o n s  a t  the  San Diego Gas and Elec t r ic  Co.  f a c i l i t y  

(25% b r i n e ,  238 C (460 F ) )  a r e  c o n t i n u i n g .  T h r e e  Pc  

f o r m u l a t i o n s  c o n t a i n i n g  a 12 wt% c o n c e n t r a t i o n  of s t y r e n e -  

ACN-TMPTMA mix tu res  and 88 wt% of a 90% sand-10% p o r t l a n d  

cement a g g r e g a t e  a r e  b e i n g  e v a l u a t e d .  F i g u r e  2 shows the 

specimens a f t e r  removal f r o m  t h e  a u t o c l a v e  fo r  v i s u a l  

0 0 
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Figure 2 .  PC specimens after exposure to 25% brine at  238'C. 
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i n s p e c t i o n .  

Sample 682 i n  F i g u r e  2 c o n s i s t s  of a monomer mix tu re  

c o n t a i n i n g  50 wt% s tyrene-33  wt% ACN-17 wt% TMPTMA. The sample 

h a s  been  exposed i n  25% b r i n e  a t  238OC (460OF) f o r  203 days.  

A sample c o n t a i n i n g  52 wt% s tyrene-35  wt% ACN-13 wt’3/c 

TMPTMA (Sample No. 676) h a s  been exposed f o r  180 days. E a r l i e r  

tests i n d i c a t e d  a c o n t r o l  s t r e n g t h  of 16,940 p s i  and 16,238 p s i  

a f t e r  exposure  f o r  2 8  days .  

The t h i r d  specimen shown i n  F i g u r e  2 ( N o .  666) c o n s i s t s  

of 55 w t %  s tyrene-36  wt% ACN-9 wt% TMPTMA. This sample h a s  

a l so  been  exposed for 180 days.  

A comparison of Figure 2 w i t h  a n  e a r l i e r  photograph made 

a f t e r  exposure f o r  ‘L 130 days  (see F igure  1 i n  R e f .  11) i n d i -  

c a t e s  no a p p a r e n t  changes i n  the specimens.  T h i s  t e s t  is 

b e i n g  con t inued .  

T e s t i n g  of prototype PC l i n e r s  has been  cont inued.  Two 

monomer mixtures, 60 wt% s t y r e n e 4 0  wt”/c TMPTMA and 50 wt% 

s tyrene-33  wt% ACN-17 wt% TMPTMA a r e  b e i n g  e v a l u a t e d .  

samples  a r e  i d e n t i c a l  t o  those t h a t  w i l l  be t e s t e d  by Lawrence 

Livermore Labora to ry  (LLL) (See Task 4 ) .  To accelerate the 

The 

tes t ,  the samples w e r e  exposed t o  25% b r i n e  a t  a t empera tu re  
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0 0 of 238 C (460 F) r a t h e r  t h a n  the a n t i c i p a t e d  f i e l d  tempera ture  

of 21Ooc (410°F). A f t e r  28 days i n  tes t ,  s l i g h t  bowing of the 

b a r s  occurred  b u t  c r a c k s  w e r e  no t  appa ren t .  The specimens 

w e r e  t h e n  a t t a c h e d  t o  a rod i n  the same c o n f i g u r a t i o n  t h a t  

w i l l  be u t i l i z e d  by  LLL and the test was r e s t a r t e d .  V i sua l  

examinat ion of the b a r s  a f t e r  72 days i n  test i n d i c a t e d  the 

samples t o  be c r a c k - f r e e  and sound (see Figure  2 i n  Ref. 11). 

Flexure  t e s t spe r fo rmed  a t  t h a t  t i m e  on 2 samples i n d i c a t e d  t h a c  

compared t o  the controls,  n e i t h e r  sample e x h i b i t e d  a r e d u c t i o n  

i n  s t r e n g t h .  

During the CULTent r e p o r t  p e r i o d  2 specimens w e r e  examined 

a f t e r  exposure for  131 days.  These samples a r e  shown i n  

F i g u r e  3. The sample c o n t a i n i n g  60 wt% s tyrene-40  wt% 

TMPTMA had a c rack  comple te ly  through t h e  s e c t i o n  

where t h e  p i e c e  was b o l t e d  t o  the suppor t  rod. 

a t  t h e  p o i n t  

E r o s i o n  and 

scaling of the PC was a l s o  appa ren t .  

The sample c o n s i s t i n g  of  50 wt% s tyrene-33  wt% ACN-17 

wt% TMPTMA was c r a c k  free b u t  some erosion of t h e  t o p  s u r f a c e  

had occured.  The f l e x u r e  s t r e n g t h  of the p i e c e  i s  being 

determined b u t  t o  d a t e  the r e s u l t  i s  no t  a v a i l a b l e .  

Based upon the good r e s u l t s  ob ta ined  when 2-in.-cube 

specimens w e r e  exposed fo r  l o n g e r  t i m e s  a t  the same b r i n e  
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Figure 3 .  
€or 131 days. 
Bottom, 60 w t %  styrene-40 w t %  TMPTMA. 

PC l i n e r s  a f t e r  exposure t o  25% brine a t  238°C 
Top, 50 w t %  styrene-33 w t %  ACN-17 w t %  TMPTMA 
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c o n d i t i o n s  (see F igure  2 ) ,  the d e t e r i o r a t i o n  of the b a r s  was 

I .  unexpected. S t r e s s e s  r e s u l t i n g  from the method of a t t a c h i n g  
1 

* the samples t o  the suppor t  rod or t o  v a r i a t i o n s  i n  t h e  

c o n c e n t r a t i o n  of  polymer i n  t h e  samples,  t h e r e f o r e  producing 

a non-uniform coefficient of expansion,  a r e  possible causes .  

These tests w i l l  be repea ted .  

An e v a l u a t i o n  of specimens a t  c o n d i t i o n s  s i m u l a t i n g  t h o s e  

a t  Raft  River and more severe t h a n  t h o s e  a t  Klamath F a l l s  was 

cont inued '  throughout  the r e p o r t  p e r i o d .  Three PC fo rmula t ions  

w e r e  v i s u a l l y  examined a f t e r  exposure t o  a 400 ppm b r i n e  

s o l u t i o n  a t  15Ooc (302OF) for 247 days.  A l l  of the samples 

w e r e  f ree  of c r a c k s  and had not  swol len .  These samples a r e  

shown i n  F igu re  4. Changes i n  appearance s i n c e  the p rev ious  

These tes ts  a r e  b e i n g  
11 examinat ion w e r e  no t  a p p a r e n t .  

1 cont inued  . 
The t e s t i n g  of a 3.5-in.-i.d. x 1-in.- w a l l  PC p ipe  w h i c h  

i s  a p r o t o t y p e  of s e c t i o n s  t o  be i n s t a l l e d  a t  Raf t  River and 

B o i s e  was con t inued .  The b u r s t  p r e s s u r e  of the p i p e  i s  w 400 

p s i .  

140 days t o  a 400 ppm b r i n e  s o l u t i o n  a t  15OoC (302OF). 

p i p e  section is  shown i n  F igu re  5 .  

N o  ev idence  of a t t a c k  was appa ren t  a f t e r  exposure f o r  

The 

.. 

- 
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Figure 4 .  PC specimens a f t e r  exposure t o  400 ppm brine 
at 1SO"C.for 247 days. 
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Figure 5. PC pipe after exposure to 400 ppm brine  at 
150°C for 140 days. 
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A serious problem associated with the conversion of the 

energy content of hypersaline geothermal systems t o  e l e c t r i c  

power i s  precipi ta t ion of amorphous s i l i c a  and other phases 

tha t  can ult imately cause scal ing of the power plant  equip- 

ment. The r a t e  of polymerization of monomeric s i l i c a  is 

dependent upon pH, temperature, s a l i n i t y ,  s i l i c a  concentra- 

t i on ,  and the presence of so l ids .  Recent f i e l d  work a t  

Lawrence Livermore Laboratory hasindicated tha t  a reduction 

of pH levels  over the range of 5.0 t o  1.6 resulted i n  complete 

elimination of sca le  over the temperature range 220°c (428OF) 

t o  105OC (221OF). 16 

I n  the previous progress report’’, r e su l t s  from tests t o  

determine the  resis tance of PC materials t o  pH 3 hydrochloric 

a c i d  solutions a t  2OoC (68OF) and 90°C (194OF) were presented. 

N o  evidence of corrosion w a s  noted a f t e r  exposure fo r  300 days 

a t  2OoC (68OF). The tes t  a t  90°C (194OF) was  terminated a f t e r  

40 days when the concrete control f a i l ed .  N o  a t t a c k  on the 

PC was evident. 

0 0 Testing i n  a pH 1 solution a t  90 C (194 F) has been i n  

progress fo r  110 days. After 2 1  days, the concrete control 

had a weight loss of 19%. To date,  no evidence of corrosion 
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as determined by weight change and pH measurements has been 

detected. 
I - -  

Task 4 Field Tests I ‘  

i 
To date, test series have been completed at Baca I 

Wells, The Geysers, Klamath Falls, and Raft River. Second 
1 

series are in progress at The Geysers and Raft River. Specimens 

have been shipped to Lawrence Livermore Laboratory (LLL) for 

exposure at Niland, California and arrangements are being made 

to initiate tests at East Mesa. The status of each of these 

programs is summarized below. 

The Geysers 

! Tests are in progress to determinethe durability 

of PC when exposed in a well-head chamber to dry steam at a 

temperature of 238 C (460 F). 0 0 
A preliminary test series was 

8 .  completed in September 1975. The results from this test indi- 

cated that the samples had high strength and low permeability 

after exposure for 90 days. 

Based upon these data, a second series was placed in test 

during November 1975. Two monomer systems, 50 wt% styrene-33 

wt”/c ACN-17 &”/E TMPTMA and 55 wt”/c styrene-36 wt”/c ACN-9 wt”/c 

TMPTMA are being tested. Aggregate composition and polymerization 
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method a r e  other v a r i a b l e s  i n  the t e s t  series.  

During the c u r r e n t  r e p o r t  pe r iod  samples w e r e  eva lua ted  

a f t e r  exposure for  365 days (see F igure  1). The t es t  r e s u l t s  

w e r e  i n  agreement w i t h  e a r l i e r  d a t a .  A l l  samples c o n t a i n i n g  

a n  aggrega te  c o n s i s t i n g  of 90% sand-lO”/, p o r t l a n d  cement showed 

good d u r a b i l i t y .  Composites c o n t a i n i n g  o t h e r  t y p e s  of aggrega te  

f a i l e d -  The average  compressive s t r e n g t h  of specimens exposed 

t o  the t e s t  c o n d i t i o n s  f o r  1 y e a r  was 4200 p s i ,  approximate ly  

50% of t h e  c o n t r o l  v a l u e  b u t  i n  agreement w i t h  a v a l u e  of  

4900 psi t h a t  was measured a f t e r  a 90 day exposure.  

The next  e v a l u a t i o n  of specimens i s  scheduled a f t e r  

exposure for  18 months (May 1977). 

Baca W e l l s  

A 180 day t e s t  t o  de termine  the d u r a b i l i t y  of PC 

0 t o  f l a s h i n g  b r i n e  a t  a tempera ture  of w 16Ooc (320 F) h a s  been 

completed and t h e  d a t a  given i n  Ref. 10. The r e s u l t s  i n d i c a t e d  

t h a t  samples c o n t a i n i n g  styrene-TMPTMA w e r e  e s s e n t i a l l y  

una f fec t ed  by t h e  exposure.  Samples c o n t a i n i n g  styrene-ACN- 

TMPTMA polymerized by promoters and i n i t i a t o r s  w e r e  a l s o  

u n a f f e c t e d -  The other samples e x h i b i t e d  strength r e d u c t i o n s  

and i n c r e a s e s  i n  a b s o r p t i o n .  These v a l u e s  w e r e  i n  the same 
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order as  those obtained a f t e r  180 day exposures a t  The Geysers. 

Klamath Fal ls  

The Oregon I n s t i t u t e  of Technology has provided 

assis tance t o  BNL i n  exposing samples t o  geothermal f l u i d s  i n  

Klamath Fal ls ,  Oregon. To date samples have been evaluated 

a f t e r  t e s t  periods of 90 and 180 days. These r e su l t s  a re  

summarized i n  Ref . 11. 

During the current report period the l a s t  s e r i e s  of 

specimens was removed from the t e s t  wells. The samples have 

not yet been shipped t o  BNL. 

R a f t  River Valley and Boise 

Concrete polymer materials may have application 

i n  medium temperature geothermal systems where piping with low- 

cost ,  m i n i m u m  thermal losses,  and durabi l i ty  t o  in te rna l  and 

external  environmental conditions is  essent ia l .  Geothermal 

f l u i d s  meeting t h i s  condition ex is t  i n  the R a f t  River Valley 

Region of Idaho where t e s t ing  of concrete polymer materials 

has been s ta r ted .  To date ,  one t e s t  s e r i e s  has been completed 

and a second is  i n  progress. 

I n  the f irst  experiment, twenty 2-in.-diam. x 0.25-in.- 

thick cement discs, impregnated with 60 wt% styrene-40 wt% 
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TMPTMA, w e r e  s u b j e c t e d  t o  the Raf t  River f l u i d  i n  an  a t t empt  

t o  measure the a b r a s i o n  r e s i s t a n c e .  

A v e r b a l  r e p o r t  from D r .  R. L. Miller i n d i c a t e d  t h a t  a f t e r  

70 days i n  t es t ,  no d e t e r i o r a t i o n  of the polymer-impregnated 

specimens was appa ren t .  Severe a t t a c k  was noted on s e v e r a l  

m e t a l l i c  samples.  D r .  M i l l e r  i s  p r e p a r i n g  a r e p o r t  on th i s  work- 

T e s t i n g  of PC samples i n  t h e  "Raft  River  Mobile Corrosion,  

Depos i t ion ,  and Components T e s t  Labora tory"  was s t a r t e d  i n  

September 1976. A d e s c r i p t i o n  of the specimens and the test 

s e c t i o n  was g iven  i n  Progress Report No .  8 . The test  c o n d i t i o n s  

are as f o l l o w s :  t empera tu re  135OC C2750F1, f l o w  200 gprn, and 

p r e s s u r e  130 psi. 

9 

During the c u r r e n t  report p e r i o d  20 specimens w e r e  removed 

f r o m  test a f t e r  exposure f o r  90 days.  These samples a r e  

shown i n  F igu re  6. V i s u a l  i n s p e c t i o n  i n d i c a t e d  the samples t o  

be crack-f ree . 
Samples c o n t a i n i n g  a 50 w t %  s tyrene-33  wt% ACN-17 wt% 

TMPTMA monomer mixture  and a sand-f lyash  aggrega te  e x h i b i t e d  

a s m a l l  w e i g h t  i n c r e a s e  (H 1%) and an  i n c r e a s e  i n  wa te r  a b s o r p t i o n  

f r o m  w 1.1% t o  2.1%. 

a n  average  of 15,763 p s i  t o  10 ,821  p s i  was a l s o  noted.  

A r e d u c t i o n  i n  compressive s t r e n g t h  from 
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PC specimens after exposure for 90 days to 
, Raft River geothermal fluid at  135OC. 
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Specimens c o n t a i n i n g  a 60 wt% styrene-40 wt% TMPTMA 

monomer mix tu re  and the sand-f lyash  aggrega te  exhibited s l igh t  

w e i g h t  losses (4.6%) d u r i n g  the t e s t  . The average  compressive 

s t r e n g t h  decreased  from 14,960 p s i  t o  10,000 p s i  and the w a t e r  

a b s o r p t i o n  inc reased .  

The above r e s u l t s  a r e  i n  agreement w i t h  r e c e n t  l a b o r a t o r y  

and f i e l d  d a t a  w h i c h  i n d i c a t e  t h a t  the use  of an  aggrega te  

1 0  c o n t a i n i n g  p o r t l a n d  cement is e s s e n t i a l  for  d u r a b i l i t y .  

The reason  fo r  t h i s  is  no t  known and is  c u r r e n t l y  b e i n g  

i n v e s t i g a t e d  i n  Task 1- 

when the Raf t  River samples w e r e  produced and cement was no t  

T h i s  effect  was n o t  known a y e a r  ago 

inc luded  i n  the aggrega te  m i x .  

T e s t i n g  a t  Raft  River is  con t inu ing .  Four samples 

i d e n t i c a l  t o  those d i scussed  above w i l l  be removed a f t e r  exposure 

fo r  180 days.  

t e s t -  These samples i n c l u d e  the 2 fo rmula t ions  d e s c r i b e d  above 

modif ied by the replacement  of the f l y a s h  w i t h  p o r t l a n d  cement. 

A t h i r d  fo rmula t ion  c o n s i s t i n g  of 55 wt% styrene-36 w t %  ACN-9 w t %  

TMPTMA and sand-cement aggrega te  is  a l s o  b e i n g  tested. 

Sand/cement r a t i o s  v a r y i n g  from 9/1 t o  1/1 w i l l  be eva lua ted  

w i t h  th i s  monomer system. 

For ty - s ix  new samples w e r e  a l s o  p l aced  i n t o  

f 
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P l a n s  a r e  b e i n g  made t o  i n s t a l l  a s e c t i o n  of 4-in.-diam. 

A d d i t i o n a l  space  i n  PC pipe i n  the Raf t  River  t es t  f a c i l i t y .  

the f a c i l i t y  w i l l  be provided so t h a t  t h e  2 tests can  be run  

c o n c u r r e n t l y .  

Lawrence Livermore Laboratory/San Diego Gas and Electric Co. 

A program h a s  been e s t a b l i s h e d  i n  w h i c h  BNL w i l l  

tes t  m a t e r i a l s  a t  the San Diego Gas and Electric Co. (SDG & E) 

s i t e  a t  Niland,  C a l i f o r n i a  a s  p a r t  of the ERDA-SDG & E 

Geothermal U t i l i z a t i o n  Project. Lawrence Livermore Labora tory  

( L U )  w i l l  coope ra t e  w i t h  BNL by c o o r d i n a t i n g  the p r o j e c t  and 

i n  the performance of the tests. BNL w i l l  produce the samples 

and L U  w i l l  d e s i g n  the h o l d i n g  f i x t u r e s  and i n s t a l l  the 

specimens 

I n  June  1976 a series of 1 x 6 x 0.5-in. PC b a r s  w e r e  s e n t  

t o  LLL for  exposure a t  Niland t o  f lowing  b r i n e  a t  a tempera ture  

of - 21OoC ( 4 1 0 O ~ ) .  The work was o r i g i n a l l y  scheduled t o  s t a r t  
17  

i n  J u l y  b u t  t o  d a t e  the b a r s  have not  been p laced  i n t o  tes t .  

The revised e s t i m a t e d  s t a r t i n g  d a t e  for  the tes t s  is February.  

Task 5 Technoloqy T r a n s f e r  and Economic Eva lua t ion  

A s  p a r t  of the technology t r a n s f e r  effor t ,  a 

meet ing was held w i t h  producers  of cement-lined pipe. 

c o r r o s i o n  problems exis t  when t h i s  m a t e r i a l  is used t o  t r a n s p o r t  

Severe 
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0 60 C (1400F) oil-field water containing high concentrations of 

H 2 S .  

are planning experiments with polymer cement-lined pipe and 

with polymer-impregnated pipe. If successful, this technology 

will be applicable to process lines in geothermal processes and 

at least 2 suppliers will be identified. 

As a result of the meeting, at least 2 of the producers 

Task 6 Administrative 

During the current report period 3 Monthly 

Administrative Letters have been submitted to DGE and Quarterly 

Report No. 10 was issued. An abstract of a paper entitled "The 

Applicability of Concrete Polymer Materials For Use in Geothermal 

Environments" was submitted to the Society of Petroleum 

Engineers (SPE) for presentation at the "1977 SPE Symposium on 

Oilf ield and Geothermal Chemistry". 
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