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ABSTRACT 

Polymer concrete is a composite material which has strength and 
durability characteristics greatly superior to those of portland cement 
concrete and better durability than steel. 
successfully tested in brine, flashing brine and steam at temperatures up to 
26OOC. Exposures were as long as 960 days. 
concrete pipe was developed with excellent strength, low weight, and a cost 
comparable to or less than schedule 40 steel. Connections can be made with 
slip joints for low pressure applications and flanged joints for high 
pressure applications. 

Polymer concrete has been 

Glass filament wound polymer 

INTRODUCTION 

A serious problem in t development of geothermal energy is the 
availability of durable and economic materials of construction for handling 
hot brine and steam. Hot brine and other aerated geothermal fluids are 
highly corrosive materials and they chemically attack most conventional 
materials of construction. Corrosion and scale incrustations have been 

egrees, adversely 
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A t  a temperature of 6OoC, severe corrosion of carbon steel occurs i n  
ae ra t ed  geothermal f l u i d s .  The corrosion rate i n  ae ra t ed  systems i s  
reported t o  be 100 times g r e a t e r  than i n  oxygen f r e e  geothermal f lu ids .2  
a r e s u l t ,  a l l  condensate and cool ing water piping a t  The Geysers is 
constructed of s t a i n l e s s  steel or p las t i c - l i ned  material. It is a l s o  
necessary t o  coa t  a l l  concrete  sur faces  t h a t  come i n  contac t  with water with 
coa l - ta r  epoxy compounds or syn the t i c  rubber. 

A s  

The corrosion rate of carbon steel is a l s o  h ighly  dependent upon the  pH 
of the  br ine.  
and a temperature of 5OoC, a se rv ice  l i f e  of <15 y r  is est imated. l  
of 4 ,  t h e  est imated s e r v i c e  l i f e  i s  2 y r .  

A t  t he  pred ic ted  pH of 4.9 f o r  oxygen-free Sa l ton  Sea b r ines  
A t  a pH 

Electrochemical a t t a c k  due t o  high s u l f a t e  containing s o i l s  present  i n  
many p a r t s  of t h e  western states may restrict the  use of carbon steel pipe 
i n  the  development of medium temperature geothermal r e se rvo i r s .  
low-cost piping systems wi th  minimum thermal lo s ses  are e s s e n t i a l .  

Durable and 

The f e a s i b i l i t y  of using polymer concrete  composites as a material of 
cons t ruc t ion  f o r  handling hot  b r ine  was demonstrated i n  1972 i n  work 
sponsored by the  Atomic Energy Commission and the  Off ice  of Sa l ine  Watere4 
The r e s u l t s  from these  tests indica ted  t h a t  the  composites had long-term 
s t a b i l i t y  i n  seawater a t  177OC and i n  ac id  so lu t ions .  
r e s u l t s ,  a research  program t o  determine i f  the  composites w e r e  app l i cab le  
t o  geothermal systems was i n i t i a t e d  i n  Apr i l  1974. 
high-temperature polymer concrete  systems have been formulated,  l abo ra to ry  
and f i e l d  tests performed i n  b r ine ,  f l a sh ing  br ine ,  and steam at  
temperatures up t o  26OoC. Laboratory d a t a  f o r  exposure times >2 years  are 
ava i l ab le .  Resul t s  are a l s o  a v a i l a b l e  from f i e l d  exposures of up t o  2 years  
i n  s i x  geothermal environments. Good d u r a b i l i t y  is  indica ted .  Work a t  f i v e  
t e s t  s i tes is  c u r r e n t l y  i n  progress.  The r e s u l t s  t o  da t e  have ind ica ted  the  
p o t e n t i a l  f o r  the  successfu l  use of polymer concrete  composites as l i n i n g  
materials f o r  process piping and vesse l s  i n  geothermal power systems and as 
durable low thermal conduct iv i ty  piping f o r  process heat  and d i s t r i c t  
hea t ing  app l i ca t ions .  

Based upon these  

Since t h a t  t i m e ,  several 

A summary of polymer concrete  test r e s u l t s  is given i n  Table 1. Figure 
1 shows t h e  e f f e c t  of pH 1 hydrochlor ic  ac id  on polymer concrete  samples a t  
90°C. 
concrete  pipe.  
(BNWL) test  f a c i l i t y  a t  East Mesa. 

Figure 2 shows the  e f f e c t s  of 15OOC br ine  on a sample of polymer 
Figure 3 is a view of the  Battelle Northwest Laboratory 

Economic s t u d i e s  performed concurrent ly  with the research program have 
i d e n t i f i e d  s e v e r a l  cos t -e f fec t ive  uses  f o r  the materials i n  geothermal 
processes .  Large cos t  reduct ions as a s u b s t i t u t e  for s t a i n l e s s  steel ,  
t i t an ium,  and Has te l loy  i n  aci,d-bandling systems, condensate-piping systems, 
r e i n j e c t i o n  i i n e s  and steam sepa ra to r s  a r e  ind ica ted .  Uses i n  cool ing 

, and i n  the  production of 
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A study has indicated the use of polym ncrete lining materials 
as a partial replacement for the corrosion allowance in carbon steel 
components for a 50 W e  geothermal plant will reduce the cost of power by - 6.2 mills per kwh.6 
up to 13% for a direct utilization (district heating) appli~ation.~ 

Results from a study indicate capital cost reductions 

The Burns and Roe Industrial Services Company (BRISC) estimated the 

Two processes, sugar beet refining and barley 
impact of the use of non-metallic materials of construction in direct 
utilization processes .6-7 
malting, were evaluated. The results indicated that the substitution of a 
polymer concrete lining for the carbon steel corrosion allowance could 
reduce the cost of the brine systems in a 9x106 kg/day beet refining plant 
by 27%. 
37X. 
polymer concrete vessels could be used (see Table 2). 

In a 1.4 x lo6 lit/yr barley malting plant, the cost was reduced by 
Considerably larger reductions appeared feasible if prestressed 

Experimental and Results 

Polymer concrete consists 
is subsequently polymerized in 
placement are similar to those 

of an aggregate mixed with a monomer, which 
place. 
used for portland cement concrete, and after 

The techniques used for mixing and 

curing a high strength durable material is produced. 
process variables are monomer and aggregate composition and the aggregate 
particle size distribution. 
strengths of 200 MPa. Full strength is attained immediately after the 
polymerization reaction is completed. 
using polymerization initiators in conjunction with heat or at ambient 
,temperature using initiators and promoters. Depending upon the temperature 
and the concentrations of the promoter and the initiator, the cure time can 

d from a few minutes to four hours. 

The most important 

Specimens can be produced with compressive 

Polymerization can be accomplished 

ystems that can be used in high temperature polymer 
concrete formulations have been developed. For components designed to 

gate consisting of 
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.After the required amounts of i n i t i a t o r s  and promoters are d isso lved  i n  
the  monomer, t h e  material is mixed convent ional ly  with the  sand-cement 
aggregate using explosion-proof equipment. It is then placed in forms which 
are coated with a s i l i c o n e  release agent.  External  v i b r a t i o n  is used t o  
compact the  polymer concrete.  Dependant upon the  i n i t i a t o r  and promoter 
concent ra t ions ,  s i z e  of t he  batch,  form mass etc., cur ing  can gene ra l ly  be 
con t ro l l ed  t o  occur i n  1 t o  2 hr .  After removal from the  form, the  polymer 
concrete  i s  subjected t o  a d d i t i o n a l  hea t ing  t o  in su re  t h a t  the  
polymerization r eac t ion  is complete. Typical  values  of the  compression and 
s p l i t t i n g  t e n s i l e  s t r eng th  of t h e  polymer concrete  descr ibed above, measured 
a t  e leva ted  temperatures,  are given i n  Figures  4 and 5 .  

The polymer concrete  formulation, descr ibed above, has a g r e a t  adhesion 
t o  most materials. The choice of mold materials i s  very l imi ted .  Polished 
s teel  works f a i r l y  w e l l ,  but  becomes scratched f a i r l y  e a s i l y .  No mold 
release has been found t h a t  is completely s a t i s f a c t o r y .  
c a s t i n g  polymer concrete  pipe is shrinkage of the pipe onto the  inner form. 
The inne r  form can be coated with s i l i c o n e  rubber but  s i l i c o n e  rubber is 
expensive and has  a l imi ted  l i f e ,  when in contac t  with uncured polymer 
concrete .  

Another drawback to  

Producing g l a s s  f i lament  re inforced  pipe is a so lu t ion  t o  the molding 
problem. Glass f i lament  wound pipe technology can be adapted f o r  use with 
t h e  high temperature polymer concrete  formulation descr ibed above. Filament 
wound pipe can be made th inner ,  and the re fo re  l i g h t e r ,  i t  is less f r a g i l e  
and lo s ses  less s t r e n g t h  a t  high temperatures. Even though g l a s s  c l o t h  and 
g l a s s  roving is expensive, the  t o t a l  c o s t  per foo t  of pipe is comparable to  
t h a t  of schedule 40 steel  pipe.  

The polymer concrete  used i n  making f i lament  wound pipe was a 
modif icat ion of the  polymer concrete  used f o r  c a s t i n g  pipe.  The amount of 
cement was kept  t he  same a t  30%,  by weight, but a l l  of the aggregates  l a r g e r  
than 50 microns were removed. This s l u r r y  was c a r r i e d  onto the mandrel with 
t h e  g l a s s  roving. Coarse aggregates  were spr inkled  onto the w e t  mandrel and 
dens i f i ed  with a r o l l e r .  Glass c l o t h  l aye r s  were appl ied t o  give the pipe 
s t r eng th  i n  the  a x i a l  d i r e c t i o n .  Each combination of g l a s s  roving, s l u r r y ,  
coarse  aggregate  and g l a s s  c l o t h  produces a l aye r  3.7 mm th ick .  
l a y e r s  can be appl ied  t o  produce a pipe of any des i red  thickness .  
four  hours a t  room temperature the  pipe can be removed from the  mandrel and 
oven cured. 

Mult iple  
Af t e r  

Two types of p i p e  j o i n t s  have been evaluated with f i lament  wound 
polymer concrete  pipe. 
winding the  pipe;  t he  sp igot  i s  formed by sur face  gr inding  the oppos i te  end 
a f t e r  removal from t h e  mandrel. 
p i p e  using the  polymer concrete  batch containing coarse aggregate.  

S l i p  j o i n t s  can be made by forming the  b e l l  while 

Flanges have'been cast onto the  ends of the  

Filament wound polymer concrete  p i p e  s ec t ions  have been joined by both 
methods and success fu l ly  t e s t e d  t o  862 kPa a t  100°C. Pipe sec t ions  7 . 6  mm 
t h i c k  have been h y d r o s t a t i c a l l y  t e s t ed  t o  4.14 MPa at  ambient temperatures. 
Pipe sec t ions  7 . 6  mm th i ck ,  15.24  c m  I.D. and 25 .4  c m  long have a crushing 
s t r eng th  of 36.7 Kg/cm. Sect ions 12.7  mm t h i c k ,  15.24  c m  I . D .  and 25 .4  c m  
long have a crushing s t r eng th  of 136 Kg/cm. 
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These s t r e n g t h  values  are equal  t o  o r  g r e a t e r  than those f o r  cast 
polymer concre te  pipe.  
nea r ly  the  same as a cast piece 1.9 c m  t h i c k  ( s e e  Table 3), but  the  weight 
p e r  u n i t  l eng th  i f  approxima,te$y one-half t h a t  o t pipe. The cos t  of 
f i l ament  wound polymer concre te  pipe is approxim 
schedule  40 steel  p ipe  a t  15 c m  I . D .  but  i s  22% less expensive than  30 c m  
diameter pipe.  

The c o s t  of a 1 cm t h i c k  f i lament  wound p i p e  is 

15% g r e a t e r  than 

Figure 6 shows a f i lament  wound polymer concrete  pipe with a cast-on 
polymer concre te  f lange .  
polymer concre te  pipe.  

Figure 7 shows a 25 cm s e c t i o n  of  f i lament  wound 

CONCLUSIONS 

Polymer concre te  is a composite material which has s t r e n g t h  and 
d u r a b i l i t y  characteristics g r e a t l y  super ior  t o  those of por t land  cement 
concre te  and b e t t e r  d u r a b i l i t y  than steel. Laboratory and f i e l d  tests show 
the  material a b l e  t o  withstand the  r i g o r s  of exposure t o  geothermal f l u i d s .  
Polymer concre te  systems have been success fu l ly  t e s t e d  in br ine ,  f l a s h i n g  
b r ine  and steam a t  temperatures up t o  26OOC. Exposures were as long as 960 
days. F i e ld  tests have been conducted a t  The Geysers, U.S. Bureau of Mines 
Corrosion F a c i l i t y ,  Raf t  River and the  East Mesa Geothermal F a c i l i t y .  

Glass f i lament  wound pipe is being developed incorpora t ing  the  durable  
polymer concrete .  
p ressure  a p p l i c a t i o n s  and cast-on f lange j o i n t s  f o r  higher  pressure  
app l i ca t ions .  
p ressure  of more than 4140 kPa. 
s t r e n g t h  of  1250 Kg/m.. 

Connections can be made using s l i p  j o i n t s  f o r  lower 

Pipe s e c t i o n s  1.0 mm t h i c k  can withstand a h y d r o s t a t i c  
Sect ions 1.5 mm t h i c k  have a’crushing 

Cost estimates show t h a t  15  c m  I . D .  g l a s s  f i lament  wound pipe would be 
approximately 15% more expensive than schedule 40 s t e e l  pipe. 
I.D. f i lament  wound pipe would be approximately 22% less expensive. 
a d d i t i o n ,  the  g l a s s  f i lament  wound p i p e  weighs only 30% as much as the  
comparable schedule 40 steel  

T h i r t y  c m  
In 

and is  more durable  i n  harsh environments. 
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B a t t e r y  L i m i t s  

ORIGINAL 
METAL 

Table 2 

SAVINGS WITH POLYMER  CONCRETE^ 

Heber P l a n t  

POLYMER 
CONCRETE SAVINGS 

% REDUCTION 
OR SAVINGS 

Eq u i pm en t 
Flash Tanks $561,610 $90,548 $47 1,062 83.9 
E j e c t o r s  and 

Condensers 18,634 20,206 -1,572 -8.4 

Sub t o t a l  $ 591,263 $ 116,538 $474,725 80.3 
Vent Scrubber 11,019 5,784 5 , 235 47.5 

Lines 1,408,112 1,001,763 28.9 406,349 - 
T o t a l  B.L. $1,999,375 1,118,301 881 , 074 44.1 

Outside Ba t t e ry  
Limits  

Brine Supply Lines 

Brine Rein jec t ion  Lines  

T o t a l  O.B.L. 

Grand T o t a l  

Ba t t e ry  Limits  

$1,090,080 $ 713,028 

6,134,860 3,654,187 

7,224,940 4,367,215 

$9,224,315 $5,485,516 

NILAND PLANT 

Or i g  i n a  1 Polymer 
M e t  a l l i c  Concrete 

Equipment $ 698,915 $ 381,027 
Lines 905,919 670,666 

$1,604,834 $1,051,093 

$ 377,052 34.6 

2,480,673 40.4 

2,857,725 39.6 

$3 , 738,799 40.4 

% Reduction 
Savings o r  Savings 

$317,888 45.5 
235,853 

$553,741 
26 .O 
34.5 

b . 



Table 3 

COST AND WEIGHT OF CAST AND FILAMENT WOUND PIPE 

15.24 c m  I . D .  x 1 c m  t h i c k  30.5 c m  I .D .  x 1 c m  t h i c k  

Cost of FWPC pipe $19.55/m $35.20/m 
(material and labor)  

Weight of FWPC pipe 12.45 Kg/m 24.14 Kg/m 

15.24 c m  I.D.xl.9 c m  t h i c k  30.5 c m  I.D.xl.9 c m  t h i c k  

Cost of Cast Pipe $20.43/m $36.42/m 
(material and labor)  

Weight of Cast Pipe 24.66 Kg/m 46.56 Kg/m 

15.24 c m  I.D.x.98 c m  t h i c k  30.5 c m  I.D.x.98 c m  t h i c k  

Cost of Sch 40 Pipe $17.13/m $48.29/m 
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Figure 1. PC a f t e r  exposure t o  pH 1 €IC1 a t  90°C f o r  2 y r .  

No. 549, 55 w t %  S t  - 36 w t %  TMPTMA - 9 w t %  Hetron 197 
NO. 5 4 4 ,  55 w t %  S t  - 36 w t %  ACN - 9 w t %  TMPTMA 
NO. R-5, 80 W t %  S t  - 1 2  W t %  PPO - 8 W t X  TMPTMA 
NO. 4 3 4 ,  6 0  W t X  S t  - 40 W t %  TMPTMA 

Figure 2. PC pipe a f t e r  exposure t o  400 ppm b r ine  a t  150°C f o r  252 days. 
No d e t e r i o r a t i o n  i s  apparent.  

Figure 3 .  BNWL test f a c i l i t y  a t  East  Mesa. 
i n  t h e  i n s u l a t e d  pipe i n  t h e  l e f t  foreground of the  f igu re .  

The PC specimens are pos i t ioned  

Figure 4 .  Compressive s t r e n g t h  vs. temperature f o r  polymer concre te  
cy l inde r s .  

Figure 5. S p l i t t i n g  t e n s i l e  s t r e n g t h  vs. temperature f o r  polymer concre te  
cy l inders .  

Figure 6. Filament wound polymer concre te  pipe with cast-on polymer 
concrete  f lange.  

Figure 7. Sect ion of 25 cm I . D .  f i lament  wound polymer concre te  pipe.  



Figure 1 .  PC a f t e r  exposure to pH 1 HC1 at 90°C f o r  2 yr. 

No. 549, 55 w t X  S t  - 36 w t %  TMPTMA - 9 w t %  l k t r o n  197 
NO. 544, 55 W t X  S t  - 36 wtX ACN - 9 I&% TMPTMA 
NO. R-5, 80 wtX S t  - 12 w t %  PPO - 8 WtX TPIPTMA 
NO. 4 3 4 ,  60 w t %  S t  - 40 w t X  TMPTMA 
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Figure 4. Compressive strength vs. temperature for polymer concrete 
cy1 fnd ers . 

25 5c) 75 100 125 150 

TEF13ERRTURE ("C) 
Figure 5 .  Spl i t t ing  tensile strength vs .  temperature f o r  polymer c,mcrete 

cyl inders.  
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Figure 6 .  Filament wound polymer concrete p i p e  with cast-on 
polymer concrete flange. 
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D. filament wound polymer 




