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S i n c e  t h e  Geothermal  Loop Exper imen ta l  F a c i l i t y  

(GLEF) start-up i n  May, 1976, a s u b s t a n t i a l  amount of informa- 

t i o n  h a s  been  o b t a i n e d  on t h e  o p e r a t i o n  of  t h e  p l a n t ,  components,  

b r i n e  and steam compos i t ion ,  p r o d u c t i o n  and i n j e c t i o n  w e l l s ,  

and t h e  p o t e n t i a l  o f  t h e  Ni l and  R e s e r v o i r .  The Geothermal 

Loop Exper imen ta l  F a c i l i t y  (GLEF) was mod i f i ed  d u r i n g  t h e  

l a s t  year from a f o u r  s t a g e  f l a s h / b i n a r y  process t o  a t w o  

s t a g e  f l a s h  process w i t h  two para l le l  f l a s h  t r a i n s  fo r  t h e  

e x t r a c t i o n  of  e n e r g y  from a h i g h  t e m p e r a t u r e ,  h i g h  s a l i n i t y ,  

l i qu id -domina ted  r e s o u r c e .  

T h i s  Report summarizes t h e  g e n e r a l  o p e r a t i o n  and 

accompl ishments  o f  t h e  GLEF d u r i n g  t h e  period from October, 

1977 t h r o u g h  September ,  1978 (Annual Report S e c t i o n )  and 

d e t a i l s  t h e s e  a c t i v i t i e s  d u r i n g  t h e  period from J u l y ,  1978 

t h r o u g h  September, 1978 ( Q u a r t e r l y  Report). 

During t h e  Annual Repor t ing  period, t h e  f o u r  s t a g e  

f l a s h / b i n a r y  process t e s t  r e s u l t s  were used i n  a F e a s i b i l i t y  

and R i sk  S t u d y  which i d e n t i f i e d  t h e  two s t a g e  f l a s h  cycle as 

t h e  preferred cycle. The f a c i l i t y  was m o d i f i e d  t o  test  

c r i t i c a l  p o r t i o n s  o f  t h e  c y c l e  and t e s t i n g  was i n i t i a t e d .  

-1- 
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The purpose  of t h e  Annual Repor t  is to h i g h l i g h t  

and summarize t h e  impor t an t  resu l t s  from t h i s  p r o j e c t  d u r i n g  

t h e  one  y e a r  p e r i o d  from Octobe r  1, 1977 th rough  September 

30, 1978. 

H i g h l i g h t s  of s i g n i f i c a n t  operational problems 

encoun te red  are inc luded  i n  t h e  O p e r a t i o n s  Section. The 

Main tenance  S e c t i o n  describes t h e  major main tenance  a c t i v i t i e s  

and d i f f i c u l t i e s  w i t h  p l a n t  equipment .  

In fo rma t ion  on t h e  p r o d u c t i o n  and i n j e c t i o n  wells 

a c t i v i t i e s  fo r  t h e  y e a r  is b r i e f l y  discussed i n  t he  R e s e r v o i r  

O p e r a t i o n s  S e c t i o n .  

An update on tests conducted for t h i s  y e a r  are 

b r i e f l y  h i g h l i g h t e d  i n  t h e  T e s t i n g  Section. An overv iew of 

t h e  F e a s i b i l i t y  S tudy  is i nc luded  i n  t h e  O t h e r  A c t i v i t i e s  

S e c t i o n .  

T y p i c a l  b r i n e ,  steam, condensa te ,  c o o l i n g  water, 

and b i n a r y  f l u i d  c h e m i s t r y  is p r e s e n t e d  i n  t h e  Chemis t ry  

S e c t i o n .  

Only t h e  h i g h l i g h t s  of t h e  p r o j e c t ' s  annual  a c t i v i t y  

has been i n c l u d e d ,  The Q u a r t e r l y  Reports p r o v i d e  f u r t h e r  

de ta i l s ,  if r e q u i r e d .  

-2- 



GEOTHERMAL LOOP EXPERIMENTAL FACILITY 
Niland, California 



CONCISE HISTORY AND DESCRIPTION OF THE NILAND GLEF 

E a r l y  i n  1972, t h e  c o n c e p t  of b u i l d i n g  a Geothermal 

Loop Exper imen ta l  F a c i l i t y  (GLEF) a t  t h e  Ni land  Known Geo- 

thermal Resource  A r e a  (KGRA) w a s  o r i g i n a t e d .  T h i s  area is 

located on  t h e  s o u t h e r n  s h o r e  of  t h e  S a l t o n  Sea n e a r  N i l and ,  

C a l i f o r n i a .  SDG&E, i n  c o o p e r a t i o n  w i t h  Magma Power Company, 

d r i l l e d  and flowed a geo the rma l  test  w e l l  t o  demons t r a t e  t h e  

a b i l i t y  o f  t h e  Ni l and  R e s e r v o i r  t o  produce  a s i g n i f i c a n t  

amount of  hydro the rma l  f l u i d  capable f o r  t h e  p r o d u c t i o n  

o f  e lectr ic  power. 

I n  May, 1975, c o n s t r u c t i o n  o f  t h e  GLEF began and 

s t a r t - u p  o f  p l a n t  o p e r a t i o n s  commenced on May 3, 1976. (See 

F i g u r e  1-1 for  t h e  g e n e r a l  appea rance  of t h e  GLEF) .  T h i s  

10-megawatt s i z e  f a c i l i t y  is t h e  f irst  of its k i n d  for 

t e s t i n g  h i g h  t e m p e r a t u r e  ( i n  e x c e s s  o f  500°F downhole) and 

h i g h  s a l i n i t y  (250,000 ppm) geo the rma l  r e s o u r c e s .  

Magma Power Company, j o i n t l y  w i t h  t h e  New Alb ion  

Resource  Company (NARCO), s u p p l y  geo the rma l  f l u i d  ( b r i n e )  

from t w o  p r o d u c t i o n  wells,  Magmamax No.  1 and Woolsey N o .  1. 

These  are located n e a r  t h e  test  f a c i l i t y  which is t h o u g h t  t o  

be i n  t h e  c e n t e r  of  t h e  geo the rma l  anomaly. Magmamax N o .  1 

p r o d u c e s  b r i n e  w i t h  a typ ica l  t e m p e r a t u r e  and p r e s s u r e  a t  

t h e  w e l l h e a d  of 440°F and 350 ps ig ,  r e s p e c t i v e l y ,  w i t h  a n  

a v e r a g e  flowrate o f  a p p r o x i m a t e l y  400,000 lb s /h r .  Woolsey 

No. 1 h a s  produced b r i n e  w i t h  a t y p i c a l  t e m p e r a t u r e  and 

-3- 



p r e s s u r e  a t  t h e  we l lhead  of  380°F and 200 p s i g ,  r e s p e c t i v e l y ,  

w i t h  a n  a v e r a g e  f l o w r a t e  of  approx ima te ly  3 0 0 ~ 0 0 0  l b s / h r .  

However, Woolsey w a s  n o t  used r e c e n t l y  due to  r e q u i r e d  

r e p a i r s  and e f f l u e n t  t r e a t m e n t  sys t em f l o w r a t e  l i m i t a t i o n s .  

The p l a n t  h a s  been mod i f i ed  to  a c c e p t  a t w o - w e l l  f l o w r a t e  o f  

800,000 l b s / h r .  The produced b r i n e  is flowed through t h e  

p l a n t  and t h e n  i n j e c t e d  i n t o  t h e  r e s e r v o i r  approx ima te ly  one 

m i l e  away th rough  one of  two i n j e c t i o n  w e l l s ,  Magmamax No. 2 

and No. 3. Magmamax No. 3 h a s  been t h e  p r imary  i n j e c t i o n  

w e l l ,  b u t  Magmamax No. 2 is now be ing  used as t h e  i n j e c t i o n  

w e l l .  

On A p r i l  13, 1978 t h e  p l a n t  was s h u t  down f o r  

c l e a n i n g  and p l a n t  m o d i f i c a t i o n s .  A t  t h i s  t i m e  t h e  p l a n t  

was modified from a f o u r  s t a g e  f l a s h / b i n a r y  sys tem ( F i g u r e  

1 - 2 )  t o  a two-stage f l a s h / b i n a r y  sys t em ( F i g u r e  1-3) .  

Cri t ical  p o r t i o n s  of a t w o  s t a g e  f l a s h  sys tem w i t h  t w o  

p a r a l l e l  f l a s h  " t r a i n s "  are s i m u l a t e d .  Each s u p p l y  w e l l  has  

a separate s e t  of  f l a s h  v e s s e l s .  The steam produced by t h e  

f l a s h e d  b r i n e  passes th rough  steam s c r u b b e r s  to  remove 

e n t r a i n e d  b r i n e  c o n t a i n i n g  s a l t s  and m i n e r a l s .  The sc rubbed  

steam is condensed by t h r e e  h e a t  exchange r s  a t  approx ima te ly  

200,000 l b s / h r ,  p a r t i a l l y  v a p o r i z i n g  t h e  b i n a r y  f l u i d ,  which 

is  now be ing  used o n l y  to  d iss ipa te  t h e  h e a t  energy .  The 

condensed steam is p r i m a r i l y  used f o r  c o o l i n g  water make-up, 

b u t  c a n  be recombined w i t h  t h e  b r i n e  and i n j e c t e d  i n t o  t h e  

r e s e r v o i r  f o r  tes t  p u r p o s e s  . The noncondens i b l e  g a s e s  

-4- 
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p r i m a r i l y  carbon dioxide w i t h  small amounts of o t h e r  g a s e s  

i n c l u d i n g  hydrogen s u l f i d e ,  are exhaus ted  to  t h e  atmosphere 

t h r o u g h  a 130 foot h i g h  s t a c k .  

The b i n a r y  f l u i d  is t h e n  cooled and condensed by 

c o o l i n g  water i n  t h e  condense r s .  Design o f  an  e f f l u e n t  

t r e a t m e n t  sys t em ( c l a r i f i e r / f i l t e r )  h a s  begun. 

I n  a d d i t i o n  to  t e s t i n g  t h e  c r i t i ca l  p o r t i o n s  of 

t h e  t w o  stage f l a s h  process, e v a l u a t i o n  of t h e  r e s e r v o i r  

a f t e r  t h e  i n j e c t i o n  of  cooled b r i n e  and a s s e s s i n g  t h e  

p o t e n t i a l  of t h e  Ni l and  geo the rma l  r e s e r v o i r  are underway. 

San  Diego G a s  & Electric Company ( S D G & E )  owns t h e  f a c i l i t y  

and manages its t e s t i n g .  SDG&E and t h e  Uni ted  States Depart- 

ment of Energy (DOE) j o i n t l y  fund t h e  a c t i v i t i e s  o f  t h e  

f ac i 1 i t y  . 
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1 0 OPERATIONS 

The GLEF operated for  a t o t a l  o f  4357 h o u r s  from 

October 1, 1977 t h rough  September 30, 1978. T h i s  gave  t h e  

p l a n t  an  a v a i l a b i l i t y  of 65% f o r  t h i s  t i m e  period e x c l u d i n g  

s c h e d u l e d  o u t a g e s .  T h i s  r e p r e s e n t s  a s i g n i f i c a n t  i n c r e a s e  

compared to  t h e  47% p l a n t  a v a i l a b i l i t y  a c h i e v e d  t h e  p r e v i o u s  

y e a r .  If a l l  o u t a g e s  ( s c h e d u l e d  and unschedu led )  were 

i n c l u d e d ,  t h e  p l a n t  c a p a c i t y  f a c t o r  f o r  t h i s  t i m e  period 

would be 49%. 

i n  f a c i l i t y  o p e r a t i o n s .  

T h i s  a l so  r e p r e s e n t s  a s i g n i f i c a n t  improvement 

During t h e  majority o f  t h e  o p e r a t i n g  t i m e ,  o n l y  

o n e  of t h e  t w o  s u p p l y  wells, Wagmamax #1 was used. There  w a s  

l i m i t e d  u s e  of t h e  second w e l l ,  Woolsey #1 for  t w o  w e l l  

o p e r a t i o n  i n  December and ear ly  J a n u a r y ,  however it was 

conc luded  t h e  br ine  from t h e  Woolsey #1 w e l l  was n o t  a 

r e p r e s e n t a t i v e  f l u i d ,  d u e  t o  a hole i n  t h e  c a s i n g  which 

p r e c l u d e d  f u r t h e r  use.  

A l m o s t  all i n j e c t i o n  f o r  t h i s  e n t i r e  period w a s  

w i t h  c o n c e n t r a t e d  b r i n e  i n t o  Magmamax #3 v i a  a s e t t l i n g  t a n k  

sys tem.  C o n c e n t r a t e d  b r i n e  r e s u l t s  from f l a s h i n g  steam 

w i t h o u t  r e t u r n i n g  t h e  c o n d e n s a t e  (or  o t h e r  water) as a 

makeup stream t o  t h e  b r i n e .  A p i l o t  reactor/clarifier was 

operated o n  a side stream t o  d e v e l o p  d e s i g n  data f o r  a f u l l  

scale u n i t  t o  be i n s t a l l e d  as an  e f f l u e n t  t r e a t m e n t  system. 

The i n j e c t i o n  pump (P-2) caused  s e v e r a l  p l a n t  shutdowns when 

t h e  pump d i s c h a r g e  p r e s s u r e  f e l l  o f f  due  t o  p l u g g i n g  caused  
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m o s t l y  from a l a r g e  amount of s o f t  scale bu i ldup .  V a r i o u s  

f l u s h i n g ,  p u r g e ,  and h y d r o b l a s t  t e c h n i q u e s  to  remove t h e  

s o f t  scale were tested w i t h  o n l y  p a r t i a l  success. 

During p l a n t  o p e r a t i o n  t h e  condense r  p r e s s u r e  drop 

i n c r e a s e d  on  s e v e r a l  occasions. A f t e r  shutdown and i n s p e c t i o n  

of t h e  t u b e  s h e e t s ,  it was de te rmined  t h a t  a b u i l d u p  of 

scale and deb r i s  c o n t a i n i n g  l a r g e  amounts of i r o n  were t h e  

c a u s e  of t h e  i n c r e a s e d  p res su re -d rop .  S c r e e n s  were added t o  

remove d e b r i s  and t h e  chemica l  water t r e a t m e n t  modif ied t o  

c o n t r o l  c o r r o s i o n .  A spool piece was also i n s t a l l e d  on t h e  

24"  i n l e t  l i n e  between t h e  t w o  c o n d e n s e r s  to  e n a b l e  f u t u r e  

i n s p e c t i o n  i n t o  t h e  i n l e t  s ide or bottom of each  condense r  

w i t h o u t  removing t h e  condense r  heads. Geothermal  steam 

c o n d e n s a t e  is b e i n g  tested as makeup f o r  t h e  c o o l i n g  water 

pond a t  p r e s e n t .  T h i s  is done  by d i v e r t i n g  it to  t h e  c o o l i n g  

pond and t r e a t i n g  t h e  pond w i t h  ZM136 t o  s e t t l e  t h e  z i n c  and 

i r o n  and i n j e c t i n g  l a r g e  amounts of c h l o r i n e  t o  k i l l  b i o l o g i c a l  

growth  p r e s e n t  i n  t h e  condense r  t ubes .  

P inch  v a l v e s  were i n s t a l l e d  i n  t h e  low p r e s s u r e  

p o r t i o n s  of t h e  br ine  system. These p i n c h  v a l v e s  are r u b b e r  

l i n e d  c o n t r o l  v a l v e s  used t o  c o n t r o l  b r i n e  f l o w .  They 

a p p e a r  to  be a p romis ing  means o f  c o n t r o l  because o f  t h e i r  

a b i l i t y  t o  resist c o r r o s i o n  and scale bu i ldup .  I n i t i a l  u s e  

r e s u l t e d  i n  l i n e r  f a i l u r e s .  Revised l i n e r  materials have 

improved per formance .  
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Pigging  is proving  t o  be a re l iable  means of  s o f t  

scale removal i n  t h e  i n j e c t i o n  l i n e .  Th i s  is be ing  done on 

a d a i l y  basis.  Sone d i f f i c u l t i e s  w i t h  s h o r t  r a d i u s  elbows 

and tee 's  have been expe r i enced .  

S e t t l i n g  t a n k s  are be ing  used t o  s e t t l e  s o l i d s  

from t h e  e f f l u e n t  f l ow e x i t i n g  t h e  p l a n t  pr ior  to  i n j e c t i o n .  

A p i l o t  c l a r i f i e r  w a s  first i n s t a l l e d  a t  t h e  s e t t l i n g  t a n k s  

and was t h e n  moved t o  t h e  p l a n t  t o  take a small p o r t i o n  o f  

b r i n e  from an a tmosphe r i c  f l a s h  tank .  T e s t i n g  of  t h i s  p i l o t  

u n i t  h a s  been on going  t o  e n a b l e  t h e  development of a p o s i t i v e  

and cost e f f e c t i v e  means of  b r i n e  t r e a t m e n t  prior t o  i n j e c t i o n .  

On J u l y  1 0 ,  1978 t h e  p l a n t  was s tar ted up for the 

f i rs t  t i m e  a f t e r  a major p l a n t  m o d i f i c a t i o n  from a f o u r  

s t a g e  f l a s h / b i n a r y  sys tem t o  c r i t i c a l  p o r t i o n s  of a para l le l  

two-stage f l a s h  system. Each s u p p l y  w e l l  h a s  i ts own t w o -  

stage system. ( F o r  d e t a i l s  see J u l y ,  1978 Q u a r t e r l y  Report). 

Data from t h e  two-stage o p e r a t i o n  

c o n t i n u e  to be used. 

is be ing  o b t a i n e d  and w i l l  
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2.0 RESERVOIR OPERATION 
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2.1 P r o d u c t i o n  Wells 

I n  November, 1977 a s p i n n e r  s u r v e y  i n d i c a t e d  

Woolsey #1 had a hole i n  t h e  l i n e r  a t  t h e  1 ,370  foot l e v e l .  

The h o l e  a l lowed  u n r e p r e s e n t a t i v e  f l u i d s  to  be produced. 

The c a u s e  of t h e  h o l e  i n  t h e  l i n e r  is n o t  de te rmined .  T h i s  

w e l l ,  as o r i g i n a l l y  completed, d i d  n o t  produce  a d e q u a t e  

b r i n e .  Deepening was accomplished by d r i l l i n g  th rough  t h e  

e x i s t i n g  l i n e r .  T h i s  d r i l l i n g  may have damaged t h e  l i n e r .  

C o r r o s i o n  may have a lso c o n t r i b u t e d  t o  t h e  f a i l u r e .  Downhole 

c o r r o s i o n  w i l l  be e v a l u a t e d  by p l anned  t e s t i n g .  T h i s  problem 

was corrected i n  May, 1978 by t h e  u s e  of a t i e  back l i n e r .  

L i m i t e d  c a p a c i t y  o f  t h e  e f f l u e n t  t r e a t m e n t  t a n k s  h a s  p r e v e n t e d  
- 

t h e  u s e  of Woolsey f l u i d s  f o r  p l a n t  t e s t i n g  s i n c e  May, 1978. 

Both p r o d u c t i o n  wells are expected t o  be used a f t e r  t h e  

c l a r i f i e r / f i l t e r  is i n s t a l l e d .  

Magmamax #1 was t h e  p r imary  p r o d u c t i o n  w e l l  d u r i n g  

t h i s  p e r i o d ,  T h i s  w e l l  was c l e a n e d  i n  November, 1977 and 

w a s  c l e a n e d  and scraped i n  May, 1978. A t  t h i s  t i m e  1 1/4" 

t u b i n g  was i n s t a l l e d  i n  Magmamax #1 t o  allow downhole f lowing  

p r e s s u r e  and t e m p e r a t u r e  o b s e r v a t i o n s .  

Magmamax # 2 ,  n o r m a l l y  a spare i n j e c t i o n  w e l l ,  w a s  

f l o w  tested t o  o b t a i n  a d d i t i o n a l  r e s e r v o i r  p r o d u c t i o n  data. 

Al though t h e  t es t  was l i m i t e d  i n  d u r a t i o n ,  t h e  well gave  

good i n d i c a t i o n s  of b e i n g  c a p a b l e  of p roduc ing  a t  h i g h  
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t e m p e r a t u r e s  and flowrates. 

2.2 I n j e c t i o n  Wells 

Magmamax # 3  h a s  been used as the  primary i n j e c t i o n  

w e l l .  T h i s  w e l l  is t a k i n g  p l a n t  e f f l u e n t  b r i n e  from a 

series of s e t t l i n g  t a n k s  which aid i n  removing suspended 

so l id s  pr ior  to i n j e c t i o n .  I t  was expec ted  t h a t  removal of 

these suspended sol ids  s h o u l d  improve i n j e c t i o n  w e l l  perfor- 

mance. These t a n k s  appear to  be p a r t i a l l y  e f f e c t i v e  i n  

r e d u c i n g  t h e  sol ids  and s i l i ca  c o n t e n t .  The c lar i f  ier/f i l t e r  

s h o u l d  r educe  s i l i ca  to  s a t u r a t i o n  l e v e l s .  

Injection w e l l  performance,  w i t h  reduced so l ids  

has  been improved. I n j e c t i o n  p r e s s u r e ,  a t  a g i v e n  flowrate, 

c o n t i n u e s  to i n c r e a s e  w i t h  t i m e ,  b u t  a t  a reduced rate. The 

c l a r i f i e r / f i l t e r  is expec ted  to f u r t h e r  reduce  sol ids  and 

s h o u l d  f u r t h e r  improve w e l l  performance. I n  March 1978 a 

p i l o t  r e a c t o r / c l a r i f  ier  was i n s t a l l e d  and is c u r r e n t l y  be ing  

tested w i t h  a n  o b j e c t i v e  of  de t e rmin ing  t h e  f e a s i b i l i t y  i n  

f u r t h e r  r educ ing  t h e  amount of d i s s o l v e d  s i l i c a  and suspended 

so l id s  i n  t h e  e f f l u e n t  b r i n e .  Data, to date,  shows s u c c e s s f u l  

r e d u c t i o n  i n  d i s s o l v e d  s i l i c a  and suspended solids. 
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3.1 S c r u b b e r  E f f i c i e n c y  T e s t  

Sc rubbe r  e f f i c i e n c y  tests were conducted  i n  an  

a t t e m p t  to  d e t e r m i n e  t h e  per formance  c h a r a c t e r i s t i c s  of t h e  

s c r u b b e r s .  U n f o r t u n a t e l y ,  v a r i a t i o n s  i n  steam c o n d i t i o n s  

and c o m p o s i t i o n  w i t h  t i m e ,  made tes t  results somewhat i n c o n c l u s i v e .  

Large,  r a p i d  changes  i n  b r i n e  and steam f l o w r a t e s  

caused a v a r i a b l e  amount of  b r i n e  to  be carried o v e r  i n t o  

t h e  scrubbers. T r u e  " s t e a d y  s ta te"  o p e r a t i o n  could n o t  be 

a c h i e v e d  . 
A r e v i e w  of t h e  test  p r o c e d u r e  and p l a n t  s u r g i n g  

w i l l  be u n d e r t a k e n  and sampl ing  t e c h n i q u e s  w i l l  be improved 

f o r  a possible t e s t  r e r u n .  

3.2 1978-1979 GLEF T e s t  Program 

A f e a s i b i l i t y  s t u d y  conducted  by SDG&E, B e c h t e l  

N a t i o n a l ,  Inc .  , and The Ben Holt Company i n  l a t e  1977 and 

e a r l y  1978 showed t h a t  a two s t a g e  f l a shed- s t eam c y c l e  power 

p l a n t  would be t h e  best c h o i c e  f o r  i n i t i a l  geo the rma l  power 

p l a n t s  a t  t h e  Ni l and  r e s e r v o i r .  I n  order to  d e v e l o p  d e s i g n  

data f o r  t h i s  i n i t i a l  power p lan t ,  t h e  s t u d y  recommended 

t h e  GLEF be mod i f i ed  to  simulate cr i t ical  p o r t i o n s  of  a 2 

s t a g e  f l a s h  c y c l e .  Modification was accompl ished  i n  J u l y ,  

1978. 

I cc 
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The 1978-1979 GLEF T e s t  Program has as its major 

o b j e c t i v e  t o  o b t a i n  t h e  da ta  n e c e s s a r y  t o  d e s i g n  t h e  i n i t i a l  

commercial scale power p l a n t s  and r educe  t h e  associated 

r i s k s  and costs o f  c o n s t r u c t i n g  and o p e r a t i n g  a d u a l  f l a s h -  

c y c l e  power p l a n t .  T h i s  tes t  program r e p l a c e s  t h e  ea r l i e r  

t e s t  program which was t o  d e t e r m i n e  t h e  capabi l i t i es  o f  t h e  

f l a s h / b i n a r y  c y c l e  o r i g i n a l l y  c o n s t r u c t e d  a t  t h e  f a c i l i t y .  

The c u r r e n t  test  program w i l l  c o n s i s t  of s e v e r a l  d i f f e r e n t  

tes ts  to  be performed s e p a r a t e l y  by SDG&E, Lawrence Livermore 

L a b o r a t o r y ,  and Imperial Magma under  t h e  o v e r a l l  s u p e r v i s i o n  

o f  SDG&E. The p r o g r e s s  of t h e  T e s t  Program w i l l  be r e p o r t e d  

i n  t h e  f u t u r e  Q u a r t e r l y  Reports. However, detai led w r i t e u p s  

and r e s u l t s  o f  e a c h  test  w i l l  be m a i n t a i n e d  i n  a separate 

docume n t . 

3.3 M i s c e l l a n e o u s  T e s t s  

A v a r i e t y  of independen t  t e s t  a c t i v i t i e s  have been 

accompl i shed  d u r i n g  t h e  i n t e r i m  period between t h e  end o f  

1 * p r e v i o u s  t e s t  p l a n  and i n i t i a t i o n  of  t h e  c u r r e n t l y  p lanned  

t e s t  programs. Many of these tes ts  w i l l  be i n c o r p o r a t e d  

i n t o  t h e  p lanned  t e s t  program. 

3.3.1 Materials o f  C o n s t r u c t i o n  

ii 

ki' Brookhaven N a t i o n a l  L a b o r a t o r y  h a s  been conduc t ing  

r e s e a r c h  o n  polymer impregnated  c o n c r e t e s  (PC) for  geo the rma l  

a p p l i c a t i o n s  f o r  s e v e r a l  y e a r s .  These c o n c r e t e s ,  when used 
iei 

t o  l i n e  t h e  i n s i d e  of p i p i n g ,  have been found t o  protect 

t h e  base metal from c o r r o s i v e  a t tack by some geo the rma l  4 
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b r i n e s .  There  also h a s  been l a b o r a t o r y  e v i d e n c e  t h a t  PC- 

l i n e d  p i p e  s i g n f i c a n t l y  slows t h e  growth o f  scale on t h e  

p i p e s .  Both o f  these e f f e c t s  c o u l d  s i g n i f i c a n t l y  reduce 

t h e  costs o f  geo the rma l  b r i n e  p i p i n g  and o p e r a t i o n .  Samples 

and l i n e  p i p e  s e c t i o n s  have been i n s t a l l e d  a t  t h e  s i te .  A 

t e s t  w a s  i n i t i a t e d  t o  d e t e r m i n e  t h e  c o r r o s i o n  r e s i s t a n c e  of 

v a r i o u s  c o a t i n g s .  T h i s  t e s t  w i l l  be used t o  e v a l u a t e  c a n d i d a t e  

materials f o r  c o a t i n g  t h e  GLEF f l a s h  v e s s e l s .  D i f f e r e n t  

t y p e s  o f  c o a t i n g s  on small coupons and l a r g e r  test p a n e l s  

were o b t a i n e d  from vendors  for e v a l u a t i o n .  

3.3.2 Components 

Two b a l l  t y p e  c o n t r o l  v a l v e s  were modi f i ed  t o  

a c c e p t  a c o a t i n g  of t h e  b a l l  e l emen t .  I t  is hoped t h a t  t h e  

o p e r a t i n g  l i f e  of t w o  b r i n e  c o n t r o l  v a l v e s  w i l l  be ex tended  

by c o a t i n g  p a r t s  o f  t h e  v a l v e  exposed t o  t h e  b r i n e  w i t h  a 

d r y  f i l m  "Microseal" l u b r i c a n t .  R e s u l t s  o f  t h i s  test  are 

pend ing  and w i l l  be reported upon as i n f o r m a t i o n  becomes 

a v a i l a b l e  . 
One of  t h e  more p romis ing  t y p e s  o f  b r i n e  c o n t r o l  

v a l v e s  b e i n g  e v a l u a t e d  a t  t h e  GLEF are p i n c h  v a l v e s  i n  which 

a f l e x i b l e  l i n e r  c o n t a i n e d  i n s i d e  a metal body is used  t o  

s q u e e z e  o f f  t h e  flow. The f l e x i n g  of t h e  l i n e r  is e x p e c t e d  

t o  p r e v e n t  l a r g e  amounts  o f  scale from a c c u m l a t i n g  i n  t h e  

v a l v e ,  t h u s  e x t e n d i n g  its l i f e .  I n i t i a l  t e s t i n g  r e s u l t e d  

i n  l i n e r  f a i l u r e s .  Improved l i n e r  materials are now be ing  

e v a l u a t e d .  
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3 . 3 . 3  On Line  Scale Reinoval 

P igging  appears to  be an  e f f e c t i v e  on - l ine  method 

o f  removing s o f t  s i l i c a  scale w h i l e  t h e  p l a n t  is i n  o p e r a t i o n .  

F l e x i b l e  foam p i g s ,  manufac tured  by G i r a r d  Pol ly-Pig ,  have 

been  used t o  remove scale from t h e  i n j e c t i o n  l i n e .  The p i g ' s  

e f f e c t i v e n e s s  is reduced i n  s t a n d a r d  elbows, b u t  i ts e f f e c t i v e -  

n e s s  i n  s t r a i g h t  s e c t i o n s  appears t o  be good. 

3 . 3 . 4  C a v i t a t i o n  Cleaning  

Daedalean Associates, Inc .  has developed  a c a v i t a t i n g  

n o z z l e  which,  when used i n  c o n j u n c t i o n  w i t h  a h igh  p r e s s u r e  

water s u p p l y ,  has  removed t h e  hardest  scale w i t h o u t  pre- 

t r e a t m e n t .  T e s t i n g  on t h i s  process as a n  on l i n e  scale 

c o n t r o l  t e c h n i q u e  is planned .  

3 . 3 . 5  I n s t r u m e n t a t i o n  

U l t r a s o n i c  f lowmeters  have been i n s t a l l e d  t o  

measure b r i n e  flowrates. These flowmeters have r e q u i r e d  

f r e q u e n t  c a l i b r a t i o n  and main tenance ,  b u t  have p rov ided  

data.  O t h e r  i n s t r u m e n t a t i o n  tests have inc luded  movable 

sample taps,  reamers and purge  f lows  t o  keep  taps free o f  

scale,  and o i l  f i l l e d  plenums to  damp o u t  e x t r a n e o u s  

o s c i l l a t i o n s .  Steam t u r b i n e  flowmeters are also now i n s t a l l e d .  

-14- 



4.0 SYSTEMS CHEMISTRY 

4 . 1  Steam 

S o l i d s  c a r r i e d  o v e r  w i t h  t h e  steam can  a d v e r s e l y  

i n f l u e n c e  h e a t  exchange r  or t u r b i n e  e f f i c i e n c y  through 

d e p o s i t i o n  on  t h e  heat exchange r  t u b e s  or t u r b i n e  blade 

s u r f a c e s .  To estimate t h e  d e g r e e  of  sol ids  carried o v e r ,  

samples of geo the rma l  steam l e a v i n g  each  separator and e a c h  

s c r u b b e r  were t aken .  The pH, e lectr ical  c o n d u c t i v i t y ,  t o t a l  

d i s s o l v e d  sol ids ,  c h l o r i d e ,  sodium, ca l c ium,  and i r o n  c o n t e n t  

o f  these samples were also measured. 

4 . 2  B r i n e  

Composi t ion of  t h e  b r i n e  h a s  been measured t h r o u g h o u t  

t h e  p l a n t .  The changes  i n  c o n c e n t r a t i o n  can  be a t t r i b u t e d  

t o  l i q u i d  l o s t  as steam. The t o t a l  sol ids  and c o n d u c t i v i t y  

a l so  a g r e e  w e l l  w i t h  t h e  v a l u e s  o f  sodium, ca l c ium,  p o t a s s i u m  

and c h l o r i d e ,  which comprise t h e  major par t  of t h e  b r i n e .  

The changes  i n  pH c a n  be corcelated w i t h  t h e  loss  

of ammonia and c a r b o n  d ioxide  i n  t h e  f l a s h  v e s s e l s .  The 

i n c r e a s e  i n  

i n c r e a s e  i n  

tration, and 

4.3 Scale 

b r i n e  c o n d u c t i v i t y  also correlates w e l l  w i t h  t h e  

t h e  cation c o n c e n t r a t i o n s ,  t h e  c h l o r i d e  concen- 

t h e  loss of water as steam. 

During t h e  operation of t h e  p lan t ,  scale is d e p o s i t e d  

-15- 
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on a l l  s u r f a c e s  wetted by t h e  geo the rma l  b r i n e .  The major 

c o n s t i t u e n t s  of t h i s  scale are s i l i c o n ,  i r o n ,  and sodium. 

S i l i c o n ,  m o s t l y  as  S i 0 2 ,  is t h e  predominent  specie. With 

t h e  e x c e p t i o n  of some of t h e  heavy metals ( p r o b a b l y  as 

s u l f i d e s )  p r i m a r i l y  i n  t h e  i n i t i a l  p o r t i o n s  o f  t h e  p l a n t ,  

t h e  scale is almost e n t i r e l y  a n  amorphous s i l i c a - i r o n  m a t r i x  

w i t h  some sodiulil, p r o b a b l y  as e v a p o r a t e d  s a l t s ,  inc luded .  

4 . 4  Cool ina  Water 

The 

c o o l i n g  water 

c o n t a m i n a t  i o n  

deposits were 

major d i f f i c u l t i e s  e x p e r i e n c e d  by t h e  p l a n t  

system have been c o r r o s i o n  and bacterial  

of t h e  c i r c u l a t i n g  water. Heavy i r o n  o x i d e  

obse rved  on  t h e  condense r  t ubes .  Whether 

t h i s  i r o n  comes from c o r r o s i o n  of t h e  c o o l i n g  water sys t em 

o r  from t h e  condensed steam, now used as a s o u r c e  of  makeup, 

has  n o t  y e t  been  es tab l i shed .  A change t o  t h e  water t r e a t m e n t  

a d d i t i v e s  program was i n i t i a t e d  i n  J u l y ,  1978. The z i n c  

based c o r r o s i o n  i n h i b i t o r  was replaced w i t h  a n  o r g a n i c  scale 

and c o r r o s i o n  i n h i b i t o r .  I n i t i a l  u s e  shows improved perform- 

a n c e ,  b u t  t h e  condense r  c l e a n i n g  w i l l  probably s t i l l  be 

r e q u i r e d  . 
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5 0 MAINTENANCE 

Condenser per formance  c o n t i n u e s  t o  be a problem. 

Removal o f  i r o n  r i c h  deposits h a s  r e q u i r e d  s e v e r a l  shutdowns. 

Fou l ing  o n  t h e  c o o l i n g  water side of t h e  c o n d e n s e r s  ( t u b e  

s ide )  h a s  caused  e x c e s s i v e  p r e s s u r e  drops t h a t  have b e n t  t h e  

water c h a n n e l  b a f f l e  plates.  Scale is  d e p o s i t i n g  on t h e  

t u b e s  and t u b e  sheets, c o n s t r i c t i n g  t h e  a l r e a d y  small diameter 

f l o w  p a s s a g e s .  

These problems have been s t u d i e d  and it was concluded  

t h a t  l i m i t i n g  t h e  condense r  p r e s s u r e  drop to  20 p s i ,  r e d u c i n g  

t h e  c o o l i n g  water flowrate and modified chemical t r e a t m e n t  

of t h e  spray pond s h o u l d  he lp  i n  t h e  e l i m i n a t i o n  or r e d u c t i o n  

of these problems. 

The c o o l i n g  water pond was a l so  d r a i n e d  i n  J u n e ,  

1978. The r e a s o n s  for  t h i s  a c t i o n  was to  remove t h e  concen- 

t r a t i o n  of  i r o n  and z i n c .  The pond was t h e n  f i l l e d  w i t h  f r e s h  

water from t h e  Imperial I r r i g a t i o n  Distr ic t  V a i l  Canal  and a 

new chemica l  t r e a t m e n t  program i n i t i a t e d .  (See S e c t i o n  

4 . 0 )  

The b r i n e  s u p p l y  l i n e  from Magmamax #I well was 

opened a t  s e v e r a l  l o c a t i o n s ,  between t h e  w e l l  and t h e  p l a n t ,  

f o r  i n s p e c t i o n .  Between t h e  well and t h e  f i r s t  expans ion  

loop, there was a b u i l d u p  of scale up t o  1/2" t h i c k .  T h i s  

s e c t i o n  of  l i n e  was h y d r o b l a s t e d  c l e a n .  A f t e r  c l e a n i n g  it 

was observed t h a t  p i t s  had developed i n  t h e  l i n e .  Some 

-17- 



p i t s  were a s  much as 1/8" deep e s p e c i a l l y  n e a r  t he  elbows. 

A d o u b l e  b l o c k  and b l e e d  v a l v e  is  how i n s t a l l e d  as a l i n e  

s top  n e a r  the w e l l .  Some p i t t e d  s e c t i o n s  were replaced and 

9 0 °  elbows were modi f i ed  t o  tees w i t h  a b l a n k  l e g .  Wall 

t h i c k n e s s  i n s p e c t i o n s  are now accomplished on a periodic 

bas i s .  Replacement of o t h e r  portions o f  t h e  p r o d u c t i o n  l i n e  

w i l l  p r o b a b l y  be r e q u i r e d  i n  1979. 

One c a u s e  o f  t h e  c o r r o s i o n  p i t s  appears t o  be 

related to  shutdown and i n s p e c t i o n  of the  l i n e .  A i r  is 

i n t r o d u c e d  a t  t h i s  time, and p r o b a b l y  c o n t r i b u t e s  t o  t h e  

c o r r o s i o n  process. A n i t r o g e n  pu rge  w i l l  be used t o  minimize 

t h i s  c o n t r i b u t o r  i n  t h e  f u t u r e .  

Because of c o n c e r n  o v e r  t h e  s a f e t y  of t h e  p i p e l i n e ,  

a h y d r o s t a t i c  p r e s s u r e  

t h e  l i n e  t o  s e r v i c e .  

tes t  was conducted  pr ior  to  r e t u r n i n g  

-18- 



6.0 SPECIAL PROBLEMS 

6 .1  I n j e c t i o n  Pump 

F a i l u r e  o f  t h e  i n j e c t i o n  pump has  been  a p r imary  

c a u s e  of  l i m i t e d  p l a n t  a v a i l a b i l i t y .  The p lugg ing  o f  t h e  

pump and c a n  are t h e  p r imary  c a u s e  fo r  t h e s e  p l a n t  shutdowns. 

The s u c t i o n  l i n e  from t h e  atmospheric f l a s h  t a n k  h a s  a lso 

been  obse rved  t o  b u i l d  up a scale which s t a r v e s  t n e  pump. 

D i f f e r e n t  means of  c l e a n i n g  t h i s  pump ( f l u s h i n g  and hydro- 

b l a s t i n g )  w h i l e  i n  o p e r a t i o n  have proven  to  p ro long  t h e  use  

of t h e  pump. 

A new pump w a s  manufac tured  by t h e  San Diego G a s  & 

Electric Company machine shop. T h i s  second pump now g i v e s  

f l e x i b i l i t y  and less down time s h o u l d  be encoun te red  i n  t h e  

f u t u r e .  F u t u r e  p l acemen t  of t h e  pump downstream of t h e  

e f f l u e n t  t r e a t m e n t  f a c i l i t y  s h o u l d  r e d u c e  t h e  s c a l i n g  and 

h i g h  ma in tenance  costs. 

6.2 P r o d u c t i o n  L ine  Scale 

During t h e  shutdown f o r  p l a n t  m o d i f i c a t i o n s ,  t h e  

p r o d u c t i o n  l i n e  from Magrnamax #1 was i n s p e c t e d  for scale 

b u i l d u p .  S e v e r a l  d i f f e r e n t  p o i n t s  were examined and showed 

scale t h i c k n e s s  v a r y i n g  between 1 2 5  and 500 m i l s ,  A t  s e v e r a l  

p o i n t s ,  it appeared t h a t  l a r g e r  o b s t r u c t i o n s  may have b u i l t  

up. Consequen t ly ,  it was decided to  descale s e v e r a l  hundred 

f e e t  of t h e  l i n e  down stream of the well by h y d r o b l a s t i n y .  

-19- 
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The scale bu i ldup  rate is smal l  and i f  properly  des igned for 

d o e s  not  r e p r e s e n t  a s e r i o u s  problem i n  a commercial power 

p l a n t .  

i ’  
# 
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7 0 OTHER A C T I V I T I E S  
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7.1  F e a s i b i l i t y  S tudy  

An e v a l u a t i o n  of t h e  tes t  da t a  from t h e  GLEF 

r e s u l t e d  i n  q u e s t i o n s  conce rn ing  t h e  e n e r g y  c y c l e  and areas 

of u n c e r t a i n t y  b e i n g  addressed. A mul t iphased  F e a s i b i l i t y  

S t u d y  was i n i t i a t e d  t o  accomplish t h e  f o l l o w i n g  goals: 1) 

d e f i n e  t h e  optimum e n e r g y  c o n v e r s i o n  c y c l e ;  2) i d e n t i f y  

r ema in ing  c r i t i ca l  areas of r i s k ;  and 3 )  recommend GLEF 

a c t i v i t i e s  t o  minimize t h e  risks. The Phase I d r a f t  report 

recommended a dua l  f l a s h  c y c l e  for t h e  i n i t i a l  commercial 

geothermal power p l a n t .  High r i s k  areas of b r i n e  scale, 

c o r r o s i o n  and i n j e c t i o n  were i d e n t i f i e d .  The f i n a l  Phase I 

Repor t  was i s s u e d  on  May 1 0 ,  1978. 

The major recommendations for  GLEF a c t i v i t i e s  of 

t h e  f e a s i b i l i t y  s t u d y  are be ing  implemented. These i n c l u d e  

m o d i f i c a t i o n s  t o  t h e  GLEF which w i l l :  1) c o n v e r t  t h e  b r i n e  

s y s t e m  from a four  s t a g e  series of f l a s h  drums, t o  two 

p a r a l l e l  two s t a g e  f l a s h  drums, 2) allow access for b r i n e  

s y s t e m  t e s t i n g  of c o r r o s i o n  and s c a l i n g ,  and 3 )  i n s t a l l  a 

b r i n e  e f f l u e n t  t r e a t m e n t  sys t em t o  t e s t  for  reliable i n j e c t i o n  

of b r i n e s ,  The f i rs t  t w o  m o d i f i c a t i o n s  are comple te .  The 

e f f l u e n t  t r e a t m e n t  sys t em is i n  process. 
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The p l a n t  o p e r a t e d  f o r  a t o t a l  of 4357 h o u r s  

d u r i n g  t h i s  r e p o r t i n g  p e r i o d .  

Good resu l t s  were o b t a i n e d  w i t h  Magmamax #1 as  t h e  

major p r o d u c t i o n  w e l l ,  i n j e c t i n g  i n t o  Magmamax t;3, t h r o u g h  a 

s e t t l i n g  t a n k  system. S i d e  stream t e s t i n g  of a p i l o t  

r e a c t o r / c l a r i f i e r  was a l so  accomplished which has been 

i d e n t i f i e d  as t h e  most l i k e l y  e f f l u e n t  t r e a t m e n t  system. 

Scrubber  e f f i c i e n c y  tes ts  were de termined  t o  be 

i n c o n c l u s i v e  due t o  t h e  p l a n t  v a r i a t i o n s  i n  t h e  steam c o n d i t i o n s .  

A s t u d y  is i n  p r o g r e s s  to reduce p l a n t  o s c i l l a t i o n s .  

P igging  a p p e a r s  t o  be a n  e f f i c i e n t  means o f  

c l e a n i n g  t h e  i n j e c t i o n  l i n e  w h i l e  t h e  p l a n t  is o n  t h e  l i n e .  

Some damaging of  t h e  p i g s  h a s  been n o t e d ,  b u t  o v e r a l l  p e r f o r -  

mance is good. 

Var ious  c o a t i n g s  are be ing  tested on coupons and 

p a n e l s .  These may i d e n t i f y  a p o s s i b l e  s o l u t i o n  to  c o r r o s i o n  

problems i n  t h e  f u t u r e .  

The p l a n t  underwent a major m o d i f i c a t i o n .  I t  w a s  

mod i f i ed  from a f o u r  s t a g e  f l a s h / b i n a r y  t o  test  c r i t i ca l  

p o r t i o n s  of  a t w o  s t a g e  f l a s h  p r o c e s s .  An e f f l u e n t  t r e a t m e n t  

sys t em w i l l  be added d u r i n g  t h e  n e x t  y e a r .  

d 
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Due t o  t h e  long  term d e s i r e a b i l i t y  o f  f i n d i n g  a n  

a l t e rna te  s o u r c e  of c o o l i n g  water makeup, t h e  p r imary  mode 

o f  o p e r a t i o n  was d e f i n e d  t o  be us ing  the  condensa te  a s  the 

s o u r c e  of  c o o l i n g  water makeup. T h i s  unusua l  s o u r c e  o f  

c o o l i n g  water h a s  l e a d  t o  condense r  and c o o l i n g  sys t em 

d i f f i c u l t i e s .  M o d i f i c a t i o n s  to  t h e  c o o l i n g  water chemica l  

t r e a t m e n t  have been accompl ished  and t h e  condensa te  f e e d  

stream is also be ing  t r e a t e d .  F u r t h e r  work i n  t h i s  area is 

p ianned  f o r  n e x t  year. 

-23- 



QUARTERLY REPORT 

INTRODUCTION 
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This Quarterly Report covers the period from 

July 1, 1978 through September 30, 1978. Included in this 

report is some preliminary data stemming from the first 

run of the new two stage flash modification. 

The Operation Section discusses some techniques 

tried to aid in H2S abatement and various methods of 

redirecting the condensate, and equipment operation. 

Equipment repairs or modifications are discussed 

in the Maintenance Section. Engineering required in the 

repair or modification of plant equipment is discussed in 

the Special Problems Section. 

The Chemistry Section brings forth data that poses 

some questions of the four stage versus two stage operation 

by tables with scaling information. Steam, cooling water, 

and binary fluid is also discussed with tables for 

illustration. 

GLEF Test Programs and their status are related 

in the Testing Section and The Feasibility Study and 

Injection Risk Study are discussed in the Other Activi- 

ties Section. 

1 
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MONTH 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

FOR MONTH SINCE START-UP 

% 96 CUMULATIVE % % 
POSSIBLE AVAILABILITY AVAILABILITY CUMULATIVE CUMULATIVE POSSIBLE AVAILABILITY AVAILABILIT) 

TOTAL GLEF TOTAL HOURS HOURS BASED ON (EXCLUDING TOTAL GLEF TdTAL HOURS BASED ON (EXCLUDING 
OPERATING IN THE tEXCLUDING TOTAL HOURS SCHEDULED OPERATING MONTH (EXCLUDING TOTAL MONTH SCHEDULED 

HOURS MONTH SCHEDULED OUTAGES) HOURS HOURS SCHEDULED HOURS OUTAGES) 
OUTAGES) OUTAGES) 

315 744 315 42.3 100 6,146 15,296 11p84 40.2 55.4 

238 672 672 35.4 354 6,384 15,968 11,758 40.0 54.3 ! 

1 
731 744 731 98.3 100 7.1 15 16,712 12.487 42.8 57.0 

I 
304 720 304 422 100 7,419 17,432 12,791 42.6 58.0 

I 

0 744 0 0 - 7,419 18,176 12.791 40.0 58.0 

0 720 0 0 - 7,419 18,896 12,791 39.3 58.0 

221 744 221 29.7 100 

642 744 730 86.3 87.9 

537 720 570 74.6 94.2 



100 

90 

70 
F 

= 40 
a 

30 

20 

MAY 3, 1976 

I NILAND GEOTHERMAL LOOP EXPERIMENTAL FACILITY I 1976,1977 & 1978 AVAILABILITY BY MONTHS 
I I 

M J J A S 0 N D I J  F M A  M J J A S 0 N D J F M A M J  

1976 4 1977 1978 

0 Availability = No. of Hours of Plant Operation/Total No. of Hours in the Month. 
0 Availability = No. of Hours of Plant Operation/(Total No. of Hours in the Month - Hours of Scheduled Outages). 
0 Plant Shutdown for Major Overhaul 
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1 . 0  OPERATION 
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The p l a n t  o p e r a t e d  f o r  a t o t a l  of 1 4 0 0  h o u r s  i n  

t h i s  q u a r t e r .  T h i s  g i v e s  t h e  p l a n t  a t o t a l  o f  8819 h o u r s  of 

o p e r a t i o n  s ince s t a r t - u p .  The p l a n t  a v a i l a b i l i t y  exc lud ing  

schedu led  o u t a g e s ,  f o r  t h e  quarter was 92%. The p l a n t  

c a p a c i t y  f a c t o r  w i th  a l l  o u t a g e s  inc luded  was 63%. (See 

T a b l e  1-1 and F i g u r e  1 - 4 )  

The p l a n t  was s t a r t e d  up on J u l y  10 ,  1978 f o r  t h e  

f i r s t  t i m e  a f t e r  t h e  p l a n t  had been modi f ied  from a four -  

s t a g e  f l a s h / b i n a r y  sys tem to  c r i t i ca l  p o r t i o n s  o f  a p a r a l l e l  

two-stage f l a s h  system. 

On J u l y  11 t h e  p l a n t  was s h u t  down f o r  t h r e e  h o u r s  

due  t o  a f a i l u r e  of t h e  c o o l i n g  water pump local swi t ch .  

The c o n t r o l  c i r c u i t r y  was found t o  be  d i r t y  and was c l eaned .  

The p l a n t  was s h u t  down a g a i n  on J u l y  1 2  due  t o  

open d i t c h e s  through t h e  s i t e  w h i l e  i n s t a l l i n g  a new d r a i n -  

a g e  system. I t  was de termined  t h e s e  open d i t c h e s  were a 

s a f e t y  hazard .  The p l a n t  was s t a r t e d  up on J u l y  24 a f t e r  

t h e  s a f e t y  hazard  was e l i m i n a t e d .  

Because o f  poor c o o l i n g  water s i d e  condenser  

per formance ,  a d e c i s i o n  was made t o  t e m p o r a r i l y  send t h e  

combined condensa te  t o  t h e  b r i n e  pond i n s t e a d  of t h e  s p r a y  

pond on  J u l y  24 .  T h i s  temporary d i v e r s i o n  was t o  allow 

c o r r e c t i v e  act ion t o  be made on  t h e  c o o l i n g  water system. 

Blanks  on t h e  v a l v e s  from t h e  condensa te  pumps t o  t h e  b r i n e  

pond were removed and t h e  f l a p p e r  from t h e  check valve on 

t h e  condensa te  d i s c h a r g e  l i n e  was removed to  allow flow t o  

t h e  b r i n e  pond. The p l a n t  was t h e n  s t a r t e d  up a t  1230 on  

t h e  same day. 
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On J u l y  25 t h e  combined condensa te  was t e m p o r a r i l y  

d i r e c t e d  t o  t h e  second s t a g e  separator ( 2 8 )  due  t o  t h e  

i n a b i l i t y  of t h e  b r i n e  pond pump (P-13) t o  hand le  a l l  of t h e  

condensa te  d r a i n s .  

I t  was concluded t h a t  d i s s o l v e d  H2S i n  t h e  con- 

d e n s a t e  was a major c o n t r i b u t o r  t o  t h e  poor performance. 

Af t e r  deve lop ing  a r e v i s e d  program and hardware t o  t r ea t  t h e  

condensa te ,  t h e  combined condensa te  was s h i f t e d  from t h e  2B 

separator t o  t h e  s p r a y  pond, on August 11, through a s i x -  

i n c h  l i n e .  Sodium hypoch lo r ide  was i n j e c t e d  i n t o  t h e  con- 

d e n s a t e  a t  a ra te  of abou t  40 g a l l o n s  per day  i n  an  attempt 

t o  e l i m i n a t e  t h e  hydrogen s u l f i d e  (H2S) gas from t h e  con- 

d e n s a t e .  

b u t  n o t  e l i m i n a t e d .  

R e s u l t s  i n d i c a t e  t h e  B2S was s i g n i f i c a n t l y  reduced 

The small feed  l i n e  from t h e  a tmosphe r i c  f l a s h  

v e s s e l  t o  t h e  p i lo t / c l a r i f i e r  became plugged on  August 14. 

A p l a n t  shutdown was accomplished i n  o r d e r  t o  c l e a n  t h e  

l i n e .  The a tmosphe r i c  f l a s h  v e s s e l  was 

l i n e  hydrob la s t ed .  A t  1634 of t h e  same 

t h e  l i n e .  

On August 18,  a f t e r  614 h o u r s  

i n j e c t i o n  pump (P-2) d i s c h a r g e  p r e s s u r e  

(See  S e c t i o n  5.1, Injection Pump). The 

opened and t h e  f eed  

day  t h e  p l a n t  w a s  on 

of operation, t h e  

s t a r t e d  d ropp ing  

c o n t r o l  v a l v e  (LCV714) 

between 1 B  and 2 8  separator a lso s t a r t e d  s t i c k i n g .  Flush- 

i n g  of t h e  pump was accomplished b u t  l i t t l e  improvement was 

noted .  C o n t r o l  v a l v e  (LCV714) a l o n g  w i t h  t h e  PCV 301 had 

been  machined, s t e l l i t e  coa ted ,  and had a d r y  f i l m  l u b r i c a n t  

a p p l i e d  i n  o r d e r  t o  tes t  t h i s  method of v a l v e  p r o t e c t i o n .  

( S e e  T e s t i n g ,  S e c t i o n  3.3.3) 
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The plant was shut down on August 22 to remove the 

injection pump (P-2) (See Section 5.1, Injection Pump) A 

spare injection pump was installed and on August 25 the 

plant was again started up. 

Acidified purge water has been injected around the 

ball of control valve (LCV714), in order to prevent malfunc- 

tions. On August 28, this procedure was attempted when this 

valve became very sticky. This procedure proved futile, and 

the valve froze up completely, on August 30, after 819 hours 

of operation. 
I 

In an effort to reduce condensate treatment costs, 

sodium hypochloride was secured from the combined condensate 

to the spray pond on August 31. Air was injected into the 

b 
i +  

ild 
I 

b 
combined condensate line to determine if the air would give 

the same results as the sodium hypochloride in partially 

i I  b 

1 

Ld 

19rJ 
iJ 

removing H2S from the condensate. 

determined the air had no effect on the H2S. 

day the air was secured and the sodium hypochloride injection 

On September 1, it was 

On that same 

was resumed. 

On September 5 after 939 hours of operation, 

draining of the 2B separator became difficult, indicating 

that the drain line from the 2B separator to the atmospheric 

flash vessel was plugging up. The pressure on the 2B separ- 

ator was increased from 7 to 8 psig to enable the separator 

to drain. 

Problems were encountered on September 8, when the 

sump pump failed. Attempts to turn it by hand were unsuc- 

successful (See Section 5.2). 
I 
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A t  0750,  September  11, t h e  p l a n t  was s h u t  down due  

t o  l o w  d i s c h a r g e  p r e s s u r e  o n  t h e  p l a n t  i n j e c t i o n  pump ( S e e  

S e c t i o n  5.1) .  The pump was f l u s h e d  and t h e  p l a n t  was s t a r t e d  

up  a g a i n  on  September  1 2 .  

D i f f i c u l t y  i n  d r a i n i n g  t h e  2B separator  i n c r e a s e d  

o n  September  13. The re  were p e r i o d s  when t h e  separa tor  

p r e s s u r e  had t o  be  i n c r e a s e d  up t o  30 p s i g  i n  o r d e r  t o  allow 

d r a i n i n g .  The b r i n e  flow was t h e n  d e c r e a s e d  and a p r e s s u r e  

of 20  p s i g  maximum was k e p t  o n  t h e  2B separator.  The b r i n e  

l i n e  was f l u s h e d  w i t h  c o o l i n g  water and a i r  was i n j e c t e d  

w h i l e  i n  o p e r a t i o n  t o  f l u s h  o u t  scale i n  t h e  l i n e .  T h i s  

p r o c e d u r e  was p a r t i a l l y  s u c c e s s f u l  and d i d  allow t h e  p l a n t  

t o  c o n t i n u e  t o  operate. 

On September 2 4 ,  a t  1800,  t h e  p l a n t  was s e c u r e d  

for a s c h e d u l e d  o v e r h a u l .  T h i s  comple ted  t h e  f i rs t  r u n  u s i n g  

t h e  new p l a n t  m o d i f i c a t i o n  s i m u l a t i n g  a two s t age  f l a s h  

c y c l e .  
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2.0 RESERVOIR OPERATION 

2 . 1  P r o d u c t i o n  Wells 

Magmamax #1 was used a s  t h e  p r imary  p r o d u c t i o n  

w e l l .  Although Woolsey #1 was a v a i l a b l e ,  t h e  l i m i t e d  c a p a c i t y  

of t h e  s e t t l i n g  t a n k  system r e s t r i c t e d  flow t o  one pro- 

d u c t i o n  w e l l .  

2.2 I n j e c t i o n  Wells 

Magmamax # 3  was used as  a p r o d u c t i o n  well  b r i e f l y .  

The  h igh  i n j e c t i o n  p r e s s u r e  a t  o n l y  one w e l l  f l u i d  flow 

i n d i c a t e d  i n j e c t i o n  problems. A s cavenge r  pump i s  on l i n e  

a t  Magmamax # 3  s i t e  t a k i n g  t h e  b r i n e  from t h e  s e t t l i n g  t a n k s  

and pumping it t o  Magmamax #2. 

Magmamax 82 was used as  a n  i n j e c t i o n  w e l l  f o r  t h e  

m a j o r i t y  of t h i s  r u n .  Very l i t t l e  back pressure was noted  

u n t i l  j u s t  b e f o r e  p l a n t  shutdown a t  t h e  end of t h e  r u n  when 

t h e  back pressure cl imbed t o  4 0  PSIG. Part  of t h i s  p r e s s u r e  

b u i l d u p  cou ld  be  due t o  a l o w  i n j e c t i o n  flow a l l o w i n g  t h e  

w e l l  column f l u i d  t o  h e a t  up, c r e a t i n g  a back pressure. 

The s e t t l i n g  t a n k s  are be ing  emptied o f  s l u d g e  

which is  b e i n g  pumped from t h e  p i l o t  c l a r i f i e r .  We are 

c o l l e c t i n g  a c o n s i d e r a b l y  g r e a t e r  amount of s l u d g e  wi th  t h e  

GLEF i n  a two s t a g e  f l a s h  mode i n  comparison wi th  t h e  four 

s t a g e  f l a s h .  The s h o r t e r  f l u i d  r e s i d e n t  t i m e  could  cause 

t h e  p r e c i p i t a t i o n  o f  s l u d g e  t o  t a k e  p l a c e  a f t e r  f l u i d  l e a v e s  

t h e  p l a n t .  
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2.3 Reservoir Assessment Activities 

Magmamax 81 was hung with 1-1/4" tubing to enable 

drop off pressure measurements to be taken. A Sperry-Sun 

type pressure chamber was suspended in the tubing with a 

quartz transducer at the surface. The data to be obtained 

for computer analysis is: 

1. Background prior to starting the well 

2. Draw-down by starting flow from well 

3. Skin effect 

4. Permability in vicinity of well bore 

5. Identify flashing zone 
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3.0 TESTING 

3.1 1976-1977 GLEF T e s t  Program 

The o r i g i n a l  program of tes ts  t o  be performed a t  

t h e  GLEF a d d r e s s e d  pr imar i ly  t h e  per formance  of t h e  major 

p l a n t  components such  as  heat  exchange r s ,  steam s c r u b b e r s ,  

etc. As a r e s u l t  of t h e  F e a s i b i l i t y  S tudy ,  t h e  o r i g i n a l  

T e s t  Program was abandoned i n  e a r l y  1978. A f i n a l  report of 

t h e  r e s u l t s  of t h a t  program is b e i n g  prepared by Bech te l  

N a t i o n a l ,  Inc .  and s h o u l d  be i s s u e d  before t h e  end of t h e  

c a l e n d a r  year. 

3.2 1978-1979 GLEF T e s t  Proqram 

The 1978-1979 GLEF Test Program is i n t e n d e d  t o  

o b t a i n  data  n e c e s s a r y  t o  r e d u c e  t h e  r i s k s  and costs of con- 

s t r u c t i n g  and o p e r a t i n g  a f l a s h  cycle power p l a n t  a t  t h e  

N i l a n d  R e s e r v o i r .  Drafts of 1 4  d i f f e r e n t  tests are b e i n g  

prepared. 

t o  release. An a d d i t i o n a l  t e s t  (steam s e p a r a t i o n )  is e x p e c t e d  

t o  r e q u i r e  a separate effor t .  

Drafts w i l l  be rev iewed by a l l  participants prior 

Although t h e  test  program has  n o t  y e t  been f u l l y  

documented, t e s t i n g  s h o u l d  b e g i n  i n  t h e  n e x t  q u a r t e r .  The 

p r o g r e s s  of each tes t  w i l l  be summarized i n  t h e  Q u a r t e r l y  

Reports; d e t a i l e d  w r i t e u p s  w i l l  be m a i n t a i n e d  i n  a separate 

document. 
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3.3 Miscellaneous Tests 

The following tests were accomplished during the 

interim period before the formal test plan was documented. 

Many of these tests will be incorporated into the formal Test 

Plan. 

3.3.1 Polymer Concrete Test Spools 

Brookhaven National Laboratory (BNL) has been 

conducting research on polymer impregnated concretes (PC) 

for Several years. These concretes, when used to line the 

inside of piping, have been found to protect the base metal 

from corrosive attack by geothermal brines. More importantly, 

there was thought some evidence that PC-lined pipe slows the 

growth of scale on the pipes. Both of these effects could 

reduce the costs of geothermal power. 

In March, 1978, BNL contacted S D G t E  and inquired 

whether it would be possible to install PC-lined pipe spools 

at several locations in the GLEF. 

Two 10-inch PC lined spools were installed in the 

injection line so the entire brine flow passed through both 

spools except during the pigging operation, when valves were 

adjusted so that only one spool was exposed to the brine, 

and hence the wire-brush pig. 

After 1400 hours of operation the PC pipe spools 

were removed for inspection. The spool that had been pigged 

showed very little evidence of abrasion and had a nominal 

scale buildup on the concrete liner. However, t h e  spool 

that was not pigged exhibited a large amount of scale buildup. 
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In addition to the pipe spools, BNL sent 42 one- 

inch by three-inch test cylinders made of six different 

compositions of polymer concrete. These cylinders were 

placed below the liquid level in the first stage flash 

vessel and exposed to brine at an average temperature of 

230°F for 1400 hours. When the GLEF was shut down for 

overhaul, these cylinders were removed. Preliminary inspec- 

tions indicated good corrosion performance. Cylinders will 

be sent to BNL for inspection. Initial results indicate 

that polymer concrete lined pipe will control corrosion but 

will not prevent scaling. 

3 . 3 . 2  Corrosion Test Spools - Brine Service 
Shown below are the locations of the test spools 

that have been ordered. In addition, fiber glass piping for 

the combined condensate and the injection line specifically, 

is being investigated. 

Production Line I 

Woolsey 

Hastelloy C-276 

29 Cr-4 Mo 

Inconel 625 

Incoloy 825 

Carbon Steel 1018/1020 

Magmamax Pipe Size 

Hastelloy C-276 Schedule 40, 10" 

29 Cr-4 Mo Schedule 401 10" 

Inconel 625 Schedule 40, 10" 

Incoloy 825 Schedule 40, 10" 

Carbon Steel 1018/ Schedule 60, 10" 

1020 

PFA (1 foot long) Schedule I 10" 

-33- 



l i t  

A Train 

Interstage (1st to 2nd) 

B Train 

SS 317 LM ss 37 LM 
29 Cr-4 Mo 29 Cr-4 Mo 

Carbon Steel 1018/1020 Carbon Steel 1018/ 

Pipe Size 

Schedule 40, 10" 

Schedule 40, 10" 

Schedule 60, 10" 

1020 

Interstage (2nd to V-15) 

B Train Only Pipe Size 

Carbon Steel 1018/1020 Schedule 40, 12" 

Inject ion 

FEP (20 feet long) Schedule 8 10" 

Test Svool - Steam Service 
Carbon Steel 1018/1020 Outlet 1st stage scrubber, 

lo", 2 feet long 

Schedule 40 and 60 was selected fpr conformity and compati- 

bility with the existing line. 

3.3.3 "Microseal" Lubricant - Coated Valves 
This test is an evaluation of a solid film lubri- 

cant that has been used to coat the control surfaces of two 

brine control valves. E/M Lubricants of North Hollywood, 

CA, treated the valves after preliminary surface prepara- 

tion. The lubricant, a suspension of molybdenum disulfide, 

metallic oxides, and corrosion inhibitors, dispersed in a 

resinous binder-carrier system, may have the potential to 

reduce scale formation from the brine. In the past, control 
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valves exposed to the brine have scaled up to the point 

where they became inoperable and freeze in position. By 

coating the critical operating parts of the valve exposed to 

the brine with the dry film lubricant, it is hoped that the 

operating life of the valves will be extended. 

During the shutdown period prior to the July 10, 

1978 start-up, two control valves, PCV301 and LCV714, were 

disassembled and cleaned. 

control valve manufactured by Kamyr. The body halves were 

sent to SDG&E's machine shop and the seats were machined 

down, flame sprayed with stellite, and remachined to specifi- 

cation. The two balls were machined down, built up with 

These valves are a ball type 

flame sprayed stellite, remachined to design dimensions, and 

then ground smooth. When the balls were returned to the 

site and inspected, they were smooth, but not the mirror 

finish that was expected. Due to time constraints, balls 

were not returned to achieve a mirror finish. 

The complete valves were sent to E&M Lubricants in 

North Hollywood, California. They applied Ecolube 642, a 

solid film lubricant suspension in concentrated form con- 

taining molybdenum disulfide. These valves were returned to 

the site and installed. 

After 614 hours of operation, LCV714, a ten-inch 

valve, started to stick. After 819 hours this valve froze 

up. The valve had been cycled once per shift. When this 

valve was disassembled there was scale built upon the ball. 

\ 

The lubricant appeared to have no affect on preventing 
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s c a l e  from a d h e r i n g  t o  t h e  b a l l .  T h i s  v a l v e  was s e n t  t o  

S o u t h w e s t  Chemica l  Co. t o  be acid cleaned and h y d r o b l a s t e d  

c l e a n .  When t h i s  was done t h e  s t e l l i t e  coat ing s t a r t e d  

p e e l i n g  off t h e  b a l l .  The b a l l  was machined, e l e c t r o p l a t e d  

w i t h  s t a i n l e s s  s t e e l ,  remachined,  and ground smooth. T h i s  

v a l v e  was reassembled and w i l l  be r e i n s t a l l e d  i n  a d i f f e r e n t  

l o c a t i o n .  The v a l v e  w i l l  now be c la s s i f i ed  as  LCV719B. I t  

w i l l  be used a s  an emergency dump v a l v e .  

PCV3OJ c o n t i n u e d  t h r o u g h  t h e  complete r u n  ( 1 4 0 0  

h o u r s )  w i t h  no problems.  The v a l v e  d i d  n o t  s t i c k  d u r i n g  t h e  

r u n  p e r i o d .  After t h e  r u n  was comple ted  t h e  v a l v e  was d i s -  

assembled and i n s p e c t e d .  The re  was scale b u i l t  up o n  t h e  

b a l l ,  b u t  t h e  v a l v e  c o n t i n u e d  to  o p e r a t e .  The l u b r i c a n t s  

a g a i n  f a i l e d  t o  p r e v e n t  scale from b u i l d i n g  up. The s t e l l i t e  

c o a t i n g  a l so  peeled off t h e  b a l l  b u t  n o t  as much a s  t h e  

other.  The s t e l l i t e  was removed and r e p l a c e d  w i t h  electroplated 

s t a i n l e s s  s tee l  c o a t i n g .  The v a l v e  came back w i t h  a m i r r o r - t y p e  

f i n i s h .  T h i s  l u b r i c a n t  c o a t i n g  w i l l  be retested as  t h e  l ack  

of a smooth f i n i s h  on t h e  v a l v e  surfaces may have  p r e v e n t e d  

t h e  l u b r i c a n t  from performing e f f e c t i v e l y .  

3.3.4 C o r r o s i o n  R e s i s t a n t  C o a t i n g s  

A t e s t  was i n i t i a t e d  t o  d e t e r m i n e  t h e  c o r r o s i o n  

r e s i s t a n c e  of v a r i o u s  c o a t i n g s .  T h i s  t e s t  was used t o  

e v a l u a t e  p o t e n t i a l  c a n d i d s t e  materials for  c o a t i n g  t h e  GLEF 

f l a s h  v e s s e l s .  D i f f e r e n t  t y p e s  o f  coatings on  small coupons 

and l a r g e r  t e s t  p a n e l s  were o b t a i n e d  from s e v e r a l  v e n d o r s  

for  e v a l u a t i o n .  

c o n d i t i o n s  and asked t o  recommend a coating. Large t e s t  

p a n e l s  were o r i g i n a l l y  p l anned  b u t  time and space l i m i t a t i o n s  

r e q u i r e d  t h e  u s e  of some small coupons.  

Vendors were g i v e n  t h e  GLEF o p e r a t i n g  
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The t e s t  samples  were i n s t a l l e d  i n  t h e  f i r s t  s t a g e  

( V - 4 )  and second s t a g e  ( V - 1 1 )  f l a s h  v e s s e l s .  Each v e s s e l  is 

a p p r o x i m a t e l y  s i x  fee t  i n  diameter and 20 t o  3 0  f ee t  long .  

Upon s t a r t u p  t h e  spec imens  were exposed t o  b r i n e  and f l a s h e d  

steam from Magmamax #1 under  t h e  f o l l o w i n g  a v e r a g e  o p e r a t i n g  

c o n d i t i o n s :  

Pressure, p s i a  Temp O F  

F i r s t  S t a g e  ( V - 4 )  130 363 

Second S t a g e  ( V - 1 1 )  2 1  244 

The spec imens  were composed of small coupons w i t h  

a n  exposed area of less  t h a n  5 s q u a r e  i n c h e s  and l a r g e r  t es t  

p a n e l s  (3".  x 64" x 3 / 8 " ) .  The small t es t  coupons were a r r a n g e d  

i n  b a s k e t s  and placed t h r o u g h o u t  t h e  v e s s e l ,  t h o s e  i n  t h e  

uppe r  h a l f  of t h e  v e s s e l  exposed t o  steam and those i n  t h e  

lower h a l f  exposed t o  l i q u i d  b r i n e .  The t e s t  p a n e l s  were 

mounted between t h e  t o p  and bottom o f  t h e  v e s s e l .  The 

w e i g h t ,  c o a t i n g  t h i c k n e s s ,  and/or  v i s u a l  a p p e a r a n c e  of each 

spec imen  were recorded pr ior  t o  t e s t i n g .  Some of t h e  r a w  

d a t a  t o  be  o b t a i n e d  a f t e r  t h e  t e s t  i n c l u d e d  peel s t r e n g t h ,  

t y p e s  of o b s e r v e d  c o r r o s i o n ,  and scale t h i c k n e s s .  

The t e s t  p a n e l s ,  d u e  t o  t h e i r  l a r g e r  s i z e ,  p r o v i d e  

more accurate data  t h a n  t h e  smaller coupons.  The coupon 

b a s k e t s  may scale up, y i e l d i n g  u n r e p r e s e n t a t i v e  data .  The 

t e s t  p a n e l s  b e i n g  suspended v e r t i c a l l y  across t h e  d i a m e t e r  

of t h e  v e s s e l  allowed o b s e r v a t i o n s  t o  be made a t  t h e  steam- 

b r i n e  i n t e r f a c e .  However i f  p a n e l s  c o u l d  n o t  be o b t a i n e d ,  

coupons were used. 

I' 
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The 

tes ted d u r i n g  

Material 

Flame s p r a y e d  

Flame s p r a y e d  

Flame s p r a y e d  

s t e e l  

f o l l o w i n g  i s  a r e p o r t  on t h e  t e s t  p a n e l s  

r u n  #1 (1400 h o u r s ) :  

V i s u a l  I n s p e c t i o n  

Zn on ca rbon  s t ee l  F a i l e d  b a d l y  i n  b o t h  stages 

C r  on ca rbon  s t e e l  F a i l e d  b a d l y  i n  b o t h  s t a g e s  

A1-Ti on  carbon F a i l e d  b a d l y  i n  bo th  s t a g e s  

Carbon Steel 1020 1st s t a g e  - 1 0  m i l s  l os t  ( b r i n e )  

1st s t a g e  - 1 6  m i l s  l os t  (steam) 

TFE o n  c a r b o n  s tee l  - 1 side 1st s t a g e  - poor  

2nd s t a g e  - f a i r  

FEP o n  c a r b o n  s teel  - 1 side 1st s t a g e  - f a i r  

2nd s t a g e  - good 

PFA o n  c a r b o n  s tee l  - 1 s i d e  1st stage - good 

2nd s t a g e  - good 

H a s t e l l o y  C-276 1st s t a g e  - no v i s i b l e  a t t a c k  

The above materials c o n t a c t e d  b o t h  steam and b r i n e  

s e c t i o n s .  The H a s t e l l o y  C-276 was i n  e x c e l l e n t  c o n d i t i o n  

and w i l l  be r e i n s e r t e d  i n  t h e  f irst  s t a g e  for t h e  n e x t  run .  
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Material 

29 Cr-5 Mo 

H a s t e l l o y  G 

Ti-Cd 50 

C a r p e n t e r  20 Cd3 

I n c o n e l  625 

I n c o l o y  825 

These materials 

tested on t h e  n e x t  r u n .  

3.3.5 Pinch  Va lves  

One of t h e  more 

v a l v e s  b e i n g  e v a l u a t e d  a t  

Locat i o n  

V-4 ( b r i n e  and s t e a m )  

V-4 ( b r i n e  and s t e a m )  

V-4 ( b r i n e  and steam) 

V-4 ( b r i n e  and s t e a m )  

V-4 ( i f  source is located) 

V-4 ( i f  source ‘is located)  

i n  p a n e l  c o n f i g u r a t i o n  w i l l  be 

p romis ing  t y p e s  of b r i n e  c o n t r o l  

t h e  GLEF are p i n c h  v a l v e s ,  i n  

which a f l e x i b l e  l i n e r  c o n t a i n e d  i n s i d e  a metal body i s  used 

t o  squeeze off  t h e  flow. The f l e x i n g  o f  t h e  l i n e r  is e x p e c t e d  

t o  p r e v e n t  l a rge  amounts of scale from accumula t ing  i n  t h e  

v a l v e ,  t h u s  e x t e n d i n g  i t s  l i f e .  Two t y p e s  of p i n c h  v a l v e s ,  

o n e  m a n u f a c t u r e d  by t h e  R e d  Valve Company and one  by t h e  

G a l i g h e r  Valve Company, are p r e s e n t l y  b e i n g  tested. 

P r e v i o u s l y ,  l i n e r s  i n  b o t h  v a l v e s  f a i l ed  a f t e r  a 

s h o r t  p e r i o d  of o p e r a t i o n ,  b u t  o t h e r  l i n e r  materials are 

b e i n g  e v a l u a t e d .  The v a l v e s  are p r e s e n t l y  l o c a t e d  between 

t h e  second s t a g e  f l a s h  vessel ( 7  p s i g )  and t h e  atmospheric 

f l a s h  drum ( 0  p s i g ) .  Each h a n d l e s  t h e  e n t i r e  flow of one o f  

t h e  f l a s h  t r a i n s .  The resu l t s  are n o t  a v a i l a b l e  as  y e t  on  

how w e l l  t h e  v a l v e s  ho ld  up u n d e r  these c o n d i t i o n s .  
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The p o s s i b i l i t y  of u s i n g  p i n c h  v a l v e s  i n  o ther  

areas  o f  t h e  GLEF is b e i n g  i n v e s t i g a t e d .  The t e s t i n g  of 

other  b r i n e  c o n t r o l  components w i l l  be i n c o r p o r a t e d  i n t o  t h e  

1978-1979 GLEF T e s t  Program. 

3 . 3 . 6  C a v i t a t i o n  C l e a n i n g  

During t h i s  r e p o r t i n g  p e r i o d ,  Daedalean Associates, 

I n c .  conduc ted  tests o f  f i x e d  c a v i t a t i o n  n o z z l e s  i n  t h e  

b r i n e  f l o w i n g  betwe.en t h e  f i r s t  and second s t a g e s  i n  t h e  

Magmamax #1 f l a s h  t r a i n .  T h e s e  tests were i n t e n d e d  t o  

d e t e r m i n e  how l o n g  t h e  n o z z l e s  would l a s t  before p l u g g i n g  

w i t h  scale. The n o z z l e s  were o p e r a t e d  for br ie f  p e r i o d s  a t  

p r e d e t e r m i n e d  f r e q u e n c i e s  by Daedalean p e r s o n n e l  u s i n g  a 

h i g h  pressure p o s i t i v e  d i s p l a c e m e n t  pump. The r e s u l t s  of 

t h i s  t e s t  are n o t  y e t  a v a i l a b l e .  

Also d u r i n g  t h i s  p e r i o d ,  a 10- inch  g a t e  v a l v e  was 

m o d i f i e d  by D A I  t o  i n c l u d e  c a v i t a t i n g  j e t s  i n  i t s  body, 

c o n f i g u r e d  so as t o  keep  t h e  s ea t s  of t h e  v a l v e  free of 

scale. T h i s  v a l v e  was used t o  i so l a t e  a t e s t  s p o o l  from t h e  

b r i n e  flow. Upon Shutdown, an  i n s p e c t i o n  of t h e  v a l v e  seats  

showed t h a t  t h e  j e t s  were r e l a t i v e l y  i n e f f e c t i v e  i n  k e e p i n g  

t h e  sea ts  c l e a n  w i t h  i n f r e q u e n t  a c t i v i a t i o n .  However, more 

f r e q u e n t  j e t t i n g  may have  been r e q u i r e d  a l o n g  w i t h  improved 

location of n o z z l e s .  D A I  is p r e s e n t l y  a n a l y z i n g  t h e  r e su l t s  

and a n t i c i p a t e s  a r e v i s e d  t e s t  u n i t .  See F i g u r e  3-1 for 

p i c t u r e  of D A J ’ s  Test  L o o p )  
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INTO l B  SCRUBBER 

OUT OF 1B SCRUBBER 

INTO 26 SCRUBBER 

OUT OF 28 SCRUBBER 

COMBINED CONDENSATE 

INTO 1B SCRUBBER 1 8-2-78 I 6.5 I I ] 1.900 1 I 11.52 I I 0.26 1 I I I I 1 

DATE pH S’ ALK CON0 NH4 T.S. Na Ca Fe Ba Pb Si B Mg 

8-1-78 6.4 2,000 10.74 4.35 0.54 560 
8-1-78 6.4 1,900 57.57 21.3 18.8 0.20 
8-1-78 6.6 2,500 4206 9.13 126 0 
8-1-78 7-45 1,550 25.59 8.48 0.56 0 1.10 

OUT OF 1B SCRUBBER 
INTO 28 SCRUBBER 

OUT OF 28 SCRUBBER 
COMBINE0 CONDENSATE 

8-2-78 6.4 2,000 4.44 11.05 
8-2-78 6.4 1,600 59.88 18.30 
8-2-78 6.4 1,320 16.63 15.36 
8-2-78 7.4 1,280 24.57 0.29 0 

INTO 1B SCRUBBER 

OUT OF 1B SCRUBBER 
INTO 2B SCRUBBER 
OUT OF 28 SCRUBBER 

COMBINED CONDENSATE 

8-3-78 6.6 1,950 9.4 0.44 
8-3-78 6.6 2,450 4.4 8.78 

8-3-78 6.6 1,500 13.7 15.91 
8-3-78 6.5 1,200 7.1 3.31 
8-3-78 6.1 1,650 15.0 3.5 0.34 0 0 0 

INTO 1B SCRUBBER 84-78 6.6 1,850 8.1 8 0.43 

OUT OF 1B SCRUBBER 84-78 6.6 2,000 225 7.99 
INTO 28 SCRUBBER 8-4-78 6.6 1,400 19.41 8.72 

OUT OF 2B SCRUBBER 84-78 6.5 1,400 7.54 7.87 

COMBINED CONDENSATE 84-78 6.4 1,700 14.11 3.53 0.71 0 0 0 



GEOTHERMAL EXPERIMENTAL FACILITY 
STEAM SAMPLE DATA 

INTO 1B SCRUBBER 

OUT OF 16 SCRUBBER 

8-9-78 6.47 1,900 292.4 5.67 1.76 0.41 
8-9-78 6.74 7.000 856.0 21.28 5.88 62.65 

I 

INTO 28 SCRUBBER I 8-9-78 I 6.37 I I I 2,200 I 268.4 I I 63.40 I 39.41 I 18.00 I I 1 I I I 
OUT OF 2B SCRUBBER 
COMBINED CONOENSATE 

- 
8-9-78 6.03 1,350 162.2 17.02 2.75 3.88 

8-9-78 6.03 1.5 1,720 191.8 17.45 4.51 0.06 0 0 0 

INTO 1B SCRUBBER ' 1 8-10-78 6.15 I 3.0 1 759.2 I 1,900 I 2320 I 1 11.24 I I 0.41 I I I 1 6.30 I 1 
OUT OF 1B SCRUBBER 

INTO 28 SCRUBBER 

OUT OF 28 SCRUBBER 

8-10-78 6.57 0 2,9328 6,700 828.0 10.71 101.05 a20 
8-10-78 6.36 0 561.6 1,700 150.4 183.07 11.83 1.00 
8-10-78 5.91 0 426.4 1.150 1324 14.45 0.87 1.00 

~~~ 

I COlhNEDCONDENSATE I 8-10-78 I 5.96 I 3.0 I 58241 1,700 I 175.0 I I 17.66 I 3.92 1 -  0.17 I 0 I 0 1  0 1  2.30 1 I 
INTO 1B SCRUBBER 

OUT OF 1B SCRUBBER 
INTO 28 SCRUBBER 

8-11-78 6.14 2.0 2,000 229.0 76 6.91 0.25 
8-11-78 6.61 - 6,100 744.0 429 3.24 171.9 
8-11-78 5.96 0.1 1,500 144.0 150 23.38 6.56 

OUT OF 26 SCRUBBER 
COMBINED CONDENSATE 

8-11-78 5.93 0 1,350 149.6 92 7.79 11.16 
8-11-78 5.78 3.0 1.700 181.2 82 14.71 3.67 0.14 0 0 0 

I I I I I I 

INTO 28 SCRUBBER 1 8-14-78 I 7.43 I 0 1  1 2,300 I 273.8 I I 54.42 I 11.40 I 2.12 I I I I I I 
INTO 18 SCRUBBER 8-14-78 6.17 2.0 

OUT OF 1B SCRUBBER 8-14-78 6.47 0 
1,980 236.4 6.80 2.60 I 0.22 

2.100 251.6 2.45 0.80 I 1.79 

COMBINEDCONDENSATE I 8-14-78 I 6.06 I 4.0 I 1 1,800 I 194.0 I I 18.23 I 4.60 I 0.46 1 0 I 0 1  0 1  I 
INTO 1B SCRUBBER 8-15-78 6.07 4.0 2,000 235.0 10.43 0.60 6.20 

OUT OF 1B SCRUBBER 8-15-78 6.40 0 4,450 560.0 3.71 44.81 2.10 
-I 

INTO 2B SCRUBBER 8-15-78 8.30 0 1,350 185.4 62.32 0.44 1.00 

OUT OF 26 SCRUBBER 8-15-78 8.39 0 680 76.6 15.51 3.55 0 

COMBINED CONDENSATE 8-1578 6.09 2.0 1,850 177.0 18.70 0.31 3.1 0 
r 



GEOTHERMAL EXPERIMENTAL FACILITY 

INTO 1B SCRUBBER 
OUT OF 16 SCRUBBER 
INTO 28 SCRUBBER 

STEAM SAMPLE DATA 

8-17-78 6.26 2.0 811.2 2,150 2424 3.59 0.67 
8-17-78 6.51 0 811.2 2,280 245.2 1.79 0.94 
8-17-78 8.85 0 499.2 2.000 189.6 136.55 3.39 

INTO 1B SCRUBBER 8-18-78 

OUT OF 1B SCRUBBER 8-18-78 
INTO 28 SCRUBBER 8-18-78 

OUT OF 28 SCRUBBER 8-18-78 

I I I 

OUT OF 28 SCRUBBER I 8-17-78 I 9.08 I 0 I 748.8 I 1,320 I 229.0 I I 28.97 I 1 6.56 I I I I I 1 
6.65 0.5 2,120 254.8 38 7.02 0.89 
6.92 0 6,050 836.0 188 3.82 88.69 
9.35 0 2,000 3928 216 76.34 0.24 

9.39 0 1.350 298.4 107 44.27 0.65 

INTO 1BSCRUBBER 8-21-78 6.44 

OUT OF 1B SCRUBBER 8-21-78 7.46 

3.0 2,000 232 7.08 235 2.24 

0 3.050 341. 3.08 0.78 276 

INT-0 28 SCRUBBER 8-21-78 8.66 0 1,350 241. 44.6 1.76 0.06 

O U T  OF 28 SCRUBBER 8-21-78 8.71 0.2 1,750 444. 20.0 2.75 3.24 

COMBINED CONDENSATE 8-21-78 5.93 2.0 1,600 158. 24.9 7.45 0.18 0 0 0 
I -, 

[TNTO 1B SCRUBBER I 8-28-78 I 6.29 I 4.0 1 1 2.100 I 247. I I 14.4 I 2.14 1 0.45 I 0 I 0 I 0 I 5.35 I I 

INTO 2B SCRUBBER 

OUT OF 2B SCRUBBER 
COMBINED CONOENSATE 

I I I I I .  I I I I I I 

OUT OF 1B SCRUBBER I 8-28-78 ] 7.51 I 0 1  1 2,480 I 253. I I 7.33 I 0 I 1.75 I 0 I 0 1  0 1  1.50 I I 
8-28-78 9.41 0 1,500 288. 20.0 1.43 0.22 0 0 0 0.20 

8-28-78 9.21 0 1,380 268. 15.3 1.67 1.76 0 0 0 0 

8-28-78 6.14 2.0 1.980 168. 21.2 5.36 0.24 0 0 0 2.87 

1NTO 1B SCRUBBER 

OUT OF 1B SCRUBBER 

INTO 2B SCRUBBER 
OUT OF 28 SCRUBBER 

COMBINED CONDENSATE 

8-29-78 6.19 5.0 1,880 256. 17.3 1.63 0.42 0.03 

8-29-78 6.45 1.0 2,230 267. 8.44 0.20 4.53 0.03 

8-29-78 9.09 0 995 221. 23.0 2.04 0.21 0.12 

8-29-78 9.47 0 620 182. 20.0 204 1.09 0.06 

8-29-78 6.06 3.0 1,700 185. 23.6 ~ 9.18 0.19 0.10 



1 
t- ' 

INTO 16 SCRUBBER 

OUT OF 1B SCRUBBER 
INTO 2B SCRUBBER 
OUT OF 28 SCRUBBER 

COMBINED CONDENSATE 

sl. -. 

DATE pH S= ALK COND NH4 T.S. Na Ca Fe Ba Pb Si B Mg 

8-30-78 6.11 7.0 780 1,900 242 18.0 4.40 0.54 0.1 1 

8-30-78 6.92 0 728 2,300 234 14.6 1.80 2.20 0.06 

8-30-78 8.94 0 582 1,020 195 19.9 2.80 0.09 0.14 

8-30-78 9.29 0 468 580 146 16.8 240 0.31 0.09 

8-30-78 5.91 4.0 416 1,650 163 .20.3 7.00 0.38 0.1 1 

c- . 

INTO 16 SCRUBBER 9-1-78 6.21 5.0 1,950 

OUT OF 1B SCRUBBER 91-78 6.55 1.0 2,450 

INTO 26 SCRUBBER 9-1-78 8.88 0 1,220 

OUT OF 26 SCRUBBER 9-1-78 9.34 0 750 

COMBINED CONDENSATE 9-1-78 6.03 2.0 1,650 

r _- 

224 18.0 

248 9.76 

195 42.0 

168 18.5 

140 101. 

E -. 

216 
0.59 

Ef 

0.48 0.03 

0.25 0.05 

r -:. 

1.57 

129 

r :  7.-. 
(c 

0.31 0.13 

0.60 0.14 

1.25 

0.21 

1.67 
1.88 

0.55 0 0 0 5.7 0.02 

0.74 0 0 0 1.5 0.05 

0.13 0 0 0 1.4 0.14 
0.19 0 0 0 1.3 0.22 

OUT OF 1B SCRUBBER 
INTO 26 SCRUBBER 

OUT OF 26 SCRUBBER 
COMBINED CONDENSATE 

9-5-78 6.59 1.0 800 2,320 241 ' 9.67 

9-5-78 9.28 0 750 1,200 224 23.1 

9-5-78 9.53 0 950 1,350 290 20.6 

9-5-78 6.37 5.0 710 1,950 228 21.1 

2.75 I 0.12 I I I I I 0.26 

2.26 
0.97 

0.23 
0.86 

3.55 

1.29 

226 

229 I 0.13 1 0 1  0 1  0 1  2.5 1 0.04 

0.06 
0.07 

0.08 



GEOTHERI 

! 

I 

DATE pH S= ALK CON0 

INTO l B  SCRUBBER 9-8-78 6.43 7.5 1.850 

OUT OF 1BSCRUBBER 9-15-78 7.13 0.3 8528 2,500 268.4 4.9 1.00 0.94 
INTO 28 SCRUBBER 9-15-78 9.17 0 5824 930 180. 12.9 4.33 0.18 
OUT OF 28 SCRUBBER 9-15-78 9.42 0 478.4 650 159.6 6.5 1.67 0.23 
COMBINE0 CONDENSATE 9-15-78 6.11 4.5 540.8 1,450 191.8 9.3 12.3 0.80 

~ 

OUT OF 1B SCRUBBER 2.1 80 

INTO 28 SCRUBBER 1,030 
OUT OF 28 SCRUBBER 

COMBINED CONDENSATE 1,900 

INTO I B  SCRUBBER 

OUT OF 1B SCRUBBER 
INTO 28 SCRUBBER 

OUT OF 28 SCRUBBER r 
I I I 

COMBINEOCONDENSATE I 9-11-78 I 6.00 I 6.0 I I 1,850 

INTO 1B SCRUBBER 1 9-13-78 I 6.45 I 9.5 1 I 1.900 
I I I I 1 -  

OUT OF 1B SCRUBBER 1 9-13-78 1 7.02 I 1.0 I I 2,200 
INTO 28 SCRUBBER 9-13-78 7.58 0 1,750 
OUT OF 28 SCRUBBER 9-13-78 9.03 0 1.000 

I I I I 1 -  

COMBINE0 CONDENSATE I 9-13-78 I 6.23 I 6.0 I I 1,670 

INTO 1B SCRUBBER 9-14-78 6.19 6.5 1,750 
OUT OF l B  SCRUBBER 9-14-78 6.98 0 2,280 
INTO 28 SCRUBBER 9-14-78 9.30 0 780 

I I I I 

OUT OF 28 SCRUBBER I 9-14-78 I 9.49 I 0 1  I 560 

hr 

i‘ 
IAL EXPERIMENTAL FACILITY 

rEAM SAMPLE DATA 

NH4 I T.S. I Na I Ca I Fe I Ba I Pb I Si I B I Mg I 
227.6 122 214 0.44 
245.2 15.9 2.14 0.13 

180.0 I 1 15.9 I 3.57 I 0.06 1 I I -m 
155.2 I I 8.93 1 1.90 I 0.18 I I I I r i  
219.6 I I 9.90 I 3.57 I 0.12 I I I I 1 1 

229.0 I 11.7 235 0.30 6.30 
258.0 I 8.6 1.18 0.12 3.00 

I I 

215.8 I 15.2 I 3.82 I 1.30 I I I 1.10 I 
157.6 I I 11.5 I 5.00 I 0.32 I I I I 0.60 I I 
203.2 I I 10.3 I 5.00 I 0.39 I I I 1 2.40 I 
239.2 1 53 I 14.6 I 297 I 0.43 I 1 I I I 
273.8 20 7.9 1.35 0.23 
176.0 40 14.6 4.86 0.38 
149.6 86 10.9 2.97 0.64 

COMBINEOCONDENSATE 1 9-14-78 I 6.14 1 5.5 I I 1,650 I 208.0 I 44 I 15.7 I 8.65 I 0.56 1 1 I I I 
INTO 1B SCRUBBER I 9-15-78 I 6.30 I 8.0 I 821.6 1 1.700 I 235. I I 11.9 I 200 I 0.35 1 1 1 I I 



GEOTHERMAL EXPERIMENTAL FACILITY 

STEAM SAMPLE DATA 

1 DATE I pH I S= 1 ALK I CON0 I NH4 I T.S. 1 Ma I Ca I Fe I Ba 1 Pb Si I B I  M9 1 
INTO 1B SCRUBBER 

OUT OF 1B SCRUBBER 

INTO 28 SCRUBBER 

OUT OF 28 SCRUBBER 

9-18-78 6.52 10.0 1,750 243.8 11.5 0.79 0.26 0 0 0 7.30 0.02 
9-18-78 7.14 1.0 2,600 246.8 6.3 0.00 0.20 0 0 0 3.05 0.02 
9-18-78 8.99 0 1,350 210.6 16.0 . 3.2 1.66 0 0.51 0 235 0.40 
9-18-78 9.94 0 565 167.2 7.5 0.26 0.26 0 0 .  0 . 1.40 . 0.04 

COMBINED CONDENSATE I 9-16-78 I 6.24 I 7.0 I I 1,680 I 209.2 I I 12.8 I 2 6  I 0.39 I 0 I 0.34 I 0 1  4.05 I 0.02 

OUT OF 1B SCRUBBER 

INTO 28 SCRUBBER 
OUT OF 28 SCRUBBER 

COMBINED CONDENSATE 

INTO 1B SCRUBBER I 9-19-78 I 6.36 I 8.0 1 8320 I 1,800 I 240.8 1 47 I 124 1 1.94 I 0.24 I I I I 
9-19-78 7.05 1.0 821.6 2,250 254.8 26 3.94 ~ 0 0.18 
9-19-78 9.32 0 5720 805 174.0 45 10.6 1.94 0.37 
9-19-78 9.59 0 509.6 560 158.6 25 8.03 0.56 0.43 
9-19-78 6.19 6.5 644.8 1,600 2056 60 156 3.89 0.44 

INTO 18 SCRUBBER 9-20-78 

OUT OF l B  SCRUBBER 9-20-78 

INTO 2B SCRUBBER 9-20-78 
OUT OF 28 SCRUBBER 9-20-78 

COMBINED CONDEMSATE I 9-20-78 1 6.04 I 6.5 I I 1,700 I I I 227 I 6.90 I 0.53 I I I I I I 

6.44 5.0 2,000 123 1.19 0.79 
6.68 0 4,730 8.8 0.95 42.7 

8.91 0 1,250 21.8 3.33 0.79 
9.22 0 870 123 214 1.04 

INTO 1B SCRUBBER 9-21-78 6.61 6.0 1,970 5.65 
OUT OF 1B SCRUBBER 9-21-78 6.99 0 5,500 580 

INTO 2B SCRUBBER 9-21-78 9.52 0 61 0 8.70 

OUT OF 2B SCRUBBER 9-21-78 6.65 0 81 0 18.84 
I 1 I I 

COMBINED CONDENSATE I 9-21-78 I 6.27 I 6.0 I I 1,500 I I I 13.04 I 3.33 I 0.45 I I I I I I 

1.90 1.41 
1.19 50.48 
3.81 0.58 
3.33 0.77 

INTO 1B SCRUBBER 9-22-78 6.43 7.0 1,750 8.30 
OUT OF 1B SCRUBBER 9-22-78 6.78 0 4,800 3.81 
INTO 2B SCRUBBER 9-22-78 9.52 0 865 25.58 
OUT OF 28 SCRUBBER 9-22-78 9.51 0 640 4.90 

COMBINE0 CONDENSATE 9-22-78 6.17 5.5 1.500 5.31 

2 0  0.86 
0.44 34.82 
289 0.50 
222 0.57 
2.00 0.30 



4 . 0 SYSTEM CHEMISTRY 
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The GLEF was operated and samples taken from 

Aug. 1, 1978 to Sept. 22, 1978. These are described in the 

following four (4) subsections: steam, brine, binary-cooling 

water and scale. Geothermal brine was supplied by Magmamax 

No. 1. Non-condensible gas composition was not measured 

during this test period, since previous measurements had 

shown little change in composition. The GLEF facility was 

operated as a two-stage flash system. 

4.1 Steam 

Tables 4-1 through 4-6 list daily and weekly 

monitored constituents of the GLEF steam system. Steam 

sampling points and collection techniques remained unchanged 

with the exception of the sample lines to the 1B (first 

stage) scrubber inlet. These were changed from carbon steel 

to stainless steel to evaluate the effect of sample lines on 

iron concentrations. All results given refer to steam 

samples which have been condensed and are at Standard Tempera- 

ture and Pressure (STP) when tested. 

The steam's physical characteristics in the first 

stage are low pH, high conductivity, high hydrogen sulfide 

concentrations, and low brine carryover. In the first stage 

scrubber, the steam sample going into the scrubber has a 

lower iron concentration than the steam out of the 
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scrubber. This high variable iron concentration i s  attri- 

buted to the continued use of carbon steel sample lines. 

Corrosion products can be entrained in the sample and provide 

spuriously high values. The sample line into the first 

stage scrubber is stainless steel. Iron concentration in 

samples from this location are uniform and low. The carry- 

over from the first stage separator, as characterized by the 

sodium concentration in the steam, was quite variable. 

Toward the latter phase of the test period, the scrubber 

efficiency appeared to decrease. This is probably due to 

the increase in scale build up. 

The steam from the second stage varied con- 

siderably in pH, sodium calcium and iron concentrations. 

The pH varied from an acidic pH of 6.4 at the beginning of 

the test period to a basic pH of 9.52 at the end of the test 

period. The initial low pH may have been due to a hydrogen 

sulfide carryover at the beginning of the test period. This 

is evident in the scale sample taken from the second stage 

scrubber. The sodium, calcium and iron concentrations were 

also affected by the scale build up in the scrubber. 

Several analysis show mineral concentration in the 

steam from the scrubber outlet to be higher than Chat of the 

inlet. This is attributed to the continued use of carbon 

steel sample lines which allow rust trapped minerals to 

build up. 

sample. 

These periodically break off and contaminate the 

. 

-42- 



GEOTHERMAL EXPERIMENTAL FACILITY 

8RlNE SAMPLE DATA 

310,000 

330,000 

~ 

MAGMA MAX # 1 8-1-78 4.75 I 191,200 44,118 17,391 101.4 141 28.26 146 225 

208,750 48,162 19,021 113.8 137.5 37.78 230 150 . 
I 

OUT OF 1STSTAGE I 8-1-78 I 5.65 1 I 

335,000 

310,000 

300,000 

I OUTOF2NDSTAGE 1 I l l  

220,300 50,650.5 19,318.2 123.85 

199,300 48,624.4 17,424.2 136.00 

197,950 48,091.3 15,909.1 111.11 

I REINJECTION I 81-78 I 5.90 I I 

300,000 

305,000 

~ ~~ 

MAGMA MAX # 1 1 8-2-78 1 5.0 1 1 

182,440 45,275.5 15,384.0 107.4 

177,050 35,039.3 10,576.5 68.9 

COND 1 NHn 1 T.S. I Na I Ca I Fe 1 8a I Pb I Si I E 1 Mv I 

106.3 

103.7 

32.4 160.0 

27.5 166.7 

302,500 1 188,950 1 44,853 I 16,848 1 100.0 I 121.8 I 25.53 I 222 I 165 

150.0 

155.4 

142.9 

128.2 

3oomo 1 1 201,850 I 47,344.9 I 17,045.5 I 114.58 

33.80 193.33 

40.28 213.3 

32.88 168.75 

30.99 168.75 

J 

MAGMA MAX # 1 I 8-3-78 I 5.0 I I 1 315.000 I I 164.400 1 44.094.5 I 16.345.5 1 108.6 I 118.4 I 29.9 1 173.3 1 I I 
I OUT OFlSTSTAGE I 8-3-78 1 5 3  1 I I 330.000 I I 205.155 I 46.850.4 I 17.787.8 I 115.6 I 125.0 I 38.8 I 238.5 I 1 1  
I OUTOGNDSTAGE 1 8-3-78 I 6.0 I I 
1 REINJECTION 1 8-3-78 I 5.9 I I 

MAGMA MAX # 1 

OUT OF 1ST STAGE 8-7-78 5.9 385,000 

OUT OF 2ND STAGE 8-7-78 6.0 

8-7-78 6.2 I 350,000 1 I I 1 REIN JECTl 0 N 



GEOTHERMAL EXPERIMENTAL FACILITY 

BRINE SAMPtE OATA 

8- 9-78 

8- 9-78 

8- 9-78 

8- 9-78 

T.S. Na Ca Si B Ma DATE 1 pH I S= I ALK 1 CON0 I NH4 I 
4.57 315,000 273.0 45,744.7 17,156.9 85.71 234.4 27.14 178.6 
5.52 340,000 351.3 46,099.3 18,137.3 120.37 234.4 37.31 223.1 
5.61 320,000 358.0 43,262.4 16,176.5 109.09 225.8 28.79 178.6 
5.72 310,000 333.3 45,744.7 16,666.7 . 124.20 187.5 . 27.27 . 178.6 . 

OUT OF 1ST STAGE 

8-10-78 4.86 305,000 312.5 43,673.9 16,176.5 107.36 128.57 25.00 166.67 
8-10-78 5.89 315,000 329.0 47,901.5 17,647.1 113.10 131.94 36.84 210.00 
8-10-78 5.84 275,000 329.0 48,175.2 17.1 56.9 109.09 139.71 28.95 21 1.1 1 

8-10-78 5.90 280,000 429.0 47,931.9 16,176.5 107.36 139.71 25.97 133.33 

I MAGMAMAX#l 280 

3M) 

280 

220 

OUT OF 2ND STAGE 

MAGMA MAX # 1 8-11-78 4.86 290,000 316.5 206,996 44,485.3 16,836.7 112.9 121.8 31.58 

OUT OF 1ST STAGE 8-11-78 6.02 315,000 327.0 220,772 45,955.9 17,176.9 122.5 121.8 40.00 

OUT OF 2ND STAGE 8-11-78 5.91 285,000 320.5 194,792 46,078.4 16,836.7 114.4 106.3 31.58 

REINJECTION 8-11-78 5.82 285,000 322.5 195,424 46,813.7 17,006.8 125.9 128.4 25.00 

REINJECTION 

192.9 

181.3 

185.7 

236.4 

MAGMA MAX # 1 8-14-78 4.66 232,000 306.5 31,632.7 11,000.0 

OUT OF 1ST STAGE 8-14-78 5.80 395,000 312.5 46,938.8 18,000.0 

OUT OF 2ND STAGE 8-14-78 5.68 430,000 349.0 59,863.9 27,500.0 

REINJECTION 8-14-78 5.37 470,000 349.0 56,462.9 23,000.0 

65.71 107.14 31.94 191.67 

121.4 132.35 42.03 192.31 

125.7 174.24 47.06 200.0 

151.2 174.24 45.71 192.31 

I OUT OF 1ST STAGE 8-15-78 

8-15-78 

8-15-78 

OUT OF 2ND STAGE 

RE INJECT ION 

5.98 390,000 349.0 48,913.0 18,085.1 115.17 181.82 40.28 215.38 330 

5.79 340,000 399.5 52,898.6 20,744.7 141.18 160.26 47.22 246.15 370 

5.47 400,000 391.3 54,347.8 20,744.7 136.63 150.00 44.44 216.67 360 . 



MAGMA MAX #t 1 8-1 7-78 

OUT OF 1ST STAGE 8-17-78 t OUT OF 2NO STAGE 817-78 

pH S= 

5.02 

I OUT OF 2NO STAGE I 8-18-78 

ALK CON0 "4 T.S. Na 

365,000 276.3 40.689.7 

OUT OF 1ST STAGE 1 8-21-78 

6.05 

5.84 

8-21-78 

412,000 353.5 44,827.6 

450.000 373.0 48.620.7 

GEOTHERMAL EXPERIMENTAL FACJLITY 

BRINE SAMPLE DATA 

MAGMA MAX # 1 8-28-78 4.99 ' 300,000 309 50,000 18,500 123 92.9 147 225 210 

OUT OF 1ST STAGE 8-28-78 6.04 310,000 363 48,500 20,200 126 102 100 100 225 

OUT OF 2ND STAGE 8-28-78 6.05 390,000 376 47,700 16,700 150 95.6 75.0 36.4 275 

49,200 17,900 159 54.7 107 130.0 275 REINJECTION 8-28-78 5.00 375,000 371 

MAGMA MAX #I 8-29-78 4.99 240,000 317 51,600 17,300 128 82.4 29.2 208 139 

OUT OF 1ST STAGE 8-29-78 6.02 280,000 378 52,000 19,400 135 88.2 50.0 214 156 

OUT OF 2ND STAGE 8-29-78 6.03 320,000 414 52,700 11,700 145 58.8 39.7 23.1 305 

REINJECTION 8-29-78 5.20 300,000 408 15,600 10,700 142 94.1 48.5 264 47.2 
< 

6.14 1 400,000 375.5 50,689.7 

Ca I Fe 1 Ea 

19,811.3 135.54 133.93 

19,339.6 204.27 77.59 

43.33 213.33 * 



GEOTHERMAL EXPERIMENTAL FACILITY 
BRiNE SAMPLE DATA 

MAGMA MAX #1 

OUT OF 1ST STAGE 
OUT OF 2ND STAGE 

REINJECTION 

DATE pH S' AtK CON0 

8-30-78 5.06 168,000 

8-30-78 5.92 300,000 
8-30-78 5.92 3 10,000 

8-30-78 5.30 330,000 

MAGMA MAX #I 

T.S. 

OUT Of 1ST STAGE 

OUT OF 2ND STAG€ 

REINJECTION 

Na ca Fa Ba Pb Si B MY 

50,000 17,500 125 94.6 34.4 200 115 
50,400 21,000 15;1 97.2 48.6 8.33 167 
50,400 18,000 128 152 47.4 270 163 
52,300 21,000 156 148 50.0 218 194 

329 

391 
429 

432 

290,000 
313,000 

360,000 

330,000 

49,100 17,600 98.8 97.2 13.9 200 115 
50,000 18,100 125 108 57.1 255 135 
50,400 20,700 145 134 51.5 300 147 
50,400 19,100 144 132 63.5 230 143 

8-31-78 

8-31-78 

8-31-78 

8-31-78 

I 368,000 REINJE CTl ON 

5.08 

5.94 

5.86 

5.19 

MAGMA MAX #1 

OUT OF 1ST STAGE 

OUT OF 2ND STAGE 

- 
"4 - 
303 

361 

3 89 

386 

9- 1-78 4.94 298,000 

9- 1-78 5.89 31 5,000 
9- 1-78 5.93 373,000 

288 

363 

391 

389 

50,800 16,200 147 83.3 37.5 172 114 

50,400 17,600 104 83.3 50.0 189 135 
50,000 18,600 15b 104 47.7 175 131 
49,600 17,600 147 85.7 54.2 188 140 

294 52,000 16,100 128 100 
345 53,200 17,700 132 132 
386 54,800 ~ 20,300 148 125 

384 55,600 18,800 140 119 

27.4 300 250 130 

55.0 264 210 157 
431  84.6 315 178 

54.0 214 315 168 

MAGMA MAX #1 

OUT OF 1ST STAGE 
OUT OF 2ND STAGE 

REI NJE CTlO N 

9- 5-78 5.04 150 395,000 

9- 5-78 5.91 85 255,000 

9- 5-78 5.93 65 370,000 

9- 5-78 5.2Y 80 370,000 

222,536 50,000 17,700 
235,528 51,400 19,400 

266,920 51,900 21,800 

256,532 52,400 20,200 

123 103 30.0 200 102 

136 129 43.4 215 115 

133 121 45.8 92.3 131 

133 136 51.2 192 1 24 

MAGMA MAX #1 

OUT OF 1ST STAGE 
OUT OF 2ND STAGE 

REINJECTION 

9- 7-78 5.01 270,uoe 307 

9- 7-78 6.01 295,000 371 
9- 7-78 6.15 325,000 423 

!I- 7-78 5.27 325,000 417 



MAGMA MAX #1 

OUT OF 1ST STAGE 

MAGMA MAX #1 

OUT OF 1ST STAGE 

OUT OF 2NO STAGE 9-1 3-78 

REINJECTION 9-13-78 

DATE pH S' ALK COND NH4 T.S. Na Ca Fe Ba Pb Si 8 Mil 

9- 8-78 5.10 313,000 286.3 46,100 23,200 116 ~ 132 34.2 188 151 

9- 8-78 6.03 350,000 365.5 48,100 23,800 122 135 42.5 219 151 --------------- 

260,000 

300,000 

340,000 

320,000 

OUT OF 2NO STAGE 0 8-78 6.13 390,000 388.5 48,500 27,400 131 132 50.0 

REINJECTION 9- 8-78 5.33 390,000 386.0 50,500 27,400 138 122 45.0 

45,800 

47,700 

49,200 

405.5 49,200 

140 187 

231 170 

21,300 

24,300 ~ 

25.700 I 116 I 99.1 1 60.3 1 56.3 1 300 I 126 I 

106 96.2 25.0 150 230 98 

122 100.0 52.9 159 260 98 

-~ 

24,300 I 116 I 927 I 62.5 I 200 I 300 141 1 
~~ 

MAGMA MAX #1 

OUT OF 1ST STAGE 

9-14-78 5.25 

9-14-78 6.16 

OUT OF 2NO STAGE I 9-14-78 I 6.09 I 1 

225,000 

270.000 

292 197,576 41,000 20,300 119 926 34.7 200 77.7 

380.8 223,888 41,800 23,000 138 131 48.6 514 117 
I I I -  I I I I I I 1 

305.000 I 417 1250.956 143.000 124.300 I 184 I 110 I 51.3 1 175 I I 131 1 

MAGMA MAX #1 915-78 4.96 208 215,000 299 40,700 23,300 115 71.4 36.1 220 

OUT OF 1s t  STAGE 9-15-78 6.07 83.2 243,000 373 41,300 27,500 141 100 57.8 218 

OUT OF 2ND STAGE 9-15-78 6.01 78.0 282,000 417 43,300 27,500 147 107 64.1 260 

REINJECTION 9-15-78 5.21 83.2 265,000 420 44,300 26,700 101 95.2 60.9 250 

REINJECTION I 9-14-78 1 5.30 I 1 ] 280,000 1 423 1248,100 145,900 I 26,400 I 134 I 145 1 50.0 I 600 I I 150 I 

121 

144 

114 

183 

MAGMA MAX #1 9-18-78 4.90 250,000 314.5 48,300 15,100 106 129 30.4 194 

OUT OF 1ST STAGE 9-18-78 5.82 268,000 368.0 47,900 14,500 120 133 57.1 224 

OUT OF 2NO STAGE 9-18-78 5.92 320,000 394.0 48,300 16,400 149 144 28.8 56.3 

REINJECTION 9-18-78 5.07 300,000 394.0 48,800 16,400 137 150 79.5 238 

265 121 

285 153 

330 133 

320 150 



GEOTHERMAL EXPERIMENTAL FACl LlTY 

MAGMA MAX #1 

OUT OF 1ST STAGE 

OUT OF 2MD STAGE 

- 
DATE pH S= ALK . CON0 NH4 T.S. Na Ca Fe Ba w Si 6 Mg 

9-19-78 5.10 197.6 352,000 320.5 201,364~ 47,700 13,200 111 96.8 26.4 194 73.4 

9-19-78 5.93 728 440,000 368.0 228,440 48,900 16,000 130 117 58.3 233 1 02 

9-19-78 5.95 728 423,000 386.0 248,260 48,900 15,300 113 91.7 15.2 64.3 76.9 

MAGMA MAX #1 9-20-78 5.41 288,000 50,675 14,286 86.4 

OUT OF 1ST STAGE 9-20-78 6.27 312,000 52,027 15,476 110.6 

OUT OF 2ND STAGE 9-20-78 6.06 ] 325,000 53,041 15,476 87.5 

REINJECTION 9-20-78 5.64 310,000 54,054 16,071 117.3 

I 

1 

78.6 27.8 189 111.1 

90.3 72.9 . 211 117.6 

85.7 45.6 78 108.3 

87.8 39.7 161 105.8 

I I 

MAGMA MAX #1 

OUT OF 1ST STAGE 

OUT OF 2ND STAGE 

REINJECTION 

MAGMA MAX #1 

OUT OF 1ST STAGE 

OUT OF 2ND STAGE 

REIN JECTi 0 N 

9-21-78 4.97 280,000 38,768 11,310 71.4 66.7 9.72 243.8 90.9 

9-21-78 6.42 325,000 40,942 12,500 73.5 39.5 29.4 105.9 94.7 

9-21-78 : 6.17 320,000 47,101 14,881 75.6 78.1 32.9 52.9 1020 

9-21-78 ' 5.89 273,000 50,725 15,476 103.9 51.5 2.94 25.0 94.7 

9-22-78 4.75 245,000 37,415 11,111 79.7 73.5 31.67 184.6 77.8 

9-22-78 6.25 280,000 38,095 12,222 89.3 . 80.9 42.65 106.7 78.7 

9-22-78 5.98 320,000 43,197 13,889 99.3 625 29.69 28.6 1023 

9-22-78 5.72 I270,OOO 39,796 ~ 12,778 106.6 90.9 51.67 207.1 90.9 I I 
1 

MAGMA MAX #1 

OUT OF 1ST STAGE 

OUT OF 2ND STAGE 

REINJECTION 
I 

I 1 
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The characteristics of the combined condensate 

were relatively stable. Mineral concentrations in the com- 

bined condensate did not always agree with values for the 

first and second stage steam from the scrubbers. This dis- 

crepancy is also attributed to the use of a carbon steel 

sample line. Carbon steel sample lines will be replaced in 

the future. 

4.2 Brine 

Tables 4-7 through 4-12 list the daily and weekly 

constituents of the geothermal brine through the two stage 

flash system. Ion concentration would be expected to in- 

crease as the brine passes through the plant due to loss of 

water as steam. However some of the analytical results seem 

to contradict this, e.g., concentration of some species in 

the 2nd stage exit is lower than the inlet. This is in all 

probability due to the sampling errors in the brine and the 

corrective measures will be discussed in the section titled 

"Future Projects". 

4.3 Binary and Cooling Water 

Tables 4-13 through 4-21 list the daily and weekly 

monitored constituents of the binary and cooling water 

systems. These systems were put into operation on July 10, 

1978, and samples were drawn beginning on July 18, 1978. 
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BINARY 

FROM POND TO CONSENSERS 

FROM CONDENSERSTO POND 

DATE pH S'- ALK CON0 NH4 T.S. Na Ca Fe Ba Pb Si B M!l 

748-78 8.11 2,150 6.62 2.89 

FROM CONDENSERS TO POND 1 7-24-78 I 7.73 1 1 I I I 1 388.13 I I 4.72 I I 1 I I 

BINARY 7-24-78 8.91 

FROM POND TO CONDENSERS 

56.16 3.44 

BINARY 7-25-78 8.6 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 7-25-78 7.7 

700 14.6 1.55 2.06 

2,300 374.2 3.88 28.01 

7 

BlNARY 7-26-78 8.48 650 22 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 7-26-78 7.62 2,250 1,615 

14.93 0.32 0 0.50 

405.9 3.33 29.59 1.70 

BINARY 7-27-78 8.78 676.0 640 1 1.52 

FROM POND TO CONDENSERS 

FROM CONOENSERSTO POND 7-27-78 8.18 93.6 2,250 236.52 
1 

1 A1 0 

3.25 31.72 



GEOTHERMAL EXPERIMENTAL FACILITY 

BINARY AN0 COOLING POND SAMPLE DATA 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 

DATE pH S= ALK CON0 NH4 T.S. Na Ca Fe Ba Pb Si B Mg 

7-28-78 8.53 840 5.90 1.59 0 

~ ~~~ ~~ 

7-28-78 9.19 2,800 23 8.5 2.73 26.06 

BINARY 7-31-78 9.2 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 7-31-78 8.6 

940 4.1 1 0.61 0 

3,000 463.77 0.1 5 21.90 

BINARY I 8- 2-78 I 9.5 I I I 840 I I I 5.12 I I 0.18 I I l o 1  I 1 

BINARY 8- 1-78 9.25 900 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 8- 1-78 8.25 2,900 

2.84 0.14 0 0 

333.3 0.14 25.71 0 

FROM POND TO CONOENSERS 

FROM CONOENSERSTO POND 

~~ ~~~~ 

8- 2-78 8.4 2,800 1,901 380.68 0.43 25.21 

8- 2-78 8.3 2,800 1,893 369.48 0.07 25.21 

BINARY 8- 3-78 10.0 900 1,961 2.5 1.0 0.17 0 0 

FROM PONO TO CONDENSERS 8- 3-78 1 8.3 , I 3,000 I i 1,996 i 263.8 i 43.3 i 0.50 i 0 i 0 1 26.8 i 

FROM CONDENSERS TO POND 8- 3-78 8.4 I 3,200 250.0 43.3 0.28 0 0 26.8 I 



I 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 

GEOTHERMAL EXPERIMENTAL FACILITY 

BINARY AND COOLING POND SAMPLE DATA 

DATE pH S= ALK CON0 NH4 T.S. Na Ca Fe Ba Pb S i  B Mfl 

8- 4-78 Q.3 870 2.57 . 0.59 0.26 0 0 0 

8- 4-78 8.1 3,000 341.49 63.73 0.50 0 0 26.79 

8- 4-78 8.1 3,100 337.48 63.73 0.51 0 0 26.79 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 

a- 7-78 8.9 1,200 

8- 7-78 7.9 3,870 

8- 7-78 7.9 4,090 

BINARY I 8- 9-78 I 9.20 I I I 1,150 I I I 9.22 I 1.18 I 0.56 I 0 1  0 1  0 1  I 1 

BINARY 8- 8-78 8.9 

FROM POND TO CONDENSERS 8- 8-78 7.95 

FROM CONDENSERSTO POND 8- 8-78 7.95 

1,200 

4,400 

4,000 

I 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO PONO 

8- 9-78 8.20 4,150 <1.0 397.16 95.59 0.61 0 0 43.20 

8- 9-78 8.31 4.400 3.13 406.03 95.59 0.71 0.13 0 39.75 

BINARY 8-10-78 8.60 0 196.8 1,200 

FROM PONO TO CONDENSERS 8-10-78 8.11 0 114.4 4,000 <1.0 

FROM CONDENSERS TO POND 810-78 8.14 0 135.2 4,300 <1.0 

7.15 0.98 0.36 0 0 0 0 

413.02 11275 0.53 0 0 29.55 1.20 

501.82 125.00 0.58 0 0 27.71 1.50 



GEOTHERMAL EXPERIMENTAL FACILITY 

BINARY 

FROM PONO TO CONOENSERS 

FROM CONDENSERS TO POND 

DATE pH S= ALK CON0 NH4 T.S. Na Ca Fe Ba Pb Si B Mg 

- 8-11-78 8.62 0 1,100 60 8.82 1.63 0.27 - 0 

8-11-78 7.94 0 3,700 4 . 0  2,468 569.9 132.7 0.64 0 0 27.95 

8-11-78 7.94 0 3,800' <1.0 2,422 862.7 193.9 0.68 0 0 27.95 

BINARY 8-14-78 9.00 0 1,150 8.16 1.20 11.06 0 0 

FROM POND TO CONDENSERS 8-14-78 7.65 0 3,450 13.88 605.44 160.0 1.29 0 0 34.62 

544.22 115.0 1.05 0 0 34.62 FROM CONDENSERS TO PONO 8-14-78 7.82 0 3,500 13.88 

BINARY I 8-15-78 I 8.89 I 0 1  I 1,280 I I 20.0 1 I 1.04 I I o  

FROM CONDENSERS TO POND 1 8-15-78 I 7.63 1 0 
~ I 3,850 I 18.1 I 547.10 1.05 1 I 2.10 I 

BINARY 

FROM PONO TO CONDENSERS 

FROM CONDENSERS TO POND 

8-16-78 7.77 a 3,200 20.68 259.4 1.14 

8-16-78 7.80 0 3,300 21.96 473.7 1.11 

BINARY 8-17-78 8.83 0 696.8 

FROM POND TO CONDENSERS 8-17-78 7.59 0 218.4 

FROM CONDENSERS TO POND 8-17-78 7.76 0 208.0 

1,330 11.86 1.29 

3,650 24.38 558.62 1.18 

3,950 23.92 575.86 1.61 



GEOTHERMAL EXPERIMENTAL FACILITY 

BINARY AND COOLING POND SAMPLE DATA 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERSTO POND 

+ 

DATE pH S= ALK COND NH4 T.S. Na Ca Fe 8a Pb Si 8 Mg 

8-18-78 9.12 0 1,200 31 9.62 0.71 

8-18-78 7.85 0 3,500 28.8 2,365 484.73 148.0 1.29 

8-18-78 7.96 0 3,700 28.3 2,379 477.10 ~ 132.7 1.29 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERSTO POND 

8-21-78 8.65 0 1,150 6.00 1.18 0.37 0 0 0 

8-21-78 7.73 0 3,800 . 37.2 592 142 1.32 0 0 329 

8-21-78 7.73 0 3,800 36.4 585 157 1.21 0 0 28.0 

FROM CONDENSERS TO POND 1 8-22-78 I 7.92 I a 3,500 36.4 477 137 1.56 0 1 0 1  35.7 1 

BINARY 

FROM POND TO CONDENSERS 

8-22-78 8.92 0 1,350 3.10 5.48 0 0 0 

8-22-78 7.90 0 3,500 36.4 477 149 1.63 0 0 357 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 

, 

m 

8-23-78 8.78 1,MO 19.6 0.50 0 0 0 f 

8-23-78 , 8.04 3,300 40.5 481 150 1.10 0 0 31.5 83.1 

8-23-78 . 8.04 I 3,300 37.2 474 144 1.22 0 0 31.5 81.8 I 
BINARY 

FROMPONU TO CONDENSERS 

FROM CONDENSERS TO POND 

7 0.39 

8-24-78 8.21 3,300 37.5 531 144 1.42 90.1 

8-24-78 8.22 3,300 40.5 562 128 1.49 79.3 

8-24-78 9.05 1,230 20.2 1.11 0.45 



BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 

FROM CONDENSERS TO POND I 8-29-78 1 7.74 1 0 1  1 3,700 I 420 I 11,781 1 81.6 I 1.44 1 I I 1 1 87.3 

r I 

DATE pH S= ALK COND NH4 T.S. Ma ca Fe Ba Pb Si B Mg 

8-28-78 9.35 0 1,150 10.38 0.48 0.37 0 0 0 0 

8-28-78 7.93 0 3,500 36.4 485 53.6 0.90 0 0 26.4 2.10 

8-28-78 7.94 0 3,900 37.2 489 53.6 0.87 0 0 23.5 2.10 

BINARY 8-29-78 9.10 

FROM POND TO CONDENSERS 8-29-78 7.70 

0 1,120 10.0 1.02 0.66 0.12 

0 3.450 39.6 1,781 91.8 1.39 I 84.7 

FROM CONDENSERS TO POND 9- 1-78 7.87 0 I 4,200 1 47 I 500 123 1.67 34.8 87.6 I I 

BINARY 

FROM PONO TO CONDENSERS 

FROM CONDENSERS TO POND . 

I 
8-30-78 1 8.96 686 ~ 1,150 7.85 0 0.60 0.11 

8-30-78 7.63 0 270 3,600 40.9 512 140 1.69 24.6 8 2  7 

8-30-78 . 7.54 1 0 270 3,850 44.0 496 135 1.52 24.6 82.7 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO PONO 

8-31-78 8.99 0 1,180 5.22 1.06 0.71 0.1 3 

8-31-78 7.71 0 3,850 45 496 74.5 1.44 21.1 81.4 

8-31-78 7.73 0 4,000 47 504 74.5 1.47 22.6 82.8 

BINARY 9- 1-78 : 9.14 f 0 1,200 

FROM POND TO CONDENSERS ~ 9- 1-18 7.96 1 0 3.900 

16.8 1.76 0.81 I 0.1 8 

49 500 123 2.03 33.4 I 84.3 



GEOTHERMAL EXPERIMENTAL FACILITY 

COND NH4 T.S. Na Ca Fe 8a Pb Si B 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 

BINARY I 9- 8-78 I 9.50 I 0 1  1 1,150. I 1 I 13.4 I 0.95 1 0.11 I I I I 1 I 

~ 

9- 578 9.61 0 1,160 5.97 0.42 0.36 0 0 0 0 0.06 

9- 5-78 8.10 0 270 4,150 55 560 125 1.79 0.23 0 31.1 3.4 89.6 

9- 5-78 8.07 0 270 . 4,420 57 567 120 1.54 0.23 0 32.6 3.4 89.6 

I I t I I I I I I I 

FROM POND TO CONDENSERS I 9- 8-78 I 7.93 I 0 1  I 4.300 I 54.8 I I476 I I 1.27 I I I I I I 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 

9- 7-78 9.51 0 1,080 36 12.1 0.97 0.42 

9- 7-78 8.00 0 3,900 58.0 2,740 533 145 1.44 

9- 7-78 8.05 0 4,100 64.8 2,747 528 137 1.64 

m 

FROM CONDENSERS TO POND 9- 8-78 7.89 0 4,500 61.6 476 1.28 1 I I 

BINARY 9-11-78 9.38 0 1,100 6.73 0.77 0.47 0 0 0 0.09 

FROM POND TO CONDENSERS 9-11-78 8.07 0 4,380 61.6 538 186 1.91 0 0 36.7 93.2 

FROM CONDENSERS TO POND 9-11-78 8.11 0 4,500 70.4 524 186 1.30 0 0 36.7 94.1 

BINARY 9-13-78 9.54 0 1,230 20.3 2.94 0.18 0 

FROM POND TO CONDENSERS 9-13-78 7.98 0 4,050 48.4 512 176 0.83 3.80 
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z. 

4 

DATE pH ' 

BINARY 9-21-78 9.78 

FROM POND TO CONDENSERS 9-21-78 7.92 

FROM CONDENSERS TO POND ' 9-21-78 7.95 

S= ALK CON0 NH4 ~ T.S. : Ma ' Ca Fe Ba Pb Si B 

0 1,230 19.71 1.67 . 0.51 

0 4,250 . 550.7 119.0 2.24 

0 4,480 543.5 113.1 1.59 

FROM POND TO CONDENSERS 

FROM CONDENSERSTO PONO 

9-22-78 7.75 0 4,460 517.01 111.11 2.08 

0 4,500 I 581.63. 133.30 ' 1.53 9-22-78 7.78 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 

J I 

BINARY 9-22-78 
I 1 11.70 0.67 . 4.90 9.69 0 1,170 1 

BINARY 

FROM FOND TO CONDENSERS 

FROM CONDENSERSTO POND 

1 

1 

BINARY 

FROM POND TO CONDENSERS 

FROM CONDENSERS TO POND 
1 



The binary system was monitored daily for pH, 

conductivity, sodium, calcium, and iron. The pH attained 

relative stability after one week of operation, as did the 

calcium and iron concentrations. Wide fluctuations in the 

sodium concentration were seen throughout the test period 

and cannot be explained at the present time. 

The differential pressure (dP) across the cooling 

water condenser increased from six (6) psi to twenty-eight 

(28) psi just a few days after start up. This was attri- 

buted to the residual scale on the pipe walls breaking off 

and plugging up some of the condenser tubes. The BP changed 

slightly (from twenty-eight (28) psi to thirty (30) psi) 

for the remainder of the test period. Zimmite ZC-362, a 

corrosion and scale inhibitor, was added to the pond water 

just after the drastic dP change and this may account for 

the small rise in the dP during the remainder of the test 

period. The corrosion rate of the pond also decreased 

from fourty-four (44) MPY to eight to ten (8-10) MPY after 

the addition of the ZC-362. Thus the Zimmite compound ap- 

peared effective in reducing the corrosion rate. 

The pH of the pond remained stable throughout the 

plant operation, but the metal concentrations varied con- 

siderably. 

combined condensate to the pond. The pond level was main- 

tained at a depth of five (5) and six (6) feet during this 

test period. 

This variance was due to the addition of the 
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4 . 4  Scale 

The sca le  deposited d u r i n g  t h i s  period w i l l  be 

described i n  four ( 4 )  subsections: before scheduled s h u t  

down, brine system (from well head t o  r e in j ec t ion ) ,  steam 

system, and cooling water system. The probable sca le  com- 

pos i t i ons  a re  calculated from Atomic Absorption measurements 

i *  

Ij 

LI 

u 
$1 

u 
, 

u' 

and s o l u b i l i t i e s  of possible  compounds. 

To d i f f e r e n t i a t e  the sca le  compounds based on 

s o l u b i l i t y ,  t h e  following procedures were used. 

Water Soluble: The sca le  sample was weighed t o  

approximately 1.0 gm i n  a 2 5 0  m l  beaker and 200 m l  of d i s t i l l e d  

water was added. The so lu t ion  was t h e n  slowly boiled for  a 

period t o  two ( 2 )  hours and f i l t e r e d  through Whatman # 4 2  

F i l t e r  Paper in to  a 2 5 0  m l  volumetric f lask  and the f lask  

was brought up t o  volume. The f i l t r a t e  was then analyzed on 

t h e  Atomic Absorption. The sca le  remaining on the f i l t e r  

paper was placed in to  a platinum cruc ib le  and ashed a t  900°C 

for 1-1/2 h o u r s .  The c r u c i b l e  w a s  t h e n  cooled and weighed 

t o  obtain the  amount of water insoluble  mater ia l  i n  the  

sca le .  The d i f fe rence  between the o r ig ina l  weight is  the 

amount of water soluble  mater ia l  i n  the  scale .  

Acid Soluble: After ashing the remaining sca le  

sample, it was placed in to  a 2 5 0  m l  beaker and 2 0 0  m l  of 15% 

HC1 was added. T h i s  was again boiled for  two ( 2 )  
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.II 
a?"- 2 

Wt. % 

"3-0.08 
Ca -0.68 

Na -6.63 
Fe -8.72 

Mg -0.41 

Pb -7.60 
K -0.17 
A1 -0.51 

CU -0.30 
Mn -1.05 
Si -4.18 

Zn -0.39 

(1) 
% Scale Fraction 

Water Soluble-30.7 
% Total Scale 

NH4C1- 0.4 NH4C1- 0.12 

MgC12- 0.3 MgC12- 0.09 
CaC12- 4.5 CaC12- 1.38 

MnC12- 0.7 MnC12- 0.21 

NaCl -91.7 NaCl -28.15 
I CaO - 0.26 

Acid Soluble-15.3 CUO - 0.34 
CaO - 1.7 Fe2O3- 7.34 
CUO - 1.5 PbO -17.66 
Fe203-48.0 PlgO - 0.17 
PbO -16.9 MnO - 0.83 
MgO - 1.1 Na2Si03- 3.59 
MnO - 5.4 ZnO - 0.31 

Na2Si03-23.4 Al2O3- 2.96 
%no - 2.0 CaSi03- 1.03 

Acid Insoluble-54.0 Fe3O4- 8.85 
A1203- 5.5 

CaSi03- 1.9 MgSi03- 0.27 
CUO - 0.2 MnSi03- 2.11 
Fe 04-16.4 Si02 -23.37 
Pb8 -27.9 ZnO - 0.22 

KC1 - 2.4 KC1 - 0.74 

MgSi03- 0.5 
MnSi03- 3.9 
Si02 -43.3 
ZnO - 0.4 

Wt. % 

"3- 0.01 

Mg - 0.03 
Ca - 0.09 
Na - 0.64 
Fe -11.23 
Pb - 4.32 
K - 0.01 
A1 - 0.27 
Zn - 0.12 
CU - 4.68 
Mn - 0.33 
Si -22.12 

(1) End of Spool Piece between 1B and 2B Separators (wet) 
+(2) 2B Separator (V-11) Inlet above water line ( w e t )  z 
I- m 
e lu 
N 

(2) 
% Scale Fraction % Total Scale 

Water Soluble-12.6 
cuc12- 0.1 cuc12- 0.01 
PbC12- 1.9 PbC12- 0.24 
PlgC12- 0.1 MgC12- 0.01 

KC1 - 0.5 KC1 - 0.06 MnC12- 0.2 MnC12- 0.03 

NaCl - 5.93 NaCl -47.1 
ZnC12- 0.1 ZnC12- 0.01 

Volatile -50.0 Volatile- 6.30 

Acid Soluble-13.9 Fe2O3- 8.81 

PbO -11.3 MnO - 0.22 
MgO - 0.1 Na2Si03- 1.29 
MnO - 1.6 ZnO - 0.14 

Na2Si03- 9.3 Al2O3- 1.40 
ZnO - 0.4 CaSi03- 0.15 

Acid Insoluble-73.5 Fc3O4- 6.03 
A1203- 1.9 

CaSiO3- 0.2 MgSi03- 0.07 
CUO - 4.7 MnSi03- 0.15 
Fe3O4- 8.2 Si02 -58.96 

CUO - 5.38 
CUO -13.9 PbO - 4.80 
Fe203-63.4 MgO - 0.01 

PbO - 4.4 
MgSi03- 0.1 
MnSi03- 0.2 
Si02 -80.2 
ZnO - 0.1 



a It":-: sbl_ 

wt. % -- 

"3- 0.10 
Ca - 1.08 
Mg - 0.11 
Na - 5.46 
Fe - 3.25 
Pb - 1.49 
R - 0.23 
CU - 0.38 
M n  - 2.35 
Zn - Q.45 

Si-32.66 

(1) 
8; Scale Fraction % Total Scale 

Water Soluble-30.7 
NH4C1- 0.3 NH4Cl- 0.09 
CaC12- 1.0 CaC12- 0.32 
PbCl2- 0.1 PbC12- 0.03 
M W 2 -  0.1 MgC12- 0.03 
Mnc12- 0.2 mC12- 0.06 
HC1 - 1.4 KC1 - 0.43 
ZnC12- 0.1 ZnC12- 0.03 
NaCl -.37.9 NaCl -11.64 

Volatile-58.9 Yolatile-18.08 
CaC03- 1.81 

CaC03-12.2 FeS - 4.51 
FeS -30.5 MgCO3- 0.15 
PbS - 6.6 MnC03- 3.60 
MgC03- 1.9 Na2Si03- 3.08 

Acid Soluble-f4,8 CUS - 0.31 
cus - 2.1 PbS - 0.98 

Acid Insoluble-54.5 
CUO - 0.3 
Fe304- 1.8 
PbO - i.2 

ZnS - 0.37 
CUO - 0.16 
Fe304- 0.98 
PbO - 0.65 

MgSi03- 0.05 
MnSi03- 0.27 
Si02 -52.10 
ZnO - 0.27 

MgSiO3- 0.1 
MnSiO3- 0.5 
Si02 -95.6 
ZnO - 0.5 

g(1) 2 B  Separator (V-11) outlet above rater line 
( 2 )  2B Separator (77-11) outlet below water line 

F 

Kt. B -- 

"3- 0.03 

M g  - 0.04 
Ca - 0.14 
Na - 1.16 
Fe.- 0.23 

Zn - 0.25 
Mn - 0.01 
Si -31.50 

K - 0.09 
CU - 0.03 

(wet) 
(wet) 

(2) 
% Scale F r a c t i o n  

Water Soluble-34.8 
NI14~1- 0.3 
CaC12- 1.2 
MgC12- 0.1 
MnC12- -0.3 

NaCl -49.8 
Volatile-46.3 

KC1 - 2.0 

Acid Soluble- 1.5 
Ca0 - 7.1 
Fe203- 4.8 

Na2S1O3-8S. 7 
ZnO - 2.4 

Acid  Insoluble-63.7 
cuo - 0.3 
Fe304- 0.4 

MgSiC3- 0.3 
Si02 -98.6 
ZnO - 0.4 

S Total Scale 

NH4Ci- 0.10 
CaC12- 0.42 

MnC12- 0.10 

Volatile-16.11 
CaO - 0.11 

Na2Si03- 1.29 
Zn0 - 0.65 
cuo - 0.19 
Fe304- 0.25 

MgC12- 0.03 

KCl - 0.70 
NaCl -17.33 

F'e2O3- 0.07 

P1gSiO - 0.19 
~i0~~-62.82 

in 
e tu 
W 



Wt. $ 

m3- 0.09 
Ca - 0.44 
Mg - 0.02 
Na - 4.56 
Fe - 0.52 
K - 0.09 
Ba - 0.85 
Zn - 0.25 
cu - 0.13 
Mn - 0.03 
Si - 8.28 

Pb - 0.51 

5 Scale Fraction 
Water Soluble- 68.7 

$ Total Scale 

NHbC1- 0.4 NH~CI- 0.27 
CaC12- 7.4 CaC12- 5.08 
FeC12- 0.1 FeC12- 0.07 
MgC12- 0.1 MgC12- 0.07 
MnC12- 0.5 MnC12- 0.34 
KC1 - 0.9 KC1 - 0.62 
NaCl -47.7 NaCl -32.78 
ZnC12- 0.1 ZnC12T 0.07 

Volatile-42.8 Volatile-29.40 
cus - 0.01 

Acid Soluble- 0.9 FeS - 0.14 
GUS - 2.8 PbS - 0.11 
FeS -15.7 MgCO - 0.01 
PbS -12.5 N%SiO;- 0.61 
MgC03- 0.5 ZnS - 0.01 

Na2Si0 -67.0 BaSOb- 2.40 

Fe304- 0.27 
Acid  Insoluble-30.4 PbO - 0.21 

Bdo)+- 7 9 MgSiO - 0.06 
cuo - 0.3 si0,~-26.92 
Fe304- 0.9 ZnO - 0.46 
PbO - 0.7 

MgSiO - 0.2 
SiOZ3-88. 5 
zno - 1.5 ' 

cuo - 0.09 3 zns - 0.9 

Discharge of P-2 Pump (wet) 



h o u r s  and f i l t e r e d  th rough  Whatman # 42 F i l t e r  Paper i n t o  a 

250 m l  v o l u m e t r i c  f l a s k  and b rough t  up t o  volume. The 

f i l t e r  paper w i t h  t h e  r ema in ing  scale was p l a c e d  i n t o  a 

p l a t i n u m  c r u c i b l e  and ashed  a t  900°C f o r  1-1/2 hour s .  The 

c r u c i b l e  was c o o l e d  and weighed. The d i f f e r e n c e  i n  we igh t  

of t h e  water s o l u b l e  port ion and t h e  r ema in ing  scale  was t h e  

a c i d  s o l u b l e  weight .  

Acid Inso lub le :  The r ema in ing  scale was t h e n  

f u s e d  w i t h  Sodium Carbona te  (Na2 C03). 

comple t ed  t h e  sample was p l a c e d  i n t o  a 250 m l  b e a k e r  w i t h  

Af t e r  t h e  f u s i o n  was 

200 m l  of b o i l i n g  d i s t i l l e d  water. The s o l u t i o n  was b o i l e d  

for  t w o  ( 2 )  h o u r s  and t h e n  coo led .  The s o l u t i o n  was f i l t e r e d  

t h r o u g h  Whatman # 42 F i l t e r  P a p e r  i n t o  a 250 m l  v o l u m e t r i c  

f l a s k  and  b r o u g h t  u p  t o  volume. The f i l t e r  paper was washed 

w i t h  15% HC1 i n t o  a separate  250 m l  v o l u m e t r i c  f l a s k  and 

b r o u g h t  up t o  volume. The two solutions were t h e n  ana lyzed  

o n  t h e  Atomic Absorption for t h e  Acid I n s o l u b l e  components. 

4.4.1 S c a l e  Samples Before Scheduled  S h u t  Down 

The p l a n t  was s h u t  down prematurely on A u g u s t  22, 

1978,  due t o  t h e  plugging of P-2 pump. S c a l e  samples were 

t a k e n  a t  P-2 and a lso i n  t h e  28 separator ( V - 1 1 ) .  A s  s e e n  

i n  t a b l e s  4-22 t h r o u g h  4-24, t h e  most p rominen t  scale species 

are  sodium c h l o r i d e  ( N a C l ) ,  i ron o x i d e  (Fe202),  l e a d  o x i d e  

(PbO) o r  l e a d  s u l f i d e  ( P b S ) ,  and S i l i c a  ( S i 0 2 ) .  

The v o l a t i l e  specie i n  t h e s e  scale samples was 

water s i n c e  t h e  scales were wet when a n a l y z e d .  
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Wt. % -- 

Ca - 1.74 
Fe -20.65 
Mg - 0.97 
Na - 2.93 
Pb -25.29 
K - 0.43 
Li - 0.05 
Zn - 0.48 
Mn - 1.20 
Si -16.42 
"3- 0.08 

(1) 
% Scale Fraction % Total Scale 

Water Soluble- 8.2 
CaC12-20.6 N H ~ C ~ -  0.18 
LiCl - 0.5 CaC12- 1.69 
MgC12- 0.7 LiCl - 0.04 
Mnc12- 1.0 MgC12- 0.06 

NaCl -67.4 KC1 - 0.61 KC1 - 7.4 MnC12- 0.08 

NaCl - 5.53 
ZnC12- 0.02 
CaO - 0.32 

Acid Soluble- 7.9 FeS - 3.67 
NH4C ZnC1l- - O o 2  2.2 

FeS -46.5 PbS - 3.36 
PbS -42.5 MgO - 0.17 
MgO - 2.1 MnO - 0.22 
MnO - 2.8 ZnO - 0.41 
ZnO - 2.1 CaSi03- 0.67 

Fe304-23.07 

CaSi03- 0.8 MgSi03- 0.25 

MgSiO - 0.3 
MnSiO - 1.3 
Si02 -44.0 
ZnO - 0.3 

Acid Insoluble-83.9 PbO -21.65 

Fe304-27.5 Mnsio3- 1-09 
PbO -25.8 sio2 -36.91 

(1) lb Separator (V-4) Composite (dried) 
(2) Elbow between 1B and 2B brine separators (dried) 

Wt. 6 

Ca - 2.15 
Na - 4.92 . 
Fe -11.66 

Mg - 0.68 

Pb -19.55 
K - 0.26 
A1 - 1.81 
Li - 0.05 
Zn - 0.55 
Mn - 1.55 
Si -20.99 

CU - 0.51 

NH3- 0.06 

(2) 
% Scale Fraction 

Water Soluble- 7.9 

CaC12-12.7 
NH4C1- 1.8 

MgC12- 0.8 

KC1 - 4.7 Mnc12- 2.2 

NaCl -77.6 
ZnC12- 0.2 

Acid Soluble- 0.6 
A12S3- 2.8 
CaO - 7.8 
CUS - 1.6 
Fe203-32.4 
PbS -28.1 
MgO - 3.6 
MnO - 5.5 

Na2Si03-17 2 
ZnS - 1.0 

Acid Insoluble-91.5 
A1203- 3.8 

CaSiO - 0.4 
CUO - 0.3 
Fe304-11.9 
PbO -19.3 

MgSi03- 0.7 
MnSiO3- 0.7 
Si02 -62.4 
ZnO - 0.5 

% Total 'Scale 

NH4C1- 0.14 

MgC12- 0.06 

KC1 - 0.37 
CaC12- 1.00 

MnC12- 0.17 

NaCl - 6.13 
ZnC12- 0.02 
A12S3- 0.02 
CaO - 0.05 
cus - 0.01 
Fe203- 0.19 
PbS - 0.17 
MgO - 0.2 
MnO - 0.3 

Na2Si03- 0.10 
ZnS - 0.01 
A1203- 3.49 

CaSi03- 0.37 

Fe304-10.89 

MgSi03- 0.64 
MnSiO - 0.64 
siOz3-57. 10 
ZnO - 0.45 

CUO - 0.27 
PbO -17.66 



w t .  % -- 
Ca - 2.26 

N a  - 5.09 
Fe - 1.44 

L i  - 0.25 
Zn - 0.24 
Mn - 0.26 
B a  - 0.94 

S i  -47.87 

Mg - 0.07 

K - 0.23 

NH3- 0.25. 

8 S c a l e  F r a c t i o n  
Water Soluble-34.4 

NHbC1- 4.6 
CaC12-25.5 
L i C l  - 1.8 
MgC12- 0.4 
MnC12- 1.6 
K C 1  - 0.3 
N a C l  -65.6 
ZnC12- 0.2 

Acid Soluble- 0.7 
BaO -32.3 
C a O  - 6.4 
Fe 0 -32.3 

2 3  
NaZSiO -24.2 3 

ZnO - 4.8 

% Total S c a l e  

NHhC1- 1.58 
CaC12-  8.77 
L i C l  - 0.62 

MnC12- 0.55 

N a C l  -22.57 
ZnC12- 0.07 
BaO - 0.23 
Cab - 0.04 
Fe203- 0.23 

Na2Si0 0.17 
ZnO - 0.09 

Fe,Ol- 0.65 

MgCIZ- 0.14 

K C 1  - 0.10 

3- 

C a S i O  - 0.39 

Acid Insoluble-64.9 I\”&id ins io~-o~06 -0.06 

Fe3O4- 1.0 S i O z  -63.68 
CaSiOg- 0.6 

t:t. % 

C a  - 0.66 

N a  - 2.36 
Fe -10.51 
Pb - 1.97 

Zn - 0.18 
r h  - 0.49 
S i  -36.95 
mi,- 0.07 

~g - 0.03 

K - 0.17 

I 

(1) 23 Separator (V-11) Bottom (d r i ed )  
( 2 )  2B Sepa ra to r  (V-11) t o p .  ( d r i e d )  

(2) 
% Scale F r a c t i o n  

Water Soluble-  3 .4  
P, Tota l  ‘Scale 

NH4C1- 4.0 NHbCl- 0.14 
C a C 1 2 -  0.7 
MgC12-  0 .5  
MnC12- 4.0 
K C 1  - 6.3 
N a C l  -83.8 
ZnC12- 0.7 

Acid Soluble- 1.2 
C a O  - 1.0 
Fe203-?9.0 
PbO - 4.7 

CaC1,- 0.02 
MgC1;-0.02 
MnC1,- 0.14 
K C 1  L- 0.21 
N a C l  - 2.85 
ZnC12- 0.02 
CaO - 0.01 
Fe203- 0.95 
PbO - 0 . 8 8  
M g O  - 0.01 
MnO - 0.03 

Na2Si0 0.07 3- 
ZnO - 0.11 

Na2$i03- 6 . 1  C a S i O  - 0.29 
Fe 03- 3.91 

NgO - 0.6 
MnO - 2.5 

ZnO - 1.1 
- 

3 4  
Acid Insoluble-95.4 Nnsio - o,19 

s i @ , 3 - 9 ~ .  15 C a S i O g -  Fe -04- 4.1 0.3 
3 

m 
e 
N 
0 9  



Wt. 2 % Scale Fraction 
Water Soluble-29.7 

-- 
Ca - 2.41 NH, ,Cl -  1.6 
IiIg - 0.08 
Ma - 5.88 
Fe - le46 
~b - 1.52 
IC - 0.07 
L i  - 0.16 
Zn - Om40 
CU - 0 . 3 9  

Y 

cac12-16.6 
L i C l  - 0.7 
MgC12- 0.1 
MnCJ2- 0.8 

N a C l  -79.4 
ZnC12- 0.1 

K C 1  - 0.7 

Mn - O.8’ 
S i  -49.39 Acid Soluble- 1.1 

CaO -44.4 
FeS -17.6 
PbS - 8.3 
MgO - 1.9 
NnO -16.7 

% Total Scale Wt. 6 % Scale Fraction % Total Scale 
WzTer Y o l u b l e  -45.8 

NHbC1-O e 48 
C a C 1 2 -  4.93 
L i C l  - 0.21 
MgC12- 0.03 
MnC12- Om24 

N a C l  -23.58 
ZnC12- 0.03 
CaO - 0.49 
FeS - 0.19 
P ~ S  - 0.09 
MgO - 0.02 
MnO --- 0.18 

NaZSi03- 0 . 05 
Z n S  - 0.07 
CUO - 0.35 
Fe304- 0.90 

K C 1  - 0.21 

Ca - 1.70 
Na - 6.60 
Fe - 0.76 

Li - 0.02 
Zn - 0.44 
B a  - 0.04 
cu - 0.21 
Rln - 0.11 
S i  -50.92 

ME: - 0.02 

Pb - 0.63 
K - 0.99 

BaC1,- 0.2 SaC1,- 0.09 

MgC12-  0.2 
MnC12- 1.1 

N a C l  -70.2 
ZnC12- 0.1 , 

Acid Soluble- 2.2 

Fe203-67 e 8  
ZnO -14.3 

K C 1  - 7.9 

CUO -17.9 

Acid Insoluble-52 . 0 
Si02 -99.0 
in0 - 0;4 

PbO - 0.6 

PbO - 0.69 
- 0.35 

cuo - c.5 s i0,~-66 85 
Fe304- 1.3 Z n O  - 0.06 
PbO - 1.0 

M n S i O  - 0.5 
Si023-96. 6 
zno - 0.1 

Acid Insoluble-69.2 Mnsio 

(1) Out of 2B Separator (V-11) t o  V-15 a t  elbow ( d r i e d )  
( 2 )  Atmospheric Flash Vessel (V-15)  ( d r i e d )  

Bigci2- 0.09 
MnC12- 0.50 
K C 1  - 3.62 
N a C l  -32.16 
ZnC12- 0.05 

Fe2Q3- 1.b9 
ZnO - 0.52 

Si02 -51.49 

CUO - 0.39 

PbO - 0.31 

1 

, 



c 
Wt. ?i -- 

Ca-25.41 

Na- 1.49 
Fe- 4.04 

MCJ- 0.07 

Pb- 0.84 
K - 1.03 
CU- 0.27 
Mn- 6.79 

Zn- 1.24 

Si- 8.61 

(1) 
% Scale Fraction 

Water Soluble-29.1 
CaC1,-21.2 
MgC15- 0.2 
KC1 -22.9 
NaCl -55.4 
ZnC12- 0.3 

Acid Soluble-62.5 
BaC03- 1.4 
CaC03-51.3 
cus - 0.7 
FeS -13.5 
PbS - 1.3 
MgC03- 0.2 

K2SiO3- 3.7 
MnC03-21.1 

Na2Si03- 3.5 
ZnS - 3.3 

Acid Insoluble- 8.4 
Fe3O4- 1.6 

MnSi03- 0.4 

ZnO - 0.8 

PbO - 2.7 
si02 -94.5 

% Total Scale 

CaC12- 6.17 

NaCl -16.12 
ZnC12- 0.09 
BaC03- 0.88 
CaC03-32.06 

FeS - 8.43 

MgC12- 0.06 
KC1 - 6.66 

CUS - 0.44 
PbS - 0.81 
MgCO3- 0.13 
MnCO3-13.19 
K2Si03- 2.31 

Na2Si03- 2.19 
ZnS - 2.06 
Fe304- 0.13 
PbO - 0.23 

m S i o 3 -  0 . 0 3  
Si02 - 7.94 
ZnO - 0.07 

Wt. % 

Ca- 1.26 

Na- 6.84 
Fe- 1.41 

Mg- 0.06 

Pb- 0.91 
K - 1.56 
Li- 0.01 
Zn- 0.38 
Ba- 1.68 
CU- 0.28 
Mn- 0.20 
Si-52.19 

(1) North End of T e s t  Spool Piece (Reinjection) ( d r i e d )  
(2) South End of T e s t  Spool Piece (Reinjection) (<!rid) 

(2) 
% Scale Fraction 

Water Soluble-56.8 
BaC12- 0.4 
CaC12-12.1 
L i C l  - 0.5 
MnC12- 0.7 

NaCl -76.4 
ZnC12- 0.1 

Acid Soluble- 4.8 
BaC02-21.4 
CaC03- 6.6 
cuo - 2.6 
Fe203-15.8 
PbO - 4.1 
MnC03- 2.0 
K2Si03-18.4 

Na2Si03-25.5 
ZnO - 8.6 

MgC12- 0.3 

KC1 - 9.5 

Acid Insoluble-38.4 
CUO - 0.1 
Fe304- 0.6 
PbO - 0.7 
rdgSi03- 0.1 

s i 0 2  -98.4 
Zn0 - 0.1 

8 Total Scale 

BaC12- 0.23 
CaC12- 6.87 
LiCl - 0.28 
MnC12- 0.40 

NaCl -43.40 
ZnCl2- 0.06 
BaC03- 1.03 
CaC03- 0.32 
CUO - 0.16 
Fe203- 0 . 7 r  
PbO - 0.47 
MnC03- 0.10 
KZSi03- 0.87 

McjC12- 0.17 

KC1 - 5.40 

Na2Si03- 1.22 
ZnO - 0.21 
Fe3O4- 0,23 



(1) (2) 
ICt. % B Scale Fraction % Total Scale Wt. % % Scale Fraction % Total Scale -- 

Ca- 3.72 

Na- 6.06 
Fe- 6.13 
Pb- 1.23 
K - 1.43 
Li- 0.02 
Zn- 0.72 
Ba- 1.52 
Ca- 0.12 
Mn- 1.52 
Si-4 8 . 09 

Mg- 0.08 

Water Soluble-36.2 
BaC12- 0.3 
CaC12-18.5 
LiCl - 0.7 
MgC12- 0.4 

KC1 -10.6 
Mnc12- 0.9 

NaCl -68.5 
ZnCli- 0.1 

Acid Soluble-11.7 
BaC03-10.0 
CaC03-19.3 

Fe203-32.4 

MnC03-10.6 
Na2Si03-13. 1 

ZnO - 2.2 

CUO - 0.6 
PbO - 5.9 

Acid Insoluble-52.1 
CaSi03- 0.6 
~e304- 3.3 

MgSi03- 0.2 
MnSi03- 0.2 
Si02 -94.9 
ZnO - 0.4 

PbO - 0-4 

BaC12- 0.11 
CaC12- 6.70 
LiCl - 0.25 
MgC12- 0.14 
MnCJ.2- 0.33 
HC1 - 3.84 
NaCl -24.80 
ZnCl2- 0.04 
BaC03- 1.17 
CaC03- 2.25 
CUO - 0.07 
~e203- 3.79 
PbO - 0.90 
MnCO3- 1.24 

~ ~ S i 0 3 -  0.69 
~ a ~ S i 0 3 -  1.53 

ZnO - 0.47 
CaSi03- 0.31 
Fe3O4- 1.72 

MgSi03- 0.10 
MnSi03- 0.10 
Si02 -49.44 

Ca- 3.86 

Na- 6.22 . 
Fe- 4.44 

Li- 0.03 
Zn- 0.32 
Ea- 2.93 

Si-47.60 

Mg- 0.08 

K - 1.56 

Mn- 0.27 

‘Water Soluble-42.2 
BaC12- 0.3 

LiCl - 0.8 CaC12-17. 7 

MgC12- 0.4 

KC1 - 9.2 Mnc12- 1.0 

NaCl -70.4 
ZnC12- 0.2 

Acid Soluble- 8.8 
BaO -26.6 
CaO -26.0 

MnO - 0.5 
K2Si03-12*2 

Na2Si03-18.3 
ZnO - 1.6 

Fe203-14.6 

Acid Insoluble-49.0 
BaS04- 1.8 

CaSi03- 0.5 
Fe3O4- 4.2 

MnSi03- 0.3 
Si02 -92.9 
ZnO - 0.2 

M m - 0 3 -  0.1 

BaC12- 0.13 
CaC12- 7.47 
LiCl - 0.34 
MgC12- 0.17 
MnC12- 0.42 
KC1 - 3.88 
NaCl -29.72 
ZnC12- 0.08 
BaO - 2.34 
CaO - 2.29 
Fe203- 1.28 
NnO - 0.04 

K2Si03- 1.07 
Na2Si03- 1.61 

ZnO - 0.24 
BaS04- 0.88 

CaSiOg- 0.25 
Fe304- 2.06 

MgSi03- 0.05 
MgSi03- 0.15 
Si02 -45.53 

(1) Reinjection line (pigged) (dried) 
(2) Reinjection Line between May 2 and May 3 (dried) 
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4 .4 .2  B r i n e  System Scale 

The scale a n a l y s e s  for t h e  b r i n e  sys t em,  as  s e e n  

i n  t ab l e s  4-25 t h r o u g h  4-29 w i l l  be l i s t e d  i n  a manner t h a t  

i s  c o n s i s t e n t  w i t h  t h e  p l a n t  o p e r a t i o n .  Tha t  is  t o  s a y ,  

from t h e  p r o d u c t i o n  w e l l  t h r o u g h  t h e  separators and  t h e n  t o  

r e - i n j e c t i o n .  As s e e n  i n  t h e  % Total  Scale column, t h e  

major scale  species are i r o n  s u l f i d e  and  i r o n  o x i d e  (FeS and 

Fe203) ,  lead s u l f i d e  and lead o x i d e  (PbS and  PbO) and s i l i c a  

(SiO, ) ,  w i t h  lesser amounts of sodium c h l o r i d e  ( N a C 1 )  and  

c a l c i u m  compounds ( C a C 1 2 ,  CaO, CaSi03) .  

g r e s s e s  t h r o u g h  t h e  p l a n t  t h e  c o n c e n t r a t i o n  of s i l i ca  (SiO,) ,  

sodium c h l o r i d e  ( N a C l ) ,  and t h e  c a l c i u m  compounds i n c r e a s e ,  

As t h e  b r i n e  pro- 

w h i l e  t h e  i r o n  and lead compounds d e c r e a s e .  T h i s  i n c r e a s e  

i n  s i l i c a ,  sodium c h l o r i d e  and  caxcium compounds is p r o b a b l y  

d u e  t o  t h e  t e m p e r a t u r e  drop which c a u s e s  t h e  s i l i c a  and 

c a l c i u m  compounds t o  prec ip i ta te  n e a r  t h e  end of t h e  p l a n t .  

T h e  decrease i n  t h e  p e r c e n t a g e  of i r o n  and  l e a d  compounds i s  

p a r t l y  d u e  t o  t h e  d e p o s i t i o n  of t h e s e  e l e m e n t s  i n  t h e  f irst  

p a r t  of t h e  p l a n t .  The h i g h  sodium c h l o r i d e  c o n c e n t r a t i o n s  

may be d u e  t o  e n t r a p m e n t  i n  t h e  c r y s t a l  l a t t i ce s  of t h e  

o t h e r  scale species. 

One p o i n t  of i n t e r e s t  was a t e s t  spool piece i n  

t h e  r e i n j e c t i o n  l i n e .  One end  of t h e  spool ( t h e  s o u t h  e n d )  

had  a l i n e r  i n s i d e .  T h i s  l i n e r  came from Corrosion Research.  

T h e  o t h e r  end  ( t h e  n o r t h  e n d )  was u n t r e a t e d ,  t h a t  is, it 

was made of c a r b o n  s t ee l .  A d i f f e r e n c e  i n  t h e  scale a t  

t h e  n o r t h  and s o u t h  e n d s  was obse rved .  As s e e n  i n  t a b l e  

-47- 



..- . 

t 1) \ 

14t. % % Scale F r a c t i o n  % Total Scale W t .  % - -- 
Water Soluble- 8.0 

C a -  4.27 
Big- 0.15 
N a -  0.55 
Fe-28.88 

Zn- 5.45 
Mn- 2.88 
S i -  6.10 
cu- 0.11 

Pb- 1.81 
K - 0.93 

~ 

CaC12-38.7 

MnClZ- 4.8 

N a C l  - 6.1 
ZnClZ- 1.6 

Acid Soluble-63.4 
C a C O  -15.5 3 
ilhd - 0.3 
Fe 0 -46.0 2 3  

rJrgco3- 0.5 

m2sio 3.7 3- 

MgC12- 1.6 

K C 1  -47.2 

PbO - 4.5 

JbC03- 8.6 
K7Si03-  3.6 

ZnO -17.3 

CaC12- 3.10 
~ g c i ~ -  0.13 
MnC12- 0.38 
K C 1  - 3.78 
NaCl - 0.49 
ZnC12- 0.13 
CaCO 9.83 
CuO 31 0.19 
Fe203-29. 16 
P5Q - 3 - 0 8  
~ g c 0 ~ -  0.32 
IvinCO3- 5.45 

Na2Si0 2.35 3- 
ZnO -11.34 
Fe30&-17.50 

K2SiO3- 2.28 

PbQ - 
N g S i O  0.11 

A c i d  Insoluble-28.6 M n S i O 3 I  0.77 
Fe 0 -61.2 Si022 9.61 

ZnO - 3 4  
PbO - 0.8 

MgSiO - 0.4 
PdnSi03-  2.7 
s iO23-33 .6 
Z~IO - 1.3 . 

Ca- 0.53 

N a -  0.48 
Fe-56.8 1 
Pb- 0.30 

Zn- 0.65 
Mn- 0.34 
S i -  4.09 

rVg- 0.03 

A l -  0.08 

(1) Steam l i n e  out  of 13 sepa ra to r  (V-4) t o  1B scrubber  ( d r i e d )  
( 2 )  1st Stage steam scrubber (bot tom) .  (d r i ed )  

(2) 
% Scale F r a c t i o n  

Water Soluble- 0.8 

Ni4C$!- 8.7 
C a C 1 2 -  1 . 7  

MnC12- N a C 1  -58.4 4.4 

ZnC12- 5.7 

A l C l  -18.8 

PbC12- 1.7 
IQC12- 0.6 

Acid Soluble-56.7 
CaC03- 0.3 
FeS - 97.2 
PbS - 0.5 
MgC03- 0.2 

MnC0,- 0.5  
zns J -  1.3 

Acid 1nsolu.ble-42.3 
C a S i 0 3 -  0.8 

, Fe304 -76.4 
M n S i O  - 0.3 
Si02 3-22.4 
Z n O  - 0 .1  

1 

% Total  S c a l e  

A 1 C 1 7 -  0.15 

Cai=12- 0.01 

MnC12-0. 04 
NaCl - 0.47 

C a C O  - 0.17 
FeS 3-55.12 

NI.I~+CI- 0.07 

PbC12- 0.01 

znci2- 0.05 

PbS - 0.28 
MgC03- 0.11 
MnC03- 0.28 

C a S i O  0.34 
Fe 04.-32.47 

Sic)* - 9.52 
ZnO - 0.04 

zns  - 0.74 

3- 

rfi&!03- 0.13 



B: 

Ca- 8.11 

N a -  0.54 

Zn- 2.48 
Mn- 1.70 
S i -  1.93 

Mg- 0.07 

~e-26 .26  
Pb- 0.20 

(1) \ 

% Scale Fraction % T o t a l  Scale 

CzC12-38 04 CaC12- 8.95 
NgC12- 1.1 MgC12- 0.26 
MnC12- 0.7 MnC12- 0.16 
N a C l  -58.3 NaCl - 13.58 
ZnC12- 1.5 ZnC12- 0.35 

CaCO -13.80 
Acid Soluble-49.1 FeS 3-28.23 

PbS - 0.4 MnC0,- 2.55 

Water Soluble-23.3 

CaCO -28.1 PbS - 0.20 
FeS 3-57.5 MgC03- 0.10 

NaZS ioJ- 0 . 83 3 
zns -3.39 

Na2SiO;- 1.7 Fe3e4-19.24 
PbO - 0.19 

Acid Insoluble-27.6 MnSi031 o.30 

PbO - 0.7 ZnO - 2.44 

MgCO - 0.2 
MnC03- 5.2 

ZnS - 6.9 
MgSiO 0.08 

Fe304-69. 7 si0,3- 5.33 

M g S i 0 3 -  0.3 
M n S i O  - 1.1 
sio23-19 . 3 
ZnO - 8.9 

(1) 2nd Stage Steam Scrubber (bottom) (dr ied)  
( 2 )  2nd Stage Steam Scrubber (condensate) (dr ied)  

f-- r 

Wt. 8 

Ca-25.93 
Mg- 0.05 
N a -  0.31 
Fe- 1.99 

Zn-. 0.25 
Mn- 2.21 

K - 0.05 

% Scale Fraction % T o t a l  Scale 
Water Soluble-42.9 

CaCl2-51.6 CaC12-22. 14 
K C 1  -29.7 K C 1  -12.74 
N a C l  -15.6 N a C l  - 6.69 
ZnZ12- 3.1 ZnC12- 1.33 

C a C O  -48.59 
Acid Soluble-57.1 FeS 3- 3.77 

CaC03-85.1 MgC03- 0.17 
FeS - 6.6 fVlnC0,- 3.77 
MgC03- 0.3 Na2SiO;- 0.34 

Z r S  - 0.46 MnC03- 6.6 
NaZSi03- 0.6 

- 
Z n S  - 0.8 

. 

1 



'virt. 8 
C a -  Om25 
Mg- 0.03 
Fe-30 38 
Pb- 0.17 

Zn- 0.49 
Mn- Om79 
Si-  6.39 

K - O m 0 1  

7; Scale F rac t ion  
Water Soluble-  1.5 

C a C l  -57.6 
K C 1  2-36.4 
ZnC12- 6.0 

Acid Soluble-28 e 4  
CaCO - 1.7 
CuS 3- 0.7 
FeS -91.6 
MnC03- 4.3 
Z P S  - 1.7 . 

$ T o t a l  Scale  

CaC12-  0.86 
K C 1  - 0.55 
ZnC12- Om09 
CaCO - Om48 
C I S  3- 0.20 
FeS -26.01 
F I C O  - 1.22 
Z n S  3- Om48 
Fe304-44.38 
PbO - 0.35 

PiIgSiO - Om35 - 0.56 
s io2% 9% 
ZnO - 0.49 

Acid Insoluble-70.1 Mnsi03 
Fe 0 63.3 3 4- 
PbO - 0.5 

2nd Stage Steam Scrubber ( t o p )  (d r i ed )  

1 



% Scale Fraction % T o t a l  S c a l e  
Water Soluble-39.9 

Ca- 0.48 CaC12-46 .8- CaC12-18.67 

Fe-35.23 NaCl -35.1 NaCl -14.00 
K - 0.02 CaCO - 0.52 
Zn- 0.46 Acid Soluble-24.7 Fe20;-23.24 

Si- 3.01 Fe20;-94. 1 MnCOs- 0.40 
Na2Si0 0.27 rrrgco3- 0.5 

MnC03- 1.6 ZnO - 0.61 
Na2Si0 1.1 Fe309-27. 08 

lllgSi03- 0.39 
3- 

ZnO - 0.6 
M n S i O  - 0.25 

Acid Insoluble-35.4 SiOZ3- 7.23 

Mg- 0.19 MgC12- 9.6 MgC12- 3.83 
Nz- 0.33 KC1 - 8.5 KC1 - 3.39 

Mn- 0.45 CaCO - 2.1 MgCO - 0.12 

3- 

Fe 0 -76.5 
EFSiO - 1.1 3 4  
TGS~O~- 0.7 
si0~~-20.4 
ZnO - 1 . 3  

(I) Coolir;. Water Condensers (top) (dried) 
(2) C o o l i n g  Water Condensers (bottomj (dried) 

\ 

Ca- 2.96 

Fe-21.22 
r i g -  0.50 

K - 0.04 
Zn'- 0.16 
Mn- 1 . 57 
S i -  6.28 

% Scale F r a c t i o n  8, T o t a l  Scale 
Water Soluble-90.7 

FeC1;-22.3 

MnC1,- 1.9 
MgC12-17.5 

K C l  L-ll .? 
ZnC12- 3.9 ZnC12- 3.54 

CaC03- 1.12 
Acid Soluble- 5.4 Pe203- 3.49 

CaC03-20. 8 
Fe 0 -64.6 Tl!lnG03- 0.56 
Mg80;- 3.9 ZnO - 0.04 
MnCO -10.4 Fe304- 2.20 

MgSiO 0 . 0 3  
3 

ZnO - 0.3 
m~ i03- o .02 

Acid Insoluble- 3.9 Si0231 '1.63 

Ivigco -0.21 3 

Fe 04-56.3 

! i lnSiO--  0.6 
r(gs?o,- 0.8 

~i6,~-41 . 9 
Z n O  - 0.4 

1 
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W t .  p 

Ca- 2.88 

N a -  1.77 
Fe-48.34 
Zn- 0.07 
Mn- 0.12 
NH3-0. 07 

Mg- 0.24 

Scale Fract ion 
Water Soluble-16,7 

NHbC1- 3.6 

MgC12- 2.4 
CaC12-25.5 

MnC12- 0.4 
N a C l  -67.8 
ZnC12- 0.3 

Acid Soluble-83.3 
CaCO - 4.5 
Fe20g-94.3 
MgC03- 0.4 
MnC03- 0.3 
N a 2 0  - 0.4 
ZnO - 0.1 

$ T o t a l  Scale 

N H ~ -  0.60 
CaC12- 4.26 

ma2- 0.07 
N a C l  -11.32 
ZnC12- 0.0j 
CaCO - 3.75 
~ e ~ o ; - ? a  4 5  

MgC12- 0.40 

MgC03- 0.33 
MnCo3- 0.26 
Ma20 - 0.33 
ZnO - 0.08 

Coo l ing  Water I n l e t  Line a t  Test Spool Piece (dried) 
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5-4g, a v e r y  h a r d  c a r b o n a t e  and s u l f i d e  s c a l e  was d e p o s i t e d  

o n  t h e  n o r t h  end ( w i t h o u t  t h e  l i n e r ) .  On t h e  s o u t h  end 

( w i t h  t h e  l i n e r )  a v e r y  f l u f f y  scale,  w h i c h  c o n t a i n e d  smaller 

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

s i l i c a ,  was obse rved .  
- 

4.4.3 Steam S c a l e  

The major component o f  t h e  steam scale,  i n  t a b l e s  

4-30 t h r o u g h  4-32, is  i r o n ,  e i t h e r  as  i ron  s u l f i d e  ( F e S )  

or i r o n  o x i d e  (Fe203 or Fe304) .  

s i l i c o n ,  l e a d  and sodium were obse rved .  One scale sample 

Lesser amount of calcium, 

from t h e  2nd s t a g e  steam s c r u b b e r  ( c o n d e n s a t e )  was h i g h  i n  

c a r b o n a t e  w i t h  a lesser amount of s u l f i d e .  T h i s  scale is 

I 
d 
, I  

J 
I 

d 

b e l i e v e d  t o  have  been caused  by a b r i n e  c a r r y o v e r  from t h e  

second s t a g e  separator. 

4.4.4 Coo l ing  Water Supply  S c a l e  

As s e e n  i n  t a b l e s  4-33 and 4-34,  t h e  most p rominen t  

scale s p e c i e s  are calcium c h l o r i d e  ( C a C 1 2 ) ,  sodium c h l o r i d e  

( N a C l ) ,  i r o n  o x i d e  (Fe203 or Fe304)  and S i l i c a ’ ( S i 0 2 ) .  

scale was p r o b a b l y  i n  t h e  l i n e  and c o n d e n s e r s  b e f o r e  t h e  

c o o l i n g  pond was t r e a t e d  by Z i m m i t e .  T h i s  is  e v i d e n t  by 

t h e  sudden dP change  i n  t h e  condense r  d e s c r i b e d  i n  s e c t i o n  

4-4. During t h e  n e x t  t e s t  p e r i o d ,  t h i s  problem s h o u l d  be  

e l i m i n a t e d  by c l e a n i n g  t h e  f e e d  l i n e  t o  t h e  c o n d e n s e r s  and 

t h e  c o n d e n s e r s  t h e m s e l v e s ,  t h e r e b y ,  s t a r t i n g  o f f  w i t h  a 

c l e a n  sys t em t o  which t h e  c o r r o s i o n  and scale i n h i b i t o r s  have 

a l r e a d y  been added. 

T h i s  
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4.5 Future Projects 

Because of the wide variations in the collected 

data, the laboratory'is planning an intensive study of 

sample collection and analysis. The study will-be broken 

down into two (2) phases, 1) evaluate the sampling techni- 

ques and 2) develop confidence levels of the analytical pro- 

cedures. 

To improve sample representiveness two (2) systems 

have been incorporated into the plant. One system will allow 

flushing the sample lines after the sample has been drawn 

and the other is a retractable probe. Hopefully, one or 

both of these sample techniques will give the laboratory a 

truer picture of the chemistry of the system. 

To obtain confidence levels in the analytical pro- 

cedures, it is the laboratory's intention to do a statistical 

analysis on the analytical procedures now in use. This will 

be done on both the wet chemistry and the Atomic Absorption 

procedures. 

This study should be completed by the end of the 

next operating period, at which time the laboratory should 

have an idea of the cause of any deviations in the results. 
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gi 5.1 Injection Pump 
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# 

5.0  MAINTENANCE 

On August 18 after about 614 hours of operation - 
the discharge pressure on the injection pump (P-2) started 

falling off. The atmospheric flash vessel (77-15) from which 

the P-2 draws a suction, was continuing to be pumped out. 

By August 21, the P-2 discharge pressure was down to about 

100 psig. 
d Southwest Chemical Company arrived at the site 

ci 
to hydroblast the suction of the P-2. This has been done 

on a weekly basis. It was suspected that the pump can was 

plugged with scale and was preventing brine from entering b 
I the pump suction. While the suction was being hydroblasted, 

cooling water was injected into the top of the pump can 

through a 2 1/2" fire hose. This was done in an attempt 

to flush the brine scale down to the pump suction with the 
Y 

l 

ed hydroblasting keeping it stirred up, while the pump pumped 

the scale out. T h i s  was done for one hour. After comple- 

tion, the discharge pressure continued to be low. 

On August 22, after 693 hours of operation, the 

level in the atmospheric flash tank V-15 started going high. 

It was suspected the suction line between the V-15 and the 

P-2 was plugged. At 0728 the plant was shut down. The 10" 

suction line was removed and approximately 2" of soft scale d 
was observed inside this line. This was not enough to 

restrict the flow to the pump suction. 
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On August 23, t h e  i n j e c t i o n  pump 

The area between t h e  pump and pump can  was 

( P - 2 )  was p u l l e d .  

completely p lugged  

w i t h  s o f t  scale. The pump and can  were h y d r o b l a s t e d  clean 

and t h e  P-2 r e i n s t a l l e d .  

c i rcu la te  water from t h e  V-15 and a normal d i scha rge  pressure 

The P-2 pump was s ta r ted  - t o  re- 

of about  500 ps ig  was obse rved .  

On September 11 a t  0001  t h e  P-2 discharge pressure 

s t a r t ed  f a l l i n g  off a g a i n  and t h e  V-15 water l e v e l  s t a r t e d  

g o i n g  h i g h .  By 0730 t h e  d i s c h a r g e  p r e s s u r e  was down t o  

about  50 psig.  The b r i n e  flow had t o  be decreased to  keep 

t h e  l e v e l  i n  t h e  V-15 a t  a normal  l e v e l .  

A 2 1/2" f i r e  hose was hooked up t o  t h e  P-2 v e n t  

l i n e  and c o o l i n g  water was i n j e c t e d  i n t o  t h e  pump can  i n  an  

a t t e m p t  t o  f l u s h  t h e  scale down i n t o  t h e  can.  A f t e r  a b o u t  

1 5  m i n u t e s  of f l u s h i n g ,  t h e  discharge pressure i n c r e a s e d  t o  

a b o u t  250 p s i g  w i t h  t h e  c o n t r o l  v a l v e  (LCV718A) open about 

h a l f  way and t h e  by-pass v a l v e  open. The r e c i r c u l a t i o n  

v a l v e  was c l o s e d .  The V-15 l e v e l  a t  t h i s  p o i n t  s ta r ted  

coming down from a h i g h  l e v e l .  

On September  12 ,  t h e  pump was removed from t h e  can. 

The scale b u i l d u p  between t h e  pump and t h e  can  was n o t  as 

bad a s  t h e  l a s t  time. There  was between 1-2" of scale 

rema in ing  on  t h e  pump and can.  

b u i l d u p  had been  greater, b u t  t h e  f l u s h i n g  w h i l e  i n  o p e r a t i o n ,  

removed a good s h a r e  of t h e  scale. The pump and can  were 

There  was e v i d e n c e  t h e  scale 
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SUMP PUMP IMPELLOR VIEW. 

1/8 WASHER (SPACER) BETWEEN 
POINT A & B 

1/8 INCH SHIM IN POINT C FOR 
WEAR RING CLEARANCE 
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t h e n  h y d r o b l a s t e d  and r e i n s t a l l e d .  (See F i g u r e  5-1 and 5-2) 

T h e  p l a n t  was s t a r t e d  up and t h e  pump t e s t e d  s a t i s f a c t o r i l y .  

5,2 Sump Pump - 
On September  8 ,  t h e  sump pump f a i l e d  and would  n o t  

t u r n  by hand. The pump was removed and disassembled for 

i n s p e c t i o n .  The pump i m p e l l o r  was found t o  be r u b b i n g  

a g a i n s t  t h e  t o p  c a s i n g .  T h i s  may be due t o  t h e  f l u i d  b e i n g  

h i g h e r  i n  t e m p e r a t u r e  t h a n  o r i g i n a l l y  b e i n g  pumped. 

An 1/8 i n c h  washer or  s p a c e r  was p l a c e d  between 

t h e  t o p  of t h e  i m p e l l o r  and t h e  shou lde r  of t h e  s h a f t  (See 

F i g u r e  5-3). T h i s  was done t o  increase t h e  c l e a r a n c e  be- 

tween t h e  i m p e l l o r  and t h e  t o p  p a r t  of t h e  c a s i n g .  An 1/8 

i n c h  sh im was p l a c e d  on  t h e  bottom o f  t h e  c a s i n g  and i m p e l l o r .  

T h i s  was added t o  m a i n t a i n  wear r i n g  c l e a r a n c e .  

The pump was r e i n s t a l l e d  and tested s a t i s f a c t o r i l y .  

The  pump h a s  t r i p p e d  off o c c a s i o n a l l y  s i n c e  t h i s  r e p a i r .  

The  r e p a i r  is b e i n g  c o n s i d e r e d  a temporary  r e p a i r  and w i l l  

be s e n t  t o  t h e  SDG&E Machine Shop f o r  a comple t e  o v e r h a u l  

d u r i n g  t h e  n e x t  shutdown. 

On September  1 6 ,  t h e  sump pump f a i l e d  a g a i n .  The 

pump was removed and i n s p e c t e d .  The a d j u s t i n g  n u t  l o c k  

washe r ,  below t h e  c o u p l i n g ,  b roke  i n  t h e  keyway, a l l o w i n g  

t h e  i m p e l l o r  t o  s l i d e  up d u r i n g  o p e r a t i o n  and r u b  a g a i n s t  

t h e  t o p  of t h e  c a s i n g .  

pump was r eas sembled .  

f a c t o r i l y .  

The l o c k  washer was renewed and t h e  

The pump was r u n  and t e s t e d  s a t i s -  

-52- 



ENTER OF 5/8" D IA  X 5/8" 
DEEP BLIND HOLE 

2 114" - 10  L.H. 

2 3/16 0.0. - 18 3/81. 2 1/4" O.D. - 67" 

MOTOR COUPLING 
END 

I F [ CERAMIC-COATED 136-F 1 
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INJECTION PUMP (P-2) INSPECTION 

#1 SUCTION IMPELLER WEAR RING O.D. 8.609 
#2 IMPELLER WEAR RING O.D. 6.900 
#3 IMPELLER WEAR RING O.D. 6.895 
##I IMPELLER WEAR RING O.D. 6.900 
#5 IMPELLER WEAR RING O.D. 6.899 
#6 IMPELLER WEAR RING 0.0.6.899 
#7 IMPELLER WEAR RING O.D. 6.899 
#8 IMPELLER WEAR RING O.D. a900 
#9 IMPELLER WEAR RING O.D. 6.898 

#1 SUCTION BOWL WEAR RING I.D. 8.644 
#2 BOWL WEAR RING I.D. 6.940 
#3 BOWL WEAR RING I.D. 6.935 
#4 BOWL WEAR RING 1.0.6.938 
#5 BOWL WEAR RING 1.0.6.935 
#6 BOWL WEAR RING I.D. 6.935 
#7 BOWL WEAR RING I.D. 6.938 
#8 BOWL WEAR RING I.D. 6.935 
#9 BOWL WEAR RING I.D. 6.935 

#10 BOWL DOES NOT HAVE A WEAR RING OR 
AN IMPELLER 

ALL NEW 316 STAINLESS TUBING WAS 
USED ON THE PURGE WATER LINE. 
(3/8" O.D. X ,065 WALL TUBING) 

FIGURE 6-2 



GEOTHERMAL P-2 PUMP 

ALL WEAR RING 
CLEARANCES ARE 
FROM .035 TO .040 IL' 

LJ 
c t  
bd 

SHAFT SIZE 2376 
10 I 1 '  

TOP BUSHING BRONZE 
TOP BUSHING 3 1/4" LONG 
1 114" GAP IN  BETWEEN 
BOTTOM BUSHING 2 114" LONG 

8 3  

TOP BUSHING 
R2l CLR 
$OTTOM BUSHING 
A15 CLR 

TOP BUSHING 3 1/4" LONG 
1 1/4" GAP IN BETWEEN 
BOTTOM BUSHING 2 114" LONG 

' i  TOP BUSHING 

BOTTOM BUSHING 
Rl2 CLR 

.om CLR TOP BUSHING 3 1/4" LONG 
1 1/4" GAP IN BETWEEN 
BOTTOM BUSHING 2 1/4" LONG 

Id' 
TOP BUSHING 
JIB CLR 
BOTTOM BUSHING 
.012 CLR 

TOP BUSHING 3 1/4" LONG 
1 114" GAP IN  BETWEEN 
BOTTOM BUSHING 2 114" LONG b 

Ld TOP BUSHING 
TOPBUSHING 3 114" LONG 
1 1/4" GAP IN  BETWEEN 
BOTTOM BUSHING 2 114" LONG 

8lB CLR 
BOTTOM BUSHING 
a13 CLR I 

kl 

TOP BUSHING 3 1/4" LONG 
1 1/h" GAP IN  BETWEEN 
BOTTOM BUSHING 2 114" LONG 

4 4  

TOP BUSHING 

BOTTOM BUSHING 
814 CLR 

.om CLR TOPSUSWNG 3 1/4" LONG 
1 1/4" GAP IN  BETWEEN 
BOTTOM BUSHING 2 l/V LONG 

' 4  

Y TOP BUSHING 
OM CLR 
BOTTOM BUSHING 
.O%O CLR 

TOP BUSHING 3 114" LONG 
1 l/4" GAP IN BETWEEN 
BOTTOM BUSHING 2 114" LONG 

Id 2g( 
1 

TOP BUSHING 
A20 CLR 
BOTTOM BUSHING 
J20 CLR 

TOP BUSHING 3 1/4" LONG 
1 1w" GAP IN  BETWEEN 
BOTTOM BUSHING 2 114" LONG 

2 EA. BRONZE BUSHINGS 
3" LONG - 1" GAP IN BETWEEN 

TOP BUSHING .015 CLR 
BOTTOM BUSHING ,015 CLR 

Irnl 
nl 

FIGURE 6-3 Q U 



6.0 SPECIAL PROBLEMS 

6.1 I n j e c t i o n  Pump 

T h i s  pump h a s  new bowls  t h a t  were cas t  by t h e  SDG&E 

Machine Shop. The s u c t i o n  bowl was a l s o  f a b r i c a t e d  by them. 

A l l  of t h e s e  bowls  have  0-Rings o n  e a c h  face for  s e a l i n g  

purposes. 

A b r o n z e  wear r i n g  was i n s t a l l e d  i n  t h e  impellor 

i n  bowl #8  and #9.  The o t h e r  s e v e n  impellors o r i g i n a l  wear 

r i n g s  were i n  good c o n d i t i o n .  

The s u c t i o n  impellor is  a new 316 s t a i n l e s s  c a s t i n g .  

The Impeller s i z e  is 5 3/4"  h i g h  by 1 0  3/4" d i a m e t e r .  The 

wear r i n g  d i a m e t e r  is  8.609. The impellor o u t s i d e  d i a m e t e r  

h a s  a 1/6" c l e a r a n c e  o n  t h e  i n s i d e  d i a m e t e r  of t h e  s u c t i o n  

bowl. The s u c t i o n  impellor was b a l a n c e d ,  pr ior  t o  i n s t a l l a -  

t i o n .  

The pump c e n t e r  bush ing ,  wear r i n g  c l e a r a n c e s ,  and 

s h a f t  coa t ings  s p e c i f i c a t i o n s  can b e  found i n  F i g u r e s  6-1 

and 6-2. 

The motor b a s e  sea l  h o u s i n g  had a new b r o n z e  b e a r i n g  

i n s t a l l e d  w i t h  a clearance of .014". 

. 6.2 Sump Pump 

Upon inspect ion of  t h e  sump pump, a l l  t h e  s h a f t  

columns,  d i s c h a r g e  l i n e ,  g r e a s e  l i n e s ,  and s p i d e r s  were cor- 

roded .  A l l  of t h e s e  items were o r i g i n a l l y  made of m i l d  

s t e e l .  They were t h e n  r e p l a c e d  w i t h  304 s t a i n l e s s  i n  J u n e  

of 1977,  They are  now r e p l a c e d  w i t h  316 s t a in l e s s .  
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The two shaft spiders had new bronze bushings in- 

stalled with a ,008 clearance over a 1.500 outside diameter 

316 stainless shaft. This 316 stainless shaft had the worn 

packing area ceramic-coated because it was worn. 

keyway also had to be recut and a new key was made. 

The worn 

The motor base had a new bearing installed because 

the old one was found to be without grease. 

The pump bowl cover on the wear ring area was worn 

This was welded up and machined true. out of round .020. 

The pump bowl, pump bowl cover, and impellor are now made of 

316 stainless. The pump bowl had a new bronze wear ring and 

shaft bushing made. 

the clearance on the bushing is .008. The impellor wear 

rings were machined true and the impellor was balanced. 

Clearance on the wear ring is 0.025 and 

6.3 Condensate Pump (P-10) 

Upon shutdown and inspection, the two 1 1/4" 

shafts were found to be in good condition and were polished 

and straightened. 

The three spiders on this pump were found in good 

condition, The bearings had clearances of .012 to .013. 

These were cleaned and reinstalled. 

The column registers were in good condition and 

were cleaned, 
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The diffuser bowl shaft bearing showed some wear 

and a clearance of -016. This clearance was decreased to 

e 011. 

The suction bowl shaft bearing had a'clearance of 

.015. This clearance was decregsed to -010. The suction 

bgwl wear ring was repaired and machined true. 

The impellor was in good condition and was pol- 

ished. The wear ring clearance was - 0 2 5 .  

The purge water lines were found to be in good 

condition. 
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7.1 F e a s i b i l i t y  S tudy  

A s  p r e v i o u s l y  r e p o r t e d ,  Phase I Repor-t of t h e  

f e a s i b i l i t y  s t u d y  was comple ted .  T h i s  Phase assumed a 

s e t t l i n g  pond f o r  b r i n e  e f f l u e n t  treatment p r i o r  t o  i n -  

ject ion.  

e f f e c t i v e  method o f  b r i n e  treatment based  upon a so l id s  

Subsequent  work h a s  i d e n t i f i e d  a p o t e n t i a l l y  more 

c o n t a c t  c l a r i f i e r .  

Lawrence Livermore L a b o r a t o r y  contracted w i t h  a n  

i n d e p e n d e n t  c o n s u l t a n t ,  Mr. Gordon R icha rdson ,  t o  e v a l u a t e  

t h e  cost impact  on  a 50MWe power p l a n t .  H i s  r e p o r t  was 

i n d e p e n d e n t l y  rev iewed by The  Ben Holt Company. 

C a p i t a l  cost  e s t i m a t e s  were r e v i s e d  s l i g h t l y  ( increased 

(Appendix A )  

by s e v e r a l  m i l l i o n  d o l l a r s ) ,  b u t  t h e  bas ic  c o n c l u s i o n s  

remained unchanged. 

An e s t i m a t e  o f  t h e  e f f e c t  upon o p e r a t i n g  costs i n  

a SOMWe power p l a n t  is be ing  d e l a y e d  u n t i l  b e t t e r  o p e r a t i n g  

d a t a  is  a v a i l a b l e .  Impact  on  i n j e c t i o n  well  costs w i l l  b e  

addressed i n  subsequen t  p h a s e s  of t h e  F e a s i b i l i t y  S tudy .  

7 . 2  F e a s i b i l i t y  S tudy  Addendum 

As p r e v i o u s l y  r e p o r t e d  a n  addendum to  t h e  Feasi- 

b i l i t y  S tudy  was i n i t i a t e d  t o  address t h e  impact  o f  a b i n a r y  

c y c l e  u s i n g  d i r ec t  c o n t a c t  h e a t  e x c h a n g e r s  on power p l a n t  

economics.  The  Phase I Repor t  showed t h e  b i n a r y  c y c l e  had 

s i g n i f i c a n t  e f f i c i e n c y  g a i n s  o v e r  t h e  f l a s h  c y c l e .  
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The incorporation of direct contact heat exchangers was 

hoped would reduce the capital cost of the binary cycle 

while maintaining the high efficiency. A specific cycle 

was chosen for study. 

combined with a direct contact bottoming binary loop. 

The cycle consisted of a 7 steam turbine 

A draft report was completed by The Ben Holt Com- 

pany. The preliminary conclusion was that the selected 

cycle maintained the high efficiency, but did not signifi- 

cantly reduce the costs. However, some potential areas for 

reducing costs were identified. These areas involve changes 

to the selected cycle. 

Alternative cycle changes involve: 1) deleting 

the steam turbine and use the steam to vaporize the binary 

working fluid in a conventional heat exchanger, 2) deleting 

the steam condenser and replacing it with a binary fluid 

heat exchanger, and 3) common shafting and a single gen- 

erator for steam and binary fluid turbines. 

The addendum scope was increased to briefly review 

these changes to the selected cycle and identify any prom- 

ising alternative. 

natives will significantly reduce costs. 

sults are expected during the next reporting period. 

It is hoped that one of these alter- 

Preliminary re- 

7.3 Injection Risk Study 

Injection of effluent brine is a major area of 

risk that was identified in the Feasibility Study. Sub- 

sequent work with solids contact clarifiers may have 

-57- 



i' 

f . 1  u 

reduced this risk. A follow on study of brine injection 

risks was initiated. Completion Technology was selected as 

the subcontractor for this study. 

The purpose of the study was to idenfify remaining 

injection risks and determine if the planned GLEF Test 

Program is still required. Results indicate the Test Program 

is still required aed significant risks still remain. 

Makeup water requirements were also reviewed. 

When makeup waters are added to the injection requirements, 

injection risks are increased. The study identified alter- 

natives in the treating and handling of makeup waters. 
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During this quarter the plant operated for a total 

of 1400 hours. The scheduled plant availability was 92% 

with an overall capacity factor of 63%. (Based on one well 

flow) 

The plant w4s started up for the first time after 

being modified to a two stage flash with two parallel flash 

trains. This two stage flash plant start up was accom- 

plished with minimal operating problems. 

The injection pump (P-2) was removed when the pump 

can was suspected to be plugged. The spare (P-2)  was in- 

stalled and the plant was returned to service within three 

days . 
Sodium hypochloride addition is showing signifi- 

cant results in reducing H2S in the condensate. 

sate treatment and cooling water treatment are improving 

This conden- 

cooling water system performance. 

One well flow was continued using Magmamax #1 as 

the production well, injecting into Magmamax #2 .  Due to the 

limited capacity of the settling tank system two well flow 

was not attempted. 

Drafts of the 1978-1979 GLEF Test Program are 

being prepared. These.drafts will be reviewed by all par- 

ticipants prior to release. 

components will be incorporated into the test plan. 

Interim Tests of materials and 
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Pigged polymer impregnated test spools were re- 

moved this run and showed very little evidence of abrasion 

with a nominal amount of scale buildup. 

Test spools of other materials will b< tested 

throughout the plant with results to follow. Coating tests 

to determine corrosion resistance will also be evaluated. 

Pinch valves are showing promising results in 

brine control preventing large amounts of scale buildup in 

the valve. 

Cavitation cleaning is being tested by DAI on 

selected gate valves modified with nozzles and in a test 

loop to test cleaning capabilities on plant piping. 

Scale control is being studied at length because 

it is felt this holds the key to economical and efficient 

operation of geothermal plants of the future. 

d 
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T h i s  report contains preliminary cost  estimates for  the construction of a 
treatment f a c i l i t y  for the reduction of soluble s i l i c a  and  the removal of 
suspended material from the eff luent  brine of a 50 megawatt geothermal elec- 
t r i ca l  generating f a c i l i t y  pr ior  t o  reinjection of the brine into the geo- 
thermal basin. 

Selection of the equipment included i n  the cost estimates was based upon 
processes employed a t  the Lawrence Livermore Laboratories p i lo t  treatment 
f a c i l i t y  a t  Niland, California. 

Conceptually the process employs sol ids  contact reaction, c l a r i f i ca t ion ,  pres- 
sure f i l t r a t i o n  and solids dewatering. 

Process u n i t  sizing was based upon parameters developed d u r i n g  the p i lo t  
testing scaled for  t reat ing approximately 10 MGD of power plant eff luent  
b r i  ne. 

Description of Conceptual Brine Treatment Faci 1 i t y  

Three a1 ternative conceptual brine treatment f a c i l i t i e s  were used i n  develop- 
i n g  cost estimates. 
gravity c la r i f ica t ion  or reactor type upflow contact c la r i f ica t ion  w i t h  
granular media f i l t r a t i o n .  
replacing the granular media f i l t e r s  w i t h  diatomaceous earth f i l t e r s .  

Figure No. 1 shows schematically the relationship among the process elements 
fo r  the system employing conventional type gravity c la r i f ica t ion  with external 
sol ids  recirculation and mixed reactor tanks .  

Two a1 ternat ive f a c i l i t i e s  employed e i ther  conventional 

The t h i r d  a l te rna t ive  i.nvestigated the cost  of 

Sequentially the system shown in Figure 1 contains the following s u b  system 
processes: 

1 .  Chemical addition o f  cat ionic  and anionic polymers. 

2. External t anks  fo r  mix ing  c l a r i f i e r  recycle solids w i t h  
the process influent flow. 

3.  C1 arif ication 

4 .  

5. 

6. 

Clar i f ie r  eff luent  collection and f i l t e r  influent pumping. 

F i l t ra t ion ,  granular media o r  diatomaceous earth. 

Solids dewatering fo r  ultimate disposal. 

Following e i the r  type of c l a r i f i ca t ion ,  the eff luent  would flow by gravity t o  
a f i l t e r  pump feed well. 
capacity t o  supply the f i l t e r s  t o  50 psig and 25 psig d i f fe ren t ia l  was examined. 

E i g h t  granular media pressure f i l t e r s ,  each h a v i n g  an effect ive f i l t e r  area 
of 240 f t 2 ,  receive the c l a r i f i ed  eff luent  fo r  f inal  residual sol ids  removal. 

The a l te rna t ive  fo r  employing pumps having the 
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Power P1 an t  

E f f l u e n t  Br ine  

( 7 )  

I I 

( 7 )  and Pump S t a t i o n  
6. Waste Sol ids Dewatering ' 

Backwash Return 
4800 qpm ---.---33 

I 
I C l a r i f i e r  E f f  1 uent 

6900-11,700 gpm 
kCI( 1 

(7) 

5. F i l t e r  Pump Feed Well 

( 7 )  
7. Hor izonta l  Pressure F i  1 t e r s  

~ 

F i l t e r  E f f l u e n t  t o  Re in jec t ion  Well 

I 

Figure 1 : Schematic Diagram Geothermal Power P lan t  Br ine 

Treatment F a c i l  i ty  
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T h e  use o f  eight pressure f i l t e r s  provides compromise in specif ic  f i l t r a t i o n  
rate when one f i l t e r  i s  removed from service for  maintenance, requiring the 
remaining f i l t e r s  t o  carry the en t i r e  load. 
remaining seven f i l t e r s  will provide the necessary backwash water, eliminating 
the need for  a backwash storage t a n k  having a capacity of approximately 72,000 
gallons and 4,800 gpm backwash pump s ta t ion.  

During a f i l t e r  backwash, the 

Operating in t h i s  manner, the f i l t e r  influent pump s ta t ion  would provide the 
necessary capacity fo r  f i l t r a t i o n ,  backwashing of the f i l t e r s ,  and returning 
the backwash water t o  the front end of the plant for  c l a r i f i ca t ion .  
the backwash water t o  the main plant c l a r i f i e r s  eliminates the need fo r  a 
backwash c l a r i f i e r  capable of accepting the 4,800 gpm backwash flow or  a combi- 
nation of a backwash waste storage tank, pump s ta t ion  and a proportionately 
sma 1 1 e r  cl  a r  i f i e r  . 

Returning 

As an a l te rna te  t o  granular media f i l t r a t i o n ,  diatomaceous ear th  pressure 
f i l t r a t i o n  was examined. This a l ternate  resulted in the use of 32 pressure 
f i l t e r s  arranged i n  eight banks of four f i l t e r s .  Conceptually, D . E .  f i l t e r  
operation would be similar to  t h a t  described fo r  the granular media f i l t e r s .  
Sequential backwash and precoating of the D.E .  f i l t e r s  would produce a lower 
total  u n i t  backwash flow t h a n  the corresponding granular f i l t e r ,  b u t  require 
a .significantly more complicated control system since each f i l t e r  must be 
brought into operation a f t e r  precoating to  insure retention of the precoat 
on the septum and ye t  insure tha t  the f i l t e r  e f f luent  i s  c lear  of precoat 
before discharging t o  the system eff luent .  

D . E .  f i l t r a t i o n  would also entai l  the use of a ra ther  complex b u l k  D . E .  materi- 
a l s  handling and storage f a c i l i t y  together with an additionally complex pre- 
coating and dispensing system for  precoating the f i l t e r s .  

Basis of Cost Estimates 

Preliminary costs  of major equipment items, c l a r i f i ca t ion ,  f i l t r a t i o n  and 
sol i d s  dewatering were obtained from manufacturers current estimates (April 
1978) for  the equipment. 

Preliminary costs  f o r  pumps, piping, and valves were estimated from published 
cost information and adjusted according t o  the February 1978 Chemical Plant 
cost index f o r  their respective equipment. 

Except as a standard material of construction not separately ident i f ied ,  a l l  
equipment was estimated as constructed of s teel  o r  iron, and pa in t ed .  
corrosion r e s i s t an t  materials or coatings were not considered. 

The costs  fo r  i n s u l a t i n g  a l l  tankage and p i p i n g  were estimated separately,  
based upon 2 inches of f iberglass  mat or magnesia type insulat ion having a 
sheet aluminum protective covering. 

Separate estimates were prepared fo r  the major equipment f i e l d  materials such 
as concrete footings for  the c l a r i f i e r  and f i l t e r s ,  c l a r i f i e r  bottoms, f i l t e r  
valves, operators,  and piping. 

Special 
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Estimates for the cost of field materials, labor and the individual costs 
associated with construction for minor equipment was based upon modular 
equipment factors.* 

Total cost for construction of the treatment facility was based upon the sum- 
mation of the sub system costs and a 20 percent contingency factor. 

Section I of the cost estimates contains the capital cost estimates presented 
in tabular form, followed by a more detailed breakdown o f  the sub system 
costs. 

- 

Section I 1  contains operation and maintenance cost estimates following the 
same convention of the total system, followed by sub systems. 

Section I 1 1  contains a summary of the capital, operation, maintenance, and 
annual costs based upon dollars per 7,000 gallons o f  brine processed and 
mils per kilowatt hour o f  generation capacity. 

* Guthrie K . M . ,  Process Plant Estimating Evaluation and Control, 
Craftsman Book Company o f  America, 1974 . 
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and 
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Equipment -- - - Basis of Capi ta l  Cos t  E s t i m a t e s  ._ 

1. 

2. 

3 ,  

4. 

5. 

6, 

7 .  

Polymer equipment inc ludes dual chemical i n j e c t i o n  pumps f o r  each polymer, 
and l i q u i d  polymer storage tanks having a 2 week storage capaci ty f o r  
i n j e c t i n g  10 mg per  l i t e r  o f  c a t i o n i c  polymek- and 3 mg per l i t e r  o f  an ion ic  
polymer a t  the  system design r a t e  of  10 MGD. 

I n f l u e n t  mix ing tanks inc lude tu rb ine  mixers, 37,000 gal, f u l l y  ba f f l ed ,  
covered and insu la ted  tanks on concrete pad. 

- 

C l a r i f i e r  equipment includes two 110 f o o t  diameter conventional o r  con- 
t a c t  c l a r i f i e r s ,  i nsu la ted  tankage and in te rna ls ,  concrete foo t ings  and 
tank bottom. 

F i l t e r  pump feed we l l  and pump s t a t i o n  includes 20,000 ga l l on  feed we l l ,  
insu lated,  on concrete pad; three 3,900 gpm hor izon ta l  s p l i t  case c e n t r i -  
fugal  pumps having 50 ps ig  o r  25 ps ig  head capaci t ies,  on concrete pad 
w i t h  in terconnect ing p i p i n g  and valves. 

Waste so l i ds  dewatering includes 40 inch  wide moving b e l t  f i l t e r  press 
wi th  associated equipment, 18 inch  elevated sludge conveyor and elevated 
sludge storage hopper f o r  dump t ruck  loa!ing, a l l  on concrete pad. 

F i l t e r s  inc lude pressure tanks f o r  e i g h t  10 f e e t  x 24 f e e t  f i l t e r s ,  under- 
drains,  media, surface wash, cont ro l  valves w i t h  pneumatic operators, 
e lec t ron i c  d i f f e r e n t i a l  pressure t ransmi t te rs ,  f low con t ro l  valves, pos i -  
t ioners ,  valve con t ro l  solenoids, a l l  in terconnect ing p ip ing,  i n s u l a t i o n  
f o r  tanks and pipes, a l l  on concrete pad. 

Yard p ip ing  inc ludes 200 f e e t  o f  insu la ted  18 inch  f i l t e r  i n f l u e n t  p ipe  
and 200 f e e t  o f  14 i n c h  backwash r e t u r n  pipe. 
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TABLE I 
- 

Estimated Tota l  Capi ta l  and 
Construct ion Cost f o r  Conventional 

'bl 
C1 a r i  f i c a t i o n  Treatment Process 

1. Process Estimated Costs 
k; 

2. 

3, 

A. C1 a r i  f i c a t i o n  
B. F i l t r a t i o n  
C. Polymer Equipment 

1. Cat ion ic  and Anionic 
2. Cat ion ic  $17,243 
3. Anionic $16,532 

D. Sludge Dewatering 
E. Yard Pip ing 

Tota l  Capi ta l  Costs 
A. Total  Process Cost 
B. Less Cat ion ic  Polymer 
C, Less Polymer 

50 p s i g  
$ 643,000 

922,000 

34 , 000 

197,000 
21,000 

$1,817,000 
1,800,000 
1,783,000 

Process Construct ion Cost--20% Contingency 
A. Total  Process $2 , 180,000 
8. Less Cat ion ic  Polymer 2,160,000 
C. l e s s  Polymer 2 , 140,000 

25 p s i g  
$ 643,000 

906,000 

34,000 

197,000 
21,000 

$1,801,000 
1,784,000 
1,767,000 

$2,161,000 
2,141,000 
2,120,000 
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TABLE I 1  

Estimated Total Capital; and 
Construction Cost for Contact 

Clarification Treatment Process 

- 1 ,  Process Estimated Costs 

2. 

A. 
B. Filtration 
C. Polymer Equipment 

C1 ar i f i cation 

1. Cationic and Anionic 
2. Cationic $17,243 
3. Anionic $16,532 

D. Sludge Dewatering 
E. Yard Piping 

Total Capital Cost 
A. Total Process Cost 
B. Less Cationic Polymer 
C. Less Polymer 

50 psig 25 psig 
$ 734,000 $ 734,000 

* 922,000 906 , 000 

34 000 34,000 

197,000 1 97 , 000 
21,000 21,000 

$1,908,000 $1,892,000 
1,891,000 1,875,000 
1,874,000 1,858,OOO 

3. Process Construction Cost--.ZOX Contingency 
A. Total Process $2,290 , 000 $2,270 , 000 
B. Less Cationic Polymer 2,269,000 2,250 , 000 
C. Less Polymer 2,249,000 2,230,000 

-1 0- 



kl 

TABLE I 1 1  

Cap i ta l  Cost Summary 
C l a r i f i c a t i o n  Process 

Estimated C 1 a r i f 5 c a t  i on 
cost  

1 .  Component Conventional Contact 

LI 2. I n f l u e n t  Mixing $51 8,000 $734,000 

I A.  Tankage $39,000 

6 .  Mixers 50,000 
889,ooo 89 I 000 -- 

3. Sludge Recycle Pumps 36,000 "- 
I 

Estimated Process Cost $643,000 $734,000 
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TABLE IV 

Estimated Capital Cost 
Conventional C1 a r i  f i cation 

Component Estimated Cost 

1. Clar i f ie rs  (erected) $245,000 

id 

2. Field Material 166,000 

Total Direct Cost $41 1,000 

Total Indirect Cost 107,000 

. 
Conventional Clar i f ie r  Cost $51 8,000 

TABLE V 

Estimated Capital Cost 
Contact C1 a r i  f iers 

Component Estimated Cost 

1. Clar i f ie rs  (erected) 

2. Field Material 

$41 7,000 

166 -000 

Total Direct Cost 

Total Indirect  Cost 

$583,000 

151,000 

Instal led Contact Clar i f ie r  Cost $734,000 

d 
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TABLE V I  
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Estimated Capi ta l  Cost 
Granular Media F i l t r a t i o n  

1 .  Process Component Estimated Cost 
50 psig 25 ps ig  

A.  F i l t e r  Pump Feed Well Tankage $ 17,000 $ 17,000 

B. F i l t e r  I n f l u e n t  Pump 128,000 80,000 

C. F i l t e r  Tankage 539,000 539,000 

D. Surface Wash Pump 32,000 32,000 

E. P ip ing,  Valves, Posi t ioners  172,000 172,000 

F. F i e l d  Instrumentat ion 30,000 30,000 

G. Concrete 36,000 36,000 

2.  F i l t r a t i o n  Cap i ta l  Cost $922,000 $906,000 
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TABLE VI1 

Estimated Total  Capi ta l  and 
Construct ion Cost f o r  Diatomaceous 

Ear th F i l t r a t i o n  

1. Process Estimated Cost 
h 

ki 

U 

Ld 

. ,  
I 

d 

h 

A. 

B. 

C. 

0. 

F. 

G. 

H. 

Conventional C 1  a r i  f i ca t ion  

F i l t e r  Pump Feed Well 

F i l t e r  I n f l u e n t  Pump 

D.E.’ F i l t r a t i o n  Equipment 
1. F i l t e r  Tankage 
2. Precoat Equipment 
3. D.E. Mater ia ls  Handling 

Anionic Polymer 

S1 udge Dewatering 

Yard Pip ing 

Tota l  Capi ta l  Cost 

Contingency 8 20% 

and Storage 

$727,000 
73,000 
20,000 

Tota l  Process Construct ion Cost 

$ 643,000 

17,000 

80,000 

820,000 

17,000 

197,000 

16,000 

$1,790,000 

- 

358,000 

$2,148,000 

-14- 



I 

Irp; 
- 1. Compon 

b 

- 1  

J 

I 

d 

'TABLE VI11 

Estimated Capital Cost 
Diatomaceous Earth Filters 

t E 

A. Filter Tankage 

B. Piping, Valves,  Positionen 

C. Field Instrumentation 

D, Concrete 

Total Direct D . E .  Filter Cost 

E. D.E. Precoat Equipment 

F. D.E. Materials Handling & Storage 

Total D . E .  Filter Cost 

timated Cost 

$598,000 

69,000 

28 000 

32,000 

$727,000 

$ 73,000 

20,000 

$820 000 

. 
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TABLE I X  

t '  

Lai 

ki 

Estimated Capital  Cos t  
Polymer Feed Equipment 

Component Estimated Cost 
--*- 

1. Cat ion ic  Polymer (40%) 
A. L i q u i d  Polymer Storage Tanks 

B. Chemical I n j e c t i o n  Pumps 8,200 

Tota l  Capi ta l  Cost Cat ion ic  Polymer System $1 7,200 

(4,000 g a l )  $ 9,000 

2. Anionic Polymer (25%)  
A. L i q u i d  Polymer Storage Tanks 

(5,000 g a l )  $1 0,400 
B.  Chemical I n j e c t i o n  Pumps 6,000 

Tota l  Cap i ta l  Cost Anionic Polymer System $1 6,400 

. 

TABLE X 

Estimated Capital  Cost 
Waste Sol ids Dewatering 

Component Estimated Cost 
-- 

1. F i l t e r  Press $1 48,000 

B; 2. So l ids  Conveyor 37 , 000 
f 

I 1 3 .  Sol ids  Transfer  Hopper 12,000 

la 

bl  

L Tota l  Sol i d s  Dewatering Cap1 t a l  Cost $1 97,000 

' I  

4!d 
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and 
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______-- Basis of Operation and Maintenance Costs 

Labor Costs: Based upon United States Environmental Agency 
estimates of the man hours required for the 
operation and maintenance of similar capacity 
facility, containing the same processes. 
rates are those estimated for skilled trade 
labor. 

Labor 

Power Costs: Based upon $0.02 per kilowatt hour for the 
cited equipment power demands assumed to oper- 
ate, with the exception of the filter surface 
wash pumps, 24 hours per day. 

Polymer Costs: Based upon the cost for liquid polymers obtained 
from Calgon Corporation at the estimated economi- 
cal storage concentration. 

Sludge Disposal: Costs as cited 

Diatomaceous 
Earth: Was estimated based upon .02 pounds per square 

foot of precoat at the current Johns Manville 
bulk, 10 tons or more, price, assuming a filter 
operating period of 15 hours between precoats. 
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TABLE X I  

I 

lid I 

bi 

Ld 

u 

Annual 
Operating and Maintenance 

Cost Summary 

1. Component Estimated Cost 
A. Labor $1 67,000 
B. Power 

-- 

33 , 000 
1. Conventional 
2. Contact 59,000 

C, Equipment Maintenance 
1. Equipment 

Conventional Contact 
$21,300 B23,000 

2. Tankage 2 ;600 3,400 
3. Total  Equipment Maintenance 823,900 $26,400 

D. Polymer 
1. Cat ion ic  
2. Anionic 

Tote1 Polymer 
E. Sludge Disposal [h $20/ton 

1. 50% Moisture 
2. 25% Moisture 

2. Total Annual Costs 
A. Conventional C1 a r i  f i c a t  i on 

1. 50 psig,  Tota l  Polymer, 50% Moisture 

2. 50 psig,  Tota l  Polymer, 25% Moisture 

3. 25 psig,  Tota l  Polymer, 50% Moisture 

4. 25 psig, Tota l  Polymer, 50% Moisture 

Less Cat ion ic  Polymer 
Less A l l  Polymer 

Less Cat ion ic  Polymer 
Less A l l  Polymer 

Less Cat ion ic  Polymer 
Less A l l  Polymer 

Less Cat ion ic  Palymer 
Less A l l  Pglymer 

8. Contact C l a r i f i c a t i o n  
1 ,  50 psig,  T o t a l  Polymer, 50% Mgisture 

2,  50 psig, Tota l  Polymer, 25% Moisture 

3, 25 psig,  Tota l  Polymer, 50% Moisture 

4. 25 psig, Tota l  Polymer, 25% Moisture 

Less Cat ion ic  Polymer 
Less A l l  Polymer 

Less Cat ion ic  Polymer 
Less A l l  Polymer 

Less Cat ion ic  Polymer 
Less A l l  Polymer 

Less Cat ion ic  Polymer 
Less A l l  Polymer 

I 

$279,400 
63,000 

8348,400 

$241,000 
161,000 

$854,000 
575,000 
506 , 000 
774,000 
495,000 
426,000 
839 , 000 
560 000 
491,000 
759,000 
480 , 000 
41 1,000 

$842 , ooo 
562,000 
493,000 
762 , 000 
482 , 000 
41 3,000 
81 6,000 
536,000 
467,000 
736,000 
457,000 
388 , 000 

d, -1 8- 



TABLE X I 1  

Summary o f  Estimated 
Process Power and Annual Costs 

Conventional Contact b -- 1. Operating Power C l a r i f i e r  C1 a r i  f i e r  

1 

b 

I 

u 

A. Mixers 

B. C l a r i f i e r  Dr ive  

C. Pumps 

1. F i  

2, F i  

3. F i  

120 hp 

20 

t e r  50 ps ig  280 

t e r  25 ps ig  160 

t e r  Surface Wash 4 

4. Sludge Rec i rcu la t ion  130 

5. Polymer 

D. Sludge Dewatering 

1 

1. F i l t e r  Press 10 

2. Conveyor 2 

E. Control A i r  Compressor 2 

Tota l  Power 50 ps ig  569 hp 

Tota l  Power 25 ps ig  449 hp 

2. Annual Operating Power Cost ($0.02/kwh) 

F i  1 t e r  Conventional 
Operating Pressure C l a r i f i e r  

A. 50 ps ig  $74,000 

B. 25 ps ig  $59,000 

50 hp 

20 

280 

160 

4 

-- 
1 

10 

2 

2 

379 hp 

249 hp 

Contact 
C 1  a r i f  i e r  

$50,000 

$33,000 

-1  9- 
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TABLE XI11 

Summary 
Annual Labor Cost 

I tern cost - .  , 

1 . Supervi sion $ 42,000 

2. 

3.  

4. 

-. 

Clerical -Technical 

Operation 

Maintenance 

Total Labor 

9 , 000 

70 , 000 

46 , 000 

$1 67,000 

-20- 
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TABLE X I V  

Equipment Operation 
and Maintenance Costs 

Estimated Annual 
Component Maintenance Cost 

Convent i onal Contact i '  

k C1 ari fier Clarifier 
System Sys tem 

1 '  1. Mechanical Equipment 
&d (3 5%/yr Purchase Cost $21,300 $23,000 

1 
1 1  

M 

2. Tankage 
@ 1.5%/yr Tankage Cost 2,600 3,400 

Total Equipment O&M Cost $23,900 $26,400 

hd 
TABLE XV 

Opera t i on Cost 
Polymer Appl i cat i on 

1 3  

, h  

i 

I bi 

Estimated Annual 
Polymer cost 

1. 

2. 

Total Annual Polymer Cost 

Cationic (cat floc T) (40% Active) 

Anionic (L  690 E) (25% Active) 
104,600 gal/yr x $2.67/oa1 $279,000 

50,370 gal/yr x $1.36/gal 69,000 
$348 , 000 

TABLE X V I  

Annual Operating Cost 
Sol ids Disposal 

IL 
t i  

Basis: 33,000 lb/day Dry Solids with Ultimate Disposal 
Cost o f  $20/ton iki 

I % Solids Moisture Annual Cost 
bii 50% - 12.045 ton/yr (3 $20/tcrn $241,000 

$161,000 25% - 8.030 tonlyr @ $20/ton 

id 
CL 
d 
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TABLE XVII 

Estimated Annual Operation and Maintenance 
Costs for Diatomaceous Earth Filters 

Component Estimated Cost 

1. Labor $1 67,000 

2. Power 59,000 

3. Maintenance 
A. Tankage $ 5,000 
B. Equipment $21,000 26,000 

4. 

5. 

6. 

Polymer (Anionic) 69,000 

D.E. Precoat 58,000 

$1 udge Disposal 251,000 

Total Annual Cost $630,000 

-22- 



, 

td 

u 
i u 

SECTION I11 

Summary 

o f  

Brine Treatment System 

C a p i t a l ,  Operation and Maintenance 

and 

Annugl Costs 

. 
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Irr 



! 

& 
I___--- Basis o f  Total System Cost Summary 

C a p i t a l  and operating costs are retabulated from those previously presented. 
Total annual  costs resu l t  from the sum o f  the system capital  cost and the 
present worth o f  the operation and maintenance costs a t  the respective 7% 
and 9% rates  fo r  a period of 20 years. Treatment costs i n  terms o f  dollars  
per 1,000 gallons and mils per kilowatt hour were based upon a waste brine 
flow o f  10 MGD and a plant generating capacity o f  50 megawatts. 

rJ 
I bJ 

' i  
iba 

I 
, e d  

I . 
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TABLE X V I I I  

Summary o f  Capital, Operating and Annual Costs 
For Conventional and Contact C1 ari f icqtioq Treatment Processes 

(Includes Granular Media Filtration) 
Annual Total Dol 1 ars Total 

Capital O & M  Annual Per Mils Annual 
Sys tern cost cost Cost-$ 1,000 Per Cost-$ 

9% 20 yr 
Conventional C1 ari f ication 
50 psi 50% Cake Moisture 2,180,000 854,000 1,060,000 0.290 2.420 1,093,000 

81 2,000 Less Cationic 2,160,000 575,000 779,000 0.213 1.779 
Less Polymer 2,140,000 506,000 708,000 0.194 1.616 740,000 

50 psi 25% Cake Moisture 2,180,000 774,000 980,000 0.268 2.237 1,013,000 
Less Cationic 2,161,000 495,000 699,000 0.192 1.596 732,000 

660,000 Less Polymer 2,141,000 426,000 628,000 0.172 1.434 

Less Cationic 2,141,000 550,000 752,000 0.206 1.717 785,000 
Less Polymer 2,120,000 491,000 691,000 0.189 1.578 723,000 

25 psi 25% Cake Moisture 2,161,000 759,000 963,000 0.264 2.199 996,000 
715,000 Less Cationic 2,141,000 480,000 682,000 0.187 1.557 
642,000 Less Polymer 2,120,000 41 0,000 610,000 0.167 1.393 

Contact C1 ari f i ca tion 
50 psi 50% Cake Moisture 2,290,000 842,000 1,058,000 0.290 2.416 1,092,000 

81 1,000 Less Cationic 2,269,000 562,000 776,000 0.212 1.772 
Less Polymer 2,249,000 493,000 705,000 0.193 1.610 739,000 

50 psi 25% Cake Moisture 2,290,000 762,000 978,000 0.268 2.233 1,013,000 
Less Cationic 2,269,000 482,000 696,000 0.191 1.589 731,000 
Less Polymer 2,249,000 41 3,000 625,000 0.171 1.427 659,000 

25 psi 50% Cake Moisture 2,270,000 816,000 1,030,000 0.282 2.352 1,065,000 
1.708 782,000 Less Cationic 2,250,000 536,000 748,000 0.201 

711,000 Less Polymer 2,230,000 467,000 667,000 0.186 1.523 
25 psi 25% Cake Moisture 2,270,000 736,000 950,000 0.260 2.169 985,000 

Less Cationic 2,250,000 457,000 669,000 *0.183 1.527 703,000 
632,000 Less Polymer 2,230,000 388,000 598,000 0.164 1.365 

qa 1 kwh Description Dol 1 ars Dol 1 ars 7% 20 yr 

I 25 psi 50% Cake Moisture 2,161,000 839,000 1,043,000 0.286 2.381 1,076,000 
ru 
P 
I 

r -  =-c*  

Dol 1 ars 
per 
1,000 
ga 1 

0.299 
0.222 
0.203 
0.277 
0.200 
0.181 
0.295 
0.215 
9.198 
0.273 
0.196 
0.176 

0.299 
0.222 
0.203 
0.277 
0.200 
0.181 
0,292 
0.214 
0.195 
0.270 
0.193 
0.173 

Mi 1 s 
Per 
kwh 

2.495 
1.854 

2.31 2 
1.671 
1.507 
2.457 
1.792 
1.651 
2.274 
1.632 
1.466 

1 .6a9 

2.493 

1.687 
2.31 3 
1.669 
1.504 
2.432 
1.785 
1.623 
2.249 
1.605 
1.443 

1 .a52 
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1 

ki 

. 
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Y 

I 

TABLE X I X  

Summary of Capital, Operating and Annual 
Costs for Conventional Clarificati n 
and Diatomaceous Earth Filtration b 1 

Dol 1 ars Mils 
cost Annual Annual 1,000 gal kwh 

$2,148,000 $630,000 $833,000 0.228 1.902 

Capital Tota l  Per Per 

(a)  System Description: 25 ps i ,  50% Cake Moisture 
7% - 20 years, less cationic 

id -25- 


	Abstract
	Introduction
	GLEF

	1.0 OPERATIONS
	2.0 RESERVOIR OPERATIONS
	2.1 Production Wells
	2.2 Injection Wells

	3.0 TESTING
	3.1 Scrubber Efficiency Tests
	3.2 1978-1979 GLEF Test Program

	3.3 Miscellaneous Tests
	3.3.1 Materials of Construction
	3.3.2 Components
	3.3.3 On Line Scale Removal
	3.3.4 Cavitation Cleaning
	3.3.5 Instrumentation


	4.0 SYSTEMS CHEMISTRY
	4.1 Steam
	4.3 Scale
	4.4 Cooling Water
	3.3.6 Cavitation Cleaning


	4.0 SYSTEMS CHEMISTRY
	4.1 Steam
	4.2 Brine
	4.3 Binary and Cooling Water


	1-1 Pictorial of the GLEF
	1-2 Typical Flow Diagram (Four Stage)
	1-2
	1-3 Typical Flow Diagram (Two Stage)
	4-1 Steam Sample Data


	4-2 Steam Sample Data
	4-3 Steam Sample Data
	4-4 Steam Sample Data
	4-5 Steam Sample Data
	4-6 Steam Sample Data
	4-7 Brine Sample Data

	4-8 Brine Sample Data
	I 4-9 Brine Sample Data

	I; 4-10 Brine Sample Data
	4-11 Brine Sample Data
	4-12 Brine Sample Data
	4-13 Binary and Cooling Pond Sample Data
	4-14 Binary and Cooling Pond Sample Data
	4-15 Binary and Cooling Pond Sample Data

	I 4-16 Binary and Cooling Pond Sample Data
	4-17 Binary and Cooling Pond Sample Data
	4-18 Binary and Cooling Pond Sample Data
	4-19 Binary and Cooling Pond Sample Data
	4-20 Binary and Cooling Pond Sample Data
	4-21 Binary and Cooling Pond Sample Data
	INTO 28 SCRUBBER
	INTO 1B SCRUBBER '
	COlhNEDCONDENSATE1-
	INTO 18 SCRUBBER
	OUT OF 1B SCRUBBER
	INTO 28 SCRUBBER
	COMBINEDCONDENSATE
	1 DATE I pH I S= 1 ALK I CON0 I NH4 I T.S 1 Ma I Ca I Fe I Ba 1 Pb Si I BI M9

	INTO 1B SCRUBBER
	COMBINED CONDEMSATE
	COMBINED CONDENSATE
	COND 1 NHn 1 T.S I Na I Ca I Fe 1 8a I Pb I Si I E 1 Mv

	MAGMA MAX #
	OUTOF2NDSTAGE 1 Ill
	REINJECTION81-78
	OUT OFlSTSTAGE
	OUTOGNDSTAGE
	1 REINJECTION
	MAGMA MAX #
	REIN JECTl 0 N
	S= I ALK 1 CON0 I NH4

	OUT OF 2ND STAGE
	MAGMA MAX #
	MAGMA MAX #
	BINARY I 8- 2-78 I 9.5 I I I 840 I I I 5.12 I I 0.18 I I lo1
	FROM PONO TO CONDENSERS8-3-78
	FROM CONDENSERS TO POND8-3-78
	BINARY8-9-78
	FROM POND TO CONDENSERS I 9- 8-78 I 7.93 I 01 I 4.300 I 54.8 I I476
	FROM CONDENSERS TO POND9-8-78




