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IL ABSTRACT 

Jj 
The Geothermal  Loop E x p e r i m e n t a l  F a c i l i t y  ( G L E F )  

was m o d i f i e d  t o  u s e  a two s t a g e  f l a s h  process w i t h  two 

p a r a l l e 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  temperature, h i g h  s a l i n i t y  , l i q u i d - d o m i n a  t e d  resource. 

S i n c e  p l a n t  s t a r t - u p  i n  May, 1976 ,  a s u b s t a n t i a l  amount of 

i n f o r m a 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 c o m p o s i t i o n ,  p r o d u c t i o n  and 

i n j e c t i o n  wel l s ,  and t h e  p o t e n t i a l  of t h e  N i l a n d  R e s e r v o i r .  

T h i s  Q u a r t e r l y  Report d i s c u s s e s  t h e  g e n e r a l  opera- 

t i o n  and a c c o m p l i s h m e n t s  o f  t h e  G L E F  d u r i n g  t h e  per iod 

A p r i l ,  1978 ,  t h r o u g h  J u n e ,  1978.  

Dur ing  t h i s  r e p o r t i n g  p e r i o d  t h e  G L E F  unde rwen t  a 

major r e d e s i g n  a s  d i s c u s s e d  i n  t h e  O p e r a t i o n  and Main tenance  

S e c t i o n s .  M o d i f i c a t i o n s  and i n s p e c t i o n s  of v a r i o u s  G L E F  

e q u i p m e n t  and s y s t e m s  are a l so  d i s c u s s e d  i n  t h e  Main tenance  

S e c t i o n .  

I n f o r m a t i o n  a b o u t  t h e  p r o d u c t i o n  and i n j e c t i o n  

wel ls  flow t e s t i n g  and i n s t r u m e n t a t i o n  a r e  d i s c u s s e d  i n  t h e  

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

The T e s t i n g  S e c t i o n  i n c l u d e s  i n f o r m a t i o n  r e g a r d i n g  

c o a t i n g s  and l i n i n g s  for v a l v e s  and  p i p i n g .  

I n  t h e  C h e m i s t r y  S e c t i o n  t h e r e  is a wide  r a n g e  o f  

d a t a  t a k e n  from B r i n e ,  S team,  S c a l e ,  B i n a r y ,  C o n d e n s a t e ,  and 

C o o l i n g  Water Sys tems .  T a b l e s  and f i g u r e s  i n  t h i s  s e c t i o n  

a i d  i n  t h e  d i s c u s s i o n  o f  d a t a  r e c e i v e d .  

-1- 
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CONCISE DESCRIPTION OF THE N I L A N D  GLEF 

I Q  

i u  
P 

E a r l y  i n  1 9 7 2 ,  t h e  c o n c e p t  of b u i l d i n g  a Geo the rma l  

Loop E x p e r i m e n t a l  F a c i l i t y  ( G L E F )  a t  t h e  N i l a n d  Known Geo- 

t h e r m a l  R e s o u r c e  Area ( K G R A )  was o r i g i n a t e d .  T h i s  a rea  is  

located o n  t h e  s o u t h e r n  shore o f  t h e  S a l t o n  Sea n e a r  N i l a n d ,  

C a l i f o r n i a .  S D G & 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 f l o w e d  a g e o t h e r m a l  t e s t  well  to d e m o n s t r a t e  t h e  

a b i l i t y  of t h e  N i l a n d  R e s e r v o i r  to  p r o d u c e  a s i g n i f i c a n t  

amount  of h y d r o t h e r m a l  f l u i d  c a p a b l e  of g e n e r a t i n g  e l e c t r i c  

power. S e e  F i g u r e  1-1 f o r  t h e  g e n e r a l  a p p e a r a n c e  o f  t h e  

GLEF. 

I n  May, 1 9 7 5 ,  c o n s t r u c t i o n  of 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 o n  May 3 ,  1976 .  T h i s  

s i z e  f a c i l i t y  is t h e  f i r s t  o f  i t s  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 downho le )  and  h i g h  s a l i n i t y  

( 2 5 0 , 0 0 0  ppm) g e o t h e r m a 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  N e w  A l b i o n  

R e s o u r c e  Company ( N A R C O ) ,  s u p p l y  g e o t h e r m a l  f l u i d  ( b r i n e )  

f rom two p r o d u c t i o n  wells, Magmamax No. 1 and Woolsey No. 1. 

T h e s e  a r e  l o c a t e d  n e a r  t h e  t e s t  f a c i l i t y  i n  t h e  c e n t e r  of 

t h e  anomaly.  Magmamax N o .  1 p r o d u c e s  b r i n e  w i t h  a t e m p e r a t u r e  

a n d  p r e s s u r e  a t  t h e  w e l l h e a d . o f  440°F and  350  p s i g ,  respec- 

t i v e l y ,  w i t h  a n  a v e r a g e  f lowrate  o f  a p p r o x i m a t e l y  4 0 0 , 0 0 0  

l b s / h r .  Woolsey N o .  1 p r o d u c e s  b r i n e  w i t h  a 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 380°F  and 200 p s i g ,  r e s p e c t i v e l y ,  

-2- 
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w i t h  a n  a v e r a g e  f l o w r a t e  o f  a p p r o x i m a t e l y  300 ,000  l b s / h r .  

However, Woolsey h a s  n o t  p roduced  r e p r e s e n t a t i v e  f l u i d s  and 

was n o t  used d u r i n g  t h i s  q u a r t e r .  T h e  p l a n t  was modi f ied  t o  

a c c e p t  a n  i n l e t  t e m p e r a t u r e  of 435OF, p r e s s u r e  o f  295  p s i a ,  

a n d  a two-well f l o w r a t e  of 8 0 0 , 0 0 0  l b s / h r .  T h e  p roduced  

b r i n e  is f lowed  t h r o u g h  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  a p p r o x i m a t e l y  one mile away t h r o u g h  t w o  i n j e c t i o n  

wel l s ,  Magmamax N o .  2 and No. 3.  Magmamax N o .  3 i s  t h e  

p r i m a r y  i n j e c t i o n  well  w i t h  Magmamax N o .  2 b e i n g  used  a s  

s p a r e .  

On A p r i l  1 3 ,  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  time t h e  p l a n t  

w a s  m o d i f i e d  from a f o u r  s t a g e  f l a s h / b i n a r y  s y s t e m  to  c r i t i c a l  

p o r t i o n s  o f  a two s t a g e  f l a s h  s y s t e m  w i t h  two p a r a l l e l  f l a s h  

" t r a i n s " .  I n  o t h e r  words ,  e a c h  s u p p l y  well  h a s  i t s  own t w o  

s t a g e  s y s t e m .  T h e  steam produced  by t h e  f l a s h e d  b r i n e  
I 

p a s s e s  t h r o u g h  steam s c r u b b e r s  to  remove s a l t s  and m i n e r a l s .  

The s c r u b b e d  steam is condensed  by three h e a t  e x c h a n g e r s  a t  

a p p r o x i m a t e l y  2 0 0 , 0 0 0  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  b e i n g  used  to  d i s s i p a t e  h e a t  e n e r g y .  

The condeneed  steam, i f  n o t  used  f o r  c o o l i n g  water make-up 

i s  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 .  

The n o n c o n d e n s i b l e  g a s e s ,  p r i m a r i l y  c a r b o n  d i o x i d e  w i t h  

smal l  a m o u n t s  o f  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 ,  a re  

e x h a u s t e d  to t h e  a t m o s p h e r e  t h r o u g h  a 130 f o o t  h i g h  s t a c k .  

-3-  
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The b i n a r y  v a p o r  is t h e n  condensed  back to  a f l u i d  

i n  t h e  c o n d e n s e r s .  

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

t h e  two s t a g e  f l a s h  p r o c e s s ,  e v a l u a t i o n  o f  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  o f  c o o l e d  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  o f  t h e  N i l a n d  g e o t h e r m a l  r e s e r v o i r ,  a r e  underway. 

San  Diego  Gas & Electr ic  Company (SDG&E) ,owns t h e  f a c i l i t y  

and  manages i t s  t e s t i n g .  SDG&E and t h e  U n i t e d  S t a t e s  Depar t -  

ment  o f  Energy  ( D O E )  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 a c i l i t y .  

-4-  



1 . 0  GLEF OPERATIONS 
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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  o f  304 h o u r s  i n  

t h i s  qua r t e r  b e f o r e  t h e  p l a n t  was s h u t  down f o r  m o d i f i c a t i o n s  

and  c l e a n i n g .  A p p r o x i m a t e l y  1470 h o u r s  o f  o p e r a t i o n  were 

a c c u m u l a t e d  o n  t h i s  r u n  s i n c e  t h e  l a s t  c l e a n i n g .  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  7419 h o u r s  o f  o p e r a t i o n  s i n c e  s t a r t u p .  

The a v e r a g e  p l a n t  c a p a c i t y  f a c t o r  s i n c e  s t a r t u p  is 4 3 % .  

( S e e  T a b l e  1-1 and F i g u r e  1 -2 )  

Dur ing  t h i s  q u a r t e r ,  t h e  p l a n t  o p e r a t e d  i n  manual  

c o n t r o l  w i t h  Magmamax N o .  1 a s  t h e  p r o d u c t i o n  w e l l  and 

i n j e c t i n g  i n  Magmamax N o .  3 v i a  t h e  baker t a n k s  s e t t l i n g  

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

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

A p r i l  1 2 ,  1978.  A l though  shutdown was. p l a n n e d  fo r  t h e  n e x t  

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

a s  i n d i c a t e d  i n  t h e  A p r i l  Q u a r t e r l y  Report, b u t  w i t h  l i t t l e  

improvement this time. On April 13, P-2 lost a l l  d i s c h a r g e  

p r e s s u r e  and t h e  p l a n t  was s h u t  down for  p l a n t  m o d i f i c a t i o n s  

and  o v e r h a u l  fo r  t h e  r e m a i n d e r  o f  t h i s  r e p o r t i n g  p e r i o d .  

1.1 P l a n t  M o d i f i c a t i o n s  

Using  The Ben H o l t  Company's e n g i n e e r i n g  and a n  

SDG&E c o n s t r u c t i o n  crew, t h e  GLEF was c o n v e r t e d  from a f o u r  

s t age  f l a s h / b i n a r y  s y s t e m  to c r i t i c a 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  s y s t e m .  ( S e e  F i g u r e  1-3) Each s u p p l y  w e l l  
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‘Q/ 
GLEF AVAILABILITY 1978 

FOR MONTH 

% % 
POSSIBLE A V A l  LAB1 L lTY A V A l  LAB1 L lTY  

TOTAL GLEF TOTAL HOURS HOURS BASED ON (EXCLUDING 
OPE RATING I N  THE (EXCLUDING TOTAL HOURS SCHEDULED 

HOURS MONTH SCHEDULED OUTAGES) 
OUTAGES) 

315 744 315 42.3 100 

238 672 672 35.4 35.4 

731 744 731 98.3 100 

304 720 304 42.2 100 

0 744 0 0 - 

0 720 0 0 - 

MONTH 

JANUARY 

FEBRUARY 

MARCH 

APRIL 

MAY 

JUNE 

JULY 

AUGUST 

SEPTEMBER 

OCTOBER 

NOVEMBER 

DECEMBER 

SINCE START-UP 

CUMULATIVE % % 
CUMULATIVE CUMULATIVE POSSIBLE A V A l  LAB1 LITY A V A l  LAB1 L lTY  
TOTAL GLEF TOTAL HOURS BASED ON (EXCLUDING 
OPERATING MONTH (EXCLUDING TOTAL MONTH SCHEDULED 

HOURS HOURS SCHEDULED HOURS OUTAGES) 
OUTAGES) 

6,146 15.296 11,084 40.2 55.4 

6.384 15,968 1 1,756 40.0 54.3 

7.1 15 16,712 12,487 42.6 57.0 

7,419 17,432 12,791 42.6 58.0 

7,419 18,176 12.79 1 40.8 58.0 

7,419 18,896 12,791 39.3 58.0 

TABLE 1-1 
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w i l l  have  i t s  own two-s t age  s y s t e m .  Woolsey s u p p l y  w e l l  

b r i n e  w i l l  f l o w  i n t o  1 A  separator ( V - 1 )  and w i l l  f l a s h  a t  

1 1 5  p s i g ,  t h e n  w i l l  f l o w  i n t o  t h e  2A s e p a r a t o r  ( V - 1 4 )  and 

f l a s h  a t  a b o u t  6 p s i g .  Magmamax #1 well  b r i n e  w i l l  f l o w  

i n t o  1 B  s e p a r a t o r  ( V - 4 ) ,  f l a s h  a t  1 1 5  p s i ,  w i l l  t h e n  f l o w  

i n t o  2B s e p a r a t o r  ( V - 1 1 )  and f l a s h  a t  a b o u t  7 p s i g .  Both 

2nd s t a g e  separators  (V-14  and  V - 1 1 )  w i l l  f l a s h  i n t o  a 

common v e s s e l ,  t h e  a t m o s p h e r i c  f l a s h  v e s s e l  (V-15) .  The 

i n j e c t i o n  pump (P -2 )  w i l l  t a k e  a s u c t i o n  from V-15 and pump 

t h e  s p e n t  b r i n e  t h r o u g h  Magma's b a k e r  t a n k  s e t t l i n g  s y s t e m  

and i n t o  t h e  i n j e c t i o n  well .  Later p l a n t  m o d i f i c a t i o n s  w i l l  

add  a f u l l - s c a l e  b r i n 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 .  Each  

s y s t e m  c a n  be  cross c o n n e c t e d  so t h a t  Magmamax #1 w e l l  c a n  

b e  t i e d  i n t o  t h e  "A" or "B" s y s t e m  and v i c e  v e r s a .  

A p i l o t  c l a r i f i e r  h a s  been  i n s t a l l e d  to  t a k e  a 

small  p o r t i o n  o f  b r i n e  from V-15 and  d i s c h a r g e  back  to  t h e  

i n j e c t i o n  pump (P -2 )  s u c t i o n .  The 2 A  h e a t  e x c h a n g e r  ( E l B )  

was m o d i f i e d  to allow t h e  d r a i n s  t o  be  pumped o u t  w i t h  t h e  

h e a t  e x c h a n g e r  c o n d e n s a t e  pump ( P - 1 4 ) ,  i n t o  t h e  2 8  s c r u b b e r  

(V-12) or c o o l i n g  water s p r a y  pond. The 1st s t a g e  s c r u b b e r  

(V-8) and  2 A  s c r u b b e r  (V-10) d r a i n s  were r e p i p e d  i n t o  t h e  

a t m o s p h e r i c  f l a s h  v e s s e l .  The v e n t  g a s  separator d r a i n s  (V-  

6 )  were a l so  r e p i p e d  i n t o  t h e  a t m o s p h e r i c  f l a s h  v e s s e l .  Two 

new pressure c o n t r o l  v a l v e s  were i n s t a l l e d  o n  t h e  steam 

i n l e t  to t h e  2nd s t a g e  h e a t  e x c h a n g e r s  ( E 1 B  and E 1 C )  so a s  

to  m a i n t a i n  6 p s i g  o n  b o t h  2nd s t a g e  s e p a r a t o r s .  
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2.0 RESERVOIR OPERATION 

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

A s p i n n e r  s u r v e y  i n  l a t e  1977 was r u n  on  t h e  

Woolsey N o .  1 w e l l  and i n d i c a t e d  a f l u i d  loss a t  t h e  1 , 3 7 0  

foot  l e v e l  c a u s e d  by a h o l e  i n  t h e  c a s i n g .  An a t tempt  t o  

r epa i r  t h e  h o l e  w i t h  a cement  s q u e e z e  p roved  f u t i l e  when 

a n o t h e r  h o l e  d e v e l o p e d  d u r i n g  a p r e s s u r e  tes t .  A 6 5/8" t i e  

b a c k  l i n e r  was hung from t h e  854  f o o t  to  t h e  1 8 2 1  f o o t  l e v e l  

to  a i d  i n  b l o c k i n g  o f f  t h e  h o l e s .  The well  c a s i n g  o n  Woolsey 

N o .  1 was m i l l e d  and s c r a p e d  to  remove t h e  scale.  

The Magmamax N o .  1 w e l l h e a d  v a l v e  was removed. A 

ca l iper  i n d i c a t e d  a p p r o x i m a t e l y  1/2"  o f  scale for  t h e  f i r s t  

9 0 0  feet .  The scale was m i l l e d  o f f  and t h e  c a s i n g  s c r a p e d .  

A f t e r  t h e  well  was c l e a n e d ,  1 1/4" t u b i n g  was hung i n  t h e  

w e l l  to allow f l o w i n g  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 N o .  2 was f l o w  t e s t e d  f o r  350 h o u r s  a t  

th ree  d i f f e r e n t  f l o w  ra tes :  a l o w  f l o w  of 400 GPM, a 

medium f l o w  of 600 GPM, and  a h i g h  flow of 900 GPM. A t  t h e  

h i g h  flow c o n d i t i o n ,  t h e  w e l l h e a d  t e m p e r a t u r e  and  p r e s s u r e  

was 407OF and 280 ps ig .  ( F o r  d e t a i l s  and  g r a p h s  see Appendix 

A )  The w e l l  h a s  e v e r y  i n d i c a t i o n  o f  b e i n g  capable o f  pro- 

d u c i n g  a t  a much h i g h e r  flowrate. 

-7- 
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2 . 2  I n j e c t i o n  Wells 

Dur ing  t h i s  period, i n j e c t i o n  was i n t o  Magmamax # 3  

t h r o u g h  a ser ies  of s e t t l i n g  t a n k s .  The s e t t l i n g  t a n k s  

appear to be e f f e c t i v e  i n  r e d u c i n g  t h e  suspended  s o l i d s  to  

a p p r o x i m a t e l y  1 0 0  ppm and t h e  s i l i c a  to  close to  s a t u r a t i o n .  

About  1 1/4 t o n s / d a y  of so l id s  a re  b e i n g  removed i n  t h e  

s e t t l i n g  t a n k s .  

A p i l o t  reactor c l a r i f i e r  was tes ted o n  a s i d e  

stream from t h e  atmospheric f l a s h  drum. The  o b j e c t i v e  of 

t h e  t e s t  was to see i f  t h e  c l a r i f i e r  c o u l d  r e d u c e  t h e  amount  

of suspended  sol ids  and  d i s s o l v e d  s i l i c a  i n  t h e  b r i n e  p r ior  

to i n j e c t i o n  i n  t h e  Magmamax N o .  3 w e l l .  

The c l a r i f i e r  g e n e r a l l y  p roduced  e x c e l l e n t  r e s u l t s  

b o t h  r e d u c i n g  t h e  q u a n t i t y  of suspended  s o l i d s  and  r e d u c i n g  

t h e  c o n c e n t r a t i o n  of s i l i c a  r e m a i n i n g  i n  s o l u t i o n  a t  t h e  

i n j e c t i o n  w e l l .  Suspended s o l i d s  were r e d u c e d  from a r a n g e  

of 1 3 0  to  160  ppm i n ,  to a r a n g e  of 20  t o  5 0  ppm o u t .  

S i l i c a  i n  s o l u t i o n  w a s  r e d u c e d  from a s u p e r - s a t u r a t e d  l e v e l  

of 300  ppm i n ,  to  a s l i g h t l y  s u b - s a t u r a t e d  l e v e l  of 170  ppm 

o u t  a t  18O0F. The e f f l u e n t  from t h e  c l a r i f i e r  performed 

v e r y  s a t i s f a c t o r i l y  when i n j e c t e d  by Lawrence L ive rmore  

Laboratory t h r o u g h  s a n d s  t o n e  cores r e p r e s e n t a t i v e  of t h e  

N i l a n d  r e s e r v o i r .  The c l a r i f i e r  a l so  h a n d l e s  s l u d g e  concen-  

t r a t i o n ,  t h i c k e n i n g ,  and  removal .  The c l a r i f i e r  was n o t  a s  

e f f e c t i v e  a s  i t  had b e e n  o n  Magmamax #1 e f f l u e n t .  However, 

p e r f o r m a n c e  was s t i l l  s i g n i f i c a n t l y  more e f f e c t i v e  t h a n  t h e  

s e t t l i n g  t a n k s .  

R -8 -  
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2.3 R e s e r v o i r  Asses smen t  A c t i v i t i e s  

J. Morse from Lawrence L ive rmore  L a b o r a t o r y  ( L L L )  

i n s t r u m e n t e d  f i v e  wel ls  to  g a i n  r e s e r v o i r  d a t a  d u r i n g  t h e  

f l o w  t e s t i n g  o f  Magmamax #2. The f o l l o w i n g  wel l s  were in -  

s t r u m e n t e d  to g a i n  d a t a  as f o l l o w s :  

Magmamax N o .  2 h a s  1 1 / 4 "  t u b i n g  r u n  t o  3,800 f t .  

and i s  i n s t r u m e n t e d  w i t h  a Sper ry-Sun t y p e  chamber  i n  t h e  

w e l l  w i t h  a q u a r t z  c r y s t a l  t r a n s d u c e r  a t  t h e  surface.  The 

d a t a  to  b e  o b t a i n e d  f o r  computer  a n a l y s i s  is: 

1. background d a t a  p r i o r  to  s t a r t i n g  well 

2. draw-down by s t a r t i n g  f low from well 

3. s k i n  e f f e c t  

4 .  p e r m e a b i l i t y  i n  t h e  v i c i n i t y  of w e l l  b o r e  

5. i d e n t i f y  f l a s h i n g  zone  

Magmamax N o .  3 h a s  been  i n s t r u m e n t e d  w i t h  a H e w l e t t -  

P a r k a r d  t y p e  q u a r t z  c r y s t a l  t r a n s d u c e r  i n  t h e  w e l l  f o r  f a l l -  

o f f  t e s t i n g  when Magmamax #1 was s h u t - i n .  Some t r a n s d u c e r s  

w e r e  placed i n  t h e  w e l l  for f a l l - o f f  t e s t i n g  when Magmamax 

#2 was s h u t - i n .  The d a t a  to b e  o b t a i n e d  f o r  compute r  a n a l y s i s  

is: 

1. p e r m e a b i l i t y  o f  r e s e r v o i r  

2. f r a c t u r i n g  

3. s t o r a g e  e f f e c t  

4.  s k i n  e f f e c t  

5. p e r m e a b i l i t y  o u t s i d e  o f  immedia t e  v i c i n i t y  o f  t h e  

w e l l  

-9- 
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Magmamax N o .  4 which i s  a n  o b s e r v a t i o n  well  near 

Magmamax N o .  3 ,  h a s  been  i n s t r u m e n t e d  w i t h  a Sper ry-Sun t y p e  

chamber  a t  t h e  su r f ace  w i t h  a q u a r t z  c r y s t a l  t ransducer .  

The d a t a  to be  o b t a i n e d :  

1. i n t e r f e r e n c e  from f l o w i n g  we l l  

2.  v e r t i c a l  l e a k a g e  

Elmore # 3  h a s  been  i n s t r u m e n t e d  w i t h  a Hewlett- 

P a c k a r d  q u a r t z  c r y s t a l  t r a n s d u c e r  a t  t h e  100  f o o t  d e p t h .  

The d a t a  to be  o b t a i n e d  f o r  computer a n a l y s i s  is: 

1. i n t e r f e r e n c e ,  a v e r a g e  p e r m e a b i l i t y  be tween we l l s  

2. s t o r a g e  e f f e c t  

S i n c l a i r  8 3  h a s  been  i n s t r u m e n t e d  w i t h  a Hewlett- 

P a c k a r d  q u a r t z  c r y s t a l  t r a n s d u c e r  a t  t h e  1 0 0  f o o t  d e p t h .  

The d a t a  to be  o b t a i n e d  f o r  compute r  a n a l y s i s  is: 

1. i n t e r f e r e n c e ,  a v e r a g e  p e r m e a b i l i t y  be tween wells 

2 .  s t o r a g e  e f fec t  

The d a t a  o b t a i n e d  is  p r e s e n t l y  b e i n g  a n a l y z e d  by 

LLL.  LLL w i l l  p u b l i s h  t h e i r  f i n d i n g s  a t  a l a ter  d a t e .  

-10- 
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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 o f  t e s t s  to  be  performed a t  

t h e  GLEF a d d r e s s e d  p r i m a r i l y  t h e  p e r f o r m a n c e  of t h e  major 

p l a n t  components  a s s o c i a t e d  w i t h  t h e  b i n a r y  c y c l e  s u c h  a s  

h e a t  e x c h a n g e r s ,  steam s c r u b b e r s ,  e tc .  However, P h a s e  I of 

t h e  F e a s i b i l i t y  S t u d y  h a s  r e d e f i n e d  t h e  c r i t i c a l  a reas  t o  be 

t e s t e d .  A repor t  of t h e  r e s u l t s  o f  t h a t  program is  b e i n g  

p r e p a r e d  by B e c h t e l  N a t i o n a l ,  I n c .  and s h o u l d  b e  i s s u e d  

b e f o r e  t h e  end o f  t h e  y e a r .  

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  c o n d u c t e d  by SDG&E, B e c h t e l  

N a t i o n a l ,  I n c . ,  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 d i r e c t  f l a s h  c y c l e  power p l a n t  

would b e  t h e  best  c h o i c e  f o r  t h e  f i r s t  g e o t h e r m a l  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 .  As a r e s u l t ,  t h e  GLEF was 

m o d i f i e d  to  simulate a two-s tage  f l a s h  c y c l e  ( a s  d i s c u s s e d  

i n  s e c t i o n  1.1 of t h i s  repor t ) .  

The p r i m a r y  o b j e c t i v e  o f  t h e  1978-1979 GLEF T e s t  

Program is to  r e d u c e  s i g n i f i c a n t  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 - c y c l e  power p l a n t  a t  N i l a n d .  

T h i s  t es t  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  tests to  

b e  pe r fo rmed  s e p a r a t e l y  by SDG&E, Lawrence L ive rmore  Labora-  

t o r y ,  and Imperial Magma u n d e r  t h e  o v e r a l l  d i r e c t i o n  of 
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SDG&E. F u t u r e  p r o g r e s s  o f  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 s e  Q u a r t e r l y  R e p o r t s .  However, t h e  d e t a i l e d  w r i t e u p s  

and  resu l t s  o f  e a c h  t e s t  w i l l  be  i s s u e d  i n  s e p a r a t e  r e p o r t s  

by  t h e  p a r t i c i p a n t s  (Lawrence L ive rmore  L a b o r a t o r y ' s  and 

Magma). ( F o r  T e s t  Program d e s c r i p t i o n  see Appendix B) 

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

3.3.1 Polymer C o n c r e t e  T e s t  S p o o l s  

Brookhaven N a t i o n a l  L a b o r a t  r y  ( B N L )  h s b  

c o n d u c t i n g  r e s e a r c h  o n  polymer  impregna ted  c o n c r e t e s  

e n  

( P C )  

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  to  l i n e  t h e  

i n s i d e  o f  p i p i n g ,  have  been  found to  pro tec t  t h e  base metal 

f rom c o r r o s i v e  a t t a c k  by g e o t h e r m a l  b r i n e s .  More i m p o r t a n t l y ,  

t h e r e  h a s  been  some l a b o r a t o r y  e v i d e n c e  t h a t  PC- l ined  pipe 

s i g n i f i c a n t l y  slows t h e  g rowth  o f  scale  o n  t h e  pipes.  Bo th  

o f  t h e s e  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  r e d u c e  t h e  cos t s  of 

geothermal power product ion .  

I n  March, 1 9 7 8 ,  Brookhaven N a t i o n a l  L a b o r a t o r y  

c o n t a c t e d  SDG&E and i n q u i r e d  w h e t h e r  i t  would be  p o s s i b l e  t o  

i n s t a l l  PC-l ined pipe spools a t  a c o u p l e  o f  l o c a t i o n s  i n  t h e  

GLEF. I t  was a g r e e d  to  i n s t a l l  t h r e e  spools i n  t h e  GLEF and  

to  e x p o s e  them to  two d i f f e r e n t  b r i n e  c o n d i t i o n s .  One spool 

was to  have  been  p l a c e d  i n  t h e  f i r s t  to  second  s t a g e  b r i n e  

p i p i n g  and two o t h e r s  i n  t h e  b r i n e  i n j e c t i o n  l i n e .  
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The s p o o l  be tween t h e  f i r s t  and second  s t a g e s  was 

s p e c i f i e d  to be  8 i n c h e s  i n  d i a m e t e r  - t o  f i t  i n t o  t h e  

p i p i n g  i n  t h e  o l d  f o u r  s t a g e  f l a s h e d  b i n a r y  s y s t e m .  A f t e r  

t h e  c o n v e r s i o n  to a two s t a g e  f l a s h  c y c l e ,  t h e  b r i n e  d r a i n  

p i p i n g  was 1 0  i n c h e s  i n  diameter .  C o n s e q u e n t l y ,  t h e  8 i n c h  

s p o o l  p i e c e  w i l l  n o t  be i n s t a l l e d .  A f t e r  t h e  p l a n t  h a s  been  

shown to operate i n  a s t a b l e  manner i n  t h e  two s t a g e  f l a s h  

mode, t h e  8 i n c h  s p o o l  may be  i n s t a l l e d  i n  a l o c a t i o n  w h e r e  

i t  w i l l  n o t  i n t e r f e r e  w i t h  p l a n t  o p e r a t i o n .  

The two 10- inch  PC l i n e d  s p o o l s  i n  t h e  i n j e c t i o n  

l i n e  a re  d e s i g n e d  to allow t h e  e n t i r e  b r i n e  flow t o  p a s s  

t h r o u g h  b o t h  P C  l i n e d  pipe spools e x c e p t  d u r i n g  t h e  p i g g i n g  

o p e r a t i o n ,  when v a l v e s  w i l l  be a d j u s t e d  so t h a t  o n l y  o n e  

s p o o l  w i l l  see t h e  b r i n e ,  and h e n c e  t h e  p i g .  The p i g g e d  P C  

l i n e d  spool w i l l  be  checked  f o r  a b r a s i o n  r e s i s t a n c e ,  w h i l e  

t h e  unpigged  spool w i l l  be  m o n i t o r e d  f o r  scale  b u i l d u p .  

I n  a d d i t i o n  to t h e  pipe spools,  BNL h a s  s e n t  4 2  

i n c h  by 3 i n c h  t e s t  c y l i n d e r s  made of 6 d i f f e r e n t  composi- 

t i o n s  of polymer  c o n c r e t e .  These  c y l i n d e r s  have  been  p l a c e d  

be low t h e  l i q u i d  l e v e l  i n  t h e  f i r s t  s t a g e  f l a s h  v e s s e l .  

They w i l l  be  i n s p e c t e d  d u r i n g  e a c h  p l a n t  shutdown and s e n t  

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

3.3.2 "Microseal" L u b r i c a n t  - Coa ted  V a l v e s  

T h i s  tes t  is a n  e v a l u a t i o n  o f  a s o l i d  f i l m  l u b r i c a n t  

t h a t  h a s  been  used  to coat t h e  c o n t r o l  s u r f a c e s  o f  two b r i n e  

-13- 
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c o n t r o l  v a l v e s .  A commercial f i r m ,  E/M L u b r i c a n t s  of Nor th  

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

a s u s p e n s i o n  o f  molybdenum d i s u l f i d e ,  meta l l ic  o x i d e s ,  and 

c o r r o s i o n  i n h i b i t o r s ,  d i s p e r s e d  i n  a r e s i n o u s  b i n d e r - c a r r i e r  

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

from t h e  b r i n e .  I n  t h e  pas t ,  c o n t r o l  v a l v e s  exposed  t o  t h e  

b r i n e  have  s c a l e d  up  to t h e  p o i n t  where  t h e y  became i n o p e r a b l e  

and  f r e e z e  i n  pos i t i on .  By c o a t i n g  t h e  p a r t s  of t h e  v a l v e  

exposed  to t h e  b r i n e  w i t h  t h e  d r y  f i l m  l u b r i c a n 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  o f  t h e  v a l v e s  w i l l  be e x t e n d e d .  

3 .3 .3  C o r r o s i o n / S c a l e  R e s i s t a n t  C o a t i n g s  

A t es t  was i n i t i a t e d  to  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  tes 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  o n  small  coupons  and 

l a r g e r  tes t  p a n e l s  were o b t a i n e d  from v e n d o r s  for  e v a l u a t i o n .  

The t e s t  samples w i l l  be i n s t a l l e d  i n  t h e  f i r s t  

s tage ( V - 4 )  and s e c o n d  stage ( V - 1 1 )  f l a s h  v e s s e l s .  The s i z e  

of e a c h  v e s s e l  is a p p r o x i m a t e l y  s i x  f e e t  i n  d i a m e t e r  and 20 

to  30 f e e t  l o n g .  Upon s t a r t u p  t h e  s p e c i m e n s  w i l l  b e  exposed  

to  b r i n e  and f l a s h e d  steam from Magmamax #1 u n d e r  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 :  

P r e s s u r e ,  p s i a  Temp OF 

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

Second S t a g e  ( V - 1 1 )  21  244 

-14-  



- . .. . 

(P 

u 

I i n  

The s p e c i m e n s  a r e  composed o f  small coupons  of 

v a r i o u s  s i z e s  ( less  t h a n  5 s q u a r e  i n c h e s )  and t e s t  p a n e l s  

(3"  x 6 4 "  x 3 / 8 " ) .  The tes t  coupons  w i l l  be a r r a n g e d  i n  

r acks  and placed t h r o u g h o u t  t h e  v e s s e l ,  those i n  t h e  upper 

h a l f  of t h e  v e s s e l  exposed  to steam and those i n  t h e  lower 

h a l f  exposed  to  l i q u i d  b r i n e .  The tes t  p a n e l s  w i l l  be 

mounted be tween t h e  top and bottom of 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 ,  h a r d n e s s ,  and  v i s u a l  a p p e a r a n c e  

of e a c h  s p e c i m e n  w i l l  be recorded pr ior  to t e s t i n g .  Some of 

t h e  raw da ta  to 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 s  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 tes t  p a n e l s ,  d u e  to t h e i r  l a r g e r  s i z e ,  p r o v i d e  

mote a c c u r a t e  da t a  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  da ta .  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  diameter 

of t h e  v e s s e l  w i l l  allow o b s e r v a t i o n s  to  be made a t  t h e  

s team-br i n e  i n t e r f a c e .  

3.3.4 P i n c h  V a l v e s  

One of t h e  more p r o m i s i n g  t y p e s  of 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  

wh ich  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  off  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  

to  p r e v e n t  large amounts  of scale from a c c u m u 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 .  Two t y p e s  of p i n c h  v a l v e s ,  

'I -15- 
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o n e  m a n u f a c t u r e d  by t h e  Red Va lve  Company and o n e  by t h e  

G a l i g h e r  Va lve  Company, a re  p r e s e n t l y  b e i n g  t e s t e d .  

B e f o r e  c o n v e r s i o n  to a two-s t age  f l a s h  c y c l e ,  b o t h  

p i n c h  v a l v e s  were l o c a t e d  i n  t h e  b r i n e  l i n e  i m m e d i a t e l y  

b e f o r e  t h e  f o u r t h  s t a g e .  The b r i n e  f lowed t h r o u g h  b o t h  i n  

ser ies ,  so t h a t  e a c h  took  a p p r o x i m a t e l y  h a l f  t h e  d r o p  i n  

pressure from t h e  t h i r d  to f o u r t h  s t a g e  ( 1 4  p s i g  - s l i g h t  

vacuum) .  L i n e r s  i n  b o t h  v a l v e s  have  f a i l e d  a f t e r  a s h o r t  

p e r i o d  o f  operat ion,  b u t  o t h e r  l i n e r  mater ia l s  a re  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  located be  tween t h e  

s e c o n d  s t a g e  f l a s h  v e s s e l  ( 7  p s i g )  and t h e  a t m o s p h e r i c  f l a s h  

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

t h e  f l a s h  t r a i n s .  

The p o s s i b i l i t y  o f  u s i n g  p i n c h  v a l v e s  i n  o t h e r  

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  o f  a l l  

b r i n e  c o n t r o l  components  w i l l  b e  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. 

3.3.5 Hydro T e s t  Nozzles 

During  t h i s  r e p o r t i n g  p e r i o d ,  no  c a v i t a t i o n  c l e a n i n g  

was done  a t  t h e  GLEF. However, p r o v i s i o n s  have  been  made to  

t e s t  v a r i o u s  ways to  k e e p  t h e  b r i n e  p i p i n g  f r e e  to  scale.  

D a e d a l e a n  Associates, I n c .  h a v e  m a n u f a c t u r e d  c a v i t a t i n g  

n o z z l e s  t h a t  were i n s t a l l e d  i n  t h e  b r i n e  l i n e  be tween 1 B  and  

2B separators. B r i n e ,  c l a r i f i e d  and  u n c l a r i f i e d ,  w i l l  b e  

pumped a t  h i g h  p r e s s u r e  t h r o u g h  t h e s e  n o z z l e s .  T e s t s  w i l l  

-16- 
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b e  r u n  t o  d e t e r m i n e  how l o n g  i t  w i l l  t a k e  b e f o r e  t h e  n o z z l e s  

become p l u g g e d  and i f  t h e  b r i n e  c a n  be  used  i n  t h e  h y d r o  

pump. F u r t h e r  t es t s ,  a t  a l a t e r  d a t e ,  w i l l  b e  r u n  to d e t e r -  

mine  i f  a l i n e  c a n  be  h y d r o - b l a s t e d  w h i l e  t h e  p l a n t  is i n  

opera t i o n .  

A Daeda lean  tes t  v a l v e  w i t h  n o z z l e s  h a s  been  

i n s t a l l e d  to  d e t e r m i n e  i f  a g a t e  v a l v e  c a n  be  k e p t  c lean 

d u r i n g  o p e r a t i o n ,  u s i n g  h i g h  p r e s s u r e  water or b r i n e .  

D a e d a l e a n  h a s  s u p p l i e d  t h e  n o z z l e s  and pump. 

3.3.6 P i l o t  C l a r i f i e r  and S l u d g e  Hand l ing  P r o c e s s e s  

A p i l o t  c l a r i f i e r ,  8 f e e t  i n  d i a m e t e r  and 1 6  f e e t  

i n  h e i g h t ,  h a s  been  i n s t a l l e d  a t  t h e  GLEF to r e c e i v e  e f f l u e n t  

b r i n e  from V-15. The b r i n e  f l o w  w i l l  b e  26 GPM. T h i s  

c l a r i f i e r  had p r e v i o u s l y  o p e r a t e d  f o r  a p p r o x i m a t e l y  60 d a y s  

a t  t h e  i n j e c t i o n  w e l l  s i t e  o n  e f f l u e n t  b r i n e  from t h e  GLEF. 

A d u a l  media  s a n d / a n t h r a c i t e  g r a v i t y  f i l t e r  w i l l  be  t e s t e d  

a l o n g  w i t h  t h e  c l a r i f i e r .  I n  c o n j u n c t i o n  w i t h  t h e  c l a r i f i e r -  

g r a v i t y  f i l t e r  s y s t e m ,  t h r e e  u n i t  processes may b e  e v a l u a t e d  

f o r  h a n d l i n g  t h e  s l u d g e  and  its d i s p o s a l .  These  are: 1) 

f i l t e r  press, 2) c e n t r i f u g e ,  and  3) vacuum d r y i n g .  The 

f i l t e r  p r e s s  w i l l  be  i n i t i a l l y  e v a l u a t e d  a n d ,  i f  s u c c e s s f u l ,  

o t h e r  o p t i o n s  may b e  d e l e t e d .  The p u r p o s e  o f  t h i s  p i l o t  

program is to d e t e r m i n e  t h e . m o s t  cost  e f f e c t i v e  s y s t e m  f o r  

t h e  s t a b i l i z a t i o n  o f  s p e n t  g e o t h e r m a l  b r i n e s .  I m p e r i a l  

-17- 
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4.1  Steam C h e m i s t r y  

Steam c o m p o s i t i o n  d u r i n g  t h e  f o u r  s t a g e  o p e r a t i o n  

i n  Apr i l  was s imilar  to t h a t  o b s e r v e d  d u r i n g  t h e  p r e v i o u s  

p o r t i o n  o f  t h e  t e s t  and r e p o r t e d  i n  t h e  F i r s t  Q u a r t e r l y  

Report o f  1978.  V a l u e s  f o r  t h i s  t w o  week p e r i o d  are  summar- 

i z e d  i n  T a b l e s  4-1 t h r o u g h  4-9 and F i g u r e s  4-1 t h r o u g h  4-9. 

C a r r y o v e r  f rom t h e  f i r s t  s t a g e  separator,  as  

c h a r a c t e r i z e d  by t h e  sodium c o n c e n t r a t i o n  i n  t h e  steam, was 

q u i t e  v a r i a b l e .  However, i n  a l l  cases t h e  s c r u b b e r  was 

e f f e c t i v e  i n  removing most o f  t h i s  c a r r y o v e r  so t h a t  t h e  

sodium l e v e l s  i n  t h e  steam from t h e  f i r s t  s t a g e  s c r u b b e r  was 

a l w a y s  below 1 0  ppm. 

was o b s e r v e d ,  a g a i n  d e m o n s t r a t i n g  t h a t  t h e s e  v a l u e s  a re  n o t  

L i t t l e  change  i n  pH and c o n d u c t i v i ' t y  

e f f e c t e d  by b r i n e  c a r r y o v e r .  

The second  s t age  separa tor  and s c r u b b e r s  y i e l d e d  

s i m i l a r  r e s u l t s  w i t h  t h e  steam from t h e  s e c o n d  s tage  s c r u b b e r s  

c o n t a i n i n g  3 to 4 ppm of sodium c o n d u c , t i v i t y  and pH v a l u e s  

were a l so  s imi la r .  

The m i n e r a l  c o n t e n t  of t h e  steam from t h e  t h i r d  

s t a g e  was a l so  low. However, t h e  pH rose t o  9 .5  to  1 0 . 2 ,  

d u e  to t h e  p r e s e n c e  of small amounts  of ammonia. 

Steam from t h e  f o u r t h  s t a g e  s c r u b b e r s ,  i n  which  

c o n d e n s a t e  from t h e  p r e v i o u s  s t a g e s  is  c o l l e c t e d ,  is  some- 

w h a t  h i g h e r  i n  m i n e r a l  c o n t e n t .  The pH is  a l so  d e p r e s s e d  to  
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1st STAGE STEAM INFLUENT, GLEF 
APRIL 1978 

CONCENTRATION IN ppm 
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Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

M! 

Si 

"(Si02) 

B 

Ca 

Na 
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51 

DATE 

Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

Mg 

Si 

"(SiOg) 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4 

TDS 

0 RP 

PH 

Cond 

27 

1350 1430 1450 1350 

233.6 208.0 

I 634.4 1 I 644.8 I 

TABLE 4-3 



DATE 

Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

MY 

Si 

"(Si021 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4 

TDS 

ORP 

PH 

Cond 

2nd STAGE STEAM EFFLUENT, GLEF 
APRIL 1978 

CONCENTRATION IN ppm 

DATE 

Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

MY 

Si 

"(SiOg) 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4 

TDS 

O R P  

PH 

Cond 

'Silicon as Si02 



1 

I 
n 

Si 

C!?J 
I 
0 
Q 

0 

i 
I 
! D  

0 

5.7 

4.1 3.5 

3.6 10.6 3.6 9.5 2.7 

- 

DATE 

Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

Mg 

Cond 

3rd STAGE STEAM INFLUENT, GLEF 
APRIL 1978 

CONCENTRATION IN ppm 

205 263 230 265 242 

"(SiOZ) 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4 

I D S  

ORP 

PH 

DATE 

F e  

cu 

Zn 

Mn 

Pb 

Sr 

0a 

Mg 

Si 

"(SiO2) 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4 

TDS 

0 RP 

PH 

Cond 

TABLE 4-5 



1 

157.0 

I 5 

185.4 

DATE 

Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

MY 

Si 

"(Si021 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4 

TDS 

ORP 

PH 

Cond 

8.0 

3rd STAGE STEAM EFFLUENT, GLEF 
APRIL 1978 

CONCENTRATION IN ppm 

9.5 9.1 10.4 7.2 

4-3 1 4-4 1 4-5 I 4-6 1 4 - 7  

9 

2.3 I 2.9 I 2.8 I 2.1 I 1.3 

11 

1 

252 265 285 278 293 

353.6 426.1 

z 

DATE 

Fe 

cu 

Zn 

M n  

Pb 

Sr 

Ba 

MY 

Si 

"(Si02) 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4  

TDS 

ORP 

PH 

Cond 

2.9 3.3 4.6 2.2 

"Silicon as Si02 TABLE 4-6 



6.4 9.5 

29.4 

98.7 

18.0 24.6 16.5 

127.0 

182 61 

4th STAGE STEAM INFLUENT, GLEF 
APRIL 1978 

CONCENTRATION IN ppm 

DATE DATE 

Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

MY 

Si 

"(Si021 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4 

TDS 

ORP 

PH 

Cond 

4-10 I 4-11 I 4-12 I 4-13 I 4-14 4-3 4 4  4-5 4-6 4-7 

14.0 I 1 o . q  Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

M! 

Si I l2 I I 
"(SiO2) 

B 

Ca 

Na 

K 

L i  

"4 

CI 

Alk 

AI 

so4 

TDS 

0 RP 

PH 

Cond 

13.1 6.2 I 11.8 I 12.1 I 20.6 

146.5 I 157.0 I I 

! O  
343.2 

82.9 1 33.2 1 73.8 I 30.8 I 
301.6 286.0 

36.6 

421.2 

21.4 

t 
71 I 79 I 

-115 1 , I I -136 1 

1100 I 740 I 860 I 940 1050 

"Silicon as Si02 TABLE 4-7 



' 0  

u 

DATE 

Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

Mg 

Si 

lSi02) 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4 

TDS 

0 RP 

PH 

Cond 

4th STAGE S T E A M  EFFLUENT, GLEF 
APRIL 1978 

CONCENTRATION IN ppm 

DATE 

Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

Mg 

Si 

"(Si021 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4  

TDS 

0 RP 

PH 

Cond 

I I I I 

5.98 I 6.13 I 5.77 I 6.13 I 
990 1020 1050 1000 

TABLE 4-8 
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U 

B 
Y 
P 
I 
0 

P 

P 
P 
5 
i 
i 
i 

s 

ei 
B 

t-ct 
DATE 

Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

Mg 

Si 

"(SiO2) 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4  

TDS 

0 RP 

PH 

Cond 

4-3 

COMBINED CONDENSATE, GLEF 
APRIL 1978 

CONCENTRATION IN ppm 

4-4 4-5 4-6 4-7 4-11 

3.7 1 I l l  

4-12 4-13 4-14 

4.3 

174.0 I 

3.5 

I 297.0 I 
39.6 

707.2 

24.8 I 25.5 1 26.3 I 27.6 I 22.3 

195.2 

30.8 35.8 

71 2.4 712.4 733.2 

1860 

6.35 I 6.12 1 6.30 1 6.22 

1920 1830 1910 2050 

6.04 

DATE 

Fe 

cu 

Zn 

Mn 

Pb 

Sr 

Ba 

Mg 

Si 

"(Si021 

B 

Ca 

Na 

K 

Li 

"4 

CI 

Alk 

AI 

so4 

TDS 

ORP 

PH 

Cond 

- 
4-1 0 - 
0.3 

4.6 

5.2 

10.7 

203.2 

34.0 

54 

-1 77 

6.13 

1650 

P,;:: 1 6.00 1 6.28 1 
2120 2000 

TABLE 4-9 
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1 

a v a l u e  be tween  6 and 7 ,  d u e  t o  r e e n t r a i n m e n t  o f  noncon- 

d e n s i b l e  g a s e s  ( p r i m a r i l y  c a r b o n  d i o x i d e )  f rom t h e  f o u r  

s t a g e  s c r u b b e r .  

4.2 B r i n e  C h e m i s t r y  

Dur ing  t h e  l a s t  two weeks o f  t h i s  t e s t  o n l y  t h e  

s e c o n d  and f o u r t h  s t a g e  b r i n e  f l o w s  were sampled .  The re- 

s u l t s  a r e  summarized i n  T a b l e s  4-10 and  4 - 1 1 .  The compo- 

s i t i o n  was a l s o  g e n e r a l l y  s i m i l a r  to  t h a t  o b s e r v e d  d u r i n g  

t h e  p r e v i o u s  p o r t i o n s  o f  t h e  t e s t  and p r e s e n t e d  i n  t h e  March 

Q u a r t e r l y  Report. A s l i g h t l y  h i g h e r  l e v e l  o f  t o t a l  d i s s o l v e d  

s o l i d s ,  260 ,000  ppm i n  t h e  s e c o n d  s t a g e  and  270 ,000 ppm i n  

t h e  f o u r t h  s t a g e  was o b s e r v e d .  Sodium and c h l o r i d e  v a l u e s  

were a l s o  c o r r e s p o n d i n g l y  h i g h e r .  

4 . 3  S c a l e  C h e m i s t r v  

A t  t h e  t e r m i n a t i o n  o f  t h i s  t e s t  o n  A p r i l  1 4 ,  t h e  

v e s s e l s  and processed p i p i n g  i n  t h e  GLEF w e r e  i n s p e c t e d .  

The r e s u l t s  o f  t h i s  i n s p e c t i o n  a re  d e s c r i b e d  i n  Appendix C .  

I n  t h e  f i r s t  s tage  most of t h e  scale  a p p e a r e d  a s  

d e b r i s  o n  t h e  f l o o r  of t h e  f i r s t  s t a g e  separa tor .  The o n l y  

e x c e p t i o n  b e i n g  t h e  e x i t  which  was h e a v i l y  s c a l e d  t o  a 

t h i c k n e s s  o f  a p p r o x i m a t e l y  1 i n c h .  S i m i l a r  r e su l t s  were 

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

l e a k  i n  t h e  p u r g e  l i n e  some c a r b o n a t e  s ca l e  was o b s e r v e d  on  

t h e  i n l e t  l i n e .  

-20- 



1 

ORP 

PH 

Cond 

SECOND STAGE BRINE 
APRIL 1978 

-23 -60 -23 . -38 

5.94 5.91 6.04 6.29 

383,000 370,000 300,000 232,000 

i Q  

io. 

TABLE 4-10 



1 pi/ 
FOURTH STAGE BRINE 

APRIL 1978 

ip 

TABLE 4-11 



1 

n 

' 5  
u 
u 

Uniform d e b r i s  across  t h e  t h i r d  and f o u r t h  s t a g e  

f l a s h  v e s s e l  f l o o r  was o b s e r v e d  w i t h  a h e a v i e r  d e p i s i t i o n  up 

to  30.5 t o  45.7 c e n t i m e t e r s  o b s e r v e d  i n  t h e  f o u r t h  s t a g e .  

E x i t  o f  b o t h  v e s s e l s  were h e a v i l y  s c a l e d .  

A n a l y s i s  of t h e  sca les  o b s e r v e d  t h r o u g h o u t  t h e  

p l a n t  a r e  summarized i n  T a b l e s  4-12 t h r o u g h  4-17. These  

c o m p o s i t i o n s  a r e  s i m i l a r  to  t h o s e  o b s e r v e d  p r e v i o u s l y .  A 

v i s u a l  i n d i c a t i o n  of how t h e  major c o n s t i t u e n t s  of t h e  s ca l e  

changed  a s  t h e  e n e r g y  i s  e x t r a c t e d  f rom t h e  b r i n e  p a s s i n g  

t h r o u g h  t h e  p l a n t  is s e e n  i n  Table  4-18 and  F i g u r e  4-10 .  I t  

c a n  be  s e e n  t h a t  s i l i c a  r e m a i n s  t h e  major component  of t h e  

s c a l e  t h r o u g h o u t  t h e  p l a n t  w i t h  i r o n  and l e a d  showing almost 

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

4.4 C o o l i n g  Water 

4.4.1 S p r a y  C o o l i n g  Pond and C o n d e n s e r s  

T h e  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  GLEF 

c o o l i n g  s y s t e m  h a v e  b e e n  c o r r o s i o n  and  b a c t e r i a l  con tamina -  

t i o n  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  d e p o s i t s  

were o b s e r v e d  on  t h e  c o n d e n s e r  t u b e s  d u r i n g  t h e  l a s t  s h u t  

down. Whether  t h i s  i r o n  comes f rom c o r r o s i o n  o f  t h e  c o o l i n g  

wa te r  s y s t e m  o r  from t h e  condensed  steam h a s  n o t  y e t  b e e n  

e s t a b l i s h e d .  I r o n  c o n c e n t r a t i o n s  o f  0 .2  t o  1 3  mg/l h a v e  

b e e n  o b s e r v e d  i n  t h e  steam. Assuming a n  a v e r a g e  i r o n  v a l u e  

of 6 mg/l ,  some 3 0 0  l b s .  o f  i r o n  e n t e r  t h e  s p r a y  pond e v e r y  

-21-  
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1 B SEPARATOR 
INLET END 

n 

~~~ ~~~~ 

2ND SEPARATOR 3RD SEPARATOR 4TH SEPARATOR 
ON WELL FLOOR DEBRIS ON FLOOR 

l R  

0.1 1 

0.1 8 

P 

1.10 0.36 

0.13 0.09 0.1 1 

SCALE ANALYSIS OF SEPARATORS 
BELOW BRINE SURFACE OR FLOOR DEBRIS 

APRIL 1978 

Mn 

Pb 

LOCATION 
ELEMENT 

(ION) 

- ~ ~ ________ 

1.76 2.48 0.42 0.26 

9.84 9.37 0.59 

Fe 

cu 

AI 

Ba 

Zn 

0.87 0.76 0.32 0.10 

0.16 0.06 0.14 0.47 

PERCENT OF SCALE (DRIED) 

"(Si021 

Ca 

40.3 43.0 63.4 48.2 

1.50 3.00 2.55 5.55 

19.51 I 14.13 I 4.17 I 0.75 

Na 

K 

2.10 5.40 4.05 12.35 

0.31 1.12 0.94 1.65 

c o j  0.35 I 0.03 1.08 0 

Mg . I 0.62 0.1 5 0.45 0.04 I I I 
22.5 I 29.6 I 20.1 I 18.8 I Si 

L i  I 0 I 0 I 0 I 
0.22 I 0.04 I 0.05 I 0.06 

Sr I 

TABLE 4-12 



0.07 

0.36 

0.07 

0.18 

0 

2.10 

0.50 

0.28 

~ 

1.65 

1.80 

~~ 

0.07 

1.65 

0.54 1.13 

0 0.02 

0.39 0.16 

0.29 0.55 

0 0 

0.22 0.04 

' 3  SCALE ANALYSIS OF SEPARATORS 
AT DRAINS 
APRIL 1978 

LO CATION 
ELEMENT 

(ION) 

Fe 

cu 

Zn 

Mn 

Pb 

AI 

Ba 

PERCENT OF SCALE (DRIED) 

1BDRAlN I 2ND DRAIN 3RD DRAIN I 3-4DRAlN 

12.45 I 9.60 1.28 1.65 

0.49 I 0.56 0.55 0.95 

13.78 1.39 0.31 0.54 

I 

! 

0.51 , 0.09 1 0.03 1 0.03 
- 

19.5 39.9 33.0 

41.8 85.5 70.7 E "(Si021 

20.3 

43.5 

IP u 
0.01 I 0 0.19 . I 0.03 

"Silicon as Si02 

TABLE 4-13 



1 

SCALE ANALYSIS OF SEPARATORS 
OFF CEILINGS 

APRIL 1978 

"Silicon as Si02 

(3 

TABLE 4-14 



1 

Ba 

M4 

Si 

"(Si021 

Ca 

Na 

K 

Li 

Sr 

c o j  

SCALE ANALYSIS 
IINJECTION u N E  

APRIL 1978 

3.45 3.55 2.32 2.1 1 

0.02 0.01 0.01 

20.3 25.7 18.9 22.0 

43.5 55.1 40.5 47.2 

13.95 7.85 4.99 5.55 

1.20 6.15 6.75 6.60 

1.70 0.84 0.86 1.07 

0.01 0 0.01 

0.37 0.43 0.31 0.33 

19.66 3.72 0.29 0.1 8 
(E 

TABLE 4-15 



1 

Ca 

Na 

K 

Li 

Sr 

c o j  

SCALE ANALYSIS OF P-2 SUCTION PUMP 

6.90 3.60 

13.1 0 7.40 

2.12 1.26 

0.04 0.1 0 

0.25 0.09 

14.02 0.01 

TABLE 4-16 



1 

ELEMENT PERCENT OF SCALE 
(ION) 

Fe 46.80 

cu 0.04 

(D R I E D) 

1 

I 

P 

Na 

K 

Li io 
0.75 

0.1 7 

0 

SCALE ANALYSIS 
OF CONDENSER 

APRIL 1978 

I Zn I 0.33 I 
I Mn I 0.39 I 
I Pb 0.86 I 
I AI I 0 I 
I Ba I 0.30 I 
I MY I 0.09 I 
I Si I 2.9 I c I "(Si021 6.21 I 
I Ca I 2.40 I 

I Sr I 0.21 I 
I 2.1 5 I co3 I 

~ 

"Silicon as Si02 

TABLE 4-17 



1 

AVERAGE % DEPOSITION IN THE SEPARATOR VESSELS 
M A G M A M A X  WELL #1 

FEBRUARY - APRIL R U N  

TABLE 4-18 



1 

D 
2 3 

STAGES 
4 

FIGURE 4-10 



n 
!o 

P 
iil 

iu 
I ' U  

month. However, t h i s  amount  o f  i r o n  i s  n o t  s u f f i c i e n t  t o  

a c c o u n t  f o r  a l l  t h e  i r o n  d e p o s i t s  s e e n  on  t h e  t u b e s  and some 

c o r r o s i o n  o f  t h e  c o o l i n g  water  s y s t e m  m u s t  b e  o c c u r r i n g .  

Sampl ing  t h e  combined c o n d e n s a t e  to  c h a r a c t e r i z e  t h e  q u a l i t y  

o f  t h e  makeup to  t h e  pond w i l l  c o n t i n u e .  

The c o n d e n s e r s  were c l e a n e d  twice w i t h  i n h i b i t e d  

H C 1  d u r i n g  t h i s  shutdown.  Twenty-s ix  ( 2 6 )  l e a k i n g  t u b e s ,  

a l l  i n  t h e  s e c o n d  pass  of c o n d e n s e r  E - 4 B ,  were found  and 

p l u g g e d .  

One of t h e  l e a k i n g  t u b e s  was p u l l e d  and examined .  

The d e p o s i t s  were found  to  b e  t i g h t l y  a d h e r e d  t o  t h e  t u b e  

meta l ,  which  i s  m i l d  c a r b o n  s t ee l .  The t u b e s  were s e v e r e l y  

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

P r i o r  to t h e  s e c o n d  a c i d  c l e a n i n g  t h e  t u b e  s h e e t s  were 

h y d r o b l a s t e d  c l e a n  of s ca l e .  The same c o r r o s i o n  p a t t e r n  was 

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

o f  t h e  t u b e  metal where  t h e  t u b e s  are  f l a r e d  i n t o  t h e  t u b e  

sheets. 

The s p r a y  pond was d r a i n e d  and  r e c h a r g e d  w i t h  I I D  

( i r r i g a t i o n )  water .  A g a g e  was i n s t a l l e d  t o  i n d i c a t e  pond 

l e v e l .  The c h l o r i n e  a d d i t i o n  p o i n t  was changed  f rom t h e  

c i r c u l a t i n g  pump s u c t i o n  t o  a d i f f u s e r  pipe n e a r  t h e  back  o f  

t h e  pond. 

The c h e m i c a l  t r e a t m e n t  f o r  t h e  c o o l i n g  s y s t e m  h a s  

b e e n  m o d i f i e d .  The t r i a z o l e  c o r r o s i o n  i n h i b i t o r  w i t h  a 

d i p h o s p h o r a t e  sca le  i n h i b i t o r  h a s  b e e n  s u b s t i t u t e d  f o r  t h e  
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z i n c  b a s e  c o r r o s i o n  i n h i b i t o r .  C h l o r i n e  w i l l  b e  t h e  p r i m a r y  

o r g a n i c  c o n t r o l  a g e n t  a l t e r n a t i n g  w i t h  a m i c r o b i o c i d e  chem- 

c a l .  An i r o n  d i s p e r s a n t  w i l l  be used  a s  needed  to  c o n t r o l  

i r o n  d e p o s i t i o n  on  t h e  t u b e s .  C o r r o s i o n  m o n i t o r i n g  is  b e i n g  

d o n e  w i t h  P e t r o l i t e  probes w i t h  c o n t i n u o u s  r e c o r d i n g  i n  MPY, 

and  w i t h  c o r r o s i o n  t e s t  coupons .  

4.5 Brine-Steam S e p a r a t o r s  

The steam sampling s y s t e m  was m o d i f i e d  t o  allow 

d e t e r m i n a t i o n  o f  i o n  d e p l e t i o n  across  t h e  2 s t a g e  f l a s h  

s y s t e m  i n  t h e  Magmamax t r a i n .  N e w  sample l i n e s  and I n c o n e l  

sample coolers  h a v e  b e e n  i n s t a l l e d  a t  t h e  f o l l o w i n g  l o c a t i o n s :  

1. B r i n e  f e e d  t o  V-4 (1st S t a g e  S e p a r a t o r )  

2. B r i n e  f e e d  t o  V-11 ( 2 n d  S t a g e  S e p a r a t o r )  

3 .  B r i n e  o u t l e t  f rom V-11 (Blowdown) 

I n  t h e  p a s t  s c a l i n g  a t  t h e  p ipe  w a l l  may h a v e  

p r e v e n t e d  t h e  d r a w i n g  o f  a r e p r e s e n t a t i v e  and  c o n s i s t e n t  

b r i n e  sample. To overcome t h i s  d i f f i c u l t y  a r e t r a c t a b l e  

sample p r o b e  w i l l  b e  used  f o r  t a k i n g  samples a d j a c e n t  to  t h e  

c o n t i n u o u s  samples l i n e s  and  t h e  a n a l y t i c a l  r e s u l t s  compared.  

Any sca le  d e p o s i t i o n  s h o u l d  r e s u l t  i n  a c o m p a r a b l e  

d e p l e t i o n  o f  t h i s  i o n  from t h e  b r i n e .  E s t i m a t i o n  o f  t h e  i o n  

d e p l e t i o n  i n  t h e  b r i n e  and  t h e  c o r r e s p o n d i n g  sca le  d e p o s i t i o n  

w i l l  b e  made u s i n g  t h e  f o l l o w i n g  r e l a t i o n s h i p s .  

C o n c e n t r a t i o n  fac tor  (CF)  = Conc. of i o n  i n  b r i n e  blowdown 
Conc. o f  i o n  i n  b r i n e  f e e d  

P e r c e n t  o f  I o n  d e p l e t i o n  = CF o f  i o n  o f  i n t e r e s t  
CF o f  sodium 

P -23-  
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4.6 B i n a r y  Sys tem 

A f t e r  t h e  shutdown o n  A p r i l  14, t h e  b i n a r y  s y s t e m  

was d r a i n e d  and c l e a n e d  w i t h  a s o l u t i o n  of sodium hexameta- 

p h o s p h a t e  and sodium s u l f i t e  a s  oxygen s c a v e n g e r .  The  loop 

was f l u s h e d  and recharged w i t h  c o n d e n s a t e  c o n t a i n i n g  hydra -  

z i n e  a s  oxygen s c a v e n g e r  and c y c l o h e x y l a m i n e  t o  r a i s e  t h e  pH 

t o  t h e  r a n g e  9 . 0  to  9 . 5  f o r  n e u t r a l i z a t i o n  of any c a r b o n  

d i o x i d e  r e m a i n i n g .  P e t r o l i t e  c o r r o s i o n  m o n i t o r i n g  probes 

were i n s t a l l e d  w i t h  c o n t i n u o u s  readout  i n  MPY. 

4.7 Steam and C o n d e n s a t e  

A new sample l i n e  and I n c o n e l  cooler h a v e  been  

i n s t a l l e d  o n  t h e  o u t l e t  o f  V-4 t o  d e t e r m i n e  t h e  steam p u r i t y  

a v a i l a b l e  f rom t h e  1st s t age  separa tor .  T h i s  new sample 

p o i n t  w i l l  b e  u s e d  i n  a f u t u r e  s t u d y  t o  d e t e r m i n e  t h e  r e l a -  

t i o n s h i p  be tween  sodium and t o t a l  d i s s o l v e d  s o l i d s  i n  t h e  

c o n d e n s e d  steam. A d i r e c t  r e l a t i o n s h i p  would allow a con- 

t i n u o u s  es t imate  to  be made of s team p u r i t y  u s i n g  s o d i u m  

e l e c t r o d e  a n a l y z e r s .  The prev ious  s a m p l i n g  s y s t e m  h a v e  b e e n  

l e f t  i n  place for  t h e  p u r p o s e  o f  compar ing  r e su l t s .  I r o n  

c o n c e n t r a t i o n s  i n  samples f rom t h e  1st s tage  steam s c r u b b e r ,  

V-8 w i l l  be used  t o  estimate c o r r o s i o n  i n  t h i s  v e s s e l .  

The combined c o n d e n s a t e  w i l l  b e  a n a l y z e d  to  d e t e -  

r m i n e  i t s  s u i t i b i l i t y  a s  a s o u r c e  o f  makeup to  t h e  c o o l i n g  

pond.  O f  p a r t i c u l a r  i n t e r e s t  is  i r o n  and i t s  e f f e c t  o n  t h e  

c o o l i n g  s y s t e m  c h e m i s t r y .  
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5.0 MAINTENANCE 
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5 .1  Scale Removal 

5 .1 .1  P i g g i n q  

On A p r i l  1 3 ,  i m m e d i a t e l y  p r i o r  t o  s h u t t i n g  down 

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

p i g s  m a n u f a c t u r e d  by T. D.  W i l l i a m s o n  Co., were r u n  down t h e  

i n j e c t i o n  l i n e .  P r i o r  to  t h i s  o p e r a t i o n ,  a G i r a r d  wire 

b r u s h  " P o l y - p i g "  was r u n  down t h e  l i n e  to  e n s u r e  t h a t  t h e  

l i n e  was a s  c l e a n  a s  t h e  "Po ly -p ig"  cou ld  make i t .  

The wire b r u s h  a r t i c u l a t e d  p i g  was l a u n c h e d  f i rs t .  

I t s  t r a v e l  was v e r y  n o t i c e a b l e ,  a s  i t  p roduced  a l o u d  b r u s h i n g  

noise  a s  i t  moved. GLEF p e r s o n n e l  tracked t h e  p i g  d u r i n g  

i t s  e n t i r e  j o u r n e y  and found t h a t  i t  n e v e r  became s t u c k  for 

more t h a n  a second  o r  t w o .  A b r i n e  sample  p o r t  n e a r  Magma's 

b a k e r  t a n k s  was opened and watched  fo r  s i g n s  of d e b r i s ,  

wh ich  f i r s t  a p p e a r e d  when t h e  p i g  w a s  a p p r o x i m a t e l y  1 0 0  f t .  

from t h e  tap. A o n e  g a l l o n  sample  was t a k e n  d u r i n g  t h e  

t i m e  t h a t  t h e  f l u i d  was most t u r b i d .  When t h e  suspended  

s o l i d s  had s e t t l e d  to  t h e  bo t tom of t h e  c o n t a i n e r ,  a l a y e r  

a b o u t  1 . 6 "  d e e p  was found .  S i n c e  t h e  c o n t a i n e r  is 6" h i g h ,  

r o u g h l y  27% of t h e  volume of t h e  f l u i d  c o n t a i n e d  i n  t h e  

sample  was d e b r i s  removed by t h e  p i g .  Fo r  a rough  ca lcu la-  

t i o n  of t h e  amount of scale removed and t h e  t h i c k n e s s  of t h e  

s c a l e  removed. ( S e e  F i g u r e  5-1)  
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l Q  
P THICKNESS OF SCALE REMOVED 

BY ARTICULATED PIG 

The brine sample taken downstream of the pig contained 27% suspended solids. The debris 
was first noticed when the pig was approximately 100 fee t  upstream of the sample port. 
Assuming the debris-laden water a l l  contained the same concentration o f  solids; 

Total Amount o f  (v) = (Fraction of Fluid ) x (Volume of Pipe ) 
Scale Removed Containing Solids Containing So I i ds 

(.027) - - 

Thickness of 
Scale Removed Entire Pipe Length 

(t) = (i;;: i:itn;of)/(urface Area of ) 

- (13 ft3)(12 inAt) 

7r (%ft) (4600 ft) 
- 

= 0.0'04ft 

t = 14 mils 

This is only a rough estimate, based on crude approximations. 

FIGURE 5-1 
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T h e  second a r t i c u l a t e d  p i g  ( t h e  s c r a p e r  v e r s i o n )  

was t h e n  l a u n c h e d .  I t s  p a s s a g e  was much l ess  no t i ceab le  due  

t o  i t s  d e s i g n .  A t  f i r s t  i t  a p p e a r e d  to  be moving s m o o t h l y ,  

b u t  became s t r u c k  somewhere be tween t h e  p o i n t  w h e r e  t h e  

B u r e a u  o f  Mines i n j e c t s  s p e n t  b r i n e  and  t h e  p o i n t  w h e r e  t h e  

i n j e c t i o n  l i n e  p a s s e s  u n d e r  t h e  road. T h i s  was d e t e r m i n e d  

by t h e  d i f f e r e n c e  i n  r e a d i n g s  t a k e n  from p r e s s u r e  g a u g e s  

a t  these p o i n t s .  I n  an  a t t e m p t  t o  d i s l o d g e  t h e  p i g ,  a foam 

r u b b e r  swab was l a u n c h e d  down t h e  l i n e .  A f t e r  abou t  1 / 2  

h o u r ,  p i e c e s  of t h e  swab began  a p p e a r i n g  i n  t h e  baker  t a n k s  

a t  t h e  i n j e c t i o n  w e l l ,  i n d i c a t i n g  t h a t  t h e  swab had n o t  been 

e f f e c t i v e .  However, t h e  p i g  had moved f u r t h e r  down t h e  l i n e ,  

and was d e t e r m i n e d  to  be s t u c k  i n  a n  elbow a t  t h e  second  

e x p a n s i o n  l o o p  o f  t h e  l i n e .  T h i s  time a b r a n d  new wire 

b r u s h  "Po ly -p ig"  was l a u n c h e d ,  i n  t h e  hope t h a t  i t  would n o t  

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

" P o l y - p i g "  w a s  t r a c k e d  down t h e  l i n e  u n t i l  i t  e n c o u n t e r e d  

t h e  W i l l i a m s o n  p i g ,  a t  which p o i n t  b o t h  p i g s ,  s q u e a l i n g  and 

g r u n t i n g ,  s l o w l y  advanced  t h e  r e s t  o f  t h e  way t h r o u g h  t h e  

l i n e .  Samples  of t h e  d e b r i s  d i s l o d g e d  by t h e  second  a r t i c u -  

l a t e d  p i g  c o u l d  n o t  be t a k e n ,  s i n c e  the sample l i n e  had 

become c l o g g e d  a f t e r  t h e  f i r s t  p i g g i n g .  A s  a rough  es t imate ,  

i t  a p p e a r e d  t h a t  t h e  second  a r t i c u l a t e d  p i g  d i s l o d g e d  almost 

a s  much mater ia l  as t h e  f irst .  

N e i t h e r  a r t i c u l a t e d  p i g  has  been  r e t r i e v e d  a s  y e t ,  

a s  t h e y  i m m e d i a t e l y  s a n k  i n t o  t h e  baker  t a n k s .  When t h e  

i Q  -26- 
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t a n k s  h a v e  b e e n  d r a i n e d ,  t h e y  w i l l  be r e t r i e v e d ,  and a r e p o r t  

o n  t h e i r  c o n d i t i o n  w i l l  b e  g i v e n .  

Owing t o  t h e  c r u d i t y  o f  t h e  measu remen t s  made d u r i n g  

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

b e  drawn is  t h a t  t h e  wire b r u s h  a r t i c u l a t e d  p i g  c a n  n e g o t i a t e  

t h e  s t a n d a r d  r a d i u s  e lbows  i n  t h e  i n j e c t i o n  l i n e .  The 

sc raper  a r t i c u l a t e d  p i g  appears t o  h a v e  some d i f f i c u l t y  and 

may g e t  s t u c k  when t r i e d  t h e  n e x t  t i m e ,  b u t  c a n  most l i k e l y  

b e  r e t r i e v e d  by f o l l o w i n g  i t  w i t h  a wire  b r u s h  "Po ly -p ig" .  

The  rough  es t imate  of 1 4  m i l s  of s ca l e  removed by t h e  a r t i c u -  

l a t e d  p i g  c a n n o t  be used  to  c o n c l u d e  t h a t  t h e  a r t i c u l a t e d  

p i g s  perform b e t t e r  t h a n  t h e  "Po ly -p ig" ,  s i n c e  t h e  same 

r e s u l t s  m i g h t  have been  o b t a i n e d  u s i n g  a "Po ly -p ig"  w i t h  

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

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

capable of n e g o t i a t i n g  t h e  i n j e c t i o n  p i p e l i n e ,  t h e y  s h o u l d  

be e v a l u a t e d  a g a i n s t  t h e  "Po ly -p ig"  o n  economic  g r o u n d s .  The 

u s e  of a r t i c u l a t e d  pigs  be tween  f l a s h  v e s s e l s  s h o u l d  be 

f e a s i b l e ,  i f  t h e y  c a n  w i t h s t a n d  t h e  h i g h e r  t e m p e r a t u r e s  and  

c a n  be shown capable o f  n e g o t i a t i n g  t h e  pipe t u r n s  i n  t h a t  

s y s t e m .  I t  i s  recommended t h a t  w e  proceed to  f u r t h e r  t e s t  

t h e  a r t i c u l a t e d  p ig  i n  t h e  i n j e c t i o n  l i n e .  

5 . 2  S u l f u r i c  Acid Sys t em 

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

t o  t h e  bo t tom o f  t h e  t a n k  b e i n g  p l u g g e d  w i t h  c o r r o s i o n  

p r o d u c t s .  Any a c i d  t h a t  was used  was s i p h o n e d  o f f  t h e  top 
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of t h e  t a n k .  Very l i t t l e  a c i d  was used i n  t h e  s p r a y  pond 

s i n c e  t h e  p l a n t  was i n  o p e r a t i o n  and t h e r e  was some q u e s t i o n  

a b o u t  t h e  c o n d i t i o n  o f  t h e  t a n k  i n t e r i o r .  T h e  t a n k ,  pump, 

and  l i n e s  were c o m p l e t e l y  removed. Sys tem w i l l  be rep laced  

w i t h  d r u m  s torage  i f  r e q u i r e d .  

5.3 C o n d e n s a t e  Acid Sys tem - 

I n  November 1977 ,  a t e m p o r a r y  ac id  s y s t e m  was 

i n s t a l l e d  to t r e a t  t h e  c o n d e n s a t e  before r e c o m b i n i n g  i t  w i t h  

t h e  b r i n e .  T h i s  s y s t e m  used a r e n t e d  t a n k e r .  Because  of 

v a r i o u s  problems w i t h  t h i s  s y s t e m ,  ( r e f .  J a n  ‘ 7 8  Quar t e r  

Report)  and i t s  t e m p o r a r y  n a t u r e ,  u s e  of t h i s  acid s y s t e m  

w a s  d i s c o n t i n u e d .  Dur ing  t h i s  shutdown pe r iod ,  t h e  ac id  

s y s t e m  was removed and t h e  5 , 0 0 0  g a l l o n  H C 1  ac id  t a n k e r  was 

r e t u r n e d  to Dow Chemica l  C o .  The  pump, c o n t r o l s  and p i p i n g  

h a v e  b e e n  used  f o r  a new a c i d  s y s t e m .  N e w  a c i d  s y s t e m  w i l l  

be used  f o r  p u r g e  water t r e a t m e n t  b u t  c a n  b e  used  fo r  con- 
- 

d e n s a t e  t r e a t m e n t  i f  r e q u i r e d .  

5 . 4  P u r g e  Water Acid Sys t em 

The acid s y s t e m  for  t r e a t i n g  t h e  p u r g e  water for  

( P - 2 )  b e a r i n g s  was a l so  t e m p o r a r y .  T h i s  sys tem’  u s e d  55 g a l .  

d rums  w i t h  a pump to  pump H C 1  a c i d  i n t o  t h e  s u c t i o n  of 

p u r g e  pump ( P - 7 ) .  T h i s  s y s t e m  h a s  b e e n  m o d i f i e d  t o  a perma- 

n e n t  s y s t e m  as  follows: A 5 , 6 0 0  g a l .  p o l y u r e t h a n e  t a n k  was 

i n s t a l l e d  and p l a c e d  i n  a cemen t  berm to  c o n t a i n  a l l  of t h e  
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a c i d ,  s h o u l d  t h e r e  be  a l e a k .  Two p o s i t i v e  d i s p l a c e m e n t  

pumps by Neptune  Propor tiorial Pumps have  been  i n s t a l l e d  

i n s i d e  t h e  berm. Only o n e  pump w i l l  be  i n  o p e r a t i o n  a t  any  

time. The d i s c h a r g e  l i n e  from t h e  pumps i s  t e f l o n  coated 

i n s i d e  and g o e s  o u t  of t h e  berm u n d e r g r o u n d .  T h e  p i p e  e x i t s  

from underg round  i n  f r o n t  o f  ( P - 7 )  p u r g e  pump and c o n n e c t s  

i n t o  t h e  pump s u c t i o n .  A s c r u b b e r  h a s  been  i n s t a l l e d  i n s i d e  

t h e  berm to t r e a t  v e n t  g a s e s  f rom t h e  s t o r a g e  t a n k .  

5.5 B i n a r y  Sys tem 

The b i n a r y  s y s t e m  was c o m p l e t e l y  d r a i n e d .  The  

s y s t e m  was r e f i l l e d  w i t h  d i s t i l l e d  water ( 1 5 , 0 0 0  g a l s . ) .  

Sodium h e x a m e t a p h o s p h a t e  ( 2 0 0  ppm) and s o d i u m  s u l f i t e  ( 2 0 0  

ppm) were added .  T h i s  was c i r c u l a t e d  t h r o u g h  t h e  s y s t e m  f o r  

2 4  h o u r s  f o r  c l e a n i n g  p u r p o s e s .  Then t h e  s y s t e m  was com- 

p l e t e l y  d r a i n e d  a g a i n .  The  c h e c k  v a l v e  on  t h e  b o o s t e r  pump 

( P - 8 )  d i s c h a r g e  was removed to  i n s p e c t  t h e  l i n e .  The p i p i n g  

was c l e a n  and v e r y  l i t t l e  c o r r o s i o n  n o t e d .  The  s y s t e m  was 

c l o s e d  up and r e f i l l e d  w i t h  d i s t i l l e d  water ( 1 5 , 0 0 0  g a l . ) .  

I t  was c i r c u l a t e d  f o r  a c o u p l e  of h o u r s  and dumped to  remove 

a n y  of t h e  c l e a n i n g  chemicals. The s y s t e m  was r e f i l l e d  for 

t h e  f i n a l  t i m e  w i t h  about  2 0 , 0 0 0  g a l .  of d i s t i l l e d  water.  

Two c o r r o s i o n  i n h i b i t o r s  were added  - h y d r a z i n e  fo r  oxygen 

s c a v e n g i n g  and c y c l o h e x y l a m i n e  to r a i s e  t h e  pH t o  t h e  r a n g e  

9-10 t o  remove c a r b o n  d i o x i d e .  
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5.6 C o o l i n g  Water  Condense r s  - 

A s p o o l  p i e c e  was i n s t a l l e d  o n  t h e  24" i n l e t  l i n e  

be tween  t h e  t w o  c o n d e n s e r s .  T h i s  w i l l  e n a b l e  i n s p e c t i o n  

i n t o  t h e  i n l e t  s i d e  or t h e  bottom of e a c h  c o n d e n s e r  w i t h o u t  

removing  t h e  condenser  headers fo r  i n s p e c t i o n .  During t h e  

s p o o l  p i e c e  i n s t a l l a t i o n  t h e  c o n d e n s e r s  were i n s p e c t e d .  

S i g n i f i c a n t  q u a n t i t i e s  of d e b r i s  were found i n  a d d i t i o n ,  

sca le  b u i l d u p  o n  t u b e s  and t u b e  s h e e t  wad de tec ted .  The 

d e b r i s  was cleaned o u t .  A f t e r  t h e  s p o o l  p i e c e  was i n s t a l l e d ,  

t h e  c o n d e n s e r s  were acid c l e a n e d  w i t h  i n h i b i t e d  H C 1 .  (See 

s e c t i o n  7 . 1  C o n d e n s e r s )  

5.7 C o o l i n g  Water Pond 

The  c o o l i n g  water pond was c o m p l e t e l y  d r a i n e d  

d u r i n g  t h i s  p e r i o d .  The  r e a s o n  f o r  t h i s  a c t i o n  was to  

remove t h e  c o n c e n t r a t i o n  o f  i r o n  and z i n c .  The  pond was 

empty for  a b o u t  f i v e  ( 5 )  d a y s  to  l e t  t h e  s u n  bake it .  The 

pond w a s  t h e n  f i l l e d  w i t h  w a t e r  from t h e  I m p e r i a l  I r r i g a t i o n  

D i s t r i c t  V a i l  c a n a l .  (For  c h e m i c a l  a n a l y s i s  see s e c t i o n  

5 . 4 . 1 )  

5.8 C o o l i n g  Water Pump (P -3 )  

The c o o l i n g  water pump was removed f o r  i n s p e c t i o n  

d u r i n g  t h i s  shutdown p e r i o d .  The pump impeller and t h e  

i n t a k e  cross p i e c e s  were b a d l y  d e t e r i o r a t e d .  The pump was 

s e n t  to  SDG&E Machine Shop t o  be c o m p l e t e l y  o v e r h a u l e d .  I t  
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was determined by the l a b o r a t o r y  t h a t  the impel le r  and 

s u c t i o n  c r o s s  p i eces  were corroded by ammonia a t t a c k  and 

p a r t i c l e  co r ros ion .  The impel le r  was b u i l t  up t o  s p e c i f i c a -  

t i o n s  and machined. The in t ake  c r o s s  p i ece  was b u i l t  up. 

5.9 Sample Coolers 

N e w  sample c o o l e r s  were i n s t a l l e d  on the b r i n e  

system. The o ld  type sample c o o l e r s  were made w i t h  s t a i n -  

less s t e e l  tubes.  The new c o o l e r s  a r e  made of Inconnel.  

The l i n e s  lead ing  i n t o  the coo le r  a r e  now s t a i n l e s s  s t e e l  

3/8" t u b i n g  which replaced 1" black i r o n  p ipe .  There is a 

sample p o i n t  and coo le r  now i n s t a l l e d  on the b r i n e  i n l e t  and 

o u t l e t  of 1st Stage A and B s e p a r a t o r s  and i n l e t  and o u t l e t  

of  2nd s t a g e  A and B s e p a r a t o r s .  The sample coo le r  on the  

i n j e c t i o n  pump ( P - 2 )  t h a t  was p rev ious ly  used is  s t i l l  i n  

use w i t h  1" black i r o n  p ipe .  

The sample c o o l e r s  on the steam s i d e  a r e  s t i l l  i n  

u s e  a s  before .  There is a sample p o i n t  and coo le r  on the 

steam i n l e t  t o  1st s t a g e  scrubber  from 1 A  and 1 B  s e p a r a t o r ,  

o u t l e t  of 1st s t a g e  scrubber ,  i n l e t  and o u t l e t  of 2A scrubber  

and i n l e t  and o u t l e t  of 2B scrubber .  

I n  a d d i t i o n  t o  the above mentioned steam sample 

c o o l e r s ,  t h e r e  is a l s o  i n s t a l l e d  a new type sample coo le r  a s  

used i n  t h e  b r i n e  system w i t h  s t a i n l e s s  s t e e l  3/8" tubing 

f o r  t h e  steam ou t l e  t of 1 B separ,a tor. 
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5.10 Magmamax #1 S u p p l y  L i n e  

The b r i n e  s u p p l y  l i n e  from Magmamax #1 w e l l  was 

opened  a t  s e v e r a l  l o c a t i o n s ,  be tween 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  1st e x p a n s i o n  

loop, t h e r e  was a b u i l d  up o f  sca le  - up  t o  1" t h i c k  i n  

places .  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  

t h e  l i n e  was c l e a n e d ,  i t  was d i s c o v e r e d  t h a t  t h e r e  were many 

p i t s  i n  t h e  l i n e .  Some p i t s  were n o t e d  to  be  a b o u t  1/8"  

d e e p .  A d o u b l e  b l o c k  and bleed v a l v e  is now i n s t a l l e d  a s  a 

l i n e  s top  n e a r  t h e  well .  Some p i t t e d  s e c t i o n s  were r e p l a c e d  

and 9 0 °  e lbows  were modi f ied  to  tees w i t h  a b l a n k  l e g .  Tees 

w i l l  allow i n s p e c t i o n  w i t h o u t  c u t t i n g  i n t o  t h e  s u p p l y  l i n e .  

5 .11  L e v e l  C o n t r o l  V a l v e s  

P r e s s u r e  cont ro l  v a l v e  301  (1st s t a g e  B separator  

b r i n e  i n l e t )  and  l e v e l  c o n t r o l  v a l v e  714,  ( 2 B  separator  

i n l e t )  a re  b a l l  t y p e  v a l v e s  t h a t  have  f r o z e n  i n  t h e  pas t  d u e  

t o  scale  a c c u m u l a t i o n .  They w e r e  s e n t  o u t  to have  t h e  

c a s i n g  h a l v e s  and b a l l s  machined  and s t e l l i t e  c o a t e d .  The 

v a l v e s  were t h e n  s e n t  to E/M L u b r i c a n t s ,  I n c . ,  i n  N o r t h  

Hollywood,  CA, to have  a micorseal l u b r i c a n t  a p p l i e d .  T h i s  

was done  to t e s t  i t  i n  o p e r a t i o n  to  d e t e r m i n e  if c o a t i n g  w i l l  

p r e v e n t  sca le  b u i l d u p .  

5.12 Ground F a u l t  B r e a k e r s  

Ground f a u l t  b r e a k e r s  were i n s t a l l e d  o n  a l l  o u t -  

s i d e  receptacles  w i t h  t h e  e x c e p t i o n  of t h e  l i n e  t o  t h e  
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w e l d i n g  s h e d .  Due to  p l a n t  m o d i f i c a t i o n s ,  t h i s  l i n e  is 

coming from a new p a n e l  and t h e  ground f a u l t  b r e a k e r  w i l l  b e  

i n s t a l l e d  upon c o m p l e t i o n .  T h i s  is b e i n g  done  t o  meet new 

s a f e t y  code  r e q u i r e m e n t s .  

5.13 C h l o r i n a t i o n  System 

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

p e r i o d .  The p r e v i o u s  s y s t e m  was to  i n j e c t  t h e  c h l o r i n e  g a s  

i n t o  t h e  pump p i t .  T h i s  h a s  been  m o d i f i e d  by i n j e c t i n g  t h e  

c h l o r i n e  g a s  o u t  i n t o  t h e  s p r a y  pond a t  t h e  f u r t h e r e s t  p o i n t  

f rom t h e  pump s u c t i o n  ( e a s t  s i d e  of t h e  p o n d ) .  The p u r p o s e  

i s  to t r e a t  t h e  s p r a y  pond more e f f i c i e n t l y  w i t h  c h l o r i n e  

and  p r e v e n t  c h l o r i n e  c o n c e n t r a t i o n  from a f f e c t i n g  pump and 

l i n e s .  

5.14 P a c k i n g  

Dur ing  a shutdown p e r i o d  i n  J a n u a r y ,  SDG&E p u r c h a s e d  

2 l b s .  of C h e s t e r t o n  t e f l o n  packing ( s t y l e  2 0 1 )  for evalua-  

t i o n .  T h i s  was enough to  pack  t w o  v a l v e s .  A f t e r  1480 h o u r s  

t h e  p a c k i n g  was i n s p e c t e d .  The p a c k i n g  i t s e l f  was s t i l l  

v e r y  p l i a b l e  and s o f t .  The b r i n e  a p p a r e n t l y  h a s  no a d v e r s e  

e f f e c t s  on  t h e  p a c k i n g .  

A l though  t h e  p a c k i n g  seems to  be w o r k i n g ,  i t  is 

c o s t l y  ($25 .00 /pound) .  With a p p r o x i m a t e l y  30 v a l v e s  i n  t h e  

s y s t e m ,  a p a c k i n g  w i t h  a t e f l o n  impregna ted  asbestos, which 

costs a p p r o x i m a t e l y  h a l f  a s  much, w i l l  be  t r i e d .  
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6 . 0  S P E C I A L  PROBLEMS 

l 5  
6.1  C o n d e n s e r s  

T h e  c o n d e n s e r s  ( E 4 A  and # 4 B )  c o n t i n u e d  to cause 

problems w i t h  p l a n t  o p e r a t i o n .  I n  t h e  b r i e f  per iod of 

o p e r a t i o n  s i n c e  t h e  l a s t  a c i d - c l e a n i n g  i n  F e b r u a r y ,  t h e  

c o n d e n s e r  t u b e s  were a g a i n  s c a l e d  u p  t o  t h e  p o i n t  w h e r e  t h e y  

r e q u i r e d  c l e a n i n g .  I n  F e b r u a r y ,  t h e  t u b e s  were i n i t i a l l y  

c l e a n e d  o f  most sca le  by h y d r o b l a s t i n g  e a c h  t u b e  i n d i v i d u a l l y .  

T h i s  p r o c e d u r e  was time consuming and e x p e n s i v e ,  so  t h i s  

time, t h e  c o n d e n s e r s  were a c i d - t r e a t e d  w i t h o u t  f i r s t  hydro-  

b l a s t i n g  them. (See Appendix D f o r  p r o c e d u r e )  I n h i b i t e d  

h y d r o c h l o r i c  a c i d  ( 3 %  i n h i b i t o r )  was c i r c u l a t e d  a t  9 0 0  gpm 

f o r  1 5  h o u r s .  Upon c o m p l e t i o n  o f  t h e  a c i d  t r e a t m e n t ,  t h e  

a c i d  was dumped i n  t h e  b r i n e  pond and t h e  c o o l i n g  water 

pump was s t a r t ed  to f l u s h  o u t  t h e  c o n d e n s e r s .  

Dur ing  t h i s  f l u s h i n g  p r o c e d u r e ,  some a c i d  a l o n g  

w i t h  i r o n ,  w a s  dumped i n  t h e  spray  pond. ( T h e  sp ray  pond pH 

was r e d u c e d  from 8 . 6  to  7 . 4 .  The i r o n  i n c r e a s e d  from 0 . 1  to  

3.2 ppm.) A f t e r  t h e  c o n d e n s e r s  were f l u s h e d ,  t h e  c o n d e n s e r  

t u b e s  were p a s s i v a t e d  w i t h  Z i m m i t e  chemical ZC-362 a t  200  

ppm. T h i s  was c i r c u l a t e d  f o r  3 h o u r s  and  t h e n  dumped i n t o  

t h e  s p r a y  pond. C o n d e n s e r s  were t h e n  f l u s h e d  a g a i n .  

The  f l o w  t h r o u g h  t h e  c o n d e n s e r s  had n o t  n o t i c e a b l y  

improved a f t e r  t h i s  f i r s t  a c i d - t r e a t m e n t ,  so t h e  c o n d e n s e r  
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h e a d s  were removed f o r  i n s p e c t i o n .  The t u b e s h e e t s  were 

c o v e r e d  w i t h  d e b r i s ,  which a p p e a r e d  t o  r e s t r i c t  or t o t a l l y  

b l o c k  f l o w  t h r o u g h  t h e  t u b e s .  To  remove t h e  d e b r i s  from t h e  

t u b e s h e e t s  and from i n s i d e  each of t h e  t u b e s ,  a l o w  p r e s s u r e  

water and a i r  lance was u s e d .  T h i s  o p e r a t i o n  took two d a y s ,  

b u t  e f f e c t i v e l y  removed a l l  of t h e  l a r g e r  d e p o s i t s  i n  t h e  

t u b e s .  W h i l e  unp lugg ing  t u b e s ,  i t  was d i s c o v e r e d  there  

were l e a k i n g  t u b e s  i n  c o n d e n s e r  (E4B). A h y d r o  of 8 0  p s i g  

was p l a c e d  on  t h e  s h e l l  s i d e  of t h e  c o n d e n s e r  and  1 2  t u b e s  

were found to  be  l e a k i n g .  One o f  t h e  l e a k i n g  t u b e s  was 

p u l l e d ,  and i t s  h o l e  i n  t h e  t u b e  s h e e t  was p l u g g e d .  The 

res t  o f  t h e  l e a k i n g  t u b e s  were p lugged  i n  p l a c e .  The t u b e  

t h a t  was removed was c u t  up,  s p l i t  o p e n ,  and s e n t  t o  SDG&E's 

l a b  for  i n s p e c t i o n .  

The h e a d s  were r e i n s t a l l e d  on  t h e  c o n d e n s e r s  and 

a c i d i z e d  a g a i n .  A f t e r  removing t h e  a c i d ,  i t  was p a s s i v a t e d  

w i t h  Z i m i t e  ZC-362. The h e a d e r s  were removed a g a i n  to  

i n s p e c t  t h e  t u b e s  and to c h e c k  for l eaks .  The  t u b e s  were 

c l e a n ,  b u t  t h e r e  were 1 4  more t u b e s  l e a k i n g .  A t o t a l  of 26 

t u b e s  a re  now p lugged  on  c o n d e n s e r  (E4B), a l l  o n  t h e  uppe r  

h a l f .  T h e  c o n d e n s e r  h e a d s  were p u t  back  o n  and t h e  c o n d e n s e r s  

were f i l l e d  w i t h  Z i m m i t e  ZC-362 a t  200 ppm u n t i l  r e a d y  f o r  

s t a r t  up .  

The  c o n d e n s e r  h e a d s  were t h e n  r e i n s t a l l e d  and 

a n o t h e r  a c i d - c l e a n i n g  and p a s s i v a t i o n  was p e r f o r m e d .  (See 

Appendix D f o r  p r o c e d u r e )  When t h e  c o n d e n s e r  h e a d s  were 
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removed f o r  i n s p e c t i o n  t h e  t u b e s  were found to be  c o m p l e t e l y  

c l e a n .  When c o o l i n g  water f low was l a t e r  a p p l i e d ,  t h e  

p r e s s u r e  d r o p  across t h e  c o n d e n s e r s  was o n l y  6 p s i  a t  a 

c o o l i n g  water flow o f  1 6 , 0 0 0  gpm. T h i s  i s  t h e  lowest p r e s s u r e  

d r o p  e v e r  e x p e r i e n c e d  w i t h  t h e  c o n d e n s e r s .  

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

t h e  second  a c i d - c l e a n i n g  showed t h a t  s e v e r a l  o f  t h e  t u b e s  i n  

t h e  uppe r  h a l f  o f  t h e  e a s t  c o n d e n s e r  ( E 4 B )  were l e a k i n g .  

B e f o r e  t h e  c o n d e n s e r s  were r e t u r n e d  to s e r v i c e  a t o t a l  o f  26 

l e a k i n g  t u b e s  were s e a l e d  a t  b o t h  e n d s  w i t h  s t e e l  p l u g s .  

6.2 C o o l i n g  Water T r e a t m e n t  

When t h e  GLEF was shutdown i n  A p r i l ,  i t  was a p p a r e n t  

t h a t  a new water t r e a t m e n t  program was n e c e s s a r y .  P r o p o s a l s  

were s o l i c i t e d  from commercial water t r e a t m e n t  f i r m s  o n  t h e  

b e s t  t r e a t m e n t  to u s e .  T h e s e  p r o p o s a l s  were b a s e d  on  t h e  

a s s u m p t i o n  t h a t  g e o t h e r m a l  c o n d e n s a t e  would be used  f o r  

makeup to  t h e  spray pond. G e o t h e r m a l  c o n d e n s a t e  r e p r e s e n t s  

a v e r y  d i f f i c u l t  e n v i r o n m e n t  and t r e a t m e n t  is  v iewed as 

e x p e r i m e n t a l .  T h r e e  p r o p o s a l s  were r e c e i v e d  and o n e ,  f rom 

Z i m m i t e  Corp. ,  was selected f o r  t e s t i n g .  

Pr ior  to  implemen t ing  t h e  Z i m m i t e  p rogram,  t h e  

c o o l i n g  pond was c o m p l e t e l y  d r a i n e d  o v e r  a p e r i o d  o f  s e v e r a l  

weeks .  I t  was hoped t h a t  t h i s  a c t i o n  would remove u n d e s i r a b l e  

chemical species ( s u c h  a s  ammonia, i r o n ,  e t c . )  t h a t  would 
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i n t e r f e r e  w i t h  t h e  t reatment  program. The  pond was s u b -  

s e q u e n t l y  r e f i l l e d  w i t h  i r r i g a t i o n  water.  

When t h e  GLEF b e g i n s  o p e r a t i n g  i n  J u l y ,  t h e  c o o l i n g  

water c h e m i s t r y  w i l l  be c l o s e l y  m o n i t o r e d  to  d e t e r m i n e  t h e  

e f f e c t i v e n e s s  of t h e  t r e a t m e n t  b e i n g  used .  C o r r o s i o n  coupons  

and  P e t r o l i t e  c o r r o s i o n  r a t e  m o n i t o r i n g  equ ipmen t  w i l l  be 

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

a means o f  d e t e r m i n i n g  t h e  t y p e  and r a t e  o f  c o r r o s i o n  e x p e r -  

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

b e  c o n t r o l l e d  w i t h i n  l i m i t s  s p e c i f i e d  by t h e  water treatment 

company. 

6.3 C o o l i n g  Water Pump 

Dur ing  t h e  A p r i l  shutdown,  t h e  c o o l i n g  water c i r -  

c u l a t i o n  pump ( P - 3 )  was removed and i n s p e c t e d  f o r  t h e  f i r s t  

time s i n c e  t h e  G L E F  began  o p e r a t i n g .  A v e r y  l a r g e  amount o f  

mater ia l  was removed from t h e  b r a s s  pump impeller and o t h e r  

m a t e r i a l s  a t  t h e  pump s u c t i o n .  W h i l e  t h e  pump w a s  b e i n g  

r e p a i r e d ,  B e c h t e l  i n s p e c t e d  t h e  damaged components .  T h e i r  

report  is  shown a s  Appendix E. 

6 . 4  I n j e c t i o n  Pump 

Over  t h e  weekend of March 2 5  and 26, t h e  b r i n e  

i n j e c t i o n  pump began  l o s i n g  d i s c h a r g e  p r e s s u r e  and  f l o w .  

Under normal  o p e r a t i n g  c o n d i t i o n s ,  t h e  f l o w  is  a b o u t  500 gpm 

and t h e  pump d i s c h a r g e  p r e s s u r e  a b o u t  550 p s i g .  By noon o n  
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March 26 ,  t h e  d i s c h a r g e  p r e s s u r e  and f low were 365 p s i g  and 

274 gpm r e s p e c t i v e l y .  

A h y d r o b l a s t  n o z z l e  had been  i n s t a l l e d  a t  t h e  pump 

s u c t i o n  b e l l  d u r i n g  t h e  l a s t  pump o v e r h a u l  t o  e v a l u a t e  i t s  

e f f e c t i v e n e s s  i n  removing sca le  formed there .  Between 2:OO 

PM and 4 : O O  PM o n  March 26,  t h e  n o z z l e  was u t i l i z e d  i n  a n  

a t t empt  to  improve  t h e  pump's p e r f o r m a n c e .  Very  l i t t l e  

improvement  was n o t e d  a f t e r  t h e  o p e r a t i o n  was c o m p l e t e .  

By 8:OO AM o n  Monday, March 27 ,  t h e  pump was 

f l o w i n g  435  gpm a t  160  p s i g .  S i n c e  a shutdown appeared 

imminen t ,  and d o i n g  so would i n t e r f e r e  w i t h  c l a r i f i e r  t e s t s  

b e i n g  c o n d u c t e d  by Magma Power, me thods  of c l e a n i n g  t h e  pump 

i n  place,  w i t h o u t  s h u t t i n g  down t h e  p l a n t ,  were d i s c u s s e d .  

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

w i t h  i r r i g a t i o n  water ( i n t r o d u c e d  i n t o  t h e  3 i n c h  v e n t  l i n e  

a t  t h e  top o f  t h e  c a n )  to  remove a n y  sca le  formed be tween  

t h e  pump and  t h e  c a n .  I t  was a l s o  s u g g e s t e d  t h a t  water be  

forced t h r o u g h  t h e  h y d r o b l a s t  n o z z l e s  a t  t h e  pump s u c t i o n  

b e l l  to  create  a d d i t i o n a l  t u r b u l e n c e  to h e l p  b r e a k  u p  any  

l o o s e n e d  d e b r i s .  

A t  1:00 PM h y d r o b l a s t i n g  was begun,  f o l l o w e d  1 0  

m i n u t e s  l a t e r  by t h e  f l o w  of i r r i g a t i o n  water t h r o u g h  t h e  

v e n t  l i n e .  A t  1 :20 PM, more c o o l i n g  water was i n t r o d u c e d  

t h r o u g h  t h e  3 i n c h  l i n e  used  to  dump c o o l i n g  pond water i n t o  

t h e  r e s e r v o i r .  T h i s  l i n e  e n t e r s  t h e  4 t h  s t a g e  b r i n e  d i s c h a r g e  

l i n e  a b o u t  5 f e e t  u p s t r e a m  of t h e  pump s u c t i o n  i n l e t .  The 
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c o m b i n a t i o n  of t h e  three c o o l i n g  water flows p l u s  t h e  b r i n e  

f l o w  r e a c h e d  a maximum of a b o u t  1 , 0 0 0  gpm d u r i n g  t h e  o p e r a t i o n .  

The f l o w  t h r o u g h  t h e  v e n t  l i n e  was secured f i r s t  

a t  1:40 PM f o l l o w e d  by t h e  c o o l i n g  pond water f l o w  a t  2 : O O  

PM. The h y d r o b l a s t  f l o w  was s h u t  o f f  l a s t  a t  2:lO PM. 

A f t e r  a d j u s t i n g  t h e  b r i n e  f l o w  c o n t r o l  v a l v e  back  t o  normal  

c o n d i t i o n s  ( 5 1 0  gpm) ,  t h e  pump d i s c h a r g e  p r e s s u r e  was 555 

p s i g .  T h e  i n - p l a c e  c l e a n i n g  o f  t h e  pump was a p p a r e n t l y  a 

complete s u c c e s s .  

U n f o r t u n a t e l y ,  t h e  pump o p e r a t e d  n o r m a l l y  f o r  o n l y  

a b o u t  a week, a f t e r  which  time t h e  d i s c h a r g e  p r e s s u r e  and  

f l o w  began  to drop a g a i n .  The  same p r o c e d u r e  was used  i n  a n  

a t t empt  to c l e a n  t h e  pump a g a i n ,  o n l y  t h i s  t i m e  t h e  f l o w  

t h r o u g h  t h e  h y d r o b l a s t  n o z z l e  was t h e  l a s t  to  be added .  The 

r e s u l t s  were d i s a p p o i n t i n g ,  as  t h e  d i s c h a r g e  p r e s s u r e  and  

f low c o n t i n u e d  t o  d r o p ,  f i n a l l y  f o r c i n g  shutdown.  

When t h e  pump was removed f o r  r ework  i t  was o b v i o u s  

t h a t  l a rge  amoun t s  of scale  had been removed from t h e  pump 

s u c t i o n  l i n e  and from t h e  s i d e s  of t h e  pump c a n .  From tem- 

p e r a t u r e  r e a d i n g s  t a k e n  from a t h e r m o c o u p l e  i n  t h e  l i n e ,  i t  

was d e t e r m i n e d  t h a t  most o f  t h e  scale  was removed d u r i n g  t h e  

f i r s t  f l u s h i n g  p r o c e d u r e .  The pump s u c t i o n  b e l i  was almost 

c l o s e d  o f f  w i t h  scale ,  however .  The h y d r o b l a s t  n o z z l e  k e p t  

o n l y  a v e r y  small  o p e n i n g  c lear  of scale. T h i s  i n d i c a t e s  

t h a t  t h e  h y d r o b l a s t  n o z z l e  was u s e f u l  m o s t l y  b e c a u s e  o f  t h e  

t u r b u l e n c e  i t  p roduced  a t  t h e  s u c t i o n  b e l l ,  wh ich  may h a v e  
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h e l p e d  b r e a k  up and  k e e p  i n  s u s p e n s i o n  t h e  s ca l e  p a r t i c l e s  

removed by t h e  low v e l o c i t y  f l o w s .  T h e  pump d i s c h a r g e  was 

a l s o  almost p lugged  w i t h  sca le  a s  t h e  10" p i p e  diameter was 

r e d u c e d  to  about  3 i n c h e s .  

I t  may be t h e  f i r s t  pump c l e a n i n g  worked because 

t h e  pump's  p o o r  p e r f o r m a n c e  was o r i g i n a l l y  due  t o  e x c e s s i v e  

r e s t r i c t ions  i n  t h e  pump s u c t i o n  l i n e .  The  low p r e s s u r e  

water used  was shown to  be e f f e c t i v e  i n  c l e a n i n g  t h e s e  

areas.  The  second  a t t e m p t  a t  c l e a n i n g  may have  f a i l e d  

b e c a u s e  t h e  pump's p o o r  p e r f o r m a n c e  t h a t  time was due to  

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

where  scale  removal  was n o t  v e r y  e f f e c t i v e .  S u c h  c o n c l u s i o n s  

a r e  v e r y  t e n t a t i v e ,  however .  A d d i t i o n a l  t e s t s  w i l l  be 

c o n d u c t e d  when t h e  s i t u a t i o n  occurs a g a i n .  

When t h e  i n j e c t i o n  pump was r e t u r n e d  to San  Diego  

f o r  r e w o r k ,  B e c h t e l  r e p r e s e n t a t i v e s  i n s p e c t e d  i t s  c o n d i t i o n  

as i t  was b e i n g  d i s a s s e m b l e d .  A r e p o r t  o f  t h e i r  f i n d i n g s  is  

i n c l u d e d  as Append ix  F. 

6 .5  P r o d u c t i o n  L i n e  C o r r o s i o n  

Dur ing  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 Magmamax #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 e s  v a r y i n g  be tween 1 2 5  and  500 m i l s .  A t  

s e v e r a l  po in t s ,  i t  a p p e a r e d  t h a t  l a r g e r  o b s t r u c t i o n s  may 

h a v e  b u i l t  up. C o n s e q u e n t l y ,  i t  was d e c i d e d  to  d e s c a l e  t h e  

I 
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f i r s t  f e w  hundred  f e e t  o f  t h e  l i n e  downstream o f  t h e  w e l l  by 

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

n o t e d  i n  t h e  c a r b o n  s t e e l  pipe.  The p i t s  were v e r y  l a r g e  

( a b o u t  1" to  2" across)  and q u i t e  d e e p  ( a p p r o x i m a t e l y  50  t o  

200 m i l s ) .  Most p i t t i n g  was c o n c e n t r a t e d  be tween 5 and 7 

o ' c l o c k  i n  t h e  pipe.  T h i s  may i n d i c a t e  t h a t  t h e  c o r r o s i o n  

o c c u r s  d u r i n g  p e r i o d s  when t h e  l i n e  was o n l y  p a r t i a l l y  

f i l l e d  w i t h  water ( i . e .  d u r i n g  a s h u t d o w n ) .  I t  h a s  been  

s p e c u l a t e d  t h a t  oxygen  i n l e a k a g e  d u r i n g  shutdown m i g h t  have  

c o n t r i b u t e d  to or c a u s e d  t h i s  c o r r o s i o n .  A c r o s s - s e c t i o n  o f  

t h e  l i n e  a n a l y z e d  by Lawrence L ive rmore  L a b o r a t o r y  i s  shown 

i n  F i g u r e s  6-1 and 6-2. 

Concern  o v e r  t h e  s a f e t y  of t h e  p i t t e d  p i p i n g  

n e c e s s i t a t e d  a p r o o f - p r e s s u r e  t e s t .  The  pipe was f i l l e d  

w i t h  water and a s t a t i c  p r e s s u r e  of 720 p s i g  was m a i n t a i n e d  

fo r  a p p r o x i m a t e l y  a n  h o u r .  N o  l e a k s  were d i s c o v e r e d  i n  t h e  

p i p e .  

I n  t h e  f u t u r e ,  t h e  b r i n e  p r o d u c t i o n  p i p e l i n e  w i l l  

be f i l l e d  w i t h  water or a n  i n e r t  gas  d u r i n g  shutdowns .  T h i s  

w i l l  m in imize  any  oxygen i n l e a k a g e  a n d ,  h o p e f u l l y ,  m i n i m i z e  

c o r r o s i o n .  
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7 .1  F e a s i b i l i t y  S t u d y  

As p r e v i o u s l y  r e p o r t e d ,  t h e  P h a s e  1 d r a f t  r epor t  

recommended a d u a l  f l a s h  c y c l e  f o r  t h e  i n i t i a l  commercial 

g e o t h e r m a l  power p l a n t .  M o d i f i c a t i o n s  t o  t h e  G L E F  a re  to  be  

a c c o m p l i s h e d  to s i m u l a t e  t h e  c r i t i c a l  p o r t i o n s  of t h i s  t y p e  

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

a reas  of scale,  c o r r o s i o n  and i n j e c t i o n .  The f i n a l  P h a s e  1 

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

The major recommendat ions  o f  t h e  f e a s i b i l i t y  s t u d y  

a r e  b e i n g  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 :  

s t a g e  series of f l a s h  drums,  to  two p a r a l l e l  t w o  s t a g e  f l a s h  

d rums ,  2 )  allow access f o r  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  s y s t e m  t o  t e s t  f o r  

r e l i a b l e  i n j e c t i o n  of b r i n e s .  

1) c o n v e r t  t h e  b r i n e  s y s t e m  from a f o u r  

The p r e l i m i n a r y  e n g i n e e r i n g  of these c h a n g e s  h a s  

b e e n  i n i t i a t e d .  A s o l i d s  c o n t a c t  c l a r i f i e r  was c h o s e n  as 

t h e  p r i m a r y  e f f l u e n t  t r e a t m e n t  t e c h n i q u e  r a t h e r  t h a n  s e t t l i n g  

pond.  T h i s  s e l e c t i o n  was b a s e d  upon t h e  p i l o t  scale t e s t i n g  

a c c o m p l i s h e d  by Magma and LLL s u b s e q u e n t  to  t h e  F e a s i b i l i t y  

S t u d y .  The r e s u l t s  of t h e i r  t e s t i n g  i n d i c a t e d  t h a t  a s i l i c a  

s a t u r a t e d  e f f l u e n t  was p roduced .  By r e d u c i n g  t h e  l e v e l  o f  

d i s s o l v e d  s i l i c a  to s a t u r a t i o n ,  downst ream p r e c i p i t a t i o n  and 

s c a l i n g  i s  minimized .  Depending upon t h e  amount and s i z e  of 
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t h e  s o l i d  p a r t i c l e s  p roduced  by t h e  c l a r i f i e r ,  a f i l t e r  may 

a l s o  be r e q u i r e d  to remove t h e  f i n e  p a r t i c l e s  f rom t h e  

e f f 1 uen t . 
One d i f f i c u l t y  w i t h  a s o l i d s  c o n t a c t  c l a r i f i e r  is  

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

f l u i d .  The f e a s i b i l i t y  s t u d y  r e s u l t e d  i n  a n  optimum second  

f l a s h  drum nominal  p r e s s u r e  o f  21 p s i a .  R e q u e s t s  ( t o  

E n v i r o t e c h  and Ecodyne)  t o  e v a l u a t e  t h e  i m p a c t  o f  f l a s h i n g  

o r  a p r e s s u r i z e d  c l a r i f i e r  d e s i g n  were made. Responses  

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

and  t h a t  a p r e s s u r i z e d  d e s i g n  i s  p o s s i b l e ,  b u t  cost  would be 

s i g n i f i c a n t .  B e c h t e l  and Ben Holt  were a s k e d  to  e v a l u a t e  

t h e  f o l l o w i n g  t h r e e  o p t i o n s :  1) lower second  f l a s h  p r e s s u r e  

to  a t m o s p h e r i c ,  2 )  i n s t a l l  a p r e s s u r i z e d  c l a r i f i e r ,  or  3 )  

i n s t a l l  a n  i n t e r v e n i n g  a t m o s p h e r i c  f l a s h  v e s s e l .  E v a l u a t i o n s  

by  b o t h  compan ies  i n d i c a t e d  t h a t  i n s t a l l i n g  a n  i n t e r v e n i n g  

a t m o s p h e r i c  f l a s h  v e s s e l  would be optimum b o t h  a t  t h e  GLEF 

and a t  a 5 0  M W e  p l a n t .  An atmospheric  f l a s h  vessel was 

therefore added to t h e  l i s t  of f u t u r e  p l a n t  m o d i f i c a t i o n s .  

7.2 F e a s i b i l i t y  S t u d y  Addendem 

One o f  t h e  results o f  t h e  f e a s i b i l i t y  s t u d y  c y c l e  

a n a l y s i s  was t h a t  a f l a s h / b i n a r y  c y c l e  was s i g n i f i c a n t l y  

more e f f i c i e n t  t h a n  a d u a l  f l a s h  c y c l e ,  e v e n  though t h e  

b u s b a r  cos t  was h i g h e r  f o r  t h e  f l a s h / b i n a r y  o p t i o n  t h a n  t h e  

d u a l  f l a s h  c y c l e .  An addendum c y c l e  ( s i n g l e  s t a g e  f l a s h ,  
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f o l l o w e d  by d i r e c t  c o n t a c t  b i n a r y )  is to  be  e v a l u a t e d  to 

d e t e r m i n e  i t s  p o t e n t i a l .  T h i s  new c y c l e  o f f e r s  t h e  p o t e n t i a l  

o f  m a i n t a i n i n g  t h e  h i g h  e f f i c i e n c y  o f  t h e  b i n a r y  c y c l e  w h i l e  

r e d u c i n g  t h e  o v e r a l l  b u s b a r  cos t  f o r  f u t u r e  second  g e n e r a t i o n  

p l a n t s .  

Proposals were r e c e i v e d  from Ben Holt and B e c h t e l  

o n  t h i s  a d d i t i o n a l  e f f o r t .  Ben Holt was selected.  A d r a f t  

addendum to t h e  f e a s i b i l i t y  s t u d y  is i n  process. 

7 . 3  T e s t  P l a n  

R e v i s i o n s  to  t h e  tes t  p l a n  a r e  i n  process. The 

o b j e c t i v e s  of t h e  GLEF t e s t  program h a v e  been  m o d i f i e d  a s  a 

r e s u l t  of t h e  f e a s i b i l i t y  s t u d y .  The r e v i s e d  t e s t  p l a n  

w i l l :  1) i n c o r p o r a t e  SDG&E, Magma/NARCO, LLL and  Bureau o f  

Mines  a c t i v i t i e s ,  2 )  emphas ize  major r i s k  areas i d e n t i f i e d  

i n  t h e  f e a s i b i l i t y  s t u d y ,  and 3 )  c o n t a i n  a d d i t i o n a l  t a s k s  

t h a t  w i l l  b e  a c c o m p l i s h e d  o n  a n o n - i n t e r f e r e n c e  b a s i s .  A 

p r e l i m i n a r y  o u t l i n e  of t h e  tes t  program is a t t a c h e d  i n  

Appendix B. 

F u t u r e  LLL s u p p o r t  is  now b e i n g  scoped  by SDG&E 

and  DOE. Emphasis  w i l l  b e  p l a c e d  on  areas which  r e q u i r e  a 

c o n t r o l l e d  e n v i r o n m e n t  which is  n o t  a c h i e v a b l e  a t  t h e  GLEF. 

O t h e r  LLL a reas  of s u p p o r t  a re  t h o s e  which  r e q u i r e  s p e c i a l i z e d  

e q u i p m e n t  and /o r  e x p e r t i s e  n o t  r e a d i l y  c o m m e r c i a l l y  a v a i l a b l e .  
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8 .0  SUMMARY 

The p l a n t  o p e r a t e d  f o r  a t o t a l  o f  304 h o u r s  d u r i n g  

i n i t i a l  p o r t i o n  of t h i s  r e p o r t i n g  p e r i o d .  T h i s  b r i n g s  t h e  

p l a n t  a t o t a l  o p e r a t i n g  time of 7419 h o u r s  s ince  s t a r t u p .  

The p l a n t  was s h u t  down for t h e  r e m a i n d e r  of t h i s  

q u a r t e r  f o r  c l e a n i n g ,  o v e r h a u l ,  and p l a n t  m o d i f i c a t i o n s .  

The shutdown was p l a n n e d  t o  c o i n c i d e  w i t h  s c a l i n g  of t h e  

l i n e s  and pump i n  t h e  f a c i l i t y ,  t h u s  l i m i t i n g  o p e r a t i o n .  

Dur ing  t h i s  down time t h e  p l a n t  was r e d e s i g n e d  

f rom a fou r  s t a g e  f l a s h / b i n a r y  s y s t e m  to  a p a r a l l e l  two 

s t a g e  f l a s h  p r o c e s s  w i t h  e a c h  w e l l  h a v i n g  i t s  own two-s tage  

s y s t e m .  A means o f  cross c o n n e c t i n g  t h e  two was e s t a b -  

l i s h e d  by a m o d i f i e d  v a l v i n g  a r r a n g e m e n t .  

P r o g r e s s  was made i n  t h e  c o n t r o l l i n g  of b r i n e  f low 

w i t h  t h e  u s e  o f  t h e  p i n c h  v a l v e .  A l though  f u r t h e r  tes ts  

need  to be accomplished a s  to t h e  l i f e  of t h e  v a l v e  l i n e r s ,  

t h e  p o s s i b i l i t y  of u s i n g  these p i n c h  v a l v e s  as c o n t r o l  

v a l v e s  a p p e a r s  to be  p r o m i s i n g .  

D e t e r i o r a t i o n  o f  f l a s h  v e s s e l s  d u e  to  c o r r o s i o n  

poses a s e r i o u s  problem.  T e s t  coupons  were i n s t a l l e d  i n  

v e s s e l s  to f i n d  a p o s s i b l e  c o a t i n g  or l i n e r  to  a i d  i n  t h e  

a l l e v i a t i o n  o f  t h i s  problem.  

The c h e m i s t r y  l a b  is i n v e s t i g a t i n g  t h e  p rob lem o f  

h e a v y  i r o n  d e p o s i t s  o n  c o n d e n s e r  t u b i n g  from c o o l i n g  water. 
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S e v e r e  c o r r o s i o n  and  d e p o s i t s  have  been  o b s e r v e d .  

The c o o l i n g  water treatment program h a s  been m o d i f i e d ,  based  

o n  d a t a  from t e s t i n g .  

A p i l o t  p rogram,  w i t h  t h e  g o a l  o f  d e t e r m i n i n g  t h e  

most cos t  e f f e c t i v e  s y s t e m  f o r  t h e  s t a b i l i z a t i o n  of s p e n t  

g e o t h e r m a l  b r i n e  is  b e i n g  i n i t i a t e d .  A c l a r i f i e r  is b e i n g  

i n s t a l l e d  w i t h  a d u a l  media  s a n d / a n t h r a c i t e  g r a v i t y  f i l t e r  

and  w i l l  be  t e s t e d .  

P i g g i n g  is p r o v i n g  to be a r e l i a b l e  means of on- 

l i n e  c l e a n i n g  k e e p i n g  i n j e c t i o n  l i n e s  f r e e  o f  sca le .  Tests  

a r e  b e i n g  c o n d u c t e d  on  t h e  use of c a v i t a t i n g  n o z z l e s  u s i n g  

h i g h  p r e s s u r e  b r i n e  to f r e e  v a l v e s  and l i n e s  o f  s ca l e  b u i l d  

up. A t es t  w i l l  a l so  be made to f i n d  i f  these n o z z l e s  c a n  

b e  used w h i l e  t h e  p l a n t  i s  i n  o p e r a t i o n ,  t h u s  a v o i d i n g  t h e  

need  to t a k e  t h e  p l a n t  o f f  t h e  l i n e  f o r  c l e a n i n g  p u r p o s e s .  

Temporary a c i d  s y s t e m s  have  been  r e p l a c e d  by a 

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

was improved.  
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INTERNAL CORRESPONDENCE - NEW ALBION RESOURCES CO. 
FORM 133-5143 

FROM D. K. Mulliner 

TO J. M. Nugent 

DATE June 19,1978 

FILE NUMBER NAG 430 

SUBJECT MAGMAMAX #2 WELL FLOW TEST 
1 

Flow testing was started on April 27, 1978 and continued for 56 hours. An erosion area in the main control valve 
caused a shutdown for repair. The well produced some sand during the tests and caused erosion in piping and valves a t  high 
velocity points. The high velocity was caused by throttling large valves to  very small openings. 

Flow testing was again started on May 2, 1978 and continued for 210 hours. Erosion again caused a shutdown. The 
hole developed downstream from the brine control valve in a piping reducer. 

Flow testing started again on May 12, 1978 and continued to  May 15,1978 interrupted by repeated shutdowns for 
pump repairs. None of these later tests extended for more than 10 hours. The well was shut in on May 15 and the test 
terminated. 

The well was primed with fresh wate'r. After a 24 hour heat up period, the well head pressure was 100 psig. The 
well was brought on slowly until a stable low flow, approximately 400 GPM, was sustained. The well head temperature and 
pressure stabilized a t  373°F and 144 psig, then gradually increased during the test to 421OF and 300 psig a t  shut in. Three 
Row conditions were run, a low flow at  400 GPM, a medium flow at  600 GPM and a high flow at  900 GPM. The high flow 
condition could be maintained for only 11 hours due to  equipment capability. At the high flow condition, the well head 
temperature and pressure was 407°F and 280 psig. The well had every indication of being capable of producing at  a much 
higher flow rate. 

Chemical analysis was run on the well fluid and the non-condensible gas. The salinity of  the brine is greater than 
MM #1, 260,000 PPM. Non-condensible gas quantity was very low, averaging 0.00056% by weight of the well fluid. Scales 
formed in the piping and vessels were sampled and analyzed. The well fluid contained no detectable H2S so a lower amount 
of heavy metals were deposited in the scales than with MM #1 fluid. The scales contained high percentages of silica and iron. 
The iron chloride content of the brine was high. One effect of the high iron content was to cause the pH t o  go down from 
5.1 to 2.1 as the fluid stands in contact with air. 

A side stream from the atmospheric flash drum was flowed into the Eimco clarifier. The sludge blanket formed was 
of lower specific gravity than that from MM #l. The sludge contained a high percentage of silica with low percentages of 
heavy metals, This was the effect of having a low or no H2S to precipitate the heavy metals. The clarifier was not as effec- 
tive a t  removing suspended solids as with MM #1 fluid. The clarifier did produce a fluid a t  silica saturation and low enough 
in suspended solids to  be reinjected. 

D. K. Mulliner 
Ext. 2233 

DKM:ks 
Attachments 
cc: W. 0. Jacobson (SDG&E) 

John Featherstone 
Thomas C. Hinrichs (Imperial Magma) 
John Morse (Lawrence Livermore Laboratory) 
S. Zajac (Magma Power Company) 
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Barium 

Calcium 

Chloride 

Copper 

Iron 

Lead 

Lithium 

Magnesium 

Manganese 

Potassium 

Silicon 

Silver 

Sodium 

Zinc 

PH 

TDS, 

i 
I O  
I P 110 

26,100 

136,000 

5 

4,150 

55 

220 

10 

1,080 

14,900 

730 

0.08 

52,900 

400 

5.1 

260,000 IU 
P 

MAGMAMAX #2 
1978 WELL TEST 

SAMPLE: WELL BRINE 
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MAGMAMAX #2 
1978 WELL TEST 

The non-condensible gas from the geothermal well 
Magmamax #2 amounted to 0.00056% by weight 
of the well fluid. 

The gas was analyzed with a Gas-Chromatograph. 
There was no detectable H2S. 

N itr ogen 2.87% 
Methane 1.29% 
Carbon Dioxide -95.80% 

A-6 
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# 1  #2 I 3  #4 #5 #8 

MAGMAMAX #2 
1978 WELL TEST 

iron 

Copper n 
18.82 6.98 31.18 3.41 4.60 28.76 

0.04 0.02 0.1 1 0.15 0.04 0.13 

0 

Zinc 

Manganese 

Lead 

Calcium 

Aluminum 

l u  

0.12 0.22 0.08 0.08 0.09 0.05 

0.63 0.21 0.93 0.15 0.44 0.74 

0.14 56.72 0.91 0.49 0.77 2.99 

1.88, 0.35 0.47 4.59 5.06 1.29 

*N D 0.22 0.16 0.11 "N D 0.36 

0 
Barium 

Magnesium 

Sodium 

Silver 

Sulfur Q 

3.30 "N D 0.18 3.15 1 .85 0.34 

0.17 0.31 0.17 0.20 0.16 0.61 

6.33 0.89 0.78 8.55 14.44 2.89 

0.01 0.02 0.01 0.01 0.02 0.02 

0.94 9.69 1.28 0.74 0.77 0.50 

Silicon I 23.90 1 4.45 I 15.55 I 22.20 I 12.80 I 15.001 

*ND implies none detected 

All results given by weight percent 
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GLEF TEST PROGRAM FOR 1978  - 1979  

T e s t  Program W r i t i n g  Guide  

T h i s  g u i d e  h a s  been  p r e p a r e d  t o  a i d  those who w i l l  

b e  w r i t i n g  t h e  T e s t  Program. T h e  f o r m a t  shown w i l l  be  used  

t h r o u g h o u t  t h e  d u r a t i o n  of t h e  T e s t  Program - f rom i ts  

i n i t i a l  p r e p a r a t i o n  t h r o u g h  t h e  f i n a l  r e p o r t .  

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

a s i n g l e  o r g a n i z a t i o n  has  been  a s s i g n e d  r e s p o n s i b i l i t y  for 

p r e p a r i n g ,  c o n d u c t i n g  and w r i t i n g  up t h e  resul ts  o f  e a c h  

t e s t .  Those  o r g a n i z a t i o n s  s h a l l  u s e  t h i s  g u i d e  i n  p r e p a r i n g  

t h e  tes t  program. 

The s e c t i o n s  o f  e a c h  t e s t  a r e  i d e n t i f i e d  w i t h  a 

d e c i m a l  number. The f i r s t  d i g i t  i n d i c a t e s  t h e  t e s t  number 

and  t h e  second  d i g i t  i n d i c a t e s  t h e  s e c t i o n  of e a c h  t e s t .  

For example ,  t h e  number 2.1 wou ld  r e f e r  t o  s e c t i o n  1, 

"OBJECTIVES" of t e s t  number 2.  

C e r t a i n  s e c t i o n s  o f  t h e  t e s t  plan w i l l  be  p r e p a r e d  

o n l y  a f t e r  t h e  tes t  h a s  been  pe r fo rmed .  These  s e c t i o n s  a re  

n o t e d  i n  t h e  w r i t i n g  g u i d e .  

I Q  B-1 
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n.o T e s t  T i t l e :  XXX XXXX 

R e s p o n s i b l e  O r g a n i z a t i o n :  XXXX 

P r i o r i t y  : XXX 

T h i s  s e c t i o n  c o n t a i n s  t h e  tes t  t i t l e ,  t h e  name o f  

t h e  o r g a n i z a t i o n  which  is  r e s p o n s i b l e  f o r  p r e p a r i n g  and 

c o n d u c t i n g  t h e  t e s t  and a number d e s i g n a t i n g  t h e  p r i o r i t y  

of t h e  t e s t  i n  r e l a t i o n  to t h e  o t h e r  tests. The p r i o r i t y  

d e s i g n a t i o n s  are e x p l a i n e d  below: 

P R I O R I T Y  LEVEL 1: E s s e n t i a l  d e s i g n  d a t a  o r  r e s u l t s  t h a t  

h a v e  n o t  y e t  b e e n  o b t a i n e d  or items i d e n t i f i e d  a s  a major 

t e c h n i c a l  and /o r  economic  r i s k  areas i n  t h e  f e a s i b i l i t y  and 

r i s k  s t u d y .  These  t e s t s  w i l l  r e c e i v e  maximum c o n s i d e r a t i o n  

i n  s c h e d u l e  and b u d g e t  a l l o c a t i o n s .  

PRIORITY LEVEL 2:  C o n s i d e r e d  to  b e  major areas of p o t e n t i a l  

cost  s a v i n g s  or s i g n i f i c a n t  e n v i r o n m e n t a l  impact r e d u c t i o n .  

T h e s e  tests w i l l  r e c e i v e  c o n s i d e r a b l e ,  b u t  s e c o n d a r y  con- 

s i d e r a t i o n  s i n c e  s u c c e s s f u l  r e s u l t s  w i l l  s i g n i f i c a n t l y  

accelerate deve lopmen t .  

PRIORITY LEVEL 3 :  C o n s i d e r e d  to  b e  m o d e r a t e  r i s k  or impor- 

t a n t  t e c h n i c a l  areas of u n d e r s t a n d i n g .  T h e s e  t e s t s  w i l l  b e  

a c c o m p l i s h e d  o n  a n o n i n t e r f e r e n c e  b a s i s .  S u c c e s s f u l  com- 

p l e t i o n  w i l l  r e d u c e  r i s k  and may accelerate s i g n i f i c a n t  

f u t u r e  deve lopmen t .  
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n.  1 OBJECTIVES 

T h i s  s e c t i o n  d e s c r i b e s  t h e  g o a l s  o f  t h e  t e s t  i n  

d e t a i l .  The s t a t e m e n t  o f  o b j e c t i v e s  m u s t  i n d i c a t e  how t h e  

t e s t  r e s u l t s  w i l l  a i d  i n  d e s i g n i n g  a 50 M W e  d o u b l e  f l a s h  

c y c l e  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 .  

n . 2  BACKGROUND 

Describe b r i e f l y ,  p r e f e r a b l y  i n  no  more t h a n  h a l f  

a p a g e ,  t h o s e  c i r c u m s t a n c e s  which create  a r i s k  s u c h  t h a t  

t e s t i n g  a t  t h e  GLEF is  r e q u i r e d  f o r  r i s k  r e d u c t i o n  f o r  t h e  

commercial p l a n t .  L i m i t  t h e  d i s c u s s i o n  to  t h o s e  items which  

may a s s i s t  i n  u n d e r s t a n d i n g  and  a c h i e v i n g  t h e  tes t  o b j e c -  

t i v e s ,  p a r t i c u l a r l y  t h o s e  t h a t  may b e  h e l p f u l  i n  a n a l y z i n g  

and  a p p l y i n g  t h e  tes t  r e s u l t s .  I n d i c a t e  r e l a t ion  to  o t h e r  

t e s t s  i n  t h e  GLEF program. Use r e f e r e n c e s  where  appropr ia te .  

n.3 TEST DESCRIPTION AND PROCEDURE 

n .3 .1  T e s t  Materials and  Equipment  

T h i s  s e c t i o n  l i s t s  a l l  materials,  e q u i p m e n t  con- 

t r o l s  and i n s t r u m e n t a t i o n  needed  to perform t h e  tes t .  I f  

t h e  t e s t  is  to  b e  c o n d u c t e d  u t i l i z i n g  t h e  e x i s t i n g  GLEF con- 

f i g u r a t i o n ,  t h i s  f a c t  m u s t  b e  so n o t e d ,  a l o n g  w i t h  a l i s t  o f  

a d d i t i o n a l  e q u i p m e n t  r e q u i r e d  s u c h  as  f l o w  meters, special  

t e m p e r a t u r e  and p r e s s u r e  s e n s o r s ,  t e s t  s p e c i m e n s ,  e tc .  

8-3 
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Detai led i n f o r m a t i o n  on  t h e  e q u i p m e n t  ( s u c h  as s p e c i f i c a t i o n  

s h e e t s )  s h a l l  b e  i n c l u d e d  i n  a n  a p p e n d i x  and r e f e r e n c e d  h e r e .  

n .  3.2 T e s t  P r e r e q u i s i t e s  

Any o t h e r  tes ts  t h a t  m u s t  b e  pe r fo rmed  pr ior  to  

o r  i n  c o n j u n c t i o n  w i t h  t h i s  o n e  a r e  i n d i c a t e d  h e r e .  I n  add i -  

t i o n ,  special  work t h a t  mus t  b e  a c c o m p l i s h e d  p r io r  to t h e  

t e s t  ( s u c h  as o b t a i n i n g  c e r t a i n  permits or l i c e n s e s ,  e t c .  ) 

s h o u l d  be i n d i c a t e d .  

n .3 .3  T e s t  C o n d i t i o n s  

D e f i n e  t h e  o p e r a t i n g  c o n d i t i o n s  which  s h o u l d  b e  

e s t a b l i s h e d  and m a i n t a i n e d  for  each p a r t  of t h e  t e s t .  Re-  

q u i r e d  t o l e r a n c e s  o n  p l a n t  or w e l l  o p e r a t i n g  c o n d i t i o n s  m u s t  

b e  i n c l u d e d .  

n.3.4 R e q u i r e d  Data and O b s e r v a t i o n s  

The e x a c t  l o c a t i o n  of each da ta  p o i n t  s h o u l d  be 

s t a t e d ,  t h e  v a r i a b l e s  to b e  measured  and t h e  u n i t s  of mea- 

s u r e m e n t  to be  used  s h o u l d  b e  i n d i c a t e d .  R e l e v a n t  c h e m i c a l  

o r  material  t e s t i n g  and a n a l y s e s  s h o u l d  b e  d e s c r i b e d .  Re- 

q u i r e d  t o l e r a n c e s  o n  d a t a  g a t h e r e d  s h o u l d  be p r o v i d e d .  

Sample data  s h e e t s ,  p l o t s ,  d r a w i n g s  and  any  special  o p e r a t i n g  

i n s t r u c t i o n s  f o r  e q u i p m e n t  s h o u l d  be i n c l u d e d .  P r o v i s i o n s  

s h o u l d  be  made f o r  a c q u i s i t i o n  or e s t i m a t i o n  of cost  d a t a  

a p p l i c a b l e  to f u t u r e  power p l a n t s .  Depending on  i t s  b u l k  

8 4  
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and d e t a i l ,  much of t h e  i n f o r m a t i o n  r e q u i r e d  f o r  t h i s  sub-  

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

n .3 .5  T e s t  D u r a t i o n  

The amount  o f  time r e q u i r e d  a t  e a c h  o p e r a t i n g  con- 

d i t i o n  s h o u l d  be e s t i m a t e d ,  i n c l u d i n g  any  e x p e c t e d  r e - r u n s .  

The time r e q u i r e m e n t s  f o r  d a t a  a n a l y s i s  and p r e p a r a t i o n  of 

r e s u l t s  s h o u l d  be  p r o v i d e d .  The a c c u r a c y  of these es t imates  

s h o u l d  be  good enough to allow a n  i n t e g r a t e d  well  and p l a n t  

o p e r a t i n g  s c h e d u l e  to b e  s e t  up. 

n.4 RESULTS 

n .  4 .1  Expec ted  R e s u l t s  

I n d i c a t e  r e s u l t s  e x p e c t e d ,  i n  terms of spec i f ic  

d a t a  v a l u e s  w i t h  t o l e r a n c e s  w h e r e v e r  f e a s i b l e ;  o t h e r w i s e ,  

t h e  b e s t  i n f o r m a t i o n  a v a i l a b l e .  Relate  to r i s k s  for  a 30 

y e a r  l i f e t i m e  5 0  M W e  geothermal  power p l a n t  a t  N i l a n d .  

I n c l u d e  c r i t e r i a  for  r e v i s i o n  or abandonment  of t e s t s  i f  

j u s t i f i e d  by on-going t es t  r e s u l t s .  

n .  4 . 2 Data and O b s e r v a t i o n s  

Completed d a t a  s h e e t s  and o t h e r  i n f o r m a t i o n  re- 

c o r d e d  for  t h e  t e s t  s h o u l d  be p l a c e d  h e r e  as  p a r t  o f  t h e  

t e s t  repor t .  
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n.  4.3 C a l c u l a t i o n s  

P r o v i d e  i n s t r u c t i o n s ,  e q u a t i o n s ,  s ample  calcula-  

t i o n  s h e e t s ,  v a l u e s  o f  c o n s t a n t s ,  sample p l o t s  and any  o t h e r  

i n f o r m a t i o n  needed  t o  assist  i n  d a t a  r e d u c t i o n  and a n a l y s i s .  

S t a t i s t i c a l  c o r r e l a t i o n  tests s h o u l d  be  p r o v i d e d  f o r  d a t a  

where  appropriate.  Completed c a l c u l a t i o n s  s h o u l d  be  p l a c e d  

h e r e  a s  p a r t  o f  t h e  comple t ed  tes t  r e p o r t .  Use a p p e n d i c e s  

a s  c o n v e n i e n t .  

n 4 . 4  Compar isons  o f  A c t u a l  and  Expec ted  R e s u l  ts 

Using  t h e  i n f o r m a t i o n  from t h e  p r e c e d i n g  sub-  

s e c t i o n s ,  a n a l y z e  t h e  r e s u l t s  o f  t h e  t e s t  as  r e l a t e d  to  t h e  

a c h i e v e m e n t  o f  t h e  o b j e c t i v e s  i n  s e c t i o n  n .1  above .  High- 

l i g h t  areas of  s i g n i f i c a n t  v a r i a n c e  i n c l u d i n g  cases o f  b o t h  

o v e r - d e s i g n  and cases o f  u n e x p e c t e d l y  h i g h  r i s k .  T h i s  

s e c t i o n  w i l l  be  p r e p a r e d  a f t e r  t h e  t e s t  h a s  been  p e r f o r m e d .  

n .5  CONCLUSIONS AND RECOMMENDATIONS 

P r o v i d e  a summary, m a n a g e r i a l  e v a l u a t i o n ,  recommend 

a n y  f u r t h e r  a c t i o n  a t  t h e  GLEF, or e l s e w h e r e ,  s u c h  as modi- 

f i c a t i o n s  and , a d d i t i o n a l  t e s t i n g .  Recommend a p p r o p r i a t e  

a p p l i c a t i o n  o f  t h e  t es t  r e s u l t s  to  t h e  f u t u r e  50 M W e  p l a n t .  

A l l  p e r t i n e n t  f a c t o r s ,  s u c h  a s  cost, which  may n o t  h a v e  been  

e x p l i c i t l y  i n c l u d e d  i n  t h e  t e s t i n g ,  s h o u l d  e i t h e r  be  i n -  

c l u d e d  i n  t h e  bas i s  o f  recommendat ions  o r  e l se  t h e i r  

B-6 



I e x c l u s i o n  n o t e d .  T h i s  s e c t i o n  w i l l  be prepared a f t e r  t h e  

t e s t  h a s  been performed. 
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TEST OBJECTIVES 

l E  1 . 0  T i t l e :  SCALE REMOVAL 

R e s p o n s i b l e  O r g a n i z a t i o n :  SDG&E 

P r i o r i t y :  1 

1 . 1 OBJECTIVES 

The o b j e c t i v e  o f  t h i s  t e s t  is to  q u a n t i t a t i v e l y  
e v a l u a t e  t h e  cost  e f f e c t i v e n e s s  o f  v a r i o u s  t e c h n i q u e s  ( i n  
terms o f  c o s t . o f  power), f o r  removing scale f rom b r i n e  p i p i n g  
and  f l a s h  v e s s e l s  so t h a t  t h e  b e s t  may be  s e l e c t e d  f o r  u s e  
i n  t h e  p r o p o s e d  50  M W e  power p l a n t  a t  t h e  r e s e r v o i r .  These  
t e c h n i q u e s  are: 

1. P i g g i n g  ( o n - l i n e ) ;  
2. h i g h - v e l o c i t y  water f l u s h  ( o n - l i n e )  ; 
3. c a v i t a t i o n / h y d r o b l a s h  ( o n - l i n e  and  o f f - l i n e ) ;  
4 .  a c i d i z i n g / h y d r o b l a s t  ( o f f - l i n e )  . 

The cost  e f f e c t i v e n e s s  w i l l  be  e v a l u a t e d  by e s t a b -  
l i s h i n g  t h e  cost  per Kwhr of e a c h  t e c h n i q u e  ( i n c l u d i n g  c a p i t a l  
and  o p e r a t i n g  e x p e n s e s  and p l a n t  down-time r e q u i r e d )  f o r  a 
nomina l  50 M W e  power p l a n t .  A q u a l i t a t i v e  judgmen t  w i l l  
a l so  b e  made o f  t h e  s u i t a b i l i t y  o f  e a c h  t e c h n i q u e  for  u s e  i n  
a n  o p e r a t i n g  power p l a n t .  ( e . g .  The a b i l i t y  of t h e  method 
t o  c l e a n  e f f e c t i v e l y  a round  e l b o w s ,  t h r o u g h  v a l v e s ,  e tc . ,  
w i l l  be  a s s e s s e d . )  

The t y p e  and  amount o f  scale formed i n  t h e  p l a n t  
v a r i e s  g r e a t l y  t h r o u g h o u t  t h e  p l a n t ,  d e p e n d i n g  o n  t h e  b r i n e  
c o n d i t i o n s .  Each of t h e  above  t e c h n i q u e s  w i l l  be e v a l u a t e d  
i n  some or  a l l  of t h e  f o l l o w i n g  locat ions i n  t h e  GLEF: 

1. P r o d u c t i o n  l i n e  p i p i n g ;  
2. 1st to 2nd s t a g e  p i p i n g ;  
3. 2nd s t a g e  to a t m o s p h e r i c  f l a s h  drum p i p i n g ;  
4.  i n j e c t i o n  l i n e  p i p i n g ;  
5. f l a s h  v e s s e l s  ( c a v i t a t i o n / h y d r o b l a s t  o n l y ) .  
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2.0 

2.1 

SCALING RATE AND SCALE PROPERTIES P R E D I C T I O N  

R e s p o n s i b l e  O r g a n i z a t i o n :  LLL 

P r i o r i t y :  1 

OBJECTIVES: 

The o b j e c t i v e  o f  t h i s  t es t  is  to  d e v e l o p  t h e  a b i l i t y  
t o  p r e d i c t  t h e  amount o f  scale t h a t  fo rms  i n  v a r i o u s  s e c t i o n s -  
o f  t h e  p l a n t  and to p r e d i c t  t h e  p r o p e r t i e s  o f  t h a t  scale  
which  a f f e c t  t h e  e f f o r t  r e q u i r e d  to  remove it. T h i s  informa- 
t i o n  w i l l  be used  to h e l p  s i z e  p i p i n g ,  v e s s e l s ,  e t c . ,  and to 
d e s i g n  a d e s c a l i n g  s y s t e m  f o r  t h e  5 0  M W e  power p l a n t  p r o p o s e d  
f o r  t h e  N i l a n d  r e s e r v o i r  . 

S c a l i n g  ra tes  w i l l  b e  d e t e r m i n e d  a t  t h e  a p p r o x i m a t e  
c o n d i t i o n s  p r e s e n t  i n  e a c h  of t h e  f o l l o w i n g  areas:  

1. P r o d u c t i o n  l i n e  p i p i n g ;  
2. 1st to  2nd s t a g e  p i p i n g ;  
3 .  2nd s t a g e  to  a t m o s p h e r i c  f l a s h  drum p i p i n g ;  
4.  i n j e c t i o n  l i n e  p i p i n g .  

Scale samples from e a c h  of t h e s e  areas w i l l  b e  
a n a l y z e d  f o r  c h e m i c a l  and m i n e r a l o g i c a l  p r o p e r t i e s ,  as w e l l  
a s  f o r  m e c h a n i c a l  p r o p e r t i e s  s u c h  as  h a r d n e s s ,  a d h e r e n c e  to  
wa l l  etc.  The e f f e c t  o f  t e m p e r a t u r e ,  Reyno lds  Number, e t c . ,  
o n  t h e  s c a l i n g  r a t e  and t h e  scale properties w i l l  a l so  b e  
i n v e s t i g a t e d  . 

1 
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3.0 S C A L E  CONTROL A D D I T I V E S  

R e p o n s i b l e  O r g a n i z a t i o n :  L L L  

P r i o r i t y  : 

3 . 1  O B J E C T I V E S :  

1 

The o b j e c t i v e  of t h i s  t e s t  i s  to  d e t e r m i n e  t h e  
p o s s i b i l i t y  o f  r e t a r d i n g  or  e l i m i n a t i n g  s c a l e  f o r m a t i o n  i n  
a two-s t age  f l a s h  s y s t e m  t h r o u g h  t h e  a d d i t i o n  o f  s c a l e  in -  
h i b i t i n g  c h e m i c a l s  o r  s l u d g e  p a r t i c l e s  t o  t h e  b r i n e .  I f  
t h e s e  t e c h n i q u e s  a r e  shown to  h a v e  a b e n e f i c i a l  e f f e c t ,  t h e  
c o s t  per  u n i t  mass o f  b r i n e  t r e a t e d  w i l l  be e s t i m a t e d .  T h i s  
t e c h n i q u e ,  i f  s u c c e s s f u l ,  may g r e a t l y  r e d u c e  t h e  c o s t  of 
power from t h e  5 0  M W e  power p l a n t  proposed f o r  t h e  r e s e r v o i r .  

I n  a d d i t i o n ,  t h e  c o n s e q u e n c e s  o f  s u c c e s s f u l  s c a l e  
i n h i b i t i o n  o n  c o r r o s i o n  and  e r o s i o n  of p l a n t  componen t s ,  
e f f l u e n t  t r e a t m e n t ,  i n j e c t i o n  w e l l  l i f e t i m e ,  e t c . ,  w i l l  be  
a d d r e s s e d  q u a l i t a t i v e l y  t h r o u g h  o b s e r v a t i o n s  and  a n a l y s i s  
of t h e  t r e a t e d  b r i n e .  
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4.0 CORROSION/EROSION 

R e s p o n s i b l e  O r g a n i z a t i o n :  SDGCE 

P r i o r i t y :  1 

4.1  OBJECTIVES: 

The o b j e c t i v e  o f  t h i s  t e s t  is t o  measu re  t h e  r a t e s  
and  t y p e s  of c o r r o s i o n / e r o s i o n  o f  v a r i o u s  mater ia l s  of con- 
s t r u c t i o n  exposed  to t h e  b r i n e  and steam c o n d i t i o n s  t h a t  
w i l l  be  e x p e r i e n c e d  i n a  50 M W e  power p l a n t .  T h i s  i n fo rma-  
t i o n  w i l l  b e  used  to  d e t e r m i n e  t h e  cost  e f f e c t i v e n e s s  o f  
t h e s e  materials of c o n s t r u c t i o n  f o r  a 50 M W e  power p l a n t  
w i t h  a 30 y e a r  d e s i g n  l i f e .  Metals, metal c l a d d i n g ,  and 
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  w i l l  b e  t e s t e d  i n  t h e  f o l l o w i n g  
e nv i ronme n ts : 

1. P r o d u c t i o n  l i n e  p i p i n g ;  
2. 1st s t a g e  f l a s h  v e s s e l  ( l i q u i d ,  v a p o r ,  and  

3 .  1st to  2nd s t a g e  p i p i n g ;  
4. 2nd s tage f l a s h  v e s s e l  ( l i q u i d ,  v a p o r ,  and 

5. 2nd s t age  to a t m o s p h e r i c  f l a s h  drum p i p i n g ;  
6 .  i n j e c t i o n  l i n e  p i p i n g ;  
7. combined steam c o n d e n s a t e .  

l i q u i d / v a p o r  i n t e r f a c e  r e g i o n s )  ; 

l i q u i d / v a p o r  i n t e r f a c e  r e g i o n s )  ; 

The t e s t  w i l l  c o n s i s t  of coupon e x p o s u r e  t e s t s  i n  
v e s s e l s  and  o b s e r v a t i o n  of s h o r t  pipe spools i n  t h e  b r i n e  
p i p i n g  of t h e  s e l e c t e d  materials for  q u a l i t a t i v e  i n f o r m a t i o n  
o n  t h e  t y p e  and amount  o f  c o r r o s i o n / e r o s i o n  e x p e r i e n c e d .  
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5.0 

5.1 

T i t l e :  CORROSION/EXOSION PARAMETERIZATION 

R e s p o n s i b l e  O r g a n i z a t i o n :  LLL 

P r i o r i t y :  2 

OBJECTIVES:  

The o b j e c t i v e  of t h i s  t e s t  is to  d e t e r m i n e  t h e  
e x p e c t e d  l i f e t i m e  of c a r b o n  s t ee l  and o t h e r  a l t e r n a t e  
mater ia ls  of c o n s t r u c t i o n  i n  b r i n e ,  steam and c o n d e n s a t e  
a s  a f u n c t i o n  of pH, t e m p e r a t u r e ,  exygen  c o n t e n t  and any  
o t h e r  parameters t h a t  may v a r y  w i t h i n  t h e  r e s e r v o i r  or o v e r  
t h e  l i f e  of t h e  wells.  T h i s  t e s t  w i l l  be p r i m a r i l y  a paper 
s t u d y ,  u t i l i z i n g  e x i s t i n g  d a t a  from t h e  Bureau of Mines ( a s  
i t  becomes a v a i l a b l e )  and  LLL's d a t a  o n  c o r r o s i o n  r a t e s  on  
m o d i f i e d  b r i n e  (low pH). The e f f ec t s  of s t a n d b y  oxygen 
c o r r o s i o n  d u r i n g  p l a n t  shutdown w i l l  a lso b e  e v a l u a t e d  i n  
a t es t  d e s i g n e d  to  s i m u l a t e  shutdown c o n d i t i o n s .  
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6.0 T i t l e :  PLANT COMPONENTS AND INSTRUMENTATION 

R e s p o n s i b l e  O r g a n i z a t i o n :  SDG&E 

P r i o r i t y  : 

6 .1  O B J E C T I V E S  : 

1 

The o b j e c t i v e  of t h i s  t e s t  i s  to  m o n i t o r  t h e  per- 
fo rmance  ( o p e r a t i n g  l i f e ,  f a i l u r e  h i s t o r y ,  e tc .  f )  o f  p l a n t  
components  exposed  to t h e  b r i n e  and g e o t h e r m a l  steam. T h i s  
i n c l u d e s  v a r i o u s  t y p e s  of c o n t r o l  v a l v e s ,  l i n e  b l o c k  v a l v e s ,  
pumps, t h e r m o c o u p l e s ,  f l o w  meters, e tc .  The f a i l u r e  h i s t o r y  
of t h e s e  components  w i l l  b e  m o n i t o r e d  u s i n g  a " F a i l u r e  Mode 
A n a l y s i s "  program. The e f f e c t i v e n e s s  of v a r i o u s  t y p e s  o f  
e q u i p m e n t  o p e r a t i n g  i n  t h e  d i f f e r e n t  b r i n e  and  steam e n v i r o n -  
m e n t s  w i l l  b e  r e c o r d e d  and a n a l y z e d .  E n g i n e e r e d  c h a n g e s  
w i l l  b e  implemented and t h e i r  e f f e c t s  m o n i t o r e d  to improve  
component  p e r f o r m a n c e  and  l i f e t i m e .  T h i s  d a t a  w i l l  b e  used  
a s  a b s i s  for  s e l e c t i n g  components  and i n s t r u m e n t a t i o n  for  
t h e  50 M W e  f l a s h  c y c l e  power p l a n t  to b e  b u i l t  a t  t h e  N i l a n d  
r e s e r v o i r .  

C e r t a i n  components  t h a t  a re  r e q u i r e d  f o r  s a f e  
o p e r a t i o n  of t h e  p l a n t  and w i l l  a lso b e  e v a l u a t e d  for  re- 
l i a b l e  p e r f o r m a n c e .  Relief v a l v e s ,  w e l l h e a d s ,  s h u t o f f  v a l v e s ,  
e tc .  are among t h e  components  to  b e  so e v a l u a t e d .  
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7.0 T i t l e :  B R I N E  CHEMISTRY 

R e s p o n s i b l e  O r g a n i z a t i o n :  SDG&E 

P r i o r i t y :  1 

7.1  OBJECTIVES: 

The o b j e c t i v e  o f  t h i s  t e s t  is to  c o m p l e t e l y  c h a r -  
a c t e r i z e  t h e  c h e m i s t r y  of t h e  N i l a n d  b r i n e .  A n a l y s e s  w i l l  
b e  pe r fo rmed  o n  samples o f  l i q u i d  b r i n e ,  steam, c o n d e n s a t e ,  
and n o n - c o n d e n s i b l e  g a s e s  u n d e r  v a r y i n g  w e l l  f l o w  c o n d i t i o n s  
and  a c o r r e l a t i o n  drawn be tween we l l  f l o w ,  p l a n t  o p e r a t i o n s ,  
and  f l u i d  c o m p o s i t i o n .  
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8.0  T i t l e :  H2S ABATEMENT 

R e s p o n s i b l e  O r g a n i z a t i o n :  LLL 

P r i o r i t y :  2 

8.1 O B J E C T I V E S  : 

The o b j e c t i v e  of t h i s  t e s t  is  to  e v a l u a t e  t h e  
t e c h n i c a l  f e a s i b i l i t y  and  costs of s t r i p p i n g  H S from GLEF 
n o n - c o n d e n s i b l e  v e n t  g a s  stream w i t h  b r i n e  e f f 2 u e n t .  
a d d i t i o n ,  t h e  impact o n  t h e  reactor-clar i f ier  of t h i s  
H S a d d i t i o n  to t h e  b r i n e  e f f l u e n t  w i l l  be c o n s i d e r e d .  
T 8 c h n i c a l  a d v a n t a g e s ,  d i s a d v a n t a g e s  and  costs of t h i s  tech- 
n i q u e  w i l l  be compared w i t h  t h e  S t r e t f o r d  process. 

I n  
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9.0 STEAM SEPARATION 

(May be added a t  a l a t e r  d a t e . )  
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1 0 . 0  T i t l e :  REINJECTION EFFLUENT PROCESSING 

R e s p o n s i b l e  O r g a n i z a t i o n :  Magma 

P r i o r i t y  : 1 

1 0 . 1  OBJECTIVES: 

The o b j e c t i v e  of t h e  10 MW b r i n e  i n j e c t i o n  pro- 
c e s s i n g  f a c i l i t y  is to demonstrate  t h e  v i a b i l i t y  of a com- 
plete  t r e a t m e n t  system. T h i s  w i l l  i n c l u d e  p r e c i p i t a t i o n  and 
c l a r i f i c a t i o n ,  f i l t r a t i o n ,  s l u d g e  h a n d l i n g  and d e w a t e r i n g ,  
and s l u d g e  d i s p o s a l .  
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1 1 . 0  T i t l e :  MAKEUP WATER INJECTION COMPATIBILITY 

R e s p o n s i b l e  O r g a n i z a t i o n :  ;Magma 

P r i o r i t y :  1 

11.1 OBJECTIVES: 

The o b j e c t i v e  of t h i s  tes t  i s  to e s t a b l i s h  t h e  
t e c h n i c a l  and economic  f e a s i b i l i t y  of mix ing  v a r i o u s  makeup 
waters w i t h  g e o t h e r m a l  b r i n e  i n  t h e  E i m c o  p i l o t  p l a n t  reactor 
c l a r i f i e r .  The s o u r c e  of makeup water w i l l  be S a l t o n  S e a  
water, p l a n t  c o n d e n s a t e ,  i r r i g a t i o n  r u n o f f  ( A l a m o  R i v e r ) .  
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1 2 . 0  T i t l e :  WELL-CASING MATERIALS 

R e s p o n s i b l e  O r g a n i z a t i o n :  LILL 

P r i o r i t y :  1 

1 2 . 1  OBJECTIVES : 

The o b j e c t i v e  of t h i s  t e s t  is  to assess t h e  r a t e s  
of c o r r o s i o n  and t h e  t y p e s  of corrosion w i t h  d i f f e r e n t  
s tandard  w e l l  c a s i n g  m a t e r i a l s .  To e s t a b l i s h  t h e  e x p e c t e d  
service l i f e  of well c a s i n g  materials.  

B-19 



! D  I 

13.0 T i t l e :  I N J E C T I O N  STUDIES 

R e s p o n s i b l e  O r g a n i z a t i o n :  LILL 

P r i o r i t y :  1 

13  . 1 O B J E C T I V E S  : 

The o b j e c t i v e s  of t h i s  t e s t  a re  to: 1) s t u d y  t h e  
t e c h n i c a l  and economic  f e a s i b i l i t y  of u s i n g  S a l t o n  Sea water 
mixed w i t h  b r i n e  f o r  i n j e c t i o n ;  2 )  to  d e t e r m i n e  w h a t  add i -  
t i v e s  are n e c e s s a r y  to  r e d u c e  t h e  s u l f a t e  c o n c e n t r a t i o n ;  3 )  
to  e s t a b l i s h  by compute r  m o d e l i n g ,  t h e  e f f e c t  o n  t h e  reser- 
v o i r  of i n j e c t i o n  of S a l t o n  Sea water; 4 )  to  d e t e r m i n e  by 
core f l u s h i n g , '  t h e  i n j e c t i v i t y  of c l a r i f i e r  e f f l u e n t  from 
b r i n e  and S a l t o n  Sea b r i n e  m i x t u r e s .  
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1978-1979 GLEF TEST PROGRAM 

SCHEDULE FOR TEST PLAN PREPARATION 

Prepare f i r s t  d r a f t  of t e s t  p l a n s ,  
mail to B e c h t e l .  

Draf t  t e s t  p l a n s  re typed by B e c h t e l ,  
m a i l e d  t o  reviewers. 

Review d r a f t  t e s t  p l a n s ,  mail back  
to B e c h t e l .  

B e c h t e l  r e t u r n s  comments f rom 
r e v i e w e r s  to  a u t h o r s  fo r  rewrite.  

F i n a l  p l a n s  p r e p a r e d  by a u t h o r s ,  
i n c o r p o r a t i n g  r e v i e w e r s  comments,  
and  r e t u r n e d  to  E k c h t e l .  

F i n a l  t e s t  p l a n s  r e t y p e d  by B e c h t e l ,  
i s s u e d  for a p p r o v a l .  

F i n a l  T e s t  Program r e v i e w e d  and 
approved .  
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14.0 T i t l e :  WELL TEST DATA REDUCTION AND INTERPRETATION 

R e s p o n s i b l e  O r g a n i z a t i o n :  LBL 

P r i o r i t y  : 1 

1 4 . 1  OBJECTIVE:  

Complete r e d u c t i o n ,  a n a l y s i s  and i n t e r p r e t a t i o n  o f  
d a t a  from L L L ' s  FY78 well  t e s t i n g  program. R e s u l t s  w i l l  be 
reported a s  q u i c k l y  as  poss ib le  and i n  a format t h a t  w i l l  
f a c i l i t a t e  d e s i g n  o f  a w e l l  f i e l d  f o r  t h e  i n i t i a l  50 M W e  
S a l t o n  S e a  KGRA power p l a n t .  

14 .2  BACKGROUND: 

F i e l d  t e s t i n g  of wel ls  i n  t h e  v i c i n i t y  of t h e  GLEF 
h a s  g e n e r a t e d  a l a r g e  q u a n t i t y  of p r e s s u r e  t r a n s i e n t  da t a  
which  is r e l a t e d  to t h e  flow p rope r t i e s  o f  t h e  g e o t h e r m a l  
r e s e r v o i r .  W e l l  t e s t i n g  w i l l  b e  comple t ed  by t h e  l a s t  
q u a r t e r  of FY78, b u t  a d d i t i o n a l  time is  r e q u i r e d  to  r e d u c e ,  
a n a l y z e  and report t h e  raw t e s t  r e s u l t s .  P r e s s u r e  measure-  
m e n t s  have  b e e n  o b t a i n e d  from p r o d u c t i o n ,  i n j e c t i o n  and  
o b s e r v a t i o n  wel ls .  Both s i n g l e  w e l l  and m u l t i p l e  w e l l  tests 
need  to b e  a n a l y z e d .  R e s u l t s  o b t a i n e d  so f a r  i n c l u d e  e s t i -  
mates of p r i m a r y  and s e c o n d a r y  p e r m e a b i l i t y  of t h r e e  h o r i z o n s  
w i t h i n  t h e  r e s e r v o i r ,  and estimates of p o t e n t i a l  i n j e c t i v i t y  
and  e x i s t i n g  i m p a i r m e n t  i n  t h e  Magmamax #3  i n j e c t i o n  well. 
R e d u c t i o n  of a l l  t h e  p r e s s u r e  t r a n s i e n t  da t a  w i l l  p r o v i d e  
a d d i t i o n a l  p e r m e a b i l i t y  v a l u e s  for  t h e  r e s e r v o i r ,  a m e a s u r e  
of i n t e r f e r e n c e  be tween w e l l s ,  and estimates of r e s e r v o i r  
s t o r a t i v i t y  and c o m p r e s s i b i l i t y .  S i g n i f i c a n t  d a t a  h a s  a l so  
b e e n  o b t a i n e d  on  w e l l  t e s t i n g  methodology i n h i g h  t e m p e r a t u r e  
c o r r o s i v e  e n v i r o n m e n t s .  

S t a n d a r d  w e l l  t e s t i n g  i n t e r p r e t a t i v e  t e c h n i q u e s  
( E a r l o u g h e s ,  1 9 7 7 )  a n d ,  when necessary, compute r  a s s i s t e d  
s o l u t i o n  t e c h n i q u e s  w i l l  be used  to a n a l y z e  r e s u l t s  of s i n g l e  
and  mul t ip l e  well pressure t r a n s i e n t  tests. 

1 4 . 3  TEST DESCRIPTION AND PROCEDURE: 

14 .3 .1  T e s t  Materials and  Equipment  

Equipment  n e c e s s a r y  for c o m p l e t i n g  f i e l d  well  tests 
d u r i n g  t h e  l a s t  q u a r t e r  of FY78 is i n  o p e r a t i o n  a t  t h e  GLEF 
s i t e .  The LLL compute r  f a c i l i t y  w i l l  b e  used  as  r e q u i r e d  to  
r e d u c e  and compile d a t a  f i l e s .  
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io 
n 

i g  /o 

io 

I *  
l o  

14 .3 .2  T e s t  P r e r e a u i s i t e s  

Data C o l l e c t i o n  w i l l  be  c o m p l e t e d  by 10/1/78 and  
n o  p r e r e q u i s i t e  t e s t s  o r  work need be done  p r i o r  t o  pro- 
c e s s i n g  t h e  d a t a .  

1 4 . 3 . 3  T e s t  C o n d i t i o n s  

N o  spec ia l  o p e r a t i n g  c o n d i t i o n s  f o r  t h e  GLEF a r e  
r e q u i r e d  a f t e r  c o m p l e t i o n  o f  w e l l  t e s t s  i n  FY78. O p e r a t i n g  
c o n d i t i o n s  o f  t h e  G L E F  d u r i n g  FY78 w e l l  tests h a v e  a l r e a d y  
b e e n  documented.  

14 .3 .4  R e q u i r e d  Data and O b s e r v a t i o n s  

Data w i l l  h a v e  a l r e a d y  b e e n  c o l l e c t e d  p r i o r  to  
s t a r t i n g  t h i s  t a s k .  Data w i l l  c o n s i s t  o f  p r e s s u r e  t r a n s i e n t  
m e a s u r e m e n t s  f rom M M 1 ,  MM2, M M 3 ,  MM4, S i n c l a i r  3 and  Elmone 3. 
R e s u l t s  w i l l  b e  compiled i n  w r i t t e n  form and c o n t a i n  assump- 
t i o n s ,  c a l c u l a t i o n s ,  d a t a ,  and  p e r t i n e n t  p r e s s u r e  v s .  time 
p l o t s .  

1 4 . 3 . 5  T e s  t D u r a  t i o n  

Well t e s t  d a t a  r e d u c t i o n . ,  a n a l y s i s  and  r e p o r t i n g  
w i l l  b e  c o m p l e t e d  by t h e  end o f  t h e  1st q u a r t e r  o f  FY79. 

1 4 . 4  EXPECTED RESULTS: 

R e s e r v o i r  parameters to  b e  p r o v i d e d  i n  t h e  r e s u l t s  
a re :  p e r m e a b i l i t y  v a l u e s  f o r  t h e  g e o t h e r m a l  r e s e r v o i r  f rom 
a d e p t h  of 1800 f t .  t o  4300 f t .  below g r o u n d  l e v e l ,  a measure 
of t h e  communica t ion  be tween  w e l l s  l o c a t e d  n e a r  t h e  GLEF, 
es t imates  of s t o r a t i v i t y  and  c o m p r e s s i b i l i t y  f o r  t h e  reser- 
v o i r  and  i n j e c t i v i t y  a n d  w e l l  i m p a i r m e n t  fo r  Magmamax # 2  
a n d  Magmamax # 3  w e l l s .  T h e s e  r e s u l t s  c a n  t h e n  be u s e d  for  
o p t i o n a l  w e l l f i e l d  d e s i g n  f o r  a 5 0  M W e  S a l t o n  S e a  KGRA power 
p l a n t .  

REFERENCES: 

E a r l o u g h e r ,  R. C . ,  1 9 7 7 ,  Advances  i n  Well T e s t  A n a l y s i s :  SOC. 
P e t r o l e u m  E n g i n e e r s ,  Monograph V o l .  5 ,  H. L. D o h e r t y  S e r i e s .  
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SOUTHWEST CHEMICAL COMPANY, INC. 
DESCALING SERVICE AND CHEMICAL SALES 

FOR THE GEOTHERMAL INDUSTRY 
MAILING ADDRESS 
P. 0. B O X  1068 

BRAWLEY. CALIF. 9 2 2 2 7  

APRIL 1 4 ,  1978 

PLANT DESCALING SEQUENCE 

SECTION I: 

S e p a r a t o r s  l A ,  2 ,  3 ,  4 t h  s t a g e  

SCALE : 

1 A -  High  F e ,  medium bond ing  t o  s e p a r a t o r  w a l l .  Lossened  

2- High  F e ,  medium s i l i c a ,  b o n d i n g  t o  s e p a r a t o r  s u r f a c e  

3- High s i l i c a  b o n d i n g  t o  s e p a r a t o r  s u r f a c e  s t r o n g ,  
4- High s i l i c a  b o n d i n g  t o  s e p a r a t o r  w a l l  n e a r  t h e  i n l e t  

f l a k y  m a t e r i a l  on bo t tom of v e s s e l .  

s t r o n g .  C o n s i d e r a b l e  e v i d e n c e  o f  p i t t i n g .  

s e c t i o n  v e r y  s t r o n g  and  a p p r o x i m a t e l y  1" t h i c k .  A t  
t h e  a f t  end  of t h i s  s t a g e  m a t e r i a l  is much s o f t e r .  
Approx ima te ly  12 Drums of  s l u d g e  were removed d u r i n g  
t h e  mucking o u t  o p e r a t  i o n .  

CLEANING PROCEDURE : 

Hydr o b l a s  t 

TIME REQUIRED: 8 man h o u r s  

R i g g i n g :  S e t t i n g  d i s c h a r g e  pumps, c o n n e c t i n g  d i s c h a r g e  
and  h i g h  p r e s s u r e  h o s e ,  p o s i t i o n i n g  e q u i p m e n t .  

TIME REQUIRED : 

H y d r o b l a s t :  
Mucking: 
Equipment : 

CONCLUSION: 

6 0  man h o u r s  ( 3  men 20 h r s .  @) 
48 man h o u r s  (3  men 1 6  h r s .  @) 
18 man h o u r s  ( H y d r o b l a s t e r )  

T h e s e  u n i t s  were r e l a t i v e  e a s y  t o  d e s c a l e .  Ext reme c a u t i o n  is 
n e c e s s a r y  i n  d e s c a l i n g  t h e s e  u n i t s  d u e  t o  t h e  e n c l o s e d  a r e a s .  
Access is a c c o m p l i s h e d  t h r u  man-hole o p e n i n g .  Vessels must be  
v e n t e d  t h o r o u g h l y  p r i o r  t o  e n t r y  t o  i n s u r e  q u a l i t y  a i r  c o n d i -  
t i o n .  

P r e s s u r e  u s e d  on s t a g e s l , 2  were i n  excess of 4 , 0 0 0  p s i .  P r e -  
s s u r e  u s e d  on 3 r d  & 4 t h  s t a g e s  were i n  e x c e s s  of  6 , 0 0 0  p s i .  
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SOUTHWEST CHEMICAL COMPANY, INC. 
DESCALING SERVICE A N D  CHEMICAL SALES 

FOR THE GEOTHERMAL INDUSTRY 
MAILING ADDRESS 
P. 0 .  BOX IO68 

BRAWLEY. CALIF. 9 2 2 2 7  

APRIL 1 4 ,  1978 

PLANT DESCALING SEQUENCE 

Due t o  h i g h  l e a d  c o n t e n t  i n  1st s t a g e  I would recommend con-  
d u c t i n g  a b e f o r e  a n d  a f t e r  l e a d  c o n t a m i n a t i o n  b l o o d  s t u d y  
on employees  e n t e r i n g  v e s s e l s  t o  p e r f o r m  d e s c a l i n g  o p e r a t i o n s .  
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DESCALING SERVICE AND CHEMICAL S A L E S  
FOR THE GEOTHERMAL INDUSTRY 

291 WEST ATEN ROAD 

(714)  352-5300 
I T E L  CENTRO. CALIF.  92243 

MAILING ADDRESS 
P. 0. BOX 1068 

BRAWLEY. CALIF. 9 2 2 2 7  

A P R I L  1 4 ,  1978 

SECTION 1-2 

P-2 Pump.& pump c a n  

SCALE : 

h i g h  s i l i c a ,  v a r y i n g  t h i c k n e s s  

CLEANING PROCEDURE : 

H y d r o b l a s  t 

TIME REQUIRED: 

R i g g i n g  : 2 man h o u r s  
H y d r o b l a s t :  10 man h o u r s  

Equipment  : 4 h o u r s  
Bo th  P-2 Pump & Pump c a n .  

CONCLUS ION : 

T h e s e  u n i t s  a r e  r e l a t i v e l y  easy t o  d e s c a l e  r e m o v a l  of s l u r r i e d  
s c a l e  f rom pump c a n  i n  p l a c e  h a s  n e c e s s i t a t e d  s p e c i a l  pumps. 
N o  p a r t i c u l a r  p rob lem were e n c o u n t e r e d  i n  d e s c a l i n g  t h i s  sec- 
t i o n .  
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MAIL ING ADDRESS 
P. 0. B O X  1068 

BRAWLEY. CALIF. 92227 

SECTION 1-3 

A c i d i f i c a t i o n  of  a l l  c o n n e c t i n g  d r a i n  l i n e s .  ( l e  d r a i n s  
from 1st s t a g e  o u t l e t  t o  2nd s t a g e  i n l e t ,  2nd s t a g e  o u t -  
l e t  t o  3rd  s t a g e  i n l e t  3 r d  s t a g e  o u t l e t  t o  4 t h  s t a g e  i n -  
l e t ) .  

SCALE : 

4 men - 4 h o u r s  
2 men - 3 h o u r s  
3 men -12 h o u r s  
3 men - 5 h o u r s  

16 man h o u r s  
6 man h o u r s  

36 man h o u r s  
15 man h o u r s  

1st t o  2nd  s t a g e :  High F e ,  h i g h  PB a p p r o x .  1" t h i c k  

PROCEDURE : 

A c i d i f i c a t i o n  f o l l o w e d  t o  r o t a r y  h y d r o b l a s t .  

TIME REQUIRED: 

A c i d i f i c a t i o n :  
R i g g i n g  : 
Hydro s y s t e m :  
A c i d i f i c a t i o n :  
R i n s i n g :  

HYDROBLASTING: 

A .  1st t o  2nd s t a g e  
R i g g i n g :  2 men - 4 h o u r s  
H y d r o b l a s t  : 3 men -12 h o u r s  
R i n s i n g :  3 m e n  2 hours 
Equipment  H y d r o b l a s t e r  

SECTION 1-3 

TIME REQUIRED: 

HYDROBLASTING: 

B. From c o n t r o l  v a l v e  i n t o  2nd  s t a g e  s e p a r a t o r  

R i g g i n g  : 2 men - 2 h o u r s  4 man h o u r s  
H y d r o b l a s t :  3 men - 6 h o u r s  18 man h o u r s  
R i n s i n g  : 3 men - 1 hour  3 man h o u r s  
Equipment :  H y d r o b l a s t  er 4 h o u r s  

C. From 2nd s t a g e  o u t l e t  t o  z o n t r o l  v a l v e  p r i o r  t o  3rd  s t a g e  
i n l e t  

R i g g i n g  2 men - 3 h o u r s  6 man h o u r s  
H y d r o b l a s t :  3 men -16 h o u r s  4 8  liian h o u r s  

c-4 
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D .  From c o n t r o l  v a l v e  i n t o  i n l e t  a t  3 r d  s t a g e  a l s o  by p a s s  
t o  3 r d  s t a g e  d i s c h a r g e  

Rligging : 
Hydr o b l a s  t : 
R i n s i n g :  
Equipment :  

2 men - 2 h o u r s  4 man h o u r s  
3 men - 4 h o u r s  12 man h o u r s  
3 men - 2 h o u r s  6 man h o u r s  
H y d r o b l a s t  er 6 h o u r s  

TIME REQUIRRED: 

E .  

F .  

G.  

From 3rd  s t a g e  o u t l e t  t o  c o n t r o l  v a l v e  

R i g g i n g  : 
H y d r o b l a s t  er  : 
R i n s i n g :  
Equipment  : 

2 men - 4 h o u r s  8 man h o u r s  
3 men - 30 h o u r s  90 man h o u r s  
3 men - 12  h o u r s  36 man h o u r s  
H y d r o b l a s t e r  42 h o u r s  

From c o n t r o l  v a l v e  i n t o  4 t h  s t a g e  

R i g g i n g :  
H y d r  o b l a s  t : 
R i n s i n g :  
Equipment :  

2 men - 1 hour  2 man hours 
2 men - 15 h o u r s  30 man h o u r s  
3 men - 5 h o u r s  15 man h o u r s  
H y d r o b l a s t e r  20  h o u r s  

From: 4 t h  s t a g e  o u t l e t  t o  g a t e  v a l v e  b e f o r e  P-2 pump 
s u c t i o n  

R i g g i n g :  
Hydroblast : 
R i n s i n g :  
Equipment :  

2 men - 1 h o u r  2 man h o u r s  
2 men - 2 hour s  4 man hours  
2 men - 1 hour  2 man h o u r s  
H y d r o b l a s  t er 3 h o u r s  

SECTION 1-3 

TIME REQUIRRED: 

HYDROBLASTING 

H. From: P-2 d i s c h a r g e  t o  c o n t r o l  v a l v e  6 5 '  o f  10" 1 D  p i p e  
wh ich  h a s  5 @I 90° f r L T ? s  i n  a 3 d i m e n s i o n e d  p l a n e  

R i g g i n g  : 2 men - 4 h o u r s  8 man h o u r s  
H y d r o b l a s t  : 2 men - 20 h o u r s  4 0  man h o u r s  
R i n s i n g :  2 men - 10 h o u r s  20 man h o u r s  
Equipment :  H y d r o b l a s t e r  30 h o u r s  

I .  From: c o n t r o l  v a l v e  a s c e n d i n g  u p  t o  o u t  g o i n g  r e i n j e c t i o n  
l i n e  
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SOUTHWEST CHEMICAL COMPANY, INC. 
DESCALING SERVICE AND CHEMICAL S A L E S  
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R i g g i n g  : 
H y d r o b l a s t :  
R i n s i n g :  
Equipment :  

MAIL ING ADDRESS 
P. 0. B O X  1068 

BRAWLEY. CALIF. 9 2 2 2 7  

2 men - 1 hour  2 man h o u r s  
2 men - 3 h o u r s  6 man h o u r s  
2 men - -1  h o u r  2 man h o u r s  
H y d r o b l a s t  er  6 h o u r s  

G.  75' o f  10" diameter r e i n j e c t i o n  p i p e  c r o s s i n g  o v e r  p l a n t  
t o  f l a n g e d  elbow 

R i g g i n g :  
Hydr o b l a s  t : 
Equipment :  

2 men - 1 hour  2 man h o u r s  
3 men - 5 h o u r s  15 man h o u r s  

H y d r  o b l a s t e r  6 h o u r s  

CONCLUSION: 

SECTION A 
L i n e a r  p r o g r e s s i o n  i n  t h i s  s e c t i o n  was 6" p e r  m i n u t e .  How- 
e v e r  d i f f i c u l t y  i n  r i n s i n g  made it n e c e s s a r y  t o  p e r f o r m  a 
r e v e r s e  blow by .  

SECTION B 
S c a l e  i n  t h i s  s e c t i o n  was r e a d i l y  removed,  however t h i s  
is a b e l l  s h a p e d  u n i t  ( ie  t h e  i n l e t  d i a m e t e r  is 6" t h e  
d i s c h a r g e  d i a m e t e r  is 16") 

SECTION C 
S c a l e  t h i c k n e s s  i n  t h i s  s e c t i o n  was 2" i n  s p o t s .  The v o l -  
ume o f  s c a l e  removed p r e s e n t e d  minor  p rob lem i n  r i n s i n g .  

SECTION D 
S c a l e  was v e r y  h a r d  i n t o  t h e  r e d u c i n g  f l a n g e  f i t t i n g  f o r  
t h e  c o n t r o l  v a l v e .  O t h e r w i s e  no  p rob lem w a s  e n c o u n t e r e d  
i n  t h i s  a r e a .  

SECTION E 
T h i s  a r e a  w a s  t h e  m o s t  d i f f i c u l t  t o  r u n  i n  t h e  e n t i r e  p l a n t .  
S c a l e  t h i c k n e s s  was i n  e x c e s s  of 2" i n  p l a c e s .  H a r d n e s s  
was e x t r e m e .  P rob lems  e n c o u n t e r e d  i n  t h i s  s e c t i o n  were 
m a i n l y  volume of sca le  r e l a t e d ,  ( i e  r i n s i n g  a n d  f e e d  s p e e d  
o f  c u t t i n g  n o z z e l )  . 

SECTION F 
T h i s  a r e a  had a v e r y  h a r d  b u i l d - u p  w h e r e  t h e  p i p e  expanded 
f rom 10" t o  16". D i f f i c u l t y  was e n c o u n t e r e d  i n  r emov ing  
l o o s e n e d  s c a l e  p a s t  t h i s  a r e a .  
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MAILING ADDRESS 
P. 0. B O X  1068 
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SECTION G 
T h i s  s e c t i o n  was e a s i l y  d e s c a l e d  a n d  r i n s e d .  

SECTION H 
T h i s  s e c t i o n  was a n o t h e r  d i f f i c u l t  a r e a  t o  desca le .  
S c a l e  t h i c k n e s s  i n  a r e a s  was a b o u t  2". Very h a r d .  Pro- 
blems e n c o u n t e r e d  i n  t h i s  a r e a  were p r i m a i r l y  r e l a t e d  t o  
volume of s c a l e  removed.  

SECTION I 
T h i s  s e c t i o n  p r e s e n t e d  n o  p r o b l e m s .  

SECTION J 
T h i s  s r c t i o n  p r e s e n t e d  n o  p r o b l e m s .  
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1B FLASH VESSEL 

This vessel had debris on the floor that  was piled up t o  nearly 30.5 cm thick 
at the inlet end. This scale was quite hard and brittle. This same type debris was found in the 
pit. It was full of scale. 

The impingment plate now seems very thin in spots and appears warped. The 
plate is buckling out  away from the wall and covered with a thin layer of scale. 

The water line was at 46cm. Pitting is evident below the water line at the in- 
let end. Rust was noticable at the water line. No indication of the silver type scale was seen 
in the vessel during this inspection. 

The level indication stand pipe was scaled closed to an opening of approx. 
0.5cm. The vortex breaker was packed in a very hard scale approx 1.5cm thick. Two open- 
ings remained that were 8.5 cm long by 1.5 cm wide. The inside of the drain line had scale 
in i t  but  i t  was not  closed off. Scale was very hard and 1 inch thick. Total scale removed 
from vessel was 2000 lbs. 

BRINE IMPINGEMENT IN 

I PLATE 

STEAM 
OUT 

TOP SIDE 

VORTEXBREAKER 
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SECOND STAGE FLASH VESSEL 

Ili 
jP 

iu 

A very thin layer of rust on the ceiling of this vessel exists where there is no 
longer any stainless steel cladding. The water line was at  76 cm. Scale below the water line 
was 1 t o  2 cm thick. Majority of the debris on the floor was built up around the inlet pipe. 
This probably formed as a result of scale building up and falling off the inlet pipe. Two long 
stalactite formations of carbonate scale were found hanging off the inlet pipe beneath V6 
vent. They were approx 46 cm long. 

The impingment plate was covered with a green-blue scale that is presumably 
copper. This was 2 mm thick. A knobby type scale had formed around the level indicator. I t  
was quite porous and had a soft center. The vortex breaker had the same type of  scale as third 
stage flash vessel. The openings were much larger and the scale not as thick. The drain looks 
clear, with only '/z inch scale found. Total scale removed from this vessel was 2020 lbs. 

V-6 DRAIN STEAM OUT 

CARBONATE SEAL 

WATER LINE 

(P 
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THIRD STAGE FLASH VESSEL 

The cruciform support in this vessel has completely rusted through. Also in 
this vessel the level indicator was completely scaled over and it too was porous. The vortex 
breaker had a soft black scale covering it in layers resembling rows of scale on a fish. Four 
openings remained around the breaker, each about the size of  fifty cent pieces. 

The water line was at 70 cm with pitting on the walls above this level. The 
scale on the walls was hard and black, very similar to that on the vortex breaker. 

Large pieces of scale extending the full length of the vessel were found on 
the floor, It was a hard black scale formed over layers of  rust. 

The ceiling showed a rusty black scale with patchy white scale that extended 
down to the walls. Area around the weld was smooth and hard with no evidence of rust. A 
smell of ammonia was noticable a t  the inlet end of the vessel. 

Four  areas of  impingment were found on the walls of  this vessel. These spots 
were very smooth and clean. These areas may have been formed by steam blowing through 
holes in the scale around the brine inlet line. 

Drain from this vessel had scale that was approximately 1 '/z inch thick. Total 
scale removed during cleaning process was 2068 lbs. . 

STEAM OUT 

/ 

BRINE IN OUTLET 
VORTEX 
OUTLET 
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FOURTH STAGE FLASH VESSEL 

(p 

l 3  

i a  

An olive green sludge 30.5 cm - 45.7 cm deep extended the full length of the 
floor in this vessel. This same type scale extended up the walls t o  the water line which was 
at 91 cm. This scale had a spongy appearance. It was a powdery type scale and formed in a 
bumpy type accumulation along the walls, Above the water line the walls are pitted. 

The ceiling had black scale which branched t o  a white layer. The black scale 
was quite brittle and was formed over rust. I t  seems t o  fall off and reform at  the inlet end of 
the vessel. Scale was approx 2 mm thick. 

The baffel plate screen is rusty and bowed. Strong smell of ammonia around 
this area of  the vessel. 

Area between the outlet pipe and vortex cover plate was completely packed 
with scale with only one opening 7.5 cm by 17.5 cm remaining. This opening was probably 
due to the strong suction. 

5405 lbs. of wet sludge like scale was removed from this vessel. 

n 
VORTEX 
WITH HOLE THROUGH 
SEALS 

Ip 
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STEAM SCRUBBERS 

Scrubber stages 1, 2 & 3 showed much less scaling during this inspection. 
There was considerably less evidence of rust. A condition of little or n o  brine carry over 
during this run probably accounts for the cleaner condition of the scrubbers. 

The 4th stage scrubber also showed very little rust. Considerably less carbo- 
nate scale was also observed. During post inspection carbonate scale covered the lower walls 
of this scrubber. Two stairstep type lumps of scale were found developing on the rear wall of 
the scrubber. One was approx 30.5 cm long and 1 1  cm thick. The other was nearly as thick 
but only had a length of 15 cm. Both these samples appeared t o  be mainly composed of 
carbonate scale. 

CONCLUSIONS 

Rusting and pitting are still a problem in all four flash vessels. There is little 
if any stainless steel cladding left in the second stage vessel. Once again the fourth stage had 
the sludge type scale. The amount of scale present was consistent with the amount found 
during last inspection. 

The scrubbers were in much better condition this inspection period. Little of 
no brine carry over is probably largely responsible for this cleaner condition. Chemical analy- 
sis show that condensate in the 4 th  stage during the last couple of  weeks of operation was 
much cleaner than in the past. This leads one to believe that the scrubbers were effectively 
cleaning the steam. 
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SOUTHWEST CHEMICAL COMPANY, INC. 
DESCALING SERVICE AND CHEMICAL SALES 

FOR THE GEOTHERMAL INDUSTRY 
MAILING ADDRESS 
P. 0. B O X  1068 

BRAWLEY. CALIF.  9 2 2 2 7  

MAY 15,  1978 

ACIDIFICATION OF CONDENSORS - 1st TIME 

DESCRIPTION: 

The  t w o  c o n d e n s o r s  were opened and  i n s p e c t e d .  L a r g e  amounts  
of  s c a l e  were e v i d e n t  i n  a l l  t u b e s .  I t  was i m p o s s i b l e  t o  de -  
t e r m i n e  t h e  number of  t u b e s  t h a t  were c o m p l e t e l y  b l o c k e d .  I t  
was d e c i d e d  t o  a t t e m p t  a c i d i f i c a t i o n  t o  c l e a r  t h e  t u b e s .  

SCALE ANALYSIS: 

E a s t  Condens o r  

FE CA 
O u t l e t  73 1 . 2  
I n t  l e t  5 9  1 . 2  

West Condensor  

O u t l e t  5 6 . 4  
I n l e t  64 .2  

TECHNIQUE: 

C i r c u l a t i n g  c l o s e d  l o o p .  

volume: 
Acid :  

R i n s i n g :  

P a s s i v a t i o n  : 

TIME REQUIRED: 

Man hour  consumed 

S e t  up:  
Hydro Sys tem:  
A c i d i f i c a t i o n :  
R i n s i n g  : 
P a s s i v a t i o n :  

. 48  

.65 

900 GPM. 
I n h i b i t e d  h y d r o c h l o r i c  a c i d  w it h 
3% i n h i b i t o r .  
Pond w a t e r  a t  a p p r o x i m a t e l y  12000 
GPM . 
Z i m m i t e  w i t h  c l o s e d  l o o p .  

4 men - 5 h o u r s  2 0  man h o u r s  
2 men - 1 hour  2 man h o u r s  
3 men - 15 h o u r s  4 5  man h o u r s  
3 men - 2 h o u r s  6 man h o u r s  
2 men - 8 h o u r s  1 6  man h o u r s  

TOTAL: 8 9  man h o u r s  consumed 
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ANALYTICAL DATA 

SAMPLE NO. A C I D  NUMBER FE TIME 

1 
2 
3 

4 
5 
6 

7 
8 
9 

10 
11 

.o 4 9PPm 

. 2 5  --- 

.14 --- 
add  660 l i t e r  HCL 
.48 llOOOppm 
.32 --- 
.23 --- 
added  660 l i t e r  HCL 
.42 --- 
.31 --- 
.28  --- 
added  660  l i t e r  HCL 
.46  --- 
.44 2 1500 

0 
30 m i n u t e s  
60 m i n u t e s  

9 0  m i n u t e s  
1 2 0  m i n u t e s  
150 m i n u t e s  

180 m i n u t e s  
2 1 0  m i n u t e s  
360 m i n u t e s  

540  m i n u t e s  
720  m i n u t e s  

Due t o  amount of  Fe s o l u b i l i z e d  a n d  t i m e  it was d e c i d e d  t o  
f i n s e  a n d  p a s s i v a t e .  A f t e r  t h i s  o p e r a t i o n ,  t h e  c o n d e n s o r  
h e a d s  were removed a n d  i n s p e c t e d :  Due t o  t h e  c l o g g e d  c o n d i -  
t i o n  o f  t h e  t u b e s  i t  was e v i d e n t  t h e  a c i d i f i c a t i o n  was n o t  
s u c c e s s f u l  i n  d e s c a l i n g  t h e  u n i t .  However,  t h e  s c a l e  was s o f t -  
e n e d  s u f f i c i e n t l y  s o  t h a t  t h e  w a t e r - a i r  l a n c e  was a b l e  t o  re- 
move s u b s t a n c i a l  q u a n t i t i e s  of  s c a l e  t h e r e b y  f r e e i n g  t h e  t u b e s  
o f  m o s t  b l o c k a g e s .  
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SUPPLY L I N E  DESCALING 

DESCRIPTION: 

10" s u p p l y  l i n e  f rom Mag #1 ( 2 5 ' )  f rom w e l l  head  t h r u  2 @ 
90° e lbow,  t h r u  g a t e  v a l v e  175' r u n n i n g  n o r t h - s o u t h ,  150' 
r u n n i n g  e a s t - w e s t  t o  f i r s t  30 f t .  E x p a n s i o n  l o o p  i n  p l a n t :  
30 f t .  f rom c o n t r o l  v a l v e  e l b o w i n g  i n t o  t h e  t o p  of  1 B  
s e p a r a t o r .  

SCALE ANALYSIS: 

PB- a p p r o x .  
S io2  
S p e c .  g r a v i t y :  

20 .70  
45.00% 

6 . 2 5  

APPROXIMATE QUANTITY OF SCALE I N  LINE 
( T h i s  is o n l y  a p p r o x i m a t e  d u e  t o  v a r i a b l e  t h i c k n e s s . )  

370 f t .  t o t a l  x 2 .62  f t .  = 969.4 f t e 2  
(Approx. t h i c k n e s s  of  s c a l e  .500??)  
969.4 f t . 2  x .042 f t . 2  = 40 .71  c u .  f t .  s c a l e  i n  d e s c a l e d  

S p e c i f i c  was 6 . 2 5  x 6 2 . 5  x 40 .71  = 15902 l b s .  

Mater ia l  i n  l e n g t h s  of  p i p e  c l e a n e d  was 43  l b s .  p e r  f t ,  

sect  i o n .  

s c a l e  d e p o s i t e d  i n  t h e  l e n g t h  of  l i n e .  D e s c a l e d  

TECHNIQUE: 

R o t a r y  H y d r o b l a s t  
P r e s s u r e :  1 2 , 0 0 0  PS1 
R i n s i n g :  R e v e r s e  b l a s t ,  a n d  swabb ing  w i t h  foam P16 
Feed  s p e e d  of  n o z z e l :  5" t o  6" p e r  m i n u t e .  

TIME REQUIRED: 

Man hour  consumned: 167 h o u r s  
Equipment  h o u r s :  42 h o u r s  

CONCLUSIONS : 

S u p p l y  l i n e  was c o m p l e t e l y  c l e a n e d  t o  b a r e  m e t a l .  Numerous 
s e v e r e  p i t s  were o v s e r v e d  a n d  n o t e  made o f  them.  

S c a l e  i n  t h i s  p a r t i c u l a r  s e c t i o n  was of v e r y  h i g h  s p e c i f i c  
g r a v i t y .  D i f f i c u l t y  i n  r i n s i n g  t h i s  m a t e r i a l  was e n c o u n t e r e d .  
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Two s e p a r a t e  t e c h n i q u e s  c o u l d  be  u t i l i z e d  t o  overcome t h i s  
p rob lem.  

A .  U s e  o f  l o w e r  p r e s s u r e ,  h i g h e r  volume of  w a t e r  ( i e  
1200 PS1 a t  50 t o  100  GPM) 

B. U s e  o f  foam swabs a p p e a r  t o  be  v e r y  s u c c e s s f u l  i n  
r emov ing  l o o s e n e d  s c a l e .  

C a v i t a t i n g  n o z z e l  was u s e d  i n  a p o r t i o n  o f  t h i s  s e c t i o n  however ,  
d u e  t o  d e s i g n  i ts’  u s e  i n  t h i s  a p p l i c a t i o n  was s e l f  l i m i t i n g .  
I n  o r d e r  t o  k e e p  u n i t  r o t a t i n g  it was n e c e s s a r y  t o  s low f e e d  
s p e e d  down t o  a b o u t  3” p e r  m i n u t e .  Jamming of n o z z e l  a t  t h i s  
p o i n t  was s t i l l  a problem.  A l s o ,  it a p p e a r s  t h a t  t h e  w a t e r  
s t r e a m  i n  t h i s  d e s i g n  is d i r e c t e d  a t  t h e  s ca l e  - p i p e  i n t e r -  
f a c e  and  t h a t  r a t h e r  t h a n  d e s t r o y i n g  s c a l e / s c a l e  b o n d i n g  it 
is u n d e r c u t t i n g  and  b r e a k i n g  s c a l e  away f rom t h e  p i p e  s u r f a c e  
i n  l a r g e r  s i z e  p i e c e s .  T h e s e  p i e c e s  a r e  b e i n g  blown i n  f r o n t  
of t h e  n o z z e l  w h i c h  a c c o u n t s  f o r  t h e  jamming. We had t h e  man- 
u f a c t u r e r  a d j u s t  t h e  l a t e r a l  impac t  a n g l e  h o p i n g  t o  l e s s e n  t h e  
u n d e r c u t  - however t h i s  was o f  n o  a v a i l .  U s e  of t h i s  n o z z e l  
was d i s c o n t i n u e d  a f t e r  t r a v e l i n g  a b o u t  50 f t .  i n t o  p i p e .  I t  
consumned a b o u t  f o u r  h o u r s  equ ipmen t  t i m e  t o  remove t h e  d e b r i s  
( b l o c k a g e )  wh ich  t h e  n o z z e l  had p r o d u c e d .  
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ACIDIFICATION OF CONDENSORS (2nd TIME) 

DESCRIPTION : 

After u n i t s  had been  a i r  l a n c e d  t o  u n p l u g  b l o c k e d  t u b e s  
w e  were t o  a c i d  t r e a t  a n d  remove (or s o l u b i l i z e )  a n  amount of  
i r o n  c o r r e s p o n d i n g  t o  t h e  w e i g h t  of  i r o n  ( a s  s c a l e )  on t h e  
t u b e s ,  Us ing  w e i g h t  measu remen t s  p r o v i d e d  by San  D i e g o  Gas & 
Elec t r ic  ( ie  w e i g h t  o f  i r o n  s c a l e  on c o n d e n s o r  t u b e s  t o t a l :  
1083 l b s , ) .  We c i r c u l a t e d  m a t e r i a l  u n t i l  e x c e s s  i r o n  was d i s -  
s o l v e d .  

SCALE ANALYSIS: 

M o s t l y  Fe a s  o x i d e  w i t h  s u b s t a n t i a l  c a r b o n a t e  p r e s e n t .  

TIME REQUIRED : 

R i g g i n g :  
A c i d i f i c a t i o n :  
R i n s i n g :  
P a s s i v a t i o n :  

28  man h o u r s  
26 man h o u r s  
10 man h o u r s  
1 0  man h o u r s  

TECHNIQUE: 

E s t a b l i s h  c i r c u l a t i o n  t h r u  c o n d e n s o r s  u n t i l  a l l  a i r  locks 
w e r e  f o r c e d  o u t .  U s e  o f  s u r g e  t a n k  p e r m i t s  a d d i t i o n  o f  a c i d s  
a n d  c o n t r o l  o f  s o l u t i o n  volume.  

U s e  o f  900 g a l .  p e r  m i n u t e  a c i d  pump y i e l d s  a d e q u a t e  c i r -  
c u l a t i o n  f o r  one  se t  o f  c o n d e n s o r s ,  Due t o  l a r g e  amount of 
c a r b o n a t e  p r e s e n t ,  acids  must be a d d e d  a t  a f a i r l y  s l o w  r a t e .  

A f t e r  a c i d i f i c a t i o n  was c o m p l e t e d :  (De te rmined  by amount 
of s o l u b i l i z e d  F e )  u n i t  was r i n s e d  u n d e r  a n i t r o g e n  c a p .  R in -  
s i n g  was a c c o m p l i s h e d  by d i s c h a r g i n g  a l l  c o n t a i n e d  ( s p e n t )  a c i d  
t o  t h e  w e s t  c o n t a i n m e n t  pond.  U n i t  was r i n s e d  t w i c e  ( b o t h  
r i n s e s  d i s c h a r g e d  t o  c o n t a i n m e n t  p o n d ) ,  

After  r i n s i n g ,  u n i t  was f l u s h e d  t o  pond f o r  a p e r i o d  o f  
15 m i n u t e s  u n t i l  w a t e r  was c lear .  And 10 g a l .  z i m m i t e  p a s s -  
i v a t i o n  m a t e r i a l  was added  t o  c o n d e n s o r  w a t e r  a n d  a c l o s e d  
l o o p  c i r c u l a t i o n  w i t h i n  t h e  s u r g e  t a n k  a n d  c o n d e n s o r s  was s e t  
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ACIDIFICATION OF CONDENSORS (2nd TIME) 

was s e t  up and allowed t o  run  for one hour.  The u n i t  was 
t h e n  completely s h u t  t i g h t  and allowed t o  s t a n d  f i l l e d  w i t h  
z i m m i t e  for approx. t e n  hours .  

The fo l lowing ,  chemical da t a  was provided by San Diego Gas & 
E l e c t r i c  s i t e  l a b o r a t o r y .  

SAMPLE NO. ACID NUMBER FE TIME 

I N  IT IAL 
1 
2 
3 

10 

48.8 
.66 2102.8 
46 19650. 

.24 19000. 
% added 660 l i ters  HCL 
.35 19000. 
.50 23000. 

17500. 
.56 35000. 
.58 36000. 
Began d i scha rg ing  s y s t e m  
t o  r i n s e .  
Under n i t r o g e n  cap.  

-------- ----- 
30 m i n  
60 m i n  
90 m i n  

120 min 
150 m i n  
180 m i n  
210 m i n  
240 m i n  

270 m i n  
300 m i n  

By u s i n g  t h e  above d a t a  from sample 5 ( i e  36000ppm which is 
approx. 3.6%) and t h e  t o t a l  c i r c u l a t i n g  volume. 

6000 g a l .  x 8.3 l b s . / g a l .  x .036 = 1792 l b s .  Fe s o l u -  
b i l i z e d .  

I b e l i e v e  t h e r e  is a need for an oxygen scavenger .  i n  both 
r i n s e  water  sequences t o  i n h i b i t e d  o x i d a t i o n  du r ing  r i n s i n g .  

Also,  r i n s i n g  sequences w i l l  have t o  be speeded up i f  p o s s i b l e .  
I t  a l s o  appears  t h a t  a f t e r  t h e  ca rbona te  has  been d i g e s t e d  
t h e  s o l u t i o n  s t r e n g t h  should  be inc reased  t o  e i t h e r  1.5 or 2 
normal and allowed t o  c u r c u l a t e  for about  one hour t i m e .  

Due t o  t h e  severe p i t t i n g  and c o r r o s i o n  s e v e r a l  p i t  ho le s  
were opened. Th i s  u n i t  is going t o  have t o  be handled w i t h  
extreme c a r e  i n  subsequent d e s c a l i n g s .  
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A P P E N D I X  E 

FROM BECHTEL I N S P E C T I O N  REPORT DATED MAY 4 ,  1 9 7 8  

C O O L I N G  WATER PUMP 

A s  requested by SDG&E t h i s  pump was i n s p e c t e d  a t  

t h e  S D G & E  Machine Shop i n  San Diego .  I t  is  a Peer less  3 6  

H X B  pump w i t h  a b r o n z e  i m p e l l e r .  T h e r e  was c a v i t a t i o n  

e r o s i o n  o n  t h e  v i s i b l e  s i d e  of t h e  i m p e l l e r  b l a d e s .  The  

pump had been  i n  o p e r a t i o n  i n  t h e  GLEF for  a b o u t  t w o  y e a r s ,  

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

o r  a c c e n t u a t e d ,  by c a v i t i e s  c a r r i e d  downst ream,  i . e .  , 
upward i n  t h e  pump, from t h e  f o u r  s truts,  o r  v a n e s  t h a t  

h o l d  t h e  lower b e a r i n g  i n  t h e  be l l -mou th .  Reasons f o r  t h i s  

o p t i o n :  I m p e l l e r  b l a d e s  had become f e a t h e r - e d g e d ,  showing 

t h a t  c a v i t y - c o l l a p s e  damage was h e a v i e s t  a t  t h e  l e a d i n g  

e d g e  of each impeller b l a d e .  T h e r e f o r e ,  t h e  c a v i t i e s  most 

p robab ly  were formed u p s t r e a m  of t h e  impel le r .  A l s o ,  t h e  

v a n e s  i n  t h e  be l l -mou th  were b a d l y  cut-away by c a v i t a t i o n  

o n  t h e i r  t r a i l i n g  e d g e ( s ) ,  a s  w e l l  a s  showing some e r o s i o n  

i n  t h e  c o r n e r s  o f  t h e  l e a d i n g  e d g e ( s )  on  t h e  s ide  t h a t  

w o u l d  t r a i l , .  w i t h  p r e - r o t a t i o n  a g a i n s t  pump r o t a t i o n .  

RECOMMENDATIONS 

Whi le  t h e  p r e v e n t i o n  of a c c e l e r a t e d  wear is  n o t  

c r i t i c a l  to  o p e r a b i l i t y ,  costs c a n  be r e d u c e d  by c h e c k i n g  

t o  a v o i d  o v e r - c a p a c i t y  o p e r a t i o n .  N o  short- term a c t i o n  is  

i n d i c a t e d  o t h e r  t h a n  r e p a i r .  
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FROM BECHTEL I N S P E C T I O N  REPORT DATED MAY 4 ,  1 9 7 8  

I N J E C T I O N  PUMP 

0 BS E RVAT I ON S 

These  o b s e r v a t i o n s  i n c l u d e  r e s u l t s  of a v i s i t  t o  

t h e  G L E F  s i t e  o n  A p r i l  1 9 ,  and a t r i p  t o  t h e  S D G & E  Machine 

Shop i n  San  Diego  on  A p r i l  20 .  I n  t h e  s h o p  t h e  d i s a s s e m b l e d  

i n j e c t i o n  pump, pump P-2, a Peer less  n i n e - s t a g e  v e r t i c a l  

u n i t ,  j u s t  r e c e i v e d  from t h e  s i t e  a f t e r  t h e  l a s t  r u n  of 

some 1 , 4 0 0  h o u r s  was i n s p e c t e d  and d i s c u s s i o n s  were h e l d  

w i t h  M r .  Mark O r t i z .  The f o l l o w i n g  was n o t e d :  

. The worst c l o g g i n g s  by sca le  b u i l d u p ,  a re  a t  those 

p l a c e s  i n  t h e  i n j e c t i o n  pump and p i p i n g  where  s t a -  

t i o n a r y  yanes a re  p o s i t i o n e d  across a c i r cu la r  p a s s a g e  

i n  which v e l o c i t y  is  r e l a t i v e l y  l o w .  F o r t u n a t e l y ,  

t h e  h i g h e r  v e l o c i t y  passages i n s i d e  t h e  impel lers  and 

b o w l - d i f f u s e r s ,  do  n o t  a p p e a r  to  become c logged ,  

a l t h o u g h  t h e y  d o  acquire  a t h i n  c o a t i n g  of ha rd  b lack  

scale .  

T h e  t w o  s p e c i f i c  p l a c e s  t h a t  become c l o g g e d  a re  

t h e  4-vaned bo t tom-bea r ing  h o l d e r  i n  t h e  s u c t i o n  

be l l -mou th  and t h e  4-vaned " s p i d e r " ,  ( b e a r i n g - h o l d e r )  

n e a r  t h e  t o p  o f  t h e  pump, above  a t a p e r e d  i n c r e a s e r .  

I t  i s  u n d e r s t o o d  t h a t  t h e  bot tom-bel l -mouth  

was j e t b l a s t e d  d u r i n g  pump o p e r a t i o n  by a small  m a n i f o l d  
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of 4 o r  8 j e t s ,  a t  l e a s t  twice d u r i n g  t h e  l a s t  r u n ,  and 

t h a t  t h i s  a c t i o n  d i d  a c t u a l l y  p r o l o n g  t h e  r u n  by a b o u t  

300  h o u r s .  

A l though  t h i s  pump i s  r a t e d  a t  1 , 7 0 0  gpm, and  was 

s u p p o s e d  to  opera te  a t  a b o u t  1 , 2 0 0  gpm ( p l a n t  b e i n g  f e d  

from t w o  w e l l s ) ,  i t  h a s  a c t u a l l y  b e e n  o p e r a t i n g  a t  

a b o u t  6 0 0  gpm. ( T h i s  f u r t h e r  r e d u c e s  t h e  v e l o c i t i e s  

t h r o u g h  t h e  4-vaned be l l -mou th  and t h e  4-vaned d i s -  

c h a r g e  s p i d e r ,  a s  w e l l  a s  t h e  whole  d i s c h a r g e  p i p i n g  

s y s  tern. ) 

T h i s  low-flow o p e r a t i o n  q u i t e  l i k e l y  t e n d s  t o  make 

t h e  pump o p e r a t i o n  r o u g h ,  and c o u l d  acce le ra te  p r o b l e m s  

w i t h  t h e  b e a r i n g s ,  e v e n  though t h e y  a r e  c o n t i n u o u s l y  

f l u s h e d  from t h e  c o n d e n s a t e  pumps. N o r m a l l y ,  a minimum- 

flow bypass wduld be used  to k e e p  t h i s  pump flow above  

1 , 0 0 0  gpm, b u t  a t  t h e  GLEF, u s e  of t h e  b y p a s s  was 

abandoned because of sca le  p r o b l e m s .  T h i s  b y p a s s  

s h o u l d  be restored i n  t h e  f u t u r e  i f  t h e  scale s i t u a t i o n  

permits. 

RECOMMENDATIONS TO THE GLEF 

C o n t i n u e  w i t h  more f r e q u e n t  j e t - b l a s t i n g s  i n t o  t h e  

pump be l l -mou th .  J e t  b l a s t  t h e  u p p e r  s p i d e r .  

C o n s i d e r  f a b r i c a t i n g  a 2-vaned s p i d e r  ( o r  ask P e e r l e s s  

to d e s i g n  o n e ) ,  a s  i t  m i g h t  clog l e s s  t h a n  t h e  4-vaned 

o n e .  
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RECOMMENDATIONS FOR A COMMERCIAL S I Z E  POWER PLANT 

"Ver t ica l  t u r b i n e "  bowl- type pumps a r e  n o t  a d v i s e d  i n  

t h i s  s e r v i c e  b e c a u s e  of t h e  i n t e r n a l  b e a r i n g s ,  t h e  

p r o p e n s i t y  t o  sca le  and  t h e  a p p a r e n t  l a c k  of need f o r  

s u c h  a pump. 

I n j e c t i o n  pumps s h o u l d  b e  h o r i z o n t a l ,  n o t  o v e r - s i z e d ,  

w i t h  e x t e r n a l  b e a r i n g s ,  and  w i t h o u t  a n t i - p r e r o t a t i o n  

v a n e s  i n  t h e i r  s u c t i o n  p a s s a g e .  For  i n s t a n c e ,  f o r  a 

1 , 2 0 0  gpm f l o w ,  a p o s s i b l e  pump c o m b i n a t i o n  would b e  

a W o r t h i n g t o n  6-LN-18 a t  1 , 1 5 0  rpm p l u s  a W o r t h i n g t o n  

5-UNB-13, 2 - s t a g e  a t  3 , 5 5 0  rpm. The 6-LN-18 would 

h a v e  a Nominal Pump S u c t i o n  Head (NPSH) r e q u i r e m e n t  

of 4 . 5  f e e t  which  would d e v e l o p  a b o u t  1 2 0  f e e t  h e a d ,  

t o  f e e d  i n t o  t h e  5-UNB-12, 2 - s t a g e  pump d e v e l o p i n g  

a b o u t  1 , 0 0 0  f e e t  head .  

. I f  t h e  l a s t  s t a g e  f l a s h  drum c o u l d  b e  e l e v a t e d  some 

20 f e e t . ,  t h e n  t h e  s low-speed  b o o s t e r  pump above  c o u l d  

b e  d e l e t e d .  Then a Pacific 6 x 1 2  RHC 2 - s t a g e  pump 

c o u l d  p r o v i d e  1 , 5 0 0  to  1 , 7 0 0  gpm a t  1 , 0 0 0  f e e t  head  

r e q u i r i n g  a b o u t  1 6  to  18 f e e t  NPSH. 

I t  would be w e l l  to a r r a n g e  t h e s e  pumps w i t h  s u c t i o n  

l i n e  " a n g l e d  t a ' s "  p o i n t i n g  i n t o  t h e  pump s u c t i o n  

n o z z l e  fo r  h i g h - p r e s s u r e  j e t t i n g .  
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