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ABSTRACT 

I: 

il 
During Fiscal Years 1986 and 1987, Pacific Northwest Laboratory ( P N L )  

operated under decl i n i n g  budgets t o  achieve several major milestones: 

0 A S i t e  Access Agreement : w i t h  San'Diego Gas a n d  El'ectric Company was 
1 

signed and since renewed for  Fis a1 Year 1987. 
access t o  the Heber Binary Plant fo r  conducting experiments. 

The agreement allows PN 
/I 

0 The PNL f i e l d  laboratory was moved from East Mesa /I t o  the'Heber Binary I 

I1 
j/ 
i 

Plant. 

0 A subcontract was l e t  t d  a commercial supplier ofi; pH probes t o  build 

0 A f i e ld  t e s t  determined response of the transisto'jr-based'pH probes t o  

advanced transistor-based pH sensors. II 

1; 
i/ 
/I 

II 

Heber brines. i 

0 A f i l t e r  t e s t  was performed t o  l o o k  a t  scaling tendencies of the Heber 
plant brine i f  i t  were cooled below 150°F. 

Two prototype par t ic le  counters based on ultrasodic sound and a laser  
\ 

beam scattering were tested i n  the laboratory and: subjected t o  one f i e l d  
I 

t e s t .  j: 
I 

j 
I 

I 
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INTRODUCTION 

I 
Geothermal a c t i v i t i e s  a t  P a c i f i c  Northwest Labora tory  (PNL) (a j  have 

1' always emphasized understanding o f  b r i n e  chemis t ry  as i t  r e l l a t e s  t o  p o t e n t i a l  
il s ca l i ng ,  co r ros ion ,  o r  r e i n j e c t i o n  problems. Development o f  ins t ruments  t o  

a i d  i n  t h i s  understanding s been a major  goal o f  ail1 t h e  work. Past work 
I/ i n v o l v e d  ex tens i ve  c o r r o s i  m o n i t o r i n g  and ins t rumen t  t e s t i n g  a t  t h e  Magma 
I 

E l e c t r i c  Company East Mesa P lan t .  
redox probes, pH probes, CO, probes, p a r t i c l e  meters!, and l e a k  d e t e c t o r s  were 
a1 1 devel oped and eval  u a t e d  there.  

Dur ing  1986, PNL completed a S i t e  Access Agreeinent w i t h  t h e  San Diego 

Gas and E l e c t r i c  Company t o  i n s t a l l  two t r a i l e r s  on s i t e  and t e s t  connect ions 
on t h e  i n l e t  and o u t l e t  b r i n e  l i n e  a t  t h e  Heber B ina ry  Demonstrat ion P lan t .  

I 

i b 

, I  

I 1  

Cor ros ion  probes,/ c o n d u c t i v i t y  meters, 

I 

I 
li 
I 

# I  
I n  F i s c a l  Year 1987, t e s t s  were s t a r t e d  a t  t h e  Heber P lan t .  Funding 

I! 
I1 

l e v e l s  l i m i t e d  a c t i v i t i e s  t o  t e s t i n g  t r a n s i s t o r  pH sensors, o n - l i n e  and 
p a r t i c l e  ana lyzers ,  and 'a  small  s tudy  o f  suspended s o l i d s  i n  t h e  geothermal 

1 ,  

b r i n e  a t  t h e  Heber P lan t .  ' 

FIELD TEST OF TRANSISTOR pH SENSOR 
II The pH sensor subcon t rac to r  developed f i v e  p r o t o t y p e  pH sensors and two 

I1 CO, p a r t i a l  pressure sensor . 
E f f e c t  T r a n s i s t o r  (ISFET) t chnology. 
t h e  probes as w e l l  as t e s t e d  them i n  au toc laves  a t  t h e i r  own l a b o r a t o r i e s .  

PNL b u i l t  

Both probes a r e  based on I o n  S e n s i t i v e  F i e l d  
The subcon t rac to r  designed and b u i l t  

11 

I1 T h e . f i r s t  f i e l d  t e s t  was performed by PNL i n  January 1987. 
II 
II 

I/ 

t h e  t e s t  s tand connected t o  t h e  Heber P l a n t  i n l e t  and o u t l e t  b r i n e .  The t e s t  

stand c o u l d  eva lua te  f o u r  probes s imu l taneous ly .  

passing p l a n t  i n l e t  b r i n e ,  p l a n t  o u t l e t  b r i n e ,  o r  a b u f f e r  s o l u t i o n  pas t  each 

sensor. 

C a p a b i l i t i e s  e x i s t e d  f o r  
II 

I 

B u f f e r s  o f  pH 4, 7 ,  and 10 were prepared f o r  t h e  f i e l d  t e s t .  

Temperature o f  any o f  t h e  f l u i d s  cou ld  be u s i n g  t h e  heat  exchangers. 

II 
(a)Operated f o r  t h e  U.S., De artment o f  Energy by B a t t e l l e  Memorial I n s t i t u t e .  

! 
, 



I .  

decreases. Ac tua l  amounts o f  s o l i d s  which w i l l  f o rm 
because o f  t h e  complex chemfs t ry  and l i m i t e d  k i n e t i c  

a r e  d i f f i c u l t  t o  p r e d i c t  

data. 

2 
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a t  t h e  Heber P lan t ,  
Tendency o f  Some Mobdrate-Temperature Geothermal Br ines .  

D e t a i l s  a re  g iven i n  " F i e l d  Tests t o  Determine Sca l i ng  
1 J a >  

Heber p l a n t  i n l e t  , b r i n e  was passed through t h e  exper imental  t e s t  s tand 

Th is  , h o t  p r e f i l t e r e d  b r i n e  

I 
shown i n  F i g u r e  2. 
remove l a r g e  sand p a r t i c l e s  coming up t h e  w e l l .  

then  passed th rough a 0.45 mic ron  f i l t e r  which captured  p a r t i c l e s  s m a l l e r  
than 20 microns. The r e s t  o f  t h e  b r i n e  was cooled and then s p l i t  i n  f l ow .  

P a r t  was f i l t e r e d  immediately (des ignated  "s imu la ted  p l a n t  o u t l e t " )  and t h e  

remainder passed through a t ime  l a g  vessel  be fo re  be ing  f i l t e r e d  aga in  

(des ignated  "s imu la ted  w e l l  i n l e t " ) .  
about 0.3-0.5 minutes b e f o r e  f i l t e r i n g ;  t h e  l o n g  l a g  t ime  stream was h e l d  80 

t o  160 minutes. I 

The heat  exchanger was s i z e d  t o  g i v e  residence t imes comparable t o  

The b r i n e  f i r s t  passed through a 20 micron f i l t e r  t o  

I1 

The s h o r t  l a g  t ime stream was h e l d  

1 

one-ha l f  o f  t h e  Heber p l a n t  runn ing  a t  6,000 GPM. 
matched i n  t h e  two l i n e s  so t h e r e  would be no anomalies due t 

s e t t l i n g .  

heat  exchanger o u t l e t  t o  t h e  bottom f i l t e r  as t h e  p l a n t  b r i n e  had i n  go ing  
f rom p l a n t  o u t l e t  t o  t h e  i n j e c t i o n  w e l l  2.5 m i l e s  away. Th is  res idence t ime  '. 

i s  impor tan t  because k i n e t i c s  o f  s i l i c a  d e p o s i t i o n  a re  known t o  be slow, 

e s p e c i a l l y  a t  l ow  supersa tura t ions .  The l o g i c  i s  t h a i  even i!f no s i l i c a  
/I 

formed i n  t h e  heat  exchangers, i t  might  form i n  t h e  r e i n j e c t i o n  l i n e  s imp ly  

11 

I/ 

II 
I/ 

Flow ve loc  t i e s  were a l s o  

11 

i 

The l a g  vessel was s i z e d  t o  p rov ide  t h e  same res idence t ime from 

because more t i m e  was a v a i l a b l e  f o r  t h e  p r e c i p i t a t i o n ; r e a c t i o n s  I t o  occur. 

Whi le t h e  f i l t e r  stand was running, separate f i l t e r s  were c o l l e c t i n g  

s o l i d s  f rom t h e  raw p l a n t  i n l e t  and p l a n t  o u t l e t  streams. 
II The t e s t  p l a n  c a l l e d  f o r  f i r s t  c o l l e c t i n g  samples w i t h  t h e  s imu la ted  

Each t e s t  c o l l e c t e d  samples f o r  

p l a n t  o u t l e t  b r i n e  cooled t o  150°F. 

increments t o  120°F i n  qsuccessive t e s t s .  
about f o u r  hours. 

Then t h e  b r i n e  was cooled i n  10°F 

I 
I 

P e r t i n e n t  r e s u l t s  a r e  summarized i n  F igu re  3. The shading i n  t h e  
II c i r c l e s  shows g r a p h i c a l l y  t h e  r e l a t i v e  p a r t i c l e  l oad ings  f o r  each f i l t e r .  

(a )  Robertus, R. J . ,  R. 6. S u l l i v a n ,  and D. W. Shannon. 1986. PNL-5991. 
Paci  f i c Northwest Laboratory,  R i  c h l  and, Wash i ngton . 

4 
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1 
Chemical analyses were p e r  
a l s o  summarized i n  F igu re  3 

rmed on s e l e c t e d  samples: and those r e s u l t s  a r e  
I 

, 

I 

I 

The da ta  i n  F i g u r e  3 
0.1 mg/& i n  s o l i d s  i n  t h e  h o r t - t i m e  l a g  stream which appears t o  be heavy 

metal  s u l f i d e s . '  F u r t h e r  1 g t imes o f  100 t imes l o n g e r  inc reased t h e  s o l i d s  

l o a d i n g  0.2 mg/A a t  140-15OoF and about 0.4 mg/A a t  12OOF. Both of these 

values a r e  smal l  and were d i f f i c u l t  t o  measure accu ra te l y .  

ow t h e r e  i s  a ve ry  smal l  \ i nc rease of about 

Thus, ve ry  l i t t l e  
I a d d i t i o n a l  s o l i d s  formed d u r i n g  t h e  l a g  t ime. ~ 

Chemical ly, t h e  s o l i d s  which d i d  fo rm on c o o l i n g  were n o t  s i l i c a  even 

though t h e  temperatures a t  120°F reached t h e  amorphoks s i 1  i c a  s o l u b i l i t y .  
jl 

T y p i c a l l y ,  t h e  amorphous, s i l i c a  s o l u b i l i t y  must be exceeded 'by 200% o r  more 
1' 

be fo re  p r e c i p i t a t i o n  begins,. Most o f  t h e  s o l i d s  on ;the f i l t e r s  were heavy 
11 

metal s u l f i d e s  o r  i r o n  carbonates. 1 

I 
i 

ON-LINE PARTICULATE MONITORING 
/I 

I 

I USES - 
There a r e  t h r e e  ma 

t o  mon i to r  p a r t i c u l a t e s  

opera t i on  o f  t h e  p l a n t .  

1. The Produc t ion  We1 

I 
n areas a t  a geothermal powef p l a n t  where t h e  a b i l i t y  , 
o n - l i n e  would improve t h e  t e c h n i c a l  and economic I' 

I 
~ 

I 
Fo r  example, t h e  M i l f o r d  Utah P l a n t  uses downhole' 

These are:  

: 

i n j e c t i o n  o f  a c a l c i t e  s c a l e  i n h i b i t o r ;  an o n - l j n e  p a r t i c u l a t e  m o n i t o r  
may be a b l e  t o  accu ra t  l y  determine t h e  minimum dosage. I 2. S o l i d s  Removal Process For  example, t h e  r e a c t o r  c l a r i f i e r / f i l  t r a t i o n  

and d e r i v a t i v e  processes i n  t h e  p l a n t  would be a b l e  t o  use an o n - l i n e '  
m o n i t o r  t o  per fo rm f i n a l  adjustments f o r  f l o w  r a t e ,  residence t ime, and ' 

a d d i t i v e  dose t o  f i n d  ' the  optimum compromise begween p a r t i c l e  

I/ 
I/ 
I1 
II format ion/removal  and p l a n t / i n j e c t i o n  w e l l  performance. 

1 H 

I1 

3. I n j e c t i o n  Wel l :  The l i f e t i m e  o f  t h e  i n j e c t i o n  w e l l  i s J d i r e c t l y  r e l a t e d  
II 
II 

t o  t h e  q u a n t i t y  and s i z e  o f  i n j e c t e d  p a r t i c u l a t e s ;  an o n - l i n e  mon i to r  
would p r o t e c t  t h e  w e l l  w h i l e  p r o v i d i n g  i n d i c a t i o n  o f  any problems 

I 

upstream i n  t h e  p l a n t  i t s e l f .  

I' . 

7 I 

. .  
/I 



i n d u s t r y ,  b o t h  u n i t s  were manufactur d t o  ou r  

. -  

s p e c i f i ' c a t i o n s  by i ns t rumen t  

STATUS 

make i t  s u i t a b l e  f o r  a p p l i c a t i o n s  even a t  t h e  s o l i d s  /removal 'p rocess  i n  a 

... .;., .,%'., 

8 

d e t e c t o r  i s  e l e c t r o n i c a l l y  r e l a x e d  t o  a w a i t  t h e  n e x t  bulse.  The f l o w i n g  



, 

FIGURE 4. In-Line U1 trasonic Par t ic le  

..,. . 
, ~ .  . 
. .  
. .  

Monitor 

Region of 
Primary 
Sensitivity 

ll 

9 



. .  

... 

. .  

.......... 
. . .  . .  

.... 

" I  

. .! . 
. .  

. .  
. . . . .  . .  . .  

. .  

. . . .  

... 

. .. ..: .. 
.... .... , ,"". .. ........ 

FIGURE 5 .  

...... , 
, I  
* I  

. .; .. I 
! I  - . .  , 

. . .  

........ . .  

. .  ... 
. *  

. . . . .  

. . . . .  
! 
I '  

- - --- 
, .. 
, , .  

. j : 

. . .  i .-..... 
! .  

...... 
i 

' ! 

. . . . . .  
i . . . . . .  

....... 
/# - 

. I .  

._._.. 
. . .  

. . . . .  

I .  I 

Prototype High-Temperature Resbonse of ULTM 
Transducer ( U n i t  C )  to  Low Concentration 
Particulates . 

I I1 
I 

10 



I 

1 

I 
I 
i 

~ 



I 

, I 

L 3 

18 1: 

. 
'

E
 

Q
 

L a
 

n
 

E
9

. 
E 

g
s

 
.
e
 

m
m

 

I
'

 *
 

-
0

 
Q

 
*
 

90 
m

 

s
i
 

..F
i 

I
C

 

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

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

.
.
.
.
.
.
.
.
.
.
.
.
.
 

e
.

.
.

.
.

.
.

.
.

.
.

.
.

.
 

. . . . . . . 
-
 

. . . . . . . 
....... 

-
 

I I 12 



' I .  

I 
I 

I 

1 

1 I 
Size, microns 

I \  
b Test o f  On-Line Laser S i z i n g  for 
8 Micron Particles. I/ /j 


	I ABSTRACT
	INTRODUCTION
	SCALING TENDENCIES OF

	ON-LINE PARTICULATE MONITORING
	USES


