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Prel iminary Results o f  Tests o f  Propr ie tary  Chemical 

o f  Scale i n  Hypersaline Geothermal Systems 

B 
Additives, Seeding, and Other Approaches f o r  the Reduction 

3. E. Harrar, F. E. Locke, C. H. Otto, Jr., S. B. Deutscher, 
R. Linr, W. P. Frey, R. Quong, and L. E. Lorensen 

d 

Abstract 

The LLL f i e l d  br ine-scal ing t e s t  system and a v a r i e t y  o f  measurement 

techniques have been used t o  t e s t  a group o f  e igh t  propr ie tary  addi t ives 

from e igh t  d i f f e r e n t  companies, a hydroxyethylcel lulose previously found t o  

r e t a r d  s i l i c a  p rec ip i t a t i on ,  and geothermal sludge as a seeding agent t o  

reduce scaling. 

and on three d i f f e r e n t  mater ia ls  -- m i l d  steel, Teflon, and Hastel loy C-276 

For each addit ive, scal ing ra tes  a t  both 210 and 125OC 

-- were measured using t e s t  coupons. 

screens also were exposed t o  the t reated brine, s i l i c a  p r e c i p i t a t i o n  rates 

i n  the e f f l u e n t  br ine were measured by means o f  the electrochemical l i nea r  

p o l a r i z a t i o n  resistance technique. 

chemical analyses o f  only prel iminary 

conclusions are rep0 

addi t ives ef fected a 

Sections o f  s tee l  p ipe and perforated 

Examination o f  the pipe sections and 

ough none o f  the 

s, several decreased 

f 2 t o  3. Only 

t t a t i o n  o f  s i l i c a  i n  the 

red accurately i n  the 
e 

i s  b r i ne  treatment 

t 125OC, o f  reducing the 

nd hence the scal  g tendency of the brine. Further experiments of 

t h i s  type w i l l  be conduct 
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. 
Int roduct ion 

The accumulation o f  scale i n  i n d u s t r i a l  power generation, chemical, and 

oleum processing equipment has been a problem for  many years, and 

numerous chemicals have been developed f o r  the abatement o f  such deposits. 

Some progress has also been made i n  the control,  by chemical means, o f  scales 

such as those formed from low-sa l i n i t y  geothermal brines. 

G 

1 
4 

For example, 

br ines such as those found a t  East Mesa, Imperial Valley, Cal i forn ia ,  form 

deposits r i c h  i n  calcium carbonate, and these have been found t o  be 

considerably retarded by the addi t ion o f  small amounts o f  the compound 

d i e t  hy 1 ene tr i ami nepen t a-me t hy 1 enep hosphon i c  ac i d  (Monsan t o  C hemi ca 7 Company 

"Dequest 2060") t o  the brine.2 Studies o f  some other geothermal f l u i d s  

nd other i n d u s t r i a l  sys ms have shown that, i n  general, the phosphonate- . 

s are e f f e c t i v e  i n  c o n t r o l l i n g  scales formed from c r y s t a l l i n e  

compounds such as CaC03, CaS04, and BaS04. 

I n  contrast, the br ines o f  the Salton Sea Geothermal Field,  i n  the 

t, a t  high temperatures, 

s, are r i c h  i n  amorphous 

i c a l  treatment has y e t  

e work reported 

i t i v e ,  o r  mixture 

rmation o f  Ni land-brine 

d the i n h i b i t i o n  o f  

ratures, s i l i c a  i s  

bel ieved t o  inf scales. Moreover, the 

r i c h  scales i s  much 
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4 brine. 

- 
The chemical addi t ives being tested are div ided roughly i n t o  three 

groups : 

-F Propr ie tary  chemicals and mixtures ( the  exact i d e n t i t y  o f  which are 

trade secrets) t h a t  have been used, or are recomnended f o r  use as 

scale or  deposit i n h i b i t o r s  i n  water systems. 

Specif ic chemical compounds (a l so  comnercially avai lable i n  bulk 

quan t i t i es )  selected on the basis o f  some knowledge o f  the organic 

funct ional  groups found t o  be act ive toward s i l i c a  i n  geothermal 

'5 

0 

0 Cel lu lose der ivat ives,  one o f  which, hydroxyethylcel lulose ( i n  the 

form o f  "Natrosol 250LR," Hercules, Inc.) has been demonstrated 

several times4-' t o  r e t a r d  the r a t e  o f  s i l i c a  p r e c i p i t a t i o n  from 

geothermal brine. 

A t o t a l  o f  for ty-n ine s p e c i f i c  chemical compounds were screened i n  a 

ser ies o f  bench t e s t s  reported p r e v i ~ u s l y . ~  I n  July of 1978, several of 

the most promising o f  these substances, some funct ional ly - re la ted chemicals, 

and Dequest 2060 were examine 

br ine-scal ing t e s t  apparatus operating from Magmamax No. 1 wel l  .' These 

nder plant- type condit ions i n  a f ie ld ,  

e i r  short  durat ion (-22 h 

e s a l i n i t y  due t o  the low 

ethods were validated, 

on o f  c o l l o i d a l  s i l i c a  a t  
r' 

- 



I n  the phase o f  the work reported here, the primary task was t o  t e s t  a 

f p rop r ie ta ry  scale con t ro l  products t h a t  were recommended t o  us by 

various chemical companies on the basis o f  information t h a t  we supplied t o  

them regarding the cha rac te r i s t i cs  o f  the Niland b r ine  and the deposits t h a t  

are formed when the br ine i s  flashed. 

E 

,E. 

I n  August we wrote t o  16 leading companies i n  the f i e l d s  o f  water 

treatment, inc lud ing f i rms dealing w i t h  o i l - f i e l d  and b o i l e r  scales, some 

having previous experience w i th  geothermal systems, and others o f f e r i n g  

l i n e s  of corrosion i n h i b i t o r s  as wel l  as scale i nh ib i t o rs .  Complete data on 

the temperatures and chemical composition o f  the brine, and the general 

chemical compositions o f  the scales were furnished i n  the l e t t e r s .  Replies 

were received from n ine o f  these companies, o f  which seven of fered a t  l eas t  

one add i t i ve  f o r  test ing.  A l l  o f  the i n d u s t r i a l  contacts have noted the 

seve r i t y  o f  t h i s  problem: the h igh temperatures involved, the high s a l t  

concentration, and the lack o f  knowledge o f  the behavior o f  s i l i c a  under 

these conditions. 

was general 1 y pessimist ic. 

Although a number o f  addi t ives were proposed, the tone 

Three companies t h a t  d i d  not r e p l y  i n i t i a l l y  were contacted again, and 

However, because t h  i s 

he course o f  t e s t i n g  t o  

l y  set  aside i n  favor of 

puted t o  act  i n  a way 

of p rop r ie ta ry  scale 

ese are l i s t e d  i n  

- 5- 
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i e t a r y  Addit ives  Tested i n  November-December, 1978 Test Ser ies  

C hem i c a 1 Concentration 
Type Tes€ed, ppm 

Phosphonate + 

Polymer m i  x t u re 

Polymer 35 

18 

Drewsperse 747 Drew Chemical Carp., Boonton, NJ Phosphonate + + 

Polymer 15 

Polymer 20 

T hermoso 1 APS Far-Best Corporation, Los Angeles, CA Polyal kyl phosphonate 20 

S-404 C-E Natco, Bakersfield, CA Organic Polymer 10 

Houston, TX carboxylic acid 10 

Betz Laboratories, Trevose, PA Phosphonate + acry l ic  
I 

Q\ 
I 

sc-210 Southwest Specialty Chemicals, Low molecular weight 

Cortron R-16 Champion Chemicals, Anaheim, CA , Filming amine 120, 20 



Because of severe r e s t r i c t i o n s  on the time avai lab le f o r  f i e l d  test ing,  

we hoped through some pre l iminary t e s t i n g  t o  develop a screening method t h a t  

would permit a more r a p i d  d i f f e ren t i a t i on  o f  the e f f e c t s  o f  the various 

addit ives. However, no s u f f i c i e n t l y  r e l i a b l e  and v a l i d  method was found 

(some aspects of t h i s  w i l l  be discussed i n  d e t a i l  below); thus the decis ion 

was made t o  t e s t  each candidate addi t ive f o r  a per iod o f  approximately 70 

hours a t  a s ing le  concentration. The concentrations t o  be used were decided 

upon i n  consul ta t ion w i t h  the manufacturers of the products, and general ly 

were the maximum cost-ef fect ive concentrations l i k e l y  t o  show a bene f i c ia l  

e f fect ,  w i th  consideration being given also t o  the dangers o f  overfeeding 

some o f  these materials. 

I n  the case o f  most o f  the p rop r ie ta ry  scale-control addit ives, we d i d  

not know the exact chemical composition of the mixtures and hence the 

hazards involved i n  t h e i r  use. Thus a prerequis i te  f o r  t e s t i n g  an add i t i ve  

was t h a t  the company fu rn i sh  us w i t h  a completed Mater ia ls Safety Data Sheet 

f o r  t h e i r  product. 

I n  addi t ion t o  3-day t e s t s  of each o f  e igh t  propr ie tary  addit ives, the 

t e s t  ser ies also included two con t ro l  runs, a 4-1/2 day t e s t  o f  Natrosol 

f the addi t ion 

t e s t  o f  a commercial magnetic water 

geothermal sludge as a 

n attempt t o  measure the ra tes  o f  scale 

, and a t e s t  o f  a packed column f o r  the 

scal ing tendency. 

-7- 



Br ine Scaling Test Apparatus 

7 The system constructed for f lashing the br ine  and measuring the scal ing 

tendency o f  t reated b r ine  i s  shown schematical ly i n  F igure 1. 

apparatus two-phase f l u i d  from Magmamax No. 1 wel l  was f i r s t  passed through 

a C-E Natco wellhead separator o f  the cent r i fuga l  type. The steam was 

discarded and single-phase br ine  was thus obtained a t  near ly  wellhead 

temperature ( 200-220°C) and pressure (290-320 ps i  a). 

d iv ided i n t o  two nominal ly i den t i ca l  channels f o r  the tes t i ng  o f  the scale 

con t ro l  addit ives. These are designated channels A and B. 

I n  t h i s  
0 

The br ine  was then 

The br ine  i n  each channel was f lashed from -21OoC temperature t o  

125OC i n  f l a s h  vessels and then passed t o  an atmospheric receiver. The 

pressure a t  the e x i t  o f  the 125OC f l a s h  vessels was about 15 psig. Br ine 

flow was maintained i n  each channel a t  7.0 gpm (-1 lb/sec) by monitoring 



M i 

Atmospheric 
receiver 

T 



Measurements o f  Br ine Character i s t  i c s  

During each t e s t  run, the scal ing and corrosion cha rac te r i s t i cs  o f  the - 
b r ine  were measured by several d i f f e r e n t  techniques, and each was applied a t  

the two basic temperatures o f  the t e s t  -- 210 and 125". The removable I % 

ecimens were as fo l lows: 

0 Test Pipe Spools. Twenty-four-inch-long sections o f  1-inch i.d. 

m i l d  s tee l  pipe, flanged a t  each end. These were cu t  i n  cross 

sect ion f o r  measurement o f  the thickness o f  accumulated scale. 

0 M i l d  Steel  Test Coupons. A p a i r  o f  1.25 X 0.5 X 0.025-inch coupons 

o f  A I S 1  1009 s tee l  mounted on a holder, and placed i n  the 

downstream f lange o f  the t e s t  spools so t h a t  the b r ine  f l ow  was 

p a r a l l e l  t o  the long dimension o f  the coupon. The weight gain and 

the increase i n  thickness o f  the coupons a f t e r  exposure were 

measured t o  provide an i nd i ca t i on  o f  the combined e f f e c t s  o f  

sca l ing and corrosion. 

I n e r t  Test Coupons. 0 These were designed t o  measure the purely 

of the brine, apart from the e f f e c t s  of 

se coupons were 1-1 X 5/16 X 0.1-inch pieces o f  

C-276 and were mounted on the P e t r o l i t e  

assembli es. Because these assemblies were located 

ipe sections, the i n e r t  coupons were subjected t o  a 

i l d  s tee l  coupons. 
W 

'c 



0 Pet ro l  i t e  Corrosion Probes. Type 510 three-electrode probes f i t t e d  

w i th  A I S 1  1018 m i l d  s tee l  electrodes, f o r  measurement o f  corrosion 

rates by the l i n e a r  po la r i za t i on  resistance (LPR) technique. The 

probes were connected t o  Pe t ro l  i t e  Model M-3010 automatic recording 

instruments f o r  continuous monitoring o f  the corrosion rates. 

- 
+ 

0 Stainless-Steel Screens. These were 47-mm diameter disks 

perforated with 0.4-mm holes, and were contained i n  M i l l i p o r e  

high-pressure f i  1 t e r  holders. 

sidestreams from the 21OoC b r ine  (see Figure 1) and a t  the 

Screens were i n s t a l  l ed  i n  

125OC sample ports. The screens were intended t o  provide a 

q u a l i t a t i v e  or semiquanti tat ive measurement o f  the b r ine  scal ing 

tendency; u n l i k e  the other t e s t  specimens, they were removable 

during the course of an extended run. 

screens was con t ro l l ed  a t  0.75-1.0 l i t e r s h i n  by adjustment o f  

downstream valves so t h a t  the mainstream temperature was maintained 

across the f i l t e r  holder. The temperatures a t  the outputs o f  the 

screens i n  the 21OoC b r i n e  were monitored by means o f  

thermocouples. 

i n a b i l i t y  t o  maintain the f l o w  rate,  and/or a decrease i n  screen 

Flow o f  b r i ne  through the 

Severe plugging o f  the screens was indicated by an 

f t e r  flow through the screen and output 

uenched t o  ambient temperature i n  a 

a l i n g  tendency o f  the b r ine  

e and weight gain of the w 

c 
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Several chemical t es ts  were also ca r r i ed  out during each t e s t  run: 

0 The gross chemical composition of the e f f l u e n t  b r i n e  was monitored 

a t  l eas t  d a i l y  by determination o f  i t s  pH, density, and i t s  

concentrat i ons o f  ch l  or i de and s i 1 i ca. 

The t u r b i d i t y ,  and i t s  increase w i t h  time, o f  the b r ine  quenched 

from the 21OoC sidestreams was measured w i th  a Hach Model 2100A 

turbidimeter.  This provided an approximate measure o f  the b r i n e  

p a r t i c u l a t e  l eve l  and, i t  was hoped, some ind i ca t i on  o f  the 

i n t e g r i t y  o f  the addi t ives a t  h igh temperature. 

The s t a b i l i t y  of the br ine w i th  respect t o  the p r e c i p i t a t i o n  o f  

s i l i c a  was determined by c o l l e c t i n g  e f f l u e n t  brine, incubating i t  

= 

c 
0 

0 

anaerobical ly a t  90°C, and performing our "standard" f i l t r a t i o n  

tes ts  on i t  a t  i n t e r v a l s  o f  15 and 30 minutes. 4 

Addit ional  chemical analyses conducted t o  characterize these t e s t s  were 

(a )  complete analysis o f  several samples o f  b r i ne  taken from the wellhead 

-12- 



Results and Discussion 

I n i t i a l  Test Run. The f i r s t  experimental scale-control run o f  the 
* 

November/December t e s t  ser ies was designed t o  be an extended t e s t  o f  the 

r performance of Natrosol 250LR and t o  provide untreated b r ine  f o r  experi- 

mentation w i t h  several scal ing-rate measurement methods. The character- 

i s t i c s  of the b r i n e  during t h i s  and the subsequent runs are l i s t e d  i n  Table 

2 (Run 7 i s  a cont inuat ion o f  the numbering system begun i n  July). The data 

of Table 2 show t h a t  the composition of the b r ine  was remarkably constant 

dur ing the e n t i r e  t e s t  period; w i t h  the exception o f  14 November, the GLEF 

was operat ing continuously a t  two-thirds t o  f u l l  f l ow  during t h i s  time. 

- 

I n  the i n i t i a l  t e s t  run, untreated b r ine  was flowed i n  Channel B o f  the 

t e s t  system and a concentrat ion o f  18 ppm Natrosol 250LR was maintained i n  

Channel A.* The t o t a l  durat ion o f  the run was 113 hours. 

b r i ne  a t  both 210 and 125OC was flowed from each channel through sections 

o f  1/4 and l /2- inch 0.d. m i l d  s tee l  tub ing which were removed a t  in terva ls .  

The r e s u l t s  o f  these exposures are not y e t  avai lable, but  they should y i e l d  

a measure o f  the var iat ion,  i f  any, o f  the rates o f  scal ing as the t e s t  run 

progressed. 

have not, a t  t h i s  t ing,  been examined i n  de 1. The accumulation of 

During t h i s  time, 

The 1-inch p ipe spools t h a t  were 

s o f  specimens s been measured, and these r e s u l t s  

s tested w i l l  b summarized below. 

- 
+ 

Addit ives were 

high-temperature p o i n t  o f  addition. This concentration increased -15% 

after the second-stage f l a s h  because o f  the steam loss. 

tered t o  provide the nominal concentrat ion a t  the 

-13- 



Table 2. Characteristics of Effluent Brine at LLL Plant 
During Proprietary Additive Tests 

Si02, 
- Time ms/kg c Date - 

11 Nov 1200 453 
12 Nov 1615 462 I481  
13 Nov 0900 461 

1500 458 
15 Nov 0930 484 

1500 490 

Run 14 Nov 

15 Nov 
16 Nov 1400 47 1 

T 
1 17 Nov 0730 481 

1430 4541448 
0944 443 
1425 425 

T :: E Rr 20 Nov 1 21 Nov 0800 429 

f 2 Dec 1400 480 
I 

Run 3 Dec 1107 467 
4 Dec 1330 456 

6 Dec No Analysis 

9 

5 Dec 0815 47 3 

Density 
Chloride 

. MIR 
at 25'C 
g/cm3 

4.00 1.157 
4.02 1.157 
3.98 1 . 160 
3.60 1.145 
3.90 1.150 
4.00 1.156 
4.00 1.159 
4.00 1.157 
4.00 1.155 
4.10 1.159 
4.00 1.157 
4.00 1.158 
4.02 1 . 157 
4.00 1.158 
4.00 1.163 
4.01 1.163 

4.02 1.162 
4.00 1.160 

5 1.161 
4.05 1.161 

1.161 
1 . 161 
1.162 
1.162 
1.163 

pH 

- 
- 
- 
- 
- 
- 
- 
5.89 
5.80 
5.83 
- 
5.92 
5.80 
5.80 
5.92 
5.96 

5.83 
5.88 
5.72 
5.94 
5.97 
5.89 
5.73 
5.87 
5.83 



Tests o f  Packed Metal-Bal l  Column. Any technique t h a t  could be 

developed f o r  r a p i d l y  measuring the scal ing tendency o f  a geothermal b r ine  

would g rea t l y  speed the screening of po ten t i a l  addi t ives f o r  scale 

i nh ib i t i on .  One such approach i s  t o  present t o  the f lowing br ine  a large 
. 
r surface area f o r  contact; then presumably, i f  s i g n i f i c a n t  sca l ing occurs, 

there would be a measurable decrease i n  concentration, i n  the brine, o f  the 

p r i n c i p a l  const i tuent  o f  the scale. 

We attempted t o  implement t h i s  idea i n  the form o f  a packed column o f  

mi ld-s tee l  spheres, with a measurement of the s i l i c a  i n  the b r ine  both 

before and a f t e r  passage through the column. 

The column was 1-inch i.d. by 8-inch long and was packed w i t h  1/16-inch 

diam. carbon s tee l  ba l l s .  It was calculated t h a t  a t  a f low r a t e  o f  1 

l i t e r / sec  and a sca l ing  r a t e  o f  1 mil /hr ,  the b r ine  passing through the 

column should decrease i n  s i l i c a  concentrat ion by 180 mg/kg. Several t es ts  

o f  the column a t  125OC,  however, resu l ted  i n  no detectable change i n  the 

b r ine  s i l i c a  concentration. This t e s t  was no t  necessari ly d e f i n i t i v e  



Test o f  Magnetic Water Conditioner. Although the mechanism i s  not 

completely understood, some authors have reported t h a t  exposure o f  sca l ing 

f l u i d s  t o  magnetic f i e l d s  reduces t h e i r  scal ing tendencies , and some 6 

uipmeht i s  avai lab le commercially for  water treatment by t h i s  technique. 
ct 

have tested one such unit, a so-called "Water Conditioner", manufactured 

by the Superior Company o f  F 

c a p i c i t y  o f  1 gpm. 

b r i n e  was flowed through it a t  1 l i t e r h i n .  The scal ing tendency o f  the 

e f f l u e n t  b r i ne  was t o  be measured by means o f  a perforated screen and 

compared t o  t h a t  o f  the input  brine. 

completely plugged a f t e r  less than one hour o f  operation. 

Wayne, Indiana, Model C-100, having a 

It was connected t o  the sample po r t s  a t  125OC, and 

Unfortunately, the water condi t ioner 

The u n i t  i s  a 

d r i c a l  tubing i t h  p ipe connections on each end. When we 

sembled the u i led,  we found t h a t  i n te rna l l y ,  it was 

constructed i n  l a r g  p a r t  of copper, which corroded badly, and the f l u i d  was 

nstrained t o  f l ow  hrough some v small o r i f i c e s  which P w W d  w i th  

e r t a i n l y  could not be used without 

not provide a d e f i n i t i v e  t e s t  of 

the concept o f  b r i n e  magnetization for scale control .  



Scaling Rates o f  Additive-Treated Brines. Table 3 sumarizes the 

r e s u l t s  o f  the measurements o f  the rates o f  scal ing o f  the three types o f  

t e s t  coupons a t  210 and 125OC f o r  a l l  o f  the b r ine  addi t ives tested i n  the 

November/December series. The data are l i s t e d  i n  the chronological order i n  

which they were obtained; a f t e r  the i n i t a l  run, a p a i r  o f  addi t ives was 

tested together, one i n  each channel o f  the system. 

scale accumulated on the coupons was measured by means o f  a micrometer and 

d iv ided by two t o  g ive the single-side t o t a l s  l i s t e d  i n  Table 3. Data are 

missing f o r  the fo l l ow ing  reasons: the Teflon coupon i n  the Natrosol run 

became dislodged from i t s  mo 

q u i t e  f l  akey, non-adherent scale, preventing accurate thickness measurement; 

adherent scale could not  be separated from accumulated sludge on the low 

G 

The t o t a l  thickness o f  

ing; Some of the "astel loy coupons exhib i ted 

temperature Tef 1 on and Hast 10Y coupons i n  the seeding experiment. 

I n  general the weight gains o f  the coupons pa ra l l e led  the increases i n  

thickness, and data f o r  the dupl icate mi ld-s tee l  coupons o f  a given run were 

ose agreement. 

ce o f  a coupon was usual ly  w i t h i n  0.5 m i l  a t  210°C and 1 m i l  a t  

The v a r i a t i o n  o f  the thickness o f  the scale over the 

a given b r ine  treatment, the di f ferences i n  scal ing ra tes  f o r  

s are s i g n i f i c a n t  and r e f l e c t  (a)  the d i f f e r i n g  surface 

scale and (b) differences 

f co lors  and textures of 

alyses o f  the scales w i l l  

t nature o f  these observations. 



c 

Scaling Rate 

M i  I d  
Channel 

Total  Rate Total  Rate Total  Rate Total  Rate Total  Rate Total  Rate 

A Natrosol 250L 0.5 0.005 0.5 0.005 - - 17 0.15 10 0.09 15 0.13 
B 0.05 24 0.21 11 0.10 12 0.11 
A 0.05 18 0.26 30 0.43 31 0.44 

L B  0.30 10 0.14 17 0.25 23 0.33 

- -- - - - - --- -- 

5 Drewsperse 747 69 8 0.10 11 0.16 10 0.14 9 0.13 5 0.07 7 0.10 
B 69 3 0.04 - - 4 0.06 8 0.10 22 0.31 21  0.30 

5 0.08 12 0.19 6 0.09 8 0.13 A 64 4 0.06 - - 
B Natco S-404 64 12 0.20 12 0.20 5 0.08 19 0.30 7 0.11 8 0.13 
A SW Chem SC-210 66 10 0.15 - - 7 0.11 15 0.22 3 0.05 5 0.08 
ii Cortron R-16 66 8 0.12 4 0.06 4 0.06 55 0.83a 24 0.36a 25 0.38 
A None-Control A 65 5 0.08 1 0.02 2 0.03 25 0.38 4 0.06 6 0.09 
B S 1 udge 23 1 0.04 4 0.17 5 0.20 29 1.3 - - - - 

a Plant  upset caused higher rates;  

see t e x t  



Firm conclusions must await these chemical analyses and measurements o f  

the scale on the p ipe spools; nevertheless, several other facts have emerged 

from the data of Table 3. 

untreated br ine a t  125OC was considerably less than t h a t  expected from 

previous LLL Four-Stage Flash System and GLEF tests. For m i l d  steel, the 

scal ing r a t e  was a factor o f  3 t o  5 less than the 1 mil/hour r a t e  previously 

observed a t  lower temperatures. The lower scal ing r a t e  may be due p a r t l y  t o  

the -20% decrease i n  the s a l i n i t y  and s i l i c a  content o f  the b r ine  from the 

l eve l s  e x i s t i n g  during p r i o r  operations. Second, these data ind icate t h a t  

ne i ther  Natrosol, nor any o f  the p rop r ie ta ry  addi t ives had a very large 

effect on the scal ing ra tes  a t  210 or  125OC. Comparison o f  some o f  the 

I F i r s t  it i s  apparent t h a t  the scal ing r a t e  o f  

s 

ra tes w i t h  those f o r  untreated b r ine  could lead one t o  bel ieve t h a t  

the addi t ives under c e r t a i n  condit ions d i d  g rea t l y  reduce the 

scal ing rates. 

our discovery t h a t  the inherent scal ing r a t e  o f  the br ines i n  the two 

channels o f  our system were not ident ica l ,  and may not have been per fect ly  

constant during the course o f  the whole t e s t  series. 

i n  tes ts  with the perforated screens. 

However, the data o f  Table 3 must be considered i n  l i g h t  o f  

This was most evident 

reens, the standard t e s t  was 

erature screen fo r  

erence i n  channels became 

d t h i s  was confirmed during 
.I 

1 

t h i s  p a r t i c u l a r  meas technique, was much less i n  

s difference i s  not known, 

-I- /-  i 

! I 



and a lengthy discussion i s  beyond the scope o f  t h i s  report;  however, it was 

observed t h a t  the p a r t i c u l a t e  l eve l  was general ly higher i n  Channel B, 

especia l ly  leading t o  more rap id  plugging o f  i t s  h igh temperature screen. 

This di f ference i n  system channels means t h a t  data f o r  a p a r t i c u l a r  addi t ive 
* 

r should probably be compared t o  t h a t  f o r  untreated b r ine  obtained i n  the same 

channel, but  t h i s  s t i l l  assumes constant day-to-day br ine conditions. For 

example, r e s t r i c t i n g  our a t tent ion t o  the scal ing ra tes  a t  125OC on the 

m i l d  steel  coupons, and comparing data f o r  i nd i v idua l  channels, we would 

conclude t h a t  addi t ives deserving fu r the r  a t tent ion (greater than a fac to r  

o f  two reduction i n  sca l ing ra te )  are Natrosol, Drewsperse 747, and Betz 

419. However, these recommendations are ten ta t i ve  u n t i l  a l l  o f  the t e s t  

r e s u l t s  have been compiled. 



t 

8 

The r e s u l t  f o r  the sludge seeding experiment was inconclusive and w i l l  

be discussed below, 

discussion. This addi t ive was d i f f e r e n t  from the others because i t  i s  a 

f i l m i n g  amine, designed t o  coat metal surfaces, preventing t h e i r  corrosion 

The r e s u l t  f o r  the Cortron R-16 deserves fu r the r  

and the adherence o f  scale, ra ther  than i n h i b i t i n g  the growth o f  scale per 

se. 

malfunction t h a t  caused the second-stage f l a s h  vessel t o  operate a t  a higher 

l i q u i d  level .  This caused a longer b r i ne  residence time i n  t h i s  channel a t  

125'C, and t h i s  probably accounts f o r  the much greater accumulation o f  

scale on the 1 2 5 O C  coupons. 

During the t e s t  run w i t h  t h i s  addit ive, there was a per iod o f  

The Cortron R-16 was not e f f e c t i v e  i n  

i n h i b i t i n g  t h i s  scale or the scale formed a t  210°C, and it also d i d  not  

reduce the corrosion rates (see below); however, the low temperature scale 

t h a t  formed on the i n e r t  coupons and P e t r o l i t e  assembly was q u i t e  powdery 

and e a s i l y  removed, thus it may s t i l l  have some promise as an addit ive. 

Results o f  Incubation Tests. One o f  the routes t o  f i n d i n g  an agent t h a t  

w i l l  i n h i b i t  the formation o f  s i l i c a - r i c h  scales i s  f i nd ing  a chemical t h a t  

w i l l  r e t a r d  the r a t e  o f  polymerization o f  s i l i c a  i n  b r i ne  t h a t  i s  

supersaturated i n  s i l i c a .  

measurement o f  t 

a method f o r  sc r  

Incubation of supersaturated br ine a t  90°C and 

n has been developed 4,5 as 

es. The premise i s  t h a t  a substance 

o f  s i l i c a  i n  so lut ion also w i l l  
r. 

fact  t h a t  a substance i s  ef fect ive 

I 
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a t  90°C does not necessar i ly  mean t h a t  it w i l l  be e f f e c t i v e  a t  higher 

temperatures. Indeed, the types of compounds t h a t  operate as c o l l o i d  

s t a b i l i z e r s  i n  s i t ua t i ons  such as t h i s  probably w i l l  be less e f f e c t i v e  as 

the temperature i s  raised, p r i m a r i l y  because most o f  them are polymers t h a t  

have inverse temperature coeff ic ients o f  s o l u b i l i t y .  By the same token it 

i s  u n l i k e l y  t h a t  there i s  an addi t ive t h a t  would be potent as an i n h i b i t o r  

a t  h igh temperature, bu t  which would not be revealed as e f f e c t i v e  a t  lower 

temperatures where the r a t e  o f  s i l i c a  p r e c i p i t a t i o n  i s  greater. 

t h a t  the 90°C incubation t e s t  i s  v a l i d  insofar as the r e s u l t s  are re la ted 

t o  the scal ing rates a t  t h a t  temperature, and t h a t  the diminished e f f e c t  o f  

i n h i b i t i o n  a t  higher temperatures w i l l  not be greater than the decrease i n  

scal ing rates. 

* 

- 

Our hope i s  

The incubation t e s t  consists o f  c o l l e c t i n g  br ine from the 125OC sample 

ports, holding the br ine a t  9 OC out of contact w i t h  a i r ,  and then 

measuring the concentrat i  ons 

p a r t i c l e  s ize)  remaining i n  so lut ion a t  timed i n t e r v a l s  a f t e r  sampling. 

times up t o  - 4  hr, 

gaskets; for longer 

For 

- p u r i t y  nitrogen. I n  

b l e  4 sumnariz ion tes ts  performed on the 

es. These data show t h a t  

i 1 i ca p rec ip i t a t i on .  

. 
* 

ted by addi t ion i n  the p l a n t  a t  

21OoC, only Natrosol and the Ethomeens ( i n  the Ju ly  t e s t  ser ies) have 

shown a c t i v i t y  toward s i l i c a .  
I 
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Chemical Analyses o f  Scales. One o f  the keys t o  understanding the 

ef fects ,  i f  any, o f  the addi t ives on the reactions t h a t  form scale are the 

chemical analyses o f  these deposits. Table 5 l i s t s  the analyses obtained 

f o r  f ou r  o f  the low-temperature scales deposited on the Tef lon coupons. The 

f u l l  s ign i f icance o f  these data i s  not ye t  known but  it i s  i n te res t i ng  t h a t  

(a) Natrosol s i g n i f i c a n t l y  decreases the concentration o f  s i l i c a ,  and 

increases the concentrations o f  i r o n  and manganese i n  the scale, and (b) the 

scale obtained i n  the presence o f  the Geomate 256 was pure white and 

contained v i r t u a l l y  none o f  the metal su l f i des  common t o  the other scales. 

Analyses o f  the scales formed i n  the presence o f  the other addi t ives are i n  

e 

0 

progress. 



Chemical Composition of Scales Deposited at 125OC 
on Teflon Coupons 

Concentration 
wt% 

Control Na trosol Geoma te Cal gon 
250LR 256 CL-165 B 

Si02 83 60 88 83 
S 0.3 0.3 0.0 0.2 

c1 0.08 0.4 1.1 0.4 
K 0.8 0.8 0.3 0.4 
Ca 0.45 0.56 0.80 0.56 
Cr 20.05 20.05 2 0.05 20.05 
Mn 0.20 1.2 0.16 0.17 
Fe 1.1 5.5 0.56 1.2 
cu 0.59 0.57 0.04 0.25 
Zn 0.13 0.21 0.08 0.14 
Ga 0.01 eo.01 0.01 0.01 
AS 0.03 0.1 - 0.02 
Br 
R b  0.01 0.01 0.005 0.006 
Sr 0 . 006 0.008 0.012 0 . 008 
Ag 0.03 0.07 2 0.02 0.05 

0.08 0.05 0.01 
0.33 0.02 0.16 

- - 0.003 - 

Y 20.01 20.01 - - 

Sb 20.03 0.03 2 0.2 20.1 

- - - 

4 
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Electrochemical Corrosion Measurements. Table 6 sumnarizes the data on 

the corrosion rates of the br ihes measured by means o f  the l i n e a r  

'L po la r i za t i on  resistance technique. The values l i s t e d  are thk leve ls  

obtained a f t e r  about 12-hr of specimen exposure and i n  a l l  cases these 

values held near ly  steady for the durations of the exposures. 

s t r i k i n g  t h a t  the corrosion ra tes  a t  125OC f o r  the untreated brines, and 

several o f  the t reated brines, were higher than the ra tes  a t  21OoC. This 

must r e f l e c t  the r e l a t i v e  degrees of protect ion afforded by the corrosion 

f i l m s  and scales formed a t  these temperatures. The higher corrosion r a t e  a t  

125OC i n  the b r ine  w i th  the Southwest Chemical SC-210, coupled w i th  i t s  

low scal ing r a t e  a t  t h i s  temperature (see Table 3) suggests t h a t  it may have 

b 

It i s  

i t e d  some sca i n h i b i t i o n .  The higher corrosion r a t e  i n  the presence 

o f  the Cortron R-16 may be a r e s u l t  o f  the greater po ros i t y  o f  i t s  scale. 

It should be rea l i zed  t h a t  complete scale i n h i b i t i o n  may 

higher corrosion rates than are usual ly  observed f o r  sca 

r e s u l t  i n  much 

i n g  brines. 



Table 6. Steady-State Corrosion Rates o f  Mild Steel AIS1 (1018) 
in Add i t ive-Treated Brine Measured by 

Linear Pol ar izat i on Resi stance Technique 
* 

Corrosion Rate, mpy ... 

Additive 210°C 125°C Remarks - 
None-Control B 7 15 
Natrosol 250LK 6 
Geomate 256 3 

Debris on electrodes - prevented low temp reading 
15 



Seeding Experiment. Another approach t o  scale con t ro l  t h a t  has been 

attempted by other invest igators  (see, for' example, Reference 7)  i s  t o  add 

t o  the f l u i d  a f i n e l y  div ided s o l i d  upon which the scale-forming compound 

t s  i n  preference t o  the p l a n t  surfaces. The r a t i o n a l e  i s  s im i la r  t o  

d i t i o n  o f  seed c r y s t a l s  t o  promote p r e c i p i t a t i o n  i n  c r y s t a l l i z a t i o n  

processes. Although the scale w i t h  which we are dealing i s  predominantly 

amorphous s i l i c a ,  by prov id ing a large r a t i o  o f  seed-to-plant-surface area, 

reduct ion of the degree of supersaturation and hence the scal ing tendency o f  

the b r ine  should be at ta inable.  Also, t o  be a v iab le  technique, the seed 

substance must remain f l u id i zed  and pass through the p l a n t  equipment with 

minimal holdup. 

* 

For Salton Sea geothermal br ines the i dea l  seed mater ia l  would be 

c o l l o i d a l  s i l i c a .  Closely approaching such mater ia l  i s  the wet sludge 

obtained from the sedimentation o f  the e f f l u e n t  b r i ne  from the GLEF p r i o r  t o  

i n jec t i on .  This sludge i s  o f  mud-like consistency and i s  a f i ne l y -d i v ided  

c i p i t a t e  compos 

compounds and meta 

geothermal scale. Using ludge as a seed ma appeared promising 

p r i m a r i l y  of s i l i c a ,  w i t h  lesser amounts o f  i r o n  

u l f ides,  i.e., a l l  o f  the usual ingredients o f  

ocess f o r  t h i s  b r i ne  

n so l i ds  contact as a 

- 
L 
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A short  experiment o f  seeding f o r  scale cont ro l  was conducted dur ing the 

ser ies as a prelude t o  a longer-duration, more extensive 

test .  

weight so l ids  was metered i n t o  the 21OoC br ine  i n  the same manner as the 

chemical addit ives. This  sludge contained, i n  addi t ion t o  the compounds 

mentioned above, small amounts of BaS04 and CaS04; these were present 

because o f  the add i t ion  o f  Salton Sea water i n  the p i l o t  c l a r i f i e r  t e s t s  

conducted by the Imper ia l  Magma Company. 

wi thout add i t i ve  f low t o  es tab l i sh  b r ine  s i l i c a  levels, the sludge feed r a t e  

was cont ro l led  f o r  one hour 

I n  t h i s  experiment a suspension o f  wet sludge containing 20% by I 

Af te r  an i n i t i a l  shor t  per iod 

0.30 gpm and then f o r  22 h a t  0.15 gpm. A t  

.15 gpm, assuming 10 lun spher ical  seed p a r t i c l e s  and a 1-in. i.d. p ipe 

diameter, a 1 O : l  par t i c le - to -p ipe  surface area r a t i o  i s  obtained, 

Since the  usual chemical feed pumps cannot be used f o r  s lu r r ies ,  a Moyno 

progressive-cavi ty type pump was used f o r  pumping .the sludge, and f o r  t h i s  

es t  no d i f f i c u l t  s were experienced. Sludge f low r a t e  was measured 

manually by a volume d i  lacement technique. 

the measurement was found t h a t  screens could no t  

by the accumulation of the 

r i n e  sample p o r t  plugged i n  less 

umulation o f  sludge on the t e s t  

and attachment points, making i 

o f  Table 3 represent our 

n the coupons. 

s so heav i l y  covered w i th  sludge t h a t  no 

osion on the Tef lon or  

"8" cont ro l  channel, i t  



appears t h a t  sludge addi t ion does not reduce scaling; however, examination 

o f  the t e s t  spools and a longer-duration t e s t  must be completed before a 

f i n a l  judgement can be made. I 

A superior measurement method for detect ing the e f f e c t  o f  seeding may 
* 

l i e  i n  our measurements of the leve ls  of s i l i c a  i n  the b r ine  during the 

experiment. These data, shown i n  Table 7, were obtained, w i th  one 

exception, as follows. The t e s t  b r i ne  ( q u i t e  dark colored i n  appearance) 

was flowed dropwise onto a f i l t e r  c ruc ib le  connected t o  a vacuum f l a s k  i n  

such a manner t h a t  a minimum time of contact w i t h  the sludge f i l t e r  cake was 

obtained. 

a c i d i f y  the f i l t r a t e  and prevent f u r t h e r  p r e c i p i t a t i o n  o f  the s i l i c a .  

s i l i c a  i n  the f i l t r a t e  was determined by atomic absorption spectro- 

photometry. 

reduced the l e v e l  o f  dissolved ( p a r t i c l e  s i z e < l  pm) s i l i c a  from 453 t o  431 

and 416 mg/kg a t  21OoC, which i s  probably not a s i g n i f i c a n t  change, but  

Hydrochloric ac id  was placed i n  the f i l t e r  f l a s k  t o  immediately 

The 

Using t h i s  technique i t  was found t h a t  (see Table 7 )  seeding 

from 516 t o  306 mg/kg a t  125OC, which i s  a substant ia l  reduction i n  the 

degree of supers a tu ra t  i on. 

This measurement technique, however, may not  be completely val id.  

Because of the extremely r a p i d  react ion o f  dissolved s i l i c a  w i t h  the seed 

s i l i c a  a t  low temperatures, i s  possible t h a t  some of the decrease i n  the 

ed as the b r i n e  wa being f i l t e red .  Thus an 

r i e d  i n  which the br ine a t  125OC was captured - 
i n  acid and t tered. This y ie lded the value o f  396 mg/kg, 

4 ower than the s t a r t i n g  value of 



Table 7. Measurements o f  Concentration o f  l'Dissolvedll S i l i c a  
i n  Brine during the Seeding experiment. 
Concentrations of SiOp i n  mg/kg * 

21 ooc 

Before Af ter  Sludge Addition 
Sludge Addition 0.3 gprn 0.15 gpm 

453 431 416 

125°C 

Before 
Sludge Addition 

Af ter  Sludge Addition 

0.3 gpm 0.15 gpm 0.15 gprn Z a  



. 
From these l i m i t e d  data it appears t h a t  (a) the reduct ion i n  dissolved 

s i l i c a  a t  low temperature ( 1 2 5 O C )  i s  s u f f i c i e n t  t o  warrant f u r t h e r  tests, 

(b) a s t i l l  lower concentrat ion of sludge than used here might be j u s t  as 

ef fect ive,  (c) some d i f f e r e n t  t e s t  surface conf igurat ions may have t o  be 

devised t o  measure scal ing ra tes  i n  the presence of sludge, and (d) on the 

basis o f  the corrosion data i n  Table 6, seeding does not increase the 

general corrosion rates. 

* 

I n  t h i s  r e l a t i v e l y  short durat ion experiment, several inches o f  sludge 

accumulated i n  the bottom of the second stage separator, i nd i ca t i ng  t h a t  

process equipment may requi re special design features t o  accomnodate sludge 

i n j e c t i o n  as a means of scale control.  
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