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SILICA CONTROL AND MATERIALS TESTS AT 
THE SALTON SEA GEOTHERMAL FIELD 

R. Quong, J. E. Harrar, R. 0. McCright, F. E. Locke, 
L. E. Lorensen, and 6. E. Tard i f f  

University of California, Lawrence Livermore Laboratory 
Livennore, Cal i fornia 94550, (415)422-3967 

INTRODUCTION Test Apparatus 

The system f o r  test ina the scale control 
additlves i s  shown schematically i n  Figure 1. 
I n  th i s  apparatus, two-phase f l u i d  from the 
geothermal well  i s  f i r s t  passed through a 
wellhead centr i fugal separator. The steam i s  

' .  discarded and single-phase br ine i s  obtained 
a t  nearly well head temperature and pressure. 

' The brine i s  then divided in to  two Paral le l  

The Lawrence Livermore Laboratory maintains 
and operates a tes t  f a c i l i t y  near Niland, 
California, i n  the Imperial Valley for f4e ld  
studies on SSGF br ine chemistry, scale and . 
sol ids control, materials, and injection. 
This paper i s  an overview o f  recent work i n  
s i l i c a  control and materials testing. 

SILICA CONTROL_ 

Recently a number o f  c m e r c i a l  organic and 
inorganic chemicals have been tested as inh ib i -  
tors of s i l i c a  p rec ip i t  t i o n  and scaling. The 

revealed that many canpounds containing the 
ethylene oxide moiety, -CHz-CH 0-, were 
ef fect ive i n  s tab i l i z ing  col lo%al s i l i c a  i n  
geothermal brine. These i n i t i a l  measurements 
also gave an indication o f  the classes o f  com- 
pounds that were p m i s i n g  f o r  fur ther test ing 
i n  a test  apparatus designed especially f o r  
br ine treatment studies at  the Niland tes t  
si te. 

The types of additives and the tests conducted 
are c lass i f ied  i n t o  two groups, supported by 
separate programs i n  the Div is ion o f  Geother- 
m a l  Energy, DOE. 

(1) Proprietary chemicals 
which i n  many cases i 
evaluation o f  these products was sponsored 
by the Indus t r ia l  Support Program and, as 
such, the test  objectives and schedule 
were closely Integrated wlth the 1978-79 
tes t  plan for the SDGLEDOE Geothermal 
Loop Expertmental Fac i l i t y .  

selected on the basis o f  t he i r  organic 
functional groups and possible a c t i v i t  
toward si l ica.  This work was sponsore 

Oevelopment Program o f  

1s a revied o f  the high 
l i gh ts  o f  the resul ts o f  tests o f  propr iet  
and generic chemical additives. A b r i e f  s 
mary o f  an experiment on the use o f  sludge 
seeding for scale control i s  also presented. 
More detai led descr p ions o f  these re 
are also available.4-8 

f i r s t  bench-scale tests P conducted o f f - l ine  

(2) Generic chemical compounds - these were 

channels for the test ing o f  the scale control 
additives. The brine i n  each channel i s  
flashed from -2OOOC temperature t o  1250C 
i n  f lash vessels and then passed to  an atmo- 
spheric receiver. A t h i r d  "delay stage" pro- 
vides br ine a t  atmospheric pressure, 90- 
lOOOC, and aged -10 minutes with respect t o  
i t s  input. 

Brine f l o w  i s  mafntained i n  each channel a t  
7.0 gpn (-1 lb/sec). Flow i s  monitored with 
an o r i f i c e  meter wi th a plate that  i s  cleaned 
periodical ly. Additive solut ion (a t  about 
0.5-1.0% strength) i s  metered i n t o  the br ine 
approximately eight feet  upstream o f  the f i r s t  
tes t  speclmen using high pressure pumps 
equipped with pulsation dampeners. The flow 
i s  monitored and maintained i n  the range o f  
0.02 t o  0.04 gpm by means o f  turbine f l o w  
meters. The accuracy o f  maintaining a desired 
concentration o f  addit ive was determined by 
means o f  a cesium-ion tracer study and found 
to  be 210%. 

Experimental Procedure 

The scallng tendency o f  the br ine Is measured 
a t  various points i n  the system by the use o f  
specimen pipe spools, f l a t  coupons, (mild 
steel, Teflon, and Hastelloy), small diameter 
tublng, and perforated disks. Corrosion rates 
o f  materials exposed to  the br ine are estimated 
using Petrol i t e  Instruments three-electrode 
electrochemical equi v e n t  . 
To measure the e f fec t  o f  the additives on the 
rate o f  precipi tat ion o f  s i l ica,  brine samples 
are col lected for study from the 1250 
sampling ports. As collected, the brine 
flashes t o  1050C. I t i s  then placed i n  
air-t ight, Viton-gasketed, 13O-ml. screw-cap 
glass bott les and incubated a t  90%. A t  
appropriate intervals a f te r  sampling, the 
bott les are opened and the contents f i l t e r e d  
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If: SCALE-CONTROL TEST SYSTEM 

a 

. 

Steam exhaust 

through fine-porosity glass crucibles. The 
s i l i c a  remaining i n  the f i l t r a t e  i s  measured 
by atomic absorption spectrophotometry using 
the method 9 f  standard additions. The col- 
lected sol ids are dried i n  a i r  a t  105% and 
weighed as a measure o f  suspended sol ids con- 
centration o f  the brine. Measurement o f  the 
s i l i c a  i n  t h i s  manner has been shown t o  y i e l d  
values for the t o t a l  concentration of s i l i c a  
(monomeric, polymeric, and par t icu la te c l  pm 
i n  size) not retained by the f i l t e r .  The 
i n i t i a l  concentration of s i l i c a  i n  the br ine 
sampled at  the ef f luent  port  was determined i n  
samples imnediately stabi l ized by ac id i f i -  
cation wi th hydrochloric acid. 

Austral-Erwin 011 additive, were somewhat 
di f ferent because they were deslgned t o  
prevent the adherence of the s i l i c a  scale, 
rather than i t s  nucleation. Cortron R-16 also 
i s  reported t o  function as a corrosion inhib- 
i tor .  These additives were evaluated using 
br ine from the Magmamax No.1 wel l  a t  the 
Salton Sea Geothermal Field. The average 
properties of t h i s  br ine when flashed t o  atmo- 
spheric pressure were the following: Chloride, 
4.1 M O W ;  t o t a l  dissolved s o l i  s, -22%; pH 

Si0 , 470 mg/kg. The durations o f  the 
sca?ing tests were fran 64 t o  113 h. 

Table 2 sumnarizes the resul ts  o f  the tests of  
the proprietary additives. Four o f  the addi- 
t ives obtained la te r  i n  the invest igat ion 
(Polysperse Plus, Geanate 259, XFS-43075, and 
Visco 3744) were evaluated only as precipi- 
ta t ion inhibi tors.  A t  ZOO%, the ra te  of 
accunulation of  scale (pr imar i ly  heavy-metal 
sulfides) fran the untreated br ine was o f  the 
order of .05 mils/h, thus it was d i f f i c u l t  t o  
obtain a quant i tat ive measure of  the scaling 
rate here. The effect o f  Thermosol APS i s  
less than the estimated experimental uncer- 
tainty. Although shown only as a 0% reduction 
factor i n  Table 2, several additives appeared 

6.0; density a t  25%, 1.16 g/an 9 ; and 

I 
Figure 1 

90 - 100 c 

Results o f  Proprietary Additive Tests2 

Table 1 l i s t s  the proprietary additives that 
were examined for use as antiscalants i n  
geothermal brine, together wi th some infor-  
mation supplied by the manufacturer regarding 
t h e i r  composition. These were obtained for 
test ing i n  response t o  an industry-wide 
sol ic i tat ion.  and v i r t u a l l y  represents the 
state of the a r t  (Fall, Winter, 1978) i n  
c m e r c i a l  mixtures f o r  scale control i n  
boi lers and other geothennal applications. 
Two of the mixtures, Cortron R-16, and the 
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Table 1. Proprietar Additlves Evaluated f o r  Use as Antlscalants 
i n  Hypersaylne Geothermal Brine. 

Compound CanPanY Chemical fyoe Concentration 
Tested, ppn 

Bet2 419 Bet2 Laboratorles Acryl ic Polymer + Phosphonate 20 
Polysperse Plus Betz Laboratories - 20 
Gemate 256 
Geomate 259 

Drewspene 747 
fhermosol APS 
S-404 
sc-210 

Cortron R-16 
Xf S-43075 
Vlsco 3744 
011 Additive 

CL-165 

Dearborn Chemical 
Dearbom Chemical 
Cal gon 
Drew Chemical 
Far Best 
C-E natco 
Southwest 
Spec1 a1 ty  Cheml ca l  s . 
Champion Chemicals 
Dow Chemlcal 
Ualco 
Austral-Erwin 

t o  increase the thlckness 
that formed f ran  the cont 
brine. The formation of such a 'pseudoscale* 
(see Reference 5 )  would, of course, not be 
acceptable i n  plant operatlon. I n  general, 
visual inspection indicated that none of the 
additives had a beneficial e f fec t  on the high 
temperature scale, but a more accurate assess- 
ment must await cxperlments employing much 
1 onger exposure times. 

4 t  125OC, the scal lng ra te  ranged from .l t o  
.4 mils/h. The scale formed a t  t h l s  temper- 
ature and below i s  predominantly s i l ica.  As 
can be seen i n  Table 2, some of the additives 
did c lear ly  i n h i b i t  the formation o f  scale on 
mi ld  steel a t  125%. SC-210 and the Drew- 
sperse 747, were probably the best, but neither 
was an unquali f ied success. As mentioned 
above scaling rates were measured on three 
materials: m i l d  steel ( A I S 1  Type 1009), Te f l  
(WE), and Hastelloy C-276. The l a t t e r  two 
surfaces do not corrode and, therefore, y i e l d  
scaling rates that  are probably more represent- 
at ive o f  the long-term behavior o f  the medium. 
None o f  the proprietary additives s ign i f i -  
cantly reduced the accumulation o f  scale on 
the Teflon and Hastelloy coupons. I n  contrast, 
the i n i t i a l  scallng rates on m i ld  steel resu l t  
from both scaling and corrosion processes. The 
shorter the exposure, the more important the 
corrosion process w i l l  be i n  re la t ion  t o  the 
deposition o f  the s i l i c a  scale. Among a l l  o f  
the additives. probably only SC-210 warrants 
further testing. It reduced scaling the most 
a t  125%. and i t s  electrochemical corroslon- 

Polymer + Phosphonate 

Polymer Mixture 
Polymer + Phosphonate 
P hosphonate 
Polymer 
Carboxylic Acid Polymer 

Filming Amlne 

Acryl ic Polymer + Surfactant 
Cottonseed, T a l l  011s + Other 
Additives 

- 

35 
40 
18 
15 
20 
18 
10 

120, 20 
40 
20 
40 

ra te  data (higher than t 
ind i rec t l y  indicated ant 

F ina l l y  as noted ,in Tab1 
addjtlves had a measurab 
o f  precipi tat ion o f  s i l i c a  fran the e f f luen t  
brine. This suggests tha t  if the additives 
are t o  have an effect on the scal ing rates, 
they would have t o  function by inf luencing the 
adherence of the scale rather than i t s  ra te  o f  
growth from the brine. 

Results of Sludge Seeding Tests2 

Another approach t o  scale control that  has 
been attempted by other investigators (see. 
f o r  example, Reference 61 i s  t o  add t o  the 
f l u i d  a f i n e l y  divlded so l i d  upon which the 
scale-forming compound deposits i n  prefer- 
ence t o  the plant surfaces. The rat ionale i s  
s imi lar  t o  the addit ion o f  seed crystals t o  
promote preclpi  t a t i  on i n  crystal  t i  zation 
processes. Although the scale wi th which we 
are dealing i s  predominantly amorphous s i l i ca ,  
by providing a large r a t l o  o f  seed-to-plant- 
surface area, reduction o f  the degree of super- 
saturation and hence the scal lng tendency o f  
the br ine should be attainable, Also, t o  be a 
viable technique, the seed substance must 
remain f lu id lzed  and pass through the plant 
equipment wi th minimal holdup. 

For Salton Sea geothermal brines the ideal 
seed material would be co l lo ida l  s i l i ca .  
Closely approaching such material i s  the wet 
sludge obtained from the sedimentation o f  the 
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Table 2. Performance o f  Proprietary Additives Evaluated as Antiscatants 
i n  Hypersaline Qeothermal Brine 

X Reduction i n  scale on m i ld  steel 
2moc 

Additive Pipe Spool Coupon 

Bet2 419 0 0 
Polysperse Plug - - 
Geanate 256 0 0 
Geanate 259 - - 
CL-165 0 0 
Dremperse 747 0 0 
Thennosol AFS 30 30 
5-404 0 0 
sc-210 0 0 
Cortron R-16 0 0 
XFS-43075 - - 
visco 3744 - - 
O i l  Additive 0 0 

ef f luent brine from the GLEF pr io r  t o  injec- 
tion. This sludge i s  of mud-like consistency 
and i s  a finely-divided precipi tate canposed 
pr imarf ly o f  s i l lca,  with lesser amounts o f  
i ron compounds and metal sulfides, i.e., a l l  
of the usual ingredients o f  geothermal scale. 
Using sludge as a seed material appeared 
pranising because ear l ie r  work7 on devel- 
opins an ef f luent process for t h i s  br ine 
demonstrated the effectiveness o f  pre-precip- 
i ta ted  sol ids contact as a means of rapidly 
pranoting the precipi tat ion o f  s i l i ca .  

A short-duration seedtng tes t  was conducted in  
which wet sludge containing 20% by weight 
sol ids was metered in to  the brine a t  200% 
i n  the same manner as the chemical additives. 
Sludge f l o w  rates o f  0.30 and 0.15 gpm were 
used. Because of the accumulation of the 
sludge i t s e l f  on a l l  o f  the tes t  specimens, it 
was impossible t o  measure d i rec t l y  the extent, 
i f  any, o f  scale reduction obtained. However, 
our measurements o f  the levels of 'dissolved' 
s i l i c a  i n  the br ine i n  the presence and the 
absence o f  the sludge showed a s i  i f i c a n t  
effect. A t  high temperature (2OOg) and a 
sludge f l a w  ra te  o f  0.15 gpm, the seeding 
process apparently reduced the level  o f  dis- 
solved s i l i c a  f ran  453 t o  416 mg/kg which may 
not be a s i  n i f i can t  change; but f ran 516 t o  
306 or 396 fdependina on the measurement 
techniquez) at  125%. which i s  a sub- 
s tan t ia l  reduction i n  the degree o f  super- 
saturatfon. From the l im i ted  data obtained, 
it does appear that  t h i s  method of scale 
control has promise and further tests should 
be conducted. 

Precipi tat ion 125OC 
Pipe Spool Coupon 90°C 

0 52 Negative - - 
0 32 

0 32 
30 50 
0 50 - 21 

80 42 

- - 

- - I 0 

0 

Results of Tests of Generic Organic 
CompoundsJ~* 

As discussed above, a para l le l  program o f  
test lng i s  being conducted i n  which spe- 
c i f i c  organic compounds are being evaluated 
systematically as potenti  a1 scale control 
agents. The pr incipal  l i n e  o f  t h i s  invest i -  
gation I s  f i r s t  t o  screen compounds as inh ib i -  
to rs  o f  the precipi tat ion of s i l i c a  a t  90%, 
and then, i f  they show promise, t o  tes t  them 
more thoroughly i n  a scal ing test. 

Thus far, over 60 substances representing 
several d i f ferent classes o f  organic compounds 
have been examined by in jec t ion  i n to  the brine 
a t  200% i n  the tes t  system and measurement 
o f  the k inet ics o f  s i l i c a  precipi tat ion i n  the 
brine held a t  90%. The classes o f  canpounds 
found t o  be most effect ive as precipi tat ion 
inh ib i to rs  are l i s t e d  n Table 3. As was 
speculated previously,1 the oxyethylene 
moiety c lear ly  appears t o  be the source o f  
ac t i v i t y  i n  many of the substances that inter-  
act with co l lo ida l  s i l ica,  posslbly because o f  
hydrogen bonding 0 the s i lanol  groups o f  the 
s i l i c a  particles.H However, two nitrogen- 
based compounds, the polyethylene imines and 
polyethyloxazalines, also show act iv i ty.  
Polyethylene imine i s  (-CH2CH NH-),, 
very s imi lar  i n  structure t o  the polyoxy- 
ethylenes. 

Only l im i ted  data have been otained thus f a r  
on the effects of the generic compounds on 
brine scaling rates. I n  a 100-h tes t  o f  
Natrosol 250LR,2 it was found that a t  
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Table 3. Classes and Examples o f  Organic Compounds tha t  I n h i b l t  
the Precipl tat ion o f  S l l l c a  fran Hypersaline Geothermal Brine. 

( In jec t ion  a t  200%; Observation a t  90°C) 

C1 ass Trade Name C hem1 ca l  Manufacturers - Name Name - 
Hercules Hydroxyethylcet luloses Natrosol 250LR Hvdroxyethylcellulose 

Ethoxylated Amines Ethaneen C/25 Polyoxyqthylene( 15) cocoamlne Annak 

Ethoxylated Quaternary Ethoquad 18/25 Methylpolyoxyethylene( 15) Arm& 
h o n i m  Compounds Octadecyl amnonlum Chloride 

Pol yoxyethyl enes Carbowax 14,000 Polyoxyethylene, M.W. = 14,000 Unlon Carbide 

Pol yoxyethyl ene- Pluronic F38 Pol yoxyethyl ene- BAS-Wyandott 
Pol yoxypropylene Polyoxypropyl ene 
Copolymers Copolymer, M.W. = 5,OOO 

Polyethylene Imlne Corcat P-200 Polyethylene Imine, Cordova M.W. 20,000 

XD-8779.00 Polyethyloxaral h e ,  Oow Chemical Pol yethy loxaral I ne 
M.W. = 60,000 

125% it reduced the scale on the ml ld  steel 
coupons by 40%. but not a t  a l l  on the pipe 
spools and Ine r t  coupons -- simi lar  In  perfor- 
mance t o  the best proprietary additlves. A 
short duration scaling tes t  of Carbowax 14,000 
revealed that It s ign i f i can t ly  reduced the 
soft, dendr i t ic  s i l i c a  scale tha t  i s  formed a t  
90%, but Increased the quanti ty cale a t  
125%. A t  the higher temperature3st many 
of these substances have l im i ted  so lub i l i t y  
and, hence, a c t i v i t y  toward scale Inhibit ion. 
We have obtained compounds with s iml lar  
structure ident i f ied  t o  be active toward 
s l l i c a  and that are more soluble a t  the'hlgher 
temperatures for fur ther scallng tests fn the 
near future. Attempts w i l l  be made t o  
optlmize t h e l r  performance a t  the hfgher 
temperatures. 

Magnamax 41 production llne. The capabil i -  
t i e s  of t h i s  new tes t  f a c i l i t y  and the scope 
Of the f i r s t  scheduled tes t  are also presented. 
I n  addition, a second s t r i ng  o f  wel l  casing 
materials h i n  PreParatfon. 

We11 casinq Materials 

Our concern i J  directed toward f ind lng  a 
cost-effect lve material which w i l l  survive for 
20-30 years as a well  casing i n  hyper a ne 
geothermal fields. Our previous work 
wi th ac id i f ied  geothermal brines In connectlon 
with sutface PlPiW materials suggested that 
l o w  t o  intermediate a l loy  steels containing 
chromium and molybdenum have s ign l f  i can t ly  
lower corrosion rates than carbon steel. 
O m e l l  environmental condltions resemble the 
ac id i f ied  br ibe conditions because o f  the hlgh 
dissolved C02 content downwell. 

The LLL materials tes t  program Includes both The f i r s t  downwell corrosion re ts  were 
downwell and surface exposure o f  potential conducted I n  sumner 1978 when we placed a 
well  caslng and plant component materials f o r  f i x tu re  of Corrosion coupons a t  a depth of 
SSGF brines. Oownwell tests have consisted of 1800 feet i n  Magmamax I well. The temper- 
exposure of coupons and a 1.66" d lmeter  tes t  ature a t  t h i s  depth was 260OC. Specimens 
s t r i ng  I n  wells supplying br ine t o  the QEF. were exposed f o r  3 months. The resul ts 
The purpose i s  t o  detennlne~the API grade o f  indicated tha t  carbon steels ( A I S 1  1018 and 
steel best sulted for well  casing appllcatlon ASTM A106B) corrode a t  rates o f  20-400 mils/ 
and t o  evaluate the canpositlon dependent vari- Year (calculated f r m ' t h e  weight loss), and 
atlons w i th in  API specif lcat lons that I n f l u -  that  the corrosion ra te  i s  dependent on the 
ence corrosion rates. Thls work i s  funded by steel mlcrostructure. The carbon steel 
the Indus t r la l  Support Program o f  OGE. Results specimens suffered very severe local lzed 
o f  these exposures are presented below. corroslon. The pr incipal  corrosion product 

was Fe 04. By comparison, two canner- 
Work funded by the Technology Oevelopment c l a l  a l loy  steels, ASTM A387 Grade 5 (5-1/2 
Program of LEE include a new tes t  apparatus, Cr-21 Ho) and Grade 9 (9 C r - 1  no) Showed 
consistlng of removable 12" diameter spools corrosion rates o f  4-5 mils/year. These 
tha t  are ins ta l led  i n  a bypass loop o f f  the al loys were s l i g h t l y  pitted. Included I n  the 
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tes t  were high-performance a l loy  materials. 
O f  these, type 430 stainless steel exhibi ted 
moderate t o  heavy corrosion attack (corrosion 
rates greater than 20 mils/year), while 26 
C r - 1  Mo showed only l igh t  p i t t i n g  (corrosion 
rate about 1 mil/year). Alloys 29 Cr-4 Mo, 
Inconel 600, Hastelloy 6, Hastelloy C-276. MP 
35N and cannercial pu r i t y  T i  showed no 
discernible corroslon attack and negl ig ib le 
wei ght 1 oss . 
The specimens were cyl indr ical .  1/4-inch 
diameter and approximately l-1/2-inch long. 
They were insulated with Teflon fmn one 
another and the support f ixture. The assembly 
of coupons rested inside a perforated Teflon 
sleeve. While the perforated Sleeve permitted 
exposure t o  the geothermal brine, re la t i ve l y  
stagnant conditions existed around the cor- 
roston specimens. Thus, the corrosion rates 
are re la t i ve  and serve as a basis of compar- 
ison fmn one a l l oy  t o  another. Higher rates 
would be expected under f lowing conditions. 
The exposed specimens were encrusted with 
PbS-rich scale. 

The corrosion tes t  f i x t u r e  was maintained a t  
the 1800 ft. level by an API 5-55 carbon 
steel, 1-1/4-lnch well  casing string. The 
s t r i ng  was comprised of 30-ft. sections of 
t h i s  material wi th upset ends. Several 
sections of t h i s  s t r ing  suffered severe 
corrosion. The most attacked sections were 
fnm the lower depths. Also. the attack was 
most severe near the upset ends. The attack 
caused perforat ion of the casing s t r i ng  
(0.140-inch wall)  i n  many places. Metallo- 
graphic analysis performed a f te r  exposure 
indicated that the corrosion was most severe 
in locations where there was an abrupt change 
i n  miscrostructure. The change i n  micro- 
structure occurred near the upset ends, 
because the tube i s  reheated during the upset- 
t i ng  operation and i s  usually not subsequently 
heat treated t o  restore the or ig ina l  normal- 
ized structure. Pipe sections which were 
microstructural ly more uniform from location 
to  location suffered much less corrosion. 

This resu l t  suggests that  galvanic ef fects 
occur between d i f fe ren t  locations on a pipe. 
High conductivi ty of the brine favors th i s  
kind of corrosion. We are pursuing an 
investigation o f  microstructural effects on 
corrosion rate by performing d i f fe ren t  heat 
treatments on A P I  steels. 

Recently, we exposed a 1700 ft. s t r i ng  f o r  3 
months i n  Woolsey I well. The s t r i ng  was 
comprised of three d i f fe ren t  API steels: J-55, 
N-80, and C-75. Again, most of the corrosion 
was confined t o  the bottan 200 ft. of string. 
O f  the three steels, 5-55 was the most 
attacked and the attack occurred mostly near 
the upset ends. The N-80 and C-75 appeared 
re la t i ve l y  unattacked. Our analysis o f  the 

s t r i ng  i s  not complete a t  t h i s  time. but the 
improved performance o f  the N-80 and C-75 may 
be due t o  post heat treatment after the upset 
operatlon. N-80 i s  normalized and C-75 i s  
quenched and tempered. 

We are preparing t o  expose.an additional 1800 
ft. s t r i ng  i n  Magnanax I well f o r  a B-month 
period. The s t r i ng  w i l l  be cap r i sed  o f  API, 
ASTM, and A I S 1  carbon and a l loy  steels. I n  
addition, we w i l l  heat t rea t  ‘pupsm (3-ft. 
lengths) o f  API J-55 and N-80 steels t o  obtain 
d i f fe ren t  microstructures. t he  ASTM steels 
include steels wi th 1/2 Mo, 1 Cr-1/2 Mo, 2-1/4 
C r - 1  Mo, 5-112 Cr-1/2 Mo, 7 Cr-1/2 Mo, and 9 
C r - 1  Mo compositions. 

P l a n t  Materials 

Our work t o  date indicates that iron-base 
materials undergo both general and local ized 
corrosion i n  contact with geothermal brines 
and stems. While al loying addltlons ( C r  and 
Mol improve the general corroston resistance 
of the steel, the e f fec t  on local ized corro- 
ston i s  not as clear. L I t t l e  information i s  
available i n  the open l i t e r a t u r e  concerning 
the performance o f  a l l oy  steels i n  anaerobic, 
moderately acid (due t o  C02) conditions. 
Results f ran  our work with CH1 ac id i f ied  
brines indicates formation o f  wide shallow 
p i t s  on C r  - Mo a l loy  st te ls.  The key ques- 
t i o n  i s  how these p i t s  grow with time - do 
they grow l a t e r a l l y  and coalesce resu l t ing  i n  
a more or less generalized wastage or do they 
grow i n t o  the pipe wall  resu l t ing  i n  perfo- 
ration. Do the p i t s  become inact ive wi th 
exposure tlme? P i t t i n g  corrosion observations 
are generally made only a few times during the 
course of, or only a t  the end of, short dura- 
t i o n  tests. Longer time estimates are gener- 
a l l y  based on l i near  extrapolation, which 
could lead t o  erroneously low estimates, and 
thereby eliminate useful materials. 

We are i n  the process of measuring the local- 
ized corrosion ra te  of 3 carbon steels and 5 
a l loy  steels. Corrosion coupons w i l l  a i l  be 
i n i t i a l l y  exposed t o  wellhead (approx. 
225%), two-phase br ine in a 12-inch by-pass 
loop off the Magnamax t l  production l ine. The 
tes t  loop can be isolated with WKM valves t o  
permit removal o f  the coupons which are mounted 
i n  5-3’ long spools. I n  operation the speci- 
mens w i l l  be exposed t o  f u l l  1-well f low.  
Ouring shutdowns, the bypass w i l l  be drained 
and bathed with nitrogen t o  minimize a i r  in- 
leakage. Specimens w i l l  be withdrawn 
per iodical ly f o r  weight loss and p i t  depth 
determlnations. These withdrawals w i l l  occur 
over a 6 month accumulated exposure period. 

This f a c i l i t y  w i l l  give US the capabi l i ty  t o  
evaluate time dependent factors and the e f fec t  
o f  other metal lurgical variables on local ized 
corrosion i n  Niland brines. 
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