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THE LLL GEOTHERMAL INDUSTRIAL SUPPORT 
PROGRAM IN CHEMISTRY AND MATERIALS 

FOR FY76T AND FY77 

INTRODUCTION 

P 

- 

f 

In response to  ERDA/DGEX, LLL has in i t ia ted  an Industrial Support  

Program (ISP) t o  provide technical assistance t o  joint ERDA/industry 

projects. The basic purpose is  to: 

Carry out re1 evant research investigations i n  potenti a1 problem 

areas i n  order t o  broaden opportunities fo r  solutions, and to  

provide a1 ternate approaches where needed. 

Provide ad hoc technical assistance t o  help solve critical problems 

t h a t  may arise during the operations of j o i n t  ERDA/industry projects. 

Much of the ongoing work a t  LLL t o  develop the Total Flow concept will 

find application, and the I S P  will provide a mechanism for effect ive,  timely 

use of the diverse talents a t  LLL and t ransfer  of i t s  geothermal expertise. 

T h i s  support program was established by ERDA/DGE i n  January, 1976, and currently 

is directed only toward the jo in t ly  funded project carried out by San Diego 

Gas and Electric (SDG&E) t o  construct and operate the Geothermal Loop Experimental 

Faci l i ty  (GLEF)  a t  Niland, California. 

eventually include assistance t o  other j o i n t  projects as they are developed. 

I t  is expected t h a t  the I S P  will 

Based on our experience i n  working w i t h  SDG&E on the GLEF since January, 

1976, we have outlined a program plan i n  Chemistry and Materials for FY76T and 

FY77. This plan encompasses technical support i n  existing problem areas as 

well as suspected problem areas which have been identified dur ing  the in i t ia l  

* 

s 

u operating phase of the GLEF. 
.L - U.S. Energy Research and Development Administration, Division o f  Geothermal Energy 
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It should be recognized tha t  the s i z e  o f  the I S P  and, more spec i f i ca l l y ,  

the number o f  tasks and the leve l  o f  a c t i v i t y  i n  each task, w i l l  depend so le l y  

on the progress o f  the j o i n t  ERDA/industry projects and the leve l  o f  funding. 

Clearly, if the GLEF encounters severe technical d i f f i c u l t i e s ,  o r  i f  more 

projects are added, the planned level  o f  funding, a1 ready extremely constraining, 

w i l l  be inadequate t o  support a coherent program. The important point, however, 

i s  t h a t  the I S P  w i l l  provide insurance i n  terms o f  a contingency plan f o r  

act ion against unforeseen problems. I n  t h i s  sense, the development o f  the 

Total Flow process i s  i t s e l f  an a l te rna te  approach and i s ,  i n  e f fect ,  a con- 

tingency plan. 

the advanced technology developments f rom LLL t o  industry. 

Hence, the I S P  w i l l  be another important bridge t o  t rans fer  

1. SCALE CONTROL AND BRINE HANDLING 

1. Scale Characterization and Control 

a. F i e l d  Tests: Survei l lance o f  Scal ing Rates i n  the SDG&E, GLEF. 

Objective: To measure, i n -s i t u ,  the r a t e  o f  scale bui ldup i n  

c r i t i c a l  components and p ip ing i n  the SDG&E t e s t  f a c i l i t y  during operation. 

Scope : Radiographs of c r i t i c a l  components o f  the GLEF w i l l  

.be made during operation as a means o f  survei l lance f o r  scale deposit ion and 

growth. The temperature o f  the br ine i n  the formation i s  approximately 500OF. 

flashed i n  the w e l l  casing t o  approximately 3 5 O O F  and continues t o  

undergo temperature and pressure drops through the GLEF process, before being 

re in jec ted  a t  approximately 200°F. The large temperature and pressure drops 

which these HT/HS brines undergo are near optimum condit ions f o r  promoting 

sol i d s  preci  p i  t a t i on ,  a precursor t o  scale ,deposition and growth. This 

could lead t o  reduced operation i f  not t o t a l  curtailment. Because o f  the 

uncertainty i n  the r a t e  a t  which scale forms, survei l lance o f  scale bui ldup 
Y 
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during f a c i l i t y  operation becomes important, not  only from an operational 

necessity, but from the standpoint o f  a need t o  understand how scal ing rates 

vary w i t h  t ime during the per iod o f  operation. The a b i l i t y  t o  monitor scale 

bui ldup and t o  r e l a t e  t h i s  t o  p lan t  operation i s  important i n  enhancing the  

operator 's a b i l i t y  t o  assess and, i f  necessary, safe ly  c u r t a i l  operation. 

Radiographic surve i l  lance w i l l  be made a t  frequent in te rva ls  during 

GLEF operation. 

radiographs every two weeks t o  a b n t h  w i l l  be taken a t  c r i t i c a l  s i tes.  

Approximately 20 c r i t i c a l  s i t es  have already been radiographed. This was 

done before operation t o  obta in  baseline information, and a lso during the 

i n i t i a l  operational phase o f  the GLEF a t  50% f low capacity. With t h i s  

f i e l d  experience on the GLEF, we have developed an operating procedure and 

f i e l d  capab i l i t y  t o  provide essent ia l l y  on-the-spot radiographs showing 

scale deposi t ion on the wal ls  o f  pipes up t o  12 i n .  diameter, p ipe f i t t i n g s ,  

As the operation progresses i n t o  a steady-state condition, 

and valves. 

method. 

In te rna l  methods such as probes, depth gauges, etc. would, i n  themselves, 

prombte l oca l  sca l ing and not  give a true scal ing ra te  on GLEF components. 

Change i n  scale thickness o f  1 man can be resolved by t h i s  

Radiography i s  a completely external means o f  scale survei l lance. 

b. F i e l d  tes ts :  E f fec t  o f  b r ine  modi f icat ion on scal ing rates.  

Objective: Determine through f i e l d  tes ts  whether chemical 

modi f icat ion o f  the br ine  i s  an e f f e c t i v e  method f o r  scale control .  
7 

Scope: Analyses o f  scales produced by HT/HS brines found 
i 

i n  the Imperial Val ley show pr inc ipa l  const i tuents t o  be heavy metal su l f ides  

and s i l i c a .  

but i n  addi t ion,  a lso s t rongly  pH dependent. 

The s o l u b i l i t y  o f  both phases i s ,  o f  course, temperature dependent, 

'cpld Furthermore, there i s  evidence 
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t ha t  the r a t e  o f  s i l i c a 1  deposi t ion as a scale const i tuent  i s  dependent on the 

degree o f  polymerization o f  the  prec ip i ta ted  momomer, and t h a t  the r a t e  of 

polymerization i s  also pH dependent. F i e l d  experiments w i l l  be conducted on 

the f lowing br ine  t o  t e s t  these theories. Oxidation experiments w i l l  a lso 

be conducted t o  attempt t o  convert s u l f i d e  ions t o  r e l a t i v e l y  innocuous free 

su l fu r .  The temperature dependence o f  these chemical mod i f i ca t ion  tes ts  

must also be known i n  order t o  determine the ef fect iveness o f  t h i s  technique 

when appl ied t o  the successively lower temperature steps i n  the  GLEF process. 

We w i l l  conduct sca l ing r a t e  experiments using nozzle expansion tubes where 

the temperature drops i n  the nozzle expander from wellhead temperatures o f  

%230"C t o  100°C a t  the nozzle e x i t .  Our experiences w i th  these nozzles have 

shown t h a t  con t ro l led  scal ing r a t e  experiments a t  variable, but known tempera- 

tures, are executable i n  the f i e l d  and t h a t  they provide valuable scal ing data. 

A c i d i f i c a t i o n  o f  the br ine  w i l l  be accomplished by i n j e c t i n g  inorganic acids 

such as HC1 and HN03. 

i n j e c t i n g  FeC13, C12 and 02. 

w i l l  be c a r e f u l l y  con t ro l led  t o  determine the optimum quant i t ies  required t o  

reduce sca l ing  rates. 

Modi f icat ion o f  b r ine  Eh w i l l  be accomplished by 

Both the amount and r a t e  o f  chemical add i t ion  

c. Scale Character izat ion 

Objective: Determine the mineralogical and chemical composition o f  

scale deposits as they are formed i n  the various stages and components i n  the 

GLEF and r e l a t e  t h e i r  composition t o  the changes i n  the chemical and thermo- 

dynamic proper t ies of the br ine  a t  the same locat ions i n  the GLEF. 

Scope : During periods of suspended operat ion when inspect ion 

and maintenance take place i n  the GLEF, and a t  other opportune times, scale 

samples w i l l  be co l lec ted  a t  various locat ions i n  the GLEF. Thickness, co lorat ion,  

- .- _a 
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texture,  hardness, layering, and other physical character is t ics  w i  11 be recorded. 

Mineralogical and chemical analyses o f  these samples w i l l  be made. The type 

and number o f  d i f f e r e n t  analyses t o  be made on a pa r t i cu la r  sample w i l l  depend 

on the nature and loca t ion  i n  the GLEF o f  the scale sample. 

expected t o  be h igh ly  var iab le i n  composition because o f  the wide range o f  

operating condi t ions i n  the GLEF. Analyt ical  methods which w i l l  be used f o r  

scale inspect ion and analysis include: op t ica l  microscopy, transmission 

electron microscopy, e lect ron microprobe spectrometry, scanning e lect ron 

microscopy, instrumental and neutron act ivat ion,  x-ray d i f f rac t i on ,  x-ray 

fluorescence, emission spectroscopy, and atomic absorption spectroscopy. 

I n  addit ion, spec i f i c  surface area analysis and p a r t i c l e  s ize  character izat ion 

w i l l  be made on selected samples. 

w 

The samples are 

The resu l ts  o f  these scale analyses w i l l  be correlated w i t h  the chemical 

and thermodynamic propert ies o f  the br ine and w i th  the operating condi t ions 

i n  the GLEF i n  order t o  understand scal ing parameters and what e f f e c t  sca l ing 

w i l l  have on GLEF operation. 

2. Br ine and Ef f luen t  Characterization 

a. Analysis of samples taken during GLEF operation. 

Objective: Sample and analyze the various mult iphasic process 

streams i n  the GLEF i n  order t o  understand the change i n  chemical and thermo- 

dynamic propert ies o f  the br ine  i n  the GLEF process.. 
* 

Scope : Samples o f  brine, steam, suspended sol ids, and non- 
a 
& condensable gases w i l l  be taken from about 40 locat ions during GLEF operation. 

I n i t i a l l y ,  t he  brine, steam and suspended so l ids w i l l  each be analyzed semi- 

quan t i t a t i ve l y  f o r  about 75 elements. They w i l l  be analyzed quan t i t a t i ve l y  lie, 
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f o r  approximately 30 const i tuents (cation, anions, and gases) o f  special 

i n te res t .  I n  addi t ion,  density, pH, E,, (ox idat ion po ten t i a l )  , and t o t a l  

dissolved so l ids  w i l l  be determined i n  br ine and steam samples. Nonconden- 

sable gases w i l l  be given a multicomponent analysis by mass spectrometry 

and microwave spectrometry. 

L J  
- 
.\ 

L: 

They w i l l  be analyzed quan t i t a t i ve l y  f o r  H2S. 

The concentration, p a r t i c l e  s i z e  d i s t r i bu t i on ,  mineralogical composition and 

surface area o f  suspended so l ids  w i l l  a lso be determined. 

task 3a). 

(Described i n  

The frequency o f  sampling a t  any given loca t i on  and the exact analysis 

t o  be made w i l l  depend on the r a t e  o f  change i n  composition and the nature 

o f  the  sample. GLEF operating conditions w i l l  a lso a f f e c t  the sampling 

requirements. 

and r e i n j e c t i o n  l ines,  and a lso the i npu t  and output streams o f  each stage 

f o r  evaluat ion of stage e f f i c iency .  These samples are a lso required t o  

proper ly i n t e r p r e t  sca l ing phenomena, so l ids  formation, and the re la t i onsh ip  

o f  b r ine  chemistry t o  corrosion. 

The 40 o r  so sampling points  include points along the production 

By analyzing the br ine  f o r  changes i n  s i l i c a ,  

su l f ides,  and s a l t  content we w i l l  be able t o  maintain a reasonable inventory 

o f  so l ids  accumulation along points  i n  the GLEF. 

and d i s t r i b u t i o n  o f  unreacted su l f i des  are required, special nonreactive sample 

bo t t l es  w i l l  be used. Where s t r a t i f i e d  and mult iphasic f low p r  

spec ia l l y  designed p i t o t - l i k e  sampling probe which traverses the f u l l  diameter 

o f  the pipe w i l l  be used t o  sample d i f f e r e n t  po ints  within the stream. The 

noncondensable gas stream enter ing the stack i s  a c r i t i c a l  p o i n t  i n  the GLEF 

f o r  sampling. This stream i s  the source o f  e jected mater ia l  i n t o  the environment 

and a lso the po in t  where noncondensable gases leave the GLEF process. We 

w i l l  have ana ly t i ca l  capab i l i t y  f o r  analyzing t h i s  stream. 

I n  instances when the quant i t y  

* 

- 
b 

u 

I 

I 



~ _ _ _  

-7- 

3. Suspended Sol ids  Characterization and Control 

a. Sampling and Characterization o f  Suspended Sol ids 

Objective: Sample and character ize the suspended so l ids  formed 

i n  the various br ine streams during GLEF operation. 

Scope: Part  o f  t h i s  task involves the development o f  apparatus 

and techniques f o r  sampling so t h a t  the propert ies o f  the so l ids  can be pre- 

served f o r  subsequent character izat ion.  

the so l ids  from the br ine i n - s i t u  i n  h igh temperature stages o f  the process 

because so l i ds  w i l l  separate continuously as the br ine cools. 

work, a f i l t r a t i o n  apparatus was designed t o  operate a t  temperatures up t o  

3OOOC and pressures up t o  600 ps i .  

It w i l l  be necessary t o  separate 

For t h i s  

I f  the p a r t i c l e s  are o f  a c o l l o i d a l  s ize  and too small t o  c o l l e c t  on 

f i l t e r s ,  i n - s i t u  analysis may have t o  be considered f o r  the h igh temperature 

stages. 

s ize  d i s t r i b u t i o n  w i t h  a l i gh t - sca t te r i ng  spectrometer modified t o  operate a t  

h igh temperatures and pressures. However, the technology f o r  i n - s i t u  chemical 

It may be possible t o  ob ta in  informat ion on concentration and p a r t i c l e  

and mineralogical  analysis a t  h igh temperatures and pressures does no t  ex is t ,  

and the t ime and e f f o r t  f o r  development o f  t h i s  technology may be p r o h i b i t i v e l y  

long and expensive. 

The concentration o f  the so l ids  i n  the  br ine  w i l l  be obtained by weighing 

the so l ids  co l lec ted  on f i l t e r s  from a measured volume o f  br ine.  I n  addi t ion,  

chemical composition by x-ray fluorescence o r  atomic absorption, mineralogical 

composition by x-ray d i f f r a c t i o n  o r  e lect ron microprobe and surface area 

w i l l  be determined. A more accurate p a r t i c l e  s ize  d i s t r i b u t i o n  could be 

4 

* 

obtained w i t h  an e lect ron microscope. Characterization o f  the sol i d s  which 

form a t  GLEF condi t ions is ,  o f  course, fundamental t o  the understanding o f  
W 



- 8- 

scale formation and cont ro l .  But o f  equal importance i s  the r o l e  o f  suspended LJ 
so l ids  i n  causing erosion and hold up problems i n  the GLEF, and po ten t ia l  

plugging i n  the r e i n j e c t i o n  wel l .  
i 

E 
b. Sol ids Mass Balance f o r  the GLEF 

Objective: To provide stage by stage and overa l l  mass inventory o f  

the  GLEF process i n  order t o  f u l l y  evaluate stage e f f i c iency ,  so l ids  deposition, 

so l ids  accumulation, and the d i s t r i b u t i o n  o f  the chemical components o f  the 

t 

br ine as a funct ion o f  pos i t i on  and time. 

Scope: Based on chemical analyses o f  brine, steam and non- 

condensable gas samples taken pe r iod i ca l l y  a t  approximately 40 points  i n  the 

GLEF dur ing operation and from the recorded mass f low rates o f  the process 

streams, a mass balance w i l l  be made across each stage, and across the e n t i r e  

process. The amount o f  so l ids  accumulation, scale formation, and suspended 

so l ids  wi1.1 be compared w i th  data and analysis from sampling t o  provide a 

means o f  understanding the i n te rac t i on  o f  b r ine  chemistry and process var iables 

on so l i ds  production and scale formation. 

The r a t e  o f  produced solids will be small by comparison w i t h  the b r ine  

mass f low rates, and may be d i f f i c u l t  t o  resolve over shor t  times within the 

prec is ion o f  the sample analysis. The sever i ty  o f  t h i s  problem w i l l  be 

variable, depending on the chemical species being followed. .In addi t ion,  so l i ds  

may deposit i n  one loca t i on  and then migrate downstream over time, again t o  

an extent depending on the p a r t i c u l a r  species involved. This movement o f  

mater ia l  a f t e r  deposi t ion introduces a var iab le which adds another dimension 

t o  the inventory problem. 

There are no v iab le  a l t e rna t i ve  approaches t o  doing a mater ia l  balance 

on the process except through per iod sampling and analysis. Therefore, t h i s  

subtask w i l l  be dependent on resu l t s  of other subtasks such as IC, 2a and 3a- 
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There w i l l  be a small number o f  on-stream analyses, bu t  these w i l l  be 

1 i m i  t ed  t o  the  noncondensable gas streams. 
W 

*z 

c. Thermochemical Analysis o f  Sol i d s  Product * 

Objective: The ob jec t ive  o f  t h i s  task i s  

on and Control 

t o  develop the means of 

applying thermochemical p r inc ip les  and e x i s t i n g  data t o  the so lut ions of 

severe sol  i ds  management problems. 

Scope: Scale and sludge formation i n  the GLEF are the r e s u l t  

o f  chemical p rec ip i t a t i on  reactions. 

terms o f  k ine t i cs  and equ i l ib r ium s o l u b i l i t i e s .  Preventive measures can be 

taken i f  the condi t ions under which p rec ip i t a t i on  w i l l  take place are known. 

These can i n  p r i n c i p l e  be described i n  

However, the  chemical complexity o f  natura l  brines, the extreme conditions and 

shor t  t ime scale o f  processing make such in te rpre ta t ions  d i f f i c u l t .  

Our approach t o  obta in ing a quan t i t a t i ve  descr ip t ion o f  the process 

chemistry i n  a p lan t  i s  t o  estimate a c t i v i t y  products o f  scale forming species 

i n  the brine, and compare them'with computed s o l u b i l i t y  products o f  scale 

so l ids.  This i s  possible because data are avai lab le from the chemical l i t e r a -  

t u r e  which takes i c t o  account the e f fec ts  o f  pH, temperature, and degree o f  

ch lor ide complexing on a c t i v i t y  coe f f i c ien ts .  

react ions can be evaluated i n  t h i s  way, although the method does no t  permit 

a complete descr ip t ion  o f  the system, and requires some d isc re t ion  and 

in te rac t i on  w i t h  the invest igator .  

Many ind iv idua l  chemical 

rn 

I n  the  GLEF process each of the mu l t i p le  stages o f  steam separation can 
i 

be considered as a quasi-equi l ibr ium s i tua t ion .  A t  these points, the residence 

time and reduced stream ve loc i t y  are expected t o  al low so l ids  t o  form and 

accumulate. The removal of noncondensable gases along w i t h  the  steam also u 
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a f fec ts  t h e  br ine chemistry, and makes i t  important t o  be able t o  estimate 

t h e i r  d i s t r i bu t i on .  
Ld 
t 

' Because o f  the considerable v a r i a b i l i t y  i n  operating parameters and 

the number o f  chemical reactions tha t  must be considered, an essential 

feature o f  t h i s  task i s  i n  the development o f  a computer code which t r e a t s  

speci f ied p rec ip i t a t i on  e q u i l i b r i a  f o r  any set  o f  physical condit ions ex i s t i ng  

i n  the GLEF. 

o f  the f l u i d ,  pressure and steam q u a l i t y  as funct ion o f  temperature, 

Input t o  the code includes the o r ig ina l  chemical composition 

s o l u b i l i t y  and d issoc iat ion o f  hydrogen su l f ide,  and e f f e c t i v e  a c t i v i t y  

coe f f i c ien ts  f o r  i on i c  species. 

This code was f i r s t  used t o  study the p rec ip i t a t i on  behavior o f  PbS. This 

i s  a mater ia l  t h a t  prel iminary experimental studies showed t o  be a pervasive 

s o l i d  even a t  the r e l a t i v e l y  high temperatures i n  the br ine a t  the wellhead. 

The computed s o l u b i l i t i e s  agree w i t h  t h i s  observation and ind ica te  t h a t  PbS 

resu l t s  p r imar i l y  from a pH increase caused by the loss o f  C02 from the 

1 i q u i d  phase. 

Since pH change appears t o  be an important fac to r  con t ro l l i ng  prec ip i ta -  

t ion,  the e f f e c t  o f  C02 evolut ion on pH w i l l  be introduced. The e f fec ts  o f  

imposed pH reduct ion (chemical modif icat ion) w i l l  be added as an option. 

Addi t ional  chemical data w i l l  be obtained and added t o  the code t o  

I 

permit computations f o r  .other su l f ides  and f o r  classes o f  compounds other  

than sul f ides,  such as oxides, hydroxides, su l fa tes and carbonates. 
c 

Solids 

n removal by p re-prec ip i ta t ion  from hot  b r ine  before the f l u i d  enters a plant,  

and post-treatment o f  spent br ine before re in jec t i on  may eventual ly become 

necessary. A study w i l l  be made o f  the e f fec ts  o f  potent ia l  addi t ives f o r  

these purposes. 

oxidat ion states than are normally encountered. A mechanism w i l l  be added t o  

W 
Such processes would invo lve reactions a t  higher pH and 



- 

-1 1- 

u the code f o r  specifying the oxidation s t a t e  of the system. Extrapolations 

'I of ac t iv i ty  coefficient data 

a1 kal ine solutions. 
* 
w 

d. Assessment of So 

will be necessary to  allow computations i n  

ids Control Methods 

Objective: Define chemical methods fo r  reducing sol ids  production 

and the physi cal techniques for  sol i d s  hand1 i n g  and/or removal i n  the GLEF 

process. 

Scope : A t  the temperatures and pressures a t  which the GLEF 

operates, and examination of the thermodynamic equi l ibr ia  of constituents such 

as s i l i c a  and heavy metal sulf ides ,  indicates t ha t  the quantity of scale  tha t  

can be cemented on equipment surfaces i s  b u t  a small fraction of the to ta l  

sol ids  which  exceed equilibrium solubi l i ty .  

immobilized as scale  could potentially 1 )  cause plugging a t  points i n  the 

Those sol ids  which are not 

p i p i n g  network, 2) separate and sett le i n  the process vessels reducing 

their e f fec t ive  volume, brine residence time and hence stage efficiency, and 

3) pass through the plant and in to  the reinjection wells causing a serious 

flow problem by reducing formation permeability. 

ra te  can be computed based on equilibrium solubi l i ty  and brine composition 

as  described i n  subtask 3c. 

Potential sol ids production 

The actual production r a t e  w i t h i n  the GLEF will be affected by kinetic 

factors,  the dynamics of the flowing brine, par t i t ion of C02 and H2S i n  

the gas and l i q u i d  phases, and the chemistry of the hypersaline brine. ;c 

i Selection of  promising chemical and physical methods fo r  sol ids  control 

will be dependent on resu l t s  o f  the  brine and solids sampling and characteriza- 

t ion phases of the field program. Whatever method is  selected, i t  must be 

compatible w i t h  the total  process including reinjection of the spent brine. 

hd 
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W In conjunction w i t h  chemical modification techniques, the use of 

conventional solids processing methods i n  the GLEF process will be assessed 

as a means of controlling the flow o f  excess solids through the facil i ty 

and the amount which i s  ultimately reinjected. 

-. 

9 

4. Effluent Conditioning for Reinjection 

a. Assessment of Eff 1 uent Condi t ion ing  Procedures 

Objective: Assess the chemical and engineering procedures involved 

i n  processing the spent brine stream containing suspended solids i n  the GLEF 

i n  order t o  prevent potential p lugg ing  of the formation during reinjection. 

Scope: The assessment of procedures for sol i d s  hand1 ing  depends 

on results of the other subtasks on solids characterization and control. A 

major distinction is made i n  t h a t  whatever procedure i s  selected, concern 

over energy degradation is no longer a primary factor i n  the spent brine stream. 

The main consideration i s  the prevention of sol ids from plugging the formation. 

We will survey existing technology for  separating solids from l i q u i d  

streams. 

chemical and equipment design problems for GLEF application. We will make 

process design calculations for the selected separation process using i n p u t  

conditions and properties anticipated i n  the operation of the GLEF. 

Promising methods will be evaluated along w i t h  an assessment of 

The main problem areas i n  processing the effluent stream for suspended 

solids are 1 )  exposure t o  oxygen which would increase the corrosive potential 

o f  the reinjected brine and 2) submicron particles sizes and low density 

sol ids constituents, making settling times long and separation difficult, and 

3) continuing precipitation of solids i n  the brine even after separation. 
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hd - Several techniques which may prove f r u i t f u l  include 1) ponding the 

brine, s e t t l i n g  and separation, followed by oxygen treatment, 2) f i l t r a t i o n ,  

and 3) i n e r t i a l  separation techniques. 

be evaluated t o  co/pre-precipitate species t h a t  may come out o f  so lu t i on  

when r e i  n j  ected. 

I n  addit ion, chemical seeding w i l l  - 
B 

b. F i e l d  Tests: E f f l uen t  Condition and Handling Methods 

Objective: Conduct f i e l d  tests  o f  methods defined i n  subtask 4a 

f o r  condi t ioning and handling o f  spent br ine e f f l u e n t  f o r  re in jec t i on .  

Scope: Based on the f i e l d  program plan defined i n  subtask 

4a, small scale f i e l d  tests  w i l l  be conducted on the most promising methods f o r  

condi t ioning and handling spent br ine e f f l uen t .  Equipment w i l l  be ordered 

and f i e l d  i ns ta l l ed .  

Most o f  the tes ts  w i l l  be designed toward use o f  commercially avai lable 

process equipment i n  an t i c ipa t i on  o f  the potent ia l  need f o r  avai lable, l a rge r  

versions o f  equipment should an acceptable process be found. Atmospheric 

s e t t l i n g  ponds may be a near-term p rac t i ca l  solut ion.  Following chemical 

treatment and s e t t l  ing, chemical o r  mechanical f l occu la t i on  may be required 

t o  agglomerate the remaining f i n e  grained pa r t i c l es .  High ef f ic iency,  i n e r t i a l  

type separators could then be used as the  next stage t o  remove the r e l a t i v e l y  

low density so l i ds  from the heavi ly sa l ted  spent brine. 

r e l a t i v e l y  low so l i ds  concentration i n  the spent b r i ne  and small density 

di f ference between the s o l i d  agglomerates and the br ine i t  may be necessary 

t o  use equipment capable o f  producing very high centr i fugal  forces i n  which 

case equipment power consumption would be considerably increased. The e f fec t i ve -  

Because o f  the 

if 

r' 

'ed ness o f  the e f f l u e n t  condi t ioning and handling methods w i l l  be tested by passing 

samples o f  the t rea ted  e f f l u e n t  through core samples o f  the re in jec t i on  f o r -  

mation and observing the change i n  permeabil i ty a t  simulated i n - s i t u  conditions. 
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11. MATERIALS 
L* 

1. Corrosion Survei 11 ance and GLEF Support 
.ts 

a .  Nondestructive Survei 11 ance 

Objective: To measure the r a t e  of corrosion of p ip ing  and components 

during GLEF operation. 

properties. 

Correlate the data w i t h  operating parameters and brine 

Scope : Approximately 30 sites on the GLEF have been selected 

for  periodic measurement of wall t h i n n i n g  by ultrasonic techniques. 

of corrosion will be evaluated w i t h  respect to  the variation of process condi- 

t ions,  such as temperature, pressure, f l u i d  velocity, pH, and the specific 

location of the corrosion s i te .  

The extent 

The technique u t i l i zes  a transducer coupled externally t o  the pipe o r  

component wal l . for  transmitting and receival of an ultrasonic signal. 

nal is  displayed and interpreted to  give a measure of wall thickness. 

expect t o  resolve changes of 10 mils. thickness i n  typical p ipe  walls. 

The  s ig -  

We 

Diff icul t ies  may a r i se  i n  transducer compatability w i t h  the hat surfaces 

encountered i n  the upstream portions of the f ac i l i t y .  

i s  required between the transducer and the surface of the specimen. 

be necessary t o  use thermal standoffs which will degrade signal transmission 

t o  some extent, b u t  not enough to  negate the usefulness of the technique. If 

there i s  appreciable and rapid corrosion, then ultrasonics should detect this 

w i t h o u t  great expense o r  without interruption of the process. 

Good surface contact 

I t  may 

rn 

i 
The radiographs a t  various s i t e s  on the GLEF for monitoring scale bui ldup 

will also provide information on wall t h i n n i n g  and localized corrosion. 

interpretation of these radiographs will be made for  corrosion and the data will 

be assembled and evaluated w i t h  other corrosion studies described elsewhere 

An 
LiJ 

- - 
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i n  the LLL program. 

de ta i l i ng  scale bui ldup w i l l  also be made, especial ly elbows and regions 

downstream o f  cont ro l  Val ves where 1 arge temperature and pressure drops occur. 

Radiographs o f  c r i t i c a l  s i t es  other  than those f o r  Bd 
* 

- 
b. Analysis o f  Mater ia ls Related Fai lures 

during 

o f  fac 

parts , 

Objective: Provide SDG&E w i th  metallographic ana ly t i ca l  support 

operation o f  the GLEF, Inspect and analyze mater ia ls re la ted  fa i l u res  

1 i t y  piping, f i t t i n g s ,  and components. 

and/or process modif icat ions. 

Recomnend replacement materials, 

Scope : Because LLL has the f a c i l  i ty and t ra ined personnel f o r  

comprehensive and deta i led metallographic analysis, LLL w i l l  provide support t o  

SDG&E dur ing operation o f  the GLEF. Inspection and analysis o f  mater ia ls re la ted  

and/or fa i lures w i l l  be made, fol lowed by recommendations f o r  subs t i tu te  mater ia ls 

parts.  We plan t o  do t h i s  on a t imely  basis, i n  order t o  impact on ongoing 

GLEF a c t i v i t i e s .  Generally the parts w i l l  be sent t o  the laboratory f o r  f u  

analyses, although some capab i l i t y  w i l l  be avai lab le i n  the f i e l d ,  e.g., 

radiography and dye penetrant appl icat ion.  Mater ia ls re la ted  f a i l u r e s  have 

1 

already occurred i n  the operation o f  the GLEF i n  c r i t i c a l  components. 

the f i r s t  stage contro l  valve, and the tubing i n  the production and re in jec t i on  

wel ls t o  monitor downhole pressure have already f a i l e d  through a combination o f  

erosion and corrosion. LLL i s ,  a t  the present time, inspect ing and analyzing 

these parts and have made recommendations f o r  both provis ional  and long-term 

solut ions.  We ant ic ipa te  t h a t  s i m i l a r  problems w i l l  occur i n  the ensuing 

operating phases o f  the GLEF. Should they occur, we w i l l  be prepared t o  provide 

support. Other parts o f  our i ndus t r i a l  support program i n  mater ia ls addresses 

Elbows, 

w 

i 

the problem o f  prevention o f  corrosion re la ted  fa i lu res .  
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2. Materials Test and Evaluation W 
.4 a. Corrosion Tests of Substitute Plant Materials 

Objective: The purpose o f  this task is t o  expose, to  the raw 
9 

brine, materials which can be substituted for  currently used p l a n t  materials 

that may undergo excessive corrosion. Three categories of materials will be 

tested: 

f i t t i n g s ,  2) materials that may be expected t o  exhibit better corrosion 

resistance t h a n  these pipe steels bu t  are presently available only i n  other 

shapes, and 3) compositions which will provide important information as a data 

base for the long-range development o f  low-cost, corrosion-resistant alloys. 

1) steels t h a t  are readily available as large diameter pipes and 

Scope: During the short period of operation of the SDG&E Test 

Faci l i ty ,  unacceptable corrosion rates of some plan t  components have become 

evident. 

proper substitute materials are specified, a knowledge o f  the relative corrosion 

behavior o f  readily available structural materials i n  the corresponding brines 

will be required. 

Replacement materials will have t o  be selected. To assure t h a t  the 

Pipe materials will be exposed i n  the form of corrosion spools directly 

i n  the production line of the GLEF. Spools containing corrosion coupons will 

The structural materials a t  the tes t  facil i ty posed i n  bypass lines. 

p l a in  carbon steels,  typically ASTM A-53, Grade B. The corrosion 

1 be made out  of readily available steel pipe such as SOO-90, L-80, 

used i n  the petroleum industry. They will measure 0.61 M ( 2  f t )  
4 

by 0.27 M (10-3/4 i n . )  i n  diameter. To obtain a measure of suscepti- 

crevice corrosion, a 'crevice specimen of the material used for the 

be inserted through and welded on t o  the wall of the spool. These 

11 also contain a weld bead. 

will be exposed i n  the spools placed i n  bypass lines t o  expand our 

Coupons of a large number of other 
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data base on corrosion of materials i n  geothermal brines. T h i s  will provide LJ 
4 

information fo r  potential long-range substitute materials and f o r  the develop- 

ment of new alloys. In addition, this information will be useful for  considering 

the substi tution of materials for  components which cannot to1 e ra te  excessive 

corrosion such as i n  valves and pumps. With  respect t o  developing a data 

base for  understanding the ro le  of composition, we will include (1) low carbon 

s tee ls  w i t h  varying amounts of Cr and Mo and possibly N i  and S i ,  (2)  austeni t ic  

s ta inless  steels w i t h  varying amounts o f  N i ,  Cr, and Mo, and (3) ferri t ic 

s ta in less  steels w i t h  varying amounts o f  Cr and Mo and possibly N i .  

t 

The corrosion spools will be examined radiographically and, a t  appropriate 

intervals ,  will be removed so tha t  they can be checked metallographically. 

Corrosion coupons will be designed so tha t  information on general corrosion, 

crevice corrosion, and p i t t i n g  corrosion will be obtained. Duplicate samples 

will contain weld beads t o  simulate weldments. Weight and thickness measure- 

ments and metallographic analysis will be made. An analysis of i n i t i a l  and 

replacement costs will be made fo r  these materials. 

b. Electrochemical Corrosion Tests 

Objective: This work will involve experiments using several electro- 

chemical testing techniques i n  the field fo r  the purpose of screening alloys 

for  their corrosion resistance i n  high-temperature, high-sal i n i ty  geothermal 

brines. - 
Scope: Three basic types of measurements will be carried out: (a) 

"instantaneous" corrosion-rate (a1 so known as 1 i near-Dol aritation resistance. 

LPR) measurements ; ( b )  open-circuit corrosion potential measurements; and (c) 

polarization curve measurements. The LPR measurements can, i n  theory, be 

conducted entirelv w i t h  commerciallv available eouioment. Measurements (b) and 
W 
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(c) require a stable reference-electrode assembly suitable for use a t  ~ 2 2 0 O C  

and 200 psi. 

unmodified, flowing brine and various prospective al loy materials will be 

tested. These materials include low carbon steels w i t h  varying amounts of 

Cr and Mo such as A36, SOO-90, A387; stainless steels such as MP35N, 410, and 

T i  alloys such as Ti-6A1-4V, and Ti-38A Code 12. 

of the brine proves successful i n  abating scale formation, corrosion rate 

tes ts  will also be conducted i n  the modified brines. 

Initially, measurements will be made w i t h  the hot, high-pressure 
W 
* 

? 

I f  chemical modification 

In addition t o  the field testing, a chemical laboratory facility will be 

maintained a t  LLL for  concomitant, laboratory electrochemical measurements, .and 

for  checkout of the field equipment. T h i s  laboratory will be devoted primarily 

t o  short-term applied research or semi-routine tests. 

Provided a re1 iable reference-el ectrode assembly can be developed, the 

principal problem area i n  the electrochemical measurements is  the effect of 

scaling. All measurements will be carried out  as a function of time, and this 

should yield some information on i ts  influence. The inhibition of corrosion 

by scaling does not necessarily preclude obtaining meaningful electrochemical 

corrosion-rate measurements on the various materials. 

Eventually, i f  LPR measurements prove to  be valuable sensors of corrosion 

activity, permanent installations of this type will be considered a t  various 

locations i n  the GLEF. By sensing corrosion activity a t  several locations, the 

direct effect of changes i n  brine chemistry on corrosion activity can be determined. ic 

Y c. Corrosion Tests i n  Modified Brines 

Objective: Test corrosive effects of chemically modified brines on 

bd substitute p l a n t  materials. 
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Li 
1* 

Scope: This task w i l l  be c losely  coupled w i th  subtask l b  under 

scale contro l  and br ine handling, where the br ine  w i l l  be modif ied chemically 

i n  attempts t o  contro l  scale formation. These tes ts  w i l l  be conducted using 

expansion tubes (nozzles). 

out  o f  low and medium carbon steels,  low and medium a l l o y  steels, and s ta in -  

less steels. These tes ts  w i l l  enable us t o  determine the corrosive nature 

o f  these chemically modif ied brines. Two methods o f  b r ine  modi f icat ion an t i -  

c ipated i n  subtask l b  (scale contro l  and br ine  handling) w i l l  be a c i d i f i c a t i o n  

-i 
For corrosion tests,  these tubes w i l l  be fabr icated 

and oxidation. Fol lowins each test ,  the expansion tubes w i l l  be sectioned 

and w i l l  underao metalloaraDhic analvsis. Corrosion rates on various mater ia ls 

i n  geothermal br ines as a function o f  pH, E,,, and temperature w i l l  add s i g n i f i -  

can t ly  t o  our understanding o f  corrosion. 

d. Test and Evaluation o f  Polymeric Mater ia ls 

Objective: Test and evaluate polymeric l iners ,  coatings, and 

p la t ings  on me ta l l i c  surfaces as a means o f  preventing scal ing and corrosion 

i n 1 ow vel  oc i  t y  components. 

Scope: Samples o f  polymeric coat ing bonded t o  metal substrates w i l l  

be exposed i n  bypass spools t o  low ve loc i t y  b r ine  flow. The amount o f  sca l ing 

and wear o f  the coating w i l l  be examined by several means - usual ly by weight, 

dimensional and hardness changes and a lso by microscopic examination. 

iemperature, type ana amount OT suspenaea so i ias i n  m e  w i n e ,  ana veiocizy 

are the  primary parameters a f fec t i ng  the resistance o f  polymer coatings and 

l i ne rs .  

evaluated. 

laboratory p r i o r  t o  the f i e l d  tes ts  t o  assure t h a t  only prime candidate mater ia ls  

are tested i n  the f ie ld .  

scale and corrosion i n  components where erosion i s  minimal. 

4r 

t Methods o f  polymer appl icat ion t o  metal substrates w i l l  a lso be 
7 

Some screening o f  mater ia ls and methods w i l l  be made i n  the 

Polymeric coatings may prove t o  be e f fec t i ve  i n  preventing 
Lid 
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