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Telephone (509) 376-3139
August 18, 1988 Telex 15-2874

D
Mr. Chuck Sfiyder

Bechtel Corpo jon

P.0. Box 3965=

San Francisco, Ca;;fornia 94119
Dear Chuck: =

SALTON SEA SCIENTIFI@=DRILLING PROJECT JUNE FLOW TEST -
SUMMARY OF PACIFIC NORTH'EST LABORATORY (PNL) PARTICLE METER TESTING

As you regquested, I have pared a short summary description of our field
test work during the June w test. We have completed part of the data
analysis, but a detailed reporﬁ will not be done until next fiscal year after
we are able to finish the part cle analyses. The PNL field team was

Bob Sullivan (mechanical equipmepty, Bob Robertus (solids identification),

and Cecil Kindle (particle meter

TEST OBJECTIVES A

The objectives of the Pacific NorthwesH_aboratory field test were:

® [Establish the suspended solids contemfof the brine from the bottom of
the separator immediately after flashing and after a 2-hour hold time.

¢ (Characterize the chemical and size characteristics of the suspended
solids.

® Evaluate an on-line computerized ultrasonic par icle counter in a
high-solids brine.

* Evaluate the effects of scale deposits on the opticA window of a laser
particle counter.,

EXPERIMENTAL APPROACH F

A schematic d1agram of the experimental equipment is given 1;“;1gure 1.
Brine from the bottom of the main steam separator was run through a 1/2 NPT
Tine about 125 ft to the PNL test stand. A brine flow of 5 to 10 gpm was
maintained in this line to reduce the residence time before measurements in
the test stand to about 30 seconds.

Brine entered the test stand and was split into two streams. One stream was
available for immediate flow through the laser optical window, an ultrasonic
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detector (U cell, Figure-1), and also could be run through a weighed filter
for measurement of the suspended solids content. Samples of both brine and
solids were also collected for later analyses. The second stream was
directed into a heated 6-gallon vessel to hold the brine at temperature for
90 to 160 mﬁgytes to allow precipitation, and then either filter the brine
for weighediSamples or direct the brine through a second ultrasonic cell.

Because of thé;ghort time available to build the test stand, an existing
piece of equipmeni_used at the Heber Binary Plant was reworked. This system
was sized for 1/4§:pch tubing and valves. This small diameter caused
plugging difficulties in the test stand. It would have been better to use
larger valves and tulfing for the test stand, but this was not possible within
the time and cost conStraints.

During May and early Junl, two visits were made to the site. In June, after
set up and check-outs of ﬂum system, the test was started on June 8 and
continued until June 15,

This geothermal well has one o@ the highest solids contents in the world.
Thus it was anticipated that som@ gcaling and plugging problems would be
encountered during the test. Th@N\g0 micron filter (shown in Figure 1) was
intended to remove large particles, hut this filter plugged in the first

20 minutes of flow and was removed fgR the balance of the test. With the
coarse filter out, larger particles were able to get into the rest of the
test system and produced a number of f!ﬁ% interruptions. It was originally
planned to run a series of precipitatidn®tests at four different tempera-
tures. However, plugging problems requ1réﬁ£¥unning the lag time tests at
just the test stand inlet temperature. It lwas possible to run the test stand
for several hours before cleaning was required.

RESULTS
Only preliminary results arq available at this time. oIt was found that the
solids content of the br1 @t the test stand inlet ’=i1ed over a wide range
of 166 to 670 mg/l. n;i'lﬁ the inlet solids content was 314 mg/1,.
increasing to 421 mgl > 159 minutes of holding timeZf On June 13, the
inlet solids content wadffﬁﬁ mg/1, increasing to 484 mg/4 after 120 minutes
holding time. The high inlet solids content of the brine g%picates that even
after just 30 seconds. after flashing in the separator a suBtantial solids
content has.gjir formed in the brine. The data probably a fairly
wide scatter due to both varying solids content and difficulties in washing
residual soluble salts out df the salt cake on the filter media.

Solids have been analyzed using X-ray diffraction, a scanning electron
microprobe, and X-ray fluorescence. As expected, silica was the major
constituent of the solids. Barium sulfate was identified, and compounds of
lead, arsenic, strontium, zinc, calcium, antimony, zinc, ‘and silver were
detected. No quant1tat1ve work has been completed on the sample compositions
or particle sizes.
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The ultrason1c part1c1e counter operated successfully under severe scaling
conditions and is usable in its current form. A lot of particle counts
versus time data were obtained. The transducer was successful in detecting
increases in particle loading when flow stopped and particle nucleation and
growth occupsed. In general it was much easier to get particle data using
the ultrasoiic instrument than it was to use the manual sampling and weighing
procedures. Igﬁre is a temperature limit of 180°F on the current ultrasonic
transducer whith was operated in the 100-125°F region for this test. PNL
plans further work_to increase the temperature limit of the transducer.

The window of thei;hser particle counter quickly became coated with solids
and was totally obscired in two days of operation. Since window clarity was
also a problem when Jaser particle counter was operated on a binary plant
at Heber due to oil fi]ml, it appears that the laser counter approach would
require almost continuou8 maintenance and would not be suitable for
geothermal plant use untiﬂ'm solution is found to keep windows transparent.

We plan to complete the data aﬁalysis next fiscal year and write a complete
report then. The scope of thelreport will depend on final FY89 budgets.

If you have any questions, p]easg\&all.

Very truly ydufs, ‘ Aﬂ\
Lo~ R

D. W. Shannon

Chief Scientist . i :‘Y’

Corrosion and Metallurgy Section
DWS:pl

xc: Gladys Hooper
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BROOKMAVEN NATIONAL LABORATORY (BNL) INVOLVEMENT IN THE
SALTON SEA SCIENTIFIC DRILLING PROJECT

OBPCTWEx

_gbtoxn & large goothcrmal woste sample from the 8SSDF site to conduct

d-up research studies, in which BNL uses biochemical tecrriques tr
¢ toxic elements that exceed environmentsl ragulations.

~BACKGROUNDI&=

Dispossl of clxte leachable s0lid vaste in an environsentslly and

economically accoptna00 wsy say bde & msjor impediment to large-scsle geo-
therssl developsent

Tor exaaple, in th4]tnpottn1 Valley of Southern California, there are
nine known geothermal resqurce aress (KGRA). Brines from the Salton Sea
KGRA in the laperial '.113;9'.’ contain totsl dissolved solids up te 330,000
ppu. These hyperssline brives lead to the generation of geothermal solid
vastes in power plants. All the eolid waste produced must de anslysed
~ for regulated setsls using ¢ 14fornis Department of Health Services
(DOHS) analytical techniques, affd) if found hasardous, the solid wvaste osust
- be disposed of off-gite im an a ed veste ssnagewent facility.

Currently, the dispossl of th:yr vastes can cost over $1 million per
year for s $0~MW geothersmsl power plant operating inm the Sslton Sea KGRA.
High disposal costs and the long-ters 1isbility sssociasted with hagardous-
vaste disposal provide the incentive for g:io etudy,

1t 1o known they microorganisms csa IBtersct with metals specifically
by several mechanisws such as surface adeorp » oxidiszation, reduction,
snd solubilisstiem ead/or precipitastion. mechenisas serve as a basis
for the dovoloulhus‘ol biotechnology which all::!irao of diocheaical pro-
casses for removel and concentration of toxie t\gfttcnt in the waste or
makes possible solubilisatioa of the vaste.

Such biotechnology is particularly useful when ge quantities of
wastes are present vhigh contain low, dut nevertheles§ environmentally eig-
nificant, concentrations of toxic metals, disposal of which is regulated.
Another advantage of the bdiochemical processes considered in this program {is
due to the type of microorgenisa used. These aicroorganisms are acidophilic
and therwophilic capadle of living under very harsh conditions such as
extrese acidic pR, high salt concentrations, and eslevated temperatures.

Such conditions are unsuitable to wost other sicroorganisms which require
mild conditions for their growth. This seens that the new biotechaology
daveloped at BNL does not require sterile conditiene.
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STRATEBY:

EXFERIMENTAL APPROACH:

RESEARCH RESULT8)

©

o

0 PFPreliminary research rcsu)ts using GE‘,

The BNL experimental strategQy is based on the use of biochemical methods
(1.0, flected microorganisms) for dissolution of toxic elements found in
gecthermal residuss. Thus, the produced solution, which contains tc ¢
metals caffbe reinjected or the metals can be concentrated and rece.e . .
The efficiency of the metal solubilizetion (i.e., removal from the wasie:
is determina®by experiegntal conditions which ensble removal of toxic
metal (to atIsast below the regulatory level) in the shortest possible
time. To optimjze the process, compatidble microorganisms must be
identified, plzg=oth.r veriables, such as biomass to residual sludge
retic, different rgsidence times, mixed Cultures, asmbient and elevated
temperatures, sust e considered,

M

Using sludqge samples obt&incd from the SSBDP site, BNL will conduct
sCaled-up dlochemical acttmqrioc. some of which are covered below:

- Kinetic studies will bDe condgcted using mixed cultures of different
strains of acidophilic ang raophilic microorganisms. The studies
will be performed in the five ten gallon range. Earlier BNL studies
have been performed at the 0 300 milliliter ramge. During the
kinetic studies, sampling will be carried cut over extended periocds of
time. Timing will vary from houry to days, with 10 days being the
common residence time., Aquetus ard s0lid phase sample analyses wil) be
carried out, using variocus analytical tools, such as atomic sdsorption
to determine the relstive solubilization (i.e, removal) of toxic metals
from solid brine, as seen in the cultur!:,ndia after microbiolegical
treatment,

¢ »‘4

- The solids wili @ wxemired after trueuna detersine the efficiency

data. In ess, the sclid saterisl is sybjected to chamical
treataent, ocid solubilization or bora&ﬂuion and then
analyzed By .atoete adsorption. Sampling is carrled sut at ¢t = 0 and

t » 10 days to aveluate the saaximum concentratiof Df solids vs, the
viability of cycled Diomass and nutrients. Sincd the residual sludges
from geothersal plarts are site specific, sasples taining metal
concentrations ex ing the environaentslly sllowelile threshold limits
are snalyzed.

-~ Three types of bioreactors will be considered during the upscaled
experisants: column, flat bed, and fluidized bed reactors for the
purpose of evaluating the process design efficiencies of each.
Initially, the flat bed and fluidized bed reactors will be evaluated,

|ludgos will be pr'snntod

A - W —p—— v Cme - -

later this yonr.
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SOME‘ASPECTS OF GEOTHERMAL WASTE TREATMENT BIOTECHNOLOGY

Eugené T. Premuzic and Mow Lin

Department of Applied Science. Brookhaven National Laboratory,

P
igg%aAcr,

Recent studles(have.inEaced that blotech-
fication of geother-
mal regidual brine sludges are feasible. Preliami-
nary studles have also shown th&uch processes
are controlled by several "facto hich include the

reactor, the type of bioreactor and fhe strain of
acidophilic microorganisms used. A Drief discus~
sion of these factors follows. M

- concentration of the residual sludse!:n the bio~

- INTRODUCTION

Production of electricity by exttac:ionﬂof
energy froa underground geothermal reservoirs
highly promising and growing industry. Large gésge
production of electricity from geothermal sour
produces considerable wastes, which accumulate {n
the form of residual brine sludges containing dif-
ferent concentrations of toxic metals which makes
it necessary to ship these residues to hazardous
waste disposal sites at a considerable cost.
Typically, a 50 MW liquid-dominated hydrothermal
power plant i{n Southern California produces about

© 70,000 1b/day of solld residues containing in addi-

tion to silica and soluble salts, heavy metals,
whose concentrations at times exceed the state
re;ulation limits (Royce, 1985)

Work at the Brookhaven National hmatory
(BNL) has shown that actdophtlic aicroorgsnisas can
be used as the "active agents” ia the.détpmtfica-
tion of geothermal brine residues (Lia:
1987; Premuzic et al., 1988). A
for a process has been:suggested: (N
1988). A technical and feastibility st
process has been described cluvmrt, {Premusic et
al., 1988) and will only be mentidned here
briefly. Thus a biloprocess fo¥ & plant producing
123,000 lb/day of s 65X wt. filter process cake
was based on 57 sludfiifto-18quid ratio and & 10 day
tesidence time. Such a process npuuniﬁont a
one million dollar per year savings, ot equiva-
lent of the 1986 regulated waste dispossl:cost. )
This estiwate does not take into considerstion the
long-term liability associated with hazacrdous: vaste;
disposal, increases in the cost of shipping,
dumping and the possibility of the dump-sites being
closed. Earlier studies have also 1ndicn:od that

Upton, New -York 11973

s

the efficiency of the bloprocess depends oa the.
concentration of the sludge, the type of bioreactor
and the type of single and/or mixed cultures of
bacterial strains used. Some results of recent -
studies will be discussed in this paper. o

RESULTS AND DISCUSSION

Three types of bioreactor systems are being
considered as possible candidates to be included in
the design of a blosystem for detoxification of
geothermal residual sludges. These include a
fluidized bed type, diagrammatically shown in Fig.
l., a column type batch bloractor, Fig. 2, and a
flat bed-type bloreactor, Fig. 3. In each case
flow rates and air supply to the system have to be .
balanced in order to maintain a steady and active
microbial culture supplied with nutrients as needed
throughout the cycle. This {s verified {n all
cages by routine sampling and monitoring for viable
microbial growth and the metal concentration. The

ficiency of metal solubilization by several

ralas of Thiobacillus thiooxidans and Thio~
bacillus ferrooxidans from the Brookhaven National
LaW:ory (BNL) collection have been studied.
Diff§rent samples of residual bdrine sludge from
proprietary sources, kindly supplied by the geo-
thermal aelectrical power industry have been used in
detoxification processes. The different sludges
are site speghfic, with some containing more than
tea toxic mef (Premuzic et al., 1988). In the
wock present®® in this paper for sake of brevity,
only a few repreHatlve metals have been used as

process indicato

In Table 1, the aect of eight strains of
Thiobacillus ferrooxi on a single residuval
brine sludge is shown. In this series of experi-
ments a batch bioreactor lfglth a 2-6% loading with
stirring has been used. e most efficient metal
solubilicing (removing) aic ganisms for the
metal are identified in T"’%E{ (square boxes).
Results of similar experiment’s using strains of
Thiobacillus thicoxidans and mixed cultures of T.
thiooxidans (T.T.) and T. ferrooxidans (T.F.) are
shown in Table 2. Tables 1 and 2 indicate that
different strains solubilize metals, {.e., remove
thes from sludges {n varying degrees (see square
boxes) with a high efficlency for all the metals

" _tested being exhibited' by mixed cultures.’

o
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Table 1. X% Removal of chromium, copper, manganese
and zinc from residual brine sludge (BR-1) by the
action of different strains of Thiobacillus
ferrooxidans.

Strain % Metal removed

PE— Cr Cu Mn . In
BNL-2-45 30 55 77 ?ﬁﬂ
BNL-2-49 26 58 177 90
BNL-2-44 !:%I 53 58 - 68
BNL-2-45 zsfjg 84 35 " |88
BNL-2-46 25 88 40 85

— N
BNL-2-47 = 57 89
BNL-2-48 . 22 : 3 85
' (.
BNL-2-49 32 | 4l 85

Table 2. % Removal of chromium, copper, manganese
and zinc form residual sludges BR-1, BTL3, and BR-
by Thiobacillus thiooxidans (T.T.) and {nixed cul-
tures of T. thiooxidans snd T. ferrooxidans
(T.F.).

Y .

Strain % Metal removed A
T.T. Brine Cr Cu Mn
BNL-3-23 BR-1 2 50 30 7£. R
BNL-3-23 BR-3 6 65 W |n
T.T. + T.F.
BNL-2-49 R P
_BR-1 180 85
+ R —
BR-5 |78 60
BNL=-3-24 :g
w1
BNL-3-25 !
+ BR-S . lss EE]
BNL-2-46 L

Various coacentration of residual brine sludge
in the biloreactor slso influence the ¢xtent of
metal solubilization as shown in Talhles 3 and 4.

CONCLUSIONS

Based on the current results the following
conclusion may be drawn:

103

Table 3. The {nfluence of different concentration
of residual brine sludge (BR-2) on the extent of
metal solubilization. '

% BR-2 (w/v)

Strain X Metal removed
T.T. + T.F. Cr. Cu Mn Zn
1 56 40 62 69

BNL-3-26 ‘ 2 ' 5L 42 61 65
+ 4 53 48 67 72
BNL-2-45 6 58 52 74 67
8 64 50 75 *

| 10 56 46 66 *

"not determined.

Table 4. The influence of different concentration
of residual brine sludge (BR-5) on the extent of
metal solubilization,

Strain % BR-5 (w/v) . % Metal removed
T.T. + T.F. Cr Cu tn 2
1 91 40 88 73

BNL-3-25 2 83 46 90 75
+ ‘a 80 57 86 79
BNL-2-46 8 _ 75 5L 76 72
12 79 55 11 47

Choice of microorganisms may well be pre-
determined by the composition of a particular
residual sludge. Thus a sludge which, for example,
is predominately rich in chromium may require a
concen fon of microorganisms most efficient for
chromiﬁa not necessarily efficient for other
toxic 8, which may be present in trace amounts
at coacentr as well below the threshold limits;

2. The tPeatment cycle may also be shortened

from say six to ee days Lf only few metals are
to be considered

3. 1In terms off®ioreactor design, efficient
cycling, supply of Etients and air will dictate a
particular basic design concept, f.e., batch or
continuous.

Preliminary results discussed above indicate
that mixed cultures of different strains of micro-
organisas, the relative concentration of the
regidual brine sludges i{n a bloreactor and the
number of toxic metals present in concentrations
exceeding the treshold limits play critical roles
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in scaled up processes and require further research
and development studies. The results of these
studies will generate information essential to the
design of efficient biotechnolozgy for
detoxification of residual brine sludges.
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Recent studiew have iested chat blotsch—
nological proceases for éﬂ.nuun of geochar—
sal reasidusl brine sludg ra fessivlis. Pralimi-
aary studiss bave also shown that such peocessen
ara controllesd by several faqtors which isclude the
concentration of the residua udga ia the bio-
reactor, the type of bhiorascror the atraln of
acidophilic microorganises uled..T wrief discus—
sion of these factors follows.

INTRODUCTION

Production of slscericivy by extrasct of
suergy from underground geochermal rassrvdira la s
highly promising zmd growing industry. s scale
production of slactricity from geothermal scurc
produces considersble wasteas, whick sccumuls
the form of rasidsal Brine sludgee comtaisi £~
ferwat comcentratioas of roxic setals whick mekes
it secassary to ship these residuss to hazerdous
wasts dispossl sites at a considecrshls cost.
Typically, a 50 W ligquid-dominatsd hydrotharsal
powsr plant in Southars Califormis predeces shout
70,000 lh/dasy of solid residuss comtainisg 1o sddi-
tion to silica sed seluble selts, heavy metals,
whosa concentratiess st times excesd the stata
regulation limits (Royce, 1985}).

Werk st the Weskhavas Nutisusl Labecatecy
(M) hos shewm that scidephilic nisrescgsaisns csu
ba used s the “sceive sgencs™ ix che desexifics~
tiom of geothersal wrise rasidwee nﬁ o af.,

1987; Premexic st sl., 1988). design
!oclpuuuhutan:‘.“, X g ot ake, |
1988). A techaical asmd Y of thie
procesa has been described reauzis o
al,, L968) sed wiil ewiy 4 ture

brisfly. Thes a-bioptogess’ penducing
123,000 In/day of a 632 wo. nes zaka

wag bassd en M siwige-te~i and & W0 day

ranidence timg. fwak & regresants
coe willion ddler par yoat sevisgs, o€ the squive-
:._;nt ofir.:tm“ntﬂﬂu&bmlm

is ast . ! mtm tha
long-term 1iask ilm u‘&uﬂlﬂ weste
disposal, increases In the cesx of
dusping smd the pessibilicy of the lq—dt“ baing
closesd. ZXarlier scuiion hawe alae lﬂi‘ﬂl“ that

i
rd

the efficiency of tha bloprocess dependa on the
concantration of tha sludgs, the type of bBioresctor
and the type of single and/or mixed cultures of
bacterial strains used, Jowe cvesults of vecent
stodies will be discussed in this paper.

RESULTS AMD DISCUSSION

Thraa typus of Blorsactor systams sre deing
considarsd as possidle candidares to be included in
the damign of a bicsystem for datoxificacion of
gootherssl rasidusl slodges. These [nclude a
fluidized bed cype, disgrsmmaricslly shows in Pig.
1:, & columm cyps Watch Biorsctoc, Fig. 2, and a
flaz bed-typs Riorsscror, Fig. 3. In sech case
fiow ratee amd zir sepply o the zystam have to he
balasced iz avder te msistasin a stssdy asnd sctive
sictobisl cultwrs swppliod with mutriasts as neaded
theoughent the cyele. This is rerified im all
canas by routise seowpling sad wmonitoring for visble
nicrokisl growth and the wscsl comcsatration. The
sfficiency of watal sclubilizarion by sevaral
straiss of Thiobascillus thiooxidans and Thio—
bscillue ferreoxidass from tha Mrookhavea National

arATary collecrion have Heen atudied.

ffsruat samples of residusl brine sludge from
peopriatsry sewrces, kimdly swpplied by the geo—
t alectrical power imdusrry have besn used in
da {eation procsssas. Thae different sludges
ara site spexifie, with seas ceataining wors tham
ven tamic metals (Premssic s al., 196). In tha
work pcavested iu thia paper fer saka of Wreviry,
ssly s low Teprasseatative metzls heve bees used s
precees ’ -

Iz Tabls 1, the affect of aight atraiss af

ang o & sisgle rasidesl
brine -%% is= - thia serise of sxperi-~
wents a batzh bierssater with a 2-61 losdisg with
sticxiag has heex The west afficlent sagal

selwbilising (r croergsaisns for the

watal ave idearified in la 1 (square boxas).

Moulis #f sianiler sper ts waing strains of
Tﬁ% nized cultures of T,
i . forvesunidana (T.F.) stu

shown in Table I. Tables imdicats rhap
differons strsins aelwkilise 8; f.8., romove
than fram sluiges in varyisg degrees (ses squarn
haxas) with a high eofficiescy for sll the metaln

tauted baing axhibited by wixed cultwens.
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Table 1. 2 Remeval of chromium, copper, msaganese
end zinc from residual dcine sludge (BR-1) dy the
sction of different estraine of Thicbacillusg
ferrooxidans.

Strata L Netsl reseved
Ce Cu -
. puem—
WL-2-45 30 33 %0
NL-2-49 ! 1 90
- ity
BAL-2-44 = 33 '8 1]
. = —
IL-2-43 26" 8 3 1]
BNL-2-46 2 EO 40 LH]
BNL-2-47 31 37 )
BNL-1-48 12 = 33 83
BNL-2-49 3 - . | sl 8
L
Table 2. X Resoval of chromium, copper, ganess

and sinc form residesl sludges M-1, M-I} md M-
by Thiobacillus thicoxidams (T.T.) ead =i eul-
tures of T. thiocoxidass aad T. ferrevoxidamse
(r.r.). - [ N

Strain : 2 MNetal removed
T.T. Srine Cr Ce [
BNL-3-23 m-1 2 F; 30
BNL-3-2) -3 [} (1] k3
T.T. + T.r.
BNL-2-49
- [
+
M-S 0
SNL-3-24
ONL-3-2S .
N m-3 B
BNL-2-46

Various ceucentration
{n the biorescter. ales isflussce the
setal eolubilisatien oo showa ta Tables J end 4.

CONCLUS10NS

Based on the curreat recults the fhllowing
conclusion may be drawa: r

Tadle J. The (afluemce of dilferemt comcentration
of restdual drine sludge (MR<1) am the extemt of
satal soludilisation,

Straia 1 k-2 (v/v) % Hetal resoved
T+ .. cr

1 5¢ &0 ‘l 69

ML-3-26 H 3l .2 6l [}]

+ & b3 ) o8 67 12

BUL-2-43 1] 8 2 1 @

[ ] 4 S0 15 .

10 56 &6 66 ¢

*aot detersined.

Table 4. The {nflusace of differeat comcentration
of residual brise slrige (BR-3) om the exteat of
setal solubilisatiem.

Strain 3 88-3 (w/v) X Betsl temoved
T.T. + 1.0, Cr -

1 1 40 &8 73
SWL-3-29 2 - 83 M %0 73

+ ] 0 37 s 7

A BL-2-46 ] 35 31 16 N
R 12 7 3 n &

‘fram sey sixn te

1. Choice of eicroorganisss mey well de pre-
de oed by the compoeitios of s particular
cesidual sluige. Thus & sludge which, for exasmple,
is predoninstely rich ia chromiwm uwsy requirs &
coaceatratise of nicreecganiems soet efficient for

chroaiun secessarily efficieat for other

toxic =8 sy be preeent ia trace amounts

ot ceuceatr wsll below the threshold liaite;
2. e tr cycle asy ales be shortened

days 1if oaly few wetals are
to be cousidered;

3. In terms of tor design, efficiest
cycling, supply of sutri and efr will dictate s
particular bdasis design Fm. 1.0., batech or
contisueus.

Pfreliaissry results di sed sbove indicate
that aized cultuzss of diffeshat etratas of aicro~
ocgeniconn, the relative coacemtratiss of the
cesidusl bWrine sludges is & dioresstor sad the
aumber of tenic mstals preseat {a ceaceatratioas
exceeding the tresheld limits play critical toles
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1.0 INTRODUCTION

The Electric - Power Research Institute’s Mobile Geothermal Chemistry

" Laboratory (EPRI CHEMLAB) visited the Salton Sea site during the ‘June

1988 flow test to collect and analyze samples from the well (State Well
2-14). : » .

Three types of sampling events took place during the flow test. These
types are defined in terms of their objectives as follows:
B

'TEST TYRE, OBJECTIVE

o Signature_s To characterize chemical and physical attributes
of the total flow from the well. This involves
combining measurements of steam and brine to
E:termine properties of the total flow.

o Tracking - To fpobserve changes in selected parameters as a
fundtion of. time.

o Special - To {h‘lstigate flow streams or equipment of
' special interest.

The CHEMLAB remained on site oughout the flow test. CHEMLAB staff
worked alongside other investigaYors some of whom also collected samples
for chemical analyses. The 1ochtio%&§f the site is shown in Figure 1-1.

This report describes the field operagjons employed by CHEMLAB personnel
and the analytical results of the sijﬁiture, tracking, and special tests
conducted by CHEMLAB personnel and sypport personnel from CHEMLAB's
home base at CE Environmental in Camarilly, California.

R
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2.0 FIELD ACTIVITIES

2.1 SCHEDULE - o - -

The CHEMLAB arrived at the Salton Sea site on June 1, 1988 along with the
CHEMLAB staff who accompanied the move from the Heber Binary Plant in
Heber, CA. The first week was spent preparing the laboratory for sampling
and analytical operations. Sampling began on June 7 and the complete
schedule dBevents for the Salton Sea trip is given in Table 2-1 below.
Itemized 4n the table are the test location, sampling date, flow rates,

and test type=2

In summary, CHEHLAB conducted three s:gnature tests, 11 tracking tests,
and 7 special te Standard CHEMLAB Signature Tests were conducted
three times dur ng the flow test. Daily Tracking Tests occured between
the Signature Testslépr a subset of Signature Test analytes (which will
be described in gf®ater detail later). A number of Special Tests were
conducted to characterize some of the -physical and chemical
characteristics of the brine flow at the weir box, brine pond water, pond

sludge, and injection brm.

Flow from the well stopped gn June 20, which was the last day samples
were taken for the flow tes Sludge samples were taken from the brine
pond on July 7 just before depaﬁiﬁng from the site..

2.2 SET-UPA - | A

The set-up of the CHEMLAB included a ging for the electrical hook-up,
the unloading of . the Fluid Samplinf USystem (FSS), the set-up of the
stairs, and the unpacking of the CHEMLAR jnstruments and supplies. All
analytical instrumentation was checked folf proper operation.

Arrangements for the phone hook up were made. Laboratory water supply
tanks were replenished by the local water distributing company. Deionized
vater in five gallon bottles provided the ﬂssary vater for the
chemical analyses. Tap vater for clean up other general uses was
pumped into the two 50 nllon storage tanks by ;:Rulk delivery truck
from Triple A Vater Chmpémy. CHEMLAB set-up nstrument check out
occured f°E¢EP’ remnf 6f the week.

A

2.3 sum.mc a . F
The sitc :Ppcars in Figure 2-1 and iliustrates t layout of
equipment usid fh thé flo ttest of the deep well. The flow stream

diagram appears in Figure 2 2 and shows the flow stream equipment. The
sampling of the separated fluids wusually began after 24-48 hours flow,
but due to the compressed flow test schedule the sampling for the first
Signature Test occured after only 21 hours of flow, which was the worst
case encountered during the month. This wvas the result of an upset on
June 6, for which the vell was shut down for a period of about five
‘hours.



Table 2-1

SAMPLING ACTIVITIES, SALTON SEA DEEP WELL, IMPERIAL VALLEY, CALIFORNIA

_ Sampling Approx. Flows (1000 lb/h)3 Test 'Rep
Test Location Dates Time Brine Steam Type $
VEIR BOX 6/1 1900  120. 0@8arated SPECIAL 1
VEIR BOX 6/2 0100 161. nom SPECIAL 2
STEAM 6/7 1800 11. 20.2 SIGNATURE 1
BRINE D 6/7 1900 111. 20.2 SIGNATURE 1
BRINE | 6/7 2000  103.. 20.2 TRACKING 1
BRINE =) 6/8 1700 90.5 18.9 TRACKING 2
' VEIR BOX — 6/8 1600 90.5 18.9 SPECIAL 3
POND SLUDGE® 6/9 1400  222. 37.0 SPECIAL 4
BRINE &=§/9 ~ 2000 197. 33.3 TRACKING 3
BRINE 640 1000 193. 30.3 SIGNATURE 2
CSTEAM - 640 0800 193. 33.3 SIGNATURE 2
VEIR BOX A 6/1ﬂuﬂ 1700 181. 29.3 SPECIAL 5
INJECTION BRINE 6/1 1930 214 30.1 SPECIAL 6
BRINE 6/11 1200 185. 29.1 TRACKING 4
BRINE | 612 D 340 59.6 TRACKING 5
BRINE 6/13 2000 {344, 60.0 TRACKING 6
STEAM 6/14 1700 44. - 62.9  SIGNATURE 3
BRINE 6/14 . 1700 44. 62.0 SIGNATURE 3
BRINE 6/15 1800 ~ 4  78.7  TRACKING 7
BRINE | 6/16 1200  421. 74.9 TRACKING 8
'BRINE - 6/17 1100  562. Do ' TRACKING, . 9
BRINE 6/18°i 1000 194, zsﬁ TRACKING 10
BRINE . es20°" 1700 37a. 60.7 TRACKING 11
STEAM : | 6/20. 1700 374. 60.7 TRACKING 11
POND WATER/SLUDGE  7/7 1300 0 0 g:SPECIAL 7

1  "STEAM® and,"BRINB" are at sampling ports on the IIRES'Ieaving
the separator. Y - :

- 2 Samples taken by Dave Mulliner of Kennecott. Two additional samples
vere taken severals houws apart later. that same day.

3 Flows as repdftéd by the Mesquite Group, Inc.

4 Samples taken by the Mesquite Group, Inc.



e

" Figure 2-1*

Salton Sea

Davis Road '

Site Diagram

. Baker
Tanks

1N\

To Injection Well
Imperial 1-13 (~2000 ft)

A

Brine

Diesel
Pump

McDonald Road

*Not To Scale




- Figure 2-2.
- Flow Stream Diagram
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2.3.1 Signature Test Sampling

vell flow began on June 1, and the flow of the mixed fluid through the
separator began on June 7 at approximately 0500 hours. Signature Test
sampling began at approximately 1600 hours the same day. Both the steam
and brine flow streams were sampled for the Signature Test us1ng the
Lawrence Livermore National Laboratory (LLL) sampling probe.

CHEMLAB’s sampling plan included three Signature Tests at three different
vell flo%@ rates. The well was typically allowed to flow for 24 to 48
hours (but never less than 21 hours) after a rate change prior to each
Signature TeRt. A smoothed curve flow diagram of the well flowrate is
shown ‘in FiguBe 2-3. The flow rates at the time of each Signature Test
are given at tha=bottom of Figure 2-3,

An isokinetic sampling rate for the first Signature Test was calculated
to be approximatel%ﬁ}oo cc’s per minute for the steam, and 450 cc’s per

"minute for the brinie. This calculation was made based on the flow rate

information obtained-f'om the Mesquite Group, Inc. in the field..

The sampling probe was ﬁgﬂgected to the sampllng ports with a 1 inch gate
valve. The sampling p vas then transversed into the flow stream so
that the fluid sampled came pfrom the center of the flow stream. The
sampling orifice was directeg upstream. The isokinetic sampling rate then
allowed the sample to be take through the sampling probe at the same
velocity as the flow stream vef\gdity.

A Process Flow Diagram is shown in/A\Figure 2-4. This diagram gives the
reader a conceptual representati f the relative amounts of steam and
brine flow as they were separated inﬁ:&e flow stream process.

Complete Signature Tests were conducte three well flow rates. The
Signature Tests included the measurem§fit of 64 separate chemical and
physical quantities. Standard methods of sampling and analysis (developed
by CHEMLAB staff) included the collection of condensate samples with the
use of a two-stage condenser made from coiled 3/8" stainless steel
tubing. The stages consisted of a boiling watE:,bath folloved by an ice
vater bath.

Raw condensate samples®-<vere collected in Rdet to measure pH,
conductivity,: Eh,: i ed oxygen, anions, carbonate,and bicarbonate.
Acidified samples (I¥mftric acid) were taken for thfgnalysis of about
30 different metals.’s Trapping solutions were utilized to trap and
measure hydrogen sulfidc and carbon dioxide. CHEMLAB’{aFluid Sampling
System (FSS): was used ta obtain the_ noncondensablle gases (at
approximately. atmospheric pressure and 25% temperature) Trbr analysis

"by gas chromatography. . ¥ Y

Traps and rav liquid sapples vere collected for analysis for total
carbonate, carbonate/bicarBonate, total sulfide, and ammonia. For each
signature test, these were collected once (in triplicate) at the steam
and brine ports using the (LLL) sampling probe. Acidified samples for '
metals analysis were also taken in triplicate at each port. In addition,
silicon samples were collected using ice traps to inhibit polymerization.



Figure 2-3
Smoothed Curve Flow Diagram
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Flow ﬁeasurEI'pts at time of brine and steam sampling.

Rl 6/7/88 6/10/88 ' 6/14/88
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Steam Flow 20,240 1bs/hr 33,300 1bs/hr 62,800 1lbs/hr
Brine Flow 111,100 193,300 343, 700
‘Total Flow 131,300 226,600 406, 600

(Adapted from Dave Mulliner’s report to Kennecott, July 1988)
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Figure 2-4, SALTON SEA WELLHEAD
SEPARATOR FLOW DIAGRAM
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2.3.2 Tracking Test Sampling

Daily Tracking Tests were conducted at the brine port throughout the flow
test period from 7-June-88 to 20-June-88, with the exception of June 19.
A Tracking Test consisted of the collection of three samples with the
double stage condenser as used in the Signature Tests. Two raw samples
and one acidified sample were collected during each tracking event. The
acidfied sample was preserved by adding one percent concentrated nitric
acid at the time of the sampling. All samples were obtained using the LLL
probe prowﬁ@ed by on site personnel.

=

2.3.3 SpeciéT&Test Sampling

Special Tests wef® conducted on three occasions during the flow test. The
first event was "Tracking" event at the brine weir box (port 3 in
Figure 2-2). The E;mple types collected and the analysis performed
followed the prescPibed schedule for other tracking samples. The
objective was to have dyailable the information necessary to correlate
CHEMLAB’s brine and skeam data to the data of other investigators who

were sampling at the weiMox.

The second special event occyrred at the request of Bechtel’s project
management, who expressed gpncern about the sludge accumulation rate
within the brine pond. Raw samples were taken for a determination of the
sludge accumulation rate. Saqégts were provided to CHEMLAB staff and a
determination of the total suSpended solids (TSS) going into the brine
pond (port 3) and leaving the briyﬁ;pond (port 5), the difference being
used to calculate the sludge accum#ldtion rate.

The objective of the third Special'hggkvas to estimate the percent water
of sludge samples from the brine pond (sge port 4, Figure 2-2). Sludge
samples were collected for the CHEMLAB sYaff by other on site personnel
using a can wired to the end of 12 foot pole and scraping the bottom of
the pond near the point indicated in Figure 2-2.

A fourth Special Test was conducted during the Bosing operations on the
last day that the CHEMLAB staff was on site. elve one liter samples
were collected at each endiof the brine pond a n the middle of the
pond. Both pond sludge $ad the pond supernatant n collected at each
location igaggplic‘ Bikwe O

e
Tl _

2.4 INSTRUMENTS AND ANALYSES F

Sample ansdgsis used standard CHEMLAB procedures with themexception of
the metals analyses, vhich yere performed by inductively cgmiled plasma
spectrophotometry (ICP), anion analyses which were conducted by ion
chromatography, and ammonia determinations which were determined
colormetrically with the Technicon spectrophotometric autoanalyzer at
EMSI in Camarillo, CA.

10



2.4 ;NSTRUHENTS AND ANALYSES (continued)

The ICP method of analysis allows for the achievement of lower detection
limits for the analytes of concern and reduces the possibility of matrix
interferences in the analysis. This is due primarily to the fact ‘that
the ICP uses principles of spectral emissions, whereas the atomic
absorption spectrophotometer (AA) uses principles of absorption. The
brine samples of concern contain such high levels of dissolved (and
suspended) solids that the spectral path of the AA becomes quite
cluttered.

[

'
g
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3.0 PROBLEMS AND ISSUES

3.1 SAMPLING

During the sampling effort there were four problems. The first was that
the brine contained suspended particulates of what was suspected to be
silica which clogged the glass frit. Second, there was a deviation from
the established 1isokinetic sampling rate for trap samples. The third
problem was a leak on the second stage condenser of the Fluid Sampling
System (F$8§). Finally, measurement of the noncondensable gas fraction
during the Signature Tests was conducted manually, because the wet test
meter was incggrative. The details of each problem are given below.

3.1.1 Brine Tragz§amples

Sampling for carbomnj dioxide and hydrogen sulfide calls for using trapping
solutions to quant®ratively capture the compounds from the flow stream.
Plastic tubing is attafed to the end of the second stage of the sampling

condenser. At the end of the tubing a gas dispersion tube is connected
to increase trapping effjgiency by distributing bubbles of noncondensable
gas throughout the trap solution. During sampling at the brine port

the glass frit became pluggei with small spheriods of what was suspected
to be silica. |

Subsequent sampling was conﬂ§@ted by immersing the plastic tubing
directly into the trapping soluYion. This deviation is not expected to
change the analytical results the dispersion tube becomes more
critical only when the nonconden#®ble gas fraction of the flow stream
becomes significant. For the steam pling the gas dispersion tube was
used successfully. ﬁ:%

3.1.2 Steam Trap Samples \Y,

In order to achieve isokinetic sampling with the LLL probe, an unusually
high flow rate (high for trap sampling) was required. The procedure
calls for capturing approximately 125 cc’s of bgige (or steam condensate)
in roughly the same volume of the appropriate&sfapping solution. The
trapping was performed by flowing the sample int e bottom of the 250
cc graduated cylinder. 3. the case of the steam cﬁnsate a significant
amount of noncondenaaﬁig,gts vas present in the ow gtream, so that if
the sampling rate were toa high the trapping solutionlikuld be blown out
the top of the graduated cylinder.

For this reason the flow rate of the sampling line was JFEwed down to a
reasonable rate (about 100 cc’s per minute) for the tra aken at the
steam port. An aclidified sample was then taken at the sgagt rate, and
then a second acidified salmple was taken at the isokinetic rate. The
sodium analytical results from these two samples can be used to detect
any significant difference in the amount of vater collected during the
sampling at the two sampling rates. The sodium results agreed to within
about 5%, indicating that the water fraction was consistent at both flow
rates, so there was no need to correct the gas trap vwalues for excess
vater. Furthermore, the «consistency of sodium values at the two flow

12



rates suggests that similarly consistent results would be expected for
other species.

3.1.3 Fluid Sampling System

During the third Signature Test a leak developed in the second stage
condenser of the Fluid Sampling System (FSS). Bubbles were observed in
the second stage condenser ice bath. It should be noted that the FSS
condensers are separate from those used for the collection of regular
condensate samples. An attempt was made to stop the escape of the
noncondeng@dle gases from the condenser in the ice bath, however, the
CHEMLAB staff was unable to obtain any gas bomb samples during this
Signature Te! Later in the flow test a gas sample was taken at a
similar flowirate (Tracking Test 11).
——

The wet test met&E used to quantify gas flow was not functioning properly
during the first sampling event. Field sampling flow rates of the
noncondensable porgion of the flow streams were measured using an

‘inverted graduated cylinder in a bucket of water. Although this method

was more time consumin it is felt that the flow rates measured are at
least as good as the t test meter values. The detection limit of the
method used is actually ter than the detection limit with the wet test
meter. Vith the manu ethod as little as 1-2 cc’s can be detected
visually after flowing 10 ligters of brine. The wet test meter on the
other hand needs about 50 cc’s in 10 liters of brine to deflect the meter

significantly. E\ﬂ
3.2 ANALYSES

The problems associated with the‘ﬂ§hemical analyses of the geothermal
fluids are discussed below Dby yte group, because each problem
applies to all analytes which requir milar analyses.

Y

During the first Signature Test the Hewlett-Packard Model 58804 gas
chromatograph experienced electronic circu problems which were
corrected at that time. All gas chromatography™inalyses vere performed
vith the repaired instivment. (The best mea s of (€O, and H,S,
hovever, come from  ghejearbonate and sulfide tr and not “from gas
chromatography of of ‘gas bombs). A

% iy i

3.2.1 Gases

3.2.2 Hefals

Problems with silicon analysis by flame atomic absorEE;on (AA) were
encountered:. dus;: to-the high TDS of the brine samples. EfffBneous high
results vere-indicated by the analysis, with poor signal té noise ratio
even with background correction. The analyses for silicon were conducted
by inductively coupled argzn plasma (ICP) at the twvo most predominant
emission vavelengths were ik agreement with each other.

An additional analytical run for silicon by flame atomic absorption
(flame AA) was conducted. The results indicates a matrix interference
with respect to the silicon analysis by flame AA. Therefore, the data for
this report were generated by the ICP analytical method. .

13
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3.2.3 Anions

The chloride determinations on the brine and steam samples analyzed by
ion chromatography were in good agreement with the chloride data from the
coulometric titrations conducted in the field. The other anions in ' the
brine matrix were more difficult to analyze, and detection limits were
higher than usual. Nitrate proved difficult due to interference from the
relatively high chloride concentration (200,000 mg/l). Another
analytical run using another method could be performed to quantify the

nitrate.
)
E)

3.2.4 Ion Ang%gzer

The Model 301 iom—manalyzer was used for . the measurements of the sulfide
ions in the sgEfide trapping solutions. This meter only displayed
readings to the nearest millivolt, whereas the Model 701 ion analyzer
displays readings fo the tenths of millivolts. This did not affect the
steam values genera , but did in effect raise the detection limits for
the sulfide analyses.] (The detection limit increased from 0.5 to 1.0
ppm, an insignificant thange compared to typical steam sulfide values of

around 500 ppm). M

+3.2.5 pH Titrations n

The pH titrations for total|f\grbonate in the brine fluid had to be
modified to accommodate the high Yacidity of the brine. The first set of
trap titrations (Signature Test /) yielded extremely high results,
reflecting the high acidity of the MBine rather than the concentration of
the carbonate ion.

The samples were reanalyzed using th inkler method, as were all
subsequent samples. This method calls fo¥f two titrations of the trapping
solution: one with barium chloride and one without barium chloride. The
barium chloride precipitates the carbonates from the trapping solution so
the difference between the titrant volumes represents the carbonate

present. D

The detection limit of the Vinkler method is tvice!;tat of the regular
method, since the data reduction calls for the subt tion of two titrant
values, rather than just manipulating a titrant volume with an equation.
The detection 1limit of; both methods can be varizﬂ!ﬁby changing the
concentration of the titrant and the sensitivity of th meter employed
for the analysis. In the test as performed, brine carbonE:h was measured
as approximately 500 ppm, and the detection limit was 10 ppm.

,. T

14



. second sﬂgnaturﬁ is-abeut three percent. Therefore the

4.0 RESULTS AND DISCUSSION

The signature and tracking results have been divided into sections based
on their sampling location (steam, brine, weir box, pond or injection
pump). The analytical data have been arranged chronologically for
the summary tables in the following sections.

Table 4-1 gives a summary of all the samples taken during the test,
including the date, time, description of 1location, and wvell flow
parameteriFit the time of each sampling. Subsequent tables report the
analytical values, which have been arranged so that samples taken later
in time appe@%ﬁlower in the summary tables. Column headings indicate the
particular amalyte along with a descriptor for any exceptions to standard
analytical methedelogy employed for the analysis.

Eh, dissolved oxygem, chloride, and approximately 30 metals. The special
‘tests were conducted as needed for individual parameters such as the TSS
of the brine or. the mo%?ture content of the sludge.

Tracking Tests fzémthe Salton Sea flow test included pH, conductivity,

4.1 SIGNATURE TESTS M

Signature Tests included 64 geparate chemical species and were conducted
at three different vell flow es already mentioned in Figure 2-3 and
the text of Section 2. The laiﬁgLTracking Test (T-11) conducted included
a gas bomb sample taken fro e steam line, since no bomb was taken
during the third signature. A seg@&of traps for the determinations of
hydrogen sulfide and carbon dioxifebwas also taken during Tracking Test
No. 11. For this reason, T-11 will @ig included in the discussion of the

signature data.

The analytical results from the Signature Test samples are given in
Tables 4-2 through 4-8 and are discussed bel§® The major constituents
will be addressed £ixs€, along vith some of e physical properties
determined by the CHE praff. =

4.1.1 Steam

G) consisted primarilygbf carbon dioxide with

7

@ ' other gases. The gas to/
is really the. ga® {0~ steam condensate ratio) report#
signature: (Tablg 4-@¥ i& about four percent and the ra

ine ratio (which
for the first
Jo reported for
tiigher NCG values
: v;@ﬁg ﬁim&ﬁ ,8ignature are consistent with thjrgas to brine

d L
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Table 4-1 ! [261,30]1GEOSUM.132;V5
SAMPLES AND CONDITIONS . Status as of 8,30/88
(RP2390-1, TOL-9, Salton Sea Deep Well, June 1988) ’

Abb. Appr. : PLOW CONDITIONS (1000-1lb/hr)
‘ID Date Time Description Ice Acid Raw * Trap Gas PWH * PSep* Brine Steam
SPEC-1 6/1 am—-pm WEIR BOX : T 450 - - -
SPEC-2 6/2 am-pn WEIR BOX 7 ) T 487 - - -
SIGl-ST 6/ 1800 STEAM 0(1910) A(1600) A(1600) A(1800) A(1430) 514 213 111 20
SIG1-BR 6/7 1900 BRINE 0(2000) A(1900) A(1900) A(2000) 514 213 111 20
T-1 6/ 2000 BRINE '» . T T ’ 514 ° 212 103‘@ 20
-2 6/8 1700 BRINE A(1730) T T A ' 507 198 Jldha 139
SPEC-3 6/8 1600 ° WEIR BOX T a o 507 1““ 91 19
SPEC-4 6/9 1400 POND SLUDGE V ‘ v - 535'“=== 2017 222 17
T-3 /5 2000  smmE o T T i 202 197 33
$162-88%  6/10 0800  BRINE L ° A A A Z 537 200 193 33
S1G2-ST  6/10 1000t STEAN ° A A A —_2(2030) 540 201 193 30
SPEC-S 6/10 1700 WEIR BOX ' o ow 2 ’ 540 198 181 29,
SPEC-6 6/10 1930 INJECTION BRINE v >L 533 209 214 30
-4 6/11 1200 BRINE T T m 540 208 185 29
T-5 6/12 2300 BRINE T T a 513 . 211 348 60
T-6 6/13 2000 BRINE T r v 518 214 344 60
SIG3-ST  6/14 1700 STEAM 0(1800) A(1700) A(1730) A(1800) 500 216 344 63
SIG1-BR  6/14 1700 °  BRINZ W) A(1700) A(1700) A(1730) 500 216 344 63
717 6/15 1800 BRINE 11 T a 491 260 453 79
T-8 6/16 1200 BRINE > T T a 505 237 421 15
79 6,17 1100  sETHY T T a ‘ 440 241 s62 91
T-10 6/18 1000 “—WBRINE T T a 563 221 194 26
T-11-BR  6/20 1700 BRINE T T a A 525 224 3174 61
T-11-ST  6/20 1700 STEAM ' a A(1600) A(1730) 525 224 374 61
SPEC-7 1/ 1300 POND WATER & SLUDGE _ T 7 - - _ -
KEY T - Samples Taken A - Samples Analyzed *PWH - Well Head Pressure (péiq)

O - Analysis Ordered ’ *PSep - Pressure at the Separator (psig)

a - Samples Analyzed for ph, Cond, EH, DO, & Cl Only

w - Analyzed for weight per cent only NOTE: BRINE and STEAM sampled after separator
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Table 4-2

ANALYSIS SUMMARY

[261,30]GEOSUM.132;VS
Status as of 8,/30/88

(RP2390-1, TOL-9, Salton Sea Deep Well, June 1988)
Abb. 1D Date Cl- Na K Ca ) Mg ) Au As CcOol= §= Na (AA)
sPEC-1 6/1 T Yo T T T T T r T
SPEC-2 6/2 T T T T T T T T T
SIG1-ST 6/7 ] 1.93 0.61 1.13 <0.01 0.11 <0.01 .169 N 447 1.32
SIG1-BR 6/7 206,00@; - 19,300 33,500 20.89 1850 N 8.31 517 = 7.0 71,100
. o
RN A N P
T-1 6/7 199,000 - ' 18,000 35,600 20.8 1720 N T “J[‘B 72,000
- P
T-2 6/8 200,008 T T T T T T T : N 2.5 69,900
i : il
SPEC-3 6/8 214,000 ¢ AT T T . T T T 67,700
SPEC-4 6/9 T B 3 T T T T T T
7FmﬁF ™ — —
T-3 6/9 206,000 T - 2 T T T z T 72,000
- g Pe NP o ¥ ‘
SIG2-BR 6/10 flﬂ,“ﬂ 76,808 18,700 42,400 19.3 1850 N 9.23 278 5.7 73,900
— N

8$1G2~ST 6/10 N 14.3 $.3% 8.94 0.05 22 ¢.05 0.268 18,500 590 . 11.6
SPEC-S 6/10 T T T T T T T T
SPEC~6 6/10 T T T T E i T T T T

T-4 6/11 208,000 T T T T T T 77,000
T-5 6/12 212,000 T T T i T T T T 77,700
T-6 6/13 212,000 T T T T T T T 82,000
SIG3-~ST 6/14 N 0.629 O.ISQ 0.563 0.05 0.268 <.05 0.151 21,020 N 0.36
SIG3-BR 6/14 213,000 79,900 m 43,700 19.0 2060 *0.05 ppb 16.4 501. N 75,600
-7 6/15% 206,000 T } T T T T T T 16,300
T~8 6/16 217,000 m T T T T T T 76,300
T-9 6/17 209,0“4 T T T T T T T 77,000
T-10 6/18 202,000 k3 T T T T T T 76,300
T-11-BR 6/20 211,000 T T T T T T T 390 <0. 81,300
T-11-ST 6/20 N T T T T T T T 19,300 171. 0.85
SPEC-7 177 T T T T T T T T T

All values listed are in units of mg/l. T - Sample Taken

Notes:

All metals analyzed by ICP unless otherwise specified.
Cl- analyzed by coloumetric titration, CO3= & S= by trap methods
* Analysis performed by method of Neutron Activation

O - Analysis Ordered
N - No Data from Sample

Sk
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Table 4-3

ANALYSIS SUMMARY

[261,30])]GEOSUM.132;V5
Status as of 8/30/88

(RP2390-1, TOL-9, Salton Sea Deep Well, June 1988)
Abb. ID Date cd Pb Ba St Ag W Co Mn Zn
SPEC~1 6/1 T T ) T T T T 7 T
SPEC-2 6/2 T o T T T T T T T
SIG1-ST 6/7 <0.01 0.0176 0.0443 0.0423 <0.01 -~ <0.10 <6.01 0.024 <0.01
R
SIGL-BR  6/7 0.66 .x 111, 163. 483. 0.206 4.29 0.046 1680 601 4=
0

—i— — J
-1 6/7. 0.68 - 116. 146. 502. 0.218 4.40 0.045 1750 "J('ys.
-2 6/8 T PR | T T T T T T ol T

- . ™ U
SPEC-3 6/8 T T T T T T = T
SPEC-4 6/9 ] Tooe 3 T T T T T
R A
*-3 6/9 T K ] T T T Z T T
P T
SIG2-BR .6/10 ~"~’n.14;__, 102. 459. 0.234 4.51 0.039 1580 566.
— - - —— U
SIG2-ST 6/10 <0.01} 0.026 0.101 0.169 <0.01 10 <0.01 0.18 0.023
SPEC-S 6/10 T T T T T 2 T T T
SPEC-6 6/10 T L 4 T T ﬁ > T T T T
T-4 6/11 T T B ) T T T T T
r-5 6/12 T r r T d\?‘ T T T T T
T-6 6/13 T T L) T 4 T T T T
SIGI-ST 6/14 <0.01 0.030 <o.oQ <0.01 <0.01 <0.1 <0.01 0.019 <0.01
SIGI-BR  6/14 0.63 100. i 527. 0.27 4.62 0.049 1610 653.
-7 6/15 4 T T T T T T T T
-8 6/16 T TLI ) T P T T T T
-9 6/17 T .=i 3 T T T T T T T
T-10 6/18 T T T T T T T T T
T-11-8R 6,20 T T T T T T T T T
T-11-ST 6/20 T T T T T T T T T
SPEC-T /7 T T T T T T T T T
All values listed are in units of mg/l. T - Sample Taken

Notes:

All metals analyzed by ICP

O ~ Analysis Ordered
N - No Data from Sample
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Table 4-4

ANALYSIS SUMMARY

[261,30]1GEOSUM.132;VS
Status as of 8,30/88

. (RP2390-1, TOL-9, Salton Sea Deep Well, June 1988)
Abb. ID  Date Cs”’ Cr v Cu Ti Al Ni Mo Sb sn Li
SPEC-1 6/1 T T T T T T T T T T T
SPEC-2 6/2 T T T T T T ) T T T 7
SIGL-ST 6/7 221. <0.01 <0.01 <0.01 <0.01 0.13 <0.01 <0.01 <0.01 <0.01 <0.01
SIG1-BR  6/7 232 0.115 0.38 2.29 <0.01 0.200 0.026 0.034 0.63.— <0.01 224
T-1 6/7 223 0.118 0.38 1.82 <0.01 0.10 0.031 0.035 '-:'R-}Jsv 7 <o.01 4 234
T2 6/8. T T T T T T T T ‘[p“'] T T T
SPEC-3 6/8 T T T T T T T == T T T
SPEC-4 §/9 T T . T T T T T T T T

—— - ~

-3 6/9 T T R T T T T T T T
SIG2-BR  6/10 7231.'.;; 0.021. “0.476 3. <0.01 0.283  0.045 0.021 0.93 <0.06 231,
S162-ST  6/10 90.0 0.013 °  <¢0.01 £ 0.033 <0.01 30 <0.02 <0.02 <0.06 <0.06 0.120
sPEC-5 6/10 T T T T T % T T T T T
SPEC-6 6/10 T K T T £ > T T T T T T
T4 6/11 T T T T = T T, T T T T
T-5 6/12 T T T T % T T T T T T T
T-6 6/13 T T T T T T T T T T T
SIG3-ST  6/14 71.2 <0.01 <o,omo.o1 <0.01 0.032 <0.02 <0.02 <0.06 <0.06 <0.05
SIG3-BR  6/14 239. 0.29 1 5.24 <0.01 0.281 0.045 0.029 0.99 <0.06 247.
-7 6/15 T T T T T T T T T T i S
T8 6/16 T ‘il>r T T T ) T T T T
-9 6/17 T ..—;i T T T T T P T T T x3
T-10 6/18 T T T T T T T T T T T
T-11-BR  6/20 T T T T T T T T T T T
T-11-ST  6/20 T T T T T T T T T T T
SPEC-7 /7 T T T T T’ T T T T T T
Notes : All values listed are in units of mg/l. T - Sample Taken

All metals analyzed by ICP.

0 - Analysis Ordered
N ~ No Data from Sample
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Table 4-5

GC ANALYSIS SUMMARY
(RP2390-1, TOL-9, Salton Sea Deep Well,June 1988)

Date c02 H2 H2S N2 CH4 C2H6 C3H8

[261,30]GEOSUM.132;VS
Status as of 8,/30/88

Abb. ID n-C4H10  i-C4H10 n-C5H12 i-C5H12
SPEC-1 6/1
SPEC-2 6/2
SIG1-ST 6/1 56.1 82.7 38.5 8.0 36.7 103. 29.7 23.3
s;cl-an 6/1 <1l. <1. <1. <1. <1. <1. ﬁg <1’. <1.
T-1 6/1 iﬁ]
-2 6/8 il
SPEC-3 6,8 e
—

sPEC-4 6/9 v

—— G
-3 6/9 Z
SIG2-BR  6/10 7% 1. . 1. 1. . 1. 1. 1.
$1G2-ST  6/10 40.5 53.7 29 27.8 <14.5 68.6 <14.5 <14.5
SPEC-5 6/10 .
SPEC-6 6/10 7 , >
Y 6/11 E
T-5 6/12 ' : <¥
T-6 6/13
SIG3-ST 6/14 ’ D—
SIG3-BR  6/14 <1. a. m . <1, <1. Q. 1. . (1. S«
T-7 6/15 :
-8 6/16 :n}
-9 6/117 .4 -
T-10 6/18
T-11-BR  6/20 1. 1. 1. 1. 1. 1. 1. . a. . 1.
T-11-ST  6/20 28,700 5.51 40.0 110. 42.9 9.28 14.5 <14.5 39.7 14.5 <14.5
SPEC-T 1/7

All values listed are in units of (mg of non condensible gas)/(kg of steam after separator). )
Results are from gas chromatography analysis of the non condensible gas fraction of the steam after the separator.
Less than numbers calculated from the estimated gas to brine ratio (less than 1 ml gas for 10 1 of brine).

Notes:
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Table 4-6 {261,30]GEOSUNM.132;V5S
. Status as of 8,/30/88
ANALYSIS SUMMARY '
(RP2390-1, TOL-9, Salton Sea Deep Well, June 1988)

DS Conduct. pH Eh DPiss. 02 Turbidity Gas:Brine B TSS Density
Abb. ID Date mg/kqg umho/cm -logf{H+] mV mg/kg ‘NTU mg/1 mg/kg g/ml
SPEC-1 6/1 T T T T T T N T T
SPEC-2 6/2 T T T T T T N T T
SIGl-ST 6/1 T 2150. 5.87 -311. <0.005 688 0.0372 17.2 T
SIG1-BR 6/7 T 535,000 4.89 -58. <0.005 563 N 570. T ‘“@ 1.22
T-1 6/1 T 535,000 4.89 -58. <0.005 T N "~ 576. M
-2 6/8 T " 535,000 5.47 -118.  <0.005 T N o] =
SPEC-3 6,8 r 633,000 4.57 10 0.020 T N ' T
SPEC-4 6/9 T T iy T T T N aome T T
T-3 "6/9 T 629,0040. €74 -49 0.02 T § T T
s162-8R  6s10 331,080 T T s T T 147. == N T 7,490
SIG2-ST  6/10 21. T 6.15 T T Z 0.029 T <10.
SPEC-5  6/10 T T T T T b T N T T
SPEC-6 6/10 T T T T m T N T T
T-4 6/11 T 628,000 5.04 29 < 0.005 T N T T
T-5 6/12 T 685,000 5.16 -40 0.02 T N T T
T-6 6/13 T 645,000 5.14 -50 0.02 T N T T
SIG3-ST 6/14 15.8 2560. s.uﬁ—zn 0.30 81. N T T
.sms-aa 6/14 332,000 648,000 m -38 0.007 76. ¥ T 9130
-7 6/15 T 6§27,0 5.48 -48 0.007 T N T - T
T-8 6/16 T s ooo 5.49 -72 " 0.007 T N T T
T-9 6/17 T =i 648,000 5.46 -95 0.005 T N T T
T-10 6/18 T 632,000 5.47 -n 0.007 T N T T
T-11-BR 6,20 T 636,000 5.48 -81 0.01 T N T T
T-11-ST 6,20
SPEC-7 1/ T T T T T T N T S
Notes: B analyzed by ICP T - Sample Taken N - No Data from Sample

O - Analysis Ordered
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Table 4-7 [261,30)GEOSUM.132;VS
Status as of 8,30/88
ANALYSIS SUMMARY
{(RP2390-1, TOL-9, Salton Sea Deep Well, June 1988)

Abb. ID Date r- Cl- NO3 - S04= Br- I- NH4+ As Hg Se
SPBC—I‘ 6/1 T T T T T ‘ T T T T T
SPEC-Z 6/2 T T T T T T T T T T
$1G1-8T 6/7 <0.08 7.30 Q 6.99 <0.05 <0.01 403 . 6.16 <0.002 <0.001
SIG1-BR  6/7 zss.?"zos,oo&_ o 110. <s0. ~<100. 478. 8.31 0.9 <o0.001
T-1 6/1 232, % 204,008, © <50 o o T T ') T
r-2 6/8 23¢. 7 204,000 o <50 o o T v [ - T
SPEC-3 6/8 * o % T T T T T il T T
SPEC-4 6/9 T T T T T —— T T T
r-3 6/9 r T T T g T T T
'SI1G2-BR  6/10 0 € ' 219,000 ) ¢s0. (100 O 9.13 €0.002  <¢0.001
SI1G2-ST 6/10 o 9.63 o o <0.05 201 o 0.27 <0.002 <0.001
SPEC-S 6/10 T T T T T > T T T T T
SPEC-6 6/10 T T T T m T T T T T
T-4 6/11 T T : T T % T T T T T T
T-5 6/12 T T T T T T T T T T
T-6 6/13 T r T T T T T T T T
SIG3-ST 6/14 [+] 10.8 [+] ﬁ [+ <0.0S <0.01 (] 0.185 - <0.002 <0.001
SIG3-BR 6/14 .O 225,006 m o <50 <100. [+] 16.2 «0.002 0.0012
T-7 6/15 T T T T T T T T T T
-8 6/16 T T T T T T T T T
T-9 6/17 T # T T T T T T T T T
T-10 6/18 T T T T T T T T T T
T-11-BR 6,20 T 4 T T T T T T T T
T-11-ST 6/20 T - T T T T T T T T T
SPEC-7 ' ya) T T T T T T T T T T

Notes: Anions analyzed by Ion Chromatography, Ammonia analyzed by Spectrophotometry. T - Sample Taken N - No Data from Sample
As and Se analyzed by AA hydride, Hg analyzed by cold vapor AA. O - Analysis Ordered
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Table 4-8

ANALYSIS SUMMARY

(RP2390-1, TOL-9, Salton Sea Deep Well, June 1988)

{261,30]GEOSUM.132;VS
Status as of 8,/30/88

Si-ice Si-acid HCO3- co2 H2S Au-AA He Rn-gas Rn-€ilt
Abb. ID Date g/l mg/1 mg/1 ng/kg ng/kg ng/1 mg/kg picocuries
SPEC-1 6/1
SPEC-2 6/2
' $I1G1-ST 6/ 1.09 .37 1490 4320 475 <30 1.58
SIG1-BR  6/7 42 7.4 1. .
-
-1 6/ [EEeX
Ul
-2 6/8 . 2.1 L.
FH
sPEC-3 6/8 ‘ ’
==l
SPEC-4  6/9 v
—————
-3 6/9 Z
SIG2-BR  6/10 ' ~T264°% 147 6.1 ‘1.
SIG2-ST  6/10 ' .84 1470 13,600 627 <30 2.3 23, .25, .20
SPEC-5 6/10 %
SPEC-6  6/10 , >
. YT X
v
T-5 6/12 <X¥
T~6 6/13 .
SIGI-ST  6/14 1.1 1.2% usog 15,400
SIG3I-BR 6/14 147 167 mg 270 <1.
T~7 6/15
T-8 6/16 n?
T-9 6/17 ‘fi; ]
r-10 6/18
T-11-BR 6/20 219 264
T-11-ST  6/20 2.88 14.4 14,200 ‘ ' <30 2.0
SPEC-7 171
Radon values have been reported in pico curies/liter T - Sample Taken
Cc02 and H2S were converted from the C03= and S= values on Table 4-2, respectively O - Analysis Ordered
N — No Data from Sample
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4.1.1 Steam (continued)

Eleven gases were analyzed using a Model 5880 Hewlett-Packard gas
chromatograph equipped with a thermal conductivity detector (TCD).
Hydrogen was quantitated on a separate analytical run using a different
carrier gas. An attempt was made to detect helium, but the detection
limit was 30 ppm (in the gas phase). This corresponds to a detection
limit of about 1 ppm when normalized back to the separated steam flow
stream, and about 0.15 ppm in the original well bottom fluid.

Carbon xide and hydrogen sulfide were sampled using trapping
solutionsd Sodium hydroxide is used for trapping carbon dioxide, which
reacts to fexm carbonate. A Sulfide Anti-Oxidant Buffer (SAOB) is wused
to trap hydﬁggen sulfide. In both cases the volumes of trapping solution
and sample trapped are recorded to normalize the analytical results back
to the stream bgﬁgg sampled.

The carbonate and dulfide results determined from the trapping solution
‘analyses are gi in Table 4-2. The trap values reported are lower
than the results of th gas chromatography analysis but the traps
provide a better measulle of CO2 and HZS due to better precision.

Other species of speM interest in the steam line include sodium,
potassium, calcium, iron and_ arsenic. The values for these compounds can
be found in Table 4-2. Thelvalues for SIG2-ST (signature 2, steam) are
higher than those seen in the other Signature Tests. The data indicate

that some wet steam was samp during the this steam signature test.
However, this difference will t significantly affect the normalized
well bottom values because the st carries very little of the flow of

these species.

Arsenic values have been reported inﬁ:ae steam at unusually high levels.
The data indicate that one or two percent of the arsenic from the brine
is being carried over into the steam Mraction, possibly due to the
formation of a volatile arsenic complex.

The iron detected probably comes from the pipe rrying the steam. Trace
levels of manganese, lead, barium and strontinere also identified in

the steam samples. Only ‘g small fraction (~0.0 of the amounts of
these species in the brigp,vcre carried over into steam, in contrast
to the case of arsen ‘vhete percentage amounts carried over into the
Steam. ' g

P

4.1.2 Brine ! ‘ F:

Testing of’ the btﬂne included three Signature Tests angu-ll Tracking
Tests. In the case of the-brine Signature Test, no gas flowv was detected
and no gas salples takgn. The detection 1limit for gas flov is
approximatley 0.2 cc’s of gas per liter of fluid, wvhich is equivalent to
0.4 mg/kg if the gas were 100X CO,. According to the gas chromatographic
analysis of steam samples, over 932 of the noncondensable gas is C0,, and
carbonate levels in the brine were determined using the trapping méthods
mentioned earlier in Section 3.2.5.

The brine fluid was a yellowish color with a pH less than 5 which is more
acidic than the steam fraction of the separated fluids. This acidic

24



nature required modifications to some of CHEMLAB's chemical analyses.
This has already been mentioned in section 3.1.1 earlier. The brine
contained over thirty percent dissolved solids with a density of about
1.2 grams per  cubic centimeter. Unless preserved with acid (to pH < 2),
the brine did not retain the dissolved solids, and began to precipitate
out an iron oxide looking precipitate.

The chloride values (shown in Table 4-2) accounted for the major part of
the dissolved solids. All of the chloride values appearing in this first
column were analyzed by coulometric titrations. It should be noted that
these val have not been corrected for the small amounts of bromide and
iodide present in the brines. The analysis for bromide and iodide anions
by ion chromstpgraphy did not produce quantifiable results because of the
relatively 1¢W) concentrations. Therefore the chloride values should not
be affected significantly.

The results fogzall other anionic species normally analyzed for by the
CHEMLAB are listed n Table 4-7. Fluoride and sulfate were the only

‘other anionic spec¥®s quantifiable by ion chromatography and the results

are also shown in Tablq 4-7. For the 1limited set of chloride data
presented in the tabled, the precision of the numbers produced by the ion
chromatographic techni is better than that for the coulometric
titrator. m

An alternate method for thq ion chromatographic technique would be to
perform a spectrophotometric determination of the nitrate by complexing
it with an appropriate reaggt and passing the solution through a
spectrophotometric cell tuned %t the appropriate wavelength. Nitrate
standards are also run and cqgRcentration is proportional to the
absorbance (i.e., the Beer-Lamb lawv). Sample data would then be

, reduced by method of linear regressi .

The charge balances between the chloride anion and the cationic metal
species analyzed were in good agreemen®f for the Signature Tests. The
values for chloride and the most abundant metals are shown in Tables 4-2
and 4-3. The most abundant metals, listed in their order of abundance,
are sodium, calcium, potassium, iron and manganese. The brines also
exhibited high levels of z2inc, boron, strontfey, 1lithium, barium, and
lead. These are agaim listed in order of theirfslported abundances.

Preliminary results ed ppm levels of g in the fluids when
analyzed by:JICR gl tdeetry. Subsequent analyseg by flame AA for
gold using” 29 B ketone to extract the utA showed there to
be less 3 he value reported for gold ifi Yable 4-8 is 0.05
parts ¥##s determined by neutron activat analysis of a

test number three. The measuremen® uncertainty for

this val@eiAss mately 0.01 ppb, and the detection limﬁrlfor gold is
'0.03 ppb: £ i i
i

3
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‘of samples to be/

4.,1.2 Brine (cqntinued).

Vhile performing the neutron activation analysis for gold, the analyst
was able to qualitatively estimate the platinum concentration to be
approximately 40 parts per billion. However, the uncertainty is 20 'ppb,
with a detection limit of approximately 20 ppb for platinum.

Other values” quantified include arsenic, tungsten, antimony, copper,
vanadium, cadmium, and silver. These elements have routinely been
determined on geothermal fluids in the past by flame AA, but have rarely

been dete?ﬁbd.

Barely detec ble amounts of dissolved oxygen were measuyred and could be
due in part'td atmospheric ~oxygen contaminating the sample during the
measurement itsedf.

4.2  TRACKING

The results obtaﬂﬁhd within 24 hours of each set of daily tracking
measurements agreed vefjl with each other and with the Signature Test
results. These incl8ded pH, Eh, conductivity, dissolved oxygen, and

chloride. M

Daily Tracking Tests were copducted at the brine port from June 7 to June
20 (except for June 19). ggis port sampled the separated brine emerging

was conducted at the weir bof\in order to allow for the comparison of
data generated by other investigators who sampled at the weir box rather
than at the brine port. One tracki test was conducted at the steam port
on the last day of the test.

“from the separator as in the Sésgature Test. An additional Tracking Test

Rawv samples were collected - duriEER Tracking Tests for immediate
measurement of pH, conductivity, Eh, d lved oxygen, and chloride (by
coulometric titration). Acidified samjfles were taken for analysis of
approximately 30 metals at C-E Environmental’s analytical facility (EMSI)
in Camarillo, California, by inductively coupled argon plasma
spectrophotometry (ICP). ‘

Eleven sets of tracking tests vere conducted Dthe brine port at four

different flow rates frowithe well. The ports e used and the types

J3acted (raw, acidified, ap or flow) were

preselected by EPEL. il BMSI staff. Tracking sampl%vere collected in
i

delta-T mode, inﬁ B the temperature is dropped a cooling bath
before the pressure is changed. The delta-T mode utiliZed two condensing
coils in series at the sampling port. Additional liquEl samples were
collected under ice~for silicen.

4.3 SPRCTAL = f., - T

Sampling locations for the, Special Tests were at the weir box, injection
pump, and brine pond for sludge and liquid. 1In addition, a test of the
noncondensable gas flowrate was conducted at the brine port. There wvere
four events at the weir box, two of which were samples taken by Dave
Mulliner of Kennecott on June 1 and June 2. There were two sampling
events at the brine pond (the first for sludge and the second for both
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sludge and the pond liquid). There was one event at the injection pump,
and this sample was taken by the Mesquite Group, Inc.

4.3.1 Noncondensable Gas in the Brine.

One of the Special Tests conducted at the brine sampling port was a
determination of the noncondensable gas fraction of the brine. The brine
sample was routed to an inverted 1-liter graduated cylinder filled with
wvater so that any noncondensable gas would be trapped in the graduated
cylinder. he total volume through the trap was determined by measuring
the flow ! rate and elapsed time. This verified that it would not be
necessary toggfe the FSS for getting gas bomb samples from the brine.

(-

4.3.2 Veir Box =

The weir box Speciall Tests included the collection of the standard set of
‘'samples being taken"%ith the LLL probe at the steam and brine ports. The
brine weir box samples pere obtained by dipping the sample bottles into
the brine discharge ¥lowing from the weir box into the pond. During
sampling cubic crystalsiiinsodium chloride were observed in the weir box.
The raw samples were co ted for a determination of the total suspended
solids (TSS) at three points,along the flow stream. These results were
made available to the Bechflel project management during the test in an
effort to help with estimating the sludge accumulation rate in the brine
pond. These samples were takﬁPQFt the weir box, in the pond and at the
injection pump. : ' o ‘

In addition to the grab sample‘a\aken at the brine weir box at the
beginning of June, a weir box samp was collected concurrent with a
standard Tracking Test. This test conducted in order to allow for
the comparison of the brine weir box samplgs taken by other investigators
at the start of the test. mQﬁ’

4.3.3 Brine Pond

Sludge samples were taken from the brine ponan order to quantify the
moisture and salt contesmg because of the concern out the scope of
vaste disposal work regydred after the flow Hb Using filtering
techniques cqupled: iRl ‘vater rinses, the weight percent water and
soluble salts vas dned. 4.3.4 Injection Pump [ﬁ\

4.3.4 Iniection{luinx F:,

As part of the effort to ,determine sludge buildup, a safple of brine
being discharged from the pond vas taken at the injection pump by
removing the pressure gaugq and £filing a sample bottle directly from the
orifice. The weight pekcent TSS was determined on this sample and
represents the fluid leaving the pond for injection. The difference in
the TSS measurement between the injection pump and the weir box (brine
into the pond) provided the quantitative information necessary to
estimate the sludge accumulation rate.
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5.0 CONCLUSIONS

The concusions that can be drawn from the data to date (August 31) are
limited to wellhead signature data collected at four different well ‘flow
rates. The results from the three complete Signature Tests and one
limited signature (labeled Tracking 11) are summarized in Table 5-1, and
have been normalized to the well bottom flow conditions. The equation
used to calculate the normalized well bottom values was:

Concﬁggration of analyte in well bottom fluid =
(Concen tion of analyte in brine) x (brine mass fraction)

_ ’r‘
+ (Concentgg;lon of analyte in steam) x (steam mass fraction).

The mass fracti;ns used vere derived from flows reported by the Mesquite
Group, as listed 11Lsab1e 2-1.
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Table 5-1

ANALYSIS SUMMARY
(RP-2390, TOL-9, Salton Sea Deep Well, June 1988)

VELL CHARACTERISTICS

SIG1 SIG2 SIG3 TRK11

TOTAL WELL FLOW RATE 131 226 407 435
(10003 /hr)
}I- .
MASS FRACTIOQN.STEAM 0.15 0.15 0.15 0.14
i\
_
: CONCENTRATION IN WELL BOTTOM FLUID (mg/l)
ANALYTE = ~ STG1 SIG2 SIG3 mx_i‘!f
Co, L 2,080 2,360 2700
H,S f 82 95 )
Chloride 17]Mo0 179,000 179,000
Sodium* 59,8000 67,400 65,800
Potassium 16,200 3,600 18,700
200 3. »

Calcium 28,200 36&)0 35,900
Magnesium 17.6 16 16.2
Iron 1560 1550B 1770
Silicon 143 153 ﬂ 141 146
Lead 93 87 78
Cadmium 0.64 ﬁ
Silver 0.201 0.224 .
Goldw e w8 0.5 pp"A
Arsenic.s 7.9 ©16.1 F
Merc 40,002 <0.002 <0.002
Selenium <0.é§ 0.001

_<0.001

*  Sodium analyzed by flame ‘Atomic Absorption Specttophotonetrf.‘ All
other metal analyses performed by ICP spectrophotometry, except for
gold vhich vas measured by neutron activation analysis.
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Table 5-1 (continued)

ANALYSIS SUMMARY
(RP-2390, TOL-9, Salton Sea Deep Well, June 1988)

CONCENTRATION IN WELL BOTTOM FLUID (mg/l)

ANALYTE SI1G1 S1G2 SIG3 TRK11
Aluminum 0.189 0.234 0.261
Boron =) 482.
T

Barium =) 137. 87. 107.
Cadmium R . 0.56 0.64 0.51
Cobalt & 0.038 0.033 0.040
Chromium &=0.097 0.233 0.250
Copper ]l93 3.18 4.41
Lithium M 231. 244.
Molybdenum 0.029 | o.018 0.022
Nickel 0.022 Msg 0.039
Lead - 93.4 86. 77.6
Sulfur 230. ﬁ 214,
Antimony 0.53 0.80 0.86
Tin <0.06 <0.06 ‘ﬂ'<0.06
Strontium 406. 392. 440,

Titanium

Vanadium
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Table 5-1 (continued)

ANALYSIS SUMMARY

(RP-2390, TOL-9, Salton Sea Deep Well, June 1988)

CONCENTRATION IN WELL BOTTOM FLUID (mg/l)
TRK

ANALYTE SIG1 SIGZ SIG3

Carbon Dioxide 5490 4320 4030
Hydrogen 2.99 0.61 0.77
Hydrogen Sul(ége 21.2 2.42 3.6
Nitrogen : JE 8.42 .6.08 15.
Methane & 12.4 8.06 6.0
Ethane LS.?B 2.99 1.29
Propane 12 4.17 2.0
n-Butane SM 10.3 2.0
i-Butane 15.5 [ <2.2 5.6
n-Pentane 4.46 N 2 <2.0
i-Pentane 3.50 <2ﬁ <2.0
Ammonia 466. | R

Fluoride 198. '

Sulfate 93.8
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Seismic Monitoring of the June, 1988 Salton Sea Scientific
Drilling Program Flow/Injection Test

)

S. F_@Jarpe, P. W. Kasameyer, L. J. Hutchings, and T. F. Hauk

Lawrence Livermore National Laboratory
= P.O. Box 808 L-205
L Livermore, CA 94550

. M Abstract

The purpose of the seismic mohitoring project was to characterize in detail the
micro-seismic activity related the Saiton Sea Scientific Drilling Program
(SSSDP) flow-injection test in the|Raliton Sea Geothermal Field. Our goal was
to determine if any sources of Seismic energy related to the test were
observable at the surface. We dep:Aed our recording stations so that we
could detect and locate both impulsive microearthquakes and continuous
seismic noise energy. h

Our network, which was sensitive enough tMe triggered by magnitude 0.0 or
larger events, found no impulsive microearthquakes in the vicinity of the flow
test in the 8 month period before the test and only one event during the flow
test. This event has provided the opportunity to pare the detection and
location capabilities of small networks and arrays in a hermal environment.

At present, we are carqfully!fscanning all of the data ta we collected during
the flow test for evidiece of anomalous seismic noisegsources and for
impulsive events smaller than the. network detection thresholdr{lagnitude 0.0).

F

+ . Background T

. Geothermal reservoirs often produde detectable geophysical signals both before and during

production. These signals, if understood, could provide valuable information about the
processes taking place within the reservoir. This kind of information can be used to guide
reservoir development strategies. - Some geophysical signals, such as resistivity and gravity,
are well understood, and their contribution to reservoir engineering models has been
demonstrated in many geothermal fields. Other geophysical signals, including seismic



signals, are not so well understood. Lawrence Livermore National Laboratory (LLNL) has a
program to collect case histories of surveys of geophysical signals produced during injection
and production of geothermal fields. In this paper, we describe a case study of seismic
signals produced during a small-scale injection-production test at the Salton Sea
Geothermal Field.

Several different types of seismic signals have been observed in geothermal areas. Low-
frequency (< 20 Hz) tectonic earthquakes associated with geothermal production have been
observed at thes)Geysers Geothermal Field [Eberhart-Phillips and Oppenheimer, 1984].
Acoustic emissions (high-frequency microearthquakes) have been observed during
hydraulic fracmnn@it Fenton Hill [Fehler and Bame, 1985], and during reservoir production
in Japan [Niitsuma t al.,, 1985]. Geothermal "noise" (anomalously high seismic signals
having no clear onset=and lasting longer than several tens of seconds) has been observed
near several geotherm as [Douze and Laster (1979), Goforth et al., (1972)].

The flow-injection test coxﬂdﬁcted as the second phase of the SSSDP provided an opportunity
to study seismic signals associfjted with the initial fluid production from a well-studied area.
During the first phase of the SSSDP, the State 2-14 well was drilled to a depth of 3 km.
During the flow/injection test, Ms produced from an open section of State 2-14 between
approximately 2000 m and 3200 m depth were injected into Imperial 1-13, about 600 m to the
north (Fig. 1). The flow continued|for approximately 30 days. We installed a seismic.
recording system to monitor microeythquakes and continuous seismic noise signals
associated with the initial production of thg88 two wells.

A

Seismic Network Description aﬂ Data Collection Procedure

Figure 1 shows the configuration of the LLNL seiMgfiic stations during the flow test. Two
sets of stations were deployed; 1) seven three-component stations within a 3 km radius of
the two wells, which we will refer to as the network stations, and 2) three small groups of
six to nine sensors within a 100 m square area, which we wijll refer to as arrays A, B, and
C. The network of three-component stations, which provi&nmari.ly phase arrival times,
was used to detect and locate mjiggoearthquakes in the traditiogal manner. The network of
. three arrays, which can p: e diibction, velocity, and depth i tion for any incoming

seismic energy, was usod?iiifi@adideor all possible low-frequcncyA}ZS Hz) sources of
seismic energy originating fréeiie fbwﬁnjectxon zone.

The seismic signals- were ’diﬁdzed at each station at a rate of 120 Emples/sec and the
digital signals transmitted to the central recording site located near well 2- The frequency
range covered by the tfn'ee-eompow stations was 1 to 30 Hz. The arrays were optimized
for signals between 3 and 25 Hz. "All of the sensors were buried several inches below the
ground surface. ‘1

Our recording procedure during the flow/injection test was designed to detect both the
impulsive and continuous sources of energy. To record microearthquakes, an event detection
process at the central recording site monitored all of the signals continuously and archived all



Figure 1. Map of the LL&L seismic network during the June, 1988 flow/injection
test. The triangles are . station locations and the squares are the array
locations. The insets show th# geometries of the arrays A, B, and C. The shaded ellip-

tical zone delineates the area within which we expected to see seismic activity related
to the test. .



of the waveforms when a detection threshold set to produce an acceptable false alarm rate
was exceeded at the required number of stations. To record continuous sources and/or
impulsive events smaller than the network detection threshold, we archived data for two
minutes twice an hour. This recording network and recording system is capable of detecting
all types of events previously seen in geothermal fields, except for acoustic emissions w1th
dominant frequencies greater than 30 Hz.

' !@' Microearthquake Monitoring

We monitored the—flow test zone for background seismicity between Sept. 1987 and the
beginning of the flow test on June 2, 1988. During this time, the system operated in the
event-detect mode. WE?’have not finished processing the data, but between Sept. 1987 and
March 1988, no detectable microearthquakes occurred within the zone. We have recorded
numerous earthquakes locdted just outside our network, however, and from the size of these

~ events can estimate the lower degection threshold of our system to be magnitude 0.0.

Preliminary results from the da llected during the flow/injection test do not indicate any
microearthquake activity larger magnitude 0.0 within the zone of interest. This negative.
result indicates that . neither stress gnor thermal effects were large enough to induce
microearthquakes larger than this shold during the shallow test. We are continuing to
process the data to search for both sggaller magnitude microearthquakes and continuous
energy sources that may have occurred Yb¥fore and during the flow test. By searching the
two-minute force-recorded segments, we havAso far been able to detect one event that will
be discussed in detail below.

Analysis of Flonent

When State 2-14 was first opened, we recorded a single small (magmtude -0.5) seismic
event followed a few seconds later by an air wave. We havgegot yet determined the cause of
this signal, but it provides us an opportunity to compare th nitoring capabilities provided
by the traditional networks with the experimental array meth We will present here in

detail the information that we héive been able to infer about signals using both the
seven station three-component sietwork and the three arrays. A
' Characteristics of Flow Event ' , F

Three vertical component waveforms for the flow event are plotted in FiguI 2. The event-to-

station distance is increasing from the top to the bottom trace. The seismic wave and the air
wave are clearly differentiated by the:difference in moveout across the network.

The same information can be obtained by computing the narrow band 2-dimensional
wavenumber [Aki and Richards, 1980] from the signals at one of the arrays (array A).
Figure 3 shows contour plots of power as a function of the narrow band 2-dimensional
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" Figure 2. Seismograms from w event from stations at three different distances. At left
is a 50 second segment dominal the high-amplitude air wave. At right is the smaller seismic

portion of the signal enclosed by the in the left figure. Zero time is June 2, 1988 00:41:44,
10 minutes after State 2-14 was opened.y The number above each trace is the maximum amplitude
of the seismogram times 10-4 nm/sec. i between the station and the event is shown
between each pair of traces. 'Ni
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Figure 3. Contours of narrow-band 2-dimensional wavenumber power for the seismic (left) and
air (right) waves recorded at array A. The bearing is measured clockwise from north. The wavenum-
ber is 0 km 'at the center and 10 km at the edge of the plot.



wavenumber for the air wave and the seismic phase. The azimuth of arrival is obtained from
the azimuthal position of the peak power. The wavenumber of the arrival is obtained from
the radial posmon of the peak. The apparent velocity is the ratio of the frequency at which

‘the spcctrum is calculated and the observed peak wavenumber.

It can be seen from Figure 3 that the two phases are arriving from the same azimuth, but that
their apparent velocities are quite different. For the air wave, the frequency is 3 Hz and the
peak wavenumber is 6.4 km'! , yielding a velocity of 0.47 km/sec., which is slightly higher
than the velocity of sound (0.33 km/sec) For the seismic wave, the frequency is 8 Hz and
the peak wavcmi;boer is 3.48 km™ resultmg in an apparent velocxty of 2.3 km/sec.

Fam)
!,
=

Location of Flow Everg:

We were able to determine the location of the seismic phase using both the 3-component
network and the arrays. network location was obtained from the P- and S-arrival times
at S of the stations by using agstandard location algorithm. The array location was obtained -
by estimating the bearing from eich of the three arrays. ’

We used a standard location alMthm [HYPO71 (Revised), Lee and Lahr, 1973] to locate.
the seismic phase using the phase arriyal times. The algorithm finds the hypocentral location
that minimizes the sum of the square$ of the travel-time residuals. The velocity model was
derived from verucal seismic profile (VN data from well 2-14 interpreted by Daley et al.,
1988

The epicentral location for the event deriv: m the network arrival times is shown on
Figure 4, and the depth calculated for the evefifis 900 m. We estimate that the uncertainty
in this location is 200 m vertically and 300 m h ntally. The area defined by the epicentral
location and its uncertainties is shown on Figure 4 as Wmle with a radius of 300 m.

The location defined by the three arrays is obtained graphically from the intersection of the
bearing measurements from the three arrays, as shown in Fi 4. The uncertainty in each
of the beams (3 degrees) is illustrated by the shaded wedges ting from the arrays.

The depth of the source can also be estimated using the arrays. To ?am absolute depth,
be

P

Depth Estimation for Flow

precise information about the velocity model is needed. This ¢ obtained from
independent sources such as VSP data, or by calibration of the arrays Th explosions or
earthquakes at several different knowngepths.

Because the event we are studying is fairly shallow, we can use a simple velocity model to
estimate the depth from the array data. The material under the array is saturated alluvium,
which has a seismic velocity of 1.5 km/sec. According to a nearby seismic refraction study by
Frith (1978), the velocity increases to 2.0 km/sec at a depth of about 100 m. - We can use this
velocity model to calculate the depth of our source from the apparent velocity observed by the



Network
Location

Figure 4. Summary of location results for the seismic part of the flow event. The array
location is defined by the intersection of the s from the three arrays. The network location
is obtained from the arrival times at the ork stations. The uncertainty in the network
location (400 m) is indicated by the circle cen on the location. The network and array
locations are the same, within the uncertainties of easurement.

Y

array. Using the observed apparent velocity of 2.3 km/sec, and a horizontal distance of 1500
m, the calculated depth is 900 m.

For deeper events, depth } becomes more diffic ause more layers are
involved and refracted arxd 9 { to be considered. For this n, calibration with
earthquakes or explosjons: i§ deiiged. I calibrations are not availablglehe arrays can still be
used to determine relative depthis of events. F

' Dlg&lsslon/(:oncluslons | T

The lack of microseismicity associated with this flow test is probably a result of the fact that
the pressures produced by the injecﬂonﬁ were. not high enough to induce stresses sufficient to
fracture the relatively weak, highly permeable material in which the flow took place.  The
origin of the event we analyzed here is still not known. We do know that it occurred within
400 m of well 2-14 shortly after the well was opened. The event seems to have occurred at a



depth (1100 to 700 m) shallower than the open section of the well (3200 to 2000 m). “The
timing of the arrival of the air wave suggests that it originated at the depth of the seismic
phase and propagated up to the surface via the open well.

" The data that we have analyzed allows us to assess the capability of the relatively unproven

array methods compared to the more traditional network methods. The network provides
better locations if events are large (greater than magnitude 0.0 for this network) and
impulsive. The arrays, on the other hand, are more useful when the events are smaller and
not recorded wgh by all of the network stations. This is primarily a result of their ability to
enhance the signal amplitude relative to the noise. = Our example event; which was not
recorded well by @} of the network stations, bears this out because the uncertainty in the
array location appeﬂ to be smaller than the uncertainty in the network location (Figure 4).

Another advantage of Ee arrays that we have not been able to illustrate here is their ability
to provide information ut seismic sources that are not impulsive. This includes
continuous noise sources and events with onsets that are not clearly identifiable. These
kinds of signals cannot be locfted with arrival time location methods, but the arrays can be
used in the same way that we used them to locate the event analyzed in this paper.
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Salton Sea Scientific Drilling Project

Well State 2-14
June 3-5, 1988

=
Title: Megsurement of Metal Ion Concentrations in
Gedthermal Brines.

Principal Inve?% ator: Dr. Dennis W. Damall
i_ Department of Chemistry
New Mexico State University
I Las Cruces, NM 88003
M05-646-5888

On June 3, 4, and 5 brine|samples were taken from the two-phase
flowline near the wellhead. Ap additional sample was taken from
the weirbox on June 5. [Nr '

The weirbox sample was obtaineAby dipping a container into the
active flow stream. Some of thatpfjuid was then suction filtered and
an aliquot placed into a sample bottle. The sample was clearly not
complete since suspended solids, mosthf related to silica
precipitation, were visibly abundant and provided the main motive
for filtering. Solid sodium chloride was abundant in the weirbox as a
consequence of steam losses which resulted 3 its supersaturation.
Additional sodium chloride precipitated fro e sample while

. i

filtering. R

Samples from thé Iffdine were taken with a tcfloﬂined
probe/cooling coil: ass@émbly. Access was through a“gldte valve on the
flowline about 40 feet from the wellhead. The probe, F/4-inch O.D.
stainless _wasg: inserted into the flow space of the line

" through an access valve Assembly located at a 3-o'clock position on

the horizontal flowline. "Flowline temperatures at the sampling point

‘were essentially those ofithe wellhead, and near 492°F.

Although the flowline carried a mixture of steam and brine, it was
intended to locate the tip of the probe near the pipe wall where a
continuous liquid phase might be encountered. Cooled brine




| discharging from the coil end was directed into a pre-weighed |

sample container containing dilute nitric acid.

At the time of flowline sampling the attempt to obtain steam-free
brine appeared successful. It was possible to adjust the probe tip
position so that no gas bubbles (effervescence) were associated with
the discharge from the sampling assembly. Success is further
indicated Ry the essential identity of apparent in situ concentrations
for the bfine samples collected on successive days (1). Additionally,
the relativejifference in salt contents of the flowline and weirbox
samples (af‘t adjustment for precipitation) are in good
correspondence fo0 what would be expected from steam release
between the two locations. Scale deposition in the probe/coil

. sampling equipme&g appeared minor and is not considered further.

All samples were sexl‘to a commercial laboratory for neutron
activation analysis for cious metals. The samples, contained in
scintillation vials with olume of 17.3 ml, plus comparator
standards, were irradiated f?r 30 minutes in a TRIGA Mark I Nuclear
Reactor at a flux of 1.8 x '

the samples for gold, platin and palladium were wet-ashed in the

presence of gold and palladium iers. Palladium was separated
using dimethylglyoxime. Gold separated as the metal using
sulfur dioxide. The separated sam were then counted on a Ge(Li)

detector coupled to a multi-channél "gamma-ray spectrometer. The
elements gold, platinum and palladiuth/produce Au-198, Au-199 and
Pd-109 with half-lives of 2.75 days, 3.15 days and 13.5 hours
respectively. The samples for silver and iridium were allowed to
decay for several weeks to remove the Na-2 tivity. They were
then counted as above. The elements silver iridium produce Ag-
110 m, Ir-192 with hdf@ves of 245 days and H days respectively,
The results are tabuiaed:in Table 1.

'-:’

Thc analytlcal dam shﬁwn in Table 1 are particularfy confusing for
silver. None of the flowline samples indicated silver Fove the
detection lumts which: ranged from 140-540 ppb. On thg, other hand
the weirbox samplé showeg the presence of nearly 1 pph (890 ppb)
silver. The weirbox sample had considerable precipitate which was
removed prior to collectign of the sample. Data provided elsewhere
in this report (1), indicates that the precipitate contained iron, silica,
lead, arsenic, cadmium and copper. Iron is suspected of bemg co-
deposited with silica, but the severe loss of copper, arsenic and
cadmium suggests losses due to sulfide formation, and hence silver

0-12 n/cm2-sec. After a decay of one day,
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and gold would also be expected to be lost as sulfides (1). (In support
of this hypothesis, the gold content in the weirbox sample ranges
from 20-80 percent of that found in the flowline sample). Never-

~ the-less, the weirbox sample was the only one which showed silver

above detection limits.

-Gold concentrations in the flowline samples were uniformly low and

ranged from 0.0325 to 0.120 ppb. Platimum, on the other hand was
detected ﬁ“the 5 ppb level in two of the flowline samples, but it was
below the ﬂ%:ction limit in the other four flowline samples.
Considering: that the platinum detection limit for these four samples
ranged from 4ZL6 ppb, these data are not inconsistent. Iriduim and
palladium were—hot observed above detection limits in the two
samples analyzed]

The variation of dete'tion limits for various samples for the same

_element deserves som@ gomment. Neutron activation analysis

detection limits vary the size of the sample irradiated, with the
irradiation time, with the ﬁime elapsed between irradiation and
counting, with the time of 'counting and with the carrier recovery.
Thus unless all these factorsN'e constant throughout the analysis,
the detection limit will vary for Aven duplicate samples.
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Appendix E, Well Test Engineering Report on Testing of
Kennecott State 2-14, June 1-25, 1988, Salton Sea Scientific
Drilling Project, prepared by Mesqmte Group Inc. for Bechtel
International.
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DMA 05

DMA 08

DMA 02

DMA 03

DMA 06

DMA 01

DMA 07

DMA 04
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TABLE 1. Neutron

Metal Concentration (PPB)*

Ag Au By

ND < 540. 0.0717+£0.0122 ND< 16

ND < 290. - -

Activation
in Salton Sea Geothermal

2Z.

) ' 0.05864£0.0047 5.2541.47

; 0.0683+0.0057 4.8011.% -
ND < 500. - ‘< -
890.4134

0.0@9»_0.0054 ND < 12.

- 0.03254£0.0036 ND<4.

ND < 140 0.1204£0.008 ND <84

* ND - Not Detected below limit of detection

ND <0.8

Analysis

ND > 6.5

of
Water:

Precious

Metals
Well State 2-14

Comments

SAmplc from flowline
collected 6 8 after 500 ml
passcwhrough sampler.

Hruple from flowline
collected in dilute nitric acid
immediately after collection of
DMA 05.

Sample from flowline (unacidified)
collected immediately after DMA 08..

Sample frbm. flowline (unacidified)
collected 6/4/88 after 1000 ml passed
through sampler.

Sample from flowline (acidified)
collected immediately after DMA 03

Sample collected 6/5/88 at Weirbox
after geothermal waterexposed to
atmosphere. Sample was filtered
through 0.45u filter prior

to collection,

Sample from flowline collected 6/5/88
and acidified.

Sample from flowline (unacidified)
collected immediately after DMA 07.

Sample from flowline (acidified)
collected immediately after DMA 04
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TRANSPORT QOF PLATINUM GROUP ELEMENTS, GOLD AND SULFUR
IN THE SALTON SEA GEOTHERMAL BRINES

 Dr. Michael A. McKibben
and
Dr. Alan E. Williams

_ Geothermal Resources Program
Institute of Geophysics and Planetary Physics
University of California
I Riverside, CA 92521
(714) 787—3444 or —4501

vl

Research supported by National Scieglce Foundation grants EAR—8617430 and EAR—8805426,
and by University of California UniverN-wide Energy Research Grant UCB/UERG—034188.

We collected fluid and solid samples A’ing the June 10 and 15 1988 flow—tests of the
Salton Sea Scientific Drilling Project well Califgrnia State 2—14 (S2—14). Samples of flashed
brine and steam condensate were collected f; the brine and steam flow—lines exiting the
separator. Following the ﬂow—-tats; silica and hyMﬂde scalés were collected from the valve
between the wellhead and separator, and from an orifice plate valve on the brine flow—line
after the separator. These fluid and solid samples are currently being analyzed for their
contents of Pt, Pd, Rh, Au, HsS, SO, I, Tl, Sc, As, Sb,B, Ga and In. Techniques being
used are isotope dilution and firé assay inductively—coupled ma mass spectrometry and
graphite furnace atomic &haavtlon spectrometry. - Additibnally, the sulfur isotopic
composition (§34S) of HaS and: 8O4 are currently being analyzed A conventional gas source
mass spectrometry. . F '

Preliminary results on Pt grqup elements and Au indicate that sign-Ecant ‘levels of these

 elements are not being transported by the Salton Sea geothermal brines. These results

conflict with the results of other researchers, who have used analytical techniques that may be
prone to serious matrix interferences caused by the high salinity, Fe and Mn contents of the
SSGS brines. ‘ : :



Our preliminary results have significant implications for the formation of Pt group
element ore deposits. It is often proposed that transport of Pt by saline hydrothermal fluids is
geologically important during the late stages of crystallization in magma-hydrothermal
systems. Our results imply that this may not be the case for fluids having salinities,
oxidation states and pH values similar to the SSGS brines. | '

Results from the sulfur isotopic analyses are not yet available. However, results from
previous flow—tests of the S2—14 well indicate that fluid HsS and SO4 are in sulfur isotopic
equilibrium, aP that H,S is generated by hydrothermal reduction of SO4 derived from
evaporitic anhydrite in the reservoir rocks. This places constraints on the nature of sulfur
transport in thei‘% GS, and on the scaling and corrosion behavior of the brines during
geothermal power proEction.

"~ Our preliminary r&ﬂlhs should be available in time for presentation at the annual
Geothermal Resources Counc‘ meeting, to be held in San Diego in October of 1988.
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PROGRESS REPORT
August 25, 1988

ISOTOPIC AND CHEMICAL CONSTRAINTS ON FLUID DISTRIBUTION
AND WATER-ROCK INTERACTION IN THE SALTON SEA GEOTHERMAL SYSTEM

Dr. Alan E. Williams .
Geothermal Resources Program
Institute of Geophysics and Planetary Physics
ED University of California
! Riverside, California 92521
— (714)-787-4611

Research Support by the National Science Foundation Grant Number EAR-8805426
and University of Cali&grnia Universitywide Energy Research Grant
UCB/UERG-034188.

Samples from.the Salton Lea Scientific Drilling Project well number State
2-14 were collected from siaiﬁated brine and steam flow lines and from the
weir box on both June 10, I and June 15, 1988.

Raw brine and steam condensatj samples are presently undergoing analysis for.
stable isotope ratios of D/H and Jﬁa{lso. Brine samples were also collected,
stabilized, and are being analyze a variety of techniques measuring major,
minor and trace element abundances. Wa expect information on at least 25
solute species which are typically ab analytical background. Gas/steam’
ratios (which roughly give the content of carbon dioxide in the production
fluid) were measured giving values on tﬂf;trder of 2500 ppm (somewhat higher
than similar measurements made for previ tests of the State 2-14 well).
Hydrogen sulfide was also collected from th&/Beparated steam phase for gravi-
metric analysis. Yields from our H,S precipltation analysis are somewhat
suspect but confirm the low sulfide content (on the order of 10 ppm) observed
in other wells and previous flow tests of State 2-1l4.

Analyses of major brine comstituents will be utii;)ed to compute a reservoir
fluid density for comparisom:with similar computation ournier, 1988;
Williams, 1988) of fluid frotuother Salton Sea area w# and previous State
2-14 flow tests. Unfort .', 1y, the producing interval fog this long term
flow test is not well canni:ained 80 a vertical density difigribution in the
State 2-14 well cannot: easily be produced. Well controlled samples from the
long term flow test will be compared with previously acquireffadata from other
Salton Sea geothermal system wells. This will permit us to Bvaluate less well
controlled sample-analyses, both chemical and isotopic, and wiTf" allow us to
make refinements on our model.of fluid distribution and water-rbck reactions
in this well studied active geothermal system. :

We hope that data from the State 2~14 will be available for presentation
during the Geothermal Resources Council meeting (October 1988, San Diego,
California) and at the Geological Society of America Convention
(October-November 1988, Denver, Colorado).
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Preliminary Uranium Series Isotope Measurements from June 1988
Flow Test of the State 2-14 Well.
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Abstract. A wide range of isotopes in the 238U, 235U, and 232Th
decay chains- was measured in geothermal brines collected during an
extended flow test of the Salton Sea Scientific Drilling Project well’
(SSSDP). High concentrations of radium, radon, and lead isotopes are
generated and maintained by the input of these isotopes from solid
phases into brine by both recoil and leaching processes, by the high
chloride tent of the brine which complexes radium and lead, and
by the apparent absence of suitable unoccupied adsorption sites. In
contrast, uramjum, thorium, actinium, bismuth, and polonium isotopes
all have low \concentrations due to their efficient sorption from brine

—

to rock. =

L Introduction

238y, 235y, anl 232Th decay to stable isotopes of Pb through
a series of shorter-liv ntermediate daughters (Figure 1). In a
closed system, these dalghters grow into secular equilibrium with
their parents, so that the [Paughter/parent activity (disintegration)
ratio becomes unity. However, ground water and geothermal waters
are not closed systems, but igdgract with the solid phases they
contact. Because of the different geochemical properties of the
intermediate isotopes in each chA significant radioactive
disequilibria often exist in these wgmws, and sometimes in solid
phases associated with them. Both *thermodynamic and kinetic
factors play a role in creating and m ining these disequilibria,
and a number of workers have discussed these factors. Langmuir and
his associates have provided recent reviews of the thermodynamic
properties controlling the behavior of uraniuga, thorium, and radium
in natural waters [Lasgmmir, 1978 Langmuir Herman, 1980; Hsi
and Langmuir, 198%: Sdigmuir and Riese, 1985; Langmuir and
Melchior, 198 i’have focused on physic tors, such as
recoil durill j (Tanner, 1964; Krlshnaswara et al., 1982;
Cal.,- 1985], migration of nuclideg along
. boundaries [Rama and Moorey=1984], and
nttal emplacement of uranium-bearing phases
along gre sdidartés (Krishnaswami and Seidemann, 1988].
Studies of uranium and thorium series disequilibria are of value
for several reason. First, the behavior of actinides and their
daughters in thermal salime waters and their associated rocks is
pertinent to the management of radioactive waste, as a natural
analog of nearfield conditions of radioactive waste repositories in salt

the po i



[Elders and Moody, 1984]. Second, while studies of saturation states
can give insights to possible mineral alterations [Langmuir and
Melchior, 1985], the radioisotope disequilibria observed in fluid and
solid phases are useful for estimating rates of brine-rock interaction.
Third, radioactive disequilibria may be useful for estimating
parameters of geologic interest in hydrothermal systems, such as
brine flow rates, fracture sizes, and ages of vein deposits [Sturchio
and Binz, 1987; Zukin et al., 1987, Hammond et al., 1988]. The SSSDP
well has provided a unique opportunity to study the in situ behavior
of the naturally occurring U-Th series radionuclides in deep

—,

- geothermal ‘Brines.

T—

== Methods

Details regarding the drilling and plumbing system used to
produce fluid from thq well are described elsewhere {Michels, 1986].
Brines were produced two zones in the well during four
~ separate flow tests. Th st sampling occured when the well was
1898 m deep on December| 29-30, 1985, with production presumed
to come from a fracture zone near the bottom. The second set of
samples was collected when Nwell was 3220 m deep on March 20-
21, 1986, with production also originating primarily near the bottom.
The third and fourth set of sam were taken during an extended
flow test during June 1988, with thgsghird set collected on June 10
and the fourth set collected on Jun , 1988 (Table 1). Because the
volume of brine that could be produc uring the first two flow
tests was limited by the size of a pit bdilt to receive water

discharged from the well, only 4000 m3 could be produced during
each test. Measurements of major constituent d stable isotopes
suggest that for the first test this brine volunm“ sufficient to clear
the well of fluids introdtsced during drilling. Hoger, the second ‘
flow test showed ewiglant® that the fluid produced®contained 5-10%
- of contandnatic mul@f$. introduced during drilling ration
[Sturtevant and Willids, 1987]. Our measurements of gadioisotopes
in the brine should not' be noticeably influenced by su

contammn%%;m perhaps for isotopes of U and Th are

present in ¥ a?vely‘ sma}l yconcentrations. Another possitile
complication is that sulfafte contamination from drilling fluids may
 have caused some barite tb precipitate during the mixing of brine
and drilling fluid, and this barite may have scavenged some radium
from solution. While we think this effect shoul be small, it cannot be
evaluated. Thus, the radium concentrations measured during the
second flow test are lower limits, but measured ratios of radium



isotopes should be accurate. Contamination is assumed to be
negligible during the flow test during June of 1988, since discharge
from the well was being reinjected and samples were collected after
the well had been flowing for several days.

A steel pipe was attached to the wellhead to transport brine and
steam to a cooling tower before its discharge into a waste pit. The
pipe was fitted with a series of sampling ports separated by orifice
plates, praviding different pressures and temperatures for sampling
the two-pifase flow. Samples ports were constructed so that either
brine or st could be withdrawn from the flow line. During the
June 1988 flow test samples were collected from a sampling port
located just befdre the entry of the flow into the cyclone separator.
Previous work af other SSGF sites has shown that radium and lead
concentrations in t&ig brine are not strongly influenced by the flash.
process [Zukin et a 987]. Therefore different locations in this flow
line should yield equigalent samples, at least for Ra and Pb. Brine
samples were collected allowing hot brine to flow through a
cooling coil immersed an ice-water bath into a polyethylene
container filled with dilute BC] (Table 1). Samples were not filtered,
- so measurements of uranium and thorium may be upper limits due
to possible contamination winarticulates transported in the brine
[Zukin et al., 1987). Gas samples 222Rn analysis were collected by
allowing steam to flow through ling coil where condensation
occurred, and the remaining non-cqglensable gas fraction was
passed into a glass bottle fitted with %inlet and outlet tubes.

Analyses for isotopes in the brine e carried out as described
by Zukin et al. [1987] (Table 2), with some modifications. The CO7
fraction in the gas sample was measured using gas chromatography,
and the radon fraction using alpha scintillatiopytechniques. The brine
radon concentration was then. calculated fro e measuredRn/COj
ratio and in situ COg: ration [Michels, 198“ Results from the
June 1988 figw ton 'cﬂcnlated using the the s value for in
situ CO2 concent ; ~dle earlier flow tests, and/¥erefore the
conentrations may:have’ to be adjusted, but the radiumgyatios will be
unaffected. 223 : - determined from gammas emitted by its
short-lived*gaiifiitedi “219Kn and 211Pb at 401 and 405 Kev from
‘the BaSO4 precipitate coffected for analysis of 228Ra and 224 Ra

(about 300 ml brine usedﬁ The 210Po results are upper limits, based
on an anlysis for 210Po made about 0.5 days afetr sample collection.

The 210Po was calculated assuming that no 210Bi was present
initially. Pb isotope results for the June 1988 samples are not




available yet since 210Pb ingrowth is necessary. In addition 227Ac
requires an ingrowth period approaching one year before
measurement. :

When more than one sample was taken for analysis of a
constituent, the results given represent the average, weighted by the
uncertainty of individual analyses. All uncertainties quoted are + one
standard deviation, derived from counting statistics. Data for the first
two flow test have been corrected for evapoative losses (5-15%)
prior to lection, based upon estimates of the flash fraction for
different sangéle ports [Michels, 1986]. Results are reported as
isotope activi es_ (disintigration rate) in the brine in situ.

& Results

Our results (Table f) from the SSSDP brines generally corroborate
those reported previod#sly for saline hydrothermal systems. The
measurements obtained m similar to those for other portions of the
Salton Sea Geothermal 1d [Zukin et al., 1987], and, consequently,
this discussion will include nonly a brief summary of the geochemistry
of uranium and thorium serie§ jsotopes in saline, reducing -
hydrothermal waters. The Junf\ 1988 samples have lower
concentrations for most isotopes, Atb the exception of 222Rn and

223Ra which had similar concentfations to the SSSDP1&2 flow tests.
Until we can rule out contaminatioﬂr reaction with the casing we
will not attempt to interpret these differgnce, although they may be
real. The concentrations of uranium and{ thorium are low, and the

234y/238U ratio is also low in comparison to most groundwaters
[Hammond et al., 1988). The low uranium concentration suggests that
uranium is in the +4 valence, and low urani isotope ratio indicates
either that uranium exchgnges rapidly betweell” brine and rock, or
" that measurements amp Wised by incorporation cﬂr k fragments in
samples [Zukin- etsq 987]. In contrast, radium congentrations are
1000-10000° times{gh{gly than those of their parendq These high
concentrations - masé- W' maintained by input from s nding solid
phases. The peuum or radium .in solution probably reflects
complexation-wislé* chloride- [Langmuir and Riese, 1985; PMmmond et
al., 1988). Lack of “suitablé adsorption sites may also maintain the
high concentrations that age observed [Langmuir and Melchior,
~ 1985]. It is also possible ‘that Ra concentrations are related to
elements forming sulfides [Hammond et al., 1988]. Radon
concentrations have an activity comparable to, or greater than those

of its parent 226Ra, suggesting that dissolved radium greatly exceeds




both adsorbed radium and that located within recoil range of solid
surfaces [Laul et al., 1985; Zukin et al., 1987]. Some daughters of
these 1sotopes(228Ac 228Th, 210Po) are much lower in
concentration, reflecting the low solubilities of these elements and
their rapid sorption from solution. In summary, in SSGF brines,
radium, radon and lead are quite soluble while uranium, thorium,
actinium, polonium, .and bismuth have much lower solubilities.
Several_samples were collected for radium analyses at different
times duriftg the flow tests, and the isotope ratios observed are of
interest (Tabdy 4). The 224Ra/228Ra ratio was uniform during the
second flow" test, although the ratio observed in each flow test is
different. The 1 of change in this ratio during the 14 hours of the
second flow test indicates that the values of less than one that were
observed here and l@ the nearby Fee wells [Zukin et al., 1987] were
not a transient effect gue to intiation of flow, but must reflect steady
stae in situ values. Folmation water should have 224Ra/228Ra > 1.17 -
if alpha recoil is the ofjfl mechanism for radium input [Krishnaswami
et al.,, 1982]. If the sy is in a dynamic equilibrium, the low ratios
observed here must reflect the importance of one or more of the
following effects: (1) weatherigg of solids, (2) growth of crystals that
‘incorporate- 228 Th to depths parable to the recoil range, so that

the fraction of 224Ra recoiled intf solution from the sorbed 228Th is
less than the 50% expected, or (3) tecoil input that is limited by slow
diffusion down microfactures. The {mfiation in 228Ra/226Ra ratios
observed during the the 1986 and 198§ sflow tests exceeds analytical
error, but the cause of this variation is lhot apparent. It is possible
that flow from multiple zones with different ratios of radium
isotopes occurred during these tests, and the relative contributions
from these zones varied with time. D

i

Qnmmary ’ R

Sampling and analyse3 of brines from the Salton Aa Geothermal
Field have produced data for the distribution of the nggpral
radionuclides of the 238U and 232Th decay series. The® data are of
potential - se to the' predictjon of the behavior of radwastf
radionuclides stored in geblogical repositories such as salt beds. The
behavior of uranium and thorium series 1sotopes in brines from the
SSSDP well is very similak to that expected in a high temperature,
high salinity brine. Uranium, thorium, actinium, bismuth, and
polonium are all relatively. insoluble, indicating their rapid sorption
from solution. In contrast, radium, lead, and radon are ail found in




high concentrations. These high concentrations reflect the importance
of weathering, leaching, and recoil inputs of these elements into
brine from adjacent solid phases, complexing of radium and lead by
chloride which helps keep these elements in solution, and lack of -
suitable unfilled adsorption sites capable of removing these elements
from solution.
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Table. 1. Sample Inventory of Geothermal Brines Collected During
June 1988 Flow Test : :

ID2 Time Acid Sample wt Spikes  Desired

of sampling added(l) (kg)b Added Analysis
3-3 17 1 1.43 - none Ra isotopes
3-4 1700 none - 2.17 none 222Rn
4-53a 1848';3:& 1 2.2 none Ra isotopes
4-106 1849 =.25 3 o none 226Ra
4-45 1850 £4.5 12.5 232y,228Th  238y,234y,
_ 232Th,230’1‘h
4-B2 1853 1.1 2.49 208pp,230Th 210po,228TH
4-1 1900 .25' 3 none 226Ra
4-52a 1903 1 2.36 none Ra isotopes
4-3 1915 none 2.17 ) none 222Rn
4-2 1916 none 12.17 none 222Rn
4-111 1936 .245 Ns 229Th  2284c,212pp
4-108 1938 .25 : none 226Ra
4-B3a 1940 .07 3.7 229Th  228Ac,212pp
4-B1 1943 1.1 2.4 gpw 208pp 230Th 210p(,228Th

a) ID# = date-sample#(3- 6/10/88,Y §- 6/15/88).
b) Wt. for gases is volume in liters STPY
Line conditions P= 17.9 atm and 212 ©C.




Table 2. Uranium and Thorium Series Isotopes Measured in the
SSSDP Well Brine Samples

Isotope Measured Method of Analysis

238y ' - Alpha-spectrometry

234y P . Alpha-spectrometry

232Th | Alpha-spectrometry

230Th = Alpha-spectrometry

228Th = Alpha-spectrometry

228Ra = Gamma-spectrometry

228A¢ L Gamma-spectrometry

227Ac¢ ' Alpha-spectrometry

226R 3 l Alpha Scintillation/222Rn 1ngrowth
224Ra M Gamma-spectrometry

223Ra 3 Gamma-spectrometry

222Rn ‘ ﬂAlpha Scintillation

212pp ma-spectrometry

210pp , 1p spectrometry/ZIOPo ingrowth
210po Alp spectrometry

210Bj Alphafpectrometry

10



Table 3. Uranium and Thorium Series Isotopes in the SSSDP Brine
Samples

[sotope SSSDP-1 SSSDP-2 SSSDP-3 SSSDP-4
dpm/kg n dpm/kg n dpm/kg n  dpm/kg n

238y S0.0714) 1 0.033(4) 2 - 0.018(7) 1
234y 0.077(5) 1 0.0384) 2 - 0.026(10) 1
230Th  €9436) 1 <0.020 1 ; <0.008 1
226Ra  219GK80) 2 1060(50) 2 526(10)a 1 526(10)

3
222Rn 21300150) 2 2600(1400) 3 1811(96) 1  2038(74) 2
210pp 3260(1&5)2 3220(80) 2
210 <740 i <1370

— DN = DN

224Ra 1010(60) 2 54030) B 4 2927) 1 356(15)
212pp  2250(280)1  1440(140)=y 1 . -
223Ra 631 2 11(7) 4 23(10) 1 1509

210pq <0.95 <28 - <1.15 2
232Th 0.007(4) 1i¥&0.007 - <0.008 1
228R, 1120(60) 2 730(40) 4 24427) 1 329(14) 2
2284 ¢ 250(170) 1 150(9Q) 1 - 301(86) 2
228Th 0.58(4) 1 0.41 2 - 0.57(6) 2
2
2
2

Data has been corrected to pre-flash conditions, based on
temperature and pressure at the sample port. The flow tests were
carried out at 1898 m and the second flow teg4 also sampled fluids
from 3220 m. The analygical uncertainties in last digit (+1c from
counting statistics) ame @wn in parenthese, andflhe numbers of
samples analyzed argigivem as n. If more than one agalysis was
made, averages wes§tWweighted by the analytical ungltainties in
each measurement. Radlum activities for SSSDP-3 are galculated from

the average of the SSSDP-4 226Ra values and measurdd Ra activity

ratios. ome- _ T
g b




“ov

Table 4. Radium Concentrations (as Activities) Observed at Different
Times During SSSDP Flow Tests
Sample Date Time 226Ra 228Ra 224Ra 223Ra
[5 (dpm/kg) 226Ra 228Ra 226R a
SSSDP-1- 4:&-;,9-85 1600 2040(90) -- - - - -
-14 12729-85 1710 2450(120) 0.51(1) 0.93(3) 0.017(27)
-18 12-30-85 1200 -- 0.51(1) - - 0.001(15)
Average L 2190(80) 0.51(1) 0.93(3) 0.003(18)
SSSDP-2-26 3-20-86 '2210 - - 0.64(1) 0.74(2) 0.020(27)
-28 3-21-86 0 -- 0.70(1) 0.74(2) 0.025(13)
-37 3-21-86 0 1150(60) 0.75(2) 0.77(2) 0.002(9)
-45 3-21-86 121(ﬂ 1020(50) 0.64(1) 0.77(2) 0.008(16)
Average WO(SO) 0.68(1) 0.76(2) 0.010(13)
SSSDP-3- 3 6-10-88 ~1700 -- A 0.48(1) 1.12(3) 0.046(19)
SSSDP-4-53a6-15-881848 500(2 0.56(1) 1.36(4) 0.013(32)
-52a 6-15-881900 613(13) 83(1) 0.80(2) 0.037(21)
-108 6-15-881938 398(18) Yf-- - - - -
Average 526(10) 0.70(1) 0.91(2) 0.030(18)
Uncertainties in the last digits (+ 1o, derived fipm counting statistics)

are given in parenth

MuAverages are weigh

means.

A
E
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in this study are bordered by heavy lines. The mass number and

half-life for each isotope are: given.. Vertical
decays, and short dugal’l %bars indicate beta

R

Figure 1. The uranium and thorium any series. Isotopes measured

(3

F
T

ws indicate alpha
ays.
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CHEMICAL SAMPLING - UNIVERSITY OF UTAH RESEARCH INSTITUTE

Liquid and gas samples of the fluid from the Salton Seda Deep
Hole were taken by Mike Adams and Michelle Lemieux of the
University of Utah Research Institute during the long-term flow
test. Thrgz samples were taken during a one hour period from 0900
to 1000 on Jgae 8, which corresponds to the lowest flowrate of the
test. Four saﬁESes were taken during a two hour period from 0930
to 1130 on June lﬂ; which corresponds to the highest flow-rate of
the test. l

The samples wer taken from the brine and steam 1lines
downstream of the separator. The liquid samples were taken by two
different methods. The fijlt method involved cooling the hot brine
in a one fourth inch stainlﬂ§i steel tube coil prior to capturing
the fluid in a preservative s@\ution. Although this method is
commonly employed, it may promotE%precipitation of silica in the
cooling coil prior to collection. %ﬁ% second method was designed
to prevent precipitation of silica prior to sampling. This method
utilized a six inch h! ome eighth inch B;be that was inserted
directly into the p -
Both methoddk usedt { ,
ICP analysis aud;S e h&d&ochloric acid for suli;fe and ammonia.

:’ativ. solution wiﬂ no prior cooling.

Yative solution of 5 k nitric acid for

«s Wpre sollected for chloride, £
:)5"'\",‘&3‘ ?
The acid to sample dilu‘ébns were 10 to 1.

Non- dllut uoride, and TDS.

Steam samples’ wez% collected through a one fourth inch
M i

stainless steel cooling coll. The samples were taken in evacuated

et


http://sam3.es

s

A

pyrex fllgkt that contained solutions of sodium hydroxide and
cadmium chlorida. , | |
The liquid and gas samples are being analyzed to determine if

differences in the'chémistry of the fluid exist as a result of
changing flow rates, and if silica does precipitate when a cooling
coil is'u during collection. Gas analyses of samples collected
during the F%ow test are given in Table 1. Table 2 presénts
chemical analyiE? of liquid samples collected during the low flow
portion of the tﬂt}. The liquid samples listed in Table 2 were
collected thrdﬁgh_th1 1/4"vcooling coil. Comparison of the silica
concentrations in t analyses with those from the samples
collected through the 1/8" short tube indicates that silica

precipitated in the 1/4” cooling coil when sample MA-52 was taken.

- Silica concentrations were $imilar for both methods in Samples MA-

50 and -51. However, the variJﬂllity of the silica concentrations

from sample to sample in a cloae‘! spaced time interval indicates

- that sillca may be procipitatinq in‘!io wellbore, or, more likely,

the separator.




Table 1. Gas Analyses from the Salton Sea Deep Well.
Concentrations are in parts per million by weight. WHT = well
head temperature (deg F); WHP = well head pressure (psig); SEP T
= separation temperature (deg F); SEP P = separation pressure

(psig); FLOWRATE = combined steam and brine flowrates (lbs/hr)
measured downstream of the separator; STEAM FRACT = steam
fraction in the separator.

Sample = 3 MA-54 MA-55 MA-61 MA-62 MA-65 MA-66
Date :igfgﬁ 6/8/88 6/8/88 6/16/88 6/16/88 6/16/88 6/16/88
Time 1053 __10:10  10:23  09:45  10:10  11:50  12:00
WHP 508 & 508 508 504 504 505 505
WHT 490 ﬂ=490 490 498 498 498 498
SEP P 204 2‘4 204 216 216 237 237
SEP T 400 sofMl 400 415 415 415 415
STEAM 0.15 0.15 UO.lS 0.13 0.13 0.15 0.15
FRACT

TOTAL 126,108 126,108 IZJDJOS 535,756 535,756 496,075 496,075
FLOW ‘ ﬂ\

H,0 9.76E+5 9.76E+5 9.75E+5 S 84E+5 9.84E+5 9.85E+5 9.85E+5
co, 2.30E+4 2.34E+4 2.45E+4 1.52B+4 1.57E+4 1.47E+4 1.47E+4
H,S 1.88E+2 1.91E+2 1.96E+2 1.:?5+2 1.14E+2 7.36E+1 1.36E+2
NH, 4.22E+2 4.28E+2 4.31E+2 4.2E+2 4.29B+2 3.45E+2 3.77E+2
Ar L09E-1 4 s.202-1 [R7E-2 1.516-1 4.84E-2
N, 5. 78E+1 2.7‘1&1 3.02E+1 2.44E+1
CH, 2.40B+1 1.90E+J2.38E+1 2.39E+1
H, 2.108+8 1.43E+0 F:9sz+o 1.84E+0

T



Table 2.

coil.

= 126,108 lbs/hr. N.D. ‘not detected, N.A.

Sample ~MA-50 MA-51

Na . 60789 60479

K | H 18944 19208

Ca EE 30777 30325

Mg | : 47.7 50. 4

Fe _'l=1893 . 1874

Si0; - f75 441

B 456

Li | ﬁ 240

sr a9 ) 461

Zn | - 565 . - 579

Ag - - 1.34N N.D.

As . 15,6 A 19.5

Ba ' 253 F% 262

cd . o 2.55 2.72
Cu | 3.74 Y 3.2
Mn 1634 1660

Pb | Sl 124
 NH, "-50 |
HCO, i i N.D. _
c1 162000. R
F . 2.94
S0, N:D.

Br 110

1 1 6.70
‘Density 1.22.

Pluid Analyses from the Salton Sea Deep Well.

samples listed were taken through a 1/4" stainless steel cooling

Concentrations are in mg/kg. The conditions at the time

these samples were taken were: well head temperature = 490 deg F;

well head pressure = 508 psig; separation temperature = 400 deg

F, separation pressure = 204 psig; combined steam and brine flow
= not analyzed.

MA-52

59568
18944
29984
48.
1846
386
449
236
456
565
1.
17.
256
2.
3.
1637
122
412
N.D.
162000
2.

F: \NfD.

104

T 2.9

1.22

The



