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Bdtteiie 
Pacific Northwest Laboratories 
P.O. Box 999 
Richland, Washington U.S.A. 99352 
Telephone (509) 3 7 6 - 3 1 3 9 

August 18, 1988 Telex 15-2874 

Mr. Chuck Sifiyder 
Bechtel Corpor^ ion 
P.O. Box 3 9 6 5 H 

San Francisco, California 94119 

Dear Chuck: 

SALTON SEA SCIENTIFi™iLLING PROJECT JUNE FLOW TEST -
SUMMARY OF PACIFIC NORTHiEST LABORATORY (PNL) PARTICLE METER TESTING 
As you requested, I have ijyjjpared a short summary description of our field 
test work during the JuneUVUow test. We have completed part of the data 
analysis, but a detailed report will not be done until next fiscal year after 
we are able to finish the partjcle analyses. The PNL field team was 
Bob Sullivan (mechanical equipment^. Bob Robertus (solids identification), 
and Cecil Kindle (particle meterpi} 
TEST OBJECTIVES ^ 

The objectives of the Pacific NorthwesEtaboratory field test were: 

• Establish the suspended solids conteHtfof the brine from the bottom of 
the separator immediately after flashwig and after a 2-hour hold time. 

• Characterize the chemical and size characteristics of the suspended 
solids. 1-^ D 

• Evaluate an on-line conputerized ultrasonic partjrle counter in a 
high-solids brine. n 

• Evaluate the effectf^^qf scale deposits on the opticA window of a laser 
particle counter. ' " ^ 

EXPERIMENTAL APPROACH IT 

A schematic diagram of the exierimental equipment is given inllFigure 1. 
Brine from the bottom of thfrraain steam separator was run through a 1/2 NPT 
line 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 mj^ites to allow precipitation, and then either filter the brine 
for weighedljsamples or direct the brine through a second ultrasonic cell. 

Because of th^hort time available to build the test stand, an existing 
piece of equipment=used at the Heber Binary Plant was reworked. This system 
was sized for 1/4'^ch tubing and valves. This small diameter caused 
plugging difficultfes in the test stand. It would have been better to use 
larger valves and tuiiing for the test stand, but this was not possible within 
the time and cost conftraints. 

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

This geothermal well has one oif the highest solids contents in the world. 
Thus it was anticipated that soma scaling and plugging problems would be 
encountered during the test. Thf^O micron filter (shown in Figure 1) was 
intended to remove large particles, but this filter plugged in the first 
20 minutes of flow and was removed f ^ the balance of the test. With the 
coarse filter out, larger particles ̂ ere able to get into the rest of the 
test system and produced a number of f @ r interruptions. It was originally 
planned to run a series of precipitatiflrrtests at four different tempera­
tures. However, plugging problems requir^iiVunning the lag time tests at 
just the test stand inlet temperature. It "was possible to run the test stand 
for several hours before cleaning was required. 

RESULTS U ^ 

Only preliminary results ap% available at this time._Jt was found that the 
solids content of the br1h«.:^t the test stand inlet fSlied over a wide range 
of 166 to 670 mg/.l. . (ftriytanfelO, the inlet solids content was 314 mg/l. 
increasing t<r #21 m c f / . W I ^ ^ 159 minutes of holding timeAOn June 13, the 
inlet solids content'wair'166 mg/l, increasing to 484 mg/VTifter 120 minutes 
holding time. The high inlet solids content of the brine Wicates that even 
after just 30 seconds, after flashing in the separator a suKantial solids 
content has !jg.reaiy fbmwd in the brine. The data probably hwre a fairly 
wide scatter "due To both vary\p9 solids content and difficultiBS in washing 
residual soluble salts out of 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 quantitative work has been completed on the sample compositions 
or particle sizes. 
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OBaneiie 

The ultrasonic particle 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 occug^d. In general it was much easier to get particle data using 
the ultrasooTc instrument than it was to use the manual sampling and weighing 
procedures. T^re is a temperature limit of 180°F on the current ultrasonic 
transducer whijcji was operated in the 100-125°F region for this test. PNL 
plans further worL^to increase the temperature limit of the transducer. 

The window of the user particle counter quickly became coated with solids 
and was totally obsclred in two days of operation. Since window.clarity was 
also a problem when tfffe laser particle counter was operated on a binary plant 
at Heber due to oil filml, it appears that the laser counter approach would 
require almost continuoul maintenance and would not be suitable for 
geothermal plant use LintijlUB solution is found to keep windows transparent. 

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

If you have any questions, pleasf^all. 

Very truly yours, ^ 

D. W. Shannon \jf 
Chief Scientist i 11 
Corrosion and Metallurgy Section 

DWS:pl p . 

xc: Gladys Hooper ^ 
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BROat<HAVEN NATIONAL LABORATORY (BNL) INVOLVEMENT IN THE 
SALTON SEA SCIENTIFIC DRILLING l>'ROJECT 

P • 
OBJECTIVE! 

o - Obt«in ft Urg« gtethtrm*! M«ttt tampU from the SSSDP site to conduct 
•c^4-up rMt«rch studltt, tn mbich BNL ustt biochtmical tec^n;quts tr 
r»(tev« toxic eltm«nt« that tNc*«d tnvironnwnttl raqulationc. 

BACKGROUND .1 
Dltpoetl of tlxle leaeh«bl« •olid ««tt« in m tnvironMnttlly and 

teenealeally Acetptj^lit way M J b* • Mjor iapedlMnt te largtMc«It geo­
th* rMl dovtlepaoatllTli 

Tor OMaplt, U th^ Isperiol ValUy of Southern Cellfernle, there ere 
nine known geotheraal reaeuree areea (KCtA). Irlnee froa the telton fee 
K G U in the laperiel V a l l M ^ j eonteln totel dieeolved eolids up to 350,000 
ppa* Theae hyperaeline brlnea lead to the generation of geotheraal aolid 
waatea in pover plaata. All jA cHe aolid waata produced auat be analysed 
for regulated aetala uaing thiXalifomla Departaent of Reelth Servicea 
(MHS) analytical teehniquaa, 'ttif found haaardoua, the aolid waste auat 
be diapoaad of off-aite in aa afproYed vaate aanageaent faeilityt 

Currently, the diapoaal of theie waatea ean coat over 11 aillion per 
year for a 50-NV geotheraal pover plant operating in the lelten Sea KGIIA* 
High diapoaal eoata and the long-ter« liebility aaaoeiated vith hasardeua-
waate diapoaal previ4e the incentive for cMa atudy* 

It ia kaewB that nieroorganiaaa earn nteraet with aatala apeeifleally 
by aeyeral aeehaniei^ euch aa eurfaee adeorpCln, esiditatien, raduetion, 
and aolttbiliaatfiMi aad/or preelpitacioa. T h M aaehaniaaa aerve *• a baal* 
for the develejiiiiit of biotechnology which allov^ae of bioehaaleal pro­
ceeaea for reaoval aad coacentratien ol toxic aBclle^.preeent in the waste or 
aakee poeaible aolublliaatioa of the veete. ^ 

taeli bioteehaelogy la particularly uaeful when Itfge quantities of 
waatea ere preeent whliph contain low, but nevertheleaf^envirenaeBtally aig-
nificant, concentratione of toxic aetala, diapoaal of i^ieh la regulated. 
Another advantage of the hiochealcal proceeeee conaidered in this prograa ia 
due to the type of aieroorgeniea ueed. Theae aicroorganisae ara actdophilie 
and theraophilic capable of living under very harah eonditiona such aa 
axtreae acidic pR, high aalt eoncentrationa, aad elevated teaperatures. 
Such eonditiona are uaeuitable te aoat other aieroorganisaa which require 
aild condltione for their growth. Thie aeena that the nev biotechnology 
developed et BNL doee net require eterile condltione* 

VC/: 



STRATEGY: 

0 The BNL experimental atratt^y is based on the ua* of biochemical methods 
(i.e. (p^ected «icroorganismt> for diaaolution of toxic elements found in 
geothermal rosidusa. ThuSi the produced solution, which contains t; ic 
mctsls c ^ b * reinjected or the metals ean be concentrated and racc>>e . 
The efficiency of the metal solubilizetion (i.e., removal from ths Mds-v* 
IS detsrminetf='by experimental eonditiona which enable removal of toxic 
motal (to atSeast below the rogulatory level) in the shortest possible 
time. To optimize the process, compatible microorganisms must be 
identified, pluji^other variables, auch «c biomass to residual sludge 
ratio, different residence times, mixed cultures, ambient and eltvated 
temperatures, mustpe conaidered. 

EXPERiriENTAL APfROACHi "̂ *' 

0 Using sludge aaiH>les obtained from tho SSSOf site, BNL will conduct 
sc«!md-up biochemical actlfti/tiea, aome of which mrm covered belowi 

- Kinetic studies will be condocted uaing aixed culturoa of different 
strains of acidophilic and ^(%rmophilic microorganisms. The studies 
will be perfonned in th« five Ĵ o ten gallon range. Earlier BNL studies 
havi been performed at tho & 5 ^ o 500 milliliter range. During the 
kinotic studies, sampling will be carried out ovor extonded periods of 
time. Timing will vary from hourVte days, with 10 days being the 
common residence tioe. Aqueous ana solid phase sample analyses will be 
carried out, uaing various analytical tools, such as atomic adsorption 
to determine the relative solubilization (i.e, removal) of toxic metals 
from solid brine, es seen in the culturw"|edia after microbiological 
treatmoot. L / 

- The solids wSl^iV'Vxemined after treatoent^%) deteroino the efficiancy 
data. In tlifei^ni^ast. th« solid material is ubjoctod to chemical 
treatment, MMli^Ml ecld eolubiUzation or boralk fission and then 
analyzed by atoatc adsorption. Sampling is carnied out at t • 0 and 
t • 10 d«v» to evaluate th« eaxiMum concentratioOf solids vs. the 
viatoiliiy of cycled biemaas and nutrients. Sinclthe roitdual sludges 
frMV footheraal planAa hvm aite specific, samples qmtaining utetal 
eoncentrationa oMCfeving the environmentally allowable threshold limits 
are analyred. 

- Threo types of bioreactors will be considered during the upscaled 
experimental eoluon, 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. 

RESEARCH REStM-TSl / 

0 Preliminary research results using (ff» nK)P sludges will be presented 
later this year, • . . . . ^ .^ _. . .. _. 
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SOME ASPECTS OF GEOTHERMAL WASTE TREATMENT BIOTECHNOLOGY 

Eugene T. Premuzlc and Mow Lin 

Oeparcment of Applied S c i e n c e , Brookhaven N a t i o n a l Labo ra to ry , 
. Upton, New York 11973 

<!̂ PSIRACT 

Recent s tudies have. I n c ^ a t e d that blotech-
noloj ical processes for detoc^fIcatlon of geother­
mal residual brine sludges are feas ib le . P r e l l n l -
nary studies have also shown t h y such processes 
are controlled by. several factoMPwhich Include the 
concentration of the res idual s lud3e | ln the blop-
reactor , the type of bloreactor and Ihe s t r a in of 
acidophil ic microorganisms used. A ortef d iscus­
sion of these factors follows. 

M 
INTRODUCTION 

Production of e l e c t r i c i t y by extraccionllof 
energy from underground geocheroal reservoi rs Id a 
highly promising and growing indust ry . Large 4 R M « 
production of e l e c t r i c i t y from geothermal sour<itd^ 
produces considerable wastes, which accumulate in 
Che form of res idual brine sludges concalnlog dif­
ferent concentrations of toxic metals which makes 
i t necessary co ship these residues co haxardoua 
waste disposal s i t e s at a considerable cosC. 
Typically, a 30 MW liquid-dominated hydrochermal 
power plant In Southern California produces abouc 
70.000 lb/day of solid residues concalnlng in addi­
t ion to s i l i c a and soluble s a l t s , heavy oecala , 
whose concentrations a t . t imes exceed the scat* 
regulat ion l imi ts (Royce, 1985). 

Work at Che Brookhaven (taclooal t^boracory 
(BNL) has shown chac ac idophi l ic alcrooff^mlM* can 
be used as the "act ive agen ts ' l a tlM<eMbi>"lc«r 
tlon of geothermal br lna reslduaa (1.1a: apical. . 
1987; Premuzlc ec aX., 1968). A |^ttfcjrW»Ty;4aalgn 
for a process has b««ft a^scataHs^^lrePl^te •& a l . , 
1988). A cechnieal and f e M l b l l t e ^ ^ M i i ^ • ! Chls 
process has been daacrlbad alamrtiara^ (Sraausle ae 
a l . , 1988) and wi l l only b« manc^bnadr h«r« 
b r i e f l y . Thus a bloprocaaa^ for a plank producing 
123,000 lb/day of a 6X1 wc. f l l c a r procaaa eaka 
was based on St sltief$^tO>lliqul4 r a t i » and * 10 day 
residence time. Such a procaaa rapraaaata bbonc a 
one mil l ion dol lar per year savings, or » a equiva­
lent of Che 1986 regulated waata d iapoaa l : cos t . 
This escimace does not cake in to consldertAlon the 
long-cerm l i a b i l l c y associated with hatarMua: wsatft 
d i sposa l . Increases in Che cost of shipping, 
dumping and Che p o s s i b i l i t y of the dump-sites being 
closed. Ear l ier s tudies have a lso Indlcatad that 

the efficiency of the bloprocess depends on the 
concentration of the sludge, the Cype of bloreactor 
and the type of s ingle and/or mixed cultures of 
bac te r i a l s t r a ins used. Some resu l t s of recent 
studies wi l l be discussed In this paper. 

RESULTS AND DISCUSSION 

Three types of bloreactor systems are being 
considered as possible candidates to be Included In 
the design of a blosystem for detoxif icat ion of 
geothermal res idual sludges. These Include a 
fluidized bed type, diagrammatically shown in Fig. 
I . , a column type batch b lorac tor . Fig. 2, and a 
flac bed-cype bloreaccor . Fig. 3. In each case 
flow races and a i r supply co the system have to be 
balanced In order to maintain a steady and act ive 
microbial cul ture supplied wich nut r ients as needed 
throughout the cyc le . This i s ver if ied In a l l 
cases by roucine samplli^ and monitoring for viable 
microbial growth and the metal concencraclon. The 

R ficlency of meCal solubl l izacion by several 
r a ins of Thiobacil lus chlooxldans and Thio­

bac i l lus ferrooxldans from Che Brookhaven Naclonal 
Lab^io^cory (BNL) col lec t ion have been studied. 
Differenc samples of res idual brine sludge from 
proprie tary sources, kindly supplied by the geo­
cheroal e l e c t r i c a l power industry have been used in 
de tox i f ica t ion processes. The different sludges 
are s i t e spe«k£lc, with some containing more Chan 
Cen Coxic mejap (Premuzlc ec a l . , 1988). In che 
work p r e s e n t S ^ n chla paper for sake of brevicy, 
only a few rep re f lMat ive mecals have been used as 
process ind lcacowf l 

In Table 1, che 
Thiobaci l lus ferrooxii & 

ect of eight strains of 
on a single residual 

brine sludge is shown. In this series of experi­
ments a batch bloreactor^th a 2-6t loading with 
stlrriog haa been used. Iffhe most efficient metal 
solublllclng (removing) mlcuofganisms for che 
mecal are identified in TablMl (square boxes). 
Results of similar experlmenn using strains of 
Thlobaclllua thiooxidans and mixed cultures of T̂ . 
chlooxldans (T.T.) and 2- ferrooxldans (T.F.) are 
showi in Table 2. Tables 1 and 2 Indlcace chac 
differenc strains solubllize metals, i.e., remove 
chem from sludges In varying degrees (see square 
boxes) with a high efficiency for all the metals 
tested being exhibited'by mixed cultures. 
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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 
ferrooxldans. 

Strain 

BNL-2-45 

BNL-2-49 

BNL-2-44 

BNL-2-45 

BNL-2-46 

BNL-2-47 

BNL-2-48 

BNL-2-49 

Cr 

30 

26 

Z Metal removed 
Cu Mn Zn 

55 77 90 

58 77 90 

53 58 68 

34 35 88 

88 40 85 

31 57 89 

is 33 83 

91 . 41 8S 

M 
Table 2. % Removal of chromium, copper, manganese 
and zinc form residual sludges BR-1, Bffl-3, and BR-
by Thiobacillus thiooxidans (T.T.) and ijilxed cul­
tures of jr. Chlooxldans and T̂ . ferrooxldans 
(T.F.). M 
Strain Z MeCal removed 
T.T. 

BNL-3-23 

BNL-3-23 

T.T, + T.F. 

BNL-2-49 

+ 

BNL-3-24 

BNL-3-25 
+ 

BNL-2-46 

Brine 

BR-1 

BR-3 

BR-1 

BR-5 

BR-5 

Cr 

2 

6 

-
6S 

1 
20 

85 

-J 

Cu Mn 

50 

65 

30 

34 

1 — ^ t — • 

90 

90 

P..z 

U 

• . • " 

' • ^ ' , 

f . 

80 

78 

85 

^ 

77 

Table 3 . The I n f l u e n c e of d i f f e r e n t c o n c e n t r a t i o n 
of r e s i d u a l b r i n e s ludge (BR-2) on the e x t e n t of 
metal s o l u b i l i z a t i o n . 

S t r a i n Z BRr2 (w/v) 
T.T. + T . F . 

1 

BNL-3-26 2 

+ 4 

BNL-2-4S 6 

8 

10 

X Metal reaoved 

Cr. Cu Mn Zn 

56 40 52 69 

51 42 61 65 

53 48 67 72 

58 52 74 67 

64 50 75 • 

56 46 66 * 
*no t d e t e r m i n e d . 

Table 4 . The I n f l u e n c e of d i f f e r e n t c o n c e n t r a t i o n 
of r e s i d u a l b r i n e s ludge (BR-5) on the e x t e n t of 
meta l s o l u b i l i z a t i o n . 

Strain 
T.T. + T.F. 

BNL-3-2S 

+ 

BNL-2-46 

Z BR-5 (w/v) 

1 

2 

4 

8 

12 

• Z 

Cr 

91 

83 

80 

75 

79 

Mecal 
Cu 

40 

46 

57 

51 

55 

removed 
Hn Zn 

88 73 

90 75 

86 79 

76 72 

71 47 

Y 

B 
60 

B 

1. Choice of microorganisms may well be pre-
decermlned by che composition of a particular 
residual sludge. Thus a sludge which, for example, 
is predominately rich in chromium may require a 
concencx^lon of microorganisms mosc efflclenc for 
chromltJ^Bd noc necessarily efficient for other 
coxic oMlls, which may be presenc in crace amounts 
ac concencr^atens well below che Chreshold limits; r ^ n 

.i3. 2. Th# cTeaCmenc cycle may also be shortened 
from say six co Cj|[ee days if only few metals are 
CO be considered/^ 'A' 

Various coaeeaersclon of residual brine sludge 
in che bloreaccor also influence ch^ ̂ cent of 
mecal solubllizacion as showQ In TaMes 3 and 4. 

CONCLUSIONS 

Based on che current results Che following 
conclusion may be drawn: 

3. In Cerma off^loreacCor design, efflclenc 
cycling, supply of ^Crlencs and air will dictate a 
parcicular basic design concepc, i.e., bacch or 
continuous. T 

Preliminary resulcs discussed above Indicate 
chat mixed cultures of different strains of micro­
organisms, Che relaclve concencraclon of che 
residual brine sludges in a bloreaccor and the 
number of toxic mecals presenc in concentrations 
exceeding the treshold limits play critical roles 
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in scaled up processes and require further research 
and development s t ud i e s . The resulcs of chese 
scudies wi l l generate information e s sen t i a l to the 
design of e f f i c ien t biotechnology for 
decoxificaclon of res idual br ine sludges. 
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Tabl* I . X temeret af cliroal<ia, copper, eeagaaase 
and l ine froa t a s l d a a l br lna ttudga ( M * l ) by cha 
action of d i f f a t e a t i c r a l aa «( Th lehea l l l ea 
f a t t o o a l d a a s . 

S t r a t a 

ML.2-4} 

1HL-2-** 

ML>2>4S 

•ML-2<4« 

BHL-2>47 

BIIL-2-M 

BHL-2-49 

Cr 

)0 

\ 1 
2»'-

2} 

B 
22 

32 

Cu 

JJ 

ja 

J3 

=8a 

•5 ^ 

91 

X Haul remoTed 

m 
Table 2. X gaaoTal of eh rea toa , copper , aamgaaese 
aad alae form raa ldaa l a ladgas a * l , • • j Q aid M-
by Tkiobecl l lua thleoaldama (T.T.) amd miiad « a l -
t a r a s of T. thlooaldame Md T. fetreomidama 
( T . r . ) . N 

s t r a t a 
T.T. 

Bin.-3-23 

Bin.-3-23 

T.T. • T . r . 

Bin.<2-*9 

•f 

Bin.-3-2* 

Bin.<3<2S 

Bm.-2-M 

BrUe 

ag-3 

B t - l 

X Weta l r e m e r e d 
Cr Ce M t J r^ 

Table 1. The laf lueace «( d l f f a r a a t caacaa t rs t lon 
of raaldiMl br laa alndga (Bg<2) «a tha aataac of 
a a t a l a o l u b t U a a t t o a . 
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BNl,-2-49 
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10 

X H e m ta*eTed 
Cf Ca Ha l» 

J* 40 i2 64 

J l 

33 

SS 

44 

42 

4« 

32 

SO 

S* 4« 

41 43 

47 72 

74 47 

75 • 

64 • 

*Bot dete ia lmed. 
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ef r a a ldaa l bclae slr<*ge ( H - S ) oa the a a t M t of 
a a u l s e l a b i l l s e t i a a . 

S t r e U 
r. •»• T . r . 
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••L-2-4« 
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Cf Ca Hi b 
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34 

R 

I 

2 

4 

a 

12 

t l 40 

S3 4« 

SO 37 

79 51 

7» 5J 

as 

w 

a« 

73 

7J 

7» 

74 72 

71 47 
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20 
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El 
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p a r t t e a l a r kamie deelgm 
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aS f t eae 
.M|0 eei 
^ e p c 

t o r dea lga , e f f l e l e a t 
eed e l r a i l l d i c t a t e a 
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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: 

• P 
TEST TY5& OBJECTIVE 

0 Signature.-^ To characterize chemical and physical attributes 
^ of the total flow from the well. This involves 

combining measurements of steam and brine to 
determine properties of the total flow. 

o Tracking - To lobserve changes in selected parameters as a 
funJtion of- time. 

0 Special - To :^^^stigate flow streams or equipment of 
special interest. 

The CHEMLAB remained on site j^iroughout the flow test. CHEMLAB staff 
worked alongside other investiglarors some of whom also collected samples 
for chemical analyses. The locationffl|pf the site is shown in Figure 1-1. 

This report describes the field opera^ons employed by CHEMLAB personnel 
and the analytical results of the siqp^ture, tracking, and special tests 
conducted by CHEMLAB personnel, and supoort personnel from CHEMLAB's 
home base at CE Environmental in Camarilxv, California. 
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Figure 1-1 
The Site Location Map 
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2.0 FIELD ACTIVITIES 

2.1 SCHEDULE 

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 ofE)events for the Salton Sea trip is given in Table 2-1 below. 
Itemized 'in the table are the test location, sampling date, flow rates, 
and test t y p ^ 

In summary, CHEtiLAB conducted three signature tests, 11 tracking tests, 
and 7 special tag^s. Standard CHEMLAB Signature Tests were conducted 
three times during the flow test. Daily Tracking Tests occured between 
the Signature Testsflfor a subset of Signature Test analytes (which will 
be described in greater detail later). A number of Special Tests were 
conducted to characterize some of the physical and chemical 
characteristics of the %rine flow at the weir box, brine pond water, pond 
sludge, and injection brt̂ nfl-

Flow from the well stopped |pn June 20, which was the last day samples 
were taken for the flow testjf Sludge samples were taken from the brine 
pond on July 7 just before departing from the site. 

N 
2.2 SET-UP A 
The set-up of the CHEMLAB included arganging for the electrical hook-up, 
the unloading of. the Fluid SamplinfuSystem (FSS), the set-up of the 
stairs, and the unpacking of the CHEMLA&^st rumen ts and supplies. All 
analytical instrumentation was checked f o i f p r o p e r operation. 

Arrangements for the phone hook up were made. Laboratory water supply 
tanks were replenished by the local water distributing company. Deionized 
water in five gallon bottles provided the ijBlessary water for the 
chemical ainalyses. Tap vater for clean up S m other general uses was 
pumped into the tvo 50 liillon storage tanks by thfajbulk delivery truck 
from Triple A Vater fhep^^jr CHEMLAB set-up an^^nstrument check out 
occured foe the reweiMK e€ the week. -

2.3 SAMFLING C 

The sitm-^^jkMgxam appears In Figure 2-1 and illustrates tMr layout of 
equipment ueid fa th* ^oi| |,test 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 usually began after 24-48 hours flow, 
but due to the compressed llov 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 was the result of an upset on 
June 6, for which the well was shut down for a period of about five 
hours. 



SAMPLING ACTIVITIES, SALTON 

Test Location 

WEIR BOX^ 
WEIR BOX^ 
STEAM 
BRINE 
BRINE 

BRINE 
WEIR BOX 

P 

_̂, 

4 ^ 
POND SLUDGE 
BRINE 

BRINE 
STEAM , 
WEIR BOX^ 
INJECTION 

BRINE 

BRINE 

BRINE 

STEAM 
BRINE 

BRINE 

BRINE 

BRINE 

BRINE 

BRINE 
STEAM 

BRINE^ 

Sampling 
Dates 

6/1 
6/2 
6/7 
6/7 
6/7 

6/8 
6/8 

L6/9 

640 
6/I0 

6/11 

6/12 

6/13 

6/14 
6/14 

6/15 

6/16 

6/17 

6/ia i 

6/20 

Table 

SEA DEEP 

Approx. 
Time 

1900 
0100 
1800 
1900 
2000 

1700 
1600 

1400 
2000 

1000 
0800 
1700 
1930 

]l200 

m 
2 0 0 0 ^ 

2-1 

WELL, IMPERIAL VALLEY, CALIFORNIA 

Flows 
Brine 

120. 
161. 
111. 
111. 
103. 

90.5 
90.5 

222. 
197. 

193. 
193. 
181. 

185. 

349. 

344. 

1700 [^44. 
1700 |nB44. 

1800 

1200 

1100 

1000 

1700 
1700 

^H 
421. 

562. 

194. 

374. 
374. 

(1000 Ib/h)^ 
Steam 

separated 
II II 

20.2 
20.2 
20.2 

18.9 
18.9 

37.0 
33.3 

30.3 
33.3 
29.3 
30.1 

29.1 

59.6 

60.0 

62.9 
62.0 

78.7 

74.9 

pi.o 

"ft 
60.7 
60.7 A 

Test 
Type 

SPECIAL 
SPECIAL 
SIGNATURE 
SIGNATURE 
TRACKING 

TRACKING 
SPECIAL 

SPECIAL 
TRACKING 

SIGNATURE 
SIGNATURE 
SPECIAL 
SPECIAL 

TRACKING 

TRACKING 

TRACKING 

SIGNATURE 
SIGNATURE 

TRACKING 

TRACKING 

TRACKING, 

TRACKING 

TRACKING 
TRACKING 

Rep 
# 

1 
2 
1 
1 
1 

2 
3 

4 
3 

2 
2 
5 
6 

4 

5 

6 

3 
3 

7 

8 

9 

10 

11 
11 

POND WATER/SLUDGB 7/7 1300 0 0 pPECIAL 7 

1 "STEAM" and "BRINE" are at sampling ports on the l*|l*s leaving 

the separator. . \, li 

2 Samples taken by Dave KUlliner of Kennecott. Two additional samples 
were taken severals hours apart later, that same day. 

3 Flows as reported by the Mesquite Group, Inc. 

4 Samples taken by the Mesquite Group, Inc. 

4 



Figure 2^1 

Site Diagram 

• • i l l 

N 

LLNL SciSBUCi 
Trailer '*; 

Otemlab 
1 ^ 

*Not To Scale 

Baker 
Tanks 

Tl 
Steam 

Muffler 

Sepuauv 

Y 

It 

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

i 

BnnePond 

^ 

r 
McDonald Road 

Diesel 
Pump 

N 

\ 



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

Well 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 using the 
Lawrence Livermore National Laboratory (LLL) sampling probe. 

CHEMLAB's sampling plan included three Signature Tests at three different 
well 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 T^t. 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 the=bottom of Figure 2-3. 

An isokinetic samnling rate for the first Signature Test was calculated 
to be approximatel^jlOO cc's per minute for the steam, and 450 cc's per 
minute for the brife. This calculation was made based on the flow rate 
information obtained flom the Mesquite Group, Inc. in the field. 

The sampling probe was flpfpected to the sampling ports with a 1 inch gate 
valve. The sampling pslHe was then transversed into the flow stream so 
that the fluid sampled came nfrom the center of the flow stream. The 
sampling orifice was directeg upstream. The isokinetic sampling rate then 
allowed the sample to be taken through the sampling probe at the same 
velocity as the flow stream vej^flity. 

A Process Flow Diagram is shown in^Figure 2-4. This diagram gives the 
reader a conceptual representatio^Txjf the relative amounts of steam and 
brine flow as they were separated ini^e flow stream process. 

Complete Signature Tests were conducted»4t three well flow rates. The 
Signature Tests included the measurem^t 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 consist^ of a boiling watp|bath followed by an ice 
water bath. o ^ 

Raw condensate saap^M#fcVcre collected in pider to measure pH, 
conductivity^ Eh,i^«||iidKedi oxygen, anions, carbonate^and bicarbonate. 
Acidified samples (li^^irt^c acid) were taken for thsBnalysis of about 
30 different metals.'C Ti^PP^>^g solutions were utilized to trap and 
measure hydrogen sulfide* and carbon dioxide. CHEMLAB'^TFluid Sampling 
System (FSS) ^nm- used to obtain the noncondensaole gases (at 
approximately- atmoaylMtrlc pressure and 25^C temperature) "ytor analysis 
by gas chromatography. • •. l ll 

Traps and raw liquid samples were collected for analysis for total 
carbonate, carbonate/bicarBionate, 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 tiaken in triplicate at each port. In addition, 
silicon samples were collected using ice traps to inhibit polymerization. 
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Figure 2-4. SALTON SEA WELLHEAD 
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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, vith the exception of June 19. 
A Tracking Test consisted of the collection of three samples vith the 
double stage condenser as used in the Signature Tests. Tvo rav samples 
and one acidified sample vere 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 vere obtained using the LLL 
probe provided by on site personnel. 

2.3.3 SpeciillTest Sampling 

Special Tests v e g conducted on three occasions during the flov test. The 
first event vas a "Tracking" event at the brine veir box (port 3 in 
Figure 2-2). The sample types collected and the analysis performed 
folloved the prescfibed schedule for other tracking samples. The 
objective vas to have aAfailable the information necessary to correlate 
CHEMLAB's brine and ^eam data to the data of other investigators vho 
vere sampling at the veiat i)ox. w 
The second special event occiurred at the request of Bechtel's project 
management, vho expressed qpncern about the sludge accumulation rate 
vithin the brine pond. Raw samples were taken for a determination of the 
sludge accumulation rate. Sanwfijes vere provided to CHEMLAB staff and a 
determination of the total suspended solids (TSS) going into the brine 
pond (port 3) and leaving the brinApond (port 5), the difference being 
used to calculate the sludge accumi«jktion rate. 

The objective of the third Special TejjTQ vas to estimate the percent vater 
of sludge samples from the brine pond tsae port 4, Figure 2-2). Sludge 
samples vere collected for the CHEMLAB ^^ff by other on site personnel 
using a can vired 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 thepVjsing operations on the 
last day that the CfflDfLAB staff was on site. Beelve one liter samples 
were collected at each eo^Uof the brine pond an^^n the middle of the 
pond. Both pond slud||^ lad the pond supernateint v f p ^ collected at each 
location in duplicatfttt^, '' _ 

'Ft i r ^ 

2.4 INSTtQlSNTS AMD ARAL7SBS F 
Sample aa«4||piie-used standard CHEMLAB procedures with therexception of 
the metals"^enalVses^ which jrere performed by inductively coepled plasma 
spectrophotometry (ICP), "anion analyses which were conducted by ion 
chromatography, amd ammonia determinations which were determined 
colormetrically with the Technicon spectrophotometric autoanalyzer at 
EMSI in Camarillo, CA. 
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2.4 INSTRUMENTS 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. 
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3.0 PROBLEMS AND ISSUES 

3.1 SAMPLING 

During the sampling effort there were four problems. The first vas that 
the brine contained suspended particulates of what vas suspected to be 
silica vhich clogged the glass frit. Second, there vas a deviation from 
the established isokinetic sampling rate for trap samples. The third 
problem was a leak on the second stage condenser of the Fluid Sampling 
System (F3^. Finally, measurement of the noncondensable gas fraction 
during thie Signature Tests vas conducted manually, because the wet test 
meter vas ine^perative. The details of each problem are given below. 

3.1.1 Brine TrapF=6amples 

Sampling for carbortl dioxide and hydrogen sulfide calls for using trapping 
solutions to quanCf=!atively capture the compounds from the flov stream. 
Plastic tubing is attaJfied to the end of the second stage of the sampling 
condenser. At the enJ of the tubing a gas dispersion tube is connected 
to increase trapping efWaiency by distributing bubbles of noncondensable 
gas throughout the trapapPf solution. During sampling at the brine port 
the glass frit became plugged vith small spheriods of vhat vas suspected 
to be silica. 1 

Subsequent sampling vas conci^ted by immersing the plastic tubing 
directly into the trapping soAirion. This deviation is not expected to 
change the analytical results ag, the dispersion tube becomes more 
critical only when the noncondeni^le gas fraction of the flov stream 
becomes significant. For the steam aaapling the gas dispersion tube was 
used successfully. [p|j 

3.1.2 Steam Trap Samples \ ^ 

In order to achieve isokinetic sampiing vith the LLL probe, an unusually 
high flow rate (high for trap sampling) vas required. The procedure 
calls for capturing approximately 125 cc's of brtme (or steam condensate) 
in roughly the same volume of the appropriate&idapping solution. The 
trapping vas performed by flowing the sample intc^^e bottom of the 250 
CC graduated cylinder, lip. the case of the steam cdp^nsate a significant 
amount of noncond«oett|fee fes was present in the Qow stream, so that if 
the sampliny rate IwaSi* too high the trapping solution^kuld be blown out 
the top of the graduatecf cylinder. * * 

For this reason tha flow rate of the sampling line was slowed dovn to a 
reasonabla, rate (about 100 cc's per minute) for the trap«»<aken at the 
steam port'. An acidified gsample was then taken at the saî p rate, and 
then a second acidified sample 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 vithin 
about 5X, indicating that the water fraction vas consistent at both flow 
rates, so there was no need to correct the gas trap values for excess 
water. Furthermore, the consistency of sodium values at the tvo flov 
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rates suggests 
other species. 

that similarly consistent results would be expected for 

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 
nonconden^^le gases from the condenser in the ice bath, however, the 
CHEMLAB srtaff 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 flowLi'rate (Tracking Test 11). 

The wet test metj^ used to quantify gas flow was not functioning properly 
during the first „sampling event. Field sampling flow rates of the 
noncondensable portion of the flow streams were measured using an 
inverted graduated cylinder in a bucket of water. Although this method 

can be detected 
test meter on the 

was more time consuming! 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 Hgiter than the detection limit with the wet test 
meter. Vith the manuaiMlethod as little as 1-2 cc's 
visually after flowing 10 liaters of brine. The wet 
other hand needs about 50 cc'lp in 10 liters of brine to deflect the meter 
significantly. _ -

N 
3.2 ANALYSES 

hemical analyses of the geothermal 
yte group, because each problem 
milar analyses. 

The problems associated with the 
fluids are discussed below by 
applies to all analytes which requir 

3.2.1 Gases 
Y 

During the first Signature Test the Hewlett-Packard Model 5880A gas 
chromatograph experienced electronic circufC^ problems which were 
corrected at that time, i k l l gas chromatographjF&alyses were performed 
with the repaired iiu»tt(j|l«it. (The best mea; 
however, come froa tlit'teiurbcnate and sulfide tr 
chromatograply analOT^fe.eJP^ae bombs). 

3.2.2 Metals 

s of CO^ and 
•from afsl and not 

A 
)r|Ti 

HjS, 
gas 

Problems vith silicon analysis by flame atomic absorption (AA) were 
encountered^ d«» to ;,tte hig^ TDS of the brine samples. Efl&neous high 
results vere^indicated by t«̂ # analysis, with poor signal te noise ratio 
even with background correction. The analyses for silicon were conducted 
by inductively coupled ergen plasma (ICP) at the tvo most predominant 
emission wavelengths vere 11 agreement with each other. 

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

IQ) 

3.2.4 Ion An^^zer 

The Model 301 ioa^analyzer was used for the measurements of the sulfide 
ions in the sjgfide trapping solutions. This meter only displayed 
readings to the nearest millivolt, whereas the Model 701 ion analyzer 
displays readings flo the tenths of millivolts. This did not affect the 
steam values generareH, but did in effect raise the detection limits for 
the sulfide analyses.I (The detection limit increased from 0.5 to 1.0 
ppm, an insignificant Ihange compared to typical steam sulfide values of 
around 500 ppm). rwi 

3.2.5 pH Titrations 

The pH titrations for totalljyirbonate in the brine fluid had to be 
modified to accommodate the higft^acidity of the brine. The first set of 
trap titrations (Signature Test ̂ ) yielded extremely high results, 
reflecting the high acidity of the iosine rather than the concentration of 
the carbonate ion. 

The samples were 
subsequent samples. 

reanalyzed using the jjLinkler method, as were all 
This method calls f^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 tht Vinkler method is tvic^^at of the regular 
method, since the data reaction calls for the subtffS^tion of two titrant 
values, rather than jWt. eanipulating a titrant volume^ith an equation. 
The detection limit ^ ; both methods can be varieM^by cheinging the 
concentration of the titrant and the sensitivity of thepH meter employed 
for the analysis. In the test as performed, brine carbonDe was measured 
as approximately 500 ppm> and the detection limit was 10 |pm. 

T 

14 



•"SH 

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 location, and well flow 
parameter^^t the time of each sampling. Subsequent tables report the 
analytical' values, which have been arranged so that samples taken later 
in time appe^^lower in the summary tables. Column headings indicate the 
particular aifiiikyte along with a descriptor for any exceptions to standard 
analytical methodelogy employed for the analysis. 

Tracking Tests for the Salton Sea flow test included pH, conductivity. 
Eh, dissolved oxyg^, chloride, and approximately 30 metals. The special 
tests were conductea°as needed for individual parameters such as the TSS 
of the brine or the mo^ture content of the sludge. 

4.1 SIGNATURE TESTS 

Signature Tests included 64 Separate chemical species and were conducted 
at three different well flow î tLes already mentioned in Figure 2-3 and 
the text of Section 2. The lasM[ Tracking Test (T-11) conducted included 
a gas bomb sample taken from the steam line, since no bomb was taken 
during the third signature. A set^of traps for the determinations of 
hydrogen sulfide and carbon dioxi^^was also taken during Tracking Test 
No. 11. For this reason, T-11 will t ^ included in the discussion of the 
signature data. P i 

4.1.1 Steam 

The analytical results froa the Signature Test samples are given in 
Tables 4-2 through 4-8 aad ar© discussed b e l ^ | The major constituents 
will be addressed i i t s t ^ along ^ith soeie of ^ie physical properties 
determined by th@ CSSUK'^taff. ^ 

The noncoi 
much s^ilXi 
is realty th@v, 
signatuff^i (Tablî -. 4-if 
second signature 
' reporte#'5;;^S;;rl^;tis^l 
ratio. iŝ̂. 

) consisted primarily of cmrbon dioxide with 
i@r gases. The gas to^Kine ratio (which 

S'sl̂ aa condensate ratio) report!^ for the first 
W atout four percent and the r^So reported for 
t thr®€ percent. Therefor© th® Imgher NCG values 
:^@ifnature are consistent with th^p^as to brine 
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Table 4-1 
SAMPLES AND CONDITIONS 

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

(261 ,30 1GEOSUK.13 2;V5 
Status as at 8/10/88 

Abb. 
ID 

SPEC-1 

SPEC-2 

Siai-ST 

SIQl-BR 

T-l 

T-2 

SPEC-3 

SPBC-4 

T-3 

Sia2-BR 

SIG2-ST 

SPBC-5 

SPEC-e 

T-4 

T-S 

T-6 

SIG3-ST 

Sia3-BR 

T-7 

T-8 

T-9 

T-10 

T-ll-BR 

T-ll-ST 

SPEC-7 

Data 

6/1 

6/2 

6/7 

6/7 

6/7 

6/8 

6/8 

«/9 

6/9 

6/10 

6/10 

6/10 

6/iO 

6/11 

6/12 

6/13 

6/14 

6/14 

6/15 

6/16 

6/17 

6/18 

6/20 

6/20 

7/7 

Appr. 
Tina 

am-pm 

an-pa 

1800 

1900 

2000 

1700 

1600 

1400 

2000 

0100 

1000 tr 

1700 

1930 

1200 

2300 

2000 

1700 

1700 

1800 

1200 

1100 

Descri pt ion 

WEIR BOX 

WEIR BOX 

STEAM 

BRIHB 

BRINE 

BRINE 

NBIS BOX 

BOND 8LUD«I 

BRIHB 

BRIMB 

STBAN 

mr 
•* «̂ "-

HBIR BOX 

INJECTION BRINE 

BRINE 

BRINE 

BRINE 

STBAM 

BRINK 

BRINE 

BRINE 

BRffI 

1000 ' VRIHE 

1700 

1700 

1300 

BRINE 

STEAM 

10 
> 

Ice 

0(1910) 

0(2000) 

A(17301 

O 

o 

T 

T 

T 

0(1800) 

11^6 30) 

T 

T 

T 

T 

T 

POND WATER t SLUDGE 

Acid 

A(1600) 

A(1900) 

T 

T 

T 

T 

A 

A 

Raw 

T 

T 

I 

A(1600) 

A(1900) 

T 

T 

a 

w 

T 

A 

A 

VI 

w 

^ TFl 
" r ^ 
T ^ 

A(170a) 

A(1700) 

T 

T 

T 

T 

T 

a 

' 

^ 
(A* 

A(1730) 

A(1700) 

T 

Trap 

A(1800) 

A(2000) 

A 

A 

A . ^ 

2 

A(1800) 

A(1710) 

A 

A(1600) 

Gas 

A(1430) 

:^(2030) 

A(n30) 

FLOW CONDITIONS (1000-lb/hr) 
PWH* PSep* Brine Steam 

450 

487 

514 

514 

514 

507 

507 

535 

537 

540 

540 

533 

540 

513 

518 

500 

500 

491 

505 

440 

563 

525 

525 

-

• > 

i r 

-

-

213 

213 

212 

198 

f̂fli 
207 

202 

201 

201 

198 

209 

208 

211 

214 

216 

216 

260 

237 

241 

221 

224 

224 

-

-

-

Ill 

111 

i°3'""g 

'J§ 14 
91 

222 

197 

193 

193 

-

-

-

20 

20 

20 

19 

19 

37 

33 

33 

30 

29 

30 

29 

60 

60 

63 

63 

79 

75 

91 

26 

61 

61 

-

Ox 

KEX: T - Samples Taken A - Samples Analyzed 
O - Analysis Ordered 
a - Samples Analyzed for ph, Cond, EH, DO, i. 01 Only 
w - Analyzed for weight per cent only 

'PWH 
>PSep 

Well Head Pressure (psig) 
Pressure at the Separator (psig) 

NOTE: BRINE and STEAM sampled after separator 



Table 4-2 

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

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

Abb. ID Data Cl- Na _Ma_ Pa Au As CO 3 = Na(AA) 

SPEC-1 6/1 

SPBC-4 «/> 

T-3 «/9 
TTS!—-

206,000 t 

All values listed are in units of mg/l. 
All metals analyzed by ICP unless otherwise specified. 
Cl- analyzed by coloumetric titration, 003^ (, s=> by trap methods 
* Analysis performed by method of Neutron Activation 

T - Sample Talcan 
O - Analysis Ordered 
N - No Data from Sample 

S P B C - 2 

S I G l - S T 

S I G l - B R 

T - l 

1 - 2 

S P B C - 3 

6 / 2 

6 / 7 

6 / 7 

6 / 7 

6 / 8 

«/ • 

T 

H 

2 0 6 , 0 0 ^ , 

199,0BV 

2 0 0 . 0 0 1 

2 1 4 , 0 0 0 
q p -

T 

1 . 9 3 

-

-

* 

f. :-

T 

0 . 6 1 

1 9 , 3 0 0 

*' 1 8 , 0 0 0 

• T 

'•iflSSJ"' 

T 

1 . 1 3 

3 3 , 5 0 0 

3 5 , 6 0 0 

T 

T 

T 

< 0 . 0 1 

2 0 . 8 9 

2 0 . 8 

T 

T 

T 

0 . 1 1 

1 8 5 0 

1 7 2 0 

T 

T 

T 

<0 

N 

N 

T 

T 

. 0 1 

T 

. 1 6 9 

8 . 3 1 

T 

' Injil 
- ^ — 

N 

"''10 
N 

4 4 7 

7 . 0 

2 . 5 

T 

1 . 3 2 

7 1 , 1 0 0 

7 ^ , 0 0 0 

6 9 , 9 0 0 

6 7 , 7 0 0 

72,000 

S i a 2 - 8 B 

S i a 2 - S T 

S P E C - 5 

S P E C - 6 

T - 4 

T - 5 

T - 6 

S I G 3 - S T 

S i a 3 - B R 

T - 7 

T-e 

1 - 9 

T - 1 0 

T - l l - B H 

T - l l - S T 

S P E C - 7 

6 / 1 0 

6 / 1 0 

6 / 1 0 

6 / 1 0 

6 / 1 1 

6 / 1 2 

6 / 1 3 

6 / 1 4 

6 / 1 4 

6 / 1 5 

6 / 1 6 

6 / 1 7 

6 / 1 8 

6 / 2 0 

6 / 2 0 

7 / 7 

Ji4>., .iV^ 

^ f i o . p i j 

N 

» 

T 

2 0 8 , 0 0 0 

2 1 2 , 0 0 0 

2 1 2 , 0 0 0 

H 

2 1 3 , 0 0 0 

2 0 6 , 0 0 0 

2 1 7 , 0 0 0 

2 0 9 , ( M * ^ 

2 0 2 , 0 0 0 

2 1 1 , 0 0 0 

N 

T 

-, , J 
7 0 . t o o 
1 4 . 3 

t 

T 

T 

T 

T 

0 . 6 2 9 

7 9 , 9 0 0 

T 

' ^ 
T 

T 

T 

T 

T 

^ 
* * * 

« ^ 

5 . 

T 

I 

T 

T 

T 

0 . 

1,700 

3$ 

1 5 ( Q 

^ 0 0 

T 

T 

T 

T 

T 

T 

T 

42 

8. 

T 

T 

T 

T 

T 

0 . 

4 3 

T 

T 

T 

T 

T 

T 

T 

, 4 0 0 

9 4 

/» 
^ 

5 6 3 

, 7 0 0 

1 9 . 3 

0 . 0 5 

T 

±8 
43 
T 

T 

0 . 0 5 

1 9 . 0 

T 

T 

T 

T 

T 

T 

T 

«*.fc 

> 

1 8 5 0 

4̂  
T 

T 

T 

T 

0 . 

r 
3 

2 6 8 

2 0 6 0 

T 

T 

T 

T 

T 

T 

T 

N 

< . 

T 

T 

T 

T 

T 

< . 

* 0 . 

T 

T 

T 

T 

T 

T 

T 

3 

0 5 

0 5 

OS p p b 

9 . 

6. 

T 

T 

T 

T 

T 

0 . 

16 

T 

T 

T 

T 

T 

T 

T 

23 

2 6 8 

1 5 1 

. 4 

2 7 8 

1 8 , 

2 1 , 

5 0 1 

3 9 0 

1 9 , 

5 0 0 

0 2 0 

3 0 0 

5 . 7 

5 9 0 . 

N 

N 

< 0 . 4 

1 7 1 . 

7 3 , 9 0 0 

1 1 . 6 

T 

T 

7 7 , 0 0 0 

7 7 , 7 0 0 

8 2 , 0 0 0 

0 . 3 6 

7 5 , 6 0 0 

7 6 , 3 0 0 

7 6 , 3 0 0 

7 7 , 0 0 0 

7 6 , 3 0 0 

8 1 , 3 0 0 

0 . 8 5 

T 



Table 4-3 

ANALYSIS SUMMARY 
(RP2390-1, TOL-9, Salton Sea Daap Wall, June 1988) 

A 
1261,30]GEOSUM.132;V5 
Status as of 8/30/88 

Abb. ID 

SPEC-1 

SPEC-2 

SIGl-ST 

Data 

6/1 

6/2 

6/7 

Cd 

T 

T 

<0 01 

Pb 

T 

T 

0. 0176 

Ba 

T 

T 

0. 0443 

Sr 

T 

T 

0. 0423 

Ag 

T 

T 

<0.01 -

W 

T 

T 

<0 10 

Co 

T 

T 

<0 01 

Hn 

T 

T 

0. 024 

Zn 

T 

T 

<0.01 

SIGl-BR 6/7 0.66 11. 163. 483. 0.206 4.29 0.046 1680 601 *-m 
T-l 6 / 1 O.CO 16. 146. 502. 0.218 4 .40 0.045 1750 J M 
T-2 6/8 U-
SPBC-3 6/8 . » • » 

^ST" ^ 
SPBC-4 

T-3 

6/0 

6/9 

Sia2-BR .6/10 '*--*^ 459. 0.234 4 .51 0.039 1580 566. 

H^ Sia2-ST 
00 

6/10 <0.01 .026 0.101 0.169 <0.01 .10 <0.01 0.18 0.023 

SPEC-5 6/10 

SPEC-6 6/10 

T-4 6/11 

T-5 6/12 

T-6 6/13 

SIG3-ST 6/14 

T-7 

T-8 

0.01 030 <0.0 a. <0.01 <0.01 <0.1 <0.01 0.019 <0.01 

Sia3-BR 6/14 63 00. 527. 0.27 4.62 0.049 1610 653. 

6/15 

6/16 31 ^ ^ 

T-9 6/17 

T-10 6/ia 

T-ll-BR 6/20 

T-ll-ST 6/20 

SPEC-7 7/7 

Notes: All values listed ara in units of mg/l. 
All metals analyzed by ICP 

T - Sample Tal(en 
O - Analysis Ordered 
N - No Data from Sample 



SPEC-4 

T-3 

SIG3-ST 

SIG3-BR 

T-7 

Table 4-4 

ANALYSIS SUMMARY 
(RP2390-1; TOL-9, Salton Sea Daap Well, June 1988) 

(261,30)aEOSUM.132;VS 
Status as of 8/30/88 

Abb . ID 

SPEC-1 

SPEC-2 

S I G l - S T 

S I G l - B R 

T - l 

T - 2 

SPEC-3 

D a t e 

6 / 1 

6 / 2 

6 / 7 

6 / 7 

6 / 7 

6 / 8 

6 / 8 

"1^ 
T 

T 

2 2 1 . 

2 3 2 

2 2 3 

T 

T 

C r 

T 

T 

< 0 . 0 1 

0 . 1 1 5 

0 . 1 1 8 

T 

T 

V 

T 

T 

< 0 . 0 1 

0 . 3 8 

0 . 3 8 

T 

T 

Cu 

T 

T 

< 0 . 0 1 

2 . 2 9 

1 . 8 2 

T 

T 

T i 

T 

T 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

T 

T 

A l 

T 

T 

0 . 1 3 

0 . 2 0 0 

0 . 1 0 

T 

T 

N i 

T 

T 

< 0 . 0 1 

0 . 0 2 6 

0 . 0 3 1 

T 

T 

Mo 

T 

T 

< 0 . 0 1 

0 . 0 3 4 

0 . 0 3 5 

' rufl 
( f ^ 
u 

S b 

T 

T 

<0 

0 . 1 

. 0 1 

^^-mi 
'W 

T 

T 

Sn 

T 

T 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

T 

T 

L i 

T 

T 

< 0 . 0 1 

2 2 4 

2 3 4 

T 

T 

6/9 

6/9 

Sia2-BR 6/10 z — y r r 
2Jl.„ 

0.027. 

1 
0.47C 3.71 <0.01 0.283 0.045 0.021 0.93 <0 .06 

6/14 71.2 <0.01 <0.0 u. <o.oi <0.01 0.032 <0.02 <0.02 <0 .06 <0.06 

6/14 239. 0.29 

6/15 
jy 5.24 <0.01 0.281 0.045 0.029 0.99 <0.06 

Notes: All values listed are in units of mg/l. 
All metals analyzed by ICP. 

T - Sample Talcan 
O - Analysis Ordered 
N - No Data from Sample 

231. 

S I G 2 - S T 

SPEC-5 

SPEC-6 

T - 4 

T - 5 

T - 6 

6 / 1 0 

6 / 1 0 

6 / 1 0 

6 / 1 1 

6 / 1 2 

6 / 1 3 

9 0 . . 0 0 . 

T 

T 

T 

T 

T 

0 1 3 < 0 . 

T 

T 

T 

T 

T 

. 0 1 0 . 

T 

T 

T 

T 

T 

0 3 3 

^ 
< 

< 0 . 

T 

• ^ 30 
T 

T 

. 0 1 

•^ 
> 

^ 
^ 

T 

T 

T 

T 

0 3 0 

> 

<0 

T 

T 

T . 

T 

T 

. 0 2 <0 

T 

T 

T 

T 

T 

. 0 2 <0 

T 

T 

T 

T 

T 

. 0 6 < 0 . 

T 

T 

T 

T 

T 

. 0 6 0 . 1 2 0 

T 

T 

T 

T 

T 

<0.05 

247. 

T - 8 

T - 9 

T - 1 0 

T - l l - B R 

T - l l - S T 

SPEC-7 

6 / 1 6 

6 / 1 7 

6 / 1 8 

6 / 2 0 

6 / 2 0 

7 / 7 

T 

T 

T 

T 

T 

T 

H 
tl 
T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 



Table 4-5 

GC ANALYSIS SUMMARY 
(RP2390-1, TOL-9, Salton Saa Daap Wall,June 1988) 

(261,30|GEOSUH.132;V5 
Status as of 8/30/88 

Abb. ID 

SPBC-1 

SPBC-2 

Data 

6/1 

6/2 

C02 H2 H2S N2 CH4 C2H6 C3H8 n-C4H10 i-C4H10 n-C5H12 i-C5H12 

SIGl-ST 

SIOl-BR 

T-l 

T-2 

6 / 1 

6 / 1 

6/7 

6/« 

36,600 l«-» 141 56.1 82.7 38.5 48.0 36.7 103. 29.7 

<1. <1. <1. <1. <1. <1. <1- c^—1 <1. 

3L 
?%i*s: 

P f i ' ^ ' 4U-

23.3 

<1. 

SPBC-3 6/6 

.TffltfM'" 
SPBC-4 

T-3 

SXa2-BR 

6/9 

6/9 ^ ^ 

6/10 >••! -^r < i . < i . < i . < i . < i . < i . < i . < i . < i . 

SIG2-ST 6/10 28,000 4.06 16.1 40.S 53.7 27.8 <14.5 68.6 <14.5 <14.S 

SPEC-S 6/10 

O SPEC-6 6/10 

T-4 6/11 

^ T-5 6/12 

T-6 6/13 

SIG3-ST 6/14 

SIG3-BR 6/14 <1. 
SIX 

< l . <1. < 1 . < 1 . <1. <1. < 1 . < 1 . <1. 

T-7 

T-8 

T-9 

T-10 

T-ll-BR 

T-ll-ST 

SPEC-7 

6/15 

6/16 

6/17 

6/18 

6/20 

6/20 

7/7 

<1 

28, 

H 

700 

•fetL 

- n ^ • • 

< i . < i . 

5.51 40.0 

<1 . 

110. 

<1. 

42.9 

<1. 

9.28 

<1. 

14.5 

<1. 

<14.5 

<1. 

39.7 

<1. 

<14.5 

<1. 

.<14.5 

Notes: All values listed ara in units of (mg of non condensible gas)/(l(g of steam after separator) . 
Results ara 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). 



Table 4-6 

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

(261,30 1GEOSUM.13 2;V5 
Status as of 8/30/88 

IO 

Abb. ID 

SPEC-1 

SPEC-2 

SIGl-ST 

SIOl-BR 

T-l 

T-2 

SPBC-3 

SPEC-4 

T-3 

SIG2-BR 

SIG2-ST 

SPEC-S 

SPEC-6 

T-4 

T-5 

Date 

6/1 

6/2 

6/7 

6/7 

6/7 

6/8 

6/8 

6/9 

6/9 

6/10 

6/10 

6/10 

6/10 

6/11 

6/12 

TDS 
•g/kg 

T 

T 

T 

T 

I 

T 

T 

T 

T 

331. 

21. 

T 

T 

T 

T 

rtfVO 

Conduct. 
USho/CB 

21S0. 

533,000 

535,000 

535,000 

CS3,000 

629,000 

628,000 

685,000 

pH 
-log(H+l 

T 

T 

5.87 

4.89 

4.89 

5.47 

4.57 

^ t 

f-W 
f .31 

6.IS 

T 

T 

5.04 

5.16 

Eh 
mV 

T 

T 

-311 

-58. 

-58. 

-118 

10 

T 

-49 

T 

T 

T 

T 

29 

-40 
< ^ 

Diss. 02 
mg/kg 

T 

T 

<0.005 

<0.005 

<0.005 

<0.005 

0.020 

T 

0.02 

T 

T 

' > 
S 
0.005 

0.02 

Turb 
NTU 

T 

T 

688 

563 

T 

T 

T 

T 

T 

147. 

m 
T 

T 

T 

T 

idity Gas: 

N 

N 

Brine 

0.0372 

N 

N 

N 

N 

N 

& 

< = N 

— 

0.029 

N 

N 

N 

N 

1 B 
mg/l 

T 

T 

17.2 

570. 

576. 

T i f l l 

r̂ ^ 
T 

T 

T 

T 

T 

T 

T 

T 

TSS 
mg/kg 

T 

T 

T 

T '10) 

'JJ 
T 

T 

T 

T 

7,490 

<10. 

T 

T 

T 

T 

Density 
g/ml 

1.22 

T - 6 

SIG3-ST 

6 / 1 3 6 4 5 , 0 0 0 S .14 -SO 0 . 0 2 

6/14 I S . 8 2 S 6 0 . 6 . 3 rO-n; - 2 9 2 0 . 3 0 8 1 . 

SIG3-BR 6 / 1 4 332,000 641,000 UF -38 0 . 0 0 7 7 6 . 9130 

T - 7 

T - 8 

T - 9 

6 / 1 5 

6 / 1 6 

6 2 7 , 0 1 

TVoftaoo 

5 . 4 8 - 4 8 0 . 0 0 7 

5 . 4 9 - 7 2 0 . 0 0 7 

6 / 1 7 T H 648,OOC 5 . 4 6 - 95 0 . 0 0 5 

T-IO 

T-ll-BR 

T-ll-ST 

SPEC-7 

6/18 

6/20 

6/20 

7/7 

T 

T 

T 

632,000 

636,000 

T 

5.47 

5.48 

T 

-71 

-81 

T 

0.007 

0.01 

T 

T 

T 

T 

N 

N 

N 

T 

T 

T 

T 

T 

T 

N o t e s : B a n a l y z e d by ICP T - S a n p l e T a k e n 
O - A n a l y s i s O r d e r e d 

No D a t a from S a m p l e 



Table 4-7 

ANALYSIS SUMMARY 
(RP2390-1, TOL-9, Salton Saa Daap Wall, June 1988) 

(261,30 1GEOSUH.13 2;V5 
Status as of 8/30/88 

K> 

Abb. ID 

SPEC-1 

SPEC-2 

Siai-ST 

SIGl-BR 

T-l 

T-2 

SPBC-3 

SPEC-4 

T-3 

Sia2-BR 

Sia2-ST 

SPEC-5 

SPEC-6 

T-4 

Data 

6/1 

6/2 

6/7 

6/7 

6/7 

6/8 

6/8 

6/9 

6/9 

6/10 

6/10 

6/10 

6/10 

6/11 

r-

<o.os 

235. 

232. 

2)4. 

Cl-

T 

T 

1.30 

4 '•'20»,0C 
•• ' i i i 'f 
f ' T x •»• 
r5 204,00^ 

aoo.ooo 

•«
.. 

..^..v.^ i 
v. 

O f - • 219.000 

9.63 

T 

T 

T 

N03-

T 

T 

0 

0 

0 

0 

» 

b 
'^%^' 
9 

0 

T 

T 

T 

S04° 

T 

T 

6.99 

110. 

<50 

<50 

T 

T 

T 

0 

0 

T 

T 

T 

Br-

T 

T 

<0.05 

<50. 

0 

0 

T 

T 

T 

<50. 

<o.o: 

T 

^ 
^ T 

• 

^ ff"* 

I-

T 

T 

<0.01 

<100. 

O 

0 

T 

T 

T 

<100 

^ ' ' 
T 

T 

T 

NH4 + 

T 

T 

403. 

478. 

T 

T 

T 

T ^ ^ 

S 
» ° 

0 

T 

T 

T 

As 

T 

T 

0. 

8. 

T 

T 

IT 
T 

T 

9. 

0. 

T 

T 

T 

16 

31 

dill 

13 

27 

"<? 

T 

T 

<0 

<0 

':M 
T 

T 

T 

T 

<0 

<0 

T 

T 

T 

002 

OlSg 

002 

002 

Sa 

T 

T 

<0 

<0 

T 

T 

T 

T 

T 

<0 

<0 

T 

T 

T 

001 

001 

001 

001 

T-5 6/12 

T-6 

Sia3-ST 

6/13 

6/14 10.8 XJ" <0.05 <0.01 0.1B5 (0.002 <0.001 

SIG3-BR 

T-7 

T-a 

T-9 

T-10 

T-ll-BR 

T-ll-ST 

SPEC-7 

6/14 

6/lS 

6/16 

6/17 

6/18 

6/20 

6/20 

7/7 

0 

T 

T 

T 

T 

T 

T 

T 

n 

H 

225,000 

™> 11 
T 

T 

T 

T 

T 

31 
T 

T 

T 

T 

T 

T 

T 

O 

T 

T 

T 

T 

T 

T 

T 

<S0 

T 

T 

T 

T 

T 

T 

T 

<100. 

T 

T 

T 

T 

T 

T 

T 

O 

T 

T 

T 

T 

T 

T 

T 

16.2 

T 

T 

T 

T 

T 

T 

T 

<0 

T 

T 

T 

T 

T 

T 

T 

002 0.0012 

T 

T 

T 

T 

T 

T 

T 

Notes: Anions analyzed by Ion Chromatography, Ammonia analyzed by Spectrophotometry. T 
As and Se analyzed by AA hydride, Hg analyzed by cold vapor AA. O 

Sample Taken N - No Data from Sample 
Analysis Ordered 



Abb. ID Data 
Si-ica 
• g/1 

Table 4-8 

ANALYSIS SUMMARY 
(RP2390-1, TOL-9, Salton Saa Daap Wall, June 1988) 

Si-acid HC03- C02 H2S Au-AA He 
mg/l ng/l mg/kg ng/kg ng/1 ng/kg 

Rn-gas 
picocurie 

f2ei,30 1GEOSUM.132;V5 
Status as of 8/30/88 

Rn-filt 

SPEC-1 6/1 

SPEC-2 6/2 

SIGl-ST 6/7 1.09 0.37 1490 4320 475 <30 1.58 
;?-sy^'MraiJ .' ' 

SIGl-BR 6/7 171 

t-l 6/7 

42 7.4 <1. m̂-
T-2 6/1 2.7 -m-
SPBC-3 6/8 

, j i ^ ^ ,>x^-^. 

ro 

SPBC-4 6/9 

T-3 6/9 

sia2-BR 6/10 -v-̂ oa' 147 6.1 <1. 

SI02-ST 

SPEC-S 

SPEC-6 

T-4 

T-5 

T-6 

6/18 

6/10 

6/10 

6/11 

6/12 

6/13 

3.84 1470 13,600 

.a 

< 

627 

"ir i 
j Q 

=:»» 
^ 

> 

<30 2.3 .23, • 25, .20 

SIQ3-ST 6/14 2.71 1.35 1 4 9 0 f ^ 15,4 00 

SIG3-BR 6/14 147 167 270 <1. 

T-7 6/15 

i - a 

T-9 

T-10 

T-ll-BR 

T-ll-ST 

SPEC-7 

6/16 

6/17 

6/18 

6/20 

6/20 

7/7 

2 .88 

Tl 
^ ^ 

219 

14.4 

264 

14,200 <30 

. 

2.0 

Radon values have baan reported in pico curias/liter 
C02 and H2S were converted from the C03= and S= values on Table 4-2, respectively 

T - Sample Taken 
O - Analysis Ordered 
N - No Data from Sample 



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 t^xide and hydrogen sulfide were sampled using trapping 
solutionsil Sodium hydroxide is used for trapping carbon dioxide, which 
reacts to fjwm carbonate. A Sulfide Anti-Oxidant Buffer (SAOB) is used 
to trap hyditiogen sulfide. In both cases the volumes of trapping solution 
and sample trapggji are recorded to normalize the analytical results back 
to the stream b^ig sampled. 

The carbonate and ^Ifide results determined from the trapping solution 
analyses are givwi in Table 4-2. The trap values reported are lower 
than the results of th| gas chromatography analysis but the traps 
provide a better measuie of CO. and H^S due to better precision. 

Other species of speĵ p|}L 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 sampIbA during the this steam signature test. 
However, this difference will "irSt significantly affect the normalized 
well bottom values because the stoun carries very little of the flow of 
these species. r^ 

Arsenic values have been reported inra|e 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%craction, possibly due to the 
formation of a volatile arsenic complex. 

The iron detected probably comes from the pipesv^rrying the steam. Trace 33c: levels of manganese, l e m i , barium and strontii^lrere also identified in 
the steam samples. Only || small fraction C~0*(}UU of the amounts of 
these species in th« bria|||̂  vere carried over into E l steam, in contrast 
to the case of arsod^^i^.i^ei'c percentage amounts carried over into the 
steam. ''^^^t- • A. 

F 4.1.2 Brine 

Testing of̂ ' th# bi^ne included three Signature Tests andjj 11 Tracking 
Tests. In the case of the 1)rlne Signature Test, no gas flov was detected 
and no gas samples takip. The detection limit for gas flow is 
approximatley 0.2 cc's of |as per liter of fluid, vhich is equivalent to 
0.4 mg/kg if the gas were lOOZ CO^.. According to the gas chromatographic 
analysis of steam samples, over 9BX of the noncondensable gas is CO^, and 
carbonate levels in the brine vere determined using the trapping methods 
mentioned earlier in Section 3.2.5. 

The brine fluid was a yellovish color with a pH less than 5 which is more 
acidic than the steam fraction of the separated fluids. This acidic 
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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 begem 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 
coluain were analyzed by coulometric titrations. It should be noted that 
these valii3 have not been corrected for the small amounts of bromide and 
iodide preient in the brines. The analysis for bromide and iodide anions 
by ion chromigography did not produce quantifiable results because of the 
relatively 1|^concentrations. Therefore the chloride values should not 
be affected sigi^icantly. 

£ • 
The results for all other anionic species normally analyzed for by the 
CHEMLAB are listed In Table 4-7. Fluoride and sulfate were the only 
other anionic specrCs quantifiable by ion chromatography and the results 
are also shown in Tabl€ 4-7. For the limited set of chloride data 
presented in the tableJ, the precision of the numbers produced by the ion 
chromatographic techniouai is better than that for the coulometric 
titrator. ^ M 

An alternate method for th| ion chromatographic technique would be to 
perform a spectrophotometric determination of the nitrate by complexing 
it with an appropriate reaj^t and passing the solution through a 
spectrophotometric cell tuned ''to the appropriate wavelength. Nitrate 
standards are also run and coAcentration is proportional to the 
absorbance (i.e., the Beer-LambR^ law). Sample data would then be 
reduced by method of linear regressiy^. 

The charge balances between the chlori^^anion and the cationic metal 
species analyzed vere in good agreemenljf^for the Signature Tests. The 
values for chloride and the most abundant metals are shovn 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 zinc, boron, strontf^, lithium, barium, and 
lead. These are agaift lifted in order of theirlalported abundances. 

Preliminary rcsults^^^^tfiBted ppm levels of g<ff^ in the fluids when 
analyzed ^ ^ ^ V ^ ' ^ ^ ^ K B S ^ ^ ^ ^ ^ ^ ' 3"^^^"^'^^ aniuyses by flame AA for 
gold usingp'^^^lfl''IHBM^' Intone to extract the m e t a showed there to 

IflTa be 1999 A a a 1 |M^^Jniqj^thii value reported for gold in Table 4-8 is 0.05 
parts iiEM^billiv;:|^^l«l determined by neutron activatjn analysis of a 
sample ^ ^ sigjpU^^- ttst nuaber three. The measuremenffuncertainty for 
this T1 '^fejjLiiitFni'"!"*tn 1 y 0.01 ppb, and the detection l i m ^ for gold is 
"0.03 ppbJ^^^^"••'•'"% ' I i IT 
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4.1.2 Brine (continued) 

While 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@&d. 

Barely dete<^.ble amounts of dissolved oxygen were measured and could be 
due in part 'Ito atmospheric oxygen contaminating the sample during the 
measurement itseM. 

4.2 TRACKING 

The results obtariffed within 24 hours of each set of daily tracking 
measurements agreed well with each other and with the Signature Test 
results. These incllded pH, Eh, conductivity, dissolved oxygen, and 
chloride. M 
Daily Tracking Tests were cocducted at the brine port from June 7 to June 
20 (except for June 19). Tpis port sampled the separated brine emerging 
from the separator as in the Signature Test. An additional Tracking Test 
was conducted at the weir boKan order to allow for the comparison of 
data generated by other investigators vho sampled at the weir box rather 
than at the brine port. One trackiAt test was conducted at the steam port 
on the last day of the test. » ^ 

Raw samples were collected ~ duriiS Tracking Tests for immediate 
measurement of pH, conductivity. Eh, d^aolved oxygen, and chloride (by 
coulometric titration). Acidified sarnies 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). 

D» Eleven sets of trackiof tests vere conducted dk/the brine port at four 
different flov rates feeii^thc well. The ports t^be used and the types 
of samples to be collileted (rav, acidified, f^^P '̂ ^ flow) were 
preselected by BFE@C^jM|.nBI staff. Tracking sampler were collected in 
delta-T mOde, iiyilj^||| the temperature is dropped A a cooling bath 

Llife before the pressure la (dianged. The delta-T mode utifired two condensing 
coils in series at thk saaplir 
collected under ice for silicon. 

4.3 SPBCIiy. ^i 

coils in series at thk sampling port. Additional liquQ samples were 

Sampling locations for thet,Special Tests vere at the veir box, injection 
pump, and brine pond for s>iudge and liquid. In addition, a test of the 
noncondensable gas flowrate vas conducted at the brine port. There were 
four events at the veir box, tvo of vhich vere samples taken by Dave 
Mulliner of Kennecott on June 1 and June 2. There vere tvo 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 
water so that any noncondensable gas would be trapped in the graduated 
cylinder. O h e total volume through the trap was determined by measuring 
the flow'•^ate and elapsed time. This verified that it would not be 
necessary toiT^e the FSS for getting gas bomb samples from the brine. 

4.3.2 Weir Box ^ 

The weir box Special 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 |[ere obtained by dipping the sample bottles into 
the brine discharge Iflowing from the weir box into the pond. During 
sampling cubic crystalsrsfr]sodium chloride were observed in the weir box. 
The raw samples were colMrted for a determination of the total suspended 
solids (TSS) at three points ĵ along the flow stream. These results were 
made available to the Bech^l project management during the test in an 
effort to help with estimating the sludge accumulation rate in the brine 
pond. These samples were tak̂ ĵjat the weir box, in the pond and at the 
injection pump. DM 

In addition to the grab samples^aken at the brine weir box at the 
beginning of June, a weir box samplp^ was collected concurrent with a 
standard Tracking Test. This test y p ^ conducted in order to allow for 
the comparison of the brine weir box samnles taken by other investigators 
at the start of the test. y 

4.3.3 Brine Pond 

Sludge samples were taken from the brine ponduin order to quantify the 
moisture and salt contsnfe because of the concern^AJbout the scope of 
waste disposal work re^^red after the flov ^ ^ t . Using filtering 
techniques cc;uple#i^^|j|f'' vater rinses, the veight percent water and 
soluble salts vas ^^^^^Pppcd* ^•3.4 Injection Pump ya 

4.3.4 iBjectioa fu«p 

As part of tbt effort to i^termine sludge buildup, a s^ple of brine 
being discharged froa tae pond was taken at the injection pump by 
removing the pressure gaug^ and filing a sample bottle directly from the 
orifice. The veight pesc«it TSS vas determined on this sample and 
represents the fluid leaving the pond for injection. The difference in 
the TSS measurement betveen the injection pump and the veir box (brine 
into the pond) provided the quantitative information necessary to 
estimate the sludge accumulation rate. 

27 



5.0 CONCLUSIONS 

The concusions that can be dravn from the data to date (August 31) are 
limited to vellhead signature data collected at four different veil flov 
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: 

Conc^^ration of eunalyte in well bottom fluid = 

(Concenjt&ation of analyte in brine) x (brine mass fraction) 

+ (Concentt;ietion of analyte in steam) x (steam mass fraction). 

The mass fractions used vere derived from flovs reported by the Mesquite 
Group, as listed irO Table 2-1. 
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Table 5-1 

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

WELL CHARACTERISTICS 

SIGl 

TOTAL WELL FLOW RATE 131 
(lOOOftb/hr) 

MASS FRACTIQH^STEAM 0.15 

ANALYTE 

CO2 

H2S 

Chloride 

Sodium* 

Potassium 

Calcium 

Magnesium 

Iron 

Silicon 

Lead 

n 
m 

SIG2 

226 

0.15 

CONCENTRATION IN WELL 
SIGl 

L 
1 82 

i7»yfco 

59,800|| 

16,200 

28,200 

17.6 

1560 

143 

93 

SIG2 

2,080 

95 

179,000 

67,400 

ftjf3,600 

0 ^ 
36i£00 

16,^ 

15i? 

153 

87 

Y 

SIG3 

407 

0.15 

TRKll 

435 

0.14 

BOTTOM FLUID (mg/l) 
SIG3 

2,360 

179,000 

65,800 

18,700 

35,900 

16.2 

1770 

141 

78 

TRKll 

2700 

-

146 

Cadmium 

T ^^'^^^-'ym^m.'"^!^'^ <o-OQ̂  <o-oo^ 
Selenium <0.(i)t <0.001 0.001 

* Sodium analyzed by flaae Atoalc Absorption Spectrophotoaetry. All 
other metal analyses pcrfbraed 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) 

ANALYTE 

Aluminum 

Boron 

Barium 

Cadmium 

Cobalt 

Chromium 

Copper 

Lithium 

P 

. - i 

Molybdenum 

• • ; = 

,^ 

CONCENTRATION IN 
SIGl 

0.189 

482. 

137. 

0.56 

0.038 

*-0.097 

I93 

M 
0.029 1 

SIG2 

0.234 

87. 

0.64 

0.033 

0.233 

3.18 

231. 

0.018 

WELL BOTTOM FLUID (mg/l) 
SIG3 TRKll 

0.261 

107. 

0.51 

0.040 

0.250 

4.41 

244. 

0.022 

Nickel 0.022 iyp39 0.039 m 
Lead 93.4 86.A 77.6 

^ 
Sulfur 230. 211 ̂ -^ 214. B 
Antimony 0.53 0.80 0.86 

Tin <0.06 <0.06 ^ <0.06 

Strontium 40<. 392. 440. 

Titanium < M K < 0 - 0 1 <0.0l 

0.42 

3.91 A 
483. 543_: g 

T 
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Table 5-1 (continued) 

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

ANALYTE 
CONCENTRATION IN WELL BOTTOM FLUID (mg/l) 
SIGl SIG2 SIG3 TRKll 

Carbon Dioxide 

Hydrogen O) 
J 

Hydrogen Sulfid* 

Nitrogen 

Methane 

Ethane 

Propane 

n-Butane 

i-Butane 

n-Pentane 

i-Pentane 

Ammonia 

Fluoride 

Sulfate 

e 

• T = 

;c; 

5490 

2.99 

21.2 

8.42 

12.4 

^ . 7 8 

h 
^M 
15.5 

4.46 

3.50 

466. 

198. ' 

93.8 

4320 

0.61 

2.42 

6.08 

8.06 

2.99 

4.17 

10.3 

1 <2-2 

M-2 
II TJ 

< 2 - ^ 
In 

R 
Y 

4030 

0.77 

5.6 

15. 

6.0 

1.29 

2.0 

2.0 

5.6 

<2.0 

<2.0 

0 

A 

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

S. p)Jarpe, P. W. Kasameyer, L. J. Hutchings, and T. F. Hauk 

Lawrence Livermore National Laboratory 
^ P.O. Box 808 L-205 

Livemiore, CA 94550 L 
I 
IjUjj Abstract 

The purpose of the seismic mojhitoring project was to characterize in detail the 
micro-seismic activity related ro the Salton Sea Scientific Drilling Program 
(SSSDP) flow-injection XesX in thejjl^lton Sea Geothermal Field. Our goal was 
to determine if any sources or seismic energy related to the test were 
observable at the surface. We d e p l ^ ^ our recording stations so that we 
could detect and locate both impulsive microearthquaices and continuous 
seismic noise energy. ^ 

Our network, which was sensitive enough X >̂fie 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 compare the detection and 
location capabilities of small networks and an̂ ays in aloJothermal environment. 

At present, we are carefully scanning ail of the data t S we collected during 
the flow t e ^ for evidipce of anomalous seismic noiseASOurces and for 
impulsive events smallerthan the networtt detection threshold^agnitude 0.0). 

F 
4 Background X 

Geothermal reservoirs often pitxliwe detectable geophysical signals both before and during 
production. These signals, if understood, could provide valuable infomoation 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 thg) Geysers Geothermal Field [Eberhart-Phillips and Oppenheimer, 1984]. 
Acoustic emislfions (high-frequency microearthquakes) have been observed during 
hydraulic fracturinjOit Fenton Hill [Fehler and Bame, 1985], and during reservoir production 
in Japan [NiitsuirA «t al., 1985]. Geothermal "noise" (anomalously high seismic signals 
having no clear onseti^d lasting longer than several tens of seconds) has been observed 
near several geothermarSeas [Douze and Laster (1979), Goforth et al., (1972)]. 

The flow-injection test corloBcted as the second phase of the SSSDP provided an opportunity 
to study seismic signals associlted with the iiutial 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, l | ^ s produced from an open section of State 2-14 between 
approximately 2000 m and 3200 m deyth 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 microearthquakes and continuous seismic noise signals 
associated with the initial production of th i^ two wells. 

Seismic Network Description aQData Coiiection Procedure 

Figure 1 shows the configuration of the LLNL seil^c 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 reftr to as the netwoik stations, and 2) three small groups of 
six to nine sensors within a 1(X) m square area, which we \uU refer to as arrays A, B, and 
C. The network of three-cooapoiiBit staticms, which provi^J^primarily phase arrival times, 
was used to detect and locate jatawaithquakes in the traditioaal manner. The network of 
three arrays, which can prew t̂ô MftctfCMi, velocity, and deptii if%mation for any incoming 
seismic energy, wn useH^HHHtiboi all possible low-frequency^3-25 Hz) sources of 
seismic energy origLaating l^nHlfiBW^jection zone. ^ 

The seismic signals were digitized at each station at a rate of 120|?bnples/sec and the 
digital signals traî sQcuited td, tiift.c«itrtd recording site located near well 2-Mi The frequency 
range covered by tbe tiree-eQaqmopH stations was 1 to 30 Hz. The arra|s were optimized 
for signals between 3 and 25 Hz. 'All of the sensors were buried several inches below tiie 
ground surface. ^ 

> 

Our recording procedure dunng the flow^jection test was designed to detect botii tiie 
impulsive and continuous sources of energy. To record microearthquakes, an event detection 
process at the central recording site monitored all of tiie signals continuously and archived all 
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F i g u r e 1. Mqi (tf the l i iCL seismic netwrak during the June. 1988 fk}w/injection 
test The triangles a e threeHfompoiient statran locations and the squares are the array 
locations. The insets show m gconietriies of the arrays A, B, and C. The shaded ellip­
tical zone deJineates the area within wMch we expected to see seismic activity related 
tothetest 



of tiie wavefonns 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 with 
dominant frequencies greater than 30 Hz. 

Ip i\Aicroearthquake (Monitoring 

We monitored thOlow test zone for background seismicity between Sept. 1987 and the 
beginning of the ftow test on June 2, 1988. During tiiis time, tiie system operated in die 
event-detect mode. V^have not finished processing the data, but between Sept. 1987 and 
March 1988, no detecmtle microearthquakes occurred within the zone. We have recorded 
numerous earthquakes loc£^j just outside our network, however, and from the size of these 
events can estimate the lower deiection threshold of our system to be magiumde 0.0. 

Preliminary results from the data collected during the flowAnjection test do not indicate any 
microearthquake activity larger vf0i magiutude 0.0 within the zone of interest. This negative 
result indicates that neither stress nnor thermal effects were large enough to induce 
microearthquakes larger than this threshold during the shallow test We are continuing to 
process the data to search for both smaller magnitude microearthquakes and continuous 
energy sources that may have occurred "wfore and dining the flow test By searching the 
two-minute force-recorded segments, we hav^so far been able to detect one event that will 
be discussed in detail below. " ^ 

R 
Analysis of Flowpvent 

When State 2-14 was first opened, we recorded a single small (magnitude -0.5) seismic 
event followed a few seconds later by an air wave. We havftĵ ot yet determined the cause of 
this signal, but it provides us an opportunity to compare th4jpoiutoring capabilities provided 
by tiie traditional netw(nks wiA Ac experimental array methq^ We will present here in 

tmke detail the information that we hJin« been able to infer about Rise signals using botii tiie 
seven station three-ctmipcMieiifcafeSwoik and the three arrays. ^ 

f 
Characteristics of Flow Event " 

Three vertical component wavefomv 8or the flow event are plotted in Figure 2. The event-to-
station distance is increasing from the top to the bottom trace. The seismic wave and tiie air 
wave are clearly differentiated by th&difference in moveout across the network. 

The same information can be obtained by computing the narrow band 2-dimensional 
wavenumber [Aki and Richards, 1980] fitsm tiie 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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F i g u r e 2. Seismograms from ||eCIk>w event from stations at three different distances. At left 
is a SO second segment dominateatQi the high-amplitude air wave. At right is the smaller seismic 
portion of the signal enclosed by the boR in the left figure. Zero time is June 2, 1988 00:41:44. 
10 minutes after State 2-14 was openedil The number above each trace is the maximum amplitude 
of the seismogram times 10'^ nm/sec. The distance between the station and the event is shown 
between each pair of traces. ] ] ^ 

NORTH NORTH 

FrequiMicy: 8 Hz I ^ 
Bearing: 251 <tegreef 
Velocity: 2.3 km/se<r 

T 
Frequency: 3 Hz 

Bearing: 248 degrees 
Velocity: 0.47 km/sec 

F i g u r e 3 . Contours of narrow-bvid 2-diniensional wavenumber power for the seismic (left) and 
air (right) waves rec(»ded at arrqr A. The bearing is measured clockwise horn north. The wavenum­
ber is Okni^at die center and 10 b n 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 position of the peak. The apparent velocity is the ratio of the frequency at which 
the spectrum 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 tiie velocity of sound (0.33 km/sec.). For the seismic wave, the frequency is 8 Hz and 
the peak waven\i^ber is 3.48 km" j resulting in an apparent velocity of 2.3 km/sec. 

Location of Flow Events 

We were able to determine the location of the seismic phase using both the 3-component 
network and the arrays, ijuff network location was obtained from the P- and S-arrival times 
at 5 of the stations by using a^tandard location algorithm. The array location was obtained 
by estimating the bearing from dch of the three arrays. 

We used a standard location al^Htiim [HYP071 (Revised), Lee and Lahr, 1973] to locate 
the seismic phase using the phase arriTral 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 vertical seismic profile (V$P|| data from well 2-14 interpreted by Daley et al., 
1988 " ^ 

The epicentral location for the event deriveawom the network arrival times is shown on 
Figtue 4, and the depth calculated for the evefflSIs 900 m. We estimate that the uncertainty 
in tius location is 200 m vertically and 300 m hmnontally. The area defined by the epicentral 
location and its uncertainties is shown on Figure 4 as ̂ ii^Ie with a radius of 300 m. 

The location defined by the three arrays is obtained graphically from the intersection of tiie 
bearing measurements from the three arrays, as shown in Figure 4. The uncertainty in each 
of tiie beams (t3 degrees) is illustrated by the shaded wedges e^nating from tiie arrays. 

R 
Depth Estimationfor Flow > 

The depth of the source can also be estimated using the arrays. To obtain absolute depth, 
precise information about the velocity model is needed. This c s ^ be obtained from 
independent sources such as VSP data, or by calibration of the arrays aath explosions or 
earthquakes at several different kno^glepths. U 

Because the event we are studying is faiiiy shallow, we can use a simple velocity model to 
estimate the deptii frx>m tiie array data. The material under the array is saturated alluvium, 
which has a seismic velocity <rf 1.5 km/sec. According to a nearby seismic refraction smdy by 
Fritii (1978), tiie velocity increases to 2.0 km/sec at a deptii of about 100 m. We can use tiiis 
velocity model to calculate tiie depth of our source frtsm tiie apparent velocity observed by the 
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Figure 4. Sununary of location results fee die seismic part of the flow event The array 
location is defined by the intersection of the Jums from the three arrays. The network location 
is obtained from the arrival times at the network stations. The uncertainty in the network 
location (400 m) is indicated by the circle cen@b on the location. The network and array 
locations are the same, within tlie uncertaintks of eaclnneasuremenL 

Y 
array. Using tiie observed iq)pareot velocity of 2.3 km/sec, and a horizontal distance of 1500 
m, the calculated depth is 900 m. ^ \ 

For deeper events, depdi 
involved and refracted 
earthquakes or expkisicxai 
used to determine rela^ve 

caKidpoa beconoes more difScuCIpccause more layers are 
;g|||.|Kra{ to be considered. For tnis ^tson, calibration with 

tf calibrations are not availabl^Qfbe arrays can still be 
cvwns. _ 

DiMussion/Conciusions T 
The lack of microseismicity associ^fcd with this flow test is probably a result of the fact that 
tiie pressures produced by the injecQoii were not high enough to induce stresses sufficient to 
fracture the relatively weak, highly permeabte material in which the flow took place. The 
origin of the event we analyzed hen. is still not known. We do know that it occurred within 
400 m of well 2-14 shortiy after the well was opened. The event seems to have occurred at a 



deptii (1100 to 700 m) shallower tiian tiie open section of tiie 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 tiie surface via the open well. 

The data that we have analyzed allows us to assess the capability of tiie relatively unproven 
array methods compared to the more traditional network methods. The network provides 
better locations if events are large (greater than magnimde 0.0 for this network) and 
impulsive. The arrays, on the other hand, are more useful when the events are smaller and 
not recorded w ^ by all of the network stations. This is primarily a result of their ability to 
enhance the signal amplimde relative to the noise. Oiir example event, which was not 
recorded well by . ^ of the network stations, bears this out because tiie uncertainty in the 
array location appe^ to be smaller than the uncertainty in the network location (Figure 4). 

Another advantage of TO arrays that we have not been able to illustrate here is their ability 
to provide information Shout seismic sources tiiat are not impitisive. This includes 
continuous noise sources ^ d events with onsets that are not clearly identifiable. These 
kinds of signals cannot be loclted witii 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: Me^rement of Metal Ion Concentrations in 
Geblnermal Brines. 

Principal Investieator: Dr. Dennis W. Darnall 
L Department of Chemistry 

New Mexico State University 
Las Cnices, NM 88003 

05-646-5888 
I 
Mf 

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

The weirbox sample was obtaineffaby dipping a container into the 
active flow stream. Some of thatirgkiid was then suction filtered and 
an aliquot placed into a sample boftlS. The sample was clearly not 
complete since suspended solids, most'h/related to silica 
precipitation, were visibly abundant and provided the main motive 
for Altering. Solid sodium chloride was abundant in the weirbox as a 
consequence of steam losses which resulted i a its supersaturation. 
Additional sodium cUoride precipitated fromlJne sample while 
filtering. - ]f Q 

Samples flhom th#^fHH|a6 were taken with a tefloi^ined 
probe/cooling coil' ammbly. Access was through a ̂ t e valve on the 
flowline about 40 feer from the wellhead. The probe, p/4-inch O.D. 
stainless jteiel» waŝ  inserted into the flow space of the fkpline 
through air access valve /ti^embly located at a 3-o'clock position on 
the horizontal flowline. Flowline temperatures at the sampling point 
were essentially those of?'the wellhead, and near 492°?. 

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-freei 
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 
indicatedj^y the essential identity of apparent in situ concentrations 
for the onne samples collected on successive days (1). Additionally, 
the relative;^ifference in salt contents of the flowline and weirbox 
samples (aftelr adjustment for precipitation) are in good 
correspondencepo what would be expected from steam release 
between the two locations. Scale deposition in the probe/coil 
sampling equipme|it appeared minor and is not considered further. 

All samples were seiK to a commercial laboratory for neutron 
activation analysis for nrasecious metals. The samples, contained in 
scintillation vials with "^volume of 17.3 ml, plus comparator 
standards, were irradiated fftr 30 minutes in a TRIGA Mark I Nuclear 
Reactor at a flux of 1.8 x 10-12 n/cm2-sec. After a decay of one day, 
the samples for gold, plat ini^ and palladium were wet-ashed in the 
presence of gold and palladium fiarriers. Palladium was separated 
using dimethylglyoxime. Gold vrH separated as the metal using 
sulfur dioxide. The separated sam^|s were then counted on a Ge(Li) 
detector coupled to a multi-channA^gamma-ray spectrometer. The 
elements gold, platinum and palladiuA/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-24iiactivity. They were 
then counted as above. The elements silver Bud iridium produce Ag-
110 m, Ir-192 with haf^ves of 245 days and M days respectively. 
The results are lilnii|||ijrin Table 1. " • 

The analytical daOi drawn in Table 1 are particularfy^confusing for 
silver. None of the flowline samples indicated silver ^ v e the 
detection limits wMchr ranged from 140-540 ppb. On ttu^ other hand 
the weirt»di saJmpld showeil the presence of nearly 1 ppqp (890 ppb) 
silver. The weirbox sample had considerable precipitate which was 
removed prior to collecti4^ 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 being co-
deposited with silica, but the severe loss of copper, arsenic and 
cadmium suggests losses due to sulfide formation, and hence silver 



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 frotp 0.0325 to 0.120 ppb. Platimum, on the other hand was 
detected Sr the 5 ppb level in two of the flowline samples, but it was 
below the ^ect ion limit in the other four flowline samples. 
Considering^~Hiat the platinum detection limit for these four samples 
ranged from 4^6 ppb, these data are not inconsistent. Iriduim and 
palladium wer^nhot observed above detection limits in the two 
samples analyzedD 

The variation of deteftion limits for various samples for the same 
element deserves soma^omment. Neutron activation analysis 
detection limits vary wwl the size of the sample irradiated, with the 
irradiation time, with the lime elapsed between irradiation and 
counting, with the time of counting and with the carrier recovery. 
Thus unless all these factorsj^e constant throughout the analysis, 
the detection limit will vary for /*ven duplicate samples. 
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TABLE 1. Neutron Activation Analysis of Precious Metals 
in Salton Sea Geothermal Water: Well State 2-14 

DMA 05 

DMA 08 

DMA 02 

DMA 03 

DMA 06 

DMA 01 

DMA 04 

179 

Metal Concentration (PPB)* 

A^ Ail Ei l i 

ND<540. 0.0717±0.0122 ND<16 

ND<290. - - . 

0.0586±0.0047 5.25±1.47 

0.0683±0.0057 4.80±1.J0 

ND<500. < 

890.±134 0.0QtO.OO54 ND<12. 

3) 

DMA 07 = J N D < 140 

0.0325±0.0036 ND<4. 

ND<140 0.120±0.008 ND<8.4 

ND < 0.8 

Ed Commgnts 

Sample fr9Jji Howlinc 
collected 6/19^8 after 500 ml 
passe^jy^hrough sampler. 

Blmple from flowline 
F^" collected in dilute nitric acid 

immediately after collection of 
P — " DMA 05. 

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

Sample from 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 0.45n filter prior 
to collection. 

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

ND>6.5 Sample from flowline (unacidified) 
collected immediately after DMA 07. 

Sample from flowline (acidified) 
collected iiniiicdiaicly after DMA 04 

* ND - Not Detected below limit of detection 



Appendix M 
L 

TRANSPORT OF PLAlNUM GROUP ELEMENTS, GOLD, AND SULFUR IN 
THE SAUnpN SEA GEOTHERMAL BRINES 

(Urlllirsity of California Riverside) 

N 
A 

R 
Y 

D 
R 

A 
F 

'-*• ' • ^ , i T 

• • • • * > • . 



Progress Report 
August 9, 1988 

TRANSPORT OF PLATINUM GROUP ELEMENTS. GOLD AND SULFUR 
IN THE SALTON SEA GEOTHERMAL BRINES 

Dr. Michael A. McKibben 

Dr. Alan E. Williams 

^= Geothermal Resources Program 
Institute of Geophysics and Planetary Physics 
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„ (714) 787-3444 or ^501 

M 
Research supported by National Sciefcce Foundation grants EAR-8617430 and EAR-8805426, 
and by University of California Universitvwide Energy Research Grant UCB/UERG-034188. 

We collected fluid and solid samples ^ i n g the June 10 and 15 1988 flow-tests of the 
Salton Sea Scientific Drilling Project well CaUfmmia State 2-14 (S2-14). Samples of flashed 
brine and steam condensate were collected from the brine and steam flow—lines exiting the 
separator. Following the flow-tests, silica and hy^xide scales 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, HjS, SO4, I, Tl, Sc, As, Sb,0b, Ga and In. Techniques being 
used are isotope dilution and fee assay inductively-coupled |tasma mass spectrometry and 
graphite furnace atomic absotytien spectrometry. Addtronally, the sulfur isotopic 
composition {b̂ Ŝ) of H ^ aBdS04 are currently being analyzed ^ conventional gas source 
mass spectrometry. C 

Preliminary results on Pt grqup elements and Au indicate that sign^cant 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. 
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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 H2S and SO4 are in sulfur isotopic 
equilibrium, a ^ that H2S is generated by hydrothermal reduction of SO4 derived from 
evaporitic anhydt^^e in the reservoir rocks. This places constraints on the nature of sulfur 
transport in the^ »SGS, and on the scaling and corrosion behavior of the brines during 
geothermal power prpffction. 

Our preliminary reswts 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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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 
1^ University of California 
X Riverside, California 92521 

(714)-787-4611 

Research Support by the National Science Foundation Grant Number EAR-8805426 
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i Samples from the Salton %ea Scientific Drilling Project well number State 
2-14 were collected from sefkdSated brine and steam flow lines and from the 
weir box on both June 10, w i i and June 15, 1988. 

Raw brine and steam condensatai samples are presently undergoing analysis foe 
stable isotope ratios of D/H and \j^^^« Brine samples were also collected, 
stabilized, and are being analyze4|Tgr a variety of techniques measuring major, 
minor and trace element abundances. Wa expect information on at least 25 
solute species which are typically ab^pB^ analytical background. Gas/steam 
ratios (which roughly give the content of carbon dioxide in the production 
fluid) were measured giving values on tt^^rder of 2500 ppm (somewhat higher 
than similar measurements made for previous tests of the State 2-14 well). 
Hydrogen sulfide was also collected from th9t|^eparated steam phase for gravi­
metric analysis. Yields from our H2S precipitation analysis are somewhat 
suspect but confirm the low sulfide content (on the order of 10 ppm) observed 
in other wells and previous flow testa of State 2-14. 

Analyses of major brin* constituents will be utijy^d to compute a reservoir 
fluid density for coiiq>«riso&rvith similar computation^^ournler, 1988; 
Williams, 1988) of fluid £ra#kother Salton Sea area w e ^ % and previous State 
2-14 flow tests. Unferti!^|||*-t7, the producing Interval foe this long term 
flow test is not well eoail^aiaed so a vertical density d^^ribution in the 
State 2-14 well cannot easily be produced. Well controlled samples from the 
long term flow test will be compared with previously acquireCdata from other 
Salton Sea geothermal system wells. This will permit us to evaluate less well 
controlled saai;le imalyses, both chemical and isotopic, ^nH wilP allow us to 
make refinements on our model.oV fluid distribution and water-rUck 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 
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Abstract. A wide range of isotopes in the 238u, 235u^ and 232xh 
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 content of the brine which complexes radium and lead, and 
by the a^arent absence of suitable unoccupied adsorption sites. In 
contrast, u r ^ u m , thorium, actinium, bismuth, and polonium isotopes 
all have low^xoncentrations due to their efficient sorption from brine 
to rock. ?p 

[j_^ Introduction 

238u, 235u, ani 232Th decay to stable isotopes of Pb through 
a series of shorter-liveCLilntermediate daughters (Figure 1). In a 
closed system, these diSVghters grow into secular equilibrium with 
their parents, so that the Qdaughter/parent activity (disintegration) 
ratio becomes unity. However, ground water and geothermal waters 
are not closed systems, but ifVlract with the solid phases they 
contact. Because of the different ^eochemical properties of the 
intermediate isotopes in each c h A , significant radioactive 
disequilibria often exist in these wflnrs, and sometimes in solid 
phases associated with them. Both "tAermodynamic and kinetic 
factors play a role in creating and miMaining these disequilibria, 
and a number of workers have discussed these factors. Langmuir and 
his associates have provided recent reviews of the thermodynamic 
properties controlling U t̂ beluvior of uraniuBw thorium, and radium 
in natural waters [Lat^mUi* 1978; Langmuir mid Herman, 1980; Hsi 
and Langmuir, 198^Jii||ftMi(ir and Riese, 1985; A d Langmuir and 
^ ^ i c h i o r ^ ^ ^ ^ ^ . ^ g j j t J ^ t m focused on physicaPftctors, such as 
recoil d u t i l p i i ^ ^ H p ' - (Tanner, 1964; KrishnaswarA et al., 1982; 
Laui & a/., I P ^ ^ ^ P ^ P dl., 1985], migraticm of nuciioe^ along 
nucrofnilstaies J i l i l ^ ^ boundaries [Rama and Moor€^1984], and 
the r^**^ri|hJpHl|ipw&!t' emplacement of uranium-beariaA phases 
along fi^mlSK&idm^^X^fifhnaswami and Seidemann, 1988]. 

Studies of uranium an^ thorium series disequilibria are of value 
for several reason. Hrst, fie behavior of actinides and their 
daughters in thermal saline 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 



[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 5/nz, 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 natur^y occurring U-Th series radionuclides in deep 
geothermal-wines. 

^ Methods 

L 
Details regarding the drilling and plumbing system used to 

produce fluid from thi well are described elsewhere [Michels, 1986]. 
Brines were produced flOffi two zones in the well during four 
separate flow tests. ThWirst sampling occured when the well was 
1898 m deep on Decemberfl 29-30, 1985, with production presumed 
to come from a fracture zone near the bottom, llie second set of 
samples was collected when t | ^ well was 3220 m deep on March 20-
21, 1986, with production also originating primarily near the bottom. 
The third and fourth set of saminp were taken during an extended 
flow test during June 1988, with thjg^ird set collected on June 10 
and the fourth set collected on June"F5, 1988 (Table 1). Because the 
volume of brine that could be produce^lJQuring the first two flow 
tests was limited by the size of a pit built to receive water 
discharged from the well, only 4000 m3 could be produced during 
each test. Measurements of major constituentSi^d stable isotopes 
suggest that for the first test this brine volum^was sufficient to clear 
the well of fiuids introcfiiBed during drilling. HoDf9rer, the second 
How test showed ny^.iir'1 that the fluid produceo^contained 5-10% 
of contaoffaaiit o a i ^ H ^ introduced during drilling ^fteration 
[Sturtevant and WHtlums, 1987]. Our measurements otj^adioisotopes 
in the brine shonkl not be noticeably influenced by suffr 
contamiBa^jQ^j^teqit pierhaps for isotopes of U and Th that are 
present in^liBlal^ely sma||liconcentrations. Another possiole 
complication is that sulfate contamination from drilling fluids may 
have caused some barite 0 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, providing different pressures and temperatures for sampling 
the two-pl^se flow. Samples ports were constructed so that either 
brine or stem could be withdrawn from the flow line. During the 
June 1988 ficwv test samples were collected from a sampling port 
located just be@e the entry of the flow into the cyclone separator. 
Previous work in" other SS(}F sites has shown that radium and lead 
concentrations in tfae brine are not strongly influenced by the flash 
process [Zukin et oT., 1987], Therefore different locations in this flow 
line should yield equivalent samples, at least for Ra and Pb. Brine 
sainples were collected r ^ allowing hot brine to flow through a 
cooling coil immersed lir«an ice-water bath into a polyethylene 
container filled with dilute HCl (Table 1). Samples were not filtered, 
so measurements of uranium and thorium may be upper limits due 
to possible contamination wit|^|particulates transported in the brine 
[Zukin et al., 1987J. Gas samples fw- 222RH analysis were collected by 
allowing steam to flow through aroooling coil where condensation 
occurred, and the remaining non-ccnlensable gas fraction was 
passed into a glass bottle fitted witiPinlet and outlet tubes. 

Analyses for isotopes in the brine ^MFe carried out as described 
by Zukin et aL [1987] (Table 2), with some modifications. The CO2 
fraction in the gas sample was measured using gas chromatography, 
and the radon fracti<m w^flg alpha scintillatiop^techniques. The brine 
radon concentration iw^JIftii calculated fron^^^ne measuredRn/C02 
ratio and in situ COĝ ? dl|p|patrarion [Michels, 198Q Results from the 
June 1988 J | i p (^HHj^^^Ql^^cd using the the saii^ value for in 
situ CO2 cohc|rat[ip|Hpi -die earlier flow tests, and^erefore the 

conentrsudons ma?f0!^0Voi be adjusted, but the radiumnatios will be 
unaffected. '̂ '̂ '̂ W0^^wt$- deteimined from gamnias emitted by its 
short-liv^Pl^ii|itteir^^^l9igi and 211 Pb at 401 and 405 " ^ v fi-om 
the BaS04 precipitate coUected for analysis of 228Ra and 224 Ra 
(about 300 ml brine usedji The 210po results are upper limits, based 
on an anlysis for 210pQ 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 2 2 7 A c 
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 floWj^st have been corrected for evapoative losses (5-15%) 
prior to oSllection, based upon estimates of the flash fraction for 
different saimle ports [Michels, 1986]. Results are reported as 
isotope activities (disintigration rate) in the brine in situ. 

L 
Results 

Our results (Table 3) from the SSSDP brines generally corroborate 
those reported previolsly for saline hydrothermal systems. The 
measurements obtained |B|p similar to those for other portions of the 
Salton Sea Geothermal wUld [Zukin et al., 1987], and, consequently, 
this discussion will include |only a brief summary of the geochemistry 
of uranium and thorium senes isotopes in saline, reducing 
hydrothermal waters. The Juip| l988 samples have lower 
concentrations for most isotopes, with the exception of 222RII and 
223Ra which had similar concentrSions to the SSSDP1&2 flow tests. 
Until we can rule out contaminatioiOr reaction with the casing we 
will not attempt to interpret these ditfennce, although they may be 
real. The concentrations of uranium anqfthorium are low, and the 
234u/238u ratio is also low in comparison to most groundwaters 
[Hammond et al., 1988]. The low uranium concentration suggests that 
uranium is in the 4-4 v^Mice; and low uraniuflll isotope ratio indicates 
either that uranium exctesfes rapidly betweeir brine and rock, or 
that measurements i ^ ^ H s e d by incorporation cf^ock fragments in 
samples [i^^^- ^ ^ ^ ^ I H K F ^ ^ ^ contrast, radium concentrations are 
1000-1000(f%nie»^^^ than those of their parenA These high 
concentrations nui^i^mainta ined by input from suriMnding solid 
phases. The p«Fsisi|ifflM w radium in solution probabl^Preflects 
complexate|r i i i | 0 ' ydLl(»id» [Langmuir and Riese, 1985; FBlmmond et 
al., 1988]. Lack (tf suitabM^ adsorption sites may also maintain the 
high concentrations that a|^ observed [Langmuir and Melchior, 
1985]. It is also possibie '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 
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both adsorbed radium and that located within recoil range of solid 
surfaces [Laul et ai., 1985; Zukin et aL, 1987]. Some daughters of 
these isotopes(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 durpg the flow tests, and the isotope ratios observed are of 
interest (Tab^ 4). The 224Ra/228Ra ratio was uniform during the 
second flow'rest, although the ratio observed in each flow test is 
different. The l ^ 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 [|n the nearby Fee wells [Zukin et al., 1987] were 
not a transient effect due 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 ofl|i| mechanism for radium input [Krishnaswami 
et al., 1982]. If the s y s t ^ is in a dynamic equilibrium, the low ratios 
observed here must reflect ^ e importance of one or more of the 
following effects: (1) weathering, of solids, (2) growth of crystals that 
incorporate 2287h to depths Icwnparable to the recoil range, so that 
the fraction of 224Ra recoiled int^solution from the sorbed 228Th is 
less than the 50% expected, or (3jrrecoil input that is limited by slow 
diffusion down microfactures. The ^^^tion in 228Ra/226Ra ratios 
observed during the the 1986 and 198£#flow tests exceeds analytical 
error, but the cause of this variation is inot 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. ^ 

...•.f\ 
Sammary ^ 

Sampling and anaiyiei of brines from the Salton ^ a Geothermal 
Field have produced data for the distributicoi of the nfljiral 
radionuclides of the 238u and 232Th decay series. Thc^ata are of 
potential uiie t9 the prediction of the behavior of radwast^ 
radionuclides stored in geblogical repositories such as salt beds. The 
behavior of uranium and thorium series isotopes in brines from the 
SSSDP well is very similal̂  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 all found in 



high coTCMitraticHis. 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 

ma ' Time Acid 
of sampling added(l) 

3-3 
3-4 
4-53a 
4-106 
4-45 

4-B2 
4-1 
4-52a 
4-3 
4-2 
4-111 
4-108 
4-B3a 
4-Bl 

np 
i7& 
1848PJ 
1849 
1850 

1853 
1900 
1903 
1915 
1916 
1936 
1938 
1940 
1943 

1 
none 
1 

^ , 2 5 
^ 4 . 5 

L 
1 . 1 . 
.25 1 

> M 
none 
none 
.245 
.25 
.07 
1.1 

Sample 
(kg)b 

1.43 
2.17 
2.2 
.3 
12.5 

2.49 
.3 
2.36 

i 2.17 

w 
3.7 A 
2.4 1̂  

wt Spikes 
Added 

none 
none 
none 
none 

232u.228Th 

208po.230Th 
none 
none 
none 
none 
229Th 
none 
22911, 

J 208po,230Th 

Desired 
Analysis 

Ra isotopes 
222Rn 
Ra isotopes 
226Ra 

238u,234u, 
232Th,'230Th 
210po,228Th 

226Ra 
Ra isotopes 
222Rn 
2 2 2 R „ 

228Ac,212pb 
226Ra 

228Ac.212pb 
210po,228Th 

a) ID# = date-sample#(3- 6/10/88,>~*- 6/15/88). 
b) Wt. for gases is volume in liters S T I ^ 
Line conditions P= 17.9 atm and 212 OQ. 

A 

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

Isotope Measured Method of Analysis 

238u 
234u 
232Th 
230Th 
228Th 
228Ra 
2 2 8 A C 

2 2 7 A C 

226Ra 
224Ra 
223Ra 
222Rn 
212pb 
210pb 
210po 
210Bi 

Alpha-spectrometry 
Alpha-spectrometry 
Alpha-spectrometry 
Alpha-spectrometry 
Alpha-spectrometry 
Gamma-spectrometry 

L Gamma-spectrometry 

I Alpha-spectrometry 

Alpha Scintillation/222Rn ingrowth 
QyH Gamma-spectrometry 

Gamma-spectrometry 
Alpha Scintillation 
A^ma-spectrometry 
AlphLa-spcctTometry/210po ingrowth 
Alpn-spec trometry 
AlphaKSbectrometry 

Y 

i 

D 

A 
F 
T 

I 



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

II 

Isotope 

238u 

234u 
230Th 

226Ra 
222Rn 
210pb 
210Bi 
210po 

232Th 
228Ra 

2 2 8 A C 

228Th 
224Ra 
212pb 

223Ra 

SSSDP-1 
dpm/kg n 

:p0.071(4) 1 

- 0077(5) 1 
S()43(6) 1 
219(^0) 2 
213(5(150) 2 

3260(lis) 2 
<740 11 

<0.95 L 

SSSDP-2 
dpm/kg 

0.033(4) 
0.038(4) 

<0.020 
1060(50) 

2600(1400) 

3220(80) 
<1370 

^<2.8 
0.007(4) 1 Wli<0.007 
1120(60) 2 
250(170) 1 
0.58(4) 1 

1010(60) 2 
2250(280)1 
6(31) 2 

7|X40) 

» 

540(30)^ 
1440(140W 
11(7) 1^ 

SSSDP-3 
n 

2 

2 
1 
2 

3 
2 
1 
2 
1 

4 
1 
2 

4 
1 
4 

Y 

dpm/kg n 

-

-

526(10)a 1 

1811(96) 1 
-

-

-

-

244(27) 1 
-

-

292(17) 1 
-

23(10) 1 

SSSDP-4 
dpm/kg 

0.018(7) 

0.026(10) 
<0.008 

526(10) 
2038(74) 

-

-

<1.15 
<0.008 
329(14) 
301(86) 
0.57(6) 

356(15) 
-

15(9) 

n 

1 

1 
1 
3 
2 
2 

2 

1 
2 
2 
2 
2 
2 
7 

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 te»l|also sampled fluids 
from 3220 m. The analytical uncertainties in W last digit (±lc from 
counting statistics) axie tfkpwn in parenthese, andAe numbers of 
samples analyzed V^^j^^"^ as n. If more than one analysis was 
made, averages wei |^^ighted by the analytical un^^ainties in 
each measurement. HjMfium activities for SSSDP-3 are ^plculated from 
the average of the SSSDP-4 226Ra values and measur« Ra activity 
ratios. T 
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Table 4. Radium Concentrations (as Activities) Observed at Different 
Times During SSSDP Flow Tests 

Sample Date Time 

Ip 

SSSDP-1- 4T2-29-85 1600 
-14 12^9-85 1710 
-18 12-30.85 1200 
Average IL 

• 

SSSDP-2-26 3-20-86 12210 
-28 3-21-86 IJU^O 
-37 3-21-86 TT20 
-45 3-21-86 12101 

Average 

SSSDP-3- 3 6-10-88 -1700 

SSSDP-4-53a6-15-881848 
-52a 6-15-881900 
-108 6-15-881938 

Average 

226Ra 

(dpm/kg) 

2040(90) 

228Ra 

226Ra 

2450(120) 0.51(1) 

2190(80) 

1150(60) 
1020(50) 
|£|60(50) 

" A 
5 0 0 ( 2 Q 
6 1 3 ( a ) \ 

0.51(1) 
0.51(1) 

0.64(1) 
0.70(1) 
0.75(2) 
0.64(1) 
0.68(1) 

0.48(1) 

0.56(1) 
0.83(1) 

398(18) Y - -
526(10) 0.70(1) 

224Ra 

228Ra 

0.93(3) 

0.93(3) 

0.74(2) 
0.74(2) 
0.77(2) 
0.77(2) 
0.76(2) 

1.12(3) 

1.36(4) 
0.80(2) 

0.91(2) 

223Ra 

226Ra 

0.017(27) 
0.001(15) 
0.003(18) 

0.020(27) 
0.025(13) 
0.002(9) 
0.008(16) 
0.010(13) 

0.046(19) 

0.013(32) 
0.037(21) 

0.030(18) 

Uncertainties in the kMl ^Kflts (± lo, derived p fm counting statistics) 
are given in parentivMliy^verages are weightSo means. 

A 
F 
T 
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Th 
Aqs) 

U 
Pa 

Ra 

238 

U series 
238 

4.Sby 

I 
234' 
24d 

;^< 

234 
1.2m 

234 

I 
230 
75kv 

1 
I 

226 
6ky 

2 3 2 

Th series 

53? 
4b]r 

I 
228 
S.7t 

6.1 h 

2281 
.1.9y 

i 2241 
3.6d 

235 

U series 
235 
0.7b| 

I 
231 
26h 

231 

I 
22y 

227 

J9d 

I 
223 
l i d 

Fr 

Rn 
I 

22? 
LBd 

I 
220 
541 

I 
219 
3.9« 

At 
Po 

218 

3m 

\ -

Bi i 
Pb 

2141 

27m 

214 

Mr 
20m I 

I I 

5TO 
22 

pio I 
216 
0.2s 

iM-
2oe 

I 
2121 
Jus 

215 
f.Sfflt 

2121 

212 

1 
I 
208 

I 211 
2.2ffl 

208^" 
3.1m 

211 
36m I 207 

Tl 
• f K 

207 
4.8m 

R 
decay Figure 1. The uranium and tiiorium d^ay series. Isotopes measured 

in this study are bordered by heavy lines. The mass number and 
half-life for each isotope are given.. Vertical jorows indicate alpha 
decays, and short dii^»0A bars indicate betal*cays. 
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Appendix O 

^IQUID AND GAS SAMPLING 
(Univflrsjty of Utah Research Institute) 
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CHEMICAL SAMPLING - UNIVERSITY OF UTAH RESEARCH INSTITUTE 

Liquid and gas samples of the fluid from the Salton Sea Deep 

Hole were taken by Mike Adams and Michelle Lemieux of the 

University of Utah Research Institute during the long-term flow 

test. Thr^ samples were taken during a one hour period from 0900 

to 1000 on J^e 8, which corresponds to the lowest flowrate of the 

test. Four sam3.es were taken during a two hour period from 09 30 

to 1130 on June 17], which corresponds to the highest flow-rate of 

the test. I 

The samples werjB„ taken from the brine and steam lines 

downstream of the separator. The liquid samples were taken by two 

different methods. The first method involved cooling the hot brine 

in a one fourth inch stainl«s% steel tube coil prior to capturing 

the fluid in a preservative solution. Although this method is 

commonly employed, it may promot|pnlprecipitation of silica in the 

cooling coil prior to collection, '^e second method was designed 

to prevent precipitation of silica prior to sampling. This method 

utilized a six inch b^ en* eighth inch l^be that was inserted 

directly into th« gdlgplratlv* solution wiC|^ no prior cooling. 

Both metJhodiirtte«dl«9iwheltatiirtt solution of 5 w||i nitric acid for 

ICP analysis anal | ̂ Pl hycfirochloric acid for sulfate and ammonia. 

•X^\ :,/• F 
Non-dilut(^^aaB|g|tfi> iw>re o o l l e c t e d for c h l o r i d e , f l u o r i d e , and TDS. 

^•*"^'- f ^ r • T 

The acid to sample dilu^fbns were 10 to 1. " 

Steam samples w»»^| collected through a one fourth inch 

stainless steel cooling coll. The samples were taken in evacuated 

http://sam3.es


.»•* • • a i z s a S g , .-,-?••;-«=:•-

pyrex fliefllc that contained solutions of sodium hydroxide and 

cadmiun chloride. 

The liquid and gas samples are being analyzed to determine if 

differences in the chemistry of the fluid exist as a result of 

changing flow rates, and if silica does precipitate when a cooling 

coil is usjpa during collection. Gas analyses of samples collected 

during the j^ow test are given in Table 1. Table 2 presents 

chemical analyaSs of liquid samples collected during the low flow 

portion of the tetet. The liquid samples listed in Table 2 were 

collected through tha 1/4" cooling coil. Comparison of the silica 

concentrations in tl̂ sap analyses with those from the samples 

i collected through the 1/8" short tube indicates that silica 

IKI precipitated in the 1/4" cooling coil vdien sample MA-52 was taken. 

Silica concentrations were ioiilar for both methods in Samples MA-

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

from sanple to sanple in a closed spaced time interval indicates 

that silica may be precipitating in^be wellbore, or, more likely, 

the separator. 
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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 (Ibs/hr) 
measured downstream of the separator; STEAM FRACT = steam 
fraction in the separator. 

S a m p l e 

D a t e 

Time 

WHP 

WHT 

SEP P 

SEP T 

STEAM 
FRACT 

TOTAL 
FLOW 

H2O 

CO2 

H2S 

NH3 

Ar 

N2 

CH, 

H, 

P 
6/8/8^8 

lOr^O 

508 

490 

204 

400 

0 . 1 5 

MA-54 

6 / 8 / 8 8 

1 0 : 1 0 

= 508 

490 

2I4 

40iy 
0 . 1 5 

MA-55 MA-61 MA-62 MA-65 MA-66 

6 / 8 / 8 8 6 / 1 6 / 8 8 6 / 1 6 / 8 8 6 / 1 6 / 8 8 6 / 1 6 / 8 8 

1 0 : 2 3 0 9 : 4 5 1 0 : 1 0 1 1 : 5 0 1 2 : 0 0 

504 

498 

216 

415 

0 . 1 3 

508 

490 

204 

400 

0 . 1 5 

504 

498 

216 

415 

0 . 1 3 

505 

498 

237 

415 

0 . 15 

505 

4-98 

237 

415 

0 . 1 5 

uJN< 126,108 126,108 126»,l!08 535,756 535,756 496,075 496,075 

A 
9.76E+5 9.76E+5 9.75E+5 rf*84E+5 9.84E+5 9.85E+5 9.85E+5 ft' 
2.30E + 4 2.34E+4 2.45E+4 1.^+4 1.57E+4 1.47E + 4 1.47E + 4 

1.88E + 2 1.91E+2 1.96E+2 l.o3l+2 1. 14E + 2 7.36E + 1 1.36E + 2 

4.22E+2 4.28E+2 4.31B+2 4.2B+2 4.29B+2 3.45E+2 3.77E+2 a .(ME-̂ O 8.2SB-1 l^7B-2 1.51E-1 4.84E-2 

ftB+1 5.7$E+1 2.7Hi-l 3.02E+1 2.44E+1 

W & H 2 . 4 0 B + 1 1 . 9 0 B + / ^ 2 . 3 8 E + 1 2 . 3 9 E + 1 

5 . J 9 B + 0 2 . 1 0 8 + 6 1 .43E+0 C 9 6 E + O 1 . 8 4 E + 0 

t T 



Table 2. Fluid Analyses from the Salton Sea Deep Well. The 
samples listed were taken through a 1/4" stainless steel cooling 
coil. 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 
= 126,108 Ibs/hr. N.D. = not detected, N.A. = not analyzed. 

Sample MA-50 MA-51 MA-52 

^ t 


