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Re: CPV Sentinel Energy Project: Docket No. 07-AFC-3 c —
Dear Sir/Madam:

Pursuant to California Code of Regulations, title 20, sections 1209, 1209.5, and 1210,
enclosed herewith for filing please find a letter from Dale Shileikis to the CEC regarding
Appendix C and associated replacement pages to Applicant's responses to CEC Data Requests
35, 38, 43, 50, 60, and 62 through 65.

Please note that the enclosed submittal was also filed today via electronic mail to your

attention.
Very truly yours,
e /&Q_,
Paul E. Kihm
Senior Paralegal
Enclosure

cc: Michael J. Carroll, Esq. (w/ encl.)
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January 24, 2008

Dockets Unit

California Energy Commission
1516 Ninth Street, MS 4
Sacramento, CA 95814

RE: CPV Sentinel Energy Project
Application for Certification 07-AFC-3

On behalf of CPV Sentinel, LLC, a limited liability company and the Applicant for the
above-referenced CPV Sentinel Energy Project, we are pleased to submit the
enclosed document:

¢ Appendix C and associated replacement pages to the CPV Sentinel Energy
Project Response to Data Requests (35, 38, 43, 50, 60, and 62 through 65) that
was docketed on January 22, 2008

This appendix was inadvertently left out of the previous submittal. This document is
being submitted to the CEC for docketing.

URS Corporation

Q4 S 4

Dale Shileikis
Vice President
Enclosure

URS Corporation

221 Main Street, Suite 600
San Francisco, CA 94105
Tel: 415.896.5858

Fax: 415.882.9261
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CPV Sentinel Energy Project (07-AFC-3) Response to Data Request 65
Responses to CEC Data Requests Set 1 Water and Soil Resources

BACKGROUND

Data Request 38 was only party answered in the “Reponses to Data Requests” dated

October 4, 2007. Data Request 38 asked for a detailed discussion and analysis of the proposed
use of groundwater for power plant cooling and a comparison with other options/alternatives.
There were three subparts to this data request. Subparts (a) and (c) to this data request
focused on air-cooling, and subpart (b) focused on the use of groundwater for power plant
cooling. A detailed discussion and analysis of power plant cooling options/alternatives, other
than air-cooling, was not provided.

65. Please provide a detailed discussion and analysis of alternative power plant
cooling options. This discussion and analysis should focus on the economic
feasibility and environmental soundness of the cooling options, and include those
listed below. The applicant may be aware of options other than those listed below
that are equally or more feasible and sound; if so, please provide an analysis of
these alternatives.

. Use of the Desert Hot Springs Sub-Basin groundwater as a source of lower
quality, high total dissolved solids (TDS) groundwater water.

. Use of a different inlet and intercooling method, such as a mechanical air-
chiller with air-cooling, instead of using a wet cooling tower.

RESPONSE
DESERT HOT SPRINGS SUB-BASIN GROUNDWATER

The potential to use groundwater from the Desert Hot Springs Subbasin was evaluated in
Section 8.6.2 of the AFC and determined to be infeasible. As requested, the Applicant is
providing additional support for this conclusion with a focus on economic feasibility and
environmental soundness.

Economic Feasibility

Groundwater in the Desert Hot Springs Subbasin has relatively poor water quality (highly
mineralized and high temperatures). Water quality data for eighteen private wells within the
Subbasin are summarized in a report prepared by Harding Lawson Associates (see

Appendix C). In particular, the water quality of the groundwater in this subbasin is high in TDS,
chloride, and pH. The water quality of this groundwater is significantly worse than the quality of
reclaimed water that would be produced by the Horton WWTP. In addition, water temperatures
in 34 wells studied by the DWR in the early 1960s ranged from 82 degrees Fahrenheit (°F) to
200°F, with an average temperature of approximately 118°F (URS, 2005).

The use of groundwater from the Desert Hot Springs Subbasin would have significant cost
implications to the proposed CPVS project. It is anticipated that significant treatment of the
water would be required to reduce the levels of TDS (on the order of 1,000 to 1,500 milligrams
per liter [mg/L]) to meet the cooling tower design levels (approximately 500 mg/L). This would
require a much larger makeup water treatment system or a reduction in the cooling tower cycles
(from approximately six or seven cycles to approximately three cycles). In addition, the higher
values of pH of this groundwater (pH values range from approximately 8.5 to 9.0) would
increase the acid consumption used to maintain the circulating water pH at a lower range and
increase the use of dispersant chemicals.

Replacement page 65-1 R:\08 Sentinel DRs\Revised 65-1.doc



APPENDIX C

EXTRACT FROM HARDING LAWSON ASSOCIATES REPORT:
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Harding Lawson Associates

GEOCHEMISTRY

A. General GroundFWater Chemistry

The concentrations of aqueous constituents determined by the project
laboratory and aqueous properties determined in the field by instrumental
measurement are compiled in Table 1. The locations of the sampled wells are
shown on Plate 3. Ground water in all PW series wells is relatively similar
in composition with dominant sodium and sulfate. These waters have specific
conductivities ranging from 1500 to 2200 umhos/cm with the exception of
water from well P-9 which had significantly lower total dissolved solids (SC
= 830 umhos/cmj. Ground-water pH in the PW series wells ranges from 8.3
to 9.0. |

A trilinear Piper Diagram was constructed as a method of graphically
presenting ground-water quality data. Before constructing this diagram
individual ground-water samples were evaluated for charge balance. By this
process charge equivalehts of major cationic components are summed and
compared Qith the sum of major anionic components. This calculation was
necessary for construction of the trilinear diagram but is also an indepen-
dent check on laboratory quality control. Water samples with charge
balances differing by more than 10 percent for cations versus anions are
suspect. All samples generated from this study showed less than 5 percent
deviation and in most cases less than 2 percent.

The trilinear diagram is shown as Figure 2. Percent distribution of
major cations are ploﬁted in the lower left triangle and percent distri-

bution of major anions are plotted in the lower right triangle. Data is

49
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then extrapolated into the central trapezoid for comparison of water
qualities. This diagram does not plot data with respect to total dissolved
constituents but as percent distributions og\equivalents. Therefore, waters
that have undergone evaporation should plot in the same location as parent
waters. Such a diagram is an excellent mechanism for evaluating mixing
effects of ground waters, because the two ground-water end members will plot
as separate points, with all mixed waters falling on a line segment joining
the two end-members.

As shown in Figure 2, all PW series wells plot in a very small area of
the diagram, suggesting similar origin and hydrochemical history. However,
ground water from Wells WD-8, WD-24, and WD-27 are all distinctlf unique, as
is the composition of surface water SW-1. Mixing relationships between
ground water in the vicinity of the City of Desert Hot Springs and wells of
the WD series are not apparent.

In general, ground waters from WD series wells are of lower dissolved
solids as seen in specific conductivity values. Water from WD-8 is

Na—Ca—Cl—SO4-HCO in cémposition. water from WD-24 is Na—Ca—SOA—HCO

3 3

iﬁ nature, and WD-27 is predominantly Na—Ca-H003 in composition. Surface
water from SW-1 is most similar to water from well WD-24 which is in closest
proximity. It appears from the diversity of composition in WD series wells
and the large areal distribution of these wells (Plate 3) that recharge/

discharge relaticnshipé as well as aquifer mineralogy may be diverse in

these areas.
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Upon final examination of Figure 2 it is apparent that these sodium
sulfate ground waters from PW series wells have undergone a very similar
hydrochemical histofy and are closely related in spite of the difference in
spatial groupiﬁgvof these wells. Shallow ground waters are more typically
calcium rich; deeper ground waters, which have undergone more water/rock
interaction, are more sodium rich. Therefore, it is reasonable that gfound
waters from PW series wells which are from greater depths would have

significantly longer residence time.

B. Isotope Geochemistry

All 21 ground—wate; samples and the single surface water sample
collected for this projéct were analyzed for isotopic abundances of oxygen.
and hydrogen. As stated previously, relative isotopic abundances for these
stable isotopes are expressed as a percentage of deviation from Standard
Mean Ocean Water (SMOW) (e.g., 6180 = 50%,). Results of mass spéctral
analysis are presented in Table 1.

Analytical results are also presented graphically in Figure 3 as a plot
of 62H versus‘élao. Isotopic fractionation occurs during evapora-
tion from the world's oceans and also during condensation. Evaporation
selectively concentrates lighter isotopes (160, 1H) of oxygen and
hydrogen. Condensation within clouds selectively precipitates heavy
isotope§ (180, 2H). Fractionation during condensation is extremely

temperature dependent, and precipitation at cooler temperatures is
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more depieted in 180 and 2H than precipitation that has occurred at
-lower elevations and warmer ambient temperatures.
| ‘Relationships between the abundancesiof 180, ZH, and temperature
have beén established. These relationships differ depending on distance
from an ocean, létitude, and altitude. The global relationship for isotopic
abundances in precipitation has also been established as
s%u = (8 6% + 1007,
This function plots as a straight line on Figure 3 and is termed the
Meteoric Water Line. The élope and intercept of this line change§ slightly
with specifié site conditions. From isotope abundances measured in the
surface water sampie (Sw—l).and comparison with shallow ground-water samples
from PW-9, ﬁD—é, WD-24, and WD-27, the 18O/zl{ precipitation relationship
for Desert Hot Springs conforms to the function
8% = (8 §'% + )%,
which is extremely close to the average global trend. Precipitation under
warmer conditions would plot along this line but to the upper right.
Precipitétion under cooler conditions or higher elevation would plot along
this same line but fall to the lower left.
Ground-water contact with aquifer minerals results in significant
isotopic exchange for oxygen isotopes only. This exchange results in an
enrichment in 180 in the ground water, and therefore water/rock reactions

should cause deviations from the meteoric water line to the right, towards

more positive 6180 values. This enrichment in 18O of ground waters in
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contact with aquifer‘minerals is a very slow process and oceurs in measur-

able. increments for extremely old (100, 000 years) ground waters or for

ground~water systems that exhibit temperatutes uf’BO’c or above (geothermal).

Figure ‘3 in add1t1on tp showing Desert Hot SPrxngs data, also shows
ground-water isotope data for the Lassen Park geothermal area. This
documented séotﬁermal resource arez hes ground water that, from contact with
the geothermal éource area, shows 6180 deviatiohs of up to +5%, from
mefeoric isotopic content. Shifts of oxygen isotopes ffom documented
gaothermal areas méy exceed +zoi;. |

Isotopic abundancés from PW series Deéert Hot Springs ground-water wells
show significant ﬁisplacément from the meteoric water line. Because no
natural process wouldAcause a depletion of ZH with no change in the 180
content, it has been assumed that waters from the PW series wells were
rechafged to the ground—waﬁer syétem.at cooler ambient temperatures or
higher elevations. Thérefore. enrichment in 180 abundances due to

water/rock interaction has occurred for these waters in a relatively

consistent fashion, with #e?iations of approximstely +1%,6 to 1.5 %,. It

. should be noted that isotopic data indicate that for sroqn& waters from

wells PW-5, PW-6, PW-10, andAPH—13. recharge occurred:at warmer temyefatures
or lower elevations than recharge from other Pﬁ series wells. Sampling
temperatures from these lower elevation wells were generally_lesé than 40°C
while sampling temperatures from wells recharged at coole? temperatures

reach values of 60°C. However, 8180 shifts for both populations of
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wells are similar at +1.0 to 1;5 %, With a noted anomaly at wai; PW-15,
which showed the largest 6180 shift.of +1.8%, . -

The areal distribution of the ground-water wells sampled is such that
.ihe'two populations of ground waters discussed above do not occur in a
- separate area. PW series wélls 14, 15, 16, 17, and 18 are several miles to
. the souttreast of the City of Desert Hot Spr;ngs; while other PW series uells:
are located near the city (Plﬁte 3). Although thése wells are in two -
distinct spatizal groups, variations in isotopic abundances do not correspond
with these two physical groupings. For example, PW-14 and PW-17 are in the
cooler br_'echarge. higher temperatu.re:_group-, yet wells PW-16 and (@ are part ‘_ __
, of the warmer_recharge lower temperature wells. Nevertheless,-all theég
wells are physically spaced within 1 mile-of each other. Ground water from
weii PW-15 appears to have been recharged under warmer conditions but had a
samplins témperature of 52°C. These unlikely recharge characteristics may
be the result ofAvarying degrees of mixing or due to relationships of the

wells to the recharge source.

C. Interpretive Geochenistry

Additional interpretgtioﬁ of the geochemical data presented in Table 1
was performed_to‘evaluate evidénce-foé origin aﬁd mixing of grouﬁd waters.
Ground waters of the PW series ﬁells have very similar aqueous chemistry
with respect to gengral grouné—wafer qu#lity characteristics. The trilinear

diagram (Figure 2) shows that with respect to common cations and anions all
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waters plot withiﬁ 8 very small field. Other grapﬁical teghniques have also

been used to assist in interpretation of aqueous geochemistry. These

teghniqhes include primarily conéentrdtion—concentration plots for a variety

of aqueous const{tuents.

Geothermal waters are commonly identified by compositional equiiibrium
between dissolved constituerits and alteration minerals. This assumption of
the presence of equilibrium condition§ is critical to the use of geothermo-
meters but is also important in evaluating mixing of geothermal waters with
cooler near-surface ground water. Mixed waters tend to acquire characteris-
tics intermédiateAbetueen the quality of the geqthermal anq shallow ground
waters.

Chemical characteristics of cooling geothermal‘watgrs may produce waters
similar in composition to those generated by mineral leaching following the

mixing process, making interpretation difficult. However, several major

"trends are common for mixed waters of geothermal_brigin; In general, such

waters contain high concentrations of silica in relation éo sample tempera-
tures, high toﬁal carbonate, and low pH (6-7) for waters with less than 100
ppm chloride. |

Waters derived from geothefmal systems generally hgve high concentra-
tions of both chloride and boron because these elements are not readily
incorporated into geothermal minerals. Therefore, a specific geothermal

gource area should generate waters with relatively constant boron/chloride

ratios. Figure 4 is a plot of boron versus chloride
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concentration. The best fit of the data for PW series wells 1s:also shown.
Boron/chloride ratios are not constant for all data but fall within a range
of .01 to .005. The trends observed in this plot are either those of mixing
or increasing geothermal tempefature to the upper right. I£ should be noted
that wells PW 14, 15, 16, and 1§ show highest concentrations of both $oron 
and chloride and therefore-best represent geothermally derived end member
waters. It should also be noted that q}i four of these wells exist in close
proximity to each other sevéral miles to the southéést of town.

The composition of cooler shallow ground waters should plot near zero

boron concentraiion énq up to 25 mg/l chloride as do data from WD-24 and

 WD-27. Wells WD-8 and PW-9, although they may be from a geothermal source,

have apparently undergone considerable mixing based on their plot on the
diagram.
Mixing of geothermal waters with cold waters can also be evaluated by

examining relationships of 6180 and chloride. Figure 5 is such a plot.

Shifts in 6180 valués are a result of water/rock interaction (section

A.4.2). Upon consideration of data from PW series wells, it appears that
two data populations exist. Best fits of the trends for each population are
shown as line'segments. fhe two liﬁe segments may represent mixing of |
geo£hermally derived waters with tﬁo coolér shéliow ground waters of
different'6180.coméosition. The two coéler ground waters may.have

variable compositions due solely to differences in fech#rge areas because

the»&lso differences are less than 1%,. It should be noted ghnt data
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falling:élong respective line sesﬁents are not spatially s;oupgd on the site
locatiop map. Mixing trends do exhibit similar slopes on the 18o versus
"chloride plot. Wells fﬂ—lb, 16, and 18, previously cited for high boron and
chloride, do occur grouped on the plot. This grouping of wells into
populations may be a result of the depth of the aquifer that is sa@pled by
each well. |
Geothermal waters that ﬁave not reequilibrated with respect to silica
solubility tﬁpically yield a linear plot of silica versus chloride.
Figure 6 is such a p!ot for Desert Hot Springs data.. It is evident from
these data that si1ica concentrations are gandom with respect &o chloride
content, indicating that if these waters had equilibrated wiﬁh silica at
higher temperatures, precipitation of a silica phase haé occurred.
Concentrations of disgblved silica in documented geothermal areas: are
typically from 200 to 600 mg/kg. Concentrations for Desert Hot Springs
wells are very low (<30 mg/kg) indicating that either silica precipitation
~ has occur;ed. ground waters haﬁe ha& a relatively short retention time at
low temperatures, or dilution of geotﬁermal water has occurred to a
significant degreeT
Because of the presence of high céncentrations of aqueous sulfﬁte, a
plot-af chloride versus sulfate Qas devélbped (figure’7). The linear
relationship of_sulfate/chloriae concentrations is-ohfious. Highest
concentrations ofvboth aqueous constituents were found in wells PW-14, 15, .

. 16, and 18, similar to the trend observed for boron. This 1nﬁicates that
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/from PW series wells consistently have R values less than 5 and, therefore, -
for these wells the correction isAzero. COErecti;ns to the WD series wells
nr;.sighificant,_with corrections ﬁp to 35°C as shown in Table 8.

In.conclusion, ground waters sampled fcom'thb Desert Hot Springs
. area indiéate that significantfgeothefmal activity is present. This -
coneclusion is based on 61?0-4eviatiqn$. geochemical relationships of
dis§olvgd constituents, and geothermometry. From g¥ound waters sampled and

interpretive geochemistry, the geothermal activity at the depths sampled

does nét appear to be of the magnitude of other known high temperature
 geothermal areas.,.This'assumption.has resulted from one of~§evera1 factors,

] including low dissolved 'silica concentrations, low geothermometer tempera-

tures, and moderate 3180 isotopic deviations. These characteristics

exist because fhe source is not as strong as Sther active areas, or mixing

with shallow ground waters havé made less clear the definition-and intensity

of the source area. Of all wells sampled, the area to the southeast of the-

town (Wells PW-14, 15, 16, 17, 18) appears to be most promising.

65.
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sulfate minerals, such as anhydrite, may'eXhibit some control on ground-
water composition.

Grdund’uaters from the study area -were analyzed for a large.sgite of
'tracé metals, as shown on Table 1. Of the trace metals analyzed; manj were
not present at detectable concentrati&ns in eny samples. These metals
inecluded Be, Cd, Mo, Ni, Pb, Ti, Mn, and Zr; Por several metals, a-few -

detectable concentrations slightly above detection limits were measured (Ag,

Co, Cr, Cu, Th, V; and Zn). Of the trace metals analyzed, only As, Al, B,

‘Ba. Fe, and Sr were present in_detectablq concentrations for most'waters.

Of these elements higher than average (for this investigation) Sr values

were presént in samples from wells PW-14 and 15 while abdvé average Fe

concentrations were,pteseﬁt in PW-11 gnd 12.'»Arsen1c is the only trace
eLemeng'fhat appears'tO‘be present in asnomalous concentrations reaching
concentrations of 70vug/1 (ppb) in two wells. However, trends in arsenic
and other trace metals do not appear to correlate with other observed system

trends.

D. Geothermometry

" The use of chemical geothermometers is pased on the assumption that
ground waters within the spherg of‘influence of a geothermal source will
attain equilibrium with respect to specific minerals whose solubility is
temperatﬁre dependent. For a cheﬁical geothermometer .to yield accurate

iemperatures. the kineties of the controlling reaction must be fast enocugh
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to allow equilibrium to be attained within a relatively short period of
residence. Ho;ever. thé kinetics of the reaction must be slow enough that
upward flow and cooling o%’waters'does_not cause alteration of the fluid
composition.

Numerous geothermometers have been used on at least‘an experimental
~ basis; however, the silica, Na/K, and Na-K-Ca geothermometers are best
documented E%d mo;t widely aecept;d. Severa; geothermométer; Qere examined
for Desert Hot Springs wateré. These are Aiscusséd in detail below.

1. sSilica Geothermometers |

: silica Qay eéxist in an aquifer in a variety of mineralogic forms ~
including zmorphops silica, chalcedony, c;istobalitey.and quartz. A;though
quartz is the stable silica m;neral, otﬁer silica miﬁeréls exist ;s
intermediary forms due to reaction kinetics. The solubility of.quartz is

tabulated below.

Quartz Solubility

Temperature °C Sioz (ng/kg)-

" 50 . 13

100 46
150 - - 126
200 ' _ 271
250 , ‘ 471
300 , 660

Dependent upon system characteristics, ground waters may be in

equilibrium with any of the previously mentioned minerals, all of which have
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:solubilities that exceed that df quartz. As equilibrium mgy be rather
,qpiﬁkly'attained with réséect éo silica mineral ;hhses. cooling and

" precipitation may also ;ccur rather rapidly, yielding artificlalfy low

gilica concentrations. .

As the characteristics of the Desert Hot Springs systEm.Here
unknown, several silica geothermometers were used to determine the most
representatféb technique. .Calculation of temperatures using amorphous
silica, chalcedony, and cristobalite geothermometers yiélded artifically low
equilibration temyepatures. In many instances, the resultant tempefatufes

.wete significanily lower than the measured sampling temperature, andvin some
cases negative temperature values ‘were genetateq.' Thése'resultsjare in part
due to the'e*ﬁfemely low dissolved silica concentrations for Desert Hot
Springs ground water.

The quartz,géothermoﬁeter yielded the only reasonable results of the
.silica geothermometers. The equation used for calculation of the quartz -
geothermome£er was taken from Henly et al.; 1384:' |

ree) = (1522/5.75-1og 5i0,) - 273.15
when Sio2 is éxpressed in mg/kg. Resul£s of the quartz geoiherﬁometer
calculgtion can be found in Figure 8 with the respective sampling tempera-

ture for each ground-water well.
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Chemical Geothermometers
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Figure 8.
Sampling Geothermometers (°C)

Well Temperature . a Na-K~-Ca
Number (°C) . Quartz* Na/K¥* Na/K*** Na-K-Ca* w/ Mg correction
CPW-1l 55 75 94 129 92 97
PU-2 46 : 71 95 130 91 91
PW-3 71 160 79 87 122 86 86
PW-4 52 45 46 84 61 61
PW-5 39 o2 33. 54 91 65 65
PW-6 33 79 69 99 72 72
PW-7 62 48 97 131 93 93
PW-8 55 49 66 103 "5 75
-PW-9 32 90 33 122 154 88 88
PW-10 37 48 68 105 69 69
PW-11 50 122 72 97 131 91 91
PW-12 48 64 85 121 89 89
PW-13 37 56 75 111 80 80
PW-14 60 0 73 101 135 85 85
PW-15 52 60 80 116 80 80
PW-16 1 47 87 122 82 82
PW-17 59 54 88 123 87 87
PW-18 58 80 103 137 95 95
wp-8 DHS 29 & 49 179 204 78 48
wp-24 ML 26 AR 40 253 265 69 34
wp-27 M{ 27 38 251 263 70 - 65

Generally, calculated values exceed measured temperatures by 10°C to

20°C. This suggests that either one of several processes may be responsible

for extremely low concentrations of dissolved silica (<30 mg/kg):

1) dissolved silica may have precipitated during upward flow and cooling; 2)

ground-water residence times may have been too short in the vicinity of the -
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. M
source to establish equilibrium; or 3) ground-water quality from the ’
geothermal source area may be diluted by mixing.

2. Na/K Geothermometer
: -

Partitioning of sodiuq and potassium between aluminosilicgtas and
'ground water is tempersture dependent. The sodium/potassium geothermometer
is controLled{by mineral equilibria telgted to feldspar alteration. The
exchange réa;iion involved is thought to be
K-feldspar + wat © x' 4 Na-Feldspar
This geothermometer has yielded reliable water temperatures in the presghce
of a wide varietf_of rock types up to temperatures of 350°C for near neutral
pH geqtﬁermal waters. Howevgf, anomalous results Are common for waters high
. in calcium. Since sever#l equations for the Na/X geothermometer exiét in
the literature, two we;e selected for comparative purposes. The resulté are
listed in Figure 8. The first Na/K geothermometer was taken from Fournier
(1981) and uses the following equation:
| T(°C) = [1217/(log(Na/K)+1.483)] - 273.15
The second Na/K geothermometer was extracted from Truesdell (1975):
T°C = [855.6/(log(Na/K)+0.8573)] ~ 273.15
cbncentrétions of both Na and K for both equations are expressed in mg/kg or
PPm.
Temperatures measured with the two Ma/K geothermometers differ
significantly in a cbnsistentAfashion.; Calculated temperatures are much

higher than those derived by the quartz geothermometer. Anomalous

62



Harding Lawson Associates

temberahures'resulted for WD seriéé wells, but this is a-feault of signifi-
cant calcium concentrations which will be discussed in the section on the.
Na-K-Ca geothermometer. -.

With the exception of WD series wells, the highest Na/K derived
temperature was recorded for.§e11 PW-9. However, ground water from this
>uell showed verﬁ low dissolved.solids. The artifiqally high.teNPErature may .
.be aﬁ_arﬁif&gt of the concentration reported for potaséium (5 ppm) for which
a l ppm e?ror could significantiy alter‘the calcﬁlated température.- The
potassium detection limiﬁ was 1 ppm, making analytical uncertainties in this‘
coﬁcentration‘range high.

3. Ha-K-Ca Geothermometer

High calcu;ated temperatures for the Na/K géothermometer may be a
result of high calcium concentrations. If ca;cic minerals such as plagio-
clase or calcite play a significant role in ground-water quality or if ion
exch#nge reactions with calcium rich clay minerals are occurr;ng, thé
Na-K-Ca geothermometer should yield more accurate and consistent temﬁerature
values. The equation used for the Na-K-Ca geothermometer was:

T(*C) = 1647./10;(Nalx>+|3[1og(fca(ua)¥z.os] +2.47 - 273.15
Concentrations are expreséed in ppm ims/kg)L - '

The use of thig geothérmometer is slightly more complicated than.
previous geothermometers. The value for B should be 4/3 if T<100°C and-
lllos(JCa/Na)+2.06]>0. However, if the cﬁlculated temperature is greater

than 100°C or the above function is negative then a value of B=1/3 is used.
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Temperatures calculated with this geoﬁhermémeter are lisféd in

Table 8. Values determined are relatively close to those determined by the

Wa/K geothermometer, but anomalous temperatures for WD series Héllsﬁh;ve
been remedied.. Calcﬁlated'tempepatﬁreé ére con;istently higher than
measured sampling temperatures ané appear to be the most representative
temperature determined Sy any of the geothermometers used t6 this point.

Higé:mﬁgnesium content also afféct; the accuracy of the geothermo-
meters, especially at lower témperatures. This is primarily due to low
solubilities of ﬁasnesium éilicate§ at high temperatures and the potential
for ﬁagnesium_introduction by way of cooler néar—surfgce waters: in
general, PW series wells have relatively low magnesium content, but WD
series wells do have higher magnesium. Therefore, use of the ﬁagnesium
torrection has been examined.

Use of the magnesidm correction to the Na-K-Ca geothermometer was
evaluated using information found in Fournier (1981). The correction is.
made by first calculating an R value:

R = 100 Mg/ (Mg+Ca+K)
with all concentratiorns gxpressed as equivalents. Tﬁis R-value is then used
with the calculated Na—K-Ca temperature to yield a AT(°C) from Figurg 9.
This AT value is £han subtracted from the na—k—Qa-caléulated tempgrature;
Results for this.cotrecyion are shown in Figure 9. It is evident from

Figure 9 that R values of at least 15 must be present to induce any

© temperature correction at all for waters less than 100°C. Ground waters
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