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1.0 INTRODUCTION

Houghton HydroGeo-Logic was contracted by the Department of the Navy, Envi-
ronmental Projects Office to perform a geohydrologic investigation of the ground
water basin located in the Indian Wells Valley (Valley), Kern County, California
(Figure 1). Work was executed following the Task List specified in the Scope of

" Work (Section 1.2). The following report documents the methods and findings of
the investigation. : )

1.1 BACKGROUND

The Valley is located approximately 110 miles east of Bakersfield and 125 miles
north of Los Angeles, Califomia in the Basin and Range geomorphic province. The
Valley is confined by the Sierra Nevada mountain range to the west, the Argus
Range to the east, the Coso Range to the north and the El Paso Mountains to the
south. :

Recharge of water into the Valley is estimated to be between 11,000 acre-feet/year
(St. Amand, 1986) to 30,000 acre-feet/year (Thompson, 1929). Sources of re-
charge are believed to be from the surrounding mountains, Little Lake (located
northwest of the Valley) and possibly fracture flow through the Sierra. Average pre-
Cipitation in the form of rain or snow in the Valley from 1960 through 1993 is 4.6
inches per year (Corbett, 1994). Precipitation in the Valley is not believed to be a
significant source of recharge. - :

In 1992, ground water withdrawals in the Valley were approximately 30,700 acre-
feet/year and estimated to increase to approximately 36,350 acre-feet/year by 2010
(Watt, et-al, 1993). Ground water levels have been decreasing steadily throughout
most of the Valley prior to the 1950’s, suggesting that withdrawals exceed recharge.
For this reason ground water management planning is currently being conducted in

the Valley to determine the best use of the resource in the future.
1.2 SCOPE OF WORK

The following Scope of Work was outlined in the request for services issued by Na- |
val Air Weapons Station (NAWS). Work to be performed was outlined in four tasks
summarized as follows: |

o Task 1. Literature SearchvHistorical Data

1
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e Task2. Chemicalllsotopic Sampling
o Task3. Water Well Pump (Aquifer) Tests

e Task4. Data Report

2.0 HISTORICAL DATA

Historical data includes previous ground water geochemical studies from Kunkel and
Chase (1969), Dutcher and Moyle (1973), Wamer (1975), Whelan and Baskin
(1989) and Houghton (1994). Well construction and water levels were obtained
from United States Geological Survey (USGS) records, the Environmental Projects
Office records, Kem County Water Agency measurements, the Bureau of Reclama-
tion (BOR) and the Indian Wells Valley Water District. ' .

2.1 PREVIOUS GEOCHEMICAL DATA

Kunkel and Chase (1969), Dutcher and Moyle (1973) and Wamer (1975) classified
the ground water in the Valley into three types: -

1. Sodium bicarbonate (Na-HCO,) water found predominantly in the
westemn and southwestemn portion of the Valley. Total Dissolved
Solids (TDS) were less than 600 milligrams per liter (mgfl).

2. Na-HCO, water with lower levels of magnesium (Mg®*) and calcium
(Ca®) than the previous type, found near the Naval Air Weapons
Station main gate and north of the Intermediate well field. TDS were
less than 600 mg/l.

3. Sodium chioride (Na-Cl) water found in the playa areas on the east-
ern portion of the Valley. TDS were greater than 1,000 mg/l.

Whelan and Baskin (1989) separated ground water into 55 different types from a
compilation of data collected from the Valley, Rose Valley, Sierra, Coso and Argus
Ranges, Coso Geothermal Field, Salt Wells and Poison Canyon. Whelan and
Baskin (1989) combined these 55 types into eight “Groundwater Flow Cells’:

1. Na-Cl water distributed in the Coso geothermal field, China Lake
Playa, southeastem Ridgecrest, Salt Wells, and Poison Canyon.
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‘Sodium carbonate (Na-COs) water: found in the southwest of the
Valley and isolated samples were encountered in the Coso Geother-
mal Field.

Na-HCO; waters detected from Inyokem east to NAWS.

Sulfate water encountered in the isolated wells on the west side of
the Valley, wells north of Inyokemn, and in Rose Valley.

Alpine waters (calcium-sodium-magnesium-bicarbonate composition
with low TDS) found in the “mountainous regions”.

Calcium-sodium-magnesium-bicarbonate-chloride-sulfate water
found at Red Hill, Little Lake and the Lumber Mill site.

Na-HCO;, Calcmm-bncarbonate (Ca-HCO3), Na-Cl, or Calcium-
chloride (Ca-Cl) water with low Mg®" content found in the Inyokem,
Intermediate, and Ridgecrest well fields.

Sodium-calcium-magnesium-bicarbonate water found in the Argus
Range.

Houghton (1994) separated the Valley ground water into three groups based on
differences in chemical characteristics between groups. The areas of these group-
ings are similar to the groups discussed by Kunkel and Chase (1969), Dutcher and
Moyle (1973) and Wamer (1975):

1.
2.

Na-HCO; in the southwest portion of the Valley. TDS were less than
400 mgh.

Na-HCO; in the northwestern and western portion of the Valley. TDS
ranged from 330 mg/l to 960 mg/l. This group also included surface
water samples from the Sierran streams and the Little Lake discharge
at the north end of the Valley. The Sierran streams were predomi-
nantly Ca-HCO3 composition with TDS ranging from 360 mg/l to 1060
mg/l. The Little Lake sampie was Na-HCO; with TDS of 1240 mg/l.
Na-Cl and scdium-sulfate (Na-SO,) water detected on the eastem
portion of the Valley in the vicinity of the playa lakes.

The information obtained from the researchers suggests that good quality ground
water has been found in the southwestern portion of the Valley and the northwest
portion has ground water of moderate quality. Poor quality water is found on the
eastern portion of the Valley near the playa iakes.
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TABLE 1. WELL CONSTRUC!

Prepared by HOUGHTON HYDROGEO-LOGIC-1996

[ON, WATER LEVEL AND WATER CHEMISTRY OF WELLS AND SURFACE WATERS.

LOCATION DATE . CASING TO | MATERIAL] TYPE| ELEVATION ]| WATER LEVEL WATER | TDS ¥ (i(/day)
INST'LD INTERVAL INTERVAL | (FEET) (MsL) (FEET) CHEMISTRY (mgf1)
— FEET FEET)
WELLS :
24/38-21 J1 1992] 2 [1.640-660 1.660 IRON M 2560(1. 313 (Fall'g5)° |1- Na-HCO5+COyYCI [1.880 |1 27367
(BR 10) 2. 1180-1200 2. 1200 23212 2. Na-Cl 2.750 |, o5 g2
3. 1560-1580 3.1580 3, ~382? 3-NaHCOwCO,  13.880 |, g2
4. 1930-1950 4.1950 4- od? |A-Nacy 4830 | 1207
24739-34 D1 1689 205-305 |o-205 325 PVC ™ 2225 Na-HCO,' 500"
IN. BAKER WELL 305-325
25/38-12 11 1992] 2 [1.330-350 ‘ 1.350 {RON M 2375.2[1. 171 Win'ge)® |1. NaCl 1.380 (13887
(BR6) 2. 1180-1210 2.1210 2. 168 2. Na-HCO, 2.850 5 3gq?
3. 1640-1660 3.1660 3.1512° 3. Na-HCO, 3.600 [ oo
25/38-34 J1 1992 2 [1.850-870 1.870 IRON ] 2518.6|1. ~335? 1. Na-HCO5+COs (C)  |1. 440 |1, 28.67
(BR 5) 2.1590-1610 2.1610 2. ~3412 2. Na-HCO,4 2.1100 |2, 360
3. 1960-1980 3. 1880 3. ~344° 3. Na-HCO, 3. 1200 |[3. 250.2°
25/38-03 R1 1989 60-160 |o60 180 M 2225
168-180 L
25/38-30 F1 1988 420-520 0-420 840 M 2255
|1520-540
25/39-31 R4 1985 320-380 0-320 600 M 2260
380-480 . . ——
25/41-19 L1 <1953 125 [21.9-235 0-21.9 235 - ' M 2157.8 7.2|NaCl 8100
26/39-11 E1 <ig48| 16 » 250 WS 2305 T
26/39-11 E2 6 PVC M 124.4|Na/Ca-HCO, 480 14,000
26/39-13R7? 1988 100-120 0-100 300 WS 2305 o
180-200 120-180
230-250 200-230
: 250-300 L
26/39-15 J1 1892 6 |600-700 0-600 885 PVC M 2355 196.4|Ca/Na-HCO, 210 2625
700-720
26/39-25 D1 1880 2 [1180-1200 lo-1190 1200 23752 2522|Na-HCO,+CO, 180 403.2°
B8R 4 .
26/39-27 Dt 1991 2 1. 360-380 1.380 IRON M 24181, ~2412 1, Na-HCO,? 1.270' [1.1.209°
(MW32) 2. 880-900 2. 900 2, ~240? 2. Na-HCO,+CO, 2.140 |2 446.4
3. 1240-1260 3. 1260 3. ~240° 3. Na-HCO4+CO; 3.320 |4 33492
4. 1800-1920 4.1920 4. ~240° 4. Na-HCO,? 4. 5262 4' ” 58.5’
26/39-30 C1 <1944 238-382
386-338
26/39-30 F1 <1944 16  |[250-321 385 WS 24335
369-388
26/40-01 Q2 1956 2 229 IRON? M 2159.7 7.9|Na-Ci 13000
26/40-06 D1 1988] 6 [276-300 0-276 320 PVC M 2220
' 300-320
26/40-06 D2 1887 6  [120-200 0-120 260 PVC ] 2210 38.1|Na-HCO3+CO, 26000
200-260
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TABLE 1. WELL CONSTRUC!

Prepared by HOUGHTON HYDROGEO-LOGIC-1996

[ION, WATER LEVEL AND WATER CHEMISTRY OF WELLS AND St
T T ———— e

‘Indian Wells Valley Water District.
Well construction obtained from USGS and NAWS, unless otherwised referenced.
Water levels and chemistry obtained during field work for this report unless otherwise referenced.

JRFACE WATERS.
LOGATION DATE SCREEN CASING TD | MATERIAL] TYPE| ELEVATION | WATER LEVELT —WATER ~TDS ¥ ((t/day)
- INTERVAL INTERVAL | (FEET) (MSL) (FEET) CHEMISTRY mgn) | -
(FEET)
26/40-36 A1 <1954 6 |60-90 2702 | IRON M 22472
107-127
187-195 .
240-260
26/41-07 D1 1882 25 [1050 0-10 50 M 2169.4
27/38-02 B1 1990 2 [1.620-640 1.640 IRON M 26855.9(1, ~276? 1.Na-CO, 1.450 14 1447
(BR 2) 2. 1460-1480 2. 1480 2.~272? 2. Na-SO, 2.330 |5 27367
_ » 3. 1940-1960 3. 1960 3. ~2812 3. Na-HCO,4+CO, 3.300 3‘ 23 642
27/38-23 F1 1991] 2 |[1.6158635 1.635 IRON ™ 2848.31. <1657 1. Na-HCO4+COs 1,270 |1, 302.47
(BR 1) 2. 1040-1060 2. 1060 2. ~1822 2, Na-HCO4+CO,4 2.230 |5 34567
3. 1500-1520 3.1520 3. ~1872 3. Na-HCO4+CO,4 3:230 2
4. 1750-1770 4.1770 4. ~186 4. Na-HCO,+CO, 4, 240 3 ;47:2
27/39-08 M1 16 [560-1000 0-560 1020 IRON ws 387'|Na-Ci 140
1000-1020
2773911 D1 1891 2 [1.620670 1.640 IRON ™ 2508.6|1. ~a31? 1. Na-HCO4+C0y50, [1.280  |1. No data?
(BR 3) 2. 13201340 2, 1480 2. ~3312 2. Na-Cl 2.9400 |2.g6.4?
3. 1850-1870 3. 1960 3.~312* 3. Na-Cl 3.6500 [1.6.64°
27/40-01 G1 1995 6 PVC M Na-Cl 690
SURFACE WATER SAMPLES )
BIRD SPG Na-HCO, 280
HORSE CYN Ca-HCO, 350 o
SAGE CYN Ca-HCO, 380
COW HEAV, Ca-HCO, 230 e
BIG SPG Ca-HCO, 320
|WALKER WL Ca-HCO,50, 260 T
IND. WLS. Ca-HCO, 430 -
SHORT CYN Ca-HCO, 390
GRAPEVN Ca-HCO, 520
SAND Ca-HCO, as0 | T
NONAME Mg/Na/Ca-HCO,  |1100 -
NINEMILE HoTiCO, 5 -
FIVEMILE Ca-HCO, 660
LIT. LK. OUT. Na-HCO, 1200 N
HAIWEE Ca-HCO, 380 T
'Houghton, 1894 : M = Monitoring Well *
?Bureau of Reclamation Report, 1993, WT = Water Table Well
3Kern County Water Agsncy Measuremsnts. WS = Water Supply Well



2.2 WELL CONSTRUCTION

Information on wells sampled and tested for this report and additional wells that may
be sampled in the future is included in Table 1. Construction information, water lev-
els and water chemistry were obtained from the USGS, NAWS, Indian Wells Valley
Water District and during field work. Well construction of certain wells was not
available during the time of this study; however, the wells were used because of lo-
cation.

3.0 GROUND WATER SAMPLING METHODS

in May through June 1896, 68 ground water samples were collected from various
locations throughout the Valley and the Sierra Nevada (Figures 2, 3, 4, 5, 6, 7).
Fifteen surface water samples (Figures 3 and 4) and 53 ground water samples were
collected from wells or piezometers (Figures 3, 5, 6, 7). TDS and temperature were
recorded during sampling when feasible (Table A1 Appendix A). Many wells were
purged either by bailing or pumping a minimum of three well volumes.! Samples
were collected with either a disposable polyethylene bailer, a Teflon® or stainless
steel bailer which were cleaned between each sampling event.

In August 1996, samples were collected from 8 wells (Figures 5, 6 and 7) at the
conclusion of aquifer testing from the discharge pipe. Samples were analyzed for the
constituents specified in Section 3.1.

Samples specified for isotope analysis were filtered with a 0.5 micron disposable
filter into containers such that there was no head space. Samples analyzed for
general minerals were not fiitered, except BR3-medium and deep. . Samples were
managed in accordance with EPA protocols (SW 846), recorded on a Chain-of-
Custody form for the analyses specified in Section 3.1, placed in a cooler that was
maintained at four degrees centigrade and transported to the laboratory with the
Chain-of-Custody. Samples were analyzed by Zymax Envirotechnology, Inc. and
Global Geochemistry, both Califomia State Certified laboratories. Laboratory
reports, completed chain-of-custody forms and summary tables of general mineral
results (Table A2) and isotopic results (Table A3) and are included in Appendix A.

3.1 GROUND WATER ANALYSIS

Ground water samples were analyzed for the following constituents by Zymax
Envirotechnology and Global Geochemistry:

' Welis not purged are noted Table A1, Appamﬁxk Future compariscn of new data with these sampies, if they differ,

mmhmﬁgmm
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1. All Samples:

. general minerals;
. boron;
arsenic;
2. Aquufer Test Samples:
o oxygen-18 isotopes;
o deuterium isotopes.
3.2 AQUIFER TEST METHODS

Aquifer tests were performed on ten wells located in the eastemn and central portions
of the Valley (Figure 5, 6 and 7). Four of the tests were performed using a 5 horse-
power Grundfos® pump with a discharge rate of 60 gallons per minute (gpm). The
remaining six tests were performed using a 10 horsepower Grundfos® pump set at
different discharge rates for each test The pumps were attached to two inch galva-
nized pipe. The pumps were set in each well approximately 100 feet below static
water level, which was measured prior to installation of the pump with a Solinst®
water level sounder. The pumps were powered with a 24 kilovolt diesel powered

generator. '

Prior to commencing the aqu"rfer test @ second water level measurement was col-
lected and recorded. Upon starting of the pump, the time was recorded and meas-
urements were collected as follows: :

TIME ’ INTERVAL

0 to 5 minutes: 30 second intervals
5 to 15 minutes: 60 second intervals
15 to 60 minutes: - 5 minute intervals
60 to 300 minutes (5 hours): 30 minute intervals
300 to completion of test - 1 hour intervals

Tests were run for a minimum of 12 hours, with the exception of one test that was
terminated after 3 hours due to test problems (located at 26/40-23 D1). At the inter-
vals specified above, water level readings were collected using the Solinst® water
level device. Change in water level, discharge and observations of events during
testing were recorded. The collected water levels were subtracted from the initial
static water level and graphed (Appendix B). The x axis of the graph consists of
time (minutes) and the scale is logarithmic, the y axis consists of the comrected water
levels or drawdown (s) and the scale is linear. Resuits of the tests are given Section
4.2 and interpreted in Section 5.2. Graphs and the data collected in the field are
included in Appendix B.

GEOHYDROLOGIC INVESTIGATION REPORT,
INDIAN WELLS VALLEY



3.3 DATA INTERPRETATION

Geochemical data was evaluated by plotting the chemical analysis results obtained
from the laboratory on Piper (1944), Stiff (1951), fingerprint diagrams and mapping
results. Samples were grouped based on similarities in pattems of these diagrams -
and by geographical areas (Figure 2) as follows: .

1. Northwest (Figure 3)
2. Southwest springs (Figure 4)
3. Southwest (Figure 5)
" 4. East (Figure 6)
4a. Township 26 south, Range 40 east, Section 22 (Figure 7)

Isotopes were evaluated based on the relationship of the samples *°0 value versus
their Deuterium value and the meteoric water line for North America based on a cal-
culation developed by Dansgaard (1964). The results of the isotopic evaluatlon are
shown on Figure 8.

Change in water level collected from the wells during the aquifer tests was graphed
as described in the previous section using the Jacob time-drawdown method. “Best-
fit" lines were drawn from the curves in order to obtain a change in drawdown (ds)
over one logarithmic period. The ds obtained was used to calculate the transmissiv-
ity in feet squared per day (f/day) of the surrounding aquifer materials using the
following equation:

T=35Q/Mds
T = Transmissivity
Q = Discharge (gpm)
ds = Change in drawdown (ft)

4.0 RESULTS

The resuits of chemical samples are separated into the four groups specified in the
previous section. The results are presented in this manner based on previous re-
searchers findings, the resuits of this study and because it simplified data interpreta-
tion. Geochemical results in mg/l are shown on Table A2 and isotopic results are
shown on Table A3 in Appendix A.

Aquifer test results are summarized on Table 2. Laboratory TDS values have also
been included on this table to show the relationship between water flow and water

quality.
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4.1 GEOCHEMICAL ANALYSIS
4.1.1 NORTHWEST

Eight surface samples and ten piezometer samples (from three locations: BRS, BR6
and BR10) were coliected from the northwest area (Figure 2 and 3). TDS of surface
waters sampled ranged from 380 mg/l (Short Canyon) to 1900 mg/l (Little Lake run-
off) (Figure 9). However, most surface water sampled had TDS values of less than
700 mg/l.

Most of the surface water samples had a Ca-HCO; composition. Exceptions were
Little Lake outlet which had a Na-HCO; composition and Noname Canyon which
had even distribution of magnesium, calcium and sodium cations and predominantly
bicarbonate anions. These two samples also had TDS values greater than 1000
mg/l (Figure 9, Table 1).

Ten ground water samples were collected from nested piezometers (BRS, BR6 and
BR10) completed at various depths. BR5 had TDS values that increased with depth
- (Table 1, Figure 9). The shallow sample had a TDS of 440 mg/l and a composition
of Na-HCO5+CO,/Cl. The medium and deep piezometer had TDS values of 1100
mg/l and 1200 mg/l respectively and both samples had Na-HCO; composition.

Samples from BR6 did not have increasing TDS values with depth. The shallow
sample from BR6 had a TDS value of 380 mg/l and a Na-Cl composition. The me-
dium and deep sample had TDS values of 850 mg/l and 600 mg/l respectively and
both samples had Na-HCO; composition.

TDS values in BR10 increased from the medium-shallow sample to the deep sam-
ple; however, the shallowest sample had the highest TDS values of all samples
collected from BR10 (980 mg/l) (Table 1, Figure 8). TDS values from the medium
shallow, medium-deep and deep samples had TDS values of 750 mg/l, 880 mg/l,
830 mg/l, respectively. The shallow sample had a Na-HCO,+CO,/C! composition,
medium-shallow and deep samples had Na-Cl compositions and the medium-deep
sample had a Na-HCO,+CO, composition. '

Concentrations of boron equaled or exceeded the acceptable level of 2 mg/l recom-
mended for the irrigation of piants (Driscoll, 1986) in all piezometers sampled in the
northwest (except BR5-shallow) and in the Little Lake and Haiwee samples (Table

A2, Appendix A). :

None of the piezometers sampled had any arsenic detected above the laboratory
detection levels. Arsenic concentrations from the Little Lake sample (0.09 mg/l) and
the Haiwee sample (0.05 mg/l) equaled or exceeded the Federal maximum contami-
nant level (MCL) of 0.05 mg/l.
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4.1.2 SOUTH SPRINGS

Six surface samples were collected from the springs southwest of the Valley (Table
1, Figure 2 and 4). All of the surface samples had TDS values of less than 500 mght
(thure 10, Table 1). TDS values ranged from 230 mg/l (Cow Haven?) to 380 mg/I
(Sage Canyon). The majority of the springs had a Ca-HCO, composition. Excep-
tions were Bird Spring which had a Na-HCO; composition and the Walker Well
which had a Ca-HCO4/SO..

Boron concentrations were well below the 2.0 mg/l limit recommended for safe irri-
- gation of plants. No arsenic was detected in any of the south springs samples
above the laboratory detection limits (Table A2, Appendix A).

4.1.3 SOUTHWEST

Eight well locations were sampled in the southwest portion of the Valiey (Figure 2
and 5). Multiple samples were collected from four of the eight locations at nested
piezometers completed at various depths. Most of the samples collected in the
southwest had TDS values of less than 500 mg/l, ranging from 140 mg/l (MW32,
medium-shallow and 27/39-08 M1, the Indian Wells Valley Water District Southwest
Production Well [IWVWD-SWP]) to 490 mg/l (26/39-11 E2) (Figure 11). The me-
dium and deep samples from BR3 had TDS values of 8400 mgll and 6500 mgll re-

spectively.

The majority of the samples collected in this area had Na-HCO, or Na-HCO; +COs
composition (Table 1). The sample collected from 26/39-11 E2 had a Na/Ca-HCO;
and the sample collected from 26/39-15 J1 had a Ca/Na-HCO.. The sample from
the medium piezometer of BR2 had Na-SO, composition. The IWVWD-SWP
(27/39-08 M1) and the medium and deep plezometers of BR3 had a Na-Cl composi-
tion.

Concentrations of boron exceeded levels recommended for safe irrigation of plants
in the samples collected from 26/39-11 E2, BR3-medium and deep, BR2-medium
(Table A2, Appendix A). Arsenic was not detected above laboratory detection limits
in any of the sampies collected in the southwest.

4.1.4 EAST

Twenty six ground water samples were collected from the eastem portion of the
Valley (Figures 2, 6 and 7). TDS values ranged from 260 mg/l (26/40-17 J1) to
26,000 mgft (26/40-6D2)(Table 1, Figure 12 and 13). Chemical compositions of
ground water were Na-HCO,, Na-HCO3+CO;, Na-SO, and Na-Cl.

2 Also known as Cow Heaven,
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Boron concentrations exceeded the 2.0 mg/l recommended for the imrigation of
plants in all wells sampled in this area except 26/40-17 J1, 26/40-22 P1, 26/40-22
P2, 26/40-35 G1 and 27/40-01 G1. Arsenic concentrations exceeded the federal
MCL in 26/40-12 D1, 26/40-14 B1, 26/40-23 G1, 27/40-01 G1.

4.1.5ISOTOPIC ANALYSIS RESULTS

Isotopic analysis results are summarized on Table A3, Appendix A. Figure 8 is a
graph of isotopic samples results in relationship to the North American meteoric
water line. Samples were slightly lighter than the meteoric water line with respect to
80 and 8D.

4.2 AQUIFER TESTS

Ten aquifer tests were performed in the Valley to determine transmissivity (T) values
in the vicinity of the wells tested. Two aquifer tests were conducted northwest of the.
Intermediate well field (Figure 5). The majority of the aquifer tests were conducted
in the vicinity of the sewer ponds located on NAWS (Figure 6 and 7). T values are
listed on the following table in galions per day per foot (gpd/t), meters squared per
day (m?/d) and feet squared per day (ft’/d) and the location of the wells tested with T
values in f?/day are shown on Figure 14; | -

Table 2. Calculated Transmissivity Values
ELL D

LOCATION _|a (apm) la (m/d) |ds () |ds (m) T (gpdift) [T (m%d) |T (#Pid)

26/39-11E2 100 542] 0.25] 0.076] 105600 1305] 14000
6739-15J1 37.5] 203.25] 05| 0.15] _ 19800 249 2625
6/40-13A1 100 542| 21| 6.4 1257 69] 1667
6/40-13Q2 60| 3252| 38| 1.2 4168 514] 5526
6/40-14A1 100 542 6 138 4400 542| 5833
6/40-17Q2 60| 325.2 7] 21| 22629 283|300
6/40-22P4 60| 325.2 3]__0.91 5280 65 700
6/40-2382 35| 189.7 8] 2.4 1155 14.5 153.1
6/40-23D1 B.15 44.2| 152.5| 4648 141 0.17 1.87
6/40-35H2 60] 3252| 38 12 4168 162. 553

5.0 DATA INTERPRETATIONS

Results of the water chemical analysis and aquifer tests are interpreted in the fol-
lowing sections. Laboratory reports and tables summarizing field and laboratory
analysis are included in Appendix A. Field data collected during aquifer tests and
graphs created from the corrected data are included in Appendix B.
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- 5.1 GEOCHEMICAL ANALYSIS

Data has been interpreted using Piper Diagrams, Stiff Diagrams and fingerprint
plots. Based on previous researchers conclusions, data was interpreted for each
geographical area and then a comparison was made between samples throughout
the Valley. '

5.1.1 NORTHWEST

Piper, Stiff and fingerprint diagrams (Figures 15 through 18) show similarities be-
tween the following ground water and surface water samples coilected in the north-
west:

1. Little Lake and BR10-medium deep

2. BR10-shallow, medium-shallow and deep

3. BR5-shallow and BR6-shallow

4. BRS5-medium and deep; BR6-medium and deep.

All samples from BRS and BR6 had similar characteristics to each other; however
the shallow samples had lower TDS and less bicarbonate than the deeper samples.
These samples also plotted near BR10-medium-deep and Little Lake on the Piper
diagram (Figure 15). There was no obvious correlation between the piezometer
samples and the surface water samples except Little Lake. BR5-deep may be a
mixture of water that recharges BR6-medium and deep and BR5-medium (Fsgure 15
and Figure 18). BR6-medium and deep are chemmlly the same.

Based on these observations it appears that the shallow ground water in the north-
west is recharged from Little Lake and probably Sierran water (since the shallow
piezometer samples have lower TDS values than Little Lake). The deeper pie-
zometer samples collected from BR5 and BR6 have similar composition indicating
that they may be completed in the same aquifer system and may have a different
recharge source than the shallower samples. The BR10-medium-shallow and deep
samples are similar to each other (Figures 15, 16 and 17), but not to any of the other
samples.

Although the deeper samples from BRS and BR6 are have similar pattems, the
samples from BR 5 have a higher TDS (Table 1). Higher TDS values with similar
ratios of ions indicates that the ground water in the deeper piezometers of BR5 may
have a longer residence time in the aquifer.

5.1.2 SOUTH SPRINGS AND SOUTHWEST
Piper, Stiff and fingerprint diagrams (Figures 19 through 23) indicated the following

similarities between ground water samples in the southwest and spring samples
collected from south of the Valley:
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1. 26/39-11E2 and 26/39-15J1 are ionically similar to southemn springs.
2. BR1 (all depths), BR2-shallow and deep, MW32-medium-shallow

and medium-deep are similar to each other and have similar anion
patterns to southem springs especially Cow Haven and Sage Can-
yons.

3. BR4 and IWVWD-SWP are similar.

4. BR3-shallow and BR2-medium are similar to each other and similar
to the south springs especially Bird Spring.

5. BR3-medium and deep are not similar to the other samples collected
in the southwest area. '

TDS values decreased slightly with depth in BR2 and greatly with depth in BR3 and
diagrams showed differences in chemistry between samples in each respective pie-
zometer, indicating that there may be more than one source of recharge to these '
wells and probably separate aquifer systems in the vicinity of BR3 (Figure 20). BR1
had almost no variation in TDS and chemistry with depth, indicating the same re-
charge source (Figures 20, 22 and 23).

5.1.3 EAST

Piper, Stiff and fingerprint diagrams (Figures 24 through 27) indicated similarities
between the following ground water samples in the eastem portion of the Valley:

26/40-22H1, 22P1,22P2, 26F1
26/40-22P4 and 23G1

26/40-12D1, 12Q1, 12R1, 14A1, 2382,23D1
25/41-18L1,26/40-06D2, 17Q1, 22P3
27140-1G1,26/40-13A1, 13M1, 14B1

OhLON =

The sample collected from 26/40-17J1 was very different from all the other samples

collected in this area (Figures 24 and 25). This sample had a low TDS (260 mg/l).

An adjacent well, 26/40-17Q1 had a TDS of 2,400 mg/l (Figure 12). The 17Q1 well

is a deeper well and the difference in TDS of these two samples may show the pres-

~ ence of an aquifer system that has had more reaction time with sediments than 17J1
waters. ‘

Samples collected from 26/40-12Q1,12R1,13A1, 13M1, 14A1, 14B1 and 23D1 have
TDS values between 500 to 2000 mg/l (Figure 12, Table 1). These wells are shal-
low (100 feet of total depth or less) and it is likely that the water from the drainage
ditch and sewer ponds has influenced their chemistry.

Generally, there was no correlation found during this study between well depth and
TDS. Both deep and shallow wells were found to have high (greater than 2000 mg/l)
and low TDS. The was also no comelation between water chemistry and TDS, and
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water chemistry and depth. Water chemistries of Na-Cl, Na-SO4 and Na-HCO,
were found in the eastern area at various depths and TDS values.

Na-HCO3 ground water found on the westem portion of this area (Figure 2), Na-Cl
water was found on the east and the south, and Na-SO, water was found in the
central portion. Water chemistry may be affected by sediment type near the wells
and local recharge (surface irrigation, sewer ponds, drainage ditch and playa lakes).

5.1.4 VALLEY-WIDE

Generally TDS values were lowest in the southwest, with increasing TDS in the
" northwest and with the highest TDS values present in the eastern portion of the
Valley. Ground water samples collected in the northwest generally had higher mag-
nesium concentrations.than samples collected from the southwest and east (Figures
18, 23, 26 and 27). Samples collected from BR5-medium and deep, BR6-medium
and deep, BR2-shallow, BR1 (all depths) and BR4 had similar chemistries, sug-
gesting similar sources and/or reaction of the ground water with aquifer materials.
One sample collected in the eastern portion of the Valley 26/40-17J1 had similar
chemistry to 26/39-11E2 and 26/39-15J1, indicating that these samples may be af-
fected by the same recharge source and/or ground water reaction with aquifer sedi-
ments.

The southern springs were. similar to each other and to the springs sampled in the
northwest (Figures 18 and 23); however the southwest springs were generally lower
in TDS. Samples in the southwest that had similarities to the south springs also were
similar to the northwest surface water samples but the southwest ground water
agaln generally had lower TDS.

Samples collected from BR 3-medium and deep were not similar to any of the other
samples collected during this study, including high TDS samples collected from the
eastem portion of the Valley (Figure 28). The BR 3-medium and deep piezometers
_may be influenced by recharge from the El Paso mountains to the south.

Overall the most common chemical composition found in the ground water was Na-
HCO,. This composition was found in samples from all areas of the Valley including
some of the high TDS ground water collected from the eastem portion. Na-Cl
ground water was the second most common composition. This water type also was
not indicative of TDS as it was found in one of the wells with the lowest TDS,
(IWVWD-SWP, TDS of 140 mg/l). Na-SO, ground water was the least common
ground water present.
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5.1.5I1SOTOPIC ANALYSIS

Samples were analyzed for the isotopes *°0 and Deuterium to determine the rela-
tionship of ground water collected to a generalized meteoric water line for North
America. Figure 8 shows a graph of the analytical results and their relationship to
the meteoric water line. As show on the graph, samples collected for this study plot
close to the meteoric water line indicating that evaporation or isotopic exchange with
aquifer materials has been minor. Rapid infiltration of rain water would cause the
evaporation rate to be low and the aquifer materials of the Valley are generally com-
posed of granitic sediments, high in silica rich minerals, that may not readily give up
oxygen for exchange.

5.2 AQUIFER TESTS

Data collected during the aquifer tests conducted for this report and graphs used to
obtain T values are included in Appendix B. T values are summarized on Table 1
and Table 2, and T values obtained during the BOR (1992) study for BR1, BR2,
BR3, BR4, BR5, BR6, BR10 and MW32 (BOR wells) are included on Table 1.

Aquifer tests conducted on the NAWS showed a large variation in T values (Table 2,
Figure 14). T values ranged from 1.87 f’/day (26/40-23D1, Figure BS, Appendix B)
to 14000 f¥/day (26/38-11E2, Figure B1). The higher T values were found in the
vicinity of the SNORT facility (26/30-11E2 and 26/38-15J1, Figure 14). The aquifer
sediments in this area are known to be composed of gravels and sands, which
should have good transmissivity. Low T values were found on the east (Figure 14);
these values averaged 376 ft¥/day. Low T values would be expected in this area of
the Valley due to low energy deposits of lake sediments consisting of clay and silt.

A T value of 1.87 f’/day was obtained from the well located at 26/40-23D1(Figure
B9). It is suspected that this value may be in error, since it is much lower than other
values obtained in the area. Discharge during the test had to be dropped to less
than 10 gallons per minute in order to prevent the water level from dropping to the
depth where the pump was set (approximately 100 feet below static water level).
Water level readings leveled off in less than 10 minutes of pumping at this low dis-
charge rate. The first readings during an aquifer test are generally due to the
evacuation of water from the well casing. It then must be assumed that the T value
from this test is due to casing evacuation and not recharge from the aquifer. Low
recharge to this well could be due to a plugged gravel pack or well screen. Other T
values in the vicinity of this well were probably more representative of the area.

Problems with water level readings occurred during the aquifer test conducted on
the well located at 26/40-17Q1 (Figure B6). Approximately 5 hours into the test, a
foam column developed in the casing. The foam interfered with the Solinst® water
level device causing it to activate when the foam was encountered, yielding a false
reading. However, enough data was collected to calculate a representative T value.
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Foaming may have also been a factor during the test of 26/40-22 P4. Between 150 -
minutes and 180 minutes the water level rose 8 féet and continued to rise until the
420 minute reading, where levels began to drop again. Enough data was collected
however, to obtain an adequate T value.

There was minor correlation between T values and TDS (Table 1 and 2). Wells with
higher T values tended to have lower TDS and wells with fow T values had higher
TDS. There was also minor correlation between T values and chemistry. Wells
with lower T values tended to have Na-Cl composition and welis with high T values
had Na-HCO,, Ca-HCO; or Na-SO, compositions. However, more data should be
evaluated before concluding a relationshlp between TDS, chemistry and transmis-
sivity in this area.

6.0 CONCLUSIONS

A review of ground water and surface water samples collected for this report sug-
gested the following:

1. Ground water in the northwest is probably recharged by surface run-
off from nearby Sierran streams, Little Lake water entering the Valley
from the north, and southwest ground water. The deeper BOR wells
in the northwest may be affected by ground water from the southwest
and Little Lake surface water. The shallower BOR wells are most
likely recharged by the Sierran streams and Little Lake surface water.

2. Ground water in the southwest is of high quality and the source of
this water may be springs located south of the Valley and perennial
Sierran streams on the westem portion of the Valley. The BOR wells
in the southwest appear to be recharged by the same source, with
the exception of BR3 which shows that there is probably a separate
aquifer system with poor quality ground water below a system of high
quality ground water. The chemistry of the BR3-shallow and deep
samples was not similar to any of the samples found in the Valley, in-
cluding the high TDS samples collected on the eastem portion of the
Valley.

3. Ground water on the eastem portion of the Valley currently may be
recharged by surface water from the sewer ponds and a fresh water
drainage ditch. Higher TDS water found here has not yet been af-
fected by this recharge. The higher TDS water may have originated
from the westemn portion of the Valley as water moved from west to
east. This high TDS water may also be what Dutch and Moyle (1973)
described as in-situ water that originated from the Pleistocene Lake
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China. There may also be two vertically separate aquifer systems in
the eastern portion of the Valley, based on the high variation in TDS
found within short distances between sampling points.

4. The eastem portion of the Valley has low transmissivity and the cen-
tral portion of the Valley has moderate to high transmissivity. Differ-
ences in T values are due to differences in aquifer materials.

7.0 RECOMMENDATIONS FOR FUTURE STUDY
The following are recommendations for further study:

1. Since there is a concem in the Valley of migration of lower quality
water from the playa and the central portion of the Valley to the cur-
rent water supply, periodic monitoring of key wells should be con-
ducted to determine if water quality is being affected by pumping.

2. |If aquifer tests are conducted, the use of observation wells should be
considered. Observation well data would help to determine if differ-
ent aquifer systems exist and the storativity of the aquifer.

3. There is little data available on recharge sources from the Argus and
Coso ranges in the north and northeastem portions of the Valley. It
would be of interest to determine water quality in this region and
thereby develop information on source(s) of recharge.

4. Future sampling of wells should be conducted after the removal of
ground water until pH, conductivity (TDS) and temperature stabilize
or by using a micropurge system. Either of these methods will ensure
that a representative sample of the aquifer is collected.
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" NORTHWEST SURFACE SAMPLES

HAIWEE-86 Ca-HCO3

5 LITTLE LKOUT-86 Na-HCO3

A FIVEMILE-86 Na-HCO3

% NINEMILE-86 Mg-HCO3+CO3

_NONAME-86 Mg/Na/Ca-HCO3

-X
N SAND-96 Ca-HCO3

GRAPEVINE-86 Ca-HCO3

+
_._§HORT-96 Ca-HCO3

—~arINDIAN WELLS-86 Ca-HCO3

-
Naek

IONS

NORTHWEST-BUREAU OF RECLAIMATION & LITTLE LAKE

- @~ . LITTLE LKOUT-86 Na-HCO3

...m..BR10-S Na-HCO3+CO3/CI
s—ER10-MS Na-Cl

— 3¢ BR10-MD Na-HCO3+CO3

%* BR10-D Na-Cl

e smesnac
BR6-M Na-HCO3+CO3

- - o BR6-D Na-HCO3+CO3

BRS-S Na-HCO3+CO/C!

. . . _BRS5-M Na-HCO3+CO3

—pBR5-D Na-HCO3+C03

Houghton ‘ DATE: TILE: Figure 18. Fingerprint Diagram for
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1000

100

SOUTH SPRINGS

WALKER WELL Ca-HCO3

meq/l

i | 4 BIG SPRING Ca-HCO3
COW HEAVEN Ca-HCO3
| SAGE-96 Ca-HCO3

0.1

;| 5 HORSE86 Ca-HCO3
| | ¢ BIRD Na-HCO3

0.01

18

meg/i

[-3]

Mg 2+
Ca 24

x . « g
z jons ° g 2
g
SOUTHWEST WELL SAMPLES

2635-11E2 Na/Ca-HCO3
| g 26@0-15J1 Ca/Na-HCO3
| o BRA Na-HCO3+CO3
MW-32-MS Na-HCO3+CO3
MW 22-MD Na-HCO3+CO3
.. o. BR2-S Na-HCO3+CO3
BR2-M Na-S04

—BR2-D Na-HCOB+CO3
BR1-S Na-HCO3+CO3

_BR1-MS Na-HCO3+CO3

1-MD Na-HCO3+CO3

L ..

1-D Na-HCO3+CO3
. x.B_R3-$ Na-HCO/SO4
..o - IWVWO-SWP Na-CI
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Calcium (Ca)
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25/41/19L1
26/40-0102
26/40-0602
26/40-12D01
26/40-1201
26/40-12R1
26/40-13A1
26/40-13M1
26/40-14A1
26/40-14B1
26/40-15N2
26/40-17J41
26/40-1701

N <X X £E < C - © 2 0 9 0. 2

26/40-22H1
26/40-22P1
2b/40-22P2
26/40-22P3
26/40-22P4
26/40-23A2
2b/40-23B2
26/40-23D1
26/40-23G1
26/40~-26F 1
26/40-3561
26/40-35H2
27/490-01G1

(Lower Case: TDS > 10,000)

’ H003+003.

Xmeq/ |

40 —p 60
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EAST SAMPLES - TDS >10,000 mg/l

o —— ot e e e v——— e ¢ -t o e = S g

A

—— 25/41-18L1 Na-Cl

—%— 26/40-1Q2 Na-Cl

—4— 26/40-06D2 Na-HCO3+C03
—e—26/40-12D1 Na-Ci

IONS

EAST SAMPLES - TDS >2001 mg/

[~ 26/40-15N2 Na-HCO3+CO3
-a— 26/40-17Q1 Na-HCO3
|-&— 26/40-22H1 Na-SO4

{-%— 26/40-22P3 Na-HCO3+CO3

1-%- 26/40-23A2 Na-Cl
- @ - 26/40-23G1 Na-SO4
: 44— 26/40-35H2 Na-Cl
o S04 2 y ) ’
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EAST SAMPLES - TDS<2000 mg/i

26/40-12Q1 Na-Cl
26/40-13A1 Na-Cl
26/40-13M1 Na-Cl
26/40-14A1 Na-Cl
1-m-- 26/40-14B1 Na-Cl
1 - - - 26/40-2382 Na-Cl
i 4= - 27/40-1G Na-Cl

IONS

EAST SAMPLES - TDS<2000 mg/l
(Na-HCO, & Na-SO, )

] —9— 26/40-12R1 Na-HCO3+CO3
| ~m— 26/40-17J1 Na-HCO3

| —&— 26/40-22P1 Na-SO4

| == 26/40-22P2 Na-SO4

1 - % - - 26/40-22P4 Na-S04/CI

{ .o . 26/40-23D1 Na-HCO3/CI

T -+ -26/40-26F1 Na-SO4

Mg 2+ .

IONS
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EAST SAMPLES - TDS >10,000 mgfl

o —teane s o ime g

;

{—6— 25/41-18L1 Na-Cl

—8— 26/40-1Q2 Na-Cl
—&~— 26/40-06D2 Na-HCO3+CO3

—e—26/40-12D1 Na-C!

i

'O'Ns C;- 80;2.
BR 3 - Medium & Deep

—€—BR3-M Na-<Cl
—— BR3-D Na-Cl

BY:
Houghton HOUGHTON | 11-13-96
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Houghton
HydroGeo-Logic

TABLE A1. FIELD DATA INDIAN WELLS VALLEY STUDY - 1996

SAMPLE NO DATE |TIME JWL (ft) l(mgn) (YIN) JCOMMENTS
BIRD-86 sioome]  easls 193]  16.60 NEAR CATTLE WATERING AREA
HORSE-96 5/22/96 1zoo|e-s 630]. 16.40I |ouG WELL NEAR SPRING “
SAGE-96 5/22/96 1zools 198 19.7o| lpono
COW HEAVEN-96 | s/22196]  13s6ls 191 22.2o| IHOSE "
BIG SPG-86 5/22/968)  1441]s 232 19.eo| TROUGH
lWALKER-96 . 5/23/96 900Ls 232 18.70| WINDMILL PUMP
IND. WLS-86 5/23/98]  944ls 105 15.20' FROM SPRING
HORT-96 5/23/96]  1030}s 279L 17.80' |From BASE OF creEex
GRAPEVINE-96 5/23/96 11oo|s 444 1a.so| FROM CREEK
SAND-96 5/23/96 11zo|s 758 13.00' IFROM CREEK
NONAME-5 5/23/96 1zoo|s  575|N/A I#Rou CAVE
NINEMILE-96 5/23/96 1330|s 540' 21.00} FROM CREEK
FIVEMILE-86 5/23/96]  1415|s 498 17.5o| ICANYON
LITTLE LK. ouT-08 | si23/08]  1500)s 1010} 19.oo| IFROM STREAM "
6/40-01Q2 5/24/96 11oo| 7.90|N/A |NIA N IREDIBROWN COLOR
6/40-12 D1 5/24/96 11oo| 4.4o| 2020' 21 .30% Y IGREENIBLACK TURBIDITY
/40-12 Q1 5/24/96] 1045 3.ed| 117o| 22.ao| 4 SLIGHTLY TURBID/A
6/41-12 R1 5/24/96] 1035} 3.60' 1seo| z7.oo| Y SLIGHTLY TURBID
6/40-13 M1 5/24/96 1000' 13.7o| 1340' zo.1o| Yy  JcLear ToLT. BRN COLOR
40-14 B1 5/24/98] 1 1zo| 4.25 1580' 17.7o| Y ICLEAR
/40-22 H1 5124196 940' zs.zo% 24ao| 24.20' Y CLEAR
6/40-26 F1 5/24/96 9zo| 47.90'N/A IN/A Y CLEAR
7/40-01G1 s8] 812 135.so| esd 23.00} N  |e"Pvc; SEABEE

A1l



Houghton
HydroGeo-Logic

TABLE A1. FIELD DATA INDIAN WELLS VALLEY STUDY - 1996

- TDs |[TEMP.
WL (ft) l(mgn) COMMENTS
6/40-35G1 - 5/29/86] 950 N TD-79.6; 4" PVC; RSLA-22-06W
/40-22 P2 si29/98] 1015 43.90' 958 23.00' N TD-76; 2° PVC
6/40-15 N2 si2o08]  1040] 56.9' 2080}32+ N ODOR e
/40-17 J1 s120rse)| 11oo| 8s.8]203142{ 235 N |m-ess;2Pve
6/40-23 A2 5/26/96 1ezo| 49| 1980L 225 Y |79 2 Pvc?
40-23 G1 5/29/96 17so| 30.05 3ssol 22 Y TD-57.5; 2" PVC
6/38-25D1 BR4 | 5/30/96 900' 152 26 N BLACK RESIDUE
MW32-MS " 5/30/96) 950' 259 25 N SHALLOW
ﬂ24138-21 J1, BR10-8 | 530188 1oso|31 3.4-Fos| 1560I 24 N SHALLOW "
5/38-12 L1 B6 5/30/96 1120'171 swol 84| 26 N [BLACK RESIDUE
IWVWD-SWP 5/30/96 124o| 364]27+ N BLACK RESIDUE; NOT PURGED
7/38-23 F1, BR1-S | 6/diee] 1015 231 290 N SLIGHT BLK RESIDUE
6/4/96 1036L | 202 29| N
7/38-23 F1,8R1-MD] 6/4/96 1040' . 190] 27 N BLACK RESIDUE
"27/38-23 F1,BR1-D | e8] 1045 450' 27 N  |stackresibue
7/38-0281,BR2-S | e/ame} 1115 . ssol 2 N ISLIGHT BLACK
/28-0281,BR2-D | erro8|  1130] 643 275 N IHEAVY BLACK RESIDUE
e/aroe) 1230| 188 255 N lM!LKY
6/4198 1300' g9l 2o N IBLACK FRAGMENTS OF BLK PIPE],
6/5/96 sools | as0 ] IFROM CREEK
6/5/96 1000' 722 27 N [MEDIUM SHALLOW
6/5/96 1oao| 765 27 N IBLACK RESIDUE; MEDIUM DEEP
H24138-21 J1,BR10-D| €598 11oo| 851 27 N lBLACK RESIDUE; DEEP




9,

Houghton
HydroGeo-Logic

TABLE A1. FIELD DATA INDIAN WELLS VALLEY STUDY - 1996

PURGED
DATE |TIME WL (ft) (Y/N) COMMENTS
5/38-34 J1,BRs-s | emsies| 1130 434 SLIGVHT BLK RESIDUE; SHALLOW
5/38-34 J1, BR5-M | 6/5/96] 1150} 940| 27 N SLIGHT BLK RESIDUE; MEDIUM
25/38-34 J1, BRS-D | 6/5/96] 1210 958]29+ N |ODOR; DEEP '
26/40-22 P4 6/18/96] 800 769L 422 26 N Is' METAL TD=
26/40-22 P3 erese]  915]  107.2] 1148 26 N Is" METAL TD=
6/40-22 P1 6/18/96 940L 114.8 720L27+ N 8" METAL TD=1300'
"25/38-12 L1, BR6-M | 6/18/96{ - 1020| 168.2] 793 26 N |MEDIUM; SLT BLACK
"25/33-12 L1, BRe-D | 6118198 1030' 151.2] 491 26 N - IDEEP; BLACK;st SMELL
"26/40-06 D2 6/18/96 1300' 38.1] 14400} 27 N 26/39-01A2; 8" PVC
25/41-19 L1 | 6/19/96] 814} 7.2] 7810]- N 1.25" METAL;TD=24.4
27/39-11 D1, BR3-D | 6/25/96]  1000}~312* 7700.-’ N *KCWAAIRLIFT
"27/39-11 D1, BR3-M | 6/25/96]  1055}~331* 4900'- N *KCWAAIRLIFT
7/38-11 D1, BR3-S | 6/25/96]  1140}~331* 230' N *KCWAAIRLIFT
/40-35 Hz 8/6/96 1000' 80.8 Y |PUMP TEST
26/40-17 Q1 8/6/96] 615] 141.45 Y IPUMP TEST |
6/39-15 J1 8/7/96 640J 196.4] Y IPUMP TEST RH
6/39-11 E2 8/15/96]  615] 124.35 Y IPUMP TEST
6/40-14A1 8/21/96 640 9.9] Y IPUMP TEST
"26/40—13 A1 8/22/96] 700 22.75 Y IPUMP TEST
8/23/96 Y IPUMP TEST
8/26/96 Y

A3
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Houghton ' : .

HydroGeo-Logic
TABLE A2. GENERAL MINERAL LABORATORY ANALYSIS RESULTS SUMMARY )
| R ANALYTES
ea®  fwg® S <t In® fre* fas® feu o kot f-  fso.*  [Hco, fecos*  lro,* [No, lBORON JTDS-cale. [TDS4ab s
e g st O TS mgn_Amg _img g gh_img ' mgil g _fmgn fmgn _fmgn gn umhosicm fpH

39.000]  2.900 48.000| 1.200] 0.000] 0.000] 0.000] 0.000f ~ 0.000]  22.000{ 3.400 §4.000]  96.000 0.000{ 0.000] 10.000{ 0.075]  276.500] 280.000]  400.000] 7.200}
70000  9.700 34.000] 3.600] 0.005] 0.004] 0.000] 0.000] 0000  14.000] 1.800 52,000} 220.000 0.000] 0.000] 8.000]  0.047 413.499]  350000]  520.000] 6.900]
74000 13.000] 43.000] 1.100] o.ooof 0.000] 0.000] 0.000] 0.000]  18.000] 2.300 22,000 230.000} ' uooo’ aooo! o.oool 0.052 401.430] 380000/  530.000] 8.100}
45.000]  8.300} 22.000] 1.500{ 0.000] 0.002{ 0.000] 0.000] 0.014 7.200] ' 0.340 9.900] 160.000) 0.000{ 0.000] 1.700{ 0.034 258.656]  230.000 350,000{ 6.600]
$8.000] 9200} 42.000] 0.600} 0.004 o.mal o.oool 0000]. 0.004]  14.000] 0.600 40.000] 180.000 0.000] 0.000] 4.300] 0.056 348.726] 320000]  480.000| 6.800]
49.000{ 8900} 20.000] 1.900{ 0004/ 0.033] 0.000] 0028 0.043]  11.000] 0.210 64.000{ 110.000 0.000] 0.000] 20.000] 0.140]  283.123] 280000}  420.000| 7.200]
79.000] 20.000! 31.000] 2.800] 0.000] 0.009] 0.000] 0.008] 0.000]  12.000] 0.680] 110.000; 200.000 0.000{ 0.000] 0.000i 0060]  455.497] 4%.000]  620.000] o.000f
75.000] 10.000} 50.000] 0.500] 0.000] 0012 0.000] 0.006] 0.000]  10.000{ 0.910 61.000] 230.000} 0.000] 0.000] 0.006] 0.092 437.431] 390.000f  570.000] 8.000§
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0630 0.120] _ 400.000] 2.400] 0.010] 0.430] 0.000] 0.000] 0.004|  $8.000| 5.600 3.400] 380.000f 200.000{ 0.000] 0.000] 2.900] 1120.644] 850.000{ 1500.000] 5.700}
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TABLE A2. GENERAL MINERAL LABORATORY ANALYSIS RESULTS SUMMARY
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15000  1.000| 110000{ 0.800] 0.043]  3.100] 0.000} 0.007] ~ 0.013 9.600] 0.770, 12.000} ~ 60.000]  100.000} 0.000] 0.000] 0.150 318.833] 270.000f  420.000] 10.000]
0850 0020 110.000] 0,000 0.003] ©0.220] 0.000 0.006] _0.003] _ 7.400| 0.630} _ 11.000} 110000 76.000] 0.000] 0000 0.40f  316.232] 230000] _ 410.000{ 9.800%
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