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Effects of Uranium Mining and Milling

on Ground Water in the
Grants Mineral Belt, New Mexico

by Robert F. Kautmann, Gregory G. Eadie, znd Charles R. Russait®

ABSTRACT

Ground-water conramination from uranism mining
z=d milling resuits from che infidtration of nune, muil, and
ion-exchange piant etfluents containing cievated concencra-
tions of radium, seienum, and awcrate. Available dac
indicate that radtum concenteations n the disciiarge wacers
of 3 producing mune tend o increase substantiaily as the
ore hodv s deveioped. Whereas natural background radium
concencrations are generally apout several picocunes/liter

. (pCi/1), 100 to 150 oCist appear in che effluents of
operating mines. The discharge of such hignly contaminaced
muine effluents to streams and seegage trom tadings ponds.
creates a long-iived source ot ground-water contamination.
Seepage of miil taiiings 2t two active muils ranges trom
126.000 to 491,000 m’/vr and. to date, has contributed an
estimated 2400 Cunes of uranium, radium. and thorwum o
the ground-water reservoir. The shallow aguirer in use and
downgradient from anocher muiil has been grossiy
concmtnaczd with seienium. atertbutable to excessive
seepage ‘rom a nearby tailings pond.

Radium, selenium, nitrate and. to a lesser extent,
uranium. are ot most value as indicacors of ground-wates
contamtnacion. Gross alpna resuics are noc consistent
indicacors of radium or uranium in wacer, aichough uranium
does 3ppear to be the principal contribucor of alpha
activity. Accurate radium-226 analvses vield the most
informacion tor radiological evaluacion of drinking wacer.

To date, no adverse impacts on municipal ground-
water supplies have been observed. However, industey-
sponsored environmental monitosing programs ase

i inadequateiy designed and implemented, and may not
detine the tull, long-term unpact of mining and milling

; operations on che ground-water quzlity of che study area.

*Hydrogeologist, Heaith Physicist, and Geologise,
respectiveiv, Otfice of Radistion Programs—Las Vegas
Faciiizy, U.S. Environmentai Protection Agency, P.0. Box
15027, Las Vegas, Nevads 89114,

Discussion open until February 1, 1977,
r_ 011449

INTROCUCTION

At the request of the New Mexico Eaviron-
mental Improvement Agency (NMEIA), Region V1
of the U.S. Environmental Proteczion Agency
(USEPA) arranged for a water quality survev in the
Grants Mineral Belt in northwestern New Mexico.
As ot 197+, this area contained about 42 percent
of the U.S. reserves. and in 1973 produced 5.500
tons of uranium CoNCentrate. or approximateiy 45
percent of U.S. production. The following mining
districes dominate the Grants Minerai Belr: Church-
rock on the west, Grants-Amorosia Lake in the
center, and Paguate-fackpiie on the east (Figure 1).

Whereas the intluence of uranium mining and
milling on surface-water qualitv and stream bicta
has been documented (Anderson ez L., 1963: Sigier
et al., 1966: Tsivogiou er 4., 1956, 1959, 1960:
and Wruble ez al., 1964), the effects on ground
warer are rather poorly understood. With the
passage of the Safe Drinking Water Act and
increased interest in the preservation of water
quality, there is a continuing need for reassessment
of mining and mineral-processing operations
because of their intimate association with ground
water. Mention of ground-water contaminagon in
New Mexico from uranium milling is contained in
studies bv Tsivoglou and O’Connell (1962) and
Clark (1974) and site specific. unpublished studies
inthe study area were conducted some years 2go
by the New Mexico Department of Public Health
(1957) and by Chavez (1961).

Ground-warer and surface-water data were
collected in Februarv-March. 1975 by the Oftfice

011449
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Fig. 1. Location of study areas in dhe Grants Mineral Baeit.

respectively. This pzper is 2 condensed version of
an extensive report submitted to Region V1
(Kaufmann et af., 1975) which. in tumn. reported
the entire studv results o the Scate (U.S.
Eavironmental Protection Ageacy, 1975D).

GEOQLOGY AND HYDROLQGY

The principal bedrock and alluvial stratigraphic
units in the Grants Mineral Belt range in age from
Peansvivanian to Recene (Hilpert. 1963). Figure 2,
which is 3 generalized geolegic cross section through
the Grants and Ambrosia Lake areas. portrays
these units and the dominant stwuctural fearure
which is the Chaco slope developed on the north
flank of the Zuni uplift. Conditions in the Church-
rock area are esseatizily the same.

Due to the scarcity of perennial surface-water
bodies, ground water s the principal source of
water in the studv area. [ndustrial, municipal, stock,
and private domestic weils tap boch bedrock and
alluvial aquifers. In general. wells of low to moder-
ate productivity are possible in the unconsolidated
valley fill which constitutes an aquifer, primariiy

along the broad valleys of the Rio San Jose and
the Rio Puerce. Numerous shallow domestic wells

- south and southwest of the United Nuclear-

Homestake Partners mill north of Milan also tp
the shallow, unconfined aquifer. The principal
bedrock aquifers are the San Andres Limestone
and the Westwater Canyon Member of the
Morrison Formaition.

GROUND-WATER QUALITY

For about the last 20 years, uranium mining
and milling activities in tie Grants Mineral Bele
consisted of underground and open-pit mining and
alkaline or acid-leach milling. Active tailings piles
are present in close association wich three active
mills run by the Kermac Nuclear Fuels Corporation
(Kerr-McGee), the United Nuclear-Homestake
Partners Corporation, and the Anacondz Company.
Inacrive railings piles are related o the aow
inoperative United Nuclear-New Mexico Partners
and Phillips mills locaced just north of Milan and
in Amborosiz Lake, respectively. In recent years,
increasing use has been made of ion exchange
plants to recover yrinium from mine drainage
water and from injected fluids introduced for
solution mining.

The variesy of mining and milling operations
i the study area and the paucity of hydrogeologic
and water quaiity data necessitate that the follow-
ing discussion be regarded as a preliminary assess-
ment. For example. the hydratlic and water qualicy .
etfecss of solution mining and dewatering of ore .
bodies are scarcely known oussids incuswy circles.
Similariv unkncwn is the sxrent of dewatering of
the ore-pearing formarions. chie? of which is the
Westwarer Canvon Memoer of the Morrision
Formation. To a lesser extent, the overlying straca
such as the Dakota Formation are also affected.
In the Churchrocik area, the static water level in an
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inactive mine is declining about 0.3 merer per
month due to dewatering at the nearby United
Nuclear and Kerr-McGee mines.

Discharge of the mine water eransforms nearbv
drv washes and ephemeral stweams (Rio Puerco,
Arrovo del Puerto, and San Mateo Creek) into
perennial ones. Water inraduced to these channels
persists until the losses due to bed inriltration,
evapotranspiration, and diversion equal intlow.
Infilcration of such waters to shallow alluvial
aquifers may be adverse, depending on the quality
of infiltracing water relative to ambient water
quality in the aquifer, and the use 1o which shallow
ground water is or will be pur.

Concentrations of selected radionuclides. as
well as gross and trace chemical constituents, were
determined for 71 wells in the study area. The data
plus inventory information concerning well loca-
tions, static water levels, weil depths. and water use
are contained in Kautmann er al. (1975).
Unequivoeal bases for distinguishing trulv back-
ground water quality conditions in an area of
uranium mineralization do not exist. Variaoility in
radionuclide concentrations is particulariv
pronounced in areas underiain bv mid to late
Mesozoic clastics. However, distinctions can be
drawn berween such units and Paleozoic or early
Mesozoic strata, Bv comparing gross. wace. and
radiochemical parameters in conjunction with
hvdrogeologic conditions and land/water use
pacrerns, reasonabie inrerences can be made
concerning natural and contaminated water
quality. Selected radiochemical data. which were
of chiet concern in the ground-water portion of the
studv, are shown in Tabies | and 2. The data are
discussed by studv area and by the principal
uranium mining/miling activities therein. Con-
cenerations are shown in picocuries (pCi) per licer,
with 2 picocurie equal to 107'? Curies, A Curie
equals 37 X 10° disintegrations per second or
approximately the activity of one gram of radium.

Bluewater-Milan-Grants

Acidic uranium milling wastes from the
Anaconda Company tailings ponds and injecrion
well anter both shallow and deep ground-wazer
bodies in the Bluewater-Milan-Grants ares. The
southeastwrard flow gradient in the unconiined
aquifer (Figure 3) would cause contaminants to
move toward poincs of withdeawal for irrigation,
domestic, and municipal use. In the use of the
" injection well, there is concern whether con-
taminanes continue to rernain confined to the deep
injection zone, as originally projected.
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Fig. 3. Radium and nirate concentrations in ground water—
Bluewater-Grants area.

The New Mexico Department of Public Heaith
(1957) noted that exteasive migration of nitrate
from the ailings ponds was contaminating the
shallow aquifer. West (1972) stated that excessive
leakage in the period 1953-1960 necessitated
adoption of the injection weil aiternative for
etfluent disposai. The ponds are underiain by
highly permeabie basalt flows covered in places
with a veneer of carbonate-rich silt and clay. Direct
contact of the tailings with the basalt and dissolu-
ton of the silt and clay layer increase seepage.

In 1973 and 1974, the average seepage rate
was 180,000 cubic meters per year (m*/yr)
compared to an average injection rate of 348,000
m*yr (Gray, 1975); dhus, the radio of seepage to
injection is 0.52. Using this ratio and the injection
volume (Gray, 1975; West, 1972) total seepage
from 1960 through 1973 is estimated to have been
1.97 million m®. Alternateiy, if seepage is caicu-
lated as 2 percentage of inflow to the ponds.
approximately 8 percent (174,000 m*) intiltrated

e A iaentbel ¥
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Table 1. Radioiogical D for Selected Ground-Watar Sampins (Concentrations, pCit)
Grants Minersi Beit, New Mexico
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Table 2. Uraniurm Concentradon in Selected
Ground-Water Samples' (Concentzntions, 9Cift)?
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in 1973 and 197+ (from data supplied by Gray,
1973). Assuming 8 percent intiltration. and using
inflow data from Beck (1975), seepage from
1960-1973 is estuumarted to have been 1.59 miilion
m*. Averaging both estimates. seepage from

1960-1973 is estimaczd to have been 127,000 m’/yr.

From mull startup in 1953 througn 1959, pond
intlow equaled 13.01 miilion m®. Assuming
8 percent seepage loss. 1.64 mullion m? entered the
shailow potable aquifer in Bluewacer Vailev. In
summary, total seepage for the period 1953-1973
is estimated at 2.82 muilion m?. Considering that
from 1960 chrougn 1973 the volume injected was
3.7 million m’, the seepage to injection ratio v as
0.76. In etfec:, there is almost as much water
seeping into the shallow potable aquifer as there
is betng injected, thereby casung doubr on the
erficiency of the tailings ponds foriwaste retention.
Because of excessive seepage from the tailings
ponds in the period 1953-1960, the Anaconda
Cormpany developed an injection well for effluent
disposal. Anaconda and U.S. Geological Survey
reports (Fitch, 1959; West, 1972) showed that
geologic, hydraulic, and water quality conditions
Justified this disposal method. However, subsequent
evaluation of the monitoring data and inadequacies
in the number and location of monitoring wells
necessitate that this conclusion be reconsidered.
~ The disposal well was drilled in the period
. January-May 1959. Continuous core samples from
136 merers ro roral depth (765 meters) were
tested for porcsity, permeability, and ion exchange

r 011453

characteristics. Geuphysical logs were caken for
comparison with other lithologic and reservoir

dara. The thickness and character of the geologic
units penetrated, 2s well as the construction fearures
of the well, are summarized in Kaufmana ez al.
(1975). Detailed descriptions of the geologic
formations and their transmissive properties are
available (West, 1972).

From 1960 to date, injestion has been into
the Yeso and Abo formartions at depths of 289 to
433 meters. [njection pressures of about 9 kgfem?
are developed from gravity head alone. The
average injection rate from 1960 through 1973
was 504 U/min (0.5 m*/min). Pregeatment of the
injected waste coasists of sectling, filoration, and
additon of chemicals to retard precipitation and
plugging with organics (Clark, 1974).

From Januarv 1960 through December 1963,
1.9 million m?* of wastes with the following
characeeristics were iniected (West, 1972):

myl  other  pCul total Curies
chlonde 2,010
aitrace 10%
sodium 1.390
TDS 13.200
pH 2.5
uranum (nacucal) 7,330 13.89
Th-230 166,000 312,86
R3-226 292 0.062

Although only incermittent data were available for
the period from 1966 through 1973, thev provide
some indication of variations in the quality of water
intected and (or) seeping from the taiiings ponds.
Clark (1974) reported that the mean radium
content from 1960-1969 was 221 pCi/L In 1972
and in the first haif of 1974, respective concentra-
tons of +1.1 and 156 pCi/l were observed. At the
time of the fleld survey in February 1975, the
average for two samples was 40 pCi/L. Thorium-230
is less variable. West (1972) reported 166,000 pCi/l
of Th-230 for 1960-1965 versus 294,000 pCi/l in
1972 and 192.000 pCi/] in 1974.

'Reported uranium values vary from 7,340
pCi/l for 1960-1965 (West, 1972) to 21,400 pCi/l
i February 197§ (Table 2). Company daca for
1972 and 1974 average 13,450 pCu/l.

Desvite the voiume of seepage from the
ponds, contamination is not evident and the

conclusion reached by the New Mexico Department:

of Public Healch (1957) concerning the spread of a
nitrate front is not borne out. Radium and niwate
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concenrations in potable ground water that could
be aifected by seepage from the tailings are
depicted in Figure 3. With the exception of the
Berrvhiil Section § well (station no. 9121) and the
Anacondaz injection well (no. 9021), radium-226 in
both the alluvial/basait aquifer and in the under-
lving San Andres Limestone ranges from 0.06 to
0.42 pCi/l, and is well below the proposed
drinking wacer standard of § pCi/l (U.S. Environ-
mental Protection Agency. 1975a). If well no.
9124 is considered as 2 background, radium in the
alluvial aquifer decreases as a function of distance
from the tailings ponds. The elevated radium level
in well no. 9123 is possible if there is 2 local
radial flow pattern centered on the tailings ponds

sulfare fluctuations for the Mexican Camp well
suggests that wastes may be within the atez of

"influence of the well.

With respect to upward leakage associated
with the injection well, concentrations of chloride
and uranium through time are shown in Figure 4
ior two observation wells. The Monitor well,
located 91 meters northeast of the dispesal well, is
191 meters deep. It fully penetraces and is open to
the San Andres Limestone-Gloriera Sandstone
fresh-warer aquifer. North well, 1.5 kilometers
northwest from the disposal well, is 76 meters
deep and compieted in the San Andres Limestone.
The increasing concentrations of uranium and
chloride in the Monitor well may indicare leakage

) A : a
and superimposed on the nawral, southeastward out of the injection zone. Uranium serves asa o)
tflow gradient. Trends for nitrate, TDS, chlonde, tracer because it is not precipitated like thorium <
sulfate, and gross alpha dara from the foregoing and radium when the carbonate reservoir strata
studv, from the Anaconda Company (Grav, 1975), neurralize the acidic waste. The concencration of N
and from the present investigation. were piotted to polonium-210 exceeds that in all other wells in b
determine changes in ground-water quality with the Bluewater-Grants area and is well above the ©
respect to distance from the tailings ponds and average of 0.33 pCi/l for six wells tapping bedrock.
with time. Well no. 9127, complerted in alluvium, North well is fairly stable. which may retlect
and the Mexican Camp weil (no. 9120), which taps the shallower complezion depth and an upgradient
the San Andres Limestone. show essentiailv no locarion. Another weil (ne. 9121), located one
change in TDS. sulfare, chloride. or nirrate for the kilomezer to the north and compiezed in the Chinle
period 1956 to 1975, The slighr deciine in TDS in Formation-San Andres Limestone sequence. also
well no. 9127 is conrrarv o wnat would be shows essenriallv stable TDS and sulfate from
expected if gross CONtamMINacion was present. 1969 on and stable gross alpha from 1962 to
However, the similarityv berween gross aipha and present,
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There are major deficiencies in cthe monitoring
programs associated with the Anaconda Company
waste disposal operations. These include the lack
of water qualicy data from the twp of the zane of
saturation in close proximity to the tailings ponds
and che lack of monitoring wells complezed in the
injection zone. In effect, reliance is placed on
detecting contaminants after they have escaped
from a restricted area/zone.

In summary, widespread adverse water qualicy
effects are not apparent as a resuit of the Anaconda
Company disposal practices. This conclusion is
based on analyses for seven offsite wells (nos. 9118,
9119, 9124, 9125, 9126, 9127, 9129) compieted in
alluvium and in bedrock and generaily located
peripneral to and within 4 kilometers of the waiings
ponds. However, onsite Anaconda water-suppiv
wells no. 2 and no. 4, locared closer to the waste
ponds. are 69-118 meters deep and are compiered
in che San Andres Limestone and possidiv in the
aluviura. Boch wells show slighdy increasing
wends for TDS, chloride, or suifate. Monitoring ot
the waste front in the injection zone is not uader-
way. vet there is evidence of leakage into overiving,
potabie aquifers. Positive steps to derine
conraminant fronts associated with both the
seenage and the injection operation are
recommended.

United Nuclear-Homestake Partners (UNHP)
Miil and Surrounding Area

The UNHP muil is tlanked on the southwest or
downgradient side bv housing develooments and
irigated rarm lands, both of wiich depend on local
ground-warter supplies. Seepage trom the piie proper
and from the encircling moart enters the ground-
water reservoir. Adilacent to the miil buildings is an
inactive taiiings pile that was formerjv part or the
Homestake-New Mexico Parmers mil (Figure 5).

In all likelihood. seepage from this piie also resulted
in contamination.

Three distinct aquifers are presenc in the area
ot the mill and surrounding developments. In
ascending order, these include the San Andres
Limestone, the Chinle Formarion, and the alluvium.
Water-table conditions and a southwestward flow
gradient prevail in the latter, with static water levels
about 15 meters below land surface. The San Andres
Limestone originally was under artesian head, but
heavv pumping for irrigation and for industry has
" removed much ot the head once present. Dara
presented by Gordon (1961) indicate 2 downward
flow gradient, but the permeabilicy of the Chinle
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Fig. 5. Radiurm, TDS, and ¢hiaride in ground water~United
Nucieas-MHomestake Partriers mill ates.

Formarion is low, and actual vertical water transter
is probably minimai.

Geologic and hvdrologic conditions are not
suitable tor iand disposai of milling wastes in that
sandy soils and a relatively shailow water tabie are
present. Contamnination ot the shallow aquifer is
indicated bv severai cnemicai and radiochemical
paramezers.

The possibility of ground-water contamination
due to the United Nuclear-Homestake Partners
tatlings pond was notred in the eariv 1960's by
Chavez (1961). Samples from on-site monitering
wells completed in the alluvium contained trom
0.8 to 9.5 pCi/l radium less tha.: two vears after
the start of miiling. The normai range was 0.1 to
0.4 pCi/l in wells several miles west ot the miil and
from weils in the ailuvium decween San Rafael
and Grants.

Radium concenrtrations in ground water
(Figure 3) from the San Andres and Chinle range
from 0.05 to 0.27 pCi/l, with a mean of 0.16
pCi/l for six determinations. The peak value from
shallow wells tapping the water-table aquifer in the
alluvium is 1.92 pCi/l in weil D, the singie active
monitoring weil (no. 9135). Although below the
EPA drinking water standard of 5 pCu/l, this vaiue
does indicate movement of contaminants away
from the tailings pond. Attenuation due to sorption
may mask 3 verv sharp concentration gradient
between this weil and the pond. At a distance of
approximately 0.6 kilometers from che ponds.
radium in the shallow aquifer reverts to levels of
0.13 to0 0.72 pCi/l and averages 0.36 pCi/l, or about
twice thac presenc in the bedrock reservoirs at
depth. Relatively high conceneracions (0.72. 0.61
pCU/l) in nearby wells (nos. 9107, 9133) may retlect
plumes or frarncs of contaminants that have
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advanced zhead of the main boay through bighly
permeable zones in the allyvium.

Total urznium in well D is about 500 pCi/l,
compared to 10-20 pCi/l in wells of comparable
depth bur located about twice the distance down-
gradient from the mill. For comparison, seepage
from the mill tailings pile conrains 52 pCift
radium-226 and 101,000 pCis1 (150 mg/1} U-nacural.

Elevated levels of polonium-210 are also
present in well D (no. 9135) and in other wells
(nos. 9102, 9106, 9107, and 9113) downgradient
from the miil taiiings ponds. Background for
polonium-210 is approximacelv Q.34 pCi/l (Table 1)
in wells tapping either the Chinle Formacion or
the alluvium, whereas concentrations range frrom
1.0 to 2.3 pCi/l in wells suspected to be contami-
nated. The highest value (2.3 = 2.1 pCi/l) for
polonium-210 was from well D,

The most significant contaminant is selenium.
As shown in Figure 6, downgradient domestic weils
conuzin up to 3.+ mg/l seienium or 340 times the
recommended maximum ror drinking water
{Nationai Academy of Sciences-Engineering, 1972).
Concenrtrations are greatest in shallow wells and in
wells closer to the miil. Althougn the background
level for selenium is not fuily detined. the Jeeper
aquirers (Chinle. San Andres) corcain < 0.01 mg/l.
whereas the seepage coilection ditches and the
monitor weil contain 0.92 and 3.5 mg/l. respec-
tively. Daca coilected in the course of the study
showed that selenum concentrations in ground
warter througnout the Grants Mineral Beir were
generally 0.01 mg/l or less. Prominent exceprions
include the foregoing weils and seepage adjacent to
the United Nuclear-Homestake Partners miil.
Elsewhere, mine and ion exchange plant etfluents
averaged 0.027 and 0.15 mg/l, respectively at the
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Fig. 6. Sslenium in ground water—Unitad Nuclear-Home-
stake Partners miil area,

time of sampling. . s 2 result of widespread
selenium contamination, a cooperative Scace-

- industry program is underway to provide alternate

potable water supplies for the local populace.

Ambrosia Lake Area

In the Amorosia Lake area, contamination of
shallow ground water resuits from infiltration of
(1) effluents from the cailings ponds ac the Kerx-
McGee mill, (2) mine drainage water that is
introduced to settling lagoons and naturai wacer
courses, and (3) discharges from ion exchange
plants. Seepage from the now inactive United
Nuclear, Inc. (formerly Phillips) mill cailings pile is
also undoubtedly preseat in the shallow subsurface.
The ultmate etfect of these waste waters on
ground-water quality is unknown, but probably of
consequence only to the shallow, alluvial aquifer.
[t is unlikely that seepage will reach the bedrock
aquiter (Westwater Canvon Member) because of
depth and due o intervening thick clay shales
between the ailuvium and the aquiter.

The Kerr-McGee mill is locsted on the dip
slope of a southeast-facing cuestz in an area under-
lain by 2 veneer of silt and clay ailuvium over
Mancos Shaie. A large network of taiings ponds
and water storage reservoirs was built by excavation
and bv seiectivelv sorung the coarse tailings or
rerention dams. Seepage trom the ponds pius
discharge from mines and ton exchange plants now
causes perenniai flow in the southward flowing
Arrovo del Puerto.

Ground-water sampiing in the Amorosiz Like
area focused on the Kerr-McGee tailings disposal
operation and on the erfecss of various ion
exchange piant and mine water discharges on
ground water beneath San Mateo Creek and Arroveo
del Puerto. The stwreams represenc line sources of
recharge to the shallow ground-water reservorr. Of
the 22 wells sampied in the area (ses Figure 7), all
but 3 were part of the Kerr-McGee environmental
monitoring network. The resuits of other ground-
water monitoring programs, if any, associated with
mtning in the area are not reported to regulatory
agencies.

Several paramerers clearly indicate the
infiltration of wastewater. Whereas shallow ground
water beneath San Mateo Creek contains about
700 mg/l TDS in the reach above Arroyo dsl
Puerto, the reach below has about 2000 mg/l.
Ammoniz increases four-told from 0.05 to 0.22
mg/l, and nicrate pius nicrite (3s N) increases from
less chan 1 mg/l to 24 mg/l. Nitrate, derived from
very high concentrations of ammonia in the miil
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Fig. 7. Radium cencentrauions in ground water—southern
part of the Ambrosis Lake ares.

etfluents, persists in shallow ground water. This
is particularly wue for shailow weils located east
of the ponds and along San Mateo Creek. Soth
above and beiow the county line. Seienium and
vanadium concenrrations in ground water do not
markedlv increase near the tailings ponds. QOne
exceztion 1s weil KM=23 (no. 9208) which
conrains 0.29 mg/! seienium as well 35 high
radium and TDS. A nearty weil (no. 9132) is

also enriched in seienium which turther subseanci-
ates :hie TDS. chloride. ammonia. ang nicrace dara
results indicating contamination or the shailow
aguirer.

The concentration of radium in ground water
in the vicinity of the tailings piles at the Kerr-McGee
miil averages 1.7 pCi/l for the 12 wells sampled. The
highest concentration. 6.4 pCi/l. occurs ar station
no. 9213 near the base or the seedage catchment
basin. Although contaminarion is refatively local.
water in the basin. per se, contains 635 pCi/l radium.

As in the case of the Anaconda Company
tailings ponds, there is question whether the Kerr-
McGee tailings ponds are an adequare means of
waste disposal. Company daza for 197 3 and 1974
reveal that seepage from the ponds averaged
491,400 m*/vr. Influene averaged 1.67 million
m>/yr. Therefore, 29 percent of the wastes entered
the ground water and the balance ¢vaporated. The
company dara indicate that the seepage rate was
tairly constanc and averaged 1,348 m*/day for
1973 and 1974,

"> Churchrock Area
Hydrogeologic conditions in the vicinity of

011457

the Churchrock mines basically resemble those in
Ambrosia Lake wich FEspect to porential impacts
of mining and milling on ground water. The
potential for contamination of shallow ground-

WRLCT resources is greatest along the channel of the
Rie Puerco. Unfortunately, wells specifically

supply wells. Although monitoring data can detect
whether contaminated warer is being pur to

beneficial use, the program is markedly deficient

in delineating the extent of contamination in ]
iquifers not in use bue likely to be receiving waste-
warer.

The Puerco River at Gallup was ephemeral
until mining reached 3 scale such that wastewater
discharge was surficient 1o Cause perennial flow. At
present the comobined discharge from the United
Nuclear and Kerr-McGee mines. located as shown
in Figure 8, is abour 16.000 m’/day and characrer-
ized bv 8 to 23 PCYL radium, 700 to 4900 pCi/l
uranium, 0.01 to 0.04 mg/l selenium, and 0.4 1o
0.8 mg/l vanadium. In terms of radium, selenium,
and vanadium, the drainage water is unfit for
stock or potabie uses and nor recommended for
irrigation. Intiitration of the Tine wastewarer
represents a threat to potabie ground water in the
viciniev of the Puerco River and possibiy part of
the Gallup municipal supplv. Az the present time,
dpproximately 0.046 to 0.3 Curies per vear of
radium are discharged 10 the river. The radium is
sorbed onto stream bed sediments and (or)
inriltrates to the shallow water table. Because
shallow ground water most commonly occurs in
vailey tiil deposics recharged by ephemeral streams.
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there is 2 potential conflict between mine water
discharge and development of shallow suppiies for
stock and domestic use. Declining water levels in
some of the deeper wells completed in the Dakota
and Morrison Formations also result from dewater-
ing of the ore bodies.

To ascertain whether noticeable ground-warer
quality deterioration has occurred to date, sampling
in the Churchrock area involved 13 wells locared
along che Puerco River and South Fork Puerco
River. Essentially all of the known available wells
were sampled in che upper reach of the Rio
Puerco. For control purposes, ground water in an

~ adjacent watershed tributary to the Rio Puerco
was also sampled as was a new high-capacity well
completely removed from the mining inrluences
and serving the Gallup area. The sampling pounts
included water used for stock, domestic use. and for
public drinking water supplies. Alluvial and bedrock
aquifers were sampled in an area of 200 km*
located generaily east and northeast orf Gailup.

At present, none ot the ground-water sampies
conrain surfiglent radionuciides to constiture a
heaith problem. The radiochemical, wace element,
and gross chemical data do not indicate that

——— i ey e a

contamination of ground water is occurring 15 a
result of the mining operations underwav. Two of
the weils (nos. 9139 and 9221) contain 119.6 and
62 me/l nitrate. respectivelv. However. mine
drainage conrains less than + mg/l and s not believed
to be the source.

Bv comparison, the effects of mining on the
concentration of radium in ground water removed
from the mines is marked. Discharge from the
Kerr-McGee mine averages 7.9 pCi/l as compared to
23.3 pCui/1 for the United Nuclear mine. The larter is
producing ore, whereas the former is still in the
developmenit stage and the ore bodies are not yer
well exposed. In both cases, elevated radium
concentrations are present. In large part. these are
attribucable te mining operations and practices and
do not represent natural water quality, evident
from samples of ground water coilecred from
4 wells and 3 long holes, all in the Westwater
Canyvon Member (Hiss and Kellev, 1975). Radium
varied trom 0.05 to 0.62 pCi/l compared to 0.28
to 184.8 pCi/l uranium. An addicional sample
coilected in November (973 from che serting pond
discharge at the United Nuciear mine contained
8.1 pCi/l radium and 847 pCi/l natural uranium.
Thus, inicial penetrution and dewacering of the ore
body increased racium at least 13-foid (8 + 0.62)
and subsequent mine development work over 2
two-vear period resuited in another three-fold
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Figa. 9. Radium concentrations in ground water=Jackpile-

Paguate arsa.

(23.3 + 8.1) increase. Compared to natural
concentracions, radium increased some 38 times.

If a trend similar to that seen in the Ambrosia Lake
drea prevails, the ultimare radium conceatrations
shouid approach 30 to 150 pCi/l. Iniaal stages of
the wend are tentatvely confirmed by conspany,
self-monitoring data.

Jackpiie-Paguate Area

Sampling in the vicinity of the Jackpile-
Paguate open pit uranium mine included four weils
located as snown wn Figure 9. One of these
(no. 9233) is the Paguare municipai supply which
is a flowing well located upgradient from the mine
and completed in alluvium at 2 depth of 22.9
meters. The remaining three were former explora-
tion holes that were developed into supply weils.
Water quality for the lacter three wells is prosably
representatve of the Jackpile Sandstone Member of
the Morrison Formation, the principal ore body in
the Laguna mining district. With the exception of
another nearby municipal well for Paguate, there
were no ather weils available for sampiing in the
area.

Dissolved radium in water from the Jackpile
Sandstone aquifer ranges from 0.31 to 3.7 pCi/L.
The latter value is from the new shop well which
is 3 source of potable and nonpotable water
for the facilitv.

Slightly elevated levels of radium in the P-10
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well (no. 9231) and the new shop well (no. 9232)
are possibly related to mining operations which
tend to increase levels of uranium and radium in
ground water. Widespread disruption of the Jack-
pile Sandstone and overburden, combined with
leaching by ground water, undoubredly increase
radium and uranium concentrazions. Influenc
ground-wzter conditions characrerize the arez
insofar as the warer-table gradient slopes southward
and the watez-level contour pattern indicates
recharge by the Rio Paguare and Rio Moquiro.

Although the mine floor is generally above the
water table, there are local areas where water is
encountered. In the South Paguare pit, ponded
warter derived from dewarering of the pit faces and
drainage from the argled drift mines now in
development contained 190 pCi/l radium and 170
pCi/l uranium in Auguest of 1970. At that time,
water from the pond was being pumped into the
Rio Paguare which flows southward into Paguate
Reservorr and the Rio San Jose. The absence ot
downstream wells prectuded assessment of the
etfects of mine drainage on ground-water qualicv.
It is recommended chat additional shallow weil
points be installed and that sediment cores from
Paguate Reservou be takes for analvsis of radio-
nuctide content. These daza mav provids a recard
ot the long-term erfecss of mining on sedimen
vield and water quality.

SIGNIFICANCE CF RACICNUCLIDES
IN GRCUND WATER
Of the 71 ground-warer sampies ccllected,

b -
L

oniv one shewed racium-225 in excess of the

5 pCi/l drinking water standard (U.S. Envirenmental
Procection Agency, 19752). Thislocationisina
restricted arsz downgradizne from the Xerz-McGes
tatlings pends ar Ambrosia Lake. At five other
locations. the former U.S. Pubilic Health Service
guide cf 3 pCUL r2dium is exceeded dur quality is
within zhe present EPA standard of 5 pCi/l.
Furthermore, the locations are monitor weils in’
restricted areas or are irrigation or stock watering
weils. Radium concentzrations in municipal supplies
in the studv area ranged from 0.12 to 0.68 pCi/l and
are weil below the drinking water standard.

With respect to the use of 15 pCi/l gross alpha
as an indication of radium in excess of § pCi/l
(U.S. Environmental Protection Agency, 19733),
only one location would meet this criterion.
Location no. 9021 had z gross alpha activity
(including urzanium isotopes) of 62.500 pCll and a
radium-226 contenz of 53 pCl/l. At 33 locazions
(exciuding no. 9021) whers gross aipha acuvity

011459

exceeded 15 pCi/l, radium-226 conrents ranged
from 0.05 to 4.9 pCU/L The two highest radium-
226 resules (locations no. 9213 and 9121) of 6.6
and 6.3 pCi/l have correspondirg gross alpha
determinations of 8 and 12 pCi/l. Furthermore,
gross alpha activity determinations have large sror
terms which make daca interpretation rather
difficult. For this study, the gross alpha determina-
ton does not appear to have 2ny correlation to
radium-226 conzent. The reason for the poor
correlation between the sum of isotopic uranium
concentration and total uranium (natural uranium)
is unknown. For ground-water samples, suspended
solids are absent or very low, thereby eliminating
the importance of sample filtration.

- Since uranium, thorium and polonium-210
concents fluctuate about background levels, routine
radiological monicoring of potable water supplies
mmight best be limited to anaivsis for radium-226.
The use of gross aipaiz determinations for routine
surveillance of 3 water suppiv may not necessarily
provide reiiable dara on which to base accurate
radiological assessments of the supply.

Anaiysis ot the flow and water quality data to
ascertain radionuclide release to ground water is
shown in Table 3. Aporoximately 2.000 to 3,000
Curies of radioactivity have been introduced to the
subsurtace by waste disposai operations at two of
the three miils now operating in the Grants Mineral
Belt. Not inciuded in the dara is the much greater
activicy tn the soiids fraction. Estimation of this is
separate problem which is currendyv being addressed
it another study dv the Offics of Radiation
Programs. Although essenciailv ail of the acuvity
reicased to the subsurtace to date appears to be
contined to presendy restricted areas. there is an
impiicit and grave assumption that the same wiil be
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Tabis =, Dissolved Radiozctivity in Effiuents from the
Kery MeGes and Anaconda Company Uranium Mills
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true for many hundreds of years to come.
Estimation of the szepage rates in Table 3

involves several basic assumptions. For the Anaconda -

mill. it was assumed that seepage has the same
qualicy as the injected waste. The average
corcentration data shown are sirnply reasonable
estimates based on the 19735 measuremens and
various company dating fram 1940. [n the case of
Kerr-McGee, seepage for 1973 and 1974 is assuined
to be representative of past conditions as are the
1975 water quality data. Obviously seepage races
have not been constant and seepage qualicy at the
toe of the main rerention dam may not be typical
of area-wide conditions. Nevertheless, the calcula-
tions are believed to provide at least an approxima-
tion of the magnitude of radionuclide release.
Because of sorption, not all of the activity is
necessarily dispersed in the ground-water reservoir.
It is apparent that the largest amount of
activity consists of thorium-230. The half-lives for
the three elements shown provide some idea of the
temporal significance of the hazard presented by
uranium mining and milling wastes. As for waste
toxicity, a recent report (Midwest Research
Institute, 1975) of waste generation. treatment.
and disposal in the metals mining industry stated
that "‘wastes praduced and land-disposal bv the
uranium mining industry . . . have the highest toxic
hazardous rating of the . . . industries studied.”
Because of the extremetiv long peried over
which such wastes are roxic. it ts tundamenea| thae
detailed ground-water monitoring data be able o0

determine and predict the extent of contamination.

The stark contrast between a rvpical 20-vear miil
life and an 80.000-vear haif life tor the dominanc
radionuclide (chorium-230) necessitates a much
greater forward look than is now evident in wasce
disposal practices and preservation of ground-water
quality. As of 1972, some 99 X 10° metzic tons of
tailings containing 60,060 Curies of radium-226
were stockpiled in the western States from Texas
to Washington.

For the period 1960-1973, waste disposal
practices of the Kerr-McGee and Anaconda
Coinpany mills introduced an estimated 200,000
kilograms of dissolved uranium to the subsurtace
via seepage and direct injection. Although it may
be uneconomical to etfect recovery at the historic
prices of $10 to $20/kg of yellowaake (U,0,),
recent conwaces for delivery over the next § vears
involve prices of $88/kg (Anonymous, 1976). For
reasons of mineral conservation. if not economic
advantage, recovery of uranium from wastes
associated with present and future milling

011460

operations should perhaps be mare closely
examined.

RECOMMENDATIONS

Several areas necessitaring addicional
research are apparent from this study. These include:
(2) delineating the effects on water resources of
solution, shatt and open pit mining practices and
dewarering of ore bodies, (b) thorough reevaluation
of the injection method of waste disposal, (c) deter-
mining the adequacy of tailings ponds as 2 means
of waste disposal, (d) assessinent of the validity of
gross alpha s an indication of the presence of other
alpha emirters, (¢) further research on the adequacy
of geologic media for the sorption and retendion of
radionuclides. and (f) recovery of uranium from
mill effluencs.
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Table 4.4 Water quelity analyses, Shir-ock site {Concluded)
¢ Mell [dent.cTcatTgn o
Parsmeter i 12a ] I &n LN | 6GY 96T 1OGT Seep
AY <0.05 <D.045 <0.0% .05 0,065 <B0.0% <0.05 <0.05 <0.0% 0.08
As < .0} < .0} < .01 < .01 < .01 < .0} < .ol < .31 < .01 < .0to
Cd <0.01 <0.01} <6.01 <0.014 <8.0\ <0.01 0.1% 0.13 0.14 <0.0!
8 <{3.05 <3.05 <0.05 <0.Q5§ <0.0% <1.0% <0.05% <0.0S% <0.08 (.05
Cr <0.01 0,01 .04 <0.01 <0.01 <8.01 <0.61 <0.01 <0.01 <g.0t
Cu 0.a2 0,04 0.1} 0.02 <0.401 0.04 £.3 0.02 0.02 <0.0l
fe <0.02 Q.0 0.0l 6.09 0.0¢ .07 16 5.0 0.02 £0.01
&b <0.01 <0,01 <0.01 0.02 <0.01 0.0} <0.0} <0.01 <0.01 <56.01
Hg < .002 < 002 < 002 < .002 < .00 < 002 < .002 < 002 { .Qo2 < .002
Mo .02 <0.01 0.06 <0, 01 G6.04 0.4 £0.0] <0.0} £0.01 <0,01
Ni 6.9 <0.% 0.5 <0.5% <0.5 <0.5 4.5 0.5 <0.5 £8.% o
Se <0.0} <0.01 0.08 0.04 0.32 0.1 0.3 0.22 0.27 0.62
Ag <0.01 <g.01 <0.01 <0.0! <0.01 <0.0} <D.0} <0.01 <0.0% <0.0}
in <0.5 <0.5 .5 <0.5% <0.5 a.6 1.8 <0.5 0.9 0.5
v £0.01 - £0,01 <0.01 £0.01 <0,0} <0.01 <0.01 <0.01 0.02 0.03
S [ 0.9 0.9 <0.1 0.4 1.0 0.% 0.2 0.} 0.2 0.8
. €l 250 880 660 740 2800 1200 656 550 895 650
O | no, 100 B9D 4800 3086 5808 . <10 _ 180 160D _ 4300 1800
: ﬂh‘ 3ro i2 42 130 io 2300 1650 3660 2865 140
Ma 2100 5000 3500 2600 5300 16G0 1800 1900 1850 4100
o a 450 689 480 580 440 500 500 518 420
T "y 710 1700 150 2600 1400 1500 2400 2300 2000 «200
b K 106 49 fl 120 50 250 J00 500 3s0 160
PO‘ <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
- Hn 1.9 6.4 0.0} 1.0 0.8 36 o0 . 170 89 0.4
“rn S0 f 6700 34000 4700 120C0 2600 14000 29000 25000 17500 14000
Al 1420 1560 235 1340 115 788§ 450 $0% 420 cnw
. {133 12500 25900 15600 25166 27400 21600 34600 34500 28150 26100
N g pit y | 6.8 6.9 10.2 6.6 7.2 8.7 6. 6.1 6.9 nae
SRS ushios/cp COT" 12400 16900 13700 18600 26400 18800 29100 29100 30300 .
Lo *C lemﬂ 16 16 1] 22 i6 1 16 19 i?
R ih-?]ﬁd 1.0 <1.0 1.0 <1.0 1.0 <1.0 1.6 5.0 1.0 -
i Pb-210, <1.% 1.8 .- 1.8 1.5 <}.s <1.§ <1.5 <1.5 -ee
L 90-219 £} <y .- <l <1 2 <1 <1 <1 -="q
B B-ZSBG 539 45 1.0 2 22 5 15 2.1 §.8 41.6
4 U-24 d €15 11! 1.0 154 83 i? 1 12 {1} e
Ra-226 1.8 1.0 1.0 1.9 <1.0 <1.0 1.2 i.6 1.9 -
'} d
Average of two samples. tn pCi/),

€lota) of U-234 and U-218.

Corrected to 25°%C.
Sampies taken October, 1983,

Heasured at hose outlet,
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Development of the upper spring has included the
coastruction of a rectangular SlOne-masonry reser-
voir, headgates, and a ditch-distribution system. The
lower spring has been developed by the construction
of an earthen dike, rock retaining wall, and headgate.
Recently, both springs have been made part of a
pipeline-distribution system that ultimately dis-
charges to the Rio Pescado upsiream from a coucrere
irngation-diversion structure.

A senies of periodic discharge measurements
have been made at the Pescado Springs since 1978 in
order to determine the volume ang the variability of
flow (fig. 20). Measurements shown in figure 20 rep-
resent the flow from both springs. Measured dis-
charges ranged from 0.87 cubic foot per second on
December 4, 1979, to 1.60 cubic feer per second on
February 25, 1980. The average discharge for this
pertod was approximately 1.1 cubic feet per second,
or 500 gallons per minute. for a total annual flow of
approximately 800 acre-feet. Irrigation remmn flow
and overflow from the diversion on the Rio Pescado
infiltrate to the channel alluvium or are lost 10 evapo-
ratton. Some vanability in discharge throughout the
year is due to changes in water levels within the
spring reservoirs. Fluctuations may be attnbuted. in
part, to runotf across the recharge areas. Changes in
storage in nearby Pescado Reservoir also mav have
some effect on spring discharge.

Ailuvial seepage of perhaps 200 to 300 gailons
per minute has been partly developed for commaunity
use at Black Rock. This seepage emerges from buned
channel! deposits exposed where an arrove has been
incised around the north side of the Pescado basalt
flow. A collection gallery known locally as the “spring
house™ (10.19.13.224) has been constructed in the
arrovo channel. Water from the spring house is
pumped to Black Rock. where it is mixed with more
mineralized water from the two weils completed in
the Glorieta-San Andres aquifer (PHS well and Black

Rock well 3). b

The concentrations of dissolved solids in water
from alluviai aquifers ranged from 207 to 2,940 mil-
ligrams per liter (table 3). Major. cations were caici-
um, ranging in concentration from 34 to 500 miili.
grams per liter. magnesium, from 2.4 to 560
milligrams per liter; and sodium, from 22 to 1,000
milligrams per liter. Major anions were bicarbonate,

34 Water Resources of the Zuni Tribai Lands
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ranging in concestration from 79 to 540 milligrams
per liter; chloride, from 13 1o 1,100 milligrams per
liter; and sulfate, from 3.4 1o 2,200 milligrams per
liter. Nitrate concentrations ranged from 0.31 to 86
milligrams per liter,
. No distinctive chemical composidion of water is
indicated by water-quality analyses from wells com-
pieted in alluvium within the study area; however,
local water-quality similarities exist as a resuit of geo-
h)fdrologic conditions. The similarities are shown on
inear plots of chemical anaiyses (fig. 21). Alluvial
wells in upland tnbutary caayons produce water with
large concentrations of calcium, sodium, and suifate.
In the buried chanpe} deposits of the Rio Pescado,
water has a small dissoived-solids concentration. Ma-
Jor ions are calcium and bicarbonate. In alluvial wells
near Zuni Village. water has large concentrations of
sodium and chloride. The predominant ions in the
water along the downstream reaches of the Zunj Riv-
er typacally are caicium, sodium, and sulfate.

Water-quality variations in different alluvial
wells and springs are the result of several factors.
including the lithology of alluvium. the source of
recharge to the alluvium. and the potenual for sur-
face contamination. Clay minerals within the alluvi-
um enhance the ion-exchange process, increasing dis-
solved sodium in the water and decreasing some of
the divalent cations (calcium. magnesium. and iron).
Saits that accurnulate in the soil from evaporation
and transpiration are flyshed into the alluvial aquifer
by periedic flooding, increasing the dissolved-chio-
nde and dissolved-solids concentrauons. Inflow to
the alluvium from adjacent aquifers locally increases
the dissolved constituents found in those waters. Fi-
nally, the quality of water in shallow ailuvial wells in
the Zuni River valley is more easily affected by sur-
face processes such as flooding, waste-disposal con-

tamination, and seasonal fluctuations in precipita-
tion.

The susceptibility of allyvial water to surface
contamination and the limitad extent of alluvial ag-
ers in the Zuni study area preclude extensive use
of this water resource, If it becomes necessary to fur-
ther evaluate the availability and quality of water in
th‘c alluvium, test wells could be arlled in the Zuni
Rnr_er valley southwest of Zuni Village and in the
buried channel deposits along the Rio Pescado.
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Table 3. Water-quality analyses from wells and springs on and adjacent to Zuni tribal lands (including trace-element and
radiochemicai analyses from seiected weils and spnngs) ~ Continued

Maijor cations Maior armons
Temper- Mag- Bicar-
Name of well or ture  Calaum nesum Sodium Potassivm bonate Carbonate Chloride Suifate Nitrate
spnng Location Date (*Q (mg/ll (mg/l) (mgyl)  img/)  (mg/L) (mg/l) (mgl)  (megfl) (mg/U

Nastacigee-reve-- 10.19.30.232 08-02-72 = 34 7.3 189 T 542 25 44 J4 62
Zuni F=2 -eeevees 10.19.33.121  08-03.72 20.0 80 12 356 T 561 19 66 151 62
RWP=27 -=cecea- 10.20.3.243  07-25-72 140 64 6.1 17 .17 143 14 20 21 3
[rrigation { »eeeee 10.20.18.314 07-26-72 = 62 49 22 20 117 43 27 34
DO.cemsmaccccsean do. 0908.79 17.5  §3 4.9 28 26 134 - 34 23 13
Bosson Ranch --- 10.20.22.211 07.23.72 16.0 62 7.3 108 T Jo6 23 53 61 L6
ECW«9 cevemasn- 10.20.32.421 09-04.79 28.5 6.1 S50 350 2.2 451 0 $1 320 A1
RWP-28 +cecuree [L.16.8.131  Q8-16-72 — 140 34 - 169 5.5 318 12 21 471 62
Nuina Camp-

ground ««--ov-- 11.17.5.322  07-31.72 220 14 2.3 145 20 267 24 $.3 105 .62
ECW=l4 vcenaees 111724432 [106-79 14.0 140 50 (] 5.2 39 -— 15 $30 .09
ECW=10 cvemnesn 1.17.28.143 Q7-31-72 135 3¢ 12 367 63 387 2% 12 547 62
ECWal cceeccene. 111821132 10-23-63 130 — — —m — - —_ 89 43¢ -
RWP-34 canceeee 11.18.27.411 07-31-72 42 13 172 47 22 15 1.8 327 .62
DOo.-ceemnvmecasa do. 08-10-72 14,5 42 i2 167 T 2420 5.3 320 62
RWP-38 -eceenan P1.20.22.200 09-05-99 195 32 3.2 <3 1.a 159 0 7.2 11 1.4
Spring ~<-e=ev---- 11.20.34.244  03-26-80 8.0 88 21 78 700207 -_— 5.6 10 69
RWP-32 -eecenae 12.16.7.331  08-01-72 160 73 27 158 82 40 19 60 196 0.62
Nutna Spnng --- 12.16.8.314  12-14-350 110 738 26 8.5 = 183 _ 8.0 77 0.5
Spring near

NULf1g -=smenne 12.16.17.214 03-26-30 <40 100 3.3 .5 L70 317 —_— 10 3§ Q.08
RWP-219 secnrus 12.16.30.242  11.06-790 143 4 9.3 170 38 402 — 20 120 0.13
ECW<16 «ovveene 12.17.15.213 111379 — 36 21 &9 4.2 329 0 20 9 0.14
Hand pumpg, ==-- 12.17.23.244 08-01-72 12.0 126 51 171 20 349 13 122 337 86
Z=TRomemnivnncas 12.17.32.323 040176 — 60 22 55 2.7 367 T 1 53 T
16T=367 vaneavee 12.18.28.434 (&20-73 -~ 34 8.5 49 24 218 16 3.6 6.2 0.25
Jones Ranch

PM~]3 cvocianes 12.20.17.133  09-24.73 - 38 8.5 39 20 48 14 28 37 1
Cheechilgeetiho

School «e= vmews 12.20.25.127 06-13-52 -— - 86 - 249 7 340 656 —
16T=549 <eacaee 12.21.24.423  1011-72 o~ 40 T 124 T 194 51 13 48 Q.62
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Hardness

Phosphate Total
as ortho- alialiety  Non- Dissoived Sodiym

Silica Iron Fluoride phosphate Boron CaCO, carbonare Ca/Mg  Specific solids pH  adsorption Geslogic
g/l imyl myl  (myll  (mg/l)  (myl)  (me/ll (me/l) conducance (mg/l) (unty  mno  Lab et
—_— .03 1.0 02 S8 d44 —_— 115 990 541 8.3 7.67 BIA Qal
-— T 4 .02 s34 460 - 25 1,620 1,003 83 31.00 BIA Y
— T 21 T A2 118 67 185 450 256 1.7 54 Bla To
— T .20 T 1.9 96 79 175 470 269 80 J2  BlA To
22 02 .40 — - 110 43 150 360 263 &4 90 USGS To
- T 33 T SO0 2381 — 185 300 458 7.2 346  BIA g 5
10 40 6.2 —_ -— 370 0 17 1.300 969 8.3 37 USGS %
-— T 35 T T — 231 490 1,360 971 8.6 314 BIa Ke
— T 1.5 T 20 219 —-— 45 100 428 8.3 9.38 BlA Kg
| — 40 - —_— 320 240 560 11300  [.100 7.6 230 USGS kg
-_— 02 .39 T T 318 _— 135 1.810 1.199 8.1 13.75  BIA Kd
- — — — — —— — — 1.020 — — — USGS iz
— T <9 02 A2 187 -_ 160 1.030 685 8.4 593  BiAa Kd
— T s T T 176 — 153 970 668 8.9 5.85 BlA Kd
21 .06 .30 -— -— 130 0 110 240 189 8.1 1.00 USGS Iz
17 .73 .30 — -— 7 0 3 328 229 8.4 6.10 USGS e
-— 0.01 0.36 T 0.20 330 - 195 [.190 632 8.2 399  EIA Kg
8. — .30 -_ — — 341 573 a4l - — USGS  Pgs
il .03 .20 — -~ 260 24 <30 500 33t 8.2 0.20 USGS Pgs
10 —_ 1.9 —_— — 350 0 140 200 575 1.8 6.20 USGS K¢
22 0l 40 — -— 270 Q 230 811 446 8.0 2.00 USGS K¢
-— T 52 .03 <3 286 239 518 1.660 1.098 8.2 33.32  BlA Qai
— T .98 .02 J9 0 301 —_ =40 660 42 1.9 1.6 Bla Ke
—_— T =0 T Jd1 179 — 120 420 254 8.8 1.95  BiA Kg
-— T .30 03 T 120 0 130 410 246 8.0 149  Bla Jz
— -_— .80 — -— —_— 0 107 2.760 o — — USGS  Pgs
— .18 —_ T 32 - - 10 330 335 92 17.11 BIA Re
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