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E f f e c t s o f Uranium M i n i n g a n d M i l l i n
on Ground W a t e r in the
G r a n t s Minera l Bel t , New Mexi co
by Robert F. K a u f m a n n , Gregory G. Eadie, and Charles R.

A B S T R A C T
Ground-water contaminat ion f r o m uranium mining

;rd m i l l i n g re sul t s f r o m die i n f i l t r a t i o n of mine, m i l l , and
ion-exchange p ian t e f f l u e n t s c on ta in ing elevated concentra-
tions of raaium, selenium, and mtrace. Avai lab l e daca
i n d i c a t e :hat radium concentrations in the d i s charge waters
of a p r o d u c i n g mine cend to increase s u b s t a n t i a l l y as the
ore body is d e v e l o p e d . W h e r e a s natural background radium
c o n c e n t r a t i o n s are g e n e r a l l y about several p i c o c u n e s / l i t e r
(pCi/ l) . 100 t o 150 p C i / l a p p e a r m th e e f f l u e n t s o f
o p e r a t i n g mines. The d i s charge o f such h i g h l y c o n t a m i n a t e d
mine e f f l u e n t s to streams and seepage f r om t a i l i n g s ponds.
creates a l o n g - i i v e d source of ground-water c o n t a m i n a t i o n .
S e e p a g e of mii l t a i l i n g s at two active rmils ranges f r o m
126.000 to J-91.000 m V y r and. to d a t e , has c o n t r i b u t e d an
e s t imated Z4-00 Cunes of uranium, radium, and thorium to
che ground-water reservoir. The s h a l l o w a q u i f e r in use and
d o w n g r a d i c n t f r o m another mil l has been gros s ly
contaminated with selenium, a t t r i bu tab l e to excessive
seepage f r o m a nearby ta i l ing s pond.Radium, selenium, ni tra t e ind. to a lesser ex t ent ,
uranium, are of most value as ind i ca t or s of ground-water
contamination. Gross a l p h a result s are not consistent
ind i ca tor s of radium or uranium in water, a l though uraniumdoes appear to be the p r i n c i p a l contr ibutor of a l p h a
activity. Accurate radium-226 analyses yield the most
in f ormat i on for radio log i ca l evaluation of drinking water.

To date , no adverse impacts on municipal ground-
water s u p p l i e s have been observed. However, industry-sponsored environmental monitoring programs areinadequate ly designed and impl emen t ed , and may notd e f i n e the ful l , long-term impact o f mining and m i l l i n goperations on the ground-water qualky of the study area.

^ydrogeologisc. H e a l t h Physicist, and Geologis t ,
r e s p e c t i v e l y , O f f i c e o f Radi i t i on Programs-Us VegasF a c i i i c y . U.S. Environmental Protection Agency. P.O. Box1 S 0 2 7 , Us Vegas. N t v a d a 89114.Discussion open until February 1,1977.

I N T R O D U C T I O N
At che request of the New Mexico Environ-

mental Improvemen t Agency ( N M E I A ) , Region V I
of the U . S . Environmental Prot e c t i on Agency
(USEPA) arranged for a water qual i ty survey in the
G r a n t s Mineral Bel t in northwestern New Mexico.
As of 1974, t h i s area contained about 42 percent
of the U . S . reserves, and in 19"5 produced 5.500
tons of uranium conc en t ra t e , or a p p r o x i m a t e l y 45
percent o f U . S . p r o d u c t i o n . T h e f o l l o w i n g mining
d i s t r i c t s dominace th e G r a n t s Mineral B e l t : Church-
rock on the west. G r a n t s - A m b r o s i a Lake in the
center, and P a g u a t c - J a c k p i i e on the east (Figure 1).

W h e r e a s the i n f l u e n c e of uranium mining and
m i l l i n g on sur face-water q u a l i t y and stream b i o ta
has been documented ( A n d e r s o n <?r ji. 1 9 6 5 ; S i g i c r
etal.. 1 9 6 6 ; T s i v o g i o u « o / . , 1 9 5 6 , 1 9 5 9 , I 9 6 0 ;
and Wrub i e et ai. 1964), the e f f e c t s on ground
water are rather p o o r l y understood. W i t h 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 contamination in
New Mexico f r o m uranium mill ing is contained in
s tudies by Ts ivog i ou and O'Connell ( 1 9 6 2 ) andClark (1974) and site spec i f i c- unpublished studiesinthe study area were conducted some years ago
by the Mew Mexico Department of Public H e a l t h( 1 9 5 7 ) and by Ouvez (1961).

Ground-waterand surface-wacer data wereco l l e c t ed in F e f a j u a r y - M a r c h . 1975 by the O f f i c e
of Radiation Programs—Las Vegas F a c i l i t y and the
National Enforcement Inves t igat ions Center,
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Fig. 1. Location of study ar«ts in tfc* Grants Mincni B*it.

respect ively. T h i s p a p e r is a condensed version of
an extensive report submitted to Region VI
( K a u f m a n n ft d., 1 9 7 5 ) which, in turn, reported
the entire study results to the S t a t e ( U . S .
Environmental Protec t ion Agency, 1 9 7 5 b ) .

G E O L O G Y A N D H Y D R O L O G Y
The princ ipal bedrock and alluvial s cra t igraphic

units in the Grants Mineral Belt range in age f r o m
Pennsylvanian to Recent ( H i i p e r c . 1 9 6 3 ) . Figure 2.
which is a generalized g e o l o g i c cross section chrough
the Grancs and Ambrosia Lake areas, portrays
these units and che dominant structural f e a t u r e
which is die Chaco siooe devclooed on che north* *f l a n k of che Z u n i u p l i f t . C o n d i t i o n s in che Church-
rock area are e s s ent ial ly che same.

Due co che scarcity of perennial surface-water
bodies , ground water is the p r i n c i p a l source of
water in che study area. Indus t r ia l , munic ipal , stock,
and private domestic wells tap both bedrock and
alluvial aquifers . In general, wells of low to moder-
ate product ivi ty are pos s ible in che unconsoiidaced
valley fill which constitutes an aquifer, primarily

along the broad valleys of the Rio San J o s e andthe Rio Puercoo Numerous shallow demesne wellssouth and southwest of the United Nuclear*
Homestakc Partners mill north of iMilan also upthe shallow, uncocfincd aquifer. The principal
bedrock aquifers are the San Andres Limestoneand the Westwater Canyon Member of the
Morrison Formation.

G R O U N D - W A T E R Q U A L I T Y
For about che last 20 years, uranium miningand milling activities in the Grants Mineral Belt

consisted of underground and open-pit mining andalkaline or acid-leach milling. Active tailings pi l e sare present in dose association with three active
mills run by the Kermac Nuclear F u e l s Corporation
( K e r r - M c G e e ) , che United Nuciear-Homes take
Partners Corporation, and che Anaconda Company.
Inactive tailings p i l e s are related co the now
inoperative United Nuclear-New Mexico Partners
and P h i l l i p s mil l s located jus t north of Milan and
in Ambrosia Lake, respectively. In recent years,
increasing use has been made of ion exchange
planes co recover uranium f r o m mine drainage
water and f r o m in j e c t ed f l u i d s introduced for
s o lu t ion mining.

The variety of mining and m i l l i n g o p e r a t i o n s
in che scudy area and :hc pauc i ty of hydrogeologic
and water qual i ty dana neces s i tate chat the f o l l o w -
ing di scus s ion be regarded as a prel iminary assess-
menc. For examnle. che hvdrauiic and water aualitv* * * * *e r f e c t s of s o l u t i o n mining and dr.vatcring of ore
bodies are scarcely known ou:sidr industry circles.
S i m i l a r l y unknown is che extent of d ewat er ing of
the ore-bearing f onnac ion s , chief of which is the
Wcsrwater Canyon Member of che Morrision
Format ion. To a lesser e x t en t , the overlying strata
su<̂ h as the Dakota Format ion are also a f f e c t e d .
In the Churchrock area, the static water level in an

O

o
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Rg. 2. Mction from Shicwrar to Ambnwa Uko.
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inactive mine is declining about 0*3 merer permonth due to dewatering at the nearby UnitedNuclear and Kerr-McGte mines.
Discharge of the mine water transforms n<arby

dry washes and ephemeral streams (Rio Puerco,
Arroyo del Puerto, and San Mateo Creek) into
perennial ones. W a g g j a g g d a f i e d to jhese channels
persists until the losses due to bed . i n f i l t r a t i o n ,
cvapotranspiration, and diversion equal in f l ow.
I n f i l t r a t i o n of such waters to shallow alluvial
aquifers may be adverse, depending on the quality
of in f i l t ra t ing water relative to ambient water
quality in the aquifer, and the use to which shallow
ground water is or will be put.

Concentrations of selected radionudides, as
well as gross and trace chemical constituents, were
determined for 71 weils in the s tudy area. The data
p l u s inventory i n f o r m a t i o n concerning well loca-
tions, static water levels, well d e p t h s , and water use
arc contained in K a u f m a n n eui. ( 1 9 7 5 ) .
Unequivocal bases for d i s t ingui sh ing truly back-
groun4j**5_cr. quality c o n d i t i o n s in an area ofuranium mineralization do not exist. V a r i a b i l i t y in
radionuc i ide concentrations is p a r t i c u l a r l y """
pronounced in areas under la in by mid to la t e
Mesozoi c elastics. However , d i s t i n c t i o n s can be
drawn between such unit s and P a l e o z o i c or eariy
Mesozoic strata. By comparing gross, trace, and
radiochemical parameters in c o n j u n c t i o n with
hydrogeo logic c ondi t i ons and l a n d / w a t e r use
p a t t e r n s , reasonable i n f e r e n c e s can be made
concerning natural and contaminated water
quality. Selec t ed radiochemical data, which were
of chicr concern in the ground-water p o r t i o n of che
s tudy, are shown in T a b l e s I and 2. The data are
discussed by study area and by the princ ipal
uranium m i n i n g / m i l l i n g activities therein. Con-
centrations are shown in picocuries (pCi) per liter,
with a picocurie equal to 10"12 Curies, A Curie
equals 3.7 X 10* di s integrat ions per second or
a p p r o x i m a t e l y the activity of one gram of radium.
B l u a w a t e f - M i l a n - G r a n t s

Acidic uranium mil l ing wastes from the
Anaconda Company tailings ponds and injection
well enter both shallow and deep ground-water
bodies in the Bluewater-Milan-Grants area. Thesoutheastward f l o w gradient in the unconnned
aquifer ( F i g u r e 3) would cause contaminants to
move toward points of withdrawal for irrigation,,domestic and municipal use. In the use of the
in j e c t i on wel l , there is concern whether con-taminants continue to remain confined to che deep
injec t ion zone, as originally pro j e c t ed .

ig. 3, Radium anci ni trat t concentrat ions in ground
Bluewatvr-Granu arta.

The Mew M e x i c o Depar tment o f P u b l i c H e a l t h( 1 9 5 7 ) noted that extensive migration of nitrate
f r o m the tai l ings p o n d s was contaminat ing the
shallow aquifer. West ( 1 9 7 2 ) stared that excessive
leakage in the period 1953-1960 necessitated
a d o p t i o n of the injec t ion well alternative for
e f f l u e n t disposal. The ponds are underlain by
highly permeable basalt f l o w s covered in places
with a veneer of carbonate-rich silt and day. Direct
contact of the tailings with the basalt and dissolu-
tion of the silt and day layer increase seepage.

In 1973 and 1974, the average seepage ratewas 180,000 cubic meters per year ( m 3 / y r )
compared co an average injection rate of 348,000mVyr (Gray, 1 9 7 5 ) ; dius, die ratio of seepage toinjection is 0.52. Using this ratio and the injec t ion
volume (Gray, 1975; West* 1972) total seepage
f r o m 1960 through 1973 is estimated to have been
1,97 mill ion m3. A l t e r n a t e l y , if seepage is calcu-laced as a percentage of inf low to the ponds,approximate ly 8 percent (174,000 m j) intOtrued

in

o
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in 1973 and 1974 ( f r o m da ta s u p p l i e d by Gray,
1975). Assuming 8 percent i n f i l t r a t i o n , and using
i n f l o w daca f r o m Beck ( 1 9 7 5 ) , seeoase f r o m4 w1960-1973 is estimated to have been 1.59 m i l l i o n
m 3. Averaging both estimates, seepage f r o m
1960-1973 is e s t i m a t e d to have been 127,000 m j / y r .
F r o m mi l l s t a r tup in 1953 through 1 9 5 9 , pond
i n f l o w equaled 13.01 m i l l i o n m 3. Assuming
8 percent seepage ioss. 1.04 mi l l i on rn3 entered the
sha l l ow p o t a b l e a q u i f e r in Bluavater V a l l e y . In
summary t t o ta l s e epage for the period 1 9 5 3 - 1 9 7 3
is estimated at 2 . S 2 million m3. Considering that
f r o m I 9 6 0 through 1973 the volume in j e c t ed was
3-7 mi l l i on m3, the seepage to injec t ion ratio v as
0.76. In e f f e c t , there is almost as much water
s eeping into the shallow p o t a b l e aquifer as there
is being i n j e c t e d , thereby casting doubt on the
e f f i c i e n c y of the tailings p o n d s f onwas t e retention.

Because of excessive seepage from the tailings
p o n d s in the period 1953-1960, the Anaconda
C o m p a n y deve loped an injec t ion well for e f f l u e n t
di sposal . Anaconda and U . S . Geological Survey
reports ( F i t c h , 1959; West , 1972) showed that
geo logic , hydraulic, and water quality conditions
j u s t i f i e d this disposal method. However, subsequentevaluation of the monitoring data and inadequaciestn 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 f r o m
136 meters re? total d e p t h (765 meters) were
tested for poros i ty, permeability, and ion exchange

characteristics. Geophysical logs wee eakea for
comparison with other l i thologic and reservoirdata* The thickness and character of the geologicunits penetrated, as well as the construction featuresof the well, are summarized in Kaufmana rt ol( 1 9 7 5 ) . Detailed descriptions of the geologicformations and their transmissive properties areavailable ( W e s t f 1972).

From 1960 to date, in j e c t i on has been intothe Yeso and Abo formations at d e p t h s of 289 to
433 meters. I n j e c t i o n pressures of about 9 kg/cm 3

are developed f r o m gravity head alone. Theaverage inject ion rate f r o m 1960 through 1973
was 504 l /min (0.5 m 3 /min). Pretreatmcnc of theinjec ted waste consists of s e t t l ing, f i l t ra t i on , and
add i t i on of chemicals to retard pr e c ip i ta t i on andp l u g g i n g with organics (Clark, 1974).

F r o m January 1960 through December 1965,
1.9 mil l ion m3 of wastes with the f o l l o w i n g
characteristics were in j e c t ed ( W e s t , 1972):

mg/l other pCut total Canri
chloride
m trace
sodium
I D S

2.010
105

1.390n,:oo
p H
uranium ( r u r u r a l )
T h - 2 3 0
Ri-226

2,5
7 . J 4 0

166.000
292

13.89
312.6

0,062
A l t h o u g h on ly i n t e r m i t t e n t d a t a were avai lable f or
the period f rom 1966 through 1973, they provide
some i n d i c a t i o n of variations in the quali ty of water
in j e c t ed and ( o r ) s e e p i n g f r o m the ta i l ing s ponds .
Gark ( 1 9 7 4 ) reported that the mean radium
content f r o m 1960-1969 was 221 pCi/L In 1972
and in the f i r s t hal f of 1974, respective concentra-
tions of 41.1 and 156 p C i / l were observed. At the
time of the f i e l d survey in February 1975, the
average for two samples was 40 pCi/L Thorium-230
is less variable. West ( 1 9 7 2 ) reported 166,000 p C i / l
of Th-230 for 1960-1965 versus 294,000 p C i / l in
1972 and 192,000 p C / l in 1974.

Reported uranium values vary f rom 7,340
p C i / l for 1960-1965 (Wes t , 1972) to 21,400 p C i / l
is February 1975 ( T a b l e 2): Company data for
1972 and 1974 average 13,450 pCi/LDespiee the volume of scepige from the
ponds, contamination is not evident and theconclusion reached by the New Mexico Department
of Public H e a l t h ( 1 9 5 7 ) concerning the spread of anitrate front is not borne out. Radium and nitrate
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concentrations ia po tab l e ground water that couldbe a f f e c t e d by seepage from the tailings aredepicted in Figure 3. W i t h the exception of theBenyhill Section 5 well (station no. 9121) and dieAnaconda inject ion well (no. 9021), radium-226 in
both the alluvial/basalt aquifer and in the under-lying San Andres Limestone ranges f rom 0.06 to0.42 p C i / 1 , and is well below the proposed
drinking water standard of 5 p G / l (U.S. Environ-mental Protection Agency, 1973a). If well no.
9124 is considered as a background, radium in thealluvial aquifer decreases as a func t ion of distance
f r o m the tailings ponds. The elevated radium level
in well no. 9123 is pos s ib le if there is a local
radial f l o w pattern centered on the tailings ponds
and superimposed on the natural, southeastward
f l o w gradient. Trends f or nitrate, TDS, chloride,
s u l f a t e . and gross alpha data f r o m the f o r e g o i n g
study, f r o m the Anaconda Company ( G r a y , 1 9 7 5 ) ,
and f r o m the present inve s t igat ion, were p l o t t e d to
determine changes in ground-water quality with
respect co distance f r o m the ta i l ings p o n d s and
with time- W e l l no. 9127. c o m p l e t e d in a l luv ium,
and the Mexican Camp wctl (no. 9 1 2 0 ) , which caps
the San Andres Limes tone , show e s s e n t i a l l y no
change in TDS, s u l f a t e , ch lor ide , or nitrace for the
period 1956 co 1975. The s l i g h t d e c l i n e in TDS in
well no. 9127 is contrary ro what would be
e xp e c t ed if gross c on tamina t i on was pr e s en t .
However, the s imilari ty between gross a l p h a and

s u l f a t e f luc tuat ions for the Mexican Camp wellsuggests that wastes may be within the area ofinfluence of the welL
W i t h respect to upward leakage associatedwith the injection welL concentrations of chloride

and uranium through time are shown in Figure 4for two observation wells. The Monitor well,
located 91 meters northeast of the disposal well, is
191 meters deep. It f u l l y penetrates and is open tothe San Andres Limestone*Glorieta Sandstonefresh-water aquifer. North well, 1.5 kilometers
northwest from the disposal well, is 76 metersde ep and completed in the San Andres Limestone.
The increasing concentrations of uranium andchloride in the Monitor well may indicate leakage
out of the injec t ion zone. Uranium serves as a
tracer because it is not prec ipi tated like thorium
and radium when the carbonate reservoir strata
neutralize the acidic waste. The concentration of
polonium-210 exceeds that in all other wells in
the Bluewater-Grants area and is well above the
average of 0.33 p C i / l for six wells c a p p i n g bedrock.

N o r t h well is f a i r l y s table , which may r e f l e c t
the shal lower c o m p l e t i o n d e p t h and an u p g r a d i e n t
l o ca t i on . Another well (no. 9 1 2 1 ) , located one
k i l o m e t e r to the north and c o m p l e t e d in die Chinle
F o r m a t i o n - S a n Andre s Limes tone sequence- also
shows e s s e n t i a l l y s t a b l e TDS and s u l f a c e f r o m
1969 on and s t a b l e gross a l p h a f r o m 1962 co
pre s en t .
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There are major deficiencies in the monitoringprograms associated with the Anaconda Company
waste disposal operations. These include the lackof water quality data from the top of the zone ofsaturation in dose proximity to the tailings ponds
and the lack of monitoring wells completed in theinjection zone. In e f f e c t , reliance is placed on
detecting contaminants a f t er they have escaped
f r o m a restricted area/xone.

In summary,jyidcspread adverse water quality
e f f e c t s arc noc apparent as a result o f t h e Anaconda
Company disposal practices. Thi s conclusion is
based on analyses for seven off site wells (nos. 9118,
9119, 9124 f 9125, 9126, 9127, 9129) completed in
alluvium and in bedrock and generally located
peripheral to and within 4 kilometers of the ta i l ings
ponds. However, onsite Anaconda water-suppiy
weils no. 2 and no. 4, located closer to che waste
p o n d s , are 69-118 meters deep and are c o m p l e t e d
in the San Andres Limestone and p o s s i b l y in che
alluvium. Both well s show s l i g h t l y increasing
trends f o r TDS, chloride, o r s u i f x t e . M o n i t o r i n g o f
the waste f r o n t in the i n j e c t i o n zone is not under-
way, yet :herc is evidence of leakage into o v e r l y i n g ,
p o t a b i e aqui f er s . Po s i t i v e s t ep s t o d e f i n e
contaminant f r o n t s associated with both the
s e epage and the i n j e c t i o n o p e r a t i o n are
r e commended .

U n i t e d N u c i e a r - H o m e s t a k e Partners ( U N H P )
Mill and S u r r o u n d i n g Area

The UNHP mill is f l a n k e d on the southwest or
d o w n g r a d i c n t side by hou s ing d e v e l o p m e n t s and
irrigated farm lands , both of which d e p e n d on local
ground-water s u p p l i e s . S e e p a g e f r o m t h e p i l e p r o p e r
and f r o m the encircling moat enters the ground-
water reservoir. A d j a c e n t to the m i l l b u i l d i n g s is an
inactive ra i l ing s p i l e chat was f o r m e r l y part of the
H o m e s t a k c - N e w Mexico Pirtners m i l l . ( F i g u r e 5 ) .
In a i l l i k e l i h o o d , seepage f r o m this p i l e also re su l t ed
in contamination.

T h r e e dis t inct aqu i f er s are present in the area
of the mil l and surrounding deve lopment s . In
ascending order, these include the San Andres
Limestone, the Chinlc F o r m a t i o n , and the alluvium.
W a t e r - t a b l e condit ions and a southwestward f l o w
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
heavy p u m p i n g for irrigation and for industry has
removed much of the head once present. Data
presented by Gordon ( 1 9 6 1 ) indicate a downwardf l o w gradient, but the permeabili ty of the Chinte

Ftg. S. Radium. TDS, and chloride in ground wator->Unit«dPartner! m i l l am.

Format ion is low, and actual vertical water transferis p r o b a b l y minimal.
Geolog i c and hydroiogic condit ions are not

su i tab l e for land d i spo sa l of m i l l i n g wastes in chat
sandy soils and a re la t ive ly shallow water table are
present. Contaminat ion of the shal low aquifer is
indicated by several chemical and radiochemical
parameters.

The p o s s i b i l i t y o f ground-water contamination
due co the U n i t e d N u c l e a r - H o m e s t a k e Partners
t a i l i n g s pond was noced in che coriy 1960's by
Chavez ( 1 9 6 1 ) . S a m o i e s f r o m on-site monitorine> <vwciis comolcred in the a l luv ium contained f r o m»0.8 co 9.5 p C / 1 radium le s s :ha*i cwo years a f t e r
the start of m i l l i n g . The normal range was 0.1 co
0.4 p C i / l in weils several miles west of che mill and
f r o m weils in che a l l u v i u m between San R a f a e l
and Grant s .

Radium concen tra t i on s in ground water
( F i g u r e 5) f r o m the San A n d r e s and C h i n l e range
f r o m 0.05 to 0.27 pCi/l, wi th a mean of 0.16
p C i / l f o r s i x d e t e rmina t i on s . T h e peak value f r o m
shallow w e l l s t a p p i n g che water-table aqu i f e r in the
alluvium is 1.92 pCi/l in well D, che s ing l e active
moni tor ing well (no. 9 1 3 5 ) . A l t h o u g h below che
EPA drinking water standard of 5 pCi/l, this value
does indicate movement of contaminants away
f r o m the ta i l ing s pond. A t t e n u a t i o n due to sorption
may mask a very sharp concentration gradient
between this well and the pond* At a distance of
a p p r o x i m a t e l y 0.6 ki lometers f rom the ponds,
radium in the shallow aqu i f e r reverts to levels of
0.13 to 0.72 pCi/I and averages 0.36 p C i / l . or about
twice that present in the bedrock reservoirs at
d e p t h . Rela t iv e ly high concentrations (0.72, 0.61
pCi/l) in nearby weils (nos. 9107, 9 1 3 3 ) may r e f l e c t
plumes or f r o n t s of contaminants that have
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advanced ahead of the main boay through highly
permeable zones in the alluvium.

T o t a l uranium in well 0 is about 500 pCl/'l,
compared to 10*20 pCI/l in wells of comparable
dep th but located about twice the distance down-gradient from the mf iL For comparison, seepage
f r o m the mill tailings p i l e contains 52 p C i / 1
radium-226 and 101,000 p C i / 1 (150 m g / l ) U-naturaL

Elevated levels of poionium-210 are also
present in well D (no. 9 1 3 5 ) and in other wells
(nos. 9102. 9106, 9107, and 9 1 1 3 ) downgradient
f r o m the mill tailings ponds. Background for
polonium-210 is approx imatc iy 0.34 p C i / l ( T a b l e 1)
in wells t a p p i n g either the Chinie Formarion orthe alluvium, whereas concentrations range f r o m
1.0 to 2.3 p C i / 1 in wells suspected to be contami-
nated. The highest value (2.3 = 2.1 pCi/1) for
po lonium-210 was f rom well D,

The most s i gn i f i can t contaminant is s e l en ium,
As shown in F i g u r e 6, downgradicnt dome s t i c weils
contain up to 3.^ m g / l seicniurn or 340 rimes the
recommended maximum tor drinking water
( N a t i o n a l Academy of Science s-Engineering, 1972).
Concentrat ions arc greatest in shallow weils and in
weils closer to the mi l l . A l t h o u g h chc background
level for selenium is not f u l l y d e f i n e d , the deeper
aqu i f e r s ( C h i n l c . San A n d r e s ) contain < 0.01 m g / l ,
whereas chc seepage c o l l e c t i o n d i t c h e s and rhe
moni t or well c o n t a i n 0.92 and 3.5 m g / l . respec-
t ive ly . Data c o l l e c t e d in the course of the s t udy
showed that s e l en ium concen tra t i on s in ground
water T h r o u g h o u t the G r a n t s Minera l B e l t were
g e n e r a l l y 0.01 m g / l or less. Prominent e x c e p t i o n s
i n c l u d e rhe f o r e g o i n g weils and s e epage a d j a c e n t co
t h e U n i t e d N u c l e a r - H o m e s t a k e Partners m i l l .
Elsewhere, mine and ion exchange p l a n t e f f l u e n t s
averaged 0.027 and 0.15 m g / l , r e sp e c t iv e ly at the

Fig. 6. S e l e n i u m in ground w a t t f - U m t t d Nud«r-Hom»-staka Partners m i l l area.

time of sampling.. *s a result of widespreadselenium contamination, a cooperative Scare-industry program is underway to provide alternate
potable water s u p p l i e s for the local populace.
Ambrosia Lake Area

In the Ambrosia Lake area, contamination ofshallow ground water results f rom inf i l trat ion of
(1) e f f l u e n t s from the tailings ponds at the Kerr-McGce mill* (2) mine drainage water that is
introduced to settl ing lagoons and natural water
courses, and (3) discharges from ion exchange
plants. Seepage f rom the now inactive United
Nuclear, Inc. ( former ly P h i l l i p s ) mill tailings p i l e isalso undoub t ed ly present in die shallow subsurface,
The ult imate e f f e c t of these waste waters on
ground-water quality is unknown, but probab ly of
consequence only to the shallow, alluvial aquifer.
It is un l ik e ly that seepage will reach the bedrock
aqui fer ( W e s t w a t e r Canyon Member) because of
d e p t h and due to intervening chick clay shales
between the alluvium and the aaui f er .*The Kerr-McGce mill is located on the dip
s l o p e of a southeas t- fac ing cuesta in an area under-
lain by a veneer of si l t and clay alluvium over
Mancos S h a l e . A large network of tai l ings ponds
and water storage reservoirs was bui l t by excavation
and by s e l e c t ive ly sorting the coarse ta i l ing s for
retention dams. S e e p a g e r ' r o m t h e p o n d s p l u s
discharge f r o m mines and ion exchange p l a n t s now
causes perennial f l o w in :he southward f l o w i n g
Airoyo del Puerto .

G r o u n d - w a t e r s a m p l i n g in the Ambros ia Lake
area focused on the K e r r - M c G e e t a i l i n g s d i s p o s a l
ooerat ion and on the e f f e c t s of various ioniexchange p iant and mine water di s charges on
ground water beneath San Mateo Creek and Arroyo
del Puerto. The streams represent line sources of
recharge to the shallow ground-water reservoir. Of
the 22 weils sampled in the area (see F i g u r e 7), all
but 3 were parr of the Kerr-McGee environmental
monitoring network. The results of other ground-
water monitoring programs, if any, associated with
mining in the area ore not reported co regulatory
agencies.

Several parameters clearly indicate the
in f i l t ra t ion of wastewater. Whereas shallow ground
water beneath San Mateo Creek contains about
700 m g / l TDS in the reach above Arroyo del
Puerto, the reach below has about 2000 m g / L
Ammonia increases f o u r - f o l d f r o m 0.05 to 0.22
m g / l , and nitrate p lu s nitrite (as N) increases f rom
less chan 1 m g / l to 24 mg/I. N i t r a t e , derived f rom
very high concentrations of ammonia in the mill
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Fig. 7. Radium ccnctntration* in ground
part of tti« Ambros ia L j k t arts.
e f f l u e n t s , p er s i s t s in s h a l l o w ground water. T h i s
is p a r t i c u l a r l y true for sha l l ow wei l s l o ca t ed east
of rhc p o n d s and a long San M a t e o Creek, b o th
above and below the county l ine . S e l e n i u m and
vanadium conc en tra t i on s in ground water do not
m a r k e d l y increase near rhc t a i l i n g s p o n d s . One
e x c e p t i o n i s we l l KM-^S ( n o . 9 2 0 8 ) wh i ch
c o n t a i n s 0.29 m g / I s e l en ium as wcil as h i g h
radium and T D S . A nearby wcil (no . 9 1 3 2 ) i s
also enriched in s e l enium which f u r t h e r s u b s t a n t i -
ates :h e TDS, c h l o r i d e , ammonia, and n i t r a t e d a t a
r e s u l t s i n d i c a t i n g c o n t a m i n a t i o n o f t h e s h a l l o wa o u i f e r .*

The c onc en t ra t i on of r a d i u m in ground water
in the v i c in i ty of the t a i l i n g s p i l e s at the K c r r - M c G e c
m i l l averages 1.7 p C i / l for the 12 wei l s s a m p l e d . The
highe s t concentrat ion. 6.6 p C i / l . occurs at s t a t i o n
no. 9213 near the base of the s eepage catchment
basin. A l t h o u g h contaminat ion is re ia t ivc iy local ,
water in the basin, per sc, contains 65 p C i / 1 radium.

As in the case of the Anaconda C o m p a n y
ta i l ings p o n d s , there is question whether the Kerr-
M c G e e ta i l ings p o n d s are an adequate means of
waste d i s p o s a l . C o m p a n y data for 1973 and 1974
reveal that seepage f r o m the p o n d s averaged
491,400 n i 3 / y T . I n f l u e n t averaged 1.67 m i l l i o n
m 3 / y r . T h e r e f o r e , 29 percent of the wastes entered
the ground water and the balance evaporated. Thecompany data indicate that the seepage rate wasf a i r l v constant and averaged 1,348 m 3 / d a y for1973 and 1974.

"•^ Churchrock Area
H y d r o g e o i o g i c conditions in the vicinity of

Ae G t a a d w K k mine, basically resemble those in
Amorosu Laxe wtth respect to potential impactsot mining and mill ing on ground water. The
potential for contamination of shallow ground-
S ^ S T f " g K M T *"* o* *•"* of *<I f l l V T f U n t o r a m a M ly' « d b sp e c i f i ca l l vtooted for momtonng are nonexistent and ' fuUreliance is placed on existing stock and water-
s u p p l y wells. A l t h o u g h monitoring data can detectwh«h« contaminated water is^Lg ^ ****
beneficul use, tie program is markedly de f i c i entm ddmeanng the extent of contamination inaqufes no. » use but likely to be

The Puerco River at G a l l u p was ephemeralunolrmrung reached a scale such that waSer
discharge ^was surncient to cause perennial S At
' 6 ^ ^ ^ f r o m * < U « ' « de r r ' : V t c < : ; e e ^^- located as showniOOUt 1 6 ' 0 0 0 m3/d»v and characte-by 8 to 23 p C i / l radium, 700 to 4900 pcSo r H - ° - ° V ° ° - 0 4 m g / ! scienium- - d ^ »08 m g / l vanadium. In terms o f radium, selemum.

and vanadium, die drainage water is u n f i t for
s tock or p o t a b l e uses and not recommended for
i r r iga t i on . I n r u t r a t i o n of rhc mine wastewarer
r e p r e s e n t s a thr ea t to p o t a b l e ground water in the
v i a n i t y or che Puerco Riv c r and p o s s i b i v part of
che G a U u p m un,c:pal s u p p l y . At che present time,
a p p r o x i m a t e l y 0.046 to 0. 13 Caries per vear of
ndium are d i s charged to che aver. The radium is
soroed onto stream bed s e d i m e n t s and ( o r )
mrutrat e s to the s ha l l ow water cable. Because
sha l l ow ground water most commonlv occurs in
va l l ey tul d e p o s . t s recharged by whemerai streams.

a
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there is a potential conf l i c t between mine water
discharge and development of shallow s u p p l i e s for
stock and domestic use. Declining water levels in
some of the deeper wells completed in the Dakota
and Mormon Formations also result f r o m dewater*
ing of the ore bodies.

To ascertain whether noticeable ground-water
quality deterioration has occurred to dace, sampling
in the Churchrock area involved 13 wells located
along the Puerco River and South F o r k Puerco
River. Essentially all of the known available wells
were sampled in the upper reach of the Rio
Puerco. For control purposes, ground water in anadjac en t watershed tributary to the Rio Puerco
was also sampled as was a new high-capacity well
c o m p l e t e l y removed f r o m the mining in f luence s
and serving the GaJIup area. The s ampl ing po int s
included water used for stock, domestic use. and for
p u b l i c drinking water suppl i e s . Alluvial and bedrock
aquifers were sampled in an area of 200 km:

located generally east and northeast of G a i l u p .
AT present, no_ne of the ground-water sample s

contain s u f f i c i e n t radtqnucl ide s co const i tute a
heaich prob l em. The ra_diochemical« trace element.
and gross chemical d a t a do not ind i ca t e "that
contaminat ion of ground water is ocaimrTg"as a
result of the mining opera t i on s underway. Two qt
the weils (nos. 9139 and 9 2 2 1 ) c p j i t a j r j J J ^ . 6 _ a n d _
62 me/1 n i t r a t e , resoectiveiv. However , mine_ _ _ _ _ * _ ^ — — — — — — — — — — — - — — — - ~ A , _ _ _ _ _ _ . — — — i — * , — — — — — — — — — — — — — — - — — — — — — = _ — — — — —drainage_gg_ncains Jess than_4 m g / 1 and is nor believed
to be che source.

By comparison, the e f f e c t s of mining on che
concentration of radium in ground water removed
f r o m the mine? is marked. Discharge f r o m the
Kerr-McG«e mine averages 7.9 p C i / l as compared co
23.5 p C i / l for the Unit ed N u c l e a r mine. The latter is
p r o d u c i n g ore, whereas the former is st i l l in che
deve lopment stage and the ore bodies are not yet
well exposed. In both cases, elevated radium
concentrations arc present. In large part, these are
at tr ibutable to mining operations and practices and
do not represent natural water quality, evident
from samples of ground water collected from
4 weils and 3 long holes, all in the Westwater
Canyon Member ( H i s s and Kei l ey, 1975). Radium
varied f rom 0.05 to 0.62 p C i / l compared to 0,28
to 184.3 pCI/l uranium. An additional sample
collected in November 1973 from the settling pond
discharge as the United Nuclear mine contained
8.1 p C i / l radium and 847 p C i / l natural uranium*
Thus , initial penetration and dewatering of the ore
bodv increased rarliuro at least 13- fo ld (8* 0.62)rfand subsequent mine deve lopment work over a
two-year period resulted in another three-fold

CO

Fig. 9. Ridkim conctntrtt ions in ground w a t a f f - J a c k j > i l « -
Pi^uat* *r*a.
(23.3 •*• 8.1) increase. Compared to natural
concentrat ions , radium increased some 38 times.
If a trend s imilar co chat seen in the Ambros ia Lake
area p r e v a i l s , che u l t i m a t e radium concentrations
shou ld a p p r o a c h 50 co 150 p C i / l . Initial stages of
the trend are t en ta t iv e ly conf irmed bv comoanv.* * t , *s e l f - m o n i t o r i n g data.
Jackpi i e -Paguat e Area

S a m p l i n g in the vicinity of the J a c k p i l e -
Paguate open pit uranium mine included f o u r weils
located as shown in F i g u r e 9, One of these
(no. 923 3) is che Paguace municipal s u p p l y which
is a f l o w i n g well located upgradicnt f rom the mine
and comple t ed in alluvium at a d e p t h of 22*9
meters. The remaining three were former explora-
tion holes that were developed into s u p p l y weils.
Wacer quality for the latter three wells is probably
representative of the J a c k p i l e Sandstone Member of
the Morrison Formation, che principal ore body in
che Laguna mining district* W i t h che exception of
another nearby municipal well for Paguate, there
were no other weils available for sampling in che
area. Dissolved radium in water f rom the J a c k p i l e
Sandstone aquifer ranges from 0.31 to 3.7 p C i / L
The latter value is f r om the new shop well which
is a source of po tab l e and nonpotabLe water
for the fa c i l i ty .S l i g h t l y elevated levels of radium in the P-10
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weil (no. 9 2 3 1 ) and die new shop well (no, 9 2 3 2 )
arc possibly related to mining operations which
tend co increase levels of uranium and radium in
ground water. Widespread disruption of the Jack-
p i l e Sandstone and overburden, combined with
leaching by ground water, undoubt ed ly increase
radium and uranium concentrations. I n f l u e n t
ground-water conditions characterize the area
insofar as the water-table gradient s lopes southward
and the water-level contour pattern indicates
recharge by the Rio Paguate and Rio Moquino.

Although the mine f l o o r is generally above the
water table, there are local areas where water is
encountered. In the S o u t h Paguate p i t , ponded
water derived from dewatering of the pit faces and
drainage f r o m the angled d r i f t mines now in
deve l opment contained 190 p C i / 1 radium and 170
pCI/l uranium in August of 1970. At chat time,
water f r o m the pond was being pumped inco the
Rio Paguace which f l o w s southward into Paguacc
Reservoir and che Rio San J o s e , The absence of
downstream well s p r e c l u d e d assessment of che
e f f e c t s of mine drainage on ground-water quality.
It i s recommended chat a d d i t i o n a l shal low weil
poincs be in s ta l l ed and chat sediment cores f r o m
Paguate Reservoir be caker* for analysis of radio-
nuciide content . T h e s e daca may p r o v i d e a record
of che long-cerm e f f e c t s of mining on sediment
yi e ld and water quaiiry.

S I G N I F I C A N C E C F R A C I C N U C L i D E S
I N G H C U N 3 W A T S 3

Of che 71 ground-water samples c o l l e c t ed ,
only one shewed racium-225 in excess of che
5 p C i / l drinking water standard (U.S. Environmental
Prot e c t i on Agency , 1975a). T h i s location is in a
restricted arec, dcwngradier.t f r o m the Xerr-McGce
t a i l i n g s p c n d s a: Ambro s ia Lake. At f i v e other
locations, the former U . S . Pub l i c H e a l t h Service
guide of 3 pCL'l radium is exceeded but quality is
within the present EPA standard of 5 pCL'l.
Furthermore , che locat ions are monitor weils in
restricted areas or are irrigation or stock watering
weils. Radium concentrations in municipal s u p p l i e s
in die s tudy area ranged f r o m 0.12 to 0.68 p C i / 1 and
are well below the drinking water standard.

W i t h respect to the use of 15 p C i / l gross a lpha
as an indication of radium in excess of 5 p C i / 1
( U . S . Environmental Protection Agency, 1975a) tonly one location would meet this criterion.

• Location no. 9021 had a gross a lpha activity
(including uranium i s o t o p e s ) of 62,500 p C i / l and a
radium-226 content of 53 pCI/l. At 33 locations
(excluding no. 9021) where gross alpha activity

exceeded 15 pCI/U radium-226 contents rangedf rom 0.05 to 4.9 p C i / L The two highest radium*226 results (locations no. 9213 and 9121) of 6.6
and 6.3 p C i / l have corresponding gross a lpha
determinations of 8 and 12 pQ/L Furthermore,gross a lpha activity determinations have large error
terms which make data interpretation rather
d i f f i c u l t . For this study, the gross a lpha determina-tion docs not appear to have any correlation to
radium-226 content. The reason for the poor
correlation beween the sum of i sotopic uranium
concentration and total uranium (natural uranium)
is unknown. For ground-water samples, suspendedsolids are absent or very low, thereby eliminating
the importance of sample f i l trat ion.

- S i n c e uranium, thorium and polonium-210
contents f l u c t u a t e about background levels, routine
radiological monitoring of p o t a b l e water supp l i e s
might best be l imited to analysis for radium-226.
The use of gross alpha determinations for routine
surveillance of a water s u p p l y may not necessarily
provide re l iab l e data on which to base accurate
radio log i ca l assessments of che s u p p l y .

A n a l y s i s of the f l o w and water quality data to
ascertain rad ionuc i id e release to ground water is
shown in T a b l e 3. A p p r o x i m a t e l y 2.000 to 3.000
Curies of r a d i o a c t i v i t y have been introduced to the
subsurface by waste disposal operations at two of
the three mi l l s now o p e r a t i n g in the Grants Mineral
Belt . Not inc luded in the data is the much greater
ac t iv i ty in che s o l i d s f r a c t i o n . Estimation of chis is a
s eparate p r o b l e m which is current ly being addressed
in another study by the O f f i c e of Radiation
Programs. A l t h o u g h e s s en t i a l ly ail of che activity
released co the sub sur face co dace aoocars co be« *c on f in ed to p r e s e n t l y restricted areas, there is an
i m p l i c i t and grave a s sumpt ion that the same will be

T a b l e X Diuoivtd Radioac t i v i ty in Eff luantj from th«K«ri M c G t t ami Anaconda C o m p a n y Uranium Mill s
C o K f tru ta»
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true for many hundreds of years to come.
Estimation of the seepage rates in T a b l e 3

involves several basic assumptions. For the Anacondamill, it was assumed that seepage has the same
quality as the injected waste. The averageconcentration data shown are s imply reasonable
estimates based on the 1975 measurements and
various company dating from I960. In the case of
Kerr-McGee, seepage for 1973 and 1974 is assumed
to be representative of past conditions as are the
1975 water quality data. Obviously seepage rates
have not been constant and seepage quality at the
toe of the main retention 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 radionudide release.
Because of sorprion, not ail of the activity is
necessarily dispersed in the ground-wacer reservoir.

It is apparent that the largest amount of
activity consists of thorium-230. The h a l f - l i v e s for
che rhree elements shown provide some idea of the
temporal s ignif icance of the hazard presented by
uranium mining and mil l ing wastes. As for waste
t o x i c i ty , a recent report (Midwe s t Research
I n s t i t u t e , 1975) of waste generation, treatment.
and d i s p o s a l in the metals mining indus try s tated
that ' * w a s t e s produced and l a n d - d i s p o s a l by the
uranium mining industry . . , have :he h i g h e s t t o x i c
hazardous rating of the . . . industries studied.'*

Because of the ex tremely lone period over
which such wastes are toxic , it is f u n d a m e n t a l that
d e t a i l e d ground-water m o n i t o r i n g da ta be able to
determine and predict the extent of contamination.
The stark contrast between a t y p i c a l 20-year mill
l i f e and an 80.000-year ha l f l i f e for che dominant
radionuc i ide (thor ium-230) necessitates a much
greater forward look than is now evident in waste
d i s p o s a l practices and preservation of ground-water
quality. As of 1972, some 99 x 10* metric tons of
ta i l ings containing 60,000 Curies o f rar i ium-226
were stockpiled in the western S t a t e s f rom Texas
to Washington.

For the period 1960-1973, waste disposal
practices of the Kerr-McGee and Anaconda
Company mills introduced an estimated 200.000
kilograms of dissolved uranium to the subsurface
via seepage and direct injection. A l t h o u g h it may
be uneconomical to e f f e c t recovery at the historic
prices of 510 to 520/kg of yeilowcskc (U } 0 ,),
recent contracts for delivery over the next 5 years
involve prices of S 8 8 / k g (Anonymous, 1976), For
reasons of mineral conservation, if not economic
advantage, recovery of uranium from wastes
associated with present and future milling

operations should perhaps be rnnre doselyexamined.
R E C O M M E N D A T I O N SSeveral areas necessitating additional

research are apparent from this study. These include:(a) delineating the e f f e c t s on water resources of
solution, shaft and open pit mining practices anddewatering of ore bodies* (b) thorough revaluation
of the injection method of waste disposal, (c) deter-mining the adequacy of tailings ponds as a means
of waste disposal (d) assessment of the validity of
gross alpha as an indication of the presence of otheralpha emitters, (e) further research on the adequacy
of geologic media for the sorption and retention ofradionuclides, and (f) recovery of uranium frommill e f f l u e n t s .
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Development of the upper spring has included theconstruction of a rectangular stone-masonry reser-voir, headgates, and a ditch-distribution system. Thelower spring has been developed by the constructionof an earthen dike, rock retaining wall, and headgate.Recently, both sprinp have been made part of apipel ine-dis tr ibut ion system that ult imately dis-charges to the Rio Pescado upstream from a concreteirrigation-diversion structure.
A series of periodic discharge measurementshave been made at the Pescado S p r i n g s since 1978 inorder 10 determine the volume and the variability ofSow (fig. 20). Measurements shown in f igure 20 rep-resent the f l o w from both springs. Measured dis-charges ranged from 0.37 cubic f o o t per second onDecember 4f 1979 t to 1-60 cubic fee t per second onFebruary 25, 1980. The average discharge for thisperiod was a p p r o x i m a t e l y LI cubic f e e t per second

or 500 ga l l on s per minute, for a total annual f l o w ofa p p r o x i m a t e l y 800 acre-feet. I r r i g a t i o n return f l o wand o v e r f l o w f r o m the diversion on the Rio Pescado
i n f i l t r a t e to the channel al luvium or are lost to evapo-
ration. Some v a r i a b i l i t y in di scharge throughout the
year is due to changes in water l eve l s w i th in the
s pr ing reservoirs. F l u c t u a t i o n s may be a t t r i b u t e d , inpart, to runot f across the recharge areas. Changes instorage in nearby Pescado Reservoir also may havesome e f f e c t on s p r i n g di scharge.

A l l u v i a l s e epage of p e r h a p s 200 to 300 g a l l o n s
per minu t e has been p a r t l y d e v e l o p e d for c ommuni ty
use at Black Rock. T h i s seepage emerges f rom bunedchannel d e p o s i t s exposed where an arroyo has been
incised around the north side of the Pescado basaltf l o w . A co l l e c t i on gal l ery known l o c a l l y as the " springhouse" ( 1 0 . 1 9 . 1 3 . 2 2 4 ) has been constructed in the
arroyo channel. W a t e r f rom the spring house is
p u m p e d to Black Rock, where it is mixed with moremineralized water f rom the two wel l s c o m p l e t e d inthe Giorieta-San Andres aquifer (PHS well and BlackRock well 3). ,

The concentrations of dissolved solids in waterfrom alluvial aquifers ranged from 207 to 2,940 mil-ligrams per l i t er ( t a b l e 3). M a j o r cations were calci-um, ranging in concentration from 34 to 500 milli-grams per liter, magnesium, from 2.4 to 560
milligrams per liter; and sodium, from 22 to 1,000
milligrams per liter. M a j o r anions were bicarbonatev

ranging in concentration from 79 to 540 milligramsper liter; chloride, from 18 to 1,100 milligrams perliter; aztd sul fate , from 3.4 to 2,200 milligrams perliter. Nitrate concentrations ranged from 0.31 to 86milligrams per liter.
No distinctive chemical composition of water isindicated by water-quality analyses from wells com-pleted in alluvium within the study area; however,local water-quality similarities exist as a result of geo-hydrologic conditions. The similarities are shown ontrilinear p l o t s of chemical analyses (fig. 21). Alluvialwells in upland tributary canyons produce water withlarge concentrations of calcium, sodium, and sulfate.In the buried channel depos i t s of the Rio Pescado,water has a small dissoived-solids concentration. Ma-

jor ions are calcium and bicarbonate. In alluvial wellsnear Zuni V i l l a g e , water has large concentrations ofsodium and chloride. The predominant ions in thewater along the downstream reaches of the Zuni Riv-er t y p i c a l l y are calcium, sodium, and s u l f a t e .
W a t e r - q u a l i t y variations in d i f f e r e n t alluvialwel l s and s p n n g s are the result of several fac tor s ,i n c l u d i n g the l i t h o l o g y of a l luvium, the source ofrecharge to the a l luv ium, and the po t en t ia l for sur-face contaminat ion. C l a y minerals wi thin the a l l u v i -um enhance the ion-exchange process* increasing dis-solved sodium in the water and decreasing some of

the d i v a l e n t cat ions (ca l c ium, magnesium, and iron).S a l t s that accumulate in the soil f r om evaporationand t r a n s p i r a t i o n are f l u s h e d into the alluvial a q u i f e rby per iod i c f l o o d i n g , increasing the dissolvcd-chlo-ride and d i s s o iv ed- s o l id s concentrations. Inflow tothe alluvium f rom ad jac en t aqui f er s local ly increasesthe d i s so lved con s t i tu en t s f o u n d in those waters. Fi-nally, the q u a l i t y of water in shallow alluvial wel l s inthe Zuni River valley i$ more easily a f f e c t e d by sur-face processes such as f l o o d i n g , waste-disposal con-tamination, and seasonal f l u c t u a t i o n s in precipi ta-tion.
The su s c ep t i b i l i ty of alluvial water to surfacecontamination and the limited extent of alluvial aq-uifers in the Zuni study area preclude extensive useof this water resource. If it becomes necessary to fur-ther evaluate the availabi l i ty and quality of water inthe alluvium, test wells could be drilled in the ZuniRiver valley southwest of Zuni Vi l lage and in theburied channel depos i t s along the Rio Pescado.

34 W a t e r Resource* or the Z u n i T r i b a l U n d i
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Major cation*
T t f i r n f i iEi * >1 diit^^r«

Name of wett orspring

7iini F— 2 -»-»»--» '|^tfV*«» ft .V

OU/P_?7 ........

Irrigation 1 — —Do.- — — — — — — iBosson Ranch —
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B U / P 1^ __ ....
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H a n d p u m p — —

Z ~D-., .̂- —— .,..-,..
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16T-545 .—.—
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6034
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1.26.1
4.9
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2.4

50
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3.2
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27
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