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Well-numbering system in Arizona.
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The well numbers used by the Geological Survey in Arizona are
in accordance with the Bureau of Land Management's system of land
subdivision. The land survey in Arizona is based on the Gila and Salt
River meridian and base line, which divide the State into four quadrants.
These quadrants are designated counterclockwise by the capital letters A,
B, C, and D. All land north and east of the point of origin is in A
quadrant, that north and west in B quadrant, that south and west in C
quadrant, and that south and east in D quadrant. The first digit of a
well number indicates the township, the second the range, and the third
the section in which the well is situated. The lowercase letters a, b, c,
and d after the section number indicate the well location within the
section. The first letter denotes a particular 160-acre tract, the second
the 40-acre tract, and the third the 10-acre tract. These letters also are
assigned in a counterclockwise direction, beginning in the northeast
quarter. |If the location is known within the 10-acre tract, three lower-
case letters are shown in the well number. In the example shown, well
number (A-4-5)19caa designates the well as being in the NEYNE%SWY%
sec. 19, T. 4 N., R. 5 E. Where more than one well is within a 10-acre
tract, consecutive numbers beginning with 1 are added as suffixes.



PRELIMINARY ASSESSMENT OF WATER QUALITY IN THE ALLUVIAL AQUIFER

OF THE PUERCO RIVER BASIN, NORTHEASTERN ARIZONA

By
Robert H. Webb, Glen R. Rink, and Dean B. Radtke

ABSTRACT

The quality of ground water in the alluvial aquifer of the
Puerco River basin, northeastern Arizona, was evaluated in order to assess
potential contamination from uranium mining and milling operations in New
Mexico. A total of 14 wells and 1 spring were sampled to determine if a
contaminant plume of radionuclides or trace elements is present. The water
is characterized by high dissolved solids with a median of 698 milligrams
per liter and high concentrations of alkalinity, sodium, and sulfate.
Except for iron, manganese, and strontium, the concentrations of trace
elements generally are below the applicable U.S. Environmental Protection
Agency and State of Arizona maximum contaminant levels. Gross alpha
activity has a median of 27 picocuries per liter and ranges from 4 to 42
picocuries per liter. Uranium, which accounts for most of the gross alpha
activity, has a median concentration of 19 micrograms per liter and ranges
from 1 to 38 micrograms per liter. Twenty to 84 percent of the gross alpha
activity was derived from other undetermined radionuclides. Other
radionuclides, including radium-226 and radium-228, generally are not
present in activities greater than 5 picocuries per liter in the water.

Statistical analysis of the water-quality data suggest that no
contaminant plume can be defined on the basis of samples from existing
wells. The contamination in the alluvial aquifer apparently does not
change in the downstream direction along the Puerco River. The
geochemistry of radionuclides indicates that most radionuclides from the
uranium-decay series are immobile or only slightly mobile, whereas uranium
will not precipitate out of solution but may be removed by sorption in the
alluvial aquifer.
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EXECUTIVE SUMMARY



EXECUTIVE SUMMARY

Ground water in the alluvial aquifer of the Puerco River basin
may not be safe for human consumption because of historic radionuclide and
trace-element releases associated with uranium mining. Previous studies
have indicated that effluent from mining activities and natural runoff
contained amounts of radionuclides and trace elements above the maximum
contaminant levels allowable for drinking water. 1In addition, failure of a
tailings-pond dam at a uranium mill near Gallup, New Mexico in July 1979
released large amounts of radionuclides and trace elements into the Puerco
River.

The purpose of this study was to determine if the alluvial
aquifer of the Puerco River basin is contaminated by radionuclides, trace
elements, or other constituents that either occur naturally or are as-
sociated with uranium mining and milling operations in New Mexico. The
scope of the study was limited to a reconnaissance-level sampling of 14
wells and 1 spring and an evaluation of existing data and reports. The
first report completed in the study (Webb and others, 1987) provided
preliminary estimates of the areal extent and severity of the
contamination.

The purpose of this report is to provide a preliminary assess-
ment of the water quality of the alluvial aquifer of the Puerco River
basin. This assessment includes a characterization of general
water-quality conditions in the alluvial aquifer, a determination of
whether or not areal and (or) temporal changes in water quality have
occurred, and a preliminary analysis of aquifer geochemistry to define what
processes control the movement of radionuclides and trace elements.

Major findings given in this report are:

© On the basis of a one-time sampling of 14 wells and 1 spring,
the water quality of the alluvial aquifer is characterized as
having high concentrations of dissolved solids and generally
high concentrations of sulfate, iron, and manganese.
Concentrations of these constituents measured in the Puerco
River basin are exceeded in many public water supplies in the
United States (Durfor and Becker, 1964).

© Activities of radionuclides are variable but generally low
(gross alpha minus uranium and radon generally less than 15
Picocuries per liter and radium-226 and radium-228 generally
less than 5 picocuries per liter). Radionuclides in the water
generally are below the maximum contaminant levels of the U.S.
Environmental Protection Agency and the State of Arizona.
Concentrations of trace-elements are low (generally less than
U.S. Environmental Protection Agency and Arizona maximum
contaminant levels).
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Radionuclide activities, trace-element concentrations, and
common ions do not appear to be related directly to distance
from or along the river.

Radionuclide activities have fluctuated with time but may have
increased in some wells sampled as a result of the failure of
a tailings-pond dam northeast of Gallup, New Mexico, in July
1979. Concentrations of other constituents appear to have
changed little with time, except near the Arizona-New Mexico
border where concentrations of sulfate increased dramatically
in a well 50 ft from the river as a result of the failure of
the tailings-pond dam.

Processes that may control the movement of radionuclides and
other constituents in the alluvial aquifer of the Puerco River
include solution and precipitation reactions, sorption includ-
ing ion-exchange reactions, volatilizations, and biological
uptake or release. Results of a solution-equilibrium analysis
of the chemical environment of the alluvial aquifer suggest
that most radionuclides from the uranium-decay series are
immobile or only slightly mobile due to precipitation and
sorption. Uranium, however, is mobile because it should not
precipitate out of solution and may be only slightly sorbed to
clay particles.

Additional sampling of new and existing wells drilled into the
alluvial and bedrock aquifers and analysis of information
derived from this sampling are needed to better define the
areal extent and severity of contamination and the processes
that control the movement of radionuclides and other
constituents in ground water in the Puerco River basin.

Although there are radionuclides present in the ground water,
knowledge gained in additional sampling and study of processes
that control the movement of radionuclides may permit the
design of safe public water supplies from this aquifer.
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INTRODUCTION

The Puerco River, which has a drainage area of about 3,000 mi?,
is in the southeastern part of the Colorado Plateau (fig. 1). The river
originates in the Chuska and Zuni Mountains in northeastern Arizona and
northwestern New Mexico and flows west-southwest to the confluence with the
Little Colorado River east of Holbrook, Arizona. Peak streamflow occurs in
response to spring runoff and summer thunderstorms that produce flash
floods. Before 1950, the Puerco River was an ephemeral alluvial stream
(Kaufmann and others, 1976). In the period between the 1950's and the
mid-1980's, streamflow in the upper part of the basin (fig. 1) changed from
ephemeral to perennial to at least the Arizona-New Mexico border and
possibly as much as a few miles downstream from Chambers, Arizona (Shuey,
1986). The source of the perennial streamflow was effluent from dewatering
activities associated with uranium mines northeast of Gallup, New Mexico.
Effluent that was discharged from a sewage-treatment plant in Gallup was
also a contributing factor.

Extensive historic samples collected between 1975 and 1985
indicated that effluent from the mining activities and natural runoff
contained high amounts of radionuclides--lead-210, radium-226, radium-228,
and uranium--as well as many trace elements--specifically lead, molybdenum,
and selenium--and sulfate. In July 1979, a tailings-pond dam failed at a
uranium mill northeast of Gallup (fig. 1). Large amounts of thorium-230,
thorium-232, radium-226, radium-228, uranium, and sulfate were released
into the Puerco River (Weimer and others, 1981).

Because of the radionuclide and trace-element contamination in
the basin, there is concern that ground water in the alluvium of the Puerco
River may not be safe for human consumption. In 1985, the Navajo and Hopi
Indian Relocation Commission (NHIRC) funded a study of ground-water quality
in the Puerco River basin prior to relocation of Navajo Indians into an
area south of Sanders and Chambers, Arizona. Conflicting results from
studies funded by NHIRC (Western Technologies, Inc., 1985) and Arizona
Department of Health Services (ADHS, 1986a and b) and a study by Shuey
(1986) suggest that the extent of contamination in the Puerco River basin
of Arizona is not well defined. At a meeting of representatives of NHIRC;
Indian Health Service, Bureau of Indian Affairs; U.S. Environmental
Protection Agency (EPA); and U.S. Geological Survey in July 1986, NHIRC and
EPA requested that the U.S. Geological Survey assess ground-water quality
in the Puerco River basin to determine if this resource was contaminated.
This study was completed in cooperation with the Navajo and Hopi Indian
Relocation Commission.

Purpose and Scope

The purpose of this study was to determine if the alluvial
aquifer of the Puerco River basin is contaminated by radionuclides, trace
elements, or other constituents that either occur naturally or are related
to uranium mining and milling operations in New Mexico. The area of study
is along the Puerco River in Arizona between Lupton and Petrified Forest
National Park (fig. 1).
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Sulfate, radionuclides and trace elements that either occur
naturally or are related to uranium mining and milling operations in New
Mexico (fig. 1) may have contaminated the alluvial aquifer. The scope of
the study was limited to a reconnaissance-level sampling program and an
evaluation of existing data. The data collected in this study were com-
pared to historic data and maximum contaminant levels! of the State of
Arizona and the EPA in a previous report (Webb and others, 1987).

The purpose of this report is to provide a preliminary assess-
ment of the water quality of the alluvial aquifer of part of the Puerco
River basin. This assessment includes a characterization of quality of
ground water in the alluvial aquifer, a determination of whether or not
areal and (or) temporal changes in water quality have occurred, and a
preliminary analysis of aquifer geochemistry to define what processes
control the movement of radionuclides.
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BACKGROUND

Maximum Contaminant Levels in Water

Radionuclides of natural origin and those released by mining
activities are derived from the natural radioactive decay of uranium.
Natural radionuclides undergo spontaneous transformations in

1As used in this report, maximum contaminant level (MCL) refers
to the EPA primary and secondary MCLs and the State of Arizona MCLs for

drinking water, the State of Arizona maximum allowable limits for surface
water, and the State of Arizona maximum permissible limits for
radionuclides.
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Figure 2.--Dominant radioactive-decay series of uranium-238
(from Landa, 1980, fig. 2).

their nuclei that cause the emission of alpha and beta particles and to a
lesser extent, gamma rays (Faure, 1977). The amount of radioactivity
produced can be measured either as total or gross alpha and beta activity
or as total decay for each element. Three decay series occur in nature
(Aswathanarayana, 1986); the dominant decay series for uranium-238 is shown
in figure 2.

Radionuclides in the uranium-238 decay series are harmful to
human health in large quantities because of both radiation-induced car-
cinogenicity, or radiotoxicity, and chemical toxicity that is similar to
the effects of heavy metals (Lappenbusch and Cothern, 1985). The half life
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of a radionuclide is the time required for the mass to decrease by one
half. The half lives of radionuclides released by mining activities range
from seconds to billions of years (fig. 2). The amount of radionuclides in
water is usually presented as an activity in units of picocuries per liter
(pCi/L). The relation between the concentration of the radionuclide, in
micrograms per liter and picocuries per liter for any radionuclide is
calculated from

0-19.05

c=1 *WeT*D, (1)

where

Concentration, in micrograms per liter;
Atomic weight;

Half life, in seconds; and

Activity, in picocuries per liter.

ol EO

Equation (1) indicates that radionuclides with short half lives produce
greater amounts of activity than radionuclides with long half lives for the
same concentration.

The MCLs applicable to the Puerco River basin in Arizona are in
table 1. The amount of radium-226 in water supplies forms a basis for
monitoring natural radionuclides in drinking-water supplies in the United
States (fig. 3). On the basis of radiotoxicity, the EPA primary MCL is 5.0
pCi/L for total radium-226 plus radium-228. The MCL for gross alpha
activity minus uranium and radon is 15 pCi/L, and the MCL for total gross
beta activity is 50 pCi/L (table 1). The MCLs have not been established
for uranium in drinking water. On the basis of chemical toxicity, 0.035
milligrams per liter (mg/L) of uranium is a recommended limit (Lappenbusch
and Cothern, 1985). State of Arizona regulations also require that if the
identity or concentrations of any radionuclide in a mixture of
radionuclides in water is unknown, the limiting value for the regulation is
30 pCi/L (table 1).

History of Radionuclide Releases in the Puerco River Basin

Uranium mining began in the 1950's in the Puerco River basin
northeast of Gallup, New Mexico (fig. 1). Discharge of effluent waters
from the mines created perennial flow in the Puerco River as far downstream
as Chambers, Arizona, until mining ceased in the 1960's. Mining resumed in
1969, and effluent waters from the mines created perennial flow in the
river as far as Chambers until mining stopped again in February 1986
(Shuey, 1986). Effluent waters from the mines were a potential source of
radionuclides in the Puerco River basin, although the amount of
radionuclides in effluent water from mining activities in the 1950's and
early 1960’'s is unknown.

Permits under the National Pollutant Discharge Elimination
System (NPDES) were required when the mines reopened in 1969 in an attempt
to control the level of radioactive material in effluent water. Under the
conditions of the permits, effluent water could contain as much as 3 pCi/L
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Table 1.--Maximum contaminant levels for selected constituents in water,
Puerco River basin, Arizona

{Maximum contaminant levels, in milligrams per liter, total recoverable concentration unless noted.

Dashes, no

established maximum contaminant levels; D, dissolved concentration or activity; I, insoluble activity]

State of Arizona

Uu.s.
Constituent Environmental Drinking water? Surface water 34 All water*
Protection
Agency! Agri-
Community Noncommunity Domestic Aquatic cultural
water water water and and
system system source wildlife livestock
Arsenic...... .. 0.05 0.05 0.10 0.05D 0.05D 0.20
Barium......... 1 1. 2. 1.00D -------=  —-c-ee-
Boron..... ceir.e | mmmem== emee—ee -
Cadmium........ 0.010 0.01 0.02 0.01 0.01D 0.05 -------
Chloride....... S250 5 (3 YU
Chromium,
total........ 0.05 0.05 0.5 0.05D 0.05D 1.00  -------
Copper......... 51 5 ) 1.00D 0.05D O R —
Dissolved
solids....... 5500 (6) 6y 6y 6y &y  emeoee
Fluoride....... 4.0 1.4-2.4 6.0 2 ~=m==e=  e;emc—ce=  mmme—mee memmeee
Gross alpha
(picocuries
per liter).... 815 85 845 - e mmmmme=mmeeee
Gross alpha
plus gross
beta (pico-
curies per
liter)....... .,  =======  ee;eeee= emmeee- 30 30 30 30
Gross beta i
(picocuries
per liter).... 50 200000 eeemmee= eemeeme mmmmmee mmmmmmee emmmeem mmmmee
Iron........... 50.3 6) (6)  mmmmmem mmmemeeemmmemeeeeeeeee
Lead........... 0.05 0.05 0.1 0.05D 0.05D 0.10 ==-----
Lead-210
(picocuries
per liter)....  ------- = ssse-e- m-eeeeo 100D 100D 100D 100D
200,0001 200,0001 200,0001 200,0001
Manganese. ... .. 50.05 5 .3 U T
Mercury........ 0.002 0.002 0.004 0.0020 0.0002 0.0100  -------
pE (units)..... 56.5-8.5 ) 6y - 6.5-9.0 6.5-9.0  -—--=—-
Polonium-210
(picocuries
per liter).... = ~-------  =====-- m----eo 700D 700D 700D 700D
30,0001 30,0001 30,0001 30,0001

See footnotes at end of table.
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Table 1.--Maximum contaminant levels for selected constituents in water,
Puerco River basin, Arizona--Continued

State of Arizona

u.s.
Constituent Environmental Dxlnmmter2 Surface water 3 4 All water?
Protection
Agency1 Agri-
Community Noncommunity Domestic Aquatic cultural
water water water and and
system system source wildlife livestock
Radium-226
(picocuries
per liter).... an a0 (20 30D 30D 300 30D
30,0001 30,0001 30,0001 30,000I
Radium-228
(picocuries
per liter).... EEbb b e - mee—eee 30D 30D 30D 30D
30,000I 30,000I 30,000I 30,000I
Radium-226
plus radium-
228 (pico-
curies per
liter)........ 5 5 5 5 5 5 mmmmee-
Selenium....... 0.01 0.01 0.02 0.010D 0.050
Silver......... 0.05 0.05 0.10 0.050D 0.050D
Sulfate........ S2s0 6) 1 I
Thorium-230
(picocuries
per liter).... Sesse== ssesee= memeeee 2,000D 2,000D 2,000D 2,000D
30,0001 30,0001 30,000I 30,000D
Uranium, total. 119 035 129,035 124 035 45 45 45 45
Zinc........... Ss %) (& 5.000D 0.500D 25.00  ===----

1y.s. Environmental Protection Agency, 1986a, Maximum contaminant levels (subpart B of part 141, National Interim
Primary Drinking Water Regulations: U.S. Code of Federal Regulations, Title 40, Parts 100 to 149, revised as of July
1, 1986, p. 524-528. Unless noted, all values in this column are primary drinking water maximum contaminant levels and
apply to water in public water systems..

2Mcclennan, J.J., 1984, Official compilation of administrative rules and regulations: Phoenix, Arizona, State of
Arizona report, Supplement 84-3, p. 68-84. Unless noted, all values in these columns are primary drinking water
maximum contaminant levels and apply to water in public water systems.

3McC1ennan, J.J., 1986, Official compilation of administrative rules and regulations: Phoenix, Arizona, State of
Arizona report, Advance Supplement 86-4, p. 1-49. Unless noted, all values in this column are maximum allowable limits
and apply to surface water in the Puerco River basin.
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Table 1.--Maximum contaminant levels for selected constituents in water,
Puerco River basin, Arizona--Continued

4State of Arizona Atomic Energy Commission, 1977, Rules and regulations, title 12: Phoenix, Arizona, State of
Arizona report, Supplement 77-3, p. 1-113. These standards (maximum permissible levels) apply to all waters released
from external sources in unrestricted areas.

5ll.S. Environmental Protection Agency, 1986b, Secondary maximum contaminant levels (Section 143.3 of part 143,
National Secondary Drinking Water Regulations): U.S. Code of Federal Regulations, Title 40, Parts 100 to 149, revised
as of July 1, 1986, p. 587-590. These regulations are not Federally enforceable but are intended as guidelines for the
States and apply to water in public water systems.

810 be monitored. No maximum contaminant level.

7Fl.uo:ide maximum contaminant levels are a function of mean annual maximum daily air temperature.

aIncludos radium=-226 but excludes radon and uranium. See figure 3 for the flow-chart regulations on
interpretation of gross alpha results.

9If either the identity or the concentration of any radionuclide in the mixture is not known, see footnote 4.

101¢ radium-226 exceeds 3 picocuries per liter, radium-228 must be measured. See fig. 3.

11lRecommended levels (Lappenbusch, W.L., and Cothern, C.R., 1985, Regulatory development of the interim and revised
regulations for radioactivity in drinking water--past and present issues and problems: Health Physics, v. 48,

p. 535-551),

12Glyn G. Caldwell, M.D., Arizona Department of Health Services, written commun., 1985. These values apply to

chemical toxicity.

MEASURE
GROSS ALPHA

NO
IS ALPHA [¢ IS ALPHA
» 5pCi/l ‘_—_NO > 15pCi/l
iYES ‘YES
MEASURE MEASURE
. RADON &
Ra-226 URANIUM
IS Ro-226 |NO IS ALPHA
NO| RADON &
*ves URANIUM
ALPHA
MEASURE 215 pCi/!I
Ra-228 YES
IS Ra-226 |NO
PLUS Ra-228——¥
> 5 pCi/l
YES +
COMPLIANCE
| NON-COMPLIANCE j¢——

Figure 3.--Flow chart of gross alpha activity used in monitoring public
drinking-water supplies (from Lappenbusch and Cothern, 1985).
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of dissolved radium-226, as much as 10 pCi/L of total radium-226, and as
much as 2.0 mg/L of total uranium (Chris Shuey, Southwest Research and
Information Center, Albuquerque, New Mexico, written commun., 1987). Shuey
(1986) reported 63 violations of the NPDES permits between 1980 and 1983.

Additional discharges of radionuclides into the Puerco River
occurred after a tailings-pond dam failed at the United Nuclear
Corporation’s Church Rock Mill on July 16, 1979 (Millard and others, 1984;
Shuey, 1982; Weimer and others, 1981). An estimated 94 million gallons
(Mgal) of liquid were released into the Puerco River (Weimer and others,
1981). The liquid contained an estimated 18,000 tons of suspended sediment
in addition to 1,100 tons of tailings eroded from the bottom of the tail-
ings pond (Donald Hendricks, U.S. Environmental Protection Agency, written
commun., 1982). The total amount that entered the Puerco River is probably
less than these amounts because of retention of sediments behind an emer-
gency catchment dam and postspill cleanup efforts (Weimer and others,
1981). A liquid sample taken from the tailings pond before the spill had
activities of 210 pCi/L of radium-226 and 10,225 pCi/L of thorium-230. The
PH of the liquid was 1.9, and the concentration of uranium was about 4 mg/L
(Weimer and others, 1981).

The mines continued to discharge effluents allowed under the
NPDES permits after the spill of 1979. Activities of gross alpha and
radium-226 were as high as 400 and 2.5 pCi/L, respectively, in two samples
measured in October 1981 (B.M. Gallaher, New Mexico Environmental
Improvement Division, written commun., 1982). Activities of lead-210 and
polonium-210 ranged from 4.5 to 10 pCi/L, and 3.4 to 10 pCi/L, respec-
tively, and activity of thorium-230 ranged from 0.1 to 3.9 pCi/L (B.M.
Gallaher, written commun., 1982). Treated mine water discharged into the
Puerco River had gross beta activities that ranged between 320 and 660
PCi/L in 1982 (Chris Shuey, written commun., 1987). Effluent from one mine
had maximum total uranium concentrations that ranged from 1.5 to 2.7 mg/L
and a concentration of 1.6 mg/L over 9 months of 1982 (June Buzzell, U.S.
Environmental Protection Agency, written commun., 1983).

Water-Quality Investigations Related to Radionuclide Releases

Surface water in the Puerco River had high concentrations of
radionuclides and trace elements in the mid-1970's. In two samples taken
at the Arizona-New Mexico border in 1975 and 1976, gross alpha activities
were 330 and 100 pCi/L, and gross beta activities were 1,640 and 81 pCi/L
(W.J. Shelley, Kerr-McGee Nuclear Corporation, written commun., 1979).
Between 1975 and May 1979, radium-226 activities ranged from 0.1 to 22
pCi/L, and total uranium concentrations ranged from 0.2 to 0.9 mg/L.
Selenium concentrations ranged from <0.001 to 0.035 mg/L and exceeded 0.01
mg/L in 5 of 10 samples collected between 1975 and May 1979 (W.J. Shelley,
written commun., 1979). Near the uranium mines in New Mexico, selenium
concentration in the Puerco River was 0.04 mg/L (U.S. Environmental
Protection Agency, 1975); however, the concentration was 0.0l mg/L at
Gallup.

The effect of discharges allowed under the NPDES permits and
discharges in violation of permits on the quality of ground water in the
Puerco River basin in Arizona is not known. Kaufmann and others (1976)
studied ground-water contamination near uranium mines and milling
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operations in the Puerco River basin upstream from Gallup, New Mexico
(fig. 1). 1In 71 ground-water samples that they collected near uranium
mines throughout northwestern New Mexico, only 6 wells had activities of
radium-226 above 3.0 pCi/L. Gross alpha activities exceeded 15 pCi/L in 33
of 71 wells (Kaufmann and others, 1976). Although radionuclide and
trace-element activities in some of the samples were above the MCLs
presented in table 1, Kaufmann and others (1976) concluded that none of the
13 wells sampled in the Puerco River basin were contaminated by
radionuclides.

Water and sediments were sampled extensively throughout the
Puerco River basin after the spill of 1979. Activities of thorium-230 in
sediments commonly exceeded 30 picocuries per gram (pCi/g) as far as 40 mi
downstream from the mine (Weimer and others, 1981). After the spill of
1979, thorium-230 activity in sediments decreased with time to an average
of 9 pCi/g in the same reach (Millard and others, 1984). Sediments col-
lected from the Puerco River in Arizona at Chambers and Petrified Forest
National Park (fig. 1) in 1979 had activities of thorium-230 between 1 and
8 pCi/g (E.K. Swanson, Arizona Department of Health Services, written
commun., 1986).

On July 16, 1979, radionuclide activities in unfiltered samples
from the Puerco River were 6,910 pCi/L of uranium, 12,000 pCi/L of thorium-
230, 1.0 pCi/L of radium-226, 260 pCi/L of lead-210, and 38 pCi/L of
polonium-210 at sites in New Mexico (Millard and others, 1984). The
maximum gross alpha activity was 130,000 pCi/L on the day of the spill near
the Church Rock Mill and 26,000 to 40,000 pCi/L at Gallup, New Mexico
(Shuey, 1982).

After the spill of 1979, shallow wells in the alluvial aquifer
of the Puerco River were monitored in New Mexico and Arizona. The wells in
New Mexico that were adjacent to the Puerco River revealed some contamina-
tion by radionuclides (Gallaher and Cary, 1986). Gross alpha activity
increased from a pre-spill average of 12 pCi/L to a postspill high of 304
pCi/L with concomitant increases in the concentrations of total uranium
(Shuey, 1982). Increases and fluctuations in gross alpha, uranium, and
sulfate are shown in data from the wells in Arizona (Shuey, 1982).

Radionuclides and trace elements have been monitored sporadi-
cally in the Puerco River at Chambers since 1979 (Webb and others, 1987).
Total gross alpha activities have fluctuated between 12 and 11,200 pCi/L
between 1979 and 1985 in the Puerco River at Chambers. The Arizona
Department of Health Services (ADHS, 1986a) measured 34 violations of
Arizona MCLs in 11 samples of surface water at five sites on the Puerco
River in Arizona in February, April, and June 1985. The violations in-
cluded elevated activities of gross alpha, gross beta, and radium-226 and
elevated concentrations of total arsenic, copper, lead, and selenium.
During a flood on July 16, 1986, Chris Shuey (written commun., 1987)
measured gross alpha activities of 1,700 to 2,200 pCi/L and gross beta
activities of 1,800 to 2,100 pCi/L in the Puerco River near Lupton.

Trace-element concentrations also exceeded Arizona MCLs for
surface water in 11 samples collected in 1985 and 1986 (ADHS, 1986a).
Concentrations of total arsenic, copper, manganese, lead, and dissolved
selenium at five sites in Arizona were above the Arizona MCLs (table 1) in
samples taken in February, April, and June 1985 (ADHS, 1986a). Chris Shuey
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(written commun., 1987) measured concentrations of arsenic, copper, and
lead that exceeded Arizona MCLs in July 1986.

Measurements of surficial sediments from the Puerco River have
shown high radionuclide activity (Weimer and others, 1981) and
trace-element concentrations (ADHS, 1986a), whereas other historic measure-
ments have shown low concentrations and activities. Miller and Wells
(1986) reported longitudinal variations of 600 to 1,900 parts per million
(ppm) of barium in the channel of the Puerco River in New Mexico in samples
collected in 1984. Samples collected in 1986 had barium concentrations of
600 to 710 ppm in Arizona (Webb and others, 1987). Copper concentrations
measured in 1984 ranged from 20 to 100 ppm in New Mexico (Miller and Wells,
1986), whereas copper concentrations were less than 10 ppm in 1986 in
Arizona (Webb and others, 1987). Webb and others (1987) report normal
concentrations or activities of trace elements and radionuclides in
surficial-sediment samples collected in 1986,

Sampling of surface and ground water in the Puerco River basin
between 1975 and 1986 has indicated that MCLs shown in table 1 have been
exceeded many times for several trace elements and radionuclides. The
source of the elevated concentrations may be related either to mining or to
natural sources. Natural radionuclide activities and trace-element con-
centrations in Black Creek, a tributary of the Puerco River that has not
had uranium mining in its drainage basin (fig. 1), however, do not exceed
Arizona MCLs for surface water (ADHS, 1986a; Chris Shuey, written commun.,
1987). On the basis of chemical data from three wells in the alluvium of
the Puerco River basin in Arizona, Harrell and Eckel (1939) indicate
pre-mining concentrations of 285 mg/L of sulfate, 44 mg/L of chloride, and
754 mg/L of total dissolved solids. Scott and Barker (1962) report median
values of 0.008 mg/L for uranium and 0.1 pCi/L for radium in ground water
in a region that includes the Puerco River basin. No trace element or
radionuclide data are available for surface water for the period before the
mining activities of the 1950’s or for the period before the resumption of
mining in 1969. Arizona Department of Health Services (1986b) used a
statistical model of flood-recurrence interval and suspended-sediment
concentrations to show that radium-226 activities in mine effluents alone
were sufficient to cause violations of Arizona maximum allowable limits for
surface water in the Puerco River.

Historical Data on Streamflow and Water Quality of the

Puerco River at Chambers., Arizona

The U.S. Geological Survey has maintained a gaging station on
the Puerco River at Chambers since 1971 (White and Garrett, 1986).
Although the gaging station does not record streamflow below 500 ft3/s, the
distribution of peak streamflow discharges greater than 3,000 ft3/s (fig.
4) illustrate the episodic nature of natural flow in the Puerco River.
Most peak discharges above 3,000 ft3/s have occurred during the summer
months, although some also have occurred in December, January, February,
and March (fig. 4). Any streamflows greater than 3,000 ft3/s are heavily
laden with sediments eroded from the headwaters or the sides and bed of the
channel. Samples to determine the quality of surface water have been
collected at many sites along the Puerco River (ADHS, 1986a). A total of
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29 water-quality samples have been collected at or near the gaging station
at Chambers (Webb and others, 1987). Of these, samples collected in 1982,
1983, and 1984 were analyzed by the U.S. Geological Survey.

Historic data indicate high concentrations of several trace
elements (ADHS, 1986a) and high radionuclide activities (fig. 5; table 1).
The concentrations are related statistically to suspended-sediment con-
centrations (ADHS, 1986b; Chris Shuey, written commun., 1987). Dissolved
and suspended gross alpha and gross beta activities have fluctuated widely
with time (fig. 5). Concentrations of total uranium, chloride, and sulfate
fluctuated in 1979 apparently as a result of the tailings-pond spill
(fig. 5). After 1980, changes in concentrations of these constituents are
not well known. Only three samples were measured for these constituents
between May 1980 and May 1985. Concentration of total uranium averages
about 0.1 mg/L between 1980 and 1985. The amount of dissolved uranium is
not completely known, but total and dissolved data for 1985 (ADHS, 1986a)
indicates that the concentration of dissolved uranium is 30 to 70 percent
of the total concentration.

Hydrogeologic Setting

Puerco River provides surface flow for livestock watering, some
agricultural use, and recharge of ground water in the alluvial aquifer,
which is an important source for domestic use (Mann and Nemecek, 1983).
The population is expected to expand from a few hundred to as many as 5,000
to 10,000 people in the area of Chambers and Sanders, Arizona, as a result
of the relocation of Navajo Indians into the area. Use of ground water
will change from livestock watering to domestic and public supply as a
result of this demographic shift; however, available surface water in the
Puerco River will be wused for livestock and agriculture and will be
supplemented with ground water from the alluvium during periods of no flow.

The bedrock in the Puerco River basin consists of Paleozoic
and Mesozoic sedimentary rocks that dip slightly to the northeast.
Steeply-dipping fault zones that trend north and south displace these
rocks. The Defiance and Zuni Uplifts occur to the north and east, respec-
tively (Cooley and others, 1969). Rocks of Tertiary and Quaternary age,
including the Tertiary Bidahochi Formation, generally are undeformed.
Major uranium and minor coal deposits are in the Jurassic Morrison
Formation to the east and northwest of Gallup (Hackman and Olson, 1977).
Uranium minerals also occur in the Petrified Forest Member of the Triassic
Chinle Formation in the western half of the basin. Natural erosion of
exposed bedrock that contains uranium minerals and minerals that contain
other radionuclides is the source for background radiation in the regional
water resources and sediments (Weimer and others, 1981).
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