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1.0 Introduction

Under the authority of the Comprehensive Environmental Response,
Compensation and Liability Act (“CERCLA”), as amended, 42 United States
Code (“U.S.C.”") §§ 9601 to 9675, the New Mexico Environment Department
(“NMED") Superfund Oversight Section (“SOS”) has conducted a Site
Investigation (“SI”) of the San Mateo Creek basin legacy uranium mine and
millsites (Site), which is located in Cibola and McKinley counties, New Mexico
(CERCLIS ID NMNO00060684; Figure 1).

The objective of the Sl is to evaluate the Site using the Hazard Ranking System
(Ref. 1) and the Superfund Chemical Data Matrix (Ref. 2) to determine if a threat
to human health and the environment exists such that further action under
CERCLA is warranted. This phase of the S| focuses on evaluating ground water
quality in comparison to federal (Ref. 3, 4 and 5) and state (Ref. 6) drinking water
standards as well as state ground water standards (Ref. 7) in existing private
wells, and identifying receptors to ground water contamination. Subsequent
phases may specifically target alluvial and bedrock aquifers through installation
of monitor wells in order to identify areas, and possibly specific legacy uranium
sites within the San Mateo Creek basin from which ground water contamination
most likely originates. Additional S| phases may target characterization of
sediments throughout the basin for the same objectives. Results from these Sl
phases are expected to provide information necessary to prioritize individual
legacy uranium sites within the San Mateo Creek basin for further detailed
investigation. :

2.0 Site information

2.1 Location and description

The San Mateo Creek basin (Hydrologic Unit Code ["HUC”] 1302020703), by
which the boundary of the Site is defined, comprises approximately 321 square
miles within the Rio San Jose drainage basin (Ref. 8, 9) in McKinley and Cibola
counties, New Mexico (Ref. 10; see Figure 1). This basin is located within the
Grants Mining District (“GMD”), which is an area of uranium mineralization
occurrence approximately 100 miles long and 25 miles wide encompassing
portions of McKinley, Cibola, Sandoval and Bernalillo counties (Ref. 11, p. 8),
and includes the Ambrosia Lake mining district (Ref. 11, p. 17). Main access into
the Site is provided by New Mexico State Roads 605 and 509.

The 85 legacy uranium mines with recorded production and 4 legacy uranium
millsites comprising the Site (Ref. 12) may have contributed to degradation of
ground water quality within this basin. Some background ground water
contaminant concentrations associated with remediation of the Homestake
Mining Company (“HMC”) Superfund Site (“HMC Site;” NMD007860935; Ref. 13)
exceed federal (Ref. 3, 4, and 5) and state (Ref. 6) drinking water standards as
well as state ground water standards (Ref. 7).
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2.2 Geologic setting

The southern end of the San Mateo Alluvial system has been impacted by
contamination from the HMC Site. This alluvial system extends from the
northeast to the south of the HMC site, following the San Mateo Creek drainage
(Ref. 14, p. 2-1). Underlying the Alluvial aquifer in this vicinity is the Upper
Triassic (Ref. 11, p. 12) Chinle Formation, which is a predominantly -shale
formation 800 feet in thickness. Three aquifer units are present within this
formation in the southern part of the basin. The highest two aquifers are the
Upper and Middle Chinle sandstones. The lowest aquifer, the Lower Chinle, is a
fractured shale with variable hydrologic yield of generally poor quality water. All
three of these aquifers subcrop with the Alluvial aquifer, connecting the Alluvial
aquifer and each of the Chinle aquifers hydrologically in the vicinity of the
Homestake site. The San Andres regional aquifer underlies the Chinle
Formation in this area (Ref. 14, p. 2-1—2-2).

Most uranium production in New Mexico has come from the Upper Jurassic
Westwater Canyon member of the Morrison Formation north of the HMC site in
McKinley and Cibola counties (Ref. 11, p. 9; Ref. 15, p. 1, 6). This unit consists
of interbedded fluvial arkosic sandstone, claystone, and mudstone with an
average thickness of 250 feet, thinning to 100 feet southward and eastward, and
is a major aquifer within the GMD (Ref. 11, p. 9). Three types of uranium
deposits that are found in the Westwater Canyon member are primary (trend or
tabular; average ore grade greater than 0.20% uranium oxide [‘U3Og]"),
redistributed (stack; average grade 0.16% U3Os), and remnant-primary (average
grade 0.20% U3Os; Ref. 15, p. 6, 8). The overlying Brushy Basin member of the
Westwater Canyon member includes the Poison Canyon Sandstone, from which
uranium also has been mined (Ref. 11, p. 9, 13).

Additionally uranium deposits were discovered at Haystack Butte in 1950 within
the Upper Jurassic Todilto Limestone, which occurs within the San Raphael
Group underlying the Morrison Formation (Ref. 11, p. 12, 13; Ref. 15, p. 4); these
accounted for approximately 2% of production from the “Grants uranium district”
between 1950 and 1981 (Ref. 15, p. 11). More than 100 uranium mines and
occurrences in the Todilto Limestone are documented in New Mexico, with
production reported from 42 of these mines—mostly located within the “Grants
uranium district” (Ref. 15, p. 12).

Thin zones of minor uranium mineralization have been produced from shale and
lignite within the Lower Cretaceous Dakota Sandstone, which overlies the
Morrison Formation (Ref. 11, p. 13; Ref. 15, p. 12). Uraniferous collapse-breccia
pipe deposits, which are vertical or steeply-dipping cylindrical features bounded
by ring fractures and faults filled with heterogeneous brecciated “country” rock,
also are found in the Grants area (Ref. 15, p. 12).

Quaternary-age unconsolidated to semi-consolidated alluvial, eolian, and terrace-

deposits overlie bedrock in valley bottoms; these deposits are generally less than
200 feet in thickness (Ref. 11, p. 13).
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2.3 Demographics

Average household size within McKinley County is 3.44 people (Ref. 16);
average population density is 13 people/square mile (Ref. 17, p. 1). Within
Cibola County, the average household size is 2.95 people (Ref. 18, p. 1); the
average population density in Cibola County is 6 persons/square mile (Ref. 17, p.
2).

The community of San Mateo, which is located within the San Mateo Creek
basin, has a municipal water supply that serves 192 residents (Ref. 19, p. 1).
No demographic data for the community of Haystack were found.

The communities of Grants, Milan, and Bluewater are located just outside of the
boundaries of the proposed Site. In 2000, Grants had a population of 8,806
people with average household size of 2.61 people (Ref. 20). Milan in 2000 had
a population of 1,891 with an average household size of 2.81 people (Ref. 21).
No population data were found for Bluewater.

2.4 Climate

The average annual maximum temperature at the Grants Airport is 67.8° F; the
highest maximum temperature of 88.4° F occurs in July. The average annual
minimum temperature is 33.0° F; the lowest minimum temperature of 14.4° F
occurs in December. The average annual total precipitation is 10.40 inches (in.).
The maximum average precipitation of 2.03 in. occurs in August; the minimum
average precipitation of 0.44 in. occurs in February. Average annual snowfall is
12.3 in., with the maximum snowfall of 4.1 in. occurring in December (Ref. 22).

The average annual maximum temperature at the weather station in San Mateo,
New Mexico is 61.7° F; the highest maximum temperature of 83.1° F occurs in
July. The average annual minimum temperature is 34.6° F; the lowest minimum
temperature of 16.0° F occurs in January. The average annual total precipitation
is 8.66 in. The maximum average precipitation of 2.11 in. occurs in August; the
minimum average precipitation of 0.28 in. occurs in February and December.
Average annual snowfall is 9.7 in., with the maximum snowfall of 3.1 in. occurring
in December (Ref. 23).

The prevailing wind direction (i.e., the direction from which the wind blows) at the
Grants airport is northwesterly (Ref. 24, p. 10); however this may not be entirely
representative of wind direction within the San Mateo Creek basin (Ref. 25).

At a monitoring location within Bluewater Creek (elevation 7,624 feet), the
prevailing wind direction was west-southwesterly during 2007, at an average
speed of 9.0 miles per hour (mph) (Ref. 26, p. 2). At a nearby monitoring
location on Bluewater Ridge, the prevailing wind direction is south-southwesterly
at an average speed of 4.3 mph (Ref. 27, p. 2).

2.5 Operational history and ownership

Land ownership within the area is a complex of Indian, Federal, State, and
private (Ref. 28; see Figure 3).
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Uranium ore was discovered in the Todilto Limestone at Haystack Butte in 1950,
and production began prior to mill construction in the area by open-pit mining.
Uranium was discovered at Ambrosia Lake in 1955 (Ref. 15, p. 4). Downdip
drilling from the initial surface discoveries delineated ore bodies within the Poison
Canyon and Westwater Canyon members of the Morrison Formation. The
discovery of large subsurface uranium deposits within the Westwater Canyon
member resulted in establishment of two-thirds of the active uranium mines in
New Mexico within the Ambrosia Lake district by 1980; most of these mines were
underground room-and-pillar operations at depths averaging 900 feet (Ref. 11, p.
17).

The Anaconda Copper Company built the Bluewater mill in 1953 to process ore
from the Jackpile mine (Ref. 15, p. 4; Ref. 29, p. 1). This mill used a carbonate-
leach process with a capacity of 300 tons per day and operated until 1959. An
acid-leach mill was operated from 1957 through 1982, reaching a production
capacity of 6,000 tons per day in 1978 (Ref. 29, p. 1). ARCO Coal Company
reclaimed the site between 1991 and 1995 for long-term DOE stewardship under
the Legacy Management program (Ref. 15, p. 5; Ref. 29, p. 1-2).

Two mills were built in 1957 at the present Homestake millsite. The first closed
in 1962. Homestake originally owned the second larger mill in a partnership;
when that partnership was dissolved in 1981, Homestake became the sole
owner. Mill production ceased in 1981, but resumed in 1988 to process ore from
the Section 23 mine and Chevron’'s Mount Taylor mine. The mill was demolished
in 1990 (Ref. 15, p. 5), and the site ground water restoration is ongoing (Ref. 30).
In 2001, Homestake merged with Barrick Gold Corporation (Ref. 15, p. 5).

Kermac Nuclear Fuels Corp., which was a partnership of Kerr-McGee Oil
Industries, Inc., Anderson Development Corp., and Pacific Uranium Mines Co.,
built the Kerr-McGee uranium mill at Ambrosia Lake in 1957-58. Quivira Mining
Co., a subsidiary of Kerr-McGee Corp. (later Rio Algom Mining LLC, currently
BHP-Billiton) became the operator of the mill in 1983. Operation began in 1958;
from 1985 through 2002 the mill produced only from mine waters from the
Ambrosia Lake underground mines. (Ref. 15, p. 5). The tailing impoundment at
the site contains 33 million tons of uranium ore (sic) within an area of 370 acres
(Ref. 31).

Phillips Petroleum Co. built a mill at Ambrosia Lake in 1957-58, and began to
process ore from the Ann Lee, Sandstone, and Cliffside mines in 1958. United
Nuclear Corporation acquired the property in 1963 when the mill closed (Ref. 15,
p. 5). United Nuclear Corporation operated an ion exchange system to extract
uranium from mine water in the late 1970s to early 1980s. All operations ended
in 1982 (Ref. 32, p. 1).

2.6 Regulatory history
Some mines are inventoried by the New Mexico Bureau of Geology and Mineral
Resources, the Navajo Nation Abandoned Uranium Mine (AUM) program, and/or
the U.S. Bureau of Land Management; some minesites also have been
reclaimed under Federal or State jurisdiction (Ref. 12).
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In 1978, the U.S. Environmental Protection Agency (“EPA”) proposed to regulate
minewater discharge under the National Pollutant Discharge Elimination System
(“NPDES”) permit program. The permit for the Kerr-McGee Section 35 and 36
mines was terminated when Kerr-McGee undertook controlled spreading and
irrigation with mine dewatering effluent. Kerr-McGee obtained a State ground
water discharge permit for IX ion exchange (“IX") facilities associated with the
Section 35 and 36 mines in 1979-1980; this permit currently is in stand-by status
(Ref. 33, p. 2). '

The Bluewater Mill site was remediated by the Atlantic Richfield Company
(*ARCO”) under the U.S. Nuclear Regulatory Commission (“NRC”) operational -
license, and was subsequently transferred to DOE custody and long-term care in
1997 (Ref. 34) under the jurisdiction of Title Il of the Uranium Mill Tailings
Radiation Control Act (“UMTRCA;” Ref. 29, p. 1). Prior to this transfer, the NRC
amended the operational license to include alternate concentration limits
(“ACLs") for the Alluvial and San Andres aquifers, which were impacted by the
site, at established point of compliance welis (Ref. 29, p. 2; Ref. 35, p. 1, 3, and
4).

Homestake Mining Company is currently remediating the Homestake uranium
millsite under the regulation of NRC license SUA-1471 and NMED discharge
permit DP-200 (Ref. 30, p. 1.1-1). This site also is on the National Priorities List
(“NPL”) as well (CERCLIS ID NMD007860935; Ref. 36, p. 17).

The site status of the Ambrosia Lake/Rio Algom mill was changed to reclamation
in August 2003. NRC issued, a license amendment for ACLs in February 2006,
after which all ground water corrective actions were discontinued (Ref. 31).

The DOE remediated the Ambrosia Lake/Phillips mill site between 1987 and
1995 as part of the 1978 UMTRCA Title | program, and currently monitors the
site as part of the Legacy Management program (Ref. 15, p. 5; Ref. 32, p. 1-2;
Ref. 37). ‘ »

2.7 Previous environmental investigations

Numerous environmental investigations associated with remediation of the 4
millsites within the Site have been conducted under the regulatory authority of
the NRC; documents from these investigations are not detailed herein, but many
are available through the ADAMS website interface
(http://adamswebsearch.nrc.qov/scripts/securelogin.pl). NMED has conducted a
Preliminary Reassessment (Ref. 38) and a Site Investigation (Ref. 39) of the
Anaconda Bluewater millsite, and a Preliminary Assessment of the Ambrosia
Lake—Phillips millsite (Ref. 40).

The New Mexico Health and Environment Department (“EID”) documented a

study of the uranium mining impacts on surface and ground water within the
Grants mineral belt in 1986 (Ref. 11).
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The New Mexico Energy, Minerals and Natural Resources Department
(“NMEMNRD”) has compiled a database of uranium legacy mine and mill site
information from multiple sources (Ref. 12), which forms the basis of this
investigation. The locations of the mines with reported production and mills from
this database are shown on Figure 1. Other minesites without reported
production in this database are not addressed herein.

NMED sent letters to the Rio Algom Mining Company in 2005 and 2006,
requiring compliance with 20.6.2.1203 NMAC for reporting soil contamination
related to mine dewatering activities for the Section 35 and 36 mines (Ref. 33, p.

1),

Individual mine- and millsites within the Site boundary that have been
investigated under CERCLA are summarized in Table 1. Previous to this SlI,
NMED conducted and documented a pre-CERCLIS screen (Ref. 41) and
Preliminary Assessment (Ref. 42) of the San Mateo Creek basin legacy uranium
sites.

The U.S. Forest Service proposed CERCLA investigation of the San Mateo mine
in 2008 (Ref. 43, p. 21).

Strathmore Resources currently is conducting baseline studies within the San
Mateo Creek basin for proposed uranium exploration and development activities
(Ref. 44).

3.0 Site investigation

3.1 Source/waste characteristics

Both surface and underground mining methods contributed waste to natural
surface drainage systems. Liquid wastes were almost exclusively derived from
underground operations, while both operational methods contributed solid
wastes. Underground mines generally produce less waste rock than surface
mines, but contaminant concentrations can be higher (Ref. 11, p. 19). Mine
waste piles may include barren overburden, low-grade ore (i.e., below economic
value), and/or ore stockpiled for later milling (Ref. 11, p. 54). The spoils areas in
which this waste rock is stored usually were not bermed to.control runoff (Ref.
11, p. 19). EID sampled mine wastes from minesites within the Site to test
contaminant leachability (Ref. 11, p. 32-33). Leaching testing from 37 composite
samples of uranium mine waste that were designed to simulate the leaching
effects of natural rainfall both before and after contacting alkaline rich soils
indicated that contaminants have a relatively low potential for leaching or for
significantly degrading ground water quality (Ref. 11, p. 57).

A 1985 survey of 14 uranium mines located within the GMD, which includes
individual minesites located within the Site, on Federally-owned surface and
mineral lands showed gamma radiation levels between 6 and 888
microroentgens per hour, with the highest reading taken from mine waste and
openings (Ref. 45, p. 2-4).

Page 8 of 55



SN

27T
N - ‘. .
¢

Phase 1 Site Investigation report for the San Mateo Creek Legacy Uranium Sites
New Mexico Environment, Department Ground Water Quality Bureau, Superfund Oversight Section
June 2010

Sampling results of waste rock materials from the Poison Canyon Mining District
are summarized in Table 2. Nearly all contaminant concentrations in the waste
materials are higher than in the background samples by one to two orders of
magnitude (Ref. 46). Waste material from the Navajo-Brown Vandever uranium
mine (CERCLIS ID NMD986669117) was used to pave the road to this site, and
approximately 75 people were identified to live with one-quarter mile of this site in
1990 (Ref. 47).

EID investigators concluded that 10 to 20 percent of all abandoned mines in the
GMD had waste piles that are directly eroding into local drainage channels (Ref.
11, p. 55). EID collected runoff samples from several sites to assess
contaminant input from mine waste piles within the Ambrosia Lake mining sub-
district (Ref. 11, p. 54); observations from this program indicated that runoff
contaminant concentrations exceeded natural concentrations by up to several
hundred times. Samples collected within the Ambrosia Lake mining sub-district
indicated that uranium and molybdenum maxima concentrations in waste pile
runoff exceed natural runoff concentrations by over 2 orders of magnitude.
Maximum arsenic, selenium, and vanadium concentrations exceed maximum
natural runoff concentrations by 6 to 8 times (Ref. 11, p. 54-55). Runoff sampling
in the vicinity of a large waste pile associated with the Old San Mateo mine
showed elevated levels of gross alpha and gross beta particle activities,
228radium, natural uranium, arsenic, lead, molybdenum, selenium, and vanadium,
in comparison to natural sediments, to persist at least 550 meters downstream
from the waste pile (Ref. 11, p. 57).

Water produced from mine dewatering and aquifer depressuring operations was
discharged to settling ponds and drainage channels (Ref. 11, p. 20-21). Mine
water production within the Ambrosia Lake mining district was continuous after
1956, with peak production in the early 1960s (Ref. 11, p. 66). During the period
1979-1981, mine discharges of 1,500 gallons per minute (“gpm”) to - San Mateo
Creek sustained approximately 3 miles of perennial flow; 2,300 gpm discharge to
Arroyo del Puerto sustained perennial flow of approximately 5 miles (Ref. 11, p.
66, 68). In 1977, approximately 2,900 gpm were being discharged to San Mateo
Creek from mine dewatering; by spring of 1978, most of this water was diverted
for irrigation and to an adjacent drainage basin (Ref. 11, p. 72).

Raw minewaters from the GMD had elevated concentrations of gross alpha and
beta particle activities, **’radium, 2'%lead, natural uranium, molybdenum,
selenium, and dissolved solids—particularly sulfate; elevated concentrations
barium, arsenic, and vanadium also were observed. Total dissolved solid
(“TDS") concentrations in minewaters from the western part of the Ambrosia
Lake mining district were 1,200 to 1,800 milligrams per liter (“mg/L”). Minewater
in éastern part of the Ambrosia Lake mining district usually had a few hundred
mg/L TDS (Ref. 11, p. 80).

For compliance with federal NPDES permits, produced waters were treated with
the additions of a flocculent and barium chloride to reduce suspended solid
concentrations- and to co-precipitate radium (Ref. 11, p. 20-21). Effluent
discharged to San Mateo Creek contained 300 to 600 mg/L TDS. Out of nine
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trace elements for which treated minewaters were analyzed, molybdenum,
selenium, and uranium concentrations were consistently higher than in natural
runoff. Median total uranium concentration in mine effluents from the Ambrosia
Lake mining district was 1.6 mg/L, which was over 16 times greater than the
corresponding median concentration in natural runoff. Median total molybdenum
concentration in minewater from the Ambrosia Lake mining district was 0.80
mg/L, which compares to the few samples of natural runoff in which total
molybdenum concentration exceeded 0.01 mg/L. Total median selenium
concentrations in treated minewater generally are less than 0.04 to 0.09 mg/L;
however some treated effluents within the district approach 1.0 mg/L. Median
total selenium concentration in natural runoff within the Ambrosia Lake mining
district is 0.03 mg/L. Arsenic, vanadium, and barium, the latter of which is added
in the treatment process, are occasionally detected in significant concentrations
in minewaters; cadmium, lead, and zinc are usually below detectable
concentrations (Ref. 11, p. 87). Median total barium concentration in treated
minewater was 0.212 mg/L, which was lower than the 7.7 mg/L concentration in
natural runoff (Ref. 11, p. 90). Elevated concentrations of arsenic and vanadium
in treated effluent (0.05 and 0.17 mg/L respectively) were only observed in
association with the Homestake ion exchange facility, which was located within
the Ambrosia Lake area (Ref. 11, p. 87, 97).

With the exception of natural uranium, total concentrations of radionuclides in
treated minewaters are less than those in natural runoff. Most mines discharged
minewaters with total concentrations of ?**radium of 6 picocuries per liter (“pCi/L")
or less; about 30 percent of this may have been in the dissolved form. However,
EID collected effluent samples with total **radium concentrations up to 200
pCi/L; these higher concentrations were attributed to the existence of “upset”
conditions in the treatment process. Neither thorium isotopes nor **®radium were
generally present in detectable concentrations. Total 2'°lead concentrations up
to 33 pCi/l. and total "°polonium concentrations up to 15 pCi/lL were detected
from treated minewaters; higher concentrations—up to several hundred pCi/L—
may have occurred during periods of ineffective minewater treatment (Ref. 11, p.
90).

Generally treated minewaters contained trace elements and radionuclides in
dissolved form; typically, these dissolved contaminant concentrations comprised
more than 50% of the total. More than 85% of the total concentration of gross
alpha activity, molybdenum, selenium and natural uranium occurred in the
dissolved fraction, while ?*’radium concentrations averaged about 30% of the
total (Ref. 11, p. 87). With the exception of natural uranium, radionuclide
concentrations in minewaters in the dissolved phase were higher in comparison
to concentrations in natural runoff (Ref. 11, p. 90).  Dissolved gross alpha levels
were several hundred to over 1,000 pCi/L in dewatering effluents (Ref. 11, p. 90).
Only *®radium and ?'%ead, among trace elements and radionuclides identified to
have had elevated concentrations in effluent, underwent significant partitioning
changes between dissolved and suspended phases with distance traveled; these
constituents were usually became bound to precipitates and sediments and were
lost from solution shortly after release. Once precipitated or bound to stream
sediments, minewater contaminants could be moved downstream during natural
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or artificially-induced flow events. (Ref. 11, p. 90, 92). Within relatively sediment-
free stream channels, these contaminants would stay in solution; dissolved
22%radium concentrations along the Arroyo del Puerto ranged between 3 and 6
pCi/lL. Dissolved #*®radium concentrations also were attenuated by the alkaline
and oxidizing conditions that are found in the GMD (Ref. 11, p. 109).
Concentrations of uranium, molybdenum, and major dissolved solids generally
were not rapidly attenuated in the receiving stream channels (Ref. 11, p. 92).

Mechanisms that were inferred to reduce contaminant concentrations most
effectively in alluvial ground water impacted.- by minewater effluents include
dilution, surface adsorption, cation exchange, precipitation, hydrodynamic
dispersion, and molecular diffusion.

Sludges in treatment ponds that are created from settling, flocculation, and
precipitation have elevated concentrations of **radium and other radionuclides,
with concentrations of the former exceeding 200 pCi/gram (Ref. 11, p. 82).
Separate ion-exchange treatment reduced elevated concentrations of dissolved
uranium (Ref 11, p 20-21). Although treatment reduced concentrations of
*%radium, ?'%lead, 2'°polonium, natural uranium, and gross alpha activity, other
constituent concentrations were not affected (Ref. 11, p. 80).

3.2 Ground water pathway

The ground water pathway assesses the threat to human health and the
environment by determining whether hazardous substances are likely to have
been released to ground water; and whether any receptors are likely to be
exposed to hazardous substances as a result of a release.

3.2.1  Hydrogeology

Alluvial aquifers along San Mateo Creek generally yield less than 50 gpm, where
water occurs from a few feet to 100 feet below the surface (Ref. 11, p. 14).
Available data indicate the presence of little alluvial ground water along the
Arroyo del Puerto under pre-mining conditions (Ref. 11, p. 95). Near Ambrosia
Lake, the Alluvial aquifer presently yields less than 150 gpd, and is expected to
return to pre-mining/pre-milling conditions of little to no saturation (Ref. 32, p. 2).
Alluvial ground water flows generally correspond to the slope of the land along
San Mateo Creek (Ref. 11, p.' 14). Depths to ground water in 1981 along San
Mateo Creek were generally near 60 ft near its intersection with the tributary
Arroyo del Puerto. Along the latter watercourse, 1981 depths to water were
approximately 24 ft (Ref. 11, p. 16). Measurements conducted near the San
Mateo Creek gaging station in 1980 showed little effect on alluvial ground water
levels from intense summer thunderstorms, but did demonstrate a hydraullc
response to late winter and spring stream flow (Ref. 11, p. 74).

Bedrock aquifers are recharged where streamflows or minewater discharge
intersect bedrock subcrops and outcrops (Ref. 11, p. 13, 77). Additional bedrock
aquifer recharge occurs where saturated valley fill overlie permeable bedrock
with a downward hydraulic gradient (Ref.” 11, p. 77). Mine dewatering has
decreased aquifer water levels significantly, especially in the Morrison Formation
(Ref. 11, p. 13). The Westwater Canyon member of the Morrison Formation is a
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principal bedrock aquifer in the area, yielding up to several hundred gpm (Ref.
11, p. 13). Mine dewatering drained virtually all of this formation and altered its
flow system. Prior to dewatering, ground water generally flowed to the northeast
and east in the direction of the dip of the strata (Ref. 48, p. 3). Other reliable
aquifers include the Dakota Sandstone, the Glorieta Sandstone, and the San
Andres Limestone.

3.2.2 Ground water use

Ground water uses in the area include domestic, limited agricultural, and
livestock watering, with the latter primarily derived from alluvial wells (Ref. 11, p.
14). Within the boundaries of the proposed Site, drinking water systems for the
community of San Mateo (Water system no. NM3525733; Ref. 19), Tri-State
Generating Station (Water system no. NM3595017; Ref. 49), ARCO (Anaconda)
Coal Company—BIluewater Mill (Water system no. NM3591033; Ref. 50), and
Homestake Mill (Water system no. NM3598133; Ref. 51) are listed with the
NMED Drinking Water Bureau.

The water supply system for the community of San Mateo has two wells, of which
only one is currently active. - The system serves 192 people through 61 service
connections (Ref. 19, p. 1). The supply wells of this system are completed in the
Point Lookout Sandstone (Ref. 48, p. 2). NMED queried for non-coliform sample
results available on-line; no occurrences of analyte concentrations that exceed
Federal (Ref. 3, 4, and 5) or State (Ref. 6) drinking water standards were noted
among the data available (Ref. 19).

The Tri-State Generating Station system is an industrial/agricultural system that
serves a population of 125 from 10 wells and a reservoir; 2 of the wells are
shown to be inactive (Ref. 49, p. 1). NMED queried for non-coliform sample
results available on-line; one sample collected between 2004 and 2007
exceeded the MCL for gross beta particle activity (Ref. 3; Ref. 49, p. 2).

The Bluewater Mill system served a population of 60 from 5 service connections
that were sourced from 4 wells. The wells are currently shown to be inactive,
and no analytical data for this system were available on-line (Ref. 50).

The Homestake Mill system served a population of 24 through 17 connections,
and was sourced by one well. This well currently is shown to be inactive, and no
analytical data for this system were available on-line (Ref. 51).

Three wells and a spring within a 4-mile radius of the Navajo-Brown Vandever
Mine (see Table 1) were noted during an inspection, with ground water levels in
1990 in two wells within 100 feet of an adit depth. At that time, these wells were
a portion of the water supply to 430 people (Ref. 47).

Due to the complexity of the Site comprising numerous potential contaminant
sources, ground water usage and potential impacts to wells located within Site
target distance limits was not analyzed in accordance with Ref. 52, p. 61 (Ref.
53, p. 8). Figure 4 shows details of wells registered with the New Mexico Office
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of the State Engineer, and Table 3 summarizes well usage, within the San Mateo
Creek basin.

Just outside of the Site boundaries, the communities of Grants (Water system no.
NM3526133; Ref. 54) and Milan (Water system no. NM3525533; Ref. 55), and
the Golden Acres Trailer Park (Water system no. NM3525133; Ref. 56) maintain
regulated water supply systems. The Grants system serves a population of
8,892 through 3,211 service connections that are sourced from three wells, one
of which is shown to be inactive (Ref. 54, p. 1). The wells are completed into
basalt, alluvium, the San Andres Limestone, and the Glorieta Sandstone (Ref.
11, p. 14).

The Milan water system serves a population of 1,911 through 1,043 service
connections that are sourced from 4 wells, one of which is shown to be inactive
(Ref. 55, p. 1); these wells are completed into the San Andres Limestone (Ref.
11, p. 14). :

The Golden Acres Trailer Park system serves a population of 81 through 23
service connections that is sourced from one well, which currently is shown to be
inactive (Ref. 56).

The Mount Taylor Miliworks water system is an industrial/agricultural system that
is sourced from one well. The system serves a population of 65 (Ref. 57).
NMED queried for non-coliform sample results available on-line; no occurrences
of analyte concentrations that exceed Federal (Ref. 3, 4, 5) or State (Ref. 6)
drinking water standards were noted among the data available (Ref. 57).

3.2.3 Ground water investigation

During the week of March 30, 2009, NMED SOS personnel collected ground
water samples from 28 residential and livestock wells (Ref. 58) within the San
Mateo Creek basin north of the HMC Site; one additional well sampled for this
investigation yielded only  enough water for isotopic analysis. The primary
objective of this sampling task was to determine the quality of ground water, in
comparison to federal (Ref. 3, 4, 5) and state (Ref. 6) drinking water standards,
and state ground water standards (Ref. 7), to which receptors might be exposed.
Other objectives of this sampling program were to collect hydrochemical data"
that could assist with the determination of whether contaminant releases from
legacy uranium sites occurred from past site operations or are still occurring from
wastes left on-site, and from what site(s) such releases may have originated.
Figure 5 and Table 4 show the locations and available data for wells that were
sampled. '

3.2.3.1 Methodology

In addition to samples from 29 wells, NMED also collected two field blanks (e.g.,
SMC-00 and -06), one equipment blank (e.g., SMC-15), and two duplicate
samples (e.g., SMC-35 duplicating SMC-11, and SMC-36 duplicating SMC-26).
All but 5 wells (e.g., SMC-10, SMC-13, SMC-14, SMC-18 and SMC-39) that were
sampled for this investigation.had installed operational pumps. When sufficient
water was available, -wells were purged for up to 15 minutes or until field
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parameters stabilized before a sample was collected (Ref. 58; Ref. 59, p. 3).
Samples from 28 wells were analyzed by EPA Region 6 laboratory for
concentrations of total and dissolved metals, anions, total dissolved solids
(“TDS"), and nitrate plus nitrite (Ref. 60); and for radionuclide activity by the State
of New Mexico Scientific Laboratory Division (“SLD;” Ref. 61). Samples also
were collected from 13 of these wells for isotopic analyses through a University
of New Mexico laboratory; this subset included one well (e.g., SMC-39) in which
there was insufficient water for other chemical analyses. A preliminary analysis
of geochemical results, which includes the earlier NMED Site Investigation of the
Anaconda Company Bluewater uranium millsite (Ref. 39) within the SMC basin
are discussed in another report from NMED (Ref. 62).

3.2.3.2 Results compared to regulatory standards

Analytical results were compared to federal (Ref. 3, 4, 5) and state (Ref. 6, p. 2)
drinking water standards (a.k.a. Maximum Contaminant Level or “MCL;” see
Table 5). Two samples, (e.g., sample SMC-26 and duplicate SMC-36) exceed
the MCL for alpha particle activity (e.g., 15 picocuries/liter [‘pCi/L"] [Ref. 3, p.
431]). Analytical results for total arsenic concentrations from nine samples (e.g.,
SMC-11, -12, -13, -17, -22, -25, -33, -34, and -35) exceed the arsenic MCL (e.g.,
10 micrograms/liter [‘ug/L”; Ref. 3, p. 428]). The concentration of total barium in
sample SMC-30 exceeds the barium MCL (e.g., 200 pg/L [Ref. 3, p. 428]). The
concentration of total lead in sample SMC-12 exceeds the lead treatment action
level of 15 pg/L (Ref. 5, p. 1). The concentrations of total selenium in nine
samples (e.g., SMC-11, 12, -13 , -14, -20, -24, -33, -34, and -35) exceed the
selenium MCL of 50 pg/L (Ref. 3, p. 428). Samples from 16 wells (e.g., SMC-01,
-09, -10, -11, 12, -13, -17, -20, -22, -26, -28, -32, -33, -34, -35, and -36) exceed
the uranium MCL of 30 upg/L (Ref. 3, p. 431). The analytical method used for
NMED’s samples did not discriminate between nitrate and nitrite concentrations;
21 samples (e.g., SMC-01, -03, -09, -10, -12, -13, -14, -15, -17, -20, -21, -22, -
23, -24, -25, -26, -28, -33, -34, -35, and -36) have nitrate + nitrite concentrations
exceeding 1 milligrams/liter (“mg/L”), and thus may exceed the nitrite MCL of 1
mg/L (Ref. 3, p. 428). Of these samples, 6 have values of nitrate + nitrite greater
than 10 mg/L (e.g., SMC-09, -10, -12, -13, -24, and -35), and thus may also

exceed the nitrate MCL of 10 mg/L (Ref. 3, p. 428). Possible exceedances of the

nitrate, nitrite, and/or nitrate + nitrite MCLs (Ref. 3, p. 428) are inferred in
samples from 16 wells, while samples from 13 wells exceed the uranium MCL
(Ref. 3, p. 431). In summary, 21 samples from a sampled population of 28
unique wells had one or more exceedances of primary MCLs.

In a comparison of analytical results to secondary MCLs, 6 wells exceed the total
iron MCL of 300 pg/L (e.g., SMC-08, -09, -12, -14, -17, and -32; Ref. 4, p. 614).
Seven wells (e.g., SMC-08, -16, -18, -20, -21, -31, and -32) exceed the total
manganese MCL of 50 ug/L (Ref. 4, p. 614). Values of pH for samples SMC-05,
-14, and -22 all are higher than the MCL range of 6.5 to 8.5 (Ref. 4 p. 614).
Eighteen samples (e.g., SMC-01, -03, -08, -09, -10, -11, -12, -13, -14, -16, -17, -
18, -21, -24, -32,-33, -34, and -35) exceed the sulfate MCL of 250 mg/L (Ref. 4,
p. 614). Twenty-seven samples (e.g., SMC-01, -03, -04, -05, -07, -08, -09, -10, -
11, -12, -13, -14, -16, -17, -18, -20, -21, -22, -24, -25, -26, -31, -32, -33, -34, -35,
and -36) equal or exceed the MCL for TDS of 500 mg/L (Ref. 4, p. 614). Twenty-
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five samples from a sampled population of 29 unique wells had exceedances of
one or more secondary MCLs.

All field samples had at least one contaminant concentration in excess of its
respective MCL of analytes for which samples were analyzed. Sample SMC-12
had the most drinking water standard exceedances among the collected
samples, with up to 10 exceedances including possible exceedances of the
nitrate and/or nitrite standards. '

Analytical results were compared to New Mexico Water Quality Control
Commission (“NMWQCC") ground water standards (e.g., 20.6.2.3103 NMAC,;
Ref. 7; see Table 6). Five samples with reported concentrations of nitrate +
nitrite greater than 10 mg/L (e.g., SMC-09, -10, -12, -13, and -24) may exceed
the 10 mg/L NMWQCC standard for nitrate (Ref. 7, p. 12); however, the
analytical methodology used for this analysis does not distinguish between these
two analytes. Six samples (e.g., SMC-11, -12, -13, -14, -20, and -24) exceed the
NMWQCC dissolved selenium concentration standard of 50 ug/L (Ref. 7, p. 12).
Seven samples (e.g., SMC-01, -09, -10, -11, -12, -13, and -22) exceed the 30
Hg/L NMWQCC standard for dissolved uranium (Ref. 7, p. 12). Dissolved iron
concentrations in two samples (e.g., SMC-08 and -32) exceed the NMWQCC
iron concentration standard of 1,000 pg/L (Ref. 7, p. 13). The dissolved
manganese concentration reported for sample SMC-32 exceeds the NMWQCC
manganese standard of 200 pg/L (Ref. 7, p. 13). Sulfate concentrations in 11
samples (e.g., SMC-08, -09, -10, -11, -12, -13, -17, -24, -32, -33, and -35)
exceed the NMWQCC sulfate concentration of 600 mg/L (Ref. 7, p. 13). Twelve
samples (e.g., SMC-09, -10, -11, -12, -13, -14, -17, -21, -32, -33, -34, and -35)
exceed the NMWQCC TDS standard of 1,000 mg/L (Ref. 7, p. 13). Sample
SMC-22 exceeds the NMWQCC pH standard range of 6 to 9 standard units
(“S.U.;” Ref. 7, p. 13).

Samples from 17 unigue wells had exceedances of one or more NMWQCC
human health standards (Ref. 7, p. 12), while samples from 14 unique wells had
one or more exceedances of other standards for domestic water supply (Ref. 7,
p. 13). Uranium was the most prevalent exceedance among those NMWQCC
ground water standards for human health (Ref. 7, p. 12), with exceedances
detected in 13 wells. Samples from both SMC-12 and -13 had the most
exceedances, with up to 5 possible exceedances each, including possible
exceedances of the nitrate standard.

Wells in which primary MCLs or NMWQCC standards were exceeded are shown
in Figure 5.

.. 3.2.3.3 Discussion

With few exceptions, the total and dissolved concentrations of metals for which
standards have been established generally are within the same order of
magnitude, indicating that metal analytes occur mostly in dissolved form. One
exception is uranium concentrations in sample SMC-32, for which the total
uranium concentration is reported as 133 ug/L (Ref. 60, p. 98), while the.
dissolved uranium concentration.is below the reporting limit of 2 ug/L’(Ref. 60, p.
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100), suggesting that uranium in this sample is present predominantly in
particulate form. Total barium concentration in sample SMC-12 was not detected
at a reporting limit of 10 pg/L (Ref. 60, p. 38), while the dissolved barium
concentration is reported to be 11.3 pg/L (Ref. 60, p. 39). These results would
indicate an unresolved laboratory issue with the analysis for this sample.

EPA Region 6 laboratory reports that field blank SMC-00, which was comprised
of commercially-procured deionized water, contains a total sodium concentration
of 825 ug/L (Ref. 60, p. 20); additionally total copper was detected in the
laboratory blank for this sample (Ref. 60, p. 20, 165). The dissolved form of
these analytes is below the respective analytical detection limits (Ref. 60, p. 21).
In field blank SMC-06, total copper concentration is reported as 22.5 pg/L, and
copper was detected in the laboratory blank as well (Ref. 60, p. 569, 165). No
dissolved analytes are reported for this sample (Ref. 60, p. §9).

Both total and dissolved concentrations of the following analytes were reported
for equipment blank SMC-15: calcium, magnesium, sodium, zinc, selenium,
uranium (Ref. 60, p. 86-87), bicarbonate (Ref. 60, p. 169), carbonate (Ref. 60, p.
173), chloride (Ref. 60, p. 174), nitrate + nitrite (Ref. 60, p. 177), sulfate (Ref. 60,
p. 178), and TDS (Ref. 60, p. 179).

NMED conducted a preliminary analysis of hydrochemical results from ground
water sampling conducted for this Site Investigation, and for the earlier Anaconda
Company Bluewater uranium mill Site Investigation (Ref. 39). Important
observations from this analysis that are relevant to the current investigation are
summarized below (Ref. 62):

e TDS concentrations increase generally from north to south within the
sample set. Alluvial ground water samples typically had higher TDS
concentrations than samples from bedrock aquifers. Areas of relatively
elevated nitrate + nitrite concentrations were identified above the HMC
Site and near the junction of state highways 605 and 509 (p. 53).

¢ Dissolved uranium concentrations average approximately 58 ug/l for the
entire S| sample set.

e Analysis of the hydrochemical data indicates a positive correlation
between dissolved uranium and selenium concentrations. The highest
concentrations of uranium and selenium was found in presumed alluvial
well located in the southern part of the area sampled for this Sl, north
(upgradient) of the HMC Site. Qualitative analysis suggests that the
average concentrations of these analytes is higher than background
concentrations (p. 54). _

e The highest activity values for **radium (2.90 pCi/l) and #**®radium (3.91
pCi/l) came from SMC-32, which is inferred to be completed in the
Morrison Formation and was the closest well sampled downgradient in the
alluvial aquifer below numerous legacy uranium mines and 2 uranium
mills. In general, elevated radium concentrations occur in S| samples
from inferred bedrock-completed wells. However radium is generally
considered to be an unreliable indicator of contamination originating from
legacy uranium sites because it is relatively insoluble and has a strong
tendency to adsorb onto mineral surfaces (p. 54). e
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e Some alluvial ground water samples are preliminarily inferred to reflect
impacts  from mill raffinate, based upon observations of low uranium
activity ratio (“AR”) and high dissolved uranium concentration values, as
well as comparison to a southwestern Colorado millsite investigation.
Historically recharge to the alluvial aquifer within the San Mateo Creek
basin included discharge from uranium mines and mills. Additional work is
recommended to refine this analysis (p. 50, 55).

'3.2.4 Historical ground water data

Ground water data from the period preceding the inception of mining were limited
to single-event sampling of isolated windmills for general chemical
characteristics, such as sulfate and TDS, and no trace element or radionuclide
data are available in the San Mateo Creek (Ref. 11, p. 94) and the Arroyo del
Puerto (Ref. 11, p. 95) drainages. Pre-mining alluvial ground water quality was
assessed by data obtained from wells located upstream of uranium industry
activities, including the Lee wells along San Mateo Creek. These data indicate
that natural alluvial ground waters along San Mateo Creek trend from sodium
bicarbonate water at the Lee Ranch to sodium-sulfate-bicarbonate water
downstream at the Sandoval Ranch windmill. TDS concentrations increase from
540 to 650 mg/L within this 6-mile distance (Ref. 11, p. 95). Molybdenum
concentrations in water from the Lee wells were consistently less than 0.010
mg/L (Ref. 11, p. 95). Uranium concentrations also were consistently less than
0.010 mg/L in these alluvial wells. At the Sandoval Ranch, pre-mining uranium
concentrations were estimated to have been less than 0.030 mg/L. The EPA

- estimated that overall natural uranium concentrations within the Ambrosia Lake

mining district approached 0.1 mg/L (Ref. 11, p. 100). Selenium concentrations
were generally less than 0.005 mg/L in the Lee wells; at the downstream
Sandoval Rarnch windmill, EID measured a selenium concentration of 0.018 mg/L
in 1980 sample, which is thought to represent an upper limit estimate of pre-
mining ground water selenium concentration. Natural ground water selenium
concentrations may increase downstream from the Sandoval Ranch due to
contribution from selenium-enriched sediments in Poison Canyon (Ref. 11, p.
100-101).

Ground water monitoring was conducted by EID between 1977 and 1982 from
stations established in San Mateo Creek and Arroyo del Puerco to characterize
the quality of natural ground waters and the impacts of uranium mining to these
waters—specifically to characterize hydraulic and contaminant migration
relationships between surface water and shallow ground water using monitor well
clusters (Ref. 11, p. 21, 26). Available data indicate the presence of little alluvial
ground water along the Arroyo del Puerto under pre-mining conditions (Ref. 11,
p. 95). Mine dewatering throughout the GMD transformed ephemeral streams
into perennial streams, increasing recharge to underlying alluvial aquifers, which
raised water levels and shallow well yields up to 50 feet between the onset of
dewatering in the 1950s and the late 1970s (Ref. 11, p. 66, 77). In March and
early April 1980, when mine dewatering discharge to San Mateo Creek was
insignificant, occasional flows of less than 1 cubic foot per second (cfs) caused
the alluvialiwater table to rise slowly. In contrast, streamflow increase to 3 cfs in

- -late: April, which lasted nearly two weeks, caused the water table to rise within
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one week, peaking in mid-May more than one foot higher than the level in mid-
April (Ref. 11, p. 74). When minewater discharges were reduced, alluvial water
levels monitored below the confluence of Arroyo del Puerto and San Mateo
Creek declined eight feet between March 1978 and March 1982 (Ref. 11, p. 77).

Investigation of the impacts to ground water in the vicinity of the Section 35 and
36 mines indicate that alluvial ground water in this area was sourced principally
from the dewatering activities (Ref. 33, p. 23). At certain locations along San
Mateo Creek, alluvial ground water chemistry more chemically resembled
minewaters than natural waters. Minewater constituents that adsorb to
sediments or that formed insoluble precipitates, such as radiumyyg, were not
found in alluvial ground water in significant concentrations (Ref. 11, p. 94; Ref.
33, p. 23). Other constituents that either do not interact with stream sediments or
that form insoluble precipitates, such as uranium, selenium, or molybdenum,
were found in ground waters in concentrations approaching those in undiluted
minewaters (Ref. 11, p. 94).

As previously noted, streamflows recharge bedrock aquifers at subcrop and
outcrop areas, or where the saturated alluvium overlies permeable bedrock with
downward hydraulic gradient (Section 3.2.1). At these localities, dewatering
effluents also were introduced into these bedrock aquifers (Ref. 11, p. 77).
Although minewater discharge to Arroyo del Puerto and San Mateo Creek are
significant recharge sources to the Dakota and Morrison formations, local water
level declines greater than 500 feet resulted from mine dewatering (Ref. 11, p.
77).

In general, test wells that have been affected by minewaters show concentrations
of uranium, molybdenum, selenium, and gross alpha particle activity to be
elevated above natural levels by 10 to 40 times (Ref. 11, p. 102). Chemical
indicators in alluvial ground water to impacts from mine dewatering are inferred
to include molybdenum concentrations greater than 0.03 mg/L, uranium
concentrations greater than 0.03 mg/L upstream and 0.1 mg/L downstream of the
confluence of San Mateo Creek with Arroyo del Puerto, selenium concentrations
greater than 0.15 mg/L along San Mateo Creek upstream of the confluence,
major changes in TDS concentrations and general chemistry with a distance of
less than 3 miles, and significant declines in molybdenum, uranium, or selenium
concentrations with increasing depth in the upper portion of the alluvial aquifer
(Ref. 11, p.101). The presence of elevated selenium concentrations alone are
not sufficient to demonstrate minewater effluent impacts (Ref. 11, p. 107).

Shallow ground water quality in the San Mateo Creek—Arroyo del Puerto
drainage was ftransformed by dewatering effluents. One mile above the
confluence of these watercourses, alluvial ground water at the Sandoval
monitoring well cluster is indicative of sodium-sulfate-bicarbonate water
chemistry, with a TDS concentration of about 650 mg/L. Downstream from the
confluence, test wells produce ground water that ionically resembled Ambrosia
Lake mining district minewaters (i.e., calcium-magnesium-sulfate type), with TDS
over 2,100 mg/L (Ref. 11, p. 102). Mean uranium, molybdenum, and selenium
concentrations-at the Lee wells are below detectable concentrations of 0.005 to
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0.01 mg/L; at the Sandoval well cluster, uranium and molybdenum
concentrations are 10 to 20 times detectable limits, which was attributed to the
effect of effluent infiltration. Below the confluence with the Arroyo del Puerto,
uranium, molybdenum, and selenium concentrations were approximately 3 times
higher than at the Sandoval well cluster.  Uranium and molybdenum
concentrations in the Otero wells are as much 7 times greater than projected
natural levels in this portion of the San Mateo Creek drainage, indicating water
quality degradation from minewater. Both uranium and molybdenum
concentrations decrease with depth (Ref. 11, p. 105). Gross alpha particle
activity also was significantly elevated along San Mateo Creek below the Lee
wells, which reflects uranium concentrations almost exclusively (Ref. 11, p. 105).

Ground water restoration for the HMC Site has been ongoing in 4 aquifers (i.e.,
Alluvial, Upper Chinle, Middle Chinle, and Lower Chinle) since 1977 (Ref. 30, p.
1.1-1). Monitoring data from 2008 indicates that concentrations of one or more
site contaminants of concern exceed site ground water standards (Ref. 13) within
each of the impacted aquifers (Ref. 30, p. 1.1-3—1.1-7). One monitor well
completed within the underlying San Andres aquifer upgradient of the HMC Site
(Ref. 30, p. 8.0-4), which is not addressed by the HMC restoration (see Ref. 30,
p. 1.1-1) has uranium concentrations exceeding federal (Ref. 3) and state (Ref.
6) drinking water standards.

3.3 Soil exposure pathway

The soil exposure pathway assesses the threat to human health and the
environment by direct contact with hazardous substances and areas of
suspected contamination. This pathway addresses any material containing
hazardous substances that is on or within 2 feet of the surface and not capped by
an impermeable cover.

3.3.1  Soil exposure pathway description

An ongoing EPA risk assessment for the Homestake site will investigate the
potential for contaminated soil source to impact human health through media
including plant and animal uptake, as well as by direct contact (Ref. 63). The
need to further characterize this pathway will be dependent upon waste
characteristics at individual mine and mill sites within the Site.

3.3.2 Soil investigation results

Pond and stream sediment analytical and soils analytical data collected from the
Poison Canyon Mining District are shown in Table 2. These data, in comparison
to background samples collected within the same area |nd|cate elevated
concentrations of “®uranium, Z*uranium, Zthorium, *%radium, lead®,
vanadium, lead, and copper in one or more of these samples in comparison to
concentrations determined in samples that were collected to characterize
background-(Ref. 46). Selenium is locally enriched in soils and plants in the
Poison Canyon area (cited in Ref. 11, p. 100).

The investigation -of :soil-impacts from dewatering activities associated with the
Section 35 and :36:mines indicate that **radium and uranium concentrations in

-soil,- while decreasing with increasing depth, exceed assumed background
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concentrations. Exclusive of arsenic, total metals concentrations are below New
Mexico Environment Department (NMED) Soil Screening Levels, and leachable
metals concentrations, excluding selenium, and leachable major ions and TDS
are below New Mexico Water Quality Control Commission (WQCC) standards
(Ref. 33, p. 7-8).

3.4 Surface water pathway

The surface water pathway assesses the threat to human health and the
environment by determining whether hazardous substances are likely to have
been released to surface water; and whether any receptors (intakes supplying
drinking water, fisheries, sensitive environments) are likely to be exposed to a
hazardous substance as a result of a release.

3.4.1 Hydrology

Most streams are ephemeral within the GMD. Peak runoff from heavy late-
summer thunderstorms and lesser flows from snow melt in late winter and early
spring carry high sediment loads (Ref. 11, p. 13). San Mateo Creek has flowed
continuously since construction of San Mateo Reservoir near the community of
San Mateo; however this flow usually is ephemeral within 1 mile below San
Mateo (Ref. 11, p. 13). Average stream bed loss along San Mateo Creek is
approximately 0.72 cubic meters per minute per kilometer (Ref. 11, p. 72).
Infiltration rate in the Ambrosia Lake mining district was calculated to be 7.54
cubic meters per minute (Ref. 11, p. 74).

3.4.2 Surface water use

Ephemeral perennial streamflows that were created from mine dewatering were
important livestock water supplies (Ref. 11, p. 14). Surface water in the GMD,
both from natural or mining-impacted sources, was used for livestock watering.
Only artificially-maintained perennial streams were used for irrigation. No
domestic use of surface water has been documented (Ref. 11, p. 111).

3.4.3 Surface water investigation

Natural runoff has average suspended sediment concentrations greater than
30,000 mg/L.. Flow within San Mateo Creek typically has suspended sediment
concentrations less than 400 mg/L. TDS concentrations in flow within Arroyo del
Puerto that was influenced by mine discharge were 1,500 to 2,000 mg/L;
occasionally natural waters diluted these concentrations to less than 1,000 mg/L
(Ref. 11, p. 84).

In natural runoff, contaminants are generally associated with suspended
sediment and precipitates (Ref. 11, p. 87). Natural runoff has median
concentrations of total molybdenum and selenium of less than 0.01 and 0.03
mg/L respectively (Ref. 11, p. 87). Median total barium concentrations in natural
runoff is 7.7 mg/L (Ref. 11, p. 88). As much of 99% of the gross alpha and gross
beta particle activities in natural runoff are associated with precipitates and
suspended sediment. Dissolved gross alpha levels are generally less than 20
picocuries per liter (“pCi/L"), with dissolved uranium accounting for more than 80
percent. Total **radium concentration in natural runoff often exceeds, 15 pCilL,
but usually has less than 2 pCi/L of dissolved *®radium. Natural runoff typically
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has concentrations of total ?"%lead and 2'°polonium between 40 and 90 pCilL
respectively (Ref. 11, p. 90).

Surface water monitoring was conducted by EID between 1977 and 1982 from
stations established in San Mateo Creek and Arroyo del Puerto to characterize
the quality of natural surface waters and the impacts of uranium mining to these
waters—specifically to characterize hydraulic and contaminant migration
relationships between surface water and shallow ground water. Monitoring
locations included flow from both uranium mine dewatering effluents and natural
perennial flow (Ref. 11, p. 21). Additionally, single-stage samplers were installed
within ephemeral watercourses above and below mine waste piles to
characterize runoff; additionally grab samples collected during runoff events
above and below waste piles (Ref. 11, p. 32).

EID investigators concluded that TDS concentrations in perennial stream flows
throughout the GMD varied between less than 200 to greater than 1,500 mg/L,
with the lowest TDS values found in the perennial flow of San Mateo Creek (Ref.
11, p. 43-44). Dissolved trace element and radionuclide concentrations in both
perennial and ephemeral flows throughout the GMD are very low,. due to the low
solubility of these materials and the prevailing neutral to slightly alkaline nature of
the flows (Ref. 11, p. 45). Suspended sediment concentration in the San Mateo
perennial flow had a log mean concentration of 10 mg/L, while ephemeral flow in
the same streamcourse had a log mean concentration of 8,100 mg/L (Ref. 11, p.
47). Total trace element and radionuclide concentrations in natural runoff
generally were dependent upon sample sediment amounts. Molybdenum was
virtually absent from runoff (Ref. 11, p. 48). In turbid waters, gross alpha particle
activity among 5 samples ranged from 33 pCi/L to 2,100 pCi/L, with a median
concentration of 1,200 pCi/L. Gross beta particle activity among 4 samples
ranged from 546 pCi/L to 2,000 pCi/L, with a median concentration of 1,060 pCi/L
(Ref. 11, p. 48). The majority of ***radium and 2'lead concentrations found in
turbid water samples were bound to sediments (Ref. 11, p. 51). Maximum gross
alpha particle activity exceeded maximum natural runoff activity by 200 times.
Maximum levels of natural uranium and *®radium, which are 2 major alpha
particle emitters, exceed natural maximum runoff levels by over 100 times.
Gross beta particle activity, especially from 2'%lead, also far exceed natural runoff
levels (Ref. 11, p. 57).

As noted previously (Section 3.1), runoff sampling below uranium mine waste
piles indicated that sediment concentrations were comparable to natural
sediment concentrations.

. 3.5 Air pathway

The air pathway assesses the threat to human health and the environment by
determining whether hazardous substances are likely to have been released to
the air, and whether any receptors (human population and sensitive
environments) are likely to be exposed to hazardous substances as a result of a
release. The need to characterize this pathway will be dependent upon waste
characteristics at, and. population densities near, individual mine and mill sites
within the Site.
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4.0 Summary and conclusions

NMED has identified 85 formerly-producing uranium minesites and 4 uranium
millsites (Ref. 12) within the approximately 321 square mile (Ref. 8) San Mateo
Creek basin (Ref. 8, 9) for investigation of potential sources of background
ground water contaminant concentrations that exceed federal (Ref. 3, 4, and 5)
and state (Ref. 6) drinking water standards. Population density within the area
of the Site is between 6 (Ref. 18, p. 2) and 13 people (Ref. 17, p. 1) people per
square mile. The communities of Grants and Milan, which are located just
outside of the boundaries of the Site, have populations of 8,806 (Ref. 20) and
1,891 (Ref. 21) people respectively. Therefore, the total potentially-impacted
population within a 4-mile radius of the Site boundaries is inferred to be between
10,000 and 30,000 people.

Within the Site boundary, ground water supplies water systems for the
community of San Mateo (Ref. 19), and the Tri-State Generating Station (Ref.
49). The community of Haystack also uses ground water (Ref. 47). Immediately
outside of the Site boundary are water systems for the communities of Grants
(Ref. 54) and Milan (Ref. 55), as well as the Golden Acres Trailer Park (Ref. 56).
Another water system in the area is registered to the Mount Taylor Mlllworks
(Ref. 568). Available ground water usage is summarized in Table 5.

NMED collected ground water samples from 28 private wells during the week of
March 30, 2009 (Ref. 58) for analyses of concentrations of total and dissolved ‘
metals, anions, TDS, nitrate plus nitrite (Ref. 60), and radionuclide activity (Ref.

61); additional samples were collected from selected wells for isotopic analyses, (
the results for which will be discussed in forthcoming document. Analytical

results were compared to federal (Ref. 3, 4, and 5) and state (Ref. 6) drinking

water standards, and to NMWQCC ground water standards (Ref. 7). All samples

had at least one contaminant concentration exceeding a respective MCL.

Twenty-four samples from 19 wells, including relevant duplicate samples, had

one or more possible exceedances of primary MCLs (see Table 5); these include

possible exceedances of the nitrate, nitrite, or the nitrate + nitrite standard (Ref.

3, p. 428) as indicated by reported concentration values of nitrate plus nitrite for

which individual speciation was not reported (SMC-01, -03, -09, -10, -12, -13, -

17, -20, -21, -22, -23, -24, -25, -26, -33, -34, -35 [this exceedance was not

observed in duplicate sample SMC-11], -36 [Ref. 60, p. 176], -14, and -28 [Ref.

60, p. 177]). The reported nitrate + nitrite concentration of 1.02 mg/L in

equipment blank SMC-15 (Ref. 60, p. 177) also may exceed the nitrite MCL (Ref.

3, p. 428). Primary MCL exceedances also include concentrations of gross alpha

(SMC-26 [Ref. 61, p. 24], and -36 [Ref. 61, p. 31]), arsenic (SMC-11 [Ref. 60, p.

35], -12 [Ref. 60, p. 38], -13 [Ref. 60, p. 80], -17 [Ref. 60, p. 68], -22 [Ref. 60, p.

47], -25 [Ref. 60, p. 5], -33 [Ref. 60, p. 74], -34 [Ref. 60, p. 77], and -35 [Ref. 60,

p. 53]), barium (SMC-30 [Ref. 60, p. 92]), lead (SMC-12 [Ref. 60, p. 38]),

selenium (SMC-11 [Ref. 60, p. 35], -12 [Ref. 60, p. 38], -13 [Ref. 60, p. 80], -14

[Ref. 60, p. 83], -20 [Ref. 60, p. 41], -24 [Ref. 60, p.11], -33 [Ref. 60, p. 74], -34

[Ref. 60, p.77], and -35 [Ref. 60, p.53}), and uranium (SMC-01 [Ref. 60, p. 176], - .
09 [Ref. 60, p. 14}, -10 [Ref. 60, p. 17], C-11 [Ref. 60, p. 35], -12 [Ref. 60, p. 38], . ,
-13 [Ref. 60, p. 80], -17 [Ref. 60,,p. 68], -20 [Ref. 60, p. 41}, -22 [Ref. 60, p. 47]; -v0v =+ {

26 [Ref. 60, p. 50], -28 [Ref. 60, p. 89], -32 [Ref. 60, p. 98], -33 [Ref.. 60, p. 74], - "
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34 [Ref. 60, p. 77], -35 [Ref. 60, p. 53], and -36 [Ref. 60, p. 56]) in addition to the
nitrate and nitrite exceedances. All but 4 samples (SMC-15, -23, -28, and -30)
had exceedances of secondary MCLs (see Table 5). Samples from 16 wells
(and respective duplicate samples) had exceedances of NMWQCC ground water
standards (Ref. 7, p. 12-13; see Table 6), including selenium (SMC-12 [Ref. 60,
p. 40]; SMC-13 [Ref: 60, p. 82]; SMC-14 [Ref. 60, p. 85]; SMC-20 [Ref. 60, p.
43]; SMC-24 [Ref. 60, p. 13]; SMC-33 [Ref. 60, p. 76]; SMC-34 [Ref: 60, p. 79];
SMC-35 [Ref. 60, p. 55]), uranium (SMC-01 [Ref. 60, p. 25}; SMC-12 [Ref. 60, p.
40]; SMC-10 [Ref. 60, p. 19]; SMC-13 [Ref. 60, p. 82]; SMC-17 [Ref. 60, p. 70];
SMC-20 [Ref. 60, p. 43]; SMC-22 [Ref. 60, p. 49]; SMC-26 [Ref. 60, p. 52]; SMC-
28 [Ref. 60, p. 91]; SMC-33 [Ref. 60, p. 76]; SMC-34 [Ref. 60, p. 79]; SMC-35
[Ref. 60, p. 55]; and SMC-36 [Ref. 60, p. 58]), iron (SMC-08 [Ref. 60, p. 9];
SMC-32 [Ref. 60, p. 99]; manganese (SMC-32 [Ref. 60, p.99]; , sulfate (SMC-08
[Ref. 60, p. 177]; SMC-10 [Ref. 60, p. 177]; SMC-12 [Ref. 60, p. 177]; SMC-13
[Ref. 60, p. 178]; SMC-17 [Ref. 60, p. 178]; SMC-24 [Ref. 60, p. 13]; SMC-24
[Ref. 60, p. 177]; SMC-32 [Ref. 60, p. 178]; SMC-33 [Ref. 60, p. 179]; SMC-34
[Ref. 60, p. 178]; TDS (SMC-08 [Ref. 60, p. 179]; SMC-12 [Ref. 60, p. 179];
SMC-13 [Ref. 60, p. 179]; SMC-14 [Ref. 60, p. 179]; SMC-17 [Ref. 60, p. 179];
SMC-21 [Ref. 60, p. 179]; SMC-32 [Ref. 60, p. 179]; SMC-34 [Ref. 60, p. 179];
SMC-35 [Ref. 60, p. 179]), pH (SMC-22 [Ref. 60, p. 49]), and possibly nitrate
subject to the same analytical data limitations as above for nitrate, nitrite, and
nitrate + nitrite MCLs (SMC-09, -10, -12, -13, and -24 [Ref. 60, p. 176)).

Analyses of waste rock samples from the Poison Canyon Mining District showed
that contaminant concentrations are elevated relative to background (Ref. 46).
EID analyzed composite minewaste samples from within the Site to determine
contaminant leachability (Ref. 11, p. 34-35); these tests indicated that these
materials had relatively low potential for leaching and ground water degradation
(Ref. 11, p. 57). Nevertheless, the EID investigation also noted that.the
contaminant concentrations in runoff from mine waste exceeded natural
concentrations (Ref. 11, p. 54, 55, 57).

Water produced from mine dewatering contained elevated contaminant
concentrations (Ref. 11, p. 80, 84), and produced perennial flows in San Mateo
Creek and Arroyo del Puerto (Ref. 11, p. 66, 68, 72, 77). These flows increased
recharge to alluvial aquifers in the Ambrosia Lake mining district. Mine discharge
elevated TDS concentrations in Arroyo del Puerto surface water flows (Ref. 11,
p. 84). Maximum levels of natural uranium and ?*radium, as well as gross alpha
and beta particle activity, exceeded natural runoff levels within the GMD (Ref. 11,
p. 57). Although the effluents were treated to reduce solids and radium
concentrations (Ref. 11, p. 20-21), some contaminant concentrations were found
to be higher than was found in natural runoff (Ref. 11, p. 87, 88, 90). EID
collected effluent samples with elevated concentrations of radiumygg, leadz1o, and
21%0lonium that were attributed to episodes of ineffective minewater treatment
(Ref. 11, p. 90). Some contaminants were observed to precipitate or bind to
stream sediments where available, but would move downstream during flow

.events; in relatively sediment-free stream channels, contaminant concentrations
.were not readily attenuated (Ref. 11, p. 90, 92). .
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Little data are available to determine ground water quality before the inception of
mining (Ref. 11, p. 94, 95). Mine dewatering increased recharge to, and water
levels in, alluvial aquifers (Ref. 11, p. 21, 26, 66, 74, 77; Ref. 33, p. 23). Mine
dewatering changed hydrologic conditions throughout the Site (Ref. 11, p. 13;
Ref. 48, p. 3). Alluvial ground water was found to have some geochemical
similarities to minewaters (Ref. 11, p. 94, 101, 102, 105, 107); natural attenuation
was found to moderate some geochemical effects (Ref. 11, p. 94; Ref. 33, p. 23).

Bedrock ground water levels were greatly reduced from the dewatering activities
(Ref. 11, p. 13; Ref. 48, p. 3). However, where bedrock aquifers subcrop alluvial
aquifers or outcrop in streamcourses, the dewatering effluents recharged these
aquifers (Ref. 11, p. 77).

Sludges produced in ponds, in which mine effluents were treated, had some
elevated contaminant concentrations (Ref. 11, p. 20-21, 80, 82).

Soil samples from the Poison Canyon Mining District show elevated contaminant
concentrations (Ref. 46), as do samples taken from soils impacted by Section 35
and 36 mine dewatering (Ref. 33, p. 7-8). Soil samples from areas impacted by
dewatering of the Section 35 and 36 mines indicate radiumyzs and uranium
concentrations in soil exceed assumed background concentrations. Exclusive of
arsenic, total metals concentrations are below New Mexico Environment
Department (NMED) Soil Screening Levels, and leachable metals
concentrations, excluding selenium, and leachable major ions and TDS are
below New Mexico Water Quality Control Commission (WQCC) standards (Ref.
33, p. 7-8). -

The air pathway was not evaluated for this study, but should be studied during
recommended further CERCLA investigation of this Site.
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Figure 1: Mines and mill locations
Ref. 8, 9, 10, 12, 64, 65

0 12525 5

San Mateo Creek Basin Legacy Uranium Sites
Cibola and McKinley Counties
New Mexico

Notes:

Symbology for mines is derived from Ref. 12 according to the following schema:
e Surface and underground, underground, and surface uranium mine categorization (Ref. 66).

¢ Production categorization (Ref. 67).
See Table 1 for mine information.
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Figure 2: Bedrock geology of the San Mateo Creek drainage
References as for Figure 1 plus Ref. 68
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San Mateo Creek Basin Legacy Uranium Sites
Cibola and McKinley Counties
New Mexico
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Figure 3: Surficial landownership within the San Mateo Creek drainage basin
References as for Figure 1 plus Ref. 28
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Figure 4: Wells within the San Mateo Creek basin that are registered with the New Mexico Office of the State

Engineer
References as for Figure 1 plus Ref. 69 (see notes)

New Mexico

San Mateo Creek Basin Legacy Uranium Sites
Cibola and McKinley Counties
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Notes to Figure 4: _
Wells data from Ref. 69, and are summarized by use categories (Ref. 70, 71) in this
figure as follows:

e OSE wells: Other = includes DEW, EXP, MIN, MON, NOT, OBS, PRO, and PUB
categories and entries with no category (i.e., blanks)

e OSE wells: Non consumptive = includes IND, IRR, SAN, STK categories

e OSE wells: Single domestic = includes DOM category

e OSE wells: Consumptive—multiple domestic = includes MUL, MOB, MDW
categories ’
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Figure 5: Sl sampling task locations and regulatory exceedances

LEGEND
@ Primary MCL exceedances

»  NMWQCC exceedances
B Primary MCL & NMWQCC exceedances
¥ No standards exceeded

New Mexico Environment Department
San Mateo Creek Legacy Uranium Sites Investigation
McKinley & Cibola Counties, New Mexico
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6.0 Tables

Table 1: Summary of investigations performed under CERCLA within the overall Site boundary -

Site name CERCLIS ID | Reference | Reference Actions Date completed. | Reference | Reference
no. page ) no. page
Brown Vandever Mine NND986669117 Discovery 03/01/1990
36 1 Preliminary Assessment 07/17/1990 - 36 2
Archive site 12/10/1992
Site inspection 12/10/1992
Anaconda Company Bluewater NMD007106891 Discovery 04/01/1980
Uranium Mill Archive site 04/01/1980 36 4
36 3 Preliminary Assessment 04/01/1980
Preliminary Reassessment July 1980 38 NA
Site Investigation August 2009 39 NA
Haystack Butte Mining District NMD980878771 , Discovery 09/01/1984
36 5 Preliminary Assessment 11/01/1984 36 6
Archive site 12/01/1985 .
Site inspection 12/01/1985
Kerr-McGee Nuclear Corp NMD005570015 Discovery 02/01/1980
36 7 Archive site 02/01/1981 36 8
Preliminary Assessment 02/01/1981
Mt. Taylor Uranium Mine NMDO000778605 Preliminary Assessment 04/01/1981
Discovery 05/01/1981
36 S Site inspection 04/01/1986 36 10
Archive Site 09/26/1994
Poison Canyon Mining District NMDS81600489 Discovery 12/01/1986
Preliminary Assessment 08/01/1987
36 | Archive site 10/01/1989 36 12
Site inspection 10/01/1989
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Table 1 continued
Site name Reference | Reference Actions Date completed | Reference | Reference
CERCLIS ID no. page no. page
Discovery 06/30/1988
» Preliminary Assessment 01/20/1989 36 14
: . Archive Site 12/07/1995
UNC San Mateo Mine NM1223075515 36 13 Site inspection 12/07/1995
Engme'enng Evaluation/Cost 08/19/2009 72
Analysis report
. . Discovery 07/16/1991
Febco Uranium Mine NND986669166 36 15 Preliminary Assessment 06/11/2001 36 16
NPL listing 09/08/1983 18
. . ROD 09/27/1989 18
Homestake Mining Company mill NMD007860935 36 17 Five year review 09/27/2001 36 17
Five year review 09/26/2006 17
Discovery
i i i 12/19/2007 36 20
AmprOSIa_Lake Disposal Site (a.k.a. NMNO0O606875 36 19
Phillips mill) Preliminary Assessment . March 2009 40 NA
Poison Canyon mine NA Pre-CERCLIS screen 09/10/2009 73 NA
Red Bluff #1 mine NA Pre-CERCLIS screen 09/10/2009 74 NA
Piedra Trieste mine NA Pre-CERCLIS screen 09/10/2009 75 NA
Roundy Manol strip mine NA Pre-CERCLIS screen 09/10/2009 76 NA
Mesa Top mine NA Pre-CERCLIS screen 09/10/2009 77 NA
Malpais mine NA Pre-CERCLIS screen 09/10/2009 78 NA
Hope mine NA Pre-CERCLIS screen 09/10/2009 79 NA
Isabella mine NA Pre-CERCLIS screen 09/10/2009 80 NA
Haystack Section 31 mine NA Pre-CERCLIS screen 09/10/2009 81 NA
Flat Top mine NA Pre-CERCLIS screen 09/10/2009 82 NA
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Table 1 continued

Site name CERCLIS ID | Reference | Reference Actions Date completed | Reference | Reference
, no. page no. page
Beacon Hill Gossett mine NA Pre-CERCLIS screen 09/10/2009 83 NA
Spencer mine NA Pre-CERCLIS screen 09/01/2009 84 NA
T-20 mine NA Pre-CERCLIS screen 09/01/2009 85 NA
Flea mine NA Pre-CERCLIS screen 09/10/2009 86 NA
Doris miine NA Pre-CERCLIS screen 09/10/2009 87 NA
Faith mine NA Pre-CERCLIS screen 09/10/2009 88 NA
Dog mine NA Pre-CERCLIS screen 09/10/2009 89 NA
Blue Peak mine NA Pre-CERCLIS screen 09/10/2009 90 NA
Davenport mine NA Pre-CERCLIS screen 09/10/2009 91 NA
Barbara J #3 mine NA Pre-CERCLIS screen 09/10/2009 92 NA
Barbara J #2 mine NA Pre-CERCLIS screen 09/10/2009 93 NA
Barbara J #1 mine NA Pre-CERCLIS screen 09/10/2009 94 NA
Section 25 SEQ mine NA Pre-CERCLIS screen 09/01/2009 95 NA
Section 25 open pits mine NA Pre-CERCLIS screen 09/10/2009 96 NA
Roundy shaft mine NA Pre-CERCLIS screen 09/10/2009 97 NA
Schmitt decline mine NA Pre-CERCLIS screen 09/10/2009 98 NA
Beacon Hill mine NA Pre-CERCLIS screen 09/10/2009 99 NA
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Table 2: Analytical data from the Poison Canyon Mining District (July 1989 sampling)

Ref. 46, p. 2

Location e VI VIO i _I Z"Th [ **Ra [ *™Pb | Vanadium [ Lead [ Copper

. pCilg Hg/g

. Background -

A 5.53 6.80 [0.50 |6.86 |6.30 [6.60 |6 <5 5
B 4.24 443 081 (488 [450 [220 |6 7 8
BJ #3A 1.29 1.22 (040 [323 [3.92 |2.00 |12 6 9

Stream/pond sediments
BJ 4.64 492 |1.07 {595 |9.30 550 |15 9 9
Stream A ' -
“Stock 61.50 |65.50|1.75 | 34.50| 38.20 | 33.60 | 88 63 11
pond” : ] :

‘Waste rock/soils

BJ #1 890.00 { 910 1150 | 1060 | 860 |830 74 9
BJ #3B 140 142 175 |72 93 66 5 <5
BJ #3C 5840 | 5730 5600 | 4320 | 260 310 | <5

5990

Notes:

U = uranium 238
234 = uranium 234
232Th = thorium 232
230Th = thorium 230
22°Ra = radium 226
210pp = |ead 210

pCi/g = picocuries per gram
Mg/g = micrograms per gram
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Table 3: Ground water usage from wells within the Site boundary

Ref. 69
GROUND WATER USAGE TOTALS

Consumptive 213

Single domestic wells 203

Multiple domestic and community wells 10
Irrigation, sanitary, industrial, and stock 241
wells
Other well usages Including  dewatering,  exploration, 79

mining, milling, oil, monitoring, no

recorded use of right, observation,

prospecting, construction, and no

documented usage category
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Table 4: Available well completion data for S| sampling event
Sample Alternative well Latitude Longitude Reference/ | Water Level Reference/ 3’:::',‘ Reference/ | Screened | Reference/ L.:‘til;c;l:gglssi:;a;icgrr::):eig Reference/ Notes ’ lnferre:q(‘:l?fr:fletion
D Ds (NADS83) (NADS3) page (ft-BGS) page " page interval page interval page (Ref. 62, p. 15)
Smc-00 Field Blank collected at SMC-01 well location
BWSI-34 150 30/8.0-6
SMC-01 HMC-951 35.24748 -107.92398 39/19
30/8.0-6,
B28-5-247 101 152 100/20 2751 101120 241-275 30/8.0-6 | limestone/dolomite/chalk 101/20
sandstone/gravel/
SMC03 | ponsegr 35.20425 |  -107.89780 81| 10121 1380 10129 120-134 10121 | conglomerate 101121 Bedrock?
SMC-04 35.20645 -107.87140 340 1011 Bedrock?
280 102/2 sandstone/gravel/
SMC-05 | g 91072+ 35.20420 | -107.87292 180 | 101722 510 _101/22 484-510 101/22 | conglomerate 101/22 Bedrock?
SMC-06 Field Blank collected at SMC-07 welf location
1200 102/2
SMC-07 35.44246 .-107.82333 Bedrock
14.9.18.243™" 103/99 744 104/99 800 104/99 Westwater Canyon 104/99
SMC-08 35.26671 -107.83545 ~28 104/1 ~200 105/1 - Alluvial
SMC-09 35.23852 -107.78490 - Alluvial
HMC-914 42 | 30/4.1-20 93| 30/4.1-20 alluvium 30/4.1-20
SMC-10 35.27774 -107.83082 104/96 58 104/96 104/9? - sand and gravel 104/96 Alluvial
12.9.7.343" 105/91 (11/30/1955) 106/91 98 106/9 (alluvium) 106/91
HMC-920 33| 30/4.1-20 - alluvium 30/4.1-20
58.1 104/96 .
smc-11 104/96 (11/30/1955) | 104/96 104/96 106/92 Altuvial
12.10.12.433** 106/92 58.1 (7/25/56) 106/92 100 106/92 alluvium
HMC-950 26 | 30/4.1-21 81 30/4.1-21 alluvium 30/4.1-21
SMC-12 104/96 67.7| 104/96 104/96 104/96 Alluvial
12.10.12.221*" 106/91 (07/26/1956) | 106/91 81| 106/91 alluvium 106/91
SNIC-13 HMC-921 39 | 30/4.1-21 73] 30/4.1-21 Alluvial
B00415 O-13* 50 10123 74 101/23 alluvium 30/4.1-21
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Table 4 cont—inued

u, Superfund Oversight Section

: . . . Welt Lithology/stratigraphic Inferred completion
Alternative well Latitude Longitude Reference/ Water Level Reference/ Reference/ | Screened | Reference/ y ? Reference/ "
Sample y Depth A unit opposite screened Notes aquifer
D iDs {NAD83) {NAD83) page (ft-BGS) page ) page interval page interval page (Ref. 62, p. 15)
121.10.14.212* 104/96 50.1 (07/1956) 104/96 alluvium 104/96
SMC-14 - 35.27519 -107.85929 Alluvial
511 30/4.1-21 96 | 30/4.1-21
HMC-922 59 30/34 101 53/34 alluvium 30/4.1-20
SMC-15 Equip blank post SMC-13
~ _ pump set at ~200’
SMC-16 35.34801 107.73715 (Ref. 53. p. 46) Bedrock?
SMC-17 35.35756 -107.80773 65.5 53/46 >400 53/46 Aliuvial
SMC-18 35.34829 -107.80320 82.3 58/15 102 58/15 Bedrock?
B-01115 44/11 478 | 58/16. /25
SMC-20 35.34903 -107.77978 sandstone/gravel/conglom Bedrock
Strathmore-111 44/5 204 101/25 478 44/5 458-478 101/25 -erate 101/25
SMC-21 35.36355 -107.76920 Alluvial?
580 101/4 Former supply to
SMC-22 35.32518 -107.82638 red coarse sandstone, red mine camp (Ref. Bedrock?
B-01485* 280 101/4 ~500 105/3 500-560 101/4 sandstone 101/5 53, p. 44)
Strathmore-116 44/5 Jmw 44/5
SMC-23 35.34515 -107.78606 white sand Bedrock
B-1636 53/31 80 10111 260 1011 220-260 101/2 101/3
B-0659* 190 101/6 220 101/8 sandstone/Dakota 101/6-7
SMC-24 Strathmore-138 35.34459 10778514 44/5 86 44112 170 44112 Jmw 44/9 Bedrock
B-0659* 190 101/6 220 101/6 sandstone/Dakota 101/6-7
101/3
SMC-25 B-1636~ 35.34713 -107.78334 80 10111 260 1011 220-260 101/2 white sand Bedrock?
13.9.22.111** 104/99 220 104/99 Westwater Canyon 104/99
88 44/5
Strathmore-115 44/5 88 44112 130 44/12
SMC-26 B-00415-05* 35.34658 -107.77467 72 101/26 95 101/26 Qal 44/9, 12 Aliuvial
B-00415-06* 73 101/27 90 101/27
B-00415-07* 74 101/28 80 101/28 Shallow alluvium/basin fill 101/26, 28
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Table 4 continued
. Well Lithologyi/stratigraphic Inferred completion
Alternative well Latitude Longitude Reference/ Water Level Refarence/ Reference/ Screensd | Reference/ " o Reference/ P
Sample Depth A unit opposite screened Notes aquifer
NADS83 ft-BGS !

D IDs (NAD83) ( ) page ( ) page () page interval page interval page (Ref. 62, p. 15)
SMC-28 35.34879 -107.76743 520 103/4 590 103/4 Bedrock
SMC-30 B-00815* 35.33671 -107.65423 260 101/29 300 101/29 270-290 101/29 white sandstone . 101/29 Bedrock?

B-00524" 260 101/30 520 101/30 400-480 101/30 gray coarse sand 101/30
SMC-31 13.8.24.341" 35.33506 -107.63823 104/97 250 104/97 Kmf 104/97
13.8.24.341 104/97 139 (3/1978) 104/97 500 104/97 Kmf 104/97
. 13.9.16.411* 107.7 104/88 250 104/98 Westwater Canyon 104/98 Pump set at ~200°
SMC-32 3516413 3535452 07.79461 —0ar99 250 | 10499 Westwater Ganyon 104/99 | (Ref. 53, p. 44) Bedrock?
B-00415-08" 101/31, 33, 54 101/31
B-00415-09* 30 34 57 101/32
SMC-33 B-00415-010" 35.32146 -107.81759 59 101/33 Alluvial
B-00415-O11* 32 101/32 72 101/34 shallow alluvium/basin fill 101/31, 32
13.9.29.341™ 104/99 455 104/99 Tc 104/99
SMC-34 35332654 |  -107.80274 562 104199 Alluvial
13.9.28. 111 ‘ . 104/99 (08/05/1977) 104/99 125 104/99 alluvium uvia
SMC-35 Field duplicate associated with SMC-11
SMC-36 Field duplicate associated with SMC-26
86.6 58/30 88 58/30 Inferred from depth
SMC-39 35.34677 -107.7758 104/99 104/99 Low yield; and other references
13.9.22.212** 104/99 87.5 (12/1957) 95 104/99 alluvium Isotope sample only. cited

*

*k

New Mexico Office of the State Engineer well record identified by EPA-provided overplot of iWATERS database (Ref. 69) with well locations determined global positioning instrument during sampling (Ref. 106).
Inferred well identification by wells from Ref. 107 within 200 meters of sampled well.
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Table 5: Federal and state drinking water standard exceedance concentrations by sample

SMc-01 SMC-03 SMC-04 SMC-05 SMC-07 SMC-08
Notes
MCL Analysis page in page in page in page in page in page in
MCL reference | reference | Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference
Primary
Gross alpha with U- Ref. 3, p. 61
nat reference (pCi/L) 15 1431
Arsenic (ug/L) 10 | Ref. 3, p.
Barium (ug/L) 200 | 428
Lead {(pg/L) 15 | Ref. 5
nitrate+nitrite=10
nitrate + nitrite (mg/L) | nitrate=10, Ref. 3, p. 60
nitrite=1 428 4.70" 176 4.12* 176
Selenium (pg/L) 50
Ref. 3, p.
Uranium {ug/L 30 | 431 37.6 23
o, dary
Iron (pg/L) 300 3090 8
Manganese (ug/L) 50 Ref4, p 110 8
pH(S.U) 6.5--8.5 614. T 60 8.6 34
Sulfate (mg/L}) 250 353 177 369 177 911 177
TDS (mg/L) 500 884 14 884 179 698 179 592 179 534 179 1400 178
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Table 5 continued SMC-09 SMC-10 SMC-11 SMC-12 SMC-13 SMC-14
Notes duplicate of SMC-35
MCL Analysis page in page in page in page in page in page in
MCL reference | reference | Concentration | reference ] Concentration | reference | Concentration | reference ] Concentration | reference | Concentration | reference | Concentration | reference
Primary
Gross alpha with U-
nat reference (pCi/L} 151431
Arsenic (ug/t) 10 | Ref. 3, p. 21.2 35 243 38 37.7 80
Barium (ug/t) 200 | 428 :
Lead (ug/L) 15 [ Ref. § 329 38
nitrate+nitrite=10
nitrate + nitrite (mg/L) | nitrate=10 Ref. 3, p. 60
nitrite=1 428 228 176 212 176 11.5 176 18.6 176 2.36" 177
Selenium {ug/L) 50 352 35 363 38 604 80 51.1 83
. Ref. 3, p.
Uranium (ug/L) 30 | 431 42.0 14 30.5 17 231 35 184 38 240 80
[~ o) -y
Iron (ug/L) 300 1300 14 909 38 411 83
Manganese (ug/l) 50
pH (S.U.) 6585 | oo P 60 8.7 85
Sulfate (mg/L) 250 2070 177 2110 177 1580 177 955 177 1610 178 635 178
TDS (mglL) 500 3400 178 3380 178 2440 179 1870 179 2710 179 1180 178
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Iron (pg/l)

Table 5 continued SMC-15 SMC-16 SMC-17 SMC-18 SMC-20 SNC-21
Notes equipment blank
MCL Analysis page in page in page in page in page in page in
MCL reference | reference ] Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference
Primary

Gross alpha with U- Ref. 3, p. 61
nat reference (pCifL) 15 [ 431
Arsenic {(ug/L) 10 | Ref. 3, p. 12.3 68
Barium (ug/L) 200 | 428
Lead (pg/L) 15 | Ref. 5

nitrate+nitrite=10
nitrate + nitrite (mg/L) | nitrate=10 Ref. 3, p. 60

nitrite=1 428 1.02* 177 1.45* 176 1.08* 176 9.38* 176
Selenium (ug/l) 50 741 41

. Ref. 3, p.

Uranium (ugiL) 30 | 431 98.4 68 66.6 41

Manganese (ug/L) 50 Ref. 4, p 56.7 65 754 71 53.6 41 130 44
pH(S.U) 6585 | giy ' 60
Sulfate (mg/L) 250 323 178 656 178 370 178 546 177
TDS (mg/l) 500 864 179 1100 179 732 179 504 179 3320 179
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Table 5 continued

TN .

SMC-22 SMC-23 SMC-24 SMC-25 SMC-26 SMC-28
Notes duplicate of SMC-36
MCL Analysis page in page in page in page in page in page in
McL roferonce | roforence } Concentration | reference } Concentration | reference J C itration | ref Concentration | reference | Concentration | reference § Concentration | reference
Primary
Gross alpha with U- Ref. 3, p. 61
nat reference (pCi/L) 15 | 431 35.3** 24
Arsenic (ug/L) 10 | Ref. 3, p. 21.7 47 1.2 5
Barium (ug/L) 200 | 428
Lead (pg/L) 15 | Ref. 5
nitrate+nitrite=10
nitrate + nitrite (mg/L) | nitrate=10 Ref. 3, p. 60
nifrite=1 428 1.86% 176 443" 176 20.2 176 567" 176 6.28* 176 111 177
Selenium (pg/L) 50 66.8 11
; Ref. 3, p.
Uranium (ug/L) 30 | 431 482 47 188 50 46.7 89
< dary

Iron {pg/l) 300
Manganese (ug/L) 50
pH (S.U.) 6.5-8.5 eRfi' 4P 60 9.2 49
Sulfate (mgiL} 250 2070 177
TDS (mg/L) 500 506 179 3310 178 504 178 572 179
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Table 5 continued SMC-30 SMC-31 SMC-32 SMC-33 SMC-34 SMC-35
Notes duplicate of SMC-11
MCL Analysis page in page in page in page in page in page in
MCL reference | reference | Concentration | reference | Concentration | reference | Concentration | reference ]| Concentration | reference ] Concentration | reference | Concentration | reference
Primary
Gross alpha with U- Ref. 3, p. 61
nat reference (pCi/L) 15 | 431
Arsenic (ugiL) 10 | Ref. 3, p. 21.0 74 29.3 77 236 53
Barium (uglL) 200 | 428 300 92
Lead (pg/L) 15 | Ref. 5
nitrate+nitrite=10
nitrate + nitrite (mg/L) | nitrate=10, Ref. 3, p. 60
nitrite=1 428 9.62* 176 6.15* 176 12.7 176
Selenium (pg/L) 50 257 74 427 77 350 53
Ref. 3, p.
Uranium (ug/L 30 | 431 113 98 164 74 119 77 224 53
< ary
Iron (ug/L) 300 ] 1690 98
Manganese (ug/l.) 50 Ref. 4 88.8 95 1100 98
pH (S.U.) 65-85 | gra 60
Sulfate (mg/L) 250 1100 178 899 178 1080 178 396 178
TDS (mg/L) 500 500 179 1630 179 1490 179 1780 179 2530 179
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Table 5 continued SMC-36 TOTAL number of
Notes duplicate of SMC-26 unique wells sampled
MCL Analysis . page in with exceedance of
Prh'{ln(:;.ry reference | reference | Concentration | reference specified contaminant
Gross alpha with U- | Ref.3, p. 61 1
nat reference (pCi/L) 151431 154" 31
Arsenic (pgiL) 10 | Ref.3, p. 8
Barium (ug/L) 200 | 428 1
Lead (ug/L) 15| Ref. 5 1
nitrate+nitrite=10 : j . E
nitrate + nitrite (mg/L) | nitrate=10, Ref.3 p. 60 co ’ 18
nitrite=1 428 5.96" 176
Selenium (ug/t) 50 8
Ret. 3, p.
Uranium 30 | 431 14
iron (ug/l) 5
Manganese (ug/L) 50 7
| pH (S.U) 6.5-8.5 gf} 4.p 60 2
Sulfate (mg/L) 250 17
TDS (mg/L) . 500 598 179 25
Number of unique well samples with primary MCL exceedances 21
Number of unique well samples with secondary MCL exceedances 25

Blank cells indicate no exceedance of referenced standards ' -

*The analytical method did not dlstmgunsh between nitrate and nitrite; reported concentratrons are for nitrate + nitrite. ' Reported concentratrons for nitrate + mtnte between 1 and 10 mg/L may exceed the nitrite
standard. y .

**Alpha activity values are calculated as follows (Ref. 61, p. 32): (gross alpha with U-nat reference) — (0. 67*[uran|um mass concentration])
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Table 6: NMWQCC ground water standard exceedances by sample

All analytical data cited are from Ref. 107
NMwWQCC grqund water standards cited are from Ref. 7, p. 12-13.

SMC-01 SMC-08 SMC-08 SMC-10 SMC-11 SMC-12 SMC-13 SMC-14
Notes duplicate of SMC-35
NMWQCC Standard page in page in page in page in page in page in page in page in

Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference | Concentration | reference
A. Human health
nitrate (ug/L)" 10 22.8* 178 21.2* 176 11.5* 176 18.6* 176
Selenium (ug/L) 50 367 37 382 40 618 82 429 85
Uranium (pg/L 30 36.7 25 40.7 16 30.8 19 228 37 163 40 240 82
B. Other standards for
domestic water supply
Iron (giL) 1000 2740 9
Manganese
{pg/L) 200
Sulfate (mg/L) 600 911 177 2070 177 2110 177 1580 177 955 177 1610 178
TDS (mg/L) 1000 3400 178 3380 178 2440 179 1870 179 2710 179 1180 179
pH(S.U) 69

SMC-17 SMC-20 SMC-21 SMC-22 SMC-24 SMC-26 SMcC-28
Notes duplicate of SMC-36
NMWQCC Standard page in page in . page in page in page in page in page in
Concentration reference | Concentration reference Concentration [ reference | Concentration | reference ] Concentration | reference ]} Concentration | reference | Concentration | reference

A. Hi health
nitrate (pg/L)* 10 20.2 176
Selenium (ug/L}) 50 736 43 66.2 13
Uranium (pg/L

B. Other standards for

d tic water supply

Iron (ug/L) 1000

Manganese

(ug/L) 200

Sulfate (mg/L) 600 656 178 2070 177
TDS (mg/t) 1000 1100 179 3320 179

pH (S.U.) 6-9 9.2 49

*The analytical method did not distinguish between nitrate and nitrite; reported concentrations are for nitrate + nitrite. Concentrations for nitrate + nitrite greater than 10 mg/L indicated in this table may exceed the

nitrate standard.
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Table 6 continued SMC-32 SMC-33 SMC-34 SMC-35 SMC-36
Notes duplicate of SMC-11 duplicate of SMC-26
NMWQCC Standard page in page in page in page in page in
C ation reference Concentration reference C fe C ation f Concentration reference
A. Human health
nitrate (pg/L)* 10 12.7° 176
Selenium (ug/L) 50 268 76 434 79 375 55
Uranium (pg/L 30 : 166 76 117 79 231 55 187
B. Other standards for
d tic water supply
Iron (ug/L) 1000 1650 99
Manganese
{ug/l) 200 1150 99
Sulfate (mg/L) 600 1100 178 899 178 1080 178
TDS (mg/L) 1000 1630 179 1480 179 1780 179 2530 179
pH (S.U.) 6--9 -
Number of unique well samples with NMWQCC human health standard exceedances 17
Number of unique well samples with NMWQCC other standards for domestic water supply exceedances 14
Total number of unique well samples with NMWQCC standard exceedances 18
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ENVIRONMENT DEPARTMENT

Ground Water Quality Bureau

1190 St. Francis Drive, P. O. Box 5469
Santa Fe, NM 87502

BILL RICHARDSON RON CURRY
Governot Phone (505) 827-2900 Fax (505) 827-2965 Secretary
DIANE DENISH www.nmenv.state.nm.us JON GOLDSTEIN
Lieutenant Governor Deputy Secretary

TO:

MEMORANDUM (transmitted via email)

LaDonna Turner, EPA Region 6 Site Assessment Manager

FROM: David L. Mayerson
DATE: January 11, 2010

RE:

Request for evaluation of CLP laboratory quality control for San Mateo Creek basin S| water
samples

NMED personnel have been examining analytical data in detail received from Houston Laboratories from
NMED’s S| sampling conducted in 2009. From this examination, several issues have come to light for
which NMED requests explanation or response from EPA

For this analytical work, EPA assigned project number 09SF165 and work order numbers 0903074,
0904002, 0904006, and 0904011 for the requested metals and “wet” chemistry analyses.

1.

NMED'’s CLP services request for this task included analyses for dissolved and total molybdenum
(Mo); however these analyses were not included in results received by NMED.

Mo results were reported in an amended report on 4/8/2010 which was sent to Ladonna Turner,
David Mayerson, and Dana Bahar

Charge balance errors (CBE), also known as cation-anion balances, that NMED calculated for a
few of the analyses are higher than might be expected. NMED currently does not have an
acceptance criterion for this measure, and was unable to identify an acceptance criterion for
analyses performed under the EPA CLP. Moreover NMED staff has limited knowledge in the
reasons why such a measure may vary for a specific sample. NMED requests that EPA examine
NMED’s CBE calculations and associated data in the attached table to help us understand if there
should be any concerns about these data quality and accuracy. This is not a task that the
Regional Lab has any expertise in.

The majority of analytical results for metals indicate close agreement between total and dissolved
concentrations. However, several of the analyses report a concentration of a dissolved analyte
that is higher than the concentration of the same total analyte; a few examples of this are SMC-01
(calcium), SMC-03 (barium and calcium), SMC-07 (barium and sodium), SMC-10 (uranium),
SMC-13 (magnesium), SMC-14 (arsenic and selenium), SMC-16 (barium), and SMC-17
(selenium).  While the difference between the values reported for dissolved and total
concentrations generally is not large, such discrepancies are not acknowledged nor addressed in
the report narrative. The laboratory does not compare total to dissolved results. The laboratory
analyzes the samples and reports the results. We do an internal QA review of our data prior to it
being reported to the customer — we do not do a full data validation.

Related to the issue above, sample uranium concentrations in sample SMC-32 are reported to be
“U” (dissolved)/113 ppb (total); as stated above, correspondence between reported
concentrations for total and dissolved species in all other samples is generally much closer,
especially for uranium. NMED requests that uranium analytical data for this sample be
reexamined for reporting accuracy. The laboratory went back to the raw data for this sample and
verified that the reported result was correct.



http://www.nmenv.state.nin.us

Dana Bahar, NMED
Earle Dixon, NMED

GMB 2010 correspondence file
NMED/GWQB/SOS read file
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Sample
Number | K Mg Na ca |C3ON | cation | F |NO3NO2| CI | HCo3 | sos | Amon | Tharge | g,
(mg/lL) | (mg/L) | (mg/L) | (mg/L) meqL Sum | (mg/L) | (mg/lL) | (mg/L) | (mg/L) | (mg/L) meq/L | Error % Sum
SMC-03 4.1 40.1 54.3 172 14.35 270.5 0.39 412 32 272 369 13.13 4.44 677.5
SMC-04 2.4 3.24 208 11.2 9.94 224.9 1.18 0.82 33 284 200 9.83 0.56 519.0
SMC-05 0.5 0.58 199 2.83 8.86 202.9 1.28 0.86 27 308 105 8.08 4.61 442.1
SMC-07 5.3 7.94 168 21.7 9.18 202.9 0.76 0.02 25 243 168 7.59 9.47 414.3
SMC-08 2.3 23.4 341 106 22.11 472.7 0.125 0.05 78 10 911 21.34 1.77 999.2
SMC-09 9.4 148 251 541 50.33 949.4 0.36 22.80 48 168 2070 47.59 2.80 2309.2
SMC-10 7.0 149 261 567 52.09 984.0 0.56 21.20 47 170 2110 48.41 3.65 2348.8
SMC-11 10.1 88.5 269 479 43.14 846.6 0.31 0.02 55 188 1580 37.55 6.94 1823.3
SMC-12 0.5 10.3 628 59 31.12 697.8 0.91 11.50 125 210 955 27.08 6.94 1302.4
SMC-13 8.4 73.7 355 389 41.13 826.1 0.5 18.60 59 180 1610 38.46 3.36 1868.1
SMC-14 1.1 0.84 434 4.94 19.22 440.9 1.08 2.36 58 246 535 16.90 6.43 842.4
SMC-16 2.7 17.2 266 47 15.40 332.9 1.68 0.02 25 359 323 13.40 6.94 708.7
SMC-17 3.8 5.53 301 87.7 18.02 398.1 1.25 1.45 11 139 656 16.34 4.91 808.7
SMC-18 8.1 14.8 136 89.9 11.83 248.8 0.29 0.02 10 167 370 10.74 4.83 547.3
SMC-20 59 15.8 67.9 92.3 9.01 181.9 0.125 1.08 15 260 96 6.71 14.65 372.2
SMC-21 4.8 183 257 536 53.11 980.8 0.46 9.38 42 153 546 15.24 55.41 750.8
SMC-22 0.5 0.08 191 1.09 8.38 192.7 1.27 1.86 27 206 100 6.32 14.05 336.1
SMC-23 0.5 1.44 143 7.07 6.70 152.0 0.43 4.43 33 192 49 5.19 12.71 278.9
SMC-24 6.4 138 254 509 47.97 907.4 0.63 20.20 50 172 2070 47.69 0.29 2312.8
SMC-25 1.0 8.26 102 64.9 8.38 176.2 1.43 5.67 26 181 144 6.86 9.94 358.1
SMC-26 23 8.35 156 48.7 9.96 215.3 1.04 6.28 13 280 135 7.92 11.40 435.3
SMC-28 33 6.47 70.1 52.4 6.28 132.2 0.69 1.11 25 136 144 5.35 7.98 284.3
SMC-30 3.6 7.26 24.3 51.5 4.32 86.7 0.41 0.11 25 184 12 3.36 12.46 199.0
SMC-31 1.6 7.82 151 36.2 9.06 196.7 0.98 0.02 7 286 120 7.44 9.85 414.0
SMC-32 7.9 72.3 118 316 27.05 514.2 0.125 0.02 33 184 1100 26.86 0.36 1317.1
SMC-33 3.6 24.8 262 225 24.76 515.4 0.73 9.62 46 153 899 22.72 4.30 1108.4
SMC-34 7.8 39.3 317 247 29.55 611.1 0.52 6.15 53 163 1080 26.78 4.92 1302.7

Red values exceed 10%
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NEW MEXICO
ENVIRONMENT DEPARTMENT

Ground Water Quality Bureau

1190 St. Francis Drive, P. O. Box 5469
Santa Fe, NM 87502

BILL RICHARDSON ’ RON CURRY
Governor Phone (505) 827-2900 Fax (505) 827-2965 Secretary
DIANE DENISH www.nmenv.state.nm.us JON GOLDSTEIN
Lieutenant Governor Deputy Secretary

TO:
FROM:
DATE:

RE:

MEMORANDUM (transmitted via email)

LaDonna Turner, EPA Region 6 Site Assessment Manager
David L. Mayerson '
January 11, 2010

Request for evaluation of CLP laboratory quality control for San Mateo Creek basin S| water
samples

NMED personnel have been examining analytical data in detail received from Houston Laboratories from
NMED’s S| sampling conducted in 2009. From this examination, several issues have come to light for
which NMED requests explanation or response from EPA

For this ahalytical work, EPA assigned project number 09SF165 and work order numbers 0903074,
0904002, 0904006, and 0904011 for the requested metals and “wet” chemistry analyses.

1.

2.

Copies:

NMED's CLP services request for this task included analyses for dissolved and total molybdenum
(Mo); however these analyses were not included in results received by NMED.

Charge balance errors (CBE), also known as cation-anion balances, that NMED calculated for a
few of the analyses are higher than might be expected. NMED currently does not have an
acceptance criterion for this measure, and was unable to identify an acceptance criterion for
analyses performed under the EPA CLP. Moreover NMED staff has limited knowledge in the
reasons why such a measure may vary for a specific sample. NMED requests that EPA examine
NMED’s CBE calculations and associated data in the attached table to help us understand if there
should be any concerns about these data quality and accuracy.

The majority of analytical results for metals indicate close agreement between total and dissolved
concentrations. However, several of the analyses report a concentration of a dissolved analyte
that is higher than the concentration of the same total analyte; a few examples of this are SMC-01
(calcium), SMC-03 (barium and calcium), SMC-07 (barium and sodium), SMC-10 (uranium),
SMC-13 (magnesium), SMC-14 (arsenic and selenium), SMC-16 (barium), and SMC-17
(selenium).  While the difference between the values reported for dissolved and total
concentrations generally is not large, such discrepancies are not acknowledged nor addressed in
the report narrative.

Related to the issue above, sample uranium concentrations in sample SMC-32 are reported to be
“U” (dissolved)/113 ppb (total); as stated above, correspondence between reported
concentrations for total and dissolved species in all other samples is generally much closer,
especially for uranium. NMED requests that uranium analytical data for this sample be
reexamined for reporting accuracy.

Dana Bahar, NMED
Earle Dixon, NMED

GMB 2010 correspondence file
NMED/GWQB/SOS read file
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Sample . \ TDS Ratio
Number | K Mg | Na | ca | SHN | cation | F |NOBNOz| CI | HCO3 | so4 | A0ON | PRaOe | anion | BB\ YOS TOSR ) TS | mepidi | Tos
(mg/L). | (mg/L) | (mg/L) ‘(mglL) meg/L Sum (mg/L) (mg/L) (mg/L) | (mg/L) | (mg/L) meq/L Error % Sum sum (evgap) vs. evap ted ev:::| :s. evc:;:cvs
SMC-03 4.1 40.1 54.3 172 14.35 270.5 0.39 4.12 32 272 369 13.13 4.44 677.5 948.0 884 35 11112 | 2272 0.8
SMC-04 2.4 3.24 208 11.2 9.94 2249 | 118 0.82 33 284 200 9.83 0.56 519.0 743.9 698 3.2 914.3 216.3 1.0
SMC-05 0.5 0.58 199 2.83 8.86 202.9 1.28 0.86 27 308 105 8.08 - 4.61 442.1 645.1 592 43 829.9 237.9 1.1
SMC-07 5.3 7.94 168 21.7 9.18 202.9 0.76 0.02 25 243 168 7.59 9.47. 414.3 617.2 534 7.2 763.0 229.0 1.2
SMC-08 23 23.4 341 106 22.11 472.7 | 0125 0.05 78 10 911 2134 1.77 999.2 1471.9 1400 2.5 1477.9 77.9 0.6
SMC-09 9.4 148 251 541 50.33 949.4 0.36 22.80 48 168 2070 47.59 2.80 2309.2 | 32585 3400 | 21 3359.3 | 407 0.3
SMC-10 7.0 149 261 567 5209 | 984.0 0.56 21.20 47 170 2110 48.41 3.65 .| 23488 | 33327 3380 0.7 3434.7 54.7 0.3
SMC-11 10.1 88.5 269 479 43.14 846.6 0.31 0.02 55 188 1580 37.55 6.94 1823.3 | 2669.9 2440 45 2782.7 | 3427 0.3
SMC-12 0.5 10.3 628 59 31.12 697.8 0.91 11.50 125 210 955 27.08 6.94 | 13024 | 2000.2 1870 3.4 2126.2 | 256.2 0.4
SMC-13 8.4 73.7 355 389 41.13 8261 | 05 18.60 59 180 1610 38.46 336 | 1868.1 | 2694.2 2710 0.3 2802.2 92.2 - 0.3
SMC-14 11 0.84 434 4.94 19.22 4409 | 1.08 2.36 58 246 535 16.90 6.43 842.4 1283.4 1180 42 1431.0 | 2510 0.6
SMC-16 2.7 17.2 266 47 1540 | 332.9 1.68 0.02 25 359 323 13.40 6.94 708.7 7| 10416 | 864 9.3 1257.0 | 393.0 0.7
SMC-17 3.8 5.53 301 87.7 18.02 398.1 1.25 1.45 11 139 656 16.34 4.91 808.7 1206.8 1100 46 1290.2 | 190.2 0.7
SMC-18 8.1 14.8 136 89.9 11.83 248.8 0.29 0.02 10 167 370 10.74 483 | 547.3 796.1 732 42 896.3 164.3 1.0
SMC-20 5.9 15.8 67.9 92.3 9.01 181.9 0.125 1.08 15 260 96 671 | 14.65 372.2 554.1 504 47 710.1 206.1 1.2
SMC-21 4.8 183 257 536 53.11 980.8 0.46 9.38 42 153 546 15.24 55.41 750.8 17316 3320 -31.4 1823.4 | 1496.6 0.5
SMC-22 0.5 0.08 191 1.09 8.38 192.7 1.27 1.86 27 206 100 6.32 14.05 336.1 528.8 506 2.2 652.4 146.4 1.4
SMC-23 0.5 1.44 143 7.07 670 | 152.0 0.43 - 4.43 33 192 49 5.19 12.71 278.9 430.9 440 -1.0 546.1 106.1 1.6
SMC-24 6.4 138 254 509 47.97 907.4 0.63 20.20 50 172 2070 47.69 0.29 2312.8 | 32202 3310 -1.4 33234 13.4 0.3
SMC-25 1.0 8.26 102 64.9 8.38 176.2 1.43 5.67 26 181 144 6.86 9.94 358.1 | 5343 504 2.9 642.9 138.9 1.4
SMC-26 2.3 8.35 156 48.7 9.96 215.3 1.04 6.28 13 280 135 7.92 11.40 435.3 650.6 572 6.4 818.6 246.6 1.1
SMC-28 3.3 6.47 70.1 52.4 6.28 132.2 0.69 1.11 2.5 136 144 5.35 7.98 284.3 | 4165 378 4.8 498.1 120.1 1.8
SMC-30 3.6 7.26 24.3 51.5 4.32 86.7° 0.41 0.1 2.5 184 12 3.36 12.46 199.0 285.7 254 5.9 396.1 142.1 2.2
SMC-31 16 7.82 151 36.2 906 |.196.7 0.98 0.02 7 286 120 7.44 9.85 |. 414.0 610.7 500 10.0 782.3 282.3 1.1
SMC-32 7.9 72.3 118 316 27.05 514.2 0.125 0.02 33 184 1100 26.86 036 | 1317.1 | 18313 1630 5.8 1941.7 311.7 0.5
SMC-33 3.6 24.8 262 225 24.76 515.4 0.73 9.62 46 153 899 22.72 4.30 1108.4 | 1623.7 | 1490 43 17155 | 2255 0.5
SMC-34 " 7.8 39.3 317 247 29.55 611.1 0.52 6.15 53 163 1080 26.78 4,92 1302.7 | 1913.8 1780 36 20116 | 231.6 0.4
A

Red values exceed 10%
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‘ % Fw: Data Questions for Christy

LaDonna Turner to: Lisa Price 09/02/2010 01:50 PM

History: This message has been replied to.

—— Forwarded by LaDonna Turner/R6/USEPA/US on 09/02/2010 01:49 PM ——

From: Christy Warren/R6/USEPA/US

To: LaDonna Turner/R6/USEPA/JUS@EPA

Date: 04/21/2010 11:33 AM

Subject: Re: Fw: Data Questions for Christy
Ladonna,

In response to questions in the attached memao.

1. Data was provided by email.

2. We do not have knowledge of calculating CBE or of appropnate acceptance criteria
for this calculation.

3. | spoke with Dave Stockton (Inorganic Team Leader) and he Iooked at the
differences noted in the memo and indicated that the differences were not that great.
This is not something that the laboratory "routinely” evaluates and comments on in a
case narrative. This is more of a data validation issue - we can't validate our own data.
4. Dave Stockton went back and looked at the raw data for SMC-32 to verify the results
reported - the results stand as reported.

Christy Warren
U.S. EPA Region 6 Laboratory
Sample Control Center
10625 Fallstone Road
Houston, Texas 77099
warren.christy@epa.gov
Office: 281-983-2137
Mobile: 281-415-6815
Fax: 281-983-2248

Fw: Data Questions for Christy

Fw: Data Questions for Christy

LaDonna Turner to: Christy Warren ’ 04/21/2010 10:36 AM

Hi Christy.

| guess we still need to have a call with David. What's your schedule like? | am out of the office tomorrow
and Friday, then | am out again next Tues. and Wed. Let me know what works.

Thanks. LaDonna


mailto:warren.christy@epa.gov

Confidentiality Notice: This e-mail, including all attachments is for the sole use of the intended
recipient(s) and may contain confidential and privileged information. Any unauthorized review,
use, disclosure or distribution is prohibited unless specifically provided under the New Mexico
Inspection of Public Records Act. If you are not the intended recipient, please contact the sender
and destroy all copies of this message. -- This email has been scanned by the Sybari - Antigen
Email System.

LT fab issues 01042010.doc
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Vol. 55 No. 241 Friday, December 14, 1990 p 51532 (Rule)
1/13065 .
ENVIRONMENTAL PROTECTION AGENCY

40 CFR Part 300

[FRL-3730-8]

RIN 2050 AB73

Hazard Ranking System

AGENCY: Environmental Protection Agency.

ACTION: Final rule.

SUMMARY: The Environmental Protection Agency (EPA) is adopting revisions
to the Hazard Ranking System (HRS), the principal mechanism for placing
sites on the National Priorities List (NPL). The revisions change the way
EPA evaluates potential threats to human health and the environment from
hazardous waste sites and make the HRS more accurate in assessing
relative potential risk. These revisions comply with other statutory
requirements in the Superfund Amendments and Reauthorization Act of 1986

(SARA) .

DATES: Effective date March 14, 1991. As discussed in Section III H of
this preamble, comments are invited on the addition of specific
benchmarks in the air and soil exposure pathways until January 14, 1991.

ADDRESSES: Documents related to this rulemaking are available at and

‘comments on the specific benchmarks in the air and soil exposure pathways

may be mailed to the CERCLA Docket Office, 0S-245, U.S. Environmental
Protection Agency, Waterside Mall, 401 M Street, SW, Washington, DC
20460, phone 202-382-3046. Please send four copies of comments. The
docket is available for -viewing by appointment only from $:00 am to 4:00
pm, Monday through Friday, excluding Federal holidays. The docket number
is 105NCP-HRS.’ - '

FOR FURTHER ;NFORyATION CONTACT: Steve Cadldwell or Agmes Ortiz, Hazardous
Site Evaluation Division, Office of Emergency and Remedial Response,
0S-230, U.S. Environmental Protection Agency, 401 M Street, SW,

‘Washington, DC 20460, or the Superfund Hotline at B800-424-9346 (in the

Washington, DC area, 202-382-3000).
SUPPLEMENTARY INFORMATION:
Table of Contents
I. Background
II. Overview of the Final Rule
I1II. Discussion of Comments
A. Simplification
B. HRS Structure Issues
C. Hazardous Waste Quantity

D. Toxicity



SUPERFUND CHEMICAL DATA MATRIX
METHODOLOGY

Prepared For EPA
January 2004



Superfund Chemical Data Matrix (SCDM) | National Priorities List (NPL) | US EPA Page 1 of 3

http://www.epa.gov/superfund/sites/npl/hrsres/tools/scdm.htm

Last updated on Wednesday, November 28th, 2007.
National Priorities List (NPL

You are here: EPA Home  Superfund Sites National Priorities List (NPL) HRS Toolbox
Superfund Chemical Data Matrix (SCDM)

‘Superfund Chemﬁcal Data Matrix (SCDM)

The Superfund Chemical Data Matrix (SCDM) is a source for factor values and benchmark
values applied when evaluating potential National Priorities List (NPL) sites using the Hazard
Ranking System (HRS). Factor values are part of the HRS mathematical equation for
determining the relative threat posed by a hazardous waste site and reflect hazardous
substance characteristics, such as toxicity and persistence in the environment, substance
mobility, and potential for bioaccumulation. Benchmarks are environment- or health-based
substance concentration limits developed by or used in other EPA regulatory programs. SCDM
contains HRS factor values and benchmark values for hazardous substances that are
frequently found at sites evaluated using the HRS, as well as the physical, chemical, and
radiological data used to calculate those values. The accompanying SCDM: Methodology
report describes how data are selected or calculated for inclusion in SCDM and how SCDM
data, HRS factor values, and benchmarks are presented in formatted printouts.

On January 28, 2004, EPA released an updated SCDM with many revisions to the HRS factor
values and benchmarks. These revisions were necessary both because of updates in the
SCDM procedures used to assign HRS factor values and benchmarks and because of revisions
to pertinent standards and criteria for individual hazardous substances and their associated
characteristics.

‘ You W|II need Adobe Acrobat Reader to view some of the Fles on thls page
See EPA's PDF page to learn more about PDF, and for a link to the free Acrobat !
Reader i

Superfund Chemical Data Matrix Report

* SCDM Methodology Report PDF
« Part 1 - Table of Contents and Introduction (PDF) (5 pp, 283.3K)
« Part 2 - Data Selection Methodology (PDF) (22 pp, 1.9MB)
= Part 3 - Calculations in SCDM (PDF) (28 pp, 1.19MB) :
* Appendix A - Chemical Data, Factor Values, and Benchmarks for Chemical Substances
PDF

Part 1 - Acenaphthene to Cesium (PDF) (70 pp, 1.62MB)

+ Part 2 - Cesium 137(+D) (radionuclide) to Dichloropropane, 1,2 (PDF) (70 pp,
1.66MB)

+ Part 3 - Dichloropropene, 1,3- to Hexachlorodibenzofuran 1,2,3,7,8, 9 {PDF) (70
pp, 1.65MB)

* Part 4 - Hexachlorodibenzofuran 2,3,4,6,7,8- to Plutomum 236 (radionuclide)
(PDF) (70 pp, 1.57MB)

« Part 5 - Plutonium 238 (radionuclide) to Thorium 231 (radlonucllde) (PDF) (70
pp, 1.60MB)

* Part 6 - Thorium 232 (radlonucllde) to Zinc 65 (radionuclide) and Footnotes
(PDF) (61 pp, 1.43MB)

* Appendix BI - Hazardous Substance Factor Values (PIL (15 pp, 155.8K)

httn/xrary ena ocavicamarfimd/citac/nnl/hrerec/tonlc/endm htm N INAINNNR


http://epa.gov/superfund/sites/npl/hrsres/tools/scdm

Superfund Chemical Data Matrix (SCDM) | National Priorities List (NPL) | US EPA Page 2 of 3

* Appendix BII - Hazardous Substance Benchmarks (PDF) (32 pp, 413.5K)
* Appendix C - Hazardous Substance Synonyms Report (PDF) (3 pp, 72.8K)
¢+ SCDM Interim Revised Values for Ammonia; Atrazine; Dibutyltin; Furfural;
Nitrobenzene; Nitrosodimethylamine, N-; Perchlorate Trlbutyltm Trlbutyltm Oxide;
and Trlchloroethylene (TCE) .
Ammonia Appendix A (PDF) (7 pp, 190.69K)
Ammonia Appendices BI & BII (PDF) (6 pp, 135.42K)
Atrazine Appendix A (PDF) (5 pp, 143.3K)
Atrazine Appendices BI & BII (PDF) (7 pp, 125.6K)
Dibutyltin Appendix A (PDF) (7 pp, 190K)
Dibutyltin Appendices BI & BII (PDF) (6 pp, 125.52K)
Furfural Appendix A (PDF) (5 pp, 201.2K)
Furfural Appendices BI & BII (PDF) (1 pg, 64.8K)
Nitrobenzene Appendix A (PDF) (5 pp, 205.2K)
Nitrobenzene Appendices BI & BII (PDF) (1 pg, 50.7K)
Nitrosodimethylamine, N- Appendix A (PDF) (5 pp, 207.1K)
Nitrosodimethylamine, N- Appendices BI & BII (PDF) (6 pp, 137.7K)
Perchlorate Appendix A (PDF) (5 pp, 66.8K) :
Perchlorate Appendices BI & BII (PDF) (7 pp, 59K)
Tributyltin Appendix A (PDF) (7 pp, 180.49K)
Tributyltin Appendices BI & BII (PDF) (6 pp, 127.49K)
Tributyltin Oxide Appendix A (PDF) (7 pp, 197.17K)
Tributyltin Oxide Appendices BI & BII (PDF) (6 pp, 129.29K)
Trichloroethylene (TCE) Appendix A (PDF) (7 pp, 182.75K)
Trichloroethylene (TCE) Appendices BI & BII (PDF) (1 pg, 36.62K)

¥ A ® % 2 & & ® # 9 D A B B K A 4 2 e €

Please note that the January 2004 SCDM was developed by compiling a list of CERCLA

hazardous substances used in the scoring of NPL sites since 1990. The previous SCDM

versions were developed using all substances ever scored at a site using the original HRS.

The January 2004 SCDM does not include any substance that has not been used in the
scoring of a site since 1990, even if previously listed in SCDM. ’ ‘

. There are 17 new entrieés (PDF) (1 pg, 41.3K) (with new CAS Numbers) in the January 2004
version of SCDM that were not in the 1996 version. There are 235 fewer entries (PDF) (5 pp,
57.6K). Some of these changes resulted from new naming conventions and more specific
identification of isomers and congeners. Also, some substances were removed because they
were pollutants and contaminants and not CERCLA hazardous substances.

NOTE: Please do not assume that any substance not listed in the January 2004 SCDM cannot
be used for HRS scoring. The number of entries was|reduced to save resources in developing,
updating, and tracking changes in chemical propertitles. If values are needed for a substance
that was not listed in the January 2004 SCDM and are thought to be critical to the listing
decision, please request the value by calling the SCDM Helpline. As a preliminary value (for
screening purposes only), the former 1996 value associated with the substance can be used,
and EPA will verify the new value if necessary. For all technical questions concerning SCDM,
please contact the SCDM Helpline.

For further technical SCDM information, contact:
SCDM Helpline ‘

Available weekdays, 9:00 - 5:00 EST

Phone: (703) 461-2019

Email: SCODM@csc.com

For other SCDM mformatmn, contact (

Ms. Yolarida Singér - U e e e o ‘
US Environmental Protection Agency

htto://www.epa.gov/superfund/sites/npl/hrsres/tools/scdm.htm 02/04/2008
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§141.62 40 CFR Ch. | (7-1-02 Edifion)

CAS No. Contaminant MCL (mg/l}
(1) 15972-60-8 Alachior 0.002
{2) 116-06-3 Aidicarb 0.003
{3) 1646-87-3 Aldicarb sulfoxide 0.004
(4) 1646-87—4 Aldicarb sulfone 0.002
(5) 1912-24-9 Atrazine 0.003
(6) 1563-66-2 Carbofuran 0.04
(7) 57-74-9 Chlordane 0.002
(8) 96--12-8 Dibromochioropropane 0.0002
(9) 94-75-7 24-D 0.07
(10) 106-93—4 Ethylene dibromide 0.00005
(11) 76—44-8 Heptachlor 0.0004
(12) 1024-57-3 Heptachlor epoxide 0.0002
(13) 58-89-9 Lindane 0.0002
(14) 72—43-5 Methoxychlor 0.04
(15) 1336-36-3 Polychlorinated biphenyls ........cccoceeeemrricreecivesnne 0.0005
(16) 87-86-5 Pentachlorophenot 0.001
(17) 8001-35-2 Toxaphene 0.003
(18) 93—-72-1 24,5-TP 0.05
(19) 50-32-8 Benzofa]pyrene 0.0002
{20} 75-99-0 Dalapon 0.2
{21) 103-23-1 Di(2-ethylhexyl) adipate 04
(22) 117-81-7 Di(2-ethythexyl) phthalate ......cccevevrernrenrccecrrrencenian. 0.006
(23) 88-85-7 Dinoseb . 0.007
(24) 85-00-7 Diquat 0.02
(25) 145~73-3 Endothall 0.1
(26) 72-20-8 Endrin 0.002
(27) 1071-53-6 Glyphosate 0.7
(28) 118-74-1 Hexacholorbenzene 0.001-
(29) 77474 Hexachlorocyclopentadiene ............ceooevcneccnrnnenns 0.0
(30) 23135-22-0 Oxamyl (Vydate) 0.2
(31) 1918-02-1 Picloram 0.5
(32) 122-34-9 Simazine 0.004 -
(33) 1746-01-6 2,3,7,8-TCDD (Dioxin) 3x10-8

[56 FR 3593, Jan. 30, 1991, as amended
59 FR 34324, July 1, 1994]

§141.62 Maximum contaminant levels
for inorganic contaminants.

(a) [Reserved]

‘(b) The maximum contaminant levels
for inorganic contaminants specified.in
paragraphs (b) (2)-(6), (b)(10), and (b)
(11)>-(16) of this section apply to com-
munity water systems and non-tran-
sient, non-community water systems.
The maximum contaminant level spec-
ified in paragraph (b)(1) of this section
only applies to community water sys-
tems. The maximum contaminant lev-
els specified in (b)(7), (b)(8), and (b)9)
of this section apply to community
water systems; non-transient, non-
community water systems; and tran-
sient non-community water systems.

Contaminant MCL (mgfl)
(1) Fluoride 4.0
{2) Asbestos 7 Million Fibersfiiter (longer
than 10 um}.
(3) Barium ... 2
(4) Cadmium
{5) Chromium
(6) Mercury
(71 Nitrate 10 (as Nitrogen)

at 56 FR 30280, July 1, 1991; 57 FR 31846, July 17, 1992;

Contaminant MCL (mgh)

(B} NItrite ...oeeeereireeaeeeneee 1 (as Nitrogen)

y Tot rogen)

i 0.05

(11) Antimony ... 0.006
(12) Beryllium ... .. 1 0.004
(13) Cyanide (as free Cya- 0.2

nide).
(14) [Reserved] .
(15) Thallium .

(¢) The Administrator, pursuant to
section 1412 of the Act, hereby identi-
fies the following as the best tech-
nology, treatment technique, or other
means available for achieving compli-
ance with the maximum contaminant
levels for inorganic contaminants iden-
tified in paragraph (b) of this section,
except fluoride:

BAT FOR INORGANIC COMPOUNDS
LISTED IN SECTION 141.62(B)

Chemical Name BAT(s)
Antimony 2,7
Arsenic4 1.2,5.6,7,9,
125
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Environmental Protection Agency

with this subpart beginning January 1,
2004.

(2) Transient NCWSs. Subpart H sys-
tems serving 10,000 or more persons and
using chlorine dioxide as a disinfectant
or oxidant must comply with the chlo-
rine dioxide MRDL beginning January
1, 2002. Subpart H systems serving
fewer than 10,000 persons and using
chlorine dioxide as a disinfectant or
oxidant and systems using only ground
water not under the direct influence of
surface water and using chlorine diox-
ide as a disinfectant or oxidant must
comply with the chlorine dioxide
MRDL beginning January 1, 2004.

(c) The Administrator, pursuant to
Section 1412 of the Act, hereby identi-
fies the following as the best tech-
nology, treatment techniques, or other
means available for achieving compli-
ance with the maximum residual dis-
infectant levels identified in paragraph
(a) of this section: control of treatment
processes to reduce disinfectant de-
mand and control of disinfection treat-
ment processes to reduce disinfectant
levels.

[63 FR 69465, Dec. 16, 1998, as amended at 66
FR 3776, Jan. 16, 2001)

§141.66 Maximum contaminant levels
for radionuclides.

(a) [Reserved]

(b) MCL for combined radium-226 and
-228. The maximum contaminant level
for combined radium-226 and radium-
228 is 5 pCi/Li. The combined radium-226
and radium-228 value is determined by
the addition of the results of the anal-
ysis for radium-226 and the analysis for
radium-228.

(¢) MCL for gross alpha particle activ-
ity (excluding radon and uranium). The

maximum contaminant level for gross

§141.66

MWW
jum-226 but excluding radon and ura-
nium) is 15 pCi/L,.

(d) MCL for beta particle and photon
radioactivity. (1) The average annual
concentration of beta particle and pho-
ton radioactivity from man-made
radionuclides in drinking water must
not produce an annual dose eguivalent
to the total body or any internal organ
greater than 4 millirem/year (mrem/
year).

(2) Except for the radionuclides listed
in tavle A, the concentration of man-
made radionuclides causing 4 mrem
total body or organ dose equivalents
must be calculated on the basis of 2
liter per day drinking water intake
using the 168 hour data list in “Max-
imum Permissible Body Burdens and
Maximum Permissible Concentrations
of Radionuclides in Air and in Water
for Occupational Exposure,” NBS (Na-
tional Bureau of Standards) Handbook
69 as amended August 1963, U.S. De-
partment of Commerce. This incorpo-
ration by reference was approved by
the Director of the Federal Register in
accordance with 5 U.S.C. 552(a) and 1
CFR part 51. Copies of this document
are available from the National Tech-
nical Information Service, NTIS ADA
280 282, U.S. Department of Commerce,
5285 Port Royal Road, Springfield, Vir-
ginia 22161. The toll-free number is 800-
553-6847. Copies may be inspected at
EPA’s Drinking Water Docket, 401 M
Street, SW., Washington, DC 20460; or
at the Office of the Federal Register,
800 North Capitol Street, NW., Suite
700, Washington, DC. If two or more
radionuclides are present, the sum of
their annual dose equivalent to the
total body or to any organ shall not ex-
ceed 4 mrem/year.

TABLE A.—AVERAGE ANNUAL CONCENTRATIONS ASSUMED TO PRODUCE: A TOTAL BODY OR ORGAN
DOSE OF 4 MREM/YR

1. Radionuclide .......cccceevveenne.
2. Tritium .............
3. Strontium-90

Critical organ

Bone Marrow

Total body ......

pCi per liter

... | 20,000
8

(e) MCL for uranium. The maximum
contaminant level for uranium is 30 ug/
L.

(f) Compliance dates. (1) Compliance
dates for combined radium-226 and -228,
gross alpha particle activity, gross
beta particle and photon radioactivity,
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§143.2

Drinking Water Act, as amended (42
U.S.C. 300g-1). These regulations con-
trol contaminants in drinking water
that primarily affect the aesthetic
qualities relating to the public accept-
ance of drinking water. At consider-
ably higher concentrations of these
contaminants, health implications
may also exist as well as.aesthetic deg-
radation. The regulations are not Fed-
erally enforceable but are intended as
guidelines for the States.

§143.2 Definitions.

(a) Act means the Safe Drinking
Water Act as amended (42 U.S.C. 300f et
seq.).

(o) Contaminant means any physical,
chemical, biological, or radiological
substance or matter in water.

(c) Public water system means a Sys-
tem for the provision to the public of
piped water for human consumption, if
such a system has at least fifteen serv-
ice connections or regularly serves an
average of at least twenty-five individ-
unals daily at least 60 days out of the
year. Such term includes (1) any collec-
tion, treatment, storage, and distribu-
tion facilities under control of the op-
erator of such system and used pri-
marily in connection with such system,
and (2) any collection or pretreatment
storage facilities not under such con-
trol which are used primarily in con-
nection with such system. A public
water system is either a ‘‘community
water system' or a ‘‘mon-community
water system.”’

(d) State means the agency of the
State or Tribal government which has

jurisdiction over public water systems. -

During any period when a State does
not have responsibility pursuant to
section 1443 of the Act, the term
“State” means the Regional Adminis-
trator, U.S. Environmental Protection
Agency.

(e) Supplier of water means any person
who owns or operates a public water
system.

(f) Secondary mazimum contaminant
levels means SMCLs which apply to
public water systems and which, in the
judgement of the Administrator, are
requisite to protect the public welfare.
The SMCL means the maximum per-
missible level of a contaminant in
water which is delivered to the free

40 CFR Ch. | (7-1-02 Edition)

flowing outlet of the ultimate user of
public water system. Contamimants
added to the water under cir-
cumstances controlled by the user, ex-
cept those resulting from corrosion of
piping and plumbing caused by water
quality, are excluded from this defini-
tion.

[44 FR 42198, July 19, 1979, as amended at 53
FR 37412, Sept. 26, 1988]

§143.3 Secondary maximum contami-
nant levels.

The secondary maximum contami-

nant levels for public water systems
are as follows:

Contaminant Level
AlUMINUM e 0.05 t0 0.2 mg/l.
i - 250 mai
[07 1o PO 15 color units.
Copper . 1.0 mgA.
Corrosivity Non-comasive.
Fluoride ....... 2.0 mg/l.
Foaming agents 0.5 mg/l.
Iron 0.3 mgfl.
U705 g/l
Jthreshold odor number.
6.5-8.5.
1 mg/l.
.1 250 mafl.
5 mgil.

These levels represent reasonable goals
for drinking water quality. The States
may establish higher or lower levels
which may be appropriate dependent
upon local conditions such as unavail-
ability of alternate source waters or
other compelling factors, provided that
public health and welfare are not ad-
versely affected. )

{44 FR 42198, July 19, 1979, as amended at 51
FR 11412, Apr. 2, 1986; 56 FR 3597, Jan. 30,
1991]

§143.4 Monitoring.

(a) It is recommended that the pa-
rameters in these regulations should be
monitored at intervals no less frequent
than the monitoring performed for in-
organic chemical contaminants listed
in the National Interim- Primary
Drinking Water Regulations as applica-
ble to community water systems. More
frequent monitoring would be appro-
priate for specific parameters such as
pH, color, odor or others under certain
circumstances as directed by the State.

(b) Measurement of pH, copper and
fluoride to determine compliance under

614
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Electronic Code of Federal Regulations:

Home Page > Executive Branch > Code of Federal Regulations > Electronic Code of Federal Regulations

e-CFR Data is current as of September 24, 2009

Title 40: Protection of Environment
PART 141—NATIONAL PRIMARY DRINKING WATER REGULATIONS

Browse Previous | Browse Next

Subpart I—Control of Lead and Copper

Source: 56 FR 26548, June 7, 1991, unless otherwise noted.

§ 141.80 General requirements.

(a) Applicability and effective dates. (1) The requirements of this subpart | constitute the national primary
drinking water regulations for lead and copper. Unless otherwise indicated, each of the provisions of this
subpart applies to community water systems and non-transient, non-community water systems
(hereinafter referred to as “water systems” or “systems”).

(2) [Reserved]

(b) Scope. These regulations establish a treatment technique that includes requirements for corrosion
control treatment, source water treatment, lead service line replacement, and public education. These
requirements are triggered, in some cases, by lead and copper action levels measured in samples
collected at consumers' taps.

(c) Lead and copper action levels. (1) The lead action level is exceeded if the concentration of lead in
more than 10 percent of tap water samples collected durng any monitoring period conducted in
accordance with §141.86 is greater than 0.015 mg/L ( i.e. , if the “90th percentile” lead level is greater
than 0.015 mg/L). -

(2) The copper action level is exceeded if the concentration of copper in more than 10 percent of tap
water samples collected during any monitoring period conducted in accordance with §141.86 is greater
than 1.3 mg/L ( i.e. , if the “90th percentile” copper level is greater than 1.3 mg/L).

(3) The 90th percentile lead and copper levels shall be computed as follows:

(i) The results of all lead or copper samples taken during a monitoring period shall be placed in
ascending order from the sample with the lowest concentration to the sample with the highest
concentration. Each sampling result shall be assigned a number, ascending by single integers beginning
with the number 1 for the sample with the lowest contaminant level. The number assigned to the sample
with the highest contaminant level shall be equal to the total number of samples taken.

(ii) The number of samples taken during the monitoring period shall be multiplied by 0.9.

(iii) The contaminant concentration in the numbered sample yielded by the calculation in paragraph (c)
(B)(ii} is the 90th percentile contaminant level.

http://ecfr.gpoaccess.gov/cgi/t/text/text-idx 7c=ecfr&sid=dfcf4fb5472d7ddef13675{f7417...
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State of New Mexico o
Drmkmg Water Regulations

State: 20.7.10 NMAC (Revised April 16, 2007)
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L. "Service connection" means a pipe, hose, appurtenance, constructed conveyance or any other
temporary or permanent connection between a public water system and a user.
M. "State act" means the Environment Improvement Act, NMSA 1978, Section 74-1-1 et seq.
N. "USEPA" means the United States environmental protection agency.
[20.7.10.7 NMAC - Rp 20 NMAC 7.1.1.103, 12/04/2002; A, 04/16/2007]

20.7.10.8 - 20.7.10.99 [RESERVED]

~20.7.10.100 ADOPTION OF 40 CFR PART 141:

- A. Except as otherwise provided in this section, the regulations of the USEPA set forth at 40 CFR
Part 141 through July 1, 2005 are hereby incorporated by reference into this part. (Notwithstanding the incorporation
of 40 CFR Part 141 through July 1, 2005, the following USEPA regulations are also incorporated by reference to the
extent that they amend Part 141:

(1) Stage 2 Disinfectants and Disinfection Byproducts Rule, 71 Fed. Reg. 388 (Jan. 4, 2006);
(2) Long Term 2 Enhanced Surface Water Treatment Rule, 71 Fed. Reg. 654 (Jan. 5, 2006).

B. The term "state” means the New Mexico environment department when used in 40 CFR Part 141,
in lieu of the meaning set forth in 40 CFR section 141.2.
C. The term "service connection” has the meaning set fonh in Subsection L 0f20.7.10.7 NMAC, in

addition to the meaning set forth in 40 CFR section 141.2.
[20.7.10.100 NMAC - N, 12/04/2002; A, 04/16/2007]

20.7.10.101 ADOPTION OF 40 CFR PART 143:

A. Except as otherwise provided, the regulations of the USEPA set forth at 40 CFR Part 143 through
July 1, 2005 are hereby incorporated by reference into this part.
-B. The term "state” means the New Mexico environment department when used in 40 CFR Part 143

in lieu of the meaning set forth in 40 CFR section 143.2.
[20.7.10.101 NMAC - N, 12/04/2002; A, 04/16/2007]

20.7.10.102 GUIDANCE DOCUMENTS: The current editions of the following materials, including all
future editions and amendments are used by the department as guidance documents for determining generally
acceptable standards for construction and operation of public water systems.

A. Standards for disinfecting water mains, wells, water-storage facilities, and water treatment plants,
American Water Works Association, 6666 West Quincy Avenue, Denver, Colorado 80235.
B. Manual for the certification of laboratories analyzing drinking water for microbiological

parameters, New Mexico Environment Department, Drinking Water Bureau, 525 Camino de Los Marquez, Santa
Fe, Suite 4, New Mexico 87501.

C. Laboratory certification manual for chemistry and radiochemistry parameter, drinking water
analysis, New Mexico Environment Department, Drinking Water Bureau, 525 Camino de Los Marquez, Santa Fe,
Suite 4, New Mexico 87501.

D. Recommended standards for water works, Great Lakes-Upper Mississippi River Board of State
and Provincial Public Health and Environmental Managers, P.O. Box 7126, Albany, New York 12224,

E. Recommended standards for water facilities, Construction Programs Bureau, New Mexico
Environment Department, 1190 St. Francis Drive, Santa Fe, New Mexico 87503.

F. NSF listings - drinking water treatment chemicals - health effects, American National Standards
Institute, NSF/ANSI 60, 25 West 43rd Street, New York, NY 10036.

G. - NSF listings - drinking water system components - health effects, American National Standards
Institute, NSF/ANSI 61, 25 West 43rd Street, New York, NY 10036.

H. NSF listings - drinking water treatment units - health effects, American National Standards
Institute, NSF/ANSI 42, 44, 53, 58, 67, 177, 25 West 43™ Street, New York, NY 10036.

L NSF listings - plumbzn§ system components - health effects, American National Standards
Institute, NSE/ANSI 14, 24, 25 West 43" Street, New York, NY 10036.

J. List of approved backflow prevention assemblies, University of Southern California Foundation
for Cross-Connection Control and Hydraulic Research, Umvers1ty of Southern California, Kaprielian Hall 200, Los
Angeles, CA 90089-2531.

K. UL listings - drinking water treatment additives, Underwriters Laboratory, 333 Pfingston Road,
Northbrook, IL 60062-2096.
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TITLE 20 ENVIRONMENTAL PROTECTION
CHAPTER 6 WATER QUALITY
PART 2 GROUND AND SURFACE WATER PROTECTION '

20.6.2.1 ISSUING AGENCY: Water Quality Control Commission
[12-1-95;20.6.2.1 NMAC - Rn, 20 NMAC 6.2.1.1000, 1-15-01]

20.6.2.2 SCOPE: All persons subject to the Water Quality Act, NMSA 1978, Sections 74-6-1 et seq.
[12-1-95; 20.6.2.2 NMAC - Rn, 20 NMAC 6.2.1.1001, 1-15-01]

20.6.2.3 STATUTORY AUTHORITY: Standards and Regulations are adopted by the commission under
the authority of the Water Quality Act, NMSA 1978, Sections 74-6-1 through 74-6-17.
[2-18-77,9-20-82, 12-1-95; 20.6.2.3 NMAC - Rn, 20 NMAC 6.2.1.1002, 1-15-01]

20.6.2.4 DURATION: Permanent.
[12-1-95; 20.6.2.4 NMAC - Rn, 20 NMAC 6.2.1.1003, 1-15-01]

20.6.2.5 EFFECTIVE DATE: December 1, 1995 unless a later date is cited at the end of a section.
[12-1-95, 11-15-96; 20.6.2.5 NMAC - Rn, 20 NMAC 6.2.1.1004, 1-15-01; A, 1-15-01]

20.6.2.6 OBJECTIVE: The objective of this Part is to implement the Water Quality Act, NMSA 1978,
Sections 74-6-1 et seq.
[12-1-95;20.6.2.6 NMAC - Rn, 20 NMAC 6.2.1.1005, 1-15-01]

20.6.2.7 DEFINITIONS: Térms defined in the Water Quality Act, but not defined in this part, will have
_the meaning given in the act. As used in this part:
A. "abandoned well"" means a well whose use has been permanently discontinued or which is in a

state of disrepair such that it cannot be rehabilitated for its intended purpose or other purposes including monitoring
and observation;

B. "abate" or "abatement” means the investigation, containment, removal or other mitigation of
water pollution;
C. "abatement plan" means a description of any operational, monitoring, contingency and closure

requirements and conditions for the prevention, investigation and abatement of water pollution, and includes Stage
1, Stage 2, or Stage 1 and 2 of the abatement plan, as approved by the secretary;

D. “adjacent properties” means properties that are contiguous to the discharge 51te or property that
would be contiguous to the discharge site but for bemg separated by a public or private right of way, including roads
and hlghways

E. "background" means, for purposes of ground-water abatement plans only and for no other
purposes in this part or any other regulations including but not limited to surface-water standards, the amount of
ground-water contaminants naturally occurring from undisturbed geologic sources or water contaminants which the
responsible person establishes are occurring from a source other than the responsible person's facility; this definition
shall not prevent the secretary from requiring abatement of commingled plumes of poliution, shall not prevent
responsible persons from seeking contribution or other legal or equitable relief from other persons, and shall not
preclude the secretary from exercising enforcement authority under any applicable statute, regulation or common
law;

F. "casing" means pipe or tubing of appropnate material, diameter and weight used to support the
sides of a well hole and thus prevent the walls from caving, to prevent loss of drilling mud into porous ground, or to
prevent fluid from entering or leaving the well other than to or from the injection zone;

G. "cementing" means the operation whereby a cementing slurry is pumped into a drilled hole
and/or forced behind the casing;
H. “cesspool” means a “drywell” that receives untreated domestic liquid waste containing human

‘ excreta, and which sometimes has an open bottom and/or perforated sides. A large capacity cesspool means a
cesspool that receives greater than 2,000 gallons per day of untreated domestic liquid waste;

I "collapse" means the structural failure of overlying materials caused by removal of underlying
materials;

20.6.2 NMAC : ‘ 1



(32) - PAHS: total naphthalene plus monomethylnaphthalenes................... 0.03 mg/l

(33)  DENZO-a-PYTENE.......uitrinitiiniiie it e it et 0.0007 mg/1
B. Other Standards for Domestic Water Supply , _
(1) ChIode (C1) .ot 250.0 mg/
(2)  CoPPEr (CL) ceeeeiieie e 1.0 mg/l
(B)  Tron (Fe) couiniiiieiie i 1.0 mg/1
(4) TIENZANESE (M) «...ieiiiinieiii e e e ciie e e T02mgT
(6)  PhenolS........coieiiiiiiiiiii 0.005 mg/l
(7) _ Sulfate (SO) ....... Ty T VPP TTEPPPY rerieaiiee 600.0 mg/1
(8)__ Total Dissolved Solids (TDS) ......vecveeereeniieeceiznnnnes eeereeieinnns 1000.0 mg/T
C) IR 1o 4 1) PPN 10.0 mg/l
(10)  PHo ot between 6 and 9
C. Standards for Irrigation Use - Ground water shall meet the standards of Subsection A, B,
and C of this section unless otherwise provided. :
(1) Aluminum (Al)....ooc e 5.0 mg/l
(2) BOron (B) ..oevueniiiiii e 0.75 mg/l
(3)  Cobalt (CO) .evvverinreeriiineeriieeiiieeiiieeiie e e eeenain e ene00.0.05 Mg/l
(4) Molybdenum (Mo) .............. T Ty 1.0 mg/,
(5)  INICKEI (NI} cueniniiiee e et e 0.2 mg/1

[2-18-77, 1-29-82, 11-17-83, 3-3-86, 12-1-95; 20.6.2.3103 NMAC - Rn, 20 NMAC 6.2.111.3103, 1-15-01; A, 9-26-
04] '

[Note: For purposes of application of the amended numeric uranium standard to past and current water discharges
(as of 9-26-04), the new standard will not become effective until June 1, 2007. For any new water discharges, the
uranium standard is effective 9-26-04.]

20.6.2.3104 DISCHARGE PERMIT REQUIRED: Unless otherwise provided by this Part, no person shall
cause or allow effluent or leachate to discharge so that it may move directly of indirectly into ground water unless he
is discharging pursuant to a discharge permit issued by the secretary. When a permit has been issued, discharges -
must be consistent with the terms and conditions of the permit. In the event of a transfer of the ownership, control,
or possession of a facility for which a discharge permit is in effect, the transferee shall bave authority to discharge
under such permit, provided that the transferee has complied with Section 20.6.2.3111 NMAC, regarding transfers.
[2-18-77, 12-24-87, 12-1-95; Rn & A, 20.6.2.3104 NMAC - 20 NMAC 6.2.111.3104, 1-15-01; A, 12-1-01]

20.6.2.3105 EXEMPTIONS FROM DISCHARGE PERMIT REQUIREMENT: Sections 20.6.2.3104 and
20.6.2.3106 NMAC do not apply to the following: '

A. Effluent or leachate which conforms to all the listed numerical standards of Section 20.6.2.3103
NMAC and has a total nitrogen concentration of 10 mg/! or less, and does not contain any toxic pollutant. To .
determine conformance, samples may be taken by the agency before the effluent or leachate is discharged so that it
may move directly or indirectly into ground water; provided that if the discharge is by seepage through non-natural
or altered natural materials, the agency may take samples of the solution before or after seepage. If for any reason
the agency does not have access to obtain the appropriate samples, this exemption shall not apply;

B. Effluent which is discharged from a sewerage system used only for disposal of household and
other domestic waste which is designed to receive and which receives 2,000. gallons or less of liquid waste per day;
C. Water used for irrigated agriculture, for watering of lawns, trees, gardens or shrubs, or for

irrigation for a period not to exceed five years for the revegetation of any disturbed land area, unless that water is
received directly from any sewerage system;

D. Discharges resulting from the transport or storage of water diverted, provided that the water
diverted has not had added to it after the point of diversion any effluent received from a sewerage system, that the
source of the water diverted was not mine workings, and that the secretary has not determined that a hazard to public
health may result;

E. Effluent which is discharged to a watercourse which is naturally perennial; discharges to dry
arroyos and ephemeral streams are not exempt from the discharge permit requirement, except as otherwise provided
in this section; o '

F. Those constituents which are subject to effective and enforceable effluent limitations in a National
Pollutant Discharge Elimination System (NPDES) permit, where discharge onto or below the surface of the ground
so that water contaminants may move directly or indirectly into ground water occurs downstream from the outfall

20.6.2 NMAC : o 13



C. The standards are not intended as maximum ranges and concentrations for use, and nothing herein
contained shall be construed as limiting the use of waters containing higher ranges and concentrations.
[2-18-77;20.6.2.3101 NMAC - Rn, 20 NMAC 6.2.111.3101, 1-15-01] .

20.6.2.3102: [RESERVED]
[12-1-95;20.6.2.3102 NMAC - Rn, 20 NMAC 6.2.111.3102, 1-15-01]

20.6.2.3103 STANDARDS FOR GROUND WATER OF 10,000 mg!l TDS CONCENTRATION OR
LESS: The following standards are the allowable pH range and the maximum allowable concentration in ground
water for the contaminants specified unless the existing condition exceeds the standard or unless otherwise provided
in Subsection D of Section 20.6.2.3109 NMAC. Regardiess of whether there is one contaminant or more than one
contaminant present in ground water, when an existing pH or concentration of any water contaminant exceeds the
standard specified in Subsection A, B, or C of this section, the existing pH or concentration shall be the allowable
limit, provided that the discharge at such concentrations will not result in concentrations at any place of withdrawal
for present or reasonably foreseeable future use in excess of the standards of this section. These standards shall
apply to the dissolved portion of the contaminants specified with a definition of dissolved being that given in the
publication "methods for chemical analysis of water and waste of the U.S. environmental protection agency," with
the exception that standards for mercury, organic compounds and non-aqueous phase liquids shail apply to the total
unfiltered concentrations of the contaminants.

A. Human Health Standards-Ground water shall meet the standards of Subsection A and B of this
section unless otherwise provided. If more than one water contaminant affecting human health is present, the toxic
pollutant criteria as set forth in the definition of toxic pollutant in Section 20.6.2.1101 NMAC for the combination
of contaminants, or the Human Health Standard of Subsection A of Section 20.6.2.3103 NMAC for each
contaminant shall apply, whichever is more stringent. Non-aqueous phase liquid shall not be present ﬂoatmg atop
of or immersed within ground water, as can be reasonably measured.

(1) AISENIC (AS) .o ettt e 0.1 mg/1

(2) Barium (Ba).....cooiiiiiieii e e 1.0 mg/1

(3)  Cadmium (Cd).......vienieine i 0.01 mg/1

(4) Chromium (Cr)........... e e 0.05 mg/1 ‘
(5) Cyanide (CN). ..ot ettt e 0.2 mg/l

(6) Fluoride (F)....oiveiii i e 1.6 mg/1

(7)) Lead (P, e 0.05 mg/1

(8) Total Mercury (HE)....oveuenerereietireiieaeiee et eceiaeeviaraeneaens 0.002 mg/1

(9) Nitrate (NO3asN).....oooeienieiieiieiniieieeiniiiieieeiieeee, 10.0 mg/1
(10)  Selenium (SE)..uuuuns ettt s it ie st eeass s sz ieeisiseieizeeiizaess 0.05 mg/l
(11)  SHIVET (A eenriniiiie ettt ettt ettt a e e 0.05 mg/1
(12)  Uraniumm (U)o ey iiees et teaie s eee o ee et st e aee e e en e 0.03 mg/l
(13) Radioactivity: Combined Radium-226 & Radium-228................ 30 pCi/l
(14)  BENZENE...coieieiiiiee ittt e e e 0.01 mg/l

© (15) Polychlorinated biphenyls (PCB'S)..........ccoooiiviiiiiiiiiiiiinienn 0.001 mg/1

(16)  TOIUBDE. .. ceeesii e ....0.75 mg/1
(17) Carbon Tetrachloride........cocoieiiiiniii e 0.01 mg/
(18) 1,2-dichloroethane (EDC) ........cooiiiiiiiiiiiiiiiiiiie e ~.0.01 mg/1
(19) 1,1-dichloroethylene (L,LI-DCE) .......cccoiieiiiiiiiiiiiiiinee 0.005 mg/1
(20) 1,1,2,2-tetrachloroethylene (PCE) .........cccooiviiiiiiiiinininiii 0.02 mg/1
(21) 1,1,2-trichloroethylene (TCE) ........cccooiiiniiiiiiiniin..s S 0.1 mg/l
(22)  ethylbenzene...........c.vuieimirieiiie i 0.75 mg/1
(23) totalxylenes..............ocoeeiiiinnnn. PP 0.62 mg/1
(24) methylene chloride........coeviiiiiiiiiii 0.1 mg/l
(25)  ChlOTOfOIM. ..v et 0.1 mg/1
(26) 1,1-dichloroethane.............cooeriniiiiiiiii e e 0.025 mg/1
(27) ethylene dibromide (EDB) .....c.ovvviviiieir e 0.0001 mg/1
(28) 1,1,1-trichloroethane............. e e 0.06 mg/1
(29) 1,1,2-trichloroethane. ..........ovniirieiii e 0.01 mg/l
(30) 1,1,2,2-tetrachloroethane. ...........co.ocveiveieeniniieie e 0.01 mg/l
(31) vinyl chloride....................... ST PR TP ICTTI U SR :.0.001 mg/t .

20.6.2 NMAC ' 12
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National Hydrography Dataset (NHD) - High-
resolution

Metadata also available as

Metadata:

Identification Information

Data Quality Information

Spatial Data Organization_Information
Spatial Reference Information

Entity and_Attribute Information

Distribution Information

Metadata Reference Information

-Identification_Information:

Citation.

Citation_Information:

Description:

Originator: :
U.S. Geological Survey in cooperation with U.S. Environmental Protection
Agency, USDA Forest Service, and other Federal, State and local partners (see
dataset specific metadata under Data_Set_Credit for details).
Publication_Date: See dataset specific metadata.
Publication_Time: Unknown
Title: National Hydrography Dataset (NHD) - High-resolution
Geospatial_Data_Presentation_Form: vector digital data
Publication_Information:
Publication_Place: Reston, Virginia
Publisher: U.S. Geological Survey
Online_Linkage: <http://nhd.usgs.gov>

Abstract:

The National Hydrography Dataset (NHD) is a feature-based database that
interconnects and uniquely identifies the stream segments or reaches that make up the
nation's surface water drainage system. NHD data was originally developed at
1:100,000-scale and exists at that scale for the whole country. This high-resolution
NHD, generally developed at 1:24,000/1:12,000 scale, adds detail to the original
1:100,000-scale NHD. (Data for Alaska, Puerto Rico and the Virgin Islands was

‘developed at high-resolution, not 1:100,000 scale.) Local resolution NHD is being

developed where partners and data exist. The NHD contains reach codes for
networked features, flow direction, names, and centerline representations for areal
water bodies. Reaches are also defined on waterbodies and the approximate
shorelines of the Great Lakes, the Atlantic and Pacific Oceans and the Gulf of
Mexico. The NHD also incorporates the National Spatial Data Infrastructure
framework criteria established by the Federal Geographic Data Committee.

Purpose:
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The NHD is a national framework for assigning reach addresses to water-related
entities, such as industrial discharges, drinking water supplies, fish habitat areas, wild
and scenic rivers. Reach addresses establish the locations of these entities relative to
one another within the NHD surface water drainage network, much like addresses on ’
streets. Once linked to the NHD by their reach addresses, the upstream/downstream
relationships of these water-related entities--and any associated information about
them--can be analyzed using software tools ranging from spreadsheets to geographic
information systems (GIS). GIS can also be used to combine NHD-based network
analysis with other data layers, such as soils, land use and population, to help
understand and display their respective effects upon one another. Furthermore,
because the NHD provides a nationally consistent framework for addressing and
analysis, water-related information linked to reach addresses by one organization
(national, state, local) can be shared with other organizations and easily integrated
into many different types of applications to the benefit of all.
Time_Period_of_Content:
Time_Period_Information:
Single_Date/Time:
Currentness_Reference: See dataset specific metadata.
Status:
Progress: In work
Maintenance_and_Update_Frequency: Irregular
Spatial_Domain:
Bounding_Coordinates:
West_Bounding_Cobrdinate: -168.500000
East_Bounding_Coordinate: -64.549578 4_
North_Bounding_Coordinate: 71.499607 { :
_ South_Bounding_Coordinate: 17.673030 ‘
Keywords:
Theme:
Theme_Keyword_Thesaurus:
U.S. Department of the Interior, U.S. Geological Survey, 1999, Standards for
National Hydrography Dataset (<http://mapping.usgs.gov/standards/>)
Theme_Keyword: FWHYDROGRAPHY
Theme_Keyword: Hydrography
Theme_Keyword: Stream / River
Theme_Keyword: Lake / Pond
Theme_Keyword: Canal / Ditch
Theme_Keyword: Reservoir
Theme_Keyword: Spring / Seep
Theme_Keyword: Swamp / Marsh
Theme_Keyword: Artificial Path
Theme_Keyword: Reach Code
- Place: ‘
Place_Keyword_Thesaurus:
U.S. Department of Commerce, 1977, Countries, dependencies, areas of special
sovereignty, and their principal administrative divisions (Federal Information
Processing Standards 10-3): Washington, D.C., National Institute of Standards
and Technology.
Place_Keyword: US ' (
Access. Constraints: None - .-~ - e e e ' .
Use_Constraints:

file://C:\Documents and Settings\david.mayerson\Local Settings\Temporary Internet Files... 01/29/2008
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None. Acknowledgment of the originating agencies would be appreciated in products
derived from these data.

Point_of_Contact:
Contact_Information:

Contact_Organization_Primary: :
Contact_Organization: Earth Science Information Center, U.S. Geological
Survey : :

Contact_Address:

Address_Type: mailing address
Address: 507 National Center
City: Reston
State_or_Province: VA
Postal_Code: 20192

Country: USA

Contact_Voice_Telephone: 1 888 ASK USGS

Contact_Voice_Telephone: 1 888 275 8747

Contact_Electronic_Mail_Address: ask@usgs.gov

Hours_of _Service: 0800-1600 Eastern Time

Contact_Instructions:

In addition to the address above there are other ESIC offices throughout the
country. A full list of these offices is at URL:
<http://mapping.usgs.gov/esic/esic index.html>

Data_Set_Credit: See dataset specific metadata.

Native_Data_Set_Environment:
Microsoft Windows 2000 Version 5.1 (Build 2600) Service Pack 1; ESRI ArcCatalog
8.3.0.800

Data_Quality_Information:
Attribute_Accuracy:
Attribute_Accuracy_Report:

Statements of attribute accuracy are based on accuracy statements made for U.S.
Geological Survey Digital Line Graph (DLG) data, which is estimated to be 98.5
percent. One or more of the following methods were used to test attribute accuracy:
manual comparison of the source with hardcopy plots; symbolized display of the
DLG on an interactive computer graphic system; selected attributes that could not be
visually verified on plots or on screen were interactively queried and verified on
screen. In addition, software validated feature types and characteristics against a
master set of types and characteristics, checked that combinations of types and
characteristics were valid, and that types and characteristics were valid for the
delineation of the feature. Feature types, characteristics, and other attributes conform
to the Standards for National Hydrography Dataset (USGS, 1999) as of the date they
were loaded into the database. All names were validated against a current extract
from the Geographic Names Information System (GNIS). The entry and identifier for
the names match those in the GNIS. The association of each name to reaches has been
interactively checked, however, operator error could in some cases apply a name to a
wrong reach. This statement is generally true for the most common sources of NHD
data. Other sources and methods may have been used to create or update NHD data.
In some cases, additional information may be found in the NHDMetadata table.

Logical_Consistency_Report:
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Points, nodes, lines, and areas conform to topological rules. Lines intersect only at nodes,
and all nodes anchor the ends of lines. Lines do not overshoot or undershoot other lines
where they are supposed to meet. There are no duplicate lines. Lines bound areas and lines
identify the areas to the left and right of the lines. Gaps and overlaps among areas do not .
exist. All areas close.
Completeness_Report: ‘
The completeness of the data reflects the content of the sources, which most often are the
published USGS topographic quadrangle and/or the USDA Forest Service Primary Base
Series (PBS) map. - The USGS topographic quadrangle is usually supplemented by Digital
Orthophoto Quadrangles (DOQs). Features found on the ground may have been eliminated
or generalized on the source map because of scale and legibility constraints. In general,
streams longer than one mile (approximately 1.6 kilometers) were collected. Most streams
that flow from a lake were collected regardless of their length. Only definite channels were
collected so not all swamp/marsh features have stream/rivers delineated through them.
Lake/ponds having an area greater than 6 acres were collected. Note, however, that these
general rules were applied unevenly among maps during compilation. Reaches codes are
defined on all features of type stream/river, canal/ditch, artificial path, coastline, and
connector. Waterbody reach codes are defined on all lake/pond and most reservoir features.
Names were applied from the GNIS database. Detailed capture conditions are provided for
every feature type in the Standards for National Hydrography Dataset available online
through <http://mapping.usgs.gov/standards/>. This statement is generally true for the most
common sources of NHD data. Other sources and methods may have been used to create or
update NHD data. In some cases, additional information may be found in the NHDMetadata
table.
Positional_Accuracy:
Horizontal_Positional_Accuracy: (
Horizontal_Positional_Accuracy_Report: ' .
Statements of horizontal positional accuracy are based on accuracy statements
made for U.S. Geological Survey topographic quadrangle maps. These maps
were compiled to meet National Map Accuracy Standards. For horizontal
accuracy, this standard is met if at least 90 percent of points tested are within
0.02 inch (at map scale) of the true position. Additional offsets to positions may
have been introduced where feature density is high to improve the legibility of
map symbols. In addition, the digitizing of maps is estimated to contain a
horizontal positional error of less than or equal to 0.003 inch standard error (at
map scale) in the two component directions relative to the source maps. Visual
comparison between the map graphic (including digital scans of the graphic)
and plots or digital displays of points, lines, and areas, is used as control to
assess the positional accuracy of digital data. Digital map elements along the
adjoining edges of data sets are aligned if they are within a 0.02 inch tolerance
“(at map scale). Features with like dimensionality (for example, features that all
are delineated with lines), with or without like characteristics, that are within
the tolerance are aligned by moving the features equally to a common point.
Features outside the tolerance are not moved; instead, a feature of type
connector is added to join the features. This statement is generally true for the
most common sources of NHD data. Other sources and methods may have been
used to create or update NHD data. In some cases, additional information may
be found in the NHDMetadata table. ,
Vertical_Positional_Accuracy: _ (
Vertical _Positional_Accuracy_Report: ‘ .
Statements of vertical positional accuracy for elevation of water surfaces are
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based on accuracy statements made for U.S. Geological Survey topographic
quadrangle maps. These maps were compiled to meet National Map Accuracy
Standards. For vertical accuracy, this standard is met if at least 90 percent of
well-defined points tested are within one-half contour interval of the correct
value. Elevations of water surface printed on the published map meet this
standard; the contour intervals of the maps vary. These elevations were
transcribed into the digital data; the accuracy of this transcription was checked
by visual comparison between the data and the map. This statement is generally
true for the most common sources of NHD data. Other sources and methods
may have been used to create or update NHD data. In some cases, additional

information may be found in the NHDMetadata table.

Lineage: ' '
Process_Step:

Process_Description:

The processes used to create and maintain high-resolution NHD data can be
found in the table called "NHDMetadata". Because NHD data can be
downloaded using several user-defined areas, the process descriptions can vary
for each download. The NHDMetadata table contains a list of all the process
descriptions that apply to a particular download. These process descriptions are
linked using the DuulD to the NHDFeatureToMetadata table which contains
the com_ids of all the features within the download. In addition, another table,
the NHDSourceCitation, can also be linked through the DuulD to determine the

sources used to create or update NHD data.
Process_Date: Unknown
Process_Step:
Process_Description: See dataset specific metadata.

Spatial_Data_Organization_Information:
Direct_Spatial_Reference_Method: Vector
Point_and_Vector_Object_Information:

Spatial_Refefence_[nformation:
Horizontal _Coordinate_System_Definition:
Geographic:
Latitude_Resolution: 0.000001
Longitude_Resolution: 0.000001
Geographic_Coordinate_Units: Decimal degrees
Geodetic_Model:
Horizontal_Datum_Name: North American Datum of 1983
Ellipsoid_Name: Geodetic Reference System 80
Semi-major_Axis: 6378137.000000
Denominator_of Flattening_Ratio: 298.257222
Vertical_Coordinate_System_Definition:
Altitude_System_Definition:
Altitude_Datum_Name: National Geodetic Vertical Datum of 1929
‘Altitude_Resolution: 0.1
Altitude_Distance_Units: meters
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Altitude_FEncoding_Method:
Explicit elevation coordinate included with horizontal coordinates

Entity_and_Attribute_Information:
Overview_Description:
Entity_and_Attribute_QOverview:
The National Hydrography Dataset is a comprehensive set of digital spatial data that
encodes information about naturally occurring and constructed bodies of water, paths
through which water flows, and related entities. The information encoded about
features includes a feature date, classification by type, other characteristics, a unique
common identifier, the feature length or area, and (rarely) elevation of the surface of
water pools and a description of the stage of the elevation. For reaches, encoded
information includes a reach code. Names and their identifiers in the Geographic
Names Information System, are assigned to most feature types. The direction of flow
is encoded for networked features. The data also contains relations that encode
metadata, and information that supports the exchange of future updates and
improvements to the data. The names and definitions of all feature types,
characteristics, and values are in the Standards for National Hydrography Dataset:
Reston, Virginia, U.S. Geological Survey, 1999. The document is available online
through <http://mapping.usgs.gov/standards/>.
Entity_and_Attribute_Detail_Citation:
The names and definitions of all feature types, characteristics, and values are in U.S.
Geological Survey, 1999, Standards for National Hydrography Dataset High
Resolution: Reston, Virginia, U.S. Geological Survey. The document is available - |
online through <http://mapping.usgs.gov/standards/>. Information about tables and ‘ ‘
fields in the data are available from the user documentation for the National
Hydrography Dataset at <http://nhd.usgs.gov>. The National Map - Hydrography
Fact Sheet 1s also available at:
<http://erg.usgs.gov/isb/pubs/factsheets/fs06002.html>.

Distribution_Information:
Distributor:
Contact_Information:
Contact_Organization_Primary:
Contact_Organization: Earth Science Information Center, U.S. Geological
Survey
Contact_Address:
Address_Type: mailing address
Address: 507 National Center
City: Reston
State_or_Province: VA
Postal_Code: 20192
Country: USA
Contact_Voice_Telephone: 1 888 ASK USGS ’
Contact_Voice_Telephone: 1 888 275 8747 (
Contact_Electronic_Mail_Address: ask @usgs.gov , .
Hours_of Service: 0800-1600 Eastern Time
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Contact_Instructions:
In addition to the address above there are other ESIC offices throughout the
country. A full list of these offices is at URL:

‘ : <http://mapping.usgs.gov/esic/esic_index.html>
Standard_Order_Process:

Digital_Form:
Digital_Transfer_Information:
Format_Name: ArcGIS Geodatabase
Format_Version_Number: 8.3
File_Decompression_Technique: tar and uncompress

Metadata_Reference_Information:
Metadata_Date: 20040415
Metadata_Contact:
Contact_Information:
Contact_Organization_Primary:
Contact_QOrganization: Earth Science Information Center, U.S. Geological
Survey
Contact_Address:
Address_Type: mailing address
Address: 507 National Center
City: Reston
State_or_Province: VA
Postal_Code: 20192
. ‘ Country: USA
Contact_Voice_Telephone: 1 888 ASK USGS
Contact_Voice_Telephone: 1 888 275 8747
Contact_Electronic_Mail_Address: nhd@usgs.gov
Hours_of_Service: 0800-1600 Eastern Time
Contact_Instructions: '
In addition to the address above there are other ESIC offices throughout the
country. A full list of these offices is at URL:
<http://mapping.usgs.gov/esic/esic _index.htm!i>
Metadata_Standard_Name: FGDC Content Standard for Digital Geospatial Metadata
Metadata_Standard_Version: FGDC-STD-001-1998
Metadata_Time_Convention: local time
Metadata_Extensions:
Online_Linkage: <http://www.esri.com/metadata/esriprof80.html>
Profile_Name: ESRI Metadata Profile

Generated by mp version 2.7.33 on Tue Jul 20 16:04:29 2004
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County_metadata
Identification_Information:
Citation:
Citation_Information:
originator:
U.S. Department of Commerce
Bureau of the Census
Geography Division
Publication_bDate: 2001
Title: TIGER/Line Files, Redistricting Census 2000
Edition: Redistricting Census 2000
Series_Information:
Series_Name: TIGER/Line Files
Issue_Identification: Version (MMYY) represents the month and year file
created
Publication_Information:
Publication_Place: washington, DC
Publisher:.
U.S. Department of Commerce
Bureau of the Census
Geography Division
Description:
Abstract:
TIGER, TIGER/Line, and Census TIGER are registered trademarks of the Bureau
of the Census. The Redistricting Census 2000 TIGER/Line files are an extract
of selected geographic and cartographic information from the Census TIGER
data base. The geographic coverage for a single TIGER/Line file is a county
or statistical equivalent entity, with the coverage area based on January 1,
2000 Tegal boundaries. A complete set of Redistricting Census 2000 TIGER/Line
_ dfi1es includes all counties and statistically equivalent entities 1in the
Unite
States and Puerto Rico. The Redistricting Census 2000 TIGER/Line files will
not include files for the Island Areas. The Census TIGER data base represents
a seamless national file with no overlaps or gaps between parts. However,

each
county-based TIGER/Line file is designed to stand alone as an independent data
set or the files can be combined to cover the whole Nation. The Redistricting
Census 2000 TIGER/Line files consist of line segments representing physical
features and governmental and statistical boundaries. The Redistricting
Census .

2000 TIGER/Line files do NOT contain the zIP Code Tabulation Areas (zZCTAs) and
the address ranges are_of approximately the same vintage as those appearing in
the 1999 TIGER/Line files. That is, the Census Bureau is producing the
Redistricting Census 2000 TIGER/Line files in advance of the computer
processing ) , - ) _
that will ensure that the address ranges in the TIGER/Line files agree with
the
_final Master Address File (MAF) used for tabulating Census 2000. The files
contain .
information distributed over a series of record types for the spatial objects
of a
county. There are 17 record t%pes, including the basic data record, the shape
coordinate points, and geographic codes that can be used with appropriate
software ' o ) i ) ) )
to prepare maps. Other geographic information contained in the files <includes
attributes such as feature identifiers/census feature class codes (CFCC) used
to .
differentiate feature types, address ranges and zZIP Codes, codes for legal and
statistical entities, latitude/longitude coordinates of linear and point
features,
landmark point features, area landmarks, key geographic features, and area
boundaries. The Redistricting Census 2000 TIGER/Line data dictionary contains
a complete Tist of all the fields in the 17 record types.
Purpose: :
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In order for others to use the information in the Census TIGER data base in a

geographic information system (GIS) or for other geographic app11cat1ons, the

Census Bureau releases to the public extracts of the data base in the form of

TIGER/Line files. Vvarious versions of the TIGER/Line files have been
released; )

prev1ous versions include the 1990 Census TIGER/Line files, the 1992
TIGER/Line

files, the 1994 TIGER/Line files, the 1995 TIGER/L1ne files, the 1997
TIGER/Line

files, the 1998 TIGER/Line files, and the 1999 TIGER/L1ne files. The
Redistricting

Census. 2000 TIGER/Line files were originally produced to support the Census
2000 -

Red1str1ct1ng Data Program.
supplemental_iInformation:
To find out more about TIGER/Line files and other Census TIGER
data base derived data sets visit http://www.census.gov/geo/www/tiger.
Time_Period_of_content:
Time_Period_Information:
Single_Date/Time:
calendar_pate: 2000
currentness_Reference: 2000
Status:
" Progress: Complete
Maintenance_and_Update_Frequency:
TIGER/Line files are extracted from the Census TIGER data base when needed for
geographic programs required to support the census and survey programs of the
Census Bureau. No changes or updates will be made to the Redistricting Census
g 2000 TIGER/Line files. Future releases of TIGER/Line files will reflect
updates
P made to the Census TIGER data base and will be released under a version
numbering
system based on the month and year the data is extracted
Spatial_bomain:
Bounding_Coordinates:
west_Bounding_Coordinate: +131.000000
East_Bounding_Coordinate: -64.000000
North_Bounding_cCoordinate: +72.000000
South_Bounding_Coordinate: -15.000000
Keywords:
Theme:
Theme_Keyword_Thesaurus: None
Theme_Keyword: Line Feature
Theme_Keyword: Feature Identifier
Theme_Keyword: Census Feature Class Code (CFCC)
Theme_Keyword: Address Range
Theme_Keyword: Geographic Entity
Theme_Keyword: Point/Node
Theme_Keyword: Landmark Feature
Theme_Keyword: Political Boundary
Theme_Keyword: Statistical Boundary
Theme_Keyword: Polygon
Theme_Keyword: County/County Equivalent
_Theme_Keyword: TIGER/Line
Theme_Keyword: Topology .
Theme_Keyword: Street Centerline
Theme_Keyword: Latitude/Longitude

Theme_Keyword: ZIP Code
Theme_Keyword: Vector
Theme_Keyword: TIGER/Line Identification Number (TLID)
Theme_Keyword: Street Segment
Theme_Keyword: Coordinate
Page 2
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Theme_Keyword: Boundary
Place: ‘
Place_Keyword_Thesaurus:
FIPS Publication 6-4
FIPS Publication 55
Place_Keyword: United States
PTace_Keyword: Puerto Rico
Place_Keyword: County
Access_Constraints: None
Use_constraints: _
None. Acknowledgment of the U.S. Bureau of the Census would be appreciated for
products derived from these files. TIGER, TIGER/Line, and Census TIGER are
registered trademarks of the Bureau of the Census. '
Native_bata_Set_Environment:
TIGER/Line files are created and processed in a VMS environment. The
environment '
consists of two Alpha Server 8400s clustered together running OpenvMS version
6.2-1H3 used for production operations. The Census TIGER system is driven by
DEC Command language (DCL) procedures which invoke C software routines to
extract
selected geographic and cartographic information (TIGER/Line files) from the
operational Census TIGER data base.
pata_Quality_Information:
Attribute_Accuracy:
Attribute_Accuracy_Report: ) .
Accurate against Federal information Processing Standards
X "(FIPS), FIPS Publication 6-4, and FIPS-55 at the 100% level for the codes and
ase
. names. The remaining attribute information has been examined but has not been
uily
tested for accuracy.
Logical_Consistency_Report:
The feature network of lines (as represented by Record Types 1 and 2) 1is compete
for census purposes. Spatial objects in TIGER/Line belong to the "Geometry and
Topology"” (GT) class of objects in the "Spatial Data Transfer Standard"” (SDTS)
FIPS Publication 173 and are topologically valid. Node/geometry and topology
(GT)-polygon/chain relationships are collected or generated to satisfy
topological
edit requirements. These requirements include:
* Complete chains must begin and end at nodes.
* Ccomplete chains must connect to each other at nodes.
* complete chains do not extend through nodes.
-* Left and right GT-polygons are defined for each complete chain element and are
consistent throughout the extract process. '
*.the chains representing the limits of the files are free of gaps.
1 _The Census Bureau performed automated tests to ensure logical consistency and
imits
of files. A1l polygons are tested for closure. The Census Bureau uses its
internally »

g developed Geographic Update System to enhance and modify spatial and attribute
ata in

the Census TIGER data base. Standard geographic codes, such as FIPS codes for
states,
counties, municipalities, and places, are used when encoding spatial entities.
The

Census Bureau performed spatial data tests for logical consistency of the codes
during : g

the compilation of the original Census TIGER data base files. Most of the Codes

themselves were provided to the Census Bureau by the USGS, the agency
responsible for - _ . i

maintaining FIPS 55. Feature attribute information has been examined but has not
been

fully tested for consistency.
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Completeness_Report:
Data completeness of the TIGER/Line files reflects the contents of the Census

TIGER

data base at the time the TIGER/Line files (Redistricting Census 2000 version) .
were

created.

Positional_Accuracy:

Horizontal_Positional_Accuracy:

Horizontal_Positional_Accuracy_Report:

__The information present in these files is provided for the purposes of
statistical . ) ) i ) L
analysis and census operations only. Coordinates in the TIGER/Line files
have six

implied decimal places, but the positional accuracy of these coordinates is
not as

n great as the six decimal places suggest. The positional accuracy varies

with the

source materials used, but generally the information is no better than the
established

national map Accuracy standards for 1:100,000-scale maps from the U.S.
Geological o ) ) o

i Survey (USGS); thus it is NOT suitable for high-precision measurement
applications i o .

. such as engineering problems, property transfers, or other uses that might
require

"highly accurate measurements of the earth's surface. The USGS
1:100,000-scale maps
met national map accuracy standards and use coordinates defined by the North
) _ American Datum, 1983. For the contiguous 48 States, the cartographic
fidelity of
most of the Redistricting Census 2000 TIGER/Line files, in areas outside the
i1 1980 census Geographic Base File/Dual Independent map Encod1ng (GBF/DIME) (
ile -
H coverage and selected other Targe metropolitan areas, compare favorable with ‘
the
- USGS 1:100,000-scale maps. The Census Bureau cannot specify the accuracy of
features inside of what was the 1980 GBF/DIME-File coverage or selected
metropolitan ) )
areas. The Census Bureau added updates to the TIGER/Line files that
enumerators
annotated on maps sheets prepared from the Census TIGER data base as they
attempted
to traverse every street feature shown on the Census 2000 map sheets; the
Census
Bureau also made other corrections from updated map sheets supplied by local
J participants for Census Bureau programs. The locational accuracy of these
updates
is of unknown quality. In addition to the Federal, State, and local
sources, '
portions of the files may contain information obtained in part from maps and
other materials prepared by private companies. Despite the fact the
TIGER/Line
data positional accuracy is not as high as the coordinate values imply, the
1 six-decimal place precision is useful when producing maps. The precision
allows
features that are next to each other on the ground to be placed in the
correct
position, on the map, re1at1ve to each other, without overlap.
Lineage:
Source_Information:
Source_Citation:
Ccitation_Information: )
originator: (
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U.S. Department of Commerce
Bureau of the Census
Geography Division
~Publication_bDate: Unpublished material
Title: Census TIGER data base
Edition: Redistricting Census 2000
Type_of_Source_Media: on line
Source_Time_Period_of_Content:
Time_pPeriod_Information:
Single_Date/Time:
Calendar_bDate: 2000
Source_currentness_Reference: Date the file was made available to create
TIGER/Line File extracts.
Source_Citation_Abbreviation: TIGER
Source_cContribution: )
Selected geographic and cartographic information (line segments) from
the Census TIGER data base. _ :
Process_Step:
Process_Description: : :
In order for others to use the information in the Census TIGER data base in
a GIS or for other geographic applications, the Census Bureau releases

periadic ) ) )
extracts of selected information from the Census TIGER data base, organized
as
topologically consistent networks. Software (TIGER DB routines) written by
the .

Geography Division allows for efficient access to Census TIGER system data.
TIGER/Line files are extracted from the Census TIGER data base by county or
statistical equivalent area. Census TIGER data for a given county or

statistical

equivalent area is then distributed among 17 fixed length record ASCII

one containing attributes for either T1ine, polygon, or landmark geographic

The Census Bureau has released various versions of the TIGER/Line

since 1988, with each version having more updates (feature and feature

files, each
data

types.
files
names,
etc.)

than, the previous version.
Source_Used_Citation_Abbreviation:
Process_Date: 2000 -
Spatial_bata_organization_Information:
Indirect_Spatial_Reference:

address ranges and zIP Codes, coordinate updates, revised field definitions,

Census TIGER data base

Federal Information Processing Standards (FIPS) and feature names

and addresses.

Direct_Spatial_Reference_Method: Vector

point_and_vector_Object_Information:
SDTS_Terms_Description:
SDTS_Point_and_vector_oObject_Type:
Point_and_vector_Object_Count: 570
SDTS_Point_and_vector_Object_Type:
SDTS_Point_and_vector_oObject_Type:
Point_and_Vector_Object_Count: 790
SDTS_Point_and_vector_oObject_Type:
Point_and_vector_oObject_Count: 290
Spatial_Reference_Information:

Node, network

to 56,000 -

Entity point

Complete chain

to 83,000

GT-polygon composed of chains
to 33,000

Horizontal_cCoordinate_System_Definition:

Geographic:
Latitude_Resolution: 0.000458
Longitude_Resolution: 0.000458

Geographic_coordinate_uUnits: Decimal degrees
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Entity_and_Attribute_Information: :
overview_Description:
Entity_and_Attribute_Overview:
The TIGER/Line files contain data describing three major
types of features/entities;
Line Features -
1) Roads
2) Railroads
3) Hydro%raphy
» 4) Miscellaneous transportation features and selected power lines and pipe
ines
5) Political and statistical boundaries
tandmark Features -
1) point landmarks, e.g., schools and churches.
2) Area Tandmarks, e.g., Parks and cemeteries.
3). Key geographic Jocations (KGLs), e.g., shopping centers and factories.
Polygon features -
1) Geographic entity codes for areas used to tabulate the Census 2000 census
statistical data and 1990 geographic areas
2) Locations of area landmarks
3) Locations of KGLs
The 1ine features and polygon information form the majority of data in the
TIGER/Line
. files. Some of the data/attributes describing the lines include coordinates,
eature
identifiers (names), CFCCs (used to identify the most noticeable
characteristic of a
feature), address ranges, and geographic entity codes. The TIGER/Line files
contain
point and area labels that describe landmark features and provide locational
reference. _
] Area landmarks consist of a feature name or label and feature type assigned to/
a polygon
] or group of polygons. Landmarks may overlap or refer to the same set of
polygons.
The Census TIGER data base uses co11ect1ons of spatial objects (points, lines,

and
N polygons) to model or describe rea1—wor1d geography. The Census Bureau uses
these : ! '
spatial objects to represent features such as streets, rivers, and political
boundaries
. and assigns attributes to these features to identify and describe specific
eatures
such as the 500 block of Market Street in Philadelphia, Pennsylvania.
Entity_and_Attribute_bDetail_Citation:
U.S. Bureau of the Census, TIGER/Line files,
Redistricting Census 2000 Technical Documentation. The TIGER/Line
documentation
defines the terms and definitions used within the files.
Distribution_Information:.
Distributor:
contact_Information: ,
Contact_Organization_Primary:
Contact_Organization:
U.S. Department of Commerce
Bureau of the Census
Geography Division
Products and Services Staff
Contact_Address:
Address_Type: pPhysical address
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3. Evaluation of hydraulic relationships between surface waters and shallow
ground waters in the two districts.

4. Characterization of chemical and hydraulicimpacts of mine dewatering
effluents on surface waters and shallow ground waters in the two districts.

5. Analysis of the vulnerability of shallow ground waters in the two districts to
contamination from uranium industry activities.

6. Characterization of the quality of runoff from uranium mine waste piles.
The second goal of this assessment is to develop recommendations for the solution
of identified problems. Strategies evaluated for controlling pollution from uranium
mining sources are
1. Application of the federal National Pollutant Discharge Elimination System
(NPDES) permits and of state surface and ground water quality regulations to
address water pollution problems in the Grants Mineral Belt.

2. Use of the Resource Conservation and Recovery Act (RCRA) and the federal
“Superfund” to mitigate uranium mining impacts on water quality.

3. Use of state radiation protection requlations as water polluti'on control tools.

4. Use of land treatment practices to prevent nonpoint source poliution from
uranium mine waste piles. S ' :

23  AREAL DESCRIPTION

2.3.1. Location and Major Features

The Grants Mineral Belt is an approximately rectanqular area in northwest New
Mexico, encompassing portions of McKinley, Cibola, Sandoval, and Bernalilio
counties. The Mineral Belt is approximately 100 miles long and 25 miles wide
(Figure ZT). The name "Mineral Selt” refers primarily to the uranium ore found in
this aréa; Locations of uranium mining areas within the Mineral Belt are indicated

on the map.

The Belt encompasses portions of the Laguna and Canoncito Reservations along its
southeast extent, and a corner of the Navajo Reservation at its northwest extent.
Interstate-40 lies to the south of the Mineral Belt; located along I-40 are the local
population centers of Grants-Milan and Gallup. Smaller communities in the area
include Crownpoint, San Mateo, and Laguna. Just north of the Grants Mineral Belt
is Chaco Canyon, a National Monument noted for its ancient pueblo ruins.

Major topographic featuresin the area include.the Zuni Mountains southeast of
Gallup, the Cebolleta Mountains in the southeast corner of McKintey County, and
Mount Taylor northeast of Grants. The Continental Divide cuts approximately
through the middle of the Belt, with stream coursés to the east (e.g., Rio Paguate,
Rio Moquino, and San Mateo Creek) being part of the Rio Grande drainage and
stream courses to the west (e g. Puerco River, and Coyote Wash) part of the
Colorado River drainage. Characteristic landforms include rugged mountains,
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broad, flat valleys, mesas, cuestas, rock terraces, steep escarpments, canyons, lava
flows, volcanic cones, buttes, and arroyos.

2.3.2.  Climate and Vegetation

The climate in the region is arid to semiarid. Annual precipitation is 20-to-30 inches
in the mountain areas and 8-to-10 inches in the lower areas. The majority of
precipitation occurs in the summer as brief, intense thunderstorms. Mountain areas
usually receive significant amounts of snow in the winter. Evaporation exceeds
precipitation throughout the region.

Potential evapotranspiration is more than 30 inches of water in an average year.
Because less than 17 inches of precipitation on the average is received annually,
there is a large net water deficit. Although small water surpluses occur in winter
(December thru February), large water deficits are incurred during the remainder of
the year. The deficit is greatest during the warm growing season months of June
through September. ’

Vegetation of the region is typical of that of other semiarid climates of the
Southwest. Most of the low-lying area is grassland with some cacti and yucca.
Pinon and juniper are the dominant trees found on upland and north-facing slopes.
Ponderosa pines and firs are found in the high mountain areas. in much of the
valley areas, vegetation is insufficient to prevent erosion. Riparian vegetation
along stream courses is limited; where it does occur, it consists primarily of
cottonwood and salt cedar trees.

2.3.3. Geology -

The Belt lies along the southern edge of the San Juan Basin, which is in the eastern
part of the Colorado Plateau physiographic province. It is a region of scarped
tablelands with broad valleys, and local canyons cut in Mesozoic and younger
sedimentary rocks (Stone and others, 1983). The rocks are comprised principally of
alternating shales and sandstones and some limestones. -

Primary structural geologic features in the Grants Mineral Belt area are the Chaco
Slope, Zuni Uplift, and Acoma Sag (Figure 2.2). Along the Chaco Slope, Cretaceous
and Tertiary rocks out crop. Mesozoic and Upper Palezoic sediment and
Precambrian igneous and metamorphic rocks are exposed in the Zuni Uplift (Stone
and others, 1983). These strata dip to the northeast toward the basin axis. Figure
2.3 1s a cross-section of the San Juan Basin; the Grants Mineral Belt falls in the region
between the southwest edge and Crownpoint. Figure 2.4 is a stratigraphic column
of the underlying geologic formations in the principal mining districts.

Ofsignificance to this study is the Morrison Formation, of Upper Jurassicage. In
descending order, it consists of the Brushy Basin member, the Westwater Canyon
member, and the Recapture member. The Westwater Canyon member is host to the
major uranium ore deposits and also to'a major aquifer ot the Grants Mineral Belt.
It consists of interbedded fluvial arkosic sandstone, claystone, and mudstone _Its
average thickness is 250 feet, but it thins to 100 feet southward and eastward. The
3rushy Basin member, which overlies the Westwater, consists of a relatively
impervious shale. Included in the Brushy Basin member, is the Jackpile Sandstone

- which bears the uranium ore body that is mined near Laguna and the Poison
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Canyon Sandstone which bears uranium that is mined near Grants. The average
fhickness of the Brushy Basin member is 185 feet; toward the south_west part of the
San Juan Basin, in the vicinity of Gallup, the Brushy Basin member is absent.
Underlying the Morrison Formation is the San Raphael Group which includes the
Todilto Limestone, a uranium bearing unit that s mined near Grants.

The Dakota Sandstone is a Lower Cretaceous formation overlying the Morrison
Formation. It consists of massive quartz sandstone interbedded with coal lenses. In
the southwest part of the San Juan Basin, where the Brushy Basin member is absent,
the Dakota Sandstone and Westwater Canyon member form a single hydrologic
unit. .

Much of the emphasis of this study is on the relatively thin veneers of Quaternary
unconsolidated to semi-consolidated alluvial, eolian, and terrace deposits that
‘overlie the consolidated rock units in the valley bottoms. These deposits are
predominantly silty or clayey fine sand, with occasional concentrations of coarse
sand or gravel. Alternating periods of erosion and deposition have resuited in
marked disconformities within the alluvium (Leopold and Snyder, 1951). Thickness
of the alluvial deposits in the area of concern is usually less than 200 feet.

2.3.4. © Water Resources ‘

Surface Water.

Prior to uranium mining and discharge of dewatering effluents, most streams in the
Grants Mineral Belt area were ephemeral. Peak flows occurred in the late summer,
during heavy thunderstorms. Somewhat less.intense flows aiso occurred in the {ate
winter and early spring, due to meiting of snow in the mountains. Because
vegetation in the area is insufficient to impede erosion, runoff from these waters
carries a heavy sediment load.

The only significant naturally perennial waters are a few small springs along the
Puerco River, and streams draining the flanks of Mt. Taylor. The mostsignificant of
the perennial streams are Rio Paguate and Rio Moquino which drain the northeast
-slope of Mt. Taylor and traverse the Laguna-Paguate mining district (see Figure 2.1).
Since construction of San Mateo Reservoir, San Mateo Creek has flowed
continuously near the community of San Mateo, located on the northwest side of
Mt. Taylorin the Ambrosia | ake district. Because of streamflow lasses, however,
San Mateo Creek normally becomes ephemeral within one mile below San Mateo.

The water in these channels is eventually lost to evaporation and infiltration to
shallow alluvial aquifers. Recharge of bedro ' '

where the streams.intersect bedrock outcrops.

Ground Water.

As stated previously, the Westwater Canyon member of the Morrison Formation is a
principal aguifer in the area, with yields to wells of up to several hundred gailons
per minute. Reliable water supplies are aiso available from the Gallup Sandstone,
the Dakota Sandstone, the Glorieta Sandstone, and the San Andres Limestone.
Jewatering of uranium mines has resulted in a significant decline in water levels in
the aquifers tapped (mainly the Morrison Formation) and in adjacent formations
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Other aquifer systems occur in the unconsolidated valley fills (alluvium) along the
San"Viateg Creek and the Puerco River, with yields to wells usually less than fifty.
gallons per minute. The alluvial depaosits range from 0 to about 170 feet in
thickness; water is found anywhere from a few feet to 100 feet below the surface.
Recharge of the alluvial aquifers occurs both from infiltration of surface flow and
from bedrock discharges in the form of seeps and springs.

Alluvial ground water-level maps for the Puerco River and the San Mateo Creek
valleys are shown in Fi?ures 2.5and 2.6, respectively. The general direction of
alluvial ground water flow in both valleys is to the southwest, corresponding to the
slope of the land surface. -

Water Use.

 Historically, the principal uses of water in the Grants Mineral Belt have been
daomestic use and livestock watering. Domestic and municipal wells tap both
alluvial and bedrock aquifers throughout the area. Numerous shallow domestic

wells are located around the municipalities of Milan and Gallup. Milan derives its
municipal water supply from wells tapping the San Andres Limestone. The adjacent
community of Grants produces municipal water from wells tapping basalt, alluvium
the San Andres Limestone, and the Glorieta Sandstone. Most of the water supply

4

forthe City ot Gallup comes from the Gallup Sandstone. Crownpoint derives its
water supply from the Morrison Formation. Water for livestock is primarily derived
from the shallow alluvial aquifer. - :

irrigated agriculture is limited, but occturs to some extent along the valleys of
Bluewater Creeks the Rio San Jose, and San Mateo Creek, and along the North Fork
of Puerco River fromthe state road 566 bridge downstream to Gallup (see Figure - -
~3.1). The main crops are vegetables and forage. —

The advent of uranium mining has brought support industries which utilize ground
- water to some extent to the area; examples include cement and caustic soda plants.
Moreover, large amounts of ground water are pumped from the uranium mines
and discharged to surface watercourses or utilized by uranium mills.

Use of surface water has been limited due to its predominantly ephemeral natyre.
The discharge of mine dewatering effluents, however, has caused the now

perennial streams to | ! ives W
2.3.5. Land Use

The Grants Mineral Belt is a complex mixture of indian reservations ar-d Federal,
state, and private lands. The land is primarily used for livestock grazirig by Indian
and private ranchers. Logging occurs to a smail extent in the mountain areas. In the
Gallup area, coal mining has occurred since the 1880s.

Uranium mining began in the 1950s. The uranium companies have both leased

lands from the Federal government, the state, and Indians tribes, and boughtsome
lands outright.

-14-



O Well in glluvium

% Seismic—test site

6000 Ground-—-water elev.,ft
50 Ground-water depth, ft

(:’.‘." Bedrock outcrop

FIGURE 2.6 Alluvial ground water levels along San Mateo Creek and the Arroyo
del Puerto (after Brod and Stone, 1981). ‘
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2.4  HISTORY OF THE URANIUM INDUSTRY IN THE STUDY AREA

Four mining districts have been developed within the Grants Mineral Belt, and are,
from east to west, the Laguna-Paguate, Ambrosia Lake, Smith Lake, and the Church
Rock mining districts (see Figure 2.1). There has been extensive exploration and

new mine development in areas such as the Crownpoint, Nose Rock, and Marquez.

Extraction of uranium ore from the Laguna-Paguate and Ambrosia Lake minin
districts began in the early 1950s using strip and open-pit mining methods. At that
time most of the ores were extracted ?rom sandstones of the Morrison Formation in
the Laguna-Paguate district and the Todilto limestone in Ambrosia Lake district (see
Figure 2.4). By 1954, the Laguna-Paguate district had become host to the largest
open pituranium mine in the United States, the Jackpile-Paguate mine (NM Energy
and Minerals Department, 1981). By its closure in 1980, over 2700 acres of land had
been disturbed (U.S. Department of the Interior, 1980). Aslate as 1979, the
Jackpile-Paguate mine contributed more than 40% of the uranium ore mined in the
Grants Mineral Belt (NM Energy and Minerals Department, 1981).

After the initial discovery of uranium in the Todilto limestone in 1950, numerous
opEN-pIt mines gotied the landscape of Ambrosia Lake where the limestone was
exposed near the ground surface. Drillj i initi .
discoveries led to the delineation of ore bodies within the Poison Canyon and
Westwater Canyon members of the Morrison Formation (see Figure 2.4 for detailed
descriptions of units).

Eventual discovery of large.subsurface deposits within thé Westwater Canyon
member established the Ambrosia Lake mining distri _ '
production area. In 1980, the Ambrosia Lake mining district contained aver two-

thirds of the active uranium mines in the state (NM Energy and Minerals

Department, 1981). Virtually all of these mines are underground with depths

averaging approximately 900 feet. Several major aquifers are penetrated by these
shafts.

Delineation and development of ore bodies in the Church Rock mining district
began in 1965. Zones of mineralization are recognized at depths exceeding 1800
feet with average shaft depths of approximately 1600 feet. Several major water-
bearing strata also are penetrated by the Church Rock mine shafts. As is the present
case in Ambrosia Lake, mining in the Church Rock area is conducted by the room
and pillar method. This involves mining out blocks of ore while leaving adjacent
pillars of ore or waste as support for the roof (Figure 2.7). The size of the rooms
depends on the strength of the roof.

Activities of the New Mexico uranium mining industry peaked in 1978-80, following
a world wide shortage of the metal and increasing demands for the metal as a
electrical power generation fuel. At present, however, the industry is experiencing
asevere decline. The following table summarizes the severity of this decline:

17



CATEGORY 1977-78a 1983b

Active Mines ' 40 13

Active Mills 20 g : 53% :

Employment - 8,00 '

Share of total U.S. 46% 24%
production :

a Chris Wentz, NM Energy and Minerals Department, personal communication
(1983)

b NM Energy and Minerals Department (1984).

2.5 OVERVIEW OF URANIUM MINING OPERATIONS

Surface (open-pit) mining and underground mining have accounted for virtually all
of the uranium mined in New Mexico. Solution mining has been found to be
successful in pilot test projects, but commercial application of the technique has yet
to have an impact on New Mexico’s industry. Total production from surface and
underground mines has been nearly equal.

Bath types of mines contribute waste to natural surface drainage systems. Solid

wasties are derived frony both types while liquid wastes are almost exclusively
derived from underground mines. :

In the surface mining method,the topsoil and overburden overlying the ore are
removed and stockpiled. The uranium ore is then removed and stored prior to
shipment to a milling facility. Occasionally, berms and ditches are constructed
around the waste and storage piles to control runoff from the piles as well as to
divert upstream flood waters away from the piles.

As the mine is further developed, the overburden may be backfilled to fill mined-
out areas of the pit. Ultimately, the mined area may be graded and seeded to
restore the land surface to its pre-mined condition. Few active or inactive mines
have been even marginally reclaimed. ~

Ore bodies that are located more than about one hundred feet below the land
surface are accessed by vertical shafts (see Figure 2.7) The mine extends laterally
from the vertical shafts, sometimes for distances greater than a mile.’

Because underground mines are developed in a way that minimizes the amount of
“waste rock removed, far less solid waste is produced than in a surface mine. S
k can be

ofTontaminant concentrations, however. the underaround mine waste rac

more enriched and can be of ' k.
Underground waste rock is stored in a spoils area that may be, but usually is not,

bermed To control runoit.

Since most of the deeper ore bodieslie beneath major bedrack aquifers, dewatering
operations are required. Most of the produced water in the Grants Mineral Beltis
pumped from within the' mines and discharged to settling ponds and to drainage
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channels. Water also can be pumped from welis that are drilled into the water-
bearing strata near the mine in an effort to depressurize the aquifer.

To comply with effluent limitations specified by the federal National Pollutant

Discharge Elimination System (NPDES) permits, most mines treat water. Prior to
discharqe, a flocculant and barium chloride are added to reduce suspended solids
concentrations and to coprecipitate radium. Elevated concentrations of dissolved

uranium are reduced by a separate ion-exchange treatment..

The average underground mine in the Grants Mineral Belt continuously discharges
more than 1000 gailons per minute of produced water. Collectively, more than 150
billion gallons of water were pumped from aquifers in the Grants Mineral Belt
between 1956 and 1982 (Perkins and Goad, 1980). Lyford and others (1980) provide
a comprehensive assessment of the hydrologic effects on the aquifer system of this
sustained pumping. Local water-level declines in the Morrison Formation in excess
of 500 feet have resulted from the dewatering.
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_Ill. METHODS AND APPROACH

Monitoring activities for this assessment were centered on the three major active mining
~districts in the Grants Mineral Belt: Laguna-Paguate, Ambrosia Lake, and Church Rock.
- In the former district, monitoring focused on characterization of natural syrface water
quality and the effects of open-pit uranium mining on surface water quality. In the
latter two districts, monitoring involved characterization of the quality of bpt_h natural
surface waters and natural ground waters and of the impacts of uranium mining
activities on these waters. Instrumentation was installed at sites along representative
stream segments in each of the two districts in order to characterize hydraulic and
contaminant migration relationships between surface water and shallow ground-water .
flow systems. Water samples were collected and analyzed for general water-quality
constituents as well as parameters specifically associated with uranium mining and
milling. In all, over 440 samples were collected at a total of 74 monitoring stations.
Chemical analyses of these samples have provided a body of over 10,000 data points.

- Section 3.1 describes the monitoring locations for surface water and ground water and
for runoff. This section also describes the types of data collected at each site and the
frequency of water sampling and hydrological measurements. Section 3.2 explains
the methodologies used to collect water quality samples, field data collection, and
hydrological measurements. The water-quality constituents monitored and analytical
methods for their determination are described in section 3.3. Data interpretation
methods are reviewed in section 3.4. The actual data and.interpretation of their
significance are the subject of the remaining chapters of this report.

3.1 MONITORING SITE LOCATIONS AND |NSTRUMENTATION

3.1.1.0 Surface Water

Monitoring at these stations began in 1977 and continued through 1982. Table 3.1 lists
these stations; the stations locations are shown in Figures 3.1, 3.2, and 3.3. Most of
these sites had continuous flow during the assessment. Flow at the Puerco River _San
Mateo Creek at U.S. Geological Survey (USGS) gage, and the Arroyo del Puerto stations
w—mmmﬁﬁammﬁaﬁﬁ??ﬁ%m——
effluents Flow at San Mateo Creek at San Mateo Reservoir, and Rios Moguino and
Paguate stations, on the other hand, was naturally perennial and not augmented by
dewatering effluents. The two Arroyo del Puerto stations actually function as one

station; the "Kerr-McGee cattails" site was sampled when there was no flow at the
USGS gage site.

In addition to the stations listed in Table 3.1, a number of sites were sampled (1} during
runoff events, and (2) along the Puerco River c uring and after the United Nuclear

Corporation (UNC) uranium mill tailings spill 0" July 16, 1979. A detailed analysis of the
- consequences of this spill is presented in a separate report (Gallaher and Cary, 1986)

Through sampling efforts distinct from this assessment, EID staff have collected one
grab sample per year from most uranium industry point sources. In 1980 and 1981,

uranium industry point source discharges and the assessment stations were sampled
concurrently.



Water Quality. o . '
Surface water samples were collected at each monitoring station on a quarterly basis,
and occasionally during runoff events. More frequent sampling was conducted at the
two Puerco River stations after the UNC tailings spill: daily or every two days for two
weeks after the event; weekly for another two weeks; monthly through July 1980;
and finally quarterly.

Hydrology. _ .
Five of the stations listed in Table 3.1 are equipped with surface-flow gages. Gage
08349800, the Rio Paguate station below the Jackpile Mine, had been installed by the
USGS in 1976 as part of their routine water measurement effort. The other four gages
were installed, operated, and maintained by the USGS specifically for this study under -
funding fromthe EID. The USGS found that the site initially chosen at the Highway 566
bridge on the Puerco River was not favorable for obtaining accurate measurements or
continuous records, because the channel is quite unstable at that location.
Consequently, this station was moved in 1980 to a more favorable site a few miles
downstream. Flow records for- all five stations are summarized in the annual USGS
publication, "Water Resources Data, New Mexico”. (Water Data Report NM-76-1 to
NM-82-1). : ‘

Instantaneous flow measurements at ungaged surface-water stations were taken while
collecting water samples. Measurements were made with a Price pygmy meter
according to procedures detailed by the U.S. Department of the Interior (1977).

3.1.2. Ground Water

Cluster Concept. :
The purpose of ground-water monitoring was to study the hydrologic and water
quality relationship n ace a a e
movement of contaminants in_the alluvial aquifer. The monitoring well clusters are
designed to detect the early stages of contamination of the aquifer.

Figure 3.4 illustrates an idealized well cluster. One well isdrilled about 10 feet from
the channel edge to a deph of'about 35 feet. Another well is drilled adjacent to the
first, but about 70 feet deep. These two wells enable sampling of the aquifer at the
same location, but atdifferent depths. For some clusters, a single boring was drilled,
but cased and perforated so that it can actually function as two wells -- one shallow
and one deep. The well is given one number and the two depths are distinguished by
putting a "U" for "upper” oran "L" for "Tower" after the well number. A third well s
placed about 200 feet upstream of the first, 10 feet from the channel edge and drilled
to adepth of 35 feet. A final 35-foot-deep well is placed 200 feet from the first in a
direction perpendicular to the channel. Thus the cluster design enables determination
of water-quality differences along the stream channel, away from the stream channel,
and at different depths in the aquifer. Not every cluster was constructed as shown in
Figure 3.4, but only one cluster hasless than two wells. ~

Locations of the ten cluster sites for this study are shown on Figures 3.1 and 3.2. Table
3.2 lists additional information for cach well, such as depth, casing diameter, and’
screened interval. Well locations are described in accordance with New Mexico State
Engineer Office procedures, illustrated on Figure 3.5. Gaflup, Lee, Sandoval, Qtero, and
Roundy clusters were installed in 1977-1978, while additional-clusters, Entrada,
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Windmill, Springstead, Confluence, and BLM, were installed in 1981. Gal-5 was drilled
in 1980 in order to further investigate the UNC tailings spill impacts at that site.

All monitoring wells were installed with either air rotary or hollow-stem auger drilling
rigs. To avoid introducing contaminants into the wells, no drilling muds or fluids were
added during the drilling operation. PVC plastic was selected as well casing material.

Water Quality. :
Ground water samples were collected quarterly, concurrent with collection of surface
water samples. Additionally, for a year after the UNC tailings spill, the Gallup cluster
was sampled on a monthly basis. : ‘

‘Hydrology.
A water-level recorder (continuous-reading) was installed on a single well at each of

the original five clusters. As water-level readings at the Gallup cluster indicated that
thereis little water-level fluctuation along the Puerco River, continuous recorders
were not installed at the Entrada, Windmill, Springstead, and Confluence sites. A
recorder was installed at the BLM -well cluster, however, because of its location above .
the river stretch receiving dewatering effluent. Water-level measurements were taken
with.a steel tape on all gaged wells monthly when the chart was changed on the
-recorders. The steel protective casings of the wells at each cluster were surveyed
relative to one another, so that all water levels are measurements of relative depths
within a cluster. :

Short-term équifer performance tests were performed on at least one well at each of
‘the Puerca River clusters. Details on-these tests are given in Gallaher and Cary (1986).

.3.1.3. Runoff Sampling

Large quantities of materials associated with uranium ore are brought to the surface of
the earth and deposited as mine tailings. These materials, when exposed to rainfall
and snowmelt, have the potential to contaminate runoff with radionuclides and other
trace elements associated with uranium mining. In 1982, a runoff sampling program
was conducted to evaluate the runoff quality of these waste piles and the potential
impact on surface and ground water quality in the region.

In order to sample the runoff, single-stage samplers were installed in tandem at a
number of sites in ephermeral watercourses in ephemeral watercourses above and
below mine waste piles (Table 3.3 and Figures 3.1 and 3.2). The sampler design was

such that, when the water level of a runoff event reached a certain height, a sample of
the runoff was collected in a quart bottle at the bottom of the sampler. The samplers
were checked frequently by EID personnel during the summer of 1982; the longest
.period any sampler went unchecked was two weeks.

In addition to the single-stage samplers, grab samples were taken zt miscellaneous sites
abové and béelow waste piles during runoff events. The locations and frequency of
these samplings were dictated by the weather, by the presence of EID personnel, and
by what seemed appropriate to the particular event and location:

3.14 Leach Tests.

In conjunction with the runoff sampling program, mine wastes themselves were
subjecied to leach tests in order to determine the potential for constituents to leach
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out of the waste piles and into runoff or q‘round water. Samples were collected from
Wwaste piles at the following six mine locations:

WASTE PILE LOCATION NUMBER OF COMPOSITE SAMPLES*

United Nuclear Corporation-NE, 4
Church Rock i

Kérr McGee-|, Church chk
Hyde
Vallejo

Poison Canyon

0O 00 ~N o b

Old San Mateo
*See section 3.2.1.

The United Nuclear and Kerr-McGee sites had received mine wastes within the year
before the time of sampling; the others sites were inactive or abandoned. Leach test
methods are discussed in Section 3.3.3. .

3.2 SAMPLING AND MEASUREMENT METHODOLOG!ES |

3.2.1. Water Quality

Field Data : :
Temperature, conductivity, and pH were measured in the field concurrent with
collection of water samples. Temperature and conductivity were measured with a
Yellow Springs Instruments model 33 S-C-T meter. Field pH was determined with a
Hellige Color Comparator, if the sample was clear. Turbid samples were measured in
the field with either an Orion pH meter or a Corning pH Meter. A two-point calibration
was performed with standard pH buffers before each use of the meters. '

Measurements of dissolved axygen in ground water along the Puerco River were done
to provide additional input data for a computer mode! utilized in the study (WATEQFC,
see section 3.4.3). Measurements were taken twice on each 5-inch well with a Yellow
Springs Instruments oxygen meter before and after pumping or sampling activities
were initiated during a site visit. For these measurements the probe of the meter was
fowered into the well so that it would be within the screened interval at the bottom of
the well. The meter was calibrated with the Winkler method.

Surface Water Samples.
Grab samples were collected from the stream bank bty hand-dipping water with a
clean polyethlyene beaker from the stream into a 15-liter carboy. The polyethlyene, -
acid-washed carboys were rinsed with stream water prior to filling. The carboy samples
were treated on-site as described below. o .

Ground Water Samples. _
A truck-mounted electric submersibie pump was used to collect samples from the five-
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IV. NATURAL SURFACE WATER QUALITY IN
THE GRANTS MINERAL BELT

EID sampling programs have provided quantification of the quality of natural
surface waters that have been unaffected by uranium mining within the Grants
Mineral Belt. These natural waters serve as a baseline against which the impact of
uranium industry effluents can be evaluated. Since 1978, the EID has systematically
sampled the few naturally perennial waters in the region. These data were
augmented in 1982, when samples of snowmelt and thunderstorm runoff from
ephemeral watercourses were collected. All natural surface water sampling sites
were located upstream from uranium mining activities.

Three aspects of natural water quality are specifically addressed in this chapter. The
first is the chemical quality of sediment-free water; that is, the concentrations of
dissolved salts, trace elements, and radioactivity. The second aspectis the high
sediment load thatis typically carried by ephemeral streams in the Grants Mineral
Belt during runoff events. Finally, the chemical and radiological quality of raw,
unfiltered runoff is discussed. Sediment-laden runoff characteristically haslarge
concentrations of trace elements and radionuclides.

4.1 PERENNIAL STREAMS

Under natural conditions, most watercourses in the Grants Mineral Belt flow only
when sustained by snowmelt or storm runoff. Nonetheless, there are a few _
perennial watercourses in the three mining districts investigated in this regional
assessment. Perennial waters inthe Church Rock district are limited to a few small
springs along the Puerco River. In the Ambrosia Lake district, Sean Mateo Creek has

flowed continuously in the vicinity of the community of San Mateo since the

construction of San Mateo Reservoir upstream. Both the Rio Paguate and the Rio
Moquino, which originate on the well-vegetated northeast slope of Mount Taylor,
are perennial. These streams flow into the Jackpile-Laguna district, converge, and
as the Rio Paguate, complete the traverse of the district.

42 DISSOLVED SUBSTANCES

Dissolved salts in surface waters of the Grant Mineral Beltoriginate chiefly from
weathered rocks and residues from evapotranspiration. Shale and limestone units
are the primary geologic sources of dissolved solids in the region.

4.2.1. General Chemistry

Evaluation of sampling data shows that naturai concentrations of the total
dissolved solids in streams in the Grants Mineral Belt vary from less than 200 mg:l to
qver 1500 mg/l. The least caline waters are perennial San Mateo Creek and
ephemeral flows in the South Fork of the Puerco River. The mostsaiine wateris
found in the perennial Rio Moquino. The Mancos Shale, from which the Rio
Moquino valley was excavated, has been shown to be one of the largest sources of
salinity in the entire Colorado River Basin {Jackson and Julander, 1982).

A Piperdiagram graphically illustrates the geochemical composition of different
surface waters in the Grants Mineral Beit {Figure 4.1}. Natural waters from the Rio
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Moquino and ephemeral flows in the North Fork of the Puerco River are dominated
by dissolved calcium and sulfate, which are abundantin the Mancos Shale. In
contrast, South Fork of Puerco River and San Mateo Creek flow chiefly in limestone
terrain and are enriched with bicarbonate ions. The perennial Rio Paguate has
waters of chemical composition intermediate between these two types.

4.2.2. Trace Elements and Radioactivity

Dissolved trace element and radionuclide concentrations are very low in perennial

streams in the Grants Mineral Belt. Dissolved concentrations in ephemeral flows are

similarly very low, but may be slightly higher in line with the increased sediment
loads (Table 4.1). Owing to the uniformly low concentrations found, the data are
combined in Table 4.1 rather than presented by separate drainages or mining
districts. S A

Dissolved concentrations of trace elements are usually quite low because existing
natural compounds have low solubility under the neutral orslightly alkaline pH
conditions common in the region and because the majority of disselved trace
elements in surface water become attached to sediment grains or form precipitates
(Popp and Lacquer, 1980). Like the trace elements, most naturally occurring
radionuclides are relatively insoluble.

43. SUSPENDED SEDIMENT

Suspended sediment levels in surface waters of the Grants Mineral Belt span a wide
range of concentrations (Table 4.2). The few naturally perennial streams, such as
Rio Moquino, Rjo Paguate, and, locally, San Mateo Creek, are virtually sediment .
free, but most of the region is drained by dry arroyos that carry turbid flash floods
after summer thunderstorm activity. The tremendous sediment concentrations of
regional arroyos are among the world’s highest (Gregory and Walling, 1973).

The majority of streamflows in watercourses in the Grants Mineral Belt are of the
short-lived, turbid type. Maximum suspended sediment concentrations in these
arroyos are many hundreds of thousands of milligrams per liter (mg/l) (Busby, 1979)
The Puerco River exemplifies this type of stream. The name “puerco”, which means

"murky”, has been applied to several regional streams that are “too thick to drink,
to thin to plow.” _

The high suspended sediment concentrations are attributable to three major
environmental factors. First, several geological strata in the region weather to silt
and clay-sized particles that are easily carried in suspension by flowing water
Important sediment-producing rock units are shales, including the Mancos Shale of
the Puerco River Valley (Dane and Bachman, 1965; Jackson and Julander, 1982).
Second, the semiarid climate prevents establishment of protective vegetative cover
on the soil. Inlowland areas the soil is sparsely vegetated with drought-resistant
plants, including shrubs and bunch grasses. Overgrazing by livestock has rendered
the ground surface even more vuinerable to erosion. Third, the late summer {July-
September) rainy season brings intense thunderstorms that rapidly generate large

volumes of runoff. Whether overland orin a channel, these flows readily entrain
exposed sediment grains.



TABLE 4.1 Median Dissolved Concentrations of Trace Elements and Radioactivity in Natural
Surface Waters. Number of samples given in parentheses.

DISSOLVED CONCENTRATION |
CONSTITUENT | .Perennial Streams - Ephemeral Flows
(ug/l)
As <5 (39) » <5 (3)
Ba 100 (30) <100 (3)
cd <1 (26) <1 (3)
Pb <5 (26) . <S (3)
Mo <10 (36) <10 (8)-
Se } . <5 (39) <5 (7)
U-natural <5 (37) 10 (5)
v <10 (29) 25 (3)
Zn <50 (27) <50 (3) :
(pCifl) | \'
Gross alpha 2 (29) ‘ . 17 (3)
Ra-226 0.1 (36) 1.2 . (11)
Pb-210 1 (2) 45  (10)
Po-210 - - | 2.3 (7)
Th-238 - - 0.3 (7)
Th-230 _ - .- 0.3 (7)
Th-232 B _— 02 (7) | I
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4.4. CHEMICAL QUALITY OF TURBID WATERS

- Suspended sediment can be asignificant transport agent for chemical substances in
. water. In the ephemeral watercourses of the Grants Mineral Belt, high suspended
sediment concentrations account for the major proportion of contaminant
transport (see Keith, 1978).

4.4.1. Relation of Chemical Quality to Suspended Sediments

Data presented in Tables 4.3 and 4.4 illustrate the extreme variability in trace
element and radionuclide levels in unfiltered waters. Concentrations of those

constituents may range from below analytically detectable levels up to 1000 times
greater than detectable levels.

Concentrations of most trace elements and radionuclides in turbid runoff
demonstrate a strong, statistically significant dependence on the amount of
sediment present in the sample. Regression analyses for individual constituents
show that, in most cases, the amount of a particular constituent detected in an
unfiltered water sample is a positive, linear, first-order function of total suspended
sediment; correlation coefficients (r) are often greater than 0.90. In other words,
each additional quantity of sediment added to surface water volume usually adds
constant proportions of adsorbed or precipitated trace elements and radionuclides.
The relation between the concentration of a particular constituent and the
sediment concentration (i.e., the slope of a regression line) varies between

drainages and depends chiefly on the elemental composition of rocks and
<ediments in the basins. - A g :

" While data from the Ambrosia Lake mining district are limited, natural runoffin
© that district appears to be poorer.in quality than runoffin the Church Rock district.
In particular, the median concentrations of selenium and uranium in Ambrosia Lake
runoff are 6 and 3 times greater, respectively, than in Church Rock runoff, These
larger values are probably reflective of the abundance of uranium-ore-bearing _
outcrops in the Ambrosia Lake district (e.g., at the Poison Canyon mine). In contrast

1o the otherfrace efements, noteworthy is the virtual absence of molybdenum in
runoff in both districts. '

4.4.2. Radiological Quality of Turbid Waters

Radioactive substances were presentin detectable concentrationsin all of the
runoff samples analyzed in this study. In Ambrosia L mining district, gross
alpha particle activity measurements of 5 samples ranged from 33 picocuries per
liter (pCi/l) to 2100 pCi/l with a median concentration of 1200 pCi/l. Gross beta
particle activity measurements of 4 samplesranged-from 546 pCilto 2,000 pCi.l
with @a median concentration of 1,060 pCi/l. Slightly lcwer radioactivities were
measured in 12 samples collected in the Church Rock mining district.

High radionuclide concentrations may be presentin turbid flows throughout
northwestern New Mexico, including the Grants Mineral Belt. Ephemeral washes
draining northward from the Grants Mineral Belt into the San Juan Basin exhibit
similar patterns of radioactivity to those within the drainages sampled. During
rbid flow conditions, gross aipha and gross beta activities as high as severai
‘ _thousand pCi/l have been measured by the U.S. Geological Survey in the Chaco Wash



TABLE 4.2 Sus‘pended Sediment Concentrations in Natural Surface Waters .

SUSPENDED SEDIMENT CONCENTRATION (mg/l)

STREAM Log Mean Min. Max. No. of Samples
Perennial Streams
San Mateo Creek 10 <1 83 7
at San Mateo Reservoir
Rio Moquino above 14 <1 73 10
Jackpile-Paguate Mine
Rio Paguate above _ 4 - <1 59 12
Jackpile-Paguate Mine
Ephemeral Flows
Sar Mateo Creek Drainage | _8:100 940 | 32,000 4
below San Mateo .
Puerco River-South 22,400 5,600 | 73,000 3
Fork Drainage
Puerco River-North 55,700 3,700 3

Fork Drainage

561,000
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Total Trace Element Concentrations in Nat. ‘unoff, 1982. All cancentrations given in milligl. ar liter (mg/l

CONSTITUENT

AMBROSIA LAKE MINING DISTRICT

(Based on 6 Samples)

CHURCH ROCK MINING DISTRICT

(Based on 13 Samples)

MEDIAN

MAX. MIN. 'MEDIAN | MAX. MIN.

As 0.26 0.05 0.13 0.30 0.02 0.08
Ba 435 1.4 7.7 9.6 0.44 4.8

Cd 0.05 0.003 0.006 0.06 | 0.001 0.003
Pb 2.0 0.05 0.52 2.0 0.01 0.17
Mo <0.01 0.005 - <0.01 0.02 <0.01 <0.01

Se 0.15 <0.005 0.03 0;03 <0.005 <0.005
U-natural 0.56 0.03 0.10 0.22 0.005 0.03
Y 3.2 0.18 _'0.61 0.9l2 0.04 0.4'0
Zn 1.7 0.38 1.5 8.5 <0.05 0.38




samples in parentheses.

AMBROSIA LAKE MINING DISTRICT

CHURCH ROCK MINING DISTRICT

. N(_)lx'

“ND = No dala a’vallnable

CONSTITUENT
MAX. MIN. MEDIAN MAX. MIN. MEDIAN
Gross Alpha Activity 2,100 33 1,200 (5) 1,600 7 720 (12)
Gross Beta Activity 2,000 546 1,060 (4) 1,480 135 710 (9)
Pb - 210 720 4 88 (4) 74 0 53 (7)
Po-210 43 - (1) 450 9 80 (6)
Ra - 226 321 2 15 (4) a7 1 19 (9)
Th-228 ND ND 43 3 22 (7)
Th -230 ND ND 42 0 24 (7
Th - 232 ND 'ND 43 3 24 (7)




drainage basin (see USGS Water Resources Data, New Mexico, Water Reports NM-

75-1 through NM-81-1). The USGS, however, has not performed analyses for specific
radionuclides.

Samples of unfiltered runoff from three sites were tested for the isotopes lead-210,
polonium-210, radium-226, and thorium-228,-230, and-232. Most of these
radionuclides are in the uranium-238 decay series (Figure 4.2). While the observed
radionuclide concentrations presented.in Table 4.4 are weighted toward the Church
Rock district, they are thought to be representative of the entire Grants Mineral
Belt. The Church Rock, Ambrosia Lake, and Laguna-Paguate mining districts are
very similar in terms of sedimentary geology and landform development.
-Moreover, sediments collected from Ambrosia Lake and Laguna-Paguate mining
- districts (Popp and others, 1983) contain concentrations of radium-226 and lead-210
similar to these in the Church Rock district (Weimer, andothers, 1981).

The partitioning of different radionuclides between solid and dissolved phases is
significantin runoff. Radium-226 and lead-210, the chief radiological concernsin
Grants Mineral Belt runoff, tend to adsorb onto suspend sediments rather than to
remain dissolved in runoff (Table 4.5). EID data indicate that 85-t0-95 percent of

the radum-226 and lead-210 detected in a turbid water sample is bound to the.
sediment.

-51-



Uranium-238
4.5 x 109 years

Uranium-234
2.5x 105 years

t

Protactinium-234
1.17 minutes

A
v T

A4

Thorium-234
24 days

Thorium-230
8 x 104 years

FIGURE 4.2

T

Radium-226
1620 years

Y

Radon-222
3.8days

¥

Polonium-218

3 minutes

Polonium-214
1.6 x 104 seconds

"Polonium-210

t

138 days
)

Bismuth-214
19.7 minutes

Bismuth-210

v 1

S days
v 1

A4

Lead-214
27 minutes

Lead-210

19.4 years

Lead-206
stable

Principal radionuclides in the uranium-238 decay chain. The half-

life of each nuclide is shown. Downward pointing arrows indicate
alpha emissions and upward pointing arrows indicate beta and/or
gamma emissions.
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TABLE 4.5. Partitioning of Radium-226 and Lead-210 between D1sso]ved and Suspended

Fractions of Natural Runoff,

o LOCATION DATE Ra-226 Pb-210
(M-D-Y) (pCi/1)
Dissolved Suspended Dissolved Suspended
'wverco River-North 08-04-82 5.8 % 41 + 14 33 +5 31 + 18
Fork BLM cluster 08-24-82 1.3 ¢ 2.7+ 1.1 5 + 3 6 + 4
‘uerco River-South 08-12-82 0.4 % 19 £ 6 2 * 2 51 £ 17
Fork at Hwy 566 08-23-82 1.2 # 28 + 8 6 + 2 55 + 21
Bridge 08-05-82 3 ¢ - 13 £ 15 14 + 2 21 + 9
09-21-82 4 = 19 + 6 14 =+ 2 60 + 12
.,-.dteo Creek 08-03-82 0.7 ¢ 22 + 7 4 % 2 39 + 8
at Hwy 53 Bridge
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V. PRELIMINARY EVALUATION OF THE EFFECTS OF URANIUM MINE WASTE PILES
AND OPEN PITS ON NATURAL SURFACE WATER QUALITY

Uranium mine waste piles, both active and abandoned, exert a potentially significant
influence on the quality of surface waters in-the Grants Mineral Belt. Since the regional
onset of uranium mining in the early 1950s, a large area has been explored, prospected,
and mined for uranium ore. In a comprehensive survey, Anderson (1980) described 21
abandoned orinactive uranium mine sites in Cibola County and 72 such sites in McKinley
County. In addition, Perkins (1979) listed 34 mines that were then active.

In the majority of cases, each mine has associated waste piles. Waste piles may include
one or more of the following: barren (non-ore-bearing) overburden, low-qrade ore

(i.e., are with too low a uranium content to be economically milled), and ore stockpiled

forTater milling. The EPA(1983) estimated that an average surface mine generates
about 6 million metric tons of solid waste per year, while an underground mine
generates considerably less - - about 20 thousand metric tons per year. For surface mines
waste dumps are larger in proportion to the amount of ore produced, because such
dumps are mostly barren overburden. Since the waste varies ~ith respect to ore
content, potential impacts on water quality are quite variable. This chapter discusses
the impacts of mine waste piles on surface water quality. ‘

The EID investigated the effects of mine waste piles on surface water quality, through
runoff sampling and laboratory studies. The sampling program collected water and
suspended sediment samplesin ephemeral watercourses receiving runoff from mine
~waste piles. Analysis of runoff samples provided data on concentrations of trace '
elements and radioactivity in affected arroyos. In conjunction with the runoff sampling,
dry samples of mine waste were collected and leached in the'laboratory to determine
the potential for constituents to leach into surface or ground water.

Open pits created by surface mining have a potential to effect water quality similar to
that of waste piles. The exposure of the ore body in open-pit mining subjects it directly
to the same runoff factors as waste piles. In addition, as mentioned above, open p ts
typically have large amounts of waste in the vicinity of the operation. In order to focus -
on the potential for open pit mining operations to effect water quality, stream sampling
was conducted at the largest open pit operation in the Grants Mineral Belt, the Jackpile-
Paguate mine. This mining operation is of water quality interest not only because of its
size but because of the confluence of two perennial streams within the mining area.

5.1 RESULTS OF RUNOFF SAMPLING

Runoffsamples were collected from several sites representing varying degrees of
proximity to, and input from, uranium mine waste piles. The data provide information
on the water quality impacts of specific piles. The data also help to define generic water
quality problems associated with uranium mine waste piles in the region. Throughout
the discussion that follows, interpretation of the data is facilitated by frequent =~ ~
reference to natural runoff quality described in Chapter IV. The observations in this
section apply directly to the Ambrosia Lake mining district where almost ail the samples.
were collected. Limited sampling results suggest similar sampling results would be
obtained in the Church Rock district.

All of the runoff sampling data presented herein reflect instantaneous con sminant
concentrations, specificto a-particular location and time. Because of the random and
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short-lived nature of the runoff events, however, the total quantity of mine waste
material entering local drainages is unknown. Nonetheless, the mine waste-affected
runoff contaminant concentrations exceed natural levels by up to several hundred
times, and thus are of concern. :

5.1.1. Sediment
Results of runoff sampling suggest that sediment concentrations from uranium mine

waste pilesin Ambrosia Lake district are comparable to natural sediment concentrations

in the district. In T1 samples from drainages with mine waste piles, suspended sediment
concentrations ranged from 764 to 75,500 mg/l with a median of about 40,000 mg/l.

~ Three samples from drainages unaffected by waste piles varied from 939 mg/! to 50,000
mg/l with a median of about 32,000 mg/l. The number of samples though is too small to
permit definitive statistical analysis. .

Cooley (1979) reported that runoff from uranium mine waste piles picks up “dlay, silt,
and sand, which, depending on the proximity of stream channels; may be transported
and deposited downstream.” It has been noted that erosion of mine'waste piles is
accelerated relative to undisturbed soil profiles for a number of reasons, chief of which
are lack of topsoil, steep angle of slopes, presence of toxic elements and buildup of salt
in the near surface (which inhibit vegetative growth), and poor water retention
characteristics (U.S. EPA, 1983).

The U.S. EPA (1983) has stated that most abandoned mines in the region are small
surface mines that have little impact on surface waters. Based on recent extensive work

by Anderson (1980), we estimate that 10 to 20 percent of all abandoned minesand a

few large active mines in the Grants Mineral Belt have waste piles that are directly {
eroding into local drainage channels. - | 1 '

5.1.2. Trace Elements andiﬁadionudides

The problem of poor water quality due to high sediment loads is exacerbated when the
sediment comes from rock that is geologically enriched in uranium and associated
elements, as is the case for mine waste piles. Total contaminant concentrationsin
drainages affected by uranium mine waste piles are positively correlated with
suspended sediment concentrations, just as they are under natural conditions (see
Section 4.4) except that waste-affected runoff has proportionally higher contaminant
concentrations per quantity of sediment. Therefore, an effective means of evaluating
the degree of contamination is comparison of the amount of contaminant per gram of
sediment rather than per liter of water. While samples collected at the base of a waste
pile reflect uranium mine waste contaminant concentrations, other samples coilected
far downsteam (up to 5 miles) from any source of contaminants, reflect dilution
processes which make them indistinguishable from natural conditions.

Trace Elements - ' _
Table 5.1 compares ranges and median of contaminant concentrations found in
unfiltered runoff from uranium mine waste piles with those of unfiltered natural
runoff. In runoff from these waste piles, uranium and molybdenum maxima exceed
maxima in natural runoft by over two orders of magnitude. Maximum arse:c,
selenium, and vanadium concentrations exceed maximum natural runoff levels by six to
eight times. Other elements (1.e., barium, cadmium, .2ad, and zinc) are not apprecably (
above background concentrations. These resultsindicate that uranium.mine waste.piies”
are potential major sources of uranium and moiybdenum and perhaps of arsenic,
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selenium, and vanadium in surface waters. These findings are in general agreement
with EPA data (U.S. EPA, 1983).

Radionuclides

Radionuclides in unfiltered waste pile runoff are also elevated with respect to levelsin
natural runoff (Table 5.1). The data also are graphically depicted in a “box and whisker”
plotsin Figure 5.1. The lowerand upper ends of the box represent the 25th and 75th
percentile values, respectively; the vertical line within the box is the median value; and
the lower and upper extent of the lines (whiskers) are the minimum and maximum
values of the data set (Mcleod, Hipel, and Comancho, 1883). Maximum gross alpha
particle activity exceeds maximum natural runoff activity by 200 times. Maximum levels

of two major alpha emitters, natural uranium and radium-226, exceed natural maximum
noff levels by over 100 ti yeta parti activity and | hief contributo

lead-210, are also far in excess of natural runoff levels. Natural runoff and waste pile

levels of thorium-230 and polonium-210 cannot be compared because of lack of data.

; % The Old'San Mateo Mine illustrates specific impacts of a large waste pile on nearby

surface water drainage system, San Mateo Creek (Figure 5.2). Three nearby stations
uncontaminated by mine wastes were used to define trace element and radionuclide
levelsin natural sedimentsin the area. In_contrast, with natural sediment, the waste
materials (sediments from the waste pile) contained elevated levels of gross alpha and
gross beta particle activities, radium-226, natural uranium, arsenic, lead, molybdenum,
selenium, and vanadium. Contaminant concentrationsin stream bottom sediments
decreased ultimately to natural levels with distance from the waste pile as other
sediments carried along the watercourse become mixed with the mine waste material. .
Contaminated sediments from Old San Mateo Mine are in evidence at least 550 meters |
downstream from the mine waste pile. Nonetheless, even natural levels, of trace ‘
elements and radionuclides in bottom sediment are relatively high. Bottom sediments

can under go a continuing cycle of resuspension in runoff and deposition further
downstream. :

5.2 MINE WASTE LEACHING TESTS

Thirty seven composite mine waste samples were leached with acetic acid and deionized
water in theslightly modified EPA EP toxicity test procedure described in section 3.3.3.
Acetic acid (pH <5) simulated the leaching effects of natural rainfall, which is similarily
acidic, and deionized water (pH >7.5), the leaching effects of rainfall after contacting
the alkaline rich soils common to the Grants Mineral Belt. Leachates were analyzed for
arsenic, barium, cadmium, lead, molybdenum, selenium, vanadium, zinc, and gross
alpha and gross beta particle activities. By definition, a material exhibits the
characteristic of EP toxicity if any of the contaminant concentrations in the leachate

exceed federal safe drinking water standards by 100 times or more (40 CFR 261,
~Appendix ll).

Table 5.2 presents average leachate concentrations obtained from tests of mine wastes.
None of the samples subjected to this test exhibited the characteristic of EP toxicity. Nec
EP toxicity limits have been established for those constituents found in the highest
concentrations, natural uranium and gross alpha activity. The uranium concentratior«
account for most of the alpha activity (for natural uranium, 1.0 mg/l is equivalentto 677 . -

-( pCi/l of alpha activity, at secular equilibrium). These results suggest that in a neutrai or (
< slightly acidic environment, contaminants.in uranium mine wastes have a relatively low
¢ patentialtorleaching or for significantly degrading ground water guairty.

e
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T LES.T.

Total Contaminant Concentrations ir
Runoff. Number of samplesin paren... _ses.

1brosia Lake Waste Pile Runoff Compared with N:

al -

MINE WASTE PILE RUNOFF 'NATURAL RUNOFF
CONSTITUENT Range Median’ Range Median
(mg/l)
As <0.005-1.5 021 (15) 0.05-0.26 0.13  (6)
Ba 0.18-37.5 5.9 (15) 1.4-435 7.7 (6)
cd <0.001-0.02 0.006  (15) 0.003 - 0.05 0.006 (6)
Pb 0.02-2.5 056, (15) 0.05-2.0 052 (6)
Mo <0.001-3.2 002  (15) 0.005 - <0.01 <0.01 (6)
Se <0.005 - 0.85 003 (15 <0.005-0.15 0.03 (6)
U-natural 0.04-62.6 058 (15 0.03-0.56 0.10._ (6)
v 0.04-24.8 1. (15) 0.18-3.2 061 (6)
Zn <0.05-4.4 1.7 (15) 0.38-1.7 1.5 (6)
(pCint)
Gross Alpha 300 - 420,000 10,800 (15) $33-2,100 1,200 (5)
Gross Beta 177 - 168,000 6,700 (15) 546 - 2,000 1,060 (5)
F}b =210 29-30,050 1,000  (6) 4-720 88 (4)
Ra-226 1-34,900 650  (6) 2-321 15 (4)
@




Gross Alpha 1 Waste Pile Runoff /V‘ 420,000 (15)
(pCi/t) K> Natural Runoff N (5)
Gross Beta ~\— 168,000 (15)
(pCi/1) (4)
0 10,000 20,000 30,000
R°d|um - 226 ) R R T, ' ﬁ—_ 34'900 ( 6 )
(pCi/l) [}~ 4 : (4)
Lead - 210 M—30,060  (6)
(pCi/1) (4)
Natural Uranium AA— 62,600 (15)
(ng/1) (8)
) | 13 L
0 2000 4000 6000
FIGURE 5.1 Total radioactivity and uranium concentrations in uranium mine

spoils piles runoff, Grants Mineral Belt.
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FIGURES.2. Pe.rsi'stence/att.enuation of selected contaminantsin sediments
. within the drainage system below the Old San Mateo Mine waste
pile. Each analysis is represented by dot; some stations have

multiple analyses. Three nearby stations were used to define
natural background levels.
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TABLE ' Results of Mine Waste Leaching Tests (EP Toxic"‘\/ater Extract)

AVERAGE CONL_.TRATIONS (mg/l)

MINE As Ba cd Pb - Mo Se U-natural \ Zn Gross Gro
Alpha* | Bet

UNC-NE
Church Rock , .

'4 composite samples) |.005 .145 <.001 <.005 | <.01 .026 910 .029 <.05 706 250
KM-1
Church Rock , ‘ :

4 composite samples) |.006 .142 <.001 <.005 | .132 097 | 1.09 015 <.05 | 663 282
Hyde** _ . .

6 composite samples) | <.005 | <.10 .001 .006 <.01 .015 231 .01 .139 240 143
Vallejo : ' :

7 composite samples) |.006 .102 <.001 .005 <.01 - .006 .136 01 <.05 93 28
Poison Canyon ' : _

8 composite samples) .010 176 01 <.005 | .021 .007 .056 .080 <.05 | 571 7
Old San Mateo ‘ |

8 composite samples) |.029 162 .003 <.005 | .955 069 1.42 .01 <.05 1030 164

'WCRA ALLOWABLE : ‘
LIMITS 5 100 1.0 5 NL*** NL*** | NL*** | NL*** NL*** | NL*** [INL*

*Concentration in pCi/l-

A Acelic Aad Extract
MA* No ostablished imit.




5.3 PERENNIAL FLOW THROUGH AN OPEN PIT MINE

The water quality impacts of an open pit uranium mine on perennial streams were studied a: .
the Jackpile-Paguate mine on the Pueblo of Laguna east of Grants. This mine, covering more
than 2700 acres-of disturbed land, is by far the largest open pit uranium mine in the Grants
Mineral Belt. In itstwenty-five years of operation, this mine has excavated almost 200 miilion

tons of overburden and mine waste. Thisis stored in 28 dump sites spread over more than

1100 acres. The pititself encompasses about 1,000 acres and, in places, approaches 400 feet in
depth (U.S. Department of the Interior, 1980). '

Two of the several natural perennial streams which descend the northeast flank of Mt. Taylor,

the Rio Paguate and the Rio Moquino, converge within the mine; the Rio Paguate continues

through the open pit area and eventually flows into the Paguate Reservoir. Water released

1\zrom the reservoir flows into the Rio San Jose near the town of Laguna. Figure 5.3 shows these
eatures. : ,

A reconnaissance of the Jackpile-Paguate mine area performed by Cooley:(1979) provided
visual evidence of uranium mine waste piles affecting surface waters. He reported that mine
waste had been dumped along the marginsof Rio Paguate and that:

During large flows the river cuts laterally into debris piles. Corrosion of the

unconsolidated debris adds considerable bedload and suspended sediment to the

river.
Data presented in a recent study by Popp and others (1983) demonstrate that mining activities
at the Jackpile-Paguate mine have caused a significant increase in the naturally occurring
radioactivity in that drainage system. Detailed chemical and radiological analyses were
performed on the sediment which has accumulated in Paguate Reservoir downstream frory’
mine. The data clearly show elevated levels of uranium-238 decay produc¢tsin sediments de . .
after the mid-1950s. - Additionally, lead-210.concentrations in sediments increased from pre- ‘
mining ievels of approximately 2 pCi/g to average post-mining concentrations of
approximately 10 pCi/g. :

The perennial waters that traverse the mine area have been studied by the EID for uranium-
industry impacts since 1978. Surface water samples were collected quarterly at two
background sites (Rio Paguate and Rio Moquino upstream from the mine) and one impacted
site (Rio Paguate below the mine). Figure 5.3 shows the sampling locations.

As a result of the typically low sediment concentrations in the Rio Paguate, the concentrations
of suspended (total minus dissolved) radioactive substances are usually negligible relative to
those of the dissolved fraction (Table 5.3). During periods of runoff, however, total -
radioactivity would be expected to increase because of greater sediment concentrations.

Water quality data from the three sites sampled by the EID demonstrate that the dissolved
concentrations of several constituents increase in the streams flowing through the mine ar2a.
Table 5.4 shows that average concentrations of gross alpha emitters, radium-226, arsenic,
barium, cadmium, lead, molybdenum, selenium, natural uranium, vanadium, and zinc are

- quite low in the waters above the mine. In fact, both background streams, dissolved
concentrations of arsenic, cadmium, lead, molybdenum, selenium, natural uranium, vanadium,
and zinc were below detection limits for at least 67 percent of the samples. Among the trace
elements, only barium was detected in more than half of the samples in the two streams.

By the time the Rio Paguate exits the Jackpile-Paguate mine, several diésolyed constituentg
elevated above background levels (Table 5.4). Radicactive'parametersexperience the larges
-dissolved concentrations increases; gross alpha particle activity, radium-226, and naturai



Anaconda Co.
Jackpile=-Paguate
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Rio '
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FIGURE 5.3 Major features of the Laguna-Paguate mining district
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TABLE 5.3.

Radioactivity and Suspended Solids Concentrations in Rio Paguate below the Jackpile - Paguate

Mine.

 GROSS ALPHA ACTIVITY (pCifl) " RADIUM-226 (pCifl) TOTAL
SAMPLEDATE | | | SUSPENDED
Dissolved Total - Dissolved Total SOLIDS (mg/i)
6-09-80 78 + 6 79 6 3.6 £ 0.1 4102 36
12-08-80 71£10 68 £ 10 1.0 £ 0.03 BRRETR 27
6-24-81 155 % 22 153 £ 15 1.4 £ 0.04 1.7 £ 0.1 5

* Picocuries per liter * one sigma counting error.




TABLE 5.4. Average Surface Water Quality Above and Below the Jackpile-Paguate Mine.
Averages based on a minimum of 7 samples.

NISSOLVED RIO MOQUINO ABOVE | RIO PAGUATE ABOVE [RIO PAGUATE BELOW
~ DNSTITUENT JACKPILE MINE | JACKPILE MINE | JACKPILE MINE
\Jg/l unless noted) E : ' ' '

TDS (mg/l) 1540 1 525 1705

504 (mg/l) 825 155 1960

pH (s.u.) 8.2 8.0 | 8.2

As - <5 6 ’ 6

Ba | 145 130 145

cd 2 o <1 | 2

Pb - <5 ' <5 <5

Mo 7 7 7

Se 5 : 5 6

U-natural 6 6 ' 120

Vo | - 0 . 9 10

Zn - <250 ' <250 <250

Gross alpha (pCi/l) 3.7 1.0 79

Gross beta (pCi/l) 9.6 4.2 48

Ra-226 (pCifl) 0.48 ‘ 0.19 3.7

* Forlocations, are given on Figure 5.3 °
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uranium all increase by factors of 10 or more. Aside from uranium, there are no statns‘ucally
“significant increases in dissolved trace elements concentrations. 1



Vi. HYDROLOGIC EFFECTS OF MINE DEWATERING EFFLUENTS

Disposal of uranium mine dewatering effluents in the normally dry arroyos of the Grants
Mineral Belt has had a significant impact on regional surface waters and ground waters.
Where dewatering occurs, ephemeral streams are transformed into perennial streams.,
The artifically supplied perennial streams have dramatically increased the volume of .
water that recharges underlying alluvial aquifers. The added recharge has raised water
tables and increased the amount of ground water that can be easily obtained from

shallow wells. As a result, more near-surface ground waters and surface waters are
available..

6.1. HISTORY

The history of uranium mine-dewatering has been summarized by Perkins and Goad
(1980). In general, dewatering has been performed continuously in the region since at
least 1956. The Church Rock and Ambrosia Lake mining districts have witnessed the
largest volume of mine dewatering. Water production from mines in the Ambrosia Lake
 __district has been continuous since 1956, with peak production in the early 1960s,
Significant dewatering in the Church Rock area beganin 1967 and peaked about 1380.
Decline of the industry since 1980 has caused several mines to close and the flow of
dewatering effluents to diminish in both the Ambrosia Lake and Church Rock districts.
Some mines which are not extracting ore, however, have been placed on “stand-by
status” and continue dewatering operations. Figure 6.1 illustrates the history of
minewater production in the Grants Mineral Beit through 1982. :

6.2. HYDROLOGIC IMPACTS ON REGIONAL SURFACE WATERS

6.2.1. General Characteristics of Flow gefore and During Mine Dewatering

Prior to dewatering of underground uranium mines in the 1350s and 1960s, the regional
drainages were ephemeral. These streams experienced an wide range of discharges,
from zero flow to large flash floods (e.g., Busby, 1979). Maximum discharges of flash
floods often reach several thousand cubic feet per second (cfs) (Thomas and Dunne,
1981). The only significant perennial waters in the region are a few small springs along
the Puerco River, and perennial streams draining the north and east flanks of Mt. Taylor.

Discharges of uranium mine dewatering effluents have transformed several ephemeral
streams to perennial streams flowing for many miles. Minewaters have provided
perennialhaseflow for Pipeline Arroyo and the Puerco Riverin the Church Rock mining
district, and Arroyo de] Puerto and San Mateo Creek in the Ambrosia Lake mining district.
Other newly created perennial streams occur in other regional mining districts not
covered by this report. Table 6.1 presents approximate average distances that perennial
flow conditions are sustained by various mine discharges during 1979-1981. The greater
distances occur aiong river reaches where stream bottom leakage rates are relatively iow.

Before mine dewatering, flow in the Puerco River, for example, was distinctly seasona!
(Figure 6.2). One season of flow was late winter (February through April) a time of gentle
frontal precipitation and melting snow. May and June were months of littie or no
precipitation and fow stream f.ow in the Puerco River. The second season of fiow was
middle-to-iate summer (July through October). Summersin the region are usuall

~uds,

characterized by frequent, intense, and isolated thunderstorms that can produce :arge
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FIGURE 6.1 Water production by uranium mines, Grants Mineral Belt.
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TABLEG6.1 Approximate Average Distances of Constant Flow below Mine

Discharges, 1979-1981. Location of mining dlstncts shown on Figure
2.1.

DRAINAGE CHANNEL VOLUME OF DISCHARGE APPROXIMATE DISTANCE
{gallons per minute) OF FLOW?™* (miles)

- Church Rock Mining District
Puerco River 5000 50

Ambrosia Lake Mining District
Arroyo del Puerto _ 2300 v 5

San Mateo Creek | 1500 3

' , Mt. Taylor M/n/ng District '
San Lucas/Arroyo Chico 4000 40

v Crownpoint M/n/ng District
Kim-me-ni-oli Wash - 3400 - - 20

Marquez Mining Area
Rio Marquez 1000 15

Rio Salado 1000 10

*Distances are based on the authors’ observatlons review of EID files, and U.S.
Geological Survey annual water data reports.

-68



| PUERCO RIVER AT GALLUP
: 1940 - 1946

CFS-DAYS

PUERCO RIVER AT GALLUP
- 1977-1982

sBEEE8 888,
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FIGURE 6.2 Monthly flow in the Puerco River at Gallup before mine-dewatering
~ and with flow augmented by mine dewatering
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flash floods. Autumn months of November through January were once again dry, in
terms of both precipitation and stream flow.

With ongoing mine dewatering, flow in the Puerco River become continuous. Figure 6.2
shows that climatic dry seasons (May through June and November through January) are
no longer times of no flow in the Puerco. Whereas during these monthsin the 1340s the
Puerco River was often without flow, between 1977 and 1982 the river was never dry and
flow at all months averaged at least 120 cfs-days.

Figure 6.2 depicts augmented late winter stream flows, but few high flows in micdle-to-
late summer. The dearth of summer high flows in recent years reflects the failure of
significant summer thunderstorms to materialize over the basin from 1978 to 1981.

These storms returned in 13982 and 1983. A longer period of record would probably show
the continued presence of the two high flow seasons that typified the pre-mining era.

6.2.2. Characteristics of Low Flows

Flow duration curves constructed for daily discharges in the Puerco River for the periods
1940 to 1946 and 1977 to 1982 further demonstrate the change in low flow conditions
attributable to the continuous discharges of uranium mine dewatering effluents (Figure
-6.3). Prior to mine dewatering, streamflow in the Puerco River at Gallup was greater than

1 cfs only 20 percent of the time (Curve A). In fact, the stream was normally dry. Since
mine dewatering, however, the Puerco River has been perennial. The median discharge
(that flow that has been equalled or exceeded 50 percent of the time) is now about 5 cfs
at Gallup (Curve B) underthe new artificial flow regime.

The Pipeline Arroyo/Puerco River system is now perennial from the Church Rock'mines to
as far as Arizona, a distance of about 50 river miles. Eventually, unless naturally
augmented, all surface flow is lost to infiltration, evaporation, and transpiration.
Comparison of median flow at Church Rock (Curve C) and Gallup (Curve B) suggests that
about 2.5 cfs of flow is lost between these two gages. Asthe Puerco River continues into
Arizona, its flow eventually becomes intermittent and then ephemeral.

6.2.3. Annual Water Yield

Annual water yield, or the yearly volume of surface flow, in the Puerco River at Gallup has
increased substantially because of mine dewatering (Table 6.2). The logarithmic mean
annual water yield at Gallup was about 1900 cfs-days in the 1940s. Thisis assumed to be
representative of pre-mining conditions The years 1977-1982 exhibit a logarithmic mean
annual water yield of about 3400 cfs-days. These years, therefore, exhibita 78 percent
increase in water yield over pre-mining conditions. '
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. MEAN DAILY DISCHARGE (CFS)
°©

FIGURE 6.3

A at Gallup, N.M. before mine dewatering (1940-1946)
B8 at Gallup, N.M. with mine dewatering (1977-1982)
C . ot 566 bridge near Church Rock (I1977-1982)
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PERCENT OF TIME
GIVEN FLOW IS EQUALLED OR EXCEEDED

Flow duration curves for the Puerco River before mine dewatering
and with mine dewatering
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TABLE 6.2 Annualdischarge for the Puerco River at Gallup before Mine

Dewatering and with Flow Augmented by Mine Dewatering in cfs-days.
Source: USGS.

BEFORE MINE DEWATERING ' WITH MINE DEWATERING
Wafer Annual Water Annual
Year Discharge - Year Discharge
1940 7,283 1978 1,502
1941 1,459 : 1979 5,656
1942 2,893 1980 5,463
1943 741 , 1981 2,702
1944 , 3,264 1982 3,446
1945 645 .
Log Mean 1,906 < 3,366 -

Although no stream flow data exist for San Mateo Creek before mine dewatering, flow
records for 1977 through 1982 include periods both of active discharge to San Mateo
Creek and of no discharge. Dewatering was ongoing in 1977, when flow measurement in

- _San Mateo Creek began At that time, about 2900 gallons per minute of dewatering
- _effluents were released to San Mateo Creek (Perkins and Goad, 1980). Beginning in_

' nd Goad, 1980). Beginning in
spring 1978, however, virtually all effluents were diverted for irrigation and to an

adjacentdrainage basin and did not reach San Mateo Creek. The impact of thisdiversion

on flow in the stream can be seen in Figure 6.4. Itis clear that the dewatering effluents
maintained a small perennial stream at the gage site. Without the minewaters, flow in
San Mateo Creek at the gage site is much reduced and ephemeral.

6.3 HYDROLOGICIMPACTS ON REGIONAL GROUND WATERS

Streams created by the discharge of dewatering effluents are, with the possible
exception of a few reaches, losing flow to the subsurface. While some surface flow is
evaporated or transpired, a large volume infiltrates into the arroyo beds, and thereby

recharges the shallow alluvial aquifers of the Puerco River, Arroyo del Puerto, and San
Mateo Creek, among others.

Rates of infiltration were probably greater at the onset of mine dewatering than they are
today because of agradual "filling” of available storage in the alluvium. Infiltration
rates along Arroyo del Puerto and San Mateo Creek are rapid Relative to the Puerco
River, due to an abundance of sandy material in San Mateo Creek and because of
influences of underlying dewatered bedrock aquifers. Gaging data indicate average
stream bed losses along the San Mateo Creek of approximately 0.72 m3/min/km, as
compared with bed losses along the Puerco River of about 6.24 m3/min/km (EPA 1983).

infiltration has been estimated to range from atleast 90 percent to perhaps 99 percent of
mine discharge (EPA, 1983). A review of flow records from the Church Rock mining
district showed seepage losses of 7.5 m3/min in October 1975, and 7 25 m3/min in July
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Average Daily Discharge, San Mateo Creek near San Mateo
10

May 1977 to Feb 1978
Mar 1978 to Sep 1982

i

3
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

FIGURE 6.4 Average daily discharge for San Mateo Creek near San Mateo
before and after diversion of mine dewatering effluents
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1977 and May 1978. In the Ambrosia Lake mining district, infiltration was calculated at
7.54 m3/min, :

The overall hydrologic impact of mine dewatering on bedrock aquifers has been a
region-wide acceleration of drawdown in these aquifers. In a limited number of stream
reaches, however, the hydraulic connection between the alluvial aquifer and underlying
bedrock allows some recharge of deeper sandstone aquifers (Lyford, 1979), i.e., water
pumped from the mines is returned to the sandstone aquifers via recharge.

6.3.1. Hydraulic Connection Between Surface Waters and Shallow Ground Waters

- While recharge generally is a continuous process along the minewater-dominated

streams, it is intermittent under natural conditions. The intermittency of natural

recharge largely minimizes the potential for dilution of contaminant concentrationsin
minewater affected ground water. Under natural conditions, ground-water levels most
clearly demanstrate a response to surface flows in late winter and early spring. This
period, usually February to Apnl, is one of warming weather, melting snows, and gentle
frontal rains. Stream flows during this period are usually increased above low winter
flows. Moreover, these higher flows tend to be of long duration, often lasting several
weeks. These flows, even though not of the magnitude of summer flash-floods, provide a
prolonged period of heightened flows that enhance infiltration to the underlying
alluvium. ’ :

Figures 6.5 and 6.6 illustrate the intermittency of recharge from natural runoff along a
reach of San Mateo Creek. _In March and early April of 1980, a time when mine
dewatering discharges to the channel were insignificant, occasional flows ofless than 1
cfs, techarged the alluvium and caused the water table to rise slowly (Figure 6.5). In late
April, however, stream flow increased to as great as 3 cfs. The period of increased flow
was almost two weeks long, ending on April 29, 1980. Ground water response to the
elevated flows was rapid: the water table began to rise within one week and peaked in
mid-May, more than one foot higher than in mid-April.

In general, shallow ground water levels are much less responsive to summer flash floods.
Such floods exhibit peak discharges often as great as several thousand cfs, but their
potential forrecharging ground water is offset by their brevity. The large volumes of
thunderstorm runoff usually traverse miles of arroyo bed in a matter of hours. While
most of the water eventually does infiltrate, it may penetrate only a short distance into

the alluvium. Very little water reaches the water table; most is ultimately evaporated or
transpired.

The relationship between surface flows and ground water levelsin summer isillustrated
in Figure 6.6. Afterreceiving significant recharge in late April 1980, the alluvial aquifer
underlying San Mateo Creek experienced a declining water table through the summer.
Brief runoff events generated by thunderstorms during August had an insignificant
impact on TaY : ' ' .
instantaneous peak discharage of 16 c¢fs (U.S. Geglogical Survey, 1980), failed to percolate
to the underlying alluvial aquiferin noticeable guantities. While summer flash floods

' thu l -l ignificantly recharge
alluvial aquifers, San Mateo Creek and other alluvi ' i

_demonstrate a close hydraulic connection that is most responsive to late winter and

spring stream flow.
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FIGURE 6.5 Streamflow and ground-water levels at the San Mateo Creek near
San Mateo gaging site, February-july, 1980



6.3.2. ‘Storage of Water-in Alluvial Aquifers

Much of the water resulting from the dewatering of uranium mines has gone into
storage in valley fill aquifers. Indeed, in i istri '
affected aquifers may have risen as much as 50 feet between the onset of mine
dewatering in the 1950s and the late 1970s (Kerr McGee Nuclear Corp.,1981).

Minewater production has been‘greatly reduced in the Ambrosia Lake district in recent
years. Major minewater producers of the 1960s and 1970s (Kerr-McGee and Ranchers
Exploration, for example) have drastically curtailed or completely ceased theirdischarges

of dewatering effluentsinto San Mateo Creek and Arroyo de! Puerto. Cessation of

inewa ischarges in this drai basin hasresulted in a diminished v
recharqing the alluvium. Water levels in well OTE-1, below the confluence of Arroyo del

Puerto and San Mateo Creek, showed continuous decline from March 1978 to March 1982
(Figure 6.7). During this time the water table at this site fell a total of eight feet, a rate of
2.0 feet per year. Alluvial water levels subsequent to the cessation of mine dewatering
now appear to be returning to their natural conditions.

6.3.3. Bedrock Aquifers

For the most part, ground water recharge by dewatering effluents is limited to the
shallow alluvial aquifers. There are a few stream reaches, however, in which the
saturated valley fill overlies permeable bedrock with a downward hydraulic gradient.
These places are recharge zones for northward dipping bedrock aquifers such as the

. Morrison Formation. At these localities. dewaterin

. g effluents are drawn by the
downward gradients into the alluvium and eventually into the underlying sandstone,

Recharge of bedrock units by minewaters is seen to occur at varying degrees in virtually
all of themining districts where minewaters flow across bedrock subcrops or outcrops
(Figure 6.8). This recharge mechanism has been noted in the Church Rock area by
Raymondi and Conrad (1983) and Gallaher and Cary (1986); at Ambraosia Lake by
Kaufmann, Eadie, and Russell (1976), Brod and Stone (1981), and Stephens (1983), and
near San Mateo by Gulf Minerals Resource Co. (1979).

The total volume of minewater which enters the bedrock units probably represents only a
small fraction of that which infiltrates to the shallow alluvial aquifers. Nevertheless, in
the Ambrosia Lake district, effluents discharged to the Arroyo del Puerto and to the San
Mateo Creek constitute a significant proportion of the locally derived recharge in the
Dakota and Morrison Formations. ‘

Recharge of the Morrison Formation by minewaters within the drainages is encouraged

by regional dewatering of the unit by the mines. Despite some return flow of formation
waters, local water level declines in excess of 500 feet have resulted from the dewatering
(Lyford and others, 1980).

~
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Vil. IMPACTS OF MINE DEWATERING EFFLUENTS ON SURFACE WATER QUALITY

—— This chapter documents the chemical influences that mine dewatering effluents have had on
the natural surface water environment. The chemical quality of treated minewaters differs in
several important ways from the chemical quality of receiving surface waters. Dewatering
effluents are most often different with respect to amounts of total dissolved solids and

suspended sediments, general ionic composition, and concentrations of trace elements and
radionuclides associated with uranium ore deposits.

In most affected drainages, dewatering effluents constitute a substantial portion of the total
amount of water. Therefore, water quality characteristics of receiving streams frequently have
been altered to reflect the chemical character of minewater rather than their natural quality.

A comparison of the quality of effluent streams with regulatory standards is presented in
Chapter IX.

7.1 RAW MINEWATERS

A review of the literature indicates that various trace elements, radionuclides, and dissolved
salts can be found in raw (i.e. untreated) uranium mine dewatering effluents (Clark, 1974; U S.
EPA, 1975; Perkins and Goad, 1980). In raw minewaters in the Grants Minera! Belt (Table 7.1),
the constituents present at elevated concentrations are 1) gross alpha and beta particle
activities and the radionuclides radium-226, lead-210, and natural uranium; 2) the trace
elements molybdenum and selenium and; 3) dissolved solids, particularly suifate.

"¢casionally, barium, arsenic, and vanadium are detected at elevated concentrationsin raw
Qnewaters. o _

It was only in the past decade that mine dewatering effluents received any noteworthy
treatment before their release into Grants Mineral Beiz drainages. Until that time thousands
of gallons per minute of raw minewaters were discharged to Arroyo del Puerto and the Puerco

River. Assuggested by Table 7.1, these waters often contained high levels of uranium, radium-
226, and gross alpha particle activity.

7.2 TREATED MINEWATERS

Beginning in the ri;id-1970’s, the quality of minewaters discharged to watercourses began to
improve, because many mine operators adopted minewater treatment systems. The basic
treatment strategy is outlined by Perkins and.Goad (1980):

Once the water pumped from a mine reaches the surface it usually goes through
one or more mine water settling ponds. At most facilities a flocculant is added 1o
promote settling. Barium chloride is usually added to the liquid after it has gone
through one or more suspended solids settling ponds. Further settling and
precipitation of radium as a barium sulfate salt then occurs as the liquid moves

- through additional settling pond(s). Where uranium levels are high enough to
justify it, the liquid is usually run through an ion exchange (IX) plant for recovery

of uranium contained in the mine water. The IX plant may either precede or
follow barium chloride treatment. '

 aresultof treatment, minewater concentrations of radium-226.lead-210, polonium-210,

...dtural uranium, and gross aipha activity are considerably reduced. Concentrations of maost

other minewater constituents, though, are notagreatly influenced by these treatments. As
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collected by EID personnei.

ONSTITUENT

AMBROSIA LAKE MINING DISTRICT

CHURCH ROCK MINING DISTRICT

SAMPLE | | SAMPLE
MAX. MIN. MEDIAN SIZE MAX. MIN. MEDIAN SIZE '
' (mg/l)
TDS 1,800 740 1,235 10 960 434 525 9
SOy 1,030 310 715 10 458 126 156 9
(mg/l)
As 0.08 0.008 0.021 8 0.40 0.005 0.008 6
Mo 5.30 <0.01 - 1.19 10 0.791 0.008 0.030 6
Se 1.22 0.014 0.075 10 0.071 0.0M _ )
U-natural - 20.0 1.56 3.82 10 27.30 2.100 4.3460 6
(pCi/l + one sigma standard error of counting)
Gross alpha | 11,900 1,400 490 50 3,050 £ 300 14 24,000+ 1000 | 4060 30 3,205 £ 150 10
Gross beta: | 6,550 % 590 30 £16 280+ 7 14 6,440 + 550 530 +100 {1,320 + 200 6
Pb- 210 1,300 + 100 1514 690+ 52 4 1,200 = 100 44 t 4 -- 2
Po-210 14 £ 2 0.95 + 0.35 4+05 4 101 3404 -- 2
Ra-226 1,650% 50 309 280t 7 14 - 2,500 % 800 7.0 0.2 295 5 10
Th-228 06 03 -0.1 £ 01 00 01 5 0.1 01 -0.2 0.2 -- 2
Th-230 1,400 * 100 0.2 0.1 3.3 205 5 210 10 0.1+ 01 -- 2
Th - 232 4.0 0.2 0.0 * 0.1 0.0 + 0.1 5 0.1 0.1 0.0 0.1 - 2




demonstrated in Table 7.2, a seven-fold reduction in average radium-226 and natural

uranium concentrations in treated minewaters is found when 1975 data are compared with
1981-82 data. :

. FABLE 7.2 Comparison of 1975 Mine Dewatering Effluent Quality with 1981-82 Quality.
Number of samples in parentheses. ,
Constituent Flow-Weighted Means
' 1975*% 1981-82**
Total Radium-226 (pCi/l) 71.2 (23) 10.5(15)
Total Uranium-natural (mg/l) 7.25(23) 1.0 (14)

* Calculated fromdatain U.S. EPA (1975).
** Calculated from data in EID files.

The quality of treated mine effluents during the period 1978 through 1982 is summarized
for key constituents in Table 7.3. It is readily evident that substantial variability in water
quality exists between the two major mining districts, as well as within each mining district.
Most striking in this regard are the concentrations of total dissolved solids, sulfate,
molybdenum, selenium, and radium-226.

The wide range in radium-226 concentrations reflects occasional poor operation of the
radium treatment systems. Thomson and Matthews (1981) attribute these "upsets” to
incomplete mixing of the mine waters with barium chloride and to poor settling of the
barium-radium sulfate precipitates. Variability in molybdenum, selenium, sulfate, and total
dissolved solids, on the other hand, cannot be attributed to ineffectual treatment. This

variability instead reflects chemical differences in the ground waters discharged from the -
‘nes, as indicated in Table 7.1. :

. As would be expected, sludges which _accumulate in the minewater treatment pond
bottoms as a result of settling, floculation, and precipitation are highly concentrated in
radium-226 and other radionuclides. Analyses presented by Perkins and Goad (1980) and
additional data in EID files indicate that the radium-226 concentrations in the accumulated.

es probably average more than 200 pCi/gram. Under standards proposed by EPA
(1976), uranium mine wastes with a radium-226 concentration in excess of 5 pCi/gram would
be treated as hazardous materials and subject to special handling and disposal procedures.

7.3 EFFECTS OF MINE DEWATERING EFFLUENTS ON SURFACE-WATER QUALITY

The previous chapter discussed the significant effects that discharge of minewater effluents has
had on the hydrology of watercourse in the Grants Mineral Belt. Effects on water quality hzve
been similarly significant. This section discusses how the quality of these effiuents differs from
the quality of runoff that constitutes the natural water quality of the stream and how the quality
" of these artifically maintained streams changes as the waters flow downstream.

7.3.1. Compérison of the Quality of Mine Dewatering Effluents with Natural Runoff
' Quality )

Under natural, pre-mining conditions, watercourses receiving mine dewatering effluents, such
San Mateo Creek and the Puerco River, often have low flows or are even dry. When flow
.ursin these watercourses, itis the result either of storm runoff or of runoff from snow melt.

Therefore, comparison of the quality of mine dewatering effluents with natural storm runoff
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collected by EID personnel. Number ot samplesin parentheses.

" AMBROSIA LAKE MINING DISTRICT CHURCH ROCK MINING DISTRICT
ONSTITUENT . ;
: MAX. MIN. MEDIAN AVG. - MAX. MIN. MEDIAN AVG.
mg/l
DS 2,615 - 510 1,610 1440 (26) 1;190 360 452 580 (16)
SO, 1,370 185 755 655 (22) ‘60'0 60 136 210 (17)
As 0.20 <0.005 0.011 0.02 (206) 0.02 <0.005 <0.005 0.007 (16)
Ba 1.7 0.1 0. 0.24 o 2.1 0.10 0.413 0.5 (15)
Mo 3.2 0.03 0.80 1.0 (27) 0.6 0.01 0.01 0.2 (15)
Se _ 1.0 0.01 0.09 0.24 (27) 0.3 0.01 0.04 0.07 (15)
U natural 3.0 0.2 1.56 1.5 (26) 1.8 0.6 1.07 1.0 (14)
Vv 0.29 <0.01 0.029 0.08 (21) 0.07 0.01 0.012 0.02 (13)
pCi/l £ SE*
Gross alpha 11,760 1100 54 £14 . 635+70 - 780 (14) - 11,200 + 100 280 3b 440 + 40 600 (11)
Gross bota 945 +225 84 £16 377 £ 125 435 (6) 663 + 125 322 + 30 460t 74 480 (0)
Pb-210 33 6 | 6926 14+ 5 15 (9) 10 2 45+ 23 -- -- (2)
Po-210 14 +2 {095 +0.35 11+£04 6 (4) 155 3404 98 +7.4 10 (13)
Ra-226 200 + 10 {0.12+2 0.04 64 t12. 27 (28) 89 t5 0.67% 0.2 2.0 0.2 10 (13)
Ra-228 0t 2 0t 2 02 0 - (5) <0.2 <0.2 -- - (2)
Th-228 <0.3 <0.1 <0.1 0.2 (3) 0+ 2 02 -- - (2)
Th-230 40t 05}<03 07 0.2 1.7 . (3) 39+ 0.5 <0.2 -- - (2)
Th-232 <0.1 <0.1 <0.1 ‘<'0.1 3) <0.2 <0.2 -- - (2)
‘ e N
;‘.»I‘ = St Foron n{ |\/|('..'1;\tnrz;ﬁ.;:l‘;l_(_(_;u;-(”’.nsiqma) 1 ‘



quahty provides an indication of how the change from ephemeral to artificially-maintained
perennial watercourses has affected chemical quallty

Suspended Sediment

In all effluent-dominated watercourses, suspended sediment concentrations under minewater
baseflow conditions are smaller than the concentrations borne by thunderstorm runoff (see
Chapter V). EID and uranium industry self-monitoring data indicate that these simple
treatment measures, used to remove radium-226 before discharge to watercourses-ustraty
reduce suspended sediment concentrations from more than 100 mg/l in the untreated

minewater to less than_10 mg/l in the final efﬂgen_t. Runoff has average sugp_e__d.ed_s_e_djm&n_t
concentrations greater than 30,000 mg/!l.

Although treated minewaters are relatively free of sediment when they are dnscharged they .
eventually become burdened with suspended silts and clays. Stream channelsin the Grants
Mineral Belt which receive mine dewatering effluents are relatively free of suspended
sediments just below the point of minewater discharge. Silt and clay particles are entrained
from the channel bed as flow continues downstream. On November 13,1980, for example,
suspended sediment concentration increased from 52 mg/l below the Kerr-McGee Church Rock |
mine outfall in Pipeline Arroyo to 3500 mg/l in the Puerco Riverin Gallup approximately 19
miles downstream. Similar trends were evident on other days as well.

San Mateo Creek in the Ambrosia Lake district also entrains sediment. The prevalence of sand

over fine-grained sediments in the San Mateo Creek alluvium, however, causes suspended

sediment concentrations, typically less than 400 mg/l, to be lower than in the Puerco River
system.

Dissolved Solids

Concentratnons of total dissolved solids (TDS) in minewaters are variable in the Grants
Mineral Belt._In the western portions of the Ambrosia Lake mining district, mines produce
waters with 1200 t0 1800 mg/l TDS (Perkins and Goad, 1980). T]
reflected in Arroyo del Puerto, where TDS concentrations are often 1500 to 2,000 mg/l.
Mixing of mine dewatermq effluents with natural waters resulting from runoff occasionally

his watercours l mg/l. Minewatersdischarged to
Arroyo del Puerto thus bear about twice the concentration of dissolved solids of that in

natural runoff in the area, which is typically below 1,000 mg/l TDS.

In contrast, minewaters produced in the Church Rock and the eastern portion of the
Ambrosia Lake districts usually contain only a few hundred mg/l TDS, Data presented by
Perkins and Goad (1980Q) demonstrate that effluents discharged to Pipeline Canyon and San —
Mateo Creek contain only 300 to 600 mg/l TDS._TDS values in natural runoff are quite
similar. In the these areas, therefore, minewaters have not influenced the TDS

- concentrations of receiving streams. It is noteworthy that the TDS concentrations are anly
.one-fourth of those found in western portion of the Ambrosia Lake minewaters despite the
fact that all minewaters'are produced largely from the Morrison Formation. High TDS
concentrations in the western portion of the Ambrosia Lake district have been attributed to
greater mineralization of the host rock and to dewatering-induced leakage of more saline

ground water into the mines from the overlying Dakota Formatlon (Brod, 1979; Kelley and
others, 1980).

;‘,
<

....A.....__. st

e relative concentrations of specificions in minewaters cppear to differ from
. -wncentrations found in natural runoff. Analysis of Figures 7.1 and 7.2 indicates that
minewaters generally have proportionally mere sodium ano suh‘atﬁ than natural runoff.
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FIGURE 7.1 Comparison of the ionic composition of mine dewatering ertiuents
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‘Total versus Dissolved Concentrations

In contrast to natural runoff in which contaminants are largely associated with suspended .
sediment and precipitates, trace elements and radionuclides in treated minewaters are '

i i . The proportions of minewater cantaminantsin the
dissolved phase are highly variable, but typically the dissolved fraction of a contaminant
constitutes more than 50 percent of the total concentration (Table 7.4). Usually, mor 85
percent of the total concentration of gross alpha activity, molybdenum, selenium, and natural
uranium in minewaters is in the dissolved fraction. Dissolved radium-226 proportions average
about 30 percent of the total concentration. - : -

The following discussion of trace elements and radionuclides focuses on comparison of total
constituent concentrations in treated minewaters with total concentrations in natural runoff.
Direct comparisons of dissolved concentrations are limited by the amount of available data.
Nonetheless, based on information in Table 7.4, it can be assumed for many contaminants that
even if minewaters and runoff have nearly equivalent total contaminant concentrations, then
the dissolved concentrations in minewaters are probably significantly greater than in natural
runoff, particularly for gross alpha particle activity, molybdenum, selenium, and natural
uranium.

Trace Elements

Of the nine trace elements routinely analyzed in treated minewaters, only the concentrations of
molybdenum, selenium, and uranium are consistently higher than in natural runoff (Figure 7.3).
S~ -e these trace elements are known to be naturally associated with uranium ores, their

I 2nceinsurface watercourses suggests that the watercourse is receiving mine dewatering
etriuents. Arsenic, vanadium, and barium are occasionally detected in significant
concentrations in minewaters, the latter because it is added in the treatment process to remove
radium-226. Cadmium, lead, and zinc are usually below detectable levealsin dewatering '
effluents and are therefore judged not to be of concern’in these waters.

Uranium is the trace element with the highest concentrations in mine effluents throughout the
Grants Mineral Belt. The median concentrations of total yranium in Ambrosia Lake and Church

Rock eftluents of 1.6 and 1.1 mg/l, respectively, are over 16 and 37 times greater than the
median concentrations of natural runoff in the districts

Molybdenum levelsin minewaters vary from extremely low levels to more than 3 mg/l.
Discharges in the Ambrosia Lake district have median total molyvbdenum concentrations of 0 .80-
mg/l. In comparison, only a small fraction of the natural runoff samples collected during this

study contained detectable concentrations (> 0.01 mg/l) of total Lower
concentrations are found in the Church Rock district, where the median total molybdenum
concentration in effluentsis 0.01 mg/l.

The third element that is consistently higher in mine dewatering effluents than in natural
runoff is selenium. Treated effluent normally contains less than 0.04 to 0.09 mag/l selenium. but
a few Ambrosia Lake mines discharge effluent with selenium concentrations approaching 1.0
ma/l. In contrast, data indicate median total selenium levels in natural runoff of 0.03 mg/lin
Ambrosia Lake district and <0.005 mg/l in the Church Rock district. '

T  other metalsthatoccasionally appear in dewatering effluents are arsenic and vanadium
Eicvated levels of arsenic and vanadium appear to be restricted to one facility.in the reqion. T
discharge from the Homestake ion exchange facility in Ambrosia Lake contains average total
arsenicand vanadium concentrations of 0.05 and 0.17 mqul. respectiveiy.
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TABLE 7.4 Percentage of Total Constituent Concentrations in the Dissolved Phase of
Treated Minewaters, Ambrosia Lake and Church Rock Mining Districts, 1980..

PERCENTIN _
NO. OF . DISSOLVED PHASE
 CONSTITUENT  SAMPLES
RANGE ‘ MEAN
As 3 - 12-90 57
Ba s  <35-100 <71
Mo » 6 . 83 - 100 95
Se 5 : 83-100 93
U-natural 5 68 - 100 | 89
V 5 ~20-100 61
Gross alpha - 6 _ 82-100 , 94
Gross beta | 5 o 72-100 ‘ 93
Ra-226 6 2-71 1 32
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Barium is of potential interest because itis added as barium chloride to co-precipitate radium-
76 from minewaters before their discharge to watercourses.

', -oncentrations in natural runoff.in Ambrosia Lake and Church Rock districts are 7.7 and 4.8

mg/l, respectively. These are many times greater than the concentrations of 0 212 and 0.413 in
_treated minewaters from these districts.

Radionuclides

With the exception discussed above of natural uranium, median total concentrations of
radnonuchdes in treated minewaters are less than those measured for natural runoff (Figure
7.4). Compared to natural runoff, however, minewaters have a higher, usually considerably
higher, percentage of total radionuclide concentrations associated with the dissolved phase.
EID data indicate that as much as 99 percent of the gross alpha and gross beta particle activitic.s
of natural runoff are associated with precipitates and suspended sedi
percent of this radioactivity in treated minewaters is normally associated with the dissolved
fraction (see Table 7.4). Total suspended sediments in dewatering effluents are quite low
(averaging about 5 mg/l).

The total gross alpha particle activity of dewatering effluents is comparable to natural runoff
levels. Dissolved gross alpha levels of several hundred to over 1,000 pCi/l in dewatering
effluents, on the other hand, are ten to one hundred times greater than dissolved gross ainha
levelsin natural runoffinormallv less than 20 pCi/l). On average, dissolved uranium accounts for
more than 80 percent of the observed total gross alpha activity. Other alpha-emittersin the
‘uranium-238 decay series {chiefly, thorium-230, radium-226, and polonium-210) are present in
small concentrations in the effluents relative to uranium (see Table 7. 3)

ledlan total gross alpha and beta concentrations are roughly equuvalent in Ambrosia Lake
. and Church Rock mine effluents. Maximum concentrations of these constituents in
Ambrosia Lake discharges, though, are about 40 percent greater than in the Church Rock

discharges. The differences are most likely due to more effective ion-exchange treatment of
the minewaters in the Church Rock district.

concentrations of radium-226 in raw minew ir i ' .
with 6 pCi/l or less of total radium-226 (Figure 7.4). While an avera
radium in these effluents may be in the dissolved form, natural runoff often exceeds 15 pCi/lin
total radium-226, but is quite low in dnssolved radium-226, usually less than 2 pli/l. Three
facilifies, evidently sampled during "upset” conditions, discharged effluent containing 75_89
and 200 pCl/\ total radium-226, concentrations similar to concentrations in untreated minewater

Large influxes of dissolved radium-226 may be introduced to receiving watercourses from any
mine with ineffective radium-removal processes.

None of the thorium isotopes or radium-228 are normally presentin detectable levelsin
minewaters. Treated minewaters have exhibited up to 33 pCi/l of total lead-210 and up to iS
pCi/l of total polonium-210, Greater concentrations (several hundred pCi/l) may ocur during
periods of ineffective minewater treatment. Although the data are limited, there does not
appear to be significant differences between the Ambrosia Lake concentrations and those

presented for the Church Rock district. Natural runoff, in comparison, typically contains betweer
4Q 10 90 pCi/l each of total lead-210 and polonium-210.

73.2. Fates of Minewater Constituents in Surface Drainage Channels

. ~fthe trace elements and radionuclides identified earlier as being elevated above levels in
natural runoff, onny radium-226 and lead-210 are known to undergo significant parti:oning
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changes between dissolved and suspended phases as they travel downstream. These
radionuclides are usually lost from solution shortly after their release to reqional arroyos.
‘nvestigation of both dissolved and suspended phases revealed that precipitates and sediments
uspended in the water account for virtually all these constituents. Asshownin Table 7.5, a
significant proportion of radium-226 is discharged to the Puerco Riverin dissolved form, but by
the time radium-226 has travelled a few miles almost none remain in solution. '

- Once precipitated or bound to the stream sediments, minewater contaminants are subject to

_being moved downstream during normal artificially-maintained flows or, more significantly,

during natural runoff events. During major streamflows, minewater-atfected sediments are
scoured from the stream bottoms, mixed with other sediments carried by the streamflows, and
redeposited variable distances downstream. In drainages with sediment-rich streamflows,
‘minewater-affected sediments generally become indistinguishable from other sediments carried
along the watercourse and deposited on the stream bottom due to the large dilution factors
involved and to the elevated levels of natural radioactivity in regional soils. Popp and others
(1983) confirmed this along various drainages within the Rio Puerco watershed.

While dissolved radium-226 and lead-210 usually precipitate or are adsorbed by stream
sediments, these radionuclides appear to stay in solution in stream channels that are relatively
sediment free. Dissolved radium-226 concentrations along the Arroyo del Puerto, for example,
consistently range between 3 and 6 pCi/l.

Unlike radium-226 and lead-210, the trace elements uranium, molybdenum, and selenium, and
the major dissolved solids generally are not rapidly attenuated in the channels of receiving__
waters. These constituents generally remain in solution and move downstream with the
minewater. Figure 7.5 shows downstream changes in water quality along the Puerco River on
Nctober 6, 1976 as an example (U.S. Geological Survey, 1977). The data show that constituents
ot precipitating or interacting rapidly with sediment decline gradually in concentration .
Jgownstream, but stiil may be found in significant levels 50 miles from the mines. The declinesin
selenium and gross alpha concentrations are most likely related to decreasing pH levels
downstream. While the initial dissolved radium-226 concentration is significantly elevated in
contrast with the radium-226 levels measured during this study, concentrations nevertheless

decline rapidly downstream. Similar responses have been found by the U.S. Geological Survey
and the EID at more typical concentrations. _

Table 7.5 Comparison of dissolved versus suspended concentrations of radium-226

atsites along the Puerco River. Data represent average concentrations. Number of
samplesin parentheses. :

Dissolved Total Suspended* River Miles
_ Ra-226 Ra-226 - Ra-226 From
Site (pCi/)) (pCi/l) (pCil)  Mines
Church Rock Mines 3.2**%(13) 9.58(13) 6.78 —---
Puerco R. at NM 566 0.22(14) 8.06(13). 7.84 5.1
Puerco R. at Gallup 0.11(12) 7.93(12) 7.82 18.5

*Determined by subtraction.
**Estimate based on datain Table 7.4.
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Vm. MINEWATER IMPACTS ON THE QUALITY OF SHALLOW GROUND WATERS

Release of dewatering effluents to Grants Mineral Belt arroyos greatly increased the
-volume of water infiltrating to shallow alluvial aquifers. This infiltration has been
accompanied by a gradual change in the overall chemistry of these ground waters. In
certain locations along San Mateo Creek and the Puerco River, i -

now bear a stronger chemical resemblance to minewaters than to natural waters This
condition is most pronounced in areas where stream-bottom leakage is high. Evaluation
- of this apparent change is somewhat hampered, however, by the lack of pre-mining
ground water quality data. ‘ ' '

Many of the impacts realized by surface waters are not experienced by underlying ground -
waters. Minewater constituents that adsorb to sediments or form insoluble precipitates
do not usually reach ground waters. Chief among such constituents is radium-226. As
 shown previously, radium-226 quickly leaves solution in most Grants Mineral Belt streams,
either by adsorbing to sediments or by forming insoluble precipitates, and thusis not
found in significant concentration in alluvial ground water. On the other hand, chemical
‘constituents that do not readily interact with earth materials or form insoluble
precipitates, such as uranium, sefenium or molybdenum, may be found in ground waters
in_concentrations approaching those in undiluted minewater and suggest ground water
degradation from mine dewatering effluents. :

Within the drainages studied effluent-dominated surface flows more closely approximate
the infiltration capacity of the stream channel bottoms than those associated with natural
runoff. The factor that most controls recharge volumes at any given location within'these
drainages, therefore, is duration of surface flow rather than flow rate or volume. Because
- of their perennial nature, effluents potentially may affect ground-water quality to a

greater extent than would be projected from a comparison of volume of effluent-to-
volume of natural runoff.

Variation of effluent seepage will cause fluctuations in ground water quality in the
alluvium. For example, during spring runoff more dilution (mixing) of effluent with
surface water te<es place. This commingled water then may gradually with ground water
in the alluvium. Under this condition, ground water quality is probably only locally
affected. Conversely, under low-flow conditions and with the same amount of effluent
discharged, ground water contamination may become more significant. Factors
contributing to'degradation of ground water quality include effluent quality and
quantity, the amount of mixing o1 surface and ground water, permeabiiity of the aquifer,

... surface and ground water quality, dispersion, advection, and the biological and

geochemical processes taking place in the subsurface.

8.1 ESTIMATION OF NATURAL GROUND-WATER QUALITY

While the available data are limited, natural, alluvial ground-water quality can be
generally described for some constituents. Pre-mining gnalyses in the Ambrosia Lake and
Church Rock mining districts are limited in quantity and scope. Due to the rural nature of
San Mateqg Creek and the North Fork of the Puerco River, minimal testing of wells was
performed before 1974. Most of the pre-mining data are limited to one-time samplings cf
3 7ew isolated windmills for general chemical characteristics, e.q., sulfate and total
issolved solids, and there are no pre-mining trace element or radionuclide data available

for eitherdrainage. The following analysis of natural ground water quality in these
drainages uses pre-mining data from stock wells 16-K-336 and 16-K-340 located along the
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San Mateo Creek (Figure, 8 2) There are no pre-mining data available for alluvial waters
"along the Arroyo del Puerto. ~

The most useful information for describing natural alluvial ground-water quality comes
from wells drilled for and sampled during this assessment. In particular, data obtained
from wells located upstream of uranium industry activities reflect the equivalent of pre-
mining conditions at those locations. These wells include the BLM wells along the Puerco
River (Figure 8.1) and the Lee wells along the San Mateo Creek in the Ambrosia Lake
districtin the Church Rock district (Figure 8.2)

8.1.1. , General Chemlstry

Superimposed on any local variabilities in alluvial ground water quality along the North
Fork of the Puerco River are regional-scale quality changes. The available records suggest
that natural alluvial ground water trends from a calcium sulfate water at the BLM cluster
near Pinedale Bridge to a sodium sulfate water at well 16-K-340, and subsequently to a
sodium bicarbonate water near Church Rock at well 16-K-336. The ionic composition are
presented in Figure 8.3. The calcium-rich water is reflective of gypsum (CaSOa) and lime
(CaOH) abundantin the soils near Pinedale. The proportion of sodium increases ‘
downstream after soils derived from rocks of Jurassic age are encountered (see Figure 2.5).
All of these regional changes appear to be gradual trends in response to changes in the
parent rocks.

Along the North Fork of the Puerco River, water quality is highly variable with respect to
total dissolved solids (TDS) concentrations. TDS concentrations range from less than 200 to

over 1500 mg/l and generally increase with increasing distance from the river channel. The

relative proportions of principal cations and anions, however, do not appéarto change |
appreciably with increasing distance from the channel.

Natural alluvial ground waters along the San Mateo Creek trend from a sodium
bic -sulfate-bicarbonate water at the Sandoval
Ranch (Figure 8.4). The blcarbonate is reflectxve of limestone rocks near the vnllage ofSan

" Mateo.

Natural TDS concentrations in San Mateo Creek ground waters range from 500 to

1,000 mg/l (Brod and Stone, 1981). Along the six-mile distance from the Lee wells near San
Mateo downstream to the Sandoval Ranch windmill. TDS concentrat:ons donot
signiticantly change; the i increase is from 340 to 650 mg/l.

There are no data to describe natural TDS concentrations downstream for the Sandova!
Ranch, but concentrations are not expected to increase dramatically in the three-mile
distance to the Otero well cluster location (see Figure 8.2). While San Mateo Creek alluvial
waters downstream of the Sandoval Ranch could be affected by the inflow of Arroyo del

'Puerto alluvial ground waters, availabl hat th X

water along the Arroyo del Puerto under pre-mining conditions (Kerr-McGee Nuclear
Corp., 1981). ' .

. 8.1.2. Molybdenum

Under natural conditions concentrations of molybdenum in alluvial ground waters along
the North Fork of the Puerco River and San Mateo Creek are expected to be low. Q
Molybdenum concentrations in ground waters produced from all BLM and Lee wellsare \
very fow, consistently less than detection limit of 0.010 mg/l. While there are no other
ground wdater data available for estimating natural molybdenum concentraticns, anaiyses
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concentrations of 0.018 ma/l (EID files). Although minewaters have been discharged to
Ye San Mateo Creek above this well since 1976, the depth of the well (130 feet)
ioderates the impacts of the mine discharges and, as a worst case, the 1980 selenium
concentration represents an upper limit estimate of the pre-mining concentration.
ni » i ' nd water i ownstream from the
Sandoval Ranch because of the probable contribution of selenium-enriched Poison Canyon

sediments to the San Mateo Creek alluvium.:

8.2 IDENTIFICATION OF IMPACTS ATTRIBUTABLE TO MINE DEWATERING EFFLUENTS |

Due to the lack of pre-mining data, comprehensive descriptions of the impacts of mine
dewatering can not be made for all locations. At many locations, however, minewater
impacts can be indirectly estimated after joint consideration of several pieces of
hydrogeochemical evidence. The principal indicators that suggest if ground water has
been impacted at a given location include the following:

1.  Molybdenum concentrations in alluvial ground water greater than 0.03 ma/I.

' Mine dewatering effluents are the principal sources of dissolved molybdenum
in the Puerco River and San Mateo Creek channels. Runoff from uranium mine
waste piles may contain detectable levels of dissolved molybdenum, but due to
the infrequency of runoff events and dominantly sediment-bound nature of
the waste pile contaminants, significant impacts to ground water, if any, should
be restricted to the immediate vicinity of the waste pile. The presence of
molybdenum in concentrations greater than 0.03 mg/l in alluvial wells along
these channels is indicative of the presence of mine dewatering effluents. The
absence of molybdenum in these wells, on the other hand, does pot mean that
minewater impacts are not evident because not all effluents contain elevated
levels of molybdenum (see Table 7.3). :

2. Uranium concentrations greater than 0.06 mg/l in alluvial ground water along
the North Fork of the Puerco River, and greater than 0.03 ma/l upstream and 0.1
ma/l downstream of the confluence of San Mateo Creek with Arroyo del
Puerto. The values constitute the estimated upper limit concentrations found
in these ground waters under natural conditions.

_%( 3. Selenium concentrations greater than 0.01 ma/l along the North Fork of the

Puerco River, and greater than 0.15.mg/l along the San Mateo Creek upstream
of its confluence with Arroyo del Puerto. Natural selenium concentrations
along these river reaches are expected to be relatively low. Natural conditinns
below the San Mateo Creek-Arroyo del Puerto confluence cannot be projected
because of the uncertainty regarding the added influence of selenium-enriched
Poison Canyon sediment on ground water quality.

4. Major changes in total dissolved solids concentrations and in general ground
water chemistry composition within a distance less than 3 miles. Natural
changes in TDS concentrations and in composition are expected to be gradual;

" rapid changesin both are indicative of minewater effects. co

5. Significantdecline in molybdenum, uranium, or selenium concentrations with
increasing depth in the upper portion of an alluvial aquifer. Contaminants
contributed to the aquifer through stream bottom recharge (as is the case with
minewaters) are expected to be more concentrated in the upper portion of the
aquifer than contaminants naturaily occurring in the ground water.
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of unfiltered natural runoff indicate the virtual absence of molybdenum in sediments and
natural waters in these drainages (see Table 4.3).

8.1.3. Uranium-natural

Statistical analyses have been performed on data from the North Fork of the Puerco River
in attempt to estimate naturally occurring uranium concentrations in alluvial ground
waters within that drainage (see Sinclair Probability Plots, section 3.4.1). These analyses
allow differientation of natural ground waters from those influenced by uranium industry
wastewaters (i.e., minewaters and the United Nuclear Corporation uranium mill tailings
spill). Details of these analyses are given fully elsewhere (Gallaher and Cary, 1986) and are
only summarized here. '

Results of the analyses suggest that natural uranium concentrations for the North Fork of
the Puerco River average approximately 0.02 mg/l and rarely exceed 0.06 mg/l. The
estimated average natural concentration is identical to that suggested by U.S. EPA (1975).
Average uranium concentrations at the BLM cluster range from 0.014 to0 0.048 mg/I.

Natural uranium concentrationsin alluvial waters along San Mateo Creek potentially may
be higher than along the Puerco River. The abundant natural uranium ore outcropsin the
San Mateo Creek drainage (for example, at Marcus and Poison Canyon mines; see Figure
8.2) probably contribute sediments enriched in uranium to the alluvium and these, in turn,
cohtribute uranium to ground waters flowing in the alluvium. That natural runoff in the
Ambrosia Lake mining district typically contains total uranium concentrations about three
times higher than in the Church Rock mining district is indirect evidence for this
mechanism (see Table 4.3).

While uranium concentrations at the Lee wells are consistently be.low the limit of
detection (0.010 ma/l), the Lee wells are completed in alluvium largely derived from non-

ore bearing rock material. As ground water flows downvalley from the Lee well cluster,
natural uranium concentrations are anticipated to increase gradually as ground water
flows through a more uranium-enriched alluvium. Pre-mining uranium concentrations at
the Sandoval Ranch are estimated to have been less than 0.030 mg/l, basedon ~
interpretation of gross alpha activity concentrations obtained from a 1975 sampling of an
alluvial windmill at the ranch (U.S. EPA, 1975). Natural uranium concentrations may

increase further downstream. U.S. EPA (1975) estimated that background concentrations
may approach 0.1 mg/l within the Ambrosia Lake mining district.

8.1.4. Selenium

Under natural conditions selenium concentrations in alluvial ground water along the

‘North Fork of the Puerco River are expected to be uniformily low, that is, less than 0.01

mg/l. Average concentrationsin the two BLM wells are <0.005 and <0.007 mg/i. Further,
analyses of unfiltered natural runoff indicates the virtual absence of sefenium in sediments
and natural waters in this drainage (see Table 4.3). :

In contrast, along San Mateo Creek, natural selenium levels may be significantly elevated.
Selenium is known to be locally enriched in soils and plantsin the Poison Canyon area

(Cannon, 1953; Rapaport, 1963). itis noteworthy that median total selenium

concentrations in natural runoff are over six times greater in the Ambrosia Lake mining
district than in the Church Rock mining district (see Table 4.3).

Sé’leniU"m"c’bh’c"éfh’tfé’tio’rf’s’ inthe lee wells are generally undetectable 7<0.005 ma,i). A B '
1980 EiD anaiysis cf the downstream Sandoval Ranch windmill showed selenium -
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8.3 CHANGES IN IONIC CHEMISTRY

alluvial ground waters that are recharged primarily by dewatering effluents have been
found to assume the ionic composition of the minewaters. Such water-quality changes are
seen in areas of ground-water recharge along the Puerco River and San Mateo Creek.
Pronounced changes in ionic composition of alluvial ground waters, for example, are seen
at the Confluence test well cluster along the Puerco River. This well cluster is located
about one mile below the confluence of Pipeline Arroyo, the channel receiving most of
the Church Rock mine discharges, and the Puerco River. ltis therefore immediately
downgradient from the point where native ground waters are potentially affected by
minewaters (see Figure 8.1). ,

Figure 8.5 shows that ground waters produced from wells CON-IL and CON-3 have ionic
compositions similar to dewatering effluent and unlike natural waters, as represented by
the BLM well cluster. Wells CON-IU and CON-2, on the other hand, produce waters more
similar to natural waters. Ground water in well CON-3, which chemically most resembles
the minewaters, also has a total dissolved solids concentration similar to minewaters (500
mag/l versus greater than 1000 mg/l at the BLM cluster). Itis apparent that some water in
the alluvial aquifer at that well cluster has been transformed from the strongly calcium-
magnesium sulfate type to an intermediate type that tends toward sodium bicarbonate.
Other test wells along the Puerco River that produce ground waters with ionicsignatures
similar to that for CON-3 are SPR-1, SPR-3U, GAL-1, GAL-2, and GAL-4. Because of the lack
of pre-dewatering ground water quality data, it can not be definitely stated that all of -
these wells have been affected by the dewatering effluents.

The water quality of shallow ground waters in the San Mateo Creek-Arroyo del Puerto
Irainage has also been transformed by dewatering effluents. This change in major
_Remistry is most evident near the confluence of San Mateo Creek and Arroyo del Puerto
(see Figure 8.2). One mile-upstream along San Mateo Creek, alluvial ground waters at the
Sandoval monitoring well cluster are of the sodium-sulfate-bicarbonate water chemistry
type with a total dissolved solids concentration of about 650 mg/l (Figure 8.6). Although

minewater from Ranchers Johnny M. Mine enters San Mateo Creek about 3 miles above
the well cluster, no significant changes in ionic composition are evident in the test wells

- because of the close chemical similarity between minewaters and natural ground water at
~ thessite (see Sandoval Ranch windmill analysis, Figure 8.4).

In contrast, downstream from the confluence EID test wells on the San Mateo Creek

produce alluvial ground water that bears a strong ionic resemblance to Ambrosia Lake
pinewaters, Figure 8.6 shows that ground waters at OTE-2, OTE-4, and RDY-1 now are all

ofthe calcium-magnesium sulfate type, as are the minewaters introduced via Arroyo del.
Puerto. Corresponding to the shift.in San Mateo Creek’s alluvial ground water chemistry,
total dissolved solids concentrations increased from about 650 ma/l at the Sandoval weil

cluster to over 2100 mg/l at the QOtero yell cluster, located three miles downstream.

8.4 TRACE ElLEMENTS AND RADIONUCLIDES IN GROUND WATER

In addition to altering the dominant water chemistry and total dissolved solids
concentrations of ground waters, infiltration of minewaters has elevated the
concentrations of trace elements and gross radioactivity. Specifically, in test wells
Hetermined to have been affected by minewaters, the concentrations of uranium,

. olybdenum, setenium, and gross alpha particle activity are elevated above natural leve!s
oy 10 to 40 times. Svidence suggests that infiltration of mine effluents has caused simiiar
responses elsewhere in the region beneath zones of significant stream bottom ieakage
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Degradation of ground water quality is most pronounced in the Ambrosia Lake mining
district. Thisisto be expected for the following reasons: 1) approximately two-thirds of
the historical minewater production from New Mexico uranium mining areas has been in ‘
this district (see Figure 6.1); 2) the quality of the discharged water overall is poorer than
that in the Church Rock mining district (see Table 7.3); and 3) hydrogeologic conditions
along Ambrosia Lake drainages result in relatively rapid infiltration of the wastewaters.

Table 8.1 shows mean contaminant concentrations detected in EID test wells along San
Mateo Creek, the principal drainage of the Ambrosia Lake mining district. Uranium,
molybdenum, and selenium concentrations at th

0.005 t0 0.01 ma/l. Uranium and molybdenum levels at the Sandoval well cluster are 10 to
20 times detectable limits due to infiltration of dewatering effluents. Other trace
elements did not exhibit concentrations elevated above those found at the Lee wells.

Down valley below the confluence with the Arroyo del Puerto, uranium, molybdenum,
and selenium concentrations are found to be approximately three times greater than at
the Sandoval well cluster. Uranium and molybdenum concentrations in the Otero wells
_are as much 7 times greater than natural levels projected for this portion of the San Mateo
Creek (see section 8.1) and therefore indicate that ground water at that location has been

substantially degraded by minewaters. Moreover, both uranium and molybdenum,
significantly decline in concentration with increasing depth. (For example, molybdenum
concentrations decline from 0.38 and 0.28 mg/l in the shallower wells OTE-1and OTE-2 (54
and 57 feet total depth, respectively) to < 0.01 mg/l in well OTE-4, a deeper well (72 feet
total depth) in the same cluster.) Selenium is elevated in all the Otero wells, butis known
to be naturally enriched in the area and can not be exclusively attributed to mine
dewatering effluents. Generally, the pattern oftrace element concentrationsin the Otero’
wells coincides with that of the Sandoval wells (uranium > molybdenum > selenium).. :

ross alpha particle activity concentrations are also significantly elevated
along the San Mateo Creek below the Lee wells. These concentrations almost exclusively
reflect the alpha radiation of uranium. Gross beta particle activities along the San mateo
Creek are found in concentrations as much as 100 times those detected st the Lee wells. Tt
is unknown which radionuclide(s) contribute principally to the gross beta concentrations.

Radium-226 concentrations may also increase due to minewater impacts, but the increases
ifi ' he lack of pre-mining data. Table 8.1 shows radium-226
concentrations of about 0.05 pCi/l for the Lee wells, All but one of the other test wells
along San Mateo Creek produce water containing more than 0.10 pCi/l of radium-226, on
verage. Student-t and Mann-Whitney statistical tests show that the mean values for
radium-226 in all the minewater-affected wells are significantly greater (35% confidence)
than levels at the Lee wells. Despite the suggestion that minewaters have elevated
radium-226 levels in alluvial ground waters, this increase is small and of little practical
significance. A measureable amount of radium-226 may reach ground water, but most of
the dissolved radium-226 in surface waters (up to 4 pCi/l) cle irly does not. -

Due to lack of pre-mining data, definitive statements can not be made regarding_the
influence of mine dewatering effluents at the Roundy well location, the mo ,
wellon the Sa ateo Creek drain The average uranium concentration of 0.13 mgrl is
slightly above the EPA-estimated maximum natural level of 0.1 mg/l. In contrast, however,
molybdenum is below analytically detectable levels. Selenium levels are greatly elevated,/
but because ground water quality is potentially influenced by Poison Canyon, where (
sediments are enriched in selenium, these levels can not be exclusively attributed t6' '
minewaters.
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TABLE 8.1.

Mean Trace Element and, Radlonucllde Concentrations in Wells in the San Mateéo Creek Drainage, 1977-1982. Number of
samples for each well is shown in parentheses and standard deviations are specified for all means. Well locations are

indicated on Figure 8.2.

WELLS ABOVE URANIUM

MINE DISCHARGES

WELLS BELOW URANIUM MINE DISCHARGES

LEE-1 . LEE-2 SAN-1 SAN-2 OTE-1 ° OTE-2 OTE-4 RDY-1
(13) ay~ 13y a2y (ay sy 2y —(12)
ug/l
As ND 6817 ND ND ND 68t34 ND 59124
Ba 133+38 113118 112128  108+22 112£33 132450  124+40 13938
Cd ND ND ND ND ND ND ND ND
Pb ND ND ND ND ND ND ND ND
Mo  ND 9.613.3 133460  131£55 381115 2571145 ND ND
Se ND ND 18572 18.0%7.7 80 £ 25 72125 102+30  273+128
u o ND ND 22241 251179 754169 6681144 166+23 129+t 11
Vv ND 12127 ND ND ND ND ND ND
Zn ND ND ND ND ND ND E ND ND
pCi/l
Ra-226**0.05+.02 0.04%.02 0.15+.03 0.09%.03 0.11+.03 0.15:£.06 0.13+.02 0.15%.03
(pCity , :
gross 42 6.6 £ 1.05 18438 20969 496+49  463t49  123+19  92+13
alpha .
gross 312 412 - 89+37 96 + 39 300493  291t92 72133 63119
e

*ND = nut analytically detected

**Radium-226 values reflect samples analyzed by the New Mexico Scientific Laboratory Division (SLD); for uniformity data by
Fhertine Instrument Corn were not tised in calénlatinn af tha maan



The UNC uranium mill tailings spill in July 1979 greatly complicated the task of evaluating
minewater impacts on alluvial ground waters in the Puerco Rivervalley. Thespill
contained large concentrations of many radionuclides and trace elements, including the
alpha emitters thorium-230 and uranium and the trace elements molybdenum, vanadium,
and selenium. Thus, in all data collected since July 1979 there are always two potential
sources for contaminants: the spill and minewaters. There are some pre-spill data for the
Gallup cluster, but no pre-spill data exist for the Entrada, Windmill, Springstead, or
Confluence well clusters.

Despite this major obstacle, the sources of elevated uranium in Puerco River valley ground
waters are indicated through the use of the same probability techniques used to estimate .
natural uranium levels. These analyses allow differentiation of ground waters influenced

by the spill from those influenced by minewaters. Whereas those ground waters that are

high in both uranium and suifate have been affected by the UNC spill, which was enriched

in sulfuric acid, those wells that produce high uranium, but low sulfate, have been
affected by minewaters, but not the spill. Only these results of these analyses (Gallaher
and Cary, 1986) related to wells affected by minewaters are summarized here.

Mine dewatering effluents have degraded Puerco River alluvium with trace elements and
radionuclides, although not to the same degree as along San Mateo Creek. Results of the
aforementioned probability analysis suggest that fewer than one-third (6 of 21) of the EID
wells along the Puerco River have been significantly impacted by uranium industry
activities (minewaters and spill waters). Relatively low infiltration rates along this reach of
the river effectively moderate the impacts to the underlying ground water.

Two test wells, SPR-1 and CON-3, were found to contain elevated levels of uranium
attributable principally to minewaters. Table 8.2 summarizes the trace elementand
radionuclide concentrations found in these two wells and in BLM wells representative of
natural alluvial quality. The data indicate a pattern of minewater effects similar to that

‘documented along San Mateo Creek. Uranium and gross alpha particle activity are clearly
elevated above natural levels in the two downstream wells. Molybdenum also shows
increases above background although for SPR-1 the increase is negligible isitisthe
detectable limit. A small increase in selenium concentrations is suggested in CON-3
samples. ‘

While mineyvatér impacts along a given river reach may be relatively limited, they may be
more significant further downstream if stream bottom leakage rates increase because of

changing hydrogeologic conditions. The resultant ground water quality impacts would be

highly site specific, depending on many factors including the infiltration rate, quality of
the minewaters, and natural quality of ground water. :

In reviewing the data for trace elements and radionuclides, it is clear that dewatering
effluents are having similar effects throughout the Grants Mineral Belt. Uranium and
gross particle alpha activity concentrations are often elevated in alluvial ground waters
downstream from minewater discharges. Molybdenum usually appears elevated although
there are exceptions. Selenium also reaches shallow ground water from minewater
sources. Selenium, however, can also be locally elevated under natural conditions in
Ambrosia Lake. Unless confirmed by evidence of low pre-mining concentrations, the
presence of elevated selenium is not alone sufficient to demonstrate contamination by

mine dewatering effluents. A <

“\ .
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|ABLE B.<. Mean irace tlements and Kadionuclides Loncentrations of Selected Wells in
the Puerco River Valley. Number of samples per well is shown in

parentheses;
! CONSTITUENT - WELLS ABOVE URANIUM WELLS AFFECTED BY URANIUM
MINE DISCHARGES | MINE DISCHARGES
‘ (ug/7) | BtM U BLM-2 - SPR-1 CON-3
‘ (2) (2) (1) (2)
ug/l
As ND* 14 9 6
Ba 100 ' 150 ND 180
cd ND o N ND ND
Pb ND ' ND ND ND
Mo ND ND 10 170
Se ND - , 7.5 5 11
U 14 48 145 433
v ND ND ND "~ ND
In ND ND ND ND
pCi/1
o gross alpha 1043 . 28410 . 56+15 278410
gross beta 2.6 + 2.9 - le+4 NA** 118+22
Ra-226 0.13+0.06 0.32+0.10 :NA 0.37+0.12

*ND = Not analytically detected
**NA = Data not available; analysis not requested

-108-



8.5 GEOCHEMICAL ATTENUATION OF MINEWATER CONSTITUENTS

Ground water quality data collected from EID wells in the Grants Mineral Belt show
uranium, radium-226, selenium, and molybdenum concentrations and gross alpha particle
activity that-are above naturai levels, but not as high asin the discharged minewaters. For
most of these contaminants, however, ground water concentrations are of the same order
of magnitude asin the sources. ' '

Mechanisms which may reduce the contaminant concentrations include dilution surface

adsorption, cation exchange, precipitation, hydrodynamic dispersion, and molecular
diffusion. Dispersion and dilution may eventually reduce contaminant concentrations, but
these processes are slow and may take years or even decades to be effective. Dilution,
adsorption, cation exchange and precipitation are more likely mechanisms.

Decreases of uranium, for example, from more than 1.0 mg/l in minewaters to 0.5 mg/l in
alluvial aquifers can probably be attributed to dilution by native ground waters. Uranium,
molybdenum, and selenium all form anions in the geochemical environment of the Grants
Mineral Belt and are therefore not greatly affected by some of the most effective
attenuation processes, such as surface adsorption and cation exchange. These ‘
contaminants are therefore relatively mobile in both surface waters and shallow ground
waters. . ’ ,

The tendency for uranium to precipitate from solution in Puerco River alluvium was
analyzed using a computer program (WATEQFC) for calculating chemical equilibria of
natural waters. Emphasis was placed on assessing the chemical stability of ground waters
in EID wells most impacted by minewaters. Calculations were performed separately on
natural uncontaminated ground water (BLM-1U) and on ground water dominated by (
mine dewatering effluents (CON-3).. The predominant phase of uranium is calculated by

. the computer program WATEQFC to be di- oxide species. These complexes are subject to

minimal adsorption because of their net negative charge and large molecular radii
Tripathi, 1982; Langmuir, 1978) and are therefore very mobile in alkaline agueous
environments. Selected results of the geochemical modeling for the predominant

- uranium minerals are reported in Table 8.3.

The modeling output that all of the uranium species constituents are undersaturated with
respect to their mineral phases by at least one hundred times. It can be inferred that
uranium concentrations in the alluvial aquifer cannot be expected to decline solely as a
result of long term equilibrium adjustment. .

Ear dissolved radium-226, in contrast to uranium, the alkaline, oxidizing conditionsfound
in_the Grants Mineral Belt promote attenuation and discourage mobility. Because ofits
net positive charge, radium-226 is drawn to cation exchange sites on negatively charged
ctay minerals, organic matter, and metallic oxide coatings on the surfaces of altuvial
materials. For surface and ground waters in the Grants Mineral Belt, only a small fraction
of all radium-226 present remainsin solution. Most radium-226 is probably immobilized in
the stream channels sediments. Attenuation of radium-226 is so effective in Grants
Mineral Belt alluvium that apparently minewaters increase the typical dissolved radium- ~
226 concentrations normally carried by regional ground waters by only about 0.1 pCi/l.
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TABLE 8.3 Selected Mineral Saturation Indices for Uranium in Puerco River Alluvial
Ground Water.

Sample . Mineral or Precipitate _
Date ' _ Saturation
Well No. (M-D-Y) Phase Formula Index
BLM-1U 01-19-82 Tyuyamunite  Ca(U0O32)2(V04)2 4.9
CON-3 01-20-82 Tyuyamunite Ca(U0O2)2(V04)2 2.7
Carnotite-A K2(UO2)2(VO4)2.3H50 -3.3
Carnotite-B K2(UO32)2(VO4)2.3H20 -3.5
Schoepite UO,(OH)>H50 -3.6
Coffinite USiOq 4.4
Rutherfordine U03CO3 -4.4

~ Although data are lacking for other uranium-238 decay products, it seems unlikely that
any of the major daughter products from uranium mining activities could significantly
degrade ground-water quality within the alkaline pH ranges typical of the minewaters.
Thorium-230, lead-210, and polonium-210 all form cations in solution and their

attenuation is likely to be as effective as radium-226 attenuation. Overall, the threat to
ground water is judged to be small.
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IX. EVALUATION OF WATER QUALITY

Earlier chapters have provided an overview of both natural water quality in the
Grants Mineral Belt and water quality impacted by uranium mining. In order to
evaluate the significance of observed water quality, current and potential uses that
are made of the water in this area need to be considered along with relevant
aspects of surface and ground water hydrology and the physio-chemical fate of
minewater constituents. Furthermore, because of the radioactivity associated with
both natural and mining-impacted flows, the quality of these flows needs to be
compared with established standards and criteria for public exposure.

All surface waters in the Grants Mineral Belt, whether natural or mining-impacted,
are used by livestock for watering. Only artificially maintained perennial sireams,
however, are used for irrigation or have potential use for domestic water supply.
All three uses are made of ground waters. The contaminant and radioactivity levels
of surface and ground waters in the Grants Mineral Belth raises concerns about the
suitability of natural and mining-impacted surface waters and mining-impacted
ground waters for present and potential uses.

9.1 WATER USES

Comparison of water quality with criteria and standards provides a means of
evaluating whether water quality in the Grants Mineral Belt is consistent with
current use. Livestock watering is the major use of surface waters. Watering from
effluent-dominated streams is commonplace. Livestock even use turbid flows that
may include both natural runoff and runoff from mine tailings.

Irrigation of gardens is practiced along the Puerco River from the Highway 566
bridge to the City of Gallup. Hoses are used to draw water up from the incised
stream to gardens. g

Ground waters are used as domestic water supply sources. The authors know of no
documented domestic use of surface waters in the Grants Mineral Belt.
Nonetheless, the potential for effluent-dominated streams, as modified in chemical
quality by physio-chemical processes, to affect the quality ground waters provides
sufficient rationale to evaluate such streams as sources of domestic water supply.
Moreover, municipalities have considered the possibility of using dewatering
effluents to supplement existing water supply sources (Hiss, 1980).

Selected criteria and standards for livestock watering, irrigation, and domestic
water supply are given in Table 9.1. The only comprehensive evaluation of water
quality necessary to support livestock watering remains that done by the National
Academy of Sciences-National Academy of Engineering (NAS/NAE, 1972) for the
EPA. The NAS/NAE recommendations are in the form of water quality criteriz, that
is, concentrations which, if not exceeded, are expected to be suitable to support a
specificwater use. NAS/NAE (1972} also recommended water quality criteria to
supportirrigation use. Aspart of the Molybdenum Project, the relationship
between molybdenum levelsin irngation waters and plants was investigated (Vieck
and Lindsay, 1977). The New Mexico Ground Water Regulations include standards
designed to protect ground water quality for agricultural use (NM WQCC, 149383).
These standards are used in this report for comparison purposes only. The

regulations should be consulted for information on the applicability of the
standards. :
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TABLE9.1. selected Criteria and Standards for Livestock Wateriny, Irrigation, and Domestic Water Supply.
WATER USE
Livestock Watering . Irrigation. Domestic Water Supply
CONSTITUENT : v New Mexico New Mexico |New Mexico
NAS/NAE NAS/NAE Molybdenum Ground Water Water Supply |Ground Water
: : Project Regulations Regulations {Regulations
mg/I '
TDS 3,000 1,000 1,000
SO4 RN 600 600
As 0.2 0.10 0.1 0.05 0.1
Ba 1.0 1. 1.0
cd 0.050 © 0.010 0.1 0.010 0.01
Pb 0.1 5.0 0.05 0.05 -0.05
Mo 0.020 1.0
Se 0.05 0.02 _ 0.05 0.01 0.05
U-natural 5.0 50
vV 0.1 0.10 : .
Zn 25 | : L 100 5. 10.0
] PGl
- Gross Alphaa 15 15
Combined Ra-226 5 5 300 |
‘ and Ra-228 ' ° 30.0
SOURCES: NAS/NAE - NAS/NAE (1972)
R Molybdenum Project - Vier'—d Lindsay (1977)
New Mexico Water Supply slations - NM EIB (1985)
’ . New Mexico Ground \I\‘ gulations - NM WQCC (1983)



Two sources of comparison were used to evaluate the quality of water for domestic
use. Standards in the New Mexico Water Supply Regulations (NM EIB, 1985) are
applicable to water emanating from water supply systems, not to surface and
ground waters and are used-only for comparison purposes. Similarly, the standards
in the New Mexico Ground Water Regulations (NM WQCC, 1983) are not applicable
to effluent-dominated streams and are used only for comparison purposes. Both
sets of regulations should be consulted for information on their applicability.

As both natural water quality and the quality of waters affected or produced by
uranium mining contain radioactivity, standards and criteria in the New Mexico
Radiation Protection Regulations (NM EID, 1980) are used as a basis of comparison.
The Radiation Protection Regulations are not applicable to natural water quality or
uranium mining and the standards and criteria are used only for purposes of
comparison. The regulations should be consulted for information on applicability.

9.2 NATURAL SURFACE WATERS

Perennial streamsin the Grants Mineral Belt are limited in number, extent, and
flow. The other natural source of surface water is runoff associated with storms and
snowmelt. Without mine dewatering, runoff would be the surface watersin the
Arroyo del Puerto, San Mateo Creek below the community of San Mateo, and the
Puerco River. Both natural perennial streams and natural runoff may be used by
livestock for watering. : '

- The quality of perennial streams, which normally carry little sediment, is consistent
with the livestock watering use. Trace elements and radioactivity concentrations;
however, raise concerns about the suitability of natural runoff for this use.
Furthermore, levels of radioactivity in naturat runoff are sometimes excessive in -
comparison to health criteria and standards. ' '

9.2.1. | Perennial Streams

Dissolved concentrations of trace elements and radionuclides are naturally low in
perennial streamsin the Grants Mineral Belt. Comparison of natural water quality
with livestock watering criteria for six trace elements, gross alpha particle activity,
and radium-226 indicates that natural concentrations are normally much less than
the criteria (Table 9.2). Similarly, the livestock criteria of 3,000 mg/l total dissolved
solids (NAS/NAE, 1972)is almost double the mean natural concentration of 1530
mg/l found in the Rio Moquino at the Jackpile Mine. The Rio Moquino has higher
dissolved solids concentrations than the Rio Paguate or San Mateo Creek below San
Mateo Reservorr.

9.2.2. Natural Runoff

Trace elements and radionuclides are found to have highly variable levels in natural
runoff resulting from storms. These levels are statistically correlated with the
amount of suspended sediment carried by the water. Despite the high amounts of
sediment that are sometimes carried by natural runoff, livestock may still use these
waters. Therefore, natural runoff quality was compared with livestock watering
criteria for the same six trace eiements used for the comparison with perennial
stream quality, but with very different results.
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TABLE 9.2 Comparison of Dissolved Concentrations of Trace Elements-and Radioactivity in
Perennial Natural Waters with Livestock Watering Criteria.

CONSTITUENT MEDIAN CONCENTRATION LIVESTOCK WATERING CRITERIAa

mg/|
As '<0.005 0.2
cd <0.001 - 0.050
Pb <0.005 ' 0.1
Se ~ <0.005 . 0.05
Vv <0.010 0.1
Zn ' <0.050 25

pCi/l

.('

Gross alpha 2 ' 15

Ra-226 0.1 y © 5b

aThe criteria are from NAS/NAE (1972).

bThe criterion applies to combined radium-226 and radium-228.
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Measured total concentrations of trace elements and radioactivity indicate that
natural runoff quality may not be consistent with its use for livestock watering
(Table9.3). Lead, vanadium, gross alpha particle activity, and radium-226 are the
primary constituents affecting the suitability of natural runoff for livestock
watering as median concentrations of all four constituents exceed criteria in both
the Ambrosia Lake and the Church Rock mining districts. Even though the gross
alpha particle activity criterion excludes alpha activity due to natural uranium, the
median gross alpha activities of 1200 and 720 pCi/l in the Ambrosia Lake and the
Church Rock mining districts, respectively, far exceed corresponding natural
uranium medians of 68 and 20 pCi/l (at equilibrium, 1 mg/l of natural uraniumis
equivalentto 677 pCift).

Of lesser concern are arsenic and selenium in the Ambrosia Lake district and arsenic
and cadmium in the Church Rock district because of exceedances of livestock
watering criteria by maximum concentrations. The maximum concentration of
cadmium measured in the Ambrosia Lake district is at the criterion level.

State limits on allowable concentrations of radionuclides that maybe discharged to
unrestricted areas (that is, areas not controlied for the purposes of protecting an
individual from exposure to radiation or radioactive materials) provide another
means of evaluating the relative importance of radionuclides concentrations. These
maximum permissible concentrations (MPCs), however, apply only to state-licensed
facilities, not to natural runoff (see NMEID, 1980). Comparison of natural runoff
quality with MPCs indicates that radium-226 is of concern in areas unaffected by the
uranium industry in the Church Rock mining district and both radium-226 and lead-
210 are of cancernin similar areas in the Ambrosia Lake district (Table 9.4).
Polonium-210 exceeds half its MPC in the Church Rock district; all other
radionuclides are present in small amounts compared to MPCs. While these data
arelimited, it does appear that the radiological quality of natural runoff may be
worse in the Ambrosia Lake district than in the Church Rock district.

While radium-226 and lead-210 sometimes exceed MPCs in uncontaminated,
natural runoff, natural radiation levels may be a cause for concern even when these
radionuclides simply approach MPCs. A sample from the South Fork of the Puerco
River on September 21, 1982, provides a typical example (Table 9.5). Both radium-
226 and lead-210 occurred at about 75 percent of their respective MPCs in this
sample. Even though no radionuclide in the sample exceeded its MPC, the sum of
the ratio of each radionuclide concentration to its MPC exceeds 1.00 (actual value,
1.66) and thus is in excess of specifications set forth in Part 4, Appendix A, Note 1 of
the New Mexico Radiation Protection Regulations (NM EID, 1980). Uranium
industry facilities licensed under these regulations are not permitted to release
water of this quality to unrestricted areas. Yet, watercourses in the Grants Mineral
Belt may receive water of this quality simply as a result of natural circumstances.
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TABLE 9.3. Comparison of Total Concentrations of Trace Elements and R'adioactivity in
Natural Runoff with Livestock Watering Criteria.

AMBROSIA LAKE CHURCH ROCK A
, MINING DISTRICT MINING DISTRICT S '
CONSTITUENT . LIVESTOCK WATERING .
Median Maximum | Median Maximum CRITERIAa ‘
mg/l
As 0.13 0.26 0.08 0.30 ' 0.2
Cd 0.006 0.05 0.003 0.06 0.050
Pb 0.52 2.0 0.17 2.0 0.1
- Se : . 0.03 0.15 <0.005 0.03 0.05
v 061 32 |o40 0.92 0.1
Zn 1.5 1.7 0.38 8.5 25
pCi/l
{
Grossalpha |- 1,200 2,100 |720 1,600 15 : ®
Ra-226 15 321 19 47 5b

SO |

a The criteria are from NAS/NAE (1972).

b The criterion applies to combined radium-226 and radium-228.
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TABLE 9.4. .Comparison of Total Radioactivity in Natural Runoff with Maximum Permissible:
o Concentrations for Releases to Unrestricted Areas. All concentrations are in
- picocuries per liter (pCi/l).

AMBROSIA LAKE CHURCH ROCK _ MAXIMUM
- ADIONUCLIDES MINING DISTRICT MINING DISTRICT PERMISSIBLE
' Median - Maximum Med_ian Maximum Concentrationa
Pb-210 . 88 720 53 74 100
Po-210 43b 80 450 700
Ra-226 15 321 1 19 47 30
Th-228 22 43 7,000
Th-230 24 42 2,000
Th-232 o 24 | 43 2,000
U-natural 68 379 149 203 30,000

aThe maximum permissible concentrations are from Table Il of Appendix A to Part 4 of
the New Mexico Radiation Protection Regulations (NM EID, 1980). The concentrations
are not applicable to natural runoff and are used only for comparison purposes.

b Only asingle measurementis available.’
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TABLE 9.5. Total Radionuclide Concentration/Maximum Permissible
Concentration Ratios forthe South Fork of the Puerco River on
September 21,1982.

RADIONUCLIDE CONCENTRATION Mpca CONCENTRATION/MPC

(pCi/l) (pCi/l) - RATIO
Pb-210 74 12 100 0.74
Po-210 90 £ 3 700 0.13
Ra-226 23 6 30 0.77
Th-230 42 + 4 2,000 0.02
U-natural 14 30,000 0.0005

TOTAL 1.66

aThe maximum permissible concentrations are from Table 11 of Appendix A to
Part 4 of the New Mexico Radiation Protection Regulations (NM EID, 1980). The
concentrations are not applicable to natural surface waters and are used only for
comparison purposes. '
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9.3 URANIUM MINE WASTE PILES AND OPEN PITS

A potential concern about degradation of surface water quality from uranium
mining is runoff from uranium mining operations - specifically, from mine waste
' piles and open pit operations. Both surface and underground mining produce

- waste piles. While the waste piles vary considerably in respect to ore content, the |
existence of the piles creates the potential for trace elements and radioactivity to be
carried by runoff into surface water courses. Similarly, open pit mining exposes the
ore body and creates the potential for contamination of surface waters through
runoff. Furthermore, open pit mines have large waste piles nearby which may be
subject to erosion.

Investigation of the largest open pit mine in the Grants Mineral Belt, the Jackpile-
Paguate mine, indicates that while certain radioactive parameters are significantly
elevated downstream from the mine, water quality both upstream and downstream
is consistent with the livestock watering use. Investigation of mine waste piles in

i the Ambrosia Lake mining district, however, indicates that runoff from the pilesis

f of a considerably lesser quality than natural runoff. Thus, such runoffis definitely

j not suitable forlivestock watering and raises concerns about its levels of
¢ _radioactivity. Similar results are expected to be found in the Church Rock district.

9.3.1. Runoff From Mine Waste Piles

Runoff from uranium mine waste piles exerts a potentially significant impact on

- surface water quality in the Grants Mineral Belt because of the trace elements and
radioactivity associated with sediment carried by this runoff. Similar to the
situation with natural runoff, livestock may ingest such turbid waters.

‘ Total concentrations of arsenic, cadmium; lead, selenium, vanadium, gross alpha
\f_% particle activity, and radium-226 found in mine waste pile runoffin the Ambrosia
" Lake District are not consistent with ingestion of this water by livestock (Table 9.6).

This conclusion remains true even after the gross alpha activity is corrected for the
alpha activity due to natural uranium (1 mg/l is equivalent to 667 pCi/l), which is not
included in the livestock watering criterion. The median and maximum uranium
values of 389 and 41,800 pCi/l are far below the measured gross alpha activity levels.
In fact, for all constituents except arsenic, maximum concentrations are one to four
orders of magnitude above livestock watering criterion. Even for arsenic, the
maximum concentration exceeds the livestock watering criterion by over seven
times. The median concentration of arsenic, though, is at its criterion level and
selenium levels normally do not exceed its criterion.

* Bven though maximum permissible concentrations (MPCs) for release of
radionuclides to unrestricted areas do not apply to runoff from mine waste piles,
comparison with MPCs provides a means of evaluating the relative importance of
radionuclides concentrations. Even median concentrations of lead-210 and radium-
226 exceed MPCs by an order magnitude and maximum concentrations exceed
MPCs two and three orders of magnitude, respectively (Table 9.7). While natural
uranium concentrations are normally below its MPC, this level was exceeded by the
maximum measured concentration.
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- TABLE 9.6. Comparison of Total Concentrations of Trace Elements and Radioactivity in
Mine Waste Pile Runoff in the Ambrosia Lake Mining District with Livestock
Watering Criteria.
CONSTITUENT MEDIAN ) MAXIMUM ‘ LIVESTOCK
. ‘ WATERING
CRITERIAS
mag/l
As 0.21 1.5 0.2
Pb 0.56 2.5 ' 0.1
Se 0.03 0.85 0.05
v | 1.1 - 24.8 | 0.1
pCi/l
(
Gross alpha 10,800 420,000 15
Ra-226 650 34,900 5b
aThe criteria are from NAS/NAE (1972).

bThe criterion applies to combined radium-226 and radium-228.
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TABLE 9.7. .Comparison of Total Radioactivity in Mine Waste Piles in the Ambrosia Lake
| Mining District with Maximum Permissible Concentrations for Releases to
Unrestricted Areas. All concentrations are in mg/l.

l .
- YADIONUCLIDE MEDIAN MAXIMUM - MAXIMUM -
- PERMISSIBLE
. , CONCENTRATIONS?®
Pb-210 1,000 30,050 100
Ra-226 650 34,900 30
U-natural 389 41,800 30,000
3@ The maximum permissible concentrations are from Table H.of Appendix A to Part 4 of
‘ ‘ : the New Mexico Radiation Protection Regulations (NM EID, 1980). The concentrations

are not applicable to natural runoff and are used only for comparison purposes.

-121-



When the results of comparison with livestock watering criteria and MPCs are
considered together, the obvious conclusion is that while the quality of natural
runoff in the Ambrosia Lake mining district is poor, mine waste pile runoff is worse.
While information on the quality of mine waste pile runoff in the Church Rock
district was not collected, this same conclusion is expected to hold in that district
also.

9.3.2. - Effectofan Open-Pit Mine on Surface Water Quality -

Streams above and below the Jackpile-Paguate open-pit mine are likely to be used
for livestock watering. In comparison to water quality in the Rio Paguate and the
Rio Moquino above the mine, total dissolved solids and dissolved levels of gross
alpha particle activity and radium-226 are significantly elevated in the Rio Paguate
below the mine. In addition, dissolved concentrations of some trace elements are
slightly elevated. :

Comparison of livestock watering criteria with dissolved concentrations below the
mine indicates that all constituents except for gross alpha and radium-226 are much
less than recommended criteria (Table 9.8). Only the recommended criterion for
gross alpha activity is apparently exceeded. The criterion, however, based on the
criterion for domestic water supply (NAS/NAE, 1972), excludes uranium and the
mean natural uranium concentration of 0.12 mg/l below mine accounts for 81 pCi/l
of alpha activity. Therefore, the gross alpha activity is within the standard and the
streams both above and below the Jackpile-Paguate mine are suitable for livestock
use.

9.4. RELATIONSHIP OF RUNOFF QUALITY TO STREAM QUALITY

Under natural conditions (i.e., without mine dewatering), flow in San Mateo Creek
below the community of San Mateo and the Puerco River consists of waters derived
from runoff. Comparison of natural runoff from storms with livestock watering
criteria indicates that such waters are not suitable for livestock watering primarily
because of excessive concentrations of lead, vanadium, gross alpha particle activity,
and radium-226. Data, while restricted to the Ambrosia Lake mining district, -
indicates that runoff from uranium mine waste piles is even less suited for livestock
watering because of even higher concentrations of the same constituents.

Nonetheless, there are two lines of evidence that, when considered together,
suggest that the direct effects of runoff, natural or uranium mine waste pile, on
water quality are primarily local in extent. First, trace elements and radionuclides in
runoff are bound up with sediment. Both trace element and radionulcide

- concentrations in runoff have been found to have linear, first-order statistical
correlations with sediment concentrations. Further, leach tests did not produce
significant leaching of trace elements from mine wastes. In addition, investigations
of the partitioning of lead-210 and radium-226 between suspended and dissolved
phases of runoff indicate that aimost all of the radioactivity is associated with the
suspended phase. '

Secondly, sediments from an area become mixed with other sediments carried by
the watercourse and thus diluted and then deposited along the stream bottom. The
investigations of sediment deposition downstream from the San Mateo mine waste
pile serve as a case example. Sediments originally identifiable as having the waste
pile as their source on the basis of trace element and radionuclide concentrations,
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TABLE 9.8 Comparison of Dissolved Concentrations of Total Dissolved Solids, Trace

Elements, and Radioactivity in the Rio Paguate below the Jackpile-Paguate
Mine with Livestock Watering Criteria.

CONSTITUENT MEDIAN CONCENTRATION | LIVESTOCK WATERING CRITERIAa
mag/l .
™S 1,705 - 3,000
As 0.006 0.2
cd 0.002 0.050
Pb  <0.005 0.1
Se 0.006 0.05
v 0.010 0.1
Zn <0.25 25
pCi/l
Gross alpha 79+ 18b 15
Ra-226 3.7+ 0.14 5¢

aThe criteria are from NAS/NAE (1972).

bThe gross alpha particle criterion excludes alpha activity due to natural uranium.
Therefore, while the mean apparently exceeds the criterion, actually the gross alphais
accounted for by the mean natural uranium concentration of 0.12 mg/I, which is

equivalent to 81 pCi/l.

cThe radium criterion applies to combined radium-226 and radium-228.




eventually become so mixed with other sediments as to no longer be chemically
-distinguishable. This phenomon has been noted by Popp and others (1983).

“Watercourses of the Grants Mineral Belt, nonetheless, are dynamic systems. While
dilution and deposition of sediments serve as natural mechanisms that limit adverse
water quality impacts of runoff, such sediments do not necessarily remain deposited
on channel bottoms. Instead, storm runoff or flow resulting from mine dewatering
may entrain sediment and thus resultin resuspension, further mixture, and later
redeposition downstream. Thus, re-entrainments and later redeposition serves as a-
process for carrying trace elements and radioactivity downstream in Grants Mineral
Belt watercourses.

9.F IMPACT OF MINEWATER DISCHARGES ON SURFACE WATER QUALITY

In terms of both quantity and quality, discharged minewaters are the doeminant
type of surface watersin the Grants Mineral Belt. Treated minewaters are used
directly for livestock watering and irrigation and thus should be evaluated for
suitability for these uses. Further, they infiltrate to shallow alluvial aquifers and
may thus secondarily be used as a source of domestic water supply. Therefore,
direct comparison of treated minewater quality with domestic water supply
standards indicate the changes in chemical quality, whether by natural means or
treatment, that treated minewaters must undergo to be suitable as domestic water
sources. - ‘

In the Ambrosia Lake mining district, the treated minewater constituents of
greatest concern in relation to water uses are selenium, radium-226, and
secondarily molybdenum (Table 9.9). Selenium normally exceeds standards and
criteria established for livestock watering, irrigation, and domestic water supply.
Selenium is of special concern as it remains soluble as minewaters flow downstream.
Median radium-226 concentrations slightly exceed both the livestock watering and
irrigation criteria and the New Mexico Water Supply Regulations standard for
domestic water supply. The maximum radium-226 concentration also exceeds the
New Mexico Ground Water Regulations standard for protection of ground waters
for domestic water supply use. While radium-226 readily becomes adsorbed onto
sediment or is co-precipitated and thus through these mechanisms tends to become
deposited on stream bottoms, the radium-226 associated with sediments may also
be later entrained and transported downstream by runoff or dewatering effluents.

While minewaters are not known to be used forirrigation in the Ambrosia Lake
mining district, the use of minewaters for irrigation in the Church Rock district
indicates that potential for such use exists. Molybdenum levels are normally more
than a magnitude higher than the criterion recommended by Vleck and Lindsay
(1977) to prevent excessive plant uptake of molybdenum. Further, while
molybdenum levels normally meet the considerably higher New Mexico Ground
Water Regulations standard for protection of ground water for irrigation use, the
maximum measured molybdenum level even exceeds that less restrictive standard
by a factor of three. Molybdenum like selenium remains in solution.

Concentrations of other constituents shown on the table raise further concerns
about the use of treated minewaters in the Ambrosia Lake mining district. Total
dissolved solids and sulfate concentrations normally exceed the New Mexico Ground
Water Regulations standard for protection of ground waters forirrigation and
domestic water supply use. Arsenic meets the livestock watering criterion, but the
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TABLE 9‘ Comparison of Total Concentrations in I\/Iinewa.‘ischarges in the Ambrosia Lake Mining District w’ Vater Use

“riteria and Standards.

USE CRITERIA AND STANDARDS

MINEWATER
CONCENTRATIONS =
. Livestock Watering Irrigation Domestic Water Supply
“ONSTITUENT Median Maximum (NAS/NAE) (The (NM Ground (NM Water (NM Ground
' (NAS/ Molybdenum | Water Supply Water |
NAE) Project Regulations) Regulations) | Regulations)
mg/l
TDS 1,610 2,615 3,000 A 1,000 1,000
504 ‘755 1,370 600 _ 600
As 0.011 0.20 0.2 0.10 0.1 0.05 0.1
Ba 0.21 1.7 1.0 1. 1.0
Mo 0.80 3.2 0.020 1.0
Se 0.09 1.0 0.05 - 0.02 0.05 0.01 0.05
U natural 1.56 3.0 5.0 5.0
Y 0.029 - 0.29 0.1 0.10
pCi/l
Gross Alphaa 635 1,760 15 15
Ra-226 6.4 | 200 5 5 5 30

NOTE: Information on the sdurces of the use criteria and standards is found in Table 9.1.

dThe gross alpha particle activity criteria exclude alpha activity due to natural uranium. Therefore, while the measured concentrations
apparently are exceedances, the median and maximum natural uranium concentrations account for 1,060 and 2,030 pCi/l, respectively.



maximum arsenic level exceeds itsirrigation criterion and standard and its domestic
water supply standards. While barium levels normally meet the New Mexico Water
Supply Regulations standard for domestic water supply and the New Mexico
Ground Water Regulations standard for protection of ground waters for irrigation

and domestic water supply use, the maximum barium level exceeds these standards.

In a similar manner, vanadium levels normally meet and the maximum level exceeds
livestock watering and irrigation criteria.

Gross alpha particle activity levels, which exceed the numeric levels of both the
livestock watering criterion and the New Mexico Water Supply Regulations
standard for domestic water supply, are accounted for by the alpha activity of
natural uranium and thus are not exceedances as the criterion and the standard do
notinciude alpha activity due to natural uranium. There is actually a large disparity
between the calculated natural uranium alpha activity and the lower measured
gross alpha activity levels as the median and maximum alpha activity levels for
uranium are 1,060 and 2,030 pCi/l, respectively. Such differences, though, are
common as a result of the difficulties of measuring gross alpha activity.

In the Church Rock mining district, the treated minewater constituents of greatest
concern in relation to water uses are selenium and radium-226 (Table 9.10).
Selenium normally exceeds criteria and standards established for livestock watering,
irrigation, and domestic water supply. Maximum radium-226 concentrations exceed
livestock watering and irrigation criteria and domestic water supply standards.

Of lesser concern in the Church Rock district are barium and molybdenum. Barium is
normally below its New Mexico Ground Water Regulations standard for protection
of ground waters irrigation and domestic water supply, but the maximum observed
concentration was slightly higher than twice the standard of 1.0 mg/l. Molybdenum
levels are normally less than the irrigation criterion recommended by Vleck and
Lindsay (1977) and even the maximum level is only about one-half the New Mexico
Ground Water Regulations standard for protection of ground waters forirrigation
use. The irrigation criterion, however, is exceeded by the maximum observed level.
While the maximum measured total dissolved solids concentration of 1,190 mg/!
exceeds the New Mexico Ground Water Regulations standard for protection of
ground waters for irrigation and domestic water supply use, concentrations are
normally less than half the standard. -

Gross alpha particle activity exceeds the numeric level of both the livestock
watering criterion and the New Mexico Water Supply Regulations standard for
domestic use since the criterion and the standard do notinclude alpha activity due
to natural uranium, these levels are not exceedances. The median and maximum
natural uranium concentrations are equivalentto 724 and 1,220 pCi/l of aipha
activity, respectively. The differences between gross alpha activity and the
calculated alpha activity due to natural uranium are attributable to the difficultie
of measuring accurate gross alpha activity levels accurately. , , '

In summary, comparisons of treated minewater quality with criteria and standards
raises concern about the suitability of these waters for livestock watering,
irrigation, and domestic water supply us=s. Treated minewaters in the Ambrosia
Lake district are poorer in quality and le: suitable for these uses than those in the
Church Rock district (Table 9.11). Overali, the major constituents affecting the
suitability of treated minewaters are selenium, molybdenum, radium-226, total
dissolved solids, and sulfate. Of these five, total dissolved solids and sulfate are the
least important, as these waters are not known to be used as domestic water
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TABLE .9’ ‘Comparison of Total Concentations of Minewat“scharges in the Church Rock Mining District with’ ar Use Criteri:
nd Standards. ‘

USE CRITERIA AND STANDARDS

MINEWATER
CONCENTRATION - _
i Livestock Watering Irrigation Domestic Water Supply
JONSTITUENT Median [Maximum (NAS/NAE) - (The (NM Ground (NM Water  } (NM Ground
(NAS/ Molybdenum | Water Supply -Water
NAE) Project Regulations) Regulations) | Regulations)
mg/I
- TDS " 452 1,190 3,000 1,000 1,000
S04 136 600 600 600
As <0.005 0.02 0.2 0.1 0.05 0.1
Ba 0.413 2.1 1.0 1.0
Mo 0.01 0.6 0.020 1.0
Se 0.042 0.3 0.05 110.02 0.05 0.01 0.05
U-natural 1.07. 1.8 5.0 5.0
vV 0.012 0.07 0.1 0.10
pCi/l
Gross Alphaa 440 1,200 15 15
Ra-226b 2.0 89 5 5 5 30
NOTE: Information on the sources of the use criteria and standards is found in Table 9.1.
AThe gross alpha particdle activity criteria exclude alpha activity due to natural uranium. Therefore, while the measured concentrations
apparently are exceeduw o, the median and maximum natural uranium concentrations account for 724 and 1,220 pCi/l, respectively.



TABLE 9.11.  Constitutents of Treated MineWaters and Affected Water Uses. Major
g;nss.tituents affecting water uses are indicated by M, secondary constituents:
AMBROSIA LAKE MINING DISTRICT CHURCH ROCK MINING DISTRIC
= Domestic : Domestié : 4'
Constituent Livestock | Irrigation | Water Livestock  [Jirrigation | Water
_Watering Supply Watering : Supply
™S M M s S
SOa M M
As s s
Ba S S S S
Mo M S S
Se M M M M M M
v S S
Ra-226 | M M M S S S
e

NOTE: A constituent affecting a water use is considered major if the median
concentration exceeds the most sensitive criterion or standard given in Table 9.1
for a specific use (i.e., measured levels normally exceed the criterion). A
constituent is considered secondary if the median meets, but the maximum
exceeds the most sensitive criterion or standard for a specn‘lc use (i.e., whnfe
measured levels normally meet the criterion, exceedances are found)

."-\
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supplies or, in the Ambrosia Lake district where total dissolved solids concentrations -
are higher, forirrigation. Further, a compliance evaluation of total dissolved solids
and sulfate in relation to irrigation use would need to consider individual ions, soils,
crops, and acceptable yields, As mentioned earlier, radium-226 decreases as waters
flow downstream from adsorption and co-precipitation and deposition, but may be
resuspended. Selenium and molybdenum, however, remain soluble and thus
continue to affect water use downstream as well as at the point of discharge.

Most radionuclides in treated minewaters are well below the maximum permissible
concentrations (MPCs) for releases to unrestricted areas except for radium-226
(Table 9.12). While the MPCs apply only to state-licensed facilities and not to
treated minewaters, here again MPCsserve as a useful basis for comparison.
Radium-226 concentrations are normally below its MPC, but maximum levels exceed
the MPC by almost three and seven times in the Church Rock and Ambrosia Lake
mining districts, respectively. The maximum levels reflect poor operation of
treatment systems. The only other radionuclide present in significant amountsin
relation to its MPCis lead-210 in the Ambrosia Lake district. The median and
maximum measured concentrations are 1/7 and 1/3 the MPC, respectively. Both
radium-226 and lead-210 are usually lost from by becoming sediment-bound and

‘deposited on stream bottoms, but may later be resuspended. -

Animals exposed to Puerco River water tend to have higherconcentrations of
radionuclides in their tissues than control animals (Ruttenber and others, 1980).
Evidence suggests that observed radionuclide concentrations have resulted from
prolonged ingestion of contaminants predominantly derived from mine dewatering
effluents and native soils. A separate EID study (Lapham and Millard, 1983) is
intended to examine livestock throughout the Grants Mineral Belt and to quantify
the risk to people who eat these animals.

While no current health standard for uranium was exceeded in treated minewaters,
recent data suggest that chemical and radiological toxicities for uranium have been
substantially underestimated. The New Mexico Ground Water Regulations standard
of 5.0 mg/l was established for chemical toxicity, and the MPC for releasesto
unrestricted areas, equivalent to 44.3 mg/l, is based on radiotoxicity. In contrast,
suggested maximum daily limits for potable water, developed from recent data by
the U.S. Environmental Protection Agency (1983), are 0.21 mg/t and 0.015 mg/l
based on chemical toxicity and radiotoxicity, respectively. If these more stringent
limits are used for comparison, virtually none of the effluent affected waters would
be considered suitable for potable water without further treatment.

9.6 IMPACT OF MINEWATER DISCHARGES ON GROUND WATER QUALITY

Dewatering effluents have infilterated shallow alluvial aguifers to such an extent
that ground waters along San Mateo Creek downstream from the Ambrosia Lake
mining district to the Otero well cluster and in localized areas along the Puerco

River downstream from the Church Rock mining district now have a strong chemical -
resemblance to treated minewaters. Comparison of mean values for five wells

along San Mateo Creek and two wells on the Puerco River determined to be

affected by minewaters with use criteria and standards indicates that only
molybdenum, selenium, and perhaps gross alpha are currently found in high

enough concentrations to raise concerns about the suitability of shallow ground
waters for livestock watering, irrigation, and domestic water supply uses {Table

8.13). Concentrations of other constituents are well below use criteria and
standards.
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TABLE 9.12. Comparison of Total Radioactivity in Minewater Discharges with Maximum

Permissible Concentrations for Releases to Unrestricted Areas. All concentrations

in pCi/l.
AMBROSIA LAKE CHURCH ROCK MAXIMUM
MINING DISTRICT MINING DISTRICT | PERMISSIBLE
RADIONUCLIDES 3 | CONCENTRATIONz
Median Maximum | Median Maximum
Pb-210 14t5 336 |- 10£2b 100
Po-210 11204 14t2 |98%7.4 1545 7'oo_
Ra-226 6.4+12 200%10 |2.0+0.2 89+5 30
Ra-228 0%2 02 |- 0t2b _ 30
Th-228 <01 <03 |- <026 |-77,000
Th-230 07£02  40%05| 3.9£0.50 | 2,000
Th-232 <0.1 <01 |- <0.2b 2,000
1,060 2,030 |724 1,220 30,000

U-naturalc

a Maximum permissible concentrations are from Table Il of Appendix A to Part 4 of the New
Mexico Radiation Regulations (NM EID, 1980). The concentrations are not applicable to
treated minewaters and are used only for comparison.

b Only two samples were analyzed for this radionuclide in the Church Rock mining distfict. _

¢ Uranium radioactivity was calculated from total concentrations in mg/l by using the
conversion facor, 1.0 mg/l equals 677 pCi/l. _
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1ADLE Z.10.

iviean Loncentrauons ot Ground wWater Constituents Exceeding Use Criteria

and Standards.

MOLYBDENUM SELENIUM GROSS ALPHA
WELL| Mean Affected | Mean Affected Mean Affected

Concentra- Use Concentra- Use Concentra- Use

tions tions tions

(mg/l) (mg/l) (pCi/)

San Mateo Creek
SAN-1 0.018 DWS 184 £ 38 LW, DWS
SAN-2 0.018 DWS 209 £ 69 LW, DWS
OTE-1 0.381 IRR 0.080 LW, IRR, DWS
OTE-2 0.261 IRR - 0.072 LW, IRR, DWS
OTE-4 0.102 LW, IRR, DWS
Puerco River

CON-3 0.170 "IRR" 0.011 DWS
NOTE:

The following use criteria and standards were used in preparing the table:

LW (livestock watering)

Se. 0.05 mg/! NAS/NAE (1972)
Gross alpha 15 pCi/l NAS/NAE (1972)
IRR (irrigation)
Mo 0.150 mg/I The Molybdenum Project (Vleck and
Se 0.02 mg/l Lindsay, 1977)

DWS (domestic water supply)

Se

Gross alpha

0.01 mg#)

15 pCi/l (except for
uranium and radon)

NAS/NAE (1972)

New Mexico Water Supply Regulations
(NM EIB, 1977)

New Mexico Water Supply Regulatlons
(NM EIB, 1977)
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Selenium is the major constituent affecting the suitability of ground water for
present and future use. The most sensitive use is domestic water supply; the least
sensitive, livestock watering. Selenium concentrations in all five wells along San ‘
Mateo Creek and in one of the two wells (CON-3) on the Puerco River exceed the
standard for publicwater supplies in the New Mexico Water Supply Regulations.
The mean for CON-3, though, is essentially at the level of the standard. In addition,
the three wells located farthest downstream on the San Mateo have selenium
concentrations well above use criteria and thus are not suitable for livestock
watering and irrigation. The molybdenum criterion for irrigation is exceeded at
two wells in the Otero cluster along San Mateo Creek and at CON-3 on the Puerco
River.

Gross alpha particle activity is generally elevated in ground waters influenced by
dewatering effluents, but this increase is usually the result of natural uranium and
thus does not constitute an exceedance of the livestock watering criterion and
public water supply standard of 15 pCi/l. Only SAN-1 and SAN-2 had excess gross
‘alpha activities of 34 and 39 pCi/l, respectively, not accounted for by natural
uranium levels. Because of the difficulties involved in measuring gross alpha
particle activity accurately and resulting errors associated with such measurements,
these excess levels may be artifacts. _

Comparison of ground water quality with use criteria and standards raises definite
concerns about shallow alluvial aquifers along San Mateo Creek. The suitability of

these ground waters for future use has already been affected. Unfortunately,

sufficient data are not available to examine trends and to make predictions on B
future water quality. : ‘ : (

Conclusions on ground waters along the Rio Puerco are notso clear-cut. The C '
alluvium along the Rio Puerco is less permeable than along San Mateo Creek with

the results that affected areas are more localized. Further, effects of the UNC

tailings spills in local areas on the shallow aquifer has obscured possible effects

related to dewatering. The levels of selenium and molybdenum, however, in

CON-3, while lower than levels in wells along San Mateo Creek, indicate that there

is a potential for sufficient degradation of ground water along the Puerco River to

affect future water uses. :

No current health standard for uranium is exceeded in alluvial ground waters. If the
more stringent suggested limits discussed in section 9.5 are used for comparison,
however, virtually none of the minewater affected ground waters would be .
suitable for potable water without further treatment. Because elevated levels of
uranium may persist in alluvial aquifers for a decades, this treatment would have to
be sustained for long period of time.
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X. LEGAL AND REGULATORY MECHANISMS

Uranium mine operations in-New Mexico are subject or potentially subject to a
number of federal and state laws and regulations. No single statute addresses all
significant water quality impacts resulting from uranium mining. Therefore, in
order to deal with the major water pollution problems discussed in this report, the
full range of currently and potentially applicable laws and regulations is evaluated
in order to determine the most effective means of control. '

Applicable water pollution control statutes are the federal Clean Water Act and the
New Mexico Water Quality Act. Otherstatutes that bear less directly on water
quality, but are relevant to the overall effort to protect water resources are the New
Mexico Radiation Protection Act, the New Mexico Abandoned Mine Reclamation
Act, the federal Resource Conservation and Recovery Act, and the federal
Comprehensive Environmental Response, Compensation and Liability Act.

10.1. CLEAN WATER ACT

The Clean Water Actis the cornerstone of federal water pollution control programs.
-The objective of the Act as stated in Section 101(a) is ”... to restore and maintain the
chemical, physical, and biological integrity of the Nation’s waters.” Among the
national goals established by the Act to achieve this objective are elimination of the
discharge of pollutantsinto navigable waters and prohibition of the discharge of
toxic pollutants in toxic amounts (Sections 101(a)(1) and (3)).

Section 402 of the Act establishes the National Pollutant Discharge Elimination
System (NPDES), to regulate discharges of pollutants into navigable waters through
a permit program. Under Section 502(7) "navigable waters” are defined as "waters
of the United States, including the territorial seas.” The courts have broadly
construed "navigable waters” to mean not only perennial rivers but also their
tributaries, including intermittent streams flowing through normally dry arroyos.

NPDES permits for discharges in New Mexico are issued by the EPA Region VI office
in Dallas, Texas. -

To implement the NPDES permit program, the EPA establishes effluent limitation

guidelines for various categories of discharges. These serve as a basis for effluent

- limitations in specific NPDES permits. The effluent limitations guidelines specify
both the pollutants and the allowable discharge concentrations or loads for a type

of discharge. «

Under the program, uranium mines are classed as part of the ore mining and
dressing point source category. Effluentlimitation guidelines, published in 40 CFR

Part 440, have been established for the following constitutents of uranium mine
discharges: A '

total suspended solids
chemical oxygen demand
uranium

zinc ~

total radium-22
dissolved radium-226

pH
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While effluent limitation guidelines normally serve as the permit conditions, NPDES
permits can be made more stringent than the guidelines as a consequence either of
a case-specific analysis by the EPA or of more stringent permit conditions imposed
through state certification. Section 401 of the Act requires the EPA to include
effluent limitations, other limitations, and monitoring requirements certified by a
state as necessary to meet Clean Water Act requirements and state law, regulations,
and standards in a permit. In New Mexico, NPDES permits are certified by the EID as
part of its responsibilites delegated by the New Mexico Water Quality Control
Commission (WQCC). As a result of state certification, NPDES permits for uranium
mines in New Mexico include monitoring and reporting requirements, but do not
specify numeric limitations, for the following parameters:

barium
manganese
molybdenum
selenium
vanadium
lead-210
polonium-210

NPDES permit conditions for uranium minewater discharges in the Grants Mineral
Belt are summarized in Table 10.1. The NPDES permit for Gulf Mineral
Resources/Mt. Taylor does not include all the normal monitoring and reporting
requirements because the omitted parameters are being regulated under the state
Ground Water Regulations.

In practice, the NPDES permit program has not proved to be an effective means to
regulate minewater discharges. Almost all NPDES permits issued to.uranium mines
in New Mexico have been legally challenged by the mine operators. Until these
cases are finally resolved by the courts, NPDES regulations preclude EPA from taking
enforcement action against the contesting permittees.

The mine operators have asserted that the EPA lacks jurisdiction because they are
discharging into ephemeral streams which, they contend, are not "navigable
waters” within the meaning of the Clean Water Act. This jurisdictional challenge
has been rejected by every court decision thus far. In fact, in June, 1985, the U S.
Court of Appeals for the Tenth Circuit upheld an EPA administrative ruling affecting
the Homestake Mining Company mines and the Kerr-McGee (Quivira Mining
Company) Ambrosia Lake and Lee mines. Inthe August 5, 1983, order, EPA ruled
that San Mateo Creek and Arroyo del Puerto can be considered waters of the United
States that are subject to EPA regulation because a surface connection can exist
between them and navigable waters during intense rainfalls. On January 13, 1986
the U.S. Supreme Court announced it would not review the Court of Appeals
decision, thus indirectly upholding the decision. The Homestake Mining Company
permit was stayed, and thus remained unenforceable, from 1972 through 1985.

10.2. NEW MEXICO WATER' QUALITY ACT

In 1967 the New Mexico Legislature enacted the Water Quality Act. This Act created
the WQCC and authorized the Commission to “adopt water quality standards as a
quide to water pollution control” and also “adopt, promulgate and publish
regulations to prevent or abate water pollution’in the state.” The Act defines water
to include “water situated wholly or partly within or bordering upon the state,
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TABLE 101 NPDES Permit Conditions (or Uranium Minewater Discharges. An asterisk indicates that while the permit does not
specify a numeric limitation, monitoring and reporting are required.
c < T u SIcEC o] o
p 5 E S g2% 52 S|z
URANIUM MINEWATER DISCHARGE ¥ ks -~ E <= . 5 |w - EQ g ol
(NPDES PERMIT NUMBER) 22128 55 o~ ~a 9 T %5 m— "1y '
; = = L M~ Lt—~E E L] + 0o - O O P P g O Q = wl =
Eowilzx 877 & S Y T IEEZS SRS N B
o = X 0o E-—wv o L 1 [ ' ] [T | ] v o O
w O —~ @ " O ) = ] U O @® ¢+ O o = = O X —
a O - T - O e | ~N o o X X U > A a (=% =~ 2]
Ambrosia Lake Mining District

Guli Mineral Resources/Mt. Taylar Daily Ave. y 20 100 20 - 05 10 3 oo 6.0- WNO

(NM0028100) Daily Max. * * 30 200 40 1.0 30 10 £ 9.0

Homestake Minianompany' Daily Ave. * 20 t00 20 0.5 10 3 *ooro x4 % 16.6-
(NM0020389) DailyMax. {* * 30 200 40 1.0 30 10 R X No
Kerr-McGee (Quivira)/Ambrosia Lake! Daily Ave. * 20 100 20 X 10 3 v o 0 % 160 Yes
(NM0020532) Daily Max. * * 30 200 40 1.0 30 10 Lo b X 1] Yes
Kerr-McGee (Quivira)/Lee Mine ! Daily Ave. * % 20 100 2.0 0.5 100 3.0 #oox 8 8 & » 60 Yes

1 N
(NM0028207) Daily Max. * * 30200 40 1.0 300 wo} * *» *» * * *» * 190
Church Rock Mining District

Kerr-McGee {(Quivira)/Church Rock Daily Ave. . 20 100 20 0.5 10 3 # 4 o+ w x & A60- ] * Yes
1 (NM002524) DailyMax. f{+ * 30200 40 1.0 30 10 s 0 ox s w90 | *  Jves
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whether surface or subsurface, public or private except private waters that do not
combine with other surface or subsurface water.”

The WQCC has determined that the federal NPDES permit program should be the
primary mechanism for controlling discharges of pollutants to surface watersin the
state. Consequently, state Regulations for Discharges to Surface Waters, Part 2 of
the Commission regulations (NM WQCC, 1984), include a mechanism to prevent
dual regulation of NPDES permittees. Discharge limitations contained in these
regulations are not applicable to an NPDES permittee unless the permittee has
received written notification from the EPA of a violation and the violation has not
been corrected within thirty days of receipt of the notice.

The Regulations for Discharges to Surface Waters, however, are not an effective.
means of regulating uranium minewater discharges even after the applicability
provisions of EPA notification and non-correction of violations have been satisfied.
The regulations need to be amended to include numeric discharge limitations for

additional parameters. Currently, the regulations specify discharge limitations only
for the following parameters:

biochemical oxygen demand
chemical oxygen demand
fecal coliform bacteria -
settleable solids

pH

Of this list, only two (chemical oxygen demand and pH) are among the seven
.constituents of uranium minewater discharges with NPDES effluent limitation
guidelines. The state regulations do not address any of the constituents for-which
monitoring and reporting is-being required through state NPDES certification.

In its state certification of NPDES permits for uranium minewater discharges, the EID
has used the general standards, Section 1-102 of the state surface water quality
standards (NM WQCC, 1985), to incorporate conditions on monitoring and
reporting and, when appropriate, on salinity into the permits. The general
standards apply to all surface waters of the state which are “suitable for recreation
and support of desirable aquatic life presently common in New Mexico waters”.
Among the contaminants addressed by the general standards are toxicsubstances:

and radioactivity (sections 1-102.F. and G.). The standard for toxic substances
specifies that: _

Toxicsubstances... shall not be presentin receiving waters in concentrations
which will change the ecology of receiving waters to an extent detrimental to

man or-other organisms of direct or indirect commercial, recreational, or
aesthetic value. :

Under the standard, toxic concentrations are determined by appropriate bioassay
techniques or by other accepted means, which may include use of established water
quality criteria. Radioactivity is to “be maintained at the lowest practical level and
in no case is to exceed” the numeric maximum permissible concentrations of the.
New Mexico Radiation Protection Regulations (NM EID, 1980).

The applicability of the general standards to ephemerzl watercourses has been
challenged. The uranium mine operators contend the stream standards do not
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apply because the watercoursés to which they discharge do not suppdrt desirable
aquatic life. .

The EID has used the state Ground Water Regulations, Part 3 of the WQCC
regulations, to regulate uranium minewater discharges, because the discharged
constituents may move into ground water downstream from the discharge point.
The regulations expressly exempt constituents covered by an effective and
enforceable NPDES permitin order to avoid dual state and federal regulations. The .
regulations may be applied, however, to those constituents of a uranium
minewater not covered by the NPDES for the discharge. The regulations may also
be applied to all constituents of a discharge where the NPDES permit is stayed
because of a legal challenge and thus is neither effective nor enforceable.
Nevertheless, the Ground Water Regulations are designed specifically to protect
ground water quality and the regulatory design places limitations on the
effectiveness of these regulations for protecting surface water quality.

The state Ground Water Regulations establish numeric standards for the protection
of ground water quality for present and potential use as agricultural and domestic
water supply. The regulations require that a discharger demonstrate in a discharge
plan that the discharger will not cause these standards to be violated in ground
water at any place of present or foreseeable future use. Where ground water
quality already exceeds a numeric standard, the ambient concentration of the
constituent becomes the standard. : ‘

The design of the Ground Water Regulations makes the standards a measure of
ground water quality and notdischarge limitations. If adischarge plan can
demonstrate that physio-chemical conditions will result in-a constituent meeting its
standard at any place of present or foreseeable future use of ground water, a
discharger may release effluents with concentrations of a constituent in excess of its
standard and still comply with the regulations.

The Ground Water Regulations have been used to regulate minewater discharges to
surface watercourses at the Phillips Uranium Corporation Nose Rock mine and the
Kerr-McGee Corporation (Quivira Mining Company) Lee mine because the NPDES
permits were stayed because of legal challenges. In both cases the mine operators
elected to comply with regulatory requirements by specifying that the mine
‘dewatering effluents should meet the ground water standards at the point of
discharge. The discussion in Chapter 8 of existing degradation of ground water by -
mine dewatering effluents and of physico-chemical attenuation mechanisms make
it evident that dewatering effluents of much poorer quality than the ground water
standards would still not result in violations of the standards for most constituents
at any place of present or foreseeable future withdrawal. The exceptions are those
constituents, such as selenium, which are notreduced in concentration by
attenuation mechanisms. ' '

With regard to the regulation of mine uranium waste piles, the regulatory provision
of greatest potential significance is Section 2-201 of the Regulations for Discharges
to Surface Waters. This section, titled ‘Disposal of Refuse’, states:

No person shall dispose of any refuse into a watercourse orin a location and

manner where there is a reasonable probability that the refuse will be moved
into a natural watercourse by leaching or otherwise. :
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- Under Section 1-101.00 of the WQCC regulations, “refuse” includes “all .
unwholesome material”. There is precedent for defining mine and mill tailings as
refuse. EID has used this requlatory provision to require removal of spilled copper
tailings and molybdenum tailings from watercourses. This provision should also
cover pond treatment sludges, which have high levels of radium-226.

The language of Section 2-201 clearly negates any argument that the refuse must
have actually entered a watercourse before a violation occurs. The EID may require
corrective action where.there is a definitive likelihood that refuse will enter the
watercourse at some future time and such action may be taken where the refuse is
mine wastes, as well as in the case of other "unwholesome materials”.

Leachate that results from the direct natural infiltration of precipitation through
uranium mine wastes may be subject to regulation by the Ground Water
Regulations if a hazard to public health exists. Results of leaching tests conducted
for this study, however, suggest that the leachate would not be hazardous to public
health and thus would be exempted from the discharge plan requirement.

10.3. NEW MEXICO RADIATION PROTECTION ACT

The New Mexico Radiation Protection Act was passed by the New Mexico
Legislature in 1971. The Act empowers the New Mexico Environmental
Improvement Board (EIB) to develop regulations for governing the health and
environmental aspects of radiation. It authorizes regulation of all persons who
receive, possess, use, transfer, or acquire any source of radiation, except where

regulated by another agency or where the source is specifically exempted-from
-these regulations..

The Radiation Protection Regulations promulgated by the Board (NM EID, 1980)
establish rules for the transportation storage, handling, and disposal of a variety of
radioactive materials. Among the materials licensed are the “wastes produced by
the extraction or concentration of uranium or thorium from any ore processed
primarily forits source material content” (Section 1-102.G.). Wastes produced by

milling (i.e., mill tailings) or by ion-exchange recovery facilities are thus covered by
the regulations.

Uranium mining wastes (i.e., mine spoils piles), on the other hand, are not covered - -
by the Radiation Protection Regulations. In fact, Section 3-110.B. specifically
exempts “unrefined and unprocessed ore” from regulation. Nonetheless, this
exemption is not required by the New Mexico Radiation Protection Act. The Act
merely provides that the Act “shall not apply to mining [or] extraction of radioactive
ores or uranium concentrates that are requlated by the United States Bureau of
Mines or any federal or state agency having authority uniess the authority is ceded
by such agency to the board” (Section 74-3-10.c. NMSA 1978 [emphasis added]). To
date, no federal or state-agency regulates mine wastes in New Mexico.
Consequently, the EIB is free to regulate mine wastes, should the EIB see fit to
amend its regulations accordingly.

10.4. NEW MEXICO ABANDONED MINE RECLAMATION ACT

The New Mexico Abandoned Mine Reclamation Act establishes a state program to
promote the reclamation of mined areas pursuantto Title 4 of the federal Surface
Mining Control and Reclamation Act. To qualify, the mined areas must have been
left without adequate reclamation priorto the enactment of the federal statute.
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Further, in their present, unreclaimed state, the mined areas must continue to

- substantially degrade the quality of the environment, prevent or damage the

beneficial use of land or water resources, or endanger the health or safety of the ,

- public. Fundsreceived by New Mexico pursuant to Title 4 of the federal statute are .
placed in the Abandoned Mine Reclamation Fund, a special purpose fund created by

the Abandoned Mine Reclamation Act.

While both state and federal acts have the primary purpose of providing for
reclamation of coal mines, both acts do authorize reclamation expenditures for

mines other than coal mines under certain conditions. Mirroring provisions of the
federal statute, the New Mexico Abandoned Mine Reclamation Act states that

“voids and open and abandoned tunnels, shafts and entryways resulting from any
previous mining operation constitute a hazard to the public health or safety and...
surface impacts of any underground or surface mining operations may degrade the
environment” (Section 69-25B-6.B NMSA 1978 [emphasis added]).- Upon prior

approval by the Governor and the United States Secretary of the Interior,. the

director of the Mining and Minerals Division of the New Mexico Energy-and

Minerals Departmentis authorized to use the Abandoned Mine Reclamation Fund

to correct structural and physical hazards and to reclaim surface impacts that could
endanger life and property, constitute a hazard to public health and safety, or

degrade the environment. Thus, the Abandoned Mine Reclamation Act allows
expenditures of the Abandoned Mine Reclamation Fund for non-coal-mining
reclamation, including uranium mine reclamation. It should be noted that the

federal statute only allows thie Secretary of the Interior to approve ién-coal-mining
reclamation where a request is made by the governor of a state and ali coal-related
reclamation has been completed in the state except when the requestéd non-coal-
mining reclamation is related to the protection of public health and safety. : !

10.5. RESOURCE CONSERVATION AND RECOVERY ACT

A potentially significant statute for the regulation of solid wastes and sludges
generated at uranium mines, is the Resource Conservation and Recovery Act (RCRA).
The 1976 passage of RCRA by the U.S. Congress established a comprehensive
framewaork for the management of municipal solid wastes and hazardous wastes.
For this assessment, the most relevant feature of the Act is the Subtitle C program,
which governs hazardous waste management. The most significant aspect of
Subtitle Cis an elaborate hazardous waste management program which guides the
treatment, storage, and disposal of hazardous waste from “cradle to grave”. This
program has been delegated to the EID by the EPA and is governed by the New
Mexico Hazardous Waste Management Regulations (NM EIB, 1984), which are
equivalent to the RCRA regulations promulgated by the EPA. Under the
memorandum of understanding between the EPA and the EID, the state regulations
must be revised to conform when federal RCRA regulations are revised by the EPA.

In 1981 the U.S. Congress amended RCRA so as to suspend RCRA regulation of mine

wastes (including uranium-mine wastes) pending completion of a study by the EPA

to determine whether mine wastes should be dealt with as other "hazardous

wastes” are under RCRA. That EPA study (U.S. EPA, 1985) was recently submitted to

Congress with preliminary recommendations on RCRA regulation of mining wastes.
' A recommendation whether to regulate uranium mine wastes has not been reached

by EPA.. The Agency is concerned that radioactive wastes may pose a-threatto.. ... .
human health and the environment, but it does not have enough information to
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conclude that they do. EPA will continue to gather information to determine
whether these wastes should be regulated by RCRA.

In the event that the EPA concludes that mine wastes should be covered by RCRA
hazardous waste management regulations, some pre-1981 EPA actions suggest
what may be expected from the EPA in regard to uranium mine waste regulation.

In 1978 the EPA proposed that uranium mine wastes containing radlum 226
concentrations greater than 5 pCi/g be listed as "hazardous wastes” under RCRA. At
the same time the EPA also proposed special waste standards for the treatment,

storage, and disposal of overburden and waste rock (see 43 Fed. Reg. 58946-59028,
Dec. 18, 1978).

10.6. COMPREHENSIVE ENVIRONMENTAL RESPONSE, COMPENSATION AND
LIABILITY ACT

The Comprehenswe Environmental Response, Compensation and Liability Act
(CERCLA), signed into law in 1980, allows the federal government to respond to
threats from uncontrolled abandoned or inactive hazardous waste sites. More
specifically, CERCLA is designed for the cleanup of existing or potential
contamination problems resulting from improper waste disposal practices which

may present an imminent and substantial danger to public health or to the
environment.

The remedial measures carried out by the federal government under CERCLA are
financed by the Hazardous Substance Response Trust Fund, commonly referred to as
“Superfund”. Most of the Trust Fund (86.2 percent) is provided by industry through
taxes, with the remaining portion appropriated from general revenues.

The guiding policy for the use of the Trust Fund is provided by CERCLA itself. In
cases where the responsibility for wastes causing contamination can be traced to
private parties with financial resources, CERCLA requires that the financial
responsibility for cleanup be placed on those companies. Thisrequirement helps
assure that the Superfund will be available to clean up as many sites as possible
where no solvent responsible party can be found. .

. Before asite is considered for Superfund action, each site must be quantitatively
evaluated forrelative ranking on the National Priorities List. Factors considered in
the evaluation are the following: the population at risk, the hazard potential of
hazardous substances at the facility, the potential for contamination of drinking-
water supplies, the potential for direct human contact, and the potential for
destruction of sensitive ecosystems. The CERCLA list of hazardous constituents
includes a general radiation standard which may apply to uranium mine waste. The
relative rankings of many sites in the Grants Mineral Belt, however, may be low due
to sparse populationsin the vicinity of uranium mining areas.
CERCLA additionally provides the EPA with authority to take enforcement actions
against owners of sites not on the National Priorities List in order to compel the
owners to clean up the sites. Moreover, CERCLA authorizes suits by a state against a
site owner to recover response costs and damages-to natural resources whether or
not a site is on the National Priorities Lists.
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Xl. RECOMMENDED ACTIONS

The analysis of water quality impacts of uranium mining presented in this report
reveals three major water quality concerns that require administrative, regulatory,
or court action. Comparison of the results of the regional assessment with '
established criteria and standards indicates that discharge of mine dewatering
effluents into surface watercourses and runoff from uranium mine waste piles are
major water quality concerns. In addition, the sludges generated by treatment of
minewaters have high levels of radium-226 and other radionuclides; the potential
for these to be introduced into watercourses is a major concern. The relationship of
these water quality concerns to the various administrative, regulatory, and judicial
mechanisms discussed previously is depicted in Figure 11.1. Specific
recommendations are discussed below.

11.1. CONTROL OF MINE DEWATERING EFFLUENTS

11.1.1. Background

Comparison with established use criteria and standards indicates that the quality of
uranium mine dewatering effluents is not consistent with the existing use of these
discharged minewaters for livestock watering and irrigation, or for their potential
use for domestic water supply. This conclusion applies to both Ambrosia Lake and
Church Rock Mining Districts, despite significant differences in water quality
between the two districts. The constituents that most often affect the suitability of-
the effluents are selenium, molybdenum, radium-226, sulfate, and total dissolved
solids. Concentrations of arsenic, barium, and vanadium may also exceed criteria
and standards (see section 9.6).

The overview of regulatory mechanisms indicates that there are three mechanisms
currently available for regulation of the discharge of mine dewatering effluents
into surface watercourses: the NPDES permit program, the New Mexico Regulations
for Discharges to Surface Waters, and the New Mexico Ground Water Regulations.
The WQCC has determined that the NPDES permit program should be the primary
avenue for controlling discharges of pollutants to surface watercourses.

Of the eight constituents listed above as affecting the suitability of dewatering
effluents for livestock watering, irrigation, and domestic water supply, only radium-
226 is among the constituents of uranium minewater discharges with established
NPDES effluent guidelines. While radium-226 is representad twice (both as total
and as dissolved) among the seven constituents having NPDES effluent guidelines,
the numeric effluent quidelines for radium-226 reflect radium-removal technology
and may therefore not be sufficiently stringent for resultant in-stream flows to
meet criteria and standards applicable to water uses in the Grants Mineral Belt. As
was mentioned previously in the regulatory cverview, numeric effluent guidelines
may be made more stringent and the parameter coverage broadened for uranium
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FIGURE 11.1.  Legal and Regulatsry Mechanisms for Controlling Major Water Quality Contaminants.
Solid line indicates a currently applicable mechanism; dashed line indicates a
potentially applicable mechanism.
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minewater discharges in New Mexico as the result of case-specific analysis by the
EPA or state certification by the EID. .

Significant drawbacks currently exist, however, to the reliance on the NPDES permit
program to regulate dewatering effluents. First, slightly more than one-fourth of
the NPDES permits for uranium minewater discharges are under adjudication and
hence, under EPA regulations, are not enforced. As noted earlier, one permit has
been under adjudication for 13 years. Secondly, permits for new discharges are
subject to the same legal challenge.

The New Mexico Regulations for Discharge to Surface Waters do not serve as an
effective state alternative to the NPDES permit program for regulation of uranium
minewater discharges for several reasons. First, a discharger with an NPDES permit
is not subject to the state regulations until 30 days after the discharger has received
notification of noncompliance from the EPA, provided that the discharge still
remains noncompliant with permit conditions after the 30-day period. Ofthe 11
NPDES permits for uranium mine discharges, however, only seven are enforceable
under EPA regulations. The remaining four are stayed pending resolution of
adjudication. Further, the state regulations do notinclude discharge limitations for
any trace element or radionuclide. In fact, of the seven constituents of minewater
discharges for which the EPA has established numeric effluent guidelines, only two
(chemical oxygen demand and pH) have discharge limitations in the state
regulations. These discharge limitations are generally similar to, but not the same
as, numeric effluent limitation for NPDES permits for uranium mine discharges (e.g.,
the state COD limitations of less than 125 mg/l compares to an NPDES daily average
of 100 mg/l; and the state pHrange is between 6.6 and 8.6, while the NPDES has pH
ranges of 6.6 to 8.6 and 6.0 to 9.0, depending upon the.specific permit).

The New Mexico Ground Water Regulations are designed to protect ground water
quality for present and potential use as agricultural and domestic water supply. As
was discussed earlier in this chapter, these regulations are not designed to protect

surface water quality and therefore are not an effective means of regulating
surface water quality.

The environmental consequences, however, of the currentlack of effective
regulation mine dewatering effluents are not so serious as they potentially could
be. Some companies, while contesting their permits, have treated their minewaters -
so that discharges generally meet NPDES permit requirements. More importantly,
since 1980 the uranium industry in New Mexico has experienced a major decline
thatis expected to continue for an indefinite period. The resultis that of the 11
'uranium mines with NPDES permits, seven have ceased discharging. Of the
remaining four, two still have permits under adjudication. Nevertheless, the
information presented in ChaptersiV and Vi clearly documents the impairment of
water resources that occurred prior to 1980 and could resume if the industry revives
while water pollution controls remain ineffective.

11.1.2. Recommendations

1. The EID should coordinate with the EPA so that new or renewal NPDES permits
foruranium mine dewatering effluents in New Mexico include numeric effluent
limitations for radium-226 and other parameters reiated to downstream uses of
these waters. Factorsto be considered in the development of these effluent
limitations are present water uses, likelihood of future uses, and technology
available for water treatment. Ata minimum, the quality of the effluent should
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meet the requirements specified in the "Hazardous Substances” and
"Radioactivity” (1-102.G.) portions of Water Quality Standards for Interstate and
Intrastate streams in New Mexico (WQCC, 1985). Such effluent limitations may
be included in permits through state certification by the EID or case-specific
analysis by the EPA. ‘ -

2. The New Mexico Regulations for Discharges to Surface Waters should be
substantially amended to serve as an effective means of regulating uranium
mine dewatering effluents and other discharges to surface watercourses. .
Amendments should include comprehensive numeric discharge limits not only
for those chemical constituents requlated by NPDES, but for other constituents

" necessary to protect water quality for agricultural or domestic use.

11.2. CONTROL OF RUNOFF FROM MINE WASTE PILES

11.21 Background

The extensive survey by Anderson (1980) provides a basis for estimating that 10 to
20 percent of all abandoned uranium mines and a few large active mines have
waste piles that are eroding directly into surface drainage channels. Data
developed for this report indicate that sediment carried by runoff from waste piles
into surface watercourses has high levels of trace elements and radioactivity
associated with it. Contaminated sediments are particularly evident in arroyos and
drainage channels in close proximity to spoils piles. These sediments undergo
recurring cycles of deposition on stream bottoms, resuspension, and transport
further downstream. Eventualily sediments from mine waste piles become so mixed.
and diluted with other sediments that they cannot be chemically differentiated on
the basis of trace element and radioactivity levels. Nevertheless, these sediments do
increase the total load of trace elements and radioactivity in affected drainages.

Moreover, turbid stream flows may be ingested by livestock. Levels of arsenic,
cadmium, lead, selenium, vanadium, gross alpha particle activity, and radium-226
associated with mine waste pile runoff are not consistent with livestock watering.

Technical means for dealing with uranium mine waste piles, either by surface
stabilization or by mine stope backfilling, are well known (e.g., EPA, 1973b;
‘Maryland Department of Natural Resources 1983; New Mexico Coal Surface Mining
Commission 1980; and Longmire 1985. Engineering options include backfill of
abandoned mine workings with waste rock and low-grade ore; contouring waste
piles to aslightly convex configuration; construction of berms upslope and
downslope of the wastes to minimize runoff; and use of large boulders and waste
rock to armor the contoured waste pile. Some Indian tribes and federal agencies
(e.g., USDA Forest Service) do require contouring and stabilization of mine waste
piles and disturbed mine sites, but those actions have affected only a few sites.

The economicimpact of stabilization or removal of mine wastes is believed to be
minor when prorated over the life of a mine. Relative to other uranium industry
operations, the volume of potentially hazardous waste generated by uranium mines

in New Mexico is quite low. ‘ ’

Legal mechanisms currently available for control of waste pile runoff include state
regulations, the Abandoned Mine Reclamation Fund, and provisions of CERCLA.

* The provision in the WQCC regulations ondisposal of refuse dlready has precedent
for use as a-means of requiring mine tailings stabilization. The New Mexico Ground
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Water Regulations can be used to regulate leachates from mine waste piles that
affect ground water quality, should a hazard to public health exist. However, the

results of leaching tests conducted for this study suggest such conditions are this is
unlikely. '

The Abandoned Mine Reclamation Fund, while primarily intended for coal
reclamation, can be used for non-coal-mining reclamation under special
circumstances. Use of the fund for reclamation of uranium mine waste piles
requires concurrence between the New Mexico Energy and Minerals Department,
the Governor, and the U.S. Secretary of the Interior. In addition, use of the Fund is
subject to federal statutory provisions that all coal-mining reclamation needsin the
state have been addressed or, alternatively, that there are over-riding public health
or safety considerations that justify dealing with non-coal-mining reclamation
before coal-mining reclamation needs are met.

Superfundcleanup under CERCLA may potentially be useful for control of runoff
from abandoned or inactive waste piles, but its availability will depend upon site-
specific rankings of piles on the National Priorities List. Two other provisions of
CERCLA, however, have definite potential for control of mine waste runoff. These
are the authority given to the EPA to compel owners to clean up sites not on the

National Priorities List, and the authorization of state suits to recover response costs
and damages to natural resources.

In addition, the New Mexico Radiation Protection Regulations and RCRA are
potential regulatory mechanisms for control of mine waste runoff. The former
requires a decision by the EIB to amend these state regulations to extend their’

applicability to mine wastes. The latter requires acompletion of a study by the EPA
on uranium mine wastes. -

11.2.2 Recommendations

1. Theremoval orstabilization of the largest uranium mine waste piles eroding
directly into surface drainages should be pursued. Priority sites should include
the Old San Mateo Mine near San Mateo Creek and the Jackpile-Paguate mine

areas along the Rio Paguate. Technical criteria for stabilization or removal
should be based on individual site conditions.

a. The EID should require removal or stabilization actions based upon the
provision of the WQCC regulations on Disposal of Refuse. Should the
provision not be useful, the EID should then pursue reclamation through
other available means. Such meansinclude Superfund cleanup, EPA
enforcement actions under CERCLA, and state-funded cleanup accompanied

- by state suits to recover cleanup costs and environmental damages. '

b. Where removal or stabilization cannot be accomplished through regulafory
-actions, the EID should consult with the Governor and the New Mexico

Energy and Minerals Department on use of the Abandoned Mine
Reclamation Fund for cleanup. :

2. The EID should not take immediate action to regulate future uranium mine
wste piles directly asitis anticipated that the EPA will present
recommendation to the U.S. Congress:n 1986 on whether to control uranium
mine wastes under RCRA. Shouid mine wastes be regulated under RCRA, 1t is
uni xely that additionai state reguia:ions would be required.
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3. Should uranium mine waste piles be excluded from RCRA regulation, the EID
should recommend that the EIB amend the New Mexico Radiation Protection
Regulations to extend their applicability to mine wastes.

11.3. CONTROL OF MINEWATER TREATMENT POND SLUDGES

11.3.1. Background

Minewater treatment pond siudges resulting from the settling, coagulation, and
treatment of raw minewaters have high levels of radium-226 and other
radionuclides. In fact, radium-226 concentrations probably average more than
200 pCi/gram. Therefore, the potential introduction of these sludges into surface
watercourses through erosion is a matter of concern. .

Management of slUdges is widely performed, but not universal. In particular, mine
operationsthat conduct ion-exchange removal of uranium from minewaters are
usually required by New Mexico Radiation Protection Regulations to dispose of

- associated minewater treatment pond sludges properly. However, sludges resulting

from coagulation and settling of radium-226 from raw minewaters remain
unregulated. :

Other legal mechanisms available for control of minewater treatment sludges are
the provisions of the WQCC regulations on Disposal of Refuse and the provisions of
CERCLA related to Superfund cleanup, EPA enforcement actions, and state suits for
recovery of costs. In addition, as a result of the EPA uranium mine waste study,
RCRA may regulate these sludges. RCRA is potentially the most effective regulatory
mechanism for sludges generated in the future. Nonetheless, the state provision on
Disposal of Refuse and CERCLA provisions on EPA enforcement actions and state
suits appear to provide adequate means to deal with any cleanup or stabilization
problemsthat may occur in the near future, but only on a case-specific.ad hoc basis.
Superfund cleanup should not be needed unless adequate provisions are not taken
now to ensure proper stabilization or disposal of sludges.

11.3.2. Recommendation

The EID should rely on the same regulatory framework for minewater treatment
pond sludges as for mine wastes. Therefore, EID should wait to see if RCRA will
apply to uranium mine wastes, including these sludges, as RCRA regulation will
probably obviate the need for additional state regulation. {f such wastes are found -
to be exempt from RCRA regulation, the EID should recommend that the
Environmental Improvement Board amend the New Mexico Radiation Protection
Regulations to control these sludges fully and effectively.
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Mayerson, David, NMENV

“rom: LucasKamat, Susan, EMNRD
ant: : Wednesday, August 08, 2007 09:35
To: Mayerson, David, NMENV
Subject: - RE: Abandoned Uranium Mine Survey Draft SOW-07-25-07 (1).doc
David:

The attached metadata document provides information on all the data sources and a description of all the column
headings. (The column headings are the longer versions in the original spreadsheet | sent you - importing into ArcGIS
truncated the column headings.)

ACE_EPA_NA truncated ACE_EPA_NAMLP Survey
indicates if the mine was included in the Navajo Nation AUM assessment (Terra Graphics documents)
does not imply a site was addresses, only that it was included in the inventory
‘ includes non-Navajo lands in the checkerboard (Eastern region)
EAUM_No MinelD No from Navajo AUM Inventory - Eastern Region
NAUM_No MinelD form Navajo AUM Inventory - Northem Region .
Producti_1 truncated Production_ore_ST
ore production credited to mine
Producti_2 truncated Production_U308_Ibs
yellowcake production credited to mine
Other_Agen  Other agency numbers (i.e. CERCLIS No, NMED DP, USFS claim No, etc)
In the Excel spreadsheet I've broken these out into a separate column, but the: shapeﬁle doesn't have
them broken out yet.
Prod_rank Production rank

The production rank is a bit tricky due to the history of uranium production. The AEC (Atomic Energy Commission)

purchased all uranium ore and yeliowcake before 1968. Between 1968 and 1970 both the AEC and private industry
‘rchased yellowcake. Post-1970 all uranium production went to private industry. Therefore, production figures only reflect
oduction reported to the AEC; the AEC receipts are public information. Almost all production post-1970 is confidential.

Chenoweth & McLemore devised the production category figure to account for post 1970 production. (Theoretically,

" production would have been submitted to the State Mine Inspector (SMI} in their annual reports. Unfortunately, when the

SMI split form MMD back in the mid-80s, they retained ownership of the SMI annual reports and they have been
destroyed. Those reports have been destroyed. So the only post-1970 production numbers are in the Mine Registration
Program annual reports starting in 1989. SO essentially 10 years of production numbers are missing.)

MMD estimated production rank. We sorted first by production category (a,b,c,d,e) and then by production U308 within
each production category. Mines with no production numbers wete then ranked by looking at disturbance area - assuming
greater disturbance=greater production. Mines whose production was credited to other mines (i.e. Anaconda s Laguna
mines, the Dog-Flea Mines, Section 25, etc) were moved up in the rankings.

I haven't done anything further with documenting sources. The methods section of the metadata document gives the best
information on data sources. For example, all radiation/hazards data comes from the Anderson report, BLM inventory,
AML project files of MARP files. Reclamation data comes form those same sources. Ownership data is form BLM GIS
coverages, augmented by AML realty and MARP realty files. Did you have particular column you need definitive sources
for? Or particular mines?

Hope this answers your questions!

Susan A. Lucas Kamat

Geologist

New Mexico Mining and Minerals Division
1220 South St. Francis Drive

Santa Fe, New Mexico 87505

Phone: 505-476-3408

Fax: 505-476-3402
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Jata-NMED.d

From: Mayerson, David, NMENV

Sent: Wednesday, August 08, 2007 8:15 AM

To: LucasKamat, Susan, EMNRD

Subject: RE: Abandoned Uranium Mine Survey Draft SOW-07-25-07 (1).doc

Hi Susan: Could you tell me what the following fields mean in your mines database?

ACE_EPA_NA (Am | correct to presume this indicates whether the site was addressed under NAUM?)
EAUM_NO

PRODUCTI_1

PRODUCTI_2

MARP_STATU

OTHER_AGEN (Specifically, what does an entry here signify?)

PROD_RANK (i presume this means "production rank;" however the ranking doesn't appear to correspond to
PRODUCTI_1 and PRODUCTI_2, so maybe I'm wrong here)

- Also, you had indicated that you might work on documenting where various information comes from in your database; |
was wondering if that was going forward. Thanks.

David L. Mayerson

New Mexico Environment Department
Ground Water Quality Bureau
Superfund Oversight Section

1190 St. Francis Drive #N2312

Santa Fe, NM 87502

(505) 476-3777 (te/ephone)

(505) 827-2965 (fax)

david.mayerson @state.nm.us

Normal hours: M-Th 0700-1730
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Cautionary/Disclaimers

1.

2.

Draft version. Data is still being collected, verified and added.

Production numbers are from MINES database (McLemore 2007) and only reflect
production before 1970. (Production pre-1970 was reported to AEC and is public
information. Production after 1970 is confidential and/or unknown.) The production
categories (a, b, ¢, d, e, f, no) correspond to ranges of production from McLemore 2007.

Production rank is estimated.

Realty/ownership has not been verified in deeds, claims and records at county
courthouses and/or BLM.

Locations have not been field verified with GPS coordinates.

Legal descriptions represent mined areas. They do not reflect total areas of disturbance.
Disturbed or affected areas may lie outside of the mined area boundaries. Areas mined
underground may not have any surface disturbances.

Reclamation approval from one agency does not mean that all hazards have been
abated. (Example ~ There may be remaining waste piles at sites that NM MMD-AML
reclaimed that require further action under MMD-MARP or NMED.)

The EPA/ACE/Navajo inventory represents mines were included in the Navajo Nation
inventory reports (Eastern & Northern). These sites were identified as mines that could
potentially affect/impact the Navajo Nation. That inventory included, in addmon to Navajo
tribal lands, private, state and federal lands in the checkerboard.

Current regulating agency is the agency or agencies that currently have a mine property
under their regulatory umbrella. Potential jurisdictional agency is an agency that might
have jurisdiction over a mine property based on production dates or ownership.

10. NMED could be a potential jurisdictional agency for all mines.

11. Question marks in any column represent uncertainty or further research required.



Definition of columns, for MINES spreadsheets:v

T T TQm0 000w

- ® 0T O3

<c

N< x g

- aa

ac.

ad.

ae.

af.

ag.
ah.

ai.

Mine ID
County
Mining District

" Mine_name

Aliases
Township
Range

Section
Quarter Section
UTM_easting
UTM_northing
UTM_zone

. Location_assurance

Point_of location_reference
Surface_land_status
Minerals_land_status
Surface_ownership
Mineral_ownership

ACE_EPA_NAMLP_Survey _

EAUM_No
NAUM_No
Commodities_produced

NMBGMR Mine ID

County primary shaft or disturbance mine is located in
Uranium mining district based on NMBGMR mining districts
Popular name of mine

Alternate mine names

Township(s)

Range(s)

Section(s)

Quarter Section(s)

UTM coordinate, easting

UTM coordinate, northing

UTM zone '

Location source, from McLemore 2007

How point was acquired, from MclL.emore 2007

Yes, if mine was included in Navajo Nation AUM Assessment
(Note: assessment included non-Indian lands in the
checkerboard)

No, if mine was not included in Navajo Nation AUM Assessment
Mine ID Navajo Nation Eastern Region AUM

Mine ID Navajo Nation Northern Region AUM

Commodities mined/produced

Commodities_present_not_produced (on Mines no prod spreadsheet)

Mining_methods
Development
Depth_of_workings
Length_of_workings
Year_of_initial_production
Year_of_last_production
Mining_history

Production_éategory

Production_ore_ST
Production_U308_lbs
Comments_on_production

Disturbed_area_acres
Disturbed_acres_source

surface, underground and/or in situ leach

Mine development

Depth of workings

Length of workings

Year of first uranium production

Year of final uranium production

Note: Mining was not necessarily continuous between initial and
last years. See Mining_history for specific details.

Years of operation and operating company. In some cases,
mines were inactive/idle/on standby and not producing uranium
NMBGMR production categories

> 20 million Ibs U308

2 --20 million Ibs U308

200,000 — 2 million Ibs U308

20,000 — 200,000 Ibs U308

< 20,000 Ibs U308

included with another mine

production unknown

no no production

ore production in short tons (pre-1970, unless noted in
Comments_on_production)

yeliowcake production in pounds (pre-1970, unless noted in
Comments_on_production)

Comments about production, i.e. estimated, included in other
mine, etc.

Extent of disturbance in acres.

Data source for acreage. Methods for determining acreage may
not be the same across agencies.
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aj.
ak.
al.

am.

an.
ao.

ap.

aq.
ar.

as.
at.

au.
av.

aw.

ax.
ay.
az.
ba.
bb.
bc.
bd.
be.

USGS Quad
Land_use
Radiation_hazards

Potential_hazardous_materials

Hydrology
Receiving_stream
Reclamation_details

Rec_prim_co
Current_reg_agency

Potential_reg_agency
MARP_status

MARP_Permit_No
NMED_DP
US_EPA_CERCLIS_No
AML_Anderson_Report
BLM_claim_no
BLM_Inventory
USFS_No
MRDS_number
NRC_No

MSHA No

Comments

bf. References

bg.

Prod rank

post-mining land use

any known radiological measurements at the site

any known physical hazards like shafts, headframes, vents,
foundations, debris/trash

if mine was wet or dry, pumping rate provided if known

reclamation details, including dates, actions/abatement
completed

company that performed reclamation activities

regulating agency that oversaw reclamation, is actively
overseeing reclamation, or has permitted the mine/facility
agency that could potentially regulate site

" MMD Mining Act Reclamation Program determination

Permitted, Released or exempt

Not exempt - mine that may fall under the program

No release - mine that has not met Prior Reclamation

RE = regular existing, PR = prior reclamation

NMED discharge permit

EPA CERCLIS No. (from NMED list & EPA websute)

MMD-AML record number of Anderson Report

BLM mineral claim numbers

date of BLM field visit/report in BLM AUM inventory

USFS mineral ID number

USGS MRDS number

NRC license & docket numbers

MSHA registration number

record of mines from McLemore 2007 database combined
published references form McLemore 2007

MMD estimated production rank, based on sorting by production
within production category. Mines whose production was
credited to other mines were moved up in rankings (for example,
Anaconda’s Jackpile mines, the Dog-Flea mines).



Methods:

1.

10.
11.

12.

13.

MMD started with the most recent (McLemore 2007) version of the BGMR publication
Database of the uranium mines, prospects, occurrences, and mills in New Mexico, called
“MINES” database. The MINES database was created for resource analysis on a section
and quarter section basis. MMD analyzed the database records and combined records to
create one mine per shaft/pit complex.

Mining history (years and company) from McLemore, Chenoweth and Anderson sources
was added.

Disturbanée area, reclamation, radiological information and hazard information from the
MMD-AML Anderson report was added.

Disturbance area reclamation, mining history, mining productlon dates and ownership/realty
information from AML project files was added.

Disturbance area, reclamation, mining history, mining production dates and
ownership/realty information from MARP prior reclamation and permit files was added.

Reclamation, ownership and mining history from the MRRS program files was added.

Reclamation status, Navajo land status and disturbance area was added from the EPA/ACE
abandoned uranium mine assessments for the Northern and Eastern Navajo Nation.

Disturbance area, reclamation, radiological information, mining history and hazard
information from the BLM uranium inventory was added.

Operator information form the MSHA Data Retrieval System was added.
Mining history information from the SMI abandoned uranium mine card file was added.
Ownership data from BLM surface and mineral management GIS coverages was added.

Mines were sorted by production (largest to smallest) with the assumption that the largest
producers of uranium have the potential for the largest disturbance.

Data from NMED was added. CERCLIS numbers from NMED Ground Water Quality Bureau
— Superfund Oversight “Uranium Mine & Mill CERCLIS Summaries” and EPA website.
NMED discharge permit numbers added.



Sources:

McLemore, V. T, 2007 (unpublished), Database of the uranium mines, prospects, occurrences,
and mills in New Mexico: New Mexico Bureau of Geology and Mineral Resources.

TerraSpéctra Geometrics, 2006, Abandoned Uranium mines (AUM) and the Navajo Nation:
Eastern AUM Region Screening Assessment Report.

TerraSpectra Geometrics, 2006, Abandoned Uranium mines (AUM) and the Navajo Nation:
Northern AUM Region Screening Assessment Report.

McLemore, V. T., Donahue, K., Krueger, C. B., Rowe, A., Ulbricht, L., Jackson, M. J., Breese,
M. R., Jones, G., and Wilks, M., 2002, Database of the uranium mines, prospects, occurrences,
and mills in New Mexico: New Mexico Bureau of Geology and Mineral Resources, Open file
Report 461. '

V. T. McLemore and W. L. Chenoweth, 1992, Uranium mines and deposits in the Grants district,
Cibola and McKinley Counties, New Mexico, New Mexico Bureau of Geology and Mineral
Resources, Open-File Report 353.

McLemoré, V. T., and Chenoweth, W. C., 1989, Uranium resources in New Mexico: New
Mexico Bureau of Mines and Mineral Resources, Resource Map 18.

Schuster, Frederick P., 1985, Pilot project field report: Hazardous waste inventory abandoned
uranium mines, McKinley County, New Mexico, Bureau of Land Management, New Mexico
Office. '

McLemore, V. T. 1983, Uranium and thorium occurrences in New Mexico: distribution, geology,
production, and resources, New-Mexico Bureau of Mines and Mineral Resources, Open-File
Report 183.

A'nderson, 0.J., 1981, Abandoned or inactive uranium mines in New Mexico, New Mexico
Bureau of Mines and Mineral Resources, Open-File Report 148.

|hactivé Uranium Mines Card File, New Mexico State Mine Inspector.

Registrations, Annual Reports and Suspension Notices, Mine Registration, Reporting and
.Safeguarding Program (MRRS), New Mexico Mining and Minerals Division.

Hyde/Wingate Project, Wingate Hogback Project, Grants Uranium Project Phases | to 1ll, San
Mateo Mine Project files, Abandoned Mine Land Program (AML), New Mexico Mining and
Minerals Division. ‘

Prior Reclamation and Permit files, Mining Act Reclamation Program (MARP), New Mexico
Mining and Minerals Division. ' .

Data Retrieval System, Mine Safety and Health Administration,
http://www.msha.gov/drs/drshome.htm.

Bureau of Land Management Surface and Mineral Administration GIS Coverages


http://www.msha.gov/drs/drshome.htm

Envirofacts — CERCLIS Querry Form, Envionmental Protection Agency,
http://www.epa.gov/enviro/html/cerclis/cerclis_query.html

New Mexico Environment Department, Ground Water Quality Bureau, Superfund Oversight
Section, Uranium Mine and Mill CERCLIS Summaries


http://vwAA%5e.epa.qov/enviro/htmI/cerclis/cercIis
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'S

License Number
SUA-1471

MATERIALS LICENSE Docket or Reference Number
SUPPLEMENTARY SHEET 40-8903

Amendment No. 40

“The constituents listed abdve for the alluvnal aquifer must n

B.. The following ground water protection standards are established for each designated aquifer/zone

as described in Ground-Water Hydrology for Support of Background Concentration at the Grants
Reclamation Site (Hydro-Engineering, December 2001) and Background Water Quality Evaluation
of the Chinle Aquifers (Homestake Mining Company and Hydro-Engineering, October 2003):

Constituents Alluvial Chlnle Upper Chinle Middle Chinle Lower Chinle
Aquifer ixi Non-Mixing Zone | Non-Mixing
Zone
e’ | 007 0.32
# .07 0.03
Molybdenum (mg/L) 0.1
Sulfate (mglL)__. " 2000

| Chioride (mg/l )&
TDS (mall) =
Nitrate (mg/L) &
Vanadium (mg/L)*ﬂ,,qy
Thorium-230 (pCi/l:)
Ra-226 + Ra-228 .,

. mexceed the specified concentration
limit at compllance monltormg wells (former pomt of compllance wells) D1 X, and S4. At present

protection standards listed above for these zones The licensee shall propose compliance
monitoring wells for the Chinle Mixing Zone and the Upper, Middle and Lower Chinle Non-Mixing
Zones in a revised Corrective Action Plan to be submitted to the NRC no later than December 31,
2006. NRC will evaluate the proposed compliance monitoring wells and, if acceptable, will
incorporate them into the license as compliance locations for the ground water protection standards
listed above. NRC will notify the licensee and request new proposed compliance monitoring well
locations from the licensee, if any of the well locations are determined to be unacceptable.

. Implement the corrective action program described in the September 15, 1989 submiittal, as

modified by the reverse osmosis system described in the January 15, 1998 submittal with the
objective of returning the concentrations of molybdenum, selenium, thorium-230, uranium, and
vanadium to the site standards as listed in LC 35B. In addition, the reverse osmosis system will
include the addition of Sample Point 2 downstream of the Mixing Tank. Composite samples from
Sample Point 2 will be taken monthly and analyzed for U and Mo.




NRC FORM 374 U.S. NUCLEAR REGULATORY COMMISSION

MATERIALS LICENSE

sant to the Atomic Energy Act of 1954, as amended, the Energy Reorganization Act of 1974 (Public Law 93-438), and the applicable parts

_ .tle 10,-Code of Federal Regulations, Chapter |, Parts 19, 20, 30, 31, 32, 33, 34, 35, 36, 39, 40, 51, 70, and 71, and in reliance on
statements and representations heretofore made by the licensee, a license is hereby issued authorizing the licensee to receive, acquire,
possess, and transfer byproduct, source, and special nuclear material designated below; to use such material for the purpose(s) and at the
place(s) designated below; to deliver or transfer such material to persons authorized to receive it in accordance with the regulations of the
pplicable Part(s). This license shall be deemed to contain the conditions specified in Section 183 of the Atomic Energy Act of 1954, as

amended, and is subject to all applicable rules, regulations, and orders of the Nuclear Regulatory Commission now or hereafter in effect and
o any conditions specified below.

Licensee

1. Homestake Mining Company - 3. License Number SUA-1471 Amendment No. 40

2. P.O.Box 98
Grants, New Mexico 87020

xpiration Date”  Until terminated
40-8903

. Chemical and/or Physiéal
Form

6. Byproduct Source, and/or
Special Nuclear Material

Uranium

Authorized Place of U

.
‘aE

[Applicable Amendménts: 12-

10. This license authorizes.ohly th

nl nd byproduct material in the form of
uranium waste tailings and other-byprc r j the licensee's past milling operations in
accordance with Tables 1zahd 3 and the: proce 3 d by letterdated September 2, 1993, as
modified by letter dated Mafchi 7, 1996.

Anywhere the word "will" is used?

[Applicable Amendments: 2, 6, 12, 16, 24
11. DELETED by Amendment No. 21.

12. Periodic embankment inspections of the large and small tailings embankment shall be conducted by
‘knowledgeable individuals who are familiar with the site and the embankment design. An annual
embankment status report shall be included in the Annual Report (see LC 42).

[Applicable Amendments: 2, 12, 14, 24, 34]

13. DELETED by Amendment No. 27.

Release of equipment or packages from the restricted area shall be in accordance with the attachment to
SUA-1471 entitled, “Guidelines for Decontamination of Facilities and Equipment Prior to Release for
Unrestricted Use or Termination of Licenses for Byproduct or Source Materials,” dated September 1984.

[Applicable Amendments: 21, 31]

Enclosure
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The Chinle Formation, which is a massive shale (approximately 800 feet thick) at the
tailings site, exists be_low the alluvium. The Chinle shale is a very good aquitard and
greatly restricts movement vertically from the alluvial aquifer. A few sandstones exist

within_the Chinle shale, which form bedrock aquifers in this area, The cross section
shows the Upper Chinle sandstone in blue and shows where the Upper Chinle sandstone
subcrops against the alluvial aquifer forming a direct connection between these two

_ground—watér systems. The second major sandstone in the Chinle Formation has been
named the Middle Chinle sandstone. This sandstone is shown in magenta in the cross
section and also subcrops against the alluvium further south. In this cross section a third

permeable zone within the Chinle shale has been defined and is called the Lower Chinle

aquifer. This zone consists mainly of fractured shale and is therefore highly variable
depending on secondary-permeability developed in the shale. The Lower Chinle aquifer is
not used very much in this area due to its depth and naturally poor water quality. A few
wells are completed in the Lower Chinle aquifer due to the lack of existence of the

alluvial, Upper or Middle Chinle aquifers in some areas. The San Andres aquifer exists ;‘
below the Chinle Formation as is the regional aquifer in this area. The San Andres is not
discussed in this report because it has not been impacted by Homestake tailings seepage.

2.1 ALLUVIAL AQUIFER

This subsection presents the geologic setting and well completions for the alluvial aquifer.
The basic well data for the background alluvial wells at the Grants site are presented in |
‘Tables 2-1 and Tables 2-2. The annual reports present the basic well data for all other
wells at the site. Annual reports are not presented in this submittal because they were
pre\)iously submitted to the NRC and are not required for this analysis. Figures 2-2A and
2-2B show the location of the alluvial welis that have been used to define the ground-

- water conditions in the alluvial aquifer at the Grants site. Figure 2-2B shows the locations
of the nine alluvial background wells, which are listed in Table 2-1 north of the Large
Tailings. Figure 5-1 also presents the locations of the nine background wells and

locations _ (

2-2



2.0 GEOLOGIC SETTING AND AQUIFER CONNECTIONS

Tailings at the Grants site are located on top of the alluvium and therefore the alluvial
aquifer is the most important ground-water system relative to the Grants site. The
~ surface geology and structure contours are presented on United States Geological Survey
(USGS) quadrangle topographic maps. Geologic maps and other geologic information
were compiled and presented by New Mexico Bureau of Mines and Mineral Resources
(NMBM) and USGS reports on the area. These reports have been used in defining the
geologic setting at this site but are not necessary for the background review.

“The uranium ore bearing rocks that have been mined in this area outcrop in the San
Mateo drainage system and contain significant natural concentrations of uranium and
selenium. Therefore, the alluvial material would be expected to contain above normal
concentrations of uranium and selenium that are typically present in uranium deposits.
The Chinle Formation forms the base of the alluvial aquifer at the Grants site. The Chinle
Formation also contains some natural uranium and selenium concentrations. Therefore,
the geologic setting has significantly affected the background water quality at this site.

The hydrologic conditions in this area have been defined by New Mexico State Engineer
(NMSE), USGS and NMBM reports on the area. Ground-water conditions for the Grants
site have been defined in previous documents submitted to the NRC and typically
- referenced in the annual reports on the site. These hydrologic reports have been used in
developing the hydrologic conditions presented in this report at the Grants site and are
not necessary for the background review and therefore not inciuded in this submittal. The
Grants project site exists on the San Mateo alluvial system. The San Mateo alluvial
system follows the San Mateo alluvium and drainage system and extends from northeast

of the site to the south and west. Bedrock material exists on the surface to the northeast

and southeast sides of the alluvial material. Figure 2-1 shows a typical cross section at
the Grants site with saturated alluvium shown in red. ‘

2-1




7 s
{ i
gl

SME PREPRINT ANNUAL MEETING 2007

URANIUM RESOURCES IN NEW MEXICO
Virginia T. McLemore, NM Bureau of Geology and Min. Res., NM Inst. of Mining and
Tech., Socorro, NM 87801

ABSTRACT

New Mexico ranks 2" in uranium reserves in the
U. S., which amounts to 15 million tons ore at
0.277% U;0; (84 million lbs U;05) at $30/1b
(EIA, 2006). The most important deposit in the
state is sandstone within the Morrison Formation
(Jurassic) in the Grants district. More than 340
million pounds of U;Og have been produced
from these deposits from 1948-2002, accounting
for 97% of the total production in New Mexico
and more than 30% of the total production in the
United States. Sandstone uranium deposits are
defined as epigenetic concentrations of uranium
in fluvial, lacustrine, and deltaic sandstones.
Three types of sandstone uranium deposits are
-recognized: tabular (primary, trend, blanket,
black-band), roll-front (redistributed, post-fault,
secondary), and fault-related (redistributed,
stack, post-fault). Several companies are
planning to mine - these deposits by in-situ
leaching.

INTRODUCTION

During a period of nearly three decades
(1951-1980), the Grants uranium district in
northwestern New Mexico (Fig. 1) yielded more
uranium than any other district in the United
States (Table 1). Although there are no
producing operations in the Grants district today,
numerous companies have acquired uranium
properties and plan to explore and develop
deposits in the district in the near future. The
Grants uranium district is one large area in the
San Juan Basin, extending from east of Laguna
to west of Gallup and consists of eight
subdistricts (Fig. 1; McLemore and Chenoweth,
1989). The Grants district is probably 4® in total
world production behind East Germany,
Athabasca Basin in Canada, and South Africa
(Tom Pool, General Atomics, Denver, Colorado,

written communication, December 3, 2002).
Most of the uranium production in New Mexico
has come from the Morrison Formation in the
Grants uranium district in McKinley and Cibola
(formerly Valencia) Counties, mainly from the

Westwater _Canyon Member in the San Juan

Basin (Table 2; McLemore, 1983).

Churchrock:
[Crown

Laguna 1

Morrison Formation {Jurassic) Limestone uranium
sandstone uranium deposits daposits

i o] Ofhersandsioneuranium Other sedimental
VA deposits Focks witn vranium

Figure 1. Grants uranium district, San Juan
Basin, New Mexico. Polygons outline
approximate areas of known uranium deposits.

The purpose of this report is to briefly
describe the general types of uranium deposits
(Table 2, 3) and their production, geology,
resources, and future potential in New Mexico.

- Much of this report is summarized from

McLemore (1983), McLemore and Chenoweth
(1989, 2003), McLemore et al. (2002), and other
reports as cited. This report also presents an
update of the uranium industry in New Mexico
since 2003. Information on specific mines and
deposits in New Mexico can be found in cited
references, McLemore (1983), and McLemore et
al. (2002).




Table 1. Uranium- production by type of deposit from the San Juan Basin, New Mexico 1947-2002
(McLemore and Chenoweth, 1989, 2003; production from 1988-2002 estimated by the senior author). Type
of deposit refers to Table 3. Total U.S. production from McLemore and Chenoweth (1989) and Energy
Information Administration (2006). ' approximate figures rounded to the nearest 1000 pounds. There hasn’t
been any uranium production from New Mexico since 2002.

Type of deposit Production (pounds . Period of production Production per total in New
Us0%) (years) Mexico (%)
Primary, redistributed, remnant 330,453,000 ' 1951-1988 . 95.4
sandstone uranium  deposits
" (Morrison Formation, Grants
district)
Mine-water recovery 9,635,869 1963-2002 2.4
Tabular sandstone uranium 493,510 1948-1982 0.1
deposits (Morrison Formation,
Shiprock district)
Other Morrison® sandstone 991 1955-1959 —
uranium deposits '
Other  sandstone  uranium 503,279 1952-1970 0.1
deposits
Limestone uranium deposits 6,671,798 1950-1985 : 1.9
(Todilto Formation)
Other sedimentary rocks with 34;,889 1952-1970 —_
uranijum deposits
Vein-type uranium deposits 226,162 1953-1966. —
Igneous and metamorphic rocks 69 1954-1956 —
with uranium deposits
Total in New Mexico 348,019,000! 1948-2002 100
Total in United States 927,917,000 1947-2002 37.5 of total U.S.

MINING AND MILLING HISTORY
AND PRODUCTION

Interest in uranium as a commodity began
in the early 1900s, and several deposits in New
_ Mexico were discovered and mined for radium.
Radium was produced from the White Signal
district in Grant County (Gillerman, 1964) and
the Scholle district in Torrance, Socorro, and
Valencia Counties (McLemore, 1983). Exact
production figures are unknown, but probably
very small. :

John Wade of Sweetwater, Arizona first
discovered uranium and vanadium minerals in
the Carrizo Mountains in the northwestern San
Juan Basin about 1918 (Fig. 1; Chenoweth,
1993, 1997). At that time, the Navajo
Reservation was closed to prospecting and
mining, but on June 30, 1919, a Congréssional

Act opened the reservation to prospecting and
locating mining claims in the same manner as
prescribed by the Federal mining law. The
locator of the claim could then lease the claim
under contract. with the Office of Indian Affairs.
By 1920, Wade, operating as the Carriso
Uranium Co., had located 40 claims in the
eastern Carrizo Mountains, near Milepost 16.
The area remained inactive from 1927 to 1942, at
which time the Vanadium Corp. of America
(VCA) was the highest bidder on a 104 sq mi
exploration lease for vanadium in the east
Carrizo Mountains. The lease was known as the
East Reservation Lease (no. I-149-IND-5705)
and was subsequently reduced to 12 plots or
claims. When production began, ore from the
East Reservation Lease was shipped to
Monticello, Utah, where VCA operated the mill
for the Metals Reserve  Co. Uranium in the
vanadium ore was secretly recovered via a



uranium circuit at the Monticello mill for the The U. S. Atomic Energy Commission

Manhattan Project in 1943-1945. The total (AEC) was created in 1947, and soon after, the
amount of recovered uranium is estimated as VCA began exploring their East Reservation
44,000 1bs U303, mostly from King Tutt Mesa Lease for uranium. This led to the first uranium
(Chenoweth, 1985b). _ ore shipments in March 1948. Mining ceased in

the east Carrizo Mountains in 1967.

Table 2. Classification of uranium deposits in New Mexico (modified from McLemore and Chenoweth,
1989; McLemore, 2001). Deposit types in bold are found in the Grants uranium district.

1.  Peneconcordant uranium deposits in sedimentary host rocks

A. Morrison Formation (Jurassic) sandstone uranium deposits
: ¢ Primary, tabular sandstone uranium-humate deposits in the Morrison
Formation

¢ Redistributed sandstone uranium deposits in the Morrison Formation
¢ Remnant sandstone uranium deposits in the Morrison Formation
o Tabular sandstone uranium-vanadium deposits in the Salt Wash and Recapture
Members of the Morrison Formation
B. Other sandstone uranium deposits
s Redistributed uranium deposits in the Dakota Sandstone (Cretaceous)
¢ Roll-front sandstone uranium deposits in Cretaceous and Tertiary
sandstones
¢ Sedimentary uranium deposits
e Sedimentary-copper deposits
s  Beach placer, thorium-rich sandstone uranium deposits ¢
C. Limestone uranium deposits
_ ¢ Limestone uranium deposits in the Todilto Formatlon (Jurassic)
e  Other limestone deposits
D. Other sedimentary rocks with uranium deposits
s  Carbonaceous shale and lignite uranium deposits
o  Surficial uranium deposits
M. Fracture-controlled uranium deposits
E. Vein-type uranium deposits
: o Copper-silver (uranium) veins (formerly Jeter-type, low-temperature vein- type
uranjum deposits and La Bajada, low-temperature uranium-base metal vein-type
uranium deposits)
s Collapse-breccia pipes (including clastic plugs)
®  Volcanic epithermal veins
e Laramide veins
III. Disseminated uranium deposits in igneous and metamorphic rocks

F. Igneous and metamorphic rocks with disseminated uranium deposits
o  Pegmatites
e  Alkaline rocks
¢  Granitic rocks
e  Carbonatites
e  Miscellaneous



Table 3. Uranium production and types of deposits by district or subdistrict in the San Juan Basin, New
Mexico (McLemore and Chenoweth, 1989, production from 1988-2002 estimated by the senior author).
Districts have reported occurrences of uranium or thorium (>0.005% U3;Og or > 100 ppm Th). Some district
names have been changed from McLemore and Chenoweth (1989) to conform to McLemore (2001).
District number refers to number on map and Table 3 in McLemore and Chenoweth (1989). See McLemore
(1983), McLemore and Chenoweth (1989, table 3), and McLemore et al. (2002) for more details and
locations of additional minor uranium occurrences. Types of deposits defined in Table 2.

DISTRICT PRODUCTION GRADE PERIOD OF TYPES OF
(Ibs Us0g) (U30:%) PRODUCTION DEPOSITS

Grants district

1. Laguna >100,600,000 0.1-1.3 1951-1983 ACE
2. Marquez 28,000 0.1-0.2 1979-1980 A

3. Bernabe Montano None A

4. Ambrosia Lake >211,200,000 0.1-0.5 1950-2002 A B,CE
5. Smith Lake >13,000,000 0.2 1951-1985 AC

- -6. Church Rock-Crownpoint  >16,400,000 0.1-0.2 - 1952-1986 AB

7. Nose Rock . None A

8. Chaco Canyon "None A
Shiprock district

9. Carrizo Mountains 159,850 0.23 1948-1967 A

10. Chuska _ 333,685 0.12 1952-1982 ACB
11. Tocito Dome None A

12. Toadlena None B
Other areas and districts .

13. Zuni Mountains None B,E,F
14. Boyd prospect 74 0.05 1955 B

15. Farmington 3 0.02 1954 B

18. Chama Canyon None B

19. Gallina 19 0.04 1954-1956 B
'20. Eastern San Juan Basin None - B

21. Mesa Portales None B

22. Dennison Bunn None A

23. La Ventana 290 0.63 1954-1957 D

24. Collins-Warm Springs 989 0.12 1957-1959 A

25. Ojito Spring None : A

26. Coyote 182 0.06 1954-1957 B,C.
27. Nacimiento None ' B

28. Jemez Springs None B

From 1948 through 1966, the AEC
purchased all of the uranium .concentrate
produced in New Mexico. During the last few
years of the AEC program (1967-1970), the AEC
allowed mill operators to sell uranium to electric
utilities. In New Mexico this amounted to over
17 million pounds of U304 (USAEC unpublished
records). The price schedules, bonuses, and other
incentives offered by the AEC created a
prospecting boom that spread across the Four
Corners area to all parts of New Mexico.
Discoveries were made in the Chuska Mountains
near Sanostee and in the Todilto Limestone near

Grants. The apnouncement of Paddy Martinez’s

discovery of uranium in the Todilto Limestone-at-- -

Haystack Butte in 1950 brought uranium

prospectors to the Grants area, It wag Iewis
Lothman’s discovery in March 1955 at Ambrosia
Lake that created the uranium boom in that area.
These discoveries led to a significant exploration
effort in the San Juan Basin between Laguna and
Gallup and ultimately led to the development of

~ the Grants uranium district. Production from. the

Todilto Limestone deposits began in 1950, with
a shipment of ore to the AEC ore-buying station
af Monticello, Utah. Mills were soon built and
operated in the San Juan Basin of New Mexico.
—The Anaconda Bluewater mill was built at

_Bluewater, west of Grants in 1933 ta. process.

ores from the Jackpile mine and closed in 1982,
ARCO_ Coal Compan

completed encapsulatio

ajlings in 1995

formerly . Anaconda) -

(



and the U. S. Department of Energy (DOE)
monitors _the site as part of the Jegacy

Management program (formerly the Long-Term

Surveillance and Maintenance, LTSM program).

The Homestake mill. 5.5 mi north of Milan,
actually consisted of two mills. The southern
mill._ built in 1957, was known. as the

Homestake-New Mexico Partners mill and was
closed in 1962 (Chenoweth, 1989b; McLemore

and Chenoweth, 2003). The Homestake-Sapin
Partners, a partnership between Homestake and
Sabre Pinon Corp., in 195 i er

mill north of the first facility. In 1962, United

Nuclear Corp. merged with Sabre Pinon Corp.,
but maintained the United Nuclear Corp. name.
United Nuclear Corp. became the limited partner
with Homestake forming the United Nuclear-
Homestake partnership and continued operating
the mill. In March 1981, the United Nuclear-
Homestake Partnership was dissolved _and
Homestake became the sole owner. The
Homestake mill ceased production in 1981, but
reopened in 1988 to process ore from the Section
23 mine and Chevron’s Mount Taylor mine. The

mill closed soon after and was decommissioned

.and demolished in 1990, In 2001, Homestake
-Corp. merged with Barrick Gold Corp.
Homestake completed reclamation of the
Homestake mill at Milan in 2004,

Kerr-McGee Oil Industries, Inc. built the
Shiprock (Navajo) mill at Shiprock in 1954. It
processed ore from their mines in the
Lukachukai Mountains in Arizona and non-
Vanadium Corporation of America (VCA)
controlled mines on the Navajo Indian
Reservation. It also processed ores from the
Gallup and Poison Canyon areas in the Grants
district. The mill was acquired by VCA in 1963
and closed in May 1968, one year after VCA
merged into Foote Mineral Company. The DOE
began cleanup of the site in 1968 as part of the
Uranium Mill Tailings Radiation Control Act
(UMTRCA) of 1978. Cleanup was achieved in
1996 and the site turned over to the Legacy
Management program of the DOE for
monitoring,

Kermac Nuclear Fuels Corp., a partnership

of Kerr-McGee Oil Industries, Inc., Anderson

Development Corp.. and Pacific Uranium Mines
Co.. built the Kerr-McGee mill at_Ambrosia
Lake in 1957-58. In 1983, Quivira Mining Co., a
subsidiary _of Kerr-McGee Co later Rio
Algom Mining LLC, currently BHP-Billiton)
became the operator. The mill began operating in
1958 and from 1985-2002. the mill produced
only from mine waters from the Ambrosia Lake

underground mines. Quivira Mining Co. is no
longer producing uranium and the Ambrosia
Lake mill and mines will be reclaimed in 2007.
Phillips Petroleum Co. also built a mill at
_Ambrosia Lake in 1957-58, Ore was from the

Ann Lee, Sandstone, and Cliffside mines.

_Production began in 1958, United Nuclear Corp. .

acquired the property in 1963, when the mill
closed. The DOE remediated the site between
1987 and 1995 as part of the UMTRCA of 1978
DOE_monitors the site as_part of the Legacy

Management program.
Additional mills were built in the Laguna

and Church Rock areas and are currently being
reclaimed (McLemore and Chenoweth, 2003,
table 5). .

Annual uranium production in New Mexico
increased steadily from 1948 to 1956, from 1957
to 1960, from 1965 to 1968, and from 1973 to
1979. Peak production was attained in 1978,
with a record yearly production of 9,371 tons of
U;0g that was shipped to mills and buying
stations (McLemore, 1983; McLemore and
Chenoweth, 1989, 2003).

All of the conventional underground and
open-pit mines in New Mexico closed by 1989
for several reasons:

o The Three Mile Island incident resulted in
finalizing a growing public perception in
the U.S. that nuclear power was dangerous
and costly, and, subsequently nuclear
power plants became unpopular.

e There was an overproduction of uranium in
the 1970s-early 1980s that led to large
stockpiles of uranium. In addition, the
dismantling of nuclear weapons by the U.S.
and Russia also increased these stockpiles,
reducing the need for mining uranium.

¢ At the same time, New Mexico uranium
deposits in production were decreasing in
grade by nearly half.

e The cost of mine and mill reclamation was
increasing in cost and was not accounted
for in original mine plans.

e Higher grade, more attractive uranium
deposits were found elsewhere in the world.

¢ Large coal 'deposits were found throughout
the U.S. that could meet the nation’s energy
needs.

Uranium was produced from 1966-2002 by
mine-water recovery from underground mines by
Quivira Mining Co., formerly Kerr McGee Corp.
The decline in the price of uranium during 1989-
2005 resulted in no uranium production {except



mine  water recovery), exploration, or
development in the district. Many companies
reclaimed and/or sold their properties. However,
today with the recent increase in price and
demand for uranium, numerous companies are
acquiring new and old properties and exploring
for uranjum in the Grants district. The Grants
district is once again an attractive area for
uranium exploration, because: '

e Major companies abandoned properties in
the district after the last cycle leaving
advanced uranium projects.

e Current property acquisition costs are
inexpensive and include miilions of dollars
worth of exploration and development
expenditures, )

eData and technical expertise on these
properties are available.

e Recent advances in in-situ leaching
technology allow for the Grants district
sandstone uranium deposits to be
economically attractive.

TYPES OF URANIUM DEPOSITS
IN NEW MEXICO '

The types of uranium deposits in New
Mexico are summarized in Table 2, many of
which are found in the Grants district. The most
important type of deposit in terms of production
(Table 3) and resources (Table 4, 5) is sandstone
uranium deposits in the Morrison Formation
(Jurassic).

Sandstone uranium deposits in the Morrison
Formation (Jurassic)

Sandstone uranium deposits account for the
majority of the uranium production from New
Mexico (McLemore and Chenoweth, 1989;
2003). The_most significant deposits are those in
the Morrison Formation, _specifically the
Westwater Canyon Member, where more than
340,565,370 pounds of U,Op; were produced

from the Morrison from 1948 to 2002 (Table 2).
In contrast, production from other sandstone
uranium deposits in New Mexico amounts to
503,279 pounds of U;Og (Table 2, 1952-1970;
McLemore and Chenoweth, 1989). There are
three types of deposits in the Westwater Canyon
Member of the Morrison Formation: primary
(rend or tabular), redistributed (stack), and
remnant-primary sandstone uranium deposits

Fig. 2, 3).
_Primary  sandstone-hosted uranium
deposits, also known as prefault, trend, blanket,

and black-band ores, are found as blanket-like,
roughly parallel ore bodies along trends, mostly
in sandstones of the Westwater Canyon Member.
These deposits are characteristically less than 8 ft
thick, average more than 0.20% U;Qq, and have
sharp ore-to-waste boundaries (Fig. 2). The
largest deposits in the Grants uranium district

- contain more than 30 million 1bs of U;Og.

Redistributed sandstone-hosted uranium
deposits, also known as post-fanlt, stack,
secondary, and roll-type ores, are younger than
the primary sandstone-hosted uranium deposits.
They are discordant, asymmetrical, irregularly
shaped, characteristically more than 8 ft thick,
have diffuse ore-to-waste contacts, and cut
across sedimentary structures. The average
deposit contains approximately 18.8 million Ibs
U;Og with an average grade of 0.16%, Some
redistributed uranium deposits are vertically
stacked along faults (Fig. 2, 3).

Figure 2. Sketch of the different types of
uranium deposits in the Morrison Formation. See
text for description.

?mund w;ter movement
Secondary rol- n permeabie sandstone
front ore

Diagenetic U

‘ore fenses (not
essential to form
roll-front deposit)

~Oxidized rocks
{diagenetic hematite]
and limonite)

Reduced sandstone .
(diagenetic pyrite, marcasite, a
. calcits, organic material) | 2010100m ,

semipermeabie From Nash et al. (1881) and Devoto (1978)
sandstone or shale

Figure 3. Sketch of the formation of
redistributed sandstone uranium deposits. See
text for description.



Table 4. Estimated uranium resources for New Mexico. All of these resources are in sandstone uranium
deposits in the Morrison Formation (Jurassic). Mine id refers to Mine identification number in McLemore
et al. (2002). Most deposits are delineated on maps by McLemore and Chenoweth (1991) and described in
more detail by McLemore et al. (2002).

Mine id Mine name Latitude N Longitude Yearof Quantity of ore Grade Comments and Reference
W resource  (pounds) (UsOs%)
estimate -
NMCI0019  J.J. 35.17546 1073266 1981 13,900,000 0.16 close out plan pending
: approval by state
NMCI0020  La Jara Mesa 35.28014  107.7449 1983 7,133,310 0.3 exploration permit
approved
NMMKO0245 Melrich (Section 32)  35.394462 107.7081 3,217,000 0.15 Laramide Resources
NMMKO0210 Treeline (Section 24)  35.343556 107.7366 ? ? Western Energy Dev.
NMCI0027 Mount Taylor 3533498 107.6356 1982 121,000,000 0.25 http://www.gat.com/riogr
. ande/index.html (1/9/03)
NMMKO0025 Canyon 35.65699 108.2069 1983 5,000,000 0.12
NMMKO0043 Dalton Pass 35.67849 1082650 1983 5,000,000 0.12
NMMKO044 Dalton Pass 3568130 1082783 1983 20,000,000 0.10
NMMKO065 Fernandez-Main Ranch 35.34861 107.6646 1970 '8,500,000 0.10 Holmquist (1970)
NMMKO0087 Johnny M 35.36244  107.7222° 1983 3,500,000 0.10
NMMKO0102 Mariano Lake 35.54708 108.2780 1983 35,000,000 0.24
NMMKO0103 Marquez Canyon 3531919 1073243 1983 10,700,000 0.112
NMMKO0104 Marquez Canyon 35.32425 . 107.3300 1983 6,800,000 0.10
NMMKO1{11 Narrow Canyon 35.64484 108.2984 1983 6,900,000 0.12
NMMEKO0112 NE Church Rock No. 1 35.66650 108.5027 1983 2,868,700 0.247 )
NMMKO114 NE Church Rock No.2 35.67663 108.5262 1979 15,000,000 |0.19 Perkins (1979)
NMMKO115 NE Church Rock No.3 35.69756 108.5487 1983 21,000,000 0.20
NMMKO0117 NE Church Rock 35.65841 108.5085 1969 15,000,000 0.15 Hazlett (1969)
NMMKO0128 Church Rock (Section 35.630313 108.55064 2002 6,529,000 Odell (2002), Pelizza and
8) McCarmn (2002, 2003a)
NMMKO0034 Church Rock (Section 35.622209 108.552728 2002 8,443,000 Odell (2002), Pelizza and
17) McCam (2002, 2003a)
-NMMKO0100, Mancos 35.628936 108.580547 2002 4,164,000 Pelizza and McCam
NMMKO0101 (2002, 2003a)
NMMKO0346, Crownpoint 35.684585 108.16769 2002 38,959,000 0.16 Odell (2002), Pelizza and
NMMKO0036, McCam (2002, 2003a)
NMMEKO0039 .
NMMKO0040 Crownpoint (Unit 1) 35706678 108.22052 2002 27,000,000 Pelizza and McCam
(2002, 2003a)
NMMKO0119 Nose Rock 35.88436 107.9916 1983 9,700,000 0.167 :
NMMKO0120 Nose Rock No. T~ 35.83556 108.0553 1983 25,000,000 0.10
NMMKO0122 Nose Rock 35.83036 108.0641 1983 36,200,000 0.10
NMMKO0020 Borrego Pass 35.620119 107.943617 1983 15,000,000 0.15 Tom Pool (WC, 12/3/02)
NMMKO0245 Section 32 (Melrich)  35.394462 107.708055 5,000,000 0.25 Tom Pool (WC, 12/3/02)
NMMKO0338 Vanadium 35.33339 107.8563 1983 25,000,000 0.10
NMMKO0340 West Largo 35.52570 © 107.9215 1983 15,000,000 0.15
NMMKO0350 Nose Rock 35.84497 108.0501 1983 12,400,000 0.167
NMSA0023 Bemabe 3522761 107.0109 1971 15,000,000 0.10
NMSAQ057 Marquez Grant 3530514 107.2908 1981 751,000 0.09 -
NMCI0046  Saint Anthony 35.159088 107.306139 1982 8,000,000 0.10 close out plan pending
approval
NMCI0050  San Antonio Valley 35256361 107.258444 3,500,000 010 | Tom Pool (WC, 12/3/02)
NMMKO0143 Roca Honda 35.363139 107.699611 Late 3,000,000 0.19 Tom Pool (WC, 12/3/02)
1980s
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Remnant sandstone-hosted uranium
deposits were preserved in sandstone after the
oxidizing waters that formed redistributed
uranium deposits had passed. Some remnant
sandstone-hosted  uranium  deposits = were
preserved because they were surrounded by or
found in less permeable sandstone and could not
be oxidized by the oxidizing ground waters.
These deposits are similar to primary sandstone-
hosted uranium deposits, but are difficult to
locate because they occur sporadically within the
oxidized sandstone. » ize i
approximately 2.7 million Ibs U;Os at a_grade of
0.20%

There is no consensus on details of the
origin of the Morrison primary sandstone
uranium deposits (Sanford, 1992). The source of
the wuranium and vanadium is not well
constrained. It could be derived from alteration
of volcanic detritus and shales within the
Morrison Formation (Thamm et al.,, 1981;
Adams and Saucier, 1981) or from ground water
derived from a volcanic highland to the
southwest. The majority of the proposed models
for their formation suggest that deposition
occurred at a ground water interface between two
fluids of different chemical compositions and/or
oxidation-reduction states. Deposition involving
- two fluids was proposed many years ago during
the early stages of exploration and production of
uranium (Fischer, 1947; Shawe, 1956).

Subsequent models, such as the lacustrine-
humate and brine-interface models, have refined
or incorporated portions of these early theories.
In the lacustrine-humate model, ground water
was expelled by compaction from lacustrine
muds formed by a large playa lake into the
underlying fluvial sandstones where humate or
secondary organic material precipitated as a
result of flocculation into tabular bodies. During
or after precipitation of the humate bodies,
uranium was precipitated from ground water
(Turner-Peterson, 1985; Fishman and Turner-
Peterson, 1986). This model proposes the humate
bodies were formed prior to uranium deposition.
In the brine-interface model, uranium and
humate were deposited during diagenesis by
reduction at the interface of meteoric fresh water
and ground water brines (Granger and Santos,
1986). In another variation of the brine-interface
model, ground water flow is driven by gravity,
not compaction. Ground water flowed down dip
and discharged in the vicinity of the uranium
deposits. Uranium precipitated in the presence of
humates at a gravitationally stable interface
between relatively dilute, shallow meteoric water

and saline brines that migrated up dip from
deeper in the basin (Sanford, 1982, 1992).
Modeling of the regional ground water flow in
the Colorado Plateau during Late Jurassic and
Early Cretaceous times supports the brine-
interface model (Sanford, 1982). The ground-
water flow was impeded by up-thrown blocks of
Precambrian crust and forced upwards. These
zones of upwelling are closely associated with
wranium-vanadium deposits throughout . the
Colorado Plateau (Sanford, 1982).

In the Grants district, the bleaching of the
Morrison sandstones and the geometry of tabular
uranium-vanadium bodies floating in sandstone
beds supports the reaction of two chemically
different waters, most likely a dilute meteoric
water and saline brine from deeper in the basin.
The intimate association of uranium-vanadium
minerals with organic material, further indicates
that they were deposited at the same time.
Cementation and replacement of feldspar and
quartz grains with uranium-vanadium minerals
are consistent with deposition during early
diagenesis.

During the Tertiary, after formation of the

primary sandstone uranium deposits, oxidizing

ground waters migrated through the uranium
deposits and remobilized some of the primary
sandstone uranium deposits (Saucier, 1981).
Uranium was reprecipitated ahead of the
oxidizing waters forming redistributed sandstone
uranium deposits. Where the sandstone host
surrounding the primary deposits was
impermeable and the oxidizing waters could not
dissolve the deposit, remnant-primary sandstone
uranium deposits remain (Fig. 2, 3).

Sandstone wranium deposits occur in other
formations in New Mexico, but were
insignificant compared to the Morrison deposits
McLemore and Chenoweth, 1989); some
companies are once again exploring in these
units. Uranium reserves and resources remain in
the Grants uranium district that could be mined
in the future by conventional underground
techniques and by in-situ leaching technologies
(Table 6; Holen and Hatchell, 1986, McLemore
and Chenoweth, 1991, 2003).



Table 5. Uranium reserves by forward-cost category by state as of 2003 (Energy Information
Administration, 2006). The DOE classifies uranium reserves into forward cost categories of $30 and $50
‘per pound. Forward costs are operating and capital costs (in current dollars) that are still to be incurred to
produce uranium from estimated reserves. Modern regulatory costs yet to be incurred would have to be

added.

STATE $30 per pound $50 per pound
ORE (million - GRADE (% U;Os (million ORE (million GRADE (% U;Oq (million
tons) U;0%) pounds) tons) U,;0p) pounds)

New Mexico 15 0.28 84 102 0.167 341

Wyoming 41 - 0.129 106 238 0.076 363

Arizona, - 8 0.281 45 45 0.138 123

Colorado, ' :

Utah

Texas 4 0.077 6 18 0.063 23

Other 6 ’ 0.199 24 21 0.094 40

Total 74 : 0.178 265 424 0.105 890

Tabular sandstone uranium-vanadium 150-200 ft long, 50-75 ft wide, and

deposits in the Salt Wash and Recapture
Members .

Tabular  sandstone  uranium-vanadium
deposits in the Salt Wash and Recapture
Members of the Morrison Formation are
restricted to the east Carrizo (including the King
Tutt Mesa area) and Chuska Mountains
subdistricts of the Shiprock district, western San
Juan Basin, where production totals 493,510
pounds of U;Og (Table 2). The Salt Wash
Member is the basal member of the Morrison
Formation and is overlain by the Brushy Basin
Member (Anderson and Lucas, 1992, 1995;
McLemore and Chenoweth, 1997). It
unconformably overlies the Bluff-Summerville
Formation, using older stratigraphic
nomenclature (Anderson and Lucas, 1992), or
the Wanakah Formation as proposed by Condon
and Peterson (1986). The Salt Wash Member
consists of 190-220 ft of interbedded fluvial
sandstones and floodplain mudstones, shales,
and siltstones. The mudstone and siltstone
comprise approximately 5-45% of the total
thickness of the unit (Masters et al.,, 1955;
Chenoweth, 1993).

The tabular uranium deposits are generally
elongated parallel to paleostream channels and
are associated with carbonized fossil plant
material. A cluster of small ore bodies along a
trend could contain as much as 4000 tons of ore
averaging 0.23% U;Og (Hilpert, 1969;
Chenoweth and Learned, 1984; McLemore and
Chenoweth, 1989, 1997). They tend to form
subhorizontal clusters that are elongated and
blanket-like. Ore bodies in the King Tutt Mesa
area are small and irregular and only a few ore
bodies have yielded more than 1000 Ibs of U;05.
A typical ore body in the King Tutt Mesa area is

approximately 5 ft thick (McLemore and
Chenoweth, 1989, 1997). The deposits are
typically concordant to bedding, although
discordant lenses of uranium-vanadium minerals
cross-cut bedding planes locally. The ore bodies
typically float in the sandstone; locally, they
occur at the interface between sandstone and less
permeable shale or siltstone. However, unlike
uranium deposits in the Grants district, the
deposits at King Tutt Mesa are high in
vanadium. The U:V ratio averages 1:10 and
ranges 1:1 to 1:16.

- The deposits are largely black to red,
oxidized, and consist of tyuyamunite, meta-
tyuyamunite, uranium/organic compounds, and a
variety of vanadium minerals, including
vanadium clay (Corey, 1958). Uranium and
vanadium minerals are intimately associated with
detrital organic material, such as leaves,
branches, limbs, and trunks, derived from
adjacent sandbar, swamp, and lake deposits, and
humates. Small, high-grade ore pods (>0.5%
U;0g) were associated with fossil wood. The
uranium-vanadium minerals form the matrix of
the mineralized sandstones and locally replace
detrital quartz and feldspar grains. Mineralized
beds are associated with coarser-grained
sandstone, are above calcite-cemented sandstone
or mudstone-siltstone beds, are associated locally
with mudstone galls, and are near green to gray
mudstone - lenses. Limonite = is commonly
associated with the ore bodies (Masters et al.,
1955). Field and petrographic data suggests that
the uranium-vanadium deposits formed shortly
after deposition of the host sediments (Hilpert,

© 1969).

Modeling of the regional ground-water
flow in the Colorado Plateau during Late



Jurassic and Early Cretaceous times supports the
brine-interface model and indicates that the
reglonal ground-water flow was to the northeast
in the King Tutt Mesa area (Sanford, 1982). In
the King Tutt Mesa area, the bleaching of the
sandstones and the geometry of tabular uranium-
vanadium bodies floating in sandstone beds
supports the reaction of two chemically different
waters, most likely a dilute meteoric water and
saline brine from deeper in the basin (McLemore
and Chenoweth, 1997). The intimate association
of uranium-vanadium minerals with organic
material, further -indicates that they were
deposited at the same time.

Other sandstone uranium deposits -
Redistributed uranium deposits in the Dakota
Sandstone (Cretaceous)

A total of 501,169 pounds of U3Og has been
produced from redistributed uranium deposits in
the Dakota Sandstone in the southern part of the
San Juan Basin (Table 2; Chenoweth, 1989a).
These deposits are similar to redistributed
uranium deposits in the Morrison Formation and
are found near primary and redistributed deposits
in the Morrison Formation. Deposits in the
Dakota Sandstone are typically tabular masses
that range in size from thin pods a few feet long
and wide to masses as much as 2500 ft long and
1000 ft wide. The larger deposits are only a few
feet thick, but a few are as much as 25 ft thick
(Hilpert, 1969). Ore grades ranged from 0.12 to
0.30% U305 and averaged 0.21% U;0s. Uranium
is found with carbonaceous plant material near or
at the base of channel sandstones or in
carbonaceous shale and lignite and is associated
with fractures, joints, or faults and  with
underlying permeable sandstone of the Brushy
Basin or Westwater Canyon Members.

The largest deposits -in the Dakota
Sandstone are found in the Old Church Rock
mine in the Church Rock subdistrict of the
Grants district, where uranium is associated with
a major northeast-trending fault. More than
188,000 Ibs of U;0g have been produced from
the Dakota Sandstone in the Old Church Rock
mine (Chenoweth, 1989a).

Roll-front sandstone uranium deposits
Roll-front sandstone uranium deposits are
found in Tesuque Formation (San Jose) and Ojo
Alamo Sandstone (Farmington, Mesa Portales)
areas of the San Juan Basin, where production
totals 60 pounds of U0y (Table 2; McLemore
and Chenoweth, 1989). Roll-front uranium

deposits typically are found in permeable fluvial
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channel sandstones and are associated with
carbonaceous material, clay galls, sandstone-
shale interfaces, and pyrite at an oxidation-
reduction interface (Nash et al., 1981). Although
only a few minor and unverified uranium
occurrences have been reported at Mesa Portales
(McLemore, 1983), radiometric anomalies are
detected by water, stream-sediment, and aerial-
radiometric studies (Green et al., 1980a, b). Past
drilling at Mesa Portales indicated that low-grade
uranium is found in blanket-like bodies in
several horizons. The lack of a clear
mineralization pattern suggests that these
deposits are modified roll-type or remnant ore
bodies (Green et al., 1980a, b).

Sedimentary sandstone uranium deposits
Sedimentary sandstone uranium deposits
are stratabound deposits associated with
syngenic organic material or iron oxides, or both,
such as at the Boyd deposit near Farmington and
in the Chinle Formation throughout northern
New Mexico. Uranium contents vary, but
average grades of shipments from these deposits
rarely exceeded 0.1% U;03. These deposits tend
to be small, containing only a few tons of ore,
and the potential for future production is low.

Sedimentary-copper deposits

Stratabound, sedimentary-copper deposits
containing Cu, Ag, and locally Au, Pb, Zn, U, V,
and Mo are found throughout New Mexico.
These deposits also have been called "red-bed”
or "sandstone" copper deposits by previous
workers (Soulé, 1956; Phillips, 1960; Cox and
Singer, 1986). They typically occur in bleached
gray, pink, green, or tan sandstones, siltstones,
shales, and limestones within or marginal to
typical thick red-bed sequences of red, brown,
purple, or yellow sedimentary rocks deposited in
fluvial, deltaic or marginal-marine environments
of Pennsylvanian, Permian, or Triassic age
(Coyote, Gallina). The majority of sedimentary-

. copper deposits in New Mexico are found at or

near the base of these sediments; some deposits
such as those in the Zuni Mountains and
Nacimiento distticts (Fig. 4), are in sedimentary
rocks that unconformably overlie mineralizéd
Proterozoic granitic rocks. The mineralized
bodies typically form as lenses or blankets of
disseminated and/or fracture coatings of copper
minerals, predominantly chalcopyrite, chalcocite,
malachite, and azurite with minor to trace
uranium minerals. Copper and uranium minerals
in these sedimentary-copper deposits are



commonly associated with organic debris and
other carbonaceous material.

[] 500 . 1000 R

Jurassic sedimentary rocks
Chinle Formation (Triassic)
Yrv  upper shale member
TP Poleo Sandstone Member
Trs  gafitral Shate Member
Tra  Agua Zarca Sandstone Member
" [# Cutter Foramion (Permilan)
{2 Proterozoic rocks

B sulfide ore zona
B8 mixed ore zone
31 oxide ore zone

Nacimiento Mine

Figure 4. Cross section through Naciemento

open pit mine exposing a sedimentary copper
deposit (modified from Talbot, 1974).

. Beach placer, thorium-rich sandstone uranium

deposits

Heavy mineral, beach-placer sandstone
deposits are concentrations of heavy minerals
that formed on beaches or in longshore bars in a
marginal-marine environment (Fig. 5; Houston
and Murphy, 1970, 1977). Many beach-placer
sandstone deposits contain high concentrations
of Th, REE (rare earth elements), Zr, Ti, Nb, Ta,
and Fe; U is rare, but only one deposit yielded
minor uranjum production (McLemore, 1983).
Detrital heavy minerals comprise approximately
50-60% of the sandstones and typically consist
of titanite, zircon, magnetite, ilmenite, monazite,
apatite, and allanite, among others. These
deposits in New Mexico are found in Cretaceous
rocks, mostly in the San Juan Basin and are
small (<3 ft thick), low tonnage, and low grade.
They rarely exceed for more than several
hundred feet in length, are only tens of feet wide,

“and 3-5 ft thick. However, collectively, the

known deposits in the San Juan Basin contain
4,741,200 tons of ore containing 12.8% TiO,,
2.1% Zr, 15.5% Fe and less than 0.10% ThO,
(Dow and Batty, 1961). The small size and
difficulty in recovering economic minerals will
continue to discourage development of these
deposits in the future.
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concentrations

» Figure 5. Idealized cross-section of formation of

beach placer sandstone deposits (Houston and
Murphy, 1970).

Limestone uranium deposits in the Todilto
Formation (Jurassic)

Uranium is found only in a few limestones
in the world, but the deposits in the Jurassic
Todilto Limestone are some of the largest and
most productive (Chenoweth, 1985a; Gabelman
and Boyer, 1988). Uranium minerals were found
in the Todilto Limestone in the early 1920s,
although it was Paddy Martinez’s discovery in
1950 that resulted in development of the Grants

district. From 1950 through 1981, mines in the
Grants district yielded 6,671,798 .1bs of U,Oq

from the Todilto Limestone, amounting to

approximately 2% of the total uranium produced

from the Grants district (Table 2; Chenoweth,
1985a; McLemore and Chenoweth, 1989, 1991).

Limestone is typically an unfavorable host
rock for uranium because of low permeability
and porosity and lack of precipitation agents,
such as organic material. However, a set of
unusual _geological circumstances allowed the
formation of uranium deposits in the Todilto
Limestone. The organic-rich limestones were
deposited in a sabkha environment on top of the -
permeable Entrada Sandstone. The overlying
sand dunes of the Summerville or Wanakah
Formation locally deformed the Todilto muds,
producing the intraformational folds in the
limestone. Uraniferous waters derived. from a
highland to the southwest migrated through the
Entrada Sandstone. Ground water migrated into
the Todilto Limestone by evapotranspiration or
evaporative pumping. Uranium -precipitated in
the presence of organic material within the
intraformational folds and associated fractures in
the limestone (Fig. 6; Rawson, 1981; Finch and
McLemore, 1989). The Todilto uranium deposits
are 150-155 Ma, based on U-Pb isotopic dating,
and are older than the 130 Ma Morrison
sandstone uranium deposits (Berglof, 1989).



Summerville or Wanakah Formation
Todilto Limestons

Entrada Sandstone

uranium crebodles
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Figure 6. Control of Todilto uranium deposits by
intraformational folds and fractures (modified
from Finch and McLemore, 1989),

More than 100 urapium mines and

occurrences are found in the Todilto Limestone

in New Mexico; 42 mi

uranium  production  (McLemore, 1983,

McLemore and Chenoweth, 1989; McLemore et
al,, 2002). Most of these are in the Grants
uranium district, although minor occurrences are
found in the Chama Basin (Abiquiu, Box
Canyon), Nacimiento district, and Sanostee in
the Chuska subdistrict of the Shiprock district.
Minor mineralization extends into the underlying
Entrada Sandstone or overlying Summerville
Formation in some areas. Uranium is found in
the Todilto Limestone only where gypsum-
anhydrite beds are absent (Hilpert, 1969).

Other sedimentary rocks with wuranium
deposits
Carbonaceous shale and lignite uranium
deposits

S
shale and lignite in the Dakota Sandstone in the
Grants vranium district. Concentrations as high

as 0.62% U;Og are found in coal, whereas the
coal ash has uranium concentrations as high as
1.34% U;0; (Bachman et al., 1959; Vine et al.,
1953). Mineralized zones are thin and range in
thickness from a few inches to 1.5 ft. Most of
these occurrences are isolated, small, and low
grade, and do not have any significant uranium
potential.

Vein-type uranium deposits
Collapse-breccia pipe and clastic plug deposits
Uraniferous collapse-breccia pipe deposits

were mined in northern Arizona for uranium
beginning in 1951 and continuing into the1980s;
average production grades of 0.5-0.7% U;O4
were common. Similar deposits are fo in the
Grants uranium district. Uraniferous collapse-
breccia_pipes are vertical or steeply dipping
cylindrical features bounded by ring fractures

and faults and filled with a heterogeneous
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mixture of brecciated country rocks containing

uranium minerals. The pipes were probably
formed by solution collapse of underlying -
limestone or evaporites (Hilpert and Moench,
1960; McLemore, 1983; Wenrich, 1985).

More than 600 breccia-pipes are found in
the Ambrosia and Laguna subdistricts, but only a
few are uranium bearing (Hilpert, 1969; Nash,
1968; Moench, 1962). Pipe structures in the
Cliffside (Clark and Havenstrite, 1963), Doris
(Granger and Santos, 1963), and Jackpile-
Paguate mines (Hilpert and Moench, 1960) have
yielded ore as part of mining adjacent sandstone
deposits; the exact tonnage attributed to these
breccia-pipes is not known. Very little
brecciation has occurred at the Cliffside and
Doris pipes, however, these pipes appear to be
related to other breccia pipes in the area. The
Woodrow deposit is the largest uranium
producer from a breccia-pipe in New Mexico
(McLemore, 1983) and is 24 to 34 ft in diameter
and at least 300 ft high. In Arizona, the
mineralized Orphan Lode breccia-pipe is 150 to
500 ft in diameter and at least 1500 ft long
{Gornitz and Kerr, 1970). More than 134,000 lbs
of U304 at a grade of'1.26% U;0q was produced
from the Woodrow deposit. However, the New
Mexico uraniferous collapse-breccia pipes are
uncommon and much smaller in both size and
grade than the Arizona uraniferous collapse-
breccia pipes. Future mining potential of New
Mexico breccia pipes is minimal.

Surficial uranium deposits

Ground-water anomalies and locally remote
sensing data suggest that surficial or calcrete
uranium deposits may exist in the Lordsburg
Mesa area in southwestern New Mexico (Carlisle
et al., 1978; Raines et al., 1985) and in the
Ogalalla Formation in eastern New Mexico
(Otton, 1984). However, mineralized zones high
in uranium have not been found in these areas.



Uranium minerals, typically carnotite, are found
in voids and fractures within lenticular deposits
of alluvium, soil, or detritus that have been
cemented by carbonate forming calcretes (Nash
et al., 1981).

'FUTURE POTENTIAL

New Mexico ranks 2 in uranium reserves
in the U.S. (behind Wyoming), which amounts to
15 million tons ore at 0.28% U,;Og (84 million
Ibs U;05) at a forward cost of $30/1b and 238
million tons of ore at 0.076% U303 at a forward
cost of $50/1b (Table 6, 7). The DOE classifies
uranium reserves into forward cost categories of

$30 and $50 U;Oq per pound. Forward costs are

operating and capital costs (in current dolflars)
that are still to be incurred to produce uranium
from estimated reserves. All of New Mexico’s
uranium reserves in 2006 are in the Morrison
Formation in the San Juan Basin (Table 7);
although uranium exploration is occurring
elsewhere in New Mexico.

Only one company in New Mexico, Quivira
Mining Co. (successor to Kerr McGee Corp.,
owned now by BHP-Billiton Plc.), produced
uranium in 1989-2002, from waters recovered
from inactive underground operations at
Ambrosia Lake (mine-water recovery). Quivira
Mining Co. is no longer producing uranium and
the Ambrosia Lake mill and mines will be
reclaimed in 2007. Any conventional mining of
uranium in New Mexico will require a new mill
or the ore would have to be shipped to the White
Mesa mill in Blanding, Utah.

Rio Grande Resources Co. is maintaining
the closed facilities at the flooded Mt. Taylor
underground mine in Cibola County, where
primary sandstone-hosted uranium deposits were
mined as late as 1989 (Table 6). Reserves are
estimated as 121 million pounds U303 at 0.25%
U303, which includes 7.5 million pounds of
U;05 at 0.50% U;0;. Depths to ore average
3,300 ft.

The La Jara Mesa uranium deposit in
Cibola County was originally owned by
Homestake Mining Co and in 1997 was
- transferred to Anaconda and subsequently to
Laramide Resources Ltd. This primary
sandstone-hosted uranium deposit, discovered in
the Morrison Formation in the late 1980s,
contains approximately 8 million pounds of ore
-averaging 0.25% U;Og (Table 6). It is above the
water table and is not suited to current in situ
leaching technologies. New Mexico Mining and
Minerals Division has approved an exploration
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permit for Laramide Resources and a permit is
pending for Urex Energy Corp., who also owns
adjacent properties on Jara Mesa to Laramide.
Laramide Resources also controls the nearby
Melrich deposit (Table 6). Lakeview Ventures
also acquired adjacent properties (press release,
April 19, 2006). '

Hydro Resources, Inc. (subsidiary of
Uranium Resources Inc.) is waiting for final
permit approvals and an increase in the price of
uranium before mining uranium by in-situ
leaching at Church Rock and Crownpoint.
Production costs are estimated as $13.54 per
pound of U;Og¢ (Pelizza and McCarn, 2002, 2003
a, b). Reserves at Church Rock (Section 8, 17)
and Mancos mines are estimated as 19 million
pounds of U3Og (Table 6; Pelizza and McCarn,
2002, 2003 a, b). Hydro Resources, Inc.
estimates production costs at Crownpoint to be
$11.46-12.71 per pound U;Og (Pelizza and
McCarn, 2002, 2003 a, b). Hydro Resources, Inc.
also owns the Santa Fe Railroad properties in the
Ambrosia Lake subdistrict.

Strathmore Minerals Corp. has acquired
numerous properties in the Grants district,
including Roca Honda (33,300,000 pounds
U;0g), Church Rock (15,300,000 pounds U;Og;
Fitch, 2005), and Nose Rock. Strathmore hopes
to mine uranium by both in situ leaching and
conventional mining and milling. An exploration
permit is pending for the Roca Honda deposit.

Quincy Energy Corp. merged with Energy
Metals Corp in July 2006, and acquired
properties in Crownpoint (section 24 contains
9.966 million pounds of U;Og and sections 19
and 29 contains 13.672 million pounds of U;O0g;
Myers, 2006a, b) and Hosta Butte (14.822
million pounds of U;0g; Myers, 2006c). Quincy
Energy Corp. is examining the uranium resource
potential in northeastern New Mexico.

An exploration permit was approved by
New Mexico Mining and. Minerals Division for
Western Energy Development to drill at the
Treeline project, Ambrosia Lake subdistrict,
McKinley County. An exploration permit is
pending for Urex to explore for uranium on their
properties in the Grants district.

Max Resources Corp. has filed for drilling
permits for the C de Baca property in the Riley
area, Socorro County, where Occidental
Minerals in 1981-1982 identified 1.67 million
tons of U;O; grading 0.18% U,0;, found in
sandstones of the Cretaceous Crevasse Canyon
and Tertiary Baca Formations (press release June
8, 2006). )



SUMMARY

Sandstone uranium deposits in New

Mexico have played a major role in historical
uranium production. Although other types of
uranium deposits in the world are higher in grade
and larger in tonnage, the Grants uranium district
could soon become a significant source of
uranium:

¢ As in situ leaching technologies improve,
decreasing production costs.

® As demand for uranium increases world-
wide, increasing the price of uranium.

However, several challenges need to be
overcome by the companies before uranium
could be produced once again from the Grants
uranium district:

¢ There are no conventional mills remaining
in New Mexico to process the ore, which
adds to the cost of producing uranium in
the state. New infrastructure will need to be
built before conventional mining can
resume. ‘

e Permitting for new in situ’ leaching and
especially for conventional mines and mills
will possibly take years to complete.

e Closure plans, including reclamation must
be developed before mining or leaching
begins. Modern regulatory costs will add to
the cost of producing uranium in the U.S.

» Some communities, especially the Navajo
Nation communities, do not view
development of uranium properties as
favorable. The Navajo Nation has declared
that no uranium production will occur on
Navajo lands.

® High-grade, low-cost uranium deposits in
Canada and Australia are sufficient to meet

current  international  demands; but -

additional resources will be required to
meet near-term future requirements.
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H

) _ ‘Margin of
Social Characteristics - show more >> Estimate Percent U.S. Error
Average household size 3.44 ) 2.61 +/-0.21
Average family size , ' 4.29 (X) 3.20 +/-0.42
" Population 25 years and over 38,579 +/-487
High school graduate or higher ) 68.9 84.1% o (X)
Bachelor's degree or higher X) 11.5 27.0% )
S\ll\gll'l)an veterans (civilian population 18 years and N N 10.4% N
" Disability status (population 5 years and over) 10,192 15.7 15.1% +/-1,688
Foreign born ] 2,097 2.9 12.5% +/-902
Male, Now married, except separated (population o
15 years and over) 10,043 418 52.4% +/-1,301
Female, Now married, except separated o
(population 15 years and over) 10,262 87.8 48.4% +-1,182
Speak a language other than English at home oy o
(population 5 years and over) N N 19.7% N
Household population 69,791 +/-226
‘ Group quarters population {X) X (X) X)
Economic Characteristics - show more >> Estimate Percent u.s. MargEil:rg:
In labor force (population 16 years and over) 24,918 50.0 65.0% +/-1,699
Mean travel time to work in minutes (workers 16 ’
years and over) 21.6 X) 25.0 +-2.6
Median household income (in 2006 inflation-
adjusted dollars) 27,261 (X) 48,451 +/-3,708
gﬁj‘dangr; family income (in 2006 inflation-adjusted 30,402 ) 58 506 +-6,279
s;rl acrz;))lta income (in 2006 inflation-adjusted 11,272 (X) 25 267 +/-1,043
Families below poverty level . : X) 368 9.8% )
Individuals below poverty level xX) 44.0 13.3% (X)
Housing Characteristics - show more >> Estimate Percent u.s. MargEi:rg: .
Total housing units 27,580 +/-69
Occupied housing units : 20,283 73.5 88.4% +/-1,247
Owner-occupied housing units 15,657 77.2 67.3% +/-1,234
Renter-occupied housing units 4,626 22.8 32.7% +-1,112
Vacant housing units ‘ 7,297 26.5 11.6% +/-1,259
Owner-occupied homes s 15,657 +/-1,234
Median value (dollars) 67,400 (X) 185,200 +/-7,144
Median of selected monthly owner costs
With a mortgage (dollars) 734 xX) 1,402 +-112
Not mortgaged (dollars) ’ 201 (X) 399 +-25
' ACS Demographic Estimates - show more >> Estimate Percent  U.S. Margé?rg:
Total population 71,875 i

Male ' _ 33,969 47.3 49.2% +/-935
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Female
Median age (years)
Under 5 years
18 years and over
65 years and over

One race
White
Black or African American
American Indian and Alaska Native
Asian
Native Hawaiian and Other Pacific Islander
Some other race
Two or more races

Hispanic or Latino (of any race)

Source: U.S. Census Bureau, 2006 American Community Survey

Explanatlon of Symbols

37,906
28.6
7,025
46,996

- 6,417

70,322
14,599
784
53,114
283

1,532

1,583
N

50.8%
36.4
6.8%
75.4%
12.4%

98.0%
73.9%

12.4%

0.8%
4.4%
0.1%
6.3%
2.0%

14.8%

+/-935
+/-0.7
+/-441

+/-550

+/-1,080
+/-1,638
+/-748
+/-1,149
+/-326
+/-279
+/-905
+/-1,080

Page 2 of 2

*+*' . The median falls in the iowest interval or upper interval of an open-ended distribution. A statistical test is not appropriate.

== . The estimate is controlled. A statistical test for sampling variability is not appropriate.
‘N’ - Data for this geographic area cannot be displayed because the number of sample cases is too small.

'(X)' - The value is not applicable or not available.

The letters PDF or symbo! }" indicate a document is in the Portabie Document Format (PDF). To view the file you will
need the Adobe® Acrobat® Reader, which is available for free from the Adobe web site.

http://factfinder.census.gov/servle ACSSAFFFacts?_event=Search&geo_id=&_geoCont...

01/15/2008
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Cibola County, New Mexico - Fact Sheet - American FactFinder

American FactFinde

Page 1 of 2

FACT SHEET

Cibola County, New Mexico

Census 2000 Demographic Profile Highlights:

General Characteristics - show more >>
Total population
Male
Female
Median age (years)
Under 5 years
18 years and over
65 years and over

One race
White ]
Black or African American
American Indian and Alaska Native
Asian
Native Hawaiian and Other Pacific Istander
Some other race
Two or more races

Hispanic or Latino (of any race)

Household population
Group quarters population

Average household size
Average family size

Total housing units
Occupied housing units
Owner-occupied housing units
Renter-occupied housing units
Vacant housing units

Social Characteristics - show more >>

Population 25 years and over
High school graduate or higher

" Bachelor's degree or higher
Civilian veterans (civilian population 18 years and
over)
Disability status (population 5 years and over)
Foreign born
Male, Now married, except separated (population 15
years and over)
Female, Now married, except separated (population
15 years and over)
Speak a language other than English at home
(population 5 years and over)

Economic Characteristics - show more >>
- In labor force (population 16 years and over)
Mean travel time to work in minutes (workers 16 years
and over)
Median household income in 1999 (dollars)
Median family income in 1999 (doliars)
Per capita income in 1999 (dollars)
Families below poverty level
Individuals below poverty level

Housing Characteristics - show more >>

View a Fact Sheet for a race, ethnic, or ancestry group

Number
25,595
12,505
13,090

33.1
2,031
17,750
2,734
24,767
10,138
246
10,319

Number

Percent

48.9
51.1
X)
7.9
69.3
107
96.8
39.6
1.0
40.3
0.4
0.1
15.4
3.2

33.4

95.8
42

(X)
X)
80.6
77.0

23.0
194

Percent
75.0
12.0

14.9

21.3
2.3

52.5
48.4

43.9

Percent
53.0

X)
(X)
(X)
(X)
215
24.8

Percent

u.s.

49.1%
50.9%
35.3
6.8%
74.3%
12.4%

97.6%
75.1%

12.3%.

0.9%
3.6%
0.1%
5.5%
2.4%
12.5%
97.2%
2.8%

2.59
3.14

91.0%
66.2%
33.8%

9.0%

U.s.
80.4%
24.4%

12.7%

18.3%
11.1%

56.7%
52.1%

17.9%

u.s.
63.9%
255
41,994
50,046
21,687

9.2%
12.4%

u.s.

map

- map

map
map
map

map

map
map
map
map
map
map
map

map

map
map

map
map

map

map

map -

map

map
map

map

map
map

map

map

map
map
map
map
map

htto://factfinder.census.gov/servlet/SAFFFacts? event=Search&geo id=& geoContext=...

brief
brief
brief
brief
brief
brief
brief
brief
brief
brief
brief
brief
brief

briet

brief

brief

brief

brief

brief
brief

brief
brief

brief

brief
brief

brief
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Cibola County, New Mexico - Fact Sheet - American FactFinder Page 2 of 2

Single-family owner-occupied homes 3,742 brief
Median value (dollars) 62,600 X) 119,600 map brief

Median of selected monthly owner costs (%) (X) brief
With a mortgage (dollars) 654 ) 1,088 map :
Not mortgaged (dollars) 179 ) 295

(X) Not applicable.
Source: U.S. Census Bureau, Summary File 1 (SF 1) and Summary File 3 (SF 3)

ln‘\
The letters PDF or symbol a‘k" indicate a document is in the Portable Document Format (PDF). To view the file you will
need the Adobe® Acrobat® Reader, which is available for free from the Adobe web site.

http://factfinder.census.gov/servlet/SAFFFacts?_event=Search&geo_id=& _geoContext=... 01/15/2008
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Water System Details

Links

Water System Facilities

Sample Schedules

Coliform Samp) e
Results

Coliform Sample
Summary Results

Lead And Copper

Sample Summary
i 5 JPNUNN ‘
Re-lts

Qon—(‘olifon’n ,
sSamples/Results

Non-Coliform

Samples/Results by
Analvte

Violations/Enforcement
Actions

Site Visits

Milestones

 Return Links

Water Svstems
Water System Search

“unty Map

.lessa ry

http://eidea.state. nm.us/SDWIS/ISP/WaterSystemDetail.jsp?tinwsys_is number=1420&tinwsys_s... ' 1/15/2008
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Drinking Water Bureau

Water System Details

Water System No. NM3525733 _l:_ederlal C
: ype :
‘rfl":r;e; System  oANMATEO MDWCA State Type: C
Principal County Primary
Served : CIBOLA : Source : GW
L  Activity
Status : A . Date 06-01-1977
Points of Contact
Name Job Title [Type| Phone Address Email
PO.Box 3228
505-287- ’ Not
ORTEGA, LLOYD null AC MILAN, .
8108 NM-87021 Available
PO Box 3228
505-287- ’ Not
GRIEGO, ALEX ' oP MILAN, .
. 8277 NM-87021 Available
Annual Operating Periods & | Service
Population Served Connections
| Start Starti End [End[Population|Population| Type | Count
Month|Day Month|Day| Type Served
1 | 1] 12 |31 R 192 B | ol
Sources of Water Service Areas
Type Cod N
Name CodeStatus ode ame
WELL #1 WL I. R RESIDENTIAL
WELL# [ WL ' AREA
Water Purchases
Seller | Buyer
Water | Water System \?Veaifczi Purchase Fs;iii!i?:y Seller State FBalcj:)i/I?try State
Syﬁtoem Name Type Date Type Asgfx iD No. Type ASSQ.ED_

5


file://�/ctions
http://eidea.state.nm.us/SDWIS/JSP/WaterSystemDetail.jsp?tinwsys_is_number=1420&tinwsys_s

1-Coliform Samples

sfurn Links

\nalvte List

Nater System
tail -

Nater Systems

WVater System
arch

~ounty Map

ary

ttp://eidea.state.nm.us/SDWIS/J SP/NonTcrSamples.jsp?tinwsys_is_number=1420&tinwsys_st_c... 1/15/2008

bPage 1 01 2
» ° ’
Drinking Water Bureau
Non-Coliform Samples
Water System No.: NM3525733 Federal Type: C
Water System Name :SAN MATEO MDWCA State Type : C
Principal County Primary
Served : CiB OLA_ Source : GW
Status : A Activity Date : 06-01-1977

- This list displays Non-Coliform Samples for the last 2 years by default. If you
need to search for a specific date range, use the following date fields (you can
also pick a date from the pop-up calendar next to the field) and click on Search.

Lab Sample

Co !{lectu?{ Sampling

Sample

Total Number of Recofds Fetched =7

No. Type Dd.t e & Point Location Laboratory
Time
0607731 07-31- DISTRIBUTION AIQSS?’IC‘}I%EAL
31
oop2a | RT| 2006 SP23T330001 SySTEM  ILABORATORIES
10: INC
10-08- - SCIENTIFIC
HM200302138| RT | 2003 |SP257330011] WELL#1 | LABORATORY
null DIVISION
01-22- SCIENTIFIC
HM200300038 RT | 2003 [SP257330021] WELL#2 |LABORATORY
14:53:00 DIVISION
01-22- SCIENTIFIC
HM200300038) RT | 2003 [SP257330021] WELL#2 | LABORATORY
null DIVISION
09-18- SCIENTIFIC
HM200102180 RT | 2001 [SP257330021] WELL#2 | LABORATORY
- 10:16:00 DIVISION
11-17- SCIENTIFIC
HM199802280| RT | 1998 [SP257330021] WELL#2 | LABORATORY
14:16:00 DIVISION
| 11-19- SCIENTIFIC
HM963196 |RT| 1996 [SP257330021] WELL# | LABORATORY
12:25:00 DIVISION



No.oliform Sample Results : . ‘ ‘ Page 1 of'2

Drinking Water Bureau

Non-Coliform Sample Results

Return Links

Water System No. : NM3525733 . . Federal Type : C
. o Water System Name : SAN MATEO MDWCA State Type : C
Non-Coliform Samples Principal County Served : CIBOLA Primary Source : GW
Status : A : Activity Date : 06-01-1977
Analyte List Lab Sample No. : 0607731-0002A Collection Date : 07-31-2006
Water System Detail Analyte; Analyte | Method [Less than| Level |Reporting/Concentration I\lo.mw.l o 1\)/[01.11101:11% o
Code Name Code [Indicator| Type Level level Period Begin Period End MCL
Water Systems T ) i e 1 " Date Date
; 0.01
L X _ 1005 RSENIC 200.8 Y MRL 0.001 MG/L
Water System Search . A — Mg/ L
1010 |BARIUM 200.8 N MRL  [0.0025 MG/L] 0.426 MG/L MG/L
County Map 0.005
1015 [CADMIUM 200.8 Y MRL  {0.0005 MG/L )
MG/L
Glossary 1020 |CHROMIUM | 200.8 Y MRL  0.001 MG/L ML
0.002
1035 IMERCURY 245.1 Y MRL 0.2 UG/L MG/L
0:1
1036 [NICKEL 200.8 Y MRL ‘ 0.0005 MG/L MG/L
1045 [SELENIUM | 2003 Y MRL  {0.005 MG/L o
ANTIMONY, 0.006
1074 TOTAL 200.8 Y MRL 0.005 MG/L ' MGI/L
BERYLLIUM, 0.004
1075 TOTAL 200.8 Y MRL  0.0005 MG/L] » MG/L
THALLIUM, ’ 0.002
1085 TOTAL 200.8 Y MRL  0.0005 MG/L MG/L

nttn-/leidea ctate nm ns/SNDWIS/ISP/NonTcrSampleResults.isp?sample number=0607731-0002A&collection_date=07-3 1-2006&t... 1/15/2008



Drinking Water Bureau

- Non-Coliform _S__a_mplgRes_ults_

Return Links
1k Water System No. : NM3525733 Federal Type : C
o . Water System Name : SAN MATEO MDWCA State Type : C
Non-Coliform Samples Principal County Served : CIBOLA Primary Source : GW
Status : A Activity Date : 06-01-1977
Analyte List Lab Sample No. : HM200302138 Collection Date : 10-08-2003
Water System Detail Analyte] Analyte ‘| Method |Less than| Level |Reporting{Concentration _1VI|)'n1toixm‘g }\)101'11 i I
1 Code Name Code |Indicator| Type Level level Period Begin Period End MCL
Water Systems ’ - 3 e Wi o Date Date
o o 1005 |ARSENIC 200.8 Y MRL  |0.001 MG/L MGI/L I&g}L
Water System Search
' 1010 |BARIUM 200.8 Y MRL 0.1 MG/L null MZG/L,
County Map ' 0.005
' 1015 |CADMIUM 200.8 Y MRL 0.001 MG/L MG/L MG/L
Glossary 1020 [CHROMIUM | 200.8 Y MRL  |0.001 MG/L MG/L L
1035 |MERCURY | 200.8 Y MRL  0.0002 MG/L null o
0.1
1036 TNICKEL 200.8 Y MRL 0.01 MG/L null MG/L
1045 SELENIUM 200.8 Y MRL 0.005 MG/L null I\(/)lg?L
ANTIMONY, 0.006
1074 TOTAL 200.8 N MRL 0.001 MG/L| 0.002 MG/L MG/L
BERYLLIUM, 0.004
1075 LFOTAL - 200.8 Y MRL 0.001 MG/L MG/L MG/L
THALLIUM, 0.002
1085 TOTAL 200.8 Y MRL 0.001 MG/L MG/L MG/L

h.eidea.state.nm.us/SDWIS/J SP/NonTcrSampleResults.j sp?s.le_number=HM2003 02138&collection_date=1 0-08-20038‘.. 1/15/2008
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Drinking Water Bureau

Non-Coliform Sample Results

‘Return Links -
t Water System No. : NM3525733 Federal Type : C
, e . Water System Name : SAN MATEO MDWCA State Type : C
Non-Colitorm Samples Principal County Served: CIBOLA Primary Source : GW'
: Status : A Activity Date : 06-01-1977
Analyte List ’ Lab Sample No. : HM?200300038 Collection Date : 01-22-2003
Water System Detail Analyte] Analyte | Method [Less than] Level [Reporting{Concentration _Pi({nltm e ]\)’IOI.NIOI_‘I ey
Code Name Code |Indicator| Type Level level Period Begin [Period End MCL
Water Systems i ’ S 1 ' Date Date
o o 1005 |ARSENIC 200.8 Y MRL  [0.001 MG/L null 01-01-2002 | 12-31-2004 1312}1,
Water System Scarch >
: ' 1010 |BARIUM 200.8 N 0.1 MG/L 4 MG/L 01-01-2002 12-31-2004 MG/L
County Map 0.005
1015 |CADMIUM null Y MRL 0.001 MG/L |~ null 01-01-2002 12-31-2004 MG/L
Glossary 1020 [CHROMIUM | 200.8 Y MRL  |0.001 MG/L null 01-01-2002 | 12-31-2004 N?G‘/L
1035 MERCURY 245.1 Y MRL  [0.0002 MG/L] null 01-01-2002 12-31-2004 1(340(;)/2L
1036 |NICKEL 200.8 Y MRL |00IMGL|  null 01-01-2002 | 12312004 | M)
1045 |SELENIUM | 200.9 Y MRL  |0.005 MG/L null 01-01-2002 | 12-31-2004 [&gfL
NTIMONY, . 0.006
1074 OTAL 200.8 Y MRL 0.001 MG/L null 01-01-2002 12-31-2004 MG/L
BERYLLIUM, | ] . 0.004
1075 TOTAL 200.8 Y MRL 0.001 MG/L null 01-01-2002 12-31-2004 MG/L
THALLIUM, 0.002
1085 TOTAL 200.8 Y MRL 0.001 MG/L null 01-01-2002 12-31-2004 MG/L

httn//eidea gmte_nm_\1.q/ST‘)WIS/JSP/NonTchamnleResults.isp?sample number=HM200300038&collection_date=01-22-2003&tin... 1/15/2008



Drinking Water Bureau

Non-Coliform Sample Results

Return Links
o Water System No. : NM3525733 Federal Type : C
o en . Water System Name ; SAN MATEO MDWCA State Type : C
Non-Coliform Samples Principal County Served : CIBOLA Primary Source : GW
Status : A Activity Date : 06-01-1977
Analyte List Lab Sample No. : HM200300038 Collection Date : 01-22-2003
Water System Detail Analyte] Analyte | Method |Less than| Level [Reporting|/Concentration _i\/[c.)‘mto_l me »)10‘1'11(01;11@ o
Code | Name Code |Indicator] Type Level level Period Begin Period EndMCL
Water Systems A . ‘ - ' Date Date
o o 1005 |ARSENIC 2008 Y MRL (0001 MGL|  MG/L 01012002 | 12-31-2004 | 00
Water System Search : >
1010 |BARIUM 200.8 N MRL 0.1 MG/L 0.4 MG/L 01-01-2002 12-31-2004 MG/L
County Map 0.005
1015 |[CADMIUM 200.8 Y MRL 0.001 MG/L MG/L 01-01-2002 12-31-2004 MG/L
Glossary 1020 [CHROMIUM | 200.8 Y MRL  [0.001 MG/L MG/L 01-01-2002 | 12-31-2004 N%/L
1035 |MERCURY 200.8 Y MRL  0.0002 MG/M null 01-01-2002 12-31-2004 (l\)/l(g)/zL
1036 |NICKEL 200.8 Y MRL 0.01 MG/L null 01-01-2002 12-31-2004 l\/(l)é}I/L
1045 |SELENIUM | 2008 Y MRL  |0.005 MG/L full 01012002 | 12:31-2004 | 30>
ANTIMONY, 0.006
1074 TOTAL 200.8 Y MRL 0.001 MG/L MG/L 01-01-2002 12-31-2004 MG/L
BERYLLIUM, : 0.004
1075 TOTAL 200.8 Y MRL 0.001 MG/L MG/L 01-01-2002  |-12-31-2004 MG/L
THALLIUM, 0.002
1085 TOTAL 200.8 Y MRL 0.001 MG/L MG/L 01-01-2002 12-31-2004 MG/L

h./eidea.state.nm.us/SDWIS/J SP/NonTcrSampleResults.) sp?‘)le_number=HM2003 00038&collection_date=01-22-2003 % 1/15/2008
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- Drinking Water Bureau

Non-Coliform Sample Results

Return Links

Water System No. : NM3525733 Federal Type : C
- . Water System Name : SAN MATEO MDWCA State Type: C
Non-Coliform Samples Principal County Served : CIBOLA Primary Source : Gw
Status : A : Activity Date : 06-01-1977
Analyte List Lab Sample No. : HM200102180 Collection Date : 09-18-2001
Water System Detail Analytel Analyte | Method |Less than| Level |Reporting/Concentration l\ 10.mw.l i 1\)’101.11101“: 3.
Code Name Code [Indicator] ‘Type Level level Period Begin Period EndMCL
Water Systems R i ' - i ‘ ‘ Date Date
B 1005 |ARSENIC ull Y MRL  [0.001 MG/L null oL
Water System Search ,
1010 |BARIUM null N 0.1 MG/L 4 MG/L ’ 2
« MG/L
County Map 0.005
1015 |(CADMIUM null Y MRL 0.001 MG/L null )
MG/L
Glossary 1020 |CHROMIUM |  null N 0.001 MG/L| .002 MG/L N?G‘/L
1035 |MERCURY | null Y MRL  [0.0002MG/L]  null . ' 0.002
MG/L
‘ 0.1
. 1036 [NICKEL null Y MRL 0.01 MG/L | . null MGIL
1045 [SELENIUM | null Y MRL  [0.005 MG/L aull v
ANTIMONY, ‘ 0.006
1074 TOTAL null Y MRL 0.001 MG/L null : MG/L
BERYLLIUM, ' ' 0.004
1075 TOTAL null Y MRL 0.001 MG/L null MGIL
« |THALLIUM, 0.002
1085 TOTAL null Y MRL  |0.001 MG/L null MG/L

httn:/leidea state nm 1s/SDWIS/ISP/NonTcrSamoleResults.isp?sample number=HM200102180&collection_date=09-18-2001&tin...  1/15/2008



Drinking Water Bureau

Non-Coliform_Sample Results

'Rétll ro Links Water System No. : NM3525733 Federal Type : C
g e . Water System Name : SAN MATEO MDWCA State Type : C
Non-Colitorm Samples Principal County Served : CIBOLA Primary Source : GW
Status : A Activity Date : 06-01-1977
Analyte List Lab Sample No. : HM 199802280 Collection Date : 11-17-1998
Water System Detail Analyte] Analyte | Methed |Less than) Level |Reporting/Concentration ,h ’lo.mto_l g Elo{lllorqlllg P
: Code Name Code - [Indicator] Type Level level Period Begin Period EndiMCL
Water Systenis ’ - ' ’ 24 ' ~ Date Date
o o 1005 |ARSENIC 200.8 Y MRL  |0.001 MG/L null 1\04'8}L
Water System Search >
: 1010 BARIUM 200.8 N 0.1 MG/L 4 MG/L
‘ MG/L
County Map 0.005
1015 |CADMIUM null Y MRL 0.001 MG/L nulil )
: MG/L
Glossary 1020 |CHROMIUM | 200.8 Y MRL  |0.001 MG/L aull et
| 1035 |MERCURY | 245.1 Y MRL [0.0002MG/A]  null e
0.1
1036 [NICKEL 200.8 Y MRL 0.01 MG/L null MG/L |
1045 |SELENIUM | 200.9 Y MRL  |0.005 MG/L null v
IANTIMONY, 0.006
1074 TOTAL 200.8 Y MRL 0.001 MG/L null MG/L
BERYLLIUM,| 0.004
1075 TOTAL 200.8 Y MRL 0.001 MG/L null MGIL
HALLIUM, 0.002
1085 OTAL 200.8 Y MRL 0.001 MG/L null MG/L

‘//eidea.state.nm.us/ SDWIS/JISP/NonTcrSampleResults.j sp'ple_numbeFHMl 99802280&collection_date=11-17-1 9986’). . 1/15/2008
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Drinking Water Bureau

Non-Coliform Sample Results

Return Links Water System No. : NM3525733 " Federal Type : C
S, . Water System Name : SAN MATEO MDWCA State Type : C
Non-Coliform Samples Principal County Served : CIBOLA Primary Source : GW
Status : A Activity Date : 06-01-1977
Analyte List Lab Sample No. : HM963196 Collection Date : 11-19-1996

‘ater System Detal T . . P . | Monitoring [Monitoring
Water System Detail Analyte] Analyte | Method |Less than| Level |[Reporting|Concentration .}Vlo.mtoll ng . onrorng
: Code Name Code (Indicator] Type Level level Period BeginPeriod End MCL
Water Systems 2 e - ' ‘ i ' ___Date Date
' » 0.01
o - 1005 [ARSENIC null Y MRL  [0.001 MG/L null :
Water Svstem Search MS i
1010 |BARIUM null Y MRL 0.1 MG/L null
\ . MG/L
County Map 0.005
1015 [CADMIUM null Y - MRL 0.001 MG/L null ;
. MG/L
Glossary 1020 [CHROMIUM |  null Y MRL  |0.001 MG/L null .
1035 MERCURY null Y MRL  [0.0005 MG/L, null l(i/l(é)/zL
0.1
\ 1036 |NICKEL null Y MRL 0.01 MG/L null MG/L
1045 [SELENIUM null Y MRL 0.005 MG/L null R?Ig?L
ANTIMONY, 0.006
1074 TOTAL null Y MRL 0.001 MG/L null MG/L
BERYLLIUM, 0.004
1075 TOTAL null Y MRL  [0.001 MG/L | null MG/L
THALLIUM, 0.002
1085 TOTAL null Y MRL 0.001 MG/L null MG/L

http://eidea.state.nm.us/SDWIS/JSP/NonTcrSampleResults.jsp?sample _number=HM963196&collection_date=11-19-1996&tinwsy... 1/15/2008
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Drinking Water Bureau

Non-Coliform Sample Results

Return Links
ink Water System No. : NM3525733 Federal Type : C
e § Water System Name : SAN MATEO MDWCA State Type : C
Non-Coliform Samples Principal County Served: CIBOLA Primary Source : GW
Status : A Activity Date : 06-01-1977
Analyte List Lab Sample No. : 8291DW1 : Collection Date : 11-30-2005
Water System Detall Analyte| Analyte -| Method [Less than| Level 'Reportingl(;‘oncentration EV ].({ll[tf)l‘lllg, l\,/l'm.'”tq';l P
Code | Name Code |Indicator| Type Level level Period Begin \Period End MCL
Water Systems e ) | ) I Date Date
COMBINED 30
o X . 4006 200.8 Y MRL  [0.001 MG/L null 01-01-2004 12-31-2007
Water System Search URANIUM UG/L

County Map

Glossary

Total Number of Records Fetched = 1

l‘//eidea.state.nm.us/SDWIS/J SP/NonTcrSampleResults.j sp"ple_number=829 1DWl1&collection_date=11-3 O-2005&tin‘s... 1/15/2008



Non-Lolirorm Sample Kesults Page 1 of'1
L [ 3
Drinking Water Bureau
Non-Coliform Sample Results

Return Links Water System No. : NM3525733 Federal Type : C

Non-Clolif Water System Name : SAN MATEO MDWCA State Type : C

NOD-L. OO0 Principal County Lo .
Samples Served : CIBOLA Primary Source: GW

Status : A Activity Date : 06-01-1977

Analyte List Lab Sample No. ; RC200100576 Collection Date :  09-18-2001
_ Water System | Apalyte| Analyte Method Less LevelReportingConcentrationMomt.() ringMoniforin
Detail Code | Name | Code |, ‘han Type| Level level _ Period Period Enc
‘ ) Indicator] - Begin Date| Date

Water Systems | 4020 RAPIUMY -y N 0.02PCIL| 21 PCIL

Water System | 4020 SAPTIMT nut N 0.02PCIL| .21 PCIL
Search

County Map

slossary

Total Number of Records Fetched = 2

http://eidea.state.nm.us/SDWIS/JSP/NonTcrSampleResults. jsp?sample number=RC200100576&... 1/15/2008
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mples

Analyte List

Nater System
1ail

Nater Systems

Water System
arch

-<wnly Map

lossary

Drinking Water Bureau

Non-Coliform Sample Results

1LaApe 1L Vi 4

Water System No. : NM3525733 Federal Type : C
Water System Name: SAN MATEO MDWCA State Type : C
g"nc'p?l County CIBOLA Primary Source: GW
erved :
Status : A Activity Date : 06-01-1977
Lab Sample No. : 10500974 Coliection Date : 11-30-2005
lAnalvte] Analyte Method Less LevelReporting Concentrationmomt.o rmng.ntor]
Code Name | Code than Type| Level level Period |Period K
] Indicator] - F Begin Date| Date
GROSS
ALPHA, -
4000 [EXCL. 900 vy |MRL|196PCUL| o0 PCIL | 01-01-2004 | 12-31-20¢
RADON & _
U .
GROSS
ALPHA,
4000 [EXCL. 900 Y |MRL{196PCIL| ©0PCUL | 01-01-2004 | 12-31-20(
RADON &
U
COMBINED
4010 [RADIUM(-| null vy |MRL|136PcIL| o PCIL
b6 & -228)
COMBINED
4010 [RADIUM (- | null Y |MRL|136PCUL| o0 PCIL
D26 & -228)
2020 [APTOM- | 903 Y {MRL|136PCIL| 0.17 PCUL | 01-01-2004 | 12-31-20¢
a020 [APTUM- | 903 Y |MRL|136PCUL| 0.17 PCI/L | 01-01-2004 | 12-31-20¢
a030 RAPTUM- | 9040 Y |MRL|{o81PcUL| o pPCLL | 01-01-2004 | 12-31-20(
2030 PEPTM 9040 Y |MRL|o81PCIL| 0 PCIL | 01-01-2004 | 12-31-20(
GROSS
a100 [BETA 900 N |MRL| 18PCIL | 190 PCUL | 01-01-2004 | 12-31-20(
PARTICLE : :
ACTIVITY
GROSS
a100 [BETA 900 N |MRL| 18PCLVL | 1.90 PCUL | 01-01-2004 | 12-31-20(
PARTICLE : :
CTIVITY
Total Number of Records Fetched =10
tp://eidea.state.nm.us/'SDWIS/JSP/NonTcrSampleResults.jsp?sample_number=10500974&colle...  1/15/2008



Grants city, New Mexico - Fact Sheet - American FactFinder

| U.S. Census Bureau
American FactFindei

Page 1 of 2

FACT SHEET

Grants city, New Mexico

Census 2000 Demographic Profile Highlights:

General Characteristics - show more >>
Total population
Male
Female
Median age (years)
Under 5 years
18 years and over
65 years and over

One race
White
Black or African American
American Indian and Alaska Native
Asian
Native Hawaiian and Other Pacific Islander
Some other race
Two or more races

Hispanic or Latino (of any race)

Household population
Group quarters population

Average household size
Average family size

Total housing units
Occupied housing units
Owner-occupied housing units
Renter-occupied housing units
Vacant housing units

Social Characteristics - show more >>

Population 25 years and over

High school graduate or higher

Bachelor's degree or higher
Civilian veterans (civilian population 18 years and
over)
Disability status (population 5 years and over)
Foreign born A
Male, Now married, except separated (population 15
years and over) .
[Female, Now married, except separated (population
15 years and over) .
Speak a language other than English at home
(population 5 years and over)

Economic Characteristics - show more >>
In labor force (population 16 years and over)
Mean travel time to work in minutes (workers 16 years
and over)
Median household income in 1999 (dollars)
Median family income in 1999 (dollars)
Per capita income in 1999 (dollars)
Families below poverty level
Individuals below poverty level

Housing Characteristics - show more >>

View a Fact Sheet for a race, ethnic, or ancestry group

Number
8,806
4,053
4,753

34.4
715
6,270
1,085
8,420
4,947
143
1,054

Number
5,356
4,119

718

970

1,362
383

1,728
1,832

3,107

Number
3,801

17.14

30,652
33,464
14,053
446
1,810

Number

Percent

46.0
54.0
(X)
8.1
71.2
12.3
95.6
56.2
16
12.0
0.9
0.1
24.8
4.4

52.4

94.9
5.1

(X)
X)

88.3
67.0
33.0
11.7

Percent

76.9
134
155

177
4.4

59.3
48.0

38.4

Percent

58.3

(X)
(X)
(X)
(X)
19.4
21.9

Percent

u.s.

49.1%
50.9%
35.3
6.8%
74.3%
12.4%
97.6%
75.1%
12.3%
0.9%
3.6%
0.1%
5.5%
2.4%

12.5%

97.2%
2.8%

259
3.14

91.0%
66.2%
33.8%

9.0%

U.s.
80.4%
24.4%
12.7%

19.3%
11.1%

56.7%
52.1%

17.9%

U.s.
63.9%
255
41,994
50,046
21,587

9.2%
12.4%

u.s.

map
map
map
map
map

- map

map
map
map
map
map
map
map

map

map
map

map
map

map
map

map
map

map
map

map

map

map

map

map

map
map
map
map
map

brief
brief
brief
brief

brief

brief
brief
brief
brief
brief

brief
brief

- brief

~ brief/

brief

brief

brief

brief

brief
brief

brief
brief

brief

brief
brief

brief

httn://factfinder.census.gov/serviet/SAFFFacts?_event=Search&geo_id=16000US354862... 01/15/2008
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Miian village, New Mexico - Fact Sheet - American FactFinder Page 1 of 2

| U.S. Census Bureau:
American FactFinder”

FACT SHEET

Milan village, New Mexico
View a Fact Sheet for a race, ethnic, or ancestry group

Census 2000 Demographic Profile Highlights:

General Characteristics - show more >> Number Percent u.s.

Total population 1,891 . map  brief
Male 941 49.8 49.1% map brief
Female ) 950 50.2 50.9% map brief

Median age (years) 29.8 (X) 35.3 map brief

Under 5 years : 163 8.6 6.8% map

.18 years and over 1,274 - 674 74.3%

65 years and over 194 10.3 12.4% map  brief

One race 1,800 95.2 97.6%

White 965 51.0 75.1% map  brief
Black or African American 25 1.3 12.3% map brief
American Indian and Alaska Native 264 14.0 0.9% map brief
Asian 0 0.0 3.6% map brief
Native Hawaiian and Other Pacific Islander 0 0.0 0.1% map brief -
Some other race 546 28.9 55% map

Two or more races 91 48 24% map brief

Hispanic or Latino (of any race) ' 989 52.3 12.5% map  brief

Household population 1,891 100.0 97.2% map  brief

Group quarters population 0 0.0 2.8% map

Average household size 281 X) 259 map brief

. Average family size 3.33 X) 3.14 map

Total housing units’ 806 map

Occupied housing units 673 83.5 91.0% brief
Owner-occupied housing units 498 74.0 66.2% map
Renter-occupied housing units - 175 26.0 33.8% map brief

Vacant housing units ' 133 16.5 9.0% map

Social Characteristics - show more >> Number Percent u.s.

Population 25 years and over 1,051 .

High schoo! graduate or higher _ 712 67.7 80.4% map  brief

Bachelor's degree or higher 58 5.5 24.4% map

g\:/\glrl)an veterans (civilian population 18 years and 156 125 12.7% map  brief

Disability status (population 5 years and over) _ 471 27.6 19.3% map brief

Foreign born 40 2.1 - 11.1% map  brief

Male, Now married, except separated (population 15 o .

years and over) 321 50.6 56.7% brief

Female, Now married, except separated (population o .

15 years and over) 349 50.7 52.1% brief

Speak a language other than English at home .

(population 5 years and over) . 643 37.7 17.9% map brief

Economic Characteristics - show more >> Number Percent u.s..

In labor force (population 16 years and over) 761 58.6 63.9% brief

gﬂnedag J(r;;/el time tf) work in minutes (workers 16 years 294 (X) 255 map brief

Median household income in 1999 (dollars) 24,635 (X) 41,994 map

Median family income in 1999 (dollars) 26,776 (X) 50,046 map

Per capita income in 1999 (dollars) 10,463 (X) 21,587 map

Families below povenrty level 103 21.9 9.2% .map brief

‘ Individuals below poverty level 538 28.2 12.4% map
Housing Characteristics - show more >> Number Percent U.s.

“htto://factfinder.census.gov/servlet/SAFFFacts?_event=Search&geo_id=&_geoContext=... 01/15/2008



GRANTS AIRPORT, NEW MEXICOU - Clhimate dumiary

NOTE:
To print data frame (right side), click on right
frame befove printing.

1971 - 2000

e Daily Temp. & Precip.
e Daily Tabular data (~23 KB)
e Monthly Tabular data (~1 KB)
e NCDC 1971-2000 Normals (~3

KB)

1961 - 1990

e Daily Temp. & Precip.
e Daily Tabular data (~23 KB)
o Monthly Tabular data (~1 KB)
e NCDC 1961-1990 Normals (~3

KB)

Period of Record

¢ Station Metadata
o Station Metadata Graphics

General Climate Summary
Tables

o Temperature

¢ Precipitation

o Heating Degree Days

¥

GRANTS AIRPORT, NEW MEXICO
(293682)

Period of Record Monthly Climate Summary

Period of Record : 5/ 1/1953 to 6/30/2007

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Average Max.

Tempoature (F) 464 515 584 67.5 765 86.5 884 85.1 79.8 694 564 473 61.8
Average Min. 14.5 18.7 24.0 30.3 39.0 47.6 55.1 53.1 44.6 32.8 22.1 144 33.0
Temperature (F) 224
Average Total 0.50 0.44 0.55 0.47 0.53 0.56 1.71 2.03 1.31 1.11 0.58 0.63 10.40
Precipitation (in.) .

Average Total 26 22 17 04 00 00 00 00 00 04 1.0 41 123

;

SnowFall (in.)
Average Snow
Depth (in.)
Percent of possible observations for period of record.

Max. Temp.: 96.2% Min. Temp.: 96.3% Precipitation: 96.1% Snowfall: 93.2% Snow Depth:
91.7%

Check Station Metadata or Metadata graphics for more detail about data completeness.

o 0 0 0O O O O O O O O 0 0

Western Regional Climate Center, wrcc@dri.edu

http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl7nm3682

01/07/2008


mailto:wrcc@dri.edu
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SAN MATEO, NEW MEXICO - Climate Summary PR

(=) || SAN MATEO, NEW MEXICO (297918)

Period of Record Monthly Climate Summary

NOTE:
To print data frame (right side), click on right
frame before printing.

Period of Record : 4/ 1/1918 to 2/29/1988

1971 - 2000 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
« Daily Temp. & Precip. ,’;V“age?’[a"'w 40.6 44.6 51.6 60.9 70.7 81.0 83.1 79.6 73.1 62.9 50.9 414 617
« Daily Tabular data (~23 KB) emperature (
« Monthly Tabular data (-1 KB) | | Average Min, 16.0 19.1 252 30.7 40.5 50.0 55.3 53.3 46.5 359 253 17.0 346
o NCDC 1971-2000 Normals (~3 Temperature (F)  —— 228
KB) ’ lﬁ‘r"cr.age Total 134 028 0.37 0.31 0.48 048 1.68 2.11 1.12 0.76 0.45 0.28  8.66
ecipitation (in.) —== — 2£0 09D
Average Total ‘
1961 - 1990 SnowFall (in.) 22 15 11 00 02 00 00 00 00 02 14 31 97
Average Snow
« Daily Temp. & Precip. Depth (in) 6o 0 0 0 0 0 0 0 0 0 0 0 0
e Daily Tabular data (~23 KB)

Percent of possible observations for period of record. -

Max. Temp.: 30.1% Min. Temp.: 31.1% Precipitation: 42.3% Snowfall: 27.1% Snow Depth:
26%

Check Station Metadata or Metadata graphics for more detail about data completeness.

¢ Monthly Tabular data (~1 KB)
e NCDC 1961-1990 Normals (~3

KB)

Western Regional Climate Center, wrcc@dri.edu

Period of Record

¢ Station Metadata
o Station Metadata Graphics

General Climate Summary
Tables

e Temperature

« Precipitation

e Heating Degree Days

http://www.wrcc.dri.edu/cgi-bin/cliMAIN.pl7nm7918 | : 01/07/2008
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BOZEMAN-BELGRADE AP, MT (KBZ

BUTTE AP, MT  (KBTM). WIND R
CUT BANK AP, MT (KCTB). WIN
DILLON AP, MT (KDLN). WIND

GLASGOW AIRPORT, MT (KGGW) .
GLENDIVE AIRPORT, MT (KGDV).
GREAT FALLS AP, MT (KGTF).
GREAT FALLS-MALSTROM AFB, MT
HAVRE AIRPORT, MT (KHVR). W
HELENA AIRPORT, MT (KHLN).
JORDAN AIRPORT, MT (KJDN) .
KALISPELL AP, MT (KFCA). WI
LEWISTOWN AIRPORT, MT (KLWT)
LIVINGSTON AP, MT (KLVM). W
MILES CITY AP, MT (KMLS). W
MISSOULA AIRPORT, MT (KMSO) .
SIDNEY MUNI AP, MT (KSDY).
WOLF POINT AP, MT (KOLF). W

STATION

CALIENTE AP, NV (KP38). WIN
DESERT ROCK-MERCURY, NV (XDR
ELXO AIRPORT, NV (KEKO). WI

ELY AIRPORT, NV (KELY). WIN
EUREKA AIRPORT, NV (KP68).
FALLON NAS, NV (KNFL). WIND

LAS VEGAS AIRPORT, NV (KLAS)
LAS VEGAS-NELLIS AFB, NV (KL
LOVELOCK AIRPORT, NV (KLOL).
NORTH LAS VEGAS AP, NV (KVGT
RENO-TAHOE AP, NV (KRNO). W
TONOPAH AIRPORT, NV (KTPH) .

WINNEMUCCA AP, NV (KWMC). W
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PREVAILING WIND DIRECTION

MAR APR MAY JUN JUL AUG
S S S S S S
NNE NNE Sw Sw SwW SSw
W W W W W )
S S S S- S S
S S S S S S
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STATION

ALAMOGORDO-HOLLOMAN AFB, NM
ALBUQUERQUE-DOUBLE EAGLE IT
ALBUQUERQUE INT'L AP, NM (KA
ARTESTA AP, NM (KATS). WIND
CARLSBAD AP, NM (KCNM). WIN
CLAYTON MUNI AP, NM (KCAO).
CLINES CORNERS, NM (KCQC).
CLOVIS MUNI AP, NM (KCVN).
CLOVIS-CANNON AFB, NM (KCVS)
DEMING AP, NM (KDMN). WIND
FARMINGTON AP, NM (KFMN). W
GALLUP AIRPORT, NM (KGUP).

. GRANTS AIRPORT, NM (KGNT) .

HOBBS AIRPORT, NM (KHOB). W
LAS CRUCES AP, NM (KLRU). W
LAS VEGAS AP, NM (KLVS). WI
LOS ALAMOS AP, NM (KLAM). W
RATON MUNI AP, NM (KRTN). W

ROSWELL AIRPORT, NM (KROW) .
RUIDOSO AIRPORT, NM (KSRR).
SANTA FE AIRPORT, NM (KSAF).
SILVER CITY AP, NM (KSVC).
TAOS MUNI AIRPORT, NM (KSKX)
TRUTH OR CONSEQUENCES AP, NM

STATION

ASTORIA AIRPORT, OR (KAST).

AURORA AIRPORT, OR (KUAO).
BAKER CITY AP, OR (KBKE). W
BURNS MUNI AP, OR (KBNO). W

CORVALLIS AP, OR (KCVO). WI
EUGENE AIRPORT, OR (KEUG) .

HERMISTON MUNI AP, OR (KHRI)
KLAMATH FALLS AP, OR (KLMT).
LA GRANDE AP, OR (KLGD). WI
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rage 101 13

Prevailing wind direction is based on the hourly data from 1992-2002 and is defined as the
direction with the highest percent of frequency. Many of these locations have very close
secondary maximum which can lead to noticeable differences month to month.

Click on a State: Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico,
QOregon, Utah, Washington, Wyoming

All directions are where the wind blows FROM.

ALASKA

PREVAILING WIND DIRECTION

STATION | JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC | ANN
AMBLER AIRPORT, AK. (PAFM) | NNE NNE NNE NNE NNE W NNE NNE NNE NNE NNE NNE | NNE
ANAKTUVUK PASS AP, AK (PAKP) | NE S NNE NE NE NE NE NE NE NE S NE | NE
ANCHORAGE INT'L AP, AK (PANC) | N N N S S S S S S N N N N
ANTAK, AK. (PANT) J N ESE N ESE W SE SE SE ESE ESE ESE N ESE
ANNETTE AP, AK (PANT). WIND | ESE ESE ESE SE SE SE SE SE SE ESE ESE ESE ESE
ANVIK AP, AK (PANV). WIND R | NE NE NNE NNE W W wow W NNE NE NE NE
ARCTIC VILLAGE AP, AK (PARC) | NE E ENE E E ©NE WSW WSW NE E E E | E
BARROW, AK. (PABR) | ENE E E E E E E E E E E ENE E
BARTER ISLAND, AK. (PABA) | W E w E E E E E E E E W E
BETHEL AIRPORT, AK. (PABE) | NNE NE NNE N S S S S S N NNE NNE | NNE
BETTLES AP, AK. (PABT) | N NNW N N N Sw S S N N N N | N
BIRCHWOOD, AK. (PABV) | S S Ssw W 1] w w W SSW SSw S S | ssw
BUCKLAND AP, AK. (PABL) | wNw E E W WNW WNW SE W SE SE SE E | SE
CANTWELL AP, AK (PATW). WIN | Incomplete Data |
CAPE LISBURNE AP, AK (PALU). | E E E E E E SSW SSw E ENE E E | E
CAPE NEWENHAM, AK (PAEH). W | ESE ESE ESE N S S S S N N ESE N | N
CAPE ROMANZOF, AK. (PACZ) | NE NNE NE NNE S NNE SsSw N N NNE NE N | NNE
CHIGNIK AP, AK (PAJC). WIND | W W w w W W woow w W W w o W
COLD BAY, AK. (PACD) | SE SE SE. SE SE SE SE W W N SE N | SE
CORDOVA, AK. (PACV) | E E E E E E ENE ENE E E E E E
DEADHORSE AP, AK (PASC). WI | WSW ENE ENE E E E. ENE E B E E Wsw E
DEERING AIRPORT, AK. (PADE) | W E W W W W W SSW SW  Sw E W W
DELTA JCT/FT GREELEY, (PABI) | ESE ESE E S W W W W E E ESE ESE | ESE
DILLINGHAM AIRPORT, AK. (PADL| N N N N N S S S N N N N | N
EAGLE AP, AK (PAEG). WIND R | ESE ESE SE SE NE N W ESE SE ESE ESE ESE ESE
EGEGIK AP, AK (PAII). WIND | N ESE ESE ESE W ESE SE W W N N N ESE
EIELSON AFB-FAIRBANKS, AK-PAET | S S NNW w W w W w S S S s | S
ELMENDORF AFB-ANCH, AK-PAED | NE N N N W w ] W N N NNE NE | N
EMMONAK, AK (PAEM). WIND RO | ENE ENE ENE N N N S S N N ESE N | N

‘http://www.wrce.dri.edu/htmifiles/westwinddir. htm] ‘ ' - 01/07/2008
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Mayerson Dawd NMENV

From: Cox, Al (Grants) [ACox@barrlck com]

Sent: Monday, December 31, 2007 11:37

To: Mayerson, David, NMENV

Cc: Mercer, Lena (Grants); Venable, Adrian (Grants); Kump, Dan (Grants)
Subject: RE: Reqguest for information

Follow Up Flag: Follow up
Flag Status: Red

Dave,

Yes, we do collect that data at the site, but it is in raw data form. There is also historic information for the
Anaconda Bluewater site - the Grants airport met data is not representative of what conditions are at the Grants
site itself.

We can discuss if you like - | will be back in office on Jan 2-4 and then on travel for all of the following week.

From: Mayerson, David, NMENV [mailto:David.Mayerson@state.nm.us]
Sent: Friday, December 28, 2007 4:10 PM

To: Cox, Al (Grants) ‘

Subject: Request for information

Hi Al: 1 hope that you had a good holiday.

I am looking for some historical wind direction data for your area. Do you collect that type of data at your site?
Thanks.

David L. Mayerson
New Mexico Environment Department
Water and Waste Management Division
Ground Water Quality Bureau
Superfund Oversight Section

1190 8t. Francis Drive

Suite N2312

POB 26110

Santa Fe, NM 87505

. (505) 476-3777

(505) 827-2965

david.mayerson @state.nm.us

Normal work hours: Monday-Thursday 0700-1730

Confidentiality Notice: This e-mail, including all attachments is for the sole use of the intended recipient
(s) and may contain confidential and privileged information. Any unauthorized review, use, disclosure
or distribution is prohibited unless specifically provided under the New Mexico Inspection of Public
Records Act. If you are not the intended recipient, please contact the sender and destroy all copies of this
message. -- This email has been scanned by the Sybari - Antigen Email System

N1/07N0NQ
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Bluewater Creek New Mexico

Statien : Bluewater Creek New Mexico MPH
Latitude : 35° 13° 22" N N 1&3—-84
Longitude : 108° 09' 1%* W 8 - 13
Elevatien : 7624 ft. 24% 13 - 19
Element : Hean Wind Speed 19 - 25
25 - 32
32 - 39
39 - 47
47 +
W E
Start Date: Jan. 1, 2007 Sub-interval Windows
End Date: Dec. 31, 2008 Start End
{ of Days : 731 of 731 Month: Jan. Dec.
{ obs:posm: 8909 of 17544 S Day: 01 31
© Yestern Pegional Climate Center Hour: 00 23

Latitude : 35° 13' 22" N Start Date : Jan. 1, 2007
Longitude : 108° 09' 19" W End Date : Dec. 31, 2008

http://www.raws.dri.edu/cgi—bin/wea_windrose2.pl

Bluewater Creek New Mexico - Wind Frequency Table (percentage)

Sub Interval Windows

01/09/2008


http://www.raws.dri.edu/cgi-bin/wea_windrose2.pl

Station Graph - Bluewater Creek New Mexico

Elevation : 7624 ft. # of Days : 731 of 731 Month Jan. Dec.

Element : # obs : poss : 8909 of 17544 Day 01 31
Hour 00 23

(Greater than or equal to initial interval value and Less than ending interval value.)

Range ' NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

(mph)
13-4 04 0408 0809 0710 1.135 102 59 27 1.6 09 04 0.3
4-8 03 0308 1914 0906 0608 34 33 5042 1.7 09 0.4
8§-13 00 0007 1615 0403 0304 09 35 7.5 3.1 1.5 0.8 0.2
13-19 00 0000 0101 0000 0001 05 1.2 34 0.6 0.1 00 0.0
19-25 00 0000 0000 0000 0000 00 02 0.5 0.1 0.0 0.0 0.0
25-32 00 0000 0000 0000 0000 0.0 00 0.1 0.0 0.0 00 0.0
32-39 0.0 0000 0000 0000 0000 0.0 00 0.0 0.0 0.0 0.0 0.0
39 -47 00 0000 0000 0000 0000 00 00 0.0 0.0 00 0.0 0.0

47 - 00 0000 0000 0000 0000 0.0 00 0.0 0.0 0.0 0.0 0.0
Total(%) 0.7 08 23 4439 2020 2047 150141 191095 42 2.2 0.9
Calm (<1.3)

Ave

39 4457 6867 5446 4538 40 63 9071 65 67 54
Speed e ‘

Bluewater Creek New Mexico - Hourly Wind Statistics Table

Sub Interval Windows

Latitude : 35° 13' 22" N Start Date : Jan. 1, 2007 _ Start End
Longitude : 108° 09' 19" W End Date : Dec. 31, 2008 Month D
Elevation : 7624 ft. # of Days : 731 of 731 onth Jan. Dec.
Element : # obs : poss : 8909 of 17544 Day 01 31
' Hour 00 23
Time - Time of Day (L.S.T.)
Speed - Average (Scalar) Speed in MPH
U-Vel - East-West Velocity, Positive to East

V-Vel - North-South Velocity, Positive to North

31.6
26.3
22.7
6.2
0.8
0.1
0.0
0.0
0.0
87.8
12.2

5.6
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Station Graph - Bluewater Ridge New Mexico ' Page 2 of 4

Elevation : 8289 ft. # of Days : 365 of 365 Month Jan. Dec.

Element : # obs : poss : 8748 of 8760 Day 01 31
Hour 00 23

(Greater than or equal to initial interval value and Less than ending interval value.)

léflg}gl‘; N NNE NE ENE E ESE SE SSE S SSW SW WSW W WNW NW NNW Total

13-4 14 1412 0708 1017 2455 82 56 2419 1.6 1.7 14 386
- 4-8 10 1207 0506 0817 2928 51 79 5634 24 20 13 401
8-13 00 0000 0000 0001 0610 15 11 0603 01 00 00 53
13-19 00 0000 0000 0000 0001 01 00 0000 0.0 00 00 03
19-25 00 0000 0000 0000 0000 00 00 0.000 00 00 00 0.0
25-32 00 0000 0000 0000 0000 00 00 0.000 00 00 0.0 0.0
32-39 00 0000 0000 0000 0000 00 00 0.000 00 00 00 0.0
39-47 00 0000 0000 0000 0000 00 00 0.000 00 00 00 00

47 - 0.0 0000 0000 0000 0000 0.0 00 0.0 0.0 0.0 00 00 00

Total(%) 24 2520 1314 1835 5995 }_4'1_9_ 14.7 8.5 5.7 4.0 3.7 2.7 843

Calm (<1.3) 15.6
Ave '

35 3.635 3739 4141 4643 43 45 4745 42 38 3.7 36
Speed s '

Bluewater Ridge New Mexico - Hourly Wind Statistics Table

Sub Interval Windows

Latitude : 35° 11' 39" N Start Date : Jan. 1, 2007 Start End
Longitude : 108° 09' 47" W End Date : Dec. 31, 2007
Elevation : 8289 ft. # of Days : 365 of 365 Month Jan. Dec.
Element : # obs : poss : 8748 of 8760 Day 01 31
( Hour 00 23
Time - Time of Day (L.S.T.)
Speed - Average (Scalar) Speed in MPH
U-Vel - East-West Velocity, Positive to East

V-Vel - North-South Velocity, Positive to North

- . - . N - - - Nt Il\f\lfilf\ﬁ



Station Graph - Bluewater Ridge New Mexico Page 1 of 4

Bluewater Ridge New Mexico

Station : Bluewater Ridge New Mexico MPH

Latitude : 35° 11* 39" M N 1.3 -4
Lengitude : 108° 03' 47" @ az8
Elevation : 2229 ft. 182 5213
Element : Mean Wind Speed 19 - 25

Start Date: Jan. 1, 2007 Sub-interval YWindows
End Date: Dec. 31, 2007 Start End
{ of Days : 355 of 365 S Month: Jan. Dec.
{ obs:poss: 2798 of 2780 " Day: 01 31
© Western Regional Climate Center Hour: 00 23

Bluewater Ridge New Mexico - Wind Frequency Table (percentage)

Sub Interval Windows

Latitude : 35° 11' 39" N Start Date : Jan. 1, 2007 Start End
Longitude : 108° 09' 47" W End Date : Dec. 31, 2007

http://www.raws.dri.edu/cgi-bin/wea_windrose?2.pl 01/09/2008
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Metadata for Land Ownership

<?xml version="1.0" encoding="1S0-8859-1" ?>

<metadata>

<idinfo>

<citation>

<descript>

<abstract>This data was collected by the U.S. Bureau of Land Management
(BLM) in New Mexico at both the New Mexico State Office and at the various
field offices. This dataset is meant to depict the surface owner or manager
of the land parcels. In the vast majority of land parcels, they will be one and
the same. However, there are instances where the owner and manager of
the land surface are not the same. When this occurs, the manager of the
land is usually indicated. BLM's Master Title Plats are the official fand
records of the federal government and serve as the primary data source for
depiction of all federal lands. Information from State of New Mexico is the
primary source for the depiction of all state lands. Auxilliary source are
referenced, as well, for the depiction of all lands. Collection of this dataset
began in the 1980's using the BLM's ADS software to digitize information at
the 1:24,000 scale. In the mid to late 1990's the data was converted from
ADS to ArcInfo software and merged into tiles of one degree of longitude by
one half degree of latitude. These tiles were regularly updated. The tiles
were merged into a statewide coverage. The source geodatabase for this
shapefile was created by loading the merged ArcInfo coverage into a
personal geodatabase. The geodatabase data were snapped to a more .
accurate GCDB derived land network, where available. In areas where GCDB
was not available the data were snapped to digitized PLSS. In 2006, the
personal geodatabase was loaded into an enterprise geodatabase (SDE).
This shapefile has been created by exporting the feature class from
SDE.</abstract>

<purpose>To provide a current delineation of the surface ownership and/or
surface management in the state of New Mexico.</purpose>
<langdata Sync="TRUE">en</langdata>
</descript>
<timeperd>
<timeinfo>
<sngdate>
<caldate>20071203 </caldate>
</sngdate>
</timeinfo>
<current>publication date</current>
</timeperd>
<status>
<progress>Complete</progress>
<update>As needed</update>
</status>
<spdom>
<bounding>
<westbc Sync="TRUE">-109.262408 </westbc>
<eastbc Sync="TRUE">-102.883996</eastbc>
<northbc Sync="TRUE">37.035777 </northbc>



<southbc Sync="TRUE">31.314338</southbc>
</bounding>
<lboundng>
<leftbc Sync="TRUE">-290546.870736</leftbc>
<rightbc Sync="TRUE">277499.794580</rightbc>
<topbc Sync="TRUE">281360.462674</topbc>
<bottombc Sync="TRUE">-348863.435087 </bottombc>
</Iboundng>
</spdom>
<keywords>
<theme>
<themekt>User Defined</themekt>
<themekey>Surface</themekey>
<themekey>Ownership</themekey>
<themekey>Management</themekey>
<themekey>Land </themekey>
</theme>
<place>
<placekt>None</placekt>
<placekey>New Mexico</placekey>
</place>
</keywords> .
<accconst>none</accconst>
<useconst>No warranty is made by the Bureau of Land Management as to the
accuracy, reliability, or completeness of these data for individual use or (
aggregate use with other data, or for purposes not intended by BLM. Spatial ) ‘
information may not meet National Map Accuracy Standards. This
information may be updated without notification.</useconst>
<ptcontac>
<cntinfo>
<cntorgp>
<cntorg>Bureau of Land Management - New Mexico State Office</cntorg>
<cntper>Richard Trujillo</cntper>
- </cntorgp>
. <cntpos>Cartographer</cntpos>
<cntaddr>
<addrtype>mailing address</addrtype>
<address>P.0. Box 27115</address>
<city>Santa Fe</city>
<state>New Mexico</state>
<postal>87502-0115</postal>
<country>USA</country>
</cntaddr>
<cntaddr>
<addrtype>physical address</addrtype>
<address>1474 Rodeo Road</address>
<city>Santa Fe</city>
<state>New Mexico</state>
<postal>87505</postal>




<country>USA</country>
</cntaddr>
<cntvoice>505-438-7400</cntvoice>
<cntfax>505-438-7435</cntfax>
<cntemail>Richard_Trujillo@nm.blm.gov</cntemail >
<hours>Monday thru Friday: 8:00 am - 4:00 pm Mountain Time</hours>
</cntinfo>
</ptcontac>
<browse>

<browsen>http://www.nm.blm.gov/nmso/nm952/geo_sci/images/own_bi
g.gif</browsen>
<browsed>Sample display of ownership data.</browsed>
<browset>GIF</browset>
</browse> .
<datacred>U.S. Bureau of Land Management - New Mexico State
Office</datacred>
<native Sync="TRUE">Microsoft Windows 2000 Version 5.0 (Build 2195)
Service Pack 4; ESRI ArcCatalog 9.2.4.1420</native>
<natvform Sync="TRUE">Shapefile</natvform>
</idinfo>
<dataqual>
<logic>Original data is in ESRI geodatabase format (SDE). The data was built
to check for topological errors and verified that there were none. Also, data
was verified that no label errors existed.</logic>
<complete>The data is considered to be a complete picture of the surface
ownership and / or surface management of all lands in the state of New
Mexico. Every effort is made to reference official, federal land records and
information from State of New Mexico land management agencies to depict
federal and state lands. No effort is made to track private land interests,
unless they return to federal or state ownership.</complete>
<lineage>
<srcinfo>
<srccite>
<citeinfo>
<origin>U. S. Bureau of Land Management</origin>
<pubdate>2007 </pubdate>
<title>Master Title Plats</title>
< /citeinfo>
</srccite> _
<srcscale>23760</srcscale>
<typesrc>Mylar transparency</typesrc>
<srctime> '
<timeinfo>
<sngdate>
<caldate>20071203</caldate>
</sngdate>
‘< /timeinfo>
<srccurr>publication date</srccurr>
</srctime>


http://www.nm.blm.gov/nmso/nm952/geo_sci/images/own_bi
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FACT SH

This fact sheet provides information about the Uranium Mill Tallings Radiation Control Act of 1978
Title Il disposal site at Bluewater, New Mexico. This site is managed by the
LU U S Department of Energy Office of Legacy Management

Site Description and History

The Bluewater Disposal Site is in Cibola County in
west-central New Mexico. Anaconda Copper:Company
constructed the original carbonate-leach mill at the
site in 1953 to process uranium ore. The mill had a
production capacity of 300 tons of ore per day. A

discovery of sandstone uranium ores in the area led fo
construction of an acid-leach mill at the site that began
operations in 1957. The carbonate-leach mill closed in
1959, and production in the acid-leach mill was reduced
for economic reasons. The acid-Jeach mill resumed full
operations in 1967, and the capacity of the mill had
increased to 6,000 tons of ore per day by 1978. Milling
‘operations at the site ended on February 14, 1982. In~

pany became the
Atlantlc Richfield Company (ARCOQ).

Uranium-ore processing at the Bluewater mill produced
radioactive tailings, a predominantly sandy material.
The tailings were conveyed in slurry from the mill to two
locations, depending on the milling method. The acid-
leach tailings were segregated from the carbonate-leach
tailings to prevent chemical reactions from occurring as
a result of mixing acidic and basic compounds. Process
water in the tailings slurry leached into the underlying
San Andres aquifer and contaminated the ground water;
the main constituents of' concern are molybdenum,
selenium, and uranium.

ARCO began decommissioning the mill in 1989 and
began site reclamation in 1991. By 1995, all mill
tailings, contaminated soils, demolished mill structures,

and contaminated vicinity property materials were
encapsulated in three on-site disposal areas. These
areas are the main disposal cell, which comprises the
acid tailings and the contiguous south bench disposal
area; the carbonate tailings cell and a contiguous
asbestos disposal area; and the polychlorinated
biphenyl (PCB) disposal cell, which contains uranium
mill tailings and soils mixed with PCBs. More than
80 percent of the total tailings material is encapsuiated
1 the main disposal cell.

NEW MEXICO
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Location of the Bluewaler Disposal Site

Regulatory Setting

Congress passed the Uranium Mill Tailings Radiation
Control Act (UMTRCA) in 1978 (Public Law 95-604).

The Bluewater site is under the jurisdiction of Title It of

UMTRCA, which applies to uranium milisites that were
under active U.S. Nuclear Regulatory Commission,
{NRC) license when UMTRCA was passed. Title |l

of the legislation specifies that after reclamation is
completed, long-term custody of the site is the
responsibility of either the federal government or

the host state, at the option of the state. New Mexico
declined to become the long-term custodian of the

. Bluewater site, and_the U.S. Department of Energy

(DOE) assumed custodial responsibility. Under Title ||

of UMTRCA, the licensee, ARCO, was responsible for
remedial action. NRC's cleanup and reclamation
standards are promulgated in Title 10 Code of Federal
Regulations (CFR) Part 40, Appendix A. These
standards conform to U.S. Environmental Protection
Agency (EPA) standards in 40 CFR 192. The site was
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Southwest-Northeast Cross Section of the Main Disposal Cell at the Bluewater Disposal Site

included under NRC's general license for long-term
custody in 1997. At that time, title to the site transferred

from ARCO to DOE.

Disposal Site

The site comprises 3,300 acres; about one-third of
vhich (the southermn and western parts) is covered by
oasalt that may have flowed as recently as 2,000 to
4,000 years ago. Much of the remainder of the site is
covered with fine-grained material deposited by wind
and water. The region around the disposal site is
sparsely populated, and the main land use near the
site is grazing. A barbed-wire perimeter fence encloses
the entire site.

Compliance Strategy

Several years of active treatment by pumping
contaminated ground water from the aquifer
produced no significant reduction in concentrations of
molybdenum, selenium, and uranium. In_1990. ARCO
applied to NRC for alternate concentration limits.
Alternate concentration limits may be adopted

within specified areas when established maximum
concentration limits are unattainable, providing the
alternate concentration limits do not pose a present
or potential future hazard to human health or the

environment. NRC approved the application in 1996.

PCB-contaminated waste was discovered during
reclamation of the mill. At the time of the discovery, no
commercial waste disposal facility in the United States
was licensed to accept radioactive waste contaminated
with PCBs. These wastes were regulated under the
foxic Substances Control Act, which is under EPA's
jurisdiction. ARCO proposed encapsulating the wastes
on site in a separate dispasal cell. After resolution of

several issues, EPA agreed 1o issue a permit for the
proposed disposal approach, provided that ARCO
conducted ground water monitoring and maintained the
appropriate records. DOE concurred with the disposal
subject to an indemnification agreement whereby
ARCO agreed to cover future costs that may result
from the PCB disposal.

The compliance strategy includes annual ground
water monitoring at nine monitor welis located inside
the site boundary. Samples are analyzed annually for
PCBs and every 3 years for moiybdenum, selenium,
and uranium.

Disposal Cell Design

The main disposal cell covers about 320 acres and
contains an estimated 23 millions tons (16 million
cubic yards) of tailings and other contaminated
materials having a total activity of about 11,200 curies
of radium-226. The cover of the main disposal cefl is a
two-layer system designed to encapsulate and protect
the contaminated materials. The cover consists of a
low-permeability radon barrier (first Jayer placed over
compacted tailings) and a rock (riprap) erosion
protection layer. ‘

The carbonate tailings cell covers about 65 acres and
contains an estimated 1.3 million tons (930,000 cubic
yards) of contaminated materials having a total activity
of about 1,130 curies of radium-226. Layers of barrier
material and riprap similar to those on the main
disposal cell also cover the carbonate tailings cell

to protect the cover from erosion.

The PCB disposal cell is less than 1 acre and contains
PCB-contaminated material sealed in 144 drums
placed on a 3-foot-thick clay liner. Voids between the
drums were filled with a soil-cement mixture to prevent
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1.0 EXECUTIVE SUMMARY AND INTRODUCTION
1.1 EXECUTIVE SUMMARY

Homestake Mining Company of California manages a ground water restoration program

as defined by Nuclear Regulatory Commission (NRC) License SUA-1471, and New Mexico

Environment Department (NMED), DP-200 permit. The restoration program is a dynamic on-going

strategy based on a restoration plan, which began in 1977, and is scheduled to be completed in 2015.

Homestake’s long-term goal is to restore the ground water aquifer to levels as close as
+ practicable to the up-gradient background levels. A ground water collection area (see shaded area
on Figure 2.1-1, Page 2.1-1 1) has been established and is bounded by a down-gradient perimeter of
injection/infiltration wells and trenches. Alluvial ground water that flows beneath the tailings enters
this collection area. All ground water in the alluvial aquifer that is within the collection area is
eventually capfured by the collection well system. Once ground water quality restoration within the
zone is complete and approved by the agencies, the site is to be transferred to the U.S. Department of
Energy, which will have the responsibility for long-term site care and maintenance. -

The data reported within this document represent the results of the monitoring program
during 2008. This is a yearly reporting requirement. A similar report has been submitted to the
agencies each year since 1983 (see list in Section 1.2).

The restoration program is designed to remove target contaminants from the ground
water by flushing the alluvial aquifer with deep-well supplied fresh water or water produced from
the reverse osmosis (R.O.) plant. A series of collection wells is used to collect the contaminated
water, which is pumped to the R.O. plant for treatment or, alternatively, reported to the evaporation
ponds.

Historically, the contaminants are found in two different aquifer systems. The aquifer
system of primary concern is the alluvial system, which averages approximately 100 feet in depth,
and extends generally north to south encompassing the San Mateo alluvial aquifer. In addition, a
second aquifer system is found within the Chinle formation underlying the San Mateo alluvium. Itis
comprised of three separate aquifers designated as the Upper, Middle and Lower Chinle aquifers.
The Hydro-Engineering 2003b report should be reviewed for details of the geologic setting and
aquifer conditions on the site. The Upper and Middle Chinle aquifers subcrop beneath the alluvial

system near the project site. Slight to moderately elevated concentrations of constituents of concern

Grants Reclamation Project
2008 Annual Report 1.1-1
Monitoring / Performance :



TABLE 4.1-4. WELL DATA FOR THE ALLUVIAL AQUIFER REGIONAL WELLS. (cont'd.)

MP DEPTHTO ELEV.TO CASING
WELL  CASING WATER LEVEL ABOVE BASEOF BASEOF PERFOR-
WELL NORTH. EAST. DEPTH DIAM —  DEPTH ELEV. _ LSD MPELEV. ALLUVIUM ALLUVIUM ATIONS SATURATED
NAME COORD. COORD. (FT-MP) (N}  DATE (FT-MP) (FT-MSL)  (FT) (FT-MSL)  (FT.LSD) (FT-MSL) (FT-LSD) THICKNESS
© 0870 1532680 484906 930 50  1/11/1996 6856 647560 19  6544.16 95 B447.3 A 69-89 283
0871 1533603 485400 1000 50  1/11/199% 66.86 6477.85 24  6544.71 93 6449.3 A 60-100 285
0872 1533092 485407 1000 50  1/11/1996 6580 647751 18  6543.31 96 64455 A 55-100 320
* 0873 1533286 484505 1000 50 1111996 6755 647546 19 654301 9% B445.1 A 60-100 30.3
* 0874 1533968 484925 1050 50  1/11/1996 6868 647666 22 654534 110 B433.1 A 55-105 435
* 0875 1532785 483634 1250 50  1/11/1996 6985 647299 17  6542.84 116 64251 A 65-125 478
0876 1532853 486088 950 50  12/4/2008 8620 645806 19  6544.26 85 64574 A 58-88 07
0877 1533068 488067 700 50  8/18/1998 6358 648950 19  6553.08 85 64862 A 58-68 33
0879 1532401 486104 700 50  12/4/2008 69.17 647538 2.2  6544.55 62 B480.4 A 48-68 0.0
0881 1542034 481478 960 45 12082008 7385 649119 20  6565.04 103 6460.0 A 76-96 312
0882 1541404 482396 1100 45 11/18/2008 6821 649295 20  6561.16 98 64612 A 70-110 37
0883 1540097 483039 1000 50 11/18/2008 6261 649452 19  6557.13 96 6459.3 A 60-90 35.2
0884 1542677 481498 900 50 11/19/2008 7476 649134 1.0  6566.10 85 64802 A 58-88 112
0885 1541919 483474 1000 50  12/8/2008 6779 649685 1.5  6564.64 95 6468.1 A 70-100 287
0886 1542327 482487 900 50  12/8/2008 7031 649424 15  6564.55 87 64761 A 60-90 182
0887 1543063 482469 670 50  4/1/2008 5454 651319 15 656773 60 65062 A 4267 7.0
0888 1542285 479335 1050 50  12/82008 7600 648133 1.1  6557.33 90 64662 A 75-105 15.1
0889 1540047 480222 650 50 10/24/1996 6331 648632 1.5  6549.63 60 64882 A 35-65 0.0
0890 1541365 480088 1010 50 - 12/8/2008 7390 648453 17 655843 93 64637 A 81-101 208
0893 1541934 482244 980 45  12/82008 7010 649387 21  6563.97 93 64689 A 78-98 250
0894 1541976 478317 780 45 11/16/2005 7740 647689 30  6554.29 97 64543 A 58-78 226
0895 1541521 476222 1040 50 1111972008 87.11 646673 24  6553.84 116 64354 A 61-101 313
0896 1542246 476237 1130 50 11/19/2008 8809 646752 20 655561 17 64366 A 73-113 30.9
0897 1543819 478237 930 40  O[27/1998 8328 647897 20  6562.25 70 6490.3 A 63-93 0.0
0899 1543801 477288 1100 40  6/2/2008 10030 647054 20  6570.84 120 64488 A 70-110 217
0905 1532700 480850 1200 50 11/13/2006 0.00 654500 00  6545.00 120 64250 A 100-120 120.0
0906 1532000 480450 - — 82911995 7465 646275 00 653740 - —A - -
09039 1531900 483400 1400 40 11/20/2007 9260 644630 00  6538.90 12 64269 A 80-135 19.4
0910 1528800 481150 1380 50 - - —~ 00 653500 132 64030 A 120-134 -
0912 1471000 478250 - - - - -~ 00  6530.00 - —~A - -
0913 1555800 500950 — B0  1/24/1996 3840 660460 03  6643.00 - —~A - -
0914 1555500 500850 930 60  5/6/2008 4230 650970 14 664200 - —A - -
0915 155650 499650 1000 40  GM9R006 3000 659500 00  B625.00 70 65550 A 55-85 400
0916 1552350 499600 1600 4.0  4/26/1994 4000 658500 00  6625.00 - —~A 4570 -
0917 1542200 514600 - - S — — 00  6800.00 - —A - -
0920 1555800 496900 - 70 S111994 3340 659420 07 662760 - —A - -
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TABLE 4.1-4. WELL DATA FOR THE ALLUVIAL AQUIFER REGIONAL WELLS. (cont'd.)

MP DEPTHTO ELEV.TO CASING
WELL  CASING WATER LEVEL ABOVE BASEOF BASEOF PERFOR- :
WELL NORTH.  EAST. DEPTH DIAM ~ T DEPTH ELEV. LSD MPELEV. ALLUVIUM ALLUVIUM ATIONS SATURATED
NAME COORD. COORD. (FT-MP} {IN) DATE (FT-MP) (FT-MSL) (FT)  (FT-MSL) (FT-LSD)  (FT-MSL) (FT-LSD) THICKNESS
M_ 1555400 495800 13_0__ 5.0 5/6/2008 38.83 6585.17 19 6624.00 - —A - -
0922 1555200 492500 96.0 6.0 5/6/2008 E 657080 17 6621.70 - —A - -
— et —
0924 1547500 438900 135.0 4.0 - - - 00 6592.90 112 64809 A 94-114 -
0925 1548600 480800 150.0 4.0 - - - 00 6601.40 140 64614 A 126-141 -
0926 1547500 472700 134.0 4.0 - - — 00 6596.90 132 . 64649 A 123-132 -
0935 1540115 476629 300.0 16.0  11/24/2008 9531 646281 26 6558.12 126 64305 A 95-132 323
0936 1543621 472978 160.0 50 - — — 00 6573.38 160 . 6413.4 A 100-160 -
0939 1539766 483191 97.0 80 7/2511996 5931 649769 23 6557.00 - —A - -
0940 1538651 483040 70.0 -~  7/24/1996 5730 649570 88 . 6553.00 - —A - -
0942 1538300 483710 102.0 6.0 - — - 00 6550.20 85 64552 A 8595 -
0947 1536206 491841 100.0 40  7/27/1994 5463 652055 0.0 6575.18 95 6480.2 A 70-100 40.4
-(_)@_ 1560400 498300 _819_ 50  7/12/2000 ﬂ 663130 05 6657.00 - —A - -
0952 1534550 477800 140.0 - - - - 00 6550.00 — —A - -
0975 1539780 482880 - - - - - 00 6556.00 - —~A - -
0976 1539750 483100 115.0 - - - — 00 0.00 - —A - —
0977 1539400 482730 - — 12/911995 6147 649553 1.0 6557.00 - —-A - -
0979 1539180 483340 105.0 50  7/10/2002 5756 659344 0.0 6651.00 100 6551.0 A 90-100 424
' 0980 1539260 483080 - - 11/8/1995  57.70 649730 00 6555.00 - —A - -
0981 = 1538970 482820 - - - - - 00 6554.00 - —A - -
0982 1538570 483400 110.0 50 - - - 00 6651.00 105 6546.0 A 90-105 -
0983 1538820 483250 R — - - - 00 6552.00 - —A - —
0984 1538990 483100 103.0 5.0 - - — 00 6651.00 98 6553.0 A 88-98 -
0985 1539000 483260 115.0 50 711811996 5875 659225 0.0 6651.00 102 651.19.0 A 90-110 433
0989 1538185 482813 -— - 11/2/1995 5810 649490 1.0 6553.00 - —A - -
0992 1539460 483800 100.0 50 - - — 00 6652.00 95 8557.0 A 85-95 -
0993 1537860 483680 102.0 50 -— - — 00 6650.00 98 6552.0 A 85-98 -
0994 1539700 476240 144.0 6.0 11/14/2008 9620 645880 0.0 6555.00 - —A 95110 -
0996 _ 1537621 477989 138.0 50 12/4/2008 105.00 644752 1.7 6552.52 136 64148 A 126-136 327
0997 1539821 473807 - — 3121996 7690 649140 0.0 6568.30 - —A - -
0999 1524230 480187 185.0 - - - - 00 6527.00 - —A - -
1012 — - - 6.0 - - - 00 0.00 - —~A - -
1013 - - - 4.0 - - - 00 0.00 - —A - -
1014 — - - 9.0 - - - 00 0.00 - —-~A - -
1015 - - - 6.0 - - — 00 0.00 - . —A - -
1018 - - - 5.0 - - - 00 0.00 - —A - -
1020 - - - 50 1/18/1996  15.17 415147 0.0 0.00 - —~A - -
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TABLE 8.0-1. WELL DATA FOR THE SAN ANDRES WELLS.

MP DEPTH TO ELEV.TO CASING
WELL  CASING WATER LEVEL ABOVE TOP OF TOP OF PERFOR-
WELL NORTH. EAST. DEPTH  DIAM DEPTH ELEV. LSD MPELEV. SANANDRES  SANANDRES  ATIONS
NAME COORD. COORD. (FT-MP)  (N)  DATE (FT-MP) (FT-MSL)  (FT)  (FT-MSL) (FT-LSD) (FT-MSL) (FT-LSD)
#1Deep 1543307 493633 10000 100 1211212007 99.0800 648468 00 658376 130 6454 A —
303 6281 U —
433 6151 M. —
597 5087 L
, 955 5629 S 919-999
#2Deep 1542424 490972  870.0 — 542005 208800 636686 0.0 657566 110 6466 A
: 800 5776 S
0534 1534589 476549 10000 160 1242008 118120 643445 00 655257 - - 8 -
0535 1530100 478450 1980 120 12/4/2008 114.800 642520 00  6540.00 - - s
0545 1540200 476600 00 80 - — - B560.00 - - s
0806 1541120 486320 5840 160 - — 00  6567.00 90 B477 A —
520 6047 S -
0806R 1541180 486320 6000 160  3/5/2008 134710 643229  —  6567.00 - — S 504-600
0822 1538920 488630 980.0 7.0 2/13/2008 135600 643240 00  6568.00 790 5778 S 790875
0007 1534250 480800 3600 160 12/4/2008 116900 642870 00 654560 123 8423 A -
262 8284 S 295-360
0911 1534350 476800  188.0 - - —~ 00 655260 - - S
0918 - — 7250 40 - —~ 00 670240 620 6082 S 635655
0919 - — 6280 50 S — 00  6684.00 35 6649 A —
356 6328 S 364571
0923 1552400 477900 3300 50  4/511994 646497 15763 0.0 662260 60 6563 A -
229 6394 S 234330
0928 1548250 491700  864.0 ~ 12/22/2008 169.300 642830 1.2  6597.60 138 6458 A -
801 5795 S
0938 1539500 473040 - ~ 12/17/2008 1365 643230 00  6568.80 95 8474 A -
_ 120 6449 S -
0943 1537222 487407 9780 180 12/29/2008 133300 642261 0.0  6555.91 704 5852 S 703978
0949 1540350 483600 5510 60 21132008 130600 643170 00  6562.30 12 B450 A -
460 6102 S 505551
0951 1545500 473200 2750 100 |2028/2008 150279 642342 09 657370 110 6463 A
- ' - 227 6346 S 241275
0955 1537300 483700 4980 50 11/3/1995 780500 647195 02  6550.00 ) 6510 A —
420 6130 S 385498
0986 1538008 483745 467.0 50 8/23/2008 124 642600 08  6550.00 65 6484 A -
85 6464 L -
415 6134 S 420467
0087 1538240 483360 5000 50 11/3/1995 544799 649552 1.0  6550.00 70 8479 A —
385 6164 S 425470
0991 1538880 483630  500.0 —  B26/2008 126819 642418 14 655100 - - 8
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program has shown that any low levels of nitrate, radiﬁm-226, radium-228, vanadium and thorium-
230 are also reduced when the key constituents are restored in a particular area.
Data relating to key constituents currently being restored at the site have been reviewed
and.statistically evaluated to determine upgradient background water quality. These background
| water quality levels have been accepted by NRC, EPA and NMED; the NRC has set site standards
based on the background water quality and accordingly amended the Radioactive Material license to
reflect those standards. It should be noted that these site standards are utilized throughout this reﬁort
for comparison purposes in discussing restoration progress.
Observed alluvial background concentrations of key constituents at the Grants site were

similar to those in previous years. The only areas where sulfate, TDS and chloride concentrations

exceed the alluvial site standard are small localized areas east of Valle Verde plus the large area in

close proximity to the Large and Small Tailings Piles in the Grants Project area.

Uranium concentrations exceed the alluvial site standard of 0.16 mg/l within the

collection area near the tailings. There are also three wells in Felice Acres and one well in Murray
Acres subdivision that contain concentrations of uranium exceeding the site standard. Ground.water
withdrawal for irrigation is being used to further reduce uranium levels that exceed the standard in
an area southwest of Felice Acres in Section 3 and in the western half of Section 27 and Section 28.
Collection of water from one well in Murray Acres is being used to reduce uranium concentrations
in that area.

Selenium concentrations also exceed the relevant site standard in the collection area near

the Large Tailings Pile and southeast of the Small Tailings Pile. None of the sampled subdivision
wells contained selenium concentrations above the site standard.
Molybdenum concentrations above the site standard of 0.1 mg/l are not present in the

sampled subdivision wells. The wells exhibiting elevated molybdenum concentrations are all

located near the Large and Small Tailings Piles, to the southeast of the Small Tailings Pile, and in an
area in central Section 27. Migration of this constituent has been limited due to natural retardation
within the alluvial aquifer.

Nitrate concentrations are compared to the alluvial site standard of 12 mg/l. Areas to the

west of the Large Tailings Pile contain higher nitrate concentrations above the site standard, but

these levels are likely natural given their location. Nitrate concentrations in the area of the Large

Grants Reclamation Project
2008 Annual Report 1.13
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only requires restoration with respect to TDS, chloride and sulfate in a localized area near the Large
Tailings Pile.

Uranium concentrations in twelve Upper Chinle wells exceeded the Upper Chinle site

standard in 2008. Restoration of these elevated values should result from CE2, CE5, CE6, CE11 and
CE12 well collection and the CW4R, CWS5 and CW25 well injection efforts. |

Selenium concentrations in the Upper Chinle aquifer exceed the site standard in five

wells in the mixing zone. The site standards for selenium for the Upper Chinle mixing zone and the

Upper Chinle non-mixing zone are 0.14 and 0.06 mg/l, respectively.

The concentrations of molybdenum exceeded the site standard in four wells near the

tailings in the Upper Chinle aquifer and six more to the south of the Collection Ponds during 2008.

Restoration for these locations should occur from continued CE2, CES, CE6, CEl1 and CE12 well
collection and CW4R, CW5 'and CW25 well injection activities. v

All nitrate concentrations observed in 2008 for the Upper Chinle mixing zone were less
than the nitrate site standard. This indicates that nitrate is not a constituent of concern in this
aquifer.

None of the Upper Chinle wells contain a radium-226 plus radium-228 value above 5

pCi/l. Two wells near the Large Tailings Pile exceeded the site standard for vanadium

concentrations from the 2008 sampling in the Upper Chinle aquifer. Two of the measured thorium-

230 concentrations near the Large Tailings Pile in the Upper Chinle aquifer wells during 2008 were
0.3 and 0.4 pCi/l at CEI3 and CE7 respectively. This is consistent with the low observed
concentrations in the overlying alluvial aquifer.

The direction and rate of ground water flow in the Middle Chinle aquifer in 2008 is very
similar to that of past years. Fresh-water injection into well CW14 started in December of 1997.
Fresh-water injection into wells CW30 and CW46 started in 2004. The fresh water is building up a
mound of ground water in this area, which will result in a reversal of the flow of Middle Chinle
water back toward the alluvial subcrop. Wells 493, 498, CW44 and CW45 are being used for
irrigation supply, which will increase the flow in the Middle Chinle aquifer from Broﬁdview and
Felice Acres to the south. Additidnally, well CW28 was added as a supply well for fresh-water

injection in 2002 but has not been used for the last few years.

Grants Reclamation Project
2008 Annual Report 1.1-5
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Concentrations of selenium do not exceed the standards in the two zones for the Lower
Chinle aquifer. All molybdenum concentrations in the Lower Chinle aquifer are less than the site
standard. None of the Lower Chinle nitrate concentrations exist at a significant level. All radium,
vanadium and thorium-230 concentrations in the Lower Chinle aquifer in 2008 were at low levels

for these constituents.

Grants Reclamation Project
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1.0 Site Identification

Location: Grants, NM
License No.: SUA-1473
- Docket No.: 40-8905

License Status: Possession Only License
Project Manager: Tom McLaughlin

2.0 Site Status Summary

This is a uranium mill tailings site in the Ambrosia Lake uranium district of New Mexico. It is location approxin
miles north of Grants, New Mexico. The tailings impoundment contains 33 million tons of uranium ore and coy
approximately 370 acres.

. The site status changed from standby to reclamation in August 2003 to reflect the licensee's intent to begin fi
and reclamation of the site leading to termination of the specific license. The mill was demolished and dispose
tailings impoundment in late 2003. The demolition was completed in accordance with a mill demolition plan a
NRC in October 2003. The staff issued a license amendment for alternate concentration_limits (ACLs) at the si
2006. Consequently, all"gFoundwater corrective actions have been discontinued, and Rio_Algom is finalizing th
reclamation. A portion of the tailings impoundment is still open for disposal of Atomic Energy Act, Section 11e
material. A final soil DP entitled, Closure Plan - Lined Evaporation Ponds (Relocation Plan) was submitted to tt
November of 2004, and partially approved. A portion of the report, pertinent to the "Section 4" and Pond 9 ev
pond sediment material is still under review. It is estimated that that portion of the review will be completed |

2007. The cost for decommissioning is estimated to be approximately $18 million.

3.0 Major Technical or Regulatory Issues
Rio Algom has notified NRC that they intend to sell the property and that the license will be transferred.

4.0 Estimated Date For Closure

01/01/2010

Privacy Policy | Site Disclaimer
Tuesday, December 04, 2007

httn://www.nrc.eov/info-finder/decommissioning/uranium/rio-algom-ambrosia-lake.html 01/29/2008
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Dlsposal Site

This fact sheet provides information about the Uranium Mill Tailings Radiation Control Act of 1978
T/tle 1 disposal site located at Ambrosia Lake, New Mexico. The site is managed by

.the U.S. Department of Energy Office of Legacy Management

Site Description and History

The Ambrosia Lake Disposal Site is a former uranium
ore processing facility in McKinley County, approxi-
mately 25 miles north of Grants, New Mexico. The site
is in the Ambrosia Lake Valley, a broad, elongate valley
dominated by desert grassland plant communities and
basalt-capped mesas to the north. The site is within
the Ambrosia Lake Mining District, near the center of
the Grants Mineral Belt. Decommissioned uranium
mills, abandoned underground mines, mine shafts and
vents, ore piles, tailings piles, and heap leach piles are
close to the site. The area surrounding the millsite is
sparsely populated.

The former mill processed more than 3 million tons
~¢uranium ore between 1958 and 1963 and provided
nium for U.S. Government national defense pro-
yrams. Phillips Petroleum Company built the original
mill at the Ambrosia Lake site in 1957 to process
- ore from nearby mines. United Nuclear Corporation
purchased and operated the mill for a brief period in
1963, then ceased milling operations but retained

ownership of the site. |n the late 1970s to early 1980s,
United Nuclear Corporation operated an ion exchange.
racting urani mine water. All mill__

operations ceased in 1982, leaving radioactive mill
tailings, a predominantly sandy material, on approxi-
mately 111 acres. Wind-and water erosion spread
some of the tailings across a 230-acre area.

The U.S. Department of Energy (DOE) remediated
_ the Ambrosia Lake site and local contaminated

.vicinity properties between 1987 and 1995. Surface
remediation consisted of consolidating and encapsulat-
ing all contaminated material on site in an engineered
disposal cell. The disposal cell occupies 91 acres of a

" 290-acre tract of land.

Regulatory Setting

Congress passed the Uranium Mill Tailings Radiation

Control Act (UMTRCA) in 1978 (Public Law 95-604),

which required the cleanup of 24 inactive uranium ore-
cessing sites. DOE remediated these sites under

w2 Uranium Mill Tailings Remedial Action Project

in accordance with standards promulgated by the

U.S. Environmental Protection Agency in Title 40 Code

of Federal Regulations (CFR) Part 192. Subpart B of

NEW MEXICO

é;'
= ‘Banta Fe

MALTS11T0001104\001\S018ZAS0182200.mxd _carverh 071972007 123401 PM

Location of the Ambrosia Lake Disposal Site

40 CFR 192 regulated cleanup of contaminated ground
water at the processing sites. The radioactive materials
were encapsulated in U.S. Nuclear Regulatory
Commission-approved disposal cells. The U.S. Nuclear
Regulatory Commission general license for UMTRCA.

Title | sites is established in 10 CFR 40.27. The

Ambrosia Lake Disposal Site was included under

the general license in 1998.

Disposal Site

The disposal cell was closed in 1995 upon encapsula-
tion of the tailings and completion of the cell cover. The
cell contains 6.9 million dry tons (about 5.2 million cubic
yards) of contaminated material, with a total activity of
1,850 curies of radium-226.

The uppermost aquifer beneath the site consists of
alluvium (river deposits), sandstone, and weathered
shale. The maximum thickness of the aquifer is
approximately 175 feet; the maximum saturated
thickness is 25 feet. This uppermost aquifer is not a
current or potential source of drinking water because
of low yield.
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Compliance Strategy

The ground water compliance strategy for the
Ambrosia Lake Disposal Site is no remediation and the
application of supplemental standards. The strategy of .
supplemental standards may be applied at UMTRCA
sites where ground water in the uppermost aquifer is
classified as limited use because it meets any of several
criteria. Ground water at the Ambrosia Lake site meets
the criterion of low yield, that is, the quantity of water
reasonably available for sustained continuous use is
less than 150 gallons per day (40 CFR 192.11][e]). Past
milling operations, such as wastewater disposal and
seepage from the tailings pile, supplied most of the
water that recharged the aquifer. Those sources no
longer exist, and the tailings and other contaminated
materials are encapsulated in an engineered disposal

cell. The alluvium is expected to return to the conditions
mmmmmm@@wm \
and mining began in the area. Because ground water

is not a present or potential TeSource, no monitoring

is required at the site. However, at the request of the
New Mexico Environment Department, DOE samples

two monitor wells every 3 years to monitor cell
performance.

- Disposal Cell Design

The rectangular disposal cell measures approximately
2,500 feet by 1,600 feet, including the toe apron.

The cell rises approximately 50 feet above the
surrounding terrain.

The cover of the Ambrosia Lake disposal cell is a
muiticomponent system designed to encapsulate and
protect the contaminated materials. The disposal cell
cover comprises (1) a low-permeability radon barrier
(first layer placed over compacted tailings) consisting

of compacted clayey soil, (2) a bedding layer of granular
bedding material, and (3) a rock (riprap) erosion-
protection layer for the top and side slopes. -

A rock apron of larger diameter riprap surrounds the
toe of the disposal cell. The ground immediately
adjacent to the cell perimeter has been graded away
from the cell to protect the site from storm water runoff.
Disturbed areas have been successfully revegetated.

Legacy Management Activities

DOE manages the disposal site according to a site-
specific Long-Term Surveillance Plan to ensure that

the disposal cell systems continue to prevent release

of contaminants fo the environment. Under provns:ons

of this plan, DOE conducts annual inspections of the!

site to evaluate the condition of surface features, .
performs site maintenance as necessary, and samples

two monitor wells every 3 years. The encapsulated
materials will remain potentially hazardous for

thousands of years.

In accordance with 40 CFR 192.32, the disposal cell is
designed to be effective for 1,000 years, to the extent
reasonably achievable, and, in any case, for at least
200 years. However, the general license has no
expiration date, and DOE's responsibility for the safety
and integrity of the Ambrosia Lake Disposal Site will
last indefinitely. .

Contacts

Site-specific documents related to the Ambrosia Lake
Disposal Site are available on the DOE Office of
Legacy Management website at

http:/fwww.LM.doe. gov/land/srtes/nm/amb/amb htm.

For more information about the DOE Office of Legacy
Management activities at the Ambrosia Lake Disposal
Site, contact

U.S. Department of Energy
Office of Legacy Management
2597 B% Road, Grand Junction, _CO 81503 {

(970) 248-6070 (monitored continuously), or .
(877) 695-5322 (toll-free)
10/2007
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1.0 INTRODUCTION

This Evaluation of Impacts from Section 35 and 36 Mine Defvatering '(Report), prepared by
INTERA Incorporated (INTERA), is being submitted pursuant to two letters from the New Mexico

Environment Department (NMED) dated May 17, 2005 (NMED, 2005) and December 14, 2006

(NMED, 2006b). These letters require compliance with 20.6.2.1203 New Mexico Administrative

 Code (NMAC) for reporting of soil contamination related to mine dewatering activities at the Rio

Algom Mining Company’s (Rio Algom’s) Section 35 and 36 mines along the eastern edge of

Ambrosia Lake Valley (the Site) and require appropriate corrective action to address impacts
resulting from unpermitted discharges. The field investigations described in this Report were
completed in accordance with the Rio Algom corrective action work plan dated Septembef 29,2006
(Appendix A) and a conditional approval letter from the NMED dated December 14,2006 (NMED,
2006b).

2.0 HISTORICAL OPERATIONS-RELEVANT BACKGROUND

In a letter to the NMED dated April 12, 2005 (Rio Algom, 2005), Rio Algom reported that

dewatering activities associated with the Section 35 and 36 mines had affected the land surface. The
Section 35 and 36 mines were continuously dewatered for the removal of ore from 1957 to 1990 and
large volumes of water were discharged to the land surface, resulting in the accumulation of
radionuclides in the soil.

The dewatering activities, which ceased in 1990, were originally regulated under a federal National
Pollutant Discharge Elimination System (NPDES) permit (NM 0028118); however, from September
1976 until August 1978, and thereafter starting in 1980, the activities were regulated under NMED
discharge permit (DP) 67. Prior to construction of the Section 35 pondsb association with the IX mine
water treatment facility, which became operational in 1976 under a permit from the New Mexico
Radiation Protection Bureau, discharges from the two mines were separate, largely untreated, and
was discharged di_reétly into the natural drainage. Groundwater pumped to dewater the Section 35
Mine was discharged to settling ponds near the mine shaft and then allowed to discharge following
the natural drainage pattern to the south and southwest. The rate of this discharge after mining began
in late 1970 was approximately 370 gallons per minute (gpm) in 1971, approximately 500 gpm in
1972, and averaged between 900 and 1,000 gpm from 1973 through 1977. From 1960 to 1984, the
groundwater discharged from the adjacent Section 36 Mine was first ponded near the shaft and then
diverted through an incised arroyo to an area in the southwest corner of Section 35 for settling prior
to overflow. The water was then released into the natural drainage pattern across the contiguous
T13N R9W Section 2. The average discharge rate from the Section 36 Mine was 1,400 gpm between

1960 and 1977. The discharged water was collected for stock watering in"ditches, diverted for = -

Evaluation of Impacts from Section 35 and 36 Mine Dewatering : October 26, 2007
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irrigation use by local ranchers, lost to evapotranspiration processes, or infiltrated alluvial sediments,
particularly in areas subject to natural or manmade ponding.

By 1978, as both surface water and groundwater discharges came under additional regulatory

scrufiny. plans for more efficient management of the mine water discharge were implemented by
maximizing its distribution and conveyance off-site for beneficial use in irrigation. This new water
management strategy was initiated in part as a result of an assertion by the U.S. Environmental

Protection Agency (EPA) that the discharge should be regulated under an NPDES permit. Kerr-
McGee disputed EPA’s determination, but nonetheless undertook controlled spreading and irrigation
which resulted in EPA terminating the NPDES permit. The water management strategy involved
greater spreading of the discharge through enhanced distribution to guide the treated mine water
runoff into areas outside of, but adjacent to, natural drainage channels or watercourses. This was
accomplished through a system of distribution ditches and diversionary structures that accounted for
the local topography.

By 1984, the Section 36 Mine closed and discharges ceased. After acquiring the site from Kerr-
McGee in 1989, Rio Algom also closed the Section 35 IX facility and in early 1990 started piping
Section 35 water to the Rio Algom Mill. At this time, all further surface discharges and irrigation
uses of the water ceased.

3.0 REGULATORY SETTING

In 1979-80, Kerr-McGee obtained a groundwater discharge permit, DP-67, for the Section 35 and 36
mines, covering the IX treatment facility, the associated pond facilities, and the final outfall. The
permit was thereafter renewed every five years and was an active discharge permit through June

~ 2002. At this time, DP-67 remains in a ‘stand-by’ active status pending application for renewal
and/or completion of drainage area corrective actions which are the subj e@:’t of this Report.

In 2005, on the basis of an internal review, Rio Algom determined there likely was contamination of
the mine sites and adjacent lands by virtue of the dewatering and historical discharge practices of
Kerr-McGee at the Section 35 and 36 mines. Rio Algom conducted a gamma radiation field survey
of the area to preliminarily assess probable lateral extent of radiological contamination in surface
soils associated with the Section 35 and Section 36 mines discharge. As a result of the preliminary
assessment, Rio Algom determined it was necessary to report it’s findings, and did so by letter dated
April 12, 2005 (Rio Algom, 2005).

NMED treated the preliminary assessment as a notification under Section 20.6.3.1203, which
mandates Rio Algom to take prescribed steps and appropriate corrective action in response to the
discharge. Since discharges after 1979 were regulated under the discharge permit, NMED’s

Evaluation of Impacts from Section 35 and 36 Mine Dewatering : October 26, 2007
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phase (Phase 1) from May through July 2005 and reported its findings to the NMED in
Characterization Report for the Section 35 and 36 Mine Drainage (ERG, 2005).

ERG performed the following tasks for the Phase 2 investigation:

e Soil samples were collected up to 12 feet bgs, using a Geoprobe®.

o A global positioning system-based gamma survey was conducted in a previously
uncharacterized area. '

Details of this investigation are provided in Appendix B. Key observations and conclusions from this
work are summarized as follows:

o The range of radionuclide concentrations in all samples was 0.2 to 18 pCi/g with the
average radium-226 concentrations decreasing with increasing depth: 5.4 pCi/g (0-1

feet), 2.2 pCi/g (1-2 feet), 0.9 pCi/g (2-4 feet), 2.9 pCi/g (4-6 feet), and 0.3 pCi/g (10-12
feet). ' ’

e Radium-226 concentrations exceed assumed background concentrations at their
respective depths in 69 of the 78 samples. "

o Average uranium concentrations also decrease with depth in the soil layers: 11.59

milligrams per kilogram (mg/kg) (0-1 feet), 16.10 mg/kg (1-2 feet), 11.79 mg/kg (2-4
feet), 8.99 mg/kg (4-6 feet), and 2.50 mg/kg (10-12 feet).

Uranium concentrations exceed assumed background concentrations at their respective
depths in 77 of the 78 samples. The leachable fraction of uranium exceeds the New
Mexico Water Quality Control Commission (WQCC) standard in several samples,
predominantly at 1 to 6 feet bgs, but not at 10 to 12 feet bgs.

Trends in the average ratios of leachable to total concentrations indicate that the
leachable fractions of radium and uranium in the soils are essentially constant with depth.
The leachable fraction of selenium increases with depth, but the dissolved leachable
concentrations are below the WQCC standard at 10-12 feet bgs and total concentrations
are below the NMED Soil Screening Levels (SSL) in all soil samples.

~With the exception of arsenic, total metals concentrations were below the NMED SSL in

all Phase 2 soil samples; ERG notes that background level for arsenic may be higher than
the SSL.

With the exception of selenium, leachable metals concentrations were below respective
WQCC standards in all Phase 2 soil sample results.

Evaluation of Impacts from Section 35 and 36 Mine Dewatering October 26, 2007
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e _The concentrations of leachable major ions (nitrate/nitrite, chloride, and sulfate) and TDS
are below their respective NMWQCC standards in all soil samples.

o Radium-226 concentrations in the soil samples indicate no significant changes in the soil
removal volume estimates presented in the 2005 characterization report (ERG, 2005).

o The Phase 2 gamma survey revealed new areas where the radium-226 concentrations are
likely to exceed Uranium Mill Tailings Radiation Control Act standards, adding an
estimated 2.1 percent to the best volume estimate provided in the 2005 characterization
report (ERG, 2005).

6.0 GROUNDWATER SAMPLING

This section summarizes the groundwater sampling field activities conducted by Rio Algom and
INTERA staff during May 2007 and September 2007. The samples taken by Rio Algom staff in May
2007 were obtained during well purging activities and were considered screening-level samples as
the wells were not yet stabilized. The September 2007 field sampling completed by INTERA and
Rio Algom staff was conducted according to procedures described in the U.S. Geological Survey
Book 9, Techniques of Water-Resource Investigations, and National Field Manual for the Collection
of Water Quality Data, Chapter A4. Collection of Water Samples, Revised 2006 (USGS, 2006).

Site-specific health and safety training was conducted for INTERA personnel by Rio Algom
management and on-site tailgate safety meetings were held by INTERA each day in accordance with
Rio Algom’s site-specific Summary Health and Safety Plan, dated September 7, 2007 (Appendix C).

Field notes were recorded in a dedicated, bound field notebook and are provided as Appendix D.
Water Purging and Sampling Data Forms were used to record well specifications, field parameters,
and related sampling notes and are provided as Appendix E. The sampling was conducted in general
accordance with the work plan developed by Rio Algom (Appendix A). Well diagrams sketched in
the field notebook were based on the assumption that each well contained a 10-foot screen that
spanned the distance from the well’s total depth to 10 feet above total depth. INTERA has since
learned that the actual screen length is 20 feet.

6.1. Field Investigation Activities and Results

6.1.1.  Field Equipment

The field equipment and supplies used to conduct the water sampling are listed below.

Evaluation of Impacts from Section 35 and 36 Mine Dewatering _October 26, 2007
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.Though some constituents in the groundwater at this Site do exceed WQCC standards, we do not
believe there is a threat to human health or the environment for the following reasons:

As demonstrated in ERG’s Phase I and Phase 2 Characterization Reports, radionuclides
and metals attributable to impacts from mine dewatering operations are being effectively -
attenuated in the upper few feet of the alluvial sediments.

The source for the groundwater present in the alluvium is the mine dewatering activities
which have been terminated since 1984. The supporting evidence for this water source is
the low yield, turbid character, and poor water quality of the alluvial groundwater.

o —The alluvial groundwater in the vicinity of the Section 4 ponds is from the same mine-

dewatering source. Investigation activities in this area have definitively shown that water

levels are dropping and the shallow alluvial groundwater is drying up, thus groundwater 4
will not migrate very far. -

The water levels measured in these monitoring wells indicate a groundwater flow
direction to the south. A search of the Office of the State Engineer records for domestic
wells in the area revealed only three down-gradient wells, all of which are screened
between 300 and 500 feet bgs (Table 4). (The fact that the only wells in the area are
drilled to depths of 300 feet or greater further indicates that the alluvium was not a
groundwater source). Thus, there are no groundwater receptors in the area that could be
impacted by the Section 35 and 36 mine discharges.

Radium is not present in groundwater and is being attenuated effectively in the shallow
alluvial sediments.

Uranium and selenium exceed WQCC standards in some samples; however, it has been

demonstrated that natural attenuation will reduce the concentration of these constituents
in groundwater.

Although more mobile constituents of concern such as sulfate and TDS exceed WQCC
standards in the groundwater samples, there are no water supply wells in the alluvium in
this area, and it has been demonstrated that the alluvial groundwater will dissipate with
time now that mine dewatering activities have ceased.

Nitrate concentrations are in excess of the WQCC standards, however, this constituent
was not present at significant concentrations in the mine water discharge and it is likely

that concentrated cattle grazing in this area of water and heavy vegetation is responsible
for these elevated nitrate concentrations.

Evaluation of Impacts from Section 35 and 36 Mine Dewatering October 26, 2007
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United States Nuclear Regulatory Commission
Office of Public Affairs
Washington, DC 20555

Phone 301-415-8200 Fax 301-415-2234
Internet.:opa@nrc.gov

No. 97-146 FOR IMMEDIATE RELEASE
(Friday, October 3, 1997)

NRC TRANSFERS RESPONSIBILITY FOR
NEW MEXICO URANIUM MILL TAILINGS DISPOSAL SITE TO DOE

The Nuclear Regulatory Commission has granted the request of Atlantic Richfield
Company (ARCO) to terminate its license for a uranium mill site near Grants, New Mexico, and
“has placed the site under the custody and long-term care of the Department of Energy, which is

now the licensee for the site.

The tailings represent a long-term potential heaith hazard to public health and safety
because they contain radium, which generates radon gas. Therefore the NRC requires that the
tailings be stabilized and covered with a clay barrier that prevents release of the gas.

The ARCO mill began operation in 1953 and operated until 1982. During that period,
approximately 24 million tons of uranium mill tailings were produced as a byproduct of the
uranium milling.

The Uranium Mill Tailings Radiation Control Act of 1978 requires cleanup of soil
contamination, long-term stabilization and control of tailings, and cleanup of groundwater at
uranium mill sites. Before terminating the ARCO license, the NRC verified that the Bluewater
site had been cleaned up in accordance with applicable standards and that stabilization of the
tailings was in accordance with regulations and a previously approved design. The NRC also
reviewed DOE'’s plan for long-term care of the site and concluded that the plan satisfied the
requirements of the Act. ,

The ARCO mill site is the second commercially operated uranium mill to be cleaned up
satisfactorily in conformance with NRC requirements. ARCO transferred $635,165 to DOE to
cover the costs of annual inspections to ensure that the site is maintained.

Any person whose interest may be affected by the licensing action may file a request for
a hearing. The request should be filed within 30 days after the publication of a Federal Register
notice on this subject, which is expected shortly. Procedures for filing the request will be
described in the Federal Register notice. '
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

Mr. R. S. Ziegler, Project Manager

Atlantic Richfield Company

Bluewater Mill ~ _ -
P.o. Box 638 . e e mmvemme e e L _. I
Grants, New Mexico 87020 ‘ -

SUBJECT? APPROVAL OF GROUNDWATER ALTERNATE CONCENTRATION LIMITS,:
: TO SOURCE MATERIAL LICENSE SUA-1470

Dear Mr; Ziegler:

By letters dated June 20, 1990 and August 27, 1991, Atlantic Richfield Company
(ARCO) requested amendment of Source Material License SUA-1470 to approve
groundwater alternate concentration limits (ACLs) for the Bluewater Uranium
Mi1l near Grants, New Mexico. The staff requested additional information by
letter dated January 20, 1995, and ‘met with ARCO on February 9, 1995, to
discuss the NRC’s comments. Information in response to the NRC’'s letter and
the subsequent meeting was submitted by ARCU on April 25, 1995. The NRC staff
has reviewed this information and has concluded that the ACLs proposed in the
April 25, 1995, submittal are acceptable.

Therefore, pursuant to Title 10 of the Code of Federal Regulations (10 CFR),
Part 40 Source Material License SUA-1470 is hereby amended by modifying
license Condition No. 34 to incorporate the ACLs based on the staff’s
Technical Evaluation Report for the license amendment (Enclosure 1).”

LC No. 34.C has been revised to require ARCO to propose a new corrective
action program in the event the ACLs are exceeded -in the future. Since the
revised concentration limits in 34.B (the ACLs) have been met, no further
corrective action is required at this time.

The license is being reissued to incorporate the above modifications
(Enclosure 2). These changes to the license were discussed and agreed to via
telecon between Ken Hooks of the NRC and Nat Patel of ARCO. A1l other
conditions of the license shall remain the same. An environmental review was
not performed, since this action is catecorically excluded under

10 CFR 51.22(c)(11), and an environmental report from the 11censee is not
required by 10 CFR 51. 60(b)(2)
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U.S. NUCLEAR REGULATORY COMMISSION

 MATERIALS LICENSE @ I
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ant 10 the Atomic Energy Act of 1354, as amended, the Energy Reorganization Act of 1974 (Public Law 93-438), and Title 10, Code of |{
al Regulations, Chapter [, Parts 30, 31, 32, 33, 34, 35, 36, 39, 40, and 70, and in reliance on statements and representations heretofore made
. une licensee, a license is hereby issued authorizing the licensee to receive, acquire, possess, and transfer byproduct, source, and special nuclear |3
aterial designated below; to use such material for the purpose(s) and at the place(s) designated below; to deliver or transfer such material to |~
:rsons authorized to receive it in accordance with the regulations of the applicable Part(s). This license shall be deemed to contain the conditions
recified in Section 183 of the Atomic Energy Act of 1954, as amended, and is subject to all applicable rules, regulations, and orders of the
uclear Regulatory Commission now or hereafter in effect and to any -onditions specified below.

Licensee
Atlantic Richfield Company
[Applicable Amendments: 7, 14] 3. License Number

JLSOLIWL L3021

SUA-1470, Amend. No. 30
Bluewater Mili

P. 0. Box 638 ) S
Grants, New Mexico 87020 4. Expiration Date Until NRC determines =
[Applicable Amendments: 2, 7, 14] rechamation—is—adequate—— |i}

5. Docket or =

Reference No. An.Qan? _1:

LA A — =],

. Byproduct, Source, and/or 7. Chemical and/or Physical 8. Maximum Amount that Licensee =
Special Nuclear Material Form May Possess at Any One Time i

: Under This License ot

Uranium Byproducts ~ Any . Unlimited f

9. Authorized place of use: The ]icenseé/s uranium milling facilities
located near Grants, New.Mexico. ‘

10.  The licensee is hereby authorized to possess byproduct material in the
form of uranium waste tailings and other byproduct wastes generated by
the licensee’s past milling operations. The licensee is not authorized
to produce uranium concentrate without a license amendment approved by
the NRC. [Applicable Amendue.t: 25]

11. DELETED by Amendment 27.

12.  The results of all effluent and environmental monitoring required by
this license shall be reported in accordance with 10 CFR 40, Section
40.65 with copies of the report sent to the NRC. Monitoring data shall
be reported in the format shown in Regulatory Guide 4.14 and enclosed as
the attachment to SUA-1470 entitled, "Sample Format for Reporting
Monitoring Data." [Applicable Amendment: 25]

FUVL VLWL VL9 FL VLGV VL L1 S

13. Before engaging in any activity not previously assessed by the NRC, the
licensee shall prepare and record an environmental evaluation of such
activity. When the evaluation indicates that such-activity may result
in a significant adverse environmental impact that was not previously
assessed or that is greater than that previously assessed, the licensee
shall provide a written evaluation of such activities and obtain prior
approval of the NRC in the form of .a license amendment.

14,  Prior to termination of this license, the licensee shall provide for

' transfer of title to byproduct material and land, including any
interests therein (other than land owned by the United States or the
State of New Mexico), which is used for the disposal of such byproduct
material or is essential to ensure the long term stability of such
disposal site to the United States or the State of New Mexico, at the
State’s option. - >
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License number

v ' -1470 d, No. 30
MATERIALS LICENSE okt o ol B
7 SUPPLEMENTARY SHEET

’ ; d No. U-

RCO’s currently approved surety instrument, Performance Bond No. U
8001407, issuadybypghe Reliance Insurance Company anq Un1t$d Sgg;i;gned

Insurance Company in favor of the NRC, shall be continuously lying with

in an amount no less than $3,500,000 for the Purposes]of ;gﬁg {s

10 CFR 40, Appendix A, Criteria 9 and 10, untx! a replzce17 21, 25, 29]

authorized by the NRC. [Applicable Amendments: 11, 14, 17, 21,

. -C is

26.  Operation of evaporation ponds 1-A, 1-B, 2-A, 2-B, 3-A, §9§7a2ﬂd3 ¢
authorized in accordance with submittals dated July 1358 for ponds 2A
September 29, 1977 for ponds 1-A and 1-B; August 1, '3, 38, and 3.
and 2B; and April 10, 1980 and May.2,.1980 for ponds 3A, 3B,

oy
e R
£ ay  f

o »%""i §1 A i Fa
27.  DELETED by Amendmeng h{lo%?}% T

28.  DELETED by Amendmént No. 3.

29.  DELETED by Amehdment No. 3. |
' . : ilings impoundment
30.  The licensee shall conduct an inspection of -the tailings imp i
area using trained personnel at least once . every 24 hour$, excluding
weekends and holidays.
31,

. : : 3 dance
The licensee shall decommission the Bluewater Uranium Mill in accor
with the decommissioning plan submitted by letter dat§d~p§§em2§£ 29,
1987, as revised by submittals dated August 9, Septem e;F.B 1990: and
¢ November 17, 1988; February 27 and June 16, 1989; March 8, 19903

: January 19, 1994, [Applicable Amendments: 83;10, 1 ’

32.  The licensee shall implement the radiation safety agﬂbenV;T0239"§g;5 and
monitoring programs specified in its letters dated Fe rg%‘yin ’Specjfied
February 22, 1395. Notwithstanding the groundwater m°n11$r gform the
in Attachment 39 and revisions thereof, the ]‘C?“§ee';ha 34pe Whenever
compliance monitoring described in License Condition No. 34.

the word "will? is ysed in the documents referenced above, it shall
denote a requirement.

[Applicable Amendments: 3, 25,>27]

33.  The licensee shall conduct an annual survey of land use (grazing,

residence, wells, etc.) in the area within two miles o;_theem;ll :2g]]
submit a report of this survey annually to the NRC. _E és_; ghe ,
indicate any differences in land use from that descr1be me{tted by
licensee’s previous annual report. The report sha1; es tte

July 1 of each year. [Applicable Amendments: 3, 25]

. . . N . \ m
34.  The licensee shall implement a groundwater compliance m°"ft°r‘ﬁg progra
containing the following:

i 1 E(M), T(M) and F(M) for
) : miannua? frequency, wells E(M),
' ;g?plgegn e anium and selenium, and wells S(S6), L(SG) and
OBS#3 f

qUE
: OL LG L AL L WL AL AL VLWL G 0L A
) BLAWLALAE L 9 TASLAR AL ARLARLASLARLAGLASLARLABL AL ILAGLLBLADLAL ASL
SL A\ WL G AL S SRS LA S L AL ASL A AR AR L ARC AL AW AL AR ASL AL ABLABLARLAGLASL
y LS LACL S AL AL ASLARLUOLATL AL AR ARLARLASLAOL ARL 2 AT .
LGOI AOL AU ABLARLAS LTI LA L& LARL ANL
LGS AWL AL AEL AS {! NI R AW
LAPL)N L AR ASLASL AW %

AN

B. Comply with the following Alluvial aquifer groundwater protection

A:;g;;‘-'é ST

- ™. . P J Ay
LS L WL L LA SLAGLGLASL DL
LOL A8 0 L L8 L9 8L S VL OSSR, 8 B SL AL SR
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License number

MATERIALS LICENSE | | SUA-1470, Amend, No. 30
SUPPLEMENTARY SHEET Docket or Refereee nygper

proposed in licensee

_standards (alternate concentration limits
submittal dated July 25, 1995) at point of compliance wells T(M) and

F(M), with background be1ng recognized in well E(M):
= -nat = 0.44 mg/1 (300 pCi/1) and selenium =

0.05 mg/1.

Comply with the following San Andres aquifer groundwater protection
proposed in licensee

LI

submittal dated July 25, 1995‘
recoqn1zed in well L(SG)

o f it~
selenium = 0. 05 mg/t f’ U nat = 2\15%mg/1

C. In the eventtthe limits in Subsection (B) aref exceeded, the licensee
will propase, @ new corrective action program with the obJect1ve of
returning concentrations of molybdenum, U-nat and selenium to the
concentration Timits specified in Subsection (B).
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The Ticensee shall, on a semiannual frequency, submit a groundwater
monitoring report as well as submit a corrective action program review,
by December 31 of each year, that de:cribes the progress towards
attaining groundwater protection standards. ,

[Applicable Amendments: 4, 6, 7, 20, 30]

35. The Ticensee is authorized to dispose of byproduct waste from the Tucson
Research Center in accordance with the subm1ft§1 dated, August 24, 1989.
In addition, the licensee shall comply with: the fo]]ow1ng

A. Solid waste shall be disposed in trenches Fonstructed in the main
' ta111ngs pile. The licensee shall take steps to minimize void space
in the disposed material.

f =gt Sespigne

B. Empty drums shall be disposed in accordance with the decommissioning
plan specified in Condition No. 31 of this license.

Applicable Amendment: 9]

C. A1l waste disposal shall be documented. |

LRt

36. The licensee shall reclaim the tailings d1sposa1 area as stated in its
March 21, 1990, reclamation plan as revised by submittals dated July 12,
July 19, July 23 August 2, and August 8, 1990 November 25, 1991, with
‘the exception of Section 7.0, December 22 1993, and July 28 and August
31,]1994; and March 6 and May 15, 1995. In addition, the licensee
shall:

A. Construct the radon barrier for the main tailings pile to minimum
) average thicknesses of 73 cm. for the sands area, 30.5 cm. for the

| ~mixed .tailings area, and 73 cm. for contam1nated outslopes. The
RS radon barrier will be a minimum thickness of 15 cm. for the s]1mes

area. o

——
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B. Submit for NRC review and approval the corre]étion of nuclear
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Superfund Information Systems - Superfund Site Information: Site Information Page 1 of 1

U.S. ENVIRONMENTAL PROTECTION AGENCY
Superfund Information Systems

Recent Additions | Contact Us | Print Version ~ Search:

EPA Home > Superfund > Sites > Superfund Information System s> Search Sugerfund Site Information
> Search Results > BROWN VANDEVER MINE

swerndsite  Gyperfund Site Information

Information

Site Documents

BROWN VANDEVER MINE

Data Element
Dictionary (DED)

Order Superfund - Site Information
Products

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

This site has been archived from the inventory of active sites.

Site Name: BROWN VANDEVER MINE
. Street: 4 MILES EAST OF PREWI[TT
City / State / ZIP: PREWITT, NM 87045

NPL Status: Not on the NPL
Non-NPL Status: NFRAP

EPA ID: NND986669117

EPA Region: 09
County: MCKINLEY

Federal Facility Flag: Not a Federal Facility

Return to Search Superfund Site

Rgturn to Search Results information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in
litigation with the United States. EPA reserves the right to change these data at any time without public
notice.

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cfpub.epa.gov/supercpad/cursites/csitinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion

(2

http://cfpub.epa.gov/supercpad/cursites/csitinfo.cfm?id=0904229 ' 01/16/2008


http://cfpub.epa.gov/supercpad/cursites/csitinfo.cfm
http://cfpub.epa.gov/supercpad/cursites/csitinfo.cfm?id=0904229

Superfund Information Systems - Superfund Site Information: Actions Page 1 of 1

U.5. ENVIRONMENTAL PROTECTION AGE’NC‘(
Superfund Information Systems

!

-

> Search Results > BROWN VANDEVER MINE

Supertund Ste Superfund Site Information

Site Documents

BROWN VANDEVER MINE

Data Element
Dictionary (DED)

Order Superfund \ ‘ ~ Actions
-Products

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

OU Action Name Qualifier Lead Actual Start Actual

. Completion
00 DISCOVERY F 03/01/1990
00 PRELIMINARY H F 07/17/1990

ASSESSMENT '

00 ARCHIVE SITE EP 12/10/1992
00 SITE INSPECTION N S 12/10/1992
Return to Search Results Return to Search Superfund Site

Information

DISCLAIMER: Be advised that the data contained in these profiies are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in calcufating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in

litigation with the United States. EPA reserves the right to change these data at any time without public '
notice.

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cfpub.epa.gov/supercpad/cursites/cactinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion

&%

httn://cfrub.epa.sov/supercpad/cursites/cactinfo.cfm?id=0904229 01/16/2008
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Superfund Information Systems - Superfund Site Information: Site Information Page 1 of 1

U.S. ENVIROMNMENTAL PROTECTION AGENCY
Superfund Information Systems ;

Recent Additions | Contact Us | Print Version  Search: | _

EPA Home > Superfund > Sites > Superfund Information System > Search Sugerfund Site Information
> Search Results > ANACONDA CO BLUEWATER URANIUM MILL

Superfund Stte Superfund Site Information

Site Documents

Data Element
Dictionary (DED)

Order Superfund Site Information
Products '

ANACONDA CO BLUEWATER URANIUM MILL

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

~ This site has been archived from the inventory of active sites.

Site Name: ANACONDA CO BLUEWATER URANIUM MILL
Street: T1I2N R11W
City / State / ZIP: GRANTS, NM 87020

-NPL Status: Not on the NPL
Non-NPL Status: NFRAP

'EPA ID: NMD007106891
EPA Region: 06
County: CIBOLA

" Federal Facility Flag: Not a Federal Facility

Return to Search Superfund Site

" Return to Search Results >
Information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in
litigation with the United States. EPA reserves the right to change these data at any time without pubiic
notice.

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cfpub.epa.gov/supercpad/cursites/csitinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion
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U.5. ENVIRONMENTAL PROTECTION AGE’NCW'(
Superfund Information Systems | ;

Recent Addifions | Contact Us | Print Version  Search:

S PN |

EPA Home > Superfund > Sites > Superfund Information Systems > Search Superund/Si
> Search Results > ANACONDA CO BLUEWATER URANIUM MILL

Superfund Site Information

Superfund Site
| _Information

Site Documents

ANACONDA CO BLUEWATER URANIUM MILL

Data Element
Dictionary (DED)

Order Superfund
Products

Actions

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Spgcific Documents

ualifidr Lead Actual Start Actual

Completion
F 01/01/1980

EP 04/01/1980
F  04/01/1980 04/01/1980

00 ARCHIVE SIXE

00 PRELIMINAR
ASSESSMENT

Return to Search Superfund Site

Return to Search Resuits Information

DISCLAIMER: Be advised that the gata\contained in these profiles are intended solely for informational
purposes use by employees of the/U.S. Bovironmental Protection Agency for management of the
Superfund program. They are not'intended\or use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon o create any righ's, substantive or procedural, enforceable by any party in
litigation with the United Stalt/es. EPA reserves\the right to change these data at any time without public
notice. '

7
4

s OSWER Home
/

/

Superfund Home

/ EPA Home | Privacy and SecNyrity Notice | Confact Us

14
4

URL: http://cfpub.epa.gov/supercpid/cursites/cactinfo.cim
This page design was last updated on T\esday, October 16, 2007
Content is dynamically generate§ by ColdFusion
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Search Superfund Site Information | Superfund | US EPA Page 1 of 1

http://cfpub.epa.gov/supercpad/cursites/cactinfo.cfm?id=0600810
Last updated on Tuesday, June 29, 2010

Superfund

You are here: EPA Home Superfund Sites Superfund Information Systems Search Superfund
Site Information ’

Search Superfund Site Information

ANACONDA CO BLUEWATER URANIUM MILL

Actions

VSite Info | Aliases | Operable Units |' Contacts
~ Actions | Contaminants | Site-Specific Documents

OU Action Name Qualifier Lead Actual Start Actual
Completion
00 DISCOVERY F 01/01/1980
00 ARCHIVE SITE EP 04/01/1980
00 PRELIMINARY ASSESSMENT N F 04/01/1980 04/01/1980
00 SITE UNARCHIVED EP 04/04/2008
00 SITE REASSESSMENT L S 04/06/2008 06/21/2008
‘ Return to Search Results Return to Search Superfund Site Informati

OSWER Home | Superfund Home

URL: http://cfpub.epa.gov/supercpad/cursites/cactinfo.cfm
This page design was last updated on Tuesday, January 20, 2009
Content is dynamically generated by ColdFusion

http://cfpub.epa. gov/éupercpad/cursites/cactinfo.cfm?id=0600810 06/29/2010
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Superfund Information Systems - Superfund Site Information: Site Information Page 1 of 1

U.5. ENVIRONMENTAL PROTECTION AGENCY
Superfund information Systems ;

-

Recent Additions | Contact Us | Print Version ~ Search: | j (GO

EPA Home > Superfund > Sites > Superfund Information Systems > Search Superfund Site Information
> Search Results > HAYSTACK BUITE MINING DISTRICT

Superfund Stte Superfund Site Information

Site Documents

| HAYSTACK BUITE MINING DISTRICT

Data Eiement
Dictionary (DED)

Order Superfund _ -Site Information
Products

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

This site has been archived from the inventory of active sites,

Site Name: HAYSTACK BUITE MINING DISTRICT
Street: 12 Ml N GRANTS,6 M| S AMBROSIA
City / State / ZIP: MILAN, NM 87005

NPL Status: Not on the NPL
Non-NPL Status: NFRAP

EPA ID: NMD980878771
EPA Region: 06 B
County: CIBOLA

Federal Facility Flag: Not a Federal Facility

- - "
Return to Search Results Betum to Search Superfund §lte
REWUIN 10 >Calth ResUlls Information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in
litigation with the United States. EPA reserves the right to change these data at any time without public
notice. )

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

"URL: http://cfpub.epa.gov/supercpad/cursites/csitinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion
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Superfund Information Systems - Superfund Site Information: Actions Page 1 of 1

.S, ENVIRONMENTAL PROTECTION AGENC}'
Superfund Information Systems :

-

1
Recent Additions | Contact Us | Print Version ~ Search:] _ o GO

EPA Home > Superfund > Sites > Superfund Information Systems > Search Superfund Site information
> Search Results > HAYSTACK BUITE MINING DISTRICT

Superfund Site Superfund Site information

Site Documents

HAYSTACK BUITE MINING DISTRICT

Data Element
Dictionary (DED)

Order Superfund Actions
Products )
Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

QU Action Name Qualifier Lead Actual Start Actual
Completion

00 DISCOVERY F 09/01/1984

00 PRELIMINARY L S 11/01/1984 11/01/1984

ASSESSMENT

00 ARCHIVE SITE EP "~ 12/01/1985

00 SITE INSPECTION N S 12/01/1985 12/01/1985

Return to Search Results Return to Search Superfund Site

Information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in

litigation with the United States. EPA reserves the right to change these data at any time without public
notice. . .

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cipub.epa.gov/supercpad/cursites/cactinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion

http://cfpub.epa.gov/supercpad/cursites/cactinfo.cfm?id=0600935 . 01/16/2008
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Superfund Information Systems - Superfund Site Information: Site Information . Page 1 of 1

U.s. ENVERON!‘%ENTAL PROTECTION AGENC‘{
Superfund Information Systems fi:

K

Recent Additions | Contact Us | Print Version ~ Search:|

EPA Home > Superfund > Sites > Superfund Information Systems > Search Superfund Site information
> Search Results > KERR-MCGEE NUCLEAR CORP

Superfund Site Superfund Site |nformation

Information
Site Documents

Data Element
Dictionary (DED)

Order Superfund Site Information
Products

KERR-MCGEE NUCLEAR CORP

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

This site has been archived from the inventory of active sites.

Site Name: KERR-MCGEE NUCLEAR CORP
Street: AMBROSIA LAKE
City / State / ZIP: GRANTS, NM 87020

NPL Status: Not on the NPL
Non-NPL Status: NFRAP

EPA ID: NMD005570015

EPA Region: 06
County: CIBOLA

Federal Facility Flag: Not a Federal Facility
Incident Category: Other

" Return to Search Superfund Site
Return to Search Resuits Information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in
litigation with the United States. EPA reserves the right to change these data at any time without public
notice.

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cfpub.epa.gov/supercpad/cursites/csitinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion
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Superfund Information Systems - Superfund Site Information: Actions Page 1 of 1

U.S. ENVIRONMENTAL PROTECTION AGENC?’
Superfund Information Systems

K

Recent Additions | Contact U5|Print Version  Search:|

EPA Home > Superfund > Sites > Superfund Information Systems > Search Superfund Site Information
> Search Results > KERR-MCGEE NUCLEAR CORP

Superfund Site Superfund Site Information

Information

Site Documents

KERR-MCGEE NUCLEAR CORP

Data Element
Dictionary (DED)

Order Superfund Actions
Products

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

OU Action Name _ Qualifier Lead Actual Start Actual
Completion
00 DISCOVERY F 02/01/1980
00 ARCHIVE SITE EP 02/01/1981
00 PRELIMINARY N F  02/01/1981 02/01/1981
ASSESSMENT :

Return to Search Superfund Site
Information

Return to Search Results

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in
litigation with the United States. EPA reserves the right to change these data at any time without public
notice.

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cfpub.epa.gov/supercpad/cursites/cactinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion
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‘Superfund Information Systems - Superfund Site Information: Site Information

Superfund Site
Information

Site Doctsments

Data Element
Dictionary (DED)

Order Superfund
Products

http://cfpub.epa.gov/supercpad/cursites/csitinfo.cfm?id=0600803

U.5. ENVIRONMENTAL PROTECTION AGENCY

Superfund Information Systems 3

-

Recent Additions | Contact Us | Print Version  Search:}

EPA Home > Superfund > Sites > Superfund Information Systems > Search Superfund Site Information
> Search Results > MT TAYLOR URANIUM MINE

Superfund Site Informatibn .

MT TAYLOR URANIUM MINE

Site Information

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

This site has been archived from the inventory of active sites.

Site Name: MT TAYLOR URANIUM MINE
Street: SR334,1.0 MIS NE OF CITY
City / State / ZIP: SAN MATEO, NM 87050

NPL Status: Not on the NPL
Non-NPL Status: NFRAP

EPA ID: NMDO00778605

EPA Region: 06 .
County: CIBOLA

Federal Facility Flag: Not a Federal Facility

Return to Search Results

Return to Search Superfund Site
. Information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program.-They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in
iitigation with the United States. EPA reserves the right to change these data at any time without public
notice. :

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: hitp://cfpub.epa.gov/supercpad/cursites/csitinfo.ctm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion
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Superfund Information Systems - Superfund Site Information: Actions Page 1 of 1

U.5. ENVIRONMENTAL PROTECTION AGENC‘!’
Superfund Information Systems )

Recent Additions | Contact Us | Print Version ~ Search: |

EPA Home > Superfund > Sites > Superfund Information Svstems > Search Superfund Site Information
> Search Results > MT TAYLOR URANIUM MINE

Superfund Site Superfund Site Information

Information

- Site Documents

MT TAYLOR URANIUM MINE

Data Element
Dictionary (DED)

Order Superfund ' ; Actlons
Products
' Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

OU Action Name ~Qualifier Lead Actual Start Actual
- Completion
00 PRELIMINARY L F  04/01/1981 04/01/1981
ASSESSMENT ‘
00 DISCOVERY F 05/01/1981
00 SITE INSPECTION N S 04/01/1986 04/01/1986
00 ARCHIVE SITE EP 09/26/1994

Return to Search Superfund Site
Return to Search Results : information ‘

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in caiculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in
litigation with the United States. EPA reserves the right to change these data at any time without pubtic
notice.

OSWER Home | Superfund Home

EPA Home | Privacy and Security Nofice | Contact Us

URL: hitp://cfpub.epa.gov/supercpad/cursites/cactinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion -
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Superfund Information Systems - Superfund Site Information: Site Information - Page 1 of 1

U'.S; EMVIRONMENTAL PROTECTION AGENCY
Superfund Information Systems

-Recent Additions | Contact Us | Print Version ~ Search:

EPA Home > Superfund > Sites > Superfund Information Systems > Search Superfund Site Information
> Search Results > POISON CANYON MINING DISTRICT -

Superfund Site Superfund Site Information

Information

" .Site Documents

POISON CANYON MINING DISTRICT

Data Element
Dictionary (DED)

" Order Superfund Site Information
Products

Site Info | Aliases | Operable Units | Contacts .
Actions | Contaminants | Site-Specific Documents

This site has been archived from the inventory of active sites.

Site Name: POISON CANYON MINING DISTRICT
Street: 10.5MI N JNCT ST RTE 53 & US66
City / State / ZIP: MILAN, NM 87021

NPL Status: Not on the NPL-
Non-NPL Status: NFRAP

EPA 1D: NMD3981600489

EPA Region: 06
County: CIBOLA

Federal Facility Flag: Not a Federal Facility

Return to Search Results Return to Search Su M_S_.it_e
AR e ora =S Information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in
litigation with the United States. EPA reserves the right to change these data at any time without public
notice. '

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cfpub.epa.gov/supercpad/cursites/csitinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion
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Supérfund Information Systems - Superfund Site Information: Actions Page 1 of 1

U.5. ENVIRONMENTAL PROTECTION AGENC?"
Superfund Information Systems ;

-

Recent Additions | Contact Us | Print Version ~ Search: | . GO ’

i

EPA Home > Superfund > Sites > Superfund information Systems > Search Superfund Site Information
> Search Results > POISON CANYON MINING DISTRICT

swerundSite. Superfund Site Information

o1e Dosuments | POISON CANYON MINING DISTRICT
ata Element v
Dictionary (DED) i

Order Superfund _ Actions
Products

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

OU Action Name : Qualifier Lead Actual Start Actual

Completion
00 DISCOVERY - S 12/01/1986
00 PRELIMINARY N S 08/01/1987 08/01/1987
ASSESSMENT
00 ARCHIVE SITE EP 10/01/1989
00 SITE INSPECTION N " F 10/01/1989 10/01/1989
Return to Search Results Return to Search Superfund Site

Information .

DISCLAIMER: Be advised that the data contained in these profiles are intended soliely for inforrational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in

litigation with the United States. EPA reserves the right to change these data at any time without public
notice.

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cfpub.epa.gov/supercpad/cursites/cactinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion

®
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Superfund Information Systems - Superfund Site Information: Site Information Page 1 of 1

U.5. ENVIRONMENTAL PROTECTION AGENCY
Superfund Information Systems )

Recent Additions | Contact Us | Print Version ~ Search: g GO

EPA Home > Superfund > Sites > Superfund Information Systems > Search Superfund Site Information
> Search Results > UNC SAN MATEO MINE

Information

Superfund Site Superfund Site Information

Sfte Documents

UNC SAN-MATEO MINE

Data Element
Dictionary (DED)

Order Superfund Site Information
Products '

Site Info | Aliases | Operable Unifs | Contacts
Actions | Contaminants | Site-Specific Documents

This site has been archived from the inventory of active sites.

Site Name: UNC SAN MATEO MINE
‘Street: 2 1/2 MI.SE OF SR53
City / State / ZIP: SAN MATEO, NM 87050

NPL Status: Not on the NPL
Non-NPL Status: Deferred to RCRA

EPA ID: NM1223075515

EPA Region: 06
County: CIBOLA

Federal Facility Flag: Federal Facility
Incident Category: Mines/Tailings

. - Return to Search Superfund Site
Return to Search Results Information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the

- Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in
litigation with the United States. EPA reserves the right to change these data at any time without pubtic
notice.

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http:/cfpub.epa.gov/supercpad/cursites/csitinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion
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Superfund Information Systems - Superfund Site Information: Actions Page 1 of 1

.5, ENVIRONMENTAL PROTECTION AGENCY
Superfund Information Systems K

Recent Addmons | Contact Us | Print Version ~ Search:

EPA Home > Superfund > Sifes > Superfund Information System > Search Sugeﬁund Site Information
> Search Results > UNC SAN MATEO MINE

Superfund Site Superfund Site Information

Information

Site Documents

UNC SAN MATEO MINE

‘Data Element
Dictionary (DED}

Order Superfund : Actions
Products

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

OU Action Name Qualifier Lead Actual Start Actual

_ Completion
00 DISCOVERY S 06/30/1988
00 PRELIMINARY D FF 01/20/1989
ASSESSMENT
00 ARCHIVE SITE EP 12/07/1995
00 SITE INSPECTION D S 12/07/1995
Return to Search Superfund Site
Return to Search Results Information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational

purposes use by employees of the U.S. Environmental Protection Agency for management of the

Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations

and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in

litigation with the United States. EPA reserves the right to change these data at any time without public
- notice.

OSWER Home ] Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cfpub.epa.gov/supercpad/cursites/cactinfo.ctm
Thls page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion
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Superfund Information Systems - Superfund Site Information: Site Information Page 1 of 1

U5, ENVIRONMENTAL PROTECTION AGENCY
Superfund Information Systems |

Recent Additions | Contact Us | Print Version ~ Search:

EPA Home > Superfund > Sites > Superfund Information Svstems > Search Superfund Site Information
> Search Results > FEBCO URANIUM MINE

Superfund Site Superfund Site Information

Information

Site Documents

FEBCO URANIUM MINE

Data Element
Dictionary (DED)

Order Superfund : Site Information
Products

_ Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

Site Name: FEBCO URANIUM MINE
Street: NAVAJO NATION
City / State / ZIP: PREWITT, NM 87045

NPL Status: Not on the NPL
Non-NPL Status: NFRAP

EPA ID: NND986669166

EPA Region: 09
County: MCKINLEY

.Federal Facility Flag: Not a Federal Facility
Incident Category: Mines/Tailings

» Return to Search Superfund Site
Return to Search Results - information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S. Environmental Protection Agency for management of the
Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations
and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in
litigation with the United States. EPA reserves the right to change these data at any time without public
notice.

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cfpub.epa.gov/supercpad/cursites/csitinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion
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Superfund Information Systems - Superfund Site Information: Actions Page 1 of 1

U.5, ENVIRONMENTAL PROTECTION AGENC'.Q'
Superfund Information Systems )

Recent Additions | Contact Us | Print Version ~ Search:§ __ o ‘

EPA Home > Superfund > Sites > Superfund Information Systems > Search Superfund Site Information
> Search Results > FEBCO URANIUM MINE

Superfund Site Superfund Site Information

Site Documents

FEBCO URANIUM MINE

Data Element
Dictionary (DED)

Order Superfund ' Actions
Products

Site Info | Aliases | Operable Units | Contacts
Actions | Contaminants | Site-Specific Documents

OU Action Name Qualifier Lead Actual Start Actual
: Completion
00 DISCOVERY _ - F 07/16/1991
00 PRELIMINARY : N . TR 04/30/2001 06/11/2001
ASSESSMENT , '

Return to Search Superfund Site

Return to Search Results Information

DISCLAIMER: Be advised that the data contained in these profiles are intended solely for informational
purposes use by employees of the U.S: Environmental Protection Agency for management of the ’
Superfund program. They are not intended for use in calculating Cost Recovery Statutes of Limitations

and cannot be relied upon to create any rights, substantive or procedural, enforceable by any party in

litigation with the United States. EPA reserves the right to change these data at any time without public

notice.

OSWER Home | Superfund Home

EPA Home | Privacy and Security Notice | Contact Us

URL: http://cfpub.epa.gov/supercpad/cursites/cactinfo.cfm
This page design was last updated on Tuesday, October 16, 2007
Content is dynamically generated by ColdFusion
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