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I. INTRODUCTION

This report presents the findings of a project funded in part by
U.S. Environmental Protection Agency, Region VI, under Section
319(h) of the Federal Clean Water Act. The project was conducted
between June 1993 and December 1995 by the New Mexico Environment
Department (NMED), Surface Water Quality Bureau (SWQB), Nonpoint
Source Pollution Section. The organizational structure for this
project is shown in Table 3. The technical staff member directly
responsible for carrying out this project and preparing this report
was Dennis Slifer. Michael Coleman assisted with completion of
this project during 1995 with field work and preparation of data
and figures, and was in charge of the anoxic drain BMP
installation. Other staff members and programs at NMED have also
been involved in environmental investigation activities within the
Red River watershed during the period of this project. Field work,
data, reports, and regulatory actions have been coordinated and
shared between the Ground Water Quality Bureau (Karen McCormack),
the Superfund Oversight Section (Stuart Kent), the Underground
Storage Tank Bureau (Tony Moreland and Chris Holmes), the Point
Source Regulation Section of SWQB (Richard Powell), New Mexico
Office of Natural Resource Trustee (Steve Cary, Randy Merker, and
John Pfeil), and a related 319(h) grant (Mineral Extraction
Impacts, FY-91) within the Nonpoint Source Pollution Section of
SWOB (Bob Salter). The author acknowledges the assistance of these
colleagues, with special thanks to Bob Salter, Michael Coleman,
Karen McCormack, and Stuart Kent for help in the field and sharing
ideas. Portions of Sections I, II, and IV of this report are
adapted from reports by Salter and XKent. The manuscript was
reviewed by Michael Col n, Steve Cary, Brian Wirtz, Jeff
Lewellin, Jim Piatt, Stuart|kent, Karen McCormack and Kim Edlund.

1.1 OBJECTIVE

The objective of this project is to determine groundwater quality
and aguifer characteristics along the impaired reaches of the Red
River in order to identify, and ultimately eliminate, impairment
of both the aquifer and the designated uses of the river.
Additionally, demonstration projects to treat contaminated
groundwater seepage are intended to show feasibility of remedial
technologies, and other best management practices are recommended
for consideration in future restoration efforts in the Red River
watershed.

1.2 PROJECT LOCATION AND DESCRIPTION

The Red River watershed, covering an area of 226 square miles, is
a major tributary to the Rio Grande and begins as headwaters
originating from the highest terrain in New Mexico. The east or
main fork of the Red River begins at nearly 13,000 feet as springs
just east of Wheeler Peak. The Red River has 21 perennial
tributaries which originate as very high quality mountain streams.
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The location of the Red River watershed and the major areas of
act1v1ty for this project are shown in Figures 1 and 2. The Red
River watershed lies entirely within Taos County in northern New
Mexico. Approximately 90% of the watershed.is under management of
the US Forest Service (USFS), Carson National ¥orest, and includes
two wilderness areas (Wheeler Peak and Latir Peaks) and a
wilderness study area (Columbine-Hondo). Elevations range from
13,161 feet at Wheeler Peak (highest point in New Mexico) to 6,500
feet at the confluence of the Red River and the Rio Grande. The
USFS high country consists of the Taos Range of the Sangre de
Christo Mountains, while the lower elevations of the watershed
occur on the Taos Plain and are a combination of private lands and
federal Bureau of Land Management (BLM) lands. The lowest four
miles of the Red River flow through a spectacular canyon that is
part of the BLM-managed Wild and Scenic River Area, which includes
the Rio Grande Gorge. The only towns within the watershed are
Questa (population 800) and Red River (populatlon 400). At 8750
feet elevation, Red River is the highest incorporated town 1n New
Mexico.

The region is semi-arid, but the elevational range accounts for
large variations in temperature and precipitation. Annual
precipitation varies from 8 to more than 20 inches, and winter
temperatures range from -25 to 50 degrees F, with summer ranging
from 30 to 90 degrees F. From May to October the moisture occurs
as rain or hail, except in higher elevations where snow may occur
throughout the year.

The Red River occupies one of the most popular multiple use
watersheds in the state. The upper portion of the watershed is a
mountainous area devoted to recreational activities, chiefly
skiing, hunting, and fishing, along with livestock grazing by U.S.
Forest Service permittees. Prior to the early 1970s, the Red River
watershed had no major industrial facilities or urban development.
Since 1966 both industrial and urban developments have increased
significantly. Accordingly, there has been a decrease in the
quality of water resources, primarily in the middle reach of Red
River, from Bitter Creek to Lama Canyon. Concerns pertaining to
heavy metals, low pH levels, bioclogical toxins, septic tank
effluent, municipal sludge, and petroleum product discharges have
been documented in this once pristine watercourse.

In "Water Quality and Water Pollution Control in New Mexico, 1992",

it was reported that the State Water Quality Control Commlss1on
(WQCC) had listed the Red River as a stream in which deSLgnated
uses were not being attained due to various types of impairment.
Section 2-119 of the Red River (from mouth of Red River upstream
to the mouth of Placer Creek) fails to support the designated uses
of cold water flshery, 1rr1gatlon, and livestock and wildlife
watering. The portion of the Red River in segment 2-120 (Red River
upstream of Placer Creek, and all tributaries of Red River) does
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not support its designated uses of high quality cold water fishery
and domestic water supply. This impairment is derived primarily
from nonpoint sources of pollution. For a summarized history of
documented impairment of the Red River see Tables 5 through 8.

There are currently three NPDES-permitted point sources with a
total of six outfalls (Figure 3) discharging into the Red River:
the Town of Red River waste water treatment plant (WWTP), the State
trout hatchery below Questa, and four NPDES-permitted outfalls for
Molycorp Mine (two at the tailings impoundments and two at the mine
site). Only the WWTP discharges upstream of the most impaired
segment of the Red River, and its effluent is described as
excellent guality. The hatchery discharge is return-water from the
raceways and actually serves to improve water quality in the Red
River due to its dilution effect. The Molycorp discharges are
regulated under NPDES Permit Number 0022306, which was approved by
EPA in September 1993 (on file at NMED SWQB). These discharge
points are described briefly as follows:

Discharge Point 001: from Pope Lake in the taili.ngé dam area.
There has been no discharge reported here since the mining
operation ceased in 1992.

Discharge Point 002: from the seepage collection system at
the toe of tailings dams. This discharge is monitored and
sampled as required in the perm:Lt. There have been no
exceedances of specified concentration limits.

Discharge Point 004: Stormwater runoff from the mine area at
the Goathill Gulch drainage (effectively, the area below the
caved area). No discharges have been reported by Molycorp
since the permit was approved in 1993.

Discharge Point 005: Stormwater runoff from the mine area in
the wvicinity of the mill, including drainage from Spring
Gulch. No discharges have been reported since 1993.

Nonpoint sources (Figure 3) that are thought to be impacting the
Red River include mining sites (primarily Molycorp, and to a lesser
extent old gold mines and milling sites located in the Red River
tributaries of Bitter Creek, Placer Creek, and Pioneer Creek);
naturally occurring, highly erosive and acidic soils in mineralized
areas known as hydrothermal alteration scars; septic tank leach
fields in the alluvial valley bottoms above the Town of Red River;
unlined sewage lagoons for the Village of Questa; three known
leaking underground petroleum storage tanks in the Town of Red
River; and sediment from steep, bare slopes at the Red River Ski
Area and from many dirt roads, grazing allotments, and scar areas
on the Carson National Forest.

Private lands adjacent te the Red River above the- Town of Red River
are intensely developed with hundreds of summer homes having
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individual septic tanks. Within the Town of Red River, three
leaking underground storage tanks have been documented, and at
least one has released gasoline to the river. Red River sSki Area,
located immediately adjacent to the town and the Red River, is
affecting surface water in the Red River and Pioneer Creek. Steep,
bare slopes with no erosion controls are a continuous source of
sediment to the river during non-winter months. Below the Town of
Red River, the Molycorp (Questa) Mine has a long history of more
than sixty tailings spills (most of which entered the Red Rlver)
durJ.ng the operational life of the mill. Although orJ.gJ.nat:Lng as
point sources (slurry spilled from broken pJ.pel:Lnes) ¢ the tailings
were spread over 31gn1f1cant areas of the Red River floodplain, and
continue to act as ongoing nonpoint sources of pollution when
dispersed and transported by runoff and £floods. There is
documented groundwater pollution from seepage from the Molycorp
tailings ponds at Questa. Acid rock drainage from sulfide-rich
scar -areas and a number of large Molycorp mine waste piles in the
canyon above Questa contaminates both groundwater and the Red River
where many perennial acidic seeps emerge. Of all the above listed
nonpoint sources of pollution potentially impacting the Red River,
Molycorp Mine is by far the most significant, and as such has
received proportionally greater scrutiny in this investigation.

As a gaining stream, the Red River is recharged throughout the
length of its main stem by groundwater, as documented by the US
Geological Survey and the NM State Engineers Office. As point
sources of contamination come under better contrel, it becomes more
apparent that nonpoint source contaminants contained in groundwater

recharge are contributing to the continuing impairment of this
river,

Human health implications and ecological damages from these sources
of pollution are currently being evaluated. The NM Office of
Natural Resource Trustee (ONRT) has recently contracted for a
natural resource evaluation for the Molycorp-Red River area.
Contamination of private wells by tailings seepage was documented
by NMED, and in 1976 Molycorp provided alternative drinking water
to those residents by connecting them to the Questa Community
Supply system. The town of Questa has two community supply wells,
both screened in the Santa Fe Formation aquifer, located
approximately .5 miles northeast of Questa and serving
approximately 800 people. No current drinking water intakes from
the Red River have been identified; however, fisheries and
sensitive environments are both present. The Red River Fish
Hatchery produces approximately 11,000 lbs. of fish per year which
are used to stock the Red River above and below the Molycorp mine
site and the Rio Grande. One sensitive environment affected by
impaired water quality in Red River is the federally designated
Wild and Scenic River area which begins near the confluence of Red
River and Rio Grande. Habitat for the Southwest Willow Flycatcher,
which is under review for its federally.endangered or threatened
: status, has been tentatively identified along the Red River (USFWS,
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1992).
1.3 PREVIOUS INVESTIGATIONS

In 1966, in response to the Molycorp Mine open pit development and
an enlarged milling and tailings transport system, the U.S.
Department of Health, Education and Welfare (HEW), Federal Water
Pollution Control Administration (predecessor to the EPA) conducted
a baseline water quality survey of the Red River. While effects
from numerous small mining sites adjacent to the Red River and
tributaries inciuded periodic elevation of metal concentrations
leached from sulphide-rich waste rock or tailings during storm
events, the overall quallty of the river, including the segment
adjacent to the Molycorp mine site, was determined to be of high
quality (USDHEW, 1966). Rlthough the report based on this survey
indicated some minor impairment of biotic support capacity by 1966,
overall it still rated the Red River as an "“excepticnal" hlgh
quality surface water resource. 1In its report "Water Quality
Survey: Red River of the Rio Grande, New Mexico™, HEW concluded in
part II-1 that:

1. The chemical quality of the Red River is exceptional....
2. Biological conditions in the river are good....
3. Groundwater resources of the area are of high quality....

In November 1971 the United States Envirommental Protection Agency
concluded in the report, "A Water Quality Survey: Red River and
Rio Grande: New Mexico,” Page 3-4:

i, The chemical quality of the Red River water remains very

good....
2. Biological conditions in the river are good....
3. .+.0ccasional breaks in the [tailings] line are causing

some degradation in stream quality and biota.

During this same period of the late 1960's and early 1970's, .
however, the New Mexico Department of Game and Fish discovered in
the course of routine population studies that fish were
conspicuously absent in the middle reach of Red River where
thriving populations had once existed. Fish census data of 1960
indicate that approximately 572 fish per mile were estimated in the
river. The 1988 fish census found no fish in this same reach
(NMDGF, November 29, 1988).

In 1982 the U.S.EPA conducted a "Site Specific Water Quality
Assessment" of Red River and found the stream to be substantially
impaired from metal loading. This report concludes, on page 35:

1. Concentrations of ambient total arsenic, cadmium, and
silver exceeded EPA-recommended acute criteria....

2. ‘Control' stations...contained higher concentrations of
all metals except zinc.... It is not known whether these
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elevated concentrations are a result of background
geclogic conditions...or upstream nonpoint, mining-
related, discharges to the river....

5. Bioassay results from tests with Red River water
suggested some biological toxic response may be occurring
in Red River.

In 1984 the BLM publlshed results of its study of water quality in
the Red River and Rio Grande between 1978 and 1983 in response to
the creation of a component of the National Wild and Scenic River
System (Garn, 1984). This study documented pollution sources and
found a downstream increase 1in concentrations of various
constltuents, at times exceedlng”water quallty standards, and found
that the major impacts were due to mining and related activities.
Nonpoint sources were found to be a major cause of elevated trace
element concentrations.

Water quality concerns relating to the Molycorp site have been
studied by several programs within NMED, predominantly by the
Surface Water Quality Bureau, Ground Water Quality Bureau, and the
Superfund Oversight Section. Point source discharges from the
Molycorp tailings ponds at Questa have been monitored through a
National Pollution Discharge Elimination System (NPDES) permit
issued by U.S. Environmental Protection Agency. Renewal of the
permit in 1993 included two additional discharge points for
stormwater runoff from the mining site.

Two studies conducted by the NMED-SWOB in 1986 and 1988 confirmed
high metal loading of the Red River by periodic storm events but
that metal concentrations in the river and sediment were not
elevated to the point of causing aquatic toxicity (Smolka and
Tague, 1987 and 1989). The major elements which became elevated
between the Red River Waste Water Treatment Plant and the Questa

(USFS) Ranger Station were Fe, Al, Mn, and Zn. A portion of this .

~ segment abuts Molycorp property where mining operations have
occurred. One conclusion drawn from these surface water surveys
was that episodic run-off events erode oxidized, sulfide~rich soils
from barren slopes and mining scars. This process generates acidic
run-off which mobilizes and transports trace elements, including
heavy metals, to the Red River. The acidic run-off temporarily
reduces the pH of the river but the metals precipitate downstream
as the pH becomes more neutral. - Another result from these surveys
was that biomonitoring in the Red River generally showed no chronic
or acute toxicity but that biological indices were severely reduced
below the Molycorp Mine.

During the period 1992 to 1994 a project dealing with mineral
extraction impacts to water quality in the Red River (and other)
watersheds was ‘partially funded by EPA Region VI under CWA 319(h)
and was carried out by SWQB (R. Salter, pro;ect manager). Some of
"the 'activities of that project, by necessity, overlapped with
similar activities of this current project, and field work and data
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were shared. The current project is d;stlngulshed by an emphasis
on groundwater NPS sources as they impact the Red River. The
sampling and monitoring efforts undertaken by SWQB since 1992 under
the Mineral Extraction Impacts (MEI) project are not intended to
establish a statistically wvalid +trend . documenting degraded
conditions. The progressive degradation of the Red River has been
established for many years and has been reported by the Water
Quality Control Commission (WQCC} and the SWQB in the 1986, 1988,
1990, 1992 and 1994 305(b) reports to Congress (see Tables 5 to 8).
The 1992 305(b) report listed an increased concentration in Red
River in the vicinity of Molycorp Mine of several metals including
¢d, Cu, Pb, Ag, and Zn. The 1992-94 MEI project was intended to
provide a snapshot of the chemical makeup of the entire watershed
under a variety of conditions in order to provide a general water
quality profile of the tributaries and mainstem. SWQB continues
to actively document the effectiveness of land management
adjustments to restore chemical and biological integrity to this
watershed.

A number of other previous investigations of water quality
{primarily groundwater) in the watershed that focused on the
Molycorp facilities have been generated by the regulatory
involvement of NMED Ground Water Quality Bureau (GWQB). During
1987-90 Molycorp was proposing to build a new tailings impoundment
area in the Guadalupe Mountain saddle area, located on BLM lands
several miles north of the existing tailings ponds. The GWQOB
required Molycorp to conduct a number of hydrogeologic studies of
the area as part of the requirements for a Ground Water Discharge
Plan. These studies, by a number of consultants, characterize the
geology, groundwater hydrology, geochemistry, and other factors for
the region lying between the Red River, Ric Grande Gorge, and the
mountain front at Questa (Dames and Moore, 1987 and 1988; Molycorp,
April 1987; Vail Engineering, December 29, 1988; GWQB files).
Molycorp never built the proposed new tailings facility because the
mine operations ceased in 1992. In 1993 the GWQB required Molycorp
to submit applications for Ground Water Discharge Plans for two
areas believed to be contaminating ground water -~ the tailings
impoundments and the mine waste-rock dumps. Again, a number of
water quality investigations were generated at Molycorp as a result
of this regulatory activity. A decision was made by GWQB in 1994
to require Discharge Plans for the tailings area (DP-933) and the
mine waste rock piles (DP-1055). Much historical and current
baseline data and information for both sites have been collected
by Molycorp consultants and by the GWQB as part of these processes
(South Pass Resources, July 14, 1993, Jan. 28, 1994, March 4,
1994, April 21, 1995; Vail Engineering, July 9 and September 24,
1993; Steffen, Robertson and Kirsten, April 13, 1995; NMED, GWQB
and SWQB files). The site lnvestlgatlon and monitoring process is
ongoing, partlcularly at the mine area, as dictated by Discharge
Plan requlrements. : .




During 1995 negotiations began with a series of meetings between
Molycorp and the RMED programs that have statutory authority there
to discuss entering into an administrative order on consent (AQC)
that would guide future remedial work. at Molycorp. Following
several meetings this process stalled and is currently being
reviewed by legal staff. :

The U.S. EPA Superfund program (Region VI, Dallas, TX) conducted
a Preliminary Assessment of the Molycorp site in May, 1980 and a
Site Inspection in June, 1981. The conclusions of these reports,
respectively, were for no further remedial action and placing the
site at a lower priority. However, EPA funded field investigation
teams (FIT) to investigate Molycorp in 1983 and 1985 (EPA Site
Inspection Report, NM 00558, August 19, 1983; Ecolegy and
Enviromment, June 4, 1986). Part of these investigations was an
assessment of the Molycorp waste disposal area ("landfill") located
near the head of Spring Gulch (above the mill area). This landfill
was described as actually a mine rubble pile more than 100 feet
thick that was used as a boneyard for discarded equipment and
parts. Some unrinsed reagent drums from the mill were the only
"hazardous" wastes observed. Soil samples were collected and
analyzed for metals and organics in both investigations of the
area, but were inconclusive, in part because appropriate background
solil samples were not collected for comparison (for more detail see
discussion of results in Section 2.3.1.1). The 1983 investigation
concluded that the "opportunity for surface or ground water
contamination was very low". The 1985 inspection observed a small
oil spill (not sampled) and commented that the area was still
active as a dump for empty drums and old equipment. Conclusions
from the second investigation included the recommendation for
further study of this landfill under RCRA authority. Molycorp has
had two landfills (in Spring and Goathill Gulches) which are
exempted from NM Solid Waste Management Regqulations since they
received only demolition and construction debris. The Spring Gulch
site is inactive, having been covered with several hundred feet of
overburden during subsequent mining operations that filled Spring

Gulch (personal communication with D. Shoemaker, mine manager,
1993}).

A Screening Site Inspection (SSI) was conducted by the NMED.

Superfund Oversight Section (under contract to U.S. EPA Region VI)
for the Red River Mining District in 1989 (NMEID, August 31, 1989).
This investigation evaluated the old mines (gold, silver,
molybdenum, lead, and copper) located along the Red River and
tributary headwaters, along with several small milling and smelter
sites which operated between 1867 and 1900. The report concluded
that, although some environmental impacts were present (acid rock
drainage, elevated metals concentrations in wastes or soils, etc.},
the old mining district site does not qualify for the National
Priorities List (NPL, or Superfund).
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The NMED Superfund Oversight Section initiated further CERCLA
regulatory activities for the Molycorp Site in 1993 with the
preparation of a Hazard Ranking System (HRS) Screen (NMED, August
13, 1993). That report evaluates Molycorp using the revised HRS
(12/14/90), to determine if the site could. potentially be listed
on the National Priorities List. Subsequently, NMED Superfund
initiated an Expanded Site Inspection (BESI} for the Molycorp site
(includes the mine, waste rock dumps, and tailings :meoundments)

An EST Workplan (NMED, Feb. 28, 1994) was approved by EPA in March
1994, and field work/sa.mpllng for the ESI was conducted on two
occasions during 1994 (in coordination with similar activities by
this pro:ject) The Superfund/CERCLR process is ongoing at the
Molycorp site for the foreseeable future. The ESI Report was
submitted to USEPA October 23, 1995.

Among the more significant preliminary results from the recent
investigations by NMED Superfund and SWQB are observations and
samplz.ng of the acidic seeps along Red River below Molycorp.
During shared field reconnaissance by this pr03ect and Superfund,
water from groundwater seeps was observed emerging and entering Red
River approximately one and a half miles below (southwest) Molycorp
mine. Along this same stretch of the Red River, manganese
concentrations were greater than three times the concentrations
detected upstream (NMED, Feb. 28, 1994, Table 6; Smolka and Tague,
1989). The concentrations of zinc and total aluminum were two to
three times greater than background. Other reports have determined
that there is a general increase in the loading of sulfate,
manganese, zinc and aluminum in the downstream direction, with
those seeps located below Capulin Canyon being the major
contributors (Vail Engineering, July 9, 1993).

During 1994 ancother, newly created, state agency became involved
in regulatory investigations at the Molycorp site. The NM Office
of Natural Resource Trustee (ONRT) is investigating natural
resource damages from Molycorp in the Red River area, and has
participated in sampling activities and review of Molycorp reports
and workplans. A natural resource evaluation is being conducted.

During 1995 staff from the SWQB, Nonpoint Source Pollution Section
were instrumental in initiating the formation of a Red River
Watershed Association. Meetings have been held in the Town of Red
River and the Village of Questa, with attendance and participation
by interested citizens, state and federal agencies staff,
environmental groups, and municipal representatives. It is hoped
that this group will continue to play a role in management of the
watershed for water quality protection.

Also during 1995 the Molycorp Mine became involved . in the
permitting process that is requ:.red by the recent New Mexico Mining
Act (administered by the NM Mining and Minerals Division). NMED
staff reviewed and commented on Molycorp's. Site Assessment and
Permit Application, made site inspections, and attended a public
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hearing in Questa in September, 1995. A site closure plan-is
required by the Act, and will be submitted in early 1996.

II. RED RIVER WATERSHED
2.1 DESCRIPTION OF WATERSHED AND WATER QUALITY ISSUES
2.1.1 SURFACE WATER HYDROLOGY

The Red River watershed, covering an area of 226 square miles, is
a major tributary to the Rio Grande and begins as headwaters
originating from the highest country in New Mexico. The Red River
has 21 perennial tributaries which originate as very high quallty
mountain streams. Those tributaries that do not have major

concentrations of mlnlng remain high quality streams up to their
confluence with Red River.

Cabresto Creek is the largest tributary to Red River, having a
drainage area of 36.5 square miles and an average discharge of 14
cfs, or 10,135 acre-feet/year (af/y). The average annual discharge
of Red R;ver, excludlng Cabresto Creek, is 55.9 cfs, or 40,500
af/y. The upper Red River (above Zwergle Dam) has a drainage area
of 29.42 square miles and discharges 17.7 cfs, or 12,820 af/y as
an average (Dames and Moore, April 19, 1988). A number of seepage
studies have demonstrated that the Red River is a gaining stream
in the vicinity of both the Molycorp tailings area and mine area.
The lower reach of the Red River (from Cabresto Creek to mouth of
Red River) has been measured having an average accretion rate
{seepage of groundwater) of 31 to 33 cfs out of a total flow of 84
cfs at the mouth of Red River (Winograd, 1959, p.40). 1In the
middle reach of the Red River (the reach from Red River to Questa,
which includes the Molycorp mine area) seepage studies have
documented accretion from groundwater 1nto Red River at average
rates of 4 cfs (USGS, Oct. 1988).

The US Geological Survey has been measuring discharge and
collecting water quality samples at various points on the Red River
for over twenty years. Published data is available from their
Water Resources Data Book for New Mexico for discharge, field
parameters, anions/cations, and trace elements the following years:
1964~-65 and 1969-1967 at the Fish Hatchery; 1978-1982 at Zwergle
Dam, Molycorp Mine, Questa, Fish Hatchery, and mouth of Red River;
1983-87, at Questa, Fish Hatchery, and mouth of Red River. There
is no data available for the period following 1987.

The drainage system of the Red River is controlled by the former
radial dispersion of mountain glaciation from the Wheeler Peak and
Gold Hill areas, as well as by fault patterns created during
Miocene deformation. These effects are vividly displayed by the
counter-clockwise course of the Red River (Clark and Read, 1972).

The profiles of side streams tend to be short and have steep
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gradlents. The structural Red River dgraben element (described
further in Section 2.2) is drained by the lower part of the Red
River and Cabresto Creek, both of which are structurally
controlled. Drainage patterns are similar to those in the Taos
-uplift, and 1locally a trellis pattern. predominates. The
hydrothermally altered scar areas that occur along: the north side
of the main stem of Red River are so easily eroded that mudflows
are produced by heavy preclpltatlon, creating" debris aprons where
tributaries enter Red River. Past major mudflows have at times
dammed Red River, creating temporary lakes and meadowlands that
have led to pronounced gradient changes in the stream profile
{former dammed-up areas are now flatter spots, such as the location
of the town of Red River, Forest Service Campgrounds west of Red
River, the Molycorp mill site, etc.). Gradients in debris apron
regions are in excess of 0.028, whereas gradients in regions
between debris aprons are generally lower {Meyer and Leonardson,
1990).

Background or source water pH values within the Red River watershed
range from 6.94 to 8.04, and conduct1v1ty'values range from 114 to
177 umhos/cm. With exceptions, metal concentration values at these
source waters are below detection limits and well below State
standards. At the headwaters stations all metals except magnesium
are below detection 1limits. Magnesium at these stations is
generally well below 2.0 mg/1 (NMED-SWQB, Jan. 1995). Source water
samples collected from Columbine Creek contained both chromium and
lead at levels just above detection limits but within State
standards. Bitter Creek's source waters contain chromium at
similar levels. In both cases however, analytical results of
subsequent same-day samples of the middle reach of these
tributaries found all metals tested for were below detection
limits. In the two roadless tributaries (East Fork of Red River
and Columbine Creek) there are no significant changes in water
chemistry up to their confluence with Red River. In fact within
these tributary reaches there is a subtle increase in alkalinity
and pH and a reduction in total dissolved solids (TDS) and
conductivity.

Most of the mlnlng in this watershed is concentrated in seven
tributaries and in the middle reach of the mainstem of the Red
River. Cabresto Creek dralnage, with the exception of a few minor
old prospects and mines, is free of mining impacts and associated
water quallty problems. Acid rock drainage (ARD) from a number of
small mines on other tributaries to Red River (Bitter, Placer,
Pioneer, Black Copper, Goose, and Bear Creeks) and from the
Molycorp complex of waste dumps, underground mlnes, and open pit
constitute the worst sources of metal loading in the Red River
watershed. This ARD commonly exhibits pH values at or below 3.0
and conductivity over 3500 umhos/cm. This drainage 1is also
characterized by very high values for total dissolved solids (TIDS)
and sulfates, Acidic metal-loaded seep waters collected from a
variety of sources throughout the watershed show a range of. pH

11




values from 2.44 to 3.22 and a range of conduct:.v:.ty values from
1769 to 3668 umhos/cm. Those metals found in typical acidic seeps
along Red River that exceed state standards include 21, Fe, Mn, Co R
Cu, Ni, Zn, and Cd (Tahle 1). In the three tr:l.butarles where most
of the historic m:.n:l.ng has occurred (Bitter, Pz.oneer, and Placer
Creeks), there is a slight, but detectable increase in metal
loading at base fl6ws. The metals that show detectable increases
are pr:l.marlly alum.tnum, zine, manganese, and magnesium. Obviously
associated with this increase in metals is a slight increase in TDS
and conductivity, however, the volume of ARD from these locations
is quickly diluted by alkaline rece':.v:l.ng waters. Metal load:.ng in
base flow conditions is not a serious problem until the mainstem
of Red River encounters the five square miles (3,200 acres) of
mining-related disturbance at the Molycorp mine operation twelve
miles above the confluence of the Red River and the Rio Grande.
The reach of Red River from just below the Molycorp mill to the Red
River Fish Hatchery (a distance of approximately eight miles), has
been adversely affected by pollutants, resulting in bJ.ologJ.cal
impoverishment. The primary reason for this current condition is
an infusion of acJ.dJ.c, metal-loaded seep waters in such volume that
it overwhelms the river's natural buffering capacity. As a result,

the river in this reach is a pale-blue or milky-white color due to
metal ions and minerals (primarily silica-aluminum hydroxide)
precipitating out of solution. Mineral deposits precipitated in
this reach have cemented the stream substrate thus limiting
potential for benthic community colonization and development.

2.1.2 CONTAMINANT TRANSPORT

There are two general modes of contaminant transport at work in the
hard rock mining districts of the Red River watershed; steady~
state, or perennial form of ARD, and the pulse loading mode in
which sometimes very large volumes of weathered sulfide waste rock
and sediment are transported to stream channels by storm events and
rapid snowmelt. These two principal mechan:l.sms are addressed as
separate but related issues.

The steady-—state form of contaminant transport has received the
most attention from researchers since its full pollut::.on potential
was first recognized. The earliest work in the U.S. in regard to
this problem was carried out in the Appalachian coal fields.
Further research into this form of water pollution has been carried
out in the last twenty years in the Rocky Mountain region, much of
it in response to widespread degradation of the Arkansas River in
Colorado and a 120 mile reach of the Clark Fork River in Montana.
In both cases the stream degradatz_on originates in hard rock
mineral extraction and processing areas. The mechanisms of ARD
formation and its effects on aquatic ecosystems are well known.

ARD is characterized by low pH and elevated concentrations of
metals- and TDS.  The most common mechanism for its formation
-involves the oxidation and hydration of sulfide minerals (typically
pyrite, or iron sulfide), resulting in the generation of sulfuric
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acid and elevated concentrations of iron. A number of promising
passive treatment technologies have emerged from the study of this
phencmenon in recent years (see Sections 4.2 and 4.3).

The pulse loading mode of pollution from hardrock minesites is less
well understood and can be more difficmlt to control. Field
investigations and laboratory experiments have proven that pulse
events not only transport large volumes of mine waste through
direct erosive processes but also through solution facilitated by
reduction in pH. The suspended metal load from a pulse event may
fall out within a relatively short distance, but the dissolved
" metal load may be transported for many miles before pH conditions
allow precipitates toc form. In either case, the pulse loading mode
of mine waste transport is the primary mechanism by which these
contaminants are moved far from their origins.

Pulse loading of sediments and dissolved constituents is a
significant problem in the Red River and several of its
tributaries. The SWQB Standards and Surveillance Section has
documented a rapid decrease in pH and increase in turbidity in the
mainstem of the Red River just below a tributary above Fawn Lakes
Campground (Hansen Creek) in response to a summer rain event.
Analysis of water samples collected during this pulse event proved
that metal loading also increased dramatically (Smolka and Tague,
1988). This tributary contains a large hydrothermal alteration
scar that may have been exacerbated by er051on.tr1ggered by mineral
exploration roads and at least one mine. The weathered sulfide
materials exposed in large erosional scars in a number of locations
within the Red River watershed do react rapidly with distilled
water. Preliminary data from simple laboratory reactivity tests
conducted by NMED staff using wastes from mines and soils from
erosional scars have reproduced field pulse conditions and verified
the rapid reduction in pH and increased turbidity. Subsequent X-
ray Fluorescence (XRF) analysis of the soils and mine wastes used
in these react1v1ty tests found higher levels of metals in mine
wastes than in soils collected from erosional scars (SWQB files,
personal communication B.Salter, 1993). Of the 21 perennial
tributaries to the Red River only two, Columbine Creek, and the
Upper East Fork do not contribute significant amounts of sediment
in response to pulse events. Both of these sub-watersheds are
roadless, have no mlnlng activity, and do not contain alteration
scars.

In response to pulse events such as snow melt or intense summer
rainstorms, the Red River becomes seriously degraded from
sedimentation. Much of this sediment load originates in large,
barren erosional scars caused by slope failures in at least fifteen
locations within the middle reach (Figures 3 and 4). Some of these
slope failures may be related to human influences such as small
mine and mineral exploration roads (for more information on scars
see Section 2.3.2). Also, an extensive system of forest roads,
mineral exploration roads, tracks, and off-road vehicle trails
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erode and convey significant amounts of sediment to the Red River.
The negative influence of these sedimentation episodes is mainly
temporal. However, the effect on water guality and the dependent
biotic community during these events is dramatic. The sediment
loadlng'problem.ln the Bitter Creek tributary is especially severe,
and is being addressed by a separate 319(h) grant (Lower Bitter
Creek Restoration, FY-94-B) which the SWQOB has recently implemented

O0f the two dominant mechanisms of contaminant transport at work
within the watershed, the steady—state mode is of primary interest
in this 1nvest1gatlon because it involves the perennial, base—flow
seepage of acid drainage that affects groundwater, and it is the

1mpact of contaminated groundwater on the Red River that is of
interest here.

2.1.3 CATEGORIES OF NPS POLLUTION IN THE WATERSHED
'Metals

Metal loading of the Red River is the most W1despread and
51gn1f1cant form of NPS pollution in the watershed. The prlmary
metals involved in contaminant - transport, discussed previously,
include; aluminum, arsenic, cadmium, chromium, cobalt, copper,
iron, lead, manganese, molybdenum, nickel, and zinec.

The prlmary cause of metal loading in the Red River is by steady-
state input of acidic, metal-enriched seep water. This first
appears at the mouth of Bitter Creek and again in small volumes
from several small drainages between The Town of Red River and just
below Hansen Creek. From below Molycorp Mill to the Questa Ranger
Station, a series of acidic, metal-loaded seeps appears to overcome
the river's natural buffering capacity. From that area downstream
to the Questa Fish Hatchery, the Red River appears to be largely
dev01d of many biotic COmmunltles.

Secondly, pulse event loading of acidic, metal-laden water is of
concern. During and after pulse events, metals are transported
from various source areas at high concentrations in both the
suspended load and in the dissolved fraction of the water column.
(Smolka and Tague, 1986, 1988). Metal loading problems associated
with pulse events are largely temporal. In most cases, a degree
of equilibrium is restored to affected stream reaches within a day
or so after a major pulse event. Short-term biological impacts may
however be significant due to exceedances of acute criteria. If
high enough concentrations are reached, lethality is possible.

Therfore even short term effects can cause long term biological
impacts.

Sediment

'Sedlment transport in the mlddle reach of the ‘Red River during
pulse events is extreme - turbidity values in excess of 1000 NTU

14

X
E,

[
1

w-!bu\!

e B - R . T I TG

~
.,

...1

[id

W

=

e ERANL

NP




are typical. Distinctive plumes of yellow-orange turbidity
transform the Red River to its confluence with the Rio Grande, and
similarly affect the Rio Grande for at least fifty miles downstream
(NMED-SWQOB field notes, August 1994). The primary source areas for
sediment loading are the alteration scars plus unpaved roads in the
watershed. As well, Pioneer Creek has been documented as exceeding
turbidity standards on several occasions due to ski area runoff.
(Those problems have been addressed in part by a separate 319(h)
grant [Ski Area Impacts, F¥-91] through the SW(QB). Sediment
transport from the sub-alpine components of the watershed is also
a significant problem. Within these areas, the excessive road
network and riparian loss due to historic grazing practices are
primary causes of sediment loading. '

Nutrients

Nutrient loading has not been documented as a water quality
problem. There 1is however, evidence that nutrients may be
increasing in summer sub-alpine grazing areas, and adjacent to
housing developments above the Town of Red River. Dense algal mats
have been observed in stream reaches adjacent to these
developments, possibly in response to elevated nutrients
concentrations (see Section 2.3.4).

2.2 GEOLOGIC AND HYDROGEOI.OGIC SETTING

A geologic map of the Red River watershed is shown on Figure 5.
The majority of the Red River watershed, including Molycorp mine,
is located in the Taos Range, which is made up of intrusive igneous
{granite) rock and metamorphic (amphibolites, quartzites and
schists) rocks of Precambrian age which are overlain by Tertiary
volcanics (Roberts et. al., 1990; Gustafson, 1966). The latter
consists of flows, breccias and tuffs of andesite, latite and
rhyolite. A series of thrust faults (trending N) and high angle
faults (trending N to NW and E to NE) lead to the downfaulted area
of the Molycorp mine site. Subsequent intrusion of granite stocks
(Late Tertiary) caused fracturing and brecciation primarily along
zones of contact with older rocks. Propylitization of volcanics
surrounding the granite stock and hydrothermal alteration along
brecciated zones caused the emplacement of molybdenite and other
minerals in the granite near the contact with the propylitized rock
(USDEEW, 1966). The down-faulted area referred to above is part
of the Red River graben, a negative structural feature that
consists of jumbled and tilted fault blocks aligned in an east-
northeast direction, and stretching from near the western margin
of the Sangre de Christo Range near Questa to the Midnight-Anchor
Mines area at the head of Bitter Creek (fourteen miles in length
and two to four miles wide). The major fault line along the graben
follows the line of the Red River and Bitter Creek, although it is
almost completely concealed by alluvium and mudflow:’ Noxrth of the
Red River fault a line of hydrothermal alteration scars marks a
parallel fault (see Section 2.3.2). The graben is segmented by a
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series of northerly striking faults, making a very complex
structure (Clark and Read, 1972).

A useful conceptual model of the groundwater aguifers believed to
be present in the middle reach of the Red River and at the Molycorp
mine area consists of three distinct units for characterizing
groundwater there: 1. groundwater which flows through fractures
in the hard rock formations; 2. groundwater within the alluvial
sediment of the Red River channel or; 3. groundwater within the
aliuvium of the side channels (tributary drainages). Separation
of the groundwater flow into three systems is wuseful in
understanding general hydrogeology near the mine site and assists
in defining sources for the seeps near the Red River. It does not,
however, necessarily preclude communication among systems. The
placement and screening of twelve new monitoring wells drilled in
the Molycorp mine area in 1994 was determined based on the model
given above (Appendix C). Based on initial observations of these
wells in 1994, groundwater flow velocities in the mine area (in all
the units) are thought to be on the order of 50 to 500 ft/yr;
gradients are up to .026 ft/ft (the steepest observed); and flow
direction is to the southwest (toward the river) (J. Kepper,
personal communication, Nov. 1994).

Five miles to the west of the Molycorp mine, the Village of Questa
is situated on the Taos Plain, in the Rio Grande Basin, which
resulted from Miocene uplifting of the Taos Range (Gustafson, 1966;
Winograd, 1959). This downfaulted area has received alluvial
sediment from the Taos Range. Intermittent extrusion of lava
during late Pliocene and early Pleistocene resulted in interbedding
of the lava with alluvium. These lithologies together with
occasional lake deposits comprise the Santa Fe group.

The Santa Fe Group is the major water-bearing unit in the Rio
Grande Basin of Taos County (Winograd, 1959, p. 15). Depth to
water in the Questa area is generally in the range of 60 to 160
feet. Gradients range from only a few feet to 100 feet per mile.
Groundwater flow near Questa and the tailings ponds is generally
southwest, away from the mountains, and recharges the Red River and
Rio Grande by numerous springs which generally emerge from the
basalt layer. Those springs which recharge the Red River are
located southwest of the tailings ponds toward the confluence of
the Red River and Rio Grande. Some of these springs are
hydrologically connected to the waste water leaching through the
tailings ponds (Vail Engineering, Sep. 24, 1993).

A number of seepage studies have demonstrated that the Red River
is a gaining stream in the vicinity of both the tailings area and
the mine area. The lower reach of the Red River (from Cabresto
Creek to mouth of Red River) has been measured having an average
accretion rate (seepage of groundwater) of 31 to 33 cfs (Winograd,
1959, p.40). In the middle reach of the Red River (the reach from
"the Town of Red River to Questa, which includes the Molycorp Mine
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area) seepage studies have documented accretion from groundwater
into Red River at an average rate of 4 cfs (USGS, Oct. 1988).

2.3 GROUNDWATER NONPQINT SOURCES OF POLLUTION FOR RED RIVER

The list of potential nonpoint sources of groundwater pollution
that are thought to be impacting the Red River include mining sites
(primarily Molycorp Mine and tailings impoundments, and to a lesser
extent old gold mines and milling sites located in the Red River
tributaries of Bitter Creek, Placer Creek, and Pioneer Creek);
naturally occurring, highly erosive and acidic soils in mineralized
(scar) areas; septic tank leach fields, leaking underground storage
tanks, and Questa's sewage lagoons. Several other nonpoint sources
of pollution previously mentioned (tailings spills at Molycorp and
sediment eroded from various sources) primarily affect Red River
water quality via direct surface runoff rather than through seepage
of contaminated groundwater. ‘Therefore these nonpoint sources
receive minimal discussion in this section.

While the cumulative impacts to Red River water quality from all
of these NPS sources cannot be ignored, the single greatest impact
is due to metal loading and associated pH changes related to acid
rock drainage from mining activities and scar areas. The
discussion of groundwater NPS sources that follows is prioritized
accordingly.

The Red River watershed is one of the most severely impacted
perennial stream system in regard to metal loading in New Mexico.
The mainstem of the Red River is also among the most intensively
studied stream reaches in New Mexico (see Section 1.3). In April
of 1992, NMED began comprehensive documentation of the socurces of
metal loading in the upper watershed of Red River. Many of the
smaller mine sites in this watershed are located on public lands
within the Carson National Forest. However, the largest sources
of metal loading within this watershed (Molycorp and other mine
sites) are located on private patented inholdings removed from the
public trust under provisions of the General Mining Law of 1872.

Upstream of the Molycorp Mine site the contribution of metal-
loaded drainage is handled without apparent serious impact by the
natural buffering and dilution capacity of the Red River. However,
beginning at the vicinity of Molycorp Mine and Mill, the volume of
metal-loaded drainage seeping out of the waste rock piles, scar
areas, open pit, and the underground workings overwhelms the river
and has significantly degraded water quality and biological
integrity for at least eight miles to a point just below the Red
River Fish Hatchery. ‘

2.3.1 MINING-RELATED SOURCES

Those tributaries that do not have major concentrations'of_mining
sites remain high quality streams up to their confluence with the
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Red River. Most of the mining in this watershed is concentrated
in seven tributaries and in the middle reach of the mainstem of the
Red River. Effects from numerous small mining sites adjacent to
the Red River and these tributaries include periodic elevation of
metal concentrations leached from sulfide-rich ores during pulse
events. Metal loading from ARD in base flow conditions is not a
serious problem until the mainstem of the Red River encounters the
Molycorp mine operation. At least eight miles of Red River from
Molycorp to the Red River Fish Hatchery 1is essentially a
biologically dead reach. ' This zone of the Red River is due
primarily to continual metal loading from seeps issuing from a
number of locations along a six mile section of the middle reach,
beginning below the Molycorp Mill and persisting until about the
Questa Ranger Station.

2.3.1.1 MOLYCORP MINE AND TAILING AREAS

The Molycorp operation is a molybdenum mine, mill, and tailings
disposal site, and has been inactive (on standby status) since
1992. It is currently under review by several.regulatory programs
within the New Mexico Environment Department (NMED), including the
Superfund Oversight Section, which is determining whether the site
is a potential candidate for inclusion on the National Priorities
List (NPL). See pages 8 and 9 for a more complete description of
Superfund activities at Molycorp Mine.

The mine, surrounded by Carson National Forest, occupies
approximately three square miles on patented land owned by
Molycorp, Inc. The mine consists of both underground and open pit
operations. The tailings ponds occupy approximately 1 square mile
and are located 1 mile west of Questa on land owned by Molycorp
Inc., and consist of two large ponds and one smaller pond. A
series of pipelines transport the tailings in a slurry from the
mill site to the ponds..

Mining History of Molvcorp

Molybdenum Corporation of America (MCA) acquired mining rights to
Sulphur Gulch in 1920 and conducted small-scale mining operations
until 1923 when the mill was constructed (Figure 7). The old
underground workings consisted of adits, winzes and raises which
followed the irreqular wvein system. In 1941, a haulage adit
approximately one mile long was constructed to facilitate
ventilation and drainage (USDHEW, 1966, p. 6). By 1954 this
underground complex contained over thirty five miles of workings
at fourteen production levels ranging in elevation from 7764 to
8864 feet. By 1954 all but. the lowest three working levels were
designed to drain by gravity out a mile-long service portal (known
as the Moly Tunnel} located above the elevation of Red River. The
lower three working levels gathered drainage in a sump and this
‘water was pumped to the service portal where it was allowed to
drain by gravity to Red River. This original underground Molycorp
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mine continued to grow until the open pit mine was developed. In’

1965, MCA switched to an open pit operation which requ:.red the
transport of tailings via a pipeline approximately eight miles
dovnstream to tailings ponds located 1 mile west of the Village of
Questa (Fiqure 9). Tailing Dam #1 is located in Section 36 of
T29N, R12E. Decant water from . the associated pond was discharged
to Red River via culvert tunnels through- the dam. In 1969, a
smaller dam was constructed north of Dam #1 with overflow weir
structures to keep waste water from the dam face. Waste water was
conveyed to a small holding pond (called Pope Lake) for further
settl:.ng before d:.scharge to the Red River. Molycorp referred to
this discharge point as outfall #001 (now an NPDES outfall). In
1971, the second large dam (Dam #4) was constructed southwest of
Dam #1 (in Section 35 of T29N, R12E} with an impermeable membrane
on the dam face. Surface water diversion ditches were installed
in 1974 on the north, east and west sides of the ponds to divert
surface water run-on around the ponds. The £following Yyear,

interceptor trenches (called seepage barriers) were constructed
below Dam #1 and east of Dam #4 to collect leachate from the
tailings ponds.. This waste water is diverted around dwellings
below the dams and discharged to Red River through NPDES outfall
# 002, Several private wells located below the tailings ponds were
used for drinking water purposes until Molycorp offered to switch
them to the Questa community supply system after contamination from
ta:.lmgs seepage was discovered. This switch occurred
approximately in 1976 (NMED, Feb. 28, 1994). While wells below the
tailings pond are not used for drinking water purposes they still
may be in use for agricultural purposes. The total population
served by groundwater within four miles of the tailings ponds is
approx:.mately 2,400 (NMED, Feb. 28, 1994). 1In 1978, Unocal 76
Corporation purchased Molybdenum Corporation of BAmerica and
shorteéened the name to Molycorp, Inc. Molycorp constructed an ion
exchange plant near Pope Lake in 1983 to treat the waste water
prior to discharge.

After extensive mineral exploration in ‘Goathill Gulch durlng the
1970's and early 1980's, Molycorp ceased open pit operations in
1985 and reverted back to underground mining techniques. The
recent mining activity is referred .to as the new underground
workings (Figure 7). Production declined significantly in 1989 due
to decreased value of molybdenum and the number of employees shrank
from a maximum of more than a +thousand to approximately two
hundred. Low production continued until 1992 .when' operations
stopped. During the per:Lod of this project only eleven employees
maintained the facility in a standby status. In 1995 Molycorp
hired additional staff and resumed pumping the water that had been
re-flooding the mine, and discharges this mine water wvia the
tailings pipelines to the tailings ponds at Questa.




Waste Sources at Molvcorp

A total of 328 million tons of mine waste rock has been depositeqd
in four main drainages: Capulin Canyon, Goathill Gulch, Spring
Gulch, and Sulphur Gulch (Figure 7). While the waste rock occupies
a surface area of approximately 40 million square feet (NMED, Feb.
- 28, 1994), the bulk of it is in Sulphur Guich where the open pit
is located. No underlying liner or other containment structure for
the waste rock is present. The mine waste rock consists primarily
- of two rock types: hydrothermally altered volcanics (andesite ang
rhyolite) which is yellow in color and the aplitic granite (also
called soda granite) which is gray. ZXRF screening of two samples
of mine waste rock indicated levels of copper, zinc, lead and
cadmium above background concentrations (NMED, Feb. 28, 1994).
Concentrations ranged from 40 ppm for cadmium to 240 ppm for zinc.
Analytical data of samples from waste rock dumps and hydrothermal
scars, collected by NMED Superfund Program in 1994, are used to
compare concentration ratios of metals concentrations (Table 4 of
Appendix A). The waste rock exhibited two to five times greater
average concentrations of Mo, Zn, Cu, and Mn than scar material.

The tailings ponds, comprised of fine-grained tailings and waste
water, -occupy about 26 million square feet and are located behind
three dams. The amount of tailings in these ponds is estimated to
be 95 million tomns. Only one of these dams has an impermeable
liner on its face. No other liner is present but transmission of
waste water from the tailings slurry to groundwater is slowed by
fine-grained sediment of the waste (slimes). This waste material
was characterized from split sample analysis conducted by Molycorp
and the Questa Board of Education. Analytical results showed lead,
copper and zinc at concentrations ranging from 90 ppm (lead) to 240
ppm (zinc). A subsequent analysis of the tailings by NMED reported
lead and zinc but no copper. '

The two primary waste sources of the Molycorp site (tailings dams
below Questa and mine waste dumps above Questa) are located in
different physiographic areas which are separated by regional
block-faulting. The Molycorp mine, and associated mining waste

rock, is located in the igneous and metamorphic rock of the Taos

Range, whereas the tailings impoundments are located on alluvial
sediments and basalt flows of the Ric Grande Basin.

A third source of waste from Molycorp exists in the remnant
deposits of tailings that resulted from approximately one hundred
.spills’ from brocken tailings pipelines. The tailings slurxy
pipeline was nine miles long; six miles of which was located only
a few feet from the river. Sixty to eighty spills occurred between
1966 and 1976 (EPA Site Inspection Report, August 19, 1983). . Each
pipeline spill represented thousands of gallons of mill tailings
slurry. Although many of these spills were cleaned up by Molycorp,
some spilled into the river and have formed scattered residual
deposits within the alluvium along the floodplain, where they are
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subject to d:l.spersal by flooding and erosion. The distribution of
these tailings depos:.ts has not been determined (although they have
been observed in the field at various locations) and concentration

of metals is unguantified.

A fourth possible source of NPS contamination from the Molycorp
site may be represented by the old waste disposal ("1andf:.11“) area
near the head of Spring Gulch - (Figure 7). This landfill was
described by EPA inspectors as actually a mine rubhble pile more
than one hundred feet thick that was used as a boneyard for
discarded equipment and parts. Some unrinsed reagent drums from

‘the mill were the only "hazardous" wastes observed (pine oil,

methyl isobutyl carbinol, etc.). Chloroethane and oils used in the
flotation process were reclaimed by a registered recycler. Soil
samples were collected and analyzed for metals and organics in both
investigations of the area, but were inconclusive, in part because
appropriate background soil samples were mnot collected for
comparison. A distinction was not made between so0il areas
developed in mineralized areas and those in non-mineralized areas.
Some orgam.c compounds were detected in very low concentrat:.ons,
at estimated values below the instrument detection limits, in soil
sampled above the site but not below it. The 1983 EPA
investigation concluded that the "opportunity for surface or ground
water contamination was very low". The 1985 EPA inspection
observed a small oil spill (not sampled) and commented that the
area was still active as a dump for empty drums and old equipment.
The Spring Gulch landfill site is inactive, having been covered
with several hundred feet of overburden during subsequent mining
operations that f£illed Spring Gulch (personal communlcat:.on with
b. Shoemaker, mine manager, 1993).

Although not a mining waste, the hydrothermal alteration scars
present at the Molycorp mine site need to be considered when
dealing with the issues of background concentrations for both
solids and groundwater at this site. Major scars occur in the
heads of Goathill Gulch and Sulphur Gulch, where they affect the
quality of surface runoff water and the acld:.c spr::.ngs issuing from

‘the base of the mine waste dumps.

. Bydrology of the Molxco;g Mine Area

With the shift to open pit mining, the or:.ga.nal extensive
underground complex ceased to be pumped dry, and the dra:.nage
portal (Moly Tunnel) was sealed with a concrete bulkhead in 1992.
The open pit was developed on top of the older underground
workings. - The location of the open pit naturally led to
interception of various 1levels of the old workings as the pit
developed. The accumulat:l.on of surface waters and intercepted
groundwater flows in this pit did not interfere with operations
because water drained out of the bench cuts and was held at least
for a while in the underground reservoir of the abandoned workings.
Within a year or two of the development of the open pit (1965),
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longtime area residents began to notice a change in the color of
the Red River below Molycorp (NMED-SWQB, Jan.,1995).

In the middle reach of the Red River (from the Town of Red River
to Questa, which includes the Molycorp mine area) seepage studieg
have . documented accretion from groundwater into the Red River
between Columbine Creek and Questa Ranger Station at average rates
of 4 cfs (USGS, Oct. 1988). While most of the leachate from the
mine waste dumps and natural acidic run-on from scar areas is
collected and purposely directed by Molycorp to groundwater within
the new underground mine, the numerous fracture systems in the
vicinity of the mine (which are well .documented in the geological
literature) may provide an avenue for the collected waste water to
reach the Red River. Several statements from a recent
hydrogeological report suggest.this possibility. The past rate of
dewatering the mine, 0.55 cubic feet per second (cfs), is less than
40% of the estimated amount of water available to recharge (1.45
c¢fs) (South Pass Resources, July 7, 1993, p. 8}. Therefore,
approximately 0.9 cfs is not collected by the mine. The report
.continues to state that fractures in the volcanics may provide an
avenue for recharge to reach the Red River. Numerous geological
reports mention that dominant structural features (fractures) in
the mine area trend NNE to NE. In the most recent report by
Molycorp (SPRI, April 21, 1995) on the hydrogeology of the mine
area is the statement: "A common thread to all these geologic
studies is that the mineralization at Questa was related to
Tertiary magnetism and hydrothermal soclutions focused along an
east~ to northeast-trending structural zone.®" Outcrops exposed
along Highway 38 just east of the Questa Ranger Station display
prominent, vertically-dipping fractures that strike N55E (toward
the waste dumps in upper Capulin Canyon). Acidic seeps emerge into
the Red River where this fracture 2zone intersects the river
(Figures 3 and 4). Another geological report (Schilling, 1956}
states that there is only one fracture system common throughout the
Taos Range; it trends east to northeast and dips vertically to
steeply . morth. In Sulphur Gulch (area containing the open pit)
fracturing is especially well defined and strikes east-west. These
fractures would therefore direct groundwater and seepage from the
pit area west and southwest toward the concentration of acidic
seeps along Red River near the mouth of Capulin Canyon. '

Conversations with the Molycorp mine manager regarding mine
schematics revealed that new underground workings progress below
the elevation of the Red River. Most of the drainage in Sulphur
Gulch (on-site precipitation and surface run-on) drains through the
floor of the open pit, and makes its way into the old underground
mine workings, and thence to a 700-foot vertical bore hole;th§t
conveys the water into the new underground mine workings. This
- water (along with inflow of surrounding groundwater as the former
cone of depression in the water table rises) was filling the new
mine workings during the period of this investigation (1992-1994).
Pumping to dewater the mine began in 1995. Another source of water
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that is being introduced into the underground mine (and hence to
groundwater) is derived from the ARD (in this case, the worst-
guality water so far observed in the watershed) flowing from the
base of the large waste dumps in upper Capulin Canyon and Goathill
Gulch. Some of this ARD has been collected with seepage barriers
by Molycorp since 1991, and is conveyed through a 1700' horizontal
borehole beneath the ridge dividing Capulin and Goathill, and is
then allowed to flow down Goathill Gulch and into the new
underground mine workings via a large collapse depression known as
the caved area (Figure 7). The collected ARD is discharged into
the caved area at flow rates of approximately 70 gpm. Average
total base flow of waters introduced into the new underground mine
workings is estimated to be 100 gpm (70 gpm from the horizontal
borehole and 30 gpm £rom the base flow drainage into the open pit
in Sulphur Gulch) (Vail Engineering, July 9, 1993). Stormwater
runoff is also purposely diverted into the caved area (via the
Sulphur Gulch open pit as well as runoff from Goathill Gulch).
Since run-off and collected leachate from mine waste dumps is
purposely directed to groundwater in the mine, a. release to
groundwater exists due to the presence of contaminants in the
leachate from the mine waste dumps (South Pass Resources, July 14,
1993, p. 11). The elevation of the water level in the mine
workings is being maintained by pumping at approximately 7600 feet
(150 feet below the elevation of Red River at Goathill Gulch) (NMED
field notes, personal communication with D. Shoemaker (mine
manager), Nov. 1994). However, the Red River is a gaining stream
at this location. One survey (USGS, Oct.25, 1988) measured an
increase in flow of 4 cubic feet per second between Columbine Creek
(upstream from Goathill Gulch) and Bear Canyon (approx. 1 mile
downstream from Goathill Gulch). This stretch of the Red River
measures 2.8 miles and includes groundwater seeps along the
northern streambed. Because these seeps have perennial flow, the
water table is inferred to be the approximate elevation of the Red
River which is 7,750 feet at Goathill Gulch.

The mine site has some overland flow that is not intercepted or
diverted to the underground workings. New NPDES discharge locations
have been included into the current NPDES permit. and the
construction of a rock drain at the toe of the mining waste piles
adjacent to Hwy 38 purposely conveys run—off to the Red River
(NMED, February 28, 19%4).

The Fagerquist's Cottonwood Park is a small, 12 unit resort
approximately 1/3 mile south of the Molycorp mine and 100 feet
below the confluence of Columbine Creek and the Red River. The
resort's well represents the nearest well supplying drinking water.
With the facility on the south side of the Red River, the source
for their groundwater supply is likely recharge from the Columbine
Creek area. Although less likely, a portion of their water supply
may come from groundwater which has drained from the north side of
the Red River. Field reconnaissance has determined that no other
private wells exist between the mine and Questa Ranger Station on

23



the north side of the Red River (same side as the mine site).

The most recent and comprehensive discussions of the hydrology of
the Molycorp mine site are found in consultant reports prepared for
Holycorp (South Pass Resources, July 14, 1993, Jan.28, 1994, and
April 13 and 21, 1995, Va:.l Eng:.neer:.ng, July 9, 1993).

szrology; of the Molxco;p g_ax.llngs Impoundments

Numerous groundwater seeps and springs (approxz.mately 25) have been
identified along the Red River below the taJ.lz.ngs ponds. An
accretion rate of approx:unately 18 c¢fs to Red River has been
described from the springs draining the area in Section 35 (Vail
Engineering, September 24, 1993). Some of these have been used as
an assessment of ambient groundwater qguality whereas others have
been hydrologically influenced by the tailings ponds. A recent
hyd.rogeolog:l.cal report identified five seeps with elevated sulfate
concentrations which included seepage attributable to the tailings
(Vail Engineering, Sept.24, 1993). Two of these seeps/springs
provide a port:.on of the water supply for the Red River Fish
Hatchery (60% spring water, 40% Red River water). The lower reach
of the Red River (from Cabresto Creek to mouth of Red River) has
been measured having an average accretion rate (seepage of
groundwater) of 31 to 33 cfs out of a total flow of 84 cfs at the
mouth of Red River (Winograd, 1959, p.40).

Groundwater and surface water monitoring data presented to NMED by
Molycorp in April, . 1987 revealed contamination in wells
downgradient from the tailings ponds. Analyses of monitoring
wells, surface water discharge points and one private well was used
to characterize leachate from the tailings ponds. One problem from
the 1987 data is that there is no clear background well. The
report, acquiring data from 1985 and 1986, used analytical results
from numerous springs and two wells in the area as background
conditions. These two wells, BIM Chiflo Campground Well and BLM
Headquarters Well, are located three to four miles northwest of the
tailings ponds and are screened in the deep basalt aquifer at
depths of 415 feet and 546 feet, respect:.vely. All springs used
to characterize background conditions are located along the Red
River where only basalt exists; the Santa Fe Group alluvium is not
present (South Pass Resources, Sept.23, 1993). Subsurface

hydrology is complex; characteristics of water from seeps located -

closely together can. d:Lf:Eer considerably. Use of analytical
results from numerous springs, wells and seeps may not have
accurately reflected background conditions, especially for the
portion of the tailings ponds which overly the -Santa Fe Group
alluvium. Groundwater analyses submitted by Molycorp in September,
1993 used an off-gradient well to reflect background conditicns.
This well, labelled MW-CH, is screened in the middle to lower units
of the Santa ¥e Aquifer. - Results from these analyses show elevated
levels above background of iron, manganese and zinc in- ‘several
monitoring wells and’ detected levels of ‘chromium and lead in- one
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monitoring well (South Pass Resources, Sept.23, 1993, Table C-1).
Elevated concentrations of TDS and sulfate have always been present
in samples from many of the Molycorp ta:.l:.ngs area mom.tor:.ng
wells, with occasional elevated concentrations of Mo and-Mn in some
of the wells. Typical wvalues (in mg/l) for contaminated
groundwater at the tailings area are: TDS=1700, S04=840, Mo=2.0,
Mn=1.4 (Va:.l Engineering, September 24, 1993). The most recent
data and dlscuss:.on of the hydrogeology of the Molycorp tailings
area are found in a report by South Pass Resources, April 13, 1995
(summarized in Appendix E).

2.3.1.2 MINING AREAS ON TRIBUTARIES

Most of the mining activity in the Red River watershed is
concentrated in seven tributaries and in the middle reach of the
mainstem. The tributaries with concentrations of mining activity
are Bitter, Pioneer, Placer, Goose, Bear, Black Copper, -and
Cabresto Creeks. 'I‘he most s:n.gm.f:.cant clusters of small mines and
mineral impacts are in Bitter, Pioneer, and Placer Creeks (Figure
8). Most of the historic mining activity in the Red  River
watershed has been either underground or placer mining, with
associated milling operations. Bitter Creek has at least sixteen
abandoned mine sites that contribute NPS pollution by either runoff
or seepage to the Red River. Only two. mines,  the Oro Fino, and the
Memphis contribute ARD to Bitter Creek in regularly detectable
amounts. (NMED—SWQB, Jan., 1995) This volume of steady-state
dra:.nage is not significant in the overall picture of metal loading
in the Red River. All of the mines along Bitter Creek contribute
significant levels of NPS pollution in pulse events. Metals
commonly found at elevated concentrations in both pulse and steady
state drainage in these streams includes iron, aluminum, lead,
copper, cadmium, and molybdenum. Pioneer Creek has at least 14
small mines that contribute significantly to metal loading in pulse
events, but none of these produce significant wvolumes of steady-
state drainage. At least 12 mines along Placer Creek contribute
noticeably to pulse contaminant loading, but again the steady-
state contribution is qu:.te low.

Some of the mine sites along the tr:l.butar:l.es of Bitter, Pioneer,
and Placer Creeks had associated mill facilities during their
operational periods. These mostly small mills crushed and
processed ores and disposed of mill tailings along with the coarsexr
run~of-mine wastes. Cexrtain mill beneficiation processes used
cyanide and mercury, but water sa.mples have - ‘yet to detect these
substances at significant concentrations in the vicinity of the old
mills. ‘

Bitter Creek is a major source of NPS concerns in.this watershed
and is effectively split into two distinct hydrologic units by
three reservoirs located <just above a large slump area.

.{hydrothermal alteration scar) three miles above town (Figure 6C}).

SWOB staff observed Bitter Creek immediately after a summer rain
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event in August 1994. Turbidity values below the slump were in
excess of 1000 NTU, in contrast to samples taken upstream of the
reservoirs where turbidity was measured at 1less than . 25  NTU.
During this particular storm event, based on visual observations
and turbidity measurements, the lower portion of Bitter Creek
apparently is the greatest single source of sediment loading in
the Red River watershed. In addition, Ritter Creek delivers the
first regularly detectable infusion of acidic, metal-loaded water
to the Red River through groundwater flowing within alluvium of the
channel. Groundwater sampled from two private wells on lower
Bitter Creek (¥Figure 6C) in 1993 showed indications of ARD
influence; the pH was 4.6 and 4.9, and iron, aluminum, and other
metals were elevated. This subchannel groundwater flow may
ox:n.g:l.nate as surface water above the unstable slump area and
infiltrate into the aggregation of unstable material that forms the
slump to emerge- :Lntermlttently in Bitter Creek under normal flow
conditions. Where Bitter Creek discharges into the Red River can
be seen the first occurrence of white mineral deposition on the
substrate of the river. These deposits, mainly aluminum hydroxide,
indicate ARD and the associated acidic pH changes, but the effects
here are minimal in extent and duration compared to the major seep
areas below Molycorp mine at Capulin Canyon.

2.3.2 HYDRO‘I‘HERMAL ATTERATION SCARS
Within the Red River watershed there are approximately twenty

prominent erosional scars that affect the river negatively during
pulse events (Figure 4). The most comprehensive discussion of

geological controls on alteration scar formation in the watershed

is found in a paper by Meyers and Leonardson (1990), from which the
following excerpts are taken:

"Alteration scars are landforms characterized by steep slopes,
-a lack of soil, iron oxide staining and clay formation, rapid
erosion and common slumping and landsliding. Scars are the
most visible geologic features of the Questa-~Red River region
and are significant in that they represent source areas for
mudflows that pose a substantial geologic hazard and have
significantly altered the topogx:aphz.c form of the Red River
' drainage.. .Dur:.ng times of high prec:.p:i.tat:.on , waters from
these scars turn the Red River orange, giving the river its
“name. ..Recent geolog:Lc mapping by the authors has led to the
re-interpretation of these scars as resulting from
landsliding, and other erosional processes that are enhanced
in regions where the rock has been weakened by faulting and
supergene (secondary) weathering of pyrite...Low-angle fault
zones are pervasive throughout the Questa-Red River rng.on and
served as conduits for intrusions, molybdenum mineralization,
. pyritization, and as zones of weakness for later landsliding
and scar formation...High pyr:.te zones (>3% pyr:.te) were
favored sites for 1later landslide activity and scar
development...a dominance of mass transport processes inhibit
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soil development...Secondary earth materials in the alteration
scars include colluvium and ferricrete...Ferricrete is an iron
oxide and silica-cemented rock that forms in regions of
seepage from shallow-source waters that recharge from higher
portions of the scar...Highly permeable.colluvial deposits are
commonly cemented during this process and form striking
ferricrete breccias...A number of geologic factors control
development of alteration scars...In order of decreasing
significance, the major controls are slope angle, tectonic
fractur:.ng, pyrite content, and vegetat:.ve cover. A slope
angle in excess of 25 degrees is a pr:.mary requx.rement for
generation of all alteration scars in the region. Slope
angles less than 20 degrees do not contain the driving force
required for the initiation of mass—wast:l.ng Processes. . .Pyr:.te
contents of 3-5% are common in scar areas, whereas pyrite
contents near 1% are typical throughout most of the region.
Pyrite weathers in the near-surface environment to form iron
oxides and sulfates. Acidic water generated from oxidation
of pyrite reacts with feldspar minerals in the rock to form
clay minerals, which have very low shear strength when
saturated with water...Scars are believed to be initially
exposed by landsliding in regions that are oversteepened by
headward erosion of drainages...Erosion of scar interiors
occurs at a very rapid rate, as drill roads in scars that are
20-25 years old are locally dissected by as much as 10~15
m...The scars pose a hazard to the region as a significant
pumber of roads, buildings, and campsites ‘are located on
debris aprons deposited by mudflows that originated from the
SCarsS...in 1982, mudflows from the Hansen scar area resulted
in a fatality to a motorist...The debris aprons cause
stagnation of flow in the Red River drainage and the formation
of upstream meadows."

Some of the scars show signs of mineral exploration roads and mines
that obviously predated the present accelerated erosional episcdes.
Most of the erosional scars are located on south-facing slopes
where vegetative colonization is tenuous. Any sort of disturbance
that provides a nick point for erosional headcuts to begin can
result in the loss of entire mountainsides. Where this process is
advanced, the exposed fractured sulfide rock comes in contact with
precipitation and oxygen, and acid drainage is the result.

The J.ncrease in metal 1oad:|.ng of the Red RJ.ver in a downstream
direction is at least partially attributable to the acid dra:l.nage
from scar areas (Smolka and Tague, 1987 and 1989; Vail Engineexring,
July 9, 1993), although, as mentioned above, many.of these areas

‘have been modified by a number of anthropogem.c activities. While

some of this drainage reaches the Red River by overland flow (e.g.
Hansen Creek and Haut-n~Taut Creek), much infiltrates the colluvium
and river channel alluvium and discharges to the Red River through
seeps/springs. Many of these seeps have perenn::.a}. flow, even
during dry seasons. Therefore, an undetermined portion of the seep
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is likely attributable to groundwater which recharges the river.
Similar problems exist elsewhere in other mining districts that
also contain scar areas. Since the advent of the Summitville Mipe
disaster in Colorado in 1993, much research has been conducted in
that area. Sources of acidity.and heavy .metals in the Alamosa
River Basin (from both mining and seeps related to natural scar
areas) have been extensively studied (Kirkham, et. al., 1995), 1In
some watersheds it was found that most degraded water resulted from
natural processes, and in others the relative contribution of
mining was calculated from estlmated flow rates and loadlng of
dissolved metals.

2.3.3 LEAKING UNDERGROUND STORAGE TANKS

In the Red River  watershed there are three known sites where
underground storage tanks have leaked petroleum products, all
within the Town of Red River. None are yet known from the Village
of Questa. The three sites in Red River are in various stages of
investigation and remediation under the oversight and regulatory
authority of the NMED Underground Storage Tank Bureau (USTB). A
release from at least one of the sites was documented as directly
contaminating the Red River with hydrocarbons. There is also the
ever-present threat . to water resources from petroleum products
spilled in accidents, dumped illegally, or disposed carelessly
(i.e., individuals changing motor oil near streams or storm-
drains). The known leaking USTs are described below:

Chevron Red River: Southeast corner of Main Street and Jacks
& Sixes Street in Red River. This facility is closed and is
now occupied by High Country Jeep Rental. Contamination was
discovered during removal of three USTs in Auqust 1991. The
site became a State Lead Site in the USTB in May 1992 after
contaminated groundwater was discovered entering a storm
sewer drain that emptied to the Red River 350 feet south of
the site. Groundwater at the site is very shallow,
fluctuating seasonally to within two feet of the surface. A
hydrogeologrcal investigation was completed in August 1992
with the installation of twelve monitoring wells. An air
sparging remediation system was installed by July 1993, with
an estimate that. cleanup would take two years. Quarterly
“sampling is done to monitor the systems effectiveness and rate
-0f contaminant reduction, which has been satisfactory.

0ld Diamond Shawmrock Station: This was formerly a Chevron
Station and is located on the south side of Highway 38 in the
center .of Red River. In September 1991 four tanks (3,000
gallons each) were permanently closed. The tanks were almost
- completely  under. water  (shallow groundwater), and
contamination of both soil and groundwater was documented by
inspectors. The water table at the site is as shallow as
. three feet, and the Red. River- is located 150 feet to the
south. '-The responsible party (Colomex 0il and Gas Co.) was
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very delinquent in responding to repeated requests and
warnings from the USTB to begin the required site
investigation and remediation process. In January, 1995 a
consultant had been retained to initiate a hydrogeologic
investigation (personal communication, Chris Holmes, USTB,
January, 1995). ‘

Red River Ski Area: Located at the Red River Ski area between
the maintenance shop and Pioneer Creek. The site is still
active but two USTs were removed in May 1993. The tanks were
within 50 feet of Pioneer Creek. Contaminated soil was
detected by the USTB inspector at the site (to 1300 ppm at a
depth of 16 feet). A site summary by the USTB in August 1993
includes these remarks: “considerable soil contamination,
Pioneer Creek is threatened, contaminated soil placed onsite,
this site has languished...". Several joint site inspections
were made during 1994 by staff of SWOB and USTB to check for
signs of hydrocarbon pollution in Pioneer Creek and to
motivate the operator to comply with the required site
investigation and remediation process. On January 6, 1995 the
operator submitted the required On-site Investigation Report.
The report described the six soil borings and five monitoring
wells installed and sampled. The contamination is diesel fuel
and is present only in the immediate vicinity of the former
USPTs. Plans for remediation are underway.

2.3.4 SEPTIC TANKS AND SEWAGE LAGOONS

The upper Red River valley (above the Town of Red River) has become
densely developed with subdivisions having hundreds of homes -on
small lots (Figure 2). A total of at least 410 houses are reported
to exist in the upper valley as of 1995 (personal commun:.catz.on,
Bob Perry, Director of Public Works, Town of Red River, 1995).
Many of the lots are as small as 1/4 acre, and all have individual
llqu:l.d waste systems (septic tank leach fields or holding tanks).
There is no community waste treatment system or water supply system
in the upper valley. Because these leach fields are in close
proximity to the river (some homes are within twenty five feet of
the river) in an area of very shallow groundwater and permeable
alluvial soils, there is a concern that effluent from the leach
:EJ.elds is contaminating the shallow groundwater and seeping into
the river.

The Village of Questa discharges up to 60,000 gallons per day of
domestic sewage to a series of four lagoons (a fifth is currently
under construction) located 1.5 miles southwest of Questa and
approxmately 300 feet from the Red River. This discharge is
permitted and monitored under a NMED Ground Water Dlscharge Plan
(DP-191), which was or:.glnally approved in 1983. The 1ocat1.on of
the lagoons is shown in Figures 2 and 3. These lagoons are unlined
and are designed to function as rapid infiltration basins. (Questa
is in the process of installing two lined lagoons ‘for primary
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aeration and settling, which will precede discharge to the
infiltration lagoons). The Red River is a gaining stream in this
area (see Section 2.1.1) and groundwater flow is from the lagoons
toward the river. Some groundwater contamination is expected to
- occur in a limited area, and is monitored by a set of four
monitoring wells located between the lagoons and the river.
Property owners in the area have agreed not to drill any wellsg
nearby. The ultimate discharge of the sewage effluent is to the
Red River, where due to dilution by river water and by groundwater
flowing through the highly transmissive alluvial aquifer,
contaminant levels are expected to be well below surface water
standards. Concentrations of the expected contaminants (nitrate,
TRN) have in fact been below state standards in the monitoring
wells and in the river (DP-191 file, NMED Ground Water Section).

ITI. INVESTIGATION
3.1 METHODS AND DATA COLLECTIONV
3.1.1 General Approach - Research Design

Water quality data from samples collected by NMED are summarized
in Tables 1 and 2, with locations of samples shown in Figure 6.
All field procedures - and analytical' work were performed in
accordance with the SOPs for the NMED Groundwater Quality Bureau
and Surface Water Quality Bureau. Field screening was used to
select sample points (measurement of field parameters such as pH,
conductivity, temperature, PO, turbidity). All analytical work was
done by the NM Scientific Laboratory Division (SLD) in Albuquerque
in accordance with the QAPP for this project, with the exception
of data generated by the NMED Superfund Oversight Section, which
used EPA Contract Laboratories (that data is tabulated in Appendix
A). Sampling was designed for the following locations and

purposes: .

1. Twelve monitoring wells were drilled by Molycorp along the Red
River between the Molycorp mill and the Questa Ranger Station to
determine groundwater, quality, evaluate aquifer characteristics,
and to aid in attribution of the sources of numerous acidic seeps
that are impacting the river. Appendix C contains the rationale
for well locations, screen placements, and completion data for
these wells. All drilling and sampling activity was closely
coordinated between NMED programs, Molycorp, and South Pass
Resources Inc. (SPRI -~ consultants to Molycorp). Wells were
sampled in November, 1994 for metals (total and dissolved) and
anions/cations in accordance with the QAPP and with protocol
established by the NMED Ground Water Section. Sampling frequency
will be semi-annually for the first year (in order to evaluate
seasonal hydrologic fluctuations), and annually after the first
year. Data generated by this project will be evaluated by
comparing the analytical results to the numerical water quality
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standards for groundwater promulgated by the NM Water Qual:.ty
Control Commission (WQCC).

2. Groundwater was sampled by Molycorp within the underground mine
workings (see Appendix D, Table D4), to characterize the water that
is currently flooding the mine, as well as to characterize
background groundwater where it enters the upgradient side of the
mined area as seeps. Samples were analyzed for metals (total and
dissolved) and anions/cations, on a one-time bas:r.s.. Molycorp has
been recording water levels and sampling water in the mine on a
monthly basis.

3. Potential impacts of the old Molycorp "landfill" in Spring Gulch
were evaluated. Two monitoring wells (MMW-14 and 16) were installed
by Molycorp in the vicinity of the confluence of Spring Gulch and
Sulfur Gulch in 1994. Reports from EPA inspections were evaluated,
and the site was inspected again in 1994 by SWOB staff.

4. Existing wells located upgradient of Molycorp (Red River
Wastewater Treatment Plant, Molycorp mill production wells) were
sampled to better determine "background". Samples were analyzed
for metals (dissolved) and anions/cations, according to the
protocol established by the NMED Groundwater Section. '

5. Approximately ten selected acid seeps along the Red River were
monitored for changes through time. Seeps were observed, measured
for field parameters, and sampled for metals (total and dissolved)
and anionsfcations. The most significant source area for acid
seeps (Capulin Canyon) was sampled on five different occasions to
check for seasonal variations and to provide sufficient data for
statistical analysis.

6. Samples were collected from the Molycorp mine dump leachate from
seepage collection systems in head of Capulin Canyon and Goathill
Gulch. Water chemistry was compared to that of the acid seeps
along the Red River. Samples were analyzed for metals (total and
dissolved) and anions/cations.

7. River water was sampled to evaluate possible contamination from
septic tanks in developed areas along headwaters of the Red River
upstream of the Town of Red River. Samples were collected one time
only, during the summer season (most of these houses are summer
homes), and analyzed for NO3, TKN, and anions/cations.

8. The existing monitoring wells (14) and springs in the Molycorp
tau.l:.ngs area were sampled in ordexr to update the existing data
base of water chenmistry for character:.z:.ng -.groundwater
contamination from tailings and the possible impact to the Red
River. Included are the two springs used for water supply by the
Red River Fish Batchery. Monitor wells were sampled in August,
1993 and November, 1994.
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Along with the sampling program listed above, the following
pertinent and accessory tasks were undertaken as part of this
project:

1. Acquire and study well/borehole logs .and well construction
details for wells sampled in order to meaningfully compare
analytical results. - : : : '

2. Conduct further samplmg a.nd observations on the scar areas in
the Red River watershed in order to better understand the relative
contribution of acidic, metal-laden waters from the scar areas and
from recent mining activity. .
3. Evaluate aerial photography for structural clues in aldJ.ng
placement of monitoring wells, and possible clues concern:l.ng
fracture systems that could influence groundwater movement in the
mine area.

4. Evaluate the possibility of conducting dye tracing experiments
to confirm hydrologic connections between the seeps along Red River
and certain areas on the Molycorp property.

5. Investigate three sites in the Town of Red River where
underground storage tanks (USTs) are reported to have leaked.
Coordinate activities with NMED UST Bureau (the lead agency for
enforcement /remediation of USTs). This project will evaluate the
status and effectiveness of efforts by. the UST Bureau and will
assess any groundwater contamination impacting the Red River from
USTs.

6. Continue to monitor performance of the Oro Fino Mine
demonstration project (anoxic alkaline drain) on Bitter Creek, a
tributary of the Red River, that was installed in September, 1993.
Performance is evaluated by measuring field parameters and sampling
discharge for metals (total and dJ.ssolved) and anions/cations, on
a semi-annual basis.

7. Conduct X-ray Fluorescence (XRF) surveys of mine wastes at
Molycorp (tailings and mine dumps) and possibly other mining sites
in the watershed to better quantify metals concentrations available
for release to surface water and groundwater. The XRF work at
Molycorp will be done in cooperat:l.on with a NMED Superfund
investigation.

8. Conduct an inventory of septic tanks and other onsite waste
disposal systems in the heavily developed areas upstream of the
. Town of Red River. This information can be used to evaluate the
likelihood of groundwa.ter contamination from septic tanks in the
headwaters of the Red River. It can -be used to plan samplz.ng
methods and 1ocatlons. o :
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9. Complete an inventory of all abandoned mine sites in the
tributaries of the Red River (Placer Creek, Pioneer Creek, Bitter
Creek, Cabresto Creek, Goose Creek, and Black Copper Canyon).
Préor:.tz.ze sites accord:.ng to their threat to groundwater and the
Red River. .

3.1.2 Molycorp Mine Site
A release of contaminants to the Red River from the mining site

results primarily from ARD-impacted groundwater seeps which are
derived in-part from infiltration through the waste rock piles,

‘open pit, and underground workings. While much of the run-off from

the waste rock piles is directed to groundwater wvia the mine
workings, a portion of the runoff may drain to the Red River. Some
of this runoff is collected and discharged (during extreme runoff
events only) to the Red River via Molycorp's recently renewed NPDES
permit. Other nonpoint source discharge occurs where rock drains
have been constructed at the toe of waste rock piles in Sulphur
Gulch to convey water to the Red River (NMED, Feb.28, 1994, p. 29).
Most of the overland flow not discharged under the NPDES permit is
likely to infiltrate the alluvium of tributaries and the river
channels prior to reaching the Red River. Therefore, seeps/springs
located downstream from the mining site were sampled and evaluated.

Evaluation of the impact of the Molycorp mining operation on the
Red River must distinguish effects which occur naturally.
Background and downgradient - groundwater samples were used to
determine any observed release of contaminants. With variations
in lithologies (including the presence of alteration scars that
surround and underlay much of the Molycorp site}, geologic
structures, and mining operations over the entire mine site,
background conditions are not considered to be homogeneous.
Therefore, several sampling locations were used to .evaluate
background groundwater chemistry. These locations (listed below)
have been selected to represent groundwater which flows through
either the fractured bedrock aquifer, the alluvium of the Red River
channel, or alluvium in the side channels (tributary drainages)
which is impacted by natural scar drainage. Separation of
groundwater flow into these three systems is wuseful in
understanding general hydrogeology. near the mine site and assists
in defining sources for the seeps near the Red River. It does not P
however, necessar:.ly preclude communication among systems.

Potential background groundwater samples were collected from seven
separate sources to evaluate groundwater contamination from the
mine: the water which _is currently £illing the new underground
workings; water accumulating in higher-level mine workings; a
groundwater sample from one of the two product:.on wells at the mill
site; a groundwater sample from the Red River Waste Water Treatment
Plant; samples from wells at Elephant Rock and Fawn ILake
Campgrounds; and a seep near the mouth of Hansen Creek (f:l.g. GC)

The water which is currenmtly f£illing the mine (new workings) is
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groundwater which receives surface run-off and collected leachate
(ARD} from the mine waste dumps. While this groundwater is
Presumably ~impacted ( i.e. ‘geochemically altered) by surface
drainage, it is of better quality than seepage at the river and may
be useful as an approximation of background conditions for
comparison to the seeps along the Red River. With few alternatz.ve
sampl:.ng locations, use of the groundwater from the deep mine
workings to represent background conditions was deemed appropriate.

Downgradient groundwater samples were collected from twelve of the
seventeen seeps (¥Figqure 6, Table 1) which have been identified
along the Red River from Molycorp to Questa Ranger Station (Vail
Engineering, July 9, 1993). Selection of specific seeps to be
sampled was based upon field readings of electrical conductivity
- and pH dur:.ng preliminary field reconnaissance. One of these seep
areas is located at the mouth of Capulin Canyon and extends
approximately a quarter-mle below Capulin Canyon (Figures 3 and
7). An opportunity for collecting a sample of ARD-influenced
groundwater near the Capulin seeps was serendipitously prov:l.ded by
highway construction during September, 1993. An excavation on the
north side of Rt. 38, approximately 700 feet south of Capulin
Canyon, revealed groundwater at a depth of only six feet with a pH
of 3.9. Other, equally poor quality seep water was also found
£illing a segment of old (abandoned) river channel approximately
500 feet downstream of the mouth of Capulin Canyon. All of the
above sample locations are part of a single source consisting of
a linear seep front along the north bank of the Red River extending
from the mouth of Capulin Canyon downstream for hundreds of yards.
Samples of groundwater considered to be down-gradient of Molycorp
mine wastes were also collected at other seeps, notably the Portal
Spring and Cab:l.n Springs areas (Figure 7).

Sampling included water samples from both the seeps and Red River.
Surface water samples were collected above the Molycorp property
boundary, below Sulphur Gulch, above, within and below Columbine
Creek (a major tributary) and above and below each of the two
reaches where seeps are numerous. Samples of surface water and
seepage were’ analyzed for. both metals and general chemistry.

To evaluate poss:.ble J.mpacts from the former Molycorp waste

dJ.sposal {landfill) site in Spring Gulch, reports from EPA Site -

Inspect:Lons (1983 and 1985) were evaluated, and the site locatz.on
was inspected. Two groundwater mon:.tor.:.ng wells were installed in
Sulphur Gulch below the mouth of Spring Gulch in the 1994 drilling
season, but these wells have so far been dry.

Deternu.n:.ng attribution of - contam:.nants to the Holycorp M:Lne
requires the characterization of:leachate- emanat:.ng from the waste-
‘rock and comparison to water chemistry of the acid seeps. Water
chemistry was evaluated at water sampling locations to determine
whether a chemical similarity exists between the leachate from the
mine waste piles and the downgradient seeps. ° Leachate samples
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were collected from the toe of the waste~rock piles at the head of
Capulin Canyon "and Goathill Gulch (Figure 7). Leachate samples
were also collected from hydrothermal scar areas (Figures 3 and 4).
Molycorp consultants who are expert in ARD, along with Unocal
research staff, are cont:.nu:.ng to research . methods of
fn.ngerpr:.ntz.ng waters from various sources at the mine site ¢
including environmental isotopes. (Steffen, Robertson and Kirsten,
Apr:Ll 21, 1995).

Dilution of groundwater from seeps by river water flow:.ng through
the alluvium was expected. Sampling sometimes involved +the
collection of groundwater from small pits dug into the xriver
alluvium J.mmedlately below a seep. Sampla.ng was located closer to
the mouths of the side canyons so as to minimize the dilution by
river water within the channel aliuvium. To minimize the number
of sampling pits, selection of pit locations was directed toward
those seeps containing higher concentrations as determined during
reconnaissance sampling. = Samples were analyzed for general
chemistry and metals.

buring the period July-September, 1994, Molycorp drilled twelve new
monitoring wells in the mine area, at various locations along the
Red River canyon. Locations of these wells are shown on ¥igures
6B and 7, and the rationale for their siting, along with completion
information is given in Appendix C. These are the first monitoring
wells to be drilled in the vicinity of the mine and the waste
dumps. They were sampled initially in early November, 1994. A
discussion of the results of sampling and well pumping tests is
given in Appendices B and D. In addition to these twelve new wells
in the mine area, two new groundwater extraction wells (for use in
remediation) were also drilled in the tailings area during the 1994
drilling season. Consultants responsible for planning and
monitoring the drilling program were with South Pass Resources.
Major reports from South Pass Resources evaluating the results were
submitted to NMED in April, 1995, along with recommendations for

" the next phase of investigations. In additiom, other Molycorp

consultants (Vail Engineering) have been conducting semi-annual
river surveys of the middle reach of Red River to sample and
measure pH and conductivity at dozens of stations (river water and
seeps). The consulting firm of Steffen, Robertson, and Kirsten has

- conducted an initial geochemical assessment of the mine site to

evaluate ARD conditions there (Stephen, Robertson and Kirsten,
April 13, 1995). A summary of their findings is given in Appendix
F. . -

3.1.3 Molycorp Tailings SJ.te

Because the Holycorp mine site apparently has a greater relative
impact on Red River water qual:.ty than does the tailing impoundment
area (where most of the seepage is intercepted and directed through
an NPDES—permJ.tted _outfall), less emphasis was placed on
investigation of the tailings area in this project. This rationale

35




is further justified by the fact that a great deal of work had
already been done in the tailings area in past years by NMED
Groundwater Section and by Molycorp consultants.- - For instance,
although the mine area had no monitoring wells prior to 1994, the
- tailings area contained fourteen existing monitoring wells. when
this project was initiated. Much analytical data from the existing
-monitoring wells and from private wells and springs was already
available. However, some existing wells were sampled . in
conjunction with ongoeing investigations of the tailing area by both
the NMED Groundwater and Superfund Oversight Sections during this
project, and several newly installed monitoring and extraction
wells were also sampled. The most comprehensive discussions of
seepage from the tailings dams are contained in reports by Molycorp
consultants (Vail Engineering, September 24, 1993 and August 24,
1989; South Pass Resources, Sept.23, 1993 and April 13, 1995).

The purpose of groundwater sampling in this area was to document
or confirm a release to the aquifer underlying the tailings ponds

and determine the level of contamination and the relative -

contribution to the Red River. Sampling locations consist of those
monitoring wells xrecently sampled by both Molycorp and NMED-
Groundwater Section which demonstrated elevated levels of TS and
sulfate. Prior analyses of monitoring wells 1-4 showed detectable
levels of lead, zinc and copper in well #3 and zinc in the other
wells (NMED, Feb.28, 1994). All four of these monitoring wells
were sampled. One background sample was collected from a
monitoring well, labelled MW-CH, located east of Dam 1 tailings
pond, and from major springs located in the Rio Grande Gorge
(Figure 6A).

3.1.4 Other Nonpoint Sources
Septic Tanks

As mentioned earlier, the upper Red River valley (above the town
of Red River) has become densely developed with subdivisions having
hundreds of homes on small lots. Many of the lots are as small as
1/4 acre, and all have individual liquid waste systems (septic tank
leach fields or holding tanks). -During site inspections in 1994
an attempt was made to count the number of houses in this area.
In the area between Fourth of July Canyon and Foster Park Canyon
(an area of 1.5 miles by .25 miles) approximately 125 houses were

counted. This area includes the Valley of the Pines Subdivision -

(the lowest subdivision in the upper valley), and many of the
houses are located very near the banks of the river. Others are
built on very steep slopes that appear to have thin soils overlying
bedrock. fThe subdivisions in the upper valley area above Fourth
of July Canyon contain approximately 200 houses (difficult to count
‘because many are in forest). -An initial effort to quantify the
septic tank situation was made by contacting the NMED Field Office
-staff in Taos, NM for information about liquid waste permits, which
are required for construction of any household waste disposal
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system. The Environmentalist in charge of the Red River area (Bill
King) indicated that such information would be meaningless because
some builders in that area apparently do not apply for the permit
and install their septic tanks J.llegally. He had only received two
" requests for liquid waste permits in the. last six months, and
believed that many more houses than that had been built in that
period. Enforcement is a problem. Other NMED staff from SWQB were
told of concerns by a local resident about illegal installations
by a local plumbing contractor in the area who was installing
holding tanks (that should be pu.mped cut when full) with holes
punched in the bottoms. Strategies for documenting pollution in
groundwater and the river include sampling the river near obsexved
algal blooms, and sampling prz.vate wells for analyses of nitrate
and TKN. As a field screen:.ng technique to identify possibly
contaminated wells, approxlmate nitrate concentrations can be
determined in the field by using one of the Department's Hach KJ.ts,
which use a colorimetric technique to quantify nitrate (10 mg/l is
the NM groundwater standard). Confirmatory samples would then be
submitted for laboratory analysis.

During 1995 others expressed additional concern over potential
problems in the upper valley, and began coordinating activities in
this regard. Bill King (NMED, Taos Field Office) reported
rece:l.v:.ng increasing numbers of complaints from wupper valley
residents about failing septic systems. (Efforts to address septic
systems are handled through NMED's Liquid Waste Program). Bob
Perry {(Director of Public Works for Town of Red River) assumed a
leadership role in the recently created Red River Watershed
Association, and began to focus on the water quality impacts in the
upper valley. From a coordination meeting between these parties
in April, 1995, it was determined that there are approximately 450
houses in the upper valley now, with a capacity for about 1000 more
in the future. Only 203 houses have been issued Liquid Waste
Disposal Permits from NMED since 1973, implying that over 200 have
illegal systems. It is assumed that there are at least 400 private
water supply wells in the area. In oxder to curtail the
installation of more illegal systems and to alleviate existing
(probable} water quality impacts to the Red River -from the upper
valley, the Town of Red River would like to extend its sewer and
water service to the upper valley. The existing WWTP can handle
the increased flow, and costs are estimated at approximately ten
million dollars. The town is applying for assistance in funding
this project, and hopes for completion in about five years. In
orxder to further document the need  for this project, several
activities will be conducted in the upper valley during the summer
months of 1996 in jo.:.nt efforts between the Town of Red River, the
NMED Taos Field O:Ef::.ce, and NMED-SWQB. :.A Water Fair will be held,
during which residents can bring samples of their well water for
test:.ng and analyses (nitrate screen:mg being used to indicate
possible contamination with septic system wastes). To follow up
on wells that may be  contaminated, :mspectn.ons and” possibly dye
traces will be conducted. Both banks of the river will be walked
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through developed portions of the upper valley to look for evidence
of illegal direct discharges to the river and for signs of failing
septic systems in proximity to the rlver.

Leaking Underground Storage Tanks :

" Since the NMED Underground Storage Tank Bureau (USTB) has

regulatory authority over investigation and remediation of sites
contaminated by leaking USTs, the role of  this progect in regard
to UST sites has been to consult with and malntaln close
communication with the: approprlate technical staff in the USTB
about progress at the three known sites in the Red River watershed.
Their files were copled and incorporated into the records for this
progect, and site visits were coordinated with USTB staff for all
three sites in Red River. Quarterly monltorlng reports, data, and
caonsultants reports are provided to this project as they are
received by USTB staff. Frequent inspections have been made for
evidence of hydrocarbon release at the Chevron Red River site,
where past discharges to the river through a storm sewer have been
observed.

Questa Sewage Lagoons .

The Questa sewage lagoons fall under the regulatory authority of
the NMED Ground Water Section, which reviews the required
groundwater monitoring at the facility through a Ground Water
Discharge Plan (DP-191). These analytical results, which have not
revealed contamination above State standards, are on file with
NMED~-GWS. This project reviewed the DP-191 file and consulted with
Ground Water Section staff, but did not see a need to conduct any
further sampling or field work at this site.

Scar Areas

The approximately twenty alteration scars in the watershed are a
significant source of NPS pollution due to their extreme sediment
yields in pulse events and, more importantly to this project, their
steady~state ARD. It is therefore important to understand their
geochemical nature in order to distinguish their naturally
occurring "background" effects on Red River from the impacts of
-Molycorp and other mining sites. Much of the Molycorp mine site
is surrounded by large scar areas in the -upper parts of Goathill
Gulch and Sulphur Gulch. The waste rock dumps in these drainages
overlay scar material in places. Some scars that are distant from
Mblycorp (Bitter Creek, Hansen Creek, Haut-N~Taut Creek)  have
discharges of natural ARD, although some evidence of exploratlon
roads and mining within these areas raises the gquestion of ‘how
natural the erosion rates and consequent ARD generatlon ‘are
(Morain, 1996). 1In oxrder to facilitate a better understanding of
the role of alteration scars in Red River water quality, numerous
‘scars were observed (primarily upstream from Molycorp) -under
’condltlons of base flow and pulse events. Seeps issuing from scars
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were documented and sampled, as well as surface runoff in tributary
channels and Red River above and below their confluences,
Preliminary laboratory leaching tests were conducted, as were a few
XRF evaluations, of scar materials. BAerial photos were obtained
and studied for clues in scar development and growth, and evidence
of roads and mining activity within scars was documented. In a few
Jocations on Bitter Creek it was possible to sample groundwater
from private wells that -are believed to be impacted by scar-
derived ARD. Analytical results of groundwater were evaluated by
various graphlcal and.comparatlve:methods along with sample results
from Red River seeps and mine waste leachate. Further research
into scar areas and BMP treatments will be forthcoming under a SWQB
progect directed at the slump (debris flow) problem in Bitter Creek
in an EPA Section 319(h) FY95 Grant (94-B).

0ld Mining Areas on Tributaries to the Red River

In order to evaluate the potential for nonpoint source impacts to
the Red River from seepage of contaminated groundwater from mining
sites in the old mining districts encompassing tributaries,
extensive field reconnaissance was conducted in Placer, Pioneer,
Goose, Cabresto, and Bitter Creeks, and Fourth of July and Black
Copper Canyons (Figures 2 and 8). In addition, information was
obtained from the following sources: '

Screening Site Inspection for the Red River Mining District,
August 31, 1989, by Dale Doremus, NMEID Superfund Section.

Geology and Ore Deposits of Eagle Nest Area, NM, 1972, by K.F.
Clark and C.B. Read, NMBMMR Bulletin 94.

USFS, Carson National Forest, n.d., brochure on the Mining
history of Pioneer Canyon.

USFS, Carson National Forest, Questa Ranger District, report
and files from mine surveys conducted in 1990 and 1991 ‘on
Pioneer Canyon, Placer Creek, and Bltter Creek.

Results and further dlSCHSSlon of scar areas are given in Sectlon
3.2.3. :

3.2 RESULTS AND DISCUSSION

A summary of the analytlcal data for water samples collected by
NMED-SWOB during this pro;ect is contained in Tables 1 and 2, with
sample locations shown in Eigures 6A,B,C. Data from samples
collected by NMED Superfund Section in the 1994 investigation of
Molycorp Mine are given in Appendix A. Other environmental data
collected by Molycorp and their consultants are included in
Appendices B through - F. - The analytical  data reports f£from the
various laboratories used by NMED-SWQB, NMED Superfund, Molycorp,
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and others are not included in this report; summations of the data
are given in the appropriate tables. The data report sheets are
on file with the respective sources.

3.2.,1 Molycorp Tailings Area

As discussed in Section 3.1.3, the tailings area hydrogeology has
been studied and characterized in numerous investigations by NMED
and Molycorp consultants since the mid~1980's. . The most current
understanding of the hydrogeology and water quality of the area is
presented in reports submitted to NMED by Molycorp (SPRI, April 21,
1995 [summarized in Appendix E of this report] and September 23,
1993). Portions of the discussion that follows are based on
information contained in .these reports. . The most current
analytical data for groundwater samples collected by NMED from
wells in the tailings area are found in Tables 1 and 2, and in
Appendix A.

Seepage from the tailings has contaminated the underlying shallow
alluvial aquifer with elevated concentrations of sulfate and TDS,
and in several monitoring wells with elevated concentrations of Mn
and Mo. As an initial groundwater remediation (containment)
effort, Molycorp has constructed seepage <collection barriers
between the toe of the dams and Red River. Collected seepage water
is discharged to Red River via NPDES-permitted outfall #002.

In 1994 five new monitoring/extraction wells were installed in the
tailings area by Molycorp, bringing the total number of monitoring
wells in that area to fifteen. Water from wells located east of
Dam #4 and south and east of Dam #1 are characterized by a high~
TDS, calcium sulfate water that derives from tailings seepage.

The major hydrogeologic units in the tailings area are the Santa
Fe Group (an alluvial sequence of aquifers and aquitards) and the
underlying volcanic sequence consisting of a basalt unit that
extends beneath both tailings ponds and a sequence of tuffs and
lava flows in fault contact with the basalt and the Santa Fe Group
along the west side of Dam #4 (SPRI, April 31, 1995). Groundwater
flow paths are influenced by northeast-trending high-angle fault
lines. There are multiple perched groundwater zones in the Santa
Fe Group. The main perched zone is south of Dam #4 and may extend
to the Red River.

Piezometric surfaces are complex composites involving unconfined
and semi-confined conditions in the wvarious units. The shallow
private wells that are contaminated by leachate are probably
screened in the main perched zone, whereas deeper wells screened
in the basalt unit or lower aquifer unit of the Santa Fe Group
contain water that meets drinking water standards (except for wells
MW-1 and EW-1). Groundwater flow directions in the basalt aquifer
range from S20W to S75W; hydraulic gradients range from 0.1 ft/ft
to as low as 0.003 :ft/ft. Flow.rate estimates were calculated:by
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SPRI from a mixing equation for the volcanic aquifer at Dam #4 at
5.9 cfs. This suggests a high degree of dilution for any leachate
from the tailings that reaches the water table (and the river), and
appears to be supported by sulfate and TDS values of samples from
MW-11l, Red River, and springs down-grad:.ent of Dam #4. Mixing
equations and sample data both indicate that there is sufficient
dilution from both the high ‘gréundwater flow rates in the basalt
aguifer and from the Red River to dilute inflow from the perched
zones to below State standards for both groundwater and surface
water. The section of river that may be receiving tailings seepage
is 1.8 miles in length (between the #002 outfall and the Fish
Hatchery). This portion of the Red River is well-documented to be
a gaining stream. The various studies that have been done in the
area generally conclude that the net gain between Questa and the
confluence with the Rio Grande is approximately 30 cfs. Vail
(1993) provides the most recent estimates for groundwater accretion
and the contribution of sulfate concentrations from each tributary
source. Accretion estimates for the. alluvial section of river
between the highway bridge at Questa and the Questa Springs complex
indicates sulfate concentrations can be expected to increase from
an average value of 119 mg/l at the bridge to 131 mg/l below the
springs complex. This calculation considers dilution of seepage
waters having elevated sulfate concentrations in the range of 800
to 1000 mg/l. Samples of river water below the sprirg "had a
sulfate concentration of 138 mg/l. Similar results derived for the
portion of the river in the upper gorge (above the Fish Hatchery).
For more detail on these calculations and sampling data see
BAppendix E. BAnalytical data from samples collected by NMED-SWQB
from springs flowing from the basalt aquifer at locations in the
lower Red River Gorge and the Rio Grande Gorge (Figure 6C, Table
1) further support the general conclusion that seepage from the
ta.z.l:l.ngs area currently is not significantly impacting the Red
River, and the seepage is not hydraul:l.cally connected to the Rio
Grande. Similarly, the two spring complexes being used as a water
supply by the Fish Batchery, although seemingly in a vulnerable
location near the tailings dams, are to date not contaminated above
standards by leachate (Table 1, Figure 6C). In a seepage analysis -
of the tailings ponds Vail estimated that the Hatchery's warm water
supply may be composed of approximately 43% seepage water from the
tailings area (Va:Ll Engineering, September 24, 1993). Sulfate
concentrations in tailings seepage was given as 120 mg/1l, and that
from the spring discharge (a mixture of ta.'l.].:.ngs seepage and clean
groundwater) as 63 mg/l. Thus there is some contamination by
tailings seepage in the Hatchery warm water spring, but due to
dilution it does not result in an exceedance of groundwater
standards.

3.2.2 Molycorp Mine and the Byd:othernial Alteration Scar Areas

The hydrogeology of the Molycorp Mine . area has been prev:.ously
discussed in Section 2.3.1.1 and is further discussed in reports
by Molycorp consultants {South Pass . Resources, Inc., Vail
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mg:.neera.ng, and Steffen, Robertsen, and Kirsten, Inc.), portions
gf which are included as excerpts in Appendices B through F.
igures 4 and 7 show maps of the area, and analytlcal data relevant
to this d:.scuss:.on are in Tables 1 and 2, and in Appendix A.

The middle reach of the Red River from Questa to the Town of Red
River, and conta:.n.l.ng Molycorp Mine and most. of the ma]or scar
areas, became the primary focus of this project because it is here
that the most sJ.gm.fJ.cant water quality degradation to Red River
occurs. A number of river surveys by NMED and . Molycorp have
documented significant declines in Red River water quality
progressing downstream from the town of Red River to Questa (Smolka
and Tague, 1987 and 1989; Vail, July ‘9, 1993; and unpublished
data). The negative but temporal impacts of stormwater runoff are
likewise well-documented, and have been previously discussed.
Management of stormwater runoff by Molycorp has apparently been
effective in eliminating surface dlscharges from the mine site to
Red River (based on NPDES report:.ng and on field observatlons
during storm events). Of pr:.mary interest in this pro:;ect is the
role of steady-state contribution of ARD to Red River in the form
of acid seeps and perennial drainage that originates from Molycorp
sources as well as from naturally occurring hydrothermal alteration
scars in the watershed. ' Distinguishing the relative contribution
of these two sources is thus a critical aspect of this and other
requlatory efforts-  focused on Molycorp. The commonly accepted
approach of sampling groundwater at locations upgradient of the
source(s} of contamination is not so easily applied at Molycorp
Mine because of the presence of potential natural sources of ARD
(scar areas} located upgradient of, and beneath, the mine area.
The structural and mineralogical complexity of this area makes
hydrogeological interpretation difficult.

Groundwater flow in the mine area is controlled by fractures and
faults, preferred channels within debris flow material, and
differences in hydraulic conductivity between bedrock, mine waste
rock piles, and valley flll/alluVlum. ‘Hydrogeologic units are a
Pre~Cambrian agquitard, volcanic and sedlmentary rock aquifers, and
‘valley fill alluvial or debris flow aquifers. ' The waste dumps
contain perched aquifers. Groundwater gradients are toward the Red
River, except for the cone of depression created by mine
dewatering. ' Fan delta deposits at the mouths of tributary canyons
are the principal hydraulic connection between the river and up-
gradient sources. During 1994 twelve monitoring  wells were
installed by Molycorp consultants (SPRI) at sites near the mouths
of tributary canyons draining the mine area, and were screened in
bedrock and fan delta aqulfers. Sampling and water level
measurements have been conducted jolntly by NMED and SPRI.

Water sampled from wells, seeps, and the underground mine work:.ngs
is derived from both natural and mine-related sources. The river
is the primary discharge po:.nt for groundwater systems in the area,
but the- deep undez:ground mine intercepts -some?of - J.t + vwhich is
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dewatered by pumping wvia the slurry 1line to the ta:.l:.ngs
:.mpoundments at Questa. Thus water impacted by acidic drainage,
from mine sources as well as natural scar areas, is d:.scharged by
natural d.ra:.na.ge to the Red River and by pumpmg and pipeline flow

" to the ta:.lmgs area.

3.2.2.1 Water Quality of Seeps and Red River

Aithough more than twenty individual seeps have been identified
along the north side of the Red River between Questa and Molycorp R

‘there are three principal areas of concern where seepage is

concentrated and appears to have the most s:r.gn:.f:l.cant impact on
water guality - Capulin Canyon, Portal Spr:.ng, and Cabin- Spr:.ng
(Figure 7). Although water chemistry varies between seepage areas
and is somewhat site-specific, all are acidic (pH ranges from 2 to
5) and contain elevated concentrations (exceed NM groundwater
standards) of sulfate, TDS, Al, Fe, Mn, Co, Cu, Ni, Zn, Cd, and Fl
(Table 1). Of the three seepage areas mentioned above, the one at
Portal Springs (#40 and 41 in Table 1, POS-1 in Table D2 of
Appendix D) is located nearest to Molycorp sources, being situated
within a hundred yards of the toe of the Sugar Shack waste-rock
dump complex. It is likewise located in proximity to the mouth of
the Moly Tunnel (hence the name Portal Spring). Portal Spring was
discovered by the author ~on January 19, 1994.. 1In previous
inspections of the area no seepage was observed in this location.
Following consultation with Molycorp it was realized that this
represented a newly emerged seep; it has been flowing perennially
since January 1994. The Molycorp workplan for placement of
monitoring wells was  consequently modified to  include
characterization of this area. ' : ' :

The Cabin Springs seepage area is located 0.5 mile south/southwest
of the Sugar Shack dumps, and the Capulin Canyon seepage area is
located approximately 1.5 miles southwest of the dumps in upper
Capulin Canyon and Goathill Gulch. As discussed previously  in
Section 2.3.1.1, the orientation of these seep areas in relation
to Molycorp waste dumps (:..e, located southwest of the dumps).is
important information, given the well-documented occurrence :of
dominant geclogical structures/fractures trending
northeast/southwest throughout the mine area.  Although groundwater
flow in valley fill and fan delta deposits may contribute ARD to
the seeps along Red River, the role of bedrock fracture flow as a
pathway between mine waste sources and the river seeps cannot be
overlooked (Cabin Springs is solely fracture flow). ' In addition
to the waste rock dumps, the open pit and underground mine work:.ngs
at Molycorp should be considered as ARD sources that may impact

water qual:.ty of Red Rz.ver seeps.

Stn.ff D.tagrams of major J.ons and P etals were plotted by SPRI for
water samples, - including the seeps at Capulin Canyon, Portal
Spring, and Cabin Springs (Appendix D). All.three seep areas are
characterized as calcium sulfate waters. Seasonal changes in -seep -
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water (or in the monitoring wells) is not yet well known (the
Capulin seep has been sampled by this project a total of five
times; see Table 1, map location #'s 37,46,50,63,66). The Capulin
seeps exhibit the worst water: quality,-followed by Cabin Springs
and Portal Spring. The dominant metals in all seeps are, in order
of concentration, Al, Mn, and Fe. An unusual feature of the seep
area that extends for hundreds of yards along the river .at: the
mouth of Capulin Canyon is the segment of old (abandoned) river
channel that now «collects highly acidic seepage (see
illustrations). The Capulin channel seep exhibited the highest
concentrations of -the four. metals (Al, Mn, Cu, Be) that were
documented at concentrations at least three times background (well
at Red River WWTIP) in data from NMED Superfund Oversight Section
- {NMED, October 23, 1995, p.16). During field work in the area on
September 21, 1993, highway construction activity had caused an
excavation on the north shoulder of the road opposite the mouth of
Capulin Canyon. Water was present at a depth of six feet,
representing the water table. The water was sampled (#35 in Table
1) and measured with a pH of 3.9 and a conductivity of 2450
umhos/cm. This water is presumably indicative of water quality of
seepage before it emerges and is diluted with river water in the
‘alluvium adjacent to the river. As a demonstration BMP a group of
three anoxic limestone drains was installed by this project during
October 1995 in this area to neutralize and treat acid drainage in
the seeps at Capulin Canyon. - Details of this BMP are given in the
discussion in Section 4.2, and in Appendix H.

New seeps continue to come to our attention. At the end of this
project in December, 1995, a previously undocumented seep was
reported to the SWQB by a group of concerned Questa citizens.
Located approximately one mile upriver of the Molycorp mill on the
north bank of the Red River, this seep exhibits a pE of 4.5 and a
conductivity of 700 umhos/cm. It emerges from a pool in the river
alluvium and flows approximately seventy five feet to the river,
leaving a prominent trail of thick, white precipitate. Water
quality samples were collected and submitted for analysis on
-December 15, 1995 (results will be forwarded to EPA when they are
.received from the lab).. - '

The effects of the seeps.on Red River water quality are known from
. observations and various river surveys and sampling by NMED and
Molycorp. NMED data are derived from river surveys by the SWQB
Surveillance and Standards Section (Smolka and Tague, 1987 and
.1989), sampling by the Superfund:- Section for investigations at
Molycorp between 1993 and 1995 (Appendix A), and sampling by this
project (Table 1). Water quality data and impairment status for
the Red River derived from the biennial CWA 305(b) Report to
Congress has been compiled and summarized in a November, 1995
report by NMED/SWQB for submittal to the NM State Engineers Office
(see Tables 5 throngh 8). Molycorp has employed Vail Engineering
to conduct annual river surveys and sampling since :1992 . (see:Vail,
1993, as well as data "in Appendix D - Table D3, and Appendix F -
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Table 1.5). ‘The US Geological Survey has alsc been measurlng
dlscharge and collecting water quality samples at wvarious po;nts
on Red River for over twenty years. Published data is available
from their Water Resources Data Book for New Mexico for the
following years: 1964-65 at the Fish Hatchery (discharge, field
parameters, anions/cations, trace elements); 1969-77, same as
above; 1978-1982, at 2Zwergle Dam, Molycorp Mine, Questa, Fish
Hatchery, and mouth of Red River (discharge, field parameters,
anions/cations, trace elements); 1983-87, at Questa, Flsh.Hatchery,
and mouth of Red River (for above parameters). There is no USGS
data available for the period following 1987.

Molycorp mine and the majority of scar areas are located on the
north side of the river. No known acid seeps occur on the south
side. The watershed on the south side of the middle reach of Red
River is relatively undisturbed. BAs Red River in this area is a
gaining stream, some seepage probably enters the bed of the river
unseen, in addition to the visible seepage along the river banks.
Acid seep areas are visible due to precipitation of white and red-
colored mineral deposits and cccasional growth of green algae in
the seeps. All the ac¢id Seeps produce a promlnent plume of white
precipitate that coats river substrate, in some cases for scores
of yards in a downstream direction (see illustrations »-11,12,19).
At the Capulin seeps iron compounds precipitate out of solution
first, and deposit a rust-colored precipitate for several. feet
around the emergence point, followed by much larger areas of the
white precipitate. X-ray diffraction analyses have shown the white
precipitate to be a combination of aluminum hydroxide and amorphous
aluminum silicate compounds (personal communication, R. Vail). It
is these aluminum compounds that, in suspension and solution in
river water, are largely responsible for producing the milky-blue
color that is commonly observed in the river between Molycorp and
the Fish Hatchery (more pronounced during winter and spring months
- see illustration P-6,11,19). BAnecdotal evidence in the form of
testimony by long-time residents claims that the river did not tuxn
blue prior to the 1970's. Molycorp commenced large~scale, open pit
mining in 1965. USGS seepage studies in 1965 and 1988 indicate
that groundwater seepage to Red River below the Molycorp mine
increased substantially bhetween the two dates, which span the
period before and after open pit development (unpublished draft
Open File Report 95-1, NMONRT).

The mechanism for precipitation of minerals/metals by the seeps is
controlled by changes in solubility brought about by pH buffering
as a result of dilution by the river. The highly acidic
groundwater.can dissolve and transport elevated concentrations of
contaminants, but when the seeps emerge and mix with river water
the pH is raised and dissolved constituents begirn to deposit.
Aluminum has a double solubility curve (ie, it is soluble at both
low and elevated pH values), and is therefore present -as
precipitated deposits on substrate and as dissolved and suspended
aluminum compounds carried in river water. The combination of
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cemented river substrate (resulting in impacted benthic habitat),
increased acidity, and elevated concentrations of dissolved and
suspended phase contaminant loads has cumulat:.vely J.mpacted the
aquatic habitat of the middle reach of Red River. If the river is
sampled at mid-stream at some distance below a seep the dilution
effect is such that water. quality impacts appear minimal, but
sampling closer:-to the river bank below a seep produces ev.:.dence
of greater chemical changes. The cumulative impact becomes obvious
and significant when one considers the steady degradation in water
quality progressing downstream from the Town of Red River, past the
scars and Molycorp, to the Fish Hatchery below Questa. In this
stretch of river there is a progressz.ve decline in pH and a
corresponding increase in conductivity; TDS ranges in value from
<100 mg/l upstream of the Town of Red River to >250 mg/l in the
vicinity of Molycorp at Sulfur Gulch. During runoff events many
dissolved (and total) constituents in the Red River exceed New
Mexico numeric stream standards. In the 1994 New Mexico WQCC Water
Quality [305(b)] Report to Congress, the Red River is listed as
exceed:.ng chronic criteria for Al, Zn, and Cd (Table 18, B-5).

According to data from river samples ({dissolved const:.tuents)
collected during base flow conditions by NMED Superfund Oversight
Section and by Molycorp consultants on various dates, chronic
criteria have been exceeded for Al, Zn, Cu, and Cd (Appendix D,
Table D2 and D3; Appendix F, 'I'able 1.5; and Appendix A, Tables
15,16,17).. Although no numeric stream standard exists for Mn
(desp:.te an erroneous  statement to the contrary by Molycorp in
Appendix D, page D-13), there is a significant increase in mean
concentration of dissolved Mr from above Molycorp property (0.1
mg/1l) to below Molycorp at the USFS Ranger Station (.64 mg/l). Foxr
the above reach of river mean concentrations of dissolved %n
increase from .05 mg/l to .11 mg/l. The subject of contaminant
loading rates to the river is further discussed in Appendix F
(Table 1.6). Garrabrant (1993) lists the following constituents
that have been documented in excess of State standards in the Red
River by the USGS and NMED: pH, TDS, turbidity, sulfate, total
phosphorus, Al, As, Ba, Cd, Cu, Cn, Fe, Pb, Mn, Mo, Ag, and Zn.
Appendix G shows figqures from Garrabrant .111ustrat1ng ranges of
concentrations of certain analytes.

Samples of streambed sediments collected by NMED Superfund
Oversight Section in 1994 further document a  release of
contaminants to the Red River in the reach encompassing Molycorp
Mine (NMED, October 23, 1995, p.23) (Table 18 of Appendix A). This
contamination could be due to suspended sediment or precipitation
of metal oxides from seeps. The metals Be, Cu, Pb, Mn, and Zn were
elevated above three times background: concentrat:l.ons in at least
four of the eight downstream .sample locations. The elevated
concentrations generally increased in. a downstream direction.
These same metals were most elevated in soil samples from Molycorp
waste rock dumps relative to scar material (Table 4 of Appendix A).
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In their geochemical assessment of ARD potential, Molycorp
consultants conclude that acid generation is occurring in the waste
dumps and is a relatively young process in some of the dumps. Over
time those dumps (especially the ones closest to the river) have
the potential to produce more ARD or worse-guality ARD, resulting
in increased sulfate and metal loads in local springs and seeps
(Steffen, Robertson, and Kirsten, April 19, 1995, p.35). That
report further states that the seeps at Capulin Canyon are impacted
by mine waste drainage that occurred prior to comnstruction of the
seepage collection system in upper Capulin Canyon in 1992.

3.2.2.2 Mine Water Quality

Discussions of water quality from mine waste-rock dumps seepage and
groundwater in the underground workings are presented in excerpts
contained in Appendices D and F, and NMED data .for waste dump
seepage is shown in Table 13 of Appendix A. Water samples have
been collected from the collected seepage (leachate) at the waste
dumps in upper Capulin canyon and Goathill Gulch, from several
bedrock seeps occurring in Capulin Canyon, from seepage that
infiltrates into the open pit, and from several locations within
the underground workings (Shaft No.l1l and the Decline). - The worst
water quality by far (in fact,  the worst water observed at any
location within the watershed) is the leachate that flows from the
bases of the waste~rock dumps in Capulin Canyon and Goathill Gulch.
Molycorp collects and diverts approximately 70 gpm of this
collected leachate into the underground mine via the caved area in
Goathill Gulch. This seepage is acidic (pH values of 2 to 3), has
TDS values of approximately 25,000 mg/l, sulfate concentrations
are in the 13,000 mg/l range, has very high levels of Fe, Mn, Zn,
and Al (ie, dissolved aluminum is present at concentrations ranging
from 1,1000 to 1,300 mg/l). On Stiff Diagrams (Appendix D). these
seep waters are calcium and magnesium sulfate water, with
occasional high Al or Fe exceeding the Ca/Mg. Tritium analyses of
selected water samples on Molycorp property indicate that seepage
from waste rock dumps is post-1952 in age (Appendix D).
Preliminary data (from a very limited data set) from experiments
with Pb and Sr isotopes indicates that dump seepage may have a
different signature than natural acid seeps (SPRI, April 21, 1995,
p.D-12). In evaluating the chemistry of seepage from the waste
rock dumps it is important to consider that some of the dumps
either overlay existing scars or contain scar material (altered
volcanics) that was former overburden in the open pit area.
Therefore the chemistry of seep waters from scar material needs to
be understood and accounted for in any analysis of the water
quality at.mine waste sources. TWater quality of scar  'areas
(located both within and without the Molycorp mine area) is
discussed in Section 3.2.2.3, and comparisons are made in Section
3.2.2.5.

Water representative of ‘-cir_aina_’.ge from disturbed, acid-generating
material in the open pit was acidic (pH <3) and contained high
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concentrations of sulfate, Al, Fe, Mn, and Z2n. Samples of
groundwater collected at various locations in the undexrground mine
workings represent a mixture of ambient groundwater, oxygenated
vadose water, and ARD introduced from the open pit drainage plus
the waste-rock dumps seepage collection  system. ' Groundwater
samples from the Decline and Shaft No.l thus represent diluted ARD
discharges. Samples from these locations are near neutral pH, have
TDS .concentrations between 2,000 and 3,000 mg/l, and equal -or
exceed State Groundwater- standards for sulfate,‘Al, Fe, Mn, and Cd.
Fluoride concentrations exceed EPA MCLs. The current dewatering
of the mine (pumped to the tailings impoundments) creates a cone
of depression in the water table that may prevent some water
contalnlng the above listed contaminants from dlscharglng to the
Red River. Increased seepage inflow to the Red River in this
reach, however, suggests that cone of depression is not capturing
all.water (NMONRT, 1995}. Dlscharged at the tailings lmpoundments,
a portion of these contaminants likely, over time, end up in the
Red River downgradient of that location via seepage losses.

In the most recent and comprehensive geochemical assessment.of the

mine area, Molycorp consultants conclude that the main sources of -

ARD from Molycorp getting into the river are the waste-rock dumps
in upper Capulin Canyon and those dumps adjacent to the Red River
(Sugar Shack South, Middle and Spring and Sulfur Guich), through
alluvium and geologic structures of high hydraulic cenductivity
(SRK, April 13, 1995, p. 11).

3.2.2.3 Scar Water Quallty

Analytical data for water samples collected from scar areas exists
for stormwater runoff and, more germane to this project, for
seepage of ARD-influenced groundwater from the scars. The nature
and distribution of scars in the watershed is discussed in Section
2.3.2. The most recent comprehensrve 1nvest1gatlon of the
geochemical properties (ARD potential) of scars is found in the
repoxrt for Molycorp by steffen, Robertson, and Kirsten (SRK, April
19,..1995), which is excerpted in Appendix F. Other data from
-Molycorp for seepage samples from scar areas in Hansen Creek, Haut-
N~Taut Creek, Goathill Gulch, and Capulin Canyon are presented in
Appendix D (see samples CCS—Z, cCs-4, GHS-3, HCS-1 and 2, HTS-1}).

NMED data for scar area water samples from this project are in
Table 1 (#28,29,30,45,57,64 65) Other NMED da.ta, from the
Superfund Sectlon s lnvestlgatlon of - Molycorp, are in Appendlx A
(Tables 3,4,6,7, and 13). :

Due to oxidation of sulfide minerals (mainly pyrite) in the scar
areas, ARD is generated and has been documented in samples of both
runoff and seepage waters. All such samples exhibit acidic pH (in
the 2 to 4 range), high concentrations of TDS, sulfate, Al, Fe, Mn,
Cu, Zn, and Fl, with other trace elements present rncludlng cd,
Co, Cr, and Nl. Average concentrations of metals (in mg/l) in
samples of seepage from the scar areas ln.Hansen Creek and Goathlll
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Gulch include the following: Al=163, Fe=484, Mn=42, Zn=9, Cu=3
(Appendix A, Table 13). In groundwater sampled from two private
wells located on Bitter Creek, which are probably completed in
debris flow material associated with scars, standards were exceeded
for Al, Cd, Co, Fe, and Mn (Table 1, #28 and 29). The drainage
from the Hansen Creek scar area contained concentrations of Al, Co,
Fe, Mn, and Ni in excess of standards (Table 1, #45 and 64). The
production well at the Red River waste water treatment plant is
completed in scar area debris flow material, and consequently has
poor water quality (Appendix A, Table 6).

3.2.2.4 Mine Monitoring Well Water Quality

In 1994 twelve new monitoring wells were installed by Molycorp in
the vicinity of the mine to evaluate the impacts of mining
operations on surface water (Red River) and groundwater, and to
.evaluate the relative contributions of natural versus mining-
related sources -on water quality impacts. A summary of the
installation and testing of these wells is contained in Appendix
C. Aquifer tests and water guality sampling have been conducted
by SPRY for Molycorp (summarized in Appendix D) and water quality
sampling has been conducted by NMED (see Appendix A and Tables 1
‘and 2). Locations of these wells are shown in Appendices C and D,
and in Fiqure 6. Wells were sited in order to define linkages
between sources and river seeps, and results are best described in
that sense.

Wells MMW-10A,-10B,-10C, and -11 are between the Sugar Shack South
waste-rock dump and Portal Springs. These wells contain calcium
sulfate water that is acidic (pH 4.7 to 5.8) and concentrations of
TDS ranging from 1400 to 2000 mg/l and sulfate in excess of 1000
mg/l. Water chemistry of these wells is similar to the Portal
Springs seepage, and Tritium analysis indicates a post-1952 source.
State groundwater standards are exceeded in these wells for TDS,

sulfate, Al, Cd, Co, Cu, Mn, and Ni.

Wells MMW-7,-8A, and -8B are meant to evaluate the possible flow
path along the unnamed tributary canyon east of Shaft No. 1 that
could convey water between the Sugar -Shack West waste-rock dump,
the east end of the Goath:i_.ll Gulch waste-rock dump, and the river.
MMW-7 contains magnesium aluminum sulfate water that is acidic (pH
4.4), has very high conductivity (16,000 mg/l} and sulfate (9366
mg/l), and exceeds groundwater standards for the following metals:
al, ¢d, Co, Cu, Fe, Pb, Mn, and Ni. It is similar to the waste-
rock seepage at Capill:l.n Canyon and Goathill Gulch. HNMED Superfund
data show that MMW-7 water samples exceeded three times background
concentrations (in water from the underground workings) for the
CERCLA metals As, Cd, and Cu_(m{ED, October 23, 1995, p. 16}.
Water from wells MMW-8A and -8B, which are located closer to the
river, is not as acidic (pH 6.4 and 8.2) and contains moderate TDS
concentrations (2200 and 1100.. mg/l respectively). . Metal
concentrations are low. 2 poss:n.ble relationship between water from
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the perched zone in MMW-7 and that seeping from a similar perched
zone at Cabin Springs is suggested.  Tritium. analysis indicates
Cabin Springs seepage is post-1952. : '

Wells MMW-2 and HMW-S are in lower Capulz.n Canyon along a likely
flow path between the waste-rock dumps in upper Capulin Canyon and
the acid seeps at the confluence of Capulin Canyon and Red River.
Water from these wells is classified as calcium sulfate water.
Well MMW-2-is in valley~fill and contains acidic water (pH 4.9)
with a TDS of 3400 mg/l and sulfate concentrations of 2177 mg/l.
MMW-2 contains the following metals in excess of standards: Al, Cd,
Co, Fe, Mn, Ni, and Zn. Well MMW-3 is completed in bedrock and
contains water that is not acidic (pE 7.5) but has elevated
concentrations of TDS (2900 mg/l) and sulfate (1759 mg/l). Metals
exceeding groundwater standards are Co, Mn, and Ni. Water in MMW-
2 resembles somewhat the surface flow in Capulin Canyon that
infiltrates the alluvium about 1000 feet up-grad:.ent (sample CCS-
4 in Appendix D, Table D2).~—In the Stiff diagram in Appendix D
(D7A) there is a correspondence in the ratio of metals
concentrations between water from the Capulin waste-rock dump
seepage (CCS-1), well MMW-2, and the seepage at the mouth of
Capulin Canyon (CCS-6). Relative concentrations decrease in the
order given, as would be expected, with increasing distance from
source to seep. :

3 2 2.5 C:ompar:l.son of Water Quality Results

In comparing water quality results from sampling in the Molycorp
mine area and the hydrothermal alteration scar areas, the principal
concern is distinguishing between water contaminants derived from
mine wastes and from natural (m:.nerallzed) scar areas. To date,
the best information of this type is found in the geochemical
assessment by SRK dated April 13, 1995 (Appendix F), and in the
data tables prepared by Stuart Xent of the NMED Superfund Oversight
Section in the Expanded Site Inspection Report (Draft Document) on
the Molycorp Site dated October 23, 1995 (data tables are in
Appendix A). These reports and data show that water from mine-
related sources, especially the waste-rock ~“dumps, contains
significantly greater concentrations of sulfate and metals (Al, Fe,
Mn, Zn, Cu, Cd) than water from the scar areas. Water from both
types of sources is s:.m.larly acidic; pH ranges from 2.3 to 3.6.
The most significant ions at increased concentrations 1n mine waste
dra:.nage are sulfate, Al, Mn, and 2Zn. :

in Kent's dJ.scuss:Lon o:E the groundwater pathway and methods of
attributing a release to the two aquifers from Molycorp sources
(NMED, October 23, 1995, :p. 18), he first compares data between
background- samples at the Red River WWIP well (which is 'screened
in scar-derived mudflow material,” and is thus a_ conservative
estimate for background) and | samples firom down-grad:.ent seeps.
This approach demonstrates a release (concentrat:.ons ‘three times
.background) of the’ metals ‘Be and Cu to ‘the alluv:.al ‘aquifer (Table
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6 of Appendix A). A second method compared down-grad:.ent seeps
(below Molycorp) to an up-gradient seep originating from a scar
area at Hansen Creek. The data show over a three-fold increase in
Be, Al, Cu, and Mn in the down-grad::.ent seeps (Table 7 of Appendix
A). To further support this attribution, leachate from mine wastes
showed greater concentrations of Be, Al, Cu, and Mn than from scar
material (Table 13 of Appendix A), and Cu and Mn were detectedla;t
twice the concentration in soil samples from waste dumps than in
scar areas (Table 4 of Appendix A). Data from other studies by
Molycorp consultants support these findings (Vail, July 9, 1993,

Appendix 1). Kent also presents data showing a release of As, Cd

and Cu to the fractured bedrock aquifer that is at least partially
attributable to Molycorp (see data for well MMW-7 and Cabin Spring
in Table 8 of Appendix A). Attribution is reasonable to assume
because Cd and Cu are present at greater concentrations in both
soil and leachate from waste dumps as compared to scar areas
(Tables 4, 13, 14 of Appendix a).

In Capulin Canyon there are elevated concentratz.ons of Zn in
shallow alluvial water (9.48 mg/l) as well as in the waste-rock
seepage (130 mg/l), wh:.le seepage from -the "scar area" (as
identified by Molycorp) in Capulin Canyon has low concentrations
of Zn (2.08 mg/l). These data suggest that the shallow alluvial
water in Capulin Canyon (and by extension, the seeps at Red River)
are impacted by waste-rock ARD (Steffen, Robertson and Kirsten,
Apr:l.l 13, 1995, p.14).

‘In comparison to concentrations of .Al and Mn in drainage from scar

- areas, the drainage from waste rock in Capulin Canyon and Goathill

Gulch contains up to .an order of magnitude increase in
‘concentration of Al and Mn (SRK, April 13, 1995, p.28). From the
same report (p.29), it is stated seepage from acld—generatn.ng
waste-rock can be ant:.c:.pated to have higher concentrations of
sulfate, Al, Zn, and Ni, with respect to seepage from undisturbed
scar material. Only Fe is present at greater (av_erage)
concentrations in seepage from scars than waste-rock. Fluoride is
present at elevated, but roughly s:.m:.lar, concentrations in mine
waste and scar drainage.

3.2.2.6 BAcid Rock Drainage Assessment-

Acid rock drainage (ARD) from Molycorp mine waste and the

hydrothermal alteration scars in the - watershed has been well

documented in many previous investigations in the area. The
temporal effects of runoff and the persistent adverse effects of
base-~flow seepage to groundwatexr and the Red River have been
described here in Sections 2.3 and 3.2. Analytical data for water
samples presented in Tables 1.and 2, and Appendices A, D, and F all
confirm that the Red River ‘and groundwater that recharges the river
are be:.ng impacted by elevated concentrations of TDS, sulfate, Fl,

‘and dissolved metals "(Al, -Fe, Mn, Cu, Zn, Cd, Co, Cr, Ni, and Pb).

The latest and most comprehensive investigation of ARD -from
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Molycorp Mine and surrounding area is a geochemical assessment
performed by the consulting firm of Steffen, Robertson, and Kirsten
in 1994-1995 (SRK, April 13, 1995). Their data and conclusions are
summarized in Appendix F, and below.-

_Samples of scar material collected in and adjacent to the mine area

-possess significant acid generating potential. The scars produce

runoff and drainage water with elevated concentrations of sulfate,
1;1, Al, Cu, Fe, Mn, Cd4, Co, Cr, and Ni, plus a h:t.gh soluble salt
oad.

At the mine, samples of mixed volcanic waste rock also show
significant acid generation potential and current acid generation
from material excavated from Sulphur Gulch during open pit
construction. This material is now in the dumps located north,
south, and west of the open pit, and also remains exposed in the
west p:.t wall. The suite of contaminants is similar to those given
‘above for scar water, but are present at significantly greater
concentrations in drainage from mine waste, probably due to a
greater degree of disturbance {(from blasting, excavation, and
disposal) and hence greater surface area within waste-rock dumps
for oxidation and ARD generation. Particularly, ARD from waste
.rock contains higher concentrations of sulfate, Al, 2n, and Ni
(SRK, April 13, 1995, P.29). A portion of thé open pit waste rock
consists of andesite/aplite/granite, which is shown to have limited
potential for Jleaching of sulfate and metals. Similarly,
development rock from the old and new underground workings indicate
low potential for acid generation, but some exposed cut slopes
within the new mine currently exhibit acid generation. The relict
tailings from the old mine that are located near the mill indicate
current acid generation and the potential for leaching of metals
and sulfate.

The . hydrothermal scars represent a mature source of ARD (the
oxidation process has been taking place over geologic time), and
therefore the potential for acid generation is relatively constant
-as erosion exposes fresh, un-oxidized material, Mine wastes
however, due to the recent disturbances and resultant increased
surface areas available for the oxidation process, represent new
and enhanced sources of ARD. Thus many of the waste rock piles can
be expected to generate ARD of worsening water quality im the
future and for an indefinite period of time. - - The potential for
increasing concentrations of sulfate and metals to the Red River
. exists- for the mine.waste seepage in Capulin Canyon, -subsurface
- seepage from the new underground mine and the old tailings at the
mill site, and seepage from the waste rock dumps at Sugar Shack
South, Middle and Spring and Sulphur Gulch (SRK, April 19, 1995,
p. "38)., Although numerous acidic seeps are known to occur along
..the Red River near the mine, the exact location of seepage plumes
in relation to waste sources is currently unknown, as is the
. relative contribution of the sources. There is . 1little. doubt,
. however, that seepage of ARD-influenced groundwater -through-the
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waste-rock pJ.les can reach the Red River through the shallow
alluvial agquifer and upper fractured bedrock perched aqu:.fers, and
therefore has an adverse impact on the gquality of the springs and
seeps adjacent to Red River. The following guotation is taken from
the geochenu.cal assessment by SRK . (April 19, 1995, p. 35): "Over
time, ongoing acid generation in the waste rock disposal areas
adjacent to Red River, and the. consumpt:.on of the neutral:.za.ng
potential of the waste rock, and consumptlon of the remaining
attenuation capac:.ty in the alluvium in seepage flow paths has the
potential to increase sulfate and metal loads in local springs a.nd
seeps"”.

3.2.2.7 Contaminant I.oading Rates and Groundwater Recharge Rates

The subject of contaminant loads affecting Red River has been
initially addressed in Section 3.2.2.1 and recharge rates to Red
River have been touched on in the discussion of the hydrology of
the Molycorp Mine area in Section 2.3.1.1. Estimates of

" contaminant loading. and recharge rates to the Red River have been

made in previous reports (Vail, 1993; SPRI, 1993 and 1995; SRK,
1995; NMED, October 23, 1995); all use sulfate concentrations as
a proxy for metals, along with USGS flow measurements on th.ch to
base their analyses. : .

The average annual discharge of the Red River at Questa Ranger
Station is approximately 41 cfs (Vail, 1993). Discharge ranges
from 7.74 cfs to 262.5 cfs have been measured by USGS over a twelve
year period. In the middle reach of the Red River, seepage studies
by USGS have documented accretion from groundwater into Red River
at approximately 4 cfs. Therefore a portion of the 2 cfs that
comes from the north side of the river originates from the drainage
area of Molycorp Mine. Other studies by SPRI {April 21, 1995)
estimate groundwater recharge to the Red River from the Molycorp
Mine area to be between 1.45 and 2.56 cfs. The most conservative
estimate is based on the Molycorp Mine area being 6%.of the total
area of the Red River watershed. Assuming uniform distribution of
recharge (this is questionable) and an average baseflow of the Red
River at 11.04 cfs, the mine area would contribute 0.66 cfs of
groundwater accretion, to Red River. To. further complicate an
already confusing array of estimates, ‘arquments are made by
Molycorp consultants that cyclic patterns of precipitation and
discharge in the region have the potential to affect groundwater
recharge rates to the Red River (SPRI, April :21,.1995, B-5; SRK,
April 19, 1995, pp 19 and 39). While this is a reasonable
hypothesis, local seepage increases:and decreases at the sub-
watershed scale suggests that other forces are at work as well
(NMONRT, 1995). .

An analysis of groundwater accretion to Red River based on data by
USGS in their two seepage studies in 1965 and 1988 indicates there
was approximately 31% more accretion in 1988 than in 1965 (NMONRT,
November 29, 1995, Draft OFR 95-1). A notable difference occurs
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in the reach between Columbine Creek and the Questa Ranger Station,
where groundwater seepage inflow increased 149% between 1965 and

#1988 (from 2.1 cfs to -5.2 cfs). Both seepage studies were

i
7

C e j’c\?s{mxﬁ

conducted under similar flow conditions in the month of November,
and at the same approximate stations. The major change in the
watershed was that in 1965 there was no open pit at Molyco

whereas in 1988 the pit:and associated waste dumps had been in
place for more than twenty years. This suggests the possibility
that increased seepage to Red River below the mine area could be
due to enhanced groundwater recharge result:l.ng from interception

- of water by the pit and dumps. Additionally, in recent years
- Molycorp has been diverting nearly all stormwater runoff from the
» mine site to the pit, caved area, and a number of retention ponds,

© all of which may enhance groundwater recharge.

The ratio of seepage flow to stream flow for a given reach has
important implications for water quality of the river. 1In the
example given above, seepage flow was 7.9% of stream flow in 1965
but was 16.4% in 1988. In other words seep flow was diluted by 12
to 1 in 1965 but by only 5 to 1 in 1988 (ONR'I', November 29, 1995).

An understanding of the relative contr:.but:_on o:E scar area sub-
watersheds to the contaminant 1loading of Red River is only
beginning to take place. For example, the Hansen Creek sub-
watershed (located east and up-river from Molycorp) covers 0.11
square miles, of which approximately 0.08 square miles is scar
area. In base flow the average surface and sub-surface
contribution to Red River is approximately 0.1 cfs. (SRK, April 13,
1995, p.20). More data of this kind, along with water quality, are
needed in order to accurately model and predict the relative
contribution of contaminants to the Red River from the mine and the
scar areas.

Groundwater recharge rates to the Red River are determined by
aquifer characteristics such as transmissivity and hydraulic
conductivity. These hydrogeologic parameters have been measured
in pumping tests at some of the twelve new monitoring wells
installed in the mine area since 1994 (SPRI,=April 21,1995 and
Appendix C). As stated earlier, there are two main aquifers in the

mine area; a fractured igneous and volcanic bedrock aqu:l.fer, and
an overly:l.ng alluvial/colluvial aquifer. Based on pumping tests,

these aquifers ‘are considered interconnected.- The ~hydraulic
conductivity of the fractured bedrock aquifer is reported between
5.1 gallon/day/square foot and 629 gallons/day/square foot, and the
alluvial aquifer was 1,141 gallon/day/square foot (SPRI, April 21,

1995, B-9). - That hydraul:.c conduct:l.v:l.ty ranges over two orders of

magnitude for the bedrock aquifer is a function of the degree of
fracturrng present.

-Bstimates of groundwater travel 'I:..une (seepage velocrl:y) between the

caved area in Goathill Gulch and Red River have been calculated to

‘be approximately 0.48 foot/day, or 19.97 years from the caved ar'ea
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to the Red River (SPRI, April 21, 1995, B-1l1l). This travel time
is a rough guess,  and could be considerably shortened by
preferential pathways such as faults and fracture zones that cut
across the structure of the mineralized. zone.

Estimated loading rates for sulfate and selected metals are shown
in Table 1.6 of Appendix F. At low-flow conditions in the Red
River, the loading rate for sulfate increases from 2768 kg/day
above Molycorp mill to 8741 kg/day below Capulin Canyon.
Correspondingly, similar increases occur in this reach for TDS, F1,
Al, Mn, Fe, Cu, and Zn. Mass load;ng of sulfate, Al, and probably
most other analytes present in the sources is more 51gn1f1cant
during low-flow conditions in Red River. This is logical since
significant dilution of seep and spring discharges occurs during
higher river flows.

In their evaluation of sulfate gains and contaminant loading to Red
River, the various Molycorp consultants have concluded that the
increased loading rates between the mill and the Questa Ranger
Station either: (1) cannot be ascribed with certainty to mine
wastes or scars, (2) are due primarily to scars, or (3) are a
result of climatic variability. NMED believes the documented
increases in contaminant loading in the middle reach of Red River
are due in large part to the lncreaSLng generatlon of ARD from
Molycorp waste-rock piles, sulfide-rich material in the open pit
and underground mine work;ngs, and relict talllng dep051ts at the
mill. In support of this view that contaminant loading in the
middle reach of Red River is largely attributable to Molycorp
sources are the data and preliminary evaluation of sulfate gain by
Kent (NMED, October 23, 1995, Draft Document} (Appendix A). This
approach used eight data sets covering a period of 29 years, and
focused on the reach of river solely between Molycorp property and
the Questa Ranger Station. Significant increases (up to 80% of
total gain) in sulfate in the lower half of this reach seem to
coincide with creation of the waste rock dumps from the open pit
operation, and then abruptly decreased -to 52 % of total gain in
1992 when the Capulin collection system was installed and cut off
much of the surface flows in the two tributaries of Capulin Canyon
and Goathill Gulch. A subsequent increase suggests a new source
for sulfate has developed since 1992. The present project has
observed that new sources of ARD-~influenced groundwater recharge
are in fact developing along the Red River; the author documented
a significant newly-emerged acid seep oppos1te the Moly tunnel in
January, 1994 (sample numbers 40 and 41 in Table 1, Portal Spring
samples in various Molycorp reports and data tables). Since scar
areas are not 11ke1y to have increased in 8123 or aCLd generatlon
since 1992, it is reasonable to assume the increase in sulfate is
probably due to groundwater recharge impacted by mine waste
sources. This postulate is further illustrated by the plotting of
sulfate versus stream discharge shown in Appendix A (from NM Office
of Natural Resource Trustee, Draft Document). It clearly shows
increased sulfate input at lower flows, and that groundwater input
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has increased since 1965. The emergence of some of the acid seeps
along the river is currently controlled, in part, by the cone of
depression in the regional (bedrock) water table caused by
pump:.ng/dewaterlng of +the mine. A post-mine rewatering
confa.gurat:.on of the water table has been estimated. if
-pump:.ng /dewatering ceased, points of discharge from the underground
workings would be the Moly tunnel (also known as the 7960 adit) and
through the alluvium south of the caved zone in Goathill Gulch
(SRK, April 13, 1995, p.18). In order to avoid increased acid
seepage to the river, or direct discharge of mine water to the
river, this scenario should probably be avoided, which implies
perpetual pumping of the mine or perpetual treatment of seepage
points before the water enters the river.

3.2.3 Other Mining Sites in the Red River Watershed

Based on field reconnaissance and a review of the sources listed
in Section 3.1.4, it was determined that Bitter Creek, Pioneer
Creek, and Placer Creek contain the greatest concentrations of old
mining sites among the seven tributaries where mining activity has
occurred within the Red River watershed. The distribution of these
sites (mines, mills, prospects) is as followsz

Tributary Total Sites SJ.tes with seepage Sites with milis
'Bitter Creek 17 4 5

Pioneer Creek 16 3 1

Placer Creek 14 3 4

Cabresto Creek 6 0 0

Goose Creek 5 0 0

Black Copper Cyn 1 1 _1

; : 59 11 11

In addition to these sites located on tributaries there were
formerly several mill sites and smelters located adjacent to the
Red River in the area of the present town (Copper King Mine and
smelter, June Bug Mill, and Sampson Mine), but nothing remains of
these operations today. All of the sites listed in the table above
were fairly small operations, therefore associated waste piles are
relatively minor. No mine in the Red River district produced more
than a few hundred tons of ore, except the Memphis Mine on Bitter
Creek, which produced 3500 tons of ore (Roberts, et. al, 1990).
Most of the work in the district was development and exploration.

In Bitter Creek the significant sites are the Memphis, Anchor,
Midnight, and Oro Fino. All waste dumps are small scale, although
some are in-the flood plain of Bitter Creek (e.g., the dump at
Midnight Mine is 7400 square yards, and at Anchor Mine is 2800
square yards). The Oro Fino Mine is the site with the most
significant - discharge of ARD. An anoxic alkaline drain was
installed here in 1994 as an expermental ‘BMP, and has resulted in
a dramat:.c improvement in water qual:.ty (Table 1). The majority
of mine waste accumulat:l.ons on Bitter Creek represent a source of
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nonpoint source contamination to the stream (sediment, TDS,
sulfate, metals, and in some cases acidity) during runoff-producing
events, but have little or no impact on the creek during normal
weather (base flow cond:.t:.ons) Even the ARD from the Oro Fino
{before BMP} had a negligible effect on the water quality in Bitter
Creek due to low seepage rates and d:.lut:Lon effects.

The same observat:.ons hold true for srtes in the other trlbutarles.
Seeps were evaluated by measuring field parameters (pH, electrical
conductivity, DO, temperature); none were found to exhibit
significant flows of degraded water quality (pH values ranged from
5.5 to 7.0 and conductivity from 115 to 2400). The largest site
on Pioneer Creek was the Car:.bel Mine and mJ.ll, which was
dismantled in 1980. :

In summary, although many of the sites contribute some nonpoint
source contamination to nearby surface waters during runoff events,
none of them appear to represent a significant source of ARD
discharge to either groundwater or to streams. Taken as a whole,
the cumlative J.mpa.cts to water quality in the upper reaches of the
Red River and its tra.butar:.es from these o0ld mining sites is
relatively insignificant in comparison to the much greater sources
af the scar areas and Molycorp Mine in the middle reach of the Red
ver.

3.2.4 Leaking Underground Storage Tank Sites

In Section 2.3.3 is given a description of the three known sites
where underground storage tanks have leaked petroleum products, all
within the town of Red River. Since the NMED Underground Storage
Tank Bureau (USTB) has regulatory authority over investigation and
remed:.atz.on of sites contaminated by leaking USTs, the role of this
pro;]ect in regard to UST sites has been to consult with and
maintain close communication with the appropriate technical staff
in the USTB about progress at the three known sites in the Red
River watershed. Their files were copied and incorporated into the
records for this project, and site wvisits were coordinated with
USTB staff for all three sites in Red River. Quarterly monitoring
reports, data, and consultants reports are provided to this project
as they are received by USTB staff. Frequent inspections have been
made for evidence of hydrocarbon release at the Chevron Red River
site, where past discharges to the river through a storm sewer have
been observed. Subsequent and ongoing remediation at this site has
been effective in containing and treating contamination. No
evidence of hydrocarbon contamination reaching Red River has been
found, either in sample data or observation, since 1992..

In anticipation of road work and infrastructure changes along State
Highway 38. _through‘ the Town of Red River, the NMHTD commissioned
an environmental J.nvestn.gatn.on along .the right-of-way by Camp,
-Dresser, and McGee, Inc. (CDNM) in 1994. CDM has completed several
phases of :z.nvest:.gat:.on focusing on potential environmental hazards
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in the project area (basically the entire Main Street area of Red
River), which included soil borings and monitoring wells. at
potential risk areas (CDM, Jan. 1994). Seven sites of potential
concern were identified in Phase 1A: Diamond Shamrock station,
Edelweiss Inn (former Texaco/Gulf station), Pioneer Lodge (former
Phillips 66 station), Bittercreek Rentals (former Shamrock/Chevron
station), Angelinas Restaurant (former Texaco station), High
Country - Rentals (former Chevron/Gulf station), Resort Realty
(former Conoco station). Two of these seven sites (High Country
Rentals and Bittercreek Rentals) have confirmed releases and are
under investigation or remediation. At the other sites no
‘hydrocarbon contamination has been detected in any of the soil
samples collected from borings, and no groundwater samples have
shown hydrocarbon contamination above regqulatory action levels.
Groundwater flow gradient was measured at 0.0073 ft/ft, in a
direction of west to northwest. '

. 3.2.5 Septic Tanks and Sewage Lagoons

As mentioned earlier in Section 2.3.4, the upper Red River valley
(above the town of Red River) has become densely developed with
subdivisions having hundreds of homes on small lots. During site
inspections in 1994 an attempt was made to count the number of
houses in this area. In the area between Fourth of July Canyon and
Foster Park Canyon (an area of 1.5 miles x .25 miles) approximately
125 houses were counted. This area includes the Valley of the
Pines Subdivision, which is the lowest one on the upper valley, and
many of the houses are located very near the banks of the river.
Others are built on very steep slopes that appear to have thin
solls overlying bedrock. The subdivisions in the upper valley area
above Fourth of July Canyon contain approximately 200 houses
(difficult to count because many are in forest). An initial effort
to quantify the septic tamk situation was made by contacting the
NMED Field Office staff in Taos, NM for information about liquid
waste permits, which are required for construction of any household
waste disposal system. The Environmentalist in charge of the Red
River area (Bill King) indicated that such information would be
meaningless because most builders in that area do not apply for the
permit and install their septic tanks illegally. He had only
received two requests for liquid waste permits in the last six
months, and believed that many more houses.than that had been built
in that period. Enforcement is a problem. Other NMED staff from
-SWQB were. told of concerns by a local resident about illegal
installations by a local plumbing contractor in the area who was
installing heolding tanks.(that should be pumped out when full) with
holes punched in the bottoms. Strategies for documenting pollution
in groundwater and the =river include sampling the river near
observed algal blooms, and sampling private wells for analyses of
nitrate and TRN. Nitrate concentrations can be determined in the
field by using one of the Department's Hach Kits, which use a
.colorimetric technique to quantify nitrate (10 mg/l is the WM
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crecndwoter standard). Efforts under the State's Liquid Waste
Tregraw ere continuinge : :

Terlfre IfeE ctEers-expressed additional concern over potential
TPl InoAhe vrper valley, and began coordinating activities in
vnle rene2d. Bill FKing (NMED, Taos Field Office) reported

R f*c1CQC1ng numbers - of complaints from upper valley
S ety zheut failing septic systems. - Bob Perry (Director of
.l 22w tezks for Town of Red River) assumed a leadership role in
cerv i ly erzeeted Red River Watershed‘assoc1atlon, and began to
“oovr o« ihe weter quality impacts in the Upper Valley. From a
ool ncifen meeting between these parties in April, 1995, it was
vl ed thet there are approximately 450 houses in the upper
DIy L, with a capacity for about 1000 more in the future.
L UZ Liunes heve been issued Liquid Waste Disposal Permits from
T :rT:, implying that over 200 have illegal systems. It
trionaed trel there are at least 400 private water supply wells
¢ ciez. In order to curtail the installation of more illegal
Lene wnd e zlleviate existing (probable) water quality impacts
tlo Ted RNiver from the upper valley, the Town of Red River would
Tl T wnlené it's sewer and water service to the Upper Valley.
« w.oluning WWTP can bandle the increased flow, and costs are
Sizotld ot yprroximately ten million dollars. The town is
[ ity Zox creistance in funding this project, and hope for
c.2en lu zbout five years. In order to further document the
PN : ilI¢ rrocject, several activities will be conducted in the
.+ ..l¢y &uvring the summer months of 1996 in joint efforts
... +.¢ Tcwn of Red River, the NMBD Taos Field Office, and
. Uo7, I Weter Fair will be held, durlng which residents can
" rirplen of their well water for testing and analyses (nitrate
St Roing used to indicate possible contamination with septic
iT nowiiies). To follow up on wells that may be contaminated,
T U I o 1@°51bly dye traces will be conducted. Both banks
o vl sivir wiil be walked through developed portions of the upper
clew ie ieck for evidence of illegal direct discharges to the
~lvea @l {exr signs of failing septic systems in proximity to the
Iraiver. .

mte Mrerts rcvege lagoons, described earlier in Section 2.3.4, fall
s L i z.oguletory authority of the NMED Ground Water Section,
.. ruilov: the required groundwater momitoring at the facility
Lo C cend Water Discharge Plan (DP-191}. These analytical
o &, tich have not revealed contamination above  State
".;;;_(5, zxe on file with NMED-GWS. This progect reviewed the
LIl 71I¢ end consulted with Ground Water Section staff, but did
it tie ¢ need to conduct any further sampling or field work at
VLl :itc. An additional lagoon cell was be:.ng pla.nned for
: “ien by Questa in late 1995 (personal communlcatlon, George
IS, Questa RD).

[t
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IV. BEST MANAGEMENT PRACTICES AND REMEDIATION

4.1 REMEDIAL STRATEGY

In dlscuss;ng solutions to groundwater nonpoint source pollution
problems within a laxge watershed 1nvolv.1ng major mining sites with
complex background issues, a distinction should perhaps be made
between best management practices (BMPs) and remediation
activities. Within the context of 319(h) projects, implementation
of BMPs for improving water quality during the two-year period of
the grant has traditionally been emphasized. Addressing multiple
NPS sources, some of which are huge, complex mining sites, within
a watershed of 226 square miles during a two-year period is
unrealistic. Furthermore, it must be recognized that groundwater
contamination problems typically require decades and often millions
of dollars to correct or contain. Cleanup of some contaminated
aquifers may in fact prove to be technically infeasible at the
present time. Therefore, a remedial strategy must distinguish
between short-term treatment or containment of symptqms versus
long-term remediation activities aimed at complete site restoration
that effectively and permanently deals with pollution sources. A
remedial strategy that addresses mining sites must also employ
‘different tactics in addressing abandoned sites and active ones.
If Molycorp mine aga:l.n becomes active (which now appears likely,
see news articles in Appendix I), formulating and implementing
remedial projects and a comprehensive site closure plan becomes a
complex task involving many technical issues and several regulatory
agencies (NMED Groundwater Quality Bureau, Surface Water Quality
Bureau, Air Quality Bureau, and Superfund Section; NM Office of
Natural Resource Trustee; and NM Mining and Minerals Division).

Treatment strategies need also to consider the separate but related
mechanisms of contaminant transport (ARD vs. pulse event runoff)
by which mining sites and scar areas are contaminating Red River.
At the smaller abandoned mine sites in the tributaries, BMPs could
probably be implemented that would effectively address both types
of problems. Access may be a problem at some of these sites which
are patented (privately owned under the 1872 General Mining aAct).
Effect:l.vely treating ARD-contaminated groundwater problems at a
huge~site such as Molycorp, or at most scar areas, will not be
permanently solved by implementing simple BMPs. Interim treating
of the symptoms with passive systems such as anoxic alkaline drains
‘may be the only viable alternative while more expensive and long-
term solutions for remediating the source of the problems are
designed and J.mplemented. The feasibility of trying to" address
scar area problems .in general is being investigated by the Bitter
Creek 319(h) Project. These are large, unstable, dynamic. areas
subject to rapid geologic processes that tend to dwarf human
efforts at intervention. It may be determined that resources would
be better utilized in solving other NPS problems in this watershed
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(e.qg., clea’m.ng up abandoned minesites, site reclamation at
!-!olycorp ¢ passive treatment of seeps, better enforcement of septic
tank installations or connecting subdivisions to WWTPs, etc ).

" Most water quality data for the Red River watershed was collected
dur:mg base flow conditions. BAs efforts to provide improvements
within the watershed increase, emphas:.s must be placed on
monitoring discrete runoff events for given areas in order to more
accurately characterize the effects of resource extraction
activities on water quality. A long-term program of systematic BMP
J.tnplementatlon to reduce or eliminate pulse event contamination
from small minesites (and perhaps some pra.or:.ty scar areas) would
be facilitated by more intensive mon:.tor:.ng and sampling at these
sites for pulse events . '

4.2 DEMONSTRATION PROJECTS for EMPs

During 1993 an appropriate site was sought to install a small-
scale anoxic alkaline drain treatment system to treat ARD on a
pilot project basis at a small minesite in the watershed. The Oro
Fino Mine site on Bitter Creek (¥Figures 2 and 6) was selected for
this demonstration project, which was installed in September, 1993.
Funding and in-kind services for this project came from the Carson
National Forest, NMED-SW(QB, and Amigos Bravos, a conservation group
in Taos. Based on two samples collected six months apart, this
system has significantly raised pH and reduced concentrations of
metals in solution from this water source (Table 1).

A larger version, up to 300 feet long, of an anoxic alkaline drain
is planned for a portion of the large seep area near the mouth of
Capulin Canyon. This system would be used as a p:.lot project for
large scale remediation of ARD. A portion of this system was
successfully installed during the period October 30 to November 1,
1995 (Appendix H). A total of 170 feet of trenches, in four
segments, was completed during this time in a cooperat:.ve effort
involving NMED-SWQB technical staff, Molycorp Mine, the NM Hs.ghway
and Transportation Department (NMHTD), and the US Forest Service -

Questa Ranger District. NMED staff (Dennis Slifer, Mike Coleman,
Peter Monahan) provided planning, coordination, and oversight,
photo-documentation, and sampling of water and soil samples.
Molycorp Mine provided heavy equipment (track-hoe) and operator,
and purchased the limestone and clay for the project (approximately °
$12,000). Because the project took place within the right-~of-way
of State Highway 38, the NMETD provided clearance work, heavy
equipment (backhce, loader, dump trucks), and a crew of up to ten
operators and traffic control personnel. The USFS expedited all
necessary NEPA clearance (the project is located within the Carson
National Forest). The trenches were excavated 13 to 15 feet deep
and 5 to ‘8 feet wide. Acidic groundwater was encountered, along
with areas of oxidized iron-stained soil, in all trenches at depths
of approximately 10 to 12 feet. . :Samples .were collected and
“submitted for analysis (results are pending). The trenches were
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filled with approximately 4 to 5 feet of limestone cobbles,
followed by a 16-mil plastic liner and several feet of bentonitic
clay, with the remainder backfilled with overburden to grade. The
disturbed areas were seeded and mulched the follow:l.ng week. A more
comprehensive report accompan:.ed by design spec:.f:.cat:.ons is in
Appendix H. The seeps are being monitored frequently for s:.gns of
improvement. Subsequent-data and an evaluation of the' project's
effectiveness will be submitted to EPA as an addendum when the data
become available. A professionally produced video program about
this project is hoped to be produced in 1996, to be used for
outreach purposes, and will also be submitted to EPR upon
completion. '

If successful, this technology could be employed wherever acidic
seep fronts can be accessed by surface trenching. 2ll the major
,Seep areas along the Red River between the Molycorp mill and the
Questa Ranger Station potentially could be treated using this
interim treatment method. In addition, isolated sources of acidic
drainage such as tributary drainages from scar areas between town
and the Molycorp Mill, as well as subchannel contributions from
Bitter Creek, could also be treated in this fashion. Although
desirable, anoxic alkaline drain treatment addresses. symptoms
rather than the causes of acid rock drainage. Given the magnitude
and complexity of the causes of ARD discharge to the Red River,
this may be the best short-term treatment while long—term remedial
actions are considered.

Molycorp, in conjunction with their research staff at Unocal, has
expressed interest in designing passive treatment systems for ARD
from the waste rock piles in Capulin Canyon and Goathill Gulch.
These systems will probably consist of anoxic alkaline drains and
constructed composting wetlands, and would be constructed just
below the present seepage collection systems so that inflow rates
can be controlled.

4 3 RECOMMENDATIONS FOR BEST MANAGEMENT PRAC‘I‘ICES

'l‘he follow:.ng BMPs have proven to be effective in reduc:.ng
pollut:.on from mineral extract:l.on and processing sites.

4 3 1 STEADY-STATE ACID ROCK DRAINAGE‘

1. : Sulfxde reduction chambers - This technology involves
.+ collecting ARD and directing it into a sealed chamber filled

. with composted manure. The drainage works its way through the
o::gam.c material from an inlet at the base of the chamber and
issues from an outlet at the top. Sulfide reduction occurs
through bacterial action within the chamber and effluent
.generally has reduced metals concentrations. Problems with
this technology .include a finite collection and treatment

62

e ]

gy

o §

e,
i
ten




capacity, freezing of inlet or outlet lines and a tendency to
add sulphur to effluent at 1evels that can prove toxic to
fish. :

Anoxic Alkaline Drains - Thls passive treatment technology
involves the interception of ARD in a sealed limestone-filled
trench. The limestone (with high CaCo3 content) buffers the
low pH, which facilitates the precipitation of metals. These
systems often dlscharge into smaller retention basins where
most metals precipitate out of solution, before the drainage
flows into a constructed compost wetland for secondary
treatment. Problems with these systems . include an acute
sensitivity to increased levels of dissolved oxygen that can
Jead to coating of the limestone with iron hydroxides,
rendering it ineffective.

Wetlands -~ Over the past decade the use of wetlands to treat
acid mine dralnage (as well. as. munlclpal sewerage) has
increased dramatically. This passive technology has proven
to be a very cost effective alternative to standard chemical
‘treatment. Bacterial activity in the wetland substrate and
roots of emergent vegetation accomplishes most of the metal
reduction in wetland treatment systems. Problems with this
technology include damage to the system and release of metal-
loaded drainage during peak runoff events. Also, many
researchers in this area warn that a wetland treatment system
can become overloaded with metal precipitates held in the
organic substrate, and these are then subject to pulse
releases in flood times and can become toxic to the emergent
vegetation that hold the system together. Periodic clean-
out of wetland treatment systems and subsequent reconstruction
will almost certainly become a component of this passive
treatment technology anywhere it is employed.

Source Control - Ultimately the most effective and permanent
method of addressing ARD is to control its generation by
remediating the source. By capping and sealing waste-rock
piles and tailings piles, the supply of water and oxygen (both
necessary to sustain the ARD process) .can be eliminated or
reduced. Similarly, by consolidating various sources into a
sxngle unit, total surface area available for oxidation and .
infiltration is reduced. :

Other BMPs - Sodium hydroxlde feeders and - other expensmve
chemlcal treatment systems that require constant maintenance
in perpetuity are not considered approprlate technologies for
the treatment of acid rock dralnage.,,:

4.3. 2 . PULSE LOADING - SURFACE RUNOFF

1.

Material Binders - In recent yeats'ﬁrodﬁEte'he;e been placed
on the market that bind surface materials together in -ore
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stockpiles, waste dumps, or tailing facilities. Most of these
products are sprayed as either a liquid emulsion or a fipe
grained solid on the surface of material piles. The effect
of these products is to bind surface particulates together to
form a shield against wind and water transport. Problems with
this - approach include the short duration of  their
effectiveness and uncerta;.nty about potential tox:.c side
effects. '

F:ther Strips - In many cases the installation of vegetative
and or fabric filter str:.ps can greatly reduce the pulse
loading impact from minesites, at least for a while. M:.nes
and mills have often been developed in narrow canyons or
montaine environments, where they commonly disposed of their
wastes in piles adjacent to or in stream channels.- This
configuration set up two basic stream degrading situations
that persist and often worsemn over the years. First, the
linear placement of wastes along stream channels truncates
drainage patterns upslope of the piles, setting up the classic

‘condition that results in ARD. Secondly, the outslope of

waste piles being at or near the angle of repose maximizes the
volume of waste that is transported to the stream channel in
pulse events. The re-establishment of a stable r:.par:.a.n
conunum.ty in a strip along the outslope of waste piles in
conjunction with a fabric filter fence during the first season
or two of growth could greatly reduce the general sediment
load from such piles. It is 1likely, however, that the
benefits from actions of this sort would be short term unless
the offending piles were subsequently stabilized. Problems
with BMPs involving filter strxips include the likelihood of
phyto-toxic response to sediments and leachate in areas in
need of vegetative treatment, and the short duration of
effectiveness when used as the sole BMP at a given site.

Complete site reclamation - The only known effective long-
term means to eliminate contaminant transport f£rom mining
sites is to carry out complete site reclamation. Complete
reclamation is a series of connected processes designed to
restore damaged natural system components. These processes
include returm.ng a site to a stable drainage confa.gurat:.on
by reconstructing truncated drainage channels and establishing
reasonable slopes between drains before developing a suitable
growth medium on the slopes to facilitate the return of stable
native vegetative communities. The use of temporary
diversions and slope terracing is often necessary to achieve
the desired end. The result is a stable and self-sustaining
natural ecosystem. Most of the problems associated with
complete reclamation are tied to the high cost of implementing
such BMPs. The will and the necessary budget required to
maintain and repair failed reclamation components can also
become problemat:.c.
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4.4 COSTS OF BMP IMPLEMENTATION

Any accurate estimate of costs associated with BMP implementation
for a specific site is difficult without a detailed analysis of the
area in question. With that in mind the following range of
estimated costs are provided for general planning purposes.

Steady-state acid rock dréinage:

1. Sulfide reduction chambers - The size of the chamber depends
on the volume of drainage and other site spec1f1c conditions.
The estimated range of costs for constructlon and.malntenance
is $6,000 - $30,000 per systemn.

2. Constructed Wetlands - Site conditions and the availability
of onsite construction materials will affect costs. The
estimated range of costs for construction and maintenance is
$2,000 - $15,000 per acre of constructed wetland.

3. Anoxic Alkaline Drains - Again site conditions and size of the
installation will greatly affect the estimated range of costs:
$5,000 - $250,000 per system.

Pulse Loading - Stormwater Runoff:

1. Material Binders - The difficulty of mbblllZlng to a site and
applying material binders will affect the estimated range of
costs: $600 - $2,000 per acre of area treated.

2. Filter strips - $5 -~ $20 per linear foot of instailed filter
strip. :

3. Complete Site Reclamation - Obviously site accessibility and
conditions will have a significant effect on costs.. The
estimated range of costs for complete site. reclamation is
$10,000 - $65,000 per acre. If remediation of contaminated
aquifers is involved as part of the complete site reclamation
the costs can increase exponentially.

If the anoxic -drain demonstrations prove the feasibility for
application of this passive treatment techmology at sites in the
Red River watershed it is conceivable that a series of large
systems could be employed to treat acid rock drainage that has
impacted the middle reach of the Red River.

The prospects for success in controlling pulse loading from the
small sites above Molycorp are good if adequate funding and support
for this effort can be generated. The Molycorp site with its
massive waste piles, open pit, miles of roads, and tailings ponds
will remain a challenge for the foreseeable future.
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V. SUMMARY

The Red River Groundwater Investlgatron was a two-year project
funded by USEPA under a CWA Section 319(h) grant to RMED. The
objectlve of this progect was to determine groundwater quality and
aqulfer'characterlstlcs along the lmpalred.reaches of the Red River
in order to identify, and ultimately eliminate, impairment of both
the aquifer and the designated uses of the river. Following an
initial literature review and evaluation of existing data, a period
of extensive field work ensued to document, monitor, and sample at
areas of concern. After reviewing point source discharges and
-sources of contamination for stormwater runoff that could impact
the Red River, the lnvestlgatlon focused on nonpoint sources of
contamination that impact the river through seepage inflow of
contaminated groundwater.

For most of its length, the Red River has been shown to be a
gaxnlng stream; groundwater recharge contributes to the flow of the
main stem throughout most of the reach from the upper valley above
the Town of Red River to the confluence with the Rio Grande. 2
progressive downstream deterioration of water quality has been
documented, from pristine headwaters originating in alpine
wilderness, past the Town of Red River, to the bioclogically
impoverished reach of approximately eight miles between the
Molycorp mine and the‘Vlllage of Questa. Water guality degradation
Ain - this 1xreach is 1illustrated by increasing downstream
concentrations of total dissolved solids, sulfate, and metals.

A number of groundwater-related nonpoint sources of pollution to
Red River were identified and investigated, and are listed here in
order of their significance:

1. Mining-related sources of acid rock drainage, or ARD
(Molycorp mine and mill, and the old abandoned hard rock
mining sites located on several tributaries to Red River)

2. Scar areas and debris flows that generate ARD (raturally
occurring hydrothermal alteration erosional scars).

‘3. Septic tank leachfields and liquid waste holding tanks in
.subdivisions of the upper Red River valley.

4. Unlined sewage lagoons for the Village of Questa.

5. Sites of former leaking underground storage tanks (USTs)
in the Town of Red River.

Of the sources listed above, by far the greatest impact is -the
steady-~state seepage of ARD in the form of dozens of acidic metal-
loaded seeps or springs. The ARD is from two principal sources:
mining wastes or disturbed areas, and the hydrothermal alteration
scars. A few of the old mine sites located on Red River
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tributaries exhibit ARD but these sources are insignificant
compared to the massive d:.sturbanees of Molycorp mine and the
approximately twenty scar areas in the watershed. The scar areas
are known to generate ARD and therefore have an impact on local
groundwater and surface water resources. . Because some scars are
located upgradient of Molycorp mine, and underlay some of the mine
features, the problem of attributing relative contributions of ARD
from Molycorp wastes and the scar areas becomes complex. Sources

- of ARD from the mine include high-sulfide material in the waste-

rock dumps, open pit, underground workings, and relic tailings
deposits near the mill. The principal areas of seepage to the
river occur at Cabin Sprz.ngs, Portal Spring, and the_ mouth of
Capulin Canyon. Geochemical studies indicate that the acid
generat:.on process within mine waste sources is relat:.vely immature
and is likely to worsen in the future and continue for an
indefinite period. Water quality of seeps and springs J.mpacted by
ARD may further deteriorate.

In 1994 a series of tw,elve new groundwater monitoring wells were
installed by Molycorp along the middle reach of the Red River.
These were the first monitoring wells to be installed in the area
of the mine and various waste sources (fourteen other wells have
been previously installed by Molycorp imn the tailings area below
Questa).. There are two principal, and interconnected, groundwater
systems in the mine area ~ a fractured bedrock aquifer and an
overlying aquifer within the alluvium and valley-fill of the Red
River and tributary drainages. The new monitoring wells have
provided hydrogeolog:.c information and water quality data for both
systems. The wvarious seeps have also been sampled; most are
located in alluvium but some discharge from bedrock. Water from
all the new mine monitoring wells, as well as the seeps in the
middle reach of the Red River, exceed NM Groundwater Standards for
certain constituents (TDS, sulfate, Fl, al, Fe, Mn, Co, Cu, Ni, Zn,
Cd). PFor both aquifers there is evidence for a release of these
contaminants from Molycorp sources. Data show that water from mine
wastes contains significantly greater concentrations of sulfate and
metals (Al, Be, Mn, 2Zn, Cu, Cd) than water from scar areas. 1In
comparing water quality of seeps located downgradient of Molycorp
to seeps located at scars upgradient of the mine, a more than
three~-fold increase is shown for concentrations of Be, Al, Cu, and
Mn. Data for the fractured bedrock aquifer indicates a release of
As, Cd, and Cu that is partzally attrzbutable to Molycorp mine.

Analysis of data from USGS groundwater seepage J.nvesta.gatn.ons in
1965 and 1988 indicates that there was a significant (149%)
increase in- seepage rates (groundwater accretion) to the middle
reach of the Red River near Molycoxp in 1988 as compared to 1965.
The Molycorp open pit was begun in 1965; by the time of the 1988
seepage investigation the pit had beén in place for more -than
twenty  years.. The pit and associated waste-rock dumps enhance
groundwater recharge . and may be responsible - for . the documented
increase in seepage rates, and changes in water quality.
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station), High Country Rentals (former Chevron Red River station),
Resort Realty (former Conoco station). Two of these seven sites
{(Chevron and biamond Shamrock, as mentioned above) have confirmed
releases and are under investigation or remediation. At the other
sites no hydrocarbon contamination has been detected in any of the
soil samples collected from borings, and no groundwater samples
have shown - hydrocarbon contamination above regulatory action

levels. At present there is no known impact to the Red River from
these sites. :

The greatest need for action at any of the nonpoint pollution
sources that have been described above is in dealing with the
seepage of acid rock drainage from Molycorp mine sources and scar
areas, and in controlling releases from liquid waste systems in the
developments of the upper Red River valley. Efforts to address
some of these problems have begun. A 319(h) workplan has been
written to address stabilization and sediment control of scar areas
in the Bitter Creek watershed (94-~B), and the Liquid Waste Program
continues to grapple with the septic tank problems. Although
agencies and municipalities continue to be involved in this
process, the best hope for effective long term solutions to water
guality problems in the Red River watershed lies with a concerned
citizenry and an active Red River-Questa Watershed Association.
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Qal -~ Quaternary Alluvium

Qtb -~ Quat.fTertlary Basalt

Qip = QIT Padiment Flll

Tl =~ Terlary intrusives

Tv = Tert. Voleanle and
Igneous Rocke

P - Parmian Sedimeants

IP = Pennsylvanian Rocks

PC ~ Precambrian Basement
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Table 1. Water Analysis of Selected Analytes From Red River / MolyCorp Area. ‘ Sheet # 1 0f 10,
(Updated 3/18/96, mwc) . ~_Orig.File: RdRiv1.XLA
Map Location 1 2 3 4 5 6 7 8 . 9 10
“Station | Hatohery | Haichery | B. Arsénic | MW | WA | MWHS | WA IWAS ] MW | MWt
(Cold) (Warm) Spring  [(Samples from welis monitoring MolyCorp tailings)

Date Sampied | 8/12/93 | 6M2/93 | "8i2/03 | 8/i7/93 | 8/7/93 | "eM7i93 | 8/7/93 | 8M7/93 | 8/17/93 | "8/17/93

‘Sample Type | Spring-gw | Spring-gw | Spring-gw | M Well-gw | M Well-gw | M Well-gw | M Well-gw | M Well-gw | MWell-gw | M Well-gw
Analyte(ma/L)| F/UnF| FJ/UnF [ F/UnF | F/UnF| F/UnF| F/UnF| F/UnF | F/UnF| FIUnF | F /UnF
w T W -

e T . Py . — . ..* B it R ....._..._._.— - =

AL <o ke 0y T <001 [ €002 <001 <002 "7 1<002
cd’ 0002 <0001 <0.001]<0.001 (0,003 " [6.007  T[<0.001 <001 " [<0.601 |<0.001
Co <005 <oo0sf <608 ~ '

cu [ <005 <005 <005/<001 |<0.01  |<0.01 <001 <001  [<0.01 (<001

L Fe f <oaf 0] T <041000 1007 1046 | [<0.05° "1<005° <005 ' |<005
... Pb | <0005 <0005 <0.005)<0.001  [<0001 "0.005 <0001 <0001 _[<0.001 [<0005
 Mn | <005 <005 "<0.05|0.49 0.03 36 [<001 <061 jo.04 <0.01

Mo 001 <005 T<001|1.83 |~ 23 - [0325 0.052 011
TUUNL | S0l e T e T e T
Zn_ | <005| <005 ~<005<005 |~ l0027 <001 10,01 002
..... soa | [ 7 _Jero Js7o fose  Isfs T 1738|510 89

_Hardness [ | | e ) T SR
FiéidConduct. 355 260 210|1250 990 1510 920 1300 900 325

. 4DS T TR0 ssal T el [ 1880|1003 T 11343 log2 (268 |
_FieldpH | s 85 17T T4 T2 jrs__ |74 7.2 B LN

Turbidity/r=rain

Bold numeric values exceed NM WQCC standards Wells: M=monitor, Pr=private, Conductivity in urmhos/cm; Turbidity in
for gw (seep,spring, wells) or sw (stream) samples. P=public, E=extraction. NTU; pH in units;other analytes in mg/l.
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Table 1. Water Analysis of Selected Analyses From Red River / MolyCorp Area. Sheet # 2 of 10.
- Orig.File: RdRiv2.XLA
Map Location 11 12 13 14 15 16 17 ] 18 19 20
" station” | MW.7a | MW-7c | MW-7b | MW-9a | MW-8b | Change | MW-10 -1 S-2 S4
e (Wells monitoring tailings areas) | | ) House* .
‘North Lafitude | | T 36*42.15' | 36*42.082'
WestLongitude| ~ ~ [ o 105*33.804| 105*33.64' _
Date Sampled | 8/18/93 | 8/18/93 [ 8/18/93 | 8/M18/93 | 8/18/93 | 8/18/93 | 8/18/93 | 8/24/98 | 8/24/93 | 8/24/93
“Sampie Type MWéII-gw M Well-gw MWéII-gw M Well-gw | MWell-gw | M Well-gw | MWell-gw_ Seep -gw | Seep-gw | Seep-gw
*Eiltered or *Unfiltered Sample |(Dissolved or Total Metals) .
Analyte (mg/l) | F /UnF | F/UnF | F/UnF | F/UnF | F/UnF | F7UnF | F /UnF | F {UnF | F /UnF | FJUnF
" * : »* * s * w * - M .
AP <002 " Jo.ot (<002 |<0.02 [0.02 <002 |19 " 1000 [100.0 106
cd |<0.001 |<0.001 [<0.001 |<0.001 [<0.00f |<0.001 ~|<0.001 10.04 _ [0.045  [0.002
“Go el R D S 1 [s0.001 el B e e ey
" Cu <001 |<0.01 <001 [<0.01 [<0.05 <001 (001 |05 T {0.86 “l<0.05
B - <005 /<001 |<0.05 |<0.05 |<0.05 |<305 ~j0o.69 |08 0.8 0.01
" Pb _]<0.006  |0.001 |<0.001 [<0.001 |<0.001 (<0001 {<0.005 [0.006 <0.10 <0.005
_Mn 001 |<001  [<0.01 13 042 <001 |0.09 ‘144 "|44.0 “jo.2s
Mo [o0i5 o008 jo012 [ 0004 10025 (<01 <01 <0.1
N o ) . I S M T X ot
Zn (003 _[0018 " j0.032 . |e3s 002 93 8.8 015
S04 626 710 348 50 58 54 1510  [1090  [176
Hardness o L . T I _ T _ I ._-693 T 471 291-
Fleld Conduct. 660 11980~ 1150  |740 230 382 j240 " "|1250 " T[1190 386
. TDS T M6 | T 76 762 183|286 (192 o - 374
FieldpH 7.1 o8 B9 T 1768 7 75 8.1 3.9 144 6.8
Turbidity/r=rain ) UTTYT T/ T

Bold numeric values exceed NM WQCC standards
for gw (seep,spring,wells) or sw (stream) samples.

Wells: M=monitor, Pr=private
P=public, E=extraction.

Conductivity in umhos/em; Turbidity in
NTU; pH in units; other analytes in mg/l.

pry
i
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Table 1, Water Analysis of Selected Anaiytes From Red River / MolyCorp. Area Sheet # 3 of 10.
Orig.File: RdRiv3.XLA

_Map Location 21 22 28 .24 | L 25 | 26 | 27 | 28 | 29 30
_Station L. Arsemc " Ranger '(_:olumblne ~ Fawn _Elephant” Junebug “Bitter __[HarrisonWell] Davis Well | Mallette Rd.
R Sprmg _ Statlon ' cG. Lalf_t?_é_Q.G RockCG C.G Creek (Bitter Ck.) | (Bitter Ck.) [ Seep (S-6)
North Latitude [ ~ = 7| 36%42.19'| 36%40.855' |36%42.342'| 3642.484'| 36*42.54' | 36"42.548' R
West Longitude | " '[105%33.97'105*30.901]105*27.33'105*26.864| 105*26.146'| 105*23.955' N
Rate Sampled | 8/24/93 | 8/24/93 | '8/24/93 | 8/24/93 | 8/24/93 | 8/24/93 | 8/24/93 8/24/93 | 8/24/93 | "9/8/93
SampleType | Spring-gw | P Weli-ow | P Well-gw | P Weil-gw | PWell-gw | PWel-gw | Springsw | PWel-gw | PWellgw | Seep-gw
Analyte (mgfl) | F /UnF | F /UnF | F /UnF [F 7UnF | F /UnF_| F/UnF [ F/fUnF | FTUF | F /UnF | F/UnF
** e ] L1 i L 2 der L ek i
JAL o <0a| 0 o<0d) T T<0d) T <04 <04 " <0df02 [TTe8( 29004
Cd - <0.001] <0001 <0.001] <0.001] <0001  <0.001[<0.001 | ~ 0011 0003/0.004
Co | <005 <005 <005 <005 <005  <005[<005 | " 006 <0.05/<0.05
Cu <005/ <005 TT<005] <005 <005 <005]<005 I 079 0.32{<0.05
"Fe <0.i <04 " U<od[ T oA el Torjoe T | T T4 1784
Pb | <0005 0018 001 <0005 <0005 ~ 0.009/<0.005 |~ <0005 <0.005/<0.005
~ Mn | <005 <005 <005 <005 <005  <0.05[<0.05 261  0B[19
VMo U <0d) <04 T<04]  <0d) <10 <04<01 | <04 <04[<01
N e <o) TR0 ) T o0 T RO TR 04)< 0
Zn | <005 009 " 15 <04} 015  86/008 2.0/ 0.22[0.39
.. so4 | 17 96[ 40| M05] " 60| " 441460 308 1141156
CHardness | 82| 152 80 | 82| 136 " 121)82 | " 259f T 86148
FleldConduct, |~ 193 .215) 120/ "230| 160 175185 | 420  195/220
o8 . e . SR S %a8
_FleldpH 78 73] 68 e8] 7a| a7 T 48| 46|83
Turbidityli=rain . cLLLeel o esy o ) Blle .- B9
Bold numeric values exceed NM WQCC standards Wells: M=monitor, Pr=private, Conductivity in umhos/cm; Turbidity in
for gw (seep,spring,wells) or sw (stream) samples. =public, E=extraction. NTU; pH in units; other analytes in mg/l.
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Table 1. Water Analysis of Selected Analytes From Red River / MolyCorp. Area Sheet# 4 of 10.
Orig.File: RdRiv4.XLA
Map Location 31 | 32 33| 34 35 36 37 38 39 | 40
" "Station  [Fagerquist| Sulfur | RedRiv| RedRiv. | S-8 Seep | S-9Seep | RedRiv. | RedRiv. | RedRiv. | RedRiv. _
T TMotel | Guich(S-5)| Spring | Seep (S-7) |Rd.Excav'n |Rv.Channel|Seep (S-10)|Seep(S-11)| Seep(S-12)| Seep(S-13a)
Nothlatitude | ~ 7| | 36%42.145" 36%41.879'| 36¥41.862' | 36*41.82" | 36%41.627'| 36*41.097' | 36*41.092'
Westlongitude| | | " |105*33.485[105°33.039|105%32.948'|105*32.943110532.762|105*32.008" 105*30.512' |
"Date Sampled | 9/9/93 | 9/9/03 | 9/10/93 | G/21/93 | 9/21/93 | 9/21/93 | "6/21/93 | 9/21/93 | ©/21/93 | = 2i3/94
_Sample Type |Pr.Weil-gw| Seep-gw [Spring-gw| Seep-gw | Seep-gw | Seep-gw | Seep-gw | Seep-gw | Seep-gw | Seepgw
_Analyte (mgfl) | F /UnF | F /UnF [ F/UnF | £ JUnF | F/UnF | FJUnF | F/UnF | F/UnF | F /UNF | FIUPF
g AL LA L Rt S ELAEALLANN B ES_L W LU LN I IRA : ' o
A1 <0dpt2 T 011960 7 1180.0 1400 |130.0  [65.0 360 |24 1 23
Cd . 0001lo004 "} <0.001/0.039  |0.087 ~ [0.018 0019 0012 (0011  10.0197 0.02
Co | <005|<005 | <0.05(0.27 072 |0.25 0.22 0.11 0.12 0.07 7 0.07
Cu <0.05/<005 | <005/09 120 Tlo77 1.3 1.1 0.15 0.17- 7 0.3
Fe o <0dl<01 1 <0Mj<0d 24 |73 (280 fo4” <0.1 <01/ 03|
~__Pb | '<0.005/<0.005 | <0.005<0.005 [0.004  |<0.005 [<0.005 [<0.005  |<0.005 | <.001/.001|
 Mn | <0.05/0.06 | <005/420  [110.0 2400 (2000 " [10.0 44 1807120
Mo <04<0d [0 <04]<04 <04 <04 T C[<0d4 <04 <0 <0.1/<0.1
Lo N b <041<0d T <0107 T T[4e 108 06 0.3 0.4 03 702
. .& 1 <005041 ] <00587 230 47 141 27 15 138 7 1.5
"80a "V S0[344 | TT"4el1200_ (2600 (1800 (1700|828 1400 914
Hardness | 68361 |  68[533 11420 (834 |82 Ja27  j{180 768
FieldConduct.| 104500 | " 195|1140  |2450 ~ |1800 ~ "|1670 ~ T[850 (1200 "800
TDS™ | 90[s62 | ie4[2047  |4580  [3008  |2797 " (1476 24000 | 1362
_FleldpH | 7 eslen T T 88|42 T las T|EETTUUEET a8 48 | 48
Turbldity/r=rain
Bold numeric values exceed NM WQCC standards Weils: M=monitor, Pr=private, Condugctivity in umhos/cm; Turbidity in

for gw (seep,spring,well) or sw (stream) samples. =public, E=extraction. NTU; pH in units; other analytes in mgfi.



Table 1. Water Analysis of Selected Analytes From Red River / MolyCorp. Area ‘ Sheet# 5 of 10.
Orig.File: RARiv5.XLA
Maplocafion [ 47 T "2 [ 43 [ 44 | 45 | 46 47 48[ 49 [ 50
 Station | Seep | Orofino Mn. |U.Red Rive|  Upper | Hansen Cr._ "Seep (§10)| UpperR.R.| R.R.upstr. | R.R. biw. | Capulin at
.| (s130) | treatdrain | aigal pool | Red Riv. at confluence|abv. Capulin| V.of Pines |of Moly. milliCapuiin Cn.| R.R. (§10)
North Latitude {36*41.002'| "~ - 36*42.153' | 36*41.82 [ 0 | 38%41.82
WestLongltyde[105*30.512' ~~ = |7 T T 0BT 757 | 10632943 T TTTT0532,94%
Date Sampled | '2/3/94 [ 6/22/54 | 72194 | 7121194 | T5/4I94 | " 5/4/94 | 8/2/04 | 8/2/94 | "8i2/94 | 82104
Sample Type | Seep-gw | Seep-gw | Stream-sw |Stream-sw| Seep-gw | Seep-gw | Stream-sw | Stream-sw Stream-sw | Seepgw | -
:Ellteneﬂ_er_f_*_llntllter.e.dﬁa:nnle Mi&ulmﬂ.ﬂlﬂn].hﬂsjalsl
‘Analyto fmeli) | F /URF [ F 7URE |FJUNE | F JURE| F (UF | F /UNF_ | FIUGE | F 7O | "F/UnF | F /UnE ™
* * wir L g i ik * W ik Wk wk ti
o se o eriarll T efmy aw|| Ta ®
Cd 10044 |<o0w<00i| | 7 17T 0007|<047 <01 T | "<0.001] <0.001 0.032
~Co  |<0.05 lo.68 /008 T[T T | pasl22 P24 | | TTT<005| <005 0.2
Cu 068 TG0t 001 T T T T T gl 12 [T 001 0.3 12
Fe <001 70700 T T T 4901310 /3201 | T ad| T 44T 120
Pb_ j0002 <01/ <04| T | | <0.005(<0.1 7/ <01 [ — | "Toots| 0011 — 0.007
Mn 62 M8/ 19 | ' | r2Me0/M90| L 049 076 19,0
Mo <04 l<0/<0d |V T ITTTTeAl0A T04| <0d4]  <o0d] <04
N ez oo o2y T T 0406 7 04 | T T <0d] T <0d] 08
~Zn N4 Joos/o006] ] 23eo i/ 46| [ o038 T 0.4 4.3
804 yra3 T o vedr| Ty Tl Tl T T U e8| des| 4682
Hardness 705 | 7ee| |\ o i o o | 1281 83| T 799
FieldConduct. |750 |~ 1100] ~— "335| " " 1s80j " 1700| 'f600]  qos| 220 2901 1500
TDS~  |1134 | U028 106 234 | oMU 196 238) 2302
_ FieldpH “ (63 ~ [ e8| ~ 76( 70| &4 "T3E[ 70 69| 3] I
Turbldity/r=rain
Bold numeric values exceed NM WQCC standards Wells: M=monitor, Pr=private, . Conductivity in umhosfem; Turbidity in

for gw (seep,spring,wells) or sw (stream) samples. P=public, E=extraction. NTU; pH in units; other analytes in mg/l.
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Table 1. Water Analysis of Selected Analytes From Red River / MolyCorp. Area Sheet#6 of 10.
Orig.File: RARIv6.XLA
Map Location 51 52 53 54 55 56 57 | 58 59 | 60
~ ofatlon | Rio Grande RR at RGnd | RG atRR| RR at RRat  [Hansen Cr.| Bitter Cr. | Mouthof | R.R.at | PioneerCr.
T 7\ atPilar | confiuence |confluence| Questa RS |Hansen Cr.|at RR confl.| above RR | MallefteCr.| Placer Ck. |biw.Ski area
North Latitude | | " 136%42 188" | 36742.153'| 36%42.154' [ 36°42.548'| 36*42.575 | 36°41.709' | 36°42.58'
West Longitude| |105%34.108(105*27.757|105*27.756'|105*23.955105*24.603| 105“23.56' | 105*24.706'
DateSampled | 8/3/04 | 8/31/94 | 8/31/94 | 8/31/94 | '8/31/94 | 8/31/94 | 8/31/94 | &/31/94 | "6i31/94 | 8/31/94
‘Sample Type | Stream-sw | Stream-sw | Stream-sw | Stream-sw | Stream-sw | Stream-sw | Stream-sw | Stream-sw | Stream-sw | Stream-sw |
*Eijitered or *Unfiltered Sample | ~ (Dissolved or Total Metais)
_Analyte (mgft} | F /UnF |'F /UnF " | F 7UnF | F /UnF_TF JURF T'F JURE | F7UnF | F7UnF | F /UnF | F 7UNF
* L] oy wk Ik L1 ] B dnk Wi L2 ] ik ek
AL o2 T 1 o2l 18| 1.3 3400 3600 380 08| 48
Cd <001/<001 " ") <0001  0.003] <0.001] ~ 0.013] " 0.026| ~ 0001 <0.001| ~ <0.00
'Co <05 /<05| 7 1 77<005 <005 <005 04 021 <0.05 <0.05 <0.05
Cu |eoriToal "l <o0f ™ o022 ooy ossl | 9l T 03 <oofi T ood
Fe 04 /380 03] 530 3.8]  1300.0; 1200.0 69.0 0.9 13.0]
Pb 00z/ o1} [ <0.002]" 0.082]  0.008 23 18] 03 0.001]  0.02¢
Mn <05/ 0.39 <005| 18/ 046 820/ 7480l T Al <005 T 032
(Mo <10/ <10 <0 <0] <04 T<0d] 06 T <04) <017 " <01
Ni <.10 7 <.10 <0.1 <04 <04 09 06 <01] <04; <0
“Zn 0.04 7 0.11| _ <0.4] T 77 04l T ood4) 0 T3] CTHE[ T os| TTU<odl T 0.04
S04 84 el T80 TS| T 0 T TN T 48| T T TS
" Hardness 133 14| T es| sl T 41 94 84
FieldConduct. . %20{  270)  q95| 260 78] 1200 850 C 72| 12s) 10
L ADS 262 244) TS| 270\ T T 72| 112 136
FleldpH | e8] 700 7 64 64| 42| 34| 7.2 62 7.2
Turbidity/r=rain| >1000(r) 7265 4.96]  >1000(r) 35.7|  >1000(r)|  >1000(r)|  >1000 18.4] _ 293(r)

Bold numeric values exceed NM WQCC standards
for gw (seep, spring,wells) or sw (stream) samples.

Wells: M=monitor, Pr=private,
P=public, E=extraction.

Conductivity in umhos/cm; Turbidity in
NTU; pH in units; other analytes in mg/l.

m‘tw ’



Table 1. Water Analysis of Selected Analytes From Red River / MolyCorp. Area Sheet# 7 of 10.
Orig.File: RARIV7.XLA

Maplocation | 61 [ 62 [ 62 | 63 64 65 T 66 67 [ ®7a [ 68
" station | Pioneer Cr.| OroFino_ [B.Cr. at the| Capulin Cn.| "Hansen Cr. | Hansen Cr. Capulin Cn.| MMW-7 | MMW-7 | MMW-11
.. .. . [sbv.Skiareal " ARD " |OroFinoMn| _ Seep " | 'scardrain. | atFiwy. | mouth | @&1.1 | duplicate | @895
Date Samplod | 8/31!94 " Ti24i92 | 7id4192 | | Tee2 | s | T2 2121085 | 1117194 11/7!94 ~
_Sample Type | Stream-sw Seep-gw _Seep-gw Seep-gw Seep—gw " Stream-sw See'p:guwv . MWeII-gw MWell-gw M. Well-gw
."ﬂ!tm:e.d_oﬂunmmg.s.amnlﬂ Mmmmmm
(Analyte (mgfl) | F /UnF | F /UnF | F/UnF | F/UnF | F/UnF | F7UnE | F7UnF TF 7UnF | F /UNF | F /UnF
i ] Tk * * [ 1] w *h i il' L] L 1 * : ] -
"""" Al 15|89t 95027 130 / 140 | 88 1 89[110 / 120 {160 / 420|950 890 |64 o
Cd ~<0,001| .005 / .005(<0.001  |.0287.029 |.004 / .003 .008 /.006 |.021°7.026 |0.11 011 |0.04
Co <0.05/0.62 7 0.54[<0.05  ~10.2270.22 | .41 J 110277021 .23 / .20 [437 139 1025
- Cu_ _ <0.01]0.29 /0.32]1<0.05 1.3 / 13 | .05 /<D5/.i56/.152 1.5 /1.4 46 46 0.9
_Fe 30| 990/1050[0.3 " |20.0 /21.0 | 36 / 45[7.3° 7 7.5 |20.0/ 24.0|420 380  |<0.1
_Pb ~ 0.007( <.005/<.005{<0.005 " |<,005/<.005 | <.005/<.005<.005/<.005|<.0057.007|1.0 08 " [<0.01
_ Mn | T04] 427 4.2/<0.05 |18.6 / 19.1]56.08 / 5.32(10.9/11.11(19.0 718.0 69 72 la8
. Mo . <001) 24 1 281<01 ~~ |<0.1/<0.11<0.17<0.1|<0.1/<0.1 |<0./<0.1 [<0.1 |01  "1<0.1
N <001/ 167 15/<0.f |05 /05|03 / 03/05 7 05 (0.5 / 0.4 |3.5 86 [0
Lén . 001 15 7 14|<0086 |47/ 4823 / 25333733345 / 42 197 08 |46
... 804 1 - 25 <80 1 b 14909366 |9066 1287
- Hardness . B4 N = A e b 839/6097 _ 16039 - 1004
_FieldConduct. | 09| | Tl ot TR 1400|7100 |7100 1480
Ts ¢ w30 e Vo 223216268 - [16,624 [2,124
~ Fleld pH £ I B | 4.0/4.4 44 166
Turbidity 88.5 1,33 ' T
Bold numeric values exceed NM WQCC standards Wells: M=monitor, Pr=private, Conductivity in umhos/cm; Turbidity in
for gw (seep,spring,wells) or sw (stream) samples. P=public, E=extraction. NTU,; pH in units; other analytes in mgfi.
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Table 1. Water Analysis of Selected Analytes From Red River / MolyCorp. Area ' Sheet # 8 of 10.
Qrig.File: RdRIivB. XLA

[ Maplocation | 69 70 71 72 73 74 75 76 77 78

“station ~ ' [MMW-10B|” MMW-3 | MMW-13 | MMW-10A | MMW-10C | MMW-2 | MMW-8B | MMW-8A | DuplMW-3| MW-7C _
(Depthtowater)| @2167 | @296 | @109.1 @217 | @218 | @337 | @960 | @968 | @204 | @116.2
Nodhlatitude | | | e S A IR A B I
West Longltude| S D . P . |
Date Sampled | 11/7/94 | 14/7/94 | 'Ti18i94 | “Ti/e/od | “i1/8/94 | 11/8I94 | 11/8/94 [ 1/8/94 | 11/8/94_| 11/9/94

" 'sample Type | M Well-gw | M Well-gw_ MWeII-gw. "M Weil-gw MWeII “gw | M Well-gw | N Weli-gw | M Well-gw | M Well-gw | M Well-gw

avalyie (gl | F /UsE | 'F 7UnE [ F/URE [ F (UnE | F [UnF | F (UWF | F /U [ F /U [F0ie [FTURE
* L w * ..

LA |7e 0 T l<01 133 L '_0"5“ “04 A o4

T cd  j0.02  [0.008  |<0.001 ~ ]0.03 ~  10.025 0.02 <0.002  [<0.005  [<0.002  [<0.002
Co  |0.08  10.07 0011 1044 o4 033  ]0.003 10.003  |<0.002  [<0.002
Cu o2 <017 T Tl<001 T 05 |04 1«01 T]<0.02 <0.01 <0.02 <0.02

JFe o Joor 04 T Tl02 T A<01 <04 T el 13 <01 ""]008 0.1
Pb. T 16.087 " 7l<0.] 20001 " 1<0.017 7 |<0.07 T <081 "[<0.002 |<0.001_ |<0.062  |<0.002

e fs T8 Tosi s Uite . s l7e o3 [oos - "[0062 "
Mo~ [<0.01  [<0.01 " ]0.051  1<0.01 <0.01 <0.01 0.01 <0.001 0004 0.009
SN fosT T o2 <0 o 0.3 0.7 <01 <047 [<0.1 <0.1
Zzn 4 13 102 21 129 [0 <002 02 <002 [<0.02
SO4  _|1080 {1789 717 1030 849  l2A77 1279 (M6 |729 764

' Hardness 1163 "\1708 " TB47 | "lgs2 1795 T ) /1440 1666 1738 1858 T
“FleldConduct. |2050 " |2080 " |1050 T "[1210 T [1020 " 3136 las7e 1326|1463 . 1538
TOS  |1882 |§070 T liad2 T " |1es2 T [1860 (3624 (2292|4283 (1400 1360

FledpH 75 75 78 T lee 4T T 7s  led 60 78 72

Turbidity/r=rain

Bold numeric values exceed NM WQCC standards Wells: M=monitor, Pr=private, . Conductivity in umhos/cm; Turbidily in
for gw (seep,spring,wells) or sw (stream) samples. P=public, E=extraction. NTU; pH in units; other analytes in mg/i.



Table 1. Water Analysis of Selected Analytes From Red River / MolyCorp. Area

Sheet# 9 of 10.
Orig.File: RARIivr9.XLA

Mag Locatlon 79 80 81 82 83 84 85 86 87 88
"~ Station  |Duplicateo| MW-11 | EW<Z | MW-12 Y EW-4 | MW-GA |ChangeHouse| Outfall 002 |  EW-3 MW-3
o MW-TA @ T044'| @1506' | @129.7 | @21 | @29.1 | CH-MW @802 | @204"
‘North Latitude | (at616) | SR, M R - . e
West Longitude!
‘Date Sampled | Tii0/04 | 1iigioa | 11094 .| 14i0ioa | Ti/8fod | 1imeios | i1ieied” | 1/4M94 | 11/6/94 | 14/804_
“Sample Type | MWell-gw | MWell-gw | EWell | MWell-gw | E Well-gw | M Well-gw | M Well-gw | NPDES-sw | E Well-gw_| M Well-gw
Analyte (mgll) | F/UnF | F'7UnF [ F JUnE | F7UnE | F'7UnF TF 7UnF_|'F 7UnF | F7UnF | F /UnF | F /UnF
w L3 w w w * * w  J R
CAL o3 1«04 f<0d <01 <0 <01 <04 1006 <001 [<0.02
_____ Cd |<0.002  |<0.001 _ [<0.002 ~<0.001 " |<0.001  [<0.01 ~ |<0.001 <0.00%  [<0.001 (<0C.001
~Co  [<0.002 . {<0.001 = [<0.002  |<0.001 " [<0.001 <0.01  [<0.001  {0.003 " 10.001 0.001
Cu <002 | <0.02 <001 _ <001 <01 [<0.01 <0.01 <001 _|<0.01
Fe |04 [<0.05 <005  |<0.05 1<0.06 102 " |<0.1 <0.1 <0.1 0.1
Pb <0002 [<0.001 [<0.002 [<0.001  ]<0.001  [<0.01  {<0.001 <0.001 <0.001 <0.001
‘Mn_ 0002 f0.003 ~ [05  j0.002  [0.005 017 ~ "~ |0.006 1.9 [9.07 006
Mo 0,008 '[0.067 ~ |0.007  [0.02  |0.003 <0.01  [0.003 2.3 0.001 0.004
TN [<04 T <04 T |<0.1 |<01 " |<0.1 <0 <04 <0.1 <0.1 <0.1
Zo | |00 0ot J0gz IR0 TI00T (&4 Tee T TR0 00T [0
...,,..,5:0.4.__..".755 .82 185 161 139|703 165 896 418 728
Hardness (829 1126 194 1165 281 [670  |157 958 534 759
FieldConduct. |1422 ~ |315 431 282 (560 1460~ |504 1032 1544
© TDS_ |1336  |243 {283 1296 480 1318 |32 2124 898 1432
FleldpH |76 |70 75 184 \r7 64 186 || 7.5 7.3
Turbidity/r=rain| R ) -

Bold numeric vaiues exceed NM WQCC standards
for gw (seep,spring,wells) or sw (stream) samples.

Wells: M=monitor, Pr=private,

P=public,

=extraction.

Conductivity in umhos/cm; Turbidity in
NTU; pH in units; other analytes in mg/l.




Table 1. Water Analysis of Selected Analytes From Red River / MolyCorp. Area

Sheet #10 of 10.
Qrlg.File: RARIvr10.XLA

89 90 91 92 | 93 94 g5 96
“sfafion | MW-4 T MW-TAT | MWSZTTT MIWFA | MWAID | MW- EW-1 MW-C
e e4E @..6_1_6'.__' @29 | @326 | @285 | @540 | @830 | @31
North Latitude |
DRate Sampled | 11/18/94 | 11718/94 | 11/17/94 | 11/47/94 | 1176794 | 11/7/94 | 11/7/34 | 11i7/94
‘Sample Type | MWell-gw | M Well-gw | M Well.gw | M Well-gw | M Well-gw | MWell-gw | E Weli-gw | M Well-gw
*Flltered or *Unfiltered Sample |(Dissolved or Total Metals)
Analyte (i) | F 7Unt | "F /UnF | F /UnF | F /UnF | /UnF | F [UnF | F [OnE_| F7URE
* - [ ] ¥* L ] 4 »
Al <001 [<0.01  |<0.04  [<0.04 (<001  [<0.04  [<0.1 <0.1 )
_Cd <0.001  1<0.001 [<0.004  |<0.004 |<0.001  |<0.004  [<0.002 _ [<0.004
‘Co [<0.001 |0.001 [<0.004 <0.004  |<0.001 |<0.004 <0.002 <0.004
~Cu  [<0.01 (<001 [<0.04 <0.04  |<001  [<0.04 <0.02 <0.04
Fe 047 [<04 54 04 [<0.4 |02 <0.1 1<0.1
"Pb [<0.001  |<0.001 ]<0.004  [<0.004  |<0.001 ~[<0.004 [<0.002  {0.004
_ Mn  [0.004 " 1<0.001 " |0.38 0.037  |<0.001 0.02 0.02 0.88
Mo lo21 " io002” 1.7 0.6 {00047 o047 J002 ~ 12
Ni T T le0d T <0 k0 <04 1<04 <0.1 <0.1 <01~
“Zn <001 [<0.01 " |<0.04 ~ <0.04  |<0.01 <0.04 | [<0.02 <0.04
S04 413 720 T Tle1e T |528° a2 77 T lses  |603 896
_Hardness 1444~ " 1y72 (730 |38 87 1606 (716 "|e17
‘FleldConduct, (1090 1422 1525 | T~ 230 1238 1348 1786
TDS =~ (878~ |1278 1374 |1036 198 |1066 _ [1140 1608 _
FledpH 170 |75 |70 8.0 7.2 62 |77 |78
Tarbidityierain | | Y R S | S £ o A

Conductivity in umhos/em; Turbidity in
NTU; pH in units; other analytes in mgll.

Wells: M=monitor, Pr=private,
P=public, E=extraction,

Bold numeric values exceed NM WQCC standards
for gw (seep,spring,wells) or sw (stream) samples.
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Molycorp - Ground-Water Sample Analyses (mg/L except as noted) Page 1

Constituent EW1 EwW2 EW3 | EW4 MW1 MW2 MW3 MW4 MW7A
Ca ) 192 55.6 152 76.4 172.4 213.2 215.2 120.4 231.2
Mg 57.1 13.4 37.4 21.9 42.6 47.9 53.9 34.8 47.2
K 6 6 5 4 6 6 4 41. 6
Na _ 38| 21 20 16 53 93 69 64 39
Hardness N 715 194 534 281 606 730 759.5 444 772
Alkalinity 144 118 108 148 133 80 146 138 116
HCO3 176 144 132] 180 162 98 178 168| 142
CO3 <3 <3 <3 <3 <3 <3 <3 <3 <3

|Cl_ 18|<5 12 21 10 10 13 (<5 - 12
Fl 0.3 0.5 0.2 0.2 0.3 1 0.5 0.7 0.2
S04 603 85 418|. 139 565 814 728 413 720
NO3 0.7 0.2 0.6 04 0.61<0.1 0.3 0.3 0.3
Cond. (uS/cm) 1348 431 1032 560 1238 1625 1644 1090 1422|
pH (pH units) 7.7 7.54 7.54 7.72 6.23 6.99 7.34 7.01 751
TS8S <3 3|<3 <3 <3 8(<3 <3 <3

TDS 1140} 283 898 480 1066 1374 1432 878 1278
ion sum 1003 253 7191 367 930 1233 1171 720 1126
ion balance (%) 0.41 8.80 3.45 -0.41 -0.61 -0.15 -0.51 1.66 ~1.17 1
total depth (ft.) 157 214 104 58] 117 80 52 102 146
screen intvl, (ft, 83-157] 104-185 62-77| 42-58

Sample Date 11/07/94 11/09/94| 11/08/94| 11/08/94| 11/07/94] 11/07/94| 11/08/94| 11/08/94{ 11/08/94
SLD # (lons)  (wc946413 |wc946437 wc946422 |wc946430 |we946412 (we946416 Iwe946420 (wc946418 (wec946417
SLD # (NO3) {wc946381 |wc946406 |wc946391 |wcd46399 |wc946380 .Jwc946384 [weB46389 [wc946387 |wco46386
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Table Z
Molycorp - Ground-Water Sample Analyses (mg/L except as noted) Page 2
Constituent | MW7C MW7D | MWSA | MWio MW11 MW12 MWA MWC CH
Ca | __ 2492 __.238] 195 24.4 26.8 42 166 277.6 42.8
Mg . 5710 56.9 44.3 6.3 14.3 14.6 54.2 54.2 12.2
K _ el ___ 8] 5 3 5 5 6 6 4
Na ol 46 44 71 14 27 27 50 78 61
Hardness 1858 829 670 87 126 165 638 917 157
Al_lggjm_l_ty_ 118 118 96 |- 72 76 121.4 150 - 158} 197
HCO3 | 144 143 118 88 I 93 146.9 184 194| 235
co3 =3 . __0<3 <3 <3 <3 <3 ‘ 2 3 4
e . nN 12 13)<5 . 7(<5 11 141<5
E'._.__.-_-_.._.“_......." 02} 0.2 0.5 0.5 1.3| 0.4 0.4 1.2 0.8
S04 .. 7541 755 703 32| 52| 61 528 896 ‘65
N03 03] 03] _ 0.6 0.3 0.4 0.3 0.4(<0.1 0.5
Cond (t_,l_s_(gm) 1538 1644 1460 230 315 2821ina 1786 504
pH _(pH units) 7.23)  6.92] 6.38 718 7.02 8.4 8.07 7.79 858
1TSS .. S ) N 10] ... 3]<3 <3 _|<8 8|<3 <3 __
DS 13601 1336 1318 198| 243 296 1036 1608 382
fion sum 1194 1183 1090 124 180 223 906 1425 306
ion. balance (%) ..227] 054 -1.16 - 6.40 14.78 10.85 2.46 . 084| . 588
total depth {ft.) 146 147 . 136(7) 249 234 88| . .15; 250
screen Intvl (ft o 203-234__ N
Sample Date B 1_1_/09!94 _11/09/94| 11/08/94 11/08/9_{; 11/09/94 | 11/08/94| 11/07/94| 11/07/94| 11/08/94
SLD # (ions) _ [wc946435 |wco46436 |wco46429 |wc9d6421 |wcS46434 [weS46432 |wcod46415 |wcodB414 |wc946423
SLD # (NO3) |wc946404 wc946398 wc946390 |wcS46403 (wc946401 jwc946383 -(we946382 |wc946397

P,
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Molycorp - Ground-Water Sample Analyses (mg/L except as noted) Page 3

Table

2

Constituent Mw23 002 MMW2 | MMW3 | MMWSA | MMWSB | MMW10A | MMW10B | MMW10C
Ca 213.2 279.6|na 498 184.4 407 231.6 321 192.8
Mg 49.8 63|na 112 54.7 102.6 90.7 95.1 76.1
K 5 8 28 10 5 7 14 7 12
Na 73 97 81 103 33 41 32 26 25
Hardness 738 958 Ina 1708 686 1440 952 1193 795
Alkalinity 136 156 [<3 209 10 154 <3 181<3

HCO3 166 190(<3 255 13 187 <3 221<3

cOo3 <3 <3 <3 <3 <3 —1<3 <3 <3 <3

Ci 18]~ 11]<5 <5 <5 5 21 22 15
Fl 0.5 2.1 28 2.8 1.9 26 8.3 13.2 17.8
S04 729 896 2177 1759 716 1279 1030 1080 849
NO3 04 0.1]<0.1  |<0.1 0.8]<0.1 6.5 3 4.6
Cond. (uS/cm) 1463 1875 3139 2723 1326 2276 1823 3057 1563
pH (pH units) 7.27 6.86 3.86 7.63 5.99 8.07 4.41 6.19 4.53
TSS 5|<3 28 5]<3 7]<3 33|<3 .
TDS 1400 2124 3524 3070 1282 2202 1882 1882 1690
ion sum 1166 1450 2314 2610 1002 1936 1434 1578 1192
ion balance (%) -0.70 3.23 -82.89 -2.52 0.29 1.45 -4.01 3.01 -3.23
total depth (ft.) 68 145 161 129 144 189 50
screen intvl. (ft. 38-58  65-118 125-161]  67-117] _ 79-130) 133-189  31.5-50
Sample Date 11/08/94| 11/04/94] 11/08/94|  11/07/94| 11/08/941 11/08/94| 11/08/94| 11/07/94| 11/08/94
SLD # (ions)  |wc946433 |wcB46439 |wc946438 |wcD46427 |wcO4E419 |we946431 |we46425 |we946428 |we946424
SLD #(NO3) |wcB46402 |wcd46385 |wcH46407 |wcP46305 |wcO46388 |wc946400 |wco46393 [weB46386 |wco46392
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Molycorp - Ground-Water Sample Analyses (mg/L except as noted) Page 4

Constituent | MMW11 [ MMW13
Ca 229 258

Mg . 104.5 48.9
Koo 201 7
Na ... 34 .32
Hardn_e_§§ b 1004) 847

Alkalinity . 166 146

HCO3 180 178

CO3 <3 <3

i e N 7o 13]

Fl ) 21] 18

so4 | 267 77

NO3 6.2 26
Cond. (uS/cm) | 19851 1478
pH_(pH units) | 443  6.59

TPS | 21240 1442
ion sum _ 1811 1168
ion balance (%) -16.87 0.19

total depth (ft) | 185| ~ 148]
screen intvl. (ft.|  145-185 ~ 105-148

A
Samile Daie | ~Ti/07/64 |~ T1/06194

SLD # (ions) |wc946440 |wc946426
SLD # (NO3)  |wc946408 |wcD46394




Table 2
MOLYCORP

Ground Water Sample Analyses F "ﬂ e 5
NMED - Ground \Water Sectlon

Movember 4 - 9, 1684

{data reported In mg/L except as noted)

EW1 EWw2 EW3 EW3dup EW4 MW Mw2 MW3 MyV4 MWZA  MW7TAdup MWY7C MWHA MwWio MW1t - MW12

Ca 192 556 152 213.2 76.4 1724 213 ‘215.2 120.4 231.2 238 249,2 195 4.4 26.8 42
Mg 57.1 134 374 40.8 219 42.6 47.9 £3.9 348 472 - 58.9 571 44,3 63 14.3 14.8
Na 39 2 29 73 16 53 93 69 64 39 44 45 " 14 i 27
HCO3 176 144 132 166 180 162 93 178 168 142 143 144 118 ' 88 23 146.9
CO3 ) <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 1] <3 <3 <3 <3 <3
o) 18 <5 12 13 21 10 10 i3 <5 12 12 1 13 <5 7 <5
504 603 85 418 729 139 £65 814 728 413 720 755 754 703 32 52 61
NO3 0.7 0,2 0.8 0.4 0.4 0.6 0.4 0.3 0.3 63 03 0.3 0.6 0.3 0.4 0.3
Fl 0.3 05 - 0.2 05 0.2 0.3 1 0.5 0.7 0.2 0.2 0.2 0.5 0.5 1.3 a4
K 8 6 $ 5 4 8 6 4 4 8 6 6 § 3 5 5
Hardnoess 715 184 §34 738 261 608 730 759.5 444 772 829 858 670 87 126 165
Alkalinity 1244 118 108 136 148 133 a0 146 138 116 148 118 26 72 76 121.4
Cond. (uSicm) 1346 431 1032 1463 £60 1238 1525 1544 1050 1422 1544 1538 1460 230 35 282
pH {pH uniis) 7.7 7.54 7.54 7.27 7.72 6.23 6.99 7.34 7.01 7.51 8.82 7.23 6.38 7.18 7.02 8.4
788 <3 3 <3 3 <3 <3 3 <3 <3 . <3 10 3 3 <3 <3 <3
TD8 1140 283 ge8 1400 480 1066 1374 1432 878 1278 1338 1360 1318 198 243 286
ion sum 698 248 714 893194 363 223 1226 1167 715 1120 1wy 1187 1085 120 173 217
lon balance (%) 0.4 8.80 345 3.45 -0.41 -0.61 -0.26 -0.51 1.66 -1.17 0.54 227 «1.16 6,40 14,78 10.85
A} «<0,1 <0,1 «<0.1 <0.1 <01 «<0.1 <0.1 <0.1 <0.1 «<0.1 <0.1 <010
Sb <0,002 <0.002 <0,001 <0.002 <0.001 «<0,004 <0,004 <0.001 «<0,01 <0.001 <0.601 <0.001
As «<0.002 <0.002 <0.001 <0.002 0,001 <0.004 <0.004 <0001 <Q,001 <0.001 <0.002 <0.002 <01 <0.001 0.003 0.002
Ba <0.1 <01 <0,1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.% <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Be <0.002 <0.002 <0.001 <0.002 <0.001 <0004 <0.004 <0.001 <0.001 <0.001 «<0.002 «0.002 <0.0% <0.001 <0.001 <0,001
Bo <0.1 <0.1 <0.1 <01 <0.1 <0.1 <0.1 <0.1 <01 <0,1 <0.1 <01 <0.1 <0.1 <0.4 <0.1
Cd <0.602 <0.002 <0.001 <0.602 «<0.001 <0.004 <0.004 <0.001 <0.001 <0.001 <0002 . <0.002 <0.01 «0.001 <0,001 <0,001
Ca 240 81 170 310 100 200 260 300 160.00 310.00 320.00 280.00 300 28 30 51
Cr <0.002 <0,002 <0.001 0.003 <0.001 <0.004 <0.004 0.008 <0.001 0.001 <0.002 «0.002 <0.01 <0.001 <0001 <0.001
Co <0.002 «<0,002 <0.001 <0.002 <0.001 <0.004 <0.004 <0.001 <0.001 0.001 <0.002 <0.002 <0,01 <0.001 <0.001 <0,001
Cu ] <0,02 <0.02 <0.01 <0,02 «<0.01 <0,04 <0.04 <0,01 <0,0% <0.01 <0,02 0,02 T <0 <0.01 0,01 <0,01
Feo <0,1 <0.05 «<0,% <0.1 <0.05 0.2 5.4 0.1 <0.1 <0.1 0.10 0.06 0.2 <0.1 <0.05 <0.05
Pb <0.002 <0,002 «<0,001 <0.002 <0.001 <0.004 <0,004 <0.001 <0.001 <0.001 <0.002 «0.002 <0.0t <0001 - «<0.001 <0.00¢
Hg <0005 <0.0005 <0.0005 «<D0005 «<0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 «<0.0005 <0.0005 <0.0005 <0.0005 <0.0005
Mg 49 8.3 30 58 18 40 56 53 33.00 48,00 60.00 - 49.00 48 43 8 8.3
Mn 0.02 0,15 0.07 0.05 0.005 0.02 0.38 0.08 0.004 <0.001 «0.002 " <0.002 017 <0.001 0.003 0,002
Mo 0.02 0.007 0.001 0.004 0.003 0.047 1.7 0.004 0.21 0.002 0.00% 0.009 <0.01 0.004 0.067 0,012
Ni <0.02 <0.02 <0,01 <062 <0.01 <0.04 <0.04 <0.01 <0.01 <001 <0,02 <0.02 <0.1 <0.01 <001 <0.01
Se <0.01 <0,005 <0.01 <0025 <0,005 «<0.005 <0.025 <0.025 <0.025 <0.025 <0.05 <0.05 <0,025 <0.005 <0.005 <0,005
8l . 4 15 12 11 13 9.1 241 " 10.00 12.00 14.00 13.00 10 1 16 14
Ag <0.002 «0,002 <0.001 <0,002 <0.001 «<0.004 <0.004 <0.001 <0.001 <0.001 <0.002 <0.002 <0.01 <0,001 <0.001 <0.001
8r 0.9 0.3 1.2 1.5 0.8 0.7 1.8 14 0.80 1.70 2.00 1.70 1.3 0.2 0.2 0.4
Tl <0,002 <0,002 =0.001 <0.002 «0,001 <0,004 <0004 <0.001 «<0.001 <0.001 <0,002 <0002 = <001 . <000 <0.001 <0.001
Sn <0.1 <0.1 <0.1. <0.1 0.1 <01 <0.1 <01 <0.1 <0.1 <0.1 <01 - <0,1 <0.% <0.1 <0.1
v 0.004 0.011 <0.001 «<0.002 0.001 «<0.004 «<0.004 <0.002 <0.001 <0.001 «0.002 <0002 . <001 <0.001 0.011 0.005
Zn <.02 «<0.01 «0,01 <0.02 <0.0% <0.04 <0.04 <0.01 <001 <0.01 <0.02 <0.02 - <01 ,0.01 <0,01 <004
Sample Date 1107/184 11/08/04 11/08/94 11/08/94  11/08/94  11/07/194 11/07/94  11/08/94 34648 34648  11/09/@4  11/09/84  11/08/84  11/08/84  11/08/94  11/08/94
SLD # (lons) we46413 weB4B437 weBd8422 we9dB433 weB46430 wePdB412 weD46416 weHde420 wco40429 weBd4B8421 wcB4B434 weB4B432
SLD # (NO3) wcB48381 wcB46408 wcB4B8391 wcH4B402 weB46380 wcB48380 web463B4 wcB46389 weB48388 wcB46380 wceH4B403 vicB48401

SLD¥(Motals) ic840643  {c940665 10040853 0940684 10940661 [c40842 icBA0B46 140851 1cB40649 [cO40648 cH40B67 |cO40668 |c940660 10B40852 [cB40865 1c940863

EX3



Do [T T M Boe E0a 07 el b oo EL DL D0 @Ha B2 BIM I

MOLYCORP MOLYCORP
Sround Waler S Ground Waler Sample Analyses Fﬂs b G
MED - Ground NMED - Ground Water Section

Jovember 4 « 8, Novembaer 4 - 8, 1954

Tala reported in (data reported In mg/L except as noted)

MWA MwcC CH 002 MMW2 MMW3 MMW7 MMWTdup MMWEA  MMWEB MMWI0A MMWIOB MMWIOC MMWI1 MMWI3
a 166 2776 42,8 2796 na 498 184.4 407 2316 321 192.8 229 258"
[+] §4.2 542 122 63 na 12 ‘ 54,7 102.6 00,7 95,1 76.1 1045 439
a 50 78 61 a7 81 103 33 41 32 26 % 34 32
co3 184 194 235 190 <3 255 i3 187 <3 22 <3 160 178
03 <3 3 ) <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
' " .14 <5 1" <5 <5 <5 5 21 22 15 36 13
4 528 896 65 096 2177 1759 716 1279 1030 1080 §49 1267 7
03 0.4 0.1 05 0.1 0.1 0.1 0.8 0.1 65 3 46 62 26
04 1.2 0.8 21 28 28 1.9 26 83 3.2 17.8 21 1.8

6 6 4 8 28 10 . 5 7 14 7 12 20 7

ardness 638 917 157 858 na 1708 686 1440 952 1193 795 1004 847
kalinity 150 158 197 156 <3 208 io 154 <3 18 <3 156 146
nd. (uS/em) na 1786 504 1875 3139 2723 1326 2276 1823 3057 1563 1985 1478
1 {pH unlls) 8.07 7.79 8.58 8.86 3.86 763 . 599 8.07 441 6.19 453 443 6.59
38 a <3 <3 <3 28 5 <3 7 <3 k) <3 <3 3
)8 1036 1608 382 2124 3524 3070 12682 2292 1882 1882 1690 2124 1442
15Um 800 15 207 1440 2258 2597 995 1927 1412 1558 1163 1770 1159
1balance (%) 246 -0.86 5.88 323 -82.90 «2.52 0.29 1.44 -4.01 3.0t -3.23 -16.87 0.19
<0.1 <0.1 <0.1 <0.1 68 1 650 890 04 0.2 33 7.6 31 54 <0.1

) <0.004 <0.004 <0.001 <0.001 <001 <0.01 <0.1 <01 <0.001 <0.002 <0.01 <0,01 <0,0% <0,01 0.002
H <0.004 <0004 <0.001 <0004 0.02 <0.01 <0.1 <0.1 <0.001 0,003, <(.01 <001 <0.01 <0.01 <0,001
a <0.1 <01 <0.1 <0,1 <0.1 <0.1 0.1 <0.1 <0.1 0.1 <0.1 <0.1 <0.1 <0.1 <0.1
1 <0.004 <0,004 <0001 £0.05 0.03 <0.01 0.1 0.4 <0.001 <0,002 <001 <0.01 <001 0.01 <0,001
) <0.1 <01 0.2 <01 <01 - <0.1 <0.1 <0,1 <Q.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
d <0.004 <0,004 <0.001 <0,001 0.02 0.003 0.11 0.1 <0.005 <0,002 0.03 0.02 0.025 0.04 <(.001
¥ 210 390 50 360 600 640 550 540 230 580 280 410 230 260 310
: <0.004 <0.004 <0001 0.002 <001 <0,01 0.2 0.2 <0.005 <(,002 <0.01 <0.05 0.035 <0.01 <0.001
H <0.004 <0004  <0.001 0.003 0.33 0.08 4.3 3.9 0.003 0.003 0.14 0.08 0.1 0.25 0.0114
1 <0.04 <0.04 <0.01 <0.01 <0.1 <0.1 45 45 <0.01 | <0.02 05 0.2 04 0.8 <0.01
' 0.4 <0.1 <0,1 <01 61 0.1 420 380 <01 23 <0.1 0.07 <0.1 <0.1 0.2
) <0.004 0.004 <0,001 <(,001 <0.0% <0.01 1 0.8 <0,001 <0,002 T=0.01 0.03 <001 <0.01 <(0.001
H <00005 «<0.0005 <00005 <0.0005 <Q.0005 <0.0005 «<0.0005 <0.0005 <0,005  <0,0005 <0005 <0.0005 «<D,0005 <00005 «<0.0005
] 35 69 87 42 150 110 1290 1150 64 110 83 88 82 110 36
] 0.037 0.88 0.006 1.9 53 37 69 72 0.23 7.8 15 8.5 16 28 0.91
] 0.6 1.2 0,003 23 <0.01 <0,01 <0.1 <0.1 <0,001 0.01 <0.01 <0.01 <0.01 <0.1 0.051
<0.04 <0.04 «0,01 <0.02 0.7 " 0.2 95 86 0.06 <0.02 03 0.3 0.31 0.6 <(.01
} <0.005 <0.025 <0.01 <(.025 <005 <0.05 <0.13 <0.025 0.025 <(.025 <0.05 <0.05 <0,026 <0005 <0.05
1" 12 10 < 23 74 19 i5 19 13 14 13 . 94 12 85

) <0.004 <0.004 <0,001 <0,001 <0,01 <0.01 <0.1 <0.1 <0.001 <0.002 <0.01 <001 <0.01 <0,01 <0.001
: 1.1 2 05 2 4.1 4 4.1 39 1.3 6.5 1.6 2.1 11 16 1
<0.004 <0.004 <0.001 <0,001 <0,01 <0.01 <0,1 <0.1 <0.001 <0.002 <001 . <001 <0,01 <0.01 <0.001

[ - <01 <0,1 <0.1 <0,1 <0.1 <0.1 <1.0 <0,4 <0.1 <0.1 <0.1 <0.1 <0,1 <0.1 <0.1
<0,004 <0.004 0.002 <0.001 <0.01 <0.01 0.1 0.1 <0005 <0.002 «<0,01 <0.01 <0,05 <0.5 <0,001

I <0.04 <004 09 <0,01 10 13 8.7 8.8 0.2 <0.02 21 1.4 29 4.8 0.2
mple Date 1U07/84  11/07/84 11/08/94 11/04/84 11/08/94 1107194 11/07/94 11/07/94 11/08/94  11/08/84  11/08/04  11/07/84  11/08/94 11/07184  11/08/94
D # {lons} wcB48415 weBdE414 weH48423 wedd6439 w4643 wedd4B427 wWcO46419 weB46431 woP4B425 wceD48428 wcH46424 wcBd46440 wcH46426
D #(NQ3) wcB46383 wc9dB382 wc946357 wcD46385 weB4G407 wed46385 wcB46388 wc846400 wcB46393 wcB4B396 we9463%2 weH46408 wc946394

Dif{Metals) ic040845 (940644 10040654 [cD40647 IcO4066D 1cB40658 (940641 10940640 [cBA0650 [c940652 1940656 10B40659 10940655 10840639 16940657
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Legislature

Table 3:

Red River Groundwater Investigation (#92-A)

NPS Project
Organizational Chart

Mark Weidler
Cabinet Secretary

NPS Section

NM Environment Department
(505) 827-2850

Jim Pi,a(.:gtﬁ
roving Officer
Surfacﬁater Quality Bureau
(505) 827-0187

Brian Wirtz
Program Manager
Nonpoint Source Pollution Section
(505) 8272470

Steve Pierce '
Quality Assurance Officer
Surface Water Quality Bureau
(505) 827-2800

Staff

Dennis Slifer
Project Manager
Nonpoint Source Pollution Section

Surface Mmmg Reclamation Specialist
(505) 827-2841

NMED, Superfund
and Groundwater Sections
Staff assigned to Molycorp




Table 4: List of persons and agencies involved in management of
the Red River watershed.

New Mexico Environment Department (NMED}
Surface Water Quality Bureau
Nonpoint Source Pollution Section
Project Managers: Dennis Slifer, 827-2841
Michael Coleman, 827-0505
Point Source Regulation Section (NPDES Permits)
Program Manager: Glenn Saums, 827-2827
Surveillance and Standards Section (stream surveys)
Program Manager: Steve Pierce, 827-2800
Ground Water Protection and Remediation Bureau
Ground Water Section (discharge plans)
Karen McCormack (Molycorp DPs), 827-2936
. Doug Jones (Questa sewage lagoons DP), 827-2903
Superfund Section
Stewart Kent (Molycorp investigation), 827-0037
Taos Field Office (1215-B, Gusdorf Street, Taos)
Ken McCallum or Bill King, 758-8808

New Mexico Office of the Natural Resource Trustee (ONRT)
Steve Cary (Deputy Director), 827-0135

New Mexico Department of Game and Fish (NMDGF)
Mike Hatch, 827-7905

USFS, Carson National Forest, Questa Ranger District
Ron Thibideau (District Ranger), 586-0520

US Bureau of Land Management, Taos Resource Area
Sam DesGeorges, 758-8851

US Bureau of Land Management, Albuquerque Office
Joe Mirabal, 761-8731

Town of Red River
Mayor, John Tillery, 754-2277
Director of Public Works, Bob Perry, 754-2277

Village of Questa
Mayor, Bobby Ortega, 586-0694

Molycorp, Questa Mine
Mine Manager, Dave Shoemaker, 586-0212

Amigos Bravos, Taos, NM
Brian Shields or Saunee Morris, 758-3874
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| Water Body

Table 5 Assessed Stream Reaches Partially Supporting or Not Supporting Designated
or Attainable Uses.

Red River entries, 1980-1994.

(Rio Grande. 2-119)

Year Listed Uses Not Probable Causes of Probable Sources Total
i (Basin, segment) Fully Nonsupport of Nonsupport Size
Evaluated or Monitored Supported Affected
EM) (Miles)
| Red River fommouthon 1994 HOQCWF Metals, wrbidity, Agriculture {1500), 202
i Rio Grande to Placer Creek siltation TeSOUrce extraction,
(Rio Grande, 2-119), M (5600, 5700, 5500, .
; road construction/
maintenance (8300)
{ Red River from Zwergle 1992 HQCWF Siltation, reduction of Construction (3200), 39
§ Dam to confluence of East riparian vegetation, recreation (8700, 8703)
i and West Forks
i (Rio Grande, 2-120)
1 Red River from Placer 1992 HQCWF Metals, total phosphorus, Construction (3200), 1.6
i Creek to Zwergle Dam siltation resource extraction (5100)
|l (Rio Grande, 2-120)
| Red River from mouth 1992 CWF,IRR,  Metals, turbidity, pathogens, Agriculture (1500), 202
{ on Rio Grande to Placer L&WW siltation, priority organics TesourIce extraction
H Creck {5600, 5700,5900),
| (Rio Grande, 2-119) Tand disposal (6300)
 Red River from head o 1990 HQCWF Siltation, nutrients. reduction of Construction {3200), 92
Zwergle Dam riparian vegetation, recreation (8700, §703) ‘
i (Rio Grande, 2-120) ) streambank destabilization
Red River from Zwergle 1950 HQCWF Metals, total phosphoms Construction (3200), 1.6
Dam to mouth of Placer resource extraction (5100)
i Creek
# (Rio Grande. 2-120)
f Red River from mouth of 1990 HQCWF,DWS, Moetals, turbidity. siltation, pH, Construction {3100, 3200, 3201), 3.8
Placer Creek to Elephant IRR. LEWW total phosphorus, pathogens urban runoff ($000),
Rock Campground resoitroe extraction (5900),
; (Rio Grande, 2-120) recreation (8700, 8701)
¢ Red River from Elephamt 1990 HQCWF, DWS, Metals, nurbidity, siltation, pH, Construction (3200), 3.0
{ Campground to Molycorp IRR.LEWW  total phosphorus, conductivity resource extraction (5700),
§ Mill recreation (8700)
{Rio Grande, 2-120)
Red River from Molycorp 1990 HQCWF.DWS, Metals. turbidity, siltation, pH. Consuuction (3100. 3200), 11.0
Mill to Red River Fish CWF, IRR, total phosphorus. conductivity, resoures extraction (5100,
Hatchery L&EWW reduction of riparian vegetation, 5600, 5700, 5800. 5900),
(Rio Grande. 2-119) streambank destabiiization recreation (3700)
I Red River from Red River 1990 CWF.LEWW  Metals, turbidity, stltation Agriculture (1500), 3.5
i ¥ich Hachery to mouthon resource extraction {3600)
Rio Grande




Table-§  Assessed Stream Reaches Partially Supporting or Not Supporting Designated
or Attainable Uses, continued,

Water Body
(Basin, segment)

Evaluated or Monitored
{EM)

Year Listed

Fully

Supported

Uses Not

Probable Causes of
Nonsupport

Red River entries, 1980-1994.

Probable Sources
of Nonsupport

Size

Aflected

Red River from Elephant
Campground to Molycorp
Mill

(Rio Grande, 2-120)

Red River from Molycorp
Mill to 1.5 miles zbove
Red River Fish Hatchery
{Rio Grande, 2-120)

Red River from 1.5 miles 1988
above Red River Fish

Hatchery to mouth on

Rio Grande

(Rio Grande, 2-119)

Red River from Molycorp 1986
mine to below Village of

Questa

(Rio Grande, 2-120)

Red River from Questa 1984
upstream to Town of Red

River

(Rioc Grande, 2-120)

Red River from 1.5 miles 1982
above bridge at Red River

Fish Hatchery to headwaters

(Rio Grande, 2-120}

Red River from the Rio 1982
Grande upstream (o 1.5

miles above bridge at

Red River Fish Hatchery

{Rio Grande, 1-119)

Rio River from Rio 1980
Grande to Town of
Red River

(Rio Grande, 17 & 18)

1988

L&EWW

L&EWW

CWF

HQCWF

HQCWE

HQCWF

HQCWF. DWS,

HQCWF, DWS,

Metals, turbidity, streambottom
deposits, reduction of riparian
vegetation

Total phosphorus, streambottom
deposits

Plant nutrients, streambottom
deposits

Metals, pH, cyanide

Turbidity, pH, cyanide,
streambottom deposits,
plant nutrients

Resource extraction
(5100, 5501, 5500)

Municipal point sources
{0200),
resource extraction
(5100, 5501, 5900)

Industrial wastewater (0100),
municipal point sources (0200)

Industrial wastewater (0100)

Industrial point sources (0100),

municipal point sources (0200),

resource extraction (5000, 5501,
5500)

50
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Table 6  Assessed Stream Reaches with Threatened Designated or Attainable Uses. - Red River entries, 1994,

Water Body . Uses Not Probable Causes of Probable Sources
(Basin, segment) Fully Nonsupport of Nonsupport
Evaluated or Monitored Supported Affected
(EM)

Red River from Placer Siltation, habitat altetation Agriculwure (1500),
Creek to confiuence of resource extraction
East and West Forks (5100)
{Rio Grande, 2-120), M

West Fork of Red River HQCWF Siltation. habitar alteration Recreation (8701) 26
from confluence with

East Fork to headwaters

(Rio Grande, 2-120),E

Middle Fork of Red River HQCWF Sihation, reduction of Recreation (8700, 8701) 1.3
from mouth on West Fork fipasian vegetation

to headwaters

{Rio Grande, 2-120),E




Table!7  Assessed Stream Reaches Partially Supporting or Not Supporting Designated

© or Attainable Uses,

Water Body

{Basin, segment)
Evaluated or Monitored
(E'M)

Year Listed Uses Not
Fully
Supported

Probable Causes of
Noasupport

Tributaries of the
Red River entries, 1980-1994,

Probable Sources
of Nonsupport

Bitter Creek from mouth 1994
on Red River to headwaters
(Rio Grandg, 2-120), M

HQCWF

Pioneer Creek from mouth
on Red River to headgwarers
{Rio Grande, 2-120), M

Placer Creek frommouth 1994
on Red River to headwaters
(Rio Grande, 2-120),E

HQCWF

Cabresto Creek from mouth 1994
on Red River to headwaters
{Rio Grande, 2-120). M

BQCWF

Bitter Creek from mouth on 1992
Red River to headwaters
(Rio Grande, 2-120)

HQCWF

Cabresto Creek from mouth 1992
on Red River to headwaters
(Rio Grande, 2-120), M

HQCWF

Bitter Creek from mouth on 1990
Red River to headwaters
(Rio Grande, 2-120)

HQCWT

Cabresto Creek from 1920
USLM No. § Mine to

mouth on Red River

{Rio Grande, 2-120), M

HQCWF

Table 8

Metals, siltation,
reduction of riparian vegetation,
streambank destabilization

Turbidity, siltation, reduction of
riparian vegetation,
streambank destabilization

Siltation,
reduction of riparian vegetation,
streambank destabilization

Flow alteration,
reduction of riparian vegetation,
siltation, turbidity

Metats, turbidity,
total phosphorus, pH,
siltation, reduction of riparian
vegetation, streambank destabilization

Metals

Turbidity,
total phosphorus, pH,
siltation, metals

Moetals

Assessed Stream Reaches with Threatened Designated or Attainable Uses.

Agriculture (1500),
Fesource extraction,
(5100, 5800),
road runoff (8300),
recreation (8700}

Resource extraction,
{5200, 55900),
recreation (8701, 3705)

Resotree extraction 13
{5300, 5900)

Agriculture (1200, 1500), 146
road construction/
maintenance (8300)

Resource extraction 7.6
(5300, 5700),
road runoff (8300},
recreation (8700)

Resource extraction (5100) 14.6

Resource extraction (S104), 16
road runoff (8300),
recreation {8700) ;i

Resource extraction (5100) 14.6

Tributaries of the Red River enfries, 1994.

Water Body Uses Not Probable Causes of Probable Sources

(Basin, scgment) Fully Nonsupport of Nonsupport Size
Evaluated or Monitored Supported Affected
(EM) - (Miles)
Columbine Creek at its HQCWF Siltation, habitat Recrcation (8700) 05
mouth on Red River alteration

{Rio Grande, 2-120), M

Matlette Creek from mouth on HQCWF Turbidity, Recreation {8700, 8701)

Red River to headwaters total phosphorus,

(Rio Grande. 2-120}, M metals
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APPENDICES

Appendix A: Tabulated analytical data for samples collected at
Molycorp mine and tailings site by NMED Superfund Oversight Section
‘in 1993/1994, and an evaluation of sulfate gain to Red River
excerpted from draft document (NMED, October 23, 1995).

Appendix B: Discussion of Molycorp mine area -hydrogeology,
excerpted from SPRI Report, April 21, 1995.

Appendix C: Report on the installation and testing of 12 new
monitoring wells at Molycorp mine in 1994, excerpted from SPRI
Report, April 21, 1995.

Appendix D: Water quality results from 1994 sampling at Molycorp
mine, excerpted from SPRI Report, April 21, 1995,

Appendix E: Summary report on latest hydrogeclogical studies and
sampling at Molycorp tailings area, excerpted from SPRI Report,
April 13, 1995.

Appendix F: Summary of geochemical assessment for acid rock
drainage potential at Molycorp mine, excerpted from SRK Report,
- April 13, 1995.

Appendix G: Selected tables and figures pertaining to Red River
water quality from Garrabrant, 1993, USGS Water Resources
Investigation Report 93-4107.

Appendix H: Report on installation of anoxic limestone drains at
Red River and Capulin Canyon in October, 1995.

Appendix I: News media articles about Red River and Molycorp from
the time period of this project (1994-1995).
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Aerial view of the Molycorp Questa Mine, showing open pit (right),
waste=-rock dumps (left), mill facilities (bottom), and tailings
impoundments ten miles distant at Questa (light=-colored area at top
center). The Red River, barely wvisible in this photograph, flows
parallel to Highway 38 in lower left of picture. View is to the
west. Photograph by LightHawk, Santa Fe, New Mexico.




APPENDIX A

Tabulated analytn.cal data for samples collected at Molycorp mine
and tailings site by NMED Superfund Overs:x.ght Section in 1993/1994,

and an evaluat:r.on of sulfate gain to Red RJ.ver excerpted from draft
- document. (NMED, October 23, 1995) '
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Table 1. Metal Concentrations in Mine Waste Dumps (mg/kg)
Map Localion P Q. R 3 T U v
Capulin Waste | Capulin Waste | Goathill Waste | Sugar Shack | Sugar Shack | Along Truck | Along Lower | Average Waste Dump | Cosfficlent of
Bump #1 Dump #2 - Dump West Dump | South Dump | Shop Road | Bench Road Concentration Varialion

{# of samples=7) (%)
Date Sampled 8/27/94 6/27/94 6/27/84 6128/94 6/28/94 6/28/94 6/26/94
CLP# ' SF5804 SF5805 SF5808 SF5816 SF56819 SF5817 SF5818
Analyte (mg/iKg)
Al 1910 2730 5860 6190 18900 9130 5810 7219 73
Sb nd nd nd nd nd nd nd nd na
AS 2.6Jv 2.5Jv 11.4Jv 1.6Jv 0.868Jv na 1.1Jv 3 124
Ba 45.2 171 482 278 248 41.2 4 83 100
Be 0.25 0.27 0.27 0.58 0.63 0.89 1.3 1 B0
Cd nd nd nd nd nd nd 3.9 1 245
Ca 195 1350 2280 8660 18400 8670 15100 7838 83
Cr - 4.8 17.5 104 81.7 17 nd 19 142
Co - 24 3.5 5.6 9 13.3 2.9 5 80
Cu 28.3 45.4 41.6 128 140 222 92.6 89 65
Fo _ 13800 16800 27700 22700 48000 25400 7830 22890 50
Pb 431 40.2 ¢ 61 31.1 40,8 275 139 103
Ma 265 1800 3610 4300 18700 4700 1250 49486 118
Mn 84.5 165 473 432 382 293 1080 409 75
Hg nd nd nd nd nd nd nd nd na
NI nd 55 12.7 12.2 26.9 21.7 37 12_ 76
K 1820 2180 2550 2540 12300 2550 1020 3537 102
Se na 1.5JF 0.43J 0,354 nd nd nd 3 89
Ag 324 2.9 1 nd 4.6 3+ nd i 159
Na 27.5 40.5 87 99.8( 183 56.1 43.8 74 87
Tl " na na ._ha na 243 na na 2 0
Vv 1.3 5.8 12.7 14.9 83.3 16.2 34 20 135
Zn 88.5 20.8 53.3 66.3 354 43.3 569 125 146
Mo 9.3 8.1 24 10.8 168 176 207 86 100
Field 1D # 58-4 §8-5 58-6 §8-7 55-8* £S-9 88-10

nd = nol detected

J = eslimated vaiue;
» = yalue blased high; v = value blased low
na = hot avallable {data unusable or value cannot be calculated)
* Sample was labelled SS-11 on chaln of custody




Table 2. Metal Concentrations in Tailings

MapLocation - 6 7 8 4 5 3 1 2

Tailings Pond TP-1 TP-1 TP-2 TP-5A [TP-5A(dupl) TP-4 P-4 TP-4 Average | Coefficient
Field Station S-12 S-13 S-14 S-10 S-10A S-11 S-8 S-9 Conc. }of Variation
CLP ID# MFT923 | MFT924 | MFT925 | MFT926 | MFT927 | MFT928 | MFT929 | MFT930 | (mg/kg)

Analyte (mg/Kg)

Al 6190 16300 3850 5620 6220 11000 8150 7070 8050 45,7
Sb ND ND ND ND ND ND ND ND 0 na
As _ND ND 1.2MJ ND 1.40J ND 1.17J _ND 0.78 46.9
Ba 70.4 153 29.9 73.9 90.6 125 78.1 74.8 87.0 40.1
Be 0.59 24 0.46 0.47 0.56 13 0.79 0.72 0.9 67.7
Cd ND ND ND ND 1.2 _ND ND ND 0.2 264.6
Ca 14500 17900 10200 18800 19700 17700 15700 15500{ 16250.0 17.4
Cr 32.9 77.1 19.4 28.5 31 _55.8 40.5 36.3 40.2 42.4
Co 8.1 7.9 3.6 14.7 16.2 7.4 12.9 12.4 10.4 38.6
Cu 136 169 37.7 262 274 324 196 109 188.5 47.2
Fe 13100 19700 8640 18400 20800 16600 18500 16800 16692.5 22.6
Pb 31.3 51.8 33.2 82.2 82.8 67.8 71.4 40.7 57.7 34.4
Mg 6300 14300 3870 5730 6180 10100 8330 7130 7742.5 39.0
Mn 352 692 515 386 413 546 461 406 4714 21.9
Hg ND ND ND ND ND ND ND ND 0.0 na
NI 24.6 42 10.5 30.5 34.9 354 31.2 20.8 299 29.2
K 4010 8490 1910 3680 3970 6230 5340 4460 4761.3 38.6
Se ND ND ND ND ND ND ND ND 0.0 na
Ag ND ND ND ND ND ND ND ND 0.0 na
Na 118 222 78.6 119 117 173 130 140 137.2 29.5
T 0.42 0.82 ND 0.42 0.53 0.641" (.58 0.42 0.5 46.4
vV 30.2 61.8 13.6 26.5 30.4 46.2 37.9 . 33.8 35.1 38.1
zZn 85.1J 1158J 111J 156J 148J 140J 158J 104J 127.1 19.9

J - estimated value; A value biased high
ND - undetected; na - not available or calculable




Table 3. Metal Concentrations in Hydrothermal Scars (mg/kg)

[
IRy

ad TOT Tl

O R i I oot |

Map Location M N 0 w
Eagle Rock Eagle Rock Goathlll Scar Hanson Crk Average Scar Cooefflclent of
Scar Area (duplicate) Scar Conceniration Vartatlon
(# of samples=4) (%)
Dale Sampled 6/27/94 6/27/94 6/27/94 6/26/94
CLP ID# SF5897 SF5899 SF1801 SF5860
Analyte (mg/Kg) . .
Al 10300 7770 2220 8210 7125 42
Sb nd nd nd nd nd na
As na na 21.2Jv ~11.5Jv 16.4 30
Ba 147 131 106 248 158 34
Be 0.52 0.44 0.12J4 0.42 04 41
Cd _nd nd nd nd nd na
Ca 5590 7680 81.9 8810 §540 é1
Cr 47 44.8 nd 12.8 26 78
Co 24 24 3.7 4.6 3 28
Cu 314 313 52.4 35.1 38 23
Fe 40200 43500 166000 61500 75300 63
Ph 425 45.9 134 138 920 51
Mg 4140 3370 192 7100 3TN 66
Mn 200 173 17.7 258 162 55
Hg nd nd nd nd nd na
Mi 12.6 9.1 nd| - 124 S 9 60
K 6250 5630 23700 3300 9720 84
Se 3.64 3.7 3.4J 2.2) 3 19
Ag 3.8J4 4.1 12.5 6 6 80
Na 908 1200 1200 689 999 22
TI 2.1Jv na 29Jv na 3 16
\ 43 37.7 16.2 18.6 29 40
Zn 314 27.5 23.9 55.9 35 36
Mo 1 75 9.6 35.6 16.6 17 64
FieldiD# §8-1 S§-2 §5-3 §5-12

nd = not detected

J = estimated value;

- A = value biased high; v = value blased low
na = not avallable (data unusable or value cannot be calculated)




Table 4. Ratio of Metal Concentrations between Waste Sources and Background Soil

Average Melal | Average Metal Ratio of Average Metal | Avarage Metal Ratio of Average Metal Ratio of
Concentration: |Concentralion:] Concentrations | Concentration: | Concentrallon: Concentrations Concentration: Concanirations
Waste Dumps Scars {waste dump/scar) Taillngs Background Soll | (tailings/backgroud) | Background Soil | {tailings/ibackgroud)
(N=7) {N=4) {N=8) Sedillo Soll Type*| Sedillo Soil Type | Silva Soil Type* | Sllva Soll Type
(N=3) (N=3) ‘
Analyte (mg/Kg)
Al 7218 7125 1.0 8050 2887 2.8 10813 0.7
Sb nd nd na 0 24 na nd na
{As 3 16.4 0.2 0.78 0.78 1.0 4.9 0.2
Ba 83 158 0.5 87.0 48,7 1.8 167 0.5
Be 1 0.4 1.6 0.9 0.18 5.0 0.8 1.1
Cd 1 nd na 0.2 nd na 04 04
-|Ca 7836 5540 1.4 16250 1111 14.6 2477 6.6
Cr 19 26 0.7 40.2 3.5 11.6 14.8 2.7
Co 5 3 1.6 10.4 3.0 3.4 12.1 0.9
Cu _99 38 28 188 8.3 20.9 23.6 8.0
.|Fa 22890 75300 03 16693 7177 2.3 20633 0.8
Pb 139 ‘980 1.5 51.7 12.6 4.8 22.9 2.5
Mg 4046 3701 1.3 7743 1051 7.4 2787 2.8
Mn 409 162 2.5 471 . 298 1.6 - 783 0.6
Hg nd_ nd na 0.0 nd na nd na
“INi 12 9 1.4 20.9 3.8 7.9 12.3 2.4
: 3537 9720 0.4 4761 1049 4.5 233 2.0
Se 3 3 1.1 - 0.0 nd ha 1.1 0.0
“|Ag 1 6 0.2 0.0 nd na ng na
"|Na 14 099 0.1 137 38.5 3.6 90 15
Tl 2 3 1.0 0.5 nd . NA nd na
20 20 0.7 35.1 7.9 4.5 36.8 1.0
{Zn” 125 35 — 3.8 127 335 3.6 66.4 10

.- *ref, SCS 1982; ND - nol detected; na - not avallable {cannot be calculated)
- N = Number of Samples
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Table 5. Metal Concentrations In Fagerquist Well (Nearest to Mine) and Surrounding Surface/Ground Waters
Fagerquist | Columbine | Columbine C.G.{ Molycorp Molycorp Molycorp

Well* Creek Well* MW-8b** MW-10a** { MW-10c**

Date Sampled 9/9/93 1117194 8/24/937 11/8/94 11/8/94 11/8/94

Side from Red River south south south north - north north

Analyte (mg/L)

Al <0.1 0.05 [<0.1 0.44 33.4 31.1

Sb na <0.003 na <0.05 . |<0.05 <0.05

As <0.005 <0.0012 <0.005 <0.056 <0.05 <0.05

Ba <0.1 0.042<0.1 0.0161<0.01 0.014

Be <0.1 <0.0004 <0.1 0.008 0.008 0.007

Cd <0.001 <0.004 <(.001 <0.0005 0.03 0.03

Ca _ 24 23 26 206 — 275 204

Cr. <0.005 <0.004 <0.005 <0.01 <0.01 <0.01

Co <0.05 <0.005 <0.05 <0.01 0.15 0.11

Cu <0.05 <0.003 <0.05 <0.01 - 0.56 0.38

Fe <0.1 0.05{<0.1 <0.05 <0.05 <0.05

Pb <0.005 <0.0009 0.01 |<0.002 <0.002 <0.002

Mg 2 2.3 _ 2.6 55.5 77.9 75.2

Mn <0.05 <0.002 <0.05 0.2 13.8 16.3

Hg <0.0005 <0.0002 - |<0.0005 <0.0002 <0.0002 <0.0002 .

Ni <0.1 <0.017 <0.1 0.06 0.33 0.03

K 1 0.8 2 2.9 2.8 2.8

Se <0.005 <0.001 <(.005 <0.005 <0.005 <0.005

Ag ~ [<0.1 <0.004 <0.1 <0.1 <0.1 - |<0.1

Na 2 21| 3 33.9 26.5 20.2

T : na <0.004 {na <0.005 <0.005 <0.005

\'4 <0.1 <0.0009 <0.1 <0.01 <0.01 <0.01 :

Zn_ <0.05 0.003 1.6 0.2 2.3 3.2

pH : 8.15 / 7.51 6.4 5.8 4.7

Conductivity {umhos 142 80 169 1780 2400 2000

Depth of Well 52] n 80 129 144 50

* unfiltered sample collected by NMED-Surface Water Bureau
** filtered sample collected by South Pass Resources, Inc.



Table 6. Background Metal Concentrations for Determining a Release to Alluvium Aquifer via Seeps

Red River | Molycorp |Average Conc.| Red River | Molycorp |Average Conc.| Background
WWTP Mill Well  }for Background] WWTP | Mill Well |for Background| Seep @
Purposes Purposes | Hanson Crk.*
CLP iD# MFQ267 MFQ270 MFQ262 MFQ265
Temp (C) 11 6 25
pH 3.85" 6 4
Cond. (umhos) 1200 202 .. 1232)
Filtered Filtered Filtered Unfiltered | Unfiltered Unfiltered Unfiitered
Analyte (ug/L.) -
Al . 36500 716 2600
Sb - -
"1As - -
Ba 111 22,2 [t 3 na
Be 51 - T 20 na
Cd 6.1d - - R ] <
Ca 151000 45700 98350 i 56
Cr 58 - A P n
Co 97.4 - S 2505 n
Cu -58.3 21.6 g d iR 25
Fe 30100 273 Hianianii BA3F: 430
Pb 3.7J7 3140 prssusiesa d 4
Mg 51500 EesiibaanRg s
Mn 5700 miEon g
Hg -
Ni 227
K . 2540
Se -
Ag . -
Na - 15100
Tl -
V_ -
Zn 2090

* Ref. SPRI, April '95
shaded data used as background
J* - estimated value biased high
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Table 7. Release of CERCLA Hazardous Subslances to Downgradient Seeps of Alluvium Aquifer

Avarage Gonceniration for [X] 52 53 5-3 (Duplicale) 54 &5 57

Background Purposes In Clff Seap Capulin Channel Capulin River Seap: | Capulln River Seep: | Capulin Rivar Seap: Goalhlll Seep Adit Sesp

- Alluvlum Aquifer {Old Eagle Rock CG) Seep Lower Lower Upper

fitered fitered |unfitered| fitered |unfitered| fitered | unfilered | fitered | unfitered | fitered |unfitered] filtered |unfiltered| fitered |unfitered
Date Sampled 6/26/94 | 6/26/94 | 628/04 | B/26/M4 | 6/26/94 | 6/26/54 6/26/94 6726194 | 6/26/94 | 6/26/04 | 6/26/04 | 6/26/04 | 6/26/84 | 6/26/84
CLP 1D# SF5831 | SF5832 | SF5823 | SFE027 | SFS024 | SF5828 | SF5825 | SF6920 | SF5026 | SFS830 | SF5839 | SFE842 | SFEB40 | SF5843
Analyte (uph ) ~
%"_ 43100] 43500 [N 27000 2420000 51104000 [::::408000 114105000 ::::105000:)::4:13000 1::14000f 28500 28800) 13700] 17500

b - - - - 32.% - - - - - - - - -

As O 1.0J {KN) - ) 1ad 2.4d K] - - - -
Ba 12.8 13.6 8.1 7.0 8.8 122 X :
Be e Y . 8 3 e led 9.6 1020,
lcd Di7:18.2J; {12
|Ca 78800} 79500] 2240001 2180C0 188000 p 210000
[Cr 28] - 33 3.8 4 A1 z - -
[Co 127 125 2108 M-Wﬂr B e %W 113 -
[Cu R R T b e S RO Y 2 1 RIS - R RELER EEL AL 230 |k 378
Fe j 47 4730 601 7550 219
Ph 2.1J 2.5J 4,045 4.9 4:4J sﬁ:‘iﬁ’ ¥ 3 A4 R 18,1 1.4
Mg 4100] 4 63000| 58100 50800 04000 |5 B7000
Mn 00| 18 9200 47000] - 14700 60 4270 i 9460
HQ - - - - - -
N S 0 [T a0 TR0 [ Ans | v aaT [ T T AT ZRRIE]
K 1650 1880/ 2770 3000 3290 3270
Se ng Ina ina na Al 1.8
Ag - . - 1 - 39 3.8 - 32 - 54 - -
[Na 10700 10500| 26500 25500 22200 23000 22600 223001 27100 27100 52200 22400
Tt - - - - - - - - - -
vV - - - - . - -
Zn T 4BR0 | ABT0 | T 4800 [ 4370 | 37001 3040} 1650 24701 3100

J - astimated value

Slippled dala Indicates concentrations which exceed 3 x background. Addltional shading

Is for those melals reprasenting CERCLA Hazardous Substances

* Rol. SPRI, April ‘85




Table 8. Release of CERCLA Hazardous Substances to Fractured Rock Aquifer at Molycorp Mine

Sugar Sugar Sugar Sugar Cabin
Highest Capulin Shack Shack Shack Shack Spring**
Background Canyon West South South South
Concentration™ (MW-3)** (MW-7)** (MW-10b)y** (MW-11)** (MW-11 dup.)**
- |CLP ID# - MFQ252 MFQ251 MFQ250 MFQ249 MFQ248 MFQ266
F F F F F F UF
" |Analyte (ug/L)
Al 1200 876 RN L 6720 o 48800 | .ot - 45900 - . -~ 34500
As <10 1.4J7 nd nd nd nd
1Cd 19 nd N 23.3J 30.3J 32.3 28.8
"|Cu 30 16.7 A 111 - 832 _T8F| 424
. |Fe 39000 124JA | 227 nd nd nd
Mn 43600 28400 7640 24900 23600 20100
{Zn 25600 1190 1120 4330 4090 3540

K ref.12, Table D4, ref, 30, Table 1.4 (highest reported value)

** ref. 64 -

F = filtered; UF = unfiltered

J - estimated value; » - datum biased high; nd - not detected

Shaded data indicate concentrations which exceed 3 x background.
Note: Only As, Cd and Cu represent CERCLA Hazardous Substances which have been released.
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Tabie 9. Metal Concentrations and.General Chemistry Parameters in Private Wells below the Tailings Ponds
Map Location A o] D E N

CHANGE HOUSE WELL* DURAN WELL* Duplicate RAEL WELL* HERRERA WELL* MCL
Fleld Station W-1 {Background) W-5 W-5.5 W-5** W-6.5
CLP ID# MFT996 MFT985 MFQO72 MFQO71 MFQO073 MFQo98 MFQo97 MFQgS82 MFQ981
Filtered Unfiltered Flitered Unfiltered Unfiltered Filtered Unfiltered Filtered Unfilterad
Date Sampled 4121194 4125194 4/21/94 4/21/94
Used for Drinking? No Yes No
Analyte (ug/L)
Al <34 108 nd nd nd nd 55.8 nd 3210 50-200
Sb <50 <50 nd nd nd nd nd nd nd [
As <1.0 <1.0 47 nd nd nd nd nd 1.4J 50
Ba 44.1 44.7 54 54.9 54.9 65.7 70 34.5 295 2000
Be <1.0 <1.0 nd nd nd nd nd nd nd 4
Cd <5.0 <5.0 nd nd nd nd - nd - nd nd 5
Ca - 28200 28000 47400 46100 46000 80800 84000 | 231000 _232000
Cr <9.,0 <9.0 nd nd nd nd nd nd 16.8 100
Co <9.0 <8.0 nd nd nd nd nd nd nd
Cu <6.0J <6.0J nd nd nd nd nd nd 7.2J 1300al
Fe 19 360 nd 1220 1420 13.5 849 184 17800 300
Ph <10 25 nd ND 3.1 nd ND - 8:50d 2.5 15al
Mg 5260 5180 10400 10100 9970 14600 15600 44300 -44400
Mn 3.1 6.8 146 158 157 3.3 4.1 22 215 50a
Hg <0.2 <0.2 nd nd nd nd nd nd nd 2
Ni <11 <11 nd nd nd nd nd nd nd 100
K <667 <667 867 877 873 <667 766 2840 2940
Se <2.0 2.6 nd nd nd nd nd nd nd 50
Ag <3.0 <5.0 nd nd nd nd ad nd nd 50
Na 66300 86400 15800 15100- 14900 26100 26900 71400 69900
Ti <2.0J <2.0J nd nd nd nd nd nd nd 2]
v <7.0 <7.0 nd nd nd nd nd nd 7.2
Zn 75.4J 75.1J 1014 150 165 2064 ] . 260J nd 8.5J 5000a
SF1386 SF1389 SF1390 SF1387 SF1385

Gen. Chem. {ugit) {filtered)
Alk 190000 103000 104000 142000 154000
CoD ND nd _ nd nd nd
TDS 282000 288000 277000 454000 1290000 500000a
TSS ND nd nd nd nd
NH3 ND nd nd nd nd
Cl <2000 6140 68140 8420 18300 250000a
NOX 400 260 280 400 1040
TOC 5340) nd nd 2460J 5820J
TPO4 120 . nd nd 120 170
S04 58000 72000 84000 2098000 752000 250a

* ref. 84; ** Sample inadvertently jabelled as W-5; nd - not detected; J - estimated vafue; # - valus blased high
MOL. « EPA Maximum Contaminant Level; & - aasthetic standard; | - Irrlgation standard
Stippled data are > 3 x background {or detected when undatected in background); additiona! shading for CERCLA Hazardous Substances




Table 10. Total Metal Concentrations in Selected Monitoring Wells near Tzailings Ponds (ref. 64)

Map Location A B F K L M G H I J
Change MW-4 MW-9a MW-3 MW-1 MW-1 MWwW-2 MW-C MW-7b MW-7¢ MCL
House Well (Duplicate)
(Background)

Date Sampled 4/21/94 4/21/94 4/25/94 4/21194 4/21/94 4/21/94 4121194 4/21/94 4/25/94 4/25/94

pH (paper) 6.5 6.5 7.7 6.5 6.5 6.5 6.5 6.5 7.6* 7.3

Conductivity 328 1280 710 1120 1190 - 1340 1390 1180 1080

{umhos) :

Field ID# W-1 W-2 W-4 W-6 W-7 W-7.5 W-8 W-9 W-11 W-12

CLP ID# MFTS95 MFTE69 MFQO78 MFQE79 MFT975 MFTS77 MFT971 MFT973 | MFQO74 MFQO069

: UF UF UF UF UF UF UF UF UF UF
" |Analyte (ug/l) ) :

Al 108 36 78800 115 179 161 3690 94.3 53200J 2540J 50-200
‘1Sb <50 nd nd nd nd nd nd nd nd nd 6

As <1J nd}- 237 nd nd nd nd nd . 45!2 nd 50

Ba 44.7 36.1 570 35.8 40 26.4 152 35 514 53.7 2000
iBe <1.0 nd 4.7 nd nd nd nd _hd] & o hgB nd 4
1cd <5.0 nd nd __nd nd . nd nd}. - .- 54 nd nd 5
. [Ca 28000 157000 197000 255000 224000 185000 222000 311000 274 000 248000

Cr <9.0 nd 1109 131 ndf nd 22 nd i 98'1 nd 100
“ICo <9.0 ndf - - 32:1 nd nd nd nd nd 8, 3.7

Cu <6J nd 657 nd nd _nd _nd nd 38*9 Y ) 1300al
|Fe 360 643 68500 455 612 562 25200 170 38600 1800 300

Pb 2.5 2.4 - 65.8 15 nd nd 4.4vJ nd|”___. 449 — 53 16al

Mg 5180 31800 49900 46500 46000 40500 50000 53200 60500 45700

Mn 6.8 43.5 |+ 1880 14.9 24.2 18 774 2420 743 7.3 50a

Hg <0.2 nd ngd nd nd nd nd nd nd nd 2
Ni <11 nd -82:2 nd nd nd 22i7 nd 663 nd 100

K <667 nd 11000 1240 2770 2470 3160 3420 13800 3250

Se 2.6 nd nd nd nd nd nd nd nd 26 50

Ag <5.0 nd| nd nd nd nd nd nd _nd nd 50

Na 66400 65700 41100 67600 61100 52300 92100 87900 42300 38600

T <24 nd nd nd nd nd nd nd nd nd 2

i <7.0 nd|-. . 817 nd nd nd nd nd| " 48:8 3.9

Zn 75.14 nd - 288 nd nd nd nd nd 177 16.4 5000a

* pH measured by laboratory
UF - unfiltered sample; nd - not detected; J - estimated value; v - value biased low
1 - irrigation std.

Stippled data are > 3 x background {or detected when undatected in background); additional shading for

MCL - EPA Maximum Contaminant Levei; a - aesthetic std.:

metals representing CERCLA hazardous substances
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Table 11. Dissolved Metal Concentrations and General Chemistry Parameters in Selected Monitoring Wells near Tailings Ponds (ref. 64)
Map Location A . B F K L M G H I d
Change MW-4 MW-9a Mw-3 MW-1 Mw-1 MwW.-2 MW-C MW-7b MW-Tc MCL
House Well {Dupllcate}
{Background)
Flold ID# Ww-1 ' W2 W4 W-6 w7 W-7.5 w8 wW-g W-11 Ww-12
CLPID# MFTE96 MFTOT0 MFQO77 MFQ980 MFTa76 MFTa78 MFT972 MFT974 MFQO075 MFQO70
F F F F F F F F F F
Analyle (ugfl.)
Al <34 55.7 nd nd nd 48 128 135 nd nd| 50-200
Sh <50 nd nd nd nd nd nd nd nd| . nd 6
IAS <1J nd nd nd nd nd nd nd nd ' 38 50
Ba 44.1 36 02,7 314 26.2 ND 224 354 57.5 34| 2000
Be <1,0 nd nd nd nd ng nd nd nd nd 4
Cd <5.0 nd nd nd nd nd nd nd ___hd nd 5
Ca 28200 | 158000 144000 243000 225000 222000 204000 307000 231000 237000
Cr «<9.0 nd nd nd nd nd ond nd nd nd 100
Co <0.0 nd nd nd nd nd nd nd nd nd
Cu <gJ nd nd nd nd nd nd nd 3.5 nd] 1300al
Fa 19 31.3 ND 40.1 nd nd 290 nd nd nd 300
Pb <1.0 . 4.2 ND§ - 8138J nd nd nd nd nd nd 15al |
Mgy 5260 30900 28100J 45000 46900 45800 45200 53800 43600 43400
Mn 3.1 1.7 573J 1.9 3.20J 3r 550 2400 . 12 ND 50a
Iﬂg <0.2 nd nd nd nd nd ng nd nd nd 2
NI <11 N nd nd nd ng nd nd nd nd 100
K <667 245 1420J a73 2630 2680 2800 3620 5770 _2670
Se <2.0 nd nd nd nd nd nd nd nd nd 50
Ag <5.0 nd nd nd nd nd nd nd nd nd 50
Na 66300 66600 40700 65900 61300 53800 89200 89300 40600 38200
Tl <2J nd nd nd nd nd nd nd nd nd 2
Vv <7.0 nd nd nd nd nd nd nd nd 28
Zn 75.4J nd 374 nd nd nd nd nd 26.1J 7.8J1 5000a
Gen. Chem. ;
CLP ID# SF13686 - SF1368 SF1392 SF1384 SF1382 SF1383 SF1380 SF1381 SF1391 SF1388
Alk 190000 188000 162000 179000 152000J 150000J 67500 179000J 134000 131000
ICOD nd nd ng nd nd 7200 nd 5860 6600 nd
T0S 292000 928000 81400 1340000 1162000 1313000 1314000 1690000 1330000 1280000
1S5 nd nd nd nd nd nd nd nd * nd nd
NH3 nd nd nd nd nd nd ‘nd nd nd nd
Cl 1000 8340 23500 18400 18300 18300 15600 17900 15200 16200
NOX 400 320 360 370 710 710 nd nd 330 340
TOC 53404 73704 2150 53970J 30304 4770J 19304 53104 2280 1390
TPO4 120 120 nd 120 150 160 ‘nd 120 nd nd
S04 58000 521000 384000 779000 701000 749000 825000 1013000 818000 740000

F - filtered sampla; nd - not detecled; J - esiimated value; * - value biased high; v - value biased low
MCL - EPA Maximum Contaminant Level
Stippled data are > 3 x background (or detected when undetected in background); additional shading for

metals representing CERCLA hazardous substances

o
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Table 12. Total and Dissolved Metal Concentrations in Discharges below Talings Ponds (ref. 64)

Map Location A W ' V] [+] R X Y T
Change Housa Well Sesp A Seep D Seep E Embargo Rd. Seep Qutfall #002 Warm Spring Cold Spring Old Coldwater Spring
(Background} Collection
CLP DR MFTE96 MFT885 | MFTO55 MFTO54 | MFTO53 MFTO52 | MFT952 MFTOSt | MFT959 MFTO58 | MFT983 MFT982 | MFT947 MFT946 | MFT948 MFT48 | MFT367 MFTa66
, F UF F Ur F UF F UF F UF F UF F UF F UF F UF
Anetyl (up/t)
Al <34 108 nd 480 nd 6568 50.3 66.9 118 248 148 135 35.5 nd nd nd nd 44.5
1Sh <50 <50 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
<1J <1J 1.2 2.2vi 1.3v) 2.1v) 2.1v) 2.7vJ nd nd nd adf” - 3w 2%9v);. | 1.6vl od nd ng
i F'n 44.1 44, 664 13.8 27, 41.8 28.1 21, 13.5 16.2 27.1 273 20.1 18.3 45.1 448 52, §4.3
Be <1.0 <1, nd nd nd rd nd nd nd nd nd nd nd nd nd nd nd g
Cd <b.0 <5. _nd d nd nd nd nd nd nd nd nd nd nd nd nd nd nd
Ca 206200] 28000 1 3080( 30E00| _ 31200; 31200 265000| 2689000 _ 277000 Z81000|  22200| 21600 50000] _ 60400[ 104 105000
Gr =<0.( =B.0 ad ad nd nd nd nd nd nd nd nd -_nd nd ng nd nd nd
-85 <D, 9.0 nd nd nd nd nd nd g nd nd nd fid nd nd nd nd nd
o] <BJ <6 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
|Fa 19 360 nd 494 nd 900 it nd nd nd ad 18.9 nd nd nd nd nd nd
‘BB <1.0 26 nd [ nd 2.7 nd nd -1 K nd nd nd d ndf — nod nd n
Mg 5260 G180] __10800f 10760 9770 1000 8860 BB50| 45400 47200 46400] 47400 6830 8730 LYET: 5126|_ 16700| 17400
Mn 31y - 68 aiv) 8. n 56.6 2.6v) 4.6v) 569 B850 1820 1680 vl ad Tid nd nd nd
Hy <0.4 <0.2 nd ndj- nd nd nd nd nd nd nd nd nd nd nd nd ag nd
; <1 <11 nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
K ] <€8 3870 3480 2740 3140 2980 2890 4140 4350 3520 401 2390 2280 1120 1210 1860 2130
Se <20 28 nd nd nd nd ad nd nd nd nd nd nd nd nd nd nd nd
_ 1Ag <5.0 <5, nd nd nd nd nd nd nd nd ndf___ nd nd nd nd nd nd nd
"~ INa 66300 668400 41200 41100 33000 33800 31800 31700 80100 92600 91700 §1600 24900 24300 25100 247 46000 48000
‘M <21 <2J nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd nd
v <7.0 <7.0 nd nd nd nd nd nd nd nd nd nd nd nd ng nd nd nd
Zn 754J 0%.44 _nd nd nd 11.8 nd nd nd 8.3 nd nd nd nd nd nd nd nd
[Gen, Chem.
. SF138e SF1373 SF1371 SF1372 SF1375 SF1377 SF1368 SF1370 SF1378
- Ak 190000 [} 80200 80200) 160600 1586004 844004 1580004 184000
€D nd nd nd nd nd nd nd nd nd
DB : 202000 326000 _|__287 281000 1633000 1680000 159000 266060 563000
55 nd n nd n nd nd nd od nd
(NH3 nd nd nd nd nd n nd nd nd
Cl <2000 12000 103! 2810 16000 1 8880 6080 9530
NOX 400 210 300 390 nd nd 350 - 630 370
[OC 5340J A7 1080J nd 3430J 2560 nd 1680J 2780J
TPO4 126 170 17 170 120 160 160 100 nd
S04 58000 127000 6860 105000 1005000 973000 54000 87000 254000

F - fiared sample; UF - unfilterad sample
nd - not delacted; J - astimated valus; v - value biased low
Stippled data are > 3 x background (or detecied when undetected in background); additional shading

for metals reprasenting CERCLA hazardous substances

vy
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Table 13. Ratio of Metal Concentrations in Leachate or Drainage from Mine Dumps to Hydrothermal Scars

Average Mine Leachate Average Scar Leachate ~ Ratlo
Concentration Concentration Mine Dump/Hydrothermal Scar
(Goathill & Hanson Crk) '
(# of Samples=2) {# of Samples=2)
Analyte {ug/L)
Al 1245000 162850 7.6
Sh ND 24 0.0
As 51 11 4.8
Ba na na na
Be 439 57 7.7
Cd 490 11 43.8
Ca 383500 234500 1.6
Cr 320 11 29.0
Co 2910 286 10.2
Cu_ 12150 2445 5.0
Fe i 663500 484435 1.4
Pb 10 4 2.7
Mg 952500 57900 16.5
Mn 603500 41905 14.4
Hg ND 0.2 na
Ni 6550 559 11.7
K 801 3605 0.2
Se 7 8 1.0
Ag 80 35 2.3
Na 25150 8915 2.8
Tl 3 3 1.1
V' 8 16 0.5
Zn 133000 8835 15.1
Mo 34 16 2.1

ND - not detected; na - not available or not calculable
Note: one half detectioh limit was used in calculating average when detected in the other sample.

Lty
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Table 14. Ratio of Metal Concentrations in Leachate from
Mine Waste Dumps and Hydrothermal Scars*

' Mine Waste Scar Ratio
Analyte (mg/l) Mean (n=9) | Mean (n=8)
Al 471 230 2.1
Cd 0.14 0.03 5.4
Cr 1.24 0.48 2.6
Co 0.16 0.08 2.1
Cu 3.89 2.19 1.8
Fe ' 230 317 0.7
Mn 210 31 6.7
- Ni 2.54 1.20 2.1
= Pb 0.18 0.10 1.8
Zn 36.0 7.2 5.0

* ref. SRK, 1995, Table 1.2
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Table 15. Total Metal Concentrations in Surface Water near Molycorp Mine

Map Localion 18 17 18 12 11 10 9 7 6 5 3 3 (duplicale) 2
Red River| Red River] Red River | Red River| Red Rlver | Columblne]| Red River | Red River | Red River| Red River| Red River] Red River | Red River
above below above . |below {30Y| above Creek below |@ Goalhlll| =sbove between }below (20')| below (209 above
Hanson | Hanson Moiycorp | Adit Saep |Columbine Columbine| Gulch Captlin | Capulin | Capulln Capulin Pipaline
Creek Creek | (Background) Creak Creek Sesp Seaps Seeps Seeps Seeps Crossing |
Station RR-12 RR-11 RR-10 RR-9 RR-8 RR-7 RR-6 RR-5 RR-4a RR-4 RR-3 RR-2 RR-1
CLP ID# MFQ393 | MFQ392 MFQ272 MFQ271 | MFQ243 | MFQ199 | MFQ198 | MFQI8T | MFQ1968 ;| MFQ185 | MFQ1R4 MFQ183 MFQ182
Date Sampled | 11/8/94 N 1!9!94 11/8/94 11/8/84 1117194 11/7124 11/7/94 117194 1117194 117194 1177104 1117184 1117194
Temp (C) na 4.5 ] § 6 4.5 55 8 45 8 6 8 I |
pH 6 . 6 6 6.5 6.5 7 7 7 6.5 6.9 7 6.5 6.3
Cond, (umhos) na 160 178 190 196 80 172 230 222 235 250 250 261
Ur UF UF UF UF UF UF UF UF UF UF UF UF
Analyle (ug/L)
Al 3471 612 1670 1280 1080 49.7 B56 1270 1540 1690 2050 2050 2580
Ba 40.9 40,6 41.1 38.6 36.5 41.8 37.4 37.1 36.7 36.1 38.5 36.7
Be 0.35 0.35 - 0.34 - 0.35 0.45 0.59 0.45 0.54 0.45 0.65
1Cd - - - - - - . - - - -
Ca 33300 34200 36800 40700 39800 23000 3686001 44600 48000 48100 46900 46600
Cr - ’ - - - - - - - - - -
Co - - - . - . 8.8 - - - 7.8
Cu 13.1 11.2 14.3 15.9 15.6 10 16.2 21.8 20.5 243 © 26.1
Fe _ 294 376 384 557 320 49.7| - 263 265 . 269 279 388 355
Pb - . 1.1 - 0.93 - - 1.1 1 . . -
Mg 7090 7240 8220 9200 9070 2280 7670 10100 10500 10500 10700 10600 1
Mn 109 138 208 299 267 - 208 485 531 553 807 603 |5 v
N - . - - - - - - - 18.7 23 -
K. 1200 1140 1030 909 1210 810 983 1320 - 1090 668 1130 971
Se. . . M P - - - - - - 873 - - . -
Ag R R R R Y IS RUR PO LA L S DU S S S S - - - - -
Na ) 5260 - 5120] 5430 5230 5530 21000 4830 5250 5620 5610 5660 5550 5480
.r’ - - - - - - - - - - - - -
v ' . - - N N . . . - . . . -
22 -7 X ) DX 6oo[ _o28(  7sal _ _33[ 65 123|132 136 153 148|208
- not datecled

Shaded data Is > 3 x background; only Zn is a listad CERCLA hazardous substance



Table 16. Dissolved Metal Concentrationsand General Chemistry Parameters in Surface Water near Molycorp Mine

Map Locatlon 18 17 18 12 1 10 8 7 8 8 3 3 (duplicate) 2
Red River | Red River| Red River | Red River | Red River | Columbine ( Red River{ Red River { Red River | Red River] Red River; Red River | Red River
above betow above below (30| above Creek below |@ Goathll] above botween ibelow (20')] below (20') abova
Hanson | Hanson Molycorp | Adil Seep  Columbine Columbine| Gulch Capulln | Capulin | Captlin Capulin Plpeline
Creek Creok | (Background) Cragk Craek Seap _Seeps Seeps Seeps Seops Crossing
Statlon RR-12 RR-11 RR-10 RR-8 RR-8 RR-7 RR-8 RR5 RR-4a RR-4 RR-3 RR-2 RR-1
CLP ID# MFQ387 | MFQ386 MFQ385 MFQ304 MF9253 MFQ254 | MFQ255 | MFQ256 MFQ257 | MFQ268 | MFQ260 MFQ260 MFQ261
F F F__ | F F F F F F_{ F | F F F
Analyte (ug/L) ]
AT 115 48.4 115 515 - - - - - - - - -
Sb - - - - - - - - - " - - -
As - - - - - - - - - - - - -
Ba 442 40,2 36.7 33.8 37 434 37 36.1 354 35 36.3 35,2 365
Be 0.3 - 0.3 - . - - - - - - -
Ca . 33400 34300 36900 38800 42200 24600 38400 48500 48600 48800 48200 49000 49900
Cf - - - - - - - - - - - - -
Co - - - _ - - - - - - 5.4 - - 6.7
Cu 8.8 3.7 3.7 4.4 4.3 - 3.1 3.7 3.1 5.6 4.8 6.2 6.8
{Fe 29.5 12.7 18.3 20 - - - 211 - - - - =
Pb - - 18 . - . - - - . - - -
Mg 7050 7260 8140 8760 9540 2540 8080 10800 11200 11100 11200 11200 11600
Mn 108 130 195 260 275 - 218 613 550 573) - ¢ 830 - 828] v 878
H - - - - 0.22J% 0.2J% - - - - - - -
NI - - - - - - - - 22.1 19.5 28.7 204 33
K 868 775 1320 1220 720 687 1170 613 1020 1110 1080 1190 1070
Se - - - - - - - - - - - - -
ég - - - - - - - - - - - - -
Na 5400 5270 5840 5760 5250 2160 4660 5290 5560 5480 548 5410 5600
Tl - - - - - - - - - 1.4 - - -
v - - - - T = - - Z . - " -
Zn 221 26.8 20.8 62 49.4 8.6 454 103[ - 103 A0 B [ 28 o 168
Gen. Chem,
{mgyL)e _
Ca 41 _42 45 48 48 26 40 49 51 50 52 53 54
Mg 7 7 8 ] 9 3 8 17 11 11 12 12 12
K. 4 4 4 4 4 4 4 4 4 4 4 4
Na 5 5 6 8 6 . 5 6 N __8 8 8 B
Hardness 131 134 145 154 157 74 135 166 175 171 176 179 184
Alkallnity 64 62 £8 56 58 64 58 52 50 49 47 48 42
HCO3 78 76 72 89 681 78 T4 64 61 60 57 57 52
CE - - - - - - - " - - - . - - -
863 1 59 74 8 89 10 71 106 112 114 117 118 122
TDS 200 208 220 246 234 98 224 256 262 268 282 284 283
TSS 4 1] ) 9 10 - 5 9 8 10 10 13 8

F = fillered sample

- not detecled; J* - estimaled value which is blased high
* New Maxico State Laboratory Divislon data
Shaded data s > 3 x background of which only Zn is a listed CERCLA hazardous subslance




Table 17. Metal Concentrations and General Chemistry Parameters i in the
Red River near Molycorp Mine: 6/26/94

Red River above Red River below Red River at
Hanson Creek Columbine Creek | USFS Ranger Station
Date Sampled 6/26/94 | ©/26/94 | ©/26/94 | ©6/26/94 6/26/94 6/26/94 .
CLP ID# SF5850 | SF5852 | SF5841 | SF5844 | SF5861 SF5862°
, ' F UF : F UF F UF
Analyte (ug/L)
Al 73.3 286 - 84.1 284J> - Sy k{ sTo e
Sb - - 31.7 - - -
As - - - na na na
Ba 25.6 294 32.3 38J 26.9J 39.8J
: Ee - - - - - -
Cd - - - - - -
Ca 21500 21200 21200 21700J 29000J 29800J-
Cr - - - - - -
Co - - - - 5.4J 5.9J
Cu - - - - - -
Fe 40.3 331 15.3 - - -
Pb - - - 2.5J - na 2J
Mg 3520 3510 2850 2960 5890 6210
Mn 29.4 37.1 33.3 55.8
Hg 0.2 - - -
Ni - - - - - -
K 796 - - - - -
Se na na na - - -
Ag - - - - - -
Na 2210 2070 1900 - - -
Tl - - - - - -
Y; - - - - - -
Zn 18.3 10.1 10.1 25.7
Mo - - - - - -
Gen. Chem. - _
: SF5854 SF5848 SF5863
Alk 57000 63300 45400
COD - - -
TDS 102000 . 92000 156000
TSS 10000 12000 14000
NH3 - - -
Cl - - -
NOX 150 100 160
TOC 2650 2550 2700
TPO4 240 140 -
S04 21000 12600 D3 700

Shaded data are > 3 x concentration beiow Columbine Creek

- = not detected

na = not available (data unusable)
J = estimated value
A = value biased high
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Table 18. Metal Concentrations in Sediments from the Red River near Molycorp Mine Area

B

Map Location L K J | H G F E D [ B A
Red River { Red River | Red River | Red River | Red River | Columbine | Red River | Red River | Red River | Red River | Red River | Red River | Red River
above below ahove below (30" above Creek below below shove | between |below (20') |below (20%)| above
Hanson Crk.|Hanson Crk.[ Molycorp | Adit Seep { Columbine Columbine} Goathill | Capulin [perandlow, Capulin | Capulin | Pipeline
Property Creek Creek Seep ‘Seeps Capulin Seeps Seeps' | Crossing
(Background) Seeps | (duplicate)
Date Sampled: | 11/8/94 11/8/94 14/8/94 110804 | 11784 | 447/94 | 197194 | 1107184 | 1417194 | 1177194 | 17194 ¢ 117194 | 11/7/94
Field ID # S12 S-11 $-10 s-9 5-8 87 S-6 85 S-4a S-4 S-3 8-2 S-1
CLP ID# MFQB96 | MFQB95 MFQ399 | MFQ398 | MFQ191 | MFQ190 | MFQ18% | MFQ187 | MFQ188 | MFQ186 | MFQ185 | MFQ184 | MFQ182
Analyte
{mg/kg) -
Al 15000 4510 5250 12200 12600 10500 10500 10800 13900 24200 19500 16000 12600
Sb nd _nd nd nd nd nd nd nd nd nd nd nd nd
As 10Jy 5.6Jv 4Jv 8.5Jv 11.2Jv 1.2Jv 8.4Jv 8.1Jv 7.4Jv 8.2Jv 8.8Jv 6. 1Jv 11dv
Ba 787 262 439 694 601 78.5 567 406 537 578 569 508 499
Be 1.1 0.34 0.43 1.3 1.2 0.46 1.1 1.1 2.1 24 '] ..18 15 1.8
Cd nd nd nd nd nd nd nd nd | 2.1 nd _nd - nd nd
Ca 3590 1190 1470 2340 2800 2490 3020 2210 3230 1860 2150 1980 2990
Cr 23.5 6.5 8.8 22.% 20.5 12.5 16.8 _20.3 18.7 22.3 23.9 20.7 18.5
Co 12,9 4 6.9 13,2 14.1 13.1 12.7 13.3 19 13.5 14.8 12.2 21.8.
Cu 142 22 25.1 135 78.9 21.2 711 104 128 162 116 883 116 .
Fe 45800 14800 17600 40600 38400 26700 33600 31300 33700 47600 41800 38000 34400
Pb 163 21.4 .29.3 _94.1 30 118 . 108 911 975 144 " | 118 102 132
Mg 8110 1700 2210 6310 5300 7420 4560 5080 4640 65400 §680 4970 4870
Mn 636 115 166 534 538 701 550 466 1080 553 501 468 1310
Hg nd nd nd nd nd 0.13 nd nt 0.23 nd nd nd nd
Ni 23.2 8.6 13.9 24 31.2 7.4 30.9 18.1 £9.2 - 29.4 325 273 53.6
K 5280 1980 1700 3640 3980 1030 3130 2540 3080 4330 3960 3380 2890
Se 1.8 0.44 nd 1.4 1.8 nd 11 ] 14 1.1 1.1 1.3 094 1.3,
Iﬂl 33 nd nd nd nd 1.9 1.9 23 25 - nd ._nd 18 "t 15
Na 292 76.5 122 297 277 54.4 238 245 254 a26 290 241 232
Ti nd ny nd nd nd nd nd _nd nd 0.69 nd nd nd
\i 24.8 6.5 7.9 20.5 206 43.6 16.8 222 18.9 21.2 24.7 216 18.6
Zn 274 44.5 93.9 190 237 126 221 182 548 298 250 220 469

nd - not delected; Jv - estimated value Is biased low
Stippled data are > 3 x background concentration (or detected when undetected at background !ocallon)
Additional shading for those metals representing CERCLA hazardous substances
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Table 19. Metal Concentrations in Selected Seeps and Surface Water Bodies near the Tailings Ponds
{Map Localion 18 19 20 21 22
Embargo Rd. Seep Irrigation Ditch Irrigalion Dilch #002 OUTFALL 50' W of 002 QUTFALL
above Seep below Sesap
CLP ID# MFT959 MFT958 | MFT961 MFTO60 | MFTS57 MFT956 | MFT863 MFT862 | MFT965 MFT964
F UF F UF F UF F UF F UF
Analyle (ug/L) ‘
Al 119 248 11 871 136 1050 148 135 40 149
Sb ND ND ND —ND ND ND ND ND ND ND
As ND ND ND ND 1.2 ND ND ND ND ND
Ba 135 16.2 274 32 28 37.7 27.1 273 57.5 60.8
[Be ND ND ND NG ND ND ND ND ND ND
Cd ND ND| ND ND ND —ND ND ND ND ND
Ca 265000]  260000] _ 4B700| 46800 45700  62000| 277000( 207000 123000] 118000
Cr ND ND_ ~_ ND ND ND ND NDG NO ND ND|
Co ND ND ND ND ND ND ND ND ND ND
Cu ND ND ND ND ND ND ND ND ND ND |
[Fa ND ND 108 863 116 1160 18.7UC 10.9 334 251
Pb i 1.7 ND ND ND 1.4vJ ND ND NO ND
M 45400 47200 8180] 8970 B500 0010} 46400] _ 47400] 20700} 208000
Mn 560 650 8.8vJ 36.4 15.8 85 1820 1860 1 10.9vJ
H ND ND ND ND ND ND ND ND ND ND |
Ni ND ND ND ND ND ND ND | ND ND ND |
4140 350 863 1110 791 1350 3520 4010 1060 370
Se D ND ND ND ND ND ND ND ND ND|
Iﬁg ND ND ND ND ND ND ND ND ND ND
a 90100 52000 16400 ND 14700 ND| 91700 97600] _ 48000] 46700
Tl ND ND ND NOD ND ND ND ND ND ND
V ND ND ND ND ND ND ND ND ND ND
n ND 8. ND ND ND ND ND ND ND ND
Gen. Chem,
JugiL) -
CLP ID# SF1375 SF1376 SF1374 SF1377 SF1378
Al 160000 —_71800J 71800J 158000J] 167000J
COD ND 8410 6840 ND ND
TDS 1633000 273000 304000 1580000 678000
TSS ND ND ND ND ND
NH3 ND ND ND ND
Cl_ 16000 3630 3860 15800 12300
- [NGX ND 130 130 ND ND
[OC 3430J 3000J 2800J — 2560J 26404
TPO4 130 ND 110 160 100
504 1005000 127000 873000 2900600

F -fillered sample; UF - unfiltered sample

ND « not detected

J - astimated value; v -value Is biased low
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Table 20. Loading of Sulfate and Selected Metals into the Red River by Stream Segment during £S| Sampling

jLocation: Flow (cfs)* | S04 conc. | SO4 gain | Mass gain % of total gain

_ mght {flow X conc)
Abv. Molycorp Mill__ |~ 18 74 1332 | 499.8 3.8 lMon Mill to Columbine CK.
Below Columbine Crk.| ~ 25.8 71 1832 10302 | - 65.6_ ~ciCoumbine to GoathllGalch
Goathill Gulch 127 106 2862 1 4184 26.6 Goathil to Biw w Capulin Cyn _
Biw Capulin Canyon | - 27.8 118 3280 i 1966 125 IBIw Captilin Cyn to Eagle Rk CG
Eagle Rock GG 285 122 3477
FS Ranger St. 29

Total Gain={ 2145

Location: Flow (cfs) | Alconc. | Al gain | Mass gain |% of tolal gain
_ magfl _ |(flow x conc) _
Abv, M p Mill 18 1.07 19.3 2.8 5.2 Moly Mill to Columbine Ck.
Below Columbine Crk.| 25.8 0.856 221 12.2 22.4 Columbine to Goathlli Gu!ch
Goathill Gulch |27 1.27 34.3 22.7 - |¥418 U EiGoathill to B e
Blw ulin Canyon 278 2.05 57.0 16.8 30.8 Biw Capulin Cyn to Eagle Rk CG
Eagle Raek CG . |. 285 2.59 73.8
FS Ranger St. 29
Total Gain=| 54.6
{_ocation: Fiow (cfs) | Mn conc. | Mn gain | Mass gain (% of total gain
mali (ficw X conc}
Abv. Molycorp Mill 18 0.195 3.5 19 8.9 Moly Mill to Columbine Ck.
Below Columbine Crk.| 26.8 0.208 5.4 8.0 #1386 ﬁ'ﬁolumblne o Goathil.GLich -
Goathfl Gulch 27 0.495 13.4 3.4 16.4 Goathill to Biw Capufin Cyn
Blw Capulin Canyon 27.8 0.603 16.8 7.5 36.1 Blw Capulin Cyn to Eagle Rk CG
Eagle Rock CG 28.5 0.851 243
FS Ranger St, 29 .
Total Gan={ 20.7
Location: Flow (cfs) | Znconc. | Zn gain | Mass gain [% of total gain
mgl  i{flow X conc)
Abv. Molycorp Milt 18 0.061 1.098 0.4 7.9 Moly Mill to Columbine Ck.
Below Columbine Crk.| 25.8 0.057 1.4706 1.9 +439.0 : JColumbine to Goathill.Gulch
Goathill Guich 27 0.123 3.321 0.9 19.7 Goathill to Biw Capulin Cyn
Biw Capulin Canyon 27.8 0.153 4.2534 1.6 335 Blw Capulin Cyn to Eagle Rk CG
Eagle Rock CG 28.5 0.205 5.8425 ,
FS Ranger St. A 29 - S

Total Gain=| _ 4.7
. MmmwmmMﬂmv‘u1mbmmumm
mmmmdummwm




Table 21. Sulfate Gain Observed in Red River between Molycorp Property and USFS Ranger Station

Nov. 7, 1984 flow {cfs} | SO4 conc. | SO4 gain | Gain wfin |% of total gain
| (man) stream
- _ reach _ _
|Blw Hanson Crk 13.9 59 820 246 13.5 [Hanson Crk to Moly Mill
Abv Moly Mill 144 ‘T4 1066 3141 17.3{Moly Mili to Columbine Ck.
Abv Col. Crk - 18,5 89 1380 794} s~ 43,7 iColimbine to Goathill G, =+
'Goathiil Gulch 20,5 108 2173 317 17.5 |Goathill to Biw Capulin Cyn
Blw Cap. Cyn 21.1 118 2480 145 8.0 |Btw Capuiin Cyn to Eagle Rk C
Eagle Rock CG 21.6 122 2635 :
FS Ranger St. 25 0
1815
Feb. 16, 1993 flow (cfs) | SO4 conc. | SO4 gain | Galn wfin |[% of total gain|
o {ma) stream
. _ reach _ __
[Biw Hanson Crk 139 33.81 470 180 7.9 |Hanson Crk to Moly Mill
~ |Abv Moly Mill 144 45.17 650 234 10.2 [Moly Mill to Columbine Ck.
Abv Col. Crk 15.5 57.06 884 1276 | =25 <~ 255.51Coltmbine to GoathlE G5 -
Goathill Guich 20.5 105.38 2160 206 9.0 |Goathill to Biw Capulin Cyn
IEM Cap. Cyn 211 112.13 2366 401 17.5 |Biw Capulin Cyn fo Ranger St
FS Ranger St. 22 125.77 2767 :
i 2297
Oct. 22, 1992 fiow (cfs} {SO4 conc.| S04 gain | Gain wfin |% of total gain
(mah) stream |-
reach '
Biw Hanson Crk 15.8 66 1043 326 11.7 [Hanson Crk to Moly Mill
Abv Moly Mill 16.1 85 1369 638 22.9 {Moiy Mili to Columbine Ck.
Abv Col. Crk 17.6 114 2006 1069 - 38 4 |Columbine to Goathll B2 e
Goathiil Gulch 23.3 132 3076 284 10.2 |Goathill to Biw Capulin Cyn
Blw Cap. Cyn 24 140 3360 465 16.7 |Blw Capulin Cyn to Ranger St.
|FS Ranger St. 25 153 3825 i .
Nov. 29, 1988 flow (cfs) | SO4 conc. | SO4 gain | Gain w/in |% of total gain
) {mo/) stream
reach L
Biw Hanson Crk 10.7 46 492 216 11.8 {Hanson Crk to Moly Mill
Abv Moly Mitl 10.9 65 709 468 25.5 Mo M;!I to Columbine Ck.
Abv Col. Crk 12 98 1176 499 | 5prE3 27 2 iCElambing” OENEEE
Goathill Guich 158 106 1675 297 16.2 |Goathill to Blw Caputm Cyn
Biw Cap. Cyn 16.3 121 1972 357 19.4|Bfw Capulin Cyn to Ranger St
FS Ranger St. 17 137 2329
i 1837
Nov. 25, 1988 flow (cfs) { S04 conc. | SO4 gain | Gain w/in |% of total gain
(mall) stream
reach
IRR@Elephant CG 16 45 736 564 16.7 {Hanson Crk to Moly Mill
Abv Moly Mill 20 65 1300 562 16.7 [Moly Mill {o Columbine Ck.
Abv Col, Crk 19 98 1862 1000 71 20.6 |Columbine to Goathillio: iz
Goathill Guich 27 106 2862 647 19.2 |Goathill to Biw Capulin Cyn
Blw Cap. Cyn 29 121 3508 601 17.8 iBlw Capulin Cyn to Ranger St.
FS Ranger St. 30 137 4110 B
3374

Shaded data represent reacii of Red River demonstrating highest S04-gain
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Table 22. Relative Percent Difference between Duplicate Samples'

Sediment ~ Surface Water
Analyte 4 filtered unfiltered
Al 19.7 -
Sb - -
AS 36.2 -
Ba 11.3 3.1 0.5
Be 18.2 - 20.0
Cd - - _
Ca - 8.2 0.4 0.6
Cr 143 - -
Co 17.9 - 200.0
Cu 16.5 234 7.1
Fe 9.5 - 8.4
Pb 15.4 - -
Mg 13.3 0.0 0.9
Mn 6.8 0.3 0.7
H - - . -
ﬁig 17.4 33.8 -
K 15.5 9.7 51.4
Se 32.1 - -
Ag - - -
Na . 18.5 1.3 2.0
Ti . - -
\'4 13.4 - -
Zn 12.8 0.8 2.6

- cannot be calculated due to undetected concentrations




Table 23, Metal Concentrations in Residentials Areas near Tailings Ponds
Map Location | 17 15 14 16
Average Metal Average Metal Ratio of Conc. Change | Feliciano | Roger Cecil Benchmark
Conc. in Tailings |{Conc. in Background| (tallings/bckgrd) | House Rael Herrera Clines (ref, 2)
(N=8} - Soil (N=3) .
CLP ID# MFT934 |{ MFT937 | MFT938 | MFT939
Soll Type* Sedilio Soif Type* Sedillo Sediilo Sedillo Sedillo
Analyte {(mg/kg)
Al 8050 2887 2.8 8290 7140 7070 8300
Sb 0 2.4 ND
As 0.78 0.78 1.4
Ba 87 48.7 121 41000
Be 1 0.18 0.49 0.14*1
Cd o 0.2 ND
Ca 16250 1111 ng
Cr 40 3.5 2900
Co 10 3.0 na
Cu 188 6.3 na
Fe 16693 7177
Pb 58 12.6
Mg 7743 1051 ne
Hg ND ND
Ni 30 3.8 12000
K 4761 1049
Se ND ND
Ag ND ND
Na 137 38.5
Tl 0.5 ND
Vv -~ 35 7.9
Zn 121 33.5

* ref. SCS 1982

** Cancer Risk Screening Concentration
Shaded data are > 3 x background concentrations; J = estimated value
ND - not detected; na - not avallable or calculable



Table 24. Metal Concentrations in Residentials Areas near Tailings Ponds

Map Locallon { ( 23 23 25 26 22 20 21 18 19
Average Melal| 1/4-mile north | Cetro Rd, | Ceiro Rd. | Cerro Rd. Average Ratlo of Questa | Questa | Questa Arch Romolo
Concentration§ of Questa #1 #2 #2 Background [Concentrations| Jr.High | Jr.High | Jr.High Truille { Marlinez
In Tallings Jr. High {background) | (background){ (duplicate) | Concentration | (laillngsbekged) | Schook2 | Schook3 | School-3
. {inlilal background) . {duplicate)

CLP iD# (N=8) MFT945 | MFQ-082 | MFQ-083 | MFQ-084 MFTO31 | MFT832 | MFTE33 | MFT935 | MFTO36
Soll Type* Silva Siva Sliva Silva  [Silva Soil Type Siiva Siiva Siva Sliva Siva
Analyte {mg/kqg) _ _ _ _ _

Al 8050 13600 9780 8950 13700 11510 0.7 12300 8000] 10800 8710 8650
Sb ND ~_ND ND ND ND ND na ND ND ND ND ND
As 0.78 ND 4.7 44 55 3.7 0.2 23 ] ND 25 15
Ba 87 187 156 159 185 172 0.5 218 196 185 167 162
Be 1 0.76 0.72 0.78 0.87 0.81 1 0.88 067 0.68 0.62 0.62
Cd 0.2 —0.08 ND 0.57 0,65 0.6 0.4 i ND " 1.2 "ND ND
Ca 16250 870 2670 2280 2580 30 X 8970 7680 7010|  13700[ 14000
Cr 40 13.2 139 13.7 17.7 14.4 2.8 118 8.2 11.5 9 145
Co 10 7.1 30 12 143 10.8 0 8.7 7.7 8.7 X 7.8
Cu 188 144 174 243 25.2 21.3 B 9.5 169 18 6.4 30.2
Fe 16683 172 17500 18400 25000 19776 0.8 16000 10700 14300 13200] 12500
Pb __&8 16.2vJ 20.3 236 24.9 21.2 27 168.7 158 33vl| 164 484
Mg 7743 4100 2580 2500 3220 3118 25 410 3100 3700 3660 4280
[Mn 471 493 655 780 804 710 0.7 568 504 518 457 542
Hg ND ND ND ND ND ND na ND ND ND ND ND
Ni 30 124 11 116 143 12.3 24 _12.8 82 11.2 115 14.3
K 4761 2650 1850 2730 2910 2410 2.0 3040 1700 2070 2080 2630
Se ND 0.21J 1.4J 0.92 1.4J 0.23 0.0 ND ND ND ND
Ag ND ND ND ND ND ND na ND ND "ND ND 9.81
Na 137 86.8 86.2 79.6 105 89.4 15 104 61.8 3.6 93.7 85.6
Ti ND ND NI ND ND ND na N “ND ND ND
v 35 24.8 36, 33 41.3 33.8 1.0 —10.8 18, 224 236 21
Zn 121 493 48,8 653 85.3 62.1 1.6 60.7 42.1J 44 1 52 .8 [T a0

*rof, SCS 1982

J = gstimated value; v - value blased low
ND = not detected; na = not avallable or calculable
Note: Shaded datum is > 3 x background but also > average concentration in fallings
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Flgure 3. Sampling Locations near the Mine Area
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-\ttachment D

Sulfate Gam to the Red River over T:me in the Vicinity of the Mine.

A reiease ot CERCLA hazardous substances to the Red River nas been identified through surtace
water sampling and sedimént sampling. The following exercise was conducted to assess potential
attribution of the observed release to the Red River to Molvcorp activities.

D-1. Attribution of Release-Method

_ Attribution of metal loading to the Red River by Molycorp operations was evaluated by
examining how the loading of metals to the river has changed over time. Sulfate was used as a
proxy for metals since the mobilization of the latter (due to lowered pH) results from the
formation of sulfuric acid by the oxidation of sulfate (ref. 62, p. 31). Sulfate loading to the Red
River was evaluated near the Molycorp mine by calculating the percent of total sulfate increase or
gain auributed to different segments of the river. 'While another study used this same approach
to evaluate gain over a larger reach of the Red River (ref. 28. app. 4), this study concentrated on
the gain solely between Molycorp property and the GSFS Questa Ranger Station. .Sulfate gain
was evaluated from the upper Molycorp property line to Columbine Creek (upper segment) and
Columbine Creek to Ranger Station (lower segment) for eight different data sets covering 29 -
years (1965-1994: refs. 28. 13. 14). Sulfate gain for a given data set or sampling event was
calculated by multiplying flow of the Red River by sulfate concentration. The total gain- was
apportioned to each segment. The advantage of this approach is that data from different weather
conditions, which would affect the flow of the Red River and sulfate concentrations. can be
compared. Due to the differences of sampling strategy of each event, estimations of several
parameters such as flow at each river location or sulfate concentration below Columbine Creek
was necessary to normalize the data from each study. Any attribution of suifate loading to the
Red River by Molycorp operations would likely be reflected in changes in the relative contribution
of sulfate reflected in each segment of the river. ' '

D-2. At-n'ibution of Release Results and Discussion

.If Molycorp's mining operations have contributed to the metai loading of the Red River, then
those reaches of the river which are impacted by mining should contribute a higher percentage of
the total loading over time. To make this comparison, eight data sets spanning 29 years (1965~
1994) were used to determine the contribution from areas between Molycorp milling area and
Columbine Creek (upper reach) and berween Columbine Creek and the USES ranger station near
Questa (lower reach). 'For data sets which-do niot include flows at each samplmg location,

estimated flows were applied by calculating the proportion of flow at a given location from other

data sets (Table D-1). Percentage of ﬂow at each samplmg locanon was fairly conmstem

. regardless of total zauaed flow.
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Resuits of the contribution of sulfate from each stream reach over time is presented in Table D-2.
Prior to the commencement of open pit mining by Molycorp, the lower reach contributed slightly
over z nalf of the total gain. The mine dumps were initially deposited in the Sulphur Guich
drainage and smail drainages in the Sugar Shack South area (ref. 4, photo 6). Analytical results
from a 1971 report show the upper reach had a higher percent contribution of sulfate than before
open rit mining began (Table D-2; rer. {4. p. 41). By 1988 (next available data set), deposition of
the mine waste dumps had expanded into both Goathill Gulch and Capulin Canyon (ref. 4,

photo. 7). Also. Molycorp had suspended open pit operations in 1985 and reverted to
underground techniques. The contribution of sulfate observed in the lower reach of the river had
increased to over 80% of the total gain (Table D-2). Analytical results of surface water flow from
each of these drainage demonstrated higher levels of sulfate than in background drainages such as
Hanson Creek (ref. 28, app. 1). The Capulin collection system, which was installed in 1992,
re-routed acid drainage (both mine and scar related) to groundwater via a bore hole in Goathill
Gulch. This action cut off much of the surface water flow in these drainages. The contribution of
sulfate gain seen in the lower reach of the Red River abruptly decreased by October of 1992 to
52% (Table D-2). This level of contribution is approximately the same as that prior to open pit
operations. Since the installation of the collection system. however, the sulfate gain in the lower
stream reach has increased (Table D-2). This result suggests that a new source for sulfate had
deveioped since 1992. Because the hydrothermal scar areas have not likely increased in surface
area since 1992 and can be assumed to already have achieved its greatest acid generating
potential. the increase in sulfate most likely has resuited from groundwater recharge which is
impacted by either the mine waste dumps or mine workings.

. An alternative method for evaluating (paruial) attribution of releases to the Red River focused

upon meral concentrations in both the sediments which defined a release and the mine waste
dumps. Those metals which were higher in concentration in the mine waste dumps than the scar
areas were compared to those metals which demonstrated a three-fold increase in the sediment
samples. A ratio of average metal concentrations in mine dump material to natural scar material
was caiculated (Table 4). The highest rarios are those for Mo, Zn, Cu, Mn and Be (in decreasing
order}. Except for Mo, for which sediment analysis was not conducted, four of the five metals

. which were elevated in at least half of the downstream sediment samples are the same metals with

the highest concentration ratia between the mine dump material and scar areas (ca. Table 4

and Table 18). With the few riumber of samples (waste and sediment), this comparison does not
definitively prove antribution of elevared metal concentrations to Molycorp but does suggest a
likely connection. _



Sulfate vs. Stream Discharge

Red River above Questa
250 ?g >
200 | 8@ 0
B | 19924
< 150 |- - o 1965
E o f A 1970
2 < )
s NI o 0 1988
S 100 |-
& m] ag o 1986
2 1984-5
A B A
® A
0 ) 1 ]
0 50 100 150 200
Streamflow {cfs)
Sulfate at low flow is GW input

GW input has increased since 1965

risicir [
R

B

LR ]

e

i
v

£



APPENDIX B

Dlscuss:.on of Molycorp mine area hydrogeology, excerpted from SPRI
" Report, Apr:.l 21, 1995. '
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APPENDIX B

Discussion Of Mine Area Hydrogeology

B.1 HYDROGEOLOGIC UNITS .

In the Mine Area, the identified hydrogeologic units are:

> Pre-Cambrian/Tertiary Aquitard,

> Tertiary Aquifer,

» Hydrothermal Alteration (“Scar™) Aquitard [Note: not a true aquitard
because it is not in the saturated zone]

> Valley-Fill/Mudflow Aquifer,

>

Valley-Fill/River Alluvium Aquifer, and
» Mine Waste-Rock Dumps (Perched Aquifer).

Each of these units is discussed below.
Pre-Cambrian/Terti A quitard

The Pre-Cambrian metamorphic and intrusive rocks and the stock-like Tertiary
intrusives (Mine Aplite) form a hydrogeological basement or a regional aquitard analogous to
the regional lower clastic {Pre-Cambrian/Cambrian quartzites) aquitard identified by Winograd
and Thordarson (1975) in central and eastern Nevada. While shallow fracture systems (and in
some cases, major through-going faults) allow for some movement of ground water, these .
rocks are characterized by low hydraulic conductivity and serve as barriers to deep circulation
of ground water. Schilling (1956), in characterizing the vertical fracture system in the Mine
Aplite, noted that these fractures pinch out downward into the main intrusive mass. These

fractures (along with numerous small faults) are also mineralized in the ring fracture fault
Zone. ]

I I. g -t :

The Tertiary volcanics and sedimentary rock units are highly fractured and faulted
throughout the caldera block north of the river. (Note: sedimentary units are very thin and do
not show on Figure Al - Appendix A.) The major structural features are high-angle
northwest-, north-, and northeast-trending faults and low-angle faults, either parallel to the
intrusive/volcanic contact (contact conformable fractures) or along unit contacts. Joints related
to some combination of tectonic and volcanic processes are also present in the volcanic units.
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Although mineralization and/or clay gouge along faults have sealed some of the fractures, not
all are sealed and fracture flow does occur throughout the area. The Tertiary volcanic rock
then represents the aquifer in the area and has highly variable hydrauhc conductivity

depending on the fracture orientation, fracture spacing, and the openness of the fracture
system below the water table.

“ ¥

The hydrothermal scars scattered across the ridges above the mined area are composed
of pyrite, clay, quartz, and carbonates altered to iron oxide, gypsum, jarosite, plus residual
quartz and clay resulting from near-surface oxidation processes. These masses of altered
material are principally located above the natural water table, but they likely have very low
hydraulic conductivity and serve to retard infiltration to the fractured Tertiary aquifer system.
Several 90-foot deep boreholes drilled by Molycorp into the “scar” material were either dry or
produced very small flows (on the order of less than 1 gallon per minute) over time. Because
masses of fractured rock are located within the hydrothermal “scars,” some of this flow may
have been from local perched water zones associated with isolated masses of rock. If the

“scar” material extends below the water table, the altered rock rmgh: locally create semi-
confined conditions.

Vallev-FilMudflow Aauif

Schilling (1956) described and mapped mudflow deposits in the Sulphur Gulch area and
related these flows to intense storms that periodically flushed valley debris to the Red River
Valley. He noted that the mudflows tended to develop in tributary canyons that extend across
the hydrothermal scar areas transporting the hydrothermally altered rock toward the main
valley. At times, flows blocked the Red River Valley and spread laterally—covering parts of
the valley floor. SPRI field observations were that mudflow deposits extend beyond the area
mapped by Schilling and are present at Goathill Guich and Capulin Canyon. These mudflow
accumulations, interbedded with alluvial sands and gravels, make up the fan delta deposits that

occur at the lower part of many of the tributary canyons. Because hydrothermally altered rock

underlies so much of the land north of the river (Appendix A), virtually all of the tributary
cafiyons have some mudflow debris composed of acid-generating rock within the fan delta

Jeposiic The lrgé fan delta complexes at Hanson and Hot-N-Tot Creeks, Sulphur Guich,
Goathill Gulch, and Capulin Canyon are examples of deposits that contain acid-generating

mudflow debris.

The mudflow material consists of angular, poorly sorted rock ranging from pebble to
boulder sizes in a matrix containing varying amounts of clay, slit, and sand. Field
observations of these deposits and borehole logs show that thin layers of sandy, silty clay are
present within the mudflow. Drilling has also encountered buried logs in these deposits.
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Mudflow sediments from the tributary canyons should interfinger with the river alluvium, but
drillers’ hithologic logs for the Columbine and Mill wells on or close to the Red River Valley .
floor are not of sufficient detail to recognize this. Ephemeral flows and seepage from tributary
canyons should infiltrate the mudflow sediment and these deposits can serve as a conduit
between the tributary canyons and the main valley. Exposure of these mudflow deposits are
gypsiferous resulting from precipitation of gypsum from pore waters andlor reactions between

A = St 7 e s

hecome sources of high TDS and sulfate—beanng ac:dlc water. In the main valley, ‘mudfiow
deposits may be part of the saturated valley-fill.

Vallev-Fill/River Alluvium Aquif

Drillers’ logs characterize the river alluvium as rounded gravels (ranging from pebbles
to boulder size) and fine to coarse sand. Pumpage at Columbine wells No. 1 and No. 2 was in
the 1,000 gpm range (Molycorp files). In the mill area, which was buiit on a broad flat
surface north of the Red River, Mill well No. 1 pumped at 1,200 gpm. Mill well No. 1A
initially pumped up to 1,500 gpm, but the weil could not sustain this level and was pumped
dry shortly after completion. Other wells attempted in the mill area were not productive.

Well logs to-date indicate that bedrock lies at depths of 80 to 150 feet below the valley floor.

Mine Waste-Rock D (Perched Aquifer

The mine waste-rock dumps are fairly permeable relative to the underlying bedrock.
The dumps are recharged from snow melt and other precipitation events. That they store
water for some period of time is evidenced by the acidic, high TDS and high sulfate waters
discharged in some places from the lower part of these rock piles. Recharged water has
sufficient residence time to react with available sulfide (chiefly pyrite) to generate acidic
conditions. Mine waste-rock dumps function as perched aquifers that discharge water to.
surface seeps and flows, to valley-fill sediments, and to fractured bedrock.

Mine waste-rock dumps occur at the head of Capulin Canyon and Goathill Gulch.
Farther south, the Sugar Shack West dump was built across a small canyon that merges near
Shaft No. 2 with a larger canyon tributary to the Red River. Sugar Shack South Dump, the
Middle Dump, and the Sulphur Guich/Spring Gulch Dump were built across drainages
tributary to the Red River. These dumps were constructed from rock excavated when the open
pit was developed. Bemms (to control rock falls and slides from the waste-rock dumps) were
constructed from local valley-fill material and extended across the tributary valleys prior to the
building of the waste-rock piles. Geologic maps, cross-sections of the pit area, and borehole
logs with or without geochemistry indicate that the dominant rock types were andesitic flow
rocks and aplite with subordinate amounts of granite porphyry and rhyolitic ash flow wuffs.
Virtually ali of these rock types (including overburden rock, subeconomic waste rock, and ore)

: B-3
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normally carry some disseminated pyrite. Most of the ore mineralization was in the aplite and
the andesite. Mine waste-rock ranges from fresh, weakly altered rock to rock consisting
largely of quartz, clay, and pyrite (or its oxidized equivalent). Occasionally, rock fragments at
the toe of the dump will disintegrate very easily because of the growth of intergranular gypsum
precipitated from dump waters. Qualitative observation of waste-rock piles indicates that
dump material ranges from clay to boulder sizes. The dump material shows “angle of repose”
layering resulting from variations in time of the size fragments excavated. Downward flow of
water in this unsaturated environment should be enhanced by the angle of repose layering.

B.2 GROUND-WATER RECHARGE

Factors to be evaluated in preparing estimates of ground-water recharge include:
topography (elevation, degree of slope); surface material (outcrop, soil sediment); permeability
and run-off characteristics of surface material; bedrock conditions in terms of infiltration
characteristics, porosity, and hydraulic conductivity; and climate (temperature, precipitation,
evaporation). Many of these parameters are not well defined in the Red River drainage area,
but there are sufficient data to make some estimates of a hydraulic connection between ground
water and the Red River.

The mine operations are located north of the Red River Valley where elevations range
from 7,581 feet on the Red River opposite Capulin Canyon to 10,812 feet at the ridge north of
the open pit, resulting in a relief of 3,221 feet. Excluding the relatively narrow flat to gently
rolling vailey floor, most of the topography is composed of steep to very steep slopes that are
conducive to high rates of runoff. Major tributary canyons in the Mine Area have gradients
on the order of 600 to 800 feet per mile.

'I'he U.S. Soil Conservatmn Service (1982) defined four soil map units (as part of theu'
soil survey of Taos County) in the Mine Area north of the Red River:

+"e  Two of the soil units (Rock Outcrop/Ustorthentis Complex and Marosa Soil/Rock

Outcrop Complex) are described as gravelly and/or sandy loams. These soils are
* characterized by rapid to moderate run-off with high erosion potential. Infiltration

(number-of inches per hour that water percolates downward in the soil) ranges from
0.6 to 6 inches. The soil units are described as complex because a significant
percentage of the map area consists of outcrops of igneous and metamorphic rocks.
Vegetative cover consists of Douglas fir, Engelmann spruce, and Ponderosa pine
with an understory of Gambel oak, mountain brome, kinnikinnick, Kentucky
bluegrass, Arizona fescue, and whortleberry.

e The third soil unit (Rock Outcrop/Badland Type) is associated with the
hydrothermal scars and underlies much of the area north of the Red River
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(Appendix A). This soil is described as extremely acidic (pH <4.5). It occurs
along portions of all of the major drainages (Capulin, Goathill, Spring & Sulphur
Gulch). Typically, slopes are steep and are nearly barren of vegetation. The Soil -
Conservation Service characterizes this unit as a soil that generates increasing
sediment loads to tributary drainage as precipitation increases (very high run-off
and erosion potential). Drainages that intersect the hydrothermal scar areas
typically have mudflow deposits near their confluence with the Red River.

¢ The fourth soil unit (Cumulii Hoplobenolls) covers parts of the main valley floor.
It generally consists of stratified gravelly sandy loams and gravelly ciays.
Infiltration of the soil is slow to moderate (0.2 to 2 inches per hour). Periodic
flooding is the chief hazard here.

Rainfall estimates related to elevation and soil units in the Mine Area were prepared by
the U.S. Soil Conservation Service (1982). For the lower elevation, below 9,000 feet, the
annual precipitation is 18 inches; between 9,000 to 11,000 feet, annual precipitation is 35
inches. In its report, the U.S. Soil Conservation Service indicates that annual snowfall can
exceed 100 inches in the mountains. Schilling (1956) had estimated 21 inches of annual -
precipitation for the same area. The bulk of the precipitation is winter snowfall with some

thunderstorm contribution during the summer months. The average annual temperature is 40°
to 42° Fahrenheit.

Several authors have attempted to estimate the distribution of precipitation among run-
off, evapotranspiration, and ground-water recharge. Wilson and Associates (1978) estimated
that in the mountainous areas of northern New Mexico, 3 to 10 inches of the precipitation
contributed to run-off and the balance was distributed between evapotranspiration and recharge
to ground water. Vail Engineering (1989) measured the areas of drainage basins for the major
tributary to the Rio Grande, including the Red River, and calculated basin discharges from an
equation based on drainage basin area and average annual winter precipitation. For the lower
Red River basin (Zwergle Dam east of the Town of Red River to the Questa Ranger Station

- stream gauge) Vail calculated 2 discharge of 38.2 cubic feet per se second (cfs). A review of
flow discharges measured over a 12-year penod {U.S. Geologlcal Survey (USGS) data in
Molycorp files for 1943 to 1953) shows that discharge ranges from 7.74 cfs to 262.5 cfs. In
general, the higher flow rates occur in the April through July penod and the lower rates over
the balance of the year. Overall, this section of the Red River between the dam and the

Ranger Station appears to be a gaining stream with substant:ally higher flow discharge at the
downstream station.

River accretion studies by the USGS (in October 19_65 andm 1988) were referenced by
Smoika and Tague (1988) in their water quality survey of the Red River between Zwergle
Dam and the Fish Hatchery. After correcting for tributary and diversion flows, they estimate
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that the net gains from ground water were 9.0 cfs (1965) and 9.1 cfs (1988) between Zwergle ﬁ
Dam and the Ranger Station gauge east of Questa. The Molycorp mill was not in operation in
1965 or 1988 ‘and was not a factor in the diversion calculations. A review of the 1943-1955 _
flow data (Molycorp files) for these two gauges indicate that base flow (ground-water ?
recharge) conditions ranged from 7.74 cfs to 13.9 cfs (an average of 11.04 cfs). This data set

also shows that base flow conditions are typically in December and January, and Smolka and

Tague’s estimate for net gain to ground water may be too high. Vail (1989) used USGS
stream flow data to estimate accretion to the Red River at nine locations from the Zwergle
Dam site to the Bear Canyon area (near the Questa Ranger Station gauge). The segment from F
the Molycorp mill downstream to Bear Canyon is estimated to have an accretion of 6.6 cfs. '

Of this; 5.0 cfS coitiés from. Columbine Creek, which-Jeaves 1.6 cfs related to recharge from .
intermitient tributary drainages, seeps, and springs along both sides of the rivers. a

Another approach to estimating drainage basin recharge to ground water utilizes the i
Maxey and Eakien (1949) approach. Their method estimates that 25 percent of the annual !
precipitation over the Mine Area drainage basin could contribute to recharge. Vail :
Engineering (1989) calculated areas for the Red River drainage basin and for the lower Red %
River basin (from Zwergle Dam to the Ranger Station). Using an area of 83.24 square miles
at 25 percent of 21 inches annual precipitation (Schilling, 1956), the entire basin would
contribute 32.25 cfs to ground water. That part of the entire drainage basin in the Mine Area

b
represents about 6 percent of the total-drainage basin. On the assumption of a uniform ' {
distribution of ground-water recharge (as an approximation), 1.94 cfs would be recharged to ‘
the ground water. Using Vail’s (1989) estimate of the square miles for discrete elevation £y
zones and 25 percent of the annual precipitation for each zone as recharge results in a higher i

esumate of 2 56 cfs ground-water recharge for the Mine Area dramage basin. SPRI (1993b),

,._,-m-.
e i

assumed tlns recharge equals accrenon to 1 t.he e Red Rlver

™3
- 1|
A ﬁnal approach (o] esumaung recharge from ground water is to use the average of the
baseflow from the 1943 to 1955 flow data (11.04 cfs) as an estimate of the total ground-water i
recharge for the basin. Again, with the assumption of an uniform distribution of recharge i
throughout the basin, the Mine Area portion of the drainage basin (6 percent of total area) '
would have contributed 0.66 cfs. This value is considerably lower than the precipitation-based 5
estimates. The lower recharge values will be used here because there may be less error for a ;
recharge estimate based on actual flow data than for estimates based on a precipitation ;-

approximation. 5

Vail Engineering’s (1989) accretion study results in an estimate of 1.6 cfs of ground- .
water recharge in the river from both sides of the segment opposite the mine. This wouid o
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result in about 0.8 cfs from the north (mine side) of the river, which is in fairly good
agreement with the base flow estimate.

Molycorp records indicate when the deep underground mine was being developed,
dewatering required between 250 and 500 gpm (0.57 to 1.14 cfs). The Smolka and Tague
(1988) accretion study, during the time of mine development, shows a.net accretion to the
river from ground water of 9.0 cfs, similar to the pre-mine accretion of 9.1 ¢fs in 1965.
Taken at face value, this suggests that the mine was dewatered from the deeper part of the
ground-water flow system and did not appreciably, if at all, reduce accretion to the river from
ground water. The explanation for this is that most of the ground-water recharge to the river
may have come from the upper part of the ground-water system. In other words, the deep
mine was not directly in the recharge zone. Schilling (1956), in his description of fracturing
in the Sulphur Guich area; indicated that many of the fractures (particularly sheeting type of
fracturing related to contacts) tend to die out with depth. More water was probably in storage
in the shallow, more open, and better interconnected fracture system close to the water table,
and mineralization combined with lithostatic pressure effectively sealed much of the deeper
level fractures. With lower hydraulic conductivity conditions at depth, a cone of depression

(probably steep-sided) would develop over the deep mine. SPRI (1993b, 1994) concluded that
the cone probably did not extend to the river.

The stability of the water levels in the monitor. wells over.the last five months, despite
continuous dew_q;g_rigg_ of the Mgrgqmd mine (several hundred feet decline over the same
period), supports the mterpretauon that a steep cone of depression occurs over the mine, and
that the edgé of thé Cone is north of the river. The welis close to the river could possxbly be
recharged at a rate which balancés any loss (discharge) due to dewatering. Water-quahty data
from 1994 sampling of the river and of the monitor wells, in terms of dilution affect, is
inconclusive because there is no historical water-quality data. Concentrations of sulfate in well
water ranges from 700 to 1,300 mg/L while river water is typically less than 20 mg/L. As

water-quality samples are taken over the next year, it may be possible to evaluate dilution
affects, if any.

B.3 PRE-MINE WATER-TABLE CONFIGURATION -

Based on Molycorp data (obtained in 1993), dewatering inflow for the older -
underground workings and for the open pit ranged from 15 to 30 gpm, which are very low
fiow rates. However, anecdotal evidence from mine workers active at the open pit indicate
that an extensive water control program was in operation during the development of the pit and
that these rates may be low. If these areas were below the water table, such rates could only
be explained by very tight rock conditions in which virtually all the fractures were sealed.

B-7
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being located close to a north-south fracture zone. An estimate for transmissivity based on the
specific capacity:
( _Q_) _ (Gngm)
s 1 foor
and utilizing an equation developed by Huntley et al. (1992) for fractured rock

LI8
T= K(%) where K is a conversion factor from their Table 1

resulted in a transmissivity of 4,877 ft%/d, or 36,481 gpd/ft. (Note: The factor to convert
from ft%/d to gpd/ft is 7.48.)

The thickness of the bedrock aquifer is unknown. Using the saturated thickness at the
well (58 feet), an estimated hydraulic conductivity (K) is 629 gpd/f®. This is probably close
to a maximum value (thickness is too small), but still lies within the upper range of K values
for fractured igneous rock (Freeze and Cherry, 1979, Table 2.2).

Another approach to estimating hydraulic conductivity uses the decline in water level at
the underground mine during the current dewatering phase and dates of measurement on a
time-drawdown plot. Data were plotted on semi-log pager and the Cooper-Jacobs equation
was used to calculate transmissivity.

(=

This calculation resulted in a transmissivity of 2,424 gpd/ft and a hydraulic conductivity of
5.09 gpd/fi® (the latter is based on a thickness of 476 feet or the difference between the pre-
dewatering water-level and the top of the Grizzly level at the underground mine). The
Cooper-Jacobs equation was developed for porous media. Its application to bedrock data

assumes that over a large enough volume of rock (“large enough” is not specified), fractured
rock can be approximated by a porous media formula.

The two values for hydraulic conductivity reported here are at best rough estimates.
These results suggest that hydraulic conductivity ranges over two orders of magnitude from.
fairly tight rock to periieable fractire zones. A compilation of flow velocity based on simple
equations using single hydraufic conductivity values does not lead to reliable
estimates for travel time. Even if the estimate was close to a true trave] time, open fault zones

at an angle to the regional gradient can move ground water more rapidly and in a different
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| direction from the regional flow direction. Estimates of flow velocity and travel time, based
on water quality (from known sources) and isotopic data, may have more validity (when the
data from such studies become available) than hydrogeological approximations.

B.S GROUND-WATER TRANSPORT

With the current]y available in ormation, it is not possible to make meamngful
quantitative estimates for the velocity of ground water through the fractured b bedrock. Tracer

fests i sets of nearby boretioles would probably allow for an estimate of ground-water
velocity through fractures. For these tests, the distances between boreholes and their
relationship to mapped fractured systems would have to be considered. However, as indicated

in previous sections, water chemistry combined with isotope data might lead to better estimates
for velocity.

Seepage velocity formulas are based on advection in granular material, not fractured
rock. Moreover, conceptual models for fracture flow include an equivalent porous media
model that treats fractured rock as if it were a granular, porous medium. The rationale is that
if the fracture spacing is small (compared to the scale of the system being studied), the model
leads to a reasonable estimate of regional flow. The model is not an accurate representation of
local conditions (e.g., an open fault that diverts flow at some angle to the regional system).

Using the caved area (located on Goathill Guich) above the deep underground workings
as a source and published valiues for hydrauhc conducnvxty and poros:ty for ﬁ_-acn_x_re;d rock
(Freeze and Cherry, 1979); Tough esti esumates of travel time from the mine to the river can be
made According to Freeze and Cherry (19’79), the range of hydrauiic conducuwty “for
fractured igneous and metamorphic rocks is 10" t0 10° gallons/day/f¢ and for permeable

basalt 1 to 10° gallonsldaylftz The porosity range for fractured crystalline rock is 0 to 10
percent, and for fractured basalt 5 to 50 percent.

The seepage velocity formula is:
Ki
748ne

V =
where: seepage velocity, in feet/day;
hydrauiic conductivity, in gallons/day/square foot;
hydraulic gradient, in feet/feet;
porosity, as a percent; and
gallons per cubic foot.
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The hydraulic gradient (0.036 ft/ft) and the down-gradient distance to the river from
the caved area (3,500 feet) are based ona “normal” water-table configuration map. Seepage
velocity was estimated by using a hydraulic conductivity equal to 10 gailons/day/ft® and a
porosity of 10 percent. These values are in the mid- to upper-range of values for fractured
igneous and metamorphic rocks and in the lower range for permeabie basalt. The resulting
seepage yelogity is 0.48 foot/day and the rave] time from the caved area to the river is
19.97 years. High-angle faults that cut across the structure of the mineralized zone and the
low-angle north- and west-dipping fauits may represent preferential pathways for flow to the
river at rates less than the calculation indicates. However, estimates of seepage velocity and
travel time calculated from formulas derived from granular or matrix flow and applied to a
setting where hydraulic conductivity is highly variable are not accurate.
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3.0 RESULTS AND DISCUSSION OF SPRI
SUMMER/FALL 1994 FIELD ACTIVITIES

3.1 WELL EMPLACEMENTS

To identify and evaluate the presence of potential hydrogeologic connections between
the waste-rock dumps, down-gradient aquifers, and the Red River, aerial photographs were
used to locate the monitor/extraction wells as close as possible to the pre-1963 valley bottom.
{In a number of areas, waste-rock dumps and/or mine cut-and-fill operations have
subsequently covered these drainages. The fan delta deposits (alluvial sediments and mudfiow

deposits, collectively called the valley-fill aquer) occur at the mouths of tributary valleys to
the Red River (see Figure 4).]

The equipment used to drill the monitor/extraction wells consisted of a casing drive
system using 8-inch and 12-inch inside diameter (ID) threaded drive casing. A casing drive
shoe was attached to the base of the casing driver and remained at the bottom of the cased hole
after hydraulic jacks extracted the drive casing. Well construction and placement of annular
materials were accomplished inside the drive casing, limiting the well casing to 8 inches or
less inside the 12-inch drive casing and 6 inches or less inside the 8-inch drive casing. A
downhole air hammer and hammer bit were used to drill through boulders and bedrock. The
drill equipment consisted of a 15W Gardner Denver Tophead drive chain pulldown drill rig,

water truck, pipe truck, air compressor truck (primary), tag-along air compressor (secondary),
and hydraulic jacks® truck.

All wells that had water in the borehole were developed by either pneumatic downhole
bladder pump, bailing, or electric submersible pump. Low-yield wells were pumped using the
pneumnatic bladder pumps (for their design protections against pump burnup). The medium-
yield wells were pumped by continuous bailing with an 18-gallon bailer. The bailing
operation used a hydraulic powered 5T Smeal pump truck to raise and lower the bailer.
Bailing rates were adjusted to fit each well’s yield so as to allow for baildown without undue
interruption of the extraction rate. High-yield wells were pumped with either one horsepower
(bp) or 5 hp electric submersible well pumps. The actual high-end pumping rate varied with
head considerations, but the 5 hp pump would usually pump up to 50 gallons per minute.

When the locations of the monitor wells were established and surveyed for elevation by
Molycorp staff, elevations for wells with protruding casing vaults were taken at the top of the
casing and elevations for wells with flush-mounted vaults were taken at the top of the cement

pad. All measuring point elevations have been corrected 10 read from the top of the cement
pad.
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WATER LEVELS AND HYDRAULIC CONNECTIONS

SPRI overviewed the installation of 12 new monitor wells during the 1994 investigation

(refer to Figures 2 and 10 for locations). These wells and their hydrologlc characteristics are
described below.

[

Wells MMW-14 and MMW-16

These wells, which are located in the fan delta or valley-fill deposits and the
immediately underlying bedrock opposite the Sulphur Guilch and Spring Guich area, are
dry. The open pit (Sulphur Gulch) and the decline that passes under lower Sulphur
Guich may capture most of the discharge from the drainage basin. (These wells are not
deep enough to intersect the cone of depression if it extends into this area.)

Well MMW-13

This well was drilled opposite the Middle Dump and extended imtially into
bedrock (25 feet); it was completed as a valley-fill well since the bedrock was dry. It
is difficult to distinguish reworked valley-fill from in-situ valley-fill by drill cuttings
alone. Berms were constructed across the lower parts of some tributary valleys prior
to dump construction. Using elevations for the pre-berm surface from the 1963 USGS
topographic map (Questa, NM 7.5 Minute Quadrangle Map) and more recent mine .
topographic maps, the upper 50 to 70 feet of sandy gravel at MMW-13 appear to be
berm material. The lower 15.feet of the valley-fill was saturated. The water-level
elevation at this well is low (7,963 feet) when compared to the stream bed elevation
opposite the well (7,990 to 8,000 feet). This water-level elevation has changed less
than 1.0 foot over the five-month period since construction. The water level will
continue to be monitored for evidence of addmonal drawdown related to the mine cone
of depression.

ﬂﬂls_MMW_-lQA._B..L

These wells are located below the toe of Sugar Shack South Dump. ‘The -
elevation of the Red River opposite these wells is between 7,910 and 7,920 feet. The

~water guality of Portal Sp_rmgs (a series of river _bank seeps along the north side of the -

river) is commensurate with narural acidic sources'andlor waste-rock dumps The
eastern moSt Seep (Iocated just west of the MMW-10 wells) has an estimated elevation

of 7,915 feet. 'As discussed later in this section, these seeps are believed to represent -

. the top of the potentiometric surface at the river. Water-level elevations at the three
MMW-10 wells are slightly above 7,917 feet. :
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Monitor well MMW-10A is screened in the lower part of the valley-fill,
immediately above bedrock. The borehole log indicates that the fill here is a mixture
of fluvial sands and gravel and mudflow deposits.  Clay beds interbedded in the valley-
fill probably resuited from deposition in lakes formed behind contemporaneous
mudfiows that blocked the Red River Valley. The aquifer test results discussed in
Section 3.3 indicate that this well, if fully stressed, may produce several hundred
gallons per minute from the saturated sands and gravels.

MMW-10B is screened in bedrock just below the valley-fill, but the water-level
elevation (7,917 feet) is 112 feet above the contact, indicative of a strong upward
gradient. This water-level elevation is close to that of the two valley-fill wells which,
since the bedrock is highly fractured below the fill, could also be interpreted to mean
that the fill and the shallow bedrock are in hydraulic continuity. As discussed in
Section 3.3, the aquifer test at MMW-10A established some hydraulic connection
between the valley-fill aquifer and the underlying bedrock aquifer (MMW-10B) because
both wells gave drawdown effects during the test. The head relationship between the

valley-fill and the bedrock aquifers may have a seasonal component with higher heads
in the bedrock during spring recharge.

MMW-10C is screened in the upper part of the valley-fill, just above a thick
clay bed. Tt is conceivable that MMW-10C intercepts a perched zone, and the
configuration of the perched water table is not dependent on the main water table. A
more likely explanation is that the clay beds (just below the total depth for MMW-10C)
retarded vertical flow and, because of the short duration of the aquifer test (100
minutes), there was very little drawdown at MMW-10C. An interpretation is that
MMW-10C and MMW-10A are part of a continuous zone of saturation and that the
clay bed is the cause of the lack of response during the aquifer test.

Well MMW-11

MMW-11 was completed in the upper part of the bedrock aquifer, just south of
the toe of Sugar Shack South Dump. During the drilling of this well, the lower part of
the dump material was described as moist, but free water (described as dark turbid
water) did not appear until 93 feet. This description corresponds with the base of the
dump material. Immediately underlying the dump material is a thin sandy gravel
followed by 10 feet of gravelly clay. Small amounts of water [a few gallons per minute
(gpm)] were reportedly produced throughout the valley-fill, but because a mixture of
foam and water was being injected during drilling, the extent of saturation in the
valley-fill is unknown. It is possible that the water at 93 feet infiltrated from the

overlying dump material and represents a thin perched zone. The water-level elevation
for the bedrock aquifer at MMW-11 is 7,915 feet, or 58 feet above the valley-fill and
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bedrock contact. This indicates a strong upward gradient which would be expected
near the zone of discharge in the Red River valley. The water-level elevauon for the
valley-fill aquifer at MMW-11 is not known.

During the development (using air lift) of MMW-11, the bedrock aquifer had a
pumping rate (Q) of 60 gpm with less than one (1) foot of drawdown (s). According to
Huntley et al. (1992), the use of specific capacity formulas based on alluvial aquifer
studies can be used to estimate transmissivity (T) for fractured rock. Usmg the

equation:
. K(%)m

where Q = 60 gpm
s = 1 foot, and
K = 38.9 [a conversion factor from Table 1
(Huntley et al., 1992); NOTE: This
K is not equal to permeability]

a transmissivity (T) of 4,877 fi’/day (36,479 gpd/ft) was calculated. (NOTE: The
factor 1o convert from ftzlday to gpd/ft is 7.48 gallons/foot.) This value contrasts with
90,000 gpd/fi based on the standard aliuvial equation estimate:

T= (%) 1500

It is difficult to estimate hydraulic conductivity since the actual thickness of the
aquifer is not known. If the thickness of bedrock aquifer open to the screen (40 feet) is
used, a maximum value for K would be 912 gpd/f. This value is close to the upper
limit for fractured igneous rock (Freeze and Cherry, 1979) and could be a significant
overestimation.

- MMW-11 may be located near the outer edge of the cone of depressmn Over
the last five months, corresponding with dewatering of the underground mine, the
water level at this well has shown fluctuations of less than 0.5 foot.

Figure S is a cross-section xllustratmg hydrogeologlc relanonslnps in the area of
Sugar Shack South, : o

10
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Wells MMW-8A and -8B

-~ Monitor well MMW-8A (screened in bedrock) and MMW-8B (screened in
valley-fill) are located on a fan delta deposit that filled an unnamed tributary valley in
the area of Shaft No. 1. These wells are close to the river (within 250 feet). Water-
level elevations for both wells are within the contour interval (10 feet) along the Red
River opposite the well. It is not clear that the MMW-8 wells are within the cone of
depression. Recharge from ground water beneath the river may balance discharge to
the dewatering center, keeping water levels at about the same elevation. Additional
monthly water-level measurements may help resolve the issue. The bedrock well
(MMW-8A) has a slightly higher water level than the valley—ﬁll well (MMW-8B),
indicating a weak upward gradient.

Well MMW-7

This well (north of Shaft No. 1) was drilled to a depth of 161 feet and screened
in bedrock. The water level here is 8,029 feet, which is approximately 550 feet or
more above the current cone of depression. This well is screened in andesitic flow
rock characterized by a series of low-angle north-dipping faults (Figure 3). Drill
cuttings and drilling conditions indicated that the andesite is highly fractured. The
potentiometric water level here is above the valiey-fill/bedrock contacts. Vailey-fill
appeared to be unsaturated at MMW-7, and no perched zone within the fill was noted.
MMW-7 appeared to have intercepted a perched zone within bedrock. This perched
zone is confined to an interval of fractured rocks apparently associated with a series of
low-angle structures. Figure 6 is a cross-section illustrating hydrogeological
relationships at the MMW-7 and MMW-8 weils.

Upper Goathill Guich drainage flows into the caved area. With the level of
dewatering maintained below the elevation of the Red River, no monitor wells were
constructed in the lower part of Goathill Guich.

Wells MMW-2 and MMW-3
Well MMW-2 (in valley-fill) and MMW-3 (in bedrock) were drilled in the fan
delta area in lower Capulin Canyon. Figure 7 is a cross-section illustrating the
hydrogeologic relationships at MMW-2 and -3. Water-level elevations of these two
wells are 90 to 100 feet above the level of the Red River at the mouth of the canyon.
“These elevations, if connected to a stream bed elevation farther upstream, are indicative
- of gaining conditions along the Red River. Based on the number of springs and seeps

issuing from cutbanks along the river, the water table is likely to be at the stream bed.
There is a weak upward gradient from the bedrock to the valley-fill; however, the

11
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water quality of the valley-fill ground water at MMW-2 is much closer to that of the
surface flow in lower Capulin Canyon than to the water quality of the bedrock ground
water. It also appears that the seeps near the confluence of Capulin with the Red River
contain water that is chemically more similar to the valley-fill than the bedrock. Lower
Capulin Canyon may be outside the influence of the dewatering at the mine.

Water Levels and the Red River

A number of the monitor wells show water-level elevations at or slightly below the
elevation of the river opposite the well. Construction of a water-level contour map using data
collected in November 1994 from both the valley-fill and bedrock wells (head elevations are
very close for paired bedrock and valley-fill wells) revealed a cone of depression configuration
that included MMW-8A and -8B, MMW-11, and MMW-13. Monitor wells MMW-10A,
-10B, and -10C were considered to be outside the cone and related to a water table at or very
close to the elevation of the stream bed.

A preliminary potentiometric water-level map (Figure 8) shows a cone of depression
centered above the underground mine. (The southern edge of this cone is being monitored by
the newly constructed wells.) A schematic of water-level changes in the area of the
underground mine is shown on Figure 9.

3.3 AQUIFER TESTING

An aquifer test was conducted at MMW-10A at a pumping rate of 140 gpm (the pump
was not capable of a higher rate). Although drawdown and recovery tests were completed at
this rate, the valley-fill aquifer was not stressed. The drawdown leveled out after 10 minutes
of pumping at 10.5 feet, indicating recharge balanced discharge. Transmissivity calculated
from the aquifer test was considerably higher (123,200 gallons per day per foot - gpd/ft) than
that calculated from the recovery test (32,139.1 gpd/ft). Recharge during the aquifer test
strongly reduced the drawdown. The hydraulic conductivity from the recovery results is about

" 300 gallons per day per square foot (gpd/fi®), which is in the range of values reported for
sandy gravel. During the aquifer tests, water levels were monitored at MMW-10B and
MMW-10C. Water level declined 6.0 feet in the bedrock well (MMW-10B), which suggests
that the fractured bedrock below the valley-fill is in hydraulic continuity with the fill .
accounting for a common water level. The continuity between the water-level at MMW-10C
and the other wells was thought to indicate continuous saturation from MMW-10C (total depth

58 feet) and the deeper wells. MMW-10C did appear to experience some drawdown (less than

1 foot), and it is possible that the change in depth-to-water at MMW-10C was a function of-
changes in barometric pressure. A perched zone above a clay unit may underlie MMW-10C
(with a water table independent of the deeper saturated zone). However, the clay may have

12
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considerably reduced any response from the shallower well at MMW-10A. Qur interpretation
is that the latter is correct and saturation extends across all three wells.

Data from the aquifer testing are presented in Appendix E.

3.4 WATER QUALITY

Table 1 presents the results of the most recent water quality sampling (Fall 1994) for
monitor wells located in the Mine Area. Table 2 illustrates selected chemical parameters for
the wells and the seep. Water-quality data are provided in Appendix D. [Note: Water from

the Portal Springs seep was sampled in May 1994; the other well samples were collected in
November 1994].

The chemistry of the monitor well water and river seeps is site-specific. Three river
seeps of concern are the Portal Springs seeps, Cabin Springs seeps, and Capulin Canyon
seeps. At both Portal Spnngs and Capulin Canyon, the seep water appears to be more closely
aligned (based partly on pH) to ground water in the valley-fill than the underlying bedrock
aquifer. Ground-water samples from all of the Mine Area monitor wells have TDS and sulfate
concentmnons above the concentrations in the Red RIVCI' A detiled discussion of water ~
quality is presented in Appendix D. '

Artificial S Condui

A gas-line utility trench parallels State Route 38 and is a potential lateral conduit for "~
seepage either at the water table (Portal Springs) or possibly from perched zones near the
river. If these trenches are carrying seepage, the discharge zone to the river might be
considerably lengthened.

13
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Monitor/Extraction Wells Installed in Mine Area

July/August 1994
Total Depth Screened Interval
Well No. (feet) (feet) Well Completed In
MMW-2 68 38-58 . mudflow
MMW-3 145 65 - 115 andesite bedrock
MMW-7 161 86 - 161 andesite bedrock
MMW-8A 161 125 - 161 andesite bedrock
MMW-8B 129 . 67-117 mudflow
alluvial gravel/
MMW-10A 144 79 - 130 sand overlying quartz
monzonite bedrock
MMW-10B 189 133 - 189 quartz monzonite bedrock
MMW-10C 50 31.5-50 mudfiow
MMW-11 185 145 - 185 quartz monzonite bedrock
sandy gravel, gravelly sand
MMW-13 148 105 - 148 overlying quartz monzonite
MMW-14 75 48 -75 sandy gravel
gravelly sand
sandy gravel
MMW-16 98 45 -98 gravelly sand
: overlying light grey granite
Other Wells Located in the Mine Area
(Partial Listing)
Well No. Total Depth (feet) Year Installed
Mill Well 1A-1 176 1977
Mill Well No. 1 150 1962
Columbine No. 1 39 1965
Columbine No. 2 140 1965
Columbine No. 1 redrill 153 1971




" APPENDIX D

_Wai:er ."qual,ity_ results from 1994 sampling at Molycorp mine,
excerpted from SPRI ‘Report, April 21, 1995. S I
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Mine Area 1994 Water-Quality Results .

Following the Fall 1994 installation of the 12 new monitor wells in the Mine Area,
water samples were collected to measure temperature, pH, and conductivity and to yze for
carbotiate, bicarbonate, hydroxide, total alkalinity, chloride, fluoride, and sulfate. “Monitor
well locations are shown on Figures 2 and 10 (main text). Red River and seep sampling
locations are shown on Figure D1. Water quality results are provided in Table D1 (Monitor
Wells), Table D2 (Red River: May 1994), Table D3 (Red River: October 1994), Table D4
(Mine Water), and Table D5 (Production Wells). The monitor-well data were collected in
November 1994, the surface-water data in May and November 1994, and the underground
mine and production well samples were taken earlier in the spring of 1994. Temperature,
conductivity, and pH were recorded in the field prior to collecting the samples. Because of the
low yield (less than 1 gallon per minute) typical of many of the monitor wells, a bladder pump
was used to collect the water samples. Temperature, cbnductivity, and pH were measured at
each well until these parameters stabilized (succeeding measurements differed by less than
10%) before sampling.

A precipitation sample was collected in August 1994 near the mill in the Mine Area.
The pH of this water was 4.78. Thus, the natural recharge related to precipitation in the mine .
drainage basin is acidic.

dmgmms 'I’he conversion accounts for dlfferences in welghts and elecmcal charges among

~ ____SOUTH PASS RESOURCES. Inc.

- ~
IR Lt
Te -

the cations and anions. The meq/L values have been plotted on Figures D2, D3, D4, D5, D6

~ and D7 as STIFF Diagrams in order to facilitate comparisons between water from different

_sources. The pre-May 1994 water chemistry does not cover the full spectrum of ions: included
in the later studies and cannot be illustrated on the STIFF Diagrams. The STIFF Diagram has.
been used in a conventional mode to classify the water sample (such as calcium sulfate water,

" sodium bicarbonate ‘water) and also as a device to illustrate differences between samples based
on a selected set of metals and of anions (fluoride and sulfate). Each sample site has 2
conventional STIFF diagram for the purpose of characterizing the general chemistry of the
water (Na+k, Ca, Mg, Fe, Cl, HCO;, S0O,, and CO;) and 2 second dlagram based on selected
metals and anions (Al, Mn, Fe, Zn, F, and 504) .
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D.1  Seepage Water Quality

Mine Waste-Rock Dump Seeps: Seepage water from the mine waste-rock dumps is
represented by samples CCS-1 (Table D2 and Figure D1) and GHS-1 (Table D2), which plot
on the conventional diagram (Figure D2) as magnesium sulfate waters. Cailcium and iron are
fairly high in these samples. These are acidic waters with pH of 3.0 and 2.0 and total
dissolved solids (TDS) of 24,950 mg/L and 23,390 mg/L., respectively. The major dissolved
metal is aluminum followed by iron, manganese and zinc in lower concentrations.

Bedrock Seeps: Two samples were collected from natural seeps outside of the Mine
Area (HTS-1 and HCS-1: Table D2) and two samples from seeps within the mined area
(GHS-1 and CCS-3: Table D2). The naturai seeps outside of the Mine Area are highly acidic
and have moderate to high TDS values (No. 10: pH 2.86, TDS 2,610 mg/L; No. 22: pH 2.5,
TDS 6,493 mg/L). On the conventional diagram (Figure D3), the Hot-N-Tot sample (HTS-1)
plots as an iron sulfate water. The Hanson Creek sample (HCS-1) plots as a calcium
magnesium sulfate water. Iron is the dominant metal followed by aluminum at Hot-N-Tot,
while aluminum followed by iron dominates at Hanson Creek. The concentration of fluoride
in the bedrock seeps is less than that in the waste-rock dump seeps. Zinc and manganese are
evident in these samples but in much lower concentration than the dump samples.

The bedrock seep at the head of Goathill Gulch (GHS-3: Table D2) is similar to the
waste seepage (highly acidic, pH 2.0, and high TDS, 11,980 mg/L). Aluminum
(Figures D2b,c) is the dominant metal followed by iron and manganese. This seepisina
highly fractured and altered rhyolitic tuff (clay + quartz + pyrite + gypsum alteration). The
outcrop extends beneath the Goathill dump, and its chemistry may reflect a mixture of natural
and mine seepage. The second sample (CCS-3: Table D2) was collected from fractured and
moderately altered rhyolite in the back of a small adit in lower Capulin Canyon. Itis a
calcium sulfate water (Figure D2) and has metal concentrations that are considerably lower
than the bedrock seep at GHS-3. Aluminum followed by iron and manganese are the
significant metal concentrations. It is a moderately acidic water with a moderate TDS of

- 2,686 mg/L and a fluoride concentration slightly less than sample GHS-3.

D.2  Monitor Well Water Quality

The water quality of well water (Table D1) is best described in terms of specific areas
where there may be linkages between sources (dumps, bedrock, valley-fill) and sinks (river
seeps). These areas are: ‘

. Middle Waste-Rock Dump (MMW-13)

. Sugar Shack South Waste-Rock Dump (MMW-10A,-10B,-10C,-and -11)

D-2
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. Sugar Shack West Waste-Rock Dump (MMW-7,-8A, and -8B)
. Capulin Canyon (MMW-2 and -3)
Middle Waste-Rock Dump (MMW-13):

The single water sample from the Middle Waste-Rock Dump area is from MMW-13
(valley-fill well) and is characterized as a calcium sulfate water (Figure D4) on the

conventional diagrams. It has a high pH of 7.9 and a moderate to low TDS of 1,400 mg/L.
Metal concentrations are low.

Based on currently available information, the relationship between Sugar Shack South
Waste-Rock Dump ground water (as sampled at MMW-104, -10B, -10C, and MMW-11) and
the Portal Springs seeps along the north side of the Red Rlver s uncertain. Flow directions
and hydraulic gradient for the two aquifers can not be evaluated because there are only two
wells in each unit. As noted in Section 3.0, water levels for the two bedrock wells are tens of
feet above the contact between the valley-fill and the bedrock indicative of an upward gradient
as would be expected in a zone of discharge (i.e. the Red River valley).

All of the monitor well water samples would be classified as calcium sulfate (or
calcium-magnesium sulfate in the case of MMW-11) (Figures D5a). The pHs are mostly
acidic (4.7 to 5.8), except for MMW-10B (a bedrock well) which is alkaline (pH 7.9). The
highest TDS for this group of wells occurs at MMW-11 (2,000 mg/L) with the MMW-10
samples in the 1,400 to 1,800 mg/L range. The Portal Springs seep has a higher TDS
(2,017 mg/L) than the wells on Figure D5d. In this sample, alkalis (sodium + potassium) and
chloride concentrations are elevated compared to the ground-water samples from the welis.
Evaporation of these shallow seep waters is the likely cause of these higher concentrations.

The Portal Springs seeps begin about 100 feet west of the MMW-10 wells. These
seeps were not noted unti] January 1993, despite numerous earlier river surveys (Molycorp
1994 communication). The immediate source of the springs is ground water seeping from the
valley-fill aquifer exposed along the banks of the river. However, the source of the elevated
TDS and sulfate along with fluorine and some metals is not clearly established. Based on the
water chemistry and the post-1952 tritium results for MMW-11 (see Section D.2), a possible
source is water from the waste-rock dumps infiltrating bedrock and/or valley-fill up-gradient. .
from the wells. Considering that the waste-rock dumps were inplace in the 1970s, the
apparent delay in the high TDS and high sulfate water arriving at the river is either the result
of a slow travel time (i.e. distant source or low seepage velocity) or seepage was stored in the
valley-fill aquifer (precipitation of sulfates, absorption of metals on limonite) later to be
released by a change in water chemistry. The water quality from the Red River sewage
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treatment plant production well may serve as an illustration of ground water impacted by

water-rock interactions in a valley-fill. The valley-fill there contams mudﬂow deposus denved“

from adjacent hydrothermal scars.

An additional uncertainty is the iocation of the edge of the original cone of depressmn
during the time the underground mine was in operation in the 1980s. If the cone had extended
to the river, seepage from northern sources would have been captured. The succeeding
rewatering period may have caused the edge of the cone to migrate northward allowing some
seepage to move westward with the ground water. Contmued monitoring of water levels and
water quality may supply SOmE answers.

The unnamed tributary canyon that lies just east of Shaft No. 1 could conceivably carry
drainage from the Sugar Shack West Waste-Rock Dump and possibly from the east end of the -
Goathill Gulch Waste-Rock Dump. Monitor well MMW-7 is screened in.a pyritic andesite.

As indicated in the hydrogeology discussion (Section 2.2 and Appendix B), the andesite in this
area is highly fractured along a series of stacked north-dipping low-angle faults. A Qgrched
ground-water zone that lies some 500 feet above the cone of depression may be present in the
andesite fractures. The water he water is highly acidic (pH 4.4), ] has 2 very high TDS (16,000 mg/L) mgIL),
andisa magnesmm—alummum.sulfate_mater (Figures D6a), similar in this respect to the waste-
rock seepage at Capulin Canyon and Goathill Guich. Again, like the waste seepage, the water
has a very high aluminim concentranon n followed by by elevated concentrations of iron, - - :
manganese, zinc, copper, and nickel. Seepage from Sugar Shack West or east Goathill Gulch

Waste-Rock Dumps could contribute to the water chemistry, but such a linkage has not been - -

established at this time. The perched zone may be close enough to the surface to be mpacted
by leachate from oxidizing vadose water. _

Perched zones of this type may oceur elsewhere in the Mine Area. -Similar sites of
low-angle north-dipping faults that are offset by north-trending high-angle faults occur in the

bedrock exposure above Cabin Springs. A similar perched zone may be responsible for the - -

moderate pH (5.1), moderate TDS (2,040 mg/L), high aluminum (32.7 mg/L) waters that -

issue from the bedrock seep at Cabin Springs (Fxgure Déc, d) Fluoride, manganese, and zmc -

occur in elevated concentrations at this seep.

Water samples from the two monitor wells closc to the river and at the downstream end _
of the unnamed tributary canyon are also calcium sulfate waters (Figure D6) with moderate to

high pH (8.2 at MMW-8A, and 6.4 at MMW-8B) and moderate TDS (2,200 and 1,100 mg/L,
respectively). Metal concentrations are very low. A strong hydrogen sulfide odor was noted
when both MW-8A and MW-8B were sampled in November 1994. This odor suggests the
presence of localized reducing conditions related to breakdown of organic chemicals in drilling
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foam that was not flushed out during development. . However, organic matter in the fan delta
deposit, or fine organic matter recharged from the river to the well, can not be ruled out.

Until more water-level and water-quality data are collected from these wells, their relauonsth :
to the cone of depressmn is uncertam

The water from MMW-2 (valley—ﬁll) is acxdlc (oH 4. 9) with a TDS of 3,400 mg/L.
Well MMW—3 (bedrock) water has a higher pH (7.5) but only a slightly lower TDS (2,900
mg/L). Both waters are classified as calcium sulfate waters (Figure D7). The metal
concentrations result in different STIFF Diagrams. The aluminum and manganese
concentrations are higher in MMW-2 water compared to MMW-3 water (Figure D7z).

The valley-fill well (MMW-2) may be more closely related to the surface flow in lower
Capulin Canyon that infiltrates the fill about 1,000 feet up-canyon from the wells. This
surface flow (CCS-4: Table D2) has a low pH (4.0), a TDS concentration of 1,192 mg/L, and
aluminum concentration of 23.2 mg/L.. However, there are some significant chemical
differences between the surface seepage at the point where it infiltrates the valley-fill up-
gradient from the monitor wells (CCS-4) and the monitor well (particularly MMW-2)
chemistry. . Manganese, iron, zinc, and copper concentrations are much higher at MMW-2
than at CCS-4. This metals concentration either represents an earlier slug of seepage water or
reflects in-situ reactions between the valley-fill rock material and acidic water. The metals
STIFF Diagram (Figure D7a) for the Capulin Canyon seep (which occurs along an abandoned
river channel just east of Capulin; see CCS-6: Table D2) is similar to the valley-fill well - -
water.: On a conventional STIFF Diagram, this seep is a calcium sulfate (Figure D7) water but |
shows ev1dence of the effect. of evaporauon on the shallow surface water (elevated alkahs C
chloride, and TDS). '

Rmﬂnﬂ;innmll_watﬁr_chemim Table DS illustrates the water chemistry for ground
water from wells screened in valley-fill (sewage plant well and Columbine Well No. 2). The
sewage plant well is screened in valley-fill near an area of hydrothermal scar material, which
is a source of mudfiow sediment and which may be interbedded in the valley-fill.. ‘This would -
account for the low pH, high TDS/sulfate, and high iron, manganese, and aluminum content.
The Columbine well is screened in river alluvium and is of much higher quality than the
tnbumry waters. The reason for its low pH relauve to the river water xs not clear.

D.3 Mme Water Quahty

Avaxlable water chemxstry data from samples taken at the shafts and the decline is
shown in Table D4. The underground mine waters are significantly more alkaline (higher pH)
but lower in metals, sulfate, and TDS compared to seepage waters. Oxygen can reach the
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underground workings above the rising water table through surface connections (e.g., caved

area and decline) and create a thin zone of oxidizing vadose waters which react with the
fractured, pyritic rock to produce the TDS and sulfate concentrations. Water levels are
probably rising faster than downward infiltration is occurring; therefore, high TDS/sulfate
water is incorporated and diluted in the ground water. Once the pyrite-bearing rock in the
area of the underground mine is submerged beneath the water table, little oxidation may occur -
(Frost, 1979), and the ground-water chemistry should be a combination of ambient water
quality plus leachate from surface connections. The deep water sample (taken at a depth of
400 feet below the water table) collected at Shaft No. 1 has a chemistry very similar to the
shallow sample. This similar chemistry may not be related to vertical dispersion and mixing,
but rather to the incorporation of vadose water at an earlier time when the water table was’
lower than present -- indicating that ground water may be nearly stagnant, enclosed by low
hydraulic conductivity rocks.

Acidic, high TDS water enters the ground-water system m the underground mine area
through several avenues:

. The vadose zone above the workmgs consists of fractured (partly mine-induced)
and mineralized rock that is a source of such water. Once the workings are
submerged, this is no longer a source.

. The caved area developed as the result of the block-caving mining method
conducted at Molycorp’s deeper mine. The upper part of the caved area
consists, in part, of hydrothermally altered rock (pyrite, kaolinite, sericite, and -
quartz), which is typical of hydrothermal scar material and of unmineralized
andestic volcanics (unpublished map, Molycorp). The elevation of the
postulated water-table surface across the caved area after recovery from the

- rewatering of the miine is expected to be at least 7,840 feet (SPRI, 1993b). The
elevation of the rim of the caved area is 8,100 feet, leaving 255 feet of
fragmented unmineralized volcanic rock and hydrothermal scar material above:
the water table. It is this material, in the vadose (unsaturated) zone above the
water table, that would be subject to more intense oxidation processes.

e Seeﬁage barrier water from Capulin and ‘Goathill Guich mine waste-rock dumps
is discharged to the caved area. Future plans are to plpe this water to the
tailings pond area.

. Currently, the underground mine is being dewatered, creaung a sink for water

from all of r.he above sources.
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D.4  Tritium Isotope Analyses

Tritium is the heavy isotope of hydrogen (’H) that dlsmxegram radmactxvely to helmm
(He) at a half-life of 12.3 years (Mazor, 1991). After 12.3 years, half of the initial amount of
tritium has decayed to helium. The concentration of tritium in water is expressed in tritium
units (TU), which is a ratio of tritium to hydrogen atoms.- The T/H ratio of 10™*® is defined as
one TU. . ,

Tntmm is produced nam:ally in the atmosphere by the radloacuve decay of
nitrogen ( °N). Tritium atoms are oxidized to water, become mixed with precipitation, and
eventually enter the ground-water system. Natural production of tritium introduces about
5 TU to precipitation and surface water. In the saturated zone, water is isolated from the
atmosphere and the tritium concentration drops due to radioactive decay.

- Using a measured value for tritium and a half-life curve (tritium concentration as a
function of time), however, does not lead to a precise age for the ground water. Asa
consequence of recharge, water accumulates and mixes over time in the aquifer such that the
age obtained from tritium data is an average or effective age (Mazor, 1991). Smith and
Wheatcraft (1993) refer to this “ground-water age” as an estimate of the subsurface residence
time of ground water since it was isolated from the atmosphere and soil gas.

Hydrogen bomb tests which began in 1952 in the northern hemisphere added large
amounts of tritium to the atmosphere, completely masking the natural tritium input. The peak
of man-made tritium production was in 1963, which was the same year that atmospheric
testing was halted by international treaty. Since this testing stopped, the tritium content of
precipitation has been declining. The tritium content of precipitation has been measured at a
worldwide network of stations since the end of testing. These data are normally presented as
concentration curves of the anmal. welghted average of tritium since 1961 Concentrauon
curves from the network show: :

o values in the nonhcm hemxsphere that are much 1ugher than those in the
-':southem"' LRI 3 T ERREIP NN N v‘. wEACRML aGy S A

e . summer peaks and winter lows related to the annual redistribution of tritium in
the aunosphere, and

i . . - e

e  significant _variancc from one station to another in terms of the tritium
concentrations.

As noted earlier, due to mixing of recharge waters in t'he\aquifer over time, the age of
a ground-water sample is an effective age. Further estimates of an effective age are only valid
if it is known that the water is derived from a single source/single aquifer system. If older
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ground water from a bedrock aquifer were to mix with younger water from an adjacent .-

shallow aquifer, the effective age would only reflect dilution. If the appropriate concentration -
curve is available (i.e. from a geographically nearby station), and if the sample was collected
from a single source/aquifer unit, then an effective age can be assigned. According to’ ‘Mazor
(1991), water that has zero tritium (in practice, <0.5 TU) has a pre-1952 age. Water that has
significant tritium concentrations (in practice, > 10 TU) is of post-1952 age. Water that has
concentrations between 0.5 and 10 TU seems to be a m1xture of pre- and post-1952 water

Water samples for tritium analyses were collected in 1-liter brown glass boules No
head space was allowed in these samples. Six samples were collected in May 1994 and three
in November 1994. All samples were sent to Chempet Research Corporation in Moorpark,
California for analysis. The enriched tritium procedure allows for a precision of 0.8 TU. The
results of the tritium analyses for the May 1994 sample are presented below. (The results of
the November 1994 analyses are discussed in Section 4.0 of the miain text of this report.)

Results of Tritinm Analyses

CCS-1 ] seepagefrom the ase of theCapulm Canyon mme waste- ] 15.1+2.2
rock dump . : D

CCs-2 fresh water spring, ‘west side of Capulin Canyon = ' 123+1.8 |

CCs3 bedrock seep in an adit, west side of Capulin Canyon 8.0+14

GHS-1 | seepage from the base of the Goathill Guich waste-rock dump | 16.7 £2.4'

GHS3 | bedrock seep on the divide near the head of Goathill Gulch | 8.5 S 1.4~
Cabin Springs | seeps on the north bank of the river behind the Cabins -~ | 17.5%0.6 *
MMW—II . bedrock well nenr Sugal'. Shack Sodth waste-rock dump | 16:5 i06

MMW-3 | bedrock well in lower Capulin Canyon -~ . . . . | 4380.14

Given that the open pit operation (which was the source of the dump material) began in
the late 1960s, the tritium data, supported by water chemistry, indicates most, if not all, of the
water collected from the dump seepage at the head of Capulin and Goathill Canyons is derived
from the dumps ““The values greater than 10 TU for the two waste dump samples indicate

—_— .
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post—l952 water. Wlthout the appropnate tritium concenrranon curve, a more preclse effecnve

age cannot be made

Water from the freshwater sprmg that ﬂows at 12 gallons per minute (gpm) may also
be post-1952, but consudenng the standard deviation, it could be a mixture of older perched
water and post-1952 water. The two bedrock seeps appear to be a mixture of pre- and post-

1952 water. In the case of the Goathill Guich sample, the seep lies several hundred feet below h

the Capulin/Goathill mine waste-rock dumps and may include older perched water and dump
leachate that has infiltrated the bedrock. Likewise, the adit sample may include water from-
pre- and post-adit fractures (caused by excavation of the adit): - - The tritium values for these
bedrock samples reﬂect dilution. rather than effectxve age

The average tntmm conccmranons for prempxtancn per year have been collected at
various world-wire weather stauons since 1961. The weather station closest to the Red River
area is Flagstaff, Anzona, however, telephone calls to the Flagstaff weather station and several
hydrologists who use tritium data failed to locate such a database. Mazor (1991) illustrates
plots of TU against years for several different stations. The nearest station in terms of similar
latitude is Hatteras, North Carolina, on the east coast. Although the average tritium
concentration cuives from the northern hemisphere stations are similar (peaks and troughs
roughly corm'pond and their slopes are similar), the absolite value for TU in any one year
varies by an order of magmmde or less depending on station location. - These absolute values
are related to atmospheric circulation patterns. To obtain a reliable estimate of the
significance of the TU values for the mine samples, a station about the same latitude but in the
western United States would be preferable.

.. As an example of the apphcauon of tritiumn results, using the Hatteras data from Mazor
(1991), precxprtanon mﬁltratmg the ground in 1970 would have contained about 75 TU. In the
intervening 24 years (1970 to 1994), the trititm would have radioactively decayed, leaving -
about 22 percent (Mazor, 1991, Figure 10.1) of the tritium retained in a 1994 water sample
Assuming no mixing of older and younger water, there should be about 16.5 TU left in the

. sample. This value is within the range of the “young” water samples collected in the Mine . -
Area (e.g. CCS-1, GHS-1, Cabin Springs, and MMW-11). :If the Hatteras data can be applied - -

here, these results, combined with the water chemistry of these samples, indicate water stored
in the waste-tock dumps (constructed in the 1970s) could be a source. However, with the
limited amount of site-specific hydrogeological data available, a natural acidic seepage source
following a short flow path (from recharge to discharge zone) or traveling parallel to a highly
permeable zone (short travel time) can not be entirely ruled out. The relatively lugh TU value
for the spnng at CCS-2 may be an example of a short flow palh. :

. Pre-1952 ground water contained about 5 TU In t.he mtervemng Py years 1952 10
1994), approxxmat_ely, 8 percent of the tritium would be retamec_l ,whlch corresponds to 0.4 TU.
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If ground water was recharged with pre-1952 water without any subsequent mixing, it should
contain about 0.4 TU. Samples such as MMW-3, CCS-3, and GHS-3 or those with results in

the 0.5 to 10 TU range are mixtures of young (post-1952) and older (pre-1952) water (e.g. an
average value for a mixture of 16.5 TU and 0.4 TU water is 8.45 TU).

D.S5  Stable Isotope (Lead and Strontium) Study

Eight water samples from the Mine Area (four from Capulin Canyon, two from
Goathill Gulch, one from the Red River, and one from Hot-N-Tot Canyon) were analyzed for
lead and strontium isotopic composition (Chempet, 1994). The limited objective of this study
was to evaluate if any isotopic differences between natural acidic ground water and acidic mine
drainages could be detected. To demonstrate statistically significant differences, a much larger
number of samples, taken at different times of the year to assess seasonal effects and from
varied geologic settings, would need to be collected. Furthermore, isotopic analyses of
bedrock, dump, and alluvial source materials would have to be made to evaluate water/rock
interactions and causes for any detected differences.

Both strontium and lead consist of radiogenic and non-radiogenic isotopes. In general,
as the result of radioactive decay of the parent element, the radiogenic component increases
with time. However, the ratio of radiogenic to non-radiogenic isotopes in any given sample
containing lead or strontium is not a fixed value. The value depends on the history of the -
sample: how much of the radioactive precursor was present in the sampie originally and how

much of the radioactive element of strontium or lead has been removed from or added to the
sample at a later time.

‘Three stable isotopes of lead (Pb) — 206 Pb, 207 Pb, and 208 Pb - are radiogenic and
are derived by radioactive decay of 238 uranium, 235 uranium, and 232 thorium, respectively.
Another stable isotope, 204 Pb, is non-radiogenic and is used as a reference isotope in the lead
system. Strontium (Sr) has four naturally occurring stable isotopes ~ 88 Sr, 87 Sr, 86 Sr, and
84 Sr. Only one of these (87 Sr) is radiogenic. It is derived from the radicactive decay of 87

. rubidium. The reference isotope is the non-radiogenic 86 Sr, and the ratio of 87 Sr to 86 Sr
(87 Sr / 86 Sr) is used in evaluating biogeological processes. The purpose of both lead and
strontium isotope studies, other than age of the sample, has been to identify probable source

materiai(s), mixing of water from multiple sources, and, from this, flow paths in a ground-
water system.

Isotopic studies which focus on a particular mineral (such as galena from an ore
deposit) may result in a very narrow range of ratios (age) which are statistically indistinct.
However, when ground water or surface water which has reacted with a greater variety of
rock types of different ages and different histories is examined isotopically, the range of values
widens and isotopic distinctions may be evident. At Questa, Oligocene to Miocene
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sedimentary rocks ranging from rhyolite to basalt in composition are intruded by granitic
bodies of similar but slightly younger ages. These Tertiary units are variably altered and
mineralized. Precambrian metasedimentary rocks and granitic intrusions form a basement
complex which is juxtaposed structurally, or in an intrusive relationship, to the Tertiary rocks.
The rocks in the Mine Area have clearly had different histories, and isotopic ratios tmght be
expected to vary.

Depending on the length of the flow path and the geology along that path, subsurface
water (vadose and ground water) may react with a few or a wide variety of minerals that have
different isotopic ratios. These differences may be very small, but the high resolution analyses
conducted by Chempet can discriminate between water samples where the lead concentrations
are in the parts per billion (at Questa, the lead in the water samples ranged from 0.233 to 6.9
parts per billion). Measurements are at the nanogram level (biilionth of a gram). Details of
the Chempet procedure, including precision and accuracy, are presented in their report
(Chempet, 1994). A copy of the Chempet report is available in Molycorp files.

The results are illustrated in a series of isotope-isotope or isotope concentration
covariance plots. Data points are plotted with the analytical error. As noted by Mazor
(1991), analytical error (sum of all uncertainty in the measurements) is needed to ascertain
which data differ from each other with analytical significance. Only data that differ by more
than the analytical error should be regarded as different for purposes of data processing.
Analytical difference is not the same as statistical difference. At this point, there are far too
few data points to say that any cluster of analytically different samples is statistically different
from another sample cluster. Given sufficient numbers of samples, data may form statistically
distinct clusters suggesting common chemistry and/or Pb/Sr source. The data may form linear
arrays related to mixing of ground water along a flow path (such as a flow path from mine
waste-rock dump perched water through bedrock or valley-fill).

Prior to summarizing the results of the analyses, some comments and corrections
regarding the nature of some of the samples need to be made. Samples GHS-3 and CCS-3 are
referenced on the plots as natural seeps in the Chempet (1994) report. While both samples are
bedrock seeps, CCS-3 was taken from fractured rock in an adit and GHS-3 was taken several
hundred feet below the Goathill Waste Dump. Both may have a component of mine-related
water. Sample CCS+4 is from a surface flow in lower Capulin Canyon and is a mixture of
mine and natural sources. It is correctly referenced as a mixture on Figures 1 and 2 in the
Chempet (1994) report, but is incorrectly labeled as a natural seep on Figures 3, 4, and 5.
Also in this same set of figures, CCS-3 is from a natural seep, but is incorrectly labeled as a
mixture. Figures D8 through D12 are corrected figures prepared by SPRI.

Figure D8 (207 Pb/204 Pb plotted against 208 Pb/204 Pb), Figure D9 (208 Pb/204 Pb
plotted against 206 Pb/204 Pb), and Figure D10 (206 Pb/207 Pb plotted against Pb
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concentration) all show the two mine Waste-rock dump waters are isotopically distinct from the

|~ other samples. When strontium is plotted [Figure D11 (206 Pb/207 Pb plotted against 87

Sr/86 Sr) and Figure D12 (87 Sr/86 Sr against Sr concentration)], the separation of the waste-

B rock dump waters from other waters is not as clear (CCS-1 is closer to the natural spring
CCS-3 than the other dump sample GHS-1). On Figure D11, GHS-1, CCS-1, and CCS-3

- cluster together. The Chempet report suggests that the clustering may be due to short-term

} reactions between ground water and mme-lmpacted rock material (waste-rock ﬁ'agmems and

\ mine-induced fractures in the adit). '

| The Hot-N—Tot Canyon sample (HTS-1) is from a lngmy altered but unmined area of
volcanic rocks similar to those at Questa. It appears to be isotopically distinct from all of the

{ " other samples including the bedrock seeps at Questa. At this point, it is not known whether

i the difference is the result of a mixing of mine waters with natural acidic seeps at Questa or
reflects a distinctively difference hydrothermal system in the Hot-N-Tot area. On the ‘

{. strontium plot (Figure D12), the Red River sample plots off the diagram because of the

influence of the older Precambrian rocks in the Red River drainage basin (l:ugh ratio of 87

Sr/86 Sr reflects age).

D.6 Summary of the Water-Quality Studies

Mine waste-rock dump seepage and most of the bedrock seeps (except CCS-2) are

- acidic waters (pH <4.0) with moderate to high TDS, and high levels of aluminum (Al), iron

, (Fe), manganese (Mn), and zinc (Zn). On STIFF Dlagrams these seeps are typically calcium
: and/or magnesium sulfate water, but, aluminum or iron can exceed the calcxumlmagncmum in

some samples. The major distinction between seepage water and bedrock seeps is the

u significantly higher concentrations of sulfate, fluoride, and metals {Al, Fe, Mn, Zn, Cu, aud

L cadmium (Cd)].” Tritium results indicate the waste-rock dump seépage is post-1952 water.

’ Preliminary lead and strontium isdtopic results suggest the possxblhty that dump seepage may

have a d1ffercm 1sotope signature than natural acidic seeps.

The chemxstry of the monitor weil water and river seeps is more sxte-specxﬁc The

three river seéps of concern are the Portal Springs seeps, Cabin Sprmgs seeps, ‘and Capulin .,
Canyon seeps. At both Portal Springs and Capulin Canyon, the seep water appears to be more
closely aligned (based partly on pH) to ground water in the valley-fill than the underlying
;o bedrock aquifer. At Capulin Canyon, elevated concentrations of iron, manganese, zinc, and
~ copper in the valley-fill water (MMW-2) relative to recent nearby up-gradient sources (CCS-4)

and down-gradient river seeps (CCS-5 and -6) suggest that either an earlier (pre-1994) shag of

" leachate is stored in the fill or acidic ground water is actively leaching minerals in the valley-
fill deposit.
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All of the monitor well water samples exceed State standards for total dissolved solids
(TDS), SO,; F, and Mn. Wells MMW-7 and MMW-2 exceed standards for Zn, Cd, and Fe. '
Cadmium is slightly elevated at MMW-10A, MMW-10B, MMW-10C, and MMW-11. The
November 1994 sampling shows nickel (Ni) exceéds State standards at MMW-2, MMW-3,
MMW-10A, MMW-10B, and MMW-7. Nickel was not included in the May sampling.

Seeps at Portal Spnngs and Capuhn Canyon, like the adjacent valley-filt aquifer,
exceed State standards for TDS, SO,, F, Fe (one sample), Al, Mn, and Zn. Cadmium was not
included in the May surface-water survey. Both sites are close enough to the surface that
natural oxidiz:ing vadose water could contribute to their chemistry.

The bedrock seepage at Cabin Sprmgs exceeds State standards for TDS, SO,, F, Al,
Zn, Mn, and Cd. As in the case of MMW-7, it is not poss1ble to clearly show that waste-rock
dump seepage has contributed to the ground water at these sites. Both sites are close enough
to the surface that natural oxxdxzmg vadose water could contribute to their chemistry.

Mixing of river seeps with the Red River water (6 a11, Surface Water Chemistry,
QOctober 1994; Table D3) indicates that, except for Mn, the seep chemical constituents are
diluted well below State standards. From the Portal Springs area downstream to the Questa
gauge, Mn concentrations slightly exceed State standards. -

There is a limited data set for the underground mine waters. What is available
indicates that TDS and SO, exceed State standards as does F and Mn. Iron and Al are in very
low concentrations suggestmg that shallow oxygenated and alkaline ground water may serve as
a sink (precipitation) for these metals. ‘Oxygenated vadose water, reacting with fractured and
rubbilized pyritic rock on the emergent part of the underground mine and in the caved area, as
well as dump seepage captured by the caved area are sources of leachate. The cone of
depressmn prevems th:s ground water form nnpacung the river or regmnal ground water ‘

The productlon well at Columbme Creek meets a1l of the State standards, but the one at
the Red River Sewage Treatment Plant does not. This well i is screened in a mudflow deposit

TDS 804,F AI andMﬁ. ' - . -“.n-n, 1

~
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UNOCAL MOLYCORP QUESTA
MINE GROUNDWATER STUDY

15.7
cos-s []
HTS-1 I
2
O 1586}t
; ' GHS-1
-1 1~ -
i ccs-1 i} ; %I GHS-3
é cCs-2
0
4
P 15.5 + I Bedrock Seep
b B Waste/Dump Seep
% Spring
;ﬁ Red River
n Mixture?
15.4
18 18.3 18.6 18.9 19.2
206Pb/204PDb

The waste/dump seep waters (CCS-1, GHS-1) form
a cluster that is statistically different from

other waters.

Data points are shown with true

analytical errors.
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UNOCAL MOLYCORP QUESTA
MINE GROUNDWATER STUDY
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The two waste/dump seep waters (CCS-1, GHS-1)

may either be a distinct cluster or part of a

trend. Data points are shown with true analy-
tical errors.
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UNOCAL MOLYCORP QUESTA
MINE GROUNDWATER STUDY
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Waste/dump seep waters (CCS-1, GHS-1) are dis-
tinct from other water samples. Long-term wa-—
ter-rock equilibria may explain the clustering
of 206Pb/207Pb ratios near 1.19. The error in
206Pb/207Pb is exaggerated 4X for clarity.
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The 87Sr/86$f ratios of natural and waste/dump
seep waters cluster. Waste/dump seep waters
and €CCS-3 cluster; this may be the result of

short-term
errors are

water-waste reactions. Analytical
exaggerated 10X to 20X for clarity.
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UNOCAL MOLYCORP QUESTA
MINE GROUNDWATER STUDY
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Strontium isotopic/concentration data indicate
similar hydrologic systems for natural and
waste/dump seep waters. Goathill Gulch may be
a distinct hydrologic system. Analytical er-
rors are exaggerated 3X to 4X for clarity.
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TABLE DI

1994 MONITOR WELL WATER QUALITY DATA FOR MINE AREA
MOLYCORP, INC. - QUESTA, NEW MEXICO

{Page 1 of 3)

MONITOR WELL

DEPTHTO
PUMP
INTAKE
(feet)

Corrected
DEPTH TO
WATER
(feet)

CONDUC-
TIVITY{1)
{uhmos)

WELL.
™
{feel)

SAMPLE
DATE
1994

TEMP.(1)

pH ) pas

CARBO
-NATE
(mg/L.)

BICARBO
NATE
{mg/L)

HYDR-
OXIDE
(mng/L)

TOTAL

ALK
{ing/L.)

T
1

i

i
1

CHLORIDE ; FLUORIDE -

(mg/l)

{mg/L)

SULFATE
(mg/L)

MMW-2
MMW-3
MMW-7
DUP-11A Q)
MMW-8A
MMW-8B
MMW-10A
DUP-12B @3
MMW-10A (4)
MMW-10B
MMW-10C
MMW-I1
MMW-13

4.90

750 |

440 |
WJNAC NA
700 1 2860 |
L|..640 ) L780 ) T.
| 380 1 2,400
NA | NA

W N-A- _

AT L
| .2176 | 80
6LIL 120 )
NAL
2677,
. 9603
L

3,680
3970
9490

.19
. 109
172

8-Nov |
7-Nov |
7-Nov_|
_7-Nov
8-Nov
_8-Nov |
8-Nov |
8-Nov

19-Nov_

INoy | 1s9 | 2157 | o | 790 | 2250 | 101 |

BNov | 50 | 2180 | 40 | 470 | 2000 | 118 | <1
7-Nov | 184 | 8671 | 150 | 560 | 2450 | 157 | <1

790 | 2,280

8-Nov

<l
<]

<]

<!

<l
<]

<l

Mo

<l

<l

<1
22
<
:

19
2

<}

<i
<l
<l

<]
200

165

<l
o
<1
o

<i

<l
<l

<1

<l

66

<l

<]. -

<l

<1

222

<l
<1

165

<]

<1
<1

30 .
<]

<t
200

5.8

21

2l

87 |

.36

2T
...26 .

40
259
bz
9.98

o2
L1966

54

2m
e |

L2100

1,700

10,400

10,500
1300,
730

 1,to0
1200

1000

880

1,300
770

001-05.XLS

NOTES:

(1) pH, CONDUCTIVITY AND TEMPERATURE WERE RECORDED WHEN SAMPLED.
(2) - Dup 11A = DUPLICATE SAMPLE FOR MMW-7

(3) - Dup 12B = DUPLICATE SAMPLE FOR MMW-10A

(4) - SAMPLED AFTER AQUIFER TEST

NA - Not Available .
SOURCE: SAMPLES TAKEN BY $PRI, ANALYTICAL RESULTS FROM MOLYCORP.
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TABLE D1
1994 MONITOR WELL WATER QUALITY DATA FOR MINE AREA
MOLYCORP, INC. - QUESTA, NEW MEXICO

001-65.XLS

(Page 2 of 3)
| . - i !
MONITOR WELL NS SILVER JALUMINUM] ARSENIC BARIUM | BERYLLIUM | CALCIUM | CADMIUM COBALT CHROMIUM COPPER ‘ 1RON iMERCURY
(mg/L) (mp/L) {mg/L) {mg/L) (mg/L.) (mp/L) (mg/L) {mg/L) {mg/L} {mg/L) (mglly | (mpfly } (mp/l)
i !

MMW-2 3,400 | <0.10 | 63.5 | <0.005 | <0010 [ o015 | 500 0.024 | 0280 | <0010 0.088 508 | <0.0002
MMW-3 2,900 | <010 | 075 | <0.005 | 0047 | <0.004 567 0.0024 | 0.089 <0010 | <0010 | 0076 | <o0.0002
MMW-7 16,000 | <050 | 943 | <005 | 0108 | 0104 | 544 | 009 | 491 | 0193 | 484 | 384 | <0.0002
DUP-TIA@ | 16000 | <050 " ‘961 | <005 | o074 | o0a22 | s34 | o092 | 499 017 | 504 | 375 | <0.0002
MMW-8A 2200 | <0.10 | <005 | <0005 | 0.103 | <0004 | 466 | 0002 | <0010 | <0010 | <0010 . 284 . <0.0002
MMW-88 Lioo | <on0”| oas | <o00s | Toois | <0004 | 206 | w0005 | <m0 | <vot0 | <0010 | <oso ; <00002
MMW-10a | 1,700 | <010 | 334 | <0005 | <0010 | 0008 | 275 | 0028 | 0148 | <0010 | 0558 | <0050 ! <0.0002
DUP-I2B | 1,700 | <0.00 | 342, | <0005 | <0010 | 0008 | 270 | 0024 | 0137 | <0010 | 058 | <0050 | <0.0002
MMW-10A @ | 1,700 | <0010 | 316 | <0005 | <0010 | 0006 | 245 | 00224 | 0341 | <0010 | 0534 | 0086 | <0.0002
MMw-108 | 1800 | <010 | 874 | <ogos | 0034 | o007 | 341 | oms | eom | <ooro | o179 | olor | <0000
MMW-10C | 1400 | <0.10 | 311 | <0005 | 0014 | 0007 | 204 | 0026 | 0106 | <0010 | 038 | <0050 i <0.0002
MMW-11 | 2000 | <010 | 563 | <0005 | 0016 | 0013 | 276 | 0036 | 0266 | 0036 | 0919 | 0129 | <0002
MM\—N-B " 1,400 <0.10 <0 05 <0.005 0.036 <0.004 316 <{). 0005 0.013 <0.010 <0.010 0.198 ' .<()'.0002

NOTES:

(1) pHl, CONDUCTIVITY AND TEMPERATURE WERE RECORDED WHUEN SAMPLED.

(2} - Dup t1A = DUPLICATE SAMPLE FOR MMW-7

(3) - Dup 128 = DUPLICATE SAMPLE FOR MMW-10A !

{4) - SAMPLED AFTER PUMP TEST

SOURCE: SAMPLES TAKEN BY SPRI, ANALYTICAL RESULTS FROM MOLYCORPD.

NMED1194.XLS




TABLE D1
1994 MONITOR WELL WATER QUALITY DATA FOR MINE AREA

MOLYCORP, INC. - QUESTA, NEW MEXICO
{Page 3 of 3)

MONITOR WELL FOTASSIUM | MAGNESIUM | MANGANESE | MOLYBDENUM | SODIUM NICKEL LEAD | ANTIMONY | SELENIUM | SILICON | THALLIUM i VANADIUM; ZINC
(mg/L) (mg/L) (mg/t.) gy | ey | gl | mel) | @el) | mel) | mel | mel) | meny | tmpl)

MMW-2 o8 | 137 | s | <002 | 646 | 061 |<0002] <005 | <005 | 203 | <0005 | <0010 | 948
MMW-3 75 |L962 | sas | <002 | 103 | 0236 | <0002| <005 | <0005 | 76 | <0005 | <0010 | 136
MMW-7 120 | 120 | 721 [ <ed0 | 175 | 105 | 010 | <025 | <0025 | 227 | <0005 | on04 | 117
ouptiA@ | a0 | om0 | os ) a0 | msT) w07 | oos | <025 | <oms | 226 | <ooos i oaos 1w
MMW-8A 18 | 86 | 715 | <002 | 415 | <0020 |<0.002| <005 | <0005 | 111 | <0005 | <0.010 ' <0.050
MMW-8B 29 | 555 0202 | <002 | 339 | 0059 |<0.002| <005 | <0.005 | 173 | <0.005 | <0.010 = 0211
MMW-10A 28 779 | 138 | <002 | 265 | 0325 |<0002] <005 | <0005 | 143 | <0.005 | <0010 | 229
pup-2Bey | 25 | 767 | 128 | <002 | 264 | 0393 |<0002| <005 | <0005 | 140 | <0005 | <0010 | 207
mmw-toa@ | 37 [ Teer [ T 00" | 2ss”| 027 | oooe | 005 | <oo0s | e | <ocos | “<pono | 268
maw-i08 | 35 | w03 | wss | <o | o258 | Toaor | osar | <00 | <o0s | 128 | <oo0s | o0 | 13
mmw-loc " | 28 | 752 | 163 | <002 | 202 | 00347 | <0o02| <005 | <0005 | 99 | <0005 | <dol0 | 32
vt | 3a | T s T e [ ass |09 | ooss | <oos | <ogos |12 | T<osos | <oow0 [ so
MMW-13 5.4 38.7 1.02 0.05 30| <0020 | <0002 <005 | <0005 | 88 | <0.005 | <0.010 0222

NOTES:

(1) Ph, CONDUCTIVITY AND TEMPERATURE WERE RECORDED WHEN SAMPLED,

(2} - Dup 11A = DUPLICATE SAMPLE FOR MMW-7

(3}« Dup 128 = DUPLICATE SAMPLE FOR MMW-10A

(4) - SAMPLED AFTGR PUMDP TEST

SOURCE: SAMPLES TAKEN BY SPRI, ANALYTICAL RESULTS FROM MOLYCORP,

001-05.XLS NMED1194.XLS
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— S
TABLE D2 _
WATER QUALITY DATA FOR THE RED RIVER - (SPRI, MAY 1994)
MINE AREA - MOLYCORP, INC. - QUESTA, NEW MEXICO
(Page 1 of 4)
Sample - 1 n Fem Conduc- Total 1 ppyg Tsg | Alwinum | Atuminum o, T tron
evuci | e | S @ | e e oo | oo | S |05 ) e | et
BC-l  [BCIS'NofthighStbridee | 640 | 50 449 | 498 20 (82 T 726 T 075 1060 [ 045 1270
BC-2 RBC 500' S of Spring flow from BCS I 1 6_2.:)___ 5_5 __4:_3_.6_ - 66 2 i 18 _78 o |q N < 5 ) 0. 60 0 |2 | 00
BCS-1 |[spring, 1.2 ml. N High St. 4.42 5.0 447 | 4780 0 530 <i <5 520 | 030 { <ol
BOS l Spring, W side of Bobita Campground I A - 60 ) BI.O- . 605 0 o 44 o 73-7 _ 8 < 5 < 5 . 0.32 T O.I6
CCS-I' [middte sump Capulin Canyon T T T30 509 13aa0 0 o f24950f 8 | oo | Ti3i0| 330 [ 25830
CCS2  [spring dralnage Wslde CoptlinCanyon | | 7.0 569 | 260.0 54 1 a16 ) 107 | 280 | 22 | 062 | 172
CCS3  |AdtWsidsCapulinCanyon | | 40 450 | 2960 0 {2,686 | 295 | 160 | 536 | 1200 | 2520
CCS-4  |seep,CopulinComyonSofadt [ | 40 482 | 1,775 0 | L193 [ 127 <5 7|7 232 570 | 235
CCS 5 Culvert drain W side of Capulin (—'.‘-anyon . 40 66.7 l 700 0 l 896 3.7 <5 . ‘ ) 74.8 ~—980 0.21
CES-'G [Seen, ZOO'ECnpuIIn Canyon _:_________ . _30_ 7%:;__ '2 430 . 9__ 2 673 64 “<~5 _ -l IG 2 _1_360_ 763 .
CLB-1_ |Columbine Creck-200'vp fomconfluence | | 6.5 577 | 1340 49 |70 [ 3 <5 | <5 1Tois | 034
ECCS-1_ " [Scep near iver, E of Capulin Canyon 65 605 | 5800 26 | 413 | 8 | <5 | <5 | 150 | 032
ECCS-2  [Secp S of tiwy 38, E of Capulin Cenyon 4.0 62.0 1,752 0 | 913 | <5 73 520 [ 079
EGHS-1 s.:up,Soruwyas,Eeroqmm_ _ ) 7.0 .,5.5:6. ~ 810.0 47 843 12 <5 <5 047 0.15
GHS-1  [ScepageGoatllilldump [T | 20 690 |1L140 o 23890] 39 0.97 1,183 | 36.70 | 257.00
GHS-2 " lsecpromborcholerast | 120 730 [T11350 "o [17623| 29 | 170 | 1,125 | 4330 | 252.00
GHS_-3_ Natural seep fomvolcantcrock 4 [ o o0 ll 980 ?4 = ___13(1” __64._5 3600 250.00
HCS-1" " Jsecps, Upper Hanson Creek Canyon_ 2.5 442 | 5520 0 {64931 136 | <5 1854 | 15.00 | 177.90
HCS-2  |scop, downgradientfromhes-t |7 | 25 506 | 5390 0 (6230 "76 | <5 154 |715.60 | 164.80
HCS-3  [Scep S of Hwy 38, W Hanson Creck S a0 me | 232 0 [ymf <« <5 26 140 | 043
HTS-1 lUpperMotN-TotConyon " | 286 | 23 482 | 2670 0 |2610| 43 | <5 | 7978 | 230 [ 2i2.80
MC-1_[Msllete Croc-Alpine Lodge ___ 68 | 60 522 | 804 22 [ 96 | 16 | 065 | 060 | 025 | 120
PC-1 |Pioncer Creck, Arrowhead Lodge 734 7.0 45.1 107.0 43 94 15 <5 050 | 010 | 070
POS-1  |scep, Portat Sprlngs Wof mincportal | | 45 S44 | 1800 10 1,800 | 34 <5 213 | 153.00 | 824
RR-1  |RRWorconfuencewiick | 740 | 60 438 | 993 43 82 4 <5 050 | 086 | 110
RR-2  [RRSO'EofBCConfluence 758 | 65 459 | 1080 70 [ 88 18 <5 | 050 0.08 | 0.80
RR-3  |RRbehind AlpincLodge 753 | 60 482 | 937 51 92 22 0.5 050 | 010 | 2.10
RR-4 RR, Goose Lake Rd/East RF RR L __?.'_13_ ) .10 43.5 ' 1300 47 o8 13 <5 <5 010 ; 070
RR-5 RR Hot-N-Tot Crce!dupslrcam 7.45 7.0 47.0 "144.0 59 100 32 0.75 0.50 o1 | 22
001-05.XLS




TABLE D2

WATER QUALITY DATA FOR THE RED RIVER - (SPRI, MAY 1994)
MINE AREA - MOLYCORP, INC. - QUESTA, NEW MEXICO

(Page 2 of 4)
. Conduc- Total Aluminum | Aluminum
Sample - pH pit Temp . s . TDS TSS ) . Fivoride |  Iron
ID Sample Description Meter Strip () (‘:]'1‘;::3) A(’:::j"l"‘)‘" mgll) | (mgL) (::;’l’_') {"?S'I’L) (mg/L) ; (mp/L)
RR- RR, Hot-N-Tot Creek/dwnstream 7.52 6.5 48.0 1450 N 43 e 92_ _____ 34 .___()_60_. <5 Oll 1.90
RR-7  [RRdownfomsSulpherGuien I 748 | 770 620 | 1220 48 | 108 | 49 | 075 [ <5 | 006 | 2.0
RR-8"  |RRupsweam fommillgme " 7| 7753 [ 65 570 | 1200 56 | 106 | 57 | 050 | 060 | 0.2 | 214
RR-9 ‘_ RR, 200' up {rom Hanson Crcck conﬂucncc 7.46 _70 545 1 1440 53 | 104 | 3] 2 I -_0_!?_ |70 -
RR-10  |RR, downstream of Portel Springs 746 | 7.0 545 | 1960 48 [ 112 | 612 | 160 | <5 17020 | 24l
RR-11 RR, Down from Hanson Creek conflucnce 751 65 515 [ 1770 61 104 l76 .5 | <5 o1 129
RR-12  [RR 100’ E of Columbine Creck Confluence | 765 555 | 1960 48 1213 ] 58 | 054 | 06 | 030 | 235
RR-13 " [RR, highway bridge W of Columbine Creek _ 65 555 | 1960 50 163 | 54 | 054 | <5 020 | 1.80
RR-14 " [RR up from Goathill Guteh | p .65 _s&t | 2100 42 123 | 52 | 072 | <5 | 032 | 205
RR-15  [RRdown fomGouthitiGuien _~ | 70 570 [ 2240 52 | 130 | 62 | 083 [ <5 | 032 [ 224
RR-i6 " JRR QuestaRangerSution " YT |65 | 540 | 1710 41 [ 150 | 106 | 083 | <5 | 035|272
SOS-i |suphes Guichspringpond "1 7665 |70 755 | 7530 83 | 620 | 65 | <5 | <5 | 130 | 075
SSC-1  |seep, S of west end Sugar Sheck South 50 55.0 2,350 33 | 2,017 214 2.20 53 92,00 | <01
NOTES:
Sampling by SPR1; anelytical results (rom Malycorp. Inc.
(1) - pM Strip, Temperature and Conductivity were measured fleld measurements.
All samples are total metals except Alum, Suspended and Alum. Dissolved
< symbols are detection limits.
001-05.XLS
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TABLE D2
WATER QUALITY DATA FOR THE RED RIVER - (SPRI, MAY 1994)
MINE AREA - MOLYCORP, INC. - QUESTA, NEW MEXICO

(Page 3 of 4)

Sample
1D

ferrous
Iron

{mg/l.)

Mangunese

{mg/L)

Molybdenum
(mg/L)

Sodium

(mg/L)

I'otassium

(mg/L)

Calcium

(mg/L)

(mg/L)

Magnesium

Silica
(mg/L}

Clhlorine

(mg/l.)

{mg/L)

Cadmium l

Sulfate
(mg/L)

BC-1
BC-2
BCS-1
BOS-1
CCS-1
ccs2
CCS3
cCS-4
CCS-5
CCS-6
CLB-1
ECCS-1
ECCS-2

LI

<10 | o,

80 | <
100 :

1.0

20

0.004

0041
S0.034
1. 360

- . <0i PN BT
741620 | 14

0.213

7| 12,600

<02

<02

T
202

<02 Y DR

[ 10300 | 2

28.900

| 13600 | 4.

<0]

6250

<01 f oIS
8740 | 2.
<0| R B —-‘

_ 005

26

il

e
<10

<10 |

<10

L

. 6 .
125

B S I

30 3s N 233
o 13 <0 [T
S8 L 12 . 528
557 1 35 138
95 1.7 104.4
7 [ <io 1 444
g4 T T T dse
326 <10 504
178 <10 |7 504
172 <10 | 454
a2 | is6
B X B - )

16
3.5

2|5

385

65
1.8
a1

760

3.1
2.4

2.5
2.4
725
22
2.5

LB

27 2 O

032 |
42

L9 1

Cdar

165 |

924

04 |96
405 102

T 274 | 635

e 1759
18 22

2.5

3

1.5
14, 5
95

" 95

25

20 wrrmfew

3.

<p0s 1

12
137
m
217

| 1199

568

| 5417

001-05.XLS




TABLE D2

WATER QUALITY DATA FOR THE RED RIVER - (SPRI, MAY 1994)
MINE AREA - MOLYCORP, INC. - QUESTA, NEW MEXICO

’
s

(Page 4 of 4)

Sumple
1D

Ferrous
Iron

{mg/L.)

Manganese

(mg/L)

Molybdenum
(mg/L)

Sodium

(mg/L)

Potassium

(mg/L)

© Calecium

(mg/L)

Magnesivn

(mg/L)

Silica
(mg/L)

Chlorine

(mg/L)

Cadmium i

(mg/L)

Sulfate
{(mg/L)

RR-G
RR7 .
RR-8 ..
RRSD ...
RR-10
RR-11
RR-12
RR-13
RR:14
RR-15
RR-16
SGS-1
SSC-1

0.080

|- 0080 | o
|__0.082 .

<.02

<o |
<0z

0126
0078

28

e

<1.0

166

20

24
31

001 | <02 | 26 | "<l0 | 186 | 34 |
002 | <02 [ 20 | <10 | 204 39 .
002 | <02 |26 | <lO 1185 33,
(0018 | <02 13 <10 214 | 46
| 0016 | <02 | 29 | <10 | 21 | 44

177
13.5

.20 ]

<.005

17.7

| <005

159
195
I4._5__._

001-05.XLS

S

)
.o




- ) oSN ~ _
TABLE D3
WATER QUALITY FOR THE RED RIVER (VAIL ENG., OCTOBER 1994)
MINE AREA - MOLYCORP, INC. - QUESTA, NEW MEXICO
(Page 1 of 2)
Condue- Aluminum ' Atuminum Calcium
11:2 Sample Description pH* tivity Susp. Dis. (S:lg;lt'; ([::,i) (r:‘:/i) .- Carbonate
: (mg/L) (mg/L) (mg/L) (mg/L)
t _ |AboveRedRiver 78 204 <3 b S3 6 | 152 33 8
2 " [BitterCreek 8 261 <5 <5 86 204 8.7 52
'3 " |BelowRedRiver | 78 243 <5 <5 a4 176 4.0 88
4 fwneBug T T8 287 ) T<s (05 "I 59 1 i |53 88
5" IElephant Rock Campground _ 8 264 <5 0.5 | 6 | 204 | 60 75
6 Below Hansen Creek @ split in creek - 74 271 <5 0.5 68 212 5.3 68
6A  |Hansen Creek - 4 2,580 L0 | 1310 2,116 3,057 13 0
"76B |Hwycurvetoleft (zoingwesty | 72 29] 0.75- <5 97 224 73 76
.7 . |AboveMili {76296 [T eas Tf 05 ) TTe3 | 228 8.7 70
'8 [Below Sulfur Guich 79 305 | 0075 105 |97 2457 173 T A
“8A  |Above Portal R ) 0.65 <5 110 228 73 | e
9" |ColumbineCreek 782 yss [T <s ITes |TT7 T 132 3T T
"9A ' |Red Riverat W.side FgrqstMotel | 8.1 207 | 065 | 05 1T ioo 228 67 T Tes T
1o Above Columbme Creek B -___ 19 323 0.88 ___<_.5"_ "108_ 228 6.0 'y
10A" |CompanyCabins | 8 M0 4 10 | <5 | 129 | 244 | "80 | "65
""10B_|Cabin Springs R 7 T 7 1,118 2,040 147 |7 o
11" [Below ColumbineCreek |74 341 14 <5 Ay L Taas T T s
“UA™ [Thunder Bridge | 77 355 |4 s 143 245 |7 T80 | Tsa”
1B [AboveThunderBridge | 77 344 | 14 | <5 4 43 | 238 |73 | 64
12" [Goat Hill Campground I ERE 377 12 |7 <5 | 163 260 | 73 1T ss
13 [Above Capulin I - 4 | <5 170 260 67 | 58
14 {Below Capulin 19 T 3ad 18 <5 162 258 | 60 T sy
_14A”[Smali Canyon to North of Highway | " 7.8 384 18 17 <5 166 265 e T 51T
" 15" |Eagle Rock Campground > | 79 389 | "25 |77 05 185 265 87 | st
16 RangerStauonpm - I A.’I:B_ _400 29 _fsm .197_'_ 268 93 Ta4”
716 [Ranger Station a.m. B -2 <5 196 218 | 80 | a9
17 [Below Ranger Station @SW end ERLake | 7.8 405 | 31 | <5 204 284 127 45
i8  iRed River Sewage Trt Plant well 11-08-94 3.85 1,419 <5 36.0 788 1,472 LT e

001-05.XLS

* Field Measurements by Vail Engeering,



TABLE D3

WATER QUALITY FOR THE RED RIVER (VAIL ENG., OCTOBER 19%4)
MINE AREA - MOLYCORP, INC. - QUESTA, NEW MEXICO

(Page 2 of 2)

ID ' Fluoride Total Total Total Total  Total - Total Total
Sample Description Cadmium Lead Tron Manganese Zinc Copper | Molybdenum

@D gLy | gl | mgl) | mel) | men) | mgL) | (men

1 Above Red River 0.1 <01 <l <.05 0.088 0.012 <01 <l
2 |BitterCreek  ~ a4 <01 | <d 0.61 0143 | 0005 | <ol <
.3, [BelowRedRiver - |03 <0 [ <l |7 005 [ 0198 | 0034 | o0t "] =i
4 04 <01 <1 0.162 0.066 0.039 0.01 <.l
5
6

June Bug b S LN . R SRR W= AOOY DU SO M LI

Elephant Rock Campground ' 04 <01 |7 <l | ol |7 0077 " | 0034 " T<or T[T

Below Hansen Creek@spht in creek _j_ ) 0.5 <01 <l 0234 | 0055 | 0.035 =01 # L

6A HamsenCreck TN ULIS 0025 | 0114 | 360 | 107 | 34 | 0028 | <l
6B {Hwycurvetoleft (goingwesty [ 05 <0l | <1 L 027 | o020 | 0044 | <ol | <n
7 |Above Mill S be o <or I U<l 03a2 [ 0443 0051 | <ol ] TU<n ]

8 |Below Sulfur Gulch ~ fee  Teor | <il 10306 032 ) 0044 | <01 ) <l

" 8A [AbovePortal " 1" 07 <0l <l 0288 | 0143 [ 0041 .| <0l | —<i

"9 |Columbine Creek T 7 Tf 02 <0l T <t <05 f0 <011 <005 | <0l f <

9 RedeeratWSIdeFarqs*Mofel' e |02 0 ) er | 0282 ) | eoss | <01 <t
10 _ |Above Columbine Creek "~ """ ) 07 T <6l TI" 41 | TTosdz 7| e2e | eom | <o (| <i

.J0A Company Cabins i . . JOUR IO, 1.0 YA
..10B__ iCabin Springs e A8 003 S )OS B 28 ) 0348 ) <l

11 [Below Columbine Creek 0.5 <01 <l 027 | 0605 | 0029 | 00t | <l

JUA IThunderBridge ] 08 <0l <l | 0206 ) 0528 | 0027 | 0or [T <l 7

"11B [Above ThunderBridge | @8 <ol | <l " 0288 | 0561 | 0124 | 001 ; ~<I
12 |Goat Hill Campground | 09 <01 | <l | 0198 | 0506 ¢ 012 | 00f | <1

13 AboveCapuIm . ‘ S T A AT PR EEY DEOSORT It R 4.4 SN SR S

14 |BelowCapulin ~ 7100 <ol )<l 0288 | 0583 4 013 | 002 | = <I

‘_.I4A Small Canyon to Norlh oleghway o 1.0 <01

15 [Bagle Rock Campground L <o sd ] 04z ) 0es7 | 0239 [ 004 | <1

16 |RangerStationpm. Sl eor b <r 0432 f 0802 | 0228 1003 | <l

-16 ' RangerStatmnam S _.-..__.__'_. N . 1 :
17 Below Ranger Statlon @SW end ER Lake o3 <01 o< 1 0.3.96_

18 |Red River Sewage Trt Plant well 11-08-94

oor.osxLs  Field Measurements by Vail Engeering.

3
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WATER QUALITY OF MINE WATER
MOLYCORP, INC. - QUESTA, NEW MEXICO

TABLE D4

ﬂ . 001-05.XLS

Sempl statNo. 1 Sh"gef:" Shfo‘;‘)"" | Sharie ! sr;fnn ;lz;z ; 1(3:&; 1(3ecnne Open Pit
£ o(mgll) « (mgl) (mg/L) - mg/L) (mg/L)
Date NA 1 NA i 1094 ! 1094 NA NA 10/94 10/94
~ IpH 69 1 17 | 6% 6.96 72 75 6.7 3.1
_ Aluminum Na P oNa L 05 ] 05 <0.5 12 1.0 303.0
Sulfate 1,455 1,480 1665 | 1,720 1,345 1,004 1,720 11,561
TDS 3,072 3,386 3216 | 3,584 3,164 2,468 3,507 24,420
; Fluoride NA . 131 ; Na NA 5.0 7.10 NA NA
Cadmium <0005 : 001 i <001 <001 <0.005 <0.005 <0.01 0.304
T |Lead 010 | <pl0 | <010 | <00 <0.10 <0.1 <0.10 <0.10
Iron 0.30 <005 | s00* | 4620 <0.05 <0.05 39 1640 -
Manganese 3.6 155 115 12.0 5.10 1.20 13.30 408.0 -
Zinc 13 030 : 0283 1.54 2.70 2.80 1.52 70.1
Copper <0.01 002 ! 003 0.03 <0.01 <0.01 0 6.7
Molybdenum 2.70 220 | 222 ; 222 1.80 1.20 244 ' 041
{ Arsenic <0.01 €001 | NA | NA <0.01 <0.01 NA i NA
Mercury <020 <020 | NA NA <0.20 <0.20 NA [ NA
|
. * Total Iron




001-05.XLS

TABLE D5

WATER QUALITY OF PRODUCTION WELLS
MINE AREA - MOLYCORP, INC. - QUESTA, NEW MEXICO

Red River .

soge | St

Plant Well ! )
pH (mg/L) 3.96 | 59
Aluminum (mg/L) 252 NA
Sulfate (mg/L) 776 , 536
TDS (mg/L) 1,034 : 848
Fluoride (mg/L) 2.13 2.0
Cadmium (mg/L) <0.005 ; <0.01
Lead (mg/L) <0.1 j <0.05
Iron (mg/L) 27 , <0.05
Manganese (mg/L) 5.0 ‘; 0.01
Zinc (mg/L) 1.9 ! 0.69
Copper (mg/L) 0.051 <0.01

1
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£ 7 SPRI

1.0 INTRODUCTION

The Molycorp molybdenum mine is located on the western slope of the Taos Range of
the Sangre de Cristo Mountains, Taos County in north-central New Mexico (Figure 1). State
Highway 38 runs along the north side of the Red River and connects the mine area with the
Town of Red River (6 miles to the east) and the Town of Questa (6 miles to the west). For the
purposes of this report, the area that consists of tailings embankments, tailings ponds, seepage
controls, and outfall facilities is referred to as the Tailings Area. The Tailings Area is located
about 1 mile west of the town of Questa and 0.5 mile north of the Red River (Figure 2). The
significant features associated with the area are shown on Figure 3.

“In 1989, Molycorp retained the services of South Pass Resources, Inc. (SPRI) to
evaluate impacts of past and present Molycorp mining operations on ground-water and surface-
water quality. SPRI's most recent (Fall 1994) activities have involved the design. installation,
and testing of five (5) new monitor/extraction wells in the Tailings Area. This report presents
the findings of the Fall 1994 investigation and of previous investigations. The geologic,
hyvdrogeologic and water-quality aspects of the Molycorp mining activities in the study area
(Section 2.0 of this report) form the basis for the proposed Remediation Plan presented in
Section 3.0.

MMARY OF SPRIFA 4 TNV N

Between August 28 and September 27, 1994, SPRI overviewed the installation and
testing of one monitor and four extraction wells in the Tailings Area. The purpose of this field
effort was to:

. further delineate ground-water flow patterns between the tailings ponds and the
Red River:

. further identify the geologic controls on ground-water flow:

. further characterize perched-water conditions in the Tailings Area:

. continue the investigation of contaminam flow paths from the tailings ponds;
and

) emplace extraction wells for potential remediation efforts.

The wells that wers installed during the Fall 1994 field effort. and the details of their
installation and testing. are summarized below. The locations of these wells are shown on
Figure 3. [All of the wells (except MMW-12 which has 4-inch PVC casing) were constructed
with 8-inch PVC casing and screen to allow for pumping and extraction. if desired.}

H01-400T RP
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PN SOUTH PASS RESOURCES. Inc.
: £ SPRI

{ Tailings Area Monitor/Exploration Wells

! Installed in August/September 1994

( A(f ell Completed It

{ EW-1 157 83 - 157 basalt/basalt gravel

| 104 - 114 sandy gravel
EW-2 214 120 - 132 sandy gravel, gravelly sand. clay

{ : 151 - 185 " basalt gravel in clay

g EW-3 104 62 - 77 sandy clay/clayey gravel
EW4 58 42 - 58 clayey gravel

{L MW-12 334 303 - 234 Dasalt and basalt gravel

] .

! These new monitor and exploration wells in the Tailings Area supplement monitor

' wells previously installed under SPRI direction (see SPRI, 1993; 1994). These wells are

; surnmnarized below: '

»

Tailings Area Monitor Wells

t - Previously Installed by SPRI

» (1993)

L ol Well Newsinir v #1-+ Total-Diepth-(feef)

il MW-11 249

‘ MW-7A. -7B, -7C 146

" MW-9A, -9B : 147

, MW-8 225

MW-10A 136

"

i

"

|

i

0T RP



.~ SOUTH PASS RESOURCES. Inc.

SPRI

A partial listing of other monitor and extraction wells in the Tailings Area that pre-dare
SPRI field activities are summarized below.* (’\Iote A complete list of all wells located in the
study area is unknown at this time.)

Other Wells Located in the Tailings Area
(Partial Listing)

Change House (CH) 250 1967
MW-1 117 1979
MW-2 80 1979
MW-3 52 ' 1979
MW-4 102 1979
MW-A 38 NA
MW-B 18 _ NA
MW-C 15 NA
MW-6 , 101 NA

Figure 3 shows the locations of aill SPRI and other wells installed in the Tailings Area.

130106T.RP

o

-~

T
i

AT e 4



.’_V'f‘ -TTTT o ommT T

[~ Saa—

~ SOUTH PASS RESOURCES. Inc.
SPRI

2.0 GEOLOGY, HYDROGEOLOGY, AND WATER QUALITY
OF THE TAILINGS AREA

The ground-water flow patterns -- and the contaminant flow paths — within the Tailings
Area are controlled by the site geology. The geologic and hvdrogeologic factors involved are
summarized below. The current water quality issues of the Tailings Area are also presented.
A more detailed discussion of the geology. hydrogeology, and water quality of the Tailings
Area is presented in SPRI’'s report, Discussion of Geology, Hydrogeology, and Water Quality
of the Tailings Area, Molycorp Facility, Taos County, New Mexico, dated March 31, 1995 (see
Appendix A for Table of Contents).

OVERVIEW OF GEOLOGY AND HYDROGEOLOGY OF THE TAILINGS AREA

1. Five new wells were emplaced in 1994, which added to an existing system composed
of nine monitor wells. the Change House production well, and MW-6 {east of Dam No.
1). A limited amount of data is available for private wells south of the Molycorp
property. The description of the hydrogeologic character of the area has been based on
data from all of these wells.

1%

The major hvdrogeologic units in the Tailings Area are the Santa Fe Group and the
underiving volcanic sequence. The Santa Fe Group consists of:

. An Upper Aquifer Unit (UAU) composed of brown séndy gravels and
gravelly sands with some pale red brown silty, sandy clay;

. a Middle Aquitard Unit (MAU) composed of pale red brown clay and
gravelly clay:

. a Lower Aquifer Unit (LAU) composed of sandy or clayey gravel, with
some thin. cemented sand units: and '

e  aBasal Agquitard Unit (BAU) composed of bouldery clay.

In addition to the above units. a thin sequence of volcanic silty sands, and gravelly
clayey sands recognized in the Dam No. 4 area are probably part of the Santa Fe
Group. but their stratigraphic position is not clear.

The volcanic aquifer consists of a basalt unit that extends beneath both tailings ponds
and a sequence of ash flow tuffs and lava flows in fauit-comtact with the basalt and the
Santa Fe Group along the west side of Dam No. 4.

X T .RP
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3. Structural relationships in the Tailings Area are dominated by northeast—trendmg high-
angle fault lines. probably resulting from a combination of mid-Tertiary nftma,

erosion. and sedimentation. These structural zones influence the ground-water flow
paths.

4. The key ground-water relationships are:

e Multple perched zones in the Santa Fe Group with 2 main perched zone south
of Dam No. 1 mvolvmc the lower UAU and upper MAU.

. The main perched zone may extend to the Red River (based on logging and slug
test data in monitor wells south of Dam No. 1 and on private well and field
springs data farther south). It may also merge with the deeper LAU aquifer;
however, upward hydraulic gradients in the LAU prevent leachate from
impacting deeper zones.

. From the fault zone along the west side of Dam No. 1 westward, the
piezometric surface may be a composite which includes heads related to semi-
confined conditions for the basalt gravel unit (MW-1 and EW-1) and unconfined

conditions elsewhere (MW-11). The upper part of the basalt unit beneath Dam
No. 4 may be unsaturated.

. East of the fault zone. saturated conditions may be continuous from the lower
LATU and the BAU across the basalt unit.

The leachate-contaminated shallow private wells appear to be screened in the main

5.
perched zone while deeper wells in the LAU and in basalt unit contain water that meets
drinking-water quality standards. '

6. ~ Ground-water flow directions in the basalt aquifer. based on three-point calculations

and potentiometric maps. range between S20°W and S75°W. “Hydraulic gradients vary
from 0.1 ft/ft to as low as 0.003 fi/ft. Steeper gradients result from localized discharge
conditions such as occur along permeable fracture zones (such as in the MW-11 area).
Estimates for a flow rare based on a mixing equation calculation for the volcanic
aquifer at Dam No. 4 resulted in a value of 5.9 cubic feet per second (cfs) and a high
degree of dilution for any leachate that might reach the water table. Analyses of water
samples from MW-11. the Red River. and springs along the north side of the Red
River down-gradient trom Dam No. 4 support the results of the mixing equation.
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{ 7. Aquifer tests conducted at EW-2, -3, and <4 in 1994 ga\fé- the following results:

. EW-3 (sand and gravel unit at base of UAU): hydraulic conductivity of 87
,—' gallons per day per square foot (gpd/ft’). The aquifer test (pump rate of 7 to 8
: gallons per minute) created drawdown at the up-gradient well MW-7A located
210 feet north of EW-3. An aquifer test conducted at MW-11 in 1993 resulted
in a hydraulic conductivity ranging between 6,833 and 14,102 gpd/ft® for the
basalt.

e EW-2 (basalt gravel within BAU): hydraulic conductivity of 913 gpd/f.

. EW-4: broke suction before one well volume was discharged.

3. Results of water-quality analyses from sampling of the monitor-well system in August
1993 and November 1994 are augmented by smaller data sets from the pre-1993
monitor-well samples. A limited amount of water-quality data is also available from
the private wells.

9. °  STIFF Diagrams indicate that the water in the main perched zone (and shallower
perched zones) is a calcium sulfate water. The Change House well water (sodium and
‘ potassium bicarbonate water) and the sample from the BAU at MW-12 (calcium
{ bicarbonate) may be more representative of regional water quality (Winograd. 1959).

10.  The basalt aquifer rypically contains a bicarbonate water with either calcium or sodium
plus potassium as the dominant cation phase. Locally, at MW-1 and EW-1, the ground
water is classified as a calcium sulfate water (STIFF Diagram). Leakage of leachate
from the main perched zone westward across the fault zone on the west side of Dam
No. 1 is the probable source of the sulfate.

'_,ﬁ..i_ _.,

11. Tofai dissolved solids (TDS) and sulfate are the chief chemicallparameters and exceed
State standards in the main perched zone and, locally, in the basalt aquifer (MW-1 and
EW-1).

T T pam =

12.  Comparison of 1993 and 1994 water-quality data for wells in the main perched zone
shows decreases in sulfate at MW-2, -3, and 4 and an increase at MW-7A. Water
samples from the two new wells in the main perched zone showed lower concentrations
for sulfate and calcium. Thne LAU well MW-7C shows an increase in sulfate while
MW-10 shows a decrease.
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Causes for these changes in sulfate concemrauons result from a combmanon of factors
inciuding: -

o Precipitation of gypsum after the sample was collected and before analysis
(EW-3 and EW4). -

o Dilution from natural recharge combmed with no new slurry additions to the
Dam No. 1 ponds.

. Slugs of older higher concentration leachate reaching a down-gradient well.

. Shallow southeasrward flow from beneath the Dam No. 4 pond area reaching
MW-7A.

. Changes in namral recharge rates.

. Older (pre-1994) main perched zone wells are screened in sandy gravels of the

lower UAU and clays of the upper MAU while the 1994 wells are in the sandy
gravel above the clays only. Screens may intercept ground water following
different flow paths (i.e..through different lithologies) that may have different
chemical histories (e.g., dissolution and precipitation cycles for gypsum
associated with clay-rich zones).

. Bacterial activity in wells with steel casing MW-1. -2, -3, and -4) which can
influence iron concentrations.

. Analytical errors.

“The basalt aquifer at EW-1 and MW-1 shows an increase in sulfate which may result
from the down-gradient position of these wells with respect to the main perched zone.

At MW-11, south of Dam No. 4, there was a dec:ease in sulfate concentrations.

Mixing equations indicate that the Red River dilutes sulfate and TDS concentrations in

inflow from the perched zones, including the main perched zone. to well below State
standards. -
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. A vadose zone (partly aliuvial, partly basalt) of approximately 190-foot
thickness beneath the pond would attenuate the suifate concentration entering
the ground water. ' '

. The sulfate concentration for the pond water below Dam No. 4 may be less than
the combined 002/003 QOutfall water at the Red River used in the calculations.

Monitoring of water quality at MW-11 and along the Red River indicates that the rate
of ground-water flow in the basalt aquifer causes significant dilution of any pond leachate that
may migrate through the thick vadose zone to the water table.

3.4 IMPACT ON THE RED RIVER

Data from two U.S. Geological Survey stream ganges have been used to evaluate the
impacts of tailings water on the Red River: one at the Ranger Station (1.5 miles east of
Questa), and the other at the confluence of the Red River with the Rio Grande River a
distance of 8.1 miles). The section of the Red River that may be impacted by the tailings
ponds is 1.84 miles in length (roughly from the 002/003 Qutfall west to the area of the Fish
Hartchery). Water levels for wells near the river are close to, but above, river level which
indicates that the Red River is a gaining stream for the segment opposite Dam No. 1.

Accretions from tributary sources to segments of the Red River between the gauges
have been studied by Wilson and Associates (1978), Water Resources Associates (1984),
Dames and Moore (1987), and Vail (1993). These different studies generaily conclude that the.
net gain between Questa and the confluence is roughly 30 cfs. Vail (1993) provides the most
recent and detailed estimates for tributary source discharges and their sulfate concentrations to
the Red River. Water-quality datd from sampling along the Red River are provided on Table
3, and sampling locations (and corresponding sulfate concentrations) are shown on Figure 6.
Accretion estimates for the area from the Big Springs Complex (which includes Questa
Springs) eastward to the highway bridge over the Red River (the alluvial segment) are given
below. - -

11
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Cold springs from alluum east of Red River Gorze
piped to Fish Hatchery 27 . 80
directly to Red River : 0.4 80

Field drainage (probably includes seepage from springs 2.76 249
east of Big Springs) .

002 Outfall (seepage from 001 and 002 barriers) 0.6 840

The estimated rate of flow for the Red River just upstream of the alluvial segment at
the highway bridge is 46 cfs and the sulfate concentration is 119 mg/L.. Usmcr the values
above, the calculation for mixing is:

ZC,,Q,,
an

Ca=

(46)(119) +2.7(80) + 0.4(80) +2.76(240) +0.6(840) _
46+2.7+0.4+2.76+0.6

‘Based on this calculation, the tributary sulfate input to the Red River directly from the
alluvial segment would be diluted to 131.3 mg/L sulfate. A Red River water sample taken 500
feet west of Big Springs Complex has a sulfate concentration of 138 mg/L. .

Estimates for tributary sources along the north side of the Red River Gorge (from Big
Springs Complex to.the Fish Hatchery) are based on estimates of warm spring flow (the

assumption, as noted earlier, is that warm water is derived from ground water moving through
the volcanic pile).
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Warm springs from volcanics d;rectly to the river:
Warm springs potentially influenced by seepage 1.65 120

Warm springs not influenced by seepage 2.18 20

Adding the inflows from the alluvial segment between the highway bridge and the head
of the gorge results in a flow to the upper portion of the gorge on the order of 52 cfs
(assuming 138 mg/L sulfate for the Red River below Big Sprmas ). Using the mixing equation
and spring flows directly to the river:

ZC"Q" _ (138)(52) + (120)(1.65) +(2.18)(20)
2": o - 52+165+2.18

Cn= =132.86

The sulfate is diluted to 132.86 mg/L. The two Red River samples measured in this
segment of the river have suifate concentrations of 126 and 129 mg/L.

The sulfate concentrations in water samples collected from springs in the upper Red
River Gorge are (see Table 3 and Figure 6):

o 115 mg/L for Sample Location 12;
¢ 126 mg/L for Sample Location 14; and
e 20 mg/L for Sample Location 15.

The water temperatures for these springs were 15.3°C, 14.5°C, and 16.4°C,
respectively. Red River water in the same area has a temperature of 10.3 to 11.2°C. The
spring temperatures seem to indicate that the springs’ source is ground water that is derived
from the volcanic aquifer. not river water recharged to the volcanic aquifer along the fault
zone near Pope Lake. If the river is discharging to the volcanic aquifer at the fault zone (as

13
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‘ suggested by the MW-11 water level), it is not losing much water to the aquifer and
' temperature effects are not evident.

An issue raised in the SPRI (1994) report regarding the assumption that MW-11 was
down-gradient from the pond (southwesterly flow): why would the well have a substantially
lower sulfate concentration than the springs farther down-gradient along the Red River? Two
possible answers to this question are:

1) There was an earlier pulse of seepage water that had higher suifate than

presently measured (such that the spring samples represent older water than
MW-11).

2) There is some iron-sulfide in the basalt that oxidizes in the vadose zone and
releases some sulfate to the ground water. The spring at Sampling Location 14
is located on the south side of the Red River and it has a sulfate concentration of
126 mg/L.. Tocalized iron sulfide mineralization in the fracture volcanics on
both sides of the river could be supplying the sulfate.

The spring at Sampling Location 15 has a very low sulfate concentration (20 mg/L). It
is possible that the higher sulfate springs are discharging water that lies close to the water table
and that the water at Sampling Location 15 comes from a deeper source.

14
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TABLE 1

1994 MONITOR WELL WATER QUALITY DATA FOR TAILINGS AREA
MOLYCORP, INC, - QUESTA, NEW MEXICO

{Page 1 of 3)
MONITOR iy w?;i'l ;m DE%E efd r:%?%? . .ﬁ%’;’;‘g 'rs?g)m e | A0l e | roraL axl © l( LORIDE | FLUORIDE | NITRATE | SUFATE
1994 T Tty | ety (uhimos) mgly | (mgly | mgry | (mgry | "L | L) | Gmely | (mel)

EW-1 7-Nov 157 83.00 102 7.50 1,460 NA, <] 156 <l 156 23 0.25 0,72 620
EW-2 8-Nov 204 | 147.91 170 7.48 8501 129 <1 122 <l 122 4.8 0.49 0.2 96
EW-2 17-Nov NA NA- NA NA NA NA <l 118 <1 118 4.6 0.5 0.38 920
EW-3 8-Noy 78 57.14 70 7.48 1,135 11.4 <1 110 <1 110 17 0.16 0.6 440
EW-3 19-Nov NA, NA NA NA NA NA <1 136 <] 136 18 0.19 0.49 410
EwW-4 .| 7-Nov 58 18.49 50 7.78 6501 116 <1 152 <] 152 26 0.21 0.35 150
EwW-4 16-Nov NA NA NA NA NA NA <1 156 <1 156 26 0.2 0.36 160
MW-1 7-Nov 100 53,17 80 7.28 1,322 NA <] 136 <] 136 14 0,27 0.45 610
MW-2 7-Nov 80 22,07 60 1.96 1,701 NA <l . 20 <1 80 1S 0.9IG <0.06 860
MW-3 8-Nov 60 19.97 55 7.38 1,679 12.4 <1 183 <l 183 18 0.44 0.31 780
MW-4 8-Nov 96 40,77 65 | 17.61 1,157 12.3 <1 184 <] 184 7.3 0.73 0.24 460
MW-7A 7-Nov 90 58.84 80 7.50 1,565 11.9 <] 126 <1 126 16 0.18 0.72 730
MW-7C S-Nov 146 111.79 135 7.10 2,160 12.4 <1 124 <1 124 16 0.17 0.32 790
MW-9A 8-Nov 44 26,30 35 7.32 1,021 13.1 <} 174 <1 174 20 0.44 0.33 680
MW-10 8-Nov 129 26,23 100 8.16 236 123 - <1 71 <] 77 1.6 0.36 0.27 35
MW-11 " 9-Nov 249 191.93 210 700 |- 440 198 <1 82 <] 82 10.3 1.28 0.39 58
MW-11AB| 9-Nov NA NA NA NA NA NA <1 79 <1 79 10.1 1.29 NA 58
MW-12 7-Nov 234 128.11 210 NA NA NA <l 120 <1 120 5.1 0.46 NA 66
MW-A 7-Nov 38 30.58 "NA 7.28 1,332 NA <1 154 <1 154 14 0.35 0.37 560
MW-C 7-Nov 14.5 1.80 NA 7.24 1,902 NA <1 185 <] 135 19 1.16 <0.06 970
CH 2-Nov NA, NA NA 7.97 539 13.5 <] 206 | <1 206 2.3 0.71 0.44 75

NOTES:

(1) pH, CONDUCTIVITY AND TEMPERATURE WERE RECORDED WHEN SAMPLED.

SOURCE: SAMPLES TAKEN BY SPRI, ANALYTICAL RESULTS FROM MOLYCORE.

NA-NOT AVAILABLE

001-06.XLS NMED1194.XLS
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‘MOLYCORP, INC. - QUESTA, NEW MEXICO

TABLE 1
1994 MONITOR WELL WATER QUALITY DATA FOR TAILINGS AREA

(Page 2 of 3)
MONITOR TDS SILVER [ALUMINUM| ARSENIC BARIUM | BERYLLIUM | CALCIUM CADMIUM COBALT CHROMIUM COPPER IRON MERCURY
WELL {mg/L) (mg/L) {mg/L) (mg/L) (mg/L) (mp/L) (mg/L) (mg/L) (mg/L) (mg/L) (me/L) (mg/l) (mgfl.)

EW-1 1,200 <0.10 <0.05 <0.005 0.053 <0.004 240 <0.0005 <0.010 <0010 <0,010 <0.050 <0.0002
EW.-2 240 <0,10 <0.05 <0.005 0.068 <0.004 39.4 <(,0005 <0.010 <0.010 <0.010 <0.050 <0.0002
EW-2 290 <0.010 <0.05 <0.005 0.065 <0.004 57.8 0.0036 <0.¢10 <0.010 <Q.010 <0,050 <0.0002
EW-3 830 <0.10 <0,05° <{0.005 0.074 <0.004 179 <0,0005 <0010 <0.010 <0.010 <0.050 <0.0002
EwW-3 750 <0.010 <0.05 <0.005 0.054 <0.004 158 <0.0005 <0.010 <0,010 <0010 <0.050 <0.0002
EW-4 440 <0.10 <0,05 <0.005 0.065 <0.004 101 <0.0005 <0.010 <0.010 <0,010 <0.050 <0.0002
EW-4 450 <0.010 <0.05 <0,005 0.068 <0.004 104 <0,0005 <0010 <0010 0,012 <0.050 <0.0002
MW-1 1,100 <0.10 <0.05 <0.005 0.025 <0.004 207 <0.0005 <0.010 <0010 <0.010 0.068 <0,0002
MW-2 1,400 <0.10 <0.05 <0.005 0.022 <0,004 241 <0.0005 <0.010 <0.010 <0010 | 4.6 <0.0002
MW-3 1,400 <0.10 <0.05 <0.005 0.032 <0,004 264 <0.0005 <0.010 <0,010 <0.010 0.07 <0.0002
MW-4 890 <0.10 <0.05 <0.005 0.084 <0.004 166 <{.0005 <0.010 <0.010 <0.010 <(3,050 <0.0002
MW-7A 1,300 <0.10 <0.05 <0.005 0.028 <0.004 273 <0.,0005 <0,010 <0.010 <0.010 <0.050 <().0002
MW-7C 1,300 <(.10 <0.05 <0005 0.028 <0.004 279 <0.0005 <0.010 <0.010 <0,010 <0.050 <0.0002
MW-9A 1,200 <0.10 <0.05 <0.005 0.061 <0.004 247 <0.0005 <0.010 <0.010 <0,010 <0.050 <0.0002
MW-10 150 <0.10 <0.05 <0.005 0.038 <0004 28.2 <{(.0005 <0.010 <0.010 <0.010 <0.050 <0.0002
MW-11 - 200 <0.10 <0.05 <0,005 0.014 <0.004 . 28.6 <0,0005 | -<0,010 <0.010 <0010 <0,050 <0.0002
MW-11AB 220 <0.10 <0.05 <0005 0.015 <0.004 28.5 <0.0005 <0.010 <0.010 <{.010 <0,050 <0.0002
MW-12 260 <0.10 <0.05 <0005 0.096 <0.004 47.1 <0.0005 <0,010 <0.010 <0.0]0 <0,050 <0.0602
MW-A 1,000 <0,10 <0.05 <(.005 0.03 <0.004 214 <0.0005 <0.010 <0.010 <0,010 0.066 <0.0002
MW-C 1,700 -| <0.10 <0.05 <0.005 0.04 <0,004 334 <0.0005 <0.¢10 <0.010 <0,010 <0,050 <0.0002
CH 340 . <0,10 <0.05 <0,005 0.059 <0.004 48.5 <0,0005 <0,010 <0.010 <0010 <0.050 <0.0002

NOTES:

(1) pH, CONDUCTIVITY AND TEMPERATURE WERE RECORDED WHEN SAMPLED,

SOURCE: SAMPLES TAKEN BY SPRI. ANALYTICAL RESULTS FROM MOLYCORP.
NA-NOT AVAILABLE
NMED1194,XLS
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1994 MONITOR WELL WATER QUALITY DATA FOR TAILINGS AREA

TABLE 1

MOLYCORP, INC, - QUESTA, NEW MEXICO

(Page 3 of 3)
MONITOR | POTASSIUM | MAGNESIUM | MANGANESE | MOLYBDENUM| SODIUM | NICKEL LEAD |ANTIMONY| SELENIUM | SILICON [ THALLIUM | VANADIUM ZINC
WELL (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (me/L) {mg/L) (mg/L) (mg/L) (me/l) (mg/L) (mg/L) (mgrl.)
EW-1 37 47.9 0.017 <0,02 41.7 <0.020 <0,002 <005 <0.005 13.8 <0,005 <0010 <0.050
EW-2 3.3 10,4 0.169 <0.02 20,0 <0,020 <0.002 <0.05 <0.005 157 <0.005 <0010 <0.050
EW-2 3.6 10 © 0.138 . <002 19.6 <0020 <0.002 <0.05 <0.005 17.3 <0.005 <0.010 0.091
EW-3 2.6 31.8 0.056 © <0.02 28.6 <0.020 <0,002 <0.05 <0.005 124 <0.005 <0.010 <(.050
EW-3 2.2 27.8 - 0.036 <(.02 28.9 | <0.020- | <0,002 <0.05 <0.005 1.9 <0.005 <0.010 0.364
EW-4 1.5 17.8 <0.010 <0.02 15.5 <0.020 <0.002 <0.05 <0.005 12.4 <0.005 <(,010 <0,050
EW-4 2.1 18.1 0.019 <0.02 16 <0,020 <0.002 <0.05 <0.005 | 127 <0005 <0.010 0.364
MW-1 3.0 41.2 0.035 0.04 554 <0.020 <0.002 <0.05 <0005 11.9 <0.005 <0.010 <0.050
MW-2 3.1 52.2 0.37 1.7 95.6 | <0.020 <0.002 <0.05 <0.005 1.8 <0.005 <0.010 <0.050
MW-3 1.5 48.6 0,032 <0.02 71.6 <0.020 <0.002 <0.05 <{.005 10,3 <0.005 <(.010 <0.050
MW-4 1.1 32.7 <0.010 0.21 64.2 <0.020 <0.002 <0,05 <0,005 10.3 <(.005 <0.010 <0,050
MW-TA 2.6 4.1 <0.010 <0.02 39.5 <0.020 <0,002 | <0.05 <0.005 12.3 <0.005 <0010 <0,050
MW-7C 19 48.4 <0.010 <0.02 45,1 <0.020 <0.002 <0.05 <0.005 12,1 <0.005 <).010 <0.050
MW-9A 1.7 45.5 0.111 <0.02 66.0 <0.020 <0.002 -| <0.05 <0.005 10.5 <0.005 <0.010 <0.050
MW-10 1.3 4.4 <0010 <002 14,7 <0,020 <0.002 <0.05 <(,010 10.8 <0005 <(.010 <0.050
MWw-11 " 2.8 8.6 <0.010 0.06 25.8 <0.020 <0,002 <0.05 <0.005 155 <0.005 <0.010 <0.050
MW-11AB 2.6 g6 <0.010 0.06 25.7 <0.020 <0.002 <0.05 <0.005 - 5.5 <0005 0.01 <0.050
MW-12 29 8.5 <0.010 0,02 24.5 <0.020 <0.002 <0.05 <(.005 13.6 <0.005 | .<0.010 <0.050
MW-A 2.8 35.7 - 0,04 0.63 50.6 <0.020 <0.002 <0.05 <0.005 10.9 <0.005 <0010 <0.050
MW-C 2.1 56.1 0.774 112 82.2 <0,020 <0.002 <0.05 <0.005 11.6 <0,005 <0.010 <(.050
CH 12 9.4 <0.010 <0,02 518 <0.020 <0.002 <0.05 <0.005 9.8 <0.005 <0010 0.946
NOTES:
(1) pH, CONDUCTIVITY AND TEMPERATURE WERE RECORDED WHEN SAMPLED,
SOURCE: SAMPLES TAKEN BY SPRI. AMALYTICAL RESULTS FROM MOLYCORP,
NA - NOT AVAILABLE
001-06,X1.5 NMED1 184, XLS
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TABLE 2
HISTORICAL WATER QUALITY DATA FOR PRIVATE WELLS

TAILINGS AREA - MOLYCORP, INC. - QUESTA, NEW MEXICO

Well # pP-1 p-2 P-3 P-4A P-4B P-5 P-6 P.7 P-8 P-9
DATE 1988 1979 1979 1987 1993 1993 1987 1975 1987 1993
ill;‘::l‘i):il:;lfm o) NA NA NA NA NA NA NA NA NA NA
i?;:ﬁ’;?:; mell) NA NA NA NA NA NA NA NA NA NA
if:;ﬁ:‘i‘:; meL) NA NA NA NA NA NA NA NA NA NA
Aluminum (mgl]_,) NA NA NA NA NA NA NA NA NA NA
Arsenic (ing/L) NA - NA NA NA NA NA NA NA NA NA
Cadmium (mg/L) <0.01 NA NA <0.01 | <0.005 | <0005 <0.1 NA <0.001 | <0.005
Calcium (mg/L) 246 NA NA 128 NA NA 37 NA 212 NA
Chlorine {(mg/L) 21 NA NA NA NA NA <5.0 NA 18 NA
Chromium (mg/L) NA NA NA NA NA NA NA NA NA NA
Copper (ng/L) <0.01 NA NA 0.005 0.01 <0.01 NA NA <0.1 0.01
Fluoride (mg/L) 0.40 0.50 0.50 NA 0.45 0.42 NA NA NA 0.7
Iron (ing/L) <0.05 0.39 0.13 0.1 <0.05 0.08 <0.1 0.07 <0.1 0.12
Lead (mg/L) <0.05 NA NA <0.05 <0.1 <0,10 <0.1 NA <0,01 <0,1
Magnesium (mg/L) 39 NA NA 17 NA NA 3.0 NA 22 NA
Manganese (mg/L) 0.01 0.03 0.02 NA <0,01 <0.01 <0.05 NA <0.05 0.143
Molybdenum (mg/L.{ 0.07 0.02 NA 0.01 <0005 | <0.005 <0.1 2.27 <0.1 <0,005
Potassium (mg/L) 3.0 NA NA 1.0 NA NA 4.0 NA 2.0 NA
Redox Pot, (ng/L) NA NA NA 27 NA NA NA NA NA NA
Sodium (mg/L) 58 NA NA 79 NA NA 9.0 NA 41 NA
Sulfate (mg/L) 763 228 44 358 97 112 32 NA 504 94
TDS (mg/L) 1376 619 345 772 398 276 186 NA 982 270
Zinc (mg/L) 0.08 2.45 0.01 0.64 0.89 0.21 <0.1 NA <0,1 0.08
pH 7.8 7.4 7.7 7.0 7.5 7.1 7.7 NA 7.1 7.3
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#6
#7
#3
#9
#10
#11
#12
#13
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#17
#18

KEY TO TABLE 3
LOCATIONS OF WATER SAMPLES

TAILINGS AREA - MOLYCORP, INC. - QUESTA NEW MEXICO

Red River below Highway 38 bridge.

Spring on north side of Red River

Field Drainage to Red River, 500 feet east of Outfall 002
Field Drainage to Red River, 450 feet east of Qutfall 002
Red River 300 feet east of Qutfall 002

Qutfall No. 002

Field Drainage 75 feet west of Qutfall 002

Red River above Questa Springs

Near Questa Springs, southeast of concrete box

Near Questa Springs, end of old pipe

Red River 500 feet west of Questa Springs

Spring, north side of Red River Station 47+20

Red River Station 47+70, above Hatchery

Spring south side of Red River Station 36+30

Spring north side of Red River Station 36+40

Red River

Hatchery; cold water inlet

Hatchery; warm water inlet
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TABLE 3

WATER QUALITY DATA FOR THE RED RIVER (VAIL ENG., 1993)
TAILINGS AREA - MOLYCORP, INC. - QUESTA, NEW MEXICO

(Page 1 of 2)

Sample

Location #l #2 #3 #4 #5 #6 #7 18 #9

Number
Total
Alkalinity (mg/L) 38 90 99 94 43 152 16§ 50 158
Dissolved <0.50 <0.50 <0.50 <0.50 <050 <0.50 <0.50 <0.50 <0.50
Aluminum (mg/L) ) ' ’ ' ) ) ) ’ ’
Suspended )
Aluminum (m g[Q 78 . 0.50 <0.50 <0.50 8.0 <0.5 2.7 6.2 85
Cadmium (ing/L.) <0,005 <0.005 <0005 <0.005 <0.005 <0.005 <0,005 <0.005 <0.005
Copper (mg/L) 0.036 0.007 <0.005 0.008 0.028 <0.005 0.009 0.029 0016
Fluoride {mg/L) 0.84 0.55 0.60 0.46 0.90 1,90 0.80 0.828 0.38
fron {mg/L) 0.594 0.543 0.405 0.115 0.569 0.102 1.09 0.573 2.94
Lead (mg/L) <010 <0.10 <0.10 <0.10 <0.10 <0.10 <0,10 <0,10 <0.10
Manganese (mg/L) 0.92 0.02 0.05 0.05 0.88 1.40 0.03 0.88 0.07
Molybdenum (mg/L) | <0.03 <0.03 0.20 <0.03 <0.03 1.80 0.20 <0.03 <0.03
Total Dissolved ' .
Solids (mp/L) 255 247 246 648 240 1764 T27 268 1094
Total Suspended
Solids (mg/L) 31 20 7.0 6.0 22 2.0 39 21 88
Sulfate (mg/L) 119 92 92 172 118 840 228 141 504
Zinc (mg/L) 0.250 0.021 0.047 0.012 0.222 0.010 0.017 0.207 0.047 °
Temprature (°C) 8.3 10.5 11.2 17.8 9.1 9.7 i0.1 9.8 7.8
pH 7.23 6.76 7.44 8.22 7.60 7.26 7.20 7.14 7.02

SOURCE: Vail Engineering (Ralph Vail).
NA. - Not Available
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TABLE 3

WATER QUALITY DATA FOR THE RED RIVER (VAIL ENG., 1993)
TAILINGS AREA - MOLYCORP, INC. - QUESTA, NEW MEXICO

(Page 2 of 2)

Sample

Location #10 281 #12 #13 #14 #15 #16 #17 #18

Number .
Total
Alkalinity (mg/L) 177 54 82 . 51 82 80 49 43 77
Dissolved <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
Aluminum (mg/L) ) ’ ) : ) ) ) ) )
Suspended .
Aluminum (mg/L) <0.5 3.1 1.7 30 <0.50 <0.50 3.1 <0.50 . <0.50
Cadmium (mg/L) <0.005 <0.005 <0.005 '<0.005 <0.005 <0,005 <0.005 <0.005 <0.005
Copper (mg/L) 0.005 0.033 0.011 0.026 <0,005 <0.005 0.024 <0.005 <0005
Flucride (mg/L) 0.60 0.90 .80 0.90 0.80 .10 0.90 0.64 0.54
Iron (mg/L) <0.05 0.618 2.36 0.590 <0.05 <0.05 0.527 0.138 0,181
Lead (ing/L) <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Manganese (ing/L) 0.01 0.88 0.13 0.83 0.01 NA 0.781 NA NA
Molybdenum (mg/L) <0.03 <0.03 <(.03 <0.03 <0.03 <0.03 <0,03 <0.03 <0.03
Total Dissolved
Solids (mg/L) 576 269 271 259 304 145 247 176 284
Total Suspended

< <l.

Solids (mg/L) 7.0 22 47 22 1.0 1.0 24 NA NA
Sulfate (mg/L) 210 138 115 128 126 20 129 80 63
Zinc (mg/L) 0.010 0.215 0.046 0,206 0.005 <0,005 0.191 <0.005 0010
Temprature (°C) 7.1 10.3 15.3 10.5 16.9 16.4 11 8.3 15.3
pH 7.50 7.45 6.94 7.45 8.14 7.26 18 7.14 7.817

SOURCE: Vail Engineering (Ralph Vail).
NA - Not Available
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Questa Molybdenum Mine Geochemieal Assessment

4.0 SUMMARY AND CONCLUSIONS

4.1  Geochemical Properties

4.1.1 Hydrothermal Scars

Samples of hydrothermal scar material collected in and adjacent to the mine site are indicated by
static testing to possess significant acid generating potential and by field tésting to have acidic paste
pH and high conductivity, indicative of a high soluble salt load. The hydrothermal scars produce
surface runoff and drainage that is of low pH and contains elevated concentrations of sulfate,
fluoride, aluminum, copper, iron, manganese and zinc. Metals that occur in the drainage and
runoff from hydrothermal scars include cadmium, cobalt chromium and nickel. Shake flask
extraction tests indicate a similar suite of leachable metals exists in hydrothermal scar solid

samples.

4.1.2 Mine Waste Materials

4.1.2.1 Waste Rock

4.1.2.1.1  Mixed Volcanic Waste Rock

The waste rock in the various waste rock dumps exhibit variable geochemical properties that are
related to waste rock type and source.

Field and static testing indicates acid generating potential, and current acid generation in mixed
volcanic waste rock excavated from the area of the Sulphur Gulch hydrothermal scar zone during
open pit mining operations. This material was located in the western portion of the pit and
remains exposed in the west pit wall. The mixed volcanic waste rock forms the majority of the
waste rock placed in the waste rock disposal areas located north, west and south of the open pit.

The mixed volcanic waste rock exhibits drainage chemistry and leachable metals content that are
similar in composition to that of the hydrothermal scars. As the mixed volcanic waste rock and
hydrothermal scars were subjected to similar geologic processes, the similarity in geochemical
properties are anticipated. - '

The concentration of sulfate and copper, manganese and zinc in drainage derived from the mixed .
volcanic waste rock is, on average, somewhat elevated with respect to the drainage from
hydrothermal scars. This is a result of the high degree of disturbance associated with blasting,
excavation and disposal of waste rock that results in favorable conditions for oxidation and ARD

generation.

Apnl 2/, 1995 SEX Project No. 09206
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Questa Molybdenum Mine Geochemical Assessment

4,1.2.1.2 Black Andesite and Aplite/Granite Waste Rock

Black andesite and aplite/granite form the remainder of the waste rock produced during open pit
‘mining operations. These materials were derived from the south and east sides of the open pit
where hydrothermal scar has not been developed. These materials were placed as an armoring
cover on the Sugar Shack South, Middle and Spring and Sulphur Gulch waste rock disposal areas.
Portions of this material were placed with mixed volcanic waste rock in the 1n-pit waste rock

isposal areas and these materials appear to be the only waste rock type placed in Spring Gulch,
and the eastern portion of the Spring and Sulphur Gulch waste rock disposal areas, =~ -

Field paste tests indicate that these materials do not nowgenerate acid and static tests indicare they
have a low potential to develop acidic conditions. In addition, field tests showed low paste TDS
content in black andesite and aplite/granite waste rock. Therefore, these materials have limited
potential for leaching of sulfate and metals. S

4.1.2.1.3 Other Mine Waste

Other mine waste materials include development rock from the old and new underground mine
workings, mine site fill marerials, and relic tailings from the old underground mining operation.

Field and static testing of development rock from the old and new underground workings
indicates low potential for acid generation. Field tests indicate low paste TDS content and limited
potential for leaching of merals and sulfate. '

The new mine site area was developed by cut and fill methods. The exposed cut slopes in the
mine site indicate that a portion of the fill was derived from areas affected by hydrothermal scar
development. Based on field tests, portions of the fill currently exhibit acid generating behaviour
and the potential for leaching of metals and sulfate.

The relic tailings from the old underground mining operation were placed at the site of the
existing mill. A portion of the relic tailings were used to regrade the mill site prior to facility
construction. Field and Iaboratory testing of relic tailings indicates current acid generating
behaviour and the potential for leaching of metals and sulfate.

4.2  Sources of Sulfate and Metals Loads to the Red River

4.2.1 Hydrothermal Scars

The hydrotherma] scars in the region represent a mature source of sulfate and metals loads to
surface water and groundwarer. The oxidation of the scars has been occurring over geologic time
and the acidity and metal attenuating capacity of the seepage and flow paths from areas of
hydrothermal scar to the river are depleted. The scars are highly erodible. Therefore, the
potential for oxidation in hydrothermal scar areas remains relatively constant as surficial materials
are removed by erosion, and underlying, unoxidized materials are exposed to oxidizing conditions.
The rate of sulfate and metal loading from hydrothermal scars is influenced only by short and
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long term changes in climatic conditions that control the rates of erosion and the quantity of
runoff and seepage from hydrothermal scar areas.

OQutside the mine area, hydrothermal scars continue to contribute sulfate and metal loads to the
Red River as they have over geologic time. Within the mine area, the majority of seepage and
runoff from areas affected by hydrothermal alteration is collected in the underground mine. The
scar impacted drainage and runoff collected in the underground mine is now being pumped to the
tailings impoundment west of the town of Questa to dewater the underground mine. Therefore,
the seepage and runoff from scar areas collected in the mine has no impact on the quality of water
in the Red River. ' |

In the mine area, drainage from several areas of hydrothermal scar are not collected in the
underground mine and may still contribute to the sulfate and metals concentrations in the Red
River. Hydrothermal scars occur under a cover of waste rock in the Sugar Shack South, Middle
and Spring and Sulphur Gulch waste rock disposal areas. While surface runoff and sediment
generation from these areas are controlled by Molycorp’s surface water management facilities, the
subsurface flow paths from these areas have not been substantially altered by the mining
operation. Hydrothermal scars also occur adjacent to the Red River in the area berween the mine
site and the mouth of Capulin Canyon. The potential for the contribution of sulfate and metal
loads from these sources has not been reduced or increased by the mining operation.

4.2.2 Mine Waste Materials

The drainage and runoff from waste rock placed in the in-pit waste rock disposal areas is currently
collected in the open pit and drains to the new underground mine, and has no impact on the
quality of water in the Red River.

At several locations, the potential for contributions of sulfate and metals from mine waste to the
Red River exists.

Seepage from the Capulin waste rock disposal, together with seepage and runoff affected by
hydrothermal scars located in Capulin Canyon, potentially migrates down Capulin Canyon as
subsurface flow.

Subsurface seepage from the new mine site, the mill site and the Sugar Shack South, Middle and
Spring and Sulphur Gulch waste rock disposal areas are currently not controlled by Molycorp’s
seepage collection systems. Acid generating materials in these areas have the potential to
contribute sulfate and metals loads to the Red River.

In contrast to the hydrothermal scars, the mine waste at Questa represents a new source of sulfate
and metal loads. Testing of the alluvial and colluvial materials located below the waste rock
disposal areas adjacent to the Red River indicates a limited but measurable ability for attenvation
of acidity. Therefore, contaminated mine waste drainage may still be buffered along the seepage
path to the Red River and the current water quality as indicated by springs and seeps may not
represent mine waste drainage quality. The location of the contaminant fronts of seepage plumes

Apel 27, 1995 SRX Project No, 09206
38



Questa Molybdenum Mine Geochemical Assessment

from these areas is currently unknown. Moreover, since the chemistry of the hydrothermal scar
and mine waste impacted drainage is similar in composition, the relative contnbunons of these
sources cannot be identified.

4.3  Long Term Climatic Effects on Water Quality '

As previously mentioned, the hydrothermal scars in the region represent a mature and relatively
constant source of sulfate and metal loads to regional and local surface water and groundwater
resources. Flowever, these sources are influenced by climatic conditions and during extended
periods of above average precipitation, loading from these sources can be anticipated to increase
as a result of increased erosion, runoff and infiltration. Conversely a reduced loading is expected
during periods of prolonged drought.

From 1961 to 1991, the average annual discharge at the Questa gaging station was 40.4 cfs. This
period spans the life of the open pit and new underground mining operations at Questa when
water was diverted for mill use. In the period between 1961 and 1978, average annual discharge
at the Questa gaging station was 33.1 cfs while from 1978 to 1993, the average annual discharge
was 52.2 cfs. These large changes in avérage flow rates are expected to have associated substantial

erosion and seepage from scar material, resulting in large natural fluctuations in the mean annual
contaminant loading to the Red River.

Because of the change in climatic conditions the "background” water quality data from 1965 may.
not be representative of that for 1993. Indeed it may be anticipated that the average narural
contaminant loads to the Red River in the first half of the 1990’s would be substantially greater
than the average loading experienced i in the first half of the 1960’s.

Aprit 2/, 1995 . SKEK Project No. 05206
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50 RECOMMENDATIONS FOR NEXT PHASE OF INVESTIGATION AND
CHARACTERIZATION |

5.1 Requirements for Additional Investigation and Characterization

This initial mine waste rock i mvestxganon and characterization has served to identify the current
and potenual sources of the contaminant drainage to the Red River. It has been established that
contaminant sources exist both as exposed sulfitic rocks in the waste rock dumps and open pit.

This investigation focused mamly on the identification and qualitative characterization of these
sources and the contaminant migratory routes to the Red River. A relatively good understanding

of the qualitative characteristics has been developed for:

. The locations from which contaminated drainage 1s originating for both natural and mine
induced drainage;

. the current quality of the pore water in these sources;
the lithological and geochemical characteristics of the rock from which the contaminants
originate;

the surface flow and seepage pathways along which the contaminated drainage migrates;
the physical and geochemical controls along the migratory routes; and
the quality of surface and ground water discharges to the Red River and the contaminant

loads in the Red River.

In the next phase, investigation of mine waste rock should attempt to extend this qualitative
understanding to be more quantitative in regard to the characterization of the rock contaminant
flow paths, and to both current and long term contaminant load generation and migration.
Aspects to be investigated and characterized may be divided into four groups:

i)  The definition of the quantities, and distribution of ARD characteristics of waste rock
in the various dumps and portions of dumps, construction embankments and rock cuts
on the mine disturbed site. This investigation should extend the current surficial
survey to define conditions at depth within the deposits. This quantification and
extension will be based on a derailed review of the mine plans and dump development
records, additional surficial surveying and limited drilling to determine the rock

characteristics at depth.

ii) The definition of the conditions other than rock characteristics controlling acid
generation in the waste piles. This includes determining water and oxygen entry and
dxstnbutlon, and temperature conditions in the waste rock piles.

An understanding of the oxygen distribution in the piles indicates the zones where
acid generation is occurring or is inhibired. It provides an understanding of the likely
long term conditions which will control acid generation both without and with the

addition of oxygen entry control measures such as covers.

Aprl 27, 1395 SRK Project No. 09206
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TABLE 1.2
Summary of 1994 Water Quality Data Collected from Seeps and Streams around the Questa Mine
Undisturbed Scar Materjal ** Disturbed Scar Materlal***
Background* NaB) {N =9}
{(N=1) S K ] :
Maan Median M!nlmum -} Maximum - Mean ~ Medlan Minlmum Maximum

pH 6.9 2.774 2,725 2.33 3.2 3.09 3.12 2.68 3.63
Conductivity 409 3996 3865 1350 €830 5038 3390 1600 12300

{zrmhos)
Acidity 14.2 2817 1933 326 5350 3432 856 435 12200

{mg CaCo,

aq./L)
Alkalinity 41 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

{mg CaCo0,

eq./L}
S0, img/L) 140 3018 2360 736 5900 4395 2500 976 12700
Al {mgiL} 18 229.6 173.8 50.3 582 471 138 6.37 1850
Cd {mg/L} <0.0% 0.026 0.1 <0.01 0.092 0.14 0.021 0.0% 0.585
Co {mg/L} 0.018 0.484 0.234 0.04 1.63 1.238 0.611 0.187 4.45
Cr imgi/L) <0.015 - 0.077 0.06856 <0.016 0.218 0.162 0.067 <0.015 0.495
Cu {mg/L} 0.094 2,191 1.23 0.022 7.2b 3.89 2.3 0.19 13.9
Fe (mg/L} 1.2 316.7 183.6 6.83 890 230 659 3.68 848
Mo (mg/L} <0.03 0.036 0.03 <0.03 0.079 0.099% 0.03 <0.03 0.615
Mn {mg/Lt} 3.62 31.21 18.85 2.33 87.4 210 69.6 4.7 787
Ni (mg/L} 0.042 1.186 0.563956 0.107 4,08 2.54 0.97 0.369 9.43
Pb {mg/L} 0.1486 0.104 0.06 <0.06 0,437 0.184 0.05 <0.06 1.04
Zn {mg/L} 0,527 7177 4.589 0.498 20.6 36 8.01 1.86 132

Notes:  All matal concentrations are total; dissolved concentrations are listed in TaBIe C2, Appendix C. N = Number of Samplas
*Sample: WS-Cap2
**Samplas: WS-GC3, WS-GC4, WS-GC5, WS-GC8, WS-HC1, WS-HC2, WS-Pit2, WS-Cap4

***Samples; WS-1, WS-2, WS-Cap1, WS-Cap3, WS-GC1, WS-GC2, WS-S51, WS-§52, WS-Pit1
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Anoxic Alkaline Drain Treatment of Seeps Entering the Red River

Michael W, Coleman
. New Mexico Environment Department
; Surface Water Quality Bureau-Nonpoint Source Pollufion Section

P.O. Box 26110, Room N-2101, Santa Fe, NM 87502

£ Abstract

! The New Mexico Environment Department (NMED) conducted a two-year water

quality investigation, funded in part by a U.S. Environmental Protection Agency 319(h) Grant,

LT along the Red River, Taos County, New Mexico. The project culminated in a cooperative field

] demonstration project to mitigate and prevent future impacts of highly acidic, metal-loaded

ground water seeps entering the Red River, near Questa. The NMED - Surface Water Quality

Bureau, Nonpoint Source Pollution Section identified a number of sites where springs or

~ perennial seeps defiver acid rock drainage via ground water which has been in contact with

sulfide-rich hydrothermal rock scar areas or mine waste piles within the watershed. The

seeps have a direct impact on the physical and chemical water quality and thereby effect the

designated uses of the waterway. In-stream impacts include stream acidity, precipitation of

calcium-aluminum cements, impairment of macreinveriibrate and fish habitat, and fransport
of a variety of dissolved and suspended heavy metals.

The field project involved the installation of selected Best Management Practices

{BMPs) consisting of a set of Anoxic Alkaline Drain Passive Treatment Systems at a site

along the Red River where several of the seeps are particularly active. One hundred seventy

{ lateral feet (1707 of trenches were dug below the local ground water level. The trenches were

————

filled with limestone cobble, capped with a layer of clay, and rectaimed to road shoulder

grade. Physical parameter and water chemistry monitoring is underway to measure an

anficipated increase in pH levels and a corresponding decrease in the heavy metal content

i of the seeps. Favorable results may point the way to implementing this technology on several

l : sites in this watershed, and around other abandoned mine or mill sites, or geologically active

i source areas throughout the state where acid rock drainage presents a pollution problem.

The project was a cooperative effort between NMED (project inception, design,

coordination and follow up monitoring), the Unocal Moelycorp Questa Molybdenum Mine

(donated materials, equipment, and labor), the State Highway and Transportation

Department (labor, heavy equipment and safety crews) and the Questa Ranger District,
Carson National Forest (permitting).

T

! ' Introduction
The Red River region of northern Tacs County, New Mexico is recognized as one of the most beautiful

tourist destinations and popular multiple use areas of our state. Visitors flock there in summer and winter
for the recreation opportunities such as camping, skiing, hiking, back country touring, and of course,
fishing. Environmental scientists, sportsmen, activists and local residents are concemned about
environmental conditions threatening or impacting the region. Many citizens, inctuding some of those in
: attendance at this 7996 NM Conference on the Environment, are involved with projects to improve and
{ protect various aspects of the watershed. New Mexico Environment Department (NMED) staff participate in
monitoring and field implementation projects and are responsible for municipal and industrial air and water

) quality permitting issues in the region. This paper presents informaticn on attempts to mitigate particular
1 aspects of nonpoint source pollution (NPS) of surface and ground waters by addressing acidic, metal-

: loaded seeps entering the river.

[P

The Red River's headwaters begin as springs and snow melt from the highest terrain in the state.

Beginning in the northern and eastern sides of the Wheeler Peak Wilderness (Figure 1), the river

.. accumulates the flow from twenty one perennial tributaries along its route through the Taos Mountains of

[a the Sangre De Cristo Range, westerly down to the Taos Plain and the Rio Grande Rift. Covering an area of

- 226 square miles, it is a major tributary watershed to the upper Rio Grande system. The site of this
demonstration project lies in the middie reach of the river, between the towns of Red River and Questa

‘ (Figures 1 and 2), near the confluence of the Red River with Capulin Canyon, to the north, and Bear

! Canyon to the south.

f . Location of study area
;

JEp——
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Background
In past years the Red River gained fame as one of the premiere trout fishing streams in the nation. The

ground water resources of the area were known to be of the highest quality. Prior to mid-1960s, poliuted
surface water was rare, except during seasonal storm events when turbidity and sudden spikes of soil-
derived metals temporarily contaminated the waters. As urban development and tourism increased and
the local mining, cattle ranching and timber industries matured in the region, the impacts on surface and
ground water quality have overwhelmed the Red River. Presently the watershed's designated or attainable
uses as a high quality coldwater fishery, and source for livestock/wildlife watering and irrigation waters are
not being met (NMWQCC, 1994). Environmental concems include effluent from septic tanks and leach
fields, leaking underground storage tanks, low pH levels, siltation, heavy metal ioading in the stream from
acid drainage, and loss of biological and riparian habitat (Slifer, 1986, Figure 1).

The headwater areas remain mostly high quality sources but the water delivered downstream into the Rio
Grande is not as clear and clean as it once was. Several miles below the Town of Red River the water is
frequently a distinctive cloudy blue-gray color, indicative of a highly stressed waterway. The lowermost
reaches, designated as a part of the National Wild and Scenic Rivers System, have recovered as a
spawning ground for big brown and cutthroat-rainbow trout, primarily due to stream dilution of pollution
effects, but a variety of upstream NPS impacts, as well as seasonal turbid flood events, still threaten the
river. .

Identification of impacts
The Red River watershed has become the focus of several field projects implemented by the NMED-

Surface Water Quality Bureau (SWQB). The investigations are aimed at identifying, controlling or
preventing NPS problems associated with mining impacts, ground water quality and stream channel
restaration. During a recently completed two year project, funded in part by a Grant from the Environmental
Protection Agency (EPA), the investigators evaluated the quality of the ground water which recharges the
gaining Red River. Sources of impact were identified and corrective procedures known as Best
Management Practices (BMPs) were designed and implemented. Project Manager Dennis Slifer sampled
the various tributary stream sources and ground water wells along the main stem of the Red River and
identified 2 number of sites where metal-loaded, acidic waters seep into the Red River. Approximately ten
seeps were monitored for chemical changes through time. His conclusions are presented in a Final Project
Report to the EPA Region 6, in preparation (Slifer, 1996).

Beginning below Cabin Spring, near the confluence of Columbine Creek, the river develops a milky blue-
gray color due to an excess of dissolved and suspended heavy metals entering the river from both
overland and spring or seep sources. Physical parameters such as pH and conductivity deteriorate within
the same zone. Metals are mobilized from upland sources when oxygenated acidic waters contact sulfide-
rich bedrock, soils or mining wastes. In the stream, the buffering capacity of the river assists in neutralizing
the acid and the metals slowly precipitate out. Along certain river segments a white pasty material
composed of calcium, aluminum and silicon accumulates on the stream bottom near where acidic spring or
seep waters merge with stream flow. The compound contains gibbsite (aluminum hydroxide phytlosilicate).
It effectively cements the stream bottom, sealing the substrate where macroinvertebrate insect life
struggles to survive, While not technically "biologically dead", reaches accumulating this paste are very
heavily impacted. Only high seasonal flows can temporarily scour the substrate clean. Fish are unable to
thrive due to chemical stresses and lack of food. Currently there exists an absence of a reproducing fish
population and a lack of favorable benthic habitat, except near the confluence with the Rio Grande. it was
decided a BMP should be attempted to address both the geochetnical and biological impacts.

Probable Sources of Contamination

A combination of interrelated geologic conditions and industrial practices very fikely contributes to the
development of the acid seeps. The complex geological setting involves Proterozoic metamorphic
basement overlain by Tertiary sediments and intermediate volcanics. Episodes of caldera subsidence and
injection of granitic piutons followed. Structurally, the area has been faulted, tilted and uplifted in response
to Rio Grande rift extension. The intrusions were responsible for hydrothermal (hot water) alteration and
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significant ore mineralization in this district. Past mining operations for precious and base metals are
scattered throughout the watershed. The Questa Molybdenum Mine dominates the landscape with its
attendant open pit, waste rock piles, exposed ore-bearing zones, and the milling and tailings disposal
facilities. There are numerous opportunities for degradation of water quality near a mining operation of this
size, especially considering the mode of disposal of waste rock employed in the past. The management of
the Questa Mine, while not taking responsibility for pollution problems along the Red River, is cooperating
by monitoring and mitigating possible mine site pollution sources. They are collecting acidic seepage from
waste piles, diverting it to the underground mine area. They have installed a set of monitor wells around the
mine and tailings pile sites. Molycorp showed interest in NMED's demonstration project in order to
determine if passive treatment systems should be constructed on their property for treatment of !eachate
from waste rock piles.

Additionally, the volcanic outcrop areas host a number of large and colorful ridges and hillside scars which
are natural geological exposures of the hydrothermally aitered rocks. Meteoric-hydrothermal systems
related to the intrusions altered felsic voicanics to clay and deposited high grade pyrite (to 3%) in
permeable host rocks (Meyer and Lecnardson, 1990}). The steep scar areas are a significant source of
NPS poliution, yielding sulfidic sediments during storm events and releasing their naturally occurring ARD.
Weathering promotes iron oxide formation and exposes new layers of sulfide-rich clays and altered
volcanics which gravitate to the gentler slopes and stream bottoms. Vegetation rarely gains a foothold.

Current field work suggests the erosion of many of the natural scar areas was greatly accelerated by man's
relatively recent activities: gold and molybdenum prospecting, establishing exploration drill roads, cutting
adits and shatfts into the colorfut exposures of altered materials. Many recreational four-wheel drive roads
and trails cut into these or similar materials, with the effect being erosion and runoff access to additional
metal-rich soils and bedrock. There are “control” scars which appear to be untouched and these sites are
not eroding on the same scale.They emit only occasional acidic runoff, far less than is seen in the
prospected or traveled-over scar areas.

When air and water come into contact with either the widespread mine waste rock piles, the walls of the
open pit mine or the exposed sulphide-rich erosional scars; the result can be generation of acid and
mobilization of a suite of metals. When acidic water is introduced to soils or bedrock, it may leach
additional available metals and emerge under or along the river as acidic, metaHoaded springs or seeps.

The NMED-SWQB project identified a number of seep source areas, generally along the north bank of the
river, which are steadily delivering acidic water and heavy metals to the stream. Sampling reveals pH in the
range of 3.0 fo 4.1, and conductivity ranges from 1100 to 2400 umhos/cm. Analysis for heavy metals and
water chemistry reveals a suite of dissolved and suspended metals, including Al, Cd, Co, Cu, Fe, Mn, Mo,
Ni and Zn, at levels which exceed state and federa! ground water quality standards.

The effort continues to better understand the relative contribution of poliuted waters from the scar areas vs.
the mining operations. Fingerprinting the acid waters is not a simple matter. Current analyses suggest
direct runoff from mine waste contains greater sulfate, Al, Be, Mn, Zn, Cu, and Cd than waters from scar
areas, A comparison of water chemistry of seeps downgradient of Molycorp’s property, with those located
upstream, shows a 3X increase of Al, Be, Cu, and Mn in the seeps below the mine and waste dumps area.

BMP implementation
On October 31 thru November 2, 1995, NMED-SWQB staff members Michael Coleman, Peter Monahan,

Dennis Slifer, and Delbert Trujillo worked in tandem with Molycorp Questa Mine personnei, crews from the
State Highway and Transportation Department, and the Questa Ranger District of the Carson National
Forest in the instaltation of 8 BMP passive technology designed to improve the chemistry of the shallow
ground water seeps.
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The passive technology employed is known as Anoxic Alkaline Drain Treatment (AADTSs). It was
developed in the coal fields of the Appalachian and Atlantic Coast states {o address acid waters escaping
from abandoned or active coal mines and their pyrite-rich waste piles. The technology has previously been
applied by NMED to only one other site in New Mexico, also within the Red River watershed, The treatment
system is designed such that acidic waters low in dissolved oxygen will be intercepted by a buried trench
filled with fimestone (high alkaline grade, 80% calcium carbonate content) under confinued anoxic (lacking
oxygen) conditions. In theory, the seep water's pH will be raised from strongly acidic to less acidic
conditions (a complete change to neutral or basic conditions is unlikely). Bicarbonate ions may be added to
the water's chemistry. A significant portion of the dissolved or suspended metals should precipitate out
uponcontact with carbonate rock and bicarbonate solutions in the trench, preventing the metals from being
introduced into the Red River. In the long term, a downstream recovery of water quality and biological
habitat is highly desirable. '

NMED staif designed, coordinated and documented the BMP effort and will continue monitoring the seep
areas. The installation involved a voluntary effort by Molycorp and the State Highway Department digging
long, deep trenches along Highway 38, approximately two miles east of Questa. The trenches were placed
on the northeast side of the river, adjacent to a particularly impacted active seepage zone near the Capulin
Canyon tributary. The trenches are located on the highway road shoulder, ten to twelve feet above the
tevel of the Red River. While it is an ideal site to attempt the BMP due to the presence of the active seeps,
the logistics in the selected area were less than perfect. The available working area is only a few yards
wide, making access difficult for the heavy equipment. Buried power and gas transmission lines occupy
part of the areas originally intended for the BMP frenches.

Two distinct versions of acid seeps are present in the Capulin area. One style is refeired to as “point
seeps”, where investigators identified individua! discolored seep sites with small algae-fiied pools along the
rocky stream shoreline. The other form is a “seep front” which involves seepage accumulating within an
abandoned Red River channel segment. The channel floor is iron oxide stained and saturated with acidic
water but a discrete flowing seep source is difficult to identify. In this demonstration three trenches were
situated immediately uphill, less than thirty feet from the pcint seeps (Figure 3). An alkaline trench was
positioned eighteen feet from the channel seep front's eastern (upstream) end, but logistics prevented
construction along that seep's western {downstream) reach, a distance of approximately 150,

The trenches were dug to depths of 13-15 feet, into moderately consolidated streambank sediments. The
trench lengths varied from 25' to 70" long. A total of 170 linear feet of trenches, in four segments were
completed (Figure 3) along the 400'+ zone along the river which contains the seep areas. The trenches
were dug as deep as possible while maintaining wall stability. When ground water was encountered, it was
sampied and tested (analyses are pending). We could confirm that the sarne acidic conditions existed in
ground water as those seen in the adjacent streamside or channel seeps. The trenches were partially filled
with imestone cobble (2" fo 6", rounded) delivered from near Tijeras, Bernalillo County (provided by
Molycorp). A 20 mil thick polyethylene plastic sheet was secured over the limestone and & 2'-3' layer of
bentonitic claystone (from near Antonito, Colorado) was placed on top of the plastic. Together, the plastic
and clay form a cap over the limestone, aiding the acid/carbonate reaction in an anoxic environment. The
trenches were backfilled with a clean fill dirt, surface graded, seeded and covered with a chopped straw
muich. The site presently gives no surface indication of the deep rock-filled trenches which underiie the
area. .

The channel seep infiltrates into sandy materials on its western {downstream) end. A small stand of acid
tolerant wetlands vegetation (grasses, sedges and some woody shrubs) is established there. A future
stage of the BMP installation may be further enhancement of the wetfand area to assist the alkaline drains
in finishing the pollution prevention process.

e



pm e . ) ' o e R - -
e e . e

ANOXIC ALKALINE DRAINS PASSIVE TREATMENT SYSTEMS
OBLIQUE VIEW TO THE WEST-SOUTHWEST

. ‘._—-—'s'

TOP GF "RED ZONE" ]
+MINEBALIZATION al

s 2 M o P S e P el
-;:':’.‘-_}_._ _.... .. J ' PN, .t"‘."il‘.-."'{j!:“—f“‘ la,yfss:enouﬂn.: - fﬂ"h{“n’l‘ — . b
STl T e RVEE O {WATER LEVEL nm_'upa.: ] ST ey

---."-_' * A .Scllu‘InF;ot. ) e et

- © o —
() o IO hd
B N N S N = W S N O Y T O SN, 5>
3 - B = " s R el .

RED RIVER--CAPULIN CANYON, "yl RED RIVER %7 :

1408 CO., NEW MEXICO-- Ze —r—— N

and Qbliqus o
View of the Sltes,
Explanation

Clean Quaternary alluvial fill dirt

Jurassic Motrison Fm, bentonitic claystone

20 mil thick polyetheiyne vapor barrier:

Permian Madera Fm. limestone

Top of "RED ZONE" Mineralizatlon

@round Water Table (Oct./Nov.1885)

. 1172795 WAT
- +°, TABLE DATUM »
A v 98




, ‘
e canzoed

1996 New Mexico Conference On The Environment: Water Quality Section
Coleman, M. W.: Anoxic Alkaline Drain Treatment of Seeps Entering the Red River; 1996.

the Red River watershed will require active participation of the mining interests and equal attention to the
vast areas of hydrothermal outcrops, administered by the Forest Service. This demonstration project and
the principles behind it (if they prove some measure of success) may have widespread application adjacent
to the active or abandoned mine sites elsewhere in the Red River watershed or in other areas of New
Mexico where acid drainage from either mine sites or geological sources has become a serious water

-pollution problem. Built in series, with natural or constructed wetlands included in the overall design, this

technology has certainly proven its effectiveness in other settings { Turner and McCoy, 1990; Nairn and
others, 1992). The NMED Surface Water Quality Bureau and US Environmenta! Protection Agency are
seeking additional demonstration sites and are hopeful of applying the Anoxic Alkaline Drain Treatment
System technology in future water pollution prevention projects.
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Questa mine might re-open

By FRANCESCA CLINE
For The New Mexican

Molycorp molybdenum mine,
closed almost two years ago be-
cause of a worldwide drop in
the price of the metal, say the

because the price is rebound-

mean hiring 225 employees —
the minimum needed to run the
operation in northern Taos
County, mine manager David
Shoemaker said.

“I hope we would have spme
idea about production in the
next six months,” he said.

The price of molybdenum ox-
ide, used to harden steel, has

shut its doors in 1992,

"It's been steadily going up
all year but it just took off like
a skyrocket in the past month,”
said Shoemaker, whe has
worked at the Questa Mine for
21 years, “There's some real
hope here.”

A skeleton crew has been em-
ployed at the mine since it
closed.

Shoemaker said.
According to Metals Weekly,
Shoemaker said, as of last Mon-

QUESTA — Officials at the

mine could re-open next year

ing.
Production &t the mine would -

ahmost tripled since the mine

“All the equipment’s here,”

Davld Shoemaker manages the Molycorp molybdenum mine at
Questa, which has been maintained by a skeleton crew since it

Taos County's largest employer.

Cars for camying ore sit near the

maln shaft at the mine, where offi-

cials say equipment I ready if Molycom resumes production.

day molybdenum oxide had
risen to $6.45 per pound. When
the plant closed in 1992, the
price was about $2 per pound.

Shoemaker said the plant
needs to get at least $2.60 per
pound to break even.

“As late as February of 1993
the price was below two dol-
lars,” Shoemaker said. “In Au-
gust of this year the price was
$3.50. The curve is going
straight up.”

Molycorp Inc, a subsidiary
of the Los Angeles-based Uno-
cal Corp., was Taos County's

largest employer, at one time
employing 850 workers, Shoe-
maker said.

In 1992 Molycorp employed
225 career miners and other
staff on an $8 million payroll.

They produced 190 mitlion
pounds of molybdenum at the
Questa mine in 1991,

According to Molycorp, the
mine paid about $1 million a

“year in state and local taxes in- '

cluding property, process, sev-
erance and gross receipts
taxes.

When the mine closed, it

T Phatos by Lawrent Guerin/For The New Mesican
closed nearly two years ago. Shoemaker sald Molycorp used to be

Action could create 225 jobs

caused economic hardships for
Questa, a village of 1,200 peo-
ple about 20 miles north of
Taos. .

Molycorp also made unsuc-
cessful attempts to sell the
mining operation in order to re-
coup some of its losses,

With the price of molybde-
num oxide increasing, Shoe-
maker said the company is ap-
proaching steel companies for
long-term commitments before
operating the mine again.

“We are actively looking for
possible customers,” Shoe-
maker said. “We need to pro-
cure some sales. We have to
see where this market will go
and see if steel companies will
make long-term contracts.”

Shoemaker said reasons for
the eaclier price drop included
an oversupply, an economic re-
cession and the collapse of the
former Soviet Union, which
forced all metal prices down.

“What's encouraging is we're
coming out of a recession,”
Shoemaker said. “"Consumption
is going up worldwide."

Due to price fluctuations. the
mine had closed in 1986 and
re-opened in the summer of
1989 belore closing again two
years ago.
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THERED RIVER MINER

E.D. MEETING A

The Environment Dcparlmcm
of the Stale of New Mexico will
be sponsoring a public” mecting
this Wednesday, December 7,-at
7 pm,, in the Red River wan
Hatl.

The purpose of lhe mccllng
will be (o cstablish and pricritize
cnvironmental issues as well as

determining  manngement goals :
for the arca known a3 the Red

River Watershed. All cliizens who
reside andfor do business in the

Red River Valley, Wheeler. Peak, -
_Quesla and Cabresio Cnnyon are

urged to atiend.

The Red River Miner cumaclcd
Jim Pian, Burenu Chicf of the
Surface Water Quality Deport-
ment for the State of New Mexi-

co. The interview was conducted .

by phonc on Tuecsday, Noveimnber
29,

No stranger to the Red River,
Jim has been fishing and hiking
the nrea since the 1950'%,

LIl

Miner: What is the goal ol' this

ed River Wnlcrshcd Assoc.ta-_-

lon?
Jim: Let me give you jusl a Ilulo

background Frst, ‘Tho Red River
Watesshied has beeit siidicd by 8
lnrge number of entitics fora Iong,‘

time. EPA (Envirormmenial Protecs,
tion Administration) -and is. pros

(ecessor ugeney have dunu af-
least three different mvcsllgallons‘-
! there, Burcaw of Land Mnnngc--ﬁ.
ment and USGS (United. Sla!cl’

Geologicul Survey) have donc 'a
uumber of investigntions, The En-
vironment Department, or lits pre-’
decessur, New Mexico Bnviron-.
mental Emprovement Department

lhave done a pumber. There arg &

number of concerned citlzens who
have come Lo us at one time or an-

oflier and basically confinned the
results of all these investigations: -

Waler quatity in the Red River

and some of its teibutarlos ls going

“downhill, becoming less beneli-
.glal; fcss useful than what It has
been in the past.

* “There's a* number of Intcrests
w_llhin the Waltershed who all, I
think, have a common goal in
wanting 10 see what is possible,
what can be done to start address-
ing some of those concerns.

‘What the Environment Depart.
ment is-trying to do . and some-
thing that we've successfully dore
in other Watersheds in New Mexi-
co (and, frankly, we're working
on'a big cooperative cffort in the
Soulhwest corner of the stale with
the State of Arizona, as well), isto
ry (o gel all the affected and/or
Interested panles to these waler
gunlily concerns to sit down at
one Ume {ond aclually repetedly

is how it will tum ont), and stact -

locking at the entirc Watershed (o
Identify the things that people sce

- aue problems and then to start pri-

.ortiizing those problems in an at-
tempt to actually get some on-
'gmum.l remediation staried,
+Now, Ui wey that we've trled
‘{0 put this together is that the En-
vironment Department will help
facititate the deveiopment of this,
but we're' not going lo run it
We're not there 0 tell people
whal to do or, oven for that mat-
ter, how to do it. We're there to

-lend teclmical expertise; to ex-

plain e technical concems that
we sce up there; to make sure that
people arc going lo sit down and
discuss this thing. Then, we will
back out of i, from a leadership
rale, and just work with individu-
-als ond work with concemed citi-

.zens up there to sce what can bo ‘

done.

By ils very nature, we want this
10 be as inclusive as possible, We
wont to hicar atl sides of all con-
cems, and we want everybody, cs-

pecially Including all the econom-
lc Inlercsts in the Watershed, to sit
down and help look at the prob-
Tems and come up with solu!lons
for them,

Miner: Sounds like a positive (and
ambitious) step.

Jim: 1'll be honest with you, when
we [irst started this thing some
time ago, I was a liltle fecry. I
mean, I came out of the Anny, |

kind of llked the command control -

situation. In one sense, that's'a lot
casier 1o do. But it doesn't get the
Job done and it docsn't includo the
peopls who have the largest siake
in this entire thing.

There's some amazing talent In
the Red River Walershed, just as
we're finding in a number of other
places. You've got Forest Service,
BLM, privaic land owners, the
two municipalitics that are there,
There are people who have lived
up there for forly, fifiy, sixly,
eighly years. They know what iy
going on, They know some of the
mechanisms that will work und
they are going to be able to tell
me that some we have used else-
where aren’t going to work there.

You've got MolyCorp right
smack dab in the middle of it. I've
worked for a long time with Moly
Corp, somclimes as a regulator,
somelimes as a cooperator, I think
they have some amazing talent
that can be brought to bear on
this. T happen to know lhat there
are people up there who sincercly
wanli lo get on top of this,

So, 1 think that what we're go-
ing to try to do, as | said, Is sit
down through a few mectings and
see if we can focilitate this, see if
we can gel this program working
and then, as 1 said, we can slep
back and work 1o help the people
identify concems and fix the con-
cems Lhat they come up with.
Miner: Whot authority will the
Watershied Assoclalion have?

Jim: That's an inicresting one, [
think clearly that's going w de-
pend on how it is ultimately
formed. What we’ve done in the

past is thal we've intentionally

(and everybody has actually asked

for this) kept it preity loose. They -
can certainly come in, for cxam-

ple, under the auspices of a soll

and waler conservation distict,

who ¢learly are a sub-stale gov-

cmmentat agency that has got cer

tain aythoritics. They could come

back in under the ausploes of the | - -
various municlpalitics so that they - -

would literally have, if the munic-

palities wanied 10 go thls way,

zoning capabilitics. In the past,
what we've found is that peoplo

really haven't wanied to avail -

themselves of that- they just want-
cd to be concemed Cindividuals
working together on a cooperative
busis. Not hammering on anyone,
not forcing anyone, but litcrally
working through a consensus-type

of approzch lo, as [ said, address

arcas of mutunl concern,
EX LT

Dot’t Miss This Meeting!



Story and photos by CRAIG MARTIN
For The New Maxican

bove the confluence of
the Red River and the
Rio Grande is a narrow
tongue of rock, a

- secluded perch from

* whichtostudythe -+

rivers. When the sun
dipa behind the tower-

ing walls, the plcture is
in black and white:

foaming water and black boulders, ... -

The nolss {8 deafening as the sound of
the water fills the canyon, Each river -
has a distinct sound: a throaty roar -
from the wide Rio Grande and a low
rumble from the smaller Red.

The Red River is an Improbable

place for an important trout fishery, -

‘The confluence of the rivers lies deep
within the lava walls of an 800-foot
gorge. What sets the Red apart isits |
tumbling flow and clean gravel bot-
tom, which make the smaller streanm -
an ldeal spawning ground for big

brown trout and the cutlhroat-ralnbowllf,

hybrids that spend the better.part of -
their lives in the waters of the Rlo
Grande,

Fifteen years ago, the Red River had
a reputatfon throughout the West as a
producer of big figh, but the number

-

.- and gize of the fish dmpped dramati-

catly in the early 1980a. The decline
was coincident with theboomin
molybdenum mining upatream but
recently, the Red River has regained a
bit of its former glory. :

Taylor Strelt, a longtime angling
guide Hving in Taos, has seen the
river's changing conditlons.

I remember when the Red River
ran clear,” he says, referring to the .
blue-gray cast the water has these
daya.

Strelt sees steady improvement in
the river.

“Each yesr it gets a little better,” he
aays. “Right riw it's good, but most

people don’t remember that it used to
be fantastic.”

Streit says trout in the river once
averaged 16 inches. Now anglera will
find many stocked ralnbows In the .
"usual 9-Inch varlety, and a few browns *

and cutbows. A 16-inch fish is, conuld- -

ered large for the river.

The Red River begins az a mountain
stream In the high country behind
Wheeler Peak. Along its 40-mile
course, the river cascades through
mountain canyons, past the Red River
.Fish Hatchery a couple of miles Helow
Questa, and then down to the Rio .

* Grande.

‘fhe lower Red runs betwcen rusty-

brown walls from the hatchery to the

confluence, The four-mile stratch has

N N TR

‘excelient holding water for trout,

Thousands of boulders slt in mid-

" stream; creating currents that scour

. out a series of deep pools linked like a

string of pearls. If the trout disap-

.. peared, the canyon would stilibe a

wonderful piace to explore.
Much of the flow of the Red pours

* from large springs within the gorge

.

T}Le' New Mcx:éam

itself. The springs maintaln winter
water temperatures that are consis-
tently higher than other rivers,

“It's where I go to fish when a cold ~

snap comes In," Strelt sald. “A couple

years ago, a client talked me into hit-
ting the Red when the air was about 10
degrees, I mean, it was ridiculously
cold. When we got there, mayflies
were all over the water and we ci-aght

W/ 30/95
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A brown trout
comaos to the
surlace aftor
taking a fly.

fish all day."

What inakes fall and winter fishing
in the Red River particularly attrac-
tive is the presence of spawning trout.
From late September through Novem- .
ber, brown trout move into the river to
seek gravel beds to lay eggs.

“Most of the browns go way up near
the hatchery to spawn,” Streit gaid.
“They pass through the entire stretch
to get there, then return downstream
{o the river. You can find a few almost’
anywhere.” .

About the time the browns are done,
ralnbows and cutbows move from the
Rio Grande Into the Red to spawn.
Streit says most of the big spawners of

Piease see RED, Page C-2.
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Laurent Guerin,/For The New Mexican

Alt and Water. The sult in U.S. District Court charges the Molycorp

molybdenum mine with violating the Clean Wat

TAK-!ING IT TO COURT: Standing between the Red River and a plle of

Pl
”

esta, Roberto Vigll dis-

er Act, Molycorp's

manager, David Shoemaker, said the lawsult has no merit and that
Mother Nature — not the mine — contaminated the Red River.

by Amigos Bravos,

mine

waste from the Molycorp mine east of Qu
cusses the lawsuit filed Friday against the

of which Vigll is a board member, and New Mexico Cltizens for Clean
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State geologlst Mlchael Coleman takes a reading for acldity where metals such as lron and manganm are seeplng into the Red River. |

Trenches catch ac1d1c metals

By CATHERINE WALSH
For The New Mexican

QUESTA — Citing a desire to
be “a good neighbor,” Molycorp
Inc. has teamed up with the state
Environment Department and
others in an effort to stop conta-
minated water from seeping into
the Red River.

The mining company used its
giant backhoe to dig four
drainage trenches along the
northern bank of the river near
Capulin Canyon last month, said
Dave Shoemaker, manager of
Molycorp’s molybdenum mine.

The company also has pur-
chased several tons of limestone
that was put into the trenches to
ieach out acidic fluids seeping
into the river.

These limestone trenches were

dug 13 to 15 feet deep, at or below
the groundwater table. The

. trenches are part of a2 new tech-

nology that “neutralizes” water
carrying acidic metals such as
calcium and aluminum.

As water seeps through the lime-
stone toward the river, the metals
“drop out,” Shoemaker said.

He said Molycorp's actions
weren't motivated by accusations
the company has turned the Red
River into a dead river.

“We feel we don’t have an
impact on the river,” he said.
“We're controlling naturai

- - —_—3_ 3. _

The New Mexican

Test strips

measure acldity =~
at a seepage |
spot. Green ‘
algaes are not I
natural to the -
Red River and
their presence is !
due to the high |
content of

metals suchas -~
[ron and :
manganese. The ;

r
4

drainage (from the mine) and any white deposit Is l
problems we have are caught by calcium, |
interceptive barriers.” aluminum and ¢
AR environmental group in sillca from the i
Taos said it holds Molycorp rver fixed and
responsible for much of the pollu- crystallized by I
the metals of £
Please see RIVER, Page A3 the seepage, ¢
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AMIGOS BRAVOS

FRIENDS OF THE WILD RIVERS

MONTHLY BULLETIN

Crrober 1995
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As of September 15th, 1995, the Western
Environmental Law Center, on behalf of
Amigos - Bravos and The New Mexico
Citizens for Clean Air and Water sent a sixty
day notice of intent to sue the Molycorp mine
{(UNOCAL}. We sent afollow up letter a few

CAL representatives.  The letter stated that
we are open (o negotiations which resultina
court ordered consent decree.

Amigos Bravos has long suspected that

tants into the Red River and now, after exten-
sive research we can prove jt!

The Molycorp mine bas been polinting
the Red River since the mine's ‘inception
decades ago. The mine has been on record
and fined for point source pollution (involv-
ing broken milings pipes) numerous times.
In the early seventies, shortly after the mine
significantly extended its activities and began
using the open pit, water in the river just
below the mine began to turm a milky blue-ish
white due to an aluminum hydroxide (gibb-
site} deposit which now coats the river floor.
Acid leachate occurs naturally in the sur-
rounding geology, however, common sense
recognizes that there is now additional leach-
ing into the river as a result of the massive
disturbance caused by the mine. The river
stones and crevices are so coated by the gibb-
site that no macroinvertebrates — small bugs
which fish feed on — can live there. The
result is that the Red River — once consid-
ered a blue ribbon fishery — is biologically
dead for an eight mile suetch between the
mine and the confluence of the Red River
with the Rio Grande.

The degraded condition of the Red River
has been documented by the New Mexico
Environment Deparoment and other federal
and state agencies for over a decade. Toxic
levels of metals including Alominum,
Copper, Zing, Lead, Cadmium, and Silver
have been detected in samples from 2 20 mile
reach of the Red River between its conflu-
ence with Placer Creek to where it enters the
Rio Grande. Other problems noted in the
river include turbidity, pathogens, siltation

days later requesting a meering with UNQ- -

Molycorp is causing seeps to release pollu-

and organic chemicals; the source of these
problems has been traced primarily 1o nmoff
and seepage from mill tailings and mine taii-
ings, as well as’to overgrazing, leaking fuel
tanks, domestc septic sysiems, and forest

-road construcrion. o

The Molycorp molybdenum mine is the
principal actor in the mining and milling
activities which are implicated in the metals
contamination of the river. However, several
very small, historical abandoned mires con-
tribate to the problem. Additionally, natural

" slonghing and leaching of acidic soils has

been identified 25 a potential source of some
of the problems detected in the river
Uncertainty as to the source or sources of the
metals contamination bas been parially
responsible for the failure of the state to take
action against Molycorp to foree reclamation
activies to restore the river to health,
Whereas the state does bave the authority o
enter into cleanup activities and subsequently
recover costs against parties found o be
responsible for the contamination of the Red
River, state funding for such a cleanup was
scutiled by the legislature in the last legisla-
tive session. The newly elected governor, a

" business man with no prior experience as an

elected official, vetoed any increase in gov-
ernment spending and placed 2 hiring freeze
on additional government employees even in
the case of sitaations that will provide enor-
mous returns for long term public heaith and
safety. Thus, the surest pathway to restor-
ing the river to health is to quantify the degree
of Molycorp's responsibility for the river's
degraded conditon, and with this information
to be prepared take legal action, if absolutely
necessary, {0 ensure that the company inid-
ates and brings 0 completion the reclamartion
of the Red River.

Amigos Bravos was formed in 1983
specificaily 1o fight a Molycorp proposal to
build an additional wilings pond. Amigos
Bravos was the lead plainuff in a suii filed
against the BLM for giving Molycorp per-

" mission 10 build the pond. Under threar of

that suit, the National Director of the BLM

Amigos Bravos Files Sixty-day Notice of Intent to
Sue the Molycorp Molybdenum Mine (UNOCAL)

rescinded the State Director’s decision and
the tailings pond was never built. In spite of
seven years of direct dialogue with Molycorp
representatives, community organizing and
outcry, and pressure exerted through the
media, we have been unable to convinee the
mine 1o clean up the mess it began decades
ago, continued to create after our initial suit,
and left behind when the mine closed a few
years ago. Pollution from the massive distur-
bance caused by the mine condnues 1oday
unmitigated,

In the winter of 1995 Amigos Bravos
began a dedicated search for funds necessary
to hire the science needed to determine the
degree of Molycorp's responsibility for the
river's degraded condition. By mid-July we
had a first installment of our projected fund-
ing needs, and contracted the firm of Souder,
Miller and Associates, an environmental con-
suiting and engineering firm based in Santa
Fe, with extensive experience working with
and for small communities in northern New
Mexico . The Westem Environmental Law
Center made calls to the New Mexico
Environmental Law Center, the Land and
Water Fund of the Rockies, and the Atlantic
States Legal Foundation in New York City, ail
of whom have been involved in researching
potential litigation in the past. WELC asked
each of the law firms if they were currently
pursuing research or litigation on bebalf’ of
any other parties in relation (o the Molymine
and the Red River in Questa. The answer
from each finn was negative. Having ascer-
tained that the playing field was clear, and
that we would not be duplicating efforts or
preempting legal work already in motion —-
by any other individual, group of individuals,
organization, or law firm — we proceeded.

A number of Questa residents are dues
paying members of Amigos Bravos. Roberto
Vigil, an artist and long time environmental
activist in relation to the Molymine and its
impact on the community of Questa, is a
member of the Amigos Bravos board of
directors and is participating closely with the
executive staff in the decision-making
processes in regard to the possible suit

P.O. BOX 238 B TAOS, NM 87571 M 505/758-3874 PHONE ¥ -

HI58-7345 FAX

1 consinued on page 2
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New Mexico Environment Department
(NMED) staff members Michael Coleman,
Dennis Slifer and Peter Monghan initiated
a cooperative plan involving NMED, the

Molycorp Questa Mine, the,State Highway .

and  Transportation  Department
(NMSHTD), the Questa Ranger District/
Carson National Forest and the U.S. EPA.
“The project involved the implementa-
tion of a relatively new technology: anoxic
alkaline trenches acting as a passive treat-
ment system to intercept and ar-
rest acidic, metal-Joaded
groundwater or acid mine drain-
age,” snid Michael Coleman of
NMED. “The project is siluated
along the Red River, between
Questa and the town of Red -
River, Taos County.” i
“The impacted ares was - |8
identified during our current. .
EPA Grant project (Red River'
Groundwater Investigation, FY-
92-A, 319[h]),” said Dennls -
Slifer of NMED. “The objec.
tives of the Grant project are to
determine groundwater and
aquifer characteristics in order
to identify—and ultimately
eliminate—impairment of both
the aquifer and the designated

loaded gro

ROUND the ROUNDHOUSE

uses of the river. The alkaline trenches rep-

" resent the Best Management Practice (BMP)

which was selected to improve obvious
water quality impairments: the perennial,
steady state seepage of actd waters into the
river, effects upon macroinvertibrate and
fish populations and the overall negative

* impact on water quality.”

“Trenches 25' to 70" long, 5' to 8' wide,
and 13' to 15' deep were dug into the high-
way shoulder, adjacent to the north bank of

o

Molycorp and NM Highiay Dapt. heavy equipment Instalied trenches . ¢ -
‘ along Highway 38 adjacent to Red Rivar. Once the trenchae are filled
* with Nmaestone and clay, they intercapt and neutralie acidic, metal-

snd water sesping into the river. The process Is known as’

Yanexic alkaline drain passive ireatment,” -

Environment Department Protects Red River

the river,” explained Peter Monshan of
NMED. “Four segments, totaling 170 lin-
ear feet, were placed directly up grade from

active seep areas, presently delivering a * |

steady pH 3.4 to the stream. The trenches
were half filled with limestone cobble, and

a polyethylene mat vapor barrier was placed -

over the carbonates. The syslem is sealed
by en overlying layer of bentonite clay and
filled back to grade with clean soil. The
areas were then leveled, seeded and covered
with a chopped straw mulch.”
“Molycorp covered the
cost of the raw malerials and pro-
vided a large track hoe and op-
erator to dig the deep trenches,”
added Ed Kelley, Water and

" rectorat NMED. “The Highway
Department-assigned a full crew
with a smaller backhoe, a loader,
dump truck and traffic control.
‘The Forest Service expedited all
necessary NEPA clearance. The
.Environment Department costs
were limited to staff time for
planning and project oversite and
a few minor supplies.” Kelley is
in charge of the division in which
Coleman, Slifer and Monghan
work.

“The project was a beau-
tifut example of industry and State agencies
working together In complete harmony to-
wards & goal which could be of benefit to
the entire state," said Bill Willlams, Com-
municatlons Director of NMED, “The dem-
onstration project, if it proves to be success-
ful, will have widespread application around
abandoned or active mines or in natural geo-

- logic arens where acid rock drainage is oc-
_ curring,” added Williams.

The project was a collaboration of the
U.S. EPA, whose grants fund the work of

Waste Management Division Di-

DEC 21, 1995 - JAN 18, 1996
photos by Dennis Slifer, NMED

As the trench is filled with lmastone cabble,
ground water accumulates. The waler quality
precisely matches sireamslde secps,

the NMED Surface Water Quolity Burcau,
Nonpoint Source Pollution Section; the New
Mexico Highway and Transportation De-
parttnent, whose supervisors, crews and
heavy equipment made the project possible;
and the Questa Ranger District - Carson

. Nationa] Forest who expediled the permit

process.

~ NMED acguired over an hour and a half
of video documeénting the fleld operatiots
and have plans lo shoot additional scripted
footage which will explain the watershed
selting, BMP concept and expected results.
NMED is planning to do a professional ed-
iting job with voiccover naration. NMED
has a complete set of color slides and pho-
tos documenting the work. The NPS
Section’s newsletter, Clearing the Waters,
is planning to feature the project in a future
issue. .

v
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Recla im Red Rlver

With the market price of molybdenum.
at around pound and going down,
one is given cause to wonder if the-
Molycorp mine’s promise of 250 jobs is
apublic relations ploy. "

I amin favor of jobs for miners at
Molycorp, and the surest way to crate

.those jobs is to require that Molycorp

undertake the reclarnanon of the Red
River. ... .oox,

Even a casual observer driving be-
tween Red River and Questa notices the .
strang&mﬂky blue color of the river be-
low -the 'mine.. From beneath the -dis-
turbed slopes, pools of rust red amd.
mine drainage collect and. make thexr
way to the river.

As soon as those seeps come into con-
tract with the river water, a chemical-
reaction precipitates an aluminum alloy
which coats the entire floor. of the river
white. This creates a hostile environ-:
ment for. macreinvertebrates; whose
populations‘are thé gauge of & healthy
river and provide food for trout.  © -, |

There are not trout reproducing in the
eight mile section of river bélow the
Molycorp mine, .

It is in Molycorp's fmancml mterest-.
to blame others, including environmen-
talists -and even nature; for the: ' prob:
lems the mine has created while prom
ising prosperity at some future: date in
exchange for favors now, .’ ..

What Molycorp, could do, “for every-
onie's.benefit, is hiré not Just250 people,
but 500, or-even a 1,000 workers to be--
gin what will doubtlessly :be the long
and arduous task of. restoring the Red
River ecosystem for future generations.

: .Sawnie Morris

. 4. . . Director

-~ - Amigos Bravos:

i Fnends of the Wild Rivers
b ',' v o Sa-nta Fe

The New Mesim
ar 15




CHIEF METALLURGIST

Chino Mines Company, an inte-
gral part of Phelps Dodge Mining
Company, is currently accepting
resumes for the position of Chief
Metallurgist at its operation in
Huriey, New Mexico.

As Chief Metallurgist you will be
responsible for the technical side
of the total smeiting process at a
180,000 TPY state-of-the-art cop-
per smelter. You will supervise a
staff of metallurgists, technicians
and instrumentation personnel in
fulfilling your responsibilities of op-
timizing the smelfing process.

To be considered, you must pos-
sess a B.S. degree in Matallurgi-
cal or Chemical Engineering and
have §-10 years of increasingly
responsible professional experi-
ence at a fully integrated facility
smeiting ferrous or non-ferrous
metals. Prior supervisory experi-
ence in a team work based envi-
ronment is strongly desired.

We offer a full range of bensfits
for the successful candidate.
Chino is located 15 miles from Sil-
ver City, New Mexico, adjacent to
the 3.3 million acre Gila National
Forest and the Continental Divide,
with excellent outdoor activities
and mild year around climate.

For consideration submit resume
with salary history to:

Human Resources Depariment - PD
Pheips Dodge Mining,
Chino Mines Company
P.O.Box7
Huriey, NM 88043

Equal Opportunity Employer M/F

Here's how U.S. copper mines stack up

This is reprinted from the November 1935
issue of ChinoNews, the newsletterjor Chino
MinesCo.

What is the largest copper mine in the
world? And where does Chino Mines Co. fit
in?The answers can be found in the May 1995
Directory of Copper Mines and Plants pub-
lished by the nternationai Copper Study
Group of Lisbon, Portugal. It lists virtuaily
every copper mine in the world.

Following are the 20 largest copper pro-
ducers in the world, ranked according to
anrmal copper production.

i two companies might have the samean-
muzl production, they are listed alphabeti-
calty. The last number in each listing repre-
sents copper production capacity in pounds
for1984.

(Our new Candelaria mine is not listed At
a budgeted production of about 231 million
pounds of copper next year, it is not among

.the 20 largest mines in the wori<d.)

1. Chuguicamata,
Chile. Codelco. Open pit, established 1915.

‘1.3 billion.

2. La Escondida,
Chile. Consortium. Open pit, esteblished
1991. 1.1 billion.
3. Phelps Dodge Morenci Inc.
USA. Phelps Dodge and Sumitomo. Open
pit, established 1937, 900 million.
4. Norisk Nickel Operations.
Russia. Norisk Nickel. Underground/open
pit, established in 1939 and 1948, respectively.

770 million,
5. Grasberg.
Indonesia. Freeport Copper: Open pit, es-

" tablished 1990. 704 million.

6. ElTenicnte,
Chile. Codelco. Underground, established
1906, 682 million. .
7. Bingham Canyon.
USA. Kennecott/RTZ. Open pit, estab-

lished 1904. 660 million.
8. OkTedi
Papua New Guinea, Ok Tedi Mining Lt
Open pit, established 1987. 451 million.
. 8. Mount Isz.
Australia. Mount isa Mines Ltd. Under
ground, established 1931. 418 million.
' 16. Dzezkazgen Compiex.
Kazakhstan, Dzezkazgan Metzliurgical
Enterprise.Two open pits, three underground
mnﬁ,u i established 1928, 1955, 1964, 396 mii-
on.
10. Poland Rudna.
Poland. KGHM Polska Miedz S.A. Under-
ground, established 1974. 396 milljon.
12, San ManuelKalamazoo.
-~ USA. Magma Copper Co. Underground/
openpit, established 1956. 378 million.

Canada. HighlandValley Copper. Two open

pits, established 1962, 1972. 363 million.
13. Ray Complex.

USA. ASARCO Inc. Open pit, established

as underground mine in 1311. 363 million.
15. La Caridad

Mexico. Mexicana de Cobre. Open pit, es-
tablished 1979. 362 million.

16. Chino Mines Co.

USA. Phelps Dodge/Heisei Minerals. Open
pit, established 1911. 345 miilion.

- I7. Cusjone.

Peru. Southemn Peru Copper Corp. Open

pit, established 1977. 319 million.
18, Andina,

Chile. Codelco. Underground/open pit,
established 1970 and 1983, respectively. 308
million.

18. Neves-Corvo Project,

Portugal Sde, Mineira de Neves Corvo SA.
Underyground, established 1988. 308 million.

20, Sierrita/Twin Buttes,

USA. Cyprus Climax Metals Co. Open pit,

_established 1970. 297 million.

Molycorp does cleanup work at Questa

QUESTA (AP) —~ Molycorp has dug four
drainage trenches along the northers bank

. of the Red River near Capulin Canyon to stop

river.
Dave Shoemaker, manager of the Moly-
corp molybdenum mine, said the company

. also pur several tons of limestone into the

wenches in October to leach out addic flu-
ids and keepthem from seeping into the river.
As warter drains through the limestone, the
metals “drop cut."he said, -

ATaos environmental group has said it
holds Molycorp responsible for much of the
pollution in the Red River But the group,
Amigos Bravos, welcomed the company’s

_ “wonderful gesture”of digging the trenches.

“We hopeit’s a sign that they are moving
forward to clean up the Red River and pro-
viding jobs to do it," said Sawnie Morris,

Amigos Bravos co-director.

- Shoemaker said Molycorp’s acnons
weren't mativated by accusations that it is
responsible for the river's poilution.

“We feel we don't have an irmpact on the
river” he said “We're comrolling narural
drainage (from the mine) and any probiems
we have are caught by interceptive barriers.”

-

( Of Mines and Miners

FCX purchases Freeport

Copper for $25 million

Freeport-MeMoRan Copper & Gold Inc.
has purchased 100 percent of Freeport Cop-
per Co. for $25 million from Freeport.
McMoRan Ine. Freeport Copper is a parmer
in the Santa Cruz experimeniaf in situ leach-
ing project near Casa Grande.
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