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Questa Baseline and Pre-Mining Ground-Water Quality
Investigation 15.—Methods of Phase Il and 11l Well
Installation and Development and Results of Well Logging,
Hydraulic Testing, and Water-Level Measurements in the
Red River Valley, New Mexico, 2002-04

By Paul J. Blanchard, James R. Bartolino, Lisa C. Donohoe, Douglas P. McAda, Cheryl A. Naus, and

Roger H. Morin

Abstract

In April 2001, the U.S. Geological Survey and the New
Mexico Environment Department began a cooperative study to
infer the pre-mining ground-water chemistry at the Molycorp
molybdenum mine site in the Red River Valley of north-
central New Mexico. This report is one in a series of reports
that can be used to determine pre-mining ground-water condi-
tions at the mine site.

Weathering of hydrothermally altered bedrock in the
study area has resulted in steep, highly erosive, and sparsely
vegetated scar areas that are clearly visible from the ground
and in aerial photographs. Runoff from intense summer rain-
fall over tributary drainages containing scar areas can transport
large quantities of sediment and form debris fans where these
tributaries join the Red River.

Twenty-nine observation wells were installed in three
phases as part of this study in the Red River Valley and tribu-
tary drainages. Eight Phase II observation wells were drilled
using an air-rotary/hammer rig. Three Phase II and 10 phase
IIT small-diameter wells were installed using a direct-push
rig. Lithologic logs were recorded for all eight Phase 11
drilled wells. Borehole geophysical logging (including natural
gamma, induction, and single-detector neutron) was conducted
in three Phase II wells.

Aquifer tests conducted during 2003 to estimate the
hydraulic properties of debris-flow and Red River alluvial
deposits in and near Straight Creek included a flow-meter
survey, slug tests, and a pumping test. Results of a flow-meter
survey in well SC-7A indicated that about 77 percent of the
water entered the well from a 10-foot-thick zone near the top
of the screened interval and about 23 percent of the water
entered the well from a 15-foot-thick zone near the bottom
of the screened interval. Slug tests, performed in 11 wells
during June 3-5, 2003, indicated that the mean and median
estimated hydraulic conductivities for debris-flow deposits

were 15.25 and 15.35 feet per day, respectively, for bedrock
were 0.12 and 0.08 feet per day, respectively, and for mixed
debris flow and Red River alluvium were 73-207 (estimated
range) and 80 feet per day. In general, bedrock has the small-
est hydraulic conductivity, debris-flow material has the next
highest hydraulic conductivity, and mixed debris flow and Red
River alluvium has the largest hydraulic conductivity. A pump-
ing test conducted December 3—4, 2003, using well AWWT-1
as the pumped well, and wells A WWT-2, SC-5A, SC-5B,
SC-7A, and SC—-8A as observation wells, indicated estimated
transmissivity of 12,000 to 34,000 feet squared per day and
estimated hydraulic conductivity of 230 to 340 feet per day.
Water-level measurements in wells SC-6A, SC-7A,
SC-8A, and the Hottentot, Hansen, and La Bobita wells show
that water levels typically rose rapidly during melting of the
winter snowpack in the springtime and then generally declined
during the rest of the year. The water-level rise in response
to spring snowmelt occurred earlier and was smaller at larger
distances from the Red River. Differences between the stage
in the Red River and water levels in wells SC-8A and SC-9A,
and the absence of water in well SC-9A at the time of well
completion, indicate that the Red River has a poor hydraulic
connection to the underlying ground-water system and the sur-
face-water system is perched above the ground-water system
at this site. Water levels in Phase III wells indicate that the
Red River and the shallow ground-water system are connected
hydraulically from near wells 4-1D and 4-1S downstream to
near wells 2—1 and 2-2 but are poorly connected near the La
Bobita well and well 1.

Introduction

In April 2001, the U.S. Geological Survey (USGS) and
the New Mexico Environment Department began a coopera-
tive study to infer the pre-mining ground-water chemistry at
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the Molycorp molybdenum mine site in the Red River Valley
in north-central New Mexico (fig. 1). This study was prompted
by the Water Quality Act, under the jurisdiction of the New
Mexico Water Quality Control Commission that requires a
mine operator to develop and complete an approved closure
plan that prevents the exceedence of (1) standards set forth in
New Mexico Water Quality Control Commission Regulations
(§20.6.2.3103 New Mexico Administrative Code) or (2) natu-
ral background water-constituent concentrations.

The Molycorp molybdenum mine has operated intermit-
tently since the 1920s; ground-water-level and water-quality
data were not obtained prior to initiation of mining. To infer
pre-mining ground-water chemistry, observation wells were
installed in three phases in unmined areas that were judged
to be analogs to the mine site. During Phase I wells were
installed in the Straight Creek drainage (Naus and others,
2005) and during phases II and III wells were installed in
five additional areas. The five areas were Hottentot Creek,
Straight Creek, Hansen Creek, near La Bobita campground,
and Capulin Canyon. The Hottentot Creek, Straight Creek, and
Hansen Creek drainages (figs. 1, 2, 3, and 4) contain debris-
flow deposits associated with scar areas. The La Bobita (fig. 4)
drainage contains unconsolidated deposits in a non-scar area
characterized by propylitic alteration. Capulin Canyon (figs. 1
and 5) contains shallow unconsolidated deposits overlying
bedrock in a non-scar area. The existing ground-water condi-
tions in these five analog areas were used to establish baseline
ground-water conditions which, when combined with ground-
water conditions in mined areas, can be used to infer pre-min-
ing conditions at the mine site.

Field observations indicated that the analog areas have
been disturbed to varying degrees by non-mining anthropo-
genic activities. These activities include exploration drilling,
road construction, power and telephone line construction and
maintenance, forest service construction and maintenance,
and residential, commercial, and municipal development. The
Straight Creek drainage basin was selected as the primary ana-
log area because of similarities of terrain and geology to the
mine site, its accessibility and potential for well installation,
and minimal anthropogenic disturbance.

Purpose and Scope

The purpose of this report is to document and describe
Phase II and Phase III well installation and development,
present results of lithologic and geophysical logging, present
results of hydraulic testing to determine aquifer characteristics,
and present and discuss water-level measurements collected
during the period March 2002 through June 2004. Because of
the size and complexity of the study area, this report is one in
a series of reports that can be used to determine pre-mining
ground-water conditions at the mine site. The results of these
studies can help guide decisionmakers in establishing appro-
priate remedial actions at the Molycorp mine.

Physical Description of Study Area

The Red River, a tributary to the Rio Grande, is located
in north-central New Mexico (fig. 1). The area is a rugged
mountainous terrain with steep slopes and V-shaped valleys.
The main area of study within the Red River drainage basin
extends west from the town of Red River to the USGS stream-
flow-gaging station near Questa (fig. 1) (station 08265000,
Red River near Questa, New Mexico, referred to as the Questa
gage). The area upstream from the Questa gage includes
approximately 18 mi (miles) of the Red River and 108 mi?
(square miles) of the Red River drainage basin. The mine site
is located east of the Questa ranger station to the north of the
Red River and New Mexico State Highway 38 (fig. 1). The
mine site covers approximately 6 mi? (U.S. Department of
Agriculture Forest Service, 2001) and includes three primary
tributary drainages to the Red River—Capulin Canyon, Goat
Hill Gulch, and Sulphur Gulch (fig. 1).

Hydrothermally altered bedrock is present in the Hot-
tentot, Straight, Hansen, Little Hansen, Goat Hill, Sulphur,
and Capulin drainages (fig. 1). Weathering of this bedrock
has resulted in steep, highly erosive, and sparsely vegetated
scar areas that are clearly visible from the ground and in aerial
photographs.

Mining activities have produced extensive underground
workings and an open pit of approximately 162 acres (Naus
and others, 2005) in and adjacent to Sulphur Gulch. Waste-
rock piles cover steep slopes on the north side of the Red River
Valley between Capulin Canyon and Spring Gulch, a tributary
valley of Sulphur Gulch.

Climate and Vegetation

The Red River drainage basin is located within a semi-
arid desert that receives precipitation throughout the year
and sustains moderate biodiversity. Between 1915 and 2002,
the annual average temperature at the town of Red River
was 4 °C, and the annual average precipitation and snowfall
were approximately 20.5 and 146 in. (inch), respectively. The
annual range of average daily temperatures at Red River was
18 °C (Western Regional Climate Center, 2003).

Climate and vegetation vary greatly within short dis-
tances, primarily because of differences in topography. Topog-
raphy in the study area is steep, rising rapidly from the basin-
floor elevation of approximately 7,450 ft (feet) at the Questa
gage to ridge-crest elevations exceeding 10,500 ft. Orographic
effects of mountainous topography lead to precipitation on the
windward slopes and localized storms within the Red River
drainage basin and tributary drainages. Precipitation from
intense summer storms can cause soil mass wasting and debris
flows in the scar areas that result in debris-flow deposits and
debris fans at the mouths of many tributaries to the Red River
(Kirk Vincent, USGS, written commun., 2003).

Dominant vegetation associations in the Red River Basin
and the general elevation zones are pifion-juniper woodland
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from 6,000 to 7,500 ft, mixed conifer woodland (primar-
ily ponderosa and limber pine) from 7,500 to 9,000 ft, and
spruce-fir woodland (primarily Douglas and white fir) from
9,000 to 12,000 ft (Knight, 1990; Larry Gough, USGS, oral
commun., 2003).

Surface Water

The Red River originates at an altitude of about 12,000 ft,
flows about 35 mi, and enters the Rio Grande at about

6,600 ft. The total Red River drainage-basin area is 190 mi?;
the drainage area upstream from the Questa gage is 108 mi?.
Snowmelt flows typically begin in late March and peak in
late May to mid-June. Summer thunderstorms are prevalent in
July and August and can cause localized flooding and debris-
flow movement. Between 1930 and 2001, the mean annual
discharge of the Red River at the Questa gage ranged from
12.8 to 103 ft¥/s (cubic feet per second), the average daily dis-
charge ranged from 2.5 to 750 ft*/s, and the average discharge
was 46.1 ft*/s (U.S. Geological Survey, 2004).
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Springs and shallow alluvial ground water discharge to
the Red River, making the river a gaining stream over much of
its length (Smolka and Tague, 1989). Between the town of Red
River and the Questa gage, there are about 25 ephemeral seeps
and springs along the banks of the Red River and approxi-
mately 20 intermittent seeps and springs in tributary drainages
on the north side of the river (South Pass Resources, Inc.,
1995; Steffen, Robertson, & Kirsten, 1995; Robertson Geo-
Consultants, Inc., 2001). Flow from these springs and seeps
affect the color and turbidity of the river. Aluminum hydroxide
often precipitates downgradient from scar and mined areas on
the north side of the Red River (Vail Engineering, Inc., 1989).

In the Straight Creek drainage, the West Fork of Straight
Creek flows perennially through most of its reach. The East
Fork of Straight Creek and Straight Creek downstream from
the confluence of the West and East Forks flow ephemerally

and intermittently; streamflow typically infiltrates the debris-
flow deposits upstream from this confluence. Streamflow in
Straight Creek discharges to the Red River only during periods
of peak snowmelt runoff and following intense precipitation.

The downstream reach of the Straight Creek natural streambed
has been reworked to divert flow around the east side of the
Advanced Wastewater Treatment (AWWT) Facility, which is
operated by the town of Red River.

Hydrogeology

This section describes the generalized geology, geomor-
phology, and water-bearing units in the Red River Valley.
Previous studies of the geology and mineralogy of the Red
River Valley include those by Schilling (1956), Rehrig (1969),
Lipman (1981), and Meyer and Leonardson (1990, 1997). The
following discussion uses information from these sources,
from Ludington and others (2005), and from USGS scientists
participating in this study.

The Red River Valley is located along the southern edge
of the Questa Caldera and contains complex structural features
(Caine, 2003) and extensive zones of hydrothermal alteration.
The geology of the basin consists of volcanic and intrusive
rocks of Tertiary age, underlain by metamorphic rocks of
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Precambrian age that were intruded by granitic stocks. The
volcanic rocks are primarily intermediate to felsic in com-
position (andesite to rhyolite). Granites and porphyries that
intruded the volcanic rocks were the apparent source of the
hydrothermal fluids, rock alteration, and subsequent mineral-
ization. Mineral deposits in the Red River Valley are consid-
ered climax-type deposits, which are associated with silica-
and fluorine-rich rhyolite porphyry and granitic intrusives.

Ore deposits in the Red River Valley contain quartz,
molybdenite, pyrite, fluorite, calcite, manganiferous calcite,
dolomite, ankerite, and rhodochrosite. Lesser amounts of
galena, sphalerite, chalcopyrite, magnetite, and hematite also
are present. The hydrothermal alteration related to mineraliza-
tion overprints an older, regional alteration of rock. In these
areas, rocks can contain a mixture of quartz, pyrite, and illite
clays replacing feldspar, chlorite, carbonates, and epidote.
Minerals occurring in waste rock produced by mining activi-
ties include chlorite, gypsum, illite, illite-smectite, jarosite,
kaolinite, and muscovite (Gale and Thompson, 2001).

Scar-area bedrock outcrops consist of andesitic volcanic
and volcaniclastic rocks, rhyolitic tuff, quartz latite, and rhyo-
lite porphyry. Most of the andesite and quartz latite has been
hydrothermally altered and primarily contains plagioclase
feldspar and chlorite. Rhyolite porphyry and tuff do not seem
to have been substantially altered.

Runoff from intense summer rainfall over basins tributary
to the Red River can transport large quantities of sediment
down tributary drainages and form debris fans where these
tributaries join the Red River. Where the tributary drainages
contain scar areas, the debris fans are large, indicate evidence
of active deposition, and contain poorly sorted coarse gravel
and cobble to clay-size sediments. Sediment transported and
deposited by the Red River (Red River alluvium), in contrast,
generally consists of medium- to well-sorted sand and gravel
that consist of a mix of the bedrock lithologies found in the
entire Red River drainage basin. Large debris fans debouching
from tributary drainages have caused aggradation of the Red
River streambed in river reaches upstream from debris fans
(Kirk Vincent, USGS, written commun., 2005).

Important water-bearing units in the Red River Valley
include fractured bedrock, debris-flow deposits, and Red River
alluvium. Bedrock constitutes the largest aquifer in the study
area in terms of rock mass but contains only small amounts
of ground water because the rock has low porosity and most
of the water occurs in fractures. Debris-flow deposits, debris
fans, and Red River alluvium are smaller in area, but they
contain most of the ground water in the valley. Debris-flow
deposits, debris fans, and the Red River alluvium typically
are less than 1,000 ft wide and less than 200 ft thick (Kirk
Vincent, USGS, written commun., 2003). The largest debris
fans have caused the Red River to aggrade upstream from the
fans during the Quaternary; water flowing in these shallow
aquifers likely passes alternately through Red River alluvium
and debris-flow deposits (Kirk Vincent, USGS, written
commun., 2003).

Mining History

Molybdenite was discovered in Sulphur Gulch in 1914.
Subsequently, underground mining operations took place
between 1919 and 1958; by 1954 there were more than 35 mi
of underground mine workings (Robertson Geoconsultants,
2000c; U.S. Environmental Protection Agency, 2000). Explo-
ration of areas surrounding the mine was conducted following
closure of the mine in 1958. By 1964, sufficient reserves had
been identified to justify development of an open-pit mine in
Sulphur Gulch and construction of a mill capable of process-
ing 10,000 tons of ore per day. The first ore from the pit was
delivered to the mill in December 1965 (Molycorp, Inc.,
2004).

Overburden and waste rock from open-pit mining was
deposited at several locations on the south-facing slopes
north of the Red River between Capulin Canyon and Spring
Gulch (Robertson Geoconsultants, 2000a, 2000c; URS, 2001).
Beginning in 1964, tailings were transported by pipeline from
the mine to the tailings facility near Questa. Water used in the
mill operation was obtained from the Red River, the Red River
alluvium, and from water collected during dewatering of the
mine (URS, 2002). Approximately 328 million tons of waste
rock were deposited at the tailings facility between 1964 and
1983 (Steffen Robertson & Kirsten, 1995; Slifer, 1996; Rob-
ertson GeoConsultants, Inc., 2000b, 2000c).

Molycorp ceased open-pit mining in 1983 and initiated
a new phase of underground mining in Goat Hill Gulch. This
change effectively stopped the dumping of waste rock in
Capulin Canyon; along the north slope of the Red River; and
in Goat Hill, Sulphur, and Spring Gulches. It also increased
the volume of tailings slurry transported by pipeline to the
tailings facility.

While the underground mine was inactive during
1992-95, ground water was not pumped from the underground
mine workings, and the workings were allowed to partially
reflood. The mine was dewatered and repaired when produc-
tion resumed in late 1996, and mining of a new ore body
began in 1998 (Molycorp, Inc., 2004).

Well-Numbering Systems

Two systems of numbering wells were used in this
study—a study-specific system and a standardized New
Mexico system. In the study-specific system, wells in Capulin
Canyon and Straight Creek were assigned a two-letter abbrevi-
ation designating the drainage in which the wells were located
(CC and SC), a sequence number, and a suffix of A if the
well was completed in unconsolidated debris-flow or alluvial
deposits, or a suffix of B if the well was completed in bedrock.
The sequence number identifies a single well completed in
either unconsolidated deposits or bedrock or a pair of wells
where one well was completed in unconsolidated deposits and
one well was completed in bedrock. For example, well SC-7A
designates a well in Straight Creek completed in



unconsolidated debris-flow or alluvial deposits, SC-2B
designates a well in Straight Creek completed in bedrock, and
wells SC-5A and SC-5B designate a well pair in Straight
Creek completed in debris-flow/alluvial deposits and bedrock,
respectively.

In the study-specific system, Phase III wells were
assigned a general site area (areas 1 through 4) in a down-
stream-to-upstream direction along the Red River. In areas
1 and 3, only one well was drilled; each well was designated
1 and 3, respectively. In area 2, two wells were drilled at dif-
ferent distances from the Red River and were designated 2—1
and 2-2. In area 4, three pairs of deep (D) and shallow (S)
wells were drilled and designated 4—1D and 4-18S, 4-2D and
4-2S, and 4-3D and 4-3S.

The standardized system of numbering wells in New
Mexico also was used to designate the location of wells in this
report. The system is based on the common division of public
lands into sections (fig. 6). The well number, in addition to
designating the well, locates the position to the nearest 10-acre
tract in the land network. This number is divided into four seg-
ments. The first segment denotes the township (T.) north (N.)
or south (S.) of the New Mexico base line, the second denotes
the range (R.) east (E.) or west (W.) of the New Mexico prin-
cipal meridian, and the third denotes the section. The fourth
segment of the number consists of three digits that denote sec-
tion subdivisions of 160-, 40-, and 10-acre tracts, respectively.
Each section is divided into four 160-acre quarter sections.
The first digit of the fourth segment denotes the quarter sec-
tion and is numbered 1, 2, 3, or 4, for the northwest, northeast,
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Figure 6. Well-numbering system in New Mexico.

Well Location, Installation, Construction, and Development 9

southwest, and southeast quarters. Similarly, each 160-acre
quarter section is further divided into four 40-acre tracts
numbered in the same manner, and the second digit denotes
the 40-acre tract. Finally, each 40-acre tract is divided into
four 10-acre tracts also numbered in the same manner, and the
third digit denotes the 10-acre tract. Letters A, B, C, and so on
are added sequentially to the fourth segment to designate the
second, third, fourth, and succeeding wells in the same 10-acre
tract. Well SC-1A, for example, is numbered 29N.14E.28.441
and, therefore, is in the NW¥ of the SEY4 of the SEY of sec-
tion 28, township 29 north, range 14 east.
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Well Location, Installation,
Construction, and Development

Twenty-nine observation wells were installed in three
phases as part of this study in the Red River Valley and
tributary drainages (figs. 2-5). Eight observation wells were
installed in the Straight Creek analog site during Phase I
(November 2001 through February 2002) (Naus and others,
2005). Eleven additional wells were installed in the Hot-
tentot, Straight, Hansen, La Bobita, and Capulin drainages
during Phase II (October 2002 through January 2003). Ten
small-diameter wells were installed in the Red River alluvium
north of the Red River during Phase III (December 2003).
Two existing wells (AWWT-1 and AWWT-2) at the town of
Red River Advanced Wastewater Treatment Facility also were
included in the monitoring-well network.

Phase I wells (SC-1A and B, SC-2B, SC-3A and B,
SC—4A, SC-5A and B) were located in the Straight Creek
drainage basin along the assumed path of ground-water flow
in debris-flow deposits from the upstream part of the basin to
near the mouth of the basin where straight Creek flows into
Red River (fig. 3) (Naus and others, 2005). Wells SC-2B,
SC-3A, SC-3B, and SC—4A were located approximately
midway between upgradient wells SC—1A and SC-1B and
downgradient wells SC-5A and SC-5B.
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During Phase II, well SC-6A was installed west of the
middle cluster of wells in the Straight Creek drainage to moni-
tor ground-water conditions where results of a geophysical
cross-section survey indicated that the debris-flow deposits
were the thickest. Wells SC-7A and SC-8A were installed in
the Red River alluvial deposits west of Straight Creek in an
area postulated to be a mixing zone of Straight Creek and Red
River ground water (fig. 3). Well SC-7A was screened across
an interval of approximately 90 ft to compare water chemistry
at selected depths within this postulated mixing zone. Com-
parison of water chemistry in samples from wells SC-7A and
SC-8A is anticipated to aid in characterizing the mixing of
acidic water from the debris fan near the mouth of Straight
Creek with near-neutral pH water in the Red River alluvium.
Well SC-9A was installed on the north bank of the Red River
to complete the series of wells in the Straight Creek drainage
basin and to monitor conditions at the ground-water/Red River
interface.

The Hottentot, Hansen, and La Bobita wells were
installed in debris-flow deposits to monitor ground-water con-
ditions at these analog sites. The Capulin Canyon wells were
installed to monitor ground-water conditions at an analog site
without debris-flow deposits.

Phase III wells were installed in unconsolidated mate-
rial along an approximately 1-mi reach of the Red River west
of Elephant Rock campground (fig. 1). These wells were
installed to examine the interaction of the Red River and water
in the Red River alluvium.

Well locations and altitudes, construction information,
and initial ground-water-level measurements for Phase II and
Phase III wells are listed in table 1. Latitudes, longitudes, and
altitudes of Phase II wells were determined by Molycorp using
a Trimble 5800 Real Time Kinematic Rover™ with a Trimble
5700 Global Positioning System (GPS) Total Station™ base;
accuracy of the system is + 0.016 ft horizontally and + 0.1 ft
vertically (B.M. Walker, Molycorp, written commun(s).,
2003).

Latitudes and longitudes for Phase III wells were
determined using a Garmin eTrex® 12-parallel-channel GPS
receiver; horizontal accuracy is + 20 ft. The altitude of well
AWWT-1 was estimated by using a hand-held site level and
the altitude of the previously surveyed SC-7A well. The alti-
tude of well AWWT-2 was determined from a USGS
7%2-minute (1:24,000-scale) topographic map. Altitudes of
Phase IIT wells 1, 2—1, 2-2, and 3 were determined by a level
survey from the previously surveyed Phase II La Bobita well
(fig. 4). Altitudes of Phase III wells—4—1D, 4-SD, 4-2D,
4-28, 4-3D, and 4-3S—were determined by estimation of the
altitude of well 41D from a USGS 7%2-minute topographic
map and a level survey from well 4-1D to the other five wells.

Phase Il Drilled Wells

WDC Drilling Company (formerly THF Drilling Com-
pany) of Phoenix, Arizona, under direction of Souder, Miller

and Associates (SMA) hydrogeologists and USGS hydrolo-
gists, drilled, constructed, and developed 8 of the 11 Phase
IT observation wells. These wells included the Hottentot
well; Straight Creek wells SC-6A, SC-7A, and SC-8A; the
Hansen well; the La Bobita well; and Capulin Canyon wells
CC-1B and CC-2B. The locations of these wells are shown
in figures 2-5, and information describing well location and
construction is listed in table 1.

All eight wells were drilled using an Ingersoll Rand
TH75E air-rotary/hammer rig equipped with a Stratex®
casing-advance system and an onboard Ingersoll Rand air
compressor (an auxiliary compressor provided additional
air capacity as needed). Boreholes were drilled using a 9-in.
diameter button bit. Boreholes were advanced to total well
depth using the Stratex® system to temporarily case the holes
to ensure that the holes did not collapse. The temporary casing
was cleaned using phosphate-free detergent and tapwater prior
to drilling each well.

Each of the eight wells was constructed using new,
flush-threaded, 4-in. diameter, schedule-80 polyvinyl chloride
(PVC) casing and factory-cut, 0.010-in. slot-size PVC screen
with threaded end cap. The annulus of each well was filled
with 10/20 silica sand from the bottom of the hole to a mini-
mum of 2.5 ft above the top of the screen. A hydrated ben-
tonite-pellet seal, typically from 4 to 8 ft thick, was installed
above the 10/20 silica sand, and hydrated bentonite chips were
installed above the seal to the land surface.

Each of the eight wells was developed until specific
conductance, pH, and temperature stabilized. Stabiliza-
tion criteria were: specific conductance, +10 percent; pH,
+0.1 standard unit; and temperature, +£0.5° C. Each well was
initially developed by mechanical surging for a minimum of
20 minutes. Wells CC—-1B and CC-2B were further developed
by additional surging and subsequent pumping. Wells SC-6A,
SC-8A, and the Hottentot, Hansen, and La Bobita wells were
further developed by mechanical surging and subsequent bail-
ing; wells SC-6A, SC-8A, and the Hottentot well were further
developed by pumping following bailing. Well SC-7A was
further developed solely by pumping.

Phase Il Small-Diameter Wells

Phase II small-diameter wells were installed using a
Geoprobe Model 6610-DT. The Geoprobe (a direct-push rig)
uses hydraulic pressure and supplementary hammering to
advance the drill point and drill rod. Wells CC-1A and CC-2A
were installed in Capulin Canyon (fig. 5) next to the air-rotary-
drilled wells CC-1B and CC-2B, respectively. Well SC-9A
(fig. 3) was installed at the mouth of the Straight Creek drain-
age near the upstream end of the Elephant Rock campground
(fig. 1). Prior to installing the SC-9A well casing, three small-
diameter, vertical holes were advanced to between 20 and 36 ft
below land surface along the north bank of the Red River in
an attempt to locate the water table. All three holes were dry.
A fourth small-diameter hole (well SC-9A) was advanced
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under the Red River at an angle of 21.5 degrees from vertical
to a total angular depth of 22.5 ft. The vertical depth below
land surface of this well is 20.9 ft and the bottom of the well
is about 1.3 ft beyond the bank of the river. Well SC-9A also
was dry at the time of installation.

Each of the Phase II small-diameter wells (CC-1A,
CC-2A, and SC-9A) was completed by installing a 5-ft long,
1-in. diameter schedule 40 PVC factory-cut, 0.010-in. slot-size
screen with a bottom cap at the total depth of the hole and 1-
in. diameter schedule 40 PVC casing above the slotted-screen
section to approximately 2 ft above land surface. The annulus
of each well was filled with 10/20 silica sand from total depth
to within about 5 ft of land surface, above which the annulus
was filled with 3/8-in. bentonite pellets to the land surface.

Wells CC-1A and CC-2A were surged for 15 and
50 minutes, respectively, and then purged until dry using a
bailer or a peristaltic pump and dedicated tubing, after which
the wells were allowed to recover. This purging and recovery
sequence was conducted three times in each well. Well SC-9A
was not developed because it was dry at the time of
installation.

Phase lll Small-Diameter Wells

Several facts, including well SC-9A being dry at comple-
tion, results of two synoptic tracer studies (McCleskey and
others, 2003), and results of geomorphologic investigations
(Kirk Vincent, USGS, written commun., 2005), suggested that
from Straight Creek to about 1,500 ft upstream from Hansen
Creek, surface water in the Red River and the underlying
ground water in the Red River alluvium are hydraulically
disconnected. In this area, ground water originating in debris-
flow deposits likely flows into the Red River alluvial aquifer
and remains in the subsurface hydraulically disconnected from
the Red River. Ten small-diameter observation wells were
installed along approximately a 1-mi reach of the Red River
west of Elephant Rock campground to measure water levels
to characterize ground-water flow along this reach of the Red
River (fig. 4).

Ten Phase III wells were completed by installing a 5-ft
long, 1-in. diameter schedule 40 PVC factory-cut, 0.010-in.
slot-size screen with a bottom cap at total depth of the hole
and 1-in. diameter schedule 40 PVC casing above the slotted-
screen section to approximately 2 ft above land surface. The
annulus of each well was filled with 10/20 silica sand from
total depth to within about 5 ft of land surface, above which
the annulus was filled with 3/8-in. bentonite pellets to the land
surface. The wells were developed by pumping a minimum of
three casing volumes of water from each well using a peristal-
tic pump and dedicated tubing. Specific conductance, pH, tem-
perature, and turbidity were monitored during development.

Lithologic and Geophysical Well
Logging

Lithologic logs were recorded for all eight Phase II air-
rotary-drilled wells, and borehole geophysical logging was
conducted in Phase II wells SC-6A, SC-7A, and SC-8A.
Well-completion diagrams and lithologic logs for the Hot-
tentot, Hansen, La Bobita, and Capulin (CC-1B and CC-2B)
wells are shown in figure 7, and well-completion diagrams,
lithologic logs, and geophysical logs for wells SC-6A,
SC-7A, and SC-8A are shown in figure 8.

Lithologic Logging

Lithologic logs were constructed from examination of
borehole cuttings from the Hottentot, Hansen, La Bobita,
and Capulin (CC-1B and CC-2B) wells, and wells SC-6A,
SC-7A, and SC-8A (Souder, Miller, and Associates, 2003).
Borehole cuttings were collected from all eight wells from
land surface to total depth. Cuttings were collected at 5-ft
intervals from sampling cyclones and stored in 5-gal (gal-
lon) plastic containers. Representative samples from each 5-ft
interval were examined in the field using a hand lens (Souder,
Miller, and Associates, 2003). The level of detail in field log-
ging of samples was dictated by the condition of the sample
(wet or dry, fine or coarse) and the time available for inspec-
tion. Ludington and others (2005) conducted detailed analyses
of these samples.

Geophysical Logging

Natural gamma, induction, and single-detector neutron
geophysical logging was conducted in wells SC-6A, SC-7A,
and SC-8A (figs. 8A, 8B, and 8C) during February 2003,
following well completion and development. Logging and
log interpretation was conducted using information regarding
geophysical logging applications in ground-water investiga-
tions by Keys (1986, 1990), Jorgensen (1991), Paillet and
Crowder (1996), and Hearst and others (2000). In completed
wells SC-6A, SC-7A, and SC-8A, the conditions in the
annulus between the 4-in. PVC casing and the 9-in. diameter
bore holes at the time of logging were not representative of the
undisturbed aquifer material beyond the borehole, and these
disturbed conditions substantially limited interpretations of
these logs.

Two primary quality-control measures were used dur-
ing the collection of geophysical log data. First, an accurate
depth scale was ensured by verifying that the depth indicator
on the log recorded a value within about 0.8 in. of zero when
the probe was returned to the pre-logging measurement refer-
ence point. Second, nuclear logging was repeated in selected
sections of the wells to verify the repeatability of the initial
logging results.
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SCHEDULE 80 PVC CASING

9-INCH DIAMETER

BOREHOLE

3/8-INCH HYDRATED

— BENTONITE CHIPS

DEPTH BELOW LAND SURFACE, IN FEET

—|_TOP OF BENTONITE

PLUG: 96 FEET
100 BELOW LAND SURFACE

TOP OF FILTER PACK

100 FEET BELOW LAND SURFACE
—— 10/20 SILICA SAND

TOP OF SCREEN: 105 FEET

1% { BELOW LAND SURFACE
0.010-INCH SLOT SCREEN

BOTTOM OF SCREEN: 115 FEET

DEPTH TO WATER 98 FEET
7. BELOW LAND SURFACE

BELOW LAND SURFACE
120 6-INCH THREADED CAP

P2

TOTAL DEPTH 118 FEET

Sand with gravel and clay. 55 percent coarse
sand, 40 percent gravel, 5 percent clay. Light
brown to tan. Moist. Weathered gray rhyolite and
quartz latite fragments.

Sand with gravel and clay. 60 percent coarse sand,
25 percent gravel, 15 percent clay. Light brown to
tan. Moist. Weathered rhyolitic fragments with
quartz phenocrysts.

Gravel with sand and silt. 60 percent gravel, 35
percent medium-grained sand, 5 percent silt. Light
brown to tan. Dry. More argillized than above.
Some fluorite.

Gravel with sand and silt. 55 percent gravel, 40
percent coarse sand, 5 percent silt. Light brown to
tan. Dry. Weathered andesite and rhyolitic
fragments with quartz phenocrysts. Sericitization.
Minor pyrite.

Sand with gravel and silt. 60 percent coarse sand,
35 percent gravel, 5 percent silt. Light brown to
tan. Dry. Lithology same as above with pieces of
microcrystalline quartz containing minor pyrite.
Sericitization.

Sand with gravel and silt. 55 percent coarse sand, 40

percent gravel, 5 percent silt. Light brown to tan. Dry.

Rhyolite and quartz fragments. Limonite staining.

Sand with gravel, silt, and clay. 45 percent coarse
sand, 35 percent gravel, 15 percent silt, 5 percent
clay. Light brown to tan. Moist. Weathered rhyolite
porphyry. Limonite staining and quartz flooding.

Sand with gravel, silt, and clay. 35 percent
coarse sand, 30 percent gravel, 15 percent silt,
20 percent clay. Light brown. Moist. Fragments
of rhyolite porphyry.

8,721

Sand with gravel, silt, and clay. 35 percent coarse
sand, 30 percent gravel, 15 percent silt, 20
percent clay. Light brown to tan. Moist.
Fragments of rhyolite porphyry. Quartz flooding.
Conchoidal fractures.

8,701

Sand, gravel, silt, and clay. 35 percent
medium-grained sand, 30 percent gravel, 20
percent clay, 15 percent silt. Light brown to tan.
Very moist. Rhyolite porphyry fragments.

8,691

= MEASURED NOVEMBER 7, 2002 |-

Sand with gravel, silt, and clay. 35 percent
medium grained sand, 30 percent gravel, 20
percent clay, 15 percent silt. Light brown. Wet.
Rhyolite porphyry fragments.

8,681

Sand with gravel, silt, and clay. 35 percent
medium-grained sand, 30 percent gravel, 20
percent clay, 15 percent silt. Light brown. Wet.
Rhyolite porphyry fragments.

8,671

Figure 7A. Well-completion data and lithologic log for Hottentot well (modified from Souder, Miller, and Associates, 2003).
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14 Questa Baseline and Pre-Mining Ground-Water Quality Investigation 15

(B) Hansen well

WELL-COMPLETION DATA LITHOLOGIC LOG
LOCKING METAL SHROUD
85/8-INCH OUTSIDE DIAMETER,
5 FEET LONG, 3-FOOT STICK-UP
ABOVE LAND SURFACE

Py PVC CAP
3x3X1-FOOT
CONCRETE PAD_\
0 I vl 8,570
0.
N géﬁggﬂé%?&g CASING OO Gravel with sand and silt. 55 percent -

e coarse sand, 40 percent gravel, 5 percent
-0 -o| clay. Light brown. Dry. Weathered gray

10 Ne) O | rhyolite porphyry along with some ash-flow | 8,560
|| tuff and highly argillized white fragments.

9-INCH DIAMETER o - Limoni e N
=70 te st .T ite.
BOREHOLE ) -{3- Imonite staining. frace pyrite
— oa -
0.0

20 | =) 8,550

3/8-INCH HYDRATED ) ) Sand with gravel and silt. 65 percent fine
——{ BENTONITE CHIPS ... 7| tocoarsesand,25 percent gravel, 10 L
- - = - .| percentsilt. Light brown. Dry. Gray
2% | rhyolite, ash-flow tuff, fine-grained green
30— .. . .| fragments with trace pyrite. Limonite | 8,540
staining. Fragments of crystalized tuff.

) Sand with gravel and silt. 70 percent fine
40 —
to coarse sand, 15 percent gravel, 15
) .. percent silt. Light brown tan. Dry. Gray
BTN andesite, rhyolite, ash-flow tuff and highly
— EE argillized white fragments. Sericitization. —
. Limonite staining.

50 . 8,520

s Sand with gravel and silt. 70 percent fine to
: coarse sand, 15 percent gravel, 15 percent
— R silt. Red brown. Dry. Gray rhyolite, ash-flow —
(.. tuff,fine-grained green fragments with
60 | [ trat_:e_ pyrite. Sericitization. Limonite 8510

=] staining.

| 8,530

— - . - :| Sandwithsiltand gravel. 60 percent fine —
R to coarse sand, 20 percent silt, 20

© =7 %1 percentgravel. Light brown. Slightly
— moist. Ash-flow tuff, dark and light

e el rhyolitic fragments with pyrite and other
© -7 |\ highly weathered fragments. Limonite
staining. —

DEPTH BELOW LAND SURFACE, IN FEET

8,500

. . Same as above. Increased sericitization of
80 L feldspars. 8,490
# 77 | Sandwithsiltand gravel. 60 percent fine to

coarse sand, 20 percent silt, 20 percent
gravel. Light brown. Slightly moist. Rhyolite

ALTITUDE, ROUNDED TO NEAREST FOOT ABOVE NGVD 29

TOP OF BENTONITE . - o
PLUG: 87 FEET s and andesite fragments. Limonite staining.
90 BELOW LAND SURFACE L Some pyrite. 8,480

77 -7 | Sameasabove. Intense sericitization and

e J 0| argillization.
TOP OF FILTER PACK R

95 FEET BELOW LAND SURFACE ST
100 | 10/20 SILICA SAND . | 8,470
TOP OF SCREEN: 99 FEET
BELOW LAND SURFACE
—— 0.010-INCH SLOT SCREEN
BOTTOM OF SCREEN: 109 FEET
110 | ~BELOW LAND SURFACE

¥ E.)EES\I—II\I]&\’(‘VDAE%RR::%SCEEET : - : Sand with gravel and silt. 60 percent fine
- = - = -| tocoarsesand, 20 percent gravel, 20
MEASURED NOVEMBER 10, 2002 - o 7| percentsilt. Light brown. Slightly moist.

Weathered rhyolite and rhyolitic tuff, light

- - | grayfine-grained fragments. Minor pyrite. 8,460

% Bedrock at 110 feet. Consolidated gray —

dacite. 0.2 to 0.4 percent pyrite. Feldspars,
sericitized and argillized. 8.450

6-INCH THREADED CAP

BENTONITE CHIP SEAL

TOTAL DEPTH 120 FEET

Figure 7B. \Well-completion data and lithologic log for Hansen well (modified from Souder, Miller, and Associates, 2003).



Lithologic and Geophysical Well Logging

(C)La Bobita well

WELL-COMPLETION DATA

LOCKING METAL SHROUD
85/8-INCH OUTSIDE DIAMETER,
5 FEET LONG, 3-FOOT STICK-UP
ABOVE LAND SURFACE

LITHOLOGIC LOG

oo PVC CAP
3FEET x3FEET x 1
FOOT CONCRETE PA_D\
0 ~ pl 8,229
7 : -O -|  Sand with gravel. 60 percent coarse-grained sand, 40
4-INCH DIAMETER O_.o'. | percent gravel. Dark gray. Dry. Dark gray fine-grained
— SCHEDULE 80 PVC CASING :g = biotized andesite and dacite. Hard drilling. Homogeneous —
- = ©:| andangular. Possibly cobbles ground into sand by drilling.
06
10 ] 8,219
. O
.O O_ .
g(l]l:fé:é)ﬂé\METER " -7 O| Sandwith gravel. 60 percent coarse- to fine-grained sand, 40
P 0 C_) b percent gravel. Dark gray. Dry. Dark gray fine-grained L
O AT biotized andesite and dacite. Possibly mafic dikes. Trace
. ¥..0. i
-O- 1 pyrite.
O
=2 O - 8,209
e 0p©
Yo
Z_ 3/8-INCH HYDRATED e At Gravel with sand. 55 percent gravel, 45 percent coarse- to
g BENTONITE CHIPS - @Q Lipe:grsineg sgnd. Dsr; gray.’\lilry. Dgrk gray fine-grained
< 09 4 iotized andesite and dacite. No pyrite.
£ ol
» 30 o - 8,199
o — e
3 o0
= TOP OF BENTONITE 4 0o O|  Gravel with sand. 70 percent gravel, 30 percent coarse- to
o — Elélﬂg\:l\?‘}_E\IEJSURFACE — 0 O fine-grained sand. Dark gray. Dry. Dark gray fine-grained —
d — . O o.| Dbiotized andesite and dacite.
aa] - NS
= 4 = = 8,189
=) TOP OF FILTER PACK / V.~ o
40 FEET BELOW LAND SURFACE - <
10/20 SILICA SAND o -
..2.0.| Gravel with sand and clay. 55 percent gravel, 40 percent
O'g coarse to fine sand, 5 percent clay. Dark gray. Dry. Dark
50 77 _o| grayfine-grained biotized andesite and dacite. Trace
— DO | pite. 1 8,179
“Qo.
7| —1 |oepThToWATER 604 0. O
- FEET BELOW LAND
TOP OF SCREEN: 53 FEET — | | SURFACE MEASURED /
BELOW LAND SURFACE —| |DECEMBER S, 2002 /
60 | 0.010-INCH SLOT SCREEN — z / Bedrock at 55 feet. Dark gray. Chloritized/biotized dacite ,169
— — / to andesite. Some porphyritic fragments. Trace pyrite.
BOTTOM OF SCREEN: 63 FEET —_ /
BELOW LAND SURFACE —
6-INCH THREADED CAP T/O'I"AL DEPTH 65 FEET
10 ,159

Figure 7C. Well-completion data and lithologic log for La Bobita well (modified from Souder, Miller, and Associates, 2003).

Natural gamma logs are used to estimate the proportion
of clay minerals and (or) the proportion of unweathered min-

eral grains in the aquifer. The log measures the gamma activity

produced by naturally occurring isotopes of uranium, potas-
sium, and thorium in the formation beyond the borehole and,

therefore, indicates variations in the lithology of aquifer mate-

rials. Log units are counts per second (cps). Well-casing and
borehole fluid typically attenuate the flux of gamma particles
from the undisturbed geologic material beyond the borehole
to the detector in the logging tool resulting in reduced gamma

counts. To minimize this attenuation, the log is run with the
probe decentralized so that the probe is free to move within
and lie against the side of the borehole or well that is not

precisely plumb.
The induction log shows the bulk electrical resistivity of

ALTITUDE, ROUNDED TO NEAREST FOOT ABOVE NGVD 29
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the aquifer material and the fluid in the aquifer material’s pore

spaces. Log units are ohm-meters. Resistivity values can vary

depending on the electrical properties of the aquifer material,

with the degree of saturation of the aquifer material, and with
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(D) CC-1B well

WELL-COMPLETION DATA

LOCKING METAL SHROUD
85/8-INCH OUTSIDE DIAMETER,
5 FEET LONG, 3-FOOT STICK-UP

LITHOLOGIC LOG

ABOVE LAND SURFACE
P PVC CAP
3FEET x 3FEET x 1
FOOT CONCRETE PAD
0 | P 8,878
! [ Ob o
4-INCH DIAMETER -(5—5-) Gravel with sand. 60 percent gravel and ‘4(_J percent <
——  SCHEDULE 80 PVC CASING ' PP coarse sand. Gray dacite fragments. Argillized — A
- ©O- - .| feldspars. Dark brown. Dry. =
gt )
& DEPTH TO WATER o =
L
1% 1 yemcn HyoRaTED N TCreT BELOW LAND 8868
= BENTONITE CHIPS ~  SURFACE MEASURED %
= OCTOBER 30, 2002 . Gravel with sand andi i | <
ui - ravel with sand and silt. 50 percent gravel, 40 =
g — g_éhéE:(?EEAMETER 0'0 ) percent coarse sand, 10 percent silt. Dacite L o
= e} fragments. Gray. Dry. e
2 - -0 o . [
) L w
o 20 TOP OF BENTONITE é é 0:.0. 8,858 é
=2 PLUG: 20 FEET = <
< BELOW LAND SURFACE | | L
g TOP OF FILTER PACK — Sand, gravel, silt, and clay. z_lU percent sand, 20 g
= 21 FEET BELOW LAND SURFACE / - per;em gravel, ZU_percem silt, 20 percent clay. Gr_ay =
d 10/20 SILICA SAND . dacite with clay. Likely fractured top of bedrock with S
m — clay-filled features. Trace pyrite. =)
E 30 |TOP OF SCREEN: 23.5 FEET _ 8848 %
Q. ——{BELOW LAND SURFACE . o
g 0.010-INCH SLOT SCREEN - o
- Sand, gravel, silt and clay. 40 percent sand, 20 T
: percent gravel, 20 percent silt, 20 percent clay. g
— — z DEPTH TO WATER Gray dacite with clay. Likely fractured top of — =
J— -~ 36 FEET BELOW LAND bedrock with clay-filled features. Trace pyrite. =
BOTTOM OF SCREEN: 38.5 FEET — gg?g@%ﬁ%‘z‘éﬁéﬁn .| Some dacite porphyry. <
40| 'BELOW LAND SURFACE 7z soa s 8,838
TOTAL DEPTH 40 FEET

6-INCH THREADED CAP

Figure 7D. Well-completion data and lithologic log for CC—1B well (modified from Souder, Miller, and Associates, 2003).

the electrical properties of the water filling pore spaces in the
aquifer material.

Single-detector neutron logs provide an estimate of the
degree of saturation of aquifer materials and, below the water
table, the porosity of these materials. The single-detector
neutron log generates a flux of neutrons and measures the
rate at which those neutrons are scattered back to the detector.
Neutrons generated by the logging tool are absorbed through
collision with hydrogen atoms so the count rate is inversely
proportional to the total amount of water within a radius of
approximately 10 in. of the logging tool. To minimize the
effects of casing and annulus materials on logging results in
completed wells, the single-detector neutron log is run with
the probe decentralized and free to move within and lie against
the side of a casing that is not precisely plumb. Log units are
counts per second. Typically, the response of the single-detec-
tor neutron log to fully saturated materials is less than about
2,000 cps, the response to partially saturated materials is about
2,000 to 3,500 cps, and the response to relatively dry materi-
als is more than about 3,500 cps. Neutron logs in saturated
formations respond to the total of effective (drainable) and

noneffective (nondrainable and often containing geochemi-
cally bound water) porosity.

In completed wells SC-6A, SC-7A, and SC-8A, the con-
ditions in the annulus between the 4-in. PVC casing and the
9-in. diameter boreholes inside the casing and the annulus at
the time of logging were not representative of the undisturbed
aquifer material beyond the borehole, and these disturbed
conditions substantially affected the neutron counts in the
saturated zone. Above the water table, however, the results
of neutron logging provided some measure of the degree of
saturation of the aquifer materials.

In well SC-6A, the gamma count decreased, the resis-
tivity increased, and the neutron count was unusually high
(greater than 4,000 cps) between top of the sand pack in the
annulus at 122 ft and the top of the saturated zone, about
133 ft at the time logging was conducted (fig. 8A). The unusu-
ally high neutron count indicates that the deposits about 11 ft
above the water table were dry. The lithologic log, however,
indicates that the cuttings retrieved from this interval were wet
(fig. 8A). This inconsistency between the lithologic log and the
geophysical log interpretation indicates that the change in the



Hydraulic Testing to Determine Aquifer Characteristics

(E) CC-2B well

WELL-COMPLETION DATA

LOCKING METAL SHROUD
85/8-INCH OUTSIDE DIAMETER,
5 FEET LONG, 3-FOOT STICK-UP

LITHOLOGIC LOG

ABOVE LAND SURFACE === PVC CAP
3FEETx3FEETx 1
FOOT CONCRETE PAD
0 — - 8,878
4-INCH DIAMETER
|  SCHEDULE 80 PVC CASING No sample —
10 3/8-INCH HYDRATED 8,868
BENTONITE CHIPS —
E_— —] Claywithsand, gravel and silt. Gravel size
— DEPTH TO WATER ——— posed of assorted rock fragments, —
¥ gLE%iEE%EXVSngIS E=——— including rhyolitic to andesitic rocks.
2 ~ OCTOBER 30, 2002 E— 8,858
— 9-INCH DIAMETER =
BOREHOLE /
2 % 8,848
— / Bedrock at 19-20 feet, gray dacite to andesite. —
Feldspars sericitized and argillized. Trace of
& P Frer M / minor pyrite (less than 0.1 percent). 3838
PLUG: 40 FEET /
BELOW LAND SURFACE /
. _ -
w
]
[T
z 50| / 8828
3 TOP OF FILTER PACK /
<C 50 FEET BELOW LAND SURFACE
&= ——{10/20 SILICA SAND —
2 TOP OF SCREEN: 56.5 FEET LT— I
o g BELOW LAND SURFACE — 8,818
= —— 0.010-INCH SLOT SCREEN — o . —
< — Purple material with some clay. Likely an ash
= —_ flow, or perhaps sheared intermediate
% p— volcanics. Iron-oxide rich.
o p— f
o0 —
- 10 o Irr 8,808
[ J—
o p—
] p—
a — %
80 _ / Bedrock, gray andesite. Feldspars sericitized. 8,798
- — / No pyrite. —
90 | = / 8788
E DEPTH TO WATER f Andesite ash-flow with trace pyrite and iron
— S/ 97 FEET BELOW LAND oxide.
— —  SURFACE MEASURED -
100 — OCTOBER 26, 2002 P2 J;i 8,778
— 7z
—— BOTTOM OF SCREEN: 105.25 FEET o - / —
BELOW LAND SURFACE Bedrock, gray andesitic ash-flow. Mafics
10 / chloritized. Some andesite inclusions. 8,768
4-INCH PVC CASING TO 115 FEET /
BELOW LAND SURFACE L
. _— TOTAL DEPTH 116.5 FEET
120 6-INCH THREADED CAP 8,758

Figure 7E. Well-completion data and lithologic log for CC—2B well (modified from Souder, Miller, and Associates, 2003).

ALTITUDE, ROUNDED TO NEAREST FOOT ABOVE NGVD 29
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18 Questa Baseline and Pre-Mining Ground-Water Quality Investigation 15

(A) SC-6A well

WELL-COMPLETION DATA LITHOLOGIC LOG

LOCKING METAL SHROUD

8 5/8-INCH OUTSIDE DIAMETER,

5 FEET LONG, 3-FOOT STICK-UP

ABOVE LAND SURFACE e PVC CAP

3FEET x 3FEET x 1
FOOT CONCRETE PAD

4-INCH DIAMETER
SCHEDULE 80 PVC CASING

Gravel with sand. 65 percent coarse- to —
medium-grained sand, 35 percent gravel. Light
brown. Dry. Rhyolite, quartz latite, highly 18,729
weathered and argillized fragments. Trace pyrite
(less than 0.1 percent). Limonite staining.
Feldspars altered.

9-INCH DIAMETER
BOREHOLE

8719

3/8-INCH HYDRATED
— BENTONITE CHIPS

Gravel with sand. 55 percent gravel, 45 percent
coarse- to medium-grained sand. Light brown to | 8,709
tan. Dry. Rhyolite fragments. Sericitized, quartz [
flooding. Some quartz veinlets.

8,699

50 Fragments of welded tuff. 0.2 to 0.4 percent 8689
pyrite.

Rhyolite, dacite/andesite fragments.

Gravel with sand and clay. 55 percent gravel,
70 40 percent coarse- to medium-grained sand, 5 | 8 669
] percent clay. Light tan to brown. Moist. —
Rhyolite, quartz, and fine-grained fragments
with pyrite. Argillized and weathered —
fragments. Limonite staining.

o
O

|
60

1g0ig 2009 0 o'g

Same as above. In addition, rhyolite, andesite
and fine-grained fragments with pyrite and

epidote. Weathered fragments. Limonite —
staining. Quartz flooding.

080

Sand with gravel and clay. 55 percent coarse
sand, 40 percent gravel, 5 percent clay.
Rhyolite, highly weathered and argillized
fragments. Quartz veins. Trace pyrite. Quartz
flooding. Limonite staining. 8,639

DEPTH BELOW LAND SURFACE, IN FEET
5]
o
O w

|
> o

06,9607

o0
AEe)
()

ALTITUDE, ROUNDED TO NEAREST FOOT ABOVE NGVD 29

Sand with gravel and clay. 55 percent coarse
sand, 40 percent gravel, 5 percent clay. Red to
brown. Moist. Rhyolite fragments. Quartz veins.
Trace pyrite. Some ferricrete. Quartz flooding.
Limonite staining. 8,629
Sand with gravel, silt and clay. 50 percent
coarse sand, 30 percent gravel, 10 percent silt,
10 percent clay. Light brown to tan. Wet. Highly
weathered quartz and rhyolite porphyry 8619
fragments. Limonite staining. Quartz-sericite- [~
pyrite alteration.

0% 00

120 TOP OF BENTONITE
~=— PLUG: 119 FEET
BELOW LAND SURFACE

Sand with gravel and clay. 55 percent coarse
122 FEET BELOW LAND SURFACE sand, 40 percent gravel, 5 percent clay. Light

130 {10/20 SILICA SAND 18,609

E DEPTH TO WATER - - tan to brown. Wet. Rhyolite fragments. Trace
p— SZ 133 FEET BELOW LAND |Q-_ - - pyrite. Fine-grained fragments with quartz
OP OF SCREEN: 128 FEE f— = SURFACE MEASURED O- |\ and ferricrete.
BELOW LAND SURFACE — NOVEMBER 13, 2002 s —
0.010-INCH SLOT SCREEN = -Oj © | Same as above. In addition, andesite
140 p— 07 S| fragments with pyrite, weathered rhyolitic, 8,599
E o= 7 f\_and quartz fragments. Limonite staining.
p— Sand with gravel, silt, and clay. 35 percent fine
. p— sand, 25 percent gravel, 20 percent silt, 20
150 BOTTOM OF SCREEN: 148 FEET — percent clay. Lithologies and minerals same as 8589
DU | BELOW LAND SURFACE P o= dbove. 16,20
6-INCH THREADED CAP TOTAL DEPTH 150 FEET

Figure 8A. Well-completion data, lithologic log, and geophysical log for SC-6A well. Well-completion data and
lithologic log modified from Souder, Miller, and Associates (2003).



Hydraulic Testing to Determine Aquifer Characteristics 19

(A) SC-6A well

GAMMA ACTIVITY, INDUCTION RESISTIVITY, NEUTRON ACTIVITY,
IN COUNTS PER SECOND IN OHM-METERS IN COUNTS PER SECOND
80 160 240 15 30 45 1,000 3,000 5,000

0 T T T T T T T T T 8,739

10— — I — — —18,729

20— — — — — — 8,719

30— — — — — —8,709

40— — — — — —8,699
50— — I — I —8,689 o
o~N
[=)
=
&)
— =
L ] L - - —8679 =
E"”: 60 §
= <
ui =
o o
= o _ L - - _ls669 2
=S =
2 7
o

= 80 — — — — —8,659
2 =
=)
2 2
|:E 90— — — — — —8,649 g
& o=
e ui
=)
2
100 — — — — —18,639 E
<<

10— . — . — —18,629

120[— — — — — —8,619

130— — — — — — 8,609

140— — — — — —8,599

150 L L L L L L 8,589

Figure 8A. Well-completion data, lithologic log, and geophysical log for SC-6A well.—Continued
Well-completion data and lithologic log modified from Souder, Miller, and Associates (2003).
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(B) SC-7A well

WELL-COMPLETION DATA

LOCKING METAL SHROUD
85/8-INCH OUTSIDE DIAMETER,
5 FEET LONG, 3-FOOT STICK-UP
ABOVE LAND SURFACE

3FEETx 3FEET x 1
FOOT CONCRETE PAE\

PVC CAP

DEPTH BELOW LAND SURFACE, IN FEET

10

4-INCH DIAMETER

.

SCHEDULE 80 PVC CASING

9-INCH DIAMETER

BOREHOLE

3/8-INCH HYDRATED

BENTONITE CHIPS

LITHOLOGIC LOG

8,507

Gravel with sand. 55 percent gravel, 45 percent medium- to
coarse-grained sand. Light brown. Dry. Ash-flow tuff, rhyolite,
and latite porphyry fragments. Quartz veins. Minor pyrite.
Limonite staining.

8,497

Sand with gravel. 55 percent coarse- to medium-grained
sand, 45 percent gravel. Light brown. Dry. Rhyolite
porphyry, andesite with pyrite, weathered and argillized
fragments, and fine-grained fragments with pyrite.
Limonite staining. Quartz-sericite-pyrite alteration.

8,487

Sand with gravel. 55 percent coarse- to medium-grained
sand, 45 percent gravel. Light brown. Dry. Rhyolite
fragments with up to 0.5 percent pyrite. Ash-flow tuff and
fine-grained quartz-rich fragments. Limonite staining.

8,477

Sand with gravel. 65 percent medium-grained sand, 35
percent gravel. Light brown. Dry. Highly weathered with
pyrite fragments. Rhyolite fragments with quartz
phenocrysts and quartz veins. Limonite staining.

8,467

Sand with gravel. 70 percent coarse- to
medium-grained sand, 30 percent gravel. Light brown.
Dry. Lithologies same as above.

8,457

Sand with gravel. 70 percent coarse- to medium-grained sand,
30 percent gravel. Light brown. Dry. Rhyolite, ash-flow tuff, and
fine-grained fragments. Up to 0.2 percent pyrite. Weathered
fragments. Limonite staining.

8,447

Sand with gravel. 55 percent coarse- to medium-grained
sand, 45 percent gravel. Light brown. Dry. Fine-grained
fragments of rhyolite. Abundant pyrite. Highly weathered and
argillized fragments. Limonite staining.

Figure 8B. Well-completion data, lithologic log, and geophysical logs for SC-7A well.—Continued
Well-completion data and lithologic log modified from Souder, Miller, and Assaciates (2003).
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DEPTH BELOW LAND SURFACE, IN FEET

Hydraulic Testing to Determine Aquifer Characteristics

(B) SC-7A well

GAMMA ACTIVITY, INDUCTION RESISTIVITY, NEUTRON ACTIVITY,
IN'COUNTS PER SECOND IN OHM-METERS IN COUNTS PER SECOND

40 140 240 20 40 60 1,000 2,000 3,000

0 T T T T T T T I T 8,507
10— - -+ —8,497
20— — — — — —{8,487
30— — — = —{8,477
40— - -1 — 8,467
50— — — — — —8,457
60 — — — — — —8,447
70 1 1 1 1 1 i) 8’437

Figure 8B. Well-completion data, lithologic log, and geophysical logs for SC—7A well.—Continued
Well-completion data and lithologic log modified from Souder, Miller, and Associates (2003).

ALTITUDE, ROUNDED TO NEAREST FOOT ABOVE NGVD 29
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(B) SC-7A well—Continued

WELL-COMPLETION DATA

70
80
90
TOP OF BENTONITE
PLUG: 100 FEET
BELOW LAND SURFACE
100
TOP OF FILTER PACK

104 FEET BELOW LAND SURFACE
10/20 SILICA SAND

TOP OF SCREEN: 107 FEET

NE

110 I"BELOW LAND SURFACE
0.070-INCH SLOT SCREEN

DEPTH BELOW LAND SURFACE, IN FEET

140

DEPTH TO WATER
/109 FEET BELOW LAND
— SURFACE MEASURED

DECEMBER 7, 2002

LITHOLOGIC LOG

Sand with gravel. 55 percent coarse to medium sand, 45
percent gravel. Light brown. Slightly moist. Rhyolite fragments,
some with quartz veinlets.

8,427

Sand with gravel. 90 percent coarse to medium sand, 10
percent gravel. Light brown. Slightly moist. Rhyolite fragments.
Quartz veinlets.

8,417

Sand with gravel and silt. 75 percent coarse- to fine-grained sand,

20 percent gravel, 5 percent silt. Light brown. Slightly moist.
Rhyolite fragments with fine-grained weathered fragments.
Limonite staining.

8,407

Sand with gravel and silt. 70 percent coarse- to fine-grained
sand, 20 percent gravel, 10 percent silt. Light brown. Slightly
moist. Rhyolite fragments with fine-grained weathered
fragments. Limonite staining.

Sand with gravel and silt. 70 percent coarse- to fine-grained
sand, 20 percent gravel, 10 percent silt. Light brown. Slightly
moist. Rhyolite fragments with fine-grained weathered
fragments.

8,397

Gray dacite and dacite porphyry boulder with pyrite.

8,387

Sand with gravel and silt. 60 percent coarse- to fine-grained
sand, 20 percent gravel, 20 percent silt. Light brown. Moist.
Water blows out when drilling. Altered rhyolite. Gravel is
weathered. Abundance of limonite staining.

Sand with gravel and silt. 60 percent coarse- to fine-grained
sand, 20 percent gravel, 20 percent silt. Light brown. Moist.
Very consolidated. Rhyolite, minor pyrite, and fine-grained dark
fragments. Limonite staining. Most fines washed away with
water.

Figure 8B. Well-completion data, lithologic log, and geophysical logs for SC—7A well.—Continued

Well-comp

etion data and lithologic log modified from Souder, Miller, and Associates (2003).

8,377

8,367

ALTITUDE, ROUNDED TO NEAREST FOOT ABOVE NGVD 29



Hydraulic Testing to Determine Aquifer Characteristics 23

(B) SC-7A well—Continued

GAMMA ACTIVITY, INDUCTION RESISTIVITY, NEUTRON ACTIVITY,
IN COUNTS PER SECOND IN OHM-METERS IN COUNTS PER SECOND
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Figure 8B. Well-completion data, lithologic log, and geophysical logs for SC~7A well —Continued

Well-completion data and lithologic log modified from Souder, Miller, and Associates (2003).
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(B) SC-7A well—Continued

WELL-COMPLETION DATA

BOTTOM OF SCREEN: 195 FEET
BELOW LAND SURFACE

TOTAL DEPTH 198 FEET
6-INCH THREADED CAP

LITHOLOGIC LOG

Sand with gravel and silt. 60 percent coarse- to
fine-grained sand, 20 percent gravel, 20 percent silt. Dark
brown. Moist. Very consolidated. Gravel composed of a
variety of rock fragments.

8,367

8,357

Sand with gravel and silt. 70 percent coarse- to
fine-grained sand, 30 percent gravel, 20 percent silt.
Dark brown. Wet. Too wet to sieve, all fragment sizes
from 150 to 200 feet are estimated. Lithology same as
above.

8,347

Sand with gravel. 80 percent coarse- to fine-grained
sand, 20 percent gravel. Dark brown. Wet. Too ground up
by bit to identify.

8,337

Sand with gravel. 90 percent coarse- to fine-grained sand,

10 percent gravel. Dark brown. Wet. Very hard to drill,
hammer grinding up fragments. Quartz-flooded rhyolite.

8,327

Sand with gravel. 70 percent coarse- to fine-grained
sand, 30 percent gravel. Dark brown. Wet. Large gray
andesite boulder with pyrite from 185 to 187 feet.
Rhyolitic fragments with large quartz phenocrysts,
fine-grained fragments with up to 0.4 percent pyrite.
Limonite staining.

8,317

Sand with gravel. 70 percent coarse- to fine-grained sand,
30 percent gravel. Dark brown. Wet. Rhyolite, andesite,
and fine-grained weathered fragments with epidote.
Abundant pyrite. Limonite staining.

Initially drilled to 205 feet, but hole heaved up to 196
feet before well installation. Flowing sand and gravel.

Figure 8B. Well-completion data, lithologic log, and geophysical logs for SC—7A well —Continued
Well-completion data and lithologic log modified from Souder, Miller, and Associates (2003).
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(B) SC-7A well—Continued

GAMMA ACTIVITY, INDUCTION RESISTIVITY, NEUTRON ACTIVITY,
IN COUNTS PER SECOND IN OHM-METERS IN COUNTS PER SECOND
40 3,000

140 8,367

150 —8,357
Y
(]
160 —8347 &
E =2
B =
= 3
5 { £
= 3
o [
3 %
Ll
% 170 —8,337 g
= =
g 2
= =)
a 2
=
180 —8327 2
=
ar
<<

190 —8317

200 8,307

Figure 8B. Well-completion data, lithologic log, and geophysical logs for SC=7A well —Continued
Well-completion data and lithologic log modified from Souder, Miller, and Associates (2003).
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WELL-COMPLETION DATA

LOCKING METAL SHROUD
85/8-INCH OUTSIDE DIAMETER,
5 FEET LONG, 3-FOOT STICK-UP

(C) SC-8A well

LITHOLOGIC LOG

ABOVE LAND SURFACE
pesssss PVC CAP
3FEETx3FEETx 1
FOOT CONCRETE PAE\
0 — vl 8,468
4-INCH DIAMETER
—— SCHEDULE 80 PVC CASING ' Sand with gravel. 55 percent coarse- to medium-grained ~ F——
sand, 45 percent gravel. Light tan to brown. Dry.
Rhyolite, quartz latite, and argillized fragments. Less
10 than 0.1 percent pyrite. Limonite staining. Some ash- 8,458
flow fragments.
9-INCH DIAMETER
BOREHOLE
20 8,448
Sand with gravel. 70 percent coarse- to medium-grained
3/8-INCH HYDRATED sand, 30 percent_ grave\. Light tan_. Dry. _Litho\ugies same
BENTONITE CHIPS as above. In addition, andesite with epidote.
30 Boulder. Fine-grained quartz latite with abundant 8438
] pyrite.
Sand with gravel. 65 percent coarse- to
- - medium-grained sand, 35 percent gravel. Light tan.
E Dry. Dacite porphyry, quartz latite, rhyolite. Minor
= pyrite.
40 8,428
=
T
;‘E Sand with gravel. 70 percent coarse- to medium-grained
E — sand, 30 percent gravel. Light tan. Dry. Fine-grained —
s fragments with quartz phenocrysts and pyrite. Rhyolite
g and highly weathered and argillized fragments.
% 50 Fine-grained dacite with epidote. Limonite staining. 8,418
=
o
= — I
w
2]
X S
£ 6 - 8,408
| . - Gravel with sand and silt. 65 percent gravel, 30 percent
e 00 _O coarse- to medium-grained sand, 5 percent silt. Dark
-2- - brown. Dry. Rhyolite, dacite, latite, fine-grained
— - O o fragments with minor pyrite and some argillized —
0: @ fragments. Limonite staining.
70 DEPTH TO WATER | 8,398
71 FEET BELOW LAND
— RFACE MEASURED
- ﬁ%VEN?BER 24’SZU002 '_ O - Gravel with sand and silt. 65 percent gravel, 30 percent
R C_’ coarse- to medium-grained sand, 5 percent silt. Dark
| TOP OF BENTONITE . 0. © - | brown. Moist. Lithologies same as above. In addition, —
PLUG: 76 FEET OS] andesite fragments with biotite alteration.
BELOW LAND SURFACE O. 1
80 S 8,388
Gravel with sand and silt. 60 percent gravel, 35 percent
TOP OF FILTER PACK coarse- to medium-grained sand, 5 percent silt. Dark
83 FEET BELOW LAND SURFACE brown. Wet. Rityolite porpfyry.
10/20 SILICA SAND
90 | TOP OF SCREEN: 87 FEET 8,378
BELOW LAND SURFACE
0.010-INCH SLOT SCREEN Gravel with sand and silt. 55 percent gravel, 40 percent
coarse- to medium-grained sand, 5 percent silt. Dark
BOTTOM OF SCREEN: 97 FEET brown. Very wet. Rhyolitic fragments. Limonite staining.
BELOW LAND SURFACE
100 8,368

6-INCH THREADED CAP

TOTAL DEPTH 98 FEET

Figure 8C. Well-completion data, lithologic log, and geophysical logs for SC—8A well.
Well-completion data and lithologic log modified from Souder, Miller, and Associates (2003).
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(C) SC-8A well

GAMMA ACTIVITY, INDUCTION RESISTIVITY, NEUTRON ACTIVITY,
IN COUNTS PER SECOND IN OHM-METERS IN COUNTS PER SECOND

50 125 200 10 35 60 500 2,000 3,500
0 . I . - I : T T T 8,468
10— — — — — —8,458
20— — — — — —8,448
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Figure 8C. Well-completion data, lithologic log, and geophysical logs for SC-8A well —Continued
Well-completion data and lithologic log modified from Souder, Miller, and Associates (2003).
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geophysical log may be related to geologic conditions rather
than a lack of moisture.

In well SC-7A, resistivity measurements ranged from
30 to 40 ohm-meters, and neutron counts ranged from 2,000 to
3,000 cps from land surface to the water table, about 109 ft
below land surface at the time logging was conducted. These
values suggest that the deposits above the water table were dry
to partially saturated (fig. 8B).

In well SC-8A, typical resistivity measurements of about
30 ohm-meters and typical neutron counts of about 2,000 to
3,000 cps above the water table, about 71 ft below land surface
at the time logging was conducted, indicate that these deposits
were partially saturated (fig. 8C) though the water content
may not have been high enough to note on the lithologic log.
A slight increase in resistivity and decrease in gamma activity
from 60 to 69 ft corresponds to the presence of gravel-sized
deposits described in the driller’s log (fig. 8C). The increas-
ing neutron count with depth in the screened interval (87.5 to
97 ft) indicates that porosity decreased with depth in this
interval.

Hydraulic Testing to Determine Aquifer
Characteristics

A flow-meter survey and several aquifer tests were
conducted during 2003 to estimate the hydraulic proper-
ties of debris-flow deposits, bedrock, and Red River alluvial
deposits in and near Straight Creek. A flow-meter survey was
conducted in well SC-7A, slug tests were conducted in wells
SC-1A, SC-1B, SC-2B, SC-3A, SC-3B, SC-4A, SC-5A,
SC-5B, SC-6A, SC-7A, and SC-8A, and a pumping test was
conducted at the mouth of the Straight Creek drainage in well
AWWT-1. Wells AWWT-2, SC-5A, SC-5B, SC-7A and
SC-8A were used to monitor ground-water levels during the
pumping test.

Flow-Meter Survey in Well SC-7A

A flow-meter survey was conducted in well SC-7A on
October 27, 2003, to determine the vertical distribution of
flow to the well through the interval open to the aquifer. The
SC-7A well screen extends from about 107 ft to about 195 ft
below land surface and, at the time of the test, was entirely
below the water level in the well.

Prior to the survey, a flow meter was lowered to about
150 ft, and a pump was lowered to about 10 ft below the static
water level (about 114 ft below land surface). The well was
pumped at a rate of 3.64 gal/min (gallons per minute); this
pumping rate was constant throughout the test. Drawdown in
the well reached steady state at 0.07 ft below the static water
level. The flow meter was raised and lowered incrementally in
the well to measure the vertical distribution of flow produced

by the pumping. The flow rates indicated the relative contribu-
tion of water to the well from each increment (fig. 9).

Results of the flow-meter survey indicated that nearly
all water entered well SC-7A from two zones—one approxi-
mately 10-ft-thick zone near the top of the screened interval
(107-117 ft below land surface) and one approximately 15-ft-
thick zone near the bottom of the screened interval (177-192 ft
below land surface). About 77 percent of the water entered
the well through the upper zone, and about 23 percent of the
water entered the well through the lower zone (fig. 9); less
than 1 percent of the water entered the well between these two
zones. The lithologic log of well SC-7A (fig. 8B) indicates
that boulders were present within both of these zones.

Slug Tests Conducted in Selected Phase | and I
Drilled Wells

Slug tests were performed in wells SC-1A, SC-1B,
SC-2B, SC-3A, SC-3B, SC4A, SC-5A, SC-5B, SC-6A,
SC-7A, and SC-8A during June 3-5, 2003. Water-level data
were recorded during each slug test using a submersible pres-
sure transducer connected to a data logger. The data logger
was programmed to collect data in the early stages of slug tests
at a rate of once every 0.125 second, and in the later stages of
slug tests at a rate of once every 5 seconds. Water in the wells
was displaced (raised or lowered) by means of a slug, a sealed
2-in. outside diameter, 5.5-ft long, schedule 80 PVC pipe filled
with sand. Slug tests were performed using both slug-in and
slug-out techniques.

The slug-in test procedure was as follows. The static
water level in the well was measured using an electric tape
shortly before introduction of the slug. The slug was lowered
to just above the static water level in the well. Then, data log-
ger recording was initiated shortly before the slug was rapidly
and completely submerged below the static water level in the
well.

The slug-out procedure, usually done following a slug-in
test, was as follows. The water level in the well was mea-
sured using an electric tape to determine if the water level had
returned to the static level, and then data logger recording was
initiated shortly before the slug was rapidly and completely
removed from the well.

All slug-test data except that from wells SC-7A and
SC-8A were analyzed using the method of Bouwer and Rice
(1976) as implemented in the AQTESOLV computer program
(Duffield, 2000). Water levels in wells SC-7A and SC-8A
exhibited oscillatory behavior (oscillations from above to
below the static water level) during slug tests and, therefore,
were analyzed using the method of van der Kamp (1976) as
implemented in the van der Kamp spreadsheet developed by
Halford and Kuniansky (2002). The van der Kamp (1976)
method assumes that the well screen fully penetrates the
saturated aquifer—a condition met for well SC-7A but not for
well SC-8A. Thus, an estimated range of likely hydraulic-
conductivity values is reported for well SC-8A. Analytical
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Figure 9. Vertical distribution of borehole flow measured during
pumping and corresponding percentage of flow into well SC-7A.

solutions within both the AQTESOLYV program and the van
der Kamp spreadsheet were obtained by manually fitting
straight-line segments to the data.

Because of the limited radius of investigation of a slug
test (Halford and Kuniansky, 2002), the aquifer interval
contributing water during a slug test was assumed to be the
aquifer interval adjacent to the well screen. During installa-
tion, the SC-1A, SC-3A, SC4A, SC-5A, and SC-6A well
screens were placed primarily in Straight Creek debris-flow
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deposits, but some of these screens also penetrated bedrock.
For consistency, hydraulic-conductivity values were estimated
for that part of the each well’s screen that was in debris-flow
deposits. Hydraulic-conductivity values were estimated for a
vertical-to-horizontal hydraulic-conductivity ratio of 0.01.

On the basis of the above variables, hydraulic-conductiv-
ity values were estimated for the wells (table 2). For the wells
with screens in debris-flow deposits (wells SC-1A, SC-3A,
SC—4A, and SC-6A), the mean and median estimated hydrau-
lic conductivities were 15.25 and 15.35 ft/d (feet per day),
respectively. For the wells with screens in bedrock (wells
SC-1B, SC-2B, SC-3B, and SC-5B), the mean and median
estimated hydraulic conductivities were 0.12 and 0.08 ft/d,
respectively (table 2). For the wells with screens in mixed
debris-flow deposits and Red River alluvium (wells SC-5A,
SC-7A, and SC-8A), the mean and median estimated hydrau-
lic conductivities were 73-207 (estimated range) and 80 ft/d.
Although there is some overlap of the estimated hydraulic-
conductivity values between the groups of wells, the mean
and median values indicate that, in general, bedrock has the
smallest hydraulic conductivity, debris-flow deposits have the
next highest hydraulic conductivity, and mixed debris-flow
deposits and Red River alluvium have the largest hydraulic
conductivity.

Variations in hydraulic conductivity over short distances,
such as between wells SC-3A, SC4A, and SC-6A, are an
indication of the heterogeneity of the debris-flow deposits.
The variations in estimated hydraulic conductivity are consis-
tent with field observations along Straight Creek such as the
debris-flow deposits consist of massive beds with discontinu-
ous layers of poorly sorted clay- to boulder-size material that
may be interlayered with thin beds, generally less than a foot
thick, of well-sorted sand and gravel. Thus, wells separated by
short distances can exhibit very different hydraulic properties.

It is interesting to note that for the wells with screens in
mixed debris-flow deposits and Red River alluvium, the larg-
est hydraulic conductivity was estimated for the well (SC-8A)

Table 2. Estimated hydraulic-conductivity values for slug tests conducted June 3-5, 2003, for selected wells in Red River Valley, north-

central New Mexico.

[e, estimated value—actual value probably is within the indicated range. The actual value is uncertain because the well screen did not fully penetrate the aqui-
fer as assumed by the van der Kamp (1976) method]

Hydraulic conductivity, in feet per day

Wells completed in debris-flow deposits

SC-1A SC-3A SCH4A SC-6A Mean Median
0.7 0.3 30 30 15.25 15.35
Wells completed in bedrock

SC-1B SC-2B SC-3B SC-5B Mean Median

0.06 0.1 0.005 0.3 0.12 0.08
Wells completed in mixed Red River alluvium and debris-flow deposits

SC-5A SC-7A SC-8A Mean Median

40 30 e 100-500 e 73-207 30
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closest to the axis of the Red River Valley. This may be an
indication that debris-flow deposits near the central part of the
Red River Valley (or farther away from the source of debris-
flow material) are more likely to be reworked and sorted into
hydraulically transmissive alluvial deposits than are the debris-
flow deposits near margins of the valley.

Pumping Test Conducted at Mouth of Straight
Creek Drainage

A pumping test was conducted to estimate the hydraulic
properties of mixed debris-flow deposits and Red River allu-
vium at the mouth of the Straight Creek drainage. The aquifer
test was conducted December 3—4, 2003, using well AWWT-1
as the pumped well, and wells A WWT-2, SC-5A, SC-5B,
SC-7A, and SC-8A as observation wells. Well AWWT-=-2 is
completed in bedrock that is horizontally adjacent to mixed
debris flow and Red River alluvium, but water levels in the
well did not show a measurable response to pumping (dis-
cussed later in this report); therefore, it was not used in the
aquifer-test analysis. Well SC-5B is completed in bedrock;
wells AWWT-1, SC-5A, SC-7A, and SC-8A are completed
in mixed debris-flow deposits and Red River alluvium.

The pumping test was conducted as follows. Pressure
transducers were installed in wells A WWT-1, A WWT-2,
SC-7A, and SC-8A on November 22, 2003, to allow for
measurement of pre-pumping water-level trends. Wells SC-5A
and SC-5B had been equipped previously with pressure
transducers. During the week of December 1, 2003, a sub-
mersible pump was installed in well AWWT-1. Pumping for
the aquifer test began at 2:05 p.m. on December 3, 2003. The
pumping rate was monitored using a totalizing flow meter
located near the well head. The measured pumping rate ranged
from 104.5 to 108.6 gal/min with a time-weighted average
of 106 gal/min. The water from well AWWT-1 was pumped
into a nearby unused sewage lagoon. Water levels measured
by pressure transducers in the pumped well and in the obser-
vation wells were recorded by a data logger eight times per
second for the first minute of the test, once a second for the
next 9 minutes, and then the recording interval was increased
over time to a maximum of 15 minutes. Barometric pressure
also was recorded prior to and during the pumping test for use
in correcting the water-level data for changes in barometric
pressure.

Pre-pumping monitoring indicated that water levels were
rising in all of the pumping-test wells from late November
to about December 2, 2003, (fig. 10A). Water levels stopped
rising on December 3, just prior to initiation of the pumping
test, and began falling after initiation of pumping. Pre-pump-
ing monitoring indicated that water-level variations in well
AWWT-2 closely followed variations in barometric pressure
and that the water-level variations caused by barometric-
pressure changes masked any observable water-level change
caused by pumping well A WWT-1 (fig. 10B). Other wells

did not show a discernable relation between water-level and
barometric-pressure changes.

The change in water-level trends just prior to initiation of
the pumping test makes the corrections in drawdown mea-
sured during the test difficult for all but the pumping well. The
drawdown in the pumping well was relatively large compared
with the water-level-trend changes. But, drawdowns measured
in the observation wells were relatively small compared to the
changing water-level trends. Pre- and post-test water levels
from wells AWWT-1, SC-5A, SC-5B, and SC-7A were used
to correct for water-level trends not attributed to the test pump-
ing. However, because of the changing trends in background
water levels, corrected drawdown from the early part of the
test was considered more reliable than corrected drawdown
from the later part of the test. Therefore, the early part of the
test was used in the test analysis.

Analysis of the pumping test water-level data from wells
SC-5A and SC-7A using standard curve-matching techniques
and type curves for non-steady radial flow (Theis, 1935) indi-
cated that estimated transmissivity was 12,000 to 34,000 ft*/d
(feet squared per day), and estimated hydraulic conductivity
was 230 to 340 ft/d (table 3). Pumping-test data from wells
AWWT-2 and SC-8A were not analyzed because the water
levels in these wells did not visibly respond to pumping. Data
from well AWWT-1 was not analyzed because most of the
drawdown in the well probably resulted from hydraulic head
losses that occurred as ground-water flowed in through the
well screen. The water-level response to pumping in well
SC-5B was judged to be a pressure response and an indication
of hydraulic connection between bedrock and the overlying
mixed debris-flow deposits and Red River alluvium.

Water-Level Measurements

Periodic manual water-level measurements were made at
each observation well using a steel or electric tape. Measure-
ments were recorded to the nearest 0.01 ft and were repeated
until the precision was within 0.02 ft.

Hydrographs of manually measured water-level altitudes
in Phase II wells, except well SC-9A, are shown in
figures 11-13. Streamflow and stage in the Red River also are
shown in figure 11. The hydrographs of water levels in the
Capulin Canyon wells (fig. 13) include measurements made
by the USGS and the measurements made by URS, Denver,
Colorado, a private consultant contracted by Molycorp.

The land-surface altitude was used to establish a datum
for each observation well. A permanent measuring point for
water-level measurement was established at each well, and
the distance of this measuring point above land surface was
determined. Description and distance above land surface of
measuring points for Phase I and II wells are listed in table 4.
Ground-water altitudes in observation wells were calculated
by subtracting the depth to water below the permanent
measuring point, minus the height of the permanent measur-
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Figure 10. (A) Water levels in wells AWWT-1, SC-5A, SC-5B, SC—7A, and SC—8A before, during, and after pumping test and

8,414

8,412

8,410

8,408

8,406

8,404

8,402

8,400

8,398

8,396

103.4

103.6

1
103.8

104.0

104.2

104.4

104.6

Water-Level Measurements

I
Well SC-5B
Well SC-5A
Well SC-7A
Well AWWT-1
e et St TRy
Well SC-8A
|

22

23 24

25 26

27

November 2003

28

29

30

December 2003

(B) comparison of water levels in well AWWT-2 to barometric pressure, November 22—-December 5, 2003.

24.2

244

24.6

24.8

25.0

25.2

254

25.6

BAROMETRIC PRESSURE, IN FEET OF WATER

31



32 Questa Baseline and Pre-Mining Ground-Water Quality Investigation 15

Table 3. Results of pumping test conducted December 3—4, 2003, in selected wells in Red River Valley, north-central New Mexico.

Well Estimated transmissivity Estimated saturated thickness  Estimated hydraulic conductivity
(fig. 3) (feet squared per day) (feet) (feet per day)

SC-SA 12,000 52 230

SC-7A 34,000 99 340

ing point above land surface, from the land-surface altitude.
Water-level altitudes for Phase I and II wells are listed in

table 4. Water levels in Phase I wells included in table 4 have
not been previously published. Naus and others (2005) discuss
water levels measured in Phase I wells during 2002 and 2003.

Water levels in the Phase II drilled wells SC-6A, SC-7A,
SC-8A, and the Hottentot, Hansen, and La Bobita wells typi-
cally rose rapidly during the melting of the winter snowpack
in the springtime and then generally declined during the rest
of the year. The Red River streamflow hydrograph (fig. 11A4)
indicates that most meltwater from the winter snowpack
entered the river during April and May. Water levels in these
wells were measured periodically and, therefore, may not
coincide precisely with the beginning and ending of water-
level rises in response to spring snowmelt. The duration of
water-level rise, however, appears to be typically about 2
months, after which a slow water-level decline occurs during
the following 10 months.

Wells SC-6A, SC-7A and SC—8A are completed in
unconsolidated deposits; well SC6—-A is completed in debris-
flow deposits, and wells SC-7A and SC—8A are most likely
completed in mixed debris-flow deposits and Red River
alluvium. Wells SC-6A, SC-7A, and SC-8A are about 2,200,
400, and 100 ft north of the Red River, respectively.

In the Straight Creek drainage, the water-level rise in
response to spring snowmelt occurred earlier and was smaller
at greater distances from the Red River. The water level in well
SC-6A rose 1.88 ft between February 7 and April 15, 2003,
and 1.85 ft between February 20 and May 12, 2004 (fig. 11B);
water levels in wells SC—7A and SC-8A rose 13.71 and
13.02 ft between April 17 and June 5, 2003, and 14.00 and
13.56 ft between March 26 and June 1, 2004, respectively
(figs. 11C and 11D). The springtime increases in water levels
in wells SC7-A and SC-8A were about eight times larger than
those in well SC-6A (fig. 11). The magnitude of subsequent
water-level declines in wells SC-6A, SC-7A and SC-8A
during the following approximately 10 months were similarly
related to distance from the Red River (fig. 11). The water
level in well SC—6A declined 1.73 ft during the approximately
10 months between April 15, 2003, and February 20, 2004;
water levels in wells SC—7A and SC—8A declined 12.71 and
12.05 ft, respectively, during the approximately 10 months
between June 5, 2003, and March 26, 2004.

Well SC-9A is about 7 ft from the north bank of the Red
River and about 100 ft south of well SC-8A (fig. 3). This well
was dry at the time of construction but subsequently con-
tained water. Three water levels in well SC-9A measured on
March 26, May 12, and June 1, 2004, ranged from 12.02 to

25.58 ft above concurrently measured water levels in well SC—
8A. On May 12, 2004, the stage of the Red River was 31.5 ft
above the water level in well SC-8A and 16.2 ft higher than
the water level in well SC-9A. This substantially higher stage
in the Red River compared with water levels in wells SC-8A
and SC-9A, and the absence of water in well SC-9A and
nearby holes at the time of completion of well SC-9A, indi-
cate that the Red River had a poor hydraulic connection to the
underlying ground-water system and the surface-water system
is perched above the ground-water system at this site.

The Hottentot well, completed in debris-flow deposits,
is about 1,700 ft north of the Red River and about 0.75 mi
upstream (east) from Straight Creek. The water level in the
Hottentot well rose 1.69 ft between February 5 and May 12,
2003, and 2.80 ft between March 26 and May 12, 2004
(fig. 12A). The water level declined 0.77 ft during the
approximately 10 months between May 12, 2003, and
March 26, 2004.

The Hansen well is completed in debris-flow deposits
and is about 1,500 ft north of the Red River and about 0.75 mi
downstream (west) from Straight Creek. The water level in
the Hansen well rose 3.96 ft between February 5 and April 17,
2003, and 2.83 ft between February 20 and May 11, 2004
(fig. 12B). The water level declined 3.79 ft during the approxi-
mately 10 months between measurements on April 17, 2003,
and February 20, 2004.

The La Bobita well is completed in unconsolidated
deposits not associated with debris-flow deposits. The well
is about 600 ft northwest of the Red River and about 2 mi
downstream (west) from Straight Creek. The water level in the
La Bobita well rose 5.49 ft between February 7 and May 15,
2003, and 4.68 ft between March 26 and May 13, 2004
(fig. 12C). The water level declined 4.57 ft during the approxi-
mately 10 months between measurements on May 15, 2003,
and March 26, 2004.

Wells in Capulin Canyon are about 1 mi northeast of
the Red River. Wells CC—1A and CC-2A are completed
in Capulin Canyon alluvium, well CC-1B is completed in
bedrock or overlying regolith, and well CC-2B is completed
in bedrock. The hydrographs for each of these four wells are
similar (fig. 13). A seasonal high in water level occurs during
spring snowmelt in April or May 2003, a seasonal low in July
2003, and then a second seasonal high in September 2003.
The spring seasonal high occurs again in April 2004. The
range in water levels at wells CC-1A and CC-2A (completed
in alluvium) were about 1.8 times the range in wells CC-1B
and CC-2B (completed in regolith or bedrock), respectively
(fig. 13).
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Phase IIT wells were installed in unconsolidated material
along an approximately 1-mi reach of the Red River west of
Elephant Rock campground (figs. 1 and 4). These wells were
installed to examine the interaction of the Red River and water
in the Red River alluvium. Water levels in these wells were
measured in December 2003 and in February, March, May,
and June 2004. The difference in altitude between the water
level in these wells and the stage of the Red River also was
determined from survey data collected in May and June 2004.
Water-level altitudes in the Phase II La Bobita well and all
Phase III wells and altitude of the stage of the Red River are
listed in table 5; a comparison of water levels in the La Bobita
well and Phase III wells with the stage of the Red River is
shown in figure 14.

Well 1 was installed about 150 ft downstream (west)
from a line approximately perpendicular to the Red River

and connecting to the La Bobita well (fig. 4). Water levels
measured in May and June 2004 in the La Bobita well ranged
from 2.95 to 3.52 ft higher than concurrently measured water
levels in well 1 (fig. 14, table 5). Considering the locations of
these two wells, the relative water levels indicate that ground
water is flowing toward the Red River. The stage of the Red
River also was measured in May and June 2004 where a line
approximately perpendicular to the bank of the river intersects
the La Bobita well. Ground-water levels in the La Bobita well
ranged from 7.1 to 6.7 ft lower and in well 1 ranged from
10.1 to 9.8 ft lower than the stage of the Red River (fig. 14,
table 5). This indicates that, near these wells, the Red River

is perched above the water table and may be disconnected
from or have a poor hydraulic connection to the underlying
ground water.
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Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,

north-central New Mexico, 2002—04.

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI::;:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase | wells

SC-1A 03/15/02  Top of casing 52.51 +0.12 52.39 2.88 49.51 8,904.44 8,854.94
SC-1A 03/18/02  Top of casing 52.51 +0.12 52.39 2.88 49.51 8,904.44 8,854.94
SC-1A 03/26/02  Access hole in cap 52.32 0.00 52.32 2.88 49.44 8,904.44 8,855.00
SC-1A 04/25/02  Access hole in cap 52.44 0.00 52.44 2.88 49.56 8,904.44 8,854.88
SC-1A 05/22/02  Access hole in cap 52.65 0.00 52.65 2.88 49.77 8,904.44 8,854.67
SC-1A 06/18/02  Access hole in cap 52.73 0.00 52.73 2.88 49.85 8,904.44 8,854.59
SC-1A 07/24/02  Access hole in cap 52.85 0.00 52.85 2.88 49.97 8,904.44 8,854.47
SC-1A 08/21/02  Access hole in cap 52.48 0.00 52.48 2.88 49.60 8,904.44 8,854.84
SC-1A 09/17/02  Access hole in cap 52.71 0.00 52.71 2.88 49.83 8,904.44 8,854.61
SC-1A 10/16/02  Access hole in cap 51.94 0.00 51.94 2.88 49.06 8,904.44 8,855.38
SC-1A 11/14/02  Access hole in cap 52.30 0.00 52.30 2.88 49.42 8,904.44 8,855.02
SC-1A 12/12/02  Access hole in cap 52.39 0.00 52.39 2.88 49.51 8,904.44 8,854.93
SC-1A 02/03/03  Access hole in cap 52.61 0.00 52.61 2.88 49.73 8,904.44 8,854.71
SC-1A 04/16/03  Access hole in cap 51.50 0.00 51.50 2.88 48.62 8,904.44 8,855.82
SC-1A 05/13/03  Access hole in cap 51.91 0.00 51.91 2.88 49.03 8,904.44 8,855.41
SC-1A 06/02/03  Access hole in cap 52.45 0.00 52.45 2.88 49.57 8,904.44 8,854.87
SC-1A 06/06/03  Access hole in cap 52.48 0.00 52.48 2.88 49.60 8,904.44 8,854.84
SC-1A 07/08/03  Access hole in cap 52.48 0.00 52.48 2.88 49.60 8,904.44 8,854.84
SC-1A 08/21/03  Access hole in cap 52.45 0.00 52.45 2.88 49.57 8,904.44 8,854.87
SC-1A 09/18/03  Access hole in cap 51.99 0.00 51.99 2.88 49.11 8,904.44 8,855.33
SC-1A 10/20/03  Access hole in cap 52.45 0.00 52.45 2.88 49.57 8,904.44 8,854.87
SC-1A 10/23/03  Access hole in cap 52.48 0.00 52.48 2.88 49.60 8,904.44 8,854.84
SC-1A 12/05/03  Access hole in cap 52.61 0.00 52.61 2.88 49.73 8,904.44 8,854.71
SC-1A 02/21/04  Access hole in cap 52.61 0.00 52.61 2.88 49.73 8,904.44 8,854.71
SC-1A 03/26/04  Access hole in cap 51.58 0.00 51.58 2.88 48.70 8,904.44 8,855.74
SC-1A 05/11/04  Access hole in cap 51.45 0.00 51.45 2.88 48.57 8,904.44 8,855.87
SC-1A 06/01/04  Access hole in cap 52.45 0.00 52.45 2.88 49.57 8,904.44 8,854.87
SC-1B 03/15/02  Top of casing 59.02 +0.12 58.90 3.15 55.75 8,901.88 8,846.13
SC-1B 03/18/02  Top of casing 59.01 +0.12 58.89 3.15 55.74 8,901.88 8,846.14
SC-1B 03/26/02  Access hole in cap 58.88 0.00 58.88 3.15 55.73 8,901.88 8,846.15
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Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,
north-central New Mexico, 2002-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI::;:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase | wells—Continued

SC-1B 04/25/02  Access hole in cap 59.00 0.00 59.00 3.15 55.85 8,901.88 8,846.03
SC-1B 05/22/02  Access hole in cap 59.12 0.00 59.12 3.15 55.97 8,901.88 8,845.91
SC-1B 06/18/02  Access hole in cap 59.66 0.00 59.66 3.15 56.51 8,901.88 8,845.37
SC-1B 07/24/02  Access hole in cap 59.29 0.00 59.29 3.15 56.14 8,901.88 8,845.74
SC-1B 08/21/02  Access hole in cap 59.00 0.00 59.00 3.15 55.85 8,901.88 8,846.03
SC-1B 09/17/02  Access hole in cap 59.25 0.00 59.25 3.15 56.10 8,901.88 8,845.78
SC-1B 10/16/02  Access hole in cap 58.37 0.00 58.37 3.15 55.22 8,901.88 8,846.66
SC-1B 11/14/02  Access hole in cap 58.78 0.00 58.78 3.15 55.63 8,901.88 8,846.25
SC-1B 12/12/02  Access hole in cap 58.83 0.00 58.83 3.15 55.68 8,901.88 8,846.20
SC-1B 02/03/03  Access hole in cap 58.87 0.00 58.87 3.15 55.72 8,901.88 8,846.16
SC-1B 04/16/03  Access hole in cap 57.38 0.00 57.38 3.15 54.23 8,901.88 8,847.65
SC-1B 05/13/03  Access hole in cap 58.09 0.00 58.09 3.15 54.94 8,901.88 8,846.94
SC-1B 06/02/03  Access hole in cap 58.63 0.00 58.63 3.15 55.48 8,901.88 8,846.40
SC-1B 06/06/03  Access hole in cap 58.60 0.00 58.60 3.15 55.45 8,901.88 8,846.43
SC-1B 07/08/03  Access hole in cap 58.54 0.00 58.54 3.15 55.39 8,901.88 8,846.49
SC-1B 08/21/03  Access hole in cap 58.58 0.00 58.58 3.15 55.43 8,901.88 8,846.45
SC-1B 09/18/03  Access hole in cap 57.99 0.00 57.99 3.15 54.84 8,901.88 8,847.04
SC-1B 10/20/03  Access hole in cap 58.34 0.00 58.34 3.15 55.19 8,901.88 8,846.69
SC-1B 12/05/03  Access hole in cap 58.49 0.00 58.49 3.15 55.34 8,901.88 8,846.54
SC-1B 02/21/04  Access hole in cap 58.42 0.00 58.42 3.15 55.27 8,901.88 8,846.61
SC-1B 03/26/04  Access hole in cap 57.53 0.00 57.53 3.15 54.38 8,901.88 8,847.50
SC-1B 05/11/04  Access hole in cap 57.11 0.00 57.11 3.15 53.96 8,901.88 8,847.92
SC-1B 06/01/04  Access hole in cap 58.03 0.00 58.03 3.15 54.88 8,901.88 8,847.00
SC-2B 03/15/02  Top of casing 70.95 +0.12 70.83 2.59 68.24 8,737.35 8,609.11
SC-2B 03/19/02  Top of casing 70.81 +0.12 70.69 2.59 68.09 8,737.35 8,669.26
SC-2B 03/25/02  Access hole in cap 70.66 0.00 70.66 2.59 68.07 8,737.35 8,609.28
SC-2B 04/25/02  Access hole in cap 71.05 0.00 71.05 2.59 68.46 8,737.35 8,668.89
SC-2B 05/23/02  Access hole in cap 71.23 0.00 71.23 2.59 68.64 8,737.35 8,608.71
SC-2B 06/25/02  Access hole in cap 71.44 0.00 71.44 2.59 68.85 8,737.35 8,668.50

SC-2B 07/25/02  Access hole in cap 71.72 0.00 71.72 2.59 69.13 8,737.35 8,668.22
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Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,

north-central New Mexico, 2002—-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI::;:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase | wells—Continued

SC-2B 08/21/02  Access hole in cap 71.40 0.00 71.40 2.59 68.81 8,737.35 8,6068.54
SC-2B 09/18/02  Access hole in cap 71.06 0.00 71.06 2.59 68.47 8,737.35 8,668.88
SC-2B 10/17/02  Access hole in cap 67.74 0.00 67.74 2.59 65.15 8,737.35 8,672.20
SC-2B 11/14/02  Access hole in cap 69.27 0.00 69.27 2.59 66.68 8,737.35 8,670.67
SC-2B 12/12/02  Access hole in cap 69.94 0.00 69.94 2.59 67.35 8,737.35 8,670.00
SC-2B 02/08/03  Access hole in cap 70.77 0.00 70.77 2.59 68.18 8,737.35 8,609.17
SC-2B 04/15/03  Access hole in cap 69.63 0.00 69.63 2.59 67.04 8,737.35 8,670.31
SC-2B 06/03/03  Top of casing 69.65 +0.12 69.53 2.59 66.94 8,737.35 8,670.41
SC-2B 06/06/03  Access hole in cap 69.75 0.00 69.75 2.59 67.16 8,737.35 8,670.19
SC-2B 07/09/03  Access hole in cap 70.62 0.00 70.62 2.59 68.03 8,737.35 8,669.32
SC-2B 08/22/03  Access hole in cap 71.09 0.00 71.09 2.59 68.50 8,737.35 8,668.85
SC-2B 09/18/03  Access hole in cap 69.96 0.00 69.96 2.59 67.37 8,737.35 8,669.98
SC-2B 10/20/03  Access hole in cap 70.08 0.00 70.08 2.59 67.49 8,737.35 8,609.86
SC-2B 12/05/03  Access hole in cap 70.79 0.00 70.79 2.59 68.20 8,737.35 8,609.15
SC-2B 02/20/04  Access hole in cap 71.41 0.00 71.41 2.59 68.82 8,737.35 8,668.53
SC-2B 03/25/04  Access hole in cap 68.44 0.00 68.44 2.59 65.85 8,737.35 8,671.50
SC-2B 05/12/04  Access hole in cap 68.38 0.00 68.38 1.59 66.79 8,737.35 8,670.56
SC-2B 06/01/04  Access hole in cap 69.08 0.00 69.08 2.59 66.49 8,737.35 8,670.86
SC-3A 03/15/02  Top of casing 70.53 +0.12 70.41 2.61 67.80 8,735.87 8,668.08
SC-3A 03/19/02  Top of casing 70.92 +0.12 70.80 2.61 68.19 8,735.87 8,667.69
SC-3A 03/25/02  Access hole in cap 71.53 0.00 71.53 2.61 68.92 8,735.87 8,606.95
SC-3A 04/24/02  Access hole in cap 71.95 0.00 71.95 2.61 69.34 8,735.87 8,666.53
SC-3A 05/23/02  Access hole in cap 72.03 0.00 72.03 2.61 69.42 8,735.87 8,606.45
SC-3A 06/19/02  Access hole in cap 72.38 0.00 72.38 2.61 69.77 8,735.87 8,606.10
SC-3A 07/25/02  Access hole in cap 72.64 0.00 72.64 2.61 70.03 8,735.87 8,605.84
SC-3A 08/21/02  Access hole in cap 72.52 0.00 72.52 2.61 69.91 8,735.87 8,605.96
SC-3A 09/18/02  Access hole in cap 72.28 0.00 72.28 2.61 69.67 8,735.87 8,6066.20
SC-3A 10/17/02  Access hole in cap 68.92 0.00 68.92 2.61 66.31 8,735.87 8,609.56
SC-3A 11/14/02  Access hole in cap 70.27 0.00 70.27 2.61 67.66 8,735.87 8,668.21
SC-3A 12/12/02  Access hole in cap 70.54 0.00 70.54 2.61 67.93 8,735.87 8,667.94



Water-Level Measurements 39

Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,
north-central New Mexico, 2002-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI::;:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase | wells—Continued

SC-3A 02/08/03  Access hole in cap 72.00 0.00 72.00 2.61 69.39 8,735.87 8,606.48
SC-3A 04/15/03  Access hole in cap 68.57 0.00 68.57 2.61 65.96 8,735.87 8,669.91
SC-3A 05/14/03  Access hole in cap 68.30 0.00 68.30 2.61 65.69 8,735.87 8,670.18
SC-3A 06/06/03  Top of casing 69.62 +0.12 69.50 2.61 66.89 8,735.87 8,668.98
SC-3A 07/09/03  Access hole in cap 70.99 0.00 70.99 2.61 68.38 8,735.87 8,667.49
SC-3A 08/21/03  Access hole in cap 71.67 0.00 71.67 2.61 69.06 8,735.87 8,600.81
SC-3A 09/18/03  Access hole in cap 71.25 0.00 71.25 2.61 68.64 8,735.87 8,667.23
SC-3A 10/20/03  Access hole in cap 70.48 0.00 70.48 2.61 67.87 8,735.87 8,668.00
SC-3A 10/21/03  Access hole in cap 70.50 0.00 70.50 2.61 67.89 8,735.87 8,667.98
SC-3A 12/05/03  Access hole in cap 71.56 0.00 71.56 2.61 68.95 8,735.87 8,666.92
SC-3A 12/05/03  Access hole in cap 71.56 0.00 71.56 2.61 68.95 8,735.87 8,606.92
SC-3A 02/20/04  Access hole in cap 72.24 0.00 72.24 2.61 69.63 8,735.87 8,660.24
SC-3A 03/25/04  Access hole in cap 70.85 0.00 70.85 2.61 68.24 8,735.87 8,667.63
SC-3A 05/12/04  Access hole in cap 67.12 0.00 67.12 1.61 65.51 8,735.87 8,670.36
SC-3A 06/01/04  Access hole in cap 68.77 0.00 68.77 2.61 66.16 8,735.87 8,6069.71
SC-3B 03/15/02  Top of casing 156.33 0.00 156.32 2.50 153.82 8,735.38 8,581.56
SC-3B 03/19/02  Top of casing 156.34 0.00 156.34 2.50 153.84 8,735.38 8,581.54
SC-3B 03/26/02  Access hole in cap 156.32 0.00 156.32 2.50 153.82 8,735.38 8,581.56
SC-3B 04/25/02  Access hole in cap 156.06 0.00 156.06 2.50 153.56 8,735.38 8,581.82
SC-3B 06/25/02  Access hole in cap 156.31 0.00 156.31 2.50 153.81 8,735.38 8,581.57
SC-3B 07/25/02  Access hole in cap 156.25 0.00 156.25 2.50 153.75 8,735.38 8,581.63
SC-3B 08/21/02  Access hole in cap 156.31 0.00 156.31 2.50 153.81 8,735.38 8,581.57
SC-3B 09/18/02  Access hole in cap 156.16 0.00 156.16 2.50 153.66 8,735.38 8,581.72
SC-3B 10/17/02  Access hole in cap 155.40 0.00 155.40 2.50 152.90 8,735.38 8,582.48
SC-3B 11/14/02  Access hole in cap 155.40 0.00 155.40 2.50 152.90 8,735.38 8,582.48
SC-3B 12/12/02  Access hole in cap 155.28 0.00 155.28 2.50 152.78 8,735.38 8,582.60
SC-3B 02/08/03  Access hole in cap 155.52 0.00 155.52 2.50 153.02 8,735.38 8,582.36
SC-3B 04/15/03  Access hole in cap 154.83 0.00 154.83 2.50 152.33 8,735.38 8,583.05
SC-3B 05/14/03  Access hole in cap 154.51 0.00 154.51 2.50 152.01 8,735.38 8,583.37

SC-3B 06/03/03  Top of casing 154.64 0.00 154.64 2.50 152.14 8,735.38 8,583.24



40 Questa Baseline and Pre-Mining Ground-Water Quality Investigation 15

Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,

north-central New Mexico, 2002—-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI::;:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase | wells—Continued

SC-3B 06/06/03  Access hole in cap 154.61 0.00 154.61 2.50 152.11 8,735.38 8,583.27
SC-3B 07/09/03  Access hole in cap 154.94 0.00 154.94 2.50 152.44 8,735.38 8,582.94
SC-3B 08/21/03  Access hole in cap 155.10 0.00 155.10 2.50 152.60 8,735.38 8,582.78
SC-3B 09/18/03  Access hole in cap 154.97 0.00 154.97 2.50 152.47 8,735.38 8,582.91
SC-3B 10/20/03  Access hole in cap 154.62 0.00 154.62 2.50 152.12 8,735.38 8,583.26
SC-3B 10/21/03  Access hole in cap 154.71 0.00 154.71 2.50 152.21 8,735.38 8,583.17
SC-3B 12/05/03  Access hole in cap 154.68 0.00 154.68 2.50 152.18 8,735.38 8,583.20
SC-3B 02/20/04  Access hole in cap 154.22 0.00 154.22 2.50 151.72 8,735.38 8,583.66
SC-3B 03/25/04  Access hole in cap 153.99 0.00 153.99 2.50 151.49 8,735.38 8,583.89
SC-3B 05/12/04  Access hole in cap 152.03 0.00 152.03 1.50 150.53 8,735.38 8,584.85
SC-3B 06/01/04  Access hole in cap 152.39 0.00 152.39 2.50 149.89 8,735.38 8,585.49
SCH4A 03/15/02  Top of casing 76.54 +0.12 76.42 2.21 74.22 8,745.70 8,671.49
SCH4A 03/19/02  Top of casing 76.96 +0.12 76.84 2.21 74.63 8,745.70 8,671.07
SCH4A 03/25/02  Access hole in cap 77.69 0.00 77.69 2.21 75.48 8,745.70 8,670.22
SC—4A 04/24/02  Access hole in cap 78.37 0.00 78.37 2.21 76.17 8,745.70 8,609.54
SCH4A 05/23/02  Access hole in cap 78.75 0.00 78.75 2.21 76.55 8,745.70 8,609.16
SCH4A 06/25/02  Access hole in cap 79.08 0.00 79.08 2.21 76.88 8,745.70 8,668.83
SCH4A 07/25/02  Access hole in cap 79.18 0.00 79.18 2.21 76.98 8,745.70 8,6068.73
SCH4A 08/21/02  Access hole in cap 79.10 0.00 79.10 2.21 76.89 8,745.70 8,608.81
SCH4A 09/18/02  Access hole in cap 78.76 0.00 78.76 2.21 76.56 8,745.70 8,669.15
SCH4A 10/17/02  Access hole in cap 74.90 0.00 74.90 2.21 72.70 8,745.70 8,673.01
SC—4A 11/14/02  Access hole in cap 76.54 0.00 76.54 2.21 74.34 8,745.70 8,671.37
SCH4A 12/13/02  Access hole in cap 76.68 0.00 76.68 2.21 74.48 8,745.70 8,671.23
SCH4A 02/08/03  Access hole in cap 78.17 0.00 78.17 2.21 75.97 8,745.70 8,609.74
SC—H4A 04/15/03  Access hole in cap 74.20 0.00 74.20 2.21 72.00 8,745.70 8,673.71
SCH4A 05/14/03  Access hole in cap 74.02 0.00 74.02 2.21 71.81 8,745.70 8,673.89
SCH4A 06/03/03  Top of casing 75.94 +0.12 75.82 2.21 73.61 8,745.70 8,672.09
SCH4A 06/05/03  Access hole in cap 76.15 0.00 76.15 2.21 73.95 8,745.70 8,671.76
SCH4A 06/06/03  Access hole in cap 76.23 0.00 76.23 2.21 74.03 8,745.70 8,671.68
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Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,
north-central New Mexico, 2002-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI::;:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase | wells—Continued

SCH4A 07/09/03  Access hole in cap 77.77 0.00 77.77 2.21 75.56 8,745.70 8,670.14
SCH4A 08/21/03  Access hole in cap 78.34 0.00 78.34 2.21 76.14 8,745.70 8,669.57
SC—H4A 09/18/03  Access hole in cap 7791 0.00 77.91 2.21 75.70 8,745.70 8,670.00
SCH4A 10/20/03  Access hole in cap 77.02 0.00 77.02 2.21 74.81 8,745.70 8,670.89
SCH4A 10/21/03  Access hole in cap 77.03 0.00 77.03 2.21 74.83 8,745.70 8,670.88
SCH4A 12/05/03  Access hole in cap 78.17 0.00 78.17 2.21 75.97 8,745.70 8,609.74
SCH4A 02/20/04  Access hole in cap 78.79 0.00 78.79 2.21 76.58 8,745.70 8,609.12
SCH4A 05/12/04  Access hole in cap 73.28 0.00 73.28 2.21 71.08 8,745.70 8,674.63
SCH4A 05/12/04  Access hole in cap 73.28 0.00 73.28 2.21 71.08 8,745.70 8,674.63
SC-5A 03/15/02  Top of casing 154.41 +0.12 154.29 2.63 151.66 8,559.29 8,407.64
SC-5A 03/19/02  Top of casing 154.49 +0.12 154.37 2.63 151.74 8,559.29 8,407.55
SC-5A 03/27/02  Access hole in cap 154.35 0.00 154.35 2.63 151.72 8,559.29 8,407.57
SC-5A 04/26/02  Access hole in cap 151.55 0.00 151.55 2.63 148.92 8,559.29 8,410.37
SC-5A 05/23/02  Access hole in cap 150.43 0.00 150.43 2.63 147.80 8,559.29 8,411.49
SC-5A 06/26/02  Access hole in cap 152.03 0.00 152.03 2.63 149.40 8,559.29 8,409.89
SC-5A 07/23/02  Access hole in cap 153.91 0.00 153.91 2.63 151.28 8,559.29 8,408.01
SC-5A 08/22/02  Access hole in cap 156.29 0.00 156.29 2.63 153.66 8,559.29 8,405.63
SC-5A 09/17/02  Access hole in cap 157.00 0.00 157.00 2.63 154.37 8,559.29 8,404.92
SC-5A 10/16/02  Access hole in cap 157.55 0.00 157.55 2.63 154.92 8,559.29 8,404.37
SC-5A 11/14/02  Access hole in cap 157.98 0.00 157.98 2.63 155.35 8,559.29 8,403.94
SC-5A 12/13/02  Access hole in cap 157.31 0.00 157.31 2.63 154.68 8,559.29 8,404.61
SC-5A 02/08/03  Access hole in cap 156.39 0.00 156.39 2.63 153.76 8,559.29 8,405.53
SC-5A 04/15/03  Access hole in cap 154.78 0.00 154.78 2.63 152.15 8,559.29 8,407.14
SC-5A 05/13/03  Access hole in cap 145.06 0.00 145.06 2.63 142.43 8,559.29 8,416.86
SC-5A 06/04/03  Top of casing 138.13 +0.12 138.01 2.63 135.38 8,559.29 8,423.91
SC-5A 06/05/03  Access hole in cap 137.98 0.00 137.98 2.63 135.35 8,559.29 8,423.94
SC-5A 06/06/03  Access hole in cap 137.97 0.00 137.97 2.63 135.34 8,559.29 8,423.95
SC-5A 07/08/03  Access hole in cap 140.18 0.00 140.18 2.63 137.55 8,559.29 8,421.74
SC-5A 08/20/03  Access hole in cap 146.42 0.00 146.42 2.63 143.79 8,559.29 8,415.50

SC-5A 09/18/03  Access hole in cap 148.53 0.00 148.53 2.63 145.90 8,559.29 8,413.39
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Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,
north-central New Mexico, 2002-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI::;:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase | wells—Continued

SC-5A 10/20/03  Access hole in cap 151.38 0.00 151.38 2.63 148.75 8,559.29 8,410.54
SC-5A 11/22/03  Access hole in cap 152.74 0.00 152.74 2.63 150.11 8,559.29 8,409.18
SC-5A 12/01/03  Access hole in cap 150.77 0.00 150.77 2.63 148.14 8,559.29 8,411.15
SC-5A 12/02/03  Access hole in cap 150.22 0.00 150.22 2.63 147.59 8,559.29 8,411.70
SC-5A 12/03/03  Access hole in cap 149.96 0.00 149.96 2.63 147.33 8,559.29 8,411.96
SC-5A 03/25/04  Access hole in cap 153.14 0.00 153.14 2.63 150.51 8,559.29 8,408.78
SC-5A 05/12/04  Access hole in cap 141.60 0.00 141.60 2.63 138.97 8,559.29 8,420.32
SC-5A 06/04/04  Access hole in cap 136.83 0.00 136.83 2.63 134.20 8,559.29 8,425.09
SC-5B 03/19/02  Top of casing 153.27 0.00 153.27 3.00 150.27 8,558.02 8,407.75
SC-5B 03/27/02  Access hole in cap 152.66 0.00 152.66 3.00 149.66 8,558.02 8,408.36
SC-5B 04/26/02  Access hole in cap 149.01 0.00 149.01 3.00 146.01 8,558.02 8,412.01
SC-5B 05/23/02  Access hole in cap 148.78 0.00 148.78 3.00 145.78 8,558.02 8,412.24
SC-5B 06/26/02  Access hole in cap 150.38 0.00 150.38 3.00 147.38 8,558.02 8,410.64
SC-5B 07/23/02  Access hole in cap 152.22 0.00 152.22 3.00 149.22 8,558.02 8,408.80
SC-5B 08/22/02  Access hole in cap 155.65 0.00 155.65 3.00 152.65 8,558.02 8,405.37
SC-5B 09/17/02  Access hole in cap 156.08 0.00 156.08 3.00 153.08 8,558.02 8,404.94
SC-5B 10/16/02  Access hole in cap 155.81 0.00 155.81 3.00 152.81 8,558.02 8,405.21
SC-5B 11/14/02  Access hole in cap 156.33 0.00 156.33 3.00 153.33 8,558.02 8,404.69
SC-5B 12/13/02  Access hole in cap 155.49 0.00 155.49 3.00 152.49 8,558.02 8,405.53
SC-5B 02/08/03  Access hole in cap 154.72 0.00 154.72 3.00 151.72 8,558.02 8,406.30
SC-5B 04/15/03  Access hole in cap 153.00 0.00 153.00 3.00 150.00 8,558.02 8,408.02
SC-5B 05/13/03  Access hole in cap 143.52 0.00 143.52 3.00 140.52 8,558.02 8,417.50
SC-5B 06/04/03  Top of casing 136.28 0.00 136.28 3.00 133.28 8,558.02 8,424.74
SC-5B 06/05/03  Access hole in cap 136.37 0.00 136.37 3.00 133.37 8,558.02 8,424.65
SC-5B 06/06/03  Access hole in cap 136.17 0.00 136.17 3.00 133.17 8,558.02 8,424.85
SC-5B 07/08/03  Access hole in cap 138.42 0.00 138.42 3.00 135.42 8,558.02 8,422.60
SC-5B 08/20/03  Access hole in cap 144.80 0.00 144.80 3.00 141.80 8,558.02 8,416.22
SC-5B 09/18/03  Access hole in cap 146.89 0.00 146.89 3.00 143.89 8,558.02 8,414.13
SC-5B 10/20/03  Access hole in cap 149.78 0.00 149.78 3.00 146.78 8,558.02 8,411.24
SC-5B 10/24/03  Access hole in cap 150.91 0.00 150.91 3.00 147.91 8,558.02 8,410.11
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Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,
north-central New Mexico, 2002-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI::;:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase | wells—Continued
SC-5B 11/22/03  Access hole in cap 151.00 0.00 151.00 3.00 148.00 8,558.02 8,410.02
SC-5B 12/01/03  Access hole in cap 148.89 0.00 148.89 3.00 145.89 8,558.02 8,412.13
SC-5B 12/02/03  Access hole in cap 148.36 0.00 148.36 3.00 145.36 8,558.02 8,412.66
SC-5B 12/03/03  Access hole in cap 148.26 0.00 148.26 3.00 145.26 8,558.02 8,412.76
SC-5B 03/25/04  Access hole in cap 151.52 0.00 151.52 3.00 148.52 8,558.02 8,409.50
SC-5B 05/12/04  Access hole in cap 139.78 0.00 139.78 3.00 136.78 8,558.02 8,421.24
SC-5B 06/01/04  Access hole in cap 135.21 0.00 135.21 3.00 132.21 8,558.02 8,425.81
Phase Il wells

Hottentot ~ 02/05/03  Access hole in cap 100.10 0.00 100.10 1.38 98.72 8,790.79 8,692.07
Hottentot ~ 05/12/03  Access hole in cap 98.41 0.00 98.41 1.38 97.03 8,790.79 8,093.76
Hottentot ~ 07/09/03  Access hole in cap 99.09 0.00 99.09 1.38 97.71 8,790.79 8,693.08
Hottentot ~ 08/20/03  Access hole in cap 99.39 0.00 99.39 1.38 98.01 8,790.79 8,692.78
Hottentot ~ 09/18/03  Access hole in cap 99.26 0.00 99.26 1.38 97.88 8,790.79 8,692.91
Hottentot ~ 10/24/03  Access hole in cap 98.94 0.00 98.94 1.38 97.56 8,790.79 8,693.23
Hottentot ~ 12/05/03  Access hole in cap 99.41 0.00 99.41 1.38 98.03 8,790.79 8,092.76
Hottentot ~ 03/26/04  Access hole in cap 99.18 0.00 99.18 1.38 97.30 8,790.79 8,692.99
Hottentot ~ 05/12/04  Access hole in cap 96.38 0.00 96.38 1.38 95.00 8,790.79 8,695.79
Hottentot  06/01/04  Access hole in cap 96.50 0.00 96.50 1.38 95.12 8,790.79 8,095.67
SC-6A 02/07/03  Access hole in cap 136.20 0.00 136.20 3.08 133.12 8,739.43 8,606.31
SC-6A 04/15/03  Access hole in cap 134.32 0.00 134.32 3.08 131.24 8,739.43 8,608.19
SC-6A 05/14/03  Access hole in cap 134.89 0.00 134.89 3.08 131.81 8,739.43 8,607.62
SC-6A 06/03/03  Top of casing 135.45 +0.12 135.33 3.08 132.25 8,739.43 8,607.18
SC-6A 06/06/03  Access hole in cap 135.57 0.00 135.57 3.08 132.49 8,739.43 8,606.94
SC-6A 07/09/03  Access hole in cap 135.71 0.00 135.71 3.08 132.63 8,739.43 8,606.80
SC-6A 08/18/03  Access hole in cap 135.79 0.00 135.79 3.08 132.71 8,739.43 8,606.72
SC-6A 09/18/03  Access hole in cap 135.81 0.00 135.81 3.08 132.73 8,739.43 8,606.70
SC-6A 10/20/03  Access hole in cap 135.67 0.00 135.67 3.08 132.59 8,739.43 8,606.84
SC-6A 10/21/03  Access hole in cap 135.68 0.00 135.68 3.08 132.60 8,739.43 8,606.83
SC-6A 10/30/03  Access hole in cap 135.71 0.00 135.71 3.08 132.63 8,739.43 8,606.80

SC-6A 12/05/03  Access hole in cap 136.05 0.00 136.05 3.08 132.97 8,739.43 8,606.46
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Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,
north-central New Mexico, 2002-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI::;:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase Il wells—Continued

SC-6A 02/20/04  Access hole in cap 136.05 0.00 136.05 3.08 132.97 8,739.43 8,606.46
SC-6A 03/25/04  Access hole in cap 135.56 0.00 135.56 3.08 132.48 8,739.43 8,606.95
SC-6A 05/12/04  Access hole in cap 134.20 0.00 134.20 3.08 131.12 8,739.43 8,608.31
SC-6A 06/01/04  Access hole in cap 135.21 0.00 135.21 3.08 132.13 8,739.43 8,607.30
SC-7A 02/04/03  Access hole in cap 111.71 0.00 111.71 3.63 108.08 8,506.86 8,398.78
SC-7A 04/17/03  Access hole in cap 109.19 0.00 109.19 3.63 105.56 8,506.86 8,401.30
SC-7A 05/12/03  Access hole in cap 101.06 0.00 101.06 3.63 97.43 8,506.86 8,409.43
SC-7A 06/05/03  Top of casing 95.60 +0.12 95.48 3.63 91.85 8,506.86 8,415.01
SC-7A 07/08/03  Access hole in cap 97.71 0.00 97.71 3.63 94.08 8,506.86 8,412.78
SC-7A 08/18/03  Access hole in cap 102.52 0.00 102.52 3.63 98.89 8,506.86 8,407.97
SC-7A 09/18/03  Access hole in cap 104.51 0.00 104.51 3.63 100.88 8,506.86 8,405.98
SC-7A 10/06/03  Access hole in cap 106.27 0.00 106.27 3.63 102.64 8,506.86 8,404.22
SC-7A 10/24/03  Access hole in cap 107.45 0.00 107.45 3.63 103.82 8,506.86 8,403.04
SC-7A 10/31/03  Access hole in cap 107.45 0.00 107.45 3.63 103.82 8,506.86 8,403.04
SC-7A 11/22/03  Access hole in cap 108.14 0.00 108.14 3.63 104.51 8,506.86 8,402.35
SC-7A 12/01/03  Top of casing 106.89 -0.02 106.91 3.63 103.28 8,506.86 8,403.58
SC-7A 12/03/03  Top of casing 106.39 -0.02 106.41 3.63 102.78 8,506.86 8,404.08
SC-7A 02/20/04  Top of casing 108.48 -0.02 108.50 3.63 104.87 8,506.86 8,401.99
SC-7A 03/26/04  Top of casing 108.17 -0.02 108.19 3.63 104.56 8,506.86 8,402.30
SC-7A 05/11/04  Top of casing 98.10 -0.02 98.12 3.63 94.49 8,506.86 8,412.37
SC-7A 06/01/04  Top of casing 94.17 -0.02 94.19 3.63 90.56 8,506.86 8,416.30
SC-8A 02/08/03  Access hole in cap 73.01 0.00 73.01 3.17 69.84 8,468.22 8,398.38
SC-8A 04/17/03  Access hole in cap 70.34 0.00 70.34 3.17 67.17 8,468.22 8,401.05
SC-8A 05/12/03  Access hole in cap 62.38 0.00 62.38 3.17 59.21 8,468.22 8,409.01
SC-8A 06/05/03  Top of casing 57.44 +0.12 57.32 3.17 54.15 8,468.22 8,414.07
SC-8A 07/08/03  Top of casing 59.46 +0.12 59.34 3.17 56.17 8,468.22 8,412.05
SC-8A 08/18/03  Access hole in cap 64.08 0.00 64.08 3.17 60.91 8,468.22 8,407.31
SC-8A 09/18/03  Access hole in cap 65.97 0.00 65.97 3.17 62.80 8,468.22 8,405.42
SC-8A 10/06/03  Access hole in cap 67.86 0.00 67.86 3.17 64.69 8,468.22 8,403.53
SC-8A 10/23/03  Access hole in cap 68.88 0.00 68.88 3.17 65.71 8,468.22 8,402.51
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Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,
north-central New Mexico, 2002-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI::;:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase Il wells—Continued

SC-8A 10/31/03  Access hole in cap 68.82 0.00 68.82 3.17 65.65 8,468.22 8,402.57
SC-8A 11/22/03  Access hole in cap 69.62 0.00 69.62 3.17 66.45 8,468.22 8,401.77
SC-8A 12/01/03  Top of casing 68.39 +0.12 68.27 3.17 65.10 8,468.22 8,403.12
SC-8A 12/02/03  Top of casing 67.85 +0.12 67.73 3.17 64.56 8,468.22 8,403.66
SC-8A 12/03/03  Top of casing 67.98 +0.12 67.86 3.17 64.69 8,468.22 8,403.53
SC-8A 02/20/04  Top of casing 69.81 +0.12 69.69 3.17 66.52 8,468.22 8,401.70
SC-8A 03/26/04  Top of casing 69.49 +0.12 69.37 3.17 66.20 8,468.22 8,402.02
SC-8A 05/11/04  Top of casing 59.52 +0.12 59.40 3.17 56.23 8,468.22 8,411.99
SC-8A 05/12/04  Top of casing 59.06 +0.12 58.94 3.17 55.77 8,468.22 8,412.45
SC-8A 06/01/04  Top of casing 55.93 +0.12 55.81 3.17 52.64 8,468.22 8,415.58
SC-9A 03/26/04  Top of casing 219.76 0.00 318.38 1.79 316.59 8444.19 8,427.60
SC-9A 05/12/04  Top of casing 219.64 0.00 ’18.26 1.79 316.47 8444.19 8,427.72
SC-9A 06/01/04  Top of casing 219.76 0.00 318.38 1.79 16.59 8444.19 8,427.60
Hansen 02/05/03  Access hole in cap 107.91 0.00 107.91 3.23 104.68 8,569.53 8,464.85
Hansen 04/17/03  Top of casing 103.93 -0.02 103.95 3.23 100.72 8,569.53 8,468.81
Hansen 05/13/03  Access hole in cap 107.35 0.00 107.35 3.23 104.12 8,569.53 8,465.41
Hansen 07/09/03  Top of casing 107.92 -0.02 107.94 3.23 104.71 8,569.53 8,464.82
Hansen 08/19/03  Access hole in cap 107.84 0.00 107.84 3.23 104.61 8,569.53 8,464.92
Hansen 09/18/03  Top of casing 107.00 -0.02 107.02 3.23 103.79 8,569.53 8,465.74
Hansen 10/21/03  Access hole in cap 107.73 0.00 107.73 3.23 104.50 8,569.53 8,465.03
Hansen 12/05/03  Top of casing 107.96 -0.02 107.98 3.23 104.75 8,569.53 8,464.78
Hansen 02/20/04  Top of casing 107.72 -0.02 107.74 3.23 104.51 8,569.53 8,465.02
Hansen 03/26/04  Top of casing 106.70 -0.02 106.72 3.23 103.49 8,569.53 8,466.04
Hansen 05/11/04  Top of casing 104.89 -0.02 104.91 3.23 101.68 8,569.53 8,467.85
Hansen 06/01/04  Top of casing 107.68 -0.02 107.70 3.23 104.47 8,569.53 8,465.06
La Bobita 02/07/03  Access hole in cap 64.37 0.00 64.37 3.23 61.14 8,229.45 8,168.31
LaBobita 04/17/03  Top of casing 60.92 -0.02 60.94 3.23 57.71 8,229.45 8,171.74
La Bobita 05/15/03  Access hole in cap 58.88 0.00 58.88 3.23 55.65 8,229.45 8,173.80
La Bobita 07/08/03  Top of casing 59.99 -0.02 60.01 3.23 56.78 8,229.45 8,172.67

LaBobita 08/18/03  Access hole in cap 62.05 0.00 62.05 3.23 58.82 8,229.45 8,170.63
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Table 4. Altitude of water levels in Phase | and Il wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,
north-central New Mexico, 2002—-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

. . Depth to Depth to Measuring  Depth to Land Altitude
Well Measuring point Measu- water . .
identifi- Date (permanent water ting point  (fost below point height water surface of water
i (month/ . . ... (feetbelow . above land (feetbelow altitude level (feet
cation measuring point if . correction permanent
(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
’ point) point) (feet) surface) NGVD29) NGVD 29)
Phase Il wells—Continued
LaBobita 09/18/03  Top of casing 61.04 -0.02 61.06 3.23 57.83 8,229.45 8,171.62
LaBobita 10/23/03  Access hole in cap 61.84 0.00 61.84 3.23 58.61 8,229.45 8,170.84
LaBobita 12/05/03  Top of casing 61.82 -0.02 61.84 3.23 58.61 8,229.45 8,170.84
LaBobita 02/19/04  Top of casing 62.77 -0.02 62.79 3.23 59.56 8,229.45 8,169.89
La Bobita 03/26/04  Top of casing 63.43 -0.02 63.45 3.23 60.22 8,229.45 8,169.23
LaBobita 05/11/04  Top of casing 58.91 -0.02 58.93 3.23 55.70 8,229.45 8,173.75
La Bobita 05/12/04  Top of casing 58.85 -0.02 58.87 3.23 55.64 8,229.45 8,173.81
LaBobita 05/13/04  Top of casing 58.75 -0.02 58.77 3.23 55.54 8,229.45 8,173.91
LaBobita 06/02/04  Top of casing 59.38 -0.02 59.40 3.23 56.17 8,229.45 8,173.28
CC-1A 02/04/03  Top of casing 5.90 0.00 5.90 2.50 3.40 8,880.23 8,876.83

CC-1A 05/14/03  Top of casing 7.58 0.00 7.58 2.50 5.08 8,880.23 8,875.15

CC-1A 10/22/03  Top of casing 9.26 0.00 9.26 2.50 6.76 8,880.23 8,873.47

CC-1B 02/05/03  Access hole in cap 10.50 0.00 10.50 2.96 7.54 8,878.31 8,870.77
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Table 4. Altitude of water levels in Phase | and Il wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,
north-central New Mexico, 2002—-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

. . Depth to Depth to Measuring  Depth to Land Altitude
Well Measuring point Measu- water . .
identifi- Date (permanent water ting point  (fost below point height water sm_'lace of water
i (month/ . . ... (feetbelow . above land (feetbelow altitude level (feet
cation measuring point if . correction permanent
(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)
Phase Il wells—Continued
CC-1B 08/19/03  Access hole in cap 12.24 0.00 12.24 2.96 9.28 8,878.31 8,869.03

CC-1B 10/22/03  Access hole in cap 11.38 0.00 11.38 2.96 8.42 8,878.31 8,869.89

CC-2A 05/14/03  Top of casing 8.76 0.00 8.76 4.00 4.76 8,876.02 8,871.26

CC-2A 08/19/03  Top of casing 9.54 0.00 9.54 4.00 5.54 8,876.02 8,870.48

CC-2A 10/22/03  Top of casing 9.21 0.00 9.21 4.00 5.21 8,876.02 8,870.81

CC-2B 02/05/03  Access hole in cap 10.87 0.00 10.87 2.21 8.66 8,877.53 8,868.87
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Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,

north-central New Mexico, 2002—-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

Well Measuring point Depth to Measu- D:VI:,L:O M_easur_ing Depth to Land Altitude

identifi- Date (permanent water ring point  (feet below point height water su['face of water
cation (month/ measuring point if (feet bel_ow correction permanont above land (feet below altitude level (feet

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above
point) point) (feet) surface) NGVD29) NGVD 29)

Phase Il wells—Continued
CC-2B 08/19/03  Access hole in cap 9.87 0.00 9.87 221 7.66 8,877.53 8,869.87
CC-2B 09/11/03  Access hole in cap 9.19 0.00 9.19 2.21 6.98 8,877.53 8,870.55
CC-2B 10/22/03  Access hole in cap 9.48 0.00 9.48 2.21 7.27 8,877.53 8,870.26
CC-2B 10/23/03  Access hole in cap 10.77 0.00 10.77 2.21 8.56 8,877.53 8,868.97
CC-2B 11/04/03  Access hole in cap 9.55 0.00 9.55 2.21 7.34 8,877.53 8,870.19
CC-2B 12/11/03  Access hole in cap 9.60 0.00 9.60 2.21 7.39 8,877.53 8,870.14
CC-2B 01/07/04  Access hole in cap 9.70 0.00 9.70 2.21 7.49 8,877.53 8,870.04
CC-2B 04/21/04  Access hole in cap 8.41 0.00 8.41 2.21 6.20 8,877.53 8,871.33
Existing Advanced Wastewater Treatment Facility wells

AWWT-1 03/27/02  Top of casing 124.68 0.00 124.68 0.50 124.18 8,523.00 8,398.82
AWWT-1  04/26/02  Top of casing 121.95 0.00 121.95 0.50 121.45 8,523.00 8,401.55
AWWT-1 05/23/02  Top of casing 121.26 0.00 121.26 0.50 120.76 8,523.00 8,402.24
AWWT-1 06/26/02  Top of casing 123.20 0.00 123.20 0.50 122.70 8,523.00 8,400.30
AWWT-1 07/26/02  Top of casing 125.10 0.00 125.10 0.50 124.60 8,523.00 8,398.40
AWWT-1 08/22/02  Top of casing 127.22 0.00 127.22 0.50 126.72 8,523.00 8,396.28
AWWT-1 09/17/02  Top of casing 128.40 0.00 128.40 0.50 127.90 8,523.00 8,395.10
AWWT-1 10/17/02  Top of casing 128.29 0.00 128.29 0.50 127.79 8,523.00 8,395.21
AWWT-1 12/11/02  Top of casing 128.42 0.00 128.42 0.50 127.92 8,523.00 8,395.08
AWWT-1  02/04/03  Top of casing 127.30 0.00 127.30 0.50 126.80 8,523.00 8,396.20
AWWT-1 04/17/03  Top of casing 124.85 0.00 124.85 0.50 124.35 8,523.00 8,398.65
AWWT-1 05/12/03  Top of casing 116.54 0.00 116.54 0.50 116.04 8,523.00 8,406.96
AWWT-1 07/08/03  Top of casing 113.02 0.00 113.02 0.50 112.52 8,523.00 8,410.48
AWWT-1 08/21/03  Top of casing 118.37 0.00 118.37 0.50 117.87 8,523.00 8,405.13
AWWT-1 09/18/03  Top of casing 120.04 0.00 120.04 0.50 119.54 8,523.00 8,403.46
AWWT-1 10/06/03  Top of casing 121.77 0.00 121.77 0.50 121.27 8,523.00 8,401.73
AWWT-1 10/24/03  Top of casing 123.50 0.00 123.50 0.50 123.00 8,523.00 8,400.00
AWWT-1 10/31/03  Top of casing 123.00 0.00 123.00 0.50 122.50 8,523.00 8,400.50
AWWT-1 11/22/03  Top of casing 123.70 0.00 123.70 0.50 123.20 8,523.00 8,456.80
AWWT-1 12/01/03  Top of casing 122.57 0.00 122.57 0.50 122.07 8,523.00 8,400.93
AWWT-1 12/03/03  Top of casing 121.98 0.00 121.98 0.50 121.48 8,523.00 8,401.52
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Table 4. Altitude of water levels in Phase | and |l wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley,

north-central New Mexico, 2002—-04.—Continued

[Shaded rows indicate water-level measurements obtained by URS, Denver, Colorado. NGVD 29, National Geodetic Vertical Datum of 1929]

. . Depth to Depth to Measuring  Depthto Land Altitude
Well Measuring point Measu- water . .
identifi- Date (permanent water ring point  (feet below point height water surface of water
R (month/ . . ... (feetbhelow . above land (feet below altitude level (feet
cation measuring point if . correction permanent

(figs. 2-5) day/year) no correction) measuring (feet) measuring surface land (feet above above

. point) point) (feet) surface) NGVD29) NGVD 29)

Existing Advanced Wastewater Treatment Facility wells—Continued

AWWT-1  02/20/04  Top of casing 124.04 0.00 124.04 0.50 123.54 8,523.00 8,399.46
AWWT-1 03/26/04  Top of casing 123.86 0.00 123.86 0.50 123.36 8,523.00 8,399.64
AWWT-1 05/11/04  Top of casing 113.61 0.00 113.61 0.50 113.11 8,523.00 8,409.89
AWWT-1 06/01/04  Top of casing 109.61 0.00 109.61 0.50 109.11 8,523.00 8,413.89
AWWT-2 12/13/02  Top of casing 108.64 0.00 108.64 1.17 107.47 8,560.00 8,452.53
AWWT-2 10/06/03  Top of casing 100.90 0.00 100.90 1.17 99.73 8,560.00 8,460.27
AWWT-2 10/24/03  Access hole in cap 102.94 +0.03 102.91 1.17 101.74 8,560.00 8,458.26
AWWT-2 10/31/03  Access hole in cap 103.89 +0.03 103.86 1.17 102.69 8,560.00 8,457.31
AWWT-2 11/22/03  Access hole in cap 103.68 +0.03 103.65 1.17 102.48 8,560.00 8,457.52
AWWT-2 12/01/03  Top of casing 104.36 0.00 104.36 1.17 103.19 8,560.00 8,456.81
AWWT-2 12/02/03  Top of casing 104.28 0.00 104.28 1.17 103.11 8,560.00 8,456.89
AWWT-2 12/03/03  Top of casing 104.39 0.00 104.39 1.17 103.22 8,560.00 8,456.78

"Measuring point correction is distance of measuring point at time of measurement, in feet above (+) or below (-) permanent measuring point.

*Depth is measured along the well bore. Well bore was angled 21.5 degrees from vertical.

3Calculated vertical distance from measuring point or land surface to water.

Wells 2—-1 and 2-2 were installed about 450 ft upstream
(east) from a line from the Red River to the La Bobita well
(fig. 4). Well 2—1 is adjacent to the north bank of the Red
River, and well 2-2 is about 100 ft farther north of the Red
River. Wells 2—1 and 2-2 were advanced to 15.97 and 14.37 ft
below land surface, respectively, at which depth a
semiconsolidated deposit (possibly ferricrete) was encountered
and no further advancement was achieved.

Ground-water levels in wells 2—1 and 2-2 ranged from
30.35 to 35.11 ft higher than concurrently measured water lev-
els in well 1 (table 5). The land surface at wells 2—1 and 2-2 is
about 20.6 ft higher than at well 1 (table 5). The substantially
higher water levels in wells 2—1 and 2-2 relative to those mea-
sured concurrently in the La Bobita well and well 1 indicate
that the underlying semiconsolidated deposits encountered at
total depths of wells 2—1 and 2-2 are substantially less perme-
able than the overlying alluvium. Therefore, ground water near
wells 2—1 and 2-2 is perched by the semiconsolidated deposits
encountered during drilling. Water in wells 2—-1 and 2-2 may
be disconnected from or have a poor hydraulic connection to
ground water present at the La Bobita well and well 1.

Ground-water levels were measured in wells 2—1 and 2-2
in May and June 2004. The stage of the Red River also was
measured where a line approximately perpendicular to the
bank of the river intersects wells 2—1 and 2-2. Ground-water
levels in well 2—1 ranged from about 0.2 to 0.7 ft higher than
the stage of the Red River (fig. 14, table 5). Ground-water lev-
els in well 2-2 ranged from about 0.4 to 0.1 ft lower than the
stage of the Red River (fig. 14, table 5). Ground-water levels
in well 2—1 were 0.59 and 0.80 ft higher than those in
well 2-2. Differences of less than 1 ft between water levels
in wells 2—1, 2-2, and the stage of the Red River indicate
that there is a substantial hydraulic connection between the
ground-water system penetrated by the wells and the Red
River surface-water system.

Well 3 was installed about 1,600 ft upstream (east) from
wells 2—1 and 2-2 (fig. 4). Ground-water levels measured in
well 3 in May and June 2004 ranged from 0.5 to 1.1 ft higher
than the stage of the Red River where a line approximately
perpendicular to the bank of the river intersects well 3. These
water-level measurements indicate that the Red River and the
underlying ground water are hydraulically connected and that
ground water has a gradient toward the Red River.
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Table 5. Altitude of water levels in La Bobita and Phase Il wells and concurrent altitude of stage of Red River, north-
central New Mexico, 2003-04.

[Permanent measuring point for Phase III wells is top of the 1-inch PVC casing (TOC); NGVD 29, National Geodetic Vertical Datum of 1929; --, no data]

Depth to . . Water-level

Measuring Altitude of altitude in

Well Date Land-_sun‘ace water point height Depth to Wate_r-level Red River well minus

identification (month/day/ altitude (feet below above land water altitude stage altitude of

(fig. 4) year) (feet above permangnt surface (feetbelow  (feet above (feet above Red River

NGVD 29) measuring (feet) land surface)  NGVD 29) NGVD 29) stage
point) (feet)

La Bobita 12/05/03 8,229.45 61.84 3.23 58.61 8,170.84 - -
La Bobita 02/19/04 8,229.45 62.79 3.23 59.56 8,169.89 -- -
La Bobita 03/26/04 8,229.45 63.45 3.23 60.22 8,169.23 - -
La Bobita 05/11/04 8,229.45 58.93 3.23 55.70 8,173.75 - -
La Bobita 05/12/04 8,229.45 58.87 3.23 55.64 8,173.81 - -
La Bobita 05/13/04 8,229.45 58.77 3.23 55.54 8,173.91 8,181.02 -7.1
La Bobita 06/02/04 8,229.45 59.40 3.23 56.17 8,173.28 8,180.03 -6.7
Well 1 12/17/03 8,187.30 21.88 2.00 19.88 8,167.42 - -
Well 1 02/19/04 8,187.30 22.93 2.00 20.93 8,166.37 -- -
Well 1 03/26/04 8,187.30 23.45 2.00 21.45 8,165.85 - -
Well 1 05/12/04 8,187.30 18.44 2.00 16.44 8,170.86 - -
Well 1 05/13/04 8,187.30 18.34 2.00 16.34 8,170.96 8,181.02 -10.1
Well 1 06/02/04 8,187.30 19.09 2.00 17.09 8,170.21 8,180.03 -9.8
Well 2-1 12/17/03 8,207.92 9.18 2.00 7.18 8,200.74 - -
Well 2-1 02/20/04 8,207.92 9.09 2.00 7.09 8,200.83 -- -
Well 2-1 03/26/04 8,207.92 8.96 2.00 6.96 8,200.96 -- -
Well 2-1 05/12/04 8,207.92 8.01 2.00 6.01 8,201.91 - -
Well 2-1 05/13/04 8,207.92 8.02 2.00 6.02 8,201.90 8,201.71 2
Well 2-1 06/02/04 8,207.92 8.41 2.00 6.41 8,201.51 8,200.78 7
Well 2-2 12/17/03 8,207.94 10.29 2.00 8.29 8,199.65 -- -
Well 2-2 02/20/04 8,207.94 10.33 2.00 8.33 8,199.61 - -
Well 2-2 03/26/04 8,207.94 10.20 2.00 8.20 8,199.74 - -
Well 2-2 05/12/04 8,207.94 8.71 2.00 6.71 8,201.23 -- -
Well 2-2 05/13/04 8,207.94 8.63 2.00 6.63 8,201.31 8,201.71 -4
Well 2-2 06/02/04 8,207.94 9.23 2.00 7.23 8,200.71 8,200.78 -1
Well 3 12/17/03 8,255.54 5.61 2.00 3.61 8,251.93 -- -
Well 3 02/20/04 8,255.54 5.62 2.00 3.62 8,251.92 -- --
Well 3 03/26/04 8,255.54 5.30 2.00 3.30 8,252.24 - -
Well 3 05/11/04 8,255.54 4.10 2.00 2.10 8,253.44 - -
Well 3 05/13/04 8,255.54 4.13 2.00 2.13 8,253.41 8,252.88 5
Well 3 06/02/04 8,255.54 4.54 2.00 2.54 8,253.00 8,251.87 1.1
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Table 5. Altitude of water levels in La Bobita and Phase Il wells and concurrent altitude of stage of Red River, north-
central New Mexico, 2003-04.—Continued

[Permanent measuring point for Phase III wells is top of the 1-inch PVC casing (TOC); NGVD 29, National Geodetic Vertical Datum of 1929; --, no data]

Depth to Measuring Altitude of VZ;’::J;': ‘II:: !

Well Date Land-_sun‘ace water point height Depth to Wate_r-level Red River well minus

identification (month/day/ altitude (feet below above land water altitude stage altitude of

(fig. 4) year) (feet above permangnt surface (feetbelow  (feet above (feet above Red River

NGVD 29) measuring (feet) land surface)  NGVD 29) NGVD 29) stage
point) (feet)

Well 4-1D 12/18/03 8,398.00 9.10 2.00 7.10 8,390.90 - -
Well 4-1D  02/19/04 8,398.00 9.70 2.00 7.70 8,390.30 - -
Well 4-1D  03/26/04 8,398.00 8.70 2.00 6.70 8,391.30 - -
Well 4-1D  05/11/04 8,398.00 6.38 2.00 4.38 8,393.62 -- -
Well 4-1D  05/13/04 8,398.00 6.58 2.00 4.58 8,393.42 8,392.96 0.5
Well 4-1D  06/02/04 8,398.00 6.69 2.00 4.69 8,393.31 8,391.64 1.7
Well 4-1S 12/18/03 8,398.10 9.09 1.95 7.14 8,390.96 - --
Well 4-1S 02/19/04 8,398.10 9.79 1.95 7.84 8,390.26 - -
Well 4-1S 03/26/04 8,398.10 8.68 1.95 6.73 8,391.37 - -
Well 4-1S 05/11/04 8,398.10 6.49 1.95 4.54 8,393.56 - --
Well 4-1S 05/13/04 8,398.10 6.61 1.95 4.66 8,393.44 8,392.96 5
Well 4-1S 06/02/04 8,398.10 6.77 1.95 4.82 8,393.28 8,391.64 1.6
Well 4-2D  12/18/03 8,401.95 12.10 2.05 10.05 8,391.90 - -
Well 4-2D  02/19/04 8,401.95 13.04 2.05 10.99 8,390.96 - -
Well 4-2D  03/26/04 8,401.95 11.50 2.05 9.45 8,392.50 - -
Well 4-2D  05/11/04 8,401.95 7.71 2.05 5.66 8,396.29 - -
Well 4-2D  05/13/04 8,401.95 8.11 2.05 6.06 8,395.89 8,394.99 9
Well 4-2D  06/02/04 8,401.95 7.83 2.05 5.78 8,396.17 8,395.27 9
Well 4-2D  06/03/04 8,401.95 7.83 2.05 5.78 8,396.17 8,394.99 1.2
Well 4-2S 12/18/03 8,402.32 12.47 2.00 10.47 8,391.85 -- -
Well 4-2S 02/19/04 8,402.32 13.41 2.00 11.41 8,390.91 - -
Well 4-2S 03/26/04 8,402.32 11.89 2.00 9.89 8,392.43 - -
Well 4-2S 05/11/04 8,402.32 8.40 2.00 6.40 8,395.92 -- -
Well 4-2S 05/13/04 8,402.32 8.70 2.00 6.70 8,395.62 8,394.99 .6
Well 4-2S 06/02/04 8,402.32 8.57 2.00 6.57 8,395.75 8,395.27 5

Well 4-2S 06/03/04 8,402.32 8.55 2.00 6.55 8,395.77 8,394.99 8
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Table 5. Altitude of water levels in La Bobita and Phase Il wells and concurrent altitude of stage of Red River, north-

central New Mexico, 2003-04.—Continued

[Permanent measuring point for Phase III wells is top of the 1-inch PVC casing (TOC); NGVD 29, National Geodetic Vertical Datum of 1929; --, no data]

Depth to Water-level
Land-surface water M_e asuring Depth to Water-level AIt|tud_e of altltud_e n
Well Date . point height - Red River well minus
. e s altitude (feet below water altitude .
identification (month/day/ above land stage altitude of
. (feet above permanent (feetbelow  (feet above .
(fig. 4) year) . surface (feet above Red River
NGVD 29) measuring land surface)  NGVD 29)
oint) (feet) NGVD 29) stage
P (feet)
Well 4-3D 12/17/03 8,397.86 12.99 1.93 11.06 8,386.80 - -
Well 4-3D  02/19/04 8,397.86 14.10 1.93 12.17 8,385.69 -- -
Well 4-3D  03/26/04 8,397.86 12.20 1.93 10.27 8,387.59 - -
Well 4-3D 05/11/04 8,397.86 7.18 1.93 5.25 8,392.61 - -
Well 43D  05/13/04 8,397.86 7.05 1.93 5.12 8,392.74 8,391.77 1.0
Well 4-3D  06/02/04 8,397.86 7.23 1.93 5.30 8,392.56 8,390.80 1.8
Well 4-3D  06/03/04 8,397.86 7.22 1.93 5.29 8,392.57 8,390.80 1.8
Well 4-3S 12/17/03 8,398.00 13.25 2.00 11.25 8,386.75 - -
Well 4-3S 02/19/04 8,398.00 14.38 2.00 12.38 8,385.62 - -
Well 4-3S 03/26/04 8,398.00 12.47 2.00 10.47 8,387.53 - -
Well 4-3S 05/11/04 8,398.00 7.37 2.00 5.37 8,392.63 - -
Well 4-3S 05/13/04 8,398.00 8.07 2.00 6.07 8,391.93 8,391.77 2
Well 4-3S 06/02/04 8,398.00 7.44 2.00 5.44 8,392.56 8,390.80 1.8
Well 4-3S 06/03/04 8,398.00 7.45 2.00 5.45 8,392.55 8,390.80 1.8

Wells 4-1D, 4-18, 42D, 4-2S, 4-3D and 4-3S were
installed between about 3,000 and 3,500 ft upstream (east)
from well 3 (fig. 4). Within each of these three pairs of wells,
the deeper well (designated with the letter D) was completed
at depths ranging from 36.67 to 38.49 ft below land surface;
the shallower well (designated with the letter S) was com-
pleted at depths ranging from 18.90 to 19.04 ft below land
surface.

Ground-water levels measured in all six wells in May
and June 2004 ranged from 0.2 to 1.0 ft higher in May 2004
and 0.8 to 1.8 ft higher in June 2004 than the stage of the Red
River where lines approximately perpendicular to the bank
of the river intersect each of the three pairs of wells. These
water-level measurements indicate that the Red River and the
underlying ground water are hydraulically connected and that
ground water has a gradient toward the Red River.

From December 12, 2003 through June 2, 2004, ground-
water levels in well 4-1S ranged from 0.07 ft higher to 0.06 ft
lower than concurrently measured water levels in well 4—1D
(table 5). During the same period, ground-water levels in
well 4-28S ranged from 0.05 to 0.42 ft lower than concur-
rently measured water levels in well 4-2D, and water levels
in well 4-3S ranged from 0.02 ft higher to 0.81 ft lower than
concurrently measured water levels in well 4-3D (table 5). At

the well 4—1 pair, the differences in concurrently measured
water levels indicate neither a substantial upward nor a sub-
stantial downward vertical component of ground-water flow.
At the well 4-2 pair, the differences in concurrently measured
water levels indicate that an upward vertical component was
present and was greater during the spring snowmelt in May
and June. At the well 4-3 pair, the differences in concur-
rently measured water levels indicate that neither a substantial
upward nor a substantial downward vertical component of
ground-water flow was present except on May 13, 2004, when
an upward gradient was present and was about 10 times larger
than during any other of the concurrent measurements.

Within the reach of the Red River adjacent to the La
Bobita well and the Phase III wells, the Red River and the
shallow ground-water system appear to be hydraulically con-
nected from the upstream part of this reach near wells 4—1D
and 4-1S downstream to near wells 2—1 and 2-2. Between
wells 2—1 and 2-2 and the La Bobita well and well 1, however,
the nature of this connection changes, and these systems are
no longer hydraulically connected or are poorly connected
near the La Bobita well and well 1.
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Figure 14. Difference between ground-water altitudes in La Bobita and Phase IIl wells and altitude of water in Red River, May 13 and

June 2-3, 2004.

Summary

In April 2001, the U.S. Geological Survey (USGS) and
the New Mexico Environment Department began a coopera-
tive study to infer the pre-mining ground-water chemistry at
the Molycorp molybdenum mine site in the Red River Valley,
north-central New Mexico. The Molycorp molybdenum mine
has operated intermittently since the 1920s; ground-water-
level and water-quality data were not obtained prior to initia-
tion of mining. To infer pre-mining ground-water chemistry,
wells were drilled in five unmined areas geologically analo-
gous to the mined area—Hottentot Creek, Straight Creek,
Hansen Creek, near La Bobita campground, and Capulin
Canyon.

The purpose of this report is to document and describe
Phase II and Phase III well installation and development,
present results of lithologic and geophysical logging, present
results of hydraulic testing to determine aquifer characteristics,
and present and discuss water-level measurements collected
during the period March 2002 to June 2004. This report is one

in a series of reports that can be used to determine pre-mining
ground-water conditions at the mine site.

The main area of study within the Red River drainage
basin extends west from the town of Red River to the USGS
streamflow-gaging station near Questa (Questa gage). The
area upstream from the Questa gage includes approximately
18 mi of the Red River and 108 mi? of the Red River drainage
basin. Weathering of hydrothermally altered bedrock in the
study area has resulted in steep, highly erosive, and sparsely
vegetated scar areas that are clearly visible from the ground
and in aerial photographs. Runoff from intense summer
rainfall over basins tributary to the Red River can transport
large quantities of sediment down tributary drainages and form
debris fans where these tributaries join the Red River. Where
the tributary drainages contain scar areas, the debris fans are
large and indicate evidence of active deposition. Large debris
fans debouching from tributary drainages have caused aggra-
dation of the Red River streambed in river reaches upstream
from debris fans.

Important water-bearing units in the Red River Valley
include fractured bedrock, debris-flow deposits, and Red River
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alluvium. Debris-flow deposits, debris fans, and Red River
alluvium are smaller in area but contain most of the ground
water in the valley. Debris-flow deposits, debris fans, and the
Red River alluvium typically are less than 1,000 ft wide and
less than 200 ft thick.

Twenty-nine observation wells were installed in three
phases as part of this study in the Red River Valley and tribu-
tary drainages. Phase I wells (SC-1A and B, SC-2B, SC-3A
and B, SC—4A, SC-5A and B) were located in the Straight
Creek drainage basin along the assumed path of ground-water
flow in debris-flow deposits from the upstream part of the
basin to near the mouth of the basin, where Straight Creek
flows into Red River. Phase II well SC—6A was installed in
the Straight Creek drainage, wells SC-7A and SC-8A were
installed in Red River alluvial deposits west of Straight Creek,
and well SC-9A was installed on the north bank of Red River
to complete the series of wells in the Straight Creek drainage
basin. Phase II wells also were installed in the Hottentot, Han-
sen, and La Bobita drainages and in Capulin Canyon. Phase
IIT wells were installed in unconsolidated material along an
approximately 1-mi reach of the Red River west of Elephant
Rock campground.

Eight Phase II observation wells (Hottentot, SC—0A,
SC-7A, SC-8A, Hansen, La Bobita, CC-1B and CC-2B)
were drilled using an air-rotary/hammer rig equipped with a
casing-advance system. The casing-advance system temporar-
ily cased the holes ensuring that the holes did not collapse.
Each well was constructed using flush-threaded, 4-in. diam-
eter, schedule-80 polyvinyl chloride (PVC) casing and factory-
cut, 0.010-in. slot size PVC screen. Three Phase II small-
diameter wells were installed using a direct-push rig. Wells
CC-1A and CC-2A were installed in Capulin Canyon next to
the air-rotary-drilled wells CC-1B and CC-2B, respectively.
Well SC-9A was installed at the mouth of the Straight Creek
and was advanced under the Red River at an angle of 21.5
degrees from vertical to a total angular depth of 22.5 ft. The
Phase II small-diameter wells (CC-1A, CC-2A, and SC-9A)
were constructed of 1-in. diameter schedule 40 PVC with a
5-ft long screen at the total depth of the hole.

Ten Phase III small-diameter observation wells were
installed using a direct-push rig along an approximately 1-mi
reach of the Red River west of Elephant Rock. Each well was
constructed of 1-in. diameter schedule 40 PVC casing and a
5-ft screen at the total depth of the hole.

Lithologic logs were recorded for all eight Phase 11
drilled wells. Borehole geophysical logging was conducted in
Phase II wells SC-6A, SC-7A, and SC-8A. Lithologic logs
were constructed from examination of borehole cuttings. Cut-
tings were collected at 5-ft intervals from land surface to total
depth. Natural gamma, induction, and single-detector neutron
geophysical logging were conducted in wells SC-6A, SC-7A,
and SC-8A during February 2003 following well completion
and development.

In well SC-6A, the geophysical logs indicate that the
deposits about 11 ft above the water table were dry. The
lithologic log, however, indicates that the cuttings retrieved

from this interval were wet. This inconsistency between the
lithologic log and the geophysical log interpretation indi-
cates that the change in the geophysical log may be related to
geologic conditions rather than a lack of moisture. For well
SC-7A, geophysical logs suggest that the deposits above the
water table were dry to partially saturated. For well SC-8A,
geophysical logs indicate that deposits were partially satu-
rated at about 70 ft below land surface. Induction and gamma
logs from 60 to 69 ft correspond to the presence of gravel-
sized deposits described in the driller’s log. The neutron log
indicates that porosity decreases with depth over the screened
interval.

Agquifer tests conducted during 2003 to estimate the
hydraulic properties of debris-flow deposits and Red River
alluvial deposits in and near Straight Creek included a flow-
meter survey, slug tests, and a pumping test. A flow-meter sur-
vey was conducted in well SC—7A on October 27, 2003, using
a flow meter that was lowered to about 150 ft and a pump that
was lowered to about 10 ft below the static water level. The
well was pumped at a rate of 3.64 gal/min, and drawdown in
the well reached steady state at 0.07 ft below the static water
level. Results of the flow-meter survey indicated that about
77 percent of the water entered the well from a 10-ft-thick
zone near the top of the screened interval and about 23 percent
of the water entered the well from a 15-ft-thick zone near the
bottom of the screened interval.

Slug tests were performed in wells SC-1A, SC-1B,
SC-2B, SC-3A, SC-3B, SCH4A, SC-5A, SC-5B, SC-6A,
SC-7A, and SC-8A during June 3-5, 2003. Water-level
data were recorded during each slug test using a submers-
ible pressure transducer connected to a data logger. For wells
with screens in debris-flow deposits (wells SC-1A, SC-3A,
SC—4A, and SC-6A), the mean and median estimated hydrau-
lic conductivities were 15.25 and 15.35 ft/d, respectively.

For wells with screens in bedrock (wells SC-1B, SC-2B,
SC-3B, and SC-5B), the mean and median estimated hydrau-
lic conductivities were 0.12 and 0.08 ft/d, respectively. For
wells with screens in mixed debris-flow deposits and Red
River alluvium (wells SC-5A, SC-7A, and SC-8A), the mean
and median estimated hydraulic conductivities were 73-207
(estimated range) and 80 ft/d. In general, bedrock has the
smallest hydraulic conductivity, debris-flow deposits have the
next highest hydraulic conductivity, and the mixed debris-flow
deposits and Red River alluvium have the largest hydraulic
conductivity.

A pumping test was conducted December 3—4, 2003,
on well AWWT-1 as the pumped well and wells A WWT-2,
SC-5A, SC-5B, SC-7A, and SC—8A as observation wells.
The time-weighted average pumping rate was 106 gal/min.
Analysis of the pumping test water-level data indicated esti-
mated transmissivity of 12,000 to 34,000 ft?/d and estimated
hydraulic conductivity of 230 to 340 ft/d.

Water-level measurements in wells SC-6A, SC-7A,
SC-8A, and the Hottentot, Hansen, and La Bobita wells show
that water levels typically rose rapidly during the time of melt-
ing of the winter snowpack in the spring and then generally



declined during the rest of the year. The duration of water-
level rise, however, appears to be typically about 2 months,
after which a slow water-level decline occurs during the fol-
lowing 10 months. In the Straight Creek drainage, the water-
level rise in response to spring snowmelt occurred earlier
and was smaller at greater distances from the Red River. The
spring increases in water levels in wells SC7-A and SC-8A
were about eight times larger than those in well SC-6A.

Well SC-9A was dry at the time of construction but
subsequently contained water. Differences between the stage
in the Red River and water levels in wells SC-8A and SC-9A,
and the absence of water in well SC-9A at its time of comple-
tion, indicate that the Red River had a poor hydraulic connec-
tion to the underlying ground-water system and the surface-
water system is perched above the ground-water system at this
site.

Water levels in Phase III wells indicate that the Red River
and the shallow ground-water system appear to be hydrauli-
cally connected from near wells 4-1D and 4-1S downstream
to near wells 2—1 and 2-2. Between wells 2—1 and 2-2 and the
La Bobita well and well 1, however, the nature of this connec-
tion changes, and these systems are no longer hydraulically
connected or are poorly connected in the vicinity of the La
Bobita well and well 1.

References

Bouwer, Herman, and Rice, R.C., 1976, A slug test for deter-
mining hydraulic conductivity of unconfined aquifers with
completely or partially penetrating wells: Water Resources
Research, v. 12, no. 3, p. 423-428.

Caine, J.S., 2003, Questa baseline and pre-mining ground-
water quality investigation 6.—Preliminary brittle structural
geologic data, Questa mining district, southern Sangre de
Cristo Mountains, New Mexico: U.S. Geological Survey
Open-File Report 03-280, 24 p.

Cooper, H.H., and Jacob, C.E., 1946, A generalized graphical
method for evaluating formation constants and summarizing
well field history: American Geophysical Union Transac-
tions, v. 27, p. 526-534.

Duffield, G.M., 2000, AQTESOLYV for Windows user’s guide:
Reston, Virginia, Hydrosolve, Inc., July 24, 2000, 164 p.

Gale, V.G., and Thompson, A.J.B., 2001, Reconnaissance
study of waste rock mineralogy—Questa, New Mexico,
Petrography, PIMA Spectral Analysis and Rietveld Analy-
sis: Vancouver British Columbia, Petra-Science Consul-
tants, Inc., January 31, variously paged.

Halford, K.J., and Kuniansky, E.L., 2002, Documentation of
spreadsheets for the analysis of aquifer-test and slug-test
data: U.S. Geological Survey Open-File Report 02-197,
51p.

References 55

Hearst, J.R., Nelson, P.H., and Paillet, F.L., 2000, Well logging
for physical properties (2nd ed.): New York, John Wiley and
Sons, 483 p.

Jorgensen, D.G., 1991, Estimating geohydrologic properties
from borehole geophysical logs: Ground Water Monitoring
and Remediation, v. 10, no. 2, p. 123-129.

Keys, W.S., 1986, Analysis of geophysical logs of water wells
with a microcomputer: Ground Water, v. 24, no. 6, p. 750—
760.

Keys, W.S., 1990, Borehole geophysics applied to ground
water investigations: U.S. Geological Survey Techniques of
Water-Resources Investigations, book 2, chap E2, 150 p.

Knight, PJ., 1990, The flora of the Sangre de Cristo Moun-
tains, New Mexico, in Bauer, PW., Lucas, S.G., Mawer,
C.K., and Mclntosh, W.C., eds., Tectonic development of
the southern Sangre de Cristo Mountains, New Mexico:
New Mexico Geological Society 41st Annual Field Confer-
ence, September 12—15 Guidebook, p. 94-95.

Lipman, P.W., 1981, Volcano-tectonic setting of tertiary ore
deposits, southern Rocky Mountains: Arizona Geological
Society Digest, v. 14, p. 199-213.

Ludington, Steve, Plumlee, Geoff, Caine, Jonathan, Bove,
Dana, Holloway, JoAnn, and Livo, Eric, 2005, Questa
baseline and pre-mining groundwater quality investigation
10.—Geologic influences on ground and surface waters in
the lower Red River watershed, New Mexico: U.S. Geo-
logical Survey Scientific Investigations Report 2004-5245,
41 p.

McCleskey, R.B., Nordstrom, D.K., Steiger, J.I., Kimball,
B.A., and Verplanck, P.L., 2003, Questa baseline and pre-
mining ground-water quality investigation 2.—Low-flow
(2001) and snowmelt (2002) synoptic/tracer water chemis-
try for the Red River, New Mexico: U.S. Geological Survey
Open-File Report 03-148, 166 p.

Meyer, J.W., and Leonardson, R.W., 1990, Tectonic, hydro-
thermal and geomorphic controls on alteration scar for-
mation near Questa, New Mexico: Socorro, New Mexico
Geological Society, 41st Field Conference Guidebook,
p. 417-422.

Meyer, J.W., and Leonardson, R.-W., 1997, Geology of the
Questa Mining District—volcanic, plutonic, tectonic and
hydrothermal history: New Mexico Bureau of Geology and
Mineral Resources, Open-File Report 431, 187 p.

Molycorp, Inc., 2004, Molybdenum, Questa, New Mexico—
history: Information available on Web, accessed July 22,
2004, at http://www.molycorp.com/home_frameset.html



56 Questa Baseline and Pre-Mining Ground-Water Quality Investigation 15

Naus, C.A., McCleskey, R.B., Nordstrom, D.K., Donohoe,
L.C., Hunt, A.G., Paillet, F.L., Morin, R.H., and Verplanck,
PL., 2005, Questa baseline and pre-mining ground-water
quality investigation 5.—Well installation, water-level data,
and surface- and ground-water geochemistry in the Straight
Creek drainage basin, Red River Valley, New Mexico,
2001-2003: U.S. Geological Survey Scientific Investiga-
tions Report 2005-5088, 220 p.

Paillet, F.L., and Crowder, R.E., 1996, A generalized approach
for the interpretation of geophysical well logs in ground
water studies—theory and application: Ground Water, v. 34,
no. 5, p. 883-898.

Rehrig, W.A., 1969, Fracturing and its effects on molybdenum
mineralization at Questa, New Mexico: Tucson, University
of Arizona, Ph.D. dissertation, 194 p.

Robertson GeoConsultants, Inc. (RGC), 2000a, Interim back-
ground characterization study, Questa Mine, New Mexico:
Report 052008/6, June, 33 p.

Robertson GeoConsultants, Inc. (RGC), 2000b, Interim mine
site characterization study, Questa Mine, New Mexico:
Report 052008/10, November, 77 p.

Robertson GeoConsultants, Inc. (RGC), 2000c, Progress
Report—Questa mine rock pile monitoring and character-
ization study: Report 052008/7, March, 23 p.

Robertson GeoConsultants, Inc., 2001, Background study
data report, Questa Mine, New Mexico: Report 052008/12,
prepared for Molycorp, Inc., 40 p.

Schilling, J.H., 1956, Geology of the Questa molybdenum
mine area, Taos County, New Mexico: New Mexico Bureau
of Mines and Mineral Resources, Bulletin 51, 87 p.

Slifer, Dennis, 1996, Red River groundwater investigation,
final report: New Mexico Environment Department, Surface
Water Quality Bureau, March, 26 p.

Smolka, L.R., and Tague, D.F.,, 1989, Intensive water quality
survey of the Middle Red River, Taos County, New Mexico,
September 12—-October 25, 1988: New Mexico Environ-
mental Improvement Division, Surveillance and Standards
Section, Surface Water Quality Bureau, May 1989, 87 p.

Souder, Miller, and Associates, 2003, Phase II. Drilling sum-
mary report—Questa Mine area, New Mexico: Santa Fe,
New Mexico, Souder, Miller, and Associates, March 2003,
variously paged.

South Pass Resources, Inc., 1995, Supplemental report—dis-
cussion of the geology, hydrology, and water quality of the
mine area, Molycorp Facility, Taos County, New Mexico:
Scottsdale, Arizona, February 15, 15 p.

Steffen Robertson & Kirsten, 1995, Questa molybdenum mine
geochemical assessment: Lakewood, Colorado., SRK Proj-
ect no. 09206, April 13, 44 p.

Theis, C.V., 1935, Relation between lowering the piezomet-
ric surface and the rate and duration of discharge of a well
using ground-water storage: American Geophysical Union
Transaction, v. 16, p. 519-524.

URS, 2001, Final report, Molycorp, Inc., Questa Mine site-
wide comprehensive hydrologic characterization report:
Denver, Colorado, March, 95 p.

URS, 2002, Molycorp, Inc., Remedial Investigation/Feasibility
Study (RI/FS) work plan, sections one through three, v. 1,
draft final: Denver, Colorado, July, variously paged.

U.S. Department of Agriculture Forest Service, 2001, Wild-
land urban interface areas in USDA FS Southwestern
Region: Southwestern Region GIS Datasets, accessed July
22,2004, at http://www.fs.fed.us/r3/gis/
datasets.shtml#regional

U.S. Environmental Protection Agency, 2000, NPL site nar-
rative for Molycorp, Inc.: Information available on Web,
accessed July 22, 2004, at http://www.epa.gov/
superfund/sites/npl/nar1599.htm

U.S. Geological Survey, 2004, Daily streamflow for the
Nation, USGS 08265000 Red River near Questa, New
Mexico: Information available on Web, accessed July 22,
2004, at fttp://mwis.waterdata.usgs.gov/nwis/dischargel

Vail Engineering, Inc., 1989, A geochemical investigation of
the origin of aluminum hydroxide precipitate in the Red
River, Taos County, New Mexico: Santa Fe, New Mexico,
June, 43 p.

van der Kamp, Garth, 1976, Determining aquifer transmissiv-
ity by means of well response tests—the underdamped case:
Water Resources Research, v. 12, no. 1, p. 71-77.

Western Regional Climate Center, 2003, Historical climate
information—New Mexico climate summaries, Red River,
New Mexico (297323): Information available on Web,
accessed July 17, 2003, at http://www.wrcc.dri.edu/


http://nwis.waterdata.usgs.gov/nwis/discharge/

Red River
drainage basin

Index
map

MEXICO

TEXAS
MEXICO
105° 33" 30° 27 24 105°
T T T — N\ T T T ]
o 4 PN \/ = = Ll
36044 - 7 A
Crock——— - T Area shown in figure 3 o -~ N / !
/T/‘ e /\// ) ] 9 Hottentot Creek scar ~ /0 . -
) Mine site Straight Creek scar | i \—
a ! U Vagl
Area shown in figure 5 ) | siter Credk- "
Red Ri La Bobita Birte!. =— /o
e Iver near
Questa streamflow;_ _ campground ~ ( £ -
gaging station - 5 o ) |
(08265000) - ) e
L
N
June Bug \J/‘% =2
! \ " campground 7 ~
S Elephant Rock 1
| Questa campground \ JléﬂE Bug scar Town of 4 _
ranger sta Red River ~exet I
\ // Ve g ~
/ B0 )
/ b
_— )z _ AN
s T N
crett - )
e / placet - - /|
) o
N ( ) >
Y / -/ /
( . \
[ ‘l ~ Ko !
~ | ;\‘\ ek
! y ons T
i
~ \ f /
! N (X
—
1
/ _J
/ //
/ B
o]
36°38'= | | | | -
Base compiled from U.S. Geological Survey Digital Raster Graphic Data 1:100,000, 1982, and 15 2.0 MILES
from U.S. Geological Survey Digital Orthophoto Quadrangle, 1:12,000, 1998 > . !

Universal Transverse Mercator projection, Zone 13

Horizontal coordinate information is referenced to the North American
Datum of 1983 (NAD 83)

@ Printed on recycled paper

10 15 20KILOMETERS

926-900z Hoday suonebnsanu alynualog

b0-200Z ‘091Xa|\ M3 ‘Aajjep Jany pay-GL uonebnsanuj Ayijenp 18)epn-punoig Buluipy-aid pue auijaseg ejsanp

S18U10 pue pieyaue|g



	Methods of Phase II and III Well Installation andDevelopment and Results of Well Logging, HydraulicTesting, and Water-Level Measurements in the Red River Valley, New Mexico, 2002–04
	Contents
	Abstract
	Introduction
	Purpose and Scope
	Physical Description of Study Area
	Climate and Vegetation
	Surface Water
	Hydrogeology
	Mining History
	Well-Numbering Systems
	Acknowledgments

	Well Location, Installation, Construction, and Development
	Phase II Drilled Wells
	Phase II Small-Diameter Wells
	Phase III Small-Diameter Wells

	Lithologic and Geophysical Well Logging
	Lithologic Logging
	Geophysical Logging

	Hydraulic Testing to Determine Aquifer Characteristics
	Flow-Meter Survey in Well SC–7 A
	Slug Tests Conducted in Selected Phase I and II Drilled Wells
	Pumping Test Conducted at Mouth of Straight Creek Drainage

	Water-Level Measurements
	Summary
	References

	Figures
	Figure 1. Location of study area in Red River Valley, north-central New Mexico, and features of study area.
	Figure 2. Location of Hottentot well.
	Figure 3 . Location of Straight Creek and Advanced Wastewater Treatment Facility wells.
	Figure 4. Location of La Bobita and Hansen Phase II wells and Phase III wells.
	Figure 5. Location of Capulin Canyon Phase II wells.
	Figure 6 . Well-numbering system in New Mexico.
	Figure 7 A. Well-completion data and lithologic log for Hottentot well (modified from Souder, Miller, and Associates, 2003).
	Figure 7 B. Well-completion data and lithologic log for Hansen well (modified from Souder, Miller, and Associates, 2003).
	Figure 7 C. Well-completion data and lithologic log for La Bobita well (modified from Souder, Miller, and Associates, 2003).
	Figure 7 D. Well-completion data and lithologic log for CC–1B well (modified from Souder, Miller, and Associates, 2003).
	Figure 7E. Well-completion data and lithologic log for CC–2B well (modified from Souder, Miller, and Associates, 2003).
	Figure 8 A. Well-completion data, lithologic log, and geophysical log for SC–6A well. Well-completion data and lithologic log modified from Souder, Miller, and Associates (2003).
	Figure 8 B. Well-completion data, lithologic log, and geophysical logs for SC–7A well.—ContinuedWell-completion data and lithologic log modified from Souder, Miller, and Associates (2003).
	Figure 8 C. Well-completion data, lithologic log, and geophysical logs for SC–8A well.Well-completion data and lithologic log modified from Souder, Miller, and Associates (2003).
	Figure 9. Vertical distribution of borehole flow measured during pumping and corresponding percentage of flow into well SC-7A.
	Figure 10. (A) Water levels in wells AWWT–1, SC–5A, SC–5B, SC–7A, and SC–8A before, during, and after pumping test and(B) comparison of water levels in well AWWT–2 to barometric pressure, November 22–December 5, 2003.
	Figure 11. (A) Daily mean streamflow and stage of the Red River near Questa and (B–D) ground-water altitudes in wells SC–6A, SC–7A, and SC–8A, February 2003–June 2004.
	Figure 12. Ground-water altitudes in (A) Hottentot, (B) Hansen, and (C) La Bobita wells, February 2003–June 2004.
	Figure 13 . Ground-water altitudes in wells (A) CC–1A, (B) CC-1B, (C) CC–2A, and (D) CC–2B, February 2003–April 2004. Data collected  by URS, Denver, Colorado, and U.S. Geological Survey (USGS) personnel.
	Figure 14. Difference between ground-water altitudes in La Bobita and Phase III wells and altitude of water in Red River, May 13 andJune 2–3, 2004.

	Tables
	Table 1. Locations, altitudes, construction information, and initial water levels for phase II and III wells, Red River Valley, north-central New Mexico, 2002–04.
	Table 2. Estimated hydraulic-conductivity values for slug tests conducted June 3–5, 2003, for selected wells in Red River Valley, north-central New Mexico.
	Table 3. Results of pumping test conducted December 3–4, 2003, in selected wells in Red River Valley, north-central New Mexico.
	Table 4. Altitude of water levels in Phase I and II wells and existing Advanced Wastewater Treatment Facility wells, Red River Valley, north-central New Mexico, 2002–04.
	Table 5. Altitude of water levels in La Bobita and Phase III wells and concurrent altitude of stage of Red River, north-central New Mexico, 2003–04.


