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1.0 INTRODUCTION

This long-term surveillance plan (LTSP) for the Uranium Mill Tailings Remedial Action
(UMTRA) Project Ambrosia Lake disposal site in McKinley County, New Mexico, describes
the U.S. Department of Energy’s (DOE) long-term care program for the disposal site. The
DOE will carry out this program to ensure that the disposal cell continues to function as
designed. This LTSP was prepared as a requirement for acceptance under the U.S. Nuclear
Regulatory Commission (NRC) general license for custody and long-term care of residual
radioactive m_aterials.

1.1

1.2

STATUTORY AND REGULATORY BACKGROUND

Title | of the Uranium Mill Tailings Radiation Control Act (UMTRCA) of 1978 (42
USC §7901 et seq.) authorized the DOE to perform remedial actions at 24
inactive uranium mill tailings sites to reduce the potential effect on public health
from the unstabilized residual radioactive materials in and around the uranium
mill tailings sites. Residual radioactive materials are any wastes that the DOE

- determines to be radioactive, either in the form of tailings resulting from the

processing of ores for the extraction of uranium and other valuable constituents
of the ores, or in other forms that relate to such processing, such as sludge and
captured contaminated water from these sites (60 FR 2854).

In accordance with Section 275 of the Atomic Energy Act (42 USC §2011

et seq.) as amended by the UMTRCA, the U.S. Environmental Protection Agency
(EPA) has promulgated health and environmental protection standards for
residual radioactive material cleanup and disposal in 40 CFR Part 192. These
standards were originally promulgated in 1983 (48 FR 602). Portions of the
standards covering ground water protection were remanded by the U.S. Court of
Appeals for the Tenth Circuit in 1985. The EPA issued replacement ground
water standards on 11 January 1995, with publication of a final rule (60 FR
2854).

The NRC has developed regulations for the issuance of a general license for the
custody and long-term care of residual radioactive material disposal sites in 10
CFR Part 40. The license is available only to the DOE (or any successor federal
agency designated by the President) and has no termination date. The purpose
of this general license is to ensure that the UMTRA disposal sites will be cared
for in a manner that protects the public health and safety and the environment.
The NRC requires the DOE to submit a site-specific LTSP that meets the
requirements of 10 CFR §40.27(b) in order for each disposal site to be licensed.

SITE HISTORY

Phillips Petroleum Company built the Phillips Mill at the Ambrosia Lake site in
1957 and operated it from June 1958 until March 1963 using uranium ore from
nearby mines. The mines around the site consisted of vertical shafts to the ore
body several hundred feet below the surface. While in operation, the mill

DOE/AL/62350-211 24-Jul-96
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processed over 3 million tons (3 million metric tons) of uranium ore. The Phillips
Mill used alkaline pressure leach technology to extract uranium from the ore.
Uranium leaching occurred in tanks. Drum filters separated uranium from
solution and waste was pumped to a nearby tailings pile. Following purchase of
the mill by United Nuclear Corporation (UNC), all operations were scaled back
and milling ceased in April 1963. UNC used portions of the mill as a resin ion
exchange facility to extract uranium from mine water until 1982 when all site
operations ceased.

During the 5-year operational period, the Phillips Mill produced about 3.0 million
tons (2.7 million metric tons) of tailings. Some 0.40 million tons (0.36 million
metric tons) of tailings were subsequently used to backfill the former Ann Lee
Mine No. 1, which is located just outside the disposal site’s north boundary
(Plate 1). '

The Ambrosia Lake uranium mill tailings site was one of the 24 sites identified
for remediation in the UMTRCA. The DOE and the state of New Mexico entered
into a cooperative agreement under the UMTRCA, establishing terms and
conditions of the remedial action (DOE, 1985). The DOE evaluated the
environmental impacts associated with the Ambrosia Lake site remedial action in
an environmental assessment (DOE, 1987). The NRC and the state of New
Mexico concurred with the DOE's remedial action plan (DOE, 1991) to comply
with the requirements of 40 CFR Part 192, Subparts A-C.

The DOE conducted surface remedial action at the Ambrosia Lake site in two
phases. Remedial action began in 1987 with site preparation followed by
asbestos removal and demolition of the former mill buildings and processing
facilities. After a hiatus of several years, remedial action resumeéd: In 1992,
2.7 million cubic yards (yd3) (2.1 million cubic metersim’]) of relocated tailings,
contaminated demolition debris and contaminated windblown material were
consolidated with 2.4 million yd® (1.9 million m°) of tailings that were stabilized
in place (MK-F, 1995). Remedial action that consolidated tailings and
contaminated materials, placed them in a disposal cell, and covered them with a
radon/infiltration barrier and an érosion protection layer, was completed in June
1995. :

The UMTRA Remedial Action Contractor has prepared a completion report
documenting compliance with the remedial action plan and the site as-built
conditions (MK-F, 1995). The DOE will prepare a final audit report and
certification summary and submit it along with the completion report to the NRC
for concurrence. Concurrence from the NRC on the certification report will be
included (when received) in Attachment 1 of this LTSP.

The DOE also is required to demonstrate compliance with 40 CFR Part 192,
Subparts B and C, as revised by 60 FR 2854, for cleanup of existing ground
water contamination. The DOE UMTRA Ground Water Project will address the
need for remedial action involving residual ground water contamination at the

DOE/AL/62350-211 . 24-Jul-96
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1.3

1.4

Ambrosia Lake site. The DOE'’s final determination will be made in a separate
Natlonal Envnronmental Pohcy Act (42 USC §4321 et seq. ) document

ey LY

SITE ACQUISITION AND LICENSING

The state of New Mexico currently owns the Ambrosia Lake site. The title
documientation is being reviewed by the U.S. Army Corps of Engineers prior to
accepting transfer of the site to the federal government. Attachment 2 provides
a legal description of the Ambrosia Lake disposal site to be conveyed to the DOE
for long-term care and ownership. Figure 1.1 shows the final site boundary and
identifies ownership of the site and surrounding areas at the time of licensing.

The general license becomes effective when the NRC concurs with the DOE’s
determination of completion of remedial action at the Ambrosia Lake site,
ownership of the site is transferred to the federal government, and the NRC
formally accepts this LTSP. After the general license becomes effective for the
Ambrosia Lake disposal site, the DOE will transfer responsibility for the long-
term surveillance program to its Grand Junction Projects Office (GJPO) in Grand
Junction, Colorado. The programmatic transfer will occur W|th|n 90 days of
NRC notification that the license is in effect.

LONG-TERM SURVEILLANCE PROGRAM

This LTSP describes the DOE’s long-term surveillance program to be
implemented at the Ambrosia Lake disposal site to ensure that the disposal site
continues to perform as designed. The plan is based on the UMTRA Project
long-term surveillance program guidance (DOE, 1992a) and meets the
requirements of 10 CFR §40.27(b) by addressing the following:

Site description and ownership.

Description of final site conditions.

Site inspection procedures and personnel. -
Custodial maintenance and corrective actions programs.
Record keeping and reporting.

Emergency response.

Quality assurance.
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LONG-TERM SURVEILLANCE PLAN FOR THE
AMBROSIA LAKE, NEW MEXICO, DISPOSAL SITE FINAL SITE CONDITIONS

2.0 FINAL SITE CONDITIONS
N | : N
Remedial action at the Ambrosia Lake site consisted of stabilizing the majority of the
tailings in place. Contaminated demolition debris from the former mill and soil from
surrounding areas that was contaminated with windblown tailings were also cleaned up. A
rock-covered disposal cell was constructed in the southwestern portion of the designated
processing site to control the residual radioactive material in accordance with 40 CFR Part
192. The Ambrosia Lake disposal site is unfenced, but its perimeter is marked with
warning signs. The site completion report (MK-F, 1995) contains a detailed description of
the final site conditions.

2.1 DESCRIPTION OF THE DISPOSAL SITE VICINITY

The Ambrosia Lake disposal site is in McKinley County in northwest New
Mexico. The site is approximately 25 miles (mi) (40 kilometers [km]) north of
Grants, New Mexico, accessible via state highways (Figure 2.1).

The disposal site is situated in the Ambrosia Lake Valley, on the southern edge
of the San Juan Basin portion of the Colorado Plateau, at an elevation of about
7000 feet (ft) (2100 meters [m]) National Geodetic Vertical Datum (NGVD). The
topography of the area surrounding the site consists of a broad valley trending
northwest to southeast bounded by elongated mesas that rise to an elevation of
about 8000 ft (2400 m) NGVD. Several small ephemeral streams and channels
originating in the canyons to the northeast direct the surface run-off in the
immediate area to the southwest. The site lies within the drainage basin of the
Arroyo del Puerto, an intermittent stream about 1.0 mi {1.6 km) southwest of
the site. The Arroyo del Puerto flpws into San Mateo Creek about 5 mi (8 km)
south.of the site. There are no perennial streams in the vicinity- of the Ambrosia
Lake disposal site.

The valley has a semiarid climate characterized by low precipitation, abundant
sunshine, low relative humidity, and large diurnal and annual temperature ranges
(DOE, 1991). Annual precipifation is about 9 inches (20 centimeters [cm]).
Normally over one-half of the annual precipitation occurs from July to
September, usually during brief, intense thunderstorms. Annual lake evaporation
is estimated to be 54 in (140 cm) for the region. Temperatures range from
below O degrees Fahrenheit (°F) {-20 degrees Celsius[°C]} in the winter to over
100 °F {40 °C) in the summer. Winds average about 6 mi {10 km) per hour and
are predominately from the west and north-northwest.

Over the last decade, surface use of the land in the vicinity of the Ambrosia Lake
site has shifted from uranium mining and milling to livestock grazing. Other
potential future surface uses include pasture cultivation.
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Figure 2.1
Location Map, Ambrosia Lake, New Mexico, Site
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LONG-TERM SURVEILLANCE PLAN FOR THE
AMBROSIA LAKE, NEW MEXICO, DISPOSAL SITE FINAL SITE CONDITIONS

2.2

2.3

DISPOSAL SITE DESCRIPTION

The Ambrosia Lake disposal site is located on approximately 290 acres {ac)
(120 hectares [hal) of land located in the southern half of Section 28, Township
14 North, Range 9 West, New Mexico Principal Meridian (Figure 2.2).
Attachment 2 contains the legal description of the disposal site.

The Ambrosia Lake disposal site is roughly rectangular in shape and has an east-
west length of about 4200 ft (1300 m) and a north-south width of about

2900 ft (880 m). The tailings and other contaminated materials are covered
with a layer of compacted earth to inhibit radon emanation and water infiltration
and an outer layer of rock for erosion protection. The perimeter of the disposal
site is marked with warning signs, boundary markers, and survey monuments
(Section 4.0). :

DISPOSAL SITE ACCESS AND SECURITY

The Ambrosia Lake disposal site can be accessed by automobile on well-
maintained highways following these directions:

¢ From Albuquerque, New Mexico, take Interstate 40 west about 75 mi
{120 km) to Exit 79 (Milan/San Mateo/NM 122/NM 605).

e  Go right {(north} 0.1 mi (0.2 km) to NM 122 (historic U.S. Highway 66), turn
left (west) and go 0.1 mi (0.2 km) on NM 122 to NM 605 following signs
for Ambrosia Lake (see Figure 13.1).

e Turn right onto NM 605 and travel about 14 mi (22 km) to NM 509.

e From NM 605, turn left onto NM 509 and travel northwest for 4.6 mi
(7.4 km).

e "Turn right onto an unmarked east-west graded dirt road with power lines
along both sides and travel east about 1 mi (1.6 km) to the site, located just
past a cattle guard on the road.

The east-west dirt access road parallels the section line between Sections 28
and 33, which forms the south boundary of the disposal site (Figure 2.2).
Presently, entry to the disposal site is restricted only by means of warning signs;
there is no fence around the perimeter of the site. However, the access road is
privately owned by Quivira Mining Company (QMC). While QMC has granted
the DOE permission to use the road, QMC should be notified prior to visiting the
site. QMC has indicated that it may close the access road at NM 509 with a
gate, at which time the GJPO will obtain a key from QMC. In addition,
permission to access the site shall be obtained from either the DOE UMTRA
Team Site Manager or the GJPO Supervisory General Engineer (Table 2.1).
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Figure 2.2
Vicinity Map, Ambrosia Lake, New Mexico, Site

To Ambrosia Lake

......................................................................................................................

Ambrosia Lake
disposal site

34 i 35

Quivira
Mining Co.

To Milan,
Grants Legend

— -~ Site boundary
=== Dirtroad

133 Section number
I (T14N, ROW)

MAC: SITE/AMBLTSPALOCAMBLAKE

Not to scale

From DOE, 1991,




LONG-TERM SURVEILLANCE PLAN FOR THE .
AMBROSIA LAKE, NEW MEXICO, DISPOSAL SITE . FINAL SITE CONDITIONS

Table 2.1 Ambrosia Lake disposal site access contacts

Title of contact Telephone Address

I?OE UMTRA Team Site Manager 505-845-4022  U.S. Department of Energy

Albuquerque Operations Office
Environmental Restoration Division
Post Office Box 5400
Albuquerque, NM 87115

Supervisory General Engineer 970-248-6006 U.S. Department of Energy

Grand Junction Projects Office
2597 B 3/4 Road

Grand Junction, CO 81503

=

The effectiveness of site security measures will be monitored through scheduled
site inspections (Section 6.0). A DOE 24-hour telephone number on the
entrance sign (Section 4.0) and agreements with local agencies to notify the

~ DOE in the event of an emergency or breach of site integrity (Section 11.0)

2.4

serve as additional security measures. Because of the remote location of the
disposal site, purposeful intrusion is not expected; however, if intrusion,
vandalism, or other factors become a problem, site security will be reevaluated.

DISPOSAL CELL DESIGN

The disposal cell is located on a low-gradient alluvial slope upland from the main
active valley stream channel. Erosion processes operating in the active channel
will not conceivably affect the tailings pile within the projected stabilization life
of 1000 years. The site is also at a great enough distance from nearby mesas to
preclude any hazard from slope failure processes such as landslides, debris
flows, mud flows, and rockfalls. The geomorphic processes posing a potential
hazard to the stabilized site are ephemeral drainage channel changes, low-
gradient slope erosion, and wind erosion.

The stabilized disposal cell was constructed above the ground surface; it
contains 6.9 million dry tons (6.3 million metric tons), and approximately

5.2 million yd® (3.9 million m®) of tailings and contaminated soil and debris. The
disposal cell is roughly rectangular with a maximum length of approximately
2500 ft (760 m) and a maximum width of about 1600 ft (490 m) including the
toe apron (Plate 1). The disposal cell rises to a maximum height of

approximately 50 ft (15 m) above the surrounding terrain.

The main tailings pile was stabilized in place. Relocated contaminated materials
were placed on top of the tailings and then covered with a radon/infiltration
barrier. The topslopes and sideslopes of the disposal cell were capped with rock
to prevent wind and water erosion of the underlying radon/infiltration barrier and
tailings.
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2.5

A 30-inch (80-cm)-thick radon/infiltration barrier was placed over the
contaminated materials. This barrier was constructed of clayey soil and is
designed to reduce the radon-222 flux from the disposal cell to less than

20 picocuries per square meter per second and minimize the rate of surface
water infiltration into the tailings. The thickness of the radon/infiltration barrier,
in conjunction with the erosion protection layer, will prevent the disposal cell
from being adversely affected by freezing and thawing cycles.

The erosion protection layer is 6-inch (15-cm)-thick riprap on the topslopes and
12-inch (30-cm)-thick riprap on the sideslopes. The topslopes have Type A
riprap with a rock diameter of predominately 2-3 inches (6-8 cm); the sideslopes
have Type B riprap with a rock diameter of predominately 4-6 inches (10-

15 cm). A 6-inch (15-cm)-thick bedding layer was placed between the riprap
and the radon/infiltration barrier to prevent damage to the barrier by rocks and
loss of the fined-grained radon/infiltration barrier material. The maximum grade
is 4 percent on the topslopes and 20 percent on the sideslopes. These grades,
in conjunction with the bedding layer, will allow excess surface water to run off
the disposal cell. The components of both the topsiope and sideslope covers are
intended to minimize the potential for deep percolation of precipitation into the
residual radioactive material.

At the toe of the disposal cell there is a rock apron, varying in thickness from
34 inches (86 cm) to 66 inches (170 cm) and primarily constructed of Type C
riprap with a rock diameter of predominately 10-12 inches (25-30 cm). At the
ground surface, riprap protection extends up to 40 ft (12 m) from the toe of the
disposal cell. -

DESCRIPTION OF ADJACENT AREAS

The conditions of several features immediately adjacent to the disposal cell or on
private property bordering the disposal site are important to note because
changes associated with the features may need to be monitored during site
inspections. These features are identified on Plate 1.

In the northeast corner of the disposal site there is a landfill pit containing
nonradiological and slightly contaminated demolition debris from the processing
site (MK-F, 1995). The debris pit is dlstmgmshable ‘only by a. slight mound; the
pit area was reseeded and muiched.

Three vent shafts to underground mining areas are located in the immediate site
area. One is located just inside the north-central boundary of the disposal site.
This shaft, which was sealed by UNC prior to start of remedial action, has a
spot-welded cover. Another on-site shaft, which has a bolted-on cover, is near
the southwest corner of the site. The third vent shaft, which also has a bolted-
on cover, is located on QMC property just outside the southwest corner of the
site. :
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LONG-TERM SURVEILLANCE PLAN FOR THE
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The former Ann Lee Mine is located on UNC property just outside the north
boundary of the disposal site. The mine shaft is reported to have been backfilled
by UNC .with mine wastes and dirt and is capped with a concrete slab.

The DOE has revegetated areas of the site surrounding the disposal cell and
adjacent areas as part of the remedial action plan and agreements with vicinity
property owners (DOE, 1991; MK-F, 1995). Final vegetative cover should equal
that of surrounding unremediated areas. These revegetated areas are currently
fenced with barbed wire and woven wire fencing to prevent livestock grazing
while vegetation is reestablishing. After 5 years, QMC has the option to
relocate the fencing to follow the western property boundary of the disposal site
(Attachment 2). Agreements with QMC give QMC ownership of the fencing to
the south and west of the site and require that QMC maintain the fencing and
the cattle guard at the site entrance for 5 years (from 1995) (Charlton, 1993 and
1995; Pommerening, 1992).
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3.0 SITE DRAWINGS AND PHOTOGRAPHS

At the completion of remedial action, the UMTRA Remedial Action Contractor documented
final disposal site conditions with site maps, as-built drawings, and photographs (MK-F,
1995). This information illustrates baseline conditions for comparison to future disposal
site conditions.

All original drawings, site maps, and photographs will become part of the Ambrosia Lake
permanent site file and be archived by the UMTRA Project Document Control Center
(UPDCC), in Albuquerque, New Mexico. At licensing, the DOE will transfer the site file to
the GJPO. The disposal site maps and drawings may be further modified by the GJPO, as
necessary. The GJPO will be responsible for maintaining the permanent site file and adding
any new maps, drawings, and photographs to the site file.

3.1 DISPOSAL SITE BASELINE MAP
The Ambrosia Lake disposal site baseline map (Plate 1) was compiled from the
final topographic survey map and as-built drawings of the disposal site area.
The final topographic survey was conducted in accordance with the DOE
long-term surveillance program guidance (DOE, 18992a). The following
specifications were used in developing the topographic map: a scale of
1 inch = 200 ft (1 cm = 24 m), a contour interval of 2 ft (0.6 m), and coverage
of the disposal site and an area of 0.25 mi (0.4 km) outside the site perimeter.
In addition to topography, the baseline map defines the following:
e Disposal site property boundaries and access road.
e Outline of the toe and crest of the disposal cell.
e Location of drainage swales. .
¢  Ground water monitor wells.
e Project survey control point.

e Permanent site surveillance features (e.g., monuments, markers, and signs).

e Other on-site features to be inspected (e.g., displacement monuments, vent
shafts, debris pit).

e Site grid coordinate system.
When this site map is updated, the revised map will include the year of revision

and the revision number. The Ambrosia Lake disposal site'map will serve as the
baseline map for site inspections.
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3.2

3.3

3.4

DISPOSAL SITE AS-BUILT DRAWINGS

A set of as-built drawings illustrates final disposal cell construction and final
disposal site conditions (MK-F, 1995). These drawings may be used to evaluate
changes in physical site conditions or the disposal cell over time and to develop
corrective action plans, if required.

SITE BASELINE PHOTOGRAPHS

The photographic record of the Ambrosia Lake disposal site includes a series of
aerial and ground photographs that provide a baseline visual record of site
construction activities and final site conditions to complement the as-built
drawings. The final completion report for the disposal site contains a complete
set of photographs that documents each phase of construction (MK-F, 1995).
The post-construction photographs provide an orientation tool for site
inspections and a baseline record of surveillance features.

A set of aerial photographs was taken of the Ambrosia Lake disposal site in
September 1995 after surface remedial action was completed (Table 3.1).

These photographs will enable inspectors to monitor changes in large-scale site
conditions (e.g., erosion patterns, vegetation changes, and land use) over time.
The need for new aerial photographs will be evaluated at 5-year intervals from
the effective date of the site license. More detailed information on the aerial
photography specifications is provided in the DOE long-term surveillance program
guidance (DOE, 1992a) and the Ambrosia Lake site surveillance and maintenance
subcontract documents {MK-ES, 1992).

SITE INSPECTION MAPS AND PHOTOGRAPHS

Site maps will be prepared and site photographs will be taken as part of the
long-term surveillance program site inspections (Section 6.5). The GJPO will
prepare a site inspection map based on the final site baseline maps and
drawings, This inspection map will be updated, as necessary, after each site
inspection. Each site inspection map will indicate the year of the inspection and
the type of inspection.

Photographs will be taken during disposal site inspections to document
conditions at the disposal cell and the disposal site. These photographs will
provide a continuous record for monitoring changing conditions over time. The
photographs can be compared with the baseline photographs to monitor site
features. Each photograph will be recorded individually on a site inspection
photo log (Attachment 3). An appropriate description of the feature
photographed, including azimuth (if necessary), will be entered into the log.
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Table 3.1 Final aerial photography for the Ambrosia Lake disposal site

Area photographed

Products delivered

Flight date

Flight line coverage

*" Final disposal site plus a minimum 6f 0.25 mi (0.4 km) beyond

site boundaries. An area of approximately 1000 ac (400 ha).

Two sets of vertical, color infrared stereo, 9- x 9-inch contact
prints, scale 1 inch = 200 ft {1 cm = 24 m) (representation
fraction 1:2400); double-weight, glossy, not trimmed.

One index map, scale 1 inch = 200 ft (1 cm = 24 m); flight
lines and frame numbers will be provided.
One set of 2 each of low and high oblique photographs (and

negatives) in natural color, 8- x 10-inch glossy, double-weight
prints or 9- x 8-inch contact prints.

September 1995.

Flight line extends 15 to 55 percent over site boundaries; 57
to 62 percent average end overlap; 25 percent average side
overlap.
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4.0 PERMANENT SITE-SURVEILLANCE FEATURES

Survey and boundary monuments, site markers, and warning signs are the permanent long-
term surveillance features of the Ambrosia Lake disposal site. In addition, the disposal cell
also has displacement monuments, which are permanently installed. Plate 1 shows the
locations of these features and Table 4.1 provides their survey grid coordinates.

The construction and emplacement of the site-surveillance features, described below, meet
the specifications in the UMTRA Project long-term surveillance program guidance (DOE,
1992a).

4.1 SURVEY MONUMENTS

Three survey monuments establish permanent horizontal control based on the
New Mexico Western Region State Plane Coordinate Grid System and referenced
to the Project Survey Control Point, which is located at an elevation of

6963.58 ft (2122.52 m) near the southwest corner of the site. The three
permanent survey monuments (SM-1, SM-2, and SM-3) are Berntsen RT-1
markers set in concrete with the dimensions shown in Figure 4.1. Magnets in
the markers permit easier detection if they become buried over time. The survey
monument identification number is stamped on the top of the metal cap.

4.2 BOUNDARY MONUMENTS

Eight boundary monuments lie along the final site boundary. The three RT-1
survey monuments serve a dual purpose as boundary monuments (SM-1 as
BMT-1, SM-2 as BMT-2, and SM-3 as BMT-3). The remaining five boundary
monuments (BMT-4 to BMT-8) are Berntsen Model A-1 survey monuments set in
concrete with the dimensions shown in Figure 4.2. Magnets are epoxied in the
cap and base of the A-1 monuments to allow easier detection if they become
buried. The boundary monument identification number is stamped on the top of
the metal cap.

4.3 SITE MARKERS

Two unpolished granite markers with an incised message identify the Ambrosia
Lake disposal site. The message includes a drawing showing the general
location of the stabilized disposal cell within the site boundaries, the date of
closure, the dry tonnage of tailings, and the amount of radioactivity (Figure 4.3).
Site marker SMK-1 near the southwest corner entrance to the site is set in a bed
of reinforced concrete that extends 3 ft (0.9 m) below the ground surface
(Figure 4.4). Site marker SMK-2 at the crest of the disposal cell is set in a bed
of reinforced concrete that extends to the top of the radon barrier (Figure 4.5).
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Table 4.1 Locations of permanent surveillance features, Ambrosia Lake, New

Mexico, site
Feature Location Coordinates®

Site Markers

SMK-1 N 1,603,168; E 508,986

SMK-2 N 1,604,091; E 510,091
Survey/Boundary Monuments

SM-1/BMT-1 N 1,603,179; E 513,059

SM-2/BMT-2 N 1,606,000; E 513,097

SM-3/BMT-3 N 1,606,000; E 510,000
Boundary Monuments

BMT-4 N 1,606,000; E 508,913

BMT-5 N 1,605,000; E 508,908

BMT-6 N 1,605,000; E 508,788

BMT-7 N 1,603,044; E 508,776

BMT-8 N 1,603,059; E 513,057
Displacement Monuments :

DM-1 . N 1,603,810; E 509,420

DM-2 N 1,604,080; E 510,000

DM-3 N 1,604,080; E 510,550

DM-4 N 1,604,610; E510,810

DM-5 N 1,604,300; E 509,720

DM-6 N 1,604,300;E 510,470

DM-7 N 1,603,900; E 509,720

DM-8 ' N 1,603,900; E510,470 .

®Coordinates based on Project Survey Control Point (N 1,603,044.66;
E 508,896.46) located at the common corner of Sections 28, 29, 32, and 33,
T14N, RQYV, New Mexico Principal Meridian.
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Figure 4.2
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Figure 4.3

Site Marker Message
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Figure 4.4

Site Marker at Entrance
Ambrosia Lake, New Mexico, Site
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Figure 4.5
Site Marker at Disposal Cell Crest

Ambrosia Lake, New Mexico, Site
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LONG-TERM SURVEILLANCE PLAN FOR THE .
AMBROSIA LAKE, NEW MEXICO, DISPOSAL SITE PERMANENT SITE SURVEILLANCE FEATURES

4.4

4.5

WARNING SIGNS

A warning sign was placed at the southwest corner entrance to the disposal site
near site marker SMK-1. This entrance sign displays the following information:
the name of the disposal site, the international symbol indicating the presence of
radioactive material, a notice that trespassing is forbidden on this federally
owned site, and the 24-hour telephone number of the DOE Albuquerque
Operations Office (Figure 4.6). In addition to the entrance sign, there are
currently 70 warning signs mounted on steel posts that are placed at
approximately 200-ft (60-m) intervals around the site perimeter (Plate 1). These
warnings will gradually be reduced in number by not replacing stolen or
vandalized signs. Remaining signs will be redistributed, as necessary, to
maintain a 400-ft (120 m) spacing between signs. In addition, signs at corner
locations will be maintained. These perimeter signs display the international
symbol indicating the presence of radioactive material and state that the disposal
site is U.S. Government property, that it contains uranium mill tailings, and that
trespassing is forbidden (Figure 4.7). The perimeter sign posts on the west side
of the site between boundary monuments BMT-6 and BMT-7 also have mining
restriction warning signs mounted directly below the perimeter signs. The
mining restriction signs warn that no conventional mining is allowed within

400 ft (120 m) of the disposal cell (Figure 4.8).

The signs are constructed in accordance with the dimensions and specifications
shown in Figures 4.6, 4.7, and 4.8, and mounted with the tops of the entrance
and perimeter signs about 6 ft (2 m) above the ground surface. The sign posts
are embedded in concrete to a depth of about 3 ft (1 m) below the ground
surface.

DISPLACEMENT MONUMENTS

Eight displacement monuments are installed on the disposal cell to monitor the
anticipated settlement of the tailings embankment during placement of
contaminated materials and disposal cell cover (Plate 1). The displacement
monuments were installed at various depths to the specifications shown in
Figure 4.9. Displacement monuments DM-1 to DM-4 were installed on the
compacted subgrade surface; DM-5 to DM-8 were installed on top of
contaminated material. The displacement monuments will not be monitored
during routine annual inspections. However, if there is a future need, they can
be used to measure long-term settlement of the disposal cell.

DOE/AL/62350-211 18-Sep-96
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Figure 4.6

Entrance Warning Sign
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Figure 4.7

Perimeter Warning Sign

Ambrosia Lake, New Mexico, Site
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Figure 4.9
Displacement Monument
Ambrosia Lake, New Mexico, Site
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AMBROSIA LAKE, NEW MEXICO, DISPOSAL SITE GROUND WATER CHARACTERIZATION AND MONITORING

5.0 GROUND WATER CHARACTERIZATION AND MONITORING

H

The need for ground water monitoring at the Ambrosia Lake disposal site was evaluated in
accordance with the NRC regulations in 10 CFR §840.27(b)(2), and long-term surveillance
program guidelines (DOE, 1992a). The implementation guidance in Subpart C of 40 CFR
Part 192, as revised by 60 FR 2854, describes specific conditions for applying
supplemental standards for ground water rather than meeting background levels or
numerical standards. The DOE has determined that a program to monitor ground water is
not required for the Ambrosia Lake site because ground water in the uppermost aquifer is
of limited use, and a narrative supplemental standard has been applied to the site that does
not include numerical concentration limits or a point of compliance. The limited use
designation is appropriate because the uppermost aquifer does not represent a ground
water resource since the aquifer will not sustain a yield of 150 gallons (gal) (570 liters [L])
per day to wells. '

5.1 GROUND WATER CHARACTERIZATION

Ground water at the Ambrosia Lake site is influenced by climate, human

" activities, and surface and subsurface features. Though the focus of this section
is a description of the hydrostratigraphic units that may be affected by the
disposal cell, information regarding the physical and environmental conditions is
included. Most of the information presented here is described in more detail in
the Ambrosia Lake remedial action plan (DOE, 1991) and the site observational
work plan (DOE, 1995). Some data has been collected since the completion of
the site observational work plan and is also reported in this LTSP.

5.1.1 Climate and surface features

A general description of the site climate and surface features is presented in
Section 2.1. The potential for recharge of ground water by infiltration of
precipitation is estimated as the precipitation less the evaporation and
transpiration of vegetation. Reported evaporation is about six times the reported
precipitation (Appendix D of DOE, 1991). The majority of the precipitation
occurs during the summer when evaporation and transpiration potentials are high
and the soil moisture content is low thus limiting significant infiltration. As a
result, recharge to ground water may only occur in the vicinity of surface
depressions that are able to trap runoff from a wide area. ‘However, these areas
are localized and are not expected to contribute significantly to ground water
recharge in the vicinity of the Ambrosia Lake disposal site.

5.1.2 Human activities

The Ambrosia Lake area has served as a mining and milling center from the mid-
1950’s to the early 1980’s, with limited activities extending into the 1980’s.
Dewatering of subsurface strata to facilitate the construction of vertical mine
shafts, followed by horizontal mining to extract uranium ore, affected the pre-
existing ground water in several subsurface geologic rock units in the area. The

DOE/AL/62350-211 . 24-Jul-96
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ground water pumped from the mines was used for milling processes or was
discharged to retention ponds. The influences from nearby mine and mill
operations on ground water in the Ambrosia Lake area are discussed in Sections
5.1.3, 5.1.4, and 5.1.5.

Waste water was produced from the former Phillips Mill at a rate of 1 to 5 tons
(0.9 to 4.5 metric tons) for every ton of ore processed (Merritt, 1971);
therefore, 3 to 15 million tons (2.7 to 13.6 million metric tons) of waste water
were produced during the 5 years of ore milling. This is equivalent to between
2200 to 11,000 ac-ft (2.7 to 14 million m3) of waste water. Waste water, with
the tailings, was disposed of in the tailings pile and also collected in two former

‘holding ponds located east of the tailings pile in the southeast corner quarter of

Section 28; some waste water was possibly discharged to a canal that led to a
separate holding pond called the Voght Tank, formerly located in Section 34; and
some waste water also was discharged to two ‘holding ponds near the southeast
corner of the tailings pile in Section 33 (Figure 2.2). The influences of these
waste water discharges on ground water in the immediate vicinity of the
disposal site are discussed in Sections 5.1.3, 5.1.4, and 5.1.5.

The ion-exchange process used at the Ambrosia Lake site probably contributed
little if any contamination to the site. Water that was passed through the ion-
exchange columns was returned to its source (the mines), and not discharged to
the land surface. Water applied to the heap leach piles was collected with a
drain system for recovery of uranium using the ion-exchange columns.

Water supplies associated with mill cleanup activities were from wells completed
in the uranium ore zone (the Westwater Canyon Member of the Morrison
Formation) and deeper hydrogeologic units. Domestic and stock wells in the
Ambrosia Lake area are also completed in the ore zone or deeper units and
obtain water at depths from 300 ft (30 m) to greater than 800 ft (240 m). No
wells are completed in any of the shallower zones (alluvium and Tres Hermanos
Sandstones) within at least a 5-mi (8-km) radius of the site, with the exception
of monitor wells installed by the DOE (DOE, 1991). These water supply wells
have no impact on the ground water in the uppermost aquifer beneath the
disposal site. )

The nearest public water supply is operated by the town of San Mateo, 10 mi
(16 km) southeast of the Ambrosia Lake site. The water for San Mateo is
derived from the Point Lookout Sandstone (Brod, 1979), which is
stratigraphically higher than, and not connected with, any of the geologic units
at the Ambrosia Lake site, and, therefore, is not impacted by ground water
beneath the disposal site.

5.1.3 Hydrostratigraphy
A generalized, regional geologic cross section illustrating the dip, relative depths,
and relative thickness of each unit described below is shown in Figure 5.1.
DOE/AL/62350-211 24-Jul-96
"REV. 1, VER. 1 0091185.D0C (AMB)
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The soil and rock u'nits underlying the Ambrosia Lake site can be divided into
four hydrostratigraphic units. These units, in descending order, include:

1. The alluvium, weathered portions' of the Mancos Shale, and the Tres
Hermanos-C, and -C, Sandstone units combined, designated as the
uppermost aquifer (DOE, 1991)

H

2. The Tres Hermanos-B and -A Sandstone units
3. The Dakota Sandstone
4, The Westwater Canyon Member of the Morrison Formation

At the Ambrosia Lake site, Quaternary alluvium lies on top of an erosional
surface of weathered Cretaceous Mancos Shale. The alluvium and weathered
Mancos Shale are hydraulically interconnected and appear to behave as a single
hydrologic unit. Underlying the alluvium/weathered Mancos Shale is the
unweathered, lower portion of the Mancos Shale Formation that contains four
silty sandstone interbeds, known as the Tres Hermanos-C4 (upper), and -C,
“(lower), -B, and -A Sandstone units. Other hydrostratigraphic units beneath the
site that may be water-bearing include (in descending order) the Cretaceous
Dakota Formation and the Jurassic Westwater Canyon Member of the Morrison
Formation. Below the Westwater Canyon Member is more than 150 ft (46 m) of
shale, siltstone, and sandstone of the Recapture Member of the Morrison
Formation, which was not disturbed during uranium mining and acts as a
confining layer.

With the exception of the alluvium, the regional dip of the geologic units beneath
the site is toward the northeast at approximately 2 degrees. The alluvium has
been deposited nearly horizontally on top of the Mancos Shale.

Figure 5.2 shows the location of a cross section constructed using information
from monitor wells installed as part of the UMTRA Project. The cross section is
shown in Figure 5.3, and illustrates the configuration of the shallow
hydrostratigraphic units that lie beneath Ambrosia Lake site. Figure 5.4 shows
the relationship between the geologic and hydrostratigraphic units. A summary
of the hydraulic properties of these hydrostratigaphic units is presented in Table
5.1.

The alluvium/weathered Mancos Shale unit undérlying the Ambrosia Lake site
extends to a depth of approximately 15 to 75 ft {5 to 23 m) below ground
surface. The alluvium consists of a mixture of gravels, sands, silts, and clays.
The alluvium is deposited on top of an erosional surface of weathered Mancos
Shale. Underlying the weathered Mancos Shale is the unweathered, lower
portion of the Mancos Shale which contains four silty sandstone interbeds,

DOE/AL/62350-211 24-Jul-96
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Figure 5.2

Location of Monitor Wells and Former/Current Site Features
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Ambrosia Lake, New Mexico, Site
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Figure 5.3
Hydrogeologic Cross Section A-A', Ambrosia Lake, New Mexico, Site
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Figure 5.4
Relationship Between Geologic and Hydrostratigraphic Units

Ambrosia Lake, New Mexico, Site
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GROUND WATER CHARACTERIZATION AND MONITORING

LONG-TERM SURVEILLANCE PLAN FOR THE
AMBROSIA LAKE, NEW MEXICO, DISPOSAL SITE
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known as the Tres Hermanos-C, (upper), and -C, {lower), -B, and -A Sandstone
units. The Tres Hermanos-C; and -C, Sandstone units are separated by a 10- to
156-ft {3- to 5-m) -thick interbed of shale and subcrop into the alluvium beneath
the western side of the site (Figures 5.1 and 5.3). The saturated portions of the
alluvium/weathered Mancos Shale unit and the Tres Hermanos-C, and -C,
Sandstone units comprise the uppermost aquifer. Water level observations
collected in 1995 indicate that the maximum saturated thickness of any portion
of this aquifer is about 25 ft (8 m).

The majority of ground water present in the alluvium/weathered Mancos Shale
and the Tres Hermanos-C Sandstone units at the Ambrosia Lake site is most
likely a result of past uranium mining and milling activities in the area. During
the period of the mill’s operation, the discharge of ground water pumped from
the Ann Lee Mine, as part of the mine dewatering process, and subsequent
infiltration of water from an unlined mill process {makeup) water pond infiltrated
into the underlying soil and bedrock including the alluvium/weathered Mancos
Shale unit. Ground water to the north of the former tailings pile in the
alluvium/weathered Mancos Shale unit appears to flow to the southwest under
the site on top of the unweathered Mancos Shale (Figure 5.3). The ground
water flows into the Tres Hermanos-C, and -C, Sandstone units where they
subcrop into the overlying alluvium/weathered Mancos Shale unit. Ground water
within both the upper and lower Tres-Hermanos-C sandstone units flows to the
northeast in the direction of the regional dip as shown in Figure 5.3 (Brod and
Stone, 1981).

Water level measurements collected in 1995 indicate that perched ground water
occurs in the alluvium/weathered Mancos Shale at depths from 15 to 45 ft (5 to
14 m) below ground level at the site. During the period of investigation, the
alluvium/weathered Mancos Shale unit was saturated below and directly south
and west of the former tailings pile. Little or no ground water was encountered
further to the south and west of the site because the Tres Hermanos-C
Sandstone units intercept the flow in the alluvium/weathered Mancos Shale unit.
Hydrographs of selected water level data collected from monitor wells completed
in the alluvium/weathered Mancos Shale unit (AMB01-0674, -0675, -0781, -
0793) from 1985 to 1995 are presented in Figure 5.5. Water levels have
generally decreased in well 0674 since 1988, and in well 793 since 1993.
Water levels have remained relatively constant in well 781 since 19886.
However, recent water level rises have occurred in well 0675 which may be the
result of toe drain runoff from the recently completed disposal cell. Ground
water in the alluvium/weathered Mancos Shale unit flows along the
southwestwardly sloping contact of the Mancos Shale under a hydraulic gradient
estimated to be 0.025 from observations made in 1995 (Figure 5.6). The
average hydraulic conductivity in the alluvium/weathered Mancos Shale unit is
approximately 3 X 10* em per second (0.9 ft per day) and the average linear
ground water velocity is approximately 7 x 10° cm per second (0.2 ft per day)
(DOE, 1991). Ground water is present in the alluvium several thousand feet
southwest of the site. This ground water is associated with mine dewatering
discharges into the Arroyo del Puerto, which is topographically much lower and
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Figure 5.5

Hydrograph Showing Ground Water Elevation Trends in Monitor Wells
Completed in the Alluvium/Weathered Mancos Shale Hydrostratlgraphlc Unit
Ambrosia Lake, New Mexico, Site - : s
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Figure 5.6
Ground Water Surface Map for Alluvium/Weathered Mancos Shale
Ambrosia Lake, New Mexico, Site
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LONG-TERM SURVEILLANCE PLAN FOR THE
AMBROSIA LAKE, NEW MEXICO, DISPOSAL SITE GROUND WATER CHARACTERIZATION AND MONITORING

not hydraulically connected to the alluvium/weathered Mancos Shale unit at the
Ambrosia Lake site. ,,, 'y Y . G g s .

Ground water within both the Tres Hermanos-C; and -C, Sandstone units flows
to the northeast in the direction of regional dip under a hydraulic gradient
averaging 0.026 from observations made in 1995 (Figures 5.7 and 5.8). The
average hydraulic conductivity in these units is approximately 3 x 10* cm per
second (0.9 ft per day) and the average linear ground water velocity is
approximately 1 x 10™* cm per second (0.3 ft per day) (DOE, 1991). The Tres
Hermanos-C Sandstone units are unconfined in the vicinity of the Ambrosia Lake
site, and ground water elevations from monitor wells completed in both the
upper and lower sandstone beds suggest that there is basal saturation in each
unit. The Tres Hermanos Sandstone may have been saturated in the premining
era, but was dewatered by mine construction activities and seepage down mine
shafts and vent holes in the vicinity. The basal saturation evident in recent
monitor well ground water level measurements is probably sustained by recharge
from the alluvium in the subcrop area.

Tres Hermanos-B and -A Sandstones

Underlying the Tres Hermanos-C, Sandstone is an unweathered portion of
Mancos Shale that acts as an effective aquitard. The shale is approximately

50 ft (15 m) thick and is of sufficiently low-hydraulic conductivity to impede the
vertical migration of contaminants. A hydraulic conductivity of 4 x 108 cm per
second (1.1 x 107 ft per day} was estimated in undisturbed Mancos Shale and is
probably representative of the vertical hydraulic conductivity of the Mancos
Shale aquitard that occurs between the Tres Hermanos-C and the Tres
Hermanos-B Sandstones (Thompson and Heggen, 1981). Ground water within
the Tres Hermianos-B Sandstone unit flows to the northeast in the direction of
regional dip under a hydraulic gradient estimated to be 0.04 (DOE, 1991).
Underlying the shale are the Tres Hermanos-B and -A Sandstone units which
consist of silty sandstone (Figure 5.3). An aquifer test was performed on the
Tres Hermanos-B Sandstone unit yielding an estimated hydraulic conductivity of
5x 10 cm per second (1.4 ft per day). The water-bearing capacity of the Tres
Hermanos-B and -A Sandstone units is limited and not much greater than the
Mancos Shale.

Based on water levels measured from 1985 to 1995, the Tres Hermanos-B
Sandstone unit is only partially saturated. Because the unit is relatively thin and
only partially saturated, its use as a potential aquifer is limited. Furthermore, the
Tres Hermanos-B Sandstone unit subcrops in the alluvium to the west of the site
and contamination in the alluvium from the Ambrosia Lake site probably does not
recharge this unit. A 75-ft (23-m) -thick shaley siltstone unit underlies the Tres
Hermanos-A Sandstone unit and acts as an effective hydraulic barrier to ground
water flow.

DOE/AL/62350-211 24-Jul-96
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Figure 5.7

Potentiometric Surface Map for Tres Hermanos-C1 Sandstone
Ambrosia Lake, New Mexico, Site
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Figure 5.8

Potentiometric Surface Map for Tres Hermanos-C2 Sandstone

Ambrosia Lake, New Mexico, Site
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