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Acronyms and Abbreviations

ACL alternate concentration limits
BIA ' U.S. Bureau of Indian Affairs
BLRA baseline risk assessment
cm- centimeters
cm/s centimeters per second -
cm/year - centimeters per year
COC contaminants of concern
COPC contaminants of potential concern
DOE U.S. Department of Energy
Eh © oxidation-reduction potential
EPA U.S. Environmental Protection Agency
ESC expedited site characterization

- ET evapotranspiration
ET/P evapotranspiration/precipitation
ft foot (feet)
ft/day foot (feet) per day

. ft/year feet per year
ft? ~ square feet
ft*/min square feet per minute
ft? ' cubic feet
ft’/day cubic feet per day
gal gallon(s)
GCAP Ground Water Compliance Action Plan
GJO Grand Junction Office .
gpm gallons per minute
GRM generalized reciprocal method
HEW U.S. Department of Health, Education, and Welfare
HCl hydrochloric acid
HQ - hazard quotient
Hz Herz : .
ICP-AES inductively coupled plasma-atomic emission spectrophotemetry
ICP-MS inductively coupled plasma-mass spectrometry
id. - inside diameter
in. : inch(es)
in./year inches per year
IP induced polarization
IRIS Integrated Risk Information System
km’ kilometers
L - liter(s)
m meters
MAP management action process
MCL . maximum concentration limits
mg/kg milligrams per kilogram
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Acronyms and Ab"breviationé (continued)

mg/L milligrams per liter
mL milliliters
pum micrometers
pg/L micrograms per liter
mm " millimeters
Mn manganese
MSL mean sea level
- mV millivolts
- NEPA National Environmental Policy Act
NH, ammonium
NO, nitrate
NRC U.S. Nuclear Regulatory Commission
Oo&M operating and maintenance
OMB Office of Management and Budget
pCi/L picocuries per liter
pCi/g ' picocuries per gram
. PEIS Programmatic Environmental Impact Statement
ppb parts per billion
ppm parts per million
PVC polyvinyl chloride
RAP remedial action plan
Rfd reference dose
RO reverse osmosis
RRM residual radioactive material
SO, sulfate
SOWP site observational work plan
Sr strontium
TAGR Technical Approach to Groundwater Restoratlon
TDS total dissolved solids
TEM transient electromagnetic
UMTRA “‘Uranium Mill Tailings Remedial Action (Project)
UMTRCA Uranium Mill Tailings Radiation Control Act
U uranium
USDA U.S. Department of Agriculture
VCA Vanadium Corporation of America
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Executive Summary

Ground water beneath the Monument Valley site was contaminated by former uranium
ore-processing operations that were ongoing from 1955 through 1968. Tailing piles, leach areas,
an evaporation pond, and other associated contaminated surface materials were removed from the
site by January 1994 in accord with 40 CFR Part 192 Subpart A as part of the Uranium Mill
Tailings Remedial Action (UMTRA) Surface Project. However, the potential for infiltration of
ground-water contaminants remained until that time. Currently, no one is drinking the
contaminated ground water. ‘

Site-specific field investigations reveal the alluvial ground water is the aquifer most effected by
. the former milling operations. Contaminants of concern (COCs) in the alluvial aquifer are
identified as nitrate, sulfate, and uranium. Nitrate concentrations exceeding the U.S. Department
of Energy (DOE) maximum concentration limit (MCL) o@nilligrams per liter (mg/L) are '
present in the alluvial aquifer up to a maximum of 4,500-feet (ft) downgradient from the site.
Elevated concentrations of COCs are not present in the Shinarump bedrock aquifer. Uranium is
present in the De Chelly bedrock aquifer at concentrations that slightly exceeds the 0.044 mg/L
uranium MCL; however, the area of impact is small, isolated, and the concentrations appear to be

- decreasing with time.

'DOE’s goal is to implement a cost-effective strategy to remediate the ground water at the former
Monument Valley mill site that complies with the U.S. Environmental Protection Agency (EPA)
ground water standards and protects human health and the environment. The requirements for
ground water compliance for UMTRA Project sites, including the Monument Valley site, are
found in the Uranium Mill Tailings Radiation Control Act (42 USC §7901 et seq.) and EPA’s
Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings '
(40 CFR Part 192; 60 FR 2854). The compliance framework was developed in the UMTRA
Ground Water programmatic environmental impact statement (DOE 1996c).

The proposed compliance strategy to cleanup the alluvial ground water at the Monument Valley
site is no ground water remediation of constituents that do not pose a potential risk and do not
exceed EPA standards. For constituents that pose a potential risk or exceed EPA standards or
both, the strategy is to perform active ground water remediation using phytoremediation of
ammonia-contaminated soils and shallow portions of the aquifer, and distillation of deeper
portions of the aquifer, in combination with natural flushing. Information presented in this final
site observational work plan supports the proposed compliance strategy in a manner that is .
consistent with the regulatory compliance framework.

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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1.0 Introduction

" The Monument Valley Uranium Mill Tailings Remedial Action (UMTRA) Project site in.

northeastern Arizona (Figure 1-1) is the location of a former uranium mill. Ground water
beneath the Monument Valley site was contaminated by milling operations that were ongoing
from 1955 through 1968. Tailing piles, leach areas, an evaporation pond, and contaminated
surface materials were completely removed from the site by January 1994 in accord with

40 CFR Part 192 Subpart A, as part of the U.S. Department of Energy (DOE) UMTRA Surface
Project. However, the potential for infiltration of ground-water contaminants remained until that
time. ' '

DOE’s goal is to implement a cost-effective compliance strategy that is protective of human.
health and the environment by remediating contaminated ground water at the Monument Valley
site. For site-related constituents that pose a potential risk or exceed the U.S. Environmental
Protection Agency (EPA) standards or both, the proposed strategy is to perform active ground .
water remediation in combination with natural flushing. The proposed compliance strategy is no
ground water remediation of site-related constituents that do not pose a potential risk and do not
exceed the EPA standards. Sulfate is the only exception to this strategy; details of the compliance
strategy for sulfate are given in Section 8.1.2.1.

This final site observational work plan (SOWP) documents the site-specific strategy that will
allow DOE to comply with EPA ground water standards at the Monument Valley UMTRA

~ Project site and provides a mechanism for stakeholder participation, review, and acceptance of

the recommended remedial alternative. Site-specific data are presented that support the proposed
strategy. ’

Compliance requirements for meeting the regulatory standards at the Monument Valley site are
presented in Section 2.0. An overview and history of the former milling operation are reviewed
in Section 3.0. Results of field investigations conducted at the site in 1997 are presented in
Section 4.0. Site-specific characterization of the geology, hydrology, geochemistry, and ecology
are synthesized in the site conceptual model in Section 5.0. Potential human health and
ecological risks associated with ground water contamination are summarized in Section 6.0. The

- proposed compliance strategy and an evaluation of potential remediation technologies to clean up

the ground water are presented in Sections 7.0 and 8.0, respectively.
1.1 UMTRA Project Prbgrammatic Documents

The programmatic documents that guide the SOWP include the UMTRA Groundwater
Management Action Process (MAP) (DOE 1998b), the Final Programmatic Environmental

Impact Statement for the Uranium Mill Tailing Remedial Action Ground Water Project (PEIS)

(DOE 1996¢), and the Technical Approach to Groundwater Restoration (TAGR) (DOE 1993c).
The MAP states the mission and objectives of the UMTRA Ground Water Project and provides a
technical and management approach for conducting the project. The PEIS is the programmatic -
decision-making framework for conducting the UMTRA Ground Water Project. DOE will follow
PEIS guidelines to assess the potential programmatic impacts of the Ground Water Project, to
determine site-specific ground water compliance strategies, and to prepare site-specific

DOE/Grand Juncﬁon Office o * Site Observational Work Plan for Monument Valley, Arizona
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environmental impact analyses more efficiently. Technical guidelines for conducting the
ground-water program are presented in the TAGR.

1.2 Relationship to Sité-Specific Documents

The surface remedial action plan (RAP) (DOE 1993b) provides site characterization information.
This information was updated in developing the SOWP to strengthen the site conceptual model.
If an active ground water compliance strategy requiring remedial action is selected for this site, a
ground water draft and final Ground Water Compliance Action Plan (GCAP) will be prepared;
otherwise, a modification to the surface RAP via a GCAP will suffice.

In 1996, a baseline risk assessment (BLRA) was prepared (DOE 1996b) that identified potential
public health and environmental risks at the site. Potential risks identified in the risk assessment
are considered and updated in this SOWP to ensure that the proposed compliance strategy i is
protective of human health and the environment.

After a proposed compliance strategy is identified in the SOWP and described in the GCAP, a
site-specific National Environmental Policy Act (NEPA) document (e.g., an-environmental
assessment) will be prepared to determine the potential effects, if any, of implementing the

. proposed compliance strategy. :

1.2.1 SOWP Revisions

The SOWP is a multiyear process of sequenced document preparation and field data-collection
activities consisting of two versions: Revision 0 (draft) and Revision 1 (final).

The draft SOWP was prepared in 1996 and included all previous information about the site,
presented a proposed compliance strategy and possible remediation technologies, and defined
additional data needs that were required to determine the most likely compliance strategy.
Following stakeholder review and resolution of comments, fieldwork was conducted in 1997 to
address the data gaps identified in the draft SOWP.

~ This final SOWP presents the additional data collected in 1997, correlates the data to previous

information, updates the site conceptual model, and recommends a final compliance strategy
based on the updated site conceptual model.

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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2.0 Regulatory Framework

This section identifies the regulatory framework to be applied to the selected ground-water
compliance strategy at the former Monument Valley millsite to achieve compliance with
Subpart B of EPA health and environmental protection standards for uranium and thorium mill
tailings (40 CFR Part 192) and the final rule to the standards published in 60 FR 2854.

2.1 Uranium Mill Tailings Radiatidn Control Act

. The United States Congress passed the Uranium Mill Tailings Radiation Control Act

(UMTRCA) (42 USC §7901 et seq.) in 1978 in response to public concerns about potential
health hazards from long-term exposure to uranium mill tailings. UMTRCA authorized DOE to

~ stabilize, dispose of, and control uranium mill tailings and other contaminated matgnals at

inactive uranium ore-processing sites.

Three UMTRCA titles apply to uranium ore-processing sites. Title I designates 24 inactive
processing sites for remediation. It directs EPA to promulgate standards, mandates remedial
action in accordance with these standards, stipulates that remedial action be selected and
performed with the concurrence of the U.S. Nuclear Regulatory Commission (NRC) and in

* consultation with the states and Indian tribes, directs NRC to license the disposal sites for

long-term care, and directs DOE to enter into cooperative agreements with the affected states and
Indian tribes. Title II applies to active uranium mills. Title III applies only to certam uranium

- mills in New Mexico. The UMTRA Project is respon51ble for administering only Title I of

UMTRCA.

In 1988, Congress passed the Uranium Mill Tailings Remedial Action Amendments Act
(42 USC §7922 et seq.), authorizing DOE to extend without limitation the time needed to
complete ground water remediation activities at the processing sites.

2.1.1 EPA Ground Water Protection Standards

UMTRCA requires EPA to promulgate standards for protecting public health, safety, and the
environment from radiological and nonradiological hazards associated with uranium ore
processing and the resulting residual radioactive materials (RRM). On January 5, 1983, EPA -
published standards (40 CFR Part 192) for RRM disposal and cleanup. The standards were
revised and a final rule was published January 11, 1995 (60 FR 2854).

The standards address two ground water contamination scenarios: (1) future ground water
contamination that might occur from tailings material after disposal cell construction, and (2) the
cleanup of residual contamination from the milling process at the processing sites that occurred
before disposal of the tailings material (60 FR 2854). The UMTRA Surface Project is designed
to control and stabilize tailings and contaminated soil. The UMTRA Ground Water Project

addresses ground water contamination at the processing sites and is regulated by Subparts B
and C of 40 CFR 192.

DOE/Grand Junction Office : . Site Observational Work Plan for Monument Valley, Arizona
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2.1.1.1 Subpart B: Standards for Cleanup of Land and Buildings

Subpart B, "Standards for Cleanup of Land and Buildings Contaminated with Residual

- Radioactive Materials from Inactive Uranium Processing Sites," requires documentation that
action at the former ore-processing sites ensures that ground water contamination meets any of
the following three criteria:

»  Background levels, which are concentrations of constituents in nearby ground water not
contaminated by ore-processing activities.

+  Maximum concentration limits (MCLs), which are limits set by EPA for certain hazardous
constituents in ground water and are specific to the UMTRA Project (Table 2-1).

-+ Alternate concentration limits (ACLs), which are concentration limits for hazardous
constituents that do not pose a substantial hazard (present or potentlal) to human health or

the environment as long as the limit is not exceeded.

Table 2-1. Maximum Concentration Limits of Inorganic Constituents in Ground Water at UMTRA Project

Sites
Constituent Maximum Concentration®

Arsenic : - 0.05
Barium : v 1.0
Cadmium : ‘ , 0.01
Chromium . _ 0.05
Lead | o 0.05
Mercury . 3 0.002
Molybdenum : - - 0.1
Nitrate (as N) : © 1000
Selenium ' , 1 0.01
Silver 0.05
Compbined radium-226 and radium-228 : 5 pCilL
Combined uranium-234 and uranium-238 o 30 pCilLe
Gross alpha-particle activity (excluding radon and uranium)_ 15 pCi/ll

*Concentrations reported in milligrams per liter (mg/L) unless otherwise noted.
*Equivalent to 44 mg/L nitrate as nitrate.
°Equivalent to 0.044 mg/L, assuming secular equilibrium of uranium-234 and uranium-238.

pCi/L = picocuries per liter.
Reference: 60 FR 2854. -

Natural Flushing Standards |

Sﬁbpart B also allows natural flushing to meet EPA standards. Natural flushing allows natural
ground water processes to reduce the contamination in ground water to acceptable standards
(background levels, MCLs, or ACLs). Natural flushing must allow the standards to be met within

Site Observational Work Plan for Monument Valley, Anzona DOE/Grand Junction Office
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100 years. In addition, mstltutlonal controls and an adequate monitoring program must be
established and maintained to protect human health during the period of natural flushing.
Institutional controls would prohibit inappropriate uses of the contaminated ground water. The
ground water also must not be a current or projected source of drinking water for a public water
system during the penod of natural flushing, and beneficial uses of ground water must be

_ protected

2.1.1.2 Subpart C: Implementation

‘Subpart C provides guidance for implementing methods and procedures to reasonably ensure that
standards of Subpart B are met. Subpart C requires that the standards of Subpart B are met on a
site-specific basis using information gathered during site characterization and monitoring. The
plan to meet the standards of Subpart B must be stated in a site-specific GCAP. The plan must
contain a compliance strategy and a monitoring program, if necessary.

Supplemental Standards

Under certain conditions, DOE may apply supplemenfal standards to contaminated ground water
in lieu of background levels, MCLs, or ACLs (40 CFR Part 192) Supplemental standards may -

. be applied 1f any of the following conditions are met:

*  Remedial action necessary to implement Subpart A or B would pose a significant risk to
workers or the public.

«  Remedial action to meet the standards would directly produce environmental harm that is
clearly excessive, compared to the health benefits of remediation, to persons living on or
- near the sites, now or in the future.

+  The estimated cost of remedial action is unreasonably high relative to the long-term benefits,
and the RRM does not pose a clear present or future hazard.

'+ Thereisno known remedial action.

. The restoration of ground water quality at any processing site is techmcally impractical from

an engmeenng standpomt

*  The ground water is classified as limited-use ground water. Subpart B of 40 CFR 192
defines limited-use ground water as ground water that is not a current or potential source of
drinking water because total dissolved solids (TDS) exceed 10,000 milligrams per liter
(mg/L); there is widespread ambient contamination that cannot be cleaned up using
treatment methods reasonably employed in public water supply systems; or the quantity of
water available to a well is less than 150 gallons (gal) (570 liters [L]) per day. When
limited-use ground water applies, supplemental standards ensure that current and reasonably
projected uses of the ground water are preserved (40 CFR Part 192). '

DOE/Grand Junction Office Site Obsewational Work Plan for Monument Valley, Arizona
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»  Radiation from radionuclides other than radium-226 and its decay products is present in
sufficient quantity and concentration to constitute a significant radiation hazard from RRM.

2.1.2 Cooperative Agreements

UMTRCA requires that remedial action include full participation of the states and Indian tribes
that own land containing uranium mill tailings. UMTRCA also dlrects DOE to enter into
cooperative agreements with the states and Indian tribes. .

2.2 National Environmental Policy Act

UMTRCA is a major federal action that is subject to the requirements of NEPA (42 USC §4321
et seq.). Regulations of the Council on Environmental Quality (to implement NEPA) are codified
in 40 CFR Part 1500; these regulations require each federal agency to develop its own
implementing procedures (40 CFR §1507.3). DOE-related NEPA regulations are contained in

10 CFR Part 1021, National Environmental Policy Act Implementing Procedures. DOE guidarice
is provided in Recommendations for the Preparation of | Envzronmental Assessments and
Environmental Impact Statements (DOE 1993a)

- Pursuant to NEPA, in 1994 DOE drafted a PEIS for the UMTRA Ground Water Project. The
PEIS document was made final in October 1996. The purpose of the NEPA document was to
analyze the potential impacts of implementing four programmatic alternatives for ground water
compliance at the designated processing sites. The preferred alternative for the UMTRA Ground
~ Water Project was published in a Record of Decision in 1997. All subsequent action on the
UMTRA Ground Water Project will comply with the Record of Decision.

2.3 Other Regulations

In addition to UMTRCA EPA ground water standards and NEPA, DOE must also comply with
other Federal regulations and executive orders that may be relevant to the UMTRA Project sites.
Examples include regulations that require protection of wetlands and floodplains, threatened or
endangered species, and cultural resources. Other regulations, for which the State may be
delegated authority, include requirements for water discharge and waste management. Executive
orders include those related to pollution preventlon and environmental justice.

2.4 State/Tribal Regulations

State and tribal regulations must also be complied with where Federal authority has been
delegated to the State or where the Navajo Nation exercised the right of sovereignty. Examples
include the right of the Navajo Nation to require water-use permits and permits to drill wells.

2.5 DOE Orders

Several environmental, health and safety, and administrative DOE orders that apply to the work
being conducted under the UMTRA Ground Water Project. DOE orders prescribe the manner in
which DOE will comply with Federal and State laws, regulations, and guidance, and the manner

Site Observational Work Plan for Monument Valley, Arizona ] DOE/Grand Junction Office
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in which DOE will conduct operations that are not prescribed by law. DOE guidance for
complying with Federal, State, and tribal environmental regulations are contained in the DOE
Order 5400.1 Series, partially superseded by DOE Order 231.1. DOE Order 5400.5 requires
protection of the public from radiation hazards. DOE guidance pertaining to NEPA is contained
in DOE Order 451.1, and specific guidance pertaining to environmental assessments (EAs) is
provided in Recommendations for the Preparation of Environmental Assessments and
Environmental Impact Statements (DOE 1993a).

2.6 Agreements

UMTRCA requires that compliance with the ground water standards be accomplished with the
full participation of states that are paying part of the costs, and in consultation with Indian tribes
on whose lands uranium mill tailings are located. UMTRCA also directs DOE to enter into
cooperative agreements with the states and Indian tribes. DOE has negotiated an UMTRA
Ground Water cooperative agreement with the Navajo Nation. -

The Navajo Nation’s proposed secondary cleanup levels for sulfate is 250 mg/L. In concert with
the sulfate-to-chloride ratio, this will be adopted as a cleanup goal for the Monument Valley site.

" 'See Section 8.1.2.1 for additional information.

DOE/Grand Junction Office ‘ Site Observational Work Plan for Monument Valley, Arizona
April 1999 : . Page 2-5



This page intentionally blank



Document Number U0018101 Site Background

3.0 Site Background

The Monument Valley UMTRA Project site is on the Navajo Indian Reservation (Navajo
Nation) in northeastern Arizona, approximately 15 miles south of Mexican Hat, Utah
(Figure 1-1). The site, which is accessible by U.S. Bureau of Indian Affairs (BIA) Navajo

~ Service Route 6440, is the location of a former uranium mill that operated from 1955 through

1968. An overview of the site’s physical setting and climate, a history of the former milling
operation, and a summary of previous investigations is presented in the following sections.

3.1 Physical Setting and Climate

The former millsite is on the west side of Cane Valley, which is drained to the north by Cane
Valley Wash. The elevation along Cane Valley Wash is approximately 4,800 ft above mean sea
level. The valley is bordered on the east by Comb Ridge, a 600-ft-high escarpment of Navajo,
Kayenta, and Wingate Sandstones. On the west side of the valley near the former millsite, the
bedrock dips to the east at approximately 5 degrees and rises up to Yazzie Mesa at an elevation
of over 5,300 ft. Cane Valley between Comb Ridge and Yazzie Mesa is filled with a reddish-
yellow eolian sand and minor amounts of water-transported sand, gravel, and bedrock fragments.

- The site is arid, receiving approximately 6.4 inches (in.) of annual precipitation. Most |

precipitation usually occurs during July through August and December through February.

. Rainfall during the summer commonly occurs in high-intensity, short-duration storms that are

conducive to runoff. Precipitation during the winter, however, usually occurs during low-

intensity, longer-duration storms (Cooley et al. 1969). Annual snowfall ranges between 10 and
40 in. The two driest months are generally May and June.

The weather station closest to the Monument Valley site is in Mexican Hat, Utah, about 16 miles
north. Climatological data collected from the Mexican Hat weather station for the period 1951
through 1980 indicates an average annual pan evaporation rate of 84.4 in. (DOE 1993b). Pan
evaporation rates exceed precipitation every month except January. The highest rates occur from
May through August, when pan evaporation exceeds 10 in. per month.

~ Temperatures show considerable diurnal and seasonal variations. Winters are cold, with

temperatures typically below freezing from November through March. Summers are hot, with
highs ranging from 90 °F to the low 100s °F.

3.2 Site History

Uranium was discovered in 1942 by Luke Yazzie approximately one-half mile west of the former
millsite (Chenoweth 1985). The deposit is a carnotite mineralization in and beneath a
paleochannel in the Shinarump Member of the Chinle Formation incised into the underlying
Moenkopi Formation and De Chelly Sandstone Member of the Cutler Formation. Vanadium
Corporation of America (VCA) acquired mining rights for the deposit from the Office of Indian
Affairs in 1943 and named the lease property Monument No. 2. VCA mined the property from
1943 to 1968. Total production was 767,166 tons of ore averaging 0.34 percent U;0; and -

1.42 percent V,0;. Included in the production estimate are products from a mechanical upgrader,

DOE/Grand Junction Office ) Site Observational Work Plan for Monument Valley, Arizona
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a concentrator, and a heap leach that operated at various times at the site. The Monument No. 2
mine has produced more uranium than any other mine in Arizona (Chenoweth 1985).

Before 1955, there was no mill at the site. From 1943 to 1946, the ore was shipped to Metal
Reserve at Monticello, Utah. From 1947 to 1952, low-grade ore from the mine was mechanically
upgraded at a small plant on the bank of the San Juan River near the Mexican Hat bridge. This
upgrader is believed to be the prototype for the plant that was built at the Monument Valley site
'in 1955 (Chenoweth 1985). Ore concentrated from the upgrader was hauled to a mill at Naturita,
- Colorado.

The upgrader constructed at the Monument Valley site in 1955 consisted of a mechanical
separator. In this operation, ore was crushed and sorted by grain size using large amounts of
water from two on-site wells (MON—618 and MON—619) in the De Chelly Sandstone. The finer
grained material, which was higher in uranium content, was shipped off site for chemical
concentration at the Durango, Colorado, mill before March 1963 and later at the VCA mill at
Shiprock, New Mexico. No chemicals were used except minor amounts of flocculants
(Albrethson 1982). The coarser grained material remained on the site and was piled in the areas
identified as the former mill and old tailings pile (Figure 3—1). The mechanical milling '
operations at the Monument Valley site continued from 1955 to 1964.

In October 1964, batch-leaching equipment was installed at the mill. Batch leaching continued
for approximately 3 years, during which approximately 1,000,000 tons of sandy tailings were
processed (925 tons per day) in large steel tanks. A separate heap-leaching operatlon was used on
an additional 100,000 tons of low-grade ore in 1966 and 1967.

The millsite was leased from the Navajo Natlon until 1968, when the mill closed and the lease
. expired. Control of the site, structures, and materials reverted to the Navajo Nation at that time.

The mill buildings and milling equipment were removed after 1968. Beginning in 1992, the
tailings piles, windblown tailings, contaminated radioactive materials, concrete foundations, and
debris were removed and placed in the Mexican Hat UMTRA Project disposal cell,

. approximately 10 mi north of the former millsite. Relocation of these materials was completed in

January 1994.
3.2 1 Sources of Ground Water Contamination from the Milling Operation

Some ground water contamination probably occurred during the mechanical processing period
(1955 to 1964) as a result of water draining from stockpiles of the finer grained material prior to
shipment off-site for chemical separation and from the coarser material that remained on-site. -
The primary contaminants would have been relatively soluble components of the ore, such as
uranium, calcium, and sulfate (the source of calcium and sulfate would have been gypsum, which
was part of the ore body). Infiltration of the contaminated water would have occurred at the
former mill and old tailings pile areas designated on Figure 3-1.

Site Observatlonal Work Plan for Monument Valley, Anzona : DOE/Grand Junction Office
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Process chemicals were an additional source of sulfate, nitrate, calcium, and ammonium. Both
the batch- and heap-leaching operations used sulfuric acid to leach out uranium and vanadium.

- The sulfuric acid heap- and batch-leaching solutions were adjusted to pH 4 with ammonia.

Quicklime (calcium oxide) was then added to neutralize the pH and produce a bulk precipitate.
Later, this bulk precipitate was shipped to the mill at Shiprock, New Mexico, where the uranium

“and vanadium were extracted. The spent neutralization solution was probably discharged to the

new tailings pile and the heap- and batch-leach material was slurried to the new tailing pile
(Merritt 1971, DOE 1982) where mﬁltratlon of contaminated water would have occurred
(Flgure 3-1).

3.2.1.1 Quantity Estimates of Process Water and Chemicals

The amount of process water and chemicals (sulfuric acid, ammonia, and nitrate) used at the
Monument Valley site from 1964 to 1967 is estimated on the basis of typical usage in uranium
mills (Merritt 1971, HEW 1962). The U.S. Department of Health, Education, and Welfare
(HEW) report suggests that the amount of water used was approximately 850 gal per ton of
reprocessed tailings. The amount of chemical used per ton of ore processed, based on the HEW
report and site-specific data compiled by Merritt, is 25 pounds of sulfuric acid, 1 to 30 pounds of
ammonia, and 15 to 20 pounds of ammonium nitrate.

3.2.2 Previous Investigations

Merritt (1971) provides detailed descriptions of the uranium concentration process, mill
by-products, and process waste streams. Albrethsen and McGinley (1982) summarizes the
history of the domestic uranium procurement policies and practices under the Atomic Energy
Commission. Chenoweth (1985) documents the history of mining in Monument Valley.

Early geologic and hydrologic studies conducted near the site are reported in Witkind and
Thaden (1963), Cooley et al. (1969), Irwin et al. (1971), and James (1973).

Site-specific hydrogeologic and geochemical investigations are described in an engineering
assessment (DOE 1981), an Environmental Assessment (DOE 1989), a RAP (DOE 1993b), a

- water sampling and analysis plan (DOE 1994), a BLRA (DOE 1996b), and the draft SOWP

(DOE 1996d).

- April 1999
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4.0 Field.Investigation Results

The draft SOWP (DOE 1996d) included all previous information about the site, proposed
possible remediation technologies, and defined additional data needs that were required to
determine the most likely compliance strategy. Following stakeholder review and resolution of
comments, an expedited site characterization (ESC) field investigation was conducted in 1997 to
address the data gaps identified in the draft SOWP. Additional field characterization data
presented in the following sections were collected to reduce system uncertainties by enhancing
the understanding of the site characteristics and thereby ensuring that the appropriate ground
water compliance strategy is selected.

Field investigations were optimized by sequencing the activities to achieve a more logical
sampling approach. The first activities were based on nonintrusive methods to obtain a more
complete and comprehensive understanding of the subsurface environment before more direct
characterization methods were employed. The field activities were sequenced as follows:

- (1) surface geophysical surveys, (2) direct-push ground water sampling and analysis, (3) drilling,

soil sampling, and installation of monitor wells, (4) aquifer tests and surface infiltration tests,

* (5) land surveys of new borings/wells, and (6) ecological and ground water sampling and

analyses. Information obtained from each activity was integrated with existing data to revise the

- site conceptual model and to refine the data collection needs. This integration was performed

either concurrently with or before proceeding to the next characterization activity.

Results of the 1997 field investigation are presented in the following sections. All fieldwork and
data quality objectives applied to the data collection activities were performed in accordance with
the Work Plan for Characterization Activities at the UMTRA Monument Valley Project Site
(DOE 1997c).

4.1 Surface Geophysical Surveys
Surface geophySicél 'surveys provide a nonintrusive means to rapidly characterize subsurface

conditions at the site before more direct sampling methods are employed. Geophysical methods
applied to this investigation include seismic refraction, transient electromagnetic (TEM)

- soundings, and induced polarization (IP) and resistivity soundings. Each method measures'a

different characteristic physical property. Because some physical properties are interrelated, a
combination of methods, such as TEM, IP, and resistivity soundings can be helpful in
discriminating a target signal in a noise-field matrix.

Specifics regarding geophysical calculations and modeling, sounding curves, and raw data that
support the interpretation of the seismic and electrical methods used are presented in the
Monument Valley Geophysical Report (Rogers and Sandberg 1998). Sections 4.1.1 through 413
provide summaries of the more significant findings.

4.1.1 Seismic Refraction Survey

The seismic refraction method refers to a geophysical technique in which acoustic (sound) waves
are used to map subsurface lithologic layers. A source of seismic energy, such as the impact of a

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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sledge hammer on a metal plate resting on the ground surface, produces acoustic waves that
travel in spherical wavefronts down into the subsurface. These seismic waves reflect from, and
refract along, boundaries between layers of differing density and seismic velocity. For seismic
refraction to detect the top of a layer, the seismic velocity of that layer must be greater than that
in the overlying layer. Therefore, the seismic refraction method is suited for determining the
depth to, and seismic velocity of, the bedrock surface underlying unconsolidated alluvial
deposits. :

A buried paleovalley, which may influence the downgradient extent of contamination in both the
alluvial and bedrock aquifers, exists beneath the northern part of the processing site. A detailed
seismic refraction survey was conducted near and downgradient from the former millsite to
provide subsurface information about the presence and extent of the buried paleovalley.

4.1.1.1 Seismic Refraction Procedtire ‘

Seismic refraction data were collected along the three parallel traverse lines shown in Figure 4-1;
each line was established roughly across and perpendicular to the inferred axis of the buried
paleovalley. The first line was near the former old tailings area and was 1,780 ft long. Line 2 was
approximately 1,000 ft north from line 1 and was 1,330 ft long. The third line was 670 ft long

. and was approximately halfway between lines 1 and 2.

.Geophones were spaced 10 ft apart along each line using an array (spread) of 24 geophones at a
time with an overlap of 10 ft between each spread. A Geometrics model 2401 seismograph was
used to record the seismic signals generated by the impact of a sledge hammer on an aluminum
plate. The seismic data were processed using the GREMIXa (Interpex, Ltd.) generalized
reciprocal method (GRM) computer software package. The GRM uses seismic arrival times at
the surface geophones from opposing shots, surface hammer blows forward and reverse of the

seismic spread, which travel along the same refractor, along with the reciprocal time between the

shots, to calculate the time depth from a surface geophone to the refractor.

'The seismic refraction survey was pérformed according to procedure GP-2(P), “Standard
Practice for Acquisition, Reduction, and Display of Refraction Seismic Data” (GJO 1998).,

4.1.1.2 Seismic Refraction Results

Seismic profiles for each of the three survey lines are presented in Figures 4-2, 4-3, and 44,
respectively. The upper portion of each cross-section presents the travel-time curves generated
from each shotpoint and geophone spread. ‘The center portion presents.the interpreted structure of
" the subsurface. The lower portion presents the interpreted velocities derived from the field data
versus profile distance.

Site Observational Work Plan for Monument Valley, Arizona ) DOE/Grand Junctfon Office -
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The profile of the paleovalley is revealed in seismic line 1 (Figure 4-2). The eastern extent of the
paleovalley is defined at the Shinarump outcrop just east of monitor well MON—657 and extends
in width approximately 350 ft west to the dipping beds of the Shinarump Member. Examination
of seismic lines 2 and 3, which are approximately 1,000 and 500 ft north of seismic line 1,
respectively, does not indicate the presence of the buried paleovalley. Therefore, the seismic
refraction survey results suggest that the buried paleovalley is not present in the area of lines 2

“and 3.

4.1.2 TEM Survey

- TEM is a geophysical technique in which a steady-state current within a large transmitting loop
is abruptly terminated, causing eddy currents to flow within conductive strata below the loop.
These currents decay away with time according to the conductivity (resistivity) and geometry of

- these strata. A receiver coil is placed at the center of the transmitting loop in a central loop
configuration to detect and record the magnetic field resulting from these eddy currents. The data

acquired can be mathematically modeled
of subsurface layering.

to produce thicknesses and conductivities (resistivities)

DOE/Grand Junction Office
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A TEM survey was conducted at the former millsite to map the downgradient and lateral extent
of the contaminant plume in the alluvial aquifer and, as a secondary objective, to provide
subsurface information about the nature of the bedrock topography.

4.1.2.1 TEM Survey Procedure

TEM soundings (measurements) were obtained along the seven traverse lines shown in

~ Figure 4-5 to map subsurface resistivity variation associated with changes in ground water ionic
concentrations of contaminants and lateral changes in lithology. Data were obtained using the
Geonics TEM—47 transmitter and the Geonics Digital PROTEM receiver in the central loop
configuration with square transmitting loops 40 meters (m) on a side. Measurements were
performed at 285-, 75-, and 30-Herz (Hz) base frequencies at each sounding location.

TEM data were processed initially to produce apparent resistivity versus sample time using the
“all time” (ramp-corrected) apparent resistivity formulations provided by the RAMPRES2
(Sandberg 1990) computer software code. An approximate depth section was then created for
each TEM traverse by plotting the apparent resistivity at the diffusion depth (Christensen 1995)
and contouring the values. The resulting approximation yields a relatively sharp upper boundary
for a conductive layer and a diffuse lower boundary.

To improve the depth resolution of the interpretations, one-dimensional layered-earth modeling
was employed using a nonlinear least-squares iterative algorithm to fit field data with theoretical
data calculated from specific layered-earth parameters using the EINVRTS computer code (an .
updated version of EINVRT4, Sandberg 1990). Simultaneous inverse modeling of TEM data
with resistivity and IP data was also used to improve layered-earth parameter resolution.
EINVRTS was also used for simultaneous inverse modeling. ’

4.1:2.2 TEM Results

Apparent resistivity values using the ramp-corrected formulations for gate 5 of the TEM
sounding data sets and the 285 Hz base frequency are shown in Figure 4-6. The resulting
logarithmic contours indicate ground water contamination in areas of low apparent resistivity.
The low apparent resistivity trend appears to originate near the new tailings area near monitor
well MON-606 and extends in a northerly direction for approximately 4,500 ft.

Modeling results for the resistivity values measured at sounding station TEM-14, located near -
- alluvial monitor well MON-606, indicate that a low-resistivity layer begins at the top of the
alluvial water surface and extends only to the top of the underlying Shinarump Member. This
result indicates that ground water contamination is confined to the alluvial aquifer at this location
(Rogers and Sandberg 1998). Similarly, modeling results for the resistivity values measured at
sounding station TEM-50, located near alluvial monitor well MON-653, indicate that
ground-water contamination is restricted to the alluvial aquifer at that location.

Site Observational Work Plan for Monument Valley, Arizona ] DOE/Grand Junction Office
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4.1.3 Resistivity/IP Survey

A Resistivity/IP survey was conducted at the former millsite to map the downgradient and lateral
extent of the contaminant plume in the alluvial aquifer and, as a secondary obJectlve to provide
subsurface 1nforrnat10n about the nature of the bedrock topography.

A resistivity survey is a geophysical technique of measuring the electrical resistivity of earth
strata. Soundings (measurements) are usually performed using the Schlumberger resistivity array,
which consists of a collinear four-electrode array in which current is injected and removed from
the outer electrodes, and the resulting voltage (potential) is measured between the inner two
electrodes. The separation of the outer electrodes is subsequently increased while the inner
potential electrodes are held at a constant separation, which generates a data set of voltage versus
current electrode separation. Larger current electrode separations result in a sampling of the
electrical resistivity of deeper strata. These data are used to produce layer thickness and
resistivities of strata below the sounding location by employing computer modeling methods to

_ interpret the data.

An IP survey is a geophysical technique that measures the storage of electrical charge in strata.
A steady-state transmitted electrical current is abruptly terminated. This results in a decay of

. stored charge over time to a neutral level. This effect produces a continued decaying voltage after -

current shutoff as a function of time. This IP effect is sampled versus time since transmitter
turnoff to produce a reading of chargeability. IP and resistivity data are usually acquired
simultaneously by using a bipolar transmitter waveform in which the current is on (+), off,
on (-), off, and on (+) again. The receiver obtains the resistivity measuremeént while the
transmitter is on and the IP measurement while the transmitter is off.

4.1.3.1 Resistivity/IP Procedure

Resistivity and IP soundings were obtained at four locations (IP-1 through IP—4) shown in
Figure 4-5 using the Schlumberger array at current electrode half-separations ranging from
1.58 m to 100 m at logarithmic increments using 10 per decade. A Phoenix IPT-1 transmitter
was used with a 3 kW generator for power. A Zonge GDP-32 general purpose receiver was used

~ to collect the resistivity and IP data in the time domain. Data were obtained using an 8- second

waveform

Resistivity and IP data were plotted in the field for initial data quality inspection using calculated
apparent resistivity and observed chargeability versus half-current electrode separation (AB/2).
Simultaneous resistivity and IP modeling was performed using EINVRTS5 (an updated version of
EINVRT4, Sandberg 1990), a nonlinear least-squares inverse modeling computer code:.

4.1.3.2 Resistivity/IP Results

The IP method, because of its ability to detect polarization effects due to clay mineralogy in the
membrane polarization mechanism, can be used to distinguish conductive layers that result from

an increase in ionic concentrations (ground water contamination), from those that result from the
presence of clays.

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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Apparent resistivity and apparent chargeability versus current electrode half-spacing are shown
in Figure 4-7 for data collected at location IP—4 near alluvial monitor well MON-653. The data
indicate a conductive layer at depth bounded above and below by more resistive layers. This
supports the interpretation that the vertical extent of alluvial ground water contamination is
constrained by the top of the water table above and by the top of the Shinarump bedrock
formation below. Similar curves and results are obtained for data collected at locations IP—1 and
IP-3.
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' Figure 4-7. IP—4 Resistivity/IP Field Data Curves
4.2 Direct-Push and Hand-Auger Ground Water Sampling

‘The extent and nature of site-related ground water contamination was determined by delineating
the vertical and horizontal distribution of nitrate and sulfate concentrations in the alluvial aquifer
using a direct-push sampling device (Hydropunch). Information obtained from the Hydropunch
water sampling was supplemented with water samples collected from shallow hand-augered
borings located mostly to the east of the site along Cane Valley Wash. The water samples
collected by the Hydropunch method and from the shallow hand-augered borings were analyzed
for nitrate and sulfate in a mobile laboratory.

The Hydropunch sampling method allows rapid sampling of the ground water from a discrete
2-ft interval. Field analyses provide a quick turnaround time for nitrate and sulfate concentrations
so that the site conceptual model can be updated daily and the choice of subsequent sampling
locations can be optimized. :

4.2.1 Hydropunch Sampling Procedure

A CME-850 track-mounted hollow-stem auger rig was employed to collect ground water samples
with the Hydropunch device. With the track-mounted rig centered over the sample location, the

Site Observational Work Plan for Monument Valley, Arizona ) . DOE/Grand Junctior;_OEfc:_e
Page 4-12 . April 1999




Document Number U0018101 . Field Investigation Results

auger was advanced down through thé Quaternary alluvium to a depth approximately 2to 5 ft
above the desired sampling point. The Hydropunch device was then inserted into the hollow-stem
auger and pressed into the sampling zone of interest. A discreté ground water sample was
collected from the device’s 2-ft screened interval using a small diameter bailer and analyzed in a
mobile field laboratory for sulfate and nitrate by spectrophotometry. Multiple samples were
collected at the same location by removing the Hydropunch device and advancing the auger to a
depth approximately 2 to 5 ft above the next sampling point. A ground water sample was then
collected and analyzed in the same manner as the previous one.

One to four alluvial water samples were collected with the Hydropunch device at each location to
profile the contaminant plume as a function of depth. The location and number of samples were
determined from results of the surface geophysical survey and from sulfate and nitrate
concentrations in ground water samples obtained concurrent with the Hydropunch.

A hand auger was also used to collect ground water samples at selected locations along Cane
Valley Wash and near the former source areas where the depth to water is relatively shallow.
Samples were collected by first hand-augering a 4-in.-diameter borehole to a depth up to 8 ft
below the ground surface. The auger was then removed and a small diameter bailer was used to
collect water from the open borehole.

Analytical results of the water sampling were evaluated and integrated w1th existing dataon a
day-to-day basis to update the site conceptual model. The updated site conceptual model was

‘used to guide the locations for the next day’s sampling activities.

The_following procedures were used for the collection and analyses of the water samples:

« LQ-11(P), “Standard Practice for Sampling Liquids,” (GJO 1998).

«  ESL Procedure 1.3, “Nitrate Analysis,” Environmental Sciences Laboratory Procedure

‘Manual (1992).

e - ESL Procedure 1.5, “Sulfate Analysis,” Environmental Sciences Laboratory Procedure
" Manual (1992). '

4.2.2 Hydropunch Sampling Results

During the field investigation, 38 ground water grab samples were collected from 17 auger
borings by using the Hydropunch Eleven shallow ground water samples were collected from
newly-drilled hand-augered borings. The Hydropunch and hand-auger sample locations are
shown in Figure 4-8. In general, locations where only Hydropunch samples were collected are
designated by the 600 series of numbers. The 700 series includes new monitor wells and
Hydropunch borings that were also completed as monitor wells. The hand-auger locations are
designated by the 800 series. The hand-auger locations shown include six historical hand-auger
locations as well as eleven new locations where water samples were collected. The information

in Figure 4-8 is shown in greater detall in Plate 1, which is provided in the envelope pocket of
this SOWP.

DOE/Grand Junction Ofﬁcc ’ Site Observational Work Plan for Monument Valley, Arizona
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Hydropunch water sample results for nitrate and sulfate field analyses are summarized in

Field Investigation Results

Table 4-1. Hand-auger water sample results for nitrate and sulfate field analyses are summarized

in Table 4-2. :
Table 4-1. Hydropunch Data from the 1997 Field Investigation
Hydropunch From Depth To.Depth Nitrate Sulfate
Location (ft) (ft) (mg/L) (mgl/L)
' 21 23 98 560
MON-676 48 50 -9 152
38 40 792 1,500
MON-677 60’ 62 726 1,000
85 87 475 900
30 32 673 2,250
MON-678 60 62 286 1,130
MON-679 45 47 1210 2,000
18 20 30 1,250
58 60 84 1,065
MON-680 69 71 2 70
89 91 <1 g0
‘ 43 45 95 630
MON-681 50 52 53 380
38 40 1 185
MON-682 65 67 18 345
90 92 18 370
.33 35 25 205
MON-683 63 65 37 - 195
85 87 51 250
MON-685 45 47 75 375
) 10 12 <1 1,175
MON-686 35 37 <1 300"
745 76.5 <1 225
MON-687 28 30 2 500
MON-688 9 10 <1 260
13 15 3 140
" MON-689 48 50 <1 125
71 73 <1 75
18 20 5 140
MON-690 27 28 10 120
50 52 74 240
MON-696 70 72 38 150
, 21 23 <1 1,000
MON-687 53 55 <t 190
73 75 <1 150
1
MON—-698 8 20 <1 450
4 45 47 <1 400
DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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Table 4-2. Hand Auger Water Sample Results from the 1997 Field Investigation

—

. Depth Nitrate Sulfate
Location Code (f‘:) , (mg/L) (mgiL)
0851 7 220 600
0852 5 <1 290
0853 5 1.76 126
0854 5 <1 420
0855 4 12.1 1,500
0856 4 <1 70
0857 5 <1 95
0858 5 572 - 225
0859 4 10.34 470
0860 7 <1 215
0861 3 <1 70

At the conclusion of the Hydropunch and shallow ground water sampling, all the newly acquired

data were evaluated and integrated with the most recent site conceptual model to determine the

optimum location to establish the alluvial monitor well network and to place a monitor-extraction
well and a bedrock monitor well.

4.3 Ground Water Well Installations

Information regarding the nature and extent of the alluvial contaminant plume, based on the
results of Hydropunch sampling and field analyses, was used to optimize the design of the
alluvial monitor well network (see Figure 4-8). The areal extent of the most contaminated
portion of the alluvial aquifer, as defined by water samples containing nitrate concentrations
exceeding 500 mg/L (Table 4-1), was used to guide the location for a 4-in. monitor-extraction
well MON-765. Hydropunch sampling results were also used in combination with the results of
the surface geophysical surveys and existing depth-to-bedrock well control to establish the
optimum location for a paleovalley bedrock monitor well.

4.3.1 Installation Procedures

Alluvial monitor wells (MON-760 to —762,-—764, —766 to —772, —774, and —777) were
constructed using 2-in. i.d., flush-joint, threaded polyvinyl chloride (PVC) casing, and slotted

. PVC screen. The annular space around each casing was filled with sand from the bottom of the
borehole to a level 2 ft above the top of the screen. A 3-ft bentonite seal was installed above the
filter pack, and the remaining annular space was filled to 2 ft below ground level with an
expanding grout mixture. Concrete was used to fill the remaining annulus to ground level and to
install the well-cover pad.

The alluvial monitor-extraction well (MON=-765) installed near the center of the contaminant
plume was constructed using 4-in. i.d., flush-joint, threaded PVC casing and a 30-ft slotted PVC
screen. The bottom of the well screen was installed at the bedrock and alluvium contact. The top
of the well screen is approximately 15 ft below the alluvial water level. Sand was placed in the
annular space from the bottom of the borehole to a depth of 2 ft above the top of the well screen.

Site Observational Work Plan for Monument Valley, Arizona _ DOE/Grand Junction Office
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A 3-ft bentonite seal was installed above the filter sand pack, and the remaining annular space
was filled to a depth of 2 ft below the ground surface with an expanding grout mixture. Concrete
was used to fill the remaining annulus to the ground surface and to install the well-cover pad.

A new bedrock monitor well (MON-775) was installed approximately 800 ft downgradient from
the former old tailings pile/heap-leach area, along the northeast-trending axis of the paleovalley.
This monitor well was constructed by advancing the borehole with a hollow-stem auger through
121 ft of Quaternary material and through several feet of the weathered portion of the Moenkopi
Formation. When the auger reached competent Moenkopi Formation, a 5-in. diameter steel
casing was cemented in place to prevent migration of contaminants from the alluvial aquifer into
the lower De Chelly Sandstone aquifer. The cement was allowed to cure and was tested before
the borehole was advanced downward by coring through the remaining section of the Moenkopi
Formation and into the upper portion of the De Chelly Sandstone. After coring continued 40 ft
into the De Chelly Sandstone the boring was completed with 2-in. i.d., flush-joint, threaded PVC
casing and a 25-ft slotted screen. -

A second bedrock monitor well (MON-776) was installed 50 ft south of existing production well

MON-619 for use as an observation well during an aquifer test. Both the new bedrock boring
and existing uncased production well MON—619 were completed using 6-in. i.d. flush-joint,

. threaded PVC casing and 50-ft slotted screens. The top of the screened interval for both wells

was placed approximately 10 ft below the Moenkopi~De Chelly contact. The depth to the -
Moenkopi and De Chelly contact for well MON-619 was based on the core obtained from the
boring for the new bedrock well MON-776. The boring for well MON-776 was advanced by

coring to the desired depth, then reaming to the proper diameter to accommodate the well casing
and protectlve well cover. ~

- Detailed well construction procedures are available in the Drilling Statement of Work in the

Work Plan for Characterization Activities at the UMTRA Monument Valley Project Site

(DOE 1997c) and in the procedure that was used for the well installations: LQ-14(P), “Technical
Comments on ASTM D 5092—Standard Practice for Design and Installation of Ground-Water
Monitor Wells in Aquifers” (GJO 1998). Lithologic and monitor well completion logs are
presented in Appendix A. : ’

432 Alluvial Monitor Well Network

Thirteen 2-in. diameter water wells were installed during the 1997 fieldwork to monitor

migration of the contaminant plume in the alluvial aquifer. The locatlons of the new alluv1al
aquifer wells are shown in Figure 4-8.

Six of the monitor wells (MON—760, -761,-762, 764,767, and —768) were installed to

monitor the downgradient and lateral extent of the plume boundary. These wells were
constructed so that the screened intervals intersect the most likely zone where the highest
contaminant concentrations at the plume boundary can be expected to occur. Depths for the
screened intervals were based on results of the vertical concentration profiling obtained from the
Hydropunch sampling, existing monitor well control, and lithologic information from auger
cuttings and split-barrel sampling.

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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Five monitor wells (MON-766, -769, —770,-771, and —777) were installed to monitor the
vertical distribution of contaminants near the center of the plume where the highest nitrate
concentrations were detected and for use as observation wells during aquifer tests.

Two monitor wells (MON=772 and MON-774) were installed near the center of the old tailings
pile/heap-leach pads and near the eastern edge of the new tailings pile, respectively, to evaluate
the potential for residual contaminants in the former source areas. Well MON-774 was also
designed to serve as an observation well during an aquifer test.

Construction details such as the screen depth, screen length, total depfh of the well, and the
geologic formation in which the well is screened are summarized in Table 4-3. Results of the
alluvial aquifer tests conducted at wells MON-766, —769, =770, =771, —774, and 777 are
provided in Section 4.6. Results of ground water sampling and laboratory chemical analyses are
prowded in Appendix C. :

4.3.3 Alluvial Monitor and Extraction Well

Well MON-765 was installed near the center of the alluvial plume where the highest nitrate
concentrations were detected (Figure 4-8). This 4-in. diameter well is used (1) as a ground water
. sampling well to monitor the vertical distribution of plume contaminants in the middle to lower

* portion of the alluvial aquifer, (2) as an aquifer test well, and (3) as a potential extractlon well

. during remedial action.

* Construction details, such as the screen depth, screen length, total depth of the well, and the

- geologic formation in which the well is screened are summarized in Table 4-3 and in
Appendix A. Results of the alluvial aquifer test conducted at well MON-765 are provided in
Section 4.6 and in Appendix B. Results of ground water samphng and laboratory chemical
analyses are provided in Appendix C.

' 4.3.4 Bedrock Monitor Wells

Diamond core holes were drilled approximately 50 ft into the De Chelly bedrock aquifer at two
locations. The first location, well MON-7735 (Figure 4-8), was drilled to obtain geologic
information regarding the characteristics of the buried paleovalley and then completed as a
monitor well to evaluate potential uranium contamination in the bedrock aquifer. The second
location, well MON-776, was drilled to determine depths to geologic contacts. The core hole
was subsequently completed as a bedrock monitor well and used as an observation well during
the aquifer test in the De Chelly Sandstone.

Site .Observational Work Plan for Monument Valley, Arizona DOE/Grand Junctioa Office
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Table 4-3. Construction Summary Table—Existing and New Monitor Wells

Location North Coord. EastCoord. Ground Elev. Borehole Borehole Top ofl Casing Casing S;roen Screen Flo ~ Zone
Code (State-Plane) (Stata-Plane) ) Dept{! Dia.  Casing Elev. Length Diameter Depth Length Code® o
{bls) {in.) {ft) {ft) {In.) (bls) (ft) . Compl.*
New Woells Installed in 1997 )
0760 2162653 590711 48123 77.0 76" 48148 7§.0 2.0 550 . 20.0 D Al
0761 2162488 588611 4832.3 55.5 7.6 4835.0 57.2 20 39.0 100 D Al
0762 2162865 589783 4818.1 80.0 76 4820.7 57.1 20 29.0 20.0 D Al
0764 T 2161265 588408 4848.7 52.5 76 4851.5 553 2.0 47.0 5.0 D Al
Q765 2160368 589204 48456 89.0 105 4848 5 918 40 586 301 D Al
0766 2160418 589211 4844.8 60.0 7.6 4848.0 60.7 20 47.2 10.0 D Al
0767 2161713 591504 4805.5 65.0 7.6 4808.3 . 668 2.0 435 20.0 D Al
0768 2160426 590931 4817.9 45.0 76 14820.7 478 2.0 244 200 D Al
0769 2159804 588617 4858.3 440 ‘76 4861.3 47.0 2.0 334 _10.0' D Al
0770 . 2159579 589141 4854.4 655 76 4857.3 68.4 20 54.9 10.0 D Al
0771 2159742 588575 4860.8 79.0 76 4863.3 80.5 20 57.4. 20.0 D Al
0772 2158168 588854 48447 30.0 7.6 4847.6 30.9 20 74 20.0 [e] Al
0774 2158901 587494 4877.4 585.5 7.6 > 4880.1 £8.2 20 450 .10.0 (o] Al
0777 2160383 589206 48454 49.0 7.6 4848.2 50.1 20 318 15.0 D Al
0775 2159521 587965 4876.5 167.8 10.5 4879.7 170.7 20 1420 250 o] De
0776 2158791 587590 4880.4 150.2 9.9 4883.3 152.9 6.0 '99.5 50.0 o} De
Wells Installed Before 1937
0200 2156826 589741 - To- - . - - - - .- U AL
0400 2154679 589333 4870.7 127 20 48704 12.4 20 | 7.8 45 U AL
0401 2154678 589332 4870.7 6.8 .20 4870.4° 6.5 20 . 40 20 V) AL
10402 2157594 580516 4840.6 101 20 4840.3 9.8 20 52 45 V) AL
0403 2157637 590468 4836.6 8.3 20° 48382 8.0 20" 34 45 V] AL
0404 2157674 590435 4838.2 8.6 20 - 4837.7 8.0 20 37 45 U AL
0405 2157837 580468 4836.6 3.7 . 20 4836.5 36 2.0 07 23 U AL
0407 2159626 " 590905 4820.4 11.8 20 4820.1 11.5 2.0 . 69 45 Cc AL
0408 2159070 591542 4823.7 8.8 20 4823.5 8.6 20 3.9 4.5 c AL
0409 | 2159084 591495 4821.7 16.0 2.0 4821.5 158 20 . 11.1 4.5 [ - AL
0410 2159096 £91442 4823.7 10.5 20 - - 48234 103 ~ 20 56 4.5 [ AL
0411 . 2159083 591495 4821.7 47 p&i] 4821.4 4.4 20 20 1.6 [ AL
0413 2163573 592962 4784.1 10.5 .20 47839 . 102 20 56 45 [ AL
10414 2163547 592893 4782.4 167 20 47820 - 153 20 - 108 45 Cc AL
0415 2163551 592833 4784.2 94 . 20 ' 47838 8.0 20 45 45 [ -AL
0416 2163523 . 592736 4785.7 10.5 20 47853 10.1 2.0 52 45 C- AL
0417 2163546 592893 47824 50 20 4782.2 4.8 2.0 14 3.0. [ AL
0602 2156378 588661 4862.1 350 6.6 4864.4 339 20 195 10.0 U AL
0603 2157813 589037 48476 55.0 6.6 48494 56.8 . 20 430 10.0 U AL
0604 2158397 589424 4838.7 30.0 6.6 48404 317 2.0 13.0 15.0 c AL
0605 2158708 590066 4832.6 32.0 6.6 ' 4B835.1 335 2.0 14.0 15.0 [ AL
0606 2159034 588634 4861.8 47.0 6.6 4864.7 50.0 20 32. 0 10.0 D AL
0616 2156748 587988 4871.1 - - 4869.5 6.5 - - - U AL
0617 2152094 587098  4907.8 - - 4909.1 - - - - u AL
0640 2155769 589014 4875.0 - - - B - - - u AL
0650 2164970 589923 47913 99.5 7.9 4794.3 102.5 4.0 77.5 20.0 D AL
0651 2163789 582735 4784.6 82.0 7.9 4787.9 85.2 4.0 20.0 60.0 [ AL
0652 2162582 593760 4805.5 56.0 7.9 4808.9 61.4 ‘4.0 34.0 20.0 C AL
0653 © 2161250 589596 48343 78.0 7.9 4837.1 80.8 4.0 56.0 200 D AL
0654 2159351 591064 - 4821.6 79.0 7.9 4824 4 81.8 4.0 57.0 20.0 C AL
0655 2159754 588624 4858.9 . 600 7.9 " 48621 63.2 4.0 38.0 20.0 D AL
0656 2159545 589175 4853.5 60.0 79 4856.3 62.8 4.0 38.0 20.0 D AL
0662 2159237 587577 4875.8 70.0 7.9 4878.6 723 4.0 375 300 ‘D AL
0669 2160145 588265 4864.1 56.0 7.9 4867.2 59.1 4.0 34.0 200 D - AL
0601 2154981 588018 4881.8 240 " 66 4884.9 271 20 - 120 10.0 U SR-AL
0607 2159657 587519 4868.0 30.0 6.6 4871.4 30.9 20 125 10.0 D SR
0609 ‘2159053 587650 4877.0 15.0 66 4880.0 17.0 2.0 7.0 50 (o] SR-AL
0610 2156339 588612 .4862.2 1305 6.6 4863.2 86.0 2.0 63.0 20.0 uU SR
0814 - 2160940 587832 4855.6 845 8.0 4856.8 71.2 2.0 48.0 20.0 D SR-AL
0615 2157795 - 588981 4848.6 1100 6.6 4850.2 91.6 2.0 68.0 200 U SR
0658 2154764 588857 4877.0 165.0 7.9 4880.0 159.9 4.0 135.0 200 U SR
0659 2159070 588670 4861.7 110.0 7.9 4865.0 1123 4.0 87.0 20.0 D SR
0660 2161303 589584 4833.6 1850 . 79 4836.3 157.8 - 40 - 1330 200 D SR
0611 2157811 589017 4848.2 185.0 6.6 " 48493 186.1 2.0 163.0 200 U bC
0612 2158437 585615 5006.2 215.0 6.6 5007.8 216.6 20 175.0 20.0 V) DC
0613 2156378 588644 4861.9 -160.0 6.6 4864.3 162.4 20 138.0 200 U DC
0618 2158868 587017 4922.1 153.0 12,0 49248 165.7 12.0 - - (o] bc
0619 2158877 587587 4886.3 X 154.4 12.0 4888.6 156.8 6.0 103.9 50.0 o] DC
0857 2159265 587597 4876.6 140.0 79 4879.0 140.4 40 12210 15.0 o] DC
0663 2159070 588593 4862.4 217.0 7.9 4865.7 2203 40 1750 40.0 D [o]]
0664 2161256 589537 4834.5 233.0 79 4837.4 2358 4.0 211.0 20.0 D DC
0668 2160171 - 588287 4865.0 218.0 7.9 4867.8 217.8 4.0 180.0 20.0 D DC

*bls = below land surface
Flow codes: C = Cross Gradient; D = Downgradient; O = On site; U = Upgradient
Zones of completion: Al = altuvium; Dc = De Chelly Sandstone Member of the Cutler Formatlon Sr= Shlnarump Member of the Chlnle Formation
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Elevated uranium concentrations have been detected in samples from monitor well MON—657,
which is completed in the De Chelly Sandstone. Because the downgradient extent of potential
contaminant migration in the De Chelly aquifer was unknown, a new bedrock well, MON-775,
was installed northeast (downgradient) from well MON-657. The location, based on the results
of the geophysical survey, surface geologic relationships, and existing depth-to-bedrock well
control, is approximately 800 ft downgradient from the former old tailings pile/heap-leach area
along the northeast-trending axis of the paleovalley. Geologic information obtained from this
boring also provides verification of the existence and nature of the paleovalley.

b

De Chelly ground water collected from production well MON-619 has also had elevated
uranium concentrations—approximately 2.5 times the MCL of 0.044 mg/L. However, well
MON-619 was an uncased and unscreened borehole that was used as a production well during
operation of the mill. Because this well was not a properly installed monitor well, the source of
uranium contamination in the De Chelly ground water could not be determined with reasonable

certainty. To evaluate the potential extent of uranium contamination in the De Chelly aquifer,
.production well MON-619 was completed as a monitor well and a new well, MON-776, was
installed approximately 50 ft upgradient (south):of existing well MON—619 (Figure 3-1). Well
MON-776 is used as a monitor well to obtain samples for uranium analysis and as an
observation well during an aquifer test. ‘ :

1 Construction details, such as the screen depth, screen length, total depth of the well, and the
geologic formation in which the well is screened are summarized in Table 4-3 and in
Appendix A. Results of the bedrock aquifer tests at well MON-776 are provided in Section 4.6

- and in Appendix B. Results of ground-water sampling and laboratory chemical analyses are -
provided in Appendix:C.

4.4 Sediment and Bedrock Sampiing

Both composite and discrete sediment samples were collected during the field investigation. The
purpose of the sediment sampling was to obtain lithologic information on the nature of potential
lacustrine deposits and alluvial sediments that may influence the migration of contaminants
through the alluvial aquifer. Discrete and continuous core samples of bedrock formatlons were
also collected to verlfy stratigraphy and geologic contacts.

4.4.1 Sediment and Bedrock Sampling Procedures

Composite samples of the auger cuttings were collected every 5 ft during the Hydropunch ground
water sampling activities and monitor well installations. Lithologic descriptions of the material
were recorded by the site geologist using Unified Soil Classification System terminology in
Section SL-24(P) of the Environmental Procedures Catalog (GJO 1998).

Discrete subsurface sediment and bedrock samples were collected using a track-mounted
hollow-stem auger rig and a split-barrel sampling device. With the track-mounted auger rig
centered over the sample location, the auger was advanced down through the Quaternary material
to the desired sampling depth. When the auger reached the desired sampling depth, a 3-in. 0.d. by
18-in.-long split-barrel sampler was attached to the drive rod and lowered to the top of the

Site Observational Work Plan for Monument Valley, Anzona DOE/Grand Junction Office
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interval to be sampled. The barrel was then driven for the length of the sampler or until 6 in. or
less of penetration was achieved after 50 blows with a 140-pound drop hammer having a 30-in.
drop. After the split-barrel was full, or no further penetration was possible, the barrel was
carefully removed from the borehole and separated from the drive-rod assembly. The barrel was
then laid flat on an uncontaminated surface and the head and drive shoe were removed. One-half
of the spht barrel was removed to expose the sample. The uppermost portion of sample in the
split barrel was inspected and the slough was discarded, if present. The remaining sample was
considered representative and placed in a stainless steel or aluminum pan, if necessary. The
material was described by the site geologist using Unified Soil Classification System
terminology in Section SL—24(P) of the Environmental Procedures Catalog (GJO 1998).

Continuous core samplés of the bedrock formations were collected using a nominal 5-ft long,
double tube, swivel-type, NX diamond core barrel and wireline system. Clean water was used as

* the circulation medium. State-of-the-industry diamond coring practices were used to effect the

highest core recovery possible. Recovered core was washed and then placed in boxes within the .
longitudinal separators, from left to right, as a book would be read, that is, core was placed
starting with the shallowest portion of the hole at the upper left corner and ending with core from
the deepest portion of the hole in the lower right corner. Spacer blocks were inserted between the
cored sections within the longitudinal separators where no recovery was noted. All core boxes,

. including the lids, were permanently marked showing top and bottom and the beginning and

ending depths for the core. All core was described by the site geologist.

"All sediment and bedrock sampling was performed in accordance with the followmg procedures

from the Environmental Procedures Catalog (GJO 1998):

. SL—6(P) “Technical Comments on ASTM D 1452—-80(90)-——Standard Practice for Soil
Investlgatlon and Sampling by Auger Borings”

+  SL-7(P), “Technical Comments on ASTM D 1586-84(92)—Standard Test Method for
Penetration Test and Split-Barrel Sampling of Soils”

e~ SL-19(P), “Technical Comments on ASTM D 2488-93—Standard Practice for Descnptlon
and Identification of Soils”

"« SL-9(P), “Technical Comments on ASTM D 2113-83—Standard Practice for Diamond

Core Drilling for Site Investigation”
4.4.2 Sediment and Bedrock Sampling Results

Lithologic descriptions of composite samples of the auger cuttings collected at each Hydfopunch
and monitor well location shown in Figure 4-8 are presented in the field logs in Appendix A.

Spht-barrel samples were collected at the three locations shown on Figure 4-8 that coincide with
monitor well MON-760 near the northeast edge of the nitrate plume, monitor well MON-761
near the northwest edge of the nitrate plume, and monitor well MON-774 near the center of the
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former old tailings/heap-leach area. Lithologic descriptions of the discrete samples collected with
the split-barrel sampler are presented in the field logs in Appendix A.

Core samples were recovered from two new De Chelly monitor wells, MON-775 and

MON-776, installed near the downgradient extent of the buried paleovalley and near the former
old tailings area, respectively. The locations of the bedrock wells are shown on Figure 4-8. ;
Lithologic descriptions of the core are provided in the field logs in Appendix A. '

4.5 Subpile Soil Salhpling

During the uranium milling operations at the Monument Valley site, several ponds were used for
evaporation of milling fluids and for disposal of tailings. The radioactive material has been '
removed from the site. No radioactive materials exceeding 15 picocuries per gram (pCi/g)
radium-226 were left. However, the potential exists for nonradionuclide contaminants to have
seeped into the soils. Contaminated soils could contaminate infiltrating water as it passes through
“them and prolong the ground water cleanup effort. ‘

Soil samples were collected and analyzed to evaluate the distribution of selected site-related
constituents in the soils underlying the former tailings piles, heap leach pads, and evaporation
- ponds. Background soil samples were also collected and analyzed.

4.5.1 Subpile Soil Sampling Procedures

Twenty-six samples from nine soil borings were analyzed. Figure 4-9 shows the locations of the

‘nine soil borings. Three soil borings were in the former location of the new tailings pile, and two

each in the former heap-leach pads and evaporation pond. Two background soil borings were

. upgradient of the site. Each soil boring was hand augered to a depth of 3.5 to 8.5 ft. Samples '
were double bagged in clean plastic bags and placed in 5-gal plastic buckets for transport to the

laboratory. _

Lithologic logs of the soil were prepared in the field (Figure 4-10). The upper 1-2 ft was loose
fill material that had been placed on the surface and graded after removal of the tailings and was
not representative of the subpile soils. Samples were collected at approximately 1-ft intervals
below the fill. Figure 4-10 shows the stratigraphic locatlons of the samples collected for this
study. -

4.5.2 Sample Preparation Methods

Samples were air-dried (no oven heat) and sieved to less than 2 millimeters (mm). Only a minor
amount of material was excluded due to sieving. A petrographic thin section was made of each
sample used in the extractions. The thin sections were examined to determine mineralogy and
texture. Because some of the minerals of interest are water soluble (e.g., gypsum), the thin
sections were cut and polished in oil. Two to three samples from each soil boring were analyzed.

Site Observational Work Plan for Monument Valley Anzona DOE/Grand Junction Office
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4.5.2.1 Chemical Extraiction Methods

_ Chemical extractions were used to determine the potential mobility of contaminants. Each

sample was extracted by using three separate lixiviants, and the residue was completely digested -
and analyzed. The lixiviants were deionized water, alluvial ground water, and 5-percent
hydrochlonc acid. Extractions were performed sequentially on the same starting material to -

avoid variation due to sample heterogeneity. Each extraction was harsher than the preceding one.

Each chemical extraction was related to scenarios that could cause contaminant release at the
site. Déionized water was used first to simulate rain water that could leach the subpile sediments
through infiltration. Soluble phases, including gypsum, dissolve in deionized water. Alluvial
ground water was then used to simulate the water-table rise that could cause ground water to
contact contaminated soils. Additional bicarbonate present in the site ground water should
release additional uranium that may be sorbed to oxides or silicates. Five-percent hydrochloric
acid was then used to remove amorphous ferric and manganese oxyhydroxides. Metals and
radionuclides are likely to reside in these oxyhydroxides. The acid treatment also dissolves
carbonate minerals and releases any sorbed cations. Although oxyhydroxides are stable in most
soils, irrigation practices or other land use could cause reducing conditions in the soils and lead
to dissolution of the oxyhydroxides with release of their sorbed constituents. Finally, a complete

~ . digestion of the sample residue was performed to determine the total concentrations of the

constituents in the soil. Any additional constituents that are contained in recalcitrant mineral
phases will be released and analyzed by this method. The results of the subpile samples were

compared to the results from the background samples to estimate the degree of contamination.

The extraction procedure consists of the following steps:

+»  Two grams of soil (accurately weighed) were placed in a centrifuge tube with 100 milliliters

(mL) of deionized water, and the contents were shaken on an end-over-end shaker for
. 4 hours.

«  Contents were centrifuged to remove particles less than 2 micrometers (um) in diameter.
Supernatant was decanted into a 200- mL volumetric flask.

. Additional deionized water (about 100 mL) was added. Contents were shaken for

15 minutes, centrifuged, and decanted into the same 200-mL flask.

e The 200-mL flask was filled to volume with deionized water and filtered (0.2 pm filter).
Alkalinity, pH, and Eh were measured. The remaining water was preserved and sent to the
analytical lab for analyses.

« 100 mL of site ground water were added to the residue in the 100-mL tube and shaken for -
~ 4 hours. Composition of the ground water is (micrograms per liter [pug/L]): Mn = 30,
Sr =330, U =1, V=10,NH, =9.3, NO,; = 50, and SO, = 35,700.

»  Contents were centnfuged to remove particles less than 2 pm in diameter. Supematant was
decanted into a second 200-mL volumetric flask.

) - .
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e  Additional site ground water (about 100 mL) was added. Contents were shaken for
15 minutes, centrifuged, and decanted into the same 200-mL flask.

s The 200-mL flask was filled to volume with site ground water and filtered (0.2 pm filter).
Alkalinity, pH, and Eh were measured. The remaining water was preserved and sent to the
analytical lab for analyses.

e The procedure was repeated using 5-percent hydrochloric acid.

e The residue was dried, ground, completely digested (microwave dlgestlon with concentrated
nitric acid), and analyzed. :

+  All extracted samples were analyzed for Mn, NH,, SO,, NO3, U, V, and Sr. Nitrate and
sulfate were analyzed by ion chromatography. Ammonium was determined by -

spectrophotometry. Mn, V, and Sr were analyzed by ICP-AES, and U by ICP-MS. The total

digestions were analyzed for Mn, U, V, and Sr (NO,, NH,, and SO, are considered too
volatile to provide meaningful results). '

«  From these data, the amount of each constituent removed during each step was calculated.
The total amount of each constituent was also calculated.

4.5.3 Subpile Soil Sanrpling Results

Lithologic logs for the nine sample locations shown are provided in Figure 4-10. The lithology
consists of a red-brown, very fine gramed sand. Thin section observations indicate the presence
of ferric oxyhydrox1des

Raw data and calculations for the leach analyses are presented in Tables 44 through 4-7. Each
table lists the data and calculations from the sequential extractions: Deionized water (Table 4-4),
ground water (Table 4-5), 5-percent HCI (Table 4-6), and total dissolution (Table 4-7). Bold
type in the tables indicates that a concentration was less than the detectlon limit; for those, the
detection llmxt was used in the calculations.

The extraction of strontium in sample 851—2 is used to illustrate the calculations. The effluent

from the deionized water extraction had a strontium concentration of 89.1 pg/L (column 5,
Table 4-4). :

- Two grams of sémple were extracted with 200 mL of deionized water:

200 mL x 89.1 ug x L X 1,000 g . Mg
29 L 1,000 mL kg 1,000 pg " Table 4-4)

The residuum was then extracted with 200 mL of ground water that had a strontium

concentration of 330 pg/L After this extraction, 332 pg/L of Sr is in the effluent (Column 6,
Table 4-5).

Site Observational Work Plan for Monument Valley, Arizona ] : DOE/Grand Junction Office
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Table 4-4. Deionized Water Extraction

Sample Area Mn Mn Sr Sr U U v \' NH, NH, NO, NO, - 804 SO,
D ID pg/lL mg/kg ug/L mg/kg pg/L my/kg ngL ma/kg ug/L mg/kg Hg/L mg/kg |  pg/l mg/kg
851-2 EP B 0.1 89.1 8.91 o1 0.1 1270 127 145 14.5 13100 1310 70500 7050
llss1-3 . EP 7.7 0.77 52.5 5.25 1. 0.1 877 87.7 416 416 | 7270 727 27700 2770
/18514 EP 23.1 2.31 29.2 . 2.92 0.1 544 54.4 178 17.8 | 1020 102 2120 212
lis63-2 EP 1.4 0.14 20.9 2.09 0.1 103 10.3 46.3 463 4760 476 15500 1550
lle63-3 EP : 0.1 20.7 2.07 0.1 65.5 6.55 416 4.16 3800 380 12900 1290
8634 EP 0.1 29.8 2.98 0.1 76.7 7.67 50.9 5.00 5190 519 16500 1650
ll8e4-2 NT . 0.1 101 10.1 0.1 96.9 9.69 51.1 5.11 1030 103 91900 9190
las4-3 - NT = 0.1 29 2.9 0.1 89.5 8.95 21.7 2.77 6720 . 872 14200 1420
llssa-4 NT 3.7 0.37 14.7 - 1.47 0.1 116 11.6 25.4 2.54 2200 220 3460 346
lls65-2 NT K 0.1 50.2 5.02 0.1 244 244 30.1 3.01 4060. 406 31600 3160
lise6-2 NT KK 0.1 60.6 6.06 0.1 353 35.3 1100 110 9730 973 18500 1850
llse6-3 NT 1.7 0.17 45.8 4.58 - 0.1 106 10.6 1360 136 8360° 836 18000 1800
{lse6-4 NT 6.3 0.63 248 248 v 0.1 9.88 1840 184 6990 699 4000 400
ls66-5 NT 5.5 0.55 13.5 1.35 0.1 5.43 2320 232 8240 824 2720 272
|lses-6 NT 2.8 0.28 11.7 1.17 0.1 1.55 2620 262 8140 814 |- 2240 224
lla67-2 HL 1. 0.1 12.5 '1.25 0.1 13 37 3.7 616 61.6 255 25.5
lis67-3 HL 0.18 12.5 1.25 0.1 1.3 34.7 3.47 755 75.5 371 37.1
[les8-2 HL 0.1 10.1 1.01 0.1 5.07 48.6 4.86 8410 841 471 47.1
{l868-3 HL 0.1 9.2 0.92 0.1 6.8 20.8 2.08 553 55.3 752 75.2
" (le68-4 HL 0.1 15.9 1.59 0.1 8.45 125.4 2.54 741 74.1 3470 347
lls69-2 BG 0.1 46.5 4.65 0.1 1.3 [oiu7s0s] 175 268 26.8 3870 387
lsea-3 BG 0.1 38.6 3.86 0.1 1.3 16.1 1.61 481 48.1 3430 343
{lseg-4 BG 0.1 271 2.71 0.1 1.3 37 3.7 8080 808 2430 243
[l870-2 BG 0.18 29.5 2.95 0.1 1.3 34.7 3.47 255 25.5 1280 128
1870-3 BG 0.61 24.8 2.48 0.1 1.3 23.1 2.31 384 38.4 1130 13
ll870-4 - BG 0.59 23.8 2.38 0.1 1.3 254 2.54 729 72.9 949 94.9

67— 9%eg
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BG = Background area
EP = Evaporation ponds
HL =.Heap-leach pads
NT = New tailings pile
(Shaded celis = detection limit; actual value was lower)
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- Table 4-5. Ground -Water Extraction

£ g : , =
S5 *Mn *sr ’ U T *v *NH, *NO,| *S0, 2
§' Sample | Area| Mn | inGW] *Mn | Sr [iInGW/| Sr U {inGW}] U \'4 Inva V | NH,|inGW! NH, | NO,|inGW]| NO; | SO, |inGW| SO, 'u%'
e ID ID jpg/L| pg/t |mg/kgjpg/L| po/l. | mg/kg|pg/l| g/l |mg/kg|pg/l.| pg/lL | mg/kg|ug/l| po/l [mga/kg|pg/l| pg/l |mg/kg| pg/L | pg/l | mg/kg Y
§ 851-2 EP 30 29 |332| 330 0.2 |15.9 1 149 | 148 10 | 1380]642) 93 5.49 14500] 50 445 |36400] 35700 70 s
ol [l851-3 EP 30 -29 |338] 330°| 0.8 4 1 0.30 | 120 10 | 11.00]23.3] 9.3 1.4 {1730 50 168 |35900] 35700| 20 g
E| {8514 EP 30 -21.1346] 330 16 | 56 1 0.46 |48.1] 10 381 |37.4] 93 2.81 |1340] 50 129 [36300] 35700{ 60 _'t':_'_
gl |[863-2 EP 30 29 1341} 330 1.1 1.4 1 004 | 16 10 0.60 |18.7] 9.3 0.94 |1290] 50 124 136200| 35700| 50 @
§ |l863-3 EP |: 30 29 339} 330 09 | 1.6 1 0.06 |13:| 10 0.30 ]18.7] 93 0.94 | 631] 50 58.1 |35900f 35700 20
2{ s34 | EP |- 30 -2.9 |330] 330 00 |13 1 0.03 }.:13.4 10 0.30 }23.3] 9.3 14 |1623] 50 57.3 36100} 35700 40
:3 ll864-2 NT | 2. 30 -27 {338)] 330 | 0.8 |1 1 0.00 {20.8{ 10 1.08 | 28 9.3 1.87 | 717 ] 50 66.7 }36100| 35700] 40
= [864-3 NT |21} 30 29 |343| 330 1.3 |1 1 0.00 |225] 10 1.25 | 18.7} 9.3 0.94 |6610] 50 656 |36200] 35700| 50
% ll864-4 NT 30 -29 | 333| 330 03 |11 1 0.00 | 18.6] 10 0.86 | 21 9.3 1.17 1 810 50 76 135700] 35700 0
=1 |l865-2 NT 30 -2.9 | 340| 330 10 | 1.1 1 0.01 {38.2] 10 282 { 21 9.3 1.17 |4670] 50 462 36400} 35700| 70
E ilae6-2 NT 30 -26 | 346] 330 16 | 1.1 1 0.01 |441]| 10 341 | 129 93 [ 11971821 50 | 77.1 }35900]| 35700 20
g ll866-3 NT 30 -2.7 }381| 330 51 | 1.1 1 0.00 |25.8] 10 1.58 | 101] 9.3 9.17 {1790] 50 174 |36000] 35700| 30
lla66-4 NT 30 -28 |361] 330 31 st 1 0.00 {308} 10 209 | 211} 93 | 20171566 50 51.6 }35700] 36700 0
lle66-5 NT | 30 -2.3 |355] 330 25 |1 1 0.00 | 431 10 030 | 295| 9.3 | 2857 |720| S0 67 [36000{ 35700| 30
l[866-6 | NT . 30 2.4 1360} 330 30 |.1: 1 0.00 | 10 0.30 | 377 | 9.3 | 36.77 |1240] 50 119 |35800] 35700 10
1867-2 HL | 21.] 30 -2.9 1351 | 330 21 1.1 1 0.01 10 0.30 | 16.3] 9.3 0.7 | 515| 50 46.5 |35900| 35700] 20
li867-3 HL |47 ) 30 29 |345] 330 1.5 |21 1 0.00 10 030 | 21 9.3 1.17 | 583 | 50 53.3 |36200} 35700| 50
lls68-2 HL |21 30 29 |353] 330 23 | 24 1 0.14 10 0.33 |35.1):9.3 | 2.58 |6590] 50 | 654 }36000] 35700] 30
Il868-3 HL 30 -29 | 344 | 330 14 | 2.8 1 0.18 10 084 ] 93| 93 0 562 | 50 51.2 |35800] 35700 10
[ls68-4 HL |34 30 29 {341] 330 11 | 35 1 0.25 10 122 | 14 93 | 047 | 5491 50 49.9 ]35900| 35700 20
[{869-2 BG |=z1:] 30 29 [404] 330 74 | 14 1 0.04 10 0.30 [17:6] 9.3 0.82 |1540] 50 149 |36000] 35700] 30
lle6s-3 BG |=4:] 30 -2.9 |382] 330 52 | 13 1 0.03 |-13;] 10 030 | 21 9.3 117 | 839| 60 48.9 |36800] 35700 110
[l869-4 BG |-1:] 30 29 |360] 330 30 | 11 1 0.01 |.1437] 10 0.30 [18.7] 9.3 0.94 |1190] 50 114 |37000] 35700| 130
1870-2 BG |44 30 -2.9 | 364 | 330 34 |1, 1 0.00 |:13:] 10 0.30 |23.3] 9.3 1.4 | 451 S0 40.1 ]|36400| 35700] 70
Il870-3 BG |. 30 -2.9 | 360 330 30 |21 1 0.00 [‘13] 10 0.30 125.7] 93 164 | 505] 50 |.45.5 |36400{ 35700 70
j[870-4 BG 30 -1.1 1362) 330 32 |16 1 006 | 13| 10 0.30 |18.7] 9.3 0.94 [2910] 50 286 |36600] 35700| 90 '
* * Assumes an average value for previous analyses of ground-water samples from well 654. : ??
** Negative extraction indicates uptake. The uptake is subtracted from the HCi step. E
¥|  BG=Background area q
i EP = Evaporation ponds E
g HL = Heap-leach pads 5
2. NT=New tailings pile g
§ (Shaded Cells = detection limit; actual value was lower than this value.) a
1l s
— 0 o0
H 2




> _ o]
28 Table 4-6. 5-Percent HCL Extraction 8
59 5
© §' *Mn 5;
- . .
§ Samplo Area Mn Adsorbed| Mn _Sr Sr U ] v \' NH, | NH, NO, NO, SO, SO, E
"g" b |1 walL mg/kg | mglkg paiL mg/kg Bg/L mg/kg ug/L mg/kg ug/L mg/kg HglL | mglkg pgiL mg/kg =
o 851-2 EP 521 © .29 .. 49.23 167 16.7 16.2 1.62 459 45.9 725 7.25 208 20.8 1500 150 g
? "551-3 EP 306 .-2.9 21.72 90.3 9.03 47 0.47 291 29.1 52.5 5.25 477 477 760 78 g
@ "851-4 EP 691 2.1 66.97 155 15.5 A 0.79 200 20 99.9 9.99 219 21.9 1030 103 <
“863-2 EP 468 -2.9 43.95 86.6 8.66 2.8 0.28 47.9 479 40.1 4.01 372 37.2 903 90.3 *®
"863-3 EP 342 -3.0 31.2 76.5 7.65 26 0.26 37.8 3.78 37.6 3.76 . 184 18.4 799 79.9 e
"—8-63-4 EP 463 -3.0 43.3 155 15.5 2.5 0.25 55.2 5.52 72.5 7.25 -566 56.6 781 78.1
“564-2 NT 442 2.7 41.49 . 244 244 1.3 0.13 64.2 68.42 87.5 8,75 - 1040 104 1070 107
“564-3 NT 513 -3.0 48.3 122 12.2 1.3 0.13 61.1 6.11 85 6.5 794 79.4 1010 101
"564-4 NT 549 -3.0 51.9 96.2 9.62 1.2 0.12 . 50.2 5.02 60 6 550 55 855 85.5
"EGS-Z NT 434 -3.0 40.4 226 22,6 1.6 0.16 109 10.9 567.5 5.75 139 -13.9 774 77.4
"866-2 NT 843 . -2.8 81.73 886 88.6 2.8 0.28 126 12.6 152 15.2 1070 107 1580 158
ll§66-3 NT 190 - =27 16.29 84.9 8.49 1 0.1 53.6 5.36 20 9 855 85.5 834 834
|566-4 NT 105 -2.8 7.73 §3.7 5.37 0.14 140 14 102 10.2 1320 132 710 7
||§66-5 NT 109 -2.3 8.6 48 4.8 A ey 0.1 216 97.4 9.74 232 23.2 949 94.9
"336—6 . NT 85.6 2.4  6.21 48.4 4.84 1.2 0.12 13 117 1.7 230 23 748 74.8
"567-2 : HL 566 -3.0 53.6 77.8 7.78 1.4 0.14 1.3 35.1 3.51 1670 . 187 1230 123
"567-3 HL 474 © 30 4.4 69.6 6.96 1.3 0.13 o 1.3 35.1 3.51 788 78.8 786 78.6
“868-2 HL 577 -3.0 54.7 67.4 6.74 3.5 0.35 243 2.43 35.1 3.51 1170 117 1660 166
"568-3 HL 935 -3.0 , 905 89.8 .8.98 5.1 0.51 64.8 6.48 40.1 4.01 472 47.2 1820 182
"568-4 HL 2000 -3.0 197 164 16.4 9 0.9 118 11.8 47.6 4.76 372 37.2 1630 163
% “869-2 BG 1390 -3.0 136 898 898 26 0.26 221 2.21 476 4.78 554 55.4 1450 145
g “8759-3 BG 921 -3.0 89.1 930 93 2.1 0.21 13 13 50.1 5.01 172 17.2 1580 158
% "569-4 BG 613 -3.0 58.3 | 224 224 1.5 0.15 13 13 35.1 3.51 193 19.3 1260 126
g ||§70-2 BG 877 -3.0 84.7 193 19.3 1.1 0.11 13 1.3 451 4.51 244 244 1130 7113
g' "870-3 BG 686 -3.0 65.6 182 18.2 1.3 0.13 13 1.3 . 525 5.25 2790 279 1120 112
E_ |E704 BG 682 -1.1 67.15 207 20.7 23 0.23 13 1.3 35.1 3.51 133 13.3 1070 107 .
§ * Mn that was adsorbed during the ground-water extraction step is assumed to leach back out in this HC) step ) :
» BG = Background area
= EP = Evaporation ponds
E HL = Heap-leach pads ~ry
; NT = New tallings pile "é
g (Shaded cells = detection limit; actual value was lower than this value.) E
: 2
g 2
E g
=& =1
S £
=3 @



Field Investigation Results -Document Number U0018101
Table 4-7. Total Dissolution
Sa:gp[e ' Alrga mzllrll(g rhg;kg mgl;kg mg;;kg NH,* NO,* SO/

851-2 EP 85.6 7 0.27 15.7 NA NA NA
851-3 EP 944 43 0.24 14.3 NA NA NA
851-3 EP 119 4.9 0.22 10.9 NA NA NA
863-2 EP 52.1 18 013 44 NA NA NA
863-3 EP 38.7 .. 16 013 4.3 NA NA NA
8634 EP 108 55 0.24 7.8 NA NA NA
864-2 NT 62.1 3.8 0.18 5.9 NA NA NA
864-3 NT 61.6 3.8 0.16 57 NA NA NA
8644 NT 73.6 3.9 0.16 5.1 NA NA NA
865-2 NT 45 53 0.27 9.7 NA NA NA
866-2 NT 52.7 2.1 0.15 4.9 NA NA NA
866-3 - NT 32 24 0.13 39 NA NA NA
866-4 NT 32 5.8 0.18 7.6 NA NA NA
866-5 NT 257 25 0.12 34 NA NA NA
8666 NT 26.2 26 0.14 37 NA NA NA

18672 HL ‘215 1.1 0.1 24 NA NA NA
867-3 HL 221 1.2 - 0.09 25 NA NA NA
868-2 HL. 47.2 24 0.11 3.3 NA NA NA
868-3 HL 99.2 1.7 0.13 4.1 NA NA NA
8684 HL 131 44 0.72 13 NA NA NA
869-2 BG 88.5 9.8 .0.38 12.7 NA NA NA
869-3 BG 50.6 44 0.24 6.1 NA NA NA
8694 BG 39.8 38 0.18 48 NA NA NA
870-2 BG 235 1.7 0.12 - 2.8 NA NA NA
870-3 BG 20.4 2.1 0.13 28 NA NA NA
8704 - BG 171 3.1 0.17 3.3 NA NA NA

* Total diggstions were not performed for NO,, NH,, and SO, due to probability of volatilization.

BG = Background area

EP = Evaporation ponds

HL = Heap-leach pads

NT = New tailings pile
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After subtracting out the concentration already in the ground water, the concentration of Sr
extracted from the residuum can be calculated:

200 mL  (332-330) yg , L x1.000g ., mg ., ma/kg (Column 8,
2g L 1,000 mL kg 1,000 ug Table 4-5)
For the HCI extraction:
. Column 7
200 mL _ 167 pg L 1,000 g mg (Col ’
X X X X =16.7 mg/kg
29 L 1000mL kg 1,000 pg 9 Table 4-6)

The results of the total digestion (based on 2 grams of sample) are listed on Table 4-7.

Manganese concentrations in the extract decreased when ground water was used as the extractant
(columns 3 through 5, Table 4-5). In this case, Mn was transferred to the sediment, which '
resulted in a negative value for the amount extracted. It was assumed that this Mn adsorbed to the
soil and was then desorbed by the subsequent S-percent HCI extractant. Thus, this amount was
subtracted from the mass extracted by HCI (Column 4, Table 4—6), and the values reflect only the

. amount of Mn present in the original sediment.

On Table 4-8, the concentrations from all four extractions are summed, resulting in the total
amount of each constituent that was present in the original sample. Average concentrations of the

selected site-related constituents occumng naturally in the earth’s crust are provided for
reference.

4.6 Hydrologic and Soil Tests
Estimates of the aquifer parameters for both the alluvial and bedrock systems are required to
develop a design for a pump-and-treat remedial action and to better understand the hydrogeologic
characteristics of the site that could influence migration of contaminants in the ground water.
Surface soil permeability, hydraulic conductivity, storage, and specific yield were measured

. during the field investigation. Results of the measurements are provided in the following

sections.
4.6.1 Surface Soil Permeability Tests

Surface permeability tests were conducted on surface and near-surface soils to estimate recharge
to the alluvial aquifer through precipitation and to evaluate technologies that rely on land

‘application methods. Details of the test locations, procedures, and data analyses are provided i in
Appendix B. A map showing the location where each test was performed is also provided in

Appendix B.
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Table 4-8. Total Amount Extracted
. Mn Sr ) \' NH, NO, SO,
SamplelD| Area mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
8512 EP 134.93 32.81 348 202.4 27.24 .| 1775.8 7270
851-3 EP 122.89 19.38 1.11 142.1 10.81 942.7 2866
8514 - EP 188.28 2492 1.57 89.11 30.6 252.9 375
863—2 EP 96.19 13.65 0.55 20.09 9.58 637.2 1690.3
863-3 EP 70 12.22 0.55 14.93 8.86 | 456.5 1389.9
8634 EP 1514 23.98 0.62 21.29 13.74 632.9 1768.1
8642 NT 103.69 39.1 0.41 23.09 13.73 273.7 9337
864-3 “NT 110 20.2 0.39 22.01 10.21 1407.4 1571
8644 NT - 125.87 15.29 0.38 22.58 9.71 351 431.5
865-2 NT 85.5 33.92 0.54 47.82 9.93 881.9 3307.4
8662 NT 134.53 98.36 0.54 56.21 137.17 1157.1 2028
866-3 NT 48 .46 20.57 0.33 21.44 154.17 1095.5 1913.4
8664 NT 40.36 16.75 0.42 33.57 214.37 882.6 471
866-5 NT 34.85 11.15 0.32 11.29 270.31 914.2 396.9
8666 NT 32.69 11.61 0.36 6.85 310.47 956 308.8
867—-2 HL 75.2 © 12.23 - 0.35 5.3 7.91 275.1 - " 168.5
867-3 HL 66.68 10.91 0.32 54 8.15 207.4 165.7
868-2 HL 102 12.45 0.7 11.13 10.95 1612 243.1
868-3 HL 189.8 13 0.92 18.22 6.09 153.7 267.2
868—4 HL 328.1 23.49 1.97 34.47 7.77 161.2 530
869-2 BG 2246 111.65 0.78 16.51 7.33 231.2 562
869-3 BG 139.8 106.46 0.58 9 7.79 114.2 611
8694 BG 98.2 31.91 0.44 7.7 8.15 941.3 499
870-2 BG 108.38 127.35 0.33 5.7 9.38 90 311
870-3 BG 86.61 25.78 0.36 5.7 9.2 3629 - 295
8704 BG 84.84 29.38 - 0.56 6.2 6.99 372.2 2919
Crustal Average® 950 375 1.8 135 ;gi 89° 780°

* From Mason and Moore 1982.

b Crustal average composition of nitrogen cast as NH,.
¢ Crustal average composition of nitrogen cast as NQ,.
¢ Crustal average composition of sulfur cast as SO,.

EP = Evaporation ponds
NT = New tailings pile
HL = Heap-leach pads
BG = Background area

4.6.1.1 Surface Soil Permeability Test Results

Hydraulic conductivities (ft/year) calculated from both the E-19 nomographs and the Glover
equation are presented in Table 4-9. In most cases, the values are within 10 percent of each

other.
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Table 4-9. Permeability Test Results

Test - ' Area , Nomograph - Glover Eqn
No. ’ No. K, (ftlyear) K, (ftlyear)
MON-301 2 "~ 500.00 392.13
" MON-302 2 575.00 - . 427.31
MON-303 1 150.00 127.26
- MON-304 1 70.00 72.1
MON-305 4 9.00 : 8.02
‘"MON-306 1 650.00 ' 677.69
MON-307 3 115.00 ' 126.23
MON-308 3 195.00 C - 199.69
MON-308 DUP 3 160.00 ' 157.27
" MON-309 3 150.00 ' 155.20
MON-310 4 65.00 40.56
MON-312 4 165.00 : 137.61
- MON-313 5 160.00 169.68

" The test results indicate:

. Saturated conductivity values across the site varied by almost two orders of magnitude.
Testing locations MON-305 and MON-306 (both in Area 1) contained the lowest and
highest conductivities, respectively.

«  The duplicate tests were performed in different boreholes approximately 10 ft apart at
location MON-308. As the results indicate, the values are within 20 percent of each other.

»  Table 4-10 includes the geometric mean of the surface soil conductivity for the site and for
individual areas. The geometric mean for the entire site was 145.8 ft/year based on the
nomograph and 131.8 ft/year based on the Glover solution. Area 4 has the lowest
permeability rates (geometric mean of 68.92 ft/year), and Area 2 has the highest (geometric
mean of 404.97 ft/year). As expected, Area 4 conductivities appear to have been affected by
the compacted silty sand layer (probable hard pan layer) approx1mate1y 2 ft below the
ground surface.

Table 4~10. Summary of Permeability Test Area

' ‘ Nomograph Glover Eqn

Area | No.of Te§ts Test Re.sult K, (ftiyear) K, (ftiyear)
Site 13° geomean 145.81 131.80
Area 1 ‘ 4 geomean 88.53 ' 84.04
Area 2 2 geomean 536.19 409.34
Area 3 40 geomean 144.97 161.42

Area 4 .2 geomean 103.56 - 74.71

Area 5 1 ' ___NA° 160.00 ‘ 169.68

* Includes one duplicate
® Not Appllcable only one test was conducted in Area 5.
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«  The results do not appear to be affected by the equipment used for the test. This was
determined by ranking the conductivities in descending order and noting the infiltrometer
used to collect the data at that location. There did not appear to be a trend (i.e., there was no
evidence that higher or lower conductivities were associated with one of the infiltrometers).

4.6.2 Soil Particle-Size Distribution )

Soil particle-size distribution, or soil texture, was characterized as part of a feasibility study of
the surface application alternative for ground water remediation. Specifically, the classification
of irrigation suitability of regraded areas and rangelands at the Monument Valley site required
soil texture data. Soil texture greatly influences the movement and storage of soil water

(Hillel 1980).

4.6.2.1 Particle-Size Analysis Procedure

Composite soil samples were collected from a subset of the boreholes that were excavated for the
surface soil infiltration tests (Figure B-1): four samples from Area 1 (MON-303 through
MON-306), two samples from Area 2 (MON-301 and MON-302), and one sample each from
Area 3 (MON-307) and Area 4 (MON-310). Composites consisted of evenly mixed samples

- . taken incrementally from a soil profile to the bottom of the borehole, approximately 4 ft deep.

- Soil particle-size fractions were determined using mechanical grain-size analysis

(ASTM D-2487) followed by hydrometer analysis of fines (Gee and Bauder 1986). The sand

~ fractions were separated using ASTM sieve sizes 10, 20, 100, and 200. Silt and clay fractions
were determined using a 152H hydrometer with slurry temperatures controlled in a water bath.
Soil aliquots weighing between 4 and 60 grams were mixed with a 4 percent, 125-mL sodium
hexametaphosphate dispersing solution using a blender.

4.6.2.2 Soil Textore Results

~ Soil texture results are summarized in Table 4-11. In most sampling locations, soil profiles
consisted of uniform, reddish-brown coppice dune sand with over 80 percent fine sand. :
According to the U.S. Department of Agriculture (USDA) (Soil Survey Staff 1975) system, these
soils are classified as sand. Two exceptions were MON-301 and MON-310. MON-301, a

~ subsoil in the pond area (Area 2) contained 23 percent silt and is classified as a loamy sand.

MON-310 was sampled in the Cane Wash area (Area 4). The upper 2 ft of the profile consisted
of reddish-brown sand. A light grey compacted sand was observed from approximately 2 ft
below the surface to the bottom of the borehole. :

4.6.3 Aqoifer Tests

Aquifer tests were conducted to determine the hydraulic parameters of the alluvial aquifer. An
aquifer test was also completed in the De Chelly aquifer to define the hydraulic parameters and
determine if the alluvial aquifer is hydraulically connected to the De Chelly near the
paleochannel in the southwest portion of the site. Details of the test procedures and data analyses
are provided in Appendix B.
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Table 4—-11. Monument Valley Soil Particle-Size and Texture Classification - -

Sample Soil Texture® and Classification®
Location coarse sand (%) |medium sand (%)|fine sand (%) |slit (%) ]clay (%)] USDA ASTM
Area 1: Soil Borrow :
MON-303 1 2 95 2 0 sand SP
MON-304 1 6 92 1 0 sand sP
* MON-305 2 3 92 3 0 sand SP
MON-306 2 1 97 0 0 sand SP
Area 2: Tailings and Ponds '
MON-301 1 72 - 23 2 loamy sand | SM
MON-302 | 0 1 ) 87 1 1 sand SP
Area 3: Undisturbed North : .
MON-307 0 0 100 0 0 sand SP
Area 4: Cane Wash ]
' MON-310 0 2 96 2 0 sand SP_||

*Mechanical grain-size analysis using ASTM sieve sizes 10, 20, 100, and 200, followed by hydrometer analysis of fines
(ASTM D—2487, SSSA 1986).

b Soils are classified by both USDA (1975) and Unified (ASTM D-2487) systems. Within the Unified system, SM = sﬂty sands,
poorly graded sand-silt mixtures, and SP = poorly graded sands, gravely sands, little or no fines.

4.6.3.1 Previous In_vestigétions

1985 Investigation ~

‘Slug tests were conducted in eight wells screened in the alluvial aquifer, four wells screened in

the Shinarump aquifer, and seven wells screened in the De Chelly aquifer during 1985. Table 4-12
lists the methods used to analyze the slug test data and presents results from those tests.

In addition to the slug tests, one aquifer test was performed at well MON—651, which is screened
in the alluvium. For this aquifer test, a well point was installed to collect water-level data 21 ft
from pumping well MON-651. MON—651 is in Cane Wash (predominantly fluvial deposits) and
is not considered representative of the alluvial aquifer near the nitrate plume (predominantly
eohan deposits).

A flow rate of 13.6 gallons per minute (gpm) was sustained over.an 11-hour time period during
the test. Water level in the observation well actually increased during the test and provided
inconclusive results after data analysis. Hydraulic conductivities were estimated using drawdown
and recovery data from the pumping well. Table 4-12 contains results of data analysis from t}us
aquifer test. Data collected from pumping wells during aquifer tests may not provide:
representative estimates of hydraulic parameters of an aquifer, because a number of the

. assumptions that are associated with the analytical methods are not met.

1992 Investigation

Notes in the technical notebook reference indicate aquifer tests in 1992 were conducted using
wells MON-619 and MON—668 as pumping wells, both of which are screened in the De Chelly

aquifer. Table 4-13 lists the observation wells, screened elevations, and distances to the pumping
wells for both tests.
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Table 4-12. Summary of Hydraulic Conductivity from 1985 Aquifer and Slug Tests

Formation | Well L.D. Bo;i:':r- Hvorslev | Ferris—Knowles cBP Arithmetic | Geometric
: Method Method Method Method Mean K Mean K
AL MON-602 | 4.3x10° | 3.3x10°® NA NA 3.8x10° NA
AL MON-604 | 1.7 x10° NA NA .NA 1.7x10° NA
‘AL MON-605 | 36x10° | 46x10° NA NA 4.1x10° NA
AL MON-651 | = NA NA NA NA 22x10™* NA
AL MON-653 | 3.3x10° | 4.5x 10 NA NA 3.9x10°% ~ NA
AL - MON-655 | 3.9x10° | 46x10° NA NA " 43x10° NA
AL "'| MON-656 | 28x10° | 3.2x10° " NA NA 3.0x10°- NA
AL MON-662 | 2.0x10° | 29x10°° NA ‘NA 25x10° NA
AL "MON-669 | 54x10° | 9.5x10°® NA NA 7.5x10°® NA
DC , | MON-610 | 22x10° | 2.7x10° 9.5x 107 3.1x10° 22x10°® 20x10®
DC '] MON-612 NA NA 1.8 x10°° 29x10°® 24x10°® NA
DC .| MON-657 NA NA 1.1x10° 41x10° 26x10°® NA
DC | MON-661 NA NA NA 2.1x10° 2.1x10°® NA
DC MON-663 NA NA 21x107 3.2x107 2.7x107 NA
DC MON-667 NA NA 3.2x10° 6.0x 10 1.9x10° 1.4x10°
bDC MON-668 NA NA 4.4x107 1.7x10°% | 1.1x10° 86x 107
SR MON-601 | 55x10°® NA NA NA 55x10°° NA
SR MON-658 | 1.4x 10°° - NA 49x10° 23x10° 1.4x10°% 1.2x 10°°
SR MON-659 | 1.2x10° NA 45x10° 2.1x10° 1.3x10°% 1.0x10°
ISR MON-660 | 9.4x10°° NA 7.2x10° NA 8.3x10° NA

- *K calculated using the Chow and Theis Recovery method based on a single aquifer test in well MON—651.

- AL = alluvium

CBP = Cooper-Bredehoeft-Papadopulos method
DC = De Chelly Member of the Cutler Formation
K = Hydraulic conductivity (ft/s) .
SR = Shinarump Member of the Chinle Formation

Source: Monument Valley RAP, Appendix F, 1993b.

Table 4-13. Aquifer Test Well Construction Specifics for the 1992 Field Investigation

, ‘ Top of Screen Bottom of
Well No. Well Type Aquifer Elevation Scree-n ApprO).(. Dist. from
4 (ft above MSL) Elevation . Pumplng Well (ft)
: : ‘ . (ft above MSL)

MON-619 Pumping De Chelly ’ NA NA NA
MON-657 Observation De Chelly 4,762.21 4,747.21 40
MON-662 Observation Alluvial 4,842 31 4,812.31 40
MON-668 Pumping De Chelly 4,686.71 4,666.71 NA
MON-669 Observation Alluvial 4,831.78 4,811.78 10
MON-655 Observation Alluvial 4,822.39 4,802.39 550
MON-663 Observation | De Chelly 4.689.41 4.649.41 1,150

MSL = Mean Sea Level.

NA - Not appiicable, well not screened at time of 1992 test.
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The well MON-619 test included a step test run at pumping rates of 9 gpm and 14'to 16 gpm. A
graph indicates the pumping well water level was lowered only 0.2 and 0.5 ft, respectively, at

- these pumping rates. During the actual aquifer test, which was run at a pumping rate of 39 gpm, .

questionable drawdown was monitored in observation wells MON—657 and MON-662. The
water level initially increased less than 0.5 ft once the pump was started, returned to the static

_water level, and was followed by a fluctuation in the water level that resulted in less than 0.2 and
0.3 ft of drawdown during the test period in wells MON—657 and MON-662, respectively.

Questionable drawdown data were also collected from wells MON—669, —655, and —663 during
the aquifer test in which well MON—668 was pumped at a rate of 15 gpm. The water levels in
wells MON-663 and MON-669 both increased (0.8 and 0.06 ft above the static water level,
respectively) during the initial pumping period and, as a result, no drawdown was detected. At
the third observation well, MON—655, there was no response to pumping (i.e., the water level did -
not fluctuate from the static level). '

The lack of valid drawdown data from observation wells during these two tests did not allow for
the calculation of representative aquifer parameters. The site technical notebook did not contain
any calculations using the data from well MON-619 and well MON-668 tests. Ground water
seepage velocity calculations presented in Appendix F of the RAP (DOE 1993b) used data

. generated from the 1985 tests only.

~ Table 4-14 provides the seepage velocity results for the alluvial, Shinarump, and De Chelly

aquifers. The velocities are based on hydraulic conductivity ranges from the 1985 test data only.

Effective porosity and hydraulic gradient estimates were based on site conditions during the
1985 field effort, as presented in Appendix F of the RAP.

Table 4-14. Ground Water Seepage Velocity Estimations Based on the 1985 Field Investigation

Estimated Hydraulic Hydraulic ' Seepage
Aquifer Effective Gyra dient Conductivity Range Velocity Range
] Porosity (ft/day) (ft/day)
Alluvial a 0.25 0.011 : 0.28to 19 0.01t0 0.84
Shinarump 0.10 | 0.010 0.39 to 8.1 0.04 to 0.80
De Chelly 0.10 0.011 0.018t0 2.8 0.00210 0.3

Source: Monument Valiey RAP, Appendix F, 1993b.

4.6.3.2 1997 Investigation Results

655 Alluvial Test

The initial data at well MON-655 indicated that a pumping rate over 0.6 gpm could not be
sustained for an extended (greater than 24 hours) period of time. The first aquifer test lasted

70.7 hours and resulted in 12 ft of drawdown in the pumping well and only 0.1 ft of drawdown in
observation well MON-769 and no response to pumping was measured in observation well
MON-771 (both wells are approximately 50 ft from the pumping well).
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Analysis of the data from observation well MON-769 provided inconclusive results. Recovery
data were analyzed to estimate the hydraulic conductivity of the alluvial aquifer in the vicinity of
well 655 (Table 4-15). Analysis of the step test data resulted in a pumping well specific capacity
of 0.009 square feet per minute (ft%/min).

Fine-grained sand was observed in the water discharging from the pump during the first test. A
screen slot size of 0.051 in. had been selected according to the information provided in the
completion record for this well. However, the aquifer material at this location consists of a fine-
grained sand in which the grain diameters range from 0.002 to 0.01 in. Consequently, there is the
potential for the aquifer material to pass through the well screen and reduce well efficiency. The
well was redeveloped in an attempt to increase the efficiency and the flow potential.

Additional development did not increase the efficiency of the well, and a flow greater than

0.6 gpm was not sustainable for an extended time. A second test was completed to compare

the hydraulic conductivity from the initial test. A slug test was also completed at this well to
compare to the hydraulic conductivity estimated from the aquifer tests and the slug test
performed on the same well in 1985. Since thé sustainable flow rate could not be increased, it i is
expected that the specific capacny calculated from the first step test (0.009 ft*/min) would not
change significantly. ,

During the second aquifer test, approximately 0.25 ft of drawdown was measured in observation
well MON-771, with insignificant drawdown detected in well MON-769 (which is opposite of
the response in the first test). In the pumping well, there was approximately 18 ft of drawdown,
which suggests the development attempt may have actually decreased the well efficiency.

Table 4-16 provides results from the analyses of data collected during the December 1997
aquifer tests and slug tests. Analysis of data collected from the observation well during the
aquifer test indicate that the hydraulic conductivity ranges from 1.7 to 3.2 ft/day (geometric mean
of 2.4 ft/day); the analysis of data collected during the recovery of the pumping well suggested a
value of 0.06 ft/day. Analysis of the data provided a specific yield estimate of 0.001. -

- Analyses of the slug test data indicated that hydraulic conductivity ranged from 0.20to .
0.32 ft/day. The 1985 data analyses suggested a hydraulic conduct1v1ty ranging from 0.34 to
0.40 ft/day for well MON-655.

The seepage velocity, which represents the rate at which water actually moves through the
aquifer pore spaces, can be calculated using the following formula: .

V.=

s X —

K . dh
n dl

where v, is the seepage velocity (ft/day), X is the hydraulic conductivity (ft/day), n, is the
effective porosity (dimensionless), and dh/dl is the horizontal hydraulic gradient (dimensionless).
If the hydraulic conductivity ranges from 1.7 to 3.2 ft/day (using aquifer test results), the seepage
velocity for the alluvial aquifer in the vicinity of well MON—655 ranges from 0.075to - .
0.141 ft/day. This value is based on an estimated effective porosity of the alluvial aquifer of 0.25
(DOE 1993b) and average horizontal hydraulic gradient of 0.011 (September 1997 data).
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Table 4-15. Summary of Pump Test Analyses 9/97—Alluvial Aquifer Monument Valley Field Investigation

Test - "Well Theis Analysis Cooper/Jacob Neuman Semi-Log Theis/Jacob Rec
Location Type T (ft’/min) | K(ft/day) | T (ft¥min) | K (f/day) | T (ft*/min) | K (ft/day) | Sy | T (ft/min) | K (ft/day)
Well 655 PUMP Alluv NA NA NA NA NA NA NA | 3.17E-04 0.011
_ PP ’ - .

Well 765 PUMP Alluv NA NA NA NA NA NA ‘NA 9.70E-04 0.025
- PP ‘ _
Well 777 0OBS Alluv 0.461 11.9 0.302 7.8 0.322 8.3 0.71 INC INC
' PP '
Well 766 0OBS Alluv 0.411 10.6 0.486 12.5 0.581 14.9 0.057 INC INC
FP

-AQ = The aquifer the well is screened in

FP = Well fully penetrating

K = Hydraulic conductivity

INC = Data provided inconclusive results
NA = Not applicable ’
OBS = Observation Well

PP = Well partially penetrating

PUMP = Pumping well

Sy = Specific yield

T = Transmissivity

* = Well 765 recovery data not included

Hydraulic Conductivity
Geometric Mean Summary

Well 765

Well 777 Well 766 Cluster*

K (ft/day) K (ft/day) K (ft/day)
9.2 12.5 10.7
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Table 4-16. Summary of Pump Test Analysis 12/97—Alluvial Aquifer Monument Valley Field Investigation Slug Tests

s 2 =
te %
[~ 3 L
& . . . . ' . Slug Tests 2
03 . Well Flow | Theis Analysis Cooper/Jacob Neuman Semi-Log Theis/Jacob Rec¢ .g s
5 Test Location Type AQ Rate Bower/Rice | Hvorslev a
g : T (ftimin) | K (ftday) | T (ft'/min) | K (ftiday)| T (f€/min) [K (fuday)| Sy | T (f/min) K (fiday)| K (fuday) | K (fiday) 2
g Well 655 Cluster : - g.
Q .
4 Well 771 OP?,S Alluv |0.55 GPM| 0.093 3.2 0.075 26 0.051 1.7 | 0.001 INC INC NA NA ad
— - 4
g - =2
= Well 855 ngp Aluv [0.55GPM| NA. NA NA NA NA NA NA 0.002 0.060 0.32 0.20 @
£ Well 765 Cluster
= .
g well 777 Opis Alluv | 3GPM | 0.450 1.6 0.445 11.4 0.482 124 | 0.41 INC INC NA NA
] .
é well 777 %BPS Alluv 13.25 GPM| 0.868 222 0.752 19.3 1.062 273 0.37 0.681 174 NA NA
(43 .
<
2 well 768 C:DBPS Alluv | 3 GPM 1.130 289 0.717 18.3 0.794 204 0.015 INC INC NA NA
& . . :
Q i
= Well 766 C:DBPS Alluv }3.25 GPM 1.370 353 1.320 340 0.910 234 0.017 0.993 25.5 NA NA
‘ Well 765 Pl;l::np Alluv [3.25 GPM NA NA NA NA NA NA NA 0.003 0.077 NA NA

Hydraulic Conductivity Geometric Mean Summary

Well 771 | Well 655 | Well 777 | Well 766 | Well 765 | Well 765

Flow Rate AQ Test Slug Test | AQTest | AQTest | Rec Test | Cluster*
K(ft/day) | K(ftiday) | K(ft/day) | K (ft/day) | K (ft/day) | K (ft/day)

0.55 GPM - 2.4 0.25 NA NA NA NA
. 3.0GPM . NA NA 11.8 221 NA 16.1
3.25 GPM NA NA 21.2 29.1 0.077 24.9

3&325GPM| = NA. ' NA - 165 25.9 0.077 21.5

AQ = The aquifer the well is screened in

INC = Result inconclusive

K = Hydraulic conductivity

NA = Not applicable

OBS = Observation well

PP = Well partially penetrating well

PUMP = Pumping well

Sy = Specific yield

T = Transmissivity ’

* = Values do not include pumping well recovery data or slug test data
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765 Alluvial Test

Results of short-term tests indicated that a flow of 1.1 gpm could be sustained from well
MON-765 over an extended period of time. As a result, this flow rate was used during the first
aquifer test (which lasted 60.6 hours) at the MON-765 location. In response to this flow rate,
approximately 0.1 ft of drawdown was observed in the observatian well (MON-777) located

15 ft from the pumping well, which had a drawdown of more than 35 ft. This suggests a very
steep cone of depression was created during the testing period. Less than 0.1 ft of drawdown was
noted in the observation well 52.5 ft away (well MON-766).

Results of the analysis of data collected from the aquifer tests completed in September 1997 are
presented in Table 4-15. Based on the analysis of data collected from the observation wells, the

- hydraulic conductivity ranged from 7.8 to 14.9 ft/day (geometric mean of 10.7 ft/day). A

hydraulic conductivity of 0.025 ft/day was calculated from the recovery data collected from the
pumping well. A specific capacity of 0.004 ft*/min was calculated from analysis of the data
collected during the step test. :

Well MON-765 was further developed in an attempt to increase its efficiency and corresponding
flow rate. This well was installed with 0.010 in. screen slot, which is better suited for the particle-

. size in the subsurface material compared to the well MON-655 design. A step test conducted

after development suggested a flow rate of 3.0 gpm could be sustained for an extended period of

time. The specific capacity increased to 0.0155 ft*min after well development.

The 3 gpm test lasted 19.9 hours. During that time, a drawdown of approximately 38 ft was
observed in the pumping well, and approximately 0.2 ft of drawdown was measured in
observation wells MON-777 and MON-766. Time allowed for another short-term (less than

24 hours) test, this time using a flow rate of 3.25 gpm. This 20.8-hour test resulted in

approximately 43 ft of drawdown in the pumping well, and again approximately 0.2 ft of
drawdown was measured in both observation wells.

Table 4-16 shows the results of the analysis of data collected during the December 1997 aquifer
tests. Analyses of the data collected from the observation wells during the 3 gpm test indicate the
hydraulic conductivity ranges from 11.4 to 28.9 ft/day (geometric mean of 16.1 ft/day); the
analyses of data collected during the 3.25 gpm indicate a range of 19.3 to 35.3 ft/day (geometric
mean of 24.9 ft/day). Data collected from the pumping well during the recovery phase of the
3.25 gpm test suggest a hydraulic conductivity of 0.077 ft/day.

When a hydraulic conductivity range of 11.4 to 35.3 ft/day is used, the seepage velocity for
the alluvial aquifer in the vicinity of well MON-765 ranges from 0.50 to 1.55 ft/day. These

calculations are based on an effective porosity of 0.25 and a horizontal hydraulic gradient
of 0.011. o '

De Chelly Test

As previc'>us‘1y mentioned, hydraulic conditions in the De Chelly aquifer near the site are believed
to range from confined to semiconfined, depending on the location. Based on the step test
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completed at well MON—619, a pumping rate of 70 gpm could be maintained during a multiday
aquifer test. Step-test data indicated a specific capacity of 0.79 ft/min.

During a 90-hour test, approximately 12 ft of drawdown was measured in the pumping well. In
observation wells MON-776, —774, and —668, approximately 8 ft, 5 ft, and 3 ft of drawdown
were measured, respectively. The fact that 3 ft of drawdown was measured 1,450 ft from the
pumping well in another well screened in the De Chelly suggests the aquifer is confined outside
of the paleochannel.

Another significant finding during this test was the rapid response to pumping in well MON-774
(located in the paleochannel and screened in the alluvial aquifer) water levels. This response
verifies the hydraulic connection between the alluvial aquifer and the underlying De Chelly
within the boundaries of the paleochannel.

During analysis of the data from observation well MON-776, a break in the slope of the
drawdown versus time (log) data suggests the effect of a hydrologic boundary. A similar trend
was noted in drawdown data from the pumping well and observation well MON-774. This break
in the slope of the data may represent the time when the cone of depression reached the far =~
(western) boundary of the paleochannel. Data from observation well MON—668 showed only a

. slight break in the slope. :

Table 4-17 shows the hydraulic conductivity values that resulted from analysis of data collected
during the De Chelly test. Analysis of data collected from the two observation wells screened in
the De Chelly resulted in a hydraulic conductivity ranging from 0.6 to 4.3 ft/day. Data collected
-during the recovery test suggested a hydraulic conductivity ranging from 1.2 to 2 ft/day. Taking
into account all the results, the hydraulic conductivity geometric mean for the De Chelly aquifer
~ near well MON-619 is 1.6 ft/day. Storativity estimates ranged from 8.3 x 105 t0 4.7 x 10,

A hydraulic conductivity range of 0.6 to 4.3 ft/day, an assumed effective porosity of 0.15

(DOE 1993b), and a measured horizontal hydraulic gradient of 0.014 result in a seepage velocity
' that ranges from 0.06 to 0.4 ft/day. This range is comparable to the range determined by the 1985

slug test data (0.002 to 0.3 ft/day).

Summary of the Alluvial Aquifer Tests

e  Tests were initially completed on the alluvial aquifer in September 1997. Analysis of the -
step test data resulted in very low well efficiencies for the two pumping wells. After
additional well development, aqulfer tests were re-run in December 1997 at those two
locations.

e Data collected during the December 1997 aquifer tests suggest that the hydraulic
conductivity ranges from 1.7 to 3.2 ft/day in the vicinity of well MON—655. Based on this
hydraulic conductivity range, the seepage velocity ranges from 0.075 to 0.141 ft/day.

Site Observational Work Plan for Monument Valley Anzona . DOE/Grand Junction Office
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Table 4-17. Summary of Aquifer Test Analyses — De Chelly AqUifer Monument Valley Field Investigation

Test well | Thels Analysis Jacob/Cooper Hantush Thels Jacob Rec

A
Location | Type Q T (f/min) | K (f/day) ] T (ft/min) | K (ft/day) S T (f'min) | K (fUday) ] T (ft¥/min) K (ft/day)

PUMP |DeC| NA NA NA NA NA NA NA NA NA © 069 2.00
Well 619 |0 - ,

OBS |DeC| 105 3.00 |472604] 151 430 |8.36E-05 0.33 1.00 227E-04 0.70 ~ 200
Well 776 —— : -

OBS |DeC| 037 110 | 4.20E-04 | 0.63 1.80  |3.22E-04 0.21 0.60 3.17E-04 - 0.40 1.20
Well 668 — 2 .

OBS [Alluv| 235 58.50 NA 069 | 17.10 NA NA NA NA 0.83 14.80 -

Hydraulic Conductivity Geometric Mean Summary

Well619 | Well776 | Well 668 Well 774" Well 619 Cluster*
K (f/day) K (ft/day) K (ft/day) K (fvday) K (ft/day)
2.00 2125 1.09 15.91 1,61

Values in bold italics generated from data in which there was a questionable fit
AQ = The aquifer the well is screened in
All graphs contained in Appendix B

FP = Well fully penetrating

INC = Result inconclusive

K = Hydraulic conductivity

NA = Not applicable

OBS: = Observation well

PP = Well partially penetrating

PUMP = Pumping well

S = Storativity

T = Transmissivity

* = Well 774 values did not include Theis data
** = Data did not include alluvial (774) results

DeChelly Aquifer assumed to be 500 ft thick in the vicinity of well 619
Wells 619, 776, and 668 corrected for partial penetration, well approx. 150 ft deep
Well 774 completed in alluvium, pumping well completed in De Chelly (directly underlying alluvium at this location)
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» In the vicinity of well MON-765, data indicate the hydraulic conductivity ranges from
11.4 t0 35.3 ft/day (geometric mean of 21.5 ft/day). Based on the analyses of data collected
during the December 1997 tests, the seepage velocity ranges from 0.50 to 1.55 ft/day.

»  The specific yield, based on December 1997 test data, ranges from 0.015 to 0.41.

»  The specific capacities of wells MON—655 and MON-765 are 0.009 and 0.016 ft*/min,
respectively. The specific capacity of well MON—-655 appears to have been influenced by
improper well construction (i.e., slot openings too large), which may be responsible for its
low efficiency. As a result, hydraulic parameter estimates based on data collected at this
location may not be representative. :

Summary of the De Chelly Aquifer Tests

e Analysis of data from the well MON-619 test resulted in a hydraulic conductivity range of
0.6 to 4.3 ft/day (geometric mean of 1.6 ft/day). Using this conductivity range, the seepage
velocity ranges from 0.06 to 0.4 ft/day.

*  Analyses of data suggest the,storafivity ranges from 8.3 x 10~ to 4.7 x 10™*. According to
the step test data, the specific capacity of well MON-619 is 0.79 ft/min.

»  During the De Chelly test, drawdown was noted in the observation well located in the
paleochannel and screened in the alluvial aquifer. This response indicates a direct hydrologic
connection between the alluvial and De Chelly aquifers in this region of the site.

»  The De Chelly aquifer appears to be unconfined to semiconfined in the v101mty of the
paleochannel and mostly confined in other regions of the site.

4.7 Plant Ecology Investigation

Plant ecology plays an important role in surface and ground water remediation at the Monument
Valley site. Successful revegetation of the millsite and tailings areas can control soil loss and
improve the value of the land resource (Munshower 1996). By applying a technique called
phytoremediation, plants may be used to extract and treat ground water and soil contaminants
such as ammonium and nitrate for a fraction of the cost of traditional pump-and-treat techniques
(Kim and Ondrey 1996; Kim 1996). Because of high evapotranspiration/precipitation (ET/P)
 ratios in desert ecosystems, revegetation can also prevent leaching of soil contaminants and thus
help contain ground water contamination sources (Weand and Hauser 1997). By pumping
nitrate-contaminated ground water for irrigation of revegetation areas, the land application
alternative (Baumgartner et al. 1996) may accelerate plant establishment, plant productivity,
evapotranspiration (ET), and nitrogen extraction. Conversely, plants that root into the plume or
are irrigated with plume water are potential exposure pathways for humans and ecological
‘receptors.
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The plant ecology of the former millsite, tailings area, and surrounding areas was characterized
to address the following issues:

 Human heélth and ecological risks associated with site-rel;lted céntaminated ground water.

*  Soil water balance effects on recharge and discharge components of thé hydroloéical system.
. | Feasibility of the phytoremediation alternative.

. Feasx;bility of the land éppl_ication altemati\}e for ground water ‘remedigtion.'

The plant ecolqu investigation consisted of

* A plant species survey.

-+ Estimates of the percent cover and age structure of phreatophyte populations.

+  Evaluations of the ‘composition, relative abundanée, and distribution of plant associations.

.. Vegetatioh mapping.

4.7.1 Plant Species Survey

The former millsite, tailings area, pond area, and the area delineated by the extent of the nitrate
and sulfate plumes (Section 5.3) were traversed on June 24, 1997, to identify plant species. The
results of the plant species survey (Table 4-18) became the foundation for the plant ecology
investigation; all succeeding ecological characterization and applications build on interpretations
of the species composition and associations. The occurrence and relative abundance of certain -
plant species provide a measure of the health of the ecosystem. Knowing the species and their
physiological and ecological tolerances provides evidence of environmental conditions that are
of importance for understanding the site hydrology, potential human health and ecological risks,
and the feasibility of phytoremediation and land application alternatives.

4.7.2 Phreatophyte Cover and Age Structure

Phreatophytes (literally “well plants”) at the Monument Valley site may act as natural
pump-and-treat systems for ground water nitrates. Two phreatophyte populations grow over
the plume area: black greasewood and fourwing saltbush. Black greasewood (Sarcobatus
vermiculatus) is an obligate phreatophyte; it requires a permanent ground water supply. Black
greasewood can transpire water from aquifers as deep as(l 8§ mbelow the land surface

(Nichols 1993). Fourwing saltbush (4triplex canescens) is a facultative phreatophyte; it takes
advantage of ground water when present but can tolerate periods of low water availability. The
rooting depth of fourwing saltbush may exceed 8 m (Foxx et al. 1984). This section describes
methods and results of sampling to determine the percent cover and age of black greasewood

populations potentially growing into the nitrate plume. Cover estimates for fourwing saltbush are
presented in Section 4.7.3.
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_Table 4-18. Plants Growing on the Reclaimed Tailings and Plume Areas at the Monument Valley Site

Scientific Name* | Acronym®] - Common Names®
Shrubs
Artemisia filifolia Torr. . ARFI sand sagebrush, old-man sagebrush
Atriplex canescens (Pursh) Nutt. ATCA fourwing saltbush, cenizo, chamizo
Atriplex confertifolia (Torr. & Frem.) Wats. ATCO shadscale, spiny saltbush, sheep fat
Chrysothamnus nauseosus (Pall.) Britt. CHNA rubber rabbitbrush, chamisa
Ephedra torreyana S. Wats. - EPTO joint fir, Mormon tea, Brigham tea
Gutierrezia sarothrae (Pursh) Britt. & Rusby - GUSA broom snakeweed,
Haplopappus plurifiorus (Gray) Hall HAPL jimmyweed, jimmy goldenbush
Lycium pallidium Miers : LYPA | tomatillo, desert wolfberry
Opuntia phaeacantha Engelm. ‘ OPPH prickly pear, many-spined cactus
Poliomintha incana (Torr.) Gray POIN bush mint, rosemary-mint, purple sage
Sarcobatus vermiculatus (Hook.) Torr. SAVE black greasewood, chico, chicobush
Senecio douglasii DC. SEDO threadleaf groundsel, creek senecio -
Tamarix ramosissima Ledeb. TARA tamarisk, salt cedar, tamarisco
Yucca angustissima Engelm. ) YUAN narrowleaf yucca, fineleaf yucca
Grasses
Aristida purpurea Nutt. ARPU Purple threeawn, wiregrass
Bromus tectorum L. : . ) BRTE cheatgrass brome, downy brome
Festuca microstacys Nutt. FEMI small fescue, vulpia
Hilaria jamesii (Torr.) Benth. HIJA galleta, curly grass
Oryzopsis hymenoides (R. & S.) Ricker ) ORHY Indian ricegrass, sand bunchgrass
Sporabolis airoides (Torr.) Torr. SPAI alkali saccaton
Sporabolis cryptandrus (Torr.) Gray SPCR sand dropseed
Sporabolus contractus A.S. Hitche. ) SPCO-1 | spike dropseed
Sporabolus giganteous Nash SPGI giant dropseed
Forbs . .

Tripterocalyx cameus (Greene) Galloway TRCA wooton sandverbena
Chenopodium album L. "~ CHAL common lambsquarter, goosefoot
Ambrosia acanthacarpa Hook. ) AMAC | bur ragweed
Amesinkia tessellata Gray ] AMTE rough fiddieneck
Arabis L. species ) AR sp. rockcress mustard
Astragalus L. species . AS sp. milkvetch, locoweed
Datura wnightii Regel DAWR sacred datura, angels trumpet
Descurainia pinnata (Walter) Britt. DEPI pinnate tansey-mustard
Erigeron L. species ) ' ER spi. [ daisy
Eniogonum Michx. species ER sp2. | wild buckwheat, skeletonweed
Kochia scoparia (L.) Schrader ' : KOSC kochia, summer cypress
Lepidium L. species LE sp. pepperweed, peppergrass
Lupinus L. species LU sp. lupine
Machaeranthera Nees. species MA sp. aster
Oenothera albicaulis Pursh OEAL white-stemmed evening primrose
Plantago patagonica Jacq. ) PLPA wooly plantain
Salsola iberica Sennen & Pau ) SAIB Russian thistle, tumbleweed
Sphaeralcea coccinea (Pursh) Rydb. . SPCO-2 | scarlet globemallow, falsemallow
Sphaeraicea parvifolia A. Nels SPPA Nelson globemallow

*The scientific nomenclature for genera, species, and authorities is consistent with Voss (1983) and the choices of Welsh et al
(1987).

bAcronyms combine the first two letters of the genus and species names.

°English and Spanish common names are from a vanety of sources (Mayes and Lacy 1989; Dodge 1985; Eimore and Janish 1976;

Dunmire and Tlemey 1995; and Whitson 1992)
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4.7.2.1 Black Greasewood Cover

A line intercept method (Bonham 1989) and high-resolution aerial photography were used to
estimate black greasewood cover. Field measurement methods were abandoned because of
widespread injury and mortality in the black greasewood population, apparently asa
consequence of herbicide spraying during surface remediation of the site. The potential
greasewood cover as represented in a February 1995 photograph, and not the current condition,
was needed for water balance and phytoremediation evaluations.

Line transects equivalent to 30 m long were located on the photograph using a baseline and -
transect sampling scheme. A baseline equivalent to 177 m long was placed along a road
northwest to southeast through the center of the greasewood population. Starting points were
randomly selected for transects extending both north and south of the baseline. Random numbers
were also used to select starting points along each transect for the 30-m intercept lines and to
select an azimuth for the direction of each line. The distance d of greasewood canopy intercepted

by a randomly placed 30-m line was measured and percent cover for that line was estimated
(Bonham 1989):

Percent Cover = Zd .x 100
. 30m

High-precision measurement of intercept distances on the photograph was achieved using a

'sliding table assembly with a lead-screw motion and a binocular microscope with 10-to-70 power

zoom and a cross-hair eyepiece. The photograph was attached to the sliding table assembly. The
assembly was connected to a digital position readout with a glass linear encoder. The lead screw
moves the 10 by 30 centimeter sliding table 1.0 centimeter per 10 revolutions. The encoder
transducer provided a digital output of the sliding table position at a resolution of 0.001 mm.
Such high resolution encoders are typically used for machining tools. The digital position

readout has an LED display that changes instantaneously to indicate the exact position of the
encoder. :

Five transects on the north side of the baseline and three on the south side fell within the
boundaries of the greasewood population (Table 4-19). A total of n =29 lines extending from
these eight transects fell within the population boundaries. The mean percent canopy cover for
the greasewood stand was 37.1 with a standard error of 2.8 (Table 4-19). Because the 1995
photograph was taken before the population was sprayed with herbicides, these values are
considered to be reasonable estimates of the potential cover of black greasewood for purposes of
evaluating the site water balance and the phytoremediation alternative. )

4.7.2.2 Black Greasewood Age Structure

Black greasewood is considered to be a good candidate for phytoremediation of ground watér
nitrates at the Monument Valley site. However, because the greasewood has been decimated by

herbicide spraying and heavy grazing, the population will have to be restored in the plume area

to achieve ac acceptable nitrate uptake rates. Therefore, the feasibility of the phytoremediation
alternative is dependent on rapid establishment and growth of greasewood t;ansplants in
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Table 4-19. Black G_reasewbod Cover Estimates

2 ot
& g Transect® : Line Intercept® 5
i g Transects North of Baseline Transects South of Baseline ;
° g | Starting | Starting ) _Intercept Distances Starting ' Intercept Distances ‘ §
g Nurmiber { Point (m) | Point (m) | Azimuth®|Canopy Measurements (m)® - Total (m) | Point (m) | Azimuth®{Canopy Measuréments (m)® Total (m) u§
£ 1 2049 223 .99.51 1.25, 2.57,2.33, 1.97 8.12 26.61f 207.46|2.69, 2.74, 6.50 11.93] g
2 - 57.13| 16.13[3.58, 4.36, 3.04, 1.55 . 12.53] 4395 8.26|5.43, 3.58, 3.40, 6.56 18.98] |=
§ 62.73] 354.94|1.73, 1.37, 1.43, 3.70 : 8.23 64.77| 318.32|2.74, 1.31, 0.54, 1.91 6.50|| g_
g A - . I {7
g 2 66.89 6.64| 64.37[1.55,0.42,4.12, 3.88, 6.62, 0.66 17.24 15.11| 254.92{1.73, 1.25, 2.51, 3.76, 3.28, 3.82, 3.64 19.9§||
§ 37.38] 310.33]1.91, 1.13, 0.60 _ 3.64 30.38| 205.40]1.25, 0.66, 2.03, 2.92, 0.54, 4.65, 1.37 13.43"
2 77.37| 344.66|1.97, 2.09 . 4.06 84.59] 122.81{2.57, 0.66, 0.48, 1.73 5.43|
E 119.09| 287.924.06, 0.95, 1.25, 1.91, 3.64 11.81 ‘
‘i 142.59| 170.33|1.43, 1.37, 1.61,1.73 6.15
N . : _
2 3 98.02 6.66| 325.14{1.85,4.83 : - 6.68 23.40| 46.60[1.19,2.57,7.88,1.73 ' 13.37|
' 36.86] 215.38|1.79, 4.48, 2.74, 1.01, 2.33, 1.61 13.96] 271.25] 228.17|0.54, 0.24, 1.73, 1.07, 2.09 5.67
85.77 4.27|3.58, 0.66, 2.21, 0.30, 2.63 ‘ 9.37 :
91.61] 244.86]2.03, 3.76, 0.90, 0.54, 5.01 12.23 1'
4 | 14304 27.17] 240.95|1.73,0.18, 1.07, 1.31, 1.19, 2.69, 0.54 8.71 '- ' - |
59.26] 274.68[1.49, 1.07, 0.48,9.79, 1.07 13.90 |
72.69| 197.38]2.74, 3.46, 3.76, 2.09, 1.13, 1.85, 0.42 15.45 Percent Cover Summary Statistics:
111.40| 182.71}2.45, 1.31, 1.49, 1.91, 2.74, 0.42 10.32 . mean . 37.14"
- - - . variance 231.27)f
5 162.15 12.59| 337.01|1.49, 0.84, 2.57, 7.64 12.53 ) std. dev. 15.2%
51.28| 10.55}3.70, 3.58, 3.28, 2.57, 3.58, 1.13 17.84 - s.e.(mean) 2.82
77.77| 253.84]2.15, 0.72, 1.01, 1.97 : 5.85 . 95% C.l. 578 |g
94.46] 247.85/0.60, 5.13, 1.07, 3.58, 1.79, 1.91 14.08 ‘ 95% LCL 31.36] |8
g 147.02| 169.11]2.74, 2.09, 0.78, 0.95, 2.92, 3.88 13.37 : 95% UCL 42.93" g
m , ' : _ ‘ =2
é) *Transect starting points were random distances along a 177-m baseline through the center of the stand. Transects extended both north and south of starting points. E ,
o] ®Lines for measuring black greasewood canopy intercept started at random distances and extended at random azimuths from transects. g
> g ¢ Degrees clockwise from north. ' . a
E % ¢ Each measurement represents the length of canopy of an individual black greasewood "contacted” by the intercept line. §
2R : =
88 2
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s

overgrazed and denuded areas overlying the plume. A few volunteer ‘greasewood plants have
_established in the tailings area. The age and size of these volunteer plants were evaluated as an
indication of growth rates. -

Three black greasewood plants and two fourwing saltbush plants that volunteered in the tailings

“subpile soils were sampled (Table 4-20). For all five plants, plant height, the long diameter of

the canopy, and the short diameter of the canopy were measured. Cross sections of the primary
stem of each plant were cut and prepared for analysis using the methods of Fritts and Swetnam
(1989). Stem sections cut at an oblique angle in the field were recut at a transverse angle.
Specimens were polished with a power sander using sequentially finer grades of sandpaper until
vascular cells were discernible under magnification. Entire cross sections were examined for
locally absent and double rings and then the rings were counted.

Once greasewood plants become established in disturbed areas, reproduction occurs primarily as

sprouting from underground stems that spread laterally from mature plants. This cloning of nurse
plants was observed in the subpile soil area. -a. The density of new greasewood plants (Table 4-20),

mostly likely clones, were counted within a 6-m radius of the three larger nurse plants.

Table 4-20. Canopy Measurements and Annual Growth R/ngs of Black Greasewood
and Fourwing Saltbush

Lon Short Cano "Clone Annual

N:::S: " H:‘i'?)ht Diameger Diameter Volun?:" Density® Gr.owth

o (m) (m) (m?) (100 m?) Rings
SAVE1 1.35 264 2.03 + 568 1.8 4
SAVE2 1.47 2.31 2.16 - 5,76 . 35 ] 4
SAVE3 1.45 297 1.83 6.19 142 4
ATCA1 1.02 1.47 1.32 - 1.55 NA 4
ATCA2 0.89 - 152 1.01 1.07 NA 4

*Plant numbers include the genus/species acronyms given in Table 4—18.
bCanopy volume was calculated as the area of an ellipse—pi x (long diameter/2) x (short dlameterIZ)-—muItlphed by plant height.
This overestimate of the volume suffices for comparative purposes.

°Seedlings within a 6-m radius of nurse plants were assumed to be clones.

m? = square meters.

NA = Not applicable. .

_ 4.7.3 Plant Associations and Vegetation Mapping

A plant association is a unit of classification that defines a particular type of plant community.
An association generally has a consistent floristic composition, a uniform appearance, and a
distribution that reflects a certain mix of environmental factors that can be shown to be different

from other associations. Classifying and mapping plant associations helped to delineate land

management units at the Monument Valley site with respect to (1) ecological condition;

(2) potential for applying the phytoremediation alternative; (3) revegetation potential;

(4) irrigation suitability; and (5) likely vegetation response to irrigation with plume water.

| The association is a synthesis of local examples of vegetation called stands. For the purpose of

defining plant associations at the Monument Valley site, a modified relevé method was used to
characterize stands, and then stands were grouped into associations using simple ordination and
gradient analysis techniques (e.g., Barbour et al. 1987).
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4.7.3.1 Relevé Sampling and Results

The sampling unit, or stand, was defined as an area of approximately 1 hectare (2.5 acres). Most
sampling units were well locations within in the plume area (Table 4-21). Several well locations
were subjectively selected for sampling because, as a group, they appeared to represent the range
of vegetation types in the area. This semiquantitative sampling method consisted of walking
through the stand and compiling a list of all plant species present, then walking through the stand
again and assigning species to cover classes. Percent cover was not measured precisely. A
species was placed in one of six cover classes: less than 1 percent, 1 to 5 percent, 5 to 25 percent,
25 to 50 percent, 50 to 75 percent, and 75 to 100 percent. -

Table 4-21. Locations for Relevé Sampling of Plant Stands at Monument Valley

Stand Number Location of Hectare-Size Stand

606E . East of well MON-606
655 Centered at well MON-655
656 Centered at well MON-656

_ 662 Centered at well MON-662

- 663W West of well MON-663
664 Centered at well MON-664
676 ' Centered at well MON-676
678 A Centered at well MON-678
684 ‘ Centered at well MON-684
694 Centered at well MON--694
695NE Northeast of well MON-695
766E East of well MON-766
766W West of well MON-766
DR - Crest of a dune ridge between wells MON-764 and
' MON-664

MSNE Within the northeast corner of the mill site fence

Relevé data were first organized in a primary data table; stands and species were listed in the
order in which they were observed and sampled. A second, differentiated table was generated
(Table 4-22) where species were grouped according to growth form (shrubs, forbs, and grasses),
and stands were grouped with similar species composition and species abundance. Rows

~ (species) were shifted and columns (stands) were also shifted until groupings of characteristic
species emerged. Sarcobatus vermiculatus (black greasewood), Atriplex canescens (fourwing
saltbush), Haplopappus pluriflorus (jimmyweed), and Poliomintha inicana (bush mint) were
considered to be characteristic species for defining associations because they dominate some
stands but are nonexistent in others. Some species occurred rarely-in only one or two stands
(e.g., Chrysothamnus nauseosus [rabbitbrush]), and others occurred so often (e.g., Sporabolus -
cryptandrus [sand dropseed])) as to be of little value in differentiating stands.
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 4.7.3.2 Indirect Gradient Analysis Results

No clear breaks between groups of stands were apparent in the differentiated table that could be
used to define associations (Table 4-22). In contrast, the ordering of stands suggests that the
importance of species varies along a continuum. The continuum view of plant associations holds
that changes in the abundance of species from stand to stand reflect the physiological tolerance of
species to changes in environmental gradients. A simple indirect gradient analysis technique was
used to help identify possible environmental drivers, or trigger factors, that may be of overndmg
unportance in controlling spatial distributions of plant assoc1at10ns

In Figure 4-11 the importance (measured as percent cover) of the most abundant species is
plotted by stand in the same order as in Table 4-22. A subset of stands from Table 4-22 that
appeared to best capture changes in species abundance was subjectively selected for inclusion in .
Figure 4-11. Most of the cover data are based on the relevé results. The only exception is that
line intercept results were used for cover of black greasewood at stand 606E. Some artistic
license was used to draw the species abundance curves from discrete cover data.

" An analysis of Figure 4-11 leads to the following inferences:

.+ The indirect gradient analysis supports the view that associations of species vary across the

Monument Valley site as a continuum rather than as discrete units.
¢ A small subset of species dominate the continuum.

» The abundance curves suggest that some dominant species are associated—have similar
distributions—in Monument Valley plant communities.

»  Segments of the continuum represented by peaks in associated species can be used to
delineate plant associations for the purpose of mapping vegetation units.

4.7.3.3 Vegetation Mapping Results

The relevé results and inferences from the indirect gradient analysis provided a means for . ‘
delineating plant associations that were used as vegetation mapping units (Table 4-23). Mapping
unit names contain the two most dominant species in the plant association. Associations
overlap—a given stand may occur in more than one association—because there are no discrete
boundaries between associations. Russian thistle and bur ragweed occur in all associations. Over
much of the site, the presence of these species is indicative of a history of overgrazing. Highly
disturbed areas that were regraded during surface remediation activities and are dominated by
Russian thistle and bur ragweed were placed in a separate mapping unit. Remediated areas that
remain denuded were also placed in a separate mapping unit.
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Table 4-22. Differentiated Table of Relevé Data Showing Species Groups or Associations

Relevé Number
Genus Species GOGE | 656 | 676 | 678 ] 766E | 684 ] DR | 766W | 664 | 695NE | 694 | 655 | 663W | MSNE | 662 4‘
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Figure 4-11. Indirect Gradient Analysis of Monument Valley Plume Vegetation

Production of the vegetation rﬁap (Figure 4-12) involved

(1) Mapping stand (well) locations on a 1995 aerial photograph. -

(2) Identifying vegetation patterns in the photograph, under magnification, that were consistent
with the plant associations (Table 4-23).

(3) Outlining mapping unit boundaries using a combination of stand locations and vegetation

patterns.

(4)» Returning to the field to check the reliability of the photograph interpretation.

Table 4-23. Plant Associations Used as Mapping Units for Monument Valley Site Vegetation

Map Unit Plant Association Dominant Species Stands

SAVE/ ATCO? Greasewood / Shadscale | Sarcobatus vermicuiatus / Atriplex confertifolia | 606E, 656, 676, 681

ATCA/ HAPL Fourwing saﬁbush / Atriplex canesoéns / Haplopappus pluniflorus 656, 676, 678, 766E, 684, DR,
Jimmyweed : T66W, 664, 695NE

POIN/ EPTO Bush mint / Joint fir Poliomintha inicana / Ephedra torreyana 664, 695NE, 694 .

SAIB/ AMAC Russian thistle / Bur Salsola iberica / Ambrosia acanthacarpa 655, 663W, MSNE, 662
ragweed .

Bare Denuded NA NA

*The SAVE/ATCO unit enclosed two distinctly different vegetation patterns when examined on the aerial photograph and thus was

split. The two new units differ with respect to the size and abundance of Sarcobatus vermiculatus and not the species composition.
NA = Not applicable

DOE/Grand Junction Office
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4.8 Land Surveys

At the conclusion of the site investigation fieldwork, physical coordinates and elevations for each
new monitor well, Hydropunch location, surface infiltration test location, and hand-auger soil
and water sample location were determined by a registered land surveyor. The survey team
followed standard contractor survey practices and procedures.

4.9 Ground Water Sampling and Analysis

Each new monitor well was allowed to sit undisturbed for at least 40 hours after final completion
before it was developed. Development was performed according to the Work Plan for .
Characterization Activities at the UMTRA Monument Valley Project Site (DOE 1997¢). After the
wells were properly developed, ground water samples were collected from the new monitor well
network and selected existing wells and submitted to the Grand Junction Office (GJO) Analytical
Laboratory for analyses. '

4.9.1 Ground Water Sampling Procedures

Ground water sampling was performed in accordance with the Addendum to the Sampling and |
- Analysis Plan for the UMTRA Ground Water Project (DOE 1996a) and the Environmental
Procedures Catalog (GJO 1998). The following specific procedures from the Envzronmental
Procedures Catalog (GJO 1998) were used for ground water sampling:

o GN-8(P), “Standard Practice for Sample Labelmg.

¢ GN-9(P), “Standard Practice for Chain- of-Sample-Custody and Physrcal Security of
: Samples.”

«  GN-13(P), “Standard Practice for Equipment Decontamination.”
e LQ-3(P), “Standard Practice for Purging Monitor wells.”
» LQ-11(P), “Standard Practice for Sampling Liquids.”

*  LQ-12(P), “Standard Practice for the Collection, Filtration, and Preservation of Liquid
Samples.” :

e LQ2(D), “Standard Test Method for the Measurement of Water Levels in Ground Water
Monitor Wells.”

¢«  LQ-4(D), “Standard Test Method for the Field Measurement of pH.”
« LQ-5(T), “Standard Test Method for the Field Measurement of Specific Conductance.”

«  LQ-6(T), “Standard Test Method for the Field Measurement of the Oxidation-Reduction
Potential (Eh) ”

Site Observati_ond! Worig Plan v'for Monument Valley, Arizona ‘ DOE/Gtand Junction Office )
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Figure 4-12. Plant Associations in the Millsite
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« LQ-7(T), “Standard Test Method for the Field Measurement of Alkalinity.”

- o . LQ-8(T), “Standard Test Method for the Field Measurement of Temperature.”

«  LQ-9(T), “Standard Test Method for the Field Measurefnent of Dissolved Oxygen.”
«  LQ-10(T), “Standard Test Method for Turbidity in Water.”
4.9.2 GJO Ahalytical Laboratory Semple Analysis Results | o .

A minimum of 10 percent of the samples collected and analyzed were field quality-control
samples. Field quality-control samples included equipment blanks, trip blanks, check samples,
and duplicates. These samples were submitted for the same analyses as the other field samples.

Analyses of ground water samples submitted to the GJO Analytical Laboratory were also
checked for accuracy through internal laboratory quality-control checks, such as blind duplicates,
splits, and known standards as specified in relevant EPA guidelines or the contractor’s Handbook

of Analytical and Sample-Preparation Procedures Volumes I, II, and III (Rust Geotech
undated).

| Final analytical resxﬁ{é were entered into the SEE_ UMTRA database and an independent data

validation assessment was performed (DOE 1997a). Results of the analyses are presented in
Appendix C.

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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3.0 Site Conceptual Model

This section presents an interpretation of the site characterization data collected in 1997,

-correlates the data to previous information, and provides the most current understanding of the

extent and magnitude of contamination, exposure pathways, and risk to public health and the
environment. These data are integrated into the following site conceptual model to support the
proposed ground water compliance strategy and remediation objectives.

5.1 Geology

5.1.1 Regional Setting

The Monument Valley site is in Cane Valley, which is in the eastern part of the larger feature
known as Monument Valley that straddles the Monument Upwarp in northeastern Arizona and
southeastern Utah. The regional setting of the site is shown in Figure 5—1. Comb Ridge, about
1.5 miles (2.5 kilometers [km]) east of the site, flanks the east side of Cane Valley and is the
expression of Comb Monocline where rocks of Triassic and Jurassic age dip 10 to 20 degrees
eastward off the Monument Upwarp. Cane Valley, drained by the north-flowing Cane Valley
Wash, is floored by unconsolidated material of Quaternary age that consists of dune sand,

* alluvial material (sand and gravel), and fine-grained sediments that are probably lake-bed .

deposits (clay or sandy clay). Resistant, gray to tan sandstone that dips eastward at about 4 to
6 degrees flanks the west side of Cane Valley. Several canyons have been incised through the
sandstone exposing older reddish siltstones and sandstones of Triassic and Permian age. '

Cane Valley is at an elevation of about 4,800 ft (1,500 m) in the area of the site. To the east,
Comb Ridge rises abruptly to an elevation of about 5,600 ft (1,700 m). The slopes that gradually
rise to the west to elevations of about 5,400 ft (1,650 m) are, from north to south, Yazzie Mesa,
Main Ridge, and South Ridge (Figure 5-1).

5.1.2 Stratigraphy

Rocks of Permian to Jurassic age crop out on and within 2 miles (3 km) of the Monument Valley
site. Below the unconsolidated Quaternary deposits, the principal bedrock formations affecting
the site ground water are, from oldest to youngest: Permian Cutler Formation, Triassic Moenkopi
Formation, and Triassic Chinle Formation. These formations, with several of their members, are

shown in the schematic stratigraphic section for the site in Figure 5-2. The same formations and

several overlying formations exposed in Comb Ridge are shown in Flgure 5-3, whichis a

west-to-east cross section through the site region. -

Characteristics of the principal rock units, from oldest to youngest, that are exposed or penetrated
by boreholes at the site are described below. Following the description of rock units is a

description of unconsolidated Quaternary material that covers much of the site and fills Cane

Valley. A detailed geologic map of the site and immediately surrounding area that was
investigated in this characterization is shown in Plate 1. Four geologic cross sections (Plate 2) of

.~ the site area show stratigraphic relations from west to east across the west part of Cane Valley in

profiles from north (A to A”) to south (D to D”). Lithologic description of the bedrock and

DOE/Grand Junction Office o Site Observational Work Plan for Monument Valley, Arizona
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Quaternary material penetrated by the boreholes drilled for monitor wells and Hydropunch
sampling are presented in Appendix A. Included in the borehole lithologic descriptions in

- Appendix A are descriptions of lithology from the elght boreholes (608B, 610 through 614, 775,

and 776) that were cored

- 5.1.2.1 De Chelly Sandstone Member of Cutler Formation

The De Chelly Sandstone Member is about 500 ft (150 m) thick and is the uppermost member of
the Cutler Formation. The De Chelly is underlain by the low-permeability siltstones of the Organ
Rock Tongue. Sandstone of the De Chelly is light reddish brown (5YR 6/4), fine-grained,

_quartzose, and poorly sorted. Grains range in diameter from 0.06 to 0.50 mm and are subrounded

to round, with a few larger grains that are angular because of authigenic quartz overgrowths
(Witkind and Thaden 1963). Most of the grains are colorless quartz with a thin iron oxide film
coating each grain imparting the reddish color. Small amounts of microcline, plagioclase
feldspar, chalcedony, muscovite, biotite, and zircon are scattered at random throughout the
sandstone. The sandstone is friable and weakly cemented by chalcedony, calcium carbonate, and
iron oxide. Massive trough crossbedding is characteristic of this eolian sandstone. Crossbed
orientation shows little variation and the strike and dip typlcally is N70°E and 25° SE
respectlvely

A prominent and distinct disconformity with almost no relief marks the top of the De Chelly

Sandstone. Above the disconformity is the dark red sandstone and siltstone of the Hoskinnini
Member of the Moenkopi Formation. The disconformity is widespread and readily identified in
core from deep holes (boreholes 608B, 611, 612, 613, 775, and 776) in the site area and in
outcrops in canyons west of the site.

5.1.2.2 Hoskinnini Member of Mdenkopi Formation
The Hoskinnini Member is only about 10 to 15 ft (3 m) thick in the site area and is the lower

member of the Moenkopi Formation (Figure 5-2). Originally named as an uppermost member of
the Cutler Formation, the Hoskinnini Member was reassigned as the basal member of the

Moenkopi Formation by Stewart (1959). The Hoskinnini Member sediments are generally
~ coarser grained than the overlying main body of the Moenkopi Formation. The top of the

Hoskinnini Member was placed at the top of a tan to gray-green, medium-grained sandstone bed
about 1.5 ft (45 centimeters [cm]) thick that is overlain by about 11.5 ft (3.5 m) of reddish-brown
siltstone and very fine-grained sandstone. Core from borehole 776 penetrated al2-to13-ft
thickness of the Hoskinnini Member.

Basal Hoskinnini strata are considered to be a reworked zone composed partly of the underlying
De Chelly sediments (Witkind and Thaden 1963). The bottom 2 to 5 ft (0.6 to 1.5 m) of

 Hoskinnini Member consists of a medium- to coarse-grained, massive- to even-bedded sandstone

of light reddish brown (2.5YR 6/4) to reddish brown (5YR 4/3) in color that is mottled in places.
Sand grains consist of quartz, chert, and plagioclase feldspar that are stained with a light coating
of iron oxide and cemented mainly by white calcium carbonate. Grains range from subangular to
subrounded with the coarser grains being more angular. The basal mottled sandstone grades .
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upward into a fine- to medium-grained sandstone 1 to 2 ft (0.3 to 0.6 m) thick that contains tan
whorls as evidence of continued mixing and reworking. Above this zone of mixing, one or more
thin, medium-grained, tan sandstone beds separated by thin red siltstone may be present. The top
of the Hoskinnini Member was placed at the top of the highest tan sandstone bed. The thin
Hoskinnini Member in the site area is near the eastern edge of occurrence of the member, which
was laid down in a generally quiet tidal flat environment (Witkind and Thaden 1963). The
distinctive mixing and reworked zone on the lower Hoskinnini occurs in core from borehole
MON-775, which was drilled through Quaternary material into the immediately underlying
bedrock consisting of 7 to 8 ft (2.1 to 2.5 m) of the lower part of the Hoskinnini Member.

5.1.2.3 Moenkopi Formation (Main or Upper Member)

The main part of the Moenkopi Formation conformably overlies the Hoskinnini Member and is
about 40 to 45 ft (12 to 14 m) thick in the site area. Gray (1961) informally divided the main part
of the Moenkopi Formation into three members: a lower siltstone, a middle sandstone, and an

. upper siltstone. This informal subdivision describes the Moenkopi Formation exposed southwest
of the site along the south side of Main Ridge (Plate 1). In those outcrops, the lower siltstone
member is about 11.5 ft (3.5 m) thick and consists of even-bedded reddish brown siltstone and
very fine-grained sandstone. Cores from this interval (from site boreholes 608B, 610 through

. 614, and 776) are similar and consist of dark brown (7.5YR 4/4) to dark reddish brown (5YR
3/2) interbedded siltstones and sandstones. Distinctive features present in outcrop that indicate .
deposition in a nearshore mud flat environment include ripple marks, raindrop pits, and mud
cracks. ' : '

A fine- to medium-grained, reddish-tan, fluvial sandstone bed about 2 ft (0.6 m) thick overlies
the lower siltstone member. This ledge-forming sandstone is laterally continuous and probably
correlates to the middle sandstone member as described by Gray (1961). Sand grains are
subangular to angular, coated with a film of brown iron oxide, composed mainly of colorless

quartz, cemented by calcium carbonate, and range in diameter from 0.1 to 0.3 mm (Witkind and
Thaden 1963). :

Approximately 29 ft (9 m) of even-bedded siltstone, very fine-grained sandstone, and silty shale
beds constitute the upper siltstone member, which is similar in composition to the lower siltstone
member. The thin, even-bedded character of this unit give a shaly appearance to this member.
Present everywhere in the uppermost Moenkopi is a bleached zone 3 to 7 ft (1 to 2 m) thick
immediately below the disconformity at the base of the Shinarump Member of the Chinle
Formation. In both outcrop and in core from the site, the bleached zone varies in color from gray
(5Y 6/1) to light gray (5Y 7/1). The bleaching was a result of humic acid, a reductant present in
the ground water during or soon after the deposition of the Shinarump Member.

5.1.2.4 Shinarump Member of Chinle Formation

The basal member of the Chinle Formation, the Shinarump, is composed of a heterogeneous
‘combination of mainly light gray (10YR 7/2), firmly cemented, crossbedded, conglomerate and
sandstone and minor mudstone beds. These sediments were deposited in a series of meandering
channels that trended to the northwest. In the site area, the resistant member is 50 to 90 ft (15 to

Site Observational Work Plan for Monument Valley, Arizona DOE/Grand Junction Office
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28 m) thick and forms an irregular, hummocky slope that dips eastward at approximately 4 to

6 degrees where it is exposed in the western part of the site. In the subsurface, in the central and
eastern parts of the site, the eastward dip of the Shinarump becomes shallower at only 2 to

3 degrees. The Shinarump grades upward into alternating sandstone and claystone beds of the
Monitor Butte Member.

Conglomerate generally defines the scoured base of the member and is composed of mostly
rounded pebbles of less than 2 in. (5 cm) in diameter. Average pebble size is %4 to 1 in. (2to

2.5 cm). Pebbles are predominantly quartz with smaller amounts of quartzite and chert. Color of
pebbles may be white, red, black, green, and yellow. Brown, silicified wood fragments several
inches long are common; some parts of original tree trunks as large as 2 ft (0.6 m) in diameter
and 5 ft (1.5 m) long are present. Conglomerate grades into medium- and coarse-grained
sandstone, which forms the majority of the member. Fine-grained sandstone beds are rare, and a

few lenses of gray-green mudstone up to 2 ft (0.6 m) thick are present throughout the Shinarump
Member.

The basal fluvial channels of the Shinarump have contained important vanadium and uranium

~ deposits in the Colorado Plateau area. This depositional environment hosted vanadium and

uranium mineralization at the Monument No. 2 Mine just west of the site. The Shinarump at

. Monument No. 2 Mine is much thicker than normal for the area owing to scouring of the basal

channel completely through the underlying Moenkopi Formation and into the top of the
De Chelly Sandstone Member (Witkind and Thaden 1963).

Intensive exploration for similar thick areas in the Shinarump that denoted possible mineralized

. channels was conducted in the 1950s and 1960s north and south of the processing site in Cane

Valley and along its west flank. One such area of i intensive exploratory drilling occurred in the
site area and apparently found a west-northwest trending mineralized channel. This exploration
effort reportedly consisted of 81 boreholes in which a total of approximately 19,600 ft (6,000 m)
was drilled (unpublished uranium exploration map of Oljeto-Monument Valley area). The
narrow channel is about 1,000 ft (300 m) long and is about 500 ft (150 m) north of the frog pond
area. Surface evidence of the intensive drilling that defined this channel is no longer apparent;
however, the drilling likely occurred in an area several thousand feet across in the vicinity of the
frog ponds. Depths of boreholes exploring for the basal Shinarump in this area were at least
200 ft (60 m) and could have been as much as 300 ft (90 m) in places where thick Shinarump
channel(s) are located. It is likely that some of these boreholes were deep enough to have
penetrated the upper part of the De Chelly Sandstone, particularly in the area of the Shinarump
channel where scouring greatly reduced the thickness of the Moenkopi Formation.

The thickest Shinarump in the site area found during monitor well dnlhng was in well MON-664
where the member is approximately 90 ft (28 m) thick. In this borehole, the underlying
Moenkopi Formation, which is typically about 50 ft (15 m) thick in this area, is only about 20 ft
(6 m) thick. This indicates that a basal channel of the Shlnarump has cut down about 30 ft (9 m)
1nto the Moenkopi Formation.

DOE/Grand Junction Office ' Site Observational Work Plan for Monument Valley, Arizona
April 1999 . ’ . Page 5-9°



Site Conceptual Model ' : . ' Document Number U0018101

5.1.2.5 Monitor Butte Member of Chinle Formation

The Monitor Butte Member is composed mainly of sandstone, which is fluvial, crossbedded,

medium- to coarse-grained, and occurs in dark gray lenses. The thickness of the member is about .

100 ft (30 m); however, it is not exposed at the site because it is covered by Quaternary alluvial
and eolian material on the floor of Cane Valley. :

Bedrock at total depth of monitor well MON-650 at the north end of the site may possibly be in .
the lower part of the Monitor Butte Member. Two other wells (MON-660 and MON-664)
possibly may have penetrated the Monitor Butte Member; however, it is uncertain because
lithologic information for these wells is scant and vague. One other well that could have
penetrated the lowermost part of the Monitor Butte is well MON-625; however, the total depth
of this hole is uncertain and borehole lithologic information is nonexistent. The uncertain

location of the subcrop contact of the Shinarump Member and overlying Monitor Butte Member -

of the Chinle Formation is shown in Plate 1. This contact is inferred from the eastward dip (4 to
6 degrees) of the top of the Shinarump Member bedrock surface and the thickness of Quaternary
material present m Cane Valley. . o

5.1.2.6 Petrified Forest Member of Chinle Formation

Variegated claystone and siltstone compose the bulk of the Petrified Forest Member, which is
500 to 700 ft (150 to 220 m) thick—more than half of the thickness of the Chinle Formation.
" Minor sandstone and mud-pebble conglomerate beds also are present in the member. The
Petrified Forest Member also is not exposed at the site, but it subcrops in the east part of the site
in the center of Cane Valley beneath Quaternary material.

Soft red sandstone bedrock at total depth of monitor well MON—652 just east of Cane Valley
Wash in the northeast part of the site is in the lower part of the Petrified Forest Member. This
well, shown in cross section A to A’ (Plate 2), is the only one at the site that penetrates the
Petrified Forest Member. The uncertain location of the subcrop contact of the Monitor Butte and
Petrified Forest Members of the Chinle Formation is shown in Plate 1. This subcrop contact is
inferred from the assumed eastward dip (2 to 6 degrees) and thickness (about 100 ft [30 m]) of
the Monitor Butte Member.

The two members of the Chinle Formation overlying the Petrified Forest Member (in ascending
order), Owl Rock and Church Rock Members, crop out east of the site on the east side of Cane
Valley along the west-facing slope of Comb Ridge. These members and the overlying sandstones
in the Wingate Sandstone, Kayenta Formation, and Navajo Sandstone that form Comb Ridge
(Figure 5-3) are east and up-section from the site and do not affect site ground water.

5.1.2.7 Quaternary Material

Th1ck unconsolldated Quaternary material consisting of alluvial (sand and minor gravel), eolian
(fine- and very fine-grained sand), and minor lacustrine (sandy clay) deposits fill Cane Valley in
the site area. Thickness of the Quaternary material in the site area is typically as much as 90 ft

- (28 m), as determined by borehole and geophysical data and shown on Plate 2 in cross sections

Site Observational Work Plan for Monument Valley, Arizona ' DOE/Grand Junction Office
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A to A’ and B to B’ (both perpendicular to the strike of Cane Valley). The Quaternary thickness
exceeds 100 ft (30 m) in several places: 102 ft (31 m) at well MON—650 at the north end of the
site, and 120 and 122 ft'(37 and 38 m) at wells MON-657 and MON-775, respectively, in a deep
paleovalley in the southwest part of the site. This paleovalley, cut through the Shinarump
Member and into the Moenkopi Formation, shown on Plate 2 in cross sections C to C’ and D to
D’, appears to contain the thickest Quaternary deposits (possibly up to 130 ft [40 m]) in the site
area. Except for the small area of the paleovalley that contains the thickest Quaternary material at
the site, the axis of thickest Quaternary deposits in Cane Valley trends north-northeast and is
about 2,000 ft (620 m) west of Cane Valley Wash.

The extent of Quaternary deposits is shown in the geologic map on Plate 1. Active and partly
stabilized sand dunes that are as much as 15 ft (5 m) high cover much of the valley immediately
north-northeast of the processing site. This area and other smaller areas of sand dunes are
mapped separately. '

The character and variability of the Quaternary material was determined by description of split
barrel samples and auger cuttings from the boreholes drilled during the summer of 1997 and
from lithologic descriptions of previous drilling included in the SOWP, Rev. 0 (DOE 1996d).
Most commonly, the material is well sorted, fine- to very fine-grained, quartzose sand that was

. deposited by eolian processes. Color ranges from light tan to reddish brown, and typically is

yellowish red (SYR 5/6) to reddish yellow (SYR 6/6). Descriptions of the material, generalized

from the borehole lithologic logs in Appendix A, are shown on Plate 2 in the four cross sections
(A to A’ through D to D).

Less common constituents of the Quaternary material are coarse sand with pebbles, gravelly
sand, coarse sandy gravel, clayey sand, clayey silt, and sandy clay. The coarser sand and gravelly
material was deposited by fluvial processes in minor stream channels and in alluvial fans that
occasionally spread into Cane Valley. Pebbles as large as 1 in. (2.5 cm) long occur in these
fluvial deposits. At the base of the Quaternary material, coarse deposits up to several feet thick

- that contain fragments of underlying bedrock often occur. The narrow, upper end of the deep

paleovalley contains the coarsest Quaternary material (well MON—657, Appendix A) found
during drilling at the site. Elsewhere, the coarser material where it occurred above the base of the

Quaternary is rare, only several inches thick, and its sporadic occurrence indicates that the thin
layers are discontinuous.

The finer material consisting of sand and silt with varying amounts of clay was deposited in

- ponded water environments, such as that of a shallow lake and an abandoned stream channel.

Occurrence of the clayey material (usually indicated by stickiness in samples) is sporadic and in
thin layers (several inches to no more than several feet thick) scattered throughout the thickness
of the Quaternary material. Clayey sand and silt usually has some gray or green coloration, but is
typically light brownish gray, greenish olive, or pinkish gray. Distribution of the clayey layers
coincides with the north-northeast trending wide band of thickest Quaternary deposits; boreholes
along the east and west flanks of the valley, generally where the Quaternary thickness is less than
50 ft (15 m), did not pass through clayey layers. Clay layers penetrated by several boreholes are
shown on Plate 2 in cross sections A to A’ and B to B’. No thick, extensive layer of clay was
found. Instead, thin clayey layers at various depths (most commonly from 40 to 60 ft [12to

DOE/Grand Junction Office ) ) Site Observational Work Plan for Monument Valley, Arizona
April 1999 L Page 5-11



Site Conceptual Model ‘ Document Number U0018101

19 m]) were found that extend (can be correlated) for dlstances of hundreds of feet, but not on the
order of thousands of feet.

In the vicinity of the fenced garden plot area just north of water supply well MON-625, a light
gray clayey layer is present at a depth of less than 10 ft (3 m) in well MON—688 and hand auger
‘hole 854. In the same area, at wells MON—686 and MON—605 (Plate 1) greenish-white water was
noted in association with a gray clayey sand layer at a depth of about 31 ft (9.5 m). In this area
and in others around the site where one or more clayey layers are present, the clay layers may
locally perch ground water and may channel ground water movement between clay layers.

Quaternary material in large areas along the floor of Cane Valley adJacent to Cane Valley Wash
are covered by a thin white crust. This crust is composed of gypsum (hydrous calcium sulfate) or
gypsite (an earthy variety of gypsum containing sand and silt) that forms as an efflorescent
deposit by evaporation of the shallow (within a few feet of the surface) ground water in this area
and deposition (crystallization) of its contained salts.

Calcification (formation of hardpan composed mainly of calcium carbonate) has occurred in
places just below the surface of the Quaternary material. One place in the site where this hardpan
is exposed is along the east bank of the main tributary to Cane Valley Wash about 500 ft (150 m)
. north of well MON-654 (Plate 1). Here, the hardpan is white, well indurated, and about 3 ft

(1 m) thick.

5.1.3 Structure

Bedrock units in the site area strike north to north-northwest, and their eastward dip varies from
2 to 6 degrees. The variation in angle of dip across the site area was determined by (1) field
mapping and surveying the elevation of the basal contact of the Shinarump Member and

(2) plotting the elevation of the basal Shinarump Member contact from deep boreholes. '
Contouring of these elevations results in a structure map of the base of the Shinarump Member.
This map shows that the dip of bedrock in the west part of the site (generally west of the former
new tailings pile) is 4 to 6 degrees and the dip becomes less steep (2 to 3 degrees) in the east part
of the site. This relationship is shown on Plate 2 in the cross sections A to A’ through D to D’.

A pervasive primary joint system is well exposed in the Shinarump Member and older rocks at
the site and on the dip slope up Main Ridge to the west. Joints in this system are vertical, spaced
about 3 ft (0.9 m) apart, and strike N50-60W. Calcite commonly coats the ]omt surfaces and .
minor slickensides occur sporadically.

A minor fault with a displacement of 2 ft (0.6 m) and the same orientation as the primary joint
system was seen in the Moenkopi Formation just west of the processing site area. Strong joint
control (and possibly a minor fault) occurs in the ridge along the east side of the paleovalley in
the area of well MON-619. Just south of this well, the sandstone ridge of the Shinarump i
Member abruptly drops down about 10 ft (3 m). Quaternary material covers and obscures the
contact between the two sandstone ridge segments (Plate 1). A joint surface on this contact just
south of well MON-619 strikes N60W, but no slickensides were seen. Because no other
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definitive evidence for dlsplacement could be found, the dlsplaced ridge may be only the result
of differential erosion along the primary joint system.

A vertical system of secondary and tertiary joint systems are present that strike approximately
due east and N4QE, respectively. These systems along with the primary joint system and minor

faults may channel ground water flow in bedrock in the site area.

5.1.4 Bedrock Topography and Geomorphology

A deep, narrow, northeast-trending paleovalley that presently is filled by Quaternary material

over most of its length cuts through the south part of the site. The paleovalley was incised into
bedrock by an ancestral tributary drainage to Cane Valley Wash in wetter climatic conditions that
occurred during parts of the Pleistocene epoch. Additional boreholes drilled in 1997 immediately
preceded by a geophysical seismic refraction survey resulted in a more complete understanding
of the location and depth of the paleovalley in the site.

Drainages to the west of the site on Yazzie Mesa, Main Ridge, and South Ridge have incised
narrow canyons up to 200 ft (60 m) deep (Figure 5-1). Topographic relief on the Shinarump
Member sandstones on the dip slope between the incised Drainages is typically only 20 to 40 ft

. (6 to 12 m). The drainage canyon that separates Main Ridge from South Ridge and exposed the
“uranium ore body at the Monument No. 2 Mine continues eastward and northeastward to the site
- where it becomes a paleovalley (or paleodrainage) filled with Quaternary eolian and fluvial

material. This paleovalley crosses the site where the old tailings pile and heap-leaching pads

- were constructed during milling opérations (Figure 3—1). Southwest of this processing area, the

paleovalley is filled by dune sand and obscured for a distance of about 1,000 ft (300 m)
southwestward to the point where the paleovalley rejoins the present intermittent-drainage.

Cross section D to D’ in the vicinity of well MON—619 (Plate 2) and in the vicinity of well
MON-657 (Plate 1 in the work plan [DOE 1997c]), indicate the steep-walled character of the
paleovalley and the Quaternary fill thickness of between 60 and 100 ft (18 and 30 m). Seismic

“refraction survey line 1 (Figure 4-2) also shows the steep-walled paleovalley in the vicinity of

well MON-657. Depth of incision in this segment of the paleovalley may have reached only into
the lower part of the Moenkopi Formation, into the sandstone and siltstone of the Hoskinnini
Member. The actual base-of the paleovalley at well MON-657 is probably in the lower
Moenkopi rather than the De Chelly Sandstone—previous rotary drilling of this borehole after
passing through Quaternary sands and gravels drilled through at least 5 ft (1.5 m) of what was
interpreted as Moenkopi rock fragments before entering the De Chelly Sandstone.

* North of the well MON~657 area, the axis of the buried paleovalley bends slightly to the

northeast and is near well MON-775, which passed through about 120 ft (37 m) of Quaternary
material before penetrating the Hoskinnini Member. Here, as in the area of well MON—657, the
base of the paleovalley is probably in more resistant sandstones in the lower part of the _
Hoskinnini Member. In this area, the depth of the paleovalley decreases and the valley walls are
less steep, as shown on Plate 2 in cross section C to C’ and in seismic refraction survey line 3
(Figure 4-4).
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North of well MON-775, the paleovalley axis bends more easterly, and the north edge of the
paleovalley appears to be in the area of the well cluster MON—655, —769, and —771. Bedrock is at
a depth of 43 ft (13 m) in well MON-769 and at 79 ft (24 m) in well MON-771, which is only
about 60 ft (19 m) to the south. These wells mark the steep north edge of the paleovalley, which
probably extends 30 to 40 ft (9 to 12 m) deeper just to the south along its axis. Seismic refraction
survey line 2 (Figure 4-3) is north and west of the paleovalley.

The position of the buried paleovalley north and east of well cluster MON—655, —769', and -771

is not known. It is likely that the paleovalley axis continues in an east-northeast direction and
then bends northward to join the paleodrainage that drained the ancestral Cane Valley located
500 to 1,000 ft (150 to 300 m) west of the present position of Cane Valley Wash. The ancestral
drainage of Cane Valley was at a base level much lower than at present. The current drainage,
Cane Valley Wash, leaves Cane Valley about 3.5 miles (5.6 km) north of the site through a
narrow valley cut in bedrock that drains northwestward and eventually into Gypsum Creek and
the San Juan River. The ancestral drainage of Cane Valley Wash was probably located about

- 2.5 mi (4 km) farther north at the north end of Cane Valley. This drainage also drained into
Gypsum Creek and could have provided a much lower base level for Cane Valley and its
tributaries. The lower base level would allow for incision prior to filling the valley with alluvial
and eolian material. The ancestral drainage of Cane Valley Wash could have been blocked by

~ landslides from the west flank of Comb Ridge or by a combination of eolian deposition during a
drying climate and landslide/alluvial fan processes. Blocking of this drainage outlet likely
created short periods of internal drainage in Cane Valley resultmg in brief formation of lakes and
deposition of fine-grained lacustrine or clayey deposits.

The presence of active and partly stabilized sand dunes in and along the sides of Cane Valley
indicates that wind erosion and deposition are the dominant geomorphic factors in the site area.

- Geomorphic factors of secondary importance are brief, infrequent episodes of heavy rainfall
events associated with the summer and fall monsoonal period that spread alluvial material down
and along the intermittent drainages.

Areas of active to partly stabilized dunes are typically oriented north-northeast, reflecting the
prevailing wind direction from the south-southwest. The presence of coppice dunes up to 8 ft
(2.5 m) high in several areas in the floor of Cane Valley indicate that active wind erosion by
deflation is occurring. Calcified rhizoliths that stand up in relief frequently occur around the
edges of stabilized dune deposits, also indicators of active deflation.

5.2 Hydrology

The three main aquifers onsite are the alluvial, Shinarump, and De Chelly aquifers (in
descending order), with the Shinarump and De Chelly separated by the Moenkopi Formation and
its lowermost Hoskinnini Member. The alluvium is predominantly an unconfined aquifer, which
is underlain by the unconfined and leaky confined Shinarump. The main confining unit is the
Upper Moenkopi, which overlies the leaky confined Hoskinnini and De Chelly. The Hoskinnini
and De Chelly appear to be hydrologically connected, and are described as a single unit in some
of the earlier boring logs. In the region of the site containing the quarternary paleochannel, the
Shinarump and Upper Moenkopi Formation have been eroded away, providing a direct
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hydrological connection between the alluvial and De Chelly aquifers Each of the three main
aquifers will be discussed separately i in detail.

5.2.1 Alluvial Aquifer

The alluvial aquifer consists mainly of windblown fine- to medium-grained sand deposits which
vary in thickness from 0 to 120 ft. The thickest deposits were encountered in the paleovalley area
where the Shinarump and Moenkopi has been eroded away. Outside of the paleochannel region,
the alluvial material is generally thicker near the axis of the valley, and tapers to very thin
deposits near the western and eastern boundaries of the site where no alluvium is present adjacent
to bedrock exposures.

There is a broad range of the depth to ground water in the alluvial aquifer across the site. One
well (MON-654) screened in the alluvium appears to be under artesian conditions. Potential.
cause for this occurrence will be discussed in the ground water vertical gradient section.
Excluding the well MON—654 location, the depth to alluvial ground water generally ranges from
8 ft (wells MON--602 and —604, located along Cane Wash) to 50 ft (wells MON—662 and —669)
below the ground surface. In the area of the nitrate plume, alluvial ground water is encountered
between 30 to 40 ft below the ground surface. '

Figure 5-4 is the ground water elevation contour map for the alluvial aquifer based on

August 1997 water levels. Alluvial ground water generally flows north in the site vicinity. The
average horizontal gradient was calculated using water-level elevations measured in wells
MON-603 and MON—-653 (Table 5-1). These two wells were chosen because they are rather far

‘apart (3,482 ft) and the direct distance between them trends parallel the direction of ground water

flow. Historically (water levels have been measured since 1985) the horizontal gradient has been

. 0.011, which is the same as the gradient calculated using the August 1997 water-level data. The

gradient is higher at the southern end of the site (0.012) than the northern portion (0.007) as
evidenced by the closer contour spacing in Figure 5-4.

Work completed prior to 1997 suggested the alluvial aquifer hydraulic conductivity ranged from

. 0.28 to 19 ft/day. The 1997 field investigation, which was focused on the portion of the alluvial

aquifer containing the nitrate plume, suggested an average hydraulic conductivity of 21.5 ft/day.

Assumlng an effective porosity of 0.25 and a hydraulic gradlent range of 0.007 to 0.012, the
ground water velocity ranges from 0.6 to 1.0 ft/day. At these velocities the nitrate plume would
have taken from 15 to 25 years to reach its present location (furthest extent is approximately
5,600 ft according to ground water quality data presented in Section 5.3.3.1). In the vicinity of
the plume the average gradient is 0.0095, which results in a groundwater seepage velocity of -
0.82 ft/day. At this velocity, it would take approximately 22 years for the above background

nitrate plume to reach its present extent.

Recharge to the alluvial aquifer is the result of the infiltration of precipitation and from upward
leakage from the underlying aquifers. This area receives approximately 6.4 in. of precipitation

- annually, with the majority of the precipitation resulting from isolated thunderstorms during the
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Table 5-1. Horizontal Gradient Calculations—Monument Valley Field Investigation

{{ Alluvial Aquifer Shinarump Aquifer De Chelly Aquifer
Distance Between Wells MON-605 and.| Distance Between Wells MON-601 and Distance Between Wells MON-661 and
MON-653= 3,482 ft . MON--659 = 4,141 ft MON-664 = 6,350 ft
603 GW | 653 GW | Horizontal [601GW ]| 659 GW Horizontal 661 GW 664 GW | Horizontal
Date | Elev (ft) | Elev (ft) | Gradient | Date [Elev (ft)| - Elev(ft) Gradient Date Elev (ft) Elev (ft) Gradient
10/9/86 | 4838.19 | 4799.69 0.011 10/9/86 | 4870.27 4828.20 0.010 10/19/85 4895.79 4805.01 "~ 0.014
3/26/87 | 4838.16 | 4798.87 0.011 3/26/87 | 4870.45 4827.92 0.010 4/27/86 4897.24 4805.54 0.014
5/8/87 4838.6 | 4799.95 0.011 5/8/87 |4870.76 4828.67 0.010 10/9/86 4897.81 4805.49 0.015
4/22/88 | 4838.81 | 4800.01 0.011 11/22/92 | 4870.73 4824.90 0.011  3/26/87 4896.32 . 4804.16" 0.015 \
11/21/92 | 4838.51 | 4799.76 0.011 2/18/93 |4871.31 4828.70 0.010 5/8/87 4896.42 4805.53 "~ 0.014
2/18/93 | 4838.86 | 4799.82 0.011 6/29/93 | 4870.69 4828.89 0.010 12/9/93 4896.68 4801.04 0.015
6/29/93 | 4838.43 | 4800.19 0.011 12/9/93 {4870.65 4828.31 0.010 ' 4120194 4896.66 4814.67 0.013
12/9/93 | 4837.98 | 4800.27 0.011 4/21/94 |4870.92 4828.68 0.010 12/14/94 4895.85 4806.52 0.014
4/20/94 | 4838.53 | 4800.31 0.011 12/7/94 [ 4870.54 4828.62 0.010 4/19/95 4896.79 4806.71 0.014
12/7/94 | 4838.23 | 4800.2 0.011 12/14/94 | 4870.53 4828.33 0.010 11/15/95 4896.63 4806.44 0.014
4/19/95 | 4838.66 | 4800.22 0.011 | 4/19/95 |4871.00 4828.74 0.010 8/19/97 4898.87 - 4807.35 0.014
1115195 4838.04 | 4800.12 0.011 11/15/95 | 4870.18 4828.48 0.010 AVG 0.014
1/14/97 | 4839.02 | 4802.2 0.011 1/12/97 14870.74 4829.85 0.010
8/19/97 | 4838.61 | 4801.97 0.011 8/19/97 | 4870.47 4829.31 0.010 g
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Figure 5-4. Alluvial Aquifer Potentiometric Surface Contour Map
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late summer and early fall. Using the Thornthwaite and Mather (1957) method, an estimated

1.6 in. of the annual 6.4 in. is available for recharge and runoff on a yearly basis. However, only

a fraction of the annual precipitation actually enters the aquifer due to loss from evaporation and
plant uptake. :

Discharge from the alluvial aquifer is primarily fhe result of ET and evaporation. Pumping from
the alluvial aquifer is limited because of the poor water quality and the lower yields when
compared to the deeper aquifers.

5.2.2 Shinarump Aquifer.

- The Shinarump aquifer consists of lenticular deposits of sandstone and conglomerate with

occasional thin mudstone layers. Consistent with most alluvial fan deposition, the conglomerate
is near the base of the deposit that generally grades upward into the finer grained deposits. The
Shinarump forms an exposured bedrock slope west of the site, and to the east the Shinarump
aquifer underlies the alluvial aquifer. Thickness of the Shinarump ranges from 0 to 90 ft, and
thins north of the site. In some areas where the Shmarump has been eroded, it has been replaced
by alluv1al material.

Shinarump ground water generally occurs under semiconfined conditions, with the finer-grained
upper portions of the unit possibly acting as a confining unit. Ground water may also be under
unconfined conditions in the few portions of the site where Shinarump crops out. Depth to
ground water ranges from 7 ft (well MON—610) to 50 ft (well MON-614) below ground surface.

Ground-water flow is to the north-northeast according to the ground-water contour map
generated using September 1997 water level data (Figure 5-5). As shown in Table 51, the
average horizontal gradient historically has been 0.010, and the August 1997 water-level data
revealed the gradient was the same. This gradient was calculated using water-level data collected
from well MON-601 and well MON-659 (located 4 141 ft north of well MON—-601). Historical
water-level data is contained in Appendix B.

According to the analysis of slug test data, the hydraulic conductivity ranges from 0.4 to 8 ft/day.
Assuming an effective porosity of 0.25 and using the horizontal gradient of 0. 010 the
ground-water seepage velocity ranges from 0.02 to 0.32 ft/day.

Recharge to the Shinarump aquifer is from the infiltration of precipitation in outcrop areas, and
to a smaller extent leakage from the underlying De Chelly aquifer. Discharge from the
Shinarump appears to be limited to the alluvial aquifer.

5.2.3 De Chelly Aquifer

The De Chelly aquifer consists of fine-grained sandstone that is approximately 500 ft thick in the
site area. Ground water is generally semiconfined, and may be unconfined in areas where the
main confining unit, the overlying Upper Moenkopi, has been eroded.
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The potentiometric surface elevation of the De Chelly aquifer is higher compared to the ground
surface elevation along portions of the eastern boundary, resulting in artesian conditions at wells
MON-611, -613, and —625. The maximum depth to De Chelly ground water at other areas of the
site is approximately 165 ft, in the vicinity of well MON—661.

_ Similar to the alluvial and Shinarump aquifers, the De Chelly ground water flow direction is

towards the north. As shown on Figure 5-6, there is a higher hydraulic gradient to the south of

the site (0.018) compared to the north of the site (0.011). Using water-level data collected from

wells MON—-661 and MON-664 (6,350 ft apart), the average horizontal gradient across the area

historically has been 0.014. Water-level data (Appendix B) collected in August 1997 data
suggests a horizontal gradlent of 0.014 (Table 5-1).

Analysis of data collected from a 1985 aquifer test indicated a hydraulic conductivity of 6 ft/day.
‘The subsequent test completed during the 1997 field investigation suggested a hydraulic
conductivity on the order of 2 ft/day. Using these two values as the range, the ground water
seepage velocity ranges from 0.19 to 0.56 ft/day. These calculations were based on an assumed
effective porosity of 0.15 and the average hydraulic gradient of 0.014.

Recharge to the De Chelly is mainly a function of precipitation in the vicinity of the site.

- Outcrops of De Chelly Sandstone. located to the west and south of the site tend to enhance
recharge into the aquifer. Discharge is the result of vertical leakage into overlying units (to be
discussed in the next section) and by domestic and stock use.

5.2.4 Aquifer Interaction

There are three well clusters (wells MON—606/663/659, MON—653/664/660, and
MON-603/611/615) located at the site in which wells are screened in the alluvial, Shinarump,
and De Chelly aquifers. Water-level data collected at these locations were used to calculate the
vertical gradients and ground water flow velocities between the three aquifers.

- 5.2.4.1 Vertical Gradients

~ Gradients were calculated by taking the difference of the measured water levels and dividing that
value by the difference between the mid-point elevations of the screened intervals for the
respective wells. A negative value represents an upward flow direction. Table 5-2 provides the
ground water elevations and resulting gradients for the three clusters at various times since 1985.
Water-level measurements collected within 48 hours of each other at any cluster location were
assumed to be valid and are included in the table.

It should be noted that these gradient calculations may underestimate the actual gradient. For
- instances where De Chelly wells were under artesian conditions, the ground water elevation was
measured at the top of the well casing when, in fact the water level was actually higher.
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Table 5-2. Ground Water Vertical Velocity Calculations—Monurhent‘Valley Field Investigation

Well MON-653/664/660 Cluster
Elev Differencd

-0.029

:Well. MON-= Cluster. S
~Scrn Midpt Screen Elev Difference
Well Aquifer | TOS Elev | BOS Elev || Elev Dc/Al | Sr/Al' | De/Sr
MON-606 Al - 4831.31 4821.31 | 4826.31 156.90 | 59.68 | 97.22
MON-659 Sr 4776.63 | 4756.63 | 4766.63
MON-663 Dc 4689.41 4649.41 || 4669.41
Ground Water Elevation Head Difference Vertical Gradient Vertical Specific Discharge |
. |Well 606] Well 663 | Well 659 || Dc/Al | Sr/Al] Dc/Sr|| Dc/Al | Sr/Al | Dc/Sr|l Dc/Al Sr/Al DclSr
Date Al " Dc Sr Diff Diff | Diff || Grad | Grad | Grad ft/day ft/day ft/day
10/9/86 | 4828.13| 4832.38 | 4828.20 -425 |-0.07] 4.18 1 -0.027 | -0.001 | -0.043|{ 5.31E-07] 9.38E-05| 5.23E-07%|-
3/26/87 | 4828.42| 4831.71 4827.92 -3.29 | 0.501 -3.79 | -0.021 | 0.008 | -0.039| 4.11E-07} -6.70E-04 .4.74E—Q“
5/8/87 4828.49 | 4832.23 4828.67 -3.74 |-0.18] -3.56 || -0.024 | -0.003| -0.037]| 4.67E-07] 2.41E-04 4.45E-£7"
12/1/89 | 4827.11] 4831.08 | 4827.45 -3.97 ]-0.34] -3.63] -0.025 | -0.006| -0.037|| 4.96E-07 4.56E—04'4.54E—£7]|
1/27/91 | 4828.57 | 4832.21 4828.53 -3.64 | 0.04] -3.68{ -0.023 | 0.001 | -0.038/{ 4.55E-07| -5.36E-05 4.60E-F7||
2/21/92 | 4828.25| 4832.09 | 4828.35 -3.84 |-0.10] -3.74 || -0.024 | -0.002 | -0.038|| 4.80E-07} 1.34E-04 4.67E—ﬂ|
2/18/93 | 4828.58 | 4831.63 | 4828.70 -3.05 |-0.12] -2.93] -0.019 | -0.002] -0.030|| 3.81E-07] 1.61E-04 3.66E—07"
6/29/93 | 4828.81 | 4826.52 | 4828.89 229 |-0.08] 237 [ 0.015 |-0.001] 0.024]| -2.86E—07] 1.07E-04]-2.96E-07
12/9/93 | 4828.19| 4829.27 | 4828.31 -1.08 {-0.12] -0.96 || -0.007 | -0.002] -0.010§| 1.35E-07] 1.61E-04 1.20E—Q||
4/20/194 | 4828.55| 4831.19 | 4828.68 264 |-0.13{ -2.51|1.-0.017 | -0.002] -0.026|! 3.30E-07| 1.74E-04] 3.14E-07)
12/8/94 | 4828.50 | 4831.84 | 4828.62 334 [-0.12] -3.22|| -0.021 |-0.002] -0.033|{ 4.18E-07] 1.61E-04] 4.03E-07|
4/19/95 | 4828.69| 4832.21 4828.74 -3.52 |-0.05] -3.47] -0.022 | -0.001] -0.036]| 4.40E-07] 6.70E—05} 4.34E—0F]
11/16/95 | 4828.43| 4832.29 | 4828.48 -3.86 |-0.05] -3.81] -0.025]-0.001] -0.039)| 4.82E-07| 6.70E-05 4.76E-gl]
8/19/97 | 4829.60 | 4832.28 | 4829.31 -2.68 ] 0.29] -2.97 ] -0.017 | 0.005 | -0.031|| 3.35E-07] -3.89E-04 3.71E—07]|
' Av -2.90 |-0.04] -2.86}j -0.018 | -0.001 3.63E-07| 5.07E-05

. Scrn Midpt
Well Agquifer | TOS Elev | BOS Elev || Elev Dc/Al | Sr/Al | De/Sr
MON-653 | - Al 4778.94 4758.94 }14768.94 154.18| 77.78 | 76.40
MON-660 Sr '4701.16 4681.16 .|| 4691.16
MON-664 Dc 4624.76- | 4604.76 || 4614.76 . :
Ground Water Elevation® Head Difference Vertical Gradient Vertical Specific Discharge |
Well 653| Well 664 | Well 660 Dc/Al ] Sr/Al| DciSr)| Dc/Al | Sr/Al | DciSr Dc/Al Sr/Al Dc/Sr
Date Al Dc Sr Diff Diff | Diff || Grad | Grad | Grad ft/day ft/da f'tlday
10/19/85 | 4799.39| 4805.01 4800.91 -6.62 |-1.521 4.10|| -0.036 | -0.020] -0.054|| 7.15E-07| 1.56E-03] 5.13E-07%|
4/28/86 | 4799.88 | 4805.54 4802.81 -566 |-2.93| -2.73 | -0.037 | -0.038] -0.036|] 7.20E-07| 3.01E-03} 3.41 E—07"
10/9/86 | 4799.69 | 4805.49 4802.62 -5.80 ]-2.93]| -2.87 ] -0.038 | -0.038{ -0.038)| 7.38E-07] 3.01E-03 3.59E—07]|
3/26/87 | 4798.87 ] 4804.16 4801.88 -529 1-3.01| -2.28 }{ -0.034 | -0.039} -0.030}| 6.73E-07] 3.10E-03 2.85E—07]|
5/8/87 4799.95| 4805.53 4802.86 -5.58 |-2.91] -2.67|| -0.036 | -0.037| -0.035]| 7.10E-07] 2.99E-03 3.34E—07"
8/13/92 | 4799.74| 4805.66 4802.73 -592 [-2.99| -2.93 |l -0.038 | -0.038| -0.038}| 7.53E-07] 3.08E-03 3.66E—07“
11/19/92 | 4799.76 | 4805.59 4802.76 -5.83 ]-3.00| -2.83 | -0.038 | -0.039} -0.037|| 7.42E-07| 3.09E-03 3.54E—g7]|
2/18/93 | 4799.82.| 4803.16 4802.86 -3.34 1-3.04]| -0.30} -0.022 | -0.039]| -0.004]| 4.25E-07] 3.13E-03 3.75E—ﬂ|
6/29/93 |4800.19) 480144 | 4802.90 || -1.25 |-2.71] 1.46 || -0.008 [-0.035] 0.019]| 1.59E-07] 2.79E-03]-1.83E-07|
12/9/93 | 4800.27 | 4801.04 4802.96 -0.77 |-2.69] 1.92 || -0.005 | -0.035| 0.025|] 9.80E-08| 2.77E-03 -2.40E—0ﬂ| .
4/20/94 | 4800.31] 4814.67 4803.33 -14.36 |-3.02} -11.34] -0.093 | -0.039] -0.148| 1.83E-06| 3.11E-03 1.42E-@|
12/8/94 | 4800.20 | 4806.56 4803.22 6.36 |-3.02] -3.34 || -0.041|-0.039| -0.044|| 8.09E-07| 3.11E-03 4.18E—ﬂ|
4/19/95 |4800.22| 4806.71 4803.23 649 1-3.01] -3.48J -0.042 | -0.039} -0.046|] 8.26E-07] 3.10E-03| 4.35E—07||
11/15/95 | 4800.12 | 4806.44 4803.07 -6.32 1-2.95| -3.37 || -0.041 {-0.038| -0.044}| 8.04E-07] 3.03E-03| 4.21 E-g?ll
1/14/97 |} 4802.20 | 4807.56 4805.32 -5.36 |-3.12] -2.24 || -0.035 | -0.040| -0.029|| 6.82E—07} 3.21E-03 2.80E—07ﬂ
8/19/97 | 4801.97 | 4807.35 | 4804.93 -5.38 |-2.96] -2.42] -0.035 |-0.038] -0.032|| 6.85E-07] 3.04E-03 3.03E-07" ’
_Avg -5.58 |-2.86| -2.72 ]| -0.036 | -0.037] -0.036]| .7 11E-07] 2.94E—03 | 3.40E-07]|
DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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Table 5-2. (continued) Ground Water Vertical Velocity Calculations-Monument Valley Field Investigation

/6l MON=603/611/615.Cluster... . " - )
‘ Scrn Midpt Screen Elev Differenced
Well | Aquifer | TOS Elev | BOS Elev || Elev T Dc/Al | SrAl | Dessr

MON-603 Al 4805.56 | 4795.56 |/ 4800.56 126.21] 29.27 | 95.94

MON-615 Sr 4781.29 | 4761.29 }14771.29

MON-611 Dc 4685.35 | 4665.35 |14675.35

Ground Water Elevation Head Difference Vertical Gradient Vertical Specific Discharge
Woell 603] Well 611 | Woell 615 Dc/Al | Sr/Al| De/Sr]| Dc/Al | SriAl | De/Sr Dc/Al Sr/Al Dc/Sr
Date Al Dc Sr Diff Diff | Diff || Grad | Grad | Grad ft/day ft/day ft/day

4/23/85 | 4838.31| 4849.31 4838.62 -11.00 |-0.31} -10.69) -0.088 | -0.011] -0.111|| 1.38E~06] 8.47E-04] 1.34E—0§

6/4/85 | 4838.25| 4849.31 4838.58 || -11.06 [-0.33] -10.73|| -0.088'}-0.011] -0.112|| 1.38E-06{ 9.02E—04| 1.34E-0§

3/26/87 | 4838.16 | 4849.31 4838.23 (i -11.15 |-0.07| -11.08}| -0.089 | -0.002| -0.115}| 1.39E-06| 1.91E-04| 1.39E-0H

5/8/87 | 4838.60 | 4849.31 4838.96 1 -10.71 |-0.36| -10.35|f -0.086 | -0.012| -0.108]| 1.34E-06| 9.84E-04] 1.29E-0

11/22/92 | 4838.51 | 4849.31 4838.89 || -10.80 |-0.38] -10.42|| -0.086 |-0.013] -0.109]| 1.35E-06] 1.04E-03| 1.30E-04

6/29/93 | 4838.43 | 4849.31 4838.67 || -10.88 |-0.24} -10.64|| -0.087 | -0.008} -0.111|| 1.36E-06| 6.56E-04| 1.33E-0§

12/9/83 | 4837.98 | 4849.31 4838.31 -11.33 1-0.33| -11.00)| -0.090 | -0.011| -0.115)] 1.42E-06] 9.02E-04] 1.38E-0¢

4/20/94 | 4838.53 | 4849.31 4838.85 || -10.78 |-0.32{ -10.46|| -0.086 | -0.011] -0.109{| 1.35E-06| 8.75E-04 1.31E—0dl

12/7/194 | 4838.23 | 4849.31 4838.59 || -11.08 |-0.36] -10.72]| -0.088 |-0.012] -0.112| 1.39E-06] 9.84E—04] 1.34E-04

4/19/95 | 4838.66 | 4849.31 4839.01 -10.65 |-0.35] -10.30|- -0.085 | -0.012] -0.107}] 1.33E-06] 9.57E-04] 1.29E-04

1/12/97 | 4839.02 | 4849.31 4839.43 -10.29 |-041] -9.88 || -0.082 ]|-0.014] -0.103]| 1.29E-06] 1.12E-03| 1.24E-04

8/19/97 | 4838.61 | 4849.31 | 4839.03 |l -10.70 }-0.42} -10.28|| -0.085 | -0.014| -0.107|| 1.34E-06] 1.15E-03{ 1.29E-0§

Avg -10.87 |-0.32| -10.55|| -0.087 | -0.011] -0.110|| 1.36E-06| 8.84E-04| 1.32E-0¢
. Hydraulic Gradient Vertical Specific Discharge
Site Wide Averages: Dc/Al | Sr/Al | Dc/Sr Dc¢/Al Sr/Al Dc/Sr

ft/ft fuft /et ft/day ft/day ft/day

: -0.045 | -0.017] -0.055)| 7.80E-07 | 1.39E-03 | 6.25E-07
Alluvial Aquifer ‘

Notes : Al =
Bos Elev = Bottom of screen elevation (MSL)
Dc . = De Chelly Aquifer
Grad = Gradient
Scrn Midpt = Screen midpoint elevation (MSL)
Sr = Shinarump Aquifer
TOS Elev = Top of screen elevation (MSL)
Results

As Table 5-2 shows, ground water movement has historically been upward from the De Chelly,
through the Shinarump, and into the alluvial aquifer at each of the well cluster locations. The
average hydraulic gradient between the De Chelly and the Shinarump is -0.055; between the
Shinarump and the alluvium the average gradient is -0.017; and between the De Chelly and the
alluvium the average gradient is -0.045. A negative gradient value indicates the flow direction is
vertically upwards. .

Since 1985, the gradient appears to have reversed direction on an infrequent basis. These

- gradient reversals may have resulted from inaccurate water-level measurements, or the water
levels may have been influenced by the pumping of water supply wells during mine reclamation

work. ' :

Recent data (collected during the 1997 field investigation) do not indicate a significant difference
in hydraulic gradients compared to historical data for the well cluster locations. The data also
indicate that hydraulic gradients do not fluctuate seasonally.

Site Observational Work Plan for Monument Valley, Arizona DOE/Grand Junction Office
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It should be noted that the report of a gradient reversal (Appendix F of the RAP) at the
MON-603/611/615 cluster location after 1989 was in error. Wells MON-611 and MON-615
were mislabeled in the field at some point between 1987 and 1989, ultimately resulting in‘an
apparent reversal of the gradient. This error has been corrected in the field and in the data base.

5.2.4.2 Ground Water Flow Vertical Velocities

Table 5-2 also provides the ground water vertical specific discharge estimates for ground water
flow between the alluvial, Shinarump, and De Chelly aquifers. Specific discharge between the
various aquifers was determined using different formulas based on either the presence or absence
of a confining unit.

Ground water specific discharge between the De Chelly and the Shinarump aquifers was
calculated using the following formula:

q=((h -h) /K

where q = the groundwater vertical specific discharge; or flux (ft/day). The h, term is the

* hydraulic head measured in the Shinarump aquifer overlying the Moenkopi confining unit, while
. h, is the hydraulic head of the De Chelly aquifer below the confining unit. The b term refers to

the thickness of the Moenkopi confining unit (estimated to be 40 ft) and K is the hydraulic

" conductivity of the Moenkopi, which has an estimated horizontal hydraulic conductivity range

from 10~ to 107 ft/day (Golyn 1995). Vertical hydraulic conductivity is generally an order of
magnitude lower compared to the horizontal conductivity. As a result, the vertical hydraulic

* . conductivity of the Moenkopi is estimated to range from 107 to 107 ft/day. Using the midpoint

of this range, the Moenkopi vertical hydraulic conductivity is estimated to be 5x10~° ft/day.

A different approach was used to determine the vertical specific discharge between the
Shinarump and the alluvial aquifers since there is no confining unit between these two aquifers.
The following formula was used:

q=(dh/d)K

where the dh/dl term represents the hydraulic gradient between the Shinarump and the alluvial
aquifers (values listed in Table 5-2), and K represents the hydraulic conductivity of the
Shinarump aquifer. The horizontal hydraulic conductivity of the Shinarump ranges from 0.4 to
8 ft/day. Using the same method as described above to estimate the Moenkopi conductivity, the
estimated vertical hydraulic conduct1v1ty of the Shinarump used to calculate the specific
dlscharge is 0.08 ft/day. .

The formula used to-determine the vertical specific discharge between the alluvial and De Chelly
aquifers is the same as described for vertical ground water flow between the De Chelly and the
Shinarump; however, different values for the thickness and conductivity are used depending on
the head loss between the Shinarump and the alluvial aquifers. If there was a small head loss
through the Shinarump (less than 0.5 ft), then the thickness and conductivity of the Moenkopi

DOE/Grand Junction Office _ Site Observational Work Plan for Monument Valley, Arizona
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(40 ft and 5x10°° ft/day, respectively) are used. Less than 0.5 ft of head loss was measured at
both the 606/659/663 and 603/615/611 clusters. .

At the 653/660/664 cluster, the head loss through the Shinarump was larger than 0.5 ft (an
average of 2.9 ft), and the thickness and conductivity terms in the equation were estimated by
calculating the total thickness of the units combined and the respective average vertical
conductivity. Based on the field data, the average thickness of the Shinarump is 70 ft. To
determine the vertical specific discharge between the alluvium and De Chelly aquifer for this
location, a total thickness of 110 ft with a vertical conduct1v1ty of 1.4x107° ft/day were used for
the b and K terms, respectlvely

Results

Results are included in Table 5-2, with positive specific discharge values representing upwards

flow. As shown in Table 5-2, ground water flows upward from the De Chelly towards the
alluvial aquifer at all three locations where the data were collected.

In addition to the calculated vertical gradients and respective specific discharges there is
~additional evidence which supports vertical ground water flow from the De Chelly to the

~ alluvium. Well MON-654, which is located along the eastern portion of the site and screened in
the alluvial aquifer, has been observed to be under artesian conditions. The water contained in

this well is of De Chelly type, suggesting the artesian flow conditions are a dlrect result of flow

" from the De Chelly aquifer (Section 5.3.1.1).

According to the geologic cross-sections in this region of the site the confining Moenkopi is
present, and there does not appear to be a direct connection between the alluvial aquifer and the
underlying De Chelly. One possible explanation for the influence from the De Chelly may be
associated with past drilling activity in this immediate region of the site. Incomplete records from
uranium exploration activity indicate potentially 80 boreholes were drilled in the immediate area
of the present location of well MON-654. There are no details for the depth of each hole;
however, on average each hole was approximately 180 ft deep and extended into the De Chelly
aquifer. It is likely these boreholes were not properly abandoned, providing a number of conduits
for the De Chelly ground water to vertically migrate into the alluvium over time.

5.2.5 Water Balance

Part of the characterization of the ground water flow system requires the development of a water
balance which identifies the components of the flow system, presents the magnitudes and
directions of the components, and provides a check for numerical modeling results. The focus of
this water balance is the ground-water flow associated with the alluvial aquifer and represents
one interpretation of the data collected from the site at this time.

Figure 5-7 shows the boundaries (which encompass a total area of 50,140,000 fi?) established
for the water balance. The most upgradient head boundary is set equal to the average hydraulic
head (4,850 ft MSL) measured in well MON—602, while the most downgradient head (4,775 ft
MSL) is based on the average hydraulic head measured in well MON—650. The eastern and
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western boundaries were established in the vicinity of the site where Comb Ridge to the east and
Shinarump outcrops to the west start to influence the saturated thickness of the alluvial aquifer.

Flow through the alluvial aquifer is estimated by determining the ground water flow entering and
exiting the system. Inflow includes flow across the southern boundary, flow across the eastern

-and western boundaries into the site, ground water migrating from the underlying De Chelly, and
recharge from precipitation. Qutflow includes flow through the northern boundary and ground
water loss through ET.

With the exception of the frog ponds, there are no perennial surface water bodies onsite. The
washes that trend north-south through the site transport water only during intense storm events,
and the water quickly infiltrates into the alluvium. This surface runoff is not considered to be an
additional component of recharge beyond the previously mentioned infiltration of precipitation.
There are no direct measurements of natural recharge available for the site.

Ground water discharge is primarily a function of evaporation and ET. Loss due to evaporation is
taken into account in the recharge determination. Only an estimated 10 to 20 percent of the
annual precipitation is estimated to actually infiltrate and provide recharge to the alluv1a1 aquifer
(Stephens 1994).

ET, wh1ch is the major component of ground water discharge from the alluvial aquifer, has not
been measured directly at the site. However, literature values are available for similar hydrologic
systems and plant communities. An estimate of ET for this water balance is based on literature
values and the dominant type of plant encountered at the site during a vegetation survey

(Section 5.4.2). :

Assumptions made in developing the water balance include:

«  The flow system for the alluvial aquifer is assumed to be unconfined across the site, witha

hydraulic conductivity within the flow system assumed to be one order of magnitude lower
in the vertical direction compared to the horizontal direction.

~+  The total discharge is estimated for the entire thickness of the alluvial aquifer, where flow is
assumed to be nearly horizontal. Upgradient and downgradient boundaries of the flow
system are assumed to have fixed heads, with dlscharge through the aquifer assumed to be
steady-state.

«  Monument Valley is similar to other sites within the arid southwestern United States,
therefore measured recharge rates in other parts of the southwest are similar to those at

Monument Valley.

«  Flow into the site along the east and west is dependent upon respective watershed areas.
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5.2.6 Water Balance Calculatlons
5.2.6.1 Ground Water Flow Across the Southern and Northern Boundaries

Figure 5-7 is a flow net constructed to estimate the groundwater flow across the southern and
northern boundaries of the site. Flowlines were drawn perpendicular to the groundwater contours
which were used to construct the flowtubes. The hydraulic conductivity calculated in the vicinity
of well 765, in conjunction with the hydraulic gradient and saturated thickness (Figures 5—4 and
5-8), were used to determine the flow rates for each flowtube. The resulting flow rates for these
tubes ranged from 2661 to 6918 ft*/day. Based on the flow net, along the southern boundary the
hydraulic conductivity estimates ranged from 23 to 44 ft/day, and along the northern boundary -
the conductivity estimates ranged from 20 to 46 ft/day. The saturated thickness at the northern
and southern boundaries is shown by the cross-sections in Figure 5-9.

5.2.6.2 Ground Water Flow Across the Eastern and Western Boundaries
There are no direct measurements of ground-water flow across the east and west boundaries. To

estimate flow from these regions, the surrounding areas upgradient of the site between the
Shinarump outcrops to the west and Comb Ridge to the east are divided into six different

. watersheds (WS1 through WS6 as shown on Figure 5-10). Ground water flow entering the site

across the southern boundary is a function of flow (in the form of ground water flow resulting

- from the infiltration of precipitation) predominantly from watershed area WS5 and partially from

WS4. Flow associated with the remaining area of WS4, and all of WS1, WS2, and WS3 are

 contributors to ground water flow through the western boundary, while ground water flow

coming into the site from the east is a function of flow originating from WS6.

Once the watersheds were established, a net recharge based on precipitation applied to each
watershed was estimated. This was completed by comparing the ground water flow entering the
site at the southern boundary and the ground water flow leaving the site at the northern boundary,
and determining the flux necessary to provide the flow from the respective watershed areas. This

- value, which represents a net recharge flux, was then applied to the watershed areas which are
responsible for contributing flow through the eastern and western boundaries of the site.

Along the eastern recharge boundary, it is estimated the flux would be consistent across the
entire length of the boundary, since there does not appear to be any variation along this
boundary. However, along the western boundary there appear to be three distinct recharge zones.
It is estimated that one-half of the flow originating from the western boundary is the result of
flow from the paleochannel. The remainder of the flow is split between the zones to the north and
south of the paleochannel on the western boundary. A difference between the northern and

“southern zones is the result of the boundary’s proximity to the bedrock outcrops, with the

northern zone having a lower recharge flux (further distance away from the outcrops) compared
to the southern zone’s flux (directly adjacent to the bedrock outcrops).

As a result, the paleochannel recharge zone is assigned a flux which ranges from 0.049 to
0.058 ft/day, while the zones to the north and south fluxes range from 0.0036 to 0.0043 ft/day
and 0.010 to 0.012 ft/day, respectively. The ﬂux assigned to the eastern boundary is estimated to
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be approximately the same as the flux assigned to the northern zone of the western boundary.
The eastern boundary recharge flux is estimated to be between 0.0034 and 0.0040 ft/day.

5.2.7 Flux Across the Water Table Boundary — Recharge from Precipitation

No data have been collected to quantify the amount of recharge from precipitation at the site. As
a result, this parameter is estimated from literature values. Stephens (1994) presents a
comparison of field studies completed in basins in the semi-arid areas of the western United
States. The Monument Valley site may be considered analogous to the sites described by.
Stephens (1994) because of the low annual precipitation measured at Monument Valley
(approximately 6.4 inches per year [in./year]) in combination with a rather high annual
evaporation rate (estimated to be 84.4 in./year [Cooley 1970]).

According to Thornthwaite and Mather (1957), of the 6.4 inches of annual precipitation
measured near the vicinity of the site, only 1.6 inches is available for recharge to the alluvial
aquifer and runoff (data contained in Appendix B). Of the 1.6 inches, it is assumed that one-half
of this amount acts as runoff, leaving 0.8 inches of annual precipitation available as recharge.
This value (0.00018 ft/day) represents the flux to apply to the site area.

. 5.2.8 Flux Across the Water Table Boundary — Flow from the De Chelly

Geochemical data collected from the frog ponds and samples from wells 654 and 767 indicate De
Chelly-type water has migrated into the alluvial aquifer (Section 5-3). The area of the alluvial
aquifer believed to be influenced by the De Chelly groundwater is shown on Figure 5-11.

In the vicinity of the ponds and these wells, subsurface data do not suggest the absence of any
confining units which may explain the migration of the water from the De Chelly to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>