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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 1.0 illigrams 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.
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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 Programmatic 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 1996c), 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 Junction Office 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 Site-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 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.
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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 Radiation 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 materials 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 certain uranium
mills in New Mexico. The UMTRA Project is responsible 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 1.1, 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
April 1999 Page 2-1



Regulatory Framework Document Number UOO 18101

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 UMTRAProject (Table 2-1).

" Alternate concentration limits (ACLs), which are concentration limits for hazardous
constituents that do not pose a substantial hazard (present or potential) 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 Concentrationa

Arsenic 0.05

Barium 1.0

Cadmium 0.01

Chromium 0.05

Lead 0.05

Mercury 0.002

Molybdenum 0.1

Nitrate (as N) 10.0b

Selenium 0.01

Silver 0.05

Combined radium-226 and radium-228 5 pCi/L

Combined uranium-234 and uranium-238 30 pCi/Lc

Gross alpha-particle activity (excluding radon and uranium) 15 pCi/L
aConcentrations reported in milligrams per liter (mg/L) unless otherwise noted.
bEquivalent to 44 mg/L nitrate as nitrate.
cEquivalent 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

Subpart 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
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100 years. In addition, institutional 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 period 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 supplemental standards to contaminated ground water
in lieu of background levels, MCLs, or ACLs (40 CFR Part 192). Supplemental standards may
be applied if 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.

• There is no known remedial action.

The restoration of ground water quality at any processing site is technically impractical from
an engineering standpoint.

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 [LI) 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 Observational Work Plan for Monument Valley, Arizona
April 1999 Page 2-3



Regulatory Framework Document Number U0018101

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 directs 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 guidance I
is provided in Recommendations for the Preparation of Environmental 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 I
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 i
In addition to UMTRCA EPA ground water standards and NEPA, DOE must also comply with i
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 I
orders include those related to pollution prevention and environmental justice.

2.4 State/Tribal Regulations i

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 I
being conducted under the UMTRA Ground Water Project. DOE orders prescribe the manner in
which DOE will complywith 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
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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 U30 8 and
1.42 percent V20 5. Included in the production estimate are products from a mechanical upgrader,
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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 19,85).

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, I
Colorado.

The upgrnder 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 I
processed (925 tons per day) in large steel tanks. A separate heap-leaching operation was used on
an additional 100,000 tons of low-grade ore in 1966 and 1967. 1
The millsite was leased from the Navajo Nation 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. R

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. I
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Figure 3-1. Former Mill and Ore-Storage Area, Tailings Piles, Heap-Leach Pads, and Evaporation Pond
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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 infiltration of contaminated water would have occurred
(Figure 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).
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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 geophysical 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 4.1.3
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
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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.,I

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 I
provide subsurface information about the presence and extent of the buried paleovalley.

4.1.1.1 Seismic Refraction Procedure

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 performed 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 4-4, 3
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. |I
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Figure 4-1. Locations of Seismic Lines
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Figure 4-2. Seismic Interpretation for Line I
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Figure 4-4. Seismic Interpretation for Line 3

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 to produce thicknesses and conductivities (resistivities)
of subsurface layering.
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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 3
TEM soundings (measurements) were obtained along the seven traverse lines shown in
Figure 4-5 to map subsurface resistivity variation associated with changes in groundwater 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 I
"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 EINVRT5 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. I
EINVRT5 was also used for simultaneous inverse modeling.

4.12.2 TEM Results I
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 I
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 I
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 I
(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.
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Figure 4-5. Location of TEM Traverses and IP Lines
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Figure 4-6. Resistivity Contours
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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 objective, to provide
subsurface information 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 measurement 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 EINVRT5 (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/1P 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
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auger was advanced down through the Quaternary alluvium to a depth approximately 2 to 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 discrete 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 with existing data on 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-- 1(P), "Standard Practice for Sampling Liquids," (GJO 1998).

• ESL Procedure 1.3, "Nitrate Analysis," Environmental Sciences Laboratory Procedure
Manual (1992).

• ESL Procedure 1.5, "Sulfate Analysis," Environmental Sciences Laboratory Procedure
Manual (1992).

4.2.2 Hydropunch Sampling Results

During the field investigation, 3 8 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 detail in Plate 1, which is provided in the envelope pocket of
this SOWP.
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Figure 4-8. Hydropunch, Hand Auger, and Monitor Well Locations
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Hydropunch water sample results for nitrate and sulfate field analyses are summarized in
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) (mgIL) (mgIL)

21 23 98 560

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
60 62 286 1,130

MON-679 45 47 1210 2,000

18 20 30 1,250

58 60 84 1,065
69 71 2 70

89 91 <1 90

43 45 95 630MON--681
50 52 53 380

38 40 1 195
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
74.5 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
27 28 10 120

50 52 74 240
70 72 38 150

21 23 <1 1,000

MON-697 53 55 <1 190
73 75 <1 150

18 20 <1 450
MON-698

_______ 45 47 <1 400

DOE/Grand Junction Office
April 1999
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Table 4-2. Hand Auger Water Sample Results from the 1997 Field Investigation

Location Code Depth Nitrate Sulfate
(if) (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 5.72 225
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 Cheily 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 protective 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.

4.3.2 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 locations of the new alluvial
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
April 1999
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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 depth of the well, and the
geologic formation in which the well is screened are summarized in Table 4-3. Results ofthe
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
provided in Appendix C.

4.3.3 Alluvial Monitor and Extraction Well 3
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 I
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 extraction 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 sampling and laboratory chemical
analyses are provided in Appendix C.

4.3.4 Bedrock Monitor Wells 3
Diamond core holes were drilled approximately 50 ft into the De Chelly bedrock aquifer at two
locations. The first location, well MON-775 (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 I
was subsequently completed as a bedrock monitor well and used as an observation well during
the aquifer test in the De Chelly Sandstone.

U
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Table 4-3. Construction Summary Table-Existing and New Monitor Wells

Location NorthCoord. East Coord. GroundEle. Borehole Borehole Top of Casing Casing Screen Screen Flow Zone
Locaode (SteClane) (tastePlane) Grod E Depth Dia. Casing Elev. Length Diameter Depth Length Cdeb ofCode (State-Plane) (State-Plane) (ft) (bis)* (in.) (ft) (ft) (In.) (bls) (ft) 0 Compl.,

New Wells Installed In 1997
0760 2162653 590711 4812.3 77.0 7.6 4814.8 78.0 2.0 55.0 20.0 D Al
0761 2162488 588611 4832.3 55.5 7.6 4835.0 57.2 2.0 39.0 10.0 D Al
0762 2162865 589783 4818.1 90.0 7.6 4820.7 57.1 2.0 29.0 20.0 D Al
0764 2161265 588408 4848.7 "52.5 7.6 4851.5 55.3 2.0 47.0 5.0 D Al
0765 2160368 589204 4845.6 89.0 10.5 4848.5 91.8 4.0 58.6 30.1 D Al
0766 2160418 589211 4844.8 60.0 7.6 4848.0 60.7 2.0 47.2 10.0 D Al
0767 2161713 591504 4805.5 65.0 7.6 4808.3 66.8 2.0 43.5 20.0 D Al
0768 2160426 590931 4817.9 45.0 7.6 4820.7 47.8 2.0 24.4 20.0 D Al
0769 2159804 588617 4858.3 44.0 7.6 4861.3 47.0 2.0 33.4 10.0 D Al
0770 2159579 589141 4854.4 65.5 7.6 4857.3 68.4 2.0 54.9 10.0 D Al
0771 2159742 588575 4860.8 79.0 7.6 4863.3 80.5 2.0 57.4. 20.0 D Al
0772 2158168 588854 4844.7 30.0 7.6 4847.6 30.9 2.0 7.4 20.0 0 Aj
0774 2158901 587494 4877.4 55.5 7.6 "4880.1 58.2 2.0 45.0 10.0 0 AJ
0777 2160383 589206 4845.4 49.0 7.6 4848.2 50.1 2.0 31.8 15.0 D Al
0775 2159521 587965 4876.5 167.8 10.5 4879.7 170.7 2.0 142.0 25.0 D Dc
0776 2158791 587590 4880.4 150.2 9.9 4883.3 152.9 6.0 99.5 50.0 0 Dc

Wells Installed Before 1997
0200 2156826 589741 - - - - - - .- U AL
0400 2154679 589333 4870.7 12.7 2.0 4870.4 12.4 2.0 7.8 4.5 U AL
0401 2154678 589332 4870.7 6.8 2.0 4870.4 6.5 2.0 4.0 2.0 U AL
0402 2157594 590516 4840.6 10.1 2.0 4840.3 9.8 2'0 5.2 4.5 U AL
0403 2157637 590468 4836.6 8.3 2.0 4836.2 8.0 2.0, 3.4 4.5 U AL
0404 2157674 590435 4838.2 8.6 2.0 4837.7 8.0 2.0 3.7 4.5 U AL
0405 2157637 590468 4836.6 3.7 2.0 4836.5 3.6 2.0 0.7 2.3 U AL
0407 2159626 590905 4820.4 11.8 2.0 4820.1 11.5 2.0 6.9 4.5 C AL
0408 2159070 591542 4823.7 8.8 2.0 4823.5 8.6 2.0 3.9 4.5 C AL
0409 . 2159084 591495 4821.7 16.0 2.0 4821.5 15.8 2.0 11.1 4.5 C . AL
0410 2159096 591442 4823.7 10.5 2.0 4823.4 10.3 2.0 5.6 4.5 C AL
0411 2159083 591495 4821.7 4.7 1.0 4821.4 4.4 2.0 2.0 1.6 C AL
0413 2163573 592962 4784.1 10.5 2.0 4783.9 10.2 2.0 5.6 4.5 . C AL

.0414 2163547 592893 4782.4 15.7 2.0 4782.0 15.3 2.0 10.8 4.5 C AL
0415 2163551 592833 4784.2 9.4 2.0 4783.8 9.0 2.0 4.5 4.5 C AL
0416 2163523 . 592736 4785.7 10.5 2.0 4785.3 10.1 2.0 5.2 4.5 C AL
0417 2163546 592893 4782.4 5.0 2.0 4782.2 4.8 2.0 1.4 3.0 C AL
0602 2156378 588661 4862.1 35.0 6.6 4864.4 33.9 2.0 19.5 10.0 U AL
0603 2157813 589037 4847.6 55.0 6.6 4849.4 56.8 . 2.0 43.0 10.0 U AL
0604 2158397 589424 4838.7 30.0 6.6 4840.4 31.7 2.0 13.0 15.0 C AL
0605 2158708 590066 4832.6 32.0 6.6 4835.1 33.5 2.0 14.0 15.0 C AL
0606 2159034 588634 4861.8 47.0 6.6 4864.7 50.0 2.0 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 - - U AL
0650 2164970 589923. 4791.3 99.5 7.9 4794.3 102.5 4.0 77.5 20.0 D AL
0651 2163789 592735 4784.6 82.0 7.9 4787.9 85.2 4.0 20.0 60.0 C 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 4834.3 78.0 7.9 4837.1 80.8 4.0 56.0 20.0 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 . 60.0 7.9 4862.1 63.2 4.0 38.0 20.0 D AL
0656 2159545 589175 4853.5 60.0 7.9 4856.3 62.8 4.0 38.0 20.0 D AL
0662 2159237 587577 4875.8 70.0 7.9 4878.6 72.3 4.0 37.5 30.0 D AL
0669 2160145 588265 4864.1 56.0 7.9 4867.2 59.1 4.0 34.0 20.0 D • AL
0601 2154981 588018 4881.8 24.0 6.6 4884.9 27.1 2.0 12.0 10.0 U SR-AL
0607 2159657 587519 4868.0 30.0 6.6 4871.4 30.9 2.0 12.5 10.0 D SR
0609 2159053 587650 4877.0 15.0 6.6 4880.0 17.0 2.0 7.0 5.0 0 SR-AL
0610 2156339 588612 ,4862.2 130.5 6.6 4863.2 86.0 2.0 63.0 20.0 U SR
0614 2160940 587832 4855.6 84.5 8.0 4856.8 71.2 2.0 48.0 20.0 D SR-AL
0615 2157795 • 588981 4848.6 110.0 6.6 4850.2 91.6 2.0 68.0 20.0 U SR
0658 2154764 588857 4877.0 165.0 7.9 4880.0 159.9 4.0 135.0 20.0 U SR
0659 2159070 588670 4861.7 110.0 7.9 4865.0 112.3 4.0 87.0 20.0 D SR
0660 2161303 589584 4833.6 155.0 7.9 4836.3 157.8 4.0 133:0 20.0 D SR
0611 2157811 589017 4848.2 185.0 6.6 4849.3 186.1 2.0 163.0 20.0 U DC
0612 2158437 585615 5006.2 215.0 6.6 5007.8 216.6 2.0 175.0 20.0 U DC
0613 2156378 588644 4861.9 .160.0 6.6 4864.3 162.4 2.0 138.0 20.0 U DC
0618 2158868 587017 4922.1 153.0 12.0 4924.8 155.7 12.0 - - 0 DC
0619 2158877 587587 4886.3 154.4 12.0 4888.6 156.8 6.0 103.9 50.0 0 DC
0657 2159265 587597 4876.6 140.0 7.9 4879.0 140.4 4.0 121.0 15.0 0 DC
0663 2159070 588593 4862.4 217.0 7.9 4865.7 220.3 4.0 175.0 40.0 D DC
0664 2161256 589537 4834.5 233.0 7.9 4837.4 235.8 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

'bis = below land surface
bFlow codes: C = Cross Gradient; D = Downgradient; 0 = On-site; U = Upgradient
'Zones of completion: Al = alluvium; Dc = De Chelly Sandstone Member of the Cutler Formation; Sr = Shinarump Member of the Chinle 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 Iboring also provides verification of the existence and nature of the paleovalley.

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.

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 Sampling

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 formations were
also collected to verify 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 I
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. o.d. by
18-in.-long split-barrel sampler was attached to the drive rod and lowered to the top of the
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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 split 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 samples 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 comer and ending with core from
the deepest portion of the hole in the lower right comer. 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 following procedures
from the Environmental Procedures Catalog (GJO 1998):

SL-6(P), "Technical Comments on ASTM D 1452-80(90)--Standard Practice for Soil
Investigation 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"

SL-19(P), "Technical Comments on ASTM D 2488-93-Standard Practice for Description
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 Hydropunch
and monitor well location shown in Figure 4-8 are presented in the field logs in Appendix A.

Split-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 Sampling

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 evaporationI
ponds. Background soil samples were also collected and analyzed.

4.5.1 Subpile Soil Sampling Procedures I
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 locations 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.
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Figure 4-9. Subpile Soil Sample Locations
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4.5.2.1 Chemical Extraction 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
hydrochloric 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. Deionized 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 (gtm) in diameter.
Supernatant was decanted into a 200-mL volumetric flask.

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

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

0 100 mL of site ground water were added to the residue in the 1 00-mL tube and shaken for
4 hours. Composition of the ground water is (micrograms per liter [gtg/L]): Mn = 30,
Sr = 330, U = 1, V = 10, NH4 = 9.3, NO3 = 50, and SO 4 = 35,700.

Contents were centrifuged to remove particles less than 2 gm in diameter. Supernatant was
decanted into a second 200-mL volumetric flask.

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
April 1999 Page 4-27



Field Investigation Results Document Number U0018101 1
Additional site ground water (about 100 mL) was added. Contents were shakenfor
15 minutes, centrifuged, and decanted into the same 200-mL flask.

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

The procedure was repeated using 5-percent hydrochloric acid.

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

All extracted samples were analyzed for Mn, NH4, SO 4, 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 (NO3, NH4, and SO 4 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 Sampling Results I
Lithologic logs for the nine sample locations shown are provided in Figure 4-10. The lithology
consists of a red-brown, very fine grained sand. Thin section observations indicate the presence
of ferric oxyhydroxides.

Raw data and calculations for the leach analyses are presented in Tables 4-4 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 HC1 (Table 4-6), and total dissolution (Table 4-7). Bold
type in the tables indicates that a concentration was less than the detection limit; for those, the
detection limit 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 gtg/L (column 5,
Table 4-4).

Two grams of sample were extracted with 200 mL of deionized water:

200 mL 89.1 pg L 1,000 g mg (Column 6,x-- x- x - x - =8.91 mg/kg(Clm6,

2 g L 1,000 mL kg 1,000 Pg Table 4-4) I

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

concentration of 330 jag/L. After this extraction, 332 jtg/L of Sr is in the effluent (Column 6,
Table 4-5).
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Table 4-4. Deionized Water Extraction
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Sample Area Mn Mn Sr Sr U U V V NH4  NH4  NO3  NO3  SO4  so4

ID ID pg/L mg/kg pg/L mglkg pg/L mglkg pg/L mg/kg pg/L mg/kg pg/I mg/kg pg/L mg/kg

851-2 EP 1 0.1 89.1 8.91 11 0.1 1270 127 145 14.5 13100 1310 70500 7050

851-3 EP 7.7 0.77 52.5 5.25 1 0.1 877 87.7 41.6 4.16 7270 727 27700 2770

851-4 EP 23.1 2.31 29.2 2.92 1'. 0.1 544 54.4 178 17.8 1020 102 2120 212

863-2 EP 1.4 0.14 20.9 2.09 1,. 0.1 103 10.3 46.3 4.63 4760 476 15500 1550

863-3 EP -1 0.1 20.7 2.07 1, 0.1 65.5 6.55 41.6 4.16 3800 380 12900 1290

863-4 EP 1 0.1 29.8 2.98 1 0.1 76.7 7.67 50.9 5.09 5190 519 16500 1650

864-2 NT 1 0.1 101 10.1 1 0.1 96.9 9.69 51.1 5.11 1030 103 91900 9190

864-3 NT 1 0.1 29 2.9 1 0.1 89.5 8.95 27.7 2.77 6720 672 14200 1420

864-4 NT 3.7 0.37 14.7 1.47 1 0.1 116 11.6 25.4 2.54 2200 220 3460 346

865-2 NT 1': 0.1 50.2 5.02 1': 0.1 244 24.4 30.1 3.01 4060. 406 31600 3160

866-2 NT 1, 0.1 60.6 6.06 1 0.1 353 35.3 1100 110 9730 973 18500 1850

866-3 NT 1.7 0.17 45.8 4.58 1 0.1 106 10.6 1360 136 8360 836 18000 1800

866-4 NT 6.3 0.63 24.8 2.48 1 - 0.1 98.8 9.88 1840 184 6990 699 4000 400

866-5 NT 5.5 0.55 13.5 1.35 1 0.1 54.3 5.43 2320 232 8240 824 2720 272

866-6 NT 2.8 0.28 11.7 1.17 .1 0.1 15.5 1.55 2620 262 8140 814 2240 224

867-2 HL 1 0.1 12.5 1.25 . 1 0.1 :13 , 1.3 37 3.7 616 61.6 255 25.5

867-3 HL 1.8 0.18 12.5 1.25 1 0.1 13 1.3 34.7 3.47 755 75.5 371 37.1

868-2 HL 1, 0.1 10.1 1.01 1 0.1 50.7 5.07 48.6 4.86 8410 841 471 47.1

868-3 HL 1:, 0.1 9.2 0.92 1 0.1 68 6.8 20.8 2.08 553 55.3 752 75.2

868-4 HL 1. 0.1 15.9 1.59 1 0.1 84.5 8.45 25.4 2.54 741 74.1 3470 347

869-2 BG 1 0.1 46.5 4.65 1," 0.1 ,13 . 1.3 175 , 1.75 268 26.8 3870 387

869-3 BG I1, 0.1 38.6 3.86 ,1 0.1 13 1.3 16.1 1.61 481 48.1 3430 343

869-4 BG - 1 0.1 27.1 2.71 1, 0.1 13,, . 1.3 37 3.7 8080 808 2430 243

870-2 BG 1.8 0.18 29.5 2.95 1 0.1 13"- 1.3 34.7 3.47 255 25.5 1280 128

870-3 BG 6.1 0.61 24.8 2.48 1> 0.1 13 1.3 23.1 2.31 314 38.4 1130 113

870-4 BG 5.9 0.59 23.8 2.38 1 0.1 1E]3, 1.3 25.4 2.54 729 72.9 949 94.9

BG Background area

EP = Evaporation ponds

HL =,Heap-leach pads

NT = New tailings pile

(Shaded cells = detection limit; actual value was lower)



Table 4-5. Ground Water Extraction

0
7"

0

-- C

*Mn *Sr U *V *NH4 *NO, S04

Sample Area Mn In GW *Mn Sr In GW Sr U In GW U V In GW V NH4 In GW NH 4  NO3 In GW NO3  SO4 In GW SO4

ID ID pg/L pg/L mg/kg pg/L pglL mg/kg pg/L pg/L mg/kg pg/L pg/L mglkg pg/L pgIL mglkg pg/L pg/L mglkg pg/L pg/L mglkg
851-2 EP 1.3 30 -2.9 332 330 0.2 15.9 1 1.49 148 10 13.80 64.2 9.3 5.49 4500 50 445 36400 35700 70
851-3 EP 1.2 30 -2.9 338 330 0.8 4 1 0.30 120 10 11.00 23.3 9.3 1.4 1730 50 168 35900 35700 20
851-4 EP 8.7 30 -2.1. 346 330 1.6 5.6 1 0.46 48.1 10 3.81 37.4 9.3 2.81 1340 50 129 36300 35700 60
863-2 EP 1.5 30 -2.9 341 330 1.1 1.4 1 0.04 16 10 0.60 18.7 9.3 0.94 1290 50 124 36200 35700 50
863-3 EP 1 30 -2.9 339 330 0.9 1.6 1 0.06 '13 10 0.30 18.7 9.3 0.94 631 50 58.1 35900 35700 20
863-4 EP 1 30 -2.9 330 330 0.0 1.3 1 0.03 131 10 0.30 23.3 9.3 1.4 623 50 57.3 36100 35700 40
864-2 NT 2.9 30 -2.7 338 330 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 1 1 30 -2.9 343 330 1.3 " 1 1 0.00 22.5 10 1.25 18.7 9.3 0.94 6610 50 656 36200 35700 50
864-4 NT 1 30 -2.9 333 330 0.3 'Y1 1 0.00 18.6 10 0.86 21 9.3 1.17 810 50 76 35700 35700 0
865-2 NT 1 30 -2.9 -340 330 1.0 1.1 1 0.01 38.2 10 2.82 21 9.3 1.17 4670 50 462 36400 35700 70
866-2 NT 4.3 30 -2.6 346 330 1.6 1.1 1 0.01 44.1 10 3.41 129 9.3 11.97 821 50 77.1 35900 35700 20
866-3 NT 2.9 30 -2.7 381 330 5.1 1., 1 0.00 25.8 10 1.58 101 9.3 9.17 1790 50 174 36000 35700 30
866-4 NT 2.3 30 -2.8 361 330 3.1 1 i 0.00 30.9 10 2.09 211 9.3 20.17 566 50 51.6 35700 35700 0
866-5 NT 7 30 -2.3 355 330 2.5 1 1 0.00 -,13j 10 0.30 295 9.3 28.57 720 50 67 36000 35700 30
866-6 NT 6.5 30 -2.4 360 330 3.0 I,1 1 0.00 ý13 10 0.30 377 9.3 36.77 1240 50 119 35800 35700 10
867-2 HL 1 30 -2.9 351 330 2.1 1.1 1 0.01 ,13 10 0.30 16.3 9.3 0.7 515 50 46.5 35900 35700 20
867-3 HL 1 30 -2.9 345 330 1.5 ýl 1 0.00 13 10 0.30 21 9.3 1.17 583 50 53.3 36200 35700 50
868-2 HL* 1 30 -2.9 353 330 2.3 2.4 1 0.14 13.3 10 0.33 35.1 9.3 2.58 6590 50 654 36000 35700 30
868-3 HL 1 30 -2.9 344 330 1.4 2.8 1 0.18 18.4 10 0.84 9.3 9.3 0 562 50 51.2 35800 35700 10
868-4 HL 1: 30 -2.9 341 330 1.1 3.5 1 0.25 22.2 10 1.22 14 9.3 0.47 549 50 49.9 35900 35700 20
869-2 BG •1 30 -2.9 404 330 7.4 1.4 1 0.04 13 10 0.30 1745 9.3 0.82 1540 50 149 36000 35700 30
869-3 BG 1 30 -2.9 382 330 5.2 1.3 1 0.03 13,' 10 0.30 21 9.3 1.17 539 50 48.9 36800 35700 110
869-4 BG 1 30 -2.9 360 330 3.0 1.1 1 0.01 113' 10 0.30 18.7 9.3 0.94 1190 50 114 37000 35700 130
870-2 BG 1-' 30 -2.9 364 330 3.4 ,:,1 1 0.00 13,,, 10 0.30 23.3 9.3 1.4 451 50 40.1 36400 35700 70
870-3 BG 1- 30 -2.9 360 330 3.0 ,•,1 1 0.00 13 10 0.30 25.7 9.3 1.64 505 50 .45.5 36400 35700 70

870-4 BG 19.5 30 -1.1 362 330 3.2 1.6 1 0.06 ,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.

BG = Background area

EP = Evaporation ponds

HL = Heap-leach pads

NT = New tailings pile

(Shaded Cells = detection limit actual value was lower than this value.)
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Table 4-6. 5-Percent HCL Extraction

* Mn

Sample Area Mn Adsorbed Mn Sr Sr U U V V NH 4  NH4  NO 3  NO 3  304 SO4

ID ID pig/L mg/kg mglkg pg/L mglkg pglL mg/kg pig/L mg/kg pg/L mg/kg pg/L mg/kg pg/L mglkg
851-2 EP 521 -2.9 49.23 167 16.7 16.2 1.62 459 45.9 72.5 7.25 208 20.8 1500 150
851-3 EP 306 -2.9 27.72 90.3 9.03 4.7 0.47 291 29.1 52.5 5.25 477 47.7 760 76
851-4 EP 691 -2.1 66.97 155 15.5 7.9 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 4.79 40.1 4.01 372 37.2 903 90.3
863-3 EP 342 -3.0 31.2 76.5 7.65 2.6 0.26 37.8 3.78 37.6 3.76 184 18.4 799 79.9
863-4 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
864-2 NT 442 -2.7 41.49 244 24.4 1.3 0.13 64.2 6.42 67.5 6.75 1040 104 1070 107
864-3 NT 513 -3.0 48.3 122 12.2 1.3 0.13 61.1 6.11 65 6.5 794 79.4 1010 101"
864-4 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

865-2 NT 434 -3.0 40.4 226 22.6 1.6 0.16 109 10.9 57.5 5.75 139 .13.9 774 77.4
866-2 NT 843 -2.6 81.73 886 88.6 2.8 0.28 126 12.6 152 15.2 1070 107 1580 158
866-3 NT 190 -2.7 16.29 84.9 8.49 1 0.1 53.6 5.36 90 9 855 85.5 834 83.4
866-4 NT 105 -2.8 7.73 53.7 5.37 1.4 0.14 140 14 102 10.2 1320 132 710 71
866-5 NT 109 -2.3 8.6 48 4.8 -1 0.1 21.6 2.16 97.4 9.74 232 23.2 949 94.9
866-6 NT 85.6 -2.4 6.21 48.4 4.84 1.2. 0.12 13. 1.3 117 11.7 230 23 748 74.8

867-2 HL 566 -3.0 53.6 77.8 7.78 1.4 0.14 '.,13 1.3 35.1 3.51 1670 167 1230 123
867-3 HL 474 -3.0 44.4 69.6 6.96 1.3 0.13 13 1.3 35.1 3.51 786 78.6 786 78.6
868-2 HL 577 -3.0 54.7 67.4 6.74 3.5 0.35 24.3 2.43 35.1 3.51 1170 117 1660 166
868-3 HL 935 -3.0 90.5 89.8 .8.98 5.1 0.51 64.8 6.48 40.1 4.01 472 47.2 1820 182
868-4 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 89.8 2.6 0.26 22.1 2.21 47.6 4.76 554 55.4 1450 145

869-3 BG 921 -3.0 89.1 930 93 2.1 0.21 13 1.3 50.1 5.01 172 17.2 1580 158

869-4 BG 613 -3.0 58.3 224 22.4 1.5 0.15 13 1.3 35.1 3.51 193 19.3 1260 126

870-2 BG 877 -3.0 84.7 193 19.3 1.1 0.11 13 1.3 45.1 4.51 244 24.4 1130 113

870-3 BG 686 -3.0 65.6 182 18.2 1.3 0.13 13 1.3 52.5 5.25 2790 279 1120 112

870-4 BG 682 -1.1 67.15 207 20.7 2.3 0.23 13 1.3 35.1 3.51 133 13.3 1070 107

-Mn mtat was adsoredo dunng me ground-water extracton step is assumeo to leach back out in mis HuI step
BG = Background area

EP = Evaporation ponds

HL = Heap-leach pads

NT = New tailings pile

(Shaded cells = detection limit; actual value was lower than this value.)
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Table 4-7. Total Dissolution

Sample Area Mn Sr U V

ID ID mg/kg mg/kg mg/kg mg/kg NH: N0 3. S04

851-2 EP 85.6 7 0.27 15.7 NA NA NA

851-3 EP 94.4 4.3 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 1.8 0.13 4.4 NA NA NA

863-3 EP 38.7 1.6 0.13 4.3 NA NA NA

863-4 EP 108 5.5 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 5.7 NA NA NA

864-4 NT 73.6 3.9 0.16 5.1 NA NA NA

865-2 NT 45 5.3 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 2.4 0.13 3.9 NA NA NA

866-4 NT 32 5.8 0.18 7.6 NA NA NA

866-5 NT 25.7 2.5 0.12 3.4 NA NA NA

866-6 NT 26.2 2.6 0.14 3.7 NA NA NA

867-2 HL 21.5 1.1 0.1 2.4 NA NA NA

867-3 HL 22.1 1.2 0.09 2.5 NA NA NA

868-2 HL 47.2 2.4 0.11 3.3 NA NA NA

868-3 HL 99.2 1.7 0.13 4.1 NA NA NA

868-4 HL 131 4.4 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 4.4 0.24 6.1 NA NA NA

869-4 BG 39.8 3.8 0.18 4.8 NA NA NA

870-2 BG 23.5 1.7 0.12 2.8 NA NA NA

870-3 BG 20.4 2.1 0.13 2.8 NA NA NA

870-4 BG 17.1 3.1 0.17 3.3 NA NA NA
Total digestions were not performed for NO3, NH4, and SO4 due to probability of volatilization.

I
I
I
I
I
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I
I
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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 x (332-330) pg L x 1,000 g X mg =0.2 mg/kg (Column 8,
2 g L 1,000 mL kg 1,000 pg Table 4-5)

For the HCl extraction:

200 mL 167 pig L 1,000 g mg 16.7 mg/kg (Column 7,
2 g L 1,000 mL kg 1*,000 pg

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 5-percent HCI extractant. Thus, this amount was
subtracted from the mass extracted by HC1 (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 occurring 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
duringthe 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 in
Appendix B. A map showing the location where each test was performed is also provided in
Appendix B.

.1
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Table 4-8. Total Amount Extracted

Mn Sr U V NH 4  NO 3  SO4mg/kg mg/kg mglkg mg/kg mg/kg mg/kg mg/kg

851-2 EP 134.93 32.81 3.48 202.4 27.24, 1775.8 7270

851-3 EP 122.89 19.38 1.11 142.1 10.81 942.7 2866
851-4 EP 188.28 24.92 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
863-4 EP 151.4 23.98 0.62 21.29 13.74 632.9 1768.1
864-2 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
864-4 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
866-2 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
866-4 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
866-6 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 5.4 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 224.6 111.65 0.78 16.51 7.33 231.2 562
869-3 BG 139.8 106.46 0.58 9 7.79 114.2 611

869-4 BG 98.2 31.91 0.44 7.7 8.15 941.3 499
870-2 BG 108.38 27.35 0.33 5.7 9.38 90 311
870-3 BG 86.61 25.78 0.36 5.7 9.2 362.9 295
870-4 BG 84.84 29.38 0.56 6.2 6.99 372.2 291.9,
Crustal Avera8 e 1 950 375 1.8 135 2 6b 89c 7 8 0 d

From Mason and Moore 1982.
b Crustal average composition of nitrogen cast as NH4.
0 Crustal average composition of nitrogen cast as NO3.
d Crustal average composition of sulfur cast as SO4.

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.

I
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Table 4-9. Permeability Test Results

Test Area Nomograph Glover Eqn
No. No. K, (ftlyear) K, (ft/year)

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 72.11
MON-305 1 9.00 8.02
MON-306 1 650.00 677.69
MON-307 3 115.00 126.23
MON-308 3 195.00 199.69

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) approximately 2 ft below the
ground surface.

Table 4-10. Summary of Permeability Test Area

Area No. of Tests Test Result Nomograph Glover Eqn
K, (ftlyear) K, (ftlyear)

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 4a geomean 144.97 151.42
Area 4 2 geomean 103.56 74.71
Area 5 1 NAb 160.00 169.68

aIncludes one duplicate
b Not Applicable, only one test was conducted in Area 5.

DOE/Grand Junction Office
April 1999
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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 m
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 U
soil texture data. Soil texture greatly influences the movement and storage of soil water [
(Hillel 1980).

4.6.2.1 Particle-Size Analysis Procedure m

Composite soil samples were collected from a subset of the boreholes that were excavated for the
surface soil infiltration tests (Figure B-i): 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-3 07) and Area 4 (MON-3 10). Composites consisted of evenly mixed samples m
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 fimes (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 Texture 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 m
soils are classified as sand. Two exceptions were MON-301 and MON-3 10. MON-301, a
subsoil in the pond area (Area 2) contained 23 percent silt and is classified as a loamy sand.

MON-3 10 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 Aquifer 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 ClassificationD
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 2 72 23 2 loamy sand SM
MON-302 0 1 87 11 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

aMechanical 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 - silty sands,
poorly graded sand-silt mixtures, and SP = poorly graded sands, gravely sands, little or no fines.

4.6.3.1 Previous Investigations

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-65 1, 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
eolian 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 this
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.

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
April 1999 Page 4-37



Field Investigation Results Document Number U0018101

Table 4-12. Summary of Hydraulic Conductivity from 1985 Aquifer and Slug Tests

Bouwer- Hvorslev Ferris-Knowles CBP Arithmetic Geometric
Formation Well l.D. Rice Method Method Method Mean K Mean K

Method

AL MON-602 4.3 x 10 3.3 x 10 NA NA 3.8 x 10 NA

AL MON-604 1.7 x 10 NA NA NA 1.7 x 10- NA
AL MON-605 3.6 x 10 4.6 x 10 NA NA 4.1 x 10 NA
AL MON-651 NA NA NA NA 2.2 x 1T" NA
AL MON-653 3.3 x 10 4.5 x 10 NA NA 3.9x 10- NA
AL MON-655 3.9x 10 4.6 x 10 NA NA 4.3 x 10-6 NA
AL MON-656 2.8 x 10-5 3.2 x 10-5 NA NA 3.0x 10 NA
AL MON-662 2.0 x 10 2.9 x 10 NA NA 2.5 x 10 NA
AL MON-669 5.4 x 10- 9.5x10- NA NA 7.5x10• NA

DC MON-610 2.2 x 10 2.7 x 10 9.5 x 10 7  3.1 x 10 2.2 x 10 2.0 x 10
DC MON-612 NA NA 1.8 x 10 2.9 x 10 2.4 x 10-6 NA
DC MON-657 NA NA 1.1 x 10- 4.1 x 10 2.6 x 10 NA
DC MON-661 NA NA NA 2.1 x I0V 2.1 x 10V NA
DC MON-663 NA NA 2.1 x 107  3.2 x 10 7  2.7 x 10-7  NA
DC MON-667 NA NA 3.2 x 10 6.0 x 10"6 1.9 x 10 1.4 x 10-
DC MON-668 NA NA 4.4x 10-7  1.7 x 10- 1.1 x 10V 8.6x10-7

SR MON-601 5.5 x 10- NA NA NA 5.5 x 10 - NA
SR MON-658 1.4 x 10 NA 4.9 x 10-1 2.3 x 10 - 1.4 x 10 1.2 x 10
SR MON-659 1.2 x 10"5 NA 4.5 x 10 2.1 x 10-5 1.3 x 10 1.0 x 10-
SR MON-660 9.4 x 10' NA 7.2 x 10- NA 8.3 x 1- 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

Bottom ofTop of Screen Screen Approx. Dist. from
Well No. Well Type Aquifer Elevation Elevation Pumping Well (f)

(ft above MSL) (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 applicable, well not screened at time of 1992 test.

I
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The well MON-619 test included a step test run at pumping rates of 9 gpm and 14to 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 Conductivity Range Velocity Range

Porosity Gradient (ft/day) (ft/day)

Alluvial 0.25 0.011 0.28 to 19 0.01 to 0.84

Shinarump 0.10 0.010 0.39 to 8.1 0.04 to 0.80

De Chelly 0.10 0.011 0.018 to 2.8 0.002 to 0.3
Source: Monument Valley 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 (ft2/min). :1
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 3
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 the sustainable flow rate could not be increased, it is
expected that the specific capacity calculated from the first step test (0.009 ft2/min) would not
change significantly. 3
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 0.20 to
0.32 ft/day. The 1985 data analyses suggested a hydraulic conductivity ranging from 0.34 to
0.40 ft/day for well MON-655. u

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

Vs K XdhIn. dl

where v, is the seepage velocity (ft/day), K is the hydraulic conductivity (ft/day), n, is the i
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 0.075 to -,

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). 3
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Table 4-15. Summary of Pump Test Analyses 9/97--Alluvial Aquifer Monument Valley Field Investigation
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Test Well Theis Analysis Cooper/Jacob Neuman Semi-Log Theis/Jacob Rec

Location Type AQ T (ft2/min) K (ft/day) T (ft2/min) K (ft/day) T (ft2/min) K (ftlday) Sy T (ft2/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 OBS Alluv 0.461 11.9 0.302 7.8 0.322 8.3 0.71 INC INC
PP

Well 766 OBS Alluv 0.411 10.6 0.486 12.5 0.581 14.9 0.057 INC INC
FP I _ L_ I

0

S.

CD

to

Hydraulic Conductivity
Geometric Mean Summary

Well 765
Well 777 Well 766 Cllste5

-Cluster*

K (ft/day) K (ft/day) K (ft/day)
9.2 12.5 10.7

AQ = The aquifer the well is screened in
FP = Well fully penetrating
K = Hydraulic conductivity
INC = Data provided inconclusiveresults
NA = Not applicable
OBS = Observation Well
PP = Well partially penetrating
PUMP = Pumping well
Sy = Specific yield
T Transmissivity
* = Well 765 recovery data not included
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Table 4-16. Summary of Pump Test Analysis 12/97-Alluvial Aquifer Monument Valley Field Investigation Slug Tests
Slug Tests

Test Location Well AQ Flow Theis Analysis Cooper/Jacob Neuman Semi-Log TheislJacob RecType Rate
T____m_)____f dy)T_ __m_) _K(fdy)T (ft`imin) K (ft)day)j Sy T (ft`/mln) K(ft/day) K (ft/day) K (ft/day)

Well 655 Cluster
Well 771 OBS Alluv 0.55 GPM 0.093 3.2 0.075 2.6 0.051 1.7 0.001 INC INC NA NA

PPI

Well 655 PUMP Alluv 0.55 GPM NA NA NA NA NA NA NA 0.002 0.060 0.32 0.20PP

Well 765 Cluster
Well 777 OBS Alluv 3GPM 0.450 11.6 0.445 11.4 0.482 12.4 0.41 INC INC NA NA
__________ PP

WellAlluv 325 GPM 0.868 22.2 0.752 19.3 1.062 27.3 0.37 0.681 17.4 NA NA

WellAlluv 3GPM 1.130 28.9 0.717 18.3 0.794 20.4 0.015 INC INC NA NA
PP

Well 766 OBS Alluv 3.25 GPM 1.370 35.3 1.320 34.0 0.910 23.4 0.017 0.993 25.5 NA NA

Well 765 PUMP Alluv 3.25 GPM NA NA NA NA NA NA NA 0.003 0.077 NA NA
PP

WK

Hydraulic Conductivity Geometric Mean Summary

Well 771 Well 655 Well 777 Well 7 Wl 7V5 Well 765

Flow Rate AQ Test Slug Test AQ Test AQ Test Rec Test Cluster*

K (ft/day) K (ftlday) K (ft/day) K (ft/day) K (ft/day) K (ft/day)
0.55 GPM 2.4 0.25 NA NA NA NA
3.0 GPM NA NA 11.8 22.1 NA 16.1
3.25 GPM NA NA 21.2 29.1 0.077 24.9

3 & 3.25 GPM NA NA 16.5 25.9 0.077 21.5
0
0

AQ = The aquifer the well is screened in
o INC = Result inconclusive

K = Hydraulic conductivity
NA = Not applicable
OBS = Observation well
PP = Well partially penetrating well E3
PUMP = Pumping well
Sy = Specific yieldE, T = Transmissivity

0 * = 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 observation 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 ft2/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 0.0 10 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 ft2/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 02 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.

De Chelly Test

As previously 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 3
slight break in the slope.

Table 4-17 shows the hydraulic conductivity values that resulted from analysis of data collected U
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 U
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 10- to 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

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

" 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, Arizona 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 Theis Analysis Jacob/Cooper Hantush Thels Jacob Rec
Location Type AQ T (ft21min) K (ftlday) S T (ft2/min) K (ftfday) S T (ft2 lmln) K (ftlday) S T (fttlmln) K (ft/day)

PUMP DeC NA NA NA NA NA NA NA NA NA 0.69 2.00
Well 619 PP

OBS DeC 1.05 3.00 4.72E-04 1.51 4.30 8.36E-05 0.33 1.00 227E-04 0.70 2.00Well 776 Pp_________________________
PP

OBS DeC 0.37 1.10 4.20E-04 0.63 1.80 3.22E-04 0.21 0.60 3.17E-04 0.40 1.20Well 668 P ________ _________________
PP

OBS Alluv 2.35 58.50 NA 0.69 17.10 NA NA NA NA 0.83 14.80
Well 774 FP

z
9l

Hydraulic Conductivity Geometric Mean Summary
Well 619 Well 776 Well 668 Well 774* Well 619 Cluster"*
K (ft/day) K (ft/day) K (ftlday) K (ftlday) K (ftIday)

2.00 2/25 1.09 15.91 1.61

0

0~

0

0

CD

cc

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 to 35.3 ft/day (geometric mean of 21.5 ft/day). Based on the analyses of data collected 3
during the December 1997 tests, the seepage velocity ranges from 0.50 to 1.55 fl/day.

• The specific yield, based on December 1997 test data, ranges from 0.015 to 0.41. 1
" The specific capacities of wells MON-655 and MON-765 are 0.009 and 0.016 ft2/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

" 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 I
velocity ranges from 0.06 to 0.4 ft/day.

* Analyses of data suggest the storativity ranges from 8.3 x 10- to 4.7 x 10-4. According to 3
the step test data, the specific capacity of well MON-619 is 0.79 ft2/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. 3

• The De Chelly aquifer appears to be unconfined to semiconfmed in the vicinity 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) A
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 3
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 health and ecological risks associated with site-related contaminated ground water.

" Soil water balance effects on recharge and discharge components of the hydrological system.

* Feasibility of the phytoremediation alternative.

• Feasibility of the land application alternative for ground water remediation.

The plant ecology investigation consisted of

" A plant species survey.

• Estimates of the percent cover and age structure of phreatophyte populations.

" Evaluations of the composition, relative abundance, and distribution of plant associations.

" Vegetation 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_ below the land'surface
(Nichols 1993). Fourwing saltbush (Atriplex 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.

DOE/Grand Junction Office
April 1999

Site Observational Work Plan for Monument Valley, Arizona
Page 4-47



Field Investigation Results Document Number U0018101

Table 4-18. Plants Growing on the Reclaimed Tailings and Plume Areas at the Monument Valley Site

Scientific Name I Acronym" Common Names'

Shrubs

Artemisia filifolia Torr. ARFI sand sagebrush, old-man sagebrush

Atnplex canescens (Pursh) Nutt. ATCA fourwing saltbush, cenizo, chamizo

Atriplex confertifolia (Torn. & Frem.) Wats. ATCO shadscale, spiny saitbush, 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 pluriflorus (Gray) Hall HAPL jimmyweed, jimmy goldenbush

Lycium pallidium Miers LYPA tomatillo, desert wolfberry

Opuntie phaeacentha 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 douglasfi DC. SEDO threadleaf groundsel, creek senecio

Tamarix ramosissima Ledeb. TARA tamarisk, salt cedar, tamadsco

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

Hilaia jamesdi (Torr.) Benth. HIJA galleta, curly grass

Oryzopsis hymenoides (R. & S.) Ricker ORHY Indian dcegrass, sand bunchgrass

Sporebolis airoides (Torn.) Torn, SPAI alkali saccaton

Sporabolis cryptandrus (Torr.) Gray SPCR sand dropseed

Sporabolus contractus A.S. Hitchc. 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

Amsinkia tessellate Gray AMTE rough fiddleneck

Arabis L. species AR sp. rockcress mustard

Astragalus L. species AS sp. milkvetch, locoweed

Daturawnightii Regel DAWR sacred datura, angels trumpet

Descurainia pinnata (Walter) Britt. DEPI pinnate tansey-mustard

Engeron L. species ER spi. daisy

Eriogonum 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

Oenothere albicaulis Pursh OEAL white-stemmed evening primrose

Plantago patagonica Jacq. PLPA wooly plantain

Salsola iberica Sennen & Pau SAIB Russian thistle, tumbleweed

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Sphaeralcea coccinea (Pursh) Rydb. SPCO-2 scarlet globemallow, falsemallow
Sphaeralcee parvifolia A. Nels 1 SPPA Nelson(

rThe 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.
GEnglish and Spanish common names are from a variety of sources(Mayes and Lacy 1989; Dodge 1985; Elmore and Janish 1976;

Dunmire and Tiemey 1995; and Whitson 1992).

I
I
I
I
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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 as a
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 = •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 1 0-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 water
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 acceptable nitrate uptake rates. Therefore, the feasibility of the phytoremediation
alternative is dependent on rapid establishment and growth of greasewood transplants in
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Table 4-19. Black Greasewood Cover Estimates

TranseCts Line Interceptb

Transects North of Baseline Transects South of Baseline
Starting Starting Intercept Distances Starting Intercept Distances

Number Point (m) Point (m) Azimuth0 Canopy Measurements (m)d Total (m) Point (m) Azimuth0 Canopy Measurements (m)d Total (m)
1 20.49 2.23 99.51 1.25, 2.57, 2.33, 1.97 8.12 26.61 207.46 2.69, 2.74, 6.50 11.93

57.13 16.13 3.58, 4.36, 3.04, 1.55 12.53 43.95 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

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 19.99
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
77.37 344.66 1.97, 2.09 _ 4.06 84.59 122.81 2.57, 0.66, 0.48, 1.73 5.43

119.09 287.92 4.06, 0.95, 1.25, 1.91, 3.64 11.81
142.59 170.33 1.43, 1.37, 1.61, 1.73 6.15

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

4 143.04 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

5 162.15 12.59 337.01 1.49, 0.84, 2.57, 7.64 12.53 std. dev. 15.21
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.I. 5.78
94.46 247.85 0.60, 5.13,1.07, 3.58,1.79, 1.91 14.08 95% LCL 31.36

147.02 169.11 2.74, 2.09, 0.78, 0.95, 2.92, 3.88 13.37 95% UCL 42.93

8 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.
b Lines for measuring black greasewood canopy intercept started at random distances and extended at random azimuths from transects.
c Degrees clockwise from north.
8 Each measurement represents the length of canopy of an individual black greasewood "contacted" by the intercept line.
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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 areja.The density of new greasewood plants (Table 4-20),
mostly likely clones, were counted within a 6-im radius of the three larger nurse plants.

Table 4-20. Canopy Measurements and Annual Growth Rings of Black Greasewood
and Fourwing Saltbush

Plant Height Long Short Canopy Clone Annual
Diameter Diameter Volumeb DensityO Growth

Number' (m) (m) (m) (M 3) (100 mi) Rings

SAVE1 1.35 2.64 2.03 5.68 1.8 4

SAVE2 1.47 2.31 2.16 5.76 3.5 4

SAVE3 1.45 2.97 1.83 6.19 14.2 4

ATCA1 1.02 1.47 1.32 1.55 NA 4

ATCA2 0.89 1.52 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 diameter/2)--multiplied 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.
m2= 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 (I) 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 relev6 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 Relevi 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 Relev6 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 .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 comer of the mill site fence

I

I
U

I
I
I
1
I
I
I
I
I

Relev6 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), Haplopappuspluriflorus (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.

I
I
I
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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 overriding
importance in controlling spatial distributions of plant associations.

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 relev6 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 relevd 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 Tegraded 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 Relev6 Data Showing Species Groups or Associations

KelevO Nurner
Genus Species 606E 656 1 676 1 678 1 766E 684 DR 766W 664 695NE 694 655 1 663W MSNE 662

Shrubs
Artemisia filifolia 1 1 +

Sarcobatus vermiculatus 2 2 1 1 + +
Atriplex confertifolia 1 1 + 1 +

Senecio douglasii + + 1
Atriplex canescens 2 1 1 1 1 1 1 1 1 + + + + +

Haplopappus plurftlods 1 2 1 2 2 2 1 1 1 1 +
Ephedra torfeyana + + + + 1 1I
Po1iomintha incana + + 1 2 1 +

Gutienuzia samthrae + + + + + + +

Yucca angustissima + + + + +
Opuntia phaeacantha + + + +
Chrysothamnus nauseosus +
Tamarix ramosissima
Lycium pallidium

Grasses
Bromus tectonmm + + 1 + + 1 + + + + 4

Otyzopsis hymenoides + + + + + + + 1 1 1 + + +

Sporabolis cryptandrus + + + + + + + + + 1 + +

Festuca microstacys + +

Sporabolus contractus + + + + + + +

Sporabolis airoides + + + + + +

Hilara james/i + i I I
Sporabolus giganteous + + +

Aristida purpurea

Forbs
Salsola iberica 2 2 1 + 1 2 1 + + 1 2 2 2

Ambrosia acanthacarpa 1 1 + + 1 1 + + 1 1 +

Descurainia pinnata + + + + + + + + + + +

Sphaeralcea coccinea + + + + +
Plantago patagonica + + + + + +

Amsinlda tessellata + + + + + +
As/iagalus sp. + + + I

Arabis sp. + + + + + + 1 +

Edogonum sp. + + +
Engewon sp. + +
Machaeranthera sp. + +
Lepidium sp.
Kochia scopada

Sphaeralcea parvifolia +
Datura wright/i +

Lupinus sp. +
Oenothera albicaulis

Cover Classes: (+) <1 percent, (1) 1 to 5 percent (2) 5 to 25 percent, (3) 25 to 50 percent, (4) 50 to 75 percent, (5) 75 to 100 percent

- m - m m - -- - m - - - m -
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Figure 4-11. Indirect Gradient Analysis of Monument Valley Plume Vegetation

Production of the vegetation map (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/ ATCOa Greasewood / Shadscale Sarcobatus vermiculatus /Atnplex confertifolia 606E, 656, 676, 681

ATCA/HAPL Fourwing saltbush Atriplex canescens / Haplopappus pluriflorus 656, 676, 678, 766E, 684, DR,
Jimmyweed 766W, 664, 695NE

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

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

Bare Denuded NA NA

OThe SAVE/ATCO unit enclosed two distinctly different vegetation patterns when examined on the aeral 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
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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 I

Each new monitor well was allowed to sit undisturbed for at least. 40 hours after final completion 3
before it was developed. Development was performed according to the Work Plan for -
Characterization Activities at the UMTRA Monument Valley Project Site (DOE 1997c). 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 I
Analysis Plan for the UMTRA Ground Water Project (DOE 1996a) and the Environmental
Procedures Catalog (GJO 1998). The following specific procedures from theiEnvironmental
Procedures Catalog (GJO 1998) were used for ground water sampling:

" GN-8(P), "Standard Practice for Sample Labeling."

aGN-9(P), "Standard Practice for Chain-of-Sample-Custody and Physical Security ofSamples."

* GN-13(P), "Standard Practice for Equipment Decontamination."

" LQ-3(P), "Standard Practice for Purging Monitor wells."

" LQ-1 1(P), "Standard Practice for Sampling Liquids." I
aLQm 2(P), "Standard Practice for the Collection, Filtration, and Preservation of Liquid

Samples."

LQ-2(T), "Standard Test Method for the Measurement of Water Levels in Ground Water
Monitor Wells."

" LQ-4(T), "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 Observational Work Plan for Monument Valley, Arizona DOE/Gand 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."

* LQ-8(T), "Standard Test Method for the Field Measurement of Temperature."

* LQ-9(T), "Standard Test Method for the Field Measurement of Dissolved Oxygen."

* LQ-10(T), "Standard Test Method for Turbidity in Water."

4.9.2 GJO Analytical Laboratory Sample Analysis Results

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

Final analytical results were entered into the SEEUMTRA database and an independent data
validation assessmefit 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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5.0 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 Figure 5-3, which is 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 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 eight 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 I
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 typically is N70°E and 250 SE,
respectively.

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 Moenkopi 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 I
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 a 12- to 13-ft I
thickness of the Hoskinnini Member.

Basal Hoskinnini strata are considered to be a reworked zone composed partly of the underlying I
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

|I
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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 I
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) I
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 f
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 I
cracks.

A fine- to medium-grained, reddish-tan, fluvial sandstone bed about 2 ft (0.6 m) thick overlies I
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 fime-grained sandstone, and silty shale
beds constitute the upper siltstone member, which is similar in composition to the lower siltstone I
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 I
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 (1OYR 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
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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 Shinanrmp 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 % to 1 in. (2 to
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 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 drilling 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 Shinarump has cut down about 30 ft (9 m)
into the Moenkopi Formation.

DOE/Grand Junction Office
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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 I
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 i
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 in Cane Valley.

5.1.2.6 Petrified Forest Member of Chinle Formation 3
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 i
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. i
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 I
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 3
Thick, unconsolidated 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 i
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
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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 (5YR 5/6) to reddish yellow (5YR 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
aloiig the east and west flanks of the valley, generally where the Quaternary thickness is less than
50 ft (15 in), 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
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19 m]) were found that extend (can be correlated) for distances 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 joint 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
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 displacement could be found, the displaced 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 N40E, respectively. These systems alongwith 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 operations (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 I 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 xin). 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 Hoskinni'ni
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 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 I
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 I
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 kim) 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 I
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 resulting in brief formation of lakes and I
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 I
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 I
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 I
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 dnsite are the alluvial, Shinarump, and De Chelly aquifers (in I
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 unconfmed 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'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.

Assuming an effective porosity of 0.25 and a hydraulic gradient 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 Do 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 601 GW 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 3/26187 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 4/20/94 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
11/15/95 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 4870.74, 4829.85 0.010
8/19/97 4838.61 4801.97 0.011 8/19/97 4870.47 4829.31 0.010

AV__G 01j _ AVG 0_010
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Figure 5-4. Alluvial Aquifer Potentiometric Surface Contour Map

DOE/Grand Junction Office
April 1999

Site Observational Work Plan for Monument Valley, Arizona
Page 5-17



Document Number U0018101 Site Conceptual Model

late summer and early fall. Using the Thomthwaite 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 the 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 Shinarump has been eroded, it has been replaced
by alluvial material.

Shinarump ground water generally occurs under semiconfmed 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 5-1, 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 (0.01,8) compared to the north of the site (0.011). Using water-level data collected from I
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 gradient 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. 3
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 3
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 3
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. I
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. i

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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Figure 5-5. Shinarump Aquifer Potentiometric Surface Contour Map
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Figure 5-6. De Chelly Aquifer Potentiometric Surface Contour Map

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
April 1999 Page 5-23



Document Number UOO 18 101 Site Conceptual Model

Table 5-2. Ground Water Vertical Velocity Calculations-Monument Valley Field Investigation

Scm Midpt Screen Elev Dlfferenc_

Well Aquifer TOS Elev BOS Elev EBev DcC/A Sr/Al Dc/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 1 1
Ground Water Elevation Head Difference Vertical Gradient Vertical Specific Discharge

Well 606 Well 663 Well 659 Dc/Al SrIAl Dc/Sr Dc/AI. SrIAl Dc/Sr Dc/AI SrlAl Dc/Sr
Date Al Dc Sr Diff Diff Diff Grad Grad Grad Iftday /ftday ft/day

1019/86 4828.13 4832.38 4828.20 -4,25 -0.07 -4.18 -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 0.50 -3.79 -0.021 0.008 -0.039 4,11E-07 -6.70E-04 .4.74E-07
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-01

12/1189 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-0O

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-0
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-0

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-0

6/29/93 4828.81 4826.52 4828.89 2.29 -0.08 2.37 0.015 -0.001 0.024 -2.86E-07 1.07E-04 -2.96E-0
12/9/93 4828.19 4829.27 4828.31 -1.08 -0.12 -0.96 -0.007 -0.0021 -0.010 1.35E-07 1.61E-04 1.20E-0

4/20/94 4828.55 4831.19 4828.68 -2.64 -0.13 -2.51 -0.017 -0.002 -0.026 3.30E-07 1.74E-04 3.14E-0
12/8/94 4828.50 4831.64 4828.62 -3.34 -0.12 -3.22 -0.021 -0.002 -0.033 4.18E-07 1.61E-04 4.03E-0
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-0

11/15/95 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-0

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-0
_______ Avg -2.90 -0.04 -2.86 -0.018 -0.001 -0.029 3.63E-07 5.07E-00 3.58E-0-, .•':<v:,•( tcj... ....•. ........ ...... "••.. '::':. ... • S t':.•", :" i •"'• •

WVmRW .,... 666604luster*~.-

Scm Mid•t Screen Elev Differenc_

Well Aquifer TOS Elev BOS Elev Elev Dc/AI Sr/Al Dc/Sr

MON-653 Al 4778.94 4758.94 4768.94 154.18 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 Dc/Sr Dc/Al Sr/Al Dc/Sr Dc/Al Sr/Al Dc/Sr

Date Al Dc Sr Diff Diff Diff Grad Grad Grad ft/day ft/day fday
10/19/85 4799.39 4805.01 4800.91 -5.62 -1.52 -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 -5.66 -2.93 -2.73 -0.037 -0.038 -0.036 7.20E-07 3.01E-03 3.41E-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 14798.87 4804.16 4801.88 -5.29 -3.01 -2.28 -0.034 -0.039 -0.030 6.73E-07 3.10E-03 2.85E-0O

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-01

8/13/92 4799.74 4805.66 4802.73 -5.92 -2.99 -2.93 -0.038 -0.038 -0.038 7.53E-07 3.08E-03 3.66E-0O
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--0

2/18/93 4799.82. 4803.16 4802.86 -3.34 -3.04 -0.30 -0.022 -0.039 -0.004 4.25E-07 3.13E-03 3.75E-0

6/29/93 4800.19 4801.44 4802.90 -1.25 -2.71 1.46 -0.008 -0.035 0.019 1.59E-07 2.79E-03 -1.83E-0

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-0
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-0

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-0

4/19/95 4800.22 4806.71 4803.23 -6.49 -3.01 -3.48 -0.042 -0.039 -0.046 8.26E--07 3.10E-03 4.35E-0A

11/15/95 4800.12 4806.44 4803.07 -6.32 -2.95 . -3.37 -0.041 -0.038 -0.044 8.04E-07 3.03E-03 4.21E-0

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-02

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--0
SM Avg -5.58 -2.86 -2.72 -0.036 -0.037 -0.036 .7 11E-07 2.94E-03 3.40E-07
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Table 5-2. (continued) Ground Water Vertical Velocity Calculations-Monument Valley Field Investigation

Weall MION-4`6O3/61,1/E105Cluster____
Scm Midpt Screen Elev Difference

Well Aquifer TOS Elev BOS Elev Elev Dc/AI Sr/AI Dc/Sr

MON-603 A] 4805.56 4795.56 4800.56 125.21 29.27 95.94.MON-615 Sr 4781.29 4761.29 4771.29

MON-611 Dc 4685.35 4665.35 4675.35
Ground Water Elevation Head Difference Vertical Gradient Vertical Specific Discharge

Well 603 Well 611 Well 615 Dc/Al Sr/AlI Dc/Sr Dc/Al Sr/Al Dc/Sr Dc/Al Sr/Al Dc/Sr

Date Al Dc Sr Duff Duff Duff 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-0O

3/26/87 4838.16 4849.31 4838.23 -11.15 -0.07 -11.08 -0.089 -0.002 -0.115 1.39E-06 1.91E-04 1.39E-01

5/8/87 4838.60 4849.31 4838.96 -10.71 -0.36 -10.35 -0.086 -0.012 -0.108 1.34E-06 9.84E-04 1.29E-01

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-0

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

12/9/93 4837.98 4849.31 4838.31 -11.33 -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-0

12/7/94 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-0

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-0

1/12/97 4839.02 4849.31 4839.43 -10.29 -0.41 -9.88 -0.082 -0.014 -0.103 t.29E-06 1.12E-03 1.24E-0(

8/19/97 4838.61 4849.31 4839.03 -10.70 -0.42 -10.28 -0.085 -0.014 -0.107 1.34E-06 1.15E-03 1.29E-0O
_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

te WideAverages: Dc/Al [Sr/Al Dc/Sr Dc/Al ESr/Al Dc/S6 r

______ ft/ft ft/ft ft/day fJ ay Ift/day
______________F _ -0.045 1-0.017 -0.055l -7R80E-07 1 130F- S 62E -07

Notes : Al
Bos Elev
Dc
Grad
Scm Midpt
Sr
TOS Elev

= Alluvial Aquifer
= Bottom of screen elevation (MSL)
= De Chelly Aquifer
= Gradient
= Screen midpoint elevation (MSL)
= Shinarump Aquifer
= Top of screen elevation (MSL)

I
I
I
I
I
I
I
I
I
U
I
I
I
I
I
I
I
I
I

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 -0.0 17; 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.
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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, - h2) / b) K

where q = the groundwater vertical specific discharge, or flux (ft/day). The hl term is the
hydraulic head measured in the Shinarump aquifer overlying the Moenkopi confining unit, while
h2 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 10' 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 10-1 to 10' ft/day. Using the midpoint
of this range, the Moenkopi vertical hydraulic conductivity is estimated to be 5x 10' 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 /dl) 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 conductivity of the Shinarump used to calculate the specific
discharge 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
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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 3
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 l
location, a total thickness of 110 ft with a vertical conductivity of 1.4x1 0- ft/day were used for
the b and K terms, respectively. i

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. 3
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 i
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 direct result of flow U
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 U
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. 3
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 I
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. i

Figure 5-7 shows the boundaries (which encompass a total area of 50,140,000 ft2 ) 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 3
and western boundaries into the site, ground water migrating from the underlying De Chelly, and
recharge from precipitation. Outflow 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 witer 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 i

annual precipitation is estimated to actually infiltrate and provide recharge to the alluvial aquifer
(Stephens 1994). I
ET, which 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: 3
• The flow system for the alluvial aquifer is assumed to be unconfined across the site, with a

hydraulic conductivity within the flow system assumed to be one order of magnitude lower 3
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 3
assumed to be nearly horizontal. Upgradient and downgradient boundaries of the flow
system are assumed to have fixed heads, with discharge through the aquifer assumed to be
steady-state. 5
Monument Valley is similar to other sites within the ard southwestern United States,
therefore measured recharge rates in other parts of the southwest are similar to those at I
Monument Valley.

Flow into the site along the east and west is dependent upon respective watershed areas. i

Site Observational Work Plan for Monument Valley, Arizona DOE/Grand Junction Office
Page 5-30 April 1999



Document Number UOO 18 101 Site Conceptual Model

5.2.6 Water Balance Calculations

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 ftS/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 (WS 1 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 WS 1, 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 0.0 10 to 0.0 12 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 ftlday. 5
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 U
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 I
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 5
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. 5
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 the alluvial
system (Cross-section B, Plate 2). One explanation is the possible presence of the improperly
abandoned exploration boreholes, as previously discussed. Based on the information available at
this time, there is insufficient data to estimate the flow rate of De Chelly groundwater into the
alluvial aquifer.

5.2.9 Evapotranspiration 3
In deep, fine- to medium-textured soils, ET can account for almost all infiltration in upland arid
areas where healthy, late-successional vegetation dominates. However, overgrazing of Cane I
Valley rangelands has greatly reduced leaf area; the removal of soil via transpiration is less than
would be expected for healthy rangeland. Therefore, localized recharge (downward movement of
soil water below the influence of plants) in the plume vicinity may exceed 10 percent of the I
precipitation volume.

Phreatophyte populations downgradient of the mill site are ground water discharge zones
(Section 4.7.3.3). Development of a conceptual water balance model for the site requires estimates
of ET rates. for these phreatophyte communities. Given the depth to ground water and the presence
of a top layer of dune sand that can act as a capillary barrier to vertical tension gradients, the I
evaporation component of discharge is likely insignificant (less than 0.00009 ftlday, less than
0.00009 vapor flow). 3
Site Observational Work Plan for Monument Valley, Arizona DOE/Grand Junction Office
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Figure 5-8. Saturated Thickness
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As shown on Figure 5-11, two distinct areas have been delineated (based on current plant
communities) from which ground water is discharged via ET. Area ETI is dominated by
greasewood, which has a deep root system that taps directly into the ground water. Recent
studies suggest that transpiration from healthy greasewood populations can range from 0.002 to
0.014 ft/day (Nichols 1993 and Branson et al. 1981). The greasewood community located
northeast of the former location of the new tailings pile (Area ETI) has been subjected to
over-grazing. As a result, it is believed that the greasewood in this region may be less efficient at
transpiring ground water, with a flux more on the order of 0.0035 to 0.0045 ft/day.

Area ET2 is limited to areas adjacent to the washes which have plant communities with lower ET
rates, with estimated fluxes ranging from 0.00089 and 0.00 13 ft/day. The remainder of the site
has been designated as Area ET3, which is not considered to be an area of ground water discharge.
These fluxes assigned to areas ET1 and ET2 represent maximum potential losses of ground water
from the system. The actual volume of ground water removed from the system is dependent upon
plant root depth, and may be considerably lower compared to the estimated volume.

5.2.9.1 Discussion and Results

The goal of this water balance is to describe the various steady-state flow components which
dictate the ground water flow in the vicinity of the Monument Valley site, based on the current
field data. Table 5-3 presents the field water balance by summing the various components, while
Figure 5-11 provides a conceptual model to graphically display the components.

Table 5-3. Results of the Steady-State Water Balance for Monument Valley

Flow Component Inflow (ftl1day) Outflow (ftWiday)

Southern Boundary 44,379 0

Northern Boundary 0 57,363

Eastern Boundary 2,876 0

Western Boundary - Zone 1 .2,112 0

Western Boundary - Zone 2 2,112 0

Western Boundary - Zone 3 4,423 0

Recharge from Precipitation 8,929 0

ET loss from Zone ETI* 0 4,480

ET loss from Zone ET2* 0 4,236

Flow from the De Chelly Insufficient Data 0

TOTAL 64,831 66,079
*These values represent the maximum potential losses

As Table 5-3 shows, there is a 1.9 percent. mass balance error in the water balance, with the
outflow exceeding the inflow by 1,248 ft3/day. This difference may be attributed to the inflow of
groundwater to the alluvial aquifer from the underlying De Chelly.

DOE/Grand Junction Office
April 1999
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5.2.9.2 Conclusions

A steady-state field water balance was derived for-the Monument Valley site. Inflows to the
system include: 1) ground water inflow from the south, east, and west, and 2) recharge from
precipitation over the entire site. Discharge from the flow system occurs as: 1) ET in areas
dominated by the greasewood population and along the drainages, and 2) downgradient
ground water discharge to the north.

.A number of the flow components (ground water flow from the east and west, precipitation
recharge rates, and. ET rates) were estimated because no direct measurements have been
made. For some flow components, a flux range was established which represented the
estimated minimum and maximum fluxes. Average values for one data set collected in
August 1997 were used in preparing Table 5-3.

5.3 Geochemistry

DOE collected ground water quality data from the former processing site and vicinity from
April 1985 through September 1998. These data are accessible in the SEEUMTRA database.
The most recent information available was used to assess surface-water and ground water U
quality. The nature and extent of site-related constituents occurring above natural background
concentrations are evaluated and the fate and transport of the site-related constituents in the
ground water are summarized in the following sections.

5.3.1 Natural Background 3
Background water quality is defined as the quality the water would have if uranium milling
activities had not taken place. The water quality prior to the milling operations is inferred by 5
characterizing the water quality in areas upgradient of the site that are unaffected by process
contamination. Surface waters, soils, and ground water from the alluvium, Shinarump Member
of the Chinle Formation, and the De Chelly Sandstone Member of the Cutler Formation were i
evaluated.

5.3.1.1 Background Surface Water i

The only permanent surface water present in the vicinity of the project area occurs east of the
former mill site in what is referred to as the Cane Valley frog ponds (Figure 5-12). The frog
ponds consist of two man-made ponds constructed during the 1950s and 1960s when the mill
was in operation (Hammack 1993). The ponds are situated roughly in a north to south direction
along the drainage axis of Cane Valley Wash. Water was supplied by a concrete-lined cistern at
the southern pond. The sides of the northern pond were lined with wooden planks braced by ore
from the mines. The wooden planks, ore from in and around the northern pond, and evidence of
the concrete cistern at the southern pond were subsequently removed during completion of the
surface remediation activities at the former mill site in April 1994.

Presently, the southern pond is contained in a long, narrow, and deep bulldozer cut in a large
sand dune. The bulldozer cut intersects the alluvial ground water which provides some recharge
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Figure 5-12. Background Surface Water and Soil Sample Locations
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to both ponds throughout the year. Geochemical similarities between the pond water and ground
water from the De Chelly bedrock aquifer water suggest the ponds may also be receiving
recharge through former uranium exploration boreholes that penetrated the artesian bedrock
aquifer in the immediate area. The exploration boreholes were probably not properly abandoned,
thereby allowing artesian flow from the De Chelly aquifer into the alluvium.

Water quality analyses for permanent surface water samples collected from 1993 through 1997 at
the southern frog pond (MON-623) are summarized in Table 5-4. The background surface.water
sample location is shown on Figure 5-12 and the analytical results are presented in Appendix D.

Background water quality results are interpreted using the Piper diagram (Piper 1944) presented
in Figure 5-13. Permanent background surface water collected from the southern frog pond (well
MON-623) is characterized by a predominance of calcium and magnesium cations with lesser 3
amount of sodium (Figure 5-13). This calcium-magnesium-carbonate type water closely
resembles the chemistry of water from the De Chelly aquifer (Section 5.3.1.5), suggesting that
artesian flow from the bedrock aquifer may be providing local recharge to the pond. I
TDS concentrations in the frog ponds average 332 mg/L and range from 255 to 420 mg/L. The
average sulfate to chloride ratio is 4.4. Nitrate is present at an average concentration of 0.5 mg/L I
and ranges from 0.1 to 1.0 mg/L. Commonly detected trace constituents include iron, manganese,
strontium, radium-226, uranium, and zinc. On average, the water pH is above neutral (pH 7.9)
and the redox condition is oxidizing (oxidation-reduction potential 342 millivolts [mV]).

Most of the surface flow along Cane Valley Wash and other small drainage channels in the
vicinity of the site is ephemeral (duration of flow less than one month) as a direct result of local
precipitation. Natural scours created by ephemeral flow along Cane Valley Wash are common
and many intersect the shallow ground water forming small pools which may contain standing
water for prolonged periods of up to several weeks or more (intermittent). In response to
evaporation and transpiration the pools get smaller and eventually go dry. These small
intermittent pools have been observed to occur just upstream of the frog ponds and downstream 5
for several miles.

Water quality analyses for surface water samples collected from 1995 through 1997 at three 3
intermittent pools located upstream from the frog ponds (MON-631, -632, and -633) are
summarized in Table 5-4. The background surface water sample locations are shown on
Figure 5-12 and the analytical results are presented in Appendix D.

Evident in the background intermittent surface water results presented in the Piper diagram
(Figure 5-13) is the predominance of the sodium cation with lesser amounts of magnesium and I
calcium. The predominant anion is carbonate (reported as alkalinity in Table 5-4) with lesser
amounts of sulfate and chloride. This sodium-carbonate type water is also characterized by.
relatively high concentrations of TDS which average 1,951 mg/L and range from 890 to
2,230 mg/L. Water in these small intermittent pools is subject to severe effects from evaporation,
which tends to increase the concentrations of trace and major elements while keeping their 3
relative proportions constant. For example, while sulfate and chloride concentrations increase,
the ration of sulfate to chloride concentration will remain approximately the same. Thus, surface
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Figure 5-13. Piper Diagram of Background-Water Chemistry

water in the pools along Cane Valley Wash tend to have naturally occurring high concentrations
ratio of sulfate to chloride concentration will remain approximately the same. Thus, surface of
TDS and major ions including sulfate, chloride, magnesium, sodium, and alkalinity, as compared
to the. permanent background surface waters (Table 5-4). Commonly detected trace constituents
in the background intermittent surface water include manganese, molybdenum, selenium,
strontium, uranium, vanadium, and radium-226. On average, the water pH is above neutral
(pH 8.6) and the redox condition is oxidizing (oxidation-reduction potential 317 mV).
The average sulfate to chloride ratio is 8.1. Nitrate (expressed as NO3) is present at an average
concentration of 0.5 mg/L and ranges from 0.4 to less than 1.0 mg/L.

5.3.1.2 Background Sediment and Soil Chemistry

In the area of the frog ponds and Cane Valley Wash, the ground water in the alluvial aquifer is
commonly within a few feet of the surface. Capillary action keeps the sediments in the bottom of
the wash wet, and evaporation and transpiration by plants of the capillary water results in the
precipitation and accumulation of a 1- to 3-mm-thick crust of salts over most of the surface of the
wash.

DOE/Grand Junction Office
April 1999

Site Observational Work Plan for Monument Valley, Arizona
Page 5-43



Site Conceptual Model Document Number UOO 18101

Table 5-4. Background-Water Quality for Permanent and Intermittent Surface Water

Permanent" Intermittenth

Analyte FOD= Mean' Range- FOD= Mean' Range*

Major(mI)________

Ammonium as NH 3/8 .0479 .0126-.1 .665 <.1-1.28

Calcium 10/10 54.16 28.9-171 5/ 5 19.7 12.8-28

Chloride 7/7 8.9643 5.9-15 5/5 155.13 3.2-238

Magnesium 10/10 30.35 22-76.1 5/5 92.9778 50.7-132

Nitrate 3/8 .4716 .0744-1 1/5 .4836 .352-1l

Potassium 9/9 6.4956 2.2-29.7 1/1 27.7 27.7-27.7

Sodium 10/10 43.7 35-54.5 5/5 570.2 180-917

Sulfate .8 8/8 -139.2375 1 24.9-70 ý4/4 1 422.3 95-573

Metal (gRnge

Arsenic 0/1 .0025 <.005-<.005

Iron (Filtered) 0/3 .015 <.03-<.03 0/4 .015 <03-<.03

Iron (Unfiltered) 2/2 16.6 .1-33.1

Manganese (Filtered) 5/5 .0602 .01-.16 2/4 .021 <.01-.05

Manganese (Unfiltered) 4/4 .315 .02-.99

Molybdenum 0/5 .00.5 <.01-<.01 4/4 .0728 .017-.12

Seeim0/2 .0003 <.0002-e.001 1/1 .0002 .00024-.00024

itrt 11/11 .6031 .407-1.35 21/2 .58 .38-.78

Uranium 9/11 .0028 <.001-.0063 5/5 .0088 .002-0274

Vanadium 1/12 .0095 <.004-.06 4/5 .0136 <.01-.02

Zinc (Filtered) 0/2 .025 <.05-<.05

Zinc (Unfiltered) 2/3 116 <.05-.213

.Other, ...

Alkalinity as CaCO3 (mg/L) 8/8 261 .625 197-371 3/3 795 629-911

Redox Potential (mV) 4/4 341.5 146-438 2/2 316.5 198-435

Silica (mg/L) 5/5 72.92 14.9-295

Sulfate/Chloride 6/6 4.3558 3.0329-5.9322 4/4 8.05 1.5924-29.6875

Total Dissolved Solids (mg/L) .717 332.1429 255-420 5/5 195.1 890-2230

Total Phosphorus as P04 (mg/L) 2/2 .29 .1-.48

PH (s.u.) 818 7.865 7.28-9.05 414 8.61 8.22-9.32

.Radlologic (pCl/L)-

Lead- (Filtered) 0/2 .4175 <.75-<.92 0/1 .565 <1.13-<1.13

Radium-226 .0775 <.07-.12 1/1 1.55 1.55-1.55

Radium-228 0/2 .3 <.5-1.2 0/1 .35 _ .7-

'Upstreamn permanent surface water at the southern end of the frog pond; sample location MON-623.
bUpstream intermittent pools; sample locations MON-631, -632, and -633.
'Frequencyof detection (number detected/number analyzed).
dArithmetic mean based on averages from each location; one-half the detection limit used for values below detection.
'Minimum and maximum value detected; < indicates value below detection limit.
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In some areas downstream of the frog ponds, the area covered by salts is more than 300 ft
(100 m) wide. Field observations of these salts indicate that they are very soluble. Wind transport
of the salts has been observed, inferring that wind ablation and dissolution of the salts during
rains precludes the formation of thick salt deposits in the wash.

Background soils and sediments were collected at one surface location in 1993 and at two
hand-auger locations in 1997 (Figure 5-12). The 1993 sample (MON-623) was collected near
the southern frog pond, which is located upgradient from the former vicinity property site
associated with the northern pond. Samples were collected in 1997 from background locations
MON-869 and -870 which were established further upgradient from the site. Three samples
were collected from each of these hand-auger locations at depths ranging from 1 to 5 ft below
ground level. Lithologic logs and analytical results for these background samples are presented in
Section 4.5.

Background concentrations of selected site-related constituents are summarized in Table 5-5 for
soil and sediments samples collected at the three upgradient locations. For comparison,
concentrations observed in background soils and sediments for the western United States are also
presented (Shacklette and Boerngen 1984). Results indicate that average levels of manganese,
strontium, uranium, and vanadium at the Monument Valley site are slightly low as compared to
average concentrations in typical background soils and sediments for the western United States,
possibly reflecting the sandy, well sorted nature of the sediments derived from windblown sands.

Table 5-5. Comparison of Background Concentrations of Selected Constituents in Soil and
Sediment Samples at the Monument Valley Site to the Western United States

Monument Valley Site" (mg/kg) Western United States (mg/kg)

Constituent Mean Standard Range Mean Standard Range

Deviation Deviation

Manganese 123.7 53.3 84.8-224.6 380 1.98 30-5,000

Nitrate 301.9 314.3 1.8-941.3 NAb (89) NA NA

Strontium 64.1 44.4 25.8-116.0 200 2.16 10-3,000

Sulfate 477.3 185.8 291.9 - 771.0 NA (780) NA NA

Uranium 0.5 0.2 0.3 - <1.0 2.5 1.45 0.68-7.9

Vanadium 8.1 3.9 5.7-16.5 70 1.95 7-500
'Background locations MON-623, -869, and -870.
bNA = not analyzed, value in parenthesis indicates average crustal abundance (Mason and Moore 1982).

5.3.1.3 Background Water Quality in the Alluvial Aquifer

Background water quality data for the alluvial aquifer near the former processing site is inferred
by examining results of water samples collected from 1985 through 1997 at six upgradient
monitor wells MON-400, -402, -403, -404, -602, and -603 and at four upgradient private wells
MON-200, -616, -617, and -640). The ten background alluvial well locations are shown in
Figure 5-14. Water quality results are presented in Appendix C and summarized in Table 5-6.
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Water quality results presented in the Piper diagram (Figure 5-13) indicate that the background
alluvial water is either a sodium-carbonate type, sodium-sulfate type, or calcium-magnesium
carbonate type. The areal distribution of the different types of natural background alluvial waters,
upgradient of the site, is shown in Figure 5-14. The furthest upgradient waters are characterized
by a predominance of the sodium cation, with one type dominated by the carbonate anion and the
other type dominated by the sulfate anion. The sodium-carbonate type water is present in
samples collected at monitor well locations MON-400, -602, -603, and private wells MON-616
and MON-617. Sodium-sulfate type water occurs at private wells MON-200 and MON-640
with relatively higher concentrations of sodium, chloride, calcium, and magnesium
(Appendix C), which reflect the effects of a higher degree of local ET or reflect the effects of
being in local contact with relatively higher concentrations of naturally occurring soluble salts in
the alluvium.

Calcium-magnesium-carbonate type water occurring at monitor wells MON-402, -403, and U
-404, which are located just upgradient of the frog ponds (Figure 5-14), is geochemically similar
to water from the De Chelly aquifer (Figure 5-13). This geochemical signature suggests that the I
alluvium in this area of the site may be receiving recharge through former uranium exploration
boreholes that penetrated the artesian bedrock aquifer in the immediate area. A similar situation
is believed responsible for the calcium-magnesium-carbonate type water in the frog ponds I
(Section 5.3.1.1).

The alluvial ground water is further characterized by an average sulfate-to-chloride ratio of 4.9 1
(Table 5-6). TDS concentrations average 627 mg/L and range from 294 to 1,590 mg/L. The
highest TDS concentrations are associated with the sodium-sulfate type waters reflecting local
ET effects. Nitrate is present at an average concentration of 6.4 mg/L and range from less than
0.04 to 47 mg/L. Commonly detected trace constituents include aluminum, arsenic barium, iron,
molybdenum, selenium, strontium, uranium, vanadium, zinc, bromide, fluoride, lead-210,
radium-226, radium-228, and thorium-230. On average, the water pH is above neutral (pH 8.0)
and the redox condition is oxidizing (oxidation-reduction potential 299 mV).

5.3.1.4 Background Water Quality in the Shinarump Member of the Chinle Formation

Background water quality in the Shinarump Member can be evaluated by examining 3
analytical results of water samples collected from 1985 through 1997 at upgradient monitor
wells MON-615 and MON-658. Locations of the background monitor wells are shown in
Figure 5-14. Monitor wells MON-601 and MON-610 are also upgradient, however monitor
well MON-601 is screened across both the alluvium and Shinarump Member and therefore is not
considered representative of background water quality in the Shinarump and monitor well
MON-610 is dry. Available water quality results for monitor wells MON-615 and MON-658
are presented in Appendix C and summarized in Table 5-6.

Ground water in the Shinarump aquifer is characterized as a sodium-carbonate type
(Figure 5-13). TDS concentrations average 325 mg/L and range from 301 to 370 mg/L, which
are lower than observed in the alluvial aquifer (Table 5-6). The average pH of 8.1 is above
neutral and the redox condition, on average, is oxidizing (oxidation-reduction potential 126 mV).
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Figure 5-14. Background Monitor Well Locations
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Commonly detected trace constituents include aluminum, barium, iron, manganese,
molybdenum,,strontium, uranium, vanadium, zinc, fluoride, lead-210, radium-226, radium-228,
and thorium-230. Nitrate is present at an average concentration of 2.6 mg/L with a range from
less than 0.014 to 8.9 mg/L. The average sulfate-to-chloride ratio is 7.6, which is somewhat
higher than that found in the alluvial and De Chelly background waters, although lower than in
the contaminated portions of the alluvial aquifer.

5.3.1.5 Background Water Quality in the De Chelly Sandstone Member of the Cutler
Formation

Background water quality for the De Chelly Sandstone aquifer can be evaluated by examining
analytical results from water samples collected from 1985 through 1997 at upgradient monitor
well locations MON-611, -613, and -661. The four upgradient De Chelly monitor well locations
are shown in Figure 5-14. Water quality results are presented in Appendix C and summarized in
Table 5-6.

Ground water in the De Chelly aquifer can be characterized as a calcium-magnesium-carbonate
type (Figure 5-13). The water is chemically similar to that in portions of the alluvial and
Shinarump aquifers, but has somewhat less sodium and is more dilute. TDS concentrations
average 233 mg/L and range from 118 to 370 mg/L, which is lower than observed in the alluvial
and Shinarump aquifers. On average, the water pH is above neutral (pH 8.1) and the redox
condition is oxidizing (oxidation-reduction potential 184 mV).

Commonly detected trace constituents include aluminum, arsenic, barium, iron, manganese,
molybdenum, selenium, strontium, uranium, vanadium, zinc, fluoride, lead-2 10, radium-226,
radium-228, and thorium-230. Nitrate is present at an average concentration of 5.1 mg/L with a
range from 0.7 to 22.'0 mg/L. The average sulfate-to-chloride ratio is 4.9, which is consistent with
other background waters.

5.3.2 Source Areas

Manganese, nitrate, strontium, sulfate, uranium, and vanadium were identified'in the BLRA
(DOE 1996b) as the most significant site-related constituents occurring in the alluvial aquifer.
The nature of which these site-related constituents are associated with the former processing
operations and the extent to which they are available to be dispersed in ground water
downgradient from the site are evaluated in the following sections.

5.3.2.1 Former Tailing Piles and Evaporation Pond

Three former source areas of potential ground water contamination exist at the site: (1) the old

tailings pile and heap-leach area, (2) the new tailings pile, and (3) the evaporation pond. The
location of these former source areas are shown in (Figure 3-1). The old tailings pile was
composed of the. sand tailings that were a residual product of the mechanical upgrading of ore.
The upgrading process used water that contained a minor amount of flocculents but no other
processing chemicals. Thus, tailings solutions in the old pile basically were water-equilibrated to
minerals in the ore. Heap leaching of these old tailings occurred in the area where they were
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Table 5-7. Chemistry of Tailings Solutions and Leachates

Leachate Tailings solution Evaporation Pond fAlluvial Ground Water
Analytea (old tailings pile)b (new tailings pile)c Solutiond (subsoil) Background Range

Major:_______ ________

Ammonia as NH 4  1200 47 .0053-.6

Calcium 1110 626 425 4.5-77.3

Chloride 6.16 20 45 9.7-125

Magnesium 96.5 78.3 135 13-107

Nitrate 530 570 <.044-47

Potassium 48.3 21.9 5.21 .5-3.2

Sodium 96.5 70.7 362 34.2-299

Sulfate 2890 4510 1610 12.7-668

Metal.'..-__ _ _ _ _ _ __ _

Aluminum 11.7 5.5 0.9 <.05-.8

Antimony <.003 <.003 <.003-<.06

Arsenic 0.308 <.01 <.01 <.001-.01

Barium 0.142 0.3 0.5 .01-.4

Cadmium 0.115 <.001 <.001 <.00013-<.005

Chromium 0.241 0.05 0.03 <.0053-.04

Cobalt 1.41 0.11 <.03-.06

Copper 0.554 0.14 0.04 <.01-.03

Iron 1.21 1.86 0.04 <.01-.18

Lead 0.431 <.01 <.01 <.0015-<.01

Manganese 35 3.94 0.77 <.0015-.1

Mercury <.0002 <.0002 <.0002-<.0002

Molybdenum <.0616 0.32 0.24 <.0049-.17

Nickel 1.1 0.15 <.04-.13

Selenium <.0616 <.005 <.005 .00094-.0318

Silver <.01 <.01 <.01-<.01

Strontium 0.7 1.6 .05-1.65

Tin <.005 <.005 <.005-<.01

Uranium 0.739 0.0753 1.08 <.001-.021

Vanadium 6.16 1.08 0.91 <.0019-.7

Zinc 3.86 0.129 <.001-1.6

Other _______________ _________________

Alkalinity as CaCO3  2 44 172-539

Fluoride 1.7 .1-1

Redox Potential 535 96-462

Silicon 6.77

Total Dissolved Solids 1 6850 2900 294-1590

PHe 6.3 4.3 6.72 6.9-9.04

Radiologic

Radium-226 13 4.7 0-5.7
'Leachate data in mg/kg except for pH (s.u.) and redox potential (mV); tailings and evaporation data in mg/L except for pH (s.u.),

redox potential (mV), and radium-226 (pCi/L).
bOld tailings pile leachate data are maximum values from location MON51-0504, sampled on 9/1/83.

cNew tailings pile solution data are maximum values from locations MON01-0814 to -0817 sampled on 10/28/85 and 4/27/86.
dEvaporation pond subpile soil solution data are maximum values from locations MON01-0804 to -0805 sampled on 10/28/83 and
4/27/86.
*pH data are minimum values.
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concentrations are notably low (45 mg/L) and are also within the range observed in natural
background alluvial ground water. The metals and trace elements that are present in the tailings I
solutions are also present in the evaporation pond area.

Overall, the former tailings and evaporation pond solutions contain much greater proportions of 3
ammonium, calcium, nitrate, potassium, and sulfate than are present in background ground
waters (Table 5-7). Trace elements including manganese, uranium, and vanadium are also
present above background concentrations. Thus, these are the constituents most likely to be I
present in the subpile soils and dispersed in the ground water downgradient from the former
source areas. U
5.3.2.2 Subpile Soils

The Monument Valley site had several periods of uranium milling activities. During these N
activities, mill tailings, heap-leach residues, and various processing chemicals were stored in
unlined ponds. Any tailings and residuals in the soils that exceeded 15 pCi/g radium-226 were
removed from the site during the surface remediation which was completed in 1994. However,
site-related inorganic constituents detected in relatively high concentrations in pore fluid samples
collected from the former source areas (Section 5.3.2.1) suggest that some of these constituents
may have leached into the soils below the storage ponds and gone undetected during the

radiometric assessment for the tailings removal.

Samples of the soils directly beneath the former sources areas were collected and analyzed for
manganese, nitrate, strontium, sulfate, uranium, and vanadium, all of which were identified in the
BLRA (DOE 1996b) as the most significant site-related constituents occurring in the alluvial I
aquifer to determine if these areas are likely to be continuing sources of ground water
contamination. Ammonium was also analyzed because it is present in ground water and will
oxidize to NO3. Seven on-site locations and two background locations were sampled
(Figure 4-9). Selected soil samples were subjected to three sequential leachings in the laboratory
(Section 4.5). Each leach represents a scenario that might cause the mobilization of contaminants 5
from soils into the ground water. The first leach is deionized water which represents the effect
that relatively clean rain or snow would have as it percolates through the soils. The second leach
is uncontaminated ground water representing the effect that a high water table might have if it 5
were to contact contaminated soils. The third leach is 5-percent hydrochloric acid (HC1), which
will remove carbonate minerals and iron and manganese oxyhydroxides. These phases are
believed to be the main metal and uranium scavengers in the soils. Although it is not likely that I
water of this acidity would ever contact the soils, the removal of oxyhydroxides might occur if
land uses changed significantly (for example, agricultural use could cause changes in redox
conditions that would influence mineral dissolution). The '5-percent HCl is considered a worst- I
case scenario. The residue after 5-percent HC1 was completely digested to allow calculation of
the total contaminant present in each soil sample. 5
The leachates were analyzed for the following site-related constituents: ammonium (NH4),
manganese (Mn), nitrate (NO3 ), sulfate (SO4), strontium (Sr), uranium (U), and vanadium (V). I
Each site-related constituent is discussed separately below.

I
Site Observational Work Plan for Monument Valley, Arizona DOE/Grand Junction Office
Page 5-54 April 1999



Document Number U0018101 Site Conceptual Model

Manganese

Manganese ground water chemistry is controlled largely by oxidation state. More oxidized
conditions lead to the stability of manganese oxyhydroxide solid phases which precipitate as
coatings on sand particles. Less oxidized conditions, typically occurring in fetid swampy areas,
anaerobic sediments as in marshes, wetlands, and boggy areas as described for much of the site
with shallow ground water, will dissolve Mn-oxyhydroxide phases and mobilize Mn.

Little Mn was extracted from any of the subpile soil samples with deionized water (Figure 5-15).
Manganese concentrations increased in the soil samples when treated with ground water
suggesting that the soils may have oxidized the dissolved Mn to form Mn-oxide precipitates or
that Mn was adsorbed (Table 4-5). Manganese was removed from all soils by 5-percent HC1 and
during total digestion. There are no obvious differences between the amounts of Mn leached
from the on-site soils and those of the background areas (Figure 5-15). In fact, the shallowest
sample in background boring 869 had the second highest HCl-leachable Mn.

The total amount of Mn in the on-site soils ranged from 32 to 328 milligrams per kilogram
(mg/kg) whereas the background soils contained 85 to 225 mg/kg (Table 4-8, Figure 5-15). All
of the samples contain significantly less Mn than the earth's crustal average of 950 mg/kg
(Table 4-8). It is concluded that concentrations of site-related Mn are not significant in the
subpile soils and it is unlikely that there is a contribution to ground water.

Ammonium

Ammonium is typically found as a structural ion in feldspars and as an exchangeable ion in
smectitic clays. In clays, it has a preference over most other cations for interlayer exchange sites.

Soil boring 866 from beneath the new tailings pile is anomalous in leachable NH4, most of which
was leached by deionized water (Figure 5-16). The soils at 866 were strongly altered compared
to any other borings. The alteration consisted of deep yellow and red-brown coloration probably
due to the abundance of iron oxides and oxyhydroxides; clay minerals are also present. This
alteration may be an artifact of interaction with mill processing fluids. No contaminants of
potential concern (COPCs) were clearly associated with this altered zone.

The extractable NH4 from boring 866 ranged from 137 to 310 mg/kg whereas the values from
background ranged from 7 to 9 mg/kg (Table 4-8, Figure 5-16). These values suggest that a
leachable source of ammonium exists beneath the former new tailings pile. This source, however,
does not underlie the entire former new tailings pile as indicated by lower levels observed in
borings 864 and 865. The evaporation pond may also be a source for some NH4 as indicated by
leachable concentrations up to 31 mg/kg.

In the altered soils of boring 866 the ammonium is probably either adsorbed to oxyhydroxide
mineraloids or in ion-exchange sites on-clay minerals. The high concentrations (up to 310 mg/kg)
in 866 compared to background (9 mg/kg) and average crustal concentrations (less than
26 mg/kg; see Table 4-8), indicate that the NH4 originated from mill processing fluids. This NH4
may be oxidizing in the shallow soil environment and contributing NO3 to ground water.
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During the uranium milling operation, fluids high in NH4 content may have seeped into some of
the soils underlying the tailings. Because of its ability to partition to mineral phase, NH4 would 3
have built up relatively high soils concentrations as it established an equilibrium distribution
with this fluid. As fresh water percolates through the soils, it will leach the NH4. Concentrations
will decline over time.

Nitrate

Nitrate is. usually mobile in ground water systems. Nitrate can be produced by oxidation of
reduced forms of nitrogen. Nitrate can also, be reduced by the action of microbes.

Some nitrate was leached from all soil samples by deionized water (Figure 5-17). No distinct
patterns were present. Boring 866, which had high NH4 concentrations, also had relatively high
NO3 (up to 1,157 mg/kg); however, one of the background samples (869-4) had a similar
concentration (941 mg/kg). Most of the NO3 in 866 and in background sample 869-4 was
leachable with deionized water. 3
Most of the NO3 concentrations, including those in background samples, exceed the average
concentration in the earth's crust (less than 89 mg/kg) suggesting that much of the nitrate is 3
anthropogenic or due to shallow soil microbial processes. The amount of NO3 leached by
deionized water was higher on average in the soils beneath the site than in background soils
indicating that some nitrate is probably due to the milling process. The nitrate may be the result
of oxidation of NH4 that has been fixed in cation exchange sites.

Sulfate I
Sulfate is usually mobile in ground water systems. With high concentrations of Ca under high
evaporation conditions, gypsum (CaSO 4 • 2H20) can form. Gypsum is soluble and will readily
redissolve upon contact with more dilute water.

Up to 9,190 mg/kg of SO 4 was leachable by deionized water from soils beneath 'the mill site U
(Figure 5-18). The soils under the evaporation ponds and the new tailings pile have higher
concentrations of sulfate than the heap-leach or background areas. There alipears to be higher 1
SO 4 near the ground surface as illustrated by the depth profiler for borings 851, 864, and 866
(Figure 5-18).

The sulfate is probably due to the presence of gypsum as indicated by its ability to readily leach
in deionized water. No gypsum was identified in thin sections despite an effort to retain gypsum
by cutting the sections in-oil. The small amount (less than 1 percent) of gypsum could have been I
missed, however. Alkali salt deposits containing gypsum appear as white crusts and are common
in the desert environment near Monument Valley. While there appears to be an increased i
concentration of S04 in the soils near the mill, SO 4 concentrations of this magnitude are probablyI
not uncommon in nearby uncontaminated areas. I

I
Site Observational Work Plan for Monument Valley, Arizona DOE/Grand Junction Office
Page 5-58 April 1999 3



m m a a a a - a - a a - - a a a - a

C-

O
C)

0

:"

0

0

0

C-•

E

0
z

2000

1800

1600

1400

1200

1000

800

600

400

200

0

I'

85 85 85 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 87 87 87
1-2 1-3 1-4 3-2 3-3 3-4 4-2 4-3 4-4 5-2 6-2 6-3 6-4 6-5 6-6 7-2 7-3 8-2 8-3 8-4 9-2 9-3 9-4 0-2 0-3 0-4

1- II
.1

Evaporation Pond II New Tailings Pile t Heap Leach Pads h Background -1
Figure 5-17. Nitrate



"0
C)

0

0

CD

10000

9000 -

8000 -

0

~0

E

0
U)

7000 -

6000 -

5000

4000

3000

2000

1000:

0O

0 HCI

El Ground Water

EDI

b

85 85 85 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 86 87 87 87
1-2 1-3 1-4 3-2 3-3 3-4 4-2 4-3 4-4 5-2 6-2 6-3 6-4 6-5 6-6 7-2 7-3 8-2 8-3 8-4 9-2 9-3 9-4 0-2 0-3 0-4

II
I I I

I Evaporation Pond I1 I Heap Leach Pads INew Tailings Pile Background I
z

CD

00

0ýFigure 5-18. Sulfate

m 'M m m-MI ' m - 1" - am r'M ý m - -m M ý I



Document Number UOO 18 101 SieCnetaloe
Document Number UOO1 8101 Site Conceptual Model

Strontium

Strontium is relatively mobile in ground water, however, it will substitute for calcium in
carbonate and sulfate minerals. Sri2 is the dominant ionic species present.

Strontium concentrations in samples from the millsite are similar to or lower than those from the
background samples (Figure 5-19). The maximum concentration (112 mg/kg) was observed in
background soil sample 869 and is lower than the average value for the earth's crust of
375 mg/kg (Table 4-8).

Little Sr was extracted by deionized water or ground water; most of the extracted Sr was during
the HCl step. Strontium often substitutes for calcium in calcite which would first dissolve during
the HCl leaching. Thus, it is reasonable that the Sr iscontained in carbonate minerals.

The occurrence of Sr in a non-water leachable form and at higher concentrations in background
than on site indicates that is it unlikely that subpile soils are contributing Sr contamination to
ground water.

Uranium

Uranium is mobile in most ground water due to the presence of aqueous carbonate, a strong
complexing agent. Uranium often is sequestered by adsorption to Fe oxyhydroxides contained in
soils. Under strong reducing conditions it can precipitate as uraninite (U0 2).

No U above the detection limit was extracted by deionized water (Figure 5-20, Table 4-4). The
5-percent HC1 leach was the most effective at removing U. Only two samples (851-2 and 868-4)
had U concentrations above the average crustal concentration of 1.8 mg/kg (Table 4-8). The
extractability of U in the 5-percent HC1 leach suggests an association with ferric oxyhydroxides.

With the exception of boring 851, and possibly 868, the millsite samples are comparable in U
composition to background samples. While some subpile soil U may be millsite related, as
suggested by the elevated concentration in boring 851, the concentrations are not appreciably
higher than background. It is unlikely that the subpile soils are contributing significant amounts
of U to ground water.

Vanadium

Vanadium is often adsorbed by iron and manganese oxyhydroxides under ground water
conditions. It also substitutes for cations in clay minerals and in manganese oxides. Under
strongly reducing conditions vanadium minerals will precipitate.

Vanadium concentrations in the subpile soils are elevated over the background samples
(Figure 5-2 1). Two samples from a boring at the evaporation ponds have concentrations of 202
and 142 mg/kg which are slightly higher than the crustal average of 135 mg/kg; all other
concentrations are below the crustal average (Table 4-8). Much of the V is leachable in
deionized water.
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Similar to U, boring 851 from the evaporation pond area has elevated V concentrations. Unlike
U, however, the V leachable by deionized water in sample 85 1-2 (127 mg/kg) is over 98 times
the highest background value, which is at the detection limit of 13 mg/kg (Table 4-4).

These data suggest that the subpile soils may be contributing some V to the ground water system.
Since little V is present in the near field ground water system, the V contribution must either be
small or the V is reabsorbing to the aquifer sediments.

Subpile Soil Summary

Leaching experiments on subpile and background soils indicate that Mn, Sr, and U are probably
not being leached from subpile soils at concentrations that will contaminate ground water.
Sulfate appears to have elevated concentrations in the subpile soils but this observation may
result from an inadequate sampling of the background soils. Vanadium concentrations are
elevated in the subpile soils but do not appear to be contaminating ground water.

Ammonium is anomalously high over at least a 6.5 ft interval at one location in soils beneath the
northern portion of the former new tailings pile. NH4 does not have an MCL, however, it can
oxidize to NO3, which does have an MCL. NH4 may have persisted at the millsite due to its
strong affinity for ion exchange sites, while NO3 would.have readily flushed out. It is possible
that the NH4-rich soils are generating NO3 which then enters the ground water system. The
sampling was too sparse to determine the lateral extent of the NH4-rich soils.

5.3.3 Nature and Extent of Contamination

Although some ground water contamination of the relatively soluble components of the ore
probably occurred during the mechanical processing period from 1955 to 1964, the majority of
ground water contamination probably resulted from discharged process chemicals used during
operation of the mill from 1964 to 1967 (Section 3.2).

Ground water contamination from the mechanical processing would have occurred at the former
mill and old tailings pile (Figure 3-1). The old tailings pile was composed of the sand tailings
which were a residual product of the mechanical upgrading of ore. The upgrading process used
water that contained a minor amount of flocculents but no other processing chemicals. Thus,
tailings solutions in the old tailings pile basically were water-equilibrated to minerals in the ore.
Old tailings were placed on the adjacent heap-leach pad and sulfuric acid added to the tailings.
The heap-leach pads were lined to collect the leachate that contained sulfuric acid.

Process chemicals contributing sulfate, nitrate, and ammonium to the ground water
contamination would have occurred at the new tailings pile. The new tailings pile contained both
sand tailings and processing solutions. Immediately to the east of the new tailings pile was an
evaporation pond. The specific purpose of the evaporation pond is unknown, but it may have
been used to retain seepage from the new tailings pile (Figure 3-1).
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5.3.3.1 Impact to the Alluvial Aquifer

The water quality results observed in 1997 are summarized in Table 5-8 for all on-site and
downgradient alluvial monitor wells. The range in natural background for each constituent, based
on the upgradient water quality results previously presented in Section 5.3.1.3, is included in 1
Table 5-8 for comparison.

Ammonium, calcium, nitrate, sulfide, and manganese are the site-related constituents most U
prevalent in the alluvial aquifer as indicated by the relatively high frequency (greater than
50 percent) of samples that exceed the upper range in natural background (Table 5-8). Other site-
related constituents are present at concentrations above the upper range in natural background, I
however they occur less frequently. For example, sulfate exceeds the upper range in natural
background in approximately 44 percent of samples, while magnesium exceeds 41 percent,
potassium 35 percent, iron 33 percent, uranium 29 percent, strontium 24 percent,. and gross alpha
12 percent.

Ammonium and nitrate also provide the greatest contrast to natural background concentrations in •
the alluvial ground water. That is, the maximum ammonium concentration of 254 mg/L detected
in ground water collected at monitor well MON-606 is 423 times the upper range in natural I
background. The maximum nitrate concentration of 1,030 mg/L, also detected in ground water
collected at MON-606, is 22 times the upper range in natural background.

Maximum concentrations of calcium, magnesium, and sulfate occur at moderate levels between
5 to 11 times the upper range in natural background. All of these maximum concentrations were
detected in water collected from monitor well MON-771.

Maximum concentrations detected for potassium, strontium, uranium, and gross alpha occur at
levels that are less than 5 times the upper range in natural background. The-maximum potassium
and strontium concentrations.were detected in water from monitor well MON-771 while the
maximum uranium and gross alpha concentrations were detected in water from monitor well
MON-774.

Nitrate and uranium are the only site-related constituents that exceed a MCL. Nitrate frequently
exceeds the 44 mg/L MCL while uranium only slightly exceeds the 0.044 mg/L MCL at one
isolated location (MON-774).

Alluvial ground water collected from the two most contaminated locations, monitor. wells
MON-606 and MON-771, is chemically similar to the tailings pore fluids in that the water
contains much greater proportions of calcium and sulfate than are present in background alluvial I
ground water (Figure 5-22). Other chemical similarities to the tailings pore fluids exist. For
example, the chloride concentrations in the plume waters are also notably low (5 to 106 mg/L)
and consistent with the range observed in natural background alluvial ground water (10 to
125 mg/L). This combination of relatively high sulfate concentrations duetoheaddition.of_ -

sulfuric acid to the process Solutions, and chloride occurring in concentrations that are consistent
with the range in natural background, results in relatively high sulfate-to-chloride ratios for the
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Table 5-8. Comparison of On-Site and Downgradient Ground Water to Natural Background
Ground Water Quality in the Alluvial Aquifer

On-site and Downgradient Percent
A . _ Exceeding Background
Analyte __= I Mab Range Max Upper Range in Ranger

aI'U I .R Welld Background* "

Ammonium as NH4  15/17 53.4558 <.007-254 0606 53 .0053-.6

Calcium 17/17 142.5106 9.18-559 0771 59 4.5-77.3
Chloride 17/17 24.55 5.24-106 0768 0 9.7-125
Magnesium 17/17 115.2712 6.31-600 0771 41 13-107
Nitrate 14/17 216.9482 <.014-1030 0606 65 <.044-47

Potassium 17117 8.4952 .959-50.1 0771 35 .5-3.2
Sodium 17/17 115.2412 21-251 0653 0 34.2-299

Sulfate 16/16 755.2625 26.7-3540 0771 44 12.7-668

Aluminum 0/7 0.0536 <.05-<.2 0655 0 <.05-.8
Arsenic 1/13 0.003 <.005-.007 0606 0 <.001-.01
Barium 1/13 0.0692 <.1-.3 0606 0 .01-.A

Cadmium 0/17 0.0005 <.001-<.001 0774 0 <.00013-<.005

Iron (Unfiltered) 5/6 1.8908 <.03-10.2 0606 33 <.01-.51
Manganese (Filtered) 2/7 .0.0364 <.01-.19 0606 14 <.0015-.1
Manganese (Unfiltered) 6/7 0.0536 <.01-.21 0606 86 <.0015-<.01
Mercury 0/7 0.0001 <.0002-<.0002 0669 0 <.0002-<.0002

Molybdenum 0/11 0.005 <.01-<.01 0669 0 <.0049-.17

Selenium 10/17 0.0028 .001-.0107 0762 0 .00094-.0318

Strontium 17/17 1.2372 .0979-4.95 0771 24 .05-1.65

Uranium 16/17 0.0165 <.001-.069 0774 29 <.001-.021

Vanadium 4/17 0.0131 <.013-.0542 0772 0 <.0019-.7

Zinc (Filtered) 5/7 0.0314 .006-.07 0650 0 <.001-1.6

Zinc (Unfiltered) 6/6 0.0348 .019-.057 0662 0 .004-.099

Alkalinity as CaCO3 (mg/L) 17/17 217.2353 161-312 0656 0 172-539

Bromide (mg/L) 3/4 0.35 .2-.5 0655 0 <. 1-<2

Fluoride (mg/L) 4/7 0.1929 <. 1-.4 0650 0 .1-1

Redox Potential (mV) 17/17 95 -86-219 0669 0 96-462

Silica (mg/L) 8/8 30.675 12.4-131 0662 13 5-54

Sulfate/Chloride 16/16 29.3 3.1-111.7 0771 63' 1.1-12

Sulfide (mg/L). 4/7 4.3243 <.1-11.7 0662 57 <.01-<1
Total Dissolved Solids (mg/L) 17/17 1505.7059 232-5800 0771 35 294-1590

Total Phosphorus as P0 4(mg/L) 6/7 0.3071 <.1-.8 0606 14 <.1-.6

pH (s.u.) 17/17 7.5582 6.9-8.37 0650 0 6.9-9.04

Gross Alpha 4/17 8.8735 <2.45-27.17 0774 12 0-14

Gross Alpha (Excluding Uranium) 4/17 0-.49 0764

Gross Beta 7/17 12.4594 <2.69-61.89 0771 18 0-20

Lead-210 (Filtered) 1/17 0.4721 <.63-1.14 0662 0 0-5.8

Radium-226 15/17 0.2685 .11-.49 0767 0 0-5.7

Radium-228 2/17 0.4794 <.3-1.2 0762 0 0-7.7
Thorium-230 7n 0.34229 0_.7 0655 1 0 1 -_Q_,__ j

OFrequency of detection; number of samples above detection/number of samples analyzed.
bArithmetic mean based on most current sampling; one-half the detection limit used for values below detection.
'Minimum to maximum value detected; < indicates value below the detection limit.
dMonitor well location containing the maximum observed concentration.
OPercent of on-site and downgradient sample results that exceed the upper range in natural background ground water.
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Figure 5-22. Piper Diagram of Contaminated Alluvial Ground-Water Chemistry

portion of the alluvial aquifer that is contaminated. The maximum sulfate-to-chloride ratio of 112
detected in ground water collected at monitor well MON-771 is approximately 9 times the upper
range in natural background. TDS concentrations. in the alluvial plume average 1,506 mg/L and
range from 232 to 5,800 mg/L; values which are higher on average than background waters. On
average, the water pH is above neutral (pH 7.6) and the redox condition is oxidizing (oxidation-
reduction potential 95 mV).

Areal Extent of Contamination in the Alluvial Aquifer

Nitrate is especially useful as an indicator chemical to discriminate site-related contaminated
ground water from alluvial background waters because it occurs in relatively low concentrations
in background ground water (Section 5.3.1.3), is associated in relatively high concentrations with
the former tailings pore fluids (Table 5-7), and is highly mobile in alluvial ground water under
almost all conditions, thus it is a conservative estimate of the extent of site-related
contamination. The MCL allowable for nitrate contamination at a DOE facility of 44 mg/L is
considered to be representative of the boundary of contamination and is considered sufficient for
use in defining the maximum extent of site-related contamination.in-the-alluvial-aquifer.
(DOE 1997c).
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The maximum areal extent of contamination in the alluvial aquifer is revealed by examining
nitrate results from ground water samples collected using the Hydropunch direct-sampling
method during the 1997 ESC field investigation (Section 4-2). The highest nitrate concentrations
obtained at locations where multiple Hydropunch samples were collected to vertically profile the
plume are presented in Figure 5-23a in order to map the greatest lateral and longitudinal extent
of contamination. Nitrate results obtained from water samples collected from several hand-auger
borings and from the ground water sampling campaign in August and September 1997 are also
presented in Figure 5-23a to obtain the most comprehensive coverage possible.

It is apparent from the 44 mg/L nitrate boundary delineated in Figure 5-23a, that the leading
edge of the plume has migrated approximately 4,500 ft (0.85 miles) north of the former mill site.
The northerly direction of plume migration is consistent with the direction of the ground water
flow in the alluvial aquifer (Figure 5-4). A linear ground water flow velocity of 150 ft/year is
estimated assuming nitrate contamination first entered the alluvial aquifer at the start of the 1967
milling operation (4,500 ft/30 years).

A mass of relatively high nitrate is delineated by concentrations greater than 500 mg/L which
begins near the former new tailings pile and extends approximately 2,600 ft (0.5 miles)
downgradient. Thus, the primary source of nitrate contamination in the alluvial aquifer appears to
be related to process fluids draining from the former new tailings pile with lesser. amounts of
contamination contributed by leakage from the evaporation pond to the east and from the former
old tailings pile and heap-leach areas to the west.

The boundary of the nitrate plume as defined by the most recent sampling data collected in
August 1998 is shown in Figure 5-23b. The 1998 sampling did not include the temporary
locations MON-680 and -678 that were sampled in 1997, therefore, the areal extent of the plume
to the northeast does not appear as broad as that shown on Figure 5-23a. In general, nitrate
concentrations appear to have decreased since 1997 by more than 150 mg/L near the former
source area at wells MON-606 and -792 and increased by more than 10 mg/L at downgradient
locations MON-656, -771, -669, and -764.

Sulfate concentrations in the alluvial aquifer exhibit a similar geochemical dispersion pattern as
nitrate. The 1997 sulfate plume, revealed in Figure 5-24a by concentrations greater than
600 mg/L, also appears to originate near the downgradient edge of the former new tailings area.
The sulfate plume as defined by the sampling results from August. 1998 is shown in
Figure 5-24b. As with the nitrate plume, the northeast boundary appears less extensive in 1998
because the temporary locations MON-680 and -678 were not available for sampling. Changes
in sulfate concentrations also show a trend similar to the nitrate concentrations, with sulfate
levels increasing downgradient and decreasing near the former source area.

Uranium, calcium, and strontium also tend to be mobile in the alluvial ground water under the
conditions at the site, as indicated by their respective downgradient concentrations presented in
Figures 5-25, 5-26, and 5-27, respectively. Similarly, ammonium concentrations (Figure 5-28)
exhibit a downgradient dispersion pattern, however the dispersion is less extensive, reflecting the
removal of ammonium from solution by adsorption on the aquifer matrix. Distribution of other
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site-related constituents such as manganese and vanadium presented in Figures 5-29 and 5-30,
respectively, do not exhibit a downgradient migration pattern in the alluvial aquifer. 3
Vertical Extent of Contamination in the Alluvial Aquifer U
The vertical extent of contamination in the alluvial aquifer is best visualized by examining the
concentration profiles presented in Figures 5-31, 5-32, and 5-33. Nitrate concentrations
(Figure 5-23a) measured in ground water samples obtained by the Hydropunch method during
the most recent site characterization and analytical results from the 1997 ground water sampling
campaign were used to prepare.the concentration profiles. Cross-section A to A' (Figure 5-31)
starts at the former new tailings area and continues approximately 6,600-ft north to the most
downgradient monitor well MON-650. The highest nitrate concentration of 1,030 mg/L occurs
in alluvial ground water at monitor well MON-606 located near the former new tailings area.
Nitrate concentrations decrease to the 44 mg/L MCL approximately 4,500 ft north
(downgradient) near monitor well MON-762, defining the maximum downgradient longitudinal
extent of the plume.

Nitrate concentrations tend to gradually increase as a function of depth in the most downgradient
area of the plume. This is evident at locations MON-683 and MON-762 where the nitrate
concentration of 25 mg/L detected near the top of the aquifer progressively increases first to
38 mg/L near the middle of the aquifer and then to 51 mg/L at the bottom of the aquifer.
Conversely, closer to the former new tailings source area the nitrate concentrations tend to I
gradually decrease as a function of depth in the aquifer. For example, at MON-765 and
MON-677 the highest nitrate concentration is 792 mg/L detected near the top of the aquifer.
Concentrations progressively decrease first to 726 mg/L and 641 mg/L in water samples
collected from the middle of the aquifer and then to 475 mg/L nitrate at the bottom of the aquifer.
It is also apparent in the cross-section A to A' that the alluvial ground water from the entire
saturated section located between the former new tailings area at MON-606 (approximately 10 ft
in thickness) to downgradient monitor well MON-653 (approximately 50 ft in thickness) is
contaminated above the 44 mg/L nitrate MCL. 3
Downgradient lateral dispersion of the nitrate plume to the west of the site is limited by the
Shinarump sandstone where the alluvial water intersects the Shinarump in subcrop as shown in .
cross-section B to B' (Figure 5-32). Along this western edge of the plume, for example at
location MON-669, the nitrate concentrations are close to the 44 MCL. Dilution of the plume
water from surface recharge along the west margin of Cane Valley, where the eastward dipping I
Shinarump sandstone crops out, probably contributes to these relatively low concentrations.

The lateral downgradient extent of contamination in the alluvial aquifer to the east of the site is I
identified in cross-section B to B' by the non-detectable nitrate concentrations observed in water
samples collected at locations MON-768 and MON-860. These non-detectable nitrate
concentrations provide evidence that the plume does not extend under Cane Valley Wash. A
similar relationship is observed near the downgradient leading edge of the plume as shown in
cross-section C to C' (Figure 5-33) where non-detectable nitrate concentrations are associated
with ground water samples collected at eastern locations MON-760, -698, and -697.

!
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Figure 5-23a. Distribution of Nitrate Concentrations in the Alluvial Aquifer - Data Through
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Figure 5-26. Distribution of Calcium Concentrations in the Alluvial Aquifer - Data through September 1997
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The maximum width of the plume defined by the nitrate concentrations profiled in cross-section
B to B' is approximately 2,500 ft, as measured from just west of monitor well MON-669 to the
mid-point between MON-678 and MON-768. In addition, the concentration profiles indicate
that the saturated alluvium across the entire width of the plume is contaminated above the
44 mg/L nitrate MCL. Because the aquifer matrix consists mostly of stabilized eolian dune sands
with only minor amounts of fluvial material, the distribution of the contaminant plume does not
appear to be controlled by a specific lithologic horizon (e.g., clay unit). Similarly, a preferential
contaminant flow path does not appear to be associated with the buried paleovalley to any great
extent. For example, a faint trace of the western edge of the paleovalley is suggested by the shape
of the bedrock surface between MON-679 and MON-765 (cross-section B to B'). Erosion of the
Shinarump sandstone by the ancestral Cane Valley Wash drainage provides an alternate
explanation for this discernable bedrock slope. In any case, the presence of a'clearly defined
erosional paleovalley controlling contaminant migration is not evident.

Plume Migration Trends

Downgradient migration of nitrate contamination in the alluvial system is evidenced by
examining nitrate concentrations versus time for ground water samples collected at selected
locations along the longitudinal axis of the plume. Nitrate concentrations, measured over a
10.3-year period (April 1988 to August 1998) in water samples from monitor wells MON-606,
-655, and -653, are shown in Figure 5-34. Monitor well MON-606 is located near the
downgradient edge of the former new tailings pile, MON-655 is located near the centroid of the
nitrate plume, and monitor well MON-653 is located at the leading edge of the 500 mg/L nitrate
boundary. Results for monitor well MON-606 located near the former source area, and monitor
well MON-655 located near the centroid of the high nitrate concentrations, both indicate a
decreasing trend in nitrate concentrations since 1988. Conversely, concentrations at the leading
edge of the 500 mg/L nitrate boundary (MON-653) indicate an increase in nitrate concentrations;
31 mg/L in 1988 to 124 mg/L in 1998. This translates to an approximate historical rate of
increase of 9 mg/L nitrate per year at location MON-653 ([124 - 31 mg/L] / 10.3 years).

Similarly, the sulfate plume appears to be migrating downgradient of the former new tailings
area. This is evidenced by examining sulfate concentrations versus time for ground water
samples collected at selected locations along the longitudinal axis of the plume. Sulfate analyses
in water samples collected over a 10.3-year period (April 1988 to August 1998) from monitor
wells MON-606, -655, and -653, are shown in Figure 5-3 5. Measurement results for monitor
wells MON-606 and MON-655, located closest to the former source area both indicate a
decreasing trend in sulfate concentrations since 1988. Conversely, concentrations at the
downgradient monitor well MON-653 indicate an increase in sulfate concentrations; 1,060 mg/L
in 1988 to 1,590 mg/L in 1998.

Volume of Contaminated Alluvial Ground Water

Estimates of the volume of contaminated ground water in the alluvial plume are based on the
areal and vertical distribution of nitrate concentrations discussed previously. Separate estimates
are presented for (1) the mass of relatively high nitrate concentrations delineated by the
500 mg/L boundary which begins near the former new tailings pile and extends approximately

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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2,600 ft (0.5 miles) downgradient and (2) nitrate concentrations between 500 mg/L and the
44 mg!L MCL. Assumptions used in the calculations are presented with the estimated
contaminant volumes in Table 5-9.

Table 5-9. Estimated Volume of Contamination in the Alluvial Aquifer

Nitrate Area Average saturated Contaminated Estimated Estimated
Nitrat (fAr) thickness saturated thickness porosity volume(mgL) ((ft) (percent) (percent) (gal)

44 to 500 8.8 x 106 34 75 25 420 x 106

500and greater 2.4 x 108 27 100 25 120 x 10e

Total 540 x 100

5.3.3.2 Impact to the Shinarump Bedrock Aquifer

Ground water from the Shinarump aquifer is not significantly impacted by site-related
contamination. Supporting evidence is provided by the 1997 ground water sampling results
presented in Table 5-10 for downgradient Shinarump monitor wells MON-659 and MON-660.
The range in natural background for each constituent, based on the upgradient water quality
results previously presented in Section 5.3.1.4, is included in Table 5-10 for comparison. Results
obtained at monitor well MON-614 are not included in Table 5-10 because the screen filter pack
spans across both the alluvium and Shinarump sandstone and therefore water from this location
may not be representative of the Shinarump Member. Results are not available for on-site
monitor wells MON-607 and MON-609 because the wells are dry.

The 1997 sampling data presented in Table 5-10 demonstrate that concentrations of-uranium and
nitrate do not exceed the upper range in natural background at any location. Several other site-
related constituents do exceed the upper range in natural background, however the maximum
concentrations observed for these constituents are all relatively low; 0.5 mg/L ammonium,
25.9 mg/L calcium, 130 mg/L sulfate, and 5.9 pCi/L radium-226. No constituent occurs in
concentrations that exceed any MCL or at concentrations that present a health risk (Section 6.0).

Further evidence supporting the unlikeliness that site-related contamination is significantly
impacting the Shinarump aquifer is provided by water-level measurements and ground water
sampling results obtained for monitor well pairs MON-606 (alluvium) and MON-659
(Shinarump) which are installed approximately 100-ft downgradient from the former new
tailings area (Figure 5-3 1). A comparison of site-related contaminant concentrations and water
elevations for the well pair is presented in Table 5-11. The data indicate that only ground water
from the alluvial monitor well MON-606 contains site-related contamination; the highest levels
of nitrate (1,030 mg/L) detected in the most contaminated portion of the plume. In addition,
water-level measurements indicate a neutral to slight upward hydraulic gradient in the Shinarump
Member, which would limit downward migration of contaminants from the alluvium.

DOE/Grand Junction Office
April 1999
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Table 5-10. Comparison of Downgradient Ground Water to Natural Background
I Ground Water Quality in the Shinarump Aquifer

Analyte IDowngradient Background Range'nFOD a Meanb Range B

Major (mglL) .

Ammonia as NH 4  2/2 0.2664 .0247-.508 .0078-. 1

Calcium 2/2 14.355 2.81-25.9 2,45-17.5

Chloride 2/2 8.835 7.92-9.75 7-11
Magnesium 2/2 15.635 1.57-29.7 1.61-22.8
Nitrate 2/2 1.9875 .235-3.74 <.014-8.86
Potassium 2/2 2.1735 .777-3.57 .93-2.91
Sodium 2/2 99.05 84.1-114 64.1-119

ISulfate 2/2 76 22-130 53.1-77
Metal(gl)_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Aluminum 0/2 0.075 <.1-<.2 <.1-.7
Arsenic 3/4 0.0049 <.005-.0062 <.005-<.01
Barium 2/4 0.046 .038-.046 <.1-.4

Cadmium 0/2 0.0005 <.001-<.001 <.001-<.001
Iron (Filtered) Y/ 0.0975 <.03-.18 <.03-.13

Manganese (Filtered) 1/2 0.0725 <.01-.14 <.01-.08
Manganese (Unfiltered) 1/2 0.0675 <.01-.13 <.01-<.01
Mercury 0/2 0.0001 <.0002-<.0002 <.0002-<.0002
Molybdenum 1/2 0.012 <.01-.019 <.01-.17
Selenium 0/2 0.0001 <.0002-<.0002 <.001-<.005
Strontium 2/2 0.1534 .0407-.266 .0471-.35
Uranium 1/2 0.001 <.001-.0015 <.0003-.0099
Vanadium 0/2 0.002 <.004--<.004 <.01-.7
Zinc (Filtered) 1/2 0.1225 <.05-.22 <.005-.085
Zinc (Unfiltered) 2/2 0.007 .005-.009 .101-.101
Other.____ _______ ________

Alkalinity as CaCO 3 (mg/L) 2/2 240 196-284 168-220
Bromide (mg/L) 0/2 0.05 <.1-<.1 <2-<2

Fluoride (mg/L) 2/2 0.3 .2-.4 .3-.5

Redox Potential (mV) 2/2 -158.5 -252-65 -27-446
Silica (mg/L) 2/2 13.5 12.5-14.5 8-12
Sulfate/Chloride 2/2 7.8 2.6-13 5.8-10.4
Sulfide (mg/L) 0/2 0.275 <.1-<1 <,01-<.1
Total Dissolved Solids (mg/L) 2/2 364 308-420 301-370
Total Phosphorus as P0 4 (mg/L) 1/2 0.825 <.1-1.6 .2-1
pH (s. u.) 2/2 7.975 7.28-8.67 7.44-8.57
Radiologic (pCi/L) ____________

Gross Alpha 1/2 5.6525 <5.99-8.31 .5-13
Gross Alpha (Excluding Uranium) 1/2 7.28-7.28

Gross Beta 1/ 6.835 <5.64-10.85 <2.7-8
Lead-210 (Filtered) 2/2 1.69 1.69-1.69 .1-1.3
Radium-226 2/2 3.335 .75-5.92 .2-2.17
Radium-228 ½ 0.8 <.4-1.4 .2-1.6
IThorium-230 2/2 1 ..015 0-.3 0-3

aFrequency of detection; number of samples above detectionlnumber of samples analyzed.
bArithmetic mean based on most current sampling; one-half the detection limit used for values below detection.
'Minimum to maximum value detected; < indicates value below the detection limit.
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Table 5-11. Chemical and Water Level Measurements Obtained at Alluvial and Shinarump
Monitor Well Pairs

Monitor Well Pair Completion Nitrate (mglL) Sulfate (mglL) Water Elevation

Formation (ft amsl)

MON-606 Alluvium 1,030 a 674 a 4,829.5 b

MON-659 Shinarump 3.7 b 130 c 4,829.9 b

MON-653 Alluvium 125 a 1,630 ' 4,802.2 b

MON-660 Shinarump <1 b 22 c 4,805.3 b

OAugust 1997
bJanuary 1997
=November 1995

A similar situation exists further downgradient at monitor well pair MON-653 (alluvium) and
MON-660 (Shinarump) which are installed near the center of the leading edge of the most
contaminated portion of the alluvial aquifer (Figure 5-31). At this paired location, water from the
alluvial monitor well MON-653 contains 1,630 mg/L sulfate which is one of the highest sulfate
levels detected in the plume (Figure 5-24a) while the underlying Shinarump ground water from
monitor well MON-660 contains sulfate concentrations that are consistent with natural
background. Water-level measurements at this well pair location also indicate an upward
hydraulic gradient from the deeper Shinarump to the alluvium, further demonstrating the
unlikeliness that site-related contamination is present in the Shinarump aquifer.

5.3.3.3 Impact to the De Chelly Bedrock Aquifer

Ground water samples collected from the De Chelly aquifer do not exhibit wide spread
site-related contamination. This is evidenced by the 1997 sampling data presented in Table 5-12,
which summarizes on-site and downgradient water quality. The data demonstrate that
concentrations of site-related constituents such as ammonium, nitrate, potassium, strontium,
vanadium, radium-226, and radium-228 do not exceed the upper range in natural background at
any on-site or downgradient location. Other constituents such as magnesium and sulfate occur in
one instance at concentrations only slightly above the upper limit of natural background.

Calcium and uranium are the only site-related constituents that occur frequently above natural
background in the De Chelly aquifer. Calcium concentrations exceed the upper limit in natural
background only in water collected from on-site monitor wells (MON-657, -618, -619, and
-776) located near the former old tailings pile. The maximum calcium concentration of
56.5 mg/L, which is only twice the upper limit of natural background (28.6 mg/L), was detected
in monitor well MON-657.

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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Table 5-12. Comparison of On-Site and Downgradient Ground Water to Natural Background
Ground Water Quality in the De Chelly Aquifer

Analyte Downgradient Background Range'
MFOD meanb Range'

Major(mg/L) __________________ ___________________

Ammonium as*NH4  3/8 0.0117 .0053-.0352 <.004-<.1
Calcium 8/8 27.4 11.7-56.5 6.34-28.6
Chloride 8/8 7.0475 3.23-9.78 3.11-34.7
Magnesium 8/8 20.4875 8.2-36.4 8.37-31.9
Nitrate 8/8 5.5361 .0836-18.8 .66-22
Potassium 8/8 2.6388 1.53-3.7 1.82-5.29
Sodium 8/8 43.6863 6.89-82.1 7.15-92.1
Sulfate 7/7 48.5714 13.1-103 11.6-66.3
Metal ý(mgIL) ___ ____ _________

Aluminum 4/7 0.1714 <.1-.3 <.05-.8
Arsenic 2/12 0.0051 <.005-.016 <.0015-.022
Barium 8/12 0.1667 <.1-.4 .036-.5
Cadmium 0/8 0.0005, <.001-<.001 <.00013-<.005
Iron (Filtered) 4/7 0.05 <.03-.091 <.03-.25
Iron (Unfiltered) 3/5 0.05 <.03-.13 .04-2.95
Manganese (Filtered) 2/7 0.0103 <.01-.034 <.0015-.21
Manganese (Unfiltered) 3/5. 0.062 <.01-.25 <.0015-.42
Mercury 1/7 0.0002 <.0002-.0005 <.0002-<.0002
Molybdenum 2/8 0.0288 <.01-.19 <.0049-.18
Selenium 6/8 0.0019 <.0002-.0038 .00033-.005
Strontium 8/8 0.3943 .183-.57 <. 1-.68
Uranium 7/8 0.0222 <.001-.0673 .0004-.0096
Vanadium 4/8 0.0197 <.004-.0542 <.0019-.8
Zinc (Filtered) 2/7 0.0247 <.01-.048 <.001-.725
Zinc (Unfiltered) 5/5 0.0572 .007-.197 .004-.05
Other . ________ _;________________:

Alkalinity as CaCO3 (mg/L) 8/8 168.75 106-273 77-235
Bromide (mg/L) 0/5 0.62 <. 1-<2 <. 1_-<2
Fluoride (mg/L) 7/7 0.3286 .2-.5 .2;-.6
Redox Potentia (mV)l 8/8 21.25 -212-204 108-466
Silica (mg/L) 7/7 11.0143 8-14.1 5-11.5
Sulfate/Chloride 7/7 7.1 4.1-14.6 1.7-15.4
Sulfide (mg/L) 0/7 0.095 <.01-<1 <.01-4.9
Total Dissolved Solids (mg/L) 8/8 270.625 160-373 118-370
Total Phosphorus as P0 4 (mg/L) 0/7 0.05 <.1-<.1 <.1-.3
pH (s. u.) 8/8 7.8725 7.36-8.74 7.37-9.36
Radiological (pCIlL) ______ ______ _________________ ___________________

Gross Alpha 3/8 8.935 <2.57-29.02 0-10
Gross Alpha (Excluding Uranium) 3/8 D 0-0
Gross Beta 7/8 6.74 <2.7-13.55 0-9
Lead-210 (Filtered) 1/8 0.51 <.61-1.31 0-1.2
Radium-226 8/8 0.1738 .09-.25 0-2.4
Radium-228 0/8 0.4063 <.3-<1.3 0-4.9
Thorium-230 -7/- 1.271 0-.7 0-1 1

aFrequency of detection; number of samples above detection/number of samples analyzed.
bArithmetic mean based on most current sampling; one-half the detection limit used for values below detection.
'Minimum to maximum value detected; < indicates value below the detection limit.
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Uranium is present at concentrations above the upper limit in natural background in ground water
collected in 1997 at MON-664, -657, -619, and -776 (Figure 5-36). The maximum uranium
concentrations are present at monitor wells MON-657 (0.067 mg/L) and -619 (0.053 mg/L),
however these maximum values only slightly exceed the 0.044 mg/L uranium MCL. Monitor
wells MON-657 and -619 are located approximately 400-ft apart in an area once occupied by the
old tailings pile. The western portion of the former old tailings area is underlain by a buried
paleovalley approximately 120 ft deep where Quaternary material rests in direct hydrologic
contact with the Hoskinnini Member of the lower Moenkopi Formation, as shown on the
geologic cross-section D to D' (Figure 5-37). The medium- to coarse-grained Hoskinnini
sandstone provides a hydrologic connection with the underlying De Chelly aquifer. A recent
aquifer test confirmed the presence of a hydrologic connection between the alluvial and
De Chelly aquifers in this region of the site (Section 4.6). Ground water samples collected from
MON-657 and -619 which are completed in the De Chelly aquifer, while having slightly
elevated uranium concentrations, have relatively low concentrations of mill-related constituents
such as nitrate and sulfate. This suggests that the water used for size separation of the ores during
the mechanical processing period from 1955 to 1964 may be the source for the elevated uranium
in the De Chelly aquifer. Generally, the upward hydraulic gradient in the De Chelly aquifer has
prevented downward migration of process waters. However, the hydraulic gradient has locally
been reversed when production well MON-6 19 was pumped to supply water for the milling
operation. Currently, the production wells are no longer in operation and the upward gradient has
reestablished.

Cross-section D to D' graphically illustrates how elevated uranium in the alluvial aquifer may
have been introduced into the De Chelly as a result of pumping production well MON-619. This
model is supported by the aquifer test previously discussed in Section 4.6 and by examining the
uranium concentrations observed in water samples collected from the surficial aquifer adjacent to
MON-6 19. For example, monitor well MON-774 is installed in the alluvium approximately
95 ft west of MON-619. The uranium concentration detected in water from this alluvial well is
consistent with the uranium concentration detected in water from the De Chelly well MON-619,
suggesting the alluvial water is the source of the elevated uranium. It is notably important that
the water level in the alluvium is below the contact between the Shinarump sandstone and the
Moenkopi Formation, thereby eliminating the possibility that contaminated process water was

* also drawn into the Shinarump when MON-619 was in production.

Although the pumping of well MON-619 to supply processing water for the milling operations
may have actively drawn contaminated ground water from the alluvial aquifer into the De Chelly
Sandstone the area of impact is small, isolated, and the uranium concentrations are only slightly
above the MCL. The limited areal extent and isolated nature of the slightly elevated uranium
concentrations occurring in 1997 at MON-619 and -657 is shown in Figure 5-36. It is evident
from the limited areal extent of the plume that the uranium concentrations are less than the MCL
at monitor well MON-776, located 70 ft upgradient from well MON-619. Similarly,
downgradient uranium concentrations decrease to natural background levels within a short
distance from MON-657. This is evidenced by the low uranium concentration of 0.003 mg/L
detected in ground water sampled from monitor well MON-775, which is located approximately
400 ft downgradient from monitor well MON-657.
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Monitor well MON-775 is situated along the axis of the paleovalley, at the most downgradient
extent where the Shinarump Member and most of the Moenkopi Formation have been eroded
away, allowing water from the contaminated alluvial aquifer to be in direct hydrologic contact
with the De Chelly Sandstone Member. However, concentrations of site-related constituents
observed in the De Chelly aquifer at this downgradient location are consistent with natural I
background concentrations, indicating that the overlying alluvial water is not impacting the lower
De Chelly aquifer. An upward hydraulic gradient in the De Chelly aquifer prevents downward
migration of water from the alluvium to the De Chelly.

In summary, production well MON-619 can be considered an isolated point source for the
elevated uranium concentrations observed in the De Chelly aquifer. As shown in Figure 5-38a,
uranium concentrations in ground water collected at MON-619 during the period 1985 through
1998 have declined significantly since the well was pumped during an aquifer test in 1993,
indicating that the De Chelly aquifer is diluting the concentrations by naturally flushing the
uranium downgradient. Uranium observed in downgradient well MON-657 exhibit a similar
pattern of decreasing uranium concentration versus time. Uranium concentrations in the De
Chelly are expected to continue to decrease with time as the aquifer dilutes and flushes the
uranium downgradient.

Continued impact to the De Chelly groundwater is not expected since well 619 is no longer being
pumped for production. In addition, dedicated low-flow bladder pumps were installed at the end
of the 1997 field characterization to prevent contaminated alluvial water to be actively drawn I

* into the De Chelly through the erosional window located in the adjacent paleovalley when the
well is sampled for water quality. The most recent sampling results obtained in 1998 suggest that
natural flushing is working (Figure 5-38b). For example, uranium concentrations at well 657
have decreased to levels below the MCL, thereby reducing the areal extent of the plume.
However, additional monitoring is required to verify this trend.

5.3.3.4 Impacts to Cane Valley Sediments

Chemical results for sediment samples collected along Cane Valley Wash and a tributary
downgradient of the frog ponds at locations MON-620, -624, -626, and -627 (Figure 5-39) are
presented in Table 5-13. For comparison, concentrations observed in background sediments and
soils collected upgradient of the frog ponds and the former mill site (see Section 5.3.1.2) are also
presented in Table 5-13. The data indicate that sediments along Cane Valley Wash have not been
impacted by the milling activities. For example, examination of chemical results in Table 5-13 I
for sediments collected at Cane Valley Wash locations MON-624, -626, and -627, and at
location MON-620 tributary drainage, indicates no notable differences in sediment chemistry
from natural background. Sulfate concentrations are notable in the background samples and at I
the downstream sample collected at location MON-624, which reflect the accumulation of
natural sulfate salts in the sediments due to evaporation and transpiration.

I
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Table 5-13. Comparison of Selected Constituents in Sediments along Cane Valley Wash
to Background Sediments 3

Constituenta MON-620 MON-624 MON-626 MON-627 Range in Natural Backgroundb

Manganese NAc NA NA NA 84.8-225

Nitrate 0.9 3.8 0.4 0.9 1.8 - 9.4

Strontium 28 46 26. 54 25.8 - 116

Sulfate 48 935 42 35 292 - 771

Uranium 1.0 <1.0 <1.0 <1.0 0.3 - <1.0

Vanadium 9.0 3 5 9 5.7- 16.5

'All units in mg/kg.
bBackground locations MON-623, -869, and -870.

INA = not analyzed.

5.3.3.5 Impacts to Cane Valley Waters

Shallow Alluvial Ground Water: Nitrate and sulfate concentrations are elevated in an alluvial
plume as a result of mill-related fluids that entered the ground water at the site and migrated
northward. In addition to the mill-related sulfate plume, there are several wells in the alluvium in
the nearby Cane Valley Wash area that have high sulfate concentrations. These include wells
MON-200, -407, -605, -640, -687, and -855 with sulfate concentrations of 543; 1,210; 1,550;
686; 500; and 1,500 mg/L, respectively. The elevated sulfate concentrations in the Cane Valley
Wash wells are believed to be due to effects of evaporation and are not related to the mill.
Justification for this interpretation is provided below.

The ratios of sulfate-to-chloride concentrations vary depending on if the source is related to past
millsite activities or if it occurs naturally. Tailings fluids were enriched in nitrate and sulfate but
had relatively low chloride concentrations as exemplified by the chemistry of the tailings
solutions collected from the new tailings pile and the evaporation pond (Table 5-7). New tailings
pile water collected from a lysimeter contained 4,510; 530; and 20 mg/L of sulfate, nitrate, and
chloride, respectively. Evaporation pond water contained 1,610; 570; and 45 mg/L of sulfate,
nitrate, and chloride, respectively. Because of the high sulfate-to-chloride ratios in the tailings
fluids, contamination caused sulfate concentrations to increase with little effect on the chloride
concentration. This is shown in the recent characterization data. Sulfate-to-chloride ratios are
distinctively different between the plume area and the Cane Valley Wash area (Figure 5-40).
Sulfate-to-chloride values greater than 10 define an area similar to the sulfate and nitrate plumes.
The ratios are higher in the plume area than in the Cane Valley Wash area.

The different ratios can easily be seen when sulfate concentrations are plotted against chloride
concentrations for the most recent alluvial ground water samples (Figure 5-41). Plume-related
ground water is distinguished on the Figure by having nitrate concentrations of over 44 mg/L.
The plume-related ground water samples are clearly distinguishable from the background
samples by their high sulfate and low chloride concentrations. Samples with elevated sulfate and
chloride concentrations, but with nitrate concentrations of less than 44 mg/L, can be explained by
an evaporation model. Samples that have the lowest concentrations of sulfate and chloride are
assumed to represent water that has been relatively unaffected by either evaporation or
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contamination from the mill site. Two dilute ground water compositions covering the range of
sulfate-to-chloride ratios were selected to represent this unaltered water ("dilute waters 1 and
2" on Figure 5-41). Evaporation will cause both sulfate and chloride concentrations to
increase. The evaporation of the two dilute waters is bracketed by a shaded area on
Figure 5-41. All of the low nitrate ground waters fall within the range modeled by the I
evaporation trends. These waters are indicative of background conditions along Cane Valley
Wash.

Because -of the high sulfate-to-chloride ratio in tailings water, ground water that is
contaminated by mill-tailings fluids plot above the evaporation trends (Figure 5-4 1). If
tailings fluid from the new tailings pile is added to the dilute background water (the analysis is
shown for "dilute water 1" but would be similar if "dilute water 2" were used), sulfate
concentrations increase with very little increase in chloride concentration, and thus plot along
a nearly vertical line. Because the sulfate-to-chloride ratio is lower for the evaporation pond
fluid, the addition of this water to "dilute water 1" produces compositions that fall along a
more inclined line but still distinct from the evaporation trends. All but two of the high-nitrate
ground waters fall within the range modeled by the addition of contaminated water from the
new tailings pile or evaporation pond. The high sulfate-to-chloride ratios are indicative of
water that has been contaminated by the milling fluids. 3
Relatively high sulfate concentrations exist upgradient from the site where it could not have
been contaminated by the mill fluids (for example, wells MON-200 and MON-640 have
sulfate concentrations of 543 and 668 mg/L, respectively). These elevated background
sulfate concentrations, together with the distinct evaporation signature, indicate that the
elevated sulfate concentrations in Cane Valley Wash result from evaporation of
uncontaminated water.

Surface Water: The uranium MCL was exceeded in at least one surface-water sample I
collected from locations MON-621, -622, -624, and -627 (Figure 5-39) from the most
recent sampling (Table 5-14). The highest observed concentration of uranium is 0.0647 mg/L. 3
No other COPCs exceeded MCL concentrations. For those COPCs that do not have MCLs,
concentrations are generally low, except sulfate which had a concentration of 2,060 mg/L at
sampling location MON-627 in 1996. Sulfate concentrations vary considerably in Cane I
Valley Wash. Sulfate has had elevated concentrations at some surface sampling locations
sporadically during their sampling history. The elevated concentrations are attributed to
evaporation.

The effects of evaporation are seen in the sulfate-to-chloride ratios which range from 1 to 5.7
in surface water (Figure 5-40). These ratios are consistent with the values (less than 10) for
shallow alluvial ground water along Cane Valley Wash (Figure 5-40). The evaporation
signature of the surface waters is readily observed on a sulfate-to-chloride diagram
(Figure 5-41).

Site Observational Work Plan for Monument Valley,. Arizona DOE/Grand Junction Office
Page 5-112 April 1999



Document Number UOO 18 101
DocuentNumer UO 1101Site Concentual Model ...... r ...........

0

650
(3.1)

651
(8.2) Q

627
413 (3.3) (23)
415 (4.2)
414 (2.9)
416 (4.7)

652
(4.3)

0
762 0

761 (11.0)

0 0
0
767
(5.4)

768
(8.1)

0

407
(6.3ý)

0
0

654
(7.9)

410 112)

(5.7)605(90)

6064(9-7)

(2-9) 622
(13.0)

603(901O

616
(16.6)

,-.- .• 404 (1. )403 (2.4)

2000 402 (2.63
(4.3) (1.6)

602
(7.9)

O

640
(5.9)
0

Former Source Area

400
(2.6) o

Approximate Outcrop
of Bedrock

Sulfate to Chloride Ratio (>10.0)

Sulfate to Chloride Ratio in Surface Water

0-5

5-10

Sulfate to Chloride Ratio in the Alluvial Aquifer

0-5
0

617
(5.0) 0

0

0

5-10

10-25

25 - 50

50-125
N

1000 0 1000 2000 Feet
P0 1 M ]i 11111111111

U.S. DEPARTMENT OF ENERGY
= GRAND JUNCTION OFFICE. COLORADO

Distribution of Sulfate-to-Chloride Ratio
in the Alluvial Aquifer and in Surface Water

Most Recent Data Through September 1997

April 28,1999 I U

Figure 5-40. Distribution of Sulfate-to-Chloride Ratio in the Alluvial Aquifer and in Surface Water

DOE/Grand Junction Office
April 1999

Site Observational Work Plan for Monument Valley, Arizona
Page 5-113



I m m m m m -m M m m m m -M m m m m

0

0

0o
E-

(,,

4000

3500

<}Addition o~f
IL Lyslreter Wa

3000 .

2500 -

2000-••i-••

1500-

1000- i ,•

500

200

0( 50
Sulfate 100 Sulfate =20
Chloride = 10 Chloride z 10

Dilute Dilute

* U

0
,-t

0.

0

0

100 150 200

Chloride (mglL)

Figure 5-41. Sulfate-to-Chloride Ratio

250

Water I Water 2



Site Conceptual Model Document 14umber UOO 18 101

Table 5-14. COPC Concentrations Observed in Surface Water

COPC (mg/L)

Sample Date Mn NO, Sr SO4  U V

0620 6/27/93 1.53 <1.0 0.42 84 0.028 0.04

1112197 NA 0.667 0.575 NA 0.0252 0.0052

0621 11/22/92 0.005 0.071 0.55 50 0.014 0.003

1/11/97 NA 0.0735 0.696 NA 0.0572 <0.0044

0622 11/24/92 .0.009 0.48 0.61 37 0.001 <0.0019

1/11/97 NA 0.0745 1.03 NA 0.0647 0,0102

0623 11/19/95 0.041 <1.0 0.49 30 0.002 <0.01

1/11/97 " NA 0.0744 0.407 NA 0.0063 <0.004

8/27/97 NA 0.198 0.537 24.9 <0.001 <0.013

0624 1/16/96 0.02 <1.0 NA 191 0.064 0.02

1/13/97 NA 0.624 0.851 NA 0.0546 0.0042

0627 1/15/96 0.04 1.4 NA 2,060 0.062 0.12

8/21/97 NA 0.105 0.159 217 0.0126 0.0285

0631 1/16/96 <0.01 <1.0 NA 573 0.020 0.01

1/14/97 NA 0.352 0.38 NA 0.0274 0.0175

0633 1/19/96 <0.01 <1.0 NA 379 0.002 0.01

MCL None 44 None None 0.044 None

The elevated uranium concentrations may also be due to evaporation as observed on a plot of
uranium-to-chloride. With the exception of one point, the uranium-to-chloride ratio in surface
location 627 parallels the sulfate-to-chloride ratios suggesting that evaporation is a cause of the
uranium concentrations (Figure 5-42). However, the entire Cane Valley area was the scene of
mining, milling, and uranium exploration activity for many decades and some uranium in surface
water could have come from tailings or ore-related materials dispersed in the soils.

U
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I
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5.3.4 Fate and Transport of Ground Water Contaminants

Site-related contaminants are subject to dispersion and dilution by ground water transport and
attenuation by radioactive decay and various chemical reactions, including oxidation/reduction
reactions, precipitation and coprecipitation, adsorption onto the aquifer mineral surfaces, cation
exchange, and biologically controlled oxidation/reduction reactions. The mobility or potential for
attenuation depends on the chemical species of ions in the aqueous environment. The chemical
species present in natural systems are a function of pH, Eh, and the concentrations of various I
anions and cations. The predominant species of the site-related constituents identified as
occurring in the alluvial aquifer at concentrations above natural background were predicted using
the geochemical model PHREEQE (Parkhurst et al. 1980, DOE 1996d). The dominant solution
species are summarized in Table 5-15.

Table 5-15. Dominant Solution Species in the Alluvial Ground, Water I
Constituent Dominant Species Common Name Molar percent

Manganese Mn2 Manganese 64
MnSO 4AQ Manganese sulfate 31

Nitrate NO3- Nitrate 100

Strontium Sr1÷ Strontium 100

Sulfur So42- Sulfate 100

Uranium UO2(CO 3)34 Uranyl tricarbonate 70
U0 2(CO3)2

2
- 30

Vanadium HV 2O73- Pyrovanadic acid 83
HVO- 15

Ground water quality data provide insight into the fate and transport of site-related contaminants
in ground water at the site. Several constituents identified in the tailings solutions are absent or
occur at much lower levels in the contaminated ground water, due to reactions of these
contaminants with the aquifer matrix. Contaminants present in tailings solutions, but absent
(below detection) in ground water at the site, are trace metals including antimony, chromium,
cobalt, copper, molybdenum, and nickel. Contaminants in tailings solutions that are greatly
attenuated, but detectable above background, are ammonium, radium-226, uranium, and
vanadium. Contaminants that are at levels in ground water similar to those in the tailings
solutions are major cations and anions (calcium, nitrate, magnesium, chloride, potassium,
strontium, and sulfate).

Dispersion and precipitation reactions control concentrations of the major Cations and anions
such as calcium, iron, magnesium, nitrate, potassium, silica, sodium, strontium, and sulfate.
Precipitation/dissolution reactions will occur in the portion of the plumes closest to the former
tailings piles. Precipitation reactions currently are active because the shallow ground water in this
zone is oversaturated with gypsum. With the tailings piles removed, the ground water sulfate
concentrations will decrease, allowing gypsum to redissolve. Dissolution will buffer sulfate and
calcium concentrations until the gypsum is exhausted. At this point, dilution with background
water will lower sulfate and calcium concentrations.
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Cation exchange reactions with clays and oxidation to nitrate perhaps, mediated by bacterial
action, will decrease ammonium concentrations. Dispersion and adsorption mainly will decrease
manganese, uranium, vanadium, and zinc concentrations.

5.4 Ecology

This section discusses the results of the ecological investigation (Section 4.7) with respect to the
feasibility of phytoremediation and native plant farming.

5.4.1 Feasibility of Phytoremediation and Native Plant Farming

DOE plans active remediation of ground water constituents that exceed EPA standards or pose a
risk to human health and the environment at Monument Valley. High nitrate levels, as high as
1,200 mg/L in the alluvial aquifer, exceed the EPA standard for nitrogen (equivalent to 44 mg/L
nitrate). Residual ammonium in soils and substrates where the tailings piles were removed
(subpile soils) may be a continuing source of ground water nitrate (Section 5.3.2.2). DOE is
implementing phytoremediation of subpile soil ammonium and is evaluating phytoremediation of
the shallow portions of the alluvial aquifer. in an ongoing pilot study as a component of an active
ground water remediation strategy for the site. In Section 8 of this SOWP, DOE evaluates the
feasibility of a native plant farming alternative; pumping and treating high-nitrate ground water
by using it~to irrigate and fertilize revegetation plantings (Baumgartner et al. 1996).

This section provides background information concerning plant extraction and fate of ground
water and soil nitrogen, and discusses the feasibility of phytoremediation and native plant
farming alternatives.

5.4.1.1 Background Information

Plant Extraction and Fate of Nitrogen in Ground Water and Soil

Nitrogen (N) is an essential macronutrient for the growth of higher plants. Nitrate (NO3-) and
ammonium (NH4÷) in soils and ground water are the most common plant-available forms of N in
arid and semiarid ecosystems (Coyne et al. 1995). Utilization of NO3- by higher plants involves
the uptake, storage, translocation, and incorporation of N into organic forms. Most N uptake is
through roots, although foliar uptake may also occur. N taken up from soil by the roots of
terrestrial plants is either in the NO3- form or the NH4' form. NO3- and NW are taken in through
the epidermis of plant roots and into the symplast of cortical and endodermal cells by way of a
combination of passive diffusion and active transport which requires expenditure of energy.

Once in the plant, NO3- istreduced to ammonia (NH3) or NH4÷ either in the root or after it is
transported up the xylem into the leaves. N03- may be stored in cell vacuoles for a period of time
before it is reduced. Reduction of NO3- is driven by photochemical energy captured through
photosynthesis. The NH3 or NH4' is converted to amides and, through reactions catalyzed by
transferases, amides are converted to amino acids. The amino acids are the building blocks for
complex nitrogenous compounds in the plant protoplasm including proteins, chlorophyll, growth
regulators, alkaloids, nucleosides, nucleotides, and nucleic acids.
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Understanding the fate of N bound in live plant protoplasm is important for an evaluation of
phytoremediation. Some N is lost as NH3 directly from plants through stomates to the
atmosphere. However, most N is returned to the soil either by death and decay of plant tissue or
via grazing animals. Most N in terrestrial ecosystems resides in soil organic matter. Bacteria and
fungi decay dead plant protoplasm (litter) producing amino acids and other soil organic residues. I
This soil organic matter is eventually converted to NH4+ and NH3 by amnifying bacteria. N in
plant biomass ingested by grazing animals is excreted in urine or feces and then rapidly
hydrolyzed to NH4÷.

N that has been returned to the soil as NH4' and NH3 is either taken'up again by higher plants,
used as an energy sourceby nitrifying bacteria, forming NO3-, or lost through volatilization and I
leaching (Coyne et al. 1995; Barbour et al. 1987). A combination of high temperatures and dry
soil, common at Monument Valley, can result in substantial volatilization of NH3. The potential
for leaching of NH4, NH3, and NO3 is a function of the soil water balance which depends to a
great degree on vegetation condition. Without plants, up to 50 percent of precipitation may be
available to move N compounds back towards the ground water in arid and semiarid ecosystems
(Gee et al. 1994). However, very little if any leaching would be expected where vegetation in
good condition returns precipitation to the atmosphere via ET (evaporation.from leaf and soil
surfaces).

Phytoremediation Feasibility .. • ..

Data to evaluate the feasibility of using phytoremediation as one possible component of the
cleanup strategy were collected during 1997 (Section 4.7). Greasewood (Sarcobatus
vermiculatus) and fourwing saltbush (Atriplex canescens) are both deep-rooted shrubs presently I
growing over most of the alluvial nitrate plume (Figure 5-43). Greasewood is an obligatory
phreatophyte; its presence is evidence that it is rooted in the plume. In general, the gradient from
a greasewood-dominated plant community to a fourwing saltbush-dominated community fromI
southeast to northwest' across the plume (see Figure 4-11) is correlated with increasing depth to
ground water. However, the greasewood and fourwing saltbush stands are currently in poor
condition because of historical overgrazing. Also, part of the greasewood stand may have been
sprayed with herbicides during the surface remediation activity.

Evidence from rooting depth literature, photograph comparisons, and plant succession in
disturbed areas all support the premise that by (1) increasing the abundance and expanding the

distribution of greasewood and other phreatophytes; and (2) protecting phreatophyte populations I
from grazing, phytoremediation can contribute significantly to cleanup of nitrate in the alluvial
aquifer. The greasewood and fourwing saltbush populations already cover a large portion of the
plume area (Figure 5-43). A review of rooting-depth literature (e.g., Nichols 1993; I
Branson et al. 1981) indicates that the plume is potentially within reach of greasewood roots. A
comparison of recent and old photographs shows that the greasewood population may be a .ta
consequence of milling activities, that the population has spread over the past 15 years, and that
plants growing in the plume area are much larger than plants growing outside the plume area,
apparently a response of nitrate fertilization. Greasewood and fourwing saltbush plants have been
established and have grown rapidly within the fenced area that was disturbed during surface
remediation only 3 years ago. This is evidence that (1) planting greasewood and fourwing
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saltbush may accelerate population expansion into other disturbed (bladed and overgrazed) areas
of the plume; and (2) relatively high productivity (and nitrate uptake) is possible if plants are
protected from grazing.

Phytoremediation of ammonium and nitrate in subpile soil may also be feasible. High
ammonium and nitrate occurred in one hand-augered soil boring (boring 866, Section 5.3.2.2) in
the northern portion of the new tailings pile area (Section 4.5). While ammonium is not a COPC,
ammonium in subpile soil may generate nitrate that could enter the ground water system.
Successful revegetation of subpile soils with a diverse mixture of deeper-rooted shrubs and
shallower-rooted grasses and forbs may control this potential source of ground water nitrate
(Schnoor'et al. 1995). Vegetation in good condition would extract ammonium and nitrate and
create a favorable soil water balance. In ard ecosystems, ET from healthy vegetation can prevent
leaching of contaminated soil (Weand and Hauser 1997).

Native Plant Farming Feasibility

DOE is also considering the feasibility of a native plant farming alternative as a component of
the cleanup strategy for Monument Valley. The concept involves pumping the nitrate-
contaminated alluvial aquifer for a productive use, specifically, to irrigate planted areas. In this
way, nitrate the ground water contaminant becomes nitrate the fertilizer as it is taken into the
nitrogen biogeochemical cycle of the terrestrial ecosystem (see background information section
above).

Arable land classification in ard regions is primarily concerned with soil depth, soil water
retention, soil permeability, soil chemistry (salinity, sodicity, and alkalinity), percent coarse
fragments, and topography. Soils overlying the plume and in revegetation areas at Monument
Valley range from a loamy sand, with about 70 percent fine sand, 25 percent silt, and less than
5 percent clay, to dune sand with greater than 90 percent fine sand, less than 5 percent silt, and
virtually no clay (Table 4-10). The "field capacity" of these soils should fall between about
7 and 12 percent volumetric water content (e.g., Brady 1974). The permeability of these soils
averages about 1.0 x 10- cm/s (Table 4-9). These soils are deep, have very few coarse
fragments, and slopes do not exceed 8 percent. Salinization would not be expected for these
deep, coarse-textured soils under normal irrigation practices.

Overall,.based on an arable land classification system used by the Navajo Nation and the BIA
(Appendix E), the soils in the plume and revegetation areas do not fall into the highest class but
are suitable for irrigation of a native forage crop (e.g., Glenn et al. 1998).

Before a native plant farming process could be implemented, however, a number of areas of
uncertainty would have to be addressed. Uncertainties associated with well installation and
production rates are addressed in Section 8.0. Ecological uncertainties which would have to be
addressed before a native plant farming system could be implemented include the following:

Soil salinization from high sulfate and other soluble salts in the plume water,

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
April 1999 Page 5-123



Site Conceptual Model Document Number UO018101

* Effects of high nitrate and sulfate levels on plant survival, species composition, species
diversity, plant abundance, and productivity of planted areas, and

* Feasibility of managing the soil water balance and limiting deep leaching of nitrates and
sulfates.

The economic and process feasibility of the native plant farming process are evaluated in Section
8 of this SOWP. No range improvements will be implemented without prior approval of the
Navajo Nation and local residents of Cane Valley.

I
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6.0 Risk Assessment

The 1996 BLRA evaluated the potential public health and environmental risks of ground water
contamination caused by activities at the former Monument Valley processing site (DOE 1996b).
Since the completion of this document, additional site characterization data, new toxicity data on
human health, and results of a study on plant uptake are now available to update the BLRA.
Results of the update indicate that nitrate, sulfate, and uranium should be retained as
contaminants of concern (COCs) based on risks to human health due to ingestion of ground
water. The update of the ecological risk assessment showed that no adverse effects to plants can
be expected from use of plume water for irrigation. This section summarizes the results of the
original BLRA and then provides the human health and ecological risk assessment updates based
on the more recent information. More detailed discussion of the human health risk assessment
update can be found in Appendix F.

6.1 Human Health Risk Assessment

As with other UMTRA ground water sites, the BLRA serves as the basis for risk information.
Sections 6.1.1 and 6.1.2 summarize the results of the BLRA for Monument Valley. The BLRA
was based on characterization data collected from 1988 to February 1993. More recent analytical
results are available for this site, and they provide an opportunity to evaluate the effect of
changing site conditions on risks. Section 6.1.3 updates the BLRA using the more recent
analytical data.

Ground water is the sole source of domestic water (water used for drinking, bathing, and other
household purposes) in the Monument Valley area. Domestic well users upgradient of the site
and several domestic wells downgradient of the site have not been impacted by the contaminant
plume. The depth to ground water is shallow in some areas near the site (i.e., Cane Valley Wash).
In the areas where ground water reaches the surface, ponds form that are accessed by people and
animals. However, these areas have not been impacted by the contaminated ground water;
therefore, complete exposure pathways to contaminated ground water discharging to the surface
water and sediment do not exist.

Currently, no one uses the contaminated ground water and, therefore, there are no complete
exposure pathways or human health risks for ground water. However, future use of the
contaminated ground water is possible. Evaluation of potential future use indicates certain health
risks could occur if the contaminated ground water (i.e., ground water within the most
contaminated portion of the plume) were ingested as drinking water.

6.1.1 Contaminants of Potential Concern

COPCs are contaminants that could cause adverse health effects if taken into the body. COPCs
for human health were selected on the basis of comparison to background data, acceptable
nutritional and dietary ranges, and toxicity benchmarks. A constituent was placed on the initial
list if it was detected in concentrations that exceeded background levels in monitoring wells at
the 0.05 level- of significance and if the site is a likely source for the contaminant. Fifteen
chemicals were identified in concentrations above background: ammonium, calcium, chloride,
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iron, magnesium, manganese, nitrate, potassium, silica, sodium, strontium, sulfate, uranium,
vanadium, and zinc.

This initial list of site-related constituents was further evaluated for toxicity to human health
using the health-based criteria. Several constituents, although present above background, were
screened from the list because their concentrations are within an acceptable nutritional rate or at a
level of low toxicity and relatively high normal dietary intake compared to the value detected.
Chloride, iron, potassium, and zinc were removed from the list because they are found at
acceptable nutritional requirement levels. Constituents considered to be of low toxicity and/or
high normal dietary intake that were eliminated from the list are ammonium, calcium,
magnesium, silica, and sodium. The effect of these constituents on persons with diabetes was not
evaluated separately, although this may be a sensitive subpopulation within the Navajo Nation.

All remaining constituents on the list were considered COPCs because of their potential toxic U
effects if ingested. These contaminants were evaluated quantitatively in the risk assessment:
nitrate, sulfate, manganese, strontium, vanadium, and uranium. Of these contaminants, uranium
is the only carcinogen.

Five exposure routes were evaluated for their potential adverse health effects: ground water
ingestion and dermal contact, the ingestion of garden produce irrigated with contaminated
ground water, and the ingestion of milk and meat from livestock watered with ground water from
the contaminated aquifer. Toxicity due to exposure from these exposure routes was evaluated by I
calculating the exposure dose, using the upper 95 percent confidence 'limit of the mean
concentration in ground water. The significant risk contributors by exposure route were
identified by calculating a ratio of these exposure doses to the exposure dose from ground water
ingestion (as drinking water). Ground water used as a sole, source of drinking water was
determined to contribute the most significant potential future risk relative to the other exposure
pathways. Therefore, only the ingestion of contaminated ground water was further evaluated in
the BLRA.

Probability distributions for contaminant concentrations and exposure variables were integrated N
to estimate the range of contaminant exposure doses people could ingest from a hypothetical well
constructed in the most contaminated portion of the plume. Filtered water quality data from 1988 8
to 1993 from DOE monitor well MON-655 were used to evaluate on-site levels of contaminants
in the alluvial aquifer. The estimated amounts of contaminants a child could ingest through
drinking water were compared to toxic effects anticipated for each contaminant at these amounts. I
Children (1 to 10 years) were evaluated for these exposure scenarios because children consume
relatively more water than adults and, consequently ingest a higher contaminant dose than adults.
However, when a subpopulation was identified as more sensitive to exposure to certain
contaminants, that population was evaluated. For the Monument Valley site, infants have been
identified as the population most sensitive to sulfate and nitrate. Adults were evaluated for the
carcinogen uranium, because carcinogens are evaluated over a lifetime of 70 years.

I
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6.1.2 Potential Public Health Impacts

The most serious noncarcinogenic health risks from ingesting ground water at this site would
result from nitrate. Some degree of methemoglobinemia (the interference of the oxygen-carrying
capacity of the blood) could occur with any infant consumption of nitrate in ground water at this
site. Severe diarrhea in infants could be expected from sulfate exposure. Manganese levels could
cause mild neurological symptoms such as irritability and speech disturbances. More than
99 percent of the strontium and vanadium exposures fell below any levels where any
noncarcinogenic toxic effects have been observed in humans. The entire range of uranium
exposures fell below any level where noncarcinogenic toxic effects have been observed in
humans.

6.1.3 BLRA Update

Risk is estimated by evaluating concentrations of the contaminants in ground water exposure
(exposure factors such as the number of liters ingested per day of drinking water) and the toxicity
of the COPCs. The purpose of this update is to evaluate changes in these areas (if any) and then
evaluate if all the COPCs should be retained and the potential overall impact to human health.

Additional analytical results (contaminant concentrations) became available after the original
BLRA (DOE 1996b) was completed. Table 6-1 presents a comparison of the analytical results
used in the BLRA to the more recent analytical results.

Table 6-1. Comparison of New Data with Data Used in the BLRA at Downgradient Wells (mg/L)

BLRA Downgradient Most Recent Ratio of
Data Downgradient Datab Median of

Recent Data
BLRA UMTRA to Median Trend of

COPCs MCL Median Maximum Median Maximum BLRA Data Median

Manganese NA 0.13 0.17 0.19 0.31 1.5 Increase

Nitrate 44 1,140 1,600 1,190 1,590 1.04 Increase

Strontium NA 3.0 3.2 2.55 2.88 0.85 Decrease

Sulfate NA 2,660 3,540 1,450 2,140 0.73 Decrease

Uranium 0.044 0.028 0.031 0.026 0.027 0.93 Decrease

Vanadium NA 0.01 0.08 0.01 0.013 1.0 No Chance
rThe BLRA used data from well MON-655 or MON-606. -

bNitrate, strontium, sulfate, and uranium are from well MON-655, while nitrate and manganese are from well MON-606.The most
recent data includes any data collected after February 1993 (the date of the last sampling round used in the BLRA) to the present.

Table 6-1 shows that manganese and nitrate show an increasing trend in the median
concentration, vanadium has not changed, and strontium, sulfate, and uranium are decreasing.
However, concentrations for all COPCs using the more recent data have remained similar to the
concentrations listed in the BLRA.

Since the completion of the BLRA, several new wells have been added to better characterize the
plume. In some cases, new data from these new wells have yielded higher concentrations than the
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data from the wells used in the BLRA. A comparison of the BLRA data and the most recent data
from all wells (see Table 5-8 for a complete data summary) is presented in Table 6-2.

Table 6-2 shows higher maximum concentrations have occurred in the new wells for strontium,
sulfate, uranium, and vanadium. In all cases, concentrations have increased by a factor of five or
less. Maximum concentrations for manganese and nitrate are still occurring in well MON-606.

Table 6-2. Sampling Results Using All Available Wells (mg/L)

Maximum Concentration Well with Maximum ConcentrationBLRA Well usedBLRA Wl used from Maximum from
COPCs in BLRA Most Recent DataW Concentration Most Recent-Samplingb

Manganese MON-606 0.31 MON-606 0.21

Nitrate MON-606 1,590 MON-606 1,030

Strontium MON-655 2.88 MON-771 4.95

Sulfate MON-655 2,140 MON-771 3,540

Uranium MON-655 0.027 MON-774 0.069

Vanadium MON-655 0.0130 MON-772 0.0540
aThis is the maximum concentration from data collected between March 1993 and August 1997.
bThese are data collected from the most recent round of sampling (August 1997).

The BLRA used standard default assumptions. These same assumptions are still valid and are
commonly used to evaluate risks to human health.

Some toxicity values have been updated since the BLRA was completed. Table 6-3 lists the
toxicity values used in the BLRA vs. the recent data from the Integrated Risk Information
System (IRIS) (EPA 1998). IRIS, which is managed by EPA, provides the most up-to-date
toxicity information. No changes have occurred for most COPCs; however, toxicity values for
manganese and nitrate have been updated.

Table 6-3. Comparison of Toxicity Benchmarks for Noncarcinogensa

Reference Dose Used Most Recent Impact onCOPC Target Organ or Effect in Original BLRAin riina BRA Value from IRISb Risk

Manganese Central nervous system 0.005 0.014 Decrease

Nitrate Blood 7.0 7.0 No change

Strontium Bone 0.6 0.6 No change

Sulfate Gastroenteritis NA NA NA
Uraniumc Body weight loss, moderate 0.003 0.003 No change

nephrotoxicity (kidney)
Vanadium Liver, kidney, nervous 0.007 NAd Assumed noVanadium system, cardiovascular I change

8The toxicity benchmark for these compounds is the reference does or RfD. Risk (expressed as a hazard quotient) is estimated by

dividing intake (mg/kg-day) by the RfD (mg/kg-day). Therefore, as the RfD increases, the risk decreases.
"Obtained from IRIS on February 24, 1998.
cThis is for elemental uranium, which is a noncarcinogen (does not cause cancer). However, the isotopes of uranium cause cancer,
which is not accounted for in this comparison of RfDs.
dIRIS does not provide an updated value for vanadium.
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6.1.4 Impacts on the COPC List

Because of the changes in contaminant concentrations -and toxicity benchmarks, it is useful to
evaluate if all the COPCs listed in the BLRA should be retained. After this final screening of
COPCs they will be referred to as contaminants of concern (COCs). To provide a consistent
update to the BLRA, only data comparisons from the same wells used in the BLRA are
evaluated. However, the data from the more recent wells will also be evaluated when elimination
of a COPC is being considered.

The compounds that show a decrease in downgradient concentration data from the wells used in
the BLRA are sulfate, uranium, and strontium. IRIS does not list toxicity information for sulfate
and it is found at relatively high concentrations; therefore, it must be retained as a COC. Uranium
showed a minor decrease in median concentration, it is clearly associated with uranium milling,
and causes both noncancer and cancer effects. For these reasons, uranium is retained as a COC.
Strontium showed decreasing concentration and is not normally associated as a contaminant from
uranium milling. Although the median concentration of vanadium did not change, the maximum
concentration decreased. Therefore, this could possibly be eliminated as a COC. To evaluate if
strontium and vanadium should be retained as COCs, risks associated with strontium were
reevaluated using standard equations and assumptions from the BLRA and EPA (1989).
Evaluations for strontium and vanadium are presented in Appendix F.

Manganese is the only COPC that had a change in toxicity that may result in it being eliminated
from the final COC list. Appendix F evaluates if manganese should be retained as a COC.

Appendix F shows that the elimination of manganese, strontium, and vanadium from the COPC
list will have little impact on the total site risks. Therefore, it is appropriate to eliminate those
compounds from the final COC list. Therefore, the final COCs are nitrate, sulfate, and uranium.

6.1.5 Updated Impacts on Risks from Ingestion of Ground Water

Nitrate-The concentrations of nitrate in well MON-655 (defined as the plume in the original
BLRA) have increased slightly, but are very similar to the concentrations listed in the BLRA.

However, EPA has revised the reference dose (RfD) to indicate that nitrate is more toxic than
previously thought (at the time of the BLRA). The revised hazard quotient (HQ) for nitrate is
28.4, which is significantly greater that the other quantifiable COCs.

Sulfate-IRIS (EPA 1998) still does not list an RfD for sulfate. The Navajo Nation has proposed
a standard of 250 mg/L for sulfate based on the EPA's guidelines for taste, odor, and color. This
will be combined with the use of the sulfate-to-chloride ratio, to distinguish between areas of
natural high sulfate levels and areas having elevated sulfate due to milling activities, as a cleanup
goal for the Monument Valley project. See Section 8.1.2.1 for additional information.

Uranium-Uranium causes both noncarcinoginic and carcinogenic effects. The concentration in
the plume (defined as well MON-655 in the BLRA) shows a decreasing trend. Using the recent
maximum concentration, uranium has an HQ of 0.25.
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Since the completion of risk assessment the carcinogenic toxicity factor for uranium has
changed. Based on this change, the increased individual lifetime cancer risk for uranium in the
alluvial aquifer is estimated to be 2E-05, or 2 chances in 100,000 of developing cancer. For the
maximum concentration of uranium detected in the De Chelly Sandstone (0.13 mg/L), the
estimated risk level is 1 E-04, or 1 chance in 10,000 of developing cancer. The estimated risk
levels fall into the upper end of EPA risk range for carcinogens of 1E-04 to 1E-06 (1 chance in
10,000 to 1 cha rce in 1,000,000 of developing cancer). EPA's risk range is used for
Comprehensive Environmental Response, Compensation, and Liability Act sites. Actions to I
mitigate risks within the risk range are generally within the discretion of the risk managers, based
on site-specific factors (40 CFR Part 300).

6.1.6 Ingestion of Contaminated Plants

The BLRA recommended that the potential contaminant uptake by plants rooted into ground 1
water or irrigated with ground water be investigated further. This corresponds to two potential
human exposure pathways:

(1) Ingestion of produce irrigated with water pumped from the contaminated aquifer, and

(2) Cultural uses of plants rooted into or irrigated with contaminated ground water.

This subsection evaluates these pathways.

6.1.6.1 Ingestion of Contaminated Produce

Residents living near the Monument Valley site use well water to irrigate vegetable gardens.
Currently, no irrigation wells access contaminated ground water. Plant uptake of contaminants
from irrigation water and subsequent ingestion of contaminated produce is a potential future
exposure pathway. The BLRA (DOE 1996b), lacking literature on contaminant uptake by garden
vegetables, did not evaluate this pathway.

The University of Arizona's Environmental Research Laboratory conducted a 2-year study to
acquire plant uptake data needed for risk assessments at UMTRA sites (Baumgartner et al. 1996).
The study started with a synthesis of pertinent literature concerning uptake and interactive effects
of metals, nitrates, and sulfates. Overall, the literature review found that water-to-plant and
soil-to-plant concentration ratios for some UMTRA constituents are highly variable and I
dependent on plant species and soil and water chemistry. DOE funded greenhouse studies to
evaluate concentration ratios for manganese, molybdenum, selenium, and uranium, and to test
metal uptake responses to a range of nitrate concentrations. The greenhouse studies progressed I
through two phases: tests with simulated ground water contamination, and tests using actual
ground water from the Tuba City, Arizona, site (Baumgartner et al. 1996). Some of the results
were applicable to the Monument Valley risk assessment.

Table 6-4 summarizes an evaluation of the produce ingestion pathway at Monument Valley. The
list of human health COPCs matches the BLRA (DOE 1996b), except for vanadium. The
maximum background concentration exceeded the alluvial aquifer concentration, therefore,
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vanadium was removed from the list. Estimates of maximum crop levels of COPCs are used for a
screening assessment of the produce ingestion pathway.

Table 6-4. Estimated Maximum COPC Concentrations in the Alluvial Aquifer and
in Irrigated Produce for the Produce Ingestion Pathway at Monument Valley

Max GW Max Max Crop
COPCa Levelb Level Levelc Notes

(mgIL) Well (ppm) __

Manganese 0.21 MON-606 <50.0 The maximum crop level is inferred from the response
function for Mn Uptake in a root crop
(Baumgartner et al. 1996).

Nitrate 1,600 MON-606 <5,000 Baumgartner et al. (1996) indicate that crop tissue levels
of NO 3 peak at about 1,000 mg/L of NO 3 in irrigation
water; crop tissue levels dropped at about 2,000 mg/L
NO3 in water. These crop levels are comparable to levels
in fertilized produce (Brown and Smith 1966;
Peck et al. 1971).

Strontium 4.95 MON-771 <5.0 The expected plant-to-soil concentration ratio for Sr is
less than 1 (Kabata-Pendias and Pendias 1992).

Sulfate 3,540 MON-771 <5 ,0 0 0 d The expected maximum crop level is for total S, not
sulfate (Baumgartner et al. 1996).

Uranium 0.069 MON-774 <0.1 The maximum crop level is inferred from the literature
search and the response function for U uptake in root
crop derived in the greenhouse
(Baumgartner et al. 1996).

a The list of COPCs, minus vanadium, is from the human health evaluation, Table 3.8 in DOE (1996b). On-site levels of vanadium
did not exceed background level and it was removed from the COPC list.
b Maximum ground water level for nitrate is from 1988-1993 data (Table 3.7 in DOE 1996b) all others from 1997 data (Table 5-8).
c Maximum crop concentrations are estimates based on either the literature review or the plant uptake study by
Baumgartner et al. (1996).
dTotal sulfur in crop tissue.

6.1.6.2 Update on Potential Exposure to Garden Produce

The original BLRA did not evaluate ingestion of contaminated garden vegetables because
information on plant uptake was not available. However, based on the recent University of
Arizona study (see Section 5.4.1.1) maximum contaminant concentrations in crops are now
available (see Table 6-4). Using these data and standard exposure factors from the literature, a
screening-level evaluation of potential risks from this pathway was conducted (see Appendix G).
The results are summarized below:

Contaminant Maximum Croo Concentration (malkal

Manganese

Nitrate

Strontium

<50

<5,000

Hazard Quotient

<0.26

<2.2

<0.006

<0.02

<5.0

<0.1Uranium
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The ingestion of contaminated produce is a minor contributor to total risks compared to ingestion
of contaminated ground water (risks from ingestion of contaminated produce are 2.5 percent of
the risks from contaminated water using standard default exposure factors and assuming the
same concentrations). However, the ingestion of garden produce can become important when
contaminants bioconcentrate in the edible portion of produce. The only contaminant that appears 1
to significantly bioconcentrate is manganese. This is the only contaminant that has a higher HQ
from ingestion of garden produce than ingestion of ground water; however, the sum of these
HQ's is still less than 1.0.

Of the contaminants that could be quantified as part of the food ingestion pathway, only nitrate
exceeded 1.0. Nevertheless, the food ingestion pathway results in a HQ of less than 10 percent of
the drinking water ingestion-pathway (2.2 vs. 28.5). However, .this serves to confirm the
importance of nitrate as a dominant COC. 3
An HQ for sulfate could not be quantified. However, only limited bioconcentration is occurring

5,000 mg/kg of plant tissue or <1.4
3,540 mglkg of water

Therefore, the ingestion of food crops (using irrigation water from the contaminated aquifer) will
not add significantly (less than 4 percent) to the total risks for sulfate (1,500 to 2,000 ppm). The
risk range identified by EPA Region VIII did not include ingestion of garden vegetables irrigated
with contaminated ground water. However, because of the safety factors associated with the EPA I
estimate and the limited contribution from ingestion of garden produce, the EPA Region VIII
guideline will still be protective of human health. 3
6.1.6.3 Cultural Uses of Native Plants

The Navajo people traditionally gather wild plants for many purposes in everyday life; for food, I
for medicine, for religious ceremonies, and for tools. Many plant uses are prescribed through
century-old rituals. Others are adaptations to more recent changes in the landscape and
vegetation. Some wild plants of the semiarid plateau country, called phreatophytes, send their
roots into shallow aquifers. If used for cultural purposes at Monument Valley, phreatophytes
could potentially access and bioaccumulate ground water contaminants. Bioaccumulation could I
also occur in shallow-rooted wild plants if contaminated ground water were pumped for
irrigation, inadvertently as part of a rangeland improvement project, or as a consequence of the
native plant farming alternative. Traditional uses of phreatophytes or plants irrigated with plume I
water could potentially cause adverse human exposure. People who use contaminated plant
tissues for food, medicine, and ceremonial burning could be exposed via ingestion, inhalation,
and dermal pathways. The BLRA (DOE 1996b) did-not evaluate these pathways because site-
specific plant ecology and plant uptake data were not available.

Table 6-5 lists and describes cultural-use plants growing over contaminated ground water at the I
Monument Valley site. The list includes Navajo and English common names as well as scientific
nomenclature. The list is a subset of the comprehensive plant list for the site (Table 4-18). The 3
selection of species and descriptions of cultural uses were summarized from Mayes and Lacy
(1989) and from discussions with the staff of the Navajo Nation's Historic Preservation
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Department in Window Rock, Arizona. Only two species are likely rooted into the contaminated
alluvial aquifer: Sarcobatus vermiculatus and Atriplex canescens. The remaining species would
be exposed to contaminants only if irrigated.

Table 6-5. Navajo Cultural Uses of Plants Growing on the Reclaimed Tailings Area and Plume Area
at the Monument Valley Site

Plant Name' Cultural Usesb

Azee' ntfini (gummy medicine) Medicinal: Azee' ntf'ini is one of the Navajo Life Medicines. Roots
Scarlet globemallow and leaves are pounded,! mixed with water to form a sticky lotion

Sphaeralcea coccinea (Pursh) Rydb. and topically applied to stop bleeding sores on skin. Azee' ntfinl
is also used to make a tonic as a cure for colds and influenza.

Ceremonial: Azee' ntfini is the principal medicinal tonic for Coyote
Way, Beauty Way and Night Way ceremonies.

Other: The top of the plant has been used as a beverage and dried
as a tobacco.

Azee' hIAldzid (rotten medicine) Medicinal: A medicine made from Azee' hdtdzid has been used as
Threadleaf groundsel a tea, as a poultice, and as a steam treatment for arthritis, boils,
Senecio douglassii DC. and rheumatism.

Ch'il deenini (sharp plant) Medicinal: This adventive from Asia has been ashed to make a
Russian thistle lotion and tonic for influenza and smallpox.
Salsola ibenca Sennen and Pau Ceremonial: The ashed plant is used as a blackening in the Enemy

Way and Evil Way ceremonies.

Other: A green dye can be made from fermented young plants.
Ch'il diily6siitoh (big dodge weed) Medicinal: Ch'il diily6siitoh is one of the Navajo Life Medicines. The

Broome snakeweed pulp of a plant that has been chewed is placed on insect bites
Gutierrezia sarothrae (Pursh) Britt. and and cuts. A medicine derived from the plant is given during

Rusby childbirth. An ointment from ashes of the plant is rubbed on the
forehead to cure headaches and fever. A tonic made from the
root is used to treat stomach disorders and sometimes as an
antidote for taking too much of other remedies.

Ceremonial: Ch'il diily~siitoh is a Life Way pollen. Ashes of the plan
are used in almost all other ceremonies as a blackening. It is
also used to make prayersticks and as a ceremonial fumigant
and emetic.

Other: Ch'il diilyLsiitoh flowers are used to make a yellow dye.

D '6k'66zh deenini (sharp saltbush) Food: Leaves of D6'6k'66zh deenini are used to flavor corn roasted
Shadscale in a pit.
Atnplex confertifolia (Torr. & Frem.)

Wats.

Dib~haich'iidii (gray sheep scratch) Medicinal: As one of the Navajo Life Medicines, Dib6haich'iidii is
Locoweed used as a diuretic, for stomach disorders, and to treat venereal
Astragalus species disease.

Ceremonial: Dib~haich'iidii is a medicine used in the Bead Way
I_ _ _ ceremony.

-DOE/Grand Junction Office
April 1999

Site Observational Work Plan for Monument Valley, Arizona
Page 6-9



Risk Assessment Document Number UOO18101

Table 6-5 (continued). Navajo Cultural Uses of Plants Growing on the Reclaimed Tailings Area
and Plume Area at the Monument Valley Site

Plant Namea Cultural Usesb

Diw6zhiilbeii (gray greasewood) Medicinal: The leaves of Diw6zhiitbeii are chewed to produce a
Fourwing saltbush poultice for insect bites. It is mixed with juniper mistletoe as a
Atriplex canescens (Pursh) Nutt. tonic for stomachaches and toothaches and to increase

perspiration during sweatbaths. Leaves and roots are also used
to produce cough medicine and a snuff for sinus pain.

Ceremonial: Diw6zhiifbeii is used as an emetic in Evil Way and
Navajo Wind Way ceremonies.

Other: Diw6zhiilbeii was once used for food seasoning. Leaves and
twigs, when combined with other ingredients, are used to
intensify color in dyes.

Diw6zhiishzhiin (black bushy shrub) Medicinal: Like D•'k'66zh deenini and Diw6zhiitbeii, the leaves of
Black greasewood Diw6zhiishzhiin are chewed to produce a poultice for insect bite.
Sarcobatus venniculatus (Hook.) Torr. and stings.

Ceremonial: The hard wood of Diwbzhiishzhiin is used to make
Adistsiin, sticks used to stir mush during Navajo weddings and
girls' puberty rituals. The wood is also used to make equipment
for the Lightening Chant and Mountain Chant ceremonies.

Other: The hard wood was ideal for planting sticks, awls, knitting
needles, and traps. Because the wood bums long and hot, like
oak, it is used for cooking and to bum out soft cottonwood logs
to make boxes.

Dl66bib6'6zh66' (prairie-dog comb) Ceremonial: Dl66bib6'6zh66' leaves are part of a medicine used in
Purple threeawn the Enemy Way ceremony.
Aristida purpurea Nutt.

Gad ni'eetii bilctah lichi'igii Medicinal: Gad ni'eetii bil;tah fichi'igii is a naturalized adventive
(juniper with red flowers) from Eurasia that looks like juniper and, although it is only

Tamarisk remotely related, it is sometimes used as a substitute for juniper
Tamanix ramosissima Ledeb. in certain healing tonics and smoke treatments.

Haashch'66ddt (god's food) Food: Red Haashch'66ddi beries are eaten raw or cooked.
Tomatilla Medicinal: Dried Haashch'66dAd berries and roots are a Navajo Life
Lycium pallidium Miers Medicine. The ground root is used to relieve toothache.

Ceremonial: Haashch'66did is used to form equipment and as an
emetic in the Evil Way and Female Shooting Way ceremonies.

Hosh niteeli (broad cactus) Food: Hosh niteeli fruit was eaten fresh, dried, or cooked in stews.
Prickly-pear Medicinal: Peeled fleshy stems of Hosh niteeli arebound over cuts
Opuntia phaeacantha Enge!m. to stop bleeding.

Ceremonial: The Navajo origin myth includes Cactus People,
consequently Hosh niteeli is used in several ceremonies.

Nididlidii (scorched) Food: In the past, Nididlidii was used to make mush or ash cakes.
Indian ricegrass Seeds were scorched to remove the chaff, ground, mixed with
Oryzopsis hymenoides (R. & S.) Ricker. milk or water and cooked.

T1W' iigahiits'66z (white at night) Medicinal: T166' iigahiits'66z is used to produce a lotion for boils,
Evening primrose mixed with other herbs to treat kidney ailments, and ground to
Oenothera albicaulis Pursh produce a dusting powder on sores. It is also an ingredient of a

poultice for spider bites.
Ceremonial: T#6' iigahiits'66z is an ingredient of various medicines

in Bead Way, Big Star Way, Red Ant Way, and Blessing Way
ceremonies.

I
I
I
I
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Table 6-5 (continued). Navajo Cultural Uses of Plant Growing on the Reclaimed Tailing Area
and Plume Area at the Monument Valley Site

Plant Namea Cultural Usesb
TI'ochin nilchiin (smelly onion) Medicinal: TI'ochin nilchiin is used as part of a medicine to treat

Wooton sandverbena internal injuries. It is also made into a tea to treat gallbladder an€
Tripterocalyx cameus (Greene) gallstone problems.

Galloway Other: Tr'Ochin nilchiin was sometimes carded as a good luck charrr
for protection.

Tf'oh tigaii (grass white) Food: Young Tfoh ligaii were traditionally eaten raw or cooked with
White goosefoot other foods. Mature plants were threshed and the seed were
Chenopodium album L. ground and either mixed with corn meal or mixed with milk or

water to make ash cakes.
Ceremonial: Tfoh tigaii is eaten during the Night Way ceremony.

Tfoh fichi'i (red grass) Medicinal: A tea is made from Tfoh fichi'i and given to babies to
Galleta help them grow into strong adults.
Hilara james# (TorT.) Benth.

Troh azihii fibdhigii (gray rubbing grass) Food: Branches of Troh azihii fiblhigii are roasted and boiled to
Joint-fir produce a tea.
Ephedra torreyana S. Wats. Medicinal: Tr'oh azihii fibdhigli is used as a diuretic to treat kidney

and bladder problems, venereal disease, and afterbirth pains

Tsi'dzi'ts'66z (narrow yucca) Medicinal: Roots of TsS'dzi'ts'66z are soaked in water and the liquid
Narrowleaf yucca is strained and given to women having a long labor.
Yucca angustissima Engelm Ceremonial: Many parts of the Ts6'Azi'ts'66z plant are used for

ceremonies: a soap made from the roots is used to wash and
purify ceremony participants, ceremony equipment is lashed
using fiber from the leaves, and juice from heated leaves is a
pigment base for paint.

Other: Soap from TsA'dzi'ts'66z roots is also used to wash wool for
weaving. Various parts of the plant are ingredients in dyes.

Z6'iilwo'ii (god's plume) Medicinal: Z6'iilwo'ii, a native of Eurasia but now circumboreal,
Cheatgrass brome arrived in the Four Comers area in the late Nineteenth Century.
Bromus tectorum L. It has since been incorporated in several ceremonies: as

plumage in the Night Way chant, as a blackening in the Evil Waý
and Handling Trembling Way, and as a medicine in the.Night

I Way and Plume Way.
aThe Navajo name and English interpretation, in parentheses, are given first, followed by the English common name. The scientific
nomenclature for genera, species, and authorities, given third, is consistent with Voss (1983) and the choices of Welsh et al. (1987).
bDescriptions of cultural uses are summarized from Mayes and Lacy (1989) and discussions and correspondence with the staff of
the Navajo Nation's Historic Preservation Department.

Table 6-6 summarizes estimates of maximum concentrations of COPCs in cultural-use plants.
The estimates rely in part on the greenhouse study of contaminant uptake in Atriplex canescens
(fourwing saltbush). A. canescens, as a halophyte (salt tolerant plant), accumulates salts to
maintain favorable osmotic potentials and therefore would be expected to have elevated ion
concentrations compared to other cultural-use species in the area; A. canescens is a conservative
proxy for other cultural-use plants at the site. Estimates of maximum plant levels of COPCs
given in Table 6-6 are used for a screening assessment of the cultural-use pathway
(Section 6.1.6.4).
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Table 6-6. Maximum Constituent Levels in the Alluvial Aquifer and Estimated Maximum Levels
in Cultural-use Plants Growing over the Plume

Max
GW Max Max Plant

Leveib Level Level'
CopCa (mg/L) Well (ppm) Notes

Manganese 0.21 MON-606' <60.0 The maximum plant level of is inferred from the results of
greenhouse tests of Mn uptake in fourwing saltbush

- (Baumgartner et al. 1996).

Nitrate 1,600 MON-606 <5000 The maximum plant level is inferred from the results of
greenhouse tests of NO3- uptake in fourwing saltbush
(Baumgartner et al. 1996). Tissues levels of NO3- were not
significantly influenced by levels of NO3-in irrigation water.

Strontium 4.95 MON-771 <5.0 The expected plant-to-soil concentration ratio for Sr is less
than 1 (Kabata-Pendias and Pendias 1992).

Sulfate 3,540 MON-771 <7000w The maximum plant tissue level is total S, not sulfate, for
fourwing saltbush from the greenhouse study (Baumgartner
et al. 1996).

Uranium 0.069 MON-774 <0.3 The maximum crop level is inferred from the literature
search and the response function for U uptake in fourwing
saltbush derived in the greenhouse (Baumgartner
et al. .1996).

The list of COPCs, minus vanadium, is from the human health evaluation, Table 3.8 in DOE (1 996b). On-site levels of vanadium
did not exceed background level, so it was removed from the COPC list.
bMaximum ground water level for nitrate is from 1988 to 1993 data (Table 3.7 in DOE 1996b); all others from 1997 data
(Table 5-8).
'Maximum crop concentrations are estimates based on either the literature review or the plant uptake study by
Baumgartner et al. (1996).
dTotal sulfur in crop tissue.

6.1.6.4 Update on Potential Exposure to Cultural-Use Plants

Potential exposures to cultural use plants can not be quantified without better understanding the
exposure factors associated with their use (e.g., amount ingested, frequency of use). In this case,
specific information from the actual users is needed because literature values or estimates are not
available. A review of Table 6-6 indicates anticipated maximum concentrations in cultural-use
plants are similar or slightly elevated over levels found in garden produce. Assuming the same
route of exposure (ingestion) with the same quantity of ingestion (50 grams per day), this would
result in similar or slightly higher risks. Other exposure routes (inhalation and dermal) would.
likely result in lower risks (although inhalation risk could become important depending on the
circumstances [e.g., sweat baths, smoking]). Overall, it is anticipated that cultural uses will result
in lower risks than ingestion of contaminated produce.

6.2 Ecological Risk Assessment

The Monument Valley BLRA (DOE 1996b) identified the following data needs to complete
evaluations ecological risks associated with contaminated ground water:

lateral extent and magnitude of ground water contamination,

I
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* composition and structure of plant communities growing over the contaminant plume, and

" potential contaminant uptake by plants rooted into ground water or irrigated with ground
water.

Data from the 1997 site characterization (Section 4.0) and a plant uptake study conducted for
DOE by the University of Arizona's Environmental research Laboratory (Baumgartner
et al. 1996) were used to complete evaluations of two ecological exposure pathways:

* Toxicity to native plants rooted into contaminated ground water, and

" Toxicity to crop plants irrigated with contaminated ground water.

The BLRA (DOE 1996b) evaluated the toxicity of ecological COPCs to native plants by
comparing concentrations in the Monument Valley plume with published screening-level
benchmarks. Of the 14 COPCs considered, benchmark values were available for only 4.
Irrigation of forage and garden plants is another hypothetical future use of contaminated ground
water and was also incomplete in the BLRA.

Additional analytical results (Section 4.9) and the results of the University of Arizona's plant
uptake study (Baumgartner et al. 1996) were used to develop a screening-level assessment of
potential crop and range plant toxicity. Results of the 1997 ground water sampling were used to
remove chloride, sodium, and vanadium from the list of ecological COPCs; maximum on-site
levels of these constituents were lower than maximum background levels. The results of the
University of Arizona's plant uptake study, coupled with site-specific data on soils, ground water
quality, and agricultural species, help complete the evaluation of possible adverse effects to crop
and range plants. Table 6-7 summarizes the phytotoxicity evaluation. Phytotoxic effects are
often inferred from biomass productivity responses a range of contaminant concentrations.
Overall, no adverse changes are expected in biomass productivity of crop and range plants that
access or are irrigated with plume water containing the maximum measured contaminant levels.
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Table 6-7. Maximum Levels of Ecological COPCs in the Alluvial Aquifer, Estimated Maximum Levels
in Crop and Range Plants, and Screening Benchmark Levels

Max GW Max Screening
Levelb Level Benchmark

COPCa (mgIL) Well (mglL)c Notes

Ammonium 360 MON-606

Calcium 559 MON-771 NA Although Ca is not phytotoxic, it inhibits or stimulates
the absorption of other trace elements (Kabata-
Pendias and Pendias 1992).

Iron 10.2 MON-606 10 The screening benchmark is from Will and Suter
(unfiltered) (1995).

Magnesium 600 MON-771 NA Mg is not phytotoxic but can either inhibit or stimulate
the absorption of other trace elements (Kabata-
Pendias and Pendias 1992).

Manganese 0.21 MON-606 4.0 Will and Suter (1995) suggest 4.0 mg/L as a screening
(unfiltered) benchmark for Mn; Baumgartner et al. (1996)

measured no change in crop or native plant biomass
as high as 12.4 mg/L Mn.

Nitrate 1,600 MON-606 2,000 Baumgartner et al. (1996) measured a drop in crop
(Sudan grass) and range plant (fourwing saltbush)
biomass at GW NO3- levels >2,000 mg/L.

Potassium 50.1 MON-771 NA K is not phytotoxic but it can inhibit absorption of other
trace elements (Kabata-Pendias and Pendias 1992).

Strontium 4.95 MON-771 NA Kabata-Pendias and Pendias (1992) report that no
evidence exists suggesting that stable Sr in the
biosphere (>1,000 mg/kg is some soils) are phytotoxic.

Sulfate 3,540 MON-771 NA Sulfur toxicity in plants is caused by atmospheric
sulfuric acid deposition and occasionally by acid
sulfate soils (Pierzynski et al. 1993). Ground water pH
levels indicate that acidity is not a problem.

TDS 5,800 MON-771 NA

Uranium 0.069 MON-774 40.0 The screening benchmark is from Will and Suter
.(1995).

The list of COPCs is for constituents that exceeded background concentrations.
b Maximum ground water levels for ammonium and nitrate are from 1988-1993 data (Table 3.7 in DOE 1996b) or 1997 data.
0 NA indicates that standard benchmark concentrations are not available or not applicable.

'I
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7.0 Ground Water Compliance Strategy

Selection of the final strategy to achieve compliance with the EPA ground water protection
standards is governed by the framework defined in the final PEIS for the UMTRA Ground Water
Project (DOE 1996c). Stakeholders review and acceptance of the final PEIS is documented and
supported by the Record of Decision (DOE 1997). Presented below is a discussion of how the
selection process was used to determine the final ground water compliance strategy at the
Monument Valley site and a proposed future ground water sampling and analysis plan to monitor
compliance and the effectiveness of the selected remedy.

7.1 Compliance Strategy Selection Process

The PEIS framework used to determine the appropriate ground water compliance strategy for the
Monument Valley site is summarized in the flow chart provided as Figure 7-1. The framework
takes into consideration human health and environmental risk, stakeholder input, and cost. A
step-by-step approach is followed until one, or a combination of one or more, of three available
compliance strategies is selected. The three compliance strategies are:

* No remediation-Compliance with the EPA ground water protection standards would be met
without altering the ground water or cleaning it up in any way. This strategy could be applied
at the Monument Valley site for those contaminants at or below MCLs or background levels
or for those contaminants above MCLs or background levels that qualify for supplemental
standards or ACLs as defined in Section 2.1.1.

" Naturalflushing-Allows natural ground water movement and geochemical processes to
decrease contaminant concentrations to regulatory limits within a period of 100 years. The
natural flushing strategy could be applied at the Monument Valley site if ground water
compliance can be achieved within a 100 years or less, where effective monitoring and
institutional controls can be maintained, and where the ground water is not and is not
projected to be a drinking water source.

Active ground water remediation-Requires application of engineered ground water
remediation methods such as gradient manipulation, ground water extraction, treatment, land
application, phytoremediation, and in situ ground water treatment to achieve compliance with
the standards.

7.2 Monument Valley Compliance Strategy

DOE is required by the PEIS to follow the ground water compliance selection framework
summarized in Figure 7-1 in selecting the appropriate compliance strategy to clean up the
ground water aquifers affected by former processing activities at the Monument Valley site.
Three aquifers are known to exist at the site. Site-specific characterization data were used in
combination with the PEIS flow chart presented in Figure 7-1 to select an appropriate
compliance strategy for each aquifer. A discussion of the selected compliance strategy, and how

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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I
IBOX 1

CHARACTERIZE PLUME AND
HYDROLOGICAL CONDITIONS USING
EXISTING DATA AND NEW DATA AS
REQUIRED.

BOX 2

IS GROUND WATER CONTAMINATION
PRESENT IN EXCESS OF MAXIMUM
CONCENTRATION LIMITS OR
BACKGROUND?

NO

Fff__ - I

NO SITE-SPECIFIC GROUND WATER
REMEDIATION REQUIRED.- II B

YES+

BOX 4

DOES CONTAMINATED GROUND WATER
QUALIFY FOR SUPPLEMENTAL
STANDARDS DUE TO LIMITED USE
GROUND WATER?

BOX 5

YES ARE HUMAN HEALTH AND YES
ENVIRONMENTAL RISKS OF APPLYING
SUPPLEMENTAL STANDARDS
ACCEPTABLE?I

NO
NO

JI
BOX 6

DOES CONTAMINATED GROUND WATER
QUALIFY FOR ALTERNATE CONCENTRATION YES

LIMITS BASED ON ACCEPTABLE HUMAN
HEALTH AND ENVIRONMENTAL RISKS
AND OTHER FACTORS?

. NO 1

DOES CONTAMINATED GROUND WATER
QUALIFY FOR SUPPLEMENTAL
STANDARDS DUE TO EXCESSIVE
ENVIRONMENTAL HARM FROM
REMEDIATION?

BOX 9

YES ARE HUMAN HEALTH AND ENVIRON- YES
b MENTAL RISKS OF APPLYING

SUPPLEMENTAL STANDARDS
ACCEPTABLE?

NO I
Mr1
,NO

4I
805B10 OX 11

WILL NATURAL FLUSHING RESULT IN CAN INSTITUTIONAL CONTROLS BE
COMPLIANCE WITH MAXIMUM YES b MAINTAINED DURING THE FLUSHING
CONCENTRATION LIMITS, BACKGROUND PERIOD AND IS NATURAL FLUSHING
LEVELS, OR ALTERNATE PROTECTIVE OF HUMAN HEALTH AND
CONCENTRATION LIMITS WITHIN 100YEARS? THE ENVIRONMENT?

NO4
NO I

V

IMPLEMENT NATURAL

YES FLUSHING OR
6 NATURAL FLUSHING

WITH ACTIVE
REMEDIATION.'

YES

I
I1
I
I
I
I
I
I
I
I
I
U
I

BOX 131IBX1
WIL ATURAL FLUSHING AND ACTIVE,SGROUND WATER REMEDIATION RESULT IYES CA ISTITUTIONAL CONTROLS BE

M RIN COMPLIANCE WITH MAXIMUM YES MAINTAINED DURING THE FLUSHING
CONCENTRATION LIMITS, BACKGROUND PERIOD AND IS NATURAL FLUSHING
LEVELS, OR ALTERNATE AND ACTIVE GROUND WATER
CONCENTRATION REMEDIATION PROTECTIVE OF HUMANI OC NTR ONorLMTS IHN10YAS•r I N HEALTH AND THE ENVIRONMENT?

WILATIVE GROUND WATER REMEDIATION

IMETHODS RESULT IN COMPLIANCE WITH YES

[BACKGROUND LEVELS, MAXIMUM

ICONCENTRATION LIMITS, OR ALTERNATE
[CONCENTRATION LIMITS?

OX 16
PERFORM ACTIVE
1 GROUND WATER REMEDIATION." I

NO

BOX 17

APPLY SUPPLEMENTAL STANDARDS
BASED ON TECHNICAL IMPRACTICABILITY
AND APPLY INSTITUTIONAL CONTROLS

WHERE NEEDED.*

'Strategy will be reevaluated if conditions
change or if monitoring indicates that EPA
standards will not be met.

KEY

SCOMPLIANCE
STRATEGY

m:\ugw\51 1\001 5\07\u00249\uDD24900.cdr

I
Figure 7-1. PEIS Compliance Strategy Selection Framework
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the strategy was determined, is presented separately below for the alluvial, Shinarump, and
De Chelly aquifer systems. Potential remediation technologies are evaluated in Section 8.0.

7.2.1 Alluvial Aquifer Compliance Strategy

DOE has determined that active remediation and natural flushing of the alluvial aquifer is the
appropriate strategy for nitrate, sulfate, and uranium which are identified as COCs (Section 6.0).
The proposed ground water compliance strategy is no remediation for ammonium, calcium, iron,
magnesium, manganese, potassium, and strontium; constituents that do not pose a potential risk
(Section 6.0) and do not exceed an EPA standard (Section 5.3.3.1). An explanation of how the
targeted strategy was selected is presented in Table 7-1.

Table 7-1. Explanation of the Compliance Strategy Selection Process for the Alluvial Aquifer

Box Action or Question Result or Decision
(Figure 7-1)

1 Characterize plume and See conceptual site model presented in Section 5.0.
hydrological'conditions. Move to Box 2.

2 Is ground water contamination. Nitrate and uranium exceed the MCL. Other site-related
present in excess of MCLs or constituents (ammonium, calcium, iron, sulfate,
background? magnesium, manganese, potassium, and strontium)

exceed background levels. Move to Box 4.

4 Does contaminated ground water Alluvial ground water is not classified as limited use.
qualify for supplemental standards Move to Box 6.
due to limited use ground water?

6 Does contaminated ground water Ammonium, calcium, iron, magnesium, manganese,
qualify for ACLs based on potassium, and strontium qualify for ACLs because they
acceptable human health and are dietary components that are present at levels that fall
environmental risk and other within nutritional ranges or because they occur at
factors? concentrations that do not pose a risk (Section 6.0).

Move to Box 7 - no remediation required - for these
constituents.

Uranium and nitrate occur at concentrations above the
MCL. Sulfate does not have an MCL, however
concentrations occurs at levels that potentially can cause
adverse health effects. Move to Box 8 for these
constituents.

Does contaminated ground water Although the applicability has not been formally
qualify for supplemental standards assessed, it is unlikely that remedial action would cause
due to excessive environmental excessive harm to the environment. Move to Box 10.
harm from remediation?
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Table 7-1 (continued). Explanation of the Compliance Strategy Selection Process for the Alluvial Aquifer

Box( x Action or Question Result or Decision(Figure 7-1)

10 Will natural flushing result in Uranium occurs at one isolated location near the former
compliance with MCLs, source area at a concentration that only slightly exceeds
background, or ACLs within the MCL. Because the source has been removed and the
100 years? uranium concentration is near the MCL, natural flushing

is expected to reduce uranium to the MCL within
100 years. Move to Box 11.

Given the relatively high levels and broad distribution of
nitrate, and the estimated ground water velocities, active
remediation appears to be the only viable compliance
strategy to reduce nitrate to the MCL within the most
contaminated portion of the plume. Move to Box 14.

Given the broad distribution of concentrations of sulfate
that exceed the proposed treatment goal (Section 6.0,
and the estimated ground water velocities, active
remediation appears to be the only viable compliance
strategy to reduce sulfate to'the treatment goal within the
most contaminated portion of the plume. Move to Box 14.

11 and 14 Can institutional controls be Although the final compliance strategy is protective of
maintained during the flushing human health and the environment, DOE is also
period and is the compliance considering additional approaches to risk management at
strategy protective of human the site. One approach is to provide an alternate source
health and the environment? of drinking water for residents living near the former mill

site, even though the ground water is not currently used
for a public water supply. Move to Box 12 - implement
natural flushing with active remediation.

7.2.2 Shinarump Aquifer Compliance Strategy

DOE has determined that no remediation strategy is appropriate for the Shinarump aquifer
because ground water contamination is not present in excess of MCLs and no COCs were
identified (Section 6.0). An explanation of how the targeted strategy was selected is presented in
Table 7-2.

Table 7-2. Explanation of the Compliance Strategy Selection Process for the Shinarump Aquifer

Box Action or Question Result or Decision(Figure 7-1)

1 Characterize plume and See conceptual site model presented in Section 5.0.
hydrological conditions. Move to Box 2.

2 Is ground water contamination No constituent exceeds an MCL (Section 5.3.3.2).
present in excess of MCLs or Site-related constituents ammonium, calcium, iron,
background? magnesium, manganese, potassium, sulfate, and zinc

occur at concentrations that only slightly exceed
background levels. Move to Box 4.
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Table 7-2 (continued). Explanation of the Compliance Strategy Selection Process
for the Shinarump Aquifer

Box(gu Action or Question Result or Decision(Figure 7-1)

4 Does contaminated ground water Shinarump ground water is not classified as limited use.
qualify for supplemental standards Move to Box 6.
due to limited use ground water?

6 Does contaminated ground water No COCs are present in the Shinarump aquifer
qualify for ACLs based on (Section 6.0). Calcium, iron, magnesium, manganese,
acceptable human health and potassium, sulfate, and zinc qualify for ACLs because
environmental risk and other they are dietary components that are present at levels
factors? that fall within nutritional ranges. Ammonium qualifies

because it occurs at a concentration that does not pose a
risk (Section 6.0). Move to Box 7 - no remediation
required.

7.2.3 De Chelly Aquifer Compliance Strategy

DOE has determined that natural flushing to reduce uranium concentrations below the MCL is
the appropriate strategy for the De Chelly aquifer. The proposed ground water compliance
strategy is no remediation for magnesium and sulfate; constituents that do not pose a potential
risk (Section 6.0). An explanation of how the targeted strategy was selected is presented in
Table 7-3.

Table 7-3. Explanation of the Compliance Strategy Selection Process for the De Chelly Aquifer

Box(iu Action or Question Result or Decision(Figure 7-1)

1 Characterize plume and See conceptual site model presented in Section 5.0. Move
hydrological conditions. to Box 2.

2 Is ground water contamination Uranium slightly exceeds the MCL, however the area of
present in excess of MCLs or impact is small, isolated, and the risk of uranium as a
background? carcinogen is within EPA's risk range (Section 6.0).

Site-related constituents magnesium and sulfate occur at
concentrations that only slightly exceed background
levels. Move to Box 4.

4 Does contaminated ground water De Chelly ground water is not classified as limited use.
qualify for supplemental Move to Box 6.
standards due to limited use
ground water?

6 Does contaminated ground water Magnesium qualifies for an ACL because it is a dietary
qualify for ACLs based on component that is present at a level that falls within the
acceptable human health and nutritional range. Sulfate qualifies because it occurs at a
environmental risk and other concentration that does not pose a risk (Section 6.0).
factors? Move to Box 7 - no remediation required.

Uranium occurs at one small and isolated location near
the former source area at a concentration that only slightly
exceeds the MCL. Move to Box 8.

DOE/Grand Junction Office
April 1999

Site Observational Work Plan for Monument Valley, Arizona
Page 7-5



Ground WaterCompliance Strategy Document Number U0018101

Table 7-3 (continued). Explanation of the Compliance Strategy Selection Process
for the De Chelly Aquifer

Box(iu Action or Question Result or Decision(Figure 7-1)

8 Does contaminated ground water Although the applicability has not been formally assessed,
qualify for supplemental it is unlikely that remedial action would cause excessive
standards due to excessive harm to the environment. Move to Box 10.
environmental harm from
remediation?

10 Will natural flushing result in Uranium occurs at one isolated location near the former
compliance with MCLs, source area at a concentration that only slightly exceeds
background, or ACLs within the MCL (Sections 5.3 and 7.4.4). Because the source has
100 years? been removed and the uranium concentration is near the

MCL, natural flushing is expected to reduce uranium to the
MCL within 100 years. Move to Box 11.

11 Can institutional controls be Although the areal extent of the uranium is confined within
maintained during the flushing the fenced boundary at the site and the final compliance
period and is the compliance strategy is protective of human health and the
strategy protective of human environment, DOE is also considering additional
health and the environment? approaches to risk management at the site. One approach

is to provide an alternate source of drinking water for
residents living near the former mill site, even though the
ground water is not currently used for a public water
supply. Move to Box 12 - implement natural flushing.

7.3 Future Ground Water Monitoring Activities

Monitor well locations, analytes, and sampling frequencies have been reviewed to ensure that
data acquired from future ground water monitoring activities are appropriate and adequate to
evaluate the effectiveness of the proposed compliance strategy. The proposed monitor well
locations that will be sampled are shown in Figure 7-2. Ground water monitoring procedures
specified in the Sampling and Analysis Plan for the UMTRA Ground Water Project
(DOE 1997b) will be followed for sample collection, sample preservation and shipment,
analytical procedures, and sample chain-of-custody. The selection rationale for the proposed
sample locations, analytical requirements, and sampling frequency are discussed separately
below for the surface water and the alluvial and bedrock aquifers.

7.3.1 Monitoring Requirements for the Alluvial Aquifer

Most of the future monitoring efforts will be concentrated on the alluvial aquifer because it is the
ground-water system most affected by site-related contamination. A list of 25 proposed alluvial
wells to be monitored, and the associated analytical and sampling frequency requirements, are
summarized in Table 7-4. Uranium, nitrate, and sulfate are the only COCs present in the alluvial
aquifer. Uranium will be monitored at the one location where an isolated uranium occurrence
slightly exceeds the MCL. Nitrate, sulfate, and chloride will be monitored at all the proposed
sample locations. Chloride is included as an analyte to calculate a sulfate-to-chloride ratio;
relatively high values are indicators of site-related sulfate contamination. (See Section 8.1.2.1.)

I
3
I
I
I
I
I
I
I
I
I
!
I
I
I
I
I

Site Observational Work Plan for Monument Valley, Arizona
Page 7-6

DOE/Grand Junction Office
April 1999



Document Number UOO 18101 Ground Water Compliance Strategy

0
650

Boundary of
Alluvial Plume

/
0

762 760
a

7
761

767
0

764
0

777
0 765

7680

669
0

770

656
C-

0604

403

402

Spring
200
0

602
0D

640

400
0

t
i

01500 1500 Feet

U.S. DEPARTMENT OF ENERGY
IGRAND JUNCTION OFFICE, COLORADO

0

03

Alluvial Monitor Well

De Chelly Monitor Well
Proposed Ground Water Monitor

Well Sample Locations
REI PUEME

April 2, 1999 I UO01 6900-23
4mugmo. I~flInflWIUNIW - - 4W

Figure 7-2. Proposed Ground Water Monitor Well Sample Locations

DOE/Grand Junction Office
April 1999

Site Observational Work Plan for Monument Valley, Arizona
Page 7-7



U
I
U
I

I
I
I
I



Document Number U0018101 Ground Water Compliance Strategy

Ammonium will be monitored only at selected locations close to the former source areas where
relatively high ammonium concentrations are present in the ground water and where
phytoremediation of the former source area is planned (Section 8.0). All of the proposed on-site
and downgradient monitor wells will be sampled annually. Three background locations will also
be sampled concurrent with each routine annual sampling event.

Table 7-4. Summary of Proposed Sample Locations, Analytical Requirements, and Monitoring Frequency
for the Alluvial Aquifer

Monitor Well Monitoring Purpose Analyte Frequency

MON-604, -662, -669, lateral boundary of plume nitrate, sulfate, chloride annual
-764, -767, and -768

MON-760, -761, and leading edge of plume nitrate, sulfate, chloride annual.

-762

MON-650 most downgradient location nitrate, sulfate, chloride annual

MON-655, -656,-770, vertical contaminant profile ammonium, nitrate, sulfate, annual
-771, -765, and -777 chloride

MON-606, -772, -774 on and near site ammonium, nitrate, sulfate, annual
and chloride plus uranium at

location MON-774

Group I: MON-200, -400, natural background nitrate, sulfate, chloride bienniala
and -402

Group I1: MON-403, natural background nitrate, sulfate, chloride biennial'
-602, and -640

.Group I and II will be alternated with each annual sampling event.

Some downgradient and lateral migration of site-related contaminants may continue until the
proposed phytoremediation and active treatment technologies begin to contract the plume.
Further expansion and eventual contraction of the plume will be monitored at six monitor well
locations established at or near the lateral boundaries of the plume and at three locations
established near the leading edge of the plume. The most downgradient location will also be
monitored.

Three locations where paired well installations exist will be sampled to monitor the vertical
concentration profile within the most contaminated portion of the alluvial plume. Additional or
alternate sampling locations to monitor concentration reductions within the plume may be
proposed at a later date when extraction wells are installed as part of the active remediation.

Three geochemical types of background water known to exist at the site will be monitored at six
upgradient locations. For monitoring purposes, the six locations will be divided into two groups
of three upgradient wells, designated as Group I and Group II in Table 7-4. Each group contains
one location that is characteristic of the sodium-carbonate type (MON-400 and -602), the
sodium-sulfate type (MON-200 and -640), and the calcium-magnesium-carbonate type water
(MON-402 and -403). One group of upgradient wells will be selected for inclusion in each
annual sampling event.

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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7.3.2 Monitoring Requirements for Surface Water

Surface water located east of the site along the Cane Valley Wash has not been impacted by the
former milling operations (Section 5.3). In addition, it has been demonstrated that the lateral
extent of the alluvial ground water plume does not extend cross-gradient to the east of the site I
under Cane Valley Wash. Continued monitoring of the alluvial ground water plume, as proposed
above in Table 7-4, will provide sufficient notice if the contaminant plume begins to migrate
under Cane Valley Wash. For these reasons, no additional surface-water sampling will be I
performed unless the future alluvial ground water monitoring results indicate the alluvial plume
is expanding and migrating under Cane Valley Wash. 3
7.3.3 Monitoring Requirements for the Shinarump Aquifer

Sufficient data have been collected to determine that site-related constituents are not significantly I
impacting the water quality in the Shinarump aquifer (Section 5.3). No site-related constituents
occur at concentrations that exceed a MCL or at concentrations that pose a health risk
(Section 6.0). For this reason, it is recommended that no additional ground water monitoring of
the Shinarump Member be performed. Existing Shinarump monitor wells should be abandoned.

7.3.4 Monitoring Requirements for the De Chelly Aquifer

Wide spread site-related contamination as a result of the former uranium processing operations is !
not evident in the De Chelly aquifer (Section 5.3). Uranium is present in a few ground water
samples at concentrations that slightly exceed the 0.044 mg/L MCL, however the area of impact
is small, isolated, and the concentrations appear to be decreasing with time. The slightly elevated I
uranium concentrations are associated with former production well MON-619 located in the area
of the former old tailings pile. This De Chelly well, which is hydrologically connected to alluvial
ground water in the adjacent paleovalley, was used to supply water for the milling operation.
Pumping the well actively drew uranium contamination from the alluvium into the De Chelly.
Uranium concentrations have declined significantly in ground water monitoring samples 3
collected from MON-619 since the well was pumped during an aquifer test in 1993. Further
decreases are expected since well 619 is no longer used as a production well and dedicated low-
flow bladder pumps have been installed for water quality sampling purposes. 3
Future ground water monitoring will include MON-619 and three other De Chelly monitor wells
located in the vicinity of the former old tailings pile. These locations are shown in Figure 7-2.
The analytical and sampling frequency requirements are listed in Table 7-5. Uranium will be
monitored at all the proposed sample locations on an annual basis for a period of 5 consecutive
years. If at the end of the 5-year period of natural flaushing the uranium concentrations are not I
trending lower, an alternate remediation strategy will be applied as per the PEIS. If, however, the
uranium concentrations decrease below the UMTRA standard, then an additional 3-years of
monitoring will be conducted to verify that the concentrations remain low before the wells are
abandoned. I
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Table 7-5. Summary of Proposed Sample Locations, Analytical Requirements, and Monitoring
Frequency for the De Chelly Aquifer

Monitor Well Monitoring Purpose Analyte Frequency

MON-619 location of point-source of uranium uranium annual
in De Chelly

MON-776 upgradient of point-source uranium annual

MON-657 leading edge of uranium >MCL uranium annual

MON-775 downgradient of leading edge uranium annual

DOE/Grand Junction Office
April 1999
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8.0 Development and Evaluation of Active Remediation Alternatives

As presented in Section 7.0, active remediation is the selected alluvial ground water compliance
strategy for the Monument Valley site. The purpose of this section is to develop and evaluate
different active remediation alternatives and recommend an alternative for remediation of the
alluvial aquifer.

Section 8.1 gives an overview of the process used to evaluate and screen technologies and
alternatives, including a detailed explanation of the evaluation criteria. Section 8.2 develops a list
of potential technologies that could be used for remediation of the site, evaluates the
technologies, and screens out technologies that are not feasible. Section 8.3 lists technologies
that passed the initial screening, combines the technologies into alternatives, and evaluates the
alternatives. The proposed alternative for active remediation is presented in Section 8.4 along
with a discussion of how the proposed method may be deployed and uncertainties and limitations
of the proposed alternative.

8.1 Process for Development and Evaluation of Technologies and Alternatives

This section gives an overview of the process used to arrive at a proposed alternative for
remediation of contaminated alluvial ground water at the Monument Valley site. It also includes
a description of the criteria used to evaluate technologies and alternatives.

8.1.1 Overview of the Process

The process used to select a proposed alternative for remediation of the alluvial aquifer is to:

0 Develop, evaluate, and screen technologies that could be used for remediation of the site.

• Combine the technologies into alternatives and evaluate the alternatives.

0 Select an alternative as a proposed method to remediate the site.

A number of technologies were considered for remediation of the site. Technologies considered
could be used for extraction of ground water, disposal of ground water, or treatment of ground
water. The initial screening of technologies, generally qualitative in nature, considered whether
the particular technology was appropriate for use at Monument Valley, given the types,
quantities, and locations of the contaminated water, and the concentrations of contaminants at the
site. This initial screening did not consider cost or implementability except in the most general
sense. The technologies that were considered appropriate for detailed review, based on the initial
screening, were then combined into alternatives for extraction, treatment, and disposal.

The next step in the process was the evaluation of the alternatives to determine the preferred
alternatives for extraction, treatment, and disposal. The evaluation of alternatives used the same
criteria as the evaluation of technologies (i.e., effectiveness, implementability, and cost) but was
done in more detail and included a detailed cost estimate for each alternative. The final step in

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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the evaluation of alternatives was to do a comparative analysis of the alternatives considering the
evaluation criteria. 3
The last part of the process was to propose an alternative for remediation of the site. Discussion
of the proposed alternative includes a potential deployment schedule describing the phases of the
remediation and limitations of the proposed approach.

8.1.2 Evaluation Criteria U
Each remediation alternative was evaluated for its effectiveness, implementability, and cost. The
proposed alternative is the one that represents the best mix of all three criteria. The evaluation
criteria were developed from standard engineering practice for assessing the feasibility of any
large-scale project. A detailed discussion of each evaluation criterion is provided in the following 3
sections.

8.1.2.1 Effectiveness 3
The effectiveness evaluation criterion considers a number of factors, which include U
" Remediation time frame.

* Conformance with aquifer restoration standards and goals. I
* Short-term effects (i.e., effects of remediation on workers, the community, and the

environment).

Disposal of treatment residuals. 3
Remediation Time Frame

The remediation time frame is largely dependent on how quickly contaminated ground water is
removed from the alluvial aquifer. Therefore, extraction technologies and alternatives will have
the most influence on the remediation time frame. Shorter remediation time frames generally I
correspond to higher extraction rates. DOE has established 20 years as a goal for remediation of
the alluvial aquifer, and extraction and disposal alternatives were developed considering this

goal.

Conformance with Aquifer-Restoration Standards and Goals 3
The general requirements for contaminant levels in the ground water at UMTRA sites are
specified as MCL's in 40 CFR 192.04, Table 1. The only constituents in the ground water at the
Monument Valley site that exceed MCL's are nitrate and uranium. The regulation does not
specify ground water restoration standards for other contaminants of concern (COCs) that exceed
background concentrations. 3

I
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Sulfate is the only COC that exceeds background concentrations but does not have an MCL. The
Navajo Nation's proposed cleanup standard for sulfate is 250 mg/L. DOE has agreed to treat
sulfate in the contaminant plume to 250 mg/L, or to background concentration, whichever is
greater.

The plume boundary shown in Figure 5-40 represents the area having a sulfate-to-chloride ratio
of 10 or greater. There is significant similarity between the sulfate-to-chloride "plume" in Figure
5-40 and the nitrate plume shown on Figure 5-23a. Since nitrate in the Monument Valley
ground water is almost exclusively due to milling activities (the median nitrate concentration in
the background water is 4 mg/L), this indicates that a sulfate-to-chloride ratio greater than 10 is
also a good indication of ground water contamination resulting from milling activities.

Although the sulfate-to-chloride ratio is a useful indication of contamination, it is not by itself
sufficient to indicate a location of contamination requiring remediation. For example, Well 760,
based on the 1997 data (Figure 5-24a) had a sulfate-to-chloride ratio of 11.0 and a sulfate
concentration of 126 mg/L. The sulfate-to-chloride ratio suggests that the sulfate level is elevated
due to milling activities, but the sulfate concentration is already below the Navajo Nation sulfate
standard, therefore additional remediation is not warranted. Conversely, the sulfate concentration
at upgradient Well 640 was 668 mg/L, but the sulfate-to-chloride ratio was.5.9, which suggests
that the high sulfate level in that area is natural and not a result of milling activities. Thus, neither
sulfate concentration nor sulfate-to-chloride ratio is sufficient in itself to indicate an area of
contamination. The proposed sulfate treatment goal for Monument Valley will incorporate both
criteria. The treatment goal will be achieved when the sulfate concentration is less than 250 mg/L
or the sulfate-to-chloride ratio is less than 10.0.

The proposed area of remediation is shown in Figure 8-1 which combines the 44 mg/L nitrate
plume (Figure 5-23a), the sulfate concentrations exceeding 250 mg/L (Figure 5-24a), and the
distribution of sulfate-to-chloride ratios greater than 10 (Figure 5-40). The area where the
250 mg/L sulfate concentrations and the sulfate-to-chloride ratio plume overlap has both a sulfate
concentration greater than 250 mg/L and a sulfate-to-chloride ratio greater than 10. This "overlap
plume" represents the area in which sulfate remediation would be required. The nitrate plume is
also illustrated in Figure 8-1. The similarity of the nitrate plume and the overlap plume is
apparent. The nitrate plume covers the larger area overall, and the overlap plume extends beyond
the boundary of the nitrate plume in only a small area on the north edge. Thus, adoption of the
proposed sulfate treatment goal will not result in a significant expansion of the volume of water
to be treated beyond what is required for treatment of the nitrate plume alone.

The Monument Valley aquifer-restoration standards (requirements of 40 CFR 192) and
aquifer-restoration goals (cleanup standards not required by 40 CFR 192) for the COCs in the
alluvial aquifer are listed below. Extraction, disposal, and treatment technologies and alternatives
were evaluated on whether they could meet these standards.

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
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Aquifer restoration standards (required by 40 CFR 192):

* Nitrate 10 mg/L as N (44 mg/L as NO3-)

" Uranium 30 pCi/L combined U-234 and U-238 (0.044 mg/L assuming
secular equilibrium)

Aquifer restoration goals (not required by 40 CFR 192) 3
* Sulfate 250 mg/L 3
OR

Sulfate-to-chloride 10.0

Short-Term Effects

Short-term effects are a consideration of the potential effects to the community, workers, and the
environment. The Monument Valley site is remote. Dinnehotso, Arizona, approximately 6.5 air
miles away, with a population of 616, is the only community within 10 miles of the site, although
the site and town are physically separated by the formidable barrier of Comb Ridge. Mexican I
Hat, Utah is 15 miles north of the site; Mexican Water, Arizona, is 14 miles to the east; and the
town of Kayenta, Arizona, is about 24 air miles to the southwest. The land surrounding the site
remains open and undeveloped. Thus, the community near the site is defined as the scattered I
farms, camps, and residences, and the temporary and permanent inhabitants of these areas and
structures. The nearest residence is located within 1 mile of the site. Given the nature of the
contaminants and the treatment processes being considered, it is unlikely that persons living in l
the area would be affected by the operation of the treatment facility.

The nearest highway is State Highway 160, which passes within about 6.5 miles to the south of i
the site adjacent to the hamlet of Dinnehotso. Users of the state highway cannot reasonably be
considered as members of the community. 3
Evaluating the effects to workers entails considering the risks to persons employed to construct.
the treatment system and to those employed to operate and maintain the system during its 3
operational life, as well as persons supporting the remedial action, such as samplers and
equipment operators disposing of treatment residuals.

The evaluation of short-term effects also considers environmental effects. Environmental effects
include potential environmental harm caused by deployment of a technology or alternative and
whether the potential harm of remediation outweighs the benefits to be derived from restoration I
of the alluvial aquifer.

Disposal of Treatment Residuals I
Active treatment processes, as well as many more passive systems such as evaporation, produce 3
a significant amount of residual waste. This may include dissolved solids from the ground water,
as well as the residuals from any other chemicals that may have been added during the treatment
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process (e.g., antiscalants or softening agents). These residuals must be contained during the
remediation process, and disposed of either during or at the end of remediation. The need to keep
residuals contained during remediation, to minimize their volume, and to dispose of them as
needed, may become a significant cost over the lifetime of the remediation process.

8.1.2.2 Implementability

Implementability is an assessment of the feasibility of building, operating, and maintaining a
remediation system.

The following aspects of feasibility will be discussed in this SOWP:

* Ease of construction.

• Ease of operation and maintenance.

Expected reliability.

• Ability to handle changes in influent composition.

* Ability to handle increases in extraction capacity.

Construction

The Monument Valley site is remote, and skilled construction labor may be limited in the
immediate vicinity. Thus, treatment systems which are easier to construct are preferred.
Treatment systems which might seem to be very difficult to construct may be relatively simple
due to the fact that in many cases "off-the-shelf' treatment systems are used, and construction at
the site consists largely of constructing influent and effluent piping and supplying electricity. A
plant-farming system, on the other hand, requires construction of an extensive and elaborate
water-distribution system which will cover many acres. While the construction of such a system
does not require a high degree of technical skill, it does require more labor.

Consideration of construction also requires examining the uncertainty associated with
construction, such as the potential for schedule delays caused by technical problems.

Expected Reliability

Reliability is defined as the probability that a system will meet required performance standards.
This includes both the physical reliability of the equipment comprising the system, and the
process reliability, which considers the potential for variability in process performance both on a
day-to-day and on a year-to-year basis. Evaluation of the potential reliability of a treatment
system must consider the technical and operational complexity and required level of training for
operators.

DOE/Grand Junction Office Site Observational Work Plan' for Monument Valley, Arizona
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Ability to Handle Changes in Influent Composition

The concentrations of contaminants in the alluvial aquifer are expected to decrease gradually as
remediation progresses. Particularly during the early years of remediation, the composition of the
feed to the treatment system may vary significantly depending on which wells are in operation at U
any given time, and on whether currently unknown "hot spots" are uncovered as remediation
progresses. Some technologies are better suited to handle such variations than others, and this
ability will be considered in evaluating whether specific technologies are suited for use at the I
Monument Valley site.

Ability to'Handle Increases in Extraction Capacity I
The volume of the contaminated plume in this SOWP is an estimate based on sampling from a
number of wells at the site. The likelihood that the actual volume of the contaminant plume will
eventually be found to be significantly higher than the present estimate is not considered high,
but the possibility must be allowed for. Another possibility is that additional regulatory or other
drivers may also emerge, during the time between the start and the completion of remediation,
that will cause the timetable for completion of remediation to be accelerated beyond the current
goal of 20 years. In either event, it might become necessary to increase the extraction capacity of I
the system to handle more water than is currently planned. The ability of a remediation system to
handle such increases, and the incremental cost involved in doing so, must be considered in
evaluating whether specific technologies are suited for use at the Monument Valley site.

Cost 3
During the initial screening of technologies, the potential cost of individual technologies is not
considered. Cost estimates for extraction, treatment, and disposal processes which pass the initial
screening process have been developed in some detail. Capital costs (both direct and indirect) I
and operating and maintenance (O&M) costs were calculated for each process. The accuracy of
the cost estimates for evaluation of the alternatives is defined to a level of accuracy of
+50 percent to -30 percent.

In evaluating cost, the most important consideration is not the direct capital cost (although the 3
realities of project funding mean that capital cost cannot be totally disregarded), but rather the
total cost of treatment over the life of the project. These costs were determined by combining the
initial capital cost for the treatment system with the estimated O&M costs over the project I
duration, using a net present worth analysis. By discounting all costs to a common base year, the
costs for expenditures in different years can be compared on the basis of a single figure (i.e., the
net present worth). Guidance issued by the Office of Management and Budget (OMB) was used I
to calculate net present worth. The guidance recommends using a real interest rate (i.e., a rate
that does not consider inflation) to discount out-year costs that have not been adjusted for
inflation.

Where possible, direct capital costs are developed from invoice costs of similar systems. If that 3
information is not available, generic unit costs, vendor information, and conventional

I
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cost-estimating guides have been used. O&M costs are based on labor costs, energy costs,
material and equipment costs, and maintenance costs.

8.2 Evaluation of Technologies

8.2.1 Technologies Considered for Remediation

During the alternatives evaluation process for the Tuba City site, which will be remediated in
parallel with the Monument Valley site, technologies for ground water extraction, effluent
discharge, and treatment were evaluated for remediation of the Tuba City site. This process is
described in detail in Section 8.2.1 of the Final SOWP for the Tuba City site (DOE 1998). Where
applicable, the "lessons learned" during the alternatives evaluation process for the Tuba City site
were also applied to the Monument Valley site.

The chemical composition of the contaminant plume at Monument Valley is different from that
at Tuba City. In most cases, the plume concentrations at Monument Valley are significantly
lower than the concentrations of the same contaminants in the plume at Tuba City. Thus, the
screening process for treatment technologies at Monument Valley did involve giving a "second
look" at processes which were deemed unsuitable for Tuba City during the initial screening
process for that site, such as native plant farming.

8.2.2 Extraction Technologies

Because of its depth, the most downgradient extent of the ground water at the Monument Valley
site can only be withdrawn effectively through a well. Two types of extraction-well systems were
considered: Conventional vertical wells and horizontal wells.

8.2.2.1 Conventional Vertical Wells

Vertical wells are the most commonly used ground water extraction devices, so the bulk of field
experience and knowledge relates to conventional vertical wells. Installation of vertical wells is
relatively straightforward in most cases, and, when combined with proper well design,
construction, and development, vertical wells may provide acceptable yields. Vertical extraction
wells can be readily converted to injection wells as needed, or vice versa, .and can also be easily
decommissioned when necessary. Finally, the theoretical performance of a vertical well can be
simulated analytically or numerically during the design process using readily available and
accepted mathematical formulations, while no comparable knowledge base exists for other
technologies. Thus, vertical wells were recommended for detailed evaluation.

8.2.2.2 Horizontal Wells

Detailed evaluation of horizontal wells indicated that the technology could produce
unprecedented difficulties due to the flowing (unconsolidated) sands encountered during the field
investigations. Additional concerns with this technology arise because the long lengths of well
screen that are required increases the difficulties of well completion and development. Also, as
the aquifer cleanup proceeds, few options are available for sealing off the restored parts of the
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alluvial aquifer. Because of these risks, horizontal wells were not recommended for further
evaluation. 3
Therefore, conventional vertical wells were the only extraction process deemed viable for the
Monument Valley extraction system. n

8.2.3 Effluent Discharge Technologies p
This section describes the various ways in which effluent from the treatment plant can be
discharged. Discharge options that do not involve injection include native plant farming,
evaporation, and discharge to surface water; these options result in a loss to the aquifer of origin.
The injection scenarios, in which the effluent is returned to the. aquifer of origin, are also
investigated. 3
8.2.3.1 Native Plant Farming

Native plant fanning treats the extracted ground water by using the nitrate in the water as a
fertilizer for a field of native plant species, which then discharge the water by ET. The details of
native plant farming as a treatment option are discussed in Section 8.2.4.

Native plant farming is a no-injection option with a seasonal and cyclic demand. The maximum
withdrawal rate is set by the requirements of the irrigation system (see Section 8.2.4) to a
maximum rate of about 257 gpm (seasonal) for about 23 years. Preliminary estimates suggest
that the aquifer can sustain this extraction rate, but this must be confirmed through detailed
numerical modeling of the well field during the design phase to verify sustainable extraction
rates.

8.2.3.2 Evaporation I
Evaporation treats extracted ground water by allowing the water to evaporate under conditions in 3
which the nonvolatile contaminants are contained and allowed to concentrate for later disposal.
The advantages and disadvantages of evaporation as a treatment option are discussed in Section
8.2.4. The hydrologic effects of evaporation are similar to those of native plant farming (see m
above), except that since water may be fed to an evaporation pond year-round (even though the
evaporation process will not be particularly effective during the winter), the limitation on
maximum withdrawal rate depends only on the recharge ability of the alluvial aquifer. Treatment
of two pore volumes of the contamin__t-plume in a 20-year period would require a contiu-ous
extra-tibn rate of 10- gpm.

8.2.3.3 Discharge to Surface Water

Under this option the extracted and treated ground water would be discharged to Cane Valley
Wash at a rate of about 103 gpm or about 166 acre-feet per year. Cane Valley Wash is ephemeral
and intermittent in the vicinity of the site, and the discharge from the treatment system would be I
absorbed relatively rapidly except in periods of flash flooding. After the remediation period,

I
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natural discharge to Cane Valley Wash from the pumped region would be less than what it is
today until water levels recovered to the pre-pumping condition.

8.2.3.4 Injection Wells

With this option, injection wells would be used to conduct the treated effluent directly back into
the alluvial aquifer. Injection would control migration of the plume, promote rinsing of the solid
matrix, preserve the ground water resource, and improve yields in the withdrawal wells. Injection
wells would be designed in accordance with specifications attributed to recovery wells, and
considerable care would be required for all aspects of well completion. With injection wells, the
suspended sediment concentration in particular would need to be very low to help prevent
clogging. Other factors to consider with injection wells are the consequences of air entrainment
and the entrance velocities for the treated effluent (Driscoll 1987). The entrance velocity for
injection wells should not exceed 0.05 ft per second.

Injection wells could be deployed along the downgradient portion of the plume to control its
migration, and within the body of the plume to enhance flushing. The benefit of using injection
wells is that the treated ground water is returned to the same aquifer from which it was extracted
and the ground water resource is conserved to the maximum extent practical.

8.2.3.5 Effluent Discharge Technologies Recommended for Detailed Evaluation

'Technologies that do not rely on injection include evaporation, native plant farming, and
discharge to surface water. These technologies are limited in their effectiveness because, without
injection, the contaminated part of the alluvial aquifer will be limited in the amount of water it
can deliver. If no injection is used, the only method to achieve greater drawdown is by adding
more wells, increasing the capital and operating costs of the system. Evaporation and native plant
farming are potential treatment technologies that are discussed in Section 8.2.4. Discharge of
treated water to surface water, although technically possible, is not an appropriate use of an
expensive resource since there is no flowing stream in the area, so much of the treated water
would merely evaporate or be taken up in vadose soils.

The use of injection wells inside the plume area boosts the pumping rate that can be realized.
Injection into the plume surcharges the hydraulic heads in the pumping zone and allows a higher
rate of extraction. The greater extraction rates that stem from injection into the plume can
therefore accelerate the ground water restoration. Injection well design incorporates many of the
same considerations that apply to vertical pumping wells. These design considerations are
addressed in Section 8.2.2.

8.2.4 Treatment Technologies

Many treatment processes were identified as potentially applicable for cleaning up the
contaminated ground water at the Monument Valley site. The processes can be categorized as
follows:

* Phytoremediation.
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* Native plant farming (land/plant treatment process).

* Evaporation systems.

" Distillation systems.

* Through-medium processes such as continuous ion exchange. I
" Biological processes.

* Chemical treatment processes. U
" Membrane separation processes, including reverse osmosis and nanofiltration.

This Section will review the potential applicability of these treatment processes and will
eliminate those which are obviously unsuitable. The processes which are not eliminated in this -
first screening will be evaluated in greater detail in Section 8.4.

8.2.4.1 Phytoremediation and Native Plant Farming 3
Phytoremediation and native plant farming are both types of phytoremediation processes, which
rely on the natural affinity of plants for nitrates and other nitrogen species. Nitrate and ammonia
in the water are taken up by the plant roots and assimilated into plant tissues. Nitrate is then
reduced in the leaves and roots of the plant to ammonia or ammonium ion, which in turn is
converted to amino acids. Amino acids are the building blocks for complex nitrogenous
compounds, which are essential for maintenance and growth of plant cells.

In this document, "phytoremediation" will be used to refer to passive systems which depend.
solely on the action of plant root systems in the treatment of shallow contamination zones.
"Native plant farming" will refer to systems which rely on extraction wells to draw water from 3
deeper parts of the alluvial aquifer to the surface, where it is used in a slow-rate infiltration
system to irrigate tolerant indigenous plants.

The phytoremediation and native plant farming systems proposed for the Monument Valley
remedial action consists of a combination of passive phytoremediation and active native plant
farming. The phytoremediation process will be used for treatment of the ammonia-contaminated I
soils in and around the former location of the tailings piles. The principal species that will be
used for phytoremediation process of the subsurface ammonia-contaminated soils at Monument
Valley is fourwing saltbush, atriplex canescens, which is a halophyte, or salt-tolerant plant.

Ammonium in subpile soils is not a ground water contaminant of concern (COC). However,
DOE recognizes that subpile ammonium may constitute a continuing source of ground water
nitrate, which is a COC. The Monument Valley remediation program will include a surface
revegetation program to accelerate the removal of subpile soil ammonium. 3
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Phytoremediation can also beused for treatment of the uppermost, or shallowest, portion of the
aquifer. In this mode, roots of phreatophyte plants extending down into the upper portion of the
water table will draw contaminated water without the need for irrigation. (An irrigation system
might be required for the first one or two growing seasons to allow the plants to establish
themselves. But once the roots have extended into the aquifer, irrigation would no longer be
required and the system could be shut down.) The principal phreatophyte species that will be
used for aquifer phytoremediation at Monument Valley is black greasewood, sarcobatus
vermiculatus.

The native plant-farming system would be used for treatment of the deeper sections of the plume,
by pumping the water from the alluvial aquifer to the surface where it can be used for irrigation.
Such a system would use drip, sprinkler, or ridge-and-furrow systems for. distributing the
extracted ground water. Application of contaminated water is made throughout the growing
season. During the winter months when no growing takes place, the extraction system would be
taken out of service. The principal species that would be used for native plant farming at
Monument Valley is fourwing saltbush, atriplex canescens.

Fourwing saltbush has a high affinity for salts in general, so a significant portion of the sulfates
and other non-nutritive dissolved solids will accumulate in the plant tissues. Dissolved solids that
are not taken up by saltbush will build up in the soil. The ability of the soil to tolerate high
loading of sulfate and other dissolved solids is uncertain, though preliminary data suggest that
the drainage properties of the soil at the Monument Valley site are such that salts will not tend to
crust on or at the soil surface to an appreciable extent. The ability to maintain sufficient control
of the application rate to avoid deep percolation of contaminated water also is uncertain, and
monitoring for deep percolation discharges from a land treatment system may be difficult.

The treatment residual which is produced by the native plant-farming treatment system is the
plant material that is harvested for use as feedstock. As long as this material is considered to be a
useful feedstock by area residents, the native plant-farming system will produce little or nothing
in the way of wastes or residuals which must be disposed of as waste material. If the area
residents reject any or all of the plant material, an alternative use will have to be found for it, or
else it will have to be disposed of as a waste. Because of its considerable bulk, the cost of
disposing of this material as waste could be significant. Cost estimates for the native plant-
farming treatment system will assume that all of the plant material will be used as livestock feed
throughout the duration of the project. But this important aspect of the system's viability is
subject to a certain degree of uncertainty that is outside the control of the remediation program.

The nominal time frame for completion of remediation at Monument Valley is 20 years. The area
available for native plant farming is 28 hectares or 69 acres. The planted area, based on plantings
3 m apart with a plant canopy of 1 m, is one-third of the total area or 9.33 hectares. The
estimated annual ET for the fourwing saltbush crop is 1.97 cubic meters per year per square -

meter of area, for a total estimated maximum annual irrigation rate for high productivity of
48.5 million gal. Remediation of 1.08 billion gal using native plant farming, then, will require
22.2 years, which has been rounded off in this document as 23 years. This is slightly higher than
the nominal goal of 20 years but is still acceptable, particularly considering that this calculation
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makes no allowance for the possible contribution of a passive phytoremediation system for the
shallow portion of the contaminant plume, and is therefore conservative. ,

The maximum irrigation rate at the Monument Valley site is approximately 15 liters per square
meter of area per day. For the active irrigation area of 9.33 hectares, this gives a peak irrigation 5
rate of 616 gpm, which is clearly too high a flow rate for the aquifer to sustain. Since the
irrigation system operates for only about 10 hours per day even at peak demand, the actual rate
can be reduced using a holding tank which will be filled during the hours that the irrigation I
system is out of service. Using such a holding tank, which must have a capacity of about
300,000 gal, reduces the peak demand on the extraction system to 257 gpm. I
A system combining phytoremediation for ammonia-contaminated soil and for the shallow
portion of the alluvial aquifer, and native plant farming for cleanup of the deeper parts of the
alluvial aquifer, will be considered as a treatment alternative. Some issues remain to be resolved,
however, before the phytoremediation/native plant-farming system could confidently be
implemented as the sole treatment process at Monument Valley. These issues or areas of 3
uncertainty include:

* The relative inefficiency of an extraction system that does not include any injection to the 3
aquifer.

Uncertainty as to the rate at which contaminated water can be absorbed and nitrate can be 3
uptaken by the combination of species chosen for the phytoremediation/native plant-fanning
system. The estimates given in this SOWP are based on literature values for similar species. I
Uncertainty as to the effect on the soil of greatly increased concentration of non-nitrogen-
bearing species (e.g., sulfate) which could build up in the soil as a result of the irrigation
process. The soil in this area is sandy and free-draining, so this buildup is not expected to be
a problem, but the potential certainly exists given the high concentration of sulfate in the
ground water.

*Uncertainty as to the effect on the alluvial aquifer of the loss of a volume of over 1 billion
gal, since the native plant-farming system will not allow for any recharge of the aquifer. 3
Uncertainty as to the effect on the alluvial aquifer, and on the contamination zones, of the
cyclic nature of the extraction process, since the extraction system will have to be shut off i
during the winter months.

Seasonal variability in the required irrigation rate. Due to high ET rates during the peak
summer months at the Monument Valley site, the maximum irrigation rate will vary
considerably from month to month, which introduces additional complications for the
extraction system. The actual area which can be planted for the native plant-farming system,
and thus the time required for remediation using the native plant-farming system, will likely
be limited by the maximum practical extraction rate. 3
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None of these factors rules out exclusive use of a combination of phytoremediation and native
plant farming as the treatment system for the Monument Valley site, although they must be
considered before exclusive implementation of such a system is undertaken. Detailed
consideration of all factors is the function of the alternatives evaluation process.

8.2.4.2 Evaporation Systems

Solar evaporation, which consists of putting the water into large lined or unlined outdoor ponds
at influent rates that match the rate of natural evaporation, is an established method for reducing
the volume of contaminated surface or ground water, that does not contain volatile hazardous
compounds, in arid and semiarid regions of the United States. Nonvolatile contaminants such as
nitrates, sulfates, uranium, and other components of TDS will not evaporate, and instead will
concentrate as a sludge that must be periodically removed for disposal. Solar evaporation
systems are constrained by climatic effects, notably temperature (solar radiation), humidity, and
wind.

Pan evaporation rates at the Mexican Hat weather station, which is the station closest to the
Monument Valley site, average about 84 in./year, and exceed 10 in. per month from May through
August. Precipitation at Monument Valley averages about 8 in./year. Evaporation rates exceed
precipitation rates for all months except January. Thus, an evaporation system at Monument
Valley would be expected to be very effective for most of the year. The surface area required to
achieve complete'evaporation could be considerable, however, preliminary calculations suggest
that solar evaporation of a constant flow of 103 gpm would require a solar evaporation pond
having an area of over 24 acres.

The effectiveness of solar evaporation systems can be enhanced by adding spray systems in
which water is sprayed as a fine mist into the air above the solar pond. The fine mist droplets
evaporate much more readily than does the bulk water at the pond surface. Use of a spray system
can substantially reduce the size of the pond required. For instance, addition of a spray system
could reduce the size of the evaporation pond for the Monument Valley site from 24 acres
required for a simple solar evaporation pond to about two acres for a spray pond. However,
addition of a spray system considerably increases the complexity of the system and requires more
maintenance and operator attention than simple solar evaporation.

In general terms, evaporation is a very low-cost way to remediate large amounts of contaminated
water in arid climates. However, an evaporation system would exacerbate any deleterious effects
associated with treatment systems which do not recharge the alluvial aquifer. Also, evaporation
results in a loss to the aquifer of all the contaminated ground water, without returning any value
(such as the crops which would be produced in a native plant-farming system) in exchange.
Therefore, evaporation was not selected for detailed evaluation as a treatment alternative.

8.2.4.3 Distillation Systems

In a simple distillation process, water is vaporized by heating it to its boiling point. The water
vapors are then condensed and recovered as clean water. Nonvolatile contaminants such as
nitrates, sulfates, uranium, and other components of TDS will not evaporate and will be left
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behind in the evaporation chamber, where they will concentrate and must be bled off (removed at
a slow rate) periodically. The condensed water can be injected into the alluvial aquifer, as
described mn Section 8.2.3.4. The concentrate, or brine, may be taken off site for disposal;
alternately, it may be evaporated to dryness in a small solar pond or in another process (such as a

brine crystallizer), and the residue can then be disposed of as a solid.

Distillation is one of the most expensive treatment technologies to implement, because of the
significant capital costs of distillation systems. Historically, distillation has also been relatively
expensive to operate because of the high energy requirement to boil large quantities of water.
However, distillation does recover almost all of the water for injection into the aquifer and the

product water is of very high quality. The treated water produced by treatment of the ground
water at Monument Valley using a simple distillation process will contain virtually no dissolved
or suspended solids. Since the Monument Valley ground water does not contain volatile

contaminants, the condensate from a distillation system will exceed the project standards and
goals by orders of magnitude.

Energy requirements for distillation units can be greatly reduced by the use of "vapor
recompression," in wich the heat that is given off by the condensation of the water vapor is
recovered in a fan or compressor and used to preheat the feed water.. Evaporation of water using5
a standard boi ler with no energy recovery requires almost 2,400 kW-hr of electricity per 1,000
gal of water evaporated. Commercial vapor recompression distillation systems can process 1,000
gal of water while consuming as little as 35 kW-hr. This low energy consumption makes
distillation more nearly economically competitive with other treatment processes.

Distillation has already been chosen as the primary treatment technology at the Tuba City siteU
and has been demonstrated at that site in a pilot study conducted in the fall of 1998. The
knowledge gained during that study, which confirmed the applicability of distillation to cleanup

of UMTRA ground waters, could be applied directly to the Monument Valley site. For this
reason, and because of the high quality of the treated water produced by the distillation process,
distillation was selected for detailed evaluation as a treatment alternative. *
8.2.4.4 Through-Medium Processes

In a through-medium process, a flow stream is passed through a column or reactor containing an
insoluble adsorptive or exchange medium. A through-medium process can be used to remove
uranium before biological treatment or native plant farming. Synthetic ion exchange resins,I
which are manufactured to have high affinities for certain types of ions, are widely used in
through-medium processes for removal of uranium and many other dissolved ionic contaminants.3

Conventional ion exchange processes are generally impractical for liquids having dissolved
solids loadings higher than about 1,500 mg/L, due to high elutriation rates at higher solids levels.

The TDS level in the Monument Valley alluvial aquifer will average about 1,500 mg/L and may
be several times this amount in "hot spots." A conventional ion exchange unit treating the
Monument Valley ground water would require regeneration approximately every 30 to 50 bed
volumes, and the regeneration would produce approximately 5 bed volumes of waste liquid with
high salt content. Thus, the on-stream time would be poor, due to the need for frequent
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regeneration; chemical consumption would be high; and the volume of regenerant liquid would
be at least 10 percent of the total feed. Thus, conventional ion exchange processes appear to be a
poor choice as a remediation technology for Monument Valley.

State-of-the-art continuous ion exchange processes could be applicable to Monument Valley. The
best of these continuous systems offer greatly reduced waste streams, averaging as low as
2 percent of the total water treated, with very low utility requirements and minimal chemical
consumption. Bench-scale testing conducted during the summer and fall of 1998 indicated that a
continuous ion exchange process could be competitive with other processes such as distillation
and reverse osmosis (RO) for treatment of nitrate-contaminated water. However, DOE's
agreement to treat the Monument Valley ground water for sulfate significantly impacts the
viability of any ion-exchange process. Vendor information suggests that treating for sulfate
would require additional treatment modules and a significant increase in operating costs and
waste generation over what would be required for nitrate removal alone. The advantage that such
a system might offer over other processes, e.g., distillation, for treatment of nitrate-contaminated
waters does not appear to remain viable for treatment of sulfate. The technology proposed, while
technically intriguing, is unproven, and would probably provide treated water which would be of
marginal quality at best, meeting or slightly exceeding the aquifer restoration standards, at a cost
at least comparable to that of distillation which produces a much better quality treated water.
Thus, continuous ion exchange was not chosen for detailed evaluation as a treatment alternative.

8.2.4.5 Biological Piocesses

Biological processes use bacteria to convert hazardous compounds to other forms which are less
hazardous or more amenable to disposal. This may either be done in situ by injecting the bacteria
and/or the carbon nutrient source into the aquifer, or ex situ by pumping the water into an above-
ground treatment pond or reactor. This section will deal with ex-situ processes. In-situ biological
processes were reviewed as part of the ITRD process and were rejected for further consideration
in the UMTRA Ground Water Project

Nitrate, the principal regulated COC in the Monument Valley alluvial aquifer, is amenable to
treatment with biological processes. Biological denitrification can eventually reduce nitrate
levels in water to less than the MCL or to background levels. The primary byproduct of
denitrification is nitrogen gas (N2), along with small amounts of nitrous oxide (N20). Because
nitrogen gas is relatively inert, denitrification generates a treatment residual that does not require
handling and disposal, and it has no significant effect on the environment.

Denitrification may be done either in a pond, or in a biological reactor or series of reactors. Use
of a pond will not be practical at the Monument Valley site, because the denitrification reaction
loses effectiveness when the water temperature drops below about 50 'F. A pond-based
denitrification process at Monument Valley could operate only seasonally, since it would be
impractical to maintain the temperature of a large outdoor pond at 50 'F during the winter
months. The treated water would be suitable for injection, but would only be available seasonally
and would require pretreatment to remove residual organics before it would be suitable for
injection. Therefore, at Monument Valley the biological denitrification process is best suited for
indoor reactors, rather than an outdoor pond.
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The average sulfate concentration in the Monument Valley ground water is about 755 mg/L,
which is above the proposed treatment goal of 250 mg/L. Bacteria which have an affinity for
nitrate also have an affinity for sulfate, and desulfuinzation will tend to take place in parallel with
denitrification. While biological denitrification generates nitrogen gas which does not require
handling and disposal and has no significant effect on the environment, biological desulfurizationI
produces hydrogen sulfide (H2S) as a byproduct. Hydrogen sulfide is malodorous, explosive, and
extremely toxic. Nitrogen gas can be freely discharged to the atmosphere, while the control,
handling, and ultimate disposal of H2S will require other unit processes, such as a scrubber or aI
flare stack, that are ancillary to the primary sulfate-reducing reactor.

Desulfurization, then, is undesirable and should be avoided if possible. From the bacteriological .1
standpoint, denitrification is the preferred reaction path, but, given the relatively high sulfate
levels present in the Monument Valley ground water, it is uncertain whether denitrification can
proceed to the extent required to reduce nitrate levels to below 44 mg/L without inducing at least
some level of desulfurization. '

Biological processes cannot be regarded as a feasible "stand-alone" treatment technology for
Monument Valley since they do not address uranium, and because concerns regarding
desulfurization suggest that sulfur should be removed using some other process. However, 3
biological denitrification is an attractive process which is in wide use for remediation of nitrate-
contaminated waters. Therefore, biological denitrification will be retained for detailed evaluation
as part of a treatment process which utilizes one or more additional processes for removal of
sulfate and uranium.

8.2.4.6 Chemical Treatment n

Chemical treatment is typically defined as a system using precipitation, coagulation and
flocculation, gravity settling, and filtration processes, generally including addition of chemicals

for pH adjustment, formation of precipitates, and the like. Such systems are widely used for
treatment of contaminated waters produced during remediation of former uranium mill sites. 3
They are very effective for removal of COC's such as uranium, radium, and sulfate. However,
conventional chemical treatment processes are not effective for removal of nitrate, which would
have to be addressed by some other technology. I
Nitrate could be removed using an ex-situ biological denitrification process downstream of the
chemical process. The removal of sulfates in the chemical process by precipitation of barium I
sulfate obviates the need for a biological desulfurization step and thus also eliminates the need to
dispose of hydrogen sulfide formed as a by-product of biological desulfurization. 3
Nitrate can also be removed using a native plant-farming process. However, coupling chemical
treatment with native plant farming does not produce an improvement in the overall treatment
process over what can be achieved with native plant farming alone, because the native plant-
farming process is not expected to require removal of sulfate, or any other constituents which the
chemical treatment process is designed to address, prior to being introduced into the irrigation 3
system. Also, the native plant-farming process is seasonal, as described above, and will be shut
down during the winter. So the treatment process would have to be shut down also during the
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time that the native plant-farming process is out of service, or else the chemical treatment process
would require some other denitrification process while the native plant-farming system is down.

The Alternatives Analysis performed during the preparation of the SOWP for the Tuba City
remediation project included a detailed analysis of a combined process utilizing biological
denitrification along with a chemical process for removal of sulfate and uranium. One potential
advantage of such a process is that DOE owns a 1 00-gpm chemical treatment facility which is
presently in operation at the Monticello, Utah Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) site. This equipment would be available for reuse
by the time that the Monument Valley remediation begins. The cost analysis for this system at
Tuba City concluded that it was a poor choice for that site due largely to high operating costs,
which were driven by the high sulfate levels at Tuba City. The amount of sulfate which must be
removed.at Monument Valley is about one-fourth the amount that must be removed at Tuba City.
Thus the use of such a process at Monument Valley appears at least feasible. This process would
also permit reuse of existing government-owned equipment. Therefore, chemical treatment is
retained for detailed evaluation as part of a treatment process combined with the biological
process for removal of nitrate.

8.2.4.7 Membrane Separation Processes

Membrane separation includes all processes in which extremely fine or molecular-level filters are
employed. The fine filter, operated under pressure, allows clean water to pass through the
element as a clean stream, or permeate, on the downstream side of the element, while the
contaminants collect as a concentrate, or brine, stream on the upstream side. The most
commonly-employed membrane separation processes, in increasing order of effectiveness in
removal of dissolved ionic species, are ultra-filtration, nanofiltration, and reverse osmosis (RO).
As a general rule, the more completely a membrane separation process removes contaminants
from an aqueous stream, the more brine is produced.

The most promising membrane separation process for the Monument Valley ground water is RO,
which can remove sulfate ions at 98 to 99 percent efficiency, and nitrate ions at 70 to 90 percent
efficiency. Nanofiltration and ultrafiltration, on the other hand, are effective for removal of
sulfate ions, but are much less effective against nitrate. The nitrate removal efficiency of the RO
process appears to be adequate for the requirements of the Monument Valley project. The cost
differential between RO and the other processes which are not effective against nitrate is minimal
compared with the additional cost that would be required for an auxiliary denitrification system
for either of those processes. Therefore, neither nanofiltration nor ultrafiltration need to be
considered further for Monument Valley.

The primary disadvantages of RO units are the relatively high capital costs and the large volume
of brine that will be generated due to the high concentrations of dissolved solids in the
Monument Valley ground water. In order for the concentration of nitrate in the permeate (treated
water product) to remain below the treatment standard of 44 mg/L, the brine stream from a RO
unit operated at Monument Valley must be about 20 percent of the influent. Disposal of this
quantity of brine would be a significant logistical problem. The disposal costs for the brine in its
liquid state would be prohibitive, and therefore construction of a solar evaporation pond would
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be required. No such pond exists at the Monument Valley site at the present time, so the cost of
building one or more evaporation ponds must be included in the project capital costs. However, 3
this is also true - if to a lesser extent - for other active treatment processes which produce a brine
stream that must be concentrated prior to disposal. .1
DOE owns a state-of-the-art, highly automated RO system, with a maximum permeate flow of
150 gpm, which was purchased new in February, 1998 for installation at the Monticello, Utah,
CERCLA site. Operation of this RO unit at Monticello will be complete by the time ground m
water remediation at Monument Valley gets underway, and the RO unit from Monticello will
then be available for use at another site. Use of an existing RO system would significantly reduce
the capital costs of the treatment system, as well as making possible reutilization of a significant
government resource. RO is otherwise technically acceptable as a treatment process.
Accordingly, the RO process was selected for detailed evaluation as a treatment alternative.

8.3 Evaluation of Alternatives £
This section combines technologies evaluated in the previous section into pumping alternatives
and treatment alternatives. The pumping alternatives make use of the extraction and disposal
technologies retained for detailed evaluation. The treatment alternatives make use of theI
treatment technologies retained for detailed evaluation.

8.3.1 Pumping Alternatives 5
Pumping alternatives are a combination of extraction and injection technologies that are part of a
comprehensive strategy. Two pumping alternatives are presented. The objective of each pumping I
alternative is to meet aquifer-restoration standards and goals within a specified time period. Each
pumping alternative is evaluated on the basis of implementability, effectiveness, and cost. To
optimize the likelihood of a successful remediation, the remediation program will be designed to
treat two pore volumes of nitrate-contaminated water within a period of approximately 20 years.
The volume of nitrate-contaminated water, as shown in Table 5-9, is 540 million gallons. i
Therefore, the system will be designed to treat twice this amount, or 1.08 billion gallons.

Administrative issues associated with implementing either pumping alternative would be
minimal, although a permit from the Navajo Nation will be required to extract the ground water.

8.3.1.1 Pumping Alternative 1-Plume-Focused Extraction Wells without Injection 3
Pumping Alternative 1 consists of a recovery-well field inside the plume area, with no injection
wells. This pumping alternative would be used to supply irrigation water for the native plant-
farming system. The best guide to the maximum sustainable extraction rates for wells when
injection is not incorporated is the maximum sustainable flow rates for the existing wells at the
site. The following table presents the data that has been developed on the maximum sustainable
flows for a number of the existing wells. Sustainable flow rates for wells 765 and 655 are based
on aquifer tests. Sustainable flow rates for the remaining wells are based on field information
recorded when the wells were sampled for water quality.
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Well No. Maximum' Sustainable Flow Rate,
gpm

MON-604 I

MON-605 2

MON-650 3

MON-653 3

MON-655 0.6

MON-760 1

MON-761 2

MON-762 1

MON-765 3

MON-767 1

MON-768 1.5

MON-770 1

MON-772 1

Average 1.6

Thus, an average flow rate of about 1.5 gpm per well appears reasonable for the Monument
Valley site. Sustaining the required peak extraction rate of 257 gpm (see the discussion under
"Phytoremediation and Native Plant Farming" in Section 8.2.4 for the derivation of this
quantity), at an average flow rate of 1.5 gpm per well, will require 172 ground water recovery
wells. This pumping alternative will operate seasonally, drawing an average of 48.5 million gal
of water per year. Thus, removing two pore volumes of nitrate-contaminated water will require
approximately 23 years using this pumping alternative.

Effectiveness

An average of 257 gpm must be extracted over a 24-hour period during the peak demand period.
Estimated pumping rates indicate that the proposed well field could supply this quantity at an
average extraction rate of 3 gpm per well. Actual pumping rates will be determined in the field
after the wells are emplaced.

Implementability

The complete extraction system includes not only the extraction wells and associated piping, but
also a holding tank, with a capacity of approximately 300,000 gal, and appropriate controls to
operate the extraction pumps as needed. The function of the holding tank is to act as surge
capacity to enable the maximum irrigation demand of 616 gpm to be met with an extraction
system having a capacity of 257 gpm. Since irrigation is only required for 10 hours per day, the
irrigation system will draw from the holding tank, which will be replenished during the night
while the irrigation system is out of service. Construction of the tank and control system is
straightforward.

Construction of the well field would be relatively straightforward and could be accomplished
using readily available technology. The technical obstacles to constructing a remediation well
field are relatively few. However, the fine-grained eolian sands present their own set of technical
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demands, including how to obtain the maximum possible ground water withdrawal rate from
each well, how to control sand pumping, and how to control the pumping rates in a large well
field. These obstacles can probably be overcome through careful well-design, construction, and
development techniques.

Cost

The total capital cost for this pumping alternative, including all 172 wells, pumps, holding tank, P
controls, and piping to direct the water -from the well field to the treatment system, is estimated at
$4.57 million. Annual O&M costs are estimated at $0.42 million. The net present value for this
pumping alternative, calculated over the 23-year project lifetime, is estimated at $9.05 million.

8.3.1.2 Pumping Alternative 2-Extraction and Injection Wells

Pumping Alternative 2 consists of vertical extraction and injection wells. The objective of this
pumping alternative is to achieve aquifer restoration without depleting the ground-water resource
beyond treatment-plant losses. This pumping alternative would be used to supply water to the
active treatment alternatives that employ treatment plants generating a clean water stream that
would be used for injection.

The injected ground water would be pumped into the periphery of the plume to control its
migration, similar to the "line-drive" approach used conventionally in the solution mining I
industry (Driscoll 1987, Roberts 1980). Returning the treated ground.water to the plume would
control drawdown, accelerate flushing within the plume, and accelerate aquifer restoration.
Assuming that the extraction-rate can be increased to 2.5 gpm per extraction well through the use U
of injection wells results in an estimate of 40 extraction wells for Monument Valley. The cost
estimate will assume the same number of injection wells; the slightly lower efficiency of the
injection wells will compensate for losses in the treatment plant.

Effectiveness

The combination of extraction and injection within the plume is themost expedient method to
move water through the contaminated part of the alluvial aquifer. A system consisting of 5
extraction and injection wells yields a balanced flow system that limits drawdown within the
plume and expediifs flushing. The pumping rate increases as the density of wells increases.
However, as the number of wells increases, so-does the cost of operation and maintenance.

Implementability p
There are no technical or administrative issues that would preclude implementation of the
extraction and injection wells associated with this pumping alternative. These are conventional
technologies that would be relatively straightforward to implement and would use readily
available technology. The fine-grained eolian sands in the alluvial aquifer will present some
technical difficulties when installing the extraction and injection wells. Well design,
construction, and development techniques to specifically control sand pumping would be
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required. Also, operation of the system of 40 extraction wells and 40 injection wells will require
oversight.

Cost

The total capital cost for this pumping alternative, including all extraction and injection wells,
pumps, controls, and piping to direct the water from the well field to the treatment system and
from the treatment system back to the injection wells, is estimated at $2.31 million. Annual
O&M costs are estimated at $0.32 million. The net present value for this pumping alternative,
calculated over the 20-year project lifetime, is estimated at $5.56 million.

8.3.1.3 Recommended Pumping Alternative

Pumpingg Alternative 2--Extraction and Injection Wells, preserves the best technical options and
combines them into one comprehensive pumping alternative, at a substantially lower cost than
Pumping Alternative 1. Considering the extraction system in isolation, Pumping Alternative 2
would be the preferred pumping alternative. However, the extraction system does not stand alone
and cannot be considered except as part of the entire treatment system. Pumping Alternative 1 is
suitable for treatment processes which do not return treated water for injection, while Pumping
Alternative 2 is suitable for processes that do; pumping alternatives cannot be "mixed and
matched" freely with treatment alternatives for which they are inappropriate. Since both pumping

* alternatives are technically feasible, the "preferred" pumping alternative would be the alternative
'that serves the preferred complete treatment system.

8.3.2 Treatment Alternatives

The treatment alternatives evaluated in this section are:

. Treatment Alternative 1 -Native plant farming

• Treatment Alternative 2-Chemical Treatment with Biological Denitrification

* Treatment Alternative 3 -Distillation

* Treatment Alternative 4 -Reverse Osmosis

All these treatment alternatives incorporate phytoremediation of the subsoil ammonia in the
vicinity of the former tailings piles as well as phytoremediation of shallow portions of the aquifer
using plantings of black greasewood.

There are two distinct types of alternative treatment processes. The native plant farming process
will operate on a seasonal basis, with flow rates varying from month to month with the seasonal
ET cycle and shutting off during the winter when no irrigation is possible. This process will use
Pumping Alternative 1-Plume-Focused Extraction Wells without Injection, described in
Section 8.3.1. The other three treatment alternatives operate continuously at a steady flow rate,
and will use Pumping Alternative 2-Extraction and Injection Wells.
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The treatment system shall be designed to treat two pore volumes over an active life of
approximately 20 years. As shown in Section 5.3.3.1, the estimated volume of the nitrate plume
is 120,000,000 gal (120 million gal) of highly contaminated water containing more than 500
mg/L of nitrate, and 420,000,000 gal (420 million gal) of less contaminated water containing
between 44 and 500 mg/L of nitrate. This gives a total volume of 540,000,000 gal (540 million i
gal). The total amount of water to be treated is two pore volumes, or a total volume of 1.08
billion gal.

Treatment of 1.08 billion gal in 20 years, assuming operation of the extraction and treatment
system for 365 days per year, 24 hours per day, will require a flow capacity of 103 gpm. Cost
estimates for the extraction, treatment, and injection systems for the processes utilizing
distillation, chemical treatment with biological denitrification, and RO shall be designed for this
capacity.

The native plant farming process will operate on a seasonal basis. As described in Section 8.2.4,
the native plant-farming system will treat a total of 48.5 million gal per year. Thus, treatment of
1.08 billion gal will require a remediation period of 23 years. The peak extraction rate is 257
gpm. The cost estimate for the extraction systems for the native plant farming process shall be I
based on this capacity.

Cost estimates for all treatment processes will be compared based on a net present worth,
calculated over the total project life (either 20 or 23 years), using the OMB standard discount rate '
of 7 percent.

8.3.2.1 Treatment Alternative 1-Native Plant Farming i
Effectiveness

Phytoremediation will be used to treat soils contaminated with ammonium. Ammonium, which is
readily converted to amino acids, is an ideal nutrient source for plant growth. Phytoremediation
may also be used to treat shallow portions of the alluvial aquifer. In both cases, an initial period
of irrigation, taking no longer than one or two growing seasons, will be required for the plants to
establish their root systems. Once the plants are established, no further irrigation is required.
Conversion of ammonium is expected to be essentially complete within the remediation time
frame of 23 years.

'The native plant-farming system will be used to treat nitrate-contaminated water. Nitrate is also
an excellent nutrient source. The average nitrate concentration in the alluvial aquifer is nearly

---- ideal for growth of the •furwing saltbush used in the native plant-farming system. The irrigation
system will be controlled so ffia-f-there is no migration of water from the vadose zone into the
alluvial aquifer. Nitrate levels in the soil are expected to be at or below the treatment standard of
44 mg/L at the conclusion of the 23-year treatment duration.

Fourwing saltbush has a very high affinity for sulfate as well. The salt content of a mature
fourwing saltbush can be as high as 12 percent, and since sulfate comprises almost exactly half
of~the TDS in the alluvial aquifer, the saltbush may reach a final sulfate concentration of as much
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as 6 percent. The nitrogen content of the plant biomass will be about 1.6 percent, equivalent to a
nitrate level of about 7.3 percent. Average sulfate levels are nearly four times as high as average
nitrate levels (755 parts per million [ppm] versus 217 ppm). Therefore, the fourwing saltbush can
be expected to take up nearly one-fourth of the sulfate in the water. The remainder will
accumulate in the vadose zone.

One important concern regarding the effectiveness of the native plant-farming system is how
well the plants will grow with less than optimal nitrate levels. The ideal nitrate concentration for
growth of fourwing saltbush is about 230 mg[L, while the average nitrate concentration in the
alluvial aquifer is 217 mg/L. Since production wells are placed in all areas of the alluvial aquifer
and all are expected to be in operation simultaneously, the extraction system will deliver a
mixture having very nearly average concentrations. At the outset of the project, the nitrate
concentration will be essentially ideal for optimum growth of the saltbush. However, the
concentration of nitrate and other TDS in the alluvial aquifer will decline over time as
contaminated water is removed and replaced by natural dilution from background water. Under
these conditions, the plant productivity may decline, which may cause a drop in system
effectiveness as treatment progresses.

Implementability

There are a number of uncertainties associated with the implementability of the native plant-
farming system. These were covered as part of the discussion of "Phytoremediation and Native'
Plant Farming" in Section 8.2.4. Another significant area of uncertainty regarding the native
plant-farming system concerns the availability of water to supply the system. The extraction
system must be able to sustain a flow rate of some 257 gpm continuously for several months.
Preliminary estimates suggest that the aquifer will be capable of sustaining this flow rate, but this
has not been confirmed by modeling or extensive testing.

Only two alluvial aquifer pump tests were done during the current investigations at the
Monument Valley site (see Section 4.6.3.2). One of the wells (well MON-765) was able to
sustain a flow rate of 3 gpm over about 20 hours before the test ended due to equipment failure,
while the other (well MON-655) was able to sustain a flow rate of only 0.6 gpm even after
significant development. However, neither of these tests was a long-term test. So the question of
long-term sustainability of the required flow rate once the entire extraction system is in operation
remains open. Furthermore, the preliminary modeling done so far is based on the very limited
data currently available on the hydraulic properties of the alluvial aquifer. Thus, the number of
wells provided in the design used for estimating the capital and installation costs of the extraction
system is an approximation at best, and there is significant uncertainty regarding the actual count
and number of extraction wells.

Cost

The cost estimate assumes that the entire available area of 28 hectares (69 acres) would be
planted in fourwing saltbush. The capital cost for planting this acreage, and the irrigation system
required to sustain it, is estimated at $0.98 million. Annual operating costs assume that the labor
requirement to maintain the fields will average 1.5 full-time equivalents (FTEs), although this
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will be distributed unevenly since the field work is seasonal rather than year-round. Total O&M
costs then are estimated at about $0.25 million. The present worth cost of this treatment
alternative, projected over the total estimated time of 23 years, is $3.69 million.

8.3.2.2 Treatment Alternative 2-Chemical Treatment with Biological Denitrification

Effectiveness

The average alkalinity of contaminated ground water at the Monument Valley site is 217 mg/L as
CaCO 3, and the TDS of the influent water averages 1,506 mg/L. The practical limit of hardness
removal using the lime-soda process is approximately 50 mg/L as CaCO3 (15 mg/L of calcium
and 3 mg/L of magnesium). For uranium, the removal efficiency of this process usually exceeds
95 percent. The average sulfate level in the Monument Valley contaminant plume is 755 mg/L,
and the barium level is less than 1 mg/L. Addition of barium to remove sulfate will not
significantly increase the barium level in the effluent since barium will not be added in
stoichiometric excess.

Barium addition is an established method for removing sulfate from water by precipitation of
barium sulfate. Typically, barium is added in the form of barium chloride, barium nitrate, or I
barium acetate. All these barium compounds are highly soluble, and although barium added to
the contaminated water forms the insoluble barium sulfate precipitate, the dissociation of the
barium compounds will add chloride, nitrate, or acetate ions to the water.

The average chloride level in the contaminant plume is 25 mg/L. The addition of barium chloride
in the quantities required would increase the chloride levels in the effluent to at least 397 mg/L.
Although chloride is not a regulated constituent, and there is no treatment goal for chloride for
the Monument Valley remediation project, the chloride treatment goal for the Tuba City project
is 250 mg/L. A chloride level of 400 mg/L or higher would undoubtedly be considered
objectionable for the Monument Valley project. Also, the sulfate treatment goal for Monument
Valley incorporates both the sulfate concentration and the sulfate-to-chloride ratio, and injection
of treated water containing high chloride levels would greatly complicate the progress of the
remediation. I
The addition of barium nitrate to a water with existing high levels of nitrate will increase the
nitrate loading for the biological denitrification system by at least 650 mg/L, or over threefold.
Use of barium acetate avoids these problems and will also supply a potentially useful feed source I
for the bacteria used in the biological denitrification process. However, preliminary cost
information suggests that barium acetate will be considerably more expensive than barium
chloride or barium nitrate. Also, a supply source for barium acetate may be a problem because it
is not currently manufactured in bulk quantities.

A possible treatment alternative is the use of barium hydroxide rather than one of the other I
barium compounds. Barium hydroxide appears to be comparable in price to barium chloride and
less expensive than either barium nitrate or barium acetate. Also, the use of barium hydroxide
does not add objectionable chloride, nitrate, or organics to the ground water. Barium hydroxide is
a fairly strong base, and some data suggest that it could be useful as a supplement to, or a
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replacement for, lime soda in the uranium-removal process. Hydroxide in excess of what is
required for the uranium-removal process, could be removed by bubbling carbon dioxide into the
solution. This would generate carbonates, which would be an operating concern, because of TDS
and alkalinity, but not a regulatory concern.

Extensive data have been gathered on the efficacy of the biological denitrification process at
DOE's Weldon Springs facility near St. Louis, Missouri. The treatment cycle implemented at
Weldon Springs produces an effluent containing less than 10 mg/L of nitrate as nitrogen (N0 3-N)
from a feed containing about 500 mg/L N0 3-N, which is about ten times the average nitrate
concentration in the Monument Valley contaminant plume. Biological denitrification is an
anoxic process, but the Weldon Springs denitrification pond is open to the atmosphere. Oxygen
penetration does not appear to be significant below the top few inches of the pond surface, and
natural convection creates circulation within the pond that is adequate to allow complete
conversion of nitrate.

This treatment alternative produces an effluent that meets or exceeds the requirements of
40 CFR 192 and is protective of human health and the environment. Chemical treatment and
microfiltration can achieve nearly complete removal of uranium, sulfate, and other dissolved
solids from the raw water. Biological denitrification can achieve removal of nitrate from the
treatment plant effluent sufficient to meet or exceed the regulatory treatment standard.

Implementability

For typical applications, the stability, reliability, and process efficiency of the chemical treatment
systems can be predicted with a high degree of certainty. Chemical treatment is an appropriate
and typical approach for cleaning up a high-TDS water. Operational parameters for chemical
addition systems, mixing systems, settlers, sludge removal equipment, and filters under a wide
variety of conditions are well established.

Chemical treatment is an established method for treating water containing inorganic and
radionuclide contaminants. The chemical treatment equipment that would-be used for this system
is DOE property and was used at the Monticello, Utah CERCLA site for treating ground water
contaminated with high levels of uranium, radium, and selenium. After chemical treatment, the
flow stream will undergo microfiltration (included with the system) to remove solids formed
during the chemical reactions. The chemical treatment equipment is currently being operated as
part of the waste-water treatment facility at Monticello, and is expected to be available for
service before the Monument Valley remediation project begins.

A chemical system with-chemical reactors and appurtenant processes will need constant
maintenance and management. The level of maintenance is tied directly to the severity of the
operating condition within the system. For example, very high or very low pH in the flow stream
or use of corrosive chemicals such as iron coagulants can deteriorate equipment. Under adverse
conditions, tanks, mixers, chemical feed systems, valves, instruments, piping, and pumps require
continuous maintenance and frequent replacement.
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An especially critical element of chemical treatment plant operation is managing, handling, and
disposing of chemical sludge. Chemical treatment produces much greater quantities of sludge'
than do the other treatment alternatives. Lime-soda softening produces a sludge consisting of
calcium carbonate and magnesium oxide contaminated with uranium. Sulfate precipitation with
barium produces a sludge of insoluble, chemically inert barium sulfate. The process described I
here does not attempt to segregate these sludges, so although the barium sulfate sludge will have
little or no radioactive contamination, it will be combined with the contaminated lime-softening
sludge. A moderate degree of uncertainty is associated with predicting the activity of the sludge;
thus, identifying a suitable method and- location for disposing of the sludge is moderately
uncertain.

The proposed chemical treatment plant is a 100-gpm water treatment plant that has been in
service for several years. It is modular and trailer-mounted for ease of movement and setup.
Specialists will be needed to oversee setup of the system, but this is not expected to take a great
deal of time.

The denitrification system consists of a pair of "sequencing batched reactors" (SBRs) in which
the denitrification reaction will take place. The reactors will be operated in a "fill and draw"
system in which one reactor is filling while the other is anoxically mixing for the denitrification •
process and preparing for discharge at the end of the treatment cycle. The system will require
significant design work but will not be particularly difficult to construct.

Operation of the denitrification facility will take close operator attention. Denitrification is a
batch process with a number of process steps that must be carefully controlled. For instance, the
pH will drop rapidly once the denitrification process is underway and acidic ions are liberated.
The pH of the ground water is around 6.5. If the pH in the ponds drops below about 6, the
denitrification will stop, and once it has stopped, it cannot be restarted easily. Also, at the end of
the nitrate treatment cycle, it may be necessary to aerate the treated water to get the pH into a

neutral (7 to 8) range and to strip residual organics that contribute to chemical oxygen demand.

There is another potentially serious implementability concern with the biological denitrification
process. The design presented in this SOWP is based on information from a system vendor who
estimated that the denitrification process would require about 16 hours to reach completion. I
Based on this residence time, the SBRs must have a capacity of around 200,000 gallons each.
However, sources at the Weldon Springs facility indicate that the ponds there require three to
five days to complete denitrification. Such a residence time would require a capacity of over a I
million gallons at the flow rate of the Monument Valley site.

Further, the denitrification reaction loses effectiveness when the water temperature drops below I
about 50 'F. The ambient temperature at the Monument Valley site will be below 50 *F for
extended periods, so some means will have to be provided for maintaining the temperature of the
denitrification reactors.

The design upon which the cost estimate is. based assumes that SBRs can be used. However, the
treatment system should not be designed and installed without first testing this assumption on a
laboratory or pilot scale. If biological denitrification were chosen as part of the remediation
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technology at the Monument Valley site, a testing program should be completed before the final
design is begun.

As with construction, specially trained persons will be needed to operate the system. Operators
and managers are not available in the local area or on the reservation. An extensive training
program will be needed if reservation residents are to operate this treatment alternative without
extensive oversight by DOE contractors. The cost estimate assumes that two operators per shift
will be required for continuous operation. One operator will work primarily on the chemical
treatment process and the other will concentrate on the SBRs. A high degree of management
oversight will be required to ensure that the plant operates safely and efficiently. The chemicals
necessary for operation of the chemical treatment plant are not available near the site. The most
probable source of commercial quantities of chemicals is Phoenix, Arizona-360 road miles
from the Monument Valley site.

In addition to the large amount of chemical sludge produced by the chemical treatment process,
the biological process generates a significant amount of biological sludge. The combination
process generates approximately.twice as much total sludge as does spray evaporation. A small
amount of residual methanol will remain in the sludge from the SBRs after denitrification is
complete. Although this methanol should evaporate during the sludge evaporation step, it should
be kept in mind when permitting issues for the facility are discussed.

Improving the reliability of the chemical treatment system will require adding redundant reaction
tanks, settlers, and membrane modules. Increasing the capacity of the biological denitrification
system will require building additional treatment reactors.

Chemical treatment with biological denitrification will require tank capacity for feed,
equalization and holding between the chemical treatment facility and the denitrification reactors,
and evaporation ponds for sludge dewatering. Since there are no ponds in existence at the
Monument Valley site, two double-lined ponds will be constructed for sludge dewatering. The
denitrification process requires a holding tank of approximately the same capacity as the
denitrification reactors for the treated effluent, and the reinjection system will draw from this
tank.

Cost

The capital cost of this system is estimated at $0.97 million, making it comparable to the native
plant farming system as by far the least expensive systems to install. The low capital cost is due
largely to the use of an existing chemical treatment facility. However, the annual O&M cost for
the system is estimated at $1.38 million. The major components of the high O&M cost are $0.49
million for treatment chemicals, particularly barium, and $0.46 million for operating labor for
this manpower-intensive system. Due to the high O&M costs for this system, the estimated 20-
year present worth cost of this treatment alternative is estimated at $15.6 million.
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8.3.2.3 Treatment Alternative 3 -Distillation

Effectiveness

Evaporation and water recovery using simple distillation is an established and proven technology I
for treatment of contaminated water. A distillation unit will consistently produce a product
effluent containing less than 50 mg/L of dissolved solids, and will often meet or exceed drinking
water standards with no further treatment required. The concentrated "brine," which contains I
essentially all of the dissolved solids, radionuclides, and other nonvolatile contaminants from the
original feed, typically averages 5 percent or less of the total feed, depending on the
concentration of contaminants in the feed.

The following data was developed during pilot testing, at the Tuba City site, of a distillation
system similar to that which would be used at Monument Valley. All concentrations are given in
mgAb.

Parameter Influent Effluent

Sulfate 2,440 0.824

Nitrate 819 2.48

Ammonium 61.9 2.09

TDS 4,900 37

Uranium 146 <1.1

Based on these data, the likelihood that the treated effluent from the distillation system will be I
able to meet or exceed the applicable treatment standards is extremely high.

Pretreatment for the feed water is expected to consist of addition of sulfuric acid for removal of
carbonate, and an antiscalant to minimize fouling of the heat-transfer surfaces.

The distillation process will incorporate phytoremediation of subsoil ammonia in the vicinity of
the former tailings pile. For a discussion of the effectiveness of this process, see the
"Effectiveness" discussion under Section 8.3.2.1 "Treatment Alternative 1-Native Plant
Fanning."

Distillation meets the requirements of.40 CFR 192 and is protective of human health and the I
environment. The treated effluent is of high quality, while the volume of the concentrated brine
is less than that produced by the other active processes.

Implementability

Commercial distillation units are self-contained and include all instrumentation required for
monitoring and controlling the operation. The units are designed for outdoor operation with no
building required. The operation of the unit can be monitored at a remote location using the
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instrumentation and computer software provided as part of the package. The electricity demand
of the distillation unit is low. However, since no electric power is currently available at the.
Monument Valley site, additional electrical power equipment will be required at the site for the
distillation system (or for any other treatment system, for that matter).

Commercial distillation systems are reliable and generally require a low level of oversight and
only scheduled maintenance during their operating life. Installation of the distillation unit will be
straightforward, and can be done by project construction personnel. Operation of the distillation
system will require a minimum of managerial and technical supervision. The acid pretreatment
system can operate unattended, although periodic replenishing of the acid will be required, as
well as occasional maintenance. The cost estimate for the operation of the distillation system
includes two full-time employees for operation and maintenance.

For optimal operation, the distillation system should be operated as nearly continuously as
possible. However, it is expected that the flow rate produced by the extraction system will have a
fair amount of variability. To dampen out variations in the extraction rate and produce a constant
flow rate of feed to the distillation unit, a feed tank of approximately 20,000 gal capacity will be
erected at the site immediately adjacent to the treatment unit. Water from the extraction system
will flow into the feed tank, and the distillation unit will take its feed from the.tank, whose level
will be allowed to vary as needed.

Concentrated brine is continuously generated by the distillation process. The concentration of
solids in the brine discharged from the distillation unit is low enough that disposal is impractical
without further concentration. The brine must be evaporated further, perhaps to dryness, by
dewatering via solar evaporation. Since the solar evaporation rate is relatively slow compared to
the rate of brine production, a relatively large double-lined solar evaporation pond will be
constructed for this purpose. For a discussion of the implementability of solar evaporation ponds,
see the "Implementability" section under Section 8.3.2.4 "Treatment Alternative 4-Reverse
Osmosis."

Commercial distillation units are modular in design. Increasing the capacity of the overall system
above the current design capacity will require addition of more distillation units unless additional
capacity is specified as a design requirement.

Cost

The capital cost of the distillation system, including the evaporation pond and required ancillary
equipment, is estimated at $3.01 million, and annual operating costs will be about $0.55 million.
The present worth cost of this treatment alternative, projected over the total estimated time of
20 years, is $8.62 million. The most expensive capital item is the distillation unit itself, which
will cost about $2 million. The most expensive O&M line items are electricity to operate the
unit, estimated at $0.14 million per year, and operating manpower, which will average about
$0.125 million.
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8.3.2.4 Treatment Alternative 4-Reverse Osmosis

Effectiveness

The RO system proposed for Monument Valley has been in service at a former uranium mill in
Monticello, Utah since April, 1998. The following data were taken from two pilot testing runs of
the RO process using Monticello treatment pond water. The concentrations shown are in
micrograms per liter (gg/L) or parts per billion (ppb) for the feed, permeate, and concentrate,
respectively, while "Reduction" is the percent by which each component was reduced in the
permeate compared to its concentration in the feed.

First Run

Component

Uranium

Chloride

Nitrate (as N)

Sulfate

Feed

585

169

2.84

762

Permeate

4.3

3.74

Concentrate

2,443

669

Reduction

99.4%

98.3%

0.28

25.2

9.9

3,010

92.8%

97.5%

97.3%Average

I
U
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Component

Uranium

Chloride

Nitrate (as N)

Sulfate

Feed

551

162

2.62

750

Second Run

Permeate

3.6

2.72

Concentrate

4,370

1,270

Reduction

99.4%

98.5%

0.679

9.36

19.3

5,910

76.8%

98.9%

95.9%Average

The data above suggests that nitrate removal and reject water generation are interrelated. In the
first run, the nitrate removal was almost 93%, and reject water generation was 25%. In the
second run, the nitrate removal dropped to 77%, but the reject water generation was cut in half,
to about 12.5%. The minimum nitrate removal required for the Monument Valley remediation is
79.7%, since the feed contains 217 mg/L of nitrate and the treated water must meet the standard
of 44 mg/L. Assuming that this performance is representative of the performance of a full-scale
system, will require about 14% reject water generation. The reject water will be sent to a separate
pond, with an estimated surface area of 3.5 acres, for solar evaporation.

The RO process will incorporate phytoremediation of subsoil ammonia in the vicinity of the
former tailings pile. For a discussion of the effectiveness of this process, see the "Effectiveness"
discussion under Section 8.3.2.1 "Treatment Alternative 1-Native Plant Farming."
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Implementability

As mentioned above, the RO process will utilize an existing DOE-owned facility currently in
operation at Monticello, Utah. This unit will become available as soon as the Monticello
repository is closed in the summer of 1999. The RO equipment will be relatively easy to install
and operate. The system is very well instrumented although continuous operator attention is
required. There is a low potential for schedule delays in the construction of the system at the
Monument Valley site. However, specialists will be needed to oversee construction of the
system.

The RO process can be modified and improved by replacing the filter elements with elements
offering greater removal efficiency. The existing system has a capacity of 150 gpm of permeate,
equivalent to about 173 gpm of influent at the predicted rate of reject water generation. The
system consists of three parallel trains. Operation at the required Monument Valley flow rate will
require operating two of these trains while the third is left in a stand-by mode.

As with construction, specially trained persons will be needed to operate the system. Operators
and managers are not available in the local area. An extensive training program will be needed if
local residents are to operate this treatment alternative without extensive oversight by DOE
technical contractors. The cost estimate assumes that one operator per shift will be required for
continuous operation of the complete treatment system. A moderate degree of management
oversight will be required to ensure the plant operates safely and efficiently.

The RO process will generate little, if any, additional sludge compared with the distillation
process. However, as noted above, it does generate a very large quantity of reject water. The
large solar evaporation pond required for concentration of this quantity of reject water is a major
operational consideration in itself.

Operating the evaporation pond will require the following principal functions: Embankment
inspection and maintenance, liner inspection and repair, monitoring water levels, and monitoring
for leaks. Given the high degree of automation in the RO system, it is anticipated that all of the
pond operation functions can be performed by the reverse-osmosis system operator. The first
three functions can be performed with periodic inspections by the operator working the day shift.
The need for inspections can be minimized by installing and maintaining adequate fencing to
keep livestock and wildlife away from the pond.

Monitoring for leaks will consist primarily of monitoring the water levels in the sump(s) of the
leak detection system. This can be done remotely using a telemetry system. Leak detection pump
status can also be monitored remotely using telemetry.

The principal environmental compliance issue associated with maintaining large, lined ponds is
uncontrolled release through overflow, or leaks. Use of double-lined ponds and an interliner leak
detection system will control subsurface releases. Such engineering controls are highly reliable.
Overflow of the pond is unlikely because the levels change relatively slowly due to their size,
and will be monitored on a regular basis by operating personnel.
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A large, open body of water in an arid region attracts birds and insects, creating a potential
exposure pathway for contamination. Over time, the concentration of uranium, metals, and 3
metalloids (e.g., selenium) in the pond water will increase. Birds and insects may be attracted to
the ponds and exposed to high levels of contaminants. The risk increases with a spray system in
which contaminants become airborne. Thus, the ability to control waterfowl and insect access to 1
heavily contaminated water will be a concern for the system's operator.

Cost I
The capital cost of the RO system is approximately $1.19 million. The RO unit itself is surplus
DOE-owned equipment from another site. The single largest direct capital cost item is the
construction of the large solar evaporation pond for the reject water, which accounts for almost
half of the total capital cost. The estimated annual O&M cost is $1.0 million, of which the single 3
largest item is unit operators, since it is assumed that 24-hour coverage will be required. Thus the
20-year present worth value for this process is t$_177 illion.

8.4 Comparative Evaluation of Alternatives

The following section compares the four treatment alternatives and recommends a proposed
treatment alternative for implementation at the Monument Valley site. The treatment alternatives
are compared with one another on the basis of each of the evaluation criteria presented in the
introduction to this section. For purposes of this discussion, the treatment alternatives utilizing I
injection of treated effluent with either the distillation, RO, or chemical treatment/biological
denitrification processes will be referred to as "active" systems. The extraction and irrigation
aspects of the native plant farming system are active too, but the treatment process itself is
passive.

8.4.1 Comparative Effectiveness •

8.4.1.1 Conformance with Project Treatment Standards (40 CFR 192) and Goals

Of the active treatment alternative systems, distillation produces the highest-quality effluent
(treated water), with a composition that will exceed the project standards and goals by one to two •
orders of magnitude and almost total removal of sulfate, nitrate, and radionuclides.

The RO process also will be able to meet or exceed the project standards and goals. However, I
since nitrate removal and reject water generation are interrelated, and there will naturally be a
tendency to try to minimize reject water generation, the level of uncertainty regarding the nitrate
removal efficiency of the RO process is higher than that for the distillation process. RO will also
produce an effluent that will exceed the project treatment goal for sulfate.

The chemical treatment with biological denitrification process is also capable meeting or
exceeding the aquifer restoration standards and goals. In view of the relatively low nitrate levels
in the ground water, the denitrification process should easily meet or exceed the regulatory
requirements. The system is also capable of easily meeting or exceeding the required levels of
sulfate removal. However, the barium chemical used to remove sulfate will be the highest single
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cost line item in the operating budget for the treatment facility, so there will naturally be pressure
to minimize consumption. In view of this consideration, the ability of the facility to consistently
meet or exceed the required sulfate removal levels must be considered as less certain than that of
the other two active processes.

The native plant-farming system will consume nitrate effiently and essentially completely as
long as irrigation rates are kept low enough that no recharge to the aquifer takes place. The
saltbush will also remove about 25 percent of the sulfate. The residual sulfate will concentrate in
the vadose zone, and is not expected to pose a contamination concern for the soils in the
remediation area.

Ultimately, however, the success or failure of the remediation process will be determined not by
the quality of the effluent water from the treatment process, but by the quality of the ground
water in the alluvial aquifer. Distillation, RO, and chemical treatment with biological
denitrification all utilize injection of treated water back into the aquifer as an integral part of the
remediation process. From the standpoint of ultimate aquifer cleanup, the injection process
serves two useful functions. First, it provides a pressure gradient within the plume which will
help to direct contaminated water towards the extraction wells; and second, it provides a pressure
gradient at the perimeter of the plume which will contain the spread of contaminants beyond
their present limits. Whether, in the long run, treatment standards and goal can be met by any
pump-and-treat system is problematic (see "Limitations of the Proposed Treatment System" in
Section 8.5.3), but if it is possible to meet the cleanup goals within the specified time frame, one
of these three treatment systems provides the likeliest route.

The potential long-term effectiveness of the treatment system utilizing native plant farming is
much more difficult to assess. Whereas the active systems operate on a continuous basis with
steady flow rates of both extracted and injected water, the native plant treatment alternative does
not use injection at all, and the extraction rates vary from month to month, and are shut down
completely for several months each year. The effect of such cyclic extraction on the behavior of
the contaminants which make up the plume is difficult to predict.

All of the treatment processes can be designed to provide optimal protection of health for the
plant operators and persons living or working in the vicinity, as well as those who depend on the
alluvial aquifer for part or all of their water supply.

8.4.1.2 Effect on the Aquifer

The native plant farming treatment alternative operates on a seasonal basis and does not utilize
injection of treated water, so over the course of the remediation process, approximately 1.08
billion gal of water will be removed from the alluvial aquifer.

If one of the active remediation alternatives is employed, some loss of ground water will occur
during the remedial action. Loss of ground water will be minimized by distillation, because the
waste water stream from the distillation process is small. Chemical treatment with biological
denitrification will generate somewhat more waste water than the distillation system. Reverse
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osmosis will have much higher water loss, because of the large amount of reject water generated
by the RO process. 3
8.4.1.3 Ease of Residual Disposal

As noted in the discussion above, as long as the local population regards the plant material
produced by the native plant-farming treatment alternative as a useful livestock feed, this
alternative does not produce a treatment process residual. In addition, the extraction system will
have to be maintained during the remediation operation and dismantled at its end. (This is also
true of the active processes, but since the extraction and reinjection systems for those processes
have less than half the number of wells required for the native plant-farming system, generation
of this type of waste will be proportionately less.) These materials should be classified for free
release and disposal at a commercial landfill operation. For this reason, estimates of the volume m
of such materials have not been made.

The principal treatment residual produced by the active treatment processes is the concentrated m
sludge that contains the dissolved and suspended solids which were removed from the ground
water during treatment. As described in the detailed evaluation of the treatment alternatives, the
three processes produce somewhat different amounts of this sludge. Sludge production will also l
vary over the lifetime of the project. The initial rate of sludge production will be relatively high
because the concentrations of contaminants will be highest at the beginning of the remediation
project, and it will decline towards the end of the remediation cycle as the concentration of l
contaminants in the plume declines. The ground water contains the equivalent of 339 tons of
sludge per year, based on the average TDS concentration in the ground water. The following are
average figures for sludge generation which can be used to compare the two treatment
alternatives.

• Distillation will generate about 424 tons of sludge per year. The distillation process requires m
the addition of sulfuric acid, which will increase the sulfate concentration in the brine, as well
as a small amount of antiscalant,

* RO will generate about 505 tons per year. The RO process requires a lime softening step
prior to the RO step, which will add somewhat more chemicals than the chemical m
pretreatment of the distillation process.

* Chemical treatment with biological denitrification will generate about 552 tons of sludge per I
year; the major component which is added is the barium used to remove sulfate.

The other major treatment residual will be the pond liners, which will be disposed of at the end I
of the remediation program. This is a comparatively small quantity compared with 8,000 to
16,000 tons of chemical sludge. Treatment Alternative 4, RO, produces the greatest amount of
this waste, because of the large solar evaporation pond required to handle the reject water from
the RO process. Treatment Alternatives 2 (chemical treatment with biological denitrification) and
3 (distillation) require much smaller ponds and will generate proportionately much smaller
quantities of this waste.

I
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Used piping, process equipment, filter elements, etc. which are discarded during treatment or are
left over from the treatment systems at the end of the remediation, should be able to be
free-released and disposed of at any commercial landfill operation, or reused elsewhere if the
need exists. For this reason, estimates of the volume of such materials have not been made.

8.4.2 Comparative Implementability

8.4.2.1 Constructability

The distillation treatment system is a self-contained unit and will be relatively simple to
construct. The RO system or the chemical treatment system will be dismantled and shipped from
Monticello to Monument Valley, and should be relatively simple to reconstruct also. The SBRs
used for the biological denitrification process must be constructed at the site. The distillation
system can be installed outdoors, and will require a concrete slab or slabs as a foundation, as well
as piping and electrical connections. The RO unit or the SBRs, on the other hand, must be
installed indoors in order to guard against freezing. Therefore, a permanent building will be
required for the systems using these processes. The RO system may also require a feed heater in
order to reduce the amount of reject water produced. The feed preheater is part of the existing
installation, having already been installed at Monticello.

The solar evaporation pond for brine is not expected to be difficult to construct. The larger size
of the pond required for the RO system will add cost but is not expected to add significantly to
the difficulty of installation.

The native plant-farming systems utilizes extensive irrigation systems with many thousands of
feet of piping. Installation of these systems will not require highly skilled labor, but will require a
considerable amount of less-skilled labor, as will the seeding and/or planting necessary to
establish the system.

The extraction and injection system for the active treatment alternatives will be easier to
construct than the extraction system for the native plant-farming treatment alternatives because it
requires many fewer wells (40 vs 86), does not require a holding tank with controls, and because
the injection wells will not require pumps.

8.4.2.2 Ease of Operation and Maintenance

The distillation and RO systems are expected to be relatively easy to operate, because they are
packaged systems designed to require minimal operator interface beyond routine monitoring.
Both of these treatment systems will shut off automatically in the event of problems, and will
relay the required information to the system monitor. The cost estimate for the distillation system
assumes only a single day-shift operator for operations and maintenance, though the operator for
the extraction and injection systems will be available to supplement this operator on the rare
occasions that additional labor is expected to be needed. Based on experience at Monticello, it is
considered unwise to allow the RO system to operate unattended for extended periods of time;
among other things, cleaning of the osmosis elements, which must be done frequently, is a
manual operation. So the cost estimate for the RO system includes 24-hour operator coverage,

DOE/Grand Junction Office Site Observational Work Plan for Monument Valley, Arizona
April 1999 Page 8-37



Development and Evaluation of Active Remediation Alternatives Document Number UOO18101 3
with a single operator on-site during the daytime, and two operators at night when the
extraction/injection system operator will not be available. Operation of the chemical treatment i
plant and the biological denitrification facility is expected to require the same level of manpower
support as the RO unit. These positions are specialty jobs, and persons filling them will require
extensive training.

The operation/maintenance personnel for the active treatment systems will require a relatively
high degree of technical and mechanical competence. Maintenance of the distillation system is
expected to be infrequent, but will not be inexpensive, since special parts and services which
may only be available from the vendor or manufacturer will be required to repair and maintain
these units. Maintenance of the RO system will be more frequent, as described above. The most
onerous maintenance task on the RO system will be element change out and replacement, which
it is hoped will be required relatively infrequently. Maintenance of the chemical treatment and
biological denitrification systems is expected to be somewhat more frequent than that of the RO
system, though not dramatically more so.

The native plant farming system is expected to be very labor-intensive. The extensive irrigation
system will require continuous maintenance during the irrigation season, and there is expected to
be a regular need for "gardening" duties such as harvesting excess saltbush growth and weeding. I
During the winter months, and at night during the summer, the system will probably be left
unattended. The cost estimate assumes two operators working 12 hours per day for 240 days.

The type and skill level needed for operation and maintenance of the extraction and injection
systems used for the active treatment alternatives is expected to be comparable to that for the
simple extraction system required for the native plant-farming system. While the extraction
system for the native plant-farming treatment alternatives is more extensive than that required for
the active treatment alternatives, the simple extraction system is only operated seasonally, while
the active treatment alternatives require year-round maintenance and operation. The cost
estimates for the extraction and injection system assumes one employee full-time on day shift
year-round, while the cost estimate for the seasonal extraction system assumes two employees on
day shift for 240 days a year.

8.4.2.3 Expected Reliability

A less complex system is generally more reliable than a complex design. The distillation system
is expected to require less than 10 percent down-time for routine maintenance. An estimated
down-time of 15 to 20 percent or greater will be required to properly maintain the RO and
chemical treatment/biological denitrification systems; the RO system is expected to be the more
reliable of the two. The vast irrigation system required for the native plant-fanning treatment
alternative is expected to be relatively unreliable, but most problems are expected to be local in
nature; failures affecting all or large portions of the irrigation system will be relatively
uncommon. The most troublesome aspect of reliability of the irrigation system is expected to be
the initial startup at the beginning of each irrigation season.

The extraction/injection system required for the active treatment alternatives is expected to be i
significantly more reliable than the extraction system required for the native plant-farming
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systems, because of its smaller size and because it will be operated continuously, which is
generally easier on equipment such as pumps than frequent and extensive shutdown.

8.4.2.4 Ability to Handle Changes in Influent Composition

The native plant farming system is not expected to be significantly impacted by minor changes in
influent composition. An increase in nitrate concentration will promote greater growth of
vegetation, while a decrease will cause less vigorous growth. Major increases in nitrate
concentration could exceed the nitrate uptake capacity of the existing plants. Changes in the
concentration of other, inert constituents will not affect the quantity or the quality of the
vegetation produced.

Changes in influent concentration will affect the rate of brine generation in the distillation
system, but since the contaminants in the ground water are not volatile, this system is expected to
be reasonably tolerant of changes in influent.

Under most circumstances, a change in influent composition would affect only the quantity of
reject water produced by the RO system. However, since the nitrate concentration in the influent
is already high, a significant increase in nitrate concentration could cause "breakthrough" of
nitrate into the treated water at levels above the nitrate treatment standard.

In the case of the chemical treatment with biological denitrification process, changes in feed
composition will require changes in chemical addition rates, so the system will have to be
reviewed to insure that it provides adequate flexibility.

If it becomes necessary to meet treatment standards for additional constituents, the effectiveness
of an active process will depend on the nature of the contaminant to be treated. Distillation
removes a very high percentage of all nonvolatile contaminants, while RO removes a very high
percentage of all contaminants having ion sizes larger than nitrate. RO would be ineffective for
treatment of species having very small ions, while distillation would be ineffective against
volatile species such as light organics. The chemical treatment system may lack the flexibility to
be able to treat additional contaminants effectively, since the treatment required may be different
than what is provided in the present design.

8.4.2.5 Ability to Handle Increases in Extraction Capacity

The native plant farming system is limited in capacity by the area available for planting, and by
the maximum water available from the alluvial aquifer. The system proposed here stretches both
of these factors approximately to their limits. It will probably not be possible to accelerate the
remediation timetable using these processes beyond the 23 years currently projected. If it
becomes necessary to treat more water than currently projected, additional treatment time will be
required.

The RO system is designed for a permeate rate of up to 150 gpm if all three trains are in
operation. Assuming a brine rate of 14 percent, two trains can handle a total feed flow of up to
115 gpm. Since the design extraction rate is 103 gpm, normal operation will require operating
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two of the trains while the third remains in stand-by mode, which is the arrangement
recommended by the manufacturer. However, all three trains can be operated in parallel if
required. Also, the maximum feed rate for a RO system is to an extent a function of the feed
composition. If an increase in feed rate were accompanied by a decrease in contaminant
concentration, such as if wells from less contaminated areas of the plume were put on-line, it I
would have little effect on the RO system.

The distillation and chemical treatment and biological denitrification units will be specified for a 3
maximum capacity of about 100 gpm. Increasing the capacity beyond 100 gpm will require
purchase and installation of additional unit(s). This will be expensive but, in the case of the
distillation system, fairly easy to implement. Adding capacity to the chemical treatment unit will
be more complicated because the existing system was custom-built, and a new unit would also
have to be custom-built. Selection of the design and construction firms would require 3
competitive bidding and monitoring, including some capabilities (e.g. electrical review) which
the GJO site would have to subcontract.

8.4.3 Comparative Cost

The estimated capital cost, annual O&M cost, and present worth value for each of the individual
treatment processes, as well as for the extraction and injection treatment alternatives, have been
given in their respective articles in Section 8.3, and are summarized below. All costs are in
millions of dollars. ("Phytoremediation of Subsoil Ammonia" refers to the planting of native I
species in the area of the former tailings pile to remediate ammonia-contaminated soil.
"Phreatophyte Phytoremediation" refers to the planting of black greasewood over the area of the
nitrate plume to clean the shallow portion of the alluvial aquifer.)

-- ------Cost in Millions of $

Process Capital O&M Present I
(annual) Worth

Phytoremediation of Subsoil Ammonia 0.20 n/a 0.20

Phreatophyte Phytoremediation 0.25 n/a 0.25

Native Plant Farming 0.98 0.25 3.69

Chemical Treatment with Biological 0.97 1.38 15.58
Denitrification

Distillation 3.01 0.55 8.62

Reverse Osmosis 1.19 1.00 11.72

Vertical Extraction Wells w/o Injection 4.57 0.42 9.05

Vertical Extraction Wells with Injection 2.31 0.32 5.56

The costs for the treatment alternatives are calculated by totaling the costs of the various
processes which comprise them. All treatment alternatives include phytoremediation of subsoil
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ammonia and phreatophyte phytoremediation. The native plant farming alternative includes
vertical extraction wells without injection, while the other three alternatives include vertical
extraction wells with injection. /

The costs of the complete treatment alternatives then are as follows.

Cost in Millions of $

Treatment
Alternative No.

Treatment
Alternative Name

O&M
Capital (annual)

Present
Worth

1

2

3

4

Native Plant Farming

Chemical Treatment with
Biological Denitrification

Distillation

Reverse Osmosis

6.00

3.73

5.77

3.94

0.67

1.71

0.87

1.32

13.17

21.56

14.61

17.71

8.4.4 Comparative Summary

The preceding discussion has presented ten evaluation criteria, and has compared the four
treatment alternatives with regard to each of these criteria. The following table lists the treatment
alternatives, in order of preference with 1 being the highest, for each of these ten evaluation
criteria.

Relative Ranking of Treatment AlternativesCriterion
1 2 3 4

Conformance with Project Treatment Standards Dist RO Chem/Bio NPF
(40 CFR 192) and Goals

Impact on the Aquifer Dist Chem/Bio RO NPF

Residual Disposal NPF Dist RO Chem/Bio

Constructability Dist RO Chem/Bio NPF

Ease of Operation and Maintenance Dist RO Chem/Bio NPF

Expected Reliability Dist RO Chem/Bio NPF

Ability to Handle Changes in Influent NPF Dist RO Chem/Bio
Composition
Ability to Handle Increases in Extraction RO Dist ChemlBio NPF
Capacity
Comparative Cost-initial Capital Outlay Chem/Bio RO NPF Dist

Comparative Cost-Present Worth NPF Dist RO Chem/Bio
Key: Dist = Distillation

Chem/Bio = Chemical Treatment with Biological Denitrification
RO = Reverse Osmosis
NPF = Native Plant Farming
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8.4.4.1 Determination of Proposed Treatment Process

Treatment Alternative 1-Native Plant Farming offers the lowest total project cost by a
significant margin. It also is the preferred technology from the standpoint of residual disposal -
assuming, as noted above, that the market for the plant material remains viable - and ability to I
handle changes in influent composition. On the other hand, it is the least desirable treatment
alternative for six of the ten criteria listed: Conformance with treatment standards and goals,
impact on the alluvial aquifer, constructability, ease of operation and maintenance, expected
reliability, and ability to handle increases in extraction capacity.

Treatment Alternative 2--Chemical Treatment with Biological Denitrification is the preferred m
technology only from the standpoint of lowest initial capital cost, because it utilizes existing
DOE-owned equipment. This advantage evaporates when overall project cost is considered, the
very high operating costs of this system giving it by far the highest total cost over the lifetime of
the project. It is also the least-preferred technology for residual disposal and ability to handle
changes in influent composition, and next-to-least for another five criteria.

Treatment Alternative 3-Distillation is the first choice in five criteria--conformance with
treatment standards and goals, impact on the aquifer, constrictability, ease of operation and 3
maintenance, and expected reliability. It finished second in four of the other five criteria, by far
the best showing of any technology in the process-related criteria. The only serious drawback to
distillation is that it has the highest capital cost of any treatment alternative.

Treatment Alternative 4-Reverse Osmosis, is rated highest in ability to handle increases in
extraction capacity; it is the only technology, in fact, that can absorb a significant increase in
extraction capacity without either requiring additional costly treatment modules, or being
overdesigned in the first place. (This is not an inherent feature of the RO technology, but instead
is due to the fact that this treatment alternative utilizes an existing DOE-owned facility with a
capacity of nearly 175 gpm.) RO is second choice in five criteria - constructability and initial
capital outlay (because it utilizes existing equipment), conformance to treatment standards and 3
goals, ease of operation and maintenance, and expected reliability. It did not rate last in any
category - the only treatment alternative for which this was true.

Of the "active" processes, chemical treatment with biological denitrification is the poorest
choice, rating third or fourth in eight of the ten criteria. The only attractive aspect of chemical
treatment with biological denitrification is its low initial capital cost, but this is more than I
outweighed by its present-worth value, which is the highest of any of the treatment alternatives.
Thus, there is no reason to consider this alternative further.

Reverse osmosis is considerably more attractive than chemical treatment with biological
denitrification. It also offers a relatively low capital cost, while rating higher than chemical
treatment with biological denitrification in almost all the process-related criteria. Compared to
distillation, however, RO is definitely an inferior alternative. Although RO is less expensive to
implement, since it utilizes existing DOE-owned equipment, it is more expensive to operate
(primarily because it requires more operating manpower), which results in a total project cost
which is 25% higher than the total cost for distillation. And while RO offers numerous process
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advantages compared with chemical treatment with biological denitrification, it trailed
distillation in almost all of these same criteria. Since RO is less attractive from a process
standpoint than distillation, and has a significantly higher total project cost, distillation is the
preferred "active" alternative.

Although distillation is the least expensive "active) treatment alternative, its total project costs
exceed those of the native plant farming alternative by almost $1.5 million. However, many
uncertainties are associated with implementation of the native plant farming option. These have
been covered in detail elsewhere and will be briefly reiterated here.

" The inefficiency and possible ineffectiveness of an extraction system that does not include
injection of treated water to the aquifer.

" Uncertainty as to the rate at which contaminated water can be absorbed and nitrate can be
uptaken by the species chosen.

* Uncertainty as to the effect on the soil of sulfate build up as a result of the irrigation process.
* Uncertainty as to the effect on the alluvial aquifer of the loss of over 1 billion gallons of

water.
* Uncertainty as to the effect on the alluvial aquifer, and on the contamination zones, of the

cyclic nature of the extraction process.
" Uncertainty as to whether the plant material produced will be accepted as a viable feed. Even

if initial acceptance is good, if there should be unexplained incidents of livestock death after
eating this material, at any time during the twenty-plus year lifetime of the remediation
project, it could immediately become impossible to give the material away, and what is now
an asset would instantly become a major liability.

A pilot test of the native plant farming process had been proposed by the DOE which could have
answered at least some of these questions. It could not, however, have addressed several of them,
including the issue of long-term stakeholder acceptance of the plant material. So, even though
native plant farming process it offers several attractive features, including low total project cost
and beneficial reuse of a contaminant, the unresolved questions regarding the native plant
farming process make its selection as the treatment of choice for the Monument Valley site very
problematic.

No comparable uncertainties exist with the distillation process. Distillation is currently being
implemented at the Tuba City site, so the DOE will have actual experience operating this process
at an UMTRA Ground Water site by the time remediation begins at Monument Valley.
Distillation more than satisfies the regulatory requirements of 40 CFR 192 and will produce a
high-quality effluent that will recharge the aquifer with a minimum of loss while containing and
preventing the spread of the contaminant plume. Whether any pump-and-treat process can
successfully remediate the contaminated ground water at the Monument Valley site cannot be
known at this time. What can be said with confidence, however, is that the distillation process
will give a successful remediation if any pump-and-treat process can. DOE must also consider
the stakeholders' desires to preserve the integrity of the aquifer if possible. Distillation preserves
the water resource to the greatest extent of any of the treatment processes considered, while the
native plant farming system does not preserve it at all. In consideration of all the above, then,
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Treatment Alternative 3-Distillation, is the preferred treatment technology for the Monument
Valley ground water remediation program.

8.5 Proposed Remediation Processes

The proposed remediation process incorporates phytoremediation of subpile ammonia using
fourwing saltbush, phreatophyte phytoremediation of shallow portions of the aquifer using black
greasewood, and active remediation of the deeper portions of the aquifer using distillation. The I
phytoremediation aspects of the remediations are discussed in Section 8.2.4.1. The active portion
of the remediation program consists of three systems. This section discusses each of those
systems.

8.5.1 Description of Proposed Remediation Process

8.5.1.1 Proposed Extraction System

The extraction' system consists of a total of 40 extraction wells, varying in depth up to a
maximum of approximately 90 ft., depending on the depth of the alluvial aquifer at the particular
location. The expected flow rate per well is 3 gpm, giving the extraction system a peak capacity I
of 120 gpm once all wells are in service.

A typical extraction-well design for the Monument Valley site would consist of a 10-in. diameter I
borehole completed with 6-inch diameter wire-wrapped well screen, or pre-packed screen, and
blank PVC. The section of the well containing the well screen will be completed with an
appropriately-sized sand pack. The final design of the well and the size of the pump will be
optimized based on field conditions.

The extraction wells will be installed across the nitrate plume, an area measuring approximately e
11.2 million square feet or about 260 acres. The water pumped from these wells must be
collected from across this substantial area and delivered to the treatment facility. Each pump will 3
discharge into a 6 in. PVC outlet pipe. These outlet pipes will be directed into a series of headers,
which in turn will connect to the main 6 in. PVC extraction system discharge pipe which is
routed to the feed pond. I
8.5.1.2 Proposed Distillation Treatment System 3
The water from the extraction system will be collected in a 20,000-gal feed tank. This tank will
be equipped with a level control system with full instrumentation and controls. From the feed
tank, contaminated water is pumped directly to the distillation system, which will consist of one
self-contained unit with a feed capacity of between 100 and 120 gpm. The unit will be
instrumented to permit continuous operation with remote monitoring capability. 3
The concentrated brine from the distillation unit, which is expected to average less than 2 percent
of the total feed, will be pumped to a solar evaporation pond for final concentration. This pond
will be sized to hold all of the sludge produced during the lifetime of the remediation project.
The dry sludge from this pond will be removed at the end of the project.
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The treated water from the distillation system, expected to average 98 percent or more of the total
feed, will be pumped to a distillate tank having a capacity of approximately 10,000 gal. This will
provide holding capacity so that the injection system can continue to operate during minor upsets
in the distillation system.

8.5.1.3 Proposed Injection System

Water from the distillate tank is pumped continuously to the injection system. This will consist
of approximately 40 injection wells, varying in depth to a maximum of approximately 90 ft. The
expected flow rate per well is 3. gpm, giving the injection system apeak capacity of 120 gpm
once all wells are in service. The construction of the injection wells is similar to that of the
extraction wells, except that no pump or discharge piping are used.

8.5.2 Summary

The proposed system meets or exceeds the requirements of 40 CFR 192, and is protective of
human health and the environment. The products of the treatment system are a high-quality
treated water, constituting about 98 percent of the mass of the water extracted from the alluvial
aquifer, which will be injected into the alluvial aquifer; and a concentrated brine, containing
essentially all the dissolved and Suspended solids present in the untreated ground water, which
will be concentrated on-site in a solar evaporation pond and removed for disposal at a remote
location at the conclusion of the remediation project.

8.5.3 Limitations of Proposed Alternative

Although ground water extraction and ex-situ treatment, also known as pump and treat, was
found to be the best method to meet cleanup goals in the aquifer, the effectiveness of
pump-and-treat systems has been limited. Few sites with contaminated ground water have ever
been restored to drinking water standards (Travis 1990; EPA 1996); however, the vast majority
of sites where pump and treat is now being used are dealing with sources composed of
non-aqueous-phase liquids. Nevertheless, although the constituents at the Monument Valley site
are dissolved and expected to behave conservatively, the cleanup standard for nitrate has been set
at the drinking water standard. Consequently, the effectiveness of the ground water extraction
system is the primary factor that determines whether aquifer cleanup goals are met.

Technical criteria will need to be established to evaluate the success of the remediation. These
criteria will be developed in the GCAP after discussion with stakeholders. The GCAP will define
the logic that will be used to evaluate the success or failure of the remedial action. It will also
propose the steps that might be taken if the concentrations indicate significant "tailing," that is,
an absence of continued improvement in the ground water quality with time.

The main factors that influence the effectiveness of ground water extraction systems are
hydraulic inefficiencies, heterogeneity of the aquifer, and sorption of contaminants to the aquifer
material. Hydraulic inefficiencies account for the diffusion of contaminants into
low-permeability sediments and hydrodynamic isolation (stagnation points) within a well field.
Heterogeneities of the aquifer (e.g., changes in the hydraulic conductivity and effective porosity)
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will affect the ability to extract ground water from all areas of the aquifer. The sorption of
contaminants to the aquifer material retards the movement of the contaminants in the ground
water. The more a contaminant sorbs to the aquifer matrix the more ground water must be
extracted to remove the contaminant.

If active remediation cannot achieve the cleanup levels, other methods of protecting human
health might be pursued. A provision in 40 CFR 192 allows the use of ACLs that would be set at
a higher concentration than the current cleanup goals but that would still be protective of human
health. The use of ACLs may require that the area within the fence surrounding the formal site be
extended to incorporate areas of the plume that could not be remediated to the cleanup levels.
Use of ACLs and extending the fenced area would only be considered if active remediation could
no longer effectively reduce contaminant levels in the aquifer..

I
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SITE: MO

LOCATION CODE: 060

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 48

SURFACE ELEVATION: 48

BOTTOM ELEVATION: 48

TOTAL DEPTH: 2

ZONE OF COMPLETION: SHI
ME
CHI
and

NUMENT VALLEY (MON01)

'1

184.88

181.77

157.77

4.00

NARUMP
MBER OF THE
INLE FORMATION
ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

4869.77

4857.77

4869.77

4859.77

12.0

10.0

27.11

2.

Depth

12.00

24.00

12.00

22.00

Lithology Details

TOP

Elev Depth

4881.77 0.00

I

I
I
I
I
I
I
I
I
U
I
U
I
I
I
I
I
I

BOTTOM USCS

Elev Depth DESCRIPTION

4875.37 6.40 POORLY
GRADED SANDS

4875.37 6.40 4869.77 12.00 POORLY
GRADED SANDS

LITHOLOGY DESCRIPTION

SAND, fine, tr. silt, It. brown to reddish tan.

ALLUVIUM: SAND, medium too fine, with fine
gravel, dry, rounded,lt. brown.Note: Moist. Layer
of reddish brown eolian sand at 8 ft.Note: Very
moist at 11 ft.

SAND, fine, with frag. sandstone, It. brown.

SHINARUMP MEM., CHINLE FM.
SANDSTONE, yellowish brown to white.TD AT 24
FEET.

4869.77 12.00 4868.77 13.00 POORLY
GRADED SANDS

4868.77 13.00 4857.77 24.00 POORLY
GRADED SANDS

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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0 JAOBS ENGMtERING GROLOP INC.

!DVANCID 51513MS &Vitt", ALIVSuE16%1 OPIIATMOS

S OREHOLE LOG (SOIL),,f,-wc&-• Pagelot 1

A SITE ID: - 0, LOCATION ID:.
APPROX. SITE COORDINATES (ft.):

E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD: &-, MSA
DRILLER: rve- r- e'r
DATE STARTED: ,,.4 -by,
DATE COMPLETED:.
FIELD REP.: - DL.L4

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

c- a Q~lklu., a [..2....../
C

LOCATION DESCRIPTIO)N ,pvcvrer &,me tefoor7. ^0 AJ #60& A Yo

SITE CONDITION ba~l~- PI'j~jt- A09trNOF &lot$ C<AXL&Z AlvOIJ D~iV~wAM TO 42tc

W S~LOWS U

EPTH : ~ uses VISUAL CLASSIFICATION

?~ %f4A/D rer.5-,'-"- jW,0&"SS'AOf To01

79 go)It. O-A

4 - 4-e*wV -te'£AeR
-4er~~DI

A\1-5 z(' 9

V
______________________________________________ADVANCE.3.Lb .. amm

JEC-AL-ENG-28 (3164)
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* Jj 9~INE~HGGROUP INC.I
tmADV,4MOV8D ItlDIVISIONM £lftllISU OIUAS 7lb

WELL COMPLETION RECORD

SITE ID: LtJO/LOCATION ID: D,_-/-_. DATE INSTALLED:.-.•'Ž€/'

APPROX. SITE COORDINATES: (FT.) N , /__ __ __ ____ ___,i_ __

OPEN AREA ,PER LINEAL FT. (IN 2/FT.)

FORMATION OF COMPLETION: ,•I-..uIf(/,t 4b/• .,,- ?,'-
FIELD REP.: _/1, _ _ DRILLER: . 6Ar7

WELL CASING ELL CASING
DIAMETER •,n) TYPE

HOLE DIAMETER (ln) HT ----
.•D"ROUND (1t10 Z

GROUND SURFACE

BACKFILL TYPE

SEAL v_.
TYPE ?C,)

• • $LOT
SEAL OPENINGLENGTH L•(in)

TOTAL-. Cf t) I
DEPTH3 AN 3

(ft) (t
OPEN OR

FILTER SLOTTEDPACK ---. I.--LENGTH

TYPE (ft)

SFILTER• I PACK rI '
/ r.r/ \1LENGTH •--

(f 0

G -A N •3---.- BLANK•'--'LENGTH

JEG-AL.-ENG-$3 (3184)IVA
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I
JACOBS BAGINEW.R1G GROUP M~Wmmm IVmI moslo unomAmm

SOREHOLE/WELL CONSTRUCTION LOG

SITE ID: 'A otoo/6 LOCATION ID: (44 .,, FIELD REP:_________

APPROX. SITE COORDINATES (FT.): N - '5t'e Z" *_"_ E

GROUND ELEVATION (FT. MSL): COMPLETION DATE: /0 2YY-
BOREHOLE SUMMARY CONSTRUCTION TIME LOG

DRILLER: - - • ',4 7 ACTIVITY START END

RIG TYPE: C," "" DATE TIME TIME

HOLE END FLUID DRILLING j-o tBIT TYPE DIA.% DEPTH TP O

CASING 3 -.

CASING SUMMARY FILTER PACK .,' 2 3 ,.,
CASIN DIA.END'*

CASING DESCRIPTION DIA DPTH
TYPE (In.) SEAL

" oc -0 BACKFILL 3'4/O
20' 8rk,•wle - 2 -2 O

DEVELOPMENT

- ______________OTHER 3 .'.
*P-Pio~oct~v, B-S•orw S-S4t* 0-Open W-tWoD

* Depth f•rom Too o Casing _oo

WELL CONSTRUCTION WELL DEVELOPMENT
CODE* DESCRIPTION D

-. .f4/..o,,n .•i','/~•' •'

-, 
1•4J77/LA-4. :•,,-vV •,,'t t 46e 0,'" .%8rAvo" TU*Ad I VC

F fArhwe0t. I-~MOAf7~ ? ~~OMMEtITS: ~ SV$LUiiC

-. 70'.A --,4V/1-v WA -5 Ai ie c. c'To
a *seokf G-oael F-Ftr seIk

*Depth from Geoand Surface ,~ &'CA 7J4 1?/
JEO-AL-ENG-t (8194) "&2. owraw 1-.4ý



Well Detail Report for: MON01 0602 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MON01)

LOCATION CODE: 0602 TOP GRAVEL PACK:

DECOMMISSIONED: No BOTTOM GRAVEL PACK:

DAMAGED: No TOP OF SCREEN:

TOC ELEVATION: 4864.43 BOTTOM OF SCREEN:

SURFACE ELEVATION: 4862.08 GRAVEL PACK LENGTH:

BOTTOM ELEVATION: 4827.08 SCREEN LENGTH:

TOTAL DEPTH: 35.00 CASING LENGTH:

ZONE OF COMPLETION: ALLUVIUM CASING DIAMETER (in.):

Elev Depth

4834.08 28.00

4806.08 56.00

4842.58 19.50

4832.58 29.50

28.0-

10.0

33.850

2

I
I

I
I
I
I
I
I
I

f I
I
II

I
Note: Depths are feet below ground surface and elevations-are feet above Mean Sea Level.

I
I



JCS eM EE&, GRO.P NC.

L,

Il - OREHC )LE LOG (BOIL) PageLoto

SITE ID: MOM 0 _LOCATION ID:
APPROX. SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD: O," I4A 4A- E

DRILLER: 1 14

DATE STARTED: 10-DL ±-...
DATE COMPLETED: go
FIELD REP.: _ _ I L__ _

GROUNDWATER LEVELS'
DATE TIME DEPTH (ft.)

___ -__.__ OF1beIW .JL//,]

v17e6r. ,*gvmvr- AWR" A*A'O K9 -: IeC WIP fP"

VISUAL CLASSIFICATION

jx01off rw A F e /A S4~ f"-~vQ sr'

2 ,I 7 1 AC~dAJ&t to av" wov

ri W, "o, 5F
- i -

I SAMPLE TYPE
4- Auge' cuttings
a - I' D.C. 1.36" I.D. tye sample
U - S' D.C. 12A LD. 1tw* a•aiU

T- r D.C. thwo..ello Shtelby tube



9
- S.

,!-EHOW o OwNTRUCTImmON LOG
BORENOLE/WELL CONSTRUCTION LOG

I
2/3

SITE ID: MOfoJO LOCATION ID: MDj-1-3 "FIELD REP: 6IWAJA

APPROX. SITE COORDINATES (FT.): N -' "'= E

GROUND ELEVATION (FT. MSL): COMPLETION DATE:, /0 -26'-?ý

BOREHOLE SUMMARY CONSTRUCTION TIME LOG

DRILLER: ri" 5",/. ACTIVITY START END

RIG TYPE: 4rx ,-"DATE TIME TIME

HOLE END * FLUID DRILLING Io-z'/-W Z/-,oo ,
BIT TYPE DIA. DPTH TYPE w

_ _ _ (In.) (ft. f, or

_______ _______ 'CASING /c.'2 - o.o,

CASING SUMMARY FILTER PACK .-
CASING DIA. N4
TYPE* DESCRIPTION ) DEPTH
TYPE __________ (in.) fT

--"-SEAL

1 . -0 " 72 BACKFILL .

.e. 7- , 'J .' 2
DEVELOPMENT 9..-; 0 •.

t 20. 2' ." - O

~ 2 2 ~#Arz OTHER

S P-Protective -Sawn S-Blank OOPe1 N-N@on
Depth from Top of Casing _ _

WELL CONSTRUCTION WELL DEVELOPMENT

TYPE DESCRIPTION DP•H 12, VC, .0,• ,/,,, .s 7r ,.,
CODE* eatr o WH ,r,••••*./,' •

__ _ _.___ _ __ _ __ ,V~T~t.A- l AND . /SC,, •K';iS'cz

%5 i -i . Pot ecp ef/o'

COMMENTS: 25 /'

-. 2 3A-O r 'ýN c

SS-ackl SSeat - l p-ier tPmc

1 Depth from *r*mW swrtce

I

I
I
U
I
I
I
I
I
I

I

JEG-AL-NS-11 (8104)
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MANAMM4 VYTM&U SIVM@N AUMMMUWISI OKUELYIO

WELL COMPLETION RECORD

SITE ID: 4O"l LOCATION ID: DATE INSTALLED: _C7

APPROX. SITE COORDINATES: (FT.) N /17•',''-/'' E
OPEN AREA @PER LINEAL FT. (IN 2 /FT.)
FORMATION OF COMPLETION:

FIELD REP.: SIL.Vp

WELL CASING r-
DRILLER: T C477 SWR

DIAMETER (-in)
jjWELL CASING

TYPE

HOLE

TOTAL
DEPTHI

(ft0

I

I

20

f0

2

57' CASING
, LENGTH

(ft)

I- a

COMMENTS: 4 alm, rlh'• I IjO
Fic I"- /0i le *M #4roe-44

gpIý'"A OF GCiPOCXc, e-11,J~( 7,, -~... AtV

- /kL•cA *'~

JEG-AL-ENG-3 (3/84)
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I

Well Detail Report for: MON01 0603 5/6/99

II
GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON01)

0603 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4849.41 BOTTOM OF SCREEN:

4847.64 GRAVEL PACK LENGTH:

4792.64 SCREEN LENGTH:

55.00 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4837.64

4792.64

4804.64

4794.64

45.0

10.0

56.77.

2

Depth

10.00

55.00

43.00

53.00

I
I

I

Lithology Details

TOP

Elev Depth

4847.64 0.00

BOTTOM USCS

Elev Depth DESCRIPTION

4845.64 2.00 SILTY SANDS

4845.64 2.00 4838.64 9.00 POORLY
GRADED SANDS

4838.64 9.00 4837.64 10.00 CLAYS

4837.64 10.00 4792.64 55.00 POORLY
GRADED SANDS

LITHOLOGY DESCRIPTION

SILTY SAND, fine, It. reddish brown.

SAND, medium to fine It reddish brown.

ALLUVIUM: CLAY, high plasticity, stiff, brown.

EOLIAN: SAND, fine.Note: Wet at 10.5
feet.Note: Water table at 11.5 feet.Note: trace of
fine gravel at 27 feet.TD AT 55 FEET.

I
I

'I

ii

U
II

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
I
I
I



I.

U AMMBS EIGGOPICAVANCID SYSTIMS DIVISION, ALBUQUEIMU OPSNATIONS

BOREH

-.OCATION MAP: A

Se .A

OLE LOG (SOIL) Pageloe- 3

SITE ID: Mo,,,o LOCATION ID: P4-L"4
APPROX. SITE COORDINATES (ft.):
N S.*4'(PE

GROUND ELEVATION (ft. MSL): .,- ,, at'&.
DRILLING METHOD: 4" 4SA

DRILLER: T A.".S'le
DATE STARTED: lo - 2s-vlf
DATE COMPLETED: of
FIELD REP.: _ _,_._ _ _

GROUNDWATER LEVELS
DATE TIME DEPTH (fl.)

r___ ___ ,__ 1 -. 2 I IS
- V-4

pl- A

It

a

LOCATION DESCRIPTION Aoirf.asr or piggz ^vzr~o *o $ i.'o

SITE CONDITION 1'7#Av AfLovo &so
"flr- "Vt P"Iat W V9aJ WS" *A/ fASr 5b1& 00- ARZ~O.V pwOS .Vvd. - WA07-cVi 0.'sE *,6 d -

DEPTH 0 I PER 6 In. z USCS VISUAL CLASSIFICATION

/~ ~ ~~~~~c &., r 5'%..o al

.d~ 
.a .x ........

x. ~ 2740, 0

m *TP 3 o'

%;WMMENS: AWP 10' -4fAfS& aD7O i 05fA 6 W-441 SAMPLE TYPE
A LOMMENTSlfo
W S 0.0. 1.42* LO. lubs Sa~fl.

9,0.0 thw-wegic11Og ~ I#@btu

0'

7-

/~

z

3V

JEG-AL-ENG-2I. (3184)
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JA= IMS wSt G GROUP INC.ADAM m usWN A~mumus Opt"""

WELL COMPLETION RECORD

SITE ID: lkif,o'1/ LOCATION ID:, DATE INSTALLED: 10-7174'(
APPROX. SITE COORDINATES: (FT.) N E I BU

OPEN AREA ,PER LINEAL FT. (IN 2 /FT.)
WehDUATInM ulPflMPI lY'rlM. ,A4. ... V V/ o,

FIELD REP.: -5___ 4..vA
I

DRILLER: .*I

WELL CASING r'-=-_
DIAMETER (-In) .7

HOLE DIAMETER (In)l [ ..6.r

F •W WELL CASING
0L7W 4 co ZLJ TYPE

ABOVE
2' JROUND (it)I

I
m

I

I

SEAL ,
T '-YPE I Ee%:

BACKFILL TYPE

BLOT
OPENING

(in)

'4 -0 /01
TOTAL
DEPTH

(it)

I

)PEN OF
ILOTTEI
LENGTH

(ft)

BLANK
,ENGTH

(ft)

3' CASING
LENGTH

(f 0

a't

qa

COMMENTS:

.,~-f ~ ~ IT'

JEG-AL-ENG-3 (3184)
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I ij p-• E4Ge4=MG G•. m.

BOREHOLE/WELL CONSTRUCTION LOG

SITE ID: -!N-0. .LOCATION ID: mlP.-,,- FIELD REP:,

APPROX. SITE COORDINATES (FT.): N '~", v E ,_____,__a

GROUND ELEVATION (FT. MSL):1 COMPLETION DATE:_

BOJEHOLE SUMMARY CONSTRUCTION TIME LOG

/ START
DRILLER: 0'#R8 J/A -,'L..J ACTIVITY END

RlG TYPE:. •',,' $3 DATE TIME TiME

HOLE END * FLUID DRILLING e'o-Zz /:.2
BIT TYPE DIA.% Df TYPEH(In.) TYPEpt

/•/s •4 .&3o ' ______

____ ___i_ _ _ _ _ ... ... _ IC A SING . '-

CASING SUMMARY FILTER PACK / £.. /.'
CASING DIA. EN•DI
TYPES • DESCRIPTION DEPTH

TYPE (in.) ft. 41. /..Ab
- SEAL

s4 ,s Lov -" o-1 BACKFILL 1.3o "56

S/-.DEVELOPMENT
55" 5'5..',r,"r, e oo D•

/i. /0' ftv rm',o... A, ..~ -.

7,_p 2,,___ _V1 OTHER

P'-Pi~t~giv 1-Scoeh S4w €O-p. N-Wo.ce

D#0th from Too of Casingo

WELL CONSTRUCTION WELL DEVELOPMENTNo

TYPE DESCRIPTION ' f eP,'IP -kuf,

~.• #7A*,7- n7'

A6 i

W5.#wpV 47--Z-to3' COMMENTSM~ "&~' P~

* a - Datfm *-goa Swlee - k
• elth fror rm 4 at u rd& foco, ,,



Well Detail Report for: MON01 0604 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON01)

0604 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4840.42 BOTTOM OF SCREEN:

4838.69 GRAVEL PACK LENGTH:

4808.69 SCREEN LENGTH:

30.00 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4829.69

4808.69

4825.69

4810.69

21.0

15.0

31.73

2

Depth

9.00

30.00

13.00
28.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4838.69 0.00 - 4811.69 27.00 POORLY SAND, fine, little silt, It. dry, reddish brown.Note:
GRADED SANDS water table encountered at 11.5 feet.Note:

change to It. brown, no silt.

4811.69 27.00 4808.69 30.00 POORLY ALLUVIUM: SANDY CLAY, medium plasticity,
GRADED SANDS soft, wet, grey.TD AT 30 FEET.

I
I

I
I
I
I
I
I
I
I
!
I
!
I

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



ZLJACOBS B4G~NEERNG GROUP IN4C.JRADVANCED SV(SUN DIVISIO1 N£LUOUEMUE COPERATIOS

BOREN

*LO CATION MAP: MI5 A

I to
**1m0

OLE LOG (SOIL) Page ... of _

SITE ID:. _ LOCATION ID: N''
APPROX. SITE COORDINATES (f0.):
N E
GROUND ELEVATION (ft. MSL):_
DRILLING METHOD: H0 i ll"

DRILLER: " "r7,4 7-7 9F ,,.
DATE STARTED: /, 2S-
DATE COMPLETED:
FIELD REP.: _ _ _ _-_ _ _ _

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)I__-_____-___ ' 3' _____'PIL& :~ 4

LOCATION DESCRIPTION A/ojermF.7FT~,,J P/l.( m-. 04' PFIovLEOt(A rA(rooriwc4'

SITE CONDITION I)'QV ur,#ViYV - 4DPW PSO D0j~jAA1 j4e4J. 4(4.A2

htO5s AA*'es~ ~

DEPTH .M LWDE:rm ID PE 6 In Z~ uses VISUAL CLASSIFICATION

v~~ Ii 74 "91409
A -A\~?.J~.~f...-..

____ ~ 4,S'7
.00 .Ai if

W47V,7* 746 '1

______W *ý 6 IfE6 P6 CA44ep LrezaiJ -~I.

S - ~577 L~ irwon'tf

COMNS -SAMPLEiTYPE
-ve - - -Sg

__ __ NO ~ .D ri

3" -I 2-2 LW -ob &BMW

-* -Z -h-ale shSto

dRURbK~U5W ~



U 

Q

I TEvo m I__ GROUP wmm k "mium

BOREHOLE/WELL CONSTRUCTION LOG 453
81TE ID: 1"00O) LOCATION ID:________ FIELD REP: 6 1 IlJ•

APPROX. SITE. COORDINAT 8 (FT.): W E DATE:-____-__"__

GROUND ELEVATION (FT. 101L0- COMPLETION DATE: / 5
BOREHOLE SUMMARY CONSTRUCTION TIME LOG

DRILLER: 'co'ACIVT START ED

RIG TYPE:. C . DATE TIME TIME
I (OLEI END 0 FLUTD oDRILLINOG ,,,.. -

SIT TYPE DIA.% TYUID, (in.) , -1f t.) "-

____ ___ ___ __ ___ __ ___ ___ CASING 3 /

CASING SUMMARY ..... FILTER PACK 3-
ICASINO DESC .RIPTION ED#

FL..LLISEAL 'r :3

S" '° •~ /! 7-,
, ,• m,. , Lo x r-Ac,• CAP. 1-w 0- BA IW L7T T1E DEVELOPMENTENT

__-s _1 __ ______17-A7

1&51____ A0 -f VLT7" OTHER
2 ' 6&47J~ 7Jk4-~

Depth from T"of @ Casing

WELL CONSTRUCTION WELL DEVELOPMENT

TYPE P
CODE* DESCRIPTIONf

•~tvv ,•"-p l,•o"wI,•
.. zor-'ov.pLv-'• ; " •7~

/_ __ __ 56 4_ V-6

,r•,u.e. rfqA rp 4,-,9•p-COMMENTS&: -A,&&

0 s I - SIfi S -S..a F F-ra pm, .

*• ph form • St.o, sa,.• to

I
I
I
I
I
I
I
I
I
I
I
I

I
I
i

"1



[AI 19 WGt•tO GROUP INC.
WELL COMPLETION RECORD -Ala

SITE ID:_________ LOCATION ID: /-Y DATE INSTALLED: /2'?4'

APPROX. SITE COORDINATES:(FT.) N E .

OPEN AREA PER LINEAL FT. (IN 2 1FT.)

FORMATION OF COMPLETION:

FIELD REP.: ' A4146.v

WELL CASING k
DIAMETER (in) "

HOLE DIAMETER (in)IZ/•

GROUND SURFAC

SEAL _,___,__..
T Y P E ""-

BEAL
LENGTH ,'

(ft0

TOTAL
DEPTH

(it)

DRILLER: 7'e.4 Tr -Sýý

COMMENTS:

JEO-AL-EXCG-8 (18/4)



I
Well Detail Report for: MON01 0605 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MON01) Elev Depth

LOCATION CODE: 0605 TOP GRAVEL PACK: 4826.59 6.00

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4800.59 32.00

DAMAGED: No TOP OF SCREEN: 4818.59 14.00

TOC ELEVATION: 4835.07 BOTTOM OF SCREEN: 4803.59 29.00

SURFACE ELEVATION: 4832.59 GRAVEL PACK LENGTH: 26.0

BOTTOM ELEVATION: 4800.59 SCREEN LENGTH: 15.0

TOTAL DEPTH: 32.00 CASING LENGTH: 33.48

ZONE OF COMPLETION: ALLUVIUM CASING DIAMETER (in.): 2

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4832.59 0.00 4800.59 32.00 POORLY SAND, fine, dry, loose, non-plastic, It. reddish
GRADED SANDS brown.Note: medium to fine grained from 3

feet.Note: Water table encountered at 13
feet.Note: Color change to grey, some clay at 31
feet.TD AT 32 FEET.

I
I
I

I
I

I
'I
I
II

I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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Z JACOBS ENGNERIN GROUP PIC.J ADVANCED SYSTiMS DIVISION. ALSVBVIUlE OPERATIONS

90REI4C)LE LOG (SOIL) Page!_ofl,

SITE ID: A1OAJOI LOCATION ID:
APPROX. SITE COORDINATES (ft.):
N • " •: ; " ' ,E

GROUND ELEVATION (ft. MSL):
DRILLING METHOD: if6'HSA
DRILLER: "r A;" sma
DATE STARTED: _oz___v

DATE COMPLETED: c2.&" -f"!

FIELD REP.: ,. $_A
. Dd,?71

GROUNDWATER LEVELS
DATE TIME DEPTH (it.)

2 % OF D f'_u_,. J. ____ ____r__

LOCATION DESCRIPTION
SITF CONtDITION Py"

kv a2rg 0P 7751 I AJAA 0' Lf 7re V.-wA 40,, &'Fsrop 7Tcz 5

# m r-w & *-,40 r&p w m z- sr ý,eejoy e.ý, XA; ! - All! -pý T-^ TAr "Ll -

EPTK2. SLOW$
me3Z~ UsOs VISUAL CLASSIFICATIONID T PER __ __ __ __In._ __ __

- r -3-I-iz j q T M, ./ P SAV&A& .1. tijV A'*1 r7 Z

-~~~D~g sr JsMr D~~

A 1

- -

-A f~,L4

_____ V"

-El-

/I /K

59a -. I. 0JV 1.9 .i'. iw 18M
V - S* D.C RA*L.tue"O

--*a fawse fwrIo

JEG-AL-WENO-8 (3184)



I.

a JACOBS NGINEERING GROUP INC. ýJ A DV&UeID SYMSTM DIVISIO IlU. £UUI3U WPIEATIONR

BOREHC

.OCATION MAP: A

LE LOG (SOIL) Page ý_ ot- .

SITE ID: MON01 LOCATION ID: "•-'- 06
APPROX. SITE COORDINATES (ft.):
N_ E
GROUND ELEVATION (ft. MSP
DRILLING METHOD: "
t%15I I Co.

DATE STARTED: _ _ _"__ _ _ _ _ _

DATE COMPLETED: ___ __-_, _

FIELD REP.: _ _ _ _ __"

GROUNDWATER LEVELS
DATE TIME DEPTH (It.)

I
I

I
I
I
I
I
I
I
I

LOCATION DESCRIPTION
SITE CONDITION

a, a, Z 0SLOWS
'ff31 Zm -jusCs VISUAL CLASSIFICATIONDEPTH 1: 4 PER 6 r eIn.I 49

.139 -m4 *f

fit -r 47-

O M M E N T S : _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _S A M P L E T Y P E

________________________________________________________ S 1 0.0 1.3S' I.D .w Vi mae

_____________________________________________________________ - 3, 0.0 *mw-wopec 8%*9eIb tUD@

I
U
I
IJEG-AL-ENG-28 (3/64)



*1 mmm imrm muO~NsmSaTRUC oTINLOm
BOREHOLE/WELL CONSTRUCTION LOG

SITE ID: M"', LOCATION ID: MN -1-'(0 FIELD REP: 51LVA

APPROX. SITE COORDINATES (FT.): N- E .

GROUND ELEVATION (FT. MSL): COMPLETION DATE: /'.•- "

BOREHOLE SUMMARY CONSTRUCTION TIME LOG

D, Se . 7 ai- 
TR

DRILLER: ,. " -/ ACTIVITY START END

RIG TYPE: (*. 55 ____.-. 
DATE TIME TIME

HOLE END FLUID DRILLING ., .z •".D6,BIT TYPE 1IA. DIP FLH 0•;•:

fin. ft. TYPE

_ _" _ _ _ _ ._ _ _ _ _ _ _ _ _ _ _" _ _ __'C A S ING' /9Z' • • ' .' r', q .••9 •

___ CASING SUMMARY FILTER PACK ,..S /':

CASIN DIA. E6it

TYPE. DESCRIPTION DEPTH /0
Vn- SEAL

P 4 •rs,' r ,•,i=,,f.Ap 02 ' / /O:/.S /oz

S•,SACKFILL

00/c /mm DEVELOPMENT

S~ ~~ &U A r1'.O

I 'S. .4,V,•, 'OTHER

* P-Protectjvq •--ibet *-*Jlak -. e *-we

Depth from Top of Casino

WELL CONSTRUCTION WELL DEVELOPMENT
TYPEDP waLt1 I1O

CYPE* DESCRIPTION MAt VWPb

CODES &LC Wq5 cAWN16 - C5I"'C.. te ,AfDf

- i~~ L/&C& 4~t AN AP499''4 "~
Ii

b 4ýra"4%Avoeov1 20445 /2

48 ___ ___ ___ __ z5-czqbl T

jNV*4T/1 1 .jg1 4'-..S COMMENTS:,

I a* D a-goal F - raw-. .....u.
Depthi frmiewalv

J90-AL-ING-? 18184)



rI ag JAOSs 14tý0H GROUP INC.
RMADVANCED VSYPUMS DNISX@N ALMDUUIPJ OPOSATMOS

WELL COMPLETION RECORD

SITE 10: •VNOI LOCATION ID: ..-I"..±..... D'A-TE INSTALLED: 102240-T

APPROX. SITE COORDINATES: (FT.) N E _

OPEN AREA PER LINEAL FT. (IN 2 /FT.)

FORMATION OF COMPLETION:

FIELD REP.:

WELL CASING E
DIAMETER (in)

HOLE DIAMETER (in)Jj--/

GROUND SURFA

140

S E A L '" y
TYPE I vo I

SEAL
LENGTH Z'

(ft)

TOTAL
DEPTH " "

(ft)

DRILLER: - OrCA'r1ý

/

I
I
U
I
I
I
I
I
I
I
I
I
I
I
I
I

COMMENTS:
I
I
I

JEG-AL-ENC-3 (3114)



Well Detail Report for: MON01 0606 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON01)

0606 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4864.73 BOTTOM OF SCREEN:

4861.77 GRAVEL PACK LENGTH:

4814.77 SCREEN LENGTH:

47.00 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4830.77

4814.77

4829.77

4819.77

16.0

10.0

49.96
2

Depth

31.00

47.00

32.00

42.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

4861.77 0.00 4859.77 2.00 SILTY SANDS

4859.77 2.00 4841.77 20.00 POORLY
GRADED SANDS

4841.77 20.00 4816.77 45.00 SILTY SANDS

4816.77 45.00 4814.77 47.00 POORLY
GRADED SANDS

LITHOLOGY DESCRIPTION

SILTY SAND, fine, slightly moist to dry, It.
reddishbrown.

SAND, fine, medium dense, It. reddish brown.

SILTY SAND, med. dense, It. reddish
brown.Note: Moist at 30 feet.Note: Water table
encountered at 36 feet.

SHINARUMP MEM., CHINLE FM.:
SANDSTONE, soft, weathered.TD AT 47 FEET.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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JACOBS EGNrERNG GROLP WINC.
&N'ADVANCID SYSTEMS DIVI510k. A*JUUE1* SONlOIEATIWS

BOREHO

A

/ $

LE LOG (SOIL) Page/o•I .

SITE ID: 140FJ 01 LOCATION ID:
APPROX. SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):_.
DRILLING METHOD: (s" S
DRILLER: ,,. r " "r-
DATE STARTED: 40-26-11
DATE COMPLETED:
FIELD REP.: 51aVA

GROUNDWATER LEVELS
DATE TIME [ DEPTH (ft.)

PAY_ __ _ Vic ~ 'i', 7-p Z0c', ;
IN L&

~1' (
I,
0,
I,
0.

m

LOCATION DESCRIPTION N#t.*V 00: CPP5A P'.ILZ/V beAoAF46,

i SITE CONDITION
ef v

EPT .SLOWS

0HT Sa l."PR n Z - USCS VISUAL CLASSIFICATION

IL 0, A.6P, 0,'1/ ;7 SF' MA

T-

- Ajb~t

LIE.11t ~ £

CMMNS -v~ -- ýlAr~W -2 -OSML YE

I -D orw &*mos-
- -, -. -rl I- -~ "Woowg

I~ 
I 

-r 
a' -. worNve ',no le

JEG-AL-ENG-28 (3164)



•JE •A mCtN•I GROUP INC.
ADVA8MSID USM DMSW ALUISIRIM ONRAInfl

WELL COMPLETION RECORD

SITE ID: __NO____ LOCATION ID: m__-_-"_ DATE INSTALLED: -1-2(D0-

I

APPROX. SITE COORDINATES: (FT.) N ....... E
OPEN AREA ,PER LINEAL FT. (IN 2 /FT.)

FORMATION OF COMPLETION: 4S7T>'1V - ,

FIELD REP.: ._ ..___.. __A._...._DRILLER: "
I

WELL CASING
DIAMETER (in)

HOLE DIAMETER (In)I

GROUND SURFACE I
A

.1

.4

* S

'.5

7 ~

~~C-mc"'T &*OL/r

4,

BACKFILL TYPE

- P7, C rt Cm,-s
ml ý jrI *b

SEAL [OL•..A
TYPE -rSL. . _

WELL CASING
TYPE

VE
(ft)

"r"

CASING
LENGTH

(tt)

,)-

A:

I

LI
OPENING

(in)

4. 6)1,
TOTAL
DEPTH

Cftt)

FILTER
PACK
TYPE

FILTER
PACK

LENGTH
(ft)

H

I

LANK
'NGTH

(ft)

a -

-Ir

COMMENTS: DQV ftOL- AT TIN06 bor L , f

JEO-AL-ENG-3 (3104)



I
JACOB E tGI GROUP MIO mREOL m/Ws COuNaSuTReuuTbeum LOGmi 7SIOREHOLE/WELL CONSTRUCTION LOG

SITE ID: MD ( LOCATION ID:,1AN--L2. FIELD REP: _______A

APPROX. SITE COORDINATES (FT.): N E.

GROUND ELEVATION (FT. MSL): COMPLETION DATE: --10 ',

BOREHOLE SUMMARY CONSTRUCTION TIME LOG

DRILLER: Z 7- r ACTIVITY START END

RIG TYPE: 4 -• _ _- ,DATE TIME TIME

HOLE END 0 DRILLING /c6,,
BIT TYPE DIA.% DEPTH FLUID V6 vfin.) (ft.)" TYPE/ 0

CASING

.__ CASING SUMMARY FILTER PACK

CASING DIA. EPTH
TYPES DESCRIPTION (in.) (t.

- __ ____ ___ ___ '*' SEAL

- - BACKFILL

-•'• 2" • -DEVELOPMENT /1/o"
/0'• . u r• , , > / 7.-. ,.7S

- ," -OTHER

I P-Protective a-swreeon 1-81* O-Ope m -Nose

*Depth from Top of Casing ,_

WELL CONSTRUCTION WELL DEVELOPMENT

TYPE DESCRPTIOCODE* DESCRIPTION P P

P /.~s~'? C -,r?5jdl p'-30 COMMENTS: M~~y HO( f'- ) ADeO,
- a l

DepteokfU Se "Il P"Frr Smo
* Depth from inn Siou l rece

J18-ALSWIG-1 (8144)



Well Detail Report for: MON01 0607 5/6/99

GENERAL INFORMATION ý SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (h

0607

No

No

4871.39

4867.98

4837.98

30.00

SHINARUMP
MEMBER OF THE
CHINLE FORMATION

lON01)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

4856.98

4837.98

4855.48

4845.48

19.0

10.0

30.91

2

Depth

11.00

30.00

12.50

22.50

I

I

I

I

I
I
i

I
I
I
I
I

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4867.98 0.00 4860.98 7.00 SILTY SANDS SILTY SAND, fine, moist, It. reddish brown.

4860.98 7.00 4837.98 30.00 POORLY SHINARUMP MEM., CHINLE FM.:
GRADED SANDS SANDSTONE, It. brown to yellow.Note: Color

change to It. yellow to grey.Note; Color change to
yellow brown.TD AT 30 FEET.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
I
I
I



I -

Fj~ JACOBS B~NEERHG GROUP INC.6

jr -I JC BS-E L44ERING GROUP INC.
[F ,ADVANCED SYSTEMS DIVISION, ALBUQUEIRUE OPERATIONS

BOREHOLE LOG (SOIL)I Page Lof L

SITE ID: 1)'ojJ 0/ LOCATION ID: ( O
APPROX. SITE COORDINATES (ft.):
N ,9069. 713 E 97/0o _,4_-

GROUND ELEVATION (ft. MSL): 09o/. C
DRILLING METHOD: /Z '.HA /A/o,"pc CAf-,,V6F

DRILLER: Ji, m .
DATE STARTED: /-___ _____

DATE COMPLETED: /- eo-t-'/•-ouneo
FIELD REP.: . -_ _ __-_ _ _

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION •t- A"

/0' 4'ooer~o O, A44 h05 P4 A 07 IoJ 1-41A44. HS;4h.SC4 PAD~

7'Z141A16 MOrMA-4. PIPAIAD rP SE I

-c& I- loe, 0 r- 6A-C-&1tP4 r~s r- io,7 4,P'W 4XV77, 77'4,( Z.. 47C.407o0-

1- f -Lw --1 . ILAD IILA ' ISLOWS
DEPTH !Q • PER 6 in. 1 U8CS VISUAL CLASSIFICATION

-- : - I- -

e1 --

/0

1fr157

7-,4A'6oi&
5 /rvg77- 1144

_r*f.0 -6RC-f S& MOST '4005E

JkN~ i 11985

DOCLJMENT coN7ftoL

An00-47 R,- oA7* aowowj -4-,.l7.ZAt. -~

--- 9c0 o e.1 coot r £ LO& ?Wds Mo&&~

41
*-4-0-F-4 I

6-p
Z.. - 9--6 -i - -"

~9-9 - I. - I. - 'I
&Afoý,

COMMEI4TS: 1Z'Wod eAE S VW /0"Sc..q V I SAMPLE TYPE
1 I A - Auger cuttings

7D76 04A,,eo/, v A~ziC. 6.eevem T o 0'j 1-V Sf 8- 2 0. D. 1.38- t.0. drive, sample
U - 3' O.D. 2.42' I.D. tube sample)0/ZJ 75 ZT - 3" O.D. thin-walleod Shelby tube

JEG-AL-ENG-2S. (3184) 4MA17 1Aow ~ ~ ,g r .Vr~i



~iEooes EUNCUNEEJG GROW INC.
ADVAUMI SMmmi DrtI* umpa £louDU OVII&11U5

WELL COMPLETION RECORD

SITE ,D:.2 . LOCArioN tD: DATE INSTALLED:_______
APPROX. 81TE COORDINATES:(FT.) N ________O. __E O3n 90-0
OPEN AREA PER LINEAL FT. (IN21FT.) -

FORMATION OF COMPLETION: d, of"

FIELD REP.: - DRILLER: I

WELL CASING"
DIAMETER (In)

WELL CASING
TYPE

HOLE DIAMETER (In),

BACKFILL TYPE

I

I•
I

I'

I
I
I
I
I
I
I
I

I
I

SEAL
TYPE

TOTAL
DEPTH

(f t)
(ft)

OR
FILTER
PACK
TYPE

FILTER
PACK

LENGTH
(ft)

.ENGTH
(f )

COMMENTS: I
JE 0-AL-KNO-3 (2184)



ADVANCED SYMtrMS DIVISION, ALBMUUEUI OPIRATIONS

BOREHOLE LOG (ROCK) Page L of-7
• r

LOCATION MAP: SITE ID:AlOIV-01 - . LOCATION ID:
APPROX. SITE COORDINATES (ft.):
N. E
GROUND ELEVATION (ft. MSL):_
DRILLING METHOD: hl W) l S"
DRILLER: Iele q"PEAEA 'CC•"
DATE STARTE15: "11•'9 - "-mvky "1lpli-"
DATE COMPLETED: " it/ " I

FIELD REP.: UiLL bL/rLA&l'•-'

I'

LOCATION DESCRIPTION Aprm..s' NC witoin 606 locAA oi
SITE CONDITION

-I _I EI
0,
Iii..'
0-'

ggww
go-

A.

DISCONTINUITIES
a

SPACING ORIENTATION

WIDE CLOSEjHORIZ.- VERT.

0Z
0-

0
U

z

EA
w:

0
0
0

51 H1 s0o vI
|
i

15,Le, or ýfpýjt47ýý4tj" Imed, -T,
Vito "(g)0 CkAfý-]

JEG-AL-ENG-2A (3/84)



BOREHOLE LOG (ROCK) Page.oiL

LOCATION MAP: A SITE ID:. N 0 1 LOCATION ID:
APPROX. SITE COORDINATES (ft.):
N E,
GROUND ELEVATION (ft. MSL):_
DRILLING METHOO: .V4 Wli ---
DRILLER: I B 1cAL a2.-+l..&...
DATE STARTED: Z"t1Mt.-UD1k•ffi
DATE COMPLETED: __ __/_

FIELD REP.: MIU IJLIA4CITh

a
GROUNDWATER LEVELS

DATE TIME DEPTH (ft.)

I
I
I
I
I
I
I
I

LOCATION DESCRIPTION
SITE CONDITION

- - - S - S - S - . - . - a

AI'

a-

z

2a

CID0

Wc
03W
O00

Z'oz
u-:

co

im

awZo

-,J

W-a
3-'

DISCONTINUITIES
I U -

SPACING ORIENTATION

WIDE CLOSE IHORIZ.- VERT.

z

z

0*0

.z
U'
lz

0

0
ROCK TYPE

& REMARKS

H1 2 3 4 5 S0" V

50* 
us

fffr) iI
I SACo) 55

JimII 5I IIII * * I, II I l I g

1. : : , , ,: .1
I " " "." I.. 4. .... • .. eq ...4. - g. ... ._ _ _ '. "e ... t 'i

. ..,-! ,- --- 1.... I" .... ' -" -- ... *-
,4-4-- - -- t- ...

:0':11.1 ..1 1L'. i.. u ~uaa... * ..... ~iee 1 'I

g•fc/ e, ,•,,'/..

,s•, Ao,, OL ,v
,,Am C?• ' , .t Aa /

I •,- v""w• "A

I
0

4
'I

! C woI cdi
1 0 I C/

175
10 . .

ok Aoe.

*1l hfv ro , cN

(raIVr~(O i

IIV I- I-

I TOaRING OPERATIONCOMMENTS: _____________________________AFLaw S 102 HOLLIOW SITUl ANGERj C 4 G12 4 OCONTINUOUS FLIGHT ANGN R

GE -OARl BIT

NO - 10 WIRILINk ROCK CORING

JEG-AL-ENG-2A (3/84)
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*1 - NEERING GROUP INC.

r ACOBSOEIEADVANCED SYSTEiMI

BOREHOLE

LOCATION MAP: A

NESMIG GROUP INC.
S DIVISION, ALBUQUERQUE OPERATIONS

LOG (ROCK) Pagel.of 7

SITE ID: Mom 1)L1 LOCATION ID: (00
APPROX. SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD: 0J0, 1thW-1Je
DRILLER: S-" gAo&=-L.,pPwA
DATE STARTED: Sli, --er
DATE COMPLETED: ' w
FIELD REP.: ad-.amýJ-! NJ'.

41-"Roý -
- !

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

DISCONTINUITIES.co I - 4 . I•-

z-1, Oo -0 SPACING ORIENTATION ,a w ROCK TYPE

,,a, 0 cc' "- •WIDE - CLOSE HORIZ.- VERT. t &ER

o-. u 2 4 H 50o v U

0"l klD :8 1 OD " 9 0 5me
I O0i :qo ii Ift - -----_3%

5ý

(VA

Ilot -'ýo qj)

a.; I0 ;; ;-; 331 *3 3' *I e 3

io
- 33 -- - - - - - - --%

'1012

motZ tweddh 6,-

6#9 4A~) ssif-s4Uý

li~4-iw4 (,o10V..

"174)l PIA-r4 OA-

rv 0"'e iedoj

w/ri&4z ItPi roi4'-

,iolv

- Ik

46

= i 1 IIrn=l=~=n=*=l=I=I=1=i. ~a 000105. OPLIIATIoIS

COMMENTS:

aI

GOORING OPE"RA TION
H - 0112 HOL&LOW ST|M ANGER

C - 4 112 CONTINUOUS FLIGHT ANG(R

G0 - GEAR BIT

Nx - NI MOCK CORING

00 - NO WIRtLINfi ROCK CORING

JEG-AL-ENG-2A (3/84)



I

JACOBS BIGINEERING GROUP INC.
ADVANCD SYSTMMS DIVISION, ALUUUEQU1 OPRATIONS

BOREHOLE LOG (ROCK) Pa ge1 of I
LOCATION MAP: A

/..4
SITE ID:..M L __ LOCATION ID:__0 _
APPROX. SITE COORDINATES (ft.):
N __ _ _ E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD: t4Q I.II -007 K
DRILLER: H C4'2" q
DATE STARTED:_ "M -aoDj ms
DATE COMPLETED:
FIELD REP.:

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

I
I
I
I
I
I

cool

ILOCATION DESCRIPTION
SITE CONDITION el 0

- U - I - I - U - S - U - - U - I

0-
I'

z
I-
A.w
a

z

00
0I

vi

#0

0:
mm-c

I-

w-5
DISCONTINUITIES

I U-

SPACING ORIENTATION

WIDE - CLOSEI HORIZ.- VERT:

0

z

usI-
I'

0-a
0o
i-

-a

ROCK TYPE
.&'REMARKS

'I

I m1 2 3 4 5 s0" V
E-q-l-I-q,-*-U-S-.-.-l~.-y-U-*p-q-I - U

KJQ Iy igoI 0VIU
I I

I
a

• I!•z wIst I

I

iuc~

ii I'~ j i Io

I -4I

G00

lstizivn mic

Sdr4o. k eMdAQbls

10W /
- - - -n---r- - - 11 -11m11m.m&i.m.11i1iin1*m*iIin*in11 -

ws

d

LI
II

I
I
I
I

Am Illm I qo
- - i111.11 u-I-I

- - - .. . ~

W~Ti'

BORIN(, OPERATION
COMME NT S: " .- U LOW SitMANGERCOMMENTS*c - a 132 CG%?SNUOUS FLIGHT ANGIA

GO- G6AR DIT
--i RO1CK CONING

NO 1 4O0I1N910140 ROCK CORING

JEG-AL-ENG-2A (3184)



IJLADVANOWII SYSTEMS DIVISION, ALBUQUVERQUE OPERATIONS

BOREHOLE

LOCATION MAP: A
it

LOG (ROCK) - Page. of
SITE-ID: - A QI , LOCATION ID: _______
APPROX. SITE COORDINATES (ft.):
N E_
GROUND ELEVATION (ft. MSL):
DRILLING METHOD: 11I WIRZ.AI"
DRILLER: El C r 4v,-
DATE STARTED: 19 - 3111rls,
DATE COMPLETED:,: ' .1f - I I

FIELD REP.: .AC

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

Is

3 • 0 DISCONTINUITIES z
cc K0 SPACING ORIENTATION_ o ROCK. TYPEz • IO> 5o~ 8o g> 8PAIN 1

I 0 C 1,9 < __. WIDE- CLOSE HORIZ.- VERTj 0 A REMARKS

1 2 3 4 H 50' V •

, ' ml ' , * '

It $ I I
414 44 ' ' -XJ .-- ed

,'* , .* ,:-- ,' ,' ,' ' _!_n_7

* S I ISim

r...4..- 78 , 4

a .... .... ....-- . - - _ ... r-.. a . . . ..... ~,i a. I~Sre .C

,y " ,;1.

C - - , -. 4 1 - - a a"T ANGER

-... -. - --- "...•- -""-"- -'÷ "- " ... - ' ,- -

a OILLn SI TN

COMETS B:;: ::CO1*h• sFLIGH

UK - NI ROCK CORING
, no O IRELINL ROCK CORING

-pa

~ Pu

S44ASS~

4
-V

JEG-AL-ENG-2A (3/84)



'IIF

1 JACOBS NEEl G GGROUP INC.ADVANCID SYSTEMS DIVISION, ASUUEUIE UOPERATIONS

BOREHOLE LOG (ROCK) Page@.. i

LOCATION. MAP: A

.4-
SITE ID: ,WAJ 0 1 LOCATION ID: _)_" _)__

APPROX. SITE COORDINATES (ft.):
N E _

GROUND ELEVATION (ft. MSL):______
DRILLING METHOD: A) W'?.t;UZ
DRILLER: -- 'il +A &- t=-
DATE STARTED: pI. DA- .,r
DATE COMPLETED: Irl6-
FIELD REP.: - "E-4C Y"

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

I
I
I
I
I
I
I
U
I

LOCATION DESCRIPTION
SITE CONDITION

,. . o W" DISCONTINUITIES 8
-- ' w- .Z :m-

S• 3b SPACING ORIENTATION Z 0 ROCK TYPEoz ju cc
gz0 213=W ww a- 0411 WIDE - CLOSE HORIZ.- VERT. Io z I..

0~ 0 W-1 2346 H •0
- . 1 4 - . -0 -y -f u i a~VT I - . -

* .*,,,* • ,c-

-.. ----.- •.-4 - -+-- --

a , 'I : I * *
, . . .•.*

I * r* .| I ,,S * S,*'* *,Ia'l ' ' '/--*÷ ... 4--. ... * ... ,:--- ... *- ,

in a

I'rwvoYA)c

"'. -+'-'. .....-"- l."4"d

AA- 11;,,1IN ,NGOPRAIO

CO M N0 - a 112 HOLLOW SUMl ANGER

7-* C 4 I2 CONTINUOUS FLIGHT ANGLt

lok-- - 0 - GEAR MST
SSIX - tax ROCK CONING

NO - NO WIRILIML ROCK CORING

I
I

I
IJEG-AL-ENG-2A (3184)



B JACOREHSADVANC¢ID raIIMS

BOREHOLE

ILOCATION MAP: A

. i

NESERG GROUP INC.
I DIVISION, AL3U16Ul0I14UE OPERATIONS

LOG (ROCK) Page Zof 7
SITE ID: I MOV0) LOCATION ID: &0 8
APPROX. SITE COORDINATES (ft.):
N E
GROUND ELEVATION (t). MSL):
DRILLING METHOD: /a.L fti&7JAJE'
DRILLER: 4#+* Or.A ,-A
DATE STARTED: A11145' "TAI VIrI-
DATE COMPLETED: " " I "
FIELD REP.: ____-_____________

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

VIC

LOCATION DESCRIPTION
SITE CONDITION

~. - - i,

z I 40- DISCONTINUITIES 000l- w"e•--• 4--c
t z ,- Io - SPACING ORIENTATION z I 0 ROCK TYPEtj ,oo" ol T -0"' "

J., w WIDE- CLOSE HORIZ.- VERT0
0 

-o 
. o-.

,. " I "-"••2 3 4 5S H 50* V-1° 3: -

0

* ~ i

I I I

[ I*I I

i I *I. :X[i
* * IIj
U. I II.
I 'i':

&s.
I

/Id loyafo'

4vlprml

IV

. " . . . . - " "I- ' , , " "I
-. -*•

III~I.I
Yl.w Iv0

~U$
7

UU4~.UztI-..*UU..I ~5**4 4~f
Si 1 I d1KmIA7Ik4 I L

V
mu. hilui I~iU U. mug ** mUm mu. PU~ Urn IUUS( mm. IS*U SUm - U inin -

- - - - - - - - -- - - - - - - - -

- - - - - - - - - - - - - - - - -

- - - - - -- - - - - - a a - a - . - - - U - ~t

* . . - . m I rn m I - * I U

eoavhý t
iI'(rw ,MdL

rC,,6C' y, qfq'

(6 y4~/q) 'h ýMA

ro kV (10,4 K7Jq)

#.sck 41 lyO&4L44'k

~ wmlA1's

4) I I & e4vA df
lic n I I I I 'I,,," - = ,i C- I, I

all No RCOCKO CORING
NO - 010 WlRELIN9 ROCK CORING

JEG-AL-ENG-2A (3184)



JA .COBS ENGHMMIG GROUP WJC.
ADVANCID roMS DIVISYMM . AL5USUEMUI OPIIURAIOW

WELL COMPLETION RECORD

SITE ID: MON•L L .1 LOCATION ID: DATE INSTALLED:
APPROX. SITE COORDINATES:(FT.) N E

OPEN AREA PER LINEAL FT. (IN 2 /FT.) '
FORMATION OF COMPLETION: DLR
FIELD REP.: -. 61fi_•a_ D••LER:

WELL CASING LLCSN
DIAMETER (in) __ TYPE

HOLE DIAMETER (in) .. • - HT. ABOVE

GROUND SURFACE OUND ft)

I
BACKFILL TYPE

TYPEI
SEAL - L

SEA OPENINGI
LENGTH 2.(in)

(ft)

TOTAL CASNG I
DEPTH L ESNGT_i i ENGT•

(It) .--- (ft)
OPEN OR

FILTER SLOTTED
PACK L_ LENGTH
TYPE'' (ft)

FILTER
PACKLENGTH"-'-

(f) )

COMMENTS: I
LIVVW•ww



•jS00B SIMMEtG GROUP INC.
AWAO•ID aTIIIM DN0S8ONo AL345U13UU[AII|O ONS

BOREHOLE/WELL CONSTRUCTION LOG

SITE ID: M 01 1- L LOCATION ID: 3 FIELD REP: M ei
APPROX. SITE COORDINAthS (FT.): N E . - E

GROUND ELEVATION (FT. MSL): COMPLETION DATE:_______

BOREHOLE SUMMARY CONSTRUCTION TIME LOG

START
DRILLER: ACTIVITY START END

RIG TYPE: 
DATE TIME TIME

HOLE END FLUID DRILLING
BIT TYPE DIA." DEPTH TYPE iDRILLING ,V

I(in.) (ft. I_ _eo(r -31•' AmSr"

CASING SUMMARY END* FILTER PACK 3/ii/r" 3.00 3" I5

TYPE* DESCRIPTION ,. DEPTHTYPE* (in.) ft SEAL

S _ _ _A C K F IL L 3/_l_ 
_ 

3 1.U € '. D
____ ____ ____ ____110

DEVELOPMENT

OTHER

I P-Protective S-Screen S-Blank O-Open N-None

* Depth from Top of Casing _

WELL CONSTRUCTION WELL DEVELOPMENTDINDO

TYPE T
CODE' DESCRIPTION DfPTH

COMMENTS:_

9 -Sackfml 1-Seal -F- lPer Pack

* Depth from Ground SurfcOe

JEG-AL-ENG-1 (C1S/4)



I
1

Well Detail Report for: MON01 0608 5/6/99

I
GENERAL INFORMATION SCREENING INFORMATION

SITE: MO•

LOCATION CODE: 060O

DECOMMISSIONED: Yes

DAMAGED: No

TOC ELEVATION: 49(

SURFACE ELEVATION: 49(

BOTTOM ELEVATION: 47•

TOTAL DEPTH: 12C

ZONE OF COMPLETION: DEC

NUMENT VALLEY (I

3

03.11

01.08

81.08

I.00

HELLEY

/1ON01)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

4815.11

4783.11

4805.11

4785.11

32.0

20.0

120

2

Depth

85.97

117.97

95.97

115.97

I
I
I

I

I
MEMBER OF THE
CUTLER FORMATION

ILithology Details

TOP

Elev Depth

4901.08 0.00

BOTTOM

Elev Depth

4891.68 9.40

USCS
DESCRIPTION

POORLY
GRADED SANDS

LITHOLOGY DESCRIPTION I
SANDSTONE, med. to coarse, yellowish grey.

SHALE, with fine sand, thnly laminated.

SANDSTONE, medium to coarse, mod.
wellcemented,noncalcareous, occasional clayey
matrix, mostlycross bedded, yellowish grey
(5YR,5/4). -

4891.68 9.40 4890.68 10.40 CLAYS

4890.68 10.40 4874.68 26.40 POORLY
GRADED SANDS

4874.68 26.40 4869.68 31.40

4869.68 31.40 4868.68 32.40 CLAYS

4868.68 32.40 4857.68 43.40 SILTS & FINE
SANDS

CONGLOMERATE, coarse sand to med. gravel,
subrrounded,some clay matrix, sufficient porosity
to lose circulation,medium yellowish brown
(1 OYR,5/4).

IMOENKOPI FORMATION: SHALE, with coarse
sand, to silty, poorly indurated,very thinnly
laminated, greyish orange (10YR,7/4).

SILTSTONE, with very fine sand, occasional
thincalcite stringers as fracture fillings,
noncalcareous,thinly laminated, very hard,
yellowish grey (5Y,7/2).Note: with inter bedded
greyish orange from 34 feet. Somepyrite in the
matrix.Note: co

i
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



Well Detail Report for: MON01 0608 5/6/99

TOP

Elev Depth

BOTTOM

Elev. Depth
USCS
DESCRIPTION

4857.68 43.40 4846.08 55.00 SILTS & FINE
SANDS

4846.08 55.00 4826.68 74.40 SILTS & FINE
SANDS

4826.68 ' 74.40 4810.08 91.00 WELL GRADED
SANDS

LITHOLOGY DESCRIPTION

SILTSTONE, dark reddish brown.MOENKOPI
FM., Continued.Note: Becomes soft, more moist,
from 54 feet.

SILTSTONE AND SANDSTONE, interbedded,
yellowish grey.Note: Increase in sand, sandstone
is It. grey.Note: less siltstone interbeds from 72 ft.

SANDSTONE, coarse to fine, dark reddish
brown.Note: Color change to very It. grey,
massive, from 78 ft.Note: Alternating color bands
from very It. grey to palered from 80 ft.

DeCHELLY SANDSTONE MEM., CUTLER
FORMATION: SANDSTONE, coarse to med.,
dune deposit, cross bedded,It. brown to med.
reddish brown (1OR,4/6).Note: Lost circulation at
91 ft. due to porosity of thisformation.Note: color
change to variable

4810.08 91.00 4781.08 120.00 POORLY
GRADED SANDS

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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I F JAOOBS GROUP INC.A -ADVANCED SYSIUMS DNS•M, AULINIEu, o,1.1IRAIIONS

BOREHOLE LOG (SOIL)I Page.L ofL

LOCATION MAP: 6  ,ip"'

01;

A
N

1-4

SI

*i
* I
'S t~SI ~P

I,

I'

LII'SII,
'I

SITE ID: /VOA/'O/ -LOCATION ID:__O_-
APPBQX. SITE COORDINATES (ft.):
N ,OE'Z.. /37- E 8ZkLV LSZ
GROUND ELEVATION (ft. MSL:Y
DRILLING METHOD: 6","SA
DRILLER: 51r&- r &.,* 640,Lt. _ -ir
DATE STARTED: _ _-__-_ ,_ _

DATE COMPLETED: "
FIELD REP.: 5/1, VA

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)LM/DEr.•

LOCATION DESCRIPTION NJ J OrL.&A6LF_P L F

SITE CONDITION ? *Sdo-- c.,g,, _Ks -0--,,
zoo' I roon or- Al n~ 0 .-S -'s OF- ; A4kOyz JVM*'

.aPAAW*6,C 41AM1*6 4Vr-Vcx- cpý43
sm4'"y4-O P.-Le - kAqv S*V 5;VO44OW Wzý&e_ Alo,- ý01ZCS

II I I I VISUAL CLASSIFICATION

GbAt"D Fi E F, colzA iiv( up'... =oao-d"' aao

CAVIF *~O, 14

2" 94L.CAisJbsJTLt)

* \y~V

~ ~C)

'.5

'~o.

______________ & - & - a

II COMMENTS: -
I_ f~p"/ MAý7",•-

64A VC2 D#r /4" Wte , WZ& 7Z5
AV~eY 1A£i0Afflt-t I SAMPLE TYPE

A - Auger cuttings
S 2" O.D. 1.38' I.D. drive stmple
U - 3" O.D. 2.42" I.D. tube sample
T - 3" O.D. thit-walled Shelby tube

JEG-AL-ENG-2S (3184)



WELL COMPLETION RECORD

SITE ID: ___oA___ LOCATION ID: . L. .DATE INSTALLED: -
APPROX. SITE COORDINATES:(FT.) N F'I -52-o/..-* E 8745Z, Z4 5
OPEN AREA ,PER LINEAL FT. (IN 2 /FT.) 0, VJ10

I
I
U
m

FORMATION OF COMPLETION:

FIELD REP.: isiLL)

.4# 'IN **A4,* IAýý& 60 r 1&* AA PZY Aetotl
DRILLER:

WELL CASING
DIAMETER 00)=-

HOLE DIAMETER (in)L,/,

GROUND SURFACE

SEALTYPEL•..•±.J

SEAL
LENGTH 2'

(ft)

•)TAL
EPTH i-'
Ift)

_WELL CASING
Ise- A~ TYPE

I

I
I
I
I
I
I
I
I
I

TC
D I CASING

LENGTH
( It)

COMMENTS:

N.

imam

I
I
I
IJEO-AL-ENG-3 (3/64)



I
I .1 TJ JCOWs fht.IMMG GROU 1C.BORAEHOL/WE I COSNA STR1141610K UCMA111UC ATIONM

BOREHOLE/WELL CONSTRUCTION' LOG

SITE ID: ,"9/M / LOCATION ID: b 07. FIELD REP:_ _____

APPROX. SITE COORDINATES (FT.): N 0 f'2-, /2- E- 76 ý2, ft;-

GROUND ELEVATION (FT. MSL): ab7-. 2 - COMPLETION DATE:. /- 3 IS"

zz
5

BOREHOLE SUMMARY CONSTRUCTION TIME LOG

DRILLER: • > V ACTIVITY START END

RIG TYPE: /F-.- ,>-(Q 4 DATE TIME TIME

HOLE END 9 FLUID DRILLING //M/ps. -'>, /1
SIT TYPE DIA.%, DEPT H TYPE

(in.) (ft.)

___ ___ __ __ _____CASING //..3

CASING SUMMARY FILTER PACK
CASING DIA. END'I
TYPE • DESCRIPTION Di. THTYPE.) (ft.)L SEAL /.0 /:

SACKFILL

•.5 5'ss•'•,t- •/0-L DEVELOPMENT A1o6f Or -v.-

. OTHER

* P-Ptotective 0-Scrowi "lank O-Ope *,No"

41 Depl from Top of Casinmg _

WELL CONSTRUCTION /' WELL DEVELOPMENT
TYPE •ND /640 Nor/ Acvncýeyc
TYPE DESCRIPTION D P H

CODE* fjL).... 4#La..uU:UM.- HoL-

iI . COMMENTS:

8 SSCkfn @-geal F - P,-• .. •.-k

SDooth from Grod eirfSae

JFDW-AL-f1G-t-1 (8184)
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I

Well Detail Report for: MON01 0609 5/6/99

I
GENERAL INFORMATION SCREENING INFORMATION

SITE: MC

LOCATION CODE: 06C

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 4f

SURFACE ELEVATION: 4•

BOTTOM ELEVATION: 4f

TOTAL DEPTH: 1

ZONE OF COMPLETION: SH

)NUMENT VALLEY (MON01)

)9 TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

379.99 BOTTOM OF SCREEN:

376.95 GRAVEL PACK LENGTH:

361.95 SCREEN LENGTH:

5.00 CASING LENGTH:

INARUMP CASING DIAMETER (in.):
MBER OF THE
INLE FORMATION
J ALLUVIUM

Elev

4870.95

4862.95

4869.95

4864.95

8.0

5.0

17.04

2

Depth

6.00

14.00

7.00

12.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4876.95 0.00 4865.95 11.00 POORLY SAND, fine, slightly moist, med. dense, It.
GRADED SANDS reddishbrown.

4865.95 11.00 4861.95 15.00 WELL GRADED SHINARUMP MEM. CHINLE FM.:
SANDS SANDSTONE, coarse to fine, dry, yellowish olive

green.TD AT 15 FEET.

I
I
I
I
I
U
I
I
I
I
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



I

I FJACOBS ENGINEIERING GROUP INC.JI' ADVANCED SYSTEMS DIVISION, ALBUQUERQUE OPERATIONS

BOREHOLE LOG (SOIL)l
7

Page L of iN;

LOCATION MAP: A
N SITE ID: t '•/ LOCATION ID: •/O"

APPROX. SITE COORDINATES (ft.):
N SM30 6S E 0 6 q4,vr6o
GROUND ELEVATION (ft. MSL): 40,6,,-69
DRILLING METHOD: 6"kS4 -••Qw,I•i.,,.
DRILLER:5 *, ' B -A •
DATE STARTED: _Z.3__y

DATE COMPLETED': /-7'
FIELD REP.: ,,__",4

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

z z-.3-, /:o 0 4o%

i"• ... ... .. &'J.. m

LOCATION DESCRIPTION 5: soun4 aw (0" Z -oU7'rM oF -rAz,1-S r,'.b
SITE CONDITION , P6R ',vic-i-•r ,,J #,,ifc"O'-oA ^,-'•.0w' W,.',m J-,,A.5 P •' A1.,4,,,T•,• - &4 y

- - - -- -W - - -

w> •- -W BLOWS -
DEPTH 20 " - PER Z In. Z- USC8 VISUAL CLASSIFICATION

Iw a

A-

I
[3.

I -

- - - - - -

_____________ - -I- - ____________

$q4 4AZ)jr,,6 DRY

%.J 0%1,

VwLwAx1pT~ai.Q wdEF

me,paf -/ -/,P

O0're.al, AO 70 9
7'0 S~wg*r W*/vA-'b,

4'r 35 - AwaW1"1 40- 4-&

-%.W IVL

M -I- I - I

COMMENTS: _SAMPLE TYPECOMM NTS:A - Auger cuttings
2_S- O.D. t.38' I.D. drive sample

U_-_3' O.D. 2.42" I.D. tube sample
I I T - 3' O.D. thinv-wafted Shelby tube

JEG-AL-ENG-2S (3/84)
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8

a JACOBS ENGINEERING GROUP INC.

I ADVANCED SYSTEMS DIVISION, ALBUQUEIQUE OPERATIONS

BOREHOLE LOG (SOIL)

I-I
7

Page Iof~l

LOCATION MAP: SITE ID: 0102/ LOCATION ID: 6/' "
APPROX. SITE COORDINATES(ft.:
N -''• Sk• 360 ZEE,• - if 'S0

GROUND ELEVATION (ft. MSL):
DRILLING METHOD: 0' ,'AOA

DRILLER: 50,6 -ve'a
DATE STARTED: '•,
DATE COMPLETED:
FIELD REP.: j•j.V

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

,• W BLOWS
DEPTH c' Z-i USC8 VISUAL CLASSIFICATION

DPH U PER 6 In. U

30- -

30

325

COMMENTS: SAMPLE TYPE
A - Auger cuttings
I - 2 0.0. 1.36' I.D. drive sample
U - 3" O.D. 2.42' I.D. tube sample

I I T - 3* O.D. thin-welled Shelby tube

I
I
I
I
I
I
U
I
I
I
I
I
I
I
I
N
I
IJEG-AL-ENG-2S (3/84)



~COS ~GNGGROUP INC.
ADVAUc 0114810Kao~e ALNuOUimIR OPRATIONI

BOREHOLE LOG (ROCK) Page 1 of....

LWCATION MAP:

Eslt
A S1TE ID: _f__0__ LOCATION ID:____

APPROX. SITE COORDINATES (0t.):
NE ,E.
GROUND ELEVATION (ft. MSL):_
DRILLING METHOD: 010 V•,•W•C
rmll I a " UA

DATE STARTED: _ _ _ _ _
DATE COMPLETED:
FIELD REP.: ,- _ __- m_... ...

i GROUNDWATER LEVELS
DATE TIME DEPTH (f'1""*,4 J ,,..7,-

I I

LOCATION DESCRIPTION
SITE CONDITLON

I
fps.-

0 $- DISCONTINUITIES

Z .g .. -0 SPACING ORIENTATION U0 0 ROCK TYPE

, 0 aw Z 0 & REMARKS
8 0, ra- UK z -WIDE - CLOSE MORIZ.- VERNT. a

- - 0- IL• I -g- O ft ̂ * "L-' . T. rO 2 i l

Jow __ _ _ _ _ _ _ _ _ _ 3 ý

-40 t5 --W0 S. 50 VA* .9 f w' ";,-
, , j .,Lss '•'',

- - .. '.... ,+- ..... 'V4
--V! __+____~..4...._.. .... 4........ r i..i..agaa u+C3

I 1 j I
., • t,.I sA &d 4M ,

- a -a a,--,-. --- ,-- -" - a... '--- a- -a a ,,

a a a -a - - a - a a a 0j
ij . <.,.,L,4 ~ ~.•'k~Ys- ,,arg,.,et

I~j' ,t +r• - - --- / ,,- .. " -*",''
- / .,*d* , -M4G( , Th

- ~- f~l* &w l,,,_ ,

C O M M E N T S : .. .. ,.t L., SU M A"* "' " ' " N"

- - a a a - - a - ~ - - 114111 j -

7Z5,~~~a am" Commaa-a a

7 #O.-oCI II RO¢ 7 z*~m
' . * m.~l• J

____ * oma.e~&mi~I

ire
IMP~t

'O.

JEG-AL-ENG-2A (3/64)



FIJJACOBS ENGER•rG GROUP INC.
ADVANCED SYSTEMS DIVISION, ALBUUERUE OPIRATIONS

BOREHOLE LOG (ROCK)
.7

Page _qof Lew

LOCATION MAP: A
N

I !ým i>1 I all"*^ .

SITE ID: IYEA' d0 LOCATION ID: 6/O
APPROX. SITE COORDINATES (ft.:'N _f-36o, 765-" - S (v 9w"

GROUND ELEVATION (ft. MS): "61.,,k"
DRILLING METHOD:
DRILLER:
DATE STARTED: ,_-__.-._ _

DATE COMPLETED:
FIELD REP.:

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.) I

I
I
U
I
I
I
I
I
I
I
I

LOCATION DESCRIPTION
SITE. CONDITION

I DISCONTINUITIES-00 :56.- !w
z ; to"-10 SPACING ORIENTATION x W 0 ROCK TYPE-u0 O.zO "=r _ 0 & REMARKS

I= o = 1 WIDE- CLOSE HORIZ.- VERT. j0a 0 - -

1 2 3 4 5 H 60e V
t I

II I I S ' .I I * |. I IIg * * * *

75 Ia I I•
751N0oo:9 ,oo * . * I a a I * . .i *I

10 lee", ImmNTmlm~ 0*1 1 1, 1

I g ' ;.. e a.. ... e.. i .. . . ... ...... .... i .... -'-- ... ***.... n. .... .a * .. ....... .si ... in

7, wo 'ck> , , ' : I r , ,.4

-97 S-0 -1 1 - - - .I

2 L - - - - - - -

, , , , I.r..q T : , ; i * -7q5"I /vQ Sbl~.,< ',,,a'Y . : :I/£ < -,• I'-------------------- -- I - -_ -qII - -~'- "" " " " -. ... - " -I. . -..1 . .. - " ... - ...... .. .. . -"

Re'a N1WatG0 A4L
A,wm,~e £5Ww~
~4450A.'& ?bNV

Ls,'j OF A4 0 em

PL~u .coue or si4-a.A5I4

10 $*~PC S I4ALe -L4APOI

AASr!"*IOr d&&y #A*b4'

/V r"A of 3e dsVS.jD,4

,77.-r jzG 1~~'7
9 A4*LIwr, .5ojb

7Xprem.VILAeLa
A. *y VDSb1

If

7.
I

- & £ A & A £ -£ - I. - a - I - A - a - b - & & A - A - & W ~A~J D~AI~

II I JI I I-IEEIZTI-V00cmt

COMMENTS: H-. 6 l OLLOW STIUN1G
C -4 102 CONTINUOUJS , LIGHT ANGER

NO* NO WIALLIML~ ROCK CORING

I
I
IJEG-AL-ENG-2A (3/84)



F JACOBS EN•GNERING GROUP INC.IEADVANCED SYSTEMS DIVISION, ALBUQUERQUE OPERATIONS
BOREHOLE LOG (ROCK) Page . oe 0 k

LOCATION MAP: A
Itl

SITE ID: A0AJ 0 LOCATION ID: t/O

APPROX SITE COORDINATES (ft )"
N sip*,40. 7'-c E ___a '_,____
GROUND ELEVATION (ft. MSL:
DRILLING METHOD:
DRILLER: - -f'w8
DATE STARTED: ,_./_.,_ _

DATE COMPLETED:
FIELD REP.:

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

New r 7wmAi - /- %

- - ---B - 1 - .

z -z I- w @ DISCONTINUITIES zo o = -0 I2 21 , < -

_ _ _ :s. J020F 0-WIESPACING ORIENTATION 0 ROCK TYPE04c -ju o L ,.
= 0- xo =!aI•W - . -: E A K

S • • , • z WIDE CLOSE HORIZ. - VERT. o, & REMA-1

ict cc 1c I- _ __ _ _ __ _0 4 •. 0 w -
"= 1 1 2 3 4 5 H •01"

__ I K e4&l
* i
a a I

a S
* S I

x.
aa

---.1---~
i-i~f.i~.

I :i Mae!I
*1L11 a" ' 

a.. 
1 ...

Wr,&*& wa.#crv".
7*/y"*D We ir ,9 09-11

/Aj~~*(r Smavcofr..&Se

Z~oovs,".oi ft 94.7'e&

L-olc'. *6A Sci.ow

OAS~ Rtcw OI 1/.11e&
lor

- ~ p p p p * ap y y. p - - p - p a p - p a, p * I - a
ie IoaT

*pyqpaayypy~qpppqqpa*

I I 4R
~Ir*5 S pr A" ~
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JF JACOBS ONGINEERING GROUP INC.
AlADVANCED SYSTEMS DIVISION, ALIU4UERGUE OPERATIONS

BOREHOLE LOG (ROCK)
-La g e k ýo

LOCATION MAP:

21-'

A SITE ID: _•_______ LOCATION ID: _/ _

APPROX. SITE COORDINATES (ft.):
N o 7'" E
GROUND ELEVATION (ft. MSL): _* 6/ "
DRILLING METHOD:
DRILLER: w & 'slm•-
DATE STARTED: - # • I--1-S
DATE COMPLETED:
FIELD REP.: - _ ___-V__

I, !ioAO

I,

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)
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LOCATION DESCRIPTION
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4 a. JACOBS E84VNEERING GROUP INC.EAVANCED SYSTEMS DIVISION, ALUUEINRUE OPERATIONS

BOREHOLE LOG (ROCK).
7

Pagel of 1

LOCATION MAP:

peD o (9

A
N

SITE ID: MoN 0) / LOCATION ID: (0 o__
APPOX. SITE COORDINATES (ft.);N 360 ZEEt7•• E 619 tvZq -K6

GROUND ELEVATION (ft. MSL: !6M/. -
DRILLING METHOD: _,__ _"_-___

DRILLER: e,_ # g .3 IE "P
DATE STARTED:
DATE COMPLETDD:
FIELD REP.: ,

GROUNDWATER LEVELS
DATE ( TIME ] DEPTH (ft.)

5-S-fFA prt . Zc

I

LOCATION DESCRIPTION
SITE CONDITION }. ',w% ,v -60-j"llu 410j.

-y-u-p- 9 -~ I. -I - 9-I
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ROCK TYPE

& REMARKS
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NO - NO WIRLLINE ROCK CORING
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W-AOBS B•EGEfG GROUP INC.I ADVAND IYTITMS DIVISION, ALSUBUUI060 OPARAIONS

I
I

SITE ID: IfOA'I-I LOCATION ID: k,..' . DATE INSTALLED:IA

&PPROX. SITE COORDINATES:(FT.) N E

)PEN AREA ,PER LINEAL FT. (IN 2 /FT.)

FORMATION OF COMPLETION:

FIELD REP.:

WELL CASING
DIAMETER (in) La1T

m I
HOLE DIAMETER (In)1

I
I
I
I
I
I
I
I
I
I
I

TOTAL
DEPTH

(ft)

COMMENTS:

#ap.o ," ofr,_•_- ge/al fsp-0-0,
I
I
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I L DVISClD Wl IAlM DIIVSION, AL&4MUIUUI OlIlAliOS

BOREHOLE/WELL CONSTRUCTION LOG

SITE ID: -a2&L T WLOCATION ID:_•.•_ I FIELD REP: Awir,,-,f Joaa,,
APPROX. SITE COORDINATES (FT.): N E' 0'-' E 150

GROUND ELEVATION (FT. MSL): 1 -'r --. COMPLETION DATE: 3/-,11ftJr
U

BOREHOLE SUMMARY I CONSTRUCTION TIME LOG

4 14 t A (rn4 AIV Y
I

I

IS' DopoTl Ivem ormuod SawftSo I
U

JED-AL-IING-1 (8184).



J~o[ = = =1 im .GROUP INC.AJ•VAMMOV8 MIDMMlllM$ atIlIU OPiIRATION$

WELL COMPLETION RECORD ,t e._rws t.47

SITE ID: mioJo '-LOCATION ID: ______DATE INSTALLED:
APPROX. SITE COORDINATES:(FT.) N 56-1507 E b''.
OPEN AREA .PER LINEAL FT. (IN 2 /FT.) 0,,

FORMATION OF COMPLETION. ";FrL-r-,• C-

I

...................... I! V•VWVg

FIELD REP.: 5IL4,Jh DRILLER: r)SA--S

WELL CASING
DIAMETER (in)

HOLE DIAMETER (In) 'f ,_.___.

GROUND SURFACE

WELL CASING
TYPE

A

.1 n

,-J A'-Je-

I
BACKFILL TYPE

01

I~K 3

I
I
I
I
I
I
I
I
I

SLOT
OPENING

(in)
SEAL

LENGTH
(ft)

TOTAL
DEPTH

(ft)
(ft)

FILTER
PACK
TYPE

FILTER
PACK

LENGTH
(f t)

BLOTTED
LENGTH

(ft)

BLANK
.ENGTH

(it)

r
p

- K

COMMENTS: •r•pA,.oc,2 c /41-71 P'/v~' 3 v 44(± r&YI'A,) ~ -Z

I
I
I
IJEG-AL-ENG-3 (3/84)



m V

Fwir JAOsS ENGP G GROUP INC.
_ ,mm mA M,

BOREHOLE/WELL CONSTRUCTION LOG
1712..

SITE ID: MDt3 91 LOCATION ID:J... FIELD REP: !5 Or

APPROX. BITE COORDINATES (FT.): N .- "?6 ', 745 E -64,.. -z

GROUND ELEVATION (FT. MSL):. b,/. 65- COMPLETION DATE: /- #7-9"

BOREHOLE SUMMARY CONSTRUCTION TIME LOG
START

DRILLER: W 10 WdE- :M•FAV O*N, ft- ACTIVITY START END

RIG TYPE: bESILE._ -bm - DATE TIME TIME

TYIE HoLE END 0 FLUID DRILLING /Z-Z.•z ,'.'?.Y
BIT TYPE DIA.% D0PTH(in.) ITYPE /Z -3 -9f /o',• .'..

In. (ftt..)

6•...•r•~ -,. I0. /,"BCFL /,.••• 441* 3,

//g / rEVLOPEN IV -" " +I" ./, f•-

wA ir C-4 VADJ

____ CASING SUMMARY FITE PACK r

FITHERPAKA,

CAIN Dept. ENDpo Cs~l

CAPE DESCRIPTION DEVD(IAM
TYPE* In.) D PTH

- 4407 ~~~ EAL :5'
- AA vDer-1~ " ,wq czb

-N4 BACKFILL Sa At,

DEVELOPMENT

- -- /OTHER

SP-Proicttv $-&croen S"ltank 0-OPen Pmo
4' Depth from TOP of easing--

WELL CONSTRUCTION WELL DEVELOPMENT

TYPE DESCRIPTION jJJm A-er') kpi/S/Sr ýi v~

gcei'vr e-e vr. 8(A/f -9i

COMMENTS: AR-, t#AZ-k SOQf-C4

a- soeom 79 /3Per '

*Deph from Ground Suraco

7-;'

/30,

- - . . - - - - - I . Ift A %



I

Well Detail Report for: MON01 0610 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MON01) Elev Depth

LOCATION CODE: 0610 TOPGRAVEL PACK: 4799.2 63.00

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4775.2 87.00

DAMAGED: No TOP OF SCREEN: 4799.2 63.00

TOC ELEVATION: 4863.21 BOTTOM OF SCREEN: 4779.2 83.00

SURFACE ELEVATION: 4862.2 GRAVEL PACK LENGTH: 24.0

BOTTOM ELEVATION: 4731.7 SCREEN LENGTH: 20.0

TOTAL DEPTH: 130.50 CASING LENGTH: 86.010

ZONE OF COMPLETION: SHINARUMP CASING DIAMETER (in.): 2
MEMBER OF THE
CHINLE FORMATION

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4862.2 0.00 4830.2 32.00 POORLY SAND, fine, dry, med. dense, It. reddish
GRADED SANDS brown(5YR,5/3,5/4).Note: Very Moist at 6

feet.Note: Water table encoountered at 8 feet.

4830.2 32.00 4790.2 72.00 POORLY SHINARUMP MEM., CHINLE FM.:
GRADED SANDS SANDSTONE, med. grain, mod. hard, mod.

weathered.thick bedding, brownish red.Note:
Med. grey lens at 39 .5 to 40 feet. Note: Color
change to dk. brown (10YR,8/4).SHINARUMP
MEM., Continued.Note: Occasional clas

4790.2 72.00 4788.8 73.40 CLAYS SHALE, yellowish brown to grey.

4788.8 73.40 4784.8 77.40 POORLY SANDSTONE, very fine grained, grey; With
GRADED SANDS thininterbedded lenses of grey shale.

4784.8 77.40 4775.8 86.40 POORLY SANDSTONE, very fine, greyish white.
GRADED SANDS

4775.8 86.40 4775.2 87.00 WELL GRADED CONGLOMERATE, with fine to coarse gravel,
SANDS wellcemented.

4775.2 87.00 4771.8 90.40 CLAYS SHALE, It. grey.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.

I

I

I
I
I
I
I
I
I
I
I
I
I

I
I



Well Detail Report for: MON01 0610 5/6/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4771.8 90.40 4748.2 114.00 CLAYS MOENKOPI FORMATION: SHALE, reddish
brown.

4748.2 114.00 4731.8 130.40 POORLY SANDSTONE, very fine, well cemented, reddish
GRADED SANDS brown.Note: Becomes moderately cemented at

120.5 feet.Note: thin shale bed, reddish brown at
122 feet.TD AT 130.5 FEET.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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i~coss ~s G~ou~ ~c.
JACOBS 8 GN EEMG GROUP INKC.ADVANCED SYSTIEMS DVSION, ALDUUEMUE OPPEiATMONS

BOREHOLE LOG (ROCK) Page L.. of

LOCATION MAP:

eI,-l N*' -\'

l\\

Ze

A
N

0
& I

SITE ID: MOAJ -4 / LOCATION ID: 611"
APPROX. SITE COORDINATES (ft.):
N _ E
GROUND ELEVATION (ft. MSL):_ _ _
DRILLING METHOD: 4A-A-,, -, -&A 0/ ey- ý,e 7,

DRILLER: 6h'q'. (J. •v,/eL-)
DATE STARTED: -j /"•A2-
DATE COMPLETED: "_"
FIELD REP.: g, ,

GROUNDWATER LEVELS
DATE - TIME DEPTH (ft.)

5' - --

S. * - * -. - .

~

j

I

I --
LOCATION DESCRIPTION .- , A( Z,-9 e ZuA/u-i 7"--,,/,9L,•p,/ Z A-
SITE CONDITION - , t u 1,,94 m;,,, 4,2

ROCK TYPE

& REMARKS

IV,0ý0: ollepevoausly4

t/9u~y /40 yeaa/d, &'J

of*m ý, / -6/l.

Care. *'jow6 z~4

~ 6. il 1- /Yw
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A~aaoi A?

I

COMMENTS: I
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N - 112 "OLLOW STit ANGER
C - 4 112 CONTINUOUS FLIGHT ANGIR
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Ij"JACOSS 0Gt*EN•G GROUP M
SADVANE SYSEMS DVISION, ALOG UVRUE OPERATIONS

BOREHOLE. LOG (ROCK) Page Žof I.

LOCATION MAP: AUI SITE ID: t4A ° -) LOCATION ID: .. /,/"
APPROX. SITE COORDINATES (ft.):
N E _.

GROUND ELEVATION (ft. MSL):_ _
DRILLING METHOD:
DRILLER:
DATE STARTED:.
DATE COMPLETED:
FIELD REP.: #-,,/t , ,9 1

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.).

I
I
I

I

LOCATION DESCRIPTION
SITE CONDITION

I
I I ROCK TYPE

& REMARKS

A"t #.mi'd

'I
I
I
I
I
I
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I
I
U
U
I
I
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.P;,- Ae o., -

ICOMMENTS: I
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NEW
m

JEG-AL-ENG-2A (3184)



JACOBs ENC4N83aNG GROUP WC.
ADVANCID SYTEms DIVISION. ALmIIUERU| OPERATIONs

.BOREHOLE LOG (ROCK) Pagel of A

LOCATION MAP: A SITE ID: AIM'01 LOCATION ID: L/z."
APPROX. SITE COORDINATES (ft.):
N _ E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD:_
DRILLER:
DATE STARTED: _
DATE COMPLETED:_
FIELD REP.: ,7. 7Al,, /IA .EJ

GROUNDWATER LEVELS i

DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION
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J JACOBS B4NE4B* GROUP 14C.ADVANCID SYSTEMS DIVISION, AL8UIUEIUE OPERATIONS

BOREHOLE LOG (ROCK)

I
Page .yof .SJ

LOCATION MAP: A
it

SITE ID: 001 - 0 1 LOCATION ID: A 11
APPROX. SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD:
DRILLER:
DATE STARTED: _.
DATE COMPLETED:
FIELD REP.: A•, //o/,,,/

I
I
I
I
I

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)rI

LOCATION DESCRIPTION
SITE CONDITION

I

'lv

/1B

t? 00 0~ DISCONTINUITIES

~ .. I g PACING 'ORIENTATION 0 ROCK TYPE
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E AOBS ~4#ERGGROUP INC.
IADVANCAD SYSMMS DMSION, ALwosIDUEUE OP20ATIONS

BOREHOLE LOG (ROCK) Page 1:jof .S.

LOCATION MAP: A SITE ID: 0•1-01 LOCATION ID: .,//"
APPROX. SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):_
DRILLING METHOD:
DRILLER:
DATE STARTED:
DATE COMPLETED:
FIELD REP.: :• OE , ,/ .,J il

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

* '3.
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I
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I

o. C IU DISCONTINUITIES .. ]
z r2

itI s:o-SPACING ORIENTATION *0 ROKTPso~~~ ~~ 'c'o- .'
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JEG-AL-ENG-2A (3184)



A 4400BS MrG#aNG GROUP INC.E~JADvAmmOS symtms DMS$ION, ALBUQUIMUl OPURATIONS

BOREHOLE

LOCATION MAP: , A
i

" LOG (ROCK) PageLO ..of

SITE ID: M 0 .-Q I LOCATION ID:
APPROX. SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):__
DRILLING METHOD:
DRILLER:
DATE STARTED:
DATE COMPLETED:
FIELD REP.: __.__,,/___ /_ __,._,,,_,__

I
I
I

:3
GROUNDWATER LEVELS

DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION
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SPACING ORIENTATION
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JADVACOBS M$DVON GROUU tEINOC.
SADVAOHO SYMEMS DIVISION, ALO-SUUe.UE OPERATIONS

BOREHOLE LOG (ROCK) Page 2of..

LOCATION MAP: A SITE ID: .A4•AL)o- LOCATION ID: ( .../
APPROX. SITE COORDINATES (ft.):
N E,.
GROUND ELEVATION (ft. MSL):
DRILLING METHOD:
nlil I P1:R,

DA-T-E -ST"AR TED: __ _ _ _ _ __ _ _ _ _ _

DATE COMPLETED:-
FIELD REP.: *'. N-, /1/ ,m,

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

L- Z DISCONT INUITIES -
z ' e Wi ,

_2_ _-_ oI . z -c 0
;p. 9 SPACING RIENTATION Z * 0 ROCK TYPE

w a D- CLOSE HORIZ. WVENT j -C I o• w oz 4c :0

I//1 2, 8 4 5 H O0 v "
yp, ' 

-I,.. . ,.

• ---•--I---- -4--- -.-------- - . .+-t-- e--alI I 4 we' .

I' 'aa maT ls' T

I i ! X p ni
- **4****4*, ~ .j....4. ... J.. 4 :. I... . I-

- - - - -- a ------ tt;•• ,i.,

il A-,.// *4 y, c ',,)• -. 9

. i- i, {4,,.•/
COMMENTS: MON, OPERTIU°ON !

s -1 OLLOW STEM ANGER
C - 4 $it CONTINUOUS , LIG04T ANGER

N Nit ROCK CORING

NO N NO WINELIII[. ROCK COMING

JEG-AL-ENG-2A (3164)
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a JACOBS ECNGIER4NG GROUP INC.I]ADVANCID SYSTlEMS DMSION. ALIUUEUE OPERATIONS

BOREHOLE

LOCATION MAP: A
/

"LOG (ROCK) Pagel. ofR

SITE ID: nt -- LOCATION ID: - rL.."
APPROX. SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):_
DRILLING METHOD:
DRILLER:
DATE STARTED:
DATE COMPLETED:
FIELD REP.: -. T atld.

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

I
I
I

LOCATION DESCRIPTION
SITE CONDITION

r
I

I

C -4 lt CONTINUOUS FLIGHTA
.. - GEA. sit

111 m Na MOCK CONINGNO -NQ WmIha.IHE NOCK COMING I I
IJEG-AL-ENG-2A (3/84)
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Well Detail Report for: MON01 0611 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MO

LOCATION CODE: 061

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 48

SURFACE ELEVATION: 48

BOTTOM ELEVATION: 46

TOTAL DEPTH: 18

ZONE OF COMPLETION: DE(
ME
CU

NUMENT VALLEY (NV

1

49.31

48.17

p63.17

5.00

CHELLEY
MBER OF THE
TLER FORMATION

flON01)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

0

0

4685.17

4665.17

0.0

20.0

186.14

2

Depth

4848.17

4848.17

163.00

183.00

I
I

iI

I
I

Lithology Details I

TOP

Elev Depth

4848.17 0.00

4785.17 63.00

BOTTOM

Eiev Depth

4785.17 63.00

4746.17 102.00

USCS
DESCRIPTION

POORLY
GRADED SANDS

POORLY
GRADED SANDS

LITHOLOGY DESCRIPTION

SHINARUMP MEM., CHINLE FM.
SANDSTONE, fine to med, with conglomeritic
layers,soft, with hematite and limonite stain, It.
grey to yellowto orange.Note: Less altered in
fractures, less weathered, becomesmod.
soft.Note: Uniform grain size

SANDSTONE, coarse to fine, with pyrite, some
coal,soft, greenish grey.

SANDSTONE, shaley (indicated by geophy.
log). Note: core not recovered from this zone.

SANDSTONE, with conglomeritic zones, pyrite
common,slightly calcareous, It. green to
grey.Note: Basal portion of Shinarump Member at
108 ft. asevidenced by pebbly chert
conglomerate, rounded.

4746.17 102.00 4745.17 103.00 POORLY
GRADED SANDS

4745.17 103.00 4743.17 105.00 CLAYEY SANDS

4743.17 105.00 4738.77 109.40 POORLY
GRADED SANDS

I
I
I
I
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



Well Detail Report for: MON01 0611 5/6/99

TOP

Elev Depth

BOTTOM USCS

Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4738.77 109.40 4733.17 115.00 SILTS & FINE
SANDS

4733.17 115.00 4723.17 125.00 CLAYS

4723.17 125.00 4719.771 128.40 SILTS& FINE
SANDS

4719.77 128.40 4717.17 131.00 POORLY
GRADED SANDS

4717.17 131.00 4713.17 135.00 SILTS & FINE
SANDS

4713.17 135.00 4692.17 156.00 POORLY
GRADED SANDS

4692.17 156.00 4663.17 185.00 POORLY
GRADED SANDS

MOENKOPI FM.: SILTSTONE, greenish grey,
very clayey, slightlycalcareous, soft, greenish
grey to 112, variable yellowgrey to dark reddish
brown.

CLAYSTONE, silty, with interbeds of siltstone,
crosslaminated, calcareous, mod. soft to mod.
hard, dark reddishbrown.Note: artesian flow
encountered as claystone aquitardpenetrated.

SILTSTONE, clayey, with minor nonclayey
lenses,reddish brown.

SANDSTONE, very fine, It. grey, with interbeds
ofreddish brown claystone; calcareous, mod. soft
to mod hard.

SILTSTONE, ciayey, hard, mottled red-brown to
It. grey.

SANDSTONE, fine to med. clayey, calcareous,
pinkishbrown to greenish grey. Occasional
variable seams ofreddish brown to
bleached.Note: Mottled at 143, hard.Note:
Becoming coarser from 145 ft., calcareous.

DeCHELLY MEM.,CUTLER FM: SANDSTONE,
fine, cross bedded, mod. soft, reddishbrown.TD
AT 185 FEET.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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~pI 4ACOBS B4G~HG GROUP I~C.

ADVWAM llSIUS Drtlu *N ALIUWEUI OPIIQIONS

WELL COMPLETION RECORD (/iý t) awf t udia'

SITE ID: ,f LiL- LOCATION ID:..d . DATE INSTALLED:,--'-

APPROX. SITE COORDINATES: (FT.) N E

OPEN AREA sPER LINEAL FT. (VN21FT.)

FORMATION OF COMPLETION: PeCtilA }
t.M* I"A h.A. A a ~ lg '

F IELLD RPflE .; . .- UMiILLruM; . , I , - - . , ..

WELL CASING r
DIAMETER (in) L

HOLE DIAMETER (In)[

GROUND SL

7WELL CASING
TYPE

I

a

SEAL
T YP E L~ar

TOTAL
DEPTH
(ft)

LI

SING& / NGTtl
(ft)

SEAL
ENGTH
(ft)

| qP•B

PACK
'TYPE

FILTER
PACK

LENGTH
(it)

-5

COMMENTS:

JEG-AL-ENG-- (3/194)



Well Detail Report for: MON01 0612 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT-VALLEY (MON01)

LOCATION CODE: 0612 TOP GRAVEL PACK:

DECOMMISSIONED: No BOTTOM GRAVEL PACK:

DAMAGED: No TOP OF SCREEN:

TOC ELEVATION: 5007.82 BOTTOM OF SCREEN:

Elev Depth

4962.92 43.30

4791.22 215.00

4831.22 175.00

4811.22 195.00

171.7

I
I
I
I
I
I
I
I

SURFACE ELEVATION: 5006.22

BOTTOM ELEVATION: 4791.22

TOTAL DEPTH: 215.00

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

20.0

216.6

2ZONE OF COMPLETION: DECHELLEY
MEMBER OF THE
CUTLER FORMATION

Lithology Details •

TOP

Elev Depth

BOTTOM

Elev Depth
USCS
DESCRIPTION LITHOLOGY DESCRIPTION I

5006.22 0.00 4990.82 15.40 POORLY
GRADED SANDS

4990.82 15.40 4986.22 20.00

4986.22 20.00 4980.02 26.20 POORLY
GRADED SANDS

4980.02 26.20 4969.82 36.40 SILTS & FINE
SANDS

4969.82 36.40 4967.82 38.40 POORLY
GRADED SANDS

SANDSTONE, little clay fraction, medium to
coarse,friable, thinnly bedded, mod. spaced
fractures, It.yellowish brown, to yellowish
grey(1 OYR-6/2;5Y-7/2).Note: Occasional lenses
to 5-in. of dk. grey shale,Note: pinkish, with
limonite stains

CONGLOMERATE: coarse sand to 1-in. pebbles.
subangularto subrounded, cemented, slightly
calcareous, massivebedded, light grey XN7).Note:
Possible fault/shear plane at 16.5 ft.

SANDSTONE, very fine, very well cemented,
slightlycalcareous, 2-6-in. beds. ripple
laminations, alternatinglayers of yellowish grey to
It. grey.

MOENKOPI FORMATION: SANDY
SILTSTONE, with thin clayey lenses, clay
binder,bioturbated layers, pale red to greyish red
(10R-6/2;10R-4/2).

SANDSTONE, very fine, well cemented, very
calcareous,thin stratum cross bedded, slump
structures, light grey(N7).

I
I
I
I
I
I
U
I
I

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



Well Detail Report for: MON01 0612 5/6/99

TOP

Eley Depth
BOTTOM USCS

Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4967.82 38.40 4963.22 43.00 SILTS & FINE
SANDS

4963.22 43.00 4957.22 49.00 SILTS & FINE
SANDS

4957.22 49.00 4952.82 53.40 SILTS & FINE
SANDS

4952.82 53.40 4952.02 54.20 SILTS & FINE
SANDS

4952.02 54.20 4937.82 68.40 SILTY SANDS

4937.82 68.40 4927.42 78.80 WELL GRADED
SANDS

4927.42 78.80 4791.22 215.00 POORLY
GRADED SANDS

SANDY SILTSTONE, little clay, Cross bedded,
thincontorted bedding, bioturbation, pale red to
greyish red.Note: Medium to fine grained, limonite
stained, from 41 ft.

SILTSTONE TO SILTY SANDSTONE, laminated
to very thinlaminated, rippled and cross bedded,
bioturbation, minorsandstone lenses, greyish red.

SANDY SILTSTONE, 50 % silt, 50% sand, cross
bedded,very fine to fine sand, calcareous, greyish
red.

SILTSTONE, greyish red.

SILTY SANDSTONE, medium to fine, abundant
blackmineral grains, very limonite stained, well
cemented,calcareous, intensly cross bedded, with
clay clasts,greyish red.Note: becomes massive
bedded at 63 ft, with bleached spots.

SANDSTONE, fine to coarse, arkosic with 50 %
feldspar,very well cemented, very calcareous to
noncalcareousmostly massive with ripple and
cross bedding, greyishorange-pink (5YR,7/2).

DeCHELLY SANDSTONE MEM.;CUTLER
FORMATION: SANDSTONE,medium to fine,
well cemented, slightly calcareous andferric
cement, cross bedded, isotropic porosity, pale
red(10R,6/2).DeCHELLY SANDSTONE
MEM.;CUTLER FM., Continued.DeCHELLY
SANDSTO

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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Fj JCOBS B19 ER G GROUP NC.ADVANCID SYSMEMS DIVISION, ALSUGUEI3UE OPRATIONS

BOREHOLE LOG (ROCK) PageL of-.9.

LOCATION MAP:

,•I -7

, S- ,~ ¢ • .

• /~ ~'. /0;I, - •

A
(0\

/

A-

SITE ID: 1*L -LOf LOCATION ID: •;/3"
APPROX. SITE COORDINATES (ft.):
N _ E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD: Ph&4g 46 77. 7 -Mem ve /-•Z4
DRILLER: J41 .. •'g.ar',-)
DATE STARTED:______________
DATE COMPLETED: t-S -/"a. 3[1k lgl
FIELD REP.: __,__-___ ___,___._,,__

FGROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

EJ - -

LOCATION DESCRIPTION -Aga/., AQ4,4/u 4.grM 7 P;/,
SITE CONDITION -i.dA. AeAm.#J ý-.j - 14.4. 0-2Ve At' 'F Lr,Vp44j

c
'- ~~ w , DISCONTINUITIES - z

Z b- Z_ _ _

' i rN '0 .0 = . PACiNS ORIENTATION 1 o 0 ROCK TYPE$- : i -c 00 "•" :eu U 0 & REMARKS

a' 0 c cCc .P WIDE-COS HORI Z.- VERT 0 RMAK
0 . .c....e .2• - ' 0 L .- •• ~ ~ A 4 ° -• e s • s . ,o v I - "

II
I I,

on 3)1/lfr VAX-peamadv~
JV~m -1 77. It

1 ........ AA-r
! !

7f9

IA- 4 i. .. A,.. i - i 4p 40 -4. -- .- -. -q 4o 74

0Q i*lbIt x(
I j.--- AF&V-

0 if-. &,try it. q"y lo,'-A ~ s . . aja4..9 * .. 4a.. . .1.ta ~.
- ' U -- AA. UmIa-

-~Y :: * ,

If 6y

yiell~ broa.v9 I AD

hep*7# A Ae 49v.

it a

9'

*7

*1

0
qs

I

-- -o - - - -

N! - -

- - - , - -- - - - - - -- -

2 i ! ;x

Bhu,J( "e-4 Pcwb.

Lhqh'fj y eok -

6v o4- Ad
A A A A A A A

01 x ý- it-
L$1 f S.4

", mt i= im -, -i -• II -

COMMENTS: : lit "OLLOW STl ANGER
3 C - 4 lI CONTIINUOUS FLIGHT ANGER

I D- OsE Elit

an - MI IROCR CORING

0O - NO WIRELINE ROCK COMING

JEG-AL-ENG-2A (3184)
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IJACOBS ENGINEERING GROUP INC.
ADVANCEr SYSTEMS DMSION. ALBUQUERQUE OPERATIONS

BOREHOLE LOG (ROCK)

I
Page'a of .L

LOCATION MAP: A
it

SITE ID: MO - 0 / LOCATION ID: to 3 "
APPROX. SITE COORDINATES (ft.):
N .E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD:
DRILLER:
DATE STARTED:
DATE COMPLETED:
FIELD REP.: Ie. //,1

I
I

IGROUNDWATER 
LEVELS

DATE 
TIME 

DEPTH (ft.)

GROUNDWATER_ LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

- . - . - - - a a . - - - -

7a.

a.

cc
J! -

lz 4
0

wg
021oO.

I-K

O'o

S
0
0

K

-'U
-'u'

*5
-I

3-
wam

mu'

W4-

DIBCONTiNUITIES
4 --

SPACING ORIENTATION I4

WIDE - CLOSEIHORIZ.- VERT. 0
0-
0
oU

a
z
RE

S
0 ROCK TYPE

& REMARK8

I I I

I
I
I
I1
I
I
I
I
I
I

I
I

L

I'
EJ

C 410 CONTINUOUS FLIGHT ANGER

ME IX ROCK COINING

NO: - N WAINELOESC COMING I I
IJEG-AL-ENG-2A (3/84)



i .JACOBS ENGINEERING GROUP INC.
ADVANCED SYSTEMS DIVISION, ALIUQUIROUE OPERATIONS

BOREHOLE LOG (ROCK) Page I of..df

LOCATION MAP: A
it

SITE ID: A•," 01 LOCATION ID: to/. 3
APPROX. SITE COORDINATES (ft.):
N _E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD:__ _ __ _
DRILLER: sm4. /.Cn,'4 f)
DATE STARTED: I/I! K
DATE COMPLETED: "
FIELD REP.: .I1-• IIl

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

-I-I-I-. - I.-, . - I- I

I-
I'.

2
I-
a.
U'
C

3ma 00
Ul1

o'Cy
cc.O

Z3

-'0

-10

Iu"-

U-

I-'a.

DISC ONTWNITIE S
- i U -

SPACING ORIENTATION

WIDE - CLOSEI MORI Z.- VERT.

3o

0Z
0

z
U
w
z

w

30-

0
-1
0

L-
-j

ROCK TYPE

& REMARKS

1 9
9-0 4

N 80° V
2 M .

lip:, 0 I £ 6*
~.LL h 6 I I~- 4 -- ~ 4-4-I- S ~44 ~I- U 3 9 4 -. 9n & . 2. •

I IA

ns,

U-/
i,,z

3/

6 I 'Ca
-- f S¶~olj * Ixo-I-[-*

' I 'cS

f p o a . as,.06 ,10 = e . a .

mini 1um mi1;7,u u 6. mm m .. ,u eE-nm E* *E* * U E

br $0

C-

So K

a/D fSIMMONS
- I- C,

/,ppv'y fS5, 6 ;_

40 le-ee
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r&&"0 vi.
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'I, CPO" -.
LL

- I - I - * "~- I -4-I - .1-4 -~ 4 4-1-4-i - I-I--I I J .- ~.. I
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R5
spy,
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1~. A
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brow-' lA. 4.6
ta~k h.' .mad ;

c~f#9 I-, LWY4"I "I"

.1 463) eaICatrd'&
-11 A4

1
(,O ism F

.ORiNG OPERATION

COMMENTS: IN - ,I, HOLLOW STEM ANGER

S* 4 Ioil CONTINUOUS fLIGHT ANGER

GO- G9AN SIT

aN - oN ROCK COMING
-N * NO WINELINE ROCK CORING

JEG-AL-ENG-2A (3/84)



* JACOBS ENGINEERING GROUP INC.
SJAWOBS& 04GNMG GROUP INC.SADVANCID SYSTEMS DMIlON, ALBUSUESUIE OVERATONS

BOREHOLE LOG (ROCK) Page ALof Z

I
LOCATION MAP: A

N SITE ID: ,Mad -eL LOCATION ID: JL. "q .
APPROX. SITE COORDINATES (ft.):
NE ____E

GROUND ELEVATION (ft. MSL):_ _
DRILLING METHOD:__

Irml I' D.o

DATE STARTED: _

DATE COMPLETED: _

FIELD REP.: . JJ#IIui, d

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

ri

I
I
I
I
I

LOCATION DESCRIPTION
SITE CONDITION

30• • a, DISCONT INUITIES ,

z R T0 ,, S ?PACING z ROCK TYPE0z, 5W WW Z- & REMARKS
A. UZI .5 <', WIDE- CLOSE HORIZ.-- VERT. -

00S. c z 4 101 J w I G. ' '- •'.2 ;- .- 0 W -
"' -' ,21 '2 i i ý' 51 H so0* v _" I

,qj 31r 0 I
b-I! a

5 rA

po

,01

/-v

"23

'of

I...A.... :V vLL4 .... j. I

:~m F !oo baK s t 't t

- - I - I..rustumse- a 00' MIS -- -j- -0

4190e 3%wa5
rale yettoi.J

'OF cloy.

---- -4 N m vm iv- a 0 m m ý w E 11 a ff . . I I

/.,'

llmq .w A 1 '4

I
U
I
I
I
I
I
U
I
I
I
I
I

x0 x-- - - - - - - ,, - m ;

I

IIzIIIjjIa

meS qt-, &1Idnli

C4P- La &4b l ws.

d
9 

UO ~y~re~mit*

IE*0 n too 9d S*

hi c

100 x ,0,
BORING OPERATION

COMMENTS: o.f- a ,,HOLLOW ANGER
•:*4 :#,i CONTINUOUS FLIOH NGE

GEAR BIT

WEl - OnI no.CE CROION
NO - NO IlI~LINEr ROCKI COMING

JEG-AL-ENG-2A (3/84)



-A JACOBS ENGINEERING GROUP INC.ADVANCID SYSTEMS DMnSION. ALSUQUEIIUE OPIRATIONS

BOREHOLE LOG (ROCK) Page _.Lof

LOCATION MAP: A
it

SITE ID: M)L .- 01 LOCATION ID: /-. 13
APPROX. SITE COORDINATES (ft.):
N _ E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD:
DRILLER:
DATE STARTED:
DATE COMPLETED:
FIELD REP.: NR. A/b//g,- d

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

- S - F - F - S * - F u - . - F

a-

z
S..
a.
aaa
a 0

P3.

030 11at

S00

E0
.iu

c'M

-A

9-
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DISCONTINUITIES
i 5-

SPACING ORIENTATION

WIDE-- CLO8E HORIZ.- VERT:

Z
0

0

0_z
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0
0

Z

ROCK TYPE
& REMARKS
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t00
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COMMENTS: _______________________________ ~ OLLOW STEM ANERI
r. 11 CNONTINUOUS PLIGNT ANERI

NO- 00 WaSELaIME ROCK COMING
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J[ .WO BCOMST GROUP INC.
£bVANCI SYSTMS DrAS@N. ALOGNMUE OPESAYSON

WELL COMPLETION RECORD

SITE ID: .•.Al .07 LOCATION ID: 6/3 DATE INSTALLED:_
APPROX. SITE COORDINATES: (FT.) N E _ _ -

I
I
I
I
I
I

OPEN AREA PER LINEAL FT. (IN 2 /FT.)

FORMATION OF COMPLETION: eb

FIELD REP.: "AtErl_6, DRILLER:
eWel II A

DIAMET

HOLE DIAMETI

OR

Sl

LI

TOTAL
DEPTH

(tt)

ASING
ER (in)

ER (in)[

OUND S

EIZIIZ WELL CASINGTYPE

't)
I

EAL
fPE

: "CASING- LENGTH
(f 0,

I
I
I
I
I
I
U
I
I

COMMENTS: I
IJEG-AL-ENG-3 (3144)
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SLFF *CO BVrG.W 1MIG GROW NC.-
Lim I 33 DDAIM IVISI01N110 ALwouSUUV Oiam~llON

BOREHOLE/WELL CONSTRUCTION LOG

"ITE ID: M.ONi .QL LOCATION ID: (JL.. FIELD REP: J. " 7/4c

,APPROX. SITE COORDINATES (FT.): N' .E

GROUND ELEVATION (FT. MSL): COMPLETION DATE:

S.OEHOLE SUMMARY CONSTRUCTION TIME LOG

DRILER:____________________START
DRLE:ACTIVITY ________END

RIG TYPE:___ ___ 
DATE TIME TIME

I HOLE END FLUID DRILLING
fin.) l ,.JH TYPE eCq"A,(,-

,____15,/f" I. n_ /Ir J/Z4"%rv

_ CASING SUMMARY FILTER PACK 3

CTYSI DESCRIPTION DIA. NDPTH
-- t7. - t SEAL

BACKFILL )~gr~AD .C

______"____ _- DEVELOPMENT

_____ ____ ____ - OTHER

6P-Protective S-Screen alenk 0-Oe --- on-
Depth from Top of Casingr_

WELL CONSTRUCTION WELL DEVELOPMENT

TYPE' DESCRIPTION DIPTIH
ODE* _ _ _ _ _ __ _ _ _ _

-5AND

COMMENTS:____________

0 8- BckifN S-Seal F- Mar Pack

0 Depthfrom Ground Surface

EG-AL-ENG-1 (9164)
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Well Detail Report for: MON01 0613 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MON01) Elev Depth

LOCATION CODE: 0613 TOP GRAVEL PACK: 4725.92 136.00

DECOMMISSIONED: No BOTTOM GRAVEL PACK: - 4701.92 160.00

DAMAGED: No TOP OF SCREEN: 4723.92 138.00

TOC ELEVATION: 4864.28 BOTTOM OF SCREEN: 4703.92 158.00

SURFACE ELEVATION: 4861.92 GRAVEL PACK LENGTH: 24.0

BOTTOM ELEVATION: 4701.92 SCREEN LENGTH: 20.0

TOTAL DEPTH: 160.00 CASING LENGTH: 162.36

ZONE OF COMPLETION: DECHELLEY CASING DIAMETER (in.): 2
MEMBER OF THE
CUTLER FORMATION

Lithology Details

TOP BOTTOM USCS
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4861.92 0.00 4828.92. 33.00 POORLY SAND, fine. It. reddish brown to tan.
GRADED SANDS

4828.92 33.00 4784.92 77.00 POORLY SHINARUMP MEM., CHINLE FM.:
GRADED SANDS SANDSTONE, medium to coarse grained. See

log of nearbywell 610 for description of materials
to 78 feet. Notrecorded for this hole.SHINARUMP
MEM.,Continued.

4784.92 77.00 4775.32 86.60 POORLY Note: No log until coring commenced at 77.8
GRADED SANDS feet. SANDSTONE, fine to medium grained,

cross bedded withhematite and limonite common,
noncalcareous, It. grey toyellowish brown.Note:
Thin seam of black chert pebble cong. at base
ofShinarum

4775.32 86.60 4766.92 95.00 CLAYS MOENKOPI FORMATION: CLAYSTONE, with
finely disseminated pyrite, reductionenvironment,
mod. spaced fractures, slightly
calcareous,greenish grey.Note: Color change to
reddish brown, closely spacedfractures.Note:
Color change to dark brown

4766.92 95.00 4765.32 96.60 SILTS & FINE SILTSTONE AND CLAY STONE, interbedded,
SANDS calcareous, It.grey to dk. brown.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.

I

I
I
I
I
I,
I
I
I
I
I
I

I
I



Well Detail Report for: MON01 0613 5/6/99

TOP

Elev Depth

BOTTOM

Elev Depth
USCS
DESCRIPTION LITHOLOGY DESCRIPTION

4765.32 96.60 4753.92 108.00 CLAYS

4753.92 108.00 4747.32 114.60 POORLY
GRADED SANDS

4747.32 114.60 4731.92 130.00 POORLY
GRADED SANDS

4731.92 130.00 4717.32 144.60 POORLY
GRADED SANDS

CLAYSTONE, with minor interbeds of siltstone,
dk.brown.Note: One foot layer of sandstone at
100 feet.Note: Closely space fractures at 103
feet.Note: Thin seam of sandstone at 103 feet
and at 104.5 ft..MOENKOPI,Continued.

CLAYSTONE/SANDSTONE, interbedded,
mottled dark brownand It grey respectively. Note:
Intensly fractured at 110 to 111 feet. Artesian
flow from borehole, 1.6 gpm, during drilling.

SANDSTONE, fine to coarse, trace to little
claycalcareous, dk. brown to pinkish white.Note:
Color change to pale yellow at 120 ft.Note: Color
change to dark brown with varying amounts
ofclay/shale seams from 122 feet.Note: Color
change to

DeCHELLY SANDSTONE MEM.,CUTLER FM.
(Probable contact) SANDSTONE, fine to very
fine, cross bedded, withlimonite cementation,
yellowish brown.Note: Color change to tan.TD AT
144.7 FEET.Artesian flow at 2.0 gpm at
completion of drillin

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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"PROJECT UONUM PageI of 2
TA ff -NaGS A REA LOG OF WELL BORING NO. 614

JOB NO.* MONO] , DATE 03T04185 O0TAL DEP•' 84.5.feet
I SURFACE fELVAaUM 4•54.28 RIG 7PF CME-75

TOP OF FIL 7ER PACK 43-00 BORING 7TP' CORE/ROTARY
vr r, cFAY.- ,r . 2.O-IN.SCHED.4O PVC r fk.,r A N 600.50 E87832 60
)MPLETION MOENKOPI FM. DA .. SL: GROUND SURFACE

DIepth Con. W Ranarl Lithoogy_ Visual Clwsificadion
V

$

10

15

20

2.5

30

35

40

45

5O

Installed 2-in PVC well• to 70 feet

Protective steel csing
placed to 5 feet.

Bentonite/ cenent grout
seal placed to 40.9 feet.

Bentonite pellet seal
installed from 40.9 to

43.1 feet.

No. 20,rdter pack sand
placed from 43.1 to 70

feet.

.010-in. slot well screen
installed from 48 to 68

feet.

EOLIAN:
SAND, fine, brown.

SEINARUMP MEh., CHINLE FM:
SANDSTONE, rine to medium

grained, well cemented,
noncalcareos, massive with occ.m moving@

GR 0 UND WA TER -
DEPTH 4OURI DAM

48.3 112:001 3-7CsI 49.7 110--f51 4-5-86 I
JEG TAC 11AM



PROJECT U.9 .O VALLY "., :Pageg of 'TA LNM A7 4RA • LOG OF WELL BORING NO. 61

JOB NO. MOW]O- DATE- 03104/85 TOTAL DE'r 84.5fee
SURFACE ELEVATTnA 4854.28 RIG TYPE CME.75
TOP OF FILTER PACK 43.00 BORING7TW CORE/ROTARY
v/EU CASING TVP 2.0-IN.SCHED.40 PVC LOCA Atn . N 60940.50 E 87832.60
COMPLETION MOENKOPI FM. DATUM" MSL: GROUND SURFACE

W/eu
Depth well Remarks Lithology USCS Visual Classification

S-con

traces of cross bedding, limonite
stains, good porosity, It. grey to dark
greyish orange.
Note: Croam bedding becoming more
prominenL
Note: large clast of grey dlaystone.

60'

65-

SW CONGLOMERATE, frun sand to
Blank sump placed from b I GP pebbles, subangular to subrounded,

70 68 to 70 feet. well cemented, noncalcareous, cross
bedded, porous, pale yellowish brownlb 910YR,6/2).

Cave-in fill from 70 to 9Y,-
84.5 feet. -(!] MOENKOPI FORMATION:• • /1' CLAYS'TONE, with siltstone

7s' ' - interbeds, altered, bleache,
/ micaceous with diserrdnated pyrite,

,, ; • "brownish yellow.
', ', ',SELTS'TONE, with interbedded

sandstone seams (15%), firmly
80 cenented to friable, ripple

, S ',laminations, occasional clay lenses,
yellowish brown.

JEG TAC 7TE



EFJACBS ~GrEGGROUP INC.

WELL COMPLETION RECORD ( i4 Le ow •,Vw

I SITE ID: /116,) 01 LOCATION ID Dý1)A TE INSTALLED
APPROX. SITE COORDINATES:(FT.) N _E_

I OPEN AREAPER LINEAL FT. CN 2/FT.)
FORMATION OF COMPLETION: 16O /

3 FIELD REP.: DRILLER:-cs
WELL CASING •WELL CASING

DIAMETER (in)- TYPE

HOLE DIAMETER .(In)T AOV

I, GROUND SURFACE

5 .~ BACKFILL TYPE

SEALTYPE . '

LENGTH .. ,V•"(n) ""

(ft)I TOTAL
DTOTAL CASING

(ETH 02- LENGTH
(ft)

~'oIqa FILTER
PACK
TYPE 

LENGTH.• '- I .• TYPE(ft0

FILTER
PACK ,

OIL LENGTH

B(fLN
BLANK

JEG-AL-KNO-a C3164)



Well Detail Report for: MON01 0614 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MO

LOCATION CODE: 061

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 48

SURFACE ELEVATION: 4E

BOTTOM ELEVATION: 47

TOTAL DEPTH: 8

ZONE OF COMPLETION: SHI
ME
CH
and

NUMENT VALLEY (h

4

156.81

155.63

71.13

4.50

INARUMP
MBER OF THE
INLE FORMATION
I ALLUVIUM

fION01)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

4812.53

4785.63

4807.63

4787.63

26.9

20.0

71.180

2

Depth

43.10

70.00

48.00

68.00

Lithology Details

TOP

Elev Depth

4855.63 0.00

I
I

I
I

I
I
I
I
I
U
I
I
I
I
I

BOTTOM

Elev Depth

4807.63 48.00

USCS
DESCRIPTION

POORLY
GRADED SANDS

4807.63 48.00 4788.63 67.00 POORLY
GRADED SANDS

4788.63 67.00 4783.03 72.60 WELL GRADED
SANDS

4783.03 72.60 4778.83 76.80 CLAYS

4778.83 76.80 4771.23 84.40, SILTS & FINE
SANDS

LITHOLOGY DESCRIPTION

SAND, fine, brown.

SHINARUMP MEM., CHINLE FM:
SANDSTONE, fine to medium grained, well
cemented,noncalcareous, massive with occ.
traces of cross bedding,limonite stains, good
porosity, It. grey to dark greyishorange.Note:
Cross bedding becoming more promin

CONGLOMERATE, fine sand to pebbles,
subangular tosubrounded, well cemented,
noncalcareous, cross bedded,porous, pale
yellowish brown 910YR,6/2).

MOENKOPI FORMATION: CLAYSTONE, with
siltstone interbeds, altered,bleached, micaceous
with diseminated pyrite, brownishyellow.

SILTSTONE, with interbedded sandstone seams
(15%),firmly cemented to friable, ripple.
laminations, occasionalclay lenses, yellowish
brown.TD AT 84.5 FEET.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



E JA OBS GROUP H4C., AIDVAW4D SYM US D LIMUUEUIMU! OPIIATIOUS

WELL COMPLETION RECORD

SITE ID: -LOCATION ID: DATE INSTALLED:

APPROX. SITE COORDINATES: (FT.) N E

OPEN AREA .PER LINEAL FT. (IN 2 1FT.)

FORMATION OF COMPLETION: ' ,b Ae4 01"'e •.•5;V

FIELD REP.: A '5Aie Z&41C2e CP-r1ecnDRILLER: Z22 a'tz& Cs-/J'/3)
WELL CASING #Sc. IZ)-•• W;:••ELL CASING

DIAMETER 0i0 _.__ Z' so .WTYPE

HOLE DIAMETER (In)0'0/NT AOV/., HT. ABOVE

7' ROUND (ft)
GROUND SURFACE

BACKFILL TYPE

SEAL•
TYPEPelt

SEAL • •SLOT

SA OPENING
LENGTH(in)(ft 0 --

TOTAL CSN
DEPTH I//' 9.7/' 1CASING(It) V "LENOTI

(ft)
OPEN OR

FILTER .2.' SLOTTED
PACK S 0 Z. --- LENGTH
TYPE - (ft)

FILTER
PACK Iq2'--
ENGTH

(ft)



I
Well Detail Report for: MON01 0615 5/6/99 I

I
GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON01)

0615 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4850.16 BOTTOM OF SCREEN:

4848.58 GRAVEL PACK LENGTH:

4738.58 SCREEN LENGTH:

110.00 CASING LENGTH:

SHINARUMP CASING DIAMETER (in.):
MEMBER OF THE
CHINLE FORMATION

Elev

0

0

4780.58

4760.58

0.0

20.0

91.58

2

Depth

4848.58

4848.58

68.00

88.00 I

I
I
I
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
I
I
I



I MACTEC-ERS
2597 B 3/4 Road
Grand Junction, Colorado 81502

IFacility Gran4• cLn,",on Office-

Borehole Summary
Page _J_ of _

Site M 1ume~t VIa))e~ Aar Project OJMf3jh Grcurncd, J.e,

I Boring/Well No. ' CP / Locatiori"M .-/59977 (E) 58Z587

Ground Elev. (Ft.) I"MF, 21 Bit/Auger Size IV
Diameter (inch I. D.)

TYPE Vol. (cf. gal)
lank Casing PVC- SJ. 40 0

Screen LD"S e~ r PVC 1"/3,Iump/End Cap poc 5, )- 6j.-...
,and Pack I C "a- -5-Oc
Sealant &•i.-,de PeLJ6 '- "

•,roOU PDS/ Puriz io91 f.;
*.ocking Cover Installed ()/ N Padlock No. .3-3653

Drilling Method JgA
ate Drilled N A Date Developed JU A
ampler(s) arclf I•,-

Interval (Ft.)
__to )0J.3.

. to /53,9
,9 to• I.#A
4 to 1.#,91-9.,to LL
9 o /5

Hole Depth (Ft) 1J_4-
No. of Completions
Stick-Up Height (Ft) 2,-
Slot Size 0 020

Location Sketch

I
,.ss•'; 7F A

Sampling Method f/
Fluid Level/Date 5"?;,2( C TO, C. 8-/C--

Remarks PreiC,• •,') 1 drJi)edkelJ, "Frodrcd7 , 4o)f a Jot q

Depth*
IFT)

Blows/
6".

PID Sample No.;
Interval

WELL GRAPHIC DESCRIPTION
CONSTRUCTION I LOGppm 4ý*tr'D tie,2 This w.ell s*546U . AN),+h 0+ Liel) ;rG

5 4 *_Z ; ý :4J - ,- ,

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).r-li0

iK
A

I 09-24,3 5hinaroimp Msr be~r ot C1,;n le. Fmn.

,3+.3-79, j Mihe?_HofP! FM.

/

~1

/

aIc~

9__ /,J 31. AIstfinninj Member ef AMoern KDPi F").

91/33- 15,. Le LCh'"l .~f~ScdiDe,e M'e-, bei C.' uLe )`M,

T 0

I ___________ h

a- AJI depths measured from groud,; "ýI mpleted By Verified B3y &-,ý ex. A a "_
. . . ..

4/ /



WELLNO. c S D

PLANNED INSTALLATION

CASING DIAMETER ,.

CASING STICKUP HEIGHT

TOP OF GROUT > /'fL

GROUT TYPE eDSb• ,n ie ,r

TOP OF PELLETS

SIZE OF PELLETS rP v un)

WATER ADDED TO PELLETS -1,n "

(Gallons)

TOP OF FINE SAND _ _,

SAND SIZE /____-- __0

TOP OF FILTER SAND /01, S

FILTER SAND SIZE /_-- __

TOP OF SCREEN

TOP OF SLOTS /04,3
T OcYE _ e-,"TYPE OF-SCREEN -nj g ,-3.A f. -j;

'ATE S9 TIME A"15"

FINAL INSTALLATION (e .S 1 e),,.J-

CASING STICKUP HEIGHT I

TOP OF GROUT

TOP OF PELLETS

TOP OF FINE SAND

I
I
I
I

TOP OF FILTER SAND

TOP OF SCREEN

SLOT SIZE
It

0.OZO
ES

ME

m B

M r

M BBOTTOM OF SLOTS 15,346

TOP OF SUMP/END CAP ____,_ _

BOTTOM OF SUMP/END CAP )54-.4-
TOTAL

TOP OF SUMP/END CAP

BOTTOM OF SUMP/END CAP

DEPTH



Well Detail Report for: MON01 0619 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MC

LOCATION CODE: 061

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 4•

SURFACE ELEVATION: 4•

BOTTOM ELEVATION: 4;

TOTAL DEPTH: 15

ZONE OF COMPLETION: DE

)NUMENT VALLEY (MON01)

19 TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

388.63 BOTTOM OF SCREEN:

386.27 GRAVEL PACK LENGTH:

T31.87 SCREEN LENGTH:

4.40 CASING LENGTH:

CHELLEY CASING DIAMETER (in.):
MBER OF THE
TLER FORMATION

Elev

4785.37

4731.87

4782.37

4732.37

53.5

50.0

156.76

6

Depth

100.90

154.40

103.90

153.90

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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I

-- JACOBS ENGINEERING GROUP INC.ADVANCED SYSTEMS DIVISION, ALBUQUERQUE OPERATIONS

BOREHOLE LOG (SOIL) Page -L of I'

LOCATION MAP: A
iL-4

SITE ID: O•.•, -0/ . LOCATION ID: C-O
SITE COORDINATES (ft.):
N E

'l.A

B E" 4e
I

/

GROUND ELEVATION (ft. MSL):DRILLING METHOD: &/,vvw

DRILLING CONTR.: I &,- d 0'//, s.i
DATE STARTED: 5;9/o/ x C
DATE COMPLETED: I/rZ& 4'.
FIELD REP.: __ _____________

r
(. GROUNDWATER LEVELS

DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

f~~~ 'F 1325 a',A go-/ ,', e ' .1 gy, t, t, .
/,.... - IOU-0,p -•. . . . ____ 1

517e , - 711- - - -- - - -

an -- ,- - -
A, > - BLOWS

DEPTH 6,- PER 2 In. I Uscs VISUAL CLASSIFICATIONWo,- -9 1' 0 -- PE O in Z

•Aw jl• e JW/ 1€- ,,," Io

g 4
_ '

--- -,

I I IbOK1MENTS:
SAMPLE TYPE

A - Auger cutlings
S - 2 O.D. 1.383 I.D. drive 52mOW
U - 3" O.. 2.42" I.0. tube senv
T - 3" O.D. thirr-wallied Shelby tube

JEG-AL-ENG-2S (4/85)



J JACOBS ENGINEERING GROUP INC.J ADVANCED SYSTEMS DIVISION, ALSUGUIRBUE OPNIATIONS

BOREHOLE LOG (SOIL) Page Lof.._L
S

LOCATION MAP: A
it

/

SITE ID: ol'-,dl LOCATION ID: .,.'-.
SITE COORDINATES (ft.):
N _ E
GROUND ELEVATION (ft. JSL):
DRILLING METHOD: ,-'
DRILLING CONTR.: ,•,-VA •d.//,
DATE STARTED:
DATE COMPLETED:/
FIELD REP.:

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

I
I
I
I
I
I
ILOCATION DESCRIPTION

SITE CONDITION

. > ., WW W BLOWS
DEPTH -2 1' 2 PER 6 In. z USCS VISUAL CLASSIFICATION'06 - 4c

w9-

C60M NTS:SAMPLE TYPEA Auger cuttings
S -2' 0.0. 1.38' l.D. drive sample

_____________________________________________________________________ U -3' 0.D. 2.42' I.D. tube sampl
T- 3' 0.D. thin-walled Shelby tube

I
I
I
I
I
I
I
,I
I
I
I
IJEG-AL-ENG-2S (4/85)



-F JACOBS ENGINEERING GROUP INC.
K ADVANCID SYSTEMS DIVISION, AL&UGUIUEUE OPERATIONS

BoREHOLE LOG (SOIL) Page4 L of -L

LOCATION MAP: A
N

/

SITE ID: A - 07 LOCATION ID: -e ..- .
SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD: _ _ _ _ __._._____
DRILLING CONTR.: ,d•- '4,. -Ii,;-

DATE STARTED: 9/_,r./A f
DATE COMPLETED
FIELD REP.: _____________

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

.~ w~ WBLOWS
DEPTH PER 6 n USCS VISUAL CLASSIFICATION

PE -n - us

W~ 4r

',IJMMENTS: SAMPLE TYPE
A - Auger cuttings
S- 2" O.D. 1.38 I.D. drive sample
U - 3- O.D. 2.42' I.D. tube sample
T - 3" O.D. thin-walled Shelby tube

JEG-AL-ENG-2S (4/85)



C

JACOBS ENGINEERING GROUP INC.
ADVANCED SYSTEMS DIVISION, AIUUUIMUE OPERATIONS

BOREHOLE LOG (SOIL) PageY-of.fr.

LOCATION MAP: A
N SITE ID: A..#l,,- V/ LOCATION ID: .....

SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. M0L):
DRILLING METHOD: 11 *46.y,
DRILLING CONTR.: -
DATE STARTED:________________
DATE COMPLETED: -

FIELD REP.: _____--' ___,___"_

I
I
I
I
I
I
I

I

/

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION-

BLOWS
DEPTH I D. tD PER 6 In. Z•., USCS VISUAL CLASSIFICATION

[.- :[ J

COMMENT.S: SAMPLE TYPE

A - Auger cuttings
S - 2 O.D. 1.38' I.D. drive seam p

U - 3" O.D. 2.42 L.D. tube sample
T - 3* O.D. thin-wailed Shelby tube

I
I
U
I
I
I
I
I
I
I
I,
I

JEG-AL-ENG-2S (4/85)



JAOB RNEERHG GROUP WC.
AP[ VAi~|D IbS|SIM| DiVISiON. AUUNUIIUE @PIATIONI

WELL COMPLETION RECORD

SITE ID: P ~ -e LOCATION ID: DATE INSTALLED: .Vj

APPROX. SITE COORDINATES: (FT.) N E

OPEN AREA PER LINEAL FT. (IN 2 /FT.)

FORMATION OF COMPLETION: _ _ _ _ _ _._-_,-,_

FIELD REP.: -61 e4 2o ' - DRILLER: ,p5ij;,i." 4./, tA

WELL CASING W
DIAMETER (In)& ----LJ_, LWELL.CASIN

I v r'C

HOLE
r7~jHT. ABOVE

OROUND (ft)

TOTAL
DEPTH

(ft)

FIi
Pj

CASIM
LENGIN

(f t)

)t

COMMENTS:

DEO-AL-ENO-$ (31'94)



if- &om "mwvm*K IPMAWfOREHOLE/WELL CONSTRUCISON LOG

oITE ID: 1-'" f LOCATION 10: FIELD REPN ,e - '

ýPROX. SITE COORDINATSt (FT.): N " _ ,/__ /_____-

GROUND ELEVATION (FT. MSL):. COMPLETION DATE: X/

U

DOREHOLE SUMMARY CONSTRUCTION TIME LOG

DRILLER: J.i--. " ACTIVITY START END
RIG TYPE: #%..#*•- DATE TIME TIME

I-OLE I N' F- D RILLING -/l.c ' o
SIT TPE A. T1YPE

____._,-_ In. I,..., L -_ T._. •
-I- 7 .-&- •

__ _ __ _ __ _ _ __ _ _ ASING /,,31 y

CASINO SUMMARY F FILTER PACK /'., ,

ABIN DC-PI DIA. END
YPIE DECRIPION (in.) P H1A,'-. 'C,•,O ±.... • 1

i .-- ,• //c • BACKFILL .1,/• " ,.3 .,9,oe

-"- _ _ __ _ __ _ '7/' Z&
__DEVELOPMENT /0/( 9,

"-" THER-

0~~ ~ ~ -om00To8 ok

WELL CONSTRUCTION WELL DEVELOPMENT

TYPE DESCRIPTION P m
CODE __ _ _ _ _ _ _ _ _ _

I •#. j / 5' -...

__________________COMMENTS:___________

* • -,~ S-5.1 •e F•-•etPu~sk

S. spmt' b•ri SrwumE hrt.e

I
I
I
I
I

I
I
I



Well Detail Report for: MON01 0650 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON01)

0650 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4794.28 BOTTOM OF SCREEN:

4791.31 GRAVEL PACK LENGTH:

4691.81 SCREEN LENGTH:

99.50 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4718.31

4691.81

4713.81

4693.81

26.5

20.0

102.47

4

Depth

73.00

99.50

77.50

97.50

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4791.31 0.00 4689.31 102.00 POORLY SAND, silty, fine to medium, nonplastic, It.
GRADED SANDS reddishbrown.EOLIAN DEPOSIT,Continued.

4689.31 102.00 4687.31 104.00 POORLY SHINARUMP MEM., CHINLE FM.:
GRADED SANDS SANDSTONE, soft, red.TD AT 104 FEET.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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Aj• JACOBS ENGINEERING GROUP INC.EADVANCED SYSTEMS DIVISION, ALSUOUERIUE OPERATIONS

BOREHOLE LOG (SOIL) Page.L of

LOCATION MAP: A
U

I

/
If

I.
'-/

SITE ID: A4 2' 0' LOCATION ID: e.rl .
SITE COORDINATES (ft.):
N _ E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD:__ ______
DRILLING CONTR.: d"/•,,,, 6 di,; 1 -
DATE STARTED: .__ _ __ _i __-_

DATE COMPLETED:
FIELD REP.:

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

I

LOCATION DESCRIPTION
SITE CONDITION • .. & .4. _4r 41 &.. Z- .__ Jr Z/Lg!:m dW a 4--

t! - W BLOWS w

DEPTH Zaa >0 ID PER 6 In. z.J UsCS VISUAL CLASSIFICATION

COMMENTS:________________________ SAMPLE TYPEA - Auger Cuttings

S - 2' 0.0. 1.38' I.D. drive sama
______________________________________________________________________ U - 3' 0.0. 242* I.D. tube amI~ 1- 3' 0.0. thin-walled Shelby Itt

JEG-AL-ENG-2S (4/85)



I F JACOBS ENGINEERHG GROUP INC'JE ADVANCED SYSTEMS DIVISION, ALSUEUEIN0U! OPERATIONS

BOREHOLE LOG (SOIL) Pagel of 2
I I

LOCATION MAP: A
it

SITE ID: &A•,- . LOCATION ID: L." .
SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):_
DRILLING METHOD: _____,____
DRILLING CONTR.: , ,.- .
DATE STARTED: 9V/,Z,/4.".
DATE COMPLETED: l'E94,
FIELD REP.: _ ___- _e__- _

&
GROUNDWATER LEVELS

DATE TIME DEPTH (ft.)

I
I
I
I
I
I
I
I
I
I
I
I

LOCATION DESCRIPTION
SITE CONDITION

w -w- eu* W BLOWS w1
DEPTH • 2 2 " ID PER S In. Z -J USCS VISUAL CLASSIFICATION

-z a" 0'-a

WdlW/

w-7T-o---T-r-r-T-1 t-4------1. ________ L .......
oylowl I III

-9- P - P - P - P -

/V
Ate,/

m w

I
I

U

%
i. d - b - b - & I & b I

•OMM=rTSh
• VUWIliI•mV U

I
SAMPLE TYPE

- Auger cuttings
S - 2 O.D. 1.38' I.D. drive sample
U - 3" O.D. 2.42' 1.D. tube Sample
T - 3 OD.. thin-walted Shelby lube

I
I
IiI

JEG-AL-ENG-2S (4/85)



F JACOBS ENGINEERING GROUP INC.ADVANCED SYSTEMS DIVISION, ALSUGUIRUEU OPERATIONS

BOREHOLE LOG (SOIL) Page Iof 3-

- LOCATION MAP: A
Nt

/

SITE ID: Alw-07 LOCATION ID:
SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD:
DRILLING CONTR.:
DATE STARTED:
DATE COMPLETED:
FIELD REP.: .:____ ____

GROUNDWATER LEVELS

DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

-' ..,Z BLOWS.

DEPTH 2 ID PER -I. UsCS VISUAL CLASSIFICATION-- PER In.
_ _ z '" Cc- w "

Call,

COMMENTS: SAMPLE TYPE
A - Auger cuttings
S - 2 O.0D 1.38' 1.D. drive semp6
U - 3' O.D. 2.42' 1.D. tube sampl
T - 3' O.D. thir-walled Shelby rute

JEG-AL-ENG-2S (4/85)



IV W= OBS GRO NC.EAVANCKD IMRS DMION. ALUSUMRuE OPIEATONS

WELL COMPLETION RECORD

SITE ID: 1*-w LOCATION ID: LEIf DATE INSTALLED: ./ogAgr

APPROX. SITE COORDINATES:(FT.) N E

OPEN AREA PER LINEAL FT. (IN 2/FT.)

FORMATION OF COMPLETION: ,__ __-_

FIELD REP.: _ DRILLER:.•-- ,

WELL CASING WELL CASING
DIAMETER (In) E LL .C TYPE

HOLE DIAMETER (In)i"&11.-..

I

GROUND SURFACE

. A '~

BACKFILL TYPE

SLOT
OPENING

(in)

TOTAL
DEPTH

(ft)

SEAL
LENGTH

(ft)

FILTER
PACK
TYPE

FILTER
PACK

LENGTH
(ft)

7,. LCASING
ENGTH

(f 0

)PEN OF
pLOTTEI
LENGTH

(ft)

lK
TH

(ft)

|

COMMENTS:

-Wtf-At.;FlM0-9 f•flt4j



B •O n ONSTRUCTION LOG
01OREHOLE/WELL .€:ON&TRUCTION LOG

SITE ID:_.• r--'t LOCATION ID:. ./-.-., FIELD -REP.: A. _/.-
,PPROX. SITE COORDINATM (FT.J: M . _ _ _

GROUND ELEVATION (FT. M6L):. .. COMPLETION DATE: /ip7/ --d
SOREHOLE SUMMARY CONSTRUCTION TIME LOG

START
DRILLER: ,, - ACTIVITY END
lR IOI4 TYPE: , - _-__DATE TIME TIME

SIT TYPE A-
_______ ~ ~TYPE

- CASINO SUMMARY FILTER PACK I/ /-

CABIN DESCRIPTION DIA. DENTD
TYPES In.)_____

- "EAL X,.$

IfI

10 ,v o BACKFILL "t.

"Z.- ~DEVELOPMENT

-,,-,TOTHER

Doi: *on Top of Coash;•%# ,_-
WELL CONSTRUCTION WELL DEVELOPMENT

TYPE DESCRIPTION P
ODE* _ _ _ _ _ __ _ _ _ _

•" 'r A--4/7

COMMENTS:_

* .h Fks S es • - Iraw P
")II t h fro m• er ou ft e rw f a c



Well Detail Report for: MON01 0651 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MON01) Elev Depth

LOCATION CODE: 0651 TOP GRAVEL PACK: 4767.64 17.00

DECOMMISSIONED: No BOTTOM GRAVEL PACK:' 4702.64 82.00

DAMAGED: No TOP OF SCREEN: 4764.64 20.00

TOC ELEVATION: 4787.88 BOTTOM OF SCREEN: 4704.64 80.00

SURFACE ELEVATION: 4784.64 GRAVEL PACK LENGTH: 65.0

BOTTOM ELEVATION: 4702.64 SCREEN LENGTH: 60.0

TOTAL DEPTH: 82.00 CASING LENGTH: 85.24

ZONE OF COMPLETION: ALLUVIUM CASING DIAMETER (in.): 4

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4784.64 0.00 4742.64 42.00 POORLY SAND, some silt, fine to medium, nonplastic,
GRADED SANDS It.reddish brown.

4742.64 42.00 4740.64 44.00 CLAYS ALLUVIUM: SANDY CLAY, low plasticity, tan.

4740.64 44.00 4714.64 70.00 POORLY EOLIAN: SAND, some'silt,ýfine to medium,
GRADED SANDS nonplastic, It.reddish brown.

4714.64 70.00 4702.64 82.00 CLAYS ALLUVIUM: SANDY CLAY, low plasticity, tan
to It. brown.TD AT 82 FEET.

I
I
I
i
I
I
I
I
I
I
I
I
I
I
U
I
I
i
i

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



I

[ JACOBS ENGINEERING GROUP INC.ADVANCED SYSTEMS DIVISION, ALOUQUEI41UE OPERATIONS

BOREHOLE LOG (SOIL) Page.L ofit

a
LOCATION MAP:

It-

SITE ID: .-.... / LOCATION ID: 4rAZ
SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):_
DRILLING METHOD: ,
DRILLING CONTR.: j'1,, -,//, t.

DATE STARTED:
DATE COMPLETED:
FIELD REP.: __-__ __

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION I

0 %ý -zr6lrj &I -,< I/ lolp.ý
A.fol 'roe'- Pik' -P

-"" f- I. W
WW WSLOWS w

DEPTH ' . Z- UsCs VISUAL CLASSIFICATIONDET Eu.o ;> i PER 6 In.
- - - - - -,oz w a I !>1

• M EMNENTS: -" - -SAMPLE TYPE
A - Auger cuttings

S - 2 0.0., 1.38" I.D. drive sample
U - 3 O.D. 2.42" I.D. tube sample
T - 3 .D. thin-walled Shelby tube

JEG-AL-ENG-2S (4/85)



[J)ACOBS ENGINEERING GROUP INC.
ADVANCED SYSTIMS DIVISION, ALSUQUEIUI OPERATIONS

BOREHOLE LOG (SOIL) Page L of 2

LOCATION MAP: A SITE ID: Aow - 1 / LOCATION ID:
SITE COORDINATES (ft.):
N _ E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD:___ ______
DRILLING CONTR.: '''- ., C.
DATE STARTED:
DATE COMPLETED:
FIELD REP.: ___ _ ,__ __ __ __ ,, __,_.__

I
I
I
I
I
I

l

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION I

- - BLOWS

DEPTH 0', ID PER 6 In. Z j USCS VISUAL CLASSIFICATION
'0el- m D

-E -•- 1- - _ _ ~''~ 1  ~r ~

__ _ _ __ _

_ _ __ _ vi' i '

U
I
I
I
U
I
I
I
I
I

~Ik~~4-e/ £~' /
r--

COMMENTS: _ SAMPLE TYPE
A - Auger cuttings

- 2' O.D. 1.38' I.D. drive sample
U - 3' O.D. ý.42" I.D. tube sample

T - 3" O.D. thi.-welled Shelby tube

-I
I
IJEG-AL-ENG-2S (4/85)



Z JACOBS EMERNG GROUP WC.ADVAkIED SYT|M$ DIVISION. ALDUSUIMUE OPIRATIONS

WELL COMPLETION RECORD

SITE ID: An,- / LOCATION ID: (9J2, DATE INSTALLED: ?/-/,07

APPROX. SITE COORDINATES:(FT.) N E

OPEN AREA PER LINEAL FT. (IN 2/FT.)

FORMATION OF COMPLETION:-- 4iA~, M/1J7

FIELD REP.: DRILLER: A,&',,, m-, 
_7

WELL CASING
DIAMETER (in)

WELL .CASING
TYPE

HOLE DIAMETER (In) 7

GROUND SURFACE
a'Jr M

SEAL
TYPE

L
SEAL
ENGTH
(ft)

qr"^V & II

1CASINGS
LENGTIN

(ft)

FILTER
PACK
TYPE

ii1 Ye B

- r"K ollf ,7
;ýLENGTH
(f(f t )

COMMENTS:

_oces_ A I _:Cwn-!b -(1.% 1611



N1HOLE -ONST I Go• OG o-
ISORENOLE/WELL -CONS TRUCTION LOG I I

mITE ID: ,d•z.g-LOCATION 1D: ..' . FIELD REP: ei e., .. C

PPRtOX. SITE COORDINATtS (FT.): I I I_

GROUND ELEVATION (FT. SL): -COMPLETION DATE: % '. I
BOREHOLE SUMMARY CONSTRUCTION TIME LOG

SITART
DRILLER: ,-- . ,ACTIVITY END

IG TYPE: • ',gr., . - 4,DATE TIME TIME

IIT &m j .D DRILLING ?/,/" ,O'BIT TYPE TYP•E

!ASING p /04 ,

CASING SUMMARY FILTER PACK •/.,

TI AN61 DESCRIPTION EPTN
-Y EAL ( /;'3,

'" .P- BACKFILL ,/oo

,...,' -DEVELOPMENT

-. THEfR

iP-fttree Sw~efIc~N 'Iw-l On Op.flI- ebbs

WELL CONSTRUCTION WELL DEVELOPMENT

TYPE DESCRIPTION,'
ODE __

... Im a t $ - oa ", II' I s h. ..

0. IIo frmIodO fc

-t 1

a.lp•te ru¢klc

I
I
U
U
I
I
I
I

I
I
I
I
I
I
I
I
I



Well Detail Report for: MON01 0652 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MON01) Elev Depth

LOCATION CODE: 0652 TOP GRAVEL PACK: 4775.54 30.00

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4749.54 56.00

DAMAGED: No TOP OF SCREEN: 4771.54 34.00

TOC ELEVATION: 4808.93 BOTTOM OF SCREEN: 4751.54 54.00

SURFACE ELEVATION: 4805.54 GRAVEL PACK LENGTH: 26.0

BOTTOM ELEVATION: 4749.54 SCREEN LENGTH: 20.0

TOTAL DEPTH: 56.00 CASING LENGTH: 61.390

ZONE OF COMPLETION: ALLUVIUM CASING DIAMETER (in.): 4

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4805.54 0.00 4749.54 56.00 POORLY SAND, some silt, fine to medium, nonplastic,
GRADED SANDS It.reddish brown.EOLIAN,Continued.

4749.54 56.00 4747.54 58.00 POORLY SHINARUMP MEM., CHINLE FM.:
GRADED SANDS SANDSTONE, soft, It. red.TD AT 58 FEET.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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r AjF JACOBS ENGINEERING GROUP INC.ADVANCED SYSTEMS DIVISION. ALSUGUIEQUR OPERATIONS

BOREHOLE LOG (ROCK) Pageiof I

LOCATION MAP: O Aw SITE ID: /LA4 J LOCATION ID: _ -___
SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSL):
I',=. i nEU.. IV 'r- ,r . 7I /A,.J ( u-

0I

DRILLING CONTR.:~~
DATE STARTED: Senf-. 2-C
DATE COMPLETED:
FIELD REP.:

,WA ý/

gs-

I4

GROUNDWATER LEVELS

I

LOCATION DESCRIPTION
SITE CONDITION

DATETIMEDEPTH (ft.)

-SA 1,J h,

ROCK TYPE & REMARKS

,5e/; Dql- ýUL.DA~ LJA

S- 7~ Alet

g Oel' - CA1.9 Z 47'~

COMMENTS:
9 OR 1P.0 OfmL -I"'~.

9 1/2 4iOtLOV/ STE&0 AUJGER

C - 4 112 CON1IhUOLJS FLIG.-l AUGt&

14k - all MOCK CoAI1kG

NO - NO0 WIRELIkIE ACC.I C00I...,

,IEG-AL-ENG-2A (4/85)



ADVANCI SYSlIOlS WfVll1l ALR&DOMIGIUI OPiUAIlONS

WELL COMPLETION RECORD-

SITE ID: _______ LOCATION ID: _ "_ DATE INSTALLED:.9 i''5
APPROX. SITE COORDINATES: (FT.) N E__

OPEN AREA PER LINEAL FT. (IN 2 /FT.)

IFORMATION OF COMPLETION: . "L,/C $..,iZZ (')/)I iP!tri -atp • •. flZ, //•"- n.m, , . ~. €*/) •+e,,,A' 1•

I
I
i

I

I
I

FIEN n -IREP I i lilt/ n i ii Ikl ill It1 . i

WELL CASING r
DIAMETER (In)0

HOLE DIAMETER (in) E
GROUND SUP

WELL CASING
TYPE

I

IT. ABOVE
!ROUND (ft)

g/i 4 ~

/

C

SEAL
TYPE

TOTAL
DEPTH

(it)

LENGTI
(ft)

FILTER
PACK
TYPE

FILTER
PAC K

LENGTH
(it)

CASING
LENGTH

( it)

I
I

I
I
I
I
I
I
l

,N

- &

COMMENTS: I
IJEG-AL-ENQ-3 (3/44)



Well Detail Report for: MON01 0653 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON01)

0653 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4837.08 BOTTOM OF SCREEN:

•4834.26 GRAVEL PACK LENGTH:

4756.26 SCREEN LENGTH:

78.00 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev Depth

.0 4834.26

0 4834.26

4778.26 56.00

4758.26 76.00

0.0

20.0

80.82

4

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4834.26 0.00 4756.26 78.00 POORLY SAND, some silt, It. reddish brown.Note:
GRADED SANDS undifferentiated to total depth.EOLIAN

DEPOSITS, continued.TD AT 78 FEET.Note:
Caving badly to TD.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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I
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I
I
I
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I JACOBS ENGNERINGGROUP INC•ADVANCID SYSTEMS DIVISION, ALSIEUIQUENIU OPERATIONS

BOREHOLE LOG (SOIL) Page.Lof -7

LOCATION MAP: AIN

I

SITE ID: AW• 6 LOCATION ID: .Zf'N
SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. MSUL):_ _ _
DRILLING METHOD: _A__-_"_v

DRILLING CONTR.: 'n .nf K A,
DATE STARTED: 4/p -/c
DATE COMPLETED: • I/
FIELD REP.: Z_ , _,_ _ _ _ _ _

.,I I
LT f9w (yo

GROUNDWATER LEVELS]

DATE TIME DEPTH (ft.)

______________ ______________ ______________I
LOCATION DESCRIPTION
SITE CONDITION Z-+,/7

;5' )47) 1 A/it / /..•.#
1'0ýe'/

-1 If Z i SC

. Pit -Am ~

COMMENTS:__ SAMPLE TYPE
A - Auger cuttings
S - 2' O.D. 1.38 aD. drive sampk4
U - 3* 0.0. 2.42" I.D. tube sample
T - 3' O.D. thirr-walled Shelby tube

.JEG-AL-ENG-2S "(4185)



IJACOBS ENGINEERING GROUP INC.
ADVANCED SYSTEMS DIVISION, ALSUOU|E10UE OPERATIONS

BOREHOLE LOG (SOIL) Page.2of _Z.

.OCATION MAP: -SITE ID: A- 0--/.- LOCATION ID: .'J"...
SITE COORDINATES (ft.):
N _ E
GROUND ELEVATION (ft. M•,L):-
DRILLING METHOD:
DRILLING CONTR.: /5.
DATE STARTED:
DATE COMPLETED:
FIELD REP.: Alf. -, _ _ _ __'

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE'CONDITION

- w SLOWS
&Cw A.

DEPTH . • 2 2 ID PER 6 In. i USCS VISUAL CLASSIFICATION

COMMENTS:__________________________ SAMPLE TYPE
i ~A - Auger c~uttings

S - 2s .D. ¶.38° 1.. rive s-mIle

* U- 3" 0.0. 2.42" 1.0. tube safv•I X - 3 0.0. thcn-wlled Shelby tube

•~o lo.op

!I
II

I
II
I'

I
I
I
I
I
I
I
I

I

JEG-AL-ENG-2S (4/85)



U
i

--- JCOBS ENGINEERING GROUP INC.ADVANCED SYSTEMS DIVISION, ALBUQUERIUE OPERATIONS

BOREHOLE LOG (SOIL) Page Iof J!
U

LOCATION MAP: A

(

SITE ID: &" -,Of LOCATION ID: ft,.- .
SITE COORDINATES (ft.):
N E
GROUND ELEVATION (ft. 0:
DRILLING METHOD:_ __ _ _
DRILLING CONTR.: £,,.- ' . .
DATE STARTED:
DATE COMPLETED: " 5F
FIELD REP.: __ _-,_ _ __- __.._

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

UD• - WW I BLOWS w
DEPTH z ý -- J USC8 VISUAL CLASSIFICATION

DEPT ID PER 6 In.Z jse

/

LLL I

COMMENTS:SAPETE

T - 3* 0.0. thirn-walled Shelby tube

JEG-AL-ENG-2S (4/85)



~E JACOBS ~G~EERHG GROUP HC.

ADVANCED SYSIMIS DMVISION. ALBUSU|INIU OPINATKS

WELL COMPLETION RECORD

BITE ID: -/ LOCATION ID: 4W"y DATE INSTALLED:.../ /,2&'

APPROX. SITE COORDINATES: (FT.) N

OPEN AREA PER LINEAL FT. (IN 2 /FT.)

FORMATION OF COMPLETION:

E

DRILLER: •'t-,4q 1 CFIELD REP.:

WI
DI

HOLE DI

TOTAL

DEPTH S
(fC ET

COMMENTS:

AMETER (I)0 2'f/

I
II
I
I
I
U
U
I
I
I
I
I
I
I
I
U
I
I
I



U
U

SOREHOLE/WELL CONSTRUCTION LOG

SITE ID:~ o LOCATION ID: e........ FIELD REP: ~ i
APPR OX. SITE COORDINAMt (FT.): N__________
GROUND ELEVATION_(FT. USL): COMPLETION DATE:-?~/~

BORE-HOLE SUMMARY CONSTRUCTION TIME LOG

DRILLER: '~egg 0459" 4o" ACTIVITY START END

RIG TYPE: -DATE 
TIME TIME

OLE ND 0 FUI DRILLING ~/ ?
5.17 TYPE PTYPE

2 f.~

CASING

- ~CASING SUMMARY - ITRPK

CASIN DESCRIPTION DAEN
TYPE 0 (in.) D P

10" ~~~~BACKFILL 747 -c ý/

- DEVELOPMENT

Prect *N opo *co.eme -.

WELL CONSTRUCTION WELL DEVELOPMENT

YPE DESCRIPTION H

__________________COMMENTS:___________

te "Pitt bffi womd S~awlce
-mrim-Al -Orgill-I (0/124) ,



Well Detail Report for: MON01 0654 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE: MO

LOCATION CODE: 06,r

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 4E

SURFACE ELEVATION: .4E

BOTTOM ELEVATION: 4-

.TOTAL DEPTH: 7

ZONE OF COMPLETION: ALl

INUMENT VALLEY (N~

~24.36

2 1.61

p42.61

9.00

LLUVIUM

ION0l)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

4770.61

4742.61

4764.61

4744 .61

28.0

20.0

81.75

4

Depth

51.00

79.00

57.00

77.00

Lithology Details

TOP BOTTOM USCS
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4821.61 0.00 4742.61 79.00 POORLY SAND, some silt, It. reddish brown.Note:
GRADED SANDS undifferentiated to total depth.EOLIAN

- DEPOSITS, continued.TD AT 79 FEET.Note:
Caving badly to TD.

I
I
I
I
I
I
U
I
I
I
I
I
I
I
I
I
I
I
I

Note: Depths are feet bellow ground surface and elevations are feet above Mean Sea Level.



FIJACOCS ENGINEERING GROUP INC.JEADVANCED SYSTEMS DIVISION. ALSIJQUERQUE OPERATIONS

BOREHOLE LOG (ROCK)

,TON MAP.

I, 5G

f 01 (6

SITE ID: 1..AQAL.. -LOCATION
SITE COORDINATES (ft.):
N___ ___ E

Pagelof ~

ID: ;55

GROUND ELEVATION (ft. MSL):_______
DRILLING METHOD: R v 4AA/ (dle ,

DRILLING CONTR.: 21A'7 3ernl,,AA
DATE STARTED: eot, / 2_ /JP*
DATE COMPLETED: Voe'pt 12-, &F1's

FIELD REP.: ____ _ !__ ___ ____ ____ ___

GROUNDWATER LEVELS
DATETM DEPTH (ft.)

dl ,,AýAl 7ýF/,vG• £ovle *, '/ M,,,4'r-LOCATION DESCRIPTION
IAJ

C, . - .2 Ee. ;-
00 w- 0 Z_ o

X - ' -c6
z l 040 2o U ~ 0'= ROCK TYPE REMARKS

0~- o 3,:

-~~~~~~.-4 -d -- - - e '-cc'f A /

COMMENTS: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

No- NO woEALIkE A0Cr C0Plft'

I
U
I - JEG-AL-ENG-2A (4/8 5)



JEf4kI WsfBS Bc4KG ROP f~C.
ADVANC90IDSITIMS DNISI10. AL£ 6INUEUI O"RA"ONS

WELL COMPLETION RECORD

SITE ID:.. LOCATION ID: DATE INSTALLED: 12-9'S

APPROX. SITE COORDINATES:C(FT.) N ________E _______

OPEN AREA .PER LINEAL FT. (1N2/FT.)
FORMATION OF COMPLETION:- 0

FIELD-REP.: 0_ 12;11_4______ DRILLIEdK

zvkr

3, 'RE ,WAAI
WELL CASING
DIAMEFTER (in)

HOLE DIAMETER (n

GROUND S

- WELL CASING'VC TYPE

I

I
I
U
I
I
I
I
I
U
I
I
I
I
U
I
I

'r f¶A I
I

ICASINGLENGTH
(ft0

I
COMMENTS:

I
IJEG-AL-ENG-3 (3/84)



I
U

I
JAC= MWBM GPW~N INO~ C.
ADVANCED sysTEMS DNvi5Io*, imLSUUEE @ptlATIOW

WELL COMPLETION RECORD

SITE ID:J LOCATION ID: ______DATE INSTALLED:____

APPROX. SITE COORDINATES: (FT.) N ________E_________

OPEN AREA -PER LINEAL FT. CIN 2 IFT.)-

FORMATION OF COMPLETION: Q1''_,GA4XA-V -k ' 4aA ~?'

FIELD -REP.: DRILLER: 18. eA4

HOLE

TOTA L
DEPTH

0 0)

COMMENTS:

JEG-AL-ENO-3 (3/04)



Well Detail Report for: MON01 0655 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

-SITE: MONUMENT VALLEY (MON0l) Elev Depth

LOCATION CODE: 0655 TOP GRAVEL PACK: 4823.9 35.00

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4798.9 60.00

DAMAGED: No TOP OF SCREEN: 4820.9 38.00

TOC ELEVATION: 4862.06 BOTTOM OF SCREEN: 4800.9 5.8.00

SURFACE ELEVATION: 4858.9 GRAVEL PACK LENGTH: 25.0

BOTTOM ELEVATION: 4798.9 SCREEN LENGTH:. 20.0

TOTAL DEPTH: 60.00 CASING LENGTH: 63.16

ZONE OF COMPLETION: ALLUVIUM CASI NG DIAMETER (in.): 4

Lithology Detail

TOP BOTTOM uscs
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4858.9 0.00 4798.9 60.00 POORLY SAND, some silt, It. reddish brown.Note:
GRADED SANDS undifferentiated to total depth.EOLIAN

DEPOSITS, continued.TD AT 60 FEET.Note:
Caving badly to TD.
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Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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E JACOBS ENGINEERING GRO UP INC.RE ADVANCED SYSTEMS DIVISIONALOUQUI Doug OPERATIONS

BOREHOLE LOG (ROCK) Page _/01 I

TIONI MAP: /~
I,

~• 9'F-~ -
44

-- - -

II

'I

(fhP3

4.
'I

I'

- ---- ;------

SITE ID: -N W LOCATION ID:
SITE COORDINATES (ft.):

____ 
__ E __ _

%ROUND ELEVATION (ft. MSL):
DRILLING METHOD: Afg~r.Jd (tfluh'
DRILLING CONTR.: ne L 1Bee'mnA W
DATE STARTED: &_,. 2. / 1 •
DATE COMPLETED: 1-"Akr
FIELD REP.: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

GROUNDWATERLEVELS
DATE -IEDEPTH (it.)

I

LOCATION DESCRIPTION
SITE CONDITION C--.Ic ft -1.J~Ir- _TA,0 b r,&J V _'J~ IV,4 //-%J~

=z z

z*- ~ ~ROCK TYPE A REMARKS

~C z

-q S sOFO S4AJ

-------------------- --- A Dcbs 7iowu S'1 CtS
------------ - 4 i# s

M4L) d7cr,& rSJo

COMMENTS: aue

wx- lot flock COMING
'O-NO WIRILINE ROCCV COD'h'r.

JEG-AL-ENG-2A (4/85)



UJ 14CM BMGt8N GvOU INC.EADVANCID SYSTMS DIV1610k. ALIMUMUEl OIEATIOWS

WELL COMPLETION RECORD

SITE ID:_____ LOCATION ID: _ ____DATE INSTALLED:____
APPROX. SITE COORDINATES:C(FT.) N ________E _______

OPEN AREA -PER LINEAL FT. CIN 2 IFT.)
IFORMATION OF COMPLETION:
FIELD -REP.-

WELL CASING'F
DIAME1TER (in) Li"

KI IJA A.ýA.--' I" 2).VA,16-

DRILLER: ~-j~ 
3 e~,nAAY

HOLE

I

I
I

II

I
I
I
I
I
I
I
I
I
I
I
I
I
I

TO0TA L
DEPTH

(f 0)

COMMENTS:

JEG-AL-EIIG-3 (3/84)



Well Detail Report for:, MON01 0656 516/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:,

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY(!

0656

No

No

4856.33

4853.48

4793.48

60.00

ALLUVIUM

AONQ1)

.TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

4816.48

4791.48

4815.48

4795.48

25.0

20.0

62.85

4

Depth

37.00

62.00

38.00

58.00,

Lithology Details

TOP BOTTOM uscs
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4853.48 0.00 4793.48 60.00 POORLY' SAND, some silt, It.'reddish brown.Note:
GRADED SANDS undifferentiated to total depth.EOLIAN

DEPOSITS, continued.TD AT 60 FEET.Note:
Caving badly to TD.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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- -JACOBS ENGINEERIN G-ROUP -INC .
ADVANCED SYSTEMS DIVISION. ALBUSUDINUI OPIEATIONS

BOREHOLE LOG (ROCK) Page! of!3

,..OCATIONiMAP: A\ U SITE ID:..ŽZe.Al..-...-LOCATION ID: (5
SITE COORDINATES (ft.):
N _ _ _ _ _ E

GROUND ELEVATION (ft. MS___________
DRILLING METHOD: RV A 71 f0,7b~
DRILLING CONTR.: RgAi Uck;,g
DATE STARTED: __________________

DATE COMPLETED: Sfrbf, !Z' dl -
FIELD REP.: - rZ M; W6 -

DATETM DEPTH (ft.)

A/Lc' tA e / 11c .4 , L eq e,LOCATION DESCRIPTION
SITE CONDITION

r
f - I

- I a-

:z cc -

-0g 2 0 w 0 - .-

M c - z 3 .

-o z c ROCK TYPE & REMARKS

A z.

R e~/ - b! is h 6 -7o C4,rr6 zyST.ve9IrAV

~~X Af bA/ W/J

-- A - - ,S L4V

#S q 6 0 vse

3035 ' decerosr IA'l O'7

f0,/ h6ec-4L)s( S~qpj> A'J'a crl6 0

SoCA)

COMMENTS: _TrdL?% A107' S~,iY/ 8N D'd l-74
94 6 12 94CLLOV. Slim LUGIA

4J /7 WD -To T~a2I,- S-&ew~pC - 11 Cow~iltiJouS LIJG-T LiO(&

IA) '~ / 30SA4AO d5 ~ V6~Ge - ClAft all

od.R -fo ROCK COpihr.
NO0 - NO WIRESIkIE rOCI CO0Dp."

JEG-AL-ENG-2A (4/85)



]JJACOBS ENGINEERING GROUP INC.EADVANCED SYSTEMS DIVISION. ALIIDOUEIliUE OPERATIONS

BOREHOLE LOG (ROCK)

I
Page 2: 01

LOCATION MAP: A SITE -I* RA-LOCATION ID. _____

SITE COORDINATES (ft.):
N _ _ _ _ _ E _ _ _ _ _

GROUND ELEVATION (ft. MSL):_______
,oii I IM M U1`4no) -Ard r7b

DRILLING CONTR.:-
DATE STARTED:......
DATE COMPLETED:-
FIELD REP.: __......

VI- tlR9l-llAAf

sd £.a14Q1•
. jmwrý

*GROUNDWATER LEVELS
DAT TIME DEPTH (tt.)

eZL 7 tl Id 7LA,,1',6S f-~h; /~-
.~ 

I-~.LOCATION DESCRIPTION
,SITE CONDITION Q Id 

r-111
IC "rpt'

.0 t

.4 6 ROCK TYPE £REMARKS

OF ow. Z ,

.45- 
70 /

L~~~s'S. Are l /jbbb

-7 -- -0 -~r - - - -fU A5k mebimm

- -- - - - - - / ~n~1.'ir f,.JE jrrA 6

---------- Ca4rSvC SA~ It-Ave/

1,-5 -fAE A

(,f-l,~J& 7ý RpcA rr

COMM NTS -* 112 #.OLLOW s~IEW AUGE 7
C -d 112 COt4¶UNuOuS Fa.IGM¶ A.Gll,

NX- NX NocpK CORING
NO- NiO WIRELIkE ROVC:.v FJ

I
I
I
I
I
I
I
I
I
I
I
I
U
I
I
I
I
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-i JACOBS ENGINEERING GROUP INC.'
ADVANCED SYTilMS DIVISIOM. ALSBUQINBUI OPERAIIONS

BOREHOLE LOG (ROCK)f

LOCATION MAP: It
N SITE ID: ... ŽlgeAl -... LOCATION

SITE COORDINATES 0ft.:
N _ _ _ _ E _

Page.2 01 -

ID: ý 7

GROUND ELEVATION
DRILLING METHOD:..
DRILLING CONTR.:-
DATE- STARTED:...
DATE COMPLETED:.
FIELD REP.:

A 1% 1 .# ýQ^

(ft. MSL):_________

-cd-At-. cl )go<-
4~ 5tiedn

GROUNDWATER LEVELS
DATETM DEPTH (It.)

LOCATION DESCRIPTION
SITE CONDITION

,Jktyth vOf , 1W f'i /,,,v q s T); A-
c. f-i-- VA j *r---. 1014 ..- I

- 3-
z Ccq z 1

a. ~ W a. II CROCK TYPE & REMARKS

0

I-IV,
/2i'-35 Z4rcm97w I's ( Am/Cl 7j Cse fro

-- I q /o -sTl>:s

-6 - &FA -BIT -

- -- --- ROC CORING

-------- -------- -------- -/frJCf

JEG-AL-ENG-2A (4185)



EI 44CMB M-NESG GROUP INC.'-ADVAMID SYSTEMS DIVISS1f. &LWOINQIDEU "RIATlWS

WELL COMPLETION RECORD

SITE ID: A/NOW LOCATION IV: -.1065.7__ DATE IN STALLED:- 9*5-'
APPROX. SITE COORD.INATES:(FT.) N ______ _Eý

OPEN AREA *PER LINEAL FT. (IN 2/FT.)
FORMATION OF- COMPLETION: ?Ce/5./'fe
FIELD -REP.: ' 7// DRILLER:2?&

o7,c ('vtki Fm.
1"AAJ

WELL CASINGr
DIAMETER 00E)

HOLE DIAMETER (in)1i7

GROUND SUP

SEAL___
TYPE

LENGTH

)TA L
~PTH
f t)

ELCASING
i We- 1WTYPE

3
U

I
I
I
U
I
I
I
I
I
U
I
I
I
I
I
I
I

7 C
FT777CASING

LENGTH
(f (t)

COMMENTS:

JEG-AL-ENG-3 (3/84)



Well Detail Report for: MONO01 0657 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE: MO

LOCATION CODE: 065

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 4E

SURFACE ELEVATION: 4E

BOTTOM ELEVATION: 4 -

TOTAL DEPTH: 14

ZONE OF COMPLETION: DE'

~NUMENT VALLEY (MON0l)

7 TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

~78.99 BOTTOM OF SCREEN:

~76.58 GRAVEL PACK LENGTH:

p36.58 SCREEN LENGTH:

0.00 CASING LENGTH:

CHELLEY CASING DIAMETER (in.):

Elev

4758.58

4738.58

4755.58

4740.58

20.0

15.0

140.41

4

Depth

118.00

138.00

121.00

136.00

MEMBER OF THE
CUTLER FORMATION

Lithology Details

TOP BOTTOM USCS.
Elev Depth Elev Depth DESCRIPTION

4876.58 0.00 4871.58 5.00 POORLY
GRADED SANDS

4871.58 5.00 4866.58 10.00 WELL GRADED
SANDS

4866.58 10.00 .4856.18 20.40 SANDSTONE

LITHOLOGY DESCRIPTION

SAND, some silt, It. reddish brown.Note:
undifferentiated to total depth.

ALLUVIUM: GRAVELLY SAND, medium to
coarse sand, with finegravel, It. reddish brown.

EOLIAN: SAND, some silt, It. reddish
brown.Note: Occasional pebbles indicating some
lenses of reworkedalluvial deposits from 20 to 35
feet

4856.18 20.40. 4836.58 40.00 POORLY
GRADED SANDS

4836.58 40.00 4776.58 100.00 WELL GRADED
SANDS

4776.58 100.00 4771.58

4771.58 105.00 4766.58

4766.58 110.00 4756.58

105.00

ALLUVIUM: GRAVELLY SAND, with interbeds
of eolian sand, tan.EOLIAN DEPOSITS,
continued.

SANDY GRAVEL, coarse sand.ALLUVIUM,
continued.

EOLIAN: SAND, fine to medium, It. reddish
brown.

ALLUVIUM: SANDY GRAVEL, with fragments
of Moenkopi Formation.

110.00 POORLY
GRADED SANDS

120.00

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



Well Detail Report for: MON01 0657 5/6/99

TOP BOTTOM uscs
Elev . Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4756.58 120.00 4736.58 140.00 POORLY DeCHELLY SANDSTONE MEM., CUTLER FMV.
GRADED SANDS SANDSTONE, It. brn to med. reddish brown.TD

AT 140 FEET.

I
II

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet above Mean'Sea Level.



-JACOBS ENGINEERING GROUP INC. .LEADVANCED $Y STEMS DIVISION. ALBUQUO1UEW OPESATIONS

BOREHOLE LOG (ROCK Page-Zot L

'ION M P A

I If
- I

SITE ID: ...JfrL LOCATION ID:_____
.SITE COORDINATES (ft.):
N__ __ _ E_ _ _ _ _

GROUND ELEVATION (ft. MSL):_______
ME) I IbtJ_ T"j~ru me 7A q ri yl,,

DRILLING CONTR.:-
DATE STARTED:......
DATE COMPLETED :-
FIELD REP.:-___

&L
1

_0Aep1Ai~___ ____

SL-Iof- ZT-. lqrs-

jzIC s

GROUNDWATER LEVELS
DATETM DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

,s,-. I/ 67h e, 7/)4 e,,/r
,Pf- r'd fj > -I/v-1 iq -,Sý

z g-0 z

2.- T - ROCK TYPE A REMARKS
c, :4 z0:

1z 0 ,,

414ýA~ bbfIC SR0Z'

A/ A O/I.J

S77)

-~~~5 / -/, -------- P6Z'/ r1 o

15- If -ý, 0-f~./e Mp/cvo F, Ruis .y

CC9/ 7MErn/9TS5-5-

T cic. OL- 112 MOLLOW S7110 AU GE$

c - 112 CONTINUOUS FLIG14T AUGIr.

asOMMENAR oil
I
I JE G-AL-ENG-2A (4/85)



FIJACOBS .84GNtNG GROLP INC.
ADVANCED SYSTEMS DEVISIlft. &LSUUIMUI OP1UA

WELL COMPLETION RECORD

SITE IDiý6- LOCATION ID:--" 6-57 DATE II
APPROX. SITE COORDINATES.-(FT.; N ________E

OPEN AREA .PER LINEAL FT. C1N21FT.)

I FORMATION OF COMPLETION: S½h1A)oR&E"*7P ss m,6

FIELD -REP.: D C LJ4

WELL CASING
DIAMEJER(in

.~wS

NSTALLED: ____

,ýee 4 #l,V7,Oq) (/zkA

I
I
I
I
I
I

WELL CASING
TYPE

HOLE DIAMETER (in)~

GROUND SURFACE

SEAL

'I
I
I
I
I
U
I

SEAL
LENGIrH

(ft)

TO0TA L
DEPTH

V t)

FIL
PA

CASING
LL~~JLENGTH

(0t)

.TER
1CK

F ILT ER
PAC K

LENGTH
(f )

I
I
UCOM MtNTS:

JEG-AL-ENG-3 (3/84)
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Well Detail Report for: MON0 1 0658 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE: MO

LOCATION CODE: 065

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATI ON: 48

SURFACE ELEVATION: 48

BOTTOM ELEVATION: 47

TOTAL DEPTH: 16

ZONE OF COMPLETION: SHI
ME
CHI

NUMENT VALLEY (MON01)

8

~79.96

177.03

'12.03

5.00

NARUIMP
MBER OF THE
INLE FORMATION

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING. DIAMETER (in.):

Elev

4755.03

4712.03

4742.03

4722.03

43.0

20.0

159.93

4

Depth

122.00

165.00

135.00

155.00

Lithology Details

TOP
Elev Depth

4877.03 0.00

BOTTOM
Elev Depth

4787.03 90.00

uScS
DESCRIPTION

POORLY
GRADED SANDS

4787.03 90.00 4720.03 157.00 POORLY
GRADED SANDS

4720.03 157.00 4712.03 165.00 SILTS & FINE
SANDS

LITHOLOGY DESCRIPTION

SAND, medium to fine, little silt, reddish
brown.Note: Undifferentiated dune deposits to 90
feet.EOLIAN DEPOSITS, Continued.

SHINARUMP MEM., CHINLE FM.:SHINARUMP
MEM., Continued.

MOENKOPI FM. SILTSTONE, altered, bluish
grey.Note: Color change to reddish brown.TD AT
165 FEET.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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r--JACOBS ENGINEERING GROUP INC.IJE ADVANCED SYSTEMS DI 'VISION. ALBUQUERQUE OPERATIONS

BOREHOLE LOG (ROCK)r Page 2ot I.

LOCATION MAP: A SITE ID Mk-LOCATION ID: _______

SITE COORDINATES (ft.:
N _ _ _ _ _ E

N

*0-ITIZ,

S.-

GROUND ELEVATION
DRILLING METHOD:..
DRILLING CONTR.:-
DATE STARTED:...
DATE COMPLETED:-
FIELD REP.:

-rc,07,, 10. j 9 xr
S4.2,/ 21

(ft. MSL):
,ee 7L 011f 7v

GROUNDWATERLEVELS
DATE TIME D EPrTH (ft1.)

LOCATION DESCRIPTION
SITE CONDITION

Me Y7'/- 07" /,;~5<1 nI
S,.#7' Q ~.A) -, (-' , C

z 1, -0c& I

=- -C 'd - ROCK TYPE &REMARKS
IL c 6;11w 5- I z 0
& a. a ; 10 - 0 w

w ~ ~Q

o.( o

~~7C

- 57"L/)q r / Z" LI/p

- ----- ---- -- ~ 77D

-~h No -IELN -O~ -- - - - e-C, 1 t-sJ

JEG-AL-ENG-2A (4/85)



I

140=8c~rB&4GGROUP t4C.
£DVAMCW S~lUS DrVI8I0k AL"ifUUIU PIIAT1@dl

WELL COMPLETION RECORD

SITE ID:....•Ale..... LOCATION ID: -~69 DATE INSTALL.E D:.
APPROX. SITE COORDINATES: (FT.) N ________E_________

OPEN AREA-PER LINEAL FT. C1N2/FT.)
IFORMATION OF COMPLETION:-- )L' A~.O (X/
FIELD -REP.:-

WI
-DI

HOLE DlI

TO0TA L
DEPTH

(If)
110

COMMENTS:

I_

DHILLER: a. 9&0__~,nl4i

~LL CASING
AME1TER (in)j

W~ETER (in)j~

GROUND SURFACE

U
I
I
I
I
I
I
I
I
I
I
U
U
I
I
I
U
I
I

Ito

JEG-AL-ENOI-3 (3/44)



Well Detail Report for: MONO01 0659 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MO

LOCATION CODE: 065

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 48

SURFACE ELEVATION: 48

BOTTOM ELEVATION: 47

TOTAL DEPTH: 11

ZONE OF COMPLETION: SHI

NUMENT VALLEY (MON0l)

9 TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP'OF SCREEN:

164.97 BOTTOM OF SCREEN:

161.72 GRAVEL PACK LENGTH:

'51.72 SCREEN LENGTH:

0.00 CASING LENGTH:

NARUMP CASING DIAMETER (in.):
MBER OF THE
INLE FORMATION

Elev

4779.72

4752.72

4774.72

4754.72

27.0

20.0

112.25

4

Depth

82.00

109.00

87.00

107.00

Lithology Details

TOP

Elev Depth

4861.72 0.00

4813.72 48.00

BOTTOM

Elev Depth

4813.72 48.00

UsSC
DESCRIPTION

POORLY
GRADED SANDS

LITHOLOGY DESCRIPTION

SAND, medium to fine, little silt, reddish
brown.Note: Undifferentiated dune deposits to 90
feet.

SHINARUMP MEM., CHINLE FM.:
SANDSTONE, medium to coarse, occasional
conglomeriticstratum, white with limonite
stains.SHINARUMP MEM., Continued.TD AT 110
FEET.

4751.72 110.00 WELL GRADED
SANDS

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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AJACOBS ENGINEERING GROUP INC.
ADVANCED SYSTEM'S DIVISION. ALIVUSRUEIB OPIUATIONS

BOREHOLE LOG (ROCK) Page 201 L-
LOCATION MAP: A

N SITE- ID: - NO L..- LOCATION ID:
SITE COORDINATES (0t.:
N _ _ _ _ _ E _ _ _ _ _

GROUND ELEVATION
DRILLING METHOD:..
DRILLING CONTR.:-
DATE STARTED:...
DATE COMPLETED:-
FIELD REP.:.........

(ft. MSL):...

leolZ2?)v ;'

A
'p4

GROUNDWATER LEVELS
DATE TIME DEPTH (11.)

N/o y/4 af7jq/;tq Yc p.-* r14;IeLOCATION DESCRIPTION
SITE CONDITION CA IOU 7to

.-o f

- z

z z
z

-o ROCK TYPE & REMARKS

0

go* 5y, S_/ 1-, u,

m Erz'/>Er co 7Ai), r-sciA

---------------- --- (pvs~s;,bc- ch,9VA/CI #7'/)

COMAMEN TS: _____________________________

112 COhYIIHUOUS IrLIG"I AUGIS

C.a- GE AR $17
Ns-os "O61CR OCoolk o .. c

JEG-AL-ENG-2A (4185)



I
JACOBSMMEM4GROUP INC.

ADVANIDO LYTIMUS DIVISION. &LSUe~uifl OPIATIO"S

WELL COMPLETION RECORD

SITE ID:_..~2A.... LOCATION ID: 24_____& _ DATE INSTALLED:.5 ~/'

APPROX. SITE COORDINATES: (FT.) N ________E _______

OPEN AREA PER *LINEAL FT. (IN 21FT.)

FORMATION OF COMPLETION: 0/,A'Ad77, 5s. IVt~lc 0e'f (/,~/efl
FIELD -REP.: DRILLER: ~ /'r~

WL'AIGWELL CASING
DIAMEJER (In)[ TYPWLLCAIN

HOLE DIAMETER (in) 77~

GROUND SURFACEGRUD(t

PACKIL YP

SEAL)

LENGTH 51(n
(ft)

(0It)

COMMENTSR

I'

I
I
I
I
I

'I
I
I
I
I
I
I
I
I
I
1
IJEG-AL-ENG-3 (3/04)



Well De'tail Report for: MON01 0660 51619 9

GENERAL INFORMATION SCREENING INFORMATION

SITE: MO

LOCATION CODE: 06E

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 4ý

SURFACE ELEVATION: 4~

BOTTOM ELEVATION: 4E

ITOTAL DEPTH: 15

ZONE OF COMPLETION: SH

~NUMENT VALLEY (MON0l)

30 TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

336.32 BOTTOM OF SCREEN:

333.55 GRAVEL PACK LENGTH:

378.55 SCREEN LENGTH:

.5.00 CASING LENGTH:,

INARUIMP CASING DIAMETER (in.):
MBER-OF THE
INLE FORMATION

Elev

4709.55

4678.55

4700.55

4680.55

31.0

20.0

157.77

4

Depth

124.00

155.00

133.00

153.00

Lithology Details

TOP

Elev Depth

4833.55 0.00

BOTTOM

Elev Depth

4743.55 90.00

USCS
DESCRIPTION

POORLY
GRADED SANDS

LITHOLOGY DESCRIPTION

UNDIFFERENTIATED, dune sand, medium to
fine, It.reddish brown.EOLIAN DEPOSITS,
Continued.

SHINARUMP MEM., CHINLE FORMATION:
SANDSTONE, medium to coarse, tan to white.
Occasionalcoaly fragments indicate channel fill
deposit.SHINARUMP MEM., Continued.TD AT
155 FEET.

4743.55 90.00 4678.55. 155.00 WELL GRADED
SANDS

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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[j~J~COBS 9~G~NG GROUP HC.

RADVANCED SYSTEMS DIMiSIN, ALSUUERUE OPRATIONS

BOREHOLE -LOG (ROCK) Pagelof 1
LOCATION MAP: A

N

I'le

SITE ID: .dL...91.. LOCATION ID: ... Ž.....
SITE COORDINATES (ft.:
N_ _ _ _ E
GROUND ELEVATION (ft. MSL):________
DRILLING METHOD:_______________
DRILLING CONTR.: Ow' ,tv je-~w a.

DATE STARTED:____________
DATE COMPLETED: ___________

FIELD REP.: Al 1 ~ A.

GROUNDWATER LEVELS
DATETM DEPTH (ft.)

05( 'e /ai
LOCATION DESCRIPTIOI JAIk

!z cc~ zwW

x 0 0 z 0aw :! 1. w W ROCK TYPE &REMARKS
go,-c z z 0

se-.z x-
4L w Q;-0 U Z a, 0
0 0 O

H - 6 112 HOLLOW STEW AUGER
C - 4 111 CONTINUOUS FLIGHT AUGER

_________________________________________________________________ 0 - GEAR BIT

NX- NX ROCK CORING
NO - NO WIRELINE ROCK CORING

JEG-AL-ENG-2A (4/85)



~COBS B~HC~ GROUP ~C.

EADVANCED SYSTEMS DMS@N,. ALMIUESUE OPEATIONS

BOREHOLE LOG (ROCK) Page.2ooft2

LOCATION MAP: A
it

SITE ID: A~-- LOCATION ID: .. L.....
SITE COORDINATES (f.:
N____ E _ _ _ _

GROUND ELEVATION (ft. MSL):_______
DRILLING METHOD: -%r
DRILLING CONTR.: Aqw-4,eo' A/( e
DATE STARTED:________________
DATE COMPLETED: 44
FIELD REP.:__________

U
U
U
I
I
I

.... .......40-10 00'

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION ___

t- z
z ). -~j 0 z

Lu aw ýc o 2 2 0
I- w u l Do' 710-

x 21 Ire 00 xz uj
;-4c, La~W lu -c z ROCK TYPE AREMARKS

w 0. L 0 L ui
oo 0 Owc

0 u,. a

C - 4, li ONIUUSFIHTAG

as / GERl

- - - --X ROC COIN

NO - UNOWRLE ROCK CORING

I
II

I
I
I

I
1
I
1

II
I
I
IJEG-AL-ENG-2A (4/85)



LU] AOBS B4Na~N GROUP WC.
ADVANME SYSTEMS DMVSIO. ALUMRUEU OPERATHION

BOREHOLE LOG (ROCK) Page Iotf f

LOCATiON'MAP: A

/

SITE ID: Ake,- -0/ LOCATION ID:
SITE COORDINATES 0ft.:
N_ _ _ _ E
GROUND .ELEVATION (ft. MtSL):-
DRILLING METHOD:___________
DRILLING CONTR.:
DATE STARTED:
DATE COMPLETED:
FIELD REP.:_ _ _ _ _ _ _

GROUNDWATER LEVELS
DATETM DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION ___

I
I

ROCK TYPE & REMARKS

_ __I

COMMENTS: BORING OPERATION

6 112Il HOLLOW STEM AUGER

C - 4 112 CONTINUOUS FLIGHT AUGER

09 - GEAR SIT
NX - NX ROCK CORING

NO - NO WIRELINE ROCK CORING

JEG-AL-ENG-2A (4/85)



FI~ JACOBS 9~GHEERHG GROUP HC.
EADVAMCD STETIUMS DMSI@N ALBUGIIMUU OPIRATMOS

BOREHOLE LOG (ROCK)

LOCATION MAP: A
it

SITE ID: ..i&.-.L..... LOCATION
SITE COORDINATES (ft.:
N_________ E -

Page zot .yf

ID: d

/

GROUND ELEVATION (ft. !20):
DRILLING METHOD:________________
DRILLING CONTR.: 'i1V
DATE STARTED:
DATE COMPLETED: zld
FIELD REP.:__ _ _ __ _ _

GROUNDWATERLEVELS
DATE TIME DEPTH (ft.)

U
I
I
I
I
I

LOCATION DESCRIPTION
r urlr

0 - 0 z

I..02 ccJ 1 0 - j z o a 0
Z. 0- o -l-

0 olz w 0 ROCK TYPE & REMARKS
o CD. W Up -c z

L 00 L

COMMETS:MORINO OPERAT1ION

C - 4 112 CONTINUOUS 'LIGHT AUGER

___________________________________________________________ GO - GEAR BIT

NX - NX ROCK CORING
HGO - NO WIRELINE ROCK CORING

I
I
I
I
I
I
I
1
U
I
U
I
IJEG-AL-ENG-2A (4/85)



I FJCOBS ~G~RGGROUP NQIMJEADVANCED SWMS DIVSIO, AWSUUEUIE OPERATMIO

BOREHOLE LOG (ROCK) Page,.Cof £f

LOCATION MAP: A
N SITE ID: Am, -0 1.. LOCATION ID:

SITE COORDINATES (ft.):
N__ __ _ E
GROUND ELEVATION (ft. MSL_______
DRILLING METHOD:
DRILLING CONTR.: Aasa
DATE STARTED:
DATE COMPLETED: -A1
FIELD REP.:__ _ _ _ _ _ _ _ _ _ _ _ _

GROUNDWATERLEVELS
DATE_____ TIME DEPTH (ft.)

LOCATION DESCRIPTION
~3~fLmr~ltri~k

o jo ¼ a 0
- 1. -o z z

0 0 ýc -i 0 0 I-
0 2-- 0-c ' L00 iu z o ROCK TYPE &REMARKS

:u 00 ozu0g
L W ~ ,6

-- -- 0 - GEA SIT

- - -- - - -1 X ROCKN COERING

NO - NO WIRELINEROCK CORING

.JEG-AL-ENG-2A (4/85)



F140OBS B9G3 GROUP INC.
IVJEADVANCED SYMTMS DIVSION ASUMUESUE OPSATIoNs

BOREHOLE LOG (ROCK) Page j-of '?

LOCATION MAP: A
it

/

SITE ID: 4A-O LOCATION ID: id:
ISITE COORDINATES (ft.):
N__ __ _ E
GROUND ELEVATION (ft. M-SL):
DRILLING METHOD:___________
DRILLING CONTR.:
DATE STARTED:
DATE COMPLETED: W W-
FIELD REP.: __ _ _ _ _ _

GROUNDWATERLEVELS
DATE TIME DEPTH (ft.).

I
I
I
I
I
I

LOCATION DESCRIPTION
SITE CONDITION

Z ~W 0 :1 0-c 0 -1 p

-j ulmm z 0 ROCK TYPE & REMARKS

Luw

COMETS H- 112 HOLLOW STEM AUGER

C[ 4 111 CONTINUOUS FLIGHT AU J63E
NX - NX ROCK CORING
N.O - NO WIRELINE ROCK CORING

I
3
I
I
3
I
I
I
I
I

'3
I

II. EG-AL-ENG-2A (4/8 5)



A JACOBS U4NRtM GROUP HC.
EVIADVANCED SYSTEUS DIVSION, ALKIGUEMUE OPERATIOS

..BOREHOLE LOG (ROCK) Pagey-of .2

LOCATION MAP: A
N SITE ID: A.&,701-.. LOCATION ID: 60

SITE COORDINATES (ft.:
N_ _ _ _ E _ _ _ _

GROUND ELEVATION (ft. !PL):-
DRILLING METHOD:___________
DRILLING CONTR.: AV", '7 "
DATE STARTED: __________________

DATE COMPLETED: z&4Z!5
FIELD REP.: __ __ __ __ __ __ __ __ __

GROUNDWATERLEVELS
DATE TIME DEPTH (ft.)

r _ _ _ _ _ _ _ I _ _ _

LOCATION DESCRIPTION
SITE CONDITION

- z )-'o, sm 0 Z

z 1- ~0 Z 0 .w a- -1

x~ 00z w ROCK TYPE &REMARKS
1. 0 -Ow z5 L

0 5 0c

COMMETS: - S 1/2 HOLLOW STEM AUGER

C - 4 112 CONTINUOUS FLIGHT AUGER
______________________________________________________________ 00 - GEAR BIT

NX - wR ROCK CORING

ING - NO WIRELINE ROCK coRImG

JEG-AL-ENG-2A (4/85)



Qce - GROUP INC.
ADVANCED !YSTEMS DWVSON. ALSDUINUE OPERATIOS

BOREHOLE LOG (ROCK) Page 9 of .2

LOCATION MAP: A
it

/

SITE ID -,-0 LOCATION ID: 66/
SITE COORDINATES- (ft.:
N_ _ _ _ E_ _ _ _ _

GROUND ELEVATION (ft.JISL):-
DRILLING METHOD:___________
DRILLING CONTR.: 4
DATE STARTED: org 7
DATE COMPLETED:
FIELD. REP.: OAK______________

GROUNDWATERLEVELS
DATE TIME DEPTH (ft,.)_

I
U
I
I
I
I

LOCATION DESCRIPTION
SITE CONDITION ___ I

tz z

z ~ -0 0 - z
-9 . 2 -- 0

x j~ cQ o u~ w xI 0 ROCK TYPE & REMARKS
I- 0c (0 0-c z z 0

0i - 0 -

C - - -- -ME T : BOIN OPRAIO

N - 6 112 HOLLOW STEM AUGER[C - 4 Ila CONTINUOUS FLIGHT AUGER

NX - NX ROCK CORING
NO - NO WIRELINE ROCK CORING

I
I
I
I
I
I
I
I
I
I
I
I
IE.iG-AL-ENG-2A (4/85)



JACOBS 1G0N. GROUP INC.
FJEADNCED SYTRMS DIVISION. ALSVWIEIUE @PflTIOS

BOREHOLE LOG (NOCK Page Iof -2

LOCATION MAP: A
it

1~

SITE ID: Alm-0L1.... LOCATION ID:
SITE COORDINATES ft.:
N _ _ _ _ _ E

GROUND ELEVATION (ft., MSL):_______
DRILLING METHOD:
DRILLING CONTR.:
DATE STARTED:
DATE COMPLETED:
FIELD REP .:___________

GROUNDWATERLEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

z- z

z )jo j~ 0

Z0- 02 > 0c -0 a Z;0
x2 -0 Uo ZoC -j x ROCK TYPE & REMARKS

I- 3cO f~ c w -C 0 z

U 0 3g z-- 0 ~~02 0 w0
0 Lu 0

0 Z.

COMENS:H -S 112 HOLLOW STEW AUGER

C -4 112 CONTINUOUS FLIGHT AUGEJR
_________________________________________________________Gill0 - GEAR BIT

NM NM ROCK CORING
NO - NO WIRELINE ROCK-CORING

JEG-AL-ENG-2A (4/85)



9 jcODBS ENWtERNG'GROUP INC.EAVANCID SYSIUMI DWV*IN. ALIVOUISI OFIRATION1
I

WELL COMPLETION RECORD

SITE 10: Aw -0/.... LOCATION ID:...4........ DATE
APPROX. SITE COýRDAINAE:(FT ) N _______

OPEN AREA PER I AFT. (1N2 /FT.)

FORMATION OF COMPL TION: A 01E o'le f,.ci.
ZZ rim,. I Cc

INSTALLED:

E

I
I
I

ro& soI v~.

WELL CASING l
DIAMETER (in)EI

HOLE DIAMETER (14 )F

ING

GROUND SURFACE

*4., f/A

SEAL
TYPE

BEAL

I
U
I
I
I
I
I
U
I
I
I
U
I

(If 0

TOTAL
DEPTH

(f t)

LENGTH
(f 1)

FILTER
PACK

LENGTH
(I t)

ENOTH
(ft)

COMMENTS:
I
I



Well Detail Report for: MON01 0661 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON0l)

0661 TOP GRAVEL PACK:

Yes BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

5062.49 BOTTOM OF SCREEN:

5060.17 GRAVEL PACK LENGTH:

4842.17 SCREEN LENGTH:

218.00 CASING LENGTH:

DECHELLEY CASING DIAMETER (in.):
MEMBER OF THE
CUTLER FORMATION

Elev

4875.17

4842.17

4870.17

4850.17

33.0

20.0

214.32

4

Depth

185.00

218.00

190.00

210.00

Lithology Details

TOP

Elev Depth

5060.17 0.00

5037.17 23.00

5021.17 -39.00

BOTTOM uscs
Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5037.17 23.00 POORLY
GRADED SANDS

5021.17. 39.00 SILTY SANDS

5000.17 60.00 SILTS& FINE
SANDS

5000.17 60.00 4987.17 73.00 SILTS & FINE
SANDS

SANDSTONE, fine to medium, well cemented,
beige topale tan.Note: Becomes coarse grained
with It. limonite staining,mediumn yellowish brown.

MOENKOPI FMV.: MUDSTONE, friable, thin
bedded, medium yellowish brown.Note: Color
change to medium to dark reddish brown.

SILTSTONE, very thin bedded, medium reddish
brown tochocolate brown.

DeCHELLY MEM., CUTLER FM.: SANDY
SILTSTONE, chocolate brown, with
interbeddedlt. carmel siltstone.

SANDSTONE, fine, It. to med. orangish
brown.Note: Color change to It.
brown.DeCHELLY SANDSTONE MEMW CUTLER
FMV., Continued.Note: Color change to It. orange
brownNote: Becoming weakly to mod.
cemented.Note: Becoming moist to very moist
from

4987.17 73.00 4842.17 218.00 POORLY
GRADED SANDS

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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- p

r-]JACOBS ENGINEERING GROUP LNC.'IJE= ADVAN#CED SYSTMS OMBION, ALUGUEIRUEOPERATIONS

BOREHOLE LOG (SOIL) Page -I of i

.OCATION MAP: SEF- LOG- OF

EAS-r Or-6 ~GI

A
it

SITE ID: MowJ - LOCATION ID: H,-0LE- .

SITE COORDINATES (ft.:
N__ __ _ E _ _ _ _

GROUND ELEVATION (ft. MSL):________
DRILLING METHOD: R~OTAillV AIR~ /,&," LI -7to
DRILLING CONTR.: SEE-MIAN DP-(LLSO.C,-CO
DATE STARTED: ta-S--as
DATE COMPLETED: tO-b- (0 Si
FIELD REP.: LEI0CwELSWfJ.%SH L5G~~as

GROUNDWATERLEVELS
DATE TIME DEPTH (ft.)

J~LL........ -SA M 16 1. t(G.Qtoosop
wFL4j-L DD t-AtA-- SI-AIM

4.1 crpt. _ _ _ _ _ _ _ _

LOCATION DESCRIPTION
SITE CONDITION CAS-r

-sov-64wEsT siD& o O^P- V.NLA-SN rýAsiw. om s.a-ick
!niPPfKJC- 4Za-UklA12JJMP QU'rCti2-P.

-R I LL -- NT W a~~ L

DEPTH Zia I210 a ID pz. j u~ s" VISUAL CLASSIFICATION
- w/ S___ F-r 1

AL

1I.Mw/3,
i6mtrjal

Tke s

5S9-9-9-9-I--~ 4

9-9-9~9-9 -

0 - I a 0SW it-aAfUM F FOQ.MA'T 10 K

SAN1;:STbE4,,+va +0 v"4 c.eicot4&J
4o ncd

105
- T -- - '-A-

_ _ 15
I I-?2.V 6S40ARUMP RO(RMAr(10g',3,SA~j)S-MN*.* C-CL-e j.l.SQA

sv~rvo%&-NckecL, L i Ic~ 4 ,'

L.

K
Less,~

5-

J-2.IB' MoEt-4KOPI Fork.MA-rtoM
4b3T

f t4 b ̀  r eAiu-" 4elf-- L---.
"TA-M 

I: 'R r^
114DST ?.8-'5q1mop-tjjec)pt

mi y o s -ro N E -. -ý ki , to ccl

KAA -'uyuý -1-c. Amr-k. r-aA4istt
16r- a uj V\ . I

9 4-9-9-4-4-
w

-9-9 -- 4--- 4-

9 . 4-9-9-9-4-
I

___i~I iH __

SLSr
39 - 60or DCHELLLY CcwumL!)~ FoIP.m-

mw P - 9i ~~ - ~

____WJEIIFL LI -
15

I
i-4- -9- -9-

P

COMMENTS: W AMEX M- & 1--rj-Y 10- -I -- , 4,P Aot 7&c .1 0--4. m4os SAMPLE TYPE
5 ALIP.3rV 0-2:6, P p18Q2.. 2-9 kq4 3&ov IL. L-, HLE (wrt 1LCPsj~.Pe. A :Auger cuttings
IP 'C (61 S 14 6 (1 WA-AAj 2* 0.0. 1.38' I.0. drive sample

I NO2. Q~. -4~WepIL'L ARAIUVIJL& -~orroz su-c ý U - 3- 0.0. 2.42- I.0. tube sample

I DUE- -' J hi eK.oCrr & iVT INPVC, A-1- ~FP1 T F 0 I 1**. , - 3* 0.0. thin-watled Shelby tube5JEG -AL-ENG-2S (4/85)



JF JACOBS ENGINEERING GROUP INC.JEADVANCED SYSTEMS DIVISION. ALSUQUINUE OPEEATIONS

BOREHOLE LOG (SOIL)

'I
Page! of -I

LOCATION MAP: SEF PAC-E. i A
N SITE ID: ..MOW - .2 1L LOCATION ID: HOLL 156I R

SITE COORDINATES (ft.):
N_ _ _ _ E_ _ _ _ _

GROUND ELEVATION (ft. MSL):
DRILLING METHOD: RrA NA11 7V
DRILLING CONTR.: ELPFMA(N. b (.LL(NC'- CO.
DATE STARTED: te-Sn-1
DATE COMPLETED: &
FIELD REP.: Vm QW4NF 0 /H 9 mIcAI k r

GROUNDWATER LEVELS
DATETIM DEPTH-(ft.0

LOCATION DESCRIPTION
SITE CONDITION

I 1
I - F- I

I

zwi ~L.
VISUAL CLASSIFICATION

- h i

Pct
SLST

(c0-73,' P.._ CNE.LL' Ccv-rc..u-') r-OI.M.
A-r(OU, SANDY' 3ILTSTrO"E.: $ciw...,

iiK4es-be4~eA s%%t-,ALs 4 %iA& ;Kms,

w 4 &S -p4 cicoL-ýj -l

I
I
I
I
I
I

II

U
I
I
I
.1
I
I
I
I
I
I

PCI.
Ss

'73- 193' D-k4E.LL.Y Fz0R.MA'rboj,,

9L-(A~ It Lt& V%4-o0.g

93- ý pI'e CMAiLLY F-~mmAmTo p
.act 4L .., cJ,.

-- I

I .

I
SAMPLE TYPE

A :,Auger cuttings
S -2 0.0. 1.38" I.0. drive SamPle
U -3' 0.0. 2.42' 5.0. tube sample
T 3' 0.0. thin,-walled Shelby tube

JEG-AL-IENG-2S (4/85)



[11JACOBS ENGMNERN~G GROUP IN.C.
ADVANCED SYSTIMS DIVISION, ALBUGUEUI OPERATIONS

BOREHOLE LOG (SOIL) Pagel ot4

LOCATION MAP: rE pAC-& -j A
N SITE ID: M1Ot.J.OI LOCATION ID:±o4LFL G61 R

SITE COORDINATES (ft.):
N_ _ _ _ E_ _ _ _ _

GROUND ELEVATION (ft. MSL):_______
DRILLING METHOD: P~CTA4.g 6186-83/4',
DRILLING CONTR.: 5FF5M4AUM DILL1UG-CCO
DATE STARTED: (0-s-as
DATE COMPLETED: '10 -r-
FIELD REP.: K et jrLot . G&ULEIF r

GROUNDWATER LEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION ___

I VISUAL CLASSIFICATIONI

9UqVL&cr-Se, Lick4. - wftAs~'1

1+8- 2.18' Dp CHEL.Ly f=09MATIONJ

e.%4 -ft , JC6544L41 orvw-5

I Dr~ Lf'rv-t t16LOW. Ise'

I I_ _

COMMENTS:I*I1 SAMPLE TYPE
A -Auger cuttings
S -2' 0.0. 1.36' 1.0. drive sample
U -3' 0.0. 2.42* I.0. tub* sample

I . - 3' O.D. thin-walled Shelby tube

I JEG -AL-ENG-2S (4/85)



I I JACOBS J~EERHG GROUP INC.

JE ADVANCED SYSTEMS DIVISION, ALIUQUEQUS OPERATIONS

BOREHOLE LOG (SOIL),

I
Page-*of A±

a

LOCATION MAP: SEE ppGEr I A
it

!SITE ID: MON'J 0 -LOCATION ID: "
SITE COORDINATES (ft.):
N__ __ _ E_ _ _ _ _

GROUND ELEVATION (ft. MSL):_______
DRILLING METH4OD: lLOTrA&L',( AMI.WI4OW~Cl
DRILLING CONTR.: &mFC2,lt g c-sC.
DATE STARTED: O-D
DATE ROPEEP.: o -a

FIED RP.:ROUNDWAT-ERo_LEVESK&

U
I
I
I
I
I

DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION ___

w

DEPTH

-1

4.13

ez

L 3.

20
.90

a
Amw
-1 L a-

I.-
bILIkA2 IAn-ID

w. CKEQL
U99 VISUAL CLASSIFICATION

[no I -_ I , - mmI . G'* I -

4% 4"41(

____EJ~EL1~
41

3

L AC__

2rmA 4 C*C- 4

_IdEM_ 1 3

3
.4 -4-*--4- .4-5 4

_______________________ I

4

8

II
'I

I
I
I
I
I
I

43
II

I
I

- - - - --'

SCOMM NS PLAC.P- O" PVIC. SC*-~ R cV 5 80 lQQ- SAMPLE TYPE
S1-1r) SL qp~j PAC.ci rF n&A tRy-7tip' A -Auger cuttings

I S -2' 0.0. 1.38* 8.0. drive sampin
*U -3' 0.0. 2.i2* 1.0. tube eanme1 T 3' 0.0. thin-waeted Shelby tube

JEG-AL-ENG-2S (4/85)



jpI ~SS~!~G GROUP IC.

L~mADVHM VSIMI IVION.ALUWeUIUI ONIATIOS

WELL COMPLETION RECORD

4t r. I IR-

SITE ID O-1 LOCATION ID: ý(L-itf DATE INSTALLED:
APPROX. SITE COORDINA'TES:(FT.) N ________E I A
OPEN AREA PER LINEAL FT. (1N 2/FT.)
FORMATION OF COMPLETION: tDe- CAtZUF'- oeAtc' Sf3tYN

.FIELD REP.: k. ~LS~Q/SH&g. C-POLDRILLER: BOB A-F-eMAO DO-IL(FLr'C-0,O

WtLL IVAWNUI
DIAMETER (in)

scKj~laQvcWELL CASING
I J .TYPE

HOLE

TOTAL I
DEPTH 2i

, C)
10 Fl

T
Fl

/
K

CASING
1 ILENGTH

(ft)

COMMENTS: g959 7r-:-C S/ I P'3- Fzo&& S29-r-Ac.Z. -Tt 3. N' Rv,-PF
Ot4MoEt.j k-p tIf -~e*.- 3'. t~eO.4~kE.LL.Y PA .139--k 8'

JEO-AL-ENO-3 (3/64)



RJAC'OBS 0 GG O P tC.E ADAMMSVI StMAS DVON, ALIIUIUI0U OPIRATIONS

WELL'COMPLETION RECORD

SITE ID: MO 0 LOCATION ID: ýt)F-44 DATE INSTALLED: I
APPROX. SITE COORDINATES:C(FT.) N _______E ________

OPEN AREA -PER LINEAL FT. (IN2/FT.) ii
FORMATION OF COMPLET.ION:' nle.C44ELLY~ ;7-SAIa3tA A-Nt

FIELD REP.:-- or~L.c /SHN&G GEO'LDRIL LER: RQiR RE L MA& DI(-(LL(I'J~,C-c-

WELL CASINGso? WLLCSN
DIAMETER (In) ±secv. ELCSN

TYPE

HOLE DIAMETER (I01) 7~/a

GRO UND' SURFACE RONI(t

* 'BACKFILL TYPE

SEAL ~~~
TYPE F~~

SLOT

TOTALI
DEPTH Z.8CASING

(10) LENGTH
(ft0

FILTER LTE

TYPE (t

F ILT ER
PACK 33

LENGTH
(ft)

(ft 0

COMMENTS: S/8/e" -TF-EL C. S I t3- FPIb&& Sop---FAcE -T 3'. rH~~mPF

OEG-AL-IENG-3 (3/44)



JOREHOLAE/ LL C UCIION LO0
SITE ID "" LOCATION%" IE D REP:_ 10 41.7
%ppikox. SITE GOORDINATtS CPT*): N _________

GROUND ELEVATION (FT. MSL): COMPLETION DAE
BOREHIOLE SUMMARY CONSTRUCTION TIME LOG

DRILLER: 4tifV- ACTIVITY TATEND

RIG TrYPE: d~'ic-~DT TIME TM

BIT TYPE hAL N, RILINInt _v '4

.ASING I

~~ CASING SUMMARY ___FILTER PACK "

ABIN 0 DESCRIPTION DIA. 9PN

e A~/VC -~ ACKFILL

DEVELOPMENT

WELL CONSTRUCTION WELL DEVELOPMENT

0P DESCRIPTIONODE _ _ _ _ _ _ t

~ kes~mmE eite7

C 10v-i

~*wa~AI elms-I (5154)
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uEJACOBS ENGINEERING GROUP INC.ADVANCED SYSTEM$ DIVISION, AklSUGUERGUE OPERATIONS

BOREHOLE LOG (ROCK) Page 201 .L
SITE ID: dOA/&..... LOCATION ID: 64 2-
SITE COORDINATES 00t.:
N _ _ _ _ _ E _ _ _ _ _

GROUND ELEVATION (ft. MSL)'_______
DRILLING METHOD:____________
DRILLING CONTR.: JQL'3e-.rnA~kj
DATE STRE: si-±S i
DATE COMPLETED: Set 9'
~IFLD REP..: C'. -VA.. Ile le

GROUNDWATER LEVELS
DATE TM-DEPTH (ft.)

xyl old 7At'lAmsLOCATION DESCRIPTION
SITE CONDITION c',ff- COA)Th - I

1ý0 fýf_ C'10A) r)

A.

0

2

-E

A.
0

Ibg

:zO g

-o

00

.3
-J

4
&

2
z.

2

0

4

z

0

2
0

2
0
1.,

2

4
w

0

0

0 ROCK TYPE & REMARKS

I - I. -6 - I. - i -i. -d--A ~-d - I. - I. ~

I _______

a

O'-70 ,'q /; 1h 0 /Pjy ,q s # (.7

qdl redd~sii

U.j copse ;IvPA4 eTL>

d

COMMENTS 6 012 0401.LO0 STFEw AuGEN

C - 4 112 COhIhJ0INJI FLIG"1 AUGEr'

NX - hi FlOCK comokc.
NO0 - NO WIREL.hE %rOE COO-P-G

JEG-AL-ENG-2A (4/85)



E W BJ4tEOtS MWOMS CK INC.AI DVANCED IVETIMS DIvIst@'1* L&vavlIIul 00IRATIoks

WELL COMPLETION RECORD

SITE ID:_____ LOCATION ID: ______DATE INSTALLED:____

APPROX. SITE COORDINATES: (FT.) N _ _______E_________

IOPEN AREAsPER LINEAL FT. C1N21FT.)
FORMAT.ION OF COMPLETION:

FIELD -REP.: ./?/t

WELL CASING
DIAMETER (in)L2.57 ... j

HOLE DIAMETER (in)771

GROUND SURFACE

SEA L
TYPEI

ýSEAL
LENGTH -~3,o'

(f 0

TOTAL
DEPTH

Cft 0 7

FILTER
PACK SAr
TYPE

FILTER
PACK

LENGTH-
(ft0

A,#rAZA/AU ZtJ.r SA
I

~. ~&EmAAIDRILLE

'.4

I

j

I

YZZZWELL -CASING
TYPE

TAlBOVE
GROUND (11

IACKFILL TYPE

SLOT
OPENING ,

(4 n)

I
I

1
I

II
I
I
U
I
I
I
I
I
I
I

IG
TrH

Cf t)
OPEN OR
SLOTTED
LENGTH

(f 0

K

BLANK
ENGTH
(ft)

I
- h -

-a i-C

COMMENTS:

I
U
I

JEG-AL-ENG-3 (3164)



Well Detail Report for: MONO01 0662 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

.BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MONO 1)

0662 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4878.56 BOTTOM OF SCREEN:

4875.75 GRAVEL PACK LENGTH:

4805.75 SCREEN LENGTH:

70.00 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4840).75

4805.75

4838.25

4808.25

35.0

30.0

72.310

4

Depth

35.00

70.00

37.50

67.50

Lithology Details

TOP BOTTOM UC
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4875.75 0.00 4805.75 70.00 POORLY SAND, some silt, It. reddish brown.Note:
GRADED SANDS undifferentiated to total depth.EOLIAN

DEPOSITS, continued.TD AT 70 FEET.Note:
Caving badly to TD.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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-1 JAC OBS ENGINEERING -GROU INC.JEADVANCID SYSTEMS DIVISION. ALBUQUERQUE OPERATIONS

BOREHO

ION MAP: AN'-4

- %

*@. *,

\~
L I'

N _
S --

\~- -:',

ILE LOG (ROC0) Pagelofl 2~-

SITE .ID:_______ LOCATION ID:_____
SITE COORDINATES (ft.):
N _ _ _ _ _ E

GROUND ELEVATION (.rMSL):
DRILLING METHO D: 2KL-7A7iI VMZT
DRILLING CONTR.: Ao~
DATE STARTED: 17,.k
DATE COMPLETED: *2 o
FIELD REP.: C-,-. Z/g

t

GROUNDWATERLEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCRIPTION
SITE CONDITION

z z Z

!Z; (j: 0 -" z

a t

VC 0'"ty Oai 5 0 7e aC exeoo

pr0-C AZ

Rot

Aec biy4it5

- - -.----- ---------- 5 'Loqo/,AýOb S,4~A7'e ~
- ------------------------------------- 54 /o/~A6~~A,*4AI1 6404F,>lVe"I

~ 4~Q~ ~ ~ Z

-- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~e --------------------------- . ?,'b '* 7

- ---------------------- -- 64.L A4~ ' )

whi42451" h, '40

Very Coq ~O-O&t'l

COMETS 9 112 HOLLOW 5761 AUGEP

[C a 112 CohlowuOUS FLI6G4I Aiuor

eel -o MOCK coplhC.

NO C - OwIRELINE mccl CODINF-

JEG-AL-ENG-2A (4/85)



0

*1f~6

[}-- JACOBS ENGINEERING GROUP I NC.
iEk ADVANCED SYSTEMS DIVISION, A.L~UGUEGUE OPINATIONZ

BOREHOLE LOG (ROCK)

LOCATION MAP: A
N SITE ID VO)- LOCATION

SITE COORDINATES 00t.:
N I___ _ _E_

Page zoi z

ID: --0 (o 3

GROUND ELEVATION
DRILLING METHOD:.
DRILLING CONTR.:.
DATE STARTED:......
DATE COMPLETED:-
FIELD REP.: ____

(ftI. SLO:________

Gn

I
I
I
I
I
I

GROUNDWATER LEVELS
DATETM DEPTH (1t.) I

LOCATION DESCRIPTION

- z-

=z wc 01 ROCK TYPE &REMARKS
-1 z

f 
oý 

4AI 01A o

-~A .. A C.
I. ~ ~ ~ ~ n _ _ _ _ _ _ _ _ _ _

c -jfjj s -;o 07 -ls~ho , -- '- - -. k//ia-

wt. .C IA.A. C~

S---------------- -17fI' 5  c 'OP CI Ss ("IiMOp 167 ~ 120

- - -Go - GEA &I7

k. -w oxcpk
COMMENTS: * o oii l NOILO slok' CAUG

I
I
I
I
I
I
I
I
I
I
I
I
IJEG-AL-ENG-2A (4/85)



7- Z IAOM OCANENG GROUP INC.E:A~vAmet lISTUMS DIVISIOW. ALLOIUUUUI @913A710W5

WELL COMPLE.TION RECORD

SITE ID_ O LOCATION ID: ________ DATE INSTALLED:_____

APPROX. SITE COORDINATES: (FT.) N ________E_________

OPEN AREA *PER LINEAL FT. (IN 21FT.)

IFORMATION OF'COMPLETION: 7AChe/All1e.ov~t/~ ~~
FIELD -REP. ____________ DRILLER: £

WELL CASING iWELL CASING
DIAMETER (in) 4'7Y'Z- TYPE

HOLE DIAMET ER (in) 73/NJ [ 7 mlli (ftAOV

i

6 A7 C,

BACKFILL TYPE.'

"",W'7ebdll't

S ~

TO0TA L
DEPTH

0 0)
(ft)

COMMENTS:

.DEG-AL-ENG-3 (3/44)



Well Detail Report for: MON01 0663 5/6/99 9

GENERAL INFORMATION SCREENING INFORMATION

SITE:

*LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BO0TTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (N
0663

No

No

4865.67

4862.38

4645.38

217.00

DECH ELLEY
MEMBER OF THE
CUTLER FORMATION

1ON01)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

4707.38

4645.38

4687.38

4647.38

62.0

40.0

220.29

4

Depth

155.00

217.00

175.00

215.00

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Lithology Details

TOP
Elev' Depth

4862.38 0.00

4812.38 ,50.00

BOTTOM
Elev Depth

4812.38 50.00

uSCS
DESCRIPTION

POORLY
GRADED SAND

4742.38 120.00 SILTY SANDS

LITHOLOGY DESCRIPTION

UNDIFFERENTIATED, DUNE SAND, with minor
S alluvium iniower section consisting of minor fine

gravel derived fromShinarump formation, and
minor Moenkopi rock fragments.

SHINARUMP MEM., CHINLE FORMATION:
SANDSTONE, fine to coarse , occ. pebbles;
whitish tanto reddish tan.Note: Water began
flowing at 5 gpm at 52 feet duringdriliing,
continuing until hole deepened to 55
feet.SHINARUMP MEM., Continued.SHINA

MOENKOPI FORMATION: SILTSTONE, with
minor thin interbeds of sandstone,upper few feet
altered to bleached, grey; changing toreddish
brown.MOENKOPI FM.,Continued.

DeCHELLY SANDSTONE MEM., CUTLER
S FM.: SANDSTONE, medium to fine, reddish

,tan to orange.DeCHELLY SANDSTONE MEM.,
Continued.TD AT 217 FEET.

4742.38 120.00 4695.38 167.00 SILTS & FINE
.SANDS

4695.38 167.00 4645.38 217.00 POORLY
GRADED SAND

Note: Depths are feet beiow ground surface and elevations are feet above Mean Sea Level.

I
II



j
r--JACOBS ENGINEERING GROUP INC.iJE ADVANCED SYSTEMS DIVISION, ALSUBUIRQUI OPERATIONS

BOREHOLE LOG (ROCK) Pagel. of I

LOCATION MAfj

s: ('.c
A
N SITE ID:. &L..... LOCATION ID: 6 (

SITE COORDINATES (0t.:
N _ _ _ _ _ E

/ I

'27

'I

* ~ ;;f

- - --

qf

(4

-. - -- 4--- -

GROUND ELEVATION
DRILLING METHOD:..
DRILLING CONTR.:-
DATE STARTED: ......
DATE COMPLETED:-
FIELD REP.:

(ft. MSL):

7ý,, ,/)ýI -A

-(rf [1 li's __

sc'12t- 1
r~1;~4I~r

GROUNDWATERLEVELS
DATE TIME DEPTH (t1.)

LOCATION DESCRIPTION 41 / f 747 'I;,v -

z -a -2 OKYE EAK
A. 3. _O 00 0

=Z - 00 z a

a' x. 00 ý '

ow - - -z;- -s, L~t 0s

a'' zf- o{0~~Qrp /9ib.

-0 --- C~~-/

- - - -- - - - - is'- 5);rvq y 7'pqAj . w/t

- - - - -- - - - freA~' 4 4~C /fl t)L~') 7", m CO b-

M6T7 it.) ~ A ,q re"jc m 1

-' 
IESC 'D~nrt D 5-A -D (S~E:

of -5 ,ibq v -,

-5, -v>rt~ -- - -,q5*o A - -A /0hIeZ r"~JZ -c~7"

0-i

-;7s" -V IF -- - 7

COMMENTS: sopth iatLOE
C 4 /2 C0'N7ak&OIJS FLIG-1 ALOGE"

wx- Na O C COPI NG ~ r

JE G-AL-ENG-2A (4185)



w

JJACOBS ENGINEERING GROUP INC.
ADVACEDSYSTEM$ DIVISION, ALBUQUERUEU OPERATIONS

BOREHOLE LOG (ROCK) Pagelfý

LOCATION MAP: -A SITE ID? - Z~ZLOCATION ID:_..L~L
.SITE COORDINATES (00.:
N _ _ _ _ _ E
GROUND ELEVATION (ft. MSL):
DRILLING METHOD: Re "A r t/'il7
DRILLING CONTR.: 7? ~,kA
DATE STARTED: Sejt/7 11frr
DATE COMPLETED: 1r~ /2'
FIELD REP.: r-r . h'/hjCQ '-

I
I
I
I
I
I

GROUNDWATER LEVELS
DATETM DEPTH (00.

LOCATION DESCRIPTION
S I-TE CONITION *-I V-F

hi

z

hi

z
-zo

i--

hi

-e

00
.3

-J
hi

L

L
0

2
0

z

a
0

a
0
4*~

z
U
hi

4
hi

0
0

0
a

hi

ROCK TYPE & REMARKS

/7<-15 5Ekf -

rA 'AJ t
5qwvbsfe

/95' - 2 3

reddt;sh re~ d(4AK9,I'S/

II

I
I
I
I
I
I
I
N
I
I
I

'ý2 33z YT= -7-

COM4MENTS:
04 - 6 112 #4OLLOW STEM AUGEP

- ~c - d 112 CONTIN4UOUJS FLIG..1 £IJ0If

as - lan i ll

$9- Ni POCK( CORI04G

-NO4 - NO0 WIRELINE r-CrY COV2-fr..

JEG-AL-ENG-2A (4/85)
. JEG-AL-ENG-2A (4485)



U FW~COBS B~G~ERNG GROL~ t4C.I

IL
ADVANCID SYSTUMS DfNISION. ALSGUI3Ul *"BATIONS

WELL COMPLETION RECORD

SITE ID: /-LcAv LOCATION ID: DATE INSTALLED:*~ 7
APPROX. SITE COORDINATES:C(FT.) N ________E _______

OPEN AREA -PER LINEAL FT. (IN 2/FT.)
FORMATION OF COMPLETION: De CV~'/ As lr ~' ~/~

ciet n~ .bco 6~ ~- //o64 /~i I Coo c, 13

W

HOLE DI

TOTAL
DEPTH

C ft ) E

WELL CASING
.TYPE

AMETER 00ri) 7T."t

A SING
ENGTH

Cf 0)

COMMENTS:

JEG-AL-ENG-3 (3/84)
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Well Detail Report for: MONO01 0664 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT.VALLEY (N

Q664

No

No

4837.35

4834.53

4601.53

233.00

DECH ELLEY
MEMBER OF THE
CUTLER FORMATION

~ON01)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DI AMETER (in.):

Elev

-4632.53

4601.53

4623.53

4603.53

31.0

20.0

235.82

4

Depth

202.00

233.00

211.00

231.00

I
I
I
I
I
I
I
I
I
I
I
I

Lithology Details

TOP BOTTOM uscs
Elev Depth Eiev Depth DESCRIPTION

4834.53 0.00 4749.53 85.00 POORLY
GRADED SANDS

4749.53 85:00 4689.53 145.00 WELL GRADED
SANDS

4689.53 .145.00 4659.53 175.00 WELL GRADED
SANDS

4659.53 175.00 4639.53 195.00 SILTS & FINE
SANDS

4639.53 195.00 4601.53 233.00 POORLY
GRADED SANDS

LITHOLOGY DESCRIPTION

SAND, medium to fine, reddish brown.EOLIAN
DEPOSITS, Continued.

SHINARUMP MEM., CHINLE FM.:
SANDSTONE, medium to coarse, occasional
conglomeriticseams, well cemented, limonite
stained, tan to white.SHINARUMP
MEM.,Continued.

SANDSTONE, coarse to medium, with
gravel lyconglomeritic lenses, abundant coaly
material, (channel filldeposit), tan to
white.SHINARUMP MEM., Continued.

MOENKOPI FORMATION: SILTSTONE,
reddish brown with blue-grey bleached zoneat top.

DeCHELLY SANDSTONE MEM., CUTLER
FM,: SANDSTONE, medium to fine, reddish to
orange.DeCHELLY SANDSTONE MEM.,
Continued.TD AT 233 FEET.

I
I

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.

I
I
I
I



FJACOBS ENGMEINERG-GROUP INC..JEADVANCED SYSTEMS DIVISION, ALBUQUERQUE OPERATIONS
jjOLEV* 66 8

.Pac~ieof
own nwEU

A
it

16~ 16U%3 %OW'IL MOIJ3-0I
SITE ID:, 34C703 -LOCATION. ID: oS-2l IL
SITE COORDINATES (ft.:
N _ _ _ _ _ E _ _ _ _ _

GROUND ELEVATION (ft. MSL):________
DRILLING METHOD: gq-O;AP-y.9 1& 1 (0AS -0- 4 Ca
DRILLING CONTR.: SIEfA4I.3 7 0L
DATE STARTED: I6-1-es PA t>r,.Ej
DATE COMPLETED: O48
FIELD REP.: K -R -b 604N L4--0t INASH&ITjrzW

0

GROUNDWATER LEVELS.I
DATE I TIME 1DEPTH (f t.)

(0-9- SY 9:52.4m q G- k a
WV-LDEuE-Lo)P~ Ippit 6 0.10 10 ioAb pFs L

1 (0%4-5AM I *. -- j6A4 r-Lc7-

LOCATION DESCRIPTION- 2-614. O~'1 SV0-4 Or- 1G, Wdr-r.
SITE CONDITION F-66U&Z- SAAJ bcAJESP 0R.4fa-L PLIrj~Sp I SA.AJDO.SPAP.S& VSGl-.

.J z SID' LOWS

DEPT z. PE 6 I. uses VISUAL CLASSIFICATIONDET -D PE 6 -in._____

JA
aAL

c> ¶-~ 0 IS~' MAY ISE P*PRXLY

M II L4-1p. PA-- t_

0 ,L

2.o -2.5'

25S-300

30- 35'

35*- 4.0'

a m#14

+ mlt'j

A4M 1#j~- I

I I I I 3.0r
-3 0--8

C - b - - - - i

+57- So@r
S.-5s.'
5 -&O,o

3m 10i

tMIN~t-t-4-q-4

Sel 16f% ~ - ~ C

Y

`56-1754' ~HLA~LAP~RA

Ia h4
t4-4-4 55

To. 5
COMMENTS: 01111LLe. 6-66O'wf/ -- nu1cot.olb..) JPRAA4Kft o-0'I SAMPLE TYPE
I0 5 /8 rOCA1 . r&1Sr*L-LFb 8~%~ CAING r-t 0 - 60 DL%1 A' Aue cuttings

-7 1/ -MI"NF I&E-L.p tFj C o 'J-- *-LtR w6" LCOG 511iw- U -3* 0.0. 2.42' I.0. tube safiol
~ - ~'OM.~RO- 20O' t'% I*t ~T~45. 57,I a 0.0. thir.wulled Shelby tube

JEG-AL-ENG-2S (4/85)



I IJ JA~COBS ENGINEERHG GROUJP INC.EADVANCED SYSTEMS DIVISON. ALBUGUERUE OPERATIONS

BOREHOLE LOG (SOIL) Page.3of1 A
..OCATION MAP: s U PAG-L W~l It

it
SITE ID: M012. -01 LOCATION ID: COG It!.
SITE COORDINATES (ft.):
N_ _ _ _ E _ _ _ _

GROUND ELEVATION (JM SL):________
DRILLING METHOD:7fA06 Rm.4U IU&t..
DRILLING CONTR.: 609 SEM*
DATESTARTED: 12-3-BS
DATE COMPLETED: IQ --4* --a
FIELD REP.: IS -b. -O beýEL-5(J /SH L 6 6GfL=G

II
I

I
1~ I
I
I

.GROUNDWATERLEVELS
DATE TIME DEPTH (ft.)

LOCATION DESCI
SITE CONDITION

RIPTION 7-16 fA(L-Es SOU-rI.4 OF Db&E~LICAtJ HA-r
RPLOULt NG- S4? P )bU WES , Q L" G-E r- ~I WE-SP )SA W b I SPA -E~ ML&G-

- I - U - F - Y - --.. - - - - U -w

DEPTH
IL
21.

190

20
.C

a-,
a.

ID

pp.ii.' "-rj
Stwe"

p E.A. NO I.
miji/sVOT

z j utOcS VISUAL CLASSIFICATION I
p

6%L AP S-C- - a - .S -

V1%

___~EEI3I___
4 *A so/rOT

W5L1L 5.

I C - P - I - S -
A___P:EEI II_

4

-7 - I ~d

VN so

I0

- m I- - -I

C"~

~ss

175-%S' $-H1P~QILMP Fop.A.44-rt0#j'
CJLAYSM"E' LM~b1.Sr ,4,.

kicklý p-tms~c, LjV

Ka-oc4 9 4-ft ftAI6

Iiik4 6t. 3is" sA-6 t1L4JvroJa

I
I
I
I
I
I
I
I
I

-705- 112., - I

CCL)
rics

~~U~fr1~Jw
4Ca.iw4tr6tAJadSLeqA34~b'~L

a e~browgm
L

NI/ B

COMMENTS: k D10c-AC.iVF- 2..C-*OF- t..OMA, CtL- %00C DO-) O.AM.44a SAMPLE TYPEI LG-.A -Auger cutting&
I I S 2* 0.0. 1.38' I.0. drinve sesmple

______________________________________________________________________ IU -3* 0.0. 2.42' I.. lube sasI __________________________________________________________________ T -3' 0.0. thin-walled Shelby tube

JEG-AL-ENG-2S (4/85)



r--r1JACOBS ENGINEERING GROUP INC.
IvJE ADVANCED SYSTEMS DIVSION, AL3UGUEEUE 010RATIONS

BOREHOLE LOG (SOIL) Pagel of -1

LOCATION MAP: -SEI PAGv* I A SITE ID: KO N LOCATION ID: WF G
SITE COORDINATES (ft.):
N_ _ _ _ E
GROUND ELEVATION (ft MSL)_______
DRILLING METHOD: 7 "4"m P.12-p w --l
DRILLING CONTR.: jl. MEMAIIJ
DATE STARTED: 1o--A
DATE COMPLETED:' 10--BS'
FIELD REP.: -. be ~Eita~/sI4L2 cggw~.sr

GROUNDWATERLEVELS
DATE TIME DEPTH Ift.Q

/

LOCATION DESCRIPTION 2-C MILLS S09-rI-( OP AYL~CA10 +i4AI-
SITE CONDITION '--RL-L-IIrw- -SA4jp buwF%, 6A+s.F o(Lrmc.t- F (SP) SAND, SeAWE W&..

-- O -- AILL RA- 0 C:OL

D)E PT H zj Z-j USCS VISUAL CLASSIFICATION
ID Ir~.-" 4

NeiL cd~s 646,066WS

- ISO -ISO"

_____ -4 ' SC- 'I VW. Ct. ,rA

- ,~~~~M4CLiSLi4cre.r6w.

COMMENTS: WiAIMLI~r- m %b~)4- e-'?-AsI PA&. ccvauy, s.C- 310 SAMPLE TYPE
A4.- M k0s S AA IPJrry * mi- 'A~Sp 04.-31VIS / L. A Auger cuttings

.iiS 2' 0.0. 1.38* I.0. drivo mampt
30 .. PPA (~iL'Tta.Ln iý ;!&00 ,- 4140.3 '.ALI &Vr- 0... Z H a/c. U- 3* .D. 2.42' 1.0. tube afW

Sp 3..44 I . -3* 0.0. thirr-walld Shelb~y*Mtup~

5. JEG -AL-ENG-2S (4/.85)



S

J JA~COBS ENGINEEING GROUP INC.JEADVANCED SYSTEMS. DIVIION, ALSUUEUUE11 OPtEATIONS

BOREHOLE LOG (SOIL) Pagel: of 4-
L

LOCATION MAP: 5 EEPAG-E*96 A
N SITE ID: MEO LOCATION ID: MoLE. SCR

SITE COORDINATES (ft.):

GROUND ELEVATION (13,.MSL):________
DRILLING METHOD: -7YA" ftOrA I..% 64 2bG.&..
DRILLING CONTR.: INOR SEEM A4AJ
DATE STARTED: to -'&- a
DATE COMPLETED: IC-4ý-
FIELD REP.: t ~ 3J.~J~~w FLG.~

DATE I TIME jDEPTH (ft.)

soufl4 a F- Aq-t4CA1 #4#-r,LOCATION DESCRIPTION I WLE
SITE CONDITION P-o-~iLAajr. SpJt

-S
putp-t e)2&,Ct PIF*4 (Sp AP4JD -SAR- VtrG- -

w S LOWS & S
DEPT 30 NOZ PR6 Z- uses VISUAL CLASSIFICATION

_____ ~~pd 180-2-18, oC~AtU-Y awlt

-S#b-nJ- -P- rjrtc~we W.r~wo

____ /rKe lpo

-A ~

_____y

& .

COMMENTS: --MQJrA6LtC 11 PV Imrr- (.OTr-QC!,L SAMPLE TYPE
ko 3A lab PX-tr-f= .0 M t -o - - IA -Auger cuttings'k* ~-~c~ t~n-2.' Lt~r.. 3A~bPA~c.8 P-o~ 2*-.~ 0.0. 1.3a' 1.0. drive gamble

I ______________________________________________________________________ U - 3' 0.0. 2.42* 1.0. tube saanpiI~~~~~~~~~~~~~~~~~ ~~~~~~~~ _______________________________________________ _ - 3' 0.0. thmn-waled Shelby tube

I
I

II

I
I

'I
I
II
II

I
I
I
I

I
I
I
IJEG-AL-ENG-2S (4/85)



~j~o BA~tGN GROUP W4C.

WELL COMPLETION RECORD

SITE ID: MON-J.Of LOCATION ID: VHbLF_*r~r% DATE INSTALLED: 10-4 -lbr.

APPROX. SITE COORDINATES:C(FT.) N ________E

OPEN AREA-,PER LINEAL FT. (IN 2/FT.)-

FORMATION OF COMPLETION: -D,_- C.KELL'-' w~f%.AA'

FIELD REP.: 1 .2 ctgEL-SovWJSH & CA &L DRILLER: tb~ SIFJAAV M'U-tWK& Cc

WELL CASING
TYPE

HOLE DIAMETER01 7.

TOTAL
DEPTH

V(I0

CASING
L EN GTH

(f )

COMMENTS: 5%' SEL.CASIN~G- FROMA %ýlACL1 Groso. De SsI
',w~x-&e.9 56- '50-180', 'k ShAL , s 180- Z18.~ 4%0o -CLot-ai- 190-7.Ot

I
JEO-AL-IENOI-3 (38/4)



Well Detail Report for: MON0 1 0668 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUIME

LOCATION CODE: Q668

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 4867.8

SURFACE ELEVATION: 4864.99

BOTTOM ELEVATION: 4646.99

TOTAL DEPTH: 218.00

ZONE OF COMPLETION: DECHELL

NT VALLEY (MON0l)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

4694.99

4646.99

4684.99

4664.99

48.0

20.0

217.81

4

Depth

170.00

218.00

180.00

200.00

I
I
I
I
I
I
I
I
I
I

EY
MEMBER OF THE
CUTLER FORMATION

Lithology Detail

TOP
Elev Depth

4864.99 0.00

BOTTOM uscs
Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4808.99 56.00 POORLY
GRADED SANDS

SAND, some silt, It. reddish brown.Note:
undifferentiated to total depth. EOLIAN
DEPOSITS, continued.

SHINARUMP MEM., CHINLE FMV.:
SANDSTONE, fine, well cemented, variable, It.
grey tolt. pinkish brown.

4808.99 56.00 4789.99 75.00 POORLY
GRADED

4789.99 75.00 4779.99 85.00 HIGH
PLAS TICI'
CLAYS

4779.99 85.00 4759.99 105.00 POORLY
GRADED

4759.99 105.00 4752.99 112.00 CLAYS

CLAYSTONE, With mudstone interbeds, 0CC.
TY thinsandstone seam, high plasticity, It. olive grey

grading toblueish grey.

SANDSTONE, fine, well cemented, with occ, grey
SANDS shaleinterbeds, variable It. olive grey to It. orange

brown.

SHINARUIMP MEM., CHINLE FM., Continued.
SHALE, thin bedded, with lenses of
sandstone,occasional coal fragment.

MOENKOPI FM.: MUDSTONE AND
S1LTSTONE, interbedded, reddish brown
tochocolate brown. Note: Increasing sand from
126 feet.Note: Gas bubbles in mud tub from 136
feet.

II

I
I
I
I

4752.99 112.00 4714.99 150.00 CLAYS

Note: Depths are feet below ground surface and elevations are feet above Mean. Sea Level.

I
I
I
I



Well Detail Report for: MON0 1 .0668 5/6/9 9

TOP BOTTOM uscs
Elev Detpth Elev Depth DESCRIPTION L ITHOLOGY DESCRIPTION

4714.99 150.00 4684.99 180.00 POORLY DeCHELLY SANDSTONE MEM., CUTLER FMV.
GRADED SANDS SANDSTONE, with interbedded shale, fine,

medium orangebrown.

4684.99 180.00 4646.99 218.00 POORLY SANDSTONE,fine, medium orange
GRADED SANDS brown.DeCHELLY SANDSTONE

MEM.,Continued.TD AT 218 FEET.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level. I



*II

I
I
I
I
I
I

I
This page intentionally blank I

I
I
I

II

I

<I



U

F JACOBS ENGINEERING GROUP INC.JEh ADVANCED SYSTEMS DIVISION, ALSUGUESUE1 OPERATIONS

BOREHOLE LOG (SOIL) PaoeloIofLI

LOCAION AP:St..Loc.A~. ALOCAIONMAP Sre L*"666 E

me-? 4 R4ole- 9 8. Is IS Sou-rb
*.( ~C 1

SITE ID: ko 0 - '01t LOCATION ID: U4OLf- . 9
SITE COORDINATES (ft.):
N__ __ _ E_ _ _ _ _

GROUND ELEVATION- (ft. MSL):
DRILLING METHOD: AQ%" 4a 18" 1 /jt~~
DRILLING CONTR.: P,9 £ki40 bI9~c .U

DATE STARTED: 10 -S-f
DATE COMPLETED: I t'-S -~
FIELD REP.: DO Cuo. Z~'~ SH~ a G.CLO G.IJT-

GROUNDWATERLEVELS
DATE I TIME -I DEPTH (ft.)

Io-9- S' IOosiAM4 14. C&ovi suit

I
UjjELL-pF-VpL~..p:L9 2. SPM-G--% M~4-iAS

LOCATION DESCRIPTION -"M'.E
SITE CONDITION ILQLUW--- S£Af-J

SouTH oP MEociCApN 4A-r
ptLj~sI~ M0.rIJC-E pj#PJESP) SA4iJD 42SP-A-UL Fi v

I - U - U - U - P - I I - P - I

DEPTH
Zrn

-'Ml

NO
"U
ew

g

0
wwu
g!2

we- IL ID
BLOWS

PER 6 In.
w C
20- uses VISUAL CLASSIFICATION

__ _1___-0' SANDO ?ori '..-A

-e -6 - -

V-AtV -o -- - --

sp-sl Lo -SX, S#tpjc> , 4ge, , SOW42- C-Ock V-41Lt-I*-9-t-t

umice-VýW;P-a I yto&' P16-5ý-N IL 8 0rQKq V

____ 44

1%j6' -r,." mc-& ft r*%JQk

".31
to-6,-eo

I. - *I -C---?-9

I P - - -S S=5~5 -~

COMMENTS: -r- 0. 56' Ar -ro a r Sm I poktum s!S& 7#X3SZOALLE~ 1 SAMPLE TYPE
4-0 PyC 5L0'rrb 5QCýLSjuro,G3SI"SLa-r Prnsm 3R4-3+t A A-Auger cutting&

uOTKr SAbib PAtK reKme&~ 'L - 5(&'. tp)a1rmLR.. &UM..(e £-C- 40~ I U -3* 0.0. 2.42o I.0. tube sarrp

AA #AI-lt -Sk am-fl¶ c-ol.s . p H Ra.2-. SCAL .01101ota IL ItsASA A-*oAai - 3* 0.0. thinwalled Shelby tube

JEG-AL-ENG-2S (4/85)



J JCooSBs~~ I GROUP INC.~E ADVAIIMPI UWS DIVSION, ALS34UMUElV @NRATIMIS

WELL COMPLETION RECOR D

SITE ID: MctJ O LOCATION ID: HIQLf 6.# 9 DATE INSTALLED: -165-SS
APPROX. SITE COORDINATES:C(FT.) N ________ E
OPEN AREA PERF LINEAL FT. (IN 2/FT.)
FORMATION OF COMPLETION: ALL~UVIUM (,SP - Sw) AS oVE SH INA p.*ftp

FIELD REP.:' K- DW tFLLscQJ/ISNL C4QL. DRILLER: S&0 9SLIVMAN D 9- 1Lt- I KXG- C0

WELL CASING
DIAMETER (in)

HOLE DIAMETER C0n)j

GROUND. SURFACE

* .~

BACKFILL TYPE

JWELL CASING
TYPE

IVE
(ft0

CASING
LENGTH

(ft)

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

TOTAL
DEPTH

(f 0

Fit
PA
T'

IPEN OF
,LOTTE C
.ENGTH

(ft)

)

BLANK
LENGTH

(ft)

b -

COMMENTS: 8 S TEEL CAStpjC, F-R-OM 5vP-r-AQ_ -ro W AllLA v ; mý, a

S? s..%,4 o -c'-aQe-s'Q-sp-w solvLck 2-0-56'.Tno Sl-,,kAcLe-L'o-tIp(Z>sc' IJEO-AL-ENG-3 (,3/04)



Well Detail Report for: MON01 0669 15/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MON0l) Elev Depth

LOCATION CODE: 0669 TOP GRAVEL PACK: 4835.14 29.00

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4808.14 56.00

DAMAGED: No TOP OF SCREEN: 4830.14 34.00

TOC ELEVATION: 4867.19 BOTTOM OF SCREEN: 4810.14 54.00

SURFACE ELEVATION: 4864.14 GRAVEL PACK LENGTH: 27.0

BOTTOM ELEVATION: 4808.14 SCREEN LENGTH: 20.0

TOTAL DEPTH: 56.00 CASING LENGTH: 59.050

ZONE OF COMPLETION: ALLUVIUM CASING DIAMETER (in.): 4

Lit hology Details

TOP BOTTOM uscs
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4864.14 0.00 4844.14 20.00 POORLY SAND, fine, nonpiastic, moist, orange.
GRADED SANDS

4844.14 20.00 4808.14 56.00 POORLY ALLUVIUM/EOLIAN: SAND, fine, little
GRADED SANDS reworked shale frag. nonplastic,orange.TD AT 56

FEET.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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IMACTEC-ERS
2597 B 3/4 Road
Grand Junction, Colorado 81502

Lacility Et-1-Gadr' , St AA 0 -n tV & -Po

Borehole Summary

Page Lof

:t IMR

K oring/W ell No. ~ ieLi

rudElev. (Ft.) IY 97 1Bit/Auger:ie5/'W0 "'3
Diameter (inch I. 6.)

ocation (N) ~2/5 92-0,1 (E) 49

Hole Depth (Ft) _51(qA 1 roe-n
No. of Completions /0
Stick-Up Height (Ft) 0
Slot Size

TYPE Vol. (cf. gal) I

tlank Casing~ _

Screen________ _ __

~ump/lEnd Cap ___________

and Pack__ ___

Sealant___________I rout
orcking Cover Installed Yý j Padlock No. AAA

Drilling Method A_____________r____r_Iate Drilled -. : -' ,9 7 Date Developed A
ampler(s) lja ,

terval (Ft.)
to ___

Location Sketch

Sampling Method 6? ; 4,/r
Fluid Level/Date 17Q

Remarks _j U#/i rt ye. ýý (A45-Sj

Depth* Blows/ PID Sample No.; WELL GRAPHIC DESCRIPTION
(FT) 6" PPM Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor

144 to well); grain angularity; induration or plasticity; moisture content (moist
- ______ - - ____ satrated~

FW~b);L~QsýRA~i [m 9rieL J)C

5 V Is

-~C

- ~ i-76-G '("O' I Qv 7mh) C141 , A p;9cd 1 'e

U r I I I r ~~~~~~~~-r-3O3 /urý j ,ac; V_ - A!Crii-21 ; 1)!-i .

a - All depths measured from ground;JI ompleted By ____________________ Verified Byk

1ý1 f
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I4ACTEC-ERS597 B 3/4 Road(rand Junction, Colorado 81502

cility #4Ar r'lJam e~~cite Mon yni VA Ife ý A.

Borehole Summary
Page -Lof/

-4,

! ring/Well No.Jround Elev. (Ft.)

~-zz
Bit/Auger Size 7-/I 1)0. C? 0D.

Locat

TYPE Vol. (cf. gal)
lnk Casing _______

Screen _______Imp/End Cap_______

nd Pack____ ___

Sealant _______

ckin Covr Intalld Y_,N, Padlock No.
Drilling Method A uler-Ite Drilled 0 49 Date Developed A-) N~

mpler(s) •'2-iLce /#Ar 0 C/o r Ls

Interval (Ft.)
to ___

to
to

__to ___

to ___

to ___

Sampl
Flu

Remarks

Project VM'r9F 6nUk

ion (N) a14, OV9-3_ (E) 53 2
fOydeponFtJnI; 677

Hole Depth (Ft) Alfcr- Z7
No. of Completions
Stick-Up Height (Ft)
Slot Size _____________

Location Sketch

ing Method 9.; ~
iid Level/Date -;kfA:iL

" rir0f' 0)1C I
4-ýq 7

Depth* Blowu/ PIO Sample No.: WELL GRAPHIC DESCRIPTION
a, ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; Moisture content (moist
to saturated).

AuS ei~ 64<,

FýifedAý 1'44-hr

I~~ ___ ___ ___ ___ ___ __ ___ ___ ___ __

- AJI depths measured from ground lvIpleted By Verified By
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tACTEC-ERS597 B 3/4 Road
Srand Junction, Colorado 81502

duilty C-reuJTjii-4&n Otq"e, Site MAtiio~z~t VkI./~ -A ;-L

Borehole Summary
Page I ofjI

me /

I oring/Well No. a- Z6........
Ground Elev. (Ft.)490 Bit/Auger Size 7 -/re '~Oz. /~I

ninrnotar l~inh I fl I Of

Locat

Project tHr,

ion (N) -,/?1 103,28 CE) 19023
Hole Depth (Ft) t4qr,1,YC Z
No. of Completions
Stick-Up Height (Ft) y
Slot Size

TYPE Vol. (cf. gal) Interval (Ft.)
lank Casing ______ _ ____to ___

Screen ___________to -___

mp/End Cap ________to ___

ndPack._________ _ to

Sealant ________to

I out _ _ _ _ _ _ _ __ _ _ _ _ __to

cking Cover Installed Padlock No.. hf
Drilling Method A ~?er SamplIte Drilled ~-3 7Date DevelopeddNP FIt.

Location ~ketCh
Location Sketch

ing Method ý51/ý
iid Level/Date 39 C-4 -3 7

Depth, Blows/ PID Semple No.; WELL GRAPHIC DESCRIPTION
PFT) 6" ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist

to saturated).

ie .r $ a 6 e0 f AC, a u~ f-ei

_C vc" f 1/z.) 6r&Ln 9,,r/1 14 ae ' a

KoI-C G. -7'ý)A4ý & it A &
I" -2-i' s 4.-

I~~~~1) ___ ___ &ail_________I____Z! _

All depths measured from grougdj.

fmpie ted By Verified By Z
17
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tACTEC-ERS597 B 3/4 Road
Grand Junction, Colorado 81502

I aring/Well No. ro 7 9
Ground Elev. (Ft.) .494Z7,S Bit/A

Borehole Summary
Page / of I

Site Monu'fievg t

uger Size
inE 4

Aa in- r)

Project - MT3 ta e

Location (N) (E) 5 F
Au'qerT- 70, t? It

Hole Depth (Ft) 14)drcoPuv'ih 4
No. of Completions_______
Stick-Up Height (Ft)_______
Slot Size__________ ____

TYPE Vol. (cf. gal) Interval (Ft.)
Ulank Casing _______ ___to

Screen ___________to ___Iump/End Cap ________ ____ to ___

and Pack NJ______ ____ to ___

Sealant ___________to ___

I out 
-_ _ _toIcking Cover Installed 7 Y Padlock' a. _____

Drilling Method A~ u er- SampliSte Drilled 9F g 3 Date Developed fl Flu
m pler(s) M k ,, A, 1, t Remarks,

Location Sketch

ngMethod- 130,;/e
rid Level/Date 4f'165-9
vqq_' pa 12r h 4 r J Aq

Depth' Blows/ PID Sample No.; WELL GRAPHICI DESCRIPTION
FT) 6* ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

0-rd e Jf )e - fn_ __ _ __ _ __ _ __ _ __ _

43-47-r jPj,,'C)--4-7'

*All depths measured from grounf pie ted ByVeiedB
Veife By

/7 I,,/
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k M ACTEC-ERS597 B 3/4 Road
Grand Junction, Colorado 81502

Iacility CramgJ y nebLox- 40 e~Site Am1rr~v wevi 16))P! I. A.

Borehole Summary
Page _Lof 2--

I rn/el No. 6 FO
Ground Elev. (Ft.) 4L8OC ,4 Bit/Auger Size 7 ~~t

Diameter (inch I. D.)
* T PE Vol. (cf. gal)

I lank Casing
Screen _______

lump/End Cap

Sealant _______Itout _________________

cking Cover Installed Y IN P dlock No._______
Drilling Method A L)i e rI te Drilled Gz-8--7 Date Developed A/A

mpler(s) 50j=e If , aP / 'Al0 rr- 1'

/J~24 rL

Interval (Ft.)
to

__to ___

__to ___

__to ___

to
to

ocati

Project _M1fmIF- .co.140

on (N) 16__/Z2_9 (E) S91300

Hole Depth (Ft) YjLydoponch~ T.P. -9)
No. of Completions
Stick-Up Height (Ft)
Slot Size _____________

Location 5ketch

Sampling Method igailer-
Fluid Level/Date cV6 '16 5- A97

Remarks fiy/ro paie,! bor;,n1 44ý- ua ie4-1

Depth' Biowe/ PiD Sample No.: WELL. GRAPHIC DESCRIPTION
IFT) 6" ppm Intervai CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

0-, sn 5 rP?:-/ 9,9
ýo dleLJ.i) &ea(b~ ~ 3 eSv

27~~A/ MS4,5 / A

t1 7 9
I\> >___ ___ ___ _/2__v,__ _It__ t,__ _D_ ___

0'

1Iq '-7.ý 01,

1cr

CCl 7b- / ; cý kO /i~ D, I kfJ) j') 44t~- r ~ -J C ~ kiJ-v iA

I ~~~ ~ ~ ~ ~ k, -574/9_e -, - -71 Ke___ ~ c'/c~.1~ ~;r~

r

:j- AJI depths measured from gorvImpleted By Verified ByJL1 xf-a.-



MACTEC-ERS
2597 83/4 Road Borehole No. J! g
Grand Junclion, Colorado 81502

Date 6 - 9-.9 L
Borehole Summ anr

Page .. 2- of

Depth BlowsvlvSml$o./el rpi DESCRIPTION

1_ PI I _amp_ _ _ _ _ _ _ _ _ __aphi(FT) P PM Interval Construction Log

'V

!59-,9) Aoy r $,. su 7, 1D. eu~

TV r 4.Q-e/s05e

~~JoCY 7/zHe" J '~ OPrS~pa Y '4 4 ' df,.Cf '0.1~~

-4. 4-

Al de pths measured from ground level.

Completed ByVeiedB Veife B61~ý
61



3ACTE--ERS
k597 B 3/4 Road
~3rand Junction, Colorado 81502

aculity 6 ra 2 JViic~fabi. O ite~ Hm"e ja/* A ;2-.

Borehole Summary
Page ffi O oI

I rn/el No. G 1

Ground Elev. (Ft.) 9 g Bit/Auger Size zAlŽv "I~19 jD,
Mm&+ I;n,.k I nl I

Locat

3ln Csn TYPE Vol ..(cf. gal)

Screen _______I mp/End Cap
nd Packk 4A

Sealant I_____IF __I

I out__ 
_ _ _ _ _ _ _ _ _ _ _ _ _

cking Cover Installed Y IN dlock No._______
Drilling Method A s' ger
*te Drilled e5C-9 Date Developed A?-A L

B moler(s) ee;c- / J IVA /- '-

Interval (Ft.)
__to

__to

to0
_ to

to
to

Sampli
Flu

Remarks

IProject 11~TA 7z2f 4

ion (N) 2/1k247 (E)

A~Irer TOQ. 557
Hole Depth (Ft) ,.rDnjIO5
No. of Completions_______
Stick-Up Height lFt)_______

Slot Size__________ ____

Location Sketch

ng Method
id Level/Date

Depth' Blows/ PID Sample N'o.; WELL GRAPHIC DESCRIPTION
FT) 6. ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; Sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist

10 to saturated).

5a naý v Cry f17. re. 67'R

A -rc-- iedlC c/,,/,r/ s. Sl

/7-

4I e'L A+ZerP, ,,c5,fafC
/ 0 ý rL 5' a- 1, 6 is ), , " 0 q~ le ~ e 4 ~ a Vt- ....Z

56-.52 O m eraI ,-F b,*-( Wi/

4'4-S 4.Je h,_&.4iA )es fdic ayC

-All depths measured from ground I vol_,Impleted By A Verified By J -!i
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k~ MACTEC-ERS597 B 3/4 Road

f3 rand Junction, Colorado 81502

aculity crfaod mi~o'v Qlrce.. Site Mcninv'rd VaI)le Aj
Ioring/Well No.,!; -_7Z Locat

Ground Elev. (Ft.) 4912-.9 Bit/Auger Size72#/ /, .
Diameter (inch 1. D.)

TYPE Vol. (cf. gal) Interval (Ft.)
flank Casing _______ ___to __

Screen _______ ____toIump/End Cap ____to

land Pack ____to ___

Sealant ________ _______ ___to ___I out ________to ___

Icking Cover Installed Y; N Pa ck No. _______

Drilling Method A of er Sampling Megte Drilled ! Date Developed ... Fluid Lev
mpler(s) Saen c ý, /4~tIA 41 /_-;_S Remarks /d.

Borehole Summary
Page I Of L

Project d~ T Ad Al4fe-.

ion (N) ________(E) 59'9 944-

Hole Depth (Ft) 9
No. of Completions _______

Stick-Up Height (Ft) _______

Slot Size _____________

Location Sketch

~thod Ia/r-r
el/Date 9,• /1 ~- &7

I

FT) 15 ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist

_ _ _ _ _ to saturated).

I -- V
5 f~ti~n ~ ~cAwet#

3 "'s~.7O ~'s,/~'% 7 f=.

I .3, &o ~4', 1~Crr~J~f- oI~ -.0; A S.

3-32. W3,e, r' £ý edf Ikr 7-

4/Jec e vgit / "J S ds?ý-6IUk ;tA1
I~~~~~~~~~~~ le;_ _________________

- All depths measured from grou ;L
#npleted By / Z7Verified By

4 
-1

4 /7
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t ACTEC-ERS
597 B3/4 RoadIrand Junction, Colorado 81502

cility G ra" ETvv'trfo-n-O6, ?, Site Ms on um e-nt V1)f A g.

Borehole Summary
Page 4- -of

I rn/ell No. (0-8_3. .
Ground Elev., (Ft.) 2_L1/6 / Bit/Auger Size ___ ___Q,__

Locatic

Project 1MJ/ETeq

n (N) 214,27.56 E 5 07

Hole Depth (Ft) 1414te,u evnc A7

No. of Completions '

Stick-Up Height (Ft)
Slot Size____________ ____

TYPE Vol. (cf. gal) Interval (Ft.)
lank Casing to______ ___

Screen ___________to ___Imp/End Cap___________ to ___

nd Pack _________to___

Sealant ________to ___

L ut 
10__ 

_ _ __ 
_ _ _t

igCover-Installed Y /N Pa Aock No._______
Drilling Method '.Jý er SampliL eDrilled a-7-cy Date Developed IA..i. Flu

1:ler(s) e4 .r~jr I P(am2 JA~r~rj -i Remarks

Location Sketch

ng Method A;)
id Level/Date -2- .r--9

I_ _ _ 0/ I

Depth' Blows/ PlO Sample No.; WELL GRAPHIC DESCRIPTION
8* ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

0- - _ __

fJc n~ ic 4^ 6 tR ala) zcs

A 4

*0; 4%ee i, J~ a4 [,te2,m.l, wA; char,/ qr Ch ye~.vir) S~eJD

63 65 d; g rR ),f

ne q-,A e! /- Y o

I7r /)
-fI7 4

t depths measured frmground 1evor
Jpleted ByZ V e r if ied 'By

/I/ /7
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tACTEC-ERS597 B 3/4 Road

( rand Junction, Colorado 81502

CiiityGr" TmAov 1c 4iu OPce.. Site Mo-?-e-1 VA lJ e.4.. A e.

Borehole Summary
Page I of I...

Iring/iWell No. -g
Ground Elev. (Ft.)______ Bit(Auger Size 71/CO12 )i34"iLo

CMn tor limr-h I fl I /

Locat

Project M R iy94 ,

ion (N) z216 h22...9. (E) 59886____
AaIfer -+Z

Hole Depth (Ft) yrDJ47
No. of Completions I
Stick-Up Height (Ft)
Slot Sizei n aigTYPE Vol. I(cf. gal)

Screen _______3mp/End Cap
ndPack______ _

Sealant________ ____ ___

Ikinig Cover Installed YT/ N PaX lock No._______
Drilling Method AQe

r eDrilled 6~-7--94? Date Developed______

Tpler(s) 1c30fie&

Interval (Ft.)
__to ___

__to ___

__to ___

__to ___

to ___

to ___

Sampling Metnod : I
Fluid Level/Date Ph~

Remarks H1 4,4roauncJ' I~rn
JI

Depth' Blow$/ P10 Sample No.; .WELL GRAPHIC DESCRIPTION
6. PPM Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist

*0- _ - _ _ __ to saturated).

L6iand verl jn .7r. o fn Ir re.& (,5 Y a/a)

* ~SA

2- c-I-I

#1'v -ec e____ P.6 0 e, 1 - r- ~

- All depths measured fro ground

Cjplet ed By ,ýr-'J
Verified By 6& S&t2

f/ /17
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34ACTEC-ERS
597 B 3/4 Road

(G rand Junction, Colorado 81502

aciIity~raydLTuvrc-ic,), 04frce- S ite Moaudi'- I~ le, I A yt

Borehole Summary
page i of f

%1 /

oIng/Well No.

Ground Elev. (Ft.)4 !-7 Bit/Auger Size 76/1 Op. 0, 0L3!

Locat

ProjectVM6 6rand

ion (N) 91615-31 (E) -5 92
Avf er 45'

Hole Depth (Ft) Poglk 4-7
No. of Completions
Stick-Up Height (Ft)
Slot Suze _____________

TYPE Vol. (cf. gal) Interval (Ft.)
plank Casing __ _____to ___

Screen ___________to ___Dump/End Capp__ to ___

and Pack to
Sealant ________to ___

I rout __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _to _ _ _

cking Cover Installed Y IN dlock No._______
Drilling Method A L;e-Iz SampliIte Drilled C--7 Date Developed VIA Flu

m pler(s) Aw eer/ re r JAIP/- PrrLs Remarksj

Location Sketch

ng Method 6,)r
id Level/Date

thdoP&.nc 4
161-72 .

Depth' Blows/ PIO Sample No.; WELL GRAPHIC DESCRIPTION
FT) 8* PPM Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

ve~-~ q ~ jr.) re~dw, 5 ) y~edo. C &Yiw 6/6)

j5 1 ýorqj/>PSý se-be )a solbht I 'L,4L 'nci

1'4n) jt

I l depths measured from Cgrau d7Impleted By Verified By
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t ACTEC-ERS597 B 3/4 Road

I rand Junction, Colorado 81502

cility 6r-d&J v Ofs 01T1 Site Mieinumerll Vfal A Z.

~ring/Well No. &Locati

Ground Elev. (Ft.) 1325 Bit/Auger Size 7 ff .0, /3',4x.O
Diameter linch 1. D.) -'ITYPE Vol. (cf. gal) Interval (Ft.)

Borehole Summary
Page __of /

Project bt'1I~IA J 4r

on IN) ;2/5'97/0- (E) 5900

Hole Depth (Ft) R~fdr-ol:0,cJ4 7,,5-
No. of Completions
Stick-Up Height (Ft)
Slot Size E___________ank Casing _______

Sreen _______

mp/End Cap _______

nd Pack_______
Sealant _______

iing Cover Installed Y /N Padloc No._______
Drilling Method A vae'

Ste Drilled 6 -,ý -3 Date Developed 1 R

to
to ___

__to ___

__to ___

to ___

__to ___

Location Sketch

Sampling Method 11 cJ er
Fluid Level/Date G, 7 ri/ -69- ~9'

Remarks loor a-'kc) -tn0 ic

Depth' BlowI PIO Sample No.; WELL GRAPHIC DESCRIPTION
61 ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

It; s-Z V vr .Cn, r, -" r jjo.j-s A ~-el (ý_I"? 67'ý)

~chert-t r /r s.,4. /- 9- S.iajra Zcud.$_ c mW %

r"~ Ae0;)ck rie r 5 1 -, rgIecýeZ

3~- -3IA 7~

, f de p t h s m e as u r e d f r o m g o n l v

Ipleted By Verified By Iae
.17
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ACTEC-ERS
597 B 3/4 Road

( rand Junction, Colorado 81502

ciiity Grand J~TV01C01 f~e~ Site M C 'n o~-n9ý Va/ej A
1ring/WelI No. 687 Locatit

Ground Elev. (Ft.) -48,4 0,6_ Bit/Auger Size A65 eQ9./33J4/#L,_
Diameter (inch 1. D.) /ITYPE Vol. (cf. gal) Interval (Ft.)

Borehole Summary
Page IL Of ý

Project OVIT6RoA d14e
on (N) 9/58720 (E) 59 0390

Atult-?- ZO0
Hole Depth (Ft) P4rop,,^cý 340
No. of Completions ) F
Stick-Up Height (Ft)
Slot Size ___________~ank Casing __ _____

reen _______

mp/End Cap _______

nd Pack _______

Sealant _______

I out 
_ _ _ _ _ _ _

cking Cover Installed Y IN PadlocA No._______
Drilling Method Auler'Ite Drilled 6 - -,97 Date Developed_____
Impler(s) Ipne - C / l,ý,'-rS

__to

__to

.to
__to ___

t to
__to ___

Sampi
Flu

Location Sketch

ing Method
ild Level/Date 2- ,+

Remarks
-

t

Deet'Blows/ PID Sample No.; WELL GRAPHIC DESCRIPTION
WT ) 06 ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angu larity; induration or plasticity; moisture content (moist
to saturated).

-~~6 -m -- ) __9_ 5-y -e~ W, &oe- F6~~~'r sot, r'.K e.A

3 A _F1 ./- ed, c,,.l.~

Ic~~r Fr r__ e~~i SAT IA ew

S.L 2.8A.4a

Pb 3

-Aldepths measured fro g, oud i

Itr p1 eted By em") Verified By d tj0.Jý
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ACTEC-ERS
597 B 3/4 Road

r rand Junction, Colorado 81502

acility Graa TV/nCt~l O-n-Cý'e- S it e M ew-.o. u Ar'fy

*oringlWell No. ____________________Locati

Ground Elev. (Ft.) 4 1'3A,7 Bit/Auger Size 7/ tP
Diameter (inch 1. D.) IITYPE Vol. (cf. gal) Interval (Ft.)

Borehole Summary
Page _JOf~

Project tiM TRA 67ovAgIa ie

on (N) 2 /50ý25_ IE) 5g89673
A"if- 157

Hole Depth (Ft) I~ho irevinch 17
No. of Completions
Stick-Up Height (Ft) k
Slot Sizeelank Casing _______

creen
Imp/End Cap _______

nd Pack_ _ _

Sealant _______

I out _ _ _ _ _ _ _

cking Cover Installed Y /N Padlo No._______
Drilling Method A-u - ISte. Drilled 6 '-97 Date Developed A'A
Impler(s). /ia~ / _2'r5

__to ___

__to

__to

__to

to ___

to ___

Sampli
Flu

Remarks

Location Sketch

ng Method _,at,/e-r
id Level/Date 1,
Pqa'ro o ' - AJ hori A 4

.0 -,gý -,_9 7

I/

Depth* Blows/ PID Sample No.; WELL GRAPHIC DESCRIPTION
T) 61 ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

I..~9~o ~ ~ ~/A.A kj p~ b/e up Z-C~' '/ZVc0; I*,.

Cia we It-e. ~~-

I? b Cud A-0- IQ4

ACV 7 /- 2 'P0) e

17

*.11 depths measured from, groundev. # .

c5npleted By Verified By d-
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ACTEC-ERS
597 B 3/4 Road

( rand Junction, Colorado M102
* ciiity Grd+J comA Oiq~ce, Site M mo'-e- * O)ýýAz

1ringtWell No. 61_9_________________ Locatic

Ground Elev. (Ft.)esf. 493 2- Bit/Auger Size '71rA QD, 3V~ o
SDiameter (inch 1. D.)/ITYPE Vol. (cf. gal) .Interval (Ft.)

Borehole Summary
Page _J4 Of J

Project IJMi- t3 Pr 6 rojA-A/a

r' (N) P/s S'704 (El 5g99,6
Avqew- Go

Hole Depth (Ft) ylr0oh7_
No. of Completions'
Stick-Up Height (Ft)77NjEIj
Slot Sizeank Casing _______

~reen
mp/End Cap ______

nd Pack _ _ _

sealant _______

o ut 
_ _ _ _ _ _ _

cking Cover Installed Y IN Padlock N ______

Drilling Method-A rp-Ite Drilled 6-- C-,-9 Date Developed N P%

__to ___

to
__to ___

to
-_to ___

__to ___

Location Sketch

Sampling Method Pgi)-
Fluid Level/Date 1,7,0

Remarks jer)-; 4,,P
0 e5, 0,7

'-I

Depth' Blows/ PID Sample No.; WELL GRAPHI-C DESCRIPTION
r 6 PPM Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor

___ ____to well); grain angularity; induration or plasticity; moisture content (moist
- ~ ~ ~ ~ ~~~'T~~~~~t s auat~t e d) jv.rt-frq. raL /)~ &-,A'C

3c~~ne ~ c~~cit y / 4 /)&.e ~(

______~/f.0,P_ A~p 7-re -f g,, ), 2)-f/if, v'. m,

5a"L- 0)~ bid-t noo~

A fc4.' kA ~

373 7/-73

tIdepths measured from Oroune

pleted By2 l Verified By ,4h
17
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kA ACTEC-ERS
597 B 3/4 Road

t3 rand Junction, Colorado 81502

acility6 y-av-4Jnic'iio Off4VSite M1c-,urymti 141(1± A

fring/Well No. 9SieLocati

Ground Elev. (Ft.) 4-?42 i/ue~z
Diameter (inch 1. D.)(ITYPE Vol. 0c. gal) interval (Ft.)

Borehole Summary
Page .J Of L.

Project / 13A f

ion (N) ;2 15 g.2Z7.- (E) 5w, :
Aife.-5 Z6'td.

Hole Depth (Ft) M.~id,- p.,n cKe
No. of Completions I

Stick-Up Height (Ft) I#
Slot Size I_______ank Casing _______

reen _______

mp/End Cap _______

nd Pack _ _ _

Sealan t ______I out_ 
_ __ _

cking Cover Installed Y IN PadlocANo._______
Drilling Method A tJdr'

gte Drilled C,.-, 7 Date Developed xP
Empler(s) M 11rr. $_

_to ___

_to ___

_to

to-__ _
_to ___

_to ___

-- e, ~i
Sampling Method J~ gr

Fluid Level/Date / -f5 ,
Remarks Jgs4'nopaacA bc-1-r4^

-7
Depth* Blows/ PID Sample No.; WELL GRAPHIC DESCRIPTION

6" ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

-'57 - -#~~o~~~ n

W~Laa, Lfrs Wl sjs- r~JYd,

aLiaOr cd

U depths measured from grourd~s~ .T
c"pleted By Verified ByI
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ACTEC-ERS
597 B 3/4 Road

(3 rand Junction, Colorado 81502

aCiiityGroJwaiv±Li..Qam e..site Mano+ -d a))u , Apt.,

Borehole Summary
PagejLof I

I aring/WVell No. 6191
Ground Elev. (Ft.) .96. Bit/Auger Size ____________3ý______

Diameter lincn I. D.)

TYPE Vol. (cf. gal)
Blank Casing _______

ccreen _______&mp/End Cap _______

.. , nd Pack_______
Sealant________Iout _______

cking Cover Installed Y /N Padloc No. _______

Drilling Method A .e

I te Drilled 6 -9-\9 Date Developed NuA
mpler(s) C,2P~1ceP tC''- f 5

Interval (Ft.)
__to ___

__to ___

__to

__to

to ___

__to

Locati

Project I)7g -ryd k
on (N) '21592 (E)3 _ 3A

Hole Depth (Ft) Nydrop,,tc& PhA
No. of Completions _______

Stick-Up Height (Ft) _______

Slot Size _____________

Location Sketch

Sampling Method '-AIe;4- A)Fr
Fluid Level/Date 42r- c$Idl, 7

Remarks J~uravp.ncA

FT) 6" ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist

__ -___to saturated).

54Al veJ r~2 I J 7 JA c rcdd 1 dT'- , /-f4 A JawS

D Vr~ )oe,- Arcteol 17,rAebC/

1I-
AU

~I depths measured from aru d Ic ci

(rpleted By "t'A Ver ified By e '4 - 7 -
,--I /7
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tACTEC-ERS
597 B 3/4 Road

I rand Junction, Colorado 81502

a ci ity rotraJid T 641v 6 -ce, Site M uvw v yv~wit iia Iej 1 71.
1ring/well No. _____________________ Locat

Ground Elev. (Ft.) Bit/Auger Size 76,00J3*Z0

Borehole Summary
Page -41* of L

.Project UMTRA Grvnd" k~he.r

ion (N),2 5F`, (E) 59,9/2-12
A,i~'c-r 13

Hole Depth (Ft) .)1,UnhI AlA

No. of Completions
Stick-Up Height (Ft)
Slot Size __________________________

fl.n~no~ta Eiflvh I rI I

TYPE o1. (cf. gal) Interval (Ft.)

reen sigo,____
mpank Cap __________ to ___

,I dPack _ _ _ _to _

Sealant ________to

o ut __ _ _ _ _ _ _toICking Cover Installed YIN Padlock NA____
Drilling Method A\ o.'cr_ Sampli

ImtepDrilled 6- -. Date Developed tujý Flu
pler(s) r~ce~ Remarks-

Location Sketch

ng Method NA-
rid Level/Date. /! ic~-9 -~97~

Depth' Blows/ PIO Sample No.; WELL GRAPHIC DESCRIPTION
11,) 61 ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor

3 to well); grain angularity; induration or plasticity; moisture Content (moist
U to saturated).

A/ f/' bLCh)/eWr 1 P )1

II

- depths measured from graun

Crpeted By______________ Verified By iTýý _
I'l 111
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4 PACTEC-ERS2597 B 3/4 Road

'rand Junction, Colorado 81502

facilit TwraJ 4tvQ Site

.ring/Well No. ______________________Locatio

Ground Elev. (Ft.)4gý,2 Bit/Auger Size 7 ~~

Borehole Summary
Page _J of _

Project ijM dA ae

n (N) 915S57L,(E) 597194

Hole Depth (Ft) _________

No. of Completions
Stick-Up Height (Ft) t

Slot Size_
* TYPE

Blank Casing __ _____

~reen
3mp lEnd Cap _______

ndPack______ _

Sealant _______

Iking Cover Installed Y/N
Drilling Method A LjjcrI te Drilled C--b7 Date D

gmpler(s) .jp-'1cer-

Diameter
Vol. (cf.

(inch 1. D.) I'
gal) Interval (Ft.)

____to ___

____to

____to

E _to
to ___

Location Sketch

Padlock 1 0.

eveloped NA
Sampling Method tA

Fluid Level/Date i-
Remarks 14drgo cA 6urc;.i

~- ~

.. 1 - f- - J
Depth' Slows/ PIO Sample No.: WELL GRAPHIC DESCRIPTION51T 61 ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angu larity; induration or plasticity; moisture content (moist

I I To p,_&b)CS (L~f"? :r/z) Ik±'5 thar- /cr /"%7-.9 At

. t

IIdepths measured from grouly~
Cnpleted By Verified By A 4"I
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R1ACTEC-ERS
2597 B 3/4 Road

( rand Junction, Colorado 81502

___________TU 'CavD~c_ Site A4t-uma_*n-J d4Iley.,

Borehole Summary
Page _/_of 1

I aci ng (Well No. 6..94-.3
Ground Elev. (Ft.)4 A54 Bit/Auger Size 7 ~./~

Locat

lnCaigTYPE Vol. (cf. gal)

' een______ __

mp /End Cap _______

nd Pack ______

Sealant _______E out 
_ _ _ _ _ _ _

cking'Cover Installed Y /N Padloc No._______
Drilling Method Awtr-Ite. Drilled 6 Date Developed A] P

Interval (Ft.)
__to ___

__to ___

__to

__to ___

to
__to ___

Project t)*1 TRA 4 4,.

ion (N) aisIY71-(E) -5ff7•00

Hole Depth (Ft) W.iZP-.C(AA
No. of Completions'
Stick-Up Height (Ft)
Slot Size

Location Sketch

Sampling Method A) k
Fluid Level/Date Pr 1-397

Remarks 14q4r*,9,4c
Depth' Blows/ PID Sample No.: WELL GRAPHIC DESCRIPTION

6' ppm interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist

Dr el bt rfotA

UeIfM
ifI t 1

go

t t depths measured fromCpleted By erif e d BVer ife B
111



This page intentionally blank

I
I
I
I
I
1
I
I
I
U
I
I
I
I
I
I
I
I

II



t4 ACTEC-ERS
597 B 3/4 Road

irand Junction, Colorado 81502

C~ViitrvdJJuvi,_o- 0e+ý'cr4ce_ Site _&fm ~4vI-b i a / le'
) '

ring/W ell N 6. 
Bi/ u erS z

Ground Elev. (Ft.) Bi/ugrSze7/8.14.Ib
Diameter (inch 1. D.)

TYPE Vol. (cf. gal) Interval (Ft.)
lank Casing _______ ___to___

Sreen ___________to ___

mo/End Cap ___________to ___

nd Pack ________to ___

Sealant ___________to ___I ut __ _ _ _ _ _ _to

king Cover Installed Y IN Padlock NO._______

Drilling Method Aujrr Sampli.

lite Drilled (c--Y-327 Date Developed A)A Flu
O pler(s) ________________________ Remarks

Borehole Summary
Page 1of

_____ ~Project I2MLLA..r&.n~a~

Location (N) 21~5 (E)5ZZQZ.....

Hole Depth (Ft) gdv~e I
No. of Completions ______

Stick-Up Height (Ft)_______
Slot Size__________ ____

Location Sketch

ng Method 'A)Pr
id Level/Date D i-g. 6g-3-.97
f9q4a~rgpvncA 6~rin'

1

Set lows/ PlO Sample No.: WELL GRAPHIC DESCRIPTION
6' ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist

0 - ~ ~ ~ ~ ~ ~ ~ ~~~t sauatd. Jz-CL. ") i)iA ) ec')

vri~( I" 4-. ~r/ý

SO ;~~~~e-~~ r~~da'1c-P c...Y 1i j 3k)c

reer~,j4~ ,ij)t. L 5 eS-'I? j.k.C-t c -h.

C ~Mei C

T en 7

I7

- Idepths measured frm un d :7 :1

Z pleted By :Z Verified By
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3A ACTEC-ERS
2597 B 3/4 Roadirand Junction, Colorado 81502

facility Gyr-4dJ-VvteC*'O' O1Cce Site Mo-numeat Vcz/).) ,

Iring/Well No. G 3 Cp Locat

Ground Elev. (Ft.)499f Bit/Auger Size ~/'~9 ~~ 4 .0

Diameter (inch 1. D.)/ITYPE Vol. (cf. gal) Interval (Ft.)

Borehole Summary

Page -)-I- of J

Project 4r6 viAl

ion (N) t215906Z_ (E)L9 Ss?'7g9

Hole Depth (Ft) Au________

No. of Completions
Stick-Up Height (Ft)
Slot Size ___________Blank Casing __ _____to ___

r een ________ _______ ___to ___

mp/End Cap ________to-___

nd Pack ___________to ___

Sealant ___________to. -___

Ukin Cover Installed Y I N Padloc N. o ___

Drilling Method A oa. SampiL te Drilled 6 7 Date Developed Flu
Wpler(s) kS,~,i~-Remarks

Location Sketch

ing Method 13ai1)er
jid Level/Date 4 7{
ItLatrO occh ber~r)qr

b,7 ) f r,' -3 - --);z-

Depth* Slows/ PID Sample No.: WELL GRAPHIC DESCRIPTION
61 PPM Interval CONSTRUCTION LOG

Required Information:
Typical name; M~unsell color; percentage sand and gravel; sorting (poor

to well); grain angularity; induration or plasticity; moisture content (moist

0 0 C-5'a-na -f felrv Crr.. 'i C' tn. AI.

CSYr'? g2'~ 5.9.~')L /%s/z 1~e
6~~ )6 Afec9 Idrc-/e-.- ye/t

Spe V 2
1c fe 6i " r

I,, , C n/-
I7b.e epý6js

CI0W4 + e
Io5

Ie- -5a -

:1depths meas ure~d ýfrom aun~,~

cpleted By Verified By de'4 'ýLAL'L
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I ACTEC-ERS
2597 B 3/4 RoadIrand Junction, Colorado 81502

facility r J -V 'r'f,'CrA O, fce- Site mvwl ". valle',l A:Z

3ringfWell No. C 9%Locati

Ground El .ev. (Ft.) :4 7-95,!f Bit/Auger Size '2L/34j,.
Diameter (inch 1. D.)

TYPE Vol. (cf. gal) Interval (Ft.)
Blank Casing. _______ ___to ___

reen _______ _________ __to ___

rnmp/End Cap ________to ___

nd Pack _______ ___to ___

Sealant ________to

I ut _______ ___to ___

Lzking Cover Installed Y /N Padlock\NO. _____

Drilling Method Au~zc,, Sampling Mer fe Drilled 6;-AOý-9F-. Date Developed ________Fluid Lev
Wpler(s) IL. 5pci-ee- Remarks _1___r

Borehole Summary
Pa ge ~Jof

Project VATiq Gr A A4 d4c-"

ion (N) ;214 32-43.(E) 59 Ig72,.

Hole Depth (Ft) 7-5-) -l~'~,,)cl'
No. of Completions I
Stick-up Height (Ft) 3O
Slot Size I________________________________

Location siketch

thod 13a
el/Date
0 PI~~) U 1.3z

) A- f t A , ) J 6 -) & -

Depth* Slows/ PIO Sample No.; WELL GRAPHICI DESCRIPTION
6. PPM Interval CONSTRUCTION LOG

Typical name; Munsell color; percentage sand and gravel; sorting (poor3 ~to vWell); grain angularity; induration or plasticity; moisture content (moist
to saturated).

A9 99 bsoc'Jfr/)* hefi/~7drS ,4.~ 5&-i/,~'~

i~t~~i~~ ~ 6-e~ ' , Ldet. A fCew i-ecle-ic./e Ilow vo .

p ~ ~~~~ 21Z ;ZCL~~c-ecL,

/eCs a ha e ate 5oc C, VC~ e--r Vr~l

Y-9'CVC'5aI 50 c- rcý 75cbl

-re ________t-j -r d r-S /L"

I1r e-
I~ ~ ~ ~ ~ ~~ ~~Ale __ _____ ___________________

Idepths measured from arounýLpleted By 7.d' Verified By
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I ACTEC-ERS
2597 B 3/4 RoadIrand Junction, Colorado 81502

a ciity CravJT J¶+'vt Ocf - i -0(;ce-Site MV7ofln U T &) VA )e A e,

I ring/Well No. '93 6 Locati

Ground Elev. (Ft.) g)23 BitiAuger Size7V ½ /V# .
Diameter (inch 1. 0.)ITYPE Vol. (cf. gal) Interval (Ft.)

Borehole Summary
Page __L OfI

Project IMf3 ro-

on (N) (L6* E) 59J 2J23
A vfc- 4g5Hole Depth (Ft) H y'd ry J u

No. of Completions
Stick-Up Height (Ft)
Slot Size_ _ _ _

ILocation Sketch

Blank Casing __ _____f -een _______

p / E n d C a p_ _ _ _ _ _ _

Ead Pack _______

Selant _______

-1king Cover Installed Y N N
Jrilling Method Aoajef-

-eDrilled C -/ 0 -_ý7- -Date D
SEnpler(s) A. 541e~2ei-

to ___

_____ ______to ___

____to ___

_to
to ___

____to

eveloped rý) k
Sampling Method I8cuier

Fluid Level/Date 14F
Remarks 14qc/reo~,?c4 bco- )r,

ba I =/'-Jt5-7ý

'I

*Depth* Blows/ PlO Sample No.: WELL GRAPHIC DESCRIPTION,

8* ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticiy; moisture content (moist
to saturated).

mC, nt*C4, -

-5a m e as 5 eei)e- 4o~i 1'2 A o (ý b /ccKAI Dio. C' r-c

)In ~e - a; Ind0f n a wc~ h, it_ cc/ear c-Ah

5n, c , c-~ ace~, 5~~~

'Sel"7ev 0  re, 1uo/s~ e 6 " 76

IC)z r ;jer';

Atepths measured Ir rouy

leted By Verified By I Z.
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~4ACTEC-ERS
597 B 3/4 RoadC rand Junction, Colorado 81502

ciiyrr.:dd" &K~ce,- Site Mor,7vmz~,t ge!jA

Iring/Well No. ZE06
Ground Elev. (Ft.) 6Bit/Auger Size .

Borehole Summary
Page of 2

Project tL'MT03A ~~4i~

Location (N) ;V6,2653 (E) 59Z071/
Hole Depth (Ft) 0ZZ .~

No. of Completions
Stick-Up Height (Ft) 2•

* LDiameter (inch 1. D.)
*TYPE Vol. (cf. gal)

lank Ca sing, P)C. sce'- ______

Sreen pi) 6 5e-- ý
mp/End Cap Rye- s~c/ 4-0 '2

Sealant 4

* out ai e. 5 rr __ _ _ _ _4

*cking Cover Installed 0/ N Padlock No.. -33S3.
Drilling Method AuvjerUte Drilled -97 Date Developed 8-)b-Tý
Impler(s) L. SjeMcc-r-

Interval (Ft.)

0i. to __5
r '-toM-75
79- to 7Gs5
5ý6 to 4-,

3'*to Z_

Slot Size LL

Location Sketch

Sampling Method Spe)i t~zPo0C' (h'ý " 4e~ 4~- 4LJ'T
Fluid Level/Date 22,6 1 / & c-i)-_97

Remoarks Ai-/~vieca'-v~t- /saeI*sJ' /(ZV, feni,;oc. ZO 7 vcs'--i4I'Depth* Blows/ PID Sample No.; WELL GRAPHIC DESCRIPTION
6 pp Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color, percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moistii to saturated).

/2-41. f ead AM' V r 1r. to in ', r) -'~'s 2 /~

(I6. al. a9ý 0---
41,2 15- (O~ ý-' 4 ~ '~ 6c/ea, 6 %r 1

4
'viie I C Id, r,;

741 Z-. 44. '54171Vc ) 1ri fec. n. 7,rh'e ,,1V -b'A/c/ 17(,,, ? 610)

r--r e / w a e-

Idepths measured from ground ael

c~pleted By (t~J 9b0z'e'"Verified By
- 71 1.11



WELLNO. 760e~

PLANNED INSTALLATION

CASING DIAMETE R 4?

CASING STICKUP HEIGHT 2-,_5O0

TOP OF GROUT 2

GROUT TYPE 6 , ur1

DATE -,29- TIME Ie9oo

FINAL INSTALLATION (ceqS r

CASING.STICKUP HEIGHT.

TOP OF GROUT

I
II
I
I
U
I
I

-TOP OF PELLETS .1 T

SIZE OF PELLETS

WATER ADDED TO PELLETS lL
(Gallons)

TOP OF .F .INE D _______

SAND SIZE

TOP OF FILTER SAND

FILTER SAND SIZE 1,9-20

TOP OF SCREEN 55____

TOP OF SLOTS 5.c
TYPE OF SCREEN

TOP OF PELLETS __

TOP OF FINE SAND

TOP OF FILTER SAND

TOP OF SCREEN___

TOP OF SUMP/END CAP

SLOT SIZE

BOTTOM OF SLOTS 244-

TOP OF SUMP/END CAP

BOTTOM OF SUMP/END CAP7E

TOTAL

BOTTOM OF SUMP/END CAP

DEPTH "7-Oý

I1



Borehole No. 71aO Date 6- I- 87-
Borehole Summary

Page Z of 2.

measured from ground level.

I pleted By __ _ _ Verfie By /2I Verified By



Well Detail Report for: MON01 0760 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MON0l) Elev Depth

LOCATION CODE: 0760 TOP GRAVEL PACK: 4765.76 46.50

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4736.76 75.50

DAMAGED: No TOP OF SCREEN: 4757.26 55.00

TOC ELEVATION: 4814.8 BOTTOM OF SCREEN: 4737.26 75.00

SURFACE ELEVATION: 4812.26 GRAVEL PACK LENGTH: 29.0

BOTTOM ELEVATION: 4735.26 SCREEN LENGTH: 20.0

TOTAL DEPTH: - 77.00 CASING LENGTH:. 78.04

ZONE OF COMPLETION: ALLUVIUM CASING. DIAMETER (in.): ý2

Lithology Detail

TOP BOTTOM uscs
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION'

4812.26 0.00 4807.26 5.00 SAND, very fine grain to fine grain, yellowish-red.
(5YR 5/6). 99% sand, 1% silt, well sorted,
subrounded, moist. A few red, yellow and black
mineral grains.

4792.26 20.00 4 782.26 30.00 Same as above, saturated. A few tiny white and
clear chips. WL - 24 ft.

4772.26 40.00 4771.76 40.50 Clayey Sand. Gray (5 Y 6/2). 90% sand, 10%
clay, plastic.

4771.76 40.50 4771.06 41.20 Same as above. 95% sand, 5% ,silty clay, non
plastic.

4771.06 41.20 4770.76 41.50 Sand, very fine grain, to fine grain, reddish brown
(5YR 5/6).

4767.26 45.00 4762.26 50.00 99% sand, 1 % silt, well sorted, subrounded,
saturated. A few red, yellow and black mineral
grains, and a few tiny clear and white chips.

4762.26 50.00 4757.26 55.00 Same as above, yellowish brown (5YR 5/4).

4735.26 77.00 4735.26 77.00 .TD in Quat.

I
I

I
I

II
U
I
I
I
I
I
I
I
I
U

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
I
I
I



k~ MACTEC-ERS
597 B 3/4* Road

Grand Junction, Colorado 81502

lacility _Gr,1L ac i s-n Of4½fie.- Site Menr.'neri Vedlee'ý A

I oring/Weli No
Ground Elev. (F

I lank Casing
Screen

ln ump/End Cap
and Pack

Sealant

L rout
cing Cover

Drilling Method

761

Borehole Summary
Page OfJ

Project UH-rRqA 9r,)dA~1er

Location (N) ý2iL2I (E) _5~J fr,
Hole Depth (Ft) 5,
No. of Completions j
Stick-Up Height (Ft) *_2

Slot Size 0.0/0

04t 2-) Bit/Auger Size 7 §ý *, LOP, '/J4 LZ
Diameter (inch I. D.)

TYPE Vol. (cf. gal) Interval (Ft.)
et~c- *sCd, 40 Z. 0-to ;_

P__40 .39 to4-3
pvic ,cd. 4o _____ 4,9to 54-

e______ '1*' .36. to J-5

i,_de sIL, rr) Mf 3.3 to Z
Installed S/ N Padlock No. 33-5-9

Aorir Sampli

ro

Location Sketch

rig Method _c~oiitg'p~.,A 6

Ite Drilled 6-737 Date Developed 8-19--34-mpler(s)/L. S.,-acccr-
Fluid Level/Date 4-1 f t / 6~- 17-3 j

Remarks

Dapth* BlowsI P10 Sample No.; WELL GRAPHIC DESCRIPTION
FT) 61 ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

0 -5' Sand, verlj f.4ne~nz'nedl to IF. 'To., recdc,'J, 410e,)/)(.-i 6

320~15 e_ _ _ _ _ _ _ _ _ _We_ _ _ _ _ _ _ _ _ __Fe

IC / * ~~~.34-35 Sam~e-s q~ý-' fel~5{~S J~1 5 . 2  -

4S1~ 4C 0 7 4
4

-5/W,-_ K1;, 94e ý1&J C/O yf 13eeI0  
'Cie

1..-,,cz ~ f -r; -

3 - AJI depths measured from ground lev.(7lT,Impleted By Verified By L4.-1 Ad -
/I/ /I



WELL NO. 7CP

PLANNED INSTALLATION

CASING DIAMETER 2

CASING STICKUPHEIGHT24-

TOP OF GROUT _________

GROUT TYPE G,,cnicbh 5hurr

p0 OS

DATE 6-M-___97 TIME /0,0 hr,

FINAL INSTALLA-flON (So-e a;,ple~ 7i)iet

2 CASING ST ICKUP HEIGHT ____

I

I

TOP OF PELLETS 33 c)

SIZE-OF'PELLETS ron

.WATER ADDED TO PELLETS 14
(Gallons)

TOP OF FINE SAND'______

SAND SIZE____ ____

TOP OF FILTER SAND 37.

FILTER SAND SIZE /92

TOP OF SCREEN ,c

TOP OF SLOTS _____

TYPE OF SCREEN OecJrlcK

TOP OF GROUT

TOP OF PELLETS

TOP OF FINE SAND

TOP OF FILTER SAND

TOP OF SCREEN

SLOT SIZE e9,C0/0

BOTTOM OF SLOTS 111J

TOP OF SUMP/END CAP 4j

BOTTOM OF SUMP/END CAP

TOTAL

TOP OF SUMP/END CAP

I
U
IBOTTOM OF SUMP/END CAP

DEPTH



Well Detail Report for: MON01 0761 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MON0l)

LOCATION CODE: 0761 TOP GRAVEL PACK:

DECOMMISSIONED: -No BOTTOM GRAVEL PACK:.

DAMAGED: No TOP OF SCREEN:

TOC ELEVATION: 4835.02 BOTTOM OF SCREEN:

SURFACE ELEVATION: 4832.29 GRAVEL PACK LENGTH:

BOTTOM ELEVATION: 4776.79 SCREEN LENGTH:

TOTAL DEPTH: 55.50 CASING LENGTH:

ZONE OF COMPLETION: ALLUVIUM CASING DIAMETER (in.).:

Elev

4796.29

4777.79

4793.29

4783.29

18.5

10.0

57.230

2

Depth

36.00

54.50

39.00

49.00

Lithology Details

.TOP

Etev Depth

4832.29 0.00

BOTTOM
Elev Depth

4827.29 5.00

uSCS
DESCRIPTION LITHOLOGY DESCRIPTION

4827.29 5.00 4822.29 10.00

4822.29 10.00 4817.29 15.00

4802.29 30.00 4797.29 35.00

4797.29 35.00 4787.29. 45.00

4787.29 45.00 4785.79 46.50

4782.29 50.00 4777.29 55.00

Sand, very fine grained to fine grained, reddish-
yellow (5YR 6/6). 99% sand, 1% silt, well sorted,
subrounded, dry. A few red, yellow and black
mineral grains.

S ame as above, moist.

Same as above, a few tiny clear and white chips.

Same as above, a few soft subrounded
sandstone pebbles up to 1cm long.

Same as above, no pebbles. WL - 41 ft.

Same as above, saturated.

Drilling got harder/slower at 50 ft. Suspect
weathered bedrock.

Sandstone (Shinarump), fine grain, brownish-
yellow (IlOYR 6/6). 98% sand, 2%/ clay, well
sorted, subrounded, moist, friable. Trace of mica,
a few large quartz grains. Limonite and hematite
(reddish) staining.

4777.29 55.00 4776.79 55.50

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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U MACTEC-ERS2597 B 3/4 Road
Grand Junction, Colorado 81502

IaCulity 6jra4uýTL.'ncti"v 04ce

Borehole Summary
Page J. Of k

Site Mmnume,7i~r V,411e~ A m

11oring/Well No. LA .
Ground Elev. (Ft.) 19Bi/ueSz7V OD)

Diameter (inch I. D.) I
TYPE Vol. (cf. gal) In

Ilank Casing PVC scc/. 4-0' Z114I reen PQOi scd.4.O Z 239
ump/End Cap PVC $ccd.4- 2.. 4-3
and Pack )&'-2 0 s),c& .10.-2c1945

Sealant 413 4 ~il* ý,

3rout POSCc., Be) 1oii 6 I5fz 23
cking Cover Installed (Y) N Padlock No. T335,9

Drilling Method AL ug e

I ate Drilled 6-8-7 Date Developed 6-19-'3ý-
amplerls)1L_;0ancecr-

* ~~~Project OM-TqAIL'-sngt

Location IN) T2~2~ (E) 5 86//

-Hole Depth (Ft) 30,
No. of Completions
Stick-Up Height (Ft) .2,+Z
Slot Size 0,010.

Location Sketch

Sampling Method
Fluid Level/Date 29 S 't ý-I 3 ,

Remarks Trs.Ah. )! Fhi!5.1 5is.

aDepth' Blows/ PID Sample No.; WELL GRAPHICI DESCRIPTION A1e 5tac-rs,ýP,
PT(FT) 6" ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; Sorting (poor
to well);- grain angularity; induration or plasticity; moisture content (moist
to saturated).

CY £6) 51~ L ~~S/~pc¾ -ed s b d-
/) r&'.5 o~t A 4ýL/ r ed, ife) lcov -,/clcffr m A yra0n

/ 2 d5pc2 41. _" Ir aii, ve'z'~o~

Z~~-356 Vt-v e ~6'.~a*.e t-, A C:d-es'

'60_ s - C F 5 C6,A e C 7 b C e n o c . fc a

30 F63"-90 Cr

I ~~~ ~ ~ -g ___ f__ __6 _________________

P AI depths measured from groun e

I mpleted By - Ve rified By



WELL NO. 7c Z

PLANNED INSTALLATION

CASING DIAMETER 2

CASING STICKUP HEIGHT_____

TOP OF GROUT __________

GROUT TYPE P.Q5 b-).

TOP OF PELLETS _____3 ___5

SIZE OFPELLETS_______

WATER AflDED.TO PELLETS
(Gallons)

TOP OF FINE SAND______

SAND SIZE M

T OP OF FILTER SAND

FILTER SAND SIZE 1C'20

DATE c-L9-37 TIME i5

FINAL INSTALLATIN ~.

CASING STICKUP HEIGHT ____

TOP OF GROUT____ _____

I

I
I

TOP OF PELLETS________

TOP OF FINE SAND_______

TOP OF FILTER SAND ______

TOP OF SCREEN

I
I

U
I
I

'U
I
I

TOP OF

TOP OF SLOTS

TYPE OF SCREEN

SLOT SIZE___

BOTTOM OF SLOTS

SCREEN__3,

2-9,. Gc

Ocedri9

49.3

TOP OF SUMP/END CAP 439I5 - TOP OF SUMP/END CAP I
BOTTOM OF SUMP/END CAP BOTTOM OF SUMP/END CAP

TOTAL DEPTH _______



Well Detail Report for: MONO01 0762 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE:

*LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION-

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON01)

0762 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4820.74 BOTTOM OF SCREEN:

4818.11 GRAVEL PACK LENGTH:

4728.11 SCREEN LENGTH:

90.00. CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4791.61

4763.61

4789.11

4769.11

28.0

20.0

57.130

2

Depth

26.50

54.50

29.00

49.00

Lithology Details

TOP

Elev Depth

4818.11 0.00

BOTTOM USCS
Elev Depth DESCRIPTION

4813.11 5.00

4803.11 15.00 4798.11 .20.00

4798.11 20.00 4793.11 25.00-

4788.11 30.00 4783.11 35.00

LITI-OLOGY DESCRIPTION

Sand, very fine grained to fine grained, yellowish-
red (5YR 5/6). 99% sand, 1% siit, well sorted,
subrounded, moist. A few red, yellow & black
mineral grains.

Same as above, gravel - 5%, up to 2 1/2 cm long.

Same as above, no gravel.

Same as above, wet. A few white and clear
chips, very small.

Water Sample. #762-43..

Same as above, reddish-brown (5YR 5/4),
saturated very slightly sticky.

Same as above, not sticky.

Same as above, a few tiny brown siltstone
pebbles. - 1%.

Water Sample #762-88. TD in -Quat.

4777.11 41.00 4775.11 43.00

4768.11 50.00 4763.11 55.00

4758.11 60.00 4753.11 65.00

4738.11 80.00 4728.11 90.00

4730.11 88.00 4728.11 90.00

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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UMACTEC-ERS-
2597 B 3/4 Road
Grand Junction, Colorado 81502

lacility 6ýia n-4ý'onc t&nC9 e'ffce. Site Mnn-e-n-1 Va/el )ey. A -,z
Ioring/Well No. 7~3Locatioi
Ground Elev. (Ft.).le5t 4g1g Bit/Auger Size 751gc0./3A10

Diameter (inch 1. D.)ITYPE Vol. (cf. gal) Interval (Ft.)

Borehole Summary
Page J* Of IJ

Project UM- pCr,;cJ1f

n (N)________d (E) .5 979

Hole Depth fFt)
No. of Completions
Stick-Up Height (Ft)l-
Slot Size_________________________________~lank Casing' _______

4 creen_____ ___

ump/End Cap _______

-and Pack__ _ _ _pP

Sealant _______

t ro u t_ _ _ _

ocking, Cover Installed Y /N Padlock NA_______
Drilling Method A oqtf -I te Drilled G-,-ý9 Date Developed #P

a mpler(s) 4,5,enceer

__ to-_to

__to

_to

Location Sketch-

Sampling Method ti A
Fluid Level/Date 14A

Remarks y.o5t brin-'ic ~ocQ&Jnq sernd

Depth' Slows/ PlO Sample No.; WELL GRAPHIC DESCRIPTION
(FT') 6" ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture. content (moist

0 -5' 157d ,ve fn.51r to fn.¶r-., 110owish recý (gy/? 6T-16)

GC'2 eam Cz5 C7b e-, nrc rae/ft

JI depths measured fro ro~und

mpleted By Verified By Oe1 _A6W&
'4/ 117
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U MACTEC-ERS
2597 B 3/4 Road
Grand Junction, Colorado 81502

tacility Grani4'Jncfian Office, Site Minw-wtUd l/e%, Am

Borehole Summary
Page J.Of

Project 014TgA 6Grc~njk*a~er

Ioring /Well No.74

Ground Elev. (Ft.) 69 Bit/Auger Size 7 V9"O.D Z ;3)+"1T.
- Diameter (inch 1. D.) /

3TYPE Vol. (cf. gal), Interval (Ft.)
Ilank Casing po-Sdc 2"ot4-

Screen 12era Q* 7- 4-7. to AZRump/End Cap P V c $-c,/ 46'7 - -LSto &.
and Pack I4zC.2 /OZC~n 4 j to 4;

Sealant 44 ~ .to 4)

L rout A05C.f 34/to Z.
cking Cover Installed 9/N Padlock No. _3.35_9

Drilling Method A o e-r SampliIate Drilled Q-;C_7_ Date Developed 9-1j7-?7 Flu
tmpler(s) 1. 2$pa,7cer- Remarks

Location (N) ___6_/_p__A_5 CE) -5.4 ,

Hole, Depth (Ft) 521
No. of Completions
Stick-Up Height (Ft) .2 7
slot size 6,0120

Location Sketch

ng Method
id Level/Date 4,3 t .i/G2-?

>1

Depth'j Blow$/ PI Il Sample No.; WELL GRPICI DESCRIPTION

I FT 6 Jppm. Interval. CONSTRUCTION jLOG
Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

1.

/ C -4-- /
~/

;/ /
1:/i

:1
/ /

,-~~~~~~~~~~:~~~ -feaF. £4~ 1 ~rd~A &O J( T~ k)8 ~ '

dC Wufl'~ ~r';nS A 4"~i~n ~~~.~ia.~'5

S--0 -Sa'ne r$44C ve, MD"s t

i~1

/
3C3754,adi, se-."eafabreý, rcv4disJ, .jeI/loO(SYR~ 6/), 1if A t

"s '~
t 5j
St. 5* mof4e Qýeqe_;

c i- 4 a r d- - 6V 4 7 -4 -0 k0

jfo- W@ rge
4 Jo-ro (49-51 'J~t~r~es~p~e)

I ~

*All depths measured from groun levL

Impleted By YVerified By Is(I '
fl



WELL NO._______

PLANNED INSTALLATIN

CASING.DIAMETER 2-

CASING STICKUP HEIGHT &

TOP OF GROUT 2.

GROUT TYPE PIhCo, 13,L i

TOP OF PELLETS

SIZE OF PELLETS Vvifcvd

,WATER ADDED TO PELLETS IC)
(Gallons)

TOP OF FINE SAND f40
SAND SIZE 0I-.
TOP OF FILTER SAND. 450
.FILTER SAND SIZE 0~-2

DATE- 6'-20)-27 TIME /)

FINAL-INSTALLATIN(s pI )

I
5
I

CASING. STICKUP. HEIGHT ____

TOP OF GROUT_________

TOP OF PELLETS ________

TOP OF FINE SAND_______

TOP OF FILTER SAND ______

TOP OF SCREEN ____

TOP OF SUMP/END CAP _____

I
U
I
I
U
U
U
I
U
I
I
I
I
I
1
I

TOP OF

TOP OF SLOTS

TYPE OF SCREEN

SCREEN 476'ý

SLOT SIZE _ _ _ _ _ _ _ _

BOTTOM OF SLOTS. _____

TOP OF SrJMP/END CAP 67, 0

BOTTOM OF SUMP/END CAP -1- .5-BOTTOM OF SUMP/END CAP

TOTAL-DEPTH 52.5



516/9 9Well Detail Report for: MON01 0764

GENERAL INFORMATION SCREENING INFORMATION

SITE:

*LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON0l)

0764 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4851.53 BOTTOM OF SCREEN:

4848.68 GRAVEL PACK LENGTH:

4796.18 SCREEN LENGTH:

52.50 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4804.68

4796.18

4801.68

4796.68

8.5

5.0

55.35
.2

Depth

44.00

52.50

47.00

52.00

Lithology Details

TOP
Elev Depth

4848.68 0.00

BOTTOM
Elev Depth

4843.68 5.00

USCS
DESCRIPTION

4843.68 5.00 4838.68 10.00

4838.68 10.00 4833.68 15.00

4833.68 15.00 4828.68 20.00

4818.68 30.00 4813.68 35.00

4808.68 40.00 4803.68 45.00

4798.68 50.00 4797.18 51.50

4797.18 51.50 4796.18 52.50

LITHOLOGY DESCRIPTION

SAND, very fine grain to fine grain, reddish-yellow
(5YR 616). 99% sand, 1%/ silt, well sorted,
subrounded, dry. A few red, yellow and black
mineral grains. A few tiny white & clear chips.

Same as above, moist.

Same as above, less than 0.5% reddish-brown
siltstone chips. (5YR 5/4).

Same as above, no siltstone chips, yellowish-red
(5YR 5/6)

Sand, same as above, reddish-yellow (5YR 6/6),
slightly moist.

Same as above, more moist. (Note: Driller
noticed drilling got harder @47-48 Ft.)

Same as above. Water sample 49-51 ft.

Weathered Bedrock (Shinarump).

Note: Depths are feet below ground surface and. elevations are feet above Mean Sea Level.
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3AACTEC-ERS
597 B 3/4 Road

g( rand Junction, Colorado 81502

aculity, rond Jun cfioq Ojjjcp/ Site Man,; mime~ Va)eq, A

Borehole Summary
Page J ofJ

,-Proiect UM7IA Gro.,n4ker-
k ,

3oring/Well No. 76,! Location (N) 211609369 (E) 8924

Ground Elev. (Ft.) j~.. Bit/Auger Size 1,01'WP 6 ý j
Diameter (inch 1. D.)

TYPE Vol. 1cf. gal) Interval (Ft.)
lank Casing PV '5". 0______ Q to -6,

creen D;eý, P V C s,%4. 4-0 51*, r to -89.7
Emp/End Cap PIC_ 9.7+ 4" jto 93,

.and Pack ~ i ,)jezt. 4- 97 1,9 to S.s
Sealant S6,eiss Yi5 , to 6-,r

Bcking Cover Installed E)/ N Padlock No. -1353
Drillin gMethod Awvqe% SampliIte Drilled Co -1 Date Developed Jj.....Flu

mpler~)~. ~-icerRemarks

S

ing Method A~c-
iid Level/Date -3
5See ncie I'ehs0"

lole Depth (Ft) (5,
Nlo. of Completions.4
itick-Up Height (Ft)
lot Size Qo, 01
Location Sketch

_Depth' Blows/ P lO Sample No., WELL GRAPHIC DESCRIPTION

IFT) 6" ppm Interval CONSTRUCTION 
LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

0k 0 -6 5.nd

51 156) '9 9- 9;~, r ,o 7960. Sjr er Sob -

Sam -C Z; Crb

112 C -- ~ -euf
AC' 4s 501 e1 5er 6 r sc. ea rL 4 tJed..

A ,-.. LQ3 A rl nme, ra -

I,~n I, D- Z.'

- ~ ~~ la r ~-vad er , c hIr-'4 P /

-All depths measured from ground7,ý I----7'

Inple ted By,_______________ Verified By •
Or 111



A3
WELL NO. 76

PLANNED INSTALLATION

CASING DIAMETER

CASING STICKUP HEIGHT

ZYýTOP OF GROUT

GROUT TYPE PI)rc hLb~4;e

TOP OF PELLETS ________

SIZE OF*PELLETS

WATER ADDED TO PELLETS gJ-i
( .Gallons).

TOP OF FINE SAND ______

SAND S IZE________

TOP OF FILTER SAND

FILTER SAND SIZE4-

DATE (G-5t9-2 TIME 20,3c?

FINAL INSTALLATnoN(5,s-e a-

CASING STICKUP HEIGHT ____

TOP OF GROUT_________

TOP OF PELLETS ________

TOP OF FINE SAND _______

__ TOP OF FILTER SAND.,_____

TOP OF SCREEN

I
I
I
I
I
I
I
I
I
ITOP OF

TOP OF SLOTS

TYPE OF SCREEN

SLOT SIZE

SCREEN Cog__

7-19

BOTTOM OF SLOTS _____

TOP OF SUMP/END CAP _____ j TOP OF SUMP/END CAP _

BOTTOM OF SUMP/END CAPBOTTOM OF SUMP/END CAY

TOTAL DEPTH



Well Detail Report for: MONO01 0765 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (h~

0765

No

No

4848.45

4845.64

4756.64

89.00

ALLUVIUM

fON01)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

4789.14

4756.64

4787.04

4756.94

32.5-

30.1

91.81

4

Depth

56.50

89.00

.58.60

88.70

litholbgy Details

TOP

Elev Depth

4845.64 0.00

BOTTOM uscs
Elev Depth DESCRIPTION

4840.64 5.00

4840.64 5.00 4835.64 10.00

4825.64 20.00 4820.64 25.00

4815.64 30.00 4810.64 35.00

4805.64 40.00 4800.64 45.00

4800.64 45.00 4790.64 55.00

4790.64 55.00 4765.64 80.00

4765.64 80.00 4760.64 85.00

LITHOLOGY DESCRIPTION

SAND, very fine grained to fine grained, reddish-
yellow (5YR 6/6). 99% sand, 1% silt, well sorted,
subrounded, dry. A few very tiny black and
yellow mineral grains.

Same as above, slightly moist.

Same as above, yellowish-red (5YR 5/6). Moist.
A few red mineral grains.

Same a's above, wet, very slightly sticky. WL - 32
ft.

Sand, very fine grain to fine grain, yellowish-red
(5YR 5/6). 98% sand, 2% clayey-silt, well sorted,
subrounded, saturated. A few red, yellow and
black mineral grains. A few very tiny clear and
white chips.

Same as above.

No returns.

SAND, same as'40-45'. Note: Poor sampleý

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



I
I

Well Detail Report for: MONO01 .0765. -5/6/9 9

TOP BOTTOM uscs
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4759.64 86.00 4756.64 89.00 Weathered Bedrock. Note: On bottom of bit
-0.5there was: sandy-clay, gray (5Y 6/1) 90%
clay', 10% sand, mixed with yellowish-brown
(10ý'R 5/4) sandy-clay. Limonite staining 15%,
moist. Note: Drilled slow, added water to- inside
of a yJgers - leaked @ joints - Helped to lubricate
between sand packed auger and bore hole wall.
TD i~n Shinarump.

I

I

U
I

I
U
I
I
I
I
I
I
I

I
I

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



3ItACTEC-ERS
_597 B 3/4 RoadI rand Junction, Colorado 81502

acuity 6'ran4 J'rvync io'e s-c a,- Site M onu me.t f i' 4 /h A a.

Borehole Summary
Page J OfJ

Project L)MT#3A Tsc/g;

Boring/Well No._ 6cL

Ground Elev.. (Ft.) Biit/Auger Size 0',oQ"3
Diameter (inch 1. D.) /

TYPE Vol. (cf. gal) Interval (Ft.)
lan'k Casing P&I& .,,J, -4-D ________ - to4-2
Screen Jo~tL sceW 4-0 Ell -7,2to ?ZImp/End Cap Pil 5ca'. 4e 2' ~7,2 to ff.Z ±ff

nd Pack ________ i, 44,5-
Sealant Yý 040Eout PtoreGole 6ji4eg vfL :340sto Z
Icking Cover Installed &/N Padlock No. _ 5-3 -_-

Drilling Method )0- Sarnplin~Ite Drilled - Date Developed 8-I1?-9ý- Fluid
mpler(s) 1_ ,e-r Remarks

ocation (N) a- 0 1 (El p93_11
Hole Depth (Ft) Co6
No. of Completions J
Stick-Up Height (Ft) 2
Slot Size A9,010J

Location Sketch

T/

IMethod 0
Level/Date .32 , I/i /f 7_2 - -

Det'Blows/I JPID I Sample No.; I WELL I GRAPHIC] DESCRIPTION~ I 6" Ippm - Interval CONSTRUCTION LOG

Required Information:
Typical name: Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).T'7r1'.7'a

-+ 4-4 ~ 4

I
1/ u~ b;- n.'/ec/ y, A -re .~ b)Oa-O y//0s '"e r L-ej

rlý_n e ral ro.,n S.

'50"' CL~i~.5 C b0 12i eo j s,,lroaW-_j...45-'5
Tr

'9 g 9, Z 91{ z &cra 7)-2 1 C.'s sJ -bJ' yp= ] .5 0r ttcZ, 5 0d-b - _

r6ut? Ile-,,Z) w'et, A {ew, ~~ f , -&I)WMi l-;2
S a &c,-' c )ew e-'~Q ý_ £ei c ipS.

45-- '0- Sa we 175 6' 2V 11C ,: su, _ý ýe W,

- All depths measui

_11pl et ed By.
iv 

'



WVELLNO._ 7r,02
PLANNED INSTALLATIN

CASING DIAMETER-

CASING STICKUP HEIGHT 5.- f.

TOP OF GROUT

GROUT T YPE PONC- h

DATE U TME I

FINAL INSTALLATrioN(s

.CASING STICKUP HEIGHT ____

.TOP OF GROUT____ _____

e)

TOP OF PELLETS 4.

SIZE OF PELLETS j/rOonJ

WATER ADDED TO PELLETS 00e
(Gallons)

TOP OF FINE SAND 4.-3,s~

SAND SIZE Va40

TOP OF FILTER SAND

FILTER S AND SIZE 10-20Q

TOP OF PELLETS

TOP OF FINE SAND _______

TOP OF FILTER SAND______

TOP OF

TOP.OF SLOTS

TYPE OF SCREEN

SCREEN A? TOP OF SCREEN

SLOT SIZE. oOt

BOTTOM OF SLOTS 5-J

TOP OF SUbIP/END CAP i

I
TOP OF SUMP/END CAP

BOTTOM OF SUMP/END CAP

TOTAL DEPTH

BOTTOM OF SUMP/END CAP



Well Detail Report for: MONO01 0766 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON0l)

0766. TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4847.97 BOTTOM OF SCREEN:

4844.77 GRAVEL PACK LENGTH:

4784.77 SCREEN LENGTH:

60.00 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4801.27

4787.27

4797.57

4787.57

.14.0

10.0

60.7

2

Depth

43.50

57.50

47.20

57.20

Lithology Details

TOP

.Elev Depth

4844.77 0.00

BOTTOM uscs
Elev Depth DESCRIPTION

4839.77 5.00

4829.77 15.00 4824.77 20.00

4824.77 20.00 4802.77 42.00

LITHOLOGY DESCRIPTION

SAND, very fine grained -to fine grained, reddish-
yellow (5YR 6/6). 99% sand, 1% silt, well sorted,
subrounded, dry. A few tiny black, yellow and red
mineral grains.

Same as above, a few small rounded pebbles up
to 1/2 cm long, moist.

Same as above, no pebbles and a few yery tiny
white and clear chips, sand yellowish-red (5YR
5/6).

SAND, very fine grained to fine grained, yellowish-
red (5YR 5/6). 98% sand, 2% clayey-silt, well
sorted, subrounded, wet. A few black, red &
yellow mineral grains and a few tiny clear & white
chips.

Same as above, saturated. TD in Quat.

4802.77 42.00 4799.77 45.00

4799.77 45.00 4784.77 60.00

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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~AACTEC-ERS
597 B 3/4 RoadI rand Junction,- Colorado 8 1502
cility Gran4,,Wvc 6uty%~ ýe~f f1 ce,.-Site- Aonom e n2ýV 'Iloe9,f A c_

Borehole Summary
Page /Of

Project 9M7,qA 6ri.)icl/Wjer
U

Iring/Well No. 7 -1

Ground Elev. (Ft.)4 5 15
lank asingTYPE

lank ~ ~ i Csn IC SLcd. 412
Sreen 0;e~ierCII~ PV'G
mp/End Cap PV(_C *5'd4 49
nd Pack \ )c

Sealant PD05

i Ut Pyrc Gt'1
4

~king Cover Installed &9 N
Drilling Method A~ u~

Location (N) ,;161 13 (E) 591501eJ
Bit/Auger Size 7-548 b/ k ..1 TD

Diameter (inch'I. D.) f
Vol. (cf. gal) Interval (Ft.)
_____ ___ to

43'5,S to C3,5
-S.5 to

V_____ &i7s to 7,s$

Dadlock No. 3:--

Hole Depth (Ft)__
No. of Completions
Stick-Up Height (Ft)
Slot.Size_ -.0,01

Location Sketch

13p; % 5 g el

Ise.Drilled 7-2 3' Date Developed 9- b-
$3nplerls) 1,Sve)-er-

Sampling Method _

Fluid Level/Date
Remarks

to, f±. _

Depth' Blows/ PID ISamnple Nlo.; WELL 3RPCIDESCRIPTION

F) 6 ppmn Interval, CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisttire content (moist
to saturated).

-+ f~4. 4.~4~44.&.4 4.

-/J

4-7-7 ;s *.ý9 ' 90 S 4 ca 0/ c Zf rL'a/ 9Cy e//e .5 v~ r 901J T

10-1/5 5o,7e a-s erb .e- wS' ed '

71

-X ~ ,i '52d -d'eZ5 61,-j 912 9 ty --

12-50 A 4v- fb.e,).'Lbcw-S'~ (oi s

7___ t/- ý' :/* g

7
AI pths measu

052leted By Verified By -ý i rz"



- WELLNO.______

PLANNED INSTALLATION

CASING DIAMETER Z

CASING STICKUP HEIGHT j

TOP OF GROUT 2..

GROUT TYPE P~e6 d~

TO? OF PELLETS_______

*SIZE OF PELLET S

*WATER ADDED TO PELLETS T'JL-hC..
(Gallons)

TOP OF FINE SAND 4t9,6,

SAND SIZE /6-4-0

TOP OF FILTER SAND

FILTER SAND SIZE /02

DATE ~-~~ TIME )S40

FINAL INSTALLATION (~

CASING STICKUP HEIGHT

TOP OF GROUT

TOP OF PELLETS __

TOP OF FINE SAND

TOP OF FILTER SAND

TOP OF SCREEN___

TOP OF SUMP/END CAP

TOP OF

TOP OF SLOTS

TYPE OF SCREEN

SCREEN 4*3 9,

SLOT SIZE'- 0/

BOTTOM OF SLOTS

TOP OF SUMP/END CAP 623,

BOTTOM OF SUMP/END CAP ______0_E

TOTAL

BOTTOM OF SUMP/END CAP

DEPTH

I



Well Detail Report for: MONO01 0767 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE:

*LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON0l)

0767- TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4808.25 BOTTOM OF SCREEN:

4805.45 GRAVEL PACK LENGTH:

4740.45 SCREEN LENGTH:

65.00 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4764.95

4741.45

4761.95

4741.95

23.5

20.0

66.800

2

Depth

40.50

64.00

43.50

63.50

Lithology Details

TOP
Elev Depth

4805.45 0.00

BOTTOM

Elev Depth

4795.45 10.00

USCS
DESCRIPTION

4795.45 10.00 4790.45 15.00

4790.45 15.00 4785.45 20.00

4785.45 20.00 4775.45 '30.00

4775.45 30.00 4770.45 35.00

4770.45 35.00 4755.45 50.00

4755.45 50.00 4745.45 60.00

4745.45 60.00 4740.45 65.00

LITHOLOGY DESCRIPTION

SAND, very fine grained to fine grained, reddish-
yellow (5YR 6/6). 99% sand, 1 % silt, well sorted,
subrounded, slightly moist. A few black , red and
yellow mineral grains.

Same as above. Yellowish-red (5YR 5/6) wet.

Same as above, saturated.

Same as above, saturated, brown (7.5YR 5/4).

SAND, same as above with 97% sand, 2% clay
and 1 % silt. A few tiny clear & white chips.

SAND, very fine grained to fine grained, light
brown (7.5YR 6/4). 99% sand, 1 %silt,
subrounded, well sorted. A few yellow, red and
black mineral grains and a few tiny clear & white
chips.

SAND, same as above, light brownish gray (lOYR
6/2). 97% sand, 2% clay, 1 %silt.

SAND, same as above, brown (7.5YR 516). 99%
sand, 1 %silt. TD in Quat.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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IACTEC-ER-S
597 B 3/4 Road'rand Junction, Colorado 81502

Iacility 6ro-o5,nc~iie-i a(',cus Site 0o i- r)L),10 'a

Iring iWell No. Location

Ground Elev. (Ft.). 4 1 9a Bit/Auger Size "-,0,

Diameter (inch 1. D.)
TYPE Vol. (Cf. gal) Interval (Ft.)

Blank Casing 9~c~ s~d. 4o0 to_____ 2+4

f een Pk_ O;edr¼ci ____to__4__

p/End Cap 0~C sj, 4-61 2 "t Li
d Pack S; /,'CL Scl.ncl1 i-2e #S5t0 to~~

Sealant PO5 6 'a,,~ to Z. z7'X

5ut P" 0 ,- b)1'* ýsi, 4 , 17S t
1king Cover Installed 0/V N Padlock No.. 33-59
Drilling Method Ag Sampling Meth
Lfe Drilled 7-7 - Date Developed 8- le.--7 Fluid Level/
3Wnpler(s) ~.. Remarks

Borehole Summary
-PagejLof I

Project U TA6tad~

'(N) a_21_0__6 (El 5902931

Hole Depth (Ft) 4~
No. of Completions
Stick-Up Height (Ft) _Z,90
Slot Size ig, aj'o

Location Sketch

od NA
Date I10,5ý5_F2ý I ?r-12-37-

Depth' Blows/ PI P I sample No.: 1 WELL I GRAPIIICIDSCITO
6 ppm Interval CONSTRUCTIONJ LOG SCJTO

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).II

1.174-1

~ Cl
C~ CS C

LI,

I,

/

I,

(s YP 6-1c) I t,- A;ý -5 b. 1) S'

Ls -3c)sQ &C7 S e 5
4 eve-, ~f/., eem/i~ 46

-. 3C-AL 5 cA-' 0 1175- 1 eJ.l;il) r'* 4 CY 5 S), hl

79o -,; ,,,L
I

epths measured from ?r7:u 1

0olieted By f' Verified By I L



WVELL NO. 7ra
PLANNED INSTALLATION

CASING DIAMETER

CASING STICKUP HEIGHT ,9 ft

TOP OF GROUT' 2 z

GROUT TYPE Pu r e LGJ4'

TOP OF PELLETS 175

SIZE OF PELLETS

WATER ̀ ADDED TO PELLETSj-
(Gallons)

TOP OF FINE SAND-

SAND SIZE 16,9-06

TOP OF FILTER SAND

FILTER SAND SIZE 10 0

DATE 7--- TIME J~

FINAL INSTALIATION(Sa ,,(et ~

10I
CASING STICKUP HEIGHT5

Top OF GROUT____ _____

TOP OF PELLETS ________

__ TOP OF FINE SAND_______

__ TOP OF FILTER SAND______

__ TOP OF SCREEN.

BE,

TOP OF SUMP/END CAP3

BOTTOM OF SUMP/EUD CAPI

DEPTH

TOP OF

TOP OF SLOTS

TYPE OF SCREEN

SLOT SIZE___

BOTTOM OF SLOTS

SCREEN.t 2,4-,41

9, 0)a

_4-432-

TOP OF SUMP/END CAP

BOTTOM OF SUMP/END CAP_____

TOTAL



Well Detail Report for: MON0 1 0768 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MONO 1)

0768 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4820.73 BOTTOM OF SCREEN:

4817.92 GRAVEL PACK LENGTH:

4772.92 SCREEN LENGTH:

45.00 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4796.82

4772.92

4793.52

4773.52

23.9

20.0

47.810

2

Depth

21.10

45.0 0

.24.40

44.40

Lithology Details

TOP
Elev Depth

4817.92 0.00

BOTTOM
Elev Depth

4812.92 5.00

USCS
DESCRIPTION

4812.92 5.00 4807.92 10.00

4807.92 10.00 4802.92 15.00

4802.92 15.00 4792.92 25.00

4792.92 25.00 41787.92 30.00

4787.92 30.00 4777.92 40.00

4777.92 40.00 4772.92 45.00

LITHOLOGY DESCRIPTION

SAND, very fine grained to fine grained.
Yellowish-red (5YR 5/6). 99% sand, 1 %silt, well
sorted, subrounded, moist. A few black, red &
yellow mineral grains.

Same as above.

Same as above, wet. A few white & clear chips,
very small.

Saturated, same as above.

Same as above, yellowish-red (5YR 4/6).

Same as above. Yellowish-red. (5YR 5/6).

Same as above, pink (7.5 YR 7/4). Slightly
sticky, 97% sand, 2% clay, 1 % silt. .TD in Quat.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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kACTEC-ERS'597 B 3/4 Road
~irand Junction, Colorado 81502

acility Qrd~Ar f~sicr- Site Monort~eý-nt ~a~ A .

~ring/Well No. 70,93 Locat

Ground Elev. (Ft.) 19g5.5.3(_ Bit/Auger Size VF0 Z~y "-T,3¼.0
Diameter (inch 1. D.)

TYPE Vol. (cf. gal) Interval (Ft.)
Blank Casing P i1c. ~cad, 4-i Z -'to 334
~reen PV~C 12edl~icK 33 to *54-

~mp1End Cap Pt,'( +114 to 4 j4to a
Ind Pack . '5 1. ,'/0to
Sealant PD-S 4.14
lout ___Z__ to f'

'Icking Cover Installed 0/, N Padlock INo. 35.T6'9
Drilling Method //t/u-bi ' A i e-r- Sampling Me
Ute Drilled 7--,7 Date Developed vierf d&e-oe li

*nplr~s L.$et~e~-Remarks

Borehole Summary
Page .J. Of

Project (JMT~I GrAA ~ t

ion (N 2L /5 9 (E)lg81

Hole Depth (Ft) 44__________
No. of Completions
Stick-Up Height (Ft) 7_5
Slot Size t6, 961e

1Location. Sketch f
N

*

*.~&~;.*

thod 0

el/Date .3O, 1,9 -f b ) --/ 2 -3

.Dppth* Blows/ PIO Sample No.; I WELL I GRAPHICDECIPTO
6 [ppm 1Interval ICONSTRUCTION I LOG ECITO

Required Information:
Typical name: Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

-4 4.-p ~"-~4-+~'4------4 -

/
b~VL

PVC

/
/

/
/~

0-5 C _5 0--"41 " e ý j ý' " n a 7 r4,. " e'Zt I r &aW, 5 h ý r )I 0"I
!5-yq 6/1;) 9_99C 6,,1,Z, /go tpeý' 5'.) 6 rvý' nd
elrj, A re,ý, ýe

5-140 -5 o - e b z, j e:-, 5) C-

la-20 Cr 6 5 t
+

20-40

40-43'

IS- 41-

Sa5 . a 6...- t4e',p/ws -e;3~ ~
as; 6ý. c ,s~ %r~4~

T 0 -7

ceý'j /J il )W_ C--'l er-

__________ _______________ __________-L

~A epths measured fr om Qr~oun~I

I Ile te d B y Verified By U 7



WVELL NO. 76
PLANNED INSTALLATION

CASING DIAMETER-2

CASING STICKUP HEIGHT ____

TOP OF GROUT2..

GROUT TYPE Pr~~A )

DATE 9 TIME 14-4-1)

FINAL INSTALLATION(Sa.e-~a 24~i

TOP OF PELLETS

SIZE OF PELLEESTS

WATER ADDED TO PELLETS _______-

(Gallons)

TOP OF FINE SAND 0)

SAND SIZE_________

TOP OF FILTER SAND-

FILTER SAND SIZE /0-20

TOP OF SCREEN-

TOP OF SLOTS

TYPE OF SCREEN =;d~c

SLOT SIZE 120)0-

BOTTOM OF SLOTS 4-.

TOP OF SUMbP/END CAP4

BOTTOM OF SUMP/END CAP4 0

TOTAL DEPTH'

CASING STICKUP HEIGHT____

TOP OF GROUT_________

TOP OF PELLETS ________

TOP OF FINE SAND_______

TOP OF FILTER SAND ______

TOP OF SCREEN ____

TOP OF SUMP/END CAP _____

BOTTOM1 OF SUMP/END CAP ____



Well Detail Report for: MON01 0769 5/6/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MON0l) Elev Depth

LOCATION CODE: 0769. TOP GRAVEL PACK: 4827.91 30.40

DECOMMISSIONED: No BOTTOM GRAVEL PACK:, 4814.31 44.00

DAMAGED: No TOP OF SCREEN:. 4824.91 33.40

TOC ELEVATION: 4861.3 BOTTOM OF SCREEN: 4814.91 43.40

SURFACE ELEVATION: 4858.31 GRAVEL PACK LENGTH: 13.6

BOTTOM ELEVATION: '4814.31 SCREEN LENGTH: 10.0

TOTAL DEPTH: 44.00 CASING LENGTH: 46.99

ZONE OF COMPLETION: ALLUVIUM CASING DIAMETER (in.): 2

Lithology Details

TOP BOTTOM uscs
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4858.31 0.00 4853.31 5.00 SAND, very fine grained to fine grained, reddish-
yellow (5YR 6/6). 99% sand, 1% silt, well sorted,
subrounded, dry. A few red,. yellow and black.
mineral grains.

4853.31 5.00 4848.31 10.00 Same as above, slightly moist. A few pebbles
(5%) up to 2 1/2 cm long.

4848.31 10.00 4838.31 20.00 Same as above, moist.

4838.31 20.00 4818. 31 40.00 Same as above, no pebbles, yellowish-red (5YR
5/6).

4818.31 40.00 4815.31 43.00 Same as above, saturated. A few small pebbles*.

.4815.31 43.00 4814.31 44.00. SANDSTONE, fine grained yellow (lOYR 7/6).
Note: Drilling got very hard @ 43 Ft in depth.
Collected a small sample of yellow ss from the
center plug bit when the center rod was pulled to
surface. TD in Shinarump

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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IIIAC 'TEC-ERS
2597 B 3/4 RoadIrand Junction, Colorado 81502

aculity ar OfUee T)nCb$0n6al site on 0 'v3 e 0valIo A.
rig~l No. 70Locati

Grou nd Elev. (Ft.) ~i-3' Bit/Auger Size Z `/36V /J/ BO
- ~Diameter (inch 1. D.)

TYPE Vol. (cf. gal) Interval (Ft.)
Blank Casing poC- S. 4-0- '2) to S4,,

Sreen PVC Q;c-4i-cK ? "j 6-4,3to (4-.3

mp/End Cap PVC- .5e-d 4c 21 64_9 to 6SS 6
nd Pack ' 61,/;C'0-_ 1-Z 6ý.$ 1052. b

Sealant 11OS S7.,1ee)e6 to
~ut 17._____ __ _ __ _ _ _

Lzking Cover Installed 0/ N Padlock No..55
Drilling Method A L.3 g e - Sampling Me

Ese.Drilled a -' Date Developed 8--7Fluid Lev
Sinpercs t.p.,ce r Remarks

Borehole Summary
Page /Of I

Project 1JMT8Ti &7cojnJ&4kfer

ion (N)&7 /5 95 79 (E) 914

Hole Depth (Ft) _6s"5_
No. of Completions /
Stick-Up Height (Ft) 1,6o
Slot Size 010/

thod A)A
el/Date .~T-

Depth* Blows/ P10 Sample No..' WELL GRAPHIC DESCRIPTION
6" ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poorI . _ _to well); grain angularity; induration or plasticity; moisture content (moist
to saturated).

t. t4 I

'99"' o 5 e" 'AA e

25-30 c~.6cj~

e, 4'js a 0;'- <i Pr 5

Acie WC C~~91£ 04 r~racI~c I y~n a

I epths measured from grouni ýevepleted By Z4"05 Verified By



WVELL NO. 77

PLANNED INSTALLATION

CASING DIAMETER _____

CASING STICKUP HEIGHT2. ft

TOP OF'GROUT 2.

GROUT TYPE P~L)E L C! 60!

DATE b-3-TM 2C

FINAL INSTALLATION(s

I
I
U

TOP OF PELLETS 49

SIZE OF PELLETS / rc5orU
WATER-ADDED TO PELLETS A)0fle
(Gallons)

TOP OF FINE SAND

SAND SIZE -4

TOP OF FILTER S AND

FILTER SAND SIZE

TOP OF SCREEN _rU4, 9

TOP OF SLOTS

TYPE OF SCREEN Oi~c-,dY-r-

SLOT SIZE 01

BOTTOM OF SLOTS'

TOP OF SUMP/END CAP 64.

BOTTOM OF SUMiP/END CAP_____

TOTAL

CASING STICKUP HEIGHT ____

.TOP OF GROUT _________

TOP OF PELLETS ________

TOP OF FINE SAND _______

TOP OF7 FILTER SAND______

TOP OF SCREEN ____

TOP OF SUMP/END CAP _____

I

II
I
I
I
I
I
I
I
I
I

BOTTOM OF SUMP/END CAP

DEPTH 5



Well Detail Report for: MON01 0770 .5/6/99.

GENERAL INFORMATION SCREENING INFORMATION

SITE: MONUMENT VALLEY (MONOI) Elev Depth

LOCATION CODE: 0770 TOP GRAVEL PACK: 4802.58 51.80

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 4788.88 65.50

DAMAGED: No TOP OF SCREEN: 4799.48 54.90

TOC ELEVATION: 4857.26 BOTTOM OF SCREEN: 4789.48 64.90

SURFACE ELEVATION: 4854.38 GRAVEL PACK LENGTH: 13.7

BOTTOM ELEVATION: 4788.88 SCREEN LENGTH: 10.0

.TOTAL DEPTH: 65.50 CASING LENGTH: 68.380

ZONE OF COMPLETION: ALLUVIUM CASING DIAMETER (in.): 2

Lithology Details

TOP BOTTOM uscs
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4854.38 0.00 4849.38 5.00 SAND, very fine grained to fine grained, reddish-
yellow (5YR 6/6). 99% sand, 1 % silt, well sorted,
subrounded, dry. A few tiny red, yellow and black
mineral grains.

4849.38 5.00 4844.38 10.00 Same as above.

4844.38 10.00 4829.38 25.00 Same as above, moist. A few white & clear chips,
very tiny.

4829.38 25.00 4824.38 30.00 Same as above.

4824.38 30.00 4819.38 35.00 Same as above, yellowish-red (5YR 5/6). Slightly
more moist.

4819.38. 35.00 4809.38. 45.00 Same as above.

4809.38 45.00 4804.38 50.00 Same as above, saturated.

4804.38 50.00 4799.38 55.00 Same as above, slightly sticky.

4799.38 55.00 4797.38 57.00 Same as above.

4797.38 57.00 4791.38 63.00 Same as above, gravel (<1 %) up to 2 cm long,

mostly fine grain ss pebbles.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



Well Detail Report for: MONO01 0770

TOP BOTTOM uscs
Elev Depth Elev Depth DESCRIPTION

4791.38 63.00 4788.88 65.50

5/6/99

LITHOLOGY DESCRIPTION

Weathered rock. Note: Drilling slowed to
practically nothing @ 63-65 Ft. TD in Shinarump.

I
I
I

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



!ACTEC-ERS
97 B 3/4 Road' and Junction, Colorado 81502

ility igro r :,ncdg7%ee'w O4focc_. Site n ir k .A.

Borehole Summary
Page J ofJ.

Project _y M TR A ~ojit

ingA~ell No. 7 /

Ground Elev. (Ft.)4_0 ze77

Location (N) ; ZC5972 E) 598575

Bit/Auger Size 7-64,0" 34ljj

rl%* ....... : % I I %

TYPE Vol. (cf. gal)
kCasing pvc s54.4-0 OP_____9

Scren' PvcL 01?edrtc4 Z '7
SjplEnd Cap f'SC- SCd4D 7-_______

Sid Pack ;Ha-_____

Sealant p05 p-_les
GW! "Pure Gý;Id )7i;c a' 1,54 ___ S

Lc~ing Cover Installed t/9 N Padlock No. -56-3
Drilling Method AU~eer
D Dri lled I7- 3- .9 .? Date Developed 8-/8-3 .

l~per(s) 4. -S gae

Interval (Ft.)
to S~7' 4-

.4to 77,
4 toZ79 6
0 to s~s"

Sto Z

Sampling Method
Fluid Level/Dal

Remarks

*Hole Depth (Ft) 5Z
No. of Completions
Stick-Up Height (Ft) 2. "0
Slot Size 0. 010

Location Sketch

A)

te .33, -9 ff

Depth* Blows) PID Sample No.; WELL GRAPHIC DESCRIPTION
8" ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist

3- '0 (qyq~ b-/I;,)
47 5e ec.,e a; .s 6.

4. 7- go 5t re un oIbjs1ct fje 'C ea-wfe ýP

sos/ KS (- r S

1, 1 1 t.J.,. fly

A)Cfh: 6~o.e c)0 1or 911cL ""'I ' f e"'.

Ov~er 'r ly~ I- -J~cro

T.~

Al epths measured from ground

5 tle Ited By ; 1 Verified By i • £~k,:IT



WVELL NO.7!

PLANNED INSTALLATION

CASING DIAMETER~

CASING STICKUP HEIGHT 2G -

TOP OF GROUT -

GROUT TYPE DSIe

DATE 1-/9.~-TIME /5-00

FINAL INSTALLATION(,5as,

CASING STICKUP HEIGHT

TOP OF GROUT I1

TOP OF PELLETS 5),

SIZE OF PELLETSJ±LP4 n±

WATER P.DDED TO PELLETSon
(Gallons)

TOP OF FINE SAND-6 3

SAND SIZE 40 -4

TOP OF FILTER SAND i

FILTER SAND SIZE 10-Z0

TOP OF PELLETS__

TOP OF FINE SAND

TOP OF FILTER SAND

TOP OF SCREENTOP OF SCREEN 5 74

TOP OF. SLOTS r
TYPE OF SCREEN D;edIcic4

SLOT SIZE 1,O'

BOTTOM OF SLOTS

TOP OF SUMP/END CAP

BOTTOM OF SUMP/END CAP ____

TOTAL

M M

ME

me

H ~TOP OF SUMP/END CAP _____

BOTTOM OF SUMP/END CAP _____

DEPTH 9-



Well Detail Report for: MON01 0771 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE: MO

LOCATION CODE: 077

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 48

SURFACE ELEVATION: 48

BOTTOM ELEVATION: 47

TOTAL DEPTH: 7

ZONE OF COMPLETION: ALL

NUMENT VALLEY (N

'1

163.26

160.77

'81.77

9.00

UVIUM

1ON01)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

IElev

4806.47

4782.77

4803.37

4783.37

.23.7

20.0

80.49

2

Depth

54.30

78.00

57.40

77.40

Lithology Details

TOP
Elev Depth

4860.77 0.00

BOTTOM uscs
Elev Depth DESCRIPTION

4850.77 10.00

4850.77 10.00 4845.77 15.00

4845.77 15.00 4830.77 30.00

4830.77 30.00 4813.77 47.00

4813.77 47.00 4810.77 50.00

4810.77 50.00 4805.77 55.00

4805.77 55.00 4800.77 60.00

4800.77 60.00 4795.77 65.00

4795.77 65.00 4790.77 70.00

LITHOLOGY DESCRIPTION

SAND, very fine grained to fine grained, reddish-
yellow (5YR 6/6). 99% sand, 1 % silt, well sorted,
subrounded, dry. A few tiny red, yellow and black
mineral grains.

Same as above. 1 % pebbleý, subrounded, up to
1 1/2 cm long. Moist.

Same as above, no pebbles, moist.

Same as above, yellowish-red (SYR 5/6).

Same as above, saturated. A few tiny clear &
white chips.

No returns.

Same as above, slightly sticky

No returns.

Same as above, sand, fine grained, yellowish-red
(SYR 5/6). Saturated, slightly sticky.

Note: Depths are feet beiow ground surface and elevations are feet above Mean Sea Level.



Well Detail Report for: MON01 0771 5/6/9 9

TOP BOTTOM uscs
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4790.77 70.00 4781.77 79.00 Same as above, reddish-brown (5YR 5/4).
Note: Same clayey-sand and a few subrounded
pebbles up to 2cm long were stuck in the auger
bit when it was pulled from the ground. Suspect it
came from a gravel and clayey layer overlying the
bedrock. TD probably weathered Shinarump..

I
I
I
I
I
I
I
I
I
I
I
I
I
I
U
I
iI

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.

I
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I ACTEC-ERS97 B 3/4 Road

l and Jnction,,Colorado 81502

ility.. ........c.....-a Site Mnumei-7zl 041j

Iting/Well No. 772
Ground Elev. (Ft.) _1 #.7 Bit/Auger Size ~~~./34~P

Diameter (inch 1. D.)
TYPE Vol. (cf. gal) Interval (Ft.)

Jnk Casing P~c sca, 40 in.... 0-to 7;4.
Screen PV~C oi&ekrc-) 2L...... " Z 4 to 2-fI p/End Cap PVC ý,C4, 40 21 2z+± to ?_,
S d Pack S5; IiCc /10-20 ~ ge.0to

Sealant 8.,4, iePRi)d V4- to 1,0

Glut 6&,ic,.ite IiJr . f V .to Q
L king Cover Installed 0/ N Padlock No. $3569
Drilling Method A L!e r Sampli

Dge Dri lled ? -/02'-3? Date Developed 8 -21- -97- Flu
S~ler(s) A,3p2ence-e- Remarks,

Borehole Summary
Page J ofJ

Project VMrg

on (N) (E) _M 5
Hole Depth (Ft)
No. of Completioons
Stick-Up Height (Ft) L .

Slot Size 0~ /c0
Location S ketch

ng Method )U A
rid Level/Date 4 e'7 . z/~

Depth' Blowst PlO Sample No.: WELL GRAPHIC DESCRIPTION
*6. ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist

to satuated). f.r~eSi~,o~

-. c to f .r s YS~ ~

iplsSsyeo.fa6,pve., !51ve~/ir-W~, A fe, Li-.j

*1- 5 - ý_ )e- .Yp 3; C1 Ii

Z7-c5 Z~ýe Ae L /O ~ikjc49.~~.',

I 1D

fp ths measured from groun e.p

01 leted By "'7 Verified By 1eY& "g



WVELL NO. 77

PLANNED INSTALLATI.ON

CASING DIAMETER

CASING STICKUP HEIGHT 2

TOP OF GROUT f.

GROUT TYPE "Pz 4T.)/ &B,4e

DATE 7-t)5? TME /~

FINAL INSTALLA71ION(Sez.. 0 a .-

'I
I
I

CASING STICKUP HEIGHT

I

.1

TOP OF PELLETS 2

SIZE OF PELLETS

WATER ADDED TO PELLETS____
(Gallons)

TOP OF FINE: SAND *4

SANDSIZE ~

TOP OF FILTER SAND ý,4

FILTER SAND SIZE 0 D

TOP OF SCREEN 7 -

TOP OF SLOTS c

TYPE OF SCREEN C~ecdY;,if

SLOT SIZE. O$/

BOTTOM OF SLOTS

TOP OF SUMP/END CAP

BOTTOM OF SUMP/EtD CAP

TOTAL

.TOP OF GROUT_________

TOP OF PELLETS ________

TOP OF FINE SAND_______

TOP OF FILTER SAND______

TOP OF SCREEN

I
I
I
I
I
I
I
I
I
I
I

M M

M E

TOP OF SUMP/END CAP

I1
BOTTOIM OF SUMP/END CAP

DEPTH 30.0



Well Detail Report for: MONO01 0772 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION.

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON0l)

0772 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4847.6 BOTTOM OF SCREEN:

4844.67 GRAVEL PACK LENGTH:

4814.67 SCREEN LENGTH:

30.00 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4840.27

4816.67

4837.27

4817.27

23.6

20.0

30.930

2

Depth

4.40

28.00

7.40

27.40

Lithology Details

TOP

Elev Depth

4844.67 0.00

BOTTOM

Elev Depth

4839.67 5.00

USCS
DESCRIPTION

4839.67 5.00 4834.67 10.00

4834.67 10.00 4829.67 15.00

4829.67 15.00 4819.67 25.00

4819.67 25.00 4817.67 27.00

4817.67 27.00 4814.67 30.00

LITHOLOGY DESCRIPTION

SAND, very fine grained to fine grained, reddish-
yellow (5YR 6/6). 99% sand, 1 %silt,
subrounded, dry. A few tiny yellow red, and black
mineral grains.

Same as above, wet, yellowish-red (5YR 5/6).

Same as above, saturated. A few tiny white &
clear chips. Slightly sticky.

Same as above.

Same as above. Note: Driller felt gravel while
drilling.

Weathered SANDSTONE from the way it drilled.
TD in Shinarump.

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.
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!ACTEC-ERS
97 B 3/4 Road

I and Junction, Colorado 81502

Borehole Summary
Page ) of

Site Mmum2oýnt'Jo)eýs, Proj

I ing/W ell No. 7_ _ __ _ _ __ _ __ _ _ __ _ __ _ _ Location IN) ý 5 9
Ground Elev. (Ft.)e,4 ~'jg76 Bit/Auger Size ___________Hole Depi

- Diameter (inch 1. D.) /No. of Ci
3IPEVl c.ga)Itra F. Stick-Up

B kCasing to______ _______ Slot Size
Screen to________ ___ Location S

S ip/End Cap to______

S d Pack to_____ ______ __

Sealant to______ _______

Ut__ _

L cng Cover Installed Y /N Padlock No. Sapinyeto
Drilling Method A d~r-Smln'ehd M6P
Dt Drilled _7/Y--9 Date Developed A) A Fluid Level/Date N(ýv-e
3fpler(s) L.Remarks ~Drý befin!' to bc-dreclf

ect QMTiA 4faow-

th (Ft) __ _ _ _ _ _ _ _

ompletions N
Height (Ft)

ketch

/a19 a hi '~

7-1/--97

Depth' Blows/ PlO Sample No.; WELL GRAPHIC DESCRIPTION
a"P- Interval CONSTRUCTION LOG1

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well), grain angularity; induration or plasticity; moisture content (moist
to saturated).

AIrv)S
715I;

II
A~~epths measured rmgo

oileted By a Z Verified By
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JA CTEC-ERS
97 B 3/4 Road' and Junction, Colorado 81502
ilitY Grana(Jyctj'v ei4ico.- Site Monmeft, VWe-i 4AA F

Borehole Summary
Page j* of ~

Project UM TA'A C~oundlep-

.. ~ A

J

1ingtWell No.Bi/ueSie2/4 0' ~2T

Ground Elev. (Ft.)4,7 ,9 8it/ .e '"D , Y. '______ ___ T_ _,

- ~Diameter finch 1. D.)/
*TYPE Vol. (cf. gal)

BkCasing PVC S4-a 4-' got

Screen poc. 0;eaJtcK Z4
Sf5p/End Cap PVC. i.4.*o
S d Pack S)cet _______

Sealant PD-5 ,_ - cbi

i.lng Cover Installed (Z/ N Padlock No.
3rilling Method /40~)o...' 54e!W Aoger-

)p Driled _~i-~ Date Developed IR-eo-ý9-
pler(s) L. ýaoec-,r-

Interval (Ft.)
Sto 456

95 to 5-5
rto 6s-s4

4-to4

9 to 21

Location ( N) ;2,5 W (E)

Hole Depth (Ft)
No. of Completions J
Stick-Up Height (Ft) 2.
Slot Size C~f, /0

Location Sketch

K-2 o*- 7S -4

2f+4 0;3 r61-9
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Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist
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WVELLNO.________

PLANNED INSTALLATION

CASING DIAMETER

CASING.STICKUP HEIGHT 2. C

TOP OF GROUTZ

GROUT TYPE Pre 4 0S

TOP OF PELLETS S3,0

SIZE OF PELLETS £/~Dr~unc

WATER ADDED TO PELLETS
(Gallons)

TOP OF FINE SAND Z

SAND SIZE.. /ca___4__i2 ___I

TOP OF FILTER SAND -- T

FILTER SAND SIZE 21-Z

DATE -/-%TIME J7,0kr
* ~FI NAL INSTALLATI ON(S.44

I1

CASING STICKUP HEIGHT

TOP OF GROUT_

TOP OF PELLETS

U
I
I
I
I
I
I
I
I
I

TOP OF FINE SAND

TOP OF FILTER SAND

TOP OF

TOP OF SLOTS

TYPE OF SCREEN

SCREEN0

Qiedrick/'

TOP OF SCREEN

.SLOT SIZE I0 10/

BOTTOM OF SLOTS S

I
I
I

TOP OF SUMP/END CAP 0_____

BOTTOM OF SUMP/END CAP554

* TOTAL

TOP OF SUMP/END CAP

BOTTO-M OF SUMP/END CAP

DEPTH b,



Well Detail Report for: MON01 0774 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

MONUMENT VALLEY (MON0l)

0774 TOP GRAVEL PACK:

No BOTTOM GRAVEL PACK:

No TOP OF SCREEN:

4880.14 BOTTOM OF SCREEN:

4877.39 GRAVEL PACK LENGTH:

4821.89 SCREEN LENGTH:

55.50 CASING LENGTH:

ALLUVIUM CASING DIAMETER (in.):

Elev

4835.39

4821.99

4832.39

4822.39

13.4

10.0

58.150

2

Depth

42.00

55.40

45.00

55.00

Lithology Details

TOP

Elev Depth

4877.39 0.00

BOTTOM

Elev Depth

4857.39 20.00

USCS
DESCRIPTION

4857.39 20.00 4842.39 35.00

4842.39 35.00 4837.39 40.00

4837.39 40.00 4832.39 45.00

4832.39 45.00 4827.39 50.00

4827.39 50.00 4826.39 51.00

4826.39 51.00 4824.39 53.00

4824.39 53.00 4822.39 55.00

4822.39 55.00 4822.19 55.20

LITHOLOGY DESCRIPTION

SAND, very fine grained to fine grained, yellowish
red (5YR 5/6), 99% sand 1 % silt, well sorted,
subrounded, slightly moist. A few (1% or less)
pebbles up to 1/2 cm. long. A few tiny red, yellow
and black mineral grains.

Same as above, reddish yellow, (7.5YR 7/6)
moist.

Same as above, brownish yellow, (lOYR 6/6) no
pebbles, moist.

Same as above, yellowish red (SYR 5/6) no
pebbles, moist.

Same as above, more moist.

Same as above.

Driller felt gravel layer just above bedrock.

Same as above

Slough

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



Well Detail Report for: MONO01 0774 .5/6/99

TOP BOTTOM uscs
Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

4822.19 .55.20 4821.89 55.50 SILTSTONE, dark reddish brown (5YR 3/4), thin
layer of brown (1 QYR 5/3) siltstone 2mm thick. A
few angular pebbles up to 2 cm. coated w/
calcium carbonate? A few tiny iridescent flakes.
TD probably Moenkopi.

I
I
I
U
I
I
I
I
I
I
I
I
I

II

I
I
INote: Depths are feet below ground surface and elevations are feet above Mean Sea Level.

I
I



IACTEC-ERS97 B 3/4 Road

fW and Junction, Colorado 81502

Borehole Summary
PagejIof 2.
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WVELL NO. 7~5

PLANNED INSTALLATION

CASING DIAMETER2

CASING STICKUP HEIGHT

TOP OF GROUT S(Jr-acS.-

GROUT TYPEP5 0 -. ),

r r L

TOP OF PELLETS 3, -

SIZE OF PELLETSroti

WATER ADDED TO PELLETS____
(Gallons)

TOP OF FINE, SAND 194

SAND.SIZE I Co4-0

TOP OF FILTER SAND 139

FILTER 'SAND SIZE /O0?-

TOP OF SCREEN 14-Z.,0

TOP OF SLOTS J4-2 1 )

TYPE: OF SCREEN ecYzJ

DATE______9 7 TIME /&

FINAL INSTALLATION (5a-e4~A~

CASING STICKUP HEIGHT

TOP OF GROUT_____

TOP OF PELLETS____

TOP OF FINE SAND

TOP OF7 FILTER SAND

TOP OF SCREEN ____

TOP OF SUMP/END CAP

I

SLOT SIZE (9.010

'BOTTOM OF SLOTS

TOP OF SUMP/END CAP I27G

BOTTOM OF SUMP/END CAP ______

.I TOTAL

BOTTOMH OF SUMP/END CAP

DEPTH /L C f
I
I

I,
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Well Detail Report for: MON01 0775 5/6/9 9

GENERAL INFORMATION* SCREENING INFORMATION

ISITE: MO

LOCATION CODE: 077

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 48

SURFACE ELEVATION: 48

BOTTOM ELEVATION: 47

TOTAL DEPTH: 16

ZONE OF COMPLETION: DEl

NUMENT VALLEY (MON01),

5 TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

~79.68 BOTTOM OF SCREEN:*

~76.51 GRAVEL PACK LENGTH:

'08.71 SCREEN LENGTH:

7.80 CASING LENGTH:

CHELLEY CASING DIAMETER (in.):
MBER OF THE
TLER FORMATION

Elev

4738.11

4709.01

4734.51

4709.51

29.1

25.0

170.67

2

Depth

138.40

167.50

142.00

167.00

I
U
I
I
I
I
I
I

Lithology Details I
TOP

Elev Depth

4876.51 0.00

BOTTOM
Elev Depth

4866.51 10.00

uSCS
DESCRIPTION

4866.51 10.00 4856.51 20.00

4856.51 20.00 4851.51 25.00

4851.51 25.00 4841.51 35.00

4841.51 35.00 4836.51 40.00

LITHOLOGY DESCRIPTION

SAND, very fine grained to fine grained, reddish-
yellow (5YR 6/6). 99% sand, 1% silt, well sorted,
subrounded, dry. A few tiny orange, yellow and
black mineral grains.

Same as above, moist.

Same as above, with fewer than 1% pebbles up
to 1cm long.

Same as above, yellowish-red. (5YR 5/6). A few
tiny clear & white chips.

SAND, fine grained, pink (7.5 YR 7/4). 98%
sand, 1 % silt, 1 % small ss pebbles.(up to 5mm
long) loosely cemented with white material,
subrounded, well sorted, dry. A few black, red
and yellow mineral grains.

Same as above, reddish-yellow (7.5 YR 7/6). Not
so many cemented pebbles, slightly moist.

I
I
I
I
I
I
U
I
I
I

4836.51 40.00 4831.51 45.00

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



Well Detail Report for: MON01 0775 5/6/9 9

TOP

Elev Depth

4831.51 45.00

BOTTOM

Elev Depth

4821.51 55.00

uSCs
DESCRIPTION

4821.51.

4816.51

4791.51

4761.51

4755.01

4754.51

55.00

60.00

85.00

115.00

121.50

122.00

4816.51

4791.51

4761.51

4754.01

4754.51

4753.51

60.00

85.00

115.00

122.50

122.00

123.00

4753.51 123.00 4753.43 123.08

4753.43 123.08 4753.38 123.13

LITHOLOGY DESCRIPTION

SAND, fine grained, brownish-yellow (lOYR 616).
99% sand, 1 % silt, well sorted, subrounded,
slightly moist. A few red, yellow and black
mineral grains.. A few tiny clear & white chips.

Same as above, yellowish-red (5YR 5/6) Wet.

Same as above, Saturated.

Same as above. Less than 1% tiny (up to 2mm)
pebbles, reddish-brown SILTSTONE.

No sample.

Driller suspected weathered bedrock.

Very hard. Suspect Bedrock. Hoskinnini Member
of Moenkopi Fmn.

SANDSTONE, very fine grained to fine grained,
reddish-brown (2.5YR 4/4). 100% ss,
subrounded, saturated. A few tiny white, yellow
and green cherts, Hematite and limonite.
Staining in very small concretions A few
iridescent grains. Red, yellow and black mineral
grains.

SANDSTONE/SILTSTONE lenses. Fine to
coarse sand grains @ 20 degree angle.

SS, Fine grain. Same as above.

SILTSTONE lense, brown, almost an inch thick,
bedded @ 40 degree angle. Some mixed fine
grained to medium grained sand grains.

SS, conglomerate of grains from very fine to
coarse grained.

SILTSTONE with fine to medium grained sand
grains, brown (2.5YR 4/4).

Lost

SILTSTONE with a few fine to medium grain. ss.
grains up to 5mm thick @ 45 degree angle.

SS. 80% white cementation of quartz grain, a few
reddish-brown grains.

SILTSTONE 45 degree dip, 4mm wide lense.

4753.38

4753.23

123.13

123.28

4753.23

4753.16

123.28

123.35

4753.16 123.35 4752.81 123.70

4752.81 123.70 4752.8 123.71

4752.8

4752.73

123.71

123.78

4752.73

4752.72

123.78

123.79

4752.72 123.79 4752.68 123.83

4752.68 123.83 4752.67 123.84

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



I
UWell Detail Report for: MONO01 0775 5/6/9 9

TOP

Elev Depth

BOTTOM

Elev Depth
uSCS
DESCRIPTION LITHOLOGY DESCRIPTION

4752.67 1.23.84 4752.61 123.90

4752.61 123.90 4752.3 124.21

4752.3 124.21 4751.26 125.25

4751.26 125.25 4750.81 125.70

45.1 125.70 4749.51 127.00

4749.51 127.00 4749.36 127.15

4749.36 127.15 4748.66 127.85

4748.66 127.85 4748.36 128.15

4748.36 128.15 4733.51 143.00

4733.51 143.00 4733.01 143.50

4733.01 143.50 4710.61 165.90

4710.61 165.90 4709.51 167.00

4709.51 167.00 4708.71 167.80

SANDSTONE, fine grained, with 60% white
cementation of reddish-brown sand grains.

SANDSTONE, very fine grained to fine grained
reddish-brown (2.5 YR 4/4). 100% ss.,
subrounded, saturated. Some white cementation,
fairly loose between sand grains, calcium
carbonate?

Same as above with fine to medium grain, sand
grains.

Same as above, but very fine to fine grain (see
123.0-123.08 above).

Lost.

Same as above, very fine to fine grained ss.

SS medium to coarse grain with some siltstone,
reddish-brown (2.5YR 4/4). Wet.

SS very fine grained to fine grained. Pinkish-
white (5YR 8/2). Calcium carbonate
cementation? Crossbedded. DeChelly SS.
Member of Cutler Fmn.

SS, Yellowish-red (5YR 4/6). Very fine to fine
with a few medium grains. Red, yellow and black
grains, limonite concretions (very tiny), wet.
Crossbedded.

Note: Lost circulation.

SANDSTONE, very fine grained to fine grained,
yellowish-red (5YR 4/6). 100% sand, well sorted,
subrounded, wet. Weakly cemented with calcium
carbonate? Eolian sand. Mostly quartzose, sand
grains with limonite or hematite staining. Small to
tiny balck mineral grains and clusters of grains
(biotite).

SANDSTONE, very fine grained to fine grained,
pink (7.5YR 7/4). 100% sand, poorly sorted,
subrounded, wet, quartzose sand with no iron
oxide staining, however, very tiny limonite stained
concretions. A few red mineral grains, black
biotite grains and greenish gray minerals, chert?
Crossbedded.

Same as 143.5-165.9. Td in DeChelly Sandstone
Member.

I
I
I
I
I
I
I
I
I
I
1I
I
U,
INote: Depths are feet below ground surface and elevations are feet above Mean Sea Level.

I
I



I ACTEC-ERS97B 3/4 Road
Srand Junction, Colorado 81502

iltOffudcz, F-~~ ic c S ite It" a m oe Vta 8i ri A x.
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Ig O 3 Bi/ u e Rotor, ~4, nl di 0-ig-C-O
Ground Elev. (Ft.)49 Q Bit/Auger_ Size ___________

B1orehole Summary
Page _LJ OfL

Project

LocaL5ti2 n N2 9 E) 5797590

Hole Depth (Ft) Z5-6,I•s
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- Diameter (inch 1. D.)
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--. 3

I

Depth' Blowds/ PID Sample No.; WELL GRAPHIC DESCRIPTION

*6 PPM Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; sorting (poor
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WELL NO.______

PLANNED INSTALLATION

CASINGý DIAMETER

CASING STICKUP HEIGHT 23

TOP OF GROUT 2

GROUT TYPE 8)4i P;r4ý

TOP OF PELLETS 26

SIZE OF PELLETS

WATER ADDED TO PELLETS
(Gallons)

TOP OF FINE SAND 9
SAND SIZE____ ____

TOP OF FILTER SAND

FILTER SAND SIZE

TOP OF SCREEN

TOP O .F SLOTS '11

TYPE OF SCREEN O~r;

DATE e9-2!2.27- TIME I

FINAL INSTALLAtION(Sa.,e ~4~M

CASING STICKUP HEIGHT ____

TOP OF GROUT_________

TOP OF PELLETS________

TOP OF FINE SAND _______

TOP OF FILTER SAND______

TOP OF SCREEN

3

U
I
I
I
I
I
I
I
I
I

SLOT SIZE 0.2DO~

BOTTOM OF SLOTS+

TOP OF SUMP/END CAP 1-g

BOTTOM OF SUMP/END CAP r70,Q

TOTAL

TOP OF SUMP/END CAP

BOTTOM OF SUMP/END CAP

DEPTH 101



L CTEC-ERS7.T1383/4 Road Borehole No.
nd Junction. Colorado 81502
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Borehole Summary
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2597 8314 Road Borehole No. ~7c~ -- Date R-Z-,9

Borehole Summ aryi
Page '7 of~ -
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I ACTEC-ERS7314 Road Borehole No.
2nd Junction, Colorado S1S02

Date. 9-z-7
Borehole Summary

Page *4- of I
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Well Detail Report for: MON01 0776 516/9 9

-GENERAL INFORMATION SCREENING INFORMATION

SITE: MO

LOCATION CODE: 077

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 4E

SURFACE ELEVATION: 14E

BOTTOM ELEVATION: 4-1

TOTAL DEPTH: 15

ZONE OF COMPLETION: DE'

'NUMENT VALLEY (MON0l)

'6 TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

~83.33 BOTTOM OF SCREEN:

~80.43 GRAVEL PACK LENGTH:
T30.28 SCREEN LENGTH:

0.15 CASING LENGTH:

CHELLEY CASING DIAMETER (in.):
MBER OF THE
TLER FORMATION

Elev

4785.43

4730.43

4780.93

4730.93

55.0

50.0

152.9

6

Depth

95.00

150.00

99.50

149.50

I
I
I
I
I
I
I
I

Lithology Details~

TOP
Elev Depth

4880.43 0.00

BOTTOM uscs
Elev Depth DESCRIPTION

4879.66 0.77

4879.66 0.77 4879.65 0.78

4879.65 0.78 4879.01 1.42

4879.01 1:;42 4879 1.43

4879 1.43 4878.68 1.75

4878.68 1.75 4877.66 2.77

4877.66 2.77 4877.43 3.00

LITHOLOGY DESCRIPTION

Shinarump Member of Chinle Fm. on surface.
SANDSTONE, light gray (2.5Y 7/2). 100% ss,
poorly sorted, subrounded, fine to medium
grained, moist. Tiny, yellow, red and black
(biotite) mineral grains with sporadic green
mudstone concretions.

Mudstone lensesl .mm thick - pinkish, soft, tiny
amount of limonite staining.

Sandstone - Same as above.

Mudstone lenses 1 to 2mm thick, light yellowish-
brown (2.5Y 6/4). Some limonite staining.

SANDSTONE, Same as above. Horizontal
fracture @ 1.51 and 1.59 and 1.62 Ft.
Limonitelhematite staining. A few light yellowish-
brown mudstone clasts.

Lost.

Mudstone, very pale brown (1 QYR 7/4) a few
quartz sand grains mixed in.

I
I
U
I
I
I
I
INote: Depths are feet below ground surface and elevations are feet above Mean Sea Level.

I
I



Well Detail Report for: MON01 0776 5/6/9 9

TOP

Elev Depth

BOTTOM

Elev Depth
uISCs
DESCRIPTION LITHOLOGY DESCRIPTION

4877.43 3.00 4877.13 3.30

4877.13 3.30 .4876.78 3.65

4876.78 3.65 48715.78 4.65

4875.78 4.65 4875.23 5.20

4875.23 5.20 -4874.23 6.20

4874.23 6.20 4873.97 6.46

4873.97 6.46 4870.58 9.85

4870.58 9.85 4868.93 11.50

4868.93 11.50. 4868.61 11.82

4868.61 11.82 4868.21 12.22

4868.21 12.22 4866.73 13.70

4866.73 13.70 4849.8 30.63

SANDSTONE, Fine to medium to coarse grained,
fractured @ 3.08 and 3.12 and 3.3 Ft.
Limonite/hematite stained, a few pebbles up to
1/2 cm long. Some biotite and mudstone clasts.

SANDSTONE, Same as 0-0.77 above with
horizontal fracture @ 3.46 and 3.50, hematite
staining.

Lost.

SANDSTONE, fine grained, pale yellow (2.5Y
7/4) 100% sand (quartz) well sorted,
subrounded, saturated. A few tiny yellow, red
and black mineral grains.

Lost.

SANDSTONE conglomerate, fine to medium to
coarse grain, limonite/hematite staining. Pebbles
up to 2 1/2 cm long (crystalline).

SS. Fine grain, pale yellow (2.5Y 7/4). Well
sorted, subrounded, wet. A few tiny red and
black minerals. Some white cementation of sand
grains. Separate limonite stained grains all
through section.

Lost.

Sandstone conglomerate, fine to coarse grain,
limonite stained concretions, tiny greenish-yellow
clay-like clasts, small pebbles up to 5mm long.

Sandstone, fine to medium grained, pale yellow
(2.5Y 7/4).

Same as above, but more limonite/hematite
staining.

SANDSTONE, fine grained to medium grained,
pale yellow (2.5Y 7/4). Tiny limonite stained clay-
like nodules throughout sample. Saturated, some
brownish-black possible wood fragments.
Horizontal fractures @13.8, 13.9, 13.95 and 14
Ft. A vertical fracture? @ 14.3 to 14.97 ft.
Various bands of hematite staining 16.9 to 19.0
ft. Various stained spots throughout sample.,

4849.8 30.63 4846.73

4846.73 33.70 4846.43

33.70

34.00

Lost.

Lost

Note: Depths are feet below ground surface and elevations are feet above Meant Sea Level.



I
IWell Detail Report for: MONO01 0776 5/6/9 9

TOP

Elev Depth

BOTTOM

Elev Depth
uSCS
DESCRIPTION LITHOLOGY DESCRIPTION I

4846.43 34.00 4846.08 34.35 Conglomerate sandstone from fine to coarse
grained. A few pebbles up to 2cm long. Stained
throughout with limonite/hematite. Pebbles of
chert and quartz.

I
4846.1 34.33 4845.1 35.33 SILTSTONE mixed with very fine sand, very pale. 3

brown (lOYR 7/4). Fractured with limonite-
staining from 34.35, 34.40, 34.45, 34.5, 34.55,
34.75 and 35.1. Some minor mudstone lenses
between some fractures.

4845.1 35.33 4839.71 40.72

4839.71 40.72 4836.73 43.70

4838.53 41.90 4836.73 43.70

4836.73 43.70 4830.43 50.00

4830.43 50.00 4829.08 51.35

4829.08 51.35 4828.06 52.37

SILTSTONE, gray (1OYR.611) Dry. Fractured
@36.75 with heavy limonite staining from 36.55
through the fracture to 37 Ft. Another fracture
(horizontal) @39.19 ft. with limonite staining from
39.19 to 39.28 Ft. Bedding planes or very slight
mudstone lenses, sporadic from 40.0 to 40.72 ft.,
very tiny shiny mica flakes.

Mudstone, reddish brown (5YR 5/4). Moist. Soft
shale @ 41.55 to 41.9 Ft.

Reworked mudstone with gray siltstone mixed in.
Very tiny shiny mica flakes throughout sample.

Same as above. A few minor sandstone fine
grain lenses mixed in mudstone.

Siltstone, reddish gray (5YR 5/2) dry. A few
shale lenses scattered throughout sample.

Mudstone/shale with some very fine grained sand
mixed in various portions of sample. (Reddish-
brown)

Very fine grained sand - white (lOYR 8/2), with
shale lenses, reddish-brown, soft @ 52 and 53.3
to 53.4 Ft..

Mudstone, reddish-brown (5YR 4/4). Mixed with
tiny shiny fine grained sand. A few black
minerals in sand, some limonite staining in sand.
Fractured.

Lost.

Sandstone, fine grained with black minerals
(biotite?), some white cementation.

Mudstone, reddish-brown (5YR 4/4) with some
very fine grained sandstone.

4828.06 52.37 4826.66 53.77

I
I
I
I
I
I
I
U
I
I
I
I
I

4826.66 53.77 4826.23 54.20

4826.23 54.20 4825.73 54.70

4825.73 54.70 4825.71 54.72

4825.71 54.72 4825.4 55.03

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



Well Detail Report for: MONO01 0776 51619 9

TOP

Elev Depth

BOTTOM

Elev .Depth
uSCS
DESCRIPTION LITHOLOGY DESCRIPTION

.4825.4 55.03 4825.23 55.20

4825.23 55.20 4822.43 58.00

4822.43 58.00 4821.83 58.60

4821.83 58.60 4821.68 58.75

4821.68 58.75 4821.28 59.15

4821.28 59.15 4820.43 60.00

4820.43 60.00 4820.28 60.15

4820.28 60.15 4819.18 61.25

Sandsone, very fine grained;ý pinkish-gray (5YR
7/2). with a greenish-claystone lense @ 55.12 -

3mm long.

Mudstone, reddish-brown (5YR 4/4). Greenish
claystone lense - 1 mm wide, @ 55.34 Ft.

Lost.

Sandstone, very fine grained. Same as above -
No claystone lense.

Mudstone, reddish-brown (5YR 4/4) Flecks of
shiny mica all through sample.

Mudstone and fine grained sandstone mixed with
some siltstone, some red, yellow and black flecks
and limonite staining in sandstone.

Siltstone with some fine grain sandstone.

Mudstone, reddish-brown (5YR 4/4), some very
slightly silty bedding planes dipping up to 10
degrees. Soft reddish-brown shale @61.10 to
61 .25 ft.

Fine grained sandstone and mudstone, reworked,
with quartz nodules up to 2cm. Tiny black flecks
in sandstone, biotite?

Soft reddish brown shale.

Reworked mudstone and fine grained sandstone,
some siltstone, some quartz stringers and
pockets of sandstone with black flecks, shiny tiny
flecks in sample.

Sandstone, fine grain light gray (lOYR 7/1) with a
few red, yellow and black mineral grains,
quartzose, dry. Some white cementation, calcium
carbonate? A few medium quartz grains and a
few tiny white to greenish cherts.

Very fine grained sandstone intermixed with
mudstone, reddish-brown to light gray. A few
black, red & yellow mineral grains.

Mudstone intermixed with very fine grained
sandstone, reddish-brown

4819.18 61.25 4817.03 -63.40

4817.03 63.40 4816.93 63.50

4816.93 63.50 4808.13 72.30

4808.13 72.30 4807.98 .72.45

4807.98 72.45 4802.78 77.65

482.8 77.65 4801.68 78.75

Note: Depths are feet below ground surface and elevations are feet above Mean Sea Level.



Well Detail Report for: MONO01 0776 5/6/99

TOP

Elev Depth

BOTTOM

Elev Depth
USCs
DESCRIPTION LITHOLOGY DESCRIPTION

4801.68 78.75 4800.03 80.40

4800.03 80.40 4797.73 82.70

4797.73 82.70 4796.13 84.30

4796.13 84.30 4792.63 87.80

4792.63 87.80 4789.12 91.31

4789.12 91.31 4730.43 150.00

Hoskinnini Member of Moenkopi Fm. Fine
grained quartzose sandstone, light gray (lOYR
7/1). Very few red, yellow and black mineral
grains, dry.

Fine grained sandstone intermixed with reddish-
brown (5YR 4/4) mudstone.

Sandstone, fine grained quartzose, light gray
(lOYR 7/1) with some mixing of mudstone,
reddish-brown (5YR 4/4) or siltstone. Red, yellow
and black mineral grains are abundant, @ 84 Ft.,
there are medium grains layered about 15mm
thick.

Sandstone, fine to medium grained, reddish-,
brown (5YR 5/4) limonite staining in very tiny
concretions all through sample. Tiny red, yellow
& black mineral grains. White cementation lightly
with calcium carbonate? Mixed with light gray
fine grained sandstone and reddish-brown
siltstone. Moist.

Sandstone, fine to medium grained,' reddish-*
brown (5YR 5/4) red, yellow & black mineral
grain, hematite staining throughout. Limonite
stained. concretions, very tiny white cementation,
calcium carbonate? Loosely cemented,
saturated, @91.07 to 91.12 ft. and 91.25 to 91.26
ft. and very thin lense @91.31 ft. of sandy reddish
brown siltstone/mudstone.

DE CHELLY SANDSTONE MEMBER OF
CUTLER FM. Sandstone, fine grained,
quartzose, reddish-yellow (5YR 6/6), Cross
bedded, wet. White cementation, calcium
.carbonate?, of grains, tiny, red, yellow and black
mineral grains. Very tiny limonite staining around
individual sand grains, or small clusters of sand
grains,, Hematite staining overall. A few areas of
limited or no limionite staining or iron oxide
staining at 114 ft. and 125.6 ft., and 129.4 to
129.85 ft. Note: Sandstone saturated below 105

I
I
I
I
I
I
I
I
I
I
I
I
I
I

'I
I

IINote: Depths are feet below ground surface and elevations are feet above Mean Sea Level.

I
I



I ACTEC-ER S
597 B 3/4 Road
Srand Junction, Colorado 81502

Borehole Summary
Page _L ofI

Site A4 oinae.'t V24/,¼., A,?. Project IJ7? r0,j~

Location (N) /916 3833 (E) _5$'920o~19,in/ /Well No.

Ground Elev. (IFt.) 4,1_ Bit/Auger Size lbY 'D, 3 Ywi'. A
udl W e IIIIr l inc D.,I

TYPE Vol. (cf. gal)In Caing PVC- Scd.419 0
IS reen Q j Ei..ri & ý' . )* p/End Cap PV~C_ Sal 4,0 Z (

SId Pack Sjc 5&n 1-4-0 ;x
sealant go tc 0-" I J2i S__AL _.. ILI

Liking Cover Intle !,N Padlock No. 3
Drilling Method ,/)o~J Ie,,-i Aurer-
De Drilled 6~I-~ Date Developed 69-/6- 3'

Hole Depth (Ft) J.
No. of Completions I
Stick-Up Height (Ft) 2.?-5
Slot Size .0, Ciey

Interval (Ft.)

L to If 7 1

3. to ?_ $3,Q
ato 2..

Sampling Method
Fluid Level/Date

Location Sketch-

-3,157,41 7C69-
Remarks 1;

Depth* Blows/ PID Sample No.: WELL GR.APHIC DESCRIPTIONJ* ppm Interval CONSTRUCTION LOG

Required Information:
Typical name; Munsell color; percentage sand and gravel; Sorting (poor
to well); grain angularity; induration or plasticity; moisture content (moist

_____ _______ -~ ____ ./to saturated).

~. 2C-0 6- rs c, ~ f)i IT

11

4P .,-* 5ed, fn ?r MyI/o. A -~ 6-Mc 49P S

Atepths measured fr Vo grud

Slleted By 7 Verified By



WVELL NO. 3Z7-

PLANNED INSTALLATION

CASING DIAMETER

,CASING STICKUP HEIGHT ____

TOP OF GROUTa

GROUT TYPE P0,5 I6e,,.crS~jqrt

TOP OF PELLETS _________9

SIZE OF PELLETS 4

WATER ADDED TO PELLETS5
(Gallons)

TOP OF FINE SAND

SAND SIZE- N A

TOP OF FILTER SAND

FILTER SAND SIZE

TOP OF SCREEN 8
TOP OF SLOTS

TYPE OF SCREEN C),edrict

DATE-~7 TIME )G/•,5

FINAL INSTALLATION (5a, az*

CASING STICKUP HEIGHT

TOP OF GROUT_____

TOP OF PELLETS____

TOP OF FINE SAND

TOP OF FILTER SAND
I
I
I
I

TOP OF SCREEN

SLOT SIZE OIL?/(

M rz

S SBOTTOM OF SLOTS DIt

TOP OF SUMP/END CAP

BOTTOM OF SUMP/END CAP -+7,34-

TOTAL

TOP OF SUMP/END CAP

BOTTOM OF SUMP/END CAP

DEPTH +91



Well Detail Report for: MON01 0777 5/6/9 9

GENERAL INFORMATION SCREENING INFORMATION

SITE: MO

LOCATION CODE: 07-1

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 4~

SURFACE ELEVATION:,

BOTTOM ELEVATION:

TOTAL DEPTH: 4

ZONE OF COMPLETION: ALl

~NUMENT VALLEY (N~
7

348.24

1845.4

1796.4

.9.00

LUVIUM

~ON01)

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING DIAMETER (in.):

Elev

4817.2

4798.1

4813.6

4798.6

19.1

15.0

50.14

2

Depth

.28.20

47.30

31.80

46.80

Lithology Details

TOP
Elev Depth

4845.4 0.00

BOTTOM
Elev Depth

4835.4 10.00

USCS
DESCRIPTION

4835.4 10.00 4825.4 20.00

4825.4 20.00 4815.4 30.00

4815.4 30.00 4805.4 40.00

4805.4 40.00 4796.4 49.00

LITHOLOGY DESCRIPTION

Sand, very fine to fine grained, yellowish red (5
YR 5/6). 99% sand, 1 %silt, well sorted,
subrounded, dry. A few medium sized rounded
quartz grains, and a few black and yellow mineral
grains.

Same as above with 5% pebbles up to 1 cm.
long. Slightly moist.

Same as above - no pebbles, moist.

Sand, same as above, wet, a few red mineral
grains. Slightly sticky. Suspect less than 5% clay.

Sand, very fine grained, light reddish brown (5 YR
6/4), 98% sand, 1% silt, 1% clay. Slightly plastic,
well sorted, subrounded, saturated. A few red,
yellow, and black mineral grains. TD in Quat.

Note: Depths are feet below ground surface and elevations are feet above Mean'Sea Level.
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