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ACL alternate concentration limit
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Executive Summary

Ground water beneath the Old Rifle, Colorado, site was contaminated by former vanadium and
uranium ore-processing operations that were ongoing from 1924 through 1958. Mill tailings and
other associated radioactive contaminated surface materials were removed from the site by 1996
in accordance with criteria established in 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. It is also possible that residual
contamination, particularly from nonradiological constituents, is a potential continuing source of
ground water contamination.

Site-specific field investigations reveal the alluvial ground water is the only aquifer affected by
the former milling operations. Contaminants of concern (COCs) in the alluvial aquifer are
identified as arsenic, selenium, uranium, and vanadium. Uranium is the most prevalent
site-related contaminant occurring in the alluvial ground water. Concentrations up to
0.27 milligrams per liter (mg/L) present beneath the site exceed the UMTRA maximum
concentration limit of 0.044 mg/L, but steadily decrease to background levels near the
downgradient edge of the site. Similarly, selenium concentrations exceeding the 0.01 mg/L
UMTRA standard are present up to 0.09 mg/L near the center of the former tailings footprint and
also decrease to background levels near the downgradient edge of the site. No ground water
standards have been established for vanadium. However, concentrations up to 0.77 mg/L are
present near the former tailings footprint which exceed the 0.33 mg/L human health risk-based
concentration. Arsenic concentrations in ground water exceed maximum acceptable levels for
human health risk at a single location near the center of the former tailings pile footprint,
however these concentrations are less than the UMTRA maximum concentration limit of
0.05 mg/L.

DOE's goal is to implement a cost-effective strategy to remediate the ground water at the former
Old Rifle 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 Old Rifle 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 Old Rifle 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 natural flushing ground water remediation in combination with the
establishment of alternate concentration limits (ACLs) and institutional controls.

Numerical modeling of ground water flow and transport indicates that concentrations of uranium
will decrease to UMTRA standards or background concentrations during the 100-year natural
flushing period. ACLs proposed for selenium and vanadium are 0.05 mg/L and 0.33 mg/L,
respectively. The selenium ACL is the maximum contaminant level established in the Safe
Drinking Water Act. The vanadium ACL is the risk-based level for human health that is
protective for residential use of drinking water. The proposed ACLs will be met within the
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1 00-year natural flushing period as demonstrated by ground water flow and transport modeling.
The ACLs are protective of human health and the environment. Institutional controls in the form
of a deed restriction will prohibit ground water use during the period of natural flushing and
ground water monitoring will be conducted to observe the progress of remediation. 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

1.1 Purpose and Scope

The Old Rifle Uranium Mill Tailings Remedial Action (UMTRA) Project site is a former
ore-processing facility located approximately 0.3 mile east of the city of Rifle in Garfield
County, Colorado (Figure 1-1). The site is situated on a relatively low-lying alluvial terrace
created by a flood-plain meander of the Colorado River. The terrace is bounded on the south side
by a steep slope that abruptly descends to the river and on the other sides by steeply ascending
slopes of the more resistant sedimentary rocks of the Wasatch Formation.

COLORADO

.FORMER
O LD RIFLE
PROCESSING
SITE

S/ GLENWOOD
.SPRINGS -

0 10 20 30
I MILE

MILES

M:WUGVW51 1WO17O6UOO456IUOO4566O.DWG

Figure 1-1. Location of the Old Rifle Site

The U.S. Department of Energy (DOE) completed surface remediation of abandoned uranium
mill tailings and other contaminated surface radioactive material associated with the former
milling operation at the site by relocating the contaminated materials to the Estes Gulch disposal
cell approximately 9 miles north of Rifle. Surface remedial action began in 1992 and was
completed in 1996. The former processing site is currently covered and regraded with clean fill
material and reseeded with range grasses.

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 Old Rifle site. The
proposed compliance strategy to cleanup the alluvial ground water at the Old Rifle site is no
ground water remediation of constituents that do not pose a potential risk and do not exceed U.S.
Environmental Protection Agency (EPA) standards. For constituents that pose a potential risk or

DOE/Grand Junction Office
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exceed EPA standards or both, the strategy is to perform natural flushing ground water
remediation in combination with the establishment of alternate concentration limits (ACLs) for
selected constituents (selenium and vanadium). Institutional controls will prohibit ground water
use during the natural flushing period and ground water monitoring will be conducted to observe
progress of remediation.

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 Old Rifle 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 Old Rifle site are present in
Section 2.0. Site background information including an overview and history of the former
milling operation and current water and land use, are reviewed in Section 3.0 Results of the 1998
field investigations conducted at the site 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. Potential human health and ecological risks associated with
ground water contamination are summarized in Section 6.0, and the proposed compliance
strategy to clean up the ground water is presented in Section 7.0.

1.2 UMTRA Project Programmatic Documents

Programmatic document that guide the SOWP include the UMTRA Groundwater Management
Action Process (MAP) (DOE 1998a), the Final Programmatic Environmental Impact Statement
for the Uranium Mill Tailings Remedial Action Ground Water Project (PEIS) (DOE 1996c), and I
the Technical Approach to Groundwater Restoration (TAGR) (DOE1 993b). 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- I
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 I
environmental impact analyses more efficiently. Technical guidelines for conducting the ground
water program are presented in the TAGR.

1.3 Relationship to Site-Specific Documents

The surface remedial action plan (RAP) (DOE 1992) provides early site characterization i
information. This information was updated in developing the SOWP to strengthen the site
conceptual model. After a ground water compliance strategy is selected for this site, a draft and
final Ground Water Compliance Action Plan (GCAP) will be prepared to document the
remediation decision.

In 1996, a baseline risk assessment (BLRA) was prepared (DOE 1996a) that identified potential i
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.
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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, if required by the NEPA process, to determine the potential effects,
if any, of implementing the proposed compliance strategy.

1.4 SOWP Revisions

The SOWP is a multi-year 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 defined additional data needs that were required
to support the most likely compliance strategy. Following stakeholder review and resolution of
comments, field work was conducted in 1998 to address the data gaps identified in the draft
SOWP.

This final SOWP presents the additional data collected in 1998, correlates the data to previous
information, updates the site conceptual model and risk assessment, and recommends a final
compliance strategy based on the most current information.

DOE/Grand Junction Office
August 1999

Site Observational Work Plan for New Rifle, Colorado
Page 1-3



Introduction Document Number U0042501

I
I
I
I
I
I
I
I

End of current text

Site Observational Work Plan for.New Rifle, Colorado
Page 1-4

DOE/Grand Junction Office
August 1999



Document Number U0042501 Regulatory Framework

2.0 Regulatory Framework

This section identifies the regulatory framework to be applied to the selected ground water
compliance strategy at the former Old Rifle 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 11, 1995 (60 FR 2854).

The standards (60 FR 2854) 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. 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 Part 192.

DOE/Grand Junction Office
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2.1.1.1 Subpart B: Standards for Cleanup of Land and Buildings

Subpart B, "Standards for Cleanup of Land and Buildings Contaminated with Residual
Radioactive Materials from Inactive Uranium Processing Sites," requires documentation that
action at the former ore-processing sites ensures that ground water contamination meets any of
the following three criteria:

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

" UMTRA maximum concentration limits, which are limits set by EPA for certain hazardous
constituents in ground water and are specific to the UMTRA Project (Table 2-1). Note that
maximum contaminant levels (MCLs) have also been established for some of these
constituents by EPA under the Safe Drinking Water Act (SDWA) (also provided in
Table 2-1). Most of the UMTRA standards are the same as the MCLs for corresponding
contaminants, but some differences do exist.

" 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. Standard for Inorganic Constituents in Ground Water at UMTRA Project Sitesa

Constituent UMTRAb SDWAc
Arsenic 0.05 0.05
Barium 1.0 2.0
Cadmium 0.01 0.005
Chromium 0.05 0.1
Lead 0.05 N/A
Mercury 0.002 0.002
Molybdenum 0.1 N/A
Nitrate (as N) 10.0d 10_.0d

Selenium 0.01 0.05
Silver 0.05 N/A
Combined radium-226 and radium-228 5 pCi/L 5 pCi/L
Combined uranium-234 and uranium-238 30 pCi/L N/A
Gross alpha-particle activity (excluding radon and uranium) 15 pCi/L 15 pCi/L

Concentrations reported in milligrams per liter (mg/L) unless otherwise noted.bMaximum Concentration of Constituents for Groundwater Protection, UMTRA Standard (40 CFR Part 192, Table 1, Subpart A).
CMaximum Contaminant Levels, Safe Drinking Water Standard (40 CFR 141.23 and 141.62).
dEquivalent to 44 mg/L nitrate as NO3.
6Equivalent to 0.044 mg/L, assuming secular equilibrium of uranium-234 and uranium-238.

I
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N/A = not applicable
pCiVL = picocuries per liter. I

I
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Natural Flushing to Achieve 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, UMTRA MCLs, or ACLs). Natural flushing must allow the standards to be
met within 100 years. In addition, institutional controls and an adequate monitoring program
must be established and maintained to protect human health and the environment 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 for
a public water system subject to provisions of the SDWA during the period of natural flushing.

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

DOE/Grand Junction Office Site Observational Work Plan for Old Rifle, Colorado
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* Radiation from radionuclides other than radium-226 and its decay products is present in

sufficient quantity and concentration to constitute a significant radiation hazard from RRM.

2.1.2 Cooperative Agreements

UMTRCA requires that remedial action include full participation of the states and Indian tribes
that own land containing uranium mill tailings. UMTRCA also 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
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
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 must comply with the Record of Decision.

I
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3.0 Site Background

The Old Rifle UMTRA Project site is located in western Colorado, approximately 0.3 miles east
of the city of Rifle (Figure 1-1). The 22-acre site, which is accessible by U.S. Highway 6, is the
location of a former vanadium and uranium mill that operated from 1924 through 1958. An
overview of the site's physical setting and climate, a history of the former milling operation, a
summary of previous investigations, and the city of Rifle's current land and water use plan is
presented in the following sections.

3.1 Physical Setting and Climate

The former millsite is located near the northeastern edge of the Colorado Plateau Physiographic
Province. The area is characterized by mature, stream-eroded upland pediment surfaces, large
structural upwarps and intervening basins, and flat-topped basalt mesas. Major features include
the Roan Cliffs to the northwest, the Grand Hogback monocline to the north and northeast, and
the Colorado River and Taughenbaugh Mesa along the northern flank of the Battlement Mesa to
the south. Topographic elevations range from approximately 5,300 feet (It) above mean sea level
at the site to 8,000 ft along the Grand Hogback to the northand to more than 10,000 ft on top Of
the Battlement Mesa to the south. The region has an arid to semiarid climate with high
evaporation, low precipitation, low humidity, and large temperature variations.

The weather station closest to the Rifle site is operated by the National Weather Service (station
number 57031) which is located a few miles to the southeast of the city. Climatological data
collected from the weather station for the period 1910 through 1997 is presented in Table 3-1
and indicates the site receives on average approximately 11.0 inches of total precipitation per
year. Rainfall occurs during the summer in high-intensity, short-duration, late afternoon
thunderstorms that are conducive to runoff Precipitation occurs in the winter as snowfall.

Table 3-1. Meteorological Data for Rifle, Colorado

Air Temperature (OF) Precipitation Potential Evaporation
Month Mean Low Mean Mean High (inches) (inches)

January 8.9 22.6 36.3 0.83 0.0
February 16.2 29.9 43.6 0.71 0.0
March 24.0 38.6 53.5 0.88 0.62
April 31.3 47.6 64 0.94 1.67
May 38.7 56.2 73.7 0.95 2.98
June 45.1 64.6 84.0 0.70 4.13
July 51.8 70.8 89.9 1.00 5.33
August 50.2 68.9 87.5 1.08 4.6
September 41.3 60.4 79.4 1.05 .3.12
October 31.0 49.1 67.2 1.13 1.73
November 21.3 36.3 51.3 0.83 0.25
December 12.4 25.8 39.2 0.91 0.0
Annual 31.0 47.6 64.1 11.0
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Temperatures show considerable diurnal and seasonal variations. Winters are cold, with average
low temperatures typically below freezing from December through February. Summers are hot,
with average high temperatures up to 90 *F in July.

Potential evaporation (inches) for the Rifle area was estimated based on the Thornthwaite
equation (Thornthwaite and Mather 1957) using the site air temperature data presented in
Table 3-1 (Calculation Set U0044700). The data indicates potential evaporation exceeds
precipitation from April through October. The highest potential evaporation occurs in July when
evaporation exceeds 5 inches.

3.2 Site History

The U.S. Vanadium Company constructed the original Old Rifle processing plant in 1924 for the
production of vanadium (Merritt 1971) (Figure 3-1, June 1987). In 1926 the assets of the U.S.
Vanadium Company were purchased by Union Carbide and Carbon Corporation (Union
Carbide), and the U.S. Vanadium Corporation was established as a subsidiary (Chenoweth
1982). The plant closed in 1932 as a result of a shortage of vanadium ore. In 1942 Union Carbide
reactivated the plant for vanadium production as a result of an increase in demand due to World
War II. The plant continued to operate until 1946 when it was modified to include the recovery
of uranium as well as vanadium. Uranium and vanadium production continued until 1958 when
the plant was replaced with a new mill located approximately 3 miles west of the Old Rifle site.
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Figure 3-1. Former Tailings Pile, Ore Storage Area, and Associated Buildings at the Old Rifle Site
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Millfeed consisted of raw ore mined from deposits located primarily in Garfield (Garfield and
Rifle Mines), Mesa, Montrose, Moffat (Meeker Mine), and San Miguel Counties in Colorado
(Chenoweth 1982). Atomic Energy Commission (AEC) records from 1947 to 1958 indicate that
761,000 tons of ore were processed at the site. Over 2,000 tons of uranium concentrate (U30 8)
were sold to the AEC (Chenoweth 1982).

Approximately 13 acres of tailings remained at the Old Rifle site before the surface remedial
action. No structures remained at the millsite. The relatively flat tailings pile was stabilized by
Union Carbide in 1967 in accordance with the State of Colorado regulations. The edge of the pile
was moved away from the railroad tracks and the entire pile was covered with 6 inches of soil,
fertilized, and seeded with native grasses. Water from the Colorado River was used for irrigation.
Surface water draining from an upgradient seep across U.S. Highway 6 flowed through the site.
The seep water collected in a lined pond after it passed the tailings pile. Overflow from the pond
was released into the Colorado River. The pond and tailings were removed during surface
remedial action completed in 1996.

3.2.1 Previous Investigations

The U.S. Department of Health, Education, and Welfare (1962) and Merritt (1971) provide
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 AEC.

Fischer (1960) and Chenoweth (1982) document the vanadium and uranium deposits located
along East Rifle Creek approximately 15 miles north of the site. Geologic studies conducted in
the area of the site are reported by the U.S. Geological Survey (Donnell 1969; Shroba and
others 1995) and the Colorado Geological Survey (Stover 1993).

Site-specific hydrogeologic and geochemical investigations are described in an Environmental
Impact Statement (DOE 1990), a RAP (DOE 1992), a BLRA (DOE 1996a), and the draft SOWP
(DOE 1996d).

3.3 Land and Water Use

The population of the city of Rifle is approximately 6,000. The town contains businesses,
industrial areas, and residential neighborhoods. There are no residences adjacent to the site. The
nearest residence is located approximately 500 ft northwest of the site fence line across U.S.
Highway 6. Ranching and farming are the main land uses on Graham Mesa north and northeast
of the Old Rifle site. Several sand and gravel mining operations occur along the floodplain east
of the site. Figure 3-2 presents a land use map for the Old Rifle Site and surrounding areas, with
information derived from city of Rifle and Garfield County sources during 1998.

The site is located just outside the Rifle city limits and is under the jurisdiction of Garfield
County (Figure 3-2). The site is located within the 100-year floodplain and is currently zoned by
Garfield County for agricultural/industrial use.

The City of Rifle's Comprehensive Plan identifies the land within the Old Rifle Site boundaries
as being in a zone called "Environmental Education/Open Space Preserve." This designation
would allow for open space/agriculture, wildlife habitat enhancement, environmental education,

DOE/Grand Junction Office Site Observational Work Plan for Old Rifle, Colorado
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passive recreation, agriculture, and mine reclamation land use at a future date if the property is
annexed by the City of Rifle.

The site is currently deeded to the State of Colorado. Plans to transfer the land to the community

are in progress.

3.3.1 Potable Water Use

Residents in the city of Rifle obtain potable water from the municipal water system, whichI
receives surface water from the Colorado River and Beaver Creek. Water from the Colorado
River is collected at an inlet approximately 0.5 mile upstream of the site. Water in Beaver Creek

originates from Beaver Mountain snowmelt and precipitation across the river approximately
5 miles southwest of the city and is transported into the municipal water supply via a pipeline.
Beaver Creek supplies approximately 10 percent of the city's municipal water.

The city provides potable water to some users outside the city limits, though most residents
living outside the municipal boundaries obtain water from private wells or springs (DOE 1 996a).
Natural ground water quality in the Colorado River alluvium and weathered bedrock is poor
tasting and considered unpalatable because of high sulfate and TDS levels. Consequently, the
ground water from these private wells and springs generally is not used for drinking water uniess
treated. Ground water is known to be used for other domestic purposes such as bathing, watering
domestic livestock, and watering gardens. The nearest residential well (location 436) is located
approximately 1.5 miles upgradient (east) of the site and north of U.S. Highway 6.

3.3.2 Irrigation Water Use

Agriculture has been the Rifle region's primary industry since the late 1920s. Since the Rifle
region has been heavily irrigated for decades, both regional and local wate r quality has been
impacted. Springs and other shallow water sources have been created due to irrigation. As
irrigation use in the region increased, it became apparent that the Grass Valley Reservoir south of
Rifle could not supply all the demand. Initial investigations to expand the irrigation potential for
the area were conducted by the Bureau of Reclamation in 1936. Funding for what is referred to
as the Silt Project was authorized in 1956. The project was awarded in 1964 and completed
in 1967.

Primary achievements of the Silt project were the construction of the Rifle Gap Dam and
Reservoir and the Silt Pumping Plant. The Rifle Gap Reservoir is located on Rifle Creek about
5.5 miles north of Rifle at a point where Rifle Creek cuts through the Grand Hogback. Surface
runoff from north of Rifle Gap are stored in the reservoir and releases are made to meet
downstream irrigation demands. Harvey Gap Reservoir, which previously ran low every year, is
now used only after water storage in the Rifle Gap Reservoir has been depleted, thus providing a I
longer irrigation season. Graham and Prefontaine Mesas, north of the Old Rifle site, are some of
the most heavily irrigated areas in the Rifle area (Lemon 1995).

The Silt Pumping Plant is located approximately 5 miles east of Rifle on the Colorado River. The
7.6 mile pump canal, that extends northwest from the pumping plant discharge line, carries
irrigation water via the Lower Cactus Valley Ditch from the river to low lying mesas betweenI
Silt and Rifle. The Lower Cactus Valley Ditch discharges to the One Mile Pond area just east of
the Old Rifle site during spring and summer. Irrigation in the Rifle area generally lasts from
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April through November each year. The quantities of surface runoff collected annually in the
Rifle Gap Reservoir and pumpage from the Colorado River at Silt, both influence the amount of
water which is released from storage-at the Harvey Gap Reservoir. Since the various irrigation
sources each have different water quality, and relative regional contributions change on an
annual basis as a result of changes in annual precipitation and demand, irrigation in the Rifle area
has a significant and variable influence on local ground water flow and water quality in the
vicinity of the Old Rifle site.
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4.0 1998 Field Investigations

The draft SOWP (DOE 1 996d) included all previous information collected about the site,
presented a proposed compliance strategy, and defined additional data needs that were required
to support the most likely compliance strategy. Following stakeholder review and resolution of
comments, a field investigation was conducted in 1998 to address the data gaps identified in the
draft SOWP. Specifically, data was collected to: (1) evaluate if ground water contaminants in the
alluvial aquifer will flush naturally in 100 years or less, (2) determine if the alluvial aquifer
qualifies for supplemental standards on the basis of widespread ambient contamination, and
.(3) estimate the incremental risk imposed by mill-related contamination in the alluvial aquifer.

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 Project New
and Old Rifle Sites (DOE 1 998b). Sequencing the activities to achieve a more logical data
collection strategy optimized field investigations. The field activities were sequenced as follows:
(1) installation of temporary alluvial wells, (2) coring, soil sampling, and installation of
permanent alluvial and bedrock monitor wells, (3) surveying elevation and location coordinates
of wells, (4) ecological and ground water sampling and analyses, (5) abandonment of temporary
alluvial wells, and (6) performing continuous aquifer tests.

Information obtained from each of the above activities 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. Data
collection results for the 1998 field investigation and the laboratory analyses are presented in this
section. Discussion, interpretation, and integration of the 1998 results with historical information
are presented in the subsequent Site Conceptual Model (Section 5.0).

4.1 Temporary and Permanent Ground Water Monitor Well Installation

Temporary and permanent monitor Wells were installed to collect water samples for the
characterization of the ground water quality and to provide a means to determine hydraulic
properties of the alluvial and bedrock aquifers. Installation procedures, construction details, and
locations for the wells are described in this section.

Ten temporary wells were installed at the Old Rifle site to provide water quality samples and
ground water elevation data to assist in optimizing the location for the permanent monitor wells.
A casing-advance air drilling method was used to advance the temporary borehole to the base of
the alluvial aquifer. A 2-inch diameter polyvinyl chloride (PVC) well casing was then installed
through the inside of the drill casing. The well was constructed with a 5-ft section of machine
slotted PVC screen (0.02 inch slot size) at the bottom of the well casing and completed with a
natural sand pack. A 3-ft bentonite seal was placed above the natural sand pack to stabilize and
secure the well casing so accurate water level measurements could be performed and to seal the
borehole from infiltration of surface water. The temporary wells are identified by the 300 series
locations (RFO-3 01 through -3 10) shown in Figure 4- 1.
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Upon installation of the temporary monitor wells the top of each casing was surveyed for
elevation and location coordinates, the depth to water was measured, and water samples
collected for chemical analyses. After evaluation of the water level measurements and the
chemical analysis results, it was decided to retain five of the temporary wells (RFO-304, -305,
-306, -309, and -310) as permanent wells for future ground water monitoring. Therefore for
these wells, the annular space above the bentonite seal was filled with concrete to the ground
surface and a 3-ft diameter well pad with a locking steel protective cover was installed. The five
remaining temporary well casings (RFO-301, -302, -303, -307, and -308) were removed and
the holes properly abandoned in accord with the State of Colorado Water Well Construction
Rules (2 CCR 402-2).

A total of 15 additional permanent monitor wells were installed during the course of the field
investigation. Five of the wells (RFO-291, -292, -658, -659, and -660) were installed in
background areas east of the site to characterize the upgradient alluvial ground water that is
unaffected by the former vanadium and uranium processing operations. Ten wells were installed
on-site for the purpose of characterizing the nature and extent of ground water contamination and
to determine the hydrologic properties of the aquifers; six were installed in the alluvial aquifer
(RFO-654, -655, -656, -657, -662, and -663) and four in the bedrock aquifer (RFO-646, -647,
-648, and -649). These permanent monitor well locations are shown in Figure 4-1.

All permanent alluvial and bedrock wells were completed with 4-inch or 2-inch i.d., flush-joint,
threaded, PVC casing and wire-wrapped screen (0.02 in slot size). Two of the 11 alluvial monitor
wells and all four of the bedrock wells were completed with 4-inch casings so that aquifer testing
could be performed. The remaining nine alluvial wells were all completed with 2-inch casings.
With the exception of four background wells located upgradient (east), all the alluvial monitoring
wells were screened over the entire saturated thickness in which most cases was 20 ft or less. The
saturated thickness was greater than 20 ft in several background areas. For this reason, four
background alluvial wells were installed as pairs (RFO-291/-292 and -658/-659) with a shallow
well completed with a 10- or 15-ft screened interval, the top of which is located at the water
table, and a deep well completed with a 15-ft screened interval, the bottom of which is at the
bottom of the alluvial aquifer. The alluvial well pairs with screens at different depths allows
vertical characterization of the aquifer's water quality that may be influenced by lithology
changes due to deposits of silt, sand, and gravel transported by the Colorado River from source
areas east of the site that are interbedded with colluvial Wasatch material eroded from outcrops
to the north.

The four permanent bedrock monitor wells installed on-site consist of two paired completions
(RFO-646/-647 and -648/-649). At each paired location, a shallow well was completed with a
10-ft screen beginning 10 ft below the contact between the alluvium and Wasatch Formation.
The other bedrock well was completed deeper with a 10-ft screen beginning 30 ft below the
contact. The bedrock well pairs with screens at different depths provide information to evaluate
the potential impact from the overlaying alluvial plume and the vertical hydraulic gradients in the
shallow Wasatch Formation. Drilling and completion techniques to avoid cross-contamination of
the Wasatch Formation when drilling the bedrock wells included using an ODEX casing-advance
type drilling rig and setting surface casing down into competent bedrock and then drilling
through the cement plug into the deeper formation.

The permanent wells were constructed with a medium-grained sand pack (10-20 sieve size)
placed in the annular space from the bottom of the borehole to 2 ft above the top of the well
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screen. A fine-grained sand pack (20-40 size) was placed to fill 2 ft of the annular space above
the medium-grained sand. Both sand packs consist of clean quartz sand. A 3-ft bentonite seal

was placed above the fine-grained sand pack. Enviroplug grout was used to fill the annular space
above the bentonite seal to within 3 ft of ground surface. Concrete was used to fill the remaining
annular space to the ground surface and to install a 3-ft diameter well pad with a locking steel
protective cover. Completion diagrams for the alluvial monitor well installations and the
Wasatch well pairs are presented in Figure 4-2 and Figure 4-3, respectively.

The following procedures from the Environmental Procedures Catalog (GJO 1998) were used
for monitoring well installation.

" LQ-14(P), "Technical Comments on ASTM D 5092-Standard Practice for Design and

Installation of Ground Water Monitor Wells in Aquifers."

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

Construction details for new water wells installed during the 1998 field investigation and for
existing wells are provided in Appendix A and summarized in Table 4-1.

4.2 Soil, Sediment, and Rock Sampling

Soil, sediment, and rock samples were collected during the installation of the temporary and
permanent monitor wells (Section 4.1) for lithologic logging (Section 4.3) and chemical analysis
(Sections 4.4 and 4.5). Lithologic logs were prepared for all monitor well boreholes to support
development of the site hydrogeologic model. Sediment, soils, and rock samples were collected I
for chemical analysis to determine distribution coefficients (Kd) and mobile fractions of
site-related constituents in the subpile soils to aid in characterizing subsurface contaminant 3
transport.

A truck-mounted Mobile B-80 drilling rig equipped with a downhole air hammer was used to
advance casing through the alluvial aquifer to bedrock. During the drilling the air was
continuously returned to the surface inside the casing where it was diverted to a cyclone sampler.
Samples of the drill cutting entrained in the return air were collected at the cyclone's discharge
every 5 ft of depth drilled.

Split-barrel sampling was conducted with the truck-mounted casing-advance drilling rig centered
over the sample location. After advancing the casing to the desired sampling depth a 3-inch o.d.
by 24-inch-long split-barrel sampler was lowered inside the casing to the top of the sample
interval. A 140-pound drop hammer was then used to drive the split-barrel sampler the required
2 ft or until penetration was less than 6 inches per 50 blows. The barrel was then removed from
the borehole, separated from the drive-rod assembly, and laid flat on an uncontaminated surface,
where 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 for slough and the
slough discarded, if present. The site geologist logged the remaining representative sample.

Continuous core samples of the Wasatch Formation were collected using a nominal 5-ft long, U
double tube, swivel-type, NX diamond core barrel and wireline system. Clean water was used as
the circulation medium. State-of-the industry coring practices were used to effect the highest 1
Site Observational Work Plan for. Old Rifle, Colorado DOE/Grand Junction Office
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Table 4-1. Construction Details for Water Wells at the Old Rifle Site

Ground Borehole Borehole Top of Casing Casing Screen
Lo Noth Coord. East Coord. Elev. Depth - Diameter Casing .-Length Diameter Depth Screen low Zone of

Code (State Plane) (State Plane) (Ift) (bls) (in.) Elev. (ft) (ft) (in) (bisu Length (ft) Codeb Completlonc Status
New Wells Installed In 1998

291
292
301
302
303
304
305
306
307
308
309
310
646
647
648
649
654
655
656
657
658
659
660
662
663

627851.33 1365963.27 5327.35 33.00
627847.72 1365945.24 5327.94 18.50
625857.86 1360276.18 5313.68 22.00
625608.83 1360347.60 5310.12 21.00
625900.53 1359952.12 5313.05 29.00
625510.24 1359853.47 5307.90 19.00
625698.55 1359685:19 5309.91 21.20
625972.48 1359311.09 5313.20 27.20
625657.75 1358893.67 5313.85 33.20
625404.60 1358732.16 5311.56 28.20
625285.61 1358611.24 5310.36 23.20
625369.79 1359312.38 5309.11 23.80
625331.46 1358662.17 5311.84 59.50
625323.98 1358655.40 5311.72 42.00

625696.30 1359345.21 5311.78 60.00
625701.28 1359336.52 5311.71 42.00
625483.88 1358927.12 5312.31 33.70
625706.33 1359344.17 5311.82 24.00
625677.35 1360119.30 5310.92 22.20
625698.19 1360632.12 5312.38 18.25
627860.16 1364822.37 5320.23 19.00
627861.39 1364771.88 5320.13 39.10
627036.78 1364958.36 5321.84 28.20

625947.00 1359670.37 5313.26 27.20
625690.28 1359320.31 5311.67 23.50

7.00 5329.27 33.46 2.00 15.95
7.00 5329.49 18.91 2.00 6.78
7.00 5314.16 19.68 2.00 14.00
7.00 5310.80 20.29 2.00 14.39
7.00 5313.65 29.32 2.00 23.50
7.00 5310.63 21.15 2.00 13.20
7.00 5312.08 21.15 2.00 13.76
7.00 5316.24 30.23 2.00 21.61
7.00 5314.62 33.40 2.00 27.05
7.00 5312.36 28.55 2.00 17.17
7.00 5313.37 25.52 2.00 16.93
7.00 5311.64 26.04 2.00 17.93
9.34 5312.57 60.05 4.00 49.00
9.34 5313.03 43.23 4.00 31.60
9.34 5313.28 61.38 4.00 49.55
9.34 5313.16 4277 4.00 31.00
7.00 5313.65 35.08 2.00 8.16
9.34 5312.87 24.98 4.00 13.60

7.00 5313.28 24.29 2.00 6.35
7.00 5314.50 20.02 2.00 7.32
7.00 5323.07 20.39 2.00 2.30
7.00 5322.77 38.72 2.00 20.83
7.00 5323.38 28.92 2.00 11.80
7.00 5315.19 29.50 2.00 6.49
7.00 5313.28 24.97 2.00 7.78

15.00
10.00
5.500

.500
5.50
5.500
5.500
5.00
5.00
5.00
5.00
5.500
10.00
10.00
10.00
10.00
25.00
10.00
15.00
10.00
15.00
15.00
15.00
20.00
15.00

u
u

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
U
U
U
0
0

AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
Ws
WS
WS
WS
AL
AL
AL
AL
AL
AL
AL
AL
AL

Active
Active

Abandoned
Abandoned
Abandoned

Active
Active
Active

Abandoned
Abandoned

Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active

I
I
I
I
I
U

N1I1 Installed before ia

436
581
582
583
584
585
586
587
588
589
590
593
594
595
596
597
598
599
600
601
602
605
606
620
621
622
623
624
625
626
629
630
640
641
644
645

628742.00 1366330.00 - -

625681.70 1359343.40 5321.30 34.00
625687.70 1359354.00 5321.21 22.50

625475.60 1359353.50 5321.58 28.30
625678.60 1360620.50 5311.61 19.20
625658.20 1360113.70 5312.11 21.50
625222.00 1358838.30 5306.64 22.50
625222.90 1358826.00 5306.83 17.30
625222.90 1358814.10 5307.01 11.50
625041.20 1357955.80 5306.00 18.00
625377.98 1357952.33 5306.32 20.60
625929.20 1359556.20 5320.20 21.00
625850.00 1359290.50 5323.30 25.50
625620.80 1359553.20 5315.00 18.70
625435.70 1359111.00 5315.00 25.60

626379.80 1362950.15 5313.78 12.00
626370.97 1362945.20 5313.79 20.00
625620.88 1356384.08 5301.04 12.00
625618.02 1356394.25 5301.39 21.00
624978.40 1356613.00 5296.10 12.00
624973.50 1356622.60 5295.80 19.00
627852.85 1366097.20 5331.42 16.75
628113.92 1366645.79 5332.95 16.70
626390.93 1362956.74 5314.34 69.00
627249.59 1363447.73 5316.28 101.00
627234.77 1363413.98 5316.25 59.75
625826.99 1360414.61 5324.36 112.36
625839.67 1360388.89 5324.64 86.04
624342.60 1357754.00 5303.29 100.00
624335.70 1357729.70 5304.64 60.00
624952.90 1367671.30 5361.00 200.00
624940.20 1367640.10 5360.90 142.00
623486.80 1358317.90 5303.70 98.00
623455.20 1358316.90 5300.20 69.00
624996.00 1356630.40 5297.27 155.00
624992.80 1356609.00 5297.08 115.00

6.63 5323.05 35.75 4.00 30.00
6.63 5323.41 23.70 4.00 19.00
6.63 5323.08 27.50 4.00 17.50
6.63 5312.91 20.50 4.00 13.20
6.63 5313.71 21.60 4.00 12.50
6.63 5308.35 24.01 4.00 20.00
6.63 5308.13 18.60 4.00 5.00
6.63 5308.41 12.90 4.00 8.50
6.63 5307.16 19.16 4.00 7.50
6.63 5308.34 21.52 4.00 12.50
6.00 5322.50 23.30 2.00 16.00

6.00 5325.10 21.80 2.00 15.00
6.00 5323.22 26.92 2.00 9.30
6.00 5324.26 34.86 2.00 13.10
6.00 5316.46 14.68 2.00 5.00

6.00 5316.18 22.39 2.00 15.00
6.00 5303.73 14.69 2.00 5.00
6.00 5303.06 21.67 2.00 13.00
4.00 5297.21 13.11 2.00 5.00
6.00 5297.84 21.04 2.00 13.00

2.00 5334.17 19.50 2.00 9.25
2.00 5336.15 19.90 2.00 8.05
6.00 5316.35 71.01 2.00 30.00
8.00 5317.51 102.23 4.00 78.00
6.00 5317.75 60.50 2.00 47.00
8.00 5325.78 113.78 4.00 100.36
6.00 5325.38 86.78 2.00 74.04

8.00 5304.95 101.66 4.00 75.00
6.00 5306.39 61.75 2.00 48.00

8.00 5362.26 186.26 4.00 160.00
6.00 5362.39 143.49 2.00 130.00

8.00 5302.66 96.96 4.00 86.00
6.00 5302.08 70.88 2.00 57.50
8.00 5298.64 156.37 4.00 125.00
6.00 5298.50 116.42 2.00 93.00

2.50
2.50
6.00
6.00
5.00
2.50
9.50
3.00
10.50
7.00
5.00
5.00
5.00
5.500
5.00
4.00
5.00
5.00
5.00
5.00
4.00
4.00

35.00
20.00
10.00
10.00
10.00

20.00
10.00
20.00
10.00
10.00
10.00
20.00
20.00

WS
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
AL
WS
WS
WS
WS
WS
Ws
WS
WS
WS
WS
WS
WS
WS

II Private
Abandoned
Abandoned
Abandoned
Abandoned
Abandoned
Abandoned
Abandoned
Abandoned
Abandoned

Active
Abandoned
Abandoned
Abandoned
Abandoned

Active
Active
Active
Active
Active
Active

Abandoned
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active
Active

I
I
I
I
I
U
I
I
I
I
I

'bls = below land surface
b C = crossgradient D = downgradient 0 = on-site U = upgradient
C: AL = alluvium WS = Wasatch formation-undifferentiated
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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 in the lowerright 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. The site geologist described all cores.

All sediment, soil, and rock 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."

-0 SL-9(P), "Technical Comments on ASTM D 2113-83(93)-Standard Practice for Diamond
Core Drilling for Site Investigation."

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

" GN-9(P), "Standard Practice for Chain-of-Sample-Custody Control and Physical Security of
Samples."

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

4.3 Lithologic Logging

Lithologic logging of the alluvial aquifer matrix was performed primarily on drill cutting
samples that were collected from the cyclone every 5 ft of drilled depth (Section 4.2) during the
course of the monitor well installations. Split-barrel sampling for lithologic purposes was
attempted once every 5 ft of drilled depth. However, in most cases a large amount of undisturbed
sample could not be recovered due to the difficulty in collecting unconsolidated silt, sand, and
cobble gravel with a spoon type sampling device.

Lithologic logging of the Wasatch Formation was based primarily on continuous diamond core
(Section 4.2) collected during the installation of the bedrock water wells. Approximately 37 ft of
competent core was collected at each of the lower Wasatch completions (RFO-646 and -648)
and logged for lithology. Split-barrel sampling was also attempted at the bottom of each
temporary and permanent alluvial well boring to verify the bedrock contact. In most cases, an
adequate amount of Wasatch material was recovered to confirm that bedrock was reached.

Lithologic descriptions of the drill cuttings, split-barrel samples, and rock core recorded by the
site geologist are presented in the borehole summaries in Appendix A. All lithologic logging was
performed in accordance with the following procedures from the Environmental Procedures
Catalog (GJO 1998):

DOE/Grand Junction Office
August 1999
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" SL-1 9(P), "Technical Comments on ASTM D 2488-93-Standard Practice for Description

and Identification of Soils."

* SL-24(P), "Technical Comments on ASTM D 2487-93-Standard Classification of Soils
for Engineering Purposes (Unified Soil Classification System)." i

4.4 Distribution Coefficient (Kd) Analysis

The Kd is a bulk parameter that has been used with some success to describe the retardation of
contamination in an aquifer system. Laboratory measurements to determine the Kd for selected
analytes were performed on alluvial and Wasatch material to support computer-modeling efforts 5
in characterizing subsurface contaminant transport at the Old Rifle site. Details regarding the
laboratory procedure used to determine the Kd values are presented in the Calculation Sets
U0041000 and U0049800. A summary of the results is provided in the following sections. 3
4.4.1 Method of Solution

Laboratory analyses of the Kd were performed according to American Society for Testing and
Materials (ASTM) procedure D 4646-87 (ASTM 1987) for selected regulated and commonly
retarded site-related contaminants of potential concern (COPCs); arsenic (As), molybdenum
(Mo), selenium (Se), uranium (U), and vanadium (V). Essentially, the ASTM procedure involves
placing a sample representative of a site (e.g., soil, sediments, cuttings, core samples) into a
solution containing simulated contaminated ground water with which the material is likely to I
come in contact. The simulated ground water solution is agitated for 24 hours and then filtered.
The filtered solution is analyzed and compared to the contaminant concentrations of the original
solution. The difference between the two is assumed to be adsorbed to the sample. The linear I
adsorption isotherm distribution coefficient is generally defined as

Csoil = Kd x Cwater which can be rearranged to Kd = Csoil/Cwater I
or the ratio of the concentration of the contaminant in soil (or other material of interest) to the
concentration of the contaminant in water at equilibrium. Therefore, the higher the Kd, the I
greater the retardation of a contaminant in ground water.

The ASTM procedure requires analysis of only the solutions (and no actual soil samples) used in I
the experiments. Site samples collected from background areas or uncontaminated site samples
are used and all contaminant loss in the final solution is attributed to sample adsorption. Use of
contaminated samples could potentially underestimate the Kd for contaminants with higher
adsorptive properties, as the adsorptive ability of the sample would be reduced by contaminants
already present. 3
4.4.1.1 Sample Selection

Alluvial and Wasatch samples collected during the installation of monitor wells (Section 4.1) 1
were selected for Kd testing. Sample collection procedures are described in Section 4.2. Sample
locations are shown in Figure 4-1. 3
Some of the alluvial samples had very limited recovery and sample size was not adequate to
perform the analyses because they consisted mainly of very coarse cobbles and other materials i
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for which Kd testing is not appropriate. However, alluvial samples collected at two upgradient
locations, monitor well RFO-292 and well pair RFO-658/-659, were adequate in volume for Kjd
testing. A shallow and a deep sample were selected at each of these locations: one at the water
table (RFO-292-1-1 and RFO-658-1-1) and one near the base of the saturated alluvium
(RFO-292-2-1 and RFO-659-1-1). A duplicate shallow sample was also selected at each of the
upgradient locations for Kd analysis (RFO-292-1-2 and RFO-658-1-2).
Two Wasatch samples were selected from one on-site uncontaminated core hole (RFO-648) for
Kd analysis. One sample was collected from a shallow depth and one from a deeper depth. The
shallow sample (648-1-1) obtained 14 ft below the top of the Wasatch Formation is typical of
the highly altered claystone found in the upper weathered bedrock at the Old Rifle site. The
deeper-depth sample (648-2-1) was obtained 36 ft below the top of the Wasatch Formation and
is representative of the claystones below the weathered zone.

4.4.1.2 Sample Preparation

All the samples were air dried at room temperature and sieved to less than 10 mesh
(2 millimeters [mm]). A riffle splitter is used to separate a sample for oven drying at 105 °C to
determine moisture content. The difference between the air-dried and oven-dried weights was
always less than 2 percent and usually less than 1 percent so no correction was made for the
water contents of the air-dried samples.

For analysis of As, Mo, U, and V, a synthetic solution was prepared that simulated ground water
at the Old Rifle site, based on ground water analysis for well 583 from a previous sampling
round (November 5, 1992; SEEUMTRA data base). The composition of the synthetic ground
water is as follows (in mg/L): Na = 171.23, K = 6.73, Ca = 315.68, Mg = 94.71, SO 4 = 993.32,
Cl = 107.42, NO3 = 26.83, and C (inorganic) = 89.29. Contaminants were added to obtain the
following target concentrations (mg/L): As = 0.2, Mo = 0.2, U = 0.5, V = 0.8. The pH was
adjusted to about 7 and the measured alkalinity was about 250 mg/L as CaCO3.

Selenium Kd testing was performed separately because of a laboratory omission. The synthetic
solution for Se analysis was based on results of well 654 from a more recent round of sampling
(May 19, 1998; SEEUMTRA data base). The composition of the synthetic ground water is as
follows (in mg/L): Na = 177.98, K = 5.66, Ca = 142.71, Mg = 100.63, SO 4 = 648.61, Cl = 67.14,
NO3 = 4.84, and C (inorganic) = 93.73. Selenium with a target concentration of 0.1 mg/L was
added. The pH was adjusted to about 7 and the measured alkalinity was about 250 mg/L as
CaCO3.

4.4.1.3 Sample Analysis

An analysis of the synthetic ground water solution (Syn-1) was performed to verify the target
concentrations were achieved for As, Mo, U, and V. Synl-S was analyzed for Se. These results
are reported in Table 4-2. Arsenic, U, and Se are consistent with the target concentrations of 0.2,
0.5, and 0. 1 mg/L, respectively. Actual V and Mo concentrations are slightly higher than the
target values of 0.8 and 0.2 mg/L, respectively.

DOE/Grand Junction Office Site Observational Work Plan for Old Rifle, Colorado
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Table 4-2. Laboratory Analytical Results for Synthetic Ground Water Solution, Sample Leachate, and
Method Blanks

Solution Sample Concentration (mglL)
Sample Sample Volume Volume

ID Description (mL) (gW As V Mo U Se
Synthetic ground

Syn-1 water N/A N/A 0.202 1.18 0.28 0.52 -

Synthetic
Syn1-S ground water N/A N/A - I - I - 0.998

292-1-1 Alluvium leachate 100 5.0 0.025 0.097 0.279 0.517 0.0154
292-1-2 Duplicate 100 5.0 0.022 0.081 0.289 0.509 0.0144
292-2-1 Alluvium leachate 100 4.7 0.048 0.213 0.286 0.524
658-1-1 Alluvium leachate 100 5.0 0.065 0.464 0.298 0.526 0.0367
658-1-2 Duplicate 100 5.0 0.044 0.291 0.293 0.517 0.0356
659-1-1 Alluvium leachate 100 5.0 0.129 0.796 0.290 0.534 0.0535
659-1-2 Duplicate 100 5.0 - - - - 0.0552

648-1-1 Wasatch leachate [ 100 5.0 0.032 0.157 [ 0.297 0.493 [-
648-2-1 Wasatch leachate 100 5.0 0.040 0.194 0.288 0.503 -

BI-KB Method blank 100 None 0.204 1.16 0.282 0.529
B2-KB Method blank 100 None 0.203 1.18 0.278 0.531
B3-KB Method blank 100 None 0.202 1.17 0.283 0.535

Approximately 5 grams of each sample were measured and placed in 125-milliliters (mL)
Nalgene bottles with 100 mL of the synthetic ground water. Samples were rotated end-over-end
at 8 revolutions per minute (rpm) for 24 hours. They were then centrifuged at 3,000 rpm and
filtered through a 0.45 micrometer (gzm) filter. The resulting leachate samples were preserved
with 1 percent nitric acid and submitted to the Grand Junction Office (GJO) Analytical
Chemistry Laboratory for analysis of As, V, Mo, and U. Analytical results are reported in
Table 4-2.

Laboratory blanks, consisting only of the spiked synthetic ground water solution, were processed
through the same procedure (but without sediment) to determine effects of the method on
solution concentration. Results of the laboratory method blanks are presented in Table 4-2. As
evidenced by the data in Table 4-2, the concentrations for each contaminant are consistent with
the synthetic ground water analysis (Syn-1) indicating that there is no procedure affect.
However, the average concentrations obtained for the three laboratory method blanks were used
as the initial concentrations in subsequent calculations (for As, Mo, U, and V), rather than the
synthetic ground water analysis (Syn-1), as specified in the ASTM procedure. (Note that blanks
were not run for Se analysis and the results of the synthetic ground water, Synl-S, were used in
the calculations.)

I
I
I
I
I
U
I
I
U
I
I
I
I
I
I
I
I
I
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4.4.1.4 Kd Calculation:

Kds are calculated using the analytical data summarized in Table 4-2 and the following equation:

Kd= (A-B)V where
(Ms)B

A = initial concentration of the COPCs in the synthetic ground water, defined as the mean
concentration obtained for the laboratory method blanks (mg/L) (results of synthetic
ground water, Synl-S, were used in Se calculations)

B = final concentration of the COPC in the leachate, after 24 hours in contact with the
sediment sample (mg/L)

V = volume of solution (ML)
Ms = mass of sediment sample (grams)
Kd = distribution coefficient (milliliters per gram [mL/g])

Results of the calculations are presented in Table 4-3. Note that the Kd in Table 4-3 is the same
as the Rd in the ASTM procedure; this value only represents a true Kd if equilibrium conditions
were attained during the test period.

Table 4-3. Measured Kd Values for Alluvium and Wasatch Samples at the Old Rifle Site

Sample Depth Kd (mLg)
Sample Monitor (ft below

ID Well surface) Sample Description As V Mo U Se
292-1-1 292 8-9.5 Alluvium at water table 142 221 0.1 0.6 110
292-1-2 292 Duplicate sample 168 269 -0.6 0.9 119

Alluvium at base of saturated
292-2-1 292 17-8.5 zone 69 96 -0.4 0.3 -

658-1-1 658 3-9 Alluvium at water table 43 30 -1.1 0.2 34
658-1-2 658 Duplicate sample 73 60 -0.8 0.5 36

Alluvium at base of saturated
659-1-1 659 23-24 zone 11 9 -0.6 -0.1 17
659-1-2 659 1 Duplicate - - - - 16
648-1-1 648 35.5 Weathered Wasatch claystone 106 129 -1.1 1.5 -

Wasatch claystone below
648-2-1 648 58 weathered zone 83 101 -. 05 1.1

Measured Kd values obtained for the alluvial aquifer samples were adjusted based on aquifer
grain size analysis. As part of an adsorption study performed by Jacobs Engineering Group Inc.
(Jacobs 1993), over 400 pounds of material from each of seven test pits excavated in the alluvial
aquifer (totaling over a ton of material) was sorted and analyzed for grain size distribution. The
study found that on average, only 38 percent of the aquifer material was contained in the <2 mm
size fraction and that the majority was gravel size. Therefore, the measured Kd values for the
alluvial aquifer, which were performed on the <2 mm size fraction, were adjusted by multiplying
by 0.38. This assumes that the gravel-sized materials are insignificant in terms of contaminant
adsorption. The adjusted values are reported in Table 4-4.
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Table 4-4. Results of Alluvial Kd Values Adjusted for Grain Size Distribution

Sample Kd (mLg)

Depth
Sample Monitor (ft below

ID Well surface) Sample Description As V Mo U Se
292-1-1 292 8-9.5 Alluvium at water table 54 84 0.1 0.2 42
292-1-2 292 1 Duplicate 64 102 -0.2 0.3 45

Mean 292-1 59 93 -0.1 0.2 43.5

Alluvium at base of
292-2-1 292 17-18.5 saturated zone 26 37 -0.1 0.1 -

658-1-1 658 3-9 Alluvium at water table 16 12 -0.4 0.1 13
658-1-2 658 Duplicate 28 23 -0.3 0.2 14

Mean 658-1 22 18 -0.4 0.1 13.5
Alluvium at base of

659-1-1 659 23-24 saturated zone 4.4 3.6 -0.2 -0.04 7
659-1-1 659 Duplicate - - - - 6

Mean 659-1 - - - - 6.5

4.5 Subpile Soil Analysis

All radioactive tailings and material were removed from the Old Rifle site in 1996 as part of the
surface remediation program. 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 below the limit of remediation. Contaminated soils could contaminate
infiltrating water as it passes through them and prolong the ground water cleanup effort. This
section presents the analytical procedures used to evaluate the distribution of selected site-related
constituents in the soils underlying the former tailings pile and in background soils.

4.5.1 Subpile Soil Sample Selection

Six samples from six boreholes were collected as described in Section 4.2. Four sample locations
are in the former footprint of the Old Rifle tailings pile and former ore stockage area. Two
sample locations are in background areas upgradient of the site. Figure 4-1 shows the locations
of the six boreholes. Details are provided in Calculation Set U0045300.

The soil sample obtained from location RFO-656 was collected above the saturated zone. Soil
samples obtained from locations RFO-292 and -658 were collected near the top of the saturated
zone. Samples from locations RFO-309, -654, and -663 were collected near the base of the
saturated zone. Many of the alluvial samples from the Old Rifle site were composed of large
cobbles that were unsuitable for subpile soil testing.

4.5.2 Subpile Soil Sample Preparation and Extraction

Chemical extractions were used to determine the potential mobility of contaminants. Each
sample was extracted by using two separate lixiviants; a synthetic ground water solution and a
5 percent nitric acid solution. Extractions were performed sequentially on the same starting
material to avoid variation due to sample heterogeneity. Each extraction was harsher than the
preceding one.

I
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Each chemical extraction was related to a scenario that could cause contaminant release at the
site. Synthetic ground water was used first to simulate the water-table rise that could cause
ground water to contact contaminated soils. The synthetic solution was prepared based on ground
water analysis for well RFO-583 (November 5, 1992, SEEUMTRA data base). The
composition of the synthetic ground water is as follows (in mg/L): Na = 171.23, K = 6.73,
Ca- 315.68, Mg= 94.71, SO 4 = 1,028.7, Cl = 107.42, NO3 = 113.96, and C (inorganic) = 89.29.
The pH was adjusted to about 7 and the measured alkalinity was approximately 330 mg/L as
CaCO3. Additional bicarbonate present in the site ground-water should release additional
uranium that may be sorbed to oxides or silicates.

Five percent nitric acid was then used to remove most amorphous oxides that are likely to
contain adsorbed contaminants as well as any more resistant water-soluble constituents. As
desired, 5 percent nitric acid will not remove contaminants locked in recalcitrant minerals such
as apatites or other heavy mineral grains. 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.

The specific steps in the extraction procedure are as follows:

* Samples were air-dried (no oven heat) and sieved to less than 2 mm.

* Two grams of soil (accurately weighed) was divided between two 50-mL centrifuge tubes;
each tube was filled to a 50-mL volume with synthetic ground water solution.

" Tubes were placed in an end-over-end rotary shaker for 4 hours.

* Tubes were removed from the shaker and centrifuged for 30 seconds at 3,000 rpm to
remove particles less than 2 microns. Supematant from both tubes was decanted to a
100 mL volumetric flask and filled to volume with synthetic ground water solution.

* Centrifuge tubes were refilled to 50 mL volume with synthetic ground water solution and
placed in an end over end rotary shaker for 30 minutes.

" Tubes were removed from shaker and centrifuged for 30 seconds at 3,000 rpm. Supematant
from both tubes was decanted to a 1 00-mL volumetric flask and filled to volume with
synthetic ground water solution.

Contents of the two 1 00-mL volumetric flasks were combined and filtered through a
0.45 micron filter and the filtered sediment residue was retained. Samples were refrigerated
for storage prior to submitting for laboratory analysis.

" The same procedure was repeated using the retained sediment samples and a 5 percent
nitric acid solution in place of the synthetic ground water.

" All extracted samples were analyzed for As, Mo, Se, U, and V.

* From these data, the amount of each constituent removed during each step was calculated.

DOE/Grand Junction Office Site Observational Work Plan for Old Rifle, Colorado
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4.5.3 Subpile Soil Concentration Results

Two grams of soil sample were extracted with a total of 200 mL of lixiviant. The resulting I
concentrations in micrograms per liter (gtg/L) of As, Mo, Se, U, and V measured in each leachate
sample were then converted to units of milligrams per kilograms (mg/Kg) in order to estimate
the amount of extractable contaminant per mass of subpile soil by the following equation:

200 mL lixiviant jig contaminant L mg x 1,000 g mg/Kgx x x -- =mgK
2 g soil L extract 1,000 mL 1,000 jig Kg

For example, a concentration of 2.0 pig/L As was measured in the synthetic ground water extract I
for soil sample 309. Converting this value to mg/Kg using the above equation results in 0.20 mg
of As per Kg of subpile soil that is extractable using synthetic ground water. Using the same
equation, concentrations were calculated for the amount of contaminant that is extractable using
the nitric acid lixiviant. Contaminant concentrations extractable by the synthetic ground water
and nitric acid leach are summarized in Tables 4-5 and 4-6, respectively.

Table 4-5. Amount of Contaminant Extractable by Synthetic Ground Water per Mass of Subpile Soil 3
Sample Contaminant (mg/Kg)
Depth

Monitor (ft below
Sample ID Well surface) Location As Mo Se U V
Upgradient samples _

292-1 292 8-9.5 Background 0.31 0.12 <0.2 0.38 0.5
658-1 658 3-9 Background 0.26 0.10 <0.2 0.10 0.5

Average background 0.29 1 0.11 <0.2 0.24 0.5
Onsite samples -

309-1 309 18-18.3 Former Tailings Area 0.20 0.10 <0.2 0.35 0.5
654-1 654 18-18.2 Former Tailings Area 0.27 0.10 <0.2 0.17 3.7
656-1 656 8-9.5 Former Stockpile Area 0.20 0.18 <0.2 12.6 0.5
663-1 663 13-13.6 Former Tailings Area 0.28 0.12 <0.2 0.72 1.9

Average onsite 0.24 0.13 <0.2 3.46 1.7

Table 4-6. Amount of Contaminant Extractable by 5 Percent Nitric Acid Solution per Mass of Subpile Soil

Sample Contaminant (mglKg) 1
Depth

Monitor (ft below
Sample ID Well surface) Location As Mo Se U V
Upgradient samples __

292-1 292 8-9.5 Background 1.4 0.27 <0.2 0.67 4.3
658-1 658 3-9 Background 0.99 0.41 <0.2 0.27 1.7

______ Average background 1.2 0.34 <0.2 0.47 3
Onsite samples _______ ___________ ___ ___ ___ ___

309-1 309 1 18-18.3 Former Tailings Area 0.92 0.31 <0.2 1.1 2.2
654-1 654 18-18.2 Former Tailings Area 1.1 0.13 <0.2 0.28 25.5 1
656-1 656 8-9.5 Former Stockpile Area 1.4 0.25 <0.2 8.4 12.8
663-1 663 13-13.6 Former Tailings Area 2.9 0.32 <0.2 1.3 29.2

Average onsite 1.58 0.25 <0.2 2.77 __17

Site Observational Work Plan for. Old Rifle, Colorado DOE/Grand Junction Office
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4.6 Water Sampling and Analysis

Each new monitor well was allowed to sit undisturbed for at least 40 hours after final completion
before it was developed. Development was performed according to the Drilling Statement of
Work. After the wells were properly developed, a total of 39 permanent and temporary monitor
wells and 7 surface water locations were sampled from May 18 to May 27, 1998, during a period
of high river flow conditions. Additional sampling of 27 permanent monitor wells and 8 surface
water locations was performed from November 23 to December 1, 1998, during low river flow
conditions. All samples collected during the May and November 1998 sampling events were
submitted to the GJO Analytical Laboratory for analyses. The following sections describe the
sampling and analysis procedures.

4.6.1 Water Sampling Procedures

Ground water and surface water sampling was performed in accordance with the Sampling and
Analysis Plan for the UMTRA Ground Water Project (DOE 1997) and the Environmental
Procedures Catalog (GJO 1998). The following specific procedures from the Environmental
Procedures Catalog were used for water sampling:

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

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

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

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

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

" 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-1 0(T), "Standard Test Method for Turbidity in Water."

" LQ-1 1(P), "Standard Practice for Sampling Liquids."

DOE/Grand Junction Office Site Observational Work Plan for Old Rifle, Colorado
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. LQ-12(P), "Standard Practice for the Collection, Filtration, and Preservation of Liquid
Samples."

4.6.2 GJO Analytical Laboratory Sample Analyses

Ground and surface water samples were submitted to the GJO Analytical Laboratory. 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 3
duplicates. These samples were submitted for the same analyses as the other field samples.

Analyses of 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 I
known standards as specified in relevant EPA guidelines or the Contractor's Handbook of
Analytical and Sample-Preparation Procedures Volumes I, 1, and III (WASTREN-GJ undated).

Analytical methods used for analysis of ground and surface water samples are listed in
Table 4-7. Sample preservation consisted of storing the samples in an ice chest with Blue Ice (or
equivalent) to cool samples during field sampling, packaging, and shipping. Water samples were
analyzed for TDS, major ion constituents, and previously identified COPCs. In addition, U-234
and U-238 activity concentrations (picocuries per liter [pCi/L]) were included for the May 1998
round of sampling. Sample handling, preparation, and analyses are described in the references
shown in Table 4-7.

Table 4-7. GJO Analytical Laboratory Sample Requirements

Measurement Analyte Sample Analytical Detection
Parameter Container Instrument/Method Limit
Ground and Total uranium 2 each 120 mL ICP/MS 1.0 pg/L

Surface Water EPA 6020
Other Inorganics See Supplemental Water Sampling and Analysis Plan for all UMTRA

Sites (DOE 1996b) and Sampling and Analysis Plan for the UMTRA
Ground Water Project (DOE 1997).

Final analytical results were entered into the SEEUMTRA database and an independent data
validation assessment was performed on the May and November-December 1998 sampling
events (DOE 1998c and 1998d, respectively). Results of the surface water and ground water
analyses are presented in Appendices B and C, respectively.

4.7 Alluvial Aquifer Test

Estimates of the aquifer parameters for the alluvial aquifer are required to develop a better
understanding of the hydrogeologic characteristics of the site that could influence migration of
contaminants in the ground water and as input parameters in a ground water flow and transport
model. Specific details regarding the aquifer test procedures and data analyses are contained in
the Old Rifle Aquifer Test calculation set (Calculation Set U0042700). The calculation set also
includes copies of the data logger files and curve-matching graphs generated during the analyses
of the drawdown and recovery data. A summary of the aquifer test results is provided in
Table 4-8.
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Table 4-8. Results of Drawdown and Recovery Test Data Analysis

Observation Observation Well Pumping Well
Well 663 663 Pumping Well 655 655

Analytical Transmissivity Hydraulic Cond. Transmissivity Hydraulic Cond.
Method (ft2lday) (ftdday) (ft2lday) (if/day)

Drawdown Data
Theis 1,498 125 NA NA

Jacob- 1,398 117 NA NA
Cooper

Recovery Data
Theis & 1,362 114 1,381 115
Jacob

Recirculation
Neuman 1,314 110 1,150 96

Recirculation
NA = data not analyzed to determine hydraulic parameter.

Several slug tests and a continuous aquifer test were conducted as part of the 1998 field
investigation. The slug tests were attempted on several of the newly installed Old Rifle alluvial
wells; however, the wells recovered too quickly to provide data that could be properly analyzed.
The aquifer test provided data that was analyzed to estimate the alluvial aquifer transmissivity
and hydraulic conductivity.

A step test at 15, 30, and 40 gallons per minute (gpm) was first completed at newly installed
alluvial aquifer well 655 to determine the optimal pumping rate for the aquifer test. During the
aquifer test, well 655 was pumped for 44 hours at an average rate of 39.1 gpm. In addition to
monitoring the drawdown in this pumping well, the drawdown was also monitored in
observation wells 663 (screened in the alluvial aquifer), 649 (screened in the weathered Wasatch
zone), and 648 (screened in the Wasatch) during the test. Water level data were also collected
during the recovery phase of the test.

The drawdown data collected from observation well 663 were analyzed using Theis and
Jacob-Cooper equations to determine the transmissivity and hydraulic conductivity of the
alluvial aquifer. In addition, recovery data collected from observation well 663 and pumping
well 655 were also analyzed (Table 4-8).

As shown in Table 4-8, analyses of the data using the methods listed in Table 4-8 indicate that
the transmissivity for the alluvial aquifer in the vicinity of well 655 is between 1,150 and
1,498 square feet per day (ft2/day). The hydraulic conductivity (calculated by dividing the
transmissivity by a saturated thickness of 12 ft) ranges between 96 and 125 feet per day (ft/day).

Water elevation data collected from the newly installed wells suggest the average horizontal
hydraulic gradient during high and low river stage ranges from 0.0033 to 0.0047 ft/ft. Using this
gradient with an assumed effective porosity of 0.27, the linear ground water flow velocity ranges
from 1.4 to 2.0 ft/day.
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4.8 Surface Water Flow Measurements

The alluvial aquifer underlying the Old Rifle site is partially recharged by surface water seepage.
Surface water is contained by the collection system- located adjacent to U.S. Highway 6. Surface
runoff and irrigation return flow from the hillside above the site is diverted through an
underground culvert that discharges onto the site. This culvert, which discharges to the site
continuously, is routed to the Colorado River across the Old Rifle site via a north-south trending
unlined ditch located between wells 304 and 656 (Figure 4-1).

Flow measurements were performed in September 1998 during the field investigation and again
in February 1999 to determine the volume of surface water entering and leaving the site. Surface
water flow rates of approximately 86 gpm and 39.6 gpm, respectively, were measured at the
point where the underground culvert discharges into the unlined ditch on the site. At the
Colorado River discharge point located just south of the railroad tracks, a flow rate of
approximately 60 gpm was measured in September 1998 and 32.1 gpm in February 1999. The
respective 26 gpm and 7.5 gpm difference between the two measuring points represents the
amount lost to evapotranspiration (ET) and infiltration into the alluvial aquifer from the unlined 3
ditch.

4.9 Ecological Investigation

The main objective of the ecological investigation conducted in 1998 was to identify potential
pathways by which ecological receptors could be potentially exposed to site-related
contamination. Based on the initial screening-level ecological risk assessment (DOE 1996a) the
most probable pathways identified were (1) uptake of contaminated ground water by deep-rooted
plants with subsequent indirect exposure by foraging wildlife and (2) exposure of aquatic I
organisms to contaminated sediments in the Old Rifle Pond.

Since the time the initial screening-level ecological risk assessment was conducted, the Old Rifle I
Pond was destroyed by flood waters of the Colorado River and no longer presents a potential
exposure pathway. Therefore, the current 1998 ecological investigation focused primarily on the
plant ecology of the site.

4.9.1 Methods and Results

The vegetation of the former millsite and tailings area was characterized using a
semi-quantitative relevd technique (Barbour et. al. 1987). The site was traversed on May 4, 1998.
This walk-through, ocular survey revealed two vegetation types. Most of the site is comprised of I
the seeded vegetation that is dominated by tall wheatgrass (Elymus elongatum) and western
wheatgrass (Pascopyrum smithii).

Irrigation and surface runoff water, not associated with the site, is collected in an unlined ditch
north of U.S. Highway 6 above the site. A metal culvert is used to divert the irrigation water
underneath the highway to an open ditch near the center of site. The second plant type grows
along this ditch and is dominated by wintercress (Barbarea orthoceras) and Canada thistle
(Cirsium arvense). One tamarisk shrub (Tamarix ramosissima) was observed growing along the
ditch. Classes of species found in each vegetation type are presented in Table 4-9.

Site Observational Work Plan for Old Rifle, Colorado DOE/Grand Junction Office
Page 4-18 August 1999 3



Document Number U0042501 1998 Field Investigations
Document Number U0042501 1998 Field Investigations

Table 4-9. RelevW Data Showing Species Cover of Plant Types at Old Rifle Site

Latin Name Common Name Wheatgrass Type Ditch Type
Agropyron cristatum crested wheatgrass 1
Atrplex confertifolia shadscale +
Barbarea orthoceras wintercress 2
Bromus inermis smooth brome +
Cirsium arvense Canada thistle 2
Chrysothamnus viscidiflorus green rabbitbrush +
Descurania pinnata tansy mustard +
Elymus elongata tall wheatgrass 4
Juncus ensifolius daggerleaf rush 2
Pascopyrum smithii western wheatgrass 2
Rumex crispus curly dock 1
Salsola kali Russian thistle 1
Tamarix ramosissima tamarisk +

COVER Classes: (+) <1%, (1) 1-5%, (2) 5-25%, (3) 25-50%, (4) 50-75%, (5) 75-100%

All types of vegetation identified at the site are shallow-rooted and not considered to be
phreatophytes (plants that root in ground water). No surface water, other than the open irrigation
ditch, was present at the site. The site is not currently used for livestock grazing and is fenced
which prevents larger wildlife entry. No further ecological investigation or sampling was
necessary because no pathways were present that permit exposure of ecological receptors to
contaminated ground water.
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5.0 Site Conceptual Model

This section presents an interpretation of the site characterization data collected in 1998,
integrates the most recent data with previous information, and provides the most current
understanding of the extent and magnitude of contamination and exposure pathways to the public
health and environment. The conceptual model provides the basis for the subsequent risk
assessment (Section 6.0) and the proposed ground water compliance strategy (Section 7.0).

5.1 Geology

Principal geologic rock types in the area include Quaternary floodplain deposits and Tertiary age
sedimentary beds of the Wasatch Formation. The floodplain deposits consist of alluvial silt, sand,
and cobble gravels in stream channels and beneath flood plains and in terraces along the
Colorado River Valley and its major tributaries. The Wasatch Formation consists mostly of
variegated claystone, siltstone, and sandstone of fluvial origin. Carbonaceous shale and lignite
occur near the base of the formation. The former Old Rifle milling site is situated on an alluvial
terrace that directly overlies several thousand feet of Wasatch Formation.

Ground water in the surficial alluvial aquifer and the shallow Wasatch Formation directly
beneath the site are the hydrostratigraphic units of primary interest. Therefore, the geologic field
investigations concentrated on characterizing the nature and extent of the alluvial material and
the relationship between the alluvium and the shallow Wasatch rocks that are most susceptible to
vertical contaminant invasion from the site. Presented in this section is a brief overview of the
regional geologic setting followed by site-specific geologic information. These data form the
basis for the site conceptual hydrostratigraphic model that supports the ground water flow and
transport computer models used to simulate natural flushing.

5.1.1 Regional Geologic Setting

Structurally, the site is located near the southeastern edge of the Piceance Creek basin and along
the southwestern edge of the Grand Hogback monocline that was formed in response to the
adjacent White River uplift. Numerous faults expose Cambrian- to Tertiary-age bedrock on the
steeply dipping rock surfaces as shown in the regional geologic map presented in Figure 5-1. A
north to south geologic cross-section of the Rifle region is presented in Figure 5-2. Brief
overviews of the principal rock units, from oldest to youngest, that are present in the region are
described below.

The oldest rock units in the region are present north of Rifle, between the Grand Hogback and
the White River uplift, where a 6-mile section of near-vertical sedimentary beds of Paleozoic and
Mesozoic age are exposed. Located in this area is one of the largest vanadium-uranium deposits
on the Colorado Plateau that occurs in host rocks of the Triassic Chinle Formation, Triassic-
Jurassic Glen Canyon Sandstone, and Jurassic Entrada Sandstone (Chenoweth 1982,
Fischer 1960). The deposits produced approximately 47 million pounds of V20 5 and about one
million pounds of U30 8 from the Garfield and Rifle Mines from 1925 through 1977. A few miles
east of the Rifle mine several smaller vanadium-uranium deposits were mined from the Salt
Wash Member of the Morrison Formation.
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Sediments containing uranium, vanadium, and other metals from these mineralized Triassic-
Jurassic host rocks were eroded and transported south and deposited in the Wasatch Formation
prior to the later part of the Laramide deformation when intensive folding of the Grand Hogback
monocline occurred in response to the White River uplift. As a result of the uplift the
sedimentary beds of the Wasatch Formation are now at a near-vertical orientation along the face
of the Grand Hogback monocline. To the southwest of the monocline the dip declines rapidly to
30 to 40 degrees just north of Rifle and then gently flattens to a dip of 5 degrees or less in the
vicinity of the site. Shallow bedrock between the Colorado River and the Grand Hogback
consists of variegated shale, siltstone, and fime-grained sandstone of the Wasatch Formation.
Although the Wasatch Formation contains some resistant beds that form cliffs, most of the
formation weathers easily and has formed lowland mesas, including the Prefontaine and Graham
Mesas directly northwest and northeast of the city of Rifle.

Younger sedimentary rocks overlying the Wasatch Formation are the Tertiary sandstone, oil
shale, and marlstone beds of the Green River Formation which crop out almost continuously
around the southeastern margin of the Piceance Creek Basin forming the prominent Roan Cliffs.
These cliffs are visible to the northwest from the town of Rifle. 3
The youngest geologic units include a diverse assemblage of Quaternary alluvium, colluvium,
landslides, debris-flow, and loess that has been mapped in and adjacent to the Colorado River
valley near Rifle (Shroba et al. 1995, Stover 1993). Several thousand feet of Tertiary-age
Wasatch Formation underlie these surficial unconsolidated units.

5.1.2 Local Geology

The Old Rifle site is located along a flat, low-lying alluvial terrace where a former channel of the
Colorado River has left a crescent-shaped meander scar in the more resistant cliff-forming beds
of the Wasatch Formation. Along the north side of the alluvial terrace the steep slopes of the
more resistant sedimentary rocks of the Wasatch Formation ascend abruptly 40 to 60 ft above the
site to U. S. Highway 6. A steep slope that abruptly descends approximately 10 ft to the river
bound the south side of the terrace. Lateral accretion by the meander channel resulted in a
uniform deposition of approximately 20 to 25 ft of floodplain alluvium on the site. This
Quaternary floodplain deposit consists mostly of red, well-rounded clasts that range in size from
cobbles to clay. A generalized surface geologic map and a geologic cross-section extending
northeast and southwest through the Old Rifle site is presented in Figures 5-3 and 5-4,
respectively.

Shroba and others (1995) and Stover (1993) mapped an older alluvial terrace unit resting on the 3
Wasatch Formation that crops out to the north just above the site along U. S. Highway 6. The
lower part of the unit was deposited by the ancestral Colorado River and generally consists of
poorly to moderately well-sorted, clast-supported, cobbly pebble gravel with a sand matrix. The I
unit contains subrounded to well-rounded igneous, metamorphic, and sandstone clasts. Seeps and
springs flow along the contact between the older alluvial terrace gravels and the underlying,
relatively impermeable Wasatch bedrock formation.

The upper part of the older alluvial terrace gravels exposed further north of the site on Graham
Mesa was deposited by a former course of Rifle Creek and consists of slightly silty to silty sand I
with occasional thin, well-sorted, pebble and sand lenses. The upper fine-grained alluvium on
Graham Mesa is mantled by loess. I
Site Observational Work Plan for.Old Rifle, Colorado DOE/Grand Junction Office
Page 5-2 August 1999 3



Document Number U0042501 Site Con"Iftal Model

AI lt. 0Mm

m:'l f11lOO17U6•jOO461ThO46100.adr

F•a Unconsolidated deposits
(Holocene): Aluvium

SUnconsolidtetd depsits
(Pleitocens) young gravel
(Bull Lake and younger)

High-Level Alluvium(Pleistocene and/or Pliocene)

W-ormatonsn (ene)

Ulnta Formation (Eocene)

Parachute Creek

U
mK%-

6-

Lower part of Green River
Formation (Eocene)

Wasatch and Ohio Creek Formations
(Eocene and Palsocene)

Williams Fork Formation

(Upper Cretaceous)

lies Formation (Upper Cretaceous)

Upper unit of Mancos Shale
(Upper Cretaceous)

Frontier Sandstone and Mowry Shale
Members and Intervening shale zone
(Upper and Lower Cretaceous)

d akota Sandstone (Lower
Cretaceous)

SFrontier Sandstone and Mowry
Shale Memnbers of Mancos
Shale and Dakota Sandstone
(Lower CMaous)

(Upper Jurassic to Upper Triassic)

U Mintum Formation (Pennsylvanian)

Belden Formation (Pennsylvanian)

Mississippian, Devonian,
Ordovician, and Cambrian Rocks

Figure 5-1. Regional Geologic Map Showing Principal Physiographic Features
(modified from Tweto et al., 1978)

DOFJGan Junction Office
A 1999

Site Observational Work Plan for Old Rifle, Colorado
Page 5-3



- m - mu - mu - - mu m mu mu
South-- 3500 NorthApproximate

A= regional discharge zone
north of Colorado River

Approximate
regional recharge zone
north of Colorado River

A

ý8 ~
0r

11000-

10000--_ 3000

9000 -

8000-

7000-

6000-

5000 -

4000-

3000-

2000 -

Feel.
msl

2500

" 2000

---.._Oa•

- 1500 ---- -.--

Tw
- 1000

- 500
From Twelo et al.. 1978; Donnell, J.R.,! 1969.

0
0

8

-tj

0

0'

Meters.
msl Legend

0.

P_.

05

Qa Holocene alluvium

Tw Wasatch Formation

Kw Williams Fork Formation Mesaverde Group

KI lies Formation, Mesaverde Group

Kmu Upper unit of Mancos Shale

KmFm Frontier Sandstone and Mowry Shale
Member of Mancos Shale

J4kmg Morrison. Entrada. and Glen Canyon Formations

P FPwm Weber Sandstone and Maroon Formation

Fpm Minium Formation

Fpb Belden Formation

MDr Mississippian and Devonian Rock

MCr Mississippian and Cambrian Rock

/ Faullflracture zone

S-Estimated dip of bedding

2 0 4 Miles 1000 0 1000 2000 3000 Feel

2 0 8 Kilometers 500 0 500 1000 Motors

Horizonlal Scale Vertical Scale

Figure 5-2. Regional Geologic Cross-Section of the Rifle Area



Site Conceptual Model Document Number U0042501 3
5.1.3 Stratigraphy

The primary rock types affecting the ground water at the site are the Quaternary alluvium and the I
Tertiary Wasatch Formation. Observable characteristics of the alluvium and older sedimentary
rocks of the Wasatch Formation that are exposed or penetrated by boreholes at the site are
described below.

5.1.3.1 Tertiary Wasatch Formation

Sediments in the Wasatch Formation were deposited in a braided stream, flood-plain lacustrine,
and a lacustrine environment during the Paleocene and early Eocene. Donnell (1969) describes
the Formation as a single stratigraphic unit that is divided into three members. The upper and I
lower members, the Shire and Atwell Gulch, respectively, consist mostly of variegated
claystones. The intervening Molina Member consists predominantly of thick brown ledge-
forming massive sandstones with thin interbeds of variegated claystone.

The stratigraphic equivalents of the three members crop out in entirety along the Grand Hogback
approximately 6 miles north of the town of Rifle. The stratigraphic equivalent of thei
Shire Member exposed along the Grand Hogback is in excess of 4,000 ft thick. Locally, the
upper Shire Member consists of variegated colored claystones and siltstones with minor units of
brown lenticular sandstones. The thickness of the Shire Member near Rifle is probably about
1,600 ft although some of it may have been removed by erosion.

Donnell (1969) mapped a possible equivalent bed of the middle Molina Member that is
approximately 400 ft thick at Rifle Gap. Another possible stratigraphic equivalent unit of the
middle Molina Member attains a thickness of 600 ft in the Carter 1 E.C. Hunter gas well
(T6S, R94W) approximately 5 miles southwest of Rifle. The sandstone beds in this well are thin
and separated by thick units of siltstone and variegated claystone. The Molina Member near the
site is probably about 500 ft thick.

At Rifle Gap a possible stratigraphic equivalent unit of the lower Atwell Gulch Member is
approximately 700 ft thick (Donnell 1969). The lower member is probably about 600 ft thick in 3
the area of the site. Locally, the lower member consists of a series of brown and gray shales and
sandstones with several thin, discontinuous interbeds of lignite and carbonaceous shale near the
base.

Wasatch sediments beneath the site are probably correlative to the lower Shire Member and
consist predominantly of alternating beds of variegated claystone and siltstone interbedded with i
minor lenticular and laterally discontinuous sandstone. A geologic cross-section of the strata
prepared from core obtained at bedrock borings RFO-623, -646, and -648 is presented in
Figure 5-5. Detailed lithologic descriptions of the core indicate that most of the bedrock contact I
immediately beneath the alluvium consists of highly weathered claystone (Appendix A). The
thickness of the weathered claystone bed varies from 13 ft near the center of the site at boring
RFO-646 to 8 ft at boring RFO-648 near the downgradient edge of the site. The base of theI
weathered claystone bed grades down into a moderately-hard siltstone and fine-grained
sandstone interbedded with alternating claystone layers.

I
Site Observational Work Plan for.Old Rifle, Colorado DOE/Grand Junction Office
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Bedrock Topography

The general topography of the bedrock surface in the vicinity of the site is illustrated in
Figure 5-6 by the structure contours drawn at 10-ft intervals on top of the Wasatch Formation.
The structure contour map was prepared from borehole information and field mapping conducted
during the site investigation (Section 4.0). In general, the Wasatch Formation beneath the site
reflects a fairly flat topographic surface that gently slopes to the south. Contour elevations
abruptly steepen at the west, north, and east boundaries of the site reflecting the erosional flood-
plain scarp scoured in the Wasatch by a former meandering channel of the Colorado River. I
Structure contours near the west boundary of the site define a narrow man-made gap in the
Wasatch outcrop that is approximately 50 ft wide. The gap is believed to have been constructed
for passage of the railroad track rather than representing a natural erosional feature created by the
Colorado River.

5.1.3.2 Quaternary Alluvium I
A uniformly thick deposit of unconsolidated Quaternary material consisting mostly of alluvial
sand and cobble gravel covers the relatively flat-lying scoured bedrock surface beneath the site.
The lateral surface extent of the Quaternary floodplain deposit is bounded by the Wasatch
outcrops shown on the alluvial isopach map presented in Figure 5-7. The thickness of the
Quaternary material at the site is typically around 20 to 25 ft as indicated by the isopach
contours. Slightly over 30 ft of alluvium is present near the downgradient edge of the site where
it fills a slight depression eroded in the bedrock subsurface. Approximately 5 ft of fill material,
used to provide a base for the railroad tracks, is believed to be present in the man-made gap
between the Wasatch outcrop at the west boundary of the site.

The lithologic character and variability of the Quaternary material was determined by U
examination of split barrel samples and drill cuttings obtained from the boreholes installed
during the 1998 field investigation (Section 4.0). Most commonly, the alluvial material consists
of sandy gravels (60 percent gravel, 35 percent sand, 5 percent silt) and gravelly sands
(60 percent sand, 35 percent gravel, 5 percent silt) deposited by the Colorado River. Grain size
for the gravels vary from pebbles to cobbles (Wentworth scale). Colors are typically brown, dark
brown, and dark yellowish brown (lOYR Munsell notation). The borehole lithologic logs in
Appendix A provide descriptions of the unconsolidated material.

5.2 Hydrologic System

Major features of the regional hydrologic system are the result of the White River uplift and the I
Grand Hogback located north of the site (Figure 5-1).,In addition to being in the regional zone of
recharge (Figure 5-2), the steeply dipping Grand Hogback monocline redirects surface drainage
from the steep-walled canyon and the mountain region of the White River Plateau to the broad I
flat valleys of the Colorado River Basin. Many different flow systems discharge south to the
Colorado River Basin. Rifle Creek drains the majority of the regional hydrologic catchment
north of Rifle and is used extensively as a source of surface irrigation water in the Rifle area I
(Section 3.3). Other tributaries to the Colorado River that provide regional drainages north of
Rifle include Government and Elk Creek. The Colorado River to the southis in the zone of
regional discharge and acts as the regional ground water flow divide. Regional ground water
flow is complicated by the structural, topographical, and geological variations in the Rifle area. I
Site Observational Work Plan for. Old Rifle, Colorado DOE/Grand Junction Office
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The major components of the local hydrologic system at the Old Rifle site include the Colorado
River, unsaturated alluvial sediments, saturated alluvial sediments, and saturated claystone,
siltstone, and sandstone of the Wasatch Formation. The saturated alluvial sediments form the
unconfined alluvial aquifer. Claystone is the predominant rock type of the Wasatch Formation
that directly underlies the unconsolidated deposits of the alluvial aquifer as indicated by the
cross-section and lithologic descriptions presented in Section 5.1. These relatively low-
permeability claystone beds of the Wasatch Formation separate the overlying alluvial aquifer
from the lower more permeable siltstone and sandstone interbeds of the Wasatch Formation
aquifer.

5.2.1 Surface-Water Hydrology

Surface-water features at the Old Rifle site include the City of Rifle's detention lagoons located
above the site on Graham Mesa to the northeast; seeps and springs that flow along the contact
between the older alluvial terrace gravels and the underlying, relatively impermeable Wasatch
bedrock formation; surface irrigation runoff ditches located above the site on the north side of
U.S. Highway 6; an unnamed drainage ditch extending north to south across the center of the
site; and the Colorado River to the south.

The City of Rifle operates two detention lagoons on Graham Mesa just northeast of the site.
These unlined ponds are used as settling basins for Colorado River backwash water containing
high concentrations of sediment. The average volume of backwash discharged to the lagoons is
approximately 35 gpm (DOE 1996d). Infiltration from these ponds enters the terrace sediments
north of U. S. Highway 6 and then discharges horizontally as seeps along the alluvial and
Wasatch contact. Some of the discharge flows to an unlined ditch that parallels U.S. Highway 6
above the site.

Precipitation falling on the site drains south directly into the river and into the unnamed ditch
that extends north to south across the site. This ditch also receives surface drainage from the I
seeps and springs along and above U. S. Highway 6 via an underground culvert beneath the
highway. The culvert empties directly into the north end of the ditch that flows south across the
site and discharges to the river. Measurements at the north end of the ditch indicate the flow
varies between 86 gpm in the fall (September 1998) to 31 gpm in the winter (January 1999).

The Colorado River forms the southern boundary of the Old Rifle site and is the dominant
surface-water feature, ultimately receiving most of the surface drainage from the Old Rifle site.
Daily averages of river-gauging measurements obtained for the Colorado River are available
from the U.S. Geological Survey (USGS). The nearest flow data are collected approximately I
20 miles upstream at a location near Glenwood Springs, Colorado, and approximately 25 miles
downstream at a location near the town of DeBeque, Colorado. The daily average flow rate,
measured over the 20-year period from 1978 through 1997, is approximately 11 percent higher at I
the downstream DeBeque gauging station than at the upstream Glenwood Springs gauging
station (4,060 versus 3,660 cubic feet per second [cfs]). Rifle is located approximately halfway
between these two stations; therefore the average flow between the upstream and downstream I
gauging stations presented in Figure 5-8 is considered the best estimate of the river flow at the
site. On average, the maximum discharge occurs in the spring and early summer months from the
middle of May to the first of July due to snow melt. Minimum discharge occurs in the fall and I
winter months from October through March. Over the 20-year measurement period the average I
Site Observational Work Plan for.Old Rifle, Colorado DOE/Grand Junction Office
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runoff was 3,848 cfs, the maximum observed was 33,800 cfs, and the minimum observed was
938 cfs.
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Figure 5-8. Estimated Seasonal Runoff for the Colorado River at the Old Rifle Site

5.2.2 Alluvial Aquifer

The alluvial aquifer is the uppermost hydrostratigraphic unit at the Old Rifle site and is
composed mostly of unconsolidated alluvial deposits that include clays, silts, sands, gravels, and
cobbles (Section 5.1). Underlying the unconsolidated deposits is an 8- to 13-ft section of
weathered Wasatch Formation claystone that appears to be hydraulically connected to and of
similar hydraulic characteristics as the unconsolidated sediments.

The lateral extent of the alluvial aquifer at the Old Rifle site is largely limited to the site
boundary as defined by Wasatch Formation outcrops and the Colorado River. Narrow sections of
alluvium that extend east and west of the site pinch out between the river and prominent Wasatch
outcrops (Figure 5-7). Similarly, the northern extent of the alluvium is confined to the site by the
steep slopes of the Wasatch Formation.

Alluvial deposits at the Old Rifle site are approximately 20 to 25 ft thick over most of the site
(Figure 5-7). Saturated thickness of the aquifer ranges from 5 to 20 ft. Depths to ground water,
in May 1998, ranged from 5 ft near the south central part of the site at well 304 to 15 ft near the
downgradient edge of the site at well 309. The relatively shallow depth to ground water at
well 304 reflects a ground water mound created by infiltration of runoff water from the open
irrigation ditch that crosses the site.

Hydraulic conductivities estimated from alluvial aquifer tests range from 96 to 125 ft/day
(Calculation Set U0042700). Hydraulic gradients, directed west-southwest, range from 0.0033 to
0.0047 ft/ft (Calculation Set U0048 100). Average linear velocities, based on these estimates and
an assumed effective porosity of 0.27, range from 1.4 to 2.0 ft/day.

DOE/Grand Junction Office
August 1999
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Immediately north of the site is Graham Mesa, a relict Colorado River terrace resting on the
Wasatch Formation which outcrops just above the site along U. S. Highway 6. Infiltration into
the terrace deposits on Graham Mesa occurs from surface irrigation, precipitation, and from
Colorado River backwash water stored in the lagoons northeast of the site. Some of this
infiltration eventually discharges as seeps and springs along the contact between the older
alluvial terrace gravels and the underlying, relatively impermeable Wasatch bedrock formation.

Some of the surface discharge from the seeps and springs flows to the unlined irrigation ditch
that parallels U.S. Highway 6 above the site. A metal culvert under U.S. Highway 6 diverts the
collected runoff to the center of the site where it is discharged to an open ditch that drains south
into the Colorado River. Flow to the open ditch is year round.

Recharge to the alluvial aquifer at the site occurs mostly as infiltration of precipitation, leakage
from the drainage ditches north of U. S. Highway 6, and leakage from the open ditch that extends
north to south across the site. Recharge areas are graphically illustrated in the conceptual
hydrostratigraphic model presented in Figure 5-9. Some recharge also likely occurs as horizontal
discharge of ground water along the steep Wasatch subcrop that forms the northern boundary of
the alluvial aquifer. Upward vertical hydraulic gradients average 0.005 ft/ft (Calculation
Set U0048100) which indicates that movement between the Wasatch Formation and the alluvial
aquifer may also contribute some recharge to the alluvial aquifer during low river flow
conditions.

Discharge from the alluvial aquifer at the Old Rifle site is to the Colorado River. Plant
transpiration and evaporation in areas of shallow ground water depths are the only other
processes by which ground water may be discharged from the alluvial aquifer. Discharge by
plant ET is considered minimal because the site is dominated by wheatgrasses (Section 4.9)
which are shallow-rooted and not considered to be phreatophytes (plants that root in ground
water).

5.2.2.1 Alluvial Aquifer and Colorado River Interactions

The majority of ground water in the alluvial aquifer at the Old Rifle site discharges into the
Colorado River at the southern boundary of the site. Recharge to the alluvium by leakage from
the irrigation ditches and horizontal discharges along the steep Wasatch subcrop that forms the
northern boundary of the alluvial aquifer provides a sufficient source of ground water to sustain I
discharge to the Colorado River year round. This is evidenced by similar flow directions
observed in the alluvial ground water during low and high river stage. For example, during the
winter when the river is at low stage the ground water flow from the alluvium is directed to the m
southwest toward the river. The southwest flow direction is shown by the January 1999 ground
water elevation contours presented in Figure 5-10. As the river stage rises approximately 5 ft in
the spring and early summer, the horizontal flow gradient in the alluvial aquifer decreases, but I
the system maintains a southwest flow direction. The flow direction and ground water mounding
associated with the irrigation ditches during high river stage are revealed by the ground water
elevation contours presented in Figure 5-11 for May 1998.

Base flow discharge year-round to the Colorado River will eventually flush site-related
constituents from the alluvial aquifer to background concentrations. The dilution effect on the I
constituents can be calculated to estimate the concentrations at the point of discharge to the
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Figure 5-10. Alluvial Ground Water Elevations During Low River Stage, January 1999
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Figure 5-11. Alluvial Ground Water Elevations During High River Stage, May 1998
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Colorado River. Several site-related constituents identified in the BLRA (DOE 1996a) are
evaluated.

First, the contaminant flow rate to the Colorado River is calculated by multiplying the ground
water concentration at the site by the base-flow discharge rate. The ground water concentration
for each constituent is based on the maximum value obtained from the most current ground water
sampling conducted in May and November 1998 (Appendix B). The base-flow discharge rate is
estimated at 0.12 cfs (3.3 liters per second [L/s]) as the product of the average linear flow rate
(1.7 ft/day), the saturated thickness (13 fi), and an estimated plume width (450 ft) at the point of
discharge into the river.

The product of the ground water concentration and the base-flow discharge rate yields an
average contaminant loading rate in mg/s for the four constituents. Resulting constituent
concentrations in the Colorado River are estimated by dividing the loading rate by the 20 year
average river flow rate of 3,848 cfs (108,952 L/s). The results, summarized in Table 5-1,
indicate that the dilution factor of approximately 3.0E-05 for the Colorado River is so great, that
the constituents are essentially undetectable when compared to background concentrations.

Table 5-1. Dilution Effects on Ground Water Contaminants Discharging to the Colorado River

Ground Water Constituent Predicted
Concentration Discharge Loading to River Flow Concentration Dilution

Constituent (mgIL) (LPs) River (mg/s) Rate (LUs) in River (mgIL) Factor
Arsenic 0.02 3.3 0.07 108,952 6.4E-07 3.2E-05
Selenium 0.09 3.3 0.30 108,952 2.8E.-06 3.1E-05
Uranium 0.27 3.3 0.89 108,952 8.2E-06 3.0E-05
Vanadium 0.77 3.3 2.54 108,952 2.3E-05 3.0E--05

5.2.3 Wasatch Formation

The Wasatch Formation is a stratified hydrogeologic unit composed of interbedded claystone,
siltstone, and sandstone. The claystone units form aquitards and the underlying siltstone and
sandstone units form an aquifer or series of aquifers with semiconfined to confined
characteristics. The uppermost 8 to 13 ft of the Wasatch Formation directly beneath the Old Rifle
site consists of a very soft weathered claystone (Section 5.1). Aquifer test results indicate the
uppermost weathered zone is hydraulically well connected to the overlying saturated alluvial
deposits (Calculation Set U0042700). This uppermost zone of the weathered Wasatch is
underlain by up to 80 ft of competent siltstone and claystone that forms an aquitard. Underlying
this aquitard is a saturated semiconfined to confined sandstone aquifer of undetermined
thickness.

Depth to the top of the weathered Wasatch Formation beneath the Old Rifle site is about 20
to 25 ft. The weathered surface dips gently to the south (Figure 5-6). Depth to water at two
on-site monitor well clusters (RFO-646/-647 and -648/-649) typically ranges from 10 to 16 ft
below ground surface (Figure 5-5). At each paired location, a shallow well was completed with a
10-ft screen beginning 10 ft below the contact between the alluvium and Wasatch Formation.

The other bedrock well was completed deeper with a 10-ft screen beginning 30 ft below the
contact. Alluvial monitor wells 309 and 655 are nested with Wasatch well pairs 646/647 and
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648/649, respectively. Ground water elevations in these groups of wells represent the hydraulic
relationship between the alluvium and the section of the Wasatch Formation that ismost
susceptible to vertical contaminant invasion. Examination of the vertical hydraulic gradients
reveals little or no driving force for downward contaminant migration. For example, the average
vertical gradient from the Wasatch to the overlying alluvium is 0.005 ft/ft (Calculation
Set U0048 100). The product of the average vertical gradient and the hydraulic conductivity
(0.017 ft/day) indicates an upward flux of 0.0001 ft/day, thereby limiting downward contaminant
migration from the alluvium.

Depth to water in the deeper Wasatch Formation underneath the site can be evaluated by
examining ground water elevations observed in monitor wells 623 and 624 which are nested
together near the northeast boundary of the site (Figure 5-5). The top of the 10-ft well screens
for these wells are completed approximately 71 and 44 ft below the top of the Wasatch contact,
respectively. The deeper well (RFO-623) consistently shows a ground water elevation that is
approximately 20 to 60 ft higher than in the shallow well (RFO-624). The water level in the
shallow completion is near the bottom of the well. The relative lower water elevation in the
shallow well suggests the presence of an aquitard or separate flow system separating the upper
weathered zone from the deeper Wasatch.

Ground water elevations measured in monitor wells completed in the upper zone of the Wasatch
Formation indicate the potentiometric gradient is to the southwest, as evidenced by the contour
map presented in Figure 5-12. Similar flow directions are observed during high and low river
stage. Horizontal hydraulic gradients in the upper Wasatch Formation range from 0.0023 during
high river flow to 0.0031 during low river flow (Calculation Set U0048 100). Slug test
measurements indicate a geometric mean of 0.017 ft/day for the hydraulic conductivity
(DOE 1992, 1996d) in the Wasatch Formation. Average linear velocities, based on these
estimates and an assumed effective porosity of 10 percent, range from 0.0004 to 0.0005 ft/day.

Recharge to the Wasatch Formation occurs mainly as precipitation falling directly on the outcrop
to the north in the vicinity of the Grand Hogback. Discharge occurs mainly as upward leakage
through the alluvial aquifer to the Colorado River.

5.3 Geochemistry

The purpose of this section is to delineate the area where contamination exists, document the
individual chemical constituents that contribute to the contamination, and evaluate the fate and
transport of the site-related constituents. This is accomplished by first reviewing the historical
literature to identify the most probable chemicals and quantities of process water used when the
vanadium and uranium milling operation was active. Results of recent field investigations are
then evaluated to characterize the former source areas where the contaminants were most likely
to enter the ground water flow system. The most recent information available from the 1998 field
investigation (Section 4.0) is then presented in a current assessment of the surface-water and
ground water quality, including delineation of the nature and extent of site-related constituents
occurring above natural background concentrations. Finally, computer flow and transport
modeling is used to evaluate the long-term fate and transport of the site-related contaminants in
the alluvial aquifer.
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5.3.1 Source Areas and Contaminants

Some ground water contamination probably occurred as a result of rain water and snow melt
percolating through ore stockpiled at the site. The area where potential ground water infiltration
would have occurred is located at the east end of the site as designated by the former stockpile
area on Figure 3-1. The primary contaminants would have been the relatively more water
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 matrix). Other ore-related
contaminants include vanadium, selenium, molybdenum, and arsenic.

Process chemicals were an additional source of ground water contamination that probably
occurred as a result of water draining from the sandy tailings that were placed as a slurry pile on
the west central portion of the site. According to Merritt (1971) the mill was built in 1924 to
recover vanadium from roscoelite-type ores by salt roasting, water leaching, and the addition of
sulfuric acid (H2S0 4) to the water solutions to precipitate a sodium hexavanadate red cake. In
1947, acid leaching and subsequent process steps were added to extract uranium from carnotite-
type sandstone ores. Water leached residues were releached with sulfuric acid to precipitate an
impure green sludge product by neutralization of the leach solutions with ammonia (NH3). This
product was purified by redissolving in sulfuric acid and sodium chlorate (NaClO3), followed by
the addition of sodium carbonate (Na2CO3) and ferric sulfate (Fe 2(SO 4)3) to pH 2.5 to precipitate
an iron vanadate. After filtration, the addition of additional sodium carbonate to pH 6
precipitated alumina, which was then removed by filtration. Uranium concentrate was finally
precipitated from the purified solution by acidifying and boiling to expel carbon dioxide (C0 2)
and then adding gaseous ammonia.

Infiltration of the contaminated process water from the salt roasting and acid leaching operations
would have occurred at the former mill tailings area shown in Figure 3-1. Process chemicals in
the water draining from the tailings would have contributed sodium (Na+), chloride (C1-), sulfate
(S042-), and ammonium (NH4+) ions to the ground water.

The origin of the site-related constituents that 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.

5.3.1.1 Quantity Estimates of Process Water and Chemicals

The quantity of water and process chemicals used at the Old Rifle site is estimated on the basis
of typical usage in uranium mills reported by Merritt (1971) and by the U.S. Department of
Health, Education, and Welfare (HEW 1962). Merritt reports water consumption rates from as
low as 200 to as high as 1,000 gal per ton of ore. The amount of chemical usage in a typical acid
leach mill per ton of ore processed, based on the HEW estimate, is 30 to 500 pounds of sulfuric
acid for leaching, 1 to 30 pounds of ammonia and 10 to 15 pounds of sodium carbonate to adjust
the pH, 1 to 3 pounds of sodium chlorate as an oxidant, and 50 to 160 pounds of sodium chloride
for roasting vanadium ores.

5.3.1.2 Former Tailing Pile Contamination

Limited information is available on the chemical composition of the contaminated process water
and pore fluids that could have infiltrated to the ground water from the former tailings and ore

DOE/GFrand Junction Office
August 1999

Site Observational Work Plan for Old Rifle, Colorado
Page 5-23



Site Conceptual Model Document Number U0042501 3
stockpile areas. However, an estimate of contaminant concentrations in the tailings pore fluids
can be obtained from leach studies of the tailings material. Water leaching tests from tailings
core samples obtained from the Old Rifle site were performed by Markos and Bush (1983).
Average concentrations for selected contaminants (mass of analyte extracted per mass of
tailings) are presented in Table 5-2. Also included in Table 5-2 are results of water leachate of
soil core samples collected at selected background locations between the Colorado River and
east of the former New Rifle millsite (3.3 miles west of the Old Rifle Site). Surface samples
collected at these background locations were eliminated from the average to minimize any bias
that may be introduced from windblown tailings since remediation was not yet completed.

Table 5-2. Average Concentration of Selected Contaminants in Leachate from Tailings and i
Background Soils

Old Rifle Tailings Background
Constituent Leachate Leachate

(mglKg) (mglKg)
Arsenic 5.4 0.5
Chloride 144.4 76.0
Manganese 2.8 0.4
Molybdenum 3.3 0.5
Selenium 2.3 0.4
Sulfate 2,123 303
Uranium 3.2 0.3
Vanadium 106.5 44.4
Number of samples 71 7

Average concentrations of all the selected constituents in tailings core samples collected at the
Old Rifle site are elevated with respect to the average background values. These elevated
constituents in the leachate represent water-soluble contaminants that could have entered the
ground water as process water, precipitation, or irrigation runoff leached through the tailings
pile. Thus, these are the constituents most likely to be present in the subpile soils and dispersed
in the ground water downgradient from the former source areas.

5.3.1.3 Subpile Soil Contamination

The tailings pile and residuals in the soils that exceeded 15 pCi/g radium-226 were completely
removed from the site by 1996 as part of the UMTRA Surface Project. However, site-related
inorganic constituents may have leached into the soils below the former tailings pile and gone
undetected during the radiometric assessment for the tailings removal.

Samples of the soils directly beneath the former tailings and ore stockpile areas were collected
and analyzed for arsenic, molybdenum, selenium, uranium, and vanadium (Section 4.5), all of
which were identified in the BLRA (DOE 1996a) as the most significant site-related constituents
occurring in the alluvial aquifer to determine if these areas are likely to be continuing sources of
ground water contamination.

Two background and four on-site locations were sampled. Selected soil samples were subjected
to two sequential leachings in the laboratory. Each leach represents a scenario that might cause
the mobilization of contaminants from soils into the ground water. The first leach used an
uncontaminated synthetic ground water to represent the effects that a high water table might have
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if it were to contact contaminated soils. Concentrations of selected constituents extracted from
background and subpile soils using the synthetic ground water leach are summarized in
Table 5-3 and presented in Figure 5-13.

Table 5-3. Summary of Constituents Extracted by Synthetic Ground Water from Background and
Subpile Soils

Monitor Constituent (mg/Kt )
Well Area As Mo Se U V
292 Background 0.31 0.12 <0.2 0.38 0.5
658 Background 0.26 0.1 <0.2 0.1 0.5
309 Tailings 0.2 0.1 <0.2 0.35 0.5
654 Tailings 0.27 0.1 <0.2 0.17 3.7
656 Ore Stockpile 0.2 0.18 <0.2 12.6 0.5
663 Tailings 0.28 0.12 <0.2 0.72 1.9
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Figure 5-13. Comparison of Constituents Extracted by Synthetic Ground Water from Background and
Subpile Soils

The second leach consisted of a 5 percent nitric acid solution that 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 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 nitric acid is considered a worst-case scenario.
Concentrations of selected constituents extracted from background and subpile soils using the
5 percent nitric acid leach are summarized in Table 5-4 and presented in Figure 5-14.
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Table 5-4. Summary of Constituents Extracted by 5 percent Nitric Acid Solution from Background and
Subpile Soils

Constituent (mg/KI)
Monitor Well Area As Mo Se U V

292 Background 1.4 0.27 <0.2 0.67 4.3
658 Background 0.99 0.41 <0.2 0.27 1.7
309 Tailings 0.92 0.31 <0.2 1.1 2.2
654 Tailings 1.1 0.13 <0.2 0.28 25.5
656 ore stockpile 1.4 0.25 <0.2 8.4 12.8
663 Tailings 2.9 0.32 <0.2 1.3 29.2
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Figure 5-14. Comparison of Constituents Extracted by 5 percent Nitric Acid Solution from Background
and Subpile Soils

The sum of the synthetic ground water and nitric acid leach results obtained for each sample are
summarized in Table 5-5. These results provide an estimate of the total amount of leachable
contaminants per mass of soil. For comparison, concentrations observed in background soils and
sediments for the western United States are also presented (Shacklette and Boemgen 1984).
Results obtained for the subpile soil samples are evaluated in combination with background soil
results to qualitatively evaluate the likelihood that the subpile soils present a continuing
contaminant source. Results for each site-related constituent are discussed separately below.
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Table 5-5. Comparison of the Total Amount Extracted from Site-Specific Background and Subpile Soil
Samples to the Average Background Concentrations in Soils and Sediments for

the Western United States

Constituent-(mglKg) 7

Monitor Well Area As Mo Se' U V
292 Background 1.71 0.39 0.2 1.05 4.8
658 Background 1.25 0.51 0.2 0.37 2.2
309 Tailings 1.12 0.41 0.2 1.45 2.7

654 Tailings 1.37 0.23 0.2 0.45 29.2

656 Ore Stockpile 1.6 0.43 0.2 21 13.3
663 Tailings 3.18 0.44 0.2 2.02 31.1

Average for the Western U.S. 5.5 0.85 0.2 2.5 70

One-half the detection limit used to calculate the total for the site-specific locations

Arsenic in Subpile Soil

The amount of arsenic leached from the subpile soil samples by the synthetic ground water
(Table 5-3) ranges from 0.20 to 0.28 mg/Kg. These values are consistent with the range in
arsenic concentration of 0.26 to 0.31 mg/Kg leached from the background soil samples.
Similarly, the amount of arsenic leached from the subpile soils by the relatively harsh 5 percent
nitric acid solution (Table 5-4) is also consistent with the amount leached from the background
soil samples at all locations with the exception of 663 which is located near the center of the
former tailings pile. At location 663 the leachate concentration of 2.9 mg/Kg is approximately
twice as high as the 1.4 mg/Kg obtained at background location 292. However, the total amount
of arsenic (3.18 mg/Kg) extracted from the subpile soils (Table 5-5) at location 663 is less than
the average arsenic concentration (5.5 mg/Kg) observed in background soils and sediments for
the western United States. Overall, the extractable arsenic amounts are relatively low, especially
for the synthetic ground water leach, and thus are probably not a significant contributor as a
continuing source of ground water contamination.

Molybdenum in Subpile Soil

Relatively low amounts of molybdenum were leached from both the subpile and background
soils using the synthetic ground water solution. The highest concentration of 0.18 mg/Kg in the
leachate was obtained for sample 656 that was collected near the center of the former ore
stockpile area. Similarly, relatively low molybdenum concentrations were leached from the
subpile and background soil samples using the nitric acid solution. The highest molybdenum
concentration using the nitric acid leach was 0.41 mg/Kg obtained from background soil
sample 658. The total molybdenum concentrations extracted for all subpile soil samples are less
than the total concentration of 0.51 mg/L obtained at background location 658 and are less than
the average concentration of 0.85 mg/L observed in background soils and sediments for the
western United States. Because the extractable concentrations from the on-site locations are
relatively low, and the values are consistent with concentrations extracted from background soil
samples, it is highly unlikely that molybdenum is present in amounts that could provide a
continuing source for ground water contamination at the site.
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Selenium in Subpile Soil

Leachate concentrations obtained from the background soil samples are less than the 0.2 mg/Kg I
detection limit for all the selenium analyses. This detection limit is consistent with the average
concentration of 0.2 mg/Kg selenium observed in background soils and sediments for the
western United States. All the subpile soil leachate analyses are also less than the detection limit
indicating that relatively high selenium concentrations are not present in the subpile soil, thus
selenium is highly unlikely-to be present in concentrations that would provide a continuing
source of ground water contamination.

Uranium in Subpile Soil

The amount of uranium leached from the subpile soils by the synthetic ground water solution is
consistent with the amount leached from the background soil samples at all locations with the
exception of 656 and 663. Subpile soil sample 656, collected from the former ore stockpile area,
contains 12.6 mg/Kg uranium; a concentration which is significantly higher than the 0.38 mg/Kg
uranium obtained for the background soil sample location 292 collected upgradient from the site. 3
The uranium concentration of 0.72 mg/Kg, extracted at the former tailings area location 663, is
approximately twice as high as the background soil sample.

The total amount of uranium (21 mg/Kg) extracted at location 656 is also higher than the
2.5 mg/Kg observed in background soils and sediments for the western United States. If a small
continuing source near the former stockpile area is present, as suggested by the leachable
uranium concentration at location 656, then the potential for uranium to persist to some extent in
the ground water is possible. Conversely, most of the uranium was leached out of sample 656
with the synthetic ground water solution, as compared to the nitric acid solution, suggesting that 3
uranium is highly mobile and readily partitions into the ground water and therefore will
eventually naturally flush from the aquifer.

The total uranium concentration leached from the former tailings area subpile soil sample 663
and all the other subpile soil samples and background samples are comparable in composition to
background soils and sediments for the western United States. Thus, uranium is highly unlikely I
to be present in concentrations that would provide a continuing source of ground water
contamination from the former tailings area.

Vanadium

Concentrations obtained by the synthetic ground water extraction for the subpile soils collected I
from the former tailings area are elevated with respect to vanadium over the background soil
samples. Subpile soil samples collected from borings 663 and 654 contain a concentration of 1.9 3
and 3.7 mg/Kg respectively, which are higher than the 0.5 mg/Kg extracted from the background
samples.

Significantly more vanadium is extractable by the nitric acid leach as compared to the synthetic I
ground water solution. This is evident by the 29.2 and 25.5 mg/Kg vanadium extracted at subpile
soil sample locations 663 and 654, respectively. These concentrations are also significantly
higher than the 4.3 mg/Kg extracted by the nitric acid leach at background location 292.

I
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The relatively small amount of vanadium leached out in the synthetic ground water solution as
compared to the nitric acid solution suggests that vanadium is strongly sorbed in the subpile soils
and therefore could persist as a continuing source that will slowly partition to the ground water
and eventually naturally flush only gradually with time. However, the total amount of 31.1 and
29.2 mg/Kg vanadium extracted from subpile soil samples 663 and 654, respectively, is less than
the 70 mg/Kg observed in background soils and sediments for the western United States. This
suggests that while vanadium may be elevated in the subpile soils the amount present is probably
not a significant contributor to vanadium concentrations in the ground water.

5.3.2 Surface Water Quality

Surface water features near the site include the Colorado River, ponds, seeps and springs, and the
City detention lagoons on Graham Mesa to the northeast. One Mile Pond, located just east of the
City detention lagoons, receives irrigation water discharge from the Lower Cactus Valley Ditch
during the spring and summer. The Lower Cactus Valley Ditch carries Colorado River water
from the Silt Pumping Plant located approximately 5 miles east of Rifle to low lying mesas
between Silt and the site. Further upgradient of the site are also several large man-made ponds
associated with gravel mining operations located along the Colorado River floodplain.

Surface discharge from seeps and springs to the unlined irrigation ditch that parallels
U. S. Highway 6 north of the site and at a location northeast of One Mile Pond are the only other
nearby surface water sources. The seeps discharge seasonally, often surrounding the point of
discharge with precipitated salts. Springs provide water throughout the year. Infiltration from the
lagoons on Graham Mesa enters the terrace sediments north of U. S. Highway 6 and then
discharges horizontally as seeps along the alluvial and Wasatch contact and into the unlined ditch
north of the site. This ditch is diverted under the highway via an underground culvert and
empties into a ditch that flows south through the eastern portion of the site and discharges to the
Colorado River.

5.3.2.1 Background Surface Water Quality

Background water quality is defined as the quality the water would have if uranium milling
activities had not taken place. Background water quality was determined by collecting samples
from the river, ponds, and seeps located upgradient and upstream from the site. Background
sample locations include three seeps (399, 397, 573), One Mile Pond (539, 570, and 1200 series),
an active gravel pond (580), and an upgradient river location (538); these are shown on
Figure 5-15. Background water quality sampling results for 1998, summarized in Table 5-6, are
available in Appendix B. Background results are used as a basis for evaluating potential site-
related contamination at surface water locations present at the site.

Concentrations for most constituents in the pond samples are generally higher than for river
samples. Water tends to evaporate from standing water bodies in the semiarid climate of western
Colorado. Thus, the relatively higher chloride, sulfate, TDS, and trace metals levels observed in
the pond samples than observed in the river water samples can probably be attributed to
concentration through evaporation.

Concentrations in background samples collected from ditches, seeps, and springs are generally
within the range observed for pond samples. However, certain constituents are significantly
higher in the former-notably uranium, selenium, and sulfate. Highest detected levels of
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Table 5-6. Background Water Quality for Surface Water

I
-Background Ditches, Pond Background One-Mile B

Analyteb Unit Seeps, and Spngs Background Gravel PondJ Background River

FOO Range I Mean d FODI Range I Mean rODI Range I mean FOOI Range I Mean
Major

Ammonia as mg/L 817 <.001-.0231 .01667 4/4 .0094-.0468 .02345 8/8 .025-.111 .05666 3/4 .0082-.0368 .02078
NH4
Calcium mg/L 7/7 102-251 181.8 4/4 54.6-84.5 72.63 3/3 77-112 91 4/4 37-68.2 - 58.7

Chloride mg/L 7/7 45-120 76.77 4/4 176-203 192.5 3/3 18.4-96.7 47.87 4/4 33.7-171 126.7

Magnesium mg/L 7/7 62.3-166 114.8 4/4 -69.5-80.7 75.15 3/3 42.5-91.1 63.5 4/4 7.67-17.1 13.12

Nitrate mg/L 5/7 <.0304-12.4 3.648 1/4 <.035-.0719 .N/A 1/8 <.0406-3.03 N/A 3/4 <.011-.602 .3026

Sodium mg/L 7/7 79.2-332 184.4 4/4 355-435 398.5 3/3 83.2-113 92.4 4/4 25.1-119 88.83

Sulfate mg/L 7/7 380-1690 956.7 4/4 594-748 674.8 8/8 249-538 312.8 4/4 39.8-133 99.95

Metal

Antimony mg/L 0/7 <.001-<.001 N/A 0/4 <.001-<.001 N/A 0/3 <.001-<.001 N/A 0/4 <.001-<.001 N/A

Arsenic mg/L 0/7 <.001-<.001 NIA 0/4 <.001-<.001 N/A 5/8 <.001-.0052 .00212 0/4 <.001-<.001 N/A

Cadmium mg/L 0/7 <.001-<.001 N/A 0/4 <.001-<.001 N/A 0/8 <.001-<.001 N/A 0/4 <.001-<.001 N/A

Iron mg/L 0/7 <.003-<.0137 N/A 0/4 <.003-<.005 N/A 7/8 .0096-.111 .05005 2/4 <.0102-.0321 .01911

Lead mg/L 0/7 <.001-<.001 N/A 0/4 <.001-<.001 N/A 0/3 <.001-<.001 N/A 0/4 <.001-<.001 N/A-

Manganese mg/L 7/7 .0024-.0793 .01721 4/4 .0015-.108 .02903 8/8 .0341-.695 .2363 4/4 .0088-.343 .0961

Molybdenum mg/L 7/7 .0058-.0161 .01138 4/4 .0193-.0241 .02178 7/8 .001-.011 .003663 3/4 .0011-.0098 .006

Selenium mg/L 7/7 .0011-.011 .005589 2/4 <.001-.0012 .00085 4/8 .0019-.007 .002427 0/4 <.001-<001 N/A

Uranium - mg/L 7/7 .021-.0546 .0413 4/4 .023-.0301 .02638 8/8 .0047-.0293 .01387 3/4 <.001-.0027 .0019

Vanadium mg/L 8/7 .0018-.0161 .005678 0/4 <.001-<.0079 N/A 4/8 .0016-.0104 .004127 0/4 <.001-<.0072 N/A

Other

Alkalinity as mg/L 7/7 248-400 334.7 4/4 354-475 427.5 5/5 109-322 201.7 4/4 93-158 125.3
CaCO3
Fluoride mg/L 5/5 .523-1.12 .8047 2/2 .803-.816 .8095 7/7 .236-.408 .3106 2/2 .129-.257 .193
Redox mV 7/7 71-223 175.4 4/4 164-214 198.5 3/3 20-175 91 4/4 56-271 123
Potential
Specific umhos/cm 7/7 1404-3530 2261 4/4 2340-2960 2515 5/5 600-1585 983.8 4/4 1061-8720 3682
Conductance
Total Dissolved mg/L 5/5 1110-3140 1862 3/3 1510-1880 1677 2/2 912-1080 996 3/3 520-632 579
Solids
pH s.u. 7/7 7.15-8.44 8.051 4/4 7.84-8.64 8.248 5/5 7.22-8.44 8.085 4/4 7.52-9.01 8.513
Radioactive
Gross Alpha pCi/L 7/7 10.74-32.77 21.86 3/4 12.79-37.86 N/A 3/3 6.95-18.97 13.14 0/4 <2.26-<10.6 N/A
Gross Beta pCi/L 5/7 <10.09-32.37 18.54 1/4 <11.16-25.45 10.08 1/3 <5.49-19.53 N/A 114 3.1-12.56 N/A

Lead-210 pCi/L 0/7 <.91-<1.37 N/A 0/4 <.91-<1.37 N/A 0/3 <.89-<1.31 N/A 0/4 <.94-<1.33 N/A
Poloniurn-210 pCi/L 0/7 <.05-A.4 N/A 0/4 <.06-<.16 N/A 0/3 <.08-<.37 N/A 0/4 <.05-<.22 N/A
Radium-226 pCi/L 7/7 .13-.25 .1567 1/4 <.1-.84 N/A 3/3 .18-.47 .2833 3/4 <.09-.23 .1513
Radium-228 pCi/L 0/7 <.4-<1 N/A 0/4 <.63-<.92 N/A 0/3 <.6-<.95 N/A 0/4 <.42-<.71 N/A
Thorium-230 pCi/L 0/7 <.8-<1.6 N/A 0/4 <.8-<1.6 N/A 0/3 <.8-<1.6 N/A 0/4 <.8-<j.6 N/A

'Two 1993 samplings of location 539 included in the One-Mile Pond group. The five One-Mile Pond wetland locations (1201-1205)
were pooled as one location to calculate the mean.
bAll measurements are filtered except specific conductance, pH, redox potential, and alkalinity (as CaCO3) which are unfiltered.
cFrequency of detection.
dOne-half the detection limit was used to calculate the mean; mean was not calculated if fewer than half of the samples were above

detection.

uranium and selenium actually exceed the UMTRA ground water standards. Concentrations of
sulfate are significantly higher on the average; the maximum from seep-related samples is more
than double the highest levels detected in the other surface water locations., These differences in
seep, spring, and ditch samples are probably attributable to the fact that this water actually
resides as ground water before discharging to the surface. Interaction with subsurface materials is
likely responsible for the difference in character of these waters compared to waters confined to
the surface environment.
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5.3.2.2 Site Impacts on Surface Water

The Colorado River and the open irrigation ditch that extends north to south across the eastern
portion of the site are the only permanent surface water present at the site. The on-site ditch
receives surface drainage from the seeps and springs along and above U. S. Highway 6. Samples
were collected from the on-site ditch at location 398. Samples were also collected from the river
downstream of the site at location 741 (Figure 5-15) to determine impacts on the river, if any,
from site contamination. Results summarized in Table 5-7 are available in Appendix B.

Table 5-7. Old Rifle Site Surface Water-February through November 1998

AayeUntb Site River Site Ditch
Analyte" Unit FOD I Range I Meanc FODI Range I Mean

Major
Ammonia as NH4  mg/L 2/3 <.001-.0352 .02187 2/3 <.001-.0139 .008433
Calcium mg/L 3/3 36.7-66 55.83 3/3 184-227 210.3
Chloride mg/L 313 33-175 126.3 3/3 73.8-114 97.93
Magnesium mg/L 3/3 7.71-14.1 11.97 3/3 93.4-97.8 95.5
Nitrate mg/L 3/3 .385-.583 .5027 3/3 3.6-7.65 5.32
Sodium mg/L 3/3 25.2-113 83.4 3/3 94.9-105 98.7
Sulfate mg/L 3/3 39.5-119 89.17 3/3 658-847 749.3
Metal
Antimony mg/L 0/3 <.001--<.001 N/A 0/3 <.001-<.001 N/A
Arsenic mg/L 0/3 <.001-<.001 N/A 0/3 <.001-<.001 N/A
Cadmium mg/L 0/3 <.001-<.001 N/A 0/3 <.001-<.001 N/A
Iron mg/L 1/3 <.0108-.0323 N/A 0/3 <.003-<.0065 N/A
Lead mg/L 0/3 <.001-<.001 N/A 0/3 <.001-<.001 N/A
Manganese mg/L 3/3 .0066-.0264 .0158 3/3 .0025-.0068 .004067
Molybdenum mg/L 3/3 .0012-.0082 .0058 .0107-.015 .0125
Selenium mg/L 0/3 <.001-<.001 N/A 3/3 .0059-.0091 N/A
Uranium mg/L 2/3 <.001-.0022 .0016 3/3 .0276-.0381 .03437
Vanadium mg/L 1/3 <.001-.007 N/A 2/3 .0068-.0108 .0068
Other
Alkalinity as CaCO3  mg/L 3/3 92-166 130.7 3/3 247-333 276.3
Fluoride mg/L 2/2 .109-.249 .179 2/2 .948-1.04 .994
Redox Potential mV 3/3 205-222 210.7 3/3 124-219 181.7
Specific Conductance umhos/cm 3/3 1036-3890 2005 3/3 1855-1952 1890
Sulfate/Chloride 3/3 .6374-1.197 .8381 3/3 7.009-8.916 7.785
Total Dissolved Solids mg/L 2/2 528-615 571.5 2/2 1330-1570 1450
pH s.u. 3/3 7.43-8.54 8.05 3/3 7.56-8.89 8.193
Radioactive
Gross Alpha pCi/L 1/3 3.63-10.53 N/A 2/3 <15.62-23.81 17.05
Gross Beta pCi/L 1/3 3.3-12.56 N/A 0/3 <10.37-<12.89 N/A
Lead-210 pCi/L 0/3 <.92-<1.34 N/A 0/3 <.9-<1.24 N/A
Polonium-210 pCi/L 0/3 <.06-<.44 N/A 0/3 <.06-<.42 N/A
Radium-226 pCi/L 2/3 <.11-.26 .1917 3/3 .21-.55 .3467
Radium-228 pCi/L 0/3 <.64-<1 N/A 0/3 <.6-<.72 N/A
Thorium-230 pCi/L 0/3 <.8-<1.6 N/A 0/3 <.8-<1.6 N/A
All measurements are filtered except specific conductance, pH, redox potential, and alkalinity (as CaC03) which are unfiltered.
bFrequency of detection.
cOne-half the detection limit was used to calculate the mean; mean was not calculated if fewer than half of the samples were above
detection.

A comparison of ditch and river sampling results indicates that they are virtually
indistinguishable from results obtained from respective background locations. Concentrations
from site ditch and river samples are generally within the range of background or are not
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significantly different. Based on these results it can be concluded that contamination associated

with the site has had no adverse impact on surface water at or adjacent to the site.

5.3.3 Alluvial Aquifer Water Quality

Water quality data for the alluvial aquifer in the vicinity of the Old Rifle site have been collected
since 1985, though frequency and location of wells sampled have varied. Most of the following
discussion focuses on results from the most current 1998 sampling events. Historical data are
referenced where appropriate.

5.3.3.1 Background Alluvial Ground Water Quality

Regional background water quality of the alluvial aquifer in the Rifle area is naturally variable
and generally poor (Wright Water Engineers 1979). A broad evaluation of the regional ground
water in the Rifle area indicates that concentrations of several chemical constituents, including
arsenic, barium, molybdenum, radium, selenium, and uranium have exceeded UMTRA standards
(DOE 1996d).

Local water quality underneath the site prior to the milling operations is inferred by
characterizing the water quality in areas upgradient of the site that are unaffected by process
contamination, but which are located in the same flow system that influences the Old Rifle site.
Previous work has shown that alluvial water quality from the south side of the Colorado River is
significantly different and of substantially higher quality than that on the north side
(DOE 1996d). This is attributed to the fact that ground water south of the river receives water
from the recharge area that drains basalt mesas; the basalts are relatively insoluble and contribute
little to dissolved salts in ground water, unlike the lithologies found on the north side of the river.
Therefore, only wells located north of the river are used to characterize background water quality
for the site.

Wells RFO-597, -598, -605, and -606 were previously determined to be representative of
background (DOE 1996d); since that time well RFO-605 has been removed and additional
background wells installed (RFO-291, -292, -659, -660). Locations of the background alluvial
monitor wells are shown in Figure 5-16. Background alluvial water quality results for the 1998
sampling events are presented in Appendix C and summarized in Table 5-8. These results can be
used as a basis for comparison against potential ground water contamination observed at the site.

Sampling results confirm that alluvial ground water in the Rifle area is generally poor. Maximum
detected concentrations of uranium and selenium are higher than the UMTRA standards of 0.044
and 0.01 mg/L, respectively. Sulfate values from all background samples exceed the secondary
drinking water standard of 250 mg/L. Concentrations for some samples are also higher that the
secondary standards for chloride (250 mg/L), iron (0.3 mg/L), and manganese (0.05 mg/L).
While the secondary standards are not enforceable or health-based levels, the fact that they are
exceeded does give an indication of the poor quality of the ground water. Most of the other trace
elements including antimony, arsenic, cadmium, lead, and vanadium were detected at low
concentrations or below the analytical detection limit.

Time-concentration plots for selected constituents are shown in Figures 5-17 through 5-19 for
four background wells having the greatest amount of historical data. These figures show
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considerable variability in constituent concentration over time, but with no consistent trends

indicated.

Table 5-8. Background Water Quality for the Alluvial Aquifer

Alluvial Background
Analyte_ Uni__ _t FODb Range Meane

Major
Ammonia as NH4 mg/L 12/15 <.001-.61 .1596
Calcium mg/L 15/15 44.1-295 154.6
Chloride mg/L 15/15 66-274 176.3
Magnesium mg/L 15115 50.6-174 115.1
Nitrate mg/L 11/15 <.011-2.81 1.56
Sodium mg/L 15/15 164-655 453.3
Sulfate mg/L 15/15 482-2240 1131
Metal
Antimony mg/L 0/15 <.001-<.001 N/A
Arsenic mg/L 6/15 <.001-.0034 N/A
Cadmium mg/L 0/15 <.001-<.001 N/A
Iron mg/L 11/15 <.003-3.03 .4721
Lead mg/L 1/15 <.001-.0012 N/A
Manganese mg/L 15/15 .0492-3.66 1.036
Molybdenum mg/L 15/15 .0034-.0345 .01873
Selenium mg/L 9/15 <.001-.0298 .009306
Uranium mg/L 15/15 .0055-.0594 .0377
Vanadium mg/L 3/15 <.001-.0016 N/A
Other
Alkalinity as CaCO3 mg/L 15/15 336-645 504.3
Fluoride mg/L 15/15 .422-1.45 .8789
Redox Potential mV 15/15 -293-105 -64.44
Specific Conductance umhoslcm 15/15 1866-4490 2958
pH s.u. 15/15 6.8-8.5 7.124
Radioactive
Gross Alpha pCi/L 13/15 <14.86-73.62 38.01
Gross Beta pCi/L 8/15 <12.84-42.69 20.88
Lead-210 pCi/L 0/15 <.93-<1.33 N/A
Polonium-210 pCi/L 1/15 <.05-.18 N/A
Radium-226 pCi/L 7/15 <.04-.17 N/A
Radium-228 pCi/L 0/15 <.4-<.8 N/A
Thorium-230 pCi/L 0/15 <.8-<1.6 N/A

"All measurements are filtered except specific conductance, pH, redox potential, and
alkalinity (as CaCO3) which are unfiltered.bFrequency of detection.
cOne-half the detection limit was used to calculate the mean; mean was not calculated if

fewer than half of the samples were above detection.
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Figure 5-19. Time Concentration Plot for Background Alluvial Wells-Sulfate

Water quality results presented in the Piper diagram (Figure 5-20) indicate the dominant anionic
species in the alluvial background water is sulfate. This water has a mixed sodium-calcium-
magnesium cation composition with a tendency for sodium to dominate. The background
alkalinity, as calcium carbonate, ranges from 330 to 552 mg/L. Sulfate concentrations range from
482 to 2,240 mg/L. Calcium concentrations range from 44 to 295 mg/L. Magnesium ranges from
51 to 174 mg/L. On average, the alluvial water pH is near neutral (7.1 s.u.) and the redox
condition is slightly reducing (oxidation-reduction potential -64 mV).

Geochemical modeling of the alluvial background water from monitor wells RFO-597 and -605,
using the PHREEQE software program (Parkhurst 1980), indicates the water is at or near
equilibrium with respect to calcite (calcium carbonate), siderite (ferrous iron carbonate),
rhodochrosite (manganese carbonate), and gypsum (calcium sulfate) (DOE 1996d). Equilibrium
with these minerals is consistent with the relatively high concentrations of iron, manganese,
sulfate, and alkalinity in the background alluvial ground water.

5.3.3.2 Nature and Extent of Alluvial Ground Water Contamination

On-site ground water quality has been monitored with varying frequency since 1985. Older wells
were monitored until 1992, after which time surface remediation commenced and the wells were
abandoned. Surface remediation was completed in 1996. New on-site monitoring wells were
installed in 1998 during characterization efforts for this SOWP (Figure 5-16). The new wells
were sampled twice in 1998; sampling results are presented in Appendix C and summarized in
Table 5-9. Data include results from 16 wells (RFO-301 through-310, -654 through -657,
-662, and -663). Monitor well locations are shown in Figure 5-16.
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Table 5-9. Old Rifle Alluvial On-Site Ground Water-May through November 1998
I
I

On-site Alluvial Aquifer Percent
Anayte Unit Ob Mx Exceeding Background

Unt Range Mean w lMax Upper Range Range
in Background

Major
Ammonia as NH4  mg/L 23/26 <.001-7.4 .8005 0304 23 <.001-.61
Calcium mg/L 26126 130-340 191.8 0657 8 44.1-295
Chloride mg/L 26/26 67.3-219 100.5 0657 0 66-274
Magnesium mg/L 26/26 78.4-172 112.5 0308 0 50.6-174
Nitrate mg/L 22/26 <.0691-13.4 3.742 0307 50 <.011-2.81
Sodium mg/L 26/26 90.1-449 155.7 0657 0 164-655
Sulfate mg/L 26/26 478-1770 805.6 0657 0 482-2240
Metal
Antimony mg/L 0/26 <.001-<.001 N/A 0663 0 <.001-<.001
Arsenic mg/L 21/26 <.001-.0216 .004013 0655 35 <.001-.0034
Cadmium mg/L 2/26 <.001-.0059 N/A 0304 8 <.001-<.001
Iron mg/L 16/26 <.003-4.3 .5857 0308 4 <.003-3.03
Lead mg/L 0/26 <.001-<.001 N/A 0663 0 <.001-.0012
Manganese mg/L 25/26 <.001-1.3 .39678 0310 0 .0492-3.66
Molybdenum mg/L 25/26 .0024-.05 .01399 0310 8 .0034-.0345
Selenium mg/L 22/26 <.001-.0929 .02588 0305 38 <.001-.0298
Uranium mg/L 26/26 .0268-.27 .1053 0310 73 .0055-.0594
Vanadium mg/L 19/26 <.001-.765 .1459 0305 73 <.001-.0016
Other
Alkalinity as CaCO3  mg/L 28/28 228-425 332.8 0663 0 336-645
Fluoride mg/L 26/26 .142-1.18 .7141 0305 0 .422-1.45
Redox Potential mV 29/29 -364-214 -45.15 0662 14 -293-105
Specific Conductance umhos/cm 29/29 1360-3650 1854 0657 0 1866-4490
pH s.u. 29/29 6.62-7.42 6.935 0305 0 6.8-8.5
Radioactive
Gross Alpha pCi/L 24/26 <15.36-160.1 56.14 0310 31 <14.86-73.62
Gross Alpha - Uranium pCi/L 24/26 0-19.8 0657
Gross Beta pCi/L 25/26 15.41-88.38 35.14 0310 35 <12.84-42.69
Lead-210 pCi/L 3/26 <.87-10.43 N/A 0306 12 <.93-<1.33
Polonium-210 pCi/L 4/26 <.05-.6 N/A 0306 12 <.05-.18
Radium-226 pCi/L 20/26 <.07-3.67 .3594 0302 35 <.04-.17
Radium-228 pCi/L 1/26 <.4-<1 N/A 0301 0 <.4-<.8
Thorium-230 pCi/L 0/26 <.8-<1.6 N/A 0662 0 <.8-<1.6
Uranium-234 pCi/L 3/3 19.2-67.4 44.43 0663 N/A N/A
Uranium-235 pCi/L 3/3 .69-3.5 2.13 0663 N/A N/A
Uranium-238 pCi/L 3/3 14.4-70.6 43.4 0663 N/A N/A
'All measurements are filtered except specific conductance, pH, redox potential, and alkalinity (as CaCO3) which are unfiltered.
bFrequency of detection.
cOne-half the detection limit was used to calculate the mean; mean was not calculated if fewer than' half of the

samples were above detection.
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Figure 5-20. Piper Diagram

Monitor well RFO-590, located just downgradient of the site, is not considered to be a "plume"
well, and, therefore, is not included in the on-site data summary, though sampling results from
this well have been included on figures in this section showing contaminant distributions. Recent
hydrogeologic and geologic data collected for the site indicates that an outcrop of Wasatch
Formation along the western site boundary effectively forms a ground water divide between
well 590 and the contamination at the site (Figure 5-5). Alluvial water from the site discharges
into the Colorado River and does not affect the alluvial aquifer west of the site. Water quality at
location 590 is believed to be influenced by ET and by the recharge areas to the north, including
a culvert that directs the water under U.S. Highway 6 to an open ditch just east of well 590.

Uranium, vanadium, and nitrate are the site-related constituents most prevalent in the alluvial
aquifer as evidenced by the relatively high frequency (greater than 50 percent) of samples that
exceed the upper range in natural background (Table 5-9). Uranium and vanadium also provide
the greatest contrast to natural background. That is, the maximum concentration of 0.27 mg/L
uranium is 4.6 times the upper range in natural background. The maximum vanadium
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concentration of 0.77 mg/L is 480 times the upper range in natural background. Conversely,
nitrate occurs frequently above natural background, but the maximum concentration of 13 mg/L
is relatively low and less than the UMTRA ground water standard of 44 mg/L (as NO3).

Other constituents in the ground water are present at concentrations above the upper range in
natural background, however they occur less frequently. For example, selenium exceeds the
upper range in natural background in approximately 38 percent of samples, while arsenic
exceeds 35 percent, and ammonium exceeds 23 percent. Calcium, cadmium, and molybdenum
all occur above natural background in 8 percent of the samples. Iron occurs above natural
background in 4 percent of the samples. Several uranium decay products exceed the upper range
in natural background, including radium-226 that exceeds background in 35 percent of the
samples, and lead-210 and polonium-210 that both exceed background in 12 percent of the
samples.

Ground water concentrations of arsenic, cadmium, lead, molybdenum, nitrate, selenium, I
uranium, gross alpha, and combined radium-226 and radium-228 are regulated by UMTRA
standards (Section 2.0). Uranium, selenium, and gross alpha activity (excluding contributions
from radon and uranium) are the only site-related constituents that exceed their respective
standards of 0.044 mg/L, 0.01 mg/L, and 15 pCi/L. The remaining regulated constituents,
arsenic, cadmium, lead, molybdenum, nitrate, radium-226, and radium-228, are present in the
alluvial ground water at relatively low concentrations or were not detected. Non-regulated
constituents occurring above natural background, including ammonium, calcium, and iron, are
also present in the ground water at relatively low concentrations.

Uranium, vanadium, selenium, and arsenic are selected as the focus for the remainder of the
discussion on contamination in the alluvial aquifer. Uranium and selenium are selected because
they are site-related constituents that both exceed their respective UMTRA ground water
standard. Vanadium is selected because it is present at concentrations significantly greater than
natural background. Arsenic is present at concentrations below the UMTRA ground watern
standard; however, it has historically been shown to be significantly elevated above applicable
standards.

To provide an indication of the manner in which ground water contamination has been affected
by surface remediation, data from three wells (RFO-582, -655, -663) installed at the same on-
site location and screened over similar depths were examined. These wells were installed at the U
approximate center of the historic contaminant plume. Well RFO-582 was sampled from 1985 to
1992. Wells RFO-655 and -663 were sampled in 1998. Means for selected contaminants are
presented in Table 5-10.

Table 5-10. Mean Historic and Current Contaminant Concentrations for Plume Center 3
Contaminant Mean (mgIL)

Historic Well 582; 1985-1992 Replacement Wells 655 & 663; 1998
Arsenic 1.09 0.016

Selenium 0.027 0.0395
Uranium 1.44 0.183

Vanadium 7.156 0.499

U
I
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Significant decreases in arsenic, uranium, and vanadium are indicated by the data in Table 5-10.
Uranium and vanadium have decreased by one order of magnitude and arsenic has decreased by
two orders of magnitude. Selenium concentrations actually appear to have increased slightly at
this location. However, for the most part it can be concluded that surface remediation has
resulted in a large decrease of site contaminants in ground water.

Current contaminant distributions at the site for uranium, vanadium, selenium and arsenic are
presented in Figures 5-21 through 5-24. Only portions of the plumes exceeding proposed
threshold values are contoured (see Sections 6.3 and 7.0 for further discussion of proposed
cleanup goals). These figures are based on results from the May 1998 sampling event. Similar
distribution patterns are observed for the November 1998 results. These figures and recent results
from the November 1998 sampling event are discussed below on a contaminant-by-contaminant
basis.

Uranium

The uranium plume associated with the site is shown in Figure 5-21 for May 1998. The colored
areas on the figure exceed the UMTRA standard of 0.044 mg/L. It can be seen that all but two
wells at the westernmost edge of the site have concentrations higher than the standard. The figure
also shows that there is not a single uranium plume at the site, but that uranium exists in two
distinct plumes separated by the north-south drainage ditch. The mounding effect from recharge
of the aquifer by the ditch water serves as a partial ground water divide and is responsible for the
two resulting plumes. The highest concentrations in the two plumes are in wells at the
downgradient edge of the site, closest to the river. Historically, highest plume concentrations
were located farther upgradient on the site near well RFO-655. This suggests that the plume
center has already migrated to the farthest downgradient edge of the plume and that
concentrations of uranium should generally be declining across the site.

Samples collected in November 1998 (Appendix C) generally do indicate decreases in uranium
for most wells, although a couple of wells have slightly increased and others have stayed
essentially the same. While these decreases in uranium could be attributed to natural flushing,
not enough data are available to confidently make this conclusion, particularly given the natural
fluctuations in ground water chemistry over time as discussed in Section 5.3.3.1. However, the
downgradient movement of the plume centers and the large decreases in uranium concentrations
that have occurred since the completion of surface remediation are consistent with the low Kds

determined for uranium (Section 4.0) and its correspondingly high predicted mobility.

Selenium

The distribution of selenium, as shown in Figure 5-22, is somewhat similar to that of uranium, in
that elevated concentrations are present on both sides of the north-south drainage ditch. The
highest concentrations for selenium, however, are located upgradient of those for uranium.
Selenium concentrations rapidly decrease in the direction of ground water flow as observed in
ground water samples collected at several downgradient wells that are at or near the detection
limit (0.001 mg/L). Samples from wells at the farthest downgradient edge of the site near the
river are low; the well that displayed the maximum concentration for uranium (RFO-3 10) is at
the detection limit for selenium. This suggests that maximum selenium concentrations have yet
to migrate to the leading edge of the plume.
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From May to November 1998, the highest concentrations in ground water west of the ditch
shifted from well RFO-305 to well RFO-655. Concentrations decreased at location 305 while
they increased at location 655. This would be expected with downgradient migration~of the I
plume. However, with the limited data available, this conclusion cannot be made with
confidence. On the east side of the ditch, the location with the highest selenium concentration in
the May sampling event (well RFO-657 at 0.048 mg/L) actually increased to almost double
(0.093 mg/L) during the November sampling round. No explanation is immediately apparent for
this increase. 3
The upgradient locations of the plume centers and concentration distributions for selenium
compared to uranium is consistent with the relative immobility of selenium as predicted by
results of Kd testing. The Kds determined for selenium were significantly higher than those for
uranium were and it would be expected that the selenium plumes would move more slowly over
time. 3
Additionally, the large drop in concentration of selenium with distance from the plume would be
expected as selenium is readily adsorbed by alluvial material, which curtails the extent of
spreading of the plume. Based on current plume configuration, it appears that maximum
concentrations of selenium have not yet reached the wells at the leading edge of the
plume. It would be expected that while selenium concentrations should begin to decrease near 3
the plume centers, downgradient well concentrations may experience an increase as the plumes
continue to migrate in this direction.

Vanadium

The distribution of vanadium, as shown in Figure 5-23, bears some similarity to that of
selenium. There are two fairly localized high concentration areas, one on each side of the
drainage ditch. With distance from these locations, concentrations drop rapidly, in this case one
or two orders of magnitude. At the western edge of the site, concentrations of vanadium are not 3
much above the detection limit of 0.001 mg/L. Highest concentrations are in wells that are
located near the historic plume center. From May to November, the highest concentration well
(RFO-305) decreased slightly in concentration from 0.765 mg/L to 0.717 mg/L. The two wells
located downgradient (southwest; wells RFO-655 and -654) of RFO-350 actually increased
slightly in concentration. As with selenium, this could be interpreted as representing the
downgradient migration of the vanadium plume; again, however, the limited data do not allow I
this conclusion to be made with confidence.

The observed vanadium distribution is consistent with its predicted immobility based on the high I
Kds determined for vanadium. The plume center on the west side of the ditch is still located at
the approximate historic plume center and concentrations drop rapidly with distance from that
location because of adsorption by alluvial materials. As with selenium, it would be expected that 1
the highest concentration wells should slowly begin to decrease in concentration with time, while
wells at the leading edge of the plume should display an increase as the plume migrates in that
direction.!
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Figure 5-21. Uranium Distribution in Alluvial Aquifer-Old Rifle, May 1998

SrmL
Selarium

Figure 5-22. Selenium Distribution in Alluvial Aquifer-Old Rifle, May 1998
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Arsenic

Arsenic concentrations (Figure 5-24) in ground water collected at most wells are at the detection
limit (0.001 mg/L). Only one location (at well pair RFO-665 and -663) had concentrations of
arsenic in ground water remotely approaching the UMTRA standard of 0.05 mg/L. The
maximum detected concentration of arsenic for the May sampling event was 0.022 mg/L at well
RFO-655 (less than half the UMTRA standard). In November this concentration decreased by
almost half to 0.0 13 mg/L. The limited distribution of arsenic near the historic plume center and
the rapid drop in concentration with distance from the highest concentration well is consistent
with the high Kds determined for this contaminant. The low concentrations of arsenic
downgradient of the historic plume center may be attributed to slow plume migration and
adsorption by alluvial materials. Because of the very low concentrations of arsenic present and
the lack of a well-defined contaminant plume, it is likely that concentrations of arsenic will
slowly continue to decrease over time across the site. Most wells are already within the range of
background and any fluctuation of arsenic concentration that is likely to occur in these wells will
probably be indiscernible from natural background variation.

5.3.4 Water Quality of the Wasatch Formation

5.3.4.1 Background Water Quality in the Wasatch Formation

Background water quality in the Wasatch Formation can be evaluated by examining analytical
results of water samples collected from upgradient monitor wells RFO-620, -621, and -622.
Wasatch monitor wells RFO-629, -630, and -641 are all located south of the Colorado River. As
with the alluvial aquifer south of the river, these wells receive water from the recharge area that
drains basalt mesas that are geochemically distinct from the drainage systems north of the river.
Because the Wasatch Formation near the site is influenced primarily by the drainage systems
north of the site, the wells south of the river were excluded from the background analysis.
Locations of the background monitor wells used in the evaluation are shown in Figure 5-16.
Available water quality results for monitor wells RFO-620, -621, and -622 are presented in
Appendix C and summarized in Table 5-11.

Concentrations of most constituents in Wasatch background ground water are lower than those
found in alluvial background ground water. The exceptions are molybdenum, chloride, fluoride,
and Ra-226. The average concentration of molybdenum in Wasatch ground water exceeds the
UMTRA standard of 0.1 mg/L and is significantly higher than molybdenum concentrations
detected in the alluvial aquifer. Other commonly detected trace constituents include arsenic, iron,
manganese, uranium, and vanadium. Most of the remaining trace constituents, including
antimony, lead, and selenium, occur in concentrations below the analytical detection limit.
Historical concentrations of background Wasatch ground water have been as high as 0.34 mg/L
for selenium, 0.57 mg/L for uranium, and 0.26 mg/L for vanadium (DOE 1996d). Nitrate values
as high as 11 mg/L have also been reported (DOE 1996d).
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Table 5-11. Background Water Quality for the Wasatch Formation

Wasatch Background
Analytee Unit FODb Range Meanc

Major
Ammonia as NH4  mg/L 5/5 .126-.3 .236
Calcium mg/L 5/5 3.53-281 81.77
Chloride mg/L 5/5 121-855 411
Magnesium mg/L 5/5 .873-117 33.71
Nitrate mg/L 2/5 <.0617-.674 N/A
Sodium mg/L 5/5 443-661 524.8
Sulfate mg/L 5/5 33.7-1350 438.7
Metal
Antimony mg/L 0/5 <.001-<.001 N/A
Arsenic mg/L 3/5 <.001-.0064 .004167
Cadmium mg/L 0/5 <.001-<.001 N/A
Iron mg/L 3/5 <.003-.186 .05645
Lead mg/L 0/5 <.001-<.001 N/A
Manganese mg/L 5/5 .0043-1.04 .2854
Molybdenum mg/L 5/5 .0102-.234 .1548
Selenium mg/L 0/5 <.001-<.001 N/A
Uranium mg/L 5/5 .0013-.0244 .008983
Vanadium mg/L 1/5 <.001-.0014 N/A
Other
Alkalinity as CaCO3 mg/L 5/5 283-403 350.5
Fluoride mg/L 5/5 .237-4.01 2.413
Redox Potential mV 5/5 -65-88 21.83
Specific Conductance umhos/cm 5/5 2170-3780 3022
pH s.u. 5/5 7.04-8.54 8.08
Radioactive
Gross Alpha pCi/L 2/5 <10.74-31.26 N/A
Gross Beta pCi/L 0/5 <10.97-<25.69 N/A
Lead-21 0 pCi/L 0/5 <.87-<1.3 N/A
Polonium-210 pCi/L 1/5 <.07-.16 N/A
Radium-226 pCi/L 4/5 <.1-.35 .15
Radium-228 pCi/L 0/5 <.66-<.75 N/A
Thorium-230 pCi/L 0/5 <.8-<1.6 N/A
'All measurements are filtered except specific conductance, pH, redox potential, and alkalinity
(as CaCO3) which are unfiltered.
b Frequency of detection.
cOne-half the detection limit was used to calculate the mean; mean was not calculated if fewer
than half of the samples were above detection.
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Time-concentration plots for selected constituents in Wasatch background wells are shown in
Figures 5-25 through 5-29. As with the alluvial background wells, concentrations vary
significantly for some wells over time; there is also a large degree of difference in concentrations
between different wells. Wells showing the least variability generally contain constituents
present at very low concentration levels. No readily discernible patterns or trends can be
identified.
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Figure 5-25. Time Concentration Plot for Chloride
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Figure 5-26. Time Concentration Plot for Fluoride
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Figure 5-27. Time Concentration Plots for Molybdenum
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Figure 5-28. Time Concentration Plot for Radium-226
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Figure 5-29. Time Concentration Plots for Uranium

Background water in the Wasatch Formation is characterized by a predominance of the sodium
cation (Figure 5-20). The dominant anionic species is either sulfate or chloride. Sodium
concentrations range from 443 to 661 mg/L, sulfate from 34 to 1,350 mg/L, and chloride from
121 to 855 mg/L. Alkalinity, as calcium carbonate, ranges from 293 to 342 mg/L. On average,
the Wasatch ground water pH is above neutral (8.1 s.u.) and the redox condition is slightly
oxidizing (oxidation-reduction potential 22 mV).

Geochemical modeling of ground water from the Wasatch monitor well RFO-62 1, using the
PHREEQE computer software program (Parkhurst 1980), indicates the background water is at or
near saturation with respect to calcite (calcium carbonate), magnesite (magnesium carbonate),
and fluorite (calcium fluoride). Equilibrium with fluorite is consistent with observed
concentrations of fluoride as high as 4.0 mg/L (Table 5-11).

5.3.4.2 Site Impacts on the Wasatch Formation

Ground water samples were collected in May and November, 1998 at five on-site monitor wells
completed in the Wasatch Formation. Monitor well locations are shown in Figure 5-16. Two of
the wells, RFO-647 and -649, are completed with 10-ft screens beginning 20 ft below the
contact between the alluvium and Wasatch Formation (Figure 5-5). Monitor wells RFO-646 and
-648 are installed with 10-ft screens beginning approximately 30 ft below the Wasatch contact.
Monitor well RFO-623 is constructed with a 10 ft screen beginning approximately 71 ft below
the top of the Wasatch contact. Sampling results are summarized in Table 5-12 and presented in
Appendix C. The range in natural background is provided in Table 5-12 for comparison. Note
that the background ranges are based on a maximum of five samples.

DOE/Grand Junction Office
August 1999

Site Observational Work Plan for Old Rifle, Colorado
Page 5-51



Site Conceptual Model Document Number U0042501

Table 5-12. Old Rifle Wasatch On-Site Ground Water-May and November 1998

Anlyta Unit FO On-site Wasatch Aquifer Background RangeAnalytenI FOD Range Meanc Max Well

Major
Ammonia as NH 4  mg/L 9/9 .277-4 1.301 0623 .126-.3
Calcium mg/L 9/9 14.6-336 84.05 0623 3.53-281
Chloride mg/L 9/9 248-7550 2127 0623 121-855
Magnesium mg/L 9/9 1.09-65.5 15.71 0623 .873-117
Nitrate mg/L 5/9 <.022-.368 .1654 0646 <.0617-.674
Sodium mg/L 9/9 8.99-3940 1436 0623 443-661
Sulfate mg/L 9/9 2.14-992 516 0647 33.7-1350
Metal
Antimony mg/L 0/9 <.001-<.001 N/A 0649 <.001-<.001
Arsenic mg/L 9/9 .0011-.0112 .00656 0649 <.001-.0064
Cadmium mg/L 0/9 <.001-<.001 N/A 0649 <.001-<.001
Iron mg/L 5/9 <.003-.783 .1719 0623 <.003-.186
Lead mg/L 0/9 <.001-<.001 N/A 0649 <.001--.001
Manganese mg/L 8/9 <.001-.778 .1799 0623 .0043-1.04
Molybdenum mg/L 9/9 .0196-.439 .156 0648 .0102-.234
Selenium mg/L 1/9 <.001-.0017 N/A 0649 <.001-<.001
Uranium mg/L 7/9 <.001-.0039 .00183 0647 .0013-.0244
Vanadium mg/L 7/9 <.001-.0341 .00573 0649 <.001-.0014
Other
Alkalinity as CaCO3  mg/L 9/9 113-353 220 0648 283-403
Fluoride mg/L 9/9 .618-2.11 1.154 0648 .237-4.01
Redox Potential mV 9/9 -106-60 -14.6 0646 -65-88
Specific umhos/cm 9/9 2350-19040 7046 0623 2170-3780
Conductance
pH s.u. 9/9 7.37-9.96 8.417 0649 7.04-8.54
Radioactive
Gross Alpha pCi/L 0/9 <11.04-<107.55 N/A 0623 <10.74-31.26
Gross Beta pCi/L 0/9 <10.98-<109.66 N/A 0623 <10.97-<25.69
Lead-210 pCi/L 0/9 <.84-<1.29 N/A 0649 <.87-<1.3
Polonium-210 pCi/L 6/9 <.11-.42 .181 0649 <.07-.16
Radium-226 pCi/L 9/9 .11-5.37 1.365 0623 <.1-.35
Radium-228 pCi/L 1/9 <.57-4.27 N/A 0623 <.66-<.75
Thorium-230 pCi/L 0/9 <.8-<1.6 N/A 0649 <.8-<1.6
'All measurements are filtered except specific conductance, pH, redox potential, and alkalinity (as CaCO3 ) which are unfiltered.
bFrequency of detection.
"One-half the detection limit was used to calculate the mean; mean was not calculated if fewer than half of the

samples were above detection.

Several constituents in ground water samples collected from monitor well RFO-623 exceed the
upper range in natural background. However, most of these constituents, including ammonium,
calcium, chloride, sodium, and iron can be attributed to natural variations within the Wasatch
Formation rather than downward vertical contaminant migration from the alluvial aquifer plume.
Monitor well RFO-623 is the deepest on-site well completed in the Wasatch Formation and is
believed to be separated from the upper Wasatch by an aquitard or screened in a separate flow
system (Section 5.2.3). Furthermore, uranium, with its high concentrations in the overlying
alluvial plume and its high mobility, should be the most likely indicator of contamination to the
Wasatch. However, uranium concentrations in ground water samples collected from all the on-
site Wasatch monitor wells are less than natural background and nearly two orders of magnitude
lower than the average uranium concentrations observed in the alluvial plume water.
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Molybdenum is the only regulated constituent that exceeds an UMTRA ground water standard in
the Wasatch Formation. The maximum molybdenum concentration of 0.4 mg/L, which is greater
than the 0.1 mg/L standard, was detected at monitor well RFO-648. However, the standard is
also exceeded by the 0.2 mg/L molybdenum concentration observed in the upper range of natural
background water samples (Table 5-12). Historically, molybdenum concentrations have been
reported above 0.3 mg/L at background monitor well RFO-622 (Figure 5-27). In addition,
molybdenum was not identified as a prevalent site-related contaminant in the alluvial aquifer.
Molybdenum concentrations observed in the alluvial plume water are an order of magnitude
lower than the concentrations observed in the Wasatch formation; thus the source of
molybdenum observed in the Wasatch is most likely naturally occurring.

The absence of elevated uranium concentrations in on-site Wasatch ground water samples
provides a good indication that the Wasatch Formation at the Old Rifle site has not been
negatively impacted by site-related contamination. Natural variations within the formation
probably account for the observed elevated molybdenum. Furthermore, molybdenum was not
identified as a site-related contaminant in the overlying alluvial plume. The upper 8 to 13 ft of
weathered claystone directly beneath the alluvial plume, and the slight upward vertical hydraulic
gradient, limits downward migration from the alluvium. For these reasons, it is concluded that
the Wasatch Formation is not impacted.

5.3.5 Contaminant Fate and Transport

Ground water discharge to the Colorado River and geochemical processes will eventually
decrease the contaminant concentrations in the alluvial aquifer at the Old Rifle site to
background levels. The time required for one pore volume of ground water to migrate from the
most contaminated upgradient location on the site, to the most downgradient point of discharge
into the Colorado River, is estimated at 2.4 years. This estimate assumes 1,500 ft for the
maximum length of the plume and 1.7 ft/day as the average linear ground water flow rate.
However, as contaminated ground water migrates downgradient, some of the contaminant is
subject to dispersion as the water moves through the heterogeneity of the aquifer. In addition to
dispersion, as contaminated ground water migrates through the alluvial aquifer, some of the
contamination transfers between the solid and liquid phases. These geochemical phenomenon
cause the contamination to travel at a slower rate than the average ground water velocity.
Therefore, the time required for contaminants in the alluvial system to naturally flush clean can
be significantly greater than 2.4 years and one pore volume of ground water.

The geochemical processes that cause contaminant retardation can include adsorption,
absorption, precipitation, diffusion into immobile porosity, transfer to vapor phases, and so on
(these collective processes will simply be referred to as "adsorption" in the rest of this
discussion). It is generally not possible to differentiate among all of these processes. However,
for many aquifer systems, a bulk parameter (the distribution coefficient or Kd) has been used
with some success to describe the retardation of contamination. Single-point Kd values were
determined for As, V, Mo, U, and Se (Section 4.0). A summary of the results is presented in
Table 5-13.
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Table 5-13. Summary of Distribution Coefficients in Alluvium at the Old Rifle Site U
Monitor Sample Depth Kd (mUg)

Well (ft below Sample Descriptionsurface) As V Mo U Se

8-9.5 alluvium at top of saturated zone 59 93 -0.1 0.2 44
RFO-292 17-18.5 alluvium at base of saturated zone 26 37 -0.1 0.1 N/A

319 alluvium at top of saturated zone 22 18 -0.4 0.1 14
RFO-658/659 23-24 alluvium at base of saturated zone 4.4 3.6 -0.2 -0.04 6.5

Mean 28 38 -0.2 0.1 22
Minimum 4.4 3.6 -0.1 -0.04 6.5
Maximum 59 93 -0.4 0.2 44

The average Krj values presented in Table 5-13 indicate that As, V, and Se are likely to sorb to
soils in the subsurface, while Mo and U are not. In addition, the range of KI values is highly
variable for As, V, and Se. The highest values were obtained from samples collected near the top
of the alluvial aquifer that reportedly contain some organic matter (Appendix A). The lowest
values occur in samples collected from the greatest depth (23 to 24 ft). The negative values
observed for Mo and U suggest that even background levels in the subsurface could be
contributing to levels detected in ground water. In general, the observed K4 values at the Old
Rifle site indicate that movement in alluvial aquifer ground water is expected to be significantly
retarded for V, and to a lesser extent for As and Se, through adsorption by aquifer materials.
Conversely, Mo and U are expected to be conserved in the ground water, as evidenced by
average Kd values close to 0, which indicate little or no retardation. The relative mobility of As,
Se, V, and U is consistent with the contaminant dispersion patterns observed in ground water
samples collected from the most recent sampling in 1998 (Figures 5-21, -22, -23, and -24).

A quantitative computer model was developed to predict the concentration and distribution of U,
V, and Se in the future (Appendix D). The model incorporates the various flow and transport
parameters that affect the hydraulic head and contaminant distribution.

5.3.5.1 Computer Flow and Transport Model

Natural flushing is an acceptable remediation strategy that allows natural processes to reduce the
ground water contaminants to background levels, MCLs, or ACLs provided that: (1) contaminant
concentrations decrease to the regulatory limits within 100 years, (2) institutional controls to
protect the public health and environment are maintained during the cleanup period, and (3) the
ground water is not currently, and is not projected to become, a source for a public water system
(Section 2.0). A ground water flow and transport model was developed to evaluate if natural
processes will reduce site-related concentrations of U, V, and Se to regulatory levels in the
alluvial aquifer within the 100-year time frame.

The existing ground water flow pattern at the Old Rifle site was modeled with the MODFLOW
software package (McDonald and Harbaugh 1988), a multi-layered, three-dimensional
hydrologic flow model published by the USGS. Results of the flow model were then coupled to
MT3D (Zheng 1990), a modular three-dimensional transport model to simulate advection and
dispersion of U, V, and Se in the ground water system. Details regarding the model's
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construction, calibration, sensitivity analysis, and stochastic parameters are presented in
Appendix D.. These codes are fully described in the references cited and have been verified,
benchmarked, and approved for use by most government and regulatory agencies.

Natural Flushing Uranium

Predicted uranium concentrations above the UMTRA 0.044 mg/L ground water standard at
3 years into the future is presented in Figure 5-30. Uranium concentrations and the relative
extent of the plume are predicted to decline significantly from the observed distribution in
May 1998, as seen in Figure 5-:21 for comparison. On average, the maximum uranium
concentration is predicted to decrease to 0.06 mg/L after 5 years of natural flushing
(Figure 5-31). After 10 years, all the site-related uranium is predicted to be essentially flushed
from the alluvial aquifer.

Hydraulic conductivity, dispersivity, and Kd are identified as the most sensitive input parameters
to the MODFLOW and MT3D simulations (Appendix D). By varying these sensitive input
parameters during each of the 100 simulations that were performed to predict the mean
concentration, the variance associated with the mean predicted concentration was used to
calculate the probability that the uranium concentration will exceed the 0.044 mg/L UMTRA
standard. Probability contour maps showing areas beneath the Old Rifle site that are expected to
exceed the UMTRA 0.044 mg/L uranium ground water standard at 3 and 5 years into the future
are illustrated in Figures 5-32 and 5-33, respectively.

At 3 years into the future, the probability ranges between 5 percent and 100 percent that the
0.044 mg/L uranium standard will be exceeded in ground water beneath approximately half of
the site. The probability decreases to between 5 and 50 percent that the standard will be exceeded
at 5 years into the future in ground water beneath a relatively small area near the downgradient
edge of the site. At 10 years into the future, the probability is less than 5 percent that the uranium
concentrations in ground water beneath any area of the site will exceed the UMTRA 0.044 mg/L
standard.

Results of the MT3D simulations indicate that, on average, the maximum uranium concentration
in the ground water at the Old Rifle site will decline below the UMTRA standard of 0.044 mg/L
in less than 10 years. Stochastic simulations predict the uranium concentrations after less than
10 years of natural flushing have less than a 5 percent probability of exceeding the standard.

Natural Flushing Vanadium

Vanadium concentrations above the proposed 0.33 mg/L cleanup goal (Section 6.3 and 7.0) are
associated with a relatively small ground water plume beneath the center of the site as illustrated
by the distribution of concentrations observed in May 1998 (Figure 5-23). Predicted ground
water concentrations above the proposed 0.33 mg/L cleanup goal at 100 years into the future are
presented in Figure 5-34. As evidenced from Figure 5-34, the areal extent of the ground water
plume is predicted to decrease significantly in size after 100 years of natural flushing. The
maximum predicted vanadium concentration of 0.35 mg/L within the plume at 100 years is only
slightly above the proposed 0.33 mg/L cleanup goal.

A probability contour map showing the area beneath the Old Rifle site that exceeds the proposed
0.33 mg/L vanadium ground water cleanup goal at 100 years into the future is presented in
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Figure 5-35. As the areal extent of the plume is predicted to shrink in size with time, the
probability that concentrations within the plume will exceed the cleanup goal also decreases. For
example, at 100 years into the future the maximum probability that the 0.35 mg/L vanadium
concentration in the plume will exceed the proposed 0.33 mg/L goal is 74 percent. This
maximum probability is limited to a very small area within the center of the plume.

Predictive simulations for vanadium indicate that the proposed 0.33 mg/L cleanup goal will be
met in approximately 100 years. The maximum predicted concentration at 100 years is
0.35 mg/L; a value only slightly above the proposed goal. Furthermore, the stochastic
simulations predict a 26 percent probability that the maximum concentration will be less than the
proposed goal. In addition, the potential occurrence of the maximum concentration is limited to a •
very small areal extent in the aquifer.

Natural Flushing Selenium 3
Selenium concentrations above the 0.05 mg/L SDWA standard (proposed ACL for the site;
Sections 6.3 and 7.0) are associated with a relatively small ground water plume beneath the
center of the site as illustrated by the concentration map presented in Figure 5-22 for ground
water samples collected in May 1998. Predicted ground water concentrations above the
0.05 mg/L selenium standard at 25 years into the future is presented in Figure 5-36. The
maximum selenium concentration is predicted to decrease from 0.09 mg/L observed in
May 1998, to 0.06 mg/L after 25 years of natural flushing. The maximum predicted
concentration in the ground water after 50 years of natural flushing is 0.049 mg/L, effectively 1

meeting the 0.05 mg/L SDWA standard.

After 100 years of natural flushing the maximum selenium concentration is predicted to be 3
0.037 mg/L, a value that is less than the SDWA standard. A relatively low probability of less
than 10 percent is predicted that this maximum value will exceed the 0.05 mg/L standard. The
relatively small areal extent where selenium concentrations in the ground water after 100 years 3
of natural flushing have a probability between 5 and 10 percent of exceeding the standard is
shown in Figure 5-37. 3
The maximum predicted selenium concentration in the ground water after 50 years of natural
flushing is 0.049 mg/L, indicating that on average, the 0.05 mg/L SDWA standard will be met in
approximately 50 years. Stochastic simulations indicate the there is only a 5 to 10 percent 1
probability that the standard will be exceeded beneath a very small area of the site, as the ground
water plume naturally flushes for 100 years into the Colorado River.

I
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Figure 5-30. Predicted Uranium Concentrations in the Ground Water at the Old Rifle Site at 3 Years -
100 Simulations
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Figure 5-31. Predicted Uranium Concentrations in the Ground Water at the Old Rifle Site at 5 Years -
100 Simulations.
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Figure 5-32. Probability of Uranium Concentrations Exceeding the 0.044 mg/L UMTRA Ground Water
Standard at the Old Rifle Site at 3 Years - 100 Simulations
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Figure 5-33. Probability of Uranium Concentrations Exceeding the 0.044 mg&L UMTRA Ground Water
Standard at the Old Rifle Site at 5 Years - 100 Simulations
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Selenium

Figure 5-35. Predicted Selenium Concentrations in the Ground Water at the Old Rifle Site at 25 Years -
100 Simulations

Probabitdy
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Figure 5-37. Probability of Selenium Concentrations Exceeding the 0.05 mg/L SDWA Standard at the Old
Rifle Site at 100 Years - 100 Simulations

DOE/Cmand Junction Office
August 19"

Site Observational Work Plan for Old Rifle, Colorado
Page 5-63



Document Number U0042501 Site Conceptual Model

5.4 Ecology

Results of the 1998 field investigation indicate that no wetlands are associated with the site and
that plant diversity is limited to seeded plants and weedy invaders (Section 4.9). The only
phreatophytes observed growing at the Old Rifle site was one tamarisk shrub, which was found
growing along the open irrigation ditch that discharges surface runoff water from north of the
site.

In the absence of disturbance, the plant community at the site will trend towards shrubland
dominated by either greasewood (Sarcobatus vermiculatus) or rabbitbrush (Chrysothamnus
viscidiflorus). There is also potential for cottonwoods (Populusfremontii) and tamarisk (Tamarix
ramosissima) to inhabit the site. Greasewood, cottonwood, and tamarisk are phreatophytic
(plants that root in ground water), creating the potential for future exposure pathways on the site.
Cottonwood establishment on the site would depend largely on available moisture. Both tamarisk
and cottonwoods could use the ditch water to become established; eventually enabling their roots
to reach ground water.

Soil type and vegetation condition can be important factors in evaluations of site water balance.
For example, ET can remove almost all precipitation entering deep, fine- to medium-textured
soils in upland semiarid areas where a diverse, late-successional plant community dominates
(Richard et al. 1988). Where these conditions occur, recharge is negligible. In contrast, at the Old
Rifle site, recharge may be a high as 50 percent of annual precipitation because of the
coarse-textured soils and grass monoculture. Coarse-textured soils store little water (Hillel 1982)
and ET may be considerably less from grass monocultures than from native shrub-grass
vegetation (Waugh et al. 1994, Gee et al. 1991). If, in the future, the Old Rifle plant community
trends towards phreatophytic shrubs such as greasewood, then the site may shift from a recharge
zone to a discharge zone.

A complete exposure pathway does not currently exist at the Old Rifle site. There is, however,
potential for phreatophytes to inhabit the site, which would create possible future exposure
pathways at the site. The investigation of these potential pathways is discussed as part of the site
ecological risk assessment (Section 6.0).
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6.0 Risk Assessment

6.1 Human Health Risk Assessment

A BLRA has previously been prepared for the Old Rifle site (DOE 1996a) according to
methodologies provided in the PEIS (DOE 1996c). Much of the data used in that risk analysis
were collected before completion of surface remediation in 1996 (data for characterizing
contaminant plume was collected from 1990 to 1994) and were obtained from monitoring wells
that no longer exist. Additional wells have been installed since 1994 and more recent samples
were collected. Many contaminants have shown significant changes, mainly decreases in
concentration since completion of the original BLRA. This necessitates a reevaluation of COPC
identification and assessment of associated risks. The intent of this BLRA update is not to repeat
the original risk assessment process, but to use those earlier results and conclusions as a starting
point from which to evaluate the more recent data.

6.1.1 Summary of 1996 Risk Assessment Methodology and Results

The 1996 BLRA identified 15 nonradiological contaminants associated with the Old Rifle site as
being at levels statistically above background concentrations for the area. This list of
contaminants was screened first to eliminate contaminants within nutritional ranges and then to
eliminate contaminants of low toxicity and/or high dietary ranges. These two steps eliminated
two and four contaminants, respectively. In addition, four radiological contaminants were
detected at the site; all were retained as COPCs because they are known human carcinogens. The
screening process resulted in the following COPC list: arsenic, fluoride, iron, manganese,
molybdenum, selenium, sulfate, uranium, vanadium, lead-210, polonium-2 10, radium-226, and
thorium-230. These contaminants were retained for further risk analysis.

A number of potential routes of exposure were evaluated: ingestion of ground water as drinking
water, dermal contact with ground water while bathing, ingestion of garden produce irrigated
with ground water, ingestion of milk/livestock watered with ground water, ingestion of fish from
the Old Rifle pond, and recreational exposure to the Old Rifle pond surface water and sediments.
[Note that the Old Rifle pond no longer exists so that these are not currently plausible exposure
routes.] Screening calculations were performed for exposure routes that could be quantified with
confidence; other routes were evaluated qualitatively only. The potential receptors assessed were
infants, children, and adults.

Results indicated that adverse toxic responses from exposure to contaminants from routes other
than drinking water would not be expected. Therefore, it was determined that ingesting ground
water as drinking water would be the primary contributor to total exposure, relative to all other
exposure routes. Consequently, the use of ground water as drinking water was evaluated
probabilistically. For additional information on other potential exposure routes and for the
probabilistic methodology, see the BLRA (DOE 1996a).

Results of the BLRA showed that the most severe noncarcinogenic health effects could occur
due to the water's sulfate, manganese, iron, molybdenum, and fluoride content. Exposure intakes
for arsenic, selenium, and vanadium were determined to be at nontoxic levels. Exposure intakes
for uranium were inconclusive because of a low level of confidence in toxicological data;
however uranium exceeded established reference doses and was considered a potential health
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problem. Refer to the BLRA for specific toxicological effects (DOE 1996a). The estimated risk
level of 3E-04 for the maximum detected concentration of the radiological carcinogen uranium
(total of 234 and 238) exceeds the EPA-recommended risk range of 1E-04 to 1E-06. Lead-210,
radium-226, polonium-2 10, and thorium-210 were all within the acceptable risk range. The total
excess lifetime cancer risk was calculated as 4E-04, which is above the acceptable risk range.
The maximum detected concentration of arsenic at Old Rifle corresponded to a risk of 5E-03,
exceeding the acceptable risk range.

6.1.2 BLRA Update

6.1.2.1 COPC List Update

Table 6-1 lists the COPCs identified in the 1996 BLRA along with a summary of historic plume
data (data from the SOWP and BLRA) and current (May 1998 and November 1998) plume and
background data. UMTRA ground water standards and risk-based concentrations (RBCs) are
also included for comparison of data to benchmarks. Background locations include wells
upgradient of the Old Rifle site that have been shown to be representative of background water
quality in the past (DOE 1996d). Plume data for 1998 include onsite wells and wells immediately
downgradient of the site that can reasonably be assumed to be influenced by site activities.
Historic plume data are from onsite wells RFO-583 and RFO-584, which no longer exist.
Table 6-1 lists wells included in both plume and background groupings for 1998 data.

A brief explanation is warranted here regarding the risk-based concentrations presented in
Table 6-1. In this table, the RBC for a given contaminant represents a concentration in drinking
water that would be protective of human health provided

" A residential scenario is appropriate;

* Ingestion of contaminated drinking water is the only exposure pathway;

* That contaminant contributes nearly all of the health risk;

* EPA's risk level of 1E-6 for carcinogens and an HI of 1 for noncarcinogens is appropriate.

If any of these assumptions is not true, contaminant levels at or below RBCs cannot I
automatically be assumed to be protective. For example, if multiple contaminants are present in
drinking water, a single contaminant may be below its respective RBC, but still be a significant
contributor to the total risk posed by drinking that water. However, if a RBC is exceeded, it is an
indication that further evaluation of the contaminant(s) is warranted. RBCs are intended to be
used in screening-level evaluations.

For contaminants having UMTRA standards, it is interesting to compare these with calculated
RBCs. For example, the standard for arsenic is 0.05 mg/L while the RBCs are 0.011 and
0.000045 mg/L for noncarcinogenic and carcinogenic effects, respectively. Thus the standard
was set at a level higher than that believed to result in some adverse health effect. On the other
hand, the standard for molybdenum is 0.1 mg/L; the RBC is nearly twice this value at 0.18 mg/L.
Therefore the standard is more protective than the RBC. There are a variety of contaminant-
specific reasons for differences between UMTRA standards and RBCs and that discussion is I
Site Observational Work Plan for Old Rifle, Colorado DOE/Grand Junction Office
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Table 6-1. Old Rifle Site--Data Summary

Frequency of Minimum Maximum Mean UMTRA Standard RBC %Exceeding
Contaminant Detection mg/L mg/L m/L mg/L Benchmarka

Arsenic 0.05 0.011N
Backgroun 6/15 0.001 0.0034 N/A 0.000045C 0%

Current Plume 21/26 0.001 0.0216 0.004 0%
Historic Plume 0.15 0.24 0.23

Fluoride 2.2N
Backgrounj 15/15 0.422 1.45 0.879 0%

Current Plume 26/26 0.142 1.18 0.7141 0%
Historic Plume 0.4 1.4 1.2

Iron I _ 11N
Backgrounj 11/15 0.003 3.03 0.472 0%

Current Plume 16/26 0.003 4.3 0.5857 0%
Historic Plume 3.4 12 9.2 1

Lead-210 (pCi/L) 1 0.068C
Backgrounl 0/15 0.93 1.33 N/A DL > RBC

Current Plume 3/26 0.87 10.43 N/A DL > RBC
Historic Plum 0 4.5 N/A

Manganese I 1.7N
Background 15/15 0.0492 3.66 1.036 20%

Current Plume 25/26 0.001 1.3 0.3968 _0%
Historic Plume 1.1 1.2 1.1

Molybdenum 1 0.1 0.18N
Background 15115 0.0034 0.0345 0.0187 0%

Current Plume 25/26 0.0024 0.05 0.014 0%
Historic Plume 0.04 0.14 0.1

Polonium-21 0 (pCi/L) .14C
Background 1/15 0.05 0.18 N/A DL > RBC

Current Plume 4/26 0.05 0.6 N/A 8%
Historic Plume 0 0.8 N/A

Ra-226 (pCi/L) 5
Background 7/15 0.04 0.17 N/A 0%

Current Plume 20/26 0.07 3.67 0.3594 0%
Historic Plume 0 0.9 0.2

Selenium 1 0.01 0.18
Background 9/15 0.001 0.0298 0.0093 33%

Current Plume 22/26 0.001 0.0929 0.0259 73%
Historic Plume 0.007 0.085 0.072

SulfateII

Backgroun 15/15 482 2240 1131 1
Current Plume 26/26 478 1770 806
Historic Plume 1050 1530 1066

Thorium-230 (pCi/L) 1.22C
Background 0115 0.8 1.6 N/A 0%

Current Plume 0/26 0.8 1.6 N/A 0%
Historic Plume 0 0 N/A

Vanadium 0.33N
Backgroun 3/15 0.001 0.0016 N/A 0%

Current Plume 19/26 0.001 0.765 0.1459 18%
Historic Plume 0.51 0.75 0.55

Uranium 0.044
Background 15/15 0.0055 0.0594 0.0377 47%

Current Plume 26/26 0.0268 0.27 0.1053 1 88%
Historic Plume 1.6 2.1 1.8

hmark = UMTRA standard, if available; RBC used if no standard available

Alluvial Background Wells: 291,292, 597, 598, 606, 658, 659, 660 RBC = risk-based concentration
Current Plume Wells: 301-310, 654, 655-4657, 662, 663 C = carcinogenic risk
Historic Plume wells RFO-583, RFO-584; data from DOE 1996c, 1997 N = noncarcinogenic risk
For mean calculations, values for samples below detection set at one-half the detection limit; means not calculated if fewer than
one-half of samples above detection limit.
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beyond the scope of this document. However, for purposes of risk management and decision-
making, it is necessary to have some appreciation of what these benchmarks mean.

As noted previously, a comparison of historic and current plume data indicates that many
constituents have demonstrated a decrease, particularly in mean concentrations. This is true for
all COPCs, except the maximum plume concentrations for selenium, sulfate, and vanadium that
are consistent with historic data. A comparison of current background and plume data indicate
that plume concentrations for fluoride, manganese, molybdenum, and sulfate are within the range 3
of background or their mean values are less than the mean values obtained for background.
Therefore, based on a comparison to background, it is possible to eliminate fluoride, manganese,
molybdenum, and sulfate from further consideration as COPCs. Thorium-230 was below
detection in all plume and background samples and can also be eliminated as a COPC.

Through a qualitative evaluation, all of the other COPCs are deemed to be present in*
concentrations sufficiently elevated above background to be retained for further consideration in
the update of risk calculations.

6.1.2.2 Risk Assessment Methodology

As mentioned previously, the original BLRA considered several potential routes of exposure to
contaminants and eliminated all but one, ingestion of ground water, as insignificant. Therefore,
the ground water ingestion pathway through residential use is the only route of exposure
considered in this BLRA update. Currently, this pathway is incomplete and no risks from ground
water exposure exist. Risk calculations present here pertain to potential future risks only.

Risk calculations presented here follow EPA's Risk Assessment Guidance for Superfund
methodology (EPA 1989b), which involves determining a point estimate for excess cancer risk
from current or potential carcinogenic exposures and a hazard quotient (HQ; ratio of exposure
intake to an acceptable intake) for noncarcinogenic exposures. It is assumed that the receptors for U
ground water are residents who use alluvial ground water as their primary source of drinking
water. This is an unlikely scenario because of institutional controls that are expected to be put in
place at the site in the near future, but is consistent with that evaluated in the original BLRA. I
However, for the purposes of making risk management decisions, it must be kept in mind that
results of these risk calculations are based on very conservative assumptions.

The original BLRA calculated noncarcinogenic risks using a probabilistic approach. Essentially,
this means that instead of using a single value for each parameter required in the risk calculations
(e.g., ground water concentration, body weight, frequency of exposure), a range of values with a
given probability distribution was used. By performing numerous iterations of the standard risk
calculations, with a value selected at random from each parameter distribution, a range of
exposures and associated risks are determined. The original BLRA reported results for the most
sensitive receptor population modeled-children.

In this update, using point exposure doses, single values are used for each parameter required in I
the risk calculations. Calculations to determine contaminant intakes use standard exposure
factors for the adult population (EPA 1989a). Ground water concentrations (CW) used to
calculate risks associated with ingestion of plume-related ground water are the maximum
concentrations detected during the 1998 sampling events, most of which were from on-site wells.
While use of adult exposure data is probably less conservative than use of the exposure data for
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children from the original BLRA, using maximum ground water concentrations and point-
exposure dose calculations is probably more conservative with the net effect of producing
comparably conservative results. For purposes of making risk management decisions, results of
both methodologies are useable and both have their advantages and limitations.

The same methodology was used to calculate carcinogenic risks for this BLRA update as was
used in the original BLRA (i.e., receptors are adults'with exposure averaged over 70 years). For
all risk calculations, benchmarks for acceptable contaminant intakes (e.g., reference doses, slope
factors) were obtained from standard EPA sources (e.g., Integrated Risk Information System,
Region III Risk-Based Concentration Table, etc.) All assumptions, equations, input values, and
calculations for this BLRA update are included in Appendix E.

6.1.2.3 Results

Results of the risk calculations are included in Table 6-2. Additionally, the table shows the
percentage that each noncarcinogenic contaminant contributes to the total hazard index (HI) (or
overall risk).

Table 6-2. Old Rifle Risk Summary--1998 Plume Data

Non-Carcinogens--Ground water Ingestion Only (Adults)

Contaminant CW-max HQ-max %RISK CW-mean HQ-mean %RISK
Arsenic 0.0216 1.973 25.72 0.004 0.365 18.58
Iron 4.3 0.393 5.12 0.5857 0.053 2.72

Selenium 0.0929 0.509 6.64 0.0259 0.142 7.22

Uranium 0.27 2.466 32.15 0.1053 0.962 48.90
Vanadium 0.765 2.329 30.37 0.1459 0.444 22.59

HI = 7.669 100.00 HI = 1.966 100.00

Carcinogens-Ground water Ingestion Only (Adults)
Contaminant CW Risk

Arsenic Max 0.0216 3.80E-04
Mean 0.004 7.05E-05

U234+238 Max 138 1.54E-04
Mean 83.35 9.31 E-05

Polonium 210 Max 0.6 4.11E-06
2nd highest8  0.54 3.70E-06

Ra-226 Max 3.67 2.28E-05
2nd highesta 0.3 1.86E-06

Lead-210 Max 10.4 1.47E-04
2nd highest8  4.48 6.35E-05

Total risk from radionuclides = 3.29 E-04 max concentrations
82nd highest values used because only two values detected or highest value is much greater than majority of samples.

Major observations based on these results are as follows:

Risks associated with maximum concentrations of plume ground water exceed the
acceptable HI of 1 for noncarcinogens. Risks calculated using mean plume concentrations
are significantly lower, though still unacceptable.
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* Uranium, vanadium, and arsenic are the main risk contributors to noncarcinogenic risks
posed by plume ground water.

* Carcinogenic risks calculated for maximum values of arsenic, U234, U238, and lead-210
associated with plume ground water exceed the upper end of EPA's acceptable risk range
(lE-4 to 1E-6). Individual risks calculated for each carcinogen using mean concentrations
falls within the acceptable risk range.

Results of this BLRA update are significantly different than those in the original BLRA. Since
that time, several contaminants initially considered to be potential health threats have decreased
to levels within the range of background. These contaminants include fluoride, manganese, I
molybdenum, and sulfate. They were eliminated as COPCs in the BLRA update on this basis.

The 1996 BLRA indicated that intakes calculated for arsenic, selenium, and vanadium were I
determined to be at nontoxic levels. However, a look at the exposure dose calculations for
arsenic and vanadium in that document indicates that they exceeded reference doses. These
results were confirmed in the BLRA update, which indicates that HQs calculated for both arsenic l
and vanadium exceed the acceptable value of 1, and that these two constituents are significant
contributors to overall risks. While calculated exposure doses for selenium were below
established reference doses in the original and updated BLRA, selenium exceeds the UMTRA
ground water standard and was carried through the risk calculations in the update to determine its
relative contribution to total risk at the site. The updated calculations show selenium contributes
approximately 6 percent of the total noncarcinogenic risks.

The original BLRA noted that there is a considerable amount of uncertainty regarding the
toxicity of uranium at low intake levels, such as those calculated for the Old Rifle site. However,
it was concluded that uranium should be considered a potential health problem at the site.
Calculations in this update indicate that uranium, like arsenic and vanadium, is a significant
contributor to overall risk at the Old Rifle site.

Based on results presented in Table 6-2, arsenic, vanadium, and uranium can be considered as
the major contaminants of concern (COCs) at the Old Rifle site. These contaminants account for
approximately 90 percent of total noncarcinogenic risk associated with the site. Arsenic and
uranium (as 234 and 238) also account for the bulk of carcinogenic risk at the site. (Note that for
polonium-210 and lead-210, only 2 of the 17 samples analyzed had detectable levels of these
radionuclides. Therefore, they are considered to be of minimal importance as risk contributors.)
Iron and selenium account for several percent of the total risk, but are not considered to be key
contaminants. Selenium does, however, exceed the UMTRA standard of 0.01 mg/L and should
be retained as a COC on this basis.

Table 6-3 summarizes the results of the COPC evaluation for the BLRA update. Results of risk i
calculations and rationale included in this table indicate that for the purposes of development of
the appropriate compliance strategy, arsenic, selenium, uranium, and vanadium should be
retained as COCs for further evaluation. Other COPCs identified in the original BLRA have
either decreased to within background concentrations or are insignificant with respect to total
risk posed by use of ground water at the site.

Currently, no exposure pathways for site ground water are complete and no risks exist. All risk
estimates assume that the contaminated ground water will be used in the future as the primary I
Site Observational Work Plan for Old Rifle, Colorado DOE/Grand Junction Office
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source of drinking water. This is a worst-case assumption because of the poor water quality of
the alluvial aquifer and the availability of a municipal water supply, although alluvial water has
been and continues to be used in the area. Note that this risk evaluation has focused on
contaminants attributable to site processes that are present in excess of background water quality
concentrations. If alluvial ground water is to be used as a future drinking water source (as has
been proposed), contaminants other than arsenic, selenium, uranium, and vanadium would need
to be considered in the design of any treatment system that is expected to produce potable water.

Table 6-3. COPC Evaluation

COPC From Retained as COC Comment
1996 BLRA In Update? Comment

risks higher than acceptable; UMTRA standard not exceeded; note RBC <
detection limit

Fluoride N plume concentrations within background range
Iron N xceeds background; least significant contributor to risk
Lead-210 N ax. risk greater than acceptable; detected in only 2 of 17 samples
Manganese N lume concentrations within background range
Molybdenum N lume concentrations within background range; UMTRA standard not

yxceeded
Polonium-210 N ax. risk greater than acceptable; detected in only 2 of 17 samples
Ra-226 N *sks within acceptable range
Selenium Y ntribution to overall risk relatively minor; UMTRA standard exceeded
Sulfate N lume concentrations within background range
Thorium-230 N 11 samples below detection limit

UI greater than 1; max, concentration exceeds acceptable risk range;
Uxceeds MCL

Vanadium Y HI greater than 1; significant contributor to overall risk

6.2 Ecological Risk Assessment

An ecological risk assessment (ERA) has previously been prepared for the Old Rifle site as part
of the BLRA (DOE 1996a). Since that time, site conditions have changed and additional data
have been collected. This necessitates some reevaluation of COPC identification and assessment
of associated ecological risks. The intent of this ERA update is not to repeat the original risk
assessment process, but to use those earlier results and conclusions as a starting point from which
to evaluate the more recent data. Some reanalysis of previously collected data was performed for
this ERA update to accommodate revised ecological benchmarks. Details of this analysis and of
the ERA methodology are provided in Calculation Set U0045200. Results are summarized in this
section.

6.2.1 Summary of 1996 Ecological Risk Assessment

The 1996 ERA identified potential pathways of exposure for ecological receptors, identified
COPCs for each relevant pathway, and compared contaminant concentrations in those media to
appropriate ecological benchmarks. The exposure scenarios evaluated included:

Direct contact of terrestrial plants with contaminated ground water and uptake through root
systems. It was assumed that the root systems of plants could extend below the shallow
water table at the site and contact contamination.
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" Discharge of ground water to the Old Rifle Pond with subsequent contamination of surface
water and sediment. It was assumed that aquatic organisms could directly contact and
ingest contaminated surface water and sediment.

" Discharge of ground water to the Colorado River with subsequent contamination of surface
water and sediment. It was assumed that aquatic organisms could directly contact and
ingest contaminated surface water and sediment.

Sampling results for ground water, surface water, and sediment were used to evaluate these
pathways. Results of background sampling locations were compared with site-related locations
to identify COPCs. COPCs were those constituents significantly elevated above background
concentrations. Table 6-4 lists COPCs identified for each pathway considered. Note that no
constituents in Old Rifle Pond surface water were detected at concentrations above background
so it is not included in Table 6-4.

Table 6-4. Summary of Ecological Contaminant of Potential Concern in Ground Water, Surface Water,
and Sediments

Constituents Above Old Rifle Ground Colorado River Colorado River and
Backgrounda Water Surface Water Pond Sediment

Ammonium X X

Arsenic X X
Cadmium X

Calcium X
Fluoride X
Iron X X X
Magnesium X

Manganese X X
Molybdenum X X
Phosphate X

Selenium X X
Silica X

Strontium X

Sulfate X

Uranium X X

Vanadium X X

Zinc X
Greater than concentrations in a reference area (e.g., upgradient well, upriver surface water, or upgradient pond) at the 99 percent

confidence level.

Concentrations of COPCs in each medium were compared against appropriate ecological
benchmarks. Alluvial ground water data were compared to benchmarks for terrestrial plants.
Surface water and sediment data concentrations were screened against aquatic water quality
criteria and sediment quality criteria established for the protection of aquatic life. Results of this
toxicity screening indicated:

0 Vanadium levels in alluvial ground water slightly exceeded the benchmark for terrestrial
plants. However, it was concluded that the potential threat to vegetation from Old Rifle
alluvial ground water was relatively low.

I
I
I
I
I
I
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I
I
I
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" Concentrations of iron in the Colorado River surface water were below the state water
quality standard. No standard exists for ammonium. Ground water discharging to surface
water from the Old Rifle site was assumed to be highly diluted and not to present a threat to
ecological receptors.

" Concentrations of contaminants in Colorado River sediments were below values
established for protection of aquatic organisms. It was concluded that contaminants from
the Old Rifle site did not have a negative impact on river sediments.

Concentrations of cadmium and zinc in Old Rifle Pond sediments exceeded sediment
quality values for protection of aquatic life. Therefore, it was concluded that the potential
existed for the sediment to have a negative impact on aquatic organisms.

6.2.2 ERA Update

6.2.2.1 Contaminants of Potential Concern

As discussed in Section 6.1.2 for the human health risk assessment update, 1998 sampling data
for the Old Rifle site indicates that several previously identified COPCs are no longer considered
to be present at concentrations significantly elevated compared to background concentrations. Of
COPCs initially identified in the ERA, these contaminants include fluoride, manganese,
molybdenum, and sulfate. Magnesium, also identified as a COPC in the ERA, is
indistinguishable from background as well and can be eliminated from further consideration
here. Recent monitoring data are not available for phosphate, silica, or strontium. However, a
survey of toxicological benchmarks for terrestrial plants and wildlife indicate that these
constituents, particularly compared to others associated with the site, are unlikely to pose a threat
to ecological receptors (Sample et al. 1996; Efroymson et al. 1997) and have been eliminated
from further consideration here. The revised ecological COPC list therefore includes the
following contaminants that continue to be present at the site in concentrations exceeding
background: ammonium, arsenic, calcium, iron, selenium, uranium, and vanadium.

6.2.2.2 Exposure Pathways

Based on the initial ERA, the exposure pathway posing the greatest ecological concern at the Old
Rifle site was sediment contained in the Old Rifle Pond and its potential adverse effect on
aquatic organisms. However, since the time that ERA was completed, high water levels in the
Colorado River destroyed the Old Rifle Pond. Therefore, that exposure pathway no longer exists
and can be eliminated from further consideration.

Additional surface water sampling of the Colorado River at the Old Rifle Pond substitute
location (741) confirm that surface water concentrations remain at or below background
concentrations (see Table 6-4) downstream from the Old Rifle site indicating no current
exposure pathway. Calculations based on ground water discharge to surface water indicate that
contaminants discharged to the Colorado River from the site would be diluted by more than five
orders of magnitude. With this dilution rate, any contamination from the site would be reduced to
either background levels or to levels below detection (see Section 5.2.2.1 on ground water and
surface water interaction for further discussion). No additional Colorado River sediment
sampling was conducted as results of the initial ERA did not indicate that it was warranted.
Because available data do not indicate that site contamination has had an impact on Colorado
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River surface water or sediment, these exposure pathways can also be eliminated from further
consideration in this ERA update. Therefore, the only potential exposure pathways remaining are
exposure of vegetation by rooting into shallow ground water or by potential future irrigation and
indirect exposure of foraging wildlife feeding on contaminated vegetation. These possible
exposure pathways are evaluated in terms of current and potential future exposure scenarios.

6.2.2.3 Current Exposure Scenario

No surface water or sediment resulting from contact with ground water was present at the Old
Rifle site, nor were phreatophytes observed growing on the revegetated area. Although the depth
to ground water is relatively shallow at the site, the predominant vegetation included 3
wheatgrasses and weedy species which are not likely to have root systems capable of reaching
the aquifer. The area is not currently used for livestock grazing and is fenced to prevent larger
wildlife entry. The only surface water present was in a small, unlined, drainage ditch whose
source is not associated with the site. Thus, no complete exposure pathways exist. No wetlands
are associated with the remediated site, and very limited plant diversity was observed. The
location does not represent a significant wildlife habitat by virtue of its size, ecology, or future
potential land use. Railroad tracks mark the southern boundary of the site, while U.S. Highway 6
and a steep geological formation form the northern boundary. The Old Rifle Pond was removed
from further ecological investigations since high water levels in the Colorado River washed I
away the pond boundaries. Based on current ecological conditions and analytical data associated
with the area, no complete exposure pathway currently exists at Old Rifle.

6.2.2.4 Future Hypothetical Exposure Scenario

Since the potential exists for phreatophytes (e.g., black greasewood or cottonwood) to inhabit the
site, plants, through extensive root systems, could take up contaminants in ground water. This is
the most likely future exposure scenario.

Barring institutional controls, ground water could be pumped and used for irrigation, livestock
watering, or other industrial uses. This would create a source for ground water/surface water
ingestion and direct contact with terrestrial vegetation, as well as deposition of ground i
water/surface water on the soil. The soil would then represent an additional source medium for
ingestion and direct contact. At present, these secondary exposure routes are considered
incomplete since ground water is not currently used for these purposes, nor is ground water I
likely to be pumped in the future. Large-scale irrigation with ground water is not considered a
likely future pathway because surface water is the main source of irrigation water in the Rifle
area.

To evaluate risks to vegetation posed by future hypothetical exposure scenarios, phytotoxicity
benchmarks are included with a summary of relevant current ground water data in Table 6-5. At
present, benchmarks are exceeded by site ground water for vanadium and arsenic. Soil
benchmarks indicate the degree to which contaminants would need to be concentrated in soil
through the unlikely irrigation scenario before they would present a risk to vegetation.

I
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Table 6-5. Ecological Screening Benchmarks for Old Rifle Site

Ground Water Concentration Phytotoxicity Benchmarks
Ecological COPC--GW Max Mean Solution Soil

mg/L mg/L mg/L mg/Kg
Ammonium 7.4 1.09 N/A N/A
Arsenic 0.0216 0.004 0.001 10
Calcium 298 186 N/A N/A
iron 3.03 0.542 10 N/A
Selenium 0.0929 0.026 0.7 1
Uranium 0.27 0,107 40 5
Vanadium 0.765 0.137 0.2 2

N/A = not available
Source: Efroymson et al. 1997

It is also possible for contaminants to bioaccumulate in various plant parts and exert a range of
influences, depending on the specific COPC. Plant uptake rates and toxicities vary greatly among
species, and are affected by factors such as soil characteristics (e.g., pH, redox potential, organic
matter), plant sensitivity, input-output balance, and cumulative effects. Foraging wildlife could
be indirectly exposed to contaminants in ground water by ingesting plants that have
bioaccumulated certain contaminants. Table 6-6 summarizes toxicological benchmarks for
selected contaminants in food that have been developed for several representative mammalian
and avian species (Sample et. al 1996). These benchmarks represent the lowest estimated
concentrations of contaminants in food that are believed to produce adverse effects in ecological
receptors. The concentration ranges for many contaminants are large, reflecting the differing
sensitivities of the receptors evaluated. Provided for comparison are maximum contaminant
concentrations in ground water at the Old Rifle site. For most contaminants, bioaccumulation
effects would need to increase contaminant concentrations in plants several orders of magnitude
above those detected in ground water to reach or exceed wildlife benchmarks for food. While
such degrees of bioaccumulation are possible, depending on plant type, adverse effects from this
pathway are expected to be minimal. Wildlife feeding on site vegetation would be expected to do
so only occasionally, minimizing their exposure to contaminated food sources.

Table 6-6. Selected Terrestrial Wildlife Benchmarks for Food-Old Rifle Site Ground Water Data

Maximum Ground Water LOAEL Benchmark Required
Contaminant Concentration Range Magnired

mg/L mg/Kg Magnification
Arsenic 0.0216 2.4-428 111-19,000
Selenium 0.0929 .6-33 6.5-355
Uranium 0.27 11-48 41-178
Vanadium 0.765 7-28 9.2-37
LOAEL = Lowest observed adverse effects level; this is the lowest contaminant concentration estimated to produce adverse effects
in ecological receptors.
Source: Sample et al. 1996

6.2.3 Ecological Risk Assessment Conclusion

Contaminant concentrations in surface water and sediment were at or below background or other
screening levels; therefore, ecological effects are not considered likely under the current land use
scenario for these exposure media. Ground water concentrations of some COPCs exceeded
background or other screening criteria; however, no direct exposure pathway exists under the
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current ecological conditions. As such, quantitative risk estimates have not been calculated since
no risk is apparent.

The future hypothetical exposure scenario could result in some low risks if phreatophytes rooted
into the alluvial aquifer and were then ingested by herbivores. Vanadium and arsenic could 3
potentially be harmful to the plants themselves, as maximum contamination levels in site ground
water exceed terrestrial plant benchmark criteria. To present a possible risk to herbivores, site
contaminants would have to accumulate in vegetation to levels that greatly exceed current 3
ground water concentrations. Qualitatively, because contaminant levels are expected to decrease
in the future through natural flushing, it is unlikely that contaminant levels in vegetation will
increase to levels harmful to wildlife. Quantitative risk estimates were not performed for this 1
unlikely scenario.

6.3 Risk Assessment Summary and Recommendations

An evaluation of present-day conditions at the Old Rifle site indicates that no risks currently
exist for human or ecological receptors. All exposure pathways are incomplete at this time; the
only potential risks from site ground water are associated with future changes in ground water
use or with changes in site vegetation. However, development of a compliance strategy for the
site must account for potential risks that could exist for up to 100 years in the future. I
Recommendations in this section are based on those potential future risks.

Table 6-7 summarizes the contaminants that could not be eliminated through application of
human health or ecological screening criteria during the risk assessment updates described in the
previous sections. Each of these contaminants is discussed below with respect to their role in
development of a compliance strategy for the site.

Table 6-7. Summary of Current and Potential Future Risks-Old Rifle Site Ground Water Human Health
and Ecological Assessments I

Current Risks Future RisksContaminant Comments
Human Ecological Human Ecological

MCL not exceeded, but risks

Arsenic N N Y Y exceed maximum acceptable for
humans; plant phytoxicity levels
exceeded in ground water

Selenium N N Y N Exceeds UMTRA MCL; no
ecological benchmarks exceeded

Uranium N N Y N Exceeds MCL in near term; no
ecological benchmarks exceeded

Exceeds risk-based values for
Vanadium N N Y Y human health; plant phytoxicity

levels exceeded in ground water

6.3.1 Arsenic

Current concentrations of arsenic do not exceed the UMTRA standard (0.05 mg/L) at any
location within the contaminant plume. These concentrations should not increase in the future as
the contaminant source(s) has been removed. Because arsenic is not expected to exceed drinking
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water standards in the future, it is assumed that arsenic need not be further addressed from a
human health perspective in development of a compliance strategy for the site.

Current arsenic concentrations do exceed phytotoxicity values for plants. However, because
vegetation at the site is shallow rooted, this pathway is currently incomplete. Arsenic
concentrations in ground water are projected to decrease through time through natural flushing
and eventually will reduce to levels below phytotoxicity benchmarks. Arsenic levels at the site
decreased two orders of magnitude from the 1990-1994 sampling period to the most recent 1998
sampling round. If this rate of decrease continues, arsenic should be down to background levels
in a relatively short period of time. In the interim, no adverse ecological effects to current site
conditions would be expected to occur as long as ground water use does not change. At worst,
the establishment of certain deep-rooted plants sensitive to arsenic would be inhibited until
arsenic levels have reduced to acceptable levels. If ground water were pumped and used for
irrigation at the site, adverse effects on plants could be expected. However, this land use scenario
is unlikely and institutional controls on ground water use are likely to be established that will
prevent this usage. Levels of arsenic should be reduced in ground water beneath the vast majority
of the site to concentrations acceptable for plants after 100 years of natural flushing, especially
given the isolated occurrence of elevated arsenic concentrations. Therefore, if institutional
controls can be implemented at this site, ecological risks associated with arsenic in ground water
will decrease to acceptable levels within 100 years.

6.3.2 Selenium

Currently selenium concentrations in ground water are at concentrations below phytotoxicity
benchmarks. Therefore, ecological risks are not of concern in the development of a compliance
strategy. The average plume concentration of selenium exceeds the UMTRA standard of
0.01 mg/L, though it is below the SDWA MCL of 0.05 mg/L. The human health risk-based
concentration for selenium in drinking water 0.18 mg/L; all wells had concentrations below this
level (EPA 1997). Results of ground water modeling indicate that maximum selenium levels in
the ground water plume are predicted to decrease to 0.050 mg/L after 50 years and to 0.037 mg/L
after 100 years of natural flushing-below both the SDWA MCL and risk-based concentration.
Therefore, if institutional controls can be implemented at this site, human-health risks associated
with selenium in ground water will decrease to acceptable levels within 100 years.

6.3.3 Uranium

Currently urapium concentrations in ground water are at concentrations below phytotoxicity
benchmarks. Therefore, ecological risks are not of concern in the development of a compliance
strategy. Several monitoring wells have levels of uranium exceeding the UMTRA standard of
0.044 mg/L and the mean plume concentration is only marginally below this level at 0.042 mg/L.
Results of ground water modeling indicate that the high mobility of uranium will cause it to flush
rapidly through the ground water system. Maximum concentrations of uranium in alluvial
ground water should reduce to below the UMTRA standard or background concentrations after
10 years of natural flushing. Therefore, if institutional controls can be implemented at this site,
human-health risks associated with uranium in ground water will decrease to acceptable levels
within a 10-year period.
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6.3.4 Vanadium

No standard has been established for vanadium in drinking water. However, based on the most I
accepted reference dose for vanadium (0.009 mg/Kg-day; from EPA's Integrated Risk
Information System), a risk-based concentration of 0.33 mg/L is most appropriate for the Old
Rifle site. Maximum plume concentrations are more than twice this concentration, but the mean
is less than half this value. The maximum vanadium concentrations in the plume have remained
about the same from the 1990-1994 sampling period to the most recent 1998 sampling round.
However, mean plume concentrations have decreased to about 25 percent of historical values.

Ground water modeling indicates that maximum vanadium concentrations should drop to 3
approximately 0.35 mg/L after 100 years of natural flushing, which is very close to the risk-
based concentration for residential use. A vanadium concentration of 0.33 mg/L is proposed as
the ACL for this contaminant. This standard should be met for the vast majority of the alluvial
aquifer after 100 years by a natural flushing compliance strategy and would allow for
unrestricted use of the aquifer at this time. Any portion of the aquifer exceeding this
concentration is expected to be very limited and should not pose an unacceptable risk.

Current maximum values of vanadium also exceed the phytotoxicity benchmark for terrestrial
plants of 0.2 mg/L. As discussed above for arsenic, because vegetation at the site is shallow
rooted, this pathway is currently incomplete. Vanadium concentrations should reduce to
acceptable levels in water beneath most of the site in the 100-year time frame evaluated through
ground water modeling. In the interim, no adverse ecological effects to current site conditions
would be expected to occur as long as ground water use does not change. At worst, the
establishment of certain deep-rooted plants sensitive to vanadium would be inhibited until
vanadium levels have reduced to acceptable levels. If ground water were pumped and used for
irrigation at the site, adverse effects on plants could be expected. However, this land use scenario
is unlikely and institutional controls on ground water use will be established. While a small
portion of the aquifer is predicted to have concentrations exceeding the phytotoxicity benchmark I
for vanadium after 100 years of natural flushing, the limited extent of contamination is not
expected to pose an unacceptable ecological risk. Therefore, if institutional controls can be
implemented at this site in the near term, ecological risks associated with vanadium in ground I
water will decrease to acceptable levels after 100 years of natural flushing. I

I
I
I
I
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7.0 Ground Water Compliance Strategy

The framework defined in the final PEIS for the UMTRA Ground Water Project (DOE 1996c)
governs selection of the final strategy to achieve compliance with the EPA ground water
protection standards. Stakeholder review and acceptance of the final PEIS is documented and
supported by the Record of Decision. Presented below is a discussion of how the selection
process was used to determine the final ground water compliance strategy at the Old Rifle 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(ies)
for the Old Rifle 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 general
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
for those contaminants at or below maximum concentration limits or background levels or
for those contaminants above maximum concentration limits 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 a 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 source for a
public water system.

" 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 Old Rifle 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(ies) to clean up the
surficial aquifer affected by former processing activities at the Old Rifle site. The surficial
aquifer here is understood to mean the alluvial aquifer and the upper weathered Wasatch
Formation, which is hydraulically connected with the alluvium. The deeper Wasatch is not
contaminated at the Old Rifle site and is therefore not considered in the development of a
compliance strategy.

DOE/Grand Junction Office Site Observational Work Plan for Old Rifle, Colorado
August 1999 Page 7-1 -



Ground Water Compliance Strategy Document Number U0042501 I

BOXI l
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Figure 7-1. Summary of Ground Water Compliance Selection Framework
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DOE has determined that natural flushing of the surficial aquifer, in conjunction with the
establishment of alternate concentration limits and institutional controls, is the appropriate
compliance strategy for the Old Rifle site. The compliance strategy focuses on COCs retained
after completion of the updated human health and ecological risk assessment screening processes
(Sections 6.1 and 6.2). The 100-year time period for natural flushing will commence upon
finalization of the GCAP and concurrence by the NRC. 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)

Characterize plume and See conceptual site model presented in Section 5.0 and
1 Chadrologicalctri. pcontaminant screening presented in Section 6.0. Move tohydrological conditions. Box 2.

Is ground water contamination Selenium and uranium exceed the UMTRA MCL. Arsenic
present in excess of UMTRA MCLs is below the UMTRA MCL at all monitoring. Vanadium is

2r pres ecsrof ? Uelevated compared to background and exceeds risk-based
or background? concentrations. Move to Box 4.

Does contaminated ground water Alluvial ground water is a current source of drinking water
4 qualify for supplemental standards and therefore is not classified as limited use. Move to

due to limited use ground water? Box 6.
Does contaminated ground water

qualify for ACLs based on Concentrations are above proposed ACLs at this time.
6 acceptable human health and Natural flushing is predicted to reduce to acceptable levels

environmental risk and other within 100 years. Move to Box 8.
factors?

Does contaminated ground waterqualify for supplemental standards Although the applicability has not been formally assessed,
8 qualify for exesuppeevimental stanit is unlikely that remedial action would cause excessivedue to excessive environmental harm to the environment. Move to Box 10.

harm from remediation?
Will natural flushing result in Ground water modeling shows that natural flushing will

10 compliance with UMTRA MCLs, reduce uranium to background or below MCLs well within
background, or ACLs within the 100-year time frame. Vanadium and selenium will

100 years? achieve proposed ACLs within 100 years. Move to Box 11.
Can institutional controls be The final compliance strategy is protective of human healthmaintained during the flushing and the environment. Institutional controls will be in place

11 perioand duis the compliance soon and will prevent use of water. Ground water can be

strategy protective of human health used without restriction after 100 years and will be
and the environment? protective of human health and the environment at that

time. Move to Box 12 - implement natural flushing.

Each of the compliance strategy components is discussed in the following sections.

7.2.1 Natural Flushing

Computer ground water flow and contaminant transport modeling was done to assist in
forecasting whether natural flushing of the major COCs (uranium, selenium, and vanadium) is a
viable remediation alternative. Modeling was done using the MODFLOW code for ground water
flow and the MT3D code for contaminant transport. These codes are described and referenced in
this SOWP and have been verified, benchmarked, and approved for use by most government and
regulatory agencies. Comparative modeling is being done using the probabilistic code GANDT,
developed by Sandia National Laboratory.

DOE/Grand Junction Office
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Results of ground water contaminant transport modeling are presented in Section 5 and
Appendix D. Predicted concentrations for selenium, uranium, and vanadium after 100 years of
natural flushing are summarized here. Concentrations of arsenic are already below the UMTRA
MCL and concentrations are only significantly elevated above background at a single location.
Because compliance is already met, this constituent was not modeled.

Uranium is predicted to decrease to levels below the UMTRA standard after a period of just
10 years. However, it should be noted that a background concentration of 0.038 mg/L uranium
was used for purposes of ground water modeling. This is the average calculated background
uranium concentration. Levels of uranium in excess of 0.06 mg/L have been observed in one
background well. Therefore, the compliance standard for uranium in site ground water-may be
either background or the UMTRA MCL. The monitoring strategy is designed to account for
variations in background uranium that may exceed the UMTRA standard.

Based on modeling results, maximum selenium concentrations after 50 years are predicted to be
at the SDWA standard of 0.05 mg/L in the most contaminated portion of the plume. Background
wells had concentrations of selenium up to nearly 3 times the UMTRA standard based on results I
from the most recent sampling round. However, these concentrations have been determined to be
protective of human health and the environment (see Section 7.2.2 below).

No drinking water standard exists for vanadium; however, plume concentrations currently
exceed risk-based concentrations for human health as well as phytotoxicity values for plants. The
maximum predicted concentration for vanadium after 100 years of natural flushing is I
approximately 0.35 mg/L; a value slightly above the risk-based concentration of 0.33 mg/L for
human health. However, the volume of plume water exceeding the 0.33 mg/L risk-based
concentration is considered to be so small that no unacceptable health or ecological risks are I
expected to be posed by the ground water. Therefore, concentrations of vanadium achieved after
100 years of natural flushing are considered to be protective of human health and the
environment.

7.2.2 Alternate Concentration Limits 3
Because selenium may exceed the UMTRA standard after 100 years of natural flushing and
because vanadium exceeds background and has no drinking water standard, ACLs are required
for these contaminants. The SDWA MCL of 0.05 mg/L is proposed as the ACL for selenium. l
This value is below the risk-based value of 0.18 mg/L for protection of human health and is also
below all ecological benchmarks. Therefore, the proposed ACL is protective of human health
and the environment. Contaminant transport modeling indicates that the most contaminated I
portion of the plume will be reduced to levels at or below 0.05 mg/L within the 100-year natural
flushing time frame and will thus achieve regulatory compliance. n

A concentration of 0.33 mg/L is proposed for the ACL for vanadium. This is the human health
risk-based concentration for use of water in a residential setting. Ground water modeling shows
that natural flushing will achieve this level for vanadium within 100 years for the vast majority
of the aquifer. Any portion of the aquifer exceeding this level is expected to be very limited and
to not pose any unacceptable risk. Modeling results also indicate that a small portion of the
plume is predicted to exceed the phytotoxicity benchmark of 0.2 mg/L after 100 years of natural
flushing. However, because of the small volume of water that is likely to exceed this benchmark, I
Site Observational Work Plan for Old Rifle, Colorado DOE/Grand Junction Office
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unrestricted use of ground water meeting the proposed ACL of 0.33 mg/L is expected to be
protective of human health and the environment.

7.2.3 Institutional Controls

To prevent use of potentially harmful contaminated ground water at the Old Rifle site during the
1 00-year natural flushing period, an institutional control in the form of a deed restriction is being
placed on the site. The land is currently State-owned and is scheduled to be transferred to the
City of Rifle during late 1999 or early 2000. A deed restriction will be initiated at the time the
land is transferred, thus making the deed restriction legal and enforceable. The deed restriction
will apply to the land within the boundaries of the Old Rifle site and will cover all areas in which
contaminants in ground water are expected to exceed applicable standards. The restrictions will
prohibit the installation of wells into the shallow alluvial aquifer for any purpose and will
prohibit the use of ground water for ponds and fountains. The deed restriction will be in place for
the 100-year period of natural flushing. If contaminants flush more quickly than predicted
restrictions on ground water use may be lifted sooner. The deed restriction is currently going
through the approval process.

An additional consideration at the Old Rifle site may be future modification of use and
configuration of surface water features. Modeling predictions are based on ground water flow
patterns resulting from recharge and discharge conditions currently existing. Any change in these
conditions should be subject to approval by the State and DOE to ascertain that any
modifications will not adversely impact the projected cleanup of contaminated ground water as
determined in this document.

7.3 Monitoring Compliance Strategy

The monitoring strategy for the alluvial aquifer is designed to determine progress of the natural
flushing process in meeting compliance standards for site COCs. Standards for Se and V are their
proposed ACLs of 0.05 mg/L and 0.33 mg/L, respectively. For uranium the cleanup goal is the
UMTRA ground water standard of 0.044 mg/L or background, whichever is higher. Monitoring
will focus on these three contaminants. Arsenic, while exceeding human health and ecological
risk benchmarks, has decreased to below the UMTRA standard of 0.05 mg/L and is at or below
the detection limit for most on-site wells. Because of the limited extent of arsenic contamination
and the fact that it meets UMTRA ground water standards, monitoring of arsenic at the Old Rifle
site is not proposed because of the limited value it would add. By the time the other contaminants
have decreased to target goals, arsenic should be at background concentrations based on its
limited extent and historic trends.

Wells 656, 655, 309, 310, 304, and 292 have been established as appropriate for monitoring
progress of natural flushing in the alluvial aquifer. Well 656 is located in the center of the plume
on the east side of the ditch which flows through the site and well 655 is at the center of the
plume on the west side of the ditch. The highest concentrations of Se and V were detected in
these wells during the most recent sampling events. Elevated concentrations of U were also
detected in samples from these wells. Wells 304, 309, and 310 are located on the farthest
downgradient edge of the plume. Well 310 had the highest concentrations of U detected in
samples collected in 1998, suggesting that the center of this plume has already migrated
downgradient in this direction. Therefore, the wells included in this monitoring network should

DOE/Grand Junction Office
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be adequate for tracking the progress of natural flushing. Well 292 is an upgradient background
well. The proposed monitoring locations are shown on Figure 7-2.

Monitoring of wells 655 and 656 will take place until contaminants have decreased to their
respective compliance standards for three consecutive years. At that time, monitoring for that
contaminant will be discontinued. This is consistent with the approach established for monitoring
Resource Conservation and Recovery Act corrective actions. Samples will also be collected from
the onsite ditch at location 398 to monitor background uranium concentrations recharging the
aquifer. If onsite wells appear to have leveled off in U concentration, but still exceed the
UMTRA standard, results of the ditch samples and background well 292 will be used to
determine if onsite samples are statistically similar to background and have met the compliance
standard.
Contaminant concentrations in most samples collected from downgradient wells 304, 309, and
310 are below target cleanup goals with the exception of uranium. However, ground water
modeling results show that concentrations of Se and V are expected to increase and eventually
peak in these wells before declining back to acceptable levels. Based on modeling predictions,
monitoring of these wells will continue until concentrations have reached their maximum and
subsequently decrease to target goals. As with wells 655 and 656, after a contaminant is at or
below its compliance standard for three consecutive years, cleanup will be considered complete
and monitoring for that contaminant will be discontinued.

Monitoring will take place on an annual basis for the first 10 years. After that time monitoring
will occur every 5 years until the year 2030. At that time the monitoring strategy will be I
reevaluated and adjusted as appropriate based on previous results. To accommodate the

specification of observing concentrations of COCs at or below the compliance standards for
3 consecutive years before discontinuing monitoring for that constituent, an annual monitoring U
frequency will be imposed as necessary to make this determination. If uranium concentrations
decrease as predicted by the modeling, this should occur within the initial 10-year time frame. In
the case of selenium and vanadium, the predicted periods for reaching the compliance standards I
are 50 and 100 years, respectively. Monitoring requirements are summarized in Table 7-2.

Table 7-2. Summary of Monitoring Requirements U
Location Monitoring Purpose Analytes Frequency'

Annual for 10 years;
RFO-655 Center of plume west side of ditch Se, U, V 5 fer thereafte

5 Anaars thereafter

RFO-656 Center of plume east side of ditch Se, U, V Annual for 10 years;5 years thereafter
-309, -310 Most downgradient location; leading edge of S U Annual for 10 years;

plume 5 years thereafter

RFO-292 Background ground water quality; upgradient Annual for 10 years;
monitor well Se, U, V 5 years thereafter

Monitor background U recharging aquifer; on-site Annual for 10 years;I ditch 5 years thereafter

"Annual monitoring will be initiated when contaminant decreases at or below respective compliance standard. Monitoring will be
discontinued after demonstrating the contaminant has remained below compliance levels for 3 consecutive years.

Abandonment of all other monitor wells at the Old Rifle site no longer needed for compliance
monitoring will be undertaken in the near future in accordance with UMTRA Project procedures
and applicable State of Colorado regulations. This will be accomplished under the LTSM
program.
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Figure 7-2. Proposed Monitoring Locations for the Old Rifle Site
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Appendix A

Lithologic and Monitor Well Completion Logs



MONITORING WELL COMPLETION LOG RFOOI-0291

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 627851
LOCATION RIFLE, CO EAST COORD. (FT) 1365963
SITE RIFLE HOLE DEPTH (FT) 33.00
WELL NUMBER 0291 WELL DEPTH (FT) 31.54

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMP/END CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION

2 in. PVC Sch 40
2 in. Vee Wire Wrapped
2 in. PVC Sch 40
Native soil/fill
Bentonite Grout
Bentonite Pellets
20-40 Silica Sand
10-20 Silica Sand

INTERVAL (FT)

-1.91
15.96
30.96
0.0
1.0
8.0
12.1
13.1

to
to
to
to
to
to
to
to

15.96
30.96
31.54
1.0
8.0
12.1
13.1
31.54

.33 DATE DRILLED 4/3/98

.27 SURFACE ELEV. (FT NGVD) 5327.35
TOP OF CASING (FT) 5329.27
MEAS. PT. ELEV. (FT) 5329.27
SLOT SIZE (IN) 0.02
BIT SIZE(S) (IN) 7.0

DRILLING METHOD ODEX- CASING ADVANCE
SAMPLING METHOD CYCLONE
DATE DEVELOPED 416198
WATER LEVEL (FT BMP) 8.31
LOGGED BY L. Spencer
REMARKS Upgradient from Old Rifle Site.
Replacement well for 0606.

L -j-
WELL DIAGRAM 0 LITHOLOGIC DESCRIPTION

Fill ":, 0-11 ft. Silty sand, dark yellowish brown (1OYR 4/4) 60% fine grained.* : •. sand; 30% silt; 10% subrounded gravel up to 1" long; poorly graded,slight plasticity, moist, a few roots and root hairs. SM

5325 PVC Sch
40

Bentonite
Grout5

5320-

-10 Bentonite
Pellets

-"1115ft. Gravelly sand, dark yellowish brown (<0YR 4/4); 60% sand;
315 20-40 ...... 3 5 % gravel, subrounded; 5% silt; well graded, saturated.

5315- .Silica

-15 15-19 ft. Sandy gravel, yellowish brown (1OYR 5/4); subrounded, 70%

" '''o gravel, 20% fine grained sand; 5% silt. Well graded, saturated.

5310- 10-20
Silica "
Sand *..

"l--- '19-29.5 ft. Intermittent sandy gravels and gravelly sands.

-20 ' '= "°

5305-
. ea Wire
Wrapped

U.S. DEPARTMENT OF ENERGY; PAGE 1 OF 2 3/9/99
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MONITORING WELL COMPLETION LOG RFO01-0291

PROJECT UMTRA GROUND WATER WELL NUMBER 0291

SITE RIFLE DATES DRILLED 4/3/98

Continued from Previous Page0• ) C0-
D I - W L RAM 0.0 LITHOLOGIC DESCRIPTION

LL 0 x !

-30--

-35--

-40--

-45-

5300-

5295-

5290-

5285-

5280-

5275-

x x x x 29.5-33 ft. Weathered bedrock, gray (IOYR 5/1) mudstone with

xx xx limonitic staining; very soft, moist. Attempted spoon at 33'; too hard.
x x x x no sample.
x x x x
XXXX
XXXX
XXXXx XX X

Total depth 33.0 ft.

'~
*

,eS.4
*

Om 44

I
I
I
I
I
I
I
I
i
I
I
I
I
I
I
I
I
I
I

-50-

-55-
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Well Detail Report for: RFO01 0291 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0291

No

No

5329.27

5327.35

5294.35

33.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5315.25

5295.81

5311.39

5296.39

19.4

15.0

33.46

2

Depth

12.1.0

31.54

15.96

30.96

Lithology Details

TOP

Elev Depth

5327.35 0.00

BOTTOM

Elev Depth

5316.35 11.00

USCS
DESCRIPTION

SILTY SANDS

5316.35 11.00 5312.35 15.00 WELLGRADED
GRAVELLY SAND

5312.35 15.00 5308.35 19.00 WELL GRADED
SANDY GRAVEL

LITHOLOGY DESCRIPTION

0-11 ft. Silty sand, dark yellowish brown (1 OYR
4/4) 60% fine grained sand; 30% silt; 10%
subrounded gravel up to 1" long; poorly graded,
slight plasticity, moist, a few roots and root hairs.
SM

11-15 ft. Gravelly sand, dark yellowish brown
(1OYR 4/4); 60% sand; 35% gravel, subrounded;
5% silt; well graded, saturated.

15-19 ft. Sandy gravel, yellowish brown (10YR
5/4); subrounded, 70% gravel; 20% fine grained
sand; 5% silt. Well graded, saturated.

19-29.5 ft. Intermittent sandy gravels and gravelly
sands.

29.5-33 ft. Weathered bedrock, gray (10YR 5/1)
mudstone with limonitic staining; very soft, moist.
Attempted spoon at 33'; too hard, no sample.

5308.35 19.00 5297.85 29.50 WELL GRADED
SANDY GRAVEL

5297.85 29.50 5294.35 33.00 CLAYSTONE

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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MONITORING WELL COMPLETION LOG RFO01 -0292

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 627847.72 DATE DRILLED 4/61/98
LOCATION RIFLE, CO EAST COORD. (FT) 1365945.24 SURFACE ELEV. ( FT NGVD) 5327.94
SITE RIFLE HOLE DEPTH (FT) 18.50 TOP OF CASING (FT) 5329.49
WELL NUMBER 0292 WELL DEPTH (FT) 17.36 MEAS. PT. ELEV. (FT) 5329.49

SLOT SIZE (IN) 0.02
WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 7.0

SURFACE CASING:

BLANK CASING: 2 in. PVC Sch 40 -1.86 to 6.78 DRILLING METHOD ODEX - CASING ADVANCE
WELL SCREEN: 2 in. Vee Wire Wrapped 6.78 to 16.78 SAMPLING METHOD SPLIT SPOON/CYCLONE
SUMPIEND CAP: 2 in. PVC Sch 40 16.78 to 17.36 DATE DEVELOPED 4/6/98
SURFACE SEAL: Native soil/fill 0.0 to 1.0 WATER LEVEL (FT BMP) 8.5
GROUT: LOGGED BY L. Spencer
SEAL: Bentonite Pellets 1.0 to 3.0 REMARKS Replacement for 605
UPPER PACK:
LOWER PACK: 10-20 Silica Sand 3.0 to 17.36

( . M_ L0 0WL DIAGRAM "LITHOLOGIC DESCRIPTION

San

Fill 01-11 ft. Mostly silty sand. Very dark grayish brown (10YR 3/2). Some
organic matter. Minor gravel zone at 1-2'. Poorly graded sand, slight

Bentoite tplasticity. Saturated at 5'. Split spoon sample collected at 8-9.5'.

Pellets

5325 -

PVC Sch

40

10-20
a Silica

5320 -- ,---••Sn

8-9.5 ft.

--10--

VeT Wire 11-18.5 ft. Mostly gravel and gravelly sand. Dark yellowish brown
Wrapped (10OYR 4/4). Gravel up to 2 inches along primary axis. Probably some

cobbles. Split spoon sample collected at 17-18.5'; drilled to 17 ft.
5315-

-- PVC Sch'
52 40

5 1 - 17-18.5 ft.

•. .•Total depth 18.5 ft.

--20-

- 5305-

U.S. DEPARTMENT OF ENERGY PAGE I OF 1 3/9/99
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Well Detail Report for: RFO01 0292 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0292

No

No

5329A49

5327.94

5309.44

18.50

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5324.94

5310.58

5321.16

5311.16

14.4

10.0

18.91

2

Depth

3.00

17.36

6.78

16.78

Lithology Details

TOP

Elev Depth

5327.94 0.00

BOTTOM

Elev Depth

5316.94 11.00

USCS
DESCRIPTION

SILTY SANDS

LITHOLOGY DESCRIPTION

0-11 ft. Mostly silty sand. Very dark grayish brown
(1OYR 3/2). Some organic matter. Minor gravel
zone at 1-2'. Poorly graded sand, slight plasticity.
Saturated at 5'. Split spoon sample collecteed at 8-
9.5'.

11-18.5 ft. Mostly gravel and gravelly sand. Dark
yellowish brown (1OYR 4/4). Gravel up to 2 inches
along primary axis. Proably some cobbles. Split
spoon sample collected at 17-18.5'; drilled to 17 ft.

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

5316.94 11.00 5309.44 18.50 POORLY
GRADED
GRAVELLY SAND

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.





Well Detail Report for: RFO01 0301 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0301

Yes

No

5314.16

5313.68

5291.68

22.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5299.68

5294.48

5299.68

5294.68

5.2

5.0

19.68

2

Depth

14.00

19.20

14.00

19.00

Lithology Detail

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

5313.68 0.00 5308.68 5.00 FILL

5308.68 5.00 5306.68 7.00 FILL

5306.68 7.00 5305.68 8.00 WELL GRADED
GRAVELLY SAND

5305.68 8.00 5303.68 10.00 WELL GRADED
SANDY GRAVEL

5303.68 10.00 5302.18 11.50 POORLY
GRADED SANDS

5302.18 11.50 5299.68 14.00 WELL GRADED
SANDY GRAVEL

5299.68 14.00 5294.68 19.00 WELL GRADED
SANDY GRAVEL

LITHOLOGY DESCRIPTION

0-5 ft. Fill, sand, fine grained, dark brown (7.5YR
4/4); 70% sand; 15% silt, 10% gravel up to 2cm
long; 5% clay. Well graded, subrounded, slight
plasticity, moist. A few roots.

Fill, Same as above, no roots

7-8 ft. Gravelly sand, dark brown (7.5YR 4/2);
60% sand; 30% gravel, subrounded up to 2.5cm
long; 10% silt and well graded. No plasticity.,
moist. SM

8-10 ft. Sandy gravel, pale brown (1OYR 6/3);
80% gravel; 15% fine grained sand; 5% silt.
Slightly moist. GW

10-11.5 ft. Sand, fine to medium grained, dark
brown (10YR 4/3); 95% sand; 5% subrounded
gravel up to 1.5cm long. Poorly graded, moist. SP

11.5-14 ft. Sandy gravel, dark brown (10YR 4/3);
60% subrounded to subangular gravel; 35% fine
to medium grained sand; 5% silty and clay. well
graded, moist. GM

14-19 ft. Intermittent sands and gravel. Same as
above.

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

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0301 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5294.68 .19.00 5293.68 20.00 WELL GRADED 19-20 ft. Sand, fine grained, yellowish brown
SANDS (1OYR 5/4); 60% sand; 30% subrounded to

subangular gravel; 5% silt, 5% clay. A few small
chips of gray (10YR 5/1) shale; wet, well graded,
slightly plastic. Water at 19'. SW

5293.68 20.00 5291.68 22.00 SHALE 20-22 ft. Weathered bedrock; weak red (2.5YR
4/2) crumbly shale, horizontal bedding, some
limonitic staining, slightly moist.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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MONITORING WELL COMPLETION LOG RFO01-0302

PROJECT UMTRA GROUND WATER NORTH COORD.
LOCATION RIFLE, CO EAST COORD. (I
SITE RIFLE HOLE DEPTH (F
WELL NUMBER 0302 WELL DEPTH (F

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMP/END CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION

2 in. PVC Sch 40
2 in. Diedrich PVC
2 in. PVC Sch 40
Native soil/fill

Bentonite Chips

Native soil/fill

INTER

-0.5
14.39
19.39
0.0

8.0

(FT) 625608.83 DATE DRILLED 3/26/98
FT) 1360347.60 SURFACE ELEV. ( FT NGVD) 5310.12
T) 21.00 TOP OF CASING (FT) 5310.80
T) 19.61 MEAS. PT. ELEV. (FT) 5310.80

SLOT SIZE (IN) 0.02
VAL (FT) BIT SIZE(S) (IN) 7.0

to 14.39 DRILLING METHOD ODEX - CASING ADVANCE

to 19.39 SAMPLING METHOD SPLIT SPOON
to 19.61 DATE DEVELOPED 4/30/98
to 8.0 WATER LEVEL (FT BMP) 9.36

LOGGED BY L. Spencer
to 10.0 REMARKS Temporary well. Abandoned

7-17-1998.
10.0 to 19.61

LUj
0 LL

W 0
Z-

2
uj
-j
a.

-5-

I0

_(9

a. 0 LITHOLOGIC DESCRIPTION

0-4 ft. Fill. Sand, fine grained, dark brown (7.5YR 4/4); 70% sand, 15%
silt; 10% gravel, subrounded, well graded; 5% clay. Slightly moist. SW

.1QJ 4-9 ft. Gravelly sand up to 2.5cm long, dark brown (7.5YR 4/2); 60%
sand; 30% gravel, subrounded; 10% silts and clay. Slight plasticity,
moist. Well graded. Water at 9.0'. SM

9-14 ft. Sandy gravel, brown (1OYR 4/3); 60% gravel; 30% sand; 5%
silt; 5% clay. Very slightly sticky, saturated, well graded. GM

. -d ;

b,.

q":...J 14-20.5 ft. Gravelly sand, brown (1OYR 4/3); 60% sand; 35% gravel;
5% silt/cay. Well graded, subrounded, saturated. SM

<

eo

9ft.

14-14.5 ft.

-15-

-20-

20.5-21 ft. Weathered shale, yellowish brown (IOYR 5/4) with
fragments of crumbly weak red (2.5YR 5/2) shale. Limonitic staining,
sliahtlv moist. sliohtlv olastic.

Total depth 21.0 ft.

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 1
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Well Detail Report for: RFO01 0302 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0302

Yes

No

5310.8

5310.12

5289.12

21.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5300.12

5290.51

5295.73

5290.73

9.6

5.0

20.29

2

Depth

10.00

19.61

14.39

19.39

Lithology Details

TOP

Elev Depth

5310.12 0.00

BOTTOM USCS
Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5306.12 4.00 WELL GRADED
SANDS

5306.12 4.00 5301.12 9.00 POORLY
GRADED
GRAVELLY SAND

5301.12 9.00 5296.12 14.00 WELL GRADED
SANDY GRAVEL

5296.12 14.00 5289.62 20.50 POORLY
GRADED
GRAVELLY SAND

5289.62 20.50 5289.12 21.00 SHALE

0-4 ft. Fill. Sand, fine grained, dark brown (7.5YR
4/4); 70% sand, 15% silt; 10% gravel,
subrounded, well graded; 5% clay. Slightly moist.
SW

4-9 ft. Gravelly sand up to 2.5cm long, dark brown
(7.5YR 4/2); 60% sand; 30% gravel, subrounded;
10% silts and clay. Slight plasticity, moist. Well
graded. Water at 9.0'. SM

9-14 ft. Sandy gravel, brown (10YR 4/3); 60%
gravel; 30% sand; 5% silt; 5% clay. Very slightly
sticky, saturated, well graded. GM

14-20.5 ft. Gravelly sand, brown (10YR 4/3); 60%
sand; 35% gravel; 5% silt/clay. Well graded,
subrounded, saturated. SM

20.5-21 ft. Weathered shale, yellowish brown
(10YR 5/4) with fragments of crumbly weak red
(2.5YR 5/2) shale. Limonitic staining, slightly
moist, slightly plastic.

I
I
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 below Mean Sea Level.



MONITORING WELL COMPLETION LOG RFO01 -0303

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 625900
LOCATION RIFLE, CO EAST COORD. (FT) 1359952
SITE RIFLE HOLE DEPTH (FT) 29.30
WELL NUMBER 0303 WELL DEPTH (FT) 28.72

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMPIEND CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION

2 in. PVC Sch 40
2 in. Diedrich PVC
2 in. PVC Sch 40
Native soil/fill

Bentonite Chips

Native soil/fill

INTERVAL (FT)

-0.5
23.5
28.5
0.0

to
to
to
to

23.5
28.5
28.72
7.0

.53 DATE DRILLED 3/27/98
.12 SURFACE ELEV. ( FT NGVD) 5313.05

TOP OF CASING (FT) 5313.65
MEAS. PT. ELEV. (FT) 5313.65
SLOT SIZE (IN) 0.02
BIT SIZE(S) (IN) 7.0

DRILLING METHOD ODEX - CASING ADVANCE
SAMPLING METHOD SPLIT SPOON
DATE DEVELOPED 4/30/98
WATER LEVEL (FT BMP) 10.4
LOGGED BY L. Spencer
REMARKS Temporary well. Abandoned
7-17-1998.

7.0 to 12.0

12.0 to 28.72

IC,
WIu-

LO
F-, uj

II-
zwu
I-
W

WELL DIAGRAM

09

0~ LITHOLOGIC DESCRIPTION

5

-10-

-15-

-20-

5310-

5305-

5300-

5295-

5290-

13
Xt.:

X.

::Z)

2-4 ft. Fill, gravelly sand, yellowsh brown (1OYR 5/4); 60% sand; 35%
gravel; 5% silt, Well graded, slight plasticity; slightly moist. NOTE: At 6'
depth, air was coming out of the ground 12' behind rig.

4-14 ft. Gravelly sand, dark brown (10YR 4/3); 60% sand, fine to
medium grained; 35% gravel, subrounded; 5% silt. Well graded, moist.
Poor samples if any. SM

14-28 ft. As above. Saturated at 14.0'.

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 3/9/99
GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL COMPLETION LOG RFOOI-0303

PROJECT
SITE

UMTRA GROUND WATER WELL NUMBER

DATES DRILLED

0303
RIFLE 3/27/98

ed from Previous Page

0.0 LITHOLOGIC DESCRIPTION

03

28-29 ft. Gravelly sand, fine to coarse grained, gray (1OYR 6/1); 60%
sand; 35% gravel, subrounded; 5% silt. Well graded, saturated; very
slight plasticity. SM\29-29.3 ft. Weathered bedrock, claystone, gray (10YR 6/1); a few
medium mottles of yellowish brown (1OYR 5/4). Dry.

Total depth 29.3 ft.

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

I - W-em U.S. DEPARTMENT OF ENERGY
GRAND JUNCTION OFFICE, COLORADO PAGE 2 OF 2 3/9/99



Well Detail Report for: RFO01 0303 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0303

Yes

No

5313.65

5313.05

5284.05

29.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5301.05

5284.33

5289.55

5284.55

16.7

5.0

29.320

2

Depth

12.00

28.72

23.50

28.50

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

5313.05 0.00 5311.05 2.00 FILL

5311.05 2.00 5309.05 4.00 FILL

5309.05 4.00 5299.05 14.00 WELL GRADED
GRAVELLY SAND

5299.05 14.00 5285.05 28.00 WELL GRADED
GRAVELLY SAND

5285.05 28.00 5284.05 29.00 WELL GRADED
GRAVELLY SAND

5284.05 29.00 5283.75 29.30 CLAYSTONE

LITHOLOGY DESCRIPTION

0-2 ft. Fill, sandy silt, yellowish brown (10YR 5/4);
70% sift; 25% sand, fine grained; 5% clay, poorly
graded, slight plasticity. Moist.

2-4 ft. Fill, gravelly sand, yellowsh brown (10YR
5/4); 60% sand; 35% gravel; 5% silt. Well graded,
slight plasticity; slightly moist. NOTE: At 6' depth,
air was coming out of the ground 12' behind rig.

4-14 ft. Gravelly sand, dark brown (1OYR 4/3);
60% sand, fine to medium grained; 35% gravel,
subrounded; 5% silt. Well graded, moist. Poor
samples if any. SM

14-28 ft. As above. Saturated at 14.0'.

28-29 ft. Gravelly sand, fine to coarse grained,
gray (10YR 6/1); 60% sand; 35% gravel,
subrounded; 5% silt. Well graded, saturated; very
slight plasticity. SM

29-29.3 ft. Weathered bedrock, claystone, gray
(10YR 6/1); a few medium mottles of yellowish
brown (10YR 5/4). Dry.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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MONITORING WELL COMPLETION LOG RFO01-0304

PROJECT UMTRA GROUND WATER NORTH
LOCATION RIFLE, CO EAST C(
SITE RIFLE HOLE DE
WELL NUMBER 0304 WELL Dl

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMP/END CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION

2 in. PVC Sch 40
2 in. Diedrich PVC
2 in. PVC Sch 40
Concrete

Bentonite Chips

Native soil/fill

COORD. (FT) 625510.24 DATE DRILLED , 3/27/98
)ORD. (FT) 1359853.47 SURFACE ELEV. ( FT NGVD) 5307.90
EPTH (FT) 19.00 TOP OF CASING (FT) 5310.63
EPTH (FT) 18.42 MEAS. PT. ELEV. (FT) 5310.63

SLOT SIZE (IN) 0.02
INTERVAL (FT) BIT SIZE(S) (IN) 7.0

-1.98 to 13.2 DRILLING METHOD ODEX - CASING ADVANCE
13.2 to 18.2 SAMPLING METHOD SPLIT SPOON
18.2 to 18.42 DATE DEVELOPED 4/30/98
0.0 to 1.0 WATER LEVEL (FT BMP) 7.89

LOGGED BY L. Spencer
1.0 to 9.0 REMARKS Temporary well. Added well cover and

pad 7-20-98.9.0 to 18.42

a. m
Wji.-
Diiu-

WI.-
-jL

Cz
ci
-J
a.

U,

LITHOLOGIC DESCRIPTION

-5-

7-9 ft. Silty sand, dark brown (IOYR 313); 70% fine grained sand; 20%
silt, 5% subrounded gravel up to 1cm long: 5% clay. Poorly graded,
slight plasticity, wet. SM

-10-
9-14 ft. Sandy gravel, dark yellowish brown (1OYR 4/4); 60% gravel,
subrounded up to 3" long; 35% sand fine to coarse grained; 5% silt.
Well graded, saturated. GM

-15-

-20-

U.S. DEPARTMENT OF ENERGY
GRAND JUNCTION OFFICE, COLORADO PAGE 1 OF 1 3/9/99



Well Detail Report for: RFO01 0304 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIF

LOCATION CODE: 03(

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 53

SURFACE ELEVATION: I

BOTTOM ELEVATION: I

TOTAL DEPTH: 1

ZONE OF COMPLETION: ALL

:LE (OLD) (RFO01)

34

310.63

5307.9

5288.9

9.00

LLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5298.9

5289.48

5294.7

5289.7

9.4

5.0

21.15

2

Depth

9.00

18.42

13.20

18.20

Lithology Details

TOP

Elev Depth

5307.9 0.00

BOTTOM

Elev Depth

5304.9 3.00

USCS
DESCRIPTION

FILL

5304.9 3.00 5300.9 7.00 FILL

5300.9 7.00 5298.9 9.00 SILTY SANDS

5298.9 9.00 5293.9 14.00 WELL GRADED
SANDY GRAVEL

5293.9 14.00 5290.4 17.50 WELL GRADED
GRAVELLY SAND

LITHOLOGY DESCRIPTION

0-3 ft. fill, silt, dark brown (7.5YR 4/4); 60% silt,
30% fine grained sand; 5% subrounded gravel;
5% clay. A few roots/root hairs, well graded, slight
plasticity, moist.

3-7 ft. Fill, gravelly sand, dark brown (10YR 4/3);
60% sand, 30% subrounded gravel; 5% silt; 5%
clay. Well graded, slight plasticity, moist.

7-9 ft. Silty sand, dark brown (1OYR 3/3); 70% fine
grained sand; 20% silt, 5% subrounded gravel up
to 1cm long; 5% clay. Poorly graded, slight
plasticity, wet. SM

9-14 ft. Sandy gravel, dark yellowish brown (10YR
4/4); 60% gravel, subrounded up to 3" long; 35%
sand fine to coarse grained; 5% silt. Well graded,
saturated. GM

14-17.5 ft. Gravelly sand, dark yellowish brown
(10YR 4/4); 60% sand; 35% subrounded gravel
up to 1.4" long; 5% silt/clay. Well graded, no
plasticity, saturated. SW

I
I
I
3
I
I
I
3
I
I
I
I
i
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0304 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5290.4 17.50 5288.9 19.00 CLAYSTONE 17.5-19 ft. Weathered bedrock, weak red (2.5YR
5/2) siltstone; limonitic staining. Some white to
clear white calcium (?) rinds on part of the
siltstone.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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MONITORING WELL COMPLETION LOG RFO01-0305

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 625698.55 DATE DRILLED 3/30/98
LOCATION RIFLE, CO EAST COORD. (FT) 1359685.19 SURFACE ELEV. (FT NGVD) 5309.91
SITE RIFLE HOLE DEPTH (FT) 21.20 TOP OF CASING (FT) 5312.08
WELL NUMBER 0305 WELL DEPTH (FT) 18.98 MEAS. PT. ELEV. (FT) 5312.08

SLOT SIZE (IN) 0.02
WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 7.0

SURFACE CASING:

BLANK CASING: 2 in. PVC Sch 40 -1.5 to 13.76 DRILLING METHOD ODEX - CASING ADVANCE
WELL SCREEN: 2 in. Diedrich PVC 13.76 to 18.76 SAMPLING METHOD SPLIT SPOON
SUMPIEND CAP: 2 in. PVC Sch 40 18.76 to 18.98 DATE DEVELOPED 4/30/98
SURFACE SEAL: Concrete 0.0 to 1.0 WATER LEVEL (FT BMP) 8.82
GROUT: Native soil/fill 1.0 to 5.0 LOGGED BY L. Spencer
SEAL: Bentonite Chips 5.0 to 9.0 REMARKS Temporary well. Added well cover and
UPPER PACK: pad 7-20-98.
LOWER PACK: Native soil/fill 9.0 to 18.98

a. co
WuI- WLhU

U)

z0 =)
C)
L)

(-J
9?C,,

z

x
wj

-5-

NELL DIAGRAM 00-Co

-10-

-15-

T

Concrete

Native
soil/tfill

PVC Sch
40

Bentonite
Chips

Native
soil/till

0.02"

CDiedrch
PVC

LITHOLOGIC DESCRIPTION

6-9 ft. Gravelly sand, dark grayish brown (10YR 4/2); 60% sand, fine
....... grained to medium grained; 35% gravel, subrounded; 5% silt. Well
* O graded, moist. Water at 9.0'. GM

.#V• • 9-14 ft. Sandy gravel, dark yellowish brown (10YR 4/4); 60% gravel;
* )30% fine grained sand; 5% silt; 5% clay. Well graded, saturated. GM

es.A
V-o.• 14-20.5 ft. Intermittent sands and gravels, saturated, well graded.

- . .

0-6 ft. Fill, yellowish brown (10YR 5/4), silty sand; 60% sand, fine
grained; 30% silt; 5% subrounded gravels; 5% clay. Well graded, slight
plasticity, moist. SM

-20--

.2 ft.ý 20.b-21 .2 ft. Weathered bedrock, gray (10YR 6/1). Soft shale with
limonitic stainina, dry.

I

Total depth 21.2 ft.

U.S. DEPARTMENT OF ENERGY
GRAND JUNCTION OFFICE, COLORADO PAGE 1 OF 1 3/9/99



Well Detail Report for: RFO01 0305 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0305

No

No

5312.08

5309.91

5288.71

21.20

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5300.91

5290.93

5296.15

5291.15

10.0

5.0

21.15

2

Depth

9.00

18.98

13.76

18.76

Lithology Details

TOP

Elev Depth

5309.91 0.00

BOTTOM

Elev Depth
USCS
DESCRIPTION

5303.91 6.00 FILL

5303.91 6.00 5300.91 9.00 WELL GRADED
GRAVELLY SAND

5300.91 9.00 5295ý91 14.00 WELL GRADED
SANDY GRAVEL

5295.91 14.00 5289.41 20.50 WELL GRADED

GRAVELLY SAND

5289.41 20.50 5288.71 21.20 SHALE

LITHOLOGY DESCRIPTION

0-6 ft. Fill, yellowish brown (1OYR 5/4), silty sand;
60% sand, fine grained; 30% silt; 5% subrounded
gravels; 5% clay. Well graded, slight plasticity,
moist. SM

6-9 ft. Gravelly sand, dark grayish brown (1OYR
4/2); 60% sand, fine grained to medium grained;
35% gravel, subrounded; 5% silt. Well graded,
moist. Water at 9.0'. GM

9-14 ft. Sandy gravel, dark yellowish brown (10YR
4/4); 60% gravel; 30% fine grained sand; 5% silt;
5% clay. Well graded, saturated. GM

14-20.5 ft. Intermittent sands and gravels,
saturated, well graded.

20.5-21.2 ft. Weathered bedrock, gray (10YR
6/1). Soft shale with limonitic staining, dry.

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 below Mean Sea Level.



MONITORING WELL COMPLETION LOG RFO01-0306

PROJECT UMTRA GROUND WATER
LOCATION RIFLE, CO
SITE RIFLE
WELL NUMBER 0306

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMPIEND CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLAT

2 in. PVC Sch 40
2 in. Diedrich PVC
2 in. PVC Sch 40
Concrete

Bentonite Chips

Native soil/fill

NORTH COORD. (FT) 625972.48 DATE DRILLED 4/10/98
EAST COORD. (FT) 1359311.09 SURFACE ELEV. ( FT NGVD) 5313.20
HOLE DEPTH (FT) 27.20 TOP OF CASING (FT) 5316.24
WELL DEPTH (FT) 27.19 MEAS. PT. ELEV. (FT) 5316.24

SLOT SIZE (IN) 0.02
ION INTERVAL (FT) BIT SIZE(S) (IN) 7.0

-2.68 to 21.61 DRILLING METHOD ODEX - CASING ADVANCE

21.61 to 26.61 SAMPLING METHOD SPLIT SPOON
26.61 to 27.19 DATE DEVELOPED
0.0 to 2.0 WATER LEVEL (FT BMP) 11.25

LOGGED BY L. Spencer
2.0 to 11.0 REMARKS Temporary well. Added well cover and

pad 7-20-98.
11.0 to 27.19

0. 0
LUi-
0 u

WI-
Lu
a.

,o

I--
z
I-x
wu

WELL DIAGRAM (L LITHOLOGIC DESCRIPTION

silty sand, fine grained. Well

-5-

-10--

slight plasticity.

10-10.5 ft. Silty sand, black (10YR 2/1); 80% fine-grained sand; 10%
sift; 5% subrounded gravel; 5% clay. Organic odor, poorly graded,

umoist, slight plasticity.
10.5-12.5 ft. Sandy gravel, black (coated with sand) (1OYR 2/1) up to
1" long, subrounded. Well graded, moist, organic odor. Smells like old
oil or a petroleum product (7)12.5-13.5 ft.I

-15-

*X*

As abv bt- - - - -u-t 5 ndstuae
13.5-20 ft. Gravelly sand, very dark grayish brown (1OYR 3/2); 60%
subrounded gravel up to 1"; 35% fine grained sand; 5% silt. Well
graded, saturated.

-20-

-b .b

'A

20-25.5 ft. Sandy gravel, dark grayish brown (1OYR 4/2); 70% gravel,
subrounded up to 3/4" long; 30% fine grained sand. Well graded,
saturated.

0.02"
Diedrich
PVC

1U.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 3/7/99
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG RFO01-0306

PROJECT UMTRA GROUND WATER WELL NUMBER 0306

SITE RIFLE DATES DRILLED 4/10/98

Continued from Previous Page

> ua. ca w 0 z W z CLI WELL DIAGRAM O LITHOLOGIC DESCRIPTION
0u W.- -j~WI- L o w i

R W e
x x x x 25.5-27.2 ft. Weathered bedrock. Mudstone, reddish gray (1OR 6/1);
x x x x
x x x x mottled with distinct, common, medium light yellowish brown (lOYR
x x x x 16/4), probably limonitic iron staining. Slightly fractured, slightly moist.=. 27-27.2 ft.

-30-

7 -
-35-

-40-

-45-

-50-

-55-

5285-

5280-

5275-

5270-

5265-

5260-

Total depth 27.2 ft.

I
I
I
I
I
1
1
I
I
I
I
I
U
I
I
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Well Detail Report for: RFO01 0306 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0306

No

No

5316.24

5313.2

5286

27.20

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5302.2

5286.01

5291.59

5286.59

16.2

5.0

30.23

2

Depth

11.00

27.19

21.61

26.61

Lithology Details

TOP

Elev Depth

5313.2 0.00

BOTTOM

Elev Depth

5310.2 3.00

USCS
DESCRIPTION

FILL

5310.2 3.00 5309.2 4.00 FILL

5309.2 4.00 5303.2 10.00 FILL

5303.2 10.00 5302.7 10.50 SILTY SANDS

5302.7 10.50 5300.7 12.50 WELL GRADED
SANDY GRAVEL

5300.7 12.50 5299.7 13.50 WELL GRADED
SANDY GRAVEL

LITHOLOGY DESCRIPTION

0-3 ft. Fill, silty sand, brown (1OYR 4/3); 70% fine
grained sand; 25% silt, 5% subrounded gravel.
Well graded, moist.

3-4 ft. Fill, gravel; 75% gravel; 25% silty sand, fine
grained. Well graded, moist, a few roots/root hairs.

4-10 ft. Fill, silty sand, yellowish brown (1OYR
5/4); 60% fine grained sand; 35% silt; 5%
subrounded gravel; 5% clay. Well graded, moist,
slight plasticity.

10-10.5 ft. Silty sand, black (1OYR 2/1); 80% fine-
grained sand; 10% silt; 5% subrounded gravel;
5% clay. Organic odor, poorly graded, moist,
slight plasticity.

10.5-12.5 ft. Sandy gravel, black (coated with
sand) (10YR 2/1) up to 1" long, subrounded. Well
graded, moist, organic odor. Smells like old oil or
a petroleum product (?).

12.5-13.5 ft. As above, but cobbles up to 3.5" and
saturated.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



I
U

Well Detail Report for: RFO01 0306 3/10/99

TOP

Elev Depth

BOTTOM USCS
Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION I

5299.7 13.50 5293.2 20.00 WELL GRADED 13.5-20 ft. Gravelly sand, very dark grayish brown
GRAVELLY SAND (1OYR 3/2); 60% subrounded gravel up to 1"; 35%

fine grained sand; 5% silt. Well graded, saturated.

5293.2 20.00 5287.7 25.50 WELL GRADED
SANDY GRAVEL

5287.7 25.50 5286 27.20 CLAYSTONE

20-25.5 ft. Sandy gravel, dark grayish brown
(10YR 4/2); 70% gravel, subrounded up to 3/4"
long; 30% fine grained sand. Well graded,
saturated.

25.5-27.2 ft. Weathered bedrock. Mudstone,
reddish gray (1OR 6/1); mottled with distinct,
common, medium light yellowish brown (1OYR
6/4), probably limonitic iron staining. Slightly
fractured, slightly moist.

I
I
I
I
3
I
I
I
I
I
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



MONITORING WELL COMPLETION LOG RFO01-0307

PROJECT UMTRA GROUND WATER
LOCATION RIFLE, CO
SITE RIFLE
WELL NUMBER 0307

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMP/END CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLAT

2 in. PVC Sch 40
2 in. Diedrich PVC
2 in. PVC Sch 40
Native soil/fill

Bentonite Chips

Native soil/fill

NORTH COORD. (FT) 625657.75 DATE DRILLED 4/14/98
EAST COORD. (FT) 1358893.67 SURFACE ELEV. ( FT NGVD) 5313.85
HOLE DEPTH (FT) 33.20 TOP OF CASING (FT) 5314.62
WELL DEPTH (FT) 32.63 MEAS. PT. ELEV. (FT) 5314.62

SLOT SIZE (IN) 0.02
ION INTERVAL (FT) BIT SIZE(S) (IN) 7.0

-0.5 to 27.05 DRILLING METHOD ODEX - CASING ADVANCE

27.05 to 32.05 SAMPLING METHOD SPLIT SPOON
32.05 to 32.63 DATE DEVELOPED
0.0 to 11.0 WATER LEVEL (FT BMP) 14.61

LOGGED BY L. Spencer
11.0 to 16.2 REMARKS 'Temporary well. Abandoned

7-17-1998.
16.2 to 32.63

- - ¶ - I I-

LU i.-
0 L-

W-
U-i

-Jo

0

a-

I-
z

xW
WELL DIAGRAM

C-)

0
LITHOLOGIC DESCRIPTION

0-3 ft. Fill, silty sand, brown (IOYR 4/3); 70% fine grained sand; 20%
silt; 5% subrounded gravel; 5% clay. Well graded, moist. A few
roots/root hairs.

I-

-5-

-10-

-15-

-20-

2-: • -

° ° °*

.(=.

3-11 ft. Gravelly sand, yellowish brown (10YR 5/4); 60% sand; 30%
subrounded gravel; 5% silt, 5% clay.

13-13.5 ft.
7-1 nite

EQ.. I-
i 11-22.5 ft. Gravelly sand and sandy gravels intermittent. Poor returns,

cobbles, subrounded up to 3"; saturated, well graded.

22.5-24 ft. Sandy gravel, brown (10YR 5/3); 70% subrounded gravel
46,~• up to 3"; 25% fine grained sand; 5% silt. Saturated, well graded.

-. '.'J 1 24-32 ft. Gravelly sand, brown (IOYR 5/3); 60% fine to coarse grained

U.S. DEPARTMENT OF ENERGY PAGE I OF 2 31199
GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL COMPLETION LOG RFOOI-0307

PROJECT UMTRA GROUND WATER WELL NUMBER 0307

SITE RIFLE DATES DRILLED 4/14/98

Continued from Previous Page

Sc Z 0 0 n WELL DIAGRAM o LITHOLOGIC DESCRIPTION

LU )

'.J

o

or~o

quartz sand, red, yellow, black, green mineral grains and tiny chips;
35% subrounded gravel up to 3/4" long; 5% silt. Poorly graded,
saturated.

-30-

-35-

-40-

--45--

5285-

5280-

5275-

5270-

5265-

5260-

0.02"
Diedncrh
PVC

X x' X 32-33 ft. Weathered bedrock, yellowish brown (10YR 5/1).
xxx x

33-33.2 ft. x 33-33.2 ft. Weathered bedrock, mudstone, gray (5YR 5/1); mottled
with yellowish brown (10YR 5/4) common, medium, distinct matrix.
Crumbly and soft, somewhat fractured, hence the iron staining,
limonitic or yellowish brown color, moist.

Total depth 33.2 ft.

I
I
I
I
I
I
I
U
I
1
I
I
I
U
I
I
I
I
I

-50-

-55-

DEPARTMENT OF ENERGY PAGE 2 OF 2 3/7/99
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Well Detail Report for: RFO01 0307 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0307

Yes

No

5314.62

5313.85

5280.65

33.20

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5297.65

5281.22

5286.8

5281.8

16.4

5.0

33.4

2

Depth

16.20

32.63

27.05

32.05

Lithology Details

TOP

Elev Depth

5313.85 0.00

BOTTOM

Elev Depth

5310.85 3.00

USCS
DESCRIPTION

FILL

5310.85 3.00 5302.85 11.00 WELL GRADED
GRAVELLY SAND

5302.85 11.00 5291.35 22.50 WELL GRADED
GRAVELLY SAND

5291.35 22.50 5289.85 24.00 WELL GRADED
SANDY GRAVEL

5289.85 24.00 5281.85 32.00 POORLY
GRADED
GRAVELLY SAND

LITHOLOGY DESCRIPTION

0-3 ft. Fill, silty sand, brown (1OYR 4/3); 70% fine
grained sand; 20% silt; 5% subrounded gravel;
5% clay. Well graded, moist. A few roots/root
hairs.

3-11 ft. Gravelly sand, yellowish brown (1OYR
5/4); 60% sand; 30% subrounded gravel; 5% silt,
5% clay.

11-22.5 ft. Gravelly sand and sandy gravels
intermittent. Poor returns, cobbles, subrounded
up to 3"; saturated, well graded.

22.5-24 ft. Sandy gravel, brown (1OYR 5/3); 70%
subrounded gravel up to 3"; 25% fine grained
sand; 5% silt. Saturated, well graded.

24-32 ft. Gravelly sand, brown (10YR 5/3); 60%
fine to coarse grained quartz sand, red, yellow,
black, green mineral grains and tiny chips; 35%
subrounded gravel up to 3/4" long; 5% silt. Poorly
graded, saturated.

32-33 ft. Weathered bedrock, yellowish brown
(1OYR 5/1).

5281.85 32.00 5280.85 33.00 CLAYSTONE

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0307 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5280.85 33.00 5280.65 33.20 CLAYSTONE 33-33.2 ft. Weathered bedrock, mudstone, gray
(5YR 5/1); mottled with yellowish brown (1OYR
5/4) common, medium, distinct matrix. Crumbly
and soft, somewhat fractured, hence the iron
staining, limonitic or yellowish brown color, moist.

I

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 below Mean Sea Level.



MONITORING WELL COMPLETION LOG RFOOI-0308

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 625404
LOCATION RIFLE, CO EAST COORD. (FT) 1358732
SITE RIFLE HOLE DEPTH (FT) 28.20
WELL NUMBER 0308 WELL DEPTH (FT) 27.75

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMPIEND CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION

2 in. PVC Sch 40
2 in. Diedrich PVC
2 in. PVC Sch 40

INTERVAL (FT)

-0.7
17.17
22.17

to
to
to

17.17
22.17
27.75

.60 DATE DRILLED 4/14/98
.16 SURFACE ELEV. (FT NGVD) 5311.56

TOP OF CASING (FT) 5312.36
MEAS. PT. ELEV. (FT) 5312.36
SLOT SIZE (IN) 0.02
BIT SIZE(S) (IN) 7.0

DRILLING METHOD ODEX - CASING ADVANCE
SAMPLING METHOD SPLIT SPOON
DATE DEVELOPED
WATER LEVEL (FT BMP) 13.34
LOGGED BY L. Spencer
REMARKS Temporary well. Abandoned
7-17-1998.

Bentonite Chips

Native soil/fill

0.0

11.0

to 11.0

to 27.75

0-8 ft. Fill, silty sand, yellowish brown (10YR 5/4); 60% fine grained
sand; 30% silt; 5% subrounded gravel; 5% clay. Well graded, slight
plasticity, moist; a few root hairs.

8-14 ft. Gravelly sand, dark brown (1OYR 4/3) gravel is coated with fine
to medium grained sand; 60% sand; 35% gravel, subrounded; 5% silt.
No plasticity, moist.

22-24 ft. Sandstone, fine to medium grained; moist.

24-28 ft. Weathered bedrock, ver loose, soft crumbly gray (1OYR 5/1).

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 31199
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MONITORING WELL COMPLETION LOG RFOOI-0308

PROJECT UMTRA GROUND WATER WELL NUMBER 0308

SITE RIFLE DATES DRILLED 4/14/98

Continued from Previous Page

~U) P -Li ZIC

C , "' WELL DIAGRAM 0 LITHOLOGIC DESCRIPTION
0 C <

-30-

-35--

-40-

-45-

-50--

5285-

5280-

5275-

5270-

5265-

5260-

5255-

PVC Sch
40

x
x
x
x
x
x

x x
x x
x x
x x
x x
x x

x
x
x
x
x
x

28-28.2 ft. Weathered bedrock, mudstone gray (5YR 5/1); a few
medium distinct mottles; yellowish brown (1OYR 5/4), moist, slightly
fractured. crumbly and somewhat soft.

Total depth 28.2 ft.

I
I
I
I
I
I
I
I
I
I
I
I
i
I
I
i
i
I
I

-55-
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Well Detail Report for: RFO01 0308 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIFL

LOCATION CODE: 0308

DECOMMISSIONED: Yes

DAMAGED: No

TOC ELEVATION: 531

SURFACE ELEVATION: 531

BOTTOM ELEVATION: 528

TOTAL DEPTH: 28

ZONE OF COMPLETION: ALLt

_E (OLD) (RFO01)

2.36

1.56

53.36

.20

UVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5300.56

5283.81

5294.39

5289.39

16.8

5.0

28.55

2

Depth

11.00

27.75

17.17

22.17

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

5311.56 0.00 5303.56 8.00 FILL

5303.56 8.00 5297.56 14.00 WELL GRADED
GRAVELLY SAND

5297.56 14.00 5294.56 17.00 WELL GRADED

GRAVELLY SAND

5294.56 17.00 5293.56 18.00 SILTY SANDS

LITHOLOGY DESCRIPTION

0-8 ft. Fill, silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel; 5% clay. Well graded, slight plasticity,
moist; a few root hairs.

8-14 ft. Gravelly sand, dark brown (10YR 4/3)
gravel is coated with fine to medium grained sand;
60% sand; 35% gravel, subrounded; 5% silt. No
plasticity, moist.

14-17 ft. As above, but saturated.

17-18 ft. Silty sand, dark brown (1OYR 3/3); 75%
fine grained sand; 15% silt; 5% subrounded
gravel up to 1/2" long, poorly graded; 5% clay,
slight plasticity, saturated.

18-19 ft. Sandy gravel; 70% gravel up to 3" long;
30% fine to medium grained sand. Well graded,
saturated.

19-22 ft. Gravelly sand; 60% fine grained sand;
35% subrounded gravel up to 1" long, 5% silt.

22-24 ft. Sandstone, fine to medium grained;
moist.

5293.56 18.00 5292.56 19.00 WELL GRADED
SANDY GRAVEL

5292.56 19.00 5289.56 22.00 WELL GRADED
GRAVELLY SAND

5289.56 22.00 5287.56 24.00 SANDSTONE

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0308 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5287.56 24.00 5283.56 28.00 CLAYSTONE 24-28 ft. Weathered bedrock, ver loose, soft
crumbly gray (10YR 5/1).

5283.56 28.00 5283.36 28.20 CLAYSTONE 28-28.2 ft. Weathered bedrock, mudstone gray
(5YR 5/1); a few medium distinct mottles;
yellowish brown (10YR 5/4), moist, slightly
fractured, crumbly and somewhat soft.

I

I
I
I
I
i
I
I
I
I
I
I
I
I,
1
I
I
if

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



MONITORING WELL COMPLETION LOG RFO01 -0309

PROJECT UMTRA GROUND WATER
LOCATION RIFLE, CO
SITE RIFLE
WELL NUMBER 0309

NOI
EA1
HOI
WE

RTH COORD. (FT) 625285.61
ST COORD. (FT) 1358611.24
LE DEPTH (FT) 23.20
LL DEPTH (FT) 22.51

INTERVAL (FT)
SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMP/END CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION

2 in. PVC Sch 40
2 in. Diedrich PVC
2 in. PVC Sch 40
Native soil/fill

Bentonite Chips

Native soil/fill

-2.57
16.93
21.93
0.0

to
to
to
to

16.93
21.93
22.51
7.0

DATE DRILLED * 4/15/98
SURFACE ELEV. ( FT NGVD) 5310.36
TOP OF CASING (FT) 5313.37
MEAS. PT. ELEV. (FT) 5313.37
SLOT SIZE (IN) 0.02
BIT SIZE(S) (IN) 7.0

NG METHOD ODEX - CASING ADVANCE
LING METHOD SPLIT SPOON
DEVELOPED
R LEVEL (FT BMP) 14.41
ED BY L. Spencer
RKS Temporary well. Added well cover
8.

7.0 to 13.0

13.0 to 22.51

i-C >I
LL

coýz0 =)-i C)
Co 0

2
wj
-j
(L

U)

z

xwu
IWELL DIAGRAM 6 LITHOLOGIC DESCRIPTION

-5-1

-10-

-152

5310-

5305-

5300-

5295-

5290-

f sand, as 0-1 ft above.

I

6-11.5 ft. Gravelly sand, subrounded gravel 30%; fine grained sand
* * °o 65%; yellowish brown (IOYR 5/4), moist.

11.5-14 ft. Silty sand, yellowish brown (10YR 5/4); 60% fine grained
sand; 30% silt; 5% subrounded gravel up to 1" long; 5% day. Well
graded, moist, slight plasticity.

14-15 ft. Silty sand as above, but very dark gray (IOYR 3/1); no gravel.

15-18.3 ft. Gravelly sand, dark grayish brown (1OYR 4/2); 60% fine to
o*°,°.° d coarse grained sand with green, yellow, black, red, and white minerals
. and tiny chips; 35% subrounded gravel up to 1.5" long. Well graded,
13** .* saturated.

x x x x 18.3-23 ft. Weathered bedrock; some small subrounded gravels,x x x x .

x x x x grayish brown (10YR 5/2)
x x x x
x x x x
x x x x

x x x x
x x x x
x x x x

x x x x

S \ di~stinc yellowish brown (10YR 5/4) mottles, slightl frctured, moist.
I I Total depth 23-2 ft.

18-18.5 ft.

-20-

: =.- 123-23.2 ft.

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 1 317/99
halo-i e6-em GRAND JUNCTION OFFICE, COLORADO



Well Detail Report for: RFO01 0309 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0309

No

No

5313.37

5310.36

5287.16

23.20

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5297.36

5287.85

5293.43

5288.43

9.5

5.0

25.52

2

Depth

13.00

22.51

16.93

21.93

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTI

5310.36 0.00 5309.36 1.00 FILL

5309.36 1.00 5308.36 2.00 FILL

5308.36 2.00 5304.36 6.00 SILTY SAN[

5304.36 6.00 5298.86 11.50 WELL GRA[
GRAVELLY

5298.86 11.50 5296.36 14.00 SILTY SAN[

5296.36 14.00 5295.36 15.00 SILTY SAN[

ON LITHOLOGY DESCRIPTION

0-1 ft. Fill, silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel up to 1.5" long; 5% clay. Well graded, slight
plasticity, moist, roots.

1-2 ft. Fill, sandy gravel, yellowish brown (1OYR
5/4); 70% subrounded gravel to subangular; 25%
fine grained sand; 5% silt. Moist, well graded.

)S 2-6 ft. Silty sand, as 0-1 ft above.

DED 6-11.5 ft. Gravelly sand, subrounded gravel 30%;
SAND fine grained sand 65%; yellowish brown (1OYR

5/4), moist.

)S 11.5-14 ft. Silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel up to 1" long; 5% clay. Well graded, moist,
slight plasticity.

)S 14-15 ft. Silty sand as above, but very dark gray
(10YR 3/1); no gravel.

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

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0309 3/10/99

TOP

Elev Depth

BOTTOM

Elev Depth
USCS
DESCRIPTION LITHOLOGY DESCRIPTION

5295.36 15.00 5292.06 18.30 WELL GRADED 15-18.3 ft. Gravelly sand, dark grayish brown
GRAVELLY SAND (10YR 4/2); 60% fine to coarse grained sand with

5292.06 18.30 5287.36 23.00 CLAYSTONE

green, yellow, black, red, and white minerals and
tiny chips; 35% subrounded gravel up to 1.5" long.
Well graded, saturated.

18.3-23 ft. Weathered bedrock; some small
subrounded gravels, grayish brown (1OYR 5/2)

23-23.2 ft. Weathered bedrock, mudstone, gray
(2.5YR 5/0); a few fine distinct yellowish brown
(1OYR 5/4) mottles, slightly fractured, moist.

5287.36 23.00 5287.16 23.20 CLAYSTONE

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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MONITORING WELL COMPLETION LOG RFO01-0310

PROJECT UMTRA GROUND WATER
LOCATION RIFLE, CO
SITE RIFLE
WELL NUMBER 0310

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMPIEND CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLAT

2 in. PVC Sch 40
2 in. Diedrich PVC
2 in. PVC Sch 40
Concrete

Bentonite Chips

NORTH COORD. (FT) 625369.79
EAST COORD. (FT) 1359312.38
HOLE DEPTH (FT) 23.80
WELL DEPTH (FT) 23.51

ION INTERVAL (FT)

-1.76 to 17.93 DRILLI
17.93 to 22.93 SAMPL
22.93 to 23.51 DATE
0.0 to 1.0 WATEF

LOGGE
1.0 to 9.9 REMAF

pad 7-;9.9 to 22.93

DATE DRILLED 4/15/98
SURFACE ELEV. ( FT NGVD) 5309.11
TOP OF CASING (FT) 5311.64
MEAS. PT. ELEV. (FT) 5311.64
SLOT SIZE (IN) 0.02
BIT SIZE(S) (IN) 7.0

NG METHOD ODEX - CASING ADVANCE
.ING METHOD SPLIT SPOON
DEVELOPED
I LEVEL (FT BMP) 10.52
ED BY L. Spencer
WKS Temporary well. Added well cover and
20-98.

Native soil/fill

O u-

-5-

I

-10-

-15-

-20-

rock: mudstone, reddish brown (5YR 5/3);
nct yellowish brown (IOYR 5/4) mottles,

qU.S. DEPARTMENT OF ENERGY
GRAND JUNCTION OFFICE, COLORADO PAGE 1 OF 1 3/7/99



Well Detail Report for: RFO01 0310 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0310

No

No

5311.64

5309.11

5285.31

23.80

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5299.21

5285.6

5291.18

5286.18

13.6

5.0

26.04

2

Depth

9.90

23.51

17.93

22.93

Lithology Details

TOP

Elev Depth

5309.11 0.00

BOTTOM

Elev Depth

5305.11 4.00

USCS
DESCRIPTION

FILL

5305.11 4.00 5301.11 8.00 FILL

5301.11 8.00 5294.11 15.00 WELL GRADED
SANDY GRAVEL

5294.11 15.00 5287.61 21.50 WELL GRADED
GRAVELLY SAND

5287.61 21.50 5285.31 23.80 CLAYSTONE

LITHOLOGY DESCRIPTION

0-4 ft. Fill, silty sand, brown (7.5YR 5/4); 60% fine
grained sand; 30% silt, 5% subrounded gravel up
to 1" long; 5% clay. Well graded, moist, roots/root
hairs.

4-8 ft. Fill, gravelly sand, dark brown (10YR 4/3);
60% fine grained sand, 35% subrounded gravel
up to 1"; 5% silt. Well graded, moist.

8-15 ft. Sandy gravel, brown (10YR 5/3)- 60%
subrounded gravel up to 1" long; 35% fine to
medium grained sand; 5% silt. Well graded, moist.

15-21.5 ft. Gravelly sand, dark yellowish brown
(1OYR 4/4); 60% fine grained sand, 30%
subrounded gravel up to 1.5" long. Well graded,
saturated.

21.5-23.8 ft. Weathered bedrock- mudstone,
reddish brown (5YR 5/3); some common medium
distinct yellowish brown (10YR 5/4) mottles,
fractured lightly, moist.

I
I
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 below Mean Sea Level.



Well Detail Report for: RFO01 0436 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

. DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0436

No

No

0

0

0

0.00

WASATCH
FORMATION -
UNDIFFERENTIATED

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

0

0

0

0

0.0

0.0

0

0

Depth

0.00

0.00

0.00

0.00

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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LO OF WELL BORING NO. 581

JOB NO. -R.01 - DATE TOTAL MST 4 felt
OWING TYPE FIELD REP.

DEPTH OF SEAL _ _ __ _FACE ELEVATION -2, r
WELL CASIN TYK 4-.scbedA g LOCATION N2 .n,70 E59739.00
cMPL•IU ALLUVIUM M MSL

yft~g

Depth
wet
Can.

Lithaolgy

- ,.....-- --

00 0

rjo oO
.. 0. C

• 0-.°

0._... • - !

0/ ,-. 0

COVER:-
SILTY CLAY

M-CL
TA/LINGS:

SAND, grey.

Note: Change from to red from 5 to
6 ft. then back to grey.

WASATCH FM.-
UNDIFFERENTIATED

SILTSTONE AND SHALE.

TD AT 34 FEET.

JEG TAC 7F"



Well Detail Report for: RFO01 0581 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0581

Yes

No

5323.05

5321.3

5287.3

34.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5301.3

5287.3

5291.3

5288.8

14.0

2.5

35.75

4

Depth

20.00

34.00

30.00

32.50

Lithology Details

TOP

Elev Depth

5321.3 0.00

BOTTOM

Elev Depth

5299.3 22.00

USCS
DESCRIPTION

SILTY SANDS

LITHOLOGY DESCRIPTION

SILTY CLAYM=CLTAILINGS: SAND, grey.Note:
Change from to red from 5 to 6 ft. then back to
grey.

ALLUVIUM: GRAVEL AND COBBLES.

WASATCH FM.: UNDIFFERENTIATED
SILTSTONE AND SHALE.TD AT 34 FEET.

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

5299.3 22.00 5290.3 31.00

5290.3 31.00 5287.3 34.00 SILTS & FINE
SANDS

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0582 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0582

Yes

No

5323.41

5321.21

5298.71

22.50

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5309.21

5299.71

5302.21

5299.71

9.5

2.5

23.7

4

Depth

12.00

21.50

19.00

21.50

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5321.21 0.00 5298.81 22.40 UNKNOWN TD AT 22.5

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.

I
I
I
I
U
I
I
I
I
I
I
I
U
I
I
I
I
I
U
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Well Detail Report for: RFO01 0583 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0583

Yes

No

5323.08

5321.58

5293.28

28.30

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5306.58

5295.58

5304.08

5298.08

11.0

6.0

27.5

4

Depth

15.00

26.00

17.50

23.50

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5321.58 0.00 5293.38 28.20 UNKNOWN TD AT 28.3

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

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0584 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0584

Yes

No

5312.91

5311.61

5292.41

19.20

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5299.61

5292.41

5298.41

5292.41

7.2

6.0

20.5

4

Depth

12.00

19.20

13.20

19.20

Lithology Details

TOP

Elev Depth

5311.61 0.00

BOTTOM

Elev Depth

5309.21 2.40

USCS
DESCRIPTION LITHOLOGY DESCRIPTION

GRAVEL.

I
I
I
I
I
I
I
I
I
!
I
i
I
I
I
I
I
I
I

5309.21 2.40 5304.61 7.00 SILTS & FINE
SANDS

5304.61 7.00 5295.41 16.20

5295.41 16.20 5292.41 19.20 SILTS & FINE
SANDS

SILT.

GRAVEL.

WASATCH FM.- UNDIFFERENTIATED
SILTSTONE AND SHALE. TDAT19.2.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0585 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0585

Yes

No

5313.71

5312.11

5290.61

21.50

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5301.11

5292.11

5299.61

5294.61

9.0

5.0

21.600

4

Depth

11.00

20.00

12.50

17.50

Lithology Details

TOP

Elev Depth

5312.11 0.00

BOTTOM

Elev Depth

5310.71 1.40

USCS
DESCRIPTION LITHOLOGY DESCRIPTION

GRAVEL.

I

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

5310.71 1.40 5304.11 8.00 SILTY SANDS SAND.

5304.11 8.00 5292.71 19.40 GRAVEL.

5292.71 19.40 5290.71 21.40 SILTS & FINE
SANDS

WASATCH FM.: UNDIFFERENTIATED
SILTSTONE AND SHALE. TD AT 21.5

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0586 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0586

Yes

No

5308.35

5306.84

5284.34

22.50

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL.PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5301.84

5284.34

5286.84

5284.34

17.5

2.5

24.010

4

Depth

5.00

22.50

20.00

22.50

Litholagy Details

I
i
I
I
I
I
I
i
I
I
I
I
I
I
I
I

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

5306.84 0.00 5303.84 3.00 SILTS & FINE
SANDS

5303.84 3.00 5289.84 17.00 WELL GRADED
SANDS

5289.84 17.00 5285.64 21.20

5285.64 21.20 5284.44 22.40 SILTS & FINE
SANDS

LITHOLOGY DESCRIPTION

SILT, brown.

GRAVELLY SAND.

GRAVEL.

WASATCH FM.: UNDIFFERENTIATED
SILTSTONE AND SHALE.TD AT 22.5 FT.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
I
I
I
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Well Detail Report for: RFO01 0587 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0587

Yes

No

5308.13

5306.83

5289.53

17.30

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5302.83

5289.53

5301.83

5292.33

13.3

9.5

18.600

4

Depth

4.00

17.30

5.00

14.50

Lithology Details

TOP BOTTOM uscs

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5306.83 0.00 5294.43 12.40 UNKNOWN

5294.43 12.40 5289.63 17.20 ALLUVIUM: GRAVEL.TD AT 17.3 FEET.

!
I
I
I
U
I
I
I
I
I
U
I
I
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0588 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0588

Yes

No

5308.41

5307.01

5295.51

11.50

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5299.01

5295.51

5298.51

5295.51

3.5

3.0

12.9

4

Depth

8.00

11.50

8.50

11.50

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5307.01 0.00 5295.61 11.40 UNKNOWN TD AT 11.5 FEET.

I
1
i
I
I
I
il
I
I
I
i
I!
I
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0589 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0589

Yes

No

5307.16

5306

5288

18.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5299

5288

5298.5

5288

11.0

10.5

19.16

4

Depth

7.00

18.00

7.50

18.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5306 0.00 5288.8 17.20 GRAVEL.

5288.8 17.20 5288 18.00 SILTS & FINE WASATCH FM. UNDIFFERENTIATED
SANDS SILTSTONE AND SHALE.TD AT 18 FT.

I
I
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 below Mean Sea Level.



PvtommT~ Pal ~o lOLD RIFlE AnO InGmn LOG OF W BON

JOB NO. WFool DATM_ _omn. hfTAL feet
DOIlNG TYPE FIELD lRE.

rPTN OF SEAL SURFACE ELEVATION

WELL CASING TYP 2-INSCHED.40 PVC LOCAT ION N 25552L20 E 58165.70
aWLET ION ALJ.UIUM DAT MSL

I1 f 1
WG NO. 520j
Tflru %

.1

WtLL
Depth lemrks Lithology Vaiont CLassif ication

L:~
M r. (AWX -

.SAND AND GRAVEL, medium
sand, with some SUL.

I

IEG TAC TAM

I



Well Detail Report for: RFO01 0590 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0590

No

No

5308.34

5306.32

5285.72

20.60

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5294.32

5286.82

5293.82

5286.82

7.5

7.0

21.520

4

Depth

12.00

19.50

12.50

19.50

Lithology Details

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

TOP

Elev Depth

5306.32 0.00

BOTTOM

Elev Depth

5304.92 1.40

USCS
DESCRIPTION

5304.92 1.40 5299.92 6.40 SILTY GRAVELS

5299.92 6.40 5286.72 19.60

5286.72 19.60 5285.92 20.40 SILTS & FINE
SANDS

LITHOLOGY DESCRIPTION

SAND AND GRAVEL.

SAND AND GRAVEL, medium sand, with some
silt.

SAND AND GRAVEL.

WASATCH FM.: SILTSTONE.TD AT 20.6

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.

II
II



Well Detail Report for: RFO01 0593 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0593

Yes

No

5322.5

5320.2

5299.2

21.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5320.2

5299.2

5304.2

5299.2

21.0

5.0

23.300

2

Depth

0.00

21.00

16.00

21.00

Lithology Details

TOP

Elev Depth

5320.2 0.00

BOTTOM USCS

Elev Depth DESCRIPTION

5304.2 16.00 SILTY SANDS

LITHOLOGY DESCRIPTION

SILTY CLAY, with grass cover.TAILINGS:
SILTY SAND, loose to firm, medium to light
grey.Note: alternating layers of med. to It. grey
and tan andreddish brown tailings.

ALLUVIUM: SANDY SILT, top soil or liner?.

GRAVEL, very dense.TD AT 21 FEET.

5304.2 16.00 5302.8 17.40 SILTS & FINE
SANDS

5302.8 17.40 5299.2 21.00 SILTY GRAVELS

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0594 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0594

Yes

No

5325.1

5323.3

5297.8

25.50

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5309.3

5303.3

5308.3

5303.3

6.0

5.0

21.800

2

Depth

14.00

20.00

15.00

20.00

I
I
I
I
U
I
I
I
i
I
i
!

Lithalagy Details

TOP

Elev Depth

5323.3 0,00

BOTTOM

Elev Depth

5322.9 0.40

USCS
DESCRIPTION

CLAYS

LITHOLOGY DESCRIPTION

5322.9 0.40 5303.9 19.40 SILTY SANDS

5303.9 19.40 5302.3 21.00 SILTS & FINE
SANDS

5302.3 21.00 5297.9 25.40 SILTY GRAVELS

TAILINGS: SILTY SAND, wet, It. grey.

ALLUVIUM: SANDY SILT, top soil.

SILTY GRAVEL, very dense.TD AT 25.5 FEET.

I
I
I
I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
I
I
I



Well Detail Report for: RFO01 0595 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0595

Yes

No

5323.22

5315

5296.3

18.70

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5315

5296.3

5305.7

5300.7

18.7

5.0

26.920

2

Depth

0.00

18.70

9.30

14.30

Lithology Details

TOP

Elev Depth

5315 0.00

BOTTOM

Elev Depth

5314.6 0.40

usCS
DESCRIPTION

CLAYS

5314.6 0.40 5301 14.00 SILTY SANDS

5301 14.00 5297 18.00 SILTS & FINE
SANDS

5297 18.00 5296.4 18.60 SILTY GRAVELS

LITHOLOGY DESCRIPTION

TAILINGS: SILTY SAND, It. grey.

ALLUVIUM: SANDY SILT, brown.

SILTY GRAVEL, very dense.TD AT 18.7 FEET.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0596 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0596

Yes

No

5324.26

5315

5289.4

25.60

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5315

5289.4

5301.9

5296.9

25.6

5.0

34.86

2

Depth

0.00

25.60

13.10

18.10

Lithology Details

TOP

Elev Depth

5315 0.00

BOTTOM

Elev Depth

5314.6 0.40

USCS
DESCRIPTION

CLAYS

LITHOLOGY DESCRIPTION

5314.6 0.40 5292 23.00 SILTY SANDS

5292 23.00 5291 24.00 SILTS & FINE
SANDS

5291 24.00 5289.4 25.60 SILTY GRAVELS

TAILINGS: SILTY SAND, It. grey.

ALLUVIUM: SANDY SILT, brown.

SILTY GRAVEL, very dense.TD AT 18.7 FEET.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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plOJECT OL6D RIFLE PROCZSSLNG SIMh~In V f'ff I v IDwr~ AT%^ LOG OF ULL BORING NO. 597

JOB NO. RFO01 DATE 02119/U TOTAL DPTMN 12.0 fet
IMING TM FIELD REP.

MPIN OF SEAL __________________5FACE ELEVATION -31A

WELL CASING TYPE 2-INSCHED 40 ]VC LOCATION N 265600•0 E 6334610
CcPLET I• ALLUVIUM DATtE MSL

.ft--

I

DEPTH

9-3

GROUNtWATER

M= I DATE

110-21-87
I

JEG TAC 7FM



Well Detail Report for: RFO01 0597 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0597

No

Yes

5316.46

5313.78

5301.78

12.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

, Elev

5309.78

5301.78

5308.78

5303.78

8.0

5.0

14.680

2

Depth

4.00

12,00

5.00

10.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5313.78 0.00 5311.38 2.40 CLAYEY SANDS CLAYEY SAND, fine, low plast., wet, dk. brn.

5311.38 2.40 5301.78 12.00 GRAVEL, some sand, subangular to subrounded,
grey tored.TD AT 12 FEET.

I
I
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 below Mean Sea Level.



pRomcr OLD RM Z ]PROCESSI S. LOG OF O o
UIWFLO OFf!1IAN= BORING No.

JOB NO. 0F0 I c..A , C/19/AW M rTAL OEPT 20 f2
WDlING TYPE FIELD REP.

DEPT1 OF SEAL _U__FACE ELEVATI ON 5314.6.0
WELL CASING TYP 2-INSCHEDAO PVC LOAIN N 2655L7 E 6334130

OWeLETION ALLUVIUM

9 8 .I

Depth Lithology

TD AT 20 FEET.

lEG TAC TEAM



Well Detail Report for: RFO01 0598 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0598

No

Yes

5316.18

5313.79

5293.79

20.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING-DIAMETER (in.):

Elev

5301.79

5293.79

5298.79

5294.79

8.0

4.0

22.390

2

Depth

12.00

20.00

15.00

19.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5313.79 0.00 5311.39 2.40 CLAYEY SANDS CLAYEY SAND, fine, low plast., wet, dk.
brown(1 Oyr,3r).

5311.39 2.40 5294.79 19.00 GRAVEL, some sand, sub rounded, grey to red.

5294.79 19.00 5293.79 20.00 POORLY WASATCH FM. SANDSTONE.TD AT 20 FEET.
GRADED SANDS

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

Note:. Depths are feet below ground surface and elevations are feet below Mean Sea Level.



_____ O DPR C SM S vewc - o

l~pj m • • •OOING DI-- LOG OF hWELL BORJNG NO.

JOB NO. DATF_ 02/10/85 TOTAL win 12.0 feet
BOINGM TYPE FIELD REP. R.CROCKEWT
DEPTH OF MEAL ___IMFACE ELEVATION 5300.60 ,Tr .

WU CASING TYPE ,LOCATION N 2580 E 5 70
WOPLET ION DAM__________ MSL

599

GRWMWWATER

L DEPTH 1CU DATE

MEG TAC hAM



Well Detail Report for: RFO01 0599 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0599

No

No

5303.73

5301.04

5289.04

12.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5297.04

5289.04

5296.04

5291.04

8.0

5.0

14.690

2

Depth

4.00

12.00

5.00

10.00

I
I
I
I
I
I
I
I
I
I

Lithology Details

TOP

Elev Depth

5301.04 0.00

BOTTOM

Elev Depth

5296.04 5.00

USCS
DESCRIPTION

HIGH
PLASTICITY
CLAYS

LITHOLOGY DESCRIPTION

CLAY, some sand, med. to high plast., dk.
brown(10YR-3/8).

5296.04 5.00 5290.64 10.40 CLAYS SANDY CLAY, low plast., very dk. brown (10YR- I
2/8).

5290.64 10.40 5289.04 12.00 SILTY SANDS SAND, some silt, fine, nonplast., black (10YR-
2/8).TD AT 12 FEET. I

I
I
i

I
I
I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



PROM=~ OMR -OMSIGS
EMIFr- CfhIDnAflf

Page I of 1
LOG OF *= BORING NO.

JOB NO. ,FO01 DAT 02/10/I5 TOTAL DEPN 21.0 fet
ING TYPE FIELD REP. ICROCKETt

DEPTH OF hEAL SLUIFACE ELEVATION 5301.10 t
WELL CASING TYPE 2-INSCHEDC.40 LOCATION N 25}9L1O E 5678L.0
CWLrnm' ALLUVIUM MSL

600

m
U Ia 4I

Depth Lfthotogy
Ii

wScs Visimt Ctexafficatf an
"1

ALUVMM
C .Y some sandmed. to high

pIas., d. brown (10YR-3/3).

GRAVEL. some sand,
occasional cobbles, subrounded,black to red.

WASATCH FM:
SANDSTONE.

TD AT 21 FEET ON TOP OF
SANDSTONE.

JEG TAC 7TAM



Well Detail Report for: RFO01 0600 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0600

No

No

5303.06

5301.39

5280.39

21.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5289.39

5281.39

5288.39

5283.39

8.0

5.0

21.670

2

Depth

12.00

20.00

13.00

18.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

5301.39 0.00 5296.39 5.00 HIGH
PLASTICITY
CLAYS

5296.39 5.00 5290.99 10.40 CLAYS

5290.99 10.40 5288.39 13.00 SILTY SANDS

5288.39 13.00 5280.39 21.00

LITHOLOGY DESCRIPTION

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

CLAY, some sand, med. to high plast., dk.
brown(1 OYR-3/3).

SANDY CLAY, low plast., very dk. brown (10YR-
2/2).

SAND, some silt, fine, non plastic, black (1OYR-
2/1).

GRAVEL, some sand, occasional cobbles,
subrounded,black to red.WASATCH FM:
SANDSTONE.TD AT 21 FEET ON TOP OF
SANDSTONE.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



PROJEC OLD RIFLE PROCSSIN SflE OF wRzz RevN NO-0

JOB NO. RF001 DATE -/0921L TOTAL U i-o r..t
30ING TYPE "FIELD Ep. ILCROCKET
DEPT, OF WA • UWFA ELEVATION 52%6.10 ,,Y..

WELL CASING TY •2rNSCHEDAO PVC LOCATION N 251-.920 E 57007.90
coaTrzuON ' ALLUVM DATUN MSL

Depth Wal Ritemrks LIthotogY UCS Visml "Classification

Cm'. "______---_--_' ____'__.SAND, some Silt, occasional

-g7.v.l s1m1 6ne, nOn lasic, dk.- I,.rj.o_ .t0 r.. ýtw \,uhhA b,ýrj.ofi•,t ,0 & o,- ! 4 ).
.0 00- I JVEIsome sand,

5occasionacbbl, subrounded, g.rey
to red.

10C

ST 0 00

7D AT 12 FEET.

MEG TAC 7F"



Well Detail Report for: RFO01 0601 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0601

No

No

5297.21

5296.1

5284.1

12.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5292.1

5284.1

5291.1

5286.1

8.0

5.0

13.11

2

Depth

4.00

12.00

5.00

10.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5296.1 0.00 5294.1 2.00 SILTY SANDS SAND, some silt, occasional gravel seam,
finenonplastic, dk. yellowish brown (10YR-3/4).

5294.1 2.00 5284.1 12.00 GRAVEL, some sand, occasional cobble,
subrounded, greyto red.TD AT 12 FEET.

I
I
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 below Mean Sea Level.



PROJECT OLD RFLE PROCSIN
Page A Ot A

LOG OF *ELL BORING NO. 602,
JOB go. RFO01 DATE *0/IO/ TOTA .E m
BORING TIPE _ FIELD REP. Z•3. oc•m
DHPTN OF SEAL IFACE ELEVATION 52,950 r
ELL. CASING TYPE 2.INSCHEDA. PVC LOCATION N 2515130 E V017.50

rWLETION ALLUVIUM *AT10 MSL

I

WASATCH FML:
SHALE.

TD AT 19 FEET ON TOP OF
SHALE.

SDEPTH N" DATE

A. f4-21-89
JEG TAC 7FAM



Well Detail Report for: RFO01 0602 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0602

No

No

5297.84

5295.8

5276.8

19.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5283.8

5276.8

5282.8

5277.8

7.0

5.0

21.04

2

Depth

12.00

19.00

13.00

18.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5295.8 0.00 5292.8 3.00 SILTY SANDS SAND, some silt, occasional gravel, fine,
nonplastic,dark yellowish brown (1 OYR-3/4).

5292.8 3.00 5276.8 19.00 GRAVEL, some sand, occ. cobble, subrounded,
grey tored.WASATCH FM: SHALE.TD AT 19
FEET ON TOP OF SHALE.

I
I
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 below Mean Sea Level.



Well Detail Report for: RFO01 0605 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BO'TOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0605

Yes

No

5334.17

5331.42

5314.67

16.75

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5331.42

5331.42

5322.17

5318.17

0.0

4.0

19.5

2

Depth

0.00

0.00

9.25

13.25

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5331.42 0.00 5321.42 10.00 SILTS & FINE SILTY CLAY, dark brown, fine, moderate plasticity
SANDS

5321.42 10.00 5319.42 12.00 CLAYS CLAY, dark brown to black

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0606 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0606

No

No

5336.15

5332.95

5316.25

16.70

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5332.95

5332.95

5324.9

5320.9

0.0

4.0

19.900

2

Depth

0.00

0.00

8.05

12.05

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5332.95 0.00 5323.95 9.00 SILTS & FINE SANDY CLAY, fine, dark brown
SANDS

5323.95 9.00 5320.25 12.70 SILTY GRAVELS SILTY CLAY WITH GRAVEL, dark brown

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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pROJE= ow-- RFl. POCMSING SIE O O EL ORN

JOB NO. RF001 DATE 02/21/95 TOTAL DEPTH 69l 0 fee
RING TRICTYNEEX COME FIELD REP. LCROCKE7T

DEPTH OF VAL ___FACE ELEVATION 5341.J0 rye

WELL CASING TYPE 2-INSCHEDA0 PVC LOCATION N L £E 6M3.50
COLET ION AIVJUM DATN MSL

vO. 62

DVOt Ilnrks LithollgY Vtsaut CLassfffeatfon
can.

ALLUVI3M'
CLAYEY SAND, some silt,

fin, ow lst d brown

Note: some cobbles from 9 feet.

(SEE CORING LOG FOR REST)

JEG TAC 7E"



Well Detail Report for: RFO01 0620 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIFLE (OLD) (RFO01)

LOCATION CODE: 0620

DECOMMISSIONED: No

DAMAGED: Yes

TOC ELEVATION: 5316.35

SURFACE ELEVATION: 5314.34

BOTTOM ELEVATION: 5245.34

TOTAL DEPTH: 69.00

ZONE OF COMPLETION: WASATCH
FORMATION -
UNDIFFERENTIATED

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5286.34

5245.34

5284.34

5249.34

41.0

35.0

71.010

2

Depth

28.00

69.00

30.00

65.00

I
I
I
I
I
I
I
I

Lithology Details i
TOP

Elev Depth

5314.34 0.00

BOTTOM USCS

Elev Depth DESCRIPTION

5309.34 5.00 CLAYEY SANDS

LITHOLOGY DESCRIPTION i

CLAYEY SAND, some silt, fine, low plast., dk.
brown(1 OYR-3/3).

5309.34 5.00 5295.34 19.00

5295.34 19.00 5294.34 20.00 CLAYS

GRAVEL, some fine sand, medium grained,
subroundednonplastic, grey to red.Note: some
cobbles from 9 feet.

WASATCH FM. SHALE. (SEE CORING LOG
FOR REST)

I

I
I
I
I
I
I

I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



PROJECr OLD RIFLE[ PROCESSING SUE
&MY-5 Vf'flhfDQff

SO L OPIG

JOB NO. RFM' - iATE -I121/n 5 TOTA r EPtes 106.0 ft•
satINGYP ROTARy FIELD Rp. W.WOOD
DEPTH OF SEAL 0.00 SUJFACE ELEVATIO 5315.60 rat.
WELL CASING TYP 4-IN SCHED.40 PVC LOCATION N 27430.70 E 63543.50
COMPEON WASATCH AiTIM MSL

ALUDVRJK-
Note: missing log tskmn from cross
sexion.

WASATCHr
SANDSTONE/ SILTSTONE.

GO__MDMATER
DEPTH IOUM DATE

3.6 1 14 9
-I - JEG TAC TEAM



]PROJEC M ' AM .:fLOG OF* BOPJNG NO.

JOB NO. RFO0I - DATE 11/21/15 TOTAL DEMN IOU.0 fed'

MING TYPE ROTARY FIELD RP. W.WOOD

DEPTH OF SEAL p9, URFACE ELEVATION 5315.60 eTOC.

WELL CASUING TM 4-IN SCHEDA4 PVC LOCATION N 27S40.70 E 63843.M 0

COWWTrION WASATCH WIN MSL

3

Dopth Lithology

MUDSTONE.

onite pellet seal placed
59 to 62 feeL

F'dter Dack installed from
62 to01 feeL

U screen with .051-in.
placed from 78 to 98

SHALE/ MUDSTONE.

SANDSTONE/

_ I

g.I

=__.

=.I

E.I

feet blank sump
at 98 to 101 feet.

JEG TAC TEAM
I
I



jP 1 3 of 3PROECr OLD RIFE PROCESSG SfI LOG OF WELL BOPJNG NO. 621

JOB NO. AOMO1 DATE 11/21fl3 TA DEPTH 105.0 reet
BORlIG TYPE ROTARY FIELD Ip. W.WOOD
DEPTH Of SEAL 59.0 IFACE ELEVATION 5315AO rTrrL

WELL CASING TIE - 4.IN SCHEDAO PVC LOCATION N 27430.70 E 3843.50
cOWLIN WASATCH A MSL

Remepths LitheLogy ~uses Vfisam Classification

ifl4i-i-I
A`6. TD AT 105 ?

110

115

120

125

130~

135

140,

145,

150

155

GROUNOATER

DEPTH WA DATE
Sz 14-21
T 1! M-d ,EG TAC 7EA



Well Detail Report for: RFO01 0621 3/10/99

GENERAL INFORMATION

SITE: RIFLE (OLD) (RFO01)

LOCATION CODE: 0621

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 5317.51

SURFACE ELEVATION: 5316.28

BOTTOM ELEVATION: 5215.28

TOTAL DEPTH: 101.00

ZONE OF COMPLETION: WASATCH
FORMATION -
UNDIFFERENTIATED

SCREENING INFORMATION

Elev Depth

TOP GRAVEL PACK: 5254.28 62.00

BOTTOM GRAVEL PACK: 5215.28 101.00

TOP OF SCREEN: 5238.28 78.00

BOTTOM OF SCREEN: 5218.28 98.00

GRAVEL PACK LENGTH: 39.0

SCREEN LENGTH: 20.0

CASING LENGTH: 102.23

CASINGDIAMETER (in.): 4

Lithology Details

TOP

Elev Depth

5316.28 0.00

5295.28 21.00

5285.28

5277.28

5261.28

5252.28

5249.28

5247.28

5244.28

5242.28

31.00

39.00

55.00

64.00

67.00

69.00

72.00

74.00

BOTTOM USCS

Elev Depth DESCRIPTION

5295.28 21.00 UNKNOWN

5285.28 31.00 POORLY
GRADED SANDS

5277.28 39.00 CLAYS

5261.28 55.00 POORLY
GRADED SANDS

5252.28 64.00 CLAYS

5249.28 67.00 POORLY
GRADED SANDS

5247.28 69.00 CLAYS

5244.28 72.00 POORLY
GRADED SANDS

5242.28 74.00 CLAYS

5236.28 80.00 POORLY
GRADED SANDS

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

LITHOLOGY DESCRIPTION

Note: missing log taken from cross section.

WASATCH" SANDSTONE/ SILTSTONE.

SHALE/ MUDSTONE.

SANDSTONE/ SILTSTONE.

SHALE/ MUDSTONE.

SANDSTONE/ SILTSTONE.

SHALE/ MUDSTONE.

SANDSTONE/ SILTSTONE.

SHALE/ MUDSTONE.

SANDSTONE/ SILTSTONE.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0621 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5236.28 80.00 5234.88 81.40 CLAYS SHALE/MUDSTONE.

5234.88 81.40 5226.28 90.00 POORLY SANDSTONE/ SILTSTONE
GRADED SANDS

5226.28 90.00 5224.28 92.00 CLAYS SHALE/ MUDSTONE.

5224.28 92.00 5211,28 105.00 POORLY SANDSTONE/ SILTSTONE.TD AT 105 ?
GRADED SANDS

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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JOB NO. RE001' DATE 11121A TOTAL ETH 9.0 fed
uIJcG lME ROTAY PiloD UP. W.WOOD -

DIPTN OF SEAL anI UFAC EL"VATIN 531510 r
WELL USING TYK 2-1N SCHEDAQO PVC LOCATZO N K2741.70 E0810•
cOVUTIr LOG MISSING DMMSL

41 v i's 0.4.

T~u

Dept Lithoiogy

AILUJVRIU?
Instslled 2-in. PVC cased
well to 59 feet.
Placed steel surfaceasing
to 18 feet.

placed to 42 TD AT 59.75 ?

onite pellet seal placed
42 to 45 feet.

IFi'et ckminstalled from45 to 59 eet

Well screen with .051-in.
slot placed from 47 to 57
ft.

JEG TAC T7Af



PRC)JF.= M&---AA b"s &-w- e ý FROJ.CT Ja~ - £LOG OF WEJLL BORING NO.Nli'l•eW •J• 4r•4rllkl[ A•ILD A
drd, LAm4Am6mAALL-

JOB NO. - 1MING TIM RODI

DPTN OF MEAL.
WELL CASING TTPE 20W
COWLETION LOG

,lAlM" ll h" AIr
WbA~ -- - TOTAL OEffh

FIL•D IV.

CHEDAO PVC
..... IT

MICRINF'.
LOCATION
DATUN

- . - U

WeLL
Depth tmits

GU.3IDMATE3

DEPTH MR IDT

JEG TAC TEAM I
I



Well Detail Report for: RFO01 0622 3/10/99

GENERAL INFORMATION

SITE: RIFLE (OLD) (RFO01)

LOCATION CODE: 0622

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 5317.75

SURFACE ELEVATION: 5316.25

BOTTOM ELEVATION: 5256.5

TOTAL DEPTH: 59.75

ZONE OF COMPLETION: WASATCH
FORMATION -
UNDIFFERENTIATED

SCREENING INFORMATION

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5271.25

5257.25

5269.25

5259.25

14.0

10.0

60.5

2

Depth

45.00

59.00

47.00

57.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5316.25 0.00 5299.25 17.00 UNKNOWN

5299.25 17.00 5298.25 18.00 UNKNOWN WASATCH:TD AT 59.75 ?

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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.rA%. UTE0 ! fiv WI' ifl

JOB No. RF001' DATE 11111M5 TOTAL DEPTH 100.0 fee
IM I NG TYPE
DEPTH OF UEAL
WELL CASING TYPE
CCOWLETION

ROTARY
73-00
4-IN SCHEDAO PVC
WASATCH

FIELD Ap. W.WOOD
UFAC ELEVATION 5311.0,

LOCATION 26007.0 E 510.00
DA•1M MSL

i

DEPTH NOUM DATE
.I 14.5 14.21.39u

- - , ~-~-~~-.-4
xI I I
= I - - & ~ JMG TAC 7FLM



pRojE= OL RMEtES; lMQS
Wm& rivnghbfAflf LOG OF FL.L.BORING NO.

JOB NO. DATE 11/11/33 TOTAL DEPTI-
Ming TYPE_______ _ pinkO RP. W.WOOD

DEPTN OF SEAL 73.0 UFAC EMEATION mu
WELL CUIN TYPE 4-NSCHEDAO VCLOCATION N 260M.50 -E 0310.00
COEION . WASATCH DATIN MSL

rTwo

Note: Two inch clay seam at 60 ft.
Note: 6-inch day seam at 61 feet.

DEPTN NM ý DATE

JEG TAC 7EA I
I



Well Detail Report for: RFO01 0623 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01).

0623

No

Yes

5325.78

5324.36

5212

112.36

WASATCH
FORMATION -
UNDIFFERENTIATED

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5237

5212

5224

5214

25.0

10.0

113.78

4

Depth

87.36

112.36

100.36

110.36

Lithology Details

TOP

Elev Depth

5324.36 0.00

BOTTOM USCS
Elev Depth DESCRIPTION

5312 12.36 FILL

LITHOLOGY DESCRIPTION

BACKFILL

5312 12.36 5294.6 29.76 CLAYEY SANDS

5294.6 29.76 5281 43.36 SILTS & FINE
SANDS

5281 43.36 5277 47.36 SILTS & FINE
SANDS

5277 47.36 5270 54.36 SILTS & FINE
SANDS

5270 54.36 5233 91.36 SILTS & FINE
SANDS

5233 91,36 5228 96.36 SILTS & FINE
SANDS

5228 96.36 5221 103.36 SILTS & FINE
SANDS

Note: materials not logged from surface to top of
competentbedrock where coring commenced.
See log of 624.

WASATCH FORMATION: SILTSTONE, soft-
mod. hard, mottled grey and brown.Note: mod.
hard and grey from 29 feet.

SHALEY SILTSTONE, soft, brown.

SILTY SHALE, very soft, brown.

SILTSTONE, mod. hard, blue-grey.Note: Two
inch clay seam at 60 ft.Note: 6-inch clay seam at
61 feet.

CLAYEY SILTSTONE, grading to SHALE, soft,
grey. Note: Grey clay at 83 to 84 ft.

SILTSTONE, mod. hard, grey.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0623

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

5221 103.36 5212 112.36 SILTS & FINE
SANDS

3/10/99

LITHOLOGY DESCRIPTION

SHALEY SILTSTONE, mod. hard, blue-grey. Note:
Occasional thin clay seams to 4-in. thick.TD AT
100 FEET.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



jCA%6"1-1- A "ID * iF ... ...mm~lr_ Crlh-I~RA fl- , %Oj• L. _ ._ . ',ý. ••A Mt• L •

JOB NO. UFO0I DATE 11i/13/ TTAL W NK 75.0 fat
MIING yy ROTARY FIELD aEP. W.WOOD

DEPTN OF SEAL R5400 5U FACE ELEVATIU - 3313A
IELL CASING M 3-IN SCHEDA, PVC LCCATION N 26M0.70 E 607A3.60

L"rIr __LOG .M SSING DATU MSL

nLM6--I

Dep" LithelogY

AILTYV
Installed 2-in. PVC cased
'wtll to 75 feel.
Placed steel surfac casing
to 20 feet.

TD AT 67 ?

JZG TAC M4M



PR=OMD RJFIZ PRommN vm-
stmo~ Cnh1RAMU LOG OF usL BORING NO. 624j

JOB NO. .IlDATE 11A/3M MAL Dr,,s---
mMIG TT! WAARo FIELD EP. W.WOOD

DEPTN OF SEAL 54AI.0 U.FAC ELEVATION M13,60
WELL CASING TTP 2-IN SCHEDAO C LOCATION N M=020.70 E 607•.A0
WWOLETION LOG MISSING VATN , MSL

,, ,

Tt~w
-L-

U
wU

•IDEPTH MM I DATE I
723 -2-

.JEG TAC L4M

I



Well Detail Report for: RFO01 0624 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0624

No

Yes

5325.38

5324.64

5238.6

86.04

WASATCH
FORMATION -
UNDIFFERENTIATED

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5256.1

5238.6

5250.6

5240.6

17.5

10.0

86.78

2

Depth

68.54

86.04

74.04

84.04

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5324.64 0.00 5313.6 11.04 FILL BACKFILL

5313.6 11.04 5294.6 30.04 UNKNOWN

5294.6 30.04 5293.6 31.04 UNKNOWN WASATCH:TD AT 67 ?

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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PROJEr OW R-= MOS LOG OF WEMJ. BOMymm z rnrflAnnf

JOB NO. -1001 DATE 11124135 rMAL MU 105.0 f...
MNi TYPE FIOTAR FIEW R.p. WWOOD

DET OF UAL 63.00 SW FACE ELEVATION SM29
WL CASING TYPE 4-IN SCHEDA4 PVC LOCATION N 240. E 58149.20

CULET ION WASATCH DMIN MSL

?JG NO. 625

Writ ...

Depth Lit•oNdly

A.LUVMUK[Note: log based on x-sect, orig. log

surface ig

.1

Seal placed to 63

WASAT'IHSANDSTONE/SILTSTONE.

JEG TAC 7EIM



FROJECr ULA kik-"~ VKULI&jbjmD bait.OGO E.L
RMTFI (fllflfAr1 

LGOFWZ

10O3 NO. DMATME MAL43 OVI.

WING TYPE R OTA"Y flaw . W.WOOD
DPTH OF SEXL 0.00 WAFACE ELVATION S.

Wla CASING TYM 4-IN SCHEDA PVC LOCATImI N 24520.0 E 5814
UPLIETION WASATCH - ______ DATIL MSL

BORING NO. 621 

1

tT•
r1rwu

Depth emarks LitheLogy

from

SHAL•./ MUDSTONE.

SANDSTONE/ SRLTSTONE

Well screen with .051-in.
slot plac•d from 75 to 95
fL

SILTSTONE.

GROMATE
DEPTH " DT

- JEG TAC TLZM

I



FRIECI OLD LOG OF WEU BON

JOB NO. RFO01 DATE 11/24/83 wm 105.0 feet --....N-*

M in Tt•P R!OTARY FIELD WP. WWOOD
DEPTH Or SAL 63.00 S£ARA ELEVATION f
WELL USN TYf 4-IN SCHEDAO PVC LOCATION N 24MA.Z E58M49=ZIWeLETJON WASATCH DTUN MSL

I _ .. LL I.... . . us I.,, Pi. _ ,, .

S 3 of 3
WG NO. 62S

TOC,,I

got &I
C M .mrxs L1 . VUw s t . . .

Inc'

110

115

125

130

135

140,

145

150

155,

TD AT 105 FT.

MOASDWATER

D DEPTH I . IC I DATE
L• 1'92 14-21-89

JEG TAC 7LFM



Well Detail Report for: RFO01 0625 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0625

No

No

5304.95

5303.29

5203.29

100.00

WASATCH
FORMATION -
UNDIFFERENTIATED

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5237.29

5203.29

5228.29

5208.29

34.0

20.0

101.66

Depth

66.00

100.00

75.00

95.00

I
I
I
I
I
I
I
I
I

4

Lithology Details

TOP

Elev Depth

5303.29 0.00

BOTTOM uscs

Elev Depth DESCRIPTION

5266.29 37.00 UNKNOWN

LITHOLOGY DESCRIPTION 3
Note: log based on x-sect. orig. log missing.

5266.29 37.00 5254.29 49.00 POORLY
GRADED SANDS

5254.29 49.00 5243.29 60.00 CLAYS

5243.29 60.00 5235.29 68.00 POORLY
GRADED SANDS

5235.29 68.00 5233.29 70.00 CLAYS

5233.29 70.00 5229.29 74.00 POORLY
GRADED SANDS

5229.29 74.00 5227.29 76.00 CLAYS

5227.29 76.00 5223.29 80.00 POORLY
GRADED SANDS

5223.29 80.00 5221.89 81.40 CLAYS

5221.89 81.40 5211.29 92.00 POORLY
GRADED SANDS

WASATCH: SANDSTONE/SILTSTONE.

SHALE/MUDSTONE.

SANDSTONE/ SILTSTONE.

SHALE/ MUDSTONE

SANDSTONE/ SILTSTONE

SHALE/ MUDSTONE

SANDSTONE/ SILTSTONE.

SHALE/ MUDSTONE

SANDSTONE/ SILTSTONE.

I
I
I
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0625

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

5211.29 92.00 5208.29 95.00 CLAYS

5208.29 95.00 5198.29 105.00 POORLY
GRADED SANDS

3/10/99

LITHOLOGY DESCRIPTION

SHALE/ MUDSTONE.

SANDSTONE/ SILTSTONE.TD AT 105 FT.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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iROjEc' OLD RIFtL

JOB NO. 1 DAT"E -11L
INXIuO TYRE ROTARY

EPN OF UAL a4m
MU. CASING TY -24NSCOMD 40 PVC
CmWLETION LOG MISSING

LOG OF WELL BORING NO. 626 r
MOTAL UPIn

FIELD Re.
ISFACE EM
LOCATION
DA"INr

WMMOD
AION 530M.64 .

N 24M1.30 E 581U.90
MSL

Il, I
Dupth Hmrks Lithatogy

Placed steel surface cain
to 20 fee.

I

Grout seal placed to 42
feet

I

J

f
seal placed

I

I
I

JEG TAC 7G"



pRo3ECr OLD RIFLE PKOCMSNG SIDE
amiF fymnuADnff LOG OF WELL BORING NO.

JOB NO.3• 1 - ATE 1U1/3r TWA LMi . o.o t .. fed
Z1MING TP ROTARY FIELD UP. W.WOOD

DEPTH OF SEAL 45.00 ZIJEFAC ELEVATION 530d.64 Mrs

WELL CASING TYPE 2-N.SomED 40 PVC LOCATIMO N 24513.30 E 5817A90
OWPLIETION _LG MISSING DTHM MSL

-. Lý ý:7
62 I

S I
SUtL

kwth ftirks L thtogy

ITwo feet blank sump
placed at 58 to 60 fe4t.

I
I
I

I
I
I
I
I
I
I
I
I
I
I
I
IJEG TA C 74M



Well Detail Report for: RFO01 0626 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIFLE (OLD) (RFO01) Elev Depth

LOCATION CODE: 0626 TOP GRAVEL PACK: 5259.64 45.00

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 5244.64 60.00

DAMAGED: No TOP OF SCREEN: 5256.64 48.00

TOC ELEVATION: 5306.39 BOTTOM OF SCREEN: 5246.64 58.00

SURFACE ELEVATION: 5304.64 GRAVEL PACK LENGTH: 15.0

BOTTOM ELEVATION: 5244.64 SCREEN LENGTH: 10.0

TOTAL DEPTH: 60.00 CASING LENGTH: 61.75

ZONE OF COMPLETION: WASATCH CASINGDIAMETER (in.): 2
FORMATION -
UNDIFFERENTIATED

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5304.64 0.00 5303.64 1.00 UNKNOWN CONTACTS UNKNOWN

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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pROJEC OLD RMEPRCESD( sm raG NO.
LOG OF WELL BORING NO.

g

JOB NO. 1700 DAT 12-/14/U 1TL ET
IMIu& TYPE ROTARY FIELD we W.WOD
DFN. OF SEAL 144.0 5IFACE ELEVATION 531.00 fVY~U
WILL CASING TE d4IN SCHEDAO PVC LOCATION N 251L0.7 E 69069.10

COPEINLOG MISSING DU mSL

629

Depth IC --. LithOtWgY

AUXZV1UL'
histailed 4-in. PVC cased
webl to 200 fe•L
Placed steel surfac g
to 47 feL

.1

I
MG TAC 2LIM

0



pROj"c R LOG OF wEr. JBOMP

JOB NO. RFMI1 DATE 12h4/15 TOTAL ON 0 fImk ... -

amt ING T ROTARY FIELD REP WWOOD
iPTM Of AL 44 SURFACE ELEVATIN si0

WELL CAsIG TYPE 4-IN SCHEDAO PVC .CATN IO0.70 NE ~069.10
OWLE•z WG MISSINGMQ MSL

2 of 4

?NG NO. 629 I
Trift I

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

-'I
GROUNDWATER

I DEPT Ur DATE
u~g 4-21-1 ]

JEG TAC 7L.M



PROJELT MrE:gdfý C4ftftýýýjr rM A t

ýý %%a $&&A.

LOG OF WE ,BORING NO.
JOB NO. liFO01 DATE 12/14/85 TTALOPI -.4-qmi - -'---
MING Wi ROTARY FIELD W. W.WOOD
SWIM OF SM. 144.0O UIAFA , EEVATIU 536.00
•.L C.ASING TYPE 4..N SCHED.O FPVC LocATYjM N 25130.70 E 680W9,10

COMMON LOG MISSING D MSL

'29L

I I
Lithtogy

!

Bentonite pelet sea] placed
from 144 to 147 feet.

FilteTr ack installed from
147 toW200 feeL

GROMDIUATER
DEPTM NOR I DAT

-14-21-89
m q YEG TAC 7Z"

!



pROJECr OL RMX~ PROCESMNG RI
31W17 EMfTIRAnlf

LOG OF WELL BORING NO. 9 i
JOB NO. RFO01 DATE MA14L-3 TMTAL MM 00.0 fet "

MN ING TY OTARY Fia, uEp. WWOOD

DEPTi OF SEAL 144,00 NIFACE ELEVATION MIA.00 .

MELL CASING TYPE 4.IN SCIEDA0 PVC LOCATION N 2510.70 E 63069.10
Wov roM LOG MISSING TUM MSL

Depth
w.el
can.

I Rkmrks Lithotogy

U

I
I
I
I
I
1

I
JEG TAC "4M

I



Well Detail Report for: RFO01 0629 3/10/99

GENERAL INFORMATION

SITE: RIFLE (OLD) (RFO01)

LOCATION CODE: 0629

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 5362.26

SURFACE ELEVATION: 5361

BOTTOM ELEVATION: 5161

TOTAL DEPTH: 200.00

ZONE OF COMPLETION: WASATCH
FORMATION -
UNDIFFERENTIATED

SCREENING INFORMATION

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5214

5161

5201
5181

53.0

20.0

186.26

4

Depth

147.00

200.00

160.00

180.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5361 0.00 5315 46.00 UNKNOWN

5315 46.00 5314 47.00 UNKNOWN WASATCH:TD AT 200??

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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PRQM~ OL RIFE PKOCLSIGS

JO NO. uRn0 UKU LOG OF PE=L BORING o. &30
IMFO T"l DATE ... U LII!.......... 707*1 Orin1

inin TPEROTARX VIEW UP. WO

m DPm OF SmA -W.00 VAFACE EIVATIC £6.9

MIWLL CuSNGing TYRSIE~O Lflcrf~i N99ti13.0 E 13r~y,

twPLETzau LOG MISSING OATIM MSL

Cal bLh Ii r sthology VINS Vi ~ssiala i

wel o 42vct. ?9 ? ? ?

IPlaced steel s~raceca=in& ?. ? ?
t0 4S5-5feet. ? ?*

I10??
? ?*?*

25 ?22?1
? ?*

30 ?,2 ?L*

35 ? *

30 ?

? 40

2*2I ?

lEG TAC 7F"



PRO3EC OLD RnMLE ROCSSN-G SITE
DTO W R AM~R~n LOG OF MLL BORI

3oBN NO. .AEDATE 12•17/25 mAL DE.N 142.f|et .
atMING TYPE ROTA v FIEL REP. W.WOOD
EPTH OF VAL 97.00 U:FAE EMVATION SM.90 f

SC•AN TYPE .N $CHEDA PVC LOTION N 2119.00 E 6U037.90w CASIGT LOG MISSING WWI MSL

NO NO. 630 *1
V#•al

.lU --. I I
I Wl

Depth Lithotogy

pla=d

GIRMUDUATER

DEPTH MXIDT

9. 14-21.
I1'1 JEG TAC 7F"

I
I



Well Detail Report for: RFO01 0630 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIFLE (OLD) (RFO01)

LOCATION CODE: 0630

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 5362.39

SURFACE ELEVATION: 5360.9

BOTTOM ELEVATION: 5218.9

TOTAL DEPTH: 142.00

ZONE OF COMPLETION: WASATCH
FORMATION -
UNDIFFERENTIATED

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5260.9

5218.9

5230.9

5220.9

42.0

10.0

143.49

2

Depth

100.00

142.00

130.00

140.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5360.9 0.00 5316.9 44.00 UNKNOWN

5316.9 44.00 5315.9 45.00 UNKNOWN WASATCH:TD AT 142 ??

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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PROlJc CKM RDIfE PROSTG SM
RM1O? .MEfn EAfSfl LOG OF W'ULL BOrNG

JOBNO. RIO01--- , DATE -1/f6;1MA ,M oA My-•W=M•IPI-

mis TYPE CIOTARY FIVLS IP. W.WOOD
SEP15 OF UEAL 7V.00 UFAv IATI0 u i . T

-uLL casive T"m! 4*IN SCHE)DAO PC LODCATI NO236N.2 E 58713.20
OWLEuIr WASATCH ,ATIM MSL,

NFo. !0

Depth tmrb Ultholog I USCS

Installd 4-i,, PVC cased
well to 98 feL.
Placed steel surface casing
to 26 fe=L

Note: -;cc log taeu from x-scm

WASATMt
SANDSTONE/Sn.TSTONE,

I
I

I
JZG TAC 77LM

!



PROJECT OW RInF PR sN LOG OF STIE BOJ

jOB NO. RFlO01 DATE 1/0619S TOTA DEgP I0.6 feet ..

BING Tree ROTARY FIELD REP. W.WOOD
DEPTH OF M 79.00 SFACE ELEVATION 5M.70
WELL CASINU TYE 4-IN SCHEDA4 PVC LOCATION N 23664M0 E $371310
•0u-nzow WASATCH mTuM MSL

e - OT -)

?JG NO. 6403
.i

PTrr8
TWv

I
wapeit

Lithotogy Visoat CLelflcation

SSILTSTONE.

M-CL-SC
SANDSTONE/ SILTSTONE.

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

Bentonite p•,•et seal placed
from 79 to•8 fet.

from

SHALE/ MUDSTONE.

SANDSTONE//sIL:

MUDSTONE.

RORUJDUATER
I.-

• DEPTH HOM DATE I
S 7,0 14-21-49LE1~

,EG TAC 7F"M
I
I



3 pR()j OW RDIE j L-oG OF WLL B.OkNG NO. 6 0
JoE No. 37001 DATE 12/oW02TAL Or w.

, io TMAM Fil me . W..DI DN OF smA. 79.00 SEPFAM ELATRE -S,70
,ELCASIKO TYP 4-N SCHEDA PVC L,,ATIN N 23 E
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Well Detail Report for: RFO01 0640 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0640

No

No

5302.66

5303.7

5205.7

98.00

WASATCH
FORMATION -
UNDIFFERENTIATED

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5221.7

5205.7

5217.7

5207.7

16.0

10.0

96.96

Depth

82.00

98.00

86.00

96.00

I
I
I
I
I
I
I
I4

Lithology Details I

TOP

Elev Depth

5303.7 0.00

BOTTOM USCS
Elev Depth DESCRIPTION

5278.7 25.00 UNKNOWN

LITHOLOGY DESCRIPTION

5278.7 25.00 5264.7 39.00 POORLY
GRADED SANDS

5264.7 39.00 5260.7 43.00 CLAYS

5260.7 43.00 5256.7 47.00 POORLY
GRADED SANDS

5256.7 47.00 5248.7 55.00 CLAYS

5248.7 55.00 5237.7 66.00 POORLY
GRADED SANDS

5237.7 66.00 5221.7 82.00 POORLY
GRADED SANDS

5221.7 82.00 5213.7 90.00 CLAYS

5213.7 90.00 5210.7 93.00 POORLY
GRADED SANDS

5210.7 93.00 5208.7 95.00 CLAYS

Note: missing log taken from x-sect.

WASATCH: SANDSTONE/SILTSTONE.

SHALE/ MUDSTONE.

SANDSTONE/ SILTSTONE.

SHALE/ MUDSTONE.

SANDSTONE/ SILTSTONE.

I
I
I
I

SANDSTONE/ ISHALE/ MUDSTONE.M=CL-SC
SILTSTONE.

SHALE/ MUDSTONE.

SANDSTONE/ SILTSTONE.

SHALE/ MUDSTONE.

I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0640 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5208.7 95.00 5206.3 97.40 POORLY SANDSTONE/ SILTSTONE.
GRADED SANDS

5206.3 97.40 5201.7 102.00 CLAYS SHALE/MUDSTONE.

5201.7 102.00 5198.7 105.00 POORLY SANDSTONE/SILTSTONE.TD AT 105 FEET.
GRADED SANDS

Note: Depths are feet below ground surface and elevations are-feet below Mean Sea Level.
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Well Detail Report for: RFO01 0641 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0641

No

No

5302.08

5300.2

5231.2

69.00

WASATCH
FORMATION -
UNDIFFERENTIATED

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5249.2

5231.2

5243.2

5233.2

18.0

10.0

70.880

2

Depth

51.00

69.00

57.00

67.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5300.2 0.00 5275.2 25.00 UNKNOWN

5275.2 25.00 5274.2 26.00 UNKNOWN WASATCH:TD AT 69 ??

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0644 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0644

No

No

5298.64

5297.27

5142.27

155.00

WASATCH
FORMATION -
UNDIFFERENTIATED

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5177.27

5142.27

5172.27

5152.27

35.0

20.0

156.37

4

Depth

120.00

155.00

125.00

145.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5297.27 0.00 5271.27 26.00 UNKNOWN

5271.27 26.00 5270.27 27.00 UNKNOWN WASATCH:TD AT 155 ??

I
I
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 below Mean Sea Level.
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Well Detail Report for: RFO01 0645 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIFLE (OLD) (RFO01)

LOCATION CODE: 0645

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 5298.5

SURFACE ELEVATION: 5297.08

BOTTOM ELEVATION: 5182.08

TOTAL DEPTH: 115.00

ZONE OF COMPLETION: WASATCH
FORMATION -
UNDIFFERENTIATED

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5226.08

5182.08

5204.08

5184.08

44.0

20.0

116.42

2

Depth

71.00

115.00

93.00

113.00

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5297.08 0.00 5271.08 26.00 UNKNOWN

5271.08 26.00 5270.08 27.00 UNKNOWN WASATCH:TD AT 115 ??

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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MONITORING WELL COMPLETION LOG RFO01-0646

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 625331
LOCATION RIFLE, CO EAST COORD. (FT) 1358662
SITE RIFLE HOLE DEPTH (FT) 59.50
WELL NUMBER 0646 WELL DEPTH (FT) 59.32

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMPIEND CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION
8.625 in. Steel
4 in. PVC Sch 40
4 in. Vee Wire Wrapped
4 in. PVC Sch 40
Concrete
Bentonite Grout
Bentonite Pellets
20-40 Silica Sand
10-20 Silica Sand

INTERVAL (FT)
0.0 to 24.0
-1.0 to 49.0
49.0 to 59.0
59.0 to 59.32
0.0 to 1.0
1.0 to 42.0
42.0 to 45.0
45.0 to 47.0
47.0 to 59.32

.46 DATE DRILLED 5/4/98
.17 SURFACE ELEV. (FT NGVD) 5311.84

TOP OF CASING (FT) 5312.57
MEAS. PT. ELEV. (FT) 5312.57
SLOT SIZE (IN) 0.02
BIT SIZE(S) (IN) 9.34 / 7.38 / 2.99

DRILLING METHOD ODEX/AIR ROTARY/CORE
SAMPLING METHOD CONTINUOUS CORE
DATE DEVELOPED 5/4/98
WATER LEVEL (FT BMP) 12.48
LOGGED BY L. Spencer
REMARKS

I
I
I
I
I
I
I
U
I
I
I

>cL CO UJ0 z _j WCo.W -" Z 0 =-" WELL DIAGRAM _j LITHOLOGIC DESCRIPTION"'1- "L- M 0x

i01- Concrete 0-1 ft. Fill, silty sand, yellowish brown (10YR 514); 60% fine grained
sand; 30% silt; 5% subrounded gravel up to 1.5" long; 5% clay. Well
graded, slight plasticity, moist, a few roots. SM

5310- 1-2 ft. Fill, sandy gravel, yellowish brown (1OYR 5/4); 70% subrounded
gravel to subangular; 25% fine grained sand; 5% silt. Moist, well- • " • \graded. GM

2-6 ft. Silty sand, same as 0-1 ft above. GM

5-

6-11.5 ft. Gravelly sand, 30% subrounded gravel; 65% fine grained
5305- sand; 5% silt. Well graded, moist. SW

- ~PVC Sch

10-

5300- 11.5-14 ft. Silty sand, yellowish brown (10YR 5/4); 60% fine grained
sand; 30% silt; 5% subrounded gravel up to 1'; 5% clay. Well graded,
slight plasticity, moist. SM

14-15 ft. Silty sand, as above, but very dark gray (1OYR 3/1). No
--15- gravel. SM

15-21 ft. Gravelly sand, dark grayish brown (10YR 4/2); 60% fine to

coarse grained sand with green, yellow, black, red, and white minerals
.. or chips; 35% subrounded gravel up to 1.5" long. Well graded,

5295- saturated. SW

-20-

Bentonite 21-23 ft. Weathered bedrock, some small subrounded gravels, grayish
. . 5290-----Grout brown (10YR5/2). Wasatch

23-23.2 ft. Weathered bedrock mudstone, gray (2.5YR 5/0) with a few
.fine distinct ellowish brown (1OYR 5/4) mottles. Fractured, moist.

23.2-25.7 ft. Drilled concrete plug - no recovery.

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 3 317199
%ii IW1.eI GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL COMPLETION LOG RFOOI-0646

PROJECT UMTRA GROUND WATER WELL NUMBER 0646

SITE RIFLE DATES DRILLED 5/4/98

Continued from Previous Page

a U).,•> W Zz• > z •
,l _ _3 Z 0 D a. WELL DIAGRAM LITHOLOGIC DESCRIPTION

nL L 0 = . -
- o

-30-

-35-

5285-

5280-

5275-

5270-

5265-

5260-

-40-

25.7-29.4 ft

29.4-35 ft.

35-36.6 ft.

36.6-44.2 ft

44.2-49.6 ft

49.6-54.8 ft

54.8-55.8 ft

25.7-26.4 ft. Soft gray clay; saturated; highly altered clay minerals;
x x x x highly weathered.
x x x X 26.4-33.6 fL Claystone; highly weathered.
XXXX
XXXX
XXXX
XXXX
XXXX
XXXXx x. x X
XXXX
xxxx
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
x x x x 3.-3.1ft.Claystonegradea owintocmptentsittone.Gray
x wit yellow alteraton zones. Exhibit faint fisilit.

xxxx
xxxx
xxxx

..... 36.1-36.3 ft. Lost.
..... 36.3-44.2 ft. Alternating layers of moderately hard siltstone and fine
::::: ::grained sandstone with occasional coarse grained sand or pebble.

.........Minor 2" soft and friable claystone zones. Grayish-green to yellow

x x x x 44.2-8.9 ft. Soft brown caystone. Exhibit minor fissilit from

xxxx 45.3-5.9. Rest is mostly massive and soft.
XXXX
XXXX
XXXX
XXXX
XXXX
xxxx
xxxx
xxxx
xxxx

..... 48.9-51.1 ft. Sandstone, fine to medium grained; subrounded to
S subangular light gray: poorly graded. Slightly moist, a few altered
S feldspars, tiny red, black, and orange mineral grains.

x 51.1-51.3 ft. Mudstone ray 1YR 5/1 ye soft da like moist.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
i
I
I
I
I

-45-

Bentonite
Pellets

20-40
- Silica

Sand

10-20
-- Silica

Sand

Vee Wire
Wrapped

-50-

-55-

XXXX
XXXX
XXXX
XXXX
XXXX
XXXX
XXXX

.X XXX

\51.3-51.65 ft. Mudstone, weak red: slightly moist, crumbly and soft.
51.65-54.3 ft. Mudstone, gray (10YR 5/1); many medium, prominent
yellowish brown (10YR 5/4) mottles, slightly moist, vertical to horizontal
fractures.

54.3-54.8 ft. Lost.
54.8-55.23 ft. Mudstone, same as above, slightly harder.
55.23-55.8 ft. Lost.
55 5-5B n5 ft Misdltonn s•mn nhlnuv
55 B-56 05 ft Mu stone same as above

.U.S. DEPARTMENT OF ENERGY PAGE 2 OF 3 3/7/99
GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL COMPLETION LOG RFO01-0646

PROJECT UMTRA GROUND WATER WELL NUMBER 0646

SITE RIFLE DATES DRILLED 5/4/98

Continued from Previous Page

- .WI)
-1 Z RAM 0 LITHOLOGIC DESCRIPTION

-jz 0~ ) 0 -. WELL DIAGRA .
wj 10n iI -r-

55.8-59 ft.

-60-

-65-

-70-

-75-

-80-

-85-

LI 56.05-59.5 ft. Lost.

Total depth 59.5 ft.

5250-

5245-

5240-

5235-

5230-

5225-

U.S. DEPARTMENT OF ENERGY PAGE 3 OF 3 317/99
GRAND JUNCTION OFFICE, COLORADO



Well Detail Report for: RFO01 0646 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIF

LOCATION CODE: 064

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 53

SURFACE ELEVATION: 53

BOTTOM ELEVATION: 52

TOTAL DEPTH: 5

ZONE OF COMPLETION: WA

LE (OLD) (RFO01)

,6

112.57

111.84

252.34

9.50

SATCH

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5266.84

5252.52

5262.84

5252.84

14.3

10.0

60.05

Depth

45.00

59.32

49.00

59.00

4
FORMATION -
UNDIFFERENTIATED

Lithology Details

TOP

Elev Depth

5311.84 0.00

BOTTOM

Elev Depth

5310.84 1.00

USCS
DESCRIPTION

FILL

5310.84 1.00 5309.84 2.00 FILL

5309.84 2.00 5305.84 6.00 SILTY SANDS

5305.84 6.00 5300.34 11.50 WELL GRADED
GRAVELLY SAND

5300.34 11.50 5297.84 14.00 SILTY SANDS

5297.84 14.00 5296.84 15.00 SILTY SANDS

LITHOLOGY DESCRIPTION

0-1 ft. Fill, silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel up to 1.5" long; 5% clay. Well graded, slight
plasticity, moist, a few roots. SM

1-2 ft. Fill, sandy gravel, yellowish brown (10YR
5/4); 70% subrounded gravel to subangular; 25%
fine grained sand; 5% silt. Moist, well graded. GM

2-6 ft. Silty sand, same as 0-1 ft above. GM

6-11.5 ft. Gravelly sand, 30% subrounded gravel;
65% fine grained sand; 5% silt. Well graded,
moist. SW

11.5-14 ft. Silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel up to 1"; 5% clay. Well graded, slight
plasticity, moist. SM

14-15 ft. Silty sand, as above, but very dark gray
(10YR 3/1). No gravel. SM

I
I
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 below Mean Sea Level.



Well Detail Report for: RFO01 0646 3/10/99

TOP

Elev Depth

BOTTOM

Elev Depth
USCS
DESCRIPTION LITHOLOGY DESCRIPTION

5296.84 15.00 5290.84 21.00 WELL GRADED
GRAVELLY SAND

5290.84 21.00 5288.84 23.00 WELL GRADED
GRAVEL

5288.84 23.00 5288.64 23.20 CLAYSTONE

5288.64 23.20 5286.14 25.70

5286.14 25.70 5285.44 26.40 CLAYS

5285.44 26.40 5278.24 33.60 CLAYSTONE

5278.24 33.60 5275.74 36.10 CLAYSTONE

5275.74 36.10 5275.54 36.30

5275.54 36.30 5267.64 44.20 SANDSTONE

15-21 ft. Gravelly sand, dark grayish brown (10YR
4/2); 60% fine to coarse grained sand with green,
yellow, black, red, and white minerals or chips;
35% subrounded gravel up to 1.5" long. Well
graded, saturated. SW

21-23 ft. Weathered bedrock, some small
subrounded gravels, grayish brown (10YR5/2).
Wasatch

23-23.2 ft. Weathered bedrock mudstone, gray
(2.5YR 5/0) with a few fine, distinct, yellowish
brown (10YR 5/4) mottles. Fractured, moist.

23.2-25.7 ft. Drilled concrete plug - no recovery.

25.7-26.4 ft. Soft gray clay; saturated; highly
altered clay minerals; highly weathered.

26.4-33.6 ft. Claystone; highly weathered.

33.6-36.1 ft. Claystone grades down into
competent siltstone. Gray with yellow alteration
zones. Exhibits faint fissility.

36.1-36.3 ft. Lost.

36.3-44.2 ft. Alternating layers of moderately hard
siltstone and fine grained sandstone with
occasional coarse grained sand or pebble. Minor
2" soft and friable claystone zones. Grayish-green
to yellow mottles

44.2-48.9 ft. Soft brown claystone. Exhibits minor
fissility from 45.3-45.9. Rest is mostly massive
and soft.

48.9-51.1 ft. Sandstone, fine to medium grained;
subrounded to subangular light gray; poorly
graded. Slightly moist, a few altered feldspars, tiny
red, black, and orange mineral grains.

51.1-51.3 ft. Mudstone, gray (10YR 5/1); very soft
clay like, moist.

51.3-51.65 ft. Mudstone, weak red; slightly moist,
crumbly and soft.

51.65-54.3 ft. Mudstone, gray (10YR 5/1); many
medium, prominent yellowish brown (10YR 5/4)
mottles, slightly moist, vertical to horizontal
fractures.

5267.64 44.20 5262.94 48.90 CLAYSTONE

5262.94 48.90 5260.74 51.10 SANDSTONE

5260.74 51.10 5260.54 51.30 CLAYSTONE

5260.54 51.30 5260.19 51.65 CLAYSTONE

5260.19 51.65 5257.54 54.30 CLAYSTONE

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0646 3/10/99

TOP

Elev Depth

5257.54 54.30

5257.04 54.80

BOTTOM

Elev Depth

5257.04 54.80

5256.61 55.23

USCS
DESCRIPTION

CLAYSTONE

CLAYSTONE

LITHOLOGY DESCRIPTION

54.3-54.8 ft. Lost.

54.8-55.23 ft. Mudstone, same as above, slightly
harder.

55.23-55.8 ft. Lost.

55.8-56.05 ft. Mudstone, same as above.

56.05-59.5 ft. Lost.

5256.61

5256.04

5255.79

55.23

55.80

56.05

5256.04

5255.79

5252.34

55.80

56.05

59.50

I
I
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 below Mean Sea Level.



MONITORING WELL COMPLETION LOG RFO01-0647

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 625323.98 DATE DRILLED 5/5/98
LOCATION RIFLE, CO EAST COORD. (FT) 1358655.40 SURFACE ELEV. ( FT NGVD) 5311.72
SITE RIFLE HOLE DEPTH (FT) 42.00 TOP OF CASING (FT) 5313.03
WELL NUMBER 0647 WELL DEPTH (FT) 41.92 MEAS. PT. ELEV. (FT) 5313.03

SLOT SIZE (IN) 0.02
WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 9.34 / 7.38

SURFACE CASING: 8.625 in. Steel 0.0 to 25.0
BLANK CASING: 4 in. PVC Sch 40 -1.7 to 31.6 DRILLING METHOD ODEX/AIR ROTARY
WELL SCREEN: 4 in. Vee Wire Wrapped 31.6 to 41.6 SAMPLING METHOD
SUMP/END CAP: 4 in. PVC Sch 40 41.6 to 41.92 DATE DEVELOPED 5/5/98
SURFACE SEAL: Concrete 0.0 to 1.0 WATER LEVEL (FT BMP) 12.96
GROUT: Bentonite Grout 1.0 to 25.0 LOGGED BY L. Spencer
SEAL: Bentonite Pellets 25.0 to 28.0 REMARKS No samples collected
UPPER PACK: 20-40 Silica Sand 28.0 to 30.0
LOWER PACK: 10-20 Silica Sand 30.0 to 41.92

I
I
I
I
U
i
I
I
I
I
I

.r 5 Z 0 D WELL DIAGRAM LITHOLOGIC DESCRIPTION

-0- Concrete 0-I t. Fill, silty sand, yellowish brown 10YR 514); 60% fine grained
sand; 30% sift; 5% subrounded gravel up to 1.5" long; 5% clay. Well

5310- \graded, slight Plasticity, moist, a few roots. SM
5310- 1-2 ft. Fill, sandy gravel, yellowish brown (10YR 5/4); 70% subrounded

-5-
• 6-11.5 ft. Gravelly sand, 30% subrounded gravel; 65% fine grained

5305- sand; 5% silt. Well graded, moist. SW

_ _ . •40

-10-

5300- 11.5-14 ft. Silty sand, yellowish brown (10YR 5/4); 60% fine grained
sand; 30% silt; 5% subrounded gravel up to 1"; 5% clay. Well graded,

Bentonite slight plasticity, moist. SM
Grout

41-15 ft. Sifty sand, as above, but very dark gray (1OYR 3/1). No
-15gravel. SM

15-21 ft. Gravelly sand, dark grayish brown (10YR 4/2); 60% fine to
_ ....... coarse grained sand with green, yellow, black, red, and white minerals

or chips; 35% subrounded gravel up to 1.5" long. Well graded,
5295- saturated. SW

-20-

D21-23 ft. Weathered bedrock, some small subrounded gravels, grayish
5290- 6* *0 brown (10YR5/2). Wasatch

'23-23.2 ft. Weathered bedrock mudstone, gray (2.5YR 5/0) with a few

fine, distinct yellowish brown OYR 5/4) mottles. Fractured, moist.
23.2-25.7 ft. Drilled concrete plug - no recovery.

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 317/99
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MONITORING WELL COMPLETION LOG RFO01-0647

PROJECT UMTRA GROUND WATER WELL NUMBER 0647

SITE RIFLE DATES DRILLED 5/5/98

Continued from Previous Page

. cnzW D R I

a- M ~ W 0 W EL DARAM 0L LITHOLOGIC DESCRIPTION

-30-

5285-

5280-

5275-

I I .•.
Bentonite
Pelets

20-40
a- Silica

Sand

10-20
Silica
Sand

Vee Wire
Wrapped

•///•25.7-26.4 ft. Soft gray clay; saturated; highly altered clay minerals;
x x x x highlyweatheed.

x x x x 26.433.6 ft. Claystone; highlywaterd.

xxxx
xxxx
xxxx

xxxx
X X X X 3.-61f.Casoegae onit optn ittn.Ga

xxx
xxxx
xxxx
xxxxx Mxnor 2 s. andfibe crayes zon Grayih-gren toyellow
X X X X te

x xx x

..... x 3636.12 ft. Cteaytnegrlades down ineto copeen siltstone. Grayin

.. .. ......... winor yellow aleaind n bed ytn zones. Ex ibtfin yissility. yelo
.. .. . moxes

I
I
I
I
I
I
!
I
I
I
I
I
I
I
I

-35-

-40-

-45-

-50-

-55-

5270-

5265-

5260-

5255-

Total depth 42.0 ft.

Wi1U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 3/7/99
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Well Detail Report for: RFO01 0647 3/10/99

GENERAL INFORMATION

SITE: RIFLE (OLD) (RFO01)

LOCATION CODE: 0647

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 5313.03

SURFACE ELEVATION: 5311.72

BOTTOM ELEVATION: 5269.72

TOTAL DEPTH: 42.00

ZONE OF COMPLETION: WASATCH
FORMATION -
UNDIFFERENTIATED

SCREENING INFORMATION

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5283.72

5269.8

5280.12

5270.12

13.9

10.0

43.23

4

Depth

28.00

41.92

31.60

41.60

Lithology Details

TOP

Elev Depth

5311.72 0.00

BOTTOM

Elev Depth

5310.72 1.00

USCS
DESCRIPTION

FILL

5310.72 1.00 5309.72 2.00 FILL

5309.72 2.00 5305.72 6.00 SILTY SANDS

LITHOLOGY DESCRIPTION

0-1 ft. Fill, silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel up to 1.5" long; 5% clay. Well graded, slight
plasticity, moist, a few roots. SM

1-2 ft. Fill, sandy gravel, yellowish brown (10YR
5/4); 70% subrounded gravel to subangular; 25%
fine grained sand; 5% silt. Moist, well graded. GM

2-6 ft. Silty sand, same as 0-1 ft above. GM

6-11.5 ft. Gravelly sand, 30% subrounded gravel;
65% fine grained sand; 5% silt. Well graded,
moist. SW

11.5-14 ft. Silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel up to 1"; 5% clay. Well graded, slight
plasticity, moist. SM

14-15 ft. Silty sand, as above, but very dark gray
(10YR 3/1). No gravel. SM

5305.72 6.00 5300.22 11.50 WELL GRADED
GRAVELLY SAND

5300.22 11.50 5297.72 14.00 SILTY SANDS

5297.72 14.00 5296.72 15.00 SILTY SANDS

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0647 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5296.72 15.00 5290.72 21.00 WELL GRADED 15-21 ft. Gravelly sand, dark grayish brown (1OYR
GRAVELLY SAND 4/2); 60% fine to coarse grained sand with green,

yellow, black, red, and white minerals or chips;
35% subrounded gravel up to 1.5" long. Well
graded, saturated. SW

5290.72 21.00 5288.72 23.00 WELL GRADED 21-23 ft. Weathered bedrock, some small
GRAVEL subrounded gravels, grayish brown (10YR5/2).

Wasatch

5288.72 23.00 5288.52 23.20 CLAYSTONE 23-23.2 ft. Weathered bedrock mudstone, gray
(2.5YR 5/0) with a few fine, distinct, yellowish
brown (10YR 5/4) mottles. Fractured, moist.

5288.52 23.20 5286.02 25.70 23.2-25.7 ft. Drilled concrete plug - no recovery.

5286.02 25.70 5285.32 26.40 CLAYS 25.7-26.4 ft. Soft gray clay; saturated; highly
altered clay minerals; highly weathered.

5285.32 26.40 5278.12 33.60 CLAYSTONE 26.4-33.6 ft. Claystone; highly weathered.

5278.12 33.60 5275.62 36.10 CLAYSTONE 33.6-36.1 ft. Claystone grades down into
competent siltstone. Gray with yellow alteration
zones. Exhibits faint fissility.

5275.62 36.10 5275.42 36.30 36.1-36.3 ft. Lost.

5275.42 36.30 5269.72 42.00 SANDSTONE 36.3-42 ft. Alternating layers of moderately hard
siltstone and fine grained sandstone with
occasional coarse grained sand or pebble. Minor
2" soft and friable claystone zones. Grayish-green
to yellow mottles

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.

.
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MONITORING WELL COMPLETION LOG RFO01-0648

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 625696.30 DATE DRILLED 4/29/98
LOCATION RIFLE, CO EAST COORD. (FT) 1359345.21 SURFACE ELEV. (FT NGVD) 5311.78
SITE RIFLE HOLE DEPTH (FT) 60.00 TOP OF CASING (FT) 5313.28
WELL NUMBER 0648 WELL DEPTH (FT) 59.88 MEAS. PT. ELEV. (FT) 5313.28

SLOT SIZE (IN) 0.02
WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 9.34 / 7.38 / 2.99

SURFACE CASING: 8.625 in. Steel 0.0 to 25.0
BLANK CASING: 4 in. PVC Sch 40 -1.9 to 49.55 DRILLING METHOD ODEX/AIR ROTARY/CORE
WELL SCREEN: 4 in. Vee Wire Wrapped 49.55 to 59.55 SAMPLING METHOD CONTINUOUS CORE
SUMP/END CAP: 4 in. PVC Sch 40 59.55 to 59.88 DATE DEVELOPED 4130/98
SURFACE SEAL: WATER LEVEL (FT BMP) .16.92
GROUT: Bentonite Grout 0.0 to 42.5 LOGGED BY L. Spencer
SEAL: Bentonite Pellets 42.5 to 45.5 REMARKS
UPPER PACK: 20-40 Silica Sand 45.5 to 47.4
LOWER PACK: 10-20 Silica Sand 47.4 to 59.88

> Lz z =
CL z I Z 0 D WELL DIAGRAM 0o LITHOLOGIC DESCRIPTION
OLL ý O L W l. 00

- • 0-5 ft. Fill, silty sand, yellowish brown (1OYR 5/4); 60% fine grained
sand; 30% silt; 5% subrounded gravel up to 1/2" long; 5% clay. Well
graded, slight plasticity, moist. A few roots.

5310-

-5 5-13 ft. Fill, gravelly sand, yellowish brown (10YR 5/4); 60% fine
. _grained sand: 30% subrounded to subangular gravel up to 1" long; 5%

5305- • silt; 5% clay. Well graded, slight plasticity, moist. Wet at 11.0'.

-10 - PVC Sch
40

5300-

"6i'w W.4'". 13-14 ft. Sandy gravel; 75% subrounded gravel up to 3" long; 25% fine
- 6..k ... .. •. to medium grained sand. Well graded, saturated.

14-18 ft. Gravelly sand, dark yellowish brown (1OYR 5/4); 60% fine to

-15- -°T. medium grained sand; 35% subrounded gravel up to 1.5" long; 5% silt.
Well graded, saturated.

5295-

18-22 ft. Sandy gravel; 75% subrounded gravel up to 1.5" long; 25%
* >.• ." fine to coarse grained sand; yellow, black red minerals, tiny green
-_..b• chips. Saturated.-20-,e !

Bentonite .
5290 Grout *

x x x x 22-23.5 ft. Weathered bedrock, mudstone; olive (5Y 5/3). Crumbly.

x x x x moist. Wasatch Fm.

23.5-23.7 ft. Weathered bedrock, mudstone; light gray (2.5Y 7/0);
many coarse, prominent, yellowish brown (10YR 5/4) mottles; crumbly,

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 3 3/7/99
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MONITORING WELL COMPLETION LOG RFOOI-0648

PROJECT UMTRA GROUND WATER WELL NUMBER 0648

SITE RIFLE DATES DRILLED 4/29/98

Continued from Previous Page

>m ujC Z =0
- " M WELL DIAGRAM LITHOLOGIC DESCRIPTION

W F- co <.L-L

23.7-30 ft. Lost

-30-

-35-

-40-

5285-

5280-

5275-

5270-

5265-

5260-

5255-

24.5-29.8 ft.

29.8-34.2 ft.

34.2-39.2 ft.

39.2-45.2 ft.

45.2-49.9 ft.

49.9-56.5 ft.

x xx xx xx x
x x xx
x x xx
x xx x
x - -

x xx x

x xx x
x x xx
x xx x
x x xx
x xx x
Vx x x

x xx x
)x xx x

\30.25-30.35 ft. Lost

30.35-30.75 ft. Sandstone, very fine grained sand, gry (1OYR 5/1);
vertical fracture -0.3' long, yellowish brown iron (?) stain. Dry.
30.75-30.85 ft. Lost
30.85-32.1 ft. Mudstone, gray (2.5Y 510) with many coarse, prominent,
yellowish brown (10YR 5/4) mottles. Vertical to horizontal fractures,
wet.
32.1-32.25 ft. Lost.
32.25-33.33 ft. Mudstone, same as above.
33.33-34.2 ft. Lost.
34.2-34.85 ft. Mudstone, same as above.
34.85-34.95 ft. Lost.
34.95-35.55 ft. Mudstone. same as above.

30-30.25 ft. Mudstone, gray (10YR 5/1) many coarse prominent, brown
(1OYR 5/3) mottles; crumbly; horizontal and vertical fractures. Fairly
soft.

35.55-38.89 ft. Mudstone, gray (2.5Y 5/0) with many coarse,
prominent, weak red (2.5YR 5/2) mottles. Vertical to horizontal
frnr.tlrjrs mnnist A f~ wnhits tn rI¢_ ,-lnr ¢•ita nn,-li let ,j~a crnchl .nft

I
I
I

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

fractures& moist A few white to clear calcite nodules ve- small Soft
38.89-41.5 ft. Lost

-45-

-50-

-55-

Bentonite
Pellets

20-40
I- Silica

Sand

10-20
I- Silica

Sand

Vee Wire
Wrapped

x x x x -41.5-42.15 ft. Mudstone, dark gray (7.5YR 4/0)withafew, fine, faint,
light yellowish brown (1OYR 6/4) mottles, slightly fractured, mostly
verical, slightly moist.
42.15-44.45 ft. Lost.

x x x x 44.45-45.2 ft. Mudstone, same as above, more fractures.
x• x x x
x x x x 45.2-46.37 ft. Mudstone, dark gray (7.5YR 4/0) with common medium,

Sx x x distinct, yellowish brown (10YR 5/4) mottles, vertical to horizontally
" x x x fractured; slightly moist.
x x x x 46.37-46.47 ft. Lost
x x x x 46.47-47.91 ft. Mudstone, same as above.

x 47.91-48.01 ft. Lost
x x x \48.01-48.23 ft. Mudstone, same as above.
x x x X 48.23-49.57 ft. Mudstone, weak red (1OR 5/3) with common medium,
x x x x \distinct, yellowish brown (1OYR 5/4) mottles.

x x x x 49.57-55.63 ft. Silty mudstone, harder, gray (5YR 5/1) with many,
x x x x medium, prominent, yellowish brown (1OYR 5/4) mottles and some
x x x x common medium, distinct, weak red (10R 5/3) mottles. Vertical to
x x x x horizontally fractured, slightly moist. Gray (10YR 5/1) nodules and

x x x x bioturbated fine grained sandstone at 53.57, 54.46, and 54.75-55.53.
x x x x
x x x x
x x x x
x x x x
x x x x
x x x x

x x x x

x x x x 55.63-56.18 ft. Mudstone, weak red (10R 5/3) with common, medium
x ' 'x ' distinct, yellowish brown (10YR 5/4) mottles, vertical to horizontallyE

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 3 3/7/99
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MONITORING WELL COMPLETION LOG RFO01-0648

PROJECT UMTRA GROUND WATER WELL NUMBER 0648

SITE RIFLE DATES DRILLED 4/29/98

Continued from Previous Paqe
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WELL DIAGRAM

C.,

=0 LITHOLOGIC DESCRIPTION

56.5-59.8 ftU.'.I -'-
x
x
x
x
x

x
x
X
x
X

x
x
X
x
X

x
x
xX
x

56.18-56.45 ft. Silty mudstone, harder, gray (5YR 5/1) with many
medium, prominent, yellowish brown (10YR 5/4) mottles. Vertical and
horizontally fractured, slightly moist.

'ýfractured. Slightly moist.

56.45-57.03 ft. Mudstone, reddish brown (5YR 4/3); vertical and
IIhnri~nntnI fr~ltrmrr• •linhth, mn.~it

_______ f- - i t os
57.03-59.08 ft. Mudstone, fairly soft, gray (5YR 5/1) with common,
medium, distinct yellowish brown (1OYR 5/4) and weak red (1OR 5/3)
mnttles
mottles159 08-60 ft Lost

Total depth 60.0 ft.

I F - 114 1-
U.S. DEPARTMENT OF ENERGY

GRAND JUNCTION OFFICE, COLORADO PAGE 3 OF 3 317/99



Well Detail Report for: RFO01 0648 3/10/99

GENERAL INFORMATION

SITE: RIFLE (OLD) (RFO01)

LOCATION CODE: 0648

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 5313.28

SURFACE ELEVATION: 5311.78

BOTTOM ELEVATION: 5251.78

TOTAL DEPTH: 60.00

ZONE OF COMPLETION: WASATCH
FORMATION -
UNDIFFERENTIATED

SCREENING INFORMATION

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5266.28

5251.9

5262.23

5252.23

14.4

10.0

61.38

4

Depth

45.50

59.88

49.55

59.55

Lithology Details

TOP

Elev Depth

5311.78 0.00

BOTTOM

Elev Depth

5306.78 5.00

USCS
DESCRIPTION

FILL

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

5306.78 5.00 5298.78 13.00 FILL

5298.78 13.00 5297.78 14.00 WELL GRADED
SANDY GRAVEL

5297.78 14.00 5293.78 18.00 WELL GRADED
GRAVELLY SAND

5293.78 18.00 5289.78 22.00 WELL GRADED
SANDY GRAVEL

LITHOLOGY DESCRIPTION

0-5 ft. Fill, silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel up to 1/2" long; 5% clay. Well graded, slight
plasticity, moist. A few roots.

5-13 ft. Fill, gravelly sand, yellowish brown (10YR
5/4); 60% fine grained sand; 30% subrounded to
subangular gravel up to 1" long; 5% silt; 5% clay.
Well graded, slight plasticity, moist. Wet at 11.0'.

13-14 ft. Sandy gravel; 75% subrounded gravel
up to 3" long; 25% fine to medium grained sand.
Well graded, saturated.

14-18 ft. Gravelly sand, dark yellowish brown
(10YR 5/4); 60% fine to medium grained sand;
35% subrounded gravel up to 1.5" long; 5% silt.
Well graded, saturated.

18-22 ft. Sandy gravel; 75% subrounded gravel
up to 1.5" long; 25% fine to coarse grained sand;
yellow, black red minerals, tiny green chips.
Saturated.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0648 3/10/99

TOP

Elev Depth

5289.78 22.00

BOTTOM

Elev Depth

5288.28 23.50

USCS
DESCRIPTION

CLAYSTONE

5288.28 23.50 5288.08 23.70 CLAYSTONE

5288.08

5281.78

5281.53

5281.43

5281.03

5280.93

5279.68

5279.53

5278.45

5277.58

5276.93

5276.83

5276.23

5272.89

5270.28

23.70

30.00

30.25

30.35

30.75

30.85

32.10

32.25

33.33

34.20

34.85

34.95

35.55

38.89

41.50

5281.78

5281.53

5281.43

5281.03

5280.93

5279.68

5279.53

5278.45

5277.58

5276.93

5276.83

5276.23

5272.89

5270.28

5269.63

30.00

30.25

30.35

30.75

30.85

32.10

32.25

33.33

34.20

34.85

34.95

35.55

38.89

41.50

42.15

CLAYSTONE

SANDSTONE

CLAYSTONE

CLAYSTONE

CLAYSTONE

CLAYSTONE

CLAYSTONE

CLAYSTONE

LITHOLOGY DESCRIPTION

22-23.5 ft. Weathered bedrock, mudstone; olive
(5Y 5/3). Crumbly, moist. Wasatch Fm.

23.5-23.7 ft. Weathered bedrock, mudstone; light
gray (2.5Y 7/0); many coarse, prominent,
yellowish brown (10YR 5/4) mottles; crumbly,
moist, fractured.

23.7-30 ft. Lost

30-30.25 ft. Mudstone, gray (10YR 5/1) many
coarse prominent, brown (10YR 5/3) mottles;
crumbly; horizontal and vertical fractures. Fairly
soft.

30.25-30.35 ft. Lost

30.35-30,75 ft. Sandstone, very fine grained sand,
gry (10YR 5/1); vertical fracture -0.3' long,
yellowish brown iron (?) stain. Dry.

30.75-30.85 ft. Lost

30.85-32.1 ft. Mudstone, gray (2.5Y 5/0) with
many coarse, prominent, yellowish brown (10YR
5/4) mottles. Vertical to horizontal fractures, wet.

32.1-32.25 ft. Lost.

32.25-33.33 ft. Mudstone, same as above.

33.33-34.2 ft. Lost.

34.2-34.85 ft. Mudstone, same as above.

34.85-34.95 ft. Lost.

34.95-35.55 ft. Mudstone, same as above.

35.55-38.89 ft. Mudstone, gray (2.5Y 5/0) with
many coarse, prominent, weak red (2.5YR 5/2)
mottles. Vertical to horizontal fractures; moist. A
few white to clear calcite nodules, very small. Soft.

38.89-41.5 ft. Lost

41.5-42.15 ft. Mudstone, dark gray (7.5YR 4/0)
with a few, fine, faint, light yellowish brown (10YR
6/4) mottles, slightly fractured, mostly verical,
slightly moist.

42.15-44.45 ft. Lost.5269.63 42.15 5267.33 44.45

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Well Detail Report for: RFO01 0648 3/10/99

TOP

Elev Depth

BOTTOM USCS

Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION I

5267.33 44.45 5266.58 45.20 CLAYSTONE

5266.58 45.20 5265.41 46.37 CLAYSTONE

5265.41 46.37 5265.31 46.47

5265.31 46.47 5263.87 47.91 CLAYSTONE

5263.87 47.91 5263.77 48.01

5263.77 48.01 5263.55 48.23 CLAYSTONE

5263.55 48.23 5262.21 49.57 CLAYSTONE

5262.21 49.57 5256.15 55.63 CLAYSTONE

5256.15 55.63 5255.6 56.18 CLAYSTONE

5255.6 56.18 5255.33 56.45 CLAYSTONE

5255.33 56.45 5254.75 57.03 CLAYSTONE

5254.75 57.03 5252.7 59.08 CLAYSTONE

5252.7 59.08 5251.78 60.00

44.45-45.2 ft. Mudstone, same as above, more
fractures.

45.2-46.37 ft. Mudstone, dark gray (7.5YR 4/0)
with common medium, distinct, yellowish brown
(10YR 5/4) mottles, vertical to horizontally
fractured; slightly moist.

46.37-46.47 ft. Lost

46.47-47.91 ft. Mudstone, same as above.

47.91-48.01 ft. Lost

48.01-48.23 ft. Mudstone, same as above.

48.23-49.57 ft. Mudstone, weak red (1OR 5/3) with
common medium, distinct, yellowish brown (10YR
5/4) mottles.

49.57-55.63 ft. Silty mudstone, harder, gray (5YR
5/1) with many, medium, prominent, yellowish
brown (1OYR 5/4) mottles and some common
medium, distinct, weak red (1OR 5/3) mottles.
Vertical to horizontally fractured, slightly moist.
Gray (10YR 5/1) nodules and bioturbated fine
grained sandstone at 53.57, 54.46, and 54.75-
55.53.

55.63-56.18 ft. Mudstone, weak red (1OR 5/3) with
common, medium distinct, yellowish brown (10YR
5/4) mottles. vertical to horizontally fractured.
Slightly moist.

56.18-56.45 ft. Silty mudstone, harder, gray (5YR
5/1) with many medium, prominent, yellowish
brown (1OYR 5/4) mottles. Vertical and
horizontally fractured, slightly moist.

56.45-57.03 ft. Mudstone, reddish brown (5YR
4/3); vertical and horizontal fractures, slightly
moist.

57.03-59.08 ft. Mudstone, fairly soft, gray (5YR
5/1) with common, medium, distinct yellowish
brown (1OYR 5/4) and weak red (1OR 5/3) mottles.

59.08-60 ft Lost

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

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
V.



MONITORING WELL COMPLETION LOG RFOOI-0649

PROJECT UMTRA GROUNDWATER NORTH
LOCATION RIFLE, CO EAST C(
SITE RIFLE HOLE Dl
WELL NUMBER 0649 WELL DI

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMP/END CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION
8.625 in. Steel
4 in. PVC Sch 40
4 in. Vee Wire Wrapped
4 in. PVC Sch 40

Bentonite Grout
Bentonite Pellets
20-40 Silica Sand
10-20 Silica Sand

COORD. (FT) 625701.28 DATE DRILLED 5/6/98
)ORD. (FT) 1359336.52 SURFACE ELEV. (FT NGVD) 5311.71
EPTH (FT) 42.00 TOP OF CASING (FT) 5313.16
EPTH (FT) 41.32 MEAS. PT. ELEV. (FT) 5313.16

SLOT SIZE (IN) 0.02
INTERVAL (FT) BIT SIZE(S) (IN) 9.34 / 7.38

0.0 to 26.0
-1.9 to 31.0 DRILLING METHOD ODEX/AIR ROTARY
31.0 to 41.0 SAMPLING METHOD
41.0 to 41.32 DATE DEVELOPED 5/6/98

WATER LEVEL (FT BMP) 10.87
0.0 to 25.0 LOGGED BY L. Spencer
25.0 to 28.0 REMARKS No samples collected
28.0 to 29.0
29.0 to 41.32

S . co, - 0:

a_ -.u W CL - WELL DIAGRAM o LITHOLOGIC DESCRIPTION

U.0 LL m -

__ ~0-5 ft. Fill, silty sand, yellowish brown (10YR 5/4); 60% fine grained
sand; 30% silt; 5% subrounded gravel up to 1/2" long; 5% clay. Well

5310-- graded, slight plasticity, moist. A few roots.

-- 5 -- - PVC5-13 ft. Fill, gravelly sand, yellowish brown (1OYR 5/4); 60% fine
P grained sand; 30% subrounded to subangular gravel up to 1" long; 5%

5305 40 silt; 5% clay. Well graded, slight plasticity, moist. Wet at 11.0'.

-10-

5300-
Bentonite
Grout I_____________________________________

13-14 ft. Sandy gravel; 75% subrounded gravel up to 3" long; 25% fine
44 . to medium grained sand. Well graded, saturated.

14-18 ft. Gravelly sand, dark yellowish brown (lOYR 5/4); 60% fine to
-15- medium grained sand; 35% subrounded gravel up to 1.5" long; 5% silt.

Well graded, saturated.

5295-

18-22 ft. Sandy gravel; 75% subrounded gravel up to 1.5" long; 25%
"o fine to coarse grained sand; yellow, black red minerals, tiny green

b chips. Saturated.
-20- - .,

.4".

5290 &_________________________

X X x X 22-23.5 ft. Weathered bedrock, mudstone; olive (5Y 5/3). Crumbly,

x x x x moist. Wasatch Fm.

23.5-23.7 ft. Weathered bedrock, mudstone; light gray (2.5Y 7/0);
many coarse, prominent, yellowish brown (1OYR 5/4) mottles: crumbly,

SU.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 3/7/99
GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL COMPLETION LOG RFO01-0649

PROJECT UMTRA GROUND WATER WELL NUMBER 0649

SITE RIFLE DATES DRILLED 5/6/98

Continued from Previous PageI- 0 :;>
WELL DIAGRAM o LITHOLOGIC DESCRIPTION

OLJw•0 0  < wn
_ _c,_ _ _ _ _ _ _ _ _ _ _ _

-30-

5285-

5280-

5275-

moist, fractured.
23.7-30 ft. Lost

Bentonite
Pellets

20-40
I--- Silica

Sand
10-20
Silica
Sand

Vee Wire
Wrapped

-35-

xvxv
x'xxx

xxxx
xxxx

xxxx
xxxx

xxxx

xxxx

xxxx

xxxx
xxxx
xxxx
xxxx
xxxx
xxxx
xxxx

x xx x

30.25-30.35 ft. Lost
30.35-30.75 ft. Sandstone, very fine grained sand, gry (1OYR 5/1):

30.75-30.85 ft. Lost
30.85-32.1 ft. Mudstone, gray (2.5Y 5/0) with many coarse, prominent,
yellowish brown (1OYR 5/4) mottles. Vertical to horizontal fractures,
wet.
32.1-32.25 ft. Lost
32.25-33.33 ft. Mudstone, same as above.
33.33-34.2 ft. Lost
34.2-34.85 ft. Mudstone, same as above.
34.85-34.95 ft. Lost
34.95-35.55 ft. Mudstone. same as above.

30-30.25 ft. Mudstone, gray (10YR 5/1) many coarse prominent, brown
(10YR 5/3) mottles; crumbly; horizontal and vertical fractures. Fairly
soft.

40-

-45-

-50-

5270-

35.55-38.89 ft. Mudstone, gray (2.5Y 5/0) with many coarse,
prominent, weak red (2.5YR 5/2) mottles. Vertical to horizontal
fractures: moist. A few white to clear calcite nodules, very small. Soft.
38.89-41.5 ft. Lost

I
I
I,
I
I
I
I
I
I
I
I
U
I
I
I
I
I
I
U

xxxx 41.5-42 ft. Mudstone, dark gray (7.5YR 4/0) with a few, fine, faint, light
yellowish brown (1OYR 6/4) mottles, slightly fractured, mostly verical,
sliahtlv moist.

Total depth 42.0 ft.

5265-

5260-

-55-

5255-

U.S DEPARTMENT OF ENERGY PAGE 2 OF 2 317/99
GRAND JUNCTION OFFICE, COLORADO



Well Detail Report for: RFO01 0649 3/10/99

GENERAL INFORMATION

SITE: RIFLE (OLD) (RFO01)

LOCATION CODE: 0649

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 5313.16

SURFACE ELEVATION: 5311.71

BOTTOM ELEVATION: 5269.71

TOTAL DEPTH: 42.00

ZONE OF COMPLETION: WASATCH
FORMATION -
UNDIFFERENTIATED

SCREENING INFORMATION

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5283.71

5270.39

5280.71

5270.71

13.3

10.0

42.77

4

Depth

28.00

41.32

31.00

41.00

Lithology Details

TOP

Elev Depth

5311.71 0.00

BOTTOM

Elev Depth

5306.71 5.00

USCS
DESCRIPTION

FILL

5306.71 5.00 5298.71 13.00 FILL

5298.71 13.00 5297.71 14.00 WELL GRADED
SANDY GRAVEL

5297.71 14.00 5293.71 18.00 WELL GRADED
GRAVELLY SAND

5293.71 18.00 5289.71 22.00 WELL GRADED
SANDY GRAVEL

LITHOLOGY DESCRIPTION

0-5 ft. Fill, silty sand, yellowish brown (1OYR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel up to 1/2" long; 5% clay. Well graded, slight
plasticity, moist. A few roots.

5-13 ft. Fill, gravelly sand, yellowish brown (10YR
5/4); 60% fine grained sand; 30% subrounded to
subangular gravel up to 1" long; 5% silt; 5% clay.
Well graded, slight plasticity, moist. Wet at 11.0'.

13-14 ft. Sandy gravel; 75% subrounded gravel
up to 3" long; 25% fine to medium grained sand.
Well graded, saturated.

14-18 ft. Gravelly sand, dark yellowish brown
(10YR 5/4); 60% fine to medium grained sand;
35% subrounded gravel up to 1.5" long; 5% silt.
Well graded, saturated.

18-22 ft. Sandy gravel; 75% subrounded gravel
up to 1.5" long; 25% fine to coarse grained sand;
yellow, black red minerals, tiny green chips.
Saturated.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0649 3/10/99

uSCs
TOP

Elev Depth

5289.71 22.00

5288.21 23.50

BOTTOM

Elev Depth

5288.21 23.50

USCS
DESCRIPTION

CLAYSTONE

5288.01

5281.71

5281.46

5281.36

5280.96

5280.86

5279.61

5279.46

5278.38

5277.51

5276.86

5276.76

5276.16

5272.82

5270.21

23.70

30.00

30.25

30.35

30.75

30.85

32.10

32.25

33.33

34.20

34.85

34.95

35.55

38.89

41.50

5288.01

5281.71

5281.46

5281.36

5280.96

5280.86

5279.61

5279.46

5278.38

5277.51

5276.86

5276.76

5276.16

5272.82

5270.21

5269.71

23.70 CLAYSTONE

30.00

30.25

30.35

30.75

30.85

32.10

32.25

33.33

34.20

34.85

34.95

35.55

38.89

41.50

42.00

CLAYSTONE

SANDSTONE

CLAYSTONE

CLAYSTONE

CLAYSTONE

CLAYSTONE

CLAYSTONE

CLAYSTONE

LITHOLOGY DESCRIPTION

22-23.5 ft. Weathered bedrock, mudstone; olive
(5Y 5/3). Crumbly, moist. Wasatch Frm.

23.5-23.7 ft. Weathered bedrock, mudstone; light
gray (2.5Y 7/0); many coarse, prominent,
yellowish brown (10YR 5/4) mottles; crumbly,
moist, fractured.

23.7-30 ft. Lost

30-30.25 ft. Mudstone, gray (10YR 5/1) many
coarse prominent, brown (10YR 5/3) mottles;
crumbly; horizontal and vertical fractures. Fairly
soft.

30.25-30.35 ft. Lost

30.35-30.75 ft. Sandstone, very fine grained sand,
gry (10YR 5/1); vertical fracture -0.3' long,
yellowish brown iron (?) stain. Dry.

30.75-30.85 ft. Lost

30.85-32.1 ft. Mudstone, gray (2.5Y 5/0) with
many coarse, prominent, yellowish brown (10YR
5/4) mottles. Vertical to horizontal fractures, wet.

32:1-32.25 ft. Lost

32.25-33.33 ft. Mudstone, same as above.

33.33-34.2 ft. Lost

34.2-34.85 ft. Mudstone, same as above.

34.85-34.95 ft. Lost

34.95-35.55 ft. Mudstone, same as above.

35.55-38.89 ft. Mudstone, gray (2.5Y 5/0) with
many coarse, prominent, weak red (2.5YR 5/2)
mottles. Vertical to horizontal fractures; moist. A
few white to clear calcite nodules, very small. Soft.

38.89-41.5 ft. Lost

41.5-42 ft. Mudstone, dark gray (7.5YR 4/0) with a
few, fine, faint, light yellowish brown (10YR 6/4)
mottles, slightly fractured, mostly verical, slightly
moist.

I
I
I
I
I
I
I
I
I
I
1
I
I
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



MONITORING WELL COMPLETION LOG RF001 -0654
PROJECT UMTRA GROUND WATER
LOCATION RIFLE, CO
SITE RIFLE
WELL NUMBER 0654

WELL INSTALLA
SURFACE CASING:
BLANK CASING: 2 in. PVC Sch 40
WELL SCREEN: 2 in. Vee Wire Wra
SUMP/END CAP: 2 in. PVC Sch 40
SURFACE SEAL: Concrete
GROUT:
SEAL: Bentonite Pellets
UPPER PACK: 20-40 Silica Sand
LOWER PACK: 10-20 Silica Sand

MONITORING WELL COMPLETION LOG RFO01-0654NORTH COORD. (FT) 625483
EAST COORD. (FT) 1358927
HOLE DEPTH (FT) 33.74
WELL DEPTH (FT) 33.74

ION INTERVAL (FT)T

ipped
-1.7
8.16
33.16
0.0

2.0
5.0
6.0

to
to
to
to

to
to
to

8.16
33.16
33.74
2.0

5.0
6.0
33.74

.88 DATE DRILLED 4/16/98
.12 SURFACE ELEV. ( FT NGVD) 5312.31

TOP OF CASING (FT) 5313.65
MEAS. PT. ELEV. (FT) 5313.65
SLOT SIZE (IN) 0.02
BIT SIZE(S) (IN) 7.0

DRILLING METHOD ODEX - CASING ADVANCE
SAMPLING METHOD SPLIT SPOON
DATE DEVELOPED 4/16/98
WATER LEVEL (FT BMP) 14.16
LOGGED BY L. Spencer
REMARKS

LITHOLOGIC DESCRIPTION

Fill, silty sand, yellowish brown (1OYR 5/4); 60% fine grained
30% silt; 5% subrounded gravels; 5% clay. Well graded, slight
city, moist. A few roots.

14-18 ft. Sand, tine ti
sand, 10% subround
saturated, no plastici

18-18.5 ft. Same as
18.5-33.5 ft. Intermitt

Vee Wire " "
Wrapped

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

medium grained, dark brown (10YR 4/3); 80%
ed gravel up to 1": 10% silt. Poorly graded,
ty.

above, sand only.
ent gravelly sands and sandy gravels.

I -f==e PAGE 1 OF 2 3/'7/99



MONITORING WELL COMPLETION LOG RFOOI-0654

PROJECT UMTRA GROUND WATER WELL NUMBER 0654

SITE RIFLE DATES DRILLED 4/16/98

Continued from Previous Page

LTOO> D 3:0a_ J 11.10-0 WELL DIAGRAM LITHOLOGIC DESCRIPTION
O U. l,- -1CaL)U

-30-

-35-

-4 0 --

5285-

5280-

5275-

5270-

5265-

5260-

oM

33.5-33.7 ft.=
33.5-33.7 ft. Weathered bedrock, mudstone, light yellowish brown
(2. 5Y 614): nrumhlv sliohtlv moist Poor smanle

Total depth 33.7 ft.

I
I
I
I
I
I
U

I
I
I
I
I
I
I
I
I
I

-45-

-50-

-55-

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 3/7/99
GRAND JUNCTION OFFICE, COLORADO



Well Detail Report for: RFO01 0654 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIF

LOCATION CODE: 065

DECOMMISSIONED: No

DAMAGED: No

TOC ELEVATION: 53

SURFACE ELEVATION: 53

BOTTOM ELEVATION: 52

TOTAL DEPTH: 3

ZONE OF COMPLETION: ALL

"LE (OLD) (RFO01)

54

113.65

112.31

278.61

3.70

LUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5307.31

5278.57

5304.15

5279.15

28.7

25.0

35.080

2

Depth

5.00

33.74

8.16

33.16

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

5312.31 0.00 5306.31 6.00 FILL

5306.31 6.00 5298.31 14.00 WELL GRADED
GRAVELLY SAND

5298.31 14.00 5294.31 18.00 POORLY
GRADED SANDS

5294.31 18.00 5293.81 18.50 POORLY
GRADED SANDS

5293.81 18.50 5278.81 33.50 POORLY
GRADED
GRAVELLY SAND

5278.81 33.50 5278.61 33.70 CLAYSTONE

LITHOLOGY DESCRIPTION

0-6 ft. Fill, silty sand, yellowish brown (IOYR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravels; 5% clay. Well graded, slight plasticity,
moist. A few roots.

6-14 ft. Gravelly sand, dark brown (10YR 4/3);
60% fine grained sand; 35% subrounded gravel
up to 3" long; 5% silt. Well graded, saturated at
12'.

14-18 ft. Sand, fine to medium grained, dark
brown (10YR 4/3); 80% sand, 10% subrounded
gravel up to 1"; 10% silt. Poorly graded, saturated,
no plasticity.

18-18.5 ft. Same as above, sand only.

18.5-33.5 ft. Intermittent gravelly sands and sandy
gravels.

33.5-33.7 ft. Weathered bedrock, mudstone, light
yellowish brown (2.5Y 6/4); crumbly, slightly
moist. Poor smaple.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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MONITORING WELL COMPLETION LOG RFO01-0655

PROJECT UMTRA GROUND WATER
LOCATION RIFLE, CO
SITE RIFLE
WELL NUMBER 0655

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMPIEND CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLAT

4 in. PVC Sch 40
4 in. Vee Wire Wra
4 in. PVC Sch 40
Concrete
Bentonite Chips
Bentonite Pellets
20-40 Silica Sand
10-20 Silica Sand

NORTH COORD. (FT) 625706.33 DATE DRILLED 4/23/98
EAST COORD. (FT) 1359344.17 SURFACE ELEV. ( FT NGVD) 5311.82
HOLE DEPTH (FT) 24.00 TOP OF CASING (FT) 5312.87
WELL DEPTH (FT) 23.93 MEAS. PT. ELEV. (FT) 5312.87

SLOT SIZE (IN) 0.02
ION INTERVAL (FT) BIT SIZE(S) (IN) 9.34

-1.4 to 13.6 DRILLING METHOD ODEX - CASING ADVANCE
pped 13.6 to 23.6 SAMPLING METHOD

23.6 to 23,93 DATE DEVELOPED 4/24/98
0.0 to 1.0 WATER LEVEL (FT BMP) .11.64
1.0 to 9.0 LOGGED BY L. Spencer
9.0 to 11.0 REMARKS No samples collected
11.0 to 12.0
12.0 to 23.93

!Y7Y

0
M

UJI
'0 L

W

U-

-Jo
0v=

2

-J
a.

Ci

z
W

W

n

I
WELL DIAGRAM CL, LITHOLOGIC DESCRIPTION

- I -

-5-
5-13 ft. Fill, gravelly sand, yellowish brown (IOYR 5/4); 60% fine
grained sand; 30% subrounded to subangular gravel up to 1" long; 5%
silt; 5% clay. Well graded, slight plasticity, moist. Wet at 11'.

-10-

P..] 13-14 ft. Sandy gravel; 75% subrounded gravel up to 3" long; 25% fine
to medium nrained sand Well nraded saturated

-15-
14-18 ft. Gravelly sand, dark yellowish brown (10YR 5/4); 60% fine to
medium grained sand; 35% subrounded gravel up to 1.5" long; 5% silt.
Well graded, saturated.

-20-

18-22 ft. Sandy gravel; 75% subrounded gravel up to 1.5" long; 25%
9 fine to coarse grained sand, yellow, black, red mineral grains and tiny

. green chips in sands; saturated.

x X X )( 22-23.5 ft. Weathered bedrock, mudstone, olive (5Y 5/3); crumbly,

x x x x moist. Wasatch.

x x x 23.5-23.7 ft. Weathered bedrock, mudstone, light gray (2.5Y 7/0);
many coarse, prominent, yellowish brown (10YR 5!4) mottles; crumbly,

I

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 31199
GRAND JUNCTION OFFICE, COLORADO



MONITORING WELL COMPLETION LOG RFO01 -0655

PROJECT UMTRA GROUND WATER WELL NUMBER 0655

SITE RIFLE DATES DRILLED 4/23/98

Continued from Previous Page

o a 0 z WELL DIAGRAM 0, LITHOLOGIC DESCRIPTION

1 moist, fractured. Total depth 24.0 ft.

I U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 3/7/99hlI I - F@ GRAND JUNCTION OFFICE, COLORADO



Well Detail Report for: RFO01 0655 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0655

No

No

5312.87

5311.82

5287.82

24.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASING-DIAMETER (in.):

Elev

5300.82

5287.89

5298.22

5288.22

12.9

10.0

24.98

4

Depth

11.00

23.93

13.60

23.60

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

5311.82 0.00 5306.82 5.00 FILL

5306.82 5.00 5298.82 13.00 FILL

5298.82 13.00 5297.82

5297.82 14.00 5293.82

14.00 WELL GRADED
SANDY GRAVEL

18.00 WELL GRADED
GRAVELLY SAND

LITHOLOGY DESCRIPTION

0-5 ft. Fill, silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel up to .5' long; 5% clay. Well graded, slight
plasticity, moist. A few small roots.

5-13 ft. Fill, gravelly sand, yellowish brown (1OYR
5/4); 60% fine grained sand; 30% subrounded to
subangular gravel up to 1" long; 5% silt; 5% clay.
Well graded, slight plasticity, moist. Wet at 11'.

13-14 ft. Sandy gravel; 75% subrounded gravel
up to 3" long; 25% fine to medium grained sand.
Well graded, saturated.

14-18 ft. Gravelly sand, dark yellowish brown
(1OYR 5/4); 60% fine to medium grained sand;
35% subrounded gravel up to 1.5" long; 5% silt.
Well graded, saturated.

18-22 ft. Sandy gravel; 75% subrounded gravel
up to 1.5" long; 25% fine to coarse grained sand,
yellow, black, red mineral grains and tiny green
chips in sands; saturated.

22-23.5 ft. Weathered bedrock, mudstone, olive
(5Y 5/3); crumbly, moist. Wasatch.

5293.82 18.00 5289.82 22.00 WELL GRADED
SANDY GRAVEL

5289.82 22.00 5288.32 23.50 CLAYSTONE

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0655 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5288.32 23.50 5287.82 24.00 CLAYSTONE 23.5-23.7 ft. Weathered bedrock, mudstone, light
gray (2.5Y 7/0); many coarse, prominent,
yellowish brown (10YR 5/4) mottles; crumbly,
moist, fractured.

I

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

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



MONITORING WELL COMPLETION LOG RFOOI-0656

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 625677.35 DATE DRILLED 4/8/98
LOCATION RIFLE, CO EAST COORD. (FT) 1360119.30 SURFACE ELEV. (FT NGVD) 5310.92
SITE RIFLE HOLE DEPTH (FT) 22.20 TOP OF CASING (FT) 5313.28
WELL NUMBER 0656 WELL DEPTH (FT) 21.93 MEAS. PT. ELEV. (FT) 5313.28

SLOT SIZE (IN) 0.02
WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 7.0

SURFACE CASING:

BLANK CASING: 2 in. PVC Sch 40 -2.73 to 6.35 DRILLING METHOD ODEX - CASING ADVANCE

WELL SCREEN: 2 in. Vee Wire Wrapped 6.35 to 21.35 SAMPLING METHOD SPLIT SPOON
SUMP/END CAP: 2 in. PVC Sch 40 21.35 to 21.93 DATE DEVELOPED 4/8/98
SURFACE SEAL: Concrete 0.0 to 2.0 WATER LEVEL (FT BMP) 10.77
GROUT: LOGGED BY L. Spencer
SEAL: Bentonite Pellets 2.0 to 4.0 REMARKS
UPPER PACK: 20-40 Silica Sand 4.0 to 5.0
LOWER PACK: 10-20 Silica Sand 5.0 to 21.93

•- .o ... V __
w) 2

0 0 -J LuCo -. 0 WELL DIAGRAM 0 LITHOLOGIC DESCRIPTION

0L LL. 0 W F,, I

0-6.5 ft. Fill, silty sand, dark yellowish brown (IOYR 4/4); 60% sand;
5310- Concrete 30% silt; 5% subrounded gravel up to 1" long; 5% clay. Well graded,

moist, slight plasticity. A few roots/root hairs.

Bentonite
Pellets

2040
a1 Silica

Stlica--5 -- Sand

5305-

.5-8.1 ft. Gravelly sand, dark yellowish brown (1OYR 4/4); 60% fine
grained sand; 30% subrounded gravel; 5% silt; 5% clay. Well graded,

X slight Plasticity, moist.
32 8.1-10 ft. Silty sand, dark brown (1OYR 4/3); 90% fine grained sand;
_2 5% silt; 5% subrounded gravel up to 1.5" long. Poorly graded, slight

10-20 plasticity, moist to 8.8'; saturated from 8.8'.-- 1 0-- ---- silica
10 0Sicand 10-20.5 ft. Gravelly sand, dark brown (1OYR 4/3); 60% fine grained

5300 sand; 35% subrounded gravel up to 3" long; 5% silt. Well graded,
saturated.

-7o-v
Vee Wire
Wrapped

15-
5295-

-20
5290- x x x X 20.5-22.2 ft. Weathered bedrock, mudstone, gray (10YR 5/1) with

x limonite staining, somewhat fractured. At 22.0' mudstone is weak red
50'6' 22-22.2 ft. x x x x (2.5YR 5/2), crumbly, wet.

Total depth 22.2 ft.

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 1 317/99
GRAND JUNCTION OFFICE, COLORADO



Well Detail Report for: RFO01 0656 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIF

LOCATION CODE: 06.

DECOMMISSIONED: No

DAMAGED: ,No

TOC ELEVATION: 5.'

SURFACE ELEVATION: 5"

BOTTOM ELEVATION: 5;

TOTAL DEPTH: 2

ZONE OF COMPLETION: ALl

:LE (OLD) (RFO01)

56

~13.28

~10.92

?88.72

2.20

LUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5306.92

5288.99

5304.57

5289.57

17.9

15.0

24.29

2

Depth

4.00

21.93

6.35

21.35

ijthology Details

TOP

Elev Depth

5310.92 0.00

BOTTOM USCS

Elev Depth DESCRIPTION

5304.42 6.50 FILL

5304.42 6.50 5302.82 8.10 WELL GRADED
GRAVELLY SAND

5302.82 8.10 5300.92 10.00 SILTY SANDS

5300.92 10.00 5290.42 20.50 WELL GRADED
GRAVELLY SAND

5290.42 20.50 5288.72 22.20 CLAYSTONE

LITHOLOGY DESCRIPTION

0-6.5 ft. Fill, silty sand, dark yellowish brown
(10YR 4/4); 60% sand; 30% silt; 5% subrounded
gravel up to 1" long; 5% clay. Well graded, moist,
slight plasticity. A few roots/root hairs.

6.5-8.1 ft. Gravelly sand, dark yellowish brown
(10YR 4/4); 60%'fine grained sand; 30%
subrounded gravel; 5% silt; 5% clay. Well graded,
slight plasticity, moist.

8.1-10 ft. Silty sand, dark brown (1OYR 4/3); 90%
fine grained sand; 5% silt; 5% subrounded gravel
up to 1.5" long. Poorly graded, slight plasticity,
moist to 8.8'; saturated from 8.8'.

10-20.5 ft. Gravelly sand, dark brown (10YR 4/3);
60% fine grained sand; 35% subrounded gravel
up to 3" long; 5% silt. Well graded, saturated.

20.5-22.2 ft. Weathered bedrock, mudstone, gray
(1OYR 5/1)with limonite staining, somewhat
fractured. At 22.0' mudstone is weak red (2.5YR
5/2), crumbly, wet.

U
I
3.
I
I
I
I
I
I
I
I
U
I
I
I
I
I
I
I

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



MONITORING WELL COMPLETION LOG RFOOI-0657

PROJECT UMTRA GROUND WATER
LOCATION RIFLE, CO
SITE RIFLE
WELL NUMBER 0657

NOR
EAS
HOL
WEL

TH COORD. (FT) 625698.19
T COORD. (FT) 1360632.12
E DEPTH (FT) 18.25
L DEPTH (FT) 17.90

INTERVAL (FT)
SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMP/END CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION

2 in. PVC Sch 40
2 in. Vee Wire Wrapped
2 in. PVC Sch 40
Concrete

Bentonite Pellets
20-40 Silica Sand
10-20 Silica Sand

DATE DRILLED 4/7/98
SURFACE ELEV. ( FT NGVD) 5312.38
TOP OF CASING (FT) 5314.50
MEAS. PT. ELEV. (FT) 5314.50
SLOT SIZE (IN) 0.01
BIT SIZE(S) (IN) 7.0

NG METHOD ODEX - CASING ADVANCE
LING METHOD SPLIT SPOON
DEVELOPED 4/7/98
R LEVEL (FT BMP) 12.49
ED BY L. Spencer
RKS

-2.48
7.32
17.32
0.0

2.0
5.0
6.0

to
to
to
to

7.32
17.32
17.9
2.0

to 5.0
to 6.0
to 17.9

I* LITHOLOGIC DESCRIPTION

0-5 ft. Fill, silty sand, yellowish brown (1OYR 5/4); 60% fine grained
sand; 25% silt; 10% subrounded gravels; 5% clay. Well graded, moist,
slight plasticity. A few roots and root hairs.

ý tp 0R•ml m • 5-8 ft. Gravelly sand, yellowish brown (1OYR 5/4); 60% sand; 30%
gravel subrounded; 5% silt; 5% clay. Well graded, slight plasticity,
moist.

8-8.5 ft. Sandy gravel; 90% subrounded gravel up to 3" LONG; 10%
\fina nrninarl cnnr &Anict waqll nrnrda,
fin -rine an ostwl 7ae
8.5-13 ft. Gravelly sand, dark brown (1OYR 4/3); 60% fine grained
sand; 35% subrounded gravel up to 1" long; 5% silt. Non-plasticity, well
graded, moist.

13-13.25 ft. One cobble, subrounded, 3" long in split barrel. Moist.
13.25-14.5 ft. Sandy gravel, gray (1OYR 5/1); 75% subrounded gravel
up to 2" long, well graded; 20% sand: 5% silt: saturated.

=7 . ... .. .. I

14.5-17.5 ft. Gravelly sand, grayish brown (10YR 5/2); 60% fine to
medium grained sand; 35% subrounded gravel up to 2" long; 5% silt.
Well graded, saturated.

17.5-18.25 ft. Weathered bedrock, mudstone, very dark grayish brown
(1OYR 3/2) with some limonit staining. Very soft, crumbly, moist. Weak
red, few mottles, fractured, soft.

Total depth 18.25 ft.

U.S. DEPARTMENT OF ENERGY PAGE 1 OF 1
GRAND JUNCTION OFFICE, COLORADO 3/7/99



Well Detail Report for: RFO01 0657 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0657

No

No

5314.5

5312.38

5294.13

18.25

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5307.38

5294.48

5305.06

5295.06

12.9

10.0

20.02

2

Depth

5.00

17.90

7.32

17.32

Lithology Details

TOP

Elev Depth

5312.38 0.00

BOTTOM USCS

Eiev Depth DESCRIPTION

5307.38 5.00 FILL

5307.38 5.00 5304.38 8.00 WELL GRADED
GRAVELLY SAND

5304.38 8.00 5303.88 8.50 WELL GRADED
SANDY GRAVEL

LITHOLOGY DESCRIPTION

0-5 ft. Fill, silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 25% silt; 10% subrounded
gravels; 5% clay. Well graded, moist, slight
plasticity. A few roots and root hairs.

5-8 ft. Gravelly sand, yellowish brown (10YR 5/4);
60% sand; 30% gravel subrounded; 5% silt; 5%
clay. Well graded, slight plasticity, moist.

8-8.5 ft. Sandy gravel; 90% subrounded gravel up
to 3" LONG; 10% fine grained sand. Moist, well
graded.

8.5-13 ft. Gravelly sand, dark brown (10YR 4/3);
60% fine grained sand; 35% subrounded gravel
up to 1" long; 5% silt. Non-plasticity, well graded,
moist.

13-13.25 ft. One cobble, subrounded, 3" long in
split barrel. Moist.

13.25-14.5 ft. Sandy gravel, gray (10YR 5/1); 75%
subrounded gravel up to 2" long, well graded;
20% sand; 5% silt; saturated.

I
I
I
I
I
I

I
I

I
U
I
I
I

I
I
I
I

5303.88 8.50 5299.38 13.00 WELL GRADED
GRAVELLY SAND

5299.38 13.00 5299.13 13.25 WELL GRADED
GRAVELLY SAND

5299.13 13.25 5297.88 14.50 WELL GRADED
SANDY GRAVEL

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0657 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5297.88 14.50 5294.88 17.50 WELL GRADED 14.5-17.5 ft. Gravelly sand, grayish brown (10YR
GRAVELLY SAND 5/2); 60% fine to medium grained sand; 35%

subrounded gravel up to 2" long; 5% silt. Well
graded, saturated.

5294.88 17.50 5294.13 18.25 CLAYSTONE 17.5-18.25 ft. Weathered bedrock, mudstone,
very dark grayish brown (10YR 3/2) with some
limonit staining. Very soft, crumbly, moist. Weak
red, few mottles, fractured, soft.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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MONITORING WELL COMPLETION LOG RFOOI-0658

PROJECT UMTRA GROUND WATER
LOCATION RIFLE, CO
SITE RIFLE
WELL NUMBER 0658

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMP/END CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLAT

2 in. PVC Sch 40
2 in. Vee Wire Wra
2 in. PVC Sch 40
Concrete

Bentonite Pellets
20-40 Silica Sand
10-20 Silica Sand

NORTH COORD. (FT) 627860.16 DATE DRILLED 4/1/98
EAST COORD. (FT) 1364822.37 SURFACE ELEV. ( FT NGVD) 5320.23
HOLE DEPTH (FT) 19.00 TOP OF CASING (FT) 5323.07
WELL DEPTH (FT) 17.55 MEAS. PT. ELEV. (FT) 5323.07

SLOT SIZE (IN) 0.02
iON INTERVAL (FT) BIT SIZE(S) (IN) 7.0

-2.8 to 2.3 DRILLING METHOD ODEX - CASING ADVANCE
pped 2.3 to 17.3 SAMPLING METHOD CYCLONE

17.3 to 17.55 DATE DEVELOPED 4/1/98
0.0 to 0.8 WATER LEVEL (FT BMP) 5.08

LOGGED BY L. Spencer
0.8 to 1.2 REMARKS
1.2
1.6

to 1.6
to 17.55

.WiZ 0~ D C
LU 0 2

0 LITHOLOGIC DESCRIPTION

5320-

I

grad

5- 5 5315-

-10-

-15-

9-19 ft. Gravelly sand, dark grayish brown (10YR 4/2); 60% fine to
medium to coarse grained sand; 35% subrounded gravel up to 3" long.
Well graded, saturated. SW5310-

5305-

Total depth 19.0 ft.

-20--] 5300-

U.S. DEPARTMENT OF ENERGY
GRAND JUNCTION OFFICE, COLORADO PAGE 1 OF 1 317/99



Well Detail Report for: RFO01 0658 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0658

No

No

5323.07

5320.23

5301.23

19.00

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5319.03

5302.68

5317.93

5302.93

16.3

15.0

20.39

2

Depth

1.20

17.55

2.30

17.30

Lithology Details

TOP

Elev Depth

5320.23 0.00

BOTTOM

Elev Depth

5317.23 3.00

USCS
DESCRIPTION

FILL

531723 3.00 5311.23 9.00 WELL GRADED
SANDY GRAVEL

5311.23 9.00 5301.23 19.00 WELL GRADED
GRAVELLY SAND

LITHOLOGY DESCRIPTION

0-3 ft. Fill, gravelly sand, dark grayish brown
(10YR 4/2); 30% gravel, subrounded up to 2"
long; 60% fine to medium grained sand; 5% silt;
5% clay. Well graded, moist.

3-9 ft. Sandy gravel, dark grayish brown (1OYR
4/2); 60% gravel, subrounded, 3" long; 35% fine
grained sand; 5% silt. Saturated, well graded. GW

9-19 ft. Gravelly sand, dark grayish brown (1OYR
4/2); 60% fine to medium to coarse grained sand;
35% subrounded gravel up to 3" long. Well
graded, saturated. SW

I
I
I
I
I
1
I
U
I
U
I
I
I
i
I
I
I
i
U

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



MONITORING WELL COMPLETION LOG RFO01-0659

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 627861
LOCATION RIFLE, CO EAST COORD. (FT) 1364771
SITE RIFLE HOLE DEPTH (FT) 39.10
WELL NUMBER 0659 WELL DEPTH (FT) 36.08

SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMP/END CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION

2 in. PVC Sch 40
2 in. Vee Wire Wrapped
2 in. PVC Sch 40
Concrete

Bentonite Pellets
Natural Cave-in Material
10-20 Silica Sand

INTERVAL (FT)

-2.65
20.83
35.83
0.0

3.0
9.5
20.5

to
to
to
to

to
to
to

20.83
35.83
36.08
3.0

9.5
20.5
36.08

.39 DATE DRILLED 3/31/98
.88 SURFACE ELEV. ( FT NGVD) 5320.13

TOP OF CASING (FT) 5322.77
MEAS. PT. ELEV. (FT) 5322.77
SLOT SIZE (IN) 0.02
BIT SIZE(S) (IN) 7.0

DRILLING METHOD ODEX - CASING ADVANCE
SAMPLING METHOD SPLIT SPOON
DATE DEVELOPED 4/1/98
WATER LEVEL (FT BMP) 4.77
LOGGED BY L. Spencer
REMARKS Cave from 20.5 to 9.5 feet.

0u

LL
U)

z
0 =)_j 0M 0

2ul,
0. 00

X: LITHOLOGIC DESCRIPTION

3-9.2 ft. Gravelly sand, dark brown (IOYR 413); 60% sand; 35% gravel
subrounded up to 3" long. Well graded, no plasticity, saturated. SW

ft. -*~--4-~ +

-a

2ýX-)

K.tX

9.2-23 ft. Intermittent sands and gravels; poor samples.

23-24 ft 23-24 ft. Sand, fine to medium grained, grayish brown (1OYR 5/2);
95% sand; 5% silt. Clear quartzose sand grains with yellow, red, black,

\ and oreen colored minerals: subrounded tooorlv orsded saturated SM
and green colored minerai& subrounded goody graded saturated SM

I SU.S. DEPARTMENT OF ENERGY PAGE 1 OF 2 31199
I 41M GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG RFO01-0659

PROJECT UMTRA GROUND WATER WELL NUMBER 0659

SITE RIFLE DATES DRILLED 3/31/98

Continued from Previous Page

,a z - WELL DIAGRAM . 0 LITHOLOGIC DESCRIPTION

24-37.5 ft. Gravelly sand, intermittent; poor samples. SP

Wrapped1

30- 5290-

-35- 5285-

Native
s xx x x x 37.5-39.1 ft. Weathered bedrock, soft claystone, gray (10YR 5/1)ý

x xx x x x some limonite staining, a few feint weak red mottles, moist.
50._ _ 39-39.1 ft. I x Total depth 39.1 ft.

-40- 5280-

I

-- 45- 5275 1
I

50- 5270-

I
-55- 5265-

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 3/7/99
1 GRAND JUNCTION OFFICE, COLORADO
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Well Detail Report for: RFO01 0659 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIFLE (OLD) (RFO01) Elev Depth

LOCATION CODE: 0659 TOP GRAVEL PACK: 5310.63 9.50

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 5284.05 36.08

DAMAGED: No TOP OF SCREEN: 5299.3 20.83

TOC ELEVATION: 5322.77 BOTTOM OF SCREEN: 5284.3 35.83

SURFACE ELEVATION: 5320.13 GRAVEL PACK LENGTH: 26.6

BOTTOM ELEVATION: 5281.03 SCREEN LENGTH: 15.0

TOTAL DEPTH: 39.10 CASING LENGTH: 38.720

ZONE OF COMPLETION: ALLUVIUM CASINGDIAMETER (in.): 2

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5320.13 0.00 5317.13 3.00 FILL 0-3 ft. Fill, gravelly sand, dark brown (10YR 4/3);
60% fine to medium grained sand; 30%
subrounded gravel up to 1.5" long; 5% silt; 5%
clay. Well graded, slight plasticity, moist.

5317.13 3.00 5310.93 9.20 WELL GRADED 3-9.2 ft. Gravelly sand, dark brown (10YR 4/3);
GRAVELLY SAND 60% sand; 35% gravel subrounded up to 3" long.

Well graded, no plasticity, saturated. SW

5310.93 9.20 5297.13 23.00 WELL GRADED 9.2-23 ft. Intermittent sands and gravels; poor
GRAVELLY SAND samples.

5297.13 23.00 5296.13 24.00 POORLY 23-24 ft. Sand, fine to medium grained, grayish
GRADED SANDS brown (1OYR 5/2); 95% sand; 5% silt. Clear

quartzose sand grains with yellow, red, black, and
green colored minerals; subrounded, poorly
graded, saturated. SM

5296.13 24.00 5282.63 37.50 POORLY 24-37.5 ft. Gravelly sand, intermittent; poor
GRADED samples. SP
GRAVELLY SAND

5282.63 37.50 5281.03 39.10 CLAYSTONE 37.5-39.1 ft. Weathered bedrock, soft claystone,
gray (10YR 5/1); some limonite staining, a few
feint weak red mottles, moist.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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MONITORING WELL COMPLETION LOG RFOOI-0660

PROJECT UMTRA GROUND WATER NORTH COORD. (FT) 627036.78 DATE DRILLED 4/20/98
LOCATION RIFLE, CO EAST COORD. (FT) 1364958.36 SURFACE ELEV. (FT NGVD) 5321.84
SITE RIFLE HOLE DEPTH (FT) 28.20 TOP OF CASING (FT) 5323.38
WELL NUMBER 0660 WELL DEPTH (FT) 27.38 MEAS. PT. ELEV. (FT) 5323.38

SLOT SIZE (IN) 0.02
WELL INSTALLATION INTERVAL (FT) BIT SIZE(S) (IN) 7.0

SURFACE CASING:

BLANK CASING: 2 in. PVC Sch 40 -1.7 to 11.8 DRILLING METHOD ODEX - CASING ADVANCE
WELL SCREEN: 2 in. Vee Wire Wrapped 11.8 to 26.8 SAMPLING METHOD SPLIT SPOON
SUMPIEND CAP: 2 in. PVC Sch 40 26.8 to 27.38 DATE DEVELOPED 4/20/98
SURFACE SEAL: Concrete 0.0 to 1.0 WATER LEVEL (FT BMP) 14.19
GROUT: LOGGED BY L. Spencer
SEAL: Bentonite Pellets .1.0 to 10.0 REMARKS
UPPER PACK:
LOWER PACK:

20-40 Silica Sand
10-20 Silica Sand

10.0 to
11.0 to

11.0
27.38

_ .0 . WELL DIAGRAM LITHOLOGIC DESCRIPTION
-lL LL 0) < W

Concrete •*;*:. 0-2 ft. Gravelly sand, dark brown (10YR 3/3); 60% fine grained sand;
S.o...o. 35% subrounded gravel - cobbles over 3" long; 5% silt. Well graded,

5.8.. moist. A few roots. GW

2-6 ft. Gravelly sand, dark brown (1OYR 313); 75% fine grained sand;
20% subrounded gravel up to 1.5" long; 5% sift. Well graded, moist.

Bentonite g.Q X•
Pellets___________________________________

6-13 ft. Sandy gravel, dark yellowish brown (10YR 4/4); 60%
5315- . subrounded gravel - cobbles over 3" long; 35% fine to medium grained

sand; 5% silt. Well graded, moist. GW

-102 20-40
Silica . -
sand

5310- 4____
13-15 ft. Gravelly sand; 60% fine grained sand; 35% subroundedO 20 . d... gravel - cobbles; 5% silt. Well graded, moist. GM

15Silica . -6Sand 1 . .•.-e 15-18 ft. Sandy gravel; 70% gravel; 30% fine grained sand; rock
ALI . fragments and rock flour. Dry.

5305- l ,

18-26.5 ft. Saturated at 18'; intermittent sandy gravels and gravelly
Vee Wire .4 sands

Wrapped
-20 -.

5300- b...

Fllm U.S. DEPARTMENT OF ENERGY PAGE I OF 2 31199
GRAND JUNCTION OFFICE, COLORADO
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MONITORING WELL COMPLETION LOG RFO01-0660

PROJECT UMTRA GROUND WATER WELL NUMBER 0660

SITE RIFLE DATES DRILLED 4/20/98

Continued from Previous Page

>-C W I. • z WELL DIAGRAM O0 LITHOLOGIC DESCRIPTION
l-j O a.fELL__ 

____
a• 1 - C) 2 w

-30-

-35--

-40-

-45-

5295-

5290-

5285-

5280-

5275-

5270-

x x x x - -26.5-28.2 ft. Weathered bedrock, gray (IOYR 5/1); many coarse

x x x x prominent light olive brown (2.5Y 5/4) mottles; slightly fractured, moist.
xxxx j5o. 28-28.2 ft.

Total depth 28.2 ft.

n

II
I
I
n
n
n

II
I
I
I

-50-

-55-

U.S. DEPARTMENT OF ENERGY PAGE 2 OF 2 31199
GRAND JUNCTION OFFICE, COLORADO
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Well Detail Report for: RFO01 0660 , 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIFLE (OLD) (RFO01) Elev Depth

LOCATION CODE: 0660 TOP GRAVEL PACK: 5311.84 10.00

DECOMMISSIONED: No BOTTOM GRAVEL PACK: * 5294.46 27.38

DAMAGED: No TOP OF SCREEN: 5310.04 11.80

TOC ELEVATION: 5323.38 BOTTOM OF SCREEN: 5295.04 26.80

SURFACE ELEVATION: 5321.84 GRAVEL PACK LENGTH: 17.4

BOTTOM ELEVATION: 5293.64 SCREEN LENGTH: 15.0

TOTAL DEPTH: 28.20 CASING LENGTH: 28.920

ZONE OF COMPLETION: ALLUVIUM CASINGDIAMETER (in.): 2

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5321.84 0.00 5319.84 2.00 WELL GRADED 0-2 ft. Gravelly sand, dark brown (10YR 3/3); 60%
GRAVELLY SAND fine grained sand; 35% subrounded gravel -

cobbles over 3" long; 5% silt. Well graded, moist.
A few roots. GW

5319.84 2.00 5315.84 6.00 WELL GRADED 2-6 ft. Gravelly sand, dark brown (10YR 3/3); 75%
GRAVELLY SAND fine grained sand; 20% subrounded gravel up to

1.5" long; 5% silt. Well graded, moist. GM

5315.84 .6.00 5308.84 13.00 WELL GRADED 6-13 ft. Sandy gravel, dark yellowish brown (1OYR
SANDY GRAVEL 4/4); 60% subrounded gravel - cobbles over 3"

long; 35% fine to medium grained sand; 5% silt.
Well graded, moist. GW

5308.84 13.00 5306.84 15.00 WELL GRADED 13-15 ft. Gravelly sand; 60% fine grained sand;
GRAVELLY SAND 35% subrounded gravel - cobbles; 5% silt. Well

graded, moist. GM

5306.84 15.00 5303.84 18.00 WELL GRADED 15-18 ft. Sandy gravel; 70% gravel; 30% fine
SANDY GRAVEL grained sand; rock fragments and rock flour. Dry.

5303.84 18.00 5295.34 26.50 WELL GRADED 18-26.5 ft. Saturated at 18'; intermittent sandy
SANDY GRAVEL gravels and gravelly sands.

5295.34 26.50 5293.64 28.20 CLAYSTONE 26.5-28.2 ft. Weathered bedrock, gray (1OYR
5/1); many coarse prominent light olive brown
(2.5Y 5/4) mottles; slightly fractured, moist.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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MONITORING WELL COMPLETION LOG RFO01-0662

PROJECT UMTRA GROUND WATER
LOCATION RIFLE, CO
SITE RIFLE
WELL NUMBER 0662

NOR
EAS
HOL
WEL

TH COORD. (FT) 625947.00
T COORD. (FT) 1359670.37
E DEPTH (FT) 27.20
.L DEPTH (FT) 27.07

INTERVAL (Fr)
SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMPiEND CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION

2 in. PVC Sch 40
2 in. Vee Wire Wrapped
2 in. PVC Sch 40
Cement

Bentonite Pellets
20-40 Silica Sand
10-20 Silica Sand

DATE DRILLED 4/9/98
SURFACE ELEV. ( FT NGVD) 5313.26
TOP OF CASING (FT) 5315.19
MEAS. PT. ELEV. (FT) 5315.19
SLOT SIZE (IN) 0.02
BIT SIZE(S) (IN) 7.0

NG METHOD ODEX - CASING ADVANCE
LING METHOD SPLIT SPOON
DEVELOPED 4/10/98
R LEVEL (FT BMP) 13.08
ED BY L. Spencer
RKS

-2.3
6.49
26.49
0.0

1.5
4.0
5.4

to
to
to
to

6.49
26.49
27.07
1.5

to 4.0
to 5.4
to 27.07
C.,

a. -
W I,- Lu

0 D
LU

Q_

03

z
I'-
w
IWELL DIAGRAM a.

10 LITHOLOGIC DESCRIPTION

0-8 ft. Fill, gravelly silty sand, yellowish brown (1OYR 5/4); 60% fine
grained sand; 30% gravel, subrounded; 5% silt; 5% clay. Well graded,
Isight plasticity, a few roots/root hairs, moist. Some bits of debris.

-5-

-10-
plasticity.

13-15 ft. Same as above. Saturated at 14.0'.
13-14.2 ft

-15-
15-25 ft. Intermittent sandy gravels and gravelly sands; saturated. Well
graded

Gravelly sand, dark yellowish brown (10YR 4/4); 70% quartzose, fine to
coarse grained sand with yellow, orange, white, and black mineral
grains; 25% subrounded grvel up to 2" long: 5% silt. Well graded,
saturated.

-20- .ak. 1

& i~b. ..
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MONITORING WELL COMPLETION LOG RFOOI-0662

PROJECT UMTRA GROUND WATER WELL NUMBER 0662

SITE RIFLE DATES DRILLED 4/9/98

Continued from Previous Page

z oCz =M.

(LcaU. D - WELL DIAGRAM (L6LITHOLOGIC DESCRIPTION

-30-

-35-

-40--

-45-

-50-

-55-

5285-

5280-

5275-

5270-

5265-

5260-

x
x
x
x
X

x x
x x
x x
x x
X X

x

x
x
X

25-27 ft. Weathered bedrock, mudstone, grayish brown (2.5Y 5/2);
soft, sticky, somewhat crumbly, saturated.

so_ 27-27.2 ft.

PVC Sch
40 27-27.2 ft. Weathered bedrock, mudstone, gray (1OYR 5/1); a few,

faint, medium mottles, yellowish brown (1OYR 5/4); some fractures with
limonit staining - probably the cause of the mottling.

Total depth 27.2 ft.

I

i
I
I
I
I
I

I
I
I

I
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I
I
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Well Detail Report for: RFO01 0662 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE: RIFLE (OLD) (RFO01) Elev Depth

LOCATION CODE: 0662 TOP GRAVEL PACK: 5309.26 4.00

DECOMMISSIONED: No BOTTOM GRAVEL PACK: 5286.19 27.07

DAMAGED: No TOP OF SCREEN: 5306.77 6.49

TOC ELEVATION: 5315.19 BOTTOM OF SCREEN: 5286.77 26.49

SURFACE ELEVATION: 5313.26 GRAVEL PACK LENGTH: 23.1

BOTTOM ELEVATION: 5286.06 SCREEN LENGTH: 20.0

TOTAL DEPTH: 27.20 CASING LENGTH: 29

ZONE OF COMPLETION: ALLUVIUM CASINGDIAMETER (in.): 2

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5313.26 0.00 5305.26 8.00 FILL 0-8 ft. Fill, gravelly silty sand, yellowish brown
(10YR 5/4); 60% fine grained sand; 30% gravel,
subrounded; 5% silt; 5% clay. Well graded, Isight
plasticity, a few roots/root hairs, moist. Some bits
of debris.

5305.26 8.00 5300.26 13.00 SILTY SANDS 8-13 ft. Silty sand, brown (10YR 5/3); 60% fine
grained sand; 35% silt, 2.5% subrounded gravel;
2.5% clay. Wet, poorly graded, slight plasticity.

5300.26 13.00 5298.26 15.00 SILTY SANDS 13-15 ft. Same as above. Saturated at 14.0'.

5298.26 15.00 5288.26 25.00 WELL GRADED 15-25 ft. Intermittent sandy gravels and gravelly
SANDY GRAVEL sands; saturated. Well graded

Gravelly sand, dark yellowish brown (10YR 4/4);
70% quartzose, fine to coarse grained sand with
yellow, orange, white, and black mineral grains;
25% subrounded grvel up to 2" long; 5% silt. Well
graded, saturated.

5288.26 25.00 5286.26 27.00 CLAYSTONE 25-27 ft. Weathered bedrock, mudstone, grayish
brown (2.5Y 5/2); soft, sticky, somewhat crumbly,
saturated.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFO01 0662 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5286.26 27.00 5286.06 27.20 CLAYSTONE 27-27.2 ft. Weathered bedrock, mudstone, gray
(10YR 5/1); a few, faint, medium mottles,
yellowish brown (10YR 5/4); some fractures with
limonit staining - probably the cause of the
mottling.

U
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Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



MONITORING WELL COMPLETION LOG RFO01 -0663

PROJECT UMTRA GROUND WATER
LOCATION RIFLE, CO
SITE RIFLE
WELL NUMBER 0663

NOR
EAS
HOL
WEL

TH COORD. (FT) 625690.28
T COORD. (FT) 1359320.31
E DEPTH (FT) 23.50
.L DEPTH (FT) 23.36

INTERVAL (FT)
SURFACE CASING:
BLANK CASING:
WELL SCREEN:
SUMP/END CAP:
SURFACE SEAL:
GROUT:
SEAL:
UPPER PACK:
LOWER PACK:

WELL INSTALLATION

2 in. PVC Sch 40
2 in. Vee Wire Wrapped
2 in. PVC Sch 40
Concrete

Bentonite Pellets
20-40 Silica Sand
10-20 Silica Sand

DATE DRILLED 4/17/98
SURFACE ELEV. ( FT NGVD) 5311.67
TOP OF CASING (FT) 5313.28
MEAS. PT. ELEV. (FT) 5313.28
SLOT SIZE (IN) 0.02
BIT SIZE(S) (IN) 7.0

NG METHOD ODEX - CASING ADVANCE
ING METHOD SPLIT SPOON
DEVELOPED 4/17/98
R LEVEL (FT BMP) 1.2.41
ED BY L. Spencer
RKS

-1.6
7.78
22.78
0.0

1.0
5.0
6.0

to
to
to
to

to
to
to

7.78
22.78
23.36
1.0

5.0
6.0
23.36

J-C
aWI-

W-
U-

Z)
O•0 = LU0. I-

z
l'-
uJ

WELL DIAGRAM
1
CD

(L o LITHOLOGIC DESCRIPTION

I-5-

-10-

13-13.5 ft. E

-15-

0- Concrete

Bentonite
Pellets

20-40
I- Silica

Sand

10-20
I- Silica

Sand

Vee Wire
Wrapped

PVC Sch
40

0-5 ft. Fill, silty sand, yellowish brown (10YR 5/4); 60% fine grained
sand: 30% silt; 5% subrounded gravel up to .5" long; 5% clay. Well
graded, slight plasticity, moist. A few roots.

5-13 ft. Fill, gravelly sand, yellowish brown (10YR 514); 60% fine
grained sand; 30% subrounded to subangular gravel up to .1" long; 5%
silt; 5% clay. Well graded, slight platicity, moist. Wet at 11.0'.

=., .q to-1 ft. Sandy gravel: 75% subrounded gravel up to 3" long; 25% fine

o~mk'=L'o.tomedium grained sand. Well graded. saturated.
S514-18 ft. Gravelly sand, dark yellowish brown (1OYR 5/4); 60% fine to

...... medium grained sand; 35% subrounded gravel up to 1.5" long; 5% silt.

Well graded, saturated.

07. 18-22 ft. Sandy gravel; 75% subrounded gravel up to 1.5" long; 25%
S fine to coarse grained sand, yellow, black, red, green minerals and tiny

chips in sands, saturated.

,QI !

x x x x 22-23.5 ft. Weathered bedrock, mudstone, olive (5Y 5/3); crumbly,

x x x x moist.

-20-

23.5-23.7 ft. Weathered bedrock, mudstone, light gray (2.5Y 7/0);
many coarse, prominent yellowish brown (1OYR 5/4) mottles; crumbly,

U.S. DEPARTMENT OF ENERGY
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MONITORING WELL COMPLETION LOG RFO01-0663

PROJECT UMTRA GROUND WATER WELL NUMBER 0663

SITE RIFLE DATES DRILLED 4/17/98

Continued from Previous Page

>, z • z io

0 o, z0 D E" WELL DIAGRAM 0o LITHOLOGIC DESCRIPTION
"I U') _._

-30-

-35-

-40-

-45-

-50-

\moist, fractured.
Total depth 23.7 ft.

5285-

5280-

5275-

5270-

5265-

5260-

5255-
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Well Detail Report for: RFO01 0663 3/10/99

GENERAL INFORMATION SCREENING INFORMATION

SITE:

LOCATION CODE:

DECOMMISSIONED:

DAMAGED:

TOC ELEVATION:

SURFACE ELEVATION:

BOTTOM ELEVATION:

TOTAL DEPTH:

ZONE OF COMPLETION:

RIFLE (OLD) (RFO01)

0663

No

No

5313.28

5311.67

5288.17

23.50

ALLUVIUM

TOP GRAVEL PACK:

BOTTOM GRAVEL PACK:

TOP OF SCREEN:

BOTTOM OF SCREEN:

GRAVEL PACK LENGTH:

SCREEN LENGTH:

CASING LENGTH:

CASINGDIAMETER (in.):

Elev

5306.67

5288.31

5303.89

5288.89

18.4

15.0

24.97

2

Depth

5.00

23.36

7.78

22.78

Lithology Details

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION

5311.67 0.00 5306.67 5.00 FILL

5306.67 5.00 5298.67 13.00 FILL

5298.67 13.00 5297.67 14.00 WELL GRADED
SANDY GRAVEL

5297.67 14.00 5293.67 18.00 WELL GRADED
GRAVELLY SAND

5293.67 18.00 5289.67 22.00 WELL GRADED
SANDY GRAVEL

5289.67 22.00 5288.17 23.50 CLAYSTONE

LITHOLOGY DESCRIPTION

0-5 ft. Fill, silty sand, yellowish brown (10YR 5/4);
60% fine grained sand; 30% silt; 5% subrounded
gravel up to .5" long; 5% clay. Well graded, slight
plasticity, moist. A few roots.

5-13 ft. Fill, gravelly sand, yellowish brown (lOYR
5/4); 60% fine grained sand; 30% subrounded to
subangular gravel up to 1" long; 5% silt; 5% clay.
Well graded, slight platicity, moist. Wet at 11.0'.

13-14 ft. Sandy gravel; 75% subrounded gravel
up to 3" long; 25% fine to medium grained sand.
Well graded, saturated.

14-18 ft. Gravelly sand, dark yellowish brown
(1OYR 5/4); 60% fine to medium grained sand;
35% subrounded gravel up to 1.5" long; 5% silt.
Well graded, saturated.

18-22 ft. Sandy gravel; 75% subrounded gravel
up to 1.5" long; 25% fine to coarse grained sand,
yellow, black, red, green minerals and tiny chips
in sands, saturated.

22-23.5 ft. Weathered bedrock, mudstone, olive
(5Y 5/3); crumbly, moist.

Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.



Well Detail Report for: RFOO1 0663 3/10/99

TOP BOTTOM USCS

Elev Depth Elev Depth DESCRIPTION LITHOLOGY DESCRIPTION

5288.17 23.50 5287.97 23.70 CLAYSTONE 23.5-23.7 ft. Weathered bedrock, mudstone, light
gray (2.5Y 7/0); many coarse, prominent
yellowish brown (10YR 5/4) mottles; crumbly,
moist, fractured.

I
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Note: Depths are feet below ground surface and elevations are feet below Mean Sea Level.
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Surface Water Analytical Results



SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0397
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 02/24/1998 N001 317 #-

mg/L 05/27/1998 N001 272 #

mg/L 11/30/1998 0001 239 #

mg/L 11/30/1998 N001 248 #-

Ammonia as NH4 mg/L 02/24/1998 0001 0.0162 B #

mg/L 05/27/1998 0001 0.0231 B #

mg/L 11/30/1998 0001 0.0222 B #

Antimony mg/L 02/24/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 02/24/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Cadmium mg/L 02/24/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 02/24/1998 0001 134.000 # - -

mg/L 05/27/1998 0001 102.000 #-

mg/L 11/30/1998 0001 123.000 #

Chloride mg/L 02/24/1998 0001 103.000 #

mg/L 05/27/1998 0001 120.000 #-"

mg/L 11/30/1998 0001 62.800 #- -

Fluoride mg/L 05/27/1998 0001 0.523 #.-

mg/L 11/30/1998 0001 0.541 #

GrossAlpha pCi/L 02/24/1998 0001 22.30 # 8.23 ± 7.55

pCiIL 05/27/1998 0001 13.71 J # 8.82 ± 6.50

pCi/L 11/30/1998 0001 15.15 # 13.19 ± 9.16

Gross Beta pCi/L 02/24/1998 0001 11.42 # 10.26 ± 6.44

pCi/L 05/27/1998 0001 11.63 # 10.91 ± 6.79

pCVL 11/30/1998 0001 12.79 U # 12.79 ± 7.97

Iron mg/L 02124/1998 0001 0.0050 U # 0.005 -

mg/L 05/27/1998 0001 0.0030 U # 0.003 -

mg/L 11/30/1998 0001 0.0090 B U #- -

Lead mg/L 02/24/1998 0001 0.0010 U # 0.001 -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0397
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Lead mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 02/24/1998 0001 0.94 U # 0.94 ± 0.55

pCi/L 05/27/1998 0001 0.99 U # 0.99 ± 0.58

pCVL 11/30/1998 0001 1.26 U # 1.26 ± 0.74

Magnesium mg/L 02/24/1998 0001 81.300 #- -

mg/L 05/27/1998 0001 62.300 #- -

mg/L 11/30/1998 0001 74.900 # - -

Manganese mg/L 02/24/1998 0001 0.0793 # - -

mg/L 05/27/1998 0001 0.0183 # - -

mg/L 11/30/1998 0001 0.0213 #- -

Molybdenum mg/L 02/24/1998 0001 0.0071 B # - -

mg/L 05/27/1998 0001 0.0058 B #- -

mg/L 11/30/1998 0001 0.0075 B #- -

Nitrate mg/L 02/24/1998 0001 0.0662 B # - -

mg/L 05/27/1998 0001 0.884 B # - -

mg/L 11/30/1998 0001 0.0304 B UJ # - -

pH s.u. 02/24/1998 NO01 8.44 #- -

s.u. 05/27/1998 NO01 7.80 # - -

s.u. 11/30/1998 NO01 7.6 # - -

Polonium-210 pCi/L 02/24/1998 0001 0.31 U # 0.31 ± 0.29

pCVL 05/27/1998 0001 0.05 U # 0.05 ± 0.07

pCi/L 11/30/1998 0001 0.06 U # 0.05 ± 0.07

Radium-226 pCi/L 02/24/1998 0001 0.13 # 0.02 ± 0.06

pCi/L 05/27/1998 0001 0.18 # 0.1 ± 0.07

pCi/L 11/30/1998 0001 0.13 # 0.1 ± 0.06

Radium-228 pCi/L 02/24/1998 0001 0.4 U # 0.4 ± 0.20

pCi/L 05/27/1998 0001 0.60 U # 0.6 ± 0.35

pCi/L 11/30/1998 0001 0.66 U # 0.66 ± 0.39

Redox Potential mV 02/24/1998 N001 203 # - -

mV 05/27/1998 N001 223 # - -

mV 11/30/1998 N001 71 # - -

Selenium mg/L 02/24/1998 0001 0.0026 B # - -

mg/L 05/27/1998 0001 0.0062 U # .....

Page 2
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0397
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: - DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Selenium mg/L 11/30/1998 0001 0.0011 B #-

Sodium mg/L 02/24/1998 0001 145.000 #- -

mg/L 05/27/1998 0001 117.000 #- -

mg/L 11/30/1998 0001 114.000 #- -

Specific Conductance umhos/c 02/24/1998 N001 1419 #- -

umhos/c 05/27/1998 N001 1404 #-

umhos/c 11/30/1998 N001 1610 #- -

Sulfate mg/L 02/24/1998 0001 562.000 #- -

mg/L 05/27/1998 0001 380.000 - -

mg/L 11/3011998 0001 541.000 # - -

Temperature C 02124/1998 N001 6.5 #- -

C 05/27/1998 N001 19.6 # - -

C 11/30/1998 N001 5.5 # - -

Thorium-230 pCi/L 02/24/1998 0001 0.80 U # 0.8 +

pCi/L 05/27/1998 0001 0.80 U # 0.8 ±

pCi/L 11/30/1998 0001 1.6 U # 1.6 ±

Total Dissolved Solids mg/L 02/24/1998 0001 1210 # - -

mg/L 11/30/1998 0001 1210 # - -

Turbidity NTU 05/27/1998 N001 1.7 # - -

NTU 11130/1998 N001 71.6 #- -

Uranium mg/L 02/24/1998 0001 0.0546 #- -

mg/L 05/27/1998 0001 0.0210 #- -

mg/L 11/30/1998 0001 0.0304 # - -

Vanadium mg/L 02/24/1998 0001 0.0072 B U # - -

mg/L 05/27/1998 0001 0.0046 B #- -

mg/L 11/30/1998 0001 0.0018 B # - -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0397
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE102 WHEREsite code='RFO01'AND locationcode
in(07410'399','0398','0397',0538','0539','0573','0570''058O','1201'122','12O3'124'.' 12O 5 ) AND (NOT (data-validationqualifiers
LIKE '*R*' OR datavalidation qualifiers LIKE '*X ) OR IsNull(datayvalidationqualifiers)) AND DATESAMPLED between
#1/111998# and #12T15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyle exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

-I
I
I
I
I
I
I
I
I
I
UDATA QUALIFIERS:

J Estimated value.
G Possible grout contamination, pH > 9.

R Unusable result.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.

F Low flow sampling method used.

L Less than 3 bore volumes purged prior to sampling.

X Location is undefined.

I
I
I
I
I
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0398
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 02/25/1998 N001 333 #.- -

mg/L 05/26/1998 N001 249 # - -

mg/L 11/30/1998 0001 232 # - -

mg/L 11/30/1998 N001 247 # - -

Ammonia as NH4 mg/L 02/25/1998 0001 0.0139 B # - -

mg/L 05/26/1998 0001 0.0109 BN # - -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Antimony mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/26/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/26/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Cadmium mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/26/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 02/25/1998 0001 184.000 # - -

mg/L 05/26/1998 0001 227.000 #

mg/L 11/30/1998 0001 220.000 #

Chloride mg/L 02/25/1998 0001 73.800 #- -

mg/L 05/2611998 0001 114.000 #- -

mg/L 11/30/1998 0001 106.000 # -

Fluoride mg/L 05/26/1998 0001 0.948 #

mg/L 11/30/1998 0001 1.040 #

GrossAlpha pCi/L 02/25/1998 0001 23.81 J # 9.14 ± 8.27

pCi/L 05/26/1998 0001 19.52 J # 11.15 ± 8.48

pCi/L 11/30/1998 0001 15.62 U # 15.62 ± 10.2

Gross Beta pCi/L 02/25/1998 0001 10.37 U # 10.37 ± 6.35

pCi/L 05/26/1998 0001 11.06 U # 11.06 ± 6.68

pCi/L 11/30/1998 0001 12.89 U # 12.89 ± 7.60

Iron mg/L 02/25/1998 0001 0.0050 U # 0.005 -

mg/L 05/26/1998 0001 0.0030 U # 0.003 -

mg/L 11/30/1998 0001 0.0065 B U # -

Lead mg/L 02/25/1998 0001 0.0010 U # 0.001
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0398
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Lead mg/L 05/26/1998 0001 - 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 02/25/1998 0001 0.96 U # 0.96 ± 0.57

pCi/L 05/26/1998 0001 0.90 U # 0.9 ± 0.52

pCi/L 11/30/1998 0001 1.24 U # 1.24 ± 0.71

Magnesium mg/L 02/25/1998 0001 95.300 #- -

mg/L 05/26/1998 0001 97.800 #- -

mg/L 11/30/1998 0001 93.400 #- -

Manganese mg/L 02/25/1998 0001 0.0029 B #- -

mg/L 05/26/1998 0001 0.0025 B #- -

mg/L 11/30/1998 0001 0.0068 B #- -

Molybdenum mg/L 02/25/1998. 0001 0.0118 #- -

mg/L 05/26/1998 0001 0.0107 #- -

mg/L 11/30/1998 0001 0.0150 #- -

Nitrate mg/L 02/25/1998 0001 7.650 #- -

mg/L 05/26/1998 0001 3.600 #- -

mg/L 11/30/1998 0001 4.710 J #- -

pH s.u. 02/25/1998 N001 8.89 #- -

s.u. 05/26/1998 N001 7.56 #- -

s.u. 11/30/1998 N001 8.13 #- -

Polonium-210 pCi/L 02/25/1998 0001 0.42 U # 0.42 ± -0.34

pCi/L 05/26/1998 0001 0.06 U # 0.06 ± 0.05

pCi/L 11/30/1998 0001 0.06 U # 0.05 ± 0.07

Radium-226 pCi/L 02/25/1998 0001 0.28 # 0.02 ± 0.09

pCVL 05/26/1998 0001 0.55 # 0.11 ± 0.10

pCi/L 11/30/1998 0001 0.21 # 0.09 ± 0.07

Radium-228 pCi/L 02/25/1998 0001 0.6 U # 0.6 ± 0.40
I

pCVL 05/26/1998 0001 0.72 U # 0.72 ± 0.42

pCi/L 11/30/1998 0001 0.64 U # 0.64 ± 0.38

Redox Potential mV 02/25/1998 N001 219 #- -

mV 05/26/1998 N001 202 # - -

mV 11/30/1998 N001 124 #- -

Selenium mg/L 02/25/1998 0001 0.0091 #- -

.... . mg/L 05/26/1998 0001 -0.0059 .#.

Page 6

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



SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0398
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Selenium mg/L 11/30/1998 0001 0.0067 #-

Sodium mg/L 02125/1998 0001 96.200 #-

mg/L 05/26/1998 0001 105.000 # -

mg/L 11/30/1998 0001 94.900 #-

Specific Conductance umhos/c 02125/1998 NO01 1855 # -

umhos/c 05/26/1998 NO01 1864 # -

umhos/c 11/30/1998 NO01 1952 # -

Sulfate mg/L 02/25/1998 0001 658.000 # -

mg/L 05/26/1998 0001 847.000 # - -

mg/L 11130/1998 0001 743.000 # - -

Temperature C 02/25/1998 NO01 6.8 # - -

C 05/26/1998 NO01 14.3 # - -

C 11/30/1998 NO01 9.6 # - -

Thorium-230 pCi/L 02125/1998 0001 0.80 U # 0.8 +

pCi/L 05/26/1998 0001 0.80 U # 0.8 +

pCVL 11/30/1998 0001 1.6 U # 1.6 _

Total Dissolved Solids mg/L 02/25/1998 0001 1330 # -

mg/L 11/30/1998 0001 1570 # -

Turbidity NTU 05/26/1998 N001 1.44 # -

NTU 11130/1998 N001 6.53 # -

Uranium mg/L 02125/1998 0001 0.0374 # -

mg/L 05/26/1998 0001 0.0381 # -

mg/L 11/30/1998 0001 0.0276 # -

Vanadium mg/L 02/25/1998 0001 0.0108 U # -

mg/L 05/26/1998 0001 0.0081 B # - -

mg/L 11/30/1998 0001 0.0068 B # - -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0398
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE102WWHERE site code='RFO1' AND location-code
in(0741','0399',''398','0397','0538•''539',''7573',''570'0580'1201'''1202"1203','12•'1205') AND (NOT (data validation qualifiers
LIKE '*R*' OR datavalidation qualifiers LIKE '*X ) OR IsNull(data validationqualifiers)) AND DATESAMPLED between
#1/1/1998# and #12/15/1998#

SAMPLE ID CODES: 000X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
. Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (IMSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:
J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0399
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 02/24/1998 N001. 361 #- -

mg/L 05/26/1998 N001 297 #- -

mg/L 12/01/1998 0001 324 #- -

mg/L 12/01/1998 N001 317 #- -

Ammonia as NH4 mg/L 02/24/1998 0001 0.0185 B #- -

mg/L 02/24/1998 0002 0.0162 B #-

mg/L 05/26/1998 0001 0.0134 B #-

mg/L 12/01/1998 0001 0.0010 U # 0.001 -

Antimony mg/L 02/24/1998 0001 0.0010 U # 0.001 -

mg/L 02/24/1998 0002 0.0010 U # 0.001 -

mg/L 05/26/1998 0001 0.0010 U # 0.001 -

mg/L 12/01/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 02/24/1998 0001 0.0010 U # 0.001 -

mg/L 02/24/1998 0002 0.0010 U # 0.001 -

mg/L 05/26/1998 0001 0.0010 U # 0.001 -

mg/L 12/01/1998 0001 0.0010 U # 0.001 -

Cadmium mg/L 02/24/1998 0001 0.0010 U # 0.001 -

mg/L 02/24/1998 0002 0.0010 U # 0.001 -

mg/L 05/26/1998 0001 0.0010 U # 0.001 -

mg/L 12/01/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 02/24/1998 0001 135.000 #- -

mg/L 02/24/1998 0002 133.000 #-

mg/L 05/26/1998 0001 241.000 #- -

mg/L 12/01/1998 0001 148.000 # - -

Chloride mg/L 02/24/1998 0001 45.000 #- -

mg/L 02/24/1998 0002 45.000 # - -

mg/L 05/26/1998 0001 110.000 # - -

mg/L 12/01/1998 0001 58.400 # - -

Fluoride mg/L 05/26/1998 0001 0.806 #- -

mg/L 12/01/1998 0001 1.120 #- -

GrossAlpha pCi/L 02/24/1998 0001 10.74 # 7.75 ± 5.77

pCi/L 02/24/1998 0002 17.91 # 7.52 ± 6.60

pCi/L 05/26/1998 0001 17.23 J # 11.9 ± 8.61

pCi/L 12/01/1998 0001 19.31 # 15.06 ± 10.7
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SURFACE WATER QUALITY DATA BY LOCATION (USEE1 02) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0399
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA- QA LIMIT CERTAINTY

Gross Beta pCi/L 02/24/1998 0001 10.09 U # 10.09 ± 6.26

pCVL 02/24/1998 0002 10.15 U # 10.15 ± 6.28

pCi/L 05/26/1998 0001 16.59 # 11.09 ± 7.12

pCVL 12/01/1998 0001 18.70 # 12.89 ± 8.40

Iron mg/L 02/24/1998 0001 0.0054 B U # - -

mg/L 02/24/1998 0002 0.0050 U # 0.005 -

mg/L 05/26/1998 0001 0.0030 U # 0.003 -

mg/L 12/01/1998 0001 0.0137 B U # - -

Lead mg/L 02/24/1998 0001 0.0010 U # 0.001 -

mg/L 02/24/1998 0002 0.0010 U # 0.001 -

mg/L 05/26/1998 0001 0.0010 U # 0.001 -

mg/L 12/01/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 02/24/1998 0001 0.95 U # 0.95 ± 0.56

pCi/L 02/24/1998 0002 0.96 U # 0.96 ± 0.57

pCi/L 05/26/1998 0001 0.91 U # 0.91 ± 0.52

pCi/L 12/01/1998 0001 1.37 U # 1.37 ± 0.79

Magnesium mg/L 02/24/1998 0001 97.600 #- -

mg/L 02/24/1998 0002 96.900 #- -

mg/L 05/26/1998 0001 112.000 #- -

mg/L 12/01/1998 0001 107.000 #- -

Manganese mg/L 02/24/1998 0001 0.0065 B #- -

mg/L 02/24/1998 0002 0.0069 B #- -

mg/L 05/26/1998 0001 0.0024 B #- -

mg/L 12/01/1998 0001 0.0112 #- -

Molybdenum mg/L 02/24/1998 0001 0.0126 #- -

mg/L 02/24/1998 0002 0.0127 #- -

mg/L 05/26/1998 0001 0.0100 #- -

mg/L 12/01/1998 0001 0.0111 #- -

Nitrate mg/L 02/24/1998 0001 11.900 #- -

mg/L 02/24/1998 0002 12.000 #- -

mg/L 05/26/1998 0001 7.500 #-

mg/L 12/01/1998 0001 12.400 # - -

pH s.u. 02/24/1998 N001 8.15 #- -

s.u. 05/26/1998 N001 7.15 #- -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0399
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

pH s.u. 12/01/1998 NO01 8.27 # - -

Polonium-210 pCVL 02/24/1998 0001 0.40 U # 0.4 ± -0.34

pCi/L 02/24/1998 0002 0.21 U # 0.21 ± 0.20

pCi/L 05/26/1998 0001 0.05 U # 0.05 ± 0.07

pCi/L 12/01/1998 0001 0.09 U # 0.05 ± 0.08

Radium-226 pCi/L 02/24/1998 0001 0.15 # 0.01 ± 0.06

pCi/L 02/24/1998 0002 0.20 # 0.02 ± 0.08

pCi/L 05/26/1998 0001 0.25 # 0.1 ± 0.08

pCi/L 12/01/1998 0001 0.15 # 0.12 ± 0.08

Radium-228 pCVL 02/24/1998 0001 1.0 U # 1 ± 0.50

pCi/L 02/24/1998 0002 0.4 U # 0.4 ± 0.20

pCi/L 05/26/1998 0001 0.62 U # 0.62 ± 0.36

pCi/L 12/01/1998 0001 0.81 U # 0.81 ± 0.48

Redox Potential mV 02/24/1998 N001 137 #- -

mV 05/26/1998 N001 134 #

mV 12/01/1998 N001 154 #- -

Selenium mg/L 02/24/1998 0001 0.0104 #- -

mg/L 02/24/1998 0002 0.0106 - -

mg/L 05/26/1998 0001 0.0097 #- -

mg/L 12/01/1998 0001 0.0110 #- -

Sodium mg/L 02/24/1998 0001 79.200 #- -

mg/L 02/24/1998 0002 78.900 # - -

mg/L 05/26/1998 0001 114.000 #- -

mg/L 12/01/1998 0001 94.800 # - -

Specific Conductance umhos/c 02/24/1998 N001 1685 # - -

umhos/c 05/26/1998 N001 2020 # -

umhos/c 12/01/1998 N001 1619 # - -

Sulfate mg/L 02/24/1998 0001 509.000 # - -

mg/L 02/24/1998 0002 509.000 # - -

mg/L 05/26/1998 0001 953.000 #- -

mg/L 12/01/1998 0001 595.000 # - -

Temperature C 02/24/1998 N001 4.7 #- -

C 05/26/1998 N001 14.2 # - -

C 12/01/1998 N001 5.2 #- -

. Page 11



SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0399
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Thorium-230 pCVL 02/24/1998 0001 0.80 U # 0.8 ±

pCi/L 02/24/1998 0002 0.80 U # 0.8 +

pCi/L 05/26/1998 0001 0.80 U # 0.8 ±

pCiVL 12/01/1998 0001 1.6 U # 1.6 +

Total Dissolved Solids mg/L 02/24/1998 0001 1110 # - -

mg/L 02/24/1998 0002 1110 # - -

mg/L 12/01/1998 0001 1360 # - -

Turbidity NTU 05/26/1998 N001 1.72 # - -

NTU 12/01/1998 N001 9.78 # - -

Uranium mg/L 02/24/1998 0001 0.0351 # - -

mg/L 02/24/1998 0002 0.0349 # - -

mg/L 05/26/1998 0001 0.0360 # - -

mg/L 12/01/1998 0001 0.0344 # - -

Vanadium mg/L 02/24/1998 0001 0.0161 #- -

mg/L 02/24/1998 0002 0.0159 U #- -

mg/L 05/26/1998 0001 0.0082 B #- -

mg/L 12/01/1998 0001 0.0111 #- -

I
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0399
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE102 WHERE site code='RFOOI'AND location code
in(074 1','03 9 9','0398','0397,'O538W0539,'0573,'0570ý,'0580','1201.'1202'-1203,120,4,'1205) AND (NOT (datavalidation qualifiers
LIKE '*R*' OR datavalidation qualifiers LIKE '*X ) OR IsNull(data validationqualifiers)) AND DATESAMPLED between
#1/111998# and #12/15/1998#

SAMPLE ID CODES: 000X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
. Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (11C).

S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value.

G Possible grout contamination, pH > 9.

R Unusable result.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.

F Low flow sampling method used.

L Less than 3 bore volumes purged prior to sampling.

X Location is undefined.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0538
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 02/25/1998' N001 158 # - -

mg/L 05/27/1998 N001 93 # - -

mg/L 08/18/1998 0001 134 # - -

mg/L 08/18/1998 N001 124 # - -

mg/L 11/30/1998 0001 130 # - -

mg/L 11/30/1998 N001 126 #- -

Ammonia as NH4 mg/L 02/25/1998 0001 0.0368 B #- -

mg/L 05/27/1998 0001 0.0303 B # - -

mg/L 08/18/1998 0001 0.0156 B U # - -

mg/L 11/30/1998 0001 0.0082 B #- -

mg/L 11/30/1998 0002 0.0054 B #- -

Antimony mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 08/18/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0002 0.0010 U # 0.001 -

Arsenic mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 08/18/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0002 0.0010 U # 0.001 -

Cadmium mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 08/18/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0002 0.0010 U # 0.001 -

Calcium mg/L 02/25/1998 0001 68.200 # - -

mg/L 05/27/1998 0001 37.000 # - -

mg/L 08/18/1998 0001 64.200 # - -

mg/L 11/30/1998 0001 65.400 #- -

mg/L 11/30/1998 0002 65.400 # - -

Chloride mg/L 02/25/1998 0001 158.000 # -

mg/L 05/27/1998 0001 33.700 # - -

mg/L 08/18/1998 0001 144.000 #- -

mg/L .1.1/30/1998 0001 171.000 #-
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0538
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Chloride mg/L 11/30/1998 0002 174.000 #- -

Fluoride mg/L 05/27/1998 0001 0.129 #

mg/L 11/30/1998 0001 0.257 #

mg/L 11/30/1998 0002 0.261 #

GrossAlpha pCi/L 02/25/1998 0001 4.56 U J # 4.56 ± 2.93

pCi/L 05/27/1998 0001 2.26 U J # 2.26 ± 1.41

pCi/L 08/18/1998 0001 8.21 U J # 8.21 ± 4.99

pCi/L 11/30/1998 0001 10.60 U # 10.6 ± 5.49

pCi/L 11/30/1998 0002 10.67 U # 10.67 ± 5.34

Gross Beta pCi/L 02/25/1998 0001 5.10 U # 5.1 ± 3.16

pCiIL 05/27/1998 0001 3.10 # 2.72 ± 1.70

pCi/L 08/18/1998 0001 11.85 U # 11.85 ± 7.13

pCi/L 11/30/1998 0001 12.56 U # 12.56 ± 7.35

pCi/L 11/30/1998 0002 12.55 U # 12.55 ± 7.54

Iron mg/L 02/25/1998 0001 0.0249 B # - -

mg/L 05/27/1998 0001 0.0304 # -

mg/L 08/18/1998 0001 0.0321 * UJ #

mg/L 11/30/1998 0001 0.0102 B U #- -

mg/L 11/30/1998 0002 0.0117 B U #- -

Lead mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 08/18/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0002 0.0010 U # 0.001 -

Lead-210 pCi/L 02/25/1998 0001 0.98 U # 0.98 ± 0.58

pCi/L 05/27/1998 0001 0.94 U # 0.94 ± 0.55

pCi/L 08/18/1998 0001 0.94 U # 0.94 ± 0.54

pCi/L 11/30/1998 0001 1.33 U # 1.33 ± 0.79

pCi/L 11/30/1998 0002 1.A8 U # 1.38 ± 0.81

Magnesium mg/L 02/25/1998 0001 17.100 #- -

mg/L 05/27/1998 0001 7.670 #- -

mg/L 08/18/1998 0001 13.000 #- -

mg/L 11/30/1998 0001 14.700 #- -

mg/L 11/30/1998 0002 14.700 # - -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0538
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Manganese mg/L 02/25/1998 0001 0.343 #- -

mg/L 05/27/1998 0001 0.0088 B #- -

mg/L 08/18/1998 0001 0.0125 #- -

mg/L 11/30/1998 0001 0.0201 #- -

mg/L 11/30/1998 0002 0.0200 #- -

Molybdenum mg/L 02/25/1998 0001 0.0095 B #- -

mg/L 05/27/1998 0001 0.0011 B #- -

mg/L 08/18/1998 0001 0.0098 BE U #- -

mg/L 11/30/1998 0001 0.0085 B #- -

mg/L 11/30/1998 0002 0.0096 B #- -

Nitrate mg/L 02/25/1998 0001 0.244 B #- -

mg/L 05/27/1998 0001 0.602 B #- -

mg/L 08/18/1998 0001 0.0110 U # 0.011 -

mg/L 11/30/1998 0001 0.359 B J #- -

mg/L 11/30/1998 0002 0.366 B J # - -

pH s.u. 02/25/1998 N001 8.94 #- -

s.u. 05/27/1998 N001 7.52 # - -

s.u. 08/18/1998 N001 9.01 # - -

s.u. 11/30/1998 N001 8.58 # - -

Polonium-210 pCi/L 02/25/1998 0001 0.22 U # 0.22 ± 0.19

pCi/L 05/27/1998 0001 0.06 U # 0.06 ± 0.08

pCi/L 08/18/1998 0001 0.05 U # 0.05 ± 0.06

pCi/L 11/30/1998 0001 0.07 U # 0.07 ± 0.08

pCi/L 11/30/1998 0002 0.07 U # 0.07 ± 0.08

Radium-226 pCi/L 02/25/1998 0001 0.23 # 0.01 ± 0.07

pCi/L 05/27/1998 0001 0.12 # 0.11 ± 0.07

pCi/L 08/18/1998 0001 0.09 U # 0.09 ± 0.05

pCiIL 11/30/1998 0001 0.21 # 0.11 ± 0.08

pCVL 11/30/1998 0002 0.24 # 0.11 ± 0.08

Radium-228 pCi/L 02/25/1998 0001 0.6 U # 0.6 ± 0.30

pCi/L 05/27/1998 0001 0.67 U # 0.67 ± 0.38

pCi/L 08/18/1998 0001 0.42 U # 0.42 ± 0.25

pCi/L 11/30/1998 0001 0.71 U # 0.71 ± 0.42

pCi/L 11/30/1998 0002 0.74 U # .0.74 ± 0.44

Redox Potential mV 02/25/1998 N001 56 -- #

Page 16

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

I
I
I
I
I



SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0538
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Redox Potential mV 05/27/1998 N001 271 -#

mV 08/18/1998 N001 65 #

mV 11/30/1998 N001 100 #

Selenium mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 08/18/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0002 0.0010 U # 0.001 -

Sodium mg/L 02/25/1998 0001 119.000 #- -

mg/L 05/27/1998 0001 25.100 #- -

mg/L 08/18/1998 0001 96.200 #- -

mg/L 11/30/1998 0001 115.000 #- -

mg/L 11/30/1998 0002 115.000 #-

Specific Conductance umhos/c 02/25/1998 N001 1061 #- -

umhos/c 05/27/1998 N001 3770 #- -

umhos/c 08/18/1998 N001 8720 #- -

umhos/c 11/30/1998 N001 1095 #- -

Sulfate mg/L 02/25/1998 0001 133.000 # - -

mg/L 05/27/1998 0001 39.800 # - -

mg/L 08/18/1998 0001 104.000 N J #- -

mg/L 11/30/1998 0001 123.000 #- -

mg/L 11/30/1998 0002 126.000 #- -

Temperature C 02/25/1998 N001 7.0 # - -

C 05/27/1998 N001 13.2 #- -

C 08/18/1998 N001 20.6 # - -

C 11/30/1998 N001 6.8 # - -

Thorium-230 pCi/L 02/25/1998 0001 0.80 U # 0.8 +

pCi/L 05/27/1998 0001 0.80 U # 0.8 ±

pCi/L 08/18/1998 0001 1.2 U # 1.2 ±

pCi/L 11/30/1998 0001 1.6 U # 1.6 +

pCi/L 11/30/1998 0002 1.6 U # 1.6 ±

Total Dissolved Solids mg/L 02/25/1998 0001 585 #- -

mg/L 08/18/1998 0001 520 #- -

mg/L 11/30/1998 0001 632 #- -

mg/L 11/30/1998 0002 635 #-
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0538
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Turbidity NTU 05/27/1998 N001 32.5 #

NTU 11/30/1998 N001 8.31 #

Uranium mg/L 02/25/1998 0001 0.0027 #

mg/L 05/27/1998 0001 0.0010 U # 0.001

mg/L 08/18/1998 0001 0.0017 # -

mg/L 11/30/1998 0001 0.0027 #-

mg/L 11/30/1998 0002 0.0026 # -

Vanadium mg/L 02/25/1998 0001 0.0072 B U # -

mg/L 05/27/1998 0001 0.0010 U # 0.001

mg/L 08/18/1998 0001 0.0020 U # 0.002 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0002 0.0010 U # 0.001 -

RECORDS: SELECTED FROM USEE102 WHERE site code='RFOO1' AND location code
in(C0741',0399','0398','0397','0538,'0539','0573,'0570',058M'1201',1202'1203',"'1204','1205) AND (NOT (data-validationqualifiers
LIKE '*R*' OR data_validationqualifiers LIKE '*X' ) OR IsNull(data validationqualifiers)) AND DATESAMPLED between
#1/111998# and #12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns,

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:
J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0570 ONE MILE POND
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 02/25/1998 N001 322 #- -

mg/L 05/27/1998 N001 222 # - -

mg/L 11/30/1998 0001 298 # - -

mg/L 11/30/1998 N001 288 # - -

Ammonia as NH4 mg/L 02/25/1998 0001 0.0276 B #- -

mg/L 05/27/1998 0001 0.0764 B # - -

mg/L 11/30/1998 0001 0.0250 B # - -

Antimony mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 02/25/1998 0001 0.0010 U # 0.001

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Cadmium mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 02/25/1998 0001 112.000 #- -

mg/L 05/27/1998 0001 77.000 #- -

mg/L 11/30/1998 0001 84.000 #- -

Chloride mg/L 02/25/1998 0001 18.400 #- -

mg/L 05/27/1998 0001 28.500 #- -

mg/L 11/30/1998 0001 96.700 #- -

Fluoride mg/L 05/27/1998 0001 0.238 #- -

mg/L 11/30/1998 0001 0.362 #- -

Gross Alpha pCi/L 02/25/1998 0001 18.97 J # 7.78 ± 6.88

pCi/L 05/27/1998 0001 6.95 J # 4.96 ± 3.57

pCVL 11/30/1998 0001 13.51 # 12.41 ± 8.51

Gross Beta pCi/L 02125/1998 0001 8.87 U # 8.87 ± 5.46

pCi/L 05/27/1998 0001 5.49 U # 5.49 ± 3.25

pCi/L 11/30/1998 0001 19.53 # 12.74 ± 8.36

Iron mg/L 02/25/1998 0001 0.0096 B # - -

mg/L 05/27/1998 0001 0.0341 #-

mg/L 11/30/1998 0001 0.0466 U #

Lead mg/L 02/25/1998 0001 0.0010 U # 0.001

... .Page 19
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0570 ONE MILE POND
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Lead mg/L 05/27/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 02/25/1998 0001 0.98 U # 0.98 ± 0.59

pCi/L 05/27/1998 0001 0.89 U # 0.89 ± 0.53

pCi/L 11/30/1998 0001 1.31 U # 1.31 ± 0.76

Magnesium mg/L 02/25/1998 0001 91.100 #- -

mg/L 05/27/1998 0001 42.500 #- -

mg/L 11/30/1998 0001 56.900 #- -

Manganese mg/L 02/25/1998 0001 0.0341 #- -

mg/L 05/27/1998 0001 0.0379 #- -

mg/L 11/30/1998 0001 0.168 #- -

Molybdenum mg/L 02125/1998 0001 0.0040 B #- -

mg/L 05/27/1998 0001 0.0023 B #- -

mg/L 11/30/1998 0001 0.0110 #- -

Nitrate mg/L 02/25/1998 0001 3.030 #- -

mg/L 05/27/1998 0001 0.229 B U #- -

mg/L 11/30/1998 0001 0.0406 B UJ # - -

pH s.u. 02/25/1998 N001 8.10 #- -

s.u. 05/27/1998 N001 7.22 #- -

s.u. 11/30/1998 N001 8.44 #- -

Polonium-210 pCi/L 02/25/1998 0001 0.37 U # 0.37 ± 0.38

pCi/L 05/27/1998 0001 0.09 U # 0.09 ± 0.09

pCi/L 11/30/1998 0001 0.08 U # 0.07 ± 0.10

Radium-226 pCi/L 02/25/1998 0001 0.20 # 0.02 ± 0.08

pCi/L 05/27/1998 0001 0.18 # 0.1 ± 0.07

pCi/L 11/30/1998 0001 0.47 # 0.14 ± 0.11

Radium-228 pCi/L 02/25/1998 0001 0.6 U # 0.6 ± 0.40

pCi/L 05/27/1998 0001 0.62 U # 0.62 ± 0.36

pCi/L 11/30/1998 0001 0.95 U # 0.95 ± 0.56

Redox Potential mV 02/25/1998 N001 175 # - -

mV 05/27/1998 N001 20 # - -

mV 11/30/1998 N001 78 # - -

Selenium mg/L 02125/1998 0001 0.0070 # - -

mg/L 05/27/1998 0001 0.0019 B # -
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SURFACE WATER QUALITY DATA BY LOCATION (USEEI 02) FOR SITE RF01, RIFLE (OLD)
LOCATION: 0570 ONE MILE POND
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Selenium mg/L 11/30/1998 0001 0.0020 B #-

Sodium mg/L 02/25/1998 0001 101.000 # -

mg/L 05/27/1998 0001 63.200 # -

mg/L 11/30/1998 0001 113.000 # -

Specific Conductance umhos/c 02/25/1998 N001 1585 # -

umhos/c 05/27/1998 N001 908 # -

umhos/c 11/30/1998 N001 1407 # -

Sulfate mg/L 02/25/1998 0001 538.000 # -

mg/L 05/27/1998 0001 257.000 # -

mg/L 11/30/1998 0001 280.000 # -

Temperature C 02/25/1998 NO01 5.5 # -

C 05/27/1998 NO01 23.8 # -

C 11/30/1998 N001 6.5 # -

Thorium-230 pCiIL 02/25/1998 0001 0.80 U # 0.8 +

pCi/L 05/27/1998 0001 0.80 U # 0.8 +

pCi/L 11/30/1998 0001 1.6 U # 1.6 +

Total Dissolved Solids mg/L 02/25/1998 0001 1080 # -

mg/L 11/30/1998 0001 912 # -

Turbidity NTU 05/27/1998 N001 5.31 #- -

NTU 11/30/1998 N001 9.81 #- -

Uranium mg/L 02/25/1998 0001 0.0259 # - -

mg/L 05/27/1998 0001 0.0086 #- -

mg/L 11/30/1998 0001 0.0293 # - -

Vanadium mg/L 02/25/1998 0001 0.0104 U #- -

mg/L 05/27/1998 0001 0.0018 B # - -

mg/L 11/30/1998 0001 0.0042 B # - -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0570 ONE MILE POND
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE102 WHERE site code='RFO01'AND location code
in•0741','0399','0398'','397','0538','0539,'O573,'0570','580','1201'.'1202'1203','124','1205) AND (NOT (data-validationqualifiers
LIKE '*R OR datavalidationqualifiers LIKE '*X ) OR IsNull(datayvalidationqualifiers)) AND DATESAMPLED between
#11111998# and #12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0573 SEEP UPGRAD FROM ONE MILE POND
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN- •

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 11/30/1998 0001 418 #

mg/L 11/30/1998 N001 400 #

Ammonia as NH4 mgIL 11/30/1998 0001 0.0187 B #

Antimony mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Cadmium mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 11/30/1998 0001 251.000 #- -

Chloride mg/L 11/30/1998 0001 63.900 #

Fluoride mg/L 11/30/1998 0001 0.919 #

Gross Alpha pCi/L 11/30/1998 0001 32.77 # 29.94 ± 20.5

Gross Beta pCi/L 11/30/1998 0001 32.37 # 25.75 ± 16.5

Iron mg/L 11/30/1998 0001 0.0116 B U #- -

Lead mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 11/30/1998 0001 1.36 U # 1.36 ± 0.80

Magnesium mg/L 11/30/1998 0001 166.000 #- -

Manganese mg/L 11/30/1998 0001 0.0053 B #- -

Molybdenum mg/L 11/30/1998 0001 0.0161 #- -

Nitrate mg/L 11/30/1998 0001 0.0305 B UJ # - -

pH s.u. 11/30/1998 N001 8.35 # - -

Polonium-210 pCi/L 11/30/1998 0001 0.09 U # 0.08 ± 0.11

Radium-226 pCi/L 11/30/1998 0001 0.14 # 0.1 ± 0.07

Radium-228 pCVL 11/30/1998 0001 0.67 U # 0.67 ± 0.40

Redox Potential mV 11/30/1998 N001 219 # - -

Selenium mg/L 11/30/1998 0001 0.0031 B #- -

Sodium mg/L 11/30/1998 0001 332.000 #- -

Specific Conductance umhos/c 11/30/1998 N001 3530 #- -

Sulfate mg/L 11/30/1998 0001 1690.000 # - -

Temperature C 11/30/1998 N001 4.6 # - -

Thorium-230 pCi/L 11/30/1998 0001 1.6 U # 1.6 +
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0573 SEEP UPGRAD FROM ONE MILE POND
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Total Dissolved Solids mg/L 11/30/1998 0001 3140 #-

Turbidity NTU 11/30/1998 N001 3.38 #-

Uranium mg/L 11/30/1998 0001 0.0534 #-

Vanadium mg/L 11/30/1998 0001 0.0019 B #-

RECORDS: SELECTED FROM USEE102 WHERE site code='RFO01' AND location-code
in(•0741,'0,399',*0398','0397','0538''O0539*'0O573,'057V','058''1201','1202','1203','1204','1205) AND (NOT (data-validation_qualtiers
LIKE '*R*' OR datavalidationqualifiers LIKE '*X ) OR IsNull(data.validationqualifiers)) AND DATESAMPLED between
#11111998# and #1211511998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

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

DATA QUALIFIERS:

J Estimated value.
G Possible grout contamination, pH > 9.

R Unusable result.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.

F Low flow sampling method used.

L Less than 3 bore volumes purged prior to sampling.

X Location is undefined.
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SURFACE WATER QUALITY DATA BY LOCATION (USEEI02) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0580 Estimated using ArcView
REPORT DATE: 314/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

-Alkalinity as CaCO3 mg/L 02/25/1998 N001 474. # -

mg/L 05/27/1998 N001 407 #-

mg/L 08/18/1998 0001 334 #-

mg/L 08/18/1998 N001 354 #-

mg/L 11/30/1998 0001 449 #-

mg/L 11/30/1998 N001 475 #-

Ammonia as NH4 mg/L 02125/1998 0001 0.0094 B #-

mg/L 05/27/1998 0001 0.0182 B #-

mg/L 08/18/1998 0001 0.0468 B #-

mg/L 11/30/1998 0001 0.0194 B #-

Antimony mg/L 02/25/1998 0001 0.0010 U # 0.001

mg/L 05/27/1998 0001 0.0010 U # 0.001

mg/L 08/18/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Arsenic mg/L 02/25/1998 0001 0.0010 U # 0.001

mg/L 05127/1998 0001 0.0010 U # 0.001

mg/L 08/18/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Cadmium mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 08/18/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 02/25/1998 0001 84.500 #- -

mg/L 05/27/1998 0001 71.500 #- -

mg/L 08/18/1998 0001 54.600 #- -

mg/L 11/30/1998 0001 79.900 #- -

Chloride mg/L 02/25/1998 0001 176.000 #- -

mg/L 05/27/1998 0001 193.000 #- -

mg/L 08/18/1998 0001 198.000 #- -

mg/L 11/30/1998 0001 203.000 #- -

Fluoride mg/L 05/27/1998 0001 0.803 #- -

mg/L 11/30/1998 0001 0.816 - -

Gross Alpha pCi/L 02125/1998 0001 12.79 J # 11 + 7.82

pCi/L 05/27/1998 0001 37.86 J # 11.91 + 10.8
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0580 Estimated using ArcView
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Gross Alpha pCi/L 08/18/1998 0001 23.02 # 15.34 ± 11.3

pCi/L 11/30/1998 0001 24.53 U # 24.53 ± 16.2

Gross Beta pCi/L 02/25/1998 0001 14.41 # 12.29 ± 7.76

pCi/L 05/27/1998 0001 11.18 U # 11.18 ± 6.74

pCi/L 08/18/1998 0001 15.19 U # 15.19 ± 9.24

pCi/L 11/30/1998 0001 25.45 U # 25.45 ± 15.4

Iron mg/L 02/25/1998 0001 0.0050 U # 0.005 -

mg/L 05/27/1998 0001 0.0030 U # 0.003 -

mg/L 08/18/1998 0001 0.0040 B U #- -

mg/L 11/30/1998 0001 0.0031 B U #- -

Lead mg/L 02/25/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 08/18/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 02/25/1998 0001 0.97 U # 0.97 ± 0.58

pCi/L 05/27/1998 0001 0.91 U # 0.91 ± 0.54

pCi/L 08/18/1998 0001 0.91 U # 0.91 ± 0.52

pCi/L 11/30/1998 0001 1.37 U # 1.37 ± 0.81

Magnesium mg/L 02/25/1998 0001 69.500 #- -

mg/L 05/27/1998 0001 75.600 # - -

mg/L 08/18/1998 0001 74.800 #- -

mg/L 11/30/1998 0001 80.700 # - -

Manganese mg/L 02/25/1998 0001 0.108 #- -

mg/L 05/27/1998 0001 0.0045 B # - -

mg/L 08/18/1998 0001 0.0015 B #- -

mg/L 11/30/1998 0001 0.0021 B #- -

Molybdenum mg/L 02/25/1998 0001 0.0193 # - -

mg/L 05/27/1998 0001 0.0198 #- -

mg/L 08/18/1998 0001 0.0241 # - -

mg/L 11/30/1998 0001 0.0239 # - -

Nitrate mg/L 02/25/1998 0001 0.0445 B #- -

mg/L 05/27/1998 0001 0.0719 B U # - -

mg/L 08/18/1998 0001 0.0350 B U #

mg/L 11/30/1998 0001 0.0457 B UJ #
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RF001, RIFLE (OLD)
LOCATION: 0580 Estimated using ArcView
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

pH s.u. - 02/25/1998 N001 8.36 # -

s.u. 05/27/1998 N001 7.84 # -

s.u. 08/18/1998 NO01 8.64 # -

s.u. 11/30/1998 NO01 8.15 #-

Polonium-210 pCi/L 02/25/1998 0001 0.16 U # 0.16 ± 0.25

pCi/L 05/27/1998 0001 0.08 U # 0.08 ± 0.09

pCi/L 08/18/1998 0001 0.06 U # 0.06 ± 0.08

pCi/L 11/30/1998 0001 0.08 U # 0.08 ± 0.10

Radium-226 pCi/L 02/25/1998 0001 0.84 # 0.21 ± 0.52

pCi/L 05/27/1998 0001 0.10 U # 0.1 ± 0.06

pCiIL 08/18/1998 0001 0.19 U # 0.19 ± 0.10

pCi/L 11/30/1998 0001 0.13 U # 0.13 ± 0.08

Radium-228 pCi/L 02125/1998 0001 0.7 U # 0.7 ± 0.40

pCi/L 05/27/1998 0001 0.63 U # 0.63 ± 0.37

pCi/L 08/18/1998 0001 0.92 U # 0.92 ± 0.54

pCi/L 11/30/1998 0001 0.82 U # 0.82 ± 0.49

Redox Potential mV 02125/1998 NO01 214 #- -

mV 05/27/1998 NO01 208 #- -

mV 08/18/1998 NO01 164 #- -

mV 11/30/1998 NO01 208 #- -

Selenium mg/L 02125/1998 0001 0.0010 U # 0,001 -

mg/L 05/27/1998 0001 0.0012 B #- -

mg/L 08/18/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0012 B #- -

Sodium mg/L 02/25/1998 0001 355.000 #- -

mg/L 05/27/1998 0001 396.000 #- -

mg/L 08/18/1998 0001 408.000 #- -

mg/L 11/30/1998 0001 435.000 #- -

Specific Conductance umhos/c 02/25/1998 NO01 2380 #- -

umhos/c 05/27/1998 NO01 2380 #- -

umhos/c 08/18/1998 NO01 2340 # - -

umhos/c 11/30/1998 NO01 2960 # - -

Sulfate mg/L 02/25/1998 0001 594.000 # - -

mg/L 05/27/1998 0001 705.000 # -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0580 Estimated using ArcView
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Sulfate mg/L 08/18/1998 0001 652.000 #- -

mg/L 11/30/1998 0001 748.000 #- -

Temperature C 02/25/1998 N001 7.5 #- -

C 05/27/1998 N001 19.2 #-

C 08/18/1998 N001' 24.3 # - -

C 11/30/1998 N001 4.9 #- -

Thorium-230 pCi/L 02/25/1998 0001 0.80 U # 0.8 +

pCi/L 05/27/1998 0001 0.80 U # 0.8 +

pCi/L 08/18/1998 0001 1.2 U # 1.2 +

pCi/L 11/30/1998 0001 1.6 U # 1.6 +

Total Dissolved Solids mg/L 02/25/1998 0001 1510 # - -

mg/L 08/18/1998 0001 1640 # - -

mg/L 11/30/1998 0001 1880 # - -

Turbidity NTU 05/27/1998 N001 3.93 # - -

NTU 11/30/1998 N001 16.9 # - -

Uranium mg/L 02/25/1998 0001 0.0240 # - -

mg/L 05/27/1998 0001 0.0284 # - -

mg/L 08/18/1998 0001 0.0230 #- -

mg/L 11/30/1998 0001 0.0301 #- -

Vanadium mg/L 02/25/1998 0001 0.0079 B U #- -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 08/18/1998 0001 0.0020 U # 0.002 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

I
I
U
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0580 Estimated using ArcView
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE102 WHERE site code='RFOO1' AND location code
in(0741',*0399','0398','0397','0538','O539O,'573"'0570','058','1201','1202',12O3','124,'1205) AND (NOT (data validation..qualifiers
LIKE "R' OR datavalidationqualifiers LIKE '*X' ) OR IsNuIl(data validationqualifiers)) AND DATESAMPLED between
#11111998# and #12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NO0X = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
. Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.
M -GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance ' 50% of analytical spike absorbanoe.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0741
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 02/24/1998 N001 134 #- -

mg/L 05/27/1998 N001 92 #- -

mg/L 12/01/1998 0001 125 #- -

mg/L 12/01/1998 N001 166 #- -

Ammonia as NH4 mg/L 02/24/1998 0001 0.0299 B #- -

mg/L 05/27/1998 0001 0.0352 B #- -

mg/L 05/27/1998 0002 0.0303 B #- -

mg/L 12/01/1998 0001 0.0010 U # 0.001 -

Antimony mg/L 02/24/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0002 0.0010 U # 0.001 -

mg/L 12/01/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 02/24/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0002 0.0010 U # 0.001 -

mg/L 12/01/1998 0001 0.0010 U # 0.001 -

Cadmium mg/L 02/24/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0002 0.0010 U # 0.001 -

mg/L 12/01/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 02/24/1998 0001 64.800 # - -

mg/L 05/27/1998 0001 36.700 # - -

mg/L 05/27/1998 0002 37.300 # - -

mg/L 12/01/1998 0001 66.000 # - -

Chloride mg/L 02/24/1998 0001 171.000 #- -

mg/L 05/27/1998 0001 33.000 # - -

mg/L 05/27/1998 0002 33.100 # - -

mg/L 12/01/1998 0001 175.000 # - -

Fluoride mg/L 05/27/1998 0001 0.109 #- -

mg/L 05/27/1998 0002 0.116 # - -

mg/L 12/01/1998 0001 0.249 #- -

Gross Alpha pCi/L 02/24/1998 0001 3.94 U # 3.94 ± 2.34

pCi/L 05/27/1998 0001 3.63 J # 2.28 ± 1.69

pCi/L 05/27/1998 0002 2.23 U J # 2.23 ± 1.28
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0741
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

GrossAlpha pCi/L 12t01/1998 0001 10.53 U # 10;53 ± 5.73

Gross Beta pCi/L 02/24/1998 0001 4.66 U # 4.66 ± 2.87

pCi/L 05/27/1998 0001 3.30 # 2.73 ± 1.72

pCi/L 05/27/1998 0002 2.71 U # 2.71 ± 1.65

pCVL 12101/1998 0001 12.56 U # 12.56 ± 7.21

Iron mg/L 02/24/1998 0001 0.0109 B U # - -

mg/L 05/27/1998 0001 0.0323 # - -

mg/L 05/27/1998 0002 0.0150 B #- -

mg/L 12101/1998 0001 0.0108 B U #- -

Lead mg/L 02124/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0002 0.0010 U # 0.001 -

mg/L 12/01/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 02124/1998 0001 0.93 U # 0.93 ± 0.55

pCi/L 05/27/1998 0001 0.92 U # 0.92 ± 0.53

pCi/L 05/27/1998 0002 0.97 U # 0.97 ± 0.56

pCVL 12/01/1998 0001 1.34 U # 1.34 ± 0.77

Magnesium mg/L 02/24/1998 0001 14.100 # - -

mg/L 05/27/1998 0001 7.710 #

mg/L 05/27/1998 0002 7.790 #

mg/L 12t01/1998 0001 14.100 #

Manganese mg/L 02/24/1998 0001 0.0264 #

mg/L 05/27/1998 0001 0.0066 B #

mg/L 05/27/1998 0002 0.0061 B #

mg/L 12101/1998 0001 0.0144 #

Molybdenum mg/L 02/24/1998 0001 0.0080 B #

mg/L 05/27/1998 0001 0.0012 B #

mg/L 05/27/1998 0002 0.0011 B #- -

mg/L 12/01/1998 0001 0.0082 B #- -

Nitrate mg/L 02124/1998 0001 0.385 B #- -

mg/L 05/27/1998 0001 0.583 B #- -

mg/L 05/27/1998 0002 0.573 B #-

mg/L 12t01/1998 0001 0.540 B J # - -

pH s.u. 02/24/1998 N001 8.54 # - -

Page 31



SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0741
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: - DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

pH s.u. 05/27/1998 N001 7.43 #-

SM. 12/01/1998 N001 8.18 #-

Polonium-210 pCi/L 02/24/1998 0001 0.44 U # 0.44 ± -0.40

pCi/L 05/27/1998 0001 0.07 U # 0.07 ± 0.09

pCi/L 05/27/1998 0002 0.07 U # 0.07 ± -0.06

pCi/L 12/01/1998 0001 0.06 U # 0.06 ± 0.07

Radium-226 pCi/L 02/24/1998 0001 0.26 # 0.01 ± 0.08

pCi/L 05/27/1998 0001 0.11 U # 0.11 ± 0.06

pCi/L 05/27/1998 0002 0.12 U # 0.12 ± 0.07

pCi/L 12/01/1998 0001 0.26 # 0.09 ± 0.07

Radium-228 pCi/L 02/24/1998 0001 1.0 U #1 ± 0.50

pCi/L 05/27/1998 0001 0.65 U # 0.65 ± 0.38

pCi/L 05/27/1998 0002 0.70 U # 0.7 ± 0.41

pCi/L 12/01/1998 0001 0.64 U # 0.64 ± 0.38

Redox Potential mV 02/24/1998 N001 205 #- -

mV 05/27/1998 N001 222 #

mV 12/01/1998 N001 205 #

Selenium mg/L 02/24/1998 0001 0.0010 U # 0.001

mg/L 05/27/1998 0001 0.0010 U # 0.001

mg/L 05/27/1998 0002 0.0010 U # 0.001

mg/L 12/01/1998 0001 0.0010 U # 0.001

Sodium mg/L 02/24/1998 0001 113.000 #-

mg/L 05/27/1998 0001 25.200 #-

mg/L 05/27/1998 0002 25.200 #-

mg/L 12/01/1998 0001 112.000 #-

Specific Conductance umhos/c 02/24/1998 N001 1036 #

umhos/c 05/27/1998 N001 3890 #- -

umhos/c 12/01/1998 N001 1090 #-

Sulfate mg/L 02/24/1998 0001 109.000 #- -

mg/L 05/27/1998 0001 39.500 #- -

mg/L 05/27/1998 0002 39.700 #

mg/L 12/01/1998 0001 119.000 #

Temperature C 02/24/1998 N001 5.3 #

C 05/27/1998 N001 11.2 #
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0741
REPORT DATE: 3/4/11999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Temperature C 12/01/1998 N001 4.8 #-

Thorium-230 pCi/L 02/24/1998 0001 0.80 U # 0.8 +

pCi/L 05/27/1998 0001 0.80 U # 0.8 +

pCi/L 05/27/1998 0002 0.80 U # 0.8 +

pCi/L 12/01/1998 0001 1.6 U # 1.6 ±

Total Dissolved Solids mg/L 02/24/1998 0001 528 # -

mg/L 12/01/1998 0001 615 #-

Turbidity NTU 05/27/1998 N001 25.5 # -

NTU 12/01/1998 N001 8.81 # -

Uranium mg/L 02/24/1998 0001 0.0021 #-

mg/L 05/27/1998 0001 0.0010 U # 0.001

mg/L 05/27/1998 0002 0.0010 U # 0.001

mg/L 12/01/1998 0001 0.0022 # -

Vanadium mg/L 02/24/1998 0001 0.0070 B # -

mg/L 05/27/1998 0001 0.0010 U # 0.001 -

mg/L 05/27/1998 0002 0.0010 U # 0.001 -

mg/L 12/01/1998 0001 0.0010 U # 0.001 -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0741
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE102 WHERE sitecode='RFOO1 AND locationcode
in(O741,'0399',*0398','O397','0538','539','0573''0570*'0580',•1201'.'1202','1203','12O4','1205) AND (NOT (datavalidationqualifiers
LIKE '*R*' OR datavalidationqualifiers LIKE '*X' ) OR IsNuIl(data validationqualifiers)) AND DATESAMPLED between
#11111998# and #12715/1998#

SAMPLE ID CODES: OO0X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (IlSA).
U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:
J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 1201 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN- •

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Ammonia as NH4 mg/L 05/29/1998 0001 0.0431 #- -

mg/L 05/29/1998 NO01 0.0613 #- -

Arsenic mg/L 05/29/1998 0001 0.0052 B #- -

mg/L 05/29/1998 NO01 0.0064 B #- -

Cadmium mg/L 05/29/1998 0001 0.0010 U # 0.001 -

mg/L 05/29/1998 N001 0.0011 U # 0.0011 -

Calcium Carbonate mg/L 05/29/1998 0001 179.000 # - -

mg/L 05/29/1998 NO01 188.000 #- -

Fluoride mg/L 05/29/1998 0001 0.299 #- -

mg/L 05/29/1998 NO01 0.290 # - -

Hardness mg/L 05/29/1998 0001 366.000 # - -

mg/L 05/29/1998 NO01 392.000 # - -

Iron mg/L 05/29/1998 0001 0.0852 B #- -

mg/L 05/29/1998 NO01 0.288 #- -

Manganese mg/L 05/29/1998 0001 0.293 #- -

mg/L 05/29/1998 N001 0.322 #

Molybdenum mg/L 05/29/1998 0001 0.0026 B # -

mg/L 05/29/1998 N001 0.0028 B U #

Nitrate mg/L 05/29/1998 0001 0.110 B U #

mg/L 05/29/1998 N001 0.0629 B U #

Selenium mg/L 05/29/1998 0001 0.0020. U # 0.002 -

mg/L 05/29/1998 N001 0.0022 U # 0.0022 -

Strontium mg/L 05/29/1998 0001 1.100 #- -

mg/L 05/29/1998 NO01 1.110 #- -

Sulfate mg/L 05/29/1998 0001 262.000 #- -

mg/L 05/29/1998 NO01 264.000 #- -

Total Phosphorus as P04 mg/L 05/29/1998 0001 0.0430 U # 0.043 -

mg/L 05/29/1998 NO01 0.360 #- -

Uranium mg/L 05/29/1998 0001 0.0080 #-

mg/L 05/29/1998 NO01 0.0085 #-

Vanadium mg/L 05/29/1998 0001 0.0050 U # 0.005 -

mg/L 05/29/1998 NO01 0.0056 U # 0.0056 -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 1201 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Zinc mg/L 05/29/1998 0001 0.0045 B #

mg/L 05/29/1998 N001 0.0068 B U #

RECORDS: SELECTED FROM USEE102 WHERE site-code='RFO01'AND locationcode
in(C0741,'0399W,'0398','0397,',538','0539*,'0573','0570','0580','1201',120•,'12•3•,'1204','1205) AND (NOT (data validationqualifiers
LIKE '*R*' OR data_validationqualifiers LIKE '*X' ) OR IsNuIl(data validation qualifiers)) AND DATESAMPLED between
#1/1/1998# and #12/1511998#

SAMPLE ID CODES: OO0X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (IMSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

I
I
I
I
I
I
I
I
I
I
I
I
I
!
I
I
I
I
I

J
G

R

U

Estimated value.

Possible grout contamination, pH > 9.

Unusable result.

Parameter analyzed for but was not detected.

F Low flow sampling method used.
L Less than 3 bore volumes purged prior to sampling.

X Location is undefined.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 1202 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Ammonia as NH4 mg/L 05/29/1998 0001 0.111 #- -

mg/L 05/29/1998 N001 0.0295 #- -

Arsenic mg/L 05/29/1998 0001 0.0028 B #- -

mg/L 05/29/1998 N001 0.0053 B #- -

Cadmium mg/L 05/29/1998 0001 0.0010 U # 0.001 -

mg/L 05/29/1998 N001 0.0011 U # 0.0011 -

Calcium Carbonate mg/L 05/29/1998 0001 189.000 #-

mg/L 05/29/1998 N001 192.000 #

Fluoride mg/L 05/29/1998 0001 0.279 #-

mg/L 05/29/1998 N001 0.284 #-

Hardness mg/L 05/29/1998 0001 372.000 # -

mg/L 05/29/1998 N001 382.000 #-

Iron mg/L 05/29/1998 0001 0.0452 B # -

mg/L 05/29/1998 N001 0.256 #-

Manganese mg/L 05/29/1998 0001 0.199 #

mg/L 05129/1998 N001 0.204 #-

Molybdenum mg/L 05/29/1998 0001 0.0022 B #-

mg/L 05/29/1998 NO01 0.0026 B U #-

Nitrate mg/L 05/29/1998 0001 0.0882 B U #

mg/L 05/29/1998 N001 0.0345 B U #

Selenium mg/L 05/29/1998 0001 0.0021 B #

mg/L 05/29/1998 N001 0.0022 U # 0.0022 -

Strontium mg/L 05/29/1998 0001 1.080 # -

mg/L 05/29/1998 N001 1.040 # -

Sulfate mg/L 05/29/1998 0001 249.000 # -

mg/L 05/29/1998 N001 250.000 # -

Total Phosphorus as P04 mg/L 05/29/1998 0001 0.449 # -

mg/L 05/29/1998 N001 0.442 #-

Uranium mg/L 05/29/1998 0001 0.0084 # -

mg/L 05/29/1998 N001 0.0088 # -

Vanadium mg/L 05/29/1998 0001 0.0081 B # -

mg/L 05/29/1998 N001 0.0056 U # 0.0056 -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 1202 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am 3

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Zinc mg/L 05/29/1998 0001 0.0197 B #

mg/L 05/29/1998 N001 0.0193 B U #

RECORDS: SELECTED FROM USEE102 WHERE site code='RFO01'AND location code
in(0741•''399*,'0398','0397•''538'0539',''573°''570'0580'''1201','1202'1203•',1204'''1205) AND (NOT (data-validation_qualifiers
LIKE **R*' OR data_validationqualifiers LIKE '*X ) OR IsNull(data validationqualifiers)) AND DATESAMPLED between
#11111998# and #12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits.. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:
J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged pnor to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 1203 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN--

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Ammonia as NH4 mg/L 05/29/1998 0001 0.0431 #

mg/L 05/29/1998 0002 0.0681 #

mg/L 05/29/1998 N001 0.0340 #

mg/L 05/29/1998 N002 0.0408 #

Arsenic mg/L 05/29/1998 0001 0.0047 B #

mg/L 05/29/1998 0002 0.0046 B #

mg/L 05/29/1998 N001 0.0054 B #

mg/L 05/29/1998 N002 0.0068 B #

Cadmium mg/L 05/29/1998 0001 0.0010 U # 0.001 -

mg/L 05/29/1998 0002 0.0010 U # 0.001 -

mg/L 05/29/1998 N001 0.0011 U # 0.0011 -

mg/L 05/29/1998 N002 0.0011 U # 0.0011 -

Calcium Carbonate mg/L 05/29/1998 0001 182.000 #

mg/L 05/29/1998 0002 179.000 #-

mg/L 05/29/1998 N001 186.000 #-

mg/L 05/29/1998 N002 187.000 #-

Fluoride mg/L 05/29/1998 0001 0.298 #

mg/L 05/29/1998 0002 0.300 #-

mg/L 05/29/1998, N001 0.310 #-

mg/L 05/29/1998 N002 0.304 #

Hardness mg/L 05/29/1998 0001 382.000 #

mg/L 05/29/1998 0002 378.000 #

mg/L 05/29/1998 N001 395.000 # -

mg/L 05/29/1998 N002 396.000 # - -

Iron mg/L 05/29/1998 0001 0.105 #- -

mg/L 05/29/1998 0002 0.115 # - -

mg/L 05/29/1998 N001 0.315 # - -

mg/L 05/29/1998 N002 0.301 # - -

Manganese mg/L 05/29/1998 0001 0.593 #- -

mg/L 05/29/1998 0002 0.563 # - -

mg/L 05/29/1998 NO01 0.591 # - -

mg/L 05/29/1998 N002 0.590 #- -

Molybdenum mg/L 05/29/1998 0001 0.0014 B #- -

mg/L 05/29/1998 0002 0.0014 B #- -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 1203 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 05/29/1998 N001 0.0018 B U #- -

mg/L 05/29/1998 N002 0.0019 B U #- -

Nitrate mg/L 05/29/1998 0001 0.0918 B U #-

mg/L 05/29/1998 0002 0.0894 B U #- -

mg/L 05/29/1998 N001 0.0332 B U #- -

mg/L 05/29/1998 N002 0.0286 B U #- -

Selenium mg/L 05/29/1998 0001 0.0020 U # 0.002 -

mg/L 05/29/1998 0002 0.0020 U # 0.002 -

mg/L 05/29/1998 N001 0.0022 U # 0.0022 -

mg/L 05/29/1998 N002 0.0022 U # 0.0022 -

Strontium mg/L 05/29/1998 0001 1.150 # - -

mg/L 05/29/1998 0002 1.140 # - -

mg/L 05/29/1998 N001 1.130 #- -

mg/L 05/29/1998 N002 1.120 #- -

Sulfate mg/L 05/29/1998 0001 265.000 #- -

mg/L 05/29/1998 0002 265.000 #- -

mg/L 05/29/1998 N001 265.000 #- -

mg/L 05/29/1998 N002 265.000 #- -

Total Phosphorus as P04 mg/L 05/29/1998 0001 0.0430 U # 0.043 -

mg/L 05/29/1998 0002 0.0430 U # 0.043 -

mg/L 05/29/1998 N001 0.0520 B #- -

mg/L 05/29/1998 N002 0.0720 B #- -

Uranium mg/L 05/29/1998 0001 0.0064 #- -

mg/L 05/29/1998 0002 0.0063 #- -

mg/L 05/29/1998 N001 0.0069 #- -

mg/L 05/29/1998. N002 0.0069 #- -

Vanadium mg/L 05/29/1998 0001 0.0070 B #- -

mg/L 05/29/1998 0002 0.0050 U # 0.005 -

mg/L 05/29/1998 N001 0.0056 U # 0.0056 -

mg/L 05/29/1998 N002 0.0056 U # 0.0056 -

Zinc mg/L 05/29/1998 0001 0.0072 B #- -

mg/L 05/29/1998 0002 0.0178 B #- -

mg/L 05/29/1998 N001 0.0053 B U #- -

mg/L 05/29/1998 N002 0.0051 B U #- -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 1203 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-.
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE102 WHERE site code='RFOO0'AND location_code
in(•0741','0399',398',0397*,0538,0539'.'0573','0570','0580','1201':12022,1203,'1204','1205) AND (NOT (data validation qualifiers
LIKE '*R OR datavalidationqualifiers LIKE '*X) OR IsNull(data-validationqualifiers)) AND DATESAMPLED between
#11111998# and #12/15/1998#

SAMPLE ID CODES: 000X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:
J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged pror to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RF001, RIFLE (OLD)
LOCATION: 1204 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Ammonia as NH4 mg/L 05/29/1998 0001 0.0772 #- -

mg/L 05/29/1998 N001 0.120 #- -

Arsenic mg/L 05/29/1998 0001 0.0037 B #- -

mg/L 05/29/1998 N001 0.0064 B #- -

Cadmium mg/L 05/29/1998 0001 0.0010 U # 0.001 -

mg/L 05/29/1998 N001 0.0011 U # 0.0011 -

Calcium Carbonate mg/L 05/29/1998 0001 155.000 #

mg/L 05/29/1998 N001 184.000 #

Fluoride mg/L 05/29/1998 0001 0.322 #

mg/L 05/29/1998 N001 0.332 #

Hardness mg/L 05/29/1998 0001 331.000 #

mg/L 05/29/1998 N001 401.000 #

Iron mg/L 05/29/1998 0001 0.111 #

mg/L 05/29/1998 NO01 0.293 #

Manganese mg/L 05/29/1998 0001 0.695 #

mg/L 05/29/1998 N001 0.829 #

Molybdenum mg/L 05/29/1998 0001 0.0011 B #

mg/L 05/29/1998 N001 0.0018 B U #

Nitrate mg/L 05/29/1998 0001 0.0851 B U #

mg/L 05/29/1998 N001 0.158 B U #

Selenium mg/L 05/29/1998 0001 0.0020 U # 0.002 -

mg/L 05/29/1998 N001 0.0022 U # 0.0022 -

Strontium mg/L 05/29/1998 0001 1.020 #- -

mg/L 05/29/1998 N001 1.150 #- -

Sulfate mg/L 05/29/1998 0001 269.000 #- -

mg/L 05/29/1998 N001 276.000 #- -

Total Phosphorus as P04 mg/L 05/29/1998 0001 0.0430 U # 0.043 -

mg/L 05/29/1998 N001 0.0430 U # 0.043 -

Uranium mg/L 05/29/1998 0001 0.0049 B #- -

mg/L 05/29/1998 N001 0.0057 #- -

Vanadium mg/L 05/29/1998 0001 0.0050 U # 0.005 -

mg/L 05/29/1998 N001 0.0056 U # 0.0056 -
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 1204 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Zinc mg/L - 05/29/1998 0001 0.0030 U # 0.003

mg/L 05/29/1998 N001 0.0052 B U #

RECORDS: SELECTED FROM USEE102 WHERE site code='RFOO1 AND locationcode
in(0741','O399'.O398'O397','0538,'0539,'0573,'0,570,.58','1201,1202,203V'l12O4','1205) AND (NOT (data.validation qualifiers
LIKE '*R*' OR datavalidation qualifiers LIKE '*X ) OR IsNull(data validationqualifiers)) AND DATESAMPLED between
#1/1/1998# and #12115/1998#

SAMPLE ID CODES: 0OOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyle determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:
J Estimated value.

G Possible grout contamination, pH > 9.

R Unusable result.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.

F Low flow sampling method used.

L Less than 3 bore volumes purged pnor to sampling.

X Location is undefined.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 1205 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Ammonia as NH4 mg/L 05/29/1998 0001 0.0772 #- -

mg/L 05/29/1998 N001 0.0363 #- -

Arsenic mg/L 05/29/1998 0001 0.0023 B #- -

mg/L 05/29/1998 N001 0.0028 B # - -

Cadmium mg/L 05/29/1998 0001 0.0010 U # 0.001 -

mg/L 05/29/1998 N001 0.0011 U # 0.0011 -

Calcium Carbonate mg/L 05/29/1998 0001 172.000 #-

mg/L 05/29/1998 N001 178.000 #-

Fluoride mg/L 05/29/1998 0001 0.408 #-

mg/L 05/29/1998 N001 0.362 #-

Hardness mg/L 05/29/1998 0001 400.000 #-

mg/L 05/29/1998 N001 413.000 #

Iron mg/L 05/29/1998 0001 0.0424 B #

mg/L 05/29/1998 N001 0.217 U #

Manganese mg/L 05/29/1998 0001 0.183 #

mg/L 05/29/1998 N001 0.441 #- -

Molybdenum mg/L 05/29/1998 0001 0.0010 U # 0.001

mg/L 05/29/1998 N001 0.0012 B U #- -

Nitrate mg/L 05/29/1998 0001 0.103 B U #

mg/L 05/29/1998 N001 0.139 B U #- -

Selenium mg/L 05/29/1998 0001 0.0020 U # 0.002 -

mg/L 05/29/1998 N001 0.0022 U # 0.0022 -

Strontium mg/L 05/29/1998 0001 1.260 # -

mg/L 05/29/1998 N001 1.220 # -

Sulfate mg/L 05/29/1998 0001 291.000 # -

mg/L 05/29/1998 NO01 291.000 # -

Total Phosphorus as P04 mg/L 05/29/1998 0001 0.0430 U # 0.043 -

mg/L 05/29/1998 NO01 0.0430 U # 0.043 -

Uranium mg/L 05/29/1998 0001 0.0047 B # -

mg/L 05/29/1998 NO01 0.0049 B # -

Vanadium mg/L 05/29/1998 0001 0.0050 U # 0.005 -

mg/L 05/29/1998 NO01 0.0056 U # 0.0056 -

I
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I
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 1205 Risk Assessment Sample Site
REPORT DATE: 3/4/1999 10:06 am

SAMPLE: QUALIFIERS: DETECTION UN-

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Zinc mg/L 05/29/1998 0001 0.0080 B # -

mg/L 05/29/1998 N001 0.0033 U # 0.0033

RECORDS: SELECTED FROM USEE102 WHERE site-code='RFOO' AND location-code
in(0741''0399','0398','0397'0538,'0539'.''573','0570*,'580'.•1201','1202,'1203','1204','1205) AND (NOT (data validationqualifiers
LIKE '*R*' OR datavalidation qualifiers LIKE '*X ) OR IsNull(data.validationqualifiers)) AND DATESAMPLED between
#11111998# and #12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NO0X = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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SURFACE WATER QUALITY DATA BY LOCATION (USEE102) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0539
REPORT DATE: 3/4/1999 10:13 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 03/16/1993 N001 143 #- -

mg/L 08/05/1993 N001 109 #- -

pH s.u. 03/16/1993 N001 8.30 # - -

s.u. 08/05/1993 N001 8.20 #- -

Specific Conductance umhos/c 03/16/1993 N001 735 # -

umhos/c 08/05/1993 N001 600 #-

RECORDS: SELECTED FROM USEE102 WHERE site.code='RFOO0 AND location code inC0539') AND (NOT (datavalidation_qualifiers LIKE
'*R*' OR datavalidation qualifiers LIKE '*X) OR IsNull(data.validation-qualifiers)) AND cas in(ALKALINITY %'PH ,'EC
') AND DATESAMPLED between #11111993# and #12/3111993#

SAMPLE ID CODES: 0OOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL.

E Inorganic: Estimate value because of interfereno

Z Laboratory defined (USEPA CLP organic) qualifie

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recove

S Result determined by method of standard additiol

U Analytical result below detection limit.

W Post-digestion spike outside control limits while s

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlo

X Laboratory defined (USEPA CLP organic) qualifiE

Y Laboratory defined (USEPA CLP organic) qualifiE

> Result above upper detection limit.

DATA QUALIFIERS:

Organic: Analyte also found in method blank.

e, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

er, see case narrative.

ry not within control limits. Organic: Tentatively identified compund (TIC).

n (MSA).

ample absorbance < 50% of analytical spike absorbanoe.

r concentrations between 2 columns.

er, see case narrative.

er, see case narrative.

J
G

R

U

Estimated value.

Possible grout contamination, pH > 9.

Unusable result.
Parameter analyzed for but was not detected.

F Low flow sampling method used.

L Less than 3 bore volumes purged prior to sampling.

X Location is undefined.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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Appendix C

Ground Water Analytical Results



GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0291
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/21/1998 N001 633 #-

mg/L 11/30/1998 0001 552 #-

mg/L 11/30/1998 N001 551 #

Ammonia as NH4 mg/L 5/21/1998 0001 0.0134 B U #

mg/L 11/30/1998 0001 0.0138 B .#

Antimony mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U #, 0.001

Arsenic mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Cadmium mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/21/1998 0001 108.000 #-

mg/L 11/30/1998 0001 95.100 # -

Chloride mg/L 5/21/1998 0001 262.000 #-

mg/L 11/30/1998 0001 218.000 #-

Fluoride mg/L 5/21/1998 0001 1.100 #-

mg/L 11/30/1998 0001 1.090 #-

Gross Alpha pCi/L 5/21/1998 0001 46.64 # 20 ± 16.5

pCi/L 11/30/1998 0001 37.71 # 27.06 ± 19.6

Gross Beta pCi/L 5/21/1998 0001 22.06 U # 22.06 ± 13.2

pCi/L 11/30/1998 0001 25.66 U # 25.66 ± 15.6

Iron mg/L 5/21/1998 0001 0.0034 B #- -

mg/L 11/30/1998 0001 0.0078 B U # - -

Lead mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/21/1998 0001 0.98 U # 0.98 ± 0.59

pCi/L 11/30/1998 0001 1.32 U # 1.32 ± 0.78

Magnesium mg/L 5/21/1998 0001 107.000 #- -

mg/L 11/30/1998 0001 95.400 #

Manganese mg/L 5/21/1998 0001 0.554 #

mg/L 11/30/1998 0001 0.511 #

Molybdenum mg/L 5/21/1998 0001 0.0317 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0291
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/30/1998 0001 0.0345 # -

Nitrate mg/L 5/21/1998 0001 2.620 #-

mg/L 11/30/1998 0001 1.580 J # -

pH s.u. 5/21/1998 N001 6.97 #-

s.u. 11/30/1998 N001 7.31 #-

Polonium-210 pCi/L 5/21/1998 0001 0.07 U # 0.07 ± 0.08

pCi/L 11/30/1998 0001 0.07 U # 0.07 ± 0.09

Radium-226 pCi/L 5/21/1998 0001 0.11 # 0.02 ± 0.05

pCi/L 11/30/1998 0001- 0.11 U # 0.11 ± 0.06

Radium-228 pCi/L 5/21/1998 0001 0.8 U # 0.8 ± 0.40

pCi/L 11/30/1998 0001 0.69 U # 0.69 ± 0.41

Redox Potential mV 5/21/1998 N001 86 #- -

mV 11/30/1998 N001 105 #-

Selenium mg/L 5/21/1998 0001 0.0074 #-

mg/L 11/30/1998 0001 0.0057 #-

Sodium mg/L 5/21/1998 0001 550.000 #-

mg/L 11/30/1998 0001 499.000 #-

Specific Conductance umhos/cm 5/21/1998 N001 2770 #-

umhos/cm 11/30/1998 N001 3100 #-

Sulfate mg/L 5/21/1998 0001 992.000 # -

mg/L 11/30/1998 0001 852.000 # -

Temperature C 5/21/1998 N001 11.1 # -

C 11/30/1998 N001 12.2 #-

Thorium-230 pCi/L 5/21/1998 0001 0.80 U # 0.8 ±

pCi/L 11/30/1998 0001 1.6 U # 1.6 ±

Turbidity NTU 5/21/1998 N001 10.0 # -

NTU 11/30/1998 N001 6.76 #-

Uranium mg/L 5/21/1998 0001 0.0500 # -

mg/L 11/30/1998 0001 0.0398 #-

Vanadium mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0013 B # -
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GROUND WATER QUALITY DATA BY LOCATION (USEEIO0) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0291
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site code='RFOO1'AND location-code
i n(•0291','0292','0293','294','0295•','296','297•','298','0299',*300','0301•','302•''0303'*304*'0305','0306•''307•''0308','0309','310','05
90' ,'0591 ','0592','0593','0594' ,'0595','0596','0597' ,'0598','0599','0600' ,-0601 ','0602','0603','0605' ,'0606','0620' ,'0621 ','0622' ,'0623','0626','0

647','0648','0649','06540,'0655'''0656','0657 ,'0658',0'659','0660'',0661','0662','0663') AND (NOT (datavalidation qualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X' ) OR IsNull(data_validation_qualifiers)) AND DATE_SAMPLED between #51111998# and

#12/1511998#

SAMPLE ID CODES: O0OX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:

Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

• Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.

G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0292
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/21/1998 N001 608 #

mg/L 11/30/1998 0001 532 #

mg/L 11/30/1998 N001 528 #

Ammonia as NH4 mg/L 5/21/1998 0001 0.0328 B #

mg/L 11/30/1998 0001 0.0278 B #

Antimony mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Cadmium mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 5/21/1998 0001 118.000 #- -

mg/L 11/30/1998 0001 94.500 # - -

Chloride mg/L 5/21/1998 0001 274.000 # - -

mg/L 11/30/1998 0001 210.000 #- -

Fluoride mg/L 5/21/1998 0001 0.930 # - -

mg/L 11/30/1998 0001 1.060 # - -

Gross Alpha pCi/L 5/21/1998 0001 31.84 # 20.69 ± 15.2

pCi/L 11/30/1998 0001 47.22 # 26.43 ± 20.5

Gross Beta pCi/L 5/21/1998 0001 22.02 U # 22.02 ± 12.9

pCi/L 11/30/1998 0001 25.70 U # 25.7 ± 15.1

Iron mg/L 5/21/1998 0001 0.0632 #- -

mg/L 11/30/1998 0001 0.0183 B U #- -

Lead mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/21/1998 0001 0.95 U # 0.95 ± 0.56

pCi/L 11/30/1998 0001 1.31 U # 1.31 ± 0.78

Magnesium mg/L 5/21/1998 0001 111.000 #- -

mg/L 11/30/1998 0001 88.100 #

Manganese mg/L 5/21/1998 0001 0.377 #

mg/L 11/30/1998 0001 0.434 #

Molybdenum mg/L 5/21/1998 0001 0.0312 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0292
REPORT DATE: 3/4/1999 9:57 am

. SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/30/1998 0001 0.0314 #-"

Nitrate mg/L 5/21/1998 0001 2.330 #

mg/L 11/30/1998 0001 2.480 J #

pH s.u. 5/21/1998 NO01 6.89 #- -

s.u. 11/30/1998 N001 7.37 -#

Polonium-210 pCi/L 5/21/1998 0001 0.06 U # 0.06 ± 0.08

pCi/L 11/30/1998 0001 0.09 U # 0.07 ± 0.10

Radium-226 pCi/L 5/21/1998 0001 0.14 # 0.01 ± 0.06

pCi/L 11/30/1998 0001 0.11 U # 0.11 ± 0.07

Radium-228 pCi/L 5/21/1998 0001 0.4 U # 0.4 ± 0.30

pCi/L 11/30/1998 0001 0.69 U # 0.69 ± 0.41

Redox Potential mV 5/21/1998 N001 55 #- -

mV 11/30/1998 N001 101 #-

Selenium mg/L 5/21/1998 0001 0.0128 #-

mg/L 11/30/1998 0001 0.0046 B #-

Sodium mg/L 5/21/1998 0001 563.000 # -

mg/L 11/30/1998 0001 486.000 #-

Specific Conductance umhos/cm 5/21/1998 N001 3380 #-

umhos/cm 11/30/1998 N001 2990 #-

Sulfate mg/L 5/21/1998 0001 1040.000 #-

mg/L 11/30/1998 0001 823.000 #-

Temperature C 5/21/1998 N001 9.7 #-

C 11/30/1998 N001 12.2 #-

Thorium-230 pCi/L 5/21/1998 0001 0.80 U # 0.8 ±

pCi/L 11/30/1998 0001 1.6 U # 1.6 _

Turbidity NTU 5/21/1998 N001 9.67 #-

NTU 11/30/1998 N001 7.98 #

Uranium mg/L 5/21/1998 0001 0.0524 #

mg/L 11/30/1998 0001 0.0340 #-

Vanadium mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0016 B #-
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GROUND WATER QUALITY DATA BY LOCATION (USEEDO0) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0292
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site-code='RFOO1' AND location-codein (0291 ','0292','0293' ,'0294' ,'0295' ,'0296','0297','0298','0299','0300','0301 "'0302' ,'0303','0304','0305','0306' ,'0307','0308' ,'0309','0310' ,'05
90','0591 ','0592','0593','0594','0595','0596','0597','0598','0599','0600','0601 ','0602','0603','0605','0606','0620' ,'0621 ','0622' ,'0623','0626','0

647,'0,648','0649','0654','0655','0656,'0,657',0'658','0659','0660',•0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X ) OR IsNull(data_validation_qualifiers)) AND DATESAMPLED between #51111998# and
#12/15/1998#

SAMPLE ID CODES: O0OX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0301
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/20/1998 N001 394 #.- -

Ammonia as NH4 mg/L 5/20/1998 0001 0.0036 B U #- -

mg/L 5/20/1998 0002 0.0061 B #

Antimony mg/L 5/20/1998 0001 0.0010 U # 0.001 -

mg/L 5/20/1998 0002 0.0010 U # 0.001

Arsenic mg/L 5/20/1998 0001 0.0010 U # 0.001

mg/L 5/20/1998 0002 0.0010 U # 0.001

Cadmium mg/L 5/20/1998 0001 0.0010 U # 0.001

mg/L 5/20/1998 0002 .0.0010 U # 0.001

Calcium mg/L 5/20/1998 0001 130.000 # -

mg/L 5/20/1998 0002 132.000 #

Chloride mg/L 5/20/1998 0001 118.000 #

mg/L 5/20/1998 0002 118.000 # -

Fluoride mg/L 5/20/1998 0001 0.566 #

mg/L 5/20/1998 0002 0.560 # -

Gross Alpha pCi/L 5/20/1998 0001 57.84 # 10.46 ± 11.5

pCi/L 5/20/1998 0002 68.09 # 10.55 ± 12.4

Gross Beta pCi/L 5/20/1998 0001 47.47 # 11.21 ± 8.45

pCi/L 5/20/1998 0002 43.91 # 11.26 ± 8.34

Iron mg/L 5/20/1998 0001 0.0071 B U #- -

mg/L 5/20/1998 0002 0.0040 B # -

Lead mg/L 5/20/1998 0001 0.0010 U # 0.001

mg/L 5/20/1998 0002 0.0010 U # 0.001 -

Lead-210 pCi/L 5/20/1998 0001 1.00 U # 1 ± 0.59

pCi/L 5/20/1998 0002 0.97 U # 0.97 ± 0.57

Magnesium mg/L 5/20/1998 0001 78.400 # - -

mg/L 5/20/1998 0002 80.300 #-

Manganese mg/L 5/20/1998 0001 0.0378 #-

mg/L 5/20/1998 0002 0.0328 # -

Molybdenum mg/L 5/20/1998 0001 0.0154 # -

mg/L 5/20/1998 0002 0.0162 # - -

Nitrate mg/L 5/20/1998 0001 0.222 B U #- -
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0301
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Nitrate mg/L 5/20/1998 0002 0.227 B U #

pH s.u. 5/20/1998 N001 6.70 #

Polonium-210 pCi/L 5/20/1998 0001 0.05 U # 0.05 ± 0.06

pCi/L 5/20/1998 0002 0.06 U # 0.03 ± 0.06

Radium-226 pCi/L 5/20/1998 0001 0.10 # 0.02 ± 0.05

pCi/L 5/20/1998 0002 0.10 U # 0.1 ± 0.06

Radium-228 pCi/L 5/20/1998 0001 1.0 U # 1 ± 0.50

pCi/L 5/20/1998 0002 0.60 U # 0.6 ± 0.35

Redox Potential mV 5/20/1998 NO01 149 # - -

Selenium mg/L 5/20/1998 0001 0.0022 B # - -

mg/L 5/20/1998 0002 0.0025 B #- -

Sodium mg/L 5/20/1998 0001 160.000 #- -

mg/L 5/20/1998 0002 164.000 #

Specific Conductance umhos/cm 5/20/1998 N001 1497 #

Sulfate mg/L 5/20/1998 0001 478.000 #

mg/L 5/20/1998 0002 477.000 #

Temperature C 5/20/1998 N001 12.8 #

Thorium-230 pCi/L 5/20/1998 0001 0.80 U # 0.8 ±

pCi/L 5/20/1998 0002 0.80 U # 0.8 +

Turbidity NTU 5/20/1998 N001 9.55 #-

Uranium mg/L 5/20/1998 0001 0.145 #

mg/L 5/20/1998 0002 0.146 #

Vanadium mg/L 5/20/1998 0001 0.0010 U # 0.001

mg/L 5/20/1998 0002 0.0010 U # 0.001
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0301
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site-code='RFO01'AND locationcode
in (0291','0292','0293','0294','0295','0296','0297','0298','0299','0300",'0301','0302','0303','0304','0305','0306','0307','0308','0309','0310','05
90','0591','0592' ,'0593','0594' ,'0595','0596','0597','0598','0599' ,'0600' ,'0601 ','0602','0603' ,'0605' ,'0606','0620','0621','0622','0623','0626','0

647,'0,648','0649'.0654','0655,.'0656','0657'0'658','0659' '0660' '0661.,•0662,'0,663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validation qualifiers LIKE '*X' ) OR IsNull(data_validation_qualifiers)) AND DATESAMPLED between #5/111998# and
#12115/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
. Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-cendensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (VISA).
U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USE PA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:
J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH >'9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0302
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/19/1998 N001 300 #

Ammonia as NH4 mg/L 5/19/1998 0001 0.0231 B #

Antimony mg/L 5/19/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/19/1998 0001 0.0072 #-

Cadmium mg/L 5/19/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/19/1998 0001 170.000 #-

Chloride mg/L 5/19/1998 0001 86.900 #

Fluoride mg/L 5/19/1998 0001 0.874 #-

GrossAlpha pCi/L 5/19/1998 0001 85.33 # 10.73 ± 13.7

Gross Beta pCi/L 5(19(1998 0001 48.60 # 11.35 ± 8.57

Iron mg/L 5/19/1998 0001 0.353 #- -

Lead mg/L 5/19/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/19/1998 0001 2.91 # 1 ± 0.67

Magnesium mg/L 5/19/1998 0001 96.400 #- -

Manganese mg/L 5/19/1998 0001 0.121 #

Molybdenum mg/L 5/19/1998 0001 0.0135 #- -

Nitrate mg/L 5/19/1998 0001 1.550 #- -

pH s.u. 5/19/1998 N001 6.78 #

Polonium-210 pCi/L 5/19/1998 0001 0.21 # 0.05 ± 0.12

Radium-226 pCi/L 5/19/1998 0001 3.67 # 0.01 ± 0.41

Radium-228 pCi/L 5/19/1998 0001 0.5 U # 0.5 ± 0.30

Redox Potential mV 5/19/1998 N001 -228 #- -

Selenium mg/L 5/19/1998 0001 0.0350 #- -

Sodium mg/L 5/19/1998 0001 120.000 #- -

Specific Conductance umhos/cm 5/19/1998 N001 1710 #- -

Sulfate mg/L 5/19/1998 0001 685.000 #- -

Temperature C 5/19/1998 N001 10.4 #- -

Thorium-230 pCi/L 5/19/1998 0001 0.80 U # 0.8 ±

Turbidity NTU 5/19/1998 N001 3.43 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0302
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Uranium mg/L 5/19/1998 0001 0.172 #

Vanadium mg/L 5/19/1998 0001 0.372 #

RECORDS: SELECTED FROM USEE100 WHERE site-code='RFOO1'AND locationcode
in ('0291', '0292', '0293', '0294', '0295','0296',' 0297', '0298', '0299', '0300','0301', '0302', '0303', '0304','0305', '0306','0307', '0308','0309" ,'0310', '05
90' ,'0591 ','0592' ,'0593' ,'0594' ,'0595','0596' ,'0597','0598' ,'0599' ,'0600' ,'0601' ,'0602','0603' ,'0605' ,'0606' ,'0620' ,'0621 ','0622','0623' ,'0626' ,'0

647','0648','0649','0654','0655','0656','0657','0658','0659','0660','0661','0662','0663') AND (NOT (data validationqualifiers LIKE '°R*'
OR data validation-qualifiers LIKE '*X' ) OR IsNull(datavalidation_qualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA ý 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.

G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0303
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/20/1998 NO01 277 #

Ammonia as NH4 mg/L 5/20/1998 0001 0.147 #

Antimony mg/L 5/20/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/20/1998 0001 0.0010 U # 0.001 -

Cadmium mg/L 5/20/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 5/20/1998 0001 193.000 #- -

Chloride mg/L 5/20/1998 0001 94.100 #

Fluoride mg/L 5/20/1998 0001 0.893 #

GrossAlpha pCi/L 5/20/1998 0001 28.91 # 10.57 ± 9.14

Gross Beta pCi/L 5/20/1998 0001 15.59 # 11.08 ± 7.06

Iron mg/L 5/20/1998 0001 0.0247 B #- -

Lead mg/L 5/20/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/20/1998 0001 0.92 U # 0.92 + 0.54

Magnesium mg/L 5/20/1998 0001 104.000 #- -

Manganese mg/L 5/20/1998 0001 0.0664 #

Molybdenum mg/L 5/20/1998 0001 0.0128 #

Nitrate mg/L 5/20/1998 0001 6.430 #

pH s.u. 5/20/1998 N001 7.14 #

Polonium-210 pCi/L 5/20/1998 0001 0.07 U # 0.06 ± 0.08

Radium-226 pCi/L 5/20/1998 0001 0.08 # 0.01 ± 0.05

Radium-228 pCi/L 5/20/1998 0001 0.7 U # 0.7 ± 0.40

Redox Potential mV 5/20/1998 N001 -160 #- -

Selenium mg/L 5/20/1998 0001 0.0234 #- -

Sodium mg/L 5/20/1998 0001 113.000 #- -

Specific Conductance umhos/cm 5/20/1998 N001 1565 #- -

Sulfate mg/L •5/20/1998 0001 773.000 #- -

Temperature C 5/20/1998 N001 9.4 #- -

Thorium-230 pCi/L 5/20/1998 0001 0.80 U # 0.8 ±

Turbidity NTU 5/20/1998 N001 2.48 #- -
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0303
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Uranium mg/L 5/20/1998 0001 0.0623 #

Vanadium mg/L 5/20/1998 0001 0.0598 #

RECORDS: SELECTED FROM USEE100 WHERE site code='RFOO1' AND location-codein (0291', '0292' ,' 0293' ,'0294' ,' 0295' ,'0296' ,'0297','0298' ,'0299' ,'0300','0301 "'0302' ,'0303' ,' 0304', '0305' ,'0306' ,'0307' ,'0308' ,'0309' ,'0310' ,'05
90','0591 ','0592','0593','0594' ,'0595','0596','0597','0598','0599','0600','0601 ','0602','0603' ,'0605','0606','0620','0621' ,'0622','0623' ,'0626','0

647','0648',0*649','0654,'0655','0656'.'0657','0658','0659','0660',•0661'.'0662','0663') AND (NOT (data validationqualifiers LIKE "R*'
OR data validationqualifiers LIKE '*X' ) OR IsNull(datavalidation_qualifiers)) AND DATESAMPLED between #51111998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
. Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

' Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.

G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged pdor to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

CA QUALIFIER: # = validated according to Quality Assurance guidelines.

Page 13



GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0304
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/19/1998 N001 228 # -

mg/L 11/23/1998 0001 231 #-

mg/L 1112311998 N001 229 # -

Ammonia as NH4 mg/L 5/19/1998 0001 7.400 B # -

mg/L 11/23/1998 0001 2.240 #-

Antimony mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/19/1998 0001 0.0016 B #-

mg/L 11/23/1998 0001- 0.0015 B #

Cadmium mg/L 5/19/1998 0001 0.0059 #-

mg/L 11/23/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/19/1998 0001 196.000 #-

mg/L 11/23/1998 0001 179.000 #-

Chloride mg/L 5/19/1998 0001 89.900 #-

mg/L 11/23/1998 0001 75.600 #-

Fluoride mg/L 5/19/1998 0001 1.000 #-

mg/L 11/23/1998 0001 1.130 #-

Gross Alpha pCi/L 5/19/1998 0001 43.81 # 10.83 ± 10.6

pCi/L 11/23/1998 0001 31.79 # 14.3 ± 11.8

Gross Beta pCi/L 5/19/1998 0001 25.06 # 11.16 ± 7.52

pCi/L 11/23/1998 0001 26.24 # 12.94 ± 8.83

Iron mg/L 5/19/1998 0001 0.166 #- -

mg/L 11/23/1998 0001 0.225 #- -

Lead mg/L 5119/1998 0001 0.0010 U # 0.001 -

mg/L 11/23/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/19/1998 0001 0.99 U # 0.99 ± 0.58

pCi/L 11/23/1998 0001 1.32 U # 1.32 ± 0.79

Magnesium mg/L 5/19/1998 0001 105.000 #

mg/L 11/23/1998 0001 89.200 #

Manganese mg/L 5/19/1998 0001 0.577 #

mg/L 11/23/1998 0001 0.522 #

Molybdenum mg/L 5/19/1998 0001 0.0184 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE1 00) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0304
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/23/1998 0001 0.0257 #- -

Nitrate mg/L 5/19/1998 0001 0.720 B #- -

mg/L 11/23/1998 0001 0.672 B J #- -

pH s.u. 5/19/1998 N001 7.13 #- -

s.u. 11/23/1998 N001 7.38 #-

Polonium-210 pCi/L 5/19/1998 0001 0.13 U # 0.13 ± -0.11

pCi/L 11/23/1998 0001 0.08 U # 0.08 ± 0.10

Radium-226 pCi/L 5/19/1998 0001 0.14 # 0.02 ± 0.06

pCi/L 11/23/1998 0001 0.16 # 0.12 ± 0.08

Radium-228 pCi/L 5/19/1998 0001 0.8 U # 0.8 ± 0.40

pCi/L 11/23/1998 0001 0.72 U # 0.72 ± 0.43

Redox Potential mV 5/19/1998 N001 -52 #- -

mV 11/23/1998 N001 67 #

Selenium mg/L 5/19/1998 0001 0.0141 #

mg/L 11/23/1998 0001 0.0076 #

Sodium mg/L 5/19/1998 0001 107.000 #-

mg/L 11/23/1998 0001 97.800 # -

Specific Conductance umhos/cm 5/19/1998 N001 1821 #-

umhos/cm 11/23/1998 N001 1731 #-

Sulfate mg/L 5/19/1998 0001 774.000 #-

mg/L 11/23/1998 0001 676.000 #-

Temperature C 5/19/1998 N001 8.8 #-

C 11/23/1998 N001 14.7 #-

Thorium-230 pCi/L 5/19/1998 0001 0.80 U # 0.8 +

pCi/L 11/23/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/19/1998 NO01 62.6 #-

NTU 11/23/1998 N001 2.99 #

Uranium mg/L 5/19/1998 0001 0.0833 #

mg/L 11/23/1998 0001 0.0510 #

Vanadium mg/L 5/19/1998 0001 0.0373 #

mg/L 11/23/1998 0001 0.0285 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0304
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA - LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE sitecode='RFOO1' AND location_code
in ('0291', '0292', '0293', '0294', '0295', '0296',' 0297', '0298',' 0299',' 0300',' 0301', '0302', '0303', '0304', '0305', '0306','0307', '0308','0309', '0310','05
90', '0591 ', '0592', '0593', '0594' ,'0595' ,'0596' ,'0597', '0598' ,'0599' ,'0600', '0601 ','0602' ,'0603' ,'0605', '0606', '0620' ,'0621 ', '0622' ,'0623' ,'0626' ,'0

647,'0648,'0649','0654','0655,'0656,'0657','0658','0659','0660•,'0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validation-qualifiers LIKE '*X' ) OR IsNull(data_validation_qualifiers)) AND DATE_SAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: 000X =Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

CA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0305
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/19/1998 * N001 294 #

mg/L 11/30/1998 0001 237 #

mg/L 11/30/1998 N001 249 #-

Ammonia as NH4 mg/L 5/19/1998 0001 5.940 B #

mg/L 11/30/1998 0001 2.920 #

Antimony mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/19/1998 0001 0.0057 #-

mg/L 11/30/1998 0001 0.0051 #-

Cadmium mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/19/1998 0001 207.000 #-

mg/L 11/30/1998 0001 191.000 #

Chloride mg/L 5/19/1998 0001 99.400 J . -#

mg/L 11/30/1998 0001 92.900 #

Fluoride mg/L 5/19/1998 0001 0.921 J #

mg/L 11/30/1998 0001 1.180 # -

Gross Alpha pCi/L 5/19/1998 0001 32.02 # 11.29 ± 9.87

pCi/L 11/30/1998 0001 15.36 U # 15.36 ± 10.3

Gross Beta pCi/L 5/19/1998 0001 21.91 # 11.12 ± 7.37

pCi/L 11/30/1998 0001 18.61 # 12.88 ± 8.39

Iron mg/L 5/19/1998 0001 0.0922 #- -

mg/L 11/30/1998 0001 0.0369 U #-

Lead mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 5/19/1998 0001 0.93 U # 0.93 ± 0.55

pCi/L 11/30/1998 0001 1.28 U # 1.28 ± 0.76

Magnesium mg/L 5/19/1998 0001 107.000 #- -

mg/L 11/30/1998 0001 91.800 #

Manganese mg/L 5/19/1998 0001 0.508 #

mg/L 11/30/1998 0001 0.470 #

Molybdenum mg/L 5/19/1998 0001 0.0171 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0305
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/30/1998 0001 0.0227 #

Nitrate mg/L 5/19/1998 0001 4.370 #

mg/L 11/30/1998 0001 1.670 J #

pH s.u. 5/19/1998 N001 6.91 #

s.u. 11/30/1998 N001 7.42 #- -

Polonium-210 pCi/L 5/19/1998 0001 0.06 U # 0.05 ± 0.07

pCi/L 11/30/1998 0001 0.07 U # 0.06 ± 0.08

Radium-226 pCi/L 5/19/1998 0001 0.11 # 0.01 ± 0.05

pCi/L 11/30/1998 0001 0.11 U # 0.11 ± 0.07

Radium-228 pCi/L 5/19/1998 0001 0.7 U # 0.7 ± 0.40

pCi/L 11/30/1998 0001 0.70 U # 0.7 ± 0.42

Redox Potential mV 5/19/1998 N001 -305 # - -

mV 11/30/1998 N001 -291 #- -

Selenium mg/L 5/19/1998 0001 0.0929 #- -

mg/L 11/30/1998 0001 0.0340 #- -

Sodium mg/L 5/19/1998 0001 116.000 #- -

mg/L 11/30/1998 0001 101.000 #- -

Specific Conductance umhos/cm 5/19/1998 N001 1690 #- -

umhos/cm 11/30/1998 N001 1973 #

Sulfate mg/L 5/19/1998 0001 816.000 J #-

mg/L 11/30/1998 0001 710.000 #

Temperature C 5/19/1998 N001 10.3 #

C 11/30/1998 NO01 13.9 #-

Thorium-230 pCi/L 5/19/1998 0001 0.80 U # 0.8 ±

pCi/L 11/30/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/19/1998 N001 6.11 #-

NTU 11(30/1998 N001 3.93 #

Uranium mg/L 5/19/1998 0001 0.0640 #-

mg/L 11/30/1998 0001 0.0452 #-

Vanadium mg/L 5/19/1998 0001 0.765 #-

mg/L 11/30/1998 0001 0.717 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0305
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site- code='RFOO1 AND location_codein('0291 ','0292','0293','0294','0295','0296','0297','0298','0299','0300','0301 ','0302','0303','0304','0305','0306','0307','0308','0309','0310','05
90','0591 ','0592','0593','0594','0595','0596' ,'0597','0598','0599' ,'0600','0601 ','0602','0603','0605' ,'0606' ,'0620','0621','0622' ,'0623' ,'0626' ,'0

647','0648','0649','0654','0655','0656','0657','0658,',0659',0'660','0661,'0662','0663') AND (NOT (datavalidationqualifiers LIKE '*R"
OR data validation qualifiers LIKE '*X ) OR IsNull(datavalidation_qualifiers)) AND DATE_SAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: 0OOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X= replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERSf

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY' DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0306
REPORT DATE: 314/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/20/1998 N001 410 #

mg/L 11/23/1998 0001 417 #

mg/L 11/23/1998 N001 412 #-

Ammonia as NH4 mg/L 5/20/1998 0001 0.0449 B #

mg/L 11/23/1998 0001 0.0278 B #

Antimony ma/L 5/20/1998 0001 0.0010 U # 0.001
J

.. , 1.I 4 4 In'214 AflO nnnfi n nn4 n3 I 'n nn4
mIgI1L I IL..iI1 I VIJUUI UUUIU U f" U.UI

Arsenic mg/L 5/20/1998 0001 0.0025 B #-

mg/L 11/23/1998 0001 0.0010 U # 0.001

Cadmium mg/L 5/20/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/20/1998 0001 198.000 #-

mg/L 11/23/1998 0001 199.000 #-

Chloride mg/L 5/20/1998 0001 80.100 J #-

mg/L 11/23/1998 0001 73.700 #-

Fluoride mg/L 5/20/1998 0001 0.332 J #-

mg/L 11/23/1998 0001 0.598 #-

Gross Alpha pCi/L 5/20/1998 0001 23.18 J # 11.92 ± 9.29

pCi/L 11/23/1998 0001 57.08 # 22.7 ± 19.4

Gross Beta pCi/L 5/20/1998 0001 25.11 # 11.11 ± 7.50

pCi/L 11/23/1998 0001 47.44 # 25.62 ± 17.2

Iron mg/L 5/20/1998 0001 1.420 # - -

mg/L 11/23/1998 0001 1.570 #-

Lead mg/L 5/20/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 5/20/1998 0001 10.43 # 0.84 ± 0.88

pCi/L 11/23/1998 0001 4.48 # 1.31 ± 0.89

Magnesium mg/L 5/20/1998 0001 125.000 # - -

mg/L 11/23/1998 0001 128.000 #

Manganese mg/L 5/20/1998 0001 1.080 #

mg/L 11/23/1998 0001 0.977 #

Molybdenum mg/L 5/20/1998 0001 0.0024 B #
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GROUND WATER QUALITY DATA BY LOCATION (USEEIO0) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0306
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION * UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/23/1998 0001 0.0052- B #.

Nitrate mg/L 5/20/1998 0001 0.164 B U #

mg/L 11/23/1998 0001 1.670 J #-

pH s.u. 5/20/1998 NO01 6.88 #

s.u. 11/23/1998 N001 6.95 #

Polonium-210 pCi/L 5/20/1998 0001 0.54 # 0.13 ± 0.28

pCi/L 11/23/1998 0001 0.60 # 0.06 ± 0.21

Radium-226 pCi/L 5/20/1998. 0001 0.29 # 0.1 ± 0.08

pCi/L 11/23/1998 0001 0.27 # 0.11 ± 0.09

Radium-228 pCi/L 5/20/1998 0001 0.68 U # 0.68 ± 0.39

pCi/L 11/23/1998 0001 0.72 U # 0.72 ± 0.42

Redox Potential mV 5/20/1998 N001 -21 #- -

mV 11/23/1998 N001 44 #

Selenium mg/L 5/20/1998 0001 0.0013 B #

mg/L 11/23/1998 0001 0.0149 #

Sodium mg/L 5/20/1998 0001 108.000 #

mg/L 11/23/1998 0001 108.000 #

Specific Conductance umhos/cm 5/20/1998 N001 1805 #

umhos/cm 11/23/1998 N001 1968 #

Sulfate mg/L 5/20/1998 0001 715.000 J #

mg/L 11/23/1998 0001 721.000 #-

Temperature C 5/20/1998 N001 12.4 #

C 11/23/1998 N001 15.3 #

Thorium-230 pCi/L 5/20/1998 0001 0.80 U # 0.8 +

pCi/L 11/23/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/20/1998 N001 8.82 #-

NTU 11/23/1998 N001 3.47 #

Uranium mg/L 5/20/1998 0001 0.0466 #-

mg/L 11/23/1998 0001 0.111 #

Vanadium mg/L 5/20/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0306
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS - DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site code='RFO01'AND location-codei n(0291*,'292','293•','294','0295•','296','0297','0298•','299','300','301''302','0303','0304''305','0306','0307','0308''309','0310','5
90','0591 ','0592','0593','0594','0595','0596' ,'0597' ,'0598' ,'0599','0600','0601 ','0602','0603' ,'0605' ,'0606' ,'0620' ,'0621 ','0622' ,'0623' ,'0626','0

647,'0,648','0649','0654,'0,655','0656,'0657','0658','0659','0660','0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validation qualifiers LIKE '*X ) OR IsNull(data_validation_qualifiers)) AND DATESAMPLED between #51111998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TMC).
S Result determined by method of standard addition "iSA).

U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:
J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

CA QUALIFIER: # = validated according to Quality Assurance guidelines.

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

Page 22



GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0307
REPORT DATE: 3/4/1999 9:57 am

. " SAMPLE: QUALIFIERS: DETECTION UN- "
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/19/1998 N001 377 - -

Ammonia as NH4 mg/L 5/19/1998 0001 0.0085 B #-

Antimony mg/L 5/19/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/19/1998 0001 0.0010 U # 0.001

Cadmium mg/L 5/19/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/19/1998 0001 174.000 #-

Chloride mg/L 5/19/1998 0001 67.300 #

Fluoride mg/L 5/19/1998 0001 0.470 #-

Gross Alpha pCi/L 5/19/1998 0001 27.52 # 11.14 ± 9.33

Gross Beta pCi/L 5/19/1998 0001 15.41 # 11.1 ± 7.07

Iron mg/L 5/19/1998 0001 0.0030 U # 0.003 -

Lead mg/L 5/19/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/19/1998 0001 0.95 U # 0.95 ± 0.56

Magnesium mg/L 5/19/1998 0001 115.000 #- -

Manganese mg/L 5/19/1998 0001 0.0235 #- -

Molybdenum mg/L 5/19/1998 0001 0.0054 B #-

Nitrate mg/L 5/19/1998 0001 13.400 #-

pH s.u. 5/19/1998 N001 6.71 #-

Polonium-210 pCi/L 5/19/1998 0001 0.07 U # 0.07 ± 0.07

Radium-226 pCi/L 5/19/1998 0001 0.10 # 0.02 ± 0.05

Radium-228 pCi/L 5/19/1998 0001 0.4 U # 0.4 ± 0.20

Redox Potential mV 5/19/1998 N001 162 #-

Selenium mg/L 5/19/1998 0001 0.0131 #

Sodium mg/L 5/19/1998 0001 90.100 #

Specific Conductance umhos/cm 5/19/1998 N001 1402 #

Sulfate mg/L 5/19/1998 0001 627.000 #

Temperature C 5/19/1998 NO01 13.8 #

Thorium-230 pCi/L 5/19/1998 0001 0.80 U # 0.8 ±

Turbidity NTU 5/19/1998 N001 1.00 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE1 00) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0307
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS - DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Uranium mg/L 5/19/1998 0001 0.0376 #

Vanadium mg/L 5/19/1998 0001 0.0046 B #

RECORDS: SELECTED FROM USEE100 WHERE site code='RFOO1' AND location codei n(0291','292','0293',''294','0295•','296','297','298','0299•','3 0',''0301•','3 2',''303•'*304','0305',''306','0307•','308','0309'''0310'.'05

90' ,'0591','0592','0593' '0594','0595' ,'0596','0597' '0598,'0599' ,'0600' ,'0601','0602' ,'0603','0605' ,'0606' ,'0620' ,'0621','0622' ,'0623' ,'0626' ,'0
647','0648','0649','0654','0655','0656','0657','0658','0659','0660','0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validation qualifiers LIKE '*X' ) OR IsNull(datavalidation_qualifiers)) AND DATESAMPLED between #51111998# and
#12/15/1998#

SAMPLE ID CODES: OO0X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition ("SA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

I
I
i
I
!
I
I
I
I
I
!
I
I
I
I
I
I

J Estimated value.
G Possible grout contamination, pH > 9.

R Unusable result.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.

F Low flow sampling method used.
L Less than 3 bore volumes purged prior to sampling.

X Location is undefined.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0308
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION - UN- -
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/19/1998 N001 391 - #

Ammonia as NH4 mg/L 5/19/1998 0001 0.0497 B #

Antimony mg/L 5/19/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/19/1998 0001 0.0035 B #-

Cadmium mg/L 5/19/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/19/1998 0001 250.000 #-

Chloride mg/L 5/19/1998 0001 110.000 #

Fluoride mg/L 5/19/1998 0001 0.278 #-

Gross Alpha pCi/L 5/19/1998 0001 51.20 # 18.39 ± 16.0

Gross Beta pCi/L 5/19/1998 0001 28.75 # 22 ± 13.9

Iron mg/L 5/19/1998 0001 4.300 #- -

Lead mg/L 5/19/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/19/1998 0001 0.94 U # 0.94 + 0.56

Magnesium mg/L 5/19/1998 0001 172.000 #- -

Manganese mg/L 5/19/1998 0001 0.520 #

Molybdenum mg/L 5/19/1998 0001 0.0058 B #

Nitrate mg/L 5/19/1998 0001 7.370 #

pH s.u. 5/19/1998 N001 6.71 #

Polonium-210 pCi/L 5/19/1998 0001 0.09 U # 0.09 _ 0.11

Radium-226 pCi/L 5/19/1998 0001 0.11 # 0.01 _ 0.05

Radium-228 pCi/L 5/19/1998 0001 0.6 U # 0.6 + 0.40

Redox Potential mV 5/19/1998 NO01 -232 #-

Selenium mg/L 5/19/1998 0001 0.0445 #

Sodium mg/L 5/19/1998 0001 218.000 #

Specific Conductance umhos/cm 5/19/1998 N001 1976 #

Sulfate mg/L 5/19/1998 0001 1160.000 #

Temperature C 5/19/1998 N001 11.8 #

Thorium-230 pCi/L 5/19/1998 0001 0.80 U # 0.8 _

Turbidity NTU 5/19/1998 N001 5.96 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0308
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Uranium mg/L 5/19/1998 0001 0.0730 #

Vanadium mg/L 5/19/1998 0001 0.0044 B #

RECORDS: SELECTED FROM USEE100 WHERE site_code='RFOO1' AND location-code
in('0291 ','0292','0293','0294','0295' ,'0296','0297','0298','0299','0300','0301 '-0302','0303','0304','0305' ,'0306','0307','0308','0309','0310','05
90', '0591', '0592', '0593', '0594', '0595', '0596','0597', '0598', '0599', '0600', '0601', '0602', '0603', '0605', '0606','0620', '0621', '0622', '0623', '0626', '0

647','0648','0649' .'0654','0655','0656','0657','0658','0659' ,'0660','0661','0662','0663') AND (NOT (data validation qualifiers LIKE '*R*'
OR data-validation qualifiers LIKE 'X ) OR IsNuIl(data validationqualifiers)) AND DATE_SAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.

I
I
I
!
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0309
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

'Alkalinity as CaCO3 mg/L 5/19/1998 N001 ' 377 #

mg/L 11/23/1998 0001 371 #

mg/L 11/23/1998 N001 370 #

Ammonia as NH4 mg/L 5/19/1998 0001 0.355 N #

mg/L 11/23/1998 0001 0.263 # -

Antimony mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/19/1998 0001 0.0028 B # -

mg/L 11/23/1998 0001 0.0010 B #-

Cadmium mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001. 0.0010 U # 0.001

Calcium mg/L 5/19/1998 0001 154.000 # -

mg/L 11/23/1998 0001 140.000 #

Chloride mg/L 5/19/1998 0001 97.200 J #

mg/L 11/23/1998 0001 91.800 # -

Fluoride mg/L 5/19/1998 0001 0.142 J #

mg/L 11/23/1998 0001 0.539 #-

Gross Alpha pCi/L 5/19/1998 0001 23.83 J # 13.44 + 10.2

pCi/L 11/23/1998 0001 22.71 U # 22.71 + 14.7

Gross Beta pCi/L 5/19/1998 0001 15.78 # 13.8 _ 8.64

pCi/L 11/23/1998 0001 25.34 U # 25.34 ± 15.1

Iron mg/L 5/19/1998 0001 1.620 # - -

mg/L 11/23/1998 0001 0.669 #- -

Lead mg/L 5/19/1998 0001 0.0010 U # 0.001 -

mg/L 11/23/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/19/1998 0001 0.91 U # 0.91 ± 0.52

pCi/L 11/23/1998 0001 1.36 U # 1.36 + 0.80

Magnesium mg/L 5/19/1998 0001 119.000 # - -

mg/L 11/23/1998 0001 107.000 # -

Manganese mg/L 5/19/1998 0001 0.415 #-

mg/L 11/23/1998 0001 0.437 # -

Molybdenum mg/L 5/19/1998 0001 0.0054 B # -
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0309
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/23/1998 0001 0.0057 B #- -

Nitrate mg/L 5/19/1998 0001 0.164 B U #- -

mg/L 11/23/1998 0001 0.492 B J #- -

pH s.u. 5/19/1998 N001 6.71 #- -

s.u. 5/26/1998 N001 6.72 #- -

s.u. 11/23/1998 N001 7.10 #- -

Polonium-210 pCi/L 5/19/1998 0001 0.07 U # 0.07 t 0.09

pCi/L 11/23/1998 0001 0.05 U # 0.05 t 0.07

Radium-226 pCi/L 5/19/1998 0001 0.15 # 0.1 t 0.07

pCi/L 11/23/1998 0001 0.12 U # 0.12 t 0.07

Radium-228 pCi/L 5/19/1998 0001 0.68 U# 0.68 t 0.39

pCi/L 11/23/1998 0001 0.72 U # 0.72 t 0.43

Redox Potential mV 5/19/1998 N001 -364 #- -

mV 5/26/1998 N001 -298 #-

mV 11/23/1998 N001 20 #

Selenium mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Sodium mg/L 5/19/1998 0001 222.000 #-

mg/L 11/23/1998 0001 219.000 #-

Specific Conductance umhos/cm 5/19/1998 N001 1881 #-

umhos/cm 5/26/1998 N001 2190 #-

umhos/cm 11/23/1998 N001 2130 #-

Sulfate mg/L 5/19/1998 0001 829.000 J #-

mg/L 11/23/1998 0001 787.000 #-

Temperature C 5/19/1998 N001 11.6 #-

C 5/26/1998 N001 12.8 #-

C 11/23/1998 N001 14.8 #-

Thorium-230 pCi/L 5/19/1998 0001 0.80 U # 0.8 +

pCi/L 11/23/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/19/1998 NO01 2.52 #-

NTU 5/26/1998 N001 2.17 #-

NTU 11/23/1998 N001 1.61 #-

Uranium mg/L 5/19/1998 0001 0.0367 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0309
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Uranium mg/L 11/23/1998 0001 0.0268 #

Uranium-234 pCi/L 5/26/1998 0001 19.2 #- +

Uranium-235 pCi/L 5/26/1998 0001 0.69 N J #- +

Uranium-238 pCi/L 5/26/1998 0001 14.4 #- +

Vanadium mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

RECORDS: SELECTED FROM USEE100 WHERE site code='RFO01' AND location_code
in (0291','0292','0293','0294','0295','0296','0297','0298','0299','0300','0301','0302','0303','0304','0305','0306','0307','0308','0309','0310','05
90','0591','0592','0593','0594','0595','0596','0597','0598','0599','0600','0601 ','0602','0603','0605','0606','0620','0621','0622','0623','0626','0

647','0648','0649','0654','0655','0656','0657','0658','0659','0660,'0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X' ) OR IsNull(data validation_qualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: 0OOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X= replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition "vSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.

G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Paramieter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0310
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/19/1998 N001 294 #

mg/L 11/23/1998 0001 297 #.- -

mg/L 11/23/1998 N001 296 #

Ammonia as NH4 mg/L 5/19/1998 0001 4.250 B #- ÷

mg/L 11/23/1998 0001ý 1.210 #

Antimony mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/19/1998 0001 0.0040 B #-

mg/L 11/23/1998 0001 0.0046 B #

Cadmium mg/L 5/19/1998 0001 0.0010 #-

mg/L 11/23/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/19/1998 0001 170.000 #-

mg/L 11/23/1998 0001 193.000 #-

Chloride mg/L 5/19/1998 0001 93.300 J -

mg/L 11/23/1998 0001 101.000 #-

Fluoride mg/L 5/19/1998 0001 1.020 J #-

mg/L 11/23/1998 0001 1.090 #-

Gross Alpha pCi/L 5/19/1998 0001 160.1 # 11.2 ± 18.6

pCi/L 11/23/1998 0001 120.7 # 16.3 ± 20.9

Gross Beta pCi/L 5/19/1998 0001 81.79 # 11.71 ± 9.96

pCi/L 11/23/1998 0001 88.38 # 13.48 ± 12.0

Iron mg/L 5/19/1998 0001 0.513 #- -

mg/L 11/23/1998 0001 0.918 #- -

Lead mg/L 5/19/1998 0001 0.0010 U # 0.001 -

mg/L 11/23/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/19/1998 0001 0.99 U # 0.99 ± 0.60

pCi/L 11/23/1998 0001 1.41 U # 1.41 ± 0.84

Magnesium mg/L 5/19/1998 0001 86.200 #- -

mg/L 11/23/1998 0001 101.000 # - -

Manganese mg/L 5/19/1998 0001 1.160 # - -

mg/L 11/23/1998 0001 1.300 # - -

Molybdenum mg/L 5/19/1998 0001 0.0500 #- -
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0310
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION- UN- • -
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/23/1998 0001 0.0484 #.

Nitrate mg/L 5/19/1998 0001 0.0691 B U #

mg/L 11/23/1998 0001 0.401 B J #

pH s.u. 5/19/1998 N001 6.85 #- -

s.u. 11/23/1998 N001 7.06 #

Polonium-210 pCi/L 5/19/1998 0001 0.13 U # 0.08 ± 0.13

pCi/L 11/23/1998 0001 0.12 # 0.04 ± 0.08

Radium-226 pCi/L 5/19/1998 0001 0.07 U # 0.02 ± 0.05

pCi/L 11/23/1998 0001 .0.12 U # 0.12 ± 0.07

Radium-228 pCi/L 5/19/1998 0001 0.6 # 0.6 ± 0.40

pCi/L 11/23/1998 0001 0.74 U # 0.74 ± 0.44

Redox Potential mV 5/19/1998 N001 26 # - -

mV 11/23/1998 N001 7 # -

Selenium mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Sodium mg/L 5/19/1998 0001 132.000 #-

mg/L 11/23/1998 0001 143.000 #

Specific Conductance umhos/cm 5/19/1998 N001 1360 #-

umhos/cm 11/23/1998 N001 2000 #-

Sulfate mg/L 5/19/1998 0001 671.000 J -

mg/L 11/23/1998 0001 774.000 # -

Temperature C 5/19/1998 N001 11.1 #

C 11/23/1998 N001 17.5 #-

Thorium-230 pCi/L 5/19/1998 0001 0.80 U # 0.8 +

pCi/L 11/23/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/19/1998 N001 9.12 # -

NTU 11/23/1998 N001 0.13 #-

Uranium mg/L 5/19/1998 0001 0.270 #-

mg/L 11/23/1998 0001 0.258 #-

Vanadium mg/L 5/19/1998 0001 0.0142 #-

mg/L 11/23/1998 0001 0.0168 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0310
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID - RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site code='RFO01'AND location-codein ( 0291', '0292', '0293','0294','0295', '0296',' 0297', '0298', '0299', '0300',' 0301 '70302', '0303',' 0304', '0305', '0306','0307', '0308','0309', '0310', '05
90' ,'0591','0592','0593','0594','0595','0596','0597' ,'0598','0599','0600','0601 ','0602','0603','0605','0606','0620','0621 ','0622','0623' ,'0626','0

647' '0648' •':649',''654','0655','0656,',0657','0658,'0659','0660'.'0661,'0o662','0663') AND (NOT (datavalidationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X' ) OR IsNull(datavalidationqualifiers)) AND DATE_SAMPLED between #51111998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits,

+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH g 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

CA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0590
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

* Alkalinity as CaCO3 mg/L 5/22/1998 N001 400 #

mg/L 11/24/1998 0001 320 #

mg/L 11/24/1998 N001 317 #- -.

Ammonia as NH4 mg/L 5/22/1998 0001 0.0158 B #

mg/L 11/24/1998 0001 0.0010 U # 0.001

Antimony mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Cadmium mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 5/22/1998 0001 111.000 # -

mg/L 11/24/1998 0001 76.800 #-

Chloride mg/L 5/22/1998 0001 159.000 #-

mg/L 11/24/1998 0001 133.000 #-

Fluoride mg/L 5/22/1998 0001 0.757 # -

mg/L 11/24/1998 0001 0.896 # -

Gross Alpha pCi/L 5/22/1998 0001 69.66 J # 11.46 ± 13.1

pCi/L 11/24/1998 0001 31.71 # 13.09 ± 11.1

Gross Beta pCi/L 5/22/1998 0001 48.62 # 11.29 ± 8.55

pCi/L 11/24/1998 0001 22.76 # 12.9 ± 8.62

Iron mg/L 5/22/1998 0001 0.0030 U # 0.003 -

mg/L 11/24/1998 0001 0.0055 B U #-

Lead mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 5/22/1998 0001 0.90 U # 0.9 ± 0.53
pCi/L 11/24/1998 0001 1.49 U # 1.49 ± 0.89

Magnesium mg/L 5/22/1998 0001 71.700 #- -

mg/L 11/24/1998 0001 49.300 #

Manganese mg/L 5/22/1998 0001 0.207 #- -

mg/L 11/24/1998 0001 0.202 #

Molybdenum mg/L 5/22/1998 0001 0.0153 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0590
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/24/1998 0001 0.0216 #

Nitrate mg/L 5/22/1998 0001 2.030 #

mg/L 11/24/1998 0001 1.820 J #

pH s.u. 5/22/1998 N001 6.82 #

s.u. 11/24/1998 N001 7.26 #

Polonium-210 pCi/L 5/22/1998 0001 0.10 U # 0.1 t 0.10

pCi/L 11/24/1998 0001 0.05 U # 0.05 t 0.07

Radium-226 pCi/L 5/22/1998 0001 0.10 # 0.1 t 0.06

pCi/L 11/24/1998 0001 0.11 U # 0.11 ± 0.07

Radium-228 pCi/L 5/22/1998 0001 0.58 U # 0.58 ± 0.34

pCi/L 11/24/1998 0001 0.73 U # 0.73 ± 0.43

Redox Potential mV 5/22/1998 N001 115 #- -

mV 11/24/1998 NO01 145 #

Selenium mg/L 5/22/1998 0001 0.0194 #

mg/L 11/24/1998 0001 0.0155 #

Sodium mg/L 5/22/1998 0001 237.000 #

mg/L 11/24/1998 0001 203.000 #

Specific Conductance umhos/cm 5/22/1998 N001 1523 #

umhos/cm 11/24/1998 N001 1580 #

Sulfate mg/L 5/22/1998 0001 558.000 #

mg/L 11/24/1998 0001 349.000 #

Temperature C 5/22/1998 N001 12.4 #

C 11/24/1998 N001 14.9 #

Thorium-230 pCi/L 5/22/1998 0001 0.80 U # 0.8 +

pCi/L 11/24/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/22/1998 N001 0.47 #-

NTU 11/24/1998 N001 0.94 #

Uranium mg/L 5/22/1998 0001 0.0839 #-

mg/L 11/24/1998 0001 0.0533 #-

Uranium-234 pCi/L 5/22/1998 0001 36.0 # -

Uranium-235 pCi/L 5/22/1998 0001 1.6 N J -#:

Uranium-238 pCi/L 5/22/1998 0001 33.9 # +
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0590
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Vanadium mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0018 B #

RECORDS: SELECTED FROM USEE100 WHERE site-code='RFOO1 AND location-codein ( 0291', '0292*, '0293','0294', '0295','0296',' 0297', '0298',' 0299', '0300',' 0301', '0302', '0303','0304',' 0305','0306',' 0307','0308', '0309','0310',' 05
90', '0591', '0592', '0593', '0594', '0595','0596', '0597', '0598', '0599', '0600', '0601', '0602', '0603','0605', '0606' ,'0620', '0621', '0622', '0623', '0626' ,'0

647','0648'.'0649'. 0654,'0655,'0,656','0657','0658'''0659','0660',•0661','0662','0663') AND (NOT (data-validationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X' ) OR IsNull(data validationqualifiers)) AND DATE_SAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
. Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the lDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.

G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged pdor to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0597
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/21/1998 N001 557 #

mg/L 11/24/1998 0001 482 #

mg/L 11/24/1998 N001 481 #

Ammonia as NH4 mg/L 5/21/1998 0001 0.610 #

mg/L 11/24/1998 0001 0.132 #

Antimony mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 5/21/1998 0001 0.0019 B #-

mg/L 11/24/1998 0001 '0.0019 B #-

Cadmium mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/21/1998 0001 189.000 #-

mg/L 11/24/1998 0001 124.000 #

Chloride mg/L 5/21/1998 0001 194.000 #

mg/L 11/24/1998 0001 67.600 #

Fluoride mg/L 5/21/1998 0001 0.422 #

mg/L 11/24/1998 0001 0.545 #-

Gross Alpha pCi/L 5/21/1998 0001 44.00 # 21.87 ± 17.2

pCi/L 11/24/1998 0001 14.86 U # 14.86 ± 9.29

Gross Beta pCi/L 5/21/1998 0001 27.34 U # 27.34 ± 16.6

pCi/L 11/24/1998 0001 18.95 # 12.83 ± 8.38

Iron mg/L 5/21/1998 0001 3.030 # - -

mg/L 11/24/1998 0001 1.480 #-

Lead mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/21/1998 0001 0.98 U # 0.98 ± 0.57

pCi/L 11/24/1998 0001 1.28 U # 1.28 ± 0.75

Magnesium mg/L 5/21/1998 0001 159.000 #- -

mg/L 11/24/1998 0001 104.000 #-

Manganese mg/L 5/21/1998 0001 3.660 #-

mg/L 11/24/1998 0001 2.120 #-

Molybdenum mg/L 5/21/1998 0001 0.0101 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0597
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/24/1998 0001 .0.0109 # -

Nitrate mg/L 5/21/1998 0001 0.0677 B U #

mg/L 11/24/1998 0001 0.665 B J #

pH s.u. 5/21/1998 NO01 6.82 #-

s.u. 11/24/1998 NO01 7.04 #-

Polonium-210 pCi/L 5/21/1998 0001 0.11 U # 0.09 ± 0.13

pCi/L 11/24/1998 0001 0.10 U # 0.06 ± 0.10

Radium-226 pCi/L 5/21/1998 0001 0.17 # 0.02 ± 0.07

pCi/L 11/24/1998 0001 0.12 # 0.12 ± 0.07

Radium-228 pCi/L 5/21/1998 0001 0.8 U # 0.8 ± 0.50

pCi/L 11/24/1998 0001 0.74 U # 0.74 ± 0.44

Redox Potential mV 5/21/1998 N001 -293 # - -

mV 11/24/1998 N001 -253 # - -

Selenium mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Sodium mg/L 5/21/1998 0001 378.000 # -

mg/L 11/24/1998 0001 164.000 # -

Specific Conductance umhos/cm 5/21/1998 N001 2840 # -

umhos/cm 11/24/1998 N001 1866 # -

Sulfate mg/L 5/21/1998 0001 1190.000 # -

mg/L 11/24/1998 0001 498.000 # -

Temperature C 5/21/1998 N001 9.7 # -

C 11/24/1998 N001 12.0 # -

Thorium-230 pCi/L 5/21/1998 0001 0.80 U # 0.8 ±

pCi/L 11/24/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/21/1998 N001 3.47 #-

NTU 11/24/1998 N001 1.64 # -

Uranium mg/L 5/21/1998 0001 0.0443 # -

mg/L 11/24/1998 0001 0.0203 #-

Vanadium mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0597
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site-code='RFO01 AND location-codein (0291','0292' ,'0293' ,'0294' ,' 0295' ,' 0296', '0297','0298' ,'0299',/0300' ,'0301 ,•0302' ,'0303' ,'0304'/'0306" ,'0306' ,' 0307','0308' ,' 0309' ,' 0310', '05
90','0591','0592','0593','0594','0596",'0596','0597','0598','0599','0600','0601','0602','0603','0605','0606','0620','0621','0622','0623','0626','0

647','0648','0649','0654','0655",'0656','0657','0658','0659'',0660','0661',0662','0663') AND (NOT (data validation qualifiers LIKE" *R*'
OR data validationqualifiers LIKE '*X') OR IsNull(datavalidationqualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OO0X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

÷ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100)

LOCATION: 0598
REPORT DATE: 3/4/1999 9:57 am

FOR SITE RFO01, RIFLE (OLD)

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/21/1998 N001 391 #

mg/L 11/24/1998 0001 471 #

mg/L 11/24/1998 N001 480 #

Ammonia as NH4 mg/L 5/21/1998 0001 0.448 #

mg/L 11/24/1998 0001 0.143 #

Antimony mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/21/1998 0001 0.0011 B #-

mg/L 11/24/1998 0001 0.0018 B # -

Cadmium mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001. 0.0010 U # 0.001

Calcium mg/L 5/21/1998 0001 113.000 #-

mg/L 11/24/1998 0001 147.000 #

Chloride mg/L 5/21/1998 0001 137.000 #

mg/L 11/24/1998 0001 66.000 #

Fluoride mg/L 5/21/1998 0001 0.571 #

mg/L 11/24/1998 0001 0.513 # -

GrossAIpha pCi/L 5/21/1998 0001 30.46 J # 11.59 ± 9.87

pCi/L 11/24/1998 0001 16.75 # 15.94 ± 10.8

Gross Beta pCi/L 5/21/1998 0001 28.61 # 11.12 ± 7.65

pCi/L 11/24/1998 0001 13.42 # 12.92 ± 8.12

Iron mg/L 5/21/1998 0001 0.704 # - -

mg/L 11/24/1998 0001 0.980 #-

Lead mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0012 B # -

Lead-210 pCi/L 5/21/1998 0001 0.96 U # 0.96 ± 0.55

pCi/L 11/24/1998 0001 1.25 U # 1.25 ± 0.73

Magnesium mg/L 5/21/1998 0001 93.700 # - -

mg/L 11/24/1998 0001 123.000 #- -

Manganese mg/L 5/21/1998 0001 2.060 #

mg/L 11/24/1998 0001 2.520 #

Molybdenum mg/L 5/21/1998 0001 0.0100 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100)
LOCATION: 0598
REPORT DATE: 3/4/1999 9:57 am

FOR SITE RFO01, RIFLE (OLD)

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/24/1998 0001 0.0099 B #

Nitrate mg/L 5/21/1998 0001 0.0654 B U #

mg/L 11/24/1998 0001 0.0110 U J # 0.011

pH s.u. 5/21/1998 N001 7.01 #-

s.u. 11/24/1998 N001 7.11 #-

Polonium-210 pCi/L 5/21/1998 0001 0.18 U # 0.08 ± 0.15

pCi/L 11/24/1998 0001 0.18 # 0.06 ± 0.12

Radium-226 pCi/L 5/21/1998 0001 0.11 U # 0.11 ± 0.06

pCi/L 11/24/1998 0001 0.11 U # 0.11 ± 0.06

Radium-228 pCi/L 5/21/1998 0001 0.65 U # 0.65 ± 0.38

pCi/L 11/24/1998 0001 0.70 U # 0.7 ± 0.41

Redox Potential mV 5/21/1998 N001 -231 #- -

mV 11/24/1998 NO01 -45 #- -

Selenium mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0,0010 U # 0.001 -

Sodium mg/L 5/21/1998 0001 250.000 # - -

mg/L 11/24/1998 0001 166.000 #- -

Specific Conductance umhos/cm 5/21/1998 N001 2030 #- -

umhos/cm 11/24/1998 N001 2060 #- -

Sulfate mg/L 5/21/1998 0001 673.000 #- -

mg/L 11/24/1998 0001 640.000 # -

Temperature C 5/21/1998 N001 9.2 #

C 11/24/1998 N001 12.6 #

Thorium-230 pCi/L 5/21/1998 0001 0.80 U # 0.8 ±

pCi/L 11/24/1998 0001 1.6 U # 1.6 ±

Turbidity NTU 5/21/1998 N001 8.40 #-

NTU 11/24/1998 N001 2.97 #

Uranium mg/L 5/21/1998 0001 0.0216 #

mg/L 11/24/1998 0001 0.0208 #-

Vanadium mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0598
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site-code='RFOO1'AND location_code
in(0291','0292','0293','0294','0295','0296','0297','0298','0299','0300','0301','0302','0303','0304','0305','0306','0307','0308','0309','0310','05
90','0591','0592','0593','0594','0595','0596','0597' ,'0598','0599','0600','0601 ','0602','0603','0605' ,'0606','0620' ,'0621 ','0622','0623','0626' ,'0

647','0648','0649',-0654','0655','0656','0657','0658','0659','0660',•0661','0662','0663') AND (NOT (data-validationqualifiers LIKE '*R*'
OR data validation qualifiers LIKE '*X ) OR IsNull(datavalidationqualifiers)) AND DATE_SAMPLED between #5/1/1.998# and
#12/15/1998#

SAMPLE ID CODES: OCOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.
A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.
M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0599
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/22/1998 N001 920 L #

Ammonia as NH4 mg/L 5/22/1998 0001 0.343 L #

Antimony mg/L 5/22/1998 0001 0.0010 U L # 0.001

Arsenic mg/L 5/22/1998 0001 0.0014 B L #-

Cadmium mg/L 5/22/1998 0001 0.0010 U L # 0.001

Calcium mg/L 5/22/1998 0001 225.000 L #-

Chloride mg/L 5/22/1998 0001 141.000 L #

Fluoride mg/L 5/22/1998 0001 0.492 L #-

GrossAlpha pCi/L 5/22/1998 0001 32.49 JL # 19.6 t 14.6

Gross Beta pCi/L 5/22/1998 0001 21.96 U L # 21.96 ± 13.3

Iron mg/L 5/22/1998 0001 0.480 L #- -

Lead mg/L 5/22/1998 0001 0.0010 U L # 0.001 -

Lead-210 pCi/L 5/22/1998 0001 1.02 U L # 1.02 + 0.60

Magnesium mg/L 5/22/1998 0001 145.000 L #- -

Manganese mg/L 5/22/1998 0001 0.239 L # - -

Molybdenum mg/L 5/22/1998 0001 0.0036 B L #- -

Nitrate mg/L 5/22/1998 0001 0.115 B UL # - -

pH s.u. 5/22/1998 NO01 6.77 L #- -

Polonium-210 pCi/L 5/22/1998 0001 0.12 UL # 0.05 ± 0.10

Radium-226 pCi/L 5/22/1998 0001 0.31 L # 0.1 ± 0.08

Radium-228 pCi/L 5/22/1998 0001 0.57 U L # 0.57 ± 0.33

Redox Potential mV 5/22/1998 N001 -151 L #-

Selenium mg/L 5/22/1998 0001 0.0050 L #-

Sodium mg/L 5/22/1998 0001 260.000 L #-

Specific Conductance umhos/cm 5/22/1998 N001 2590 L #-

Sulfate mg/L 5/22/1998 0001 778.000 L #-

Temperature C 5/22/1998 N001 15.6 L #-

Thorium-230 pCi/L 5/22/1998 0001 0.80 U L # 0.8 +

Turbidity NTU 5/22/1998 N001 31.1 L #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0599
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Uranium . . - mg/L 5/22/1998 0001 ..... 0.0390 L #

Uranium-234 pCi/L 5/22/1998 0001 16.7 L #_+

Uranium-235 pCi/L 5/22/1998 0001 0.79 N JL # _+

Uranium-238 pCi/L 5/22/1998 0001 15.7 L # +

Vanadium mg/L 5/22/1998 0001 0.0042 B L #

RECORDS: SELECTED FROM USEE100 WHERE sitecode='RFOO1'AND location-codein (029 1','0292',''293','294','295','0296','0297','298',''299•''0300*'0301','0302'.'0303**304,'0'305','0306''307','0308',''309','0310','05
90•''0591','0592','0593'''0594','0595'.'0596•','597•','598'.''599',0600','0601','0•602•','603','0605','0606','062•'.'0621','0622•','623','0626'.''

647','0648','0649','0654'.'0655','0656'.'0657','0658','0659','0660','0661,'0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X' ) OR IsNull(data_validation_qualifiers)) AND DATE_SAMPLED between #5/111998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
. Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

< Result above upper detection limit,

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.

.G Possible grout contamination, pH , 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0600
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/22/1998 N001 629 #

mg/L 11/30/1998 0001 643 #

mg/L 11/30/1998 N001 640 #.

Ammonia as NH4 mg/L 5/22/1998 0001 0.642 #

mg/L 11/30/1998 0001 0.472 #

Antimony mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/22/1998 0001 0.0083 #-

mg/L 11/30/1998 0001 0.0083 #-

Cadmium mg/L 5/22/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/22/1998 0001 236.000 # -

mg/L 11/30/1998 0001 201.000 #- -

Chloride mg/L 5/22/1998 0001 107.000 #

mg/L 11/30/1998 0001 120.000 #

Fluoride mg/L 5/22/1998 0001 0.472 #

mg/L 11/30/1998 0001 0.511 #-

Gross Alpha pCi/L 5/22/1998 0001 18.37 U J # 18.37 ± 11.5

pCi/L 11/30/1998 0001 26.07 U # 26.07 ± 14.8

Gross Beta pCi/L 5/22/1998 0001 21.79 U # 21.79 ± 12.8

pCi/L 11/30/1998 0001 25.42 U # 25.42 ± 15.0

Iron mg/L 5/22/1998 0001 7.210 #- -

mg/L 11/30/1998 0001 6.020 #-

Lead mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 5/22/1998 0001 0.92 U # 0.92 ± 0.54

pCi/L 11/30/1998 0001 1.54 U # 1.54 ± 0.91

Magnesium mg/L 5/22/1998 0001 139.000 #- -

mg/L 11/30/1998 0001 118.000 #-

Manganese mg/L 5/22/1998 0001 0.393 #-

mg/L 11/30/1998 0001 0.319 #-

Molybdenum mg/L 5/22/1998 0001 0.0038 B #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0600
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/30/1998 0001 -- 0.0045 B - #

Nitrate mg/L 5/22/1998 0001 0.0738 B U #

mg/L 11/30/1998 0001 0.427 B J #

pH s.u. 5/22/1998 NO01 7.02 #

s.u. 11/30/1998 N001 7.12 #- -

Polonium-210 pCi/L 5/22/1998 0001 0.12 U # 0.12 ± 0.12

pCi/L 11/30/1998 0001 0.06 U # 0.06 ± 0.08

Radium-226 pCi/L 5/22/1998 0001 0.41 # 0.1 ± 0.09

pCi/L 11/30/1998 0001 0.30 # 0.12 ± 0.09

Radium-228 pCi/L 5/22/1998 0001 0.61 U # 0.61 ± 0.36

pCi/L 11/30/1998 0001 0.76 U # 0.76 ± 0.46

Redox Potential mV 5/22/1998 N001 -178 #- -

mV 11/30/1998 N001 -141 #-

Selenium mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Sodium mg/L 5/22/1998 0001 238.000 #-

mg/L 11/30/1998 0001 248.000 #

Specific Conductance umhos/cm 5/22/1998 N001 2250 #-

umhos/cm 11/30/1998 N001 2560 #-

Sulfate mg/L 5/22/1998 0001 1020.000 #-

mg/L 11/30/1998 0001 723.000 #-

Temperature C 5/22/1998 N001 13.3 #-

C 11/30/1998 N001 15.0 #-

Thorium-230 pCi/L 5/22/1998 0001 0.80 U # 0.8 ±

pCi/L 11/30/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/22/1998 NO01 9.14 #-

NTU 11/30/1998 N001 9.70 #

Uranium mg/L 5/22/1998 0001 0.0078 #

mg/L 11/30/1998 0001 0.0071 #

Uranium-234 pCi/L 5/22/1998 0001 5.2 U # +

Uranium-235 pCi/L 5/22/1998 0001 0.40 UN J # 0.4 +

Uranium-238 pCi/L 5/22/1998 0001 3.3 # +
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0600
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Vanadium mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

RECORDS: SELECTED FROM USEE100 WHERE sitecode='RFOO1'AND location-code
in (0291','0292','0293','0294','0295','0296','0297','0298','0299','0300','0301',70302','0303','0304','0305','0306','0307','0308','0309','0310','05
90' ,'0591','0592','0593' ,'0594','0595','0596','0597','0598','0599','0600','0601','0602','0603','0605','0606','0620','0621 ','0622' ,'0623','0626','0

647','0648','0649','0654','0655'',0656'',0657','0658','0659,'0,660','0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE "X' ) OR lsNult(data validationqualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:

Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0606 RESERVED FOR TMONKS
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 - mg/L 5/21/1998 N001 645 # -

Ammonia as NH4 mg/L 5/21/1998 0001 0.0109 B U #- -

Antimony mg/L 5/21/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/21/1998 0001 0.0010 U # 0.001

Cadmium mg/L 5/21/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 5/21/1998 0001 134.000 # -

Chloride mg/L 5/21/1998 0001 263.000 #

Fluoride mg/L 5/21/1998 0001 0.934 #-

GrossAlpha pCi/L 5/21/1998 0001 39.39 # 19.88 ± 15.6

Gross Beta pCi/L 5/21/1998 0001 22.01 U # 22.01 ± 13.1

Iron mg/L 5/21/1998 0001 0.131 #- -

Lead mg/L 5/21/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/21/1998 0001 1.03 U # 1.03 ± 0.61

Magnesium mg/L 5/21/1998 0001 87.900 #- -

Manganese mg/L 5/21/1998 0001 0.0492 #

Molybdenum mg/L 5/21/1998 0001 0.0272 #

Nitrate mg/L 5/21/1998 0001 2.250 #-•

pH s.u. 5/21/1998 N001 6.93 #

Polonium-210 pCi/L 5/21/1998 0001 0.06 U # 0.06 _ 0.07

Radium-226 pCi/L 5/21/1998 0001 0.04 U # 0.02 ± 0.03

Radium-228 pCi/L 5/21/1998 0001 0.7 U # 0.7 ± 0.30

Redox Potential mV 5/21/1998 N001 67 #- -

Selenium mg/L 5/21/1998 0001 0.0086 #

Sodium mg/L 5/21/1998 0001 536.000 #

Specific Conductance umhos/cm 5/21/1998 N001 2840 #

Sulfate mg/L 5/21/1998 0001 954.000 #

Temperature C 5/21/1998 N001 9.8 #

Thorium-230 pCi/L 5/21/1998 0001 0.80 U # 0.8 +

Turbidity NTU 5/21/1998 N001 2.02 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0606 RESERVED FOR TMONKS
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Uranium mg/L 5/21/1998 0001 0.0429 #

Vanadium mg/L 5/21/1998 0001 0.0010 U # 0.001

RECORDS: SELECTED FROM USEE100 WHERE site code='RFOO1'AND location-codein (0291','0292' ,'0293' ,'0294' ,'0295' ,'0296' ,' 0297', '0298' ,'0299' ,'0300' ,'0301 "'0302' ,'0303' ,'0304' ,'0305' ,'0306' ,'0307', '0308' ,'0309' ,:0310', '05
90', '0591 ', '0592', '0593' ,'0594' ,'0595' ,'0596' ,'0597', '0598' ,'0599' ,'0600', '0601 ','0602' ,'0603' ,'0605' ,'0606' ,'0620' ,'0621 ','0622' ,'0623' ,'0626' ,'0

647',0'648','0649'.'0654','0655','0656','0657'',0658','0659','0660',•0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X ) OR IsNull(datavalidationqualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfihtered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.
B Inorganic: Resull is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition ("SA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.
D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0620
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN- *
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

-Alkalinity as CaCO3 mg/L 5/26/1998 N001 298 #

mg/L 11/24/1998 0001 293 #

mg/L 11/24/1998 N001 283 #

Ammonia as NH4 mg/L 5/26/1998 0001 0.217 N #

mg/L 11/24/1998 0001 0.126 . - -

Antimony mg/L 5/26/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 , U # 0.001 -

Arsenic mg/L 5/26/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Cadmium mg/L 5/26/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 5/26/1998 0001 185.000 #-

mg/L 11/24/1998 0001 281.000 #

Chloride mg/L 5/26/1998 0001 291.000 #-

mg/L 11/24/1998 0001 407.000 #-

Fluoride mg/L 5/26/1998 0001 0.272 #-

mg/L 11/24/1998 0001 0.237 #-

Gross Alpha pCi/L 5/26/1998 0001 27.49 J # 19.3 ± 13.9

pCi/L 11/24/1998 0001 31.26 U # 31.26 ± 18.4

Gross Beta pCi/L 5/26/1998 0001 21.93 U # 21.93 ± 12.4

pCi/L 11/24/1998 0001 25.69 U # 25.69 ± 16.0

Iron mg/L 5/26/1998 0001 0.186 #- -

mg/L 11/24/1998 0001 0.0840 #-

Lead mg/L 5/26/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 5/26/1998 0001 0.93 U # 0.93 ± 0.55

pCi/L 11/24/1998 0001 1.26 U # 1.26 ± 0.74

Magnesium mg/L 5/26/1998 0001 78.700 #- -

mg/L 11/24/1998 0001 117.000 #- -

Manganese mg/L 5/26/1998 0001 0.653 #- -

mg/L 11/24/1998 0001 1.040 #- -

Molybdenum mg/L 5/26/1998 0001 0.0133 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0620
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/24/1998 0001 0.0102 #-

Nitrate mg/L 5/26/1998 0001 0.103 B U #-

mg/L 11/24/1998 0001 0.0617 B UJ # -

pH s.u. 5/26/1998 N001 7.34 #-

s.u. 11/24/1998 N001 7.04 #-

Polonium-210 pCi/L 5/26/1998 0001 0.07 U # 0.06 ± 0.09

pCi/L 11/24/1998 0001 0.08 U # 0.07 ± 0.09

Radium-226 pCi/L 5/26/1998 0001 0.17 # 0.1 ± 0.07

pCi/L 11/24/1998 0001 0.14 # 0.12 ± 0.08

Radium-228 pCi/L 5/26/1998 0001 0.69 U # 0.69 ± 0.40

pCi/L 11/24/1998 0001 0.75 U # 0.75 ± 0.44

Redox Potential mV 5/26/1998 N001 88 #- -

mV 11/24/1998 N001 -21 #-

Selenium mg/L 5/26/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Sodium mg/L 5/26/1998 0001 469.000 #-

mg/L 11/24/1998 0001 487.000 #-

Specific Conductance umhos/cm 5/26/1998 N001 3420 #-

umhos/cm 11/24/1998 N001 3780 # -

Sulfate mg/L 5/26/1998 0001 1120.000 #-

mg/L 11/24/1998 0001 1350.000 #-

Temperature C 5/26/1998 N001 11.0 #-

C 11/24/1998 NO01 11.6 #-

Thorium-230 pCi/L 5/26/1998 0001 0.80 U # 0.8 +

pCi/L 11/24/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/26/1998 N001 8.29 #-

Uranium mg/L 5/26/1998 0001 0.0244 #-

mg/L 11/24/1998 0001 0.0222 #-

Vanadium mg/L 5/26/1998 0001 0.0014 B #-

mg/L 11/24/1998 0001 0.0010 U # 0.001

U
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0620
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: -SELECTED FROM USEE100 WHERE sitecode='RFO01' AND locationcode -
in('0291 ','0292' ,'0293' ,'0294','0295','0296' ,'0297','0298','0299' ,'0300','0301 ','0302','0303' ,'0304','0305','0306','0307' ,'0308','0309','0310','05
90', '0591', '0592', '0593','0594', '0595', '0596','0597', '0598', '0599', '0600', '0601', '0602', '0603', '0605', '0606','0620','0621 ','0622','0623','0626.,'0

647','0648','0649','0654','0655',ý0656,'0657','0658','0659,'0660','0661','0662,'0663') AND (NOT (datavalidation qualifiers LIKE '*R*'
OR data validation qualifiers LIKE '*X ) OR IsNull(data_validation_qualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: 0OOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to.required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

' Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.

G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

GA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0621
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/20/1998 N001 343 L #-

mg/L 11/24/1998 0001 342 L #-

mg/L 11/24/1998 N001 373 L #-

Ammonia as NH4 mg/L 5/20/1998 0001 0.285 N L #-

mg/L 11/24/1998 0001 0.188 L #-

Antimony mg/L 5/20/1998 0001 0.0010 U L # 0.001

mg/L 11/24/1998 0001 0.0010 U L # 0.001

Arsenic mg/L 5/20/1998 0001 0.0062 L #-

mg/L 11/24/1998 0001 0.0050 L #-

Cadmium mg/L 5/20/1998 0001 0.0010 U L # 0.001

mg/L 11/24/1998 0001 0.0010 U L # 0.001

Calcium mg/L 5/20/1998 0001 8.930 L # -

mg/L 11/24/1998 0001 8.640 L #-

Chloride mg/L 5/20/1998 0001 855.000 L #-

mg/L 11/24/1998 0001 121.000 L #-

Fluoride mg/L 5/20/1998 0001 2.840 L #-

mg/L 11/24/1998 0001 3.110 L #-

Gross Alpha pCi/L 5/20/1998 0001 20.29 JL # 16.37 ± 11.4

pCi/L 11/24/1998 0001 25.91 U L # 25.91 ± 16.8

Gross Beta pCi/L 5/20/1998 0001 15.80 U L # 15.8 ± 9.04

pCi/L 11/24/1998 0001 25.51 U L # 25.51 ± 15.1

Iron mg/L 5/20/1998 0001 0.0560 L #- -

mg/L 11/24/1998 0001 0.0194 B UL # -

Lead mg/L 5/20/1998 0001 0.0010 U L # 0.001

mg/L 11/24/1998 0001 0.0010 U L # 0.001

Lead-210 pCi/L 5/20/1998 0001 0.87 U L # 0.87 ± 0.50

pCi/L 11/24/1998 0001 1.30 U L # 1.3 ± 0.77

Magnesium mg/L 5/20/1998 0001 2.460 L #- -

mg/L 11/24/1998 0001 2.380 L #-

Manganese mg/L 5/20/1998 0001 0.0044 B L #-

mg/L 11/24/1998 0001 0.0065 B L #-

Molybdenum mg/L 5/20/1998 0001 0.218 L #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0621
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/24/1998 0001 0.219 L #

Nitrate mg/L 5/20/1998 0001 0.674 B L #

mg/L 11/24/1998 0001 0.350 B JL # . -

pH s.u. 5/20/1998 N001 8.52 L #

s.u. 11/24/1998 N001 8.50 L #- -

Polonium-210 pCi/L 5/20/1998 0001 0.13 U L # 0.13 ± -0.13

pCi/L 11/24/1998 0001 0.16 L # 0.03 ± 0.08

Radium-226 pCi/L 5/20/1998 0001 0.35 L # 0.1 ± 0.08

pCi/L 11/24/1998 0001 0.14 L # 0.12 ± 0.08

Radium-228 pCi/L 5/20/1998 0001 0.66 U L # 0.66 ± 0.39

pCi/L 11/24/1998 0001 0.75 U L # 0.75 ± 0.45

Redox Potential mV 5/20/1998 N001 1 L #- -

mV 11/24/1998 NO01 -65 L #- -

Selenium mg/L 5/20/1998 0001 0.0010 U L # 0.001 -

mg/L 11/24/1998 0001 0.0010 U L # 0.001 -

Sodium mg/L 5/20/1998 0001 661.000 L #-

mg/L 11/24/1998 0001 646.000 L #

Specific Conductance umhos/cm 5/20/1998 N001 3700 L #

umhos/cm 11/24/1998 N001 2890 L #

Sulfate mg/L 5/20/1998 0001 34.500 L #

mg/L 11/24/1998 0001 33.700 L #

Temperature C 5/20/1998 N001 13.1 L #

C 11/24/1998 N001 11.6 L #

Thorium-230 pCi/L 5/20/1998 0001 0.80 U L # 0.8 ±

pCi/L 11/24/1998 0001 1.6 U L # 1.6 +

Turbidity NTU 5/20/1998 N001 181 L #-

Uranium mg/L 5/20/1998 0001 0.0026 L #-

mg/L 11/24/1998 0001 0.0021 L #-

Vanadium mg/L 5/20/1998 0001 0.0010 U L # 0.001

mg/L 11/24/1998 0001 0.0010 U L # 0.001
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0621
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE sitecode='RFOO1'AND location-code
in (0291 ','0292','0293','0294','0295','0296','0297','0298*,'0299','0300',*0301 ',0302','0303','0304','0305','0306','0307','0308','0309','0310','05
90','0591','0592','0693','0594','0595','0596','0597','0598','0599','060"0','0601 ','0602','0603','0605','0606','0620','0621 ','G622','0623','0626','0

647,'0648','0649','0654','0655','0656','0657','0658','0659','0660','0661','0662','0663') AND (NOT (datavalidationqualifiers LIKE "R*'
OR data validation qualifiers LIKE '*X' ) OR IsNull(data validationqualifiers)) AND DATE_SAMPLED between #5/1/1998# and
#1211511998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
. Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.
R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

CA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0622
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: - QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

.Alkalinity asCaCO3 mg/L 5/26/1998 N001- 403 #

Ammonia as NH4 mg/L 5/26/1998 0001 0.300 N #

Antimony mg/L 5/26/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/26/1998 0001 0.0064 #-

Cadmium mg/L 5/26/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/26/1998 0001 3.530 #-

Chloride mg/L 5/26/1998 0001 396.000 #

Fluoride mg/L 5/26/1998 0001 4.010 #

Gross Alpha pCi/L 5/26/1998 0001 10.74 U J # 10.74 ± 6.04

Gross Beta pCi/L 5/26/1998 0001 10.97 U # 10.97 t 6.27

Iron mg/L 5/26/1998 0001 0.0030 U # 0.003 -

Lead mg/L 5/26/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/26/1998 0001 1.02 U # 1.02 ± 0.60

Magnesium mg/L 5/26/1998 0001 0.873 #- -

Manganese mg/L 5/26/1998 0001 0.0043 B #

Molybdenum mg/L 5/26/1998 0001 0.234 #

Nitrate mg/L 5/26/1998 0001 0.180 B U #

pH s.u. 5/26/1998 NO01 8.54 #

Polonium-210 pCi/L 5/26/1998 0001 0.10 U # 0.1 t 0.14

Radium-226 pCi/L 5/26/1998 0001 0.10 U # 0.1 t 0.06

Radium-228 pCi/L 5/26/1998 0001 0.67 U # 0.67 t 0.39

Redox Potential mV 5/26/1998 N001 64 #- -

Selenium mg/L 5/26/1998 0001 0.0010 U # 0.001

Sodium mg/L 5/26/1998 0001 443.000 #-

Specific Conductance umhos/cm 5/26/1998 N001 2170 #

Sulfate mg/L 5/26/1998 0001 47.000 #

Temperature C 5/26/1998 N001 11.2 #-

Thorium-230 pCi/L 5/26/1998 0001 0.80 U # 0.8 +

Turbidity NTU 5/26/1998 N001 3.78 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0622
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Uranium mg/L 5/26/1998 0001 0.0013 #

Vanadium mg/L 5/26/1998 0001 00010 U # 0.001

RECORDS: SELECTED FROM USEE100 WHERE site_code='RFOO1' AND location_code
i n(0•291',*0292•','293','0294•','295•','296',''297',''298•','299',''300*,'0301•','302','0303'.'0304','0305','0306'.'0307','0308','0309','0310','05
90','0591', '0592', '0593', '0594', '0595', '0596',' 0597', '0598', '0599', '0600', '0601', '0602', '0603','0605', '0606', '0620','0621', '0622', '0623', '0626', '0

647','0648','0649','0654','0655','0656','0657','0658','0659','0660','0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validation qualifiers LiKE '*X ) OR IsNull(datavalidationqualifiers)) AND DATESAMPLED between #5/111998# and
#12/15/1998#

SAMPLE ID CODES: GOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:

Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P ' 

25 % difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0623
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/26/1998 N001 132" L #

Ammonia as NH4 mg/L 5/26/1998 0001 4.000 BN L #

Antimony mg/L 5/26/19q8 0001 0.0010 U L # 0.001

Arsenic mg/L 5/26/1998 0001 0.0011 B L #-

Cadmium mg/L 5/26/1998 0001 0.0010 U L # 0.001 -

Calcium mg/L 5/26/1998 0001 336.000 L #-

Chloride mg/L 5/26/1998 0001 7550.000 L #

Fluoride mg/L 5/26/1998 0001 0.618 B L #-

Gross Alpha pCiIL 5/26/1998 0001 107.55 U JL # 107.55 ± 59.7

Gross Beta pCi/L 5/26/1998 0001 109.66 U L # 109.66 ± 63.1

Iron mg/L 5/26/1998 0001 0.783 L #- -

Lead mg/L 5/26/1998 0001 0.0010 U L # 0.001 -

Lead-210 pCi/L 5/26/1998 0001 0.92 U L # 0.92 ± 0.54

Magnesium mg/L 5/26/1998 0001 65.500 L #- -

Manganese mg/L 5/26/1998 0001 0.778 L #- -

Molybdenum mg/L 5/26/1998 0001 0.0196 L #- -

Nitrate mg/L 5/26/1998 0001 0.340 B L #- -

pH s.u. 5/26/1998 N001 7.37 L #

Polonium-210 pCi/L 5/26/1998 0001 0.16 U L # 0.16 ± -0.13

Radium-226 pCi/L 5/26/1998 0001 5.37 L # 0.12 ± 0.39

Radium-228 pCi/L 5/26/1998 0001 4.27 L # 0.64 ± 0.48

Redox Potential mV 5/26/1998 N001 38 L # - -

Selenium mg/L 5/26/1998 0001 0.0010 U L # 0.001

Sodium mg/L 5/26/1998 0001 3940.000 L #-

Specific Conductance umhos/cm 5/26/1998 N001 19040 L #-

Sulfate mg/L 5/26/1998 0001 2.140 B L #-

Temperature C 5/26/1998 N001 16.5 L # -

Thorium-230 pCi/L 5/26/1998 0001 0.80 U L # 0.8 ±

Turbidity NTU 5/26/1998 N001 30.1 L #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0623
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Uranium mg/L 5/26/1998 0001 0.0010 U L # 0.001

Vanadium mg/L 5/26/1998 0001 0.0010 U L # 0.001

RECORDS: SELECTED FROM USEE100 WHERE site code='RFO01 AND location codeinC(0291','0292' ,' 0293' ,'0294' ,' 0295'.' 0296', '0297', '0298' ,'0299' ,'0300' ,'0301',"0302' ,' 0303', '0304' ,'0305' ,'0306' ,' 0307' ,'0308' ,'0309' ,'0310' ,'05
90' ,'0591 ','0592' ,'0593' ,'0594' ,'0595' ,'0596' ,'0597' ,'0598' ,'0599' ,'0600' ,'0601 ','0602' ,'0603' ,'0605' ,'0606' ,'0620' ,'0621 ','0622' ,'0623' ,'0626' ,'0

647','0648','0649','0654','0655','0656','0657','0658','0659','0660','0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validation qualifiers LIKE '*X' ) OR IsNull(datavalidationqualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: 0OOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition "MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged pdor to sampling.

R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0626
REPORT DATE: 3/4/1999 9:57 am

- SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 11/24/1998 0001 263-- L - #-

mg/L 11/24/1998 N001 269 L #

Ammonia as NH4 mg/L 11/24/1998 0001 0.0951 B L #-

Antimony mg/L 11/24/1998 0001 0.0010 U L # 0.001

Arsenic mg/L 11/24/1998 0001 0.0040 B L #-

Cadmium mg/L 11/24/1998 0001 0.0010 U L # 0.001

Calcium mg/L 11/24/1998 0001 3.520 L # -

Chloride mg/L 11/24/1998 0001 270.000 L #

Fluoride mg/L 11/24/1998 0001 2.650 L # -

GrossAlpha pCi/L 11/24/1998 0001 12.09 U L # 12.09 ± 6.96

Gross Beta pCi/L 11/24/1998 0001 12.67 U L # 12.67 ± 7.54

Iron mg/L 11/24/1998 0001 0.0202 B UL # - -

Lead mg/L 11/24/1998 0001 0.0010 U L # 0.001 -

Lead-210 pCi/L 11/24/1998 0001 1.32 U L # 1.32 ± 0.80

Magnesium mg/L 11/24/1998 0001 0.593 L # - -

Manganese mg/L 11/24/1998 0001 0.0055 B L # -

Molybdenum mg/L 11/24/1998 0001 0.228 L #- -

Nitrate mg/L 11/24/1998 0001 0.789 B JL # - -

pH s.u. 11/24/1998 N001 8.87 L # -

Polonium-210 pCi/L 11/24/1998 0001 0.29 L # 0.06 ±.0.15

Radium-226 pCi/L 11/24/1998 0001 0.12 U L # 0.12 ± 0.07

Radium-228 pCi/L 11/24/1998 0001 0.77 U L # 0.77 ± 0.45

Redox Potential mV 11/24/1998 N001 86 L #-

Selenium mg/L 11/24/1998 0001 0.0010 U L # 0.001

Sodium mg/L 11/24/1998 0001 300.000 L #-

Specific Conductance umhos/cm 11/24/1998 N001 1473 L #

Sulfate mg/L 11/24/1998 0001 71.700 L #

Temperature C 11/24/1998 N001 10.9 L #-

Thorium-230 pCi/L 11/24/1998 0001 1.6 U L # 1.6 +
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0626
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Turbidity NTU 11/24/1998 N001 1000 > L #

Uranium mg/L 11/24/1998 0001 0.0015 L #

Vanadium mg/L 11/24/1998 0001 0.0032 B L #

RECORDS: SELECTED FROM USEE100 WHERE site code='RFOO1'AND locationcode
in ("0291','0292','029g3','0294' ,' 0295' ,' 0296' ,' 0297',' 0298','0299' ,' 0300','0301','0302','0303' ,' 0304' ,'0305' ,'0306' ,' 0307','0308' ,' 0309 ,' 0310',' 05
90','0591', '0592', '0593', '0594', '0595', '0596', '0597', '0598', '0599', '0600', '0601', '0602', '0603', '0605', '0606','0620', '0621', '0622', '0623', '0626', '0

647','0648','0649,',0654','0655'0'0656','0657','0658','0659','0660','0661','0662'.'0663') AND (NOT (data validation qualifiers LIKE '*R*'
OR data validation qualifiers LIKE '*X ) OR IsNull(data_validation_qualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OO0X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to.required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 
2 5 % difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0647
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN- -

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/20/1998 N001 280• L -#

mg/L 11/23/1998 0001 273 #

mg/L 11/23/1998 N001 272 #

Ammonia as NH4 mg/L 5/20/1998 0001 0.722 L #

mg/L 11/23/1998 0001 0.277 # #

mg/L 11/23/1998 0002 0.297 #

Antimony mg/L 5/20/1998 0001 0.0010 U L # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0002 0.0010 U # 0.001

Arsenic mg/L 5/20/1998 0001 0.0080 L #-

mg/L 11/23/1998 0001 0.0079 #

mg/L 11/23/1998 0002 0.0080 #-

Cadmium mg/L 5/20/1998 0001 0.0010 U L # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0002 0.0010 U # 0.001

Calcium mg/L 5/20/1998 0001 14.600 L #-

mg/L 11/23/1998 0001 19.700 #

mg/L 11/23/1998 0002 20.000 #

Chloride mg/L 5/20M1998 0001 487.000 L #

mg/L 11/23/1998 0001 619.000 #

mg/L 11/23/1998 0002 630.000 #

Fluoride mg/L 5/20/1998 0001 1.030 L #

mg/L 11/23/1998 0001 0.889 #

mg/L 11/23/1998 0002 0.910 #- -

Gross Alpha pCi/L 5/20/1998 0001 20.05 U JL # 20.05 ± 11.2

pCi/L 11/23/1998 0001 31.31 U # 31.31 ± 18.2

pCi/L 11/23/1998 0002 30.53 U # 30.53 ± 17.5

Gross Beta pCi/L 5/20/1998 0001 21.85 U L # 21.85 ± 12.9

pCi/L 11/23/1998 0001 25.70 U # 25.7 ± 14.9

pCi/L 11/23/1998 0002 25.65 U # 25.65 ± 14.7

Iron mg/L 5/20/1998 0001 0.0040 B L #- -

mg/L 11/23/1998 0001 0.0198 B U #

mg/L 11/23/1998 0002 0.0196 B U #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0647
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Lead mg/L 5/20/1998 0001 0.0010 U L # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0002 0.0010 U # 0.001

Lead-210 pCi/L 5/20/1998 0001 0.87 U L # 0.87 ± 0.51

pCi/L 11/2311998 0001 1.22 U # 1.22 ± 0.72

pCi/L 11/23/1998 0002 1.22 U # 1.22 ± 0.72

Magnesium mg/L 5/20/1998 0001 2.470 L #- -

mg/L 11/23/1998 0001 3.530 #-

mg/L 11/23/1998 0002 3.580 #-

Manganese mg/L 5/20/1998 0001 0.0163 L #-

mg/L 11/23/1998 0001 0.0313 #-

mg/L 11/23/1998 0002 0.0313 #-

Molybdenum mg/L 5/20/1998 0001 0.0777 L #-

mg/L 11/23/1998 0001 0.0677 #

mg/L 11/23/1998 0002 0.0669 #

Nitrate mg/L 5/20/1998 0001 0.159 B UL # -

mg/L 11/23/1998 0001 0.0220 U J # 0.022

mg/L 11/23/1998 0002 0.0220 U J # 0.022

pH s.u. 5/20/1998 N001 8.94 L #-

s.u. 11/23/1998 N001 8.54 #-

Polonium-210 pCi/L 5/20/1998 0001 0.21 UL # 0.07 ± 0.15

pCi/L 11/23/1998 0001 0.19 # 0.05 ± 0.11

pCi/L 11/23/1998 0002 0.12 # 0.04 ± 0.08

Radium-226 pCi/L 5/20/1998 0001 0.13 L # 0.1 ± 0.07

pCi/L 11/23/1998 0001 0.11 # 0.11 ± 0.07

pCi/L 11/23/1998 0002 0.12 # 0.12 ± 0.08

Radium-228 pCi/L 5/20/1998 0001 0.69 U L # 0.69 ± 0.40

pCi/L 11/23/1998 0001 0.71 U # 0.71 ± 0.42

pCi/L 11/23/1998 0002 0.76 U # 0.76 ± 0.45

Redox Potential mV 5/20/1998 N001 -2 L # - -

mV 11/23/1998 N001 -42 #-

Selenium mg/L 5/20/1998 0001 0.0010 U L # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0647
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Selenium mg/L 11/23/1998 0002 0.0010 U # 0.001

Sodium mg/L 5/20/1998 0001 8.990 L #-

mg/L 11/23/1998 0001 963.000 # -

mg/L 11/23/1998 0002 963.000 # -

Specific Conductance umhos/cm 5/20/1998 N001 3910 L #-

umhos/cm 11/23/1998 N001 4400 #-

Sulfate mg/L .5/20/1998 0001 937.000 L #-

mg/L 11/23/1998 0001 992.000 # -

mg/L 11/23/1998 0002 1010.000 # -

Temperature C 5/20/1998 N001 14.4 L # -

C 11/23/1998 N001 13.6 #-

Thorium-230 pCi/L 5/20/1998 0001 0.80 U L # 0.8 +

pCi/L 11/23/1998 0001 1.6 U # 1.6 ±

pCi/L 11/23/1998 0002 1.6 U # 1.6 +

Turbidity NTU 5/20/1998 N001 6.20 L # -

NTU 11/23/1998 N001 8.57 #

Uranium mg/L 5/20/1998 0001 0.0039 L #

mg/L 11/23/1998 0001 0.0019 #-

mg/L 11/23/1998 0002 0.0020 #-

Vanadium mg/L 5/20/1998 0001 0.0021 B L #-

mg/L 11/23/1998 0001 0.0015 B #-

mg/L 11/23/1998 0002 0.0020 B #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0647
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site code='RFO01'AND location_code
in('0291', '0292', '0293' ,'0294' ,'0295' ,'0296' ,'07297' ,' 0298' ,' 0299' ,'0300' ,' 0301', '0302', '0303' ,'0304' ,'0305' ,'0306', '0307','0308' ,' 0309' ,' 0310','05
90','0591', '0592', '0593', '0594', '0595', '0596', '0597', '0598', '0599', '0600', '0601', '0602', '0603', '0605', '0606', '0620', '0621', '0622', '0623', '0626','0

647','0648','0649,''0654'.'0655,''0656','0657'''0658''.0659'''0660,'0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X' ) OR IsNull(data validation qualifiers)) AND DATE_SAMPLED between #5/111998# and
#12/15/1998#

SAMPLE ID CODES: 000X= Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
* Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.

G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0648
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION ' UN- "
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/19/1998 N001 353 L " #-

mg/L 11/23/1998 0001 241 L #

mg/L 11/23/1998 N001 328 L #

Ammonia as NH4 mg/L 5/19/1998 0001 0.889 L #

mg/L 11/23/1998 0001 0.553 L #

Antimony mg/L 5/19/1998 0001 0.0010 U L # 0.001

mg/L 11/23/1998 0001 0.0010 U L # 0.001

Arsenic mg/L 5/19/1998 0001 0.0085 L #-

mg/L 11/23/1998 0001 0.0066 L #-

Cadmium mg/L 5/19/1998 0001 0.0010 U L # 0.001

mg/L 11/23/1998 0001 0.0010 U L # 0.001

Calcium mg/L 5/19/1998 0001 16.500 L #-

mg/L 11/23/1998 0001 16.100 L #

Chloride mg/L 5/19/1998 0001 1280.000 JL #

mg/L 11/23/1998 0001 752.000 L #

Fluoride mg/L 5/19/1998 0001 2.110 JL #

mg/L 11/23/1998 0001 1.030 L #-

Gross Alpha pCi/L 5/19/1998 0001 26.36 U JL # 26.36 t 15.9

pCi/L 11/23/1998 0001 37.83 U L # 37.83 t 19.5

Gross Beta pCi/L 5/19/1998 0001 27.43 U L # 27.43 ± 15.2

pCi/L 11/23/1998 0001 31.97 U L # 31.97 t 19.4

Iron mg/L 5/19/1998 0001 0.0030 U L # 0.003 -

mg/L 11/23/1998 0001 0.0897 L #-

Lead mg/L 5/19/1998 0001 0.0010 U L # 0.001

mg/L 11/23/1998 0001 0.0010 U L # 0.001

Lead-210 pCi/L 5/19/1998 0001 0.88 U L # 0.88 t 0.52

pCi/L 11/23/1998 0001 1.24 U L # 1.24 t 0.75

Magnesium mg/L 5/19/1998 0001 2.500 L #- -

mg/L 11/23/1998 0001 2.370 L #

Manganese mg/L 5/19/1998 0001 0.0072 B L #

mg/L 11/23/1998 0001 0.0298 L #

Molybdenum mg/L 5/19/1998 0001 0.408 L #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0648
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/23/1998 0001 0.439 L #- -

Nitrate mg/L 5/19/1998 0001 0.164 B UL # - -

mg/L 11/23/1998 0001 0.107 B JL # - -

pH s.u. 5/19/1998 N001 8.36 L # - -

s.u. 11/23/1998 N001 8.42 L #- -

Polonium-210 pCi/L 5/19/1998 0001 0.20 L # 0.05 t 0.12

pCi/L 1112311998 0001 0.19 L # 0.06 t 0.12

Radium-226 pCi/L 5/19/1998 0001 0.52 L # 0.09 ± 0.09

pCi/L 11/23/1998 0001 0.40 L # 0.12 ± 0.10

Radium-228 pCi/L 5/19/1998 0001 0.57 U L # 0.57 ± 0.33

pCi/L 11/23/1998 0001 0.77 U L # 0.77 ± 0.45

Redox Potential mV 5/19/1998 N001 -4 L #- -

mV 11/23/1998 N001 -68 L #-

Selenium mg/L 5/19/1998 0001 0.0010 U L # 0.001

mg/L 11/23/1998 0001 0.0010 U L # 0.001

Sodium mg/L 5/19/1998 0001 1040.000 L #-

mg/L 11/23/1998 0001 1010.000 L #

Specific Conductance umhos/cm 5/19/1998 N001 3920 L #

umhos/cm 11/23/1998 N001 3950 L #- -

Sulfate mg/L 5/19/1998 0001 53.400 JL #

mg/L 11/23/1998 0001 18.700 L #- -

Temperature C 5/19/1998 N001 13.3 L #

C 11/23/1998 N001 14.6 L #-

Thorium-230 pCi/L 5/19/1998 0001 0.80 U L # 0.8 +

pCi/L 11/23/1998 0001 1.6 U L # 1.6 ±

Turbidity NTU 5/19/1998 N001 178 L #-

NTU 11/23/1998 N001 16.9 L #

Uranium mg/L 5/19/1998 0001 0.0030 L #

mg/L 11/23/1998 0001 0.0013 L #

Vanadium mg/L 5/19/1998 0001 0.0065 B L #

mg/L 11/23/1998 0001 0.0030 B L #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0648
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site code='RFOO1' AND location_code
in('0291 ',0292' ,'0293',:0294' ,'0295','0296','0297','0298','0299' ,'0300','0301 ','0302','0303','0304' :0305','0306' ,'0307','0308','0309','0310','05
90',:0591 ','0592','0593','0594' ,'0595','0596' ,'0597','0598','0599' ,'0600' ,'0601 ','0602','0603','0605' ,'0606',:0620' :0621 ','0622' ,'0623','0626','0

647','0648','0649',-0654,'0,655ý.'0656','0657','0658,'0,659,'0,660',•0661',0'662,'0,663') AND (NOT (data validationqualifiers LIKE "R*'
OR data validation qualifiers LIKE '*X ) OR IsNuIl(data_validation_qualifiers)) AND DATE_SAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 prm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-cendensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition "MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P ' 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0649
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/19/1998 N001 160 GL #

mg/L -11/23/1998 0001 112 GL #

mg/L 11/23/1998 N001 113 GL #.

Ammonia as NH4 mg/L 5/19/1998 0001 1.190 GL #

mg/L 11/23/1998 0001 0.384 GL #

Antimony mg/L 5/19/1998 0001 0.0010 U GL # 0.001 -

mg/L 11/23/1998 0001 0.0010 U GL # 0.001 -

Arsenic mg/L 5/19/1998 0001 0.0112 GL # - -

mg/L 11/23/1998 0001 0.0087 GL # - -

Cadmium mg/L 5/19/1998 0001 0.0010 U GL # 0.001 -

mg/L 11/23/1998 0001 0.0010 U GL # 0.001 -

Calcium mg/L 5/19/1998 0001 15.900 GL # -

mg/L 11/23/1998 0001 20.300 GL #

Chloride mg/L 5/19/1998 0001 248.000 JGL # -

mg/L 11/23/1998 0001 257.000 GL # -

Fluoride mg/L 5/19/1998 0001 0.944 JGL # -

mg/L 11/23/1998 0001 1.600 GL # -

Gross Alpha pCi/L 5/19/1998 0001 11.04 U JGL # 11.04 ± 5.97

pCi/L 11/23/1998 0001 15.78 U GL # 15.78 ± 8.57

Gross Beta pCi/L 5/19/1998 0001 10.98 U GL # 10.98 ± 6.46

pCi/L 11/23/1998 0001 12.83 U GL # 12.83 ± 7.83

Iron mg/L 5/19/1998 0001 0.0225 B GL # - -

mg/L 11/23/1998 0001 0.0113 B UGL #

Lead mg/L 5/19/1998 0001 0.0010 U GL # 0.001

mg/L 11/23/1998 0001 0.0010 U GL # 0.001

Lead-210 pCi/L 5/19/1998 0001 0.92 U GL # 0.92 ± 0.54

pCi/L 11/23/1998 0001 1.29 U GL # 1.29 ± 0.76

Magnesium mg/L 5/19/1998 0001 1.090 GL # - -

mg/L 11/23/1998 0001 2.770 GL # -

Manganese mg/L 5/19/1998 0001 0.0010 U GL # 0.001

mg/L 11/23/1998 .0001 0.0085 B GL # -

Molybdenum mg/L 5/19/1998 0001 0.0880 GL #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0649
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN- *
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum .mg/L 11/23/1998 0001- 0.0610 GL # -

Nitrate mg/L 5/19/1998 0001 0.189 B UGL # -

mg/L 11/23/1998 0001 0.0859 B JGL # -

pH s.u. 5/19/1998 N001 9.96 GL #

s.u. 11/23/1998 N001 9.01 GL #

Polonium-210 pCi/L 5/19/1998 0001 0.42 GL # 0.09 ± 0.21

pCi/L 11/23/1998 0001 0.28 GL # 0.08 ± 0.16

Radium-226 pCi/L 5/19/1998 0001 0.23 GL # 0.1 ± 0.07

pCi/L 11/23/1998 0001 0.17 GL # 0.12 ± 0.08

Radium-228 pCi/L 5/19/1998 0001 0.63 U GL # 0.63 ± 0.37

pCi/L 11/23/1998 0001 0.80 U GL # 0.8 ± 0.47

Redox Potential mV 5/19/1998 N001 7 GL # - -

mV 11/23/1998 N001 -106 GL #

Selenium mg/L 5/19/1998 0001 0.0017 B GL #

mg/L 11/23/1998 0001 0.0010 U GL # 0.001

Sodium mg/L 5/19/1998 0001 488.000 GL # -

mg/L 11/23/1998 0001 494.000 GL #

Specific Conductance umhos/cm 5/19/1998 N001 2480 GL #

umhos/cm 11/23/1998 N001 2350 GL # -

Sulfate mg/L 5/19/1998 0001 702.000 JGL # -

mg/L 11/23/1998 0001 640.000 GL # - -

Temperature C 5/19/1998 N001 12.6 GL # - -

C 11/23/1998 N001 14.6 GL # -

Thorium-230 pCi/L 5/19/1998 0001 0.80 U GL # 0.8 ±

pCi/L 11/23/1998 0001 1.6 U GL # 1.6 +

Turbidity NTU 5/19/1998 N001 178 GL # -

NTU 11/23/1998 N001 91.0 GL #

Uranium mg/L 5/19/1998 0001 0.0014 GL # -

mg/L 11/23/1998 0001 0.0010 U GL # 0.001

Vanadium mg/L 5/19/1998 0001 0.0341 GL # -

mg/L 11/23/1998 0001 0.0066 B GL #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0649
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE sitecode='RFOO1'AND location_code
in ( 0291', '0292', '0293', '0294', '0295',' 0296',' 0297', '0298','0299','0300', '0301', '0302', '0303',' 0304','0305', '0306',' 0307', '0308', '0309',' 0310','05
90' ,'0591','0592' ,'0593' ,'0594','0595','0596','0597','0598','0599','0600','0601 ','0602','0603','0605','0606','0620','0621 ','0622','0623','0626',,0

647','0648','0649','0654','0655','0656','0657,'0658','0659','0660','0661','0662'.'0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X ) OR IsNull(datavalidationqualifiers)) AND DATESAMPLED between #5/111998# and
#12/15/1998#

SAMPLE ID CODES: 000X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
I Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

I
I
I
I
I
I
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I
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DATA QUALIFIERS:

J Estimated value.

G Possible grout contamination, pH > 9.

R Unusable result.

U Parameter analyzed for but was not detected.

CA QUALIFIER: # = validated according to Quality Assurance guidelines.

F Low flow sampling method used.
L Less than 3 bore volumes purged prior to sampling.

X Location is undefined.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0654
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/19/1998 N001 408 -#

mg/L 11/23/1998 0001 391 #

mg/L 11/23/1998 N001 381 #

Ammonia as NH4 mg/L 5/19/1998 0001 0.0279 B #

mg/L 11/23/1998 0001 0.0081 B #

Antimony mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/19/1998 0001 0.0022 B #-

mg/L 11/23/1998 0001 0.0019 B #-

Cadmium mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/19/1998 0001 184.000 #-

mg/L 11/23/1998 0001 176.000 #- -

Chloride mg/L 5/19/1998 0001 68.400 # -

mg/L 11/23/1998 0001 71.400 # -

Fluoride mg/L 5/19/1998 0001 0.681 # -

mg/L 11/23/1998 0001 0.672 # -

Gross Alpha pCi/L 5/19/1998 0001 66.77 # 11.39 ±.12.9

pCi/L 11/23/1998 0001 27.08 # 15.41 ± 11.8

Gross Beta pCi/L 5/19/1998 0001 22.02 # 11.28 ± 7.45

pCi/L 11/23/1998 0001 20.41 # 12.95 ± 8.53

Iron mg/L 5/19/1998 0001 0.0443 U #-

mg/L 11/23/1998 0001 0.0174 B U #- -

Lead mg/L 5/19/1998 0001 0.0010 U # 0.001 -

mg/L 11/23/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/19/1998 0001 0.92 U # 0.92 ± 0.54

pCi/L 11/23/1998 0001 1.32 U # 1.32 ± 0.77

Magnesium mg/L 5/19/1998 0001 111.000 #- -

mg/L 11/23/1998 0001 112.000 #-

Manganese mg/L 5/19/1998 0001 0.100 #-

mg/L 11/23/1998 0001 0.276 #-

Molybdenum mg/L 5/19/1998 0001 0.0148 #-
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I
I
IGROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0654
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/23/1998 0001 0.0135 #-

Nitrate mg/L 5/19/1998 0001 4.490 #-•

mg/L 11/23/1998 0001 6.390 J #

pH s.u. 5/19/1998 N001 6.75 #-

s.u. 11/23/1998 N001 7.13 #

Polonium-210 pCi/L 5/19/1998 0001 0.08 U # 0.08 ± 0.11

pCi/L 11/23/1998 0001 0.08 U # 0.08 ± 0.09

Radium-226 pCi/L 5/19/1998 0001 0.30 # 0.01 ± 0.07

pCi/L 11/23/1998 0001 0.20 # 0.15 ± 0.10

Radium-228 pCi/L 5/19/1998 0001 0.9 U # 0.9 ± 0.40

pCi/L 11/23/1998 0001 0.94 U # 0.94 ± 0.56

Redox Potential mV 5/19/1998 N001 30 #- -

mV 11/23/1998 N001 65 #-

Selenium mg/L 5/19/1998 0001 0.0181 #-

mg/L 11/23/1998 0001 0.0190 #-

Sodium mg/L 5/19/1998 0001 113.000 #-

mg/L 11/23/1998 0001 104.000 #-

Specific Conductance umhos/cm 5/19/1998 N001 1514 #-

umhos/cm 11/23/1998 N001 1807 #-

Sulfate mg/L 5/19/1998 0001 650.000 #-

mg/L 11/23/1998 0001 619.000 #-

Temperature C 5/19/1998 N001 10.9 #-

C 11/23/1998 NO01 14.7 #-

Thorium-230 pCi/L 5/19/1998 0001 0.80 U # 0.8 ±

pCi/L 11/23/1998 0001 1.6 U # 1.6 ±

Turbidity NTU 5/19/1998 N001 1.61 #-

NTU 11/23/1998 N001 1.08 #-

Uranium mg/L 5/19/1998 0001 0.112 #-

mg/L 11/23/1998 0001 0.0609 #-

Vanadium mg/L 5/19/1998 0001 0.0561 #-

mg/L 11/23/1998 0001 0.0782 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0654
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site code='RFO01' AND location-code
in ('0291', '0292', '0293','0294', '0295', '0296',' 0297', '0298','0299', '0300' ,'0301 ',0302', '0303','0304', '0305','0306', '0307', '0308',' 0309','0310', '05

90' ,'0591 ','0592' ,'0593' ,'0594' ,'0595' ,'0596' ,'0597' ,'0598' ,'0599' ,'0600' ,'0601 ','0602' ,'0603' ,'0605' ,'0606' ,'0620' ,'0621 ','0622' ,'0623' ,'0626' ,'0

647','0648','0649','0654','0655','0656','0657','0658','0659','0660','0661','0662,',0663') AND (NOT (datavalidationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X ) OR IsNull(data_validation_qualifiers)) AND DATESAMPLED between #51111998# and
#12/15/1998#

SAMPLE ID CODES: 000X = Filtered sample (0.45 pm). N00X = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.

G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0655
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/18/1998 N001 334 #-

mg/L 11/30/1998 0001 366 #-

mg/L 11/30/1998 N001 367 #-

Ammonia as NH4 mg/L 5/18/1998 0001 0.161 N J #-

mg/L 11/30/1998 0001 0.0756 B #-

Antimony mg/L 5/18/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/18/1998 0001 0.0216 #-

mg/L 11/30/1998 0001 0.0132 #-

Cadmium mg/L 5/18/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/18/1998 0001 164.000 #-

mg/L 11/30/1998 0001 185.000 #

Chloride mg/L 5/18/1998 0001 99.100 J #

mg/L 11/30/1998 0001 113.000 #

Fluoride mg/L 5/18/1998 0001 0.604 J #

mg/L 11/30/1998 0001 0.702 #- -

Gross Alpha pCi/L 5/18/1998 0001 88.72 J # 11.83 ± 14.7

pCi/L 11/30/1998 0001 77.76 # 24.18 ± 22.5

Gross Beta pCi/L 5/18/1998 0001 64.84 # 11.39 ± 9.21

pCi/L 11/30/1998 0001 58.17 # 25.82 ± 17.9

Iron mg/L 5/18/1998 0001 0.314 #- -

mg/L 11/30/1998 0001 0.0140 B U # -

Lead mg/L 5/18/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 5/18/1998 0001 0.87 U # 0.87 ± 0.51

pCi/L 11/30/1998 0001 1.31 U # 1.31 ± 0.78

Magnesium mg/L 5/18/1998 0001 105.000 # - -

mg/L 11/30/1998 0001 119.000 # - -

Manganese mg/L 5/18/1998 0001 0.445 #- -

mg/L 11/30/1998 0001 0.900 - -

Molybdenum mg/L 5/18/1998 0001 0.0130 #- -
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0655
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/30/1998 0001 0.0138 #- -

Nitrate mg/L 5/18/1998 0001 3.500 #- -

mg/L 11/30/1998 0001 3.520 J #- -

pH s.u. 5/18/1998 N001 6.91 #- -

s.u. 11/30/1998 N001 7.11 #- -

Polonium-210 pCi/L 5/18/1998 0001 0.07 U # 0.06 ± 0.09

pCi/L 11/30/1998 0001 0.11 U # 0.05 ± 0.09

Radium-226 pCi/L 5/18/1998 0001 0.20 # 0.1 ± 0.07

pCi/L 11/30/1998 0001 0.17 # 0.11 ± 0.08

Radium-228 pCi/L 5/18/1998 0001 0.69 U # 0.69 ± 0.40

pCi/L 11/30/1998 0001 0.71 U # 0.71 ± 0.43

Redox Potential mV 5/18/1998 N001 -75 # - -

mV 11/30/1998 N001 -20 # - -

Selenium mg/L 5/18/1998 0001 0.0398 #- -

mg/L 11/30/1998 0001 0.0507 # - -

Sodium mg/L 5/18/1998 0001 152.000 # - -

mg/L 11/30/1998 0001 177.000 # - -

Specific Conductance umhos/cm 5/18/1998 N001 1870 #- -

umhos/cm 11/30/1998 N001 2280 # -

Sulfate mg/L 5/18/1998 0001 743.000 J -

mg/L 11/30/1998 0001 806.000 # -

Temperature C 5/18/1998 N001 10.9 #-

C 11/30/1998 N001 14.3 # -

Thorium-230 pCi/L 5/18/1998 0001 0.80 U # 0.8 +

pCi/L 11/30/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/18/1998 N001 10.0 #-

NTU 11/30/1998 N001 3.68 #

Uranium mg/L 5/18/1998 0001 0.177 #- -

mg/L 11/30/1998 0001 0.182 #

Vanadium mg/L 5/18/1998 0001 0.595 #

mg/L 11/30/1998 0001 0.648 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0655
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS -DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 VWH-IERE site_code='RFO01' AND location codein (0291','0292','0293','0294','0295','0296','0297','0298','0299','0300' ,'0301 ',0302','0303','0304','0305','0306','0307','0308' ,'0309','0310','05
90','0591 ','0592','0593','0594','0595','0596','0597','0598','0599','0600','0601 ','0602','0603','0605','0606','0620','0621','0622','0623','0626','0

647','0648','0649','0654','0655','0656'''0657','0658','0659,',0660','0661','0662','0663') AND (NOT (datavalidationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X ) OR IsNull(data validation qualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/1511998#

SAMPLE ID CODES: 000X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

OA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0656
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/20/1998 N001 297 #

mg/L 11/23/1998 0001 218 #

mg/L 11/23/1998 N001 230 #

Ammonia as NH4 mg/L 5/20/1998 0001 0.0061 B #

mg/L 5/20/1998 0002 0.0085 B #

mg/L 11/23/1998 0001 0.0025 B #

Antimony mg/L 5/20/1998 0001 0.0010 U # 0.001 -

mg/L 5/20/1998 0002 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 5/20/1998 0001 0.0020 B #-

mg/L 5/20/1998 0002 0.0020 B #

mg/L 11/23/1998 0001 0.0010 B #-

Cadmium mg/L 5/20/1998 0001 0.0010 U # 0.001

mg/L 5/20/1998 0002 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/20/1998 0001 200.000 #

mg/L 5/20/1998 0002 200.000 #-

mg/L 11/23/1998 0001 195.000 #-

Chloride mg/L 5/20/1998 0001 93.800 #-

mg/L 5/20/1998 0002 93.500 #-

mg/L 11/23/1998 0001 92.600 #-

Fluoride mg/L 5/20/1998 0001 0.905 #-

mg/L 5/20/1998 0002 0.904 #-

mg/L 11/23/1998 0001 0.880 #-

Gross Alpha pCi/L 5/20/1998 0001 30.20 # 10.75 +' 9.37

pCi/L 5/20/1998 0002 35.49 # 10.54 + 9.78

pCi/L 11/23/1998 0001 31.95 # 14.59 ± 12.0

Gros Beta pCi/L 5/20/1998 0001 18.25 # 11.09 + 7.19

pCi/L 5/20/1998 0002 12.88 # 11.11 + 6.96

pCi/L 11/23/1998 0001 19.46 # 12.95 - 8.47

Iron mg/L 5/20/1998 0001 0.0030 U # 0.003 -

mg/L 5/20/1998 0002 0.0030 U # 0.003 -

mg/L 11/23/1998 0001 0.0059 B U # - -
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0656
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Lead mg/L 5/20/1998 0001 0.0010 U # 0.001

mg/L 5/20/1998 0002 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 5/20/1998 0001 0.97 U # 0.97 ± 0.57

pCi/L 5/20/1998 0002 0.96 U # 0.96 ± 0.58

pCi/L 11/23/1998 0001 1.25 U # 1.25 ± 0.74

Magnesium mg/L 5/20/1998 0001 108.000 #- -

mg/L 5/20/1998 0002 107.000 #

mg/L 11/23/1998 0001 96.900 #

Manganese mg/L 5/20/1998 0001 0.0034 B #

mg/L 5/20/1998 0002 0.0036 B #

mg/L 11/23/1998 0001 0.0010 U # 0.001

Molybdenum mg/L 5/20/1998 0001 0.0115 #-

mg/L 5/20/1998 0002 0.0115 #-

mg/L 11/23/1998 0001 0.0130 #-

Nitrate mg/L 5/20/1998 0001 6.590 #-

mg/L 5/20/1998 0002 6.590 #-

mg/L 11/23/1998 0001 4.430 J #-

pH s.u. 5/20/1998 N001 7.21 #-

s.u. 11/23/1998 N001 7.33 #-

Polonium-210 pCi/L 5/20/1998 0001 0.07 U # 0.06 ± 0.09

pCi/L 5/20/1998 0002 0.13 U # 0.13 ± -0.11

pCi/L 11/23/1998 0001 0.05 U # 0.03 ± 0.05

Radium-226 pCi/L 5/20/1998 0001 0.09 # 0.01 ± 0.04

pCi/L 5/20/1998 0002 0.10 # 0.02 ± 0.06

pCi/L 11/23/1998 0001 0.12 U # 0.12 ± 0.07

Radium-228 pCi/L 5/20/1998 0001 0.7 U # 0.7 ± 0.40

pCi/L 5/20/1998 0002 0.4 U # 0.4 ± 0.20

pCi/L 11/23/1998 0001 0.75 U # 0.75 ± 0.44

Redox Potential mV 5/20/1998 N001 204 #- -

mV 11/23/1998 N001 65 #-

Selenium mg/L 5/20/1998 0001 0.0145 #-

mg/L 5/20/1998 0002 0.0144 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0656
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UNW
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Selenium mg/L 11/23/1998 0001 0.0136 #

Sodium mg/L 5/20/1998 0001 112.000 #

mg/L 5/20/1998 0002 112.000 #

mg/L 11/23/1998 0001 92.600 #

Specific Conductance umhos/cm 5/20/1998 N001 1871 #

umhos/cm 11/23/1998 NO01 1769 #

Sulfate mg/L 5/20/1998 0001 784.000 #

mg/L 5/20/1998 0002 786.000 #

mg/L 11/23/1998 0001 691.000 #

Temperature C 5/20/1998 N001 8.4 #

C 11/23/1998 N001 14.1 #

Thorium-230 pCi/L 5/20/1998 0001 0.80 U # 0.8 +

pCi/L 5/20/1998 0002 0.80 U # 0.8 ±

pCi/L 11/23/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/20/1998 N001 1.82 #-

NTU 11/23/1998 N001 1.66 #

Uranium mg/L 5/20/1998 0001 0.0668 #

mg/L 5/20/1998 0002 0.0671 #

mg/L 11/23/1998 0001 0.0513 #

Vanadium mg/L 5/20/1998 0001 0.105 #

mg/L 5/20/1998 0002 0.106 #

mg/L 11/23/1998 0001 0.0910 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0656
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE sitecode='RFOO1' AND location_code
in (0291 ','0292','0293' ,'0294' ,'0295' ,'0296' ,'0297','0298','0299','0300','0301 ','0302','0303' ,'0304','0305','0306' ,'0307','0308' ,'0309' ,'0310','05
90' ,'0591 ','0592' ,'0593' ,'0594' ,'0595' ,'0596' ,'0597' ,'0598' ,'0599' ,'0600' ,'0601 ','0602' ,'0603' ,'0605' ,'0606' ,'0620' ,'0621 ','0622' ,'0623' ,'0626' ,'0

647',0648','0649,'0654,'0655,'0656','0657','0658',0659','0660',0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X' ) OR IsNull(data validation qualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:

Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.
I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (vMSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.
X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

I
I
I
I
I
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DATA QUALIFIERS:

J Estimated value.
G Possible grout contamination, pH > 9.

R Unusable result.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.

F Low flow sampling method used.

L Less than 3 bore volumes purged prior to sampling.

X Location is undefined.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0657
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

-Alkalinity as CaCO3 mg/L 5/19/1998 N001 302 #-

mg/L 5/26/1998 N001 348 #-

mg/L 11/23/1998 0001 350 # - -

mg/L 11/23/1998 N001 318 #-

Ammonia as NH4 mg/L 5/19/1998 0001 0.0206 B #-

mg/L 11/23/1998 0001 0.0558 B #-

mg/L 11/23/1998 0002 0.0530 B #-

Antimony mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0002 0.0010 U # 0.001

Arsenic mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 B #-

mg/L 11/23/1998 0002 0.0010 U # 0.001

Cadmium mg/L 5/19f1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0002 0.0010 U # 0.001

Calcium mg/L 5/19/1998 0001 298.000 #-

mg/L 11/23/1998 0001 340.000 #

mg/L 11/23/1998 0002 331.000 #

Chloride mg/L 5/19/1998 0001 219.000 #

mg/L 11/23/1998 0001 206.000 #

mg/L 11/23/1998 0002 207.000 #

Fluoride mg/L 5/19/1998 0001 0.734 #

mg/L 11/23/1998 0001 0.540 #

mg/L 11/23/1998 0002 0.635 #

GrossAlpha pCi/L 5/19/1998 0001 95.37 # 21.1 ± 21.7

pCi/L 11/23/1998 0001 82.84 # 32.97 ± 28.3

pCi/L 11/23/1998 0002 91.72 # 32.27 ± 28.8

Gross Beta pCi/L 5/19/1998 0001 25.64 # 22.34 ± 13.9

pCi/L 11/23/1998 0001 50.29 # 26.14 ± 17.6

pCi/L 11/23/1998 0002 53.73 # 26.16 ± 17.8

Iron mg/L 5/19/1998 0001 0.230 #- -

mg/L 11/23/1998 0001 0.521 #

mg/L 11/23/1998 0002 0.485 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0657
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Lead mg/L 5/19/1998 0001 0.0010 U # 0.001 -

mg/L 11/23/1998 0001 0.0010 U # 0.001 -

mg/L 11(23(1998 0002 0.0010 U # 0.001 -

Lead-210 pCi/L 5/19/1998 0001 1.27 U # 1.27 ± 0.75

pCi/L 11/23/1998 0001 1.27 U # 1.27 ± 0.75

pCi/L 11/23/1998 0002 1.31 U # 1.31 ± 0.77

Magnesium mg/L 5/19/1998 0001 151.000 #- -

mg/L 11/23/1998 0001 171.000 #- -

mg/L 11/23/1998 0002 166.000 #- -

Manganese mg/L 5/19/1998 0001 0.975 #- -

mg/L 11/23/1998 0001 0.226 #- -

mg/L 11/23/1998 0002 0.216 #- -

Molybdenum mg/L 5/19/1998 0001 0.0049 B #-

mg/L 11/23/1998 0001 0.0040 B U #-

mg/L 11/23/1998 0002 0.0040 B U # -

Nitrate mg/L 5/19/1998 0001 0.713 B #-

mg/L 11/23/1998 0001 2.730 J #-

mg/L 11/23/1998 0002 2.020 J -

pH s.u. 5/19/1998 N001 6.62 #-

s.u. 5/26/1998 N001 6.67 #-

s.u. 11/23/1998 N001 7.03 #-

Polonium-210 pCi/L 5/19/1998 0001 0.10 U # 0.1 ± 0.11

pCi/L 11/23/1998 0001 0.08 U # 0.08 ± 0.08

pCi/L 11/23/1998 0002 0.08 U # 0.06 ± 0.09

Radium-226 pCi/L 5/19/1998 0001 0.24 # 0.02 ± 0.08

pCi/L 11/23/1998 0001 0.14 # 0.12 ± 0.08

pCi/L 11/23/1998 0002 0.12 U # 0.12 ± 0.07

Radium-228 pCi/L 5/19/1998 0001 0.7 U # 0.7 ± 0.40

pCi/L 11/23/1998 0001 0.73 U # 0.73 ± 0.43

pCi/L 11/23/1998 0002 0.72 U # 0.72 ± 0.42

Redox Potential mV 5/19/1998 NO01 -239 #- -

mV 5/26/1998 N001 -230 #- -

mV 11/23/1998 N001 90 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0657
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN- -
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Selenium mg/L 5/19/1998 0001 0.0481 #

mg/L 11/23/1998 0001 0.0927 #

mg/L 11/23/1998 0002 0.0861 #

Sodium mg/L 5/19/1998 0001 437.000 #

mg/L 11/23/1998 0001 449.000 #

mg/L 11/23/1998 0002 441.000 #

Specific Conductance umhos/cm 5/19/1998 N001 2620 #

umhos/cm 5/26/1998 N001 2850 #

umhos/cm 11/23/1998 N001 3650 #

Sulfate mg/L 5/19/1998 0001 1690.000 #

mg/L 11/23/1998 0001 1770.000 #

mg/L 11/23/1998 0002 1770.000 #

Temperature C 5/19/1998 N001 5.0 #

C 5/26/1998 N001 12.1 #

C 11/23/1998 N001 15.7 #

Thorium-230 pCi/L 5/19/1998 0001 0.80 U # 0.8 +

pCi/L 11/23/1998 0001 1.6 U # 1.6 ±

pCi/L 11/23/1998 0002 1.6 U # 1.6 ±

Turbidity NTU 5/19/1998 N001 5.59 #-

NTU 5/26/1998 N001 6.34 #-

NTU 11/23/1998 N001 2.53 #-

Uranium mg/L 5/19/1998 0001 0,110 #-

mg/L 11/23/1998 0001 0.110 #-

mg/L 11/23/1998 0002 0.108 #-

Uranium-234 pCi/L 5/26/1998 0001 46.7 # +

Uranium-235 pCi/L 5/26/1998 0001 2,2 N J # +

Uranium-238 pCi/L 5/26/1998 0001 45.2 # - +

Vanadium mg/L 5/19/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0001 0.0010 U # 0.001

mg/L 11/23/1998 0002 0.0010 U # 0.001
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0657
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site code='RFOO1'AND location_code
in('0291 *,'0292','0293','0294','0295','0296','0297' ,'0298','0299','0300' ,'0301 ','0302' ,'0303','0304','0305','0306' ,'0307','0308','0309',*0310','05
90','0591 ','0592','0593','0594','0595','0596','0597','0598' ,'0599' ,'0600','0601' ,'0602','0603','0605','0606','0620','0621 ','0622','0623' ,'0626','0

647','0648.'0649','0654,'0655','0656','0657','0658','0659','0660','0661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R**
OR data validationqualifiers LIKE '*X' ) OR IsNuil(data-validationqualifiers)) AND DATE_SAMPLED between #51111998# and
#12/15/1998#

SAMPLE ID CODES: 000X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).
U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0658
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/21/1998 N001 483 •#

mg/L 11/24/1998 0001 517 #

mg/L 11/24/1998 N001 500 #-

Ammonia as NH4 mg/L 5/21/1998 0001 0.351 #

mg/L 11/24/1998 0001 0.0642 B #

Antimony mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Cadmium mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/21/1998 0001 273.000 #-

mg/L 11/24/1998 0001 289.000 #

Chloride mg/L 5/21/1998 0001 146.000 #- •

mg/L 11/24/1998 0001 122.000 #

Fluoride mg/L 5/21/1998 0001 1.080 #

mg/L 11/24/1998 0001 1.170 #-

Gross Alpha pCi/L 5/21/1998 0001 63.61 J # 24.12 ± 20.6

pCi/L 11/24/1998 0001 46.70 # 37.76 ± 26.6

Gross Beta pCi/L 5/21/1998 0001 34.96 # 22.31 ± 14.3

pCi/L 11/24/1998 0001 42.69 # 32.23 ± 20.7

Iron mg/L 5/21/1998 0001 0.202 # - -

mg/L 11/24/1998 0001 0.525 #-

Lead mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 5/21/1998 0001 0.93 U # 0.93 ± 0.54

pCi/L 11/24/1998 0001 1.33 U # 1.33 ± 0.79

Magnesium mg/L 5/21/1998 0001 163.000 #- -

mg/L 11/24/1998 0001 174.000 #

Manganese mg/L 5/21/1998 0001 0.673 #

mg/L 11/24/1998 0001 0.734 #

Molybdenum mg/L 5/21/1998 0001 0.0161 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0658
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/24/1998 0001 0.0165 #

Nitrate mg/L 5/21/1998 0001 2.400 #

mg/L 11/24/1998 0001 2.130 B J #

pH s.u. 5/21/1998 NO01 6.80 #

s.u. 11/24/1998 N001 7.11 #

Polonium-210 pCi/L 5/21/1998 0001 0.08 U # 0.07 ± 0.10

pCi/L 11/24/1998 0001 0.09 U # 0.09 ± 0.10

Radium-226 pCi/L 5/21/1998 0001 0.10 U # 0.1 ± 0.06

pCi/L 11/24/1998 0001 0.14 # 0.12 ± 0.08

Radium-228 pCi/L 5/21/1998 0001 0.61 U # 0.61 ± 0.36

pCi/L 11/24/1998 0001 0.74 U # 0.74 ± 0.44

Redox Potential mV 5/21/1998 N001 -114 #- -

mV 11/24/1998 N001 3 #-

Selenium mg/L 5/21/1998 0001 0.0247 #-

mg/L 11/24/1998 0001 0.0194 #-

Sodium mg/L 5/21/1998 0001 596.000 #-

mg/L 11/24/1998 0001 655.000 #-

Specific Conductance umhos/cm 5/21/1998 N001 3830 #-

umhos/cm 11/24/1998 N001 4470 #-

Sulfate mg/L 5/21/1998 0001 2040.000 #-

mg/L 11/24/1998 0001 2130.000 #-

Temperature C 5/21/1998 N001 10.6 #-

C 11/24/1998 N001 11.7 #-

Thorium-230 pCi/L 5/21/1998 0001 0.80 U # 0.8 ±

pCi/L 11/24/1998 0001 1.6 U # 1.6 ±

Turbidity NTU 5/21/1998 NO01 2.36 #-

NTU 11/24/1998 N001 1.88 #

Uranium mg/L 5/21/1998 0001 0.0594 #

mg/L 11/24/1998 0001 0.0513 #-

Vanadium mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0658
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN- '
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

.RECORDS: SELECTED FROM USEE100 WHERE site code='RFOO1 AND location_code
in (0291 ','0292' ,'0293',:0294' ,'0295','0296' ,'0297' ,'0298','0299','0300' ,'0301','0302' ,'0303','0304','0305','0306','0307','0308' ,'0309' ,'0310' ,'05
90' ,'0591 ','0592','0593' ,'0594' ,'0595' ,'0596' ,'0597','0598' ,'0599' ,'0600' ,'0601 ','0602','0603' ,'0605' ,'0606' ,'0620' ,'0621 ','0622' ,'0623' ,'0626',,'0

647','0648','0649,-0654','0655','0656'',0657','0658,',0659','0660',•0661'''0662','0663') AND (NOT (datavalidation qualifiers LIKE '*R*'
OR data validation-qualifiers LIKE '*X ) OR IsNull(data_validation_qualifiers)) AND DATE SAMPLED between #5/11/1998# and
#12/15/1998#

SAMPLE ID CODES: 000X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.,
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.
W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

CA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0659
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/21/1998 N001 457 #

mg/L 11/24/1998 0001 435 #

mg/L 11/24/1998 N001 435 #

Ammonia as NH4 mg/L 5/21/1998 0001 0.140 #

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Antimony mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Cadmium mg/L 5/21/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 . U # 0.001 -

Calcium mg/L 5/21/1998 0001 269.000 # - -

mg/L 11/24/1998 0001 295.000 #

Chloride mg/L 5/21/1998 0001 136.000 # -

mg/L 11/24/1998 0001 122.000 #- -

Fluoride mg/L 5/21/1998 0001 1.050 #

mg/L 11/24/1998 0001 1.450 #

GrossAlpha pCi/L 5/21/1998 0001 73.62 J # 24.02 t 21.5

pCi/L 11/24/1998 0001 47.09 # 37.97 ± 26.8

Gross Beta pCi/L 5/21/1998 0001 40.03 # 22.35 ± 14.6

pCi/L 11/24/1998 0001 37.40 # 32.24 ± 20.4

Iron mg/L 5/21/1998 0001 0.0030 U # 0.003 -

mg/L 11/24/1998 0001 0.0059 B U #-

Lead mg/L 5/21/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 5/21/1998 0001 0.98 U # 0,98 ± 0.57

pCi/L 11/24/1998 0001 1.32 U # 1.32 ± 0.77

Magnesium mg/L 5/21/1998 0001 162.000 # - -

mg/L 11/24/1998 0001 174.000 #

Manganese mg/L 5/21/1998 0001 0.613 #

mg/L 11/24/1998 0001 0.756 #

Molybdenum mg/L 5/21/1998 0001 0.0171 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0659
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN- "

PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/24/1998 0001 0.0173 # .- -

Nitrate mg/L 5/21/1998 0001 2.810 #

mg/L 11/24/1998 0001 2.740 B J #.- -

pH s.u. 5/21/1998 N001 6.84 # -

s.u. 11/24/1998 N001 6.89 #

Polonium-210 pCi/L 5/21/1998 0001 0.08 U # 0.08 ± 0.10

pCi/L 11/24/1998 0001 0.09 U # 0.09 ± 0.11

Radium-226 pCi/L 5/21/1998 0001 0.10 # 0.1 ± 0.06

pCi/L 11/24/1998 0001 0.12 U # 0.12 ± 0.07

Radium-228 pCi/L 5/21/1998 0001 0.59 U # 0.59 ± 0.34

pCi/L 11/24/1998 0001 0.73 U # 0.73 ± 0.43

Redox Potential mV 5/21/1998 N001 -46 #- -

mV 11/24/1998 N001 31 #-

Selenium mg/L 5/21/1998 0001 0.0243 # -

mg/L 11/24/1998 0001 0.0298 #-

Sodium mg/L 5/21/1998 0001 591.000 # -

mg/L 11/24/1998 0001 649.000 #-

Specific Conductance umhos/cm 5/21/1998 NO01 3850 #-

umhos/cm 11/24/1998 N001 4490 #-

Sulfate mg/L 5/21/1998 0001 2070.000 #-

mg/L 11/24/1998 0001 2240.000 #-

Temperature C 5/21/1998 N001 10.8 #-

C 11/24/1998 N001 17.5 #-

Thorium-230 pCi/L 5/21/1998 0001 0.80 U # 0.8 ±

pCi/L 11/24/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/21/1998 N001 0.18 #-

NTU 11/24/1998 N001 1.03 #- -

Uranium mg/L 5/21/1998 0001 0.0587 #

mg/L 11/24/1998 0001 0.0515 #- -

Vanadium mg/L 5/21/1998 0001 0.0011 B #-

mg/L 11/24/1998 0001 0.0010 U # 0.001
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GROUND WATER QUALITY DATA BY LOCATION (USEElO0) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0659
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
.PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site code='RFO01'AND location code
i n(0291','0292','0293','0294.,•295•','296•','297','0298',''299','0300','301',0302',''303','0304'.''305',''306','0307'.'308','309','0310','05
90','0591','0592','0593','0594','0595','0596','0597','0598','0599','0600','0601 ','0602','0603','0605','0606','0620','0621 ','0622','0623','0626','0

647','0648','0649,',0654'.'0655','0656','0657','0658,'0,659','0660',•0661,'0662!,'0663') AND (NOT (data validationqualifiers LIKE '*R'
OR data validationqualifiers LIKE '*X ) OR IsNull(datavalidation_qualifiers)) AND DATE_SAMPLED between #5/11l998# and
#12/15/1998#

SAMPLE ID CODES: 000X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).
S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.
> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)

LOCATION: 0660
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN; " *
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/22/1998 N001 338 #- -

mg/L 11/30/1998 0001 330 #- -

mg/L 11/30/1998 N001 336 #- -

Ammonia as NH4 mg/L 5/22/1998 0001 0.290 # - -

mg/L 11/30/1998 0001 0.283 #- -

Antimony mg/L 5/22/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 5/22/1998 0001 0.0034 B #

mg/L 11/30/1998 0001 0.0020 B #

Cadmium mg/L 5/22/1998 0001 0.0010 U # 0.001 -

mg/L 11/30/1998 0001 0.0010 U # 0.001 -

Calcium mg/L 5/22/1998 0001 44.100 #-

mg/L 11/30/1998 0001 47.100 #

Chloride mg/L 5/22/1998 0001 157.000 #-

mg/L 11/30/1998 0001 183.000 #-

Fluoride mg/L 5/22/1998 0001 0.598 #-

mg/L 11/30/1998 0001 0.615 #-

Gross Alpha pCi/L 5/22/1998 0001 28.58 J # 10.52 ± 9.05

pCi/L 11/30/1998 0001 15.52 U # 15.52 ± 8.93

Gross Beta pCi/L 5/22/1998 0001 28.12 # 11.07 ± 7.60

pCi/L 11/30/1998 0001 12.84 U # 12.84 ± 7.74

Iron mg/L 5/22/1998 0001 0.198 #- -

mg/L 11/30/1998 0001 0.0885 #-

Lead mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Lead-210 pCi/L 5/22/1998 0001 0.95 U # 0.95 ± 0.55

pCi/L 11/30/1998 0001 1.27 U # 1.27 ± 0.74

Magnesium mg/L 5/22/1998 0001 50.600 #- -

mg/L 11/30/1998 0001 60.400 #

Manganese mg/L 5/22/1 998 0001 0.877 #

mg/L 11/30/1998 0001 0.594 #

Molybdenum mg/L 5/22/1998 0001 0.0034 B #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0660
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
.PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/30/1998 0001 0.0051 B #

Nitrate mg/L 5/22/1998 0001 0.0644 B U #

mg/L 11/30/1998 0001 0.603 B J #-

pH s.u. 5/22/1998 N001 7.46 #

s.u. 11/30/1998 N001 8.50 #

Polonium-210 pCi/L 5/22/1998 0001 0.05 U # 0.05 ± 0.07

pCi/L 11/30/1998 0001 0.08 U # 0.06 ± 0.08

Radium-226 pCi/L 5/22/1998 0001 0.12 # 0.1 ± 0.06

pCi/L 11/30/1998 0001 0.12 # 0.11 ± 0.07

Radium-228 pCi/L 5/22/1998 0001 0.59 U # 0.59 ± 0.34

pCi/L 11/30/1998 0001 0.73 U # 0.73 ± 0.44

Redox Potential mV 5/22/1998 NO01 -292 #- -

mV 11/30/1998 N001 -272 # -

Selenium mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 0001 0.0010 U # 0.001

Sodium mg/L 5/22/1998 0001 300.000 #-

mg/L 11/30/1998 0001 334.000 #

Specific Conductance umhos/cm 5/22/1998 N001 1879 #- -

umhos/cm 11/30/1998 N001 2100 #

Sulfate mg/L 5/22/1998 0001 482.000 #

mg/L 11130(1998 0001 516.000 #

Temperature C 5/22/1998 NO01 13.0 #

C 11/30/1998 N001 12.9 #-

Thorium-230 pCi/L 5/22/1998 0001 0.80 U # 0.8 ±

pCi/L 11/30/1998 0001 1.6 U # 1.6 ±

Turbidity NTU 5/22/1998 N001 1.90 # -

NTU 11/30/1998 N001 9.78 #

Uranium mg/L 5/22/1998 0001 0.0055 #

mg/L 11/30/1998 0001 0.0078 #-

Vanadium mg/L 5/22/1998 0001 0.0010 U # 0.001

mg/L 11/30/1998 000.1 0.0010 U # 0.001

I
I
I
I
I
I
U
I
I
I
I
I
i
I
I
I

I
Page 92

i
i



GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1 RIFLE (OLD)
LOCATION: 0660
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN- -
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE site-code='RFO01' AND location-code
in('0291','0292','0293','0294','0295','0296','0297','0298','0299','0300','0301 "'030e2','0303','0304',' 0305','0306','0307','0308','0309','0310','05
90','0591', '0592', '0593', '0594','0595', '0596','0597', '0598', '0599','0600', '0601','0602', '0603', '0605', '0606' ,'0620', '0621', '0622', '0623', '0626', '0

647 ,'0648','0649'''0654','0655' '0656','0657'''0658','0659'' 0660' '0661,'0662','0663') AND (NOT (data validationqualifiers LIKE '*R "
OR data validation qualifiers LIKE "X' ) OR IsNull(data_validation_qualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OOOX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
. Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.

C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.

N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.

P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.

G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

QA QUALIFIER: # = validated according to Quality Assurance guidelines.
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFO01, RIFLE (OLD)
LOCATION: 0662
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/20/1998 N001 293 #

mg/L 11/24/1998 0001 246 #

mg/L 11/24/1998 N001 246 #

Ammonia as NH4 mg/L 5/20/1998 0001 0.0085 B U #

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Antimony mg/L 5/20/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Arsenic mg/L 5/20/1998 0001 0.0014 B #-

mg/L 11/24/1998 0001 0.0013 B #-

Cadmium mg/L 5/20/1998 0001 0.0010 U # 0.001

mg/L 11/24/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/20/1998 0001 199.000 #-

mg/L 11/24/1998 0001 195.000 #-

Chloride mg/L 5/20/1998 0001 99.600 #

mg/L 11(24/1998 0001 101.000 #

Fluoride mg/L 5/20/1998 0001 0.812 #

mg/L 11/24/1998 0001 0.950 #-

Gross Alpha pCi/L 5/20/1998 0001 50.45 # 11.06 ± 11.4

pCi/L 11/24/1998 0001 40.22 # 15.1 ± 13.2

Gross Beta pCi/L 5/20/1998 0001 19.90 # 11.2 ± 7.32

pCi/L 11/24/1998 0001 21.89 # 13.02 ± 8.64

Iron mg/L 5/20/1998 0001 0.0030 U # 0.003 -

mg/L 11/24/1998 0001 0.0356 U #- -

Lead mg/L 5/20/1998 0001 0.0010 U # 0.001 -

mg/L 11/24/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/20/1998 0001 0.87 U # 0.87 ± 0.51

pCi/L 11/24/1998 0001 1.43 U # 1.43 ± 0.83

Magnesium mg/L 5/20/1998 0001 110.000 #- -

mg/L 11/24/1998 0001 101.000 #

Manganese mg/L 5/20/1998 0001 0.0608 #

mg/L 11/24/1998 0001 0.0362 #

Molybdenum mg/L 5/20/1998 0001 0.0103 #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0662
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Molybdenum mg/L 11/24/1998 0001 0.0140 #- -

Nitrate mg/L 5/20/1998 0001 6.980 #- -

mg/L 11/24/1998 0001 6.380 J #- -

pH s.u, 5/20/1998 N001 6.85 #- -

s.u. 11/24/1998 N001 7.21 #- -

Polonium-210 pCi/L 5/20/1998 0001 0.08 U # 0.08 ± 0.11

pCi/L 11/24/1998 0001 0.08 U # 0.08 ± 0.09

Radium-226 pCi/L 5/20/1998 0001 0.13 # 0.1 ± 0.07

pCi/L 11/24/1998 0001 0.12 U # 0.12 ± 0.07

Radium-228 pCi/L 5/20/1998 0001 0.68 U # 0.68 ± 0.40

pCi/L 11/24/1998 0001 0.74 U. # 0.74 ± 0.43

Redox Potential mV 5/20/1998 N001 214 #- -

mV 11/24/1998 N001 82 #

Selenium mg/L 5/20/1998 0001 0.0346 #

mg/L 11/24/1998 0001 0.0378 #

Sodium mg/L 5/20/1998 0001 132.000 #

mg/L 11/24/1998 0001 115.000 #

Specific Conductance umhos/cm 5/20/1998 N001 1963 #

umhos/cm 11/24/1998 N001 1953 #

Sulfate mg/L 5/20/1998 0001 826.000 #

mg/L 11/24/1998 0001 751.000 #

Temperature C 5/20/1998 N001 13.1 # -

C 11/24/1998 N001 14.4 #

Thorium-230 pCi/L 5/20/1998 0001 0.80 U # 0.8 ±

pCi/L 11/24/1998 0001 1.6 U # 1.6 +

Turbidity NTU 5/20/1998 N001 8.87 #-

NTU 11/24/1998 N001 72.9 #-

Uranium mg/L 5/20/1998 0001 0.0856 #-

mg/L 11/24/1998 0001 0.0603 #-

Vanadium mg/L 5/20/1998 0001 0.0601 #-

mg/L 11/24/1998 0001 0.0618 #-
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0662
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

RECORDS: SELECTED FROM USEE100 WHERE sitecode='RFOO1 AND location code
in('0291 ','0292','0293','0294','0295','0296','0297','0298','0299','0300','0301 ','0302','0303','0304','0305','0306','0307','0308','0309','0310','05
90','0591', '0592', '0593', '0594', '0595', '0596', '0597', '0598', '0599', '0600', '0601', '0602', '0603', '0605', '0606', '0620', '0621', '0622', '0623', '0626','0

647 0,'648','0649','0654'`0655 ,'0656','0657'.'0658',20659',0'660ý ý0661','0662''.0663') AND (NOT (data validationqualifiers LIKE "*R*'
OR data validationqualifiers LIKE '*X ) OR IsNull(data validationqualifiers)) AND DATESAMPLED between #5/1/1998# and
#12/15/1998#

SAMPLE ID CODES: OO0X = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
. Replicate analysis not within control limits.
+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.

B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.
E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.

Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA). .........

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

> Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.
U Parameter analyzed for but was not detected.

OA QUALIFIER: # = validated according to Quality Assurance guidelines.

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)

LOCATION: 0663
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN- '
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Alkalinity as CaCO3 mg/L 5/18/1998 N001 425 #

mg/L 5/26/1998 NO01 386 #

Ammonia as NH4 mg/L 5/18/1998 0001 0.0716 BN J #

Antimony mg/L 5/18/1998 0001 0.0010 U # 0.001

Arsenic mg/L 5/18/1998 0001 0.0143 #- -

Cadmium mg/L 5/18/1998 0001 0.0010 U # 0.001

Calcium mg/L 5/18/1998 0001 171.000 #-

Chloride mg/L 5/18/1998 0001 102.000 J #

Fluoride mg/L 5/18/1998 0001 0.628 J -

GrossAlpha pCi/L 5/18/1998 0001 95.94 J # 13.65 ± 16.6

Gross Beta pCi/L 5/18/1998 0001 64.51 # 14.14 ± 10.8

Iron - mg/L 5/18/1998 0001 0.519 #- -

Lead mg/L 5/18/1998 0001 0.0010 U # 0.001 -

Lead-210 pCi/L 5/18/1998 0001 0.90 U # 0.9 ± 0.53

Magnesium mg/L 5/18/1998 0001 112.000 #- -

Manganese mg/L 5/18/1998 0001 0.346 #

Molybdenum mg/L 5/18/1998 0001 0.0151 #

Nitrate mg/L 5/18/1998 0001 3.050 #

pH s.u. 5/18/1998 N001 6.77 #

s.u. 5/26/1998 N001 6.77 #

Polonium-210 pCi/L 5/18/1998 0001 0.11 U # 0.11 ± 0.12

Radium-226 pCi/L 5/18/1998 0001 0.23 # 0.11 ± 0.07

Radium-228 pCi/L 5/18/1998 0001 0.71 U # 0.71 ± 0.41

Redox Potential mV 5/18/1998 N001 33 #- -

mV 5/26/1998 N001 -219 #

Selenium mg/L 5/18/1998 0001 0.0280 #

Sodium mg/L 5/18/1998 0001 171.000 #

Specific Conductance umhos/cm 5/18/1998 N001 1717 #

umhos/cm 5/26/1998 N001 1717 #

Sulfate mg/L 5/18/1998 0001 765.000 J #
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GROUND WATER QUALITY DATA BY LOCATION (USEE100) FOR SITE RFOO1, RIFLE (OLD)
LOCATION: 0663
REPORT DATE: 3/4/1999 9:57 am

SAMPLE: QUALIFIERS: DETECTION UN-
PARAMETER UNITS DATE ID RESULT LAB DATA QA LIMIT CERTAINTY

Temperature C 5/18/1998 N001 11.1 #-

C 5/26/1998 N001 11.2 #

Thorium-230 pCi/L 5/18/1998 0001 0.80 U # 0.8 ±

Turbidity NTU 5/18/1998 N001 10.8 #-

NTU 5/26/1998 N001 8.42 #

Uranium mg/L 5/18/1998 0001 0.190 #

Uranium-234 pCi/L 5/26/1998 0001 67.4 #- +

Uranium-235 pCi/L 5/26/1998 0001 3.5 N J #-+

Uranium-238 pCi/L 5/26/1998 0001 70.6 #- +

Vanadium mg/L 5/18/1998 0001 0.254 #

RECORDS: SELECTED FROM USEE1O0 WHERE site_code='RFOO1'AND location code
in('0291 ','0292','0293','0294','0295','0296','0297','0298','0299','0300','0301 "'0302','0303','0304','0305','0306','0307','0308','0309','0310','05
90','0591 ','0592','0593','0594','0595','0596','0597','0598','0599','0600','0601 ','0602','0603','0605','0606','0620','0621','0622','0623','0626','0

647','0648','0649','0654','0655','0656','0657','0658','0659',0660',0'661','0662','0663') AND (NOT (data validationqualifiers LIKE '*R*'
OR data validationqualifiers LIKE '*X ) OR IsNull(data validationqualifiers)) AND DATE_SAMPLED between #51111998# and
#12/15/1998#

SAMPLE ID CODES: O0OX = Filtered sample (0.45 pm). NOOX = Unfiltered sample. X = replicate number.

LAB QUALIFIERS:
Replicate analysis not within control limits.

+ Correlation coefficient for MSA < 0.995.

A TIC is a suspected aldol-condensation product.
B Inorganic: Result is between the IDL and CRDL. Organic: Analyte also found in method blank.

E Inorganic: Estimate value because of interference, see case narrative. Organic: Analyte exceeded calibration range of the GC-MS.
Z Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

H Holding time expired, value suspect.

I Increased detection limit due to required dilution.
C Pesticide result confirmed by GC-MS.

M GFAA duplicate injection precision not met.
N Inorganic or radiochemical: Spike sample recovery not within control limits. Organic: Tentatively identified compund (TIC).

S Result determined by method of standard addition (MSA).

U Analytical result below detection limit.

W Post-digestion spike outside control limits while sample absorbance < 50% of analytical spike absorbance.

D Analyte determined in diluted sample.
P > 25% difference in detected pesticide or Arochlor concentrations between 2 columns.

X Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

Y Laboratory defined (USEPA CLP organic) qualifier, see case narrative.

I Result above upper detection limit.

DATA QUALIFIERS:

J Estimated value. F Low flow sampling method used.
G Possible grout contamination, pH > 9. L Less than 3 bore volumes purged prior to sampling.

R Unusable result. X Location is undefined.

U Parameter analyzed for but was not detected.

CA QUALIFIER: # = validated according to Quality Assurance guidelines.

Page 98

.

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



Appendix D

Flow and Contaminant Transport Model
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1.0 Introduction

1.1 General Setting

The Old Rifle site is one of two separate Uranium Mill Tailings Remedial Action (UMTRA)
Project sites in the vicinity of the city of Rifle in Garfield County, in western Colorado
(Figure 1). The site is approximately 0.3 mile east of the center of Rifle. The site covers
approximately 22 acres, between U.S. Highway 6 to the north and the Union Pacific-Southern
Pacific Railroad embankment and the Colorado River to the south. The site was constructed,
owned, and operated by the Union Carbide Corporation (Union Carbide) and its predecessor, the
United States Vanadium Corporation.

COLORADO

FORMER
OLD RIFLE
PROCESSING
SITE

GLENWOOD
SPRINGS -

RIVER "I'CA!

0 10 20 30

MILES

M:AUGMl1 IW1 O7WO1U00456AU00456OO.DWG

Figure 1. Location of the Rifle Site

1.2 Study Objective

As part of the final compliance strategy for the cleanup of contaminated ground water at the Old
Rifle UMTRA site it is necessary to develop a computer ground-water flow model and a
subsequent contaminant transport model to assist in forecasting whether natural flushing of the
major contaminants of concern (COCs) (uranium, vanadium, selenium) is a viable remediation
alternative.

This document presents the development and calibration of the hydrologic flow model and the
results of the contaminant transport model to predict the concentration of the COCs in the future.

DOE/Grand Junction Office
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The various flow and transport parameters that affect the hydraulic head and contamination
distribution are described.

The steps used for obtaining a calibrated flow and transport model for the site follow the ASTM
Standard Guides D5447-93 and D5718-95. The specific steps are to: (1) evaluate the
hydrogeologic setting and develop a conceptual model, (2) select the code to be used in the
analysis, (3) establish the relationship between the conceptual and numerical models, and
(4) perform flow model calibration and sensitivity analysis on transport parameters.

Finally, stochastic simulations were performed varying both flow and transport parameters, to
evaluate the uncertainty in the predicted concentrations. These stochastic simulations were used
to calculate mean concentrations and the probability of contamination remaining above
acceptable levels across the site at specific times for each COC.

2.0 Conceptual Model

2.1 Aquifer System Framework

The site is located along a low-lying erosional meander of the Colorado River. The alluvial
floodplain consists of a complex interfingering of fine and coarse-grain materials, which contain
sand, gravel, silt, and cobbles. The alluvium directly overlies the Wasatch Formation with a
uniform thickness of approximately 20 to 25 feet (ft) (Figure 2). The more erosional resistant
cliff-forming beds of the Wasatch Formation outcrop abruptly directly west, north, and east of
the site (Figure 3). These resistant cliffs control the western, northern, and eastern extent of the
alluvium at the site. The alluvium ends quickly west of the site where the erosional meander
reentered what is now the main channel at an acute angle. The alluvium at the east end of the site
also ends because of the Wasatch Formation, but the angle of the ancient meander enters the site
at an obtuse angle.

I
I
I
I
I
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I

Figure 2. Isopach Map for the Alluvium at Old Rifle Site
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Figure 3. Structural Contour Map for the Wasatch Formation at Old Rifle

2.2 Ground Water Flow System

Ground water at the site generally flows in a southwest direction, with water entering along the
northern boundary from an open irrigation ditch and upgradient seeps and springs along the
contact between the alluvium and Wasatch Formation north of Highway 6. These seeps and
springs are probably fed by lagoons northeast of the site and irrigation to the north. Sources of
recharge include irrigation on Graham Mesa and other areas to the north. The open irrigation
ditch located north of the site, flows into a closed pipe under Highway 6 and daylights on the site
into an open ditch. This ditch appears to have been lined with black plastic sheeting at one time,
but vegetation growth has compromised this barrier so that there is now infiltration across the
site along the length of this ditch as evidenced by increased vegetation growth in this area.

2.3 Hydrological Boundaries

The site is bounded on the south by the Colorado River. The alluvial aquifer discharges water to
the river along most of the site extent. The southern boundary of the site model is defined as the
river and is represented as a constant head boundary. The west, north, and east boundary is
defined by the Wasatch and alluvial contact and is represented as a no-flow boundary. Ditch,
seeps, and springs infiltration are represented by using recharge zones to account for water
entering the site from these sources.

2.4 Hydraulic Properties

The flow model hydraulic properties of interest that apply stresses to the aquifer system are the
hydraulic conductivity of the alluvial aquifer, the areal recharge due to precipitation, infiltration
due to seeps and springs, evapotranspiration, and recharge from and discharge to the Colorado
River.
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The contaminant transport properties of interest are the initial concentration distribution of the
COC, the effective porosity, the aquifer bulk density, the distribution coefficient (Kd),
dispersivity, and the background concentration entering the site from springs, seeps, etc.

2.5 Sources and Sinks

The ditch entering the site from the north and seeps and springs both east and west of this ditch
are sources of water and background contamination to the aquifer. Diffuse recharge over the area
is a source of water to the site, however for the calibration time frame of late May 1998 it is
more than offset by evapotranspiration (ET).

The Colorado River on the south side of the site is primarily a sink, i.e., the aquifer discharges m
water to the river year round due to a ground water mound created by recharge from springs and
seeps north of the site and from the on-site ditch.

2.6 Water Budget

A water balance for the alluvial aquifer at the Old Rifle site was developed to identify the flow
components that are important in understanding how water enters, moves, and exits the ground
water system. This interpretation is used for comparison to, and development of, the conceptual I
model used to construct the computer ground-water flow model. The scope of the water balance
is limited to the alluvial aquifer located between the Colorado River to the south and the Wasatch
outcrop to the west, north, and east (Figure 2). The total area of the alluvial aquifer encompasses l
approximately 960,000 square feet (ft2).

A complete set of annual monitoring data is not available to characterize the recharge conditions I
and the Colorado River stage which both fluctuate over the course of a year. For this reason, the
water balance is developed for conditions that were encountered during site characterization
fieldwork performed in May and June 1998. A summary of the inflow and outflow components
identified in the water balance is presented in Table 1. There is less than a 1- percent difference
between the 19,379 cubic feet per day (ft3/day) estimated for the total inflow and the
19,458 ft3/day estimated for the total outflow. The relative low percent difference suggests the I
major flow components for the alluvial aquifer have been adequately identified.

Table 1. Water Balance Summary for the Old Rifle Site m

Total Inflow Total OutflowComponent (ft3/day) (ft31day)

Site precipitation 2,213 0
Site ditch 4,948 0

Northwest seep 2,474 0
Northeast seep 2,474 0
Northwest ditch 3,216 0

North ditch 3,958 0
Wasatch leakage 96 0

Colorado River 0 9,819
Evaporation and transpiration 0 9,639

Total 19,379 19,458

I
I
I
I
I
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2.6.1 Inflow Sources

Seven sources of recharge to the alluvial aquifer have been identified. These include recharge
from precipitation onto the site, recharge from three ditches (the site, northwest, and north
ditches), two seeps and springs (the northeast and northwest seeps), and upward leakage from the
underlying Wasatch Formation.

2.6.1.1 Site Precipitation

Based on site-specific meteorological data there is approximately 0.83 inches of monthly
precipitation (0.0023 ft/day) in the Rifle area during the months of May and June (Calculation
Set U0044700). Multiplying the estimated 0.0023 ft/day of precipitation by the 960,000 ft2 area
for the site, results in a total 2,213 ft3/day of precipitation that is available for recharge.

2.6.1.2 Surface Water

Surface flow in the on-site ditch was measured at the location where water enters the Old Rifle
site and where the ditch discharges the water to the Colorado River. The field measurements
indicate a net loss of 25.7 gallons per minute (gpm) (4,948 ft3/day) between the two measuring
points. This net loss represents the amount of flow available for recharge into the alluvial aquifer
from the on site ditch.

Field observations form the bases for the following assumptions used to estimate the amount of
surface water available for recharge from the remaining seeps, springs, and ditches north of the
site.

Flow in the northwest and northeast seeps is each approximately 50 percent of the flow
measured in the site ditch. This results in an estimate flow of 12.9 gpm (2,474 ft3/day)
available for each recharge zone for a combined flow of 4,948 ft3/day.

Flow in the northwest ditch is approximately 65 percent of the flow in the site ditch. This
results in an estimate of 16.7 gpm (3,216 ft3/day) available for recharge.

Flow in the north ditch is approximately 80 percent of the flow in the site ditch. This
results in an estimate of 20.6 gpm (3,958 Wt/day) available for recharge.

2.6.1.3 Wasatch Upward Leakage

Water elevation measurements for May and June 1998, indicate the average vertical gradient
from the Wasatch to the overlying alluvial aquifer is 0.005 ft/ft (Calculation Set U0048 100).
Multiplying the 0.005 ft/ft vertical hydraulic gradient by the 0.017-ft/day hydraulic conductivity
for the Wasatch (DOE 1992) results in a flux of 0.0001 ft/day. The amount of upward leakage
from the Wasatch into the alluvium is estimated at 96 ft3/day (0.0001 ft/day x 960,000 ft2).

2.6.2 Outflow Sources

There are two components of groundwater discharge from the alluvial aquifer. The primary
discharge component is due to groundwater baseflow from the alluvial aquifer into the Colorado
River. Plant transpiration and evaporation in areas of shallow ground-water depths are the only
other components by which groundwater may be discharged from the alluvial aquifer.

DOE/Grand Junction Office
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2.6.2.1 Baseflow Discharge

The majority of the groundwater in the system is lost as baseflow into the Colorado River at the 3
southern boundary of the site as evidenced by the southwest ground-water flow direction for
May 1998 (Calculation Set U0044400). The cross-sectional area of the alluvial aquifer that is
discharging into the river is estimated at 27,050 ft2. This estimate is derived by multiplying the I
length of the southern boundary (2,500 ft) by the average saturated thickness (10.82 ft) for
monitor wells 304, 309, 310, and 657 which are located adjacent and parallel to the river.

The average hydraulic gradient observed for May 1998 is estimated at 0.0033 ft/ft (Calculation
Set U0044400). Multiplying the 0.0033 ft/ft gradient by an average hydraulic conductivity of
110 ft/day for the alluvial aquifer (Calculation Set U0042700) results in an estimated flux of
0.363 ft/day. The product of the flux and the cross-sectional area results in an estimated baseflow
discharge of 9,819 ft3/day into the river.

2.6.2.2 Evaporation and Transpiration

Potential evaporation exceeds precipitation at the Rifle site during the early spring months of I
May and June. Based on site-specific meteorological data and the Thornthwaite equation
(Calculation Set U0044700) the monthly potential evaporation for May and June averages
2.73 inches (0.0076 ft/day). This value exceeds the 0.83 inches of monthly precipitation
(0.0023 ft/day) for the months of May and June in the Rifle area.

ET can remove almost all precipitation entering deep, fine- to medium-textured soils in uplandn
semiarid areas where a diverse, late-successional plant community dominates
(Rickard et al. 1988). In contrast, at the Old Rifle site, ET may be as low as 50 percent of the
total annual precipitation even though potential evaporation exceeds precipitation, because of the
coarse-textured soils and grass monoculture. Coarse-textured soils store little water (Hillel 1982)
and ET may be considerable less from grass monocultures than from native shrub-grass
vegetation (Waugh et al. 1994, Gee et al. 1991). Most of the site is dominated by a monoculture
of wheatgrasses which are shallow-rooted and not considered to be phreatophytes (plants that
root in ground water). Therefore, only 50 percent of the available precipitation is assumed to be
lost to evaporation and transpiration. This results in a loss of 1,104 ft3/day, which is calculated
by multiplying half of the estimated available precipitation by the 960,000-ft2 area for the site.

Additional water is lost to evaporation and transpiration along the site ditch, seeps, and drainage
ditches north of the site. Similarly, the amount of water lost to evaporation and transpiration is
estimated at 50 percent of the amount available. This results in a loss of 2,474 ft3/day for the site
ditch, 1,237 ft/day for the northwest seep, 1,237 ft/3day for the northeast seep, 1,608 ft/day for
the northwest ditch, and 1,979 ftW/day for the north ditch. The sum of all the loss for the ditches
and seeps is 8,535 f 3/day.

I
I
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3.0 Computer Code

3.1 Code Selection

MODFLOW (McDonald and Harbaugh 1988), a modular three-dimensional finite-difference
ground water flow model published by the U.S. Geological Survey (USGS) was selected as the
flow code for this project. MT3D (Zheng 1990), a modular three-dimensional transport model
for simulation of advection, dispersion, and chemical reaction of contaminants in ground water
systems was selected as the transport code for this project. Each of these codes is divided into a
main program and a group of independent subroutines called modules. Each module is made up
of packages that deal with a single aspect of the simulation. The user of either MODFLOW or
MT3D need only use those modules that simulate the stresses placed upon the flow and transport
systems. The original public domain version of MT3D contained numerous errors and is not up-
to-date. Therefore, a new public domain version created for the Department of Defense and
called MT3D_DOD Version 1.5, which fixes all the known errors, was used for this project.

GWVistas (Environmental Simulations, Inc. 1997), a Windows-driven, graphical, pre- and post-
processor for MODFLOW and MT3D is used in conjunction with the site model to facilitate data
entry, data-file modification, program execution, and analysis of modeling results.

3.2 Code Description

These codes are fully described in the references sited. They have been verified, benchmarked,
and approved for use by most government and regulatory agencies.

4.0 Ground Water Flow Model Construction

4.1 Model Grid

The Colorado River on the south side of the site is the southern boundary of the model. Since the
river flows approximately south 770 west in this vicinity, the model grid was rotated 13 degrees
counter-clockwise so that the x-axis of the grid would be oriented parallel to the river. The
erosional resistant Wasatch Formation that outcrops along the west, north, and east, as defined
by the meander, forms the remaining boundary of the model. A 25-ft by 25-ft orthogonal grid,
consisting of 39 rows and 134 columns, was designed to encompass the site and include these
logical and realistic boundaries. The grid cells coinciding with the north edge of the Colorado
River were set to constant head cells. Grid cells south of the river cells were set to noflow cells.
Grid cells to the west, north, and east along the Wasatch Formation outcrop were set to noflow
cells. Figure 4 shows some site features with the grid overlying the site.

4.2 Hydraulic Parameters

Hydraulic conductivity was determined from the analysis of a pumping test conducted on the site
at a pumping well and single observation well (Calculation Set U0042700). The results of this
analysis are presented in Table 2. A hydraulic conductivity value of 110 ft/day was used for the
steady state calibrated model with transverse equal to longitudinal.
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Table 2. Measured Hydraulic Conductivity

Measured Hydraulic Conductivity (ft/day)
Method Observation Well Pumping Well

Theis (drawdown data) 125
Jacob-Cooper (drawdown data) 117
Theis & Jacob (recovery data) 114 115
Nueman (recovery data) 110 96

mean 117 106

Recharge to the ground water system consists of diffuse recharge over the area, from the river
along the east end of the site, from the irrigation ditch entering from the north and continuing
along the open ditch across the site, and from ditches and seeps along the northern boundary.

The steady state recharge values assigned to the zones representing the stress to the alluvial
aquifer system from diffuse recharge, ditch infiltration, and seep infiltration are presented in
Table 3. Potential evaporation for the summer months exceeds precipitation (Calculation Set
U0044700). Therefore, the net areal recharge (zone 1) was set to a very small (essentially zero)
value. Recharge from the underlying Wasatch Formation is considered insignificant. Net
recharge rates for the other areas are based on the assumptions used in the water balance
analysis. Recharge areas are shown on Figure 4.

Table 3. Steady State Recharge Parameters

Zone No. Description Net Recharge

Zone Cells Area (ft) (ft/day) ftelday gpm
1 area 1,902 1,188,750 1.51E-05 18 0.09
2 site ditch 15 9,375 0.265 2,484 12.9

3 northwest seep 6 3,750 0.335 1,256 6.5
4 northwest ditch 16 10,000 0.161 1,610 8.4

5 north ditch & headgate 9 5,625 0.354 1,991 10.3
6 northeast seep 6 3,750 0.335 1,256 6.5

Total Net Recharge (zones 1 - 6) 8,616 44.8

4.3 Boundary Conditions

The Colorado River to the south of the site is a natural boundary to the alluvial aquifer system
and is represented in the model as a constant head boundary. River elevation measurements
surveyed in May 1998 along the extent of the site and beyond to the east and west were used to
establish the constant head elevation at the grid cells representing the southern boundary of the
model (Figure 5). The northern boundary of the site, while not as well defined as the southern
river boundary, is fairly well defined by the Wasatch Formation outcrop visible in places along
this boundary. The top of the Wasatch Formation has been interpolated in the subcrop from
borehole drilling data to define the bottom of the alluvial aquifer (Figure 3). The Wasatch
Formation that forms the northern boundary tends toward and meets the river at both the east and
west ends of the model. This boundary has been set to noflow cells in the model.
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2) The numerical model should not have any inherent bias. In other words, since the
model will either over or under predict the measured hydraulic heads, the arithmetic
mean of the residuals should be as close to 0.0 as possible and fairly evenly
distributed above and below 0.0. Figure 7 indicates that the residuals meet these
criteria.

1.00

0.50 -

ZS

0.00 -

-0.50

-1.00 T

5298 5299 5300 5301 5302 5303 5304 5305 5306

Observed Head (ft)

Figure 7. Comparison of Residual vs. Observed Head

3) Seventeen calibration targets were selected based on the May 1998 water level
measurements. Several flow model calibration objectives were set prior to calibrating
the model. These objectives and the calibrated model results are shown in Table 4.

Table 4. MODFLOW Calibration Objectives

Absolute Sum of Minimum Maximum
Residual residual mean squares residual residual SDIrange
mean (ft) (ft) (ft) (Rf) (ft) (%)

Objective 0 < 0.25 < 2 >-1 < 1 < 5.0
Actual -0.003 0.13 0.6 -0.35 0.52 3.2
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5.0 Calibration

5.1 MODFLOW Calibration and Residual Analysis

The calibrated model results and the residual at each target are shown in Table 5. The results
easily meet the specified criteria. Figure 8, a plot of predicted (simulated) head vs. observed
head, demonstrates that the model accurately predicts field measurements.

Table 5. Calibration Target Residuals

Well ID Observed Head (ft) Predicted Head (ft) Residual (observed - predicted)
301 5,305.08 5,305.06 0.02
302 5,304.71 5,304.75 -0.04

303 5,305.15 5,305.01 0.14
304 5,303.91 5,303.72 0.19
305 5,303.59 5,303.87 -0.28
306 5,303.86 5,303.69 0.17
307 5,302.14 5,302.16 -0.02

308 5,301.37 5,301.42 -0.05
309 5,300.90 5,300.88 0.02
310 5,301.98 5,302.04 -0.06
654 5,301.72 5,301.83 -0.11
655 5,303.02 5,303.01 0.01

656 5,305.16 5,304.64 0.52
657 5,305.13 5,305.09 0.04
662 5,304.02 5,304.37 -0.35
663 5,302.79 5,302.92 -0.13
590 5,299.21 5,299.32 -0.11

n 17

range 5.95
mean -0.003

absolute mean 0.13
sum of squares 0.61

standard deviation 0.19
minimum -0.35

maximum 0.52

I
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Figure 8. Comparison of Predicted vs. Observed Heads

5.2 MT3D Calibration

The literature on dispersivity as it relates to large-scale models is vague and often contradictory,
with longitudinal values ranging from 2 percent to 30 percent of the length of the plume or
maximum flow direction. Commonly a value of 10 percent of the length of the plume is used for
longitudinal dispersivity and 10 percent of longitudinal dispersivity is used for transverse
dispersivity. In addition, dispersivity is almost impossible to measure in the field for large sites.

Although it is not possible to calibrate on concentration in GWVistas, as it is on hydraulic head,
numerous simulation runs were made to calibrate the MT3D model on longitudinal and
transverse dispersivity. The baseline values for the dispersivity sensitivity simulations are:

" bulk density 95 lbs/ft3

" porosity 25 percent
" longitudinal dispersivity 150 feet
" transverse dispersivity 10 percent LD

Three historical wells RFO-581, -585, and -584 and their new replacements RFO-663, -656,
and -657, respectively, were used for this calibration. Uranium concentration values for the three
historical locations were available before the construction for the site remediation began in 1994.
These wells were subsequently abandoned during the construction, therefore the preconstruction
uranium concentrations are considered the best estimates of the concentrations at the end of
remediation after the last source material was removed in 1996. The three replacement wells
were installed and sampled 2 years later in 1998 (Table 6). The pre-construction values were

DOE/Grand Junction Office Site Observational Work Plan'at Old Rifle, Colorado
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used to determine an initial concentration plume. The model was then run for 2 years with
different longitudinal dispersivity values and the results at these three locations were compared
with the 1998 measured values. The predicted (simulated) concentration values and the residual
values for each location are shown in Table 6. The lowest residual sum of squares is obtained for
well 663 at a longitudinal dispersivity between 63 and 64 ft, which represents 4.2 percent of the
length of the maximum flow direction (1,500 ft). The residuals are graphically presented in
Figure 9.

Table 6. MT3D Calibration-Longitudinal Dispersivity

Uranium Concentration (mglL)
Well 663 Well 656 Well 657

Estimated at end of remediation in 1996 0.95 0.45 0.25

Measured 2 years after remediation in 1998 0.19 0.067 0.11

Longitudinal
Run Dispersivity
No. (ft) Predicted Uranium Concentration (mg/L) Residual Sum of Squares

Well 663 Well 656 Well 657 Well 663 Well 656 Well 657
1 30 0.1558 0.0926 0.0585 0.0011703 0.00066 0.0027
2 50 0.17751 0.09636 0.052212 0.0001560 0.00086 0.0033
3 55 0.18232 0.096742 0.050855 0.0000590 0.00088 0.0035
4 60 0.18688 0.096971 0.04958 0.0000097 0.00090 0.0037
5 62 0.18863 0.097028 0.049092 0.0000019 0.00090 0.0037
6 63 0.18949 0.097048 0.048853 0.0000003 0.00090 0.0037
7 64 0.19033 0.097065 0.048617 0.0000001 0.00090 0.0038
8 65 0.19117 0.097076 0.048384 0.0000014 0.00090 0.0038

9 70 0.19521 0.097079 0.047263 0.0000271 0.00090 0.0039
10 80 0.20253 0.096857 0.045233 0.0001570 0.00089 0.0042
11 100 0.21448 0.095874 0.041919 0.0005993 0.00083 0.0046

12 150 0.23263 0.092807 0.036738 0.0018173 0.00067 0.0054
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MT3D Model Predictions for Uranium
at the Old Rifle Site
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Longitudinal Dispersivity (ft)

Figure 9. MT3D Calibration-Longitudinal Dispersivity

Transverse dispersivity is commonly set at 10 percent of longitudinal dispersivity. To determine
if this is valid for this MT3D model, five simulations were made with the transverse dispersivity
varying from 10 percent to 100 percent of the longitudinal dispersivity. The longitudinal
dispersivity was set at 63 ft as determined previously. The results and residual values are shown
in Table 7. The residual sum of squares is minimized at 10 percent of the longitudinal
dispersivity for wells 657 and 663. Results are graphically displayed in Figure 10.

Table 7. MT3D Calibration-Transverse Dispersivity

Parameter Uranium Concentration (mglL)
Well 663 Well 656 Well 657

Estimated at end of remediation in 1996 0.95 0.45 0.25
Measured 2 years after remediation in 1998 0.19 0.067 0.11

Transverse
Run Dispersivity Predicted Uranium Concentration
No. (ft) (mg/L) Residual Sum of Squares

Well 663 Well 656 Well 657 Well 663 Well 656 Well 657
1 6.3 0.1895 0.0970 0.0489 0.0000003 0.00090 0.0037

2 18.9 0.18074 0.087397 0.040065 0.0000857 0.00042 0.0049

3 31.5 0.17388 0.080458 0.035375 0.0002599 0.00018 0.0056

4 44.1 0.1687 0.075203 0.032541 0.0004537 0.00007 0.0060

5 63 0.16313 0.069339 0.029981 0.0007220 0.00001 0.0064
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Figure 10. MT3D Calibration-Transverse Dispersivity

5.3 Sensitivity Analysis

A limited amount of sensitivity analysis was performed on the flow model parameters because it
is possible to calibrate on hydraulic head and it is believed that restricting the flow parameters,
such as hydraulic conductivity, within reasonable bounds to calibrate the flow model is adequate.
Sensitivity analysis was performed on surface recharge parameters and the river stage to evaluate
the potential seasonal effects of changes in overall water balance at the site.

Results of the sensitivity analysis of recharge and river stages, as depicted in Figure 11, shows
that the model is sensitive to the amount of recharge entering the site. For example, the lowest
concentration at 100 years is achieved with all recharge zones activated. Concentrations increase
when the recharge in the ditch across the site (zone 2) is deactivated and increase again when the
recharge in the ditch and seeps near the north boundary (zones 3, 4, 5, and 6) are deactivated.
The highest concentrations result when all the recharge zones are deactivated. The percent
increase in the maximum concentration for vanadium at 100 years is approximately 6 percent,
29 percent, and 42 percent for these three scenarios, respectively. The model is not sensitive to
the river stage as shown by a decrease of approximately 2 percent for a low flow river stage
compared to the high river stage. A difference in constant head of 5 feet between low flow and
high flow was used to simulate changes in river stage.

Sensitivity analysis was performed on several contaminant transport parameters, since it is not
yet possible to calibrate on concentration using GWVistas. The transport parameters tested for
sensitivity analysis are effective porosity, bulk density, dispersivity, and distribution coefficient
(Kd). The baseline values for these sensitivity simulations are:

I
I
I
I
I
I

I

I
I
ISite Observational Work Plan at Old Rifle, Colorado

Page D-16
DOE/Grand Junction Office

April 1999



Document Number U0044400 Appendix D
Document Number U0044400 Appendix D

" effective porosity
" bulk density
" longitudinal dispersivity
" transverse dispersivity
" vanadium distribution coefficient

25 percent
95 lbs/ft3

150 ft
10 percent LD
38 milliliters per gram (mL/g)

Effective porosity is insensitive between 15 percent and 30 percent as shown by the data
presented in Figure 12. The change in maximum concentration at 100 years from the baseline
values is less than 0.1 percent.

Bulk density sensitivity analysis is shown in Figure 13. This parameter is not very sensitive as
demonstrated by a percent change in maximum concentration at 100 years of slightly over
4 percent from the baseline value. It was discovered after running the sensitivity analysis for this
parameter that it cannot be made an uncertain parameter for stochastic simulation analysis.
However, since bulk density is fairly insensitive this limitation is not considered a problem.

Vanadium Concentration (mgIL) at Year:
Recharge Parameter River Stage 0 10 25 50 100

all recharge zones on high flow 0.765 0.5638 0.4794 0.3939 0.3028
north zones only (ditch off) high flow 0.765 0.5758 0.4946 0.4123 0.3203

site ditch only high flow 0.765 0.6061 0.5461 0.4799 10.3901
all recharge zones off (high flow) high flow 0.765 0.6219 0.57 0.5124 0.4305
all recharge zones off (low flow) low flow 0.765 0.6203 0.567 0.5068 0.4225

0.75 $---all recharge zones on

--U- north zones only (ditch off)
0.65 A--site ditch only

-E--- all recharge zones off (high flow)
-*-all recharge zones off (low flow)

=E _j.3
c 0.5.

=* 0.45

*0
0. Q35

0 20 40 60 80 100

Years

Figure 11. MODFLOW Sensitivity Analysis-Recharge and River Stage
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Vanadium Concentration (mglL) at Year:

Run No. Effective Porosity (%) 0 10 25 50 100

1 15 0.765 0.5636 0.4792 0.3936 0.3026
2 20 0.765 0.5637 0.4793 0.3937 0.3027
3 25 0.765 0.5638 0.4794 0.3939 0.3028

4 30 0.765 0.5638 0.4795 0.394 0.3029

0.75
Effective Porosity(%)

- 0.65-15 -5-1-20 -6, 25 X 430
E • 0.65

CD
, 0.55

Lo
0 - .45

10
0.35

0.25 2460 1
0 20 40 60 80 100

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

Years

Figure 12. MT3D Sensitivity Analysis-Effective Porosity
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Run No. Bulk Density 3Vanadium Concentration (mgIL) at Year:
0 10 25 50 100

1 85 0.765 0.5557 0.4666 0.3789 0.2898
2 95 0.765 0.5638 0.4794 0.3939 0.3028
3 105 0.765 0.5708 0.49 0.4073 0.3152

0.75
~~Bulk Density (Ibs/fte)

j 0.65 - - 8-5 95 10-l5

0 0

0.25 ...

0 20 40 60 80 100

Years

Figure 13. MT3D Sensitivity Analysis-Bulk Density

Dispersivity, as shown in Figure 14, was found to be very sensitive in the range examined (30 ft
to 270 ft). In the range examined the percent change in maximum concentration at 100 years
from the baseline value is up to 55 percent. Because of the relative high sensitivity to
dispersivity, it was decided to treat this parameter as uncertain for the stochastic simulation
analysis.

Numerical models are sensitive to the distribution coefficient (KI). Figure 15 depicts this for
vanadium for the range of values measured for this site. With a maximum concentration change
at 100 years of almost 80 percent from the baseline value, this parameter was treated as uncertain
for the stochastic simulation analysis.
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Y -~ -- - - - -- II

Run No. Longitudinal
Dispersivity (ft)

Vanadium Concentration (mglL) at
Year:

0 10 25 50 100
1 30 0.765 0.6381 0.59 0.5391 0.4682

2 90 0.765 0.5956 0.5248 0.4507 0.3604

3 150 0.765 0.5638 0.4794 0.3939 0.3028

4 270 0.765 0.5166 0.4132 0.3223 0.2453

0.75
-4-

Longitudinal Dispersivity (ft)

30 --1--90 A 150 -X-270

E

E
E
(U

U.tbj

c 0.55

0U 0.45

0
J 0.35

i I

0.25

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

I p

0 20 40 60 80 100

Years

Figure 14. MT3D Sensitivity Analysis-Dispersivity
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Run No. Kd (mUg) 0 Vanadium Concentration (mglL) at Year:Ru o.K (~) 0 10 25 50 100

1 3.6 0.765 0.3109 0. 1777 0.0625 0.0608

2 38 0.765 0.5638 0.4794 0.3939 0.3028
3 93 0.765 0.619 0.5621 0.5007 0.4201

0.75
Kd (mUg)

' E 0.65 -0-3.6 -W-"38 "93
;5E

r- c 0.55

EE

E 0.45r

Years

Figure 15. MT3D Sensitivity Analysis-Distribution Coefficients (Kd)

6.0 Predictive Simulations

Contaminant transport simulations for uranium, vanadium, and selenium were performed for
selected time periods up to 100 years into the future. Average concentrations and the associated
uncertainty at each time period of interest are based on 100 computer simulations. Flow and
contaminant transport model parameters used in the stochastic simulations, followed by the
predictive results, are described in the following sections.

6.1 Stochastic Model

Hydraulic conductivity was treated as an uncertain parameter for the flow model. As shown in
Table 2, this parameter ranges from a low of 96 ft/day from the recovery data in the pumping
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well to a high of 125 ft/day in the observation well. The distribution type and distribution
parameters assigned to hydraulic conductivity are specified in Table 8.

Table 8. Stochastic Parameters

Distribution
Parameter

Standard
Type Deviation Minimum Maximum

Hydraulic Conductivity (ft/day)
Longitudinal Uniform N/A 96 125
Transverse Uniform N/A 100% Longitudinal

Dispersivity
Longitudinal Uniform N/A 47 79
Transverse Uniform N/A 10% Longitudinal

Distribution Coefficient (Kd)

Uranium (ft3/ib) Uniform N/A 0.0 0.003
(mug) Uniform N/A 0.0 0.2

Vanadium (ft3/Ib) Uniform N/A 0.058 1.16
(mug) Uniform N/A 3.6 72.4

Selenium (ft3/Ib) Uniform N/A 0.105 0.60
(mug) Uniform NIA 6.5 37.5

Dispersivity and the distribution coefficient (Kd) were treated as uncertain parameters for the
contaminant transport model. The specifications for these transport parameters are also shown in
Table 8.

Non-stochastic transport parameters are shown in Table 9.

Table 9. Non-Stochastic Transport Parameters

Parameter Uranium Vanadium Selenium
Recharge Concentration (mg/L)

Zone 1 0.0 0.0 0.0
2 0.038 0.008 0.007
3 0.038 0.008 0.007
4 0.038 0.008 0.007
5 0.038 0.008 0.007
6 0.038 0.008 0.007

Bulk Density (Ib/ft3) 95 95 95
(g/cm 1.52 1.52 1.52

Effective Porosity (%) 25 25 25

Recharge was adjusted to reflect what could be expected on an annual basis rather than the
values used for the steady state model that represented late May 1998 values. The annualized
recharge assumptions are:

" Annual area net recharge is 0.00073 ft/day (3.3 inches/year)
" Irrigation flows for 7 months of the year at 100 percent of the May/June rate
" Irrigation flows for 5 months of the year at 25 percent of the May/June rate.

I
I
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Annualized area net recharge is based on site-specific meteorological data (Calculation
Set 0044700). The irrigation season in the Rifle area lasts approximately 7 months. Therefore,
100 percent of the irrigation flow rate measured during May/June is assumed to represent the
flow rate for 7 months of the year. Field measurements along the on-site ditch were repeated in
February 1999, to check the validity of the reduced irrigation flows assumed for the remaining
5 months of the year. The February field measurements indicate 7.5 gpm are available for
infiltrations along the ditch during the winter. This represents 29 percent of the rate measured in
May/June; a value that validates the 25 percent assumption used for the annualized recharge rates
5 months of the year. The annualized recharge parameters and values are shown in Table 10.

Table 10. Annualized Recharge

Recharge Zone Description Annualized Net Recharge
Cells Area (ft) (ft/day) ft 1day Gpm

I area 1902 1188750 7.30E-04 867.8 4.5
2 site ditch 15 9375 0.182 1706.3 8.9
3 northwest seep 6 3750 0.23 862.5 4.5
4 northwest ditch 16 10000 0.111 1110.0 5.8
5 north ditch & headgate 9 5625 0.243 1366.9 7.1
6 northeast seep 6 3750 0.23 862.5 4.5

Total Net Recharge (zones 1 - 6) 6775.9 35.2

6.2 Predictive Results for Uranium

Measured uranium concentrations obtained from the May 1998 ground water sampling event are
shown by the contour map presented in Figure 16. Concentrations in this figure represent the
initial uranium values used as input at each grid cell for the MT3D simulations. Predicted
uranium concentrations above the UMTRA 0.044 mg/L ground water standard at 3, 5, and 10
years into the future are presented in Figures 17, 18, and 19, respectively. Each predicted
concentration represents the arithmetic mean based on 100 simulations. Uranium values in the
plume are predicted to decline significantly from the initial maximum concentration of
0.27 mg/L measured at monitor well RFO-3 10. For example, at this monitor well location the
maximum predicted concentration at 3 years into the future declines to 0.05 mg/L uranium. After
10 years, all the uranium is predicted to be essentially flushed from the alluvial aquifer
(Figure 19).

Hydraulic conductivity, dispersivity, and the distribution coefficient were previously identified
as the most sensitive input parameters to the MODFLOW and MT3D simulations. By varying
these sensitive input parameters during each of the 100 simulations, the variance associated with
the mean predicted concentration was used to calculate the probability that the mean uranium
concentration will exceed the 0.044 mg/L UMTRA standard. Probability contour maps showing
areas beneath the Old Rifle site that exceed the UMTRA 0.044 mg/L uranium ground water
standard at 3, 5, and 10 years into the future are illustrated in Figures 20, 21, and 22,
respectively. At 3 years into the future, the probability ranges between 5 percent and 100 percent
that the 0.044 mg/L uranium standard will be exceeded in ground water beneath approximately
half of the site. The probability decreases to between 5 and 50 percent that the standard will be
exceeded at 5 years into the future in ground water beneath a relative small area near the down
gradient edge of the site. At 10 years into the future, the probability is less than 5 percent that the
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uranium concentrations in ground water beneath any area of the site will exceed the UMTRA
0.044 mg/L standard.

6.3 Predictive Results for Vanadium

Vanadium concentrations above the proposed 0.33 mg/L cleanup goal are associated with a I
relative small ground water plume beneath the center of the site as illustrated by the initial
concentration map presented in Figure 23. Predicted ground water concentrations above the
0.33 mg/L vanadium cleanup goal at 25, 50, and 100 years into the future are presented in
Figures 24, 25, and 26, respectively. The areal extent of the ground water plume decreases
significantly in size at 100 years into the future. The maximum predicted vanadium
concentration of 0.35 mg/L within the plume at 100 years is only slightly above the proposed
0.33-mg/L cleanup goal (Figure 26).

Probability contour maps showing areas beneath the Old Rifle site that exceed the 0.33 mg/L l
proposed vanadium ground water cleanup goal at 25, 50, and 100 years into the future are
presented in Figures 27, 28, and 29, respectively. At 25 years into the future, concentrations
within the plume have a probability ranging between 5 to almost 100 percent of exceeding the
0.33-mg/L vanadium cleanup goal. The probability that concentrations within the ground water
plume will exceed the cleanup goal at 50 years into the future ranges between 5 and 88 percent.
As the areal extent of the plume continues to shrink in size with time, the probability that
concentrations within the plume will exceed the cleanup goal also decreases. For example, at
100 years into the future the maximum probability decreases to 74 percent for a very small area 3
within the center of the plume (Figure 29).

6.4 Predictive Results for Selenium 3
Selenium concentrations above the 0.05 mg/L SDWA standard are associated with a relative
small ground water plume beneath the center of the site as illustrated by the initial concentration
map presented in Figure 30. Predicted ground water concentrations above the 0.05 mg/L
selenium standard at 25 and 50 years into the future are presented in Figures 31 and 32,
respectively. The maximum selenium concentration is predicted to decrease from 0.09 to
0.06 mg/L after 25 years of natural flushing (Figure 31). The maximum predicted concentration
in the ground water after 50 years of natural flushing is 0.049 mg/L, therefore as evidenced in
Figure 32, no concentrations above the 0.05 mg/L standard are apparent.

Probability contour maps delineating areas of ground water contamination beneath the Old Rifle
site that are expected to exceed the 0.05 mg/L SDWA standard at 25, 50, and 100 years into the
future are presented in Figures 33, 34, and 35, respectively. At 25 years into the future,
concentrations within the plume have a probability ranging between 5 to 93 percent of exceeding
the 0.05 mg/L SDWA standard. The probability that concentrations within the ground water
plume will exceed the standard at 50 years into the future ranges between 5 and 69 percent. After
100 years of natural flushing the maximum selenium concentration is predicted to be
0.037 mg/L, a value that is less than the SDWA standard. The probability that this maximum
value will exceed the 0.05 mg/L standard ranges between 5 and 10 percent. The relative small
areal extent where selenium concentrations in the ground water after 100 years of natural
flushing have a probability between 5 and 10 percent of exceeding the standard is shown in
Figure 35.
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Figure 16. Initial Uranium Concentrations in the Ground Water at the Old Rifle Site Measured in 1998
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Figure 17. Predicted Uranium Concentrations in the Ground Water at the Old Rifle Site at 3 Years--100 Simulations
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Figure 18. Predicted Uranium Concentrations in the Ground Water at the Old Rifle Site at 5 Years-100 Simulations
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Figure 19. Predicted Uranium Concentrations in the Ground Water at the Old Rifle Site at 10 Years--100 Simulations
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Figure 20. Probability of Uranium Concentrations Exceeding the 0. 044 mg/L UMTRA Ground Water Standard
at the Old Rifle Site at 3 Years--100 Simulations
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Figure 21. Probability of Uranium Concentrations Exceeding the 0.044 mg/L UMTRA Ground Water Standard
at the Old Rifle Site at 5 Years-100 Simulations
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Figure 22. Probability of Uranium Concentrations Exceeding the 0.044 mg/L UMTRA Ground Water Standard
at the Old Rifle Site at 10 Years-100 Simulations
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Figure 23. Initial Vanadium Concentrations in the Ground Water at the Old Rifle Site Measured in 1998
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Figure 24. Predicted Vanadium Concentrations in the Ground Water at the Old Rifle Site at 25 Years--lO0 Simulations
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Figure 25. Predicted Vanadium Concentrations in the Ground Water at the Old Rifle Site at 50 Years- 100 Simulations
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Figure 26. Predicted Vanadium Concentrations in the Ground Water at the Old Rifle Site at 100 Years- 100 Simulations



-| - -inn m m m - m - m m -_ -

z

Vanadium
Probability

1,00
0.O
0.90

05

• 
' 

=0.90
0.10
0 75
0,10

O1
OAS

030

0.2

Figure 27. Probability of Vanadium Concentrations Exceeding the Proposed 0.33 mg/L Cleanup Goal at the Old Rifle Site at 25 Years-100 Simulations
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Figure 28. Probability of Vanadium Concentrations Exceeding the Proposed 0.33 mg/L Cleanup Goal at the Old Rifle Site at 50 Years-I 00 Simulations
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Figure 29. Probability of Vanadium Concentrations Exceeding the Proposed 0.33 mg/L Cleanup Goal at the Old Rifle Site at 100 Years-I 00 Simulations
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Figure 30. Initial Selenium Concentrations in the Ground Water at the Old Rifle Site Measured in 1998
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Figure 31. Predicted Selenium Concentrations in the Ground Water at the Old Rifle Site at 25 Years-100 Simulations
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Figure 32. Predicted Selenium Concentrations in the Ground Water at the Old Rifle Site at 50 Years- 100 Simulations



m m m mm -m--m- n m m m- - m

"° 

n

Seleniump
Probability

0.00

OM
0.70

0.70

CAB

0.00

0.30
,0410

0.0
0.20

[0.00

0

Figure 33. Probability of Selenium Concentrations Exceeding the 0.05 mg/L SDWA Standard at the Old Rifle Site at 25 Years--100 Simulations
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Figure 34. Probability of Selenium Concentrations Exceeding the 0.05 mg/L SDWA Standard at the Old Rifle Site at 50 Years-I-00 Simulations
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7.0 Summary and Conclusions

7.1 Qualitative Analysis

A water budget was developed to better understand how water enters, moves, and exits the
alluvial ground water system. Results of the analysis resulted in less than a one- percent
difference between the total amount of water estimated for all the inflow components and the
total amount of water estimated for all the outflow components (Table 1). The relative low
percent difference suggests that the major flow components important in the site conceptual flow
model have been adequately accounted and identified.

Ground water flow patterns predicted by the MODFLOW computer code (Figure 6) closely
resemble the ground water gradient measured in 1998 (Figure 5). This visual analysis suggests
that the calibrated flow model adequately and accurately predict the observed water level
elevations.

7.2 Quantitative Analysis

Data presented in Table 4 and 5 indicate that the calibrated flow model meets the acceptance
criteria and calibration objectives established before modeling. Calibration results presented in
Figure 7 demonstrate that the flow model does not have an inherent bias, i.e., the residuals are
evenly distributed above and below 0.0 ft. This is evidenced by a mean residual of -0.003 ft. and
an absolute mean residual of 0.13 ft. Results presented in Figure 8 demonstrate that the predicted
hydraulic heads vs. the observed heads fall on a straight line with a very high correlation
coefficient of 0.99.

Transport model calibrations resulted in a best-fit value for the longitudinal dispersivity
equivalent to 4.2 percent of the maximum flow direction (Figure 9). A best-fit value equivalent
to 10 percent of the longitudinal dispersivity was obtained for the transverse dispersivity
(Figure 10). These values are consistent with dispersivity reported for large-scale transport
models (Gelhar and others, 1992). Sensitivity analysis (Section 5.3) identified hydraulic
conductivity, dispersivity, and the distribution coefficient as the most sensitive parameters to
vary for the stochastic simulations.

7.3 Model Predictions

Results of the MT3D simulations indicate that on average the maximum uranium concentration
in the ground water at the Old Rifle site will decline below the UMTRA standard of 0.044 mg/L
in less than 10 years. Stochastic simulations predict the uranium concentrations after 10 years of
natural flushing have less than a 5 percent probability of exceeding the standard (Figure 22).

Predictive simulations for vanadium indicate that the proposed 0.33 mg/L cleanup goal will be
met in approximately 100 years. The maximum predicted concentration at 100 years is
0.35 mg/L; a value only slightly above the proposed goal. Furthermore, the stochastic
simulations predict a 26 percent probability that the maximum concentration will be less than the
proposed goal. In addition, the potential occurrence of the maximum concentration is limited to a
very small areal extent of ground water contamination (Figure 26).

DOE/Grand Junction Office Site Observational Work Plan at Old Rifle, Colorado
April 1999 Page D-65



Appendix D Document Number U0044400

The maximum predicted selenium concentration in the ground water after 50 years of natural
flushing is 0.049 mg/L, indicating that on average, the 0.05 mg/L SDWA standard will be met in
approximately 50 years. Stochastic simulations indicate the there is only a 5 to 10 percent
probability that the standard will be exceeded beneath a very small area of the site, as the ground
water plume naturally flushes for 100 years into the Colorado River (Figure 35).
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Old Rifle Site

Intake = CWx IR x EF x ED where1:
BW x AT

Intake is in (mg/kg-d)
CW = chemical concentration in water (mg/L); site-specific
IR = ingestion rate (Lid); 2 L/day adult; default
ED = exposure duration (years); 30 yrs for adult; default
EF = exposure frequency (d/yr); 350 days/yr; default
BW = body weight (kg); 70 kg adult; default
AT = averaging time; ED x 365 d/yr non-carc., 70yr x 365 d/yr carc.

Hazard Quotient (HQ) = Intake/Reference Dose (RfD)
Risk = Chronic Daily Intake (averaged over 70 years) x Slope Factor
For radionuclides, Risk = SF x CW x IR x EF x ED (slope factor accounts for average lifetime risk); concentrations

expressed in pCi/L

Non-Carcinogens - Groundwater Ingestion Only (Adults)

Contaminant CW-max IR EF ED BW AT Intake-max RfD2  HQ-max CW-mean Intake-mean HQ-mean

Arsenic 0.0216 2 350 30 70 10950 0.00059 0.0003 1.973 0.004 0.00011 0.365
Fluoride 1.18 2 350 30 70 10950 0.03233 0.06 0.539 0.7141 0.01956 0.326
Iron 4.3 2 350 30 70 10950 0.11781 0.3 0.393 0.5857 0.01605 0.053
Manganese 1.3 2 350 30 70 10950 0.03562 0.047 0.758 0.3968 0.01087 0.231
Molybdenum 0.05 2 350 30 70 10950 0.00137 0.005 0.274 0.014 0.00038 0.077
Selenium 0.0929 2 350 30 70 10950 0.00255 0.005 0.509 0.0259 0.00071 0.142
Uranium 0.27 2 350 30 70 10950 0.00740 0.003 2.466 0.1053 0.00288 0.962
Vanadium 0.765 2 350 30 70 10950 0.02096 0.009 2.329 0.1459 0.00400 0.444

HI = 9.239 HI= 2.601



Carcinogens - Groundwater Ingestion Only (Adults)

Contaminant CW IR EF ED BW AT Intake SF
2

Risk

Arsenic max
mean

U234+238 max
mean

0.0216 2
0.004 2

138 2
83.35 2

Polonium 210 max 0.6
2nd highest 0.54

2
2

350 30
350 30

350 30
350 30

350 30
350 30

350 30
350 30

350 30
350 30

70
70

na
na

na
na

na
na

na
na

25550 0.00025362
25550 4.69667E-05

na
na

na
na

na
na

na
na

2.90E+06 5.32E-11 1.54E-04
1.75E+06 5.32E-11 9.31E-05

1.26E+04 3.26E-10 4.11E-06
1.13E+04 3.26E-10 3.70E-06

7.71E+04 2.96E-10 2.28E-05
6.30E+03 2.96E-10 1.86E-06

2.18E+05 6.75E-10 1.47E-04
9.41E+04 6.75E-10 6.35E-05

1.5
1.5

3.80E-04
7.05E-05

Ra-226 max
2nd highest

3.67 2
0.3 2

Lead-210 max 10.4
2nd highest 4.48

2
2

1 All exposure factors are from EPA 1989b
2 Data are mainly from EPA's Integrated Risk Information System (IRIS); other values are from EPA Region III Risk-Based

Concentration Table

*2nd highest values used because only two values detected or highest value is much greater than majority of samples
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