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EXECUTIVE SUMMARY

This document presents the Work Plan for the Phase I RCRA Facility Investigation/Remedial
Investigation (RFI/RI) of Operable Unit No. 11 (OU11) at the Rocky Flats Plant (RFP),
Jefferson County, Colorado. Key portions of this Work Plan include the Site Characterization,
Applicable or Relevant and Appropriate Requirements (ARARs), the Conceptual Model, Data
Quality Objectives (DQOs), RFI/RI Tasks, the Field Sampling Plan (FSP), the Baseline Risk
Assessment Plan (BRAP) and the Environmental Evaluation Plan (EEP). The FSP is the most
vital portion of the Work Plan as it presents the investigative activities that will be implemented
to evaluate the presence or absence of contamination within OU11. The FSP presented in this
Work Plan is based on the requirements of the Interagency Agreement (IAG) among the U.S.
Department of Energy, the U.S. Environmental Protection Agency, and the State of Colorado
Department of Health. ‘

As required by the IAG, this Phase I RFI/RI Work Plan addresses characterization of source
areas at QU11. A subsequent Phase II RFI/RI will investigate the nature and extent of
groundwater and air contamination and evaluate potential contaminant migration pathways.
OU 11 source areas include the former spray application areas and delivery pipelines from which

potential releases could have occurred.

The initial step in the development of this Work Plan was to review available existing
information on the West Spray Field. This information was used to characterize the site physical
conditions and to develop a conceptual model of contaminant transport that identifies potential

exposure pathways at OU11. Based on this characterization, DQOs were developed to describe
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the quality and quantity of data to be addressed within the RFI/RI. Through application of the
DQO process, site-specific RFI/RI goals and data needs were established. These site-specific

goals have been developed within the broad framework of characterizing QU11 source areas.

The following general goals for the OU11 RFI/RI were identified:

Characterize the physical features;

Characterize radionuclide, organic and inorganic contamination in surficial soil
and the vadose zone;

Collect data to support the Human Health Risk Assessment; and

Collect data to support an Environmental Evaluation.

Within these broad objectives, site-specific data needs have been identified based on the
conceptual model; on preliminary identification of contaminant-specific ARARs for QU11; and
on data needs identified for the Baseline Risk Assessment. These data needs will be addressed
during the field sampling phase of the RFI/RI which is discussed within the FSP section of this
Work Plan. The FSP is briefly summarized below.

SOIL

A radiation survey and surficiél soil sampling will be used to characterize potential
contamination in surficial soil within the OU11 boundaries. The radiation survey will be
conducted on a 150 foot grid spacing using a high purity germanium crystal detector. Soil
samples will be collected along transects associated with the radiation survey to analyze for

gamma and non-gamma emitting radionuclides.
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In addition, a separate surficial soil sampling task will be conducted on approximately 300-foot
grid center points within the West Spray Field. These soil samples will be analyzed for Target
Analyte List (TAL) metals and nitrates.

VADOSE ZONE

Soil samples will be collected from test pits excavated approximately four feet into the vadose
zone. Chemical analyses will be the same for the soil samples with the addition of Target
Compound List (TCL) volatiles and semivolatiles. Also, the geotechnical analyses of grain size,
| density, moisture content, grading and plasticity will be performed on the soil samples. If
chemical analyses indicate that elevated levels of contaminants are present in the test pit samples

then boreholes will be drilled to characterize deeper soils within the vadose zone.
TERRESTRIAL BIOTA

Qualitative and quantitative field surveys will be conducted. Vegetation, wildlife/habitat types,
and wetlands/riparian zones will be identified as part of the qualitative surveys. Vegetation
(aboveground biomass), wetlands vegetation, and small mammals will be sampled as part of

quantitative surveys and analyzed for radionuclides.

Data collected during the OU11 RFI/RI will be incorporated into the existing Rocky Flats -
Environmental Database System (RFEDS) database. These data will be used to better define site
characteristics, source characteristics, and the nature and extent of contamination; and to support
the Baseline Risk Assessment (Human Health and Environmental Evaluation). An RFI/RI
Report will be prepared summarizing the data obtained during the field investigation program.
In addition, the data will be thoroughly evaluated within the Baseline Risk Assessment and the

Environmental Evaluation.
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1.0 INTRODUCTION

This document presents the Work Plan for the Phase I Resource Conservation and Recovery Act
(RCRA) Facility Investigation (RFI)/Remedial Investigation (RI) for Operable Unit No. 11
(OU11) at the Rocky Flats Plant (RFP) in Jefferson County, Colorado.

This investigation is part of a comprehensive, phased program of characterization, remedial
investigations, feasibility studies, and remedial/corrective actions currently in progress at RFP.
These investigations are pursuant to an Interagency Agreement (IAG) among the U.S.
Department of Energy (DOE), the U.S. Environmental Protection Agency (EPA), and the
Colorado Department of Health (CDH) dated January 22, 1991 (U.S. DOE, 1991a). The IAG
addresses RCRA and Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) issues. In accordance withk the IAG, the CERCLA terms "remedial investigation"
and “feasibility study" as used in this document are considered equivalent to the RCRA terms
"RCRA Facility Investigation" and "Corrective Measures Study" (CMS), respectively. Also in
accordance with the IAG, the term "Individual Hazardous Substance Site" (IHSS) is equivalent
to the term "Solid Waste Management Unit" (SWMU).

As required by the IAG, this Phase 1 Work Plan addresses characterization of source areas
within OU11. The Phase I RFI/RI will provide the source characterization information
necessary to develop an Interim Measure/Interim Remedial Action (IM/IRA) Decision
Document. The draft Proposed Phase I IM/IRA Decision Document shall provide the
information required to recommend an alternative consistent with the State closure regulations.
A subsequent Phase II RFI/RI will investigate the nature and extent of surface water,

groundwater, and air contamination and evaluate potential contaminant migration pathways.
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In this Work Plan, the existing information is summarized to characterize OU11, data gaps are
identified, Data Quality Objectives (DQOs) are established, and a Field Sampling Plan (ESP)

is presented to characterize site physical features and define contaminant sources.

The Phase I RFI/RI will be conducted in accordance with the Interim Final RCRA Facility
Investigation (RFI) Guidance (U.S. EPA, 1989a) and Guidance for Conducting Remedial

Investigations and Feasibility Studies Under CERCLA (U.S. EPA, 1988a). Existing data and
the data generated by the Phase I RFI/RI will be used to begin developing and screening

remedial alternatives and to estimate the risks to human health and the environment posed by

sources within QU11.
1.1 ENVIRONMENTAL RESTORATION PROGRAM

The DOE Environmental Restoration (ER) Program, designed for investigation and cleanup of
environmentally contaminated sites at DOE facilities, is being implemented in five phases.
Phase 1 (Installation Assessment) includes preliminary assessments and site inspections to assess
potential environmental concerns. Phase 2 (Remedial Investigations) includes planning and
implementation of sampling programs to delineate the magnitude and extent of contamination at
specific sites and evaluate potential contaminant pathways. Phase 3 (Feasibility Studies) includes
evaluation of remedial alternatives and development of remedial actioh plans to mitigate
environmental problems identified in Phase 2. Phase 4 (Remedial Design/Remedial Action)
includes design and implementation of site-specific remedial actions selected on the basis of
Phase 3 feasibility studies. Phase S (Compliance and Verification) includes monitoring and
performance assessments of remedial actions as well as verification and- documentation of the
adequacy of remedial actions carried out under Phase 4. Phase 1 has been completed at the
Rocky Flats Plant (DOE, 1986a), and this Work Plan is for activities under Phase 2 which is

currently in progress for OU11.
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1.2 WORK PLAN OVERVIEW

This Work Plan presents an evaluation and summary of previous data and investigation, defines
data quality objectives and data needs based on that evaluation, specifies Phase I RFI/RI tasks,
and presents the FSP for the Phase I RFI/RI. \

Section 2.0 (Site Characterization) presents a comprehensive review and detailed analysis of
available historical information, previous site investigations, recently published reports, available
data, and site geology and hydrology as well as the known nature and extent of contamination
in soils, groundwater, and surface water. Additionally, Section 2.0 presents a conceptual model
for contaminant migration and exposure pathways based on site physical characteristics and
available information regarding the nature and extent of contamination. Section 3.0 presents
potential site-wide Applicable or Relevant and Appropriate Requirements (ARARs), as required
by the 1AG, and a discussion of their application to the RFI/RI activities at OU11. Section 4.0
discusses the DQOs and Work Plan rationale for the Phase I RFI/RI. Section 5.0 specifies tasks
to be performed for the Phase I RFI/RI. The schedule for performance of Phase I RFI/RI
activities is presentéd in Section 6.0. Section 7.0 presents the FSP to meet the objectives
presented in Section 4.0. The Baseline Human Health Risk Assessment Plan is discussed in
Section 8.0, and the Environmental Evaluation Work Plan (EEWP) is discussed in Section 9.0.
Finally, the references used are presentéd in Section 12.0. The Quality Assurance Addendum
is included as Section 10.0 and Section 11.0 contains the Field Sampling Plan.
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1.3  REGIONAL AND PLANT SITE BACKGROUND INFORMATION

The following subsections provide general information on the RFP and the surrounding region,
including RFP history, regional land use and population data, and site conditions. Site-specific
conditions at OU11 are addressed in Section 2.0.

1.3.1 Facility Background and Plant Operations

The RFP is a government-owned, contractor-operated facility which is part of the nationwide
Nuclear Weapons Complex. The plant was operated for the‘ U.S. Atomic Energy Commission
(AEC) from its inception in 1951 until the AEC was dissolved in January 1975. At that time,
responsibility for the plant was assigned to the Energy Research and Development
Administration (ERDA), which was succeeded by the DOE in 1977. Dow Chemical U.S.A.,
an operating unit of DOW Chemical Compahy, was thé prime operating contractor of the facility
from 1951 until June 30, 1975. Rockwell International was the prime contractor responsible for
operating the Rocky Flats Plant from July 1, 1975 until December 31, 1989. EG&G became
the prime contractor at the RFP on January 1, 1990.

Operations at the RFP consist of fabrication of nuclear weapons components from plutonium,
uranium, and nonradioactive metals (principally beryllium and stainless steel). Parts made at
the plant are shipped elsewhere for assembly.  In addition, the plant reprocesses components
after they are removed from obsolete weapons for recovery of plutonium. Other activities at the
RFP include research and development in metallurgy, machining, nondestructive testing,
coatings, remote engineering, chemistry and physics. Both radioactive and nonradioactive
wastes are generated in the production processes. Current waste handling practices involve on-
site and off-site recycling of hazardous materials, on-site storage of hazardous and radioactive

mixed wastes, and off-site disposal of solid radioactive materials at another DOE facility.
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However, the RFP operating procedures historically included both on-site storage and disposal
of hazardous, radioactive, and radioactive mixed wastes. Preliminary assessments under the
Environmental Restoration Program identified some of the past on-site storage and disposal

locations as potential sources of environmental contamination.

1.3.2 Previous Investigations

Various site-wide studies have been conducted at the RFP to characterize environmental media
and to assess the extent of radiological and chemical contaminant releases to the environment.
The investigations performed prior to 1986 were summarized by Rockwell International (1986b

and c) and include the following:

1. Detailed description of the regional geology (Malde, 1955; Spencer, 1961;
Scott, 1960, 1963, 1970, 1972, and 1975; Van Horn, 1972 and 1976; Dames
and Moore, 1981; and Robson et al., 1981a and 1981b);

2. Several drilling programs beginning in 1960 that resulted in construction of
approximately 60 monitoring wells by 1982;

3. An investigation of surface water and groundwater flow systems by the U.S.
Geological Survey (Hurr, 1976);

4, Environmental, ecological, and public health studies that culminated in an
Environmental Impact Statement (U.S. DOE, 1980);

5. A summary report on groundwater hydrology using data from 1960 to 1985
(Hydro-Search, Inc., 1985);

6. A preliminary electromagnetic survey of the plant perimeter (Hydro-Search,
Inc, 1986); ’

7. A soil-gas survey of the plant perimeter and buffer zone (Tracer Research,

Inc., 1986); and
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8. Routine environmental monitoring programs addressing air, surface water,

groundwater, and soils (Rockwell International, 1975a through 1986a);

In 1986, two major investigations were completed at the plant. The first was the DOE
Comprehensive Environmental Assessment and Response Program (CEARP) Phase 1 Installation
Assessment (U.S. DOE, 1986a). This assessment included analyses and identification of
current operational activities, active and inactive waste sites, current and past waste management
practices, and potential environmental pathways through which contaminants could be
transported. CEARP was later succeeded by the ER Program. A number of sites that could
potentially have adverse impacts on the environment were identified. These sites were
designated as SWMU’s by Rockwell International (1987a). In accordance with the IAG, SWMUs

are now designated as IHSSs, which were divided into three categories:

1. Hazardous substance sites that will continue to operate and need a RCRA
operating permit;

2. Hazardous substance sites that will be closed under RCRA interim status; and

3. Inactive substance sites that will be investigated and cleaned up under Section
3004(u) of RCRA or CERCLA.

The second major investigation cbmpleted at the plant in 1986 involved a hydrogeologic and
hydrochemical characterization of the entire plant site. Plans for this study were presented by
Rockwell International (1986c) and study results were reported by Rockwell International
(1986¢). Investigation results identified areas considered to be significant contributors to

environmental contamination.
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1.3.3 Physical Setting

The RFP is situated on 6,550 acres (ac) (2,650 hectares [ha]), of federal property in Jefferson
County, Colorado, 16 miles (mi) northwest of downtown Denver. The 385 ac (156 ha) main
production facility of the RFP, within the plant’s controlled area is surrounded by a 6,150 ac
(2,491 ha) buffer zone which delineates the RFP boundary (Figure 1-1).

1.3.3.1 Location

The RFP is located in northern Jefferson County, Colorado, approximately 16 miles northwest
of Denver (Figure 1-1). Other surrounding cities include Boulder, Westminster, and Arvada,
all of which are located less than 10 miles to the northwest, east, and southeast, respectively.
The plant consists of approximately 6,550 acres of federal land in Sections 1 through 4 and 9
through 15 of T2S, R70W, 6th Principal Meridian. In general, piant buildings are located
within a protected central area site of approximately 400 acres, and surrounded by a‘buffer zone .

of approximately 6,150 acres.

The RFP is bounded on the north by State Highway 128, on the east by Jefferson County
Highway 17, (also known as Indiana Street), on the south by agricultural and industrial
properties and Highway 72, and on the west by State Highway 93.

1.3.3.2 Topography

The RFP is located along the eastern edge of the southern Rocky Mountain Region immediately
east of the Colorado Front Range. The plant site is located on a broad, eastward-sloping
pediment that is capped by alluvial deposits of Quaternary age (Rocky Flats Alluvium). The

pedimént surface has a fan-like form, with its apex and distal margins approximately 2 miles east
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of the RFP. The tops of alluvial-covered pediments are nearly flat but slope gently eastward at
50 to 100 feet per mile (EG&G, 1991a). At the RFP, the pediment surface is dissected by a
series of east-northeast trending stream-cut valleys. The valleys containing Rock Creek, North
and South Walnut Creeks, and Woman Creek lie 200 to 250 feet below the level of the older
pediment surface. These valleys are incised into thevbedrock underlying alluvial deposits, but
most bedrock is concealed beneath colluvial material accumulated along the gentle valley slopes.

1.3.3.3 Meteorology

The area surrounding the RFP has a semiarid climate which is characteristic of much of the
central Rocky Mountain Region. Based on precipitation averages recorded between 1953 and
1976, the mean annual precipitation at the plant is 15 inches. Approximately 40 percent of the
precipitation falls during the spring season, much of it as wet snow. Thunderstorms (June to
August) account for an additional 30 percent of the annual precipitation. Autumn and winter are
drier seasons, accounting for 19 and 11 percent of the annual precipitation, respectively.
Snowfall averages 85 inches per year, falling from October through May (U.S. DOE, 1980).

Winds at the RFP, although variable, are predominantly from the west-northwest. Stronger
winds occur during the winter, and due to its location near the Front Range the area occasionally
experiences Chinook winds with gusts up to 100 miles per hour. The canyons along the Front
Range tend to channel the air flow during both up-slope and downslope conditions, especially
when there is strong atmospheric stability (U.S. DOE, 1980).

Rocky Flats meteorology is strongly influenced by the diurnal cycle of mountain and valley
breezes. Two dominant flow patterns exist, one during daytime conditions and one at night.
During daytime hours, as the earth heats, air tends to flow toward the higher elevations (up-

slope). During up-slope conditions, air flow generally moves up the South Platte River Valley
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and then enters the canyons into the Front Range. After sunset, the air against the mountain side
is cooled and begins to flow toward the lower elevations (downslope). During downslope
conditions, air flows down the canyons of the Front Range onto the plains (e.g. , Hodgin, 1983
and 1984; and U.S. DOE, 1986a).

Temperatures at the RFP are moderate. Extremely warm or cold weather is usually of short
duration. On average, daily summer temperatures range from 55 to 85 degrees Fahrenheit (°F),
and winter temperatures range from 20 to 45°F. Temperature extremes recorded at the plant
range from 102°F on July 12, 1971, to -26°F on January 12, 1963. The 24-year daily average
maximum temperature for the period 1952 to 1976 is 76°F, the daily minimum is 22°F, and the
average mean is S0°F. Average relative humidity is 46 percent (U.S. DOE, 1980).

1.3.3.4 Surface Water Hydrology

Three intermittent streams that flow generally from west to east drain the RFP area. These

drainages are Rock Creek, Walnut Creek, and Woman Creek (Figure 1-2).

Rock Creek drains the northwestern corner of the buffer zone and flows northeastward through
the buffer zone to its off-site confluence with Coal Creek. North and South Walnut Creeks and
an unnamed tributary drain the northern portion of the plant complex. These three forks of
Walnut Creek join in the buffer zone and flow to Great Western Reservoir approximately 1 mile
~ east of the coﬁﬂuence. Flow is diverted around Great Western Reservoir into Big Dry Creek
via the Broomfield Diversion Ditch. Rock Creek, North and South Walnut Creeks, and the
unnamed tributary are intermittent streams. Flow occurs in these streams only after precipitation
events and spring snowmelt. An east-west trending ihterﬂuve separates Walnut Creek from
Woman Creek. Woman Creek drains the southern Rocky Flats buffer zone and flows eastward

into Mower Reservoir. The South Interceptor Ditch is located between the plant and Woman
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Creek. The South Interceptor Ditch collects runoff from the southern portion of the plant
complex and diverts it to pond C-2, where it is monitored in accordance with the RFP National

Pollutant Discharge Elimination System (NPDES) permit (Rockwell 1985b).

The Church and McKay ditches cross the northern portion of the plant and run through the West
Spray Field. In addition to these, there are four more ditches in the general vicinity of the

Plant. The South Boulder Diversion Canal runs along the western up-gradient edge of the Plant.

1.3.3.5 Ecology

The ecology of the RFP is dominated by mixed grass prairie that includes mosaics of short and
tall grass prairie, and short-grass steppe ecosystems. Grasses typical of the area include Canada
bluegrass (Poa compressa), blue grama (Bouteloua gracilis), big bluestem (Andropogon
gerardii), little bluestem (Schizachyrium scoparium), green needlegrass (Stipa viridula), and
mountain muhly (Muhlenbergia moﬁtana). The fork tip three-awn (Aristida basiramea), a grass
listed as endangered in Colorado, is known to occur in the upper reaches of the Woman Creek
drainage. Much of the RFP grasslands have apparently recovered from previous grazing
pressure as evidenced by the prevalence of big bluestem and side-oats grama (Bouteloua
curtipendula), two disturbance sensitivev species. Yucca, cacti, and various sage (Artemisia sp.)
are conspicuous in more xeric areas. Small wetland areas on valléy floors and around seeps
support stands of mature cottonwoods (Populus sp.) and various sedges, rushes and cattails.
Shrubby areas on the upper ravine slopes include wild plum (Prunus americana), chokecherry

(Prunus virginiana), hawthorn (Craraegus erythropoda), and snowberry (Symphoricarpos sp.).

The fauna inhabiting the RFP and its buffer zone consists of species associated with western
prairie regions. The most common large mammal is the mule deer (Odocoileus hemionus), with

an estimated 100 to 125 permanent residents. There are a number of small carnivores, such as
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the coyote (Cahis larrans), red fox (Vulpes fulva), striped skunk (Mephitis), and long-tailed
weasel (Mustela frenata) in the area. Small herbivores can i)e found throughout the plant
complex and buffer zone, including species such as the deer nigasi (Peromyscus mannulatus)
white-tailed jackrabbit (Lepus towmendiD, and the meadow vole (Microtus pennsylvanicus) (U.S.
DOE, 1980). ‘

Commonly observed birds include western meadowlarks (Sturnella neglecta), horned larks
(Eremophila alpestris), mourning doves (Zenaidura macroura), vesper sparrows (Pooecetes
gramineus), western kingbifds (Tyrannus vociferans), black-billed magpies (Pica), American
robins (Turdus migratbrius), and yellow warblers (Dendroica magnolia). A variety of ducks,
killdeer (Charadrius vociferus), and red-winged black birds (Agelaius phoeniceus) are seen in
areas adjacent to ponds. Mallards (Anas platyrhynochos) and other ducks (Anas sp.) frequently
nest and rear young on several of the ponds. Common birds of prey in the area include marsh
hawks (Circus cyaneus), red-tailed hawks (Buteo jamaicensis), ferruginous hawks (Buteo
regalis), rough-legged hawks (Buteo lagopus), and great homed owls (Bubo virginianus) (U.S.
DOE, 1980).

Bull snakes (Pituophis melanoleucus) and rattlesnakes (Crotalus sp.) are the most frequently
observed reptiles. Eastern yellow-bellied racers (Coluber constrictor flaviventris) have also been
seen. The eastern short-horned lizard (Phrynosoma douglassi brevirostre) has been reported on
the site, but these and other lizards are not commonly observed. The western painted turtle
(Chrysemys picta) and the western plains garter snake (Thamnophis radix) are found in and
around many of the ponds (U.S. DOE, 1980).

The streams and ponds support diverse aquatic communities. Bass (Micropterus salmoides),
green sunfish (Lepomis cyanella), white suckers (Catostomus commersoni), and creek chubs

(Semotilus atromaculatus) are common in streams and ponds. The tiger salamander (Ambystoma
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tigrinum) is common in ponds and wetland areas. Crayfish, snails, and many aquatic insects are

also common and form an important prey base for aquatic food webs.
1.3.3.6 Surrounding Land Use and Population Density

The population, economics, and land use of areas surrounding the RFP are described in a 1989
Rocky Flats vicinity demographics report prepared by DOE (U.S. DOE, 1991b). This report
divides general use of areas within O to 10 miles of the RFP into residential, commercial,
industrial, parks and open spaces, agricultural and vacant, and institutional classifications, and

also considers current and future land use near the RFP.

The majority of residential use within five miles of the RFP is located immediately northeast,
| east, and southeast of the plant. The 1989 population distribution within areas up to five miles
of the RFP is illustrated in Figure 1-3. Commercial development is concentrated near residential
developments north and southwest of Standley Lake as well as around the Jefferson County
Airport, located approximately three miles northeast of the RFP. Industrial land use within five
miles‘ of the plant is limited to quarrying and mining operations. Open space lands are located
northeast of the RFP near the City of Broomfield and in small parcels adjoining major drainages
and small neighborhood parks in the cities of Westminster and Arvada. Standley Lake is
surrounded by Standley Lake Park. Irrigated and non-irrigated croplands, producing primarily
wheat and barley, are located northeast of the RFP near the cities of Broomfield, Lafayette, and
Louisville; north of the RFP near Louisville and Boulder; and in scattered parcels adjacent to
the eastern boundary of the plant. Several horse operations and small hay fields are located
south of the RFP. The demographic report characterizes much of the vacant land adjacent to
the RFP as rangeland (U.S. DOE, 1991b).
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Future land use in the vicinity of the RFP most likely involves continued urban expansion,
increasing the density of residential, commercial, and perhaps industrial land use in the areas.
The expected trend in population growth in the vicinity of the RFP is also addressed in the DOE
demographic study (U.S. DOE, 1991b). The report considers expected variations in population
density by comparing the current (1989) setting to population projections for the years 2000 and
2010. A 21-year profile of projected population growth in the vicinity of the RFP can thus be
examined. DOE’s projections are based primarily on long-term population projections developed
by the Denver Regional Council of Governments (DRCOG). Expected population density and
distribution around the RFP for the years 2000 and 2010 are shown in Figures 1-4 and 1-5,
respectively.

1.3.3.7 Regional Geology

This section briefly describes the geologic formations present in the general area of the RFP,
but is limited to those formations of Upper Cretaceous Age or younger. This time span
encompasses a stratigraphic thickness of over 9,000 feet, which is more than adequate to meet
the goals of this Work Plan. The information provided herein is intended to provide a general
geologic history of the area to aid in planning the FSP. This section summarizes previous

relevant geologic investigations conducted at or near the RFP, including:

° Post-Closure Care Permit and Closure Plan, Rockwell, 1988a;

° Annual RCRA Ground-Water Monitoring Report for Regulated Units at Rocky
. Flats Units at Rocky Flats Plant, EG&G, 1990a;

[+

Geologic Characterization, EG&G, 1991c;

A Guide to Uppermost Cretaceous Stratigraphy, Central Front Range,

Colorado; Deltaic Sedimentation, Growth, Faulting, and Early Laramide
Crustal Movement, Weimer, 1973;
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° Hydrology of a Nuclear-Processing Plant Site, Rocky Flats, Jefferson County,

Colorado, U.S.Geological Survey, Theodore Hurr, 1976; and

[+

EG&G on-going studies.

The RFP is located approximately four miles east of the Front Range section of the Southern
Rocky Mountain provence on the western edge of the Colorado Piedmont section of the Great
Plains Physiographic Provence (Spencer, 1961). It is located on a pediment alluvium which is
underlain by approximately 10,000 feet of Pennsylvania to Upper Cretaceous sedimentary rocks
that have been folded and faulted (Figure 1-6).

Depositional environments east of the Front Range in the Late Cretaceous period were influenced
by the Laramide Orogeny which resulted in the uplift of the Colorado Front Range Mountains.
The uplift caused a regression of the Cretaceous Sea from the west to the east, resulting in a
“lateral progradation of Pierre prodelta shales and siltstones, the Fox Hills delta front sandstones,
the Laramie delta plain sandstones, claystones, and coals, and Arapahoe fluvial conglomerates,

sandstones and claystones (Figure 1-7) (Weimer, 1973).

These formations are relatively distinct, from a regional perspective, and reflect increasingly
higher gradients of deposition with correspondingly higher energy facies (EG&G, 1991a).
However, lateral and vertical variations in the depositional history of the Arapahoe Formation
have been observed as a function of localized tectonic surges (EG&G, 1991a). These surges
created an accumulation of higher-energy, braided stream facies south of the RFP in the Golden
area, in contrast to the lower-energy, meandering stream facies which occur in the RFP area
(EG&G, 1991a). Interpretations of the sequence of deposition for the Laramie and Arapahoe
Formations include a system with a single continuous meandering channel and a system with
multiple channels (EG&G, 1991).
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Along the foothills west of the RFP, sedimentary strata are steeply east-dipping to overturned.
West of the buffer zone, Upper Cretaceous sandstones of the Laramie formation make up an
east-dipping (45° to 55°) outcrop that strikes approximately north-northwest (Scott, 1960).
These steeply dipping sedimentary strata flatten to less than two degrees under and east of the
RFP (EG&G, 1991a). Sedimentary bedrock is unconformably overlain by Quaternary alluvium
that caps the multi-aged pediment surfaces (Scott, 1965).

The geologic characteristics of the Upper Cretaceous Formations are described briefly below.

These descriptions are ordered by geologic age beginning with the oldest.

Pierre Shale Formation. The Pierre is a4 medium to dark gray,
montmorillonite shale with minor thin laminae of limonitic siltstone and silty,
very fine grained sandstone. Beneath the RFP, the Pierre is reported to be
over 8,000 feet thick (EG&G, 1991a).

Fox Hills Formation. The Fox Hills averages 75 feet thick and consists of
thick-bedded to massive, very fine to medium-grained feldspathic sandstone
which is grayish-orange to light gray in color. The sandstones are interlayered
with thin beds of siltstone and claystone (EG&G, 1991a).

Laramie Formation. The Laramie is approximately 800 feet thick and consists
of an upper claystone unit and a lower sandstone and coal unit (Hurr, 1976).
At the RFP, the lower unit is reported to be approximately 113 to 285 feet
thick (EG&G, 1991a). Geologic logs indicate that it consists of thick (up to
50 feet) sandstones and coal beds ranging from two to eight feet thick. The
sandstones are very fine to medium-grained. These sandstones can be
subdivided into two major layers: the A Sand and the B Sand. The A Sand
is the lowermost sand, located 5 to 40 feet above the top of the Fox Hills
Sandstone, and is highly resistant to weathering. It is seen in the hogback
ridges west of the site. The B Sand ranges from thin sandstones interbedded
with organic-rich claystones to a massive sandstone (Hurr, 1976).

The upper unit is reported to be approximately 450 to 630 feet thick (Hurr,
1976). A resistivity survey of the RFP identified what is believed to be the
contact between the upper and lower units at a depth of approximately 527 feet
beneath the RFP (EG&G, 1991a). Geologic logs show that the upper unit
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consists of silty claystones and siltstones, and some fine-grained lenticular
fluvial sandstones (EG&G, 1991a). Locally, sand layers are frequent enough
at the interval 100 to 200 feet above the B Sand to be collectively termed the
C Sand layer (Hurr, 1976). The silty claystones are light olive gray to olive
black, massive, occasionally sandy, and contain carbonaceous material.
Siltstones are also carbonaceous, with iron oxide nodules and slickensides
along fractures (EG&G, 1991a).

Arapahoe Formation. The Arapahoe Formation is the uppermost bedrock unit
underlying most of the RFP. However, in the western portion of the site, it
appears to have been completely eroded, leaving the upper claystone unit of
the Laramie Formation as the upper bedrock unit. The Arapahoe consists
primarily of claystones and silty claystones, and is approximately 150 feet
thick in the center of the RFP (EG&G, 1991a). At least five mappable
sandstones have been identified within the formation. The Arapahoe
Sandstone No. 1 outcrops occasionally and subcrops extensively in the RFP
area. [ts thickness varies between 0 and 27 feet, and its aerial extent has been
mapped according to the two depositional interpretations discussed above
(EG&G, 1991a).

Geologic logs indicate that Arapahoe sandstones are fine-to medium-grained,
with some occasional conglomeratic lenses. Weathered sandstones are pale
orange, yellowish-gray, and dark yellowish-orange, and unweathered
sandstones are light gray to olive-gray. The sandstones are typically
interlayered with clay lenses and are lenticular in geometry. The dominant
claystones and silty claystones are light to medium olive-gray and appear dark
yellowish orange where weathered. Iron-oxide staining is common in the
upper 30 to 40 feet of the sandstones (EG&G, 1991a).

The gradational and transitional nature of the Laramie and overlying Arapahoe Formations

makes the exact definition of the contact between them difficult. Regional surface mapping of

~ the RFP in 1991 established field criteria which included frosted, well-rounded, coarser quartz

grains, combined with the introduction of new lithologies signifying new source environments

for the Arapahoe Formation. However, frosted quartz grains and coarser grained sandstones

have been encountered in lower Arapahoe Formation units, which were mapped as Laramie
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Formation by the mapping effort. Investigations are continuing to resolve this prevailing

uncertainty (verbal communication, Connie Dodge, EG&G, 1991b).

Quaternary deposits in the RFP area have been categorized into three types of pediment cover

(Rocky Flats, Verdos, and Slocum Alluviums) and two types of valley fill (Louviers and

Broadway). Additionally, recent alluvial valley fill deposits include the Piney Creek and Post

Piney Creek Alluviums. These alluvial units have been correlated along the Front Range by

their height above modern stream drainages (EG&G, 1991a) and are described briefly below:

Rocky Flats Alluvium. The Rocky Flats is the oldest alluvial deposit in the
RFP area and consists of poorly sorted, angular to rounded, coarse gravels,
sands, and gravelly clay. Caliche amounts vary from trace to abundant. The
alluvium occurs about 250 to 380 feet above modern stream drainages
(EG&G, 1991a). It is a series of laterally coalescing alluvial fans deposited
by streams on an erosional surface cut into the bedrock units (Hurr, 1976).
Thickness at the type locality just south of the RFP is 50 feet, and ranges
between 10 and 90 feet (Machette, 1973). Dominant lithologies include
Precambrian quartzite, schist, and gneiss deposited by Coal Creek. Caliche
(CaCO,) mineralization in the interstices of alluvium ranges from a trace to
almost 100 percent, and increases in thickness as the thickness of the alluvium
decreases. This is due to the increased evapotranspiration from the water
table, which leaves caliche as a residual deposit in the pore spaces (EG&G,
1991a).

Verdos Alluvium. The Verdos consists of a sandy, cobbly to bouldery gravel
deposited by Ralston Creek (Machette, 1973). The thickness of the Verdos

ranges from 15 to 35 feet, and it occurs at 200 to 250 feet above modem
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1.3.3.8

streams. The Slocum Alluvium is composed of well-stratified, clayey, coarse
gravel and coarse sand and its thickness ranges between 10 and 90 feet. It
occurs at 80 to 120 feet above modern streams (EG&G, 1991a).

Louviers and the Broadway Alluviums. These alluviums are composed of
coarse sand and cobbly gravel and range between 10 and 25 feet in thickness.
The Louviers forms well-developed terraces 40 to 80 feet above modern
streams. The Broadway forms terraces between 25 and 45 feet above modern

streams and occurs in channels cut into the Lom)iers (EG&G, 1991a).

Pre-Piney Creek, the Piney Creek, and Post Piney Creek Alluviums. These

alluviums represent the most recent deposits. The Pre-Piney Creek consists
of silt and sand with pebbles lenses, the Piney Creek consists of clay, silt,
sand, with some pebble beds, and the Post-Piney Creek consists of poorly
consolidated, humic, fine-to medium-grained sandstone interbedded with a

magnetite-rich sandstone (EG&G, 1991a).

Regional Hydrogeology

This section provides a brief description of the hydrogeologic system beneath the general area

of the RFP. Pursuant to the goals of the Scope of Work for this Work Plan, it focuses on those

water-bearing zones which are included within the stratigraphic units described in

Section 1.3.3.7.

These discussions are limited to the water-bearing zones found in the upper

200 feet of geologic material since below this depth the presence of claystones and siltstones

would likely preclude vertical aversion and/or dispersion of contaminants to lower stratigraphic

units.
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At the RFP there appears to be three hydrostratigraphic units in the Upper Cretaceous and
Quaternary materials: the Rocky Flats Alluvial Hydrostratigraphié Unit, Arapahoe
Hydrostratigraphic Unit, and Laramie-Fox Hills Hydrostratigraphic Unit. The hydrogeologic

characteristics of each are briefly described below.

° Rocky Flats Hydrostratigraphic Unit. This water-bearing zone represents the
shallow, unconfined water table aquifer at the RFP. It is present in both the

Rocky Flats and Valley Fill Alluviums. The depth to water in this water-
bearing zone is greatest in the western portion of the RFP (50 to 70 feet below
ground surface), where the alluvium is thickest (EG&G, 1991a). Generally,
this depth to water decreases as the thickness of the alluvium decreases to the
east. Recharge to this water-bearing zone comes from direct infiltration of
precipitation and from leakage from streams, ponds, and other surface water
bodies (Hurr, 1976). Discharge is mainly to evapotranspiration, vertical
seepage to the underlying bedrock aquifer, and seepage along slopes at the
contact between the alluvium and the underlying bedrock (Hurr, 1976).
Direction of groundwater flow generally follows topography to the east, and
into stream drainages (where present). Hydraulic conductivity in the alluvial
materials is reported to range from 5.3 x 10* to 2.1 x 10° cm/s (EG&G,
1990b and c).

Arapahoe Hydrostratigraphic_Unit. This water-bearing zone is the first
bedrock aquifer encduntered below the alluvium under the majority of the
RFP. It is present in the sandstones of the Arapahoe and is confined by the
overlying Arapahoe claystones. The exception to this is where the Arapahoe
sandstones subcrop beneath the alluvial materials, which occurs with some

frequency. At these locations the water-bearing zone is believed to be
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hydraulically connected to the overlying Rocky Flats Hydrostratigraphic Unit.
Recharge to this hydrostratigraphic unit comes from leakage from the
overlying alluvial hydrostratigraphic unit in those locations where the
Arapahoe sandstone is unconfined (Hurr, 1976). Discharge occurs locally
where the sandstone outcrops in stream drainages (Hurr, 1976). The hydraulic
conductivity of this hydrostratigraphic unit is reported to be 10° cm/s, and this
hydrostratigraphic unit is not believed to be capable of producing economical
amounts of water (EG&G, 1991a).

Laramie-Fox Hills Hydrostratigraphic Unit. This deep, confined water-
bearing zone underlies the entire RFP, but is believed to be separated from the
overlying Arapahoe Formation by several hundred feet of relatively
impermeable claystones in the Upper Unit of the Laramie Formation (Hurr,
1976). However, near the western portion of the site, where the Arapahoe
Formation and portions of the Laramie Formation are eroded, this aquifer may
be closer to the surface (EG&G, continuing studies). Recharge to the
Laramie-Fox Hills appears to be through infiltration of precipitation along the
outcrops of the Laramie and Fox Hills Formations at the western boundary of
the RFP (Hurr, 1976). It is unlikely that measurable amounts of recharge to
this hydrostratigraphic unit could penetrate the upper claystone unit of the
Laramie. Direction of flow in this hydrostratigraphic unit is reported to be to
the east or southeast (Hurr, 1976).
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2.0 SITE CHARACTERIZATION

This Section discusses the information available on the West Spray Field. The regulatory
background leading to development of this Work Plan is summarized in Section 2.1. Information
concerning the operation of the facility as well as the site geology and hydrology is presented
in Section 2.2. Section 2.3 details the previous chemical characterizations of wastewater and the
environmental media associated with the waste management unit. Béckground geochemical
characterization efforts are also discussed. This information is utilized to develop the release
mechanisms, migration pathways, and exposure routes presented in the site conceptual model
(Section 2.4).

2.1  REGULATORY HISTORY OF OU11 AND INTERIM RESPONSE ACTIONS

The West Spray Field was identified as a hazardous waste management unit regulated by the
Resource Conservation and Recovery Act (RCRA) in 1986 because it was known to have
received water containing hazardous constituents from the Solar Evaporation Ponds. Because
of this determination, a Closure Plan for the West Spray Field was required pursuant to Part 265
of the Colorado Hazardous Waste Regulations (6CCR) and Title 40, Part 265 of the Code of
Federal Regulations (40 CFR). The first Closure Plan was prepared in August, 1986. This
document was supplemented by a "RCRA Post Closure Care Permit Application,” prepared by
Rockwell International in September, 1988. This document not only discussed the West Spray

Field, but other identified hazardous waste management units as well.

In July, 1986, a Comprehensive Environmental Assessment and Response Program (CEARP)
and Compliance Agreement was finalized by the USDOE and the USEPA. This began a
comprehensive program of site characterizations, remedial investigations, feasibility studies, and

remedial/corrective actions. This program is currently known as the Environmental Restoration
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(ER) program. As part of this program, preliminary assessments have been completed and have
identified past on-site storage and disposal locations as potential sources of environmental
contamination. A comprehensive study of site background soil, sediment, groundwater and

surface water quality has also been completed.

On June 28, 1989, the State of Colorado and the USDOE entered into an Agreement in Principal
(AIP). Certain contaminated sites, not including the West Spray Field, were identified in this
document as requiring expedited cleanup in order to prevent ongoing releases of harmful

contaminants.

On January 22, 1991, the USDOE, USEPA, and State of Colorado entered into a Federal
Facility Agreement and Consent Order governing environmental response actions. This Order
is also known as the Rocky Flats Interagency Agreement (IAG). This agreement outlines the
work to be undertaken and work schedule for the RCRA Facility Investigation/Remedial
Investigation (RFI/RI) and Corrective Measures Study/Feasibility Study (CMS/FS) response
actions. This document provides a detailed Work Plan for the Phase I RFI/RI for the West

Spray Field. Phase I activities include a characterization of the waste sources and potentially

impacted soil.

2.2 BACKGROUND AND PHYSICAL SETTING OF OU11

2.2.1 Operational History of QU11

The descriptions of the West Spray Field in this section are drawn from the 1989 West Spray
Field Closure Plan (Rockwell, 1988a). The terms "spray application"l and "spray irrigation" are

used ihterchangeably in the following text. These terms are used to describe the technique

which was employed to evaporate wastewater at the West Spray Field.
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The West Spray Field covers an area of approximately 4,577,000 square feet or about 105.1

acres. It consists of undeveloped acreage located on the west side of the Rocky Flats Plant.

The West Spray Field was operated from April, 1982 to October, 1985. During operation,
éxcess liquids from Solar Evaporation Ponds 207-B North and 207—B-Center were pumped
periodically to the West Spray Field for spray application (Figure 2-1).  Pond 207-B North
received water from an interceptor system installed to collect groundwater seepage from the
hillside north of the Solar Evaporation Ponds. Pond 207-B Center received treated sanitary

effluent,

Spray application was conducted using various pieces of equipment in three areas within the
boundaries of the waste management area. Spray application was initially performed using two
moving spray irrigation lines mounted on metal wheels with stationary impulse heads in Area 1.
These portable lines were replaced by the two western-most fixed lines shown in Area 1, and
in 1985 by a third fixed irrigation line. Up to seven irrigation lines and a different delivery
pipeline have been shown in prior figures. However these lines were never used. Only three
lines shown in Area 1 are known to have been used for spray applications. These lines were
fitted with stationary impulse heads. Area 2 was the location of a single fixed irrigation line.
A spray impulse cannon was placed in various locations of Area 3 after use of the portable
irrigation systems was discontinued (Shirk, | 1986). These application areas are delineated on
Plate 2-1. A southwest-to-northeast pipeline shown on a previous figure (Plate 2-1, 1990 Draft

Workplan) south of Area 2 is not known to be associated with waste water spray evaporation.

The West Spray Field was used when excess liquids accumulated in Ponds 207-B North or 207-B
Center. When the storage capacity of one of the ponds was reached, the liquids were pumped
to the spray field for land application (Shirk, 1986). These ponds originally contained process

wastewater. All process wastes were removed in the B-series Solar Evaporation Ponds 207-B
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North, Center, and South in the late 1970s, as detailed in the Solar Pond Closure Plan
(Rockwell, 1988b). Since that time, the B-series Solar Evaporation Ponds have held treated
effluent water from the plant wastewater treatment system and groundwater intercepted from an
area north of the Solar Evaporation Ponds. The 207-B North and Center ponds receive liquid
on a relatively constant basis due to the constant generation of treated sanitary wastewater which
is still placed in 207-B Center, and relatively constant generation of groundwater collected north
of the Solar Evaporation Ponds which continues to be placed in Pond 207-B North. The
groundwater in this area is still collected because of elevated nitrates and the resultant need to
prevent off-site migration of this groundwater. Although process wastewater was not held in
the Evaporation Ponds from which water was pumped to the West Spray Field, it is possible that
contaminants could have migrated from the ponds if they allowed any seepage during the period
in which they contained process wastewaters. These potential contaminants would have been
applied to the West Spray Field if they were captured by the groundwater Interceptor Trench
System during the 1982-1985 time period.

2.2.1.1 “General Location and Application Areas

Based on interviews with Plant personnel (Rockwell, 1988a), direct application of the liquids
occurred in the portions of the spray field designated Areas 1, 2 and 3 (see Figure 2-1). This
conclusion is supported for Areas 1 and 2 by examination of aerial photographs. However, the
location of Area 3 is less readily confirmed by the aerial photographs due to limited use and
various locations of application. The photographs also indicate some surface run-off occurred
beyond the limits of Areas 1, 2, and 3. In addition, runoff beyond the boundaries of the Spray
Field has been documented. Unknown quantities of windblown spray may have also contributed

to the vegetation pattern observed on the aerial photographs (Rockwell, 1988a).
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The total combined area of direct application is about 14.1 acres or about one-seventh of the
total West Spray Field area. Area 1 is approximately 1,553,000 square feet or about 35.6 acres
in size. This area contained both portable irrigation lines and three fixed irrigation lines. The
fixed lines had a spray width of 80 feet and average length of 1,524 feet. This resulted in a
spfay area of approximately 8.4 acres for the three lines. Area 1 bounds the general area of
application for the original portable irrigation lines. Figure 9-2 shows a current photo of a

portion of Area 1.

Area 2 is approximately 1,360 feet by 80 feet in size with a surface area of 109,000 square feet
or about 2.5 acres. This area corresponds to the estimated application area of a single anchored
irrigation line which remained in one location. The remaining abandoned line can be seen in

Figure 9-3, which shows a view from the south end of this line looking north.

Area 3 is an oval shape made up of small circular application areas all with a radius of
approximately 100 feet, the estimated maximum radius of the impulse cannon. The source area
is approximately 140,000 square feet or about 3.2 acres. A current view of Area 3, looking

east, is shown in Figure 9-4.
2.2.1.2 ~ Construction and Equipment Installation

The auxiliary equipment required to transfer the liquid from Ponds 207-B North and Center to
the West Spray Field consisted of a pump at the Solar Evaporation Ponds, a delivery pipeline,
the irrigation lines and an impulse cannon. The spray field was operated by one person at a time
(Shirk, 1986). The approximate former locations of the irrigation lines are shown on

Figure 2-1.
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The pump was a portable, engine driven centrifugal pump installed on the separator dike
between Ponds 207-B North and Center. The pump and propane-fueled drive engine were
mounted on a trailer. The pump intake was a flexible hose which could be connected to either
valve stub from Ponds 207-B North or Center. The pump discharged to a rigid pipe connected

to the delivery line. The pump has since been removed for other use.

The delivery pipeline was initially a six-inch diameter PVC pipe. The PVC pipe extended
approximately 900 feet from the pump discharge at Pond 207-B North beneath the patrol road,
perimeter security zone and access road in a below-ground trench installation. The pipeline then
emerged and was laid on the ground surface the remainder of the distance to the Spray Field.
Where the pipeline crossed North Walnut Creek it was supported on roughly three-foot high
stanchions. The entire pipeline extended approximately 6,000 feet to the West Spray Field. The
pipeline was drained after operation through a valve at the low point of the line just above the
Interceptor Trench Pump House. Liquids were drained into the pump house through a flexible

hose.

The delivery pipeline was connected to the irrigation header pipe with a six-inch diameter
flexible hose. The header pipe was a six-inch diameter aluminum pipe. At every other joint
a four-inch diameter valved riser was installed which could be connected to irrigation lines. At

the end of the header pipe was a plug and vacuum relief valve.

Initially, four-inch diameter portable spray irrigation lines approximately 1,300 feet in 1ength4
were connected by flexible hose to the valve risers. The lines were attached to a ground anchor
rod to prevent movement. The irrigation lines were equipped with fixed head impulse sprinklers
for uniform application of the waters. Very soon after installation and prior to system startup,
in November of 1981, the portable lines were damaged by wind. Additional incidents of wind

damage caused the portable lines to be abandoned at the site with the exception of the single line
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presently located in Area 2. Subsequently, three fixed irrigation lines with lengths of between
1,350 and 1,570 feet were installed in Area 1 as shown on Figure 2-1. These lines consisted
of fixed head impulse sprinkiers for uniform application. A 125-gallon per minute spray impulse

cannon with a flexible hose connection was placed in Area 3.
2.2.1.3 Application Volumes and Sources

The total monthly volume of liquids applied to the West Spray Field from Ponds 207-B North
and Center are shown on Tables 2-1 and 2-2, respectively. Total application rates for the spray
field were between 250 and 450 gallons per minute. For the spray irrigation lines, these total
rates convert to maximum surface application rates of between about 20 and 40 gallons per
minute per acre. These application rates are based on an average application area of 2.7 acres
along each of four irrigation lines and 0.7 acres for the impulse cannon. The spray impulse
cannon had a discharge of 125 gallons per minute for a surface application rate of about 179

gallons per minute per acre. The spray impulse cannon was moved over a total area of 3.2

acres.

Liquids from Pond 207-B North were primarily applied in Area 1. Generally, spraying from
Pond 207-B North occurred in intervals of six to ten hours daily for periods of two to four days.
As stated previously, Pond 207-B North received contaminated groundwater pumped from the
Interceptor Trench System (ITS) during the operating period of the spray irrigation sys_terh. The
ITS was installed in response to nitrate contamination of North Walnut Creek, documented in
the early 1970s. A system of trenches and sumps were originally installed between 1971 and
1974. An additional control structure was constructed to capture contaminated water which
drains from the footings of Buildings 771 and 774. These structures were in operation until

replaced in the early 1980s by the ITS (U.S. DOE, 1991e). The ITS system collects
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groundwater and surface water north of the evaporation ponds in gravel-filled trenches

containing perforated pipes. This water flows by gravity to the Interceptor Trench Pump House.

The water from the ITS that collects in 207-B North has been characterized (U.S. DOE, 1991e)
as containing elevated nitrate, chloride, and sulfate. The most prevalent metals in this water are
sodium, potassium, calcium, and magnesium. Radionuclide concentrations are highest for
uranium-234 and uranium-238. The only organic compound detected is methylene chloride,

although this compound was also noted in blanks.

Liquids from Pond 207-B Center were applied to all three application areas. Application periods
for these liquids were similar to those for the 207-B North pond water (Shirk, 1986). The water
present in Pond 207-B Center consisted of treated sanitary effluent from the Rocky Flats Plant
sanitary wastewater treatment plant. This effluent was characterized by elevated nitrates, grbss

alpha and gross beta concentrations.

Based on the total volumes applied between April 1982 and October 1985 and the estimated
areas of application of 8.4, 2.5 and 3.2 acres for Areas 1, 2 and 3, respectively, a total average
was estimated. The estimated total application of Pond 207-B North water is about 40 inches
of liquids applied in Area 1. The estimated total application of Pond 207-B Center liquids is
roughly 150 inches, applied in Areas 1, 2 and 3. Since liquid from both ponds were applied in
Area 1, the maximum total application could have been as much as 190 inches per unit area for

all four years of operation.
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2.2.2 Overview of Previous Investigations at OU11

Preliminary soil testing has been conducted to evaluate whether the soils in the West Spray Field
are contaminated. Soil samples were collected during 1986 and 1988 to characterize the soil
chemistry in the West Spray Field. The 1986 sampling program was conducted on a limited
area inside the boundary of OU11. However, as shown in Figure 2-1, this area was not located
in any of the areas which received direct application of liquids from spray heads or the impulse
cannon. Eighteen locations from a maximum depth of one foot were composited into three
samples for analysis. The samples were analyzed for metals, inorganic parameters,
radionuclides, and volatile organic compounds. This sampling program gives an indication of

the range of potential contaminant concentrations in areas not subject to direct spray application.

A more comprehensive sampling program was conducted in 1988 to characterize the entire spray
field area. Twelve test pits were utilized to gather soil samples to a maximum depth of five feet.
The locations of these test pits are shown in Figure 2-1. The 36 samples collected were
analyzed for lead and mercury, other inorganic parameters, radionuclides, and volatile organic
compounds. This data provides a much more comprehensive view of the nature of
contamination in areas which were subjected to direct spray application, and areas of the field
which received only windblown spray and surface runoff. With the exception of lead and
mercury, the data does not provide comprehensive information on potential metals
contamination. The sampling activities, analysis methods, data validity, and comparison with

validated background data are presented in more detail in Section 2.3.2.

No comprehensive program of sediment or surface water sampling has been conducted to
determine the nature or extent of contamination of these media which may have resulted from
the spray application activities. Groundwater data upgradient of, downgradient of, and within

the boundaries of the spray field have been collected through implementation of the RCRA
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groundwater monitoring program for OU11 (EG&G 1990a). The locations of the wells used to
assess the irhpact of OU11 on the alluvial and bedrock aquifer are shown on Figure 2-1. These
wells provide insight into the potential current impacts of the spray field activities on both the
shallow alluvial aquifer and the unweathered sandstone aquifer.” Details regarding the sampling
activities, analysis methods, data validity, and comparison to validated background data for the

two aquifers is presented in more detail in Section 2.3.3.
2.2.3 Interim Response Actions

Previous investigations of the West Spray Field have not indicated a need for an interim

response action(s). No interim response actions have been initiated at the West Spray Field.
2.2.4 West Spray Field Geology

The following discussion of the geologic characteristics of the West Spray Field has been limited
to the geologic formations present in the upper 200 feet of the stratigraphic column at the site.
Site-specific information does not exist for older units, and it is not believed that they are
relevant to the goals of this investigation. The formations included in this upper 200 feet are

the Upper Cretaceous Laramie and the Quaternary Rocky Flats Alluvium.
Geologic information on these units has been obtained from the following sources:

geologic logs of boreholes drilled during the installation of bedrock groundwater
monitoring wells in or near the West Spray Field in 1986 and alluvial
groundwater monitoring wells in 1986 and 1989 (EG&G, 1991a) (included in
Appendix A);
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° geologic logs of test pits installed at the West Spray Field (Rockwell, 1988a)
(Appendix B); '

surficial mapping of local geologic outcrops in 1986,

° Hydrology of a Nuclear-Processing i)lant Site, Rocky Flats, Jefferson County,
Colorado, U.S.Geological Survey, Theedore Hurr, 1976; and

Phase II Geologic Characterization Data Acquisition, Task II, Shallow High

Resolution Seismic Reflection Profiling, Indiana Street and West Spray Field,
Draft Report, DOE, March 1991d.

2.2.4.1 Bedrock

Geologic logs of monitoring well boreholes which penetrate the bedrock at the West Spray Field
and cross-sections constructed from those logs (Figure 2-2) indicate that the uppermost bedrock

is the Upper Cretaceous Lafamie Formation. The apparent absence of the younger Arapahoe
| Formation, present in other areas of the RFP, indicates that it was eroded prior to deposition of

the Quaternary Alluvium in this area.

As described in Section 1.3.3.7, the Laramie Formation is approximately 800 feet thick and is
subdivided into two major lithologic units: a lower sandstone unit and an upper claystone unit.
Although neither unit appears to outcrop in the West Spray Field, both have been observed to
outcrop to the west. Outcrops of the Laramie formation can be observed in the clay pits
approximately 500 feet to the west of the West Spray Field. The upper claystone unit has been
identified in the geologic logs of all wells in the West Spray Field that penetrate bedrock, but

there has been no encounter with the lower sandstone unit.
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Dip angles of Laramie Formation outcrops at the clay pitS (shown on Plate 2-1 as "Active
Mining Operation” range between 45 and 55 degrees with a dip direction of approximately
N80°E (Scott, 1960)). However, geologic logs of West Spray Field monitoring wells show that
this dip angle quickly flattens out to the east, to approximately nine degrees beneath the West
Spray Field.

These logs also indicate that the upper claystone unit consists of claystone with occasional zones

of interbedded siltstones and sandstones. The lithology of this unit is described as follows:

Claystones. Olive gray (5 Y 3/2) to dark gray (N 3/0), poorly indurated, silty,
and contain up to 15 percent organic material. Weathering appears to have
penetrated from 31 to 61 feet into bedrock, and the weathered claystones
generally range from light olive gray (5 Y 5/2) to medium light gray (N 6/0) and
medium gray (N 5/0) with moderate oxide staining of dark yellowish orange (10
YR 6/6). They are blocky, slightly fractured, and have iron staining as mottles
and along bedding planes and fractures (Rockwell, 1986b). Occasional zones of

sandstone or siltstone interbeds up to 0.5 ft. thick were also encountered.

° Siltstones. Weathered siltstone is typically medium light gray (N6/0) to light
olive gray (SY 5/2) with stains and mottles of dark yellowish orange (10 YR 6/6)
(Rockwell, 1988a). Siltstone thickness ranges from approximately one to eight
feet with sandy siltstone or cléyey siltstone interbeds of one to three inches thick.
Iron nodules are occasional and fractures abundant from 99 to 104 feet near
Area 2 and from 133 to 136 feet just west of Area 1 (Rockwell, 1988).
Unweathered siltstone is typically medium light gray (N 6/0) to medium dark gray
(N 4/0) and has approximately 0.25-foot thick beds of sandstones or claystone.
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Coal occurs occasionally and carbonaceous fragments are abundant (Rockwell,
1988a).

° Sandstone. Unweathered sandstone was encountered in two wells (46-48 and 48-

86), at a thickness of 0.7 to 11.0 feet. It is moderately to>poor1y sorted, and very

fine-grained to medium-grained calcite cemented. The sandstone may be silty or

clayey with occasional thin laminae of fine silt and clay. Color typically ranged

from medium light gray (N 6/0) to medium dark gray (N 4/0). The thin

sandstone bed in well 46-86 at 126.9 to 127.6 feet was additionally described as

dark greenish gray (5 GY 4/1) in color. Unweathered sandstone in well 48-86

occurred at 151.30 to 153 feet below ground surface and again at 197.0 to 208.3

. feet below ground surface. It does not appear that these sands are deep enough
to be part of the C Sand, unless significant erosion of the upper unit of the

Laramie has occurred along with the erosion of the Arapahoe.

2242 Surficial Geology

Five monitoring well borehbles (5086, 5286, 4886, B100889, and B110989) have penetrated the
total thickness of the alluvial unit within thé immediate vicinity of the West Spray Field.
Geologic logs of these boreholes indicate that the surficial deposits at the West Spray Field range
in thickness from 65 to 72 feet. Numerous other monitoring well boreholes have been installed
within the alluvial materials to depths of 50 to 75 feet, but they did not fully penetrate the
alluvial materials. The surficial deposits encountered included the Rocky Flats Alluvium and
the Flatirons Soils.

A geophysical investigation using seismic reflection technology conducted across the western
. two-thirds of the West Spray Field (from approximately well 5286 to 4986) indicated that the
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contact between the bedrock and overlying alluvium was uniform in nature with no significant
bedrock anomalies (DOE, 1991a). Also confirmed by the seismic survey was the relatively

uniform nine degree dip angle of the Laramie Formation under the West Spray Field.

As described in Section 1.3.3.7, six distinct units of Quaternary unconsolidated surficial
materials are present in the area surrounding the RFP. However, only the Rocky Flats Alluvium
is present in the West Spray Field. This alluvium is topographically the highest and the oldest
of the alluvial deposits (Figure 1-6). In the West Spray Field, it unconformably overlies the

Laramie Formation.

Geologic logs of the West Spray Field wells indicate that the alluvium encountered is
unconsolidated, and is composed of poorly sorted angular to subrounded cobbles, coarse gravels,
coarse sands, and gravelly clays. Generally, deposits are reported to be coarser grained in the

west, as would be expected given the depositional environment.

The Flatirons Soil overlies the Rocky Flats Alluvium and is a deep, well-drained, strongly
developed soil composed of stony to gravelly and silty material (USDA, 1984). It typicaily
occurs on high terraces and pediments. Permeability of this soil type is moderate and runoff

erosion is not considered a hazard (Rockwell, 1988).

The A, B, and C horizons are present in the West Spray Field. These horizons were observed

in test pits and described in geologic logs (USDA, 1984), which are summarized below:
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A Horizon. This horizon ranges from 1.1 to 1.35 feet in thickness (Rockwell,
1988). It is described as dusky brown (5 YR 2/2) gravelly, cobbly, sandy soil that
is moist to wet. It is typically poorly to moderately sorted with subrounded and
subangular fine-graded to coarse-graded gravels and occasional small cobbles.

The contact with the underlying B horizon is wavy and sharp.

B Horizon. This horizon extends from 1.1 to 3.5 feet below ground surface. It
is a moderate brown (5 YR 4/4) clayey sand to clayey gravel with small zones of
intense red and brown staining indicative of weathering. Sand is generally
moderately sorted, subangular to subrounded, medium-grained to coarse-grained
with occasional fine-grained pockets. Gravels are described as subrounded, fine-
graded to very coarse-grained pebbles and small to large cobbles with occasional
small boulders. Gravels and sands are indicative of a short transport distance.
Clay occurs in the matrix but mostly in pockets associated with the gravel. The
zone is generally moist to saturated. Some organic soil stringers from the A
horizon were noted. The contact into the C horizon is irregular and gradational

and occurs from 3.0 to 3.5 feet below ground surface (USDA, 1984).

C Horizon. This horizon extends from 3.0 feet to 5.2 feet below ground surface.
It consists of clayey to silty sands and gravel or gravelly sands. Colors range
from light brown (5 YR 5/6) to moderate yellowish brown (10 YR 5/4) with
zones of red, brown, orange or yellow staining. The sand is typically medium-
grained, subangular to subrounded, moderately sorted, with some fine-grained and
coarse-grained sands. Gravels are subrounded, moderately to poorly sorted, fine-
grained pebbles to large cobbles with occasional small boulders. Clay zones of
olive gray are commonly associated with the gravel and cobbles. The zone is

generally moist with occasional saturated zones. Caliche stringers were
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encountered at 4.4 feet below ground surface in previous test pits WSF-06 and at
3.8’ in WSF-07. Caliche was not encountered in any of the boreholes previously
drilled within the West Spray Field.

2.2.5 West Spray Field Hydrogeology

Groundwater monitoring of the West Spray Area began in 1986 and is ongoing. Because the
goals of this Work Plan are focused on characterization of the vadose zone, the hydrogeologic

information obtained from this monitoring has been only briefly summarized herein.

° Rocky Flats Hydrostratigraphic Unit. The shallow groundwater system at the
West Spray Field is within the Rocky Flats Alluvium described in Section 1.3.3.8.

Geologic logs and water level data indicate that it is unconfined and is present in
the ’Rocky Flats Alluvium. Given the weathered nature of the upper Laramie
Formation beneath the West Spray Field, it is likely that the shallow system
extends partially into this formation.

As discussed previously, the Rocky Flats Hydrostratigraphic Unit is recharged by
infiltration of water from rain, snowmelt, and surface water sources, and
discharge is reported to occur at springs and seeps at the alluvium/bedrock contact
and in major drainages. Quarterly monitoring results indicate that the depth to
water averages 40 to 50 feet across the Spray Field and varies seasonally by two
to four feet (EG&G, 1991c). The highest water level elevations occur in spring,
which is characteristic of the behavior of the aquifer in the general area of the
RFP (Hurr, 1976).
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Water table contour maps constructed with quarterly elevation data (Figures 2-3
through 2-6) indicate that the direction of groundwater flow in the shallow aquifer
in the West Spray Field generally follows topography to the east or toward the
off-site drainages. The hydraulic gradient across the West Spray Field is
calculated at 0.009 to 0.013, which falls within previously determined ranges for
the Rocky Flats Hydrostratigraphic Unit at the RFP (EG&G, 1991a). Elevation
data for the pre-1986 monitoring wells was not presented in the 1990 Annual

RCRA Ground Water Monitoring Report for Regulated Units at Rocky Flats Plant

report, thus, this data was not used in the preparation of these figures.

Horizontal hydraulic conductivity values calculated for this aquifer in the West
| Spray Field area range from 2.1 x 10? centimeters per second (cm/s) to 5.3 x
. 10* cm/s (3.5 to 87.8 feet per year), based on drawdown-recovery and slug tests
performed on 1986 wells (Rockwell, 1988a) and slug tests performed in 1989
(EG&G, 1990a).

Arapahoe Hydrostratigraphic Unit. Because the Arapahoe Formation appears to
have been completely eroded in the West Spray Field (Section 2.2.4), the
Arapahoe Hydrostratigraphic Unit, which is the upper bedrock water-bearing zone

under much of the surrounding area (Section 1.3.3.8), is also absent.

Laramie-Fox Hills Aquifer. The uppermost bedrock water-bearing zone at the
West Spray Field appears to be the Laramie-Fox Hills Hydrostratigraphic Unit.
This water-bearing zone is reported to be confined to the A and B Sands of the
Laramie and the sandstones of the Fox Hills Formation by several hundred feet
of the relatively impermeable upper shale unit of the Laramie (Section 1.3.3.8).
. However, in the area of the West Spray Field, the erosion of the Arapahoe
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Formation and portions of the underlying Laramie, may have reduced the
thickness of this impermeable layer. Little, if any, hydraulic connection is
believed to exist between the Laramie-Fox Hills aquifer and the overlying water-
bearing zones (Hurr, 1976).

There are no monitoring wells on the West Spray Field which appear to be deep
enough to potentially encounter the Laramie-Fox Hills Hydrostratigaphic Unit.
Monitoring well 48-86, installed to a depth of 207 feet below grade, is screened
in an 11-foot thick, water-bearing sandstone layer (197 to 208 feet below grade
or 5879 to 5900 feet MSL), located between two siltstone layers. A 22-foot
thick, water-bearing sandstone was encountered just west of the West Spray Field
at location 52-86 (101-123 feet below grade or 6014 to 6041 feet MSL). These
. layers may be hydraulically connected, if not directly correlative. According to
Hurr (1976), the upper claystone unit may be up to 630 ft. thick, thus, the depth

to the water-bearing lower sandstone unit may approximate this depth.

These water-bearing sandstones are likely to be part of the frequently occurring
and thick sandstone layers described as being present in the upper claystone unit.
It is unlikely that they are part of a continuous aquifer system, although they may
be continuous enough to outcrop or subcrop, and be recharged west of the West

Spray Field.
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2.2.6 West Spray Field Surface Water Hydrology

There are no surface water bodies within the boundaries of the West Spray Field. However,
numerous small, natural, drainage channels cross the site and serve to direct surface runoff to
off-site surface water bodies. As discussed in Section 1.3.3.4, general topography slopes to the

east and to stream drainages.

There is a very slight topographic high that appears to be less than five feet in relief and bisects
the West Spray Field from east to west. On the north side of this topographic high, surface
water primarily runs overland to the east; but, near the northern border of the spray field, it also
runs northeast to the Walnut Creek drainage immediately north of the spray field. On the south
side of the topographic high, surface water also primarily runs off-site to the east; but, near the
southern boundary of the site there is some runoff to the drainage ditch paralleling the road.

If this ditch overflows, runoff would be to the drainage of Woman Creek.

2.3 NATURE OF CONTAMINATION
2.3.1 Source Characterization

Liquids applied in the West Spray Field were derived from Solar Evaporation Ponds 207-B
North and 207-B Center. Approximately 66,000,000 gallons of wastewater were applied at the
West Spray Field during its operation. Of this quantity, approximately 9,000,000 gallons were
taken from 207-B North, and 57,000,000 gallons were taken from 207-B Center (Rockwell,
1988a).

The contents in Pond 207-B North during operation of the West Spray Field generally consisted

of groundwater collected in the trench interceptors and french drain system located in the hillside
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north of the Solar Evaporation Ponds (U.S. DOE, 1991e). The Interceptor Trench System (ITS)
collected groundwater and has historically prevented seepage and groundwater recharge near the
Solar Evaporation Ponds from entering North Walnut Creek. The liquid is piped to Pond 207-B
North from the low point of the interceptor system, i.e. the interceptor trench pump house.
Because the Interceptor Trench System collects groundwater downgradient of the Solar
Evaporation Ponds, the recovered groundwater could possibly contain constituents which may
have migrated from any of the ponds. As a result, the types of liquids and known contaminants
identified in each of the Solar Evaporation Ponds are summarized briefly at the end of this

source characterization.

The other source of wastewater which was applied to the West Spray Field was Evaporation
Pond 207-B Center. The liquid contained in Pond 207-B Center generally consists of effluent
from the Rocky Flats sanitary sewage treatment plant. However, some seépage contents from
Pond 207-B North collected in the interceptor trench system have also been placed in Pond
207-B Center.

Sampling to characterize the waste composition of the liquids from 207-B North, 207-B Center,
the interceptor trench pump house (ITPH) and the sewage treatment plant has taken place
periodically from 1984 to 1988. During the period of 1984 to 1985, several indicator
parameters were monitored on a weekly basis in the Solar Evaporation Ponds (U.S. DOE,
1985). These weekly analyses were conducted. prior to the spray application of the liquids to
the West Spray Field and included the following parameters: pH, nitrate (as nitrogen), gross
alpha and gross beta. Two sets of metal analyses of Ponds 207-B North and Center liquids were
performed in October 1984 and April 1985. The data from the 1984 and 1985 sampling efforts
follows as Table 2-3. The last page of this Table provides a key to the various sampling

programs which generated the data presented. The data suggest that the applied liquids
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contained slightly elevated concentrations of metals. The samples also exhibited elevated levels

of nitrates, gross alpha, and gross beta.

The liquids from Pond 207-B North and the ITPH were also sampled in 1986, 1987 and 1988
(refer to Table 2-3). In the 1986 sampling, a few metals were identified above the detection
limit but selenium was the only primary drinking water metal detected above the EPA Contract
Laboratory Program (CLP) contract-required detection limit (CRDL). Gross beta and uranium
were also detected in Pond 207-B North samples and in the ITPH liquid samples.

Various volatile organic compounds were detected in the liquid samples from the 207-B Ponds
and the ITPH. Methylene chloride was detected in all three samples collected from Pond 207-B
and ranged in concentration from 19 to 35 micrograms per liter (ug/l). It was also detected in
two of the samples analyzed from the ITPH (10 and 15 ug/l). However, because methylene
chloride was also present in the sampling blank at a concentration of 71 ug/l for the 207-B
samples and at 99 ug/1 for the ITPH sampling blank, these detections appear to be the result of
laboratory contamination. Chloroform, carbon tetrachloride, and trichloroethylene were also
identified in the liquid samples collected from the ITPH. Chloroform was present in two
samples at 3 and 6 ug/l; carbon tetrachloride was found in three samples at 7, 6, and 7 ug/l; and
trichloroethylene wés detected in three samples at 7, 8, and 8 ug/l. These samples were
gathered during specific sampling efforts, and volatile organic chemical analysis was not

included in prior weekly or quarterly analyses.

Two sediment samples were collected from the ITPH during the 1986 investigation. Methylene
chloride was the only volatile organic compound detected in the ITPH sediments (27 and 44
ug/kg). It was also reported in the sampling blank at 24 ug/kg and is, therefore, considered to
be a laboratory artifact. Pesticides and PCBs were not found in the ITPH liquid and sediment
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samples. Semi-volatiles were not found in the ITPH and 207-B North liquids. Analysis of .
nitrates and radionuclides were not performed as part of the 1986 investigations.

In order to identify other contaminants which could possibly be present in the groundwater
collected by the ITS, previous analyses of liquids and sludges in all of the Solar Evaporation
Ponds were reviewed. The chemical constituents identified in these analyses could have been
present in water applied to the West Spray Field only if these constituents were present in water
which migrated from the ponds to the shallow water table and was collected by the ITS.
According to a historical summary presented in the "Phase I RFI/RI Work Plan, Solar
Evaporation Ponds, 1991," Pond 207-A contained process wastewater from 1956 until 1986, and
was briefly used as overflow capacity to hold groundwater collected by the ITS in 1990. Ponds
207-B North, Center, and South contained process wastewater from 1960 until 1977. Since
being cleaned out in 1977, the Center and South ponds have held treated sanitary effluent,
treated water from the Reverse Osmosis Facility, backwash from the Reverse Osmosis Facility,
and ITS groundwater. The North pond has been utilized for ITS recovered groundwater storage
from 1977 until the present. The ITS water is not treated prior to being pumped to the north
pond. Pond 207-C held process waste from 1970 until 1986. This pond has not been actively

used since then. All of these ponds are lined to prevent releases of water to the subsoil.

Sample analysis results since 1983 in water and sludge in Pond 207-A were summarized in the
1991 OU4 RFI/RI Work Plan. Therefore, many of these samples represented process
wastewaters formerly held in this pond, and may be indicative of the types of contaminants
present in earlier process wastewaters. The inorganic analytes detected in these analyses
included various radionuclides, beryllium, and cyanide. Organic compounds detected included
the volatile compounds acetone and tetrachloroethylene, and the semivolatiles ﬂuoranthéne, di-n-
butylphthalate, and bis(2-ethylhexyl)phthalate.
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Ponds 207-B North, Center, and South have been sampled since the time they ceased being
utilized for process wastewater storage in 1977. These analyses indicate levels of the nitrate,
chloride, and sulfate anions as well as the sodium, potassium, calcium, and magnesium cations
which are elevated over background levels for shallow groundwater and surface water (EG&G,
1990c). Various radionuclides and metals have been detected at low levels, with the most

elevated radionuclide levels belonging to the uranium-234 and uranium-238 isotopes.

Because the 207-C Pond also held process waste until 1986, analysis of the liquid and sludge
from this pond could also indicate contaminants potentially recovered by the ITS and transferred
to the West Spray Field. Past analyses of pond liquids and sludge have detected high nitrate and
cyanide concentrations as well as elevated levels of cadmium, chromium, copper, and nickel.
The radionuclides present in the liquids and sludge included americium, plutonium, uranium,
and tritium. The only organic compounds in the 207-C Pond liquids reported in the OU4
RFI/RI Work Plan were acetone, the pesticide diazinon and the herbicide simazine. Diazonon
is widely used to control soil, crop, and household pests. Simazine is used to control broad-leaf

weeds. Neither compound was detected in Pond 207-C sludge.

2.3.2 Soil

This section presents an overview of the previous investigations conducted to assess soil
contamination associated with the West Spray Field. The investigations summarized include
both on-site and background evaluations. Sample locations, analysis parameters, and data

validity are discussed and an overview of any remaining data gaps is presented.
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2.3.2.1 History of Known Releases at OU11

As discussed in Section 2.1, the West Spray Field was operated from April 1982 to October
1985. The total application of liquid from Pond 207-B North and 207-B Central to the West
Spray Field during its period of operation was calculated to be 9,000,000 and 57,000,000
gallons, respectively. ’

2.3.2.2 Previous Soil Sampling Activities at OU11

The 1986 sampling of the West Spray Field was an attempt to identify the extent, if any, of
contamination. Nine locations were sampled. The X and Y coordinates for 'sampling locations
were chosen within a 400 foot diameter area using a random number table. At each location,
a surface scrape was collected using a disposable plastic scoop. In addition, two subsurface
samples were collected from each location; one from 0-6 inches and one from 6-12 inches below
ground surface using a split tube sampler driven with a sledge hammer to the desired depth.
Each sample interval from all of the sampling locations were then composited resulting in three
composite samples from the three depths. The 1986 sampling plot was not in an area of direct
spray application but was affected in spots by surface runoff and possibly windblown liquids.
At the time of sampling, it was believed this area received application from the spray impulse
cannon in the West Spray Field. Information obtained subsequent to sampling and testing
indicated the sample area was only affected by surface runoff, and perhaps windblown spray
from application in Area 1. Table 2-4 lists the 1986 soil sampling parameters for the West

Spray Field and samples collected from the Buffer Zone to be used as background samples.

In 1988, 12 test pits (WSF-01 to WSF-12) were excavated with a backhoe and three soil samples

were collected for chemical analyses from each location at varying depths. Table 2-5 lists the
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1988 soil sampling parameters for the West Spray Field Test Pits. The analytical data from both
the 1986 and 1988 sampling programs are discussed in Section 2.3.2.4.

The soil sampling conducted to date in the West Spray Field provides a general idea of the types
and levels of contamination which may be present in the West Spray’ Field soils. These general

findings, including a discussion of laboratory contamination, are addressed in this section.
2323 Development of Background Soil Chemistry Information

Background metals and radionuclide concentrations in soils have been developed from two sets
of samples. An area the same size as that used to collect the 1986 soil samples was used to
gather background samples and generate one set of data. A more comprehensive, site-wide

background characterization was conducted in 1989 and published in 1990.

The 1986 background sampling and analysis was conducted in the west buffer zone (Figure 2-1)
(Rockwell, 1988a). The top ‘one foot of soil (Rocky Flats Alluvium) west of the West Spray
Field was sampled. Eighteen locations were pooled into three composite samples (consisting of
six cores randomly selected). The same methodology that was used to select the sampling
locations for the previously mentioned 1986 background study was used for this sampling
activity (Rockwell, 1988a). This sampling is not considered a complete characterization of
background alluvial and bedrock materials, however, it serves as a basis for assessing potential

contamination.

The 1989 sampling was performed as part of the Rocky Flats background geochemical
characterization study. According to this study (Rockwell, 1989) samples were collected from

nine borings in the Rocky Flats Alluvium. Samples from the alluvium materials were collected
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from the plant’s southwestern and northern buffer zones. These boring locations are illustrated

in Figure 2-7.

Split-spoon samples were collected to total depth in each borehole. A three-foot composite
sample was collected at the surface of each borehole. Rocky Flats alluvium samples had six-foot
composites collected three feet below ground to the alluvium/bedrock contact (unless a
lithologically distinct layer greater than two feet was encountered). Seventy samples were

collected from the alluvium.

Table 2-6 summarizes metals and radionuclide background values determined from this study.
A separate off-site investigation is being conducted to verify the background concentration range
of plutonium in surficial soils (Rockwell 1989). The mean and tolerance values obtained from

the 1989 study are generally similar to the values determined from the 1986 background study.
2324 Soil Sample Analysis Results
Metals

The soil samples collected in the West Spray Field during the 1986 sampling were analyzed for
the metals listed in Table 2-7. Review of the metals data from the 1986 soil sampling effort
indicates slightly elevated concentrations of arsenic, lead, manganese, and zinc (Table 2-7).
Arsenic occurred at concentrations of up to 9.2 mg/kg in the surface scrape samples. Lead was
also reported slightly above the mean background value (8 mg/kg) in several samples. Most of
the samples contained manganese at levels higher than the upper tolerance interval (235 mg/kg)
determined from the background data. Zinc was also elevated above the mean background value

(24.2 mg/kg) in most samples.
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Soil samples collected in 1988 from the West Spray Field test pits were analyzed for lead and
mercury. These metals were chosen because previous analyses had shown them to be present
in the spray application liquids. Mercury was not reported above background in any sample
analyzed from the 1986 sampling effort. However, mercury was present in six samples collected
in 1988 from the test pits above the background detection value of 0.15 mg/kg (Table 2-8). The
values ranged from 0.20 to k0.46 mg/kg. In addition, eight samples exhibited concentrations
above the background detection limit value of 0.1 mg/kg but were estimated values since they
were below the laboratory detection limit. These detection limit values range from 0.12 to 0.18
mg/kg. Although mercury consistently appeared in the 1988 soil samples above the background
detection limit standard, there does not seem to be a pattern relating the mercury concentrations
to a particular depth or area since mercury was reported in all but two of the test pits and the
depths from which the samples were collected ranged from 0.9 feet to 4.6 feet. Lead was
reported above the mean background concentration of 8 mg/kg in every sample from the test

pits.
Radionuclides

Radionuclides are analyzed by counting particles which are randomly emitted during radioactive
decay. The rate of decay per unit time is more precisely determined for the material as the
counting period increases. Because actual samples are counted for finite periods of time, there
will always be uncertainty associated with any measured value. Radionuclide concentrations are
thus reported as a measured value plus or minus a two standard deviation counting uncertainty
(error term). This uncertainty is indicated in parentheses immediately following the measured

value.

A determination that two radionuclide concentrations are different from each other requires a

statistical analysis incorporating this uncertainty. Because of the significant overlap of the
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probability distributions, radionuclide concentrations with error terms larger than their respective
measured value are not considered statistically different from the background values. If the
measured value for a radionuclide falls within the measured background range, it is not
considered to be above background levels regardless of the error term. This is the basis for
stating that radionuclide concentrations are within background ranges. Similarly, if the measured
sample value minus the error term is greater than the measured upper limit background value
plus the corresponding error term limit of the background range, it can be considered to be
statistically different from background. This leaves a range of measured values and error terms
for which it cannot be definitely stated whether the radionuclide concentration in the sample is
different from background. Even if a value in this range were determined to be different from

background, it would be extremely low.

The radionuclide results from the 1986 soil sampling program (Table 2-9) have been compared
to background levels summarized in Table 2-6, which were developed in 1989. Levels of gross
alpha were consistently above the upper tolerance interval in the surface scrape samples but
appeared to agree with background levels at 6-12" depth. Gross beta does not exceed the upper
tolerance interval, but every value is higher than the background mean of 23.5. Other species
consistently above the upper tolerance interval include: plutonium, uranium-233, -234, and

uranium-238.

Levels of uranium-233, -234, uranium-238, and plutonium were found above the background
levels to which the 1988 test pit soil samples were compared (Table 2-10). Plutonium
concentrations were reported above background ranging in concentration from 0.37(0.06) to
0.59(0.06) pCi/g. The highest concentrations are generally at the surface which indicates that
plutonium was a constituent of the water applied in this area and was rapidly attenuated from
further migration. The specific source of the plutonium, however, is unknown as previous

analyses of the applied wastewaters have not shown the presence of plutonium. This trend is
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not observed in the uranium species. It is possible, however, that continued spray application
of waste water containing non-detectable concentrations of plutonium could concentrate this
species in the surface soil as a result of evaporation. Additionally, plutonium may have been
wind deposited as a result of dust migration from the 903 pad although predominant winds are

usually to the east.
Nitrate

Nitrates were not analyzed in the 1986 soil samples. However, soil samples collected from the
test pits in 1988 were analyzed for nitrate (as nitrogen) (Table 2-11). All of the samples
exhibited concentrations well above the background mean (9 mg/kg). There appears to be no
distinct pattern correlating concentrations of nitrate with depth. The samples containing the

higher conCentrations were collected from various depths within the pits.
Organic

Several Hazardous Substance List (HSL) organics were found in soil samples at concentrations
above detection limits. Although these results could be indicative of contamination, they could
also be the result of laboratory contamination. Generally, indication of possible laboratory
contamination is provided by comparison with laboratory blanks but no analyses for laboratory
blanks were included with the volatile organics analytical results for the 1986 soil samples and
1988 test pit soil samples. Therefore, it is not possible to evaluate for certain whether the
detected concentrations of acetone, methylene chloride, trichloroethene, chloroform, carbon
disulfide, toluene, 1,1,1-trichloroethane, and 1, 1,2-trichloroethane are laboratory contaminants.
However, inspection of the data in Tables 2-12 and 2-13 indicates that volatile organics are
rgenerally near or below detection limits. In most cases, concentrations of the organic

compounds are estimated below the detection limit.
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2.3.2.5 Overview of Additional Soils Data Required

In order to adequately characterize the vadose zone soils in the West Spray Field, sampling
locations must include a statistically significant number of samples in: the areas which received
direct spray applications (Areas 1, 2, and 3 shown on Figure 2-1), the areas impacted regularly
by surface runoff (the channel features shown on Figure 2-8, and the areas which are likely to
have received no application, windblown spray, and/or occasional surface runoff. This was not
achieved in either the 1986 or the 1988 soil sampling programs. The 1986 sampling area
included two channels which regularly carried runoff as seen in the 1986 aerial photograph. The
remainder of the sampling area would have received only occasional windblown spray and/or
surface runoff. In addition, because the sampling was conducted in one area, it may or may not
be completely representative of the entire OU area. Because of the variability in windspeed at
the site and operating hours of the spray irrigation system, the extent of area impacted by
windblown spray cannot be accurately estimated. Data analysis of future sampling in areas not
subject to direct application can be used to estimate the change in concentrations with distance

from the direct application areas.

The twelve test pits excavated in 1988 attempted to sample soils in all three former direct
application areas, runoff channels, and occasionally impacted areas. The locations of testing in
comparison with these various areas are shown in Figure 2-1. As a result, the data gathered in
- the soils to a depth of five feet should be representative of the site as a whole for the parameters

measured. However, the only metals analyzed for in this program were lead and mercury.

The other requirement for vadose zone characterization is acquiring samples throughout the
depth of the vadose zone. Neither historical characterization acquired samples from any depth
greater than five feet. Because of the tendency for metals and radionuclides to attenuate rapidly

with depth by adsorption onto soil particles, it is unlikely that these materials are present at
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levels of concern at greater depths if not present at levels of concern in shallow soils.
Confirmatory sampling at depths greater than five feet to the maximum depth of the vadose zone

will be needed if contamination is found in the shallow soils.

The quality and useability of the data presented in this Section is summarized in Section 4.1.2.
Future sampling to be conducted to remedy the current data deficiencies is discussed in detail

in Section 6.3.
2.3.3 Groundwater

This section describes the investigations to date which have developed groundwater data for the
waters potentially impacted by OU11 activities, and for background water quality. Although
investigation of groundwater impacts is scoped as a Phase II activity, the historic data is
presented here as a means of summarizing data on all environmental media at the site prior to
introducing Data Quality Objectives or details of future sampling. The sufficiency of existing
groundwater data will be evaluated in the Phase II RFI/RI Work Plan.

2.3.3.1 . History of Known Releases at QU11

Due to the nature of the activities at the West Spray Field, the potential impacts on groundwater
would be the result of downward flow of surface-applied wastewater through the Rocky Flats
alluvium to the alluvial aquifer. The impact could range from increased recharge to the addition

of inorganic, radionuclide, and/or organic chemical contamination.
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2.3.3.2 Previous Groundwater Sampling Activities at OU11

As a RCRA regulated unit at the Rocky Flats Plant, the West Spray Field has been subject to
regular and ongoing groundwater monitoring since 1986. Currently, six monitoring wells are
screened in the Rocky Flats Alluvium within the boundaries of the West Spray Field waste
management area. These wells are numbered 0582, 0682, 4986, 5086, B411289, and B411389.
An additional six alluvial monitoring wells are located along the boundary of the waste
management area and are numbered B410589, B410689, B410789, B110889, B110989, and
B111189. Three other alluvial wells are located upgradient of the West Spray Field based on
topography and hydraulic gradient, and have historically been used for background
measurements. These wells are numbered 1081, 5186, and 0782. The final location of
monitoring wells is downgradient from the waste management area. This water quality is
characterized- using wells 0981, 4586, 4786, and 5086. The locations of the wells are shown
on Figure 2-1. These wells are sampled quarterly and the results of sampling are documented

in an annual report.

Bedrock water quality in the area of the West Spray Field is determined by sampling wells 5286,
4886, and well 4686. These wells are completed in unweathered sandstone. Well 5286 is
located immediately west of the unit boundary; well 4886 is located on the east edge of spray
area 2, and well 4868 is north of the unit boundary potentially downgradient from spray area 1.

These well locations are also shown on Figure 2-1.
2333 Development of Background Groundwater Chemical Properties
An investigation of the background water quality for the various hydrologic units at the Rocky

Flats Plant was presented in the Background Geochemical Characterization Report for 1989
(EG&G, 1990c). This report includes the raw data and statistical reduction of information from
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wells at various locations judged to be appropriate for background measurements. Because the
West Spray Field is located on Rocky Flats Alluvium over bedrock of the Laramie Formation,
the wells which develop background characteristics for ther alluvium are used for comparison
with alluvial wells associated with OU11. Bedrock wells completed for this study which are
screened in unweathered sandstone are used for comparison with the results of bedrock wells
associated with OU11.

Groundwater in the Rocky Flats Alluvium was characterized in the Background‘ Characterization
stﬁdy by completing eight new wells and sampling these and one existing well. The wells are
numbered B400189, B400289, B400389, B400489, B200589, B200689, B200789, B200889, and
B405586. The wells are located in two groupings, one in the buffer zone north of the main
plant, and one in' the southwest portion of the buffer zone. These wells are located and
identified in Figure 2-7. The southwest group was intended to characterize the alluvium typical
of the West Spray Field. As part of the statistical data reduction, the populations of analyte
concentrations were compared for these two groups to note statistically significant similarities

and differences in the alluvium as a whole.

The Background Geochemical Characterization Report data indicated that the concentrations of
the various inorganic species and radionuclides were not statistically different in the southwestern
buffer zone well samples versus the northern buffer zone well samples. This was true for all
parameters except the concentration of chloride. This conclusion is important because
_potentiometric surface maps of the West Spray Field and northern buffer zone indicate that one
or more of the background wells could be impacted if contaminants reached the alluvial
groundwater beneath OU11 and were transportéd downgradient. The lack of a statistical
difference between the two sets of background wells indicates that OU11 is not impacting these
wells. Several possible reasons for this include: OU11 is not contributing contaminants to the

groundwater, dilution and attenuation have reduced potential contaminant concentrations to
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within background ranges, potential contaminanté migrating from the Spray Field area have not
reached any of these background wells, or there is not actually a hydraulic pathway from the
spray field area to any of these background wells. The reason for the apparent difference in

chloride concentrations between the two groups is not known.

Based on the statistical conclusions reached in the Background Characterization Report, the
reduced data tables reported for the two groups of alluvial wells as a whole are used to compare
to the data from alluvial wells associated with OU1ll. These data tables are included as
Table 2-14.

Background bedrock water quality has been assessed by completing twenty-one wells into three
types of bedrock materials: weathered claystone, weathered sandstone, and unweathered
sandstone. The Background Characterization Report concluded that the analyte concentrations
were statistically different between each of the various lithologies in which the various wells
were completed. As a result, the only background bedrock water quality data which can be
compared to bedrock water quality data is that which is obtained from wells completed in the
same lithologic unit as the OU11 wells. The bedrock monitoring wells in the area of the West
Spray Field are completed in unweathered sandstone of the Laramie formation. As a result, the
three wells in the Southern Buffer Zone and the six wells in the North Buffer Zone which were
completed in the unweathered sandstone were used to assess background water quality in the
bedrock aquifer. The south wells are numbered B304289, B304989, and B405289. Wells
B203789, B203889, B203989, B204089, B204189, and B204689 are located in the North Buffer
Zone. A summary of the bedrock water quality information is reproduced from the 1989

groundwater monitoring report as Table 2-15.
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2.3.34 Groundwater Sampling Analysis Results

The most recent compilation of alluvial and bedrock groundwater analysis results was présented
in the Final 1990 RCRA Groundwater Monitoring Report (EG&G, 1991c). The 1990 results
indicate that two upgradient wells immediately west of OU11 (well 5186 and well 1081) have
been contaminated by nitrate. This may be the result of proximity to the direct spray application
Area 1 or groundwater gradient changes resulting from past dewatering of the gravel/clay pits

west of the site or recharge from the site.

The final 1990 RCRA Ground water Monitoring Report also concludes that 1990 ground water
chemistry data indicate that the West Spray Field is contributing nitrate/nitrite, TDS, uranium-
233, 23K and some metals to the alluvial ground water. The presence of nitrate/nitrite and
TDS in wells throughout the West Spray Field at elevated concentrations is consistent with
conclusions made in the 1989 Annual RCRA Ground-Water Monitoring Report for Regulated
units at Rocky Flats Plant (EG&G, 1990a). In 1990, nitrate/nitrite was detected upgradient and
1S the eastern portion of the West Spray Field at similar concentrations and at doncentraﬁons
close to background levels. Total dissolved solids were consistently detected above background

concentrations upgradient, within and downgradient of the West Spray Field in 1990.

Per the 1990 report, Uranium-233, 234 was detected above the representative background
concentration in two wells in the first quarter of 1990 (wells B410589 and B110989). Uranium-
233,234 was also detected in wells 4986 and B410589 in the fourth quarter of 1990, but was not
detected above background during the previous three quarters of 1990. Other radionuclides
reported as above background concentrations in 1989 inéluding plutonium-239,240, tritium,
americium-241 and cesium-137 were not detected in ground water in 1990. Uranium-233, 234

was not analyzed in 1989. Manganese and, to a lesser degree, iron were consistently detected
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above background concentrations. The manganese occurred in wells within the western portion

of the West Spray Field and the eastern border of the site.

Although the 1990 RCRA Ground Water Monitoring Report concludes that the West Spray Field
is contributing various chemical constituents to alluvial ground water, the above background
concentrations of major ion, metal and radionuclides may also represent natural geochemical
variations in ground water quality. This alternate hypothesis is offered because of the apparent
infrequent occurrence of above background levels and the near background concentrations of the

constituents of concern.
2.3.3.5 Overview of Additional Groundwater Data Requirements

A sampling program for alluvial and bedrock groundwater will be developed as a Phase II
activity. However, for purposes of completing the discussion of existing investigations of the
environmental media at OU11, the existing groundwater information has been summarized.
Based on the quantity and useability of the currently available data, the existing network of on-
site and background wells in both the Rocky Flats Alluvium and unweathered sandstone bedrock
appears to provide a representative and statistically significant data set of measurements. This
data set allows statistical comparison of contaminant levels. The various wells are also
positioned upgradient of application areas, within application areas, and downgradient of
application areas in locations which should respond to migration of chemical constituents from
the source areas. A detailed determination of the need for additional data will be presented in
the Phase II OU11 RFI/RI Work Plan. The background wells drilled in the North Buffer Zone,
especially the alluvial wells, could conceivably be impacted by flow from the West Spray Field,
based on published potentiometric surface maps (Rockwell, 1988a) An ongoing comparison is
planned to verify that the cluster of background wells in the North Buffer Zone yields
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statistically similar background values to those generated from wells in the Southern Buffer
Zone.

2.3.4 Surface Water

The following paragraphs provide a summary of surface water sampling which has been

conducted, either as an investigation of releases from OU11 or background surface water quality.
2.3.4.1 History of Known Surface Water Releases

The entire volume of water discharged to the West Spray Field was a surface release. The
intent of the spray application design was to achieve one-hundred percent infiltration into the
porous soil and alluvium at the site. However, complete infiltration was not achieved on a
continual basis. As the soil and alluvium became saturated by continued periods of application,
or if rain or snowfall had already partially saturated the site, surface runoff was induced.
Largely this was confined to shallow drainage patterns within the unit boundary. Several of
these drainages can readily be seen on aerial photographs and are visible on Plate 2-1 and
Figure 2-8. On several occasions, surface water runoff was not confined to the unit boundary
and flowed into the Walnut Creek drainage system. In June, 1982, the combination of heavy
rains and spray irrigation led to observations of running water which entered the West Diversion
Ditch and flowed into Walnut Creek. The quantities of this flow, chemical characteristics, and
resulting stream concentrations in Walnut Creek are not known. This occurrence was again
noted in December of 1982. Spray water was found to be draining toward Walnut Creek from
the Spray Field. The immediate response was to dam this flow, and relocation of parts of the
system was proposed. Again, the volume and chemical characteristics of the water which

entered the Walnut Creek drainage is not known. No subsequent information was located -
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detailing any resultant system modifications. Surface water flows again reached Walnut Creek

in January, 1983. This event was noted as being comprised of water from Pond 207-B North.

A well-documented surface water flow event occurred in October, 1984 (Rockwell, 1984b). In
the week following a snowstorm, a total of 929,000 gallons of water was released to the Spray
Field. The nitrate level of the last 563,000 gallons of this water had been determined to be
roughly 560 milligrams per liter. The runoff water from the spray irrigation area flowed to
Walnut Creek via McKay Ditch. Measurements of water nitrate level were conducted on
samples gathered from Walnut Creek at Indiana Street. These measurements peaked at 2.5-10
milligrams per liter. In response to this event, an internal policy was proposed to discontinue
spray irrigation following a heavy rainfall or snowfall. A NPDES Violation Report to the EPA
and Colorado Department of Health mentioned that a two-foot trench had been dug around the
irrigation area. This trench is visible on subsequent aerial photographs on the north and east

sides of the irrigation area, and can be seen on Plate 2-1.
2.3.4.2 Previous Surface Water Sampling at OU11

With the exception of the sampling described above in response to surface water flow off of the

boundaries of the waste management unit, no surface water sampling information is available.
2343 Development of Background Surface Water Chemical Properties

The 1989 Background Characterization Report developed data for several surface water stations
across the plant site. Eleven surface water monitoring stations were selected which were
upstream of all sites and units. Five stations were located in Woman Creek and tributaries.
Two were located in tributaries of Walnut Creek, and four stations were located along the Rock

Creek drainage. Sampling was attempted at each station during all four quarters of 1989, but
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several stations were dry during the summer and early fall. Analysis results for these samples
did not indicate any obviously contaminated locations which would jeopardize the validity of use

as background data.
2.3.4.4 Overview of Additional Data Requirements

Because spray irrigation is no longer performed at OU11 and there are no resulting surface water
flows induced by activities at the West Spray Field, it is more appropriate to sample the surficial
soils in the drainages known or likely to have been impacted by past activities. A program of
surface water sampling is made more difficult because there are no perennial flows within the

- boundary of OU11. No additional surface water sampling is planned.

2.3.5 Sediment

The potential impacts to stream sediment are discussed in the following paragraphs. Previous
on-site, off-site, and background sampling and analysis programs are summarized. It should be
noted that soil within former drainage channels at the West Spray Field may not represent true
stream sediment as it is unknown as to whether water flow within the West Spray Field was

sufficient to mobilize geologic material.
2.3.5.1 History of Known Releases to Sediments

Several locations of potentially impacted sediment are suspected from past events of surface
water flow from the spray application areas and from aerial photographs. The flow energy
within the surface runoff channels may or may not have been of a sufficient energy to
accumulate a sediment. In any case, surficial soil in the runoff areas could be impacted as a

result of deposition of particles containing adsorbed contaminants, or direct adsorption of
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contaminants dissolved in the surface water runoff. The surface runoff channels or drainages
both within and outside the waste management unit boundary which could be impacted as a
result of known surface water flows are highlighted in Figure 2-8. These drainages include the
areas of historic surface water flow inside the unit boundary, the trenches dug around the West
Spray Field and visible in the aerial photograph, McKay Ditch, and North Walnut Creek to

Great Western Reservoir.
2.35.2 Previous Sediment Sampling Activities at OU11

No sampling and analysis program designed to delineate the quality of stream sediment
associated with water runoff from the application areas has been conducted. It is possible that
the 1986 sampling obtained stream sediment samples in the surface scrapes that were gathered,

but these were not separately noted or analyzed.
2.3.53 Development of Background Sediment Chemical Properties

Ten sediment stations paired with surface water sampling stations were sampled in order to
characterize the background sediment quality. The locations of these samples appear unlikely
to have been impacted by activities at the West Spray Field or other site activities (EG&G,
1990c and 1991d). Each location was sampled twice in 1989. The results of the analysis did
not indicate any obvious contamination which would jeopardize use of the results as background
data.

2.35.4 Overview of Additional Data Requirements

As an extension of the soil sampling plan for OU11, soil data from within areas of former runoff

channels will be necessary. This is a Phase I activity, insofar as the runoff channels within the
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unit boundary are concerned. Additional sampling will be required in the conveyances to
McKay ditch, and within McKay ditch upstream of other units. Because surface water
conveyances from other waste management units at the Rocky Flats Plant have entered both
McKay Ditch and North Walnut Creek, the impact of runoff from OU11 can only be assessed
by sampling these drainages upstream of the entrance point of other potentially contaminated

water flows.
2.4 SITE CONCEPTUAL MODEL

The site conceptual model is employed to identify known and suspected sources of
contamination, types of contamination, impacted media, contaminant migration pathways, and
human and environmental receptors. The primary purpose of developing a conceptual model
for the West Spray Field is to identify exposure pathways by which human populations and
ecolbgical biota may be exposed to contaminants. The site conceptual model is tied directly to
the development of the RFI/RI data quality objectives, and subsequently to the development of
the field sampling plan which specifies site sampling activities. The goal of linking the
conceptual model to the field sampling plan is to focus the RFI/RI field activities on the
collection of data that is useable in the Baseline Risk Assessment which evaluates human health

and ecological risks.

Per U.S. EPA "Risk Assessment Guidance for Superfund, 1989," an exposure pathway is
considered complete if it includes the following five components: a contaminant source, release

mechanism, transport medium, exposure route, and receptor (refer to Figure 2-9).

The conceptual model provides an overview of potential exposure pathways that may result from
releases and their relative poteniial for occurrence. Some exposure pathways have a higher

potential for occurrence than others. In addition to identifying exposure pathways, the fate and
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mobility of the contaminants for each potential source and each relevant transport medium are
evaluated as part of the conceptual model. The individual components of the WSF conceptual
model are discussed in the subsections that follow. In addition, based on preliminary analysis,
the conceptual model elements that are specific to the West Spray Field - QU 11 are depicted
in Figure 2-10. The Baseline Risk Assessment Plan (BRAP) and Environmental Evaluation
- Work Plan (EEWP) are discussed separately in Sections 8.0 and 9.0, respectively.

2.4.1 Sources of Contamination

The sources of contamination must first be identified in designing a conceptual model. Sources
of contamination at a site are typically the transport media which are known to have been or are
suspected to have been directly affected by releases. Based on this assumption and on the nature
of West Spray Field contamination, as discussed in detail within Section 2.3, OU11 contaminant
sources stem primarily from the historical spray-application of excess liquids from the Solar
Evaporation Ponds (207-B North and 207-B Center). Application of the liquids is known to have
occurred at three separate subareas within the West Spray Field from 1982 to 1985. During this
period, the sprayed wastewater may have directly impacted environmerital media, particularly
surface and shallow soils in the spray-application areas and in nearby drainages, which are now

potentially acting as on-going sources of contamination.

While the impact of the wastewater to surface and shallow soils in the three spray-application
areas and in drainages are the primary sources of OU 11 contamination, potential secondary
sources include impacted subsurface soils and vadose water, transported dust, groundwater, and
biota. These potential sources are categorized as secondary due to the fact that they must extend
either from the historically applied wastewater or from on-going releases from surface and

shallow soils.
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2.4.2 Types of Contamination

In order to initially scope the types of contamination present, data regarding the chemical content
of the wastewater that was applied and data regarding preliminary environmental sampling at the
West Spray Field was considered, which is outlined in Section 2.3. Liquids within the Solar
Evaporation Ponds 207-B North and 207-B Center originated from several waste streams and
an interceptor trench system as discussed in Section 2.3. Compounds identified within the ponds
at various times include nitrates (as nitrogen), metals (including beryllium, cadmium, chromium,
copper, nickel and selenium), cyanide, volatile organic cbmpounds, semi-volatile compounds,
two pesticides (diazinon and simazone), and radionuclides (including gross alpha and beta,

americium, plutonium, uranium, and tritium).

In addition to assessment of the waste streams applied to the West Spray Field, preliminary
screening of the types of environmental contaminants present has been conducted (refer to
Section 2.3 for specific details). Surface and shallow soils (to an approximate depth of five feet)
in the West Spray Field area have been found to exhibit concentrations of radionuclides and
nonradioactive contaminants above estimated background levels (refer to Section 2.3.2.4 for
specific details). Contaminants include nitrates, heavy metals, and plutonium. Volatile organic
compounds have also been identified at trace concentrations in soils, however, their presence has
not been validated.

Recent monitoring of alluvial wells within the present West Spray Field - OU 11 boundaries has
also identified nitrates, and several metals above estimated background concentrations in
groundwater (EG&G, 1991c). Additional constituents in groundwater that have exceeded
background estimates include magnesium, sodium, and uranium-233,234. Radionuclides
identified during the 1989 ground water monitoring program within the West Spray Field area

included tritium, americium-241, cesium-137, and plutonium-239. None of these compounds
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were found within the four rounds of sampling during 1990, which indicates the 1989 data is
suspect. Data relative to air quality in the West Spray Field area have not been collected to
date. The only surface water identified at the West Spray Field is runoff associated with
precipitation events. Therefore, the collection of surface water and sediment data is generally

inapplicable to the West Spray Field site.

2.4.3 Release Mechanisms

Following the identification of contaminant sources and types, release mechanisms are evaluated.
Release mechanisms are physical and/or chemical processes by which contaminants are released
from the identified sources. This includes mechanisms which release contaminants directly from
the source and those which release contaminants from impacted transport media. An evaluation
of West Spray Field release mechanisms associated with the historically applied wastewater,
contaminated soils and other minor contaminant sources are discussed in the following

paragraphs.

2.4.3.1 Historical Release Mechanisms

Due to the large volume of water that was applied to the West Spray Field over a relatively short
period of time, it is possible that a portion of the water infiltrated into the vadose zone, resulting
in impacted subsurface soils and vadose water. Following percolation, some contaminant-
bearing vadose water may have extended vertically into alluvial groundwater. Surface seeps or
springs provide an additional release mechanism, however, no seeps have been documented for
the West Spray Field area (Hydro-Search, Inc., 1985).

Depending upon application rates during spraying activities, significant surface run-off of the

wastewater and subsequent soil deposition in drainages within the West Spray Field area may
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have occurred. This is supported by the discussion within Section 2.2.1.1. Distinct drainage
patterns within the West Spray Field boundaries, identified via vegetative changes as seen in the
‘aerial photographs, support the conclusion that significant run-off occurred. This is additionally
supported by the construction of the ditch system along the north and east portions of the WSF

during 1984 used for the collection of site run-off.

As discussed in the Physical Setting Section 1.3.3, minimal run-off could have impacted
drainages north of the West Spray Field area, including McKay Ditch and Upper Church Ditch.
This is supported by the discussion in Section 2.3.4.1 describing documented surface water flow
event which impacted McKay Ditch. Based on area topography, it is highly unlikely that

wastewater run-off impacted Woman Creek to the south of the West Spray Field.

Directly southeast of the WSF is the Rocky Flats Plant raw water storage pond. The pond is
surrounded by approximately six-foot high, asphalt-lined berms, which would prevent potential
surface run-off impacts from the WSF. The raw water storage pond water is sampled on a
periodic basis by the EG&G Environmental Management Surface Water Division. The water
is sampled Quarterly for HSL metals and volatile organics and monthly for radionuclides. The

actual sample point for the water is at a pipe located inside of the Raw Water Treatment Plant.

During the spray application of wastewater at the West Spray Field, it is also possible that direct
release of contaminants occurred through volatilization. Release via this mechanism was historic
and is no longer relevant. In addition, volatile contaminants comprised only a minor portion of

the overall quality of the spray-applied wastewater as discussed in Section 2.3.

Sprayed wastewater also potentially impacted flora and fauna on and adjacent to the West Spray

Field area. Potential impacts to ecological receptors are discussed in Section 9.0.
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2.4.3.2 On-Going Release Mechanisms

Since spray-application of wastewater ceased in approximately 1985, the most significant
potential sources of on-going contamination at the West Spray Field are impacted surface and
shallow soils. In general, contaminated soils at the West Spray Field may impact the same
environmental media via the mechanisms described under Historical Release Mechanisms,
Section 2.4.3.1. Two on-going release mechanisms for impacted soils that are not described
under historical mechanisms are: the generation of fugitive dust and tracking. The transport
of contaminants via dust creates a direct pathway to receptors and also generates secondary
release routes as the impacted dust settles on other environmental media. Tracking of
contaminated soils can occur through the use of vehicles and through humans and fauna crossing

the West Spray Field area.

Surface water contained within the pond directly southeast of West Spray Field could be affected
via air transport of impacted dust (refer to Figure 2-1 for pond location). The pond is used for
raw water storage for the Rocky Flats Plant. The pond has the capacity to store 1.75 million
gallons and is the primary potable water supply at the plant. Water from the pond is treated at
the on-site Rocky Flats Plant water treatment plant prior to distribution throughout the facility.

As previously stated, water from the Raw Water Storage Pond is tested on a periodic basis.
2.4.3.3 Contaminant Behavior

The chemical and mechanical characteristics of the individual contaminants affect their mobility
in the various environmental media. As discussed in Section 2.4.2, preliminary contaminants
at the West Spray Field include radionuclides, heavy metals, other inorganics such as nitrates,

and trace volatile organic compounds. The characteristics of these contaminants are discussed
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briefly in the following paragraphs in order to aid in understanding their affinity for different

environmental media and their migration and transport behavior.

The mobility of heavy metals is generally limited by adsorption to clays, organic matter and iron
oxyhydroxides present in soils. The solubility of metals can also be inhibited by the formation
of oxide or hydroxide solids under sulfate conditions. As a result, the migration of heavy metals
is typically limited to the shallow soil environment due to attenuating factors such as adsorption
and insolubility. Therefore, transport in association with precipitation run-off or as dust in air

would be the more common means of heavy metal transport at the West Spray Field site.

Nitrate, was a major component in the solar pond wastewater and was identified in West Spray
Field soils and alluvial ground water. Nitrate can ionically combine with trace metals in solution
and therefore, inhibit the transport of metals and other major cations through the formation of

solid precipitates.

Radionuclides, including plutonium and americium, form insoluble hydroxide and oxide solids
under neutral to basic conditions, which limits their mobility in subsurface soils. Plutonium and

americium may also be transported in association with particulates in air.

Volatile organic compounds readily dissipate due to low vapor pressures and would be expected
to reside only temporarily in surface soils. If the application rates and compound concentrations
were sufficient to reach the infiltration stage prior to volatilization, subsurface soils and ground
water could also be impacted. Based on the low levels of VOCs present in the wastewater,

however, it is unlikely that VOCs impacted subsurface soils.
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2.4.4 Migration Pathways (Transport Media)

Transport media provide a route from the contaminant source to a receptor. The primary
pathways for contaminant migration are air, surface water, groundwater, and flora and fauna.
More specifically for the West Spray Field site, air provides a route for the release of fugitive
dust. Fugitive dust can contact a receptor directly or can disperse and impact additional surface
soils, vegetation, and also surface water in the raw water pond to the southeast of the West
Spray Field. Surface water is a relevant migration pathway as it relates to surface run-off due
to precipitation events and re-deposition of soils in site drainages and ditches. Ground water
poses'a migration pathway to human receptors via water supply wells, which is not currently an
existing pathway at the West Spray Field. Potential pathways pertaining to flora and fauna are
addressed in Section 9.0.

2.4.5 - Receptors and Exposure Routes

Exposure routes are avenues through which contaminants are physiologically incorporated by
a receptor. Receptors are the populations exposed to contaminants at potential points of contact
with a contaminated medium. Human receptors may be exposed to windblown contaminated
soil, external radiation, contaminated groundwater, or surface water. The three potential
exposure routes to a receptor include: ingestion, inhalation, and dermal contact. Biota as

receptors are addressed in Section 9.0.
2.4.6 The Conceptual Model in the RFI/RI Process
As previously stated, the elements of the site conceptual model for Operable Unit 11 are outlined

in Figure 2-10, which depicts sources of contamination, mechanisms of contaminant release,

potential contaminant migration pathways, and receptors. The model as pictured is based on an
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initial evaluation of the preliminary data available. As additional information is obtained, the
overall model and its specific components may be refined or expanded to address the issues of

concem.



FIGURE 2-9
COMPONENTS OF A COMPLETED
EXPOSURE PATHWAY
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Source: RCRA RFI/RI Workplan for OU3, July 1991
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3.0 APPLICABLE ORRELEVANT AND APPROPRIATE REQUIREMENTS (ARARs)

The purpose of this section is to provide a preliminary list of potential-chemical specific
Applicable or Relevant and Appropriate Requirements (ARARs) for surface and groundwater
contamination at the West Spray Field, Operable Unit 11. This section includes a summary of
potential chemical-specific ARARs based upon current Colorado and federal environmental
statutes and regulations. During the Phase I portion of the RFI/RI, the summary will be used
to ensure that appropriate detection limits have been established and that collected data will be
amenable for comparison to ARARs. ARARs are being used as a screening mechanism to
establish analytical detection limits for chemical constituents that may have been released at the
site. The analytical methbds selected based on the established detection limit will in turn be used
to determine the type and concentration of the contaminant released, the rate and direction at

which the release is migrating, and the distance over which the release has already migrated.

Operable Unit 11 is subject to the Colorado Hazardous Waste Act, §§ 25-15-101 et seq., C.R.S.
(1990) and the Resource Conservation and Recovery Act (RCRA), 42 U.S.C. §§ 6901 et seq.,
| and cleanup standards will be developed based upon a risk level of less than 1 x 10°. As data
become available during the Phase I RFI/RI process, specific cleanup levels for each
contaminant will be proposed based upon this risk level. The CMS/FS report will further
address chemical-specific ARARs as well as action-specific and location specific ARARs in

developing and evaluating remedial alternatives.
3.1 THE ARAR BASIS

The basis for ARARs may be found in the section 121(d) of the Comprehensive Environmental
Response, Compensation and Liability Act (CERCLA), as amended. This section requires that
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CERCLA-financed, enforcement, and federal facility remedial actions comply with federal

ARARS or more stringent state requirements.
3.2 THE ARAR PROCESS

A screening and analysis process will be used to determine which of the potential ARARs will
be applied to Operable Unit 11. The analysis will address compliance with chemical-specific,
location-specific, and action-specific ARARs in accordance with the National Contingency Plan
(NCP). This screening process will consider relevant and appropriate requirements in the same
manner as applicable requirements. When more than one ARAR is identified, the more stringent

of the applicable ARARs will be used.

The first step in identifying potential ARARs will occur after the initial scoping and site
characterization. It will require analysis of contaminants present at the site and any unique
characteristics specific to the site. After the chemicals have been identified, the presence or
absence of chemical-specific ARARs will be determined. Chemical-specific ARARs will be
derived primarily from Colorado and federal environmental statutes and regulations, including

the following:

Safe Drinking Water Act (SDWA) maximum contaminant levels (MCLs)
potentially applicable to surface and groundwater;

° Clean Water Act (CWA) ambient water quality criteria (AWQC) potentially
applicable to surface and alluvial groundwater;

RCRA maximum concentration of constituents for groundwater protection (40
CFR §264.94) applicable to groundwater; '
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° Colorado Department of Health (CDH)/Colorado Water Quality Control
Commission (CWQCC) surface water standards for Woman Creek and Walnut
Creek (5 CCR 1002-8, §3.8.29) applicable to surface water;

° CDH/CWQCC basic standards for groundwater (5 CCR 1002-8, §3.11.0)
potentially applicable to groundwater; and

° CDH/CWQCC classifications and water quality standards for groundwater (5
CCR 1002-8, §3.12.0) potentially applicable to groundwater.

A summary of chemical-specific standards or potential ARARs is presented in Table 3-1,
"Groundwater Quality Standards;" Table 3-2, "Federal Surface Water Quality Standards;" and
Table 3-3, "State (CDH/CWQCC) Surface Water Quality Standards."

. Where ARARs do not exist for a particular chemical, to-be-considered (TBC) criteria (such as
guidance, proposed standards, and advisories developed by federal or state agencies) will be
evaluated for use. Where ARARs or TBC criteria are not available or are less than laboratory
practical quantitation limits (PQLsS), PQLs will be used. Where no prescribed methods exist,
methods that achieve the detection limits provided in the General Radiochemistry and Routine
Analytical Services Protocol (GRRASP) (EG&G, 1991e), which are contract laboratory program
(CLP) contract-required quantitation limits, will be utilized.

3.2.1 ARARs

Title 40 CFR §300.5 defines “applicable requirements" as "those standards of control, and other
substantive requirements, criteria, or limitations promulgated under federal environmental or
state environmental or facility siting laws that specifically address a hazardous substance,

pollutant, contaminant, remedial action, location, or other circumstances found at a CERCLA
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site. Only those state standards that are identified by a state in a timely manner and that are

more stringent than federal requirements may be applicable."”

“Relevant and appropriate requirements,” also defined in 40 CFR §300.5, are "those cleanup
standards,‘ standards of control, and other substantive requirements, criteria, or limitations
~ promulgated under federal environmental or state environmental or facility siting laws, that,
while not ‘applicable’ to a hazardous substance, pollutant, contaminant, remedial action location,
or other circumstance at a CERCLA site, address problems or situations sufficiently similar to
those encountered at the CERCLA site that their use is well suited to the particular site. Only
those state standards that are identified in a timely manner and are more stringent than federal
requirements may be relevant and appropriate.” The most stringent promulgated standards are
applied as ARARs (Preamble to NCP; 55 FR 8741). According to 40 CFR §300.400(g)(4), the

term “promulgated” refers to standards that are generally applicable and legally enforceable.
3.2.2 To-Be-Considered (TBC) Criteria
TBCs may be applied at a site. According to 40 CFR §300.400(g)(3), TBCs include advisories,

criteria, or guidance developed by EPA, other federal agencies or states that may be useful in

developing remedies. The use of TBCs is discretionary.
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3.2.3 ARAR Categories

There are three basic types of ARARs:

o

ambient or chemical-specific requirements;

]

location-specific requirements; and

[

performance, design, or other action-specific requirements.

ARARs are generally considered to be dynamic in nature in that they evolve from general to
very specific in the CERCLA site cleanup process. Initially, during the RFI/RI Work Plan
stage, probable chemical-specific ARARs may be identified, usually on the basis of limited data.
Chemical-specific ARARs at this point have meaning only in that they can be used to ensure that
appropriate detection limits have been established so that data collected in the RFI/RI will be
amenable for comparison to ARAR standards. It is also appropriate to identify location-specific
ARARs early in the RFI/RI process so that information can be gathered to determine whether
restrictions can be placed on the concentrations of hazardous substances or on the conduct of an

activity solely because it occurs in a special location.

Detailed, location-specific ARARs will be proposed in the RFI/RI report. Identification of
action-specific ARARs and remediation goals is part of the feasibility study process and will be
addressed in the CMS/FS report. Chemical-specific ARARs may be deleted if they are found
to be inappropriate at any time in the RFI/RI process. Deletion of chemical-specific ARARs
will be based on analytical information obtained from sampling at Operable Unit 11.

One medium for which chemical-specific ARARs do not currently exist is soils; however, some

chemical-related, action-specific requirements do exist, such as Colorado’s construction standard
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for plutonium in soils. Relative to chemical-specific ARARs, a Baseline Risk Assessment will
be performed to determine acceptable contaminant concentrations in soils to ensure
environmental protection. At this time, method detection limits provided in GRRASP (EG&G,
1991e) will be used to interpret soil sample results.

For appropriate management of investigation-derived wastes, as required in the IAG
(Attachment 2, Statement of Work, Section IV), DOE has developed standard operating
procedures (SOPs) for field investigation activities. All waste generated by the various
investigations conducted at the RFP will follow SOPs approved by EPA and CDH. These SOPs
satisfy the IAG requirement to comply with ARARs as they relate to investigation activities.
This approach is consistent with EPA policy as provided in the Draft Guide to Management of
Investigation-Derived Waste (U.S. EPA, 1991).

3.2.4 Remedial Action

CERCLA §121 specifically requires attainment of all ARARs. More over, a remedial action
must comply with the most stringent requirement, which then ensures attainment of all other
ARARs. CERCLA also requires that the remedies selected attain ARARs and be protective of
human health and the environment. Remediation goals will be based on the Baseline Risk

Assessment to be conducted for protection of human health and the environment.



001
000'S
(1) 00000V

0sL

§'8-69

£10000000°0

00001
000°001

000°T

$'8-59

000°0ST

000°0ST

000°1

[6Y

W 001/1

000'1

00001
000't

TT000000°0

000°1

0s

() 000'z

0001
000°01
000°01

000'y

() 000'z

+00T 91 0§

000°1
000°01

0s

+000°00S

*$°8-59

1w 001/1

+000°0ST

000°01
+000°C ‘000°

» 000°05C

G e S i ?Um,.:,.w,.moxs«.DZ<,~_;w.m._.<Hw.;:. i

LD

1D
10
1D

10914
01093

rozia
1rosig
00SYNS
0099

pj(6)10°0
osed
DITTENS

00T

01
002
000°01

000'S

10
00
000°001

=53 3==

—

dq
dd
dd

OQ

2]

ML L T L L << <€

LAWT6-R3-€1 1A 1-VLINII98IT

wntleqg

A omussIy
111 Stuesry
MUISTY
Auoumuy
wruny

SPIIOS paafossi(] [wi0],
‘uorog

aimpradwoy
ouwpPNpuo)) sifivedg
Hd

uLxQ poajossig
mjms

uxoiq
N s¢ sruourary
. {r0) wiopmon

pyIng

apeging

MIIN B N
SNIUN+BIIN S8 N
SWMIN se N
apuIon]y
QUMD
spuomD
opuoqIs)

(z661 1 Arenaqoy) SOUL/SEVAY DLIDFIS~TVIINAHD TVLINIIOd “1-V 19V

(1/30) SAAVANVLS ALITVNO JALVMANNOYD




v 1d4Y/T6-94-£1 TIM 1-v11419872

000'C 000's +000'S %o 0z W onz
00t ko) 0S W wnipeuwp
01093 ot W uaisdun g,
01093 ol W wtue |
ON 00T W wy
10 ol W wnrey g,
ON 00T W wnnuong
1o 000S W waipog
0s 0s + 001 0s 10 o1 W 1Al
0z ol ot 0s 0 o1 10 S W wmuspg
; , 1] 0005 W mnissTIog
00T 10 ov W PYIN
: ON 007 W wnuspqAopy
ot 4 [4 [4 ) [4 [4 I Fo To W Lnsropy
00T 0s + 05 10 9 W IsoueBuwpy
LD 000S W wnissugepy
0052 ON 001 W wany
001 oS 0s ®o 0s 1o S W peo]
000°'S 00€¢ + 00€ 10 ool W oIy
002 10 0l W dpely
002 000°1 0) oot‘1 + 0001 i fo) ST W 13ddop
oS 10 0s W Ll e
$°81z3 ot W IA wnrmonyy
961L9V8MS S W 111 wnrmonyy
001 0s 0s 001 001 0s 10 o1 W wnimonyy
ON 000°1 W wnis3)
W wnpE)
S 124
W
: NSY
“ SaL|smmondy Lkt 1
yorqeL| g ol L PiqeLl
(P) SpIspUwIS AInd IRMPIOIS SOOM HAD. “Lymas
(5080 SAAVANVIS Hivis o o - 7 SAMVANYIS Tvagand

(1/30) SIVANVLS ALITVNO JLLYMANNOID
(z661 ‘1 Arenigo.)) sog1/sqVAY OIIDHIS-TVOINTHD TVLINALOd “1-V F19V.L



76000

820000

1£0000°0

¥20000°0

9+000°0
9%000°0

L0000 0

900°0
60°0
800'0

o
o

£0°0
£0°0

9t
200°0

(U

oL
0s

o

oy

)

oL
0s

(A
vo

ov

(OF

0L
0S

(A

001
01

dO
d0
dD

do

d0
do
d0
d0
40

dD
40
[ o]
6193
dO
do

d0

S0°0
00
S0°0

1o
o

1o

o
ol
01

so0

S0°0
SO0

1o
1o
10
S0°0
1o

1I'o
1o
o
0
S0

S0°0

n-kcun.n.n.n.mn.n.n.a.n-n.n.n.n.n.a.a.n.n.n.a.n.a.n..n.

LAWZ6-9P3-€1 INM1-VLIN982T

wydpy "oUBX3IYOIA30I0 ]ORN
apixody lopyonadoy
Jopyoeidoyy
uonpnn
Quop)] vpug
apAyoply unpuy
upuy
28J[ns vejmsopuzy
I} uejmsopugy
I uegjnsopuy
upg
uourzel(y
uopwaq
@aq) snoquew 1aa
(aaa) sweqeep 1aa
1aa
sojufdiomy
(ewrwresy) suwpropy
(eydry} ~epromy>
puUeloND
uBInjoqie))
[osworg
ULplY
QIedply
uRoIdY

(@D
proy o.aooqhxocoﬁo.-oEomﬂlv.N
X3APS d1-S'¥'T

. Gossauvanvisaivis

SAQUVANVIS Tviaags

(173n) SAAVANV.LS ALITVNO JHLVMANNOAD

(z661 *1 Areniga.y) sHgL/sIVAV OHIDHIS-TVOINTHD TVIINAIOd “I-V 919V.L




s0°0
61
I
08

S0°0

Y

6L0000°0

98100
£210°0

1wt
(8)s1

(?) 08

o

(159

To

S0

oy

[AY

(14ywarwr p) og
(8) 51

001

d0
d0
dd
d0
dD
dO
[ to]

dOo

d0

1

s$0

s0'0
()50

00

S ~ N

0
$°0
S0
S0
s

0

Moo

B L Q4 B By A A4
A o & A A A A

y -]
B A O B B A BB A A A A Ao

LdWT6-PA-€1 1IN I-VLIW/ 19827

(110d) wnoinig
(1n4) weg sso1n
(110d) sydy ssoin
(10d) L1 wasay
(1109) pe1 wisoy
(1104} 147 wapnowy
(110d) watoroury

suzeny

091 lopory

¥SZ1 10pory

8¥T1 Jopory

Tl opory

TET] Jopory

1221 topory

9101 Jopory

Z anuodep

suaydexoy

surzeung

SHOd

uonpeley

Xony

JopyoAxoyppw

uonpeepy

QUBPUI] ‘oURXSYO[IKd0I0ORNIY
Y29 1, ‘aUBXYO[dA20I0NIRYIY
BIR( ‘auBXaYo[dK3010TyRXIY
OHH ‘ausxayo[£010TyoRXoy

oA

ORI

(5081) SAAVANVLS EAVATNES

BRF “UBXOYO[AI0I0[YoRYIH

S SAUVANYIS IVHadad

(1/3n) SAIVANVLS A1ITVNO JFLVMANNOAD

(z661 ‘1 Arenagoy) sOAI/SIVEY INIOHIS—TVIINTHD TVIINALOd

-V HI1dV.L




$-v 1dUZ6-PI-€1 1AM I-VIIW 9822

Yo 0s AS SUUBOnBIN-7
O 01 AS TouoydiAyopy-7
e} 01 AS 2usreydeuilyop-7
o) ot AS Jouaydoropyy-z
) ol AS suspeyydsuoon)-7
SO ol AS suen[olonuIg-9‘z
o] 01 AS suanjolonng-4'g
1 SOf 0 0s AS touaydonm -4z
(Yo ot AS Touaydifipemn -
1z . 8 0s )| AS louoydooyaig-4'z
[ : z $O 0s ol AS tovaydolonpia] -9y
00L e 0s AS Toudydoloppug—¢*p'y
SL SL St $O 1 ot AS (v1eq) ouszuagoromIg-p'|
079 o) 1 o1 AS (¥PW) swezuaqoomorg-¢*y
S0°0 q AS surzepAyiAuagdil-z'y
079 009 009 o) I o1 AS|  (oyu0) suszuoqoropporg-z*y
$2 ot AS QUIZUIGOIOTYINI | —4'Z |
T q o1 AS SUIZUIGOIOMYIRIR | -G'H** |
ol S R: (110d) (o) wnywerp
90 o (11054 8¢z wonrexpy
90 E: (10D ez wnnrepy
d 10d) pez+€€7 wnnrerny
00S|  00s (2) 000°0T (€) 000'0T R (1od) wnpiry
@09 b (1709 zez+067 wnnoyy
8 g @s ’ ©s a4 (1104) 06 wnnuong
1 k: (1204} 06+68 wanuong
@s S W o150 q (110} 8774977 wmpwy
d| (10d) ovg+6£7+867 warvomyg

©) : X

DA SAUVANVLS HIVis -

(I73) SCIVANVLS ALITVOO YHLVMANNOWD ;
(2661 1 ATPIQ2:D) SOAL/SAVAV DMIOAAS-TVOINHHD TVLINALOA -V 319VL



LE00000°0

T1000°0

1o

0000

$D

$O
SO
$O
SO
$O
(el
Rel
SO
SO
$O
O

sO
$O
pyel
$O
$O
$O
$O
1ye]
SO
$O
s$O
$O

01

ol

o1
ot
01
o1
01
ot
1}
o1
o1

olf-

0s

LAW/T6-4-€1 INM 1-VLIW/198TT

souopedeN pajeutionys
I3 pateunioy)
arefeydidzusqiing
Oﬂumvwosm
awEpud(IKxoyIApg-z)siq
Ioya(1Adordostosopyny-7)siq
IyR(IfyRoIon)-z)siq
swspm(Axosoroy)-z)siq
oyoofy jhzuog
suoueIon|j()ozusg
susth1ad(yy'Sozuog
suaypureionpj(qlozusg

» ouoifd(s)ozung
Quodenpme(v)ozusy

PV dtozueg

QuIptzuag

QudeNIrY

suayydewasy
[ouaydomN-4
SumueonIN-4
Tousydifyapy-
Tousydifipour—g-orop)-4
Iy [Auayy jAvsydoropy-
SUIUBOIOTY D

Iy (Suoydoworg-
Tovoydifyrpw-z-onmiq-9'y
SUITUBOIIN-¢
QUIPIZUIGOIOTYN(-¢ '

SopronuopRy} - omonyy

91991

© apmang

(041 SAAVANYVIS A1VLS

SO

fouoydomN-z

(I/3n) SAAVANVIS ALITVNO JLLYMANNOAD
(ze61 1 Arenagoy) sOgI/sAVEV OMHIDHIS-TVIIWNAHD TVLLNAILOJ

-V HTI4VL




1dWZ6-3-€1 XM 1-V.LIY/ 19877

(1/3n) SAIVANV.LS ALITVNO YILYMANNOUD
(z661 ‘1 A1en1go) SOEL/SIVAV DLIDTIS—TVOIINTHD TVIINALOd T-V F19VL

80000 q ot AS sumwelAyia1posontN
¥9500°0 q AS sutwe[fmnqtposomy
0l AS sauTwesoN N
AS sjousydoniN
St O 01 o1 AS QUIZUIQOIN N
LYe) 01 AS sudreyyden
050°1 [Ye) ol ol AS suooydosy
$O o1 AS aus14d(po-¢ ‘7' [ Jouopuy
AS QurzeIp Ay
61 SO ol AS SUUYIR0IORORXIY
6y (o) ol AS ouo_vs__.&oﬁhooucioqxo**
S¥o 1 sO o1 o1 AS SUIAPVINGOIONPIUNIY
TL000°0 9 SO 01 01 AS SUOTUIQOIOYORYSIH
AS sIaqRoEy
AS . opAyoprewriog
SO ol AS dusronyy
$O o1 AS suoyueIon]y
000°L P AS 109415 2waihpg
£ ol AS arereyydifo-u-1q
$O ot AS awpeynydifing-u-ig
o) ol AS srepyydifpammg
$O o1 AS wpEyydifmarg
100 $O| (6)o1 oz AS SUIPIZUQOIOTOI(]
AS SIUIZUIGOIOTYOI(Y
o] o1 AS Suaderpue(y s)zuaqrqy
e} ol AS ueInjozUIqI(Y
[ye] ot AS Juasryy
1 AS Jowsydozonn
SIYRAYmoIOND
. saninp : i
w s Boopuq| ey
SQL{Amynoudy | Arwpvocos |- wemngy | ¢
voleLl o] zsimil 1ol
Coi e (B)hgesdsions T wnuey
- (P) sprepuwmg Aifend) 1999MPUNGID DOOM HAD “vmasy
(5081) SAAVANVIS ALVIS L SEAVANVISIVEIQad




AD 01 A U0y

AD ot A suoteusd-z-[ApeN-p

AD 0i A QUOUBXIH-7

AD 01 A [vouwIng-7

AD S A (suen) suadoidoropyor—¢*|

AD S A (s1) suadordoropyorg-¢'y

950 0 S AD 1 S A suvdoxrdoloparg-z‘|

001 001 001 v 1 A (suen) suopooroNIg-Z*|

AD ! S A (1910) susyRoIORPIG-Z']

oL oL oL ® I A (s1) ouoywolomIQ-7'1

vo 0 S AD 1 S A SUEIRROIOAR-T' |

L L L AD 1 S A QUIYROIOMDI (-] ‘]

AD < A QURYROIOMIQ-| '}

90 € AD 1 S A QURROIOMIIT-Z 1|
Lo AD| (81 s A SUBPI0IONORIR -7 7 1*]
00T 00T 00T AD 1 S A SUBYROIOTYILIL ] ‘1]

[4 0 [4 AD T 01 AS IpHORD) [Auip

82000 al (@1 AS|QI8201pAH onewc =, IRdpPNUAIO]
AS s101sY ANeprRy4

SO 0l AS Jouayq

Lye] ol AS QuonpuBLsy

007 ®o (O $O oS 0s AS Towaydosopyoeiuog

W9 q o1 AS QUIZUSqOIOMIVIUSY

q AS SIUBPY pARBULIONIBIUSJ

98D ol AS| sunweiAdordip-u-tp_osoN-N

(34 95| (61 ol AS surme]fusydiposoniN-N
910°0 q o1 AS surptjozxAdosoryN
vi00°0 QUIWRIAIWIPOsONIN

8-y .

LdU/T6-923-€1 VAIM T-VLIW/ 19877

f )
TS

S0 AN

Soprionvoipy
991981

il Oe

L (09D SAUVANVIS JIVIS

1 opimarng

yadas

SQUVANVIS VHdaad

(1/3n) SAYVANVIS ALITVNO FALLYVMANNOIO
(z661 ‘1 Aren1qoy) sOEY/SYVIV DLIDAJIS—TVIINTHD TVLINAILIOd "1~V 919VL




6'1-¥ LAWC6-PI-€1 DIM 1-VIIW 19822

000°0t . 000°01 AD S A (=103) souaihy
: AD 01 A ANERY [AU1p
s 0 S AD I S A JUIYIOIOMYOII |
AD S A SOUBIIROIOTYDLL ],
000°1 000°1 0001 AD ) S A susnjo],
&0 s 0 s AD 1 S A QusYROIONYIENE |
AD < A SIUBYRO0IoNORIP |
001 ool AD S A uo1frg
$O 01 A ualfg
: . AD S A SPHOND UL
61’0 001 00t ©1 A ssuRpRWoEy
A IprXQ ualhpg
¥000°0 0 $0°0 P A SpruoIqi( owslimg
089 00L 00L AD 1 s A owzg 1Apg
A SOUIYROIOTYIICY
4 AD 1 1S A SUBRIWOIOYOOoWOIqI(Y
AD o1 A SUVYRWoIoNy)
»+001>
6l'0 9 o ’ WHL 01 AD 1 S A wiojoIoMD
AD 0l A QuBYROIONYD)
001 001 001 SD/AD i S A SudZUaqOION )
SO/AD 01 A SIURZURY pojBULIONy D)
£0 0 A 9pLIOTYIBXR | UoqIey
A SpYmSIq voqruy
A suvyRmomorg
A wiojowolg
A SUNPPWOIOTYOIpOwOIy
A ELEraicts
850°0 A aEnmo oy
R fusmop dky|
SIpPnvoIpEy | - . oluoryy |- ft
9oWeL| ¢oiqelL _
vmas|
L+ (5DH1) SAUVANYIS FIVIS STOIVANY LS “Iviaaad

(1/30) SIVANVLS A LITVNO YALVMANNOYD
(661 ‘1 Arenuqa) sOg1/59vaY OLIDAdS-TVOINTHD TVIINALOd “I-V T19VL



or'-v :gauawmun_ DI T-VLIY/198T2

. (1661/61/6) 0°T1"€ “Io18A\ pUNOID 30§ SpIspUEIS A)IENd) 3078\ puv suonEolIsseLY) ‘uolsSTWION Tonwo) AnpEnd 1M /HAD (3)

TO/LITY 3a12243 (16/L/9 09¥9T A 95) THT PU® 1p1 YD op ‘10ddory pus PEa7] 30§ suonendoy 1aem Sunjuri Aremnig euoneN pus spog PAY] mmmwEue) Wnwixely v4d (J)

(1661/1/L *9970€ ¥ 95) €661 ‘1 Arenuef san00yyg ‘opny TEWId €01 “Th1 '1p] sied 940 Op ‘suonwndey 1mepm Surpq Arepuoosg pue Aieanig puoney v43 (5)

(D))s"11°¢ 1 parst] sprepums sandEOIpERI SpIMAS *1661/0€/11 POPUOWE £861/5/1 (3-2001 WDD S) 0'11°€ ‘1918 PUNOID 10} SPIBPUTIS Diseq 9Y |, ‘UOISSTWWOY [onuo) Anrend 2m/HAD (p)
Y6°¥9Z WD OF *8861 N3NV “900/68-D/05/V T ‘Tenumy sme 1om0 i souwdwo) Y IOYID 9.8 W S 1qWesrg gON ‘00€ YD 0F ‘dON ()

(1661/0¢/1 '9z5€ 15180y [e19pag 96) 7661 ‘OF AIng SANRIYY *INY TOULY ‘EpT ‘TYI *1p1 SUed YAD Op ‘SuonenSoy 1o 3unuLQ Aepuodsg pue Arwwirg puonsy v4g @

: (0661/5 30 58) €41 YD Ob PUB [$] WAD OF ‘suonenday o1 Buppuniq A1spuoseg pue Arewnig TeuoneN yd4 (v)

(c19e18a® J0U T0d) 191 vonospp HaD st sne, (6)
"WniueIn soprpoxs wyde sso1d 105 anp (g)
"PIEPUS ST 1O “(HAD) 1O (wop Jus3uins asow) mopeq st prupuwms a1y (1)
"PAWIPP S1OWOST NPIAIPUL-S1nXTW = § spuod o3xeysstp ur poroyvow = o ‘paiojuons Lpunnos jou = p
*AD W DI S® poeRp = 3 59 w sOI se PR3P = q IAD UT [U10) 58 Polootop = B ‘Y ga=5 *153d-d710=dD '154d-Vdd=dq ‘IN3S-dTO=SD VOA-dTO=AD 'dTO-UOU=)N TV I-dTO=1D o1 suonBIASIqqR potpaw (9)
: . ’ : SER[OA=A S[HB[OA-TWIS=AS ‘opinuCIpRI=Y
*40d/epwnsad=4J ‘opronsod=g ‘ERwW=N '105e01pt=] ‘Isromered PRY=dd ‘Wowsa=7 furxolp=(] ‘uonws=y ‘BLIPRg= g (UOMN=Y :oIv suoneIrs1qqe 2d43 (¢)
1 5T 87 mnIpe1 Jog YO 50 ST 97T Walpwy 30f TQIN (p)
“1A/manm { Pa2dX9 JOU [[Pys moLrvm 3uo0q 0) sjusTeAInbo 350p [entrue oy Jo wns oy Juvsord o1w wnnn puw gg-wnnuons qoq Ji (g)
(P) W1 Z(9) 11 °€ "298 908 - sprwpmws oprponuoIpEI (7)
SATIOLISAL ISBI] 1 30A9YIIYM ‘[Ad] punoidyaeq ot soum g7 Jo 3w op st prepumys *(P) vt ¢ 2198, 995 - prepuers 5L (1)

UOISSTIWO)) jonuo) ANfend) 1958 = DOOM
sisfpuy o310 oMEIOA = vOp

191 3d sweiBoromms = yén
(171d) saprponuorpes 1o yury voncerq wrUTI = AN
punodmoy paymuopy Apanemua) = o

souvgowoEYIY Mol = WH]

WITMpUY WL = Tyl

Y 1omM Sunpuq oges = ymas

WEld SiEL] Aoy = g4y

PV £19A000Y pue UOHBAISSTOD) 90IN0SIY = VYO

Ny vonmpueny eonoeld = NG
HAuoydiq poyemiopphiod = gogq

Jout rod sotnoood = pnd

Koualy wonootorg [RusuIIoNIAUYg = vd3a
weidolg Lyojeroqe] penuc) = d10

PESH Jo jwownedsq operojo) = HAD
QUERMOIONOOWOIqIp ‘SURIISWOIO[YDIPOTOIq ‘WIOJOWOIq “010j0I0fyd SOUBRIIDWOBYLY) [B)0) = 4,

SOE.L ‘[PA9] JUBUTWRUOD WWIXEW ATepuooss = ,
H7148V.1L 40 NOILVNV I1dXA




'Z-v

1D 000's| W WRId[E)

01 ©r11 (©e6¢ S S o1 1D sl W wnrwpey)

VAL +%8900° €¢ 0fl 10 sl W wnifd1ag
000 ) 000'z ® oo0‘z 000°1 10 00Z] W wnrreg

8y 058 : W A omuesxy

061 09¢ W 11] otuasry

SLIOO T200°0 0 1o o1} W JuasIy
000'Sy o1 009°t 000'6 12 09 W Kvowmuy
L8 0sL +00C 01 05 1D 007 W wnurwngy

000°0ST Ss SS *000°00S 10913 000°01 1 SPIIOS peAfossI( [&10 ),

01093 000°'S I uolog

SS SS dd ormelodmoy

10219 1f d4 SouEPNpUo)) otytoadg

6-5°9 *$'8-S9 10513 1ol 44 Hd

000‘s 00SYINS 00s| dd ua3AXQ poafossiq

0093 000°001 q Injing

$10000000°0]  £10000000°0 10000°0 100 P a urxorq
EoE:oOv BIIDNID 925 — uﬁo_ucoamov vusuw.—umauu pue :ﬂm e m_._oumuo mem OOO.W o) Z sB ﬂ_coss
T 001/1| DITZ6NS I q (1e09,3) wiogtjon

v opyng

+000°0ST vsLed 000's| Vv vyng

000'1 000'1 1'¥5e9 000's| Vv AN 5B N

000°01 000°01 1°€5e3 000°S \4 QNNIN+ABINN S8 N

000°01 000°01 000°01 1'€sed 000'S] Vv BIIN se N

000't 000y *000°T 000V oved 000's| Vv opumorgy
11 61 00s¥ 000°'1|" W sunoy

(®)000°0£Z (2)000°098 »000°0ST YA%: | 000'sf v spuoN)

1'01£9 000'01 A4 ajeuOqIR)

\'4 BUO uwo_m

LAU/T6-PI-€ INMT-V LW/ 19877

(1/3) SAIVANVLS ALITVND YHLVM HOV:IANS TVIHARA
(T661 ‘1 ATenIqo) SOHL/SIVEV OLIIDAIS—TVOINHD TVIINFIOd 7-V 319V




M1 (X o1 d qIeoIprY

08L 0zg (e (189 o1 d wajordy
oL oL 001 P 1 d| (@-¥'7) prv onpoedxousydoromorg-p'z

0 0S ol P[ SO d XOARS d1-S'H°T

© ot1 ) ov1 + 000°S 10 0l W sumz

o) 0S| W wnipeusp

01093 oIf W uoysduny,

01099 o1l W wnme |,

ON 00z W uy

3% £l (1) o (1) oot'1 10 olf W wnipey g,
ON 00Z| W wnnuong

10 000S| W wnipog

0S rANI) ©1y + 001 0S 1D off W 12A7IS

ot ") s (r) 0z 0S 0s o1 1D sl W wnws[Rg

1D ooos| W wnisswog

001 (2! (€) 091 (€) 00%'1 1D ori W PIIN
ON|’ 00z] W wnuapqjoN

910 22 K0) T10°0 ¥ rA ré r4 10 70 W Ao
001 0S + 0§ 1D SI| W asoweduey
1D 000S W wnisoudepy

ON 001 W Wi

0S ©) e (€) z8 ®@o 0s 1o Si W peoy

00€ 000°1 + 00 1D 001l W vox|

007 s 44 , 1D olf W sprel)

(®)z1 (€) 1 (3) oot'1 +000'1 10 szl W Toddopy

10 0S| W il e

0S 14 91 $'8179 01} W IA wnrmonyy)

000°EEY'E 000'0LI 1174 00L'1 961.9¥8MS sl W 111 wnrmoxyyy
001 001 0s 10 ol] W wnmonyy

DN 000'1] W wnisa))

[AAR 4

L4UT6-I-€1 IIM'T-VLIN/1982Z

JHLVM HOVANS TV IIaad

(z661 “1 Arenigo) sOHL/SAVIV OIDAdS—TVOINHHD TVLINALOd "7~V T19V1L




Y1¥0'0

L¥S0°0
1€0°0

62000°0

651
9L0000°0

¥20000°0

84000°0
81000°0

6L0000°0

001

£C10°0

£910°0
T600°0

82000°0

L
L0000°0

$20000°0

9¥000°0
9000°0

10070
£0°0
100
800

8£00°0
10°0

£200°0

950°0

61000

1o

1100°0

1700

£400°0
€400°0

0c

50

81°0

wo
$T

0S0'¥
90°0
'l
£90°0
VT
v'e

ov

(ALY

-V

oy

0

(A
0

001

70

do

d0

do

dd
dD
do
dD

do

do
d0
d0
dOo
d0

do
d0
d0
6199
do
dO

1'0
S0
0
S00
[AY

So0
S0°0
00
S0°0
S0°0

Sl

10
o
10
10
1o
1o

1o
1o
1o
1'o

1'0

$0

SO0

§0°0
$0°0
S0°0
S0°0
S0°0
S0°0

1’0

1’0
1o
1'o
00
1’0

1’0
1’0
1°0

S0
S0

$0°0

n-o.n.n.n.n.n.o.o.n.n.n.mma.mn.n.n.n.n.n.n.o.a.o.n.

A A Ay

LdUZ6-RA-€1 1M T-YLIYW

X2,

Jopgakxory;

uorye|

vwen (ouvpur) ‘auexayoahsosopor
[enYyoa], ‘auexsyoprLsoloyoe
wRQ ‘2uBxyo42010[ 08
OH4 ‘suexayoa£o010[yon)
uRg ‘seYayopfo01o1yowny
wydfy *owexayopLooronon
oEm&m J0TyoBK

Joyouxc

uony,

Juoya3y Uty

9pAyeply uLsg

uLg

JrE)ing uejInsof

11 wejnsog

1 uejinsog

ULIpf:

uounz

uopw

(@a@ snegepw 1
(aaa) smoqerw ¢

IC

soyuaAdiop

(ewwen) ouweprop

(=ydry) ousprop

nueIon

q&k—dO&k_

poswo.

uLp

(1/30) SGIVANV.LS XIITVNO VALVM HOVIANS IVIIAad

(z661 ‘1 Arenugoy)) sDGL/SAVIAV OIIDAIS~TVOIWNAHO TVLINZIOd "Z-V FI19VL



St

++£L000°0

*+6L0000°0

**1L000°0]

*+6L0000°0

2000°0

100
£10°0

£L0

0C

»'T-v

(9) 000'0t

©s

(14 yworw 4) o
‘ (o1) s1

do
do
d0
do
do
dOo
dD

90
90

1
&) 1°o/s°0
10°0

S = — N

S0
s$0
S0
S0
S0

$0

NN T AN

LdU/T6-923-€1 IIMT-VLIWI987T

(1104) (®01) wntweapy
{(110d) g7 wnrwein
(110d) gz wnruen

(110d) vEg+eer wrveIn
(1/10d) wnnuay

(110d) zez+0g7 wnnoy L
(1110d) o6 wnnuong
(irod) 06+68 wnnuong
(110d)” gzz+977 wmpry
10d) ove+e€T+gez wmmomg
(11od) wnroinig

(11od) eog sso1n)
(10d) wydyy ssoin
(1709 ££1 warson
1100 by wnisey
(10d) 197 wousmy
(1od) wmorsury

suzeny
0921 Jopory
¥ST1 Topory
8¥C1 lopory
Pl Jopory
TET1 Jopory
1221 o201y
9101 fopory
T onuodep
suoydexo]
surzeung
sg40d

$90°0

(I/31) SAAVANV LS A 1ITVNO WHLVA HOVIINS TVIAIAHTA
(z661 ‘1 Areniqo:)) sOAL/SYVYV OHIDAIS—TVIOINTHD TVIINAIOd "7~V TT19V.L



[AVR)

00t 'v1
»+ 176

*» 9°¢

14

100

0L
+ 11°0

060°¢
*» Tl
008°C

:Zwm
(D os1

(1) 000°z

(1 oez

(1) so¢
(1 oLs

(Mooc't
(D oge

(M oe

(1) o9e'y

(1) oeg

Moti'z
(1) ozo‘z

Doz

$T-v

SL

SL

01

0s

0S

ol

0s

01
ol
0§
0s
0s
0s

01

ol

0l
0s
0s
ol
(¢
o1
0l
01
0s
0s
0T
01
0s
01
01
01

-0l

01
01
0s
01
01
o1
0S
0l
01

01
01

AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS

LAWT6-4-€1 IAM T-VLIN/1982Z

suopydeusoy
fousydomiN-p
SuquUEONIN-
TousydifoN-—y
fovaydijAgpw-¢ oo
pg Auayyg Kusydotopy-¢
SUITUBOIONY D~

Toypilusyy (Auoydoworg—y
Touoydifyow-z-onmq-g9'y
QUINIUeONIN-¢
SUIPIZUIqOIOMOI(-~¢ ‘¢
fouoydoniN-z
QUIIUROININ-T
Tousydifqopy-
susrpydeuiAyR -7
Tousydoroy -z
susppydeuoioyy-7
suenjolonIm -9z

uanjoo M-y
Jousydonmn -4z
JouoydiAeung-y'g
Jousydolonprq-4g
fousydorofu ) -9yg
fouoydozomouy ¢z
(v38q) suszUaqOIONPIQ-p' |
(¥P) ouozusqo0TOI ¢
surzeIpAyiAueydiq-z'y
(o1p10) suazwaqorOIG-7']
QUIAZUIQOIONYIL | 7 ‘]
SUIZUSQOIONYORIP | -G ]

(1/3n) SIVANV.LS XLITVNO AELLVM HOVIINS TV IIATd
(661 ‘1 Kreniqoy) sOYL/SIVAY OHIOHdS~TVOINHHD TVLINAIOd “7-V 19V




129

000°006°C
000°008"1
00
009‘C

000°0S
09¢‘y
*x 971

£5000°0

(A4

000°¢1E
000°0S€E
10°0
00t

000°SI
L'vE
*+£0°0

21000°0

$9X372

(1) 086°¢

(D ozr‘t

(1) 000°8€2
(1) 009°1

00T

9TV

$O
SO

N/
SO
SO
SO
SO

$O
$O
SO

SO

ol
01

0l
o1
Ol
ot

01

1]
0s

01

01
0l
01

01
01
ol
01
01

0]
01

01
o1
(e1¢
0l
0z

ol
01
ol

01

01

0l
01
ol
ot
ol
ol
01
01
0l
o1
0s

AS
AS
AS
AS

AS,

AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS

-AS

AS
AS
AS
AS

1AWT6-PI-C1 DIM T-VLIW/I987T

auszon|q

susurIoN|.§

109410 su2idypig
AeEpydifivo-u-1g
srpEypydilng-u-1q
sEppydidpoun g
amEpydifiparg
SuIpIZuSqOIONYI
SOUIZUIQOIOTYOI(]
suooBIUB(Y v)ZUSqIQ
uesInjozuaqry

suasfiy

fouaydoiopy
sIPOlAY[ROION D
ssuspepdeN payeutiopy)
SIY pajeutIof)
wEpydidzueqifing
sudtpeng
awepyd([AxoyiApng-g)siq
3oyp(jAdoidostoromy-7)siq
BPR(IAyroIoyH-7)siq
auBW(£XOR0I0YD-7)s1q
o400y [Azuog
suatpusIonfj(3)ozusg
suspfrad(1'y‘ozuog
sudpueIonfj(q)ozuag
u:o;m?von_-om
suenpue(e)ozieg

POV d10Zuog

supizusy

sudoenUYy

(1/3n) SAYVANVLS XALITVNO FHLVM FOVIANS TVIIAIA
(@661 “1 ATen1goy) sOEL/SAVAV DLUDHIS—TVOINEHD TVLINALOJ -V A19VL




= 8 1Y
»+ L°0O1

000°0£0°§

#+ STS
*11£0°0

<8

*» 1791
616

91

vl
L85°0

000'0¢S

vL'8

*+ 05
+¥,000°0

+%9°0
*+[1°0
00bg81

¥ L
**8200°0

00S°€E

010'}
YL

*+ 6’V
9100
10070
8000°0
¥900°0

008°61

00Z°S

6’1

90T

»*xSP0
**ZL0000

00b'6
00v'T

(Deg
(1) 0952

@) el

(1 o011

(1) os1

(1 oz9

(1) ovs
s
MNee6

Dz

(1) ov6
(1 o0z'01

W) oz

(Movz'L

(1) 0s8‘s
(1) ogT

(1) 000'LT
(1) 00£'7
(1) 000*L11

:V,oma
e
(1 os

(1) o8¢

L'T-v

00C

®1

AD
AD
AD

AD

[ %]
L Q0

L L 0 O O 0O LD

$O
SO
$O
§O

SO
sO
SO
e

01

0s
ol
0s
0l

ot
0l
01
01
ol
ol

ol
01
01
0!

0l
ol
01
0l

wy

oI

ol
01
0s

01
o1

Ol
(1)
o1
(4

01
o1
ol
01

LIW/T6-Pd-€1 1M T-VLI8/19872Z

SUBYIBOIONYOII | -7*] |
QUBYI0I0MYIBIR ] -7*7 ']
QUBPROIO[YIL ] - ‘[ ']

SPHOND [ANA

SUOQIROOIPAY SnBWIOTY Ivopdnufiod
$10)57 Nv[BYIYY

fousyg

uanpUBULY

fousydoopyowjuog
UIZUSQOIOTYORIUSJ

SOURYY PIIBULIOYouIUS
surnwej{dordip-u-1p_osomN-N
surmejAuoydiposoniN-N
surprjoxifdosonN
surare|yowiposontN
surmelAyiRiposoniN
autwefinqrposo1 N
SOUTWBSONIN

spouoydomiN

QULZUIqOIIN

suapeydeN

suoiloydosy

oua14d(po-¢*z* 1 )ouspuy
owmzeIpAY

SUBYIS0IOMYORXSH
sustpruadoprfooronoexoy
SUIPEINGOIOTYIBX]
SUIZUIGOIOTYIBXSH

SJoqRoey
opAyappuioy

(1/20) SAAVANVLS ALITVNO YTLVM DVIANS TVIIAad
(2661 *1 ArenIqod) sDEL/SIVAV DIAIDHdS-TVOINTHD TVLINALOJ -V A1EV.L




w+ L'ST

08Z't

» S8

» L'Gl

*»* P69

*+ 0
$9°0

001'v1
001'v1

** £VC

*+61°0

oov'1

*»»*€£0°0

*+ 61°0

70

*+99°0
850°0

L8
L8

**¥6°0

(1) ovz‘1

(1) os

009°C

(1) ¥t
vz
00L'S

000°0¢

(1) 000'11

(1) 000°z€
(1) 009'11

(1) 006'8z

(1) osz

(1) 002's¢

00€’'s
00S'L

0909
090°9
000°€Z

000°811

00L

00t

001

(VA

8T-v

00
00L

001

001

0L

001

?) 001>WHL 101

AD

AD
AD
AD
AD
SO/AD
SO/AD

V) v vt vt oy

— o -

ol

ol

0l

v\

ot

v o\ wn

ot
01
ol
0l

v nnwn

v

>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

LAW/ZT6-92-€1 1M T-VLIW 1987

SoUBIWOTRY

9pIXQ SusfAipg
2prwIoIqu(q sueApy
suazuag 1Ay
sauoYRoIoMPIq
QUBYBWOIONOOWOIqI(]
JueypwWoIoNy]
wiojolopy)

suepooIoN )
JUIZUSGOION D)

SIVIZUSY PIEULION))
9pLIOTYOBR ] UOQE)
Spynsi(q voqre)
SuvwowoIy
wojoworg
SuB_WOIO[YOIpowoIg
ouazuog

opnmolA1oy

duopoy

suounyuad-z- AN,
QUOUBXOH -7

suoumng-7

(sueny) susdodoropprq-¢*y
(sw) o:omo.-mo._ozomn—lmJ
suedordooporg-z*y
(swen) suaootopoIg-z'y
~ (19103) suoyporopoIG-Z']
(1) susypeoromoIq-7'y
SUBROIONII-T |
SuaRoIoMOI-] ‘)
SUeROIONYIIQ-] ‘1|

VM

a;

(1/30) SAIVANVLS XLITVNO JALVM HIVRINS TVIZaad
(2661 *1 Arenigo) sOLL/SIVIV DIIDAIS-TVIDNTHD TVIINHIOd “Z-V F19V.L



6'T-v 1dY/T6-d-£1 IIMT-YLI¥/19372

000°01 000°0l AD S A (r=01) sauoify

AD 01 A ROy [Amp

*» L°08 # LT (1) 006'12 (1) 000‘sv 0 S AD 1 sl A SUABOIONYOL |
(1) 000°s1 AD 1 Sl A SOUBIROIOMOLL ],

000'¥TH 00E'¥1 (1 00s°L1 0001 000'T AD 1 S| A swnjo],
** $8°8 ++08°0 (1) ovs (1) 082's 0 S AD I st A dusypoIoNRNR]
(1) oze's AD 1 sl A SITEYI0IONYoRND ],

001 001 AD S A QuR1fg

SO| ol o1 A Qua1dg

A SPHOMD SusiAyppy

A N St

(1/3n) SAAVANV IS ALITVNO YHLVM HOVIANS TVIIAT:]
(2661 ‘1 Areniqay) sOHI/SYVIY DLIIDHIS-TVOINAHD TVLINALOd "Z-V 19V




orz-v LUT6-924-€1 IMNMT-VLIN/ 19822

16/L/T1 2A09245 (1661/L/9 09¥9T U 95) ZH1 PU® Jb1 YD op ‘1eddon pue peoT] Joj suone[nday 1omp Bunjuriq Arewniy [suoney pus S[BOD [2427 JRUTUIMUOY WhwIXEW V4 (3)
"E661/1/1 2a1103152 (1661/1/1 *9970€ ¥ 95) 2Iny Tew1] ‘g pus “THT "1¥1 Sueg Y4 op ‘suonenSay 1o 3unjuriqy A1epuosog pue Arewirg euone)y vda ()

8861 - 2pHOMD Joj BuAL) Apend) I21eMm WIqY [RuONRY ‘v 4T (3)

L86] - NS 10) BUALID AN[END) 1918 M JUSIqUY [RUOBEN ‘V4 (P)

"081, 218 SOTOW 1I® 'DE.L 938 STOW § Juowdog

wniuem sapnjoxs eydpe sso1d 10 onma (91)

_ 0°1 s 82 WNIpRI J0J TAW *S°0 St 97Z Wwnpex 10 AW (6)
"PRIAJP SISWOSY [BNpIAIpUI-SINXTW = §J ‘spuod 93reyostp w1 pasojyuowr - o ‘pRIojuowr AjoumnoI 10u = p 1AD m o) 1 S® poyorep = o

*SD U1 DIL S PRiodNop = q 'AD UI [W0) 5B PAROWP = v ¥dI=7 ! 1§9d-dTO=dD *159d-Vd3=d4 ‘INTS-d'TO=85D *VOA-d'1D=AD d1D-uou=pN FIVI-dTO=LD 9% suonerasiqqe poypw (g)
SMB[OA=A IMIB[OA-TIIS=AG ‘opI[onuoiper=y

'g0d/epronsad=44 ‘opronsad=g ‘eRw=jy !1spwered ppij=4. £I07B0IpIN=] ‘Juswrofe=g ‘UoIp=(] ‘uones=y) ‘elolORq=g ‘volue=y o seonmiAsIqqe 2dfy (1)

“IA/WoIW § pavoxs 10U [[eYs molivm 3u0q 03 ssRAINbe Ss0p [EnUUE 1oY) Jo wns 3y yuasard o1v wnnn puw gg-wnnuons yoq Jt (9)

"WNIpOS UB JORRI ‘WAISOUSEW o ‘wniofms ‘wnissviod 1M PIIBISOSSE ST IPLIONYS Usym 94T103101d Ajorenbope Jou St prepuw)s (g)

(pasn Hd 8°7) e yopuodop yd (1)

BLISJID Juapusdop ssouprey (g)

SUYRUIOIOTYI0WOIGIP ‘SURRIWOIOYdIpowoIq ‘WI0JOWOIq ‘ULIOJOIONYS SAUBYOWIOTBYLY) 101 (7)

(T30 19491 5199) poA125q0 159mM0] 51 pojuosard an[ua *padopoaap Jour IoIo (1)

sisApuy omedig omEop = yOA

1901] 1od swrerBororwr = 1/3n
(1/:0d) sopronuorpez 05 yrwr] wonveRQ oy = O
punodwo)) parmuspy ApAneus] = DIL

SOUBYRWONYUY, [J0], =  WHL
SIToMpoY ey = vy
ol19adg sotoodg = Ss

PV 118M 3uDEHQq ojes = vMAS
[PAYT vonEmueny) onovrd = OJ

Muoydiq popuioyofjod = gog

19911 32d sounooord = 11od

Aoua3y Uond9j01] [HIUSWUONIAY = vda
PY PRM U = ymDd

wreidorg Kiojesoqey PYNUO) = 41D

BLIZNID) ANfEn) Iomem uoIqUy = 20MV
"[PAST IS G-Q1 A1 St payuasord anfep “s[aAd) Ysu ooy 10] poyrodal suadoursied J0J BLIGNID Ppeoy URWINY = 4,

SOEL '[oA9] JUBUTWIBIUOD WNMIXEW AIRPUOIS = 4
A719V.L 40 NOILV NV 1dXd




149726-924-£1 DI E-VLI8/19822

9L00°0 001 1D sl W winiliag
0001 10 00z W wnireg
W A duasry
W 111 owwosry
0s 001 081 09¢ 1D ol W oruesIy
Pi|- 1o 0o W Avourmnuy
L8 0SL 10 00z W wnumngy
1°0919 000°01 1 SPY[OS PaA[osSI(] [ej0]
0SL 01093 000'S I golog
$92139p o { s90130p (¢ ) d4 armpuradurs ]
1’0719 I d4 uRPNpUO) Siytoadg
06-0°S 06-S9] 0659 1°0513 10f 44 Hd
000°€l  000°€ 000°s 000°S 00SYINS 00S| dd us34XQ poatossiq
0093 000°001 E! g
10000°0 10°0{ €10000000°0{ 77000000 0 P a uTXOL(]
00S 09 079 0seq 000's| O N se swourmy
™ 001/000T DITTENS I q (1e024) wiopifoy
0S r4 v opyng
000°'0SZ v'SLET 000°s} Vv syeyIng
000°T| 000°01 SS Ss 1'vseq 000'Ss| v MNMIN se N
000°01| 000001 1'€5¢d 000's! v SMIIN+ENIN 58 N
000°01| 000°001 1°€5€9 000's| V omNIN s N
000° oved 000's| v spuongy
11 61 00SYd 000'T| VvV suurony)
000°'0ST A% | 000'S| Vv SpuoN)
1'01ed 000’01 Vv apUoqIE)
v aysuOqIROLg

S SpUuTe,

(1/3n) SATVANV LS ALITVNO WLLVM HOVAANS (DOOM/HAD) NISVY ANV HAIMALVIS

(z661 ‘1 Aren1goy) sOgI/SHVAY DIIOAIS~TVOINTHO TVLINTLOd "€~V HIqV.L




re-v

Ld¥T6-PI-€1 1DIM -V 19872

P d X3ANS d1-S'b'g

000°s{  000'C SAL SAL 1D 0z oury

1o 0s wnipeue A

01099 o1 uoysFung,

01093 ot wntuey

ON 002 wy

z10°0 SI 10 ot wnirey |

ON 002 wnnuong

1D 000S wnipog

0s SAL SAL 1D o1 I2ATIS

01 0T Ll SEl 1D [ wniuspg

1o 0005 wnisseloq

002 SAL SAL Rie) oy PYIN

, ON 002 wnuapqAopy

0 1o YT 1D 0 Amozp

(stp) 05 002 000'1 1D St osousFurpy

10 0005 wnissudepy

ON 001 wnnpry

0S 001 SAL SAL 12 S pea]

(stp) 0og 000‘1 10 001 uory

00T 00z S S 10 o1 opruefn

0001 002 SAL SAL 1o ST Toddop

10 0s HeqoD

0s 001 11 91 $'817d o1 IA wniworyy

0s 001 SAL SAL 961L9¥8MS S HI wnnworyy

10 o1 wniwornyy

ON 000'1 wnisay

10 000°S wnspe)

o1 01 SAL SAL wnrmpey)
\B).SPIEpUEIS opIMOTE

(1/3n) SAAVANVLS ALITVNO WLLVM HOVAINS (OD0M/HAD) NISVYI ANV HAIMALVIS
(z661 *1 Arenugoy) sOgI/sAVHY OLIDIdS—TVOINTHD TVLINILOd “€-V S IgV.L



LdAZ6-PA-€1 1M E-VLId19%7Z

zi0°0 I zo d Riech .o:axu:o_o%uouozuaxom

dD S0°0 d BPRg .o:ﬁu__o_omoouozuaxom

OO_ W0.0 W0.0 n— U:ﬂ .0§x0~—0~o%00u0—..—0axo=

¥10°0 dol soo S0°0 d ¥R IUBXaYOA0ION2BXI |

6£00°0 900°0 dDof s00 SO0 d eydiy ‘ouwxsyopAsoropoexay

8€00°0 970 10000 60°0 do| 500 $0°0 d sprxody toomdoy

zo| 1000 . 8€00°0 920 12000°0 800°0 do| soo S00 d Toowmdoy
100 10°0 S1 d uonyinn
d0 ) 10 d . QUOWRY utrpuy

T0 (Al 10 d SpAYaplY utrpug

+00°0 £200°0 600 A do] 10 10 d TIpuy
£6°0 do] 10 10 d 2AujIng uvejnsopuy

do| 10 1'0 d 11 vejjnsopuy

£00°0 950°0 110 £6°0 : dd| 10 S0°0 d 1 wejmsopug
£00°0 6100°0 £1 +1000°0 7000 do| 10 10 d mIppRIg
d uouTZeY(]

10 10 1 d uopwoqg
100°0 0S0°1 650000 1’0 do| 10 10 d (3dq) amoqesw 1aqg
1000 90 8000°0 do| 1o 1'0 d (aaa smoqumel 1qa
100°0 1000 S50 65000°0 1'0 dol 10 10 d laa
140°0 £80°0 10 d sopuAdiopyn

£$00°0 [ 85000°0 (8) o0 do I S0l 4 (vurwren) suepromy

£400°0 (AN (8) co0f - do 1 S0 d (sydiv) suspromy

6193 d [uBIO[D

9¢ p d ueINnjoqIe)

nm zOQEOum

£00°0 S'1 €1000°0] (%) 2000 do| 10 S0°0 d uLIpry
_ o1 o1 d qIBoIpTY

1z 89 oze ) o1 unjoIoy

001 oL p 1 d a-+'c

(I/30) SOIVANVLS ALITVAD JALVM HOVIANS (DDO0OM/HAD) NISVE ANV SAIMILVIS
(Z661 ‘1 Areniqoy) sOUL/SAVYY OIHIOAdS—TVIINAHD "TVLINAILIOd “€-V FI19VL



rE-v ) LdYT6-PI-€1 INM E-VLIN/1987Z

(o1) 09
(on g

(110d) zez+0eg wmoyy,
(1710d) 6 wanuong
(y10d) p6+68 wnnuong
(1n10d) gzz+97z wnipey
(rrod) ovz+e£z+8eT wntuony
(110d) wnrwoyny
(nod) Bog ssoin
(110d)  wydpy ssoin
(1110d) £g1 waisoy
(110d) pg1 wmsoy
(110d) 147 warouswy
(/10d) wnapusury

(oDs () 1/5°0
(on) 51 10°0

(01) 08

S - N
MM XNy XYY XX

Q
=]
[

smzeny
0921 101001y
bST1 Topdory
81 Iopory
vl Jopory
CET1 topory
1Z¢1 Topory
9101 tojoory
T onuodep
ouaydexo],
ouIzeung
S40d
uonpereq
YOITz
IoTyoAxOyN
uonpereN

| SUBPUT] ‘SURXIOTIAI0IOTYORXIY]

40 I
dd 1
d0o S0
dd S0
dO S0
do S0
do S0

I - - -9
A Ay A& oAl B Al

0°S} S000 . T000°0 £L°0 £L000°0 €00 do S 1

100°0 Y100 07 000070 S00°0 do 1 S0

100°0 10070 1’0
001 €0°0 £0°0 ov dd| S0 S0
1o : 1o o
o'y 100 80°0 0’1

d

d

d

d

Y00 d
- d

d

d

d

X ot
e

(%) sprepumg spuadng

(I/3n) SAIVANVLS X1LITVNO WALYM OV-IANS (OD0M/HAD) NISVH ANV AAMALVILS
(Z661 ‘1 Aremugoy) sng1/s9vaY OHIOAIS—TVIINAHD TVIINALOd "€~V TIgVL




$e-v . LdUT6-I-€1 DM E-VLId/19872

SO 0] AS SMNUBOIONY)—
(o) 01 AS ypfuoyy _?osaoEo_mlv
£1 sO| oS 0S| AS lowsydifyow-z_omung-g‘y
o) 0S| AS SUIIUROINN-¢
6£0°0 so| o1 0zZ] AS SUPIZUSqOIONYI (I-£E
$O OI] - AS [fousydoniN-7
$O 0s| As SMEURONIN-7
$O ol AS TousydiAyr-Z
$O 01| AS suapeydeuifpop-7
000'7] 08¢’y $J| oS olf AS Jouoydolopyy-z |
$O o1} As suareyydevoloy -7
0€T ogg so o1 01| AS suanjojoninq-9‘z
11°0 so| ol ol{ AS susn[oONUII-p'y
y1 yi $o| os os| As Touoydonmu -4z
0z1'z sO| oS 01} AS Touaydiipemq-4*z
Sog| 020 1z 12 sO| o5 01l AS louaydotonpig-4*g
0L6 r4 4 so| os 01f AS [ouaydolomoLr] -9y
SO 0S| AS Tousydozonporry—¢*p'z
SL SL o) I o1l As (v184) SuszuaqolONIIQ-'|
0o¥ 079 $O 1 01| As (mW) ouszuaqoroporg-¢y
0Lz $0°0 S0°0 q AS swze1pAyihwaydiq-z‘|
079 079 $O 1 0lf AS (01p10) suszusgolOmIg-7' |
SO 01} AS SUIZUIGOIOPIL L ' 7’|
(®z af ot AS JUIZUIGOIONYIBNO | -G H' 7' |
SAL SAL R (109 (mo1) wwerp
90| A (/10d) ge7 wnrueip
9°0] o (110d) ez wintweapy
d (110d) peg+eg mnnrery
(o1) 000’02 L 18 (/10d) waniry
Aiddng (9]8
P pimImS

(1/3n) SAIVANVIS X1ITVNO FHLVM ADVIINS (OO0OM/HAD) NISVY anV HAIMALVILS
(z661 ‘1 Axenigqo,y) s I/sqvIV OIIIOHIS—TVOINGHD TVIINILOd "€~V TI9V.L



0l

100

0’1

1’0

0zs

00s°C

00L'1

ot

9t-v

6€0°0
82000

82000

000°¢

(8) 81
00b°1
(8) €00

87000
87000
87000
8700°0
8700°0

(8)21000°0
8200°0

(®) £o0

<0000

$O
SO
SO
SO

§O

o1

0%

ol
0s

01

0l
01
01

0l
01
0l
ol
o1

01

o1

0c

ol
]
ol

0l

0l

0l
01
ol
oI
Ol
ol
o1
ol
ol
1)
0s

ol
01
0s
1UY
01
01

AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS
AS

LdUZ6-d-€1 1M -V IIa/19872

SulplzUaqoIO1g
SOUIZU2QOIONYDI(]
QuddRIIUe(Y‘B)ZUDqIY
uBInjozusqi(y

suasf1yn

[ouaydoiopyy
s1oyeAeOIONy D
sauateypdeN pareutiopys
SIapg pajeuiony)
arEpydidzusg jhng
susipying
mrenyd([Axoy1Ang-g)siq
uuﬁoﬁhmoumg_o._oznvi@wﬁ
Iaa(1hyeotonn-g)siq
u:nﬁoE?xoﬁoo._oE”vlwv&p
[oYooly (hzuog
suatpueIon|j(y)ozusg
ousiA1ad(i'y‘8)ozusg
suatpueIonfj(q)ozuag
sua14d(v)ozuog
suadeIyUR(v)oZUOY

pIoy otozuog

QuIpTZUIg

suasenpuUy

suayyydeusoy
fousydonin-4
QUIMBONIN-
Tovoydifypopy-1
—ocoam—%:uoﬁ..m:o._oinvlv )
Iy 1Auay [Ausydoropyy-p

(1/30) SCIVANVIS X1 TVNO JELVM HOVAINS OOOM/HAD) NISVE ANV HAMALVLS
(z661 ‘1 Aremagay) sOHI/SAVAV OLIDHdS-TVOINTHD TVIINHLOd "€~V AIgVL



Le-v

Ld¥26-%P3-¢) DIME-voTu/19877

87000 SOf o1 0] AS Susnpueuay g

L's 6 00T e 0s 0S| AS 35:@053035&
®9| q o1 AS USZUIGOIORIIRIULy

q AS Ssoueyyy PateuIONOTUay

S00°0} SO o1 01| AS SurusiAdoadip-u-rp_osonin-p

6 SOf 01 01{" AS surmeifuoydiposon -y

910°0 9 o1 AS suptjonrfdosomy

69000°0 S} 01 AS omuredyuntposomy

8000°0 al o1 AS SuBAyeIposomy

90070 qal o1 AS swmBLfnqposony

AS soutmresoxN

AS sfousydoni

000°22 S'E S€ SO o1 0If As SuszuaqomiN

029 00€'z 8200°0 SO o1 01| AS susreyydeN
000°LIT +'8 0S0°1 sol o1 0l AS suoroydosy
8200°0 S2| o1 oIl AS 2u224d(po-¢ 7' [ Jouopuy

AS surzeIpAy

ors 086 61 $O| o 01] AS SuTRooIoNORYa
< L )74 SO 01 01 AS o:o_vssmo_o%uo._oEucxo:
£6 06 SH0 1 SO o1 01} AS IWAPTNOIONORXSY
Z2L000°0 9 [e) 01 0If AS SUIZUIGOIONYowxO

AS SIaooy

AS opAyeprewiog

8200°0 SOl 01 Ol AS Juslong

086°¢ (44 O] o1 0l AS JuauRION].

p AS Joo41n 2uolhipsg

SO 01| As . EEydiioo-uaq

00L°T S2| o1 01| AS aPrenydifing-u-1g

000°€l€E sof o1 01| AS erymydidpown |

SOl o1 0] AS Srepqydidmarg

d




8'E-v

1d¥/T6-PI-€1 1M E-VIIN/1987

001 001 SAD/AD 1 S A 2UdZUIq0IOY D)

SJ/AD 01 A SOUIZUSG PARULION D)

00Z's¢ ST0 €0 AD 1 sl A SpLIOToRIG ] H0qIRY)

AD st A opYynsi(q uoqre))

wv >U — O— A oﬂﬂ—uososo.-m

v 4 >U — m. A Euo.«osc.—m

£0 £0 AD 1 St A SUBIRWOIONOIpowoIy

00E'S 1 I AD I S A uazuog

009°C 0SS‘L 85°0 2 S A a[yuolA1oy
AD orf A JuOROY

AD oIl A suouweiuod—z-jApoN-4

AD orff A QUOUBXSf~7

AD o] A suouwng-g

P 090°9 01 AD 1 sl A (suen) susdoidoropyorq-£*]
e 090°9 01 AD 1 s| A (s10) suadoxdoropyorg-¢*q
00L'S[ 000°€Z 96°0 (8) 9570 AD 1 sl A smedordoropyq—z°1
001 v 1 sl A (suen) suspaoromIg-7']

AD sl A (re103) auaooIOYIIQ-7']

oL ® 1 A (s10) suotpeoIomoI(-7*1

000°02| 000°811 $0 ¥0 AD 1 sl A SUBYROIOMYI-Z ]
LS00 L AD 1 Y SUSYIROIOYOI(T- ‘|

AD s{ A SUBROIONOII-]"]

00v'6 920 £ AD I sl A SUBYROIONPILL-Z* 1]

00b'T Lo AD I st A SUBROIONYIEN -7 7 T |
007 00T AD 1 sl A SUUNOIONMONI L - ‘]

oz z AD| T oI As SpHO[D JAur

820070 q o1 AS | uoqieo01pAH onewory Jeaponufjoq

? AS s10)5Y SRRy

005 0952 00Z'0 Touoyy

(1/3n) SAAVANVLS AIrTVNO YHLVA IOV:RINS (ODOM/HAD) NISVE ANV TAIMTLVLS
(2661 1 Arenigo) sDEL/SAVAV DIAIDHIS~TVIINTHD “TVLINALOJ -V A19V.L



LdU/T6-94-€1 1M E-VLIM/1982L

AD S| A (m0)) sousikx
AD o1 A AUOY [Amp
006’12}  000'SH Le S AD 1 sf A SUSYOOIONYOLI L.
AD T S A SIUBIGOIONOLI ],
00S°L1 000°1 000°1 AD I St A suanjoy,
ov8 08C'S 80 S AD 1 Sl A [uaIRoIoTIeNa |,
AD 1 S A SIUBIS0IONYORIN ],
AD S A w1fyg
8200°0 so| o1 ]| A aus1kg
L'y AD I Si A SPHOMD Jualipey
001 A soueyRWoRYy
A IprQ uolhipg
P A SPIWOIqI( SUSAYIY
000°ZE 001'¢ 089 AD 1 Sl A |uazuag 1Ay
1 A SIUIYIOIOTYOI (T
9 14! AD I S A SuRYIPWOoIO0WOIqI(]
LS AD 1 o1 A suByRWOION)
O¥Z‘l} 006'8T 9 9 AD 1 [ WI0JOIONY)
AD 01 A Quvy0IoY D
DI ot Rl i
8) SPIVpUTIS IPIMOIS.

(1/3m) SGIVANVLS ALITVNO JHLVM FOVIANS OIOM/HAD) NISVH ANV FAIMILVLS
(z661 ‘1 ArenIqa.D) sOEL/SAVIV DLAIDAIS—TYIINTHD TYLINALOJ -V A19V.L

® ® | ®



o1'e-v LdUT6-4-€1 1M E-VLIN/1987Z

"YVAYV 210 SPISpUEIS oplm-uIsey - 0661/ /7 PoPUSMIE {861 /9/Y (8-7001 YOO §) 0°8'¢ uIseq 19aRy (Y Ayowrg

‘uiseq 1940y uestigndoy ‘mseq 1oAY Srwerey ‘utseq 10ATy§ anBI] ‘S 10} splepumig StrownN pue suonwIYISSeL) ‘000M/HAD ()
(0661/9:0201-1001:97, 1oModoy irowuoIAug)

"(AVAY) 1661/L1/01 Popuowe *p761/51/1 (3-7001 ¥DD S) 0°1°€ spaspumlg Kipend) 193ep OpEIO|OD *000M/HAD (8)

(=) W (2) ) 17°1°¢ vonoes 905 (0f)
0°1 st 87z wnipey 10] JAW ‘S0 St 97 Wnipey 10§ TN (6)
"PIEPIES 1 T0d “(HAO) 1O (vemp yua3wns a10m) mopeq st prepums o1ym (8)
() u1 (2)(2) §°8°€ womvog 395 (1)
"POISAAP SIGWOSE [ENpIAIPUI-LIMYIW = § ‘spuod aFreyostp m PRIOJUOH = 2 'paI0JUOW A]SUNINOI 10U = P A7 Wl Of 1 S8 PORORp = 9 !0 UT D], S% poropp = q

*AD W [8)0) 5B p230oRp = © tygg=9 *1849d-d10=dD ‘153d-Vdd=d4 ‘INFS-d'1D=SD ‘VOA-d10=AD *dJO-UOU=DN TV L-dTO=10 :o1% SUONEIARIqqE popow (g)
9[IB[OA=A 6520??-8“ AS -opIPRUOIpRI=Y ‘gD d/opronssd=g4 ‘opronssd =d ‘PRU=]y 1opwered pply=g HI01R0IpUI=] ‘UO[BI=7) ‘B1ImIRG=g ‘VoWe=V ‘018 suoneiAsIqqe 2df) (g)
spiepuels Aup-| 918 s1030 1 ‘sp1epuwis £ep-(¢ ore ourz pue ‘osousduew ‘uont ‘xoddoo ‘alBJIns ‘apLIoY> ‘opiyns ‘sruourury ()
| ONnmu4sjEnIY Jof 1daoXd spIepus Kep-pg o108 11y (g)

Vdd 30 D00M/HQD 4q pouyop sw (sT0d) sieas] uonsoynuenb eorossd
U0 PISBQ JUAWDIONS YiM 0152 58 Po1diaNur ST plepuws sAnjELIRy a1 ‘sotued1o Surrinooo ATEImeu—uou 10J spIepUEIS oLdWNY ‘Sytoads Jo aoussqe oy Uy (7)

"popnjout Jou are £jddns 1o3em onsowIop pue wio1q Iojem PI0? ‘sasn [euonBo1051 10§ Jjf pue *Jf ‘] so[qe), W sonfep

s1opwered [eow = Jyy ojqey,

s1opwered stredsour = |j oqey.
s1opwered Eor3ojorq pue reorshyd =  joqey (1)

UOISSTUNIOD) Joxnuo) Lrpeng) B = JDD0OM
SISAeUY ome3I0 OMIOA =  YOA

. 1031 13d swer3oromr = I/3n

(17:09) soprponuotpes 107 ywry vonoepq WNWIIN = T

(8) v 111 2198, 995 “(uapuodop ssoupiey) prepuwmg onpA ojqe] — SAL
' punodwo) poynuopy Apapeiuol = oL

SSUBRPWOTeYLI ], [010] =  WHIL
B oUpEUY 08mL = Ty

dYroads soroads — SS°

RAY UOnETNURNY EONORId = D
14uaydq poyeuroppokiod = gpg

1ouf Jod soumooord = [1nd

Koualy uwonpsjorg [PIUSWUONIAUY = vdda
PRAJOSSIp = sip

ey jo juawreda( opeIrojoy = HAD
werdorg £103e10q8] PRRUCY = 410

19V 1L A0 NOILYNV1dXd



10 S W wnifdsag
1o 00T W unireg
W A onmesry
W 111 otuosTy
0s 10 o1 W NSy
15 09 W Kvoumuy
1o 002 |2 wnunmary
10919 000°01 1 SPHOS paAossI] 0L
0SL 0SL 01099 000°S 1. uojog
dd ameiadma
10219 1 dd dduwONpUO)) oiy1oadg
6-$'9 659 1'0513 10 d4 Hd
000's 000'S 00SYNS 00S L wa3AxQ paajossiq
07 0t 0093 000001 q Injpg
£10000000°0 £10000000°0]  ZZ00000O 0 p a urxorg
09 079 0sed 000°S o) N se viuomury
DITI6NS 1 d (1204) wiopo)
v opyms
000°0SZ} 000°0ST ysLed 000°s A4 Mg
000°T 0001 1'vsed 000°s A AMOIN v N
I"gseq 000°S v IMNNIN+AJBRIN S8 N
000°01 000°01 1'eseq 000°'S A4 AeMIN se N
oved 000‘s v spuongy
£ £ 00S¥3 000°1 v suLIo[M)
000°0SZ| 000°0ST (YA 000°S v pUOYD
101€d 000°01 v QRUOQIB)

X v Y

14U/26--C1 1M P-VLIN/1982T

(1/3n) SAAVANVIS XIITVND YHIVM FOVAINS (DOOM/HAD) INTWOHS WVHILS

(z661 1 Arenuqay) sOg1/sgvyy OLIIDHIS-TVIIANHHD TVLINGIOd -V g1aV1

@



SAL

SAL

SAL
100
©) os
SAL
(€) oo¢

SAL

SAL

SAL

SAL

SAL
01

SAL

SAL

SAL

SAL
0S

SAL

01

1D
1o
01093
01093
ON
1D
ON
1D
15
1D
1D
10
ON
1o
1O
1D

- ON
10
1D
1D
1o
1D
$'8ita
961L9v8MS
10
ON
1D

S0

0¢
0s
(!
o1
00T
01
00T

ot
000S
00T
0
SI

001

001
ol

oS
ol

01
000°1
000°S

2353533355555 55555555S5355555°S

=¥

LA¥/Z6-923-€1 MM b-VIIW/1982Z

XOANS d1-S'v'T

swz
wnipsuygp
uasduny
wnre |
mL
ey y,
wnnuong
wnipog
I9ATIS
wntusleg
wniss§oq
PIIN
wnuapqilop
Amorapy
asousuepy
wnissuepy

uranpry

pey

uoIj

oprushD
Jaddop
eqoD

IA warmoryy
111 wnlmory,)
wnrmoryy
wasa)
wniom)

. wnrope)

(1/30) SAYVANVIS ALITVNO YALVM HOVAANS (ODOM/HAD) INTNOAS INVIRILS
(2661 ‘1 Areniqod) sOg1/sqvyY OIHIDIdS—TVOINEHD TVLINILOd v~V TI9V.L



£C10°0
£910°0
7600°0

82000°0

1200000

$20000°0

91000°0)
94000°0

¥L0000°0

£C10°0

£910°0
6000

820000

1L0000°0

¥Z0000°0

9+000°0
9¥000°0

L0000

(9) 000
(9 800°0

(A

(9) zoo0

(OB

(9 t00
(9) €00

9t

(9) zoo'0
o1

001

v

d0

40
dO
dO
dO

dO

d0
d0
dOo
dO
40

d0
d0
dOo

dO

dD
6193

dOo

"o

(A

S0°0
SO0
S0°0
S0°0
$0°0

Sl

1o
10
10
10

1’0

10
10
1o
10

10
)|
01

SO0
S0°0
S0°0
50°0
S0°0
S0°0

1o

1o
I'o
o
$0°0
I'o

1’0
1o
1o
S0
S0

$0°0

 DHE ‘'ouexayo[2450101youxal]

n..n.n.n-n.n-n.n.n.n.n.n.n-n.n.o.nqnqn‘n.nnn.n.n.aqn-n-n.n.n.

LdY/T6-RA-€1 IDIM P-VLI¥/19822

Y23, ‘ouBXaYo[oL30I0ToRYol]
B[P ‘aUBXayO[2Ad0I0[YouXa

e19g ‘aUBXIYOIAD0IORYIBXOH
vyd[y ‘suwxsyopLsolopysexay
aprxodg ._oEwSmo:
Iopyomdoy

uonpnn

9u0PY ulpuyg
9pAyeply urpuy
upuy

9ejIng wejnsopuyy

11 vejnsopuy

1 uejjnsopuy

uuppRiq

uourzel(q

uopwa(y

(3aq) =nieqse Laa
(aaaq) suoqerp Laa
laa

sopurAdiopyn

(earmen) suepiopy)
(eydry) suepiopy)
[reIoyD

ueInjoqre))

[roeworg

ULpIY

qIeIpLY
ujoIdy

a-+'T
g

(I/3n) SAIVANVIS XIrTVNO JILVM FDV:RINS (OOOM/HAD) INTNOIS WVIILLS
(2661 1 Areniqay) sDEL/SAVAV DIAIDAIS—TVOINTHD TVLINALO bV TIAVL




00
61
N
08

S0°0

$0°0

08

S0°0

6L0000°0

9810°0

09

St

08
0t

6L0000°0

bo-v

08

(9) s00°0

001

do

dO

dO
d0
ddo
d0
do

dD S

do 1

I
Wouso
100

S = — N

Y
S0
S0
S0
S0

S0

B A A B & A A A
B A B B B A A

- - - -

LN AN AN RN

1dUT6-PI-€1 1M b-VLIN/I982T

(110d) zez+0gz wnuoyy
(11od) 06 wnnuong
(110d) 06+68 wanuong
(110d) gzz+9zg wripey
(110d) ovz+6£7+8¢7 Wntuomyg
(11od) wrnomyy
(/10d) ueg ssosn
(109 wydpy ssorn
(/10d) Lgy wmsay
(1109 g1 wmssp
(112d) 14 woouewy
(10d) wnrdtowy

surzsny
0971 fopory
¥$T1 1opory
8YT1 opory
V1 Topory
TeC] lopory
1221 Yopory
9101 Iopory
T onuodep
suoydexo}
Surzewng
S40d
uonpeIey
Yo
Jo[yoAxoyRN

vonperey
QUBPUL] ‘QUBXOYO[42010[jouNa

1%

B[ WEONS ¢ 29 4.

(1/3n) SAAVANVILS XLI'TVNAO WHLVM TOV:IINS (OO0OM/HAD) INTNOAS WVIILS
(z661 ‘1 b«Eﬁ& SOUL/SAVAYV DIIDAIS-TYIINTGHD TVLINALOd “+—V TTdVL




Sr-v LdUT6-9A-E1 1IM -V LIH/1987L

$O ol AS QUIIUBOIONY -4

o) o1 AS PyRkusyg an:moEonlv

o) 0S 0s AS lousydifypur-z-onmng-9'y

$D 0S AS QuITUBONIN-¢

100 100 $D ol (174 AS SUIPIZUSQOIOTYIIQ-£'E

o) o1 AS TousydoniN-g

sD 0s AS SUIIUBONIN-Z

[Ne] 01 AS Tousydifon-7

e} o1 AS susteyyydeuifyoy-—g

$O 0S o1 AS Jousydotomy-z

$O ol AS swpyydevuotop)-7

Yo} o1 ol AS QuonjojonmI(q-9‘y

$O o1 o1 AS suonjoonIq-$'z

$D 0s 0s AS Jowsydonmnq-4*z

O 0s o1 AS Jouoydifpowtq-p'g

1z $O 0s o1 AS Tousydoopyorg-4'g

Al | A | ®oz $O 0s o1 AS Tousydosopyorry —9'4'z

00L $O 0s AS [ovaydoroporry —¢'py'y

SL " S$D 1 o1 AS (er8g) suszuagoromIIg-$*]

079 $O 1 o1 AS (8) suozuaqosoppIg—¢'y

9) so0 q AS smzerpAyjfuoydi(q-z*y

079 $O 1 ol AS (on10) suszUOgoIONYOI-7 ]

SO 01 AS QUIZBIQOIONYOWI ] ' T |

9z q o1 AS SWIZUIQOIONYORND [ -G 4T |

ot S o b (110d) (moy) warverp

9°0 b { (1od) gez wnrwerp

90 d (/109) gez wnmwexpy

b | Wrod) pezregg wnmresn

00s|  00s 000°0Z q (yr0d) wnpuy
PA T

(I/30) SAYIVANVLS XLITVAO YHLVAM OVIINS Guoa\maov INFNDAS IWVIILS
(2661 1 ATen1go.1) SOHL/SAVIAV DIIDHAS—TVOINGHD TVIINALOd vV 9T19V.L

~
P



100 10°0 0] ol 0T AS SutprzUSqOIONYOI(Y
- i AS wOﬁUNﬂOLOuOE@«Q

SO 01 01 AS Suddere(y‘s)zueqrq

[Ne) o1 AS ueInjozUaqI(Y

SO o1 )| AS Quskryy

0s AS Jouaydozopy

$O )| AS s1oalAymolon)

; AS sousreqdeN poyeuriopy

AS sy paysulIon))

so|” ol AS swpeyydiizuag [Kng

AS sudtpeng

$0 o1 o1 AS AeEnyd([Axoqfipg-g)siq

$O ol o1 AS Iy(j4doadostoropmy-z)siq

LEOOO000 LEODO0O 0 9 €00 $O ol ol AS Bma(lysorom)-z)siq
O o1 AS suwwm(£xoeo1oM)-7)siq

$O o1 AS 1040y [Azeag

SO o1 o1 AS suaipueIonj(Y)ozusg

o) o1 ol AS suK1od(r 'y 3ozuog

SO o1 ol AS susipueIonjj(qiozuey

o) o1 o1 AS suarhd(e)ozuog

$D 01 o1 AS SuaoBIpUR(s)ozIRy

SO 0s AS POV olozuog

T1000°0 T1000°0 (9) zooo0 p o1 AS SulprzIDg
$O 1 01 AS suzoRIqIY

$O 01 o1 AS suayydenoay

SO 0s AS TousydomN-¢

$D 0S AS SUITRONIN-

$O o1 AS TouaydiApop -1

$O 0s o1 AS Touoydjipom-g-—oroy

qy [Ausyg 14usydolomH—+

LdW/T6-94-€1 1M p-VLIN/1982

(1/30) STIVANV.LS AIXTVNO YALYM TOVANS (DOOM/HAD) INTNDHAS INVTILS

(z661 ‘1 Arenuqog) sOg 1 /sqvy OIIDAdS—TVIINAHD TVIINALOd “t-V FI9VL




Lv-v - LdU/T6--€1 IM P-VLIN/I987Z

SO 01 01 AS suaIUBULY

00T SO 0$ 0s AS Jouaydoloppouiuay

99 9 01 AS QUIZUIQOIONYIRIUD

q AS SN pajeuLIoNIBUS

95D 01 01 AS sunwe[Adoadsp-u—_1p_osonIN-N

6 &Y qsD 0l ol AS sutweKuoydiposoniN- N
9100 - 9100 q ol AS suiprjorifdosontN
¥100°0 Y100°0 9 (0] AS sutwe{yewiposoniN
8000°0 8000°0 q 01 AS sutweAyetposonIN
$900°0f ¥900°0 q ol AS suTwslAingiposoniN
AS SIUTWRSONIN

AS sjousydoninN

©se $O o1 oI} | AS JUoZUqOmIN

SO 01 o1 AS suwarepydeN

0501 SO 0l 01 AS auooydos]

SO 01 01 AS su214d(po-¢*z* 1 Jouopuy

AS SuIzeIpAH

61 61 s$O ot 01 AS SUBOIONYIBXSY

6F o) o1 01 AS sudtpmusdopphooropouxsyy

SY'0 S¥'0 14! e (1] ol AS SUSIPYINQOIO[YoRXSYY
TL000'0 7L000°0 9 z00 SO o1 o1 AS JUIZUIGOIOIYOBXS
AS SIRoreH

AS SpAyspremwIo,

e 01 ol AS sudronyy

SO 01 01 AS susueION]]

P AS - [094]D suolhpg

SO o1 AS swEegydipoe-u-1g

SO o1 oIl AS awreynydifing-u-1q

y0) o1 o1f - AS swpeydidyewmg

SO| o1 01 AS repEmydifimag

(1/3n) SAIVANVIS XALITVNO JELVM HOVIANS (DD0M/HAD) INTWOHIS INVIILS
(z661 ‘1 Arenugoy) spY1/5qvaY OLIDAdS—TVIINAHD TVLINALOd “+V T 19VL

» e



850°0

09°0
Lro

82000

850°0

090
Lo

8700°0

00¢

9) 950
oL

0oL
S
L
8z

00T

8-V

SAD/AD
SO/AD
AD
AD
AD
AD
AD
AD

o

AD
AD
AD
AD
AD
AD
AD

v

AD
v

AD

ADJ.

AD
AD
AD
AD

WY v e e

i ]

01

N wnonownon

v v

01
ol
o1
(1]

W v v

o1

>>>>>>>>>>>>>>>>>>'>>>>>>>

AS
AS
AS

LAUT6-PA-€1 M P-VLIN/ 1982

QUOZUIQOIONYD

SIUSZUAG pIRULIOTY D)
SplopoRIe | uoqIe)
JPYInsiq voqren
Suvipowmomorg
wiojoworg
SuvoWoIoYoIpowolg
udzZUSg

anmuolfioy | .

uoYOY

Suouvuad-z- 1Ko~
QUOUBXIH—~7

suoueing-z|

(swen) susdordoropprg-g*y
(s10) suadoxdoropprg-£']
suedoxdoropor-z*|
(suen) susypsoropyorq-zy
(1109) susypecomarg-7)
(s12) suayoromOI-2*]
sueoIoMOIA-Z |
QUIRROIOMYI(J-] |
SuBRR0IONYI-] ‘|
SUBYROIONOIL ]~ ]}
SUBPROIOMBIPL-Z L T ‘]
SUBINSOIONOLI T ~] ‘] ']

QpUOMD JAUIA

SU0QIBS0IPAH Shpwory Jesponuijog
SI93sY oeepyq

Jouayg

(1/3n) SAAVANVLS XIXTVNO WALVM HOVAANS (DDOM/HAD) INTFWOHS INVIALS
(z661 ‘1 Arenuqoy) sOq1/s9vav OLHIDIdS~TVOINAHD TVLINILOd +-V HI19V1




6>V

1dW/T6-924-€1 1M P-VLIN/1982Z

80

61°0

61°0

8°0

61°0

61°0

WHL 0],

0zy'e
01

001

089

*001>

AD
AD
AD
AD
AD
AD
AD
AD
SO
AD

AD

AD
AD

‘AD
AD

v e vad vy

N

(mo]) souafhy
Y AUy
SUOYIR0IOTYOLI ]
SSUBINS0I0[YLL,
Quanjoy
SUSYIR0IONYOBN ],
SOURISOIONIBII ],
sus1f1g

Sualky

SPHONYD oWk
soUnEWoRY
PO ouslAmg
SPIWOIqI(Y SuSIAYS
Quozuog A
SOUSYIROIOMYOI(Y
QUBIPWOIOoOWOIqI(]
suBPRWOION)

[=)
—

o
N — N wnnw»n

PEEPEPEOOE>OEEE> > >

vy
>

wiojoroyy
QUBYO0ION)

Q>

(1/3n) SAAVANVIS XII'TVNO THIVM HOVAINS (OOOM/HAD) INTNOLS INVILLS
(z661 ‘1 Areruqoy) sHg1/sqvVAY OHIDAdS—TVIINAHD TVIINIIOd “+-V TI4VL



ove-v 14W26-PA-€1 DIAP-VLIN/1982T

Hg1 ore sprepuEs aitoods—ons “Jv YV 270 spIepiws opim-~ulseq ~ D661/S1/7 PIpURWS 41861/9/b (8-7001 YOO S) 0°'8'E VISBH I0ATY H Ajows
‘mseg I9ATY UBoLqndoy ‘UIseq 1oAY SMWelw] ‘mseg I9ATY SN¥]d S 10 SPIBpUVIS OLIWNN pUT suonBoyIssELD *00OM/HAD (V)
(0661/9:0Z01-1001-92L 151100} [BYISWUOLIAUY)
(HVAY) 6861/0£/6 POPUITE YLET/ST/Y (8-7001 YID ) 01 '€ SPIBPUEIS Aend) 3978 0PEIOIOD ‘IDDAVHAD ®

0°1 St §7Z Wupey 20§ TAW 570 St 97T WPRE 105 1AW (1)
“paepuws st JOJ 230§3P 10 (et JusBurns 210W) MOJRq S PIPUEIS ©
(ATuo STUOIY) SPIFPURS [VOTISYD) OFIV3IQ [PUOHIPPY 1 s1qe ], soppyl (S)
s[e03 918 Sprepuw)s ¢ juowdss (3)
9[qBISA00RX TEI0} 1O PIATOSSIP :uaa1d onpea 3s9mo1 (£)
spiepueys Aep—| 91¢ SISO (¢ ‘SPIBPUTS Kup—og 918 oUIZ puy ‘9souBdUB ‘UOI *32ddoo *oreJns ‘opLIOTYo ‘opijIns ‘eTUOWWY @
Vdd 10 DOOM/HAD £q pauygep 8 (STOJ) s1adl vonsoynuenb eoroeid
U0 paseq JUSWIOIOJUD LM 0I3Z S8 Po3e1d10jul ST PIBPUBES FANBIIVY O *sorue330 BULIN0oo AJEINJEU-_UOY J0] SPIBPUTS arIowWny ‘oraads Jo 9oudsqE 3 VY 1)

worssTIIOY) foruo) Aifend 19eMm = 200Mm
sisAppuy o1Us3I0 OIIOA = VOA

157 3od sweidosomm = 1/8n

(130d) sapronuoIpEl IO YUY woTAR(J WU = 1aN

(8) Ut J11 S1qBL 995 ‘(opuodap SSIUPIBY) PIEPUIS AM[EA AGEL = SAL

punodwio)) poYTUSP] ARARTINR]L = - Ol

SOURRWOTYI ], TIIOL, = WHL

1] 9Kpeuy el = gAAS

syroads saroads = sS

el sl A0od = 434

A vonEmuend) TeonoRld = 104

fAuoydiq parennofgokiod = g0d

soy1 30d soumoooid = 1od

Kous3y uoRoa01J TEIUOWVOIIAUY = vdd

PAAJOSSIP = sIp

eoy Jo yraurpedo(g opeio[o) = HAD

weido1g A10)810Q8] PENUOCY = 410

SURPUIOIOTYOOWOIGIP ‘SUPOWIOIOTYOIPOTIOIq ‘WIOJOUI0Iq I I0JOI0[YI:SIUBYR WO} ™oL = »

F19V1 40 NOLLV NV 1dXd3



OU11 Work Plan Manual: 21000-WP-0OU11.1
Section: Section 4, Rev. 1, draft B
Category Final Page: 1of 17

4.0 DATA NEEDS AND DATA QUALITY OBJECTIVES

Phase I RFI/RI Data Quality Objectives (DQOs) have been developed for the collection of field
data to supplement the existing, historical data which have been evaluated in Section 2.0 of this
Work Plan. The field sampling and analysis program, which is detailed in Section 7.0 of this
Work Plan, will augment the available data by generating new information from untested areas
within the site boundaries to achieve more uniform coverage of sampling. The program will
also generate new types of information with consistent, standardized quality assurance objectives
and procedures which increase validity, and establish relative levels of confidence for individual

data and the resulting interpretations.

Portions of the historical data set for the West Spray Field are of uncertain quality, and apparent
discrepancies prevent accurate, meaningful analysis. The proposed field sampling and analysis
program will generate a comprehensive set of field observations, field measurements, and
laboratory data types. The proposed use of each type of information will dictate the level of
data quality required for that measurement.

Site-specific data requirements and related DQOs are summarized in Table 4-1. The data
collection activities will focus on characterization of the site physical features and the nature of
contaminatioh from the source(s) and soils, as required of the Phase I RFI/RI by the IAG.
Definition of site physical features and contamination sources will include: a surface radiation
survey; surficial soil sampling, and a subsurface soil sampling task from test pits. The primary
objective of an RFI/RI is collection of data necessary to evaluate the nature, distribution, and
migration pathways of contaminants, and to quantify any risks to human health and the
environment. These assessments will determine the need for remediation and will be used to
evaluate remedial alternatives, if necessary. The five general goals of an RFI/RI (U.S. EPA,

1988a) are as follows:
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Characterize site physical features;

Define contaminant sources;

Determine the nature and extent of contamination;
Describe contaminant fate and transport; and
Provide a baseline risk assessment.

e

However, in accordance with the IAG, the RFI/RI for QU11 has been divided into two phases.
Phase I of the RFI/RI will address characterization of the site physical features, nature, extent,
fate and transport of contaminant sources and a Baseline Risk Assessment within the West Spfay
Field. The nature, extent, fate and transport of contamination in groundwater will be
investigated as part of the Phase II RFI/RI. The air pathway for contaminant migration will also
be investigated as part of the Phase II RFI/RI.

DQOs are qualitative and quantitative statements that specify the quality and quantity of data
required to support the objectives of the RFI/RI (U.S. EPA, 1987). The DQO process is
divided into three stages:

Stage 1 - Identify decision types;

Stage 2 - Identify data uses/needs; and
Stage 3 - Design data collection program.

Through application of the DQO process, site-specific goals were established for the Phase I
RFI/RI and data needs were identified for achieving those goals. This section of the RFI/RI
Work Plan discusses the DQO process specific to the Phase I RFI/RI for OU11.

Data collected during previous investigations have been useful in developing and focusing the
DQOs. Previous data collection activities focused on site characterization rather than performing
a quantitative risk assessment or environmental evaluation. The historical data, along with the
OU11 conceptual model, were summarized in Section 2.0 of ‘this Work Plan. This section

presents the rationale used in identifying OU11 data needs.
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4.1 STAGE 1 - IDENTIFY DECISION TYPES

Stage 1 of the DQO process identifies the decision makers, data users, and the types of decisions
made as part of the RFI/RI process. The information is then used to identify the data needs and
objectives. The following paragraphs discuss in more detail the identification of data users,

development of the conceptual model and the resulting data objectives and decisions for OU11.
4.1.1 Identify and Involve Data Users

Data users are divided into three groups: decision makers, primary data users, and secondary
data users. The decision makers for OU11 are personnel from EG&G, DOE, EPA, and CDH.
These personnel are responsible for decisions related to management, regulation, investigation,
and remediation of QU11. The decision makers are involved through the review and approval
process specified in the IAG. Primary data users are individuals involved in ongoing Phase I
RFI/RI activities for OU11. These individuals are the technical staff of CDH, EPA, DOE,
EG&G, and EG&G subcontractors. Pﬁmary data users include geoscientists, statisticians, risk
assessors, engineers, and health and safety personnel. The primary data users will be involved
in collection and analysis of data and in preparation of the Phase I RFI/RI report, including the
Baseline Human Health Risk Assessment and the Environmental Evaluation. Secondary data
users are those users who rely on RFI/RI outputs to support their activities. Secondary data
users of the Phase I RFI/RI information may include personnel from EPA, CDH, DOE, EG&G,
and EG&G subcontractors working in areas such as data base management, quality assurance,

records control, and laboratory management.
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4.1.2 Evaluation of Available Data

The historical investigations conducted at the West Spray Field and associated areas of OU11
have generated data which were evaluated for completeness and used in identifying current data
gaps. The previously collected data is described in Section 2.0 of this Work Plan. The
following is a brief discussion of the completeness and usability of existing data based on the

information presented in Section 2.0.
4.1.2.1 Quality and Usability of Analytical Data

Historical analytical data from 1988 to present, which was used in characterizing contamination
at OU11 has been validated in accordance with the Rocky Flats EM Program Quality Assurance
(QA) procedures. Data has been labeled as valid or rejected depending on whether or not it
meets criteria established in the EM program. The data from the 1986 soil sampling for OU11
were rejected because (1) sampling/analytical protocol did not conform to significant aspects of
the QA/QC Plan (Rockwell International, 1989) or (2) there was insufficient documentation to
demonstrate conformance with these procedures. Rejected data can be considered qualitative
measures of the analyte concentrations. Analytical data generated under the RCRA annual
groundwater monitoring program for the West Spray Field were considered valid from 1988 to

present.

The historical analytical data were used qualitatively and quantitatively to scope the RFI/RI
activities at OU11 as presented in this Work Plan. However, additional inorganic, volatile
organic and radionuclide data are needed to accurately evaluate contamination at OU11. The

usability of groundwater data collected quarterly under the RCRA and Colorado Hazardous
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Waste Act (CHWA) groundwater monitoring requirements for regulated units, will be evaluated
during development of the Phase II RFI/RI Work Plan.

4.1.2.2 Physical Setting

The physical setting of the West Spray Field area is described in detail in Section 2.0.
Additional data are needed to characterize the hydrogeologic conditions of the site for
development of the site conceptual model. This will be developed as a Phase II RFI/RI activity.
Specific information regarding the vadose zone is required for evaluating contaminant fate and

transportation.
4.1.2.3 Characterization of Contamination of the West Spray Field

The nature of contamination is described in detail in Section 2.3. Previous investigations
characterized the groundwater, soils and subsurface soils in the vadose zone underlying the West
Spray Field through limited surface and test pit sampling, borehole drilling and monitoring well
installations. Additional work is required to better define the contaminant sources, and nature
of the potential pathways for contaminant exposure to human and biotic receptors.
Contamination in the groundwater and air pathways will be investigated in the Phase II RFI/RI
as required by the IAG.

4.1.3 Develop Conceptual Model

A conceptual model for OUl1 has been developed in Section 2.4 and is illustrated in
Figure 2-10. This model includes a description of contaminant sources, release mechanisms,
transport medium, contaminant migration pathways, exposure routes, and receptors. The site-

specific conceptual model for OU11 is discussed briefly below.
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The primary potential sources of contamination at the West Spray Field is the surface soil.
During operation of the West Spray Field, surface runoff was also a primary source of
contamination within and outside of OUll. Secondary sources of contamination are the
subsurface soils within the vadose and saturated zones and groundwater as a result of infiltration
and percolation of ponding surface water. The Phase II RFI/RI process will determine if the
alluvial and bedrock aquifers have been impacted by the activities conducted during operation
of the West Spray Field.

The primary release mechanisms for contaminants from the West Spray Field are fugitive dust,
surface water runoff, infiltration/percolation, bioconcentration/bioaccumulation and tracking. The
exposure pathways for contaminants from the West Spray Field to reach receptors are via
ingestion, inhalation, or dermal contact to windblown contaminated soil, contaminated
groundwater, and contaminated surface water. Receptors are defined as the human or ecological

populations exposed to contaminants at the exposure points.
4.1.4 Specify Phase I RFI/RI Objectives and Data Needs

Based on the existing site information (Sections 2.1 and 2.2), the naiure of contamination
(Section 2.3), the site-specific conceptual model for OU11 (Section 2.4), and an evaluation of
the quality and usability of the existing data (Section 4.1.2), site-specific Phase I RFI/RI
objectives/data needs associated with identifying and characterizing contaminant sources have

been developed. These are grouped into two main categories and summarized in Table 4-1.

The specific objectives of the Phase I RFI/RI field investigation for OU11 are underlined in the

following text. The main points of each objective are listed below.
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Coordinate ER Activities

Ongoing site-wide Environmental Restoration (ER) activities may provide useful information to
the investigation and evaluation of the West Spray Field. Therefore, the following action items
will be undertaken to assist the OU11 RFI/RI effort:

Review ongoing site-wide geologic characterization studies;
Review the OU4 RFI/RI reports for waste analyses results; and
Review pertinent site-wide field investigative methods and results; and

Review DOE Background Geochemical Characterization Report as updated and
approved by the regulatory agencies.

- Characterize Site Physical Features

The geologic physical features underlying the West Spray Field are necessary to evaluate for the
purposes of identifying the potential for contaminant migration and the potential pathways.

Determine geologic classification using the Unified Soil Classification (EMD-OP
GT.1) and geotechnical characteristics of density, moisture, permeability (ASTM
and U.S. EPA Methods) of the subsurface soils for potential impact on
contaminant migration;

Identify the A, B, and C soil horizons, presence of caliche layers and other
pertinent hydrogeologic conditions within test pits that may influence contaminant
migration.

Identify pertinent geologic conditions (i.e. faults, depth to -bedrock,
paleochannels, presence of confining layers, etc.) underlying the West Spray
Field as defined in the ongoing site-wide geologic characterization studies.
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Define Contaminant Sources

In order to define the contaminant sources, samples will be collected from surficial and
subsurface soils for chemical and radiological analyses. The analyses will be compared to the
site-wide established background values as presented in the DOE Background Geochemical
Characterization Report (as updated and approved by the regulatory agencies). |

Determine the representative site-specific background concentrations of analytes
in surface and subsurface soils as defined in the Background Geochemical
Characterization Report;

Determine the presence or absence of contamination in surficial soils;

Determine the presence or absence of contamination in the subsurface soils within
the upper portion of the vadose zone;

Determine the presence or absence of contamination in surficial soils from surface
water runoff within the West Spray Field; and

Determine the human and biotic receptors potentially impacted by contamination
within the boundaries of the West Spray Field.

Provide a Baseline Risk Assessment
The objectives of the Baseline Risk Assessment are discussed in Sections 8.0.
Provide an Environmental Evaluation

The objectives of the Environmental Evaluation are discussed in Section 9.0.
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Determine Nature and Extent of Contamination

The nature and extent of the contamination at the sources and within the West Spray Field will
be determined through evaluation of surface and subsurface soil samples. The nature and extent
of contamination in groundwater within the West Spray Field and in all media outside the

boundaries of the West Spray Field will be addressed in the Phase IT RFI/RI Work Plan.

Determine Contaminant Fate and Transport

In the Phase I RFI/RI, the fate and transport of contaminants within the West Spray Field
boundaries will be addressed by evaluating the movement of key contaminant parameters within
the vadose zone underlying the boundaries of the West Spray Field. The Phase II RFI/RI may
utilize surface and groundwater modeling to predict movement and ultimate deposition of
contaminants in the subsurface and surficial environments as well as the fate and transport of

contaminants outside the West Spray Field boundaries.

4.2 STAGE 2 - IDENTIFY DATA USES/NEEDS

The data needed to meet each of the site-specific Phase I RFI/RI objectives developed for OU11
are listed in Table 4-1. The associated sampling and analysis activities are also identified in
Table 4-1. Specific plans for obtaining the needed data are presented in Section 7.0 (Field
Sampling Plan). The following sections discuss the uses, general types, quality, and quantity
of the data needed, sample and analysis options and data quality indicators for the OU11 Phase I
RFI/RI.
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4.2.1 Identify Data Uses

RFI/CMS and RI/FS data can be categorized according to use for the following general
purposes:

Site characterization;

Health and safety practices;

Risk assessment;

Evaluation of alternatives;

Engineering design of alternatives;

Monitoring during remedial action; and

Determination of potentially responsible parties (PRPs).

o o ] [« [« =] o

Because this Work Plan describes a Phase I RFI/RI, data uses such as engineering design and
monitoring during remediation (both remedial action activities) will be addressed in the Phase II
RFI/RI workplan. The data use for PRP determination is not necessary for the OU11 Work
Plan. The remaining four data uses will be important in meeting the objectives identified in
Section 4.1.4. Data uses for specific sampling and analysis activities for the Phase I
investigation at OU11 are listed in Table 4-1. Information obtained during the OU11 RFI/RI
investigation will be available for use in other RFI/RI activities at Rocky Flats. Health and
safety requirements presented in the site-wide Health and Safety plan will be followed under the
OU11 RFI/RI investigation.

4.2.2 Identify Data Types
Data types can be initially divided into broad groups and again divided into more specific

components. Examples of data types include field screening data, and physical and
hydrogeologic, and chemical data.
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For the Phase I RFI/RI investigation, surficial and subsurface soil samples will be collected.
A radiation survey will be conducted over the West Spray Field area. These data types will
provide Phase I RFI/RI information to further characterize physical features and contamination
at OU11. Selection of chemical analyses has been based on the objectives of the Phase I
program and on the past activities at the West Spray Field. Data types are listed in Table 4-1.

4.2.3 Identify Data Quality Needs

EPA defines five levels of data analysis, listed as follows (U.S. EPA, 1987):

e Level I - Field screening,or analysis using portable instruments. Results are often
not compound-specific and not quantitative, but results are available in real time.
It is the least costly of the analytical options.

Level II - Field analysis using more sophisticated portable analytical instruments;
in some cases, the instruments may be set up in a portable on-site laboratory.
There is a wide range in the quality of the data that can be generated. The
quality depends on the use of suitable calibration standards, reference materials,
and sample preparation equipment and on the training of the operator. Results
are available in real time or within several hours.

Level IIT - All analysis performed in an off-site laboratory. Level III analyses
may or may not be performed according to CLP procedures, but the validation
or documentation procedures required of CLP Level IV analysis are not usually
utilized. The laboratory may or may not be a CLP laboratory.

Level IV - CLP routine analytical services (RAS). All analyses are performed
in an off-site CLP analytical laboratory following CLP protocols. Level IV is
characterized by rigorous QA/QC protocols and documentation.

Level V - Analysis by non-standard methods. All analyses are performed in an
off-site analytical laboratory that may or may not be a CLP laboratory. Method
development or method modification may be required for specific constituents or
detection limits. CLP special analytical services (SAS) are Level V.
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All five levels of data analysis will be necessary for performing Phase I field activities.
Table 4-2 specifies the analysis which will be employed for each of the planned Phase I RI/RFI
tasks. The appropriate levels based on the data need and data use, have been specified in
Table 4-1. Additionally, the level of analysis must meet required detection limits for completing

a Baseline Risk Assessment.

Data quality for the Phase I RFI/RI will be achieved by meeting the requirements for Level I
through V data outlined in EG&G Rocky Flats General Radiochemistry and Routine Analytical
Services Protocol (GRRASP) (EG&G, 1991) and the suggested guidelines outlined in the
Guidance for Data Useability In Risk Assessment (U.S. EPA, 1990e), and by adhering to the
data collection protocols provided in agency-approved EMD Operating Procedures or EMD-OPS
(previously Standard Operating Procedures or SOPs), Quality Assurance Project Plan or QAPjP
and Document Change Notices or DCNs (previously Procedure Change Notices or PCNs).

4.2.4 Identify Data Quantity Needs

Data quantity needs were determined based primarily on an evaluation of the information
available from past studies conducted for purposeskof characterizing the site physical features
and contamination at OUll. This is consistent with guidance provided in Data Quality
Objectives for Remedial Response Activities (U.S. EPA, 1987) and Guidance for Data
Useability in Risk Assessments (U.S. EPA, 1990). The rationale for sampling quantities is
described in the FSP presented in Section 7.0 of this Work Plan.

To ensure that a sufficient amount of valid data are generated, the FSP was designed to include:
(1) a rationale for all field activities based on an evaluation of the existing information, (2) a
staged approached using screening-level techniques to identify and/or locate critical sampling

sites or need to utilize more intensive investigative techniques, and (3) contingency plans for
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obtaining data from critical locations. These components of the FSP are discussed further in
Section 7.0.

4.2.5 Evalvate Sampling/Analysis Options

To ensure that sufficient and adequate data are collected, the Phase I RFI/RI for OU11 presents
a stepped, or phased, approach in which field screening techniques (e.g., Level I and II data
types) will be used to direct data collection activities designed to obtain Level III through V
data. This stepped program has been designed to be consistent with the IAG schedule.

This approach maximizes collection of useful data because field screening techniques will be
used to properly locate and minimize intrusive data collection activities such as borehole drilling.
Additionally, this approach minimizes the volume of hazardous waste material generated that
requires special management, the potential exposure of field personnel to hazardous waste

material, and the overall time to perform the field activities.

Two types of activities will be performed during the Phase I field investigation: (1) screening
activities, and (2) sampling activities. Screening activities (Levels I and II) include visual
inspection (geologic mapping) and a radiological survey. Sampling and analyses of surficial and

subsurface soils will provide Level III through Level V data.

Sampling options for the Phase I RFI/RI were selected on the basis of their ability to: (1) obtain
data consistent with the DQOs in the least intrusive manner, (2) obtain multiple types of data
at each sampling location, and (3) reduce the waste generated at each sampling location and to

minimize long-term maintenance and care.
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4.2.6 Review of PARCC Parameter Information

PARCC (precision, accuracy, representativeness, completeness, and comparability) pafameters
are indicators of data quality. Precision, accuracy, and completeness goals have been established
for this Work Plan based on the analyses being performed and the required analytical levels.
PARCC goals are specified in the Quality Assurance Addendum (QAA).

In the quantitative Human Health Risk Assessment and the Environmental Evaluation, only data
that have been reviewed and have been determined to meet the minimum data quality
requirement can be used. A summary of the minimum requirements for data quality indicators
is presented in Table 4-3. This table provides a description of the potential impact of
unacceptable data to the Human Health Risk Assessment and the suggested corrective action.
The criteria presented in Table 4-3 will be used to evaluate the useability of the data collected
from the OU11 field sampling program.

The analytical program requirements for OU11 are discussed in Section 7.4 of this Work Plan.
The GRRASP and the RFP site-wide QAPjP provide listings of the CLP analytes and
detection/quantification limits for Target Compound List (TCL) volatile organics, semivolatile
organics, Target Analyte List (TAL) metals, radionuclides, and inorganic parameters. These
analytical methods are appropriate for meeting the data quality requirements for analytical Levels
I through V during the Phase I RFI/RI. The precision, accuracy, and completeness parameters
for analytical Levels I through V are discussed below, along with the completeness and

representativeness for all analytical levels.

Precision measures the reproducibility of measurements under a given set of conditions.
Accuracy measures the bias or source of error in a group of measurements. Precision and

accuracy objectives for the analytical data collected for the Phase I RFI/RI at OU11 will be



OU11 Work Plan . Manual: 21000-WP-OU11.1
Section: Section 4, Rev. 1, draft B
Category Final Page: 15 of 17

evaluated according to the control limits specified in the referenced analytical method and/or in
data validation guidelines. For the radionuclide analyses, the accuracy objectives specified in
the GRRASP and the RFP site-wide QAPjP will be followed. The specified criteria for
precision and accuracy are described in the QAA. Precision and accuracy for non-analytical data

will be achieved through protocols outlined in agency-approved EMD-OPS and DCNs.

Completeness is defined as the percentage of measurements made that are judged to be valid.
" The target completeness objective for the OU11 field and analytical data is 100 percent, although
90 percent will be the minimum acceptable level. The FSP was designed to generate a sufficient
amount of valid data and to include: (1) a rationale for all field activities based on an evaluation
of the existing information, and (2) a phased approach using screening level techniques to
identify and/or locate critical sampling sites. These components of the FSP are discussed further

in Section 7.0.

Comparability is a qualitative parameter eipressing the confidence with which one data set can
be compared to another. In order to achieve comparability, work will be performed at OU11
in accordance with approved sampling and analysis plans, standard analytical protocols, and
approved EMD-OPS for data collection. Consistent units of measurement will be used for data

reporting.

Representativeness expresses the degree to which sample data accurately and precisely represent
the characteristics of a particular site or condition. Representativeness is a qualitative parameter
related to the design of the sampling and analysis components of the investigative program. The
FSP described in Section 7.0 of this Work Plan and the referenced SOPs describe the rationale

for the sampling program to provide for representative samples.
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4.3  STAGE 3 - DESIGN DATA COLLECTION PROGRAM

The purpose of Stage 3 of the DQO process is to design the specific data collection program for
the Phase I RFI/RI for OU11. To accomplish this in accordance with the IAG, the elements
identified in Stages 1 and 2 were assembled and the Sampling and Analysis Plan (SAP) and Field
Sampling Plan (FSP) were prepared.

The SAP consists of: (1) a Quality Assurance Project Plan (QAPjP) (EG&G, 1991g) that
describes the policy, organization, functional activities, and QA/QC protocols necessary to
achieve the DQOs dictated by the intended use of the data; (2) EMD-OPS that describe specific
sampling techniques to accomplish a specific objective, sampling equipment and procedures and
general sample handling and analysis procedures. The QAPjP and EMD-OPS were developed
and approved under the site-wide RFI/RI work. The FSP provides guidance for all field work
by defining in detail the sampling and data collection methods to be used in the Phase I RFI/RI
for OU11. The QAPjP and EMD-OPS were developed as part of the Rocky Flats site-wide
RFI/RI work and are to be used in conjunction with the OU11 Work Plan.

The FSP is presented in Section 7.0 of this Work Plan which provides a detailed discussion of
all samples to be obtained for each media and includes sample type, number of samples, sample
location, analytical methods, and QA/QC samples. The field sampling plan is based on a
progressive sampling approach starting with investigating surficial soils prior to investigating the
vadose zone via test pit excavation. If it is determined that contamination is present in the
vadose zone, borehole drilling will be initiated to better define the nature of the contamination
in the vadose zone. Monitoring wells will be installed as part of the Phase II RFI/RI if data
collected from the Phase I investigation indicates contamination is present and an expanded

monitoring well network is necessary.
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The site-wide SAP was used as the basis for development of the OU-specific SAP composed of
the Quality Assurance Addendum (QAA) and the Standard Operating Procedures Addendum
(SOPA). The QAA and SOPA were provided with each OU Work Plan where procedures
described in the FSP require changes from the site-wide SAP. The QAA is provided under
Section 10.0 of this Work Plan. EMD-OPs now replace SOPs. The field activities presented
in this work plan do not require any site-specific EMD-OPs at this time. The EMD-OP for the
in-situ radiation survey and collection of vertical profile samples will be provided as a site-wide
activity. Future changes to approved procedures or work plans will be submitted to the
regulatory agencies for approval as EMD Controlled Document Revision Requests (CDRR). For
urgent or temporary changes to and deviations from documents that provide instructions for
conducting work, Document Change Notices (DCNs) will be submitted to the regulatory

agencies for approval.
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TABLE 4-2

LEVEL OF ANALYSIS
OPERABLE UNIT NO. 11

REQUIRED ANALYTICAL
LEVEL

TASK

LY
Level I (Field Screens)

Water level measurement
pH measurement (field)
Temperature (field)
Specific conductance (field)

Level II (Field Analyses)

Analysis of geotechnical
properties
Analysis of engineering
properties

Level III (Laboratory Analyses
using EPA Standard Methods)

Major ion analysis
Organics analysis
Inorganics analysis

Level IV (Laboratory Analyses
using EPA CLP Methods)

Analysis of Target Compound
List (TCL) and Target Analyte
List (TAL)

Level V (Nonstandard Analyses)

Radiological analyses
Contaminant analyses requiring
modification of standard
methods

Special Analytical Services
(SAS)

Bioaccumulation in biota (TAL
metals)

- Biological analyses

Source: Modified from U.S. EPA (1987)




TABLE 4-3

MINIMUM REQUIREMENTS, IMPACT, AND CORRECTIVE ACTIONS
FOR DATA USEABILITY CRITERIA
OPERABLE UNIT NO. 11

DATA
USEABILITY
CRITERION

MINIMUM DATA QUALITY
REQUIREMENT

POTENTIAL IMPACT ON
RISK ASSESSMENT

SUGGESTED
CORRECTIVE ACTION

Reports to Risk
Assessor

- Site description

- Sample design with sample locations
- Analytical method and detection
limit

- Results on per-sample basis,
qualified for analytical limitations

- Sample-specific quantitation limits
(SQLs) and detection limit for
nondetects

- Field conditions for media and
environment

- Preliminary

- Unable to perform quantitative
risk assessment

- Request missing information
- Perform qualitative risk
assessment

Documentation

- Sample results related to geographic
location (chain-of-custody records,
SOPs, field and analytical records)

- Unable to assess exposure
pathways

- Unable to identify appropriate
concentration for exposure areas

- Request locations identified
- Resampling

Data Sources

- Analytical data results for one
sample per medium per exposure
pathway

- Broad spectrum analysis for one
sample per medium per exposure
pathway

- Field measurements data for media
and environment

- Potential for false negatives
and positives

- Increased variability in
exposure modeling

- Resampling or reanalysis for
critical samples

Analytical Method
and Detection Limit

- Routine methods used for critical
samples and chemicals of potential
concern

- Detection limit less than 20 percent
of concentration of concern

- Unquantified precision and
accuracy
- False negatives

- Reanalysis

- Resampling and analysis for
critical samples

- Documented statements of
limitation for noncritical
samples

Data Review - Correctness of analytical results - Potential for false negatives or - Perform data review
reviewed false positives

- Increased variability and bias

because of analytical process,

calculation, or transcription

errors
Data Quality - Sampling variability quantified for - Unable to quantify confidence - Resampling for critical
Indicators each analyte levels for uncertainty samples

- QC samples required to identify and
quantify precision and accuracy

- Sampling and analytical precision
and accuracy quantified

- Potential for false negatives or
false positives

- Perform qualitative risk
assessment

- Perform quantitative risk
assessment for noncritical
samples with documented
discussion of potential
limitations

Source: Guidance for Data Useability In Risk Assessment (EPA, 1990).
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5.0 RCRA FACILITY INVESTIGATION/REMEDIAL INVESTIGATION TASKS
5.1 TASK 1 - PROJECT PLANNING

Project planning for the implementation of the Phase I RFI/RI for OU11 will include numerous
activities in addition to tasks completed as part of this Work Plan. Review of previous site
investigations, preliminary site characterization, preliminary identification of potential ARARs
and the development of Data Quality Objectives and a FSP have all been completed as part of
this Work Plan and are contained in Sections 2.0, 3.0, 4.0, and 7.0.

Prior to performing field investigations, it will be necessary to review any new information that -
becomes available after the preparation of this Work Plan. Field activities proposed for OU11
will be integrated with ongoing or proposed field activities for other overlapping investigation

sites to minimize redundancy and maximize efficiency.

It is important to emphasize that project planning and coordination will be required throughout

the project duration as unforseen developments occur.
5.2 TASK 2 - COMMUNITY RELATIONS

In accordance with the IAG, the RFP is developing a Community Relations Plan (CRP) to
inform and actively involve the public in decision-making as it relates to environmental
restoration activities. The vehicle for public involvement in the RFI/RI process is through the
Technical Review Group process. The CRP will address the needs and concerns of the
surrounding communities as identified through approximately 80 interviews with federal, state,
and local elected officials; businesses; medical professionals; educational representatives; interest

groups; media; and residents adjacent to the RFP.
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A Draft CRP was issued for public comment in January 1991.

Current community relations activities concerning environmental restoration include parﬁcipation
by plant representatives in informational workshops; presentations at meetings of the Rocky Flats
Environmental Monitoring Council; briefings for citizens, businesses, and surrounding
communities on environmental restoration and monitoring activities; and public comment
opportunities on various EM Program plans and actions. RFP personnel involve several special
interest groups in decisions that pertain to environmental restoration activities, including the

Rocky Flats Cleanup Commission, the recipient of the EPA Technical Assistant Grant.

In addition, a Speakers’ Bureau program provides plant speakers to civic groups and educational
organizations, and a public tours program allows the public to visit the RFP. The RFP also
produces fact sheets and periodic updates on environmental restoration activities for public

information and responds to numerous public inquiries regarding the RFP.

5.3 TASK 3 - FIELD INVESTIGATION

The Phase I RFI/RI field investigation is designed to meet the objectives outlined in Section 4.0
of this Work Plan. Additionally, the data will be used to support the Phase I Environmental
Evaluation and the Phase I Baseline Hurhan Health Risk Assessment. The activities described
below will be performed as part of the field investigation, as described in detail in Section 7.0.

The scope of the Phase I field investigation is to characterize the contaminant sources within
OU1l. The Phase I field investigation will include the following subtasks conducted in
sequential stages: |
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5.3.1 Existing Data Compilation

Newly generated data and historical data which become available after preparation of this Work

Plan will be compiled to take advantage of the most current unit and site information.
5.3.2 Facility Coordination and Mobilization

During the mobilization for field work, detailed planning to coordinate with facility operations

will be performed.

Coordination will be required between field sampling personnel and Access Control to provide
access for personnel and equipment. Site Safety Officers will be notified of field activities in
order to better provide assistance in the event of an emergency. Any required notifications will

be made to the Regulatory Agencies, so that observers may be scheduled.

5.3.3 Radiation Survey

A ground-based gamma radiation survey will be conducted over the entire QU11 area. A high
purity germanium detector will be utilized at locations on a 150 foot grid in order to verify
results of the previous aerial radiation survey, locate potential areas of concern and associated
soil sample locations. Soil sampling for radionuclide analyses will be conducted to determine

the presence or absence of gamma and non-gamma emitting radionuclides.

5.3.4 Surface Soil Samples

The entire West Spray Field area will be subject to surface soil sampling on a 300-foot grid

spacing. A total of 75 samples will be collected. Each sample will consist of composited soil
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from ten locations in two, one-meter square areas. The samples will be analyzed for nitrates,

and metals.

In addition to samples collected at the grid locations, 18 surficial soil samples will be collected
along surface runoff areas within and north of the West Spray Field. The samples will be
analyzed for metals and nitrates.

5.3.5 Vadose Zone Test Pit Soil Samples

Test pits will be excavated to evaluate soil from the surface to a depth of approximately four
feet. Soil will be evaluated for physical properties, inorganics, organics and radionuclides.
Trenches are being used in order to make observations of soil characteristics and collect
composite samples over a larger area than a borehole, and to allow accurate measurement of

sample depth.
5.3.6 Vadose Zone Borehole Soil Samples

Vadose zone boreholes will be drilled if contamination is detected in the test pit soil samples.
The number and location of samples for chemical analysis will depend on the number and

location of test pits found to contain contaminated soil.
5.4 TASK 4 - SAMPLE ANALYSIS AND DATA VALIDATION
Analytical procedures will be completed in accordance with the ER Program QAPjP (EG&G,

1991g). Analytical detection limits, sample container and volume requirements, preservation

requirements, and sample holding times are discussed in Section 7.4 of the FSP.
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Results of data review and validation activities will be documented in data validation reports.
EPA data validation functional guidelines will be used for validating organic and inorganic
(metals) data (U.S. EPA, 1988c). Data validation methods for radiochemistry and major ions
data have not been published by EPA, but data and documentation requirements have been
developed by EM Program QA staff. Data validation methods for these data are derived from
these requirements. Details of the data validation process are described in the QAPjP (EG&G,
1991g).

Phase I data will be reviewed and validated according to data validation guidelines in the QAPjP
and the Data Validation Functional Guidelines (EG&G, 1990d). These documents state that the

results of data review and validation activities will be documented in data validation reports.
5.5 TASK S - DATA EVALUATION

Data collected during the Phase I RFI/RI, as well as previously collected data, will’ be
incorporated into the existing RFEDS database ‘ahd will be used to better characterize
contaminant sources and soil. These results also will be used in delineating the requirements
for the Phase II RFI/RI plans for determining the impact of OUll on surface water,
groundwater, air, the environment, and biota, as well as the potential contaminant migration
~ pathways at OUll. Additionally, data will be used to support the evaluation of proposed

remedial alternatives and the Baseline Risk Assessment.
5.5.1 Site Characterization
The additional data collected during Phase I will be incorporated into the existing site

characterization. Physical and chemical data will be used in the delineation of the presence of

contamination in surface and subsurface soils within OU11.
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5.5.2 Source and Soils Characterization

Analytical data from surficial and subsurface soil samples will be used to:

Characterize the nature of source contaminants;

Determine the need for, and locations of, vadose zone boreholes;
Characterize the lateral and vertical extent of source contaminants;
Evaluate on-site contaminant concentrations;

Quantify the volume of source material; and

Determine the need for, and locations of, vadose zone boreholes.

o o0 o0 o o o

Analytical data obtained from samples of soils will be used to characterize the sources of
contamination. Data will be summarized graphically and/or in tabular form to assist
interpretation. If appropriate, contaminant isopleth maps will be prepared to summarize the

spatial distribution of source and soil contaminants.

The criteria for the identification of contamination will be analyte-specific for each geologic unit
(such as the Rocky Flats Alluvium, Colluvium, or artificial fill). For all analytes (including
radionuclides), only those concentrations that exceed the site-specific background concentrations
will be considered likely evidence of contamination. These data will be compared to site wide
background values provided in the Background Geochemical Characterization Report as updated
and approved by the regulatory agencies. The method(s) used for statistical comparison of data
are presented in the Background Geochemical Characterization Report.

Once the RFI/RI data is evaluated and determined that additional work is necessary, technical
memoranda will be submitted to the regulatory agencies for review and approval before further

action.
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5.6  TASK 6 - PHASE [ BASELINE RISK ASSESSMENT

As required by the IAG, a Baseline Risk Assessment that will address the risk associafed with
source and soils will be performed as part of the Phase I RFI/RI report. The Baseline Risk
Assessment includes a Human Health Risk Assessment and an Environmental Evaluation for
OU11. The purpose of the Human Health Risk Assessment and Environmental Evaluation are

to assess the potential human health and environmental risks associated with the site and to
‘ provide a basis for determining whether remedial actions are neceséary. In accordance with the
IAG, risks will be calculated at the source. The Human Health Risk Assessment will address
potential public health risks, and the Environmental Evaluation will address environmental

impacts.

Existing data and data collected during the PhaseI RFI/RI will be used to support the
quantitative Human Health Risk Assessment and Environmental Evaluation. The sampling
program will be designed to generate data that meet the requirements set forth in Guidance For
Data Useability In Risk Assessment (U.S. EPA, 1990).

These assessments will aid in the preliminary screening of site remedies based on the
contaminants of concern and the environmental media associated with potential risks to public
health and the environment. The risk assessment process will be accomplished in five general
steps:

Identification of chemicals of concern;

Exposure assessment;

Toxicity assessment;

Risk characterization; and
Qualitative and quantitative uncertainty analysis.

Dos N
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As stated in the IAG, a risk characterization of the following scenarios will be developed:

Current site conditions (No Action Alternative);
Worker and public exposure during remedial action;
Past remedy risk; and

Potential future use.

halh o a e

If the Human Health Risk Assessment and Environmental Evaluation determine that risks posed
by contamination at OU11 must be remediated, Tasks 7 and 8 will be conducted.

The objectives and the description of work for the Human Health Risk Assessment are described
in detail in Section 8.0 of this Work Plan. The Environmental Evaluation Work Plan is

presented in Section 9.0.

5.7 TASK 7 - DEVELOPMENT, SCREENING, AND DETAILED ANALYSIS OF
REMEDIAL ALTERNATIVES

5.7.1 Remedial Alternatives Development and Screening

This section identifies potential technologies applicable to remediation of contaminated soils and
groundwater within and affected by OU1l. The identified technologies are based on the
preliminary site characterization developed in Section 2.0. Identification and screening of
technologies, assembling an initial screening of alternatives, and identification of interim
response actions will be conducted while the Phase I RFI/RI is being conducted. However,
investigation of this operable unit is in its early stages; thus, remedial alternatives are only
briefly reviewed in this section. A more detailed evaluation of the remedial alternatives for

OU11 will be performed as more data are collected.



OU11 Work Plan Manual: 21000-WP-0OU11.1
Section: Section §, Rev. 1, draft B
Category Final Page: : 9of 15

The process employed to develop and evaluate alternatives for OU11 will follow guidelines
providéd in the National Contingency Plan (NCP). Although RCRA regulations will direct
remedial investigations at OQU11, the CERCLA process will also be considered for guidance
because it specifies in greatest detail the steps that should be followed for selection of remedial
alternatives. In addition, the IAG requires general compliance with both RCRA and CERCLA

guidance.

The steps followed to develop remedial alternatives for OU11 are as follows:

1. Develop a list of general types of actions appropriate for OUll (such as
containment, treatment, and/or removal) that may be implemented to satisfy the
objectives defined in the previous step. These general types or classes of actions
are generally referred to as "general response actions” in EPA guidance.

2. Identify and screen technology groups for each general response action.
Screening will eliminate groups that are not technically feasible at the site.

3. Identify and evaluate process options for each technology group to select a
process option representing each technology group under consideration. Although
specific process options are selected to represent a technology group for
alternative development and evaluation, these processes are intended to represent
the broader range of options within a general technology group.

4. Assemble the selected representative technologies into site closure and corrective
action alternatives for OU11 that represent a range of treatment and containment
combinations, as appropriate.

S. Screen the assembled alternatives in terms of the short- and long-term aspects of
three broad criteria: effectiveness, implementability, and cost. Because the
purpose of the screening evaluation is to reduce the number of alternatives that
will undergo thorough and extensive analysis, alternatives will be evaluated in
less detail than subsequeént evaluations.

6. Develop preliminary cancer risk-based remedial action goals for affected media.
Preliminary remedial action goals will be applied as performance objectives for
evaluating the effectiveness of specific technology processes identified as
candidate components of viable remedial action alternatives. Consistent with the
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NCP, preliminary remediation goals will be established at a 1 x 10 excess cancer
risk point of departure evaluated at the source. As the CMS/FS evolves,
preliminary remediation goals may be revised to a different risk level on the basis
of consideration of appropriate factors that include, but are not limited to,
exposure, uncertainty, and technical issues.

7. Determine remediation goals associated with toxic, non-cancer risk using the
appropriate reference dose for each chemical present on the site. A Hazard Index
(HI) will then be calculated. If the HI exceeds 1.0, further investigation of
preliminary remediation goals will be evaluated. If the HI is less than 1.0, a
toxic risk does not exist at the site and remediation would not be required.

For the Phase I RFI/RI Work Plan, the appropriate level of alternatives analysis is the listing
of general response actions most applicable to the type of site under investigation. General
response actions are defined as those broad classes of actions that may satisfy the objectives for
. remediation defined for OU11. Table 5-1 provides a list and description of general response
actions and typical technologies associated with remediating soils, groundwater, and surface
water. Table 5-1 also includes a general statement regarding the applicability of the general
response action to potential exposure pathways. Not all of the alternative response actions and
typical technologies listed may be appropriate for OU11l. Some will be discarded during the

screening of alternatives.

The response actions outlined in Table S-1 must be applied to the potential exposure pathways
that will be identified for OU11. The response actions can be capable of providing control over
all or some of the potential pathways. Partially effective response actions can be combined to

form complementary sets of response actions that provide control over all pathways.

In general terms, potential human exposure can be avoided by prevention of contaminant release,
transport, and/or contact. Thus, application of the response actions may be considered at three

different points in each potential exposure pathway: (1) at the point where the contaminant could
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be released from the source, (2) in the transport medium, and (3) at the point where the contact

could occur with the released contaminant.

The existing data do not adequately characterize the source, release mechanisms, and migration
pathways for contamination at OUll. Therefore, the existing data are not sufficient for
implementing the screening of altematives. Phase I will generate data (Table 5.2) necessary to
characterize the source and soils (as defined in Section 1.0). Phase II of the RFI/RI will
evaluate the impact of QU11 on surface water, groundwater, air, the environment, and biota in
addition to characterizing potential contaminant migration pathways. Data obtained from these

investigations will:

o

Describe the physical characteristics of the site;
Define sources of contamination;

Determine the nature and extent of contamination in soil, groundwater, surface
water, and air;

Describe contaminant fate and transport; and

Describe receptors.

These data will provide information for the preliminary screening of alternatives and a thorough,
comparative evaluation of the technologies with respect to implementability, effectiveness, and
cost. This information will allow for informed decisions to be made with respect to the selection
of preferred technologies. The FSP (Section 7.0) describes the methodology that will be
followed to obtain the required information for the Phase I RFI/RI characterization.
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5.7.2 Detailed Analysis of Remedial Alternatives

Sufficient data may not be generated during the Phase I investigation to allow for a detailed
analysis of alternatives. The detailed analysis of each alternative will be performed when
sufficient data are generated during Phase II. The detailed analysis and selection of alternatives
is the process of analyzing and comparing relevant information in order to select a preferred
remedial action. In accordance with the NCP, containment technologies will generally be
appropriate remedies for wastes that pose a relatively low-level threat or where treatment is
impracticable (U.S. EPA, 1991b). Each appropriate alternative will be assessed in terms of nine
evaluation criteria, and the assessments will be compared to identify the key attributes among
the alternatives. Assessment in terms of eight evaluation criteria is necessary for the CMS and
the subsequent Corrective Action Decision (CAD)/Record of Decision (ROD). The nine speéiﬁc
evaluation criteria are as follows:

Overall protection of human health and the environment;

ARARS;

Long-term effectiveness and permanence;

Reduction of toxicity, mobility, or volume;

Short-term effectiveness;

Implementability;

Cost;

State acceptance; and
Community acceptance.

VRN AL~

These criteria are described in recently revised guidelines provided in the NCP. The first two
criteria are considered threshold criteria because they must be evaluated before further
consideration of the remaining criteria. The next five criteria are considered the balancing
criteria on which the analysis is based. The final two criteria are addressed during the final

decision-making process after completion of the CMS/FS.
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5.8  TASK 8 - TREATABILITY STUDIES/PILOT TESTING

The primary purposes of a treatability study are tb provide sufficient technology performar{ce
information and to reduce cost and performance uncertainties to acceptable levels so that
treatment alternatives can be fully developed and evaluated during detailed analysis. The task
includes efforts to evaluate whether treatability studies are necessary and, if so, to prepare for
and conduct treatability studies. If remedial alternatives are developed, the data collected as part
of the field investigation will be reviewed in terms of whether the alternatives can be evaluated.

If additional data are required, treatability studies or field investigations will occur.

If it is determined that a treatability study is necessary, a treatability work plan will also be
prepared. The plan will identify treatability tests that need to be conducted as well as the test ‘
materials and equipment needed.

The treatability work plan will discuss the following:

The scale of the treatability study;

Key parameters to be varied and evaluated, and criteria to be used to evaluate the
tests;

Specifications for test samples, and the means for obtaining these samples;

Test equipment and materials, and procedures to be used in the treatability test;
Identification of where and by whom the tests and any analytical services will be
conducted, as well as any special procedures and permits required to transport
samples and residues and conduct the test;

Methods required for residue management and disposal; and

° Any special QA/QC needed for the tests.
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5.9 TASK 9 - PHASE I RFI/RI REPORT

The Phase I RFI/RI report will be prepared to consolidate and summarize the data obtained
during the Phase I fieldwork as well as data collected from previous and ongoing investigations.
The Phase I RFI/RI report will consist of a Preliminary Site Characterization Summary and a
BRAP of the West Spray Field. This report will: ‘

° Describe the field activities that serve as a basis for the Phase I RFI/RI report.
This will include the scope of the Phase I investigation and any deviations from

the Work Plan that occurred during implementation of the field investigation.

Discuss site physical conditions based on existing data and data derived during the
Phase I RFI/RI. This discussion will include surface features, climate, surface
water hydrology, surficial geology (vadose-zone soils), geotechnical soil index
properties and classification, stratigraphy, groundwater hydrology, demography
. and land use, and ecology.

Present site characterization results from all Phase I RFI/RI activities to
characterize the site physical features and contamination at OU11. The media to
be addressed will be limited to contaminant source and soils.

Discuss contaminant fate and transport based on existing information. This
discussion will include a preliminary identification of potential contaminant
migration routes, release sources and mechanisms, and a discussion of
contaminant persistence, chemical attenuation processes, and potential receptors.

° Present a Phase I BRAP. The BRAP will include human health and
environmental evaluations.

Present a summary of findings and conclusions.

° Identify data needs for Phase II of the RFI/ RI, if necessary.

Before submittal of the Phase I RFI/RI report, a Preliminary Site Characterization Summary will
be submitted to EPA and CDH for review. This summary will provide an early description of
. the initial site characterization effort, including a preliminary presentation of analytical data and
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a listing of chemical and radiological contaminants, the affected media, and potential site wide
chemical-specific ARARs. In addition to the characterization summary, technical memoranda

will be prepared with the completion of each field sampling task to provide preliminary results
of field investigations.
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6.0 SCHEDULE

The Phase I RFE/RF schedule for OU11 is outlined in the following figure (Figure 6-1).
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7.0 FIELD SAMPLING PLAN

The Field Sampling Plan (FSP) outlines the activities which will be performed to generate
sufficient and adequate data to satisfy the Phase I RFI/RI objectives developed in Section 4.0.
These site-specific objectives are presented in Section 7.1. Current site conditions and a discus-
sion of the rationale for the sampling and analysis activities needed to obtain the necessary data

to meet the Phase I objectives are summarized in Section 7.2.

The field sampling program is organized by the environment which were potentially impacted
by the spray application and the investigative method selected to best characterize the site
physical conditions and contamination. The sampling activities proposed to meet the Phase I
RFI/RI objectives will be performed in a staged approach to allow modifications in implementing
the Phase I sampling plan based on findings from each activity. Table 7-1 summarizes the

OU11 RFI/RI field activities and sample analysis requirements.

Upon completion of each stage of field investigation, the data will be evaluated for adequacy and
completeness with respect to the data quality objectives for the activity. Additionally, the data
will be evaluated to détermine the need to complete subsequent field sampling activities as
presented in this work plan. The source characterization and site physical conditions will be
evaluated in regard to contaminants present and potential contaminant migration, pathways and
receptors. Decisions to alter the FSP may be made in order to optimize data quality and
useability for refinement of the site conceptual model and risk assessment. Each stage thus
becomes a decision point for potential modification of the FSP. DOE will keep CDH and EPA
appraised of sampling decisions by submitting technical memoranda and CDRRs, if necessary.
As outlined in Section VI. B. of the IAG Statement of Work, modifications to the work plan are

submitted to the regulatory agencies for approval as amendments to the work plan.
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Planned field sampling activities include:

Radiological survey of West Spray Field area;

Surficial soil sampling of West Spray Field area, along surface runoff channels
and spray application areas;

Védose zone characterization by test pit excavations and potential borehole
drilling and;

Implementation of PPCD requirements.

As part of the OU11 Work Plan, ongoing OU-specific RFI/RI and site-wide reports will be
evaluated to assist the West Spray Field investigation.

The analytical program, including sample designations, analytical requirements, sample
containers and preservation, sample labeling and documentation is discussed in Section 7.4.
Data management and reporting requirements are described in Section 7.5, and Field Quality
Control (QC) Procedures in Section 7.6. Air Monitoring Procedures to be followed during
Phase I sampling activities are presented in Section 7.7. Health and Safety concerns for the
Phase I RFI/RI will be addressed in a project-specific Health and Safety Plan, developed at a
later date in accordance with EG&G’s site-wide Health and Safety Program.

Phase II of the RFI/RI will use the characterization of source and soils information obtained in
Phase I and will determine the nature and extent of contamination, describe contaminant fate and
transport, and evaluate the impact of OUI11 on surface water, groundwater, air, and biota.

Phase II activities will be addressed in a separate Work Plan.
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7.1  OU11 PHASE I RFI/RI OBJECTIVES

The specific objectives for characterizing source and soils in the Phase I RFI/RI field

investigation for QU11 are outlined in the following text.

Coordinate ER Activities

Ongoing site-wide Environmental Restoration (ER) activities may provide useful information to
the investigation and evaluation of the West Spray Field. Therefore, the following action items
will be undertaken to assist the OU11 RFI/RI effort:

Review ongoing site-wide geologic characterization studies;
Review the OU4 RFI/RI reports for waste analyses results; and
Review pertinent site-wide field investigative methods and results; and

Review Background Geochemical Characterization Report as updated and
subsequently approved by the regulatory agencies.

Characterize Site Physical Features

The geologic physical features underlying the West Spray Field are necessary to evaluate for the
purposes of identifying the potential for contaminant migration and the potential pathways.

o

Determine geologic classification using the Unified Soil Classification (EMD-OP
GT.1) and geotechnical characteristics (i.e. density, moisture and permeability)
of the subsurface soils for potential impact on contaminant migration; and
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Identify the A, B, and C soil horizons, presence of caliche layers and other
pertinent hydrogeologic conditions within test pits that may influence contaminant
migration.

Identify pertinent geologic conditions (i.e. faults, depth to bedrock,
paleochannels, presence of confining layers, etc.) underlying the West Spray
Field as defined in the ongoing site-wide geologic characterization studies.

Define Contaminant Sources

In order to define the contaminant sources, samples will be collected from surficial and

subsurface soils for chemical and radiological analyses. The analyses will be compared to the

site-wide established background values as presented in the Background Geochemical

. Characterization Report (as updated and approved by the regulatory agencies).

Determine the representative site-specific background concentrations of analytes
in surface and subsurface soils as defined in the Background Geochemical
Characterization Report.

Determine the presence or absence of contamination in surficial soils;
Determine the presence or absence of contamination in the subsurface soils within

the upper portion of the vadose zone;

Determine the presence or absence of contamination in surficial soils from surface
water runoff within the West Spray Field; and

Determine the human and biotic receptors potentially impacted by contamination
within the boundaries of the West Spray Field.
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Provide a Baseline Risk Assessment

The objectives of the Baseline Risk Assessment are discussed in Sections 8.0 and 9.0.

Provide an Environmental Evaluation

The objectiveé of the Environmental Evaluation are discussed in Section 9.0.

Determine The Nature and Extent of Contamination

The presence or absence of contamination in the sources and within the West Spray Field will
be determined through evaluation of the sampling and analyses of surface soil, test pit and
possibly borehole samples. The nature and extent of contamination in groundwater within the
West Spray Field boundaries and in all media outside the boundaries of the West Spray Field
will be addressed in the Phase II RFI/RI Work Plan.

Determine Contaminant Fate and Transport

The fate and transport of contaminants within the West Spray Field boundaries will be addressed
. by evaluating the movement of key contaminant parameters within the vadose zone underlying
the boundaries of the West Spray Field. Modeling will be used to predict movement and
ultimate deposition of contaminants in the subsurface and surficial environments. Fate and
transport of contaminants in the groundwater within the West Spray Field boundaries and all

media outside the boundaries will be addressed in the Phase II RFI/RI Work Plan.
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General Objective

A general objective of the Phase I RFI/RI Work Plan is to generate data necessary to détermine
the need for subsequent investigations and then begin development and screening of remedial
alternatives, and to evaluate the need for the performance of treatability studies. Similarly the
data will be used to determine risks to human health and the environment associated with the

West Spray Field.
7.2  BACKGROUND AND FIELD SAMPLING PLAN RATIONALE

Previous investigations performed in the West Spray Field area and other pertinent information
are summarized in Section 2.0 of this Work Plan. Available information at the site includes
historical information on the West Spray Field use, aerial photographs, historical analytical
results, soil sample results from test pits excavated in the area, stratigraphic logs, groundwater
level measurements, groundwater analytical results from alluvial and bedrock wells and

preliminary geophysical data.

The previous investigations have provided, and ongoing investigations are providing general
information on physical characteristics of the site such as geologic structure and aquifer
characteristics. A radiation survey, surficial soil sampling, subsurface soil sampling in test pit
excavations and potential borehole drilling and sampling are proposed in this Phase I RFI/RI to

provide information on physical site characteristics and contaminant nature.
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Field Sampling Plan Rationale

In developing the Field Sampling Plan for the West Spray Field - OU11, the data useability
guidelines outlined within the "U.S. EPA Guidance for Data Useability in Risk Assessment,"

October 1990, were applied. The data useability criteria outline measures to:

1) Employ existing environmental data for designing a new sample collection plan;
~ and

2) Ensure that new data generated will adequately address the statistical needs of the
baseline risk assessment.

The existing site data for the West Spray Field are presented in detail within Section 2.3 of this
Work Plan. The objective of the Phase I RFI/RI is to characterize the source of contamination
at the West Spray Field. The primary potential source of contamina/tion identified in the West
Spray Field area, as discussed within Section 2.4 of this work plan, is site soils. Therefore, the

Field Sampling Plan for the West Spray Field is focused on surficial and shallow soil sampling.

As discussed in Section 2.4, both 1986 and 1988 soils data were generated for the West Spray
Field area. Because the 1986 data were concluded to be invalid, only the 1988 data were
employed in developing a sample design. The 1988 sampling included the completion of 12 test
pits, with the collection of samples at three separate depths in each pit. Because surface and
shallow soils are the primary media of concern at the West Spray Field, the near surface sample

results for each test pit were used in conducting a statistical analysis.

Based on the U.S. EPA guidance document entitled Guidance For Data Useability In Risk
Assessment (U.S. EPA, 1990a), the number of samples necessary at a site to meet minimum
statistical performance standards can be computed based upon the derivation of the coeficient

of variation for existing data. The calculated coefficent of variation and the assumed minimum
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statistical performance objectives of confidence (80%), power (90%), and minimum detectable

relative difference (20%) are inserted into the following formula for statistical evaluation:
n > = [(Za + Zb)/D)* + 0.5(Za)?

n = number of samples

Za = percentile of standard normal distribution assuming Confidence of 80%
Zb = similarly defined as Za assuming Power of 90%

D = minimum relative detectable difference (assume 20%)/CV

CV = coefficient of variation = Standard Deviation/Arithmetic mean

By employing the 12 test pit results for Plutonium 239, 240 (refer to Table 2-10), a coefficient
of variation of 64 % was computed. Based upon this value, an estimated minimum of 46 samples

would be needed at the West Spray Field site to meet statistical performance standards.

Following the calculation of the minimal number of samples needed, a sampling methodology
was selected. Plans are currently underway by DOE to implement a systematic grid system
radiation survey of the West Spray Field area, which is discussed in detail within Section 7.3.1.
Therefore, it was concluded that systemaﬁc grid surficial soil sampling would be appropriate.
Systematic grid sampling of surficial soils will facilitate the identification of hot spots, if any
exist, and will also provide unbiased estimates of chemical occurrence and concentrations across
the West Spray Field é.rea. In addition, systematic grid sampling provides complete

characterization of a heterogeneous area.

By examining the proposed radiation survey grid spacing, a corresponding surficial soil sampling
grid was designed. A 300 foot spacing was selected, which will provide one surficial soil

sample for every two radiation sampling points. This spacing will generate 75 surficial soil
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samples for the West Spray Field site, which meets the minimum number of samples needed and

provides a conservative margin of safety.

To supplement the systematic grid surficial soil sampling, judgemental sampling will also be
conducted. Eighteen additional surficial soil samples will be collected to provide greater
coverage of the runoff impacted drainage areas. Also, 16 test pits will be completed to collect
subsurface soil samples and to greater characterize unconsolidated materials. Judgementally
selected test pit locations will be placed equally within all site settings including: the drainage
areas, the spray-application areas, and the remaining areas that appear unaffected. A brief

discussion of sampling activities is provided in the following paragraphs.

The radiation survey will be completed using a ground-based gamma survey by which gamma
emitting isotopes are measured with a High Purity Germanium Crystal Detector. The radiation
survey will be conducted to verify results of a previous aerial radiation survey, provide an
indication of surficial radiation and to screen areas for health and safety purposes. Surficial soil
scrapes will be collected along transects of the radiation grid to determine the presence or

absence of gamma and non-gamma emitting radionuclides.

The separate surficial soil sampling task will be conducted to characterize metal and nitrate
contaminant levels. Sampling along the systematic grid and along historic surface water runoff
areas, as previously discussed, will identify potential contamination from direct spray

application, surface water runoff or wind dispersion.

Test pits excavated within the West Spray Field boundaries will provide geotechnical information
and contaminant characterization of the unconsolidated materials. EMD Operating Procedure
GT.7 describes the procedures that will be followed for test pit excavation including logging,

sampling, site restoration, surveying and decontamination tasks. If contamination is present
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within the test pit samples from any of the soil horizons, borehole drilling will be used to further
characterize the contamination. EMD-OP GT.7 is undergoing revision to tailor vadose zone
characterization activities in OU2. The new procedures, will be submitted under separate cover
to the regulatory agencies as DCNs to the currently approved EMD-OPS. These revised
procedures will be implemented, where appropriate at OU11 after approval by the regulatory

agencies.

Characterization of site groundwater quality is not within the scope of the Phase I RFI/RI but
will be investigated as part of the Phase 11 Work Plan per the IAG. The Phase II work will be
coordinated with the State RCRA requirements for groundwater monitoring of the West Spray
Field.

The rationale for the Phase I sampling activities is based on a stepped approach. Level I and
Level II screening information, as defined in Section 4.0, will initially be acquired and used to
direct subsequent intrusive sampling techniques that will provide Level III through V analytical
results. For example, results of the radiological survey within the West Spray Field boundaries
will be used to supplement, if necessary, the surficial soil sampling and to modify test pit
locations for analysis of the vadose zone. Similarly, vadose zone sampling results will be used
to guide further subsurface investigations by borehole drilling. Results of each investigative task
will be submitted to the fegulatory agencies as technical memoranda if a subsequent change in

the Work Plan is required.

As part of the field sampling program, data from the site-wide monitoring programs will be used
as appropriate to supplement the data collected during the Phase I investigation. These data
include the results of quarterly sampling of existing monitoring wells and monthly sampling of
surface water monitoring stations. Data resulting from the site-wide geologic characterization

program will also be used, where possible. Air monitoring activities conducted site-wide or in
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specific response to the West Spray Field RFI/RI activities will also be included. The results
of ongoing RFI/RI work at the other operable units identified in the IAG will be reviewed to

optimize data collection and interpretation for OU11.

Analytical Methods Rationale

The analytical suites to be sampled in OQU11 were developed according to the type of waste
suspected to be present as discussed in Section 2.0. Additionally, the rationale for the analytical
suites is based on the contaminant behavior in the West Spray Field environment. The analytical

requirements are presented in detail in Section 7.4.

Based on analyses of Solar Evaporation Pond water, metals, radionuclides, nitrates and possibly
volatile organic compounds were potential contaminants in water sprayed at OUll. The

behavior of these contaminant groups is briefly summarized from the OU4 RFI/RI Work Plan.

Alkali metal and alkaline earth elements such as potassium, sodium, calcium, magnesium and
lithium are common dissolved metals in wastewater and in ground and surface water solutions
and have been detected in water from the Solar Evaporation Ponds. Chemical precipitation of
these metals can occur in the presence of major and minor anions such as chloride, sulfate,
carbonate bicarbonate, nitrate and fluoride and through cation exchange within soil horizons.
These anions have been detected in Solar Evaporation Pond water. Trace metals can also
precipitate from solution in the presence of anions. Transport or mobility of dissolved metals
is dependent on their initial concentrations in solution and the chemistry of the media through

which the solution flows. The presence of these metals in the vadose zone is possible.

Transition metals such as cadmium, chromium, copper and nickel which have been detected in

Solar Evaporatioh Pond water, can precipitate from solution in the presence of major anions.
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Mobility of these metals in solution is limited by adsorption to clays, organic matter and iron
oxihydroxides present in soils. Thus, migration of transition metals is likely restricted to the

subsurface soils.

Radionuclide mobility in the environment is dependent on oxidation-reduction and pH conditions.
Some uranium isotopes are naturally occurring in soils and sediments in the Rocky Flats Plant
area. Plutonium and americium form insoluble hydroxide and oxide solids under neutral and
basic pH conditions which limit their mobility in the subsurface. However, colloidal transport

of these radionuclides is also possible.

Nitrates were present in Solar Evaporation Pond water and are highly mobile in the environment
and expected to be present in the subsurface. Volatile organics were detected in low
concentrations in Solar Evaporation Pond water sprayed at the West Spray Field. Given the
volatility of these chemicals, it is not likely that these contaminants would be present in the

surficial soils at the West Spray Field.
7.3  FIELD SAMPLING PLAN DESIGN

The Phase I sampling activities at the West Spray Field are discussed as three related, but

independent programs. They include:

1. OU-wide radiological survey and related surficial sampling program (Section
7.3.1);
2. Soil sampling within the West Spray Field and along areas of historic surface

water runoff (Section 7.3.3); and,

3. Vadose zone physical and contaminant characterization (Section 7.3.2).
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A review of recently collected site-wide data including the ongoing site-wide Geologic
Characterization Study that may be pertinent to OU11, will be conducted prior to commencing
any field work mentioned above. All field activities conducted under the OU11 Work Plan will
follow the requirements in the Site-Wide Plan for Prevention of Contamination Dispersion
PPCD) and the Site-Wide Health and Safety Plan.

7.3.1 OU-Wide Radiological Survey and Surficial Sampling Program

The West Spray Field was designed to enhance the evaporation of wastewater from the Solar
Evaporation Ponds, 207-B North and 207-B Center. Wastewaters contained low concentrations
of radionuclides which may have been deposited by the spraying. Previous aerial gamma-ray
surveys have not shown any man made radionuclide activity to be present in the West Spray
Field (Boyns, 1982 and 1990). Those surveys showed no increase in exposure above that which
is expected from natural sources. It is recommended that a limited number of ground-based in-
situ measurements be done utilizing a high purity germanium (HPGe) gamma-ray detector

system, augmented with a limited number of soil samples.

~ Sampling strategies for the HPGe detector-based system shall be computer modeled using
previously collected data to ensure proper sampling densities of the affected land mass. The
modeling shall be based on a 150 foot (46 meter) grid. This grid spacing is also optimum for
detecting americium, a relatively low-energy gamma emitter and plutonium daughter, using the
HPGe system. Sampling shall concentrate at the actual spray areas to verify presence or absence
of contamination. The results of the modeling shall be presented as a map with sampling
locations shown and in tabular form with sample number, Colorado Grid Coordinates as well
as latitude, longitude, and elevation. A technical memorandum explaining sample locations and
rationale will be submitted to the regulatory agencies for approval prior to implementing the in-

situ sampling.
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Survey crews shall use a global positioning system (GPS) to locate sampling sites presented by
the computer modeling. A written log shall be maintained in addition to an electronic media
log that documents each measurement as it 1s taken. The data shall be analyzed at the
completion of the measurement to provide ’real time’ results and quality assurance. The
collected data shall be stored on electronic media providing a permanent record. Measurement
technique shall follow an EMD-OP currently under development. The EMD-OP will be

submitted to the regulatory agencies for approval prior to implementing the survey.

Soil samples shall be taken along transects at locations that cbrrespond to ground-based in-situ
samples to provide information regarding the presence of gamma and non-gamma emitting
radionuclides. Two types of radionuclide soil samples shall be cbllected within the West Spray
Field: (1) vertical profile samples and (2) grab samples. Vertical profile samples are necessary
to model the distribution of radionuclide concentrations with depth. The vertical profile sample
method will be more extensive than but will augment the CDH soil sampling protocol as outlined
in EMD-OP GT.8. Grab samples will be collected to confirm the in-situ survey results.
Specific sampling locations of the vertical profile and grab samples shall be based on computer
modeling and the in-situ measurements. Sampling crews shall locate the sample site with GPS
and shall maintain a log documenting the soil sample and its location. Sampling technique shall
follow an EMD-OP currently under development for site-wide application. The EMD-OP will

be submitted to the regulatory agencies for approval prior to implementation of the sampling.

In the event that the in-situ results do not confirm the results of previous aerial surveys then

sampling strategies may be modified to ensure adequate site characterization.

Data obtained during the investigation that requires a Work Plan modification will be submitted

to the regulatory agencies for approval as a technical memorandum to this Work Plan.
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7.3.2 Surficial Soil Sampling for Nonradionuclides

Surficial soil data will be collected using a systematic grid sampling approach. This approach
is beneficial in identifying unknown hot spots and providing unbiased estimates of chemical
occurrence and concentration (EPA, 1990). A grid with a sampling distance of 300 feet will be
used to guide surficial soil sampiing in OU1l and the immediate perimeter. The 300-foot
spacing provides a screening mechanism for potential contaminants within the large area of
OU11. In addition to sample collection along the pre-determined grid, surficial soil samples will
be collected along the historic surface water runoff channels and within the spray application

areas to assure sample coverage of this potential contaminant migration pathway.

All surficial soil samples will be analyzed for metals and nitrates. These analyses, in
conjunction with the in-situ radiation survey and associated vertical profile and grab soil
sampling results will be evaluated against background levels as defined in the updated and
approved DOE Background Geochemical Characterization Report to determine the presence or
absence of contamination and the degree of spatial variation of contaminant parameters in the
surficial soils. If it is determined that contaminants are present, subsequent soil sampling may
be required to delineate the extent of contamination. A denser sampling grid within areas of
interest would provide the necessary detail to fill in data gaps and prevent false positive (Type
I) or false negative (Type II) errors in data interpretation resulting in inaccurate risk assessment
conclusions and thus inappropriate remedy selection. If the subsequent sampling activity is
necessary, a technical memorandum to this Work Plan will be submitted to the regulatory

agencies for approval prior to implementation of field work.

The initial sampling grid is to be aligned parallel to the spray application lines in order to
maximize the sampling points in the source areas. The grid sampling layout is shown in

Figure 7-1 which indicates that approximately 75 samples will be collected in OU11.
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Prior to conducting the survey, the survey points will be established by using an electronic
distance meter with an electronic digital theodolite. Stakes will be left to mark each surveyed
location. Surveyed locations will be marked with a grid location and the Colorado Grid
coordinates. If a structure or other obstruction makes conducting measurements at the node
difficult, the survey location will be moved to the closest location where readings may be taken.
Field team members will coordinate with ongoing operations personnel to ensure that stakes or
flagging used to identify sampling locations are not moved or damaged by ongoing RFP

activities prior to surveying.

Each grid node will be identified with a unique station number using alphabetical and numerical
grid identifiers such as A-1 or B-3 where letters are assigned to rows and numbers assigned to
columns. Ariy survey readings taken at non-standard grid locations will also be given a unique

identifier.

Surficial soil samples will be collected in accordance with EMD-OP GT.8, Section 6.0,
Procedures for Nonradionuclide Surface Soil Sampling. Two one-meter square areas located one
meter apart will be established at each surficial sampling location. From the two square meters,
five soil subsamples will be collected from each of the corners and the center of each square
meter for a total of ten subsamples. The subsamples will be collected to a 6-inch depth with a
stainless steel, 7/8-inch diameter soil Tube Sampler. The subsamples will be blended in a large
stainless steel bowl or pan and stirred with a stainless steel scoop or spoon and sieved in
accordance with EMD-OP GT.8 to obtain one sample. This sampling method allows for greater
coverage of the West Spray Field soils and reduction in sample subjectivity. An adequate
amount of sample will be collected to analyze for the required paraneters and radionuclides, if
necessary. Sample handling will be conducted in accordance with EMD-OP FO.13,
Containerizing, Preserving, Handling, and Shipping Soil and Water Samples. | Sampling

equipment will be decontaminated between individual sampling points in accordance with EMD-
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OP FO.3, General Equipment Decontamination. Documentation of the surficial soil sampling
activity at the West Spray Field will be in accordance with EMD-OP GT.8.

The rationale for collecting the upper six inches of soil is based on information presented in the

following paragraphs.

Physical mobility of metals and inorganics in surficial soils can be highly
dependent upon mechanical transport such as water and wind on and chemical
transport such as ion exchange. Because of the large volume of water sprayed
and possible ponding on the West Spray Field (see Tables 2-1 and 2-2), it is
possible that potential metal and other inorganic contamination migrated vertically
into the surficial soils.

The high dust resuspension capability of the winds at the Rocky Flats Plant could
have removed any historic potential contaminant accumulation within the upper
quarter inch of soil.

From the time the spraying ended in 1985 to the time of sampling implemented
under this workplan, a new veneer of soil and organic matter not impacted by the
spray activities may have developed.

Sampling the upper six inches is consistent with the test pit sampling procedures
and will allow statistical comparability of the data.

Surficial soil samples from areas of historic spray application and surface runoff will be analyzed
for potential contamination. Sample procedures will be identical to the procedures outlined
above for the other surficial soil samples collected within the West Spray Field. Sample
locations are shown on Figure 7-2. The sample locations may be modified based on field
evaluation of runoff channels including amount of soil accumulation and vegetative cover.
Sample locations are based on spray application areas, historic surface water runoff areas within
the West Spray Field boundaries and where the runoff breached bermed areas along the northern

IHSS boundary as identified in aerial photographs. The terrestrial sample locations identified
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in the Environmental Evaluation (Section 9.0) are coordinated with these sample locations for
comparative analyses. Eighteen surficial soil samples along drainages and within spray

application areas will be collected within and north of the West Spray Field boundaries.
7.3.3 Soil Physical and Chemical Characterization

Characterization of subsurface materials is necessary to determine the presence or absence of
contaminants and their vertical extent. The subsurface soil physical and chemical properties will
be accomplished by collecting soil samples in test pits. Characterization of soil type and
properties will completed by using the Unified Soil Classification System and ASTM Method
D2216-80 for soil moisture, ASTM Method D2937-83 for density and U.S. EPA Method 9100-
SW846 permeability. Additional samples will be collected for chemic;ll analyses. If
contamination is determined to be present in the test pits and further invéstigation is needed,
boreholes will be drilled in order to characterize the subsurface materials to the saturated zone.
In order to determine if contamination is present in the test pit samples, the data éollected will
be evaluated against that in the Background Geochemical Characterization Report. The
evaluation shall be timely in order to initiate development of a workplan and implementation for
a borehole investigation in accordance with the IAG schedule. A work plan and rationale for
borehole investigations will be submitted as a technical memorandum to this Work Plan should

it be necessary.

Investigation using test pits permits collection of geotechnical data and samples over a larger
cross-sectional area than boreholes and consequently can provide a better representation of site
conditions. Test pit excavation will allow collection of soil profile samples to evaluate the
nature and extent, and fate and transport of contaminants in the shallow subsurface where the
primary contaminants of concern for the West Spray Field are most likely to collect based on

their chemical properties.
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Sixteen proposed test pits are located to best evaluate the area(s) of the direct spray application,
source pipeline, surface water runoff, geologic concern and where data gaps exist. The location’
rationale and sampling criteria for each test pit location are provided in Table 7-2. Test pits are

listed in Table 7-2 from north to south and west to east as shown on Figure 7-2.

Test pits will be excavated in accordance with EMD-OP GT.7 using a backhoe such that one pit
wall is dug in benches in order to minimize cross contamination along the pit wall and to allow
for sample collection. New procedures established for implementation of EMD-OP GT.7 under
the OU2 field activities will be applied to OU11, if appropriate. Test pits will be excavated to
a depth of 4 feet to expose the A, B, and C soil horizons and to allow geologic mapping of the
test pit and subsequent soil sampling. If the C soil horizon is not exposed at the 4 foot depth,
the test pit will be excavated one foot deeper. Soil horizons are described in Section 2.2.4.2.
Based on the information presented in Section 2.2.4.2, the proposed test pit depth should be

sufficient to characterize the presence of caliche layers, if present.

Within each test pit, the subsurface materials will be characterized in accordance with EMD-OP
GT.1. Additionally, the test pits will be screened for potential contamination after excavation
with a photoionization detector and a Ludlam model 12-1A alpha monitor with an air

proportional probe, or equivalent, and a gamma/beta detector for health and safety purposes.

Geologic mapping and soil sampling will immediately follow excavation to limit the opportunity
for potential sluffing, introduction of contamination from other sources and alteration of the
subsurface conditions. Soil samples will be collected in soil horizons A, B and C each to
evaluate the nature and extent of contamination within each horizon. The procedure is to collect
the upper-most six inches of each soil horizon starting at the deepest part of the test pit to
prevent cross contamination between sample intervals. The sample collection method, as

presented in EMD.OP GT.7, will allow the for the collection of volatile organic and semivolatile
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organic samples by peeling the exposed soil layer with a stainless steel instrument prior to
sampling. After peeling, the sample will be collected by driving a stainless steel thin-walled
tube into the soil and then immediately capping the tube with Teflon®-lined plastic caps sealed
with electrical tape. If additional sample volume is required to obtain samples for inorganic
analyses, additional drive samples will be collected. In all cases, the samples for volatile and
semivolatile analyses will be collected first. The depth of the sample will be measured from the

ground surface and recorded. A total of 48 test pit soil samples will be collected.

In order to determine the moisture content, density and permeability of the natural soils present
in the vadose zone of the west spray field, soil samples will be obtained from four of the test
pits for geotechnical analysis. The test pits selected for geotechnical soil testing will be chosen
on the basis of prior soil profile logging, which indicates that representative and adequate
quantities of the test soils are present. Following the Unified Soils Classification System, one
‘sample of a cohesive soil layer (clays and sandy clays) and one sample of a non-cohesive soil
layer (sands and gravels) will be obtained from each of the four test pits, resulting in a total of

eight samples.

Samples of cohesive soils will be obtained by hand driving a three inch brass liner into the zone
of interest. The brass liner will sealed with plastic caps and wax to preserve the field moisture
content. Additionally, fifty pounds of the cohesive materials will be collected in a bag sample
for the use in a Standard Proctor Density Test (ASTM-D-698) if a remolded permeability test
is required. Sand and gravel soils with little or no fines (minus 200) will be collected as bulk
samples for analysis. These samples will be placed in sealed plastic bags to maintain their
natural moisture content until laboratory testing can be completed. All samples will be labeled

to indicate the test pit of origin, depth of sample and date.
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All samples will be analyzed for natural moisture content and density. The bag samples of the
non-cohesive samples will be analyzed for density only. Falling head permeability tests will be
performed on samples of cohesive soils (clays and sandy clays). For non-cohesive .soils, a
relative density proctor will be performed (ASTM D-4253 and D-4254) and a falling head
permeability test will be performed on a remolded sample which best represents the moiSture
and unit density present in the field. Sieve analyses (ASTM C-136) will also be performed on

each on the sand and gravel samples.

Upon completion of sampling and data collection, the test pits will be backfilled following the
procedures outlined in EMD-OP GT.7.

If contamination is detected in any of the examples collected from the A, B, or C soil horizons,
then borehole drilling will be required to further characterize the contaminant source. Borehole
locations will be determined based on evaluation of data collected from all sampling tasks
identified in this Work Plan. A detailed field sampling plan for borehole drilling and sampling
will be submitted, as a technical memorandum to the OUl1l Work Plan, to the regulatory
agencies for approval prior drilling. If soil samples collected from within the boreholes are
found to be contaminated, the boreholes may be completed as groundwater monitoring wells for
the Phase II RFI/RI. Screened intervals will be based on water level fluctuations determined
from existing monitoring wells within the West Spray Field.

7.4  SAMPLE ANALYSIS

This section describes the sample handling procedures and analytical program for samples
collected during the Phase I investigation. This section also includes discussions of sample
designation, analytical requirements, sample containers and preservation, and sample handling

and documentation.
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7.4.1 Sample Designation

All sample designations generated for the RFI/RI will conform to the input requirements of
RFEDs, as described in EMD-OP FO.14A. Each sample designation will contain a nine-
character sample number consisting of a two-letter prefix identifying the media samples (SB for
soil boring, SS for surficial soils, etc.), a unique five-digit number, and a two letter suffix
identifying the contractor. One sample number will be required for each sample generated
including QC samples. In this manner, 99,999 unique sample numbers are available for each
sample media for each contractor that contributes sample data to the database. Boring numbers
will be developed independently of the sample number for a given boring. These sample

numbering procedures are consistent with the RFP site-wide QAP;jP.
7.4.2 Analytical Requirements

The analytical suites for surficial soil samples and unconsolidated material samples were
developed based on the types of contaminants detected historically in the waste source from
Solar Evaporation Ponds 207-B North and 207-B Center. The waste analyses are summarized
in Section 2.0. The geochemical behavior of the contaminants was also considered in the
selection of the analytical suites. Specific analytes in the above groups and their CLP
detection/quantitation limits are listed in Table 7-3.7 These analytes and limits address the
chemicals that previously were detected in the pond liquids, and the previous samples collected
from OU11.

The surficial soil samples collected in association with the radiation survey will be analyzed for

the following parameters at a minimum:

° Uranium 233/234, 235, 236 and 238,;
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Plutonium and Americium;

° Gross Alpha and Gross Beta; and
° Tritium.

The surficial soil samples collected along the grid locations, within spray application areas and
along historic surface water runoff channels within the West Spray Field will be analyzed for

the following parameters:

° Target Analyte List (TAL) Metals; and

o

Nitrates.

Surficial soil samples will not be analyzed for volatile and semivolatile organic compounds due

to the volatile nature of the compounds and the elapsed time since the last spray application.

Soil samples collected from test pits to evaluate the upper vadose zone will be analyzed for all

of the following chemical and radionuclide parameters or parameter groups:

° Target Analyte List (TAL) Metals;

° Uranium 233/234, 235, 236 and 238;
Plutonium and Americium,;

Gross Alpha and Gross Beta;
Tritium;

TCL volatile organics;

TCL semivolatile organics; and

Inorganics.
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7.4.3 Sample Containers and Preservation

Sample volume requirements, preservation techniques, holding times, and container material
requirements are dictated by the media being sampled and by the analyses to be performed. The
soil matrices to be analyzed will include surficial and subsurface soils (see Table 7-4).
Additional specific guidance on the appropriate use of containers and preservatives is provided
in EMD-OP FO.13, Containerizing, Preserving, Handling, and Shipping of Soil and Waste
Samples. Information on preparing samples specifically for radiological analysis is provided in
EMD-OP FO.18.

7.4.4 Sample Handling and Documentation

Sample control and documentation is necessary to ensure the defensibility of data and to verify
the quality and quantity of work performed in the field. Accountable documents include
logbooks, data collection forms, sample labels or tags, chain-of-custody forms, photographs, and
analytical records and reports. Specific guidance defining the necessary sample control,

identification, and chain-of-custody documentation is discussed in FO.13.
7.5 DATA MANAGEMENT AND REPORTING REQUIREMENTS

The field data collected during the various investigations discussed in Section 7-3 will be
documented as outlined in the specific EMD-OPs cited. Field data will be managed according
to EMD-OP F0.2.

Field data will be input to RFEDs using a remote data entry module supplied by EG&G. Data
will be entered on a 3.5-inch computer diskette and will be delivered to EG&G on a timely

basis. A hard copy report will be generated from the module for contractor use. Procedures
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for data quality control, verification, entry into RFEDS, archiving and security will follow
EMD-OP FO.14.

A sample tracking spreadsheet will be maintained by the contractor for use in tracking sample
collection and shipment. EG&G will supply the spreadsheet format and will stipulate timely
reporting of information. These data will also be delivered to EG&G on 3.5-inch computer
diskettes. Computer hardware and software requirements for contractors using government-
supplied equipfnent will be supplied by EG&G. Computer and data security measures will also
follow acceptable procedures outlined by EG&G.

7.6  FIELD QC PROCEDURES

Sample quality will be controlled by following the prescribed EMD-OPs or accepted methods
for sample collection, sample shipment, equipment use, equipment decontamination, and
equipment calibration as discussed previously in the FSP. These procedures provide the best
methods for collection of representative samples. In addition, three types of field quality control
(QC) samples will be collected: sample duplicates, field preservation blanks, and equipment
rinsate blanks. An additional QC sample, a trip blank, will be prepared when needed by the
laboratory performing the analyses.

The analytical results obtained for these samples will be used by the ER project manager to
assess the quality of the field sampling effort. The types of field QC samples to be collected
and their application are discussed below. The frequency with which QC samples will be
collected and analyzed is provided in Table 7-5.

Duplicate samples will be collected by the sampling team for use as a relative measure of the

precision of the sample collection process. These samples will be collected at the same time,
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using the same procedures and equipment, and in the same types of containers as required for
the samples. They will also be preserved in the same manner and submitted for the same
analyses as required for the samples. Duplicate samples will only be - collected during

groundwater sampling.

Field preservation blanks of distilled water, preserved according to the preservation requirements
(Section 7.4.3), will be prepared by the sampling team and will be used to provide an indication
of any contamination introduced during field sample preparation. As indicated in Table 7-4,

these QC samples are applicable only to samples requiring chemical preservation.

Equipment rinsate blanks will be collected frofn final decontamination rinsate to evaluate the
success of the field sampling team’s decontamination efforts on non-dedicated sampling
equipment. Equipment blanks are obtained by rinsing cleaned equipment with distilled water
prior to sample collection. The rinsate is collected and placed in the appropriate sample
containers. Equipment rinsate blanks are applicable to all analyses for water and soil samples,
as indicated in Table 7-4.

Trip blanks consisting of distilled water will be prepared by the laboratory technician and will
accompany each shipment of samples for volatile organic analysis. Trip blanks will be stored
with the group of samples with which they are associated. Analysis of the trip blank will
indicate migration of volatile organics or any problems associated with sample shipment,
handling, or storage. Information from the trip blanks will be used in conjunction with air
monitoring data and other information to assess the influence of ongoing waste operations on the

quality of data collected.
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Procedures for monitoring field QC are provided in the site wide QAPP. The collection of QC
samples will be documented on the proper soil or water sample collection logs per EMD-OPs
GT.2 and GT.8 and DCN GT.8-91-1.

7.7 AIR MONITORING PROCEDURES

Air monitoring will be performed during field activities to ensure that quality data are obtained
during sampling and that all sampling activities comply with the Plan for Prevention of
Contaminant Dispersion (PPCD) (EG&G, 1992). Air quality monitoring will be performed in
accordance with EMD-OPs presently being developed by EG&G.

Air quality monitoring requirements for activities such as borehole drilling where there is a
significant potential for producing appreciable quantities of suspended particulates include the

following.

Site perimeter and community Radiological Ambient Air Monitoring Program
(RAAMP) monitoring.

° Local monitoring of Respirable Suspended Particulates (RSP) at individual activity
work sites shall be conducted using a TSI "Piezobalance" Model 3500 Respirable
Aerosol Mass Monitor, a real-time instrument. Local RSP measurements will be
used to guide the project Manager’s evaluation of the potential hazards associated
with activity-related emissions. The threshold RSP concentration for curtailing
intrusive activities will be 6.0 milligrams/cubic meter (mg/m?®).

Additional worker health and safety monitoring as required by the Site-Specific
Health and Safety Plan (SSH&SP).
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TABLE 7-2

TEST PIT LOCATION CRITERIA

Test Pit

Location Number

Spray Application
Quantity

Location Rationale

Potential
Contaminants in the
Subsurface

Spray Application
Area 1:

1

190 in. of water
column (max)

- as above

as above

as above

Characterization of
north end of spray
line and fill data

gap.

Characterization of
south end of spray
line; west end of
surface water
drainage channel;
and fill data gap.

Characterization of
spray line; surface
water drainage
channel; supplement
monitoring well
data; and fill data

gap.

Characterization of
spray line; surface
water drainage
channel; and fill
data gap.

metals
radionuclides
nitrates
VOCs

as above

as above




TABLE 7-2 (continued)

TEST PIT LOCATION CRITERIA

Test Pit
Location Number

Spray Application
Quantity

Location Rationale

Potential
Contaminants in the

10

11

190 in. of water

column (max)

as above

as above

as above

‘as above

NA, surface water
runoff only

as above

Characterization of
north end of spray
line; and fill data

gap.

Characterization of
middle section of
spray line; surface
water drainage
channel; and fill
data gap.

Characterization of
south end of spray
line; supplement
monitoring well
data; and fill data

gap.
Characterize soils

~overlying possible

subsurface
paleochannel
subsurface; and fill
data gap.

Characterization of
north end of area;
and fill data gap.

Characterize mid
section of area; and
fill surface water
drainage channel;
data gap. '

Characterize south
end of area; and fill
data gap.

Subsurface

Metals,
radionuclides,
nitrates, VOCs

as above

as above

metals
radionuclides
nitrates
VOCs

as above

as above

as above




TABLE 7-2 (continued)

TEST PIT LOCATION CRITERIA

Test Pit
Location Number

Spray Application
Area 2:
12

Spray Application
Area 3
’ 16

Spray Application
Quantity

150 in. of water
column (max)

as above

'NA, surface water
runoff only

as above

150 in. of water
column (max)

Location Rationale

Characterization of
mid section surface
water drainage
channel; supplement
monitoring well
data.

Characterization of
south end of area;
surface water
drainage channel;
and fill data gap.

-Supplement
monitoring well
data; and fill data

gap.

Characterize surface
water drainage
channel; and fill
data gap;

Characterization of
east spray area; and
fill data gap.

Potential
Contaminants in the
Subsurface

metals
radionuclides
nitrates
VOCs

as above

metals,
radionuclides,
nitrates, VOCs

as above

e e . — —— ———— - ----————/— — ————— ™  ———————————————————————————————

metals
radionuclides
nitrates
VOCs




TABLE 7-3
@ | SOIL, SEDIMENT, AND WATER
SAMPLING PARAMETERS AND DETECTION/QUANTITATION LIMITS

Detection Limits*

Target Analyte List - Metals Water (ug/l) Soil/Sediment (mg/kg)
Aluminum 200 40
Antimony 60 12
Arsenic 10 2
Barium 200 40
Beryllium 5 1.0
Cadmium 5 1.0
Calcium 5000 2000
Cesium 1000 : 200
Chromium 10 2.0
Cobalt 50 10 -
Copper 25 5.0
Cyanide 10 10
Iron 100 20
Lead 5 1.0

‘ Lithium 100 | 20
Magnesium 5000 2000
Maganese 15 3.0
Mercury 0.2 0.2
Molybdenum 200 40
Nickel 40 8.0
Potassium 5000 2000
Selenium -5 1.0
Silver 10 2.0
Sodium 5000 2000
Strontium 200 40
Thallium 10 2.0
Tin 200 40
Vanadium ' 50 10.0
Zinc 20 4.0



TABLE 7-3 (continued)

SOIL, SEDIMENT, AND WATER
SAMPLING PARAMETERS AND DETECTION/QUANTITATION LIMITS

Target Compounds List - Volatiles

Chloromethane
Bromomethane

Vinyl Chloride
Chloroethane
Methylene Chloride
Acetone

Carbon Disulfide
1,1-Dichloroethene
1,1-Dichloroethane
trans 1,2-Dichloroethene
Chloroform
1,2-Dichloroethane
2-Butanone
1,1,1-Trichloroethane
Carbon Tetrachloride
Vinyl Acetate
Bromodichloromethane
1,1,2,2-Tetrachloroethane
1,2-Dichloropropane
trans-1,3-Dichloropropene
Trichloroethene
Dibromochloromethane
1,1,2-Trnchloroethane
Benzene
cis-1,3-Dichloropropene
Bromoform
2-Hexanone
4-Methyl-2-penatone
Tetrachloroethene
Toluene

Chlorobenzene

Ethyl Benzene

Styrene

Total Zylenes

Quantitation Limits*
Water ug/l) Soil/Sediment (ug/kg)
10 10
10 10
10%* 10
10 10
5 5
10 10
5 b
5 5
5 5
5 5
5 5
5 5
10 . 10
5 5
5 5
10 10
5 5
5 5
5 5
5 5
5 5
5 5
5 5
5 5
S 5
5 5
10 10
10 10
5 5
5 5
S 5
5 5
5 5
5 5



TABLE 7-3 (continued)

SOIL, SEDIMENT, AND WATER
SAMPLING PARAMETERS AND DETECTION/QUANTITATION LIMITS

Quantitation Limits*

Semivolatiles Water ug/l Soil/Sediment ug/Kg
Phenol 10%* 330
bis(2-Chloroethyl)ether 10%* 330
2-Chlorophenol 10 330
1,3-Dichlorobenzene 10 330
1,4-Dichlorobenzene 10 330
Benzyl alcohol 10 330
1,2-Dichlorobenzene 10 330
2-Methylphenol 10 330
bis(2-Chloroisopropyl)ether 10 330
4-Methylphenol 10 330
N-Nitroso-di-n-propylamine 10 330
Hexachloroethane 10 330
Nitrobenzene 10%* 330
Isophorone 10 330
2-Nitrophenol 10 330
2,4-Dimethylphenol 10 330
Benzoic acid 50 1600
bis(2-Chloroethoxy)methane 10 330
2,4-Dichlorophenol 10 330
1,2,4-Trichlorobenzene 10 - 330
Naphthalene 10 330
4-Chloroaniline 10 330
Hexachlorobutadiene 10 330
4-Chloro-3-methylphenol(para- 10 330
chloro-meta-cresol)

2-Methylnaphthalene 10 330
Hexachlorocyclopentadiene 10 330
2,4,6-Trichlorophenol 10 330
2,4,5-Trichlorophenol 50 1600
2-Chloronapthalene 10 330
2-Nitroaniline 50 1600
Dimethylphthalate 10 330
Acenaphthylene 10 330
2,6-Dinitrotoluene 10 330
3-Nitroaniline 50 1600
Acenaphthene 10 330



TABLE 7-3 (continued)
SOIL, SEDIMENT, AND WATER
SAMPLING PARAMETERS AND DETECTION/QUANTITATION LIMITS

2,4-Dinitrophenol 50 1600
4-Nitrophenol 50 1600
Dibenzofuran 10 330
2,4-Dinitrotoluene 10 330
Diethylphthalate 10 330
4-Chlorophenyl-phenyl ether 10 330
Fluorene 10 330
4-Nitroaniline 50 1600
4,6-Dinitro-2-methylphenol 50 1600
N-nitrosodiphenylamine 10 330
4,-Bromophenyl-phenylether 10 330
Hexachlorobenzene 10%* 330
Pentachlorophenol 50 1600
Phenanthrene ‘ 10 330
Anthracene 10 330
Di-n-butylphthalate 10 330
Fluoranthene 10 330
Pyrene , ‘ 10 330
Butylbenzylphthalate 10 330
3,3’-Dichlorobenzidine - 204 660
Benzo(a)anthacene 10 330
Chrysene 10 330
bis(2-Ethylhexyl)phthalate 10 330
Di-n-octylphthalate 10 330
Benzo(b)fluoranthene 10 330
Benzo(k)fluoranthene 10 . 330
Benzo(a)pyrene 10 330
Ideno(1,2,3-cd)pyrene 10 330
Dibenz(a,h)anthracene 10 330

Benzo(g,h,i)perylene 10 330



TABLE 7-3 (continued)
SOIL, SEDIMENT, AND WATER
SAMPLING PARAMETERS AND DETECTION/QUANTITATION LIMITS

Quantitation Limits*

Required Detection Limits*
Radionuclides Water (pCi/l) Soil/Sediment (pCi/g)
Gross Alpha 2 4 dry
Gross Beta 4 10 dry
Uranium 233 +234, 235, and 0.6 0.3 dry
238 (each species) '
Americium 241 0.01 0.02 dry
Plutonium 239 +240 0.01 0.03 dry
Tritium 400 400 (pCi/ml)

*Defection and quantitation [imits are highly matrix dependent. 1he limits Tisted here are the minimum achieva
under ideal conditions. Actual limits may be higher.

**The laboratory Practical Quantification Limits (PQLs) for these analytes exceed ARARs.



TABLE 74

SAMPLE CONTAINERS, PRESERVATION, AND HOLDING TIMES

FOR SOIL SAMPLES
Parameter Container Preservative Holding Time
TAL Metals 1 x 250 ml wide-mouth glass | Cool, 4°C 180 days!
jar
TCL Volatiles 1 x 125 ml wide-mouth Cool, 4°C 7 days
Teflon-lined jar
TCL Semivolatiles 1 x 250 ml wide-mouth Cool, 4°C 7 days until extraction, 40
Teflon-lined jar days after extraction
Radionuclides 1 x 11 wide-mouth glass jar | None 45 days
TOC, Anions, pH, and 1 x 250 ml wide-mouth glass | Cool, 4°C 28 days
specific conductance - jar

! Holding time for mercury is 28 days.




TABLE 7-§

FIELD QC SAMPLE FREQUENCY

Media
_Sample T Type of Analysis
ple 2ype e Y Solids Liquids

Duplicates Organics 1/10 1/10
: Inorganics 1/10 1/10
Radionuclides 1/10 1/10

Field Preservation Organics NA NA
Blanks Inorganics NA 1/20
Radionuclides NA 1/20
Equipment Blanks Organics 1/20 1/20
Inorganics 1/20 1/20
Radionuclides 1/20 1/20
Trip Blanks Organics NR 1720

Inorganics NR NR

Radionuclides NR NR

NA = Not Applicabie
NR = Not Required
1/10 = one QC sample per ten samples collected
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8.0 BASELINE HUMAN HEALTH RISK ASSESSMENT PLAN
8.1  OVERVIEW

Section 300.430(d) of the National Contingency Plan (Federal Register, March 8, 1990, p. 8709)
states that as part of a remedial investigation, a Baseline Risk Assessment must be conducted.
The purpose of the Baseline Risk Assessment is to provide an estimate of current or potential
risks to human health and the environment that may result from releases of hazardous substances
from a site in the absence of any remedial action. Results of a Baseline Risk Assessment are
also used to determine whether remedial actions are warranted and, if so, the associated cleanup

levels necessary to protect human health and the environment.

In addition to the requirements stated above, the Rocky Flats Plant IAG requires that a Baseline
Risk Assessment be prepared for the West Spray Field - OU11 as part of the Phase I RFI/RI
report. The IAG specifies that technical memoranda pertaining to the QU11 Baseline Risk
Assessment will be developed. The purpose of the memoranda is to provide an initial evaluation
and outline of several essential components of the Baseline Risk Assessment for OU11. Four

separate memoranda will be developed for OU11 which will address the followingf

The indicator chemicals to be evaluated;

Potential and reasonable use exposure scenarios;

Fate and transport models that will be utilized; and

Toxicological and epidemiological studies that will be utilized to perform the toxicity

assessment.

The contents of the individual memoranda, as outlined in the IAG, are discussed within

Sections 8.2, 8.3, and 8.4 of this Work Plan.
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Both a Human Health Evaluation and an Environmental Evaluation must be completed as part
of the Baseline Risk Assessment. The Human Health Evaluation portion of the Work Plan is
described in this section while the Environmental Evaluation portion is discussed separately in
Section 9.0.

The four major components of the Human Health portion of the Baseline Risk Assessment

include:

Identification and description of contaminants of concern;
Exposure assessment; ,
Toxicity assessment; and

Risk characterization.

A fifth significant component of the Baseline Risk Assessment is the uncertainty analysis. The
uncertainty analysis provides a qualitative and/or quantitative analysis of factors that affect the
risk assessment. In addition, several crucial subcomponents of the Human Health Risk
Assessment include the identification of exposure pathways, selecting appropriate exposure
scenarios (including potential future use), and establishing demographic factors which could
affect exposure. All of the components of the Human Health Baseline Risk Assessment are
described in detail within the following subsections of the Work Plan.

The Human Health Risk Assessment objective of the Phase I RFI/RI is to identify and assess
potential human health risks resulting from exposure to site contaminants at the source. The
major tasks to be completed as part of the Phase I RFI/RI Human Health Risk Assessment

include the following:
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o

Assess the toxicity of the hazardous substances present at the West Spray Field,
including radionuclides, based upon the most current toxicological data available.
Additionally, develop a representative characterization of the types,
concentrations, and distribution of contaminants present in relevant media.

Evaluate fate and transport mechanisms within specific environmental media and
evaluate contaminant behavior. Definition of these mechanisms is necessary in
deriving exposure point concentrations. Where appropriate, inter-media fate and
transport is also evaluated.

Identify potential human receptors at the source and characterize future
demographic factors which could impact exposure.

Identify poténtial at the source exposure scenarios, including evaluation of an
appropriate future use scenario. In addition, quantify the frequency, duration,
and dose of exposure to the contaminants of concem.

Define the extent of any identified impact or threat, and calculate the chance of
such an impact or threat of occurring (i.e., calculate the incremental risk or
hazard index).

Conduct a thorough qualitative and/or quantitative analysis of computed risks and
determine the associated level(s) of uncertainty.

Figure 8-1 illustrates the basic Human Health Risk Assessment components and tasks to be

completed as described above. Human Health Risk Assessment results will be used to determine

whether or not remedial actions are warranted at OU11 and, if so, the associated cleanup levels

necessary to protect human health.

The Human Health Risk Assessntent for OU11 will be performed in accordance with U.S. EPA

and other guidance documents listed in Table 8-1. The documents listed constitute the most

recent U.S. EPA guidance in public health risk assessment. The listed manuals are intended as

guidelines only and the U.S. EPA states that considerable professional judgement should be used
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in the application of these materials. In addition to available national U.S. EPA guidance,

supplemental U.S. EPA, Region VIII risk assessment guidance will be used, if applicable.

The focus of the risk assessment for OU11 will be to produce a realistic analysis of exposure
and health risk. The Human Health Risk Assessment Plan outlined in the following subsections
is applicable to the entire RFI/RI process for OU11. Although the Phase I Work Plan objectives
focus on the characterization of exposure at the source, information obtained during this portion
of the investigation will also be applied to the overall risk assessment process. As a result, an
overall Human Health Risk Assessment can be developed in pieces as the investigation
progresses from definition of the source (Phase I) to characterization of the nature and extent

of contamination (Phase II).
8.2 DATA COLLECTION AND DATA EVALUATION

The data collection and evaluation process used in identifying source-related contaminants at
OUI11 is discussed in the subsections below (U.S. EPA, 1989b). This process is divided into
several steps including: summarizing and characterizing existing site data that is relevant to
performing the Human Health Risk Assessment, collecting new site data to fill gaps (as
identified in Section 4.0) and finally, selecting the contaminants of concern (COCs). The COCs
are selected based upon several prioritizing criteria including contaminant toxicity,
bioavailability, duration, and persistence; the frequency of contaminant detection; the concentra-
tions present; and the likelihood of exposure actually occurring. The contaminants of concern
are selected from the entire suite of chemicals and other constituents, such as metals or

radionuclides, that are present at the site.
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8.2.1 Data Collection

The first phase in data collection and evaluation is to summarize all available data. The existing
body of contaminant data for QU11 is discussed in Section 2.3, Nature of Contamination.
Section 2.3 summarizes information regarding known historical releases at OU11, previous soil
sampling activities and results, and background soil quality, and groundwater data for the West
Spray Field area.

/

In addition to existing contaminant data, other relevant information that has been collected

includes:

A site description;

Sample design with sampling locations;

Analytical methods and detection limits;

Analytical results for each sample, including laboratory qualifiers;
Sample quantitation limits and/or detection limits for non-detects; and

Field conditions.

An initial description of OU11 has already been developed and is provided in Section 2.2.
Previous soil and ground water sampling events, sample locations, and existing results are
described in Section 2.3. Information regarding analytical methods, detection limits, analytical
qualifiers for the existing database, and field conditions for existing data have been preliminarily

compiled and evaluated and are described in Section 2.3.
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The second phase of data collection is the compilation of new data gathered as part of the
Phase I RFI/RI. The new data to be collected are described in detail in Section 7.0, Field
Sampling Plan. As new data are collected, they will be assembled in a format which facilitates

their evaluation in the Human Health Risk Assessment.

Following the compilation of all existing and newly collected data, those data that are
specifically relevant to performing the Human Health Risk Assessment are selected. This

selection process is discussed in detail in the following data evaluation section.
8.2.2 Data Useability

The useability of existing and newly collected Phase I RFI/RI data will be evaluated in
. accordance with the following steps (U.S. EPA, 1990a):

Assess data completeness;

Assess the appropriateness and completeness of data sources;

Assess the appropriateness of analytical methods and detection limits;
Determine whether or not U.S. EPA data validation protocols were applied;

Assess sampling data quality indicators for their completeness, comparability,
representativeness, precision, and accuracy; and

Assess analytical data quality indicators (such as spike recoveries, duplicates, and
blanks) for completeness, comparability, representativeness, precision, and
accuracy.

Details regarding the above outlined protocols are contained within the RFP Site-wide Quality
. Assurance Project Plan (QAPjP). Information regarding the quality of data to be used in the
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Baseline Risk Assessment, the percentage of data that will undergo validation, and the U.S. EPA
Contract Laboratory Plan (CLP) procedures that will be employed in sample analysis are
outlined in the QAPjP. In addition, the RFP "General Radiochemistry and Routine Analytical
Services Protocol” (EG&G, 1991e) (GRRASP) addresses laboratory quality assurance and
quality control procedures that will be applied to radionuclide analyses.

A preliminary data useability analysis of existing WSF data is discussed in Section 2.3, Nature
of Contamination and in Section 4.0, Data Needs and Data Quality Objectives. As is presented
in Sections 2.3 and 4.0, the majority of the existing data is suitable primarily for qualitative use.
Assessment of the existing West Spray Field data indicated that the 1986 soils data does not meet
validation criteria. The 1989 soil data is valid with the exception of volatile organic compound
results which may not be acceptable due to the absence of laboratory blanks. The 1989 and
1990 ground water data meets validation criteria. Several radionuclides including plutonium,
however, were identified in the 1989 sampling, but were not identified in the four quarters of
1990 sampling. Therefore, the presence of these radionuclides in ground water in the West
Spray Field area is highly suspect. In general, it was concluded that new data is needed for
defining contaminant transport media including surficial soils, subsurface soils, vadose water,

groundwater, and biota.

Following completion of the RFI/RI data collection, analysis, and validation, new data will be
evaluated to determine if they support historical trends. Where new data and existing data
appear compatible, the existing data will undergo re-evaluation to identify those that could be

used quantitatively in conjunction with new data.

Part of the data evaluation will also include generating an appropriate summary process and
format. This will involve identifying statistical summary techniques that consider spatial and

temporal data distributions, determining if arithmetic or geometric means are appropriate, and
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determining the appropriate method for dealing with non-detected values and qualified data. The

data summary will include:

The frequency of detection (number of positive detects/number of analyses) for
each compound and sample location;

The minimum and maximum reported concentrations for each compound at each
sample location; and

The overall range of concentrations (the maximum and minimum) for each
compound over the entire OU11 study area.

Any compounds identified during 1aboratory analysis that appear below quantitation levels are
distinguished as tentatively identified compounds (TICs) and will also be evaluated relative to
their usefulness in the Human Health Risk Assessment (U.S. EPA, 1991). Based on the
discussion of existing data in Section 2.3, nitrates, metals, some radionuclides and trace levels
of volatile organic compounds have been preliminarily identified in shallow soils. All
compounds detected are at very low concentrations with a low coefficient of variability. Based
on the preliminary data, it is likely that new data will exhibit similar distribution and

concentration characteristics.
8.2.3 Hazard Identification

Following the first two data evaluation steps outlined above (data collection and data useability),
the hazard identification is performed. The objective of the hazard identification is to select
COCs and determine which are present at OU11 in concentrations high enough to be of concern
relative to human health considemtioﬁs. The criteria for performing the hazard identification
may include but not be limited to (U.S. EPA, 1989b):

Frequency of detection;
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o

Statistically significant environmental media concentrations in excess of
background concentrations;

Toxicity, mobility, and persistence; and

Historical chemical use at the RFP.

More specifically, potential site-specific COCs are identified based on the following

considerations:

The concentration of the chemical exceeds human health and/or environmental
standards (ARARS);

The chemical is detected at a frequency greater than five percent of the time in
an individual media (e.g., surface soil, subsurface soil, alluvial groundwater,
etc.);

The concentration of the chemical is statistically significant when compared to
background concentrations;

The chemical is a potential carcinogenic compound classified as: Group A -
sufficient evidence of carcinogenicity in humans, Group B1 - limited evidence of
carcinogenicity in humans, and Group B2 - sufficient evidence in animals with
inadequate evidence in humans, Group C - possible human carcinogen;

~ The occurrence of a non-carcinogenic compound in media at a concentration 0.1

times the derived media concentration (DMC). (The DMC equals the exposure
dose divided by the reference dose); and

The chemical’s role as a nutrient.

Compounds meeting any one of the above criteria will be maintained as a potential contaminant

of concern until data is produced supporting removal of the compound from consideration.

Compounds that would fall out of the list of contaminants of concern due to meeting the

. screening criteria may still be included if such issues as synergistic affects or other site-specific
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circumstances are a concern. The selection of COCs and supporting rationale for compound

inclusion or elimination will be clearly presented during the RFI/RI process.

Based on the existing WSF data, as discussed in Section 2.3, potential COC types include
nitrates, metals (arsenic, lead, manganese, zinc, and mercury), plutonium, and uranium in
shallow soils. Volatile organic compounds were detected in soils at trace concentrations,
however, the data do not meet validation criteria. VOCs will be maintained as potential COCs
until further data indicate their removal from consideration is appropriate. Potential COCs in
groundwater include nitrates, metals (aluminum, copper, zinc, iron), magnesium, sodium,
sulfate, chloride, and uranium. A final determination regarding the selection of COCs for the
WSF will be contained within one of the four technical memoranda to be submitted in

accordance with the IAG.
8.3 EXPOSURE ASSESSMENT

The objective of the exposure assessment is to determine how exposures to site contaminants can
occur, and to estimate the extent of exposure if it occurs. The exposure assessment includes the
following tasks (per U.S. EPA guidance, 1989b):

Characterize the exposure setting relative to contaminant fate and transport and
potentially exposed populations;

Identify exposure pathways based on chemical source and release, exposure point,
and exposure route; and

Identify uncertainties associated with the exposure assessment that impact the risk
characterization. : ~

Exposure is defined as the contact of an organism with a contaminant or physical agent. The

magnitude of exposure is determined by measuring or estimating the amount of a contaminant
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available at the exchange boundaries (i.e., lungs, intestines, and skin). Exposure occurs when
contaminants migrate from the site to an exposure point, when a receptor directly contacts the
contaminated media, or in the case of radionuclides, when a receptor receives external radiation

exposure.
8.3.1 Conceptual Site Model

The site conceptual model for OU11, as discussed in Section 2.4 and outlined in Figures 2-9 and
2-10, will be used to evaluate primary and secondary contaminant sources and releases, and
potential receptors and associated exposures. The model helps to characterize the exposure
setting relative to contaminant fate and transport mechanisms through exposed receptors. The
conceptual site model for OU11 will be revised as Phase I RFI/RI data is collected and will
focus on exposure at the source. This will include assessment of industrial, residential and
recreational potential exposure pathways within the West Spray Field boundaries. Assessment
of exposure pathways beyond the West Spray Field boundaries will be evaluated during the
Phase II RFI/RI, if determined appropriate. Details regarding exposure pathway identification
will be addressed in one of the four Baseline Risk Assessment technical memoranda. A

completed exposure pathway consists of all five of the elements listed below:

fun—y

Source of contaminant;

2. Mechanism of chemical release to the environment;
3. Environmental transport medium (e.g., air, groundwater) for the released
constituent;

4. Point of potential contact of human or biota with the affected medium (the
exposure point); and

b Exposure route (e.g., inhalation of contaminated dust) at the exposure point.
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If any of these five elements is missing from a potential pathway, exposure cannot occur and

thus the pathway can be eliminated from the risk assessment process.

The conceptual model in Section 2.4 outlines all potential existing and future use exposure
pathways at the source. Part of the goal of the Phase I RFI/RI Work Plan is to determine if any
of the pathways meet the definition of complete. In addition, pathways found to be irrelevant,
insigniﬁcanf, or improbable, will be eliminated from the process. Details regarding the existing
and future use exposure pathways relevant to the West Spray Field will be included within one

of the four technical memoranda to be submitted in accordance with the IAG.
8.3.2 Contaminant Fate and Transport

The conceptual site model helps identify potential contaminant fate and transport mechanisms.
Mechanisms relevant to the WSF-OU11 include soil contaminants leaching to subsurface soils,
vadose and groundwater, soil entrainment and downwind deposition, or surface runoff that
transports surface soil downslope. Contaminant-specific characteristics also affect fate and
transport. Chemical behavior factors affecting the probability a contaminant will migrate

include, but are not limited to:

° Solubility;

Partition coefficient; -
Vapor pressure;

Henry’s Law constant; and

Bioconcentration factor.

A discussion of chemical behavior factors relevant to the West Spray Field is provided in

Section 2.4. The evaluation of these factors will help determine if contaminants can migrate
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from their sources to potential receptors, not only those identified under current use scenarios

but those identified under potential future exposure scenarios as well.
8.3.3 Exposure Pathways .

By using the conceptual site model and information on contaminant fate and transport, exposure
pathways can be identified. The Human Health Risk Assessment will consider only complete
exposure pathways (or pathways that could be complete under potential future situations), those
for which data support the presence of a source, release mechanism, transport mechanism,
exposure route, and affected receptor. Potential current use and future use exposure pathways
for the West Spray Field are preliminarily described in Section 2.4 and will be described detail

within the technical memoranda developed in accordance with the IAG.

8.3.4 Potential Receptors

Exposure of potential receptors to contaminated media at the West Spray Field will be evaluated
for various land use scenarios including residential, industrial, recreational and restricted access
at the source. This will include assessment of potential residents, workers, and recreators to
surficial soils, subsurface soils, ground water, and airborne particulates within the West Spray
Field boundaries. The exposure assessment at the source will be addressed within the JAG
technical memoranda. Exposure scenarios will be developed by employing such information as
contaminant sources (Section 2.3), local topography (Section 1.3), and meteorological data such
as prevailing wind direction (Section 1.3). This inforrﬁation will allow development of an at-the-
source scenario for the Phase I portion of the RFI/RI. Potential receptors beyond the OU11
boundaries, including receptors of the raw water pond supply, will be evaluated within the

Phase II portion of the RFI/RI, if determined appropriate.
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8.3.5 Exposure Point Concentrations

By preparing the data set as described in Section 8.2, Data Collection and Data Evaluation,
exposure point concentrations of COCs will be estimated based on analytical results of the
sampling program outlined in Section 7.0 of this Work Plan, and available relevant existing data,
outlined in Section 2.3. For the Phase I portion of the RFI/RI, exposure will be evaluated at
the source. The Phase II portion of the RFI/RI will evaluate potential exposure beyond the West
Spray Field area.

Release and transport of contaminants in environmental media may be modeled using basic
analytical models recommended by EPA or the best model available, as determined by a model
performance evaluation. The models will be calibrated to improve performance using site-
specific parameters, where possible. Because the Phase I portion of the RFI/RI will focus.on
exposure at the source, mineral modelling will be needed to develop exposure point
concentrations within the West Spray Field. For some exposure routes, such as ingestion of

soils, no modelling may be necessary.

Model outputs will be characterized by estimating variance through an uncertainty analysis to
the extent required by the overall risk uncertainty analysis. Efforts will be made to reduce the
variance of model output. Other major contributors to the overall risk assessment uncertainty
include exposure factors used in the estimation of intake and the toxicity parameters (reference

dose and cancer slope factors) used to evaluate the effect of an acquired dose.

Exposure point concentrations will be expressed as reasonable maximum exposure  (RME)
concentrations and average concentrations. RME point concentrations and average exposure
point concentrations are used in conjunction with receptor activity patterns to estimate

contaminant intake for each exposure route as appropriate. The RME is the highest exposure
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that is reasonably expected to occur at a site. The intent of the RME is to estimate a
conservative exposure case that is well above the average case, but is still within the range of
possible exposures. Details regarding the RME will be developed during the Human Health

Risk Assessment and contained within the technical memoranda.

RME concentrations are represented by the 95th percent confidence limit on the average or the
maximum-reported concentration, whichever is lower. Depending on the quantity of data and
their appropriateness for grouping, data distribution will be used to determine the

appropriateness using geometric or arithmetic means to estimate the RME concentrations.
8.3.6 Contaminant Intake Estimation

In general, chemical intakes will be estimated using available, region-specific exposure
parameters. Nonradioactive contaminant exposure (or intake) is normalized for time and body
weight and is expressed as milligrams of contaminant per kilogram of body weight per day
(mg/kg/day). Six basic factors are used to estimate nonradioactive intake: exposure frequency,
exposure duration, contact rate, chemical concentrations, body weight, and averaging time.
These factors are based on the types of exposure (e.g., residential or occupational, ingestion,
or inhalation). The generic equation for calculating chemical intakes for any exposure route is
outlined below (per U.S. EPA Risk Assessment Guidance for Superfund), (1989b):

I=Cx CRxEFDx 1
: BW AT
I= intake; the amount of chemical at the exchange boundary (mg/kg body weight - day)

C

chemical concentration; the average concentration contacted over the exposure period
(e.g., mg/liter water)
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CR = contact rate; the amount of contaminated medium contacted per unit time or event

(e.g., liter/day)

EFD = exposure frequency and duration; describes how long and how often exposure occurs.
- Often calculated using two terms (EF and ED):

EF = exposure frequency (days/year)
ED = exposure duration (years)

BW = body weight; the average body weight over the exposure period (kg)

AT = averaging time; period over which exposure is averaged (days)

Radionuclide exposure will be determined in accordance with the protocols outlined within "Risk
Assessment Guidance for Superfund.” Radionuclide exposure consists of two components:
. internal (intake) and external exposure. Internal radionuclide exposure is calculated in the same
manner as chemical intake except that it is not divided by body weight or averaging time. In
addition, because systematically incorporated radionuclides can remain within the body for long
periods of time, internal dose is best expressed in terms of the committed effective dose
equivalent, which is equal to the effective dose equivalent over the 50-year period following
intake (U.S. EPA, 1989b). Effective dose equivalents from external exposure will be calculated
as the product of the airborne radionuclide concentration, the external dose conversion factor per
unit for air immersion, and the duration of exposure. Details regarding non-radioactive intake
parameters and radiation exposure for the West Spray Field Baseline Risk Assessment will be

outlined in the IAG specified technical memoranda.

*EPA requires using 95th percentile rates, 90th or 95th percentile values for exposure duration,
and average values for parameters such as body weight. For example, a residential land use
scenario describes an adult, weighing 70 kilograms, who works at home and consumes two liters
of water and breathes 20 cubic meters (m®) of air per day. The individual stays at home 350

@

days per year and lives in the same residence for 30 years. Different parameters are used for
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children, adult workers, and recreational exposures based on information provided by EPA in
the Human Health Evaluation Manual Supplemental Guidance, "Standard Default Exposure
Factors” Interim Final, March 25, 1991 (EPA, 1989¢). Also, the averaging time for carcino-

gens and non-carcinogens differ.

Other standard intake rates established by EPA that will be used, if appropriate, include the

following:

Soil ingestion rates for children ages 1 through 6;

Soil ingestion rates for all others (workers and residents more than 6 years of
age); and

Inhalation rates based on activity levels.

Contaminant rates can also be estimated for dermal exposures. Of the three routes of exposure
(ingestion, inhalation, and dermal), the greatest uncertainty is associated with dermal exposures.

Part of this uncertainty results from the lack of chemical-specific permeability constants.

Human intake of COCs will be estimated using reasonable estimates of exposure parameters.
EPA guidance, site-specific factors, and professional judgement will be applied in establishing
exposure assumptions. Using reasonable values allows estimation of risks associated with the
assumed exposure conditions without underestimating actual risk. The estimate of intake is the
“intake factor," which may then be mathematically combined with the exposure point

concentrations and the critical toxicity values to determine cancer risks and hazard indices.

Depending on the data collected and the refinement of the conceptual site model, nontraditional
exposure routes that may be included in the Human Health Risk Assessment, include recreational

use of nearby open spaces (hiking, bicycling) and agricultural land use.
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8.3.7  Uncertainty in the Exposure Assessment

The ability to construct exposure scenarios for a site depends on the amounts and kinds of
environmental data collected for that purpose. Some uncertainty is inherent in environmental
data collection. The numbers and kinds of uncertainties included in the exposure assessment
directly impact the risk characterization. In addition, professional judgements impact the
identification and description of physical site attributes that affect exposure and activity patterns.
One of the major areas of uncertainty in the exposure assessment is the prediction of human
activities that lead to contact with environmental media and exposutes to site-related
contaminants. The uncertainty analysis of the Human Health Risk Assessment is used to identify
and describe how such factors as environmental sampling and analysis, fate and transport

modeling, and exposure parameter estimation affect uncertainty relative to assessing risk.

The uncertainty analysis will identify and evaluate non-site-specific and site-specific factors that
may produce uncertainty in the risk assessment, such as assumptions inherent to development
of toxicological endpoints (potency factors, reference doses) and assumptions considered in the
exposure assessment. Statistical sampling techniques (such as Monte-Carlo) may be employed
for contaminants for which quantitative evaluation is not possible. The goal of this task will be
to quantify, to the extent practicable, the magnitude and extent of uncertainty propagated through
the risk assessment process. The uncertainty analysis will present the spectrum of potential risks
under specified scenarios such that the risk management decision maker can obtain an
understanding of the level of confidence associated with all estimates of potential human health

risk.
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8.4 TOXICITY ASSESSMENT

The objective of the toxicity assessment is to describe the contaminants considered in the Human
Health Risk Assessment relative to their potential to cause harm. The toxicity assessment has
two general steps. The first determines what adverse health impacts, if any, could result from
exposure to a particular contaminant. These are typically classified as carcinogenic and non-
carcinogenic health effects. The second step, dose-response evaluation, quantitatively examines
the relationship between the level of exposure and the incidence of adverse health effects. Based
on existing West Spray Field data, both carcinogenic and non-carcinogenic health effects will

be considered.

Toxicity depends on the dose or concentration of the substance (dose-response relationship).
Toxicity values are a quantitative expression of the dose-response relationship for a contaminant
and take the form of reference doses (RfD) and cancer slope factors, both of which are specific

to exposure via different routes.

Two sources of toxicity values are currently available for chemicals and radionuclides. The
primary source is the EPA’s Integrated Risk Information System (IRIS) database. IRIS contains
up-to-date health risk and regulatory information. IRIS contains only those RfDs and slope
factors that have been verified by the U.S. EPA work groups and is considered by U.S. EPA

to be the preferred source of toxicity information for chemicals.

In addition to IRIS, the most recently available Health Effects Assessment Summary Tables
(HEAST), issued by the U.S. EPA’s Office of Research and Development, will be consulted
to identify interim RfDs and slope factors not available in IRIS. The U.S. EPA Environmental
Criteria and Assessment Office will be consulted for toxicity values not available in IRIS or
HEAST.
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To judge the degree and extent of risk to public health and the environment (including plants,
animals, and ecosystems), the projected concentrations of COCs at exposure points will be
compared with ARARs, as stated in Section 3.0 of this Work Plan. Receptors may be exposed
to contaminants in more than one medium so that their total doses might exceed risk reference
doses (RfDs) and/or might result in an excess cancer risk greater than an acceptable target risk,
as defined by EPA (e.g., 10° to 10®). As discussed in Section 3.0, the following criteria will

be examined:

Drinking-water health advisories;
Ambient water quality criteria for protection of human health;

Center for Disease Control and Agency for Toxic Substances and Disease
Registry soil advisories;

°  National Ambient Air Quality Standards;

¢ State (CDH/CWQCC) Surface Water Quality Standards;

°  Federal Surface Water Standards; and

¢ State (CDH/CWQCC) Groundwater Quality Standards.
In addition to identifying appropriate toxicity values, this section of the Human Health Risk
Assessment will provide brief toxicity profiles based on recent, published literature for each
contaminant evaluated in the Human Health Risk Assessment. These profiles will describe the

acute, chronic, and carcinogenic health effects associated with site-related contaminants identified

in OU11. Acute and chronic exposure to site-related radionuclides will be discussed, but most

of the information presented will deal with the carcinogenic hazard posed by the site-specific =

radionuclides. Details regarding the contaminant toxicity assessment will be outlined within the

Baseline Risk Assessment technical memoranda per the IAG.
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8.5 RISK CHARACTERIZATION

This section of the Human Health Risk Assessment presents the evaluation of potential risks to
public health associated with exposure to contaminants at the OU11 site. Potential carcinogenic
and non-carcinogenic risks associated with complete exposure pathways will be estimated. Risk
characterization involves integrating exposure assumptions, estimates of contaminant intakes and
toxicity information to quantitatively and qualitatively estimate the risk of adverse health effects.

Risk characterization will be performed in accordance with EPA guidance (U.S. EPA, 1989b).

Non-cancer risk will be assessed by comparing the estimated daily intake of a contaminant to
its RfD. This comparison measures the potential for non-carcinogenic health effects given the
chemical intake factors used to estimate exposure. To assess the potential for non-cancer effects
posed by multiple chemicals, EPA’s hazard index approach will be used. This method assumes
dose additivity. Hazard quotients (individual chemical intake divided by the chemical RfD) are
summed to provide a hazard index, and if the index exceeds one, a potential for health risk is
suggested. If a hazard index exceeds one, where possible, chemicals may be segregated by
similar effect or target organ to determine the potential health risks. Separate hazard indices
may be derived for each effect if sufficient information or target organ specificity is available.
In addition to evaluating multiple dose additivity, synergistic affects will be evaluated, if

determined appropriate.

The potential for carcinogenic effects will be estimated by calculating excess lifetime cancer
risks from the lifetime average exposure and cancer slope factor. These will be upper-bound
estimates because methods used to estimate slope factors are regarded as upper bounds on

potential cancer risks rather than accurate representations of true cancer risk.
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Both non-cancer and cancer risks will be estimated by using RME and average contaminant
intake values combined with exposure assumptions. This allows risk ranges to be considered
rather than a single value and more closely considers the uncertainty associated with the
estimates. In addition, risks may be added across exposure routes to assess the potential for
additive affects. All risk calculation results will be presented in tabular form which will include
individual risks for the COCs via the relevant exposure routes. In addition, total risks for the

relevant exposure routes and total risk posed by the WSF will be presented.

Not all contaminants identified at OU11 will have toxicity values, thereby limiting the ability
to develop quantitative estimates of risk. Where adequate toxicity values cannot be identified,

potential risks associated with exposure to those constituents will be dealt with qualitatively.
8.6 UNCERTAINTIES, LIMITATION, AND ASSUMPTIONS

The numbers and kinds of uncertainties identified in the Human Health Risk Assessment directly
impact the interpretation of estimated risks developed in this section. Quantitative risk estimates
derived in risk assessments are conditional estimates that include numerous assumptions about
exposures and toxicity. Uncertainty is introduced from a variety of sources, including, but not
limited, to:

°  Sampling and analysis,

=]

Exposure estimation, and

®  Toxicological data.

As part of the Human Health Assessment, uncertainty will be described qualitatively in terms

of under- or over-estimation of risk, or both. If necessary, uncertainty may be described
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quantitatively using sensitivity analyses or other numerical models if a rigorous analysis is

required.
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9.0 ENVIRONMENTAL EVALUATION
9.1 INTRODUCTION

The purpose of this Environmental Evaluation (EE) Work Plan is to provide a framework for
addressing risks to the environment from contaminants within Operable Unit 11 (OU11), the
West Spray Field (WSF). This investigation of contamination at OU11 primarily falls under the
purview of RCRA, but according io the Interagency Agreement for Rocky Flats, CERCLA and
RCRA programs will be integrated. Therefore, guidance for preparation of this work plan was
taken from U.S. Environmental Protection Agency (EPA) technical guidance documents for
conducting ecological assessments, including "Risk Assessment Guidance for Superfund, Vol. II,
Environmental Evaluation Manual" (U.S. EPA 1989a) and "Ecological Assessments of
Hazardous Waste Sites: A Field and Laboratory Reference Document” (U.S. EPA 1989b).
This work plan was also designed to comply with requirements associated with the Natural

Resource Damage Assessment process (43 CFR Subtitle A).

The WSF was designated Operable Unit 3 (OU3) until January 1991, when its designation was
changed to OU11l. Many of the documents reviewed in preparation of this work plan were
published prior to the OU1l designation. For consistency, WSF is referred to as OUll
throughout the balance of this work plan. OU11 comprises Individual Hazardous Substance Site
(IHSS) No. 168 and is located just west of the westernmost office trailer complex on plant site
(Figure 2-1).

The goal of the EE is to determine the nature and extent of present and potential impacts of
OU11 contaminants on biota. Determination of the effects on biota will be coordinated with the
Human Health Risk Assessment for OU11. This EE will also be coordinated with the OUS
(Woman Creek Priority Drainage) RFI/RI work plan, the OU6 (Walnut Creek Priority Drainage)
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RFI/RI work plan, the site wide surface water and sediments monitoring program, and the
RCRA groundwater monitoring program. Criteria necessary for performing the EE will be
developed in conjunction with Human Health Risk Assessments and EEs for all Rocky Flats
Plant (RFP) operable units. Information from the EEs will support determination of the need,
form, feasibility, and extent of remediation necessary for OU11 in accordance with RCRA, other

relevant statutory requirements, and sound management practices.

Documents reviewed during preparation of this work plan include the Final Environmental
Impact Statement (EIS), RFP (U.S. DOE 1980); Wetlands Assessment (EG&G 1990a); West
Spray Field Draft Phase I RFI/RI Work Plan (EG&G 1990b); West Spray Field Closure Plan
(Rockwell International 1988); Draft 1989 Surface Water and Sediment Report; The Background
Geochemical Characterization Report (EG&G 1991a), Phase I RFI/RI Work Plan, Walnut Creek
Priority Drainage OU6 (EG&G 1991b); and Phase I RFI/RI Work Plan, Woman Creek Priorify
Drainage OUS (EG&G 1991c¢). Literature review will continue as new data become available

throughout the EE.
9.2 SITE CHARACTERIZATION
9.2.1 OU11 Contamination

Preliminary assessment of possible contamination at OU11 was made on the basis of wastewater
characterization data for Solar EVaporation Pond (Pond) 207-B North and Pond 207-B Center
for the periods of sprayirig, soil sampling data at OU11 (then OU3) in 1986 and 1988, and
groundwater monitoring data. Information sources include the Draft Phase I RFI/RI Work Plan
for West Spray Field (EG&G 1990b), the 1990 Annual RCRA Groundwater Monitoring Report
(EG&G 1991¢), and the Background Geochemical Characterization Report for 1989 (EG&G

1990c). This section summarizes the information and data presented in Section 2.0 that is
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pertinent to the ecological risk assessment. The emphasis of the Phase I RFI/RI sampling
program will be on soil contamination at OU11l. Surface water and groundwater data are

presented because of the potential impact to biota downgradient from OU11.
9.2.1.1 Wastewater Characterization

- The WSF received spray application of excess water from Pond 207-B North and Pond 207-B
Center from April 1982 to October 1985 (Rockwell 1986b, 1988; Weston 1986a,b) and reviewed
here. Water in Pond 207-B North originated from an interceptor system installed to collect
groundwater seepage from the hillside north of the Solar Evaporation Ponds. Analysis of
wastewater in the ponds is important because any nonvolatile chemical in the spray water would
be concentrated as during evapotranspiration from spray field soils and vegetation. By this
mechanism chemicals found at relatively low concentrations in wastewater could become

concentrated in soils.

A summary of wastewater characterization of Pond 207-B North and Pond 207-B Center is
presented in Table 2-3. Pond 207-B Center received treated sanitary effluent from the
wastewater treatment plant. Review of surface water data from 1984-1988 indicates that, during
spray application, water in the ponds may have contained elevated levels of nitrate (as nitrogen),
uranium-233+234 uranium-238, tritium, gross alpha, and gross beta radiation. Lead, mercury,
and selenium were also detected at low concentrations in pond water. Volatile organic
compounds (VOCs) were detected in the water samples from the 207-B ponds and the
groundwater intercept system. The presence of methylene chloride in water samples collected
from the 207-B ponds may have been the result of laboratory contamination because it was also
detected in the "blanks." Chloroform, carbon tetrachloride, and trichloroethylene were also
identified in samples collected from the groundwater intercept system. Although both sediment

samples collected from the groundwater intercept system in 1986 contained methylene chloride,
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it is possible that this was also a result of laboratory contamination. No pesticides,
polychlorinated biphenyls (PCBs), or other semi-volatile compounds were found in the water or

sediment samples.

A detailed history and a description of the spray equipment and configuration are found in
Section 2.0 of the Phase I RFI/RI work plan. The areas of direct spray application total
approximately 14 acres and are located in three main areas (Figure 2-1). Area 1, the
westernmost and largest of the areas, received water from both 207-B North and 207-B Center
via three fixed irrigation lines. Area 1 totals approximately 36 acres, 8.4 acres of which
received direct spray application. Area 2 is a linear area of approximately 2.5 acres (1360 feet
x 80 feet) located just east of the road that roughly bisects OU11. All of Area 2 received direct
spray application primarily from Pond 207-B Center. Area 3, located east of Area 2, comprises
many small circular spray areas with the source area totaling approximately 3.2 acres. Area 3
received sanitary wastewater from Pond 207-B Center. On the basis of total volumes applied
during operation, the estimated total application was approximately 40 inches per unit area from
Pond 207-B North applied to Area 1, and approximately 150 inches from Pond 207-B Center
appliefi to Areas 1, 2, and 3.

9.2.1.2 Soils

Few data exist on contaminants present in surficial materials at OU11. Soils were analyzed for
contamination during two studies, in 1986 and 1988, which are described in detail in Section 2.0
of the Phase I RFI/RI work plan. The 1986 study included samples taken from two grids
located in Area 1 (Figure 2-1). Collection included surficial soil scrapes and samples from 0-
to 6-inch and 6- to 12-inch depth intervals (see Section 2.0 for details). The 1986 sampling plot
in Area 1 was not in an area of direct spray application, but results indicate that it may have

been affected by windblown spray. The analytes for the 1986 study are presented in Table 2-4,
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and the results are presented in Tables 2-5, 2-6, and 2-7 of the RFI/RI work plan. In the 1988
study, samples were taken from 12 test pits excavated within the OU11 boundary (Figure 2-1).
The analytes for the 1988 study are presented in Table 2-8, and the results are presented in
Tables 2-9, 2-10, 2-11, and 2-12 of the RFI/RI work plan.

The metals arsenic, lead, mercury, and zinc were found at levels significantly above background
in the soils studies (Table 9-1). These metals are of particular concern since they tend to
bioaccumulate. Data for radionuclide concentrations in OU11 soils are presented in Table 9-1
(see also Table 2-6 of the RFI/RI work plan). The radionuclide concentrations recorded during
the 1986 and 1988 soils studies are compared to the sitewide background in OU11 soils in
Table 9-1. Concentrations of plutonium-239 and americium-241 in soils exceeded background
concentrations. However, data on these radionuclides were highly variable and further sampling
is‘required to establish accurate estimates of soil concentrations at OU11. The 1986 soil samples
were not analyzed for nitrate. However, in the 1988 study, nitrate (as N) concentration was
elevated in samples from each of the sprayed areas (Table 9-1; see also Table 2-11 of the RFI/RI
work plan). Samples from Area 1 exhibited concentrations 5 to 20 times the background value
(Table 2-11, RFI/RI work plan).

The RFP annual soil monitoring program included several sites north and west of OU11, which
could be considered upgradient of the site and therefore unimpacted (EG&G 1990). Samples
were collected from the top 5 cm of soil and analyzed for plutonium. Also included were two
sites within OU11 (1-270 and 1-252). The plutonium concentration in the OUIl samples
(0.07+0.01 pCi/g at 1-270 and 0.12+0.04 pCi/g at 1-252) was within the range of the
concentration in samples from upgradient areas (0.08+0.040 pCi/g; n=12; range 0.03-0.15
pCi/g).
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The maximum concentration of metals and radionuclides detected at OU11 are compared to the
RFP site wide background and relevant RCRA criteria in Table 9-1. However, the background
levels in Table 9-1 are from the Background Geochemical Characterization Report (EG&G
1990¢) and are based on data from alluvial borehole samples. There are currently no official
"background” concentrations specifically for metals or radionuclides in surficial or A-horizon
materials. In addition, neither the background data nor the OU11 soil data includes the form
in which the chemicals analyzed were found. This may be important because less soluble
compounds will be more resistant to leaching and therefore more likely to remain in the upper
soil layers. More soluble compounds are more likely to leach into deeper materials. It may be
reasonable to expect that concentrations of certain compounds are naturally higher in surficial
materials in Rocky Flats soils. On the other hand, it is also important to note that any of the
chemicals contained in spray water would be concentrated by evaporation of the water vehicle.
Metals and other constituents may complex with carbonates or other chemicals already present
in the soil, and form largely insoluble compounds that would tend to remain in surface layers.
Such a mechanism could result in concentration of the metals or radionuclides in the surficial

soil.

Because the upper soil layers are the most critical to vegetation and animal life, it may be
important to establish the "background" concentrations for the upper 10 cm, or for the A-horizon
in the WSF. It will also be important to determine the form in which the contaminants are
found in order to assess their potential toxicity to ecological receptors. Aqueous solubility also
contributes to the bioavailability and ultimately the toxicity of metals and radionuclides. More
soluble metals may be more likely to enter a plant or animal through ingestion or bulk water

absorption and, once internalized, more likely to cross tissues or to be taken up by cells.

Methylene chloride, trichlorethene, carbon disulfide, 1,1,1-trichloromethane, and 1,1,2-

trichloroethane were detected in soils at OU11. Presence of the same compounds in sampling
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and laboratory blanks indicated laboi'atory contamination (Table 2-7, RFI/RI work plan).
Therefore, it is not possible to fully evaluate whether the detected concentrations of these
compounds are actually contaminants in soil at OU11. Inspection of the data in Tables 2-7 and
2-12 of the RFI/RI work plan indicates that VOCs are generally near or below detection limits.

9.2.1.3 Groundwater

Compounds deposited on soils by spray application may leach into shallow (alluvial)
groundwater at OU11. Contaminants transported away from the source area in groundwater may
in turn threaten surface waters and deeper aquifers. Groundwater in OQU11 monitoring wells
contained elevated (above background) levels of lead, cadmium, aluminum, nitrates, cyanide,
uranium-233+234, acetone, and toluene. This suggests that these compounds may have been
leached from sprayed soils (Table 9-2).

9.2.1.4 Surface Water

Although there are no natural permanent surface water features in OU1l, contamination of
surface water downgradient could result from the migration of soil or groundwater contaminants.
Data from four surface water monitoring stations (SW006, SW093, SW107, and SW041) are
presented in Table 9-3. SWO006 lies to the north of OU11 in the extreme upper Walnut Creek
drainage; SW093 is in the Walnut Creek drainage, downstream of OU11 and directly north of
the Solar Evaporation Ponds. SW107 and SWO041 lie directly south of OUl1 in the Woman
Creek drainage. Aluminum, arsenic, and lead were elevated above background in samples from
all four stations. Cyanide was elevated at SW006 and SW107. Selenium was elevated at just
one station, SW093. Strontium-89, strontium-90, uranium-233+234 and uranium-238 were also
elevated in surface water at one or more stations. Contamination of surface water may have

originated from QU11, but this cannot be determined without further investigation because other
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sources, such as IHSSs within OU4, OUS, and OU6 could have contributed the same

contaminants.
9.2.2  Ecological Characterization
9.2.2.1 General

Terrestrial and aquatic species in the RFP area have’been described by several researchers
(Quick 1964, Weber et al. 1974, Winsor 1975, Clark 1977, Clark et al. 1980, U.S. DOE 1980,
and CDOW 1981, 1982a and 1982b). In addition, terrestrial and aquatic radioecology studies
conducted by Colorado State University and DOE (Johnson et al. 1974, Little 1976, Hiatt 1977,
Paine 1980, Rockwell International 1986a), along with annual monitoring programs at the RFP,
provide information on the movement of contaminants through ecological pathways. Ongoing
studies include the Baseline Vegetation and Wildlife site wide study and the EEs for OUs 1, 2,

and 5. These studies are currently scheduled for completion in FY92.

The RFP is located at an elevation of approximately 6,000 feet, just below the elevation at which
plains grasslands grade abruptly into lower montane (foothills) forests (Marr 1964). The present
vegetation of the RFP and adjacent areas is dominated by mixed-grass prairie but includes
various mosaics of short-grass steppe and mid- to tall-grass prairie. Tall-grass prairie, endemic
to the foothills and mesas, is absent in many areas around the RFP as a result of grazing and
development. Some areas at the RFP do show the influence of previous grazing, but much of
the site is dominated by big bluestem (Andropogon gerardii) and other species indicative of low-
grazing pressure. Most of the broad divides and hillsides are dominated by a mixture‘of native
grasses, forbs (broadleaf species), and subshrubs. Prevalent species include prairie junegrass
(Koeleria macrantha), western wheatgrass (Agropyron smithii), Canada bluegrass (Poa

compressa), Kentucky bluegrass (Poa pratensis), green needlegrass (Stipa viridula), needle-and-
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thread (Stipa comata), big bluestem, little bluestem (Schizachyrium scoparium), switchgrass
(Panicum virgatum), blue grama (Bouteloua gracilis), side-oats grama (Bouteloua curtipendula),
and red three-awn (Aristida longiseta). Non-native weedy forbs and annual grasses are locally
prominent in disturbed or previously grazed sites. Introduced pasture grasses such as smooth
brome (Bromopsis inermis), intermediate wheatgrass (Agropyron intermedium) and crested or
desert wheatgrass (Agropyron desertorum) are present on sites where an attempt has been made
to rehabilitate degraded range. Yucca (Yucca glauca), cacti, and several Arremisia species are
conspicuous on xeric hilltop sites with shallow, rocky soils. Individuals or small clumps of

ponderosa pine occur on some rock outcrops.

The valley floors and seeps on adjacent slopes support various wetland types, ranging from
sedges, rushes (Juncus sp.), or cattails (Typha sp.) to stands of mature cottonwoods (Populus
sp.), willows (Salix sp.), and leadplant (Amorpha sp.). Tall and short shrub stands throughout
the site contain scattered clumps of wild plum (Prunus americana), chokecherry (Prunus
virginiana), hawthorn (Craetaegus sp.), snowberry (Symphoricarpos sp.), and golden currant
(Ribés aureum). Rocky sideslopes of the deeper ravines contain skunkbrush (Rhus trilobata) and

ninebark (Physocarpus monogynus), two shrub species more characteristic of the lower foothills.

As in most of the Front Range Urban Corridor, wildlife at the RFP has been greatly influenced
by the increase in human use and disturbance over the past 100 years. Most notable have been
reductions in the number and diversity of ungulates (hoofed anfmals) and predators. However,
the relative isolation and habitat diversity of the RFP have resulted in a fairly rich animal

community.

During a mark-recapture program, Winsor et al. (1975) caught eight species of small mammals:
the deer mouse (Peromyscus maniculatus), western harvest mouse (Reithrodontomys megalotis),

meadow vole (Microtus pennsylvanicus), thirteen-lined ground squirrel (Spermophilus



OU11 Work Plan Manual: 21000-WP-0OU11.1
Section: Section 9, Rev. 1, draft B
Category Final Page: 10 of 70

tridecemlineatus), northern pocket gopher (Thomomys talpoides), hispid pocket mouse
(Perognathus hispidus), silky pocket mouse (Perognathus flavus), and house mouse (Mus
musculus). Additional species collected during EE studies in 1991 included the meadow jumping
mouse (Zapus hudsonius), prairie vole (Microtus ochragaster), and Mexican woodrat (Neotoma
mexicana). These studies also revealed that both the western and plains harvest mouse
(Reithrodontomys montanus) are present. White-tailed jackrabbits (Lepus townsendii) and
cottontails (Sylvilagus floridanus and S. audubonii) also occur at the RFP. The most abundant
large mammal is the mule deer (Odocoileus hemionus), of which an estimated 100-125 appear
to be permanent residents (DOE 1980). Carnivores present include coyotes (Canis latrans), red
foxes (Vulpes vulpes), raccoons (Procyon lotor), badgers (Taxidea taxa), long-tailed weasels

(Mustela frenata), and striped skunks (Mephitis mephitis).

Common grassland birds at the RFP include western meadowlarks (Sturnella neglecta), horned
larks (Eremophila alpestris), vesper sparrows (Pooecetes gramineus), lark sparrows (Chondestes
grammacus), and grasshopper sparrows (Ammodramus savannarum). Wetlands support song
sparrows (Melospiza melodia), common yellowthroats (Geothlypis trichas), and red-winged
blackbirds (Agelaius phoeniceus). Northern flickers (Colaptes auratus), eastern and western
kingbirds (Tyrannus tyrannus and T. verticalis), black-billed magpies (Pica pica), northern
orioles (Icterus galbula), yellow warblers (Dendroica petechia), warbling vireos (Vireo gilvus),
American robins (Turdus migratorius), indigo buntings (Passerina cyanea), blue grosbeaks
(Guiraca caerulea), and lesser and American goldfinches (Carduelis psaltria and C. tristis),
among other species, nest in cottonwood/willow stands. Wooded draws attract foothills species,
including MacGillivray’s warblers (Opornis tolmiei), yellow-breasted chats (Icteria virens),
black-headed grosbeaks (Pheucticus melanocephalus), green-tailed and rufous-sided towhees
(Pipilo chlorurus and P. erythrophthalmus), and lazuli buntings (Passerina amoena). Common

birds of prey in the area include American kestrels (Falco sparverius), northern harriers (Circus
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cyaneus), red-tailed hawks (Buteo jamaicensis), Swainson’s hawks (Buteo swainsoni), and great

horned owls (Bubo virginianus).

The most abundant reptiles are the bulisnake (Pituophis melanoleucus), yellow-bellied racer
(Coluber constrictor), western terrestrial gartersnake (Thamnophis elegans), and prairie

rattlesnake (Crotalus viridis).

Four streams flow within the RFP boundary: Rock Creek, North Walnut Creek, South Walnut
Creek, and Woman Creek. All of these streams are ephemeral to intermittent, with peak flows
during spring and early summer. The two forks of Walnut Creek also contain a series of small
impoundments formed by earthen dams. The surface waters support a variety of aquatic
macroinvertebrates, including snails; crayfish, as well as larvae or adults of several orders of
Insecta (DOE 1980). Some of the ponds are inhabited by fathead minnows (Pimephales
promelas), green sunfish (Lepomis cyanellus), and largemouth bass (Micropterus salmoides).
The ponds also\ attract water birds such as mallards (Anas platyrhynchos), gadwall (Anas
strepera), green-winged and blue-winged teal (Anas crecca and A. discors), spotted sandpipers
(Actitis macularia), black-crowned night herons (Nycticorax nycticorax), and great blue herons
(Ardea herodias). Killdeer (Charadrius vociferus) are common near pond margins, and muskrats
(Ondatra zibethicus) occur in some areas. In addition, the ponds and creeks provide feeding
habitat and water sources for various terrestrial species and breeding habitat for amphibians.
Leopard frogs (Rana pipiens), Woodhouse’s toads (Bufo woodhousei), and northern chorus frogs
(Pseudacris triseriata) have all been observed at the RFP.

9.2.2.2 West Spray Field

The habitat at and around the WSF is predominately mesic mixed grassland with riparian

shrubland along intermittent stream channels (Figures 9-1, 9-2, 9-3, and 9-4; also see Clark et
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al. [1977] and SOP 5.11 for identification of habitats at the RFP). As part of the preliminary
site survey conducted in July 1991, cover and richness were determined for five transects in
Spray Areas 2 and 3. Mean total cover was 92 percent, with an average richness of 22 species
per transect. The area is dominated by Canada bluegrass and mountain muhly (Muhlenbergia
montana) with inclusions of big bluestem, little bluestem, prairie junegrass, and blue grama.
Smooth brome, cheatgrass (Bromus tectorum), and various weedy forbs are found in several
small disturbed areas. Forbs in the area include Louisiana sage (Artemisia ludoviciana), annual
sunflower (Helianthus annuus), slimflower scurfpea (Psoralea tenuiflora), moth mullein
(Verbascum blattaria), tumble mustard (Sisymbr'ium altissimum), and purple prairie-clover

(Petalostemum purpurea).

Five transects surveyed in the riparian shrubland areas just to the north of Spray Area 1
averaged 97 percent total plant cover with a mean richness of 23 species per transéct. Canada
bluegrass was also the dominant grass in this area, with Kentucky bluegrass and little bluestem
as other important species. Common sage (Artemisia campestris), wild tarragon (Artemisia |
dracunculus), and cottonwoods saplings were also abundant. A reach of the Walnut Creek

drainage directly north of Spray Area 2 is lined by mature cottonwoods.

No natural permanent aquatic habitats occur within OU11, but a raw water storage pond is
located just south of Area 2. The headwaters of Walnut Creek lie just to the north of QU11,
but the stream is intermittent at this point. The nearest permanent reaches of Walnut Creek lie
200 to 300 meters (m) to the east. Upper reaches of Woman Creek lie 300-400 m south of
Oull.

Overall, the areas of previous spray application show no signs of impact to the vegetation
community (Figures 9-2, 9-3, and 9-4). However, narrow (0.5 m) strips of barren ground are

found where spray lines had been located. A shallow ditch, 0.5 to 1 m deep, is located on the
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eastern and northern edges of Spray Area 1 (Figures 2-1, 2-2, and 9-1). Much of the ditch is

overgrown with native grasses but non-native weedy species line the ditch corridor.
9.2.2.3 Protected Species and Habitats

Endangered species potentially of interest in the RFP area are the black-footed ferret (Mustela
nigripes), peregrine falcon (Falco peregrinus), and bald eagle (Haliaeetus leucocephalus) (EG&G
1991d). Black-footed ferrets are not known to occur in the vicinity of the RFP. Critical habitat
for the black-footed ferrets consists primarily of colonies of its major food item, the prairie dog
(Cynomys lucovicianus). Prairie dog colonies do not exist in the area of the WSF. Bald eagles
occur occasionally in the RFP area, primarily as irregular visitors during the winter or migration
seasons. No roost areas or nest sites exist at the* RFP. Peregrine falcons may occur as
migrants, and a pair has reportedly nested approximately 10 km to the northwest in 1991. Itis
possible that the hunting territory of the nesting peregrines could include the RFP, although

suitable habitat occurs closer to the nest area.

Other wildlife species of higher federal interest that are potentially present at the RFP include
the white-faced ibis (Plegadis chihi), mountain plover (Charadrius montanus), long-billed curlew
(Numenius americanus), and swift fox (Vulpes velox) (EG&G 1991d). To-date, these species
have not been documented to occur at the RFP. Specimens of Preble’s meadow jumping mouse
(Zapus hudsonius) were captured in the Woman Creek drainage and in the Rocky Creek
Drainage during early summer. However, subsequent efforts to confirm this observation yielded
no captures. An additional species, the ferruginous hawk (Buteo regalis), has been observed at
the RFP and is likely to visit the site irregularly as a migrant or winter vagrant. Ferruginous
hawks may also breed in the RFP vicinity; if so, their hunting territory could include the RFP.

Potential nesting sites include scattered trees and rocky ridgetops.
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Four plé.nt species of special concern that are potentially present include one species proposed
for listing as a threatened species (Diluvium lady’s tresses [Spiranthes romanzoffiana,
Orchidaceae]), one species of high federal interest (Colorado butterfly plant [Gaura neomexicana
coloradensis, Thymelaeaceae]), and two species of concern in Colorado (forktip threc-awn

[Aristida basiramea, Poaceae] and toothcup [Rotala ramosior, Lythraceae]).

The forktip three-awn was reported along Woman Creek in 1973 (EG&G 1991d) and during
investigations conducted during the OUl and OU2 EEs 1991 (F. Harrington persohal

communication).

Diluvium lady’s tresses is an orchid that occurs in and near wetlands in Colorado, Nevada, and
Utah, but is considered extremely rare in Colorado’s front range. Specimens of have been
reported near Clear Creek to the south of the RFP and near South Boulder Creek to the north
of RFP (EG&G 1991d). The Colorado butterfly plant has not been reported near the RFP, but
wetlands along major creeks represent suitable habitat. The toothcup is an obligate wetland
species fhat is found in a wide range of wetland types. It is most common along the eastern
seaboard, but its range extends west to the eastern great plains. The toothcup has been reported
from a temporary pool about 6 km east of Boulder. These species are all obligate or facultative
wetland species, and although several wetland areas have been identified at the RFP (EG&G
1990a), none of these areas is located within OU11. Wet areas around OU11 will be survéyed

for the presence of these species.

Wetlands at the RFP were identified in conjunction with the National Wetlands Inventory and
field checked by U.S. Army Corp of Engineers personnel to verify their jurisdictional status.
Areas officially designated as wetlands at the RFP include reaches of Walnut Creek and Woman

Creek. These linear wetlands consist of emergent, intermittently flooded stream channels
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(wetland type PEMW; see U.S. FWS 1976). They are characterized by willows, cattails, and

other obligate or facultative vegetation species.
9.2.3  Study and Reference Areas

9.2.3.1 Study Area

The study area for the QU11 EE is defined to include habitats that could potentially have been
affected by OU11 contaminants either through direct spray application or through the migration
of contaminants from the sprayed areas. The selection of the OU11 study area was made on the
basis of the review of environmental data, historical information on site use, and preliminary site
visits in July and November 1991. The extent of the OU11 study area, shown in Figure 9-1,
includes all of IHSS 168 and areas of the North Walnut Creek and Woman Creek drainages.
The habitats included in this area, also shown in Figure 9-1, include mesic mixed grassland in
the spray field itself and various riparian shrubland and disturbed areas along each of the

drainages.
9.2.3.2 Reference Area

Reference areas can be used to assess impacts to the biological population or community levels,
and to determine whether contamination at a site has led to uptake of potentially toxic
contaminants into biological tissues. The decision to use reference areas and the process for
selecting reference areas ultimately depend on the ecological endpoint or analytical endpoint to
be measured. For ecological sampling, there should be scientific data on the effects of a
contaminant on the endpoint in question and acceptable methods for measuring the endpoint.
The decision process for using reference areas to assess ecological data is illustrated in

Figure 9-5. Reference areas may also be used to determine whether site-specific conditions have
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lead to abnormally high levels of a particular contaminant in ecological receptors. Reference
areas may be used for analysis of contaminant loads when ARARs for contaminant
concentrations in tissues are not available or for determining whether contaminant loads have
resulted from a particular site. The decision process for use of reference areas to assess tissue

contaminant data is illustrated in Figure 9-6, and described further in Section 9.3.1.

Reference areas were selected for use in assessing ecological endpoints such as richness, species
composition, and plant cover (Figure 9-5) (See Section 9.5 for endpoints to be assessed).
Selection was based on criteria in SOP 5.13, Development of Field Sampling Plans. Briefly,
reference areas for terrestrial sites were chosen on the basis of habitat type (see SOP 5.11,
Identification of Habitat Types), soil series (from Soil Conservation Service map of Jefferson
County), and topography, including slope and aspect. Reference areas for aquatic sites were
selected on the basis of substrate, flow regime, depth, current, and bank characteristics.
Reference areas for tissue sampling have the additional requirement of being located upgradient

of, or otherwise remote from, the potential contaminant sources.

Reference areas were selected for the mesic mixed grassland habitat type that dominates
terrestrial sites in OU11, and aquatic sites which include Woman Creek and Walnut Creek.
These areas, located in the Rock Creek drainage (Figure 9-7) approximately 1 km north of
OUIl1, were used as reference sites for the OUl and OU2 EEs conducted in 1991. Data
collected during these studies indicate that the reference areas are similar to OU11 in terms of
dominant vegetation, topography, and soils. Because these sites are also considered as outside
the potential zone of contamination for any of the operable units at the RFP, they can also serve

as reference sites for the tissue collection program.

One of the major differences between Rock Creek reference areas and the mesic mixed grassland

at OU11 is in historical land use. The Rock Creek areas have been undisturbed since grazing
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was halted about 60 years ago. The OUll area was used for spray evaporation during
operations until 1985. The additional moisture lead to apparently higher total ground cover and
primary production during spray application, as evidenced from aerial photos taken during spray
application. It is possible that the added mbisture may also have led to differences in species
composition which persist. In addition, a gravel quarry is located approximately 200 m to the
west of OU11. The extensive physical disturbance associated with such operations could impact

OU11 by serving as a seed source for aggressive weedy species common to disturbed areas.
9.3 PRELIMINARY RISK ASSESSMENT

9.3.1 Contaminants of Concern

9.3.1.1 Selection Criteria for Contaminants of Concern

Contaminants of Concern (COCs) are chemicals which are: (1) associated with activities at a
hazardous waste site, (2) suspected to occur in environmental media as a result of activities at
the site, and (3) have the potential to damage natural populations or ecosystems. In this context,
chemicals include organic compounds, inorganic compounds, and elements. The list of COCs

is used to select target analytes for testing biota and/or environmental media for contamination.

Identification of COCs for each EE shall be made on the basis of documented occurrence in
environmental media, ecotoxicity, and the extent of contamination. These criteria are described

in more detail below.
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1. Occurrence

The known or suspected occurrence of a chemical in environmental media should be gleaned

from:
a. existing data from abiotic media (soil, water, air) or biota;
b. waste stream identification and disposal practices;
c. process analyses to identify potentially hazardous substances used in large

quantities; and

d. historical accounts of use or accidental releases.

The resulting list of chemicals shall then be evaluated for ecotoxicity and the extent of

contamination at the site.

2. Ecotoxicity

For purposes of compiling the list of COCs, the ecotoxicity of a chemical is determined from
its documented adverse effects on biota other than humans or livestock, or potentiation of the
toxic effects of other chemicals. Toxicity data drawn from studies with laboratory animals may
be considered. A chemical is considered for inclusion in the list of COCs if, at levels detected
within the OU, it exhibits:

a. acute and chronic toxicity, including mortality and teratogenicity;

b. sublethal toxicity, including carcinogenicity, reduced growth rates,
reduced fecundity, and behavioral effects;

c. toxicity resulting from bioaccumulation as a result of absorption of the
chemical directly from environmental media or ingestion of contaminated
food items.
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The above information may be extracted from federal or state regulatory guidelines, chemical
information data bases, or scientific literature. The resulting list of chemicals shall then be

evaluated for extent of contamination at the site.

3. Extent of Contamination

The extent of contamination should be such that it results in significant exposure of ecological

receptors. A chemical may be included in the list of COCs if:

a. it is present above natural background concentrations;

b. it is present above regulatory standards or ARARs;

c. it is present above risk-based "acceptable levels"; and

d. it is reported in greater than 5 percent of the samples analyzed for a given
area.

and one or more of the following:
e. it is widely distributed;

f. it occurs in ecologically sensitive areas, such as wetlands or seeps which
may serve as a water source for wildlife; and

g it occurs in localized areas of high concentration.

A chemical is considered to be "widely distributed" if its occurrence is not restricted to one
sample site, For example, if a chemical is known to occur in three different sample sites, it
would be defined as widely distributed. On the other hand, a chemical would not be widely

distributed if it occurred in three samples from the same site.
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Chemicals that satisfy the above criteria of occurrence, ecotoxicity, .and extent of contamination
shall then be included in the list of COCs for the EE.

4, Additional Factors

Contaminants may become differentially distributed among environmental media or among
components within a medium, depending on their physical and chemical properties. The result
may be differential bioavailability or exposure of species or populations to the contaminant. The

factors affecting distribution in environmental media include:

Persistence -- the resistance to degradation by abiotic or biotic processes;

Volatility -- the tendency to move from a solid or liquid medium into the
atmosphere, thus reducing soil or water concentration;

Mobility -- the degree to which a chemical tends to migrate within or between
environmental media, thus placing additional receptors at risk;

Solubility -- the degree to which a chemical enters or remains in aqueous solution
which affects its mobility in surface water and groundwater and may influence its
behavior in soil or sediment; and

Differential accumulation -- the tendency to segregate into different environmental
media or components of a single medium.

These factors should be considered when developing a target analyte list for analyses of specific

organisms, tissues, or abiotic media.

Target analytes are COCs for which biological tissue will be analyzed to determine contaminant

loads. To be considered a target analyte, a chemical included in the COCs must be known or
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suspected to bioaccumulate but in biological tissue. Alternatively, the effects of the chemical

must be known and measurable using standard methods.

Selection of the species and specific tissues for analysis will be based on a preliminary evaluation
of site-specific food webs, potential contaminant transport pathways, and potential for
accumulation in specific organs or tissues. The decision process for conducting tissue analyses
is presented in Figure 9-6. Analysis of tissues for contaminant loads will only be conducted for
those COCs which bioaccumulate. A contaminant may not bioaccumulate may be known to
cause predictable biochemical, physiological, or morphological effects in exposed organisms.
For example, a chemical may be altered by physiological mechanisms, and therefore not found
in high concentrations in the body. However, a metabolite of the original chemical may
accumulate, or the chemical may lead to other metabolic effects such as increases or decreases
in the level of certain enzymes or metabolic intermediates. Tissues will only be analyzed for
such residual effects if standard methods exist for quantifying them. Whole body burdens or
individual tissues may be analyzed depending upon which portions are consumed by organisms
in higher trophic levels. Suitability of a species for tissue sampling will depend upon its position
in the food web and its abundance at the site. Selection of target taxa is described in
Section 9.3.2.

Where ARAR:s (i.e., acceptable levels in receptor species or prey species) are established, tissue
sampling need only be conducted at the study area and not in reference areas. Where no
applicable ARARs exist, tissue sampling will include suitable reference areas. The decision
process for the use of reference areas in tissue sampling is shown in Figure 9-6. Use of
statistical tests will be consistent with DQOs and quality assurance provisions of the QAPjP and
DQOs.
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To the extent possible, the above criteria have been applied to the potential contaminants at
OU11. The results are summarized in Table 9-4. Final identification of COCs will be made
when data are available to evaluate the extent of contamination at OU11. Availability of these
data will allow evaluation of the factors listed under Criterion 3 (Table 9-4).

9.3.1.2 Toxic Nature of Contaminants

No criteria are available for metal contamination in terrestrial ecosystems. Human health-based
"environmental action criteria® are available in the RCRA Facility Investigation Guidance
Document (U.S. EPA 1989d) for carcinogens and noncarcinogens in the soils ingestion pathway
for humans. Based on the assumption that the most sensitive species are 100 times more
sensitive than humans, a safety factor of 100 was applied to the criteria listed in Table 9-2.
However, most of these criteria were developed for specific metal, whereas most of the soils

data for OQU11 are based on total metal concentrations.

It has been determined on the basis of available information that the metals of greatest concern
at OU11 are lead, arsenic, and mercury. Each of these metals was found above background
concentration in soils at OQU11, is known to be toxic, and tends to bioaccumulate or biomagnify.
For reasons discussed in Section 9.2.1.2, the nature extent of contamination was difficult to
assess from the available data. However, it is possible that the compounds were present in spray
water and, therefore, may be localized to sprayed areas. Lead, mercury, aluminum, and zinc
have known phytotoxicity. One mechanism of toxicity of these metals is through inhibition of
vital enzyme activity (Larcher 1980). The enzymes affected are diverse but are mainly involved
in derivation of energy or storage products. Selenium may also be of concern as it was also
present in spray water and is known to be toxic to aquatic organism when leached from irrigated
soils. Results from Phase I soil sampling are required to establish selenium levels in

environmental media.
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Unlike other types of contaminants, radionuclides have the potential to affect living organisms
not in physical contact with the chemical. This requires much higher dosages than are typically
encountered in radioactive contamination of environmental media. The greatest danger results
from internalization of radionuclides. ~Many studies have addressed the potential for
radionuclides to biomagnify or bioaccumulate. Cesium-137 resulting from fallout has been
shown to concentrate up to nine-fold in some food webs. Generally, however, the data indicate
that most radionuclides tend to bind tightly to soils and sediments and are not very available to
biota. Thus, bioconcentration factors (BCFs) for transuranics are low. Little et al. (1980) found

that plutonium was not accumulated in the food web in the grassland ecosystem at the RFP.

Acetone, chloroform, and toluene were detected in soils, but the concentrations were well below
the environmental action criteria listed in Table 9-2. Acetone and toluene were also detected
in groundwater. The levels of these compounds in soils are below the specified action levels,

but they are included in the preliminary list until further data indicate otherwise.

Nitrate is considered for inclusion in COCs because of its potential impact on surface waters and
groundwater. High nitrate concentrations can lead to premature eutrophication of aquatic
habitats and subsequent loss of diversity. However, high soil nitrate concentrations can also be
indicative of disturbance of nutrient cycling due to the effects of other contaminants. Cyanide
is also considered due to its potential impacts to surface water quality and to aerobic soil

microbes and aquatic organisms.
9.3.1.3 Potential Exposure Pathways
A site conceptual model for OU11 is presented in Section 2.0. The model is a qualitative

description of the nature and distribution of potential contaminants as well as possible

mechanisms and pathways for off-site migration of those contaminants. One task of the EE is
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to identify actual or potential pathways by which biota may be exposed to site-specific

contaminants. Each pathway model must include the following four elements:

1. A chemical/radionuclide source and mechanism of release to the environment;

2.  An environmental transport medium (e.g., soil, water, air) for the released
chemical/radionuclide;

3. A point of potential biological contact with the contaminated medium; and

4. A biological uptake mechanism at the point of exposure.

The exposure pathways described below will be further characterized using results of abiotic
media sampling and environmental fate and transport modeling. These results will then be used
in refining the biological tissue collection program and to determine the need for further

ecotoxicological testing.

Contaminants at OU11 appear to be distributed primarily in soils and groundwater. However,
leaching of contaminants from soils or off-site migration of contaminants via groundwater and
erosional processes could lead to exposure of biota in surface water and sediments in areas
downgradient of Woman Creek or Walnut Creek. Surficial soil samples will be of prime
importance for determining source contaminants for biota. This uppermost layer is a major
source of nutrients and contaminant uptake for vegetation and is also a potential source of
contaminant ingestion by wildlife. ‘As noted in Section 9.2.1.2, possible contamination of
surficial materials warrants careful consideration. Soil samples from all depths may be related
to surface water and groundwater regimes. Fluids moving through the soils can leach
contaminants and transport them through available flow paths into downgradient environments.
Contamination in soil and groundwater at a depth greater that 20 feet (maximum depth of

burrowing animals and plant root penetration) will not be considered to affect biota.
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Fauna using the areas in and around OU11 may be exposed to contaminants in abiotic media,
including surface water, sediment, or soil. However, according to available data, these
exposures are unlikely to result in acute toxicity. Results of the investigation of nature and
extent of contamination in abiotic media performed during this Phase I RFI/RI is needed to

confirm this conclusion.

The major pathways of concern involve contaminants that tend to bioaccumulate in biological
tissues, resulting in potentially hazardous concentrations irf exposed organisms. Organisms at
risk are those that accumulate a contaminant through direct absorption from contaminated media,
or that ingest contaminated media or contaminated food items. Ingestion of contaminated media
may occur by drinking contaminated water or incidental ingestion of contaminated soil er
sediment while feeding or drinking. Ingestion of prey or vegetation that themselves have
accumulated contaminants can result in exposure of organisms in higher trophic leveis, such as
grazers and predators, that are not at risk due to exposure to environmental media alone. Such

food web interactions will be considered in the risk assessment.

On the basis of the preliminary results of current studies, the top predators in the food webs at
the RFP are raptors and coyotes. These large, wide-ranging species can be observed in nearly
every part of the RFP. The prey base for these species consists primarily small mammals, with
insects and smaller birds included in their diets. Because all of these predators hunt areas much
larger than OUL11, they can be exposed to contaminants from sites other than OU11l. They
therefore will not be collected in initial sampling directed at tissue analysis and quantification
of exposures through food web interaction. Instead, sémpling efforts will concentrate on the
prey base and its food sources, which are more likely to be restricted to OUll. However, the
use of OUll by larger predators will be assessed and considered during the exposure

assessments conducted later.
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The top predators in aquatic systems are centrarchid sunfish (e.g., bass, green sunfish), that feed
primarily on smaller fish, insects, and crayfish. Birds and mammals feeding on aquatic
organisms provide a pathway from aquatic to terrestrial systems. Piscivorous birds at the RFP
include double-crested cormorants, great blue herons, black-crowned night herons, and some
raptors. Several species of ducks occur at the RFP and may be exposed through contaminated

prey and algae, as well as incidental ingestion of contaminated water and sediment.
9.3.2  Target Taxa
9.3.2.1 Selection Criteria for Target Taxa

Contaminants can produce adverse effects at all levels of ecological complexity: individuals,
populations, communities, and ecosystems. Contaminants can also threaten critical habitats and
endangered species. Consideration of the effects of contaminants at either the individual or
ecosystem level will not generally lead to the selection of specific taxa for analysis. Selection
criteria for target taxa should therefore reflect primarily the population and community levels

of ecological complexity.

Some selection criteria are essential, while others must be considered in context. For example,
a threat to a single individual of an endangered species or to a critical habitat can be important.
A threat to many individuals from an abundant population at a lower trophic level may not be
important. A threat to many individuals in a population can produce secondary adverse effects

on related species, which consequently impact community and ecosystem processes.

The two purposes for selecting target taxa are to: (1) assess contaminant effects on biota, and
(2) measure contaminant concentrations in biota. Target taxa for RIs at the RFP are identified

as assessment endpoints, measurement endpoints, or both. For taxa selected as measurement
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endpoints, additional criteria distinguish those sampled by destructive techniques (e.g., analyzed
for contaminant concentrations or histopathological effects) from those sampled solely by

nondestructive techniques (e.g., population surveys).

Other taxa of concern selected for specific nondestructive measurement must be potentially
affected by the COC, have a reasonable home range relative to the area of contamination, and

meet at least one of the following criteria:

a. be endangered, threatened, or otherwise protected (e.g., be a candidate
species for federal listing or state protected species);

b. be economically important (e.g., a game or pest species); and

C. be important in the structure and function of the ecosystem, including but
are not limited to taxa that:
- serve as important food species for higher trophic levels,
- provide habitat for other species in the ecosystem, and
- function as top predators in the food web.

These criteria will be considered during analysis of data to determine specific impacts at the
population or community levels. .
Taxa for destructive sampling must potentially be affected by the COC in a manner that can be
measured in tissues, have a reasonable home range with respect to the potential contamination,

and meet all of the following criteria:

a. not be an endangered or threatened species;

b. have a population sufficient to support collection without producing direct
adverse effects; and



OU11 Work Plan Manual: 21000-WP-0OU11.1

Section: Section 9, Rev. 1, draft B
Category Final Page: 28 of 70
c. be known to accumulate the particular COC or to demonstrate its effects

in a manner that can be assessed by tissue sampling.

The process of selecting target taxa will involve determining the COCs for a particular
geographic area of concern (e.g., an OU) and their characteristics relevant to the biota present
in the area. If the contaminant bioaccumulates, food web analysis will be indicated. Food web
analysis can focus on key species to be sampled for individual or population effects and can
identify intermediate species in the food web that are appropriate for destructive analysis. If a
contaminant is known to produce only phytotoxic effects, primary effects such as loss of plant
cover can be measured directly, and secondary effects such as loss of habitat can be addressed
for particular species. Species subjected to habitat loss also serve as measurement endpoints for
secondary effects. Species losses (or impairments) that affect ecosystem-level processes may
produce changes in microbial biomass or mineral concentrations in soil or water. All of these
consequences will be considered in selecting the taxa for analysis on the basis of the criteria

stated above.

9.3.2.2 Selection of Target Taxa

Target taxa for the OU11 EE will be selected based on the above criteria and the COCs, when
identified. The matrix presented in Table 9-5 is used to summarize the species that satisfy the
criteria for a given contaminant. As an example, target taxa were identified for lead and
mercury (Table 9-6). In animals, both metals can cause aéute and chronic toxicity, and tend to
bioaccumulate. The concentration of these metals in biological tissues are commonly measured.
Chronic toxicity is manifested in enzyme imbalance in liver and nervous tissue. Production of
cholinesterases, a group enzymes involved in neural transmission, is inhibited by both enzymes.
The activity of several liver enzymes are affected by lead exposure. Established methods are

available for measurement of these enzyme activities in biological tissues.
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Although many species may satisfy the criteria (Table 9-5), not all species will be collected for
tissue analysis. The species identified as primary choices for collection and analysis will be
chosen based on their abundance and relative importance in the OUIll community.
Occasionally, species on the primary list may be unavailable at a given transect. In these cases,
plans for contingencies will be made on the basis of the relative abundance of taxa at the sites

sampled. For example, vegetation substitutions could be made according to the following

sequence:
Primary Target Taxa : Substitute
Grasses:
big bluestem : little bluestem
blue grama prairie junegrass
Canada bluegrass prairie junegrass
Forbs:
Louisiana sage hairy golden-aster
western ragweed hairy golden-aster
blazing-star broom butterweed
false gromwell annual sunflower

The taxa identified in Table 9-6 were selected on the basis of the results of similar selections
made for other EEs conducted at RFP. This list is subject to change when results of Task 3

field investigations are considered.
9.33 Development of the Field Sampling Plan

The Field Sampling Plan (FSP) helps to ensure that data and sample collection are consistent
with the information objectives and Data Quality Objectives (DQOs) developed for the EE. The



OU11 Work Plan Manual: 21000-WP-0U11.1
Section: Section 9, Rev. 1, draft B
Category Final Page: 30 of 70

FSP presented in Section 9.5 is designed to be flexible so that preliminary data and information
can be used to modify and refine subsequent sampling efforts. Data and sample collection
methods will be consistent with the Ecology SOPs (Volume 5.0) (EG&G 1991e¢), and overall
sample design will be consistent among tasks. Therefore, results from preliminary sampling in

Task 3 will be compatible with subsequent sampling in Task 9.
9.3.3.1 Data Quality Objectives

The development of DQOs for this EE followed the three-stage process recommended by EPA
(1989d):

° Stage 1 - Identify decision types
° Stage 2 - Identify data uses and needs

o

Stage 3 - Design data collection program

The process for developing DQOs for the OU11 Phase I RFI/RI is described in detail in Section
4.0 of this work plan. A summary of the process as it was applied to the EE is presented

below.

A. Stage 1 - Identify Decision Types

1. Identify and involve dafa users -- Decision makers and primary and secondary data
users at the RFP are defined in Section 4.0.

2. Evaluate available data -- Analytical data from past soil sampling activitiés studies

were rejected for use in evaluating nature and extent of contamination and for

quantitative risk assessments (See Section 4.0). Available data were used to provide
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guidance in scoping work for the Phase 1 RFI/RI and to provide a qualitative
description of the site. However, additional data are needed to characterize the
physical setting and contaminants at OU11. Phase I RFI/RI activities planned to
obtain these data are described in Section 7.0.

No previous studies at QU11 collected data specifically for a quantitative Human
Health Risk Assessment or for evaluation of risks to ecological receptors. Only
baseline qualitative data and quantitative data from other locations-at the RFP are
available for characterization of the ecological setting at the site. The plan for
collection of data needed to characterize the ecological setting and assess risks to the

environment is described in Section 9.5.

Develop Site Conceptual Model - A site conceptual model was developed and
presented in Section 2.0. Potential pathways for the exposure of biota to WSF
contaminants are discussed in Section 9.3.1.3, above. Briefly, exposure to
contaminated surficial soil via dermal contact or ingestion are the main pathways.
Bioconcentration and bioaccumulation are also of concern, and food web analyses

will therefore be conducted.

4, Specify EE objectives and data needs -- The specific 6bjectives of the OU11 EE are

to:

Determine whether contamination in physical media at OU11 has resulted in acute

or chronic toxicity to biota through direct exposure;

Determine whether significant exposure to contaminants at OU11 has or could

. result from bioaccumulation via absorption or ingestion of environmental media_
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(bioconcentration) or ingestion of food items that have bioaccumulated

contaminants (biomagnification);

Determine the biological receptors that are potentially impacted by OUll

contamination;

° Determine the need for further ecological studies of chemical impacts at QU11;
and

=]

Evaluate remediation needed to protect the environment.
. B. Stage 2 - Identify Data Uses and Needs

1. Identify data uses -- The data to be collected under the EE will support the

environmental risk assessment and the characterization of the ecological setting.

2. Identify data types -- Characterization of the ecological setting will entail collection
of field data to quantify the ecological communities in the study area. Ecological
data will be collected in the form of field observations as well as samples collected
for laboratory analysis. Collection of all data will follow SOPs established for

ecological sampling and data management.

3. Identify data quality needs - Qualitative and quantitative data will be required for
comparisons of ecological community parameters between study and reference sites.
The methods to be used are described in the Ecology SOPs ¢Volume 5.0). The
standard methods described are suggested in EPA guidance for conducting ecological

. assessments. Field screening techniques will be used to assess some environmental
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parameters. Tissue samples collected for analysis of contaminant loads may require
Level V CLP (as described in Section 4.0) special analytical services. Standard
methods are available for analysis of the potential contaminants at OU11. However,

non-standard methods for sample preparation may be needed.

4. Identify data quantity needs - Data quantity needs are dependent upon the objective
of the sampling, the method used, and the random variability encountered. Replicate
samples will be used in all cases. Replicates will consist of independent samples
taken from sites within a given section of the study area. The sampling areas are
based on ecologically functional units such as habitats within OU11, and the areas of
direct spray application. The number and spatial distribution of sites within the
sampled area depend on the size and geometry of the area. Terrestrial sampling will

. be conducted at sites selected for vegetation sampling. If size permits, ten vegetation
sites will be established for each habitat to be assessed. Small mammals, large
mammals, birds, and terrestrial arthropods will be sampled at five, randomly selected
vegetation sites. Spray Areas 2 and 3 are too small to be sampled for the more
mobile animals, and so ecological endpoints will be assessed only for vegetation.

Tissue sampling, if found to be necessary will be conducted for Spray Areas 2 and 3.

5. Evaluate sampling/analysis options -- As in the abiotic sampling program of this
RFI/RI, the EE employs a phased approach for data collection and analysis.
Ecological survey data gathered in Task 3 and data gathered in soil and groundwater
sampling activities will be used to finalize analyte suites and sample locations for
Task 9 tissue sampling and ecotoxicological testing. Many of the ecological survey
methods are nonintrusive and therefore do not generate waste. Initial food web and
abiotic pathway characterizations will provide the framework for a focused

. investigation of the distribution of contaminants in biota.



. OU11 Work Plan Manual: 21000-WP-QU11.1

Section: Section 9, Rev. 1, draft B

Category Final Page: 34 of 70

6.

C.

Review of PARCC parameter information -- The criteria for data usability in risk
assessment in the EE are listed in Table 4.3. Precision and accuracy goals of
analytical data will be derived from the GRRASP and the Quality Assurance Project
Plan (QAP;jP) for the RFP. For nonanalytical data associated with characterization
of the ecological community, precision, accuracy, and comparability will be achieved
through strict adherence to the SOPs for data collection and handling. Field audits
will be conducted to assure adherence to SOPs. The target completeness objective
stated in Section 4.0 is 100 percent with a minimum of 90 percent acceptable.
Representativeness of samples will be achieved through application of the DQOs and
sample location described in the FSP (Section 9.5). The sampling program for each
taxonomic group was designed to achieve the resolution needed to discern differences

in community structure between areas of interest within QU11. -

STAGE 3 - Design Data Collection Program

The Field Sampling Plan presented in Section 7.0 describes the analytical and Quality Assurance/

Quality Control (QA/QC) protocols that will be used to evaluate the nature and extent of

contamination in abiotic media. The FSP described in Section 9.5 defines the sampling program

that will specifically support the assessment of risks to the environment. The FSP describes in

detail the methods, locations, and frequency of sampling efforts for the ecological

characterization. It also prescribes techniques, preliminary locations, and sample handling

requirements for tissue collection. Planning for the tissue collection program will be finalized

in Task 8, pending results of soil and sediment sampling programs. However, laboratory sample

preparation and analytical needs have been anticipated based on the COC screening described

in Section 9.3.2.
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9.3.3.2 Coordination With Other Programs

The activities associated with the OU5 (Woman Creek Priority Drainage) and OU6 (Walnut
Creek Priority Drainage) are pertinent to this EE as QU11 is adjacent to both drainages. The
FSP described in Section 9.5 was designed to integrate the sampling programs of the EEs for
both OUs. This is particularly important in design of the aquatic surveys planned for OU11.
The overlap with the QU5 and OU6 sampling programs is described in Section 9.5. Data from
the OU1, OU2, and OU5 EEs and the Baseline Vegetation and Wildlife Survey was used to
scope activities for this EE. To optimally utilize data from the site wide surface water
monitoring program, aquatic sampling sites largely coincide with sites established for that

program.
9.4 APPROACH

This plan presents a comprehensive approach to conducting the EE at OU11. This approach is
designed to ensure that all procedures performed are appropriate, necessary, and sufficient to
adequately characterize the nature and extent of environmental risk to biota under the "no action”
scenario. Because little data is currently available on characterization of soil contamination at
OU11, a phased approach is adopted for field data collection associated with this EE. The first
phase entails ecological characterization of the flora and fauna at and around OU11. The second
phase will include collection of biological tissue for chemical analysis and will proceed when
data on soils contamination become available as a result of Phase I RFI/RI investigations. This
phased approach is built into the ten-task model described below. Initial field investigations will
be conducted under Task 3. Results of Task 3 activities, soil sampling, and other Phase I
RFI/RI tasks will be used to identify COCs and target analytes, and to design the tissue sampling
program. Tissue sampling and other ecotoxicological studies will then be conducted under
Task 9.
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The approach presented in this plan is adapted from the toxicity-based approach to the
assessment of ecosystem effects (U.S. EPA 1989a,b). Actual or potential biological impacts at
the population, community, and ecosystem levels will be assessed with the endpoints to be
measured including those at the level of the individual organism or tissue, population,
community, and the abiotic environment. The approach is based on standard risk assessment
concepts whereby uncertainties concerning potential ecosystem effects are explicitly recognized
and, where possible, quantified. This plan is designed to provide a focused investigation of the
risks to biota resulting from contamination at OU11. The study is also designed to account for
factors other than OUll-specific contamination as the source of apparent ecological or

toxicological impacts. Three types of information will be used (U.S EPA 1989b):

Chemical: Establish the presence, concentrations, and variability of distribution
of specific toxic compounds. This effort is to be conducted under the
RFI/RI abiotic sampling program.

Ecological: ~ Conduct ecological surveys to characterize the condition of existing

communities and establish whether any adverse effects have occurred.

Toxicological: Perform toxicological and ecotoxicological testing to establish the link

between adverse ecological effects and known contamination.

The implementation of EEs at the RFP currently comprises ten tasks. The ten tasks and their
interrelationships are shown in Figure 9-7. The tasks define sets of activities to be completed

but do not necessarily represent the sequence in which the activities are to be completed.

Tasks 1 and 2 entail preliminary planning activities, including initial scoping, study area

definition, and review of environmental data; identification of COCs, Target Analytes, and
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Target Taxa; and coordination with other RFI/RI and RFP activities. Data gaps are identified
and program objectives and DQOs defined.

The FSP developed in Task 2 is implemented in Tasks 3 and 9. Task 3 will include an
ecological field inventory to characterize OU11 biota and their trophic relationships. Field
inventories will be conducted in late spring and summer to obtain quantitative data on
community composition in terrestrial and aquatic habitats. Where appropriate, samples collected
as part of the activity may be preserved for tissue analyses. Task 8 is reserved for planning of
additional field sampling that may be indicated as a result of Task 3 activities. Task 9 activities
include collection of biological tissue for analysis of contaminant loads. Further community
characterization and toxicity studies may be indicated from results of Task 3. Additional
ecological and ecotoxicological endpoints will be assessed only where acceptance criteria for
demonstrating injury to a biological resource will be satisfied in accordance with regulations
under the Natural Resource Damage Assessment Rule (43 CFR Subtitle 1, Section 11.62 [f]).
Task 9 also includes validation of data collected from both tasks.

General contamination and exposure assessments are conducted in Tasks 4 through 7. Task 4
will entail compilation of toxicity literature and the toxicological assessment of potential adverse
effects from contaminants of concern on key receptor species. This task will be performed in
conjunction with Task 5. The objective of Task 5 is to develop site-specific pathways model(s)
based on the ecological field investigation and inventory. This exposure-receptor pathways
model will be used to evaluate the transport of OU11 contaminants to biological receptors. The
pathways model is based on a conceptual pathways approach (Fordham and Reagan 1991) and
will provide an initial determination of the merments and distribution of contaminants, likely
interactions among ecosystem components, and expected ecological effects. This effort will be
coordinated with those of investigations in other operable units to avoid duplication of effort and

to ensure consistent data collection techniques and consistent assessment of environmental risk.
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Task 6 will provide a characterization of the risk to ecological receptors caused by potential
exposure to OU11 contaminants and a summary of risk-related data concerning the site.
Determinations will be made as to the magnitude of the effects of contamination on OU11 biota.
The actual or potential effects of contamination on ecological endpoints (e.g., species diversity,
food web structure, productivity) will also be addressed. Depending on the DQOs and the
quality of data collected, the contamination characterization will be expressed qualitatively,
quantitatively, or as a combination of the two. If sufficient information is available, Task 6 may
also include the preliminary derivation of remediation criteria. Development of these criteria will
include consideration of: (1) federal and Colorado laws and regulations pertaining to
preservation and protection of natural resources and (2) RCRA risk-based criteria (or other

criteria; see Section 3.0) for concentrations of contaminants in environmental media.

Task 7 includes the identification of assumptions and evaluation of uncertainty in the
environmental risk assessment analysis. Task 7 will als% include identification of data needs to
calibrate and validate the pathways models developed in Task 5.

The EE report will be developed during Task 10. Results from EE tasks will be summarized
and evaluations presented. The results of risk analysis and remediation criteria will also be
presented. Information on site environmental characteristics and contaminants, characterization
of effects, remediation criteria, conclusions, uncertainty analysis, and limitations of the
assessment will be summarized in the EE report. A suggested outline for the report is presented
in Section 1.2.10.

9.4.1 Tasks Completed To-Date

Tasks 1 and 2 are largely complete as a result of the preparation of this work plan. Preliminary

field surveys were conducted in July and November 1991 to identify and delineate habitats,
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determine dominant vegetation, and identify physical features such as abandoned spray
equipment, bermed areas, and areas of obvious physical disturbance or contamination. The
boundaries of the study area and other areas potentially affected by OU11 contamination were
also identified on the basis of these field visits. In addition, taxa to be collected for tissue
analysis were identified. The FSP for ecological characterization was then developed in
conjunction with the plans for soil sampling activities described in Section 7.0. The FSP is
presented in Section 9.5. The results of these findings are discussed further in sections 9.1.2,
9.1.3, and 9.1.4. Preliminary screening of potential contaminants for inclusion in the COCs was
also conducted (see Section 9.2.2). However, soils data collected previous to this Phase I
RFI/RI are not sufficient to adequately characterize nature and extent of contamination.
Therefore, finalization of COCs and subsequent selection of target analytes will be conducted
when results of initial sampling of abiotic media are known. If necessary, final plans for tissue

collection will be included in the FSP as part of Task 8 planning for Task 9 field activities.
9.4.2 Remaining Tasks

The principal activities remaining in Tasks 1 and 2 include further literature review and site
characterization. These will be conducted in conjunction with the Task 3 Ecological Field

Investigation. Information that will be developed from these tasks includes the following:

[}

Contaminants of concern -- Data collected during abiotic sampling will be
reviewed and used to select COCs and target analytes.

Descriptive field surveys -- An inventory of OU11 biota and locations of obvious
zones of chemical contamination, ecological effects, and human disturbance will
be compiled.

‘Species inventory -- An inventory of the plant and animal species known to occur
within OU11 or to potentially contact contaminants will be compiled as a resuit
of the preliminary field investigations and the Task 3 surveys.
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[

Population characteristics -- The composition of ecologically functional groups
and the abundance of dominant species in those groups will be documented.

Food habit studies -- Available information from literature sources will be used
to supplement field observations and if necessary, gut content analysis on target

species.

Ecological site characterization will be refined using information collected during Task 3 studies.
The purpose of the site characterization is to describe resource conditions as they exist without
remediation. The narrative with supporting data will include descriptions of each resource, with
attendant tables and figures as appropriate, to depict, in a concise and clear fashion, site

conditions, particularly as they influence contaminant fate and transport.

. A preliminary community food web model will be developed to describe the trophic interactions
potentially important to exposure pathways at the site. The model will be used to identify
species at risk of exposure to toxic contaminant levels in forage or prey. Food web construction
begins with gathering information to evaluate the food habits of species (e.g., grasshoppers)
found or potentially occurring on the site. Standard computer searches will be augmented with
searches of local university libraries to locate any regionally pertinent studies on food habits.
The preliminary list of important species, compiled from background information, will be
completed on the basis of observations on presence and abundance made during the ecological
site surveys and on trophic level data obtained from the food web model. On the basis of the
model, a modified list of species will be made using toxicological information (toxicity
assessment) to determine which species or species groups might be most affected by or most

sensitive to CQCs.

Data from past studies and preliminary data from current environmental studies will be used to
better define the present distribution of contaminants from the abiotic environment and to
. develop an initial food web model. The food web model will be used in conjunction with a
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preliminary pathways analysis to identify likely or presumed exposure pathways or combinations
of pathways and receptor species at risk. Based on this preliminary information, the Task 3 and

Task 9 field investigation sampling approach/designs may be revised.

9.4.2.1 Task 3: Ecological Field Investigation

Field surveys will be conducted in Task 3 to characterize current biological site conditions in
terms of species composition, habitat characteristics, and/or community organization. The
emphasis will be to describe the structure of the biological communities at OU11 in order to
identify present biological impacts, potential contaminant pathways, and important ecological
receptors. Field activities are detailed in the FSP (Section 9.5).

The objectives of the Task 3 field activities are to include the following:

1. Identify protected habitats or species present.

2. Gather data for inventory, habitat use, and relative abundance assessments of
OU11 flora and fauna to support final selection of target species and food web
pathway analysis. '

3. Collect samples for tissue analysis where COCs and target species have been
identified from Task 1 and 2.

4. Collect data for additional ecological endpoints identified from Tasks 1 and 2.

Vegetation Sampling

The objectives of the vegetation sampling program are to provide data for: (1) the description
of site vegetation characteristics, (2) identification of potential exposure pathways from
contaminant releases to higher trophic-level receptors, (3) selection of key taxa or life-forms for

contaminant analysis to determine background conditions for OU11, and (4) identification of any
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protected vegetation species or habitats. On the basis of preliminary data from July 1991, OU11
is dominated by mesic mixed grassland habitat , predominately Canada bluegrass and mountain
mule. Riparian shrubland habitat borders the northern edge of OU11 and includes species
typical of slightly wetter soil conditions. A section of the northern portion of OU11 was bermed
to prevent water from running into Walnut Creek and to promote infiltration. Vegetation in
these sections are typical of highly disturbed soils. These areas will be surveyed and assessed

separately.

Terrestrial Wildlife Sampling

Terrestrial wildlife will i)e surveyed to assess habitat use by large, wide-ranging animals such
as deer, coyotes, and raptors as well as to determine relative abundance of small mammals and
birds that may be more restricted to QU11. Habitat use information is important for exposuré
assessment because different activities result in different levels of exposures. Use of OU11 by
wide-ranging animals also represents pathways by which effects of OU11 contaminants can reach
beyond the boundaries of the OU. Potential prey species such as small mammals and insects
may not be affected but may accumulate contaminants to levels that may result in adverse

impacts to predators.

Aquatic Sampling

Aquatic habitat at OU11 is limited to upper reaches of Woman Creek, which lie to the south of
QOU11, and the headwaters of Walnut Creek, which is intermittent along this section. Aquatic
sites in the Walnut Creek and Woman Creek drainages could be threatened by migration of
OU11 contaminants in groundwater and erosional runoff. These drainages will be assessed for
potential adverse impacts to biota from such migration. However, both streams are ephemeral

in these reaches and community structure is likely to be dominated by the lack of persistent flow.
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In addition, the nearest persistent sections of both streams are located downstream from other
potentially contaminated sites. Therefore, quantitative characterization of aquatic communities
is unlikely to reveal impacts attributable only to OU11 contaminants. Quantitative ecological
characterization of Walnut Creek will be conducted during the OU4 and OU6 EEs. Likewise,
characterization of Woman Creek is under way as a part of the OU1, OU2, and OUS EEs.
These data will be reviewed for use in the OU11 EE. Collection of aquatic biota will be
integrated with site wide surface water and sediment monitoring programs and other RFI/RI
activities. Therefore, aquatic sampling during the OU11 EE will be limited to qualitative
assessment of community composition and tissue collection from study and reference areas. If
insufficient biomass is available for tissue sampling, in-situ tests using crayfish or mollusks may

be used to assess the potential for bioaccumulation of OU11 contaminants.

Tasks 4 through 7 comprise the contamination assessment. The two major objectives of the

contamination assessment are to:

1. Obtain quantitative information on the types, concentration, and distribution of
contaminants in selected species.

2. Evaluate the effects of contamination in the abiotic environment on ecological
systems.

Contamination assessment requires an evaluation of chemical and radiological exposures and the
actual or potential toxicological effects on target species. Specifically, the assessment should
identify exposure pathways, exposure points within each pathway, contaminant concentrations

at those points, and potential impacts or injury.

The contamination assessment will be made on the basis of existing environmental criteria,
published toxicological literature, and existing site-specific data. The assessment will also draw

on data resulting from other ongoing RFI/RI studies so that concentrations of contaminants in
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abiotic media can be related to biota exposures. Development and refinement of this model will
be an iterative process. The model will be used to determine tissue sampling requirements in

Task 8, then be refined using the results of that analysis.
9.4.2.2 Task 4: Toxicity Assessment

This assessment will include a summary of potential adverse effects on biota associated with
exposure to OUll contaminants, the relationship between estimated exposure concentrations
relative to reference doses (RfDs) or published values with known toxic effects, and an
uncertainty analysis of the above for this site. Potential health effects on ecological receptors
will then be characterized using EPA critical toxicity values (when available) in addition to
selected literature pertaining to site-specific and receptor-specific parameters. The toxicity
assessment will include brief toxicological profiles for COC. The profiles will cover the major
health effects information available for each COC. Data pertaining to wildlife species will be
emphasized, and information on domestic or laboratory animals will be used when wildlife data

are unavailable.
9.4.2.3 Task 5: Exposure Assessment and Pathways Model

The objective of this task is to assess abiotic and biotic pathways by which ecological receptors
may be exposed to OU11 contaminants. Present exposures will be assessed, as well as the
potential for future exposures if no remedial action in taken (i.e., the "no action scenario”). In
addition, future-use scenarios assessed in the Human Health Risk Assessment (HHRA) will also

be assessed for impacts to ecological receptors.

Each pathway will be described in terms of the chemical(s), media, and potential receptors

involved. Each exposure assessment includes the following three components:
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o

exposure pathways;

-}

exposure points and concentrations; and

[}

estimated chemical intake by receptors.

The assessment of exposure pathways described in Section 9.3.1.3 will be refined on the basis
of data collected in Task 3 of this EE, the results of abiotic media sampling, and the results of
contaminant fate and transport modeling. In abiotic pathways, exposure points are the locations
where receptor species may contact the COCs. In biotic pathways, the exposure point(s) is the
contaminated food items.

For abiotic pathways, results of fate and transport modeling of contaminant concentrations and
movements will be used to assess exposure points and concentrations. Data on abiotic media
from other Phase I activities and site wide programs will be used to characterize source areas
and release characteristics at the site. Exposure assessments will also be coordinated with those
of the HHRA. Exposure points and concentrations associated with biotic pathways will be
estimated from food web modeling and actual measurements of tissue contaminant loads, if
conducted.

Contaminant uptake by target species will be evaluated on the basis of the routes of contaminant
uptake by target species. Potential mechanisms of uptake include direct routes (such as
inhalation, ingestion of contaminated media, or dermal contact) and indirect routes (such as
ingestion of prey species that have been contaminated). The metabolic fate of a contaminant is
also important in determining the ultimate exposures. Contaminants that tend to bioaccumulate
can result in exposure to much higher concentrations than possible from the environmental media
‘alone. Exposures will be evaluated using published BCFs and site-specific data. The amounts
of chemical and radiological uptake will be estimated using site-specific analytical data and
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forthcoming guidance from EPA’s Wildlife Exposure Factors Handbook (to be published in
1991).

Exposures estimates will vary depending on both the contaminant and the target species under

consideration. Factors that influence exposure through a given pathway include:

Major routes of exposure;
Organisms actually or potentially exposed to contaminants from OU11;

Concentrations of each contaminant to which organisms are actually or potentially
exposed;

Frequency and duration of exposure;
Seasonal and climatic variations in conditions that may affect exposure; and

Site-specific geological, physical, and chemical conditions that may affect
exposure.

Two scenarios will be evaluated. The worst-case scenario will be based on assumptions that
foraging species obtain all of their food from OU11 habitats, and that all food items contain the
maximum contaminant load detected. The second scenario will factor best estimates of the
habitat use by foraging species and the distribution of the contaminant in the population of food
or prey. Best estimates will be used because accurate determination of these parameters would
require efforts beyond the scope of this Phase I investigation. The need for such estimates will
be assessed based on the risk assessments and quantified uncertainties resulting from this Phase I

investigation.
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9.4.2.4 Task 6;: Contamination Characterization

Characterization of adverse effects on receptor populations or the ecological community (non-
destructive endpoints) is generally more qualitative in nature than characterizing human risks
because the toxicological effects of most chemicals have not been well documented for most
species. Criteria that are suitable and applicable for the evaluation of ecological effects are
generally limited. EPA Ambient Water Quality Criteria (AWQC) and Maximum Allowable
Tissue Concentrations (MATC) are the most readily available criteria. Criteria found in federal
and Colorado state laws and regulations pertaining to preservation and pfotection of natural
resources can also be used. Criteria may also be derived from information developed for use
under other environmental statutes, such as the Toxic Substances Control Act (TSCA) or the
Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA). In accordance with EPA guidance
(1989c,d), priority will be placed on the adverse effects of chemicals on populations and habitats
rather than on individuals. Where specific information is available in published literature, a
more quantitative evaluation of effects will be made using the site-specific pathways model.

This approach is in agreement with EPA guidance (U.S. EPA 1989a).
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Contamination characterization entails integrating exposure concentrations and reasonable worst-
case assumptions with the information developed during the exposure and toxicity assessments
to characterize current and potential adverse biological effects (e.g., death, diminished
reproductive success, reduced population levels) posed by OU11 contaminants. The potential
impacts from all exposure routes (inhalation, ingestion, and dermal contact) and all media (air,
soil, groundwater, and surface water/sediment) will be included in this evaluation as appropriate
according to EPA guidance (U.S. EPA 1989a).

9.4.2.5 Task 7: Uncertainty Analysis

The process of assessing ecological effects is one of estimation under conditions of uncertainty.
To address uncertainties, the OU11 EE will present each conclusion, along with the issues that
support and fail to support the conclusion, and the uncertainty accompanying the conclusion.
Factors that limit or prevent development of definitive conclusions will also be discussed. In
summarizing the assessment data, the following sources of uncertainty and limitations will be

specified:

Variance estimates for all statistics;
Assumptions and the range of conditions underlying use of statistics and models,
and

Narrative explanations of other sources of potential error.

Validation and calibration of the pathways model will also be used where practicable.
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9.4.2.6 Task 8: Planning

Task 8 will include planning for tissue analysis studies and any additional ecotoxicological
studies needed to assess adverse effects from the COCs on receptor species. Planning for the
Task 8 field investigations will begin after COCs and target species have been selected in
Task 2.

The need for measuring additional ecotoxicological endpoints in Task 8 will be evaluated on
the basis of the pathways analyses and published information on direct toxic effects. Selection
of field methodologies will be made on the basis of a review of available scientific literature
providing quantitative data for the species of concern or similar test species. Analysis of
population, habitat, or ecosystem changes will be based on species or habitats that represent
. broad components of the ecosystem or that are especially sensitive to the contaminants. In order
to select methodologies for the ecotoxicological field sampling program, the biological response
under consideration and the proposed methodology should satisfy program DQOs as well as the

following more specific criteria:

1. The methodology and measurement endpoint must be appropriate to the exposure
pathway. The biological response to the contaminant is well-defined, easily
identifiable, and predictable.

2. The contaminant is known to cause the biological response in laboratory
experiments or experiments with free-ranging organisms.

3. The available sample size is large enough to have useful power and minimize
Type II error.

Tissue analyses will be conducted for selected aquatic and terrestrial species from OU11 and

reference areas. Toxicity testing methods are available for terrestrial ecosystems using microbes
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and earthworms (U.S. EPA 1989a,b). Although their use is not anticipated, the need for such

tests will be evaluated according to the above criteria as part of this planning process.

Prior to conducting Task 8 studies, the FSP will be refined to address the proposed
methodologies. More specific DQOs will be formulated on the basis of the proposed

methodologies and will address the following:

Number and types of analyses; ‘
Species, locations, and tissues to be sampled;
Number of samples collected;

Detection limits for-contaminants; and

Acceptable margin of error in analyzing results.

Collection of samples for tissue analyses will comprise most of the Task 9 ecotoxicological field
investigation. Analysis of tissue contaminant concentrations will provide data to evaluate the
relationship between environmental concentrations and contaminant loads predicted by pathway
and food web models.

To the extent possible, tissue samples will be collected simultaneously with environmental media
samples collected during other Phase I RFI/RI sampling activities. This will allow for
determination of site-specific BCFs, which will then be incorporated into the exposure
assessment and will be used to calibrate/validate the pathways model. Where BCFs cannot be
determined, published, or predicted, BCF values will be used in the pathways model to assess
potential impacts.

Additional ecotoxicological studies indicated from results of Tasks 4 and 5 may include in-situ

(in-field) toxicity testing and/or further laboratory toxicity testing. These tests can be used to
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isolate specific contaminants or sources, Selection of a particular methodology is generally made
on the basis of the method’s capability to demonstrate a measurable biological response to the
selected COCs. "

9.4.2.7 Task 9: Ecotoxicological Field Investigation

The revised FSP developed in Task 8 will be executed in Task 9. SOPs and analytical
requirements will be closely adhered to. Reference areas will be sampled in parallel to study
areas to help ensure comparability of data. Results of Task 9 activities may be used to revise

contamination assessment and pathways models. If necessary, further sampling may be done.
9.4.2.8 Task 10: Environmental Evaluation Report

Task 10 will include the summary of information and production of an EE report as part of the
RFI/RI report. The EE report will be prepared in a clear and concise manner to present study
results and interpretation. All relevant data from the EE, in addition to relevant Phase I RFI/RI
data, will be integrated and evaluated in the characterization of potential environmental impacts.

The following topics will be covered in the report:

Objectives;

Scope of Investigation;

Site Description;

Contaminants of Concern and Target Species;
Contaminant Sources and Releases;

Exposure Characterization;

Impact Characterization;
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o

Remediation Criteria; and

(]

Conclusions and Limitations.
A more detailed proposed outline of the report is shown in Table 9-7.

Remediation criteria protective of the RFP biota will also be developed in Task 10 on the basis
of the results of the food web analyses, pathways model, and exposure assessments. Remediation
criteria will be developed for contaminants for which a significant ecological impact is detected
or for which that risk exists. Criteria will address remediation of the contaminant source so that
remaining environmental concentrations do not pose a threat to key ecological receptors.
"Acceptable"” environmental concentrations will be estimated using exposure assessments to
calculate contaminant concentrations in abiotic media below which the ecotoxicological effect
does not occur. The acceptable (no-effects) criteria levels will be used in conjunction with
ARARs to evaluate potential adverse effects on biota as appropriate for the EE portion of the
Phase I RFI/RI. This approach will be integrated with the Human Health Risk Assessment

process and will assist in development of potential remediation criteria.

9.4.2.9  Schedule

The schedule for completion of this EE is presented in Table 9-9. Many of the ecological field
activities must be completed during a specific time of year. Initial preparation for field work
should begin in late winter with ecological sampling beginning the following April. Activities
may have to be rescheduled if funding for the implementation of this EE work plan does not

allow field work to begin in the spring.
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9.5 FIELD SAMPLING PLAN

9.5.1 Purpose and Scope of the Field Sampling Plan

The purpose of this FSP is to provide a study design and schedule that will satisfy the DQOs
described above. This FSP describes the technical approach and sampling methodology to be
used as well as the location and number of sample sites and the frequency of data collection.
COCs, target taxa, and target analytes and the processes by which they were chosen are also

described herein.

Field sampling will be conducted as parts of Tasks 3 and 9 of this EE. Task 3 will include brief
field surveys to determine occurrence, distribution, and relative abundance for an ecological
inventory of OU11. This data will be used to identify target species, development of the food
web, and pathways models for later contamination and risk assessment. Task 9 will include
tissue sampling and analysis for selected COCs, and measurement of any additional ecological
endpoints identified during contamination assessment tasks. Planning for the Task 9 tissue
analysis program will begin in Task 2 so that samples collected in the Task 3 field inventory can
be used wherever possible (i.e., where contaminants of concern have been defined and field
sampling protocol have been developed). Final determination of the need for additional
ecotoxicological studies (e.g., reproductive success, population studies, or enzyme analyses) will

be made after completion of the contamination assessment.

The objectives of the field sampling program are to:

o

Confirm habitat identification and delineation (Figure 9-1);

[}

Identify protected habitats or species present;
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o

Gather data for inventory and relative abundance assessments of OU11 flora and
fauna; :

Assess toxicity of abiotic media to exposed organisms;

Collect samples for tissue analysis where COCs and target species have been
identified from Task 1 and 2; and

Collect data for additional ecological endpoints where identified from Tasks 1, 2,
and 8.

9.5.2 Sampling Approach

9.5.2.1 Sampling Locations

. Study Areas

Study areas for OU11 include the following:

° The sprayed areas included in IHSS 168

Areas of the Walnut Creek and Woman Creek drainages potentially downgradient of
THSS 168

Details of the OU11 study area are discussed in Sections 9.2.2 and 9.2.3. Sample sites were
selected in areas of OU11 that could potentially have been impacted by previous disturbance or
contamination but that presently support or are used by terrestrial or aquatic organisms. This
includes sites within and adjacent to IHSS 168 as well as sites at varying distances downgradient
and upgradient. Where necessary, data collection will be stratified by habitat type to ensure that
apparent differences or trends are not merely related to habitat. THSS 168 is composed largely
of one habitat type, mesic mixed grassland. Therefore, within IHSS 168 data collection will be
. stratified by functional area. That is, sprayed and unsprayed areas will be assessed separately.
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Vegetation will be characterized for each sprayed area. However, the areal extent of Spray
Areas 2 and 3 is too small to conduct independent assessment of ecological endpoints for fauna.
Therefore, these areas will be assessed together. Tissue collection, if necessary, will be

conducted separately for Spray Areas 2 and 3. Spray Area 1 will be assessed as a unit.

Ecological and analytical endpoints will also be assessed for areas within IHSS 168, but outside
the sprayed areas. These areas are potentially unaffected by spray application and will be used
to determine the extent of risk to biota within THSS 168. These areas will be sampled in

addition to the reference areas outside the ITHSS.

Approximate sites for vegetation surveys are shown in Figure 9-10. Fauna sampling sites are
collocated with vegetation sampling sites. Identification and delineation of habitats presented
in Figure 9-1 were in accordance with SOP 5.11, and location of sample sites within each habitat
followed specific procedures outlined in the appropriate taxon-specific SOPs (EMD Operating
Procedures Volume V: Ecology). '

Reference Areas

Details of the proposed reference areas are discussed in Section 9.2.3. Reference sites will be
used as one basis for evaluating community, population, or habitat impaéts and tissue
contaminant loads potentially associated with OU11 contamination. Reference areas for each
of the major habitat types found in the OU11 study area (xeric grassland, mesic grassland, and
riparian woodland) have been selected. In addition, a reach of a small tributary to Rock Creek
has been identified as a reference area for aquatic sampling. These include areas to the north
of the plant site, in the Rock Creek and North Walnut Creek drainages (Figure 9-7). The areas
to the north are generally considered to be upgradient from the plant and outside the zone of

impact and therefore will be used as reference areas for ecological comparisons and collection
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of biological tissue for analysis of contaminant loads. Specific sampling sites in reference areas
will be identified on the basis of further site visits and results of sampling conducted under the
OUl1 and OU2 EEs. The number of sample sites in the reference areas will be the same as the

corresponding habitats within the OU11 study area.

Reference areas were selected on the basis of the parameters cited in SOP 5.13. Briefly,
reference and study areas should be of the same habitat type and be similar in habitat size,
dominant vegetation, slope and aspect, and soil type. Other factors considered were historical

land use and proximity to the study area.

Differences Between Study Areas and Reference Areas

Differences between study areas and reference areas can confound comparisons between the two.
Important differences are discussed in Section 9.2.3 and have been accounted for in the selection

process.
9.5.2.2 Habitat and Taxon-Specific Sampling

The field program includes sampling for both ecological and analytical parameters. Although
the programs for both sampling activities are described herein, sampling biological tissue for
contaminant analysis will occur only after COC and target analytes have been identified. The

endpoints, collection methods, and collection times are summarized in Table 9-8.

Terrestrial Sampling

The objective of data and sample collection in terrestrial habitats will be to gather data for

construction of food web and exposure pathways models. Relative abundance and distribution
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will be assessed for all major groups of terrestrial organisms. However, collection of samples
for tissue analysis will be limited to small mammals, arthropods, and vegetation. Preliminary
identification of terrestrial sampling locations is presented in Figure 9-9. The sampling locations

include each of the three major sprayed areas (Areas 1, 2, and 3).

Soil will be sampled under the abiotic media sampling program. Under this program, nitrates

will be analyzed in surficial and deeper soils.

Vegetation (SOP 5.10)

Rationale and Endpoints -- Vegetation will be sampled to determine community composition,

dominant taxa, woody plant and cacti diversity, production, and to collect tissue for analysis.
Data and sample collection and sample preservation will follow procedures described in SOP
5.10. Spring and summer community data will be collected, and tissue samples will be collected
in late summer and early fall. Ecological data will be collected for each of the major vegetation
mapping units found in OU11. Samples will be located within a mapping unit according to the
procedures in SOP 5.10. Sampling locations will coincide with the RFI/RI soil sampling
locations where practicable and will include samples from each of sprayed areas at OUI1l.
Tissue samples will be collected from areas of suspected contamination and from reference
areas, if appropriate. Sample size adequacy in cover and biomass surveys will be determined
using Cochran’s formula (Cochran 1977). Sample sites will be located within a mapping unit
in accordance with the procedures in SOP 5.10. Tissue samples will also be collected from

these areas and from reference areas, as appropriate.

Data collected along the vegetation transects will be used to assess the following ecological

endpoints:
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]

Total plant cover;
° Cover by perennial grasses, annual grasses, perennial forbs, annual or biennial forbs,
woody plants, and cacti;

Cover by individual species;

Richness (number of species);

Density (for woody plants and cacti);

Production (standing biomass in grams [g]/m?); total and by species;

Height (in centimeters [cm]); and

Tissue contaminant load (if necessary).

In assessing vegetation cover, a minimum of ten 50-m transects will be sampled in each
sampling unit in the study and reference areas, unless precluded by limited areal extent.
Variability of results will be assessed (using Cochran’s formula; see SOP 5.10), and further
samples collected, if necessary. Production in each habitat will be assessed by clipping the
aboveground biomass from within five 0.5-m? plots along each of at least five transects within
each habitat. Sample adequacy will be assessed for cover data with an upper limit of 30
transects. Tissue sampling will entail collection of target species within belt transects (see SOP

5.10). At least three, but not more than six, 30-g samples of each target species will be

“collected from designated transects. Tissue will be collected from at least five transects within

each habitat.

DQOs -- DQOs for vegetation community sampling are to collect to statistical adequacy for
quantitative comparisons between sampling units within the IHSS and between study sites and
reference sites. For herbaceous cover and production sites, an 80 percent level of confidence
in calculated means is sought, but not more than 30 transects will be sampled from a given

habitat. At least 25-g fresh weight will be collected for analysis of tissue contaminant loads.
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QA/QC will be provided through the sampling of replicates within a sampling unit. Mean values

of each parameter for each site will be determined on the basis of these samples.
Terrestrial Arthropods (SOP 5.9)

Rationale and Endpoints -- Terrestrial arthropods (e.g., insects, spiders, ticks) will be
surveyed for relative abundance, and composite samples will be collected for tissue analysis.
Data will be used in exposure assessment for organisms in higher trophic levels. Sweep netting
- will be employed at sample locations that coincide with vegetation sampling locations in areas
of suspected contamination and reference areas. Samples collected for taxonomic identification
will be preserved in ethyl alcohol or by using the techniques appropriate to the taxon as indicated
in SOP 5.9. Samples collected for tissue analysis will be preserved by freezing in accordance
with SOP 5.9.

Assessment of community composition will include evaluation of the following endpoints:

Richness (number of species collected from a given transect)

]

Biomass (g/m? of selected taxa collected from transect)

Orthopterans, mostly grasshoppers, will be emphasized in collection of specimens for tissue
analysis. In grassland habitats, this group consists primarily of ground-dwelling species, and
relatively large numbers can be obtained. Thus, grasshoppers are good candidates for analysis
of the biological fate of soil contaminants. Grasshoppers will be collected using sweep nets.
Sample locations will coincide with vegetation sampling locations in the IHSSs and other areas
of known contamination. If insufficient sample biomass is collected along a given transect(s),

the adjacent area will also be swept.
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DQOs -- DQOs for arthropod sampling are to collect data for quantitative comparisons of
species richness between sampling units within the THSS and between study sites and reference
sites. Sweep-net surveys provide data on richness and qualitative assessment of abundance. A
minimum of 25 g (fresh weight) of sample is sought for tissue analysis. One sample was
collected per transect or area. QA/QC is provided through the sampling of replicates within a
sampling unit. Mean values of each parameter for each site will be determined on the basis of

these samples.
Birds (SOP 5.7)

Rationale and Endpoints -- Bird surveys will be conducted to determine use of QU11 habitats
by potential avian receptors. Data will be used in development of pathway models and exposure
assessments. Surveys will be conducted according to the procedures described in SOP 5.7.
Sampling will be conducted in Spray Area 1, Spray Areas 2 and 3 combined, unsprayed areas
in THSS 168, and in reference areas. Songbird surveys will be conducted in the spring, and
raptor observations will be conducted throughout the study. Songbird surveys will consist of
three to eight 100-m by 100-m census plots in each habitat and will be conducted on four
mornings during the breeding season in accordance with procedures described in SOP 5.7.
Endpoints to be considered include:

[}

Density (number per hectare [ha]) by species; and

(4]

Richness (number of species);

Qualitative data will also be collected during surveys in more limited riparian habitats during the
breeding season and in grassland habitats during nonbreeding seasons. These "relative
abundance" surveys will also yield information on species richness and numbers but will not be

amenable to statistical analysis.
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DQOs -- DQOs for bird surveys are to collect data for quantitative comparisons of species
richness and density between specified sampling units within the IHSS and between study sites
and reference sites. The number of plots counted in a given habitat will be as at least three with
more if space or geometry allows. QA/QC is provided through the sampling of replicates within
a site. Mean values of each parameter for each site will be determined on the basis of these

samples.

Small Mammals (SOP 5.6)

Rationale and Endpoints -- Small mammal populations will be surveyed to determine habitat

use and relative abundance. The data will be used in development of pathway models and
exposure assessment. Small mammals will be collected in accordance with the live-trapping
techniques described in SOP 5.6. Trapping configuration depends upon the configuration of the
habitat. Grids, 25 traps x 25 traps, will be used within THSS 168. Lines of 25 traps placed at
5-m intervals will be used along drainages. Traps will be set for four consecutive nights in early
and late summer. Sampling will be conducted at five sites in each sampling unit. Each site will

be collocated with a vegetation site. Spray Areas 2 and 3 will be sampled as a unit.

For community evaluation, endpoints include:

Richness (number of species);

Abundance (number per trap-night) by species;
Mean weight;

° Weight - length (head and body) ratio; and

Sex (age, reproductive activity).



OU11 Work Plan Manual: 21000-WP-OU11.1
Section: Section 9, Rev. 1, draft B
Category Final Page: 62 of 70

It is anticipated that samples of 25 g will be required for tissue analysis. Some species weigh
less than 25 g, and multiple individuals may be required to complete one sample. Samples
collected for tissue analysis will be frozen in certified clean glass jars and will be composited

as needed. Samples will be collected from all small mammal sampling locations in the study.

DQOs -- DQOs for small mammal surveys are to collect data for quantitative comparisons of
species richness and abundance between specified sampling units within the IHSS and between
study sites and reference sites. For ecological endpoints (e.g., richness, abundance, density),
at least four sites will be sampled in each habitat. Therefore, data from each habitat includes
at least four replicates. Mean values of each parameter for each site will be determined on the
basis of these samples. At least 25 g per sample will be required for tissue analysis. QA/QC
is provided through the sampling of replicates within a site. At least three, but not more than

six, 25-g samples of each species will be collected from each site.
Large Mammals (SOP 5.5)

Rationale and Endpoints -- The relative abundance and distribution of large mammals, such

as deer, coyotes, and jackrabbits, will be assessed to gain information about use of QU11 areas
by these species. The resulting data will be used in construction of food web models and
exposure assessment. Data collection will follow the procedures described in SOP 5.5. Fecal
pellet counts will be conducted in five vegetation-belt transects in each sampling unit within
IHSS 168. Surveys will be conducted in spring and fall. The use of reference areas is not
anticipated. The endpoint will be:

o

Number of fecal pellet groups per unit area (m?, ha)
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In addition, relative abundance transects will be established across Spray Areas 1, 2 and 3
combined and along the Walnut Creek drainage north of IHSS 168. Surveys will be conducted
in spring and fall. Relative abundance surveys include observations of wildlife in general, not
just large mammals. These data will be used in assessing use of the OU11 areas by Rocky Flats
wildlife. These data will not be appropriate for statistical analysis.

DQOs -- The DQOs for large mammal surveys are to determine the species that use IHSS 168
habitats and the frequency of use. For pellet counts, QA/QC is provided through the sampling
of replicates within a site. Mean values of each parameter for each site will be determined on

the basis of these samples.
Reptiles and Amphibians (SOP 5.8)

Rationale and Endpoints -- OU11 contains no permanently wet areas, but anurans (frogs) and
uropods (salamanders) will be surveyed when water is present in drainages during spring and
fall. Frogs will be surveyed by chorus surveys, salamanders by minnow traps in temporary
pools. Data will be used in food web models and exposure assessments. Relative abundance
data are considered qualitative. Garter snakes and rattle snakes may be collected for tissue
analysis if necessary. Tissue samples will consist of whole animals, with at least three samples

collected for each area.

DQOs -- Data on occurrence of herp species at the RFP is sought for use in food web models
and exposure assessments. Tissue samples will consist of at least 25 g wet weight. Data on

abundance or density will be used in such models but will be considered qualitative.
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Aquatic Sampling

Aquatic habitat at OU11 is limited to upper reaches of Woman Creek, which lie to the south of

OU11, and the headwaters of Walnut Creek, which is intermittent along this section.

Assessing the impacts of OU11 contaminants to the aquatic community structure along Woman
Creek would be difficult for two main reasons. First, OUS includes areas between OU11 and
Woman Creek and it would be difficult to identify impacts due to specifically to OUll
contaminants in this area. Second, this area of Woman Creek is near the headwaters, and the
stream community structure changes rapidly with stream size. Differentiation of community
structure changes due to natural factors from those due to OU11 would require an effort beyond

the risk assessment scope of an EE.

Quantitative ecological assessment of Walnut Creek is not likely to yield useful results either.
The section of the Walnut Creek drainage immediately adjacent to OU11 is intermittent, creating
a harsh enQironment for aquatic organisms and resulting in high natural variability in community
structure in the stream. Further, the nearest persistent reach of Walnut Creek downstream of
OUI11 is also downstream of other OUs and from sites of recent construction (700 Building

parking lot).

Sampling at surface water sites on Woman Creek relevant to this EE was conducted during the
aquatic surveys associated with the QU1, OU2, and OUS EEs. The sampling program for these
EEs was designed to allow differentiation of contamination due to each of the OUs that border
on Woman Creek. When available, this data will be considered before final design of the
aquatic sampling in Woman Creek for the OU11 EE. Sampling for the OU11 EE will be limited

to qualitative assessment of species richness and composition, and collection of biological tissue.
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In addition, data from the OU1l, OU2, and QU5 EEs will be reviewed and used in this

assessment.

Toxicity tests were conducted in 1991 for Woman Creek and its tributaries in conjunction with
EEs for OU1 and OU2 in 1991. Results showed limited toxicity to Ceriodaphnia sp. of water
from surface water stations on Woman Creek. However, water from "background" stations also

showed some toxicity. It is not clear whether aquatic toxicity testing associated with the OU11

EE will yield results attributable to OU11 contamination. Similarly, aquatic toxicity testing at
Walnut Creek sites may not yield unequivocal results. Aquatic toxicity testing is planned as a
part of the QU6 (Walnut Creek Priority Drainage) and should yield results that will allow"
distinction of toxicity due to possible contaminant input from OU4 (Solar Evaporation Ponds).

Therefore, aquatic toxicity testing associated with OU11 will be conducted only after data from

other OUs are analyzed.

Stations to be sampled in the aquatic program include established surface water monitoring
stations on both Walnut Creek and Woman Creek. Stations on Woman Creek include SW107,
SW040, and SW041. Stations further downstream on Woman Creek include areas sampled
extensively under other EEs. Tissue may be collected from these sites only if contaminants
specifically attributable to OU11 are analyzed. Stations on persistent sections of Walnut Creek
include SW093 and SW117, both downstream of OU11. SW117 is upstream of the 700 Building
parking lot; SW093 is just downstream of the parking lot, but upstream of possible input from
OU4 (Solar Evaporation Ponds). These samples will be used for collection of tissue if
necessary. SWO81 and SWO082 are located within OU11 but are not permanent water bodies.
Sampled areas will include a 50-m stream reach, 25 m upstream and downstream of the selected
sample station. Samples will also be collected from a section of a Rock Creek tributary. This

section is indicated in Figure 9-7.
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Benthic Macroinvertebrates (SOP 5.2)

Rationale and Endpoeints -- Benthos is composed mainly of the aquatic stages of some} insects,
adult insects, and snails. Qualitative surveys will be conducted using Surber samplers or by
examination of substrate. If enough biomass is present, composite samples of selected taxa will
be sampled for tissue analysis. Tissue analysis samples will likely be composed of aggregated
insect larvae. Data will be used in contaminant pathway analysis and fate and transport
modeling. Samples will be collected by hand or by use of a Surber sampler or equivalent.

Endpoints assessed will include:

Species occurrence;
o

Richness; and

Contaminant load.

DQOs -- Samples collected for tissue analysis should be at least 25 g (fresh weight). Three
replicate samples are sought from each station sampled. QA/QC is provided through the
sampling of replicates within a site. Mean values of each parameter for each site will be

determined on the basis of these samples.

Fish (SOP 5.4)

Rationale and Endpoints -- The fish population will be qualitatively assessed for species

presence and habitat use. Tissue samples will be collected pending identification of target
analytes. Surface water stations in areas of persistent flow will be sampled. Minnow traps and
hand seines will be the primary collection methods. Electroshocking may also be used if other

methods prove inadequate. Endpoints assessed will be:
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Species occurrence;

o

Richness; and

o

Tissue contaminant loads.

DQOs -- DQOs include qualitative assessment of species composition during spring and fall
flows. The minimum sample needed for tissue analysis is three 25-g samples. QA/QC is
provided through the sampling of replicates within a site. Mean values of each parameter for

each site will be determined on the basis of these samples.
953 Contaminants of Concern and Ecological Receptors of Concern
9.5.3.1 Contaminants of Concern

Final selection of COCs and target analytes will be made when sufficient data on contamination
of abiotic media are available. According to current IAG schedules, soil data should be
available in late summer 1992. This data will be used to identify further ecological studies for
Task 9 and to identify the target analytes for which biological tissues will be analyzed. The
candidate chemicals and the process for selecting COCs and target analytes for the OUl1 EE

is discussed in Section 9.3.1.

9.5.3.2  Ecological Receptors of Concern (Target Taxa)

The target taxa for the OUll EE were selected on the basis of the criteria described in
Section 9.3.2, data from preliminary site surveys, and data from studies conducted during 1991.

These selections are subject to change pending results of Task 3 surveys and food web analyses.
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9.5.3.3  Selection of Tissues and Target Analytes

As discussed in Section 9.3.1, not all of the potential COCs will be appropriate for analysis in
biological tissues. The data collected on tissue contaminant loads will be used to support
exposure pathway analysis using food web models. The species chosen for analysis of
contaminant loads are usually totally consumed by predators. Therefore, tissue analysis for the

target analytes will consist of whole body or composite whole-body analysis.

9.5.4 Tissue Sample Collection and Analysis

Tissue collection and analysis will be conducted under Task 9. Planning for Task 9 will take
place during Task 8. Target analytes, the chemicals for which samples will be analyzed, will
be identified from the larger list of COCs. Final identification of COCs will occur when initial

data from abiotic sampling programs is complete.

The objective of the tissue analysis program is to ascertain the extent to which OUIlI
contaminants have been taken up by flora and fauna in affected areas. Therefore, the objective
of the tissue collection program is to collect biological tissue samples from which the distribution
and level of contaminants in populations of the selected taxa. To do this, a minimum of three
and maximum of six replicate samples will be collected from each area to be assessed. Tissue
collection sites will coincide with sites surveyed for ecological characterization. For OU11, the
candidate areas to be assessed include Spray Areas 1, 2, and 3; former bermed areas where
spray water tended to pool; containment ditches; downstream sites on Walnut Creek and Woman
Creek; and reference areas for each study area. The areas to be sampled may change pending

results from abiotic sampling.
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Sample handling will follow procedures designed to ensure sample quality. Disposable latex
gloves will be used when handling specimens collected for tissue analysis and changed between
samples. Samples will be preserved promptly and appropriately. Sample preservation methods
and holding times are summarized in Table 9-9. To ensure that composited samples are
unbiased representatives of the populations in question, procedures for compositing samples will
include random or counterbalancing components. Samples will be assigned unique sample
numbers consistent with the RFP RFEDS requirements. All RFP sample number assignment,

handling, and shipping requirements detailed in SOP 1.0 will be adhered to strictly.

9.5.4.1 Terrestrial Samples

Sample Collection and Preservation

Small mammals, plants; and insects will be sampled according fo the methods described in the
SOPs. At least three but not more than six 25-g samples of each small mammal species will be
collected from each area. Only one sample from each transect will be analyzed. Each sample
should consist of 2-3 individuals captured from the same grid or transect. Grasshoppers will be
collected to represent insects. Three 25-g composite whole-body samples will be collected for
each area. Samples will consist of composited species. For plants, at least three but not more
than six 25-g (wet weight) samples of each species will be collected from each area. Again,
only one sample from each transect will be analyzed.

When an insufficient sample can be collected for a given species, substitute species identified

from Task 3 surveys should be used.

Small mammal and insect samples will be frozen in clean glass jars. If no organic target
analytes are identified, plant samples will be frozen in clean zip-lock bags. If organics are

analytes, plants will be wrapped in hexane-rinsed aluminum foil, and frozen.
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Chemical Analyses

The analytes for which the biological tissues are to be analyzed will be identified when data from
analysis of abiotic media are available. SOPs for sample preparation and analytical methods

await contractual negotiations with the analytical laboratories.
9.5.4.2  Aquatic Samples

Sample Collection and Preservation

Fish, crayfish, and larval insects will be collected from aquatic habitats for tissue analysis.
Procedures utilized in collecting specimens for tissue analysis will follow those described in
SOP 5.0, Ecology. Fish and crayfish will be frozen in clean glass jars or hexane-rinsed
aluminum foil. Insects will be frozen in clean glass jars. As in terrestrial samples, a minimum

of three 25-g samples of each species from each site is desired.

Chemical Analyses

The analytes for which the biological tissues are to be analyzed will be identified when data from
analysis of abiotic media are available. SOPs for sample preparation and analytical methods

await contractual negotiations with the analytical laboratories.
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10.0 QUALITY ASSURANCE ADDENDUM

This section consists of the Quality Assurance Addendum (QAA) for Phase I investigations at
Operable Unit No. 11 (OU11), which supplements the "Rocky Flats Plant Site-Wide Quality
Assurance Project Plan for CERCLA Remedial Investigation/ Feasibility Studies and RCRA
Facility Investigations/Corrective Measures Studies Activities” (QAPjP). This QAA establishes
the site-specific Quality Assurance (QA) controls applicable to the investigation activities
described in the OU11 Work Plan (OU11 WP).

OU11 is one of 16 operable units (OUs) identified for investigations under the Rocky Flats Plant
(RFP) Interagency Agreement (IAG). OUIlL consists of the West Spray Field area. The
physical setting of QU11 is described in Section 2.0.

This Phase I RFI Work Plan involves evaluating existing information, identifying data gaps,
establishing data quality objectives, and developing a field sampling plan to characterize site
physical features and define contaminant sources. This section of the work plan identifies the
organizational structure for OU11 Phase I investigations and addresses the QA and quality
control requirements that are applicable to these investigations. The OUll WP has been
prepared in accordance with the Federal and State of Colorado regulations and guidance

documents identified in the Introduction (Section 1.0).
10.1 ORGANIZATION AND RESPONSIBILITIES

The overall organization of EG&G Rocky Flats and the Environmental Management Department
(EMD) and divisions involved in Environmental Restoration (ER) Program activities is shown
in Figures 1-1, 1-2, and 1-3 of Section 1.0 of the QAPjP. Individual responsibilities are also
described in Section 1.0 of the (QAPjP).
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Contractors will be tasked by EG&G Rocky Flats to implement the field activities outlined in
the OU11 WP. The specific EMD personnel who will interface with the Contractors and who

will provide technical direction are shown in Figuré 10-1.
10.2 QUALITY ASSURANCE PROGRAM

The QAP;jP was written to address QA controls and requirements for implementing IAG-related
activities. The content of the QAPjP was driven by Department of Energy (DOE) RFP Standard
Operating Procedure (SOP) 5700.6B, which requires a QA program to be implemented for all
RFP activities. This program is required to be developed based on American Society of
Mechanical Engineers (ASME) NQA-1, "Quality Assurance Requirements for Nuclear
Facilities," as well as the IAG, which specifies that a QAPjP for IAG-related activities be
developed in accordance with the Environmental Protection Agency (EPA) QAMS-005/80,
"Interim Guidelines and Specifications for Preparing Quality Assurance Project Plans.” The
18-element format of NQA-1 was selected as the basis for both the QAPjP an'd subsequent QAAs
with the applicable elements of QAMS-005/80 incorporated where appropriate. Figure 2-1 of
the QAP;P illustrates where the 16 QA elements of QAMS-005/80 are integrated into the QAPjP
and also into this QAA. Section 2.0 of the QAP;jP also identifies other DOE Orders and QA

requirements documents to which the QAPjP and this QAA are responsive.

The controls and requirements addressed in the QAPjP are applicable to OU11 Phase I activities,
unless specified otherwise in this QAA. Where site-wide actions are applicable to QU11
activities, the applicable section of the QAPjP is referenced in this QAA. This QAA addresses
additional and site-specific QA controls and requirements that are applicable to OU11 Phase I
activities that may not have been addressed on a site-wide basis in the QAPjP. Many of the QA
requirements specific to QU11 are addressed in the OU11 WP and are referenced in this section.
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10.2.1 Training

Personnel qualification and training requirements for REP ER Program activities are addressed
in Section 2.0 of the QAPjP. Personnel qualifications and training required to perform the EMD
Operating Procedures (OPS) that are applicable to OU11 investigations are specified within the
respective FIGURE 10-1. The EMD OPS (which are also referred to as SOPs in Revision 0 of
the QAPjP and the OU11 WP) are identified in Table 10-1.

10.2.2  Quality Assurance Reports to Management

A QA summary report will be prepared annually or at the conclusion of these activities
(whichever is more frequent) by the EMD Quality Assurance Project Manager (QAPM) or
designee. This report will include a summary of field operation and laboratory inspections,

surveillance, and audits and a report on data verification/validation results.

10.3 DESIGN CONTROL AND CONTROL OF SCIENTIFIC INVESTIGATIONS

10.3.1 Design Control

Section 7 describes the Phase I investigation activities that will be implemented to characterize
the physical features of the site and define the contaminant sources at OUll. Section 9
describes the Environmental Evaluation (EE) activities to be conducted to characterize the biotic
environment and address and quantify the ecological effects from exposure to contaminants
within OUl1l. The OU11 WP identifies the objectives of the investigations; specifies the
sampling, analysis, and data generation requirements; and identifies applicable operating
prdcedures that will provide controls for the investigations. As such, the OUll WP is
considered the investigation control plan for OU11 Phase I RFI/RI activities.
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10.3.2  Data Quality Objectives

Data needs and data quality objectives (DQOs) for OU11 Phase I investigations are addressed
in Section 4, and Section 9.3.3.1 for the Environmental Evaluation (EE) data. The DQOs for
the QU11 Phase I investigations were established in accordance U.S. Environmental Protection
Agency (EPA) guidance for developing DQOs, which is summarized in Appendix A of the
QAPjP.

The speciﬁc objectives, or data needs, of the OU11 Phase I RFI/RI are based on existing site
information regarding the nature of contamination present and a site-specific conceptual model
for OU11. These specific objectives determine the type of data to be collected. The quality of
the data is dependent on the analytical level of the data, which dictates the type of sampling and
analytical or measurement quality controls that should be adhered to in generating the data. The
EPA has defined five levels of analytical data (Levels I - V). These analytical levels are defined
in Section 4 of the WP and Appendix A of the QAPjP. Level I or II analytical or measurement
data, which is primarily qualitative data, requires less quality control (QC) than does Level III-V
quantitative data of a known quality.

The intended use of the data determines which analytical level is required for the RFI/RI data
to be genemted. The type of data that needs to be generated and the analytical level of the data
together determine the sampling and analytical or measurement options to be employed to
generate measurement data appropriate for its intended use. The data needs, data types,
sampling and analysis activities, analytical levels, and data use for the OU11 Phase I RFI/RI are
identified in Table 4-1 in Section 4.0 of this Work Plan. o

Data quality can be measured in terms of precision, accuracy, representativeness, comparability,

and completeness (also referred to as PARCC parameters). These parameters are defined in
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-Appendix A of the QAPjP. PARCC parameter goals are established prior to initiating
investigations in order to assist decision makers in determining if DQOs for measurement data

have been met.

PARCC parameter goals for measurement data are established so that they are appropriate to the
analytical level of the data. Analytical level IV and V data require analysis of environmental
samples by EPA approved methods and adherence to QC requirements that are specified by the
EPA Contract Laboratory Program (CLP). Historical precision and accuracy measures for EPA
Contract Laboratory Program (CLP) analytical and equivalent methods have been determined.
These historical measures have been selected as the precision and accuracy goals for all OU11
analytical IV and V data. These historical precision and accuracy measures are listed in
Appendix B of the QAP;P. |

Data quality for analytical level I and Il data, which are considered field screening data
generated using portable instruments, will be assured by adhering to approved operating
procedures for sampling and analysis, including following applicable instrument calibration

requirements.

Goals for representativeness, comparability, and completeness for the OU11 Phase I RFI/RI are

specified in Section 4.2.6.

The ecological characterization activities described in Section 9 are considered screening
activities that, typically, require Analytical Level I and II data. These characterization data will
then be used, along with the QU11 RFI/RI characterization and source contamination data, to
develop the conceptual model for the EE study. Data quality for these characterization activities
will be controlled by adhering to the field sampling operating procedures in implementing the
EE Field Sampling Plan (Section 9.3). |
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The conceptual model developed for the OU11 ecosystem will assist investigators in identifying
site-specific térget species, contaminants of concern, and potential exposure pathways.
Additional DQOs for the contamination assessment tasks (Tasks 4 through 7 of Section 9) and
the ecotoxicological studies (Task 8) will then be developed following steps recommended by

the EPA in EPA/600/3-89/013, Ecological Assessments of Hazardous Waste Sites: A Field
Guide and Laboratory Reference Document, and EPA/540/G-90/008, Guidance for Data

Usability in Risk Assessment. The ecosystem characterization data and preliminary aquatic

toxicity investigation data that will be obtained by implementing the EE Field Sampling Plan are
needed to develop these additional DQOs. |

10.3.3  Sampling Locations and Sampling Procedures

. The sampling activities to be conducted to generate the data needed to meet the Phase I RFI/RI

objectives include:

Radiological survey of West Spray Field area;

Surficial soil sampling of West Spray Field area, along surface runoff channels
and spray application areas;

Vadose zone characterization by test pit excavations and potent1a1 borehole
drilling and;

® Borehole drilling and sampling of subsurface soils, if subsurface soil sarnples
from test pits are contaminated.

The rationale for selecting these sampling activities is discussed in Section 7.2.

The field sampling design, including sampling locations, frequencies, methods, and procedures

are described in Section 7.3. Sampling locations, frequencies, and procedures for the EE
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program, consisting of vegetation, periphyton, benthic macroinvertebrate, fish, and small

mammals sampling, are addressed in Section 9.3.

The operating procedures that are applicable to OU11 Phase I field activities and the particular
activities to which they are applicable are identified in Table 10.1.

10.3.4  Analytical Procedures

The laboratory analytical program for the QU11 Phase I RFI/RI is discussed in Section 7.4.2.
The analytes of interest and the specified detection limits are identified in Table 7-2. The
laboratory analytical methods that shall be adhered to are those that are specified in the EG&G
Rocky Flats General Radiochemistry and Routine Analytical Services Protocol (GRRASP),
Parts A and B. These methods are referenced in Section 3.0 of the QAPjP. Specific analytical
methods for each ané.lyte identified in Section 7.4 are referenced in Appendix B of the QAPjP.

10.3.5 Equipment Decontamination

Non-dedicated sampling equipment (i.e., sampling equipment that >is used at more than one
location) shall be decontaminated between sampling locations in accordance with OPS-FO.03,
General Equipment Decontamination. Other equipment (e.g., heavy equipment) potentially
contaminated during drilling, hydrogeologic/geologic testing, boring, sample collection, etc. shall

also be decontaminated as specified in OPS-FQ.04, Heavy Equipment Decontamination.
10.3.6  Air Quality

Air monitoring will be conducted during implementation of field activities that have the potential

to create windblown dispersion of contaminants, including drilling and trenching. Air
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monitoring will ensure that OU11l RFI/RI activities comply with the RFP Interim Plan for
Prevention of Contaminant Dispersion. Air monitoring will be conducted according to

OPS-FO0.01, Wind Blown Contaminant Dispersion Control.

10.3.7  Quality Control

To ensure the quality of the field sampling techniques, collection and/or preparation of field
quality control (QC) samples are incorporated into the sampling scheme. Field QC samples and
collection frequencies for OU11 are addressed in Section 7.6 and identified in Table 7-4. A
specific sampling schedule will be prepared by the sampling subcontractor for approval by the
EG&G Laboratory Analysis Task Leader (Figure 10-1) prior to sampling.

10.3.7.1 Objectives for Field QC Samples:

Equipment rinsate blanks are considered acceptable (with no need for data qualification) if the
concentration of analytes of interest is less than three times the required detection limit for each
analyte as specified in Table 7-2. Field duplicate samples shall agree within 30 percent relative

percent difference for aqueous samples and 40 percent for homogenous, non-aqueous samples.

Trip blanks and field preservation blanks (for organics and inorganics, respectively) fndicate
possible field contamination when analytes are detected above the minimum detection limits
presented in Table 7-2. The Laboratory Analysis Task Leader (Figure 10-1) is responsible for
verifying these criteria and shall be responsible for checking to see if they are met and for

qualifying data.

10.3.7.2 Laboratory QC
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Laboratory QC procedures are used to provide measures of internal consistency of analytical and
storage procedures. The laboratory contractor will submit written SOPs to the Laboratory
Analysis Task Leader for approval. The interlaboratory SOPs shall be consistent with or
equivalent to EPA-CLP QC procedures. The laboratory SOPs must cover the following areas
in sufficient detail and reflect actual operating conditions in effect during analysis of EG&G RFP

samples:

® Sample receipt and log-in

® Sample storage and security

® Facility security

® Sample tracking (from receipt to sample disposition)

¢ Sample analysis method references

¢ Data reduction, verification, and reporting

® Document control (including submitting documents to EG&G)
® Data package assembly (see Section III.A of the GRRASP)
® Qualifications of personnel

® Preparation of standards

® Equipment maintenance and calibration

® List of instrumentation and equipment (including date purchased, date installed,
model number, manufacturer, and service contracts, if any)

® Instrument detection limits
® Acceptance criteria for non-CLP analyses

® Laboratory QC checks applicable to each analytical method
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Laboratory QC techniques to ensure consistency and validity of analytical results (including
detecting potential laboratory contamination of samples) include using reagent blanks, field
blanks, internal standard reference materials, laboratory replicate analysis, and field duplicates.
The labdratory contractor will follow the standard evaluation guidelines and QC procedures,
including frequency of QC checks, that are applicable to the particular type of analytical method
being used as specified in Parts A and B of the GRRASP and Section 3.0 of the QAPjP. All
data packages will be forwarded to the Laboratory Analysis Task Leader or validation contractor

(Figure 10-1) for review and verification.
10.3.8  Quality Assurance Monitoring

To assure the overall quality of the RFI/RI activities discussed in the OUll1 WP, field
inspections will be conducted daily and audits and surveillance will be conducted at various
intervals. The intervals will be determined by the importance and complexity of each activity.
Intervals will also be based on the schedule contained in Section 6.0. At a minimum, each of
the field sampling activities described in Sections 7.3 and 9.3 will be monitored by an
independent surveillance team at least once during the sampling process. EG&G will conduct
audits of the laboratory contractor(s) as specified in the GRRASP, Parts A and B. The audits

and surveillance, and activity Readiness Reviews are discussed further in Section 10.18.
10.3.9 Data Reduction, Validation, and Reporting

| 10.3.9.1 Analytical Reporting Turnaround Times

Analytical reporting turnaround times are as specified in Table 3-1 of Secfion 3.0 of the QAPjP.

10.3.9.2 Data Reduction
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Reduction of laboratory measurements shall be in accordance with the methods specified for each
analytical method. Laboratory data will be compiled into sample data packages by the
laboratory contractor. A sample data package shall be developed for each sample delivery group
or sample batch, with separate data packages for each type of analysis (e.g., a data package for
organics, one for inorganics, one for water quality parameters, and one for radionuclides). The
sample data package shall consist of a cover sheet/transmittal letter, a case narrative, data
summary forms, and copies of the data checklists found in Attachments I in Parts A and B of
the GRRASP. The reduced data will be used in the data validation process to verify that the

laboratory éontrol and the overall system DQOs have been met.
10.3.9.3 Data Validation

Validation activities consist of reviewing and verifying field and laboratory data and evaluating
these verified data for data quality (i.e., comparison of reduced data to DQOs, where
appropriate). The field and laboratory data validation activities and guidelines are described and
referenced in Section 3.0 of the QAPjP. The process for validating the quality of the data is
illustrated graphically in Figure 3-1 of Section 3.0 of the QAP;jP, and‘is also included as part
of the sample collection, chain-of-custody, and analysis process illustrated in Figure 8-1 of
Section 8.0 of the QAPjP. The criteria for determining the validity of ER Program data at
Rocky Flats are described in subsection 3.3.7 of Section 3.0 of the QAP;jP.

10.3.9.4 Data Management and Reporting

Data management and reporting requirements are specified in Section 7.5.

10.4 PROCUREMENT DOCUMENT CONTROL
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Procurement documents for items and services, including services for conducting field
investigations and analytical laboratories, shall be prepared, handled, and controlled in
accordance with the requirements and methods specified in Section 4.0 of the QAPjP.

10.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS

The OU11 WP describes the activities to be performed. The OU11 WP will be reviewed and
approved in accordance with the requirements for instructions, procedures, and drawings

outlined in Section 5.0 of the QAPjP.

EMD OPS approved for use are identified in Table 10-1, which also indicates their applicability.
Any additional quality-affecting procedures proposed for use but not identified in Table 10-1 will
be developed and approved as required by Section 5.0 of the QAPjP prior to performing the
affected activity.

Changes and variances to approved operating procedures and the OU11 WP shall be documented
through preparation of Document Change Notices (DCNs), which will be prepared, reviewed,
and approved in accordance with requirements specified in Section 5.0 of the QAPjP. (Note:
DCNs were referred to as Procedure Change Notices in Revision 0 of the QAPjP).

10.6 DOCUMENT CONTROL
The following documents will be controlled in accordance with Section 6.0 of the QAPjP:

® "Phase I RFI/RI Work Plan for QUI11"

® "Rocky Flats Plant Site-Wide Quality Assurance Project Plan for CERCLA
Remedial Investigation/Feasibility Studies and RCRA  Facility
Investigations/Corrective Measures Studies Activities" (QAPjP)
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@ EMD Operating Procedures (all operating procedures specified in the QAP;jP, this
QAA, and to-be-developed laboratory SOPs).

10.7 CONTROL OF PURCHASED ITEMS AND SERVICES

Contractors that provide services to support the OU1l WP activities will be selected and
evaluated as outlined in Section 7.0 of the QAPjP. This includes preaward evaluation/audit of
proposed contractors as well as periodic audit of the acceptability of contractor performance
during the life of the contract. Any items or materials that are purchased for use during the
OU11 investigations that have the ability to affect the quality of the data shall be inspected upon

receipt.
10.8 IDENTIFICATION AND CONTROL OF ITEMS, SAMPLES, AND DATA

10.8.1 Sample Containers/Preservation

Appropriate volumes, containers, preservation requirements, and holding times for water and
soil samples are presented in Tables 7-4. Sample holding times, preservation methods, and

sample container requirements for EE samples are identified in Table 9-9.

10.8.2  Sample Identification

RFI/RI samples shéll be labeled and identified in accordance with Section 8.0 of the QAPjP and
OPS-FO.13, Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples.
Samples shall have unique identification that traces the sample to the source(s) and indicates the
method(s), date, the sampler(s), and conditions prevailing at the time of sampling. The sample

identification process is summarized in Section 7.4.1.
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10.8.3 Chain-of-Custody

Sample chain-of-custody will be maintained through the application of OPS-FO.13,
Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples, and as
illustrated in Figure 8-1 of the QAPjP for all environmental samples collected during field

investigations.
109 CONTROL OF PROCESSES

The overall process of collecting samples, performing analysis, and inputting the data into a
database is considered a process that requires control. The process is controlled through a series
of written procedures that govern and document the work activities. A process diagram is

shown in Section 8.0 of the QAP;jP.

10.10 INSPECTION

Procured materials and construction activities (e.g., groundwater monitoring well installation)
shall be inspected (as applicable) in accordance with the requirements specified in Section 10.0
of the QAPjP.

10.11 TEST CONTROL -

Test control requirements specified in Section 11.0 of the QAPjP are not applicable to any of
the RFI/RI investigations described in the OU11 WP.
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10.12  CONTROL OF MEASURING AND TEST EQUIPMENT (M&TE)
10.12.1  Field Equipment

Field equipment that will be used to generate measurement data for OU11 Phase I investigations
includes the High Purity Germanium Crystal Detector. Calibration and maintenance of this
instrument shall conform to the manufacturer’s recommended operating instructions, unless
specified otherwise in operating procedures developed to control field sampling activities in

which these instruments will be used.
Each piece of field equipment shall have a file that contains:

® Specific model and instrument serial number;
® Operating instructions;

® Routine preventative maintenance procedures, including a list of critical spare
parts to be provided or available in the field;

® Calibration methods, frequency, and description of the calibration solutions; and

® Standardization procedures (traceability to nationally recognized standards).

10.12.2  Laboratory Equipment

Laboratory analyses will be performed by contracted laboratories. The equipment used to
analyze environmental samples shall be calibrated, maintained, and controlled in accordance
with the requirements contained in the specific analytical protocols used as specified in Parts A
and B of the GRRASP. This information will be supplied to EG&G as a laboratory EMD-OP.
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10.13 HANDLING, STORAGE, AND SHIPPING

Samples shall be packaged, transported, and stored in accordance with OPS-FO.13,
Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples. Maximum
sample holding times, sample preservative, sample volumes, and sample containers are specified
in Table 8-1 of Section 8.0 of the QAPjP. Sample handling and storage controls at the
laboratory shall be provided as a laboratory EMD-OP.

10.14 STATUS OF INSPECTION, TEST, AND OPERATIONS

The requirements for the identification of test and operating status of measuring and test

equipment shall be implemented as specified in Section 14.0 of the QAPjP.
10.15 CONTROL OF NONCONFORMANCES

The requirements for the identification, control, evaluation, and disposition of nonconforming
activities, items, samples, and data will be implemented as specified in Section 15.0 of the
QAPjP.  Nonconformances identified by the implementing contractor shall be submitted to
EG&G for processing as outlined in the QAPjP.

10.16 CORRECTIVE ACTION

‘The requirements for the identification, documentation, and verification of corrective actions for
conditions adverse to quality will be implemented as outlined in Section 16.0 of the QAPjP.
Conditions adverse to quality identified by the implementing contractor shall be documented and

submitted to EG&G for processing as outlined in the QAPjP.
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10.17 QUALITY ASSURANCE RECORDS

QA records will be controlled in accordance with OPS-FO.02, Field Document Control. QA
records to be generated during OU11 RFI/RI Phase I activities include, but are not limited to:

® Field Logs and Data Record Forms (e.g., sample collection notebooks/logs for
. water, sediment, and air)

® (alibration Records

® Sample Collection and Chain-of-Custody Records

® Laboratory Sample Data Packages

® Drilling Logs

® Work Plan/Field Sampling Plan/QAA

® QAPjP

® Audit/Surveillance/Inspection Reports

1 Nonconforrhance Reports

® Corrective Action Documentation

¢ Data Validation Results

® Data Reports

° Prbcurement/Contracting Documentation

® Training/Qualification Records
® Inspection Records

10.18 QUALITY VERIFICATION



OU11 Work Plan Manual: | 21000-WP-11.1
Section: Section 10, Rev. 1, draft B
Category Final Page: 18 of 19

The requirements for the verification of quality shall be implemented as specified in Section No.
18 of the QAPjP. EG&G will conduct audits of the laboratory contractor as specified in the
GRRASP, Parts A and B. The EMD QAPM shall develop a surveillance schedule with the
surveillance intervals based on the importance and complexity of each sampling/analytical

activity. Intervals will also be based on the schedule contained in Section 6.0.

Examples of some specific tasks that will be monitored by the surveillance program are as

follows:

® Trenching and drilling (approximately 10 percent of the trenches and holes)
® Field sampling (approximately 5 percent of each type of sample collected)

® Records management (a surveillance will be conducted once at the initiation of
OU11 activities, and monthly thereafter)

® Data verification, validation, and reporting

Audits of contractors providing field investigation, construction, and analytical support services
shall be performed at least annually or once during the life of the project, whichever is more

frequent.

A Readiness Review shall be conducted by the EMD QAPM prior to the implementation of
QU11 field investigation activities. The readiness review will determine if all’ activity
prerequisites have been met that are required to begin work. The applicable requirements of the
QAPP and this QAA will be addressed.

10.19 SOFTWARE CONTROL
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The requirements for the control of software shall be implemented as specified in Section 19.0
of the QAPjP. Only database software is anticipated to be used for the OU1l1 WP activities.
Operating procedures applicable to the use of the database storing environmental data can be

found in OPS-FO. 14, Field Data Management.
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11.0 HEALTH AND SAFETY PLAN

A site specific Health and Safety Plan will be provided.
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Project: Rocky Flats Plant LOG OF BOR’NG No. .3-36
Date Drilled 10/2/86 Coordinates X 37348.3 E 1%6363.2
Boring Method Casing Driver Ground Surtace Elevation 5049.74:
engtration 4 oth
forc| Beonbrtrmd  waterarescrionon [iiinca| R | 20
20 40 20 40
U b.:}gu ROCKY PLATS ALLUVIUM AN R r_
I Y&t
'Q557 o0-3.0'-cuttings. GRAVEL: -
OQD- moderate brown (l10YR 4/4); -
- '8 2,] “60% granitic pebbles and
'<'70°'<’> cobbles; 40% sand and —
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o e —
e _
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(10YR 4/4): granite and
quartzite pebbles and -1
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moist. -
10.0-14.5'-0.1t£ings. .
GRAVEL: Same as above:; =
moist. -
ﬂ
—nl
-1
q
14.5-19.0'~Cuttings. -1
BOULDERS: quartzite -t
cobbles and boulders;
poorly sorted: =
unconsolidated; damp. e
—
—
———
—
] 1 1 1 N I S
\5 .
Remarks Logged by: T. Gulliver Checked bv; g._-\. -
Project Mo.
Hydro-Search, Inc.
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Project: Rocky Flats Plant LOG OF BORING NO. 336

. Date Drilied 10/2/86 ‘ Coordinates N 37348.3 E 1£363.2

Boring Method Casing Driver Ground Surtace Elevation :-.o -av
, cn,tgnion Cw r Other
lev.{ Depth i esistance o ;m Toat
feat){T Material Description (Blows/ Inch) ests

5“"] ¢ ype| Los . 20 40 20 40

v X=X R L

1 B2
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Q:lo 23.0~25.0'-Cuttings.

GRAVEL: Same as above:;
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25.0-28.0*'~Cuttings.
SAND: 1light olive gray
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LA L Lt bt ettt ettt it it i1

40 | I N
Remarks Logged by: T. Gulliver Checked bv: o
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|06P06222 Hydro-Search, Inc. Page 2 of 3




Project: Sociy Flats Plant LOG OF BORING NO. s
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q —
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60 I | I
Remarks Logged by: T. Gulliver Checked by: .-
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T 106P06222 Hydro-Search, Inc. Page 3 of 3




Golden, €O

LOCATION

106806222

PROJVECT

T, ulliver

PERSONNEL

Rocky Flats Plant

WELL
LOCATION or COORDS:
N 37348.2 E 1633.2

WELL =336

CONSTRUCTION SUMMARY

ELEVATION: GROUND LEVEL $ae e

TOP OF CASING o= VA

ORILLING SUMMARY:

CONSTRUCTION TIME LOG:

— 70

— 100

TOTAL DEpTH Well: 48.20" Hole: 57.00° rasKk —slf—*ﬂ EiNISH
B0REHOLE DIAMETER 3 5/8" QATE | TIME | QATE | TIwm
DRILLING: 1986 1986
DRILLER m]gs Brothers tm' ”gg Co. }m:mm 10/2 0900 10/2 13
/ 15865 W, Sth avemue, Golden, CQ_ i
(Subconcracted Arrow Drilling, Tom High)
RIG _Casing Advancer GEOPHYS. LOGGING: | _— — - -
BIT(S) Down_hole hammer CASING:
2" stainless 10/3 | 0950 | 10/3 100
ORILLING FLUID __tone '
'SURFACE casmc__c%ﬁu.j'_s_;egl_yj_mmng FILTER PLACEMENT] _10/3 | 1000 | 10/3 | ‘6?
WELL DESIGN: CEMERTING: e
» CEVELCPMENT: !
8ASIS: GEOLOGIC LOG _X GEOPHYSICAL LOG ___ | OTHER: :
CASING STRINGIS): C:CASING SzSCREEN Bentonite 10/3 10935 | _10/3 !0950
c.00' 2.9' Cl - 10/3 | 1600 | 10/3 | 1503
2.99' - 48.20"' SI - }
3 ) |

WELL DEVELOPMENT
See Well Developrent Summary Sheet

casiNGg: c1 2" I.D. Sch. 5 type 316, stain-
less gteel, threaded and flush

_jointed.

SCREEN: si 2" I.D. Sch. 5 cype 316 stain—

ess steel, threaded and flush
jointed, 0.010" wire wrap screen,
0.25' welded bottom cap.

COMMENTS:

No water encountered during drilling.

CENTRALIZERS __Type 304 stainless steel

43.47' - 64.70°

Top of stainless steel casing: 1.97'

FILTER MATERIAL _33~%42 silica sand

2,48' -49.30'

cemenT Portland Type 1

Q0. - 1.80"

OTHER 3/8" benromite pellets

1.8Q" - 2.,48"

49.30" - 97.0Q"

HYDRO-SEARCH renoeoenver

CONSULTING HYDROLOGISTS-GECLOGIST



Project: Rocky Flats Plant LOG OF BORING NO. .o

Date Drilied 9/16/86, 9/17/86, 10/9/86 Coordinates I 3733C.5 E 13178.5

Boring Method Casing Driver /NC Core Ground Surtace Elevatlon 50g81.71"
lev.] Depth ; Material D iot) YA :}1‘82 %ﬁ%t . 19’":'
feet] (teet)fTyped Log aterial Description (Blows/ Inch) esis
20 40 20 40
v Do o T T 11 T 1 1 1
- S E ROCKY PLATS ALLOUVIUM ' v —
'.‘70_9
= Q.54 0-8.0'-Cuttings. GRAVEL: ]
- -8 °<$Oi gray orange (lO0YR 7/6); -
bSp O] granite and quartzite
o %7.] pebbles and cobbles; scme -
- F“"f':‘c silt and quartz sand; -
1= poorly sortad:; _
DO’O" unconsolidated; dry.
o P
7] /o C B
= "o -
- a% —
—S — S o -
- L —
3 _
'OQD
o° ——
T2
DS ]
“*T1 8.0-13.0'-Cuttings. ]
. 420 GRAVEL: same as above: —
?‘5 wet.
ol —
- Py 4L -
. 0.%
—4—PpP% -
4 PO ~
0
—ee e O
,""O..':D . ‘ —1
- 0] 13.0-17.0'-Cuttings. -
Do 75’] GRAVEL: noderate brown —4
FSo (SYR 4/4); granite,
- > quartzite and muscovite -
feee |5 oS pebbles; some sand and —
p e silt; trace limonitic
- ) "¢~} clay; poorly sorted: -
A “,:o angular; unconsolidated; e
_ 9.00 damp. 4
f ° 17.0-20.0'~Cuttings. -
»9( ] GRAVEL: moderate brown
- ; - (5YR 4/4); 40-60%
700 OO quartzite cobbles: sandy j
D.".? and silty:; poorly sorted;
- Q'O"Q unconsolidated; damp. -1
3 =g
— a"
20 22, NN RN
Remarks Logged by: T. Gulliver Checked by : (IS A~
]
Project No.
106P06222 Hydro—Search, Inc. Page | of %




Project:  fady Flats e LOG OF BORING NO. .-

Date Drilled 9/16/86, 9/17/86, 10/9/86 Coordinates ¥ 37850.6 £ 1317%.

bW
- (0

Boring Method Casing Driver/NC Core Ground Surface Elevation <0c1.7.
O ation r
(Elev. Depth Material D . esistance &54§nt _?"’:'
teet) (feet) pr Log aterial Description (Blows/ Inch) ests
20 40 20 40
20 =] T 1.1 1 SRR
- O 20.0-29.0'-Cuttings. -
— < GRAVEL: wmoderate brown ~
(e C (5YR 4/4) granite and
- 220~ quartzite cobbles and =
- ) boulders, coarse to fine- -
iéd.‘oq grained sand and silt: _
- ’7;-,; 4 Poorly sorted: angular;
"Od" unconsolidatad; dry to —
O «~q damp.
)
- :V.opod —
— : "..'u —
- !D" —
0% ]
OO-
o - —
-
—
29.0-36.0'-Cuttings. -
GRAVEL: same as above: -
damp. _
a—
ﬂ
—
-1
ﬁ
-1
ﬂ
36.0-44.0'-Cuttings. B
GRAVEL: sanme as above: at
damp. —
ﬂ
—
: 1 1 ¢ ] 11 1 1 |
Remarks Logged by: T. Gulliver Cecked by Skt
: A=
Project Mo. i
|06P06222 Hydro-Search, Inc. Page 2 of 9



Project:

Rocky Flats Planc

LOG OF BORING NO.

Date Drilled
Boring Method Casing Driver/NC Core

9/16/86, 9/17/86> 10/9/86

Coordinates X
Ground Surface Elevation

37858C.6

E 13178

Flev. Depth
feet] (feet)

Material Description

enetration
esistance
(Biows/ Inch)
20 40

=T

20 40

QOther
Tests

Y]

44.0-52.5'-Cuttings.
GRAVEL: moderate brown

(5YR 4/4): ~40-60%
quartzite cobbles; silty
and sandy matrix:; poorly

sorted; unconsolidated;
damp.

j|

U
0
'IOQ, /
Qg-°

IPINEASHY

4 O“. e
Sa
o

‘2

el

$2.5-53.0'-Cuttings.

SAND: moderats brown (SYR
4/4); very fine-grained:
silty: poorly sorted:;
unconsolidated:; damp.

53.0-57.0'-Cuttings.
BOULDERS: moderate brown

(SYR 4/4); 60-70% granitic
boulders; silty gravel
matrix; poorly sortad:
unconsolidated; moist.

$7.0-63.0'~Cuttings.
GRAVEL: moderate brown
(SYR 4/4): 30-50% granitic
pebbles and cobbles; silty
sand matrix; peoorly
sorted; unconsolidated;

moist.

N

IR

[

1 O O I O N B B

L i 1.1

|

IS W O S T T WY Y T Y Y Y Y Y O O O O

Remarks

Logged by: T. Gulliver

Project No.

106P06222

Hydro—-Search,

Inc.




Project: Rociky Flats Plant

Date Drilled S/16/86, 9/17/86 10/9/86
Boring Method Casing Driver/NC Core

LOG OF BORING NO.

L6-36

Coordinates N :7330.5
Ground Surface Elevation

E 15178.8
8081.71"

.

5""" Depth Material Description

eet) (feet)

on u&ation

esistance

(Blows/ Inch)
20 40

Other
Tests

g

20 40

ouU

63.0-65.0'-Cuttings.
GRAVEL:
(S5YR 4/4): granite and
quartzite pebbles and
cobbles; clayey sand

matrix; poorly sorted:;
unconsolidated: moist.

65.0-80.0'-Cuttings.
GRAVEL: moderate brown
(5YR 4/4); silty sand
matrix; poorly sorted;
unconsolidated; moist.

30

moderate brown

R

Ll 1)

BRI

| T I O O O O Y O O O

Ll Lt bt bbbl bl il

|

1t 1 t.l

Remarks Logged by: T. Gulliver

(Checked bv: ég&

Project No.
106P06222

Hydro-Search, Inc.

Page 4 of 9



Project: Rocky Flats Plant

LOG OF BORING NO. s

Date Drilied 9/16/86, 9/17/86, 10/9/86
Boring Method Casing Driver/NC Core

Coordinates N 373850.&
Ground Surface Elevation

o =t a
- >4 c

- (0

-
1

.
BCEl.

+

on’ ation
esistance
(Blows/ inch)

20 40

Depth

(teoet) Material Description

Graat

-

20 40

Other
Tests

0 IR
80.0-88.0'~Cuttings.
GRAVEL: moderate brown
(SYR 4/4):; 70% granite and
quartzite pebbles and
cobbles; sandy; poorly
sorted; unconsolidated;
moist.

1

88.0-90.0'-Cuttings.
GRAVEL: moderate brown
(5YR 4/4); granite and
quartzite pebbles and
cobbles: silty:; poorly
sorted; unconsclidated:;
vet.

LARAMIE FORMATION

90.0~96.5'~-Cuttings.
CLAYSTONE: dark yellowish
orange (lO0YR 6/6):;
laminated; consolidated:
wvet.

b 35

97.0-102.0'-Sample.
Recovered 0.0/5.0°'.
Cuttings indicate a medium
light gray (N 6) claystone
with black (N 1) organic
wood fragments.

8111111

L Lt 1

i

R

N O O O T O T O O O A

| N W VO T U O T T T O O Y Y T O O N

|

Remarks Logged by: T. Gulliver

Project MNo.
106P06222

Hydro-Search, Inc.




Project:

Rocky lacs Planc

LOG OF BORING NO. <«

Date Drilled 9/16/86, 9/17/86, 10/9/86
Boring Method Casing Driver NC Core

Coordinates N 373890.6 b
Ground Surface Elevation =C21.

Elev.
(fest] (feet)[Type

Deofh

Material Description

%enetration
esigtance
(Blows/Foot)

20 40

S e

100

—

105

| I I B I

—
2071 |

i

102.0~105.0'-Sample.
Recovered 0.4/3.0'=13%.
RQD=0.4/0.4"'=100%.
CLAYSTONE: light olive
gray (5Y 5/2) to olive
gray (SY 3/2): medium
light gray (N 5) mottles;
dark yellowish orange
(10YR 6/6) limonite stain;
vertical fractures with
limonite stains; fine-
grained sand pocket in
center ©of core; some wood
fragments; firm; damp.

105.0-109.5'~Depth
correction. CLAYSTONE:
Same as above; danmp.

109.5-112.5'~-Sanmple.
Recovered 0.4/3.0'=13%.
RQD=0/0.4'=0%.

CLAYSTONE: Same as above:
iron concretions; damp:

112.5~116.5'-Sample.
Recovered 3.0/4.0'=75%,
RQD=0/3.0'=0%.

CLAYSTONE: medium gray (N
5) to light olive gray (5Y
5/2}) claystone; firm:
damp.

116.5-121.5'-Sample.
Recovered 2.7/5.0'=54%.
RQD=2.5/2.7'=93%.
CLAYSTONE: medium dark
gray (N 4): light olive
brown (5Y 5/2) to light
olive gray(SY 5/6)
mottles; some silt:;
vertical fracture:;
dry to damp.

firm:

B

[N

L1111

I |

|

N T O O W O |

|

O T T Y Y OO O 1Y Y O |

]

1

S D S

Remarks Logged by: T. Gulliver

(hed@dby:sig L__

Project No.

106P06222

Hydro-Search, Inc.




et LOG OF BORING NO. -

Date Drilled%/16/86, 3/17/86, 10/9/86 Coordinates N 27890.5 E 13178.5%
. Boring Method cag:ng Driver/NC Core Ground Surface Elevation <C81.71"

enetration aNa{er Other
Eiev.| Depth : ) %eststance optent
(feet) (feet)[Typel Log Material Description (BIO;OSIF%O zc{'%?“o Tests

Frrt LRI

121.5-126.5'~Sample.
Recovered 2.6/5.0'=52%.
RQD=4.3/4.8'=90%.
CLAYSTONE: medium dark
gray (N 4); trace silt;
unweathered: soft; sticky;
damp to moist.

| |

|

126.5-131.5'-Sample.
Recovered 4.8/5.0'=96%.
RQD=4.3/4.8'=90%.

I T O U

]

|

126.5-126.9': CLAYSTONE:
redium dark gray (N 4);
trace silt; calcite filled
fracture at bottom of
core; firm: damp.

L1 1.1

126.9-127.6'. SANDSTONE:
dark greenish gray (5GY
4/1) to dark medium gray
(N 3); very silty; fine to
nedium~-grained; moderately
to poorly sorted; slightly
calcareous; firm: moist.

A

| I |

131.5=136.5'-Sample.
Recovered 1.3/5.0'=26%.
RQD=0.5/1.3'=38%.
CLAYSTONE: Same as above:
damp.

]

1

136.5-141.5'~-Sample.
Recovered 2.3/5.0'=46%.
RQD=0.4/2.3'=17%.
CLAYSTONE: Same as above:
trace very fine-grained
sand beds 0.5' thick: very
firm; damp.

| 1 I

|

140 ™ I
Remarks [ogpad by: T. Gulliver Checked by: M

Project No.
|06P06222 Hydro-Search, Inc.

Page 7 of 9




Proiect: fodey Flacs Prant LOG OF BORING NO. s

Date Drillegd 5/16/86, 9/17/86, 10/9/86 Coordinates N 3725C.= z 13173.8
. Boring Method Casing Driver/NC Core Ground Surface Elevation 5051.71"
netration r y
, . %eeseastance claten: Other
Material Description (Blows/Foot) %? Tests

20 40 20 40
IR BRI

Ejev.] Depth
(feet}] (feet)

140

141.5-146.5'-Sample.
Recovered 3.8/5.0'=76%.
RQD=2.8/3.8'=74%.
SILTSTONE: medium light
gray (N 6); sandy:
interbedded with thin to
thick beds of fine to very
fine~grained SANDSTONE:
moderate sorting; silty:
abhundant convoluted
contacts; beds dipping at
30 to 50 degrees: firm:
damp to moist. :

L Lo b o lad g
1 Lttt dt

45"

146.5-151.1'-Samplae.
Recovered 0.5/5.0'=10%.
RQD=0/0.5'=0%.

SILTSTONE: Same as above
with some claystone:
sandstone laminations in
fragments; damp to moist.

Y ?

I |

(NN
)
Wt
ey
Ity

|

Yy

)
A

Hy

151.1~154.5'-Sanple.
Recovered 3.0/3.0'=100%.
RQD=0/3.0'=0%.

SILSTONE: Same as above
with very fine-grained,
medium gray (N 5) sand;
damp to moist.

Ly e Lo tbe gt s beda

| T O O Y O |

154.5~156.5'~-Sanmple.
Recovered 0.7/2.0'=35%.
RQD=0Q/0.7'=0%.

SILTSTONE: Same as above:
medium gray (N S) with
medium dark gray (N 4)
laminations of claystone:
firm; damp. 4

Ll

]

'h"ﬁ.‘%
iy
Witk

i
{
y
h

y
y

y gy
Wy
Wy
:"h“t.

L)
0

\
W)
\

(N
i
)

| I O |

|

. L J 1 1 | . N =~
Remarks [ogged bv: T. Gulliver Checked byﬁéﬁ:

Project No.

Rz Hydro—-Search,




Project: zociy Flacs Planc LOG OF BORING NO. w36
Date Drilleg 5/16,86,.3/17/86, 10/9/86 Coordinates N 3735C.8 E 13178.83
Boring Method Casing Driver/NC Core Ground Surface Elevation :scz1.71°
. anetration ager
Elev.] Depth Material Description %eswtance ag@i?m ?g:g
; (Blows/Foot)
(teet] (feet) AR 20 40
e,V F—“f,‘.-'_] I I I r r r T T I_J
— F71 156.5-161.5'-Sample.
-~~~ Recovered 5.0/5.0'=100%. —
] [=--4 RQD=4.0/5.0'=80%.
- =—==-1 SILTSTONE: Same as abcve =
T with interbedded silty -
- sandstone at 157.5' to
- 158.5' and 160.5' to =
161.5'; sandstone is —
- medium gray (N 4): silty: —
- very fine to fine-grained:
| laminated; cross-bedded; e
horizontal bedding -
- apparent; firm; tight:;
moist.- =
165" ] _
n emaead
] 161.5-166.5'~-Samplae. ]
— = Recovered 2.3/5.0'=456%.
— RQD=0.5/2.3'=22%. —
SILTSTONE: Same as al?ovc: _
- clayey; interbedded with .
claystone; thin (0.3') —
] calcite cemented sandy ]
— cement; moist.
— TOTAL DEPTH: 166.5° 7]
— 170
- —
. -
ntnd
— =
B -
175"
= -
- -
n -
—
—
180 ™ I IR
Checked by: g g‘é
Remarks Logond_- bv: T. Gulliver
Project No.
106P06222 Hydro—Search, Inc. Page 9 of 9




Golden, CO

LOCATION
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PROJECT
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WELL __=6-%6
WELL CONSTRUCTION SUMMARY
1 LOCATION or COORDS: ELEVATION: GROUND LEVEL —2081.70"
7 N 37890.¢ E 12.72.3 TOP OF CASING —2083.32"
DRILLING SUMMARY: CONSTRUCTION TIME LOG:
s ToTAL oepTHWell: 160.79' Hole: 166.30" TASK START FINISH
o] 2orenoLe DiaMeTER QOO - 96,50'; O 9/8" I DATE | TIME | DATE | Tims
4 94,3Q' - 166,3Q": 44" ORILLING: 1986 1986
J ORiLLer _Equies Brothers Drilling Co. %@éﬁ&@asmg 9/16 | 0840 | 9/18 | 1543
g 15865 W, Sth Ave., Golden, CO N Core 10/9 {_1100 | 10/15] 16as
(Tom High, Ro Reaming 10/20{_1030 | 10/20| 1510
riG L 797 7Ba70iAAs g advanceri90- X 3 qeopuys Logane:| _10/20] 1310 | 10/20| 51
aiTs) 0.00' - 96.50": Down hole hammer” | casing: '
1 26.30' - 166.50": Coring bit 5" sreel 9/16 1. Q84Q | 9/16 | 1643
d  priLLing FLup 0-00' - 96.50': Nome 2" stainless |_10/21] 1600 | 10/21| 163
d§ 96.50' - 166.50: air/water mist
SURFACE CASING Y x 98.5" steel w/ locking| AMLTER PLACEMENTY_10/21] 1645 | _10/211 1120
2 <an. CEMEMTING: 10/22| 1228 | _10/23 100G
4 WELL DESIGN: . 1 1130 oG
. : CEVELCPMENT: 04301030 1 11 /i31 1 10C
J  845IS: GEOLOGIC LOG _X GEOPHYSICAL LOG ___ | OTHER: !
CASING STRINGIS): C:CASING S3SCREEN Senctonite  |_10/221 1602 | 10/22| !6CS
0.00" _96.30' CI - 10/220 1140 | _10/221 115G
0.00'- 160.33' @ - _Packer cesting 10/16_0829 | _10/19] 103C
140.33% 160.79' S| -
- - |

WELL DEVELOPMENT
See Well Developrent Summarv Sheet.

casing: ¢12" I.D. steel syrface casing
c22" I.D. Sch. 5 type 316 stain-

¢3 less steel, threaded and flush
¢4 Joinged.

s1 2 I.D. Sch. S type 316 stain

s2less steel, threaded and flush
s3 Jointed, 0.010" wire wrap screen,

540.25' welded bottom cap.

CENTRALIZERS __1ype 304 stainless steel
150.49' - 151.66"'

SCREEN:

COMMENTS:

Water encountered at 60’ during drilline.

Top of stainless steel casing:2 17

FILTER MATERIAL _327%2 silica sand

_Cave from TD to 165.00'

138.90" - 163.00'
cement Portland Type T
0.00' - 138.90'

oTHER _3/8'" bentonite pellets

137.50" - 138.90'

63.Q0" - 165.00"

HYDRO-SEARCH renosoenver

CONSULTING HYDROLOGISTS-GEOLOGIST:



Project: Rocicy Flats Planc LOG OF BORING NO. -
Date Drilled 10/24/86, 10/27/86 Coordinates 1 2605 E 135184.2
Boring Method Casing Driver Ground Surtace Elevation &081.32'
enetration ater Other
(E’levt.] %ee%t:)’ T ra ] Material Description %Bﬁv::;:gg; cyé&{?m Tests
e
e yPey ~os 20 40| 20 40
U [ <01 RERER IR
- DA ROCKY FLATS ALLOVIUM B
;sbf.: B
“G ——
n QOQ 0-7.0'-Cuttings. GRAVEL: _
9.9.0] quartzite cobble gravel;
- .9- ] fines <5%, dry. -
Do ~
_ i?oi —
A AT
- Qboq -
—s NY -
- .0, ™ -
NP
5,-0.0- 7.0-8.0'=Cuttings. -
D S0 GRAVEL: moderate yellow=- -
- a2 ish brown (10YR 5/4):
59| moderate sorting; sub- -
. {2 94 rounded; dry. —
Q.5
:ao'."‘ ' -
3‘09: 8.0-10.0'=Cuttings.
- b.s 0oy GRAVEL: moderats yellow- =
_ P s ish brown (10YR 5/4): -
’.jb\;_-a 4 poorly sorted: subrounded:; _
1 s3) e
— 10 NS =
- D>+ 10.0-18.0'-Cuttings. B
'Q ] GRAVEL: moderats yellow- -
Do ] ish brown (lO0YR 5/4); 5% -
- 0.} silt:; 5-20% sand; poorly
‘o sorted; subrounded:; -
thin sand and silt units —
= 0.1-0.2' thick:; dry.
— 15 I

i -

- 18.0-42.0'-Cuttings. =
GRAVEL: wnoderate yellow- —
ish brown (10YR 5/4):

- quartzite cobbles and ]
boulders; granitic -
material common: fines

- <l%; . -

20 ary NN NN
ljemarks Logped by: T. Gulliver Checked by:_&&l
Project No. ’
l 106P06222 Hydro—SearCh, Inc. Page | of 5




Project:  fody lacs Plan LOG OF BORING NO. -
Date Drilled 10/24/86, 10/27/86 Coordinates 1 37860.9 E 15i84.1
‘ Boring Method Casing Driver Ground Surface Elevation <Ccl.z2’
enetration ater
Ejev.] Depth : Material D N esistance ag&{?nt .?;;’tesr
(feet] (feet)[Typed Log escriptio (Blows/Foot)
20 40 20 40
<0 RS T IR
O . —
Dy (N _
Ne.o
= P & —
'1606 p—
- 0. ""..°:.‘< -
e 5 .O°< —
- Jo _
an < ]
S O —
m oD%
,Oqu —
O
DQOC B
| SN _
D51
——30 ;..OQ‘ -
2K - I
- S U3
O _|
B b . —
(2 0 O
Qe —
- OQQQC f
S0 ¢ -
- o SV —
-}
- >Q°Q9 -
— 135 ".3"? 4
s .:_bi -',V°‘ —
_Ds?'_-? '
oAl -
2 -
— Q" o~ —
. ,g n
- PO& -
. [2000 7
— :.QJ.SQ -
40 i I I —
A
I Remarks Logged by: T. Gulliver Checked by, gi/—&
Project No.
106P06222 Hydro-Search, Inc. Page 2 of 5




Project: Focky Flacs Planc LOG OF BORING NO. -3

Date Drilled 10/24/86, 10/27/86 Coordinates N 3786C.3 E 13184.1 I
Boring Method Casing Driver Ground Surtface Elevation £C81.92'
%enetration CyVa er Other
: . . esistance o nt
(Ef'eeevt'] ?feec:tr)’ Material Description (Blows/Foot) (%) Tests
20 40 20 40
) R T T k
— 42.0-44.0'=Cuttings. 7
- SILT: moderate brown (SYR -
4/4); clayey; sandy; some -
- carbonaceocus fragments;
— subplastic; damp. ‘ ]
] 44.0-45.0'-Cuttings. _
- SAND: light brown (S5YR
5/6): fine gravel: -
] subrounded; dry. —
— .5 S 45.0-48.0'-Cuttings. -
/a2 GRAVEL: 1light brown (5YR _
= o()*] 5/6): poorly sorted;
: G subrounded; dry. -
B SN -~
— . -:' ﬂ
o) ]
— .0
0ead 48.0-56.0'-cuttings. -
_ DTN/ GRAVEL: 1light brown (SYR _
23 5/6): abundant cobbles and
— LNe] boulders; fines <S%; -
_ 0N 51 poorly sorted; subrounded; —
. 0 -o:"‘ =
405+ -
1 poldd 4
— 798 {
.00 —
‘2}0
— Ve —_
00 ( -
=55 "_Q!i': . ,
- d.ﬁ. $6.0-58.0'~Cuttings. 7
pa—===1 SILT: moderate brown (5YR -1
] 4/4); sandy; poorly —
] E==— sorted; fines <15%; ary.
= Segeteral -
4 58.0-59,0'~-Cuttings. -
pG-; .4 GRAVEL: moderate brown -
7 00774 (5YR 4/4); cobbles: fines
0005&' <1%; poorly sorted; dry. —
— e —
£ 835 [ B —
by
Remarks Logged bv: T. Gulliver Checked by gg{ Eﬂ
Project No.
|06P06222 Hydro—-Search, Inc. Page 3 of 3




Project:

LOG OF BORING NO. .=

Rocky Flats Planc

Date Drillea 10/24/86, 10/27/86 Coordinates N :7860.3 = _3134..
Boring Method Casing Driver Ground Surface Elevation =C8l1.:Z'
‘ : snetration ajer
Elev.| Depth Material D ot s stance C%ni?nt .‘?‘he"
(feet{ (feet) TYD Log ateria escription (BbWS/FOOO ( . ests
20 40 20 40
60 blg\:a BRI Foror
- DT 59.0-68.0'~cuttings. 7
S o~ ] GRAVEL: moderata brown -
Q3] (5YR 4/4); abundant B
] - “d‘ muscovite from 63.0-68.0';
= Fo-* -
D.".“Q
°- Q% —
— ozt =
NS -
ok —
N O~ ®
65 299 -
-t »&,S -
299 -
QA
B .A%;-_;_.%C{ o
o o
°0 Q-c _ ——
1 ISt 7]
o ~.] 68.0-78.0'-Cuttings. —
. .09-', GRAVEL: moderats brown -
0-~91 (SYR 4/4); silty: fines
— 70 d 10=30%; poorly sorted: -
— . dry. —
o
— ———
pe 75 - :
, —
- 78.0-93.0'=Cuttings. -
GRAVEL: moderate brown
(5YR 4/4); moderats brown -~
- (SYR 4/4); fines <5%; —
abundant cobbles: poorly
sorted; dry. =
- -
80 BEEN FEEEEE
. )
Remarks Logged by: T. Gulliver Checked by: M
Project No.
106P06222 Hydro-Search,




Project: Zociky Tlats Planc

ILOG OF BORING NO.

Date Drillea [C/26/86, 10/27/86

Coordinates

3786C.3

-
=
-

Boring Method Casing Driver Ground Surtace Elevation 37381 .:2'
enetration ager Other
(E,’“‘] ‘Material Description S“"tance C)X(i?nt Tests
eet (Blows/Foot)
20 40 20 40
BRI IR
ﬂ
—
———
- .
—
——
LARAMIE FORMATION B
93.0=100.0'=Cuttings. —
SILTSTONE: light olive .
gray (5Y 6/1); clayey;
well laminated; plastic: -
aoist. -
—1
ﬂ
ﬂ
* -
TOTAL DEPTH: 100' \ .
| | | . ;
Remarks Logged by: T. Gulliver Checked by g‘ ég_(
Project No. :

Hydro-Search,

106P06222




0

Golden,

LOCATION

106106222

PROJECT

T. Qulliver

PERSONNEL

Rocky Flats Plant

=0

LOCATION or COORDS:

N 3786C.° E L

U

WELL

WELL CONSTRUCTION SUMMARY

ELEVATION: GROUND LEVEL

- =36

)

318 22

4.,

)30
(D .

-
L

Qe ol oV

' X
PP W

AASISAN A

184.1 ' TOP OF CASING 298
DRILLING SUMMARY: CONSTRUCTION TIME LOG:
TOTAL DEPTH _Well: 94.49' Hole: 100.0Q' START FINtSH
; , = ot TASK
8OREMOLE D1aMeTERQL.0' - 53.50": 5 5/8 _ RATE | IIME | RATE | .
53.5Q' - 100.00': &4 7/8" ORILLING: 1986 1986
oRILLER __Bovles Brothers Drilling Co. ja&j/'ém 10726} 238 | o7t -
15865 W. 3th Averme, Golden, CO ancer ] _
(Arrow Drilling, Tam High) | .
R16 — Casing advancer GEOPHYS. LOGGING: | __— -~ =
iT(s) 00" - 56.00': Down hole hamer | casing:
3%6.00' - 100.00': Tricone bit 2" stainless |_10/27| _12Q |_1Q/271 i
DRILLING FLUID None ' -
SURFACE casING 5" x 5' steel w/ locking cap | mLTER PLAcEMENT_10/27]_1350 | _10/28] ¢
) 10/28] 0915 O/zsi =<
CEMEMTING:

WELL DESIGN: CEVELOPMENT: -
BASIS: GEOLOGIC LOG X_ GEOPHYSICALLOG __ | OTHER: ;
CASING STRINGIS: C:zCASING SsSCREEN Benconite 10/28 0900 |_10/28] _<C¢
0.00' _6.23" Cl - ‘ L
6.23'~ 9.49' SI - ;_

- - __
_ - WELL DEVELOPMENT
casiNng: c¢1_2" I.D. Sch, J cype 316 staim-
less steel, threaded and flush
jointed.

<] screen: st 2 L.D. Sch. 5 type 316 scaio-

-less steel, chreaded gnd flush
jointed, 0.010" wirewrap screen,
0.25' welded boctam cap.
CENTRALIZERS __Type 304 stainless sceel

COMMENTS:

87.56' - 88.79'

FILTER MATERWAL _32=%2 silica sand
4.60' - 95.00°

Lave from TD o 95

cement Bortland Type I
0.00' - 2,90 '

oTHerR _3/8" benconite pellecs

2.90' - 4.60°

HYDRO-SEARCH renoeoenver

CONSULTING HYDROLOGISTS-GEOLQGIS



Project: Rocicy Flacs Plant LOG OF BORIG NO.

Date Drilled 9/18/86, 9/19/86, 10/23/86- 11/13/86 Coordinates N 36025.2 E 15175.9
Boring Method Casing Driver/NC Core Ground Surface Elevation $056.58"

T S ————
, engtration r Other
Ffl::fl ?:’.‘.’,'3 Material Description (B&:/:f::r; %ﬁ&t Tests
20 40 20 40

U LR |

ROCKY FLATS ALLOVIUM

0-7.0'=Cuttings. GRAVEL:
noderats brown (10YR 4/4):
granite and quartzite
cobbles and boulders:
silty sand matrix:; poorly
sorted; unconsolidated;

dry.

7.0-9.0'=Cuttings.
BOULDER: large quartzita
boulder.

9.0-33.0'=Cuttings.
GRAVEL: moderats brown
. (10YR 4/4):; granitic

'~ pabbles and cobbles; 15~
308 sand; poorly sorted;
unconsoclidated; damp.

1

!
1

W I B

&

]

lllllLJJJJlJJlllllllllll‘lllllJJLllLllJL

L Lt ol

20 | ]

Remarks Logged by: T. Gulliver & T. Murphy ‘ Checked by:zggﬁ )

Project No.

106P06222 Hydro-Search, Inc. Page | of 11




Project  soa flas Flan LOG OF BORING NO. w=

Date Drilleds/i8/8, 9/19/86, 10/23/86 - 11/13/86 Coordinates N 36025.2 E 15173.9
Boring Method Casing Driver/NC Core Ground Surface Elevation 509¢.53

,Oﬂ ation Cw r 1 Other
.] Depth esistance o&fnt T
eeq (teet)[Type{ Log Material Description ‘B%‘“"fé“, SV ests
2 Pror R R ER]

|
&

Ll e b e b e b b e bbby

Li Lt e b1 i1 1 1tii11

AN
A
-

|

|

o]

O Q!
0O
L

: O.
W e
(
]

| O A |

33.0-35.0'-Cuttings.
BOULDER: large quartzite
boulder.

Lo d o el e
]

(W)
wn

) 33.0-46.0'~Cuttings.

o. GRAVEL: moderate brown
°. (10YR 4/4): granitic

> pebbles and cobbles: 15-

Cie ] 30% sand; poorly sorted;

*2'ed unconsolidated: damp.

'
()
L1l 141

i

111t

-
-
gﬁ
-
g}
&J

Remarks Logged by: T. Qulliver & T. Murphy

Project No.

106P06222 Hydro-Search, Inc. Page 2 of 11 ﬁ




Project: Rocky Flats Plant

LOG OF BORING NO. .

Date Drilled 9/18/86, 9/19/86, 10/23/86 - |1/13/86Coordinates N 3g025.2
Boring Method Casing DriverNC Core

51
Ground Surface Elevation s0ce

E 15173.3

-~y
Lol

o w
enetration r Other
lev.] Depth : esistance o&?nt
“gq (feet) Material Description (Blows/ Inch) | Tests
. 20 40 20 40
40 T |
— —
—1
- —-—
-
— —
— -
— e
- =y
m .
—— —
46.0-60.0'~Cuttings.
- SAND: moderate brown 7]
= (10YR 4/4); 20-30% -
—_ granitic pebbles and -
cobbles; sand and silt
- matrix; poorly sorted; “
uncorisolidatsd; moist to -
- vet.
. -
—-m —
n -
- -
—q -—
5 s
] i
d -—
- -
~ -
pu— -
- -
p— w—
0 ] : p Lt b T
Remarks Logged by: T. Gulliver & T. Murphy Checked WM
Project No.
106706222 Hydro-Search, Inc. Page 3 of 11




Project: Rocky Flacs Plane

LOG OF BORING NO. =

Date Drilled 5/:8/8, 9/19/8, 10/23/8 - 11/13/36 Coordinates N 36025.2 E 15175.3

Boring Method Casing Driver/NC Core

feet] (teet){Typ

lov.* Depth !

Log

Material Description

esistance

(Biows/ inch)
20 40

Ground Surface Elevation 50956.68'

Tests

_W Other

20 40

&

—_—

bbb ae Db ba el

1

)
o

=75

Ldaod o b a b b baba b by

5

60‘0-70.0'-Cuttinqs.
GRAVEL: woderata brown
(10YR 4/4); 50-60% granite
and quartzits pebbles and
Cobbles; silty sand
matrix; poorly sorted:
unconsolidated; wet.

LARAMIE FORMATION

70.0-74.0'~Cuttings. -

CLAYSTONE: light olive
gray (SY S/2): laminated;
soft; wvet,

74.0-79.0'~Sample.
Recovered 0.3/5.0'=68%,
RQD=0/0.3'=0%.
CLAYSTONE: medium light
gray (N 6/0): abundant
wood fragments; trace
silt; abundant fractures
with limonite stain
{10YR 6/6); soft to
moderataly firm; damp.

79.0-84.0'~Sampls.
Recoverad 2.8/5.0'=56%.
RQD=2.6/2.8'=913%.

|HRERE

SN

IR BRI

LA Lt 11141

LA 4 411111

L i1l 111141

|

J_1 1 1 1

Remarks Logged by: T. Gulliver & T. Murphy

Checked by: Qé\z

Project No.
106P06222

Hydro-Search, Inc.

Page 4 of 11




Project:  fouy Flats Planc LOG OF BORING NO. s

Date Drillea 9/18/86,9/19/86, 10/23/86~ 11/13/86 Coordinates N 36025.2 F 15175.2

Boring Method Casing Driver/NC Core Ground Surface Elevation 605G.28°
enetration er

Depth ~ esistance %ﬁ?nt 10.;23;

{teot) Material Description (Blows/Foot) %

20 40 20 40
T 1T 1 T T b

%0 79.0~81.2': CLAYSTONE:

same as above; yellowish
gray (SYR 7/2): soft: iron
stained. 81.2-82.2':
IRONSTONE: dark reddish
brown (10R 3/4); mottled
vith olive gray (SY 3/2)
claystone; grades into
yellowish gray (5Y 7/2)
to light gray claystone
at 82.3 to 84.0'; trace
silt; abundant vertical
and horizontal fractures
vith limonite stains
(10YR 6/6); firm to hard;

'

!
|

.‘.0-.9.0'*5‘»1‘.
Recovered 5.0/%.0°'=100%.
RQD=3.6/5.0'=72%.
CLAYSTONE: medium light
gray (N 5/0) to medium
gray (N 4/0); silty in
places; vood fragments;
subvertical and hori-
zontal fractures vith
limonite stain (10YR
6/6): no apparent bedding;
highly fractured: soft to
noderately firm; damp.

(oL rregdd

L1 1

|
8

PR 1 T W T T O I T Y

89.0-94.0'~-Sanple.
Recovered 4.0/5.0'=80%.
RQD=4.0/4.0'=100%.
89.0~90.8': SILTSTONE:
sediun light gray (N 4/0):
fine sand and clay:; grades
down into claystone;
subvertical fractures (60-
80°) to subhorizontal
fractures: firm; damp.
90.8-94.0': CLAYSTONE:
sane as 84.0-89.0';
fractures at 92.4-94.0';
coated vith limonite stain
(10YR 6/6): firm; danmp.

I |

N O O O Y Ty |

94.0-99.0'-Sample.
Recovered 4.6/5.0'=92%.
RQD=2.8/4.6'=61%.
CLAYSTONE: sane as above;
light olive gray (S5Y S5/2):
numerous horizontal and
subhorizontal thin
ironstone and limonite
layers (<.01") with

| S

1

. J 2 S I I O I I |
l Remarks Logged by: T. Gulliver & T. Murphy Checkad bv: W

L“““?éém’f?iz ' Hydro-Search, Inc. Fage > of 1l




OF BORING NO.

Project: Rocky Flats Planc

Oate Drilled 9/18/86, 3/19/86, 10/23/86- 11/13/86 Coordinates N 36025.2 3
Boring Method Casing Driver/NC Core Ground Surface Elevation &

‘ ‘ enetration cyga{

Elev.] Depth n . esistance
(teet)] (feet)[Typ Material Descriotion ‘B"’;@’F%" %

(@]

ar Other
n
? t Tests

B ISR

g

ironstone fragments;

altared wvood fragments;
interbedded fine sandy
clayey siltstone beds;
0.8' thick; firm; damp.

99.0~-104.0'-Sanmple.
Recovered 1.4/5.0'=28%.
RQD=1.0/1.4'=71%.
SILTSTONE: light oclive
gray (SYR 5/2) to mediunm
light gray (N 5/0); trace
very fine sand:; clavyey:
limonite fractures
(horizontal).

| O T O O O O B O |

et O

1

104.0-109.0'-Sample.
Recovered 2.9/5.0'=58%.
RQD= 1.9/2.9'=m66%.
CLAYSTONE: light medium
] gray (N 4/10) to dark
Yyellowish orange (10YR
" 6/6); numercus
subhorizontal limonite
stained fractures; soft;
damp to moist. s

|

|

HEEEENE e TN N
Ll 1l

|

T
1

109.0-112.0'-Sampla.
Recovered 3.0/3.0'=1008%.
RQD= 2.9/3.0'=97%.
SILTSTONE: medium gray to
dark gray (N 4/0 to N
3/0); trace sand: clayey:
carbonacsous:; occasional
thin claystone beds: :
yellowish gray (5Y 7/2)
concretions; slightly

- calcareous.

| T |

Ll b Loty
]

i

Depth correction: total
depth of borehole=114.2'.

]
¥

Jg

=] 15—

)
I:I
»u
N

o
LN

114.2-117.2"'=-Sample.
Recovered 2.9/3.0'=97%.
RQD=0.7/2.9'w24%.
SILTSTONE: same as above
with sandy laminations;
calcite cesmented layer
(0.2"); few yellowish gray
(5Y 7/2) concretions:;
firm: damp.

R
o
R
LN AN

)

W N N Y W

1

ol bl

l

—
120

Remarks

| N

vt T. Gulliver & T. Murphy Checked b”‘:&.
Project No.
1G6P06232 Hydro-Search, Inc. Page 6 of ||




Project:

LOG OF BORING NO.

48-26

Boring Method Casing Driver/NC Core

Date Drilled 9/18/86, 9/19/86, 10/23/86 - H/13/86Coordlnltes N 36025.2 E 15175.
Ground Surface Elevation 60%6.5

lev.] Depth
(Efeeevt] (feet)

—
O

['e]

Material Descriotion

%enetratlon
asistance
(Blows/Foot)
20 40

Cther
Tests

120

i

|

AN N M A N MR N AN MR MMM M

S

o
S8

JCI0CICIC0)(

CJCIUM

MMM

4.4

SO AA AL

A

1
(]

W
b,

T

N

Gl

ICJCICICIUC UL S

ploioisioidin]y

ﬁ 4

p

plgioidivinpivoividioinely

P9
pld

halall

ICILIUIL I
b

JLILIN

M

A0 30 3 0 D0 0N 30 0 00 00 0 D0 M B 0 00 30 0 H JE K JC
GO IOOLUICCICLILIOUILCIOOOLCICICICL
B0 G A0 30 30 04 0 L

JOLJOUOOIOOO OO OO0OL

ToTuTe o Te T Te e T e T T T Tt e T o T T T T Dot T T T o
SUL I 30 30 30 D 36 W0 N W0 WL 000030 JC M X

L0000 U0 D 0 0 JE O M 0 O W

DL SCAL ML OOV U0 ILUILICIO0 IO

JOOO0OOO000GOHOOOOOLLOL

i

ACICIC L IC UL T AL 100 W OO M K X

JUUOIUOULUIL L

20 K 200 20 D0 M

L

EICI0I0 OO L)

}

117.2-122.2'-Sanmple.
Recovered ¢.6/5.0'=92%.
RQD=3.5/4.6'm76%.
SILTSTONE: dark to medium
gray (N 5/0 to N 3/0);
interbedded layers of
silty sandstone; sandy
siltstone and clayey
siltstone; bed 0.1

to 0.2'-thiek:
carbonaceocus; calcareous
trom 121.0-122.2'; bedding
dips from 40-50° in

upper 117.2-119.0' then
shallovs to 1520° in
upper 117.2-119.0' then
shallovs to 1520° at
bottom of core; flaser
bedding characteristics:
fira; damp.

122.2-127.2'-Sample.
Recovered 1.6/5.0'=328%.
RQD=0.7/1.6'm44 .
SILTSTONE: sanme as abovs:
damp to moist.

127.2-132.2'-Sample. .
Recovered 5.0/5.0'=100%.

-RQD=3.2/5.0'=64%.

SILTSTONE: nmedium gray
(N 4/0); trace sand;
Clayey:; vertical and
horizontal calcite filled
fractures at 128.5129.5°';
carbonaceous fragments:
bedding appears massive;
firm to hard:; danmp.

132.2-137.7'-Sample.
Recovered 4.0/5.0'=80%.
RQD=0.0/4.0'=0%.
SILTSTONE: medium light
gray (N 6/0); clayey;
sandy:; interbedded layers
of silty sandstone: very
fine-grained; tight; firm:
damp.

137.2-142.2"'-Sample.
Recovered 5.0/5.0'=100%.
RQD=3.2/5.0'=64%.
137.2-138.0': SILTY
SANDSTONE: very fine-
grained:; cemented with
calcits.

IBR R

D B

Porobord

1 T T O W T T W O O O Y I 0 s O O B B B B |

| O I Y O |

|

| Remarks

logged by: T. Gulliver & T. Murphy

l Project No.

106P06222

Hydro-Search,

Inc.




Project:

Rocky Flats Plant

LOG OF BO

NO.

RING

4836

Boring Method Casing Driver/NC Core

- -

Date Drilled 5/18/86,9/19/86, 10/23/86 - 11/13/86C00rdinates N 38C25.2 g 13173.3
Ground Surface Elevation £0%5./8'

Elev.
(feet]

Depth
(feet)

Typel

Log

Material Description

snetration
esistance
(Blows/Foo

20 40

S

20 40

Qther
Tests

¢

it

|

160

Cle b et ba Do bbb e baly

I

| Remarks

:‘*l"l o
130,000
(it

)
i

i

B

JC

i

JUI 0
LICILICI0ICIC

I

LI
b/

N

_SANDSTONE:

138.0-142.2': CLAYPRY
SILTSTONE: concretion
layer at 138.2 to 138.8';
subvertical calcite vein
at 139.0; firm; danmp.

142.2-147.2"'~Sample.
Recovered 4.6/5.0'=93%,
RQD=1.6/4.6'=35%.
SILTSTONE: nmedium dark
gray (N 4/0); trace sand;
Clayey; carbonacecus
layers.

147.2-152.2'~-Sampile.
Recovered 3.9/5.0'w788.
RQD=1.3/3.9'w33%.
147.2=151.3': SILTSTONE:
sane as above; firm; damp.
151.3=152.2': SANDSTONE:
silty; laminations of
siltstone;: very fine-
grained; convoluted
bedding: 20°-30° dip: firm:
danp.

152.2-157.2'- Sample.

Recovered 4.3/5.0'=86%.

RQD=1.2/4.3'm28%.
152.2-153.0': SILTY
as above.

153.0-157.2': SILTSTONE:
medium gray (N $/0):
clayey; trace sand:;

carbonaceocus; firm; damp.

157.2-162.2"'-Sample.
recovered l.4/5.0'= 68%.
RQD=0.6/3.4"'=18%.
SILTSTONE: same as
danp.

above:;

I

Lt 1!

IR

1)1

) S 1 Y O O O O O |

O e |

S [ S S S O Y O |

| I OO S O O

Logged by: T. Gulliver & T. Murphy

I Project No.

106P06

222

Hvdro—-Search. Inc.

Page 8 of I




Project:

Rocky Flats Plant

Date Drilled 9/18/86, 9/19/86, 10/23/86 - 11/13/86C00rdinates N 36025.2

Boring Method Casing Driver/NC Core Ground Surtace Elevation &C

. en tl;a;lgg c»g Ie‘r" Other
Ef’“t'] ?feepett'; Tre Loq. Material Description (B?osw‘s/:'oot.) 3] Tests
(fee Y a 20 40 20 40

=y —_—— 1SRRI EE
— = n
. -y
= e
—— 162.2-167.2'-Samplae. .
_ o] Recovered 4.0/5.0'=808%. -—
4 A RQD=0.8/4.0'=20%. -
o S SILTSTONE: same as abaove;
- < alternating layers of -
clayey siltstone and sandy -
- = siltstone; beds average
] G 0.25' thick; appear to be —
, - close to horizontal; firm; ]
e | 6 St > damp.
-~ ; —
. \ -
. -y
- ::::j:_': lST.Z-l?B.O'-Sapl.. -
- ] Recovered 1.0/6.0'=17%.
ZZZ RQD=0.0/1.0'=0%.
- #=7=3 SILTSTONE: medium dark -
— #7A4 9gray (N 4/0); clayey;
. Z===] trace sand: abundant .
. - :};:, carbonacsous fragments: -
- F=~=] moderately firm;
== dan
70— S P on fresh surfacs. -
- o .
— o _
] 777 173.0-178.0' =sanple. -
- Zrr=] Recovered 4.3/5.0'=86%.
_ =] RQD=3.4/4.3'=798%. =
=] SILTSTONE: same as above; -
- =4 damp. _
4 :-.-
175 = .
— Ao -
- =
— R 178.0-183.0° -Sample.
- =] Recovered 4.0/5.0'=80%. 7]
: ===4 RQD=1.2/4.0'=30%. —
n —e-—] SILTSTONE: same as above —_
— -:::::— with coaly layer at 179.3'
_ S to 179.7': highly =
. Sr] fractured from 181.0-
n-‘-_. . 0: H .
{ 150 - e 183.0 firs: danmp I [ ! -] ((
rRemarks logged by: T. Gulliver & T. Murphy Checked by
Project No.
L 106P06222 Hydro-Search, Inc. Page 9 of !




project:

Rocky Flats Plane

LOG OF BORING NO,

4836

Boring Method Casing Driver/NC Core

Date Drilled 9/18/86,9/19/86, 10/23/86- 11/13/86Coordinates N 36C25.2 g 135175.23
Ground Surface Elevation 60¢€.53"

Elev.| Depth

(teet)

(feet)[Typ

Log

Material Description

%enetratlon
esistance
(Blows/Foot)
20 40

G

20 40

Qther
Tests

{80

B I T I

1 |
111[111!1?11111[111?

&
|

10303414142

14

iy

Pl

i

i

5555]([[[[)[

CJO0000I0
];55 JOICICICI 00 )

4
p |
[

L

b
[
b/

s‘st" : f"‘; )

\
3

\
iR
NN

INNNNNN

NI
NN
I

(sloleleld

1ele1e41ed

S

183.0-187.0'-Sample.
Recovered 2.7/4.0'm68%.
RQD=0.5/2.7'=19%.
SILTSTONE: same as above:
clayey:; highly fractured
throughout: firm; damp.

187.0-192.0'-Sample.
Recovered 3.9/5.0'=788%.
RQD=0.0/3.9=0%.

SILTSTON®: sawme as above:
less clay-rich:; trace very
fine-grained sand: coarser
silt: fractured: damp.

192.0-197.0'-Sample.
Recovered 4.2/5.0'm=84%.
RQD=3.0/4.2'=718%. -
SILTSTONE: similar to
above: coarser grained;
lass clay: trace very
fine-grained sand; grades
to interbedded silty
sandstone and sandy
siltstone at 194.5';
thin to thick bedded;
highly convoluted
contacts; abundant pene-

- contemporanecus deforma-

tion chartacteristics;
bedding appears flat:
tirm; damp to moist.

197.0-202.0'~Sample.
Recovered 5.0/5.0'=1008%.
RQD=1.1/5.0'=22%.
SANDSTONE: medium dark
gray (N 4/0); fine to very
fine-grained; silty, :
interbedded with siltstone
and sandy siltstone; thin
to thick bedded:;
convoluted;: S0% sandstone:

S0% siltstone:

tirm to

soft;

vet,

1R

D

IR

| A O [ T U I O O

|

| |

L1l

||

0 O

il

|

|

N |

I Remarks

Logged by: T. Gulliver & T. Myrphy

Checked bv:

N

Project No.
10606222

P

Hydro-Search, Inc.

Page 10 of 1!
S




Project:

Rockv Flats Plant

LOG OF BORING NO.

L5-36

Boring Method

Casing DriverNC Core

Date Drilled 9/18/86, 9/19/86, 10/23/86 - 11/13/86 Coordinates N 36C25.2 E
Ground Surface Elevation

Depth

(feet){Typ

Log Material Description

%anetration

esistance

{Blows/Foot)
20 40

QOther
Toests

202.0-207.0'-Sanmple.
Recovered 4.6/5.0'w92%.
RQD=2.8/4.6'w618.
SANDSTONE: medium light
gray (N 6/0); very fine to
medium-grained; poorly
sorted: interbedded with
siltstone and clayey
siltstone: flaser bedding
common; beds range

from .001'to 1' in
thickness; firm: wvet.

207.0=212.0'-Sampls.
Recovered 4.2/5.0'=84%.
RQD=0.9/4.2'=21%.

207.0-208.3': SANDSTONE:

saRe as above.

208.3212.0': SILTSTONE:
dark gray (N 3/0):
interbedded vith mediun
gray (N S/0); coaly:
bedding is convoluted:
appears horizontal.

IR

[ O T S O O O O Y |

l

L1 1

| I T O W

TOTAL DEPTH: 212.0'

| .

r._

| W O O T A |

I O O

| —

Remarks

Logged by: T. Gulliver & T. Murphy

o |
¢

Project No.
106P06222

‘ Hvdro-Search.

Inc.

Page |1 of I}




Plant

Flat

T, Qulliver/T. Murphy

LOCAT:ON

106P06222

PROJECY

PERSONNEL

b

WMALRRRRRG ALY

AN

LOCATION or COORCS:
N _36025,2 ¢ 13179

WELL

WELL CONSTRUCTION SUMMARY

ELEVATION: GROUND LEVEL —=2028.°
TOP OF CASING 2020, °

B3¢

-2:
-

AAREARERRERREREEUERUREENRREN RN

=50

.75

NN rTrrrrmmnmryrrrrrrrraaaaarrr

R LI NN AN

ALELTLLALILLTATAALAALILLHALALAAHATLLATHALARLA LA RARR TN

DONN

LILATALTIALAARLRSARARM AU

N

DMAN

DRILLING SUMMARY:

CONSTRUCTION TIME LOG:

NN
DMMHIMIDINN

I
[or
O
(

I
N
OTR,E,OOOE

'
RIS

I

L A N A T R R TRHRIRI ) 3. 7 T

~ AN

=200

Ly

| 22

TOTAL DEPTH Mell: 207.07' Hole: 238.00" START EiNisn
) 1] " TASK
8OREMOLE DiameTer 3.00° = 78.30': 5 5/8 I RATE | IIME | QATE | I'wm
78.00' -212.00": & 3/6" 212.00' -238.00": 4} pRiLLiNG: | 1986
ORILLER __Boyles Brochers Drilling Co. 5 5/8" casi 9/18 | 1026 {9/19 | 111¢
15865 W. Sth_Averwe, Golden, OO Eié";’ 10/23 | 1310 |10/28 | _isx
(Tom High, Robert Roach) _ Reaming /1311800 | 11/i3 | 18X
e 2 &Jza-‘;girm%mg advancer’ 8. GEOPHYS. LOGGING: | __— | = | — -
miTis) 000" - 78.30" : Down hole hamrer; 78.30'l casing: .
~212.00': Coring bic; 212.00' - 238.00: 5" steel 9/18 | 1026 19/19 | 11
0.00' -78.30": Nore 2" stainless | 11/]4 |OB38 |11/14 | 090K
ING FLUI ove 99
ggg'- Bégéf: Air Asacter mist to drill,
SURFACE CASING m:"x 78,4 steel w/ ‘mgmq FLTER PLACENENTY _11/13 | 1631 | 11714 | 1342
. 11/171 0857 | 11218 | 114z
cen :
WELL DESIGN: EMENTING
_ CEVELOPMENT
8451S: GEOLOGIC LG —an GEOPMTSICAL LG . | OTHER:
CASING STRINGISE: C:CASING SsSCREEN _Bentonite /11 1630 | 11/14 | 164t
0.00' _78.40' CI - 11/13] 1600 | 11/13 | 1831
0.00'- 191.99' @ - Packer testing 10/2910730 |11/3 | 103
191,99'- 207,07' Sl -
- _ WELL DEVELOPMENT
- - See Well Development Summary Sheet.
casing: ¢1 3" 1.D. steel surface casing
c22" 1.D. Sch, 5 cype 316 stain-
less steel, chreaded and flush
screen: 81 20 1D, Sch, 5 Cype J16 stain-
Jess steel, threaded and flush
iginced, 0.010" wire wrap | COMMENTS:
screen, 0.25' welded bottam cap. | _No wager encountered during drilling.

CENTRALiZERS Type 304 stainless stesl

199.27" - 200.47"

I E .] 1 . . 2-6-0'

AILTER MATERIAL J2-%2 silica sand
188, 50' - 209.Q0'

Sell bailc rhroueh 4" casi

cement __Portland Tyvpe 1

0.00' - 186.00'
oTHER _3/8" bentonite pellets
186.00' ~ 188.50°'

209.00' - 238.00'

=250

HYDRO-SEARCH rencecenver

CONSULTING HYDROLOGISTS-GEQLOGIST



Project: Rocky Flats Planc ILOG OF BORING NO. s

Date Drilled 10/16/86 Coordinates N 36000.5 E 135175.7
Boring Method Casing Driver Ground Surface Elevation 5096.32'

Besdtanes é’!ﬁﬁat Qther

Elev.§ Depth o .
(teet] (feet){Typel Log Material Description (Bb;vos/F%t) 25" 40

| LR

)
ROCXY PLATS ALLOVIUM

0=7'=Cuttings. GRAVEL:
moderate brown (SYR 4/4):
silty; abundant quartzite:
micaceous; 2% gravel
limonita coated:; dry.

W T A I O Y I B

7.0-13.0'=Cuttings.
GRAVEL: Same as above
vith no limonite coatings;

dry.

I O I |

)\

|

13.0-16.0'~Cuttings.
GRAVEL: moderate brown
(SYR 4/4); silty: sandy:;
poorly sorted; subangular:;
20-30% fines: damp.

| |

]

16.0-26.0'~-Cuttings.
GRAVEL: moderate brown
(SYR 4/4); silty: sandy;
108 silt; 30% sand; poorly
sorted; subangqular; moist.

|

| Y |

>l

20
Remarks Logged by: T. Gulliver
' Project No.

|06P06222 Hydro-Search, Inc. Page | of 4
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Project:

Rocicy Flats Plant

LOG OF BORING NO. s

Date Drilled

10/16/86 -

Boring Method Casing Driver

Coordinates y 36000.5
Ground Surface Elevation

edaYe

8Cc6.32"

E 15176.7
32

netration

e ater Other
DeothLaw-c%m : %esastance C"gi nt
(teet)[Type] Log Material Description (Blows/Foot) {1 ? Tests
20 40 20 40
20 = QN2 ISR LR
. o\, -
TS 3
. —
——25— "“é": —
- 200:0)  26.0-32.0'<~Cuttings. -
. GRAVEL: moderata brown _—
(SYR 4/4); silty: abundant
- >N boulders: 5% silt; moist. ]
— : Xe . k =
— 30— AQ: -
7] 29
- S0 32.0-38.0'-Cuttings. -
PR GRAVEL: Same as above: -
N -'.0.%}9- silt St; sand 10%; moist.
p— >0 —
> 0%
RSS2 _
_ TR
BARY i
.Qg
= :'.'Q -
— 15 S -
- .O.Q. -
ogUﬂ -
- i -
b .D
Qe _
o.c'J
- .p&é —
N N
N 38.0-40.0'-Cuttings. —
. DO GRAVEL: Same as above: —
40 SRS fines <1%; dry. 1t 111 A
Remarks Logged by: T. Gulliver Checked wé&"
Project No. l
106P06222 Hvdro-Searech. Inc. Paoe 2 of 4



Rocky Flacs Planc |LOG OF BORING NO. <=

Date Drilied 10/16/86 - Coordinates N 26000.5 E 15176.7
Boring Method Casing Driver Ground Surface Elevation spcg.92!
‘ enetration ajer
Elev. Depthga-,-ﬁL,dt Material D ot %eselstance %pl?m TO_thter
(teet] (feet)[Type] Log aterial Description (Blows/Foot) ests
20 40 20 40
«U A} SRR LR
- 72,5 40.0=-49.0'-Cuttings. -
&S| GRAVEL: moderate brown -
SO (SYR 4/4); silty:; sandy:
— %s’c?’-: poorly sortad; subangqular: -
[ e-0'q silt 20%; sand 20-30%; -
?’.".Q‘. ':C mi.t .
po— )SBQ —
w0 Y
M) -
=4 A=Y -
- QG
- :.:.- . =
- OQQC ]
Ce w9 -
1 B _
D99
- N =
e ‘.,,:.§‘;.. =y
49.0-50.0'=-Cuttings. -
SAND: light brown (S5YR -
5/6): fine-grained; well
sorted; subrounded; damp. -
50.0-56.0'-Cuttings. 7
GRAVEL: moderate brown -
(SYR 4/4);: sandy: silty; '
gravel 10-20%; sand 20-
308; poorly sorted; =
subangular; moist. —_
7
$6.0=87.0'-Cuttings.
GRAVEL: moderate brown -
(SYR 4/4); coarse, sandy
gravel; moderately vell =
sorted; rounded; vet. -
ey
$7.0-64.0'=Cuttings. -
GRAVEL: moderate brown
(SYR 4/4); silty: sandy: =
silt 10%; coarse to -
n«:im—grainod sand 20~ .
- 30%; subrounded; wet. =
; 60 | ve NN N
Remarks Logged by: T. Gulliver Checked by:
Project No. | ‘
106P06222 Hvdro-Search, Inc. Page 3 of &




Rocky Flats Plant

LOG OF BORING NO. -«

Date Drilled
Boring Method Casing Driver

Coordinates N 36000.5

Material Description

enetration
esistance

(Blows/Foot)

20 40

&

' I

|

L r s
KN
WHNH &

ru

L
iy

"
]

i

'y

64.0-66.0'-Cuttings.
GRAVEL: moderatas brown
(SYR 4/4): sandy; silty;
fine to medium~grained
sand 20%; silt 30%; wvet.

66.0=67.0'=Cuttings.
GRAVEL: moderats brown
(5YR 4/4); silty: sandy:
20% gravel; 30% medium-
grained sand; poorly
sorted; very vet.

67.0-67.5'=Cuttings.

CLAY: nmoderate brown (SYR

4/4); sandy: silty:
plastic; soft; wvet.

67.5-68.0'-Cuttings.

SAND: moderates brown (SYR

4/4) ; gravelly; silty s%;
vet.

LARAMIE FORMATION

68.0-~69.0'=-Cuttings.
CLAYSTONE: light olive
gray (SY 5/2): subplastic:
damp

.

69.0~70.0'-Cuttings.
SILTSTONE: light olive

gray (5Y S/2); subplastic:
damp

70.0-74.0'~Cuttings.

CLAYSTONE: nedium gray (N

5): laminated; damp.

TOTAL DEPTH: 74.0°

BRI

|

Remarks Logged by: T. Gulliver

~

Project No.

Hvdro-Search

Inc.

E 15176.7
Ground Surface Elevation 5096.32"

I

| O O I O A O |

| S W T S Iy O O T

S N W O O I |

|

L1l

1 1

i

}—
-

Checked by:




Colden, €O

T.

LOCATION

106P06222

Rocky Flatg Plant

PROJECT

Qulliver

PERSONNEL

el O

20

5

WELL 43236

WELL CONSTRUCTION SUMMARY

DRILLING FLUID —_None

LOCATION or COORDS: ELEVATION: GROUND LEVEL —SQ2€.52
N _36000.5 E 151767 TOP OF casiNG —S038.2C"
< | DRILLING SUMMARY: CONSTRUCTION TIME LOG:
ToTaL DEPTH Mell: §7,60' Hole; 74.00' TASK START ENisH
BOREHOLE DIAMETER 3 5/8" , DATE | TIME | RATE | T!M
ORILLING: 1986 1986
oRiLLER __Bovles Brothers Drilling Co. %ﬂm 1071610900 | 10/16 | I35t
15865 W, 5t Averue, Golden. QO i ‘ ‘
{arrow Drilling, Tom High)
RIG — Casing advancer GEOPHYS. LOGGING: | _— | _— | — —
BIT(S) WD hole hammer CASING:
2" stainless |_10/17f 1230 | 10/17 [ 124

SURFACE casING "' x 4.40' steel w/ locking

FILTER PLACEMENTY _10/17] 1230 | 10/20{ QSO

CEMENTING: I6/17{ 1000 | 10/17 : _iiCt

1 WELL DESIGN: c PMENT: !
BASIS: GEOLOGIC LOG X GEOPHYSICAL LOG . | OTHER: |
CASING STRING(S: C:CASING S:SCREEN Bentonice  [_10/17) 1225 | 10/171 s
0.00' _4.10' Cl - 107201 0920 |_10/201 092
4.10' - 67.60' _Sl - !

WELL DEVELOPMENT
Well Devel t Sumary SheeC.

: casing: ¢1.2" 1.D. .S 16 stai ,

less steel, threaded and flush
.om. ’ !

screen: st 20 LD, Sch, S type 316 staine

CENTRALIZERS __Ivype JO6 stainless stee]

COMMENTS: ‘

58.80' - 60.05'

FILTER MATERIAL _32-%2 silica sand

3.57' - 69.00'

cement . Portland Tvoe T

0.00' - 2.40°

oTHER _3/8" benconite pellets

2.40' - 3.57'

69.00' - 74.00°

HYDRO-SEARCH renoeoenver

CONSULTING HYDROLOGISTS-GEOLOGIST



Project:

Rocky Tlats Plant

Date Drilled 10/7/86 Coordinates N 34322.C £ 14184.7
Boring Method Casing Driver Ground Surface Elevation 3:21.°3'
eongtration 4
F“V' D"’")’ Material Description (Bﬁ:ﬁ:c:) é’éﬁim 19:::;-
eet c
teet] (foe 20 40 20 40
U P or 'R
- ROCKY FLATS ALLUVIUX ]
_— -
0-12.0'-Cuttings. GRAVEL: -
- moderate brown (SYR 4/4);
granite and quartzite —
) pebbles, cobbles, and —
- boulders; <2% sand and
silt; iron ccated -—
surfaces: poorly sorted: .
- dry.
-
- -
_S — e
- —
. =y
— ——
— - =
1 : fé;9¢ -
- - 9.0
OED‘.?g -
02838 _
- * o4
1 Es»d -
— 10 o
- ——
q
-t —
—
- 12.0-14.0'-Cuttings. -
GRAVEL: Same as above: —
danp.
- =
14.0-15.0'~-Cuttings. -
SAND: moderate brown (SYR —
- 4/4); very fine-grained:
T i 1% mica: moderats sorting: -
» subanqgular:;
- ,v@% unconsolidated; damp. 7]
D0 & =
.D‘U. 15.0~25.0'~-Cuttings. -
o "v°'Q'° GRAVEL: moderate brown
— 1S, (SYR 4/4); granita and -
| A8 quartzite pebbles, cobbles o
d.o’,. and boulders; some
b, S boulders >2' in diameter: -
"o 1-2% sand and silt: poorly —
et 72 o 'g] sorted; unconsolidated:
N.© dry. -
- Q- 2T AT
— oa —
20 2, ! 1t | | I I I . -
A
Remarks Logged by: T. Gulliver Checked by: S\~
Project No.
106P06222 HYdro"'searCh, 'nc. Page | of 6




riats Planc

LOG OF BORING NO.

Project: Rocky 30-26
Date Drilled \0/7/86 Coordinates N 34522.0 £ 14134.C
Boring Method Casing Driver QGround Surface Elevation 2. 358°
tzation
lev. D‘D")’ Material Description (B,::}/T::r; cwitﬁ'" '?:::;
teet) (foet Log 20 40 20 40
20 0 0 O B L
Ea-.o .
L0 =
—1 onrgfd
- M ':D.. =
?.%‘Oq —
- D'OO.O -
253 -
- b G2 >
.%ﬂlod —d
4 B5° -
25 024 -
5.,Q-‘._-.°-’ 25.0-25.5'~-Cuttings. -
- Loéq GRAVEL: moderate brown
8~ 0. (SYR 4/4); granitic -
_ Dm'é. pebbles; sandy:; silty; -
PLRe poorly sor%ed:;
'3.009‘3 unconsolidated; damp. =
d, © ;
- o'l  25.5-75.0'-cuttings. B
NO_I.C GRAVEL: moderate brown -
’O : (5YR 4/4): granitic -
. » <] pebbles and cobbles with
- 53] some light gray (N 7) =
QN quartzite cobbles; 1-5% -
= ?c.. sand and silt; poorly
— = X3 sorted; unconsolidated: -]
04C,4 damp. -
= o -
1 B ~
— ° )
_.OO’a I
.‘.o —
O‘.'aa o
e o".oga —1
—t——PR2 =
5
- (wRE —
] & -
Xoz- B
- .20, -
900’ .
‘.-".;1::;70
Pe o -
o3 B
20 7] ‘/;‘ NN N
Remarks logged by: T. Gulliver Checked by:&_
Project No. I
106P06222 Hydro-Search, Inc. Page 2 of 6




Project: Rocky Flats Planc LOG OF BORING NO. 30-26
Date Drilled 10/7/86 Coordinates N 34822.0 £ 14184.0
Boring Method “asing Driver @round Surface Elevation :5::: ca!
n ¢
Depth Material D ot 1) :‘%ﬁgo %ﬁim 19:::;
(teeat) Typ Log ateria escription (Bbzvo‘/ln‘coh) 20 «© |
<0 pi-g 1B IR IR
- FO(SQ —
A B
20 7
4 B -
I Y opal’) .
- A, -1
1 2 R
45 <O
o I _
- :g@ ~
’O.QO. —
| v -
0024, -
B - b.o
e 50 ’..°.;".°- —
- 5’00 7]
O
- D...'. é e
pfo}- —
] 9 ~
ST — —
- -
— -
pa— —
- ——
- o
50 ] BEEE NN
Remarks Logged by: T. CGulliver Checked by:@

Project No.

106P06222

| l Hydro-Search, Inc. " bage Jof 6



Project: Rocky Flats Planc LOG OF BOR’NG NO. 30-36
i I
Date Drilied i0/7/86 Coordinates n 345205 E 15154.°
Boring Method Casing Driver Qround Surface Elevation <i:_- zg!
jev.] Depth Material D iotl esistance o&?m Tests
ot} (feet) aterial Description (Blows/ Inch)
teet] 20 40 20 40
ou T Vbl
- —
ﬂ
_1 —
q
- —
- —
ety 5 e -
— —
_ -
— anmy
- ——
- —
e 70 e -
—
po—
- -
’ - -
- —
e 7S et -t
- 75.0-92.0'~Cuttings. -
GRAVEL: moderats brown —
- (SYR 4/4): granitic
- pebbles and cobbles:; ~20% -
medium to cocarse-grained -
—l sand and silty sand;
. poerly sorted; subangular; —1
unconsolidated; damp. -
— i ’ —
20 ) I .| {
Remarks Logged by: T. Gulliver
. N
Project ",c. I MudrAaQaarmrh Inm~ l




Project:

focky Flacts Plant

LOG OF BORING NO.

3036

Date Drilled

10/7/86
Boring Method Casing Driver

Coordinates N 34822.0
Ground Surface Elevation

-

g -
= L&lZ&. 0

glel.z8'

B
enetration 4 Other
5‘::;1 ?feg't? Ten aripd Material Description (B‘:‘,‘E,T::rg exﬂiim Tests
20 40 20 40
50 3 1ER ) IR
= o) i
. . ﬁ
- [ N -
1 B2 .
B
1 [523 B
—a5—f—F o, -
1 % .
_.’,.o.,
eoveg -
— . ;1% —
%43 7
.. _.'?.:f.‘ —
S5 .
- OQOQ —
—+— 3~ .
e 50 T -
‘?- ! nd
. o,
1 I¥ n
| -
- = 92.0-98.0'-Cuttings. -
~ GRAVEL: Same as above:; ]
- & wat.
» 7600 B
RERE -
] )0 -
DR -
- > -
2 LARAMIE PORMATION” -
- E'.' 98.0-102.0'-Cuttings. 7
= CLAYSTONE: very light .
= gray (N 8); plastic;
00 . laminated; moist. 1 1 1 1 1 1t
N \
Remarks Logged by: T. Gulliver Checked bV:M
Project No. |
106206222 Hydro—-Search, Inc. Page 5 of 5



Project:

Rocky Flars Plant

Date Drilled
Boring Method Casing Driver

10/7/86

LOG OF BORING NO.

3036

Coordinates N 3482Z.C

Tt~ -
E isiz4.o

Ground Surface Elevation <321 o

onot ation av Other
lev.] Depth esm ance {ﬁ;nt
feeq (feet) Material Description (Biows/ Inch) Tests
4 20 40
100 | SRRE IR
et
ad
- TOTAL DEPTH: 102.0' =
1 -~y
-y —
— —
- -
— —
— -
-~ g
oo | | rmne -
- -
— -
120 7] NN
Remarks Logged by: T. Gulliver Checked bs -
i
Project Mo.
106P06222 | Hydro—-Search, Inc. pase 6 of 6



Golden, (O

peERsonner T, Qulli

LOCATION

106106222

PROJECT

<L

Rocky Flats Plant

-

Q.

QY VS

=120

= 140

s dl

WELL CONSTRUCTION SUMMARY

WELL 026

LOCATION or COOROS: ELEVATION: GROUND LEVEL 2ol 22"
N 24822.2 L 13124.7 TOP OF CASING =% z% e
DRILLING SUMMARY: CONSTRUCTION TIME LOG:
ToTAL DEPTH _Well: 96.15' Hole: 102.00' START |  EINISM
! '. g 1" JASK i !
BOREMOLE DtameTeER 0.00' - 37.00': 5 5/8 QATE | TIME | CATE | ot
37.00" - 102.00': 3" ORILLING: 1986 | 198 %
oriILLER __Bovles Brocthers Drilling Co. 338" & 3" 10/7 10820 |:C/7 |
15865 W. 5th a n. GO casing aqvancer ! i
(Arrow Drilling, Tom High) i ___
RIG Casg 1 agvancer GEOPHYS. LOGGING: - | = : i __
BIT(S) Down hole hammer CASING: . | i
2 stainiess |_l0/14 ] 1052 ) 10/14 ; iE
ORILLING FLUID None 1 |
| !
SURFACE CASING 3 x &.13' steel w/ lockind =wTER Pacement _i0/16] 1200 ! 10/a !  —
=) . 10/16] 1430 | 10/14 5,
WELL DESIGN: CEMEMNTING: =
: SEVELDPMENT: oo3, 253 -t .
BASIS: GEOLOGIC LOG L. GEOPHYSICALLOG __ | OTHER: '
CASING STRING(S:: C:CASING SzSCREEN Benconice 10/14) 1640 ' 107 T~
0.00° _2.90' CI -
2.90'=-96.15' i - ’i
- - |

WELL DEVELOPMENT
See Well Development Summarv Sheet.

casing: ci1_2" I.D. Sch. 5 type 316 stain

less steel, threaded and flush
jointed.

2" 1.D. Sch. 5 316 staj
less steel, threaded and flush

jointed, 0.010" wire wrap screen,
0.25' welded bottam cap.

SCREEN: Si

COMMENTS:

Water encountered at 49' during drillinz.

CENTRALIZERS _Ivpe JO6 stainless steel

85.71' - 86,9%'
92.93' - 94.10' -

JZop of srainless steel casipg: .19

FILTER MATERIAL L1660 silica sand
2.60' - 96,15’

Cave from TD to 95.15°

cement __Portland Tvpe T

0.00' - 1.6Q’

oTHER _3/8' bentonite pellets

1,607 - 2.40°

HYDRO-SFARCH ccumanernien

CARNCHIT TIMA WLYADMA AIQCTS 2CAL A e



Project:

Rocky flats Planc

LOG OF BORING NO.

3i-36
Date Drilleg i0/22/86 Coordinates N :5€.3.3 I 13C23.6
Boring Method Casing Driver Ground Surface Elevation <.52.22"
enetration ajer
Elev.]| Depth Material D intion %esnstance Cvg&{?nt ?;:fg
(teet] (feet) aterial Descriotio (Blows/Foot)
20 40 20 490
J 53 B BRI R
- )3 ROCKY PLATS ALIUVIUM -
— -
-t 0-5.0'=Cuttings. GRAVEL: -
—_ moderate brown (SYR 4/4) ;- —
sandy; 10-20% sand; poorly
- sorted; limonitic:; dry. -
pu— —
o —
- -—
5 — 5.0-17.0'=-Cuttings. 7
- GRAVEL: Same as above; -
abundant quartzite —d
— boulders; dry.
L
—
. —
e 10— - !
- |
- ]
|
o |
- |
1
o !
—1
ﬂ
17.0-20.0'-Cuttings. .
GRAVEL: moderates brown =]
(SYR 4/4): sandy; silty:
10% sand: 20-30% gravel; 7]
danmp. -
1
20 BEEE NENEEE
, P
Remarks Loggad by: T. Gulliver Checked DVO_‘{:-_‘Eii
Project No. .
| 0606222 Hydro-Search, Inc. Page | of 5




Project:

Rocky Flats Plant

LOG OF BORING NO. ;s

Date Drilled '0/22/86 Coordinates N 33618.3 E 13C23.3
Boring Method Casing Driver Ground Surface Elevation £142.23!
snetration ajer
Slev.{Depth Material Description Resiatangs | cb ‘!{?m ?;I’;tesf
feet] (feet){Typey Lo (Blows/Foot)
¢ YP S 20 40 20 40
0 [~ 3] 20.0-22.0'-cuttings. LIRER AR RN R N
PBTY%A SAND AND GRAVEL: moderate
.oa’/] brown (SYR 4/4); poorly 7
Q. sorted; subangqular; gravel —
.01 40%; damp.
—
—
22.0-28.0'=Cuttings. -
GRAVEL: modarats br;ovn -
(SYR 4/4); sandy:; silty;
10-20% sand; poorly -
sorted; subangular; moist. _
———
—
—
28.0-30.0'-Cuttings. 7]
CLAY: moderate brown (5YR =
4/4): 10-20% gravel:; -
plastic; wvet.
30.0-32.0'-Cuttings. m
SAND: moderate brown (SYR —
4/4): 5% gravel; silty:
pPoorly sorted; subangular; 1
o vet. —
— o
e 32.0-38.0'-Cuttings. ]
- qaaiel SILT: moderate brown (S5SYR —
St 4/4); sandy: gravelly: 20% -
N sand: moderate sorting:
- ol subrounded; 20-30% gravel: —
35 ey dame. —
- E'-".'- 1
arE —
- o -
e ~
. sns »
== = =
- —
__ 38.0~45.0'-Cuttings. —
SAND: light brown (SYR
5/6); fine-grained: S% =
_ gravel: moderats sorting; — :
40 subrounded: dry. 1 ] 1] 1 1 17 . :
Remarks Logged by: T. Gulliver Checked by:S%ﬁ :
Project No. | a

Tt -1 _ ~ _ _ _ L



Project:

Rociky Flats Plant

LOG OF BORING NO. ;.

Date Drilleg
Boring Method

i0/22/86
Casing Driver

Coordinates Y 35¢13.3 E _3CZ3.

Logged bv: T. Gulliver

anetration ater
(Eflev.] ?feptg% Material Description é?:':};ggs C%&{?nt ‘!Q;gtesr
eet ee D O W
Y S 20 40 20 40

40 BRI b
el
—ﬁ
—
g
a—
—T 45.0-55.0'-Cuttings. —f
BOULDER GRAVEL: pale —

vyellowish brown (l10YR

6/2): abundant quartzite -
and quartz sandstone: d4ry. .
—
L 30 -
pu—
—
ﬂ
s 55 55.0-74.0'=Cuttings. ]
BOULDER GRAVEL: same as -
above: silty; damp. —
—
———
—1

2Q Ll 11 L)

Remarks .

Checked by: \L\J/

l Prninrt Nn

I




Project: Rocky Flats Planc

LOG OF BORING NO. ;.

T

Date Drilled .0/22/86 Coardinates N 33%18.2 g 13C2Z.
Boring Method Casing Driver Ground Surface Elevation £142.2¢

- N

enetration ater
EIQV. DeDth%ﬂ Mataria‘ Desc{iptjon %Bebs':;:ncte) %(‘i?nt ?;:tesr
w o0
(teet] (feet) Typﬂ Log e F G 20 40

%0 ,v?c T ] T TFTIl_‘
ﬂ
—
-
—
—
—
1
-
74.0-78.5'-Cuttings. ]
CLAY: moderate brown (SYR =
4/4): sandy: silty:; —
subplastic: damp. _
LARAMIZ PORMATION B
—

78.5-81.0'-Cuttings. — |

CLAYSTONE: light brown 1

50 (5YR 5/6); silty: damp. VL1t g L—1 ‘ 1‘
\

Remarks Logged by: T. Gulliver Checked by:_zég,jj

e - Co ]

Project No. |



Project:

Rocky Flats Planc

LOG OF BORING NO.

S =86
Date Drilled 10/22/86 Coordinates N 335¢18.3 E 13C23.8
Boring Method Casing Driver Ground Surface Elevation £142.2°'
gnetration C'Wa{er Other
Elev.] Depth ‘ ‘ esistance onfent
(teet] (teet)[Typef Log Material Description (Blows/Foot) F%? Tests
20 40 20 40
20 SRR IR I-J
- 81.0-94.0'-Cuttings.
SILTSTONE: Llight olive —
brown (SYR 5/6): minor
— claystone; damp. =
p—
e 85 -
q —
. -
po— m —
o —
- TOTAL DEPTH: 94.0°' —
U -
— -y
— e—
- -
- ey
p— —
100 ] 1 1! | S e
Remarks Logged by: T. Gulliver Checked W.M

Project No.

106P06222

Hvdro-Search. Inc.

I Page 5 of 5



Golden, CO

LOCATION

106106222

PROJECT

Qulliver -

PERSONNE L

Rocky Flats Plant

A~

3 1-26

WELL

WELL CONSTRUCTION SUMMARY

TN~ =
< <
-——d e o T

T am A
'

ELEVATION: GROUND LEVEL 212277

TOP OF CASING =

ORILLING SUMMARY:

CONSTRUCTION TIME LOG: -

9.-’-‘

FISARNY N o

aina O

ToTaL pEpTH Well: 79.06' Hole: 9%.00' rasx START sk
BOREMOLE DIAMETER 3 3/8" QATE | TIME | paIf | Tim
ORILLING: 1986 IR
orRiLLER __Bovles Brothers Drilling Co, 2 3/8" i 10/22 M}_T_;,_'_v
15865 W. 5th averue. Golden, co | _2Vancer :
(Arrow Drilling, Tom High) : |
RIG Casing advancer GEOPHMYS LOGGING: | = |_— | — | —
BIT(S) Down hole hammer CASING: , |
2" stainless |_10/23|_1150 ‘ 10/23 | 200
ORILLING FLUID one | ;
| i
SURFACE msunsé%’nxi.LﬂgsJ_wme FILTER PLACEMENT] _10/23( 1200 | _10/23| -3C
- — CEMENTING: 10/231 1505 ¢ 10/231 5 7
#ZLL DESIGN: CEVELOPMENT: W0/27} 230 T -
9ASIS: GEOLOGIC LOG _X. GEOPHYSICAL LOG ____ | OTHER: ¥ ,
ZASING STRINGISE C:CASING SsSCREEN Benconite 10/23] 1440 | 107231 =%
_0.00" .83 ¢! - 107231 1050 1 0231 i
4.83'- 79.06' S - |
: - I

WELL DEVELOPMENT
See Well Development Summarv Sheet.

{ cement _Bortland Tvpe I

i OTHER

ci1 2" I.D. Sch. 5 tvype 316 staim

CASING:

c2 _less steel, threaded and flush
c3 _jointed.

ca

st 20 1D, Sch. 9 cype 316 staip=
s2 _less steel, threaded and flush -

s3 _Jointed, 0.010" wire wrap screen,
sq 0.25' welded boctam cap.

CENTRALIZERS Type JO4 stainless steel

SCREEN:

COMMENTS:
o _water encouncered during driliiag.

12.58' - 73,82'

FILTER MATERIAL __32-%42 silica sand

+.00' - 80.30"'

Cave from TD to 385’

c.00' - 3.10'

1/8" bentonite pellets

3.10' = 4.00°

=1

30,30 -85.00'




Project: Rocky Flats Plant

Date Orillea i?;%g;gg and 11/17/86 co Coordinates. y 35545.35 & :3013.5
Boring Method Casing Driver/NC Core Ground Surtace Elevstion 35132.22°
snetration cw 4 Other
Elev.] Depth ~ esistancs oﬁﬁnt
(feet] (feet) Material Description (Blows/Foot) Tests
20 40 20 4

-
-

ROCXY PLATS ALLUVIUM LRI [N

0=7.0'=Cuttings.

GRAVEL: moderats brown
(5YR 4/4); 20% sand:;
limonitic; poorly sorted:;
angular; dry.

7.0=16.0'=Cuttings.
GRAVEL: moderate brown
(SYR 4/4); 20% silt:
poerly sorted: angular:;
dry to damp.

Perched wvatsr table at
12.0°'.

16.0-20.0'-@ttinq..
GRAVELLY SANDY SILT:
aoderats brown (SYR 4/4);
silty: 208 gravel: 30%
sand: angular: moist.

llllllllllllJllllllll'llllllllllllllllll

- ! 1 11 Ly 11 — 1
Remarks Logged by: T. Gulliver and T. Murphy MWW
—— .

Project No. , l
106P06222 Hvdadrao-SQsarrh Ine -




project:

Rocky Flats Planc

Date Drilled
Boring Method

Depth
(feet)

?

Material Description

20.0-22.0'-Cuttingl.
GRAVELLY SAND: moderata
yellowish brown (10YR
S/4); poorly sorted;
subangular: moist.

22.0-29.0'-Cuttings.
GRAVELLY SILTY SAND: Same
as above: 30% gravel; wvet.

LOG OF BORING NO.
Coordinates y :s5545.5 =
Ground Surfacs Elevation
snetration

esistance
(BbwsJFcioO

IR

1 T O O O O O O |

||

|

29-0-3000..“:%1”..
CLAY: moderats Yellowish
browna (10YR 5/4): 10-20%

{rnvul : plastic: moist.

30.0-32.0'=Cuttings.
SAND: moderats brown (35YR
4/4): silty and gravelly:;

20% gravel; 30% sand;

v

40

\ subangular; damp.

3200-3300..mtt1nq'1
GRAVELLY SANDY SILT:
moderats brown (SYR 4/4):
20-40% boulders; poorly
sorted; damp. .

33.0-57.0’-Cutt1nq'.
GRAVEL: moderats yesllow-
ish brown (10YR S5/4):
abundant quartzits,
sandstone and pink
granitoids: sandy; poorly
sorted; subangular; damp.

Remarksc

Project No.

logged by: T. Gulliver and T. Murphy

) S T N T Y Y N O Y T Y O Y Y

|

|

S




Project:

Rocky Flats Planc

LOG OF BORING NO.

Oate Drillea
Boring Method

asing Driver/NC Core

and 11/17/86 to

Coordinates
Ground Surface Elevation

315649.9 E

gla2.z2'

Depth
{feot)

-y

Typ

Material Description

enetration
esistance
(Blows/Foot)
20 40

2T

20 40

Other
Tests

«+0

—

.

oty

V3%

a:

1

o'

Q.
Q

1

~Q
]

SDeo;
10

—

50

Log

&

- °(7"(7° a7,

ST
Tt

00.00'%5 o X 8

57.0-59.0'-Cuttings.
GRAVEL:
ish brown (10YR $/4);
sandy; 25% fines; sub-
angular; damp.

J-a

59.0-69.0'~-Cuttings.
GRAVEL: moderata brown
(5YR 4/4) ;. abundant
quartzite and sandstone

o

subangular; damp.

moderates yellow-

boulders; poorly sorted:;

RERBR

L1t 1

Vool

| U T O O |

LA L et e et iy 1teqld

NEEEE

Remarks

Project No.

Logeed by: T. Gulliver and T. urpny

1INEBNC Y99

u\ IA'A,,,

[« ISR 54

| N N




Projoct:

Rocky Flats Plant

LOG OF BORING NO. ...

Date Drilled
Boring Method

ana LL/17/86 to

ing Driver /NC Core

Coordinates

35649.3

Ground Surface Elevation

w-\cﬁA
L4 1)
R T Sy

-~y

162.22

(6]

-
—
-
~

Elev.| Depth
(feet] (feet)[Typ

onet

20

~ nce
Material Description (3:;‘,:;;000

ration

40

&ﬁl;,’n Other

Tests
20 40

)

—

T
[(MMMN

Tl

ALY
M)
M}

L
[N M]
[N

Ly
[N

T
]
|

L
l'l

b — -

Syl

T

69.0-70.0'-Cuttings.
GRAVEL: moderatas brown
(SYR 4/4): silty: poorly
sorted; subangular; damp.

L)

70.0-72.0'=-Cuttings.
CLAY: grayish brown (5YR
3/2): sandy; carbon and
aica common: plastic:

danp.

LARAMIE PORMATION

72.0-75.0'-<7uttin93.
CLAYSTONE: 1light olive
brown (SY 5/6) to light
olive gray (SY S5/6):
pPlastic to subplastic:
danp.

76.0-80.0'~Cuttings.
CLAYSTONE AND SILTSTONEZ:
light olive gray (sSY s/6):
interbedded; subplastic:
dawmp.

| I

B

| BB R

11111111111llllllnllllllllllJllllllllll

| I

h

Remarks

T. Gulliver and T. Murphy

Chacked by S

Project No.
106P06222

Hydro-Search, Inc.

Page 4 of 8




Project: Rocky Flacs Plant LOG OF BORING NO. 5:-2¢

Date Drilleg i?;%g;gg ana 11/17/86 to Coordinates \; 5645 5 = :3015.5
Boring Method Casing Driver/NC Core Ground Surtace Elevation 5:42.22
snetration r
Elev. D'p"’g""“k'“ Material Description RTINS %ﬁi;m 9::::
feet)|T . (Blows/Foot)
(feet] (feet)fTyped Log 20 20 20 40
=0 Pl 1SRRI
- 80.0-88.0'=-Cuttings. -~
£ SILTSTONE AND CLAYSTONE: -
— dusky yellow (5Y 6/4):
- = nonplastic; damp. =
- = -
2 e
—_— = -
-~ = =
- - = 7
= = 1
x - 3
1 B , -
g:::.: 88.0-93.0'~Sample. -
i s Recoversd 4.0/5.0'=80%.
9 Cund =] RQD=2.0/4.0'=s0%, -
[ L+ SILTSTONE: yellowish gray -
- 7orod  (S5Y 7/2) stained in bands)
- %.-::: dark ysllowish orange -
&’*:3': (10YR 6/6); sandy: trace -
- ca=] <clay:; beds 1-3" thick of
— = %} silty sandstone; apparent -
Fooe=d  dip of 10-15°; iron .
- 2251  nodules present: soft:
— poc]  damp. -
- EE —
=] 93.0-98.0'-Sanmple. -
- | Recovered 1.7/5.0'w34%.
- -] RQD= 1.7/1.7'=100%. =
B F-——-§ CLAYSTONE: light olive -
= 95 T gray (5Y 5/2): stained
- - along fractures moderate a
- = yellow (5Y 7/6); trace -
=P silt; bedding dipping 15- -
- = 20°; some bedding plane
- = fracturss vith iron -
b~ stains; also present
- =2 subvertical fractures: n
_ = socme stained; soft; danp. -
4 E -

Vil o || 1 1t 1 L g 11 —
Remarks logged by: T. Gulliver and &. -Mucphv Checked by: —
Project No. ' !

l | Hvdro-searCh. lnCo Poem I Af 2 - |



Project:

Rocky Flats Plant

LOG OF BORING NO. -3

Date Drillea
Boring Method

ana L1/17/86 to

Driver/NC Core

Coordinates y :5645.5 £ 13C15.2

-

Ground Surtace Elevation 5142.22"

Elev. Oopthgﬂc&}m

(feet) (teat)[Type

Material Description

}
A BTN
(Blows/Foot)
20 40

ETR
20 40

Qther
Tests

'

:
|

1
1[11111I|T111_|lllln

!

[ I A

98.0~101.5'-Sample.
Recovered 2.7/3.5'=77%.
RQD=0.6/2.7'w228.,
CLAYSTONE: light olive
gray (5Y 5/2) grading %o
grayish red (SR 4/2) to
yellowish gray (5Y 4/2);
highly fractured and
stained; iron stained
fractures are subvertical
60°; lower portion of cors
kpocolinq more silty.

o

101.5-106.5'-Sample.
Recovered 0.4/5.0°'=8%
RQD=0/0.4'=0%,

SANDSTONE: light gray (N
7/0); medium to very fine-
grained:; 10-20% mafics:
mostly quartz; silica
cament; hard; damp to wet.

106.5-108.5'-Sanple.
Recoversd 0.0/2.0'=08%.

108.5-111.5'=Sample.
Recoversed 0.8/3.0'=27%.
RQD=0.0/0.8"'=0%.,

SANDSTONE: same as 10l.5-
106.5' with dark vellowisQ
orange stained siltstone
(10YR 6/6) intarbedded
vith sandstone; medium to
fine=-grained; very silty:
cross—-bedded; hard:; damp.

111.5-114.5'-Sample.
Recovered 1.0/3.0'=33%.
RQD=0.0/3.0'=0%.,
SANDSTONE: same as above;
light gray stained in
band: dark yellowish
orange (at high angles 60~
70°); very silty and
clayey: bedding appears to
be similiar to staining:;
soft; damp toO wvet.

/C;/‘//Ia: )

o f

IR

RS ERES

NN

S O O O O I |

(i i e i et i1t 11i1

N

Remarks

logged by: T. Gulliver and T. Murphv

Checked by: EQ;EE\

Project No.
10606222

Hvdro-SQearerh

Inc.

- -

2]




Project:

Rocky Flacs Plane

LOG OF BORING NO.

Date Drillea
Boring Method

g and [1/17/86 to

Coordinates \ 5545 .5
Groundg Surface Elevation

Elev.
Cleot] (teat)

DoothLa‘ftA?tﬂ:

Typed Log

Material Description

snetration
esistancse
{Blows/Foot)
20 40

Other
Tests

v
[
C

—t 3

)

'

L
W
1

e b bt T L Lo lila

] 35

Wity
iy

r
1::||
) "ll
)

7
!
ﬂ“n“

'|l‘ |
!
v

v Lo be b oLy

lli

i

Il“,
W

114.5-118.0'=-Sanmple.
Recovered 3.0/3.5'w86X.
RQD= 0/3.0'=m0%.

SANDSTONE: yellowish gray
(5Y 7/2): medium to very
fine-grained: intarbedded
with silty sandstone and
clayey siltstone; dark
yeallowish orange stains
(1O0YR 6/6) throughout;
appears in bands at 60-70°
from horizontal:; soft;

damp.

118.0-123.0'~Sample.
Recovered 1.0/5.0'=60%.
RQD=2.7/3.0'=90%.
SANDSTONE: vyellowish gray
(8Y 7/2): bounded wizh
dark yellowish orange
(10YR 6/6); fine to very
fine-grained; grades into
silty sandstone, sandy
siltstone and clayey
siltstone; beds are 0.3-
0.8 £t. thick; bedding is
dipping 35°-40° from
horizontal; some cross
bedding:; cut and f£ill
structures; banding of
iren stain follows
bedding; soft; wvet.

123.0-128.0'=-Sample.
Recovered 4.0/5.0'=80%.
RQD=™3.4/4.0'mgsy,

SANDSTONE: sane as above:;

dips of bedding at 40-45°;
v‘t.

128.0-133.0'=Sample.
Recovered 1.3/5.0'=268%.
RQD=1.0/1.3'=77%.

SILTSTONE: yellowish gray

(5Y 3/2); banded iron
stain: sandy: sand
clayey layers; soft; wet.

B

) I

O T S O 1 O v T O O O O |

Y O T Y O O |

e 111111

|

| .

Remarks

T. Gulliver and T. Murphv

Checked by: <

Project No.

106P06222

Hvdro-Search. Inc.

Pace 7 Af 3




Project:

Rocicy Flats Plant

LOG OF BORING NO.

Date Drillea

Boring Method

L
!

Cooralnates y :55:3.,5 E 13012.5
Ground Surtace Elevation 5iz2.22¢

Elev. OeothLm:Je—vd

(teat] (feet)[Typey Log

Material Description

snetration
esistance
(Biows/Foot)
20 40

B

0

Other
Tests

Ly

s

=50

TV O T 0 T T O I 6 T Y IS

AR
R

e

(9/einielginis py
ettt
elalelaielaigialninie

I

J0300ICI000)!

ploingin gl
aiglgialel

RO

:

CJCIL 0L

late!

U
w

[T I B T

|

160

133.0-136.0"'=-Sample.
Recovered 2.8/3.0'wmg913%,
RQD=0.6/2.8'm21%.
SILTSTONE: similiar to
above with alternating
layers of sandy siltstone
and clayey siltstone; dark
gray (N 3/0) with
occasicnal dark yellowish
orange (l0YR 6/6) layers:
vood fragments; highly
fractured; bedding appears
to be at vary high angles
(40-60°); firm; damp.

13600-1‘100'-8“91‘.
Recoversd 1.6/5.0'=32%,
RQD=0.6/1.6'=38%.
SILISTCNZ. same as apove;
calcarscus ceament; dark
gray (N 3/0) layer of
laminated siltatone and
fine-grained sandstone:;
light gray (N 5/0) to dark
gray (N 3/0):; hard; damp. .

141.0-=145.0'-Sanmples.
Racovered 4.2/4.0'=105%.,
RQD=2.0/4.2'»97%.
SILTSTONE: same as above.

145.0-149.0'~-Sample.
Racovered 2.3/4.0'=57%,
RQD=2.0/2.3'=g7%,
SILTSTONE: dark gray (N
3/0): clayey: sonme
sandstone beds (.2 to .4'——
thick); sandstones and
silty, very fine to fine-
grained:; color change %o
nedium light gray (N $/0):
50-60° dip; firm: damp.

149.0=154.0'-Sample.
Recovered 3.5/5.0'=70%.
RQD=2.0/3.5=57%.
SILTSTONE: same as above.

TOTAL DEPTH: 153.50'

T b

BRI

| W W U IO N R VO O Y O I O O |

) N O S S T O O N O Y Y U O I O

b
e
-
L
-

Remarks

logged by: T. Gulliver and T. Murphy

E
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Project No.
1INATNA YD
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.

Rocky Flate Plant

LOCATICN

106006222

PROJECT

PERSON NEL

N

I/II)III////

T

/IIIIIIIIIIIIIIII/I///I/I/IIIIIII/I/I//IIII//I//IIIIIII//I/III

=1V}

100

o0

RCLLELELZLLL2A ]

(LIl L I T IIITITTT I I T T

(ILO IGO0 ITITIIIII TSI T ITTITIII VI YT I I I T )T ST T

%

30

=1 LocATION o COORDS:

2277

+ 33649.9

WELL CONSTRUCTION SUMMARY

S2-R4

WwELL

)

)
(33N (B8]

~ -
=L .

ELEVATION: GAOUND LEYEL
TOP OF CASING

o )V

-,

ORILLING SUMMARY:

CONSTRUCTION TIME LOG:

ToTaL pEPTH Nell:125.65Hole: 135.30" rask START LALTEL]
aomemoLE DiameTER Q.0 -76.00": 5 5/8" Task % Mg &I I
76.00 - 153.20"' : 4 3/4" ORILLING: B
¢ omu.en _Bovies Brochers Drilling Co, |5 J[8 casingl0/3010820 |10/20f 1

865 W. Sch Ave., Golden, @ |2dVARCEL . mi/171500 |i:‘is| s
(Robert Roach) Remming L2/2010000 |12/ /24 17
./,g&.OOL-?é.OO'f Casism advancer; GEOMHYS LOSaNG: | — - =
’wt'si E.a 272 nArt2s éfrnn_ghnli rammer! CASHG:
76.00'-155.80": Cprinc bir, " graet  [L0/20]0Q820 finsonf
omLLine ALUID LALn/Narer misc and X2 stainless FL1/2610900 [ 15/26( 09
L11-22 bentonite mud.
SURFACE CASING g'f 7?,9' steel v/ Jocie f'_mpmll/ZS 0220 11/24 | {37
11/26]1600 Li/26 | 1°:
MENTING: = = :
WELL DESIGN: cx _ -
LEVELCPuENT
sasis: ¢eoLocic Loa X egommyscaL Lo ___ | omeer:
CASING STRINGS: C:CASING SsSCREEN Bengonice  (11/26) 1500 J11/26 1 14°
0.®' 73.45'Cl - 11/250 1143 f1i/235) -
0.00'-92.00'Q - Lioolazan ool oo
- - WELL DEVELOPMENT
- - See be]l] Develogment Summary Sheec.

@' LD. Sch. S cype 316 seain-
less steel, threaded axi flugh

.

jointed.
scagoe 1 27 1D, Sch. S type 316 geain

less steel, threaded and flush

Jointed, 0.010” vire vrapped

screen, 0.25' velded bocrom cap.
conmraLzERs o

ell builc throygh 4" caginc,
MLTER MaTERIAL LE=40 silica sand ll/22-({sed bentonite ~ud drillin-
87.00' - 125.80" fluid.
cengxr Portiad Type I L1/25-{’ashed hole wich 2400 zallon
9.00* -85.00" of wacer
onex 3 : 11/26-Pylled " casjino o log- °°
85.00' - 90.00’ It of casing in hole. Irowes 77
128.00" - '147.00" from 129.0 - l47.0

Lt OF AMALE




89 WELLS



L0G OF BOREMOLE .. _

QA BY/DATE %[5 »@/L;y‘rﬁm L//—Z;wfj

LOCATION __ Rocky Flats Plant: West Spray Field

COORDINATES N36,684.03 £14,471.85 (RFP)
TOTAL DEPTH 74.97°

DRILLING COMPANY
DATE DRILLED __ Mgy 31, June 1, 1989

DRILLING METHOD _Air Rolary Percussion Hommer
LOGGED 8Y F.S. Petersen

GEOLOGIST

BOREHOLE /WELL NO. BR1111R9
GROUND SURFACE ELEVATION 6105.7°
WATER LEVEL ENCOUNTERED 63.0°

STATIC 55.13 (10/05/89)
DRILLER _T. Parino HELPER M. Rutlerfield
DRILLING FLUID Air: water .
CHECKED BY <~/ /5 AFeprdren

74 SITE MANAGER

CEARP MANAGER

COMMENTS  Color describes primary constituent or aver all color; gravel is usually freshly brocken fragments

from crushed cobbles.

P
—
o | . SAMPLES COLLECTED
=l Z §u UTHOLOGC DESCRIPTION OR OTHER TESTS
a. | <€ ¢
o = FPCRFORM
2|53 |&E ED
(y 0. 4G )
o e T0P SOIL
G, e
= A 0.0-1.07: CUTTINGS: SANDY GRAVEL: dusky yellowish
°.‘°-;‘.-°._ brown (10 YR 2/2); gravel (0.25-0.5 mm commonly,
°. -ae. to 4 mm); fine to coarse-grained sand; some silty
] _'a‘."’fc-"-' clay; moderately sorted; angular; roots, organic
1 _:°“ 0‘ debris, gravel freshly broken; moist.
e e ROCKY FLATS ALLUVIUM
G40 :
{0 o 1.0-2.0/: CUTTINGS: GRAVELLY SAND: light brown (S
° 8¢ YR 6/4); fine to very coarse-grained sand;
na ae predominantly very coarse-grained; fine gravel(no
2 G, 0 greater than 0.5 mm, commoniy 0.2 mm); trace silty
= °»°_' s - clay; moderately sorted; angular; mostly
° ;-°. 9.,. quartzite; damp.
a ge
,6~05'° 2.0-7.07: CUTTINGS: GRAVELLY SAND: light brown (5
17 ¢ = YR 6/4); sand same as above; gravel (0.25-1.5 mm;
“6‘.‘. 6,' full range); trace silty clay; well sorted;
o .ae angular; quartzite; occasional clay balls--dark
3 .'b'ﬁi ag:’ yellowish orange (10 YR &/6); damp.
a0
e .o
°...‘d-°."°
i 6 s?a
la - 4 @
a®* 9
9.‘60'0
4_'°'o-° Y
a4 4
a® .o
1% %
6 .- 40
e .0
B
4 i °'o-°4¢
SFOS80A
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WELL NO. _ B111189

LOG OF BOREHOLE

PAGE

2 OF 10

DEPTH (FT)
GRAPHIC

SAMPLE
TYPE

LITHOLOGIC DESCRIPTION

SAMPLES COLLECTED
OR OTHER TESTS
PERFORMED

w

I

12

X

i
o

°]|
°'{a1
191 .

q
J

d

o}

o]&

44
1294

d
d

7.0-12.07; CUTTINGS: CLAYEY SAND: moderate
yellowish brown (10 YR S/4); fine to medium-
grained sand; predonimantly medium-grained; fine
gravel (0.2 mm, occasional 2 mm clasts);
moderately sorted; angular; clay balls; damp.

12.0-14.07: CUTTINGS: CLAYEY GRAVEL: moderate
yellowish brown (10 YR 5/4); gravel (commonly 0.5
to 0.75 mm, rarely larger); trace fine to very
coarse-grained sand; moderately sorted; angular;
quartzite, schist, mica flakes; damp.
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NO. __B11118g LOG OF BOREHOLE PAGE 5 OF __10

\

}

B4 FT

DE

(9

SAMPLES COLLECTED
LITHOLOGIC DESCRIFTION OR OTHER TESTS

PERFORMED

SAMPLE.

ORAPHIC
T(PE

L

‘~

!
|
3

o
of

7
3
i

14.0-20.07: CUTTINGS: GRAVEL: light gray (N 7/0);
"  gravel (0.5 to 1.0 mm, predominantly 0.5 am); some
fine to very coarse-grained sand; trace clay,
occasional clast to 2.5 mm; moderately sorted;
angular; quartzite, schist, mica flakes; damp.

ol "Iol
9,4

o|‘l

!
|
2

d
i

4
°f

oId

“al

20.0-22.0': CUTTINGS: SAND: moderate yellowish
brown (10 YR S/4); fine to medium-grained sand;
mostly fine-grained; trace coarse-grained sand;
4 - some silt; trace fine .gravet (0.3 to 0.4 mm);
6 4 ‘3‘l poorly sorted; anguiar; mica flakes; damp.

o

a [
o O
o O
loo.ﬂod




WELL NO. __R]11189 LOG OF BOREHOLE PAGE 4 OF _10

E-, ) w SAMPLES COLLreTTD
=\ & §u LITHOLOGIC DESCRIPTION OR OTHER 1CSTS
Q. “C (D a .
B S3S | A PERFORMED
2
22.0-23.07: CUTTINGS: GRAVEL: light to medium gray
(N 7/0 to N 5/0); gravel (0.2 to 0.9 mm); some
. T -  fine to very coarse-grained sand; mostly coarse-
grained; poorly sorted; angular; probably drilling
2 i through a boulder; dry.
—a 23.0-23.5¢: CUTTINGS: SAND: pale yellowish brown
a* o (10 YR 6/2); very fine to coarse-grai_ne_g ‘'sand;
®°6%% mostly fine to medium-grai s trace o
4.2, trace fine gravel (0.2 %6 Ors—my—pwn?_ﬁi'ﬁd'
b eaE "~ anguiar; probably drilling thm
a® o
® 62% 23.5-25.07: CUTTINGS: SAND: light to light-medium
23loo®a gray (N 7/0 to N 6/0); fine to very coarse-grained
- sand; mostly very coarse-grained; some fine (<0.5
mm) gravel--occasionally 1 mm fragments; poorly
sorted; angular; probably drilling through a
boulder; dry.
25.0-27.07: CUTTINGS: CLAYEY SAND AND GRAVEL: dark
yellowish brown (10 YR 4/2); fine to very coarse-
24 grained sand; mostly coarse-grained; gravel (0.2
. T ~ to 2 mm with size concentration); moderately
sorted; subangular; moist.
27.0-28.57: CUTTINGS: CLAYEY SAND: moderate
7] T - yellowish brown (10 YR S/4); fine to very coarse-
grained sand; mostly coarse-grained; some gravel
. (0.2 to 2.0 mm); moderately sorted; subangular to
25 . angular; mica, quartzite; moist.
g 3G
3 B
A el
—ﬂ —
o o =
“% .z G_—-
T
s —m o
—ﬂ —
260 = =t :
5. 3
T
. =3 o
- 7
B .o = .
& "3 g
ek
27 == "
28 — -k :
XN 3
ik
29 ‘=

g
8lq
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~

(

SAMPLES A LETTD
LITHOLOGIC DESCRIPTION OR OTHER TESIS

PERFORMED

CEPTH .FT)
GRAPHI

LOG
SAMPLE
TYPE

N
w

of
a{d
29

)
d
1

28.5-38.0’: CUTTINGS: CLAYEY GRAVEL: moderate
yellowish brown (10 YR 5/4); gravel (0.2 to 2 mm,
mostly 0.5 to 0.7 mm); some fine to very coarse-
grained sand; mostly coarse to very coarse-
grained; moderately sorted; angular; few mafics;
mostly quartzite; a little schist; additional air
added about 36.0/; wet from drilling fluid.

4
|

of &
o

ol 1

q
o)

4

14

4
°)

30}

o];

ol 4
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4
d
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o
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ol 1
q
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!
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J
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4
of

K
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ol 1
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d
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d
|
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ol 4
129.d

d
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o
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o
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a9
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J
1

)
1

d
of
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o 4
9q

g
]

3
d
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4
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|
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A
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WELL NO. _ B111189 LOG OF BOREHOLE

SAMDI TS COLLERTED
LITHOLOGIC DESCRIPTION OR (THER [ESTS

PERFORMED

GRAPHIC
SAMPLE
TYPE

-DEPTH «FT)
LOG

<~
NG
of

(-3
J'os
Pl

q
d
1

38.0-46.5/: CUTTINGS: SANDY GRAVEL: moderate
yellowish brown (10 YR S5/4); gravel (0.5 to 3.0
mm, mostly 2.5 to 3.0 mm); fine to very coarse-
grained sand; mostly very coarse-grained; some
clay; few gravel fragments to & mm; moderately
sorted; angular; wet.

4
|

o|;

]
|
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1294

d
|
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WELL NO. _ 8111189 LOG OF BOREHOLE PAGE 7 oOF _10
[~
Sl |y SAMPLES COLLECTTD
E & . % w UTHOLOGIC DESCRIPTION OR OTHER TESTS
R 5SS | &2 PERFORMED
45 °°_.° <)0
°'0.°'° 46.5-48.07: CUTTINGS: SANDY CLAY: moderate
de s, yellowish brown (10 YR S5/4); fine to very coarse-
s 6 q F . | grained sand; mostly medium to coarse-grained;
et O trace gravel--same as above; poorly sorted;
46 PR angular; wet.
a.%,
1 ot - 48.0-49.0°: CUTTINGS: CLAY AND GRAVEL: pale
8- o yellowish brown (10 YR 6/2); gravel (0.2 to 3.0
°_.O°"g_ ~ mm, predominantly 0.5 to 0.7 mm); trace fine to
6 0% @ very coarse-grained sand; predominantly medium to
— — - - fine-grained sand; poorly sorted; angular; wet.
- — 49.0-50.0¢: CUTTINGS: CLAYEY SAND: moderate
47 |- — yellowish brown (10 YR S/4); fine to very coarse-
= - -~ " grained sand; predominantly medium to coarse-
- — grained; some gravel (0.2 to 1.0 mm, predominantly
T T 0.5 to 0.7 mm); poorly sorted; angular; wet.
1 - F " 50.0-55.07: CUTTINGS; GRAVELLY CLAY: moderate
- = 1 yellowish brown (10 YR S/4); gravel (0.2 to 1.5
T mm, predominantly 0.5 to 0.6 am); some fine to
48 — very coarse-grained sand; predominantly medium to
5 3 - coarse-grained; moderately sorted; angular; wet.
&> — o] :
oy —qg o
ﬂ —
I = it = R
T 3
s
—o —
490 == R
L ]
504 — !
@ < d
—s — @a-
u'o—o -—
_O—Oro—c-
B s = R
@ = d;
5 — e
-—0—:—04
51_*‘ - T 8
& 8
o
'U_O—U—'-
B i i
d 8 &
3 9
" vﬂ—:—
5.._**’ — &
& 3 &
B
T 3 O ¥
3> o
—O—Oo—
93fe v’ =

;



WELL NO. _ B111189 LOG OF BOREHOI_E PAGE __ g oF __10

o o | SAMPLFS COHFETED
—ad
O(E_ § . g W LITHOLOGIC DESCRIPTION OR OTHER IESITS
Al sS | &&= PERFORMED
53 S
3 — o
o 55.0-58.07: CUTTINGS: SAND AND CLAY: same as
1 r"-a:__ B above; higher percentage of sand; less gravei;
[ 3 & wet,
bl
o 58.0-61.07: CUTTINGS: CLAYEY GRAVEL: moderate
54-_'6 r°-u-__ yellowish brown (10 YR S/4); gravel (0.2 to 2.0
T 3 0 - mm, predominantly 0.7 to 0.8 mm); some fine to
_v%" _: very coarse-grained sand; mostly medium to coarse-
.{;%. grained; moderately sorted; angular; wet.
. f - L
g
9
[l ~q o
-0 = .
55 s - v
gy — Y 5513

o[l
ol|l
q

°l
|
2

|
d
1
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1ﬂ L
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]

q
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WELL NO. __ 111189 LOG OF BOREHOLE FAGE g oF __10
=
Tlg |« SAMPIFS FOLLERTED
=l a o | Ew LITHOLOGIC DESCRIPTION (R OTHER TESTS
on -
B 59| &A= PERFORMED
Y —
o — 61.0-66.07: CUTTINGS: CLAYEY SAND: moderate
- =t yellowish brown (10 YR S/4); fine to very coarse-
— - — grained sand; predominantly very coarse-grained;
it some gravel (0.2 to 2 mm, predominantly 0.5 to 0.7
62 —_ mm); moderately sorted; angular; wet.
= — -F 66.0-68.07: CUTTINGS: CLAYEY GRAVEL: moderate
| T T yellowish brown (10 YR S/4); gravel (0.2 to 3.0
— mm, mostly 0.5 to 0.7 am); some fine to very
= — —r coarse-grained sand; mostly medium to coarse-
= — — grained; moderately sorted; angular; wet. ’
s —. pu—
63‘_-_ I \7 3.0
B4 — -
65} — =k
661 —
@ < J
s "¢
Py —g —
—0 7 o
[P ¥ wr
§ =8 &
o o
'U—o"u_"
67 = =k
§ 3 &
kel
v —g
iy
= ar
§ < O
o]
oo
6812 = =
9L — —




VL Ko _BLLLLEY LOG OF BORCHOLE ~ rae_n  oF 10

' SAMPLES COLLECTED
LITHOLOGIC DESCRIFTION OR OTHER TLSTS

PERFORMED

DEPTH (FT)
GRAPHIC
SAMPLE

TYPE

o
o
‘I
II

|

— 68.0-76.97': CUTTINGS: SANDY CLAY: moderate
| = yellowish brown (10 YR 5/4); fm_;wgﬁ::::-
11— — L - graiped sand; mostly medium to coarse” H

—_ some gravel--same as above exc ower
A percentage; poorly sorted; angular; wet.

= — L B JOTAL DEPTH = 74.97¢

nE--—-

12—

13— -

741

75—

76

17

F0688



WELL

COMPLETION
INFORMATION
QA By/Date %/Z/Z/é/ Ko om [ - 2-C%
Location Rocky Flats Plant; West Sprayfield Well No. B111189
Coordinates I 36684.03 E 14471.85 (RFP) Elevstion: Ground Surtace 6105.7'

Total Depth: weil73.82"

Top of Casing _05107.52"

v Borenole _74.57'
Formation of Completion Rocky Flats Alluvium

Casing Material Schedule 40 PVC Casing Diameter _4 1/2" 0.D.

Screen Matertai Schedule 40 10-slotted PVC Surtace Casing Diameter 8 5/3" 0.D.

Date Installed _06/02/1989 Approved By P24 Wazield

instailed gy _F.S. Peterson . / Site Manager
Geologist

. CEARP Manager
Comments _llo centralizer used. Well instzlled inside drill »nipe.

2.43' Protective casing stick up

Top of Casing | . 82'

T ’IITIITf”l’ I

Surface Casing
2.59 |Depth (tt.

Ground Surface
b ¢ ¢ 79777 77 7

/)
/
7

NN

Volclax grout

:urnc- 3
eat
49.70 (i engtn (18] o verensie -
LV~ ore [ J
S Diameter:
- 8 5/8"

:on:o.uo
ea
2.17 Length (1t.)

1 P
Fliter Materiai: ——I :

L80T8

16-4y Silica Top of Screen Depth: 53.09'

sand

Welil Total
73.82 Depth (ft.)

Fliter Pack
21.95 Length (ft.)

Sereeon Borehoie
Length Total Depth
19.49 | (q1.) 74.97 | (11.)

Backtili
1.15 jrengtn (1t.)

JL6° %Y 28" €L

Backtill Matertali__16-40 Silicz sand




LOG OF BOREMHOLE

ONBYMATE 7 B Krisrrau Ji-25-57

LOCATION __ Rédcky Fluts Piant: West”Spray Field

COORDINATES N35,758.28 £13,830.94 (RFP)

TOTAL DEPTH -71.04'

DRULING COMPANY Boves Brothers

<N

ROREHOLE /WLl NO. aallosa (T

GROUND SURFAGE ELEVATION 6125.40

WATER LEVEL ENCOUNTERED 592t

STATIC 57.96' (10/06/89)

ORILER T. Pariro, M. Boyd

HELPER M. Butterfield, R. Orr

DRILLING FLUID Air and Water

DATE DRILLED June 14-23 1989 CHECKED BY </ 5. <3¢/ srvcrat
DRILLNG METHOD _ Ar Rotary Percussion Hommer J SITE MANAGER
LOGGED BY F.S. Peterson
GEOLOGIST CEARP MANAGER
COMMENTS
~~
o
| e w SAMPLES COLLECTED
E é gu LITHOLOGIC DESCRIPTION OR OTHER TESTS
& %§ Zr‘,E PERFORMEP
0 T s a
=
ey =g o
e TOPSOIL
Jee = —_—
i 0.0-2.0¢ SAMPLE.
oy —g Recovered 0.3/72.0' = 15X, HNu Background: 0.0
1 Bl CLAYEY GRAVEL: dusky brown (5 YR 2/2); poorly )
4 :; ; sorted; subangular; gravel 0.2-3.0 cm; mostly 2.0- All readings on cuttings,
°?—., 3.0 cm; some silt; roots; moist. on core, in breathing
T pef——— zone, and in augers: 0.0
_:5 7 ‘— 2.0-4.0/ SAMPLE. unless otherwise noted
- ; e Recovered 0.5/2.0¢ = 25%. below.
S SANDY GRAVEL: moderate yellowish brown (10 YR :
o —qg o 5/4); gravel 0.2-5.0 cm; fine- to very coarse- TRIP BLANK SAMPLE
Z _:63" grained sand; mostly coarse to very coarse- TBOA1589A; TB061689A;
T3 grained; subangular; trace clay; roots; moderately T8061989A; TBO62089A;
2% sorted; wet. TB061989A; TB062289A
o  -ae .
G, 0 " 0.0-2.0¢ SPLIT SPOON
490 a ROCKY FLATS ALLUVIUM SAMPLE
ol ~.'¢~:0° ‘ 100 (&%)
02 g fm———e 4.0-6.0' SAMPLE.
3 Q0 Recovered 0.3/2.0¢ = 15%. 0.0-2.5' SAMPLE
. °‘-.°":ﬂ‘ GRAVEL: moderate yellowish brown (10 YR S5/4); S$FQ7890003
“-;‘_ oo GRAVEL 0.2-5.0 cm, mostly 2.0-3.0 cm; some fine-
.°-_"‘¢'. to very coarse-grained sand; poorly sorted; 2.0-6.0’ SPLIT SPOON
040 subangular; trace clay; wet. SAMPLE
4%e- o 100 (6™
ja 4@
o2 Tge 4.0-6.07 SPLIT SPOON
4 G, 0 — SAMPLE
So_g 100 (4')
a 90
¢ q
0% ae 4.0-9.0¢ SAMPLE
sda SF07890309
L) a
a o0
a® o
o 49 |—
[e] a
5 4.%,
SFOT80A
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WELL NO. _ B4l11289

LOG OF BOREHOLE

PAGE 2 oF _10

£ .
Ul uy SAMPLES COLLECTFD
QP_:_ ; - g LITHOLOGIC DESCRIPTION OR OTHER T€SIS
EIsS|&F | PERFORMED
5 a‘.a d°

®a°", 6.0-8.07 SAMPLE.

Joe°%4] | Recovered 0.8/2.0' = 40X. 6.0-6.8' SAMPLE

s o a 6.0-6.5’: GRAVEL: same as above; 0.2-6.0 cm, (VOAs only) SF07890608

a® o mostly 2.0-3.0 cm; trace fine- to very coarse-

° °°‘° grained sand; poorly sorted; subangular; trace 6.0’ SPLIT SPOON SAMPLE

6 Jeo? o | clay; wet. 100 (10%)

1

12

r :—:—:-\/

6.5-6.87: CLAY AND GRAVEL: dark yellowish brown
(10 YR 4/2); gravel 0.2-3.0 cm some fine- to very
coarse-grained sand; moderately sorted;
subangular; mostly medium to coarse-grained;
moist.

8.0-10.0’ SAMPLE.

Recovered 1.05/2.0/ = 52.5%

8.0-8.35/: GRAVEL: moderate yellomsh brown (10 YR
5/4); gravel 0.2-0.4 cm; 0.2’ of very fine- to
fine-grained sand from 8.35 - 8.55/; poorly
sorted; subangular.

8.35-8.55/: SILT AND SAND: dark yellowish orange
(10 YR 6/6); very fine- to fine-grained sand;
poorly sorted; subrounded; damp.

8.55-9.05/: CLAY AND GRAVEL: light brown (5 YR
5/6); gravel 0.2-6.0 cm; trace fine- to very
coarse-grained sand; poorly sorted; subangular to
angular; moist.

10.0-12.0/ SAMPLE.
Recovered 0.0/2.0¢ = 0%X.

12.0-14.0/ SAMPLE.

Recovered 1.0/2.0° = 50%.

CLAYEY SAND: light brown (5 YR 4/2); fine- to very
coarse-grained sand; mostly moderate to coarse
grained; moderately sorted; subangular; trace
gravel; 0.2-6.0 cm; moist.

8.0-10.07SPLIT SPOON
SAMPLE
100 (13%).

9.0-16.7’ SAMPLE
SFO7890915

10.0-12:0' SPLIT SPOON
SAMPLE
100 (0%)

12.0-14.0 SPLIT SPOON
SAMPLE
100 (12+)

12.0-13.0/ SAMPLE
(VOAs only)
SFO7891214




100 ¢10")

WELL NO. _ 3411289 LOG OF BOREHOLE PAGE___3  OF _ig
L
~ % o SAMRY T2 POLEFCTTD
QE_ ., g LITHOLOGIC DESCRIPTION OR MINER IESIS
Hles | 5= PERFORMLD
13 T ] 14.0-16.07 SAMPLE.
PSR Recovered 0.7/2.07 = 35%. ) 14.0-16.07 SPLIT SPOON
4 | SANDY GRAVEL: pale yellowish brown (10 YR 6/2); SAMPLE
[~ gravel 0.2-6.0 mm; top 0.3’ washed gravel/slough; 100 (8+)
T fine- to very coarse-grained sand; mostly coarse-
e to very coarse-grained; moderately sorted;
14 - — = | subangular; trace clay; moist.
o 40
4% o 16.0-18.07 SAMPLE.
> a%%s Recovered 0.8/2.07 = 40%. 16.07-18.0° SPLIT SPOON
Jo % o] | SANDY GRAVEL: same as above; increasing clay with SAMPLE
s - 4O depth. 100 (10%)
N .... . " Q-
2 48 16.0-16.8¢ SAMPLE
15 og:‘.l i (VOAs only)
e SFO7891618
e* - .9
° a’e 16.0-20.8" SAMPLE
4o e 4l A $F07891521
)
;.c;’: -“.' 18.0-20.0¢ SAMPLE.
> a%’e Recovered 0.8/2.07 = 40%. 18.0-20.0¢ SPLIT SPOON
16_-6',o 2 ] | CLAYEY GRAVEL: moderate yellowish brown (10 YR SAMPLE
a.-a-a 5/4); gravel 0.2-6.0 cm; some fine- to very 100 (10%)
a.qf. - -‘9- coarse-grained sand; moderately sorted; subangular
'.'4'6':'.‘0- to angular; moist.
496 -0l L
b a@ 20.0-22.07 SAMPLE.
et - o Recovered 0.8/2.0’ = 40X. 20.0-22.0/ SPLIT SPOON
17 * 6.::“ 20.0-20.5': SAND: moderate yellowish brown (10 YR SAMPLE.
80 " -0

0
[}
o

19.

P2
)3

1
H ¢

NI
(]
o[&

.

q
d
1

P S N P S| P
T
3q1d313q1“913q1491°‘q°°

q
. d
;¥

o1
Ll

o[ §.
41
9 1"*9

1
d
1

5/4): fine to very coarse-grained; mostly coarse
to very coarse-grained; moderately to well sorted;
subangular to angular; gravel 0.2-4.0 cm; mostly
1.0-2.0 em.

20.5-20.87: CLAYEY SAND AND GRAVEL: moderate
yellowish brown (10 YR 5/4).

20.0-20.8' SAMPLE
(VOAs only)
SF07892022
SF078920220

g
g




WELL NO. _B411289 LOG OF BOREHOLE PAGE __4 _ OF _1n

=
~ (-i-) W SAMPLES AOLEFETED
E . & w LITHOLOGIC DESCRIPTION OR UIHER IESIS
BEIESS | &= ' PERFORMED
B 3 a
21 o ® g ] 22.0-24.07 SAMPLE.
—0 .3~ of Recovered 1.0/2.0¢ = S0X%. 22.0-24.0¢ SPLIT SPOCN
10 v 22.0-22.357: WASHED SAND AND GRAVEL: clay clasts SAMPLE
ER:K are moderate reddish brown (10 R 4/6). 100 (12")
Bty 22.35-23.0¢:  CLAYEY SAND AND GRAVEL: same as
=05 o 20.5-20.8°. 22.0-26.78' SAMPLE
2242 w2, sFo7892127
a‘i_,:z;e; SFO78921270
—0 7 o
o=’ 26,0-26.0" SAMPLE, :
5. "3 8" Recovered 0.4/2.0¢ = 20%. 26.0-26.0¢ SPLIT SPOON
T ] SAND AND GRAVEL: pale yellowish brown (10 YR 6/2); SAMPLE
-‘g-?f fine- to very coarse-grained sand; mostly coarse 100 (5%
23__',0 Lt 4 to very coarse grained; moderate to well sorted;
z"—a_-_o- subangular to angular; gravel 0.2-4.0 cm; mostly
‘,7"_'_»‘ 2 1.0-2.0 cm; appears to be washed; trace clay.
O o
4o =] 26.0-28.0¢ SAMPLE.
3‘.'1_;_0'. Recovered 0.78/2.0' = 35%. 26.0-28.0’ SPLIT SPOOM
o g ] SAND AND GRAVEL: same as above; gravel 0.2 cm to SAMPLE
; -07.. 6.0 cm; silty towards base; 0.2’ of micaceous 100 (8%)
24 0 v ¥ silt; dark yellowish orange (10 YR 6/6); fine to
- 4@ very coarse-grained; mostly coarse to very coarse- . 26.0-26.78' SAMPLE
.;Qf.&-f‘ grained; moderately sorted; subangular to angular; (VOAs only)
o é‘-"' trace clay; moist. SFO7892628
1067 ol R
s 44" 28.0-30.0’ SAMPLE. 28.0-33.0/ SAMPLE
oqfo'_ & Recovered 0.95/2.0¢ = 47.5%. SF07892833
8 e CLAYEY SAND AND GRAVEL: moderate yellowish brown
25]a%2 ol | (10 YR S5/4); fine- to very coarse-grained sand, 28.0-30.0¢ SPLIT SPOON
b 40 mostly coarse to- very coarse-grained sand; SAMPLE
' ,-‘° moderately sorted; subangular to angular; gravel 100 (11%)
° 8’ 0.2-6.0 cm, mostly 0.8-1.0 cm; clay is stiff;
1o 6% sl | 28.0-28.45' is washed; moist.
4 a
a*  .©
. ° 'Oo ..n
26_ 4’ s e al |
b ad
a% - 9
4% hd ol .
o - 4°Q
a® - 9
3 0‘2'..4
27_ Qe .ol B
by 060
- a.
c.o' ae
IETHIAY
. 4ad
a® o
° Oz.o
28 S o & B
3. 3 G;
L3 -
_o—o ? o1
— r »1-1- =
T 3 a
Rl
"6 2 o
29fe =5
S07890
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30.0-32.0¢ SAMPLE.

Recovered 0.9/2.07 = 45X%.

CLAYEY GRAVELLY SAND: moderate yellowish brown (10
YR 5/4); fine- to very coarse-grained sand, mostly
coarse to very coarse grained; moderately sorted;
subangular to angular; gravel 0.2-6.0 cm, mostly
0.5-1.0 cm; 30.0-30.6 washed sand and gravel;
moist.

32.0-34.07 SAMPLE.

Recovered 1.0/2.0’ = 50%.

CLAYEY GRAVEL: pale yellowish brown (10 YR 6/2);
gravel is 0.2-6.0 cm; poorly sorted; angular to
subangular; washed gravelly sand to 32.7'; trace
silt; light brown (S YR 5/6); wet.

34.0-36.07 SAMPLE.

Recovered 1.46/2.07 = 80X,

SAND AND GRAVEL: pale yellowish brown (10 YR 6/2);
medium- to very coarse-grained sand, mostly very
coarse-grained; moderately sorted; subangular;
gravel is 0.2-2.0 cm; trace clay; silt and clay
increasing with depth; wet.

36.0-38.07 SAMPLE.

Recovered 0.7/2.0/ = 35X,

GRAVELLY SAND: pale yellowish brown (10 YR 6/2);
sand same as above; gravel is 0.2-1.0 cm, mostly
0.2-0.5 cm; trace silt; wet.

30.0-32.07 SPLIT SPOON
SAMPLE
100 (11%)

30.0-30.9’ SAMPLE
(VOAs only)
SF07893032

32.0-34.07 SPLIT SPOON
SAMPLE

100 ¢12")

34.0-36.07 SPLIT SPOOM
SAMPLE
100 (19%)

34.0-35.6! SAMPLE
{VOAs only)
SF07893436

34.0-39.0/ SAMPLE
SFO7893339

36.0-38.0* SPLIT SPOON
SAMPLE :
37 (&89
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EE |ag LITHOLOGIC DESCRIPTION OR OIHER IESTS
H 28|28 - PERFORMED

(@]
g]

38.0-40.0’ SAMPLE.

Recovered 2.0/2.0' = 100%.

SANDY GRAVEL: pale yellowish brown (10 YR 6/2);
gravel is 0.2-3.0 cm, mostly 0.2-0.7cm; fine- to

very coarse-grained sand, mostly coarse to very

coarse grained; moderately sorted; subangular;

. trace slit and clay; lower 0.3/ silty clay; wet.

40.0-42.0’ SAMPLE.

Recovered 1.6/2.0/ = 80%.

SAND AND GRAVEL: pale yellowish brown (10 YR 6/2);
sand same as above; gravel 0.2-3.0 cm, mostly 0.5-
1.0 cm; trace silt, clay; wet.

42.0-44.07 SAMPLE.
Recovered 0.0/2.0/ = 0%,

46.0-46.0 SAMPLE.

Recovered 1.6/2.0¢ = 80%.

SANDY CLAY: pale yellowish brown (10 YR 6/2);
medium- to very coarse-grained sand, mostly coarse
to very coarse grained; moderately sorted;
subangular; gravel is 0.2-1.5 cm, mostly 0.2-0.5
cm; trace clay and silt; top 0.5/ sand; wet.

38.0-40.07 SPLIT SPOON
SAMPLE
100 (24")

38.0-40.07 SAMPLE
(VOAs only)
SF07893840

39.0-45.0/ SAMPLE
SFOTB93947

40.0-42.0/ SPLIT SPOON
SAMPLE

53 (19%)

42.0-44.0

SPLIT SPOON
SAMPLE ’

23 (o) R

46.0-46.07 SPLIT SPOON
SAMPLE

308 (19%)

44.0-45.6¢ SAMPLE
{VOAs only)
SFO7894446
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SAMPLES COLLECTLD
OR OTHER (ESTS
PERFORMED

.

46.0-48.0! SAMPLE.

Recovered 1.6/2.0¢ = 80X.

46.0-47.17: SANDY GRAVEL: same as above.
47.1-47.67: SAND: Llight brown (5 YR 5/6); fine to
very coarse-grained; mostly medium to coarse
grained; trace clay, silt and gravel; wet.

48.0-50.0/ SAMPLE.

Recovered 1.6/2.0° = 80%X.

GRAVELLY SAND: sand is moderate yellowish brown
(10 YR 5/4); fine to very coarse-grained, mostly
medium to coarse grained; moderately sorted;

subangutar; gravel is light brown (5 YR 5/6); 0.2-

46.0-48.0/ SPLIT SPOON
SAMPLE
100 ¢19%)

47.0-52.6' SAMPLE
SFO7894753
'SFO78947530

48.0-50.0¢ SPLIT SPOON
SAMPLE
100 (19%)

48.0-49.6/ SAMPLE

5.0 cm; trace clay and silt; wet. (VOAs only)
SFO7894850
50.0-52.0 SAMPLE.
Recovered 0.0/2.0’ = 0X. 52.0-56.0¢ SPLIT SPOON
P ' ’ SAMPLE
48 o 52.0-54.01 SAMPLE. 100 (7%

Recovered 0.6/2.0' = 30%.

SAND AND GRAVEL: pale yellowish brown (10 YR 6/2);
fine to very coarse-grained; moderately sorted;
subangular; trace silt and sand; grades from very
coarse-grained sand down to sandy gravel; gravel
is 0.2-2.0 cm; wet. :
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k.- a'Q
33 REO 54.0-56.0' SAMPLE.
- O..a Recovered 0.7/2.0' = 35%. 54.0-56.0¢ SPLIT SPOON
1068 6] SAND AND GRAVEL: same as above; trace silt and SAMPLE
ad sand; wet. 100 (8%)
a® .o
4_<i9 ?o 56.0-58.0 SAMPLE. 54.0-54.7¢ SAMPLE
54 603 4] Recovered 1.1/2.0' = 55X%. (VOAs only)
aQ SAND AND GRAVEL: same as above to 56.7/; then SFO7895456
K LR light brown (5 YR 5/6); clay increases to some;
7 -G
8. 6 wet.
loo® o}
L. ao 54.0-59.0¢ SAMPLE
‘e® .8 58.0-60.0" SAMPLE. SFO7895359
a2’ Recovered 1.6/2.07 = 80%.
55 aes sl SANDY CLAY: light brown (S YR 5/6); fine- to very 56.0-58.07 SPLIT SPOON
b a0 coarse-grained sand; mostly medium to coarse; SAMPLE
et - " moderately sorted; subangular; top 0.6’ in sand 100 (13")
Y ‘ae
a' e and gravel slough; wet.
. ae? ol
b aea 60.0-62.0/ SAMPLE.
e® .o Recovered 0.0/2.0 = 0.0%X.
ol 0% 58.0-60.0¢ SPLIT SPOON
N EDS Y 4 62.0-64.0 SAMPLE. SAMPLE
b aa] Recovered 0.5/207 = 25X. 100 (19*)
o’qf.o;.“' GRAVEL: pale yellowish brown (10 YR 6/2); poorly
& e sorted; subangutar to angular; 0.2-2.0 cm; mostly 58.0-59.6' SAMPLE
1ae® el 1.0-2.0 cm; trace clay; wet. (VOAs only)
b aa . SFO7895860
‘e®.- .9
2%’ 59.0-65.0¢ SAMPLE
57]e0% ol 64.0-66.01 SAMPLE. SFO7895965
b aa& Recovered 1.0/2.0' = 50%.
e*. ;9 SAND AND GRAVEL: pale yellowish brown (10 YR 6/2); 62.0-64.07 SPLIT SPCON

61

fine- to very coarse-grained sand, mostly coarse
to very coarse grained; moderately sorted;
subangular to angular; gravel is 0.2-3.0 cm; trace
silt and clay; at 64.7' clay increases to > 35%;
wet, :

SAMPLE
100 (6")

Vs

64.0-66.0" SPLIT SPOON
SAMPLE

100 (12")

V. sear
66.0-65.07 SAMPLE
(VOAs only)
SFO7896466

65.0-71.1¢ SAMPLE
SF7896572
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SAMPLE

TYPE

LOG

(o2}
w———t

62

66.0-68.0’ SAMPLE, )

Recovered 1.0/2.0' = 50X. 66.0-68.0¢ SPLIT SPOON
CLAY AND SAND AND GRAVEL: moderate yellowish brown SAMPLE

(10 YR 5/4); fine- to very coarse-grained sand; 100 (12*)

mostly coarse to very coarse grained; moderately
sorted; subangular to angutar; gravel is 0.2-5.0
cm; mostly 1.0-2.0 cm; wet.

63

e 68.0-70.0/ SAMPLE.

° °° ¢ Recovered 0.6/2.0¢ = 30%. 68.0-70.07 SPLIT SPOON

%, CLAYEY GRAVEL: moderate yellowish brown (10 YR SAMPLE

s o O 5/4); gravel is moderately sorted; subangular to 100 (?")

e angular; 0.2-3.0 cm; some fine- to very coarse-

AR grained sand; mostly very coarse grained; top 0.3’ 68.0-68.56" SAMPLE

o is washed gravel; wet. (VOAs only)

, oo SFO7896870

e SFO78968700

66

o
[« I

1* ]
IS
a%6®o

[
s O
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a 34
69 COY 70.0-72.07 SAMPLE, '
—0 - o Recovered 1.1/2.0¢ = 55%X. 70.0-72.07 SPLIT SPOON
= o CLAYEY GRAVEL: same as above. SAMPLE
bl . 100 (13%)
Ol
2% of
10 =2 ~] A FIELD BLANK SAMPLES
3q SF07890015F8
OO SFO7896271F8
—0 7 o
= |
3] TOTAL DEPTH WITH PLOPPER 71.04°
v‘—a_v-
e
12] 1 X
73] 1 !
74 1 i
75] 1 i
76 1 I
17

SFoTes




WELL

COMPLETION
INFORMATION

QA By/Date {z:r,d/ Seppren, J1-25-57

Locatien _Rocky Flats Plant; West Spray Field Well No. _RB411289
Cooardinates N 35758.28 E 13830,94 (RFP) Elevation: Ground Surtfgee 6125.4"'

Total Depth: Well 65.55"

8orehole
Formation of Completion

Casing Material

Screen Materiai

Date instalied

711.04"

Top of Casing _98127.30'

Rocky Flats Alluviunm

Schiedule 40

PVC

06/23/1989

instalied By

F.S. Petersen

Comments No centralizer used.

Geoilogist

Casing Oiameter _4 1/2" 0.D.

-

/4—€:£/ @" :'W.//. b

vchedule 40 lU-siotted PVC Surtace Casinynmcur 8 5/8" 0.D.
L

Approved By’

Site ﬂruuoor

CEARP Manager

Well installed inside drill »ipe.

é.touad Surtace

FT T 7777

Surtece Seosl

77

Materiai:

Volclay grout

3.15' Protective casing stick up

Top of Casing 1.99' - =

f’-lllr,,mr’rffr

Surtace Casing
1.85 Depth (ft.

NSNS

B8orehole
Diameter:

8 5/8"

Top of Screen Depth: 485.90'

4

Well Total

69.65 Depth (ft.)

Sereeon 8orehoile
Length Totat Depth
19.49 (1t.) 71.04 | (1))

:u"lco
oel
45.51 g engtn (12| S
@
i
o
gt
lon:ouuo ;_'\
Seos
2-17 |l engtn (1t 2
Fllter Material:
16-40 Silica
sand
Fliter Pack
21.97 |Length (ft.)
N
0
o
(¥, ]
! -
-4
aacktill -
1.39 |Length (ft.)| o
J Fal
Backfill Material




LOG OF BOREHOLE

BOREHOLE/WELL NO. __ B411389
GROUND SURFACE ELEVATION 6109.50
WATER LEVEL ENCOUNTERED 16.0°

STATIC 5140 (10/06/89) _
DRILLER § fhom B e

HELPER j B erseid
DRILLING FLUID None 0.0-48.0'; Water 48.0-70.08

QA BYOATE /5 s giic sy -2 9~47
LOCATION  “Racky Flals Flani; West Spray Field
COORDINATES NJ35,765.89 F14,600.74 IRFP)

TOTAL DEPTH 70.08’

Cx

ORILING COMPANY Boyles Brothers

DATE DRILLED _ June 22-26. 1389 CHECKED BY __ / A LBty o
DRILLING METHOD % e SITE MANAGER
LOGGED B8Y S.P. Campenter; R.A. Chapuis

GEOLOGIST CEARP MANAGER
COMMENTS ’

~ SAMPLES COLLECTED
OR OTHER TESTS
PERFORMED

LITHOLOGIC DESCRIPTION

DEPTH (FT)
GRAPHIC
LOG
SAMPLE
TYPE

ROCKY FLATS ALLUVIUM

O

o
e
ols 1§

°Td
ol %%

0.0-2.0¢ SAMPLE.

D)
144
o la

ol®
MEL

N~
ol °Ld,ol

Id

@

o ©
[y

3T 4

STd A,
R

T

Recovered 1.1/2.0’ = 55%.

GRAVELLY SANDY CLAY: moderate reddish brown (10R
4/6); fine to very coarse grained sand; gravels to
cobbles; poorly sorted; subangular; quartzose;
nonstratified; moderately consolidated; very
stiff; low plasticity; moist.

2.0-4.0’ SAMPLE.
Recovered 1.46/2.0' = 80%.

GRAVELLY CLAYEY SAND: moderate reddish brown (10 R '

4/6) to Llight brown (5 YR 5/6); fine to coarse

HNu Background: 0.0.

All readings on cuttings;
on core; in breathing
Zone; and in augers: 0.0;
unless otherwise noted
below. .

TRIP BLANK SAMPLE
180622898

?df.a‘i/ grained sand; gravels to cobbles; poorly sorted; TRIP BLANK SAMPLE
-8 — a1 subangular; quartzose; nonstratified; moderately 780622898
ot = “]. consolidated; dense to very dense; low plasticity;
a3 .40 moist. 0.0-1.1/ SAMPLE
2 o (VOAs onty)
s ' 1
i $F08890002
3.1‘3"‘7__ i
s 3.0 | 0.0-3.0/ SAMPLE
T T a:
5% = — SF08890003
O T A
metel A 3.0-8.7' SAMPLE
3.3 SF08890309
- Q.
5 = o
e Bul b
4 L3l / i
-y /
red —a‘/
3 T —
—y 8
sty i
[ ad
L q
3 —Q [ 7
0 o
S etz / Z

i

PaGE__y  oF 10
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Recovered 1.7/2.0¢ = 85X.

GRAVELLY CLAYEY SAND: same as above except dark
yellowish orange (10 YR 6/6) to light brown (5 YR
5/6); slightly silty; iron oxide staining;
slightly calcareous.

6.0-8.07 SAMPLE.
Recovered 0.4/2.0’ = 20X.
GRAVELLY CLAYEY SAND: same as above.

8.0-10.0/ SAMPLE.
Recovered 1.4/2.0¢ = 70%.
GRAVELLY CLAYEY SAND: same as above.

10.0-12.0 SAMPLE.

Recovered 1.4/2.0' = 70%.

GRAVELLY CLAYEY SAND: same as above except light
brown (5 YR 5/6) to pale yellowish brown (10 YR
6/2). .

12.0-16.0¢ SAMPLE..

~ Recovered 1.1/2.0¢ = 55%.

GRAVELLY CLAYEY SAND: same as above except light
brown (5 YR 5/6) to medium brown (5 Y 3/4);
increasing iron oxide staining. )

4.0-5.7' SAMPLE
. (VOAs only)
SF08890406

8.0-9.4' SAMPLE
(VOAs only)
S£088950810

9.0-15.07 SAMPLE
SF08890915

12.0-13.1/ SAMPLE
(VOAs only)
SF08891214

;
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Recovered 1.4/2.0¢ = 70%.
GRAVELLY CLAYEY SAND: same as above except light
brown (5 YR 5/6); trace iron oxide staining.

16.0-18.0/ SAMPLE.

Recovered 1.5/2.0¢ = 75X%.

GRAVELLY SILTY SAND: Llight brown (5 YR 5/6) to
pale yellowish brown (10 YR 6/2); slightly clayey
in part; fine to coarse grained sand; gravels to
cobbles; nonstratified; dense; noncemented; low to
nonptastic; slightly calcareous; iron oxide
staining; very moist to wet.

18.0-20.07 SAMPLE
Recovered 1.5/2.07 = 75X, .
GRAVELLY SILTY SAND: same as above.

20.0-22.07 SAMPLE.

Recovered 1.6/2.0¢ = 80%.

GRAVELLY SANDY CLAY: light brown (5 YR 6/4 to 5 YR
5/6); fine to coarse grained sands; gravels to
cobbles; poorly sorted; subangular; quartzose;
nonstratified; moderately consolidated; very
stiff; low plasticity; iron oxide staining;
stightly calcareous; very moist to damp.

15.0-21.07 SAMPLE
SF08891521

16.0-17.5’ SAMPLE
(VOAs only)
SF08891618

4

16.0'

20.0-21.6¢ SAMPLE
(VOAs only)
SF08892022

21.0-25.3_ SAMPLE
SF08892127

q
Jr
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22.0-24.07 SAMPLE.
Recovered 1.4/2.0/ = 70%.

GRAVELLY SANDY CLAY: same as above; slightly moist
to moist.

26.0-26.07 SAMPLE.

Recovered 1.3/2.0¢ = 65%.

GRAVELLY SANDY CLAY: same as above; light brown (5
YR 5/6) to medium brown (5 Y 3/4). ‘ '

26.0-28.07 SAMPLE.

Recovered 1.1/2.0¢ = 55%.

GRAVELLY CLAYEY SAND: Llight brown (5 YR 5/6); fine
to coarse-grained sand; gravels to cobbles; poorly
sorted; subsngular; quartzose- to sandstone;
nonstratified; moderately consolidated; dense; low
to nonplastic; damp to very moist.

28.0-30.0/ SAMPLE.
Recovered 0.3/2.0' = 15%.
GRAVELLY CLAYEY SAND: same as above.

26.0-25.3/ SAMPLE
(VOAs only)
SF08892426

TRIP BLANK SAMPLE
(VOAs only)
780623898

26.0-32.7¢ SAMPLE
SFO8892733

A
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30.0-32.0 SAMPLE.
Recovered 0.0/2.0¢ = 0%X.
GRAVELLY CLAYEY SAND: same as above.

32.0-34.07 SAMPLE.

Recovered 0.7/2.0/ = 35%.

GRAVELLY CLAYEY SAND: same as above; granite
gravels.

34.0-36.0/ SAMPLE.
Recovered 1.4/2.0¢ = 70%.
GRAVELLY SLIGHTLY CLAYEY SAND: same as above.

36.0-38.0/ SAMPLE.

Recovered 1.1/2.0' = 55%.

GRAVELLY CLAYEY SAND;: same as above; dark
yetlowish orange (10 YR 6/6). .

32.0-32.7' SAMPLE
(VOAs only)
SF08893234

32.7-39.0¢ SAMPLE
SF08893339

36.0-37.17 SAMPLE
(VOAs only)
SF08893638

q
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38.0-40.0' SAMPLE.
Recovered 1.0/2.0' = 50%X.
GRAVELLY CLAYEY SAND: same as above.

'40.0-42.0¢ SAMPLE.

Recovered 1.3/2.0¢ = 65%.
GRAVELLY CLAYEY SAND: same as above with Manganese
oxide staining and iron oxide staining.

42.0-44.07 SAMPLE.

Recovered 1.3/2.0/ = 65X, .

42.0-42.63 GRAVELLY CLAYEY SAND: same as above.
42.6-43.3: GRAVELLY SANDY CLAY: light brown (5 YR
5/6) to dark yellowish orange (10 YR 6/6); fine to
coarse grained sand; gravels to cobbles; poorly
sorted; subangular; quartzose; granite;
nonstratified; moderately consolidated; very
stiff; low plasticity; iron oxide staining;
slightly calcareous; moist.

44.0-46.07 SAMPLE.
Recovered 1.4/2.0¢ = 70%.
GRAVELLY SANDY CLAY: same as above.

39.0-45.0 SAMPLE
SF08893945

40.0-41.3¢ SANPLE
(VOAs only)
SF08894042

44.0-45.4" SAMPLE
SFOB8944LLE

45.0-47.7' SAMPLE
(VOAs only)
SF08894548
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46.0-48.0! SAMPLE.
Recovered 1.7/2.07 = 85X.

GRAVELLY CLAYEY SAND: light brown (5 YR 5/6); fine

to coarse grained sand; gravels to cobbles; poorly
sorted; subangular; quartzose; granitic sands;
nonstratified; moderately consolidated; dense low
to medium plasticity; slightly calcareous; iron
oxide staining; moist.

48.0-50.0’ SAMPLE.

Recovered 0.9/0.925' = 97%X.

SAND AND GRAVEL: Llight brown (5 YR 5/6); 60X
gravel to 6 cm; rounded to subangular; quartzose;
(30%) fine to very coarse grained; poorly sorted;
angular to subangular; quartzose; iron stained;
10% non to low plastic fines; noncemented; wet.

$0.0-52.07 SAMPLE.

Recovered 0.65/0.46' = 141X, .
SAND AND GRAVEL: medium brown (5 YR 4/4); 60X
gravel to 7 cm; mostly 1-2 cm; rounded to
subangular; quartzose; (30%) fine to very coarse
grained sand; moderately sorted; subangular to
subrounded; spackled; quartzose; (10%) non to low
plastic fines; loose; wet.

52.0-54.07 SAMPLE.
Recovered 0.91/0.91/ = 100%.
SAND AND GRAVEL: same as above.

-

48.0-50.0’ SPLIT SPOON
SAMPLE
S3; 100 (5.1")

48.0-48.9' SAMPLE
(VOAs only)
SF08894850
48.0-52.91/ SAMPLE
SFOB894854

50.0-52.0¢ SPLIT SPOON

- SAMPLE

100 (5.52")

52.0-54.0’ SPLIT SPOON
SAMPLE
37; 100 (4.92")

52.0-52.91' SAMPLE

(VOAs only)
SF08895254

51.40°
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~ % .__“J SAMFLFS N LECTED
E z .| Sw LITHOLOGIC DESCRIPTION OR OIHER [ESIS
a .
Bl SS | &= PERFORMED
53 s & O SO~ S SPHT—SPOON—
a® o 54.0-56.0’ SAMPLE. SAMPLE
© 8% Recovered 0.0/0.3 = 0X. 100 (3.6%)
- : ,
b oaal - 56.0-58.07 SAMPLE.
a* o Recovered 0.35/0.37' = 95X. 54.0-59.247 SAMPL
o 00’ SAND AND GRAVEL: (50%) sand; fine to very coarse SF08895460 .
941450 ¢ grained sand; mostly medium to very coarse
- grained; moderately sorted; subsngular to 56.0-58.0/ SPLIT SPOON
subrounded; (45%) gravel to 3 cm; subangular to SAMPLE
subrounded; sand is speckled; iron staining in 100 (4.44%)
part; loose; (5X%) non to low plasticity fines.
T T B 56.0-56.35/ SAMPLE
(VOAs only)
5 SF08895658
: S h T - 58.0-60.07 SAMPLE.
Recovered 1.8/1.247 = 145%. : 58.0-60.0’ SPLIT SPOON
SAND AND GRAVEL: medium brown (5 YR 5/4) (S50X) SAMPLE
gravel to 4 cm; mostly 1-2 cm; subangular to 100 ¢2.9%)
7 T - subrounded; quartzose; (40%) fine to very coarse
sand; poorly sorted; subsngular to subrounded; 58.0-59.24* SAMPLE
Quartzose; speckled; (10%) non to low plasticity SF08895460 ’
56 fines; more clay with depth; unconsolidated; wet.
st % 60.0-62.0¢_ SAMPLE.
°‘_‘,°,d‘ Recovered 2.2/1.76* = 125%. 60.0-64.0/ SAMPLE
a % ¢ 60.0-61.07 SAND AND GRAVEL: same as sbove. SF08896066
i AR 61.0-61.767 CLAYEY SAND AND GRAVEL: light brown (S
PO YR 5/6); (45%X) fine to very coarse grained sand; 60.0-62.0 SPLIT SPOON
°-'°6° poorly  sorted; subangular to  subrounded; SAMPLE
57 8 Qé': quartzose; speckled; (40%) gravel to 7 cm; poorly Sample 21; 18; 48; 100
-n: a-a ] sorted; subrounded to subangular; quartzose; (15X) (3.12")
PR no to low plasticity fines; wet.
o~ g 60.0-61.76" SAMPLE
oo (VoAs only)
. A SF08896062*
3 o4
» a
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62.0-64.07 SAMPLE. .
Recovered 1.4/0.9’ = 156%. 60.0-64.9' SAMPLE
CLAYEY SAND AND GRAVEL: same as above; clay SF08896066

increasing with depth; upper portions are washed.

9d

62.0-64.0¢ SPLIT SPOON
SAMPLE
41; 100 (4.8%)

ad

64.0-66.07 SAMPLE.
Recovered 0.9/0.4¢ = 225%, 64.0-66.0¢ SPLIT SPOON
CLAYEY SAND AND GRAVEL: same as above except: SAMPLE .

B - gravel to 6 cm; wet. 100 (4.8")

64.0-64.4" SAMPLE
(VOAs only)
v - SF08896466

qd

66.0-68.0/ SAMPLE.
Recovered 1.0/0.69' = 145X, 66.0-68.0* SPLIT SPOON
B [~ CLAYEY SAND AND GRAVEL: same as above; gravel to 5 SAMPLE

cm; mostly 1-2 cm; iron stained; wet. 66; 100 (2.28+%)

. 66.0-68.75' SAMPLE
- , SF08896670

66.0-69.1/ SAMPLE
SF08896670

68.0-70.0! SAMPLE.
Recovered 1.1/0.75/ = 147X, 68.0-70.0° SPLIT SPOON
CLAYEY SAND AND GRAVEL: same as above; 2 cm zone SAMPLE

of caliche near bottom; wet. 41; 100 (3")

94

o

68.0-68.75¢ SAMPLE
(VOAs onty)
B : SF08896870

94

TRIP BLANK SAMPLE
180627898

Q4

TRIP BLANK SAMPLE
780628898
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LOG OF BOREHOLE

vy
A\
{

OA BIOATE L BN o Jssoriyeit BORFHOLE/WELL NO. __ B4[10589 |
LOCATON __ ZRocky Flats Plont GROUND SURFACE ELEVATION 6111.80
COORDINATES _N34.806.66 F14.696.44 (RFP) WATER LEVEL ENCOUNTERED None
TOTAL DEPTH ~ 65.0' STATIC 50,00’ (19[12@3%
DRILLER  T. Parino HELPER B. G Conner

DRILLING COMPANY Bovles Brothers DRILLING FLUID Ar and Water
DATE DRILLED September 5 and 6, 1989 CHECKED BY _ /" B (Srtyny o
DRILLING METHOD _Air Rotary Percussion Hammer Vi SITE MANAGER
LOGGED BY D.W. Anderson

GEOLOGIST CEARP MANAGER
COMMENTS *

SAMPLES COLLECTED
UTHOLOGIC DESCRIPTION : OR OTHER TESTS

PERFORMED

DEPTH (FT)
GRAPHIC
LOG
SAMPLE
TYPE

-
[-3

‘s
o

AT ROCKY FLATS ALLUVIUM

. @, 0.0-5.0' CUTTINGS.

; SAND AND GRAVEL: yellowish brown (10 YR-7/4); very

‘ fine- to coarse-grained; subangular to subrounded

‘ L0, 0 quartz sand; gray (N &); 0.5-2.0 cm; angular to
4% e e subangular quartz and quartzite gravels; poorly

sorted; unconsclidated; damp.

PAGE | oF a
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SAMM S COHECTTD
LITHOLOGIC DESCRIPTION OR OTHER IESTS

PERFORMED

SAMPLE

TYPE

" DEPTH (FT)
GRAPHIC

(8]
s
-3
[+

0f o 5.0-10.0' CUTTINGS.
a8 SAND AND GRAVEL: same as above; with 10% reddish
° brown (10 R 4/6) clay lumps.

o% o 10.0-15.07 CUTTINGS.
SO SAND AND GRAVEL: same as above; light brown (5 YR
] 5/6); no clay lumps; damp to moist.

”_ o o~°.‘c__

]2_'5'0-6 Y




WELL NO.

B410589

LOG OF BOREHOLE

PAGE

WO

3 OF

DEPTH (FT)
GRAPHIC

SAMPLE

TYPE

LITHOLOGIC DESCRIPTION

SAMPLES COLLECTED
OR OTHER TESTS
PERFORMED

(@S]
-
’9
20

20] o"_oA '

21

15.0-20.0° CUTTINGS.
SAND AND GRAVEL: same as sbove.

20.0-25.0/ CUTTINGS.
SAND AND GRAVEL: same as above; with some clay;
moist.
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PAGE
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DEPTH (FT)|
GRAPHIC

SAMPLE

TYPE

LITHOLOGIC DESCRIPTION

SAMPFS COI{FCTED
OR UTHER TLSIS
PERFORMED

~No
—

25

2243

25.0-30.0/ CUTTINGS.
SAND AND GRAVEL: same as above.
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LOG OF BOREHOLE
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SAMPLES FOreeTrn
OR OTHLR IESTS
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30.0-32.07 CUTTINGS.
SAND AND GRAVEL: same as above.

32.0-35.0¢ CUTTINGS.
CLAYEY SAND AND GRAVEL: brown (10 YR 5/4); fine-
to coarse-grained, subangular to subrounded
quartzose sand; 0.5-1.0 cm; subangular quartz and
quartzite gravel; poorly sorted; very wet due to
injection of water.

35.0-40.0/ CUTTINGS.
CLAYEY SAND AND GRAVEL: same as above.
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B410589

WELL NO.

SAMM £S CONTETED
OR UTHER IESTS
PERFORMED

LOG OF BOREROLE

LITHOLOGIC DESCRIPTION

CLAYEY SAND AND GRAVEL: same as above.

40.0-45.0/ CUTTINGS,
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SAMPLES COLEFeTTD
LITHOLOGIC DESCRIPTION OR OTHER TESIS

PERFORMED

DEPTH 'FT)
GRAPHIC
SAMPLE

TYPE
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45.0-50.0/ CUTTINGS.
CLAYEY SAND AND GRAVEL: same as above.
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50.0-55.0/ CUTTINGS.

SANDY GRAVEL: gray (N 4/0) to brownish gray (5 YR
4/1); 0.5 - 1.0 cm; angular to subangular, quartz
- | and quartzite gravel; very fine- to coarse-grained
subangular quartz sand; with trace of clay and
silt; poorly sorted; appears more clayey at 54.0';
wet.
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55.0-60.0’: CUTTINGS.

CLAYEY SAND AND GRAVEL: Llight brown (10 YR 5/4);
very fine- to coarse-grained; subangular to
subrounded quartz sand; with trace black grains;
gray (N 4/0); 0.5-1.0 cm; subangular; quartz and
quartzite gravel; poorly sorted; very wet.

60.0-65.0: CUTTINGS.

CLAYEY SAND AND GRAVEL: same as above.
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WELL
COMPLETION
INFORMATION

QA By/Date {A Gt o /G )—£T

Locatien Rocky Flats Plant: West Soray Field Weli No. B410589

Coorainates N _34808.66 E 14696.44 (RFP)

Elevation: Ground Surtgee 0111.8'

Total Deptn: weit 681.31"

Too ot Casing 6113.8"

Boreneie §5.0'

Formation of Compietion Rockv Flats Alluvium

Casing Material Schedule 40 PVC

Casing Diameter 4 1/2" 0.D.

Screen Matertal Schedule 40 10-slotted PVC

Surtace Casing Dipmeter 8 5/8" 0.D.

Date instaliee 03/08/1589

instailed By D.W. Anderson
Geologist

Approved B8y

Site Manager

CEARP Mansger
Comments llo centralizer used. Well installed inside drill pipe.

2.97' Protective casing stick up

Too of Casing 2 .00

6’0000 Surtace | _
100777 T2 11,,/ / L g 4 Ilrrrlrt[r:_rrt
Surtace Seal : 7 Surtace Casing
Material: 2.03 |Demtn (1t.)
Yolclay grout
. p N
:unoo T
[ 1 ]]
36.05 jLengtn (12|
o 8orenele
v Diametar:
w 3 5/8"
c: A ——  §
Bentoaite N
sest
2.20 Lenetn (1t)| 2 DR
L | ® M .
Filt (" [YYH -—J s -
!.6-2(') S;;.?.::a : iToo ot Sereen Doutn_:_f»O_.b_S_'__
sand : i

wWeil Total
1.31 Depth (f2.)

|

Fllter Pack
23.06 Length (1t.)

Sereeon | Borenoie
19.49 Length Total Desth
i ETTH 65.00 | (11.)
o l
—
W
=
y -
[=))
Backtiti e ’
3.69 JLenetn (ft)|c
g )
Becktill un.nn.'le‘W Silica sand




LOG OF BOREHOLE

QA BY/DATE 7{,6 @zﬂ g -2 -8 7
LOCATION  ~/Rocky flats Plant; West Spray Field

COORDINATES N3S5,384.21 E15,616.41 (RFP)

TOTAL DEPTH 54.0°

DRILLING COMPANY Boyles Brothers

DATE DRILLED Auqust 22--24, 1989

DRILLING METHOD  Air Rotary Percussion Hammer

LOGGED BY D.W. Anderson

GEOLOGIST
COMMENTS

BOREHOLE /WELL NO. B4 10689

GROUND SURFACE ELEVATION _6091.70°

WATER LEVEL ENCOUNTERED _ 40.55

STATIC _39.58" (10/11/89)

DRILLER T. Parino HELPER B. Q'Conner

DRILLING FLUID _Air_ond Water

CHECKED BY ~./ 0 Pyt srd s~

J SITE MANAGER

CEARP MANAGER

DEPTH (FT)

LOG
SAMPLE
TYPE

LITHOLOGIC DESCRIPTION

SAMPLES COLLECTED
OR OTHER TESTS
FPERFORMED

-
3
o

N

T ea 0.0-5.0 CUTTINGS.

o 3/2); dry.

o ae. ROCKY FLATS ALLUVIUM

PRI SAND AND GRAVEL: grayish orange (10 YR 7/4); fine-
0. -qe to coarse-grained quartzose sand; poorly sorted;
Y. 9 subangular; 0.5-1.5 em quartz
R ao gravels; poorly sorted; anguiar olive gray (5 Y

and quartzite

PAGE | oF _ 8




WELL NO. LOG OF BOREHOLE 2 OF _8
Ely o SAMPLES COUI ECTED
=l |z LITHOLOGIC DESCRIPTION OR OTHER TESTS

il zc - PERFORMED

[ S U)C

w

1

5.0-10.0' CUTTINGS.

SAND AND GRAVEL: same as above; with sand ranging
from very fine- to coarse-grained and slightly
changing color to moderate yellowish brown (10 YR
5/4); damp. ‘

10.0-15.0/ CUTTINGS.

SAND AND GRAVEL: same as above; except moist.




® WELL NO. _pa106sq LOG OF BOREHOLE PAGE___3 _ 0OF _8

Ele 1. SAMPI ES COLLTCTD
=z |2 LITHOLOGIC DESCRIPTION OR OTHER TESIS
(&) a. -

(&N}
)
*s
N

15.0-20.0’ CUTTINGS.
SAND AND GRAVEL: same as above; except damp.

- 20.0-25.07 CUTTINGS.
SAND AND GRAVEL: same as above.




WELL NO. _ B410689 LOG OF BOREHOLE PAGE__ 4 OF

0

SAMFLES COLLECTED
UTHOLOGIC DESCRIPTION OR OTHER TESTS

PERFORMED

DEPTH (FT)
GRAPHIC
SAMPLE

TYPE

N
p—y
5
*s
°0

> 25.0-30.07 CUTTINGS.
e SAND AND GRAVEL: same as above.

221434

B
23_6'091:

24~h'09 i

25«61094: |

S ..o
26_0 P g

27|

28]«




WELL NO. _ R410689

LOG OF BOREHOLE

PAGE.

2 OF _8

DEPTH {FT)
GRAPHIC
SAMPLE

TYPE

LITHOLOGIC DESCRIPTION

SAMPLES FOLTECTTD
OR OTHER I1ESTS
PERFORMED

(]
w
3
o
[
P

8 a
3()'5409.:

31 }aSe

32)eS08

33]e %o Sk

3, of
341 aof :

35

36

30.0-35.0¢ CUTTINGS.
SAND AND GRAVEL: same as above.

35.0-40.07 CUTTINGS.
SAND AND GRAVEL: same as above with some clay (10-
20%).
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WELL NO. __ R410689

LOG OF BOREHOLE

PAGE

7 OF __8

DEPTH (FT)
GRAPHIC
SAMPLE

TYPE

LITHOLOGIC DESCRIPTION

SAMPLFS COHTCTED
OR OTHER TESIS
PERFORMED

o
|
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48_ 0ol : -

°
-]
‘e

-3

it
o W
o £
b »

q
o

4

14

d
°|

ol 4
Q.
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d
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Iy
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d
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o
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|
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d
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q
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d
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d
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|
8

|
d
i

d
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33

45.0-49.07 CUTTINGS.

SANDY GRAVEL: gray (5 Y 3/2); fine- to coarse-
grained quartzose sand; poorly sorted, gray (5 Y
3/2) 0.5-3.0 cm quartz and quartzite gravel,
angular to subangular; poorly sorted; wet.

49.0-54.0° CUTTINGS.

CLAYEY GRAVEL: reddish brown (5 YR 4/4) muddy
water with occasional clay tumps, fine- to coarse-
grained quartzose sand, and 0.5-1.5 cm quartz and
quartzite gravel; angular; wet.

Note: Drilling response indicates clay.

§;




WELL NO. _ B410689 LOG QF BOREHOLE PAGE & oF _8

SAMPIFS POILFCTID
LITHOLOGIC DESCRIPTION OR OTHER 1ESTS

PERFORMED

DEPTH (FT)
GRAPHIC
SAMPLE

TYPE

LOG

w
(O]
ofl
o
L
29

7
d
)

d

TOTAL DEPTH = 54.0/

°|

o[&

°Jla°|
129

94 =

53]

97

58]

59

60

61
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WELL

COMPLETION
INFORMATION
QA By/Date {/f@mm [G—15-87
Locatien Rcﬂ:kv Flats Plant; West Spray Field wWell No. B410689

Coorainates _N _J35384.21 E _15616.41 (RFP) Elevation: Ground Surtaee _0091.7'

Total Demtn: wetlL1:33'

Too ot Casing _6093.71"

Bereneiq _355.95'
Formation of Compietion Rocky Flats Alluvium

Casing Material Schedule 40 PVC Casing Olameter 4 1/2" 0.D.

Screen Material Schedule 40 10-slotted PVC

Surtace Casing Diamaeter 8 3/8" 0.D.

Date Instaitea _08/28/1989

Approved By . aA_

instalied By D.W. Anderson
Geosogist

Site Manager

CEARP Manager
Comments _No centralizer used. Well installed inside drill pipe.

3.5' Protective casing stick up

Too of Casing 2 .01'

Greund Surtase l

770777777 1'71//’ / ™ r,zTrfzIrlzr:t

Surtace Sesl Surtase Casing
Meteriai: 2.99 l”n_n (tt.1

Volclay grout

:un..o =
[ T 1}
26.96 | enwtn (11.) ?"
V) Jorensie
R Diameter:
Iz ! 8 5/8" ,
:ontonno s
e8!
2.04 Length (tt.)lc-
}

Fllter Matersial:
16-40 Silica
sand

L‘!’co ot Screen Deptn: 30.5'

‘ wWell Total
51.33 !oonn (12.)

Fllter Pack
21.33 |Lenetn (1t.)

Seroen | Borenoile
Length Total Desth
19.55 |bon 55.95 l rot

€E€° T8

L d

Sscktill I
‘ 4.62 |Lemnetn Ut.)ﬁ

——————

T

Backtill u.uruu) 16-40 Silica sand

Tee

od

-




LOG OF BOREHOLE

N
(

QA BY/DATE % ﬁ@ma.,d [ ~2F-A BOREHOLE /WELL NO. _ B410789.-
LOCATION __/Rocky Flats Plant; West Spray Field - GROUND SURFACE ELEVATION _6082.1"

COORDINATES _N35,624.58 £16,029.31 (RFP) WATER LEVEL ENCOUNTERED _ 35.15

10TAL DEPTH _50.0° STATIC 34.49" (10/05/89)

DRILLER T. Parino HELPER B. O'Conner

DRILLING COMPANY Boyles Brothers DRILLING FLUID  Air\Water

DATE DRILLED Auqust 30, 1989 CHECKED BY ;45 4521}&&1
DRILLING METHOD  Air Percussion/Rotary " SITC MANAGER
LOGGED BY D.W. Anderson

GEOLOGIST : CEARP MANAGER
COMMENTS

‘ SAMPLES COLLECTED
UTHOLOGIC DESCRIPTION OR OTHER 1ESTS

PERFORMED

DEPTH (FT)

LOG
SAMPLE
TYPE

O
-3

‘s
00

o® ae ROCKY FLATS ALLUVIUM

0.0-5.0/ CUTTINGS.
SAND AND GRAVEL: light brown (5 YR 6/4); very fine
> - to coarse-grained, angular to subangular quartz
‘l ~b'd b sand; gray (N 3/0) 0.5 to 1.15cm; angular to
0. .4 -
1.7, subangultar quartz and quartzite gravel; poorly
s - 4@
: sorted; dry.

PAGE 1 oF 7




WELL NO. 5410789

LOG OF BOREHOLE

PAGE

2 OF

DEPTH (FT)
GRAPHIC

SAMPLE

TYPE

LITHOLOGIC DESCRIPTION

SANPLES COLITCTED
OR OTHER [ESTS
PERFORMED

w
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1
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q
14

8]

dql

5.0-10.0' CUTTINGS.
SAND AND GRAVEL: same as above; yellowish brown
(10 YR 5/4); damp.

10.0-13.0/ CUTTINGS.

CLAYEY SAND AND GRAVEL: yellowish brown (10 YR
5/4); very fine to coarse-grained, subangular to
subrounded quartzose sand; gray (N 4/0) 0.5-1.5
cm; angular to subangular quartz and quartzite
gravel; 20% clay; poorly sorted; damp.

i




WELL NO. __ 3410789 LOG OF BOREHOLE et 5 o 7

s o - SAMPLES COLLECTED
= =z T . LITHOLOGIC DESCRIPTION OR OTHER TESTS
S 28| FE ~ PERFORMED

13 |-

13.0-15.0/ CUTTINGS.
| SILTY SAND: yellowish brown (10 YR 5/4); very fine

] to  coarse-grained, subangular to subrounded
R quartz; some clay; damp.

b 15.0-20.0/ CUTTINGS.

SAND AND GRAVEL: yellowish brown (5 YR 6/4); very
fine to coarse-grained, subangutar to subrounded
quartzose sand; gray (N 4/0) 0.5-1.0 ocm;

| subangular quartz and quartzite gravel; poorly
sorted; dry to damp.

20.0-25.0' CUTTINGS,
SAND AND GRAVEL: same as above; 0.5-2.0 cm gravel.




4

PAGE

LOG OF BOREHOLE

B410789

WELL NO.

SAMPLES COLLECTTD
OR OTHER TESTS
PERFORMED

UITHOLOGIC DESCRIPTION

25.0-30.0' CUTTINGS.

CLAYEY SAND

same as above with 25X

-
-

AND GRAVEL

clay; damp to moist.

-
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WELL NO. __B410789 LOG OF BOREHOLE PAGE__ 5 oF 7

SAMPLES COLLECTCD
LITHOLOGIC DESCRIPTION OR UTHER TESTS

PERFORMED

DEPTH {FT)
GRAPHIC
SAMPLE

TYPE

LOG

30.0-35.0' CUTTINGS.
= | CLAYEY SAND AND GRAVEL: same as above; dry to
damp.

35.0-40.0/ CUTTINGS.

- | CLAYEY SAND: yellowish brown (10 YR 5/4); very
fine to coarse-grained, subangular to subrounded
.quartzose sand; some gray (N 3/0) 0.5 cm; angular
to subangular quartz and quartzite gravel; more
- | gravel near 40.0’. .
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‘ WELL NO. _ B410789 LOG OF BOREHQLE PAGE 6 oF

SAMPLES CNIECTED
LITHOLOGIC DESCRIPTION OR OTHER IESIS

PERFORMED

40.0-45.0/ CUTTINGS.
CLAYEY SAND: same as above; 0.5 to 1.5 cm gravel.

4217

43

451"




WELL NO. _ B410789 LOG OF BOREHOLE PAGE__ 7 OF _1

SANFLES COLLECTCD
LITHOLOGIC DESCRIPTION OR OTHER TESIS

PERFORMED

DEPTH (FT)
GRAPHIC
SAMPLE

TYPE

LOG

o~
[,
Caar
19

Aq159

|

45.0-50.0/ CUTTINGS. .

- . CLAYEY SAND AND GRAVEL: brown (5 YR 4/4); very
fine to coarse-grained, subangular to subrounded
quartzose sand; gray (N 3/0); 0.5-1.5 cm,
subangular quartz and quartzite gravel; poorly
- - sorted; wet.
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WELL
COMPLETION
INFORMATION

QA ByIDaie ‘//JMM /G—//—f)

Locatien Kbcky Flats Plant; West Spray Field Well No.

B410789
Coorainates _J 35824.58 E 15029.31 (RFP) Elevation: Ground Surtace _0082.1'
Total Depth: Well 46.3° 6083.86"

Too ot Casing

Borenole _49.0'

Formatien ot Comopietion Rockv Flats Alluvium

Casing Material Schedule 40 PUC Casing Diameter _& 1/2" 0.D.
Screen Materia)Schedule 40 10-slotted PVC Surtace Casing Qiameter 8 5/8" O0.D,
Date instaited _08/31 & 09/01/1989 Aeproved BY ilﬁ St
Instalied 8y _D-W. Anderson Site Mansger

Geoiogist

. . CEARP Manager
Comments _NO centralizer used. Well installed inside drill pipe.

———. 2.74' Protective casing stick up

Too ot Casmng 1.76'

Ground Surtsce \

Y 717777777 ﬁ//(/ / r—r f’rllelffl

Surtace Seasl

Surtace Casing

uaterial: 2.27 |oewtn (1t.)
Volclav grout
:unlco =
ea!
21.1  lLengtn (120N :
. Sorensie
- Diameter:
8§ 5/8"
Bentoaite |3
2.1 Seal .
- Leagth (fL.){w
|

Filter Materiai:
16-40 Silica
sand

Yoo ot Screen Dentn: _25.54'

wWell Total
'6-3 Demth (2.}

Eliter Pack
23.0 - Length (1.}

Sereen ) Borenaile
Length Tots! Deeth
19.49 | (sen) 49.0 | (122

I

F
[=)] -
w T .
b . - RSN . ;A’L
l ‘neum e
2.7 Length (ft.)
T ——— -

- it .
Backfiil Materiali 16-40 Silica sand




LOG OF BOREHOLE

A

OA BY/OATE <~/ B cScsmmig S 9 7
LOCATION Rocky Flats Flant; West Spray Field
COORDINATES _N36,682.03 F14,464.71 (RFP)

TOTAL DEPTH  77.0°

DRILLING COMPANY Bawes Brolhers
DATE DRILLED April 13-18, 1989

BOREHOLE/WELL NO. __ B111089
CROUND SURFACE ELEVATION 6106.1°
WATER LEVEL ENCOUNTERED _ 63.0°
STATIC N/A
DRILLER K. Farker HELPER R. Orr

DRILLING FLUID _None

CHECKED BY <7 3. Bzr sozoiat

DRILLING METHOD __Hollow Stem Auger SITE'MANAGER
LOGGED BY R.T. Treat
GEOLOGIST CEARP MANAGER

COMMENTS Borehole abandoned with vdday grout to within 5° of surface on 4/19/89, then topped off with
Portland Type | cement.

1 1
baobo
>3 -3
@, 0 [»] .0
6 o o
AQPp'aop
\\\\\\
1 ;3

L

AN

™

0.0-0.5’: SANDY GRAVEL: dusky brown (5 YR 2/2) to
grayish brown (5 YR 3/2); some silt; gravel (0.5
cm to 6 cobbles); subangular; angular; mostly
quartzite and granite; abundant roots; well
consolidated; well sorted fine-grained (2.5-2.0
phi) and coarse-grained (0.5-0.0 phi) sand; medium
dense; slightly moist.

ROCKY FLATS ALLUVIUM

0.5-0.8’: SANDY GRAVEL:

same as above; moderate
brown (5 YR 3/4).

1.3-3.37 SAMPLE,

Recovered 1.0/2.07 = 50%.

SANDY GRAVEL: moderate brown (5 YR 3/4); some
clay; fine-grained (2.5-2.0 phi) to very coarse-
grained (-0.5 to -1.0 phi) sand; gravel (0.25 to
5.50 cm); weakly consolidated; poorly sorted;
poorly cemented; dense; moist.

3.3-5.3¢ SAMPLE.

Recovered 2.0/2.0¢ = 100%.

3.3-4.67: CLAY: light brown (5 YR S/6) to moderate
brown (5 YR 4/4); trace gravel (0.50 to 3.50 cm);
subangular and angular; medium stiff; moderately
cemented; low plasticity; moist.

4.6-5.37: SANDY GRAVEL: Light brown (5 YR §5/6) to ~

dark yellowish orange (10 YR 6/6); some clay;
angular and subangultar gravel; poorly sorted;
fine-grained (3.0-2.5 phi) to very coarse-grained

/’: .
3 © w SAMPLES COLLECTED
=l & a w LITHOLOGIC DESCRIPTION OR OTHER TESTS
& g 3 gg_- PERFORMED
O eo‘..»o‘ go TOPSOIL

“a% e 0.0-1.3¢ SAMPLE. -

] f‘._oa- 6«- . Recovered 0.8/1.37 = 62%. HNu Background: 0.0

s 8

OVA Background: 0.0

All readings on cuttings,
on core, in breathing
zone, and in augers: 0.0;
unless otherwise noted
below.

1.3/: Reading in Auger
HNu: 0.2

3.3’: Reading in Auger
HNu: 0.1

5 (-0.5-1.0 phi) sand; weakly cemented; poorly
6® o consolidated; non-plasti¢; slightly moist.
5 158
SFOBBGAA

PAGE 1 oF __10




RB111089 ’ LOC OF BOREHOLE PAGE 2 oF 10

{FT)

GRAPHIC

DEPTH

w SAMPLES OO/ {FCTID
= UTHOLOGC DESCRIPTION OR OTHER TESTS
S PERFORMED

5.3-6.5' SAMPLE.

Recovered 1.2/1.27 = 100%.

SANDY GRAVEL: same as above; light brown (5 YR
S/6); moderate brown (5 YR 4/4) to grayish orange
pink (5 YR 7/2); damp. :

6.5-7.0¢ SAMPLE.
Recovered 0.0/0.5' = 0%,

4

Note: 7.0-8.5¢: Orilled with center bit. 20 sample
recovered. i

8.5-9.5¢ SAMPLE.

Recovered 0.8/1.0/ = 80X.

GRAVELLY SAND: Llight brown (5 YR 5/6); moderate
yellowish brown (10 YR 5/4); well sorted fine-
grained (3.5-3.0 phi) to medium-grained (2.0-1.5
phi) sand; (1.25 to S.50 cm) gravel; angular and
subangular; weakly cemented; poorly consolidated;
non-plastic; granite and quartzite gravel;
slightly moist.

9.5-11.5/ SAMPLE.

Recovered 1.5/2.0¢ = 75X. ,

SAND AND GRAVEL: moderate yellowish brown (10 YR
S/4) Llight brown (5 YR 5/6) and pale yellowish
brown (10 YR 6/2); some silt; poorly sorted fine-
grained (3.0-2.5 phi) to (-0.5 to -1.0 phi) sand;
trace very coarse gravel (0.5 to 5.75 cm); mostly
quartzite, some granite; moderately cemented;
poorly consolidated; dense; slightly moist.

11.5-13.5¢ SAMPLE.
Recovered 1.3/2.0¢ = 65%.
SAND AND GRAVEL: same as above.

° ‘l“ -0.‘.°°".f-;).
™




WELL NO.

LOG OF BOREHOLE

B111089 PAGE ___ 3 OF 10
£
= £ w o SAMPLTS CNLEECTTD
& %o | Sy LITHOLOGC DESCRIPTION OR OTHER TESIS
&1 &I |aE PERFORMED
13 .o‘ O‘/
8%, 13.5-15.5/ SAMPLE.
e °6‘: Recovered 2.0/2.0/ = 100%.
1 <ol [ SAND AND GRAVEL: same as above.
e . a.
..'6"- ) 15.5-17.5/ SAMPLE.
141a%d Recovered 1.3/2.0' = 65%.
1 Ceal - SAND AND GRAVEL: same as above.
29
¢ o 17.5-19.5¢ SAMPLE.
sSae SAND AND GRAVEL: moderate brown (5 YR 4/4); some
1 “g‘- - Light brown (5 YR 5/6) streaks; poorly sorted;
‘e® .8 fine-grained (3.0-2.5 phi) to (-0.5 to -1.0 phi)
> - &'e sand; gravel (0.25 to 5.75 com); angular to
15 .fﬁ" subangular; weakly cemented; medium dense; poorly
"r ‘jg" - consolidated; stightly moist.
. a
fio0 19.5-21.57 SAMPLE.
a8e? Recovered 1.6/2.0¢ = 80%.
1. ‘jo"“ - SAND AND GRAVEL: same as above; calcarecus at
. ]
oo Gl 213,
P
1688 21.5-22,5¢ SAMPLE.
N e AR L Recovered 1.0/1.0¢ = 100%.
e® - o GRAVELLY SAND: same as above; some clay; moist.
Coae.
| dc.‘:_/-
4@
0% 9
..a’e.". )
17_"0 o’.:_'/_
AP /
e® .
A X
8% :_/
4 Q 7 i
e o
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‘e* .0
. q e -
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LOG OF BOREHOLE

PAGE

4 OF 10

DEPTH (FT)
GRAPHIC

SAMPL TS ANLECTTD

w
-—
. %& | LTHOLOGC DESCRIPTION OR OTHER TESTS
S|&e : PERFORMED
20p 29/
R 22.5-23.5¢ SAMPLE.
K. P Recovered 1.0/1.0’ = 100%.
Sa
{4 o . GRAVELLY SAND: moderate brown (5 YR 4/4) to dark

‘_..;‘A"’._ yellowish brown (10 YR 4/2); some silt; very fine-

o o grained (3.5-3.0 phi) to trace coarse-grained
22‘ 60 e @ (1.0-0.5 phi) sand; gravel (0.25 cm to scattered

L .‘° & . 7.50 cm); angular to subangular; quartzite and

.--;“'9‘-‘ some granite; poorly consolidated;  weakly
o oo . cemented; non-plastic; dense; slightly moist.

Sy
18 oS | 23.5-25.5¢ SAMPLE.

[ 49 Recovered 0.8/2.0¢ = 40%.

AP GRAVELLY SAND: same as above; light brown (5 YR

& ..0 6/4).

23_‘4'0“,'&__

40 / 25.5-27.57 SAMPLE,

e? Aol Recovered 2.0/2.0' = 100X,

5%’ GRAVEL AND SAND: Llight brown (5 YR 6/4) to
%6 ol | moderate brown (5 YR 4/4); some clay; fine-grained
"_;..-"9; (2.5-2.0 phi) to very coarse-grained (-0.5-1.0

O e phi) sand; poorly sorted; gravel (0.25 to 3.50

24_ ‘3"6':.0 cm); angular and subangular; mostly quartzite and
o o] . some granite; poorly consolidated; weakly

';;".0‘. cemented; dense; non-plastic; slightly moist.
“alTe 27.5-29.5' SAMPLE.
4o . Recovered 1.5/2.0¢ = 75X.

27.5-28.57: GRAVEL AND SAND: same as above; more

~clay.

28.5-29.07: CLAYEY SAND: light brown (5 YR 5/6) to
moderate brown (5 YR 4/4); some gravel; very fine-
grained (3.5-3.0 phi) to coarse-grained (0.5-0.0
phi) sand; mica particles; moderately
consolidated; medium dense; poorly cemented;
moist.




WELL NO. __R111089 LOG OF BOREHOLE PAGE__5 OF __10

Bl w SAMPLES COLLECTED
=l ZE |2, LITHOLOGIC DESCRIPTION OR OTHER TESTS
Sl z8 |28 ' PERFORMED

L

23 I .-_'// 29.5-31.5/ SAMPLE.
4 Recovered 2.0/2.0 = 100X,
4o T CLAYEY SAND: same as above; much less mica and
1 gravel; subrounded; few rounded and some
. subangular.
30.—f - = 31.5-33.5¢ SAMPLE.
ST Recovered 1.3/2.0¢ = 65%. .
R CLAYEY SAND: same as above; very moist lense at
; / approximately 31.8-32.2/; moist at 32.2-33.5'.

33.5-35.57 SAMPLE.

Recovered 1.4/2.07 = 75%.

o — ] CLAYEY SAND: same as .above; most of run very moist
31-"‘ S and oxide stained.
gl / 35.5-37.5' SAMPLE.

Recovered 1.8/2.0/ = 90X.
35.5-36.5/: CLAYEY SAND: same as above; moist.

—. — 36.5-37.3¢: GRAVELLY SAND: light brown (S YR 6/4)
s to light brown (5 YR S5/6); well sorted fine-
— / grained (3.0-2.5 phi) to coarse-grained (0.5-0.0

1
4
T
T

phi) sand; gravel (0.15 to 2.75 cm); subrounded,

T

rounded, and few subangular; weakly cemented;

iy _~_’/ poorly consolidated; non-plastic; moist.
33_:--‘-‘—_‘/

(&N
~
o




LOG OF BOREHOLE

PAGE 6 OF 10

LITHOLOGIC DESCRIPTION

SAMPLES A FCTFD
OR QTHER TESTS
PERFORMED

L]
1

| IR B |
1.}|:i

37.5-39.5' SAMPLE.

Recovered 2.0/2.0¢ = 100%.

CLAYEY SAND: moderate brown (5 YR 4/4) to light
brown (5 YR 5/6); some gravel (0.25 to 2.75 cm);
quartzite and granite; rounded and subrounded;
very fine-grained (3.5-3.0 phi) to coarse-grained
(1.0-0.5 phi) sand; weakly cemented; poorly
consolidated; moist.

39.5-41.5" SAMPLE.

Recovered 1.5/2.0/ = 75%X.

CLAYEY SAND: same as above; trace gravel; very
fine-grained (3.5-3.0 phi) to fine-grained (2.5-
2.0 phi) sand.

41.5-43.5' SAMPLE.

Recovered 1.2/2.0¢ = 60X%.

CLAYEY SAND: same as above; some gravel; stightly
moist.

43.5-44.5" SAMPLE,
Recovered 0.2/1.0’ = 20%X.
CLAYEY SAND: same as above;

44.5-45.5/ SAMPLE.
Recovered 0.47/1.07 = 40X,
CLAYEY SAND: same as above.

45.5-47.5' SAMPLE.
Recovered 1.0/2.0° = 50%.
CLAYEY SAND: same as above.

41.3/: Reading in Auger
HNU: 1.2




LOG OF BOREHOLE

PAGE __ 7 OF 10

UTHOLOGIC DESCRIPTION

SANPLES COLLECTED
OR OTHER TESTS
PERFORMED

1

L

52]a

47.5-49.5' SAMPLE.

Recovered 1.8/2.0/ = 90%.

CLAYEY SAND: moderate brown (5 YR 4/4) to light
brown ( 5 YR 5/6); some gravel (0.15 to 2.25 cm);
subrounded; subangular; fine-grained (3.0-2.5 phi)
to coarse-grained (0.5-0.0 phi) sand; well sorted;
weakly cemented; poorly consolidated; medium
dense; non to low plasticity; moist. :

49.5-51.5/ SAMPLE.
Recovered 0.7/2.0/ = 35%.
CLAYEY SAND: same as above; slightly moist.

51.5-53.5' SAMPLE.
Recovered 0.4/2.0° = 20%.
SANDY GRAVEL: fragments only.

47.5': Reading in Auger
HNU:- 3.5 ’




WELL NO. _ B111089 LOG OF BOREHOLE PAGE _ g8 oF __10
e

El, SAMMFS ~OLLFCTTT
£, LITHOLOGC DESCRIPTION OR OTHER TESTS
“laeg : PERFORMED

on
(9]
—
*s
s O

\\\\ SAMPLE
TYeE

53.5-54.57 SAMPLE.

A Recovered 0.5/1.0¢ = 50%.
'L‘ ° o SANDY GRAVEL: Llight brown (5 YR 5/6) and light
2a brown (5 YR 6/4) to moderate brown (5 YR 4/4);
e ae poorly sorted; medium-grained (1.5-1.0 phi) to
54 40 very coarse-grained (-0.5 to -1.0 phi) sand;
90" ol | gravel (0.10 to 3.75 cm); angular; subangular;
oo ‘.4‘- subrounded; dense; - poorly consolidated; non-
e ® o, plastic; weakly cemented to non-cemented; slightt
R e moist. .
1% af 5
A4S $4.5-55.5¢ SAMPLE.
SPT Recovered 0.6/1.0¢ = 60%.
&, GRAVELLY SAND: moderate brown (5 YR &4/4) to light
55.‘°'9~ caf | brown (5 YR 5/6); some clay; sand and gravel (0.10
s &Q to 3.75 cm); weakly cemented; poorly consolidated;
ot & moist.
° 'd°~.c
1o et oy | 55.5-57.5‘ SAMPLE.
' 4 Q Recovered 0.7/2.0¢ = 35%. .
° o'-.:.J GRAVEL AND SAND: same as above; more gravel.
- ‘
56 as® | 57.5-59.5¢ SAMPLE.
b aa Recovered 1.3/2.0¢ = 65%. 59.5/: Reading in Auger
ISR GRAVELLY SAND: moderate reddish brown (10 R 4/6); HNU: 1.2
ga_-‘.g' some clay; fine with medium and some coarse-
49 e af | ' grained sand (3.5- 0.0 phi); gravel (0.15 to 1.75
b - Py cm); subangular, angular, and few subrounded;
‘-Cfa'x.‘-" poorly consolidated; weakly cemented; medium
‘a8 e dense; very moist lenses to moist.
574 40" o] B
s e O 59.5-61.5¢ SAMPLE.
."d.'."‘ Recovered 1.2/2.0 = 60%. 61.5/: Reading in Auger
4,0 GRAVELLY SAND: same as above; moist. HNu: 2.3
So af 5
s .- .4 Q.
T 9
o. qe.
58}a % s /
{9 e .af N
o . 4"6;
;.’66-;"’
-4 ‘.‘ ‘-— -
%
Y NI
"_-‘c:f. -2
59_‘ e @ s
-.40‘
.‘.‘-&a‘-“.f
PR
18.0% a] B
s 44
a® .9
’».'.52;'-,‘.
60_ 60 . al N
n_'.‘_A’Q;.
T - ".
o™ ef s .
n‘_-_A@Q’_
¥, - .9
eI
8'a. o




WELL NO. _B111089

LOG OF BOREHOLE

PAGE q oF 10

DEPTH (FT)
GRAPHIC

LITHOLOGIC DESCRIPTION'

SANPY S COULECTED
OR OTHER TESTS
PERFORMED

(]
—

66}

67

68}

691e

DANNINN

1 ) Ll

v

1

61.5-63.5/ SAMPLE.
Recovered 1.1/2.0' = S55X.
GRAVELLY SAND: same as above.

63.5-65.07 SAMPLE.

Recovered 0.2/1.5' = 13%.

GRAVEL AND SAND: disturbed sample consisting of
granitic gravel and sandstone gravels with sand;
slightly moist.

65.5-66.0¢ SAMPLE.

Recovered 0.0/0.5/ = 0X.

SAND AND GRAVEL: sample recovered consists of
siough; wet.

66.0-68.07 SAMPLE.

Recovered 0.4/2.07 = 20%.

GRAVEL: sample recovered consists of a disturbed
gravel with some sand. ’

68.0-70.0/ SAMPLE.

Recovered 0.3/2.0/ = 15%.

SANDY GRAVEL: moderate brown (5 YR 4/4); trace
clay; gravel (4.75 cm); rounded; medium-grained
(2.0-1.5 phi) to coarse-grained (0.5-0.0 phi)
sand; weakly cemented; poorly consolidated; non-
plastic. :

63.5/: Reading in Auger
HNu: 2.1 :

68.07: Reading in Auger
HNu: 7.2
N\

70.0/: Reading in Auger
HNU: 2.3




LOG OF BOREHOLE

PAGE 10 OF 10

DEPTH (FT)

UTHOLOGC DESCRIPTION

SAMPLES COULECTED
OR OMHER IESTS
PERFORMED

D
w

N

70«

n

12}

13

744

15}

16

171s

N

N

NN

1

DN

70.0-71.0/ SAMPLE.
Recovered 0.2/1.0¢
SANDY GRAVEL: same

71.07-72.0¢ SAMPLE.

= 20%.
as above.

Recovered 0.0/1.0/

72.0-74.07 SAMPLE.
Recovered 0.0/2.0

Note: 74.0-75.07:
sample recovered.

75.0-77.0/ SAMPLE.
Recovered 0.0/2.0'

= OX.

= 0%.

Orilted with center

= 0%.

TOTAL DEPTH = 77.0¢

bit.

No

71.0/: Reading

_ in Auger
HNu: 1.5




LOG OF BOREHOLE

e o
OA BY/OATE 28 S smgion, Lor-p05-57 BOREHOLE/WFLL NO. __ BL10889 &
LOCATION _ #Rocky Flat Plant; West Spray Field GROUND SURFACE ELEVATION 6075.6
COORDINATES N36,378.45 £16,163.82 (RFP) WATER LEVEL ENCOUNTERED _54.0
TOTAL DEPTH 71.0° STATIC 33.08' (10/10/89)
DRILLER M. Boyd HELPER M. Butterfield
DRILLING COMPANY _Bowles Brothers ~ DRILUNG FLUID _Air_and Water
DAIE DRILLED __July 10 and 11, 1989 CHECKED BY 7/5 St A2
DRILLING METHOD _Air Rotary Percussion Hammer SITE MANAGER
LOGGED BY P.R. Bartz
GEOLOGIST CEARP MANAGER
COMMENTS
= I SAMPLES COLLECTED
= E gu LITHOLOGIC DESCRIPTION OR OTHER TESTS
% % § g,% PERFORMED
O o a0
°°d° .o ROCKY FLATS ALLUVIUM
Q0
4% 2. o. 0.0-5.0¢: CUTTINGS: SAND AND GRAVEL: moderate HNu Background: 0.0
°;'-;°»'°°' brown (5 YR 4/4); trace (5%) silt; (50X%) fine to All readings on cuttings,
.‘_°~.'. PN coarse-grained quartz and feldspathic sand; poorly in breathing zone, in
1 4.0 sorted; subangular to subrounded; (40X) fine to casing: 0.0.
-«'9~°‘ -4 coarse-grained quartz and feldspathic gravel; .
o - ;,‘ 'Ou- subrounded to subangular, poorly sorted;
o8 g occasional cobbles and boulders; organics in upper
'6-"0‘#.9 1.0/; unconsolidated; dry.
_o e d
4% 9
6%
2165,
a 6@
6?7 - O
° 6% e
_‘b'oAdvdv
a.a°Q
7. .9
6%
Sloeta
ja’.- 4G
‘a% - .0
5%
{o0%a
' ":'6 0("
o:&o';;’
4 36% 4
—d ';6'0'
o2 e
8%
_a' a4 0
e .0
¢ 70'9 no
5 60° 9
SFO489A

PAGE | oF 10




WELL NO. _3110889 LOG OF BOREHOLE PAGE__2  of __10

SAMPLFS COLTeTTD
LITHOLOGIC DESCRIPTION OR OTHER IESIS
PERFORMED

DEPTH :FT)
GRAPHIC
SAMPLE

TYPE

(@]
£

;‘Do'; 5.0-10.0f CUTTINGS: SILTY SAND AND GRAVEL:
& .3 moderate brown silt (5 YR 4/4) and predominantly
35 al medium gray gravel (N 5/0) and grayish pink sand
a_o4 | (5 R 8/2); (20%) silt; (40%) fine to coarse-
50552 grained quartz and feldspathic sand; (40X) fine to
-3 coarse quartz and feldspathic gravel; occasional

a - al cobbles; very poorly sorted; subrounded to
a_osio_ subangular; unconsolidated; dry. :

8 - a 10.0-15.07 CUTTINGS: SILTY SAND AND GRAVEL: same
Q. -e_'ga._ as above.
S

10

1 37‘—0

13




WELL NO. _ 110889 LOG OF BOREHOLE PAGE___ 3 of _'0

)

)
\

SAMMLES CNLIFCTTD
LITHOLOGIC DESCRIPTION UR OTHER ILSIS

PERFORMED

DEPTH
SAMFLE
TYPE

<
X
P

5. 8o 15.0-20.0¢ CUTTINGS: SILTY SAND AND GRAVEL: same
%_G.}q as above; driller noted silty clay seams
g N . interbedded 16-207.

=, o
]4 _a.a.;i;". 20.0-23.07 CUTTINGS: SILTY SAND AND GRAVEL: same
o | as above. :

16 fazars

17 s

18 3=

19252

202




WELL NO. __B110889 LOG OF BOREHOLE PAGE__ 4 oF __1C

Ele | SAMPLFS CN(FCTTD
ElE 2w LITHOLOGIC DESCRIPTION OR UIHER 1LSTS
bl z8|x% PERFORMED

23.0-26.07 CUTTINGS: SILTY CLAY: moderate brown (5
YR 4/4); indicated by chamge in drilling behavior;
. no indication evident in cuttings.

26.0-30.0° COMPOSITE SAMPLE: SILTY SAND AND
] GRAVEL: moderate brown silt (5 VYR 4/4),
predominantly mediun gray (N 5/0) gravel and
grayish pink sand (5 R 8/2); (20X) silt, (40%)
fine to coarse quartz and feldspathic sand; (40%)
. quartz and feldspathic gravel; occasional cobbles;
very poorly sorted; subrounded to subangular;
unconsolidated; dry.

2% E =

2932
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LOG OF BOREHOLE

B110889

WELL NO.

33.08'

SAMMFS COLITETTD
OR OIHCR [ESIS
PERFORMED

LITHOLOGIC DESCRIFTION

SILTY 'SAND AND GRAVEL: same as above.
SILTY SAND AND GRAVEL: same as above.

30.0-35.0’ SAMPLE,
35.0-40.0¢ SAMPLE.
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WELL NO. _B110889 LOG OF BOREHOLE

)

AGE ) OF 10

SAMRLES FOLLECTTD
LITHOLOGIC DESCRIPTION OR UTHER TESTS

PERFORMED

DEPTH (FT)
GRAPHIC
SAMPLE

TYPE

LOG

9
[
P

-3

40.0-45.0' SAMPLE.
SILTY SAND AND GRAVEL: same as above.
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WELL NO. B110889

LOG OF BOREHOLE

1 OF

DEPTH {FT)
GRAPHIC

SAMPLE

TYPE

LITHOLOGIC DESCRIPTION

SAMPLES COLLECTED
OR OTHER IESTS
PERFORMED

o~
wn

5
*s
-]

46] 0527

47/s5%

49 5s

53 058

50 -e_sﬁ_.

45.0-50.07 SAMPLE.

SAND AND GRAVEL: moderate brown silt (S5 YR 4/4);
predominantly medium gray gravel (N 5/0); grayish
pink sand (5 R 8/2); some silt (10%); (45%) medium
to coarse-grained quartz and feldspathic sand;
(45%) medium to coarse-grained quartz and
feldsparthic gravel; occasional cobbles; poorly
sorted; subrounded to subangular; dry.




WELL NO. _ 8110889 LOG OF BOREHOLE PAGE & ofF 10

SAMPLES COHECTTD
LITHOLOGIC DESCRIPTION OR OTHELR IESIS

PERFORMED

DEPTH (FT)
GRAPHIC
SAMPLE

TYPE

won
Cnt
3
*s
s ©

0% g 50.0-55.0/ SAMPLE.
Q@ ,-0 SANDY GRAVEL: same as above; (5%) silt; (25%)
= | sand; (70%) gravel; wet at 54.0°.

54]a 3% S \VAR

55} a2

a0
56__ s :_

8,0
57_ - :

‘8,0
58Jlas a

6%
59_ b',op_&_

0
60 06 4

61 = =—]




WELL NO. _ B110889 LOG OF BOREHOLE PAGE ___a OF __10

ti—‘ o w SAMM ES COILECTTD
E a w LITHOLOGIC DESCRIPTION OR OTHER TESIS
ol <ov ! =Z=a

A R =

PERFORMED

55.0-60.0’ SAMPLE.

SAND AND GRAVEL WITH INTERBEDDED SILTY CLAY:
. medium gray (N 5/10) gravel and grayish pink sand
(5 R 8/2); (5%) silt; (50%) medium to coarse-
grained sand; (45X) fine to coarse-grained gravel;
sand and gravel is quartz and feldspathic; poorly
| sorted, subrounded to subangular; silty clay
interbeds unknown thickness; Light brownish gray
(5 YR 6/1); unconsol idated; wet.

. 60.0-65.0’ SAMPLE.

60.0-63.07: SILTY CLAY: yellowish gray (5 Y 7/2);
trace fine to medium-grained sand; wet.
63.0-65.07: SAND AND GRAVEL: same as above; wet.

661 — -

671 = =

68 — =




WELL NO. _ B110889

LOG OF BOREHOLE PAGE___ 10 OF __10

[
o w SAMPLFS entireTn
= & E.Ju LITHOLOGIC DESCRIPTION UR OTHER IESIS
S| Ze PERFORMED
& &S |ax
09—

L - - LARAMIE FORMATION

1 — =k | £5.0-70.07 SAMPLE.

S CLAYSTONE: yellowish gray (5 Y 7/2); very uniform;

. — — low to medium plastic fines; soft; moldable; trace

- — - fine to medium-grained sand; wet.

70 ———

A 70.0-71.07 SAMPLE.

|— — - CLAYSTONE: same as above; wet.

S TOTAL DEPTH: 71.0’
i)
12, 1 N
13. 1 i
74 4 i
75] 1 s
76 1 !
17

SF0483Y




WELL

COMPLETION
INFORMATION
QA By/Date %///0’ Spprron [7-15-5F
Locatien _Rbckv Flats Plant; West Spray Field Well No. _B110889
Coorainates N 36378.45 E 16163.82 (RFP) Elevation: Ground Surtace 6075.6'
Totatl Deptn: weil83.77" ) Tov of Casing _6077.77"

Borencie _/1.00'

Formation ot Comptetion _Rockv Flats Alluvium

Casing Materiai Schedyle 40 PVC Casing Diameter & 1/2" 0.D.
Screen Material Schedule 40 10-slotted PVC Surtace Casing Olameter 8 5/8" 0.D,
Date instaltea __07/12/1989 Approved B8y .y
instailed 8y _P.R. Bartz Site Manager
Geoilogist .
CEARP Manager

Comments __No centralizer used. Well installed inside drill pipe.

2.93' Protective casing stick up

Top of Caswmg  2.17°

l/lr Ly Ilellrrt
/

Surtace Casing

/

Gtennd Surtace
777777777 l'll[/

Surtsce Seal

felelay s %/

SN

Sentoaite

Surtase
sSesl
40.45 |y ongtn (1205 Coremes
. orenhele
5_ Diameter:
: ~ 8 5/8"
N N ————
w
“

sost
1.90 Length (ft.)

Fllter Matesial: -'———!
16-40 Silica
san

IToo of Screen Depth: 45.30"
)

Well Total
65.77 |[Dewmth (fL.)

Filter Pack
23.73 |Longtn (tt.)

Sereen Borenaie
Length Yotal Deeth
19-48 | (ren 71.00 | (11.)
o
o
: | |
- PR :
A - L, :
' !neum - ‘
4.92 |Lengthn (ﬂ.)g 9

Backtiil un.nu:) 1/4" Volclay bentonite pellets



LOG OF BOREHOLE

n
{

A BY/OATE 798 (4 govan L11-25-£5
LOCATION _ Racky Flats Plant

COORDINATES N36,829.23 F15.670.14 (RFP)
TOTAL DEPTH 73.07°

DRILING COMPANY Boyles Brothers
DATE DRILLED June 7 and 8, 1989
DRILLING METHOD __ Air Rotary Percussion Hammer

BOREHOLE /WELL NO. _ B110989

GROUND SURFACE ELEVATION 60823

WATER LEVEL ENCOUNTERED _85.75°

STATIC 45.31" (10/11/89)

DRILLER T. Parino HELPER M. Butlerfield

DRILLING FLUID 0-25.5" Air:_255'-73.02' Water

CHECKED BY __ /8 Sl erram

J SITE MANAGER

LOGGED BY F.S. Petersen
GEOLOGIST CEARP MANAGER
COMMENTS - .
-
e o SAMPLES I LECTED
Zl £ §u LITHOLOGIC DESCRIPTION OR OTHLR TESTS
n. < O
= FPERFURM
H15S |58 ERFURMED
O e 3 G
T‘_ﬂ
e —a «— TOPSOIL
_o—o 2 ° -
15 ;‘; 0.0-1.0: CUTTINGS: CLAYEY GRAVEL: dusky yellowish
‘?_6 brown (10 YR 2/2); gravel is 0.5 to 3.0 mm with no
o -~ dominant size; clay with trace sitt; poorly
1 P_o"oa—"‘ sorted; subangular; roots; organic debris; cobbles
T 3 & small boulders; moist.
- - - ROCKY FLATS ALLUVIUM
1.0-2.0': CUTTINGS: CLAY: moderate brown (5 YR
- - 4/4); some gravel (0.2-0.8 mm); trace coarse-
- - - grained sand; moderately sorted; angular; damp.
2 —— ; 2.0-3.0’: CUTTINGS: GRAVELLY CLAY: light brown (5
°?._‘,, YR 5/6); gravel is 0.2-2.0 mm; trace fine to very
v —g o coarse-grained sand; moderately sorted; angular;
kg damp. .
T T
T 36 .. )
> —a 3.0-4.5: CUTTINGS: SILT AND SAND: pale yellowish

N

PNE]
i,
4l

!

sorted; angular; damp.

i
i

brown (10 YR 6/2); sand is fine to very coarse-
grained; commonly medium to coarse-grained; some
gravel (0.2-2.0 mm), mostly 0.5 mm; moderately

4.5-6.07: CUTTINGS: CLAYEY GRAVEL: light brown (5
YR 5/6); gravel is 0.2-3.0 mm, mostly 0.5-0.7 mm;
trace fine to very coarse-grained sand; moderately
sorted; angular; schist; quartzite gravels; damp.

T 3
e
T Ty
-0 5 M
5 lewtg
$3589A

PAGE 1 OF 10




WELL NO. _ B110989 LOG OF BOREHOLE PAGE __ 2 OF

Cle | SAMMI TS COH FETTD
ZlE |2 LITHOLOGIC DESCRIPTION OR GIHER TESIS
Gl e8|z | PERFORMED
5 d 3 O

5 — o1

6.0-7.5': CUTTINGS: SILTY SAND: pale yellowish
brown (10 YR 6/2); sand is fine to very coarse-
| grained; mostly medium to coarse-grained; trace
(0.2-2.0 mm) gravel:; moderately sorted; angular;
damp.

. 7.5-9.07: CUTTINGS: CLAYEY SAND: light brown (5 YR
5$/6); sand is fine to very coarse-grained; mostly
mediun to coarse-grained; some (0.2-2.0) mm
gravel; poorly sorted; angular; schist; quartzite;
| damp.

9.0-11.0/: CUTTINGS: CLAYEY GRAVEL: moderate brown
(5 YR 4/4); gravel is 0.2-3.0 m; trace fine to
very coarse-grained sand; moderately sorted;
angular; damp.

11.0-12.0/: CUTTINGS: CLAYEY SAND: light brown (5
YR S/6); sand is fine to very corse-grained;
mostly medium to coarse-grained; trace (0.2-2.0
mm) gravel; poorly sorted; angular; damp.

| 12.0-13.0': CUTTINGS: SILTY SAND: light brown (5
YR 5/6); sand and gravel; same as above; less %
sand; trace clay; moderately sorted; angular;
damp.
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WELL NO. _ 5110989 LOG OF BOREHOLE PAGE__ 3 OF __10

[
~ w SAMPLES COLLECTED
=i a &, LITHOLOGIC DESCRIPTION OR UTHER TESTS
G288 |2¢ ' PERFORMED
&1 &2 |ue
13 s 3 O )
a° T 9] 13.0-16.07: CUTTINGS: CLAYEY GRAVEL: moderate
"o >, brown (5 YR 4/4); gravel is 0.2-3.0 mm; mostly
4 5% = 0.5-0.7 mm; trace fine to very coarse-grained
1T 3 ok - sand; mostly medium to coarse-grained; moderately
v?—a—-:ﬁ sorted; angular; damp.
Y
14 o =°= 16.0-17.57:  CUTTINGS: SANDY SILT: moderate
T 3 &L - yellowish brown (10 YR 5/4); fine to very coarse-
3 e grained sand; mostly medium to coarse-grained;
AN some (0.2-1.5 mm) gravel; trace clay; moderately
InR ' sorted; angular; damp.
T 3 6| i
3° 9] 17.5-22.0': CUTTINGS: CLAYEY SAND: moderate
""__o—“_"' yellowish brown (10 YR 5/4); fine to very coarse-
]5 o % o grained sand; mostly medium to coarse-grained;
T = oL - some (0.2-3.0 mm) gravel; moderately sorted;
T o] angular; schist; quartzite; moist.
lr —@ o
Y
It Ttk R
e 8 O
—;0‘-«
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WELL NO. _ B110989

LOG OF BOREHOLE

-

AGE

4 OF 10

- h
T Lt
=IE |2,
HFIEg |22
A& SS |z

LITHOLOGIC DESCRIPTION

SAMDI S COLEFCTID
. OR OTHER IESTS
PERFORMED

]
o
o

Coo’aPe
1

25&._; ?,
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oy
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22.0-24.07: CUTTINGS: GRAVEL: moderate brown (5 YR
3/4); gravel 0.2-3.0 mm; trace clay; poorly
sorted; angular; moist.

24.0-25.5': CUTTINGS: GRAVELLY SAND: moderate
brown (5 YR 4/4); gravel is 0.2-3.0 mm; fine to
véry coarse-grained sand; mostly coarse to very
coarse-grained; trace clay; moderately sorted;
angular; clay content may be low since it may have
been stuck in vent hose from 22.0-25.5‘; moist.

25.5-28.0/: CUTTINGS: CLAYEY GRAVEL: moderate
yellowish brown (10 YR S/4); gravel is 0.2-3.0 mm;
some fine to very coarse-grained sand; moderately
sorted; angular; wet.
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WELL NO. _ B110989 | OG OF BOREHOLE PAGE 6 OF 10

Lo o SAMP{ES CNLIECTTD
=l E |2, UITHOLOGIC DESCRIPTION OR OTHER TESIS
Gl E8 Z4a . PERFORMED

&S| &S v

(@S]
~
o
|

II
o

37.0-42.0': CUTTINGS: SANDY CLAY: light brown (5
YR 5/6); fine to very coarse-grained sand; mostly
medium to coarse-grained; trace (0.2-0.9 mm)
gravel; poorly sorted; angular; wet.

42.0-46.07: CUTTINGS: CLAYEY GRAVEL: moderate
yellowish brown (10 YR 5/4); gravel is 0.2-3.0 mm;
mostly 0.5-1.0 mm; some fine to very coarse-
grained sand that is mostly medium to coarse-
grained; moderately sorted; angular; wet.

4L ]
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WELL NO. _ 8110989 LOG OF BOREHOLE PAGE___ T of _10

[':; S) w SAMP LS enfieeTlD
= & a UTHOLOGIC DESCRIFTION OR OTHER I[ESIS
nl <o | = ‘E.L‘ :
§ 3 O :
45 Bdeta 46.0-49.0 CUTTINGS: SANDY CLAY AND GRAVEL: v 45,31
— — moderate yellowish brown (10 YR 5/4); gravel is _— -
Ie =° =} | 0.2-3.0 mm; mostly 0.8-1.0 am; fine to very =
3 308 coarse-grained sand; mostly wmedium to coarse-
vT'_‘_:_* grained; moderately sorted; angular; wet.
—o

°|

46t = 49.0-51.07: CUTTINGS: SANDY CLAY: moderate
K EE ™ yellowish brown (10 YR 5/4); sand is very fine to
'8"-".':‘ coarse-grained; mostly fine to medium-grained;
v".o_?.‘. trace (0.2-1.5 mm) gravel; poorly sorted; angular;
o ==} wet,
5. 3G X .
I 51.0-56.07: CUTTINGS: CLAYEY SAND: pale yellowish
DR brown (10 YR 6/2); sand is fine to very coarse-
47 —70';-",3 grained; mostly fine to medium-grained; trace
T 3ok - (0.2-2.0 mm) gravel; poorly sorted; subangular;
T 6 wet.
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WELL NO. _ B110989 LOG OF BOREHOLE PAGE___ 8  oF 10

SAMPLES FOLLECTED

=

QE_ é:_ gm UTHOLOGIC DESCRIPTION OR O[HER TESIS
©

Bl xS |3 % : PERFORMED

o
(&Y}
'll
I|

|

56.0-66.07: CUTTINGS: GRAVEL: moderate yellowish

_ _ brown (10 YR 5/4); gravel is 0.5 to 5.0 mm; mostly
B e - | 1.0-2.0 mm; trace clay; poorly sorted; angular;

- wet.
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WELL NO. __B110Q989 LOG OF BOREHOLE

-0

AGE 9 CF _10

1)

SAMPLES MOLLECTED
LITHOLOGIC DESCRIPTION UR UTHER IESIS

PERFORMLD

SAMPLE -

TYPE

DEPTH
GRAPHIC

N
w—d

ry
*s
’D

66.0-70.5/: CUTTINGS: CLAYEY SAND AND GRAVEL:
A moderate yellowish brown (10 YR 5/4); sand is fine

4, & to very coarse-grained; mostly fine to medium-
o eo grained; gravel is 0.2-5.0 mm; mostly 0.7-1.0 mm;
a® o moderately sorted; angular; wet.
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WELL NO. __ B110989 LOG OF BOREHOLE PAGE___ 10 oF _ 10

-
Tl 2 " SAMPLES cotremrn
- ~ ~
E é W LITHOLOGIC DESCRIPTION OR UIHER TESITS
(&} a .
<C
21 £8 |58 PERFORMED
]
_'_'_5"_-0"_ 70.5-71.0’: CUTTINGS: CLAYEY SAND: grayish orange
-0 5 (10 YR 7/4); sand is fine to very coarse-grained;
Jo v Tt | mostly medium to coarse-grained; trace gravel;
[@. 3 G poorly sorted; angular; clay clasts; very pale
‘;F’_-:':" orange (10 YR 8/2); slow drilling as in bedrock;
— — minimal cuttings; wet.
710}2 =° =} i
KN LARAMIE FORMATION
I e
a2 71.0-73.027: CUTTINGS: CLAYSTONE: very pale orange
o = | (10 YR 8/2) and light olive gray (5 Y 6/1) with
—. — = the latter predominant; some fine to very coarse-
= ] grained sand; mostly medium to coarse-grained;
7 [ ] mostly clay clasts; wet.
-‘E:I\&h B TOTAL DEPTK = 73.02¢

T2 -

13

14

75]

76
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TEST PIT LOGS

For the lithographic descriptions of the test pits at the West Spray Field a modified
Wentworth Grain-Size Scale was used. Additionally, the Unified Soil Classification
System (USCS) by B.W. Pipkin was used in describing the soils.

Following are the Grain-Size Scale and USCS information from the American
Geological Institute, 2nd Edition, 1985. '



AGI DATA SHEET 17.1

Grain-size Scales

By Roy L. Ingram, University of North Cacolina
GRAIN-SIZE SCALE USED BY AMERICAN GEOLOGISTS

Modified Wentworth Scale — after Lane, et al., 1947, Trans. American Geophysical
Union, v. 28, p. 536-838

GRADE LIMITS s:rii' g GRADE NAME
phi mm mm inches  Sieve Series
~-12 40% - - - -1613 - - - - - .-
very large
-11 2048 - . - -806 - - - - - - - -
large
-10 1024 - - . 40.3 - - - + + <« « « - - Boulders
medium
-9 512 -« - - 2202 - - - - o - 4 - . .
smail
-8 % - - - -101 - - - - -
large
-7 18 - - - - 80 - - - - . - . .« .+ - -Cobbles
small GRAVEL
-6 64 - - - .- 252 63mm -
very coarse
-5 32 - - - - 126 315mm - - - - -
coarse
-4 6 - - - - 063 16mm - - - - . -
medium Pebbles
-3 8 - - - . 032 8mm - - . - -
fine
-2 4 - 0.16 No.5 e e e e e .
very fine
— -1 2 0.08 No. 10
very coarse
0 1 « - - - 004 No.18 R
’ coarse
+1 172 0.500- - - Na. 35 e e e e .
‘ medium Sand SAND
+2 V4 0.250- - - - No.60 - - - - - -
fine
+3 /8 0.125- - - - No.120 - - - - .
very fine
— 4 — 1/16 — 0.062 No. 230
' coarse
+5 1732 0031 - = « « 4 e e e - ..
medium
+6 1/64 0016- - - - .« -« . . - .« - . . Sit
fine
+7 17128 QO0B- -+ - « .« « « 4« . - - .
very fine
+8 17256 0004- . . . . . . . MUD
: coarse
+9 512 0002 - - -« - - . . . . .
: medium
+10 11024 0001- - - - - - « - « - .« .« . Caysce
fine
+11 172048 00005 - - - « - « ¢ + o + o
very fine

—+12 —1/4096 - 0.00025
AGHDS-va-82




AGI DATA SHEET 26.1

Unified Soll Classification Systetm

Compiied by B. W. Pipkin, University of Southern Calitomia

MAJOR DIVISIONS oSS TYPICAL NAMES
GwW Wel-graded gravels, gravei-sand moxiures,
fitle or no fines.

Poorty graded gravels, gravesand mix-

2
‘33532.%' GP
2 Eég §2§§_,s.g tures, little or no fines.
é 3 ] BETE” 3{! GM  Siity gravels, gravereand-sitt mocases.
qg §.§ GC  Clayey praveis, gravei-sand-Cily Mixures.
ng-! © Welkgraded sands, Oravedly sanc, itle or
$ 50 g, a8tye, | M et
o 285 10 ; - sands, gravelly sands, e
© gc gégégég;i SP o no fines.
gii SC Clayey sands, sand-Cigy mixtures.
Inocganic silts and fine sands, rock
ML mmucbmmmum
@ " -4 silts, with siight plasticity.
-‘Ei > §§ cL Inorganic clays of low 10 medium plastici-
g: i 3 1y, gravelly clays, sancly clays, sity ciays.
% & o E
oBE2 e 5 lean ciays.
§§,§§ z oL . Organic sits and organc silty ciays of low
g.gg g MM Inorganic sits, mi or di
uz,ggg - § ceous fine sandy Of Sitty sois, etastic sits.
g CH Inorganic clays of high plasticity, fat clays.
OH gwmamnhmphsb
Highly organic soits Pt Peat and other highly organic silts.
NOTES:
1. Classification: Soils possess AW characteristics of two groups sre designated by com-
mwdwmlmcﬂo‘tnme GC, weil-graded gravei-sand mixture with ciay binder.
. All siove are U
3.mmwm'd.y‘mwwmwu materiais exhiditing lower
e A B Fo R 2 o
on
index piot above the "A° line on the chan. ¢ pagel Y
N:ngs;mw:amm m Encimsooau. Mnsqw:!.o.mq&n;m'u\l;cmum Mis-
w.ﬁm1m.(Summsmn7.) Ay

First published by GSA Engineering Geology Division.

AGLO8-42



EXPLANATION OF SYMBOLS AND TERMS FOR
TEST PIT LOGS

GRAPHIC LOG

Gravelly sandy clay or gravelly cloyey sand or clayey sand and
gravel or sandy clayey gravel

Sandy ciay ‘ -

b = - -

= -] Gravelly cloy

[ - -

[ o = e - 4

USCS SYMBOL

(Unified Soil Classification System)

oL Organic silt and organic silty clays of low plasticity

CcL Inorganic clay of low to medium plasticity, gravelly ciay, sandy ciay,
and/or silty clay

SC Ciayey sand, sand-clay mixtures

GC Cloyey gravel, gravek—sand—clay mixtures



LOG OF TEST PIT

Locotion Rocky Flats Plant; West Spray Fieid Test Pit No._ WSFO1
Coordinates N_35520.83 E_15020.21 Ground Surface Elevation 6102.27
Total Depth 5.2 Water Level Encountered_ 1.3’
Date Logged M3y 3. 1988 Checked By ‘

Site Manager
Excavation Method ._Backhoe _
L d B KD HOI“WO)’
c9ged =Y Geologist
Comments

k
v o\ /
<>
5{57 Q o°’ o(,’ Samples Collected
F« Q@V S Lithographic Description or Other Tests
Performed

0

oL—-CL No readings over
background with HNu.
| 0.0-1.3¢. 1.0' SAMPLE:
GRAVELLY SANDY CLAY: dusky brown (5 YR 2/2); ~ WSF0101
sSC 35% gravel; organic clay (OL-CL); some very fine-

grained sand, trace medium-grained sand; some
fine-graded pebbles to small cobbles generally
- subrounded; oversll poorly sorted; medium stiff;
moist.

Sharp contact.

1.3-3.5¢, 2.5' SAMPLE:
[~ GRAVELLY SANDY CLAY: moderate brown (5 YR 4/4); WSF0102
aliuvial soil (SC) medium-grained to coarse-
grained, subangular to subrounded sand; clay; some
fine-graded pebbles ranging to Llarge-graded
- cobbles and occasionsl small boulders, poorly
sorted, generally subrounded; some pockets of
olive gray clay; highly plastic; saturated.
Gredational contact 3.2'-3.5'.

~ 3.5-5.2'. 4.5' SAMPLE:
GRAVELLY CLAYEY SAND: Llight brown (5 YR 5/6); WSF0104
alluvial soil (SC); 30% gravel; some medium-
grained to coarse-grained sand, subangular to
6 - 4 |. subrounded sand; fine-graded pebbles ranging to

occasional large cobbles, mostly medium-grade
pebbles, subrounded; poorly sorted; medium
plastic; moist.

- + — TOTAL DEPTH = 5.2'

10




LOG OF

Location Rocky Flats Plant; West Spray Field
Coordinates N _35785.89  E 15024.74
Total Depth 44

Date Logged _Moy 3. 1988

Excovation Method __Backhoe

L ed B ) KD HO“iWOY
°99 4 Geologist

Comments

EST PIT

Test Pit No.

WSFO2

Ground Surface Elevation §099.52°

Water Level
Checked By

Encountered 1.2'

Site Manager

>~
55/ 8088/
I¢ o@\’ S Lithographic Description

Samples Collected
or Qther Tests
Performed

] OL~CL/
sC

| 0.0-1.2',

very fine-grained sand;

wet.

1.2-2.8!,

T T [~ 2.8-4.4',

moist.

TOTAL DEPTH = 4.4!

10

Wavy, sharp contact at 1.2%.

GRAVELLY SANDY CLAY: dusky brown (5 YR 2/2); ~ WSF0201
30% gravel; 20% sand; organic clay (OL-CL/SC):
fine-graded pebbles to
large cobbles, subrounded and subangular, poorly
- sorted; roots to 0.85'; medium plastic; moist to

GRAVELLY CLAYEY SAND: moderate brown (5 YR 4/4); WSF0202
30X gravel; aliuvial soil (SC) fairly well sorted,
medium-grained to coarse-grained, subangular
subrounded sand; some clay; poorly sorted, fine-
L. graded pebbles to large

cobbles, general

subrounded; stringers of organic soils from above
zone are occasional, friable to firm; moist.
Irregular gradational contact.

GRAVELLY SANDY CLAY: Llight brown (5 YR 5/6) and WSF0204
moderate yetlowish brown (10 YR 5/4); alluvi
soil (SC/GC); moderately sorted, fine-grained
6 n 1 |_ medium-grained sand, subangular and subrounded;

poorly sorted fine-graded pebbles to small
boulders, generally subrounded,
associated olive gray clay; medium firm or stiff;

occasionally

No readings over
background with HNu.

0.9 SAMPLE:

2.2' SAMPLE:

to

ly

4.4' SAMPLE:

al
to




sle

)

o
‘L

L

 scation ROCkY Figts Plant; West Spray Field
N 36078.77 £ 15021.92

Coordinates
Tctal Depth %9

Test Pit No.__"SFO3

Ground Surface Elevation  £098.81°

‘Nater Level Encountered 1.1

Dote Logged MOY 3. 1988 Checked 8)’ S(te \Acncger
Sxcavation Method _Backhoe '
, KD Holliway
. d By .
cg9e ’ Geologist
Zaomments
~
& O ;
{? Samples Coilected
o Lithographic Description or Other Tests

Performed

0.0-1.1°.

|~ GRAVELLY SANDY CLAY: grayish brown (5 YR 3/2);
organic clay (OL-CL) and alluvial soil (SC); very
fine-grained sand; moderately sorted and
subangular fine-graded pebbles to medium-graded
[—pebbles; firm to slightly plastic; moist to wet.
Mavy, sharp contact at 1.1'.

1.2-2.5¢, .

CLAYEY SAND AND GRAVEL: moderate brown (S5 YR
I 4/6); alluvial soil (GC/SC); 40% gravel; trace
clay; medium-grained to coarse-grained, moderately
sorted, subangular and subrounded sand; some clay;
fine-graded to coarse-graded pebbles ranging to
|- accasional large cobbles, subrounded; trace

stringers of organic soil from above; firm; moist
to wet.

Gradational contact.

- 2.5-64.9, .

GRAVELLY SAND AND CLAY: light brown (5 YR 5/6)
and moderate yellowish brown (10 YR S/4); 30%
gravel; alluvium (GC/SC); poorly sorted, fine-
|- grained to coarse-grained subangular sand; poorliy
sorted gravels ranging finé-graded pebbles to

olive gray clay associated with boulders; slightly
firm; moist.

TOTAL DEPTH = 4.9¢

10

medium boulders, generally subrounded; pockets of -

No readings over
background with HNu.

0.9! SAMPLE:
WSFO301

2.2' SAMPLE:
WSF0302

4.7' SAMPLE:
WSF0305




LOG _OF

TEST PIT

{ocation Rocky Fiats Plant; West Spray Field
Coordinates _N_35830.20 E 15153.24
Total Depth 3.0

Date Logged May 3, 1988

Test Pit No._ "WSFO4
Ground Surface Elevation —6096.82
Water Level Encountered 1.35°

Checked By Site Manager
Excavation Method _Backhoe ; T
L ed B KD Holliway
°98 ¢ Geologist
" Comments

Lithographic Description

Samples Collected
or Other Tests
Performed

0.0-1.35:.

GRAVELLY SANDY CLAY: ‘dusky brown (5 YR 2/2);
organic clay (OL-CL) and alluvium (SC); very fine-
grained sand; moderately sorted gravels ranging
from fine-graded to coarse-graded pebbles to large

cobbles, generally subrounded; slightly plastic;
moist to wet.

1.35-3.28.

GRAVELLY SANDY CLAY: moderate brown (5 YR 4/4);
with red staining in clayey zone 1.35'-2.2!;
aliuviun (SC) poorly sorted fine-grained to
coarse-grained subangular and subrounded sand;
moderately sorted gravels ranging from medium-
graded pebbles to large cobbles, subrounded; trace
stringers organic soil from above zone; medium
firm to firm; moist.

Irregular, gradational contact.

10

3.2-5.0¢. :

CLAYEY SAND AND GRAVEL: light brown (5 YR 5/6)
and moderate yellowish brown (10 YR 5/4); alluvium
| (GC/SC); moderately sorted, fine-grained to
medium-grained subangular and subrounded sand;
some clay; moderately sorted gravels ranging from
fine-grained pebbles to some large cobbles with
occasional small boulders, subrounded; pockets of
- olive gray clay are associated with cobbles and
boulders; firm; moist.

TOTAL DEPTH = 5.0!

No readings over
background (0.2
units) with HNu.

0.9' SAMPLE:
WSF0401

2.51 SAMPLE:
WSF0402

4.1% SAMPLE:
WSF04L04




LOG OF

TEST PIT

Location Rocky Flats Plgnt; West Spray Field

Test Pit No. WSFOS

Coordinates _N 36284.58 E 151635.46 Ground Surface Elevation __89835.61
Total Depth 5.1 Water Level Encountered 1.3
Date Logged __May 3. 1988 Checked B
ote Logge . Y Site Manager
Excavation Method _Backhoe .
L d B KD Holliway

. o9ged =Y Geoiogist
Comments

Samples Collected
or Other Tests
Performed

/

/

/

4sC

OL—CL/

GC/SC

10

8.0-1.3¢,

GRAVELLY SANDY CLAY: dusky brown (5 YR 2/2);
organic clay (OL-CL) and alluvium (SC); some very
fine-grained sand; moderately well sorted gravels
ranging from medium-graded to very coarse-graded
subrounded pebbles; firm; moist to wet

1.3-3.4,

GRAVELLY SANDY CLAY: moderate brown (5 YR 4/4);
alluvium (SC) moderately sorted medium-grained to
coarse-grained sand with some fine-grained sand,
subangular and subrounded; poorly sorted gravel
ranging from fine-grained pebbles to small cobbles
with occasional large cobbles to small boulders,
subrounded; medium firm; high clay zone 2.3-2.7';
trace organic soil stringers  from upper zone;
moist.

3.4-5.1'.

CLAYEY SAND AKD GRAVEL: Llight brown (5 YR 5/6) to
moderate yellowish brown (10 YR S5/4); alluvium
(GC/SC); moderately to poorly sorted, fine-grained
to ¢oarse-grained subangular to subrounded sand;
moderately sorted gravels ranging from fine-graded
to medium-graded pebbles with occasional small to
large cobbles, subrounded; pockets of olive gray
clay are found associated with cobbles; medium
firm; moist.

TOTAL DEPTH = 5.1

No readings over
background with HNu.

0.75! SAMPLE:
WSFOS01

2.0' SAMPLE:
WSFO0502

4L.2' SAMPLE:
WSF0504




LOG OF

TEST PIT

Location Rocky Flats Plant; West Spray Field
Coordinates __N36537.97 E 15392.74
Total Depth ___ 4.5

Date Logged May 4, 1988

Excavation Method ._Backhoe

Loaged B __KD Holliway
c9ge Y Geologist

Comments

Test Pit No.

WSFOb6

Ground Surface Elevation 6090.81

Water Level
Checked By

Encountered 2.2

Site Manager

Lithographic Description

Samples Collected

or QOther Tests
Performed

/

10

0.0-1.1',

GRAVELLY SANDY CLAY: dusky brown (5 YR 2/2);
organic clay (OL-CL) and alluvium (SC); <20% fine-
grained sand; moderately sorted gravels ranging
from medium-graded pebbles to very coarse-graded
pebbles, subrounded; roots to 0.9'; moist to wet.
Wavy, sharp contact.

1.3-3.5:.

GRAVELLY SANDY CLAY: moderate brown (5 YR 4/4)
intense red and brown color variations; alluvium
(SC) moderately sorted fine-grained to medium-
grained sand; moderately well sorted graveis
ranging from fine-graded to coarse-graded pebbles
with occasioral small cobbles, subrounded; pockets
of clay associated with cobbles; trace organic
soil stringers from upper 2one; moist to wet; wet
zZones occurring at approximately 2.2'.

Gradational Contact 3.2'-3.5'.

3.4-4.5¢,

CLAYEY SAND AND GRAVEL: light brown (5 YR 5/6)
and moderate yellowish brown (10 YR S/4) intense
colors of reds and browns: alluvium (SC);
moderately sorted medium-grained sand with trace
fine-grained to coarse-grained sand, subangular to
subrounded; moderately sorted gravels ranging from
fine-graded to coarse-graded pebbles with
occasional small cobbles, subrounded; occasional
pockets of olive gray clay essociated with the
cobbles; some caliche at 4.4'; moist to saturated
at &4.5'.

TOTAL DEPTH = 4.5

No readings over
background with HNu.

0.7 SAMPLE:
WSFO601

2.1' SAMPLE:
WSF0602

Saturated at 2.2' -
Water seeping into
trench.

4.6' SAMPLE:
WSF0604

/



LOG_OF

T

—
c

ST PIT

Locotion Rocky Flats Plant; West Spray Fieid
Coordinates __N 35882.92 £ 15295.62
Total Depth 4.8

Date Logged __May 4. 1988

Excavation Method __Backhoe

Test Pit No.

WSFQ7

Ground Surface Elevation 5093.92'

Water Level

Encountered 1.3

Checked By.

Site Manager

L ed B KD Holliwo_y
°99 4 Geologist
Comments
S /
S Samples Collected

Lithographic Description

or Other Tests
Performed

0.0-1.3¢.

wet.

1.3-3.5¢.

3.5:64.8'.

GRAVELLY CLAYEY SAND TO SANDY CLAY:
brown (5 YR 4/4) to light brown (5 YR 5/6);
alluvium (SC/GC); poortly sorted fine-grained to
coarse-grained subangular and subrounded sand;
I~ occasional medium-graded .to very coarse-graded
pebbles and small cobbles;
plastic to highly plastic; wet to moist.

occasional

GRAVELLY SANDY CLAY: dusky brown (5 YR 2/2); WSFO701
organic clay (OL-CL) and alluvium (SC); some very
fine-grained sand; moderately
ranging from fine-graded pebbles to very coarse-
graded pebbles and  occasional
subrounded and subangular; medium firm; moist to

sorted gravels

small cobbles,

moderate WSF0702

clay;

No readings over
background with HNu.

0.5' SAMPLE:

2.0' SAMPLE:

10

CLAYEY SAND AND GRAVEL: ~ light brown (5 YR 5/6)
and moderate yellowish brown (10 YR 5/4) and light
olive gray (5 Y 6/1); clay zone at 3.8' with
caliche; alluvium (GC); moist, firm, pockets of
red and pink staining; some moderately sorted
fine-grained to medium-grained sand, subangular;
some subrounded fine-graded to very cosrse-graded
pebbles with some small to large cobbles; medium
firm to stiff moist.

TOTAL DEPTH = 4.8!

WSFO704




SN AT T oT T
‘ ) Lo ‘:)I_ e D!

Location Rocky Flats Plant. West Spray Field Test Pit No. WSFO8

Coordinates _N 3621447 € 13774.47 Ground Surface Elevation __£122.28'
Total Depth 4.8 Woter Level Encountered Le)

; May 4, 1988 Reak

Date Logged Checked By STte Manager
Excavation Method _Backhoe :

L 8 KO Holhwcz

°g9ed By Geologist

Comments

.
O
S o Sampies Collected
3 S 0;
~ N Lithographic Description or Other Tests
Performed

=1 0L-CLA No readings over
SC background with HNu.

-0.0-1.1*. 0.65' SAMPLE:
SANDY CLAY AND GRAVEL: dusky brown (S5 YR 2/2); WSF0801
organic clay (OL-CL) and alluvium (SC); some very
fine-grained sand; moderately sorted gravels
ranging from medium-graded to very coarse-graded
[~ pebbles with occasional small cobbles, subrounded;
roots to 0.9¢; medium plasticity to firm; water at
1-foot depth; moist to wet.

[ 1.1-3.3', 2.0' SAMPLE:
CLAYEY SAND AND GRAVEL: moderate brown (5 YR 4/4) WSF0802

intensely colored and mottled; alluvium (GC);
moderately well sorted medium-grained to coarse-
grained sand, subangular and subrounded;
~subrounded gravel ranging from fine-graded to very
coarse-graded pebbles with some small to large
cobbles and occasional small boulders; highly
plastic; saturated.

| Gradational contact 3.2'-3.5'.

3.3-4.8'. 4.6 SAMPLE:
SANDY CLAY AND GRAVEL: Llight brown (5 YR 5/6) and WSF0805
moderate yellowish brown (10 YR 5/4) to dark

6 . 4 L_yellowish orange (10 YR 6/6) with yellowish gray

(5 Y 7/2) to Llight olive gray (5 Y &/1) clay;
alluviun (GC); moderately to poorly sorted,
subangular and subrounded fine-grained to medium-
grained sand, poorly sorted, subrounded graveis
- ranging from medium-graded to very. coarse-graded
pebbles with small cobbles to small boulders;
pockets of dark reddish brown (10 R 3/4) staining;
highly plastic and sticky; moist to wet.

8 B T [ ToTAL DEPTH = 4.8

10




LOG OF

TEST PIT

" | ocation ROcky Flots Plant; West Spray Field Test Pit No. WSFOS

Coordinates N 36157.78 E 14076.13 Ground Surface Elevation 611748

Total Depth 4.5 Water Level Encountered (PN

Date Logged — ecke y Site Manager

Excavation Method __Backhoe '
d B KD Holliwqy

Logge Y Geologist

Comments

Samples Collected
or QOther Tests
Performed

No readings over
background with HNu.

L 0.0-1.11, 0.5' SAMPLE:
GRAVELLY SANDY CLAY: dusky brown (5 YR 2/2); WSFQ901
organic clay (OL-CL) and alluvium (SC); some very
fine-grained sand; moderately sorted, subrounded
gravels ranging from medium-graded to very coarse-

I graded pebbles; slightly plastic to firm; water at
1.1'; moist to wet.
Sharp contact at 1.1%.

| L1330, 2.0' SAMPLE:
SANDY CLAY AND GRAVEL: moderate brown (5 YR 4/4); WSF0902
alluvium (GC); poorly sorted, subangular and
subrounded fine-grained to coarse-grained sand;
pockets of clay common; poorly sorted, subrounded

- gravels ranging from fine-graded to very coarse-
graded pebbles and small cobbles to small
boulders; varied colored dark yeilowish orange (10
YR &6/6) and moderate reddish brown (10 R 4/6)
sandy zones grading into clay zones with intense

- T [~ staining; highly plastic to firm or stiff; wet to

saturated.
Gradational contact 3-3.5'.

6 A 4 . 3.3-4.5°. 4.4 SAMPLE:
SANDY CLAY AND GRAVEL: moderate yellowish brown WSFO904

grained sand;
pebbles and small

gray (S Y 7/2),

TOTAL DEPTH = 4.5

10

poorly sorted,
cobbles

(10 YR 5/4), dark yellowish orange (10 YR 6/6) and
yellowish gray (5 Y 7/2); alluvium (GC) moderately:
sorted, subangular and subrounded, fine-grained to
medium-grained sand with occasional zones coarse-
subrounded gravels
ranging from fine-graded to very coarse-graded
boutders;
pockets of bedded sandstone quartzitic; yellowish
fine-grained to medium-grained,
subrounded, well sorted; firm; moist to wet.

to small

\\J



LOG OF

TEST PIT

Location Rocky Flats Plant; West Spray Fieid
Coordinates _N 35558.85 E 14188.40
Totdl Depth 4.0'

Date Logged May 5, 1988

Excavation Method _Backhoe

B KD Holliway
Lo9ge Y Geologist

Comments

Test Pit No._ WSF10

Ground Surface Elevation _8118.93"
Water Level Encountered 2.25'
Checked By

Site Manager

Lithographic Description

Samples Collected
or Qther Tests
Performed

0.0-1.25'.

1.25-2.25¢'.

moist to wet.

2.25-3.0'.

SANDY CLAY: light brown (5 YR 5/6);:
(SC); fairly well sorted, subanguiar, fine-grained
to medium-grained sand; poorly sorted subrounded
gravel ranging from fine-graded to very coarse-

6_ 4 | graded pebbles with occasional small to la

- 3.0-4.0°'.
SANDY CLAY AND GRAVEL:

TOTAL DEPTH = 4.0¢

10

cobbles; friable to firm; moist.

boulders;

sand;

alluvium

No readings over
background with HNu.

0.5 SAMPLE:

GRAVELLY SANDY CLAY: dusky brown (5 YR 2/2); WSF1001
organic clay (OL-CL) and alluvium (SC); some very
fine-grained sand, moderately sorted, subrounded,
gravel ranging from fine-graded to very coarse-
graded with small cobbles and small
roots to 0.8'; firm; moist.

Wavy sharp contact at 1.25'.

1.7' SAMPLE:

GRAVELLY SANDY CLAY: moderate brown (5 YR 4/4); WSF1002
alluviun (GC); some very fine-grained
moderately well sorted, subrounded gravels ranging
from very fine-graded to coarse-graded pebbles
with trace of small cobbles to small boulders;
firm and slightly plastic; intense colorati

on;

rge

3.3 SAMPLE:

mottled and intense WSF1004

coloring of reds, yellows, browns and olive gray;
alluvium (SC); poorly sorted, subangular, fi
grained to coarse-grained sand;
subrounded gravel ranging from fine-graded to very
8 _ 1 | coarse-graded pebbles with some small cobbles to

small boulders; firm; moist.

poorly sorted

ne-




LOG OF

TEST PIT

Location Rocky Flats Plant; West Spray Field

Coordinates _N_35625.92 E 13797.28
Total Depth 4.9'
Date Logged __M3ay 5. 1988

Excavation Method _Backhoe
KD Holliway
Geologist

Logged By

Comments

Test Pit No._ WSF11
Ground Surface Elevation 6126.33
Water Level Encountered 1.3

Checked By

Site Manager

Lithographic Description

Samples Collected
or Other Tests
Performed

0.0-1.3'. .
GRAVELLY SANDY CLAY:

graded to
occasional

very
small and

1.3-3.0t.
CLAYEY SANDY GRAVEL:

subrounded;

moist to saturated.

6— + b 3.4:-6.90.
SANDY CLAYEY GRAVEL:

medium-grained sands;

dusky brown (5 YR 2/2);
organic clay (OL-CL) and alluvium (SC); some very
fine-grained sand with trace medium-grained sand;
moderately sorted, subrounded gravel ranging from
trace fine-graded pebbles with mostly medium-
coarse-graded = pebbles with
large cobbles;
approximately 0.8'; firm; moist.
Irregular and wavy sharp contact at 1.3'.

with varied intense red
alluvium (GC); moderately sorted, subangular fine-
grained to coarse-grained sands;

pebbles with mostly coarse-graded pebbles with
mostly coarse-graded pebbles to large cobbles with
occasional small boulders; firm to highly plastic;

Gradational contact 3.0-3.4'.

YR 5/4) and yellowish gray (5 Y 7/2) with varied
intense yellow and red staining;
- poorly sorted, subangular and subrounded,
~ grained to very coarse-grained sand,
clays have moderately sorted fine-grained to
poorly sorted subrounded
gravel ranging from fine-graded pebbles to small

No readings over
background with HNu.

WSF1101

roots to

2.0' SAMPLE:

moderate brown (5 YR 4/4) WSF1102
and brown staining;
poorly sorted,
trace fine-graded to medium-graded
4.5' SAMPLE:
moderate yellowish brown (10 WSF1105

alluvium (GC);
fine-
friable;

8 _ 1 | cobbles and small boulders; plastic; firm; moist -

to wet.

TOTAL DEPTH = 4.9!




LOG OF

TEST PIT

Location Rocky Flats Plant; West Spray Field

Coordinates N 35639.86 £ 13457.88
Total Depth _4:5'
Date Logged _May S, 1988

Excavation Method Backhoe
KD Holliway
‘Geologist

Ltogged By

Comments

Test Pit No.

WSF12

Ground Surface Elevation

Water: Level
Checked By

6133.03'

Encountered 3.2

Site Manager

Samples Cotlected
or QOther Tests
Performed

oL-CL

| 0.0-1.3:.

GRAVELLY CLAY:
clay (OL-CL);
grained sand;

SANDY CLAY ARD GRAVEL: moderate brown (5 YR 4/4); WSF1202
I alluvium (GC); poorly sorted subangular and
subrounded very fine-grained to coarse-grained
sand; moderately to poorly sorted, subrounded
gravel ranging from fine-graded pebbles to small
|. boulders; some pockets of clay with little sand;
plastic; firm; moist.
Gradational Contact.
3.2-4.5!, 4.0' SAMPLE:
= T ™ CLAYEY SAND AND GRAVEL: moderate yellowish brown WSF1205

(GC); moderately well
with trace of clay;

boulders;
saturated.

loose to

TOTAL DEPTH = 4.5!

10

dusky brown (5 YR 2/2):
some very fine-grained to medium-
poorly sorted subrounded gravel
ranging from very fine-graded pebbles to small
‘I~ cobbles; slightly firm to friable; moist to damp.
Wavy sharp contact at 1.3°'.

firm; no

(10 YR 5/4) and Light brown (5 Y 5/6); altuvium
sorted,
subrounded, medium-grained to coarse-grained sand
poorly sorted,
gravel ranging from medium-graded pebbles to small
cementation;

subangul ar

organic

and

subrounded

No readings over
background with HNu.
0.5' SAMPLE:
WSF1201

/

/
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