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milligrams per kilogram
micrograms per kilogram
micrograms per liter

mulligrams per liter

meters per year

megahertz

miles per hour

minmum technology requirement

National Ambient Air Quality Standards
National Contingency Plan

National Environmental Policy Act

no observed effect

National Pollutant Discharge Elimination System
Nuclear Regulatory Commission

non-safety class

National Technical Guidance Series

Nevada Test Site

operations & maintenance
ongmal process waste line(s)
Operable Unit

Operable Unit 4

Protected Area

polynuclear or polycyclic aromatic hydrocarbon

precision, accuracy, representativeness, completeness, and comparability
polychlorinated biphenyls

picocuries per liter

potential contaminant(s) of concern

tetrachloroethene

negative log hydromum 1on concentration moles per liter (potential of
hydrogen)

plasticity index

Photoionization Detector

plastic limit
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PM10
PMR
PNA
PNL
PP
PPCD
PPE
PQAP
PRG(s)
PSZ
PVC

QA
QAA
QAP
QAP)P
QC

RAAMP
RAGS
RAS
RCRA

RFA
RfC

RFEDS
RFETS
RFI/R1
RFP

ROD
ROI
RQD
RSP

SAP
SAS

130 wpf

OPERABLE UNIT NO. 4

LIST OF ACRONYMS AND ABBREVIATIONS (Continued)

particulate matter less than 10 microns
Power Modification Request
polynuclear aromatic hydrocarbons
Pacific Northwest Laboratory

proposed plan

DOE's Plan for Prevention of Contaminant Dispersion
personal protective equipment

Project Quality Assurance Program Plan
preliminary remediation goal(s)
Perimeter Security Zone

polyvinyl chloride

quality assurance

Quality Assurance Addendum
Quality Assurance Plan
Quality Assurance Project Plan
quality control

remedial action

Radiological Ambient Air Monitoring Program
Risk Assessment Guidance for Superfund
routine analytical services

Resource Conservation and Recovery Act
respirable fraction

Rocky Flats Alluvium

reference concentration

reference dose

Rocky Flats Environmental Database System
Rocky Flats Environmental Technology Site
RCRA Facility Investigation/Remedsal Investigation
Rocky Flats Plant

reporting limat

Record of Decision

Radiological Operating Instruction

rock quality designation

respirable suspended particulates

Sampling and Analysis Plan
special analytical service
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OPERABLE UNIT NO. 4
LIST OF ACRONYMS AND ABBREVIATIONS (Continued)

SCS So1l Conservation Service

SEP(s) Solar Evaporation Pond(s)

SF slope factor

SL shrinkage limit

SOP Standard Operating Procedure

SOwW Statement of Work

SPT Standard Penetration Test

SS stainless steel

SSH&SP Site-Specific Health and Safety Plan

STL steel

STP Sewage Treatment Plant

SVOC semivolatile organic compound

SWMU Sohid Waste Management Unit

TAL Target Analyte List

TBC to-be-~considered documents

TCA-1,1,1 trichloroethane

TCE trichloroethene

TCL Target Compound List

TCLP Toxicity Characteristic Leaching Procedure

TDR time domain reflectometry

TDS total dissolved solids

TICs tentatively 1dentified compounds

TMTS Temporary Modular Tank System

TOC total organic carbon

TSDF Treatment, Storage, or Disposal Facility

TSP Treatability Studies Plan

TSS total suspended solids

UCL upper confidence level

UG underground

UHSU upper hydrostratigraphic unit

USACE United States Army Corps of Engineers

USCS Unified Soil Classification System

UTL upper threshold limt

uv ultraviolet

VCP vitrified clay pipe

VFA Valley Fill Alluvium
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J OPERABLE UNIT NO. 4
. LIST OF ACRONYMS AND ABBREVIATIONS (Continued)

vVOC volatile organic compound
WARP Well Abandonment and Replacement Program
WCS weathered bedrock
WQPL water quality parameters hist
WRS Wilcoxon Rank Sum
ZPA Zero Period Acceleration
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PART II

PHASE I RCRA FACILITY INVESTIGATION/REMEDIAL INVESTIGATION

II.1 INTRODUCTION

The Operable Uit 4 (OU4) Phase I Resource Conservation and Recovery Act (RCRA)
Facility Investigation/Remedial Investigation (RFI/RI) at the Rocky Flats Environmental
Technology Site (RFETS) operated by the U S Department of Energy (DOE) was an integrated
investigation undertaken to satisfy the requirements of RCRA (as amended), the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA), and the Colorado
Hazardous Waste Act (CHWA), under the requirements of the Interagency Agreement (IAG)
of 1991 This nvestigation pertained to the characterization of sources and soils at the Solar
Evaporation Ponds (SEPs) located within OU4, which are also designated as Individual
Hazardous Substance Site 101 (IHSS 101) The investigation was designed to evaluate the
potential for the SEPs to act as continuing sources of contaminants, and to evaluate whether
contaminants are present in subsurface soils, including the vadose zone soils This document
1s Part IT of the Interim Measures/Interim Remedial Action Environmental Assessment Decision
Document (IM/IRA EA DD) for OU4

Historic sources of contaminants at OU4 have been hiquids and sludges disposed in the
SEPs These liquids and sludges may have entered the subsurface and may continue to be a
source of contaminants beneath the SEPs The contaminants within the liquids and sludges are
identified 1n the pre-IAG draft Solar Evaporation Ponds Closure Plan (DOE, 1988), and the
Analysis of Solar Pond Sludge and Water (Weston, 1991) According to these documents, the
SEPs received wastes including low-level radioactive process wastes contaiming high nitrate
concentrations, neutralized acidic wastes containing aluminum hydroxide, and additional wastes
containing sanitary sewage sludge, lithum metal, sodium nitrate, ferric chloride, lithum
chloride, sulfuric acid, ammonmum persulfates, hydrochloric and mitric acids, hexavalent
chrommum, and cyamde solutions No solvents or other organics were reported to be routinely
discharged to the SEPs

The DOE conducted characterization studies for the sludge materials contained within the
SEPs prior to implementing the OU4 Phase I RFI/RI program Therefore, the OU4 Phase I
RFI/RI program did not address sludge characterization The previous sludge characterization
studies provide adequate data for the inclusion of the sludge as a component of the OU4
IM/IRA Detailed reports were generated from the sludge characterization programs which are
referenced 1n this report

Appendix II A contains summary tables identifying both chemical and radiological
sampling results from the sludge that was previously treated to produce pondcrete and sludge
that was contained in a clarifier adjacent to Building 788 The report entitled "Pond Sludge
Waste Characterization Report and Waste Charactenization Report” (Halliburton-NUS, 1992)
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provided the sludge sampling results for the SEPs and the clarifier The pondcrete chemical
sampling data was derived from the report entitled " Characterization of Pondcrete at the Rocky
Flats Plant" (Lockheed, 1994) Radiological data for the SEP sludges and pondcrete were
contained 1n two reports prepared by Roy F Weston, Inc , respectively (1991a, 1991b) The
final table in Appendix IT A was reproduced from Halliburton-NUS (1992) and identifies the
sampling procedures used for SEP sludge characterization

This section presents an overall summary of the basis for conducting the OU4 Phase I
RFI/RI, as well as a brief description of the investigative objecttves and activities Figure II 1-1
shows the boundary of OU4 and the general area of the OU4 Phase I RFI/RI investigation

II.1.1 Purpose and Organization of the OU4 Phase I RFI/RI Report

The purpose of the OU4 Phase I RFI/RI report 1s to present the data and evaluations that
characterize the physical features of OU4, potential contaminant sources, and the surface and
subsurface distribution of soil contaminants The OU4 Phase I RFI/RI report 1s organized into
seven sections, and all tables and figures are grouped behind their respective report sections
Section II 1, Introduction, provides a brief overview of the objectives and activities conducted
for the OU4 Phase I RFI/RI and a summary of previous investigations at OU4  Section II 2,
OU4 Field Investigation, describes the activities and methods used to complete the RFI/RI
Section II 3, Results of the OU4 Phase I RFI/RI, presents the data and results obtained from the
field investigation Section II 4, Nature and Extent of Contamination, integrates the historical
and OU4 Phase I RFI/RI data, providing an evaluation of the lateral and vertical distribution of
contaminants 1n surficial and subsurface soils, including vadose zone soils, and an evaluation of
mmpacts from potential contaminant sources Section II 5, Contaminant Fate and Transport,
describes a site conceptual model and the properties of 1dentified contaminants and their potential
for mugration at OU4 Section II 6, Summary and Conclusions, provides a summary of the
findings of the OU4 Phase I RFI/RI, conclusions regarding the nature and extent of
contamination, and recommendations for further activities Section 7 presents summary data and
information from the IHSS 176 characterization efforts that were conducted separately from the
OU4 Phase I RFI/RI program This section 1s included since OU4 has annexed IHSS 176 as
a component of the OU4 IM/IRA Section 8 contains the list of references The evaluation of
the effectiveness of the Interceptor Trench System (ITS) in capturing shallow ground water,
originally scheduled for presentation in the OU4 Phase I RFI/RI report, 1s now presented in the
OU4 Phase II RFI/RI Work Plan by agreement between DOE and the regulatory agencies

II.1.2 OU4 Phase I RFI/RI Overview
The OU4 Phase I RFI/RI 1s part of a comprehensive, phased program of Operable Unit
(OU) characterization, remedial investigation, feasibility studies, and remedial/corrective actions

currently 1n progress at RFETS The objectives of the OU4 Phase I RFI/RI were to

. Characterize the physical features of the site,
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. Evaluate potential contaminant sources,
. Evaluate the presence or absence of contaminants 1n soils at the site, and

. Provide a baseline risk assessment The baseline risk assessment was delayed by
agreement between the DOE, Colorado Department of Public Health and
Environment (CDPHE), and U S Environmental Protection Agency (EPA) to
allow development of additional nisk data during the OU4 Phase II RFI/RI
program which will be conducted during 1994 and 1995

Specific tasks identified to accomplish these objectives were to
. Investigate the former location of the Original Ponds,

. Characterize the vadose zone associated with the SEPs, including potential routes
of contaminant migration,

. Evaluate the presence or absence of contaminants 1n the surficial and subsurface
soils, and

. Assess the effectiveness of the ITS (The ITS assessment 1s presented in the OU4
Phase II RFI/RI Work Plan )

An evaluation of contaminant sources was conducted as part of the draft Solar
Evaporation Ponds Closure Plan (DOE, 1988) and the Analysis of Solar Pond Sludge and Water
(Weston, 1991a) No additional contaminant source characterization was conducted during this
investigation Results from the earlier investigations are summarized in Appendix II A

To accomplish the remaining objectives of the OU4 Phase I RFI/RI, the Field Sampling
Plan (FSP) was designed to provide for the characterization of the Orniginal Ponds and existing
SEPs (IHSS 101), the investigation of surficial and subsurface soils within the OU4 boundary,
the investigation of vadose zone properties, and the description of the geology of OU4
Although an evaluation of the ITS to intercept and contain contaminated ground water moving
within the vadose zone and the shallow saturated zone above bedrock was proposed as a OU4
Phase I RFI/RI task, data collected during the investigation were msufficient to complete the
analysis Therefore, collection of additional data 1s proposed under the OU4 Phase II RFI/RI

The OU4 Phase I RFI/RI 1s separated into two parts characterization of the Original
Ponds area and characterization of the existing SEPs  Historical data, including aenal
photographs and facilities drawings, were reviewed and field data were collected for the Original
Ponds characterization  Ground-penetrating radar (GPR), drlling, sampling, and chemical
analyses comprised the field data collection activities The existing SEPs 207-A, 207-B North,
and 207-B Center were characterized through visual inspections, radiological surveys, liner and
subgrade sampling and analysis, and dnilling, sampling and analysis of subsurface soils In
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addition, a GPR survey was conducted to investigate the geophysical characteristics of the SEP
207-A liner and subgrade materals, and to determine 1f subsurface utilities were present beneath
the pond SEPs 207-B South and 207-C currently contain liquids and sludges and will be
investigated at a later date

Surficial soils in OU4 were evaluated using radiological surveys and chemical analyses
The radiological surveys included beta/gamma surveys Alpha surveys were attempted but were
not successful because of instrument damage Damage to the instrument’s thin film detector
cover by grass and rocks has been observed during investigations of other OUs Surficial soil
samples were collected for chemical analysis at borehole locations, randomly selected locations,
and discrete locations of interest such as areas of stressed vegetation and seeps

The vadose zone investigation included drilling, so1l samphing, and instrument installation
for measuring physical and chemical characteristics of the vadose zone Physical properties
were determined from cores extracted for laboratory analyses during the soi1l sampling program
Hydrological properties were investigated through field permeability tests, laboratory analyses,
neutron probe measurements, and water level measurements in montoring wells Chemical
properties of the vadose zone were assessed through soil chemical analyses, a soil gas survey,
chemical analyses of pore water collected from lysimeters, and column leaching tests performed
on selected so1l core samples

The geological investigation included a historical review and compilation of data from
existing boreholes, a drilling, sampling, and chemical analysis program, and a geophysical
investigation Boreholes drilled within OU4 aided the geological interpretation, augmented the
historical data, and allowed additional so1l samples to be obtained for chemical analysis The
geophysical investigations included a borehole geophysical program to aid 1n characterizing the
subsurface materials, and a seismic refraction program to aid in delineating paleochannels and
bedrock topography

I1.1.3 Previous OU4 Investigations

This section briefly describes the investigations previously conducted at OU4 and
evaluates their usefulness for the current site characterization efforts Information, data, and
conclusions from the previous investigations have been used 1n this RFI/RI program to develop
preliminary conceptual models and to develop a database Appendix II B supplements this
section and provides a tabulated summary of previous investigations 1n the SEPs area

In 1951, before any buildings or structures were constructed, the area occupied by the
existing SEPs was evaluated to determine the suitability of the site for a pond A report was
prepared that discussed the geology of the site and the ground water as it was known from
document review and from a review of core samples extracted from boreholes for laboratory
analyses (Mudge and Brown, 1952) Boreholes had been drilled 1n the vicimty of the proposed
major buildings (including Buildings 771, 881, 444, and 123) to determine geotechnical
properties of the subsurface materials for design purposes Much of the ground water
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mformation in the Mudge and Brown report was obtained from a previous study of ground water
conditions at the RFETS (Austin, 1951), which recommended drilling several wells upgradient
and downgradient of the site to momnitor the ground water Both of these documents indicate that
pediment gravels overlie impervious clays, but that the clays are fractured and capable of
transmitting water downward Mudge and Brown concluded that the area was not suitable for
an unlmed pond because of the potential for downward migration of water Approximately two
years after these studies, 1n 1953, the Onginal Ponds were constructed and lined with bentonite,
as shown 1n Figure II 1-2

In 1954, a spring on the hillside north of the Original Ponds was sampled and determined
to be contaminated with nitrates The Waste Disposal Coordination Group at the RFETS
concluded that the contamination 1n the spring was a result of leakage from the original clay-
lined pond A test well (Well 0154) was dug at the northeastern corner of the Original Pond and
the spring was enlarged so that water samples could be collected These actions and the
subsequent monitoring of the spring were reported in the monthly progress reports of the Rocky
Flats Waste Disposal Coordination Group The spring momitoring indicated an increase 1n both
nitrate concentration and radioactivity This indication prompted the construction of the asphalt-
lined SEP 207-A 1n 1955 and the 207-B Series SEPs m 1960

Upon completion of the 207-B Series SEPs 1n fall 1960, six monitoring wells shown on
Figure II 1-2 as abandoned monitoring wells 0160, 0260, 0360, 0460, 0560, and 0660 (well
0660 1s not shown) were 1nstalled near these ponds and were routinely monitored for nitrates and
radionuclides through the late 1980s These wells were subsequently abandoned and selectively
replaced as part of the RFETS-wide Well Abandonment and Replacement Program (WARP)
Monitoring of these wells was performed as part of the routine operation of the SEPs, but the
data were not presented 1r: a report

During 1960, drainage tiles were 1installed between SEP 207-A and the 207-B Series
SEPs, and east of the 207-B Series SEPs, as shown on Figure II 1-3 The purpose of the tiles
was to intercept seeps beneath the eastern berm of SEP 207-A 1dentified during construction of
the 207-B Series SEPs and to prevent seeps from forming east of the 207-B Series SEPs after
their construction Between 1960 and 1970, the dramnage tiles discharged water to ditches on
the northern hillside Discharged water was periodically collected and sampled for nitrates and
radioactivity During 1970, empty steel drums were partially buried at the discharge points to
collect water, which was then pumped to SEP 207-A or SEP 207-B North The buried drums
are identified as Sumps 1 and 2 (EG&G, 1992b) and are shown on Figure II 1-3

During the 1950s and early 1960s, the RFETS Site Survey Group periodically monitored
the area around the SEPs for radioactivity Montoring was performed routinely as well as 1n
response to specific events As with the activities of the Waste Disposal Coordination Group,
the Site Survey Group reported their activities in monthly progress reports which were not
summarized 1n a report One of the specific events that involved the Site Survey Group was
removal of soil from Pond 2-Auxihary (Figure II 1-2) in 1962 prior to the construction of
Building 779
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During 1966, three deep wells (0166, 0266, and 0366) were constructed to monitor the
sitewide ground water conditions Well 0266 was located east of the SEPs 1n the QU4 area and
Well 0366 was located further east of the OU4 area, as shown on Figure II 1-2 The results of
chemical analyses of waters from these wells were presented 1n the monthly reports of the Waste
Disposal Coordination Group, however, these results were not summarized in any published
documents

As the use of the SEPs increased because of expanded production at the RFETS, the
landslide potential of the hillside north of the SEPs was questioned An investigation was
performed on the stability of the hillside, which included drilling 10 boreholes (Woodward-Clyde
& Associates, 1970) Many of the boreholes were equipped with a perforated casing to monitor
water level fluctuations The study concluded that the hillside was at high risk of failure,
particularly with the probable addition of water from the SEPs themselves It was recommended
that a french drain system be 1installed to remove ground water

In 1971, an additional well (Well 0671, Figure II 1-2) was nstalled on the hillside north
of the SEPs The well was installed as part of a program to expand sitewide ground water
momtoring at the RFETS The program was motivated by such events as the 1969 fire, cleanup
of the 903 Pad contamination, and removal of the leaking drums from the Mound area, as well
as by a general increased awareness of the need for environmental protection

During October 1971, Trenches 1 and 2 were excavated northeast of SEP 207-B North
and SEP 207-A, respectively Imtially, ground water collected 1n the partially buried drums
located on the downhill ends of the trenches was manually pumped to the SEPs By May 1972,
automatic pumps were installed 1n the trenches Shortly thereafter, Trench 3 was constructed
The locations of the trenches were selected based on visual observation of stressed vegetation
Observations were made by the plant personnel, but a formal study was not performed for this
remedial action The water collected 1n the trenches was analyzed and returned to the SEPs
The analytical results were not reported In the spring 1973, the area experienced particularly
high precipitation and the trenches were allowed to overflow to prevent overfilling the SEPs
which were nearly full Trenches 4 and 5 were installed in April 1974, and Trench 6 was
installed 1n July 1974 Figure II 1-3 shows the locations of these trenches

During 1974, the presence of mtrates in the soil north and northeast of the SEPs was
recogmzed from stressed vegetation and soil analyses An evaluation of the total quantity of
mitrates present 1n the so1l was undertaken to identify a cost-effective method of nitrate removal
Conditions were vestigated by drilling 56 soil boreholes (Dow Chemical, 1974a) in gnd
patterns 1n three areas north of the SEPs known to have high concentrations of nitrates Soil
samples were collected at 1-foot intervals from each borehole located on Figure II 1-2 The
study concluded that approximately 60 percent of the total quantities of nitrates was located
within 5 feet of the ground surface It was also stated that little, 1f any, nitrate contamination
was entering North Walnut Creek, although the basis for this statement 1s not clear
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Later that year, a presentation by the RFETS Environmental Group summarized the
results of the mtrate-in-soil study (Dow Chemical, 1974b) Data presented indicated that an
elongated nitrate anomaly 1n soils was present and centered around the bifurcated drainage
entering North Walnut Creek from the south According to the study, the data collected during
the early 1970s indicated that the presence of mitrates in the soil was a seasonal problem
Several alternative solutions were presented that included the following, although none was
subsequently implemented

. In situ aqueous leaching followed by treatment of the leachate,
. Soil removal (the excavated material could be used as organic fertilizer), and
. In situ bioremediation

Several 1nvestigations unrelated to the SEPs were performed elsewhere at the RFETS 1n
the early 1970s to delineate the shape of the bedrock surface beneath the alluvium, with
particular emphasis on the channeling of ground water (Ackermann, 1974, de Oliveira, 1975)
The bedrock paleotopographic surface was delineated using seismic refraction methods, and was
shown to be highly wuregular An undulating bedrock paleotopographic surface i1s present
beneath the existing SEPs

During the early 1970s, the Water Control and Recycle Study was performed
Recommendations of the study were later implemented as the Water Control and Recycle
Program The study addressed the major surface water features at the RFETS, including the
SEPs and North Walnut Creek A portion of the project specifically addressed ground water
transport of nitrate from the SEPs area into North Walnut Creek (Engineering-Science, Inc (ES),
1975) The ES report stated that during operation, cracks developed in the Iiming of the SEPs,
and nitrate wastes entered the ground water and migrated downgradient The nitrate-bearing
ground waters discharged at the surface as seeps which were indicated by dead or stimulated
vegetation, depending on the nitrate concentration Nitrate was detected 1n the retention ponds
constructed in the Walnut Creek drainage (A-series ponds) at levels that typically were below
the drinking water standards for most of the year The ES report suggested that radionuclides
were not present in the seep water due to the filtering action of the soil and the 10n exchange
capacity of clay minerals

As part of the Water Control and Recycle Study, 31 wells and boreholes were drilled by
ES (TH series boreholes and wells with a 74 suffix, Figure II 1-2) and the new data were
evaluated in conjunction with data collected during the previous two and a half years from the
existing wells, trenches, and sumps in the area Some of these wells currently exist at OU4
Based on the mitrate concentrations detected mn the ground water samples, a nitrate plume was
identified north of the SEPs extending toward North Walnut Creek The results of the ground
water study and the soil study performed the previous year suggested that the majority of the
nitrates occurred 1n the more permeable soil lenses It was further suggested that the nitrates
would continue to be leached from the soil and transported with ground water toward North
Walnut Creek
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A number of abatement measures were undertaken at the SEPs 1in the mid-1970s as part
of the implementation of the Water Control and Recycle Program Water and waste streams at
the RFETS were 1dentified, and a master plan was developed to transfer liquids between the
various retention ponds 1n the creek dramage basins at RFETS and the SEPs A new reverse-
osmosis treatment plant constructed in Building 910 was placed 1n service in 1979 for removal
of dissolved solids from post-treatment samitary effluent As part of the Water Control and
Recycle Program, samtary wastewater effluent was pumped from Building 995 (Sanitary
Treatment Plant) to SEP 207-B South for flow equalization prior to treatment in Building 910
For various reasons, treatment efficiency of the system did not meet design criteria and Building
910 was effectively removed from service in 1984 The facility has been used intermittently to
support SEP water treatment during closure Two open beds adjacent to Building 910 originally
were used to store brine from the reverse osmosis process After discontinuation of that
process, the beds were used for drying sludge from the Sanitary Treatment Plant

As part of implementing the Water Control and Recycle Program, the 207-B Series SEPs
were cleaned and prepared for water storage for the proposed reverse-osmosis piant in early
1975 This preparation mnvolved moving liquid and sludge from the 207-B Series SEPs into SEP
207-A, nstalling a flexible membrane liner in SEP 207-B South, and rinsing the bottoms of the
B-series SEPs with water During the course of the work, low-level alpha contamination was
detected around the perimeters of the SEPs Soil contamination was also detected on the
downwind side of SEP 207-A Contaminated soil from around the SEPs and 1n the area of the
proposed Building 910 was removed over the next several years In the summer of 1976, the
effectiveness of the cleanup of the 207-B Series SEPs was evaluated, and contamination was
found on and under the liner and 1n nearby soil

Later that year, a program of sampling and direct counting was imtiated which consisted
of coring the liner and augering into the deeper soil beneath some of the SEPs (predominantly
SEP 207-B North) Based on these data, a map of activity levels 1n the vicinity of the SEPs was
prepared The following spring, soil removal at the SEPs was imitiated on a larger scale
Throughout the soil removal activities, the air was monitored for increased radioactivity due to
ground disturbance Although a dust control program involving the applications of water or
Coherex® (a petroleum-based dust suppressant) was implemented, operations were frequently
halted because of potential health effects of excessive long-lived alpha concentrations 1n the air
Concurrently, contaminated so1l was removed in the Triangle Area (IHSS 165) of OU6 east of
OU4 Both programs removed sufficient soil so that radioactivity was no longer above the level
of concern (250 counts per minute as measured using a Field Instrument for the Detection of
Low-Energy Radiation [FIDLER]) The soil removal activities resulted 1n significant alteration
of the surface topography

From July 1975 to December 1975, a sitewide program was conducted to evaluate the
non-nuclear remote sensing studies performed at the RFETS (Lackey and others, 1976) Several
methods were employed to investigate the existence of possible faults or a shear zone near the
site  As part of the program, the locations of seeps were identified at the RFETS It was
concluded that most of the leakage from the SEPs probably surfaced at seeps on the sloping sides
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of the North Walnut Creek valley at the interface between the Rocky Flats Alluvium and the
Arapahoe Formation Additional hydrological and geological studies were recommended

The design of the Perimeter Security Zone (PSZ - the triple-fenced zone surrounding the
Protected Area [PA]) required drilling more than 100 boreholes to determine subsurface
conditions Fourteen of the boreholes were drilled 1n the area of the SEPs 1n late 1978 An
additional investigation was performed 1n 1979 to evaluate an alignment change on the hillside
north of the SEPs (CTL/Thompson, 1979) Previous investigators had identified the area as
having a high potential for landslide movement (Woodward-Clyde & Associates, 1970) The
CTL/Thompson report (1979) included a description of the subsurface soil and ground water
conditions encountered 1n five of the boreholes 1n the area of greatest landslide potential The
field investigation found that the clay and claystone bedrock underlying the alluvium contained
shear zones, indicating prior disturbance The investigation also confirmed previous conclusions
regarding landslide potential The report concluded that most of the bedrock within the depths
investigated was disturbed from past ground movements, the hillside was underlain by both
ancient and recent landslides, and the planned construction of deep fills on the hillside for the
PSZ would contribute to instability by loading the unstable, disturbed natural materials

The CTL/Thompson report (1979) evaluated three stabilization options The first, which
was considered the most complex and costly, involved excavation of the disturbed soils and
replacement with an engineered buttress fill The second option was to de-water the hillside
The third option, which was the most strongly recommended, was to flatten the fill slopes or
construct stabilizing berms downhill of the planned construction The effectiveness of the de-
watering option was considered somewhat uncertain because of limitations on the practical depth
of de-watering and the presence of non-uniform water table conditions The CTL/Thompson
report (1979) concluded that ground water was flowing in distinct channels on the hillside as
evidenced by the many distinct seepage areas at the ground surface and the varnable depth to
water 1n the boreholes The conceptual design of a subsurface drainage system for the de-
watering option involved 4-inch-diameter perforated pipe placed in trenches backfilled with clean
coarse-gramned sand The trenches were to be on 100-foot centers and approximately 5 feet
deep, graded to dran by gravity to a central collection sump It 1s not known which, if any,
of these options was implemented

In 1981, 1t became necessary to remove excess ground water from the area where the
fences and patrol roads associated with the PA were to be constructed The installation of the
fences and the patrol roads necessitated destruction of several of the ground water or seep
collection trenches on the hillside north of the SEPs The ITS was constructed in April 1981
(shown on Figure II 1-3), and the six trenches and two sumps were taken out of service The
hillside was significantly altered during the PA construction activities, with up to 25 feet of fill
placed beneath the PSZ Large quantities of fill materials also were placed 1n the area of the
SEPs and are presumed to have different geotechmcal properties than the previously
characterized native soils
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To meet federal environmental regulations, an Environmental Impact Statement (EIS) for
the RFETS was compiled in 1980 In that EIS, a synopsis of the environmental impact of the
SEPs was presented based on the information known to date Most of the information was
extracted from previously existing documents, which are discussed 1n this report

In early 1982, mitrate-contaminated surface water originating from seepage on the hillside
below the SEPs was again observed Surface water discharged from the seeps was directed by
culverts down the hill into North Walnut Creek, bypassing the ITS ground water collection
system The culverts were originally designed to transport precipitation runoff down the north
hillside To remediate this problem, the ITS was retrofitted with the ITS Southern Extension
to intercept surface water adjacent to the Patrol Road inside the PA, as shown on Figure II 1-3

In the early 1980s, a program was mmtiated to remove and manage the sludge that had
accumulated in the SEPs The Sludge Removal Project required construction of Building 788,
located between SEP 207-A and SEP 207-C, and associated structures for creating "pondcrete”
(a mixture of SEP sludge and Portland cement) with the sludge Two boreholes were drilled to
characterize the foundation conditions 1n the vicimty of Building 788 (Foundation Engineering
Company, 1984) Based on logs from these boreholes and on a 1962 report on the foundation
investigation for Building 779, 1t was concluded that the interpretations of subsurface conditions
were mconsistent It was stated in the report that "local regulations would not permit recovery
of so1l samples for laboratory analysis," so the subsurface characterization was based on visually
identified properties Design recommendations included the requirement that utility line trenches
in close proximity or leading into the building should be backfilled with impervious materials
similar to the n situ soils to prevent impounding of water below the structures Excavation and
construction of Building 788 altered the geotechnical properties of the subsurface soils beneath
the immediate area

A 1985 investigation produced the first comprehensive evaluation of the RFETS
hydrogeologic data collected to date (Hydro-Search, Inc , 1985) Both existing data and newly
collected data were used 1n the characterization Existing data included geologic logs from
numerous boreholes, water level records, water quality data, and a review of published and
unpublished reports New data collected for the study included geophysical logs, single-hole
drawdown recovery tests, and a location survey of the wells The report provided sitewide
characterization information such as geochemustry data for surface water, alluvial ground water,
and bedrock ground water The report also provided a summary of many historical reports
Some of the geophysical and hydrological testing activities were performed 1in wells 1n the SEP
area The report concluded that there were deficiencies and data gaps 1n the understanding of
the overall site hydrogeology However, the SEPs were 1dentified as one of eight possible
sources of high total dissolved solids (TDS) leaving the site  Shortly after submuttal of the
characterization report, an electromagnetic (EM) survey was performed at the periphery of the
PSZ and in downgradient drainages in the buffer zone (Hydro-Search, Inc 1986) The EM
survey was performed to direct future site characterization efforts The hillside soils north of
the SEPs were found to be highly conductive, suggesting the presence of contaminated ground
water A recommendation of the report was to install new monitoring wells around the SEPs
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In 1986, a RCRA Part B operating permit application was submitted to the Colorado
Department of Health (CDH) The RFETS reported that the SEPs were an intertm status umt
scheduled to be closed The SEPs were 1dentified as a Solid Waste Management Unit (SWMU)
(later to become an THSS) A section pertaining to ground water protection was included 1n the
RCRA Part B submuttal in response to the 1986 Comphiance Agreement between the RFETS and
the agencies Information regarding the ground water momitoring program and subsurface
characterization was presented for the entire site and specifically for the SEPs A program was
mitiated that included 1nstallation of 17 RCRA wells 1n the SEP area 1n 1986 (shown on Figure
IT 1-2 as wells 1dentified with an 86 suffix), greatly expanding the ability to monitor subsurface
conditions related to the SEPs Hydrogeologic tests were conducted in some of these wells A
draft RCRA Interim Status Closure Plan (Rockwell International, 1986) was submitted for the
SEPs which summarized testing results and outlined the method for removing the SEPs from
service and properly disposing of the potentially-contaminated materials

Eighteen boreholes were drilled in 1987 in the SEP area to acquire additional soil
chemustry data specific to the SEPs (The locations of these boreholes are designated with an
87 suffix and are shown on Figure II 2-18 in Section II 2, OU4 Field Investigation) This
information was sought 1n response to comments on the draft RCRA Interim Status Closure Plan
submitted 1 1986 that were directed 1n part to the collection of additional characterization data
Two of these boreholes were completed as wells for more ground water monitoring capability
Subsurface conditions were evaluated based on 1987 data as well as on the additional data
collected since submuttal of the 1986 report Boreholes not completed as wells were backfilled
and no monuments were left indicating thetr location

A draft Final Closure Plan was submitted 1n 1988 which presented a detailed plan for
future characterization efforts This closure plan addressed other SWMUs (IHSSs) 1n the area
that are no longer part of OU4 Thirty-seven monmtoring wells (designated with a 89 suffix,
Figure II 2-18) were installed 1n 1989 to fulfill the commitments made in the 1988 Final Closure
Plan The momtoring plan was expanded to meet RCRA ground water monitoring requirements
such as quarterly monitoring and an expanded analyte list Since 1988, Annual RCRA Ground
Water Monitoring Reports for Regulated Units have been submitted, which include monitoring
data collected during the previous year and an evaluation of ground water conditions

The additional 37 wells were drilled at locations identified as data gaps in the 1988
characterization When drilled, lithologies logged 1n some of the 1989 boreholes did not agree
with lithologies anticipated from 1988 data, prompting a close review of all of the lithologic
data Some of the archived cores were pulled and found to be incorrectly described in the
lithologic logs As a result, a program was 1mtiated to re-log the core from the 1986, 1987, and
1989 drilling efforts, using strict quality control procedures After a percentage of the cores was
re-logged the following year, most of the original logs and the "new" logs of the same boreholes
were found to be similar It was concluded that the cores re-logged after the 1989 program and
found to be inconsistent with the logs previously generated were 1solated occurrences The re-
logging program resulted in greater consistency in logging procedures for future programs
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During 1990, 1n response to the Agreement 1n Principle between the State of Colorado
and the DOE, a study was begun addressing zero offsite water discharge The ITS was
evaluated as part of the study (ASI, 1991) The study assessed possible management alternatives
for water collected by the ITS The investigation included a review of analytical data of the
water to be managed and a computation of the quantity of water collected The quantitative
study assessed discrete portions of the system 1n addition to the overall system Each surface
water monitoring site in the SEP area was assessed for both water quality and quantity, and an
evaluation was made regarding variations in the sources of the contaminants identified
Similarly, data from each ground water momitoring well were assessed based on the specific
geologic umit sampled and the variations in contammants The study recommended four
management alternatives for the water collected by the ITS, including treatment by mechanical
evaporation, treatment through the sewage treatment plant, separate treatment based on 1solating
discrete portions of the collected flow, and a combination of treatment through reverse osmosis
and mechanical evaporation Implementation of this study was preempted by the signing of the
IAG 1n 1991 All of the ITS water 1s currently being collected 1n holding tanks and processed
through the Building 374 treatment process The Building 910 treatment process 1s available for
treating ITS water but 1s not routinely used

During 1992, there was a brief investigation addressing whether or not the 207-B Series
SEPs were leaking into the uppermost aquifer (EG&G, 1992e) This was accomplished by
sampling wells 1n the vicimity of the SEPs for a dye that was placed in the SEPs The sampled
wells were completed 1n erther the alluvium or the silty claystones of the Arapahoe Formation
Based on this study, it was determined that no leakage was occurring from the 207-B Series
SEPs

The information presented 1n some of these preceding studies indicates that interpretations
of subsurface conditions at the SEPs vary and are possibly dependent upon the study techniques
used For example, conclusions from a soil study performed during 1974 indicated that nitrate
concentrations were greatest 1n the upper 5 feet of soil Conversely, a study conducted during
1987 concluded that soil samples contained the highest nitrate concentrations just above the
bedrock The nterpreted subsurface conditions are influenced by the investigation objectives,
field and laboratory methods, the past and present condition of the SEPs, subsurface utilities,
the ITS, and other engineered alterations

27 DEC OU4 Proposed IM/IRA EA Dectsion Document
II1-12 February 10 1995



SOLAR EVAPORATION PONDS
OU4 IM/IRA EA DECISION DOCUMENT

PART I
PHASE I RCRA FACILITY INVESTIGATION/REMEDIAL INVESTIGATION
TABLE OF CONTENTS
(for Section II 2)
Title Page No
I1 2 OU4 FIELD INVESTIGATION II 2-1
121 Site Investigation Objectives and Overview I2-1
II211 Ongmal and Existing Ponds Investigation Overview II2-2
II2111 Ongmal Ponds IT 2-2
12112 Existing Ponds IHSS 101) IT 2-3
II 2 1 2 Surficial Soils Investigation Overview 1124
I12 13 Vadose Zone Investigation Overview II 2-5
I1 2 14 Geologic Investigation Overview I 2-6
1215 Interceptor Trench System Investigation Overv1ew I 2-6
I1 22 Summary of Procedural Guidance and Standards Documents 2-7
11221 OU4 Phase I RFI/RI Work Plan II 2-7
II 2 22 Techmcal Memorandum No 1 - Vadose Zone Investigation IT 2-8
II 223 Techmcal Memorandum No 2 -

Modification to Field Activities II 2-10
II 2 2 4 Document Change Notices to Standard Operating Procedures II 2-11
I123 Ongmal Ponds and Existing Ponds Investigation II 2-11
II 231 Ongmal Ponds Investigation II 2-12
112311 Historical Aerial Photographs Review II 2-12
II1 2312 Engmeering Drawings Review II 2-12
12313 Ground Penetrating Radar Survey II.2-12
12314 Drnlling, Sampling, and Chemical Analysis II 2-12
II 2 3 2 Existing Ponds (IHSS 101) Investigation I1.2-13
12321 Visual Inspections of SEP Liners I1.2-13
IT 2 3 2 2 Radological Surveys of the SEP Liner Surfaces II 2-14
I 2323 Ground Penetrating Radar Survey II 2-16
II1 2324 Liner and Subgrade Sampling and Analysis II 2-17

II1 2325 Borehole Drilling, Sampling,
and Chemical Analysis II 2-17
II 2 4 Surficial Soils Investigation II 2-18
I1 2 41 Radiological Surveys I1.2-18
II 2 4 2 Surficial Soils Sampling and Chemical Analysis II 2-19
I1 2421 Random Locations 11.2-20
IT 2 422 Daiscrete Locations IT 2-20
ITI 2 42 3 Borehole Locations I1.2-21

o ..
iU

OU4 Proposed IM/IRA EA Decision Document
II 241 February 10 1995



ny

28 wpf

m25

26

ma27

TABLE OF CONTENTS (continued)
(for Section II 2)

Vadose Zone Investigation
I1251 Dnlling, Soil Sampling, and Instrumcnt Installation
II 2 52 Physical Properties of Vadose Zone
I1 2 53 Hydraulic Properties of Vadose Zone
I12 531 Field Permeability Tests
II1 2 53 2 Laboratory Permeability Tests
I1 2533 Neutron Probe Measurements
I 2 534 Water Level Measurements
II 2 54 Chemical Properties of Vadose Zone
I12541 Soil Chemical Analyses
I12542 Sou Gas Survey
II1 2543 Pore Water Analyses From Lysimeters
112544 Column Leaching Tests
Geologic Investigation
I1 2 6 1 Historical Data Review
1262 Dnlling, Sampiing, and Chemical Analyses
II 2 6 3 Geophysical Investigations
II12 6 31 Borehole Geophysics
II 2632 Seismic Refraction Survey
Field Investigation Quality Assurance/Quality Control
II 2 71 Documentation of Activities/Procedures
II 272 Audits of Procedures
IT 2 7 3 Deficiencies
IT 2 74 Data Management
1275 Field Quality Control Samples

LIST OF TABLES

Title

Phase I RFI/RI Field Program Tasks, Proposed Work,
and Completed Work

List of Photographs Reviewed

List of Engineering Drawings Reviewed

Requested Analyses, Frequency, and Analytical Methods
for OU4 Media Samples

Lists of Constituents Analyzed by CLLP Methods

Page No

II 2-21
II 2-21
II 2-22
II 2-23
II 2-23
II 2-24
II 2-25
II 2-25
I 2-25
II 2-25
II 2-26
II 2-26
II 2-26
II 2-27
II 2-27
II 2-27
II 2-28
II 2-28
II 2-29
II 2-30
I 2-30
IT 2-30
II 2-31
II 2-31
II 2-31

Page No

11 2-33
II 2-36
II 2-40

II 2-43
II 2-48

OU4 Proposed IM/IRA EA Decision Document

II 2-n

February 10, 1995



W

II2-1
II 2-2
II2-3
m24
II 2-5
II 2-6
I 2-7
II 2-8
I 2-9
II 2-10
II2-11
I 2-12
II 2-13
I 2-14
II 2-15
II 2-16
II 2-17
o 2-18
II 2-19
II 2-20
II 2-21

28 wpf

TABLE OF CONTENTS (continued)
(for Section II 2)

LIST OF FIGURES
Tutle
GPR Survey Locations
Orniginal Ponds GPR Line Locations
Phase I Borehole Locations
SEP 207-A GPR Line Locations
OU-Wide FIDLER Survey
Grid Used for Radiological Surveys of SEP 207-A
Grid Used for Radiological Surveys of SEP 207-B Center
Gnid Used for Radiological Surveys of SEP 207-B North
Location of Seismic Refraction Survey
Location of Asphalt and Subbase Samples
Vadose Zone Monitoring Locations
Surficial Soil Sampling Locations
Physical Properties and Column Leach Test Sample Locations
BAT™ Permeability Testing Locations
Guelph Permeameter Test Locations
Locations of Water Level Measurements
So1l Gas Sampling Locations
Locations of All Boreholes and Monitoring Wells in OU4
Piezometer Locations
Schematic Diagram of Typical Lysimeter Installation
Schematic Diagram of Guelph Permeameter Test Installation

Page No

II 2-51
II 2-52
II 2-53
II 2-54
II 2-55
II 2-56
I 2-57
II 2-58
II 2-59
II 2-60
I 2-61
II 2-62
II 2-63
II 2-64
II 2-65
II 2-66
II 2-67
II 2-68
II 2-69
II 2-70
II 2-71

OU4 Proposed IM/IRA EA Decision Document

II 2-m

February 10, 1995




II.2 OU4 FIELD INVESTIGATION

This section describes the activities conducted during the OU4 Phase I RFI/RI to
accomplish the objectives described 1n Section II 1, Introduction Deviations from the Work
Plan, associated Technical Memoranda (TMs), and Standard Operating Procedures (SOPs) are
noted, as appropriate Table II 2-1 provides an overall summary of work completed during the
investigation

The Iiquids and sludges 1n the SEPs are currently being removed and stored SEP 207-A
was cleaned out during spring 1992 SEPs 207-B North and 207-B Center were cleaned out
during summer 1993 Both SEPs 207-B South and 207-C are scheduled to be cleaned out during
fiscal years 1994 and 1995

I1.2.1 Site Investigation Objectives and Overview

The following 1s a brief description of the objectives of the investigation, as described
in Section II 7, Field Sampling Plan, of the OU4 Phase I RFI/RI Work Plan, with the exception
of the Baseline Risk Assessment, which will be completed during the OU4 Phase II RFI/RI
Characterize Original Ponds and existing ponds

. Characterize the types and distribution of contaminants and other umque features
of the original pond

. Evaluate the relative significance of SEP liner materials as potential sources of
contamination, and the effectiveness of liners as barriers to contaminant
migration

. Characterize surficial soils potentially contaminated by aerosol dispersion in the

vicinity of the SEPs

. Characterize the types and distribution of potential contaminants, variations in
contaminants, hydrologic features, and other unique characteristics of vadose zone
contamination 1n the SEPs area

. Locate and identify subsurface features such as piping, tanks, and structures in
the vicimty of the SEPs

. Identify subsurface geologic features, such as subcropping sandstones and
fractured bedrock, that may contribute to contaminant migration in the SEPs area
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Characterize the ITS

. Evaluate the construction of the ITS to assess its effectiveness 1n intercepting SEP
contaminants in ground water

. Characterize the location, types of contaminants, and variability in contaminant
concentration 1n unconsolidated materials 1n the vicimty of the ITS

The data generated during the OU4 Phase I RFI/RI were used to evaluate the nature,
extent, transport mechanisms, and fate of site contaminants, and were incorporated into the
development and screening of remedial alternatives Additionally, the data will be used to
supplement the development of the OU4 Phase II RFI/RI Work Plan

Field and laboratory activities were completed in accordance with the OU4 Phase I
RFI/RI Work Plan, as modified by Techmical Memorandum No 1, (TM1) Vadose Zone
Investigation, and Technical Memorandum No 2, (TM2) Modifications to Field Activities The
following sections summarize specific activities completed to meet the objectives outlined above
The evaluation of the ITS 1s incorporated into the OU4 Phase II RFI/RI Work Plan

I1.2.1.1 Original and Existing Ponds Investigation Overview
The following 1s provided as an overview of the SEPs investigation
I1.2.1.1.1 Original Ponds

The mvestigation of the Onginal Ponds area was designed to characterize the types and
distribution of contaminants 1n surface and subsurface soils, to evaluate the physical features and
dimensions of the Original Ponds, and to identify the presence of pond construction materials
(clay liner, piping, and other equipment) that may have been abandoned 1n place The following
tasks were completed during this investigation

. Historical aenal photographs, engineering drawings, and associated documentation
were reviewed to define the boundanies of the Original Ponds

. A GPR survey 1n the vicimty of the Ornigimnal Ponds area was completed to
identify boundaries of the Ponds and abandoned equipment and construction
materials that were buried This survey was reduced 1n scope, as described 1n
TM2, from that described 1n the Phase I Work Plan based upon historical data
review Areas 1n QU4 surveyed using GPR are shown on Figure II 2-1, and
details of GPR survey lines 1n the Original Ponds area are shown on Figure II 2-
2

. Subsequent to the historical data review and GPR surveys, six boreholes were
drilled 1n or adjacent to the Original Ponds area three boreholes were completed
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within the approximate boundaries of the Original Ponds, and three boreholes
were drilled outside those boundaries Subsurface soil samples were collected at
each of the locations Figure II 2-3 shows the locations of all boreholes drilled
during the OU4 Phase I RFI/RI, and the approximate locations of the Original
Ponds Figure II 3 1-15 1n Section II 3, Results of the OU4 Phase I RFI/RI,
shows the six boreholes drilled to investigate the Original Ponds area

Surficial soi1l samples were collected at each of the borehole locations pnor to
dnlling as part of the surficial so1l sampling program

Surficial and subsurface soil samples were collected and analyzed for suspected
contaminants The analytical requirements and methods are described 1n Section
II231, Ongmal Ponds Investigation, and 1n Section II 2 4, Surficial Soils
Investigation (also subsequently summarized in Table II 2-4)

Section II 2 3 1, Onginal Ponds Investigation, provides a detailed description of the
activittes undertaken  The results of the Original Ponds investigation are presented and
discussed 1n Section IT 3 1 1, Onginal Ponds

I1.2.1.1.2 Existing Ponds (IHSS 101)

The objectives of the investigation of IHSS 101 included evaluating the presence of
buried utilities and debris beneath the SEPs and evaluating whether contamination 1s present in
subsurface, unconsolidated geologic materials The following activities were completed as part
of the investigation of IHSS 101
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Visual inspections were made of SEPs 207-A, 207-B Center, and 207-B North to
evaluate the integrity of the liners and to determine the accessibility and optimum
location for the proposed boreholes

A GPR survey was completed to assess the presence of buried utilities and debris
beneath a portion of SEP 207-A and to aid 1n the 1dentification of breaches of the
liner beneath the top asphalt coat The locations of the GPR survey lines are
shown on Figure II 24

An OU4-wide beta/gamma radiation survey was conducted that inciuded the areas
in the immediate vicimty of IHSS 101 Beta/gamma and alpha surveys were
conducted within SEPs 207-A, 207-B Center, and 207-B North Figures II 2-5
through II 2-8 show the locations where radiological measurements were made

A seismic refraction survey was completed to evaluate bedrock topography and
the presence of paleochannels and/or buried channels 1n the vicinty of IHSS 101
Figure II 2-9 shows the locations of the seismic refraction lines
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. Twelve boreholes were completed and subsurface soil samples were obtained
from within SEPs 207-A, 207-B Center, and 207-B North for characterization
purposes at the locations shown on Figure II 2-10 Sixteen boreholes were
completed between the ponds and around the perimeter of IHSS 101 (Figure II 2-
3) ¥

. Twelve samples of the asphaltic liner and sub-base material were collected from
SEPs 207-A, 207-B Center, and 207-B North at the borehole locations within the
SEPs, as shown on Figure II 2-10

. One deep borehole (No 42193) within SEP 207-A was drilled into bedrock,
sampled, and geophysically logged primanly for geologic characterization
purposes Subsurface samples were also collected and analyzed for geochemical
characterization purposes, the results of which are discussed in Section II 3,
Results of the OU4 Phase I RFI/RI

. Fifteen lysimeters were installed 1n the vicimty of IHSS 101 and throughout OU4
for vadose zone characterization purposes The locations of the lysimeters are
shown on Figure II 2-11 Sixteen neutron probe access tubes were also installed
for so1l moisture measurements The locations of the access tubes are also shown
on Figure II 2-11

. Soil, bedrock, asphalt, and pore water samples were collected and analyzed for
suspected contaminants Section 11232, Exising SEPs (IHSS 101)
Investigation, describes the analytical requirements and methods for the respective
media The analytical parameters, sampling and analytical frequency, and
analytical methods are summarized 1n Table II 2-4

Section II 2 3 2, Existing Ponds (IHSS 101) Investigation, describes in more detail the
specific activities completed The results of the existing SEPs investigation are presented and
discussed 1n Section IT 3 1 2, Existing Solar Evaporation Ponds

I1.2.1.2 Surficial Soils Investigation Overview

The objective of the surficial soils investigation was to evaluate whether contaminants are
present 1n the upper 2 inches of the surficial soils Contaminants present in these soils are
assumed to have been deposited by aerosol dispersion and deposition This objective was
accomplished by completion of the following tasks

. An OU4-wide gamma radiation survey consisting of 311 data points was
completed to evaluate the presence of radionuchides resulting from aerosol
dispersion The gamma radiation survey locations are shown on Figure II 2-5
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Twenty-six random and 10 discrete surficial soil samples were collected to assess
the presence of suspected contaminants, the locations of these samples are shown
on Figure II 2-12 The analytical requirements and methods for analyzing these
samples are described in Section II 2 4 2, Surficial Soil Sampling and Chemical
Analysis, and are summarized in Table II 2-4

Surficial so1l samples were obtained from the 36 borehole locations shown on
Figure II 2-12 and were analyzed for the parameters histed in Table II 2-4 to
augment the results from the random and discrete soil samples

The results of the surficial soils investigation are presented and discussed in Section
II 3 2, Surficial Soil Investigation Results An evaluation of the nature and extent of potential
surficial so1l contamination 1s presented in Section II 4 0, Nature and Extent of Contamination

I1.2.1.3 Vadose Zone Investigation Overview

The design and rationale for the vadose zone investigation was described in TM1 The
objectives of this investigation included:

Characterizing potential contamination within the vadose zone Evaluating the
physical and hydrologic characteristics of the vadose zone that may contribute to
contaminant migration, and acquiring an adequate understanding of the site to
predict how the vadose zone will respond to changes 1n the hydrologic system,

Evaluating the applicability of different vadose zone monitoring techmques, and,
Developing a vadose zone data base to support future risk assessments, to support

analysis of remedial alternatives, and to assist in the development of post-closure
monitoring approaches

The following activities were completed during this investigation
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Approximately 200 subsurface soil samples from the vadose zone were collected
for chemical analyses The samples were collected from borehole locations
shown on Figure II 2-3

Nine samples were collected for column leaching tests at the locations shown on
Figure II 2-13

Twenty-five soil samples were collected for analysis of physical and hydrologic
properties at the locations shown on Figure II 2-13 The analytical requirements
and methods are described in Section II 2 § 2, Physical Properties of the Vadose
Zone
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. Borehole permeability measurements were made using the Bengt-Arne-
Torstensson (BAT™) system at the locations shown on Figure II 2-14

. Shallow soil permeability was measured at 19 locations using a Guelph
permeameter The locations of the Guelph permeameter tests are shown on
Figure II 2-15

. Pore water samples were collected from lysimeters and chemically analyzed as
described 1n Section II 2 5 4, Chemical Properties of the Vadose Zone The
locations of the lysimeters are shown on Figure II 2-11

. Relative moisture content in the vadose zone was measured using a neutron probe
at the locations shown on Figure II 2-11

. Data loggers and pressure transducers were installed 1n five wells to measure the
response of the water table to precipitation events and to evaluate responses
attributable to secondary porosities Water level measurements were collected at
an additional 54 wells on a routine basis The locations where water level
measurements were taken are shown on Figure II 2-16

. Soil gas samples were collected at the 28 locations shown on Figure II 2-17 for
the measurement of specific volatile organic compounds 1n the subsurface

Section II 2 5, Vadose Zone Investigation, provides a detailed description of the methods
used to complete the investigation The results of the vadose zone investigation are presented
and discussed 1n Section IT 3 3, Vadose Zone Investigation Results The nature and extent of
vadose zone contamination are described in Section II 4 4, Vadose Zone

I1.2.1.4 Geologic Investigation Overview

The OU4 Phase I RFI/RI geologic investigation consisted of evaluating and incorporating
all new and existing lithologic and geophysical data to refine the understanding of the subsurface
geology beneath OU4 The purpose of this investigation was to identify geologic features, such
as subcropping sandstones, paleochannels, and fractured bedrock that may act as preferential
contaminant migration pathways Channels or dramnages that were backfilled with artificial
fill during construction of the ITS and the PSZ also were investigated The investigation was
completed by integrating surface and subsurface geophysical measurements with historical and
OU4 Phase I RFI/RI geologic data Figure II 2-18 shows the locations of boreholes and
momtoring wells in the OU4 area that were used to evaluate OU4 geology

I1.2.1.5 Interceptor Trench System Investigation Overview

The ITS was nvestigated to evaluate 1ts effectiveness 1n capturing shallow ground water
The effectiveness would be determined by evaluating the extent to which the ITS 1s keyed into
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bedrock and by evaluating the ground water head differential across the ITS. The investigation
was accomphished by-

Reviewing historical records of flow measurements and water chemustry,

Reviewing engineering drawings, associated documentation, and analyzing the
ITS construction with respect to unweathered bedrock,

Estimating ITS water balance, and

Installing piezometer banks during the OU4 Phase I RFI/RI at the locations shown
on Figure II 2-19 to measure water levels

The results of the ITS investigation are presented in the OU4 Phase II RFI/RI Work Plan

I1.2.2 Summary of Procedural Guidance and Standards Documents

This section describes the applicable procedural guidance and documents that were used
and/or developed for the QU4 Phase I RFI/RI

I1.2.2.1 OU4 Phase I RFI/RI Work Plan

The Work Plan contains information concerning data needs and data quality objectives
(DQOs), OU4 Phase I RFI/RI tasks, schedule, Field Sampling Plan (FSP), Human Health Risk
Assessment (HHRA), Environmental Evaluation (EE), a Quality Assurance Addendum (QAA),
SOPs, and addenda The following 1s a summary of the components of the work plan
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Section 1 provides general introductory and overview information pertaining to
the RFI/RI,

Section 2 provides a review of historical information, previous investigations, and
site physical characteristics, and a conceptual model of the nature, extent, and
mugration of site contaminants,

Section 3 presents potential sitewide Applicable or Relevant and Appropriate
Requirements (ARARs), as required by the IAG, and a discussion of their
application to the RFI/RI activities at OU4,

Section 4 discusses DQOs and work plan rationale for the OU4 Phase I RFI/RI,
Section 5 specifies the tasks to be completed during the OU4 Phase I RFI/RI,

Section 6 presents the proposed schedule for OU4 Phase I RFI/RI activities,
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. Section 7 1s the FSP,

. Section 8 discusses the Baseline Human Health Risk Assessment Plan (BRA),
. Section 9 discusses the EE,
. Section 10 discusses the site-specific QAA, and

. Section 11 presents the SOPs and Document Change Notices (DCNs) for
conducting the work

No dewviations from the work plan, as amended by TM2 described below, were noted during
implementation of the field program

11.2.2.2 Technical Memorandum No. 1 - Vadose Zone Investigation

Prior to granting unconditional approval of the work plan, the CDPHE and EPA required
the preparation of a techmcal memorandum addressing vadose zone characterization activities
at OU4 TM1 to the Final OU4 Phase I RFI/RI Work Plan, Vadose Zone Investigation,
presented the proposed vadose zone program and techmques to be implemented at OU4 In
addition, TM1 presented SOPs for vadose zone monitoring activities The TM was structured
such that specific activities were 1dentified as "work elements " The activities completed during
the OU4 Phase I RFI/RI, as required by TM1, are described 1n Section I 2 1 3, Vadose Zone
Investigation Overview

The following paragraphs briefly describe deficiencies 1n the work elements 1dentified 1n
™1

Work Element No 2 - Establish a three-dimensional geologic representation of the subsurface
All data were integrated into a geographic information system (GIS) that was used to
store and mamipulate data, however, the spatial representation of data was determined to
be most clearly shown on plamimetric maps and cross-sections

Work Element No 3 - Identify potential vadose zone pathways
This 1s largely completed, however, the spatial distribution of macropore flow zones
versus intergranular flow zones was not determined

Work Element No 5 - Implement borehole plan
All boreholes except for those planned for the double-ring infiltrometer tests were
completed The double-ring infiltrometer tests were deleted from the program because
of the accelerated project schedule, and the because data were determined to be available
from tests being conducted elsewhere at the RFETS
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Work Element No 6 - Characterization of chemical and physical properties of soils.
This task was completed except for the quick-response, portable tensiometer
measurements of soil cores The tensiometer measurements were not made because the
instrument was mustakenly thought to be moperable, however, subsequent laboratory
measurements of moisture content of a number of so1l samples and calculations of matric
potentials provided similar data

Work Element No 8 - Infiltration, hydraulic conductivity, and storage

The two double-ring infiltrometer tests planned in TM1 were not completed due to the
accelerated project schedule The data were determined to be available from tests being
conducted elsewhere at the RFETS Neutron probe measurements were made 1n the 16
vadose zone monitoring locations, however, the probe was not calibrated against site-
specific soils, and the data were not used to quantitatively measure in situ moisture
content The data were used successfully for qualitative interpretations of in situ
moisture content variations

Work Element No 10 - Conduct water balance
Vadose zone volumetric water calculations were not made because the neutron probe was
not calibrated to site-specific soil moisture conditions

Work Element No 11 - Pore hiquid chemistry
One lysimeter was not installed due to a shallower-than-expected bedrock surface at
borehole location 42693 north of SEP 207-A This lysumeter was not relocated  The
list of chemical parameters to be analyzed was revised and prioritized due to the limited
quantity of pore water available during sampling

Work Element No 13 - Estimate contaminant partitioning
The statement " evaluate potential remedial alternatives " found at the bottom of
paragraph 2, page 2-24 of TM1 1s addressed 1n Part III of the IM/IRA EA DD Nitrate
and major cations/anions were analyzed during the column leaching tests, metals and
radionuclides were not analyzed due to the limited volumes of leachate obtained
Contaminant partitioning was not estimated because the necessary constituents were not
analyzed

Work Element No 14 - Characterization of vadose zone pathways
This work element was completed qualitatively to the extent possible with the available
data The data obtained were insufficient or mappropriate to establish the relationships
proposed 1n TM1, such as transport pathway type for each geologic unit, vadose zone
flux, pathway locations and orientations, the interrelationships between the different
pathways, and a three-dimensional representation of the vadose zone flow system
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I1.2.2.3 Technical Memorandum No. 2 - Modification to Field Activities

TM2 to the Final OU4 Phase I RFI/RI Work Plan, Modifications to Field Activities, was
completed during May 1993 The purpose of TM2 was to document changes required for
implementation of the work plan The basis for modifying the work plan through TM2 included
the technical reassessment of field investigation methods or technologies described n the work
plan, clarification of vague or confusing language 1n the work plan, establishment of undefined
procedures, maccessibility of several of the SEPs due to the presence of liquids and/or sludges,
and an increased level of understanding of the hydrogeologic and geochemical environment of
OU4 during the period between completion of the work plan and implementation of field
activities Changes to the work plan identified in TM2 pertained specifically to Section 7 0,
Field Sampling Plan The changes or revisions addressed 1n TM2 included

. Modification to the surface soil radiological surveys to include only beta/gamma
radiation surveys,

. Modifications to the visual surveys of the SEPs,

. Modification of the geophysical surveys and rationale for the modifications based
on pilot study results,

. Modification of the surficial soil sampling procedures and rationale for placement
of the random and discrete samples,

. Placement of interim boreholes adjacent to SEP 207-C and the 207-B series SEPs
until the SEPs are drained and boreholes can be drilled inside them,

. Deletion, postponement, or modification of selected boreholes,

. Relocation of piezometer banks and installation of piezometers 1n boreholes, and

. Modification of the subsurface sampling program beneath SEP 207-A

TM2 was closely followed and only a few deviations from the proposed work were noted
The deviations included

. Relocating surficial soil sample No 400393 from approximately the midpoint of
the western berm of SEP 207-A just south of Building 788 to the northwestern
corner of SEP 207-A,

. Not collecting surficial soil samples from two of the boreholes drilled for the
vadose zone investigation borehole 45893 located in piezometer bank PZ04 on
the hillside north of SEP 207-C, and borehole 46293 located 1n piezometer bank
PZO01 on the hillside north of SEP 207-B North Surficial soil samples were

28 wpf 0OU4 Proposed IM/IRA EA Decision Document

I 2-10 February 10, 1995



collected from nearby locations and data from these two locations were thought
to be redundant, and

. Collecting surficial soil samples from two planned borehole locations which were
deleted from the program (A surficial soi1l sample was collected at borehole
location 41893, which was deleted from the program because 1t was situated 1n
OU6 A surficial soil sample was collected at borehole location 42693, which
was located on the hillside north of SEP 207-A This borehole was deleted from
the program because bedrock directly underlies the surficial soils, which rendered
that location inappropriate for obtaiming vadose zone data from unconsolidated
geologic maternals )

I1.2.2.4 Document Change Notices to Standard Operating Procedures

DCNs also were submutted, as required by EG&G, to modify RFETS SOPs that govern
field measurements and activities The applicable DCNs submitted during Phase I are listed
below and copies are included 1n Appendix II C

DCNs to SOPs for OU4 Phase I RFI/RI Implementation

DCN No m Document Tatle

93 04 3/17/93 SOP 5-21000- Field Data Management
OPS FO 14 (Rev 2)

93 01 2/17/93 SOP 5-21000- Handling of Personal Protective
OPS FO 06 (Rev 2) | Equipment

93 09 5/11/93 SOP 5-2100- Monitoring Wells and Piezometer
OPS GT 06 (Rev 2) | Installation

93 03 5/11/93 SOP 5-21000- Recerving, Labeling, or Handling
OPS FO 10 (Rev 2) | Environmental Material

Containers

11.2.3 Original Ponds and Existing Ponds Investigation

The following sections describe the various components of the Original Ponds and exist-
ing ponds investigations The original earthen ponds are former SEPs constructed during the
early 1950s 1n and south of the area of current SEP 207-C The existing SEPs are the five sur-
face impoundments that currently exist in OU4 and comprise IHSS 101 These current impound-
ments are designated SEPs 207-A, 207-B North, 207-B Center, 207-B South, and 207-C
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I1.2.3.1 Original Ponds Investigation

The primary objectives of the Original Ponds investigation included locating the
boundaries of the ponds and locating any piping or other debris remaiming 1n place after the
ponds were removed These objectives were met by reviewing historical aerial photographs and
engineering drawings, and implementing GPR surveys, which are described below Additional
objectives of the investigation included characterizing the chemistry of the near-surface and
subsurface soils, identifying the presence of former clay liner material, providing information
on the depth to ground water, and better defining the underlying bedrock surface and zones of
weathering These activities also are described 1n the following subsections

I1.2.3.1.1 Historical Aerial Photographs Review

A number of aenal photographs were reviewed to determine the locations of the Original
Ponds and to evaluate optimum locations for the OU4 Phase I RFI/RI boreholes A listing of
the photographs reviewed 1s presented in Table II 2-2

I1.2.3.1.2 Engineering Drawings Review

Engineering drawings were reviewed to determine the locations of the Original Ponds and
any utilities or process waste lines present in the area One purpose for this was review to
optimize geophysical survey locations for a more accurate determination of whether GPR surveys
are capable of locating utility corridors  Table II 2-3 lists the engineering drawings that were
reviewed

I1.2.3.1.3 Ground Penetrating Radar Survey

A GPR survey of the Original Ponds area was completed during April 1993 Seven lines
totaling 1,200 linear feet were recorded using a Geophysical Survey Systems, Inc Model SIR
System-6 GPR with a 300-megahertz antenna The data were recorded on magnetic tape, and
records were produced 1n the field to venfy that the system was operating properly and that
usable data were being collected The tapes were later processed to eliminate background
"noise" and to enhance the amplitude of anomalies detected along the lines SectionII 31 1,
Ornigmnal Earthen Ponds, presents and discusses the resuits of the GPR surveys
I1.2.3.1.4 Drilling, Sampling, and Chemical Analysis

The OU4 drilling program was implemented to accomplish specific objectives 1n different
areas within OU4 These areas, as outlined in the Phase I Work Plan, include the Original
Ponds area, the existing SEPs area, the ITS area, and the remainder of OU4 The methods for
drilling and sampling at each location were similar throughout the program To avoid repetition
and redundancy, any subsequent description of drilling and subsurface sampling activities will
be referred to thus section The following SOPs, as revised by DCNs, were adhered to, as
applicable, during the drilling program
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SOP GT 01

Logging of Alluvial and Bedrock Matenals

SOP GT 02 Dnilling and Sampling Using Hollow-Stem Auger Techniques
SOP GT 03 Isolating Bedrock from the Alluvium with Grouted Surface Casing
SOP GT 05 Plugging and Abandonment of Boreholes

SOP GT 06 Monitoning Wells and Piezometer Installation

SOP GT 08
SOP GT 10
SOP GT 15
SOP FO 02
SOP FO 03
SOP FO 04
SOP FO 06
SOP FO 08
SOP FO 10
SOP FO 11
SOP FO 13

SOP FO 14
SOP FO 15

Surface Soil Sampling

Borehole Clearing

Geophysical Borehole Logging

Transmttal of Field QA Records

General Equipment Decontamination

Heavy Equipment Decontamination

Handling of Personal Protective Equipment

Handling of Dnlling Fluids and Cuttings

Receiving, Labeling, and Handling Environmental Materials Containers
Field Communications

Containenization, Preserving, Handling, and Shipping of Soil and Water
Samples

Field Data Management

Photoiormization Detectors (PIDs) and Flame Ionmization Detectors (FIDs)

SOP FO 16 Field Radiological Measurements
SOP FO 18 Environmental Sample Radioactivity
SOP FO 23 Management of Dnll Cuttings (draft)

The samples collected were analyzed for the parameters listed 1n Table II 2-4

I1.2.3.2 Existing Ponds (IHSS 101) Investigation
This section presents the components of the existing ponds (IHSS 101) investigation
I1.2.3.2.1 Visual Inspections of SEP Liners

Visual mspections of the SEP liners were completed to evaluate the integrity of the liners
and to identify potential cracks or breaches to determine the locations and accessibility of
proposed boreholes The visual inspections of each of the SEPs were used to locate boreholes
both 1n areas of suspected liner deterioration and 1n areas where the liner appeared to be intact
The visual inspections were conducted by walking traverses across the SEP, plotting cracks or
irregularities on a map, and taking photographs for a permanent record of the surface condition
of the liner

The visual mspection of SEP 207-A was completed in two phases on December 9, 1992
and February 26, 1993 because of the presence of ice and snow covering approximately half the
SEP during December The visual inspections of SEPs 207-B Center and 207-B North were
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completed during September 1993 The results of each of the visual inspections are summarized
in Section II 312, Existing Ponds Investigation Results Separate reports that include
photographs detailing the findings of the visual inspections were prepared and are included in
Appendix II D

I1.2.3.2.2 Radiological Surveys of the SEP Liner Surfaces

The objectives of the radiological surveys within the emptied SEPs were to identify the
presence of radiological contamination on the surface of the SEP, define heaith and safety
requirements, and assess the level of surficial radiological contamination of the liner A brief
summary of the principles behind the radiation surveys 1s presented below prior to discussing
surveys performed 1n the SEPs

Radiation: According to The Health Physics and Radiological Health Handbook, radioactivity
1s the spontaneous emission of radiation, generally alpha or beta particles, often accompamed
by gamma rays, from the nucleus of an unstable 1sotope The major source of 10n1zing radiation
to the general public occurs naturally as cosmic and terrestrial radiation The natural
background radiation level varies from location to location based upon the altitude and the
presence, concentration, and proximity of primordial radioactive material (1 e , natural uranium
spurs within the ground)

Workers within the nuclear industry are trained 1n the hazards associated with radiation
Therefore, depending upon the activity to be performed within the nuclear facility, the radiation
worker may be exposed to iomzing radiation that 1s associated with their work or occupation,
1n addition to that from the natural background The quantity and type of occupational radiation
that a radiation worker receives 1s regulated and momtored by the nuclear facilities, which are
themselves regulated and momitored by the federal government

Exposure Monitoring: Based upon a historical evaluation, the types of radiation that are
typically emitted by the radioactive materials that were located within the SEPs include gamma
rays and alpha and beta particles The radiation surveys that were conducted within OU4
included direct monmitoring of alpha, beta, and gamma radiation When the direct radiation
surveys were being performed, the radiation monitor was detecting the combined background
and occupational radiation exposure rate at the grid location in question For the purposes of
this study, the direct radiation survey results are referred to 1n umts of either counts per minute
(cpm) or cpm above background As the phrase implies, cpm above background values include
only that quantity of radiation that 1s in excess of the general background radiation level

General background radiation levels are determined on a daily basis at the RFETS by taking a
direct radiation level reading 1n an area that should only be affected by natural background
radiation

Different instrumentation was used for each type of radiation monitoring For the beta
direct surveys, the mimimum detectable activity for the instrumentation used was 100 cpm For
gamma survey instrumentation, the survey results documented within this report are presented
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as raw field measurements (1.e., background has not been subtracted from the measurement
values) The mmumum The mummum detectable activity for the direct alpha survey
mstrumentation was 250 cpm

Contamination Monitoring: Radioactive contamination 1s defined tn sumplest terms as the
presence of radioactive material that may impact human health or the environment
Contamination momitoring does not measure the exposure to specific types of radiation, but
evaluates the presence and quantity of contamination The amount of contamination that can be
"easily" removed 1s measured by wiping the surface in question with a treated cloth (smear) and
then montoring the smear for radiation Typically, smears are taken over a 100 square
centimeter (cm?) surface area for consistency The measurements are reported 1n disintegrations
per minute (dpm)/100 cm?

For both alpha and beta contamination surveys, the mmmum detectable activity for the
instrumentation used to count the smears 1s 3 dpm/100 cm? Those values noted as being less
than (<) 3 dpm/100 cm? are delineated on the figures within this report as 0 dpm/100 cm?

Existing Ponds Alpha Surveys: The SEP alpha radiation surveys were conducted 1n accordance
with guidelines established 1in RFETS Radiological Operating Instruction (ROI) 3 1, Performance
of Surface Contamination Surveys Each of the surveys consisted of both an instrument survey
of the surface of the SEP liner and a smear survey 1n order to investigate removable, non-fixed,
alpha particles A Ludlum 12-1A® coupled to an air-proportional detector was used to perform
the instrument surveys Eberline SAC-4® and BC-4® instruments were used to complete the
smear surveys The alpha activity measurements were recorded on Radiological Contamination
Survey Forms and are included in Appendix II E

The SEP 207-A alpha survey was completed during November 1992 and was described
in memorandum RWN-019-92 To complete the surveys, a grid system with 136 square grid
areas was established on the liner of the SEP at approximately 25 feet centers For most of the
square grid areas, three alpha measurements were made for a total of 412 alpha measurements
within SEP 207-A The alpha survey locations in SEP 207-A are shown on Figure II 2-6
Section I 3 1 2, Existing Ponds Investigation Resuits, presents and discusses the results of the
alpha activity survey in SEP 207-A  As mentioned, copies of the field forms are included in
Appendix II E

To complete the SEPs 207-B Center and 207-B North alpha surveys, grid systems
establishing a total of 165 square grid areas were made for each SEP, as shown on Figures II 2-
7 and IT 2-8 The surficial radiological measurements were taken near the center of each square
grid area The alpha survey for SEP 207-B Center was performed during July 1993 1n
accordance with Radiological Sampling Plan RWN-024-93 The alpha survey for SEP 207-B
North was performed during September 1993 1n accordance with Radiological Sampling Plan
RWN-033-93
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Existing Ponds Beta/Gamma Surveys: The beta/gamma activity surveys in the SEPs were
completed using a Bicron® Field Instrument for the Detection of Low-Energy Radiation
(FIDLER) 1 accordance with guidelines established in ROI 6 6, Use of the Bicron FIDLER
(Field Instrument for the Detection of Low Energy Radiation) and ROI 3 1, Performance of
Surface Contarmunation Surveys Copies of the Beta/Gamma Radiological Contamination Survey
Forms are mncluded in Appendix Il E

The SEP 207-A beta/gamma survey was completed during November 1992 1n accordance
with and as described 1n memorandum RWN-015-92 The survey was accomplished by taking
measurements within the SEP 207-A grid discussed above and shown on Figure II 2-6 The
liner surface of each square grid area established within SEP 207-A was scanned with the
FIDLER instrument and the highest one-minute scalar value was used as the representative
measurement for that grid area A total of 136 measurements was obtained during the FIDLER
survey Section II 3 1 2, Existing Solar Evaporation Ponds Investigation Results, presents and
discusses the results of the FIDLER survey mn SEP 207-A

The beta/gamma surveys for SEP 207-B Center were performed during July 1993 and
described 1n memorandum RWN-024-93 The beta/gamma surveys for SEP 207-B North were
performed during September 1993 and described 1n memorandum RWN-033-93 The surface
of the square grid areas established within SEPs 207-B Center and 207-B North were scanned
with the FIDLER 1instrument and the highest one-minute scalar measurement was used as the
representative value for that square grid area A total of 165 measurements was obtained from
each of the 207-B SEPs A background measurement location against which to record liner
measurements was established on the northern side of SEP 207-B North These results are
presented and discussed 1 Section II 3 1 2, Existing Ponds Investigation Results Copies of the
Beta/Gamma Radiological Contamination Survey Forms used for the surveys are included in
Appendix II E

I1.2.3.2.3 Ground Penetrating Radar Survey

GPR surveys were completed only within and adjacent to SEP 207-A The purpose of
the surveys was to evaluate the applicability of GPR as a non-intrusive investigative method
These surveys were completed using a Geophysical Survey Systems, Inc Model SIR System-6
GPR using both 300-MHz and 900-MHz antennas Data were recorded on magnetic tape, and
records were produced 1n the field to verify that the system was operating properly and that
usable data were being collected

Two pilot surveys were conducted during December 1992 to test the viability of using
GPR 1 SEP 207-A The first pilot survey was a field calibration test to evaluate the depth of
penetration that GPR was capable of 1n this area The second pilot survey was a comparative
analysis test to evaluate two different antennas

The field calibration test was conducted outside the southwestern corner of SEP 207-A,
as shown on Figure II 2-4 Four GPR survey lines, totaling approximately 200 feet, were
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recorded using a 300 MHz antenna These lines were located perpendicular to known utility
corridors to evaluate the depth of penetration of the 300 MHz antenna The results of this
survey are presented and discussed in Section I1.3 1 2, Existing Ponds Investigation Results

The comparative analysis test was conducted within the western and southwestern portion
of SEP 207-A Thus test consisted of recording 11 lines spaced 20 feet apart that totaled 1,100
feet using a 300 MHz antenna Six of the 11 lines, totaling 550 feet, were duplicated using a
900 MHz antenna for comparative purposes The results of the comparative survey are
discussed 1n Section IT 3 1 2, Existing Solar Evaporation Ponds Investigation Results

I1.2.3.2.4 Liner and Subgrade Sampling and Analysis

Twelve asphalt Imer and subgrade samples were collected from the SEPs as shown on
Figure II 2-10 Six samples were collected within SEP 207-A during February 1993, and three
samples were collected from each of SEPs 207-B Center and 207-B North during October and
November 1993 Samples of the asphalt liner were not oniginally planned for the OU4 Phase
I RFI/RI, however, 1t was suggested 1 the work plan that analyses may be useful for waste
disposal purposes Samples of the subgrade materials were originally planned to be collected
at the locations (boreholes) specified for contaminant characterization purposes The work plan
originally specified that only five locations in SEP 207-A were to be sampled, however, the
locations were modified on the basis of the visual survey (see TM2), and a sixth sampling
location was added The sixth borehole was originally located 1n the vicimity of the clarifier but
was relocated during the field investigation due to the existence of surface facilities at the
proposed location The asphalt liner and subgrade samples were analyzed for the radionuclides
and total metals listed 1n Table II 2-4

The Iiner samples from each of the SEPs were collected by compositing the asphalt liner
excavated for the boreholes and placing a split into a clean glass jar There was no SOP
available for collecting liner samples during this investigation The subgrade material samples
were collected using grab surficial soil sampling methods described in SOP GT 08, Surface Soul
Sampling, as modified by DCN No 93 03 The results of the liner and subgrade samples are
summarized and discussed 1n Section II 3 1 2, Existing Investigation Results A complete listing
of the analytical results for the liner and subgrade samples 1s included in Appendices II L and
IT M, respectively

I1.2.3.2.5 Borehole Drilling, Sampling, and Chemical Analysis:

Twelve boreholes were drilled within the SEPs for geochemical and geological
characterization purposes, as shown on Figure II 2-3  Six boreholes were completed in SEP
207-A, and three boreholes were completed in each of SEPs 207-B Center and 207-B North
The boreholes were drilled and sampled using hollow-stem auger drilling techmiques, as
previously described No deviations from the work plan, as amended by TM2, were recorded,
and activities were completed using SOPs

28 wpf OU4 Proposed IM/IRA EA Decision Document
II 2-17 February 10, 1995



The tervals required for collection of subsurface samples beneath the SEPs were
specified 1n TM2 and varied from those required for subsurface samples collected outside the
SEPs Beneath the SEPs, the following sample collection intervals were required

Composited over 2-foot intervals Radionuclides, target analytic list (TAL) metals

2 feet below ground and every other

2 feet, one sample from bedrock Volatile organics

Composited over 4-foot intervals Nitrate

Composited over 6-foot intervals Semivolatile organics, pesticides, PCBs, cyanide,
sulfide

The analytical parameters required for the subsurface samples also are summarized 1n
Table II 2-4 Intermixing of unconsolidated soils and bedrock samples for analysis was
mmumized to the extent possible to elimmnate mixing of samples with different natural
chemustries Samples generally were composited over 6-foot intervals (where appropriate), with
the exception of the samples collected for volatile orgamic compound (VOC) analyses
Unconsolidated soils and bedrock material were not composited together for analysis VOC
samples were collected at discrete 2-foot intervals The results of the borehole drilling and
sampling within the SEPs are summarized and described 1n Section II 3 1 2, Existing Ponds
Investigation Results A complete histing of the chemical analytical results for the borehole 1s
included 1in Appendix N

I1.2.4 Surficial Soils Investigation

This section describes the activities conducted as part of the surficial soils investigation
Activities included performing surface radiological surveys and collecting soils samples for
chemical analysis

I1.2.4.1 Radiological Surveys

The OU4 Phase I RFI/RI objectives for the surficial soil radiological surveys included
characterizing potentially contaminated soil resulting from aerosol dispersion of radionuclides
in the vicimty of the SEPs and identifying dispersion trends Radionuchide "hot spots” detected
during this survey were further mvestigated with supplemental surficial soil sampling

The OU4-wide radiological survey was conducted on a grid-system as shown on Figure
IT 2-5 The grid was established on 100-foot centers extending east from Building 771 to the
eastern-most extension of the ITS The grid extended from approximately 150 feet south of the
SEPs to the northern edge of the ITS Areas within the PSZ were excluded from the survey
The individual SEPs also were excluded from the OU wide survey, however, separate surveys
of SEPs 207-A, 207-B Center, and 207-B North were conducted, as previously described SEPs
207-B South and 207-C were not surveyed due to the presence of sludge and liquids An
additional survey point was placed at the center of each 100-foot square grid within the PA south
of the PSZ A total of 311 measurements was made, which differed from the 350 ponts
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estimated 1n the work plan due to the presence of buildings and structures, and lack of access
to some of the SEPs

Alpha Survey The Phase I Work Plan field methods for the surficial soil
radiological survey included measurement of both alpha and gamma/beta at all
surficial radiological survey locations However, only beta/gamma activity
measurements were obtained due to limitations of the alpha mstrument The
instrument became damaged from contact with wregular soil surfaces and
vegetation The justification for the elimmnation of the alpha measurements from
the OU4-wide radiological survey 1s presented in TM2

Beta/Gamma Survey Figure II 2-5 shows the grid locations for the OU4-wide
surficial soil radiological survey where measurements were made A total of 311
measurements out of 350 identified measuring locations for gamma/beta readings
were obtained for the OU4-wide survey Measurements were not collected at 39
locations because of buildings, SEPs 207-C and 207-B South which contained
liquids and sludges, or other physical interferences

The OU4-wide beta/gamma radiological survey was completed using a Bicron
FIDLER instrument i1n accordance with SOP FO 16, Field Radiological
Measurements and ROI 6 6, Use of the Bicron FIDLER Documentation of each
radiological measurement was recorded on Form FO 16A, Results of Radiological
Measurements In The Field Copies of the completed forms are contained 1n
Appendix II F  All surficial radiological measurement locations were determined
using pacing measurements and/or taping measurements As discussed in TM?2,
the radiological survey grid locations were not to be land surveyed or tied to the
RFETS datum unless a surficial so1l sample was collected at that location

I1.2.4.2 Surficial Soils Sampling and Chemical Analysis

In addition to surface radiological surveys, the surficial soils program included the
collection and laboratory chemical analysis of surficial soil samples The samples were analyzed
for the parameter groups listed in Table II 2-4 Table II 2-5 lists the specific chemical
constituents in each parameter group for contract laboratory program (CLP) methods The
primary objective of the surficial soil sampling program was to identify and characterize any
potential so1l contamination resulting from aerosol dispersion

The surficial soil sampling program consisted of three components

. Collection of 26 samples from randomly chosen locations,
. Collection of 10 samples from discrete locations, and
. Collection of 36 samples from borehole locations
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The discrete locations were chosen based on high gamma radiation measurements, and
proximity to ground water seeps, and to provide additional data for the baseline risk assessment
The analytical parameters for both the random and discrete surficial soil samples are listed 1n
Table II 2-4

The sample collection methods are described in SOP GT 08 as amended by a DCN
requested by CDPHE Pursuant to correspondence between CDPHE and DOE, dated September
1, 1992, surficial soil samples within the PA were collected with a "jig and scoop" at the center
and four corners of a one-meter square centered on the sampling location This sample was then
homogenized 1n a stainless-steel bowl In paved areas, such as beneath the SEP liners, grab
samples were taken, rather than homogemzed jig and scoop samples A DCN was written to
SOP GT 08 for these amended methods for sample collection Documentation of each surficial
so1l sample collected was recorded on form GT 8A, Surface Soiul Data Collection Form, and 1s
included i Appendix II G

Additional SOPs that were followed for the collection of surficial soil samples included

SOP FO 03  General Equipment Decontamination

SOP FO 13 Containerization, Preserving, Handling and Shipping of Soil and Water
Samples

SOP FO 16 Field Radiological Measurements

SOP GT 07 Logging of Test Pits and Trenches

11.2.4.2.1 Random Locations

The 26 random surficial soil sample locations were selected, as described in TM2, by
determining the dimensions of OU4, setting up a grid for the area, and selecting the coordinates
for sampling locations using a random number table The coordinates were then compared to
areas of inaccessibility and discarded if they fell in inaccessible areas The final sampling
locations are shown on Figure II 2-12

Three of the locations fell within SEP 207-A, an area undesirable for surficial soil
samples because sampling from beneath the SEP liner did not support the objective of evaluating
the extent of potential aerosol contaminant dispersion These locations were moved to locations
outside of the SEP 207-A perimeter, but near the original randomly selected location

I1.2.4.2.2 Discrete Locations

The collection of 10 discrete surficial soil samples at radionuclide "hot spot" locations
identified 1n the OU4-wide radiological survey was modified due to the limited number of
locations exhibiting anomalous radiation measurements These discrete surficial soil sampling
locations mncluded three locations that exhibited elevated radiological activity (Nos 27, 28, and
29) Four of the 10 samples were relocated to ground water seep areas on the slope immediately
north of the SEPs (Nos 30,