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EXECUTIVE SUMMARY

This document presents the work plan for the bedrock component of the Phase I RCRA Facility
Investigation (RFI)/Remedial Investigation (RI) of the 903 Pad, Mound, and East Trenches areas (Operable
Umt 2) at the Rocky Flats Plant Jefferson County Colorado Operable Umt 2 contains 20 Indvidual
Hazardous Substance Sites (IHSSs) located on the east side of the Rocky Flats main plant complex area
The IHSSs are potentially contaminated areas that have been 1dentified during previous investigations and
hustorical accounts of site usage The Operable Umnit 2 area 1s bemng mvestigated because of the relationshup
of the THSSs to soil and groundwater contamination that have been 1dentified on site

This work plan includes a field samphing plan (FSP) that establishes the scope of field mnvestigations and
criteria that will be used to redirect and expand on the samphing efforts as necessary to accomphsh the stated
goals The FSP proposes 20 clusters of boreholes and wells that contain a total of 20 boreholes and 38 wells
This program may be expanded during the course of the investigation to include additional wells screened
1n sandstone umts that have not yet been 1dentified

A previously prepared Phase II RFI/RI Alluvial Work Plan addresses characterization and the nature and
extent of contamination of surface water and of soil and groundwater above the bottom of the upper
hydrostratigraphic umit (HSU) This work plan addresses characterization and the nature and extent of
contamnation 1 the bedrock and HSUs beneath the upper HSU The data obtamned during the two
components of the RFI/RI field work will be combined and presented mn a single RFI/RI report That
report will be the basis for a corrective measures study/feasibiity study (CMS/FS) and the baselne nsk
assessment

This Phase 11 RFI/RI work plan for bedrock characterization 1s based on the results of the Phase I RI as
presented in the Phase II RFI/RI Alluvial Work Plan Thus bedrock work plan emphasizes the development
of a conceptual model to describe the bedrock hydrogeology nature and extent of contamination 1n the
bedrock release mechamsms exposure pathways, and receptors and presents an FSP that will support the
basehine risk assessment Sections of the work plan address applicable or relevant and appropnate
requrements (ARARs) data needs and data quality objectives (DQOs) remedsal investigation and feasiblity
study tasks and the Phase II RFI/RI schedule

The Phase II RFI/RI Alluvial Work Plan addresses the upper HSU which consists of the alluvium and
hydrologically connected bedrock Geologic characterization indicates that areas of subcropping sandstone
bedrock are within the upper HSU For planning purposes, the dehneation between the upper HSU and
lower HSU(s) occurs 5 feet below the surface of the Arapahoe Formation bedrock, or 5 feet below the
bottom of subcropping sandstone channels where they are present There 1s integration between the alluvial
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and bedrock work plans in the weathered bedrock, where lower sandstones subcrop and where
contamination sources are present within these contiguous and overlapping areas

The predominant component of the groundwater hydraulic gradient mn the lower HSU(s) appears to be
downward However the low hydraulic conductvity of the unweathered claystone impedes the downward
flow of groundwater There 1s geologic enidence (1 the presence of channel shaped fluvial depositional
sequences contaimng sandstones) that the majonty of groundwater flow that occurs may be laterally to the
east There may be a potential for contamiated groundwater n the upper HSU to enter lower bedrock
sandstones where they subcrop 1n localized areas beneath relatively shallow colluvium south and southeast
of the 903 Pad area In general, the lower HSU(s) 1s(are) incompletely modeled

Based on the Phase I RI results and earher studies carbon tetrachloride (CCl,) tetrachloroethylene (PCE)
and trichloroethylene (TCE) are the primary volatile organic contaminants found in the upper HSU 1n
Operable Umt 2 Trace elements occasionally exceeding background levels mclude barium copper nickel,
manganese and zinc Major amons are somewhat elevated above background throughout and downgradient
of the 903 Pad, Mound and East Trenches areas Radionuchde levels in the upper HSU are generally
within the statistical tolerance hmts for the background groundwater data, but a few samples indicate
mmmum detectable amounts of plutonium and americium 1n the vicinity of the 903 Pad and possibly north
of the Mound These conclusions are based almost entirely on unvahdated data

There are 20 existing wells in Operable Uit 2 that are screened entirely within the depth intervals beheved
to represent the lower (bedrock) HSU(s) These 20 momtoring wells were all constructed since 1986 most
for the Phase 1 RI and have a relatively complete quarterly sampling program At least six additional pre

1986 wells are also present in Operable Umt 2 Construction details on these wells are not available The
pre 1986 wells have not been used recently for obtaming groundwater quality samples Volatile orgamc
compounds (VOCs) have been detected in 4 of the 20 recent wells (1887 BR 2087 BR 3487 BR and 4086)
that are beheved to represent the groundwater chemustry of the lower HSU(s) Only 12 of the 20 wells have
available laboratory test data The measured concentrations of VOCs were as hagh as 140 pg/I in one of
these wells and under 20 ug/l 1n the other 3 wells The primary contaminants that were tentatively identified
in these wells are TCE and PCE Other volatile and semivolatile organic and morganic compounds that
have been identified 1n the upper HSU have generally not been 1dentified in the bedrock Most of the
available analytical data for the bedrock have not been vahdated

The objectives of the bedrock component of the Phase II RFI/RI are to characterize the bedrock
hydrogeology and to sufficiently characterize the nature and extent of bedrock contamnation to support the
feasibility study basehine nisk assessment, and remedial design At this time 1t 1s not defimtely known
whether or not contammnation of the relatively deep unweathered bedrock exists

Phase 11 RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
22578/R2 ES 06-27 91/RPT/2 Page ES-2

R b e i AL e wa e




10
INTRODUCTION

This document presents the Work Plan for the bedrock component of the Phase II Resource Conservation
and Recovery Act (RCRA) Faciity Investigation (RFI)/Comprehensive Environmental Response
Compensation and Liability Act (CERCLA) Remedial Investigation (RI) of the 903 Pad, Mound, and East
Trenches areas (Operable Umit 2) at the Rocky Flats Plant, Jefferson County Colorado A previously
prepared Phase II RFI/RI Work Plan (Alluwvial) addresses characterization and the nature and extent of
contamination of sous and groundwater above the bottom of the upper hydrostratigraphic umt (HSU) This
work plan addresses characterization and the nature and extent of contamination in the bedrock and
confined water bearing zones beneath the upper (alluvial) HSU Potential sources of bedrock contamnation
are present 1n the upper HSU It 1s not yet known whether or not the lower HSU(s) has been contaminated
by the upper HSU The data obtained during the Alluvial and Bedrock components of the RFI/RI field
work will be combined and presented in a single RFI/RI report That report will be the basis for the
Corrective Measures Study/Feasibility Study (CMS/FS) and the basehne risk assessment

The purpose of this Phase II Bedrock RFI/RI Work Plan 1s to define the scope of work requred to
characterize the geologic and hydrologic conditions withun the lower HSU of the Operable Umit 2 area Thus
mvestigation 1s part of a comprehensive phased program of site characterization, remedial investigations
feasibility studies and remedial/corrective actions currently i progress at the Rocky Flats Plant These
mvestigations are pursuant to the US Department of Energy (DOE) Environmental Restoration (ER)
Program [formerly known as the Comprehensive Environmental Assessment and Response Program
(CEARP)] a Comphance Agreement among DOE the US Environmental Protection Agency (EPA) and
the State of Colorado Department of Health (CDH) dated July 31 1986 and a Federal Facility Agreement
and Consent Order or Interagency Agreement (IAG) among DOE, EPA, and CDH dated January 22, 1991
(US EPA 1991a) The program developed by DOE EPA, and CDH 1n response to the agreements
addresses RCRA and CERCLA 1ssues and has been integrated with the ER Program In accordance with
the JAG the CERCLA terms Remedial Investigation and Feasibiity Study” mn this document are
considered equivalent to the RCRA terms RCRA Facility Investigation and Corrective Measures Study”

11 ENVIRONMENTAL RESTORATION PROGRAM

The ER Program 1s designed to investigate and clean up contaminated sites at DOE faciiies The ER
Program being implemented 1s orgamized into 1n five major actviies The first actvity Installation
Assessment includes preliminary assessments and site inspections to assess potential environmental concerns
The second activity Remedial Investigations includes planning and implementation of sampling programs
to delineate the magnitude and extent of contammation at specific sites and evaluate potential contaminant
mugration pathways Feasibility Studies the third major activity evaluates remedial alternatives and develops
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remedial action plans to mitigate environmental problems identified as needing correction during the
remedial nvestigations The fourth activity Remedial Design/Remedial Action, includes design and
mmplementation of site speaific remedial actions selected on the basis of the feasibility studies Finally
Comphance and Venfication implements monitoring and performance assessments of remedial actions and
verifies and documents the adequacy of remedial actions carried out Installation assessment has already
been completed at the Rocky Flats Plant (DOE 1986) and remedial mvestigations, feasibility studies and
remedial design/remedial action are currently in progress for Operable Umt 2 (903 Pad, Mound, and East
Trenches areas)

With respect to RI activities at Operable Unit 2, an imtial (Phase I) field program was completed during
1987 and a draft Phase I RI report was submitted to EPA and CDH on December 31 1987 (Rockwell
International 1987a) A Phase II RFI/RI Work Plan (Alluvial) dated Apnl 12, 1990 (EG&G 1990c) that
presents site specific plans for further field work to characterize sources and the extent of groundwater
contamination 1n the upper HSU (surficial matenals and subcropping sandstones) That work plan was
granted conditional approval by the EPA and CDH and revisions were being made in response to the
conditions of the approval at the time of the preparation of this work plan It 1s based on results presented
in the draft Phase I RI report as well as subsequent groundwater sampling and analysis This Phase II
RFI/RI Work Plan (Bedrock) 1s based pnmarily on data presented 1n the Phase II RFI/RI Work Plan
(Alluval) the results of recent and ongomng geologic characterization studies, and recent samphng and
analysis data An mterim remedial action 1s bemng planned to treat contamnated surface water i South
Walnut Creek north of Operable Umt 2 Remedial action measures will be proposed 1n the final RFI/RI
report

Results of the Phase I RI indicate that a complex bedrock geologic system exists beneath the 903 Pad,
Mound and East Trenches areas A draft Geologic Characterization Report (EG&G 1990a) for the Rocky
Flats Plant has been prepared based on consistent re evaluation of borehole log data and other geologic
information That report contains a revised working model of the bedrock geology In order to further
charactenize the location, extent, and ornentation of sandstones, and bedrock facies and stratigraphic
relationships lugh resolution seismic reflection profiling was conducted at Operable Umt 2 (EG&G 1990b)
This bedrock work plan combines the information obtained during the ongomng geologic characterization with
the results of the seismic reflection work to further refine the working model of the bedrock geology The
results are summanzed heremn

12 WORK PLAN SCOPE

The previous Phase II RFI/RI Work Plan (Alluvial) for the 903 Pad, Mound, and East Trenches areas
presented results of the Phase I RI defined data quality objectives (DQOs) and data needs based on that
mvestigation specified RI tasks and presented a Field Samphng Plan (FSP) for characterization of the upper
hydrostratigraphic unit (HSU) which consists of the alluvium and hydrologically connected bedrock This
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Phase II Bedrock RFI/RI Work Plan (Bedrock) includes the same basic components described above so
that the two work plans may be mntegrated Much of the regional and Plant site background information
and site locations and descriptions are excerpted from the alluvial work plan The descriptions of the
physical charactenstics of and nature and extent of contamination 1n the upper HSU are also from the
alluvial work plan

This bedrock work plan emphasizes the development of a conceptual model to describe the bedrock
hydrogeology nature and extent of contamination 1n the bedrock release mechamisms, exposure pathways
and receptors and presents a field sampling plan (FSP) that wall support the baschne nisk assessment Data
were compiled from a number of sources The following previous and ongoing studies and other information
were the primary sources used m prepanng this work plan (a hst of references 1s presented i Section 11 0)

Phase II RFI/RIFS Work Plan (Alluwvial) for the 903 Pad, Mound, and East Trenches
Areas (EG&G 1990c) (granted conditional approval by EPA and CDH)

Ongoing geologic characterization (nterim results presented in EG&G 1990a and EG&G
1990b)

. Recent Rocky Flats groundwater chemustry data from the Rocky Flats Environmental
Database System (RFEDS) database

As part of the preparation of this work plan, the working physical model of the bedrock geology was refined
by combining the geologic information presented in the three reports referenced above The bedrock
hydrology and nature and extent of contamimnation were evaluated using data from the Phase I RFI/RI
Work Plan (Alluvial) and subsequent analytical and groundwater data

Figure 1 1 depicts the conceptual boundary between the alluvial and bedrock components of the RFI/RI
From a hydrologic standpont subcropping sandstones have more 1n common with the overlying alluvial soils
than with the underlying claystones and confined sandstones For the purpose of developing work plan
scopes the boundary 1s considered to occur 5 feet below the surface of the weathered claystone This
boundary 1s based on the vertical extent of investigation that has been selected for the alluvial component
of the RFI/RI There will be some overlap between the two components of the RFI/RI However
considering the above characterization of the alluvial soils and subcropping sandstones will be completed
by the alluvial RFI/RI Overlap will occur 1n the weathered claystones where lower sandstones subcrop
and where contamination sources are located within these contiguous and overlapping areas
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Section 1 0 of this work plan presents mntroductory information and a general characterization of the region
and Plant site Descriptions of site locations and histories and prior site characterization activities are also
presented mn Section 10 Section 20 presents detailed descriptions of the site physical charactenstics and
nature and extent of contamination, culminating 1n a site conceptual model that 1s the basis for establishing
data needs data quahty objectives (DQOs) and developing a FSP  Section 30 presents applicable or
relevant and appropriate requrements (ARARs) developed for Operable Umt 2 bedrock Section 40
establishes data needs and DQOs considering the site characterization and the conceptual model Sections
50 and 6 0 summarize RFI/RI tasks and Feasibility Study (FS) tasks, respectively This RFI/RI Work Plan
(Bedrock) only briefly addresses some of these tasks, such as Baseline Risk Assessment, treatability studies
alternatives development and screening and analysis since the alluvial RFI/RI work plan presents more
detailed discussions of them Section 7 0 presents a schedule for conducting the RFI/RIFS process A Field
Samphing Plan (FSP) 1s presented mn Section 8 0 to satisfy the data needs and DQOs 1dentiffied in Section
40 A Quality Assurance Addendum (QAA) 1s descnibed and Standard Operating Procedures Addenda
(SOPA) are presented 1n Sections 90 and 100 respectively

The geologic characterization and seismic study reports used are not included 1 appendices to thus work
plan because both the geologic characterization and the hugh resolution seismic reflection profiling studies
are 1n progress and the reports are working drafts that have not been prepared for distribution Pertinent
data and summaries of that data are presented in figures and tables and 1n an appendix to this work plan
Soil bedrock, and groundwater analytical chemastry data are presented in appendices to the alluvial work
plan More recent bedrock groundwater chemustry data and bedrock analytical chemistry data are presented
m appendices to thus work plan and summarized in Section 20

13 REGIONAL AND PLANT SITE BACKGROUND INFORMATION
131 Background

The Rocky Flats Plant 1s a government owned, contractor operated facihity that 1s part of the nationwide
nuclear weapons production complex. The Plant was operated for the US Atomic Energy Commussion
(AEC) from 1ts mception 1n 1951 until the AEC was dissolved 1n January 1975 At that ime responsibihity
for the Plant was assigned to the Energy Research and Development Admmustration (ERDA) which was
succeeded by the DOE 1n 1977 Dow Chemical U S.A an operating unit of the Dow Chemical Company
was the prime operating contractor of the facility from 1951 until June 1975 Rockwell International was
the prime contractor responsible for operating the Rocky Flats Plant from July 1 1975 until December 31
1989 EG&G Rocky Flats Inc became the prime contractor at the Rocky Flats Plant on January 1 1990
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1311 Plant Operations

The primary mussion of the Rocky Flats Plant 1s to fabricate nuclear weapon components from plutomum
uramum and non radioactive metals (principally beryllium and stamnless steel) Parts made at the Plant are
shipped elsewhere for assembly In addition, the Plant reprocesses components after they are removed from
obsolete weapons for recovery of plutonium

Both radioactive and non radioactive wastes are generated in the production process Current waste

handhing practices mnvolve onsite and offsite recycling of hazardous materials, onsite storage of hazardous
and radioactive mixed wastes, and offsite disposal of solhd radicactive matenals at another DOE facility
However both storage and disposal of hazardous, radioactive and radioactive mixed wastes occurred on site
in the past Prehminary assessments under the ER Program identified some of the past onsite storage and
disposal locations as potential sources of environmental contamination

1312 Previous Investigations

Various studies have been conducted at the Rocky Flats facility to characterize environmental media and
to assess the extent of radiological and chemical contaminant releases to the environment The mvestigations
performed prior to and during 1986 are summarized in Rockwell International (1986a) and include

o Detailed descriptions of the regional geology (Malde 1955 Spencer 1961 Scott 1960 1963
1970 1972, and 1975 Van Horn 1972 and 1976 DOE 1980 Dames and Moore 1981 and
Robson et al 1981a and 1981b)

. Several driling programs beginning 1n 1960 that resulted mn the construction of 56 momtor
wells prior to 1986

An nvestigation of surface and groundwater flow systems by the US Geological Survey
(Hurr 1976)

. Environmental ecological, and public health studses that culmimnated 1n an environmental
impact statement (DOE 1980)

. A summary report on groundwater hydrology using data from 1960 to 1985 (Hydro Search
Inc 1985)
. A preliminary electromagnetic survey of the Plant perimeter (Hydro-Search, Inc 1986)

A soil gas survey of the Plant pennmeter and buffer zone (Tracer Research, Inc 1986)
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Other investigations since 1986 include

. Routine environmental momtoring programs addressing air surface water groundwater
and sois (Rockwell International 1975 through 1985 1986b 1987b and 1989b)

o Background Geochemical Charactenization Report for 1989 (EG&G 1990d)

In 1986 two major mvestigations were completed at the Plant The first was the ER Program Phase 1
mstallation assessment (DOE 1986) which included analyses and identification of current operational
activities active and nactive waste sites, current and past waste management practices, and potential
environmental pathways through which contaminants could be transported A number of sites were
identified that could potentially have adverse impacts on the environment These sites were designated as
Solid Waste Management Umts (SWMUSs) more recently renamed Individual Hazardous Substance Sites
(IHSSs) by Rockwell International (1987¢c) and were divided mto three categories

1 Hazardous waste management umts that will continue to operate and need a RCRA
operating permit

2 Hazardous waste management units that will be closed under RCRA mtenim status

3 Inactive waste management umts that will be mvestigated and cleaned up under Section

3004(u) of RCRA or under CERCLA No RCRA or CERCLA regulatory distinction 1n
the use of the terms site umt SWMU or IHSS 1s intended in this document

The second major investigation completed at the Plant 1n 1986 mvolved a hydrogeologic and hydrochemical
characterization of the entire Plant site Plans for this study were presented mn Rockwell International
publications 1986¢ and 1986d, and study results were reported in Rockwell International publication 1986¢
Investigation results indicated four areas were sigmificant contributors to environmental contamimation, with
each area containing several sites The areas are the 881 Hillside Area, the 903 Pad Area, the Mound Area
and the East Trenches Area

Due to their proximity the 903 Pad, Mound, and East Trenches areas were grouped together and designated
Operable Umt 2 A Phase I RI of Operable Umt 2 was completed mn December 1987 (Rockwell
International 1987a) and a draft Phase I RI Samphng Plan was submitted to the EPA and CDH 1n June
1988 (Rockwell International 1988a) A draft final Phase I RI/FS Work Plan (Alluvial) was submutted to
the EPA and CDH mn December 1989 (Rockwell International 1989¢) and a final (Revision 0) of that
document incorporating agency comments on both draft plans was 1ssued Apnl 12, 1990 (EG&G 1990¢)
EPA and CDH have granted conditional approval to the alluvial work plan
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132 Physical Setting

The Rocky Flats Plant 1s located in northern Jefferson County Colorado approximately 16 miles northwest
of downtown Denver (Figure 12) Other surrounding aties include Boulder Westminster and Arvada,
which are located less than ten miles to the northwest east and southeast, respectively The Plant consists
of approximately 6,550 acres of federally owned land 1n Sections 1 through 4 and 9 through 15 of T2S
R70W 6th Principal Mendian Major buildings are located within a Plant secunty area of approximately
400 acres The security area 1s surrounded by a buffer zone of approximately 6 150 acres (Figure 1 3)

1321 Topography

The natural environment of the Plant and vicimty 1s influenced primanly by its proxumity to the Front Range
of the Rocky Mountains The Plant 1s directly east of the north south trending Front Range located about
16 miles east of the Continental Divide Rocky Flats Plant 1s located on a broad, eastward sloping system
of coalescing alluwial fans at an elevation of approximately 6 000 feet above mean sea level (MSL) The fans
extend about five miles east of the Front Range The Mamn Plant Complex area 1s located near the eastern
edge of the fans on a pediment between stream cut gullies or arroyos (North Walnut Creek and Woman
Creck)

1322 Surface Water Hydrology

Three intermittent streams dran the Rocky Flats Plant with flow generally from west to east These
drainages are Rock Creek, Walnut Creek, and Woman Creek (Figure 13) Rock Creek dramns the
northwestern corner of the Plant and flows northeast through the buffer zone to 1ts offsite confluence with
Coal Creek An east west trending interfluve separates the Walnut Creek and Woman Creek drainages
North Walnut Creek, South Walnut Creek, and an unnamed tributary dran the northern portion of the Plant
security area These three forks of Walnut Creek jomn 1n the buffer zone and flow to Great Western
Reservoir approximately one mile east of the confluence Woman Creek drams the southern Rocky Flats
Plant buffer zone flowng eastward to Standley Reservoir The South Interceptor Ditch hes between the
Plant and Woman Creek The South Interceptor Ditch collects runoff from the southern Plant secunty area
and duverts 1t to Pond C 2, where 1t 1s monstored 1n accordance with the Plant s National Pollutant Discharge
Elimination System (NPDES) permut pnior to discharge to Woman Creek

1323 Regonal and Local Hydrogeology

The geologic interpretations presented n this work plan are based on information from Hurr (1976) and
on the ongomng geologic characterization study These interpretations may be revised as more data are
obtained during the Phase II Geologic Characterization and the bedrock component of the Phase II RFI/RI
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The strangraphic section that pertams to Rocky Flats Plant mcludes, in descending order unconsohidated
surficial umts (Rocky Flats Alluvium various other alluwvial deposits valley fill alluvium and colluvium) the
Arapahoe Formation, the Laramie Formation, and Fox Hulls Sandstone Figure 1-4 presents a generalized
stratigraphic section of the Denver Basin bedrock and Figure 1 5 shows a generahized geologic section of
the Denver/Front Range area Figure 1 6 shows a generahized stratigraphic section of the Rocky Flats Plant
mcluding unconsohdated deposits Figure 1 7 depicts the erosional surfaces of alluvial deposits east of the
Front Range Colorado Groundwater occurs under unconfined conditions 1n both the surfinal and shallow
bedrock umts In addition, confined groundwater flow occurs m deeper bedrock sandstones (e g Fox Hulls
Sandstone)

Rocky Flats Alluvium

The Rocky Flats Alluvium underhes a large portion of the Plant The alluvium 1s a broad deposit consisting
of a topsoil layer underlan by up to 100 feet of varying amounts of silt clay sand, and gravel Unconfined
groundwater flow occurs mn the Rocky Flats Alluvium which 1s relatively permeable Recharge to the
alluvium 1s from precipitation, snowmelt and water losses from ditches, streams and ponds that are cut mnto
the alluvium General movement of groundwater 1 the Rocky Flats Alluvium 1s from west to east and
toward the drainages Groundwater flow 1s also controlled by pediment dramnages m the top of bedrock
Groundwater levels i the Rocky Flats Alluvium nise 1n response to recharge during the spring and decline
during the remainder of the year Discharge from the alluvium occurs at seeps 1n the colluvium that covers
the contact between the alluvium and bedrock along the edges of the valleys Most seeps flow intermattently
The Rocky Flats Alluvium thins and discontinues east of the Plant boundary 1t does not directly supply
water to wells located downgradient of the Rocky Flats Plant

Other Alluvial Deposits

Various other alluvial deposits occur topographically below and east of the Rocky Flats Alluvium in the Plant
drainages Colluvium (slope wash) mantles the valley side slopes between the Rocky Flats Alluvium and the
valley bottoms In addition, remnants of younger terrace deposits, mcluding the Verdos Slocum and
Louwviers alluvial deposits, occur occastonally along the valley side slopes Recent valley fill alluvium occurs
m the active stream channels

Unconfined groundwater flow occurs 1n these surficial deposits Recharge occurs through precipitation,
wnfiltration from streams during periods of surface water runoff and by seeps discharging from the Rocky
Flats Alluvium Discharge occurs through evapotranspiration and by seepage mto other geologic formations,
sandstone subcrops and streams The direction of groundwater flow 1s generally easterly and downslope
through colluvial materials and then along the course of the stream 1in valley fill matentals During the
relatively short periods of hugh surface water flow that pertodically occur some water 15 lost to bank storage
w the valley fill alluvium and then returns to the stream after the runoff subsides
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Arapahoe Formation

The Arapahoe Formation underhes surficial matenials beneath the Plant This formation 1s a fluvial deposit
composed of overbank and channel deposits It consists pnnmanly of siltstones and claystones with some
silty sandstones beneath the Plant Geologic characterization of the Arapahoe Formation bencath Rocky
Flats indicates fluvial channel sequences containing sandstones occur in stream channel shaped structures
Total formation thickness varies up to a maximum of 270 feet (Robson et al 1981a) and the umt 1s nearly
horizontal beneath the Plant (less than two degree dip) The channel shaped fluvial sequences within the
claystone are composed of predominantly fine gramned sands and sits and thewr hydraulic conductmvity 1s
equvalent to or less than that of the overlying Rocky Flats Alluvium The Arapahoe Formation described
by the earlier RFI/RI studies contains more clay and silt than typically described for other areas within the
Denver Basin There 1s a remarkable similanty of the siltstones and claystones beneath Rocky Flats to those
of the Laramie Formation

The Arapahoe Formation 1s recharged by groundwater from overlyng surficial deposits and infiltration from
streams The mam recharge areas are under the Rocky Flats Alluvium although hmited recharge from the
colluvium and valley fill alluvium likely occurs along the stream valleys Recharge 1s greatest during the
spring and early summer when rainfall and stream flow are at a maximum and water levels in the Rocky
Flats Alluvium are luigh Groundwater movement 1n the Arapahoe Formation 1s generally toward the east
although the groundwater flow regime 1n the bedrock has generally not yet been characterized Regionally
groundwater flow 1n the Arapahoe formation 1s toward the South Platte River in the center of the Denver
Basin (Robson et al 1981a)

Laramie Formation and Fox Hills Sandstone

The Laramie Formation underhes the Arapahoe Formation and 1s composed of two umits a thick upper
claystone and a lower sandstone The Laramie Formation 1s approximately 700 feet thick The upper
claystone interval 1s approximately 400 feet thick and 1s of very low hydraulic conductvity” therefore the US
Geologic Survey (Hurr 1976) concluded that Plant operations will not mmpact any umts below the upper
claystone umt of the Laramie Formation

The lower unit of the Laramie Formation and the underlying Fox Hills Sandstone form a regionally
mmportant aquifer in the Denver Basin known as the Laramie Fox Hills Aquifer Near the center of the
basin the aquifer thickness ranges from 200 to 300 feet These umits subcrop west of the Plant and can be
seen 1 clay pits excavated through the Rocky Flats Alluvium The steeply dipping beds of these umts west
of the Plant (approximately a 50 dip) quuckly flatten to the east (less than 2 dip) Recharge to the aquifer
occurs along the rather hmited outcrop area exposed to surface water flow and nfiltration along the Front
Range (Robson et al 1981b)
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1324 Meteorology

The area surrounding the Rocky Flats Plant has a semianid chmate charactenstic of much of the central
Rocky Mountain region Approximately 40 percent of the 15 inch annual precipitation falls during the spring
season, much of it as wet snow Thunderstorms (June to August) account for an additional 30 percent of
the annual precipitation Autumn and winter are drier seasons, accounting for 19 and 11 percent of the
annual precipitation, respectively Snowfall averages 85 inches per year falling from October through May
(DOE 1980)

Special attention has been focused on dispersion meteorology surrounding the Plant due to the potential for
significant atmospheric releases of contaminants affecting the Denver metropolitan area Studies of ar flow
and dispersion charactenistics (e g Hodgin 1983 and 1984) indicate that dramnage flows (winds coming down
off the mountains to the west) turn and move toward the north and northeast along the South Platte River
valley and pass to the west and north of Brighton Colorado (DOE 1986)

133 Surrounding Land Use and Population Density

Approximately 50 percent of the area within 10 mules of the Rocky Flats Plant 1s in Jefferson County The
remawnder 1s located in Boulder County (40 percent) and Adams County (10 percent) The arca within a
two to three mile radiws of the plant 1s primanly undeveloped rangeland Land within a 10 mile radius 1s
used for a variety of purposes mcluding grazing cattle raising horses growing crops such as wheat barley
and hay residential development and commercial actvities

A recent demographic study shows that approximately 2 2 million people hive wathin 50 miles of the Rocky
Flats Plant 1n 1989 (DOE 1990) Approximately 9 100 people lived within five miles of the Plant 1 1989
(DOE 1990) The most populous sector was to the southeast toward the center of Denver Recent
population estimates registered by the Denver Regional Council of Governments (DRCOG) for the eight

county Denver metro region have shown distinct patterns of growth between the first and second halves of
the 1980s Between 1980 and 1985 the population of the eight county region increased by 197,890 a
24 percent annual growth rate Between 1985 and 1989 a population gam of 71575 was recorded

representing a 1 0 percent annual increase (the national average) The 1989 population showed an increase
of 2225 (or 01 percent) from the same date 1 1988 (DRCOG 1989)

There are 8 public schools within 6 miles of the Rocky Flats Plant The nearest educational facility 1s the
Witt Elementary School, which 1s approximately 2 7 miles east of the Plant buffer zone The closest hospital
1s Centenmial Peaks Hospital, located approximately 7 miles northeast The closest park and recreational
area 1s the Standley Lake area which is approximately 5 miles southeast of the Plant Boating, picnucking,
and hmited overmght camping are permitted Several other small parks exist in commumties within 10 miles
The closest major park Golden Gate Canyon State Park, located approximately 15 miles to the southwest
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provides 8 400 acres of general camping and outdoor recreation Other national and state parks are located
mn the mountans west of the Rocky Flats Plant, but all are more than 15 miles away

Current commercial development wathin five miles of the Plant includes several research and development
and hight industnal businesses located directly south of the Plant and a gravel operation, Western Aggregates
Inc on the northwest edge of the Plant s buffer zone In addition, the Jefferson County Aurport 1s located
nearly five miles to the northeast (Figure 5) The largest concentration of industrial use land within 10 mules
of the Plant includes Coors Brewery which 1s located eight miles south of the Plant 1n Golden

Several ranches are located within 10 mules of the Plant primarily in Jefferson and Boulder Counties They
are operated to produce crops, raise beef cattle supply milk, and breed and train horses According to the
1987 Colorado Agricultural Statistics 20 758 acres of crops were planted in Jefferson County (total land area
of approximately 475 000 acres) and 68 760 acres of crops were planted 1n Boulder County (total land area
of 405760 acres) Crops consisted of winter wheat corn, barley dry beans, sugar beets, hay and oats
Livestock consisted of 5,314 head of cattle 113 hogs, and 346 sheep mn Jefferson County and 19 578 head
of cattle 2216 hogs and 12,133 sheep in Boulder County (Post 1989)

1.34 Ecology

A variety of plant hfe thrives within the Plant boundary Included are species of flora representative of tall
grass prairie short grass plains lower montane and foothill ravine regions None of these species are on
the endangered species list It 1s evident that the vegetative cover along the Front Range of the Rocky
Mountains has been radically altered by human activities such as burning, timber cutting, road building, and
overgrazing for many years Since the acqusition of the Rocky Flats Plant property vegetative recovery has
occurred as evidenced by the presence of disturbance sensitive grass species such as big bluestem
(Andropogon gerardu) and sideoats grama (Bouteloua curtipendula) No vegetative stresses attributable to
hazardous waste contamnation have been 1dentified (DOE 1980)

The ammal hfe inhabiting the Rocky Flats Plant and its buffer zone consists of species associated with
western pramrie reggons The most common large mammal 1s the mule deer (Odocoieus lemionus) with
an estimated 100 to 125 permanent residents There are a number of small carntvores, such as the coyote
(Camnus latrans) red fox (Vulpes fulva) stniped skunk (Mephitis mephitis) and long tailed weasel (Mustela
frenata) A profusion of small herbivores can be found throughout the Plant and buffer zone species such
as the pocket gopber (Thomomys sp) whte taled jackrabbit (Lepus tounsedu) and the meadow vole
(Microtus pennsylvamicus) (DOE 1980)

Commonly observed birds include western meadowlarks (Sturnella neglecta) horned larks (Eremophila
alpestris) mourning doves (Zenadura macroura) and vesper sparrow (Pooecetes gramineus) A varnety of
ducks killdeer (Charadrus vociferus) and red winged black birds (Agelaius phoeniceus) are seen m arcas
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adjacent to ponds Mallards (Anas platyrhynochos) and other ducks (Anas sp ) frequently nest and rear
young on several of the ponds Common birds of prey 1n the area include marsh hawks (Circus cyaneus)
red talled hawks (Buteo jamaicensis) ferruginous hawks (Buteo regalis) rough legged hawks (Buteo
lagopus) and great horned owls (Bubo virgimanus) (DOE 1980)

Bull snakes (Pituophis melanoleucus) and rattlesnakes (Crotalus sp ) are the most frequently observed
reptiles Eastern yellow belhed racers (Coluber constrictor) have also been reported on the site but these
and other lizards are not commonly observed The western pamted turtle (Chrysemys picta) and the western
plans garter snake (Thamnophis radix) are found 1n and around may of the ponds (DOE 1980)

14 SITE LOCATIONS AND DESCRIPTIONS

Thus Bedrock RFI/RI Work Plan addresses Operable Umt 2, which contans the 903 Pad, Mound, and East
Trenches areas located on the east side of Rocky Flats security area Several sites are included 1n each area
Figure 1 8 shows the locations of these areas the sites within each area, and the operable umt boundary
Each site was assigned a SWMU reference number by Rockwell International (1987c) Since then the
SWMUs have been renamed IHSSs however the reference numbers are the same

Site descriptions presented in the following sections are taken from the Rocky Flats Plant CEARP Phase
1 report (DOE 1986) and the RCRA Part B Operating Permit Application (Rockwell International 1987c)
as reported in EG&G (1990c) These descriptions are based on historical records aerial photography
review and interviews with Plant personnel Further characterization of each site based on other historical
reports 1s also mncluded n the following discussions

141 903 Pad Area

Five sites are located with 1n the 903 Pad Area (Figure 1 8) These sites are

. 903 Drum Storage Site (IHSS Ref No 112)
. 903 Lip Site (IHSS Ref No 155)
. Trench T 2 Site (IHSS Ref No 109)

Reactive Metal Destruction Site (IHSS Ref No 140)
Gas Detoxification Site (THSS Ref No 183)

Descriptions of each site within the 903 Pad Area are provided m the following sections
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1411 203 Drum Storage Site (IHSS Ref. No. 112)

The 903 Drum Storage Site 1s located wn the eastern portion of the Plant security zone This arca was used
from October 1958 to January 1967 for storage of radioactively contaminated o1l drums (Calkins 1970)
Presented below 1s a description of drums stored at the drum storage site from Calkins (1970)

Most of the drums transferred to the field were nominal 55 gallon drums, but a significant number

were 30 gallon drums Not all were completely full Approximately three fourths of the drums
were plutomum contaminated, while most of the balance contained uramum Of those contamming
plutonium most were lathe coolant consisting of a straight chain hydrocarbon muneral ol (Sell
Vitrea) and carbon tetrachlonde n varying proportions Other hquids were mvolved however
including hydrauhic oils, vacuum pump oil, trichloroethylene perchloroethylene silicone ouls, acetone
still bottoms etc Ongmally contents of the drums were indicated on the outside but these
markings were made ilegible through weathering and no other good records were kept of the
contents Leakage of the 01l was recogmized early and in 1959 or possibly earher ethanolamine was
added to the o1l to reduce the corrosion rate of the steel drums

Drum leakage was noted at the 903 Drum Storage Site n 1964 during routine drum handling operations
(Dow Chemical 1971) Corrective action consisted of transferring the contents of leaking drums to new
drums and fencing the area to restrict access Approximately 420 drums leaked to some degree and, of
these an estimated 50 leaked their entire contents An estimated 5000 gallons of hqud (Freiberg 1970)
contaimng 86 grams (g) [5 3 cunes (C1)] of plutonium leaked into the soil (Dow Chemical 1971) A heavy
ramnstorm 1 1967 spread contaminants to a ditch south and southeast of the drum storage site (Dow
Chemical 1971) however the location of the ditch 1s not provided by thus reference

Figure 19 outlines drum locations and soil staimng at the 903 Drum Storage Site based on a review of
historical aerial photography As seen on this figure drum storage occurred pnmarily in the northern and
eastern portions of the area Drums were not stored in the southwest portion, where Building 903 was
constructed 1n 1967 and were only briefly stored at the southeast corner It appears that the drums stored
south of the fenced area were placed at this location during cleanup operations as they appear only mn the
1968 aenal photos

The shipment of drums to the 903 Drum Storage Site ended 1n January 1967 when drum removal efforts
began Removal of all drums and wastes was completed m June 1968

Presented below 1s a chronology of the 903 Drum Storage Site cleanup as described by Freiberg (1970)

From January 23 1967 through March 10 1967 uramum o1l drums which were 1 good
condition were transferred to Building 774 and processed
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Building 903 on March 10 1967 started processing oil drums This bwilding was
designated to prefilter the o1l prior to transferring plutomum contammated ol to Building
774 for final processing

. From March 10 1967 through May 18 1967 there were a total of 191 drums of plutonium
contaminated o1l filtered and shupped to Building 774

On May 18 1967 operations at building 903 were discontinued due to the amount of ime
this process was taking

. Drum to-drum transfer in the field began May 18 1967 and the drums were [SIC] shupped
to Building 774 without prior filtration 1n Bulding 903

From March 17 1967 through May 10 1967 in addition to the plutonium transfers there
were 297 drums of uramum contamnated Alk Tnn waste shipped to Building 774 and
processed

May 10 1967 through May 28 1968 a total of 4 826 drums contaimng 50 gallons of o1l
each were sent to Building 774 and processed

. In addition to the ol storage area drums there were a total 650 drums from Bulding 776
current generation sent to Building 774 for processing a pipelne mnstalled from Building
776 to Building 774 ehminated this additional o1l drum generation

During the transfer operations it was noted that at the bottom of all drums a deposit of
sludge remained after removal of the ol Ths sludge varied in depth from 1/2 inches to
3 nches and averaged approximately 1 inch By drum counter results the sludge within the
empty drums contamned a total of 5 152 grams (315 8 C1) of plutomum These empty drums
were later disposed of by adding O1l Dry and MicroCel to absorb the sludge The drums
containing the plutomum sludge and absorbent were then incased in plastic, placed mn
boxes and shipped to the bunal grounds [The location of the bunal grounds is not
provided by Freiberg (1970)]

There were onginally a total of 5,237 drums at the drum storage site when cleanup operations began 1n 1967
After transfer of the contents to new drums, 4 826 drums, of which 3 572 drums contained plutomum
contaminated o1l, were transported to Bulding 774 Thus leaves the contents of 411 drums unaccounted for
The most probable explanation for this discrepancy according to Freiberg (1970) 1s a combination of the
following factors
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. All of the drums originally sent to the storage site were not completely full
Some of the volume was taken up by the sludge that was discarded with the empty barrels
. Leakage out of the barrels and onto the ground occurred

Information provided by Freiberg (1970) indicates that an estimated 5 000 gallons of ol leaked from drums
onto the ground at the drum storage site Thus estimate was based on the memory and knowledge of those
mnvolved 1n site operations Based on o1l samples taken from barrels, the average plutomum concentration
was 4 54 x 10® grams per hiter (g/1) [280 pico Cunes/hiter (pCi/1)] Thus, approxumately 86 g (53 Ci) of
plutonium were released to soils at the drum storage site (Fnieberg 1970)

In November 1968 site grading began at the 903 Drum Storage Site in preparation for applying an asphalt
cap over the area This work included moving shghtly" contaminated soil from around the fenced area to
mside the fenced area A total of 33 drums of radioactively contaminated rocks were removed from the area
to inside the fenced area (Freiberg 1970) A total of 33 drums of radioactively contaminated rocks were
removed from the area in May 1969 and two courses of clean fill matenal were placed over the site during
the late summer of 1969 The asphalt was applied 1n October 1969 and m February 1970 additional road
base course matenal was apphed to soils directly east and south of the asphalt pad due to soil contamination
(Freiberg 1970)

The asphalt containment cover 1s rectangular and oriented north south (370 feet) and east west (395 feet)
The pad dips shightly to the northeast at a drop of one foot per 100 feet The asphalt cover 1s approximately
8 centimeters (cm) (3 2 inches) thick and 1t 1s underiamn by approximately 15 cm (6 inches) of loose gravel
and 8 cm of fill durt (Navratil et al 1979)

1412 903 Lap Site (THSS Ref, No. 155)

During drum removal and cleanup activities associated with the 903 Drum Storage Site winds redistributed
plutomum beyond the pad to the south and east An estimated 1 C1 (16.3 g) of plutonium was redistributed
beyond the asphalt pad and, of that 1 Cy, approximately 0.56 C1 (9 1 g) 1s beheved to have been deposited
n the 903 Lip Site (Barker 1982) The most contaminated area was immediately adjacent to the pad to the
south and southeast Surveys at the ime showed a maximum plutonium concentration of 2,258 prcoCuries
per gram (pCi/g) [5 680 disintegrations per minute per gram (dpm/g)] in the top 5 cm (2 inches) of soil at
the 903 Lip Site (Barker 1982)

Soil cleanup efforts were undertaken in 1976 1978 and 1984 to remove plutomum contaminated soils from
three different areas withun the 903 Lip Site  The 1976 soil removal operation began in June 1976 and ended
n September 1976 Thus cleanup consisted of hand excavating contaminated soils from an area in the vicimity
of the Reactive Metal Destruction Stte until soil contammation levels were below the detection hmut of the
Field Instrument for Detection of Low Energy Radiation (FIDLER) The detection hmut of the FIDLER

Phase I1 RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Arcas Final
Rocky Flats Plant Golden Colorado June 21 1991
22578E/R21 06-27 91/RPT/2 Page 124

o SR




1s 250 counts per mmute (cpm) The FIDLER counts are an instrument dependent measure of surface
activity and cannot be converted to plutomum concentration in the sol The excavated area was covered
with clean top soil and reseeded with native grasses Thrty five boxes, weighing a total of 125 000 pounds
were removed and shipped offsite for disposal during the 1976 cleanup (Barker 1982) The offsite disposal
location was not provided by Barker (1982) Recent radiological surveys have been conducted to further
assess radioactive contammnation These include an aeral gamma survey conducted 1 July 1989 (EG&G
1990¢) and a ground based gamma survey conducted m 1990

The 1976 soil removal techmque of hand excavation was mnefficient considering the large amount of
contaminated soils requiring removal at the 903 Lip Site In June 1978 a second soil removal project began
north of the 1976 removal using a front end loader alone and 1n conjunction with a bulldozer All soil that
exceeded 2 000 cpm as determined by a FIDLER survey was removed Cleaned areas were resurveyed and
soil removal continued until background level readings (approximately 250 cpm by a FIDLER survey) were
obtamned Topsoil was then apphed to the excavated area, and the site was revegetated with native grasses
During the 1978 soil removal 1448 boxes weighing approximately 4 7 milion pounds, were removed and
shipped offsite (Barker 1982) The offsite disposal location was not provided by Barker (1982)

Approximately 0 5 C1 (8 2 g) of plutomum were removed from the 903 Lip Site during the two soil removal
projects Ths quantity 1s based on an average soil plutontum concentration of 545 pCi/g (1,200 dpm/g) and
a soil density of one gram per cubic centimeter (g/cm?) (Barker 1982)

A third soil cleanup was performed along the eastern edge of the 903 Lip Site 1n 1984 A total of 214 tn
wall pallets of contaminated soil were removed from the area The excavated area was backfilled with clean
topsoil (Setlock 1984)

1413 Trench T2 Site (JHSS Ref. No. 109)

Trench T 2 1s located south of the 903 Drum Storage Site and west of the Reactive Metal Destruction Site
within the 900 Area (Figure 1-6) Thus trench was used prior to 1968 for the disposal of sanitary sewage
sludge and flattened drums contaminated with uranium and plutonium Thus trench 1s believed to measure
approximately 15 feet wide by 200 feet long by 5 feet deep (Rockwell International 1987c) Barrels were
noted 1n the western end of Trench T 2 during 1987 investigations

1414 Reactive Metal Destruction Site (THSS Ref, No. 140)

The Reactive Metal Destruction Site 1s located on the hillside south of the 903 Drum Storage Site (Figure
16) Ths site was used during the 1950s and 1960s prnmarnily for the destruction of hithium metal (DOE
1986) Approximately 400 to 500 pounds of metallic ithium were destroyed on the ground surface in this
area and the residues pnmanly hthium carbonate bunied (Ilisley 1978) Smaller unknown quantities of
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sodium calcum magnesium solvents and unknown hquids were also destroyed at this location (Illsley
1978)

Based on review of historical acrial photography the Reactive Metal Destruction Site was used from 1968
to 1971 Barrels were noted 1n the southwestern corner of IHSS 140 during 1987 investigations

1415 Gas Detoxification Site (IHSS Ref. No, 183)

Building 952 located south of the 903 Drum Storage Site was used to detoxfy various gases from lecture
bottles between June 1982 and August 1983 The lecture bottles held approximately one liter of compressed
gas each The gases consisted of varous types of mitrogen oxides, chlorne hydrogen sulfide sulfur
tetrafluonide methane hydrogen fluoride and ammonia, which were used in Plant research and development
work Gas detoxification was accomplished by using various commercial neutralization processes available
at the tme After neutrahzation, glassware used 1n the process was triple rinsed, crushed, and deposited 1n
the present landfill The neutralized gases released mto the environment during detoxification would no
longer be detectable (Rockwell International 1987c)

142 Mound Area

The Mound Area 1s composed of four sites (Figure 1-6) These are

. Mound Site (IHSS Ref No 113)
Trench T 1 Site (IHSS Ref No 108)
. O1l Burn Pit No 2 Site (THSS Ref No 153)

Pallet Burn Site (IHSS Ref No 154)

These sites are described individually below

1421 Mound Site (IHSS Ref, No. 113)

The Mound Site located north of Central Avenue 1n the eastern Plant security area, was used between April
1954 and September 1958 for drum disposal Approximately 1405 drums contamng primarily depleted
uranium and berylhum contaminated lathe coolant (a mixture of about 70 percent hydraulic o1l and 30
percent carbon tetrachloride) were placed at the Mound Site (Rockwell International 1987c) [Records do
not indicate that the barrels were actually buried (Calkins 1970)] It 1s hkely that some of the coolant also
contamed enriched uranium and plutontum (Rockwell International 1987c) Some drums also contamned
Perclene (Smith 1975) Perclene was a brand name of tetrachloroethene (Sax and Lewis 1987) Some of
the drummed wastes placed 1n the Mound Site were 1n solid form (Rockwell International 1987c¢)
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Cleanup of the Mound Site was accomphshed 1n May 1970 and the matenals removed were packaged and
shipped to an offsite DOE facility for disposal Listed below 1s an inventory of the 1405 drums removed
from the Mound Site i 1970 (Dow Chemical 1971)

No. of Drums Contents
903 30 gallon drums of depleted uranium sohd waste
21 30-gallon drums of depleted uranium o1l waste
12 30 gallon drums of plutonmum contamnated o1l waste "The plutomum content

was so low that it was measurable only by the most sensitive laboratory
techmiques (Dow Chemuical 1971)

102 55 gallon drums of depleted uranium solid waste

282 55 gallon drums of depleted uranium o1l waste
85 55 gallon drums of enriched uramum o1l waste
1405 TOTAL DRUMS

Subsequent surficial soil sampling 1n the vicinity of the excavated Mound Site ndicated 08 to 112 5 dpm/g
(04 to 51 pCi/g) actmty Ths radioactive contamination 1s thought to have come from the 903 Drum
Storage Site via wind dispersion rather than from the Mound Site as it was hmited to the surface (Rockwell
International 1987c)

1422 Trench T1 Site (IHSS Ref, No. 108)

The trench was used from 1954 until 1962 and contains approximately 125 drums filled with approximately
25 000 kilograms (kg) (55 115 pounds) of depleted uranium chips (Dow Chemical 1971) and plutonium chips
coated with small amount of lathe coolant (Rockwell International 1987c) The estimated dimensions of
Trench T 1 are 15 feet wade by 200 feet long by 5 feet deep (Rockwell International 1987c) Trench T 1 was
covered with about two feet of soil, and the corners were marked (Rockwell International 1987c)

Weed cutting activities 1n October and November 1968 unearthed two drums inadequately covered with fill
matenial Both drums were sampled and analyzed for total plutonmum and uranium contents before they
were disposed offsite (Ilisley 1983) The offsite disposal location was not provided by Illsley (1983) One
of the drums sampled contamned an o1l water mixture with 55 pCy/1 of plutomum and 2.3 x 10° pCi/1 of
uranium The other drum contamed an oily sludge with 46 pCi/g of plutomum and 1.2 x 10° pCi/g of
uranmmum (Illsley 1983)
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1423 QIl B 2 1

O1l Burn Pit No 2 1s actually two parallel trenches that were used 1n 1957 and from 1961 to 1965 to burn
approximately 1 082 drums of oil contamng uranium (Rockwell International 1987¢c) In March and Apnil
of 1957 the contents of an esumated 169 uranium contaminated waste o1l drums were burned No further
burning took place until 1961 Frequent burmng of waste oi took place from June 1961 to May 1965 The
contents of approximately 914 drums were burned during thuis tme The drums used for the o1l burning
operation were generally reused however 300 empty drums were discarded by flattening and burying them
1n the burning pits (Dow Chemical 1971) The uranium concentrations of the burned waste o1l 1s unknown
The residues from the burning operations and the flattened drums were covered with backfill In 1978, the
area was excavated to a depth of approximately 5 feet and 289 boxes (56 cubic feet per box) of contaminated
soil were removed and shipped offsite to an authorized DOE disposal site (lisley 1983) The offsite disposal
location was not provided by Ilisley (1983)

1424 Pallet Burn Site (IHSS Ref. No. 154)

An area southwest of Oil Burn Pit No 2 was reportedly used to destroy wooden pallets in 1965 The types
of hazardous substances or radionuchdes that may have been spilled on these pallets 1s unknown This site
was cleaned up and reclaimed 1n the 1970s (DOE 1986) Two locations for the Pallet Burn Site are shown
on Figure 1 8 The westernmost location was reported by Owen and Steward (1973) However based on
review of historical acral photographs there was no disturbance at this western location The eastern
location was 1dentified from 1963 and 1965 aenial photography of the area

143 East Trenches Area

The East Trenches Area consists of nine burial trenches and two spray irngation sites These sites are

. Trench T 3 (IHSS Ref No 110)
Trench T-4 (IHSS Ref No 1111)
. Trench T § (THSS Ref No 111.2)
Trench T 6 (IHSS Ref No 111.3)
] Trench T 7 (IHSS Ref No 1114)
. Trench T 8 (IHSS Ref No 111.5)
. Trench T 9 (IHSS Ref No 1116)
. Trench T 10 (IHSS Ref No 1117)
Trench T 11 (IHSS Ref No 111.8)
East Spray (IHSS Ref Nos 2162 and 216.3)

Irmgation Sites
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Trenches T 3 T-4 T 10 and T 11 are located north of the east access road, and Trenches T 5 through T 9
are south of the east access road The wastes 1n these trenches have not been disturbed since their bunal
The spray 1rrgation arcas are located east of Trenches T 5 through T 9 (Figure 1 6)

1431 Trenches T3 through T 11 (IHSS Ref. Nos, 110 and 111.1 111.8)

These trenches as well as Trench T 2, were used from 1954 to 1968 for disposal of approximately 125 000
kg of sanitary sewage sludge contaminated with uramum and plutomum and approximately 300 flattened
empty drums contamimated with uranum (Ilisley 1983) Radiation content of the sewage sludge ranged form
84 x 10° dpm/kg (382 pC1/g) to 79 x 10° dpm/kg (3,590 pCi/g) (Owen and Steward 1973) Total alpha
radicactivity 1n Trenches T 2 through T 8 1s estimated to be 100 to 150 muliCunies (0 1 to 0 14 C1) (Dow
Chemical 1971) Trenches T-4 and T 11 also contamn some plutomum and uranmum contamnated asphalt
planking from the solar evaporation ponds (Illsley 1983)

According to Illsley (1983) samples were collected from Trenches T 9 T 10 and T 11, and the results were
as follows

Samples from T 11 contaned plutomum 1n the ranges from 4.5 to 50 pC1/g and uramum 238 1n
the range between 09 and 158 pCi/g Trench T 10 was found to contan uranium n the range
between 40 and 126 pCi/g and Pu 239 mn the range from 018 to 14 pCi/g  Plutomum
concentrations 1 collected samples vared from 040 to 68 pCi/g and uranmum was found 1n the
range between 2 4 and 450 pCi/g in Trench T 9

The samphing dates and collection methods of these samples are unknown

1432 East Spray Irrigation Sites (JHSS Ref. Nos. 2162 and 216.3)

THSS numbers 216 2 and 216.3 were used for spray urrigation of sewage treatment plant effluent These
areas have been designated as THSSs because effluent contaiming low concentrations of chromium was
madvertently sprayed 1n the area in February and March 1989 The chromium entered the samtary sewage
treatment plant on February 3 1989 subsequent to a spill of chromic acid in Bulding 444 (Rockwell
International 1989d)

1.5 PRIOR SITE CHARACTERIZATION

Site characterization activities have been conducted at Rocky Flats over approximately the past 30 years
Dniling programs imtiated 1 1960 resulted mn the construction of 56 groundwater momtoring wells Plant
wide prior to 1986 At least six of these pre 1986 wells are located within Operable Unit 2 Screen intervals
and other construction details of these wells are unknown The six pre 1986 wells and their depths are
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Well 171 24 feet deecp Well 271 30 feet deecp Well 174 24 feet deep Well 374 24 feet decp Well 774
50 feet deep and Well 2274 162 feet deep Other previous activities are listed 1n Subsection 1.3 1.2 of this
work plan

A Phase I RI was conducted 1n 1986 and 1987 to imtiate the second major actvity of the ER Program at
Rocky Flats Figure 1 10 shows the locations of boreholes dnilled and momtoring wells nstalled 1n 1986 and
1987 as well as the locations of several momtoring wells installed in 1971 and 1974 Lattle 1s known about
the construction details of the earher wells Several figures 1 Section 2.0 show the area where the majonty
of the boreholes are located at a larger scale

151 Phase I Remedial Investigation

A Phase I RI (Rockwell International 1987a) was conducted to mtiate the second major actmty of the
Rocky Flats ER Program at Operable Umt 2

The Phase I RI consisted of the following field activities

. Electromagnetic, resistivity and magnetometer geophysical surveys
A soil gas survey

. Soil sample collection from 33 boreholes
Completion of 10 Alluvial and 14 bedrock monitoring wells
Groundwater samphing of new and previously existing wells

. Slug testing of 13 wells

. Packer testing of cored bedrock wells
Collection of 22 surface water seep samples

. Arr monmtoring for total long lived alpha, plutonium and volatile orgamcs during field
activities

In addition to the Phase I nvestigation at the 903 Pad, Mound, and East Trenches areas, several momtoring
wells were installed 1n these areas as part of a Plant wide hydrologic mvestigation mn 1986 (Rockwell
International 1986e) Surface water soil, and air samples have also been collected at these areas as part of
various investigations The Phase I RFI/RI Work Plan (Alluvial) presents a more complete summary of
the Phase I RI than this bedrock work plan does This work plan presents data from the Phase I RI and
other previous work that are pertinent to bedrock charactenization Radiological surveys of the ground
surface have also been conducted, the results of which are presented m the alluvial work plan These
included a survey of the 903 Pad in 1968 and an aenal radiological survey of the entire plant (EG&G 1990¢)
In addition further ground based radiological measurements were obtamned in summer/fall 1990 the results
of which are not yet published
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1.5.2 Recent Geologic Characterization

Subsequent to the draft Phase I RI report EG&G 1dentified inconsistencies 1n the methods that had been
used for logging geologic matenals and interpreting geologic data As a result a project was mtiated to
develop a geologic characterization of the Rocky Flats Plant by conducting a literature review reclassifying
previously obtamned samples using standardized procedures conducting further laboratory testing on
previously obtained samples processing seismic data, and then remnterpreting the geology based on all
available data

Interim results of this ongoing study are presented 1n a draft report (EG&G 1990a) However that report
1s a working draft which has not been prepared for distribution That report presents summares of
stratigraphy and structural geology of the area and regions, the current working model of Plant geology
conclusions based on the working model and recommendations for further work required to continue the
ongoing characterization Data and summanes of the data pertinent to bedrock in Operable Umt 2 are
presented n figures and tables and m Appendix A to this work plan

Shallow high resolution seismic reflection profiling (EG&G 1990b) has been conducted to supplement the
ongoing geologic characterization efforts A primary focus of the seismic work has been to delineate both
subcropping and confined channel shaped fluvial sequences contaiming sandstone in the predominantly
claystone Arapahoe Formation bedrock The study mavolved obtaimng, reducing, and mterpreting data from
14 seismic reflection hines in the Operable Umit 2 area That report 1s also a working draft which 1s not
prepared for distribution

1.53 Phase II RFI/RI Work Plan (Alluvial)

The Phase II RFI/RI Alluvial Work Plan (EG&G 1990c) presents detalled summaries of data obtamned
during the Phase 1 RI However both the data and the discussion of site hydrogeology and nature and
extent of contamination concentrate on the geologic materials and groundwater contaned 1n the upper HSU
The FSP contamned 1n the alluvial work plan addresses the mvestigation of the upper HSU (subsurface
sediments above the conceptual boundary shown 1n Figure 1 1)
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20
SITE CHARACTERIZATION

This section describes the current understanding of the bedrock physical charactenstics the nature and
extent of contamnation, and potential bedrock pathways to human receptors or the eavironment in Operable
Umt 2 Existing data were obtamned from previous site mvestigations as summanzed mn Subsection 1.5 The
description of site characterization presented in this work plan mcludes excerpts from the Alluvial Work Plan
(EG&G 1990c) but 1t concentrates on the assimilation of data pertinent to characterizing the bedrock
Much of the bedrock data were mcluded but not evaluated in the alluvial work plan The description of site
physical charactenistics and nature and extent of contamination presented i Subsections 21 and 22,
respectively were combined to develop a site conceptual model, Subsection 2.3

21 SITE PHYSICAL CHARACTERISTICS

The physical charactenstics of the region and plant site are presented in Subsection 1.3  Site locations and
descriptions 1ncluding hustorical accounts of site activities are presented in Subsection 14 Ths section of
the work plan summarizes existing subsurface data and presents the current working model of the site
geohydrology emphasizing bedrock geology and the hydrostratigraphic umt(s) (HSU][s]) underlying the upper
HSU

211 Geology

2111 Surficial Geology

Surficial matenals at the 903 Pad, Mound, and East Trenches areas consist of the Rocky Flats Alluvium
colluvium and valley fill alluvium unconformably overlying bedrock (Figure 2 1) The area 1s situated on
a pediment of Rocky Flats Alluvium that extends eastward from the Plant The Rocky Flats Alluvium
consists of a poorly to moderately sorted, poorly stratified deposit of clays silts sands, gravels and cobbles
A portion of the 903 Pad Area extends south off the pediment toward the South Interceptor Ditch
Colluvium 1s present on the llside south of the 903 Pad and East Trenches areas and on the hiliside north
of the Mound and East Trenches areas Valley fill alluvium 1s present mn the dramnage of Woman Creek
south of the 903 Pad and East Trenches areas and 1n the South Walnut Creek dramnage north of the Mound
Area
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Burnied pediment drainages and ndges eroded mto the Arapahoe Formation bedrock surface are present at
the base of the Rocky Flats Alluvium (Figure 2 2) A relatively small pediment drainage 1s present starting
near the southeast corner of the Mound Area and extending southeast where 1t 1s truncated by the hillside
A larger pediment dramnage starts south of the west end of the East Trenches and trends northeast,
traversing the central portion of the East Trenches A bedrock ndge 1s present on the north side of this
pediment dramnage starting in the Mound Area and trending east northeast across the northwest portion of
the East Trenches Area A topographic hugh in the bedrock surface occurs on the south side of the larger
pediment drainage just south of the central portion of the East Trenches

2112 Bedrock Geology

Significant work has been conducted recently to refine the charactenzation of the bedrock at Rocky Flats
An ongoing geologic charactenization program addressing Rocky Flats (EG&G 1990a) 1s 1n progress based
on a comprehensive hterature search, reprocessing and describing previously obtamned core samples
reprocessing previously obtamned seismic data, and collecting and analyzing selected samples for gramn size
analyses The geologic characterization 1s an on going program that will incorporate all geologic information
Plant wide for continued refinement of the working geologic model The referenced report 1s a draft
mnternal working document Data and results of this characterization that are pertinent to the Operable
Umt 2 bedrock arc presented in this work plan In addition to these efforts, hugh resolution seismic
reflection profiing was conducted in the Operable Unit 2 area (EG&G 1990b) Ths report 1s also an
internal working draft document therefore pertinent data are summarized 1n this work plan The geologic
mterpretations presented in this work plan are based on information from Hurr (1976) and on the ongoing
geologic characterization study These interpretations may be revised as more data are obtained during the
Phase II Geologic Characterization and the bedrock componet of the Phase II RFI/RI

The Cretaceous age Arapahoe Formation underhes surficial matenals at the 903 Pad, Mound and East
Trenches areas The high resolution seismuc reflection program indicated that the Arapahoe Formation dips
at less than 2 degrees to the east The Arapahoe Formation, which is approximately 250 feet thick in the
viciuty of the Plant consists of fluwal claystones with interbedded sandstones, siltstones, and occasional
hgnite deposits Contacts between these hithologies are both gradational and sharp

Fimng upward graded sandstone sequences withun the Arapahoe Formation are representative of both
laterally accreted pomnt bar deposits and floodplamn splay deposits Laterally accreted pomnt bar deposits
occur by the slow migration of fluvial channels and splay deposits are formed by breaching of channel banks
during floods (Blatt et al 1980) Overbank flood deposits consist of very fine sand and mud deposited near
the stream channel or on the stream flood plan Channel fill deposits are formed 1n abandoned channels
by a reduction 1n stream discharge or by cutoff of a meander (formation of oxbow lakes) (Blatt et al 1980)
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Based on previous nvestigations and on the on gong geologic charactenzation by EG&G bedrock in the
903 Pad Mound and East Trenches areas 1s predominantly claystone (EG&G 1990c) However six channel
sandstone ntervals have been preliminanly identified beneath the Rocky Flats Plant These are general
stratigraphic mntervals each of which contains sandstone only at some locations They have been sequentially
numbered according to mcreasing depth Thus Arapahoe Sandstone No 1 is the uppermost sandstone
which subcrops 1in many areas Arapahoe Sandstone No 6 1s present at or near the base of the Arapahoe

Formation

Generally the Arapahoe Sandstones that occur within 30 to 40 feet of the base of the alluvium are oxidized
and are pale orange yellowish gray and dark yellowish orange The sandstones that are not in the
weathered zone are hight gray and olive gray Most of the sandstones are very fine to medium grained
poorly to moderately sorted subangular to subrounded silty clayey and quartzitic, with trough and planar
cross stratificaion The claystones and silty claystones are hight to medium olive gray occasionally olive
black with some dark yellowish orange claystones in the weathered intervals near the base of the alluvium
The yellowish orange and yellowish brown color 1s the result of the iron oxide stamming

The geologic charactenization study to date has included mapping the estimated areal extent of Arapahoe
Sandstone Nos 1 3 and 4 In the context of this geologic model these sandstone deposits are fluvial
sequences composed of predominantly fine grained sands and silts with some clays They are channel
deposits that are aggregated or stacked together in a zone 1 the subsurface rather than a single channel
Therefore the sandstones shown do not all necessarnly classify as sand by soil classification methods The
lateral extent of these channel shaped fluwal sequences in each of the hithologic intervals 1 3 and 4 was
estimated based on previous borehole information Figure 2 3 shows the estimated lateral extent and
thickness 1sopachs of the Arapahoe Sandstone No 1 and Figures 2 4 and 2 5 show the estimated lateral
extents of the Arapahoe Sandstone Nos 3 and 4 Sandstone was also found in the Numbers 2 and §
mntervals 1n several boreholes 1n the Operable Unit 2 area However there was not sufficient information
to estimate the lateral extent of sandstones within these intervals Figures 2-6A and 2-6B 2 7A and 2 7B
and 2 8A and 2 8B show cross sections depicting the Arapahoe Sandstone ntervals along three ahignments
through the Operable Unit 2 area The alignments A A BB and G G are shown in Figures2 3 2 4 and
2 5 These sections are from the draft Geologic Characterization Report (EG&G 1990a)

Sigmificant areas of the Arapahoe Sandstone No 1 are known to subcrop beneath the Rocky Flats Alluvium
in the 903 Pad Mound and East Trenches areas It 1s beheved that nearly the entire area shown as the
Arapahoe Sandstone No 1 subcrops beneath the Rocky Flats Alluvium Based on the cross sections shown
in Figures 2-6A 2-6B 2 7A,2 7B 2 8A and 2 8B the Arapahoe Sandstone Nos 2, 3 and 4 may subcrop
in localized areas of the hillside to the south and southeast of the 903 Pad Area As a result of the
sigmficant areal extent of subcropping Arapahoe Sandstone No 1 and since sigmficant contamination has
been found 1n this uppermost sandstone mterval all of the Arapahoe Sandstone No 1 1s presumed to be
within the upper HSU
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Therefore the conceptual boundary between the alluvial and bedrock components of the RFI/RI passes
beneath the Arapahoe Sandstone No 1 Figure 1 1 shows the conceptual boundary between the alluvial and
bedrock components of the RFI/RI Although there are areas where the lower sandstone umts may subcrop
beneath colluvium on the valley slopes the areal extent of these subcrops 1s estimated to be relatively small
and the sandstone umits are not considered to be 1n the upper HSU Therefore they will be treated as part
of the bedrock component of the RFI/RI

Hgh resolution seismic reflection profiing (EG&G 1990b Rockwell International 1989g) was conducted
to help refine the working model of the bedrock geology particularly in the Operable Umt 2 area There
are some differences between the geologic model presented 1n this work plan and the high resolution seismic
reflection profiling report mn the estimated thickness and areal extent of the Arapahoe Sandstone No 1

Since the Arapahoe Sandstone No 1 1s considered to be within the upper HSU further characterization of
1t and resolution of differences between the geologic characterization and lugh resolution seismic profiling
results will be part of the alluvial RFI/RI activities

In general the high resolution seismic reflection profilng was not conducted 1n the areas where the
Arapahoe Sandstone Nos 3 and 4 are indicated by the intennm geologic characterization results Therefore
1t was not determined by the seismic work conducted to date whether there may be relatively large and
continuous channel shaped fluvial sequences contamning sandstone within these hithologic intervals as depicted
mn Figures 2 4 and 2 5 or whether the occurrence of fluval channel sequences 1n these mtervals 1s more
localized and discontinuous The high resolution seismic reflection profiling report indicated the presence
of two relatively small areas of relatively thick sandstone containing deposits The areal extents of these
sandstones are shown m Figures 2 4 and 2 5 and the depths and thicknesses indicated by seissmic results are
shown 1n section 1n Figure 2 8A They are indicated to be 50 to 60 feet thick, compared to the 10 to 20 foot
thickness generally indicated for the mtervals described by the draft geologic charactenization However the
interpretation of the seismic data is based to a large extent on estimates of seismic velocities The
mvestigation described mn this work plan includes boreholes and geophysical logging at these locations to help
correlate seismic velocities with ithology The ongoing geologic charactenization by EG&G may nclude
further work to assist 1n refiming these interpretations There appears to be a potential for the sandstones
inferred from the seismic work to correspond to the Arapahoe Sandstone Nos 3 through 5 mtervals

Table 2 1 presents a tabular summary of hthology well screen intervals and the depth of the contact
between the alluvial and bedrock components of the RFI/RI based on wells and boreholes drilled into the
bedrock Data on which this table 1s based are presented in Appendix A, an excerpt from the geologic
characterization report This information, along with the bedrock surface elevations 1n Figure 2 2 and
Arapahoe Sandstone No 1 isopachs shown mn Figure 2 3 was used to develop a contour map of the base
of the upper HSU (Figure 2 9) Note that based on Figure 1 1 the depth to the contact between work plan
components 1s 5 feet lower than the upper HSU bottom surface shown 1n Figure 2 9
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212 Groundwater Hydrology

Unconfined groundwater flow occurs 1n the surficial matenals and in subcropping sandstones In addition
subcropping claystones may be saturated in some locations particularly where weathered and fractured
Confined groundwater flow occurs n the lower sandstone units and possibly in saturated zones of claystone
with sufficient hydraulic conductivity The majority of wells that have been installed 1n weathered claystone
throughout the Plant are in unsaturated zones and are typically dry

2121 Groundwater Flow System in Upper HSU

Recharge /Dischar ondition;

Groundwater 1s present under unconfined conditions 1n the Rocky Flats Alluvium colluvium valley fill
alluvium and subcropping sandstones Recharge to the upper HSU occurs from mfiltration of incident
precipitation and as seepage from ditches, creeks, and ponds The shallow groundwater flow system 1s
dynamic with large water level changes occurring in response to precipitation events and stream and ditch
flow Alluvial water levels are highest during the spring and early summer months of May and June Water
levels generally decline during the second half of the year at which ime some wells go dry The shallow
groundwater flow system supports ephemeral flow in the creeks

Alluvial groundwater discharges from seeps to colluvium in surface water drainages and to subcropping
Arapahoe Sandstone n the 903 Pad Mound and East Trenches areas Seeps occur along the edge of the
pediment (at the alluovium/bedrock contact) and on the hillside slopes Visible seeps on the hillsides may
be due to thinning of colluvial materials There are several seeps downslope to the southeast of the 903 Pad

Surface water stations established at these seeps mn the 903 Pad Lip Area are designated SW 50 SW 51 SW

52 SW 55 SW 57 SW 58 and SW 77 Figure 2 10 shows the locations of these seeps Station SW 50 1s
closest to the 903 Pad and SW 57 and SW 52 are south of SW 50 SW 51 and SW 58 are located 1n a ditch
along the road east of SW 50 Overland flow of seepage from SW 50 SW 52, and SW 57 enter the ditch

Water 1n the ditch passes under the road south of these locations through a culvert The discharge of the
culvert 1s SW 55 SW 77 1s another seep located on the east side of the road just north of SW 55 It 1s
noted therefore that SW 51 SW 58 and SW 55 are physically connected and hkely receive flow from SW 50

SW 52 and SW 57 Farther downgradient stations include seeps at SW 53 SW-62, SW-63 and SW-64 SW

27 SW 30 SW 54 and SW 70 on the South Interceptor Ditch and SW 26 SW 28 and SW 29 on Woman
Creek Ground water 1n valley fill matenals discharges to Woman Creek or South Walnut Creek
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the average hinear velocity of groundwater in Woman Creek valley fill 1s 145 ft/yr (Rockwell International
1987a) Estimates of average linear velocity of the groundwater range from about 10 to 620 ft/yr based on
the range of hydraulic conductivity values (EG&G 1990c)

South Walnut Creek valley fill 1s less conductive than that along Woman Creek, based on hthologic
descriptions and hydraulic conductvity tests of Well 3586 A drawdown recovery test and a slug test have
been performed n Well 3586 The hydraulic conductivity of South Walnut Creek Alluvium calculated from
the drawdown recovery test was 9 x 10° cm/s Results of the slug test indicated a hydraulic conductivity of
1x10% cm/s Assuming a mean conductvity of 9.5 x 10° cm/s an effective porosity of 0 1 and an average
gradient of 002 ft/ft the average lnear velocity of groundwater in South Walnut Creek valley fill 1s
estimated to be about 20 ft/yr (Rockwell International 1987a)

The estimated average linear velocities of groundwater calculated for various surficial matenals assume the
matenals are fully saturated year round However as discussed above portions of the Rocky Flats Alluvium

colluvium and valley fill alluviums are not saturated during the entire year In some areas the shallow
groundwater flow occurs only mne months of the year (generally November through July) Thus 1n such
areas the resultant average hnear velocity of groundwater calculated as a yearly estimate would be reduced
in the shallow alluvial matenals (approximately 65 ft/yr in Rocky Flats Alluvium 110 ft/yr n Woman Creek
valley fill alluvium and 15 ft/yr in South Walnut Creek valley fill alluvium [EG&G 1990c])

2122 Confined Groundwater Flow System(s)

Flow within the lower sandstones 1s believed to generally be from west to east, consistent with the gradual
easterly dip of the bedrock however the geometry of the sandstone umts and the groundwater flow paths
mn the bedrock are not well understood at this ime Also there 1s not sufficient information to estimate
groundwater flow rates in the lower sandstones To estimate flow rates would require knowledge of
hydraulic gradients within the individual sandstone umits and further charactenization of hydraulic conductivity
and effective porosity values 1n the bedrock units

The results of packer tests conducted in the bedrock during the Phase I RI generally indicate low values of
hydraulic conductivity on the order of 1 x 10 to 1 x 10" cm/sec, in both the unweathered sandstones and
claystone Although not supported by the available packer test data, geologic descriptions and particle size
data on the sandstone and claystone appear to mndicate that higher confined groundwater flow rates occur
i the fluvial sequences containing sandstones and siltstones than 1n the claystones Slug tests conducted 1n
wells screened 1n the unconfined Arapahoe Sandstone No 1 indicated higher hydraulic conductivities 1n the
range of 5 x 10° to 1 x 10° cm/sec (Well 0987) (data presented 1n appendices to Rockwell International
1987a)
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Figures 2 12 through 2 20 present well hydrographs for selected wells located near cach other These
hydrographs demonstrate that relatively hugh apparent downward gradients generally occur 1n the Arapahoe
Formation across the site The lowest apparent vertical gradient shown 1n Figures 2 12 through 2 20 was
calculated to be approximately 033 between Well 5986 which 1s screened 1n the Arapahoe Sandstone No
3 and Well 0887 which 1s screened 1n claystone at depths between 84 and 89 feet These two wells are
located m the 881 Hillside area to the west of the southwest corner of Operable Unit 2

The relatively high apparent vertical hydraulic gradient 1n the bedrock indicates that flow which occurs 1n
the unweathered claystone will tend to be predominantly 1n a downward direction Steep downward vertical
gradients are often found in the topographucally elevated portions of groundwater flow systems where the
shallow surface materials are relatively lugh 1n hydraulic conductivity (which typically leads to hugh rates of
mfiltration of precipitation) and the deeper strata are relatively low 1n hydraulic conductivity Based on the
geologic description of the unweathered claystones at ths site 1t 1s currently beheved that the downward flow
of groundwater through the claystones wall be impeded by the low hydraulic conductivity of these deposits
The groundwater flow rates through the claystone are expected to depend primarily on the degree of
weathering or fracturing (1e secondary hydraulic conductivity) rather than on the porosity and permeability
mn the pore spaces between mdividual soil particles (1e primary effective porosity and hydraulic
conductivity)

213 Surface Water Hydrology

2131 South Walnut Creek

The headwaters of South Walnut Creek were filled during construction of Plant facihties The dramage from
the Central Avenue area between the 903 Pad Area and the Mound Area 1s diverted into a large diameter
corrugated metal pipe that discharges nto South Walnut Creek beneath a perimeter access road
embankment outside of the Penmeter Secunity Zone (PSZ)

A second culvert 1s a large diameter concrete culvert that diverts storm flows from the area east of Building
991 within the PSZ to South Walnut Creek This concrete culvert also discharges beneath the perimeter
access road and into the South Walnut Creek dramnage

A third culvert diverts flows from the western part of the PSZ to a pomnt downstream of the two culverts
described above The third culvert terminates near the sewage plant discharge channel in South Walnut
Creek The combined flows, typically less than 10 gallons per mmute (gpm) based on flow data from the
first three quarters of 1989 then enter the South Walnut Creek retention pond system Below the retention
ponds South Walnut Creek joins North Walnut Creek and an unnamed tnbutary within the buffer zone
before flowing mto Great Western Reservorr located approximately one mile cast of this confluence
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The South Walnut Creek retention pond system consists of five ponds (B 1 B 2, B3 B-4 and B 5) that
retam surface water runoff and Plant discharges for momtoring and evaluation before downstream release
of these waters The South Walnut Creek drainage 1s located in Operable Umt 6 which 1s just north of
Operable Umit 2 Ponds B 1 and B 2 are reserved for spill control, surface water runoff or treated samtary
waste of unknown quality and Pond B 3 1s a holding pond for samitary sewage treatment plant effluent In
the past the normal discharge of Pond B 3 was to a spray system located in the vicimty of the East
Trenches The spray system has ceased operating since then Ponds B-4 and B 5 receive surface water
runoff from the central portion of the Plant and occasional discharges from Pond B 3 The surface water
runoff received by Pond B-4 1s collected by the Central Avenue Ditch and upper reaches of South Walnut
Creek Ths includes storm runoff diverted via the two large diameter culverts The discharge of Pond B 5
1s currently released to retention Pond A-4 located in the North Walnut Creek dramnage

2132 Woman Creek

Woman Creek 1s located south of the Plant with headwaters 1n largely undisturbed Rocky Flats Alluvium
Runoff from the southern part of the Plant 1s collected in the South Interceptor Ditch located due north of
the creek and delivered to Pond C 2 Pond C 1 (upstream of C 2) receives stream flow from Woman Creek
The Woman Creek dramage 1s located in Operable Unit Number 5 which 1s just south of Operable Unit
Number 2 The discharge from Pond C 1 1s diverted around Pond C 2 into the Woman Creek channel
downstream Water 1n Pond C 2 was previously discharged to Woman Creek 1n accordance with the Plant
NPDES permit (Discharge Pomt 007) but 1s not currently being discharged Future plans call for a transfer
of water from Pond C 2 to the South Walnut Creek Retention Pond B 5

Flow in Woman Creek and the South Interceptor Ditch 1s intermittent it appears and disappears along
various reaches During the 1986 imtial site characterization, measurable flow occurred at less than one half
of the ten stations located along Woman Creek and the South Interceptor Ditch (Rockwell International
1986e) All recorded flows were less than ten gallons per minute During the 1986 and 1987 nvestigations
there was no surface flow in Woman Creek downstream of Pond C 2 The mntermuttent surface water flow
observed in Woman Creek and the South Interceptor Ditch may indicate groundwater inflow and outflow

22 NATURE AND EXTENT OF CONTAMINATION
221 Introduction

The description of the nature and extent of contamination presented 1 this Subsection 1s based on data
obtamed from the Rocky Flats Environmental Database System (RFEDS) supphied by EG&G Most of the
data were presented 1n the alluvial work plan, however the RFEDS contans some data coliected and/or
vahdated since preparation of the alluvial work plan Background data discussed m Subsection 222 were
taken from the Background Geochemical Charactenization Report for 1989 (EG&G 1990d)

Phase 11 RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
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Currently available vahdated bedrock and bedrock groundwater analytical chemustry data are relatively few
in number and are nsufficient to draw defimtive conclusions concerming the presence or absence of
contamination Vahdated data are identified 1n the data summary tables in Appendix B by a V (validated
and valid) an R (vahdated and rejected) or an A (validated and acceptable with qualifications) J indicates
that data are present but below the detection muit The code B indicates that contamination was detected
in the blank for this sample

Most of the available analytical chemstry data have not been vahdated Data collected prior to 1989 were
collected under less stringent QA /QC protocols than are currently mn place Sufficient documentation 1s not
available to validate the data according to EPA data validation gudelines It 1s therefore not anticipated
that this pre 1989 data will be validated 1n the future More recent data that had not been vahidated at the
tume of work plan preparation are currently being validated or have recently been vabdated and will be
avatlable m the near future

Only a few organic and metal sample results have been vahdated Relatively high levels of several
contaminants have been observed 1n the unvahdated data and occasionally 1n vahdated data Most of the
maximum contaminant levels identified 1n the bedrock are unvahidated and therefore the qualty of these
data 1s unknown The unvaldated data have been included in this work plan and utilized for planning
because without the use of these data, there would be a very hmited basis for making imtial decisions from
a chemical contamination standpoint 1n determimng locations of wells and boreholes Data collected during
the Phase II RFI/RI alluvial and bedrock sampling efforts may provide some mdication of the rehabibity of
the unvalidated data

22.2 Background Characterization

2221 Introduction

To facilitate the interpretation of chemical results obtamed during RFI/RIs a background characterization
program was implemented to define the spatial and temporal vanability of naturally occurring constituents

Field work was conducted in 1989 and a draft Background Geochemical Charactenization Report was
prepared and submitted to the regulatory agencies on December 15 1989 (Rockwell International 1989¢)

The report was recently finalized and a Background Geochemical Charactenzation Report for 1989 was
issued 1n December 1990 (EG&G 1990d) These documents summarize the background data for
groundwater surface water sediments and geologic matenals, and identify statistical boundanes of
background variability based on the available data Spatial vanations in the chemustry of geologic matenals
and water were addressed by sampling locations throughout background areas at the Plant The samphng
well locations were primanly in the Northern and Southern Buffer Zones of the Plant The goal of
evaluating temporal variations i groundwater chemustry has not yet been aclieved because a mmmum of
two years of quarterly data 1s needed Additionally not all parameters were measured for every well in every

Phase I1 RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
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quarter The background report 1s viewed as a hiving document which will continue to evolve as additional
background data are collected Additional background well locations and statistical approaches to evaluating
the data may also be evaluated in the future To date the background geochemical characterization of the
Plant has concentrated on the soil, bedrock and groundwater in the upper HSU However for the purpose
of this work plan information from the Background Geochemical Characterization Report for 1989 (EG&G
1990d) has been used to prehminanly characterize morgamic contamination m Operable Umit 2 bedrock

The boundary of background variability 1n the Background Geochemical Characterization Report for 1989
was quantified through the calculation of statistical tolerance mtervals assuming a normal or log normal
distribution for chemucals that have greater than 50 percent detectable concentrations and a mmmum of four
detectable concentrations If a given constituent s concentration was normally distributed, a normal tolerance
mnterval was calculated Log normal tolerance ntervals were calculated for log normally distributed data
The mimmum and maximum detected values or the upper and lower limits of the tolerance interval for each
analyzed parameter 1n background groundwater surface water sediment and geologic samples are provided
in the Background Geochemical Characterization Report for 1989 Additional statistics provided 1n the
report include the mean, standard dewviation, sample size and percent of samples with detected results
Maximum detected values are provided for each naturally occurring chemical constituent where there were
msufficient data to calculate tolerance mntervals This occurred when there was an msufficient number of
samples or an insufficient number of detectable concentrations for a given chemical constituent A summary
of the upper and lower lmits of the tolerance mnterval or mmmum and maximum detected values
groundwater for metals other morganics and radionuchdes 1s provided for the weathered claystone the
weathered sandstone and the unweathered sandstone in Appendix B Tables B 1A through B 1E Tables
B 2A through B 2D and Tables B 3A through B 3E Background information on the unweathered claystone
1s very hmited since unweathered claystone wells frequently do not produce sufficaent water for samphng
Tables B 4A B-4B and B 4C provide information on well designations and hithologies screened by the wells
A discussion of the statistical methods employed and rationale for their use 1s given n the Background
Chemical Characterization Report for 1989 (EG&G 1990d) A more detaled description of these
procedures 1s provided in EPA/530/SW/89/026 Statistical Analysis of Groundwater Momitoring Data at
RCRA Faciities Interim Final (US EPA 1989f)

The background sampling stations are associated with one of three dramnage basms Rock Creek, Walnut
Creek and Woman Creek The Walnut Creek and Rock Creek drainage basins were combined to create
a North Rocky Flats spatial variable while the Woman Creek dramage basin forms the South Rocky Flats
spatial variable The north south groundwater boundary 1s defined as the hydrologic groundwater divide
between the Walnut and Woman Creek dramnages North and South Rocky Flats are similar in groundwater
geochemustry for all analytes except chloride For thus reason, chlonide results are presented separately for
North and South Rocky Flats while all other constituents are presented with North and South Rocky Flats
data combined

Phase II RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
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2222 Organics

Background samples were not analyzed for EPA Contract Laboratory Program (CLP) Target Compound
List (TCL) orgamcs because organics are assumed not to be present mn background areas Validated results
of a sample analysis that are above the method detection imit will be considered to represent potential
contammation and additional data wall be collected at that location (1e resamphing) to evaluate whether
the groundwater 1s actually contaminated at that location or if the analysis results may contain lab errors or
artifacts

2223 Inorgamcs

To assess the presence of imnorganic contamination 1n Operable Unit 2, site specific chemical data will be
compared to the background tolerance intervals determined by the ongoing background geochemical
characterization This mnformation wall gwmde borehole and momtoring well placement plans Since the 95
percent confidence level 1s being utibzed, 1t can be expected that approximately 5 percent of the time
constituent concentrations will be found to exceed the upper tolerance level even when contamination 1s not
present Therefore resampling will be necessary to confirm the presence of contamination when the upper
tolerance level 1s exceeded

Available background information on the weathered claystone weathered sandstone and unweathered
sandstone 1s provided for inorgamcs in Tables B 1A, B 2A, and B 3A (metals) and B 1B B 1C B 1D B 2B

B 2C B 3B B3C and B 3D (non metallic mnorganics) The background data generally mndicate that
uncontaminated groundwater within the deeper confined (lower HSU) sandstones can be distinguished from
that 1n the unconfined (upper HSU) sandstones and alluvium by the presence of higher concentrations of
sodium and potassium and to a lesser extent sulfate and chloride in water within the lower HSU
sandstones Comparison of concentrations in the Operable Umt 2 groundwater with ARARSs 15 presented
m Section 30

222 4 Radionuchdes

Radionuchdes are analyzed by counting sub atomic particle emissions Since the counting of radioactive
disintegration 1s a process that may be evaluated statistically using a probability distnbution, results are
reported as a measured value with an associated two standard deviation propagated counting error term
mndicated 1n parentheses immediately following the measured value For the purposes of this plan, the
boundaries of the background range for radionuchdes 1s based on the tolerance interval values presented
m the Background Geochemical Characterization Report for 1989 and contained 1n Tables B 1E, B 2D and
B 3E However 1t should be noted that the computation of tolerance mtervals for radionuchdes did not
account for the error term associated with each analysis value reported It 1s noted that the upper hmats of
the tolerance wntervals are sumilar in magnitude to the maximum concentrations observed for the background

Phase 11 RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
22578E/R22 06-26-91/RPT/2 Page 2-38



data set For discussions on radiochemical counting statistics and the handling of mimmum detectable
activities and zero and negative values, the reader 1s referred to Gilbert and Kinmison (1981) Kanipe (1977)
and National Council on Radiation Protection and Measurements (NCRP) Report No 58 (1978)

223 Groundwater

The 903 Pad, Mound, and East Trenches areas located on the east side of the Rocky Flats Plant security
area, were selected for mvestigation because of therr suspected relationship to groundwater contamination
Based on existing results CCl, PCE and TCE are the pnimary volatile organic contammants found 1n the
upper HSU at these areas Trace elements occasionally exceeding background levels in the upper HSU
mclude barium copper mckel, manganese and zinc Also major amions and total dissolved solids are
elevated above background in the upper HSU throughout and downgradient of the 903 Pad, Mound, and
East Trenches areas Radionuchde levels are generally within the tolerance hmuts for the background
groundwater data but a few samples mndicate mmmum detectable amounts of plutonium and americium
n the vicimty of the 903 Pad and possibly north of the Mound

There are 20 existing wells 1n the 903 Pad, Mound, and East Trenches areas that are screened entirely with
depth intervals believed to represent the lower (bedrock) HSU(s) (1e below the conceptual boundary shown
m Figure 1 1) Analytical data are available for twelve of these wells Of these twelve lower HSU wells wath
analytical data one of them Well 1487BR may be more representative of upper HSU groundwater
chemistry since 1t 1s screened in weathered, subcropping Arapahoe Sandstone No § at relatively shallow
depth  Similarly Wells 1287BR and 6286 are screened entirely in bedrock but are probably more
representative of groundwater chemstry of the upper HSU than of the lower HSU They are both relatively
shallow and have the tops of their screens 15 to 3 feet below the bedrock surface These two wells are
considered to be upper HSU wells since they are not entirely screened more than 5 feet into the bedrock

Samples collected from lower HSU wells contan various concentrations of organic, inorganic and radioactive
constituents The screened intervals for these wells range from relatively shallow (Well 1487BR 19 24 feet)
to relatively deep (Well 2887 BR 187 197 feet) Although the currently available bedrock groundwater data
are mited, it generally appears that contamination 1n the deeper zones of bedrock are m the same general
areas as the maxxmum contaminant concentrations 1n the upper HSU (1¢ the area east of the 903 Pad, the
area southeast and east of the Mound Area, and the East Trenches Area)

Areas where concentrations of contaminants 1n the upper HSU were relatively low or not present also
tended to have lower or non detectable levels of contaminants 1n the lower HSU Figures 2 21 through 2 23
show plumes 1dentified by the Phase I RI for the primary organic contaminants 1n the upper HSU
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2231 QOrgamc Compoynds

The primary contaminants dentified n the upper HSU [the volatile orgamic species carbon tetrachloride
(CCl,) tetrachloroethylene (PCE) and trichloroethylene (TCE)] are relatively mobile and, therefore more
likely to mugrate mto the lower HSU(s) than many inorgamic compounds Therefore volatile orgamc
contaminants are beleved to have a greater potential to be present m the lower HSU(s) than morganic
contaminants

Most of the vahdated groundwater analytical results for detected volatile orgamic compounds 1n the lower
HSU(s) are below or only shghtly hugher than the reporting mits required by the EPA Contract Laboratory
Program In many cases the detected organic compounds are also common laboratory contaminants that
appeared 1 the laboratory method blanks However ligher levels of several organic contammants such
as trichloroethane (TCA) and TCE have been 1dentified 1n the unvahidated results (Table B 5)

Samples collected from Well 3687BR which 1s screened 1n the Arapahoe Sandstone No 1 and located
northeast of THSS 1111 contamned 11 dichloroethylene (11 DCE) 1,2 dichlorocthylene (12 DCE)
2 hexanone 11 trichloroethane and toluene 11 DCE was also reported in Well 1587 and 12 DCE was
reported on one occasion in Well 2587BR  Only four wells screened in depth intervals believed to represent
the lower HSU(s) were found to contan volatile organic compounds These results are unvahdated PCE
was found in wells 1887BR and 2087BR both of which are screened m lower sandstones The
concentrations were 16 ug/l in Well 1887BR screened in the Arapahoe Formation Sandstone No 4 and
as high as 140 pg/l in well 2087BR screened in the Arapahoe Formation Sandstone No 3 These two wells
are located 1n the eastern portion of the Mound Area Less than 10 ug/l of methylene chlonde was
measured 1n Well 3487BR  and 18 ug/1 of TCE was measured in well 4086 Both of these wells are screened
in unweathered claystone 1n the east portion of the East Trenches Area

Well 1487BR 1s considered a lower HSU well by the critenia used to disungwish the upper from the lower
HSU 1n this work plan However as discussed above 1n Subsection 223 analytical chemistry results from
this well may not be representative of the lower HSU groundwater chemustry since it 1s screened m
weathered subcropping sandstone at relatively shallow depth (19 to 24 feet) This well may be hydrologically
connected to the upper HSU
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Carbon Tetrachloride

Based on unvalidated data, carbon tetrachlonde (CCl,) was found as a dissolved constituent 1n groundwater
from four wells n the upper HSU 1587 1287BR 2587BR and 3687BR (Table B 5) The dissolved
contaminant plume in the upper HSU was defined in the Phase II Alluvial Work Plan and 1s shown in
Figure 2 21 The highest values found i the upper HSU were mn 1587 (4305 pug/1) and 3687BR (3673 ug/1)
Both are located to the east of the 903 Pad Area Wells 2587BR and 3687BR are screened at deeper
mtervals i the upper HSU (18 to 44 feet and 19 to 63 feet respectively) mn the Arapahoe Formation
Sandstone No 1

With the exception of Well 1487BR which may be hydrologically connected to the upper HSU CCl, was
generally not found 1n lower HSU wells However an estimated value of 1 ppb was recorded for bedrock
Well 2387BR located at the south central portion of the Mound Area, 1n August 1989 This value 1s well
below the method detection hmit and 1s an isolated incident that when validated may receive additional
quabfiers or may result in a different interpretation as to its significance

Tetrachloroethylene (PCE)

The Phase I RI indicates the Mound Area appears to be a source of PCE contamination (Figure 2 22) A
plume of PCE 1n the upper HSU with maximum concentrations greater than 100 ug/!l extends east and
northeast from the Mound Area to Well 3687

PCE was detected in Well 2387BR during the first (3 ug/1(J)) and thurd (1 pg/l(J)) quarters of 1989
although the concentrations were considerably lower than 1n wells toward the east end of the Mound Area
The detected values are below the method detection hmut for PCE and should be considered suspect since
the results are unvahdated This well 1s screened in Arapahoe Formation Sandstone No 1

PCE (140 pg/l) was also noted i Well 2087BR which 1s located at the east end of IHSS 113 and in well
1887BR (16 ug/l) located at the southeast corner of Mound Area The screened depth interval for Well
2087BR 1s from 107 to 116 feet which 1s 1n the Arapahoe Formation Sandstone No 3 and the screened
depth interval for Well 1887BR 1s from 127 to 134 feet, which 1s in the Arapahoe Formation Sandstone
No 4 Ths finding may suggest that some vertical migration has occurred, or that the well annulus 1s not
well sealed Alternatively 1t could ndicate lateral migration of contamnation from an upgradient source
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Trichloroethylene (TCE)

The distribution of TCE shown 1n the alluvial work plan (Figure 2 23) indicates concentrations ranging up
to 200 000 ug/1 (Table B 5) in wells screened mn the upper HSU Sigmificant concentrations of TCE were
measured 1n upper HSU Wells 1587 1287BR 2587BR and 3687BR with 3687BR having concentrations of
49000 12000 and 18000 ug/l over the first third, and fourth quarter sampling events of 1989 respectively

In the lower HSU(s) 1solated occurrences of TCE have been documented mn 4086 BR and 3487BR both
screened at depths of approximately 100 feet in unweathered claystone (18 ug/l and 3ug/l (J) 1ug/1 (3)

respectively) However 1t should be noted that these values are near or below the method detection humat
and the results are unvahdated Vahdation of these results could result in quabfication of the data as non

detects As with CCl, TCE has been detected in Well 1487BR which may by hydrologically connected to
the upper HSU

her Volatil

Other volatile organic contaminants reported 1n groundwater samples from the deeper bedrock were toluene
chloroform acetone methylene chloride and carbon disulfide Toluene was found 1n Wells 4086 3487BR
1887BR and 4587BR All values were low and were found 1n the blanks as well The highest value 5 ug/1
(B,A) was from Well 1887BR (Table B 5) Chloroform acetone and methylene chlonde were present n
many of the wells All three of these compounds are common laboratory contaminants and many of the
reported values were near or below the analytical detection hmits and many of the laboratory blanks also
contained these compounds Carbon disulfide was detected only in Well 4587BR Vahdation of these data
may well result in qualification of most of these values as non detects Vahdation of existing data and
additional samphing are necded to resolve whether or not these compounds are present in the bedrock
None of the other organic contaminants reported in the upper HSU were detected 1n the deeper bedrock

2232 Radionuclides

The radionuchde data were found not to have been validated and, therefore should be used only to gwde
the placement of additional sampling locations The interpretation of the radionuclide results was conducted
1n the same manner as they were 1n the Phase II Alluvial Work Plan In general, data from the mine lower

HSU wells with data indicate radionuchdes do not exceed reported background levels however data are not
sufficient to draw firm conclusions about the presence or absence of radionuchde contamination 1n the
bedrock groundwater In a few cases where background levels appear to be exceeded, the error terms
associated with the reported values are near the reported values and 1t 1s therefore uncertain whether or not
background levels were actually exceeded
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Results from Well 2387BR were the most elevated for plutonium 239 240 (0 07+0 05 pCi/I) and from Well
2287BR for americium 241 (0 1140 08 pCi/l) (Table 2 7) These are bedrock wells however the top of the
screen m Well 6286 1s only 3 feet below the bedrock surface Strontium 89 and 90 were detected in Wells
4587 BR (06040.52 pC1/I) and 6286 (30104 pCi/l) Radium was also detected m 4587 BR during the
second quarter of 1989 Radium was not detected in previous or subsequent samples Cesium 137 was
reported 1n only six of the samples from lower HSU wells with the hughest level being 0.3 +0.5 pCi/l (Well
6286) The values for plutomum 239 and 240 and cesium 137 have error terms greater than the analytical
value and should be considered as not exceeding background The error terms for the other radionuchdes
histed above are also nearly as large as the reported concentrations therefore, the sigmificance of those
reported concentrations 1s also questionable

Well 4587BR located southwest of the 903 Pad Area, consistently had gross beta values above background
(Table B 6) with the highest being 113+13pCi/l Thus well 1s screened at depths of 90-101 feet 1n the
Arapahoe Formation Sandstone No 5 Wells 1887BR and 2087BR n the vicimty of the Mound Area each
had a single gross beta value above background

Values above background were found 1n Well 1287BR for uranium 238 These values ranged from 18 9+3 1
pCi/l to 2842 pCi/l The screen nterval for this well 1s at depths 5 11 feet 1n weathered claystone with
the top of the screen only 15 feet below the bedrock surface

To summarize the extent of radionuclides 1n the bedrock 1s not well defined However elevated gross beta
values appear to occur in Well 4587BR which 1s screened in the Arapahoe Sandstone Formation No 5
Whule there 1s no firm evadence of radionuchde contamination 1n the bedrock, the available data are hmited
and the data are unvahdated For these reasons, it cannot be concluded whether or not bedrock
radionuchde contamination exists at the present time The presence or absence of radionuchde
contamination will be evaluated during this Phase II RFI/RI

2233 Metals

The majonity of the dissolved mnorganic elements data (Tables 2-8A, B and C) that had been validated were
at or near the detection hmits Unvahidated data indicate metal concentrations exceeding background levels
mn the upper HSU 1n Operable Umt 2 include barijum copper mickel, manganese and zinc

Within Operable Umt 2, the wells with the highest concentrations of dissolved morgamc elements were 1n
the 903 Pad Area Siver antimony arsemic, bartum mercury cadmium selemum berylhum lead, and
chromium were at theirr maximum values (see Tables B 7A, B 7B and B 7C) 1n wells associated with the
903 Pad however available data are not sufficient to confirm the presence or absence of contamination
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In general, elevated metal concentrations were not detected n bedrock wells however available data are
not sufficient to confirm the presence or absence of contammation Well 6286BR which 1s screened at
depths 25 to 35 feet in the Arapahoe Formation Sandstone No 3 had the hughest values for mercury
cadmum and selemum 00008 mg/l, 0009 mg/l, and 0 0710 mg/l, respectively However the top of the
screen 1n this well 1s only 3 feet below the bedrock surface and may therefore be hydraulically connected
to the upper HSU All values were unvalidated except for two selemum values, 00616 mg/l and 0 0565
mg/L which have been validated (Table B 7C)

Within Operable Umt 2, samples from wells 1n the East Trenches Area had the highest reported values for
won hthwum molybdenum and manganese

2234 Major Ions

Data (Table B 8) indicate that the lower sandstones have higher concentrations of sulfates chloride and TDS
than were found in groundwater i the upper HSU The data from the momtonng wells screened in the
bedrock 1n Operable Unit 2 generally show the reverse of this trend Major 1ons tend to be more elevated
m shallow wells than 1n decper wells The sigmificance of this trend will be more fully explored during thus
Phase II RFI/RI

224 Bedrock

Analytical chemustry testing was conducted on samples of the bedrock collected during the Phase IRl Data
reported here are from boreholes dnlled nto the bedrock with samples collected at or below the
alluvial /bedrock interface Borehole summary mformation 1s shown 1n Table 2 1

The majority of metal concentrations 1 bedrock samples were below either the reported background
(Rockwell International 1989¢) for those formations or at the analytical method detection hmuts A single
sample from BH2587 contained 20 mg/kg arsemc above the background level of 15 mg/kg No radionuchde
values reported for these samples were above the background levels However there 1s not adequate
information from existing soil data to determine if the deeper bedrock 1s contaminated with metals or
radionuchdes

The only boreholes with volatile orgamc compounds reported at or below the alluvial /bedrock mnterface were
BH 2587 BH3187 and BH5087 (Table B 9) The BH2587 sample collected at the 19 7 20.5 foot interval
contained toluene methylene chlonde acetone TCE, PCE 2 butanone and 111 trichloroethane (TCA)
The depths above the 19 7 20.5 ft interval also showed higher concentration of these compounds as well as
ethyl benzene 4-methyl 2 pentanone xylene and chloroform The alluvium/bedrock contact was at depth
14 8 feet 1n this borehole BH3187 at the 15 7 foot to 22 9 foot depth contained methylene chlonde acetone
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and 12 dichloropropenc while BH5087 at the 17 to 18.5 foot depth contamned acetone and 12
dichloropropene

Low levels of methylene chlonide acetone and chloroform were found in numerous samples from many
boreholes However these compounds are common laboratory contamnants These compounds are also
frequently found n laboratory blanks

Semu volatile organic compounds were observed m a number of boreholes (Table B 10) While most
phthalate compounds are laboratory contaminants, one borehole (BH 3387) had a vahdated concentration
of 240 ppb which 1s hugh for laboratory contamination This borehole 1s located near the Mound O1l Burn
Pit and trench T 1 sites

There 1s not adequate information from existing soil data to determine if the deeper bedrock 1s contammated
with organic compounds

23 CONCEPTUAL MODEL

A site conceptual model was developed to illustrate how contammnation may be dispersed to the environment
via potential pathways identified in the Phase I RI report and during Phase I1 RFI/RI planming The
conceptual model 1s shown graphically in Figure 2 24 The mterrelationships between the upper and lower
hydrostratigraphic units (HSUs) and between Operable Umit 2 and adjacent operable umits are depicted in
this figure

This conceptual model was used to assist 1n 1dentifying sampling needs and will be further used for the
baseline nsk assessment Additional data will be obtamned to refine risk assessment calculations and to
conduct the Feasibility Study (FS)

231 Bedrock Contamination Sources

Potential sources of contamination i bedrock have been divided into 3 general categories (1) plumes of
dissolved (aqueous phase) contaminants in the upper HSU (2) pools or pockets of non aqueous phase hquid
contammants near the bottom of the upper HSU and (3) umdentified off site sources located
topographically and/or hydraulically upgradient of the site

At present the pnmary contaminants identified 1n the bedrock are aqueous phase trichloroethylene (TCE)
and tetrachloroethylene (PCE) Plumes of these volatile orgamic contaminants and carbon tetrachlonde
(CCl,) dissolved in groundwater were identified 1n the upper HSU during the Phase I RI Other volatile
and semuvolatile organics and morganics have also been identified in the upper HSU but, for the most part
have not been identified in the bedrock The three primary volatile organic contaminants are all able to exist
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as dense non aqueous phase liquds at concentrations above their concentration of saturation 1n water In
the unhkely event they are present on site pools of dense non aqueous phase hiquds could accumulate 1n
depressions at the bottom of the upper HSU However of the many momtoring wells and boreholes that
have been drilled at Rocky Flats there have never been reports of non aqueous phase hquids found 1n wells

It 1s not known if there are potential sources of bedrock contamination that are located upgradient of
Operable Umt 2 The bedrock beneath Operable Unit 1 (881 Hillside) has not been characterized
sufficiently to determine whether or not it 1s a potential source of contamination that may contribute to the
bedrock system 1n Operable Unit 2

23.2 Release Mechamisms

There 1s a potential for contaminants 1n the upper HSU to have impacted the bedrock system There are
six pre 1986 monitoring wells that have been 1dentified 1n Operable Umit 2 These wells (Well Nos 171 271
174 374 774 and 2274) were constructed 1n 1971 and 1974 Design details of these wells are not available
other than estimates of total depth The first five of these six wells range from approximately 24 to 50 feet
i depth However Well 2274 1s 162 feet deep and may penctrate lower sandstone layers These wells
represent potential release mechamsms from the upper HSU to lower HSU(s) either by long screened
intervals or meffective seals

Contamimated groundwater 1n the upper HSU may also potentially enter lower sandstones where they
subcrop beneath the colluvium on the valley side slopes (see Figure 2 24) This may be the situation at Well
1487BR Another potential mechamsm of release into bedrock 1s by percolation through fractures in the
weathered and unweathered claystone bedrock downward to a lower sandstone layer if such fractures exist
Thus release mechamism 1s judged to have a low probability at this time as a result of the low hydraulic
conductivity values reported 1n the unweathered claystone units

233 Potential Exposure Pathways

The primary potential pathways for migration of contaminants through groundwater flow 1n bedrock to
potential receptors are by seepage to surface waters, pumping from water supply wells that tap the affected
groundwater downgradient of the site and contamnation of surface water by the interaction of surface water
and groundwater Secondary potential exposure pathways may occur through wind dispersal of contaminated
dust or soil gas resulting from the seepage of contaminated groundwater and subsequent drying at outcrop
areas
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234 Receptors

There may be dufferent potential receptor populations exposed wvia each of the potential exposure pathways
described above For each pathway there are three potential intake routes ingestion, mnhalation, and dermal
contact Potential receptors of groundwater contamination are human Biota may be present at
downgradient or downwind of seep locations

23.5 Summary

The elements of the site conceptual model described above are shown 1n Figure 2-24 Thus figure depicts
the potential sources of contamination mechamsms of contaminant release exposure pathways and primary
receptors The model as pictured 1s based on an evaluation of available Phase I RFI/RI data and postulated
exposure pathways not yet proven As additional information 1s obtamed, the overall model and speafic
portions of the model (for example the confined groundwater flow regime) may be refined or expanded to
address risk assessment 1ssues

The Baseline Risk Assessment for both upper and lower HSUs will be combined for the RI Report The
Phase II RFI/RI Alluvial Work Plan describes how thus 1s to be done
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30
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Thus section provides a prehminary identification of chemical speafic applicable or relevant and appropnate
requirements (ARARs) for groundwater m the lower (confined) HSU(s) at Operable Umit 2 so that
appropnate analytical detection hmits are used during the RFI/RI Identification of detection hmuts 1s
necessary to allow evaluation of comphance with ARARs in the CMS/FS Report As described 1
Subsection 32 evaluation and establishment of location specific ARARs are part of the RI process and wll
be addressed mn the RFI/RI Report Final chemical speaific ARAR determmations will also be addressed
m the RFI/RI Report Identification of action specific ARARs and remediation goals 1s part of the
feasibihity study process and will be addressed 1n the CMS/FS Report

31 THE ARAR BASIS

The basis for ARARSs 1s cited 1n Section 121(d) of CERCLA as amended by the Superfund Amendments
and Reauthorization Act of 1986 (SARA) which requires that Fund financed, enforcement and federal
facility remedial actions comply with applhicable or relevant and appropriate federal laws or promulgated state
laws whichever 1s more stringent For the purposes of 1dentification and notification of promulgated state
standards the term promulgated means that the standards are of general applicability and are legally
enforceable (National Contingency Plan [NCP] 40 CFR 300 400(g)(4))

Health based chemical specific ARARs pertinent to ground water quality have been identified for the EPA
Contract Laboratory Program (CLP) Target Compound List (TCL) organic and Target Analyte List (TAL)
morganic compounds as well as radionuclides and conventional pollutants that were detected The chemacal
specific ARARs are denived pnmanly from federal and state health and environmental statutes and
regulations As discussed below in some nstances these standards are classified as items to be considered
(TBC) A summary of chemical specific ARARs for the contaminants found at the 903 Pad, Mound and
East Trenches areas 1s presented m Table 3 1

The parameters for which proposed ARARs are 1dentified are compiled from maxumum concentrations
above detection limits in bedrock groundwater wells within Operable Unit 2 However the same apphcation
of ARARs pertain to both the upper and lower hydrostratigraphic umts (alluvial and bedrock groundwater)
due to the potential cross connection of the two umts A common hst of parameters will be analyzed for
both hydrostratigraphic umts (see Section 80 Field Samphng Plan)

Chemical specific ARARs do not currently exist for sois As the remedial mvestigation proceeds
mformation will become available from the nisk assessment which will allow a determnation of acceptable
contammant concentrations 1n soils to ensure environmental protectiveness
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ARARs addressing contaminants m air will be included in the CMS/FS Report In general federal and
state standards for air exist only as source or activity specific requirements and accordingly will be
addressed 1n detail during the FS process

3.2 THE ARAR PROCESS
321 ARARs

Applicable requirements as defined in 40 CFR 300.5 are those cleanup standards standards of control
and other substantive requirements criteria, or imitations promulgated under federal environmental or state
environmental or facility siting laws that specifically address a hazardous substance pollutant contaminant
remedial action location or other circumstance found at a CERCLA site  Only those state standards that
are 1dentified by a state 1n a imely manner and that are more stringent than federal requirements may be
apphcable  Relevant and appropriate requirements also defined in 40 CFR 3005 are those cleanup
standards standards of control, and other substantive requirements criteria or hmitations promulgated
under federal environmental or state environmental or facility siting laws that while not applicable to a
hazardous substance pollutant contaminant remedial action, location, or other circumstance at a CERCLA
site address problems or situations sufficiently similar to those encountered at the CERCLA site that their
use 1s well suited to the particular site Only those state standards that are identified 1n a timely manner
and are more stringent than federal requirements may be relevant and appropriate  The most stringent
promulgated standards are apphed as ARAR (Preamble to NCP 55 FR 8741)

322 TBCs

In addition to apphlicable or relevant and appropnate requirements advisonies criteria or guidance may be
identified to be considered (TBC) for a particular release As defined 1n 40 CFR 300 400(g)(3) the TBC
category consists of advisories criteria, or guidance developed by EPA, other federal agencies or states that

may be useful in developing remedies Use of TBCs 1s discretionary rather than mandatory as 1s the case
with applicable or relevant and appropnate requuirements

323 ARAR Categories

In general there are three categonies of ARARs These categones are

1 Ambient or chemical speafic requirements

2 Location speaific requirements

3 Performance design, or other action specific requirements
Phase II RF1/R1 Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
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ARARs are generally considered to be dynamic in nature n that they evolve from general to very specific
m the CERCLA site cleanup process Imtially during the RI work plan stage probable chemical specific
ARARs may be 1dentified, usually based on a hmited amount of data Chemical specific ARARs at this
pomnt have meamng only in that they may be used to ensure appropnate detection hmuts have been
established so that data collected 1n the RI will be amenable for comparnison to ARAR standards It 1s also
appropriate to identify location speaific ARARSs early in the RI process so that information may be gathered
to determune if restrictions may be placed on the concentration of hazardous substances or on the conduct
of an activity solely because 1t occurs 1 a special location As discussed 1n the introductory paragraph to
this section (30) detailed location specific ARARs will be proposed in the RFI/RI Report Identification
of action specific ARARs and remediation goals 1s part of the Feasibility Study process and will be addressed
mn the CMS/FS Report For the proper management of mnvestigation derived wastes, as required 1n the IAG

Attachment 2 Statement of Work, Section IV DOE has developed SOPs for field investigation activities

All waste generated by the various nvestigations conducted at RFP will follow the SOPs The SOPs satisfy
the IAG requirement to comply with ARARSs as they relate to mvestigation activities This approach 1s
consistent with EPA policy as provided 1n the Draft Gwde to Management of Investigation Derived Waste

(US EPA 1991b)

Chemucal speaific ARARs do not currently exist for sols As the remedial investigation proceeds
information will become available from the nisk assessment which will allow a determination of acceptable
contaminant concentrations n soils to ensure environmental protectiveness

3.2 4 Feasibility Study ARAR Requirements

Development of a prelmmary hst of potential chemical specific ARARSs 1n the RI process also allows the
estabishment of a list of prehiminary remediation goals 1n the early FS process which 1s essentially a
tentative histing of contaminants together with mtially anticipated cleanup concentrations or nisk levels for
each medium Prelminary remediation goals serve to focus the development of alternatives on remedial
technologies that can achieve the remediation goals, thereby hmiting the number of alternatives to be
considered m the detaled remedial alternative analysis conducted later i the FS process As more
information becomes available during the RI stage chemical specific ARARS may become more refined as
constituents are added or deleted, which 1s often the case when the RI takes place mn numerous phases
Once data collection 1s complete revised chemical specific ARAR selection may be proposed

When the data collection 1s complete 1t 1s also appropnate to refine location specific ARARs which may
affect the development of remedial alternatives During development of remedial action alternatives at the
beginning of the FS process, a prehminary consideration of action specific ARARs will be conducted As
remedial alternatives are screened during the FS action specific ARARs will be :dentificd  When a detailed
analysis of the remedsal alternatives 1s conducted all action specific ARARs are refined and finalized with

Phase I1 RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
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respect to each alternative before a comparison of alternatives begins At this point a discusston 1s provided
mn the FS report for each remedial alternative regarding the rationale for all ARAR determinations

33 REMEDIAL ACTION

CERCLA §121 speafically requires attainment of all ARARs Moreover as explamned 1 the preamble to
the National Contingency Plan (55 CFR 8741) 1n order to attain all ARARs a remedial action must comply
with the most stringent requirement, which then ensures attainment of all other ARARs Furthermore

CERCLA requires that the remedies selected attam ARARs and be protective of human health and the
environment Consequently prelminary remediation goals based on ARARs will require modification as
new mformation and data are collected in the RI including the baselne nisk assessment (to be conducted)

when ARARs are not available or are determined to be mnadequate for protection of human health and the
environment

331 Remediation Goals

Development of remediation goals 1s actually a portion of the overall development of remedial action
objectives which ultimately will define the required endpoint of the selected remedial acion  As stated 1n
the preamble to the NCP (55 FR 8713) remedsal action objectives are the more general description of what
the remedial action will accomplish Remediation goals are a subset of remedial action objectives and
consist of medium specific or operable umit specific chemical concentrations that are protective of human
health and the environment and serve as goals for the remedial action The remedial action objectives
should speafy (1) the contaminants of concern, (2) exposure routes and receptors, and (3) an acceptable
contaminant level or range of levels for each exposure medium (1e a prehminary remediation goals)
According to 40 CFR 300430 (¢)(2)(1) Remediation goals shall establish acceptable exposure levels that
are protective of human health and the environment and shall be developed by considenng the following

(A) ARARs (chemical specific) and

@ Acceptable exposure levels for systemic toxicants,

2) Acceptable exposure levels for known or suspected carcinogens,
3) Technical hmitations (e g. detection hmats)

4) Uncertainty factors and

) Other pertinent information

(B) Maxmum Contaminant Levels (MCLs)

© Acceptable exposure levels where multiple contaminants or multiple exposure pathways will
cause exposure at ARAR levels will result in cumulative nisk i excess of 10

Phase 11 RF1/RI Work Plan (Bedrock) 903 Pad, Mound and East Trenches Arcas Final
Rocky Flats Plant Golden Colorado June 21 1991
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(D) Clean Water Act (CWA) Water Quality Criteria, where relevant and appropniate

(E) A CERCLA Alternative Concentration Limit (ACL) established pursuant to CERCLA §
121(d)(2)(B)(u)

F Environmental evaluations performed to assess speaific threats to the environment

Once a remedial action alternative 1s formally selected, all chemical location and action specific ARARs
have also been defined 1n final form If 1t 1s found that the most suitable remedial alternative does not meet
an ARAR the NCP at 40 CFR 300430 (f)(1)(u)(C) prowides for wawvers of ARARs under certamn
carcumstances such as techmcal impracticability risk, or mnconsistent apphcation of state requirements
From this pomnt the alternative will become the final remedy as 1t 1s mcorporated wto the Record of
Decision (ROD) Once the final ROD has been signed, requirements may be modified only when they are
determined to be applicable or relevant and appropnate and necessary to ensure that the remedy 1s
protective of human health and the environment (40 CFR 300 430(f)(1)(u))

34 OPERABLE UNIT 2 BEDROCK GROUNDWATER ARARs

The ARARs for bedrock groundwater lhisted in Table 3-1 were developed using the ARARs rationale
described above and were 1dentified by examining the following promulgated standards

. Safe Drinking Water Act (SDWA) MCLs
RCRA Subpart F concentration hmits (40 CFR 264 94)

341 Safe Drinking Water Act MCLs

The NCP [55 FR 8848 40 CFR 300430 (c)] requres that m development of alternatives for final
remediation the following be considered for current or potential sources of drinking water attamnment of
MCLs and attainment of Clean Water Act (CWA) Ambient Water Quality Criteria (AWQC) where relevant
and appropniate Because groundwater at Operable Umit 2 1s a potential source of drinking water the MCLs
should be attained The AWQC are not ARARSs and are not considered with respect to groundwater since
they are intended for the protection of surface water relative to fish ingestion and drinking water or only fish
mgestion Therefore 1t 1s mappropnate to apply such critena to groundwater

Phase II RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
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34.2 RCRA Groundwater Protection Standards

Owners or operators of faciities that treat store or dispose of hazardous waste must ensure that hazardous
constituents histed m 6 CCR (Colorado Code of Regulations) 1007 3 and 40 CFR 261 Appendix VIII
entering the groundwater from a regulated unit do not exceed concentration limts (6 CCR 1007 3 and 40
CFR 26494) at the pont of comphance i the uppermost aquifer The concentration limits include
standards for 14 compounds (these standards are equivalent to SDWA MCLs and are 1dentified at 40 CFR
26494 Table 1) with background or alternate concentration hmits (ACLs) used as the standard for the
other RCRA Appendix VIII (40 CFR Part 261) constituents or Appendix IX (40 CFR Part 264) constituents
(TBC background groundwater values for RCRA Subpart F are applied using maximum concentrations from
background groundwater in both the alluvial and bedrock units at RFP) These concentration hmits apply
to RCRA regulated umits subject to permitting/closure (landfills surface impoundments waste piles and
land treatment umts) that received RCRA hazardous waste after July 26 1982 As a result these RCRA
Subpart F (40 CFR Part 264) regulations are considered relevant and appropnate for groundwater
remediation

343 RCRA Alternate Concentration Limits

As discussed above RCRA (40 CFR Part 264) Subpart F requires that corrective actions be taken if
hazardous constituents are found to exist at the point of comphance 1n excess of the established constituent
concentrations Although these constituent concentrations are specifically comprised of RCRA Subpart F

Table 1 constituents Appendix VIII (40 CFR Part 261) or Appendix IX (40 CFR Part 264) constituent
background values Subpart F does provide a mechamsm for vanances from these standards According to
40 CFR 264 94(b) an ACL may be establhished for a hazardous constituent if 1t 1s determined that attainment
of a RCRA Subpart F Table 1 constituent standard or background standard 1s not necessary to ensure
adequate protection of human health and the environment Furthermore EPA has stated that for potential
drinking water sources the Agency’s preference 1s to set remediation levels that are the equivalent of health

based ACLs under RCRA (55 FR 8666) Therefore it 1s mappropnate to estabhish background as an
ARAR unless 1t may be determined through risk assessment that attainment of background 1s necessary for
adequate protection of human health and the environment Accordingly hazardous constituent background
values will be applied as TBC until such time as risk assessment information indicates some other alternative
standard 1s necessary to ensure protectiveness Alternatively when a standard hsted in 40 CFR 264 94
Table 1 has been established for a constituent the Table 1 standard 1s considered to be relevant and
appropniate Table 3-1 however will identify SDWA MCLs rather than RCRA 40 CFR 264 94 Table 1
standards since the RCRA Table 1 standards are only a subset of all the SDWA MCLs

Phase II RFI/RI Work Plan (Bedrock) 903 Pad Mo nd and East Trenches Areas Final
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344 Colorado Water Quality Control Commission Groundwater Standards

The Colorado Water Quality Control Commission (WQCC) state wide groundwater standards are apphed
as TBC since they are not yet enforceable Smmilarly since groundwater at Rocky Flats Plant has not been
classified, the use specific standards in Tables 1-4 of the WQCC Basic Standards for Groundwater at 3110
(5 CCR 1002 8) will also be apphied as TBC where ARARs are not available

Of the elements/compounds detected in groundwater at Operable Umit 2, there are no ARARs for calaum
magnesium molybdenum potassium sodium bicarbonate stronttum acetone methylene chlonde and
carbon disulfide However the Total Dissolved Sohids (TDS) TBC establishes the acceptable aggregate
concentration for the above major metal 1ons (excluding stronttum) For the volatile orgamc compounds
the RCRA (40 CFR Part 264) Subpart F standard of background (detection lumit) 1s apphed as TBC

3 4.5 Operable Unit 2 ARARs Summary

Table 3 1 shows that certain volatile orgamcs metals and major 10ns that were analyzed have exceeded
potential chemical specific ARARs at some locations within Operable Umit 2 Thus does not indicate that
releases of these constituents are occurring, for the concentrations of some substances may be due to a past
release or to natural geochemical processes The Lsting of Table 3 1 has been presented to identify
parameters for which analysis should be conducted in thus Phase II RFI/RI and to identify the mumumum
acceptable detection mits for analytes found 1n Operable Umit 2 bedrock groundwater The FS wll evaluate
technologies that address these constituents

Note that chemical data from momtoring wells 6286 and 1487BR are included 1mn both the alluvial and
bedrock work plans for ARARs 1dentification  Well 6286 1s considered to be 1n the upper hydrostratigraphic
umit (HSU) while Well 1487BR 1s a lower HSU well based on the HSU delineation shown 1n Figure 1 1
However both of these wells are relatively shallow wells screened 1n lower mtervals of weathered sandstone
that subcrop on the hillside south and southeast of the 903 Pad As a result, these wells represent a
potential cross connection between the upper and lower HSUs, as descnbed 1n the site conceptual model
(Figure 2 24)
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40
DATA NEEDS AND DATA QUALITY OBJECTIVES (DQOs)

The primary objective of a RFI/RI 1s to collect the data necessary to determine the nature distribution, and
mgration pathways of contamunants This information 1s used to support a baseline risk assessment which
determines the need for remediation and evaluates risks associated with various remedaal alternatives Five
general goals of a RFI/RI are (EPA 1988a)

o Characterize site physical features
Define contaminant sources

¢ Determine the nature and extent of contamination
Describe contaminant fate and transport

¢ Prowvide a basehne risk assessment

This section of the RFI/RI workplan summarizes the site conceptual model developed 1n Section 20 and
identifies data needs and use of data to meet the outlined objectives

41 SITE SPECIFIC RFI/RI DQO PROCESS

Through apphcation of the data quality objectsives (DQOs) process site specific RFI/RI DQOs are
established and data needs are identified for achieving identified goals DQOs are qualitative and
quantitative statements that describe the quality and quantity of data required by the RFI/RI (EPA 1987)
These determination are facihitated through the development of DQOs

DQOs are developed using the following three stage process
e STAGE 1 Identufy decision types

identify and 1nvolve data users
evaluate available data
develop conceptual model
speafy objectives/decisions
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e STAGE 2 Identify data uses and needs

identfy data uses

wdentify data types

wdentify data quality needs
identify data quantity needs
evaluate samplhing/analysis options
review PARCC parameters

e STAGE 3 Design data collection program

assemble data collection components
develop data collection documentation

The three stages are implemented for each phase of the RFI/RI The DQO stages are undertaken 1n an
mteractive and iterative manner whereby all the elements of the DQO process are continually being reviewed
and applied during the execution of the data collection activities  Throughout the RFI/RI these stages occur
n a natural progression and flow together without a formal stage delineation It may not be possible to
dentify all data needs during the RFI/RI actvmty Data needs will become more apparent as additional data
are obtained and evaluated

42 SUMMARY OF EXISTING SITE DATA AND CONCEPTUAL MODEL
The existing data have been evaluated and support the following tentative conclusions

The groundwater n the upper HSU contans volatile organic compounds The prinaipal volatile
organic compounds present as dissolved constituents are tetrachlorocthylene (PCE)
trichloroethylene (TCE) and carbon tetrachloride (CCl,) Although areas of relatively lugh
concentrations of these dissolved contaminants have been delineated, their extent i the upper
HSU has not been determmned  Although non aqueous phases of volatile organic contaminants
have not been 1dentified 1n the subsurface in the past, considenng the reported volumes of
contaminants that may have been spilled or leaked onto the site there appears to be a potential
for dense non aqueous phase liquds to be present n localized depressions in the relatively
permeable portions of the upper HSU and mn weathered or fractured claystone at the bottom
of the uppermost unconfined aquifer

Relatively low concentrations of volatile organic compounds have been detected in samples of
groundwater from four wells screened n the unweathered claystone and lower sandstone
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bedrock These four wells are 1887BR 2087BR 3487BR and 4086BR For the most part these
data have not been vahdated There 1s a potential for contaminated groundwater i the
unconfined groundwater flow system to enter lower sandstones where they subcrop beneath
relatively shallow colluvium south and southeast of the 903 Pad area Wells constructed prior
to 1986 may also represent a potential pathway of contamination from the upper HSU to the
lower HSU(s)

® The predominant component of the groundwater hydraulic gradient 1n the bedrock 1s potentially
downward The horizontal component of the hydraulic gradient appears to be generally toward
the east However 1n general the bedrock groundwater flow regime 1s not well understood and
gradients in the deeper sandstones are not known At present it 1s believed that the majority
of bedrock groundwater flow occurs laterally n the lower sandstones The low hydraulic
conductvity of the claystone impedes the downward flow of groundwater

Considering the proximity of Operable Unit 1 (881 Hillside) and its location to the west of the
903 area there appears to be a potential for contamination from topographically or hydrauhcally
upgradient sources to be present Lower sandstones beneath the 881 Hillside site may be
upgradient of lower sandstones beneath Operable Umt 2

43 SITE SPECIFIC PHASE II RFI/RI (BEDROCK) OBJECTIVES AND DATA NEEDS

This section of the Phase Il Bedrock RFI/RI Work Plan establishes the objectives and data needs for
achieving 1dentified goals Based on existing data and on the site conceptual model, site specific RFI/RI
objectives and data needs associated with 1dentifying potential sources of bedrock contamination and nature
and extent of contamination 1n the bedrock are shown in Table 4-1 The specific plans and rationale for
obtamning the required data are presented in the Field Sampling Plan Section 8 0

Data of a quality consistent with the objectives specified in Table 4-1 will be collected 1n accordance to the
Rocky Flats Plant Environmental Restoration (ER) Program Standard Operating Procedures (SOPs) and
through adherence to the Rocky Flats Plant ER site wide Qualty Assurance Project Plant (QAP)P)
Chemical analyses will be performed mn accordance with General Radiochemistry and Routine Analytical
Services Protocol (GRRASP) (EG&G 1990f)

Analytical methods with detection imits below or near potential chemical specific ARARSs (see Section 3 0)
will be used to facibtate compansons of resulting data to potential ARARs Table 4-2 summanzes the
required analytical levels referenced in Table 4-1
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TABLE 4-2

SUMMARY OF ANALYTICAL LEVELS

Required Analytical Level Task

Water level measurement

pH measurement

Eh measurement

Screemng for orgamcs (OVA/HNu)

Screemng for radionuchdes (beta gamma)
Temperature

Specific conductance

Screenung for buned objects (magnetometer pipe
locator)

Level I (Field Screens)

Level II (Field Analyses) e  Screemng for organics (GC)
Screening for metals (ICP)
e  Screemng for radionuchdes (gross beta/gross alpha
gamma spec)
*  Analysis of engineering properties

Level 11T (Laboratory Analyses using e Major 10n analysis
EPA Standard Methods) e Orgamcs analysis
* Inorganics analysis
Level IV (Laboratory Analyses using e Analysis of Target Compound List (TCL) and
EPA CLP Methods) Target Analyte List (TAL)
Level V (Nonstandard Analyses) *  Radiological analyses

e  Chemical analyses requiring modification of
standard methods
e  Speaal Analytical Services (SAS)

Source EPA (1987)

Note  Specific methods described 1n SOPs and/or QAA
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50
REMEDIAL INVESTIGATION TASKS

The following 1s a hist of tasks to be accomplished during the RFI/RI for Operable Umt 2 Each task as
discussed 1n detail in the Phase II Bedrock RFI/RI Work Plan will be coordinated with the corresponding
task 1n the Phase II RFI/RI Alluvial Work Plan

§1 TASK1 PROJECT PLANNING

The project planming task mcludes all efforts required to imtiate both the alluvial and bedrock components
of this Phase II RFI/RI of Operable Unit 2 Activities undertaken for this project have included a review
of the Phase I RI results as well as other previous investigation results review of historical aenal
photography prehminary evaluation of ARARs and scoping of the Phase II RI Results of these activities
are presented in the alluvial work plan (EG&G 1990c) and 1n Sections 10 (Introduction) and 20 (Site
Characterization)

During the Phase I RI a complex depositional pattern was recognized n the bedrock beneath the 903 Pad
Mound and East Trenches areas This work plan incorporates the results of on going geologic
charactenization efforts (EG&G 1990a and 1990b) ntended to define the location, extent and orientation
of bedrock sandstone units and outhines further work to refine the site bedrock geologic model The
geologic characterization has been combmned with analytical chemistry data obtaned during Phase I to
develop a model of the nature and extent of contamination

Two project planmng documents including this Work Plan, have been prepared which pertain to this Phase
II RI as required by the draft Inter Agency Agreement (IAG) between DOE, EPA, and CDH This Work
Plan presents results of the project planmng task in addition to plans for the Phase II RFI/RI A Field
Sampling Plan (FSP) included in this document presents the locations media and frequency of samphng
efforts The second document required by the IAG 1s a Samphng and Analysis Plan (SAP) Included 1n the
SAP are a Quality Assurance Project Plan (QAP)P) and Standard Operating Procedures (SOPs) for all field
activities

52 TASK 2 COMMUNITY RELATIONS

In accordance with the draft IAG the Communications Department at Rocky Flats 1s developing a Plant
wide Community Relations Plan (CRP) to actively mvolve the public in the deasion making process as 1t
relates to environmental restoration actvities A Draft Communmty Relations Survey Plan has been
completed and forwarded to EPA CDH and the pubhc for review This Phase II RFI/RI work plan
spectfies activities planned to complete the Plant wide CRP including plans for commumty mterviews The
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draft CRP will be completed in September 1990 1n accordance with the draft IAG schedules Accordingly
a site specific CRP 1s not requured for Operable Umt 2

The Commumcations Department also 1s continung other public mnformation efforts to keep the public
informed of environmental restoration activities and other issues which relate to Plant operations A
Speakers Bureau program sends speakers to cavic groups and educational orgamzations, while a public tour
program allows the public to visit Rocky Flats Road tours of areas such as the 903 Pad, Mound and East
Trenches areas are common during public tours as well as other tours arranged for public officials An
Outreach Program also 1s m place according to which Plant officials will visit elected officials, the news
media and business and civic orgamzations to further discuss issues related to Rocky Flats and
environmental restoration activiies The Communications Department also receives numerous public
mnquines which are answered through telephone conversations or by sending wrnitten informational materials
to the requestor

53 TASK 3 FIELD INVESTIGATION

The Phase II RFI/RI (Bedrock) field investigation 1s designed to meet the objectives outlined 1n Section 4 0
The following activities will be performed as part of the field investigation

o Dnll and sample soils and bedrock and conduct geotechnical and geochemical laboratory testing
on samples to further characterize the potential contaminants that may be present within the pore
spaces 1 bedrock or that may be present as separate phase immisable hquids

. Drill and log borings and install monitoring wells to further characterize the distribution of aquifer
and aquitard zones within the bedrock Field volatile organic screemng by gas chromatography
(GC) methods wiil be used to assist 1n determining well screen mtervals

. Perform 1n situ hydraulic conductivity testing 1n borings and wells to further charactenze the
hydraulic connection between surficial matenals and bedrock and to further characterize

groundwater flow rates

. Collect water level measurements in the momtoring wells to further characterize hydraulc
gradients that will be used to evaluate groundwater flow directions

. Collect and analyze groundwater samples from momtoring wells to characterize the nature and
extent of bedrock groundwater contamination

Sample locations frequency and analyses are presented 1n Section 80 All field actvities wall be performed
mn accordance with the Rocky Flats Plant ER Program SOP
Phase II RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
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54 TASK 4 SAMPLE ANALYSIS AND DATA VALIDATION

Analytical methods for chemical analyses are provided 1n the ER Program QAPjP Also provided in this
document are the analytical detection hmits sample contamer and volume requirements preservation
requirements and sample holding times Project specific requirements are ncluded 1n the Quality Assurance
Addendum Section 90 of this Work Plan

Data will be reviewed and validated by the ER Program staff Results of data review and validation activities
will be documented 1n data validation reports EPA data vahdation functional gmdelines will be used for
vahdating orgamc and norgamc (metals) data (EPA 1988b) Vahdation methods for radiochemistry and
major 10ns data have not been published by the EPA however data and documentation requirements have
been developed by ER Program QA staff Data vahdation methods for these data are derived from these
requirements Details of the data vahdation process are described n the QAP)P

5.5 TASK 5 DATA EVALUATION

Data collected during the Phase II bedrock RI will be ncorporated, with Phase II alluvial data, into the
existing database and used to better define site characteristics source charactenistics the nature and extent
of contamination, and to support the baseline risk assessment and evaluation of proposed remedial
alternatives

551 Site Characterization

Geologic and hydrologic data will be incorporated mnto appropriate site maps and cross sections Geologic
data will be used to detail the stratigraphy of the bedrock in the 903 Pad, Mound, and East Trenches areas
Hydrogeologic data will be used to characterize the subsurface geometry of aquifer and aquitard zones and
groundwater flow in the bedrock Ths characterization will include gathering data on effective porosities
hydraulic conductivities and hydraulic gradients that wall be used as a basis for evaluating flow directions,
the interaction between alluwvial and bedrock groundwater groundwater velocities, and contaminant magration
rates

5§.5.2 Source Characterization

The results of the alluvial RFI/RI will be carefully evaluated to identify potential sources of bedrock
contammation The potential sources evaluated will include (1) plumes of dissolved (aqueous phase
contamnants 1n the upper HSU (2) pools or pockets of non agueous phase contaminants near the bottom
of the upper HSU and (3) umdentified off site sources located topographically and/or hydraulically
upgradient of the site
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Analytical data from the source boreholes will be used to

Confirm IHSS locations
Characterize the nature of source contaminants
Characterize the lateral and vertical extent of source contaminants
Determine the maximum onsite contaminant concentrations
. Quantify the volume of source matenals

At those THSS locations which are trenches geologic data from the source boreholes will determine the
trench depths and characterize trench contents

5.5.3 Nature and Extent of Contamination

Analytical data from samples of bedrock groundwater will be used to characterize the nature and extent of
contamination The critena for the 1dentification of contamination will be analyte speafic, as discussed in
Subsection 222 Background Characterization Essential to the implementation of these statistical
techmques for groundwater and borehole samples 1s the categorization of each anmalytical data set mmto
appropriate hydrogeologic umts (e g the samples from similar sandstone lithologic umts or claystone would
be categorized together) The identification of the appropriate geologic umt will be based on geological data
collected during the Phase II RFI/RI The natural range of background concentrations of inorgamc
parameters will be further characterized and evaluated n the context of the potential role of evaporative
concentrations as a mechanmism for localized occurrences of morganic constituents at lugh concentrations at
outcrops or shallow subcrops

The extent of contamination will be dehineated through the use of 1sopleth maps and cross sections The
possible use of kriging or other computerized calculation methods to contour the isopleths for the most
widely distnbuted contaminants will be mnvestigated Appropnate statistical techmques wall be used to
identify and characterize constituent distribution and source areas

Companisons of analytical data from alluvial and bedrock groundwater will be made to investigate the
movement of contaminants

56 TASK 6 BASELINE RISK ASSESSMENT

A baseline nisk assessment will be prepared for the 903 Pad, Mound, and East Trenches arcas as part of the
Phase II RI to evaluate the potential threat to the public health and the environment n the absence of
remedial achion One nsk assessment combimng the bedrock and alluvial components of the RFI/RI wll
be conducted The baseline risk assessment will provide the basis for determiming whether or not remedial
action 1s necessary 1 the area and serve as the justification for performing remedial action (EPA 1988a)
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Several objectives will be accomplished under the nsk assessment task including identification and
characterization of the following (EPA 1988a)

o Toxicity and concentrations of hazardous substances present n relevant media (cg arr
groundwater soil, surface water sediment and biota)

e  Environmental fate and transport mechamsms within speaffic environmental media and cross
meda fate and transport where appropnate

Potential human and environmental receptors
. Potential exposure routes and extent of actual or expected exposure

° Extent of expected impact or threat and the likelthood of such impact or threat occurring 1 ¢ nsk
characterization)

. Level(s) of uncertamnty and hmatations associated with the above factors

‘ The public health risk assessment and the environmental evaluation will be performed utilizing accepted
gwdance ncluding that provided by US EPA (1989a) and other relevant direction in the general nisk
assessment literature

561 Public Health Evaluation
The nsk assessment process 1s divided into five tasks including

Contamination identification
Exposure assessment
Toxicity assessment

. Risk characterization
Uncertamty analysis

The task objectives and description of work for each task are described below

5611 Contaminant Identification

The objective of contaminant identification s to screen the information that 1s available on hazardous
. substances or wastes present at the site and to identify contaminants for the nsk assessment process
Previous work characterizing aspects of the Rocky Flats Plant and the surrounding area has been performed
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Additional sampling and analysis of various media will take place 1n order to support the human health risk
assessment the ecological assessment and to further characterize the site It is possible that the number

of contaminants 1dentified can be reduced to a list of contaminants of concern as 1s frequently done for

hazardous waste site nsk assessments mnvolving many contamnants

5612 Exposure Assessment

The objectives of the exposure assessment are to 1dentify actual or potential exposure pathways, to identify
and characterize potentially exposed populations, and to determine the extent of exposure An exposure
pathway 1s compnised of five elements

L & W =

A source of the chemical

A mechamsm for the chemical to be released from the source to the environment

An environmental transport medium (e g awr groundwater) for the released constituent

A pomnt of potential contact of humans or biota with the affected medium (the exposure point)
An exposure route (e g halation of contaminated dust) at the exposure pomnt

In order for exposure to occur all five elements must be present

The exposure assessment process will include the following actions

Analyze the probable fate and transport of compounds for both the present and the future uses

Identify the human populations 1n the area, typical activities that would influence exposure and
sensitive population subgroups

Identify potential and complete exposure pathways under current and future land use conditions

Develop exposure scenarios for each identified pathway and select those scenarios that are
plausible

Identify scenanos assuming both existing and potential future uses

Develop an estimate of the expected exposure concentrations and intakes at the exposure points
from the potential release of contaminants
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Appropriate exposure scenarios will be identified for the site  Scemarios which could potentially be
considered include natural residential, commercial/industnal, and/or recreational use Factors to be
examined 1n the pathway and receptor identification process will include

e Location of contammant source
. Local topography
*  Local meteorological data
. Local geohydrology/surface water hydrology
. Surrounding land use
. Local water use
. Prediction of contaminant migration
. Persistence and mobility of migrating contaminants
Influence of the physical and chemical processes expected to occur during contaminant migration

For each mgration pathway and for existing and future land use receptors will be identified and
characterized Potential receptors will be defined by the appropriate exposure scenarios

5613 Toxicity Assessment

In accordance with EPA s risk assessment gmidehines the projected concentrations of chemicals of concern
at exposure ponts will be compared with ARARSs to judge the degree and extent of risk to public health and
the environment (including plants ammals and ecosystems) Because ARARs do not exist for certain media
(such as soils) and not all ARARSs are health based, this companison 1s not sufficient 1n 1tself to satisfy the
requrements of the risk assessment process Additionally receptors may be exposed to multiple
contaminants and through more than one medium Nevertheless the comparison with standards and critena
1s useful in defining the exceedance of institutional requirements In addition to ARARs listed in Table 3-1
the following criteria will be examined

. Drninking water health advisories

e  Ambient water quality cnteria for protection of human health

o Center for Disease Control and Agency for Toxic Substances and Disease Registry soil advisories
o National Ambient Air Quality Standards

Cntical toxiaity values (1e numerical values denved from dose response information for mndividual
compounds) will be used 1n conjunction with calculated media intake determinations to evaluate potential
nisk Toxicity reference values from EPA s Integrated Risk Information System (IRIS) will be used chuefly
n leu of reference values from other sources
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The baseline risk assessment will also include a summary of significant toxicological studies performed for
chemicals of concern An evaluation will be conducted as to the qualty of these studies and their
appropriateness for evaluating human health risks assocated wath the specified exposure scenarios presented
A more detailed explanation of the toxic effects for chemicals of concern will be provided n appendixes to
the human health risk assessment and the environmental evaluation Suitable reference values will also be
summarized For the human health nisk assessment, this will include a bnief description of the studies upon
which selected reference values were based, the uncertainty factors used to calculate nisk reference doses
(RfDs) and the EPA weight of evidence classification for carcinogens For those chemicals without EPA
toxicity reference values a literature search, mncluding computer data bases may be conducted for selected
compounds A toxicity value will then be derived, when possible from this information Gudance from
germane sources such as the National Academy of Sciences will be followed regarding the approprniateness
of the data and the methodologies to be used in deriving reference values Uncertainties regarding the
toxicity assessment will be evaluated

Two types of critical toxicity values will be used

° The nisk RfD
Slope factor (for carcinogenic chemicals only)

5614 Risk Characterization

Risk characterization involves integrating exposure assumptions and toxicity information to quantitatively
estimate the potential added public health risk associated with exposure to site related contaminants Risk
characterization will be performed for those compounds determined to be chemicals of concern To assess
the potential adverse health effects associated with access to the site the potential level of human exposure
to the chemicals of concern must be determmed Chemical mntakes of receptor populations will be
calculated separately for all appropriate exposure pathways for chemicals Then, for each population at nisk
the total intake by each route of exposure will be calculated by adding the mntakes from cach pathway Total
oral, mhalation and dermal exposures will be esumated separately Because short term (subchromnic)
exposures to relatively huigh concentrations of chemicals may cause different non carcnogemc effects than
those caused by long term (chromic) exposures to lower concentrations two intake levels will be calculated
for non carcinogens for each route of exposure to carcinogens Risk will be quantified by companson of
contaminant intakes at exposure points to quantitative criteria for protection of human health RfDs and by
computing estimated added hifeume cancer risk using slope factors

5615 Uncertainty Analysis

An uncertainty analysis will be performed to 1dentify and evaluate factors that produce uncertanty in the
nisk assessment such as assumptions inherent 1n the development of toxicological endpoints (potency slope
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factors reference doses) and assumptions considered 1n the exposure assessment (model mput variability
population dynamics) Techmques employed to assess uncertainty may mclude propagation of errors analysis
(1e first order analysis) sensitivity analysis and statistical samphing techmques (Monte Carlo) or other
methods appropnate to the assessment The goal of this task will be to quantify to the extent practicable
the magmtude and extent of uncertawnty propagated through the risk assessment process This uncertaimnty
analysis will present the spectrum of potential nsks under specified scenanos so that the risk management
decision maker can acquire an understanding of the level of confidence associated with all estimates of
human health nisk

5§62 Environmental Evaluation

The objective of the environmental evaluation for Operable Umit 2 1s to determine if the contaminants have
caused or are causing an adverse environmental impact The data to be collected will be utiized m
conjunction with existing data to determine the bio availability and toxicity of the contam:nants to the flora
and fauna of the 903 Pad Mound, and East Trenches areas

The environmental evaluation will be conducted according to gmdance pronided i Risk Assessment
Guidance for Superfund Volume Il Environmental Evaluation Manual (EPA 1989d) as part of the 903 Pad
Mound and East Trenches areas Phase I RFI/RI The scope of the mnvestigation will be hmited to the use
of existing data as 1s recommended 1n the cited EPA gwidance The radioecology study (Rocky Flats Plant
Radioecology and Airborne Pathway Summary Report [Rockwell International 1986f]) the Final
Environmental Impact Statement (DOE 1980) the soils and surface water chemical data, and any biological
parameters collected during this environmental evaluation will be utiized to assess both the current and
future ecological impacts within Operable Umt 2

In order to accomphsh the work plan objective a number of activities are prepared and executed These
are bnefly described below

Project Preparation This activity represents the project planning, preparation of the work plan
and preparation of the samplng and analyses plan (SAP) The SAP incorporates two other
supporting documents the field samphing plan (FSP) and quality assurance project plan (QAP;P)
Included also 1s the review and analysis of existing information, identification of data gaps, and
the preparation of a site specific conceptual model of release transport, and exposure

Field Investigaion Ths activity represents all Phase II remedial mnvestigation and ecological
assessment fieldwork, including the installation of momtoring wells, sod borings samphing and
analysis of ground and surface waters collection and analysis of soil scrapes collection and
analysis of biological samples and air quality samphng necessary for the baseline risk assessment
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Data Analysis Dunng data analysis, all collected field data are reduced, evaluated compared
with, and ntegrated into the existing data bank to provide up to-date information on conditions
A second actvity 1s to identify and provide data on speafic chemical/radiological contaminants
transport mechamisms and environmental receptors mm order to conduct the baseline risk
assessment

Environmental Risk Assessment The environmental nsk assessment incorporates the
environmental data gathered in the previous activities characterizes documented or potential
contaminant exposure pathways and exposure point concentrations, and assesses the nsk or threat
to wildife protected species or habitats

Remediation Criteria  Statutes require the selection of remedial actions sufficient to protect the
environment This activity entails the consideration of federal and Colorado state laws and
regulations pertaming to the preservation and protection of natural resources that are applicable
for the environmental risk assessment are utilized to the extent they are available Available data
will be evaluated and, to the extent practicable critera will be established that address
environmental protection

Environmental Evaluation Report This activity entails the preparation of the report that
addresses the scope of the investigation site environmental charactenstics and contaminants
characterization of exposure and nsk, remediation crniteria, conclusions and hmitations of
assessment

57 TASK 7 TREATABILITY STUDIES

Thus task includes efforts to provide techmcal support 1n the form of bench scale treatability tests to the
Rocky Flats Plant Environmental Restoration Program These tests are intended to support the Operable
Unit 2 bedrock component of the RFI/RI It 1s assumed at this ime that, if contamination of the bedrock
1s found, remediation will involve groundwater treatment possibly in conjunction with contanment and
momtoring However other technologies may be apphicable to local areas of relatively high levels of
contamination where treatment of the bedrock itself may be feasible

Treatability studies are conducted pnmarily to (1) provide sufficient data to allow treatment alternatives to
be fully developed and evaluated during the detaled analysis and to support the design of a selected
remedial alternative and (2) reduce cost and performance uncertamties for treatment alternatives to
acceptable levels so that a remedy can be selected Treatability study requirements are developed during
the development and screening of remedial alternatives (Subsection 6 1)
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Numerous technologies that appeared to be potentially apphcable for treating Operable Umt 2 were
identified for treatability tesing Contaminants consist of spent solvents, radionuchides, and ols The
technologies 1dentified for screemng were imated to those already commercially established or which have
demonstrated potential for processing similar contaminants Additionally the technologies considered were
required to be readily implementable (1e standard pre engineered umts) available within a relatively short
ume frame (as opposed to technologies that would require a research and development phase) Inmovative
and alternative technologies were not considered

Depending on the specific yield of the bedrock matrix considered for remediation, it may be feasible to
collect groundwater for treatment above ground In that case the following technologies have been
identified for potential testing

. Chemical Oxidation of Orgamics Chemical oxidation 1s used to degrade hazardous organic
materals to less toxic compounds Oxdation systems particularly those using ultraviolet (UV)
light ozone and hydrogen peroxide are powerful tools for treating a wide vanety of common
organic environmental contaminants Disadvantages are similar to those for mnorgamc oxidation
reduction potential nontarget organics and wnorganics can produce undesirable side products and
mcrease oxidant requirements

Granular Activated Carbon (GAC) Adsorption of Orgamics GAC adsorption 1s the most fully
developed and widely used technology for treating groundwater contaminated with orgamics It
1s effective for the removal of a wide range of orgamics from aqueous waste streams Bench scale
testing would consist of running a series of descriptive tests to determmne isotherms for the
groundwater contamimnants GAC 1s typically regenerated with a thermal process and the
regeneration process can be performed at ether off site or on site faciities

Reverse Osmosis Reverse osmosis processes mvolve the use of scoipermeable membranes By
applying water pressure greater than the osmotic pressure to one side of the membrane water 15
passed through the membrane while particulate salts and high molecular weight organics are
retamed The retamed highly concentrated solution (retentate) contains dissolved salts, as well
as the target contammants and requires further treatment or disposal

Arr Stripping  Aur stripping 1s a proven technology for removal of volatile and some semivolatile
contamnants from water Ths process involves the transfer of contammants from a contammated
liquid phase to a vapor phase by passing the two countercurrent streams through a packed tower
Aur emission treatment 1s generally required wath vapor phase activated carbon systems being the
most commonly used process for this purpose but other alternatives such as oxidation and
mcimneration exist The vapor phase treatment unit is generally costly
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Distillation  Distillation 1s a process that involves separating compounds according to their boiling
pomnt characteristics The primary use of distillation 1s for reclaiming spent solvents from
industrial processes and it 1s generally applicable only to rather concentrated solutions The
process can be used to separate various volatile compounds or to separate mixtures of organics
mto hight and heavy fractions The hght fraction can usually be recycled or used as a boiler feed,
while the heavy fraction requires further treatment

Biological Reactor Depending on the specfic yield of the bedrock matrix, it may be possible to
extract groundwater and use biological reactors utiizing microorgamsms to remove organic
contaminants from the water Most orgamic contaminants can be biologically degraded by
mtroducing the appropnate microorgamsms High concentrations of some organics and the
presence of metals may prove toxic to the orgamsms and pretreatment may be requred Several
types of acrobic reactors exist such as activated sludge systems trickling filters, rotating biological
contactors and immobulized cell reactors In general, these methods generate sludges that require
disposal

Sorption of Radionuchdes Sorption of mnorgamics metals and radionuchdes 1s a standard
techmque for removal and concentration of these contaminants from wastewater The sorption
media are generally chemically regenerated, which results in a concentrated side stream requiring
further treatment or disposal Common and proved sorption processes include 1on exchange and
GAC while less proven techmques mnvolve the use of activated alumina, bone char and
proprnietary sorption media lon exchange and GAC will be addressed separately

Activated alumina 1s a porous form of aluminum oxide with a large surface area For removal
of aqueous contaminants activated alumina 1s typically used 1n a column similar to that for 1on
exchange It has been proven to be successful in the removal of arsemc and fluonide from
groundwater (Rubel 1980) More recently activated alumina has shown promise n absorbing
plutomum from a low level wastewater effluent at the Hanford Site (Barney et al 1989) In the
same study plutonium adsorption on bone char adsorbent was the most rapid and gave the highest
decontamination factors Waste stream speafic laboratory testing would provide valuable
information on the suitability of these sorbends for low level radionuchde removal

Ion Exchange of Radionuchides lon exchange processes are used for a wide range of water
treatment applications mncluding commonly recogmzed systems such as demineralizers and water
softeners The goal of an 10n exchange system 1s to remove undesirable 10ns of a certain type(s)
from a solution and replace them with more acceptable 1ons Radionuchides are commonly
removed from waste streams at nuclear facilities using 1on exchange
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Ion exchange resins particularly amon exchange resins have been used to recover uramum from
mune runoff water for many years Extensive studies on the laboratory scale report removal of
uramum from natural waters as high as 99 percent (Sorg 1988) A small full scale 10n exchange
system was capable of removing uramum from drinking water supphes to as low as 1u/1 (Jelnek
and Sorg 1988) Ion exchange reswns are typically rechargeable however the resins used m
radicactive applications are generally only used once and are then disposed of as a solid waste
Although publhished information i the removal of plutomium from natural waters by 10n exchange
has not been found, there 1s indication that 10mzed plutomum 1s removable using this technology
(Marston 1990)

In cases where collection of groundwater 15 not feasible or practical, the following technology was 1dentified
for potential testing

In Situ Biological Treatment Depending on the effective porosity of the bedrock i situ
biological treatment may be feasible In situ biological treatment of groundwater mnvolves the
stimulation of biological growth 1n the contaminated zone mn order to reduce the contaminant
concentrations Microorganisms that can use some or all of the contamnants as substrates wll
normally exist 1n a contaminated environment The microorgamisms are stimulated to increase
their biological growth and consumption of contaminants through addition of essential nutnents
Acrobic treatment systems also require the introduction of oxygen In situ treatment 1s dependent
on geological and hydrological conditions The process 1s relatively mexpensive

Vacuum Extraction Volatile contaminants can be removed from soil using vacuum extraction,
which 15 an 1 situ treatment technology that involves the air stripping of contaminants by mmducing
a vapor flow through the soil Since this technology mvolves the transfer of contaminants to the
vapor air emission treatment is generally requred The efficiency of the process is highly
dependent on geologic conditions and would tend to be neffective n low permeability bedrock

In cases where contamnants are entramned 1n bedrock, the bedrock 1s accessible and the contamination 1s
of imited areal extent the following technologies have been identified for potential testing'

Sohdification/Stabiization  Solidification 1s a process in which contaminants are mechamcally
bound to solidification agents, reducing thewr mobiity This produces a solid matrix of waste with
high structural integnity Stabihzation usually involves the addition of a chemacal reagent to react
with the contamunant producing a less mobile or less toxic compound. Sohdification and
stabihization are frequently used together and are a well estabhshed method for reducing the
mobility and toxicity of hazardous wastes This process generates volumes of solidified matenals
in proportion to the contaminated matenal treated requining disposal
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Vitrification  The witnfication process involves heating the waste matrix to a very high
temperature and either combining the matrix with molten glass or heating the matrix until 1t melts
Once cooled the molten mass solidifies wnto a stable noncrystalline sohd resistant to leaching of
mnorganic, metal, and radionuchide contammants Organic components are destroyed by pyrolysis
The process can be conducted esther 1n situ or off site however the process 1s generally expensive

58 TASK8 REMEDIAL INVESTIGATION REPORT

An RI Report will be prepared to consohdate and summarize the data obtained during Phase I and both
the alluvial and bedrock components of the Phase II field work Thus report will

Descnibe 1n detail the field acuvities which serve as a basis for the RI report This wll include
any deviations from the work plan that occurred during implementation of the field investigation

Thoroughly discuss site physical conditions This discussion will include surface features
meteorology surface water hydrology surficial geology groundwater hydrology demography and
land use and ecology

Present site charactenzation results from all RI investigative activities at Operable Umt 2 1n order
to further characterize the nature and extent of contamunation, as well as the rate of
contammation migration The media to be addressed will include contaminant sources soils
groundwater surface water air and biota

Discuss contaminant fate and transport This discussion will include potential migration routes
contamimnant persistence and contaminant migration

Present a basehne nsk assessment The nisk assessment will mnclude human health and
environmental evaluations

Present a summary of the findings and conclusions and recommendations for the feasibility study

Some of the above tasks such as project planning, field investigation, sample analysis, validation and
evaluation and possibly treatabihity studies will be mmplemented separately for the alluvial and bedrock
components of the RFI/RI However other tasks such as commumity relations and basehne nisk assessment
will treat Operable Umt 2 as a whole A single RFI/RI report will be prepared to consohdate and
summarize the data obtained during Phase I and both the alluvial and bedrock components of the Phase 11
field work
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60
FEASIBILITY STUDY TASKS

The following are tasks to be accomphshed during the CMS/FS for Operable Umit 2 Each task is discussed
in detail n the Phase II Bedrock RFI/RI Work Plan (Task 9) will be coordinated wath the corresponding
task in the Phase II RFI/RI Alluvial Work Plan

61 TASK 9 REMEDIAL ALTERNATIVES DEVELOPMENT/SCREENING

This section identifies potential technologies applicable to the remediation of contaminated bedrock at
Operable Umit 2 The 1dentified technologies are based on the site characterization and the site conceptual
model developed mn Section 20 Identiffication and screemng of technologies and assembling an imtial
screemng of alternatives will be conducted while the RFI/RI 1s being conducted However these activities
are early stages of the Feasibility Study and as such, the results will be presented in the FS report

This section provides a brief overview of the EPA Superfund process that will be employed to develop and
evaluate alternatives for Operable Umt 2 bedrock The Superfund Comprehensive Environmental Recovery
Compensation and Liabiity Act of 1980 (CERCLA) process 1s described in detail in Guidance for

onducting Remedial Inv 1 F 1 r (EPA 1988a) The CERCLA
process was adopted because 1t specifies n the greatest detail the steps that should be followed and because
the IAG requires general comphance with both RCRA and CERCLA gwdance

The steps followed to develop alternatives for the bedrock beneath the 903 Pad, Mound and East Trenches
areas are discussed below

Develop site remedial action objectives based on chemical and radionuchde speafic
standards (when avaiable) site speafic, nsk related factors and other criteria as
appropnate

L Develop a Lst of general types of actions appropnate for the bedrock beneath the 903 Pad
Mound and East Trenches areas (such as containment, treatment, and/or removal) that
may be taken to satisfy the objectives defined 1n the previous step These general types or
classes of action are generally referred to as general response actions in EPA guidance

Evaluate prehminary remediation goals early mn the remedial alternatives
development/screening process Prelmmary remediation goals will be applied as
performance objectives for evaluating effectiveness of speafic technology processes
identified as candidate components of viable remedial action alternatives Consistent with
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the NCP prelimimary remediation goals will be established at a 1x10® excess cancer risk
pomt of departure level As the FS evolves prelminary remediation goals may be revised
to a different nsk level based on the consideration of appropnate factors icluding
exposure uncertamnty and techmcal issues

. Identify and screen technology groups for each general response acion For example the
general response action of containment can be further defined to include the n situ
stabilization of contaminants in a form that 1s less mobile or immobile 1n the biosphere
Other containment alternatives could consist of groundwater barners such as slurry walls
Screening should elminate those groups that are not techmcally feasible at the site

. Identify and evaluate technology options for each techmology group to identify
representative process or processes for each group under consideration Although speafic
process options are 1dentified for alternative development and evaluation, these processes
are intended to represent the broader range of options within a general technology group
For example a soi bentomte slurry wall may be identified as representative of vertical
barners and would be used for technical and cost compansons

Assemble the selected representative technologies mnto site closure and corrective action
alternatives for the bedrock beneath the 903 Pad, Mound and East Trenches areas and that
represent a range of treatment and contamnment combinations as appropnate

Screen the assembled alternatives against the short and long term aspects of three broad
criteria  effectiveness implementability and cost Because the purpose of the screening
evaluation 15 to reduce the number of alternatives that will undergo a thorough and
extensive analysis alternatives will be evaluated 1n less detail than subsequent evaluations

Effectiveness 1s an evaluation of the protectiveness of human health and the environment achieved by a
remedial alternative action during construction and implementation, and after the response objectives have
been met Evaluation of effectiveness in the short term 1s based on protection of the commumty and
workers impacts to the environment, and the time required to meet remedsal response objectives Long

term evaluation of effectiveness addresses the nsk remaimng to human health and the environment and 1s
based on the percentage of permanent destruction, decreased mobility and/or reduction 1n volume of toxic
compounds achieved after response objectives have been met

Implementability 1s a measure of both the techmcal and administrative feasibihity of constructing, operating,
and maintaining a remedial action alternative It 1s used dunng screening to evaluate the combinations of
process options with respect to the site speaific conditions Techmical feasibility refers to the ability to
construct rehably operate and comply with action speafic (technology speafic) requrements 1n order to
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complete the remedial acion Admuustrative feasibility refers to the ability to obtain required permits and
approvals to obtain the necessary services and capacity for treatment storage and disposal of hazardous
wastes and to obtamn essential equupment and technical expertise

Cost estimates for screemng will be derived from cost curves genmenic umt costs vendor information
conventional cost eshmating gudes and prior estimates made for Rocky Flats and similar sites with
modifications made for Rocky Flats Plant conditions Absolute cost accuracy 1s not necessary The cost
estimates for the alternatives however will have the same relative accuracy for comparison and screening
The cost estimating procedures used during screeming are sumilar to those that will be used during the later
detailed alternatives analysis The later detailed analysis however will recerve more 1n depth and detailed
cost estimates for the components for each alternative The screeming cost estimates will include capital
operating and mamtenance costs The operating and maintenance costs will be calculated for the hfetime
of the treatment umit operation at the site Present worth cost analysis will be used for alternatives n order
to make the costs for the various alternatives comparable

Alternatives with the most favorable results from the composite evaluation will be retamned for further
scrutiny during the detailed analysis Not more than eight alternatives will be retamned for detailed analysis
(including containment and no action) At that ime it may be determined that additional site speaific

. information or technology specific treatability studies are necessary for an objective detailed analysis Also
it will be necessary to identify and venfy the action specific applicable or relevant and appropnate
requirements (ARARs) that each respective alternative will be required to meet

At the Phase II RFI/RI Work Plan state the appropnate level of alternatives analysis requires the histing
of general response actions most apphcable to the type of site under mvestigation General response actions
are defined as those broad classes of actions that may satisfy the objectives for remediation defined for
Operable Umt 2 bedrock Table 6 1 provides a hist and description of general response actions and typrcal
technologies associated with remediating bedrock and bedrock waters Table 6-1 also includes a general
statement regarding the apphcability of the general response action to potential exposure pathways

The response actions outhned 1n Table 6 1 must be apphed to the potential exposure pathways that will be
identified for Operable Umt 2 bedrock The response actions can individually be capable of providing
control over all or some of the potential pathways Partially effective response actions can be combined to
form complementary sets of response actions that provide control over all pathways
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In general terms potential human exposure may be avoided by prevention of contaminant release transport
and/or contact Rocky Flats has developed a Plan for the Prevention of Contaminant Dispersion (PPCD)
an IAG deliverable that outhines a strategy for controlling emissions during the Environmental Restoration
program actiities Thus application of the response actions may be considered at three different pomts 1n
each potential exposure pathway: (1) at the pont where the contaminant could be released from the source
(2) 1n the transport medium and (3) at the pomnt where the contact with the released contaminant could be
prevented

Whle the 1dentification of general response actions 1s discussed above the selection of the most appropnate
action or combination of actions 1s not warranted at this tme Site and contammant data are not sufficient
to mtiate the screemng process The following data requirements have been estabhished for the Phase II
RFI/RI effort for characterization of the source and groundwater contaminants and for the prehminary
screemng of alternatives

Describe contaminant fate and transport 1 bedrock
Collect and analyze bedrock and groundwater samples beneath release areas to
evaluate contaminant spread
Describe and characterize bedrock geohydrology
Determine depth to water table and areas of saturated bedrock

Site physical characterization
Groundwater flow regime within bedrock
Rock types and general engineering properties
Depth to bedrock
Depth to groundwater
Hydrogeologic boundaries and parameters

These data will enable a thorough comparative evaluation of the technologies with respect to
mmplementability effectiveness and cost and will allow for informed decisions to be made wath respect to
the selection of preferred technologies The Field Sampling Plan (Section 8 0) describes the methodology
that will be followed to obtain the required information

62 TASK 10 DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES

The final step 1nvolving a detailed analysis of each alternative 1s performed dunng the FS The detailed
analysis 1s not a decision making process but 1t 1s the process of analyzing and comparing relevant
information 1n order to select a remedial action Each alternative will be assessed agamnst nine evaluation
cntena and the assessments will be compared to identify the key tradeoffs among the alternatives
Assessment agamnst the mne NCP evaluation criteria 1s necessary for the FS and the subsequent Record of
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Decision (ROD)/Corrective Action Decision (CAD) to comply with the requirements of CERCLA/RCRA
The mne specific evaluation critena are histed below

Overall protection of human health and the environment

° Comphance with applicable or relevant and appropnate requirements (ARARs)
Long term effectiveness and permanence
Reduction of toxiaty mobility or volume

. Short term effectiveness
. Implementability

. Cost

° State acceptance

Commumty acceptance

The above cnitena are described m the CERCLA EPA guidance document (EPA 1988a) The mtial two
criteria are considered threshold cnteria because these alternatives must be satisfied before further
consideration of the remaining criteria  The next five critena are considered the pnmary cnteria on which
the analysis 1s based The final two criteria state and commumity acceptance are addressed during the final
decision making process after completion of the FS/CMS A more detailed description of each critena
follows

verall Protection of H n Heal nd the En ment

The alternatives will be individually analyzed to determine whether they provide adequate protection of
human health and the environment The protectiveness evaluation focuses on how the nsks posed by each
pathway are being ehminated reduced or controlled by treatment engineenng, or institutional measures
This evaluation will consider the point of departure yardstick preliminarily and revised remediation goals
and EPA s 1x10™ to 1x10° acceptable nisk range

Comphiance with ARARs

Each alternative will be analyzed to determine whether it will comply with all state and federal ARARs that
have been 1dentified The analysis will address compliance with chemical speafic, location specfic and
action specific ARARs If an alternative will not comply with an ARAR the FS report will present the basis
for justifying a waiver

Long Term Effectiveness and Permanence

This criterion assesses the risks that remain at the site after the response objectives have been met The
risks associated with any remaining untreated wastes or treatment residuals will be evaluated For each

Phase II RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
22578E/R2 6 06-18-91/RPT/2 Page 6-7




alternative the magmtude of the residual rnisk and the reliability and adequacy of the controls used to
manage untreated wastes and treatment residuals will be addressed

Reduction_of Toxicity, Mobili Yolum ent

This criterion evaluates the statutory preference of selecting remedial actions that permanently reduce
toxicity mobility or volume of the hazardous matenials Factors evaluated for each alternative wall include
the proposed treatment process and the materials treated the quantity of matenals to be treated or
destroyed and how the primary hazardous threat will be addressed the estimated degree of the reduction
1n toxicity mobility or volume that will be achieved the extent to which the treatment will be wrreversible
the type and quantity of treatment residuals that will remain following treatment and the determination
whether the alternative will comply with the statutory preference for treatment

hort T flectiven

Short term effectiveness refers to the effects an alternative may have during construction and implementation
phases until the cleanup objectives have been achieved Alternatives will be evaluated to determine the
effects on human health and the environment during implementation Each alternative will be assessed
agamnst the following factors protection of the community and workers during the remedial action
environmental impacts and the time requred to achieve the remedial action objectives

Implementabihity

This criterion assesses the technical and admimistrative feasibility of implementing an alternative and the
availability of necessary services and matenals The following factors will be analyzed during the
implementability assessment the techmical feasibility of construction and operation the rehability of the
technology the practicability of employing additional remedial actions the ability to monitor the effectiveness
of the remedial action admimstrative coordination with other offices and agencies the availability of
adequate offsite hazardous (or mixed) waste treatment storage and disposal and the avalabihity of
equipment expertise and other services and matenals

Costs

A cost estimate will be prepared and if necessary a cost sensitivity analysis will be prepared to evaluate
costing assumptions Capital costs include direct construction costs indirect non construction costs, and
overhead costs Operating and maintenance costs are incurred after construction mn order to operate the
remedial action on a continuous basis until the remedial action objectives have been achieved FS cost
estimates are expected to be within an accuracy range of minus 30 percent to plus 50 percent If this
accuracy cannot be achieved the fact (with supporting documentation) will be stated in the FS report
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A costs sensitivity analysis may be conducted to determine the effect that speafic cost assumptions have on
the total estimated cost of an alternative The cost assumptions will be based on site specific data
technological operating data etc although the assumptions wall be subject to varying degrees of uncertamty
depending on the accuracy of the data

State Acceptance

This criterion addresses the state s admimstrative and technical 1ssues and concerns with each of the
alternatives

mmunity A n
The community acceptance program addresses the public s concerns and 1ssues with each of the alternatives
63 TASK 11 FEASIBILITY STUDY REPORT

The FS report wall contamn a narrative discussion of each alternative s evaluation agamnst the mne criteria
listed above As with the RI report the FS report will address both the alluvial and bedrock components
of the site There 1s a potential for different alternatives to be considered for the bedrock than for the
uppermost aquifer The narrative will describe how each alternative addresses the techmcal treatabihity
issues long term and short term effectiveness costs protection of human health and the environment
comphance with ARARs etc Once the alternatives have been descrnibed, a comparative analysis wall be
conducted to evaluate the relative performance of each alternative The relative advantages and
disadvantages of each alternative with respect to the other alternatives will be determined 1n order to assess
the key tradeoffs that must be made in selecting a remedial action A candidate aiternative must generally
attain the primary objectives of comphance with ARARs and overall protection of human health and the
environment in order for 1t to be ehgible for selection as the remedial action A narrative discussion of the
alternatives comparnison describing the tradeoffs benefits and shortcomings of each alternative in companson
to the others will be included 1n the FS report

Following completion of the FS process the results of the detaled alternatives companson and sk
management will be used as the rationale for selecting a preferred alternative and a remedial action
Although the purpose of the FS report and process 1s not to select a remedial action, 1t will present and
evaluate the alternatives 1n sufficient detail in order to objectively consider all significant 1ssues and select
a feasible cost effective and defensible remedial action

The FS Report wll present a description of the feasibility study and its results The report will include
sections describing site background nature and extent of problem summary results of the RI nsk
assessment and environmental evaluation identification, screening, and detailed evaluation of remedial
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alternatives and the recommended remedial actions This task includes development of a Draft FS a
revised Draft FS that incorporates EPA and CDH comments and preparation of a Final FS that
mcorporates public comments

As with the RFI/RI some portions of the CMS/FS may be conducted separately for the bedrock and
alluvial components of the site It 1s hkely that remediation requirements will not be the same for the
bedrock as for the upper hydrostratigraphic umit (HSU) However both the bedrock and alluvium wall be
addressed during the CMS/FS and only one CMS/FS report will be prepared
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70
SCHEDULE

The schedule for conducting the Phase II RFI/RIFS 1s summarized in Figure 71 The schedule mncludes
both the alluvial and bedrock components of the RFI/RI and the Corrective Measures Study/Feasibility
Study (CMS/FS) actiities Dates are not shown however the schedule 1s consistent with the IAG
schedules

After the field program outhned mn the FSP 1s complete sample analysis and data vahidation will be
conducted followed by interim data evaluation Additional field investigation may be requred to further
characterize the site if necessary and to satisfy data needs and data quality objectives for the CMS/FS
After additional field mnvestigation, there will be further sample analysis and data vahdation, data evaluation
and preparation of the draft and final RFI/RI reports

During RFI/RI report preparation, on going treatability studies will be 1n progress and the CMS/FS wll
start The CMS/FS will include remedial alternatives development and screening, and detailed analysis of
alternatives According to this schedule nearly 4 years will elapse from the ime this work plan 1s finahized
untl the final CMS/FS report 1s 1ssued
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80
FIELD SAMPLING PLAN

81 BACKGROUND

The objectives of the bedrock component of the Phase I RFI/RI are to adequately charactenize the b?drock
to support the baseline risk assessment and to sufficiently characterize the nature and extent of bedrock
contamination to support the feasibility study further nsk assessment, and, if necessary remedial design
Within these broad objectives site specific data needs have been 1dentified in Section 40 The purpose of
this section of the work plan 1s to provide a Ficld Sampling Plan (FSP) that will address these data needs
and describe the work required to fulfill the data quality objectives (DQOs)

The Phase II RFI/RI for Operable Umt 2 has been divided nto a bedrock component and an alluvial
component Ths field samphing plan describes the bedrock component of the Phase I RFI/RI  The alluvial
component described 1n a previously prepared work plan (EG&G 1990c) ncludes both source and plume
charactenzation within the upper hydrostratigraphic umt (HSU)

The bedrock component of OU2 Phase II RFI/RI includes plume characterization within the lower HSU
(see Subsection 23 Site Conceptual Model and Section 40 Data Needs and Data Quahty Objectives)
Three potential sources of contamination may occur 1n bedrock (1) plumes of dissolved (aqueous phase)
contammants m the upper HSU (2) pools or pockets of dense non aqueous phase hiquid contaminants near
the bottom of the upper HSU and (3) umidentified plumes from off site sources located topographically
and/or hydraulically upgradient of the site These sources are the targets for the bedrock borehole samphing
and momtoring well programs

The samphing activities required to characterize the bedrock will involve dnlling 20 boreholes and mstalling
approxiumately 38 groundwater monitoring wells As discussed 1n more detail 1n Subsection 8.2, these 20
locations have been 1dentified to confirm various significant features, to verify the proposed geologic model,
and to establish stratigraphic control for clusters of boreholes and wells for the Phase II RFI/RI
mvestigation

All sampling and analysis activities will be conducted according to the project Health and Safety Plan (HSP)
and the Sample Analysis Plan (SAP) The SAP will include the Standard Operating Procedures (SOPs) and
the Quality Assurance Project Plan (QAP)P) which were under development at the time this work plan was
being prepared A project speafic Quality Assurance Addendum (QAA) 1s also under development to
supplement the QAP)P
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82 FIELD SAMPLING
821 Sampling Rationale

Figure 8 1 shows the locations of 20 proposed well/borehole clusters These 20 cluster sites have been
selected based on the results of the Phase RI which included 10 alluvial wells and 14 bedrock momtoring
wells and on the ongomg site geologic charactenization After this round of dnlling and sampling, the
working hydrogeologic site model wall be revised. In addition, the investigation will indicate either that
significant bedrock contamination exsts or that it appears not to The scope of subsequent steps to fill data
gaps may depend on the field results of the proposed mvestigation

Figure 8 2 presents a flow diagram demonstrating the scope and sequencing of subsequent steps of the
RFI/RI field 1nvestigation that will be required depending on the intenim results obtained after the proposed
boring and samphng program If bedrock contamination 1s not 1dentified, subsequent steps may consist of
demonstrating that potential pathways have been sufficiently characterized to conclude that contammnation
does not existing along any potential patbway and to provide a sufficient data set for the baselne nsk
assessment

After the proposed mvestigation has been conducted, the requirements for further sampling will be
established based on the rationale presented mn this Field Sampling Plan These rationale include two
questions 1s the site conceptual model adequately described, geologically and hydrogeologically” and 1s the
newly collected data set sufficient to conduct the basehne nsk assessment The work may be redirected
based on interim field results by EG&G and on ongoing evaluation of the data Geologic and chemustry data
will be evaluated as 1t 1s obtamed EG&G will direct the continuous updating of the hydrogeologic site
model throughout this mvestigation

The physical properties and contamination of the bedrock immediately beneath and downgradient of the
potential bedrock source areas identified during the alluvial RI wall be characterized by laboratory physical
and chemical analysis of bedrock samples and by chemical analysis of groundwater obtamned from wells
mstalled 1n the intervals of interest Characterization of unweathered bedrock chemustry wall be based solely
on groundwater chemustry testing Selection of well screen intervals will be based on nspecting the core
samples for the presence of sandstone hthology weathering and fracturing, and visual presence of
contamination

Limited hydraulic conductivity information 1s currently available for the bedrock The results of packer tests
conducted during the Phase I RI do not indicate a significant difference in hydraulic conductivity between
the unweathered sandstone and the claystone However geologic interpretation indicates the lower
sandstones may control the groundwater flow regime mn the lower HSU(s) All of the hydraulic conductivity
values measured n the unweathered bedrock were relatively low: on the order of 1x 10° to 1 x 10°* cm/sec
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Hydraulic conductivity measurements performed m the different lthologic umts will, therefore be an
mmportant part of characterizing the bedrock hydrogeology Packer tests wall be conducted 1n rock cored
sections of the central borehole at each cluster location, and slug tests will be conducted 1 all wells The
packer testing program will concentrate on distingmishing the hydraulic conductivities of the unweathered
claystones and siltstones from those of the unweathered sandstones Slug test results will be used to
distingwish hydraulic conductivity of unweathered claystone from that of weathered claystone However slug
tests may be unsuccessful if small saturated thicknesses (1€ less than about 3 feet) are found Imtially
conventional pump-out tests will not be conducted in the claystone and lower sandstones because the wells
are not expected to yield sufficent quantities of water to make this a practical method Hydraulic head and
hydraulic conductivity data will be used to develop potentiometric surface maps and/or flow nets for the
various hithologic intervals

822 Boreholes

Location and depth criteria for boreholes are presented in Table 8 1 Typically the boreholes will be
relatively deep on the order of 100 to 300 feet however there are several shallower boreholes proposed
toward the bottom of the hillside to the southeast of the 903 Pad area. Seventeen of the boreholes will
penctrate the Arapahoe Formation Sandstone No 5 mterval, and three boreholes will fully penetrate the
Arapahoe Formation

Lithology of all boreholes including holes drilled for wells, will be logged the entire depth 1n accordance with
SOP Number GT 1 Loggng Alluvial and Bedrock Material Logging wall be based on continuous lithologic
sampling of the boreholes Sampling soils above the bedrock will be conducted using hollow stem auger
continuous coring techmques Once bedrock 1s encountered, grouted casing will be embedded mnto the
bedrock to 1solate the alluvium from the bedrock prior to further dnlling (see SOP Number GT.3 Isolating
Bedrock from Alluvium with Grouted Surface Casing) SOP Number GT.3 requires that the surface casing
embedment be 2 feet into the weathered bedrock However the intent is to place the bottom of the casing
approximately 2 feet below the interface descnbing a substantial reduction 1n hydraulic conductivity If the
uppermost weathered bedrock 1s hughly weathered and/or fractured, this embedment depth will be adjusted
downward A conservative approach will be used early in the program with casing embedment into the
bedrock on the order of 5 feet The EG&G project hydrogeologist responsible for the on gomng
hydrogeologc site characterization will be responsible for estabhishing and documenting protocols for surface
casing embedment after the first several boreholes are completed and evaluated

Weathered bedrock will also be drilled and sampled using hollow stem auger continuous coring technmiques
Hollow stem auger continuous core runs will be 2 feet long 1n the alluvium and weathered bedrock Once
the weathered bedrock has been fully penetrated, NX rock core sampling techmques will be used with
carbide or diamond bits using air and/or potable water NX core runs will not exceed 5 feet 1n length
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A discrete sample for potential laboratory volatile organic analysis (VOA) wll be obtained from each 2 foot
long continuous soil and weathered rock sample Out of 3 sequential samples one wall be selected for VOA
based on screening with an organic vapor detector (OVD) and on the degree of weathering or fracturing
of the core Samples displaying a hugher degree of fracturing and/or weathering will be preferred for
analysis Chemical analyses other than VOA will be conducted on samples composited from the remaining
matenal from the 3 sequential 2 foot samples (see SOP Number 3 2, Drilhing and Sampling Using Hollow
Stem Auger Techmques) Collection of samples for chemical analysis will start approximately 5 feet above
bedrock (estimated based on Phase I RI and Phase II alluvial RFI/RI resuits) and continue to the base of
the weathered bedrock Figure 8 3 shows a schematic representation of samphng requirements The
borehole/well cluster locations were generally not located to search for small depressions where dense non
aqueous phase hquids may collect However during drilling, samples of weathered and unweathered
bedrock will be screened using an OVD High concentrations of volatle organic compounds could
potentially indicate the presence of non aqueous phases of contaminants

Borehole hydraulic conductivity tests (pump-n packer tests) will be conducted at selected 10-foot intervals
mn the NX cored unweathered bedrock within the central borehole at each cluster Single packer tests wall
be conducted at selected intervals less than 10 feet in length after a 10-foot segment of hole 1s advanced
Packer test procedures are given in SOP Number 2.3 Pump-In Borehole Packer Testing Packer test
intervals will be selected by the project hydrogeologist based on bithology and degree of weathering and
fracturing

The physical characternistics of the weathered and unweathered bedrock will be evaluated based on standard
matenal properties such as gram size distrbution and Atterberg imits Laboratory hydraulic conductivity
tests will be conducted on at least two samples of sandstone from each hthologic mterval of the lower
sandstones (1€ Arapahoe Formation Sandstone Nos 2, 3 4 and 5) Sumilarly laboratory hydraulic
conductivity tests will be conducted on at least eight samples each of weathered claystone and unweathered
claystone Selection of samples for testing will be made by the project hydrogeologist responsible for the
ongowng geohydrologic site characterization The laboratory hydraulic conductivity tests wall generally be
conducted to measure vertical hydraulic conductiity' however at the project hydrogeologist s discretion
horizontal tests should also be conducted if 1t appears that they can be successfully completed with the
available samples

The central borehole at each cluster will be logged geophysically from the base of the cased off alluvium to
the bottom of the hole 1n order to obtamn additional stratigraphic information Stratigraphic correlation
between geophysical logs will aid the interpretation of the geologic extent of identified umts Somnic log data
will assist the integration of the existing seismic data with the ongoing geologic charactenization program

Phase I1 RF1/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant, Golden Colorado June 21 1991
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Borehole geophysical logging will be conducted in accordance with SOP GT 15 immediately after drilling
and samphng actiities have been completed and before the hole 1s cased or abandoned Geophysical
logging wall consist of a full swite of downhole logs including

. Temperature

. Fluid resistivity

. Spontaneous potential

. Resistivity 16 + 64

. Induction

. Gamma gamma density
Neutron

. Natural gamma ray

Sonic log (full wave form)
o Caliper log

At the discretion of the EG&G project hydrogeologist boreholes may be completed as wells SOPs GT 3
and GT 6 apply to casings and well completions respectively If the bottom of the well screen mterval 1s
not at the bottom of the borehole the portion of the borehole below the screen wall be properly grouted
prior to well construcion  Well screens will not be placed in zones that have been packer tested If a well
1s completed at the bottom of a borehole hydraulic conductivity will be evaluated by means of a pump-out
or bail down recovery test If not completed as wells abandonment of boreholes will be conducted 1n
accordance with SOP Number GT.5 Plugging and Abandonment of Boreholes

823 Groundwater Monitoring Wells

The mvestigation outhned n Table 8-1 will involve nstalling 2 inch dsameter groundwater momtoring wells
Unless otherwise directed by the project hydrogeologist, wells will be constructed withun 15 feet of the
central borehole at each cluster For planming purposes, 38 wells are anticipated during the mvestigation
however the installation of a number of these wells will be contingent upon whether or not certain intervals
of sandstone are found at some of the cluster locations In other words a well targeted for a particular
sandstone interval may not be constructed if sandstone 1s not found at that depth interval 1n the borehole
unless the project hydrogeologist determines a well at that location and depth would be beneficial Depth
critenia for anticipated screened mtervals are presented 1n Table 8-1 Wells will be developed according to
SOP No GW 2 Well Development

Wells that are scheduled to be screened 1n sandstone will be screened 1n the mterval mdicated in Table 8 1
if that lithology 1s encountered 1n the borchole made for the well However screen mntervals for wells 1n
both weathered and unweathered claystone may depend on the degree of weathering or fracturing observed
m the core  The EG&G field hydrogeologist designated to supervise well mstallation and logging may select

Phase I1 RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
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the screened interval based on the amount of weathering or fracturing observed and assumed to represent
potential secondary hydraulic conductvity Relatively weathered or fractured zones will be preferred for well
screen mtervals Otherwise the screened sections will be placed mid depth between the overlymmg and
underlying sandstone intervals The screened interval of wells installed 1n unweathered claystone will be
10 feet 1n length

The bedrock will be 1solated from potential contamination by groundwater from the upper HSU using
grouted casing Similarly if zones of contaminated bedrock will be penetrated during the construction of
wells screened beneath those contamnated zones nested surface casings will be provided to 1solate the
screened interval of the wells from the overlying potential contammation

The RFI/RI will be based on at least one round of groundwater chemistry analysis from each well
However there 1s a potential for more rounds of data to be available for some of the earher wells
Groundwater measurements and samplhing will be conducted according to SOP No GW'1 Water Level
Measurements in Wells and Piezometers SOP No GW.5 Measurement for Groundwater Field Parameters
and SOP No GW6 Groundwater Samplng Water level measurements will be obtamned monthly
throughout the field investigation During groundwater sampling, an mterface probe will be used to check
for the presence of low and lugh density non aqueous phase hquids 1n wells where previous characterizations
of alluvial groundwater indicate they may be present If they are detected, a discrete sampler will be used
to sample them before purging the well for water samples Detailed procedures are presented in SOPA
Number 101 n Section 100

There 1s a potential for some wells, primarily those completed in claystone to produce water slowly enough
that they can not be sampled using conventional methods (1¢ purging prior to samphng) In these wells
two alternatives will be used to obtan samples

1) In weathered claystone where the alluval RFI/RI results indicate relatively high
concentrations of volatile orgamic compounds (1e greater than about 1 percent of the
saturation concentration in water) a conventional well wall be installed to check for non
aqueous phase hquds Sampling will be conducted by purging one borehole volume and
obtaining the sample as soon as possible Conventional wells wall also be installed if in the
opinton of the EG&G field hydrogeologist, there appears to be suffiaent prmary or
secondary hydraulic conductivity for the well to be successful based on the appearance of
the core

) In weathered and unweathered claystone where there do not appear to be relatively high
concentrations of volatile or semivolatile organic compounds and where the core 1s
relatively unfractured and a conventional well 1s antictpated to be meffective a conventional
well will not be installed, but rather an electronic or pneumatic piezometer tip and a

Phase II RFI/Rl Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
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porous stone type isolated sampler (e g BAT system sampler) will be installed 1n the
uncased bottom of the borehole An SOP for mnstallation of electronic and pneumatic
piezometers and porous stone type isolated groundwater samplers was under development
during the preparation of this work plan

82 4 Location Surveying

Locations of all boreholes and wells will be surveyed 1n accordance with SOP GT 17 Three elevations will
be determined for each well ground surface top of well casing, and top of surface casing. Locations are
based on State Plane reference and elevations are feet above mean sea level (USGS datum)

82.5 Data Reporting Requirements

Field data will be mput mto the RFEDS environmental database to satisfy QA/QC requirements outhned
mn the QAP)P and QAA using a remote data entry module supphed by EG&G Data will be entered on a
timely basis and diskettes will be delivered to EG&G A hard copy report will be generated from the
module for contractor use The data will be put through a prescribed QC process based on a SOPA to be
generated by EG&G

8.3 SAMPLE ANALYSIS

831 Soil Samples from Boreholes

8311 Chemical lysi

Soil samples will be collected for chemical analysis from soil and weathered bedrock, as discussed 1n
Subsections 81 and 82 Samples designated for analysis (see Subsection 8.2) will be analyzed for the
chemical parameters listed in Table 8-2 1n accordance with the QAP)P and QAA

8312 Physical Analysis

Physical analysis on soil and bedrock samples wall consist of classification (ASTM [American Society for
Testing and Matenials] D2488) moisture content (ASTM D2216) and dry density for intact samples (ASTM
D2216) Laboratory classification tests will consist of gramn size distnbution (ASTM D422) (including
hydrometer analysis) and Atterberg hmits (ASTM D4318) Laboratory classifications will be conducted for
a mummum of 10 samples of each general bedrock matenal type Laboratory hydraulic conductmty tests
will be flexible wall tests using a tniaxial cell with a confining pressure approximating that of the overburden
pressure
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TABLE 8 2

PHASE Il RFI/RI
SOIL, BEDROCK, AND GROUNDWATER SAMPLING
ANALYTES AND COMPOUNDS
OPERABLE UNIT 2

METALS

Target Analyte List Soil and Bedrock  Target Analyte List Groundwater

Aluminum Aluminum
Antimony Antimony
Arsenic Arsenic
Barium Barium
Berylhum Berylhum
Cadmium Cadmium
Calcaium Calcium
Chromium Chromium
Cobalt Cobalt
Copper Copper
Iron Iron
Lead Lead
Magnesium Magnesium
Manganese Manganese
Mercury Mercury
Nickel Nickel
Potassium Potassium
Selemum Selenium
Silver Silver
Sodium Sodium
Thalllum Thalhum
Vanadium Vanadium
Zinc Zinc

Other Metals Other Metals
Molybdenum Molybdenum
Cesium Cesium
Strontium Strontium
Lithium Lithum
Tin Tin
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TABLE 8 2

PHASE II RFI/RI
SOIL, BEDROCK, AND GROUNDWATER SAMPLING
ANALYTES AND COMPOUNDS
OPERABLE UNIT 2
(Continued)

OTHER INORGANICS Soil and Bedrock FIELD PARAMETERS Groundwater

pH pH

Nitrate Specific Conductance
Percent Sohds Temperature
Cyamde

Moisture Content
INDICATORS Groundwater
Total Dissolved Sohds
ANIONS Groundwater

Carbonate
Bicarbonate
Chlonide
Sulfate
Nitrate as N

Cyamde

DISSOLVED RADIONUCLIDES Soil and DISSOLVED RADIONUCLIDES Groundwater
Bedrock

Gross Alpha Gross Alpha
Gross Beta Gross Beta
Uramum 233+234 235 and 238 Uranum 233+234 235 and 238
Americium 241 Americium 241
Plutomum 239+ 240 Plutomum 239 +240
Tritium Tntium
Strontium 90 89 Strontium 90
Cesium 137 Cesium 137
Radium 226 228
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TABLE 82

PHASE II RFI/RI
SOIL BEDROCK, AND GROUNDWATER SAMPLING

ANALYTES AND COMPOUNDS
OPERABLE UNIT 2
(Continued)
ORGANICS VOLATILES
Target Compound List Soil and Target Compound List Groundwater
Bedrock
Chloromethane Chloromethane
Bromomethane Bromomethane
Vmyl Chloride Vinyl Chlonde
Chloroethane Chloroethane
Methylene Chlonde Methylene Chlonde
Acetone Acetone
Carbon Disulfide Carbon Disulfide

11 Dichloroethene

11 Dichloroethane

total 1 2 Dichloroethene
Chloroform

1 2 Dichloroethane

2 Butanone

11 1 Tnchloroethane
Carbon tetrachloride
Vinyl Acetate
Bromodichloromethane
1122 Tetrachloroethane
1 2 Dichloropropane
trans 1,3 Dichloropropene
Trichloroethene
Dibromochloromethane
112 Tnchloroethane
Benzene

ais 13 Dichloropropene
Bromoform

2 Hexanone

4-Methy] 2 pentanone
Tetrachloroethene
Toluene

Chlorobenzene

Ethyl Benzene

Styrene

Total Xylenes
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total 12 Dichloroethene
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2 Butanone

111 Tnchloroethane
Carbon tetrachlornide
Vinyl Acetate
Bromodichloromethane
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12 Dichloropropane
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Dibromochloromethane
112 Tnichloroethane
Benzene

ais 1,3-Dichloropropene
Bromoform

2 Hexanone

4-Methyl 2 pentanone
Tetrachloroethene
Toluene

Chlorobenzene

Ethyl Benzene

Styrene

Total Xylenes
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TABLE 82

PHASE I RFI/RI
SOIL, BEDROCK, AND GROUNDWATER SAMPLING
ANALYTES AND COMPOUNDS
OPERABLE UNIT 2
(Continued)

ORGANICS SEMI VOLATILES

Target Compound List Soil and Target Compound List Groundwater

Bedrock

Phenol Phenol

bis(2 Chloroethyl)ether bis(2 Chloroethyl)ether

2 Chlorophenol 2 Chlorophenol

1 3 Dachlorobenzene 1 3 Dichiorobenzene

1 4-Dichlorobenzene 1 4-Dichlorobenzene

Benzyl Alcohol Benzyl Alcohol

12 Dichlorobenzene 12 Dichlorobenzene

2 Methylphenol 2 Methylphenol

bis(2 Chloroisopropyl)ether bis(2 Chlorotsopropyl)ether

4-Methylphenol 4-Methylphenol

N Nitroso-Dipropylamine N Nitroso-Dipropylamine

Hexachloroethane Hexachloroethane

Nitrobenzene Nitrobenzene

Isophorone Isophorone

2 Nitrophenol 2 Nitrophenol

2 4-Dimethylphenol 2,4-Dimethylphenol

Benzoic Aad Benzoic Acid

bis(2 Chloroethoxy)methane bis(2 Chloroethoxy)methane

2 4-Dichlorphenol 2,4-Dichlorphenol

1 2,4-Tnchlorobenzene 1,2,4-Trichlorobenzene

Naphthalene Naphthalene

4-Chloroamhine 4-Chloroamline

Hexachlorobutadiene Hexachlorobutadiene

4-Chloro 3 methylphenol 4-Chloro-3 methylphenol
(para chloro-meta cresol) (para chloro-meta cresol)

2 Methylnaphthalene 2 Methylnaphthalene

Hexachlorocyclopentadiene Hexachlorocyclopentadiene

2,4 6-Tnichlorophenol 2,4 6-Trnichlorophenol

2,4,5 Trichlorophenol 2,4 5 Trichlorophenol

2 Chloronaphthalene 2 Chloronaphthalene

2 Nitroaniline 2 Nitroanihine

Dimethylphthalate Dimethylphthalate

Acenaphthylene Acenaphthylene

3 Nitroaniline 3-Nitroaniline

Acenaphthene Acenaphthene
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TABLE 8-2

PHASE 11 RFI/RI
SOIL, BEDROCK, AND GROUNDWATER SAMPLING
ANALYTES AND COMPOUNDS

OPERABLE UNIT 2
(Continued)
ORGANICS SEMI VOLATILES
Target Compound List Soil and Target Compound List Groundwater
Bedrock
2,4-Dimtrophenol 2,4-Ditrophenol
4-Nitrophenol 4-Nitrophenol
Dibenzofuran Dibenzofuran
2 4-Dimtrotoluene 2,4-Dmstrotoluene
2,6 Dimtrotoluene 2,6-Dimitrotoluene
Diethylphthalate Dacthylphthalate
4-Chlorphenyl Phenyl ether 4-Chlorpheny! Phenyl ether
Fluorene Fluorene
4-Nitroamhine 4-Nitroamline
4 6-Dinitro 2 methylphenol 4 6-Dimitro-2 methylphenol

N mitrosodiphenylamme
4-Bromophenyl Phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene

D1 n butylphthalate
Fluoranthene

Pyrene

Butyl Benzylphthalate
33 Dichlorobenzidine
Benzo(a)anthracene
bis(2 ethylhexyl)phthalate
Chrysene

D1 n octyl Phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1 2,3-cd)pyrene
Dibenz(a,h)anthracenc
Benzo(g,h 1)perylene
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N mitrosodiphenylamine
4-Bromophenyl Phenyl ether
Hexachlorobenzene
Pentachlorophenol
Phepanthrene
Anthracene

D1 n butylphthalate
Fluoranthene

Pyrene

Butyl Benzylphthalate
33 Dichlorobenzidine
Benzo(a)anthracene
bis(2 ethylhexyl)phthalate
Chrysene

D1 n octyl Phthalate
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1 2,3-cd)pyrene
Dibenz(a,h)anthracene
Benzo(g,h,1)perylene
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TABLE 8-2

PHASE 11 RFI/RI
SOIL BEDROCK, AND GROUNDWATER SAMPLING
ANALYTES AND COMPOUNDS
OPERABLE UNIT 2
(Concluded)
ORGANICS PESTICIDES/PCBs
Target Compound List Sous and Target Compound List Groundwater
Bedrock

alpha BHC alpha BHC
beta BHC beta BHC
delta BHC delta BHC
gamma BHC (Lindane) gamma BHC (Lindane)
Heptachlor Heptachlor
Aldrin Aldrin
Heptachlor Epoxide Heptachlor Epoxide
Endosulfan I Endosulfan 1
Dieldrin Dieldrin
44 DDE 44 DDE
Endnn Endrnin
Endosulfan II Endosulfan II
44 DDD 44 DDD
Endosulfan Sulfate Endosulfan Sulfate
44 DDT 44 DDT
Endnin Ketone Endnn Ketone
Methoxychlor Methoxychlor
alpha Chlordane alpha Chlordane
gamma Chlordane gamma Chlordane
Toxaphene Toxaphene
AROCLOR 1016 AROCLOR 1016
AROCLOR 1221 AROCLOR 1221
AROCLOR 1232 AROCLOR 1232
AROCLOR 1242 AROCLOR 1242
AROCLOR 1248 AROCLOR 1248
AROCLOR 1254 AROCLOR 1254
AROCLOR 1260 AROCLOR 1260

Note  Samples will also be tested for O phosphate Ammoma Sihica (as S1 or S$10,) Dissolved Orgamic
Carbon (DOC) Total Orgamic Carbon (TOC) and Bromide Analytical procedures have not yet
been selected for these analytes
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832 Groundwater Samples

Groundwater samples will be collected from all wells :dentsfied 1n Subsection 8.2 Samples will be measured
mn the field for pH specific conductance and temperature according to SOP GW.5 Measurement of
Groundwater Field Parameters Laboratory analyses for dissolved metals will be performed on samples
filtered 1n the field using a 045 pm cellulose acetate filter prior to sample preservation During the mitial
mvestigation samples will be analyzed for the parameters hsted 1n Table 8 2 Subsequent samphing iterations
may only require analyses for contaminants of concern These may be identified after the mmtial
mvestigation Samples will be analyzed mn accordance with the QAPJP and QAA

833 Sample Containers and Preservation and Sample Control and Documentation

Sample volume requirements preservation techmques holding times, and container matenal requircments
are dictated by the matrix being sampled and by the analyses to be performed. The QAP)P and QAA bst
the requirements for samples collected and analyses speafied n this FSP

Additional guidance on the appropnate use of matenals and preservatives 1s provided in SOP GT 13
Containerizing Preserving, Handling and Shipping of Soil and Water Samples

Sample control and documentation 1s necessary to ensure the defensibility of data and to verify the quality
and quantity of work performed in the field Accountable documents include logbooks data collection
forms sample labels or tags chan of custody forms photographs and analytical records and reports
Guidance defimng the necessary sample control, identification, and chamn of custody documentation 1s
discussed 1n SOP GT 13 Contamnenzing, Preserving, Handling and Shipping of Soil and Water Samples

834 Field QC Procedures

Sample duphcates field preservation blanks and equipment rinsate blanks will be prepared Trip blanks wall
be obtained from the laboratory The analytical results obtamned for these samples will be used by the ER
Project Manager to assess the quality of the ficld samphing effort The types of field QC samples to be
collected and their apphcation are discussed below The frequency wath which each type 1s to be collected
and analyzed 1s provided 1n the QAA

Duphcate samples will be collected by the sampling team and will be used as a relative measure of the
precision of the sample collection process These samples will be collected at the same time using the same
procedures the same equipment and 1n the same types of contamners as required for the samples They wll
also be preserved in the same manner and submuitted for the same analyses as required for the samples
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Field blanks will be prepared by the samphing team 1n accordance with the QAP;P and QAA and will be
used to provide an indication of any contamination mntroduced during field sample preparation techmique

Equpment blanks (nnsate) will be collected from a final decontamnation rinse to evaluate the success of
the field sampling team s decontamination efforts on nondedicated sampling equpment Equipment blanks
are obtaned by runming distilled water over sampling equipment prior to sample collecion Equipment
blanks are applicable to all analyses for water and soil samples as ndicated in the QAPJP and QAA

Trip blanks will be prepared by the laboratory techmcian and will accompany each shipment of water
samples for volatile organic analysis Trip blanks wall be stored with the group of samples with which they
are associated Analysis of the trip blank will indicate any migration of volatile organics or any problems
associated with the shipment handling, or storage of the samples

QA/QC blank samples will consist of ASTM Type II laboratory reagent water The QAP;P outlines sample
preparation requrements Procedures for momtoring field QC are given 1 the site wade QAP)P
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90

QUALITY ASSURANCE ADDENDUM (QAA)

The QAA for OU No 2 and the QAPP will be submitted to EPA and CDH as controlled documents under
separate cover These documents will establish specific QA controls applicable to the field investigations
for OU No 2

The following items will be presented in the QAA

ER Program organization and responsibilities
Data quality objectives
Analytical methods and detection imats for the FSP parameters

. EG&G SOPs applicable to the field activities
Data reduction validation and reporting requrements and gwmdehnes
Document control specifications
Information on sample containers preservation and holding times
Chain of custody protocol
Control of measuring and testing equipment

. Handling, storage and shipping of samples

Recordkeeping
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100
SOP ADDENDA (SOPA)

101 SOP ADDENDUM TO SOP NO GW6 DETECTION AND SAMPLING OF NON AQUEOUS
PHASE LIQUIDS IN MONITORING WELLS

1011 Introduction

Wells screened across the bedrock/alluvial interface or at other zones of vertical permeability contrast have
the greatest potential for containing dense non aqueous phase hquds These wells and any other wells
where dense or light non aqueous phase hquids are suspected will be checked for these contaminants during
groundwater samphng Samples of the non aqueous phase hquids will be collected if present

1012 Determination of the Depth and Thickness of Non Aqueous Phase Immiscible Layers

The presence of immuscible layers will be checked for using an interface probe Prior to use the mterface
probe will be decontaminated following SOP No FO 3 General Equpment Decontamination The mterface
probe will have differing sound tones or patterns to distingwish between aqueous and immiscible orgamic
layers As with water level measurements the probe will be sufficently accurate to measure water levels
to the nearest 001 foot Manufacturer s mnstructions and SOP No GW 1 Water Level Measurements In
Wells and Piezometers will be followed to measure the depth to the bottom of the well, the depth to the
non aqueous/aqueous layer interface and the depth to the top of the water column or non aqueous layer/air
mterface All depths will be recorded to the nearest 001 foot The probe wall be moved slowly up and
down to determine the pont where the indicator tone or sound 1s reproducibly obtamed Measurements
will be considered reproducible when consecutive readings do not differ by more than +002 foot The
average of the reproducible readings will be used to determine the measurement level Care will be taken
when lowering and raising the probe to mimmize rubbing of the tape agamnst the well casing Once
measurement levels have been determined the probe will be retrieved and decontamnated according to SOP
No FO 3 General Equpment Decontamination

1013 Collection of Non Aqueous Phase Liquid Samples

If detected non aqueous phase hiquid samples will be collected before purging activities begin  The method
of choice for collecting immiscible layer samples 1s dependent on the thickness of the layer and the depth
to the surface of the layer When the thickness of the floating layer 1s less than 2 feet, a penstaltic pump
or a baier which fills from the top will be used If the thickness of the phase is 2 feet or greater samples
will be collected with a bottom valve bailler Dense immiscible hiquds wall be collected with a bottom
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double check valve bailer before purging the well In all cases care will be taken to carefully lower the
bailer into the well so that mimimal agitation of the immiscible layer 1s achueved

Equpment used for collecting non aqueous phase hqud samples will be cleaned before use All sample
containers will consist of bottles precleaned to EPA specaifications  The following procedure will be followed
when samphng wells with immiscible layers

o The bailer and bailer hne will be precleaned following the procedures outlined in SOP No
FO 3 General Equipment Decontamination

Bailers and hine will be wrapped in aluminum foul for transport to the field or from one site
to the next

J The bailer intake will be carefully lowered to the midpomnt of the immiscible layer and the
bailer filled while it 1s being held at this level The bailer will be lowered nto the
mmiscible layer slowly so that mimimal agitation of the immiscible layer occurs If a layer
floating immuscible hiquud less than 2 feet thick 1s bemng collected, use a top-filling bailer or
penstaltic pump If a floating layer greater than 2 feet thick 1s being collected, the bottom
filing bailer or penstaltic pump 1s preferable If a dense hqud layer 1s being collected, use
the double check valve bailer

At no time will the bailer or line be allowed to touch the ground or otherwise come n
contact with other objects that might introduce contamnants into the well

Sampling will follow the procedures specified for the collection of volatile organics in SOP
No GW 6 Groundwater Samplng
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APPENDIX A
GEOLOGIC CHARACTERIZATION STUDY LITHOLOGY
SUMMARY TABLE FOR BOREHOLES/WELLS USED IN BEDROCK WORK PLAN

Phase II RF1/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
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APPENDIX B

ANALYTE CONCENTRATION TABLES

Phase I RFI/RI Work Plan (Bedrock) 903 Pad Mound and East Trenches Areas

Rocky Flats Plant Golden Colorado
22578/R2.AP 06-19 91/RPT/2

Final
June 21 1991

PR wacaindiite ik, P



[ JO | 1994§ €/L14/16-81-90 Vi€ .L2d/ASLSTE
1661 1Z 2unf OpRIOIOD UIPIOD “yusld SHEL] oY
[eUL] ‘SealV SIYIUALL, ISvy pue ‘PunoN ped £06-(100Ipad) ueld Hom NI/LNY 11 2584d

‘sonyea (FOMUR) PonLIORSURINR AT Poyasaid SNSIES IV ‘PIWNISE alaa STOUNGIIP Sep [wusson Sof J0 [N

i A2 | i i i vy i i i i i A2 | 2 | i POTIIY BOLEOGIMNLD
T® o0 o0 9 ey oeol (1] o (11 1 [ s T (1] o001 PIBIRQ WY
€l 91 91 9 9l 91 9l st st 4] ot [ 91 [ g adars
L9E0°0 89000 yisio §500'0 SELOT USIL Y5000 oo 1950 6E00'0 suoe 70000 uore m™mTs ONIAS(] pRPES
@200 szo0 nelo 66000 o £20'LS £9000 S6000 £669°7 £8100 useoe 0000 €wro T090°0C L]
bo NN Nn NN NN N NN NN N NN NN NN b NN PasuaI) 3O UNOD
neo nieo nle neso'o 8610 (G oo NS00 wl nzeo nsioo Nz0000 nsioo SIS BOLRIIUSOB0D) LRI
1010 nso'o 17 nsoo e oYL neoo 82900 €5 nmwoe nse $000°0 o o6l VOIRNTIN0)) TMTEHY
U] S0URIAOL, S0

wmio 64066 o &STEE wwry ouwiNo), saddn
SRoN [SuLION TeRLON TeWIoN reuLioN S0y SuLoN euLioN euLoN TewoN ewioN eaoN Soy foq reuwion $07 40 pemoN

w2z A s 14 £ N v s bl N N H n n

i A2] i i vi i v i i i 17 i A2 ] 02 POYBIN SONRGISL)
€I vz €€l Y4 oo 00 00 0001 00 o0 €9 €9 (1] €€l PORIRQ WU
ol " st 9 st [ o1 9t st o1 ol 91 9l st s dues
9010 11000 0€160 81100 €500'0 L1000 €2060 1oL T000°0 S000'0 8100 S100'0 15400 19100 uoneAsq prepuns
£SL0'0 2000 600 wioe 06200 9500°0 90890 L6LTSS Y000 £200°0 €560'0 €100 SLS0°0 ££60°0 L]
N NI NN NN NN NN N NN N Nn NO Nf NN NN PIBUIIUN 30 UAGOD
NENo neooo nie nszoo neoo nieo no't I nweo nzooo nsoo nzeoe nowo SN0 UONSIUS0U0.) WRUHUIN
vo 6+00'0 60600 uve nsoo nzeo nse o1 nsoo'o Nn$000 nzo nie nso nzo UOIR1UIUO) WRUBXEHN
MEF] 00RO, 13m0

GHPL9L wary 3ouRio], addn

wioN s N utioN [uLoN TeuLoN TeuLoN euLioN 30 N TeuLioN ouLsoN u N {waoN PuLioN yeutsoN 307 Jo [vaisoN

2 ad E| Le) [} o o) © [ ) | ;| sv as v

(1/3w SLINN NOLLVYINAONOD) STIJVS YALVMANNOAD ANOLSAVID
(RITHLVIM ANNOADAIVE NI SNOLLVALNAINOD TVLAN IATOSSIA YOA SOLLSLLVLS

VI 4 414VL

T R T

e - L T




TABLE B 1B

STATISTICS FOR INORGANIC (EXCEPT CHLORIDE) CONCENTRATIONS
IN BACKGROUND WEATHERED CLAYSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/1 EXCEPT pH)

Normal or Log Norma! Log Norma) Normal Normal Log Log
Upper T lerance Lamit 284996 8.6888 06143 #3145
Lower T lerance Lamut 66168
Maximum Concentration 4000 SoU 001U 84 0.66 100.0
Minumum Concentratio 144.0 souU 0.0025U 70 005U 110
Coben  Unrevised UN UN UN UN UN UN
Mean 2357107 25000 0.0033 76528 03413 334302
Standard Devistion 229463 0.0000 0.0019 04223 01022 55049
Sample Suze 12 12 14 18 1B 12
Perce t De ected 1000 00 71 1000 9223 1000
Classificat on Method A KA KA KA
N rmal  log normal dats distributions were assumed. All statistics presented are untransformed (antilog) values
U Concentration below detection hmst
M MANOVA
Value not computed
C  C hen revised statistics
UN  Unrevised statistics
A Parametnic ANOVA
K  Kruskal-Walls nonparametric ANOVA.
N clasnfication.

P Test fproport ns

Phase II RF1/RI Work Plan (Bedrock)-903 Pad Mound and East Trenches Areas, Final

Rocky Flats Plant Golden Colorado June 21 1991

22578E/R2T B1B 06-18-91/RPT/3 Sheet 1 of 1




TABLE B 1C

STATISTICS FOR CHLORIDE CONCENTRATIONS IN BACKGROUND
NORTH ROCKY FLATS WEATHERED CLAYSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/l1 EXCEPT pH)

HCo,

oo, a cN Field pH

NO,/NO,

Mean

Standard Deviatio
Sample Size
Perce Detected

Classifica Method

490

30U

18872

03083

167

N rmal or log Dormal dats distr

U Co cen ration below detection hmut
M  MANOVA.
Value not comp ed
C  C hen revised statistics
UN  Unrevised st 1stics
A Parametric ANOVA
K  Kruskal Wallis nonparametric ANOVA.
N classificatio
P Test {proportions

d. All statistics presented are untransformed (antiog) values,

Phase 11 RFI/RI Work Plan (Bedrock)-903 Pad Mound and East Trenches Areas, Final
Rocky Flats Plant Golden Colorado June 21 1991

22578E/R2T BIC 06-18-91/RPT/3
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TABLE B 1D

STATISTICS FOR CHLORIDE CONCENTRATIONS IN BACKGROUND
SOUTH ROCKY FLATS WEATHERED CLAYSTONE GROUNDWATER SAMPLES

(CONCENTRATION UNITS mg/1 EXCEPT pH)

HCO,

Field pH

NO,/NO,

30U

5.1094

83

N rmal or] g normal data d

M MANOVA
Value not comp ted
C  C hen revised statistics
UN  Unrevised statistics
A  Paramet ANOVA.
K Kruskal-Wallis nonparsmetric ANOVA,

P Test fproportions

Phase II RFI/RI Work Plan (Bedrock)-903 Pad Mound, and East Trenches Areas, Final
Rocky Flats Plant Golden Colorado June 21 1991
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TABLE B 2B

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
WEATHERED SANDSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/l1 EXCEPT pH)

Normal or Log Normal Log Normal Normal Normal Log Log
Uppe T lerance Limat 236072 8.5076 21648 AV L
Lower T lerance Limut S5.6674
Maximum Concen ration 200 S0U 001U 34 16 480
Mimumum C ncen ration 1300 sou 0.0025U 69 0.18 130
Coben  Unrevised UN UN UN UN UN UN
Mean 1755991 25000 0.0025 12375 05473 N5
Standard Devia 10 18.0052 0.0000 00019 04926 03ss81 435328
Sampl Sz 7 7 6 8 7 7
P rcent Detected 100.0 0.0 0.0 100.0 100.0 100.0
Classifica so  Method
N rmal log normal data dustributions were assumed All statistics presented are untransformed (antilog) values.
U Conce ra on below detection unit
M  MANOVA,
Value no computed
C Ch rensedstastes
UN  Unrevised statistics
A Paramet ANOVA.
K Kruskal Wallis nonparametric ANOVA.
N classification.
P Test {proportions
Phase II RFI/RI Work Plan (Bedrock)-903 Pad Mound and East Trenches Areas, Final
Rocky Flats Plant Golden Colorado June 21 1991
22578E/R2T B2B 06-18-91/RPT/3 Sheet 1 of 1
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TABLE B 2C

STATISTICS FOR CHLORIDE CONCENTRATIONS IN BACKGROUND
SOUTH ROCKY FLATS WEATHERED SANDSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/l EXCEPT pH)

HCO, CO, a CN Field pH NO,/NO, 80

Normal or Log Normal Log
Upper T lerance Limut 172107
Lower T lerance Lumt

Maxmum Concen ration 180
Minumum Concentration 60
Coben or Unrevised UN
Mean 10.2500
Standard Devia 10 2.0476
Sampl Size 7
Percen De ected 100.0

Classifica 10 Method

. N rmal log data were Al P d are st d (sntilog) values.

U Co centratio below detection hmut
M MANOVA.
Value t computed
C  C hen revised statist cs
UN  Unrevised statistics
A Parametnc ANOVA
K Kruskal Wallis onparametric ANOVA.

N lassification
P Test {proportions

Phase II RFI/RI Work Plan (Bedrock)-903 Pad Mound and East Trenches Areas, Final
Rocky Flats Plant Golden Colorado June 21 1991
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TABLE B-3B

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND
NORTH ROCKY FLATS UNWEATHERED SANDSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/1 EXCEPT pH)

HCO, co, a oN Field pH NO,/NO, )

Normal Log Normal Log Norma! Normat Normal Log Log
Upper T Jerance Limit 3022308 3013 106483 209021
Lower T Jerance Limu 72917
Maxmum C  cen ratio 390.0 0 001U 104 36 N0
Mimmum Concen rat 1400 So0u 0.0025U 80 005U S0U
C hen  Unrevised UN C UN UN C C
Mean 255.6284 63774 0.0037 89700 07294 389962
Standard Deviatio 174508 89129 0.0017 0.2005 06543 75.6059
Sampl Size 13 13 1 2 12 13
Percent Detected 1000 ®2 182 1000 500 as
. Chassiica  Method A KA
N rmal Jog rmal data dstr were d All presented are untransformed (antidog) values. U Concentration below detection lumut
yﬂu:::N:::l.ned C Cobenrevised statistes UN U A Pa ANOVA. K  Kruskal-Wallis nonparametric ANOVA.

N classiication. P Test { proportions.

Phase 11 RFI/RI Work Plan (Bedrock)-903 Pad Mound, and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
22578E/R2T B3B 06-18-91/RPT/3 Sheet 1 of 1



TABLE B 3C

STATISTICS FOR CHLORIDE CONCENTRATIONS IN BACKGROUND
NORTH ROCKY FLATS UNWEATHERED CLAYSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/l EXCEPT pH)

HCO, c0, a CN Field pH NO,/NO, $O

N rmal or Log Normal Log
Upper T lerance Limit

Lowe T lerance Lamut

Maximum Co centratio 230.0
Miumum C ncentratio 40
Cobren or Unrevised UN
Mean 28568
Standard Devis 10 14 1990
Sample Sz [
Perce t De ected 1000

. Classification M bod

Normal  log normal data dstributions were assumed  All statistics presented are untransformed (antilog) values. U Comceutration below detection limit
M MANOVA.

Value not comp ed C  Coben revised statwstics. UN  Unrevised statistics A Parametnc ANOVA. K Kruskal-Walls noapsrametric ANOVA.

N classification. P Test { proportions.

Phase 11 RF1/RI Work Plan (Bedrock)-903 Pad, Mound and East Trenches Areas, Final
Rocky Flats Plant Golden Colorado June 21 1991
22578E/R2T B3C 06-18-91/RPT/3 Sheet 1 of 1
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TABLE B 3D

STATISTICS FOR CHLORIDE CONCENTRATIONS IN BACKGROUND
SOUTH ROCKY FLATS UNWEATHERED SANDSTONE GROUNDWATER SAMPLES
(CONCENTRATION UNITS mg/l EXCEPT pH)

HCO, (.2 a CN Field pH NO,/NO, SO

Normal LogN rmal Log
Upper T lerance Lamu 4123540
Lower T lerance Luw

Maxunum Co cen ra 10 2600
Minmum Concen ratio 60
Cohen  Unrevised UN
Mesn 199.6799
Standard Deviat on 43275
Sampl Sz 7
Percen Detected 100.0

Classificat  Method

N rmal  Jog normal data distributions were assumed  All statistics presented are untransformed (antilog) values. U  Concentration below detection limit
M MANOVA.

Value no computed C  Cohen d stati UN L statistics. A Panametric ANOVA. K Kruskal-Walls nonparametric ANOVA.
N classifica on. P Test {proportions.

Phase II RFI/RI Work Plan (Bedrock)-903 Pad Mound and East Trenches Areas, Final
Rocky Flats Plant Golden Colorado June 21 1991
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SUMMARY OF WELLS USED FOR BACKGROUND
CONCENTRATIONS OF DISSOLVED METALS

Well Designation

TABLE B-4A

Screened Formation

B203189 KCL
B203289 KCL
B203489 KCL
B203589 KCL
B203689 KCL
B304889 KCL
B305389 KCL
B405489 KCL
B203789 KSSU
B203889 KSSU
B203989 KSSU
B204089 KSSU
B204189 KSSU
B304289 KSSU
B304989 KSSU
B405289 KSSU
B402189 KSSW
B405889 KSSw
B201189 QC

B201289 QC

B205589 QC

B302089 QC

B401989 QC

B200589 QRF
B200689 QRF
B200789 QRF
B200889 QRF
B400189 QRF
B400289 QRF
B400389 QRF
B400489 QRF
B405586 QRF
B405689 QRF

Phase II RFI/RI Work Plan (Bedrock)-903 Pad Mound, and East Trenches Areas, Final
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TABLE B-4A

SUMMARY OF WELLS USED FOR BACKGROUND |
CONCENTRATIONS OF DISSOLVED METALS

(Concluded) |
Well Designation Screened Formation

B405789 QRF
B102289 QVF
B102389 QVF
B202489 QVF
B202589 QVF
B302789 QVF
B302889 QVF
B302989 QVF
B402689 QVF

KCL = Weathered Claystone

‘ KSSU = Unweathered Sandstone

KSSW = Wecathered Sandstone

QC = Colluvium

QRF = Rocky Flats Alluvium

QVF = Valley Fill Alluvium

Phase Il RFI/RI Work Plan (Bedrock)-903 Pad Mound, and East Trenches Areas Final
Rocky Flats Plant Golden Colorado June 21 1991
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SUMMARY OF WELLS USED FOR BACKGROUND
CONCENTRATIONS OF INORGANICS

TABLE B-4B

Well Designation Screened Formation
B203189 KCL
B203289 KCL
B203489 KCL
B203589 KCL
B203689 KCL
B304889 KCL
B305389 KCL
B405489 KCL
B203789 KSSU
B203889 KSSU
B203989 KSSU
B204089 KSSU
B204189 KSSU
B304289 KSSU
B304989 KSSU
B405289 KSSU
B402189 KSSW
B405889 KSSW
B201189 QC
B201289 QcC
B205589 QC
B302089 QcC
B401989 QC
B200589 QRF
B200689 QRF
B200789 QRF
B200889 QRF
B400189 QRF
B400289 QRF
B400389 QRF
B400489 QRF
B405586 QRF
B405689 QRF

Phase 11 RFi/R]I Work Plan (Bedrock)-903 Pad, Mound and East Trenches Areas, Final

Rocky Flats Plant Golden Colorado June 21 1991
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TABLE B-4B

SUMMARY OF WELLS USED FOR BACKGROUND
CONCENTRATIONS OF INORGANICS

(Concluded)
Well Designation Screened Formation
B405789 QRF
B102289 QVF
B102389 QVF
B202489 QVF
B202589 QVF
B302789 QVF
B302889 QVF
B302989 QVF
B303089 QVF
B402689 QVE
. KCL = Weathered Claystone

KSSU = Unweathered Sandstone

KSSW = Weathered Sandstone

QC = Colluvium

QRF = Rocky Flats Alluvium

QVF = Valley Fill Alluvium

Phase II RFI/RI Work Plan (Bedrock)-903 Pad, Mound and East Trenches Areas, Final
Rocky Flats Piant, Golden Colorado June 21 1991
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TABLE B-4C

SUMMARY OF WELLS USED FOR BACKGROUND
EVALUATION OF GROUNDWATER RADIOCHEMISTRY

Well Designation Screened Formation
B203189 KCL
B203289 KCL
B203489 KCL
B203589 KCL
B203689 KCL
B304889 KCL
B305389 KCL
B405489 KCL
B203789 KSSU
B203889 KSSU
B203989 KSSU
B204089 KSSU
B204189 KSSU
B304289 KSSU
B304989 KSSU
B405289 KSSU
B402189 KSSW
B405889 KSSW
B201189 QC
B201289 QcC
B205589 QC
B401989 QcC
B200589 QRF
B200689 QRF
B200789 QRF
B200889 QRF
B400189 QRF
B400289 QRF
B400389 QRF
B400489 QRF
B405586 QRF
B405689 QRF
B405789 QRF

Phase 11 RFI/RI Work Pian (Bedrock)-903 Pad Mound, and East Trenches Areas, Final
Rocky Flats Plant, Golden Colorado June 21 1991
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SUMMARY OF WELLS USED FOR BACKGROUND
EVALUATION OF GROUNDWATER RADIOCHEMISTRY

TABLE B-4C

(Concluded)
Well Designation Screened Formation

B102289 QVF
B102389 QVF
B202489 QVF
B202589 QVF
B302789 QVF
B302889 QVF
B302989 QVF
B402689 QVF

KCL = Weathered Claystone

KSSU = Unweathered Sandstone

KSSW = Weathered Sandstone

QC = Colluvium

QRF = Rocky Flats Alluvium

QVF = Valley Fill Alluvium

Phase 11 RFI/RI Work Plan (Bedrock)-903 Pad, Mound, and East Treaches Areas, Final

Rocky Flats Plant Golden Colorado June 21 1991

22578E/R2T BAC 06-19-91/RPT/3
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