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This document presents the work plan for the Phase I RCRA Facility Investigation 
o / R e m e d i a l  Investigation 0 of the Radioactive Sites (Operable Unit Number 14) at the 
Rocky Flats Plant, Jefferson County, Colorado. This work plan includes a field sampling 

plan (FSP) that presents the investigation planned to evaluate the presence or absence of 
con tamhation at Individual Hazardous Substance Sites (MSSs) within the OU14 Radioactive 

Sites. The FSP developed in this work plan is based on the requirements of the Interagency 
Agreement (IAG) amongst the Department of Energy (DOE), Environmental Protection 

Agency (EPA), and the State of Colorado Department of Health (CDH) and what additional 
work is needed to initially assess each IHSSs. 

Eight IHSSs are located in Operable Unit Number 14 (OU14). They are the 700 Area 

Site No. 1 (MSS 131), Building 334 Parking Lot (MSS 156.1), Building 444 Parking Lot 
(MSS la), Area West of Building 664 (mSS 161), 700 Area- Site No. 2 (IHSS 162), 800 
Area No. 2 Concrete Slab (MSS 164.1), 800 Area Site No. 2 Building 886 Spills (MSS 

164.2), and 80 Area Site No. 2 Building 889 Storage (IHSS 164.3). Of these eight Sites, 

two are parking lots approximately 313,000 square feet in area; four are paved areas neat 

buildings approximate!.ly 8 3 , m  square feet in area; one is a storage pad approximasely 
25,000 square feet in area; and the last is a paved road within the plant with an approximate 

xvi 
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area of 161,000 411are feet. All areas described above are located immediately adjacent to 

buildings and are partially or completely covered with concrete or asphalt. 

Volume I - Text includes 12 Sections which are based on the Environmental protection 

Agency Guidance for Conducting Remedial Investigations, and Feasibility Studies. This 

work plan was also written in accordance with the IAG requirements in that field sampling 

activities complied with task "Required Actions" at a minimum, plus justification for any 
additional staged investigative actions is presented in detail, Individual IHSS boundaries 
were defined based upon the IAG and the Historical Release Report (HRR) . The HRR 
information sources and aerial photographs were reviewed to redefine the MSS boundarks 
using the most current and accurate information. The Racky Flats Environmental Database 
System (RFEDS) was accessed to review data derived from; borehole investigations, 

monitoring wells, surface water sampling, and other sources of environmental data in or 
adjacent to the OU14 MSSs. This information was summarized and presented as a 

Appendix F in Volume 11 - Appmdkes. The Aerial Radiological Surveys were evaluated to 
asartah the useability of the information presented. The contaminant isopleth contours were 
deemed to be misleading in regards to identifying potential soil con tamiMtionarOllnd 

pnxessing buildings. 

The site conceptual model was developed for OU14 taking into consideration the 

historical and current sources of contaminants. One conceptual model was deveiaped to 
cover all of the pertinent exposure pathways for each MSS. 

xvii 



EG&G ROCKY FLATS PLANT 
RFI/Rx work Piall 
Operable Unit 14 

21100-WP-OU14.1 Manrul: 
Section No.: Exec. summsry. F i d  
Page: - !9/z 0 
Effective Date: . * $ ; I  ’ 6 1994 
Org.niution: Rd&i&o Propam 

The potential applicable or relevant and appropriate requirements were developed and 
presented with a list of chemical-specific benchmarks which have been developed on a site- 
wide basis. Additional To Be Considered (TBC) guidance was also presented in a tabular 
format. 

The Field Sampling Plan (FSP) was developed using a staged approach which presents 
the results of the field investigation activities in the form of technical memoranda. Technical 
memoranda are presented to CDM/EPA a€ter State 1 activities are conducted. Based on the 
results and discusSions with the regulators Stage 2 activities are defined. A modified grid 

selection process is presented to provide an example of a logical redefinition process for 

selecting a sampling grid. The FSP addresses the difficulties in working with artificial 
covering (Le., pavement and concrete) and their impacts on radiation detection systems and 
soil sampling activities. Specific procedures are referenced to conduct the FSP and to 
develop a Health and Safety Plan. 

The Human Health Risk Assessment section was based on EPA gdame documents. 

Additional specific guidance was added to define how uncertainty is to be addffssed and how 
the data will be utilized to assess the risk to environmental and human health. 

The schedule and the sequence of work for completing the OU14 investigation is 
Specified in the IAG and is outlined below to provide background on the requirements for the 

OU14 RFIhU. The BAG states that each OU may proceed through several phases of 
investigation dependemt on the infarmation g a t h d  to characterize the OU (Section 1.B.9, 
IAG Statement of Work). 
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Following completion of the Phase I work plan, the IAG requires that the results of 
the Phase I RFYRI for OU14 be documented within adraft Phase1 RFVRIreport. This 

draft RFI/RI report will include a Preliminary Site Charactenza . tion and will also recommend 

work to be performed for the Phase 11 investigation, if required. The IAG speufies that this 

draft Phase I report be submitted to EPA and the State for review, and DOE will address the 

regulatory agency's comments and submit a Final Phase I RFYRI report for EPA and/or 

state approval. 

The IAG specifies that the priority and schedule for the Phase I REVRI: investigationS 

for OUs 3, 5, 6, 8, 12, 13, 14, 14, 15, and 16 will be determined after evaluating the Finat 
Phase I RFYRI Reports for the operable units. If EPA and/or the State deterrmne - thatno 

further investigatory work is required for OU14 after the Phase I investigation is complete, 

EPA andor the State shall approve the F i i  phase I RFI/RI Report as a Final RFI/RI 

Report. 
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i 

1.0 INTRODUCTION 

This diocJlrmt presents the Phase I work plan for the Resource Conservatim and 

Recovery Act (RClU) Facility InvestigatidRemedial Investigation 
Comprehensive En-men,taI Resource, Compensation, and Lhbilily Act (CERUA] far 
Operable Unit No. 14 (OU14) at the US.  Department of Energy (DOE) Rocky Flats Plant 

@FP) im Jefferson County, Coloracbo. 

and 

'This investiga~on is part of a mqrehensive, phased program of she chackma - h, 

remedid investigations, f'ibility studies, and rem&*-% actions currently in 
pmgress at RFP, pursuant to an h~temgency Agreement l(ZAG) between DOE, the US. 
EnviromnentaI Protedon Agency @PA), and the Colorado Department of Health (CDW 

dated Jamuary 22, 1991 (DOE 1991a). The IAG program develbped by DOE, EPk, and 
CDH addresses RCRA and CERCLA issues. Although the M G  reqnrireS general compliance 
with both R C U  and ICERCLA, CERCLA regulatians apply to medial investigations at 

QU14. In accofdance with the IAG, the CERCLA terms "Rernedhl Investigation" @I), 

"Feasibility Sltuds" (FS), and " M ~ W  I -h imhs  1 Substance Site" (MSS) are used in this 
document. 

As r q v i d  by the IAG, this Phase I work plan addresses clxm&rmQ - 'onofsource 
materials, soils, and groundwater at OU14 and surfixe water putentially affected by OU14. 

1-1 
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The RFVM will also investigate the nature and source of contamination and evaluate 
potential contaminant migration pathways. 

This work plan summarizes existing information characterizing OU14, identifies data 
gaps, establishes Data Quality Objectives (DQOs), and develops a Stage 1 field sampling 

plan (FSP) to characterize physical site features and define contaminant sources. Rationale 

for developing the Stage 2 FSP is also provided. 

The RFI/FU will be conducted in accordance with the RCRQ Facility Investigation 

(RFI) Guidance (EPA 1989a) and Interim F i d  Guidancefir conducn'ng Remedial 

Investigations and Feasibility Studies Under CERCLA (EPA 1988a). The RFVRI will be 

conducted in two stages to maximize the use of the data generated and efficiency in program 
design. Existing data were used to develop the RFI/RI approach. The data genexated by the 

RFYRI will be used to estimate the risks to human health and the environment posed by 

sources within OU14 and to begin developing and Screening remedial alternatives. 

1.1 EmvironnaePntaP Restoration h- 

The DOE Environmental Restoration (ER) Program, designed for investigation and 

cleanup of environmentally contaminated sites at DOE facilities, is being implemented1 in five 

phases. Phase 1, Installation Assessment, includes preliminary assessments and site 

inspections to assess potential environmental concerns. Phase 2, Remedial Investigations, 

includes planning and implementation of sampling programs to delineate the magnitude and 

pathways. Phase 3, Feasibility Studies, includes evaluation of remedial alternatives and 
development of remedial action plans to mitigate environmental problems identified in Phase 

extent of am tamination at specific sites and evaluate potential con taminant migration 

- 
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2 as needing Correction. Phase 4, Remedial DesigdRemedial Action, includes design and 

implementation of site-specific remedial actions selected on the basis of Phase 3 feasibility 

studies. Phase 5 ,  Compliance and Verification, includes monitoring and performance 
assessments of remedial actions as well as verification and documentation of the adequacy of 
remedial actions carried out under Phase 4. Phase 1 has been completed at the RFP (DOE 
1986), and Phase 2 is currently in progress for OU14. 

1.2 Wo&rnnOVe rview 

This work plan evaluates and summarizes previous data and investigations, defines 

DQos and data needs based on that evaluation, specifies RFI/RI tasks, and presents the Stage 

1 FSP for the RFVRI. Rationale for the development of the Stage 2 FSP is also provided. 

Section 2.0, Site Characterization, presents a comprehensive review and analysis of 

available historical informalion, p&ous site investigations, recently published reports, 
available data, and past and present activities pertinent to OU14. Included in Section 2.0 are 
characterization results for site geology and hydrology as well as the known nature and 

extent of contamination in nearby soils and groundwater. Additionally, Section 2.0 presents 

a u m m  model for contaminant migration and exposure pathways based on site physical 

characteristics and available information regarding the nature and extent of contamination. 

Section 3.0 presents potential sitewide Applicable or Relevant and AppmPriate Requirements 
(ARARs) and benchmarks, as required by the IAG, and discusses their application to the 
RFI/RI activities at OU14. Section 4.0 discusses the DQOs and work plan rationale for the 

WI/RI. Section 5.0 specifies tasks to be paformed for the RFI/RI. Section 6.0 presents the 
Stage 1 FSP and rationale for the development of the Stage 2 FSP to meet the objectives 

presented in Section 4.0. Section 7.0 lays out the RFURI activities schedule. Sections 8.0 

(P:\OU14\WORKPLN\S~ON. 1 UO/I 6/92) 1-3 Q 
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and 9.0 detail the Basebe Human Health Risk Assessment Plan (HHRA) and the Environ- 

mental Evaluation Work Plan, respectively. Section 10.0 discusses the site-speclfic Quality 

Assurance Addendum (QAA) for OU14. Section 11.0 provides references. 

The appendices contain the available supporting information used to characterize the 

physical setting and contamination at OU14. Appendix A contains several memorandums 
describing the strengths and weaknesses of the Field Instrument for Detecting Low Energy 

Radiation (FIDLER) radiological surveys. Appendix B contains the Data Summary which 

was derived from the Rocky Flats Environmental Database System (RFEDS) for sampling 

locations in or around OU14. The complete database as applicable has been included as 
Volume II of this work plan. Appendix C contains the Exce?pts From the Buckground 
Geochemical R e p n  (EG&G 199Oa). Appendix D includes only the Table @Contents From 
the Environmental Management Department Operating Procdues @G&G 1992c). 

Appendix E represents a listing of the Rocky Flats Photo History, and Appendix F includes 

the EG&G Site Spc@c Health and S@ety Plant Template. 

The following sections provide general information on RFP and the surrounding 

region including RFP history, regional land-use and population data, and site conditions. 
Site-specific conditions at OU14 are addressed in Section 2.0. 

1-4 
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1.3.1 Facility Background and Plant Operations 

RFP is a government-owned, contractor-operatd facility that is part of the nationwide 
nuclear weapons complex. The plant was under the aegis of the U.S. Atomic Energy 

Commission (AEC) from its inception in 1951 until the AEC was dissolved in January 1975. 
At that time, responsibility for the plant was assigned to the Energy Research and 

Development Administration (ERDA), which was succeeded by DOE in 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 30, 1975. Rockwell International was the 
prime operating contractor from July 1, 1975 until December 31, 1989. EG&G became the 

prime contractor at RFP on January 1,1990. 

Under the original mission, RFP fabricated nuclear weapons components from 

plutonium, uranium, and nonradioactive metals (principally beryllium and stainless steel) 

which were then shipped elsewhere for assembly. In addition, RFP repmxsd components 
for recovery of plutonium after it was removed from obsolete weapons. RFP is currently 

undergoing a mission transition from nuclear production to environmental restoration and 

waste management. Although no further production of plutonium weapons componeats is 
contemplated, certain production facilities will be preserved in a ready state until a final 
decision is made that such production is no longer needed. Other activities previously 

conducted at RFP wil l  continue as before; these include research and development in 

metallurgy, machining, nondestructive testing, Coatings, remote engineering, chemistry, and 

physics. 

Both radioactive and nonradioactive wastes have been generated in the RFP 

production process and must be taken into account when formulating environmental 

0 (P:\OUl4\WORKPW\SECTION.1\10/16/92) 1-5 
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restoration and waste management plans. Current waste handling practices involve on-site 
and off-site recycling of hazardous materials, on-site storage of hazardous and radioactive 
mixed wastes, and off-site disposal of solid radioactive materials at another DOE facility; 
however, preliminary assessments under the ER Program indicate that some of the past 
on-site storage and decontamination practices could present potential sources of 

environmental contamination. 

Various sitewide studies have been conducted at RFP to characterize environmental 

media and to assess the extent of radiological and chemical contaminant releases to the 

environment. The investigations performed prior to 1986 were summarized by Rockwell 

International (1986a) and include the following: 

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

Several drilling programs beginning in 1960 that respited in construction of 
approximately 60 monitoring wells by 1982 

An investigation of surface water and groundwater flow systems by the U.S. 
Geological Survey (Hum 1976) 

Environmental, ecological, and public health studies that culminated in an 
Environmental Impact Statement (DOE 1980) 

A summary report on groundwater hydrology using data from 1960 to 1985 
(Hydro-Search 1985) 

A preliminary electromagnetic survey of the plant perimeter (Hydro-Search 1986) 

0 (P: \OU14\WORKF'LNBECfION. 1 \ 10/16/92) 1-6 
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A,soil-gas survey of the plant perimeter and buffer zone (Tracer 1986) 

0 Routine environmental monitoring programs addressing air, surface water, 
groundwater, and soils (Rockwell 1975 through 1985, and 1986b). 

In 1986, two major investigations were completed at RFP. The first was the DOE 
Comprehensive Environmental Assessment and Response Program (CEARP) Phase 1 

Installation Assessment (DOE 1986), which included analyses and identification of current 

operational activities, active and inactive waste sites, current and past waste management 
practices, and potential environmental pathways through which con taminants could be 

transported. CEARP was succeeded by the ER Program. A number of sites that could 
potentially have adverse impacts on the environment were identified. These sites were 

designated as Solid Waste Management Units (SWMUs) by Rockwell Intemational(1987). 

In accordance with the WG, SWMUs are now designated as MSSs, and are divided into the 

following three categories: 

0 Hazardous substance sites that will continue to operate and need a RCRA 
operatingpermit 

Q Hazardous substance sites that will be closed under RCRA interim status 

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

The second major investigation completed at RFP in 1986 involved a hydrogeologic 
and hydrochemical characterization of the plant site. Plans for this study were presented by 

Rockwell International (1986c and 19864), and study results were reported by Rockwell 
International (1986e). Investigation results identified areas considered to be significant 

contributors to environmental contamination. 

8: \OU14\WORKPLN\SECIION.1\10/16/92) 
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As required by the IAG, the Historical Release Report (HRR) for the Rocky Flats 
Plant (EG&G 1992g) was developed to provide information on existing and potentially new 
IHSSs at RFP. The HRR focuses on 1) the incidental releases that took place o u t d m  or 
had an immediate impact on the out-of-building environment; and 2) waste management 

practices that have been discontinued due to environmental concerns. 

The Background Geochemictrl Charaueriztrtion Report (EG&G 19%) presents the 

chemistry of environmental materials from areas near RFP which are undisturbed by plant 

operations. The geochemistry of surface water, stream sediments, groundwater and borehole 
materials are discussed. Sample data was obtained from stations located in the Buffer Zone 

areas west, north, and south of the plant. The samples were! analyzed for chemical 

constituents including radioactive isotopes, EPA target analyte list (TAL) metals, major 
anions, and indicator parameters such as pH, specific conductance (SC) and total dissolved 

solids OS). 

8.33.1 LOCSI~~QIL RFP is located in northern Jefferson County, Colorado, 

approximately 16 miles northwest of Denver (Figure 1-1). Surrounding cities include 
Boulder, Broomfield, Westminster, and Arvada, all of which are located less than 10 miles 

to the northwest, east, and southeast of RFP, respectively. RFP consists of approximately 

6,550 acres of federal land in Sections 1 through 4 and 9 through 15 of "23, R70W, 6th 
Principal Meridian. Most plant structures are located within a protected central area site of 
approximately 400 acres and are smunded by a buffer zone of appmcimately 6,150 acres. 

e (P: \OU14\WORKKN\sEcIIoN. l\lWl8/92) 1 -.8 
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RFP is bounded on the north by State Highway 128, on the east by Jefferson County 

Highway 17 (also known as Indiana Street), on the south by agricultural and industrial 

properties and nearby State Highway 72, and on the west by State Highway 93 (Figure 1-1). 
Figure 1-2 is a vicinity map of RFP. 

11.3.3.2 Topography. RFP is located along the eastern edge of the southern Rocky 
Mountain region immediately east of the Colorado Front Range. The plant Site is Situated on 

a broad, eastward-sloping pediment that is capped by alluvial deposits of the Quaternary age 

(Rocky Flats Alluvium). The pediment surface has a fan-like form, with its apex and distal 
margins approximately 2 miles east of RFP. The tops of alluvialcovered pediments are 
nearly flat but slope gently eastward at 50 to 100 feet per mile (EG&G 1991a). At RFP, the 

pediment surface is dissected by a series of east-northeast trending streamcut valleys. The 

valleys containing Rock Creek, North and South Walnut Creeks, and Woman Creek lie 50 to 

200 feet below the level of the older pediment surface. These valleys are incised into the 
bedrock underlying alluvial deposits, but most bedrock is concealed beneath colluvial 

material accumulated along the gentle valley slopes. 

1.3.33 M&roBogy and C%ilrmatoBogy. The meteorology of Rocky Flats is strongly 

influenced by topography. The proximity of the Rocky Mountains and High Plains produce 
a semiarid climate characterstic, seasonal chinook wind storms and diurnal cycle to the wind 

patterns at the RFP. 

Wind, temperature, precipitation and atmospheric pressure are collected on the plant 

site and summarized in monthly and annual reports. The semiarid nature of the land is 
reflected in the 15-inch annual average precipitation recorded at the RFP. Spring is the 

wettest season with approximately 40 percent of the annual average; much of it falling as wet 

1-9 
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snow. Summer thunderstorms (June through August) account for an additional 30 percent of 

the annual precipitation. Autumn and winter are drier seasons (DOE 1980). 

Figure 1-3 represents a two year wind frequency distriiution (16 compass points for 6 
wind speed classes) at the RFP for 1990 through 1991. Winds at the RFP are predominantly 

northwesterly. The d i d  nature of the wind can be seen when Separating day from night at 

the plant site during mild weather conditions. Under these conditions, the Wind generally 

blows ‘upslope’ from the plains towards the mountains during the day and ‘downslop’ from 
the mountains to the plains at night. In the winter during chinook windstorms the wind 

speeds may reach 90 to 100 miles an hour. During these chinook events, winds may blow 

from the northwest for three consecutive days. 

Temperatures at the RFP are moderate. Extremely hot or cold weather is usually of 
short duration. Daily summer averages range from 55 to 85 degrees Fahrenheit (OF), while 

winter daily temperatures range from 20 to 45 OF. Temperature extremes recofded at the 

plant range from 102 OF to -26 OF (DOE 1980). 

Special attention has been focused on dispersion meteorology surrounding RFP due to 
the potential transport of atmospheric contaminants to the Denver Metropolitan area. Studies 

of the airflow indicate that the wind flows from the west, then turns and moves northeast 
along the South Platte River Valley and passes north of Denver. Paquill stability classes are 
used to evaluate dispersion characteristics at the RFF’. Stability class D (neutral conditions) 

is the prevailing dispersion characteristic at the RFp (EG&G, 1991g). 

1.3.3.4 Surface Water Hyhlagy.  A generalized map of the principal drainage 

basins and1 surface-water flow across the site is generally from west to east. A topographic 

1-10 
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divide bisects the Site along an east-west trend slightly south of Central Avenue (the 
approximate center line of the site). The Rock Creek drainage basin traverses and drains the 

northwestern portion of the plant site and is located in the buffer zone, entirely separate from 

the operational plant complex. Rocky Creek flows to the northeast to its off-site confluence 
with Coal Creek. preliminary surface water modeling of the Rock Creek basin, wing the 

Colorado Urban Hydrograph procedure (CUHP), indicates that a 2-year, 2-hour storm would 

result in a flood peak of approximately 55 cubic feet per second (cfs) at the outlet of the 

basin at Colorado Route 128. 

The Woman Creek drainage basin traverses and drains the southem portion of the 

site. Although this basin is located primarily in the buffer zone, it does extend into the 
extreme southern boundary of the plant complex. An interceptor ditch (South Interceptor 
Ditch) is located between and parallel to Woman Creek and the southern boundary of the 

plant complex. The relatively small quantity of surface runoff that flows from the southern 

boundary of the plant complex toward Woman Creek is intercepted by this ditch. This 

intercepted flow eventually enters detention Pond C-2. 

Surface runoff downgradient of the South Interceptor Ditch is tributary to Woman 
Creek, which flows east to Standley Lake; a water supply for the city of Westminster and for 
portions of the cities of Northglenn and Thornton. In 1990, water discharges from Pond C-2 

were piped, in accofdance with National Pollutant Discharge Elimination System (NPDES) 

(EPA 1984) and bypass limitations set by EPA, to a diversion ditch that goes around Great 

Western Reservoir. Woman Creek also delivers some water off Site to Mower Reservoir. 

The Walnut Creek drainage basin traverses the western, northern, and northeastern 

portions of the RFP site and receives runoff from the majority of the plant Complex. Three 

(P:\OUl4\WORKPLN\SECIION. l\l W18B2) 1-1 1 
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epthermal streams are actually tributary to Walnut Creek Dry Creek, North Walnut Creek, 
and South Walnut Creek (which receives most of the runoff from the plant complex). These 
three forks of Walnut Creek join in the buffer zone (approximately 0.7 mile west of the 

eastern perimeter of RFP) and until recently flowed east off site to Great Western Reservoir, 
a water supply for a portion of the City of Broomfield and located approximately one mile 
east of this confluence. The City of Broomfield has built and currently uses the Broomfield 

Diversion Ditch (BDD) to divert Walnut Creek around Great Westem Reservoir. 

In addition to naaual flows and the South Interceptor Ditch, there are seven ditches or 
diversion canals in the general vicinity of RFP. The Upper Church, McKay, Kinnear, and 

Reservoir Co. Ditches (diversions of Coal Creek) cross the site. Upper Church Ditch 

delivers water to Upper Church Lake and Great Western Reservoir. McKay Ditch also 
supplies water to Great Western Reservoir. Kinnear Ditch and Reservoir Co. Ditch divert 

water from Coal Creek and deliver it to Woman Creek and eventually to Standley Lake. 

Last Chance Ditch flows south of RFP and supplies water to Rocky Flats Lake and Twin 

Lakes. Smart Ditch diverts water from RocQ Flats Lake and transports it off site to the 
east. The South Boulder Diversion Canal, located immediately west of the western RFT 

boundary, diverts water from South Boulder Creek and delivers it to Ralston Reservoir, a 
water supply for the City of Denver. 

Dams, detention ponds, diversion structures, and ditches have been CoflStNcted at 
RFP to control the release of plant discharges and surface (storm water) runoff. The p d s  
located downstream of the plant complex on North Walnut Creek are designated A-1 through 

A-4. Ponds on South Walnut Creek are designated El through E5. These A- and EserieS 
ponds receive runoff from the plant Complex. Ponds A-1, A-2, El, and E 2  are non- 
discharged (retention) ponds. Volumes are conmlled at Ponds A-1 and A-2 by over-pond 

(p: \ O U 1 4 \ W O R K P ~ ~ O N . 1 \ 1 0 / 1 8 / 9 2 )  1-12 
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spray evaporation, and water from Ponds B-1 and B-2 is transferred to Pond A-2 after 

characterization. Pond B-3 receives treated effluent from the Sewage Treatment Plant (STP). 
Pond C-1 is located on Woman Creek and receives natural flows, and Pond C-2, located 

immediately south of Woman Creek (the creek is diverted to the north around the pond), 

receives flow from the South Interceptor Ditch as well as some natural flows from its 

immediite drainage basin. One retention pond (the Landfill pond) is located in an unnamed 

basin immediately downgradient of the present Landfill. The Landfill pond is operated in a 

zero discharge mode through spray evaporation. Any off-site discharges h m  the terminal 
ponds on Walnut Creek or Woman Creek (ponds A-4, N-05, or C-2) are regularly monitored 

according to the requirements of the RFP MPDES permit (CGCMIQ1333). 

1.3.3.5 Ecology. A variety of vegetation is found within the buffer zone 

surrounding RFP. Included are Species of flora representative of tall-- prairie, short- 
grass plains, lower mountain, and foothill ravine regions. Riparian vegetation exists along 

RFP drainages and in wetlands. None of the vegetative species hown to be present at RFP 
have been reported to be on the endangered species list (EG&G 1991b). Since acquisition of 
RFP property, vegetative recovery has occurred, as evidenced by the presence of 

disturbancesensitive grass Species such as big bluestem (Andmpgon g e d o  and side oats 

grama (BoueZozuz czutipenduZa). No vegetative stresses attributable to hazardous waste 

contamination have been ident5ed (DOE 1980). 

The fauna inhabiting RFP and its buff= zone consist of Species assocliLted - with 

weste~l prairie regions. The most common huge mammal is the mule deer (Odocoikw 
hemionus), with an estimated 1 0  to 125 permanent residents. There are a number of smaU 

Carnivores, such as the coyote (CWs &am), red fox (VUlpesjUw), striped skunk (ephiris 

(P:\OUl4\WORKpLMsE~ON. I \lo11 8/92) 1-13 
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mephiris), and long-tailed weasel (ustelafrenata). Small herbivores can be found throughout 
the plant complex around buildings and along drainages, and buffer zone, including species 

such as the pocket gopher (I3lomomys taZpoides), cottontail (SyZviZagus sp.), white-tailed 

jackrabbit (Lepur townsendii), and the meadow vole (immpennrylvanicus) (DOE 1980). 

Commonly observed birds include westem meadowlarb (StUrneZZa neglecta) , homed 

larks (EremophiZa alpestris), mourning doves (Zenaidurn macroura), vesper sparrows 

(Pooecetes grmineus), western kingbirds (I))rannur )rOciferm), black-billed magpies (pica 

pica), American robins (Turdus migratoriur), and yellow warblers (Dedmica magnolia). 

Killdeer (Charadn'us vocifeenrs, and red-winged black birds (Agelaius phoenice~~) are seen in 

areas adjacent to ponds. Mallards (Anas platyrhynuchos) and other ducks (Anas sp.) 
frequently nest and  rea^ young on several of the ponds. Common birds of prey in the area 
include marsh hawks (Circus cyczneu), red-tailed hawks (BueojmnaicensiS), ferruginous 
hawks (Buteo regalis), rough-legged hawk (Buteo hgopus), and great homed owls (Bubo 

M'rginiaws) (DOE 1980). 

Bull snakes (pincophis m e ~ l e u c u s )  and rattlesnakes (CmtaZus sp.) are the most 

frequently observed reptiles. Eastern yellow-belkd racers (Coluber co&cwrjkvivenfris) 
have also been seen. The eastern short-horned lizard (Phrynosoma doughmi brevimsm) has 

been reported on the site, but this and other lizards are not commonly observed. The 

western painted turtle (chrysemys picta) and the westem plains garter snake (- 

radix) are found in and around many of the ponds (DOE 1980). 

1.3.3.6 SUITEIUQ~~IR~ h & U s e  rand hpubation Density. The population, 
economics, and land-use of areas surrounding RFP are d d b e d  in a 1989 Rocky Flats 

(p: \OU14\WORKPLN\SECIION.1\10/18/92) 1-14 
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vicinity demographics report prepared by DOE (DOE 1991b). This report classifies general 

use of areas within 0 to 10 miles of RFP into residential, commercial, industrial, park and 
open spaces, agricultural and vacant, and institutional categories, and also CoIlSiders current 

and future land-use near RFP. 

The majority of residential use within 5 miles of RFP is located immediately 

northeast, east, and southeast of the plant. The 1989 population distribution within 5 miles 

of the RFP main production facility (Le., the center of the RFP site) is ill- in 

Figure 1-4. Commercial development is concentrated near residential areas north and 

southwest of Standley Lake as well as around Jefferson County Ahport, approximately 
3 miles northeast of RFP. Industrial land-use within 5 miles of the plant is limited to 
quarrying and mining Operations. Open space lands are located northeast of RFP near the 
City of Broomfield and in small parcels adjoining major drainages and small neighborhoud 

parks in the cities of Westminster and Arvada. The west, north, and east sides of Standley 

Lake are encompassed by Standley Lake Park open space. I r r i g a  and nonirrigated crop 
lands, producing primarily wheat and barley, are located north and northeast of RFP near the 

cities of Bmmfield, M y - ,  Louisville and Boulder, and in scatted parcels adjacent to 
the eastern boundary of the plant. Several horse operations and small hay fields are located 

south of RFP. The demographic report characterizes * much of the vacant land adjacent to 

RFP as rangeland (DOE 1991b). 

Future land-use in the vicinity of RFP most likely involves continued urban 

expansion, increasing the density of residential, commercial, and perhaps industrial land-use 

in the areas. The expected trend in population growth in the vicinity of RFP is also 

addressed in the DOE demographic study (DOE 1991b). The report considers expected 
variations in population density by comparing the current (1989) setting to population 
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projections for the years 2000 and 2010. A 21-year profile of projected population growth in 

the vicinity of RFP can thus be examined. DOE'S projections are based primarily on long- 
term population projections developed by the Denver Regional Council of Governments 

(DRCOG). Expected population density increase and subsequent distributions projected 

around RFP for the years 2000 and 2010 are shown in Figures 1-5 and 1-6, respectively. 

1.33.7 R e g i ~ d  Geology. RFP is located on a broad, eastward-sloping pediment 

surface along the western edge of the Denver Basin (Figure 1-7). The area is underlain by 
more than 10,OOO feet of Pennsylvanian to Upper Cretaceous sedimentary rocks that have 

been locally folded and faulted. Along the foothills west of RFP, sedimentary strata are 
steeply eastdipping to overturned. In the western buffer m e ,  Upper Cretaceous sandstones 

of the Laramie Formation make up an eastdipping (45' to 55") hogback that strikes 

approximately north-northwest (Scott 1960). Immediately west of RFP, steeply dipping 

sedimentary strata abruptly flatten to less than two degrees under and east of RFP @G&G 

1991a). The sedimentary bedrock is unconformably overlain by Quaternary alluvial gravels 
that cap pediment surfaces of several distinct ages (Figure 1-7) (Scott 1963). 

Figure 1-8 shows the local stratigraphic Section for the Rocky Flats area. Upper 
Cretaceous bedrock units directly underlying RFP and pertinent to plant site hydrogeology 

include, in descending stratigraphic order, the Arapahoe Formation, the Laramie FormatiOn, 

and the Fox Hills Sandstone. These bedrock units and the overlying surficial Quaternary age 

deposits at RFP are described below. 
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The Quaternary age deposits in the RFP area (Figure 11-7) have been categorized into 
pediment cover and valley fill. The Rocky Flats, Verdos, and Slocum Alluviums 

represent pediment covers. The valley fill alluviums include the Louviers and the 

Broadway Alluviums. Additional recent alluvial valley fill deposits include the Piney 
Creek and Post-Piney Creek Alluviums (EG&G 1991~). 

With the exception of a "Pre-Rocky Flats Alluvium" deposit located west of the RFP 
@G&G 1992b), the Rocky Flats Alluvium is the oldest alluvial deposit in the vicinity 

of the RFP. The alluvium consists of poorly sorted, angular to rounded, coarse 

gravels, sands, and gravelly clay. Caliche amounts vary from trace to abundant 

(EG&G 1991~). Dominant lithologies include detritus from Precambrian q d t e ,  

schist, and gneiss deposited by Coal Creek Thickness at the type locality Just south 

of RFP is 50 feet and ranges from 10 to 90 feet (Machette et al. 1976). As shown on 
Figure 1-7, the RFP overlies Rocky Flats Alluvium. 

The Verdos Alluvium consists of sandy, cobbly to bouldery gravel, deposited by 

Ralston Creek. Its thichess ranges from 15 to 35 feet. The Slocum Alluvium is 

composed of well-stratified, clayey, coarse gravel and coarse sand, and its thickness 
ranges from 10 to 90 feet. The Louviers and Broadway Alluviums are composed of 

coarse sand and cobbly gravel and range from 10 to 25 feet in thickness. The 
Louviers Alluvium forms well-developed tesraces above modem streams. The 

Broadway Alluvium occurs in channels cut into the Louviers Alluvium. 

The Pre-Piney Creek, Piney Creek, and Post-Piney Creek Alluviums are the most 

recent identified deposits. The Pre-Piney Creek Alluvium consists of silt and sand 

( P : \ O U 1 4 \ W O R K F ' ~ ~ O N . l \ l W l 6 / 9 2 )  1-17 



8 EG&G ROCKY FLATS PLANT 
Phaw I RFIlRI Work Plan 
Operable Unit 14 

Manual: 
Section No.: 
P a p :  
Effective Date: 
Organizatioa: 

21100-WP-OU14.1 
1.0. Final 

18 of 32 

Remediation h g m u  

. I  
: ;+ 

with pebble lenses, and the Piney Creek Alluvium is composed of clay, silt, and sand 
with some pebble beds. The Post-Piney Creek Alluvium consists of poorly 
consolidated, humic, fine-grained to medium-grained sands interbedded with 

magnetite-rich sands. 

c=-us DeP0sil.s 
Depositional environments east of the Front Range in the Late Cretaceous perid were 

influenced by the Laramide Orogeny, which resulted in the uplift of the ancestral 

Colorado Front Range Mountains. The uplift caused a regression of the 

intercontinental Cretaceous sea from the west to the east, resulting in a lateral 
progradation of Pierre Shale pradelta shales and siltstones, Fox Hills Formation delta 
front sandstones, Laramie Formation delta plain sandstones, claystones, and coals, 

and Arapahoe Formation fluvial amglomerates, sandstones, and claystones (Weher 

1973). 

The abovementioned formations are relatively distinct, from a r e g i d  pmpective, 

reflecting increasingly higher gradients of deposition with correspondingly higher energy 
facies. However, lateral and vertical variations in the depositional history of the Arapahae 

Formation have been observed as a function of localized tectonic surges, creating the 

accumulation of higher energy, braided stream Eacies south of RFP in the Golden area, 

whereas lower energy, meandering stream facies occur in the RFP area. The Geologic 

chartrcerizcrtion Report for RFP (EG&G 1991~) contains one inkqrektion of the sequence 

of deposition for the Laramie and Arapahtx Formations; however, it presents two different 

interpretive maps showing the lateral distribution of the uppennost Arapahoe sandstme. The 

first interpretation shows a single continuous meandering channel system containing channel 

1-18 
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and point bar deposits. The second interpretation depicts a multiple channel system 

containing migrated channel and point bar deposits (EG&G 1991~). 

The Arapahoe Formation, the uppermost bedrock unit underlying RFP, consists of 
claystones, siltstones, and sandstones. According to the Draft Final Geologic 

Characterization Report (EG&G 1991c), the Arapahoe Formation is approximately 150 feet 

thick and contains at least five mappable sandstone units. However, the ArapahdLaramie 

contact is currently being evaluated. The uppermost Arapahoe sandstone unit, Sandstone 
Number One, varies in thickness from 0 to over 40 feet and crops out in the €UT area. Its 

areal extent has been predicted according to two fluvial depositional interpretations presented 

in the Draft Final Geologic Charactexization Report discussed above. 

Lithologic similarities between the Laramie and Arapahoe Formations makes defini- 

tion of the contact between the formations difficult. A regional surface mapping project of 
the RFP area was conducted during 1991 as part of the sitewide Phase 11 Geologic 

Characterization efforts (EG&G 1992b). In this study, the base of the Arapahoe Formation 
was correiafed to the base of Sandstone Number One. Field criteria for the definition of 

Arapahoe sandstones included frosted, well-rounded, medium size quartz grains; however, in 

the subsurface, these characteristics have been observed in lower Arapahoe Formation 

sandstones, which were mapped as Laramie Formation during the field mapping effort. 

Sitewide geologic characterization investigations are continuing to resolve this issue (EG&G 

1992b). 

Arapahoe Forma.tion sandstones are very finegrained to medium-grained, with minor 

conglomeratic lenses. Weathered sandstones are pale orange, yellowish gray, and dark 
yellowish orange. Unweathered sandstones are light gray to olive gray. The sandstones 

Q:\OUIAWORKPLMS~ION.  1\10/16/92) 1-19 
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typically are interlayered with claystones and have lenticular geometrics. The dominant 

claystones and silty claystones are light olive gray to medium olive gray and weather to dark 

yellowish orange. Iron-oxide staining is common in the upper 20 feet of the sandstones 

(EG&G 1991~). 

The Laramie Formation, which is composed of an upper claystone interval and a 

lower sandstone and coal interval, is approximately 600 to 800 feet thick. The upper 

Laramie Formation consists of silty claystones, siltstones, and fine-grained small scale 

lenticular channel sandstones. The silty claystones are light olive gray to olive black, 

massive, occasionally sandy, and contain carbonaceous material. The siltstones are also 

carbonaceous, with iron oxide nodules and slickensides along fractures. The lower Laramie 

Formation consists of very fine-grained to medium-grained sandstones up to 50 feet thick and 
coal beds ranging from 2 to 8 feet thick (EG&G 6991~). 

The Fox Hills Formation averages 75 feet thick and consists of thick-bedded to 

massive, very finegrained to medium-si& feldspathic sandstone that is grayish orange to 

light gray in color. The sandstones are interlayered with thin beds of siltstone and claystme 
(EG&G 1991~). The Fox Hills Formation crops out west of the RFP and is not likely 

impacted by RFP activities. 

1.3.3.8 Hydmgedogy. RFP is situated in a regional groundwater recharge area. 

Groundwater recharge occurs primarily from infiltration of Precipitation into bedrock, which 

crops out in the western portion of RFP along the west limb of a monoclinal fold. Recharge 
also occurs as a result of seepage from streams, ditches, and ponds, and into subcmpping 

bedrock (EG&G 1991~). 

(P: \OU14\WORKPLMSECfION. 1 \loll 6/92) 1-20 
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Unconfined groundwater occurs at RFP in the unconsolidated Quaternary alluvial 

deposits. These include the Rocky Flats Alluvium and other pediment cover deposits present 
on broad topographic highs, and the various valley N1 alluvium deposits present in modem 

stream drainages. In the westem portion of RFP, where the alluvium is thickest, the depth 

to water is 50 to 70 feet below the surface. Although the water table is variable, it becomes 

generally shallower from west to east as the alluvium thins. Seeps are common in stream 
drainages along the contact between the Rocky Flats Alluvium and the underlying Arapahoe 

and Laramie Formations, and where Arapahoe Formation sandstones outcrop. The 
unconfined groundwater flows generally to the east along the gently sloping contact between 
the alluvium and the underlying bedrock. The claystones that typically underlie the alluvium 

have a hydraulic conductivity on the order of 1 x l@' centimeters per second (cm/s), and 

effectively constrain much of the unconfined groundwater flow to the more permeable 

alluvial deposits. Unconfined groundwater also exists in Arapahoe Formation sandstones 
which subcrap at the alluviavbedroc k unconformity. In some areas of RFP, including 

OU14, Arapahoe Sandstone Number One subcrops below the Rocky Flats Alluvium, 

stratigraphically lower Arapahoe sandstones subcrop below quaternary colluvium in limited 

areas along valley slopes. The Rocky Flats Alluvium, subcropping Arapahoe sandstones, 

and weathered Arapahoe siltstones and claystones constitute the uppermost aquifer at RFP 

(EG&G 1991~). 

Generally, unconfined groundwater flows along the contact of the surficial mated 

and the underlying Arapahoe Formation claystones in a downgradient direction to the east. 

The alluvial aquifer, as well as the bedrock aquifers, exhibits a highly variable range of 

hydraulic conductivity values. Hydraulic conductivity values reported for the Rocky Flats 
Alluvium range from 1 x 10' cm/s (Hwr 1976) to 4 x 10% cm/s (DOE 1988). This wide 

range of hydraulic conductivity values for the RocQ Flats Alluvium is due to its 

aB (P:\OU14\WORKPLN\SEION.l\10/16/92) 1-21 
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heterogeneity and1 vertical and lateral variability. The most recent hydrogeologic 
investigation suggests the hydraulic conductivity of the Rocky Flats Alluvium and the 
Sandstone Number One is approximately 6 x lo5 c d s ,  whereas the Arapahoe Formation 

claystones have a llower hydraulic conductivity on the order of 1 x lo7 c d s  (EG&G 1991~). 

This effectively constrains much of the flow within the alluvial aquifer to the more permeable 

surficial material. 

Groundwater in Arapahoe Formation sandstones exists under confined conditions 
throughout most of the RFP area. The confining layers for the sandstones are the Arapahoe 

Formation claystones and silty claystones. The Arapahoe Formation and the uppermost 
aquifer have relatively low hydraulic conductivities; therefore, they are not generally 

believed to be capable of producing economical amounts of water. Currently, there are 
ongoing hydraulic conductivity studies being conducted on both a sitewide and OU-specific 

basis. Hydraulic conductivity values presented in past studies are being validated, and new 
permeameter testing is being conducted. Pump testing to obtain aquifer parameters is being 

accomplished at OU2. Results will be available during the summer of 1992. The lower 
Arapahoe Formation sandstones have a hydraulic conductivity of approximately 1 x 106 c d s  

(EG&G 1991~). 

The amount of caliche mineralization in the Roc@ Flats Alluvium tends to increase as 
the thickness of the alluvium decreases. There are some areas where the amount of caliche 

in the interstices of the surficial material approaches 1 0  percent. The presence of caliche 
may prove to be useful in deterrmnrn ' * g localized changes in hydraulic conductivities and 

groundwater flow directions; however, due to insufficient data on caliche in RFP surfid 
deposits, the extent to which this may be helpful is unknown at this time. 

(P: \OUl4\WORKPLNEECTlON. 1\10116/92) L -22 
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1.4 Overview of Omm ble Unit 14 - Radioactive S i t e  

OU14 consists of eight IHSSs believed to be contaminated with radiological 

constituents. The IHSSs in OU14 fall within Building Areas 300,400,600,700, and 800 at 

FUT and include two parking lot sites as shown in Figure 1-9. The IHSSs to be included in 

OU14 were negotiated with the EPA, DOE, and CDH for the establishment of the IAG. The 
IAG was signed in final form on January 22,1991. The separate IHSSs that can be 

identified by type and size: IHSS 131, MSS 156.1, IHSS 160, IHSS 161, DHSS 162, IHSS 
164.1, IHSS 164.2, and MSS 164.3. Of these eight sites, two are parking lots 
approximately 313,UQO square feet in area; four are paved areas near buildings approximately 

83,000 square feet in area; one is a storage pad approximately 25,ooO square feet in area; 
and the last is a paved road within the plant with an approximate area of 161,000 square 
feet. All areas described above are located immediately adjacent to buildings and are 

partially or completely c o v d  with concrete or asphalt. 
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Regional and localized geology aad hydmgedbgy are described in Sections 1.3.3.7 
and 1.3.3.8. Addi t idy ,  surface water hydmhgy for the RFP is discussed in Section 

1.3.3.4. These descriptions serve as the basis for the follbwing detailed discussions. 
Indutaiabtion of REP has significant@ affected the hydrogeology and hydrology of the 

OU14 XHSSs.' Heightened awareness and tmhsmdm * g of these rnodkfications will Eacilitate 

a more ;aiccusate site chammktion. One pivotal effect of constfilctiKln on the alluvial 

aqpifix is the creation of potentid pxeferential migration pathways. These potedd pathways 
are illlmed mches  from u m n d  utdities such as storm sewers, Saaimy sewers, 

~lectrical lines, and building fmdations. AdditimaUy, asphalt or concme siurfaces in the 

ia$u- area of KFP p v e n t  si-t infdmwm orremutepmaptatm 

accumulation to divedm ditches. Approximately 80 percent of OU14 is covered by 

. .  . 

a r t i f i c h l p ~ a .  The~itowhichthese~~affectprefezred~~Qlb 
pathways is not fully known but must be considered when evaluating OU14. 

2.1.1 HydFogealogy 

2-1 
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clay, silt, sand, gravel, and pebbles. However, many areas of OU14 possess disturbed or 

artifcial groundcover. The Bedrock Geology and Geologic Cross Section Location Map 

(Figure 2-2) shows where the Arapahoe Formation sandstone, silt, and claystone is located 

beneath several IHSSs contained in this area. The geologic cross-sections A-A and B-B’ 

(indicated on Figure 2-2) are displayed on Figures 2-3 and 2-4, respectively. 

Unconfiaed groundwater occurs in OU14 in the Rocky Flats Alluvium, the disturbed 
ground, and artificial N1. Where the Axapahoe sandstones subcrop directly beneath the 

surficial material, they are in hydraulic conuection. The Arapahoe sandstone geometries are 
assumed lenticular and laterally discontinuous. However, in some areas at RFP they are 

relatively continuous. Although individual sadstones may not be in lateral hydraulic 

communication, the Arapahoe Sandstone Number One subcrops frequently throughout the 

RFP ana and acts as an unconfined aquifer for a substantial portion of its occurrence 
(EG&G 1991a). 

Recharge is by inliltdon of incidental precipitation and by seepage from ponds, 

ditches, and creeks, although the situation in OU14 probably differs from undeveloped amis 

because of the greater amount of paved and covered surfaces. Water table fluctuations have 

been obsewed in response to seasonal recharge (Hurr 1976). Fluctuations are expected to be 
minimal in OU14 because of the lack of inliltration. Alluvial water levels are highest during 

late summer and fall. As a result of water table fluctuations, the extent of saturased sur f id  

deposits fluctwtes. The shallow grrrundwater system discharges in streams, ditches, and at 
seeps along slopes at the alluvimhedmck mtact. 

Confined groundwater is present in the deeper sandstone units of the Arapahoe 

Formation projected to exist throughout most of OU14. Specific influence from OU14 to the 

2-2 
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Arapahoe Formation groundwater is expected to be minimal because of reduced Witration. 

In other areas, groundwater recharge to the Arapahoe Formation occurs as infiltration of 

alluvial groundwater and as infiitratim~ of precipitation where the bedruck sandstones outcrop 

in the western portion of R.FP (EG&G 1991~). Exceptions to this are the local occurrence of 
groundwater in subcropping sandstone units directly beneath the surfkial material. The 
confining layers are the relatively impermeable claystones and silty claystones of the 

Arapahoe Formation. 

The deeper Ampahoe sandstones have a hydraulic conductivity of approximately 

1 x 104 cm/s @G&G 1991~). An overall downward vertical gradient has been iden- but 

has not been quantified. Its existence is evidenced in the overall decrease in static water 

levels in monitoring wells with depth (EG&G 1991~). Based on the water table contour 
maps of the site area (Figures 2-5 and 2-6), the unconf'ined groundwater generally flows 

easterly as well as northeast towards North Walnut Creek and southeast towards Woman 
Creek. The main plant area is on an east-west trending groundwater divide which lies 
approximately beneath CenW Avenue. Groundwater flow appe;us to be topographdy 
controlled, flowing to the east-ndeast  coincident with the sitewide gradient. Some 

groundwater within the bedrock aquifer lbecomes surface water as it appears as seeps dong 

slopes and in stream drainages; however, none of these slope or dtainage areas are present 

within OU14. 

Surface water drainage in OU14 is controlled for the most part by water diversion 

works such as ditches, pavements, gutters, drains, and culverts. 'lh largest of the runoff 
control ditches in the area is the Central Avenue Ditch. This ditch runs eastward along 

2-3 
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Central Avenue and discharges to South Walnut Creek, which flows to the northeast and into 

the B-series ponds. The other major runoff control ditch is the South Interceptor Ditch, 

which prevents runoff from the south side of the RFP main production area from entering 

Woman Creek; the ditch discharges to Pond C-2 (Rockwell 1988). In the past, Pond C-2 

was discharged to Woman Creek, which flows to the southeast. Over the last two years, 

water from Pond C-2 has been diverted via pipeline to the Bmmfield Diversion Ditch, 

xather than discharging to Woman Creek. 

The discharges from the ponds are monitored to document compliance with NPDES 

permit requirements. In addition to NPDES monitoring requirements, al l  off-site pond 
discharges are monitored for concentrations of plutonium, americium-241, uranium, and 

tritium (Rockwell 1988). 

23 olperab le UJ& 14 Backmm nnd 

OU14 originally consisted of nine WSSs identified in the 1986 CEARP. The IESSs 
in OU14 fall within Building Areas 300,400,600,700, and 800 at RFP and include two 

parking lot sites as shown in Figure 2-7. The IHSSs to be included in OU14 were negotiated 
with the EPA, DOE, and CDW for the establishment of the IAG. The IAG was signed in 
frnal form on January 22, 1991. 

An investigation of the ihistory and location of the nine MSSs M e d  in the IAG is 

summarized in the HRR (EG&G 1992~). pnformation in the HRR obtained from record 
reviews and personnel interviews indicates that only eight ofthe original IHSSs are located in 

OU14; the ninth IHSS @IsS Reference No. 156.2) may be included in the OU6 
investigations due to its geographic location and potential releases to OU6. Table 2-1 lists 

~\OUl4\WORKPLN\SECTION.2\lWl6/92) 2-4 
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the nine original IHSSs identified in the CEARP, the eight IHSSs identified as a result of the 

HRR, and the reason for discrepancies or location changes. Figure 2-8 illustrates the 
discrepancies in the IHSS locations from the IAG and the HRR. The gray shaded areas 

surrounded by dashed lines on Figure 2-8 are the IAG IHSS locations. The areas in red on 
Figure 2-8 illustrate the HRR IHSS locations. The infomation developed in the HRR is 

considered the most complete and accurate compilation of IHSS history currently available 

and will be used as a basis of this work plan. The revised MSS locations and history will be 

used for development of the FSP. Where inconsistencies in history or rationale are identified 

in the HRR, the original IHSS location will also be considered in development of the FSP. 

Access to certain OU14 IHsSs may be limited due to physical obstructionS or security 
provisions. Much of OU14 is located in highly developed areas restricted by buildings, 
overhead lines, and mderground utilities. The eight IHSSs are presumed to be con- 

with the radioactive constituents uranium andor plutonium. Based on the information in the 

HRR and the WEDS, with direction pmvided in the IAG, some of the IESSs are pokntdly 
contaminated with semivolatile and volatile constituents or degradation products from oils, 

coolants, and solvents stored or spilled at the sites. The eight IHSSs are listed in Table 2-2 

, compouIlcfs reported or suspected at the site (based on along with brid site desx@mm . .  

infomation in the HRR), and the anticipated cumnt location of suspect compounds. 

The following sections provide available historical descriptions of the OU14 IHSSs. 

These historical descriptions are derived primarily from the HRR for the RFP @G&G 

1992c) and the refereraces Supporting the WRR, supplemented with the CEARP IHSS 

summaries. 
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2.2.1 Radioactive Site - 700 Area Site No. 1 (IHSS UI) 

An explosion in June 1964 in Building 776 resulted in a plutonium release that 
contaminated approximately 1,500 square feet of soil surrounding the Building 776 gas bottle 

dock. Radiological surveys showed some areas had activities exceeding 300,000 
disintegntions per minute per 100 square centimeters (dpm/lOO an2). A later account stated 

that 40 square feet of soil situated north of Building 776 was contaminated with plutoniIlm as 
a result of the explosion. Removal of soil in areas of high wntammt~ * 'onwasundertaken, 

followed by the placement of a seal coat of oil and approximately 2 inches of clean gravel 

over the contaminated soil (EG&G 1992~). 

Approximately 2,000 square feet on the west end of the north side of Building 776 

was radioactively contamhued as a result of the fire-fighting activities. Plutonium was 
tracked out of Door 17 in Building 776 by the fire-fighters during the blaze. Radiological 
surveys detected plutonium contamination along three northem exterior walls of Building 

776; therefore, to reduce mobility of the contaminated soil, the area around Door 17 was 
paved twice with asphalt. In the fall of 1971 the asphalt was removed and placed into 

barrels. No documentation has been found detailing the final disposition of the removed 

asphalt @G&G 1992~). Asphalt was later reapplied (date unknown) as shown in Figure 2- 
10. 

M S S 1 3 1 w a s d e f i n e d a s a 1 . . e s u l t o f t h e s e ~ ~ s , a n d t h e c u r i e n t l ~ o f t h i s  
IHSS is on the north side of Building 776. Figures 2-9 and 2-10 provide the IHSS-specific 

location map and a recent photograph, respectively. 
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2.2.2 Radioactive Site - Building 334 Parking Eot (HHSS E6.1) 

In February 1973 a soil pile contaminated with plutonium was found west of Building 

334 in the constructim area for Building 371. CEARP interview notes indicate that the soil 
was removed from the Building 334 Area (Figure 2-11) and was spread over an area situated 

southwest of Building 371 (Figure 2-12). The Building 371 parking lot and Building 223 
(nitrogen plant) now exist on the site where the soil pile was deposited. Figwe 2-13 
provides an IHSS-specific location map. Aerial photograph inspectiom revealed that the soil 

pile may have been in the allpa north of Building 334 as early as 1969. Portions of the pile 

may have origmatd either from the construction of a Building 774 addition or from an area 

adjacent to Building 774 in which the soil was removed as a result of an overflow of two 

underground holding tanks. Prior to the removal of the pile, soil sample results showed 

activities in the pile ranging from 3 to 704 dpm per gram (g) (the average bckgmund 
concentmtkm for Rocky Flats Alluvium is 85.2 dpm/g gross alpha). The volume of the pile 

W a s  estmmed as being approximately 250 cubic yards at the time of removal from the 
300 k e a .  

IHSS 160 consists of an area that contains the Building 444- lot and a section 
of Seventh Avenue located east of Building 444 (See Figures 2-14 and 2-15). This area was 

previously used as a storage area containing punctured or leakjng waste chums and boxes. 
Wastes resulting from the Building 776/777 fire in May 1969 were stored in this area.. The 
waste containers enclosed both solid and liquid wastes comprised of uranium and plutonium 

Contaminants as well as oils and coolants. Surface soils were I.emoved from the Building 444 
parking lot and areas east and west of the lot in the early 1970s. An unsuccessful attempt 

~\OUl4\WORKPUW~ON.2\10/16/92) 
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was made to confim the destination of the excavated soils. Retired RFP personnel 
expressed that this cleanup attempt was not entirely successful in removing all of the 
contamination (DOE 1986); however, no contamination was detected during an alpha ground 

survey performed in the contaminated waste storage yard east of Building 444 in February 

1973. This survey was perfcmned after a l l  the waste containers had been removed from the 

storage yard. 

IRFP personnel indicated during CEARP Phase I interviews that low level residual 

con tamhation from plutonium and uranium existed in PAC #400-807, which is adjacent to 

the west side of Building 664 (See Figures 2-14 and 2-16) @OE 1986). This Contamination 

occurzed as a result of punctured or leaking drums and boxes containing solid and liquid 

wastes that were being stored in the area. An attempt was made to cleanup the area by 
removing the contamma ted soil in the early 1970s. Historical Release Report authors were 

questioned, aerial photographs were reviewed, all available survey records were reviewed, 

and site penomel were interviewed in an unsuccessful attempt to verify the destination of the 

excavated so&. During the CEARB Phase I interviews, RFP personnel indicated that this 
cleanup attempt was not entirely successful in moving all of the co- . 'oninthearea. 

Results of a radiometric survey conducted in 1977 show the presence of americium-241 and 
gamma activity in an area at the northwest comer of Building 664. 

In November 1988 a 1-inch diameter hose ruptured on a forklift d t h g  in the 

release of hydraulic oil outside Building 664 that spread over the asphalt area and the 

adjacent ground. A cleanup of the area was attempted after the accident; however, the 
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degree of cleanup is not known. Figures 2-14 and 2-16 pnwide an IHSS-specific location 

map and a recent photograph of the area. 

2.2.5 Ipadioactive Site - 7 0  Area Site NO. 2 (IB[sS 162) 

IHSS 162 is located along Eighth Street and extends from the south end of Building 
771 to the north end of Building 850. Radioactive contamination within this IHSS was 

identified during ground monitoring activities in 1974. In response to this discovery, Eighth 

Street was paved over to prevent mobilization of the c o n e  soil. In January 1981, an 

air sample taken during excavation activities at Eighth Street and Central Avenue yielded a 
long-lived alpha activity concentratioll indicating the presence of residual con tambation in 

the area. Following this incident, work crews were required to wet the surface soil prior to 
any excavation activities in order to reduce the airborne dispersion of the soil. 

Any accidents or incidents occurring in IHSS 162 south of the 700 Area are not 
documented. There are at least ten other MSSs involving radioactive con tambation 

overlapping or in close pmximity to this IHSS @G&G 1992~). The HRR states that "it is 
witbinthis possible that one or more of these PACs (IHSSs) have caused contammtm 

IHSS." Figure 2-17 provides an IHSS-specific location map; Figures 2-18a through 2-18e 

are recent photogmphs of the IHSS from north to south. 

. .  

2.2.6 Rdliocadive Site - 800 Area No. 2 - Con- Slab W S  164.1) 

In 1958 a m d i d v e l y  contaminated concrete slab fram Building 776 was placed in 

an area northwest of Building 881 for temporary storage. This d m  resulted in the 
contamination of several hundred square feet of ground surface. The exact identity of the 
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radioactive constituents is not known; however, the origin of the slab was from Building 776 

which is a plutonium manufacturing facility. The slab was broken up and removed from the 
area, and the area was then cleaned. The impacted area, also known as the Radioactive Slab 
from Building 776, is now covered by the southeast comer of the Building 881 parking lot 

(See Figures 2-19 and 2-20). 

2.2.7 Radhactive Site - 800 Area Site No. 2 - Building 886 Spills W S S  164.2) 

Since 1965, some areas within and nearby Building 886 have been cmtamiuated with 

enriched uranium as a result of spills, movement of contaminated equipment, and other 

activities (See Figures 2-21, 2-22a, and 2-22b). The following material includes information 

obtained through interviews with building personnel.' 

A looo-liter low level waste holding tank, is located in a c o v e r e d  mdergmmd 

concrete pit immediately to the west of Building 886 and below gxade. The pit is 
c o n e  with umium, and groundwater has accumulated in this area, indicating the 
potential for groundwater txmmmt~ 'on. Activities associated with the removal of waste 

solution from this tank may have resulted in small spills onto the dirt or concrete. One 

known incident was discovered on September 26, 1989, in which a colorless liquid was 
found slowly dripping onto the concrete through the drain valve of an "empty" 500-@on 

stainless steel transfer tank located on a cuncrete pad outside the west side of the building. 

This incident created a wet spot on the concrete approximately 5 inches in diameter. 
Radiological monitoring of the area after discovery, indicated 650 counfs per minute (cpm) 

from a direct survey and 12 to 24 dpm from a removable . .  survey. These 
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radiological results indicated the level of contamination was low. Analyses of soil samples 

taken around the tank after the incident identifkd the contaminant as uranium. Cleanup 
activities were initiated after the incident, and no residual contamination remained. 

Additionally, a filter plenum existed outside the west side of the building prior to 

1969. Filter change and clean-out operations are potential sources of outside uranium 
contamination. To the south of the building a storage shed (Building 880) is used to store 
experimental equipment. Some equipment in this area is known to be radiologically 

contaminated. The area over which this equipment was transported between buildings has a 

potential for environmental contamination. 

Within Building 886 experimental areas, contaminated solutions have periodicaly 

been spilled onto the floor. The pote~tial exists for solution leakage through cracks in the 
concrete slab, although none are indicated. 

2.2.8 Radiosna%ive Site - 8 0  Area Sie No. 2 BuiWng 889 Storage ( I B S  164.3) 

Building 889 is a decontamination facility first used in- 1969. A storage pad located 
north of the building was used to store umtambted drums and uraniumcontaminated 

equipment prior to decontammab * .on. An area west of Building 889 may have also been used 
for storage of mntamh@d equipment and drums. Figure 2-21 provides a IHSS-specific 

location map. FiguIe 2-23 is a recent photograph of the IHSS. 

Three known incidents occurred in the 1980s involving contaminated equipment and 

drums. A waste drum containing uranium chips spontaneously ignited on June 16, 1982; no 
release of con tamhation was reported as a result ofthis incident. In September 1983, plastic 
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sheeting covering a set of contaminated tools was blown off by strong winds. Residual 
contaminants on these tools may have spread. On July 20, 1984 a uranium chip fire smted 
in an improperly loaded drum. Neither documented responses nor the amount of 

contamination from the 1983 and 1984 incidents is known. 

To date, no IHSS-specilic investigations have been conducted, but the following 

sections discuss prior investigation activities conducted in and around the areas contained 

within OU14. 

2.3.1 Radiometric Surveys 

Theradiometnc . surveys conducted h 1977 to 1984 involved the use of Field 
Instruments for Detecting Low Energy Radiation (FPDLER). 'Fhe FIDLER instrumentation 

was specif imy designed to evaluate alpha calmmml - ' o n i n R F P S O i l s . ~ e n t a l  

instruments were being used at RFP as early as 1971 or 1972. A plant-wide survey begun in 

1977 and completed in September 1984 located abnormal radiation levels in the soil at RFP. 

An orgaaized summary of the results of the 1977 to 1984 radiometn 'c w=) 
suwey is CUTently being prepared. The results located to date do not document a survey of 

any OU14 WSSs, with the exception of a small porti0n of IHSS 160. Memos describing the 

survey do, however, idicate wverage of all areas within the (inner) plant-& chain-link 

fence, and state "all areas identifed as 'above background' by the radiometric survey were 

indeed mediated" (Appendix A). A discussion of b t r m e n t  sensitivity indicates that 
contarmnated areas identified by this survey were limited1 to higher levels (500,000 picocUries 

( P : \ 0 V 1 4 \ W O R K P ~ O N . 2 \ 1 0 / 1 8 / 9 2 )  
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per gram [pCi/g] and above). Therefore, results of this survey give information of limited 
use on OU14 IHSSs. 

A review of Environmental Management Division (EMD) radiological aerial surveys 

of the RFP and surrounding areas were performed in 1972, 1973, and 1975; aerial surveys 

were also conducted in 1981 (EG&G 1982) and 1989 @G%G 199Ob). These surveys 

utilized sodium iodide detection systems flown at 100 to 150 feet above the ground. M a p s  

developed from these surveys indicate radiation emissions associated with proms and storage 

buildings at RFP. Additionally, there is an indication of americium-241 emissions from the 

soil at an area east of the 903 Pad. 

Published analysis of these studies do not indicate emissions from any of the OU14 

MSSs, other than those associated with nearby buildings. Spacial resolution of these aerial 

surveys is on the order of hundreds of feet, and "the contours of the aerial americium-241 

are always extended over an area larger than the actual activity on the &round" @G&G 

* (ma) 199Ob). Minimum detectable adivities for americium-241 are given as 2.9 milhums 

for a point source, 0.35 micmcmies per square meter gCCi/mz) for uniform surface 
con tamination, and 11.2 pCi/g for uniformly dutrhkd soil concentratton . Noneofthese 

levels are adequare for IHSS c- * 'on. Thus, the aerial survey data do not pnwide 
useful information for identifying amtamma ' tion within the IHSS areas, and could result in 

both false positive and false negative indications within these ateas. 

. .  

. .  

Ground-based de$eztor surveys and soil sampling were pexformed in Conjunction with 

several of the aerial surveys, but they concentrated on soil contamination to the east of the 

plant. 
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2.3.2 Preliminany lPCWRa~olo@caI Investigations 

Sampling activities conducted in 1991 were designed to find polychlorinated biphenyl 

(Pa) con tamhation at designated locations within RFP. The samples taken from these 

investigations were also analyzed for radionuclide contamination (EG&G 199lh). The results 
for OU14 IHSSs are discussed below. At present, areas suspected of FCB contamhati on are 
planned for investigation under a separate action2 

2.3.2.2 Ra&aa&ve Site - Building 444 Parking Lot ('IHSS 160). Soil samples 
were taken from around a concrete pad located within IHSS 160 near Building 666, which 

was used to store unused andlor unusable transformers. AROCLOR-1260 was detected in 

the soil samples with concentrations ranging from 170 to 1,600 parts per billion @pb) 
(EG&G 1991h). Plutonium-239,-240 concentratom in the soil samples ranged from 2.3 to 

9.1 pCi/g (the upper tolerance limit w] background concentration of plutonium-239 is 
0.0150 pCi/g). A figure depicting the location is unavailable. The sample location is 
identified as Site No. 14 in the preliminary repoa (E6&G 1991h). 

23.2.2 Radioactive Site (IHSS 162) - 7W Area Site NUL 2. Four of the sampling 
locations lie within IHSS 162 or in the immediate vicinity. Analyses of samples taken at the 

northwest and southwest comers of Building 776 (Site No. 21, Figure 2-24, and No. 22, 

Figure 2-25) showed the presence of PCBs in the soil. AROCLOR-1260 was found in the 

samples with amcentrations ranging from 69 to 480,OOO ppb ( E & G  1991h). A sample 
taken at the northwest comer of Building 776 had an mericium-241 co- 'on of 6.8 

pCi/g (the VaL background mncmtration is 0.0135 pCi/g) @6&G 199Oa). 

'Personal comrrmpic1Ltioll, S. M. Lewis, Dames & Moore with N. Demos, EG&G Rocky Flats, June, 1992. 
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2.33 Existing OU14 Data and Comparison to Background 

Existing soil boring, groundwater, and surface water analytical data from locations in 

or adjacent to OU14 are available from previous characterization and routine environmental 

monitoring activities. Sampling locations for each of these media axe illustrated on 
Figures 2-26, 2-27, and 2-28. The field program under which these data were collected did 

not focus on con taminant characterization of OU14. As a result, many of the boreholes were 
p l a d  in areas unaffected by site activities, and monitoring locations do not exclusively 

characterize OU14 conditions. Analytical data, including metals, radionuclides, volatile 

organic compounds, and major ions, were collected as part of these activities, and most of 

the analytical data were validated in accordance with EG&G Environmental Management 

0 gui&Iines'referenced in the Rocky ~ I a t s  ~ I a n t  sire-wide Quality Assumnee project 
Plan for CERCLA RI/FS and RCRQ RF.I/CiUS Am'vizies (QAPjP) (EG&G 1991e). Analyte- 

specific statkticd Summaries for each location and media available (e.g., maximum 

concentration detected, arithmetic mean and standard deviation, geometric mean and 
variance, detection frequency) are presented in Appendix B. All available analytical data 
from these locations is presented in Volume II. 

The existing soil data for OU14 and vicinity were compared to background data on 
radionuclides, metals, major anions, and indicator parameters. Background samples were 

obtained from samples collected at locations in buffer zone areas west, north, and south of 

the main plant. As a prelimhary weening method, the subsurface (alluvial) soil analytical 

data from the OU14 IHSSs were compaml to the UTL (where c a l w  or the msuCimum 

concentration detected for sitewide background chemical data presented in the Buckground 
Geochemical CMrme&ztion Report @G&G 199Oa). 

of the UTL or maximum concentraton are considered 

Those compounds detected in excess 

prewcontaminants  of 
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concern (COCs) for OU14 and are summarized, by MSS, in Tables 2-3, 2-4, and 2-5. A 

statistical summary of the lbackground mncentrations is presented in Appendix C. 

2.3.3.1 Subsupface Soils. The MSS-specific location maps presented throughout 

Section 2.2 provide the locations of boreholes drilled in 1989 for piezometedgroundwater 

monitoring well installation. Subsurface soil samples were collected at approximately 2-foot 

intemals (in most cases) for chemical charamrization during the drilling operations. The 
chemical data from locationS within OU14 IHSSs and selected locationS in the vicinity of the 
OU14 MSSS were evaluated to aid in preliminary contamizliint characterization (Figure 2-26). 

Chemical data for boreholes located within IHSS 156.1, IHSS 160, IHSS 161, IHSS 162, 

and IHSS 164.1 represent the most extensive IHSS-specific c- * ‘oninformation 

available at this time. Chemical data for samples located in the vicinity of OU14 MSSs 

provide an indication of upgradient and downgradient characteristics. Compounds detected 

above site backgmmd at these locations are summarized in Tables 2-3, 2-4, and 2-5. The 
chemical data from these boreholes will be used, to the extent possible, to identify potential 
con taminants within the M S S  through comparison with background, upgradient, and 

downgradient locations. 

2.33.2 Gmdwater .  Rautine quarterly groundwater monitoring has been 

conducted at RFP since 1986. As illustrated on Figure 2-27, three routine monitoring wells 

are located in the vicinity of OU14 MSSs. Monitoring well 4486 is located south of IHSS 
156.1 and northwest of WSS 160 and 161. Data from this well will be useful in 

characterizing groundwater quality upgradient of the OU14 IHSSs but within the 
industrialized area of the plant. Well 0187 is located southeast of IHSSs 160, 161, 162, and 

164.1. As indicated on the water level contours (Figures 2-5 and 2-6), gmdwater 

movement is generally in the easterly WOQ; therefore, in groundwater at . .  
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monitoring well 0187 has possibly migrated from the OU14 areas. However it should be 

noted this well is located within OU1 and does not represent water quality exclusive to any 

OU14 IHSS. Water quality data from monitoring well P418289 represents groundwater 

quality upgradient of MSS 160. Monitoring well 6186 is located within IHSS 164.3; this 
may indicate downward migration of contaminants from the surface although other sources of 

contamination may also exist. Statistical summaries of the water quality data from these 

wells are presented in Appendix B. 

23.3.3 Surface Water. Routine surface water monitoring has been conducted at 

RFP since 1989. Chemical data frum monitoring locations SW035 and SW036 (not shown 
on Figure 2-28) were evaluated to assess potential impact via runoff from IHSSs 160 
and 161. These stations are located in the South Interceptor Ditch directly south of lHSSs 
160 and 161. Water quality of runoff fnnn 164.2 may be monitored by station SW020 
(Figure 2-28). Each of these stations receives runoff from other potential It 

sources; therefore, chemical characterization is not exclusive to the OU14 ~ S S .  Statistical 

summaries of water quality are summarized m Appendix B. 

2.4 NatureofContammab 'On 

operable units that potentially impact OU14 are discussed below. The followmg 
description of the nature of con tamination has been derived primarily from the HRR (EG&G 

1992b). Historical descriptions have been supplemented with an evaluatim of available 

analytical, geologic, and hydrologic data for the overall OU14 site area; however, 
descriptions of the nature of commmah 'on associated with OU14 IIUSs in some instances 
are limited to historical documentation of the type of materials n&zased to the environment. 

~ \ O U l 4 \ W O R K P ~ N . 2 \ l W l 6 / 9 2 )  
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2.4.1 Impacts from Other OprabPe Units 

As illustrated on Figure 2-29, MSSs with other OUs may be potential sources of 

contamination at some of the OU14 IHSSs. Some of the OU14 MSSs located in the 300, 
400, 600,700, and 800 Building Areas may be impacted not only by events identified for 

that IHSS, but also by activities occurring at nearby or overlapping IHSSs contained in other 

OUs. The following sections describe the other OUs in the area. OU8 (the 700 Area), OU9 
(Original Process Waste Lines), OU12 (the 400/800 Area), and OU13 (the 100 Area) are 

primary OUs of intemt because some of their MSSs overlap or are in close pmximity to 

OU14 MSSs. To avoid duplication of effort, investigation of IHSSs that are in other OUs 
and are near to or overlap OU14 IHSSs (other than source delineation and potential migration 

of co . * ts to OU14 IHSSs) will not be consided in developing the OU14 field 

sampling plans. 

2.4.1.1 OU8 (700 k e a ) .  OU8 Contains three IHSSs that overlap or lie near OU14 
MSSs: IHSS 118.1, MSS 150.2, and IHSS 150.5. Trichloroethylene and carbon 
tetrachloride releases are suspected in IKSS 118.1, which is adjacent to the north side of 

Building 776 and lies in the vicinity of IHSS 131 and IHSS 162. lHSS 150.2 overlaps IHSS 
162 and is adjacent to the western sides of Buildings 771 and 776. plutonium contamination 
was r e l d  primarily to the north and southwest of Building 771 as a result of a fire that 
occurred in September 1957. In addition, plutonium con tamhation was M in an area 
that lies within IHSS 150.2 and IHSS 162 after the Building 7761777 fire in 1969. IHSS 
150.5 overlaps IHSS 162 and is adjacent to the south end of the western side of Building 
707. Process wastewater, which may have contained uranium, solvents, oils, beryllium, 

nitric acid, hydrochloric acid, and fluode, leaked into an area west of Building 707 from 
Valve Vault 7 and another valve vault which was removed from the area in March 1973. 
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2.4.1.2 OU9 (Original Process Waste Lmes). The Original Process Waste Lines 
(OPWL), designated as IHSS 121, are a network of tanks and underground pipelines 

constructed throughout the RFP facility. This network was created for the transport and 

temporary storage of aqueous chemical and radioactive process wastes from point of origin to 

on-site treatment and discharge points. Numerous releases have occurred from this system as 
a result of pipeljne leaks, pipeline breakage, tank and pipeline junction bodvalve vault 

overflows, and tank and pipeline corrosion and deterioration. Wastes tmqorkd through the 

OPWL include the following: uranium-238, uranium-235, plutonium, nitrate, acids, bases, 

hexavalent chromium, chromium (other than hexavalent), beryllium, iron, iodine, phosphate, 

and tritium. IHSS 121 overlaps IHSS 162, IHSS 164.3, and IHSS 131 and runs close to 

IHSS 160 and 164.1. 

IHSS 132 is suspected to have contarmnafi 'on related to a small  radioactively 

contarmnated sludge spill and leakage of water containing small amounts of detergent and 

radionuclides from tanks in Building 730. 'Fhis IHSS is located apprnxhxtely 80 feet north 
of Building 776 and is situated near IHSS 131. MSS 159 is located west o f m S  162 
adjacent to the east side of Building 559. This area is suspected of being contaminated with 

radioactive contaminants as a result of leakage of aqueous waste solution from areas around 

Building 559. 

2.4.13 OUl2 (IrcpO/Stw, Area). OU12 contains two IHSSs, IKSS 120.1 and IHSS 

120.2, that overlap OU14 IHSSs. IHSS 120.1 is located north of Building 664 and overlaps 

IHSS 160. IHSS 120.2 is located west of Building 664 and overlaps IHSS 161. The areas 
within IHSS 120.1 and 120.2 were used to store waste packages during the 1970s. CEAW 

Phase 1 investigations report that spills occurred within these areas. Suspected con taminants 
within these IHSSs are polyester resin, peroxide catalyst, unspecified cleaning solvents, and 
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americium-241. Elevated (above background) gamma radiation and americium-241 
concentrations were found in the near vicinity of these IHSSs by the Aerial Radiological 

Measurements survey; however, this could be expanded contours from Building 664. 

2.4.1.4 OUW (10Q Area). OU13 contains two MSSs, M S S  117.3 and M S S  190, 

that overlap or lie in the Vicinity of OU14 MSSs. M S S  117.3 is south of Central Avenue 

and west of Seventh Street. In May 1965 a container filled with radioactive waste oil leaked 

along a 40efoot stretch of roadway near the inkcsection of Central Avenue and Seventh 

Street as it was being transported from Building 776 to a storage area near Building 663. 

This is the only known incident that occurred within this MSS. The southern portion of 

IHSS 117.3 ends at IHSS 160. IHSS 190 contains the Central Avenue Surf' Ditch, which 
runs through IHSS 162 and near IHSS 164.2 and IHSS 164.3. In December 1978 a storage 

tank leaked 1,OOO to 1,500 gallons of caustic solution containing concentmkd sodium 

hydroxide into a spill catch basin. An operator erroneously released the solution from the 

catch basin into the Central Avenue Ditch. The sodium hydroxide solution flowed eastward 

and was diverted to South Walnut Creek and Pond B-1 for temporary containmen t. 

2.4.2 OU14 IESSs - R m d i d ~ e  Sites 

The nature of contamination at the following individual IHSSs is basedl on lhistorical 

information presented in the HRR @G&G 1992b) and supplemented by infixmation from 
previous investigations and other OU descriptions, where available. 

2.4.2.1 Radioactive Site - 7W Area Site No, 1 (IHISS Wl). As prewimly 
summanzed , soils within this IHSS are suspected of being confaminafed with plutonium 

resulting from the 1964 and 1969 Building 776/777 fires. Potential volatile organic 
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con tamhation of groundwater could also exist in IHSS 131 due to its close association with 
OU8 MSS 118.1. Extent of volatile organic contamination from this MSS is within the 
scope of the OU8. 

Con taminant levels in three borehole locations to the northeast of IHSS 131 may 

indicate downgradient con tamhunt characteristics for the IHSS (See Tables 2-3, 2-4, 2-5); 

however, influence from other OUs, particularly the Solar Evaporation Ponds (OU4), may 

overshadow potential impact from MSS 131. Characterization data, other than that 
presented here, is not available for MSS 131. 

2.4.2.2 Rdioadive Site - BuMhg 371 Parking Lot @SS 156.1). As previously 

Summanzed , approximately 250 cubic yards of a plutonium-cof&amhtd soil was initially 

stored in a location north of Building 334, then removed and placed in a l d o n  southeast of 

Building 371. The pile was leveled out over the area, and the Building 371 parking lot now 

exists over the soil pile area. Radiological surveys of the pile showed activities ranging from 
3 to 704 dpm/g. No other documentation has been found debding other releases in the IHSS 
156.1 location. Doc- indicating that the previous (initial) storage area (north of 
Building 334) has been sufficiently decontaminated has also not been found. 

As s u m m a  in Appendix B, several metals were d&cted in borehole P114889 

(located in the south central portion of the IHSS) including antimony, arsenic, ~bryllium, and 

lead. Radi~nuclides d&e~W include pl~tOnium-239,-240, radium-226, radium-228, 

strontiurn-89,-90, and the arnexicim-241 although concentratioLls do not indicate significantly 

high lewels of con tamhation in this area. Similar concentrations of inorganics and 
radionuclides were observed in the upgradient and downgIadient borehole locations. Acetone 
and methylene chloride, which are common laboratory Contaminants , were the only organic 
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constituents detected in borehole P114889. These contaminants were detected in many of 

the boreholes evaluated. Tetrachloroethylene and carbon tetrachloride were detected in the 

top 4 feet of soil collected in borehole Pld9389. This borehole is located upgradient 
(northwest) of MSS 156.1. Potential for migration of volatile organic compounds (VOCs) 

from this area to areas witbin MSS 156.1 does exist given the general direction of 

groundwater flow in the area. 

2.4.2.3 Radioactive Site - Builalhg 444 Parking Lot (IHSS 160). As previously 

summarized, MSS 160 has been impacted several times by leaking or spilled waste material. 
The wastes stored in the containers were in both liquid and solid forms and were comprised 

of uranium and plutonium contaminants as well as oils and coolants. Waste material taken 
out of Buildings 776 and 777 after the 1969 fue were also stored in the EISS 160 area. 
OU12 IIPSS 120.1 is adjacent and to the west of W S  160. Some of the suspected 

con taminants from IHSS 120.1 include volatile organics and americium-241. 

PCBs were positively identified within the IHSS during the preliminary assessment of 
PCB amtamhation @G&G 1991a) throughout the industrialized area of RFP. Samples 

collected in the vicinity of Building 668 (Site No. 14, figure unavailable) also indicate 

plutOnium-239,-240 is pxesent at levels above sitewide background (Appendix C). 

Pl~t0nium-239,-240 W ~ S  also detected at 15.9 PCilg in the 0- to 3-fo0t interval Of 

borehole P313489, which is located in the extreme Llortheast corner of the IEPSS. 

Radionuclide results from the other borehole locationS within the ElSS did not ixukate high 
levels of con tamhation, although results above sitewide background were observed for most 

radionuclides (Appendix C). Inorganic constituents were not detected. 
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Routine laboratory contaminants methylene chloride, acetone, and toluene were 

detected in boreholes in and around the vicinity of IHSS 160. Tetrachloroethylene (5 ppb) 

and carbon disulfide (9 ppb) were detected in borehole P411589 in the 12- to 14-foot interval 

and the 18- to 20-foot interval, respectively. AdditionaUy, l,l,l-trichloroethane was 

detected in each of the 2-foot interval samples collected from 0 to 10 feet in borehole 

P313489. The total depth of borehole P313489 is 24 feet, and it was completed as a 

piezometer/groundwater monitoring well; however, water quality data either has not been 

collected or is not available. 

As ' ed in Appendix B, several organic constituents were detected in 

monitoring well 0187 &roundwater including trichloroethylene, tetrachoroethylene, and trans- 
1,2dichloroethylene. This well is located downgradient of IHSS 160; however, 

concentrations do not represent water quality information exclusive to this IHSS. 

2.4.2.4 IPadhcti~~e Si - Asea West Of  664 (IHSS 161). AS previoUsly 

su- * , RFP personnel have indicated that the ana directly adjacent to the west si& of 
Building 664 has low level residual contamination from plutoniUm and uranium resulting 

from leaking drums and boxes contsu~llzl ~'gsolidandliquidwastesthatwerebeingstoredin 

thearea. otherpotentialcon tamination problems within the IHSS include an uric- 

hydraulic oil spill and influence from suspect americium-241 and volatile Orgaaics 
con tamination from OU12 IHSS 120.2. It should be noted that MSS 120.2 is entirely 

enclosed by IHSS 161. 

Chemical data co- within the IHSS are available from borehole samples 

collected during 1989. The results do not indicate high concentrations of radionuclides or 
inorganics in the areas where the boreholes were drilled. With the exceptioIl of methylene 
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chloride and acetone, tetrachloroethylene (7 ppb) was the only other organic compound 

detected within the IHSS in borehole P412189, which is located in the northwest portion. As 
summarized in Appendix B, several organic constituents were detected in monitoring well 

01 87 groundwater including trichloroethylene, tetrachloroethylene, and trans-1,2- 

dichlomethylene. This well is located downgradient of IHSS 161; however, concentrations 

do not represent water quality infomation exclusive to this IHSS. Monitoring well 0187 is 

within OU1 boundaries. Monitoring well P418289 is located northwest of the IHSS. Low 

levels of volatile organics, 1! ,l-dichloroethane, 1, l-dichlomethene, and chloromethane were 

detected in this well. There is a potential for volatile organic con wmination of groundwater 

underlying IHSS 161. 

2.4.2.5 Radioactive Site - 7OQ Area Site No. 2 (IHSS 162). The identity and 

amount of con tamhation in the southern and central sections of this IHSS are unknown; 

however, con 13lmination was detected by ground surveying activities in 1974 and air .umpIhg 

activities in 1981. It is believed that contamination within these two sectors resulted from 
the migation of con taminants from other IKSSs. IHSS 162 is greatly affected by the other 

IHSSs in the area. Potential con tamination from other WSSs overlapping WSS 162 include 

volatile organics, radionuclides, beryllium, iron, chromium, hexavalent chromium, nitric 

acid, hydrochloric acid, and fluoride. 

Radiological surveys have shown the presence of co ntamination on three sides of 

Building 776. PCB contamination in the northern area of the IHSS is also suspected because 
of the results of the p r e l i m i ~ ~ ~  PCB investigation (EGBrG 1991a) discussed in Section 

2.3.3.2. Samples collected during this inVestigatiOn ais0 indicate plutonium-239,-240 and 
americium-241 are present at levels above the sitewide background Concentratom 

(Appendix C). As summarized in Tables 2-3, 2 4 ,  and 2-5, chemical data from boreholes 
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located downgradient of the MSS do not indicate contaminant concentfations substantially 
diffemt from' other boreholes within the industrialized area of the plant. 

2.4.2.6 Radioactive Slab h m  Building 776 - @IsS 164.1). The southeast corner 
of the Building 881 parking lot is suspected of being contamhted with plutonium resulting 

from the placement and storage of a radioactively contaminated slab originating from 

Building 776 in 1958. Several hundred square feet of soil area are suspected of being 

contarmna . ted, although documentation of radiological monitoring activities within this IHSS 
has not been found. 

One borehole completed within the boundaries of IHSS 164.1 is borehole P313589. 
Data from the borehole are s , *  XI in Appendix B. preliminary assessment of the 

. .  results do not indicate high levels of con- on. 

2.4.2.7 R A i e v e  Si - 800 Asea Site NO. 2 Bd- 886 Spills W S  164.2). 
This IHSS is suspected of being contaminated with uranium as a result of spills that occnrred 
within and outside of Building 886. A thmugh investigation of the contaminated areahas 

not been conducted. The extent of the con tamhation is unknown; however, additional 
information acquired thmugh discussions with Building 886 perso~el indicate the probability 
of encountering potentially signifkant contammtI 'on problems in this EBS. As indicated in 
Section 2.2.7, the potential for diological contammtI * 'on of groundwater is suspected 

because of groundwater accumulation in an underground concrete pit. 

2.4.2.8 Raadioacthe Site - 800 Area Site No. 2 889 Storage (IEBS 1643). Areas 
within this IHSS were used temporarily to store uranium- equipment and 

materials prior to decontamination. Radiological surveys have detectsd the presence of 
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contamination within this IHSS. The total amount of con taminants that was released within 

these storage areas is unknown. 

Routine groundwater monitoring well 6186 is located within IHSS 164.3 boundaries. 

The chemical data, summaflzed . in Appendix B, do not indicate substantial presence of 

contamman ts. 

2.5 SiteConceptua 1 Model 

By using the known physical conditions and potential contamination sources described 
in the preceding sections, a site conceptual model of exposure pathways was developed for 

the OU14 IHsSs. The conceptual models have been developed for use in the evaluation of 

potential risks of OU14 contamhation to human health and the environment. 

The primary purpose of a am- model is to aid in identifying exposure pathways 

by which human and biotic receptors may be exposed to cmtammn . ts. EPAdefhxan 

exposure pathway as "a unique mechanism by which population may lbe exposed to chemicals 

at or originating from the site . . ." (EPA 1989b). 

An exposure pathway must include a con taminant source, a release mechanism, a 

transport medium, an exposure route, and a receptor. An exporn pathway is not complete 

without each of these five components. The iadividual components of the exposure pathway 

are defined as follows: 

e C ~ n h m h ~ ~ ~ t  Source: For pu~poses of the OU14 conceptual models, the 
contaminant source is divided into primary sources (IHSSs) and secollcfary sources 
(media that have potentially been affected by these releases). Secondary souxces 
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will be closely investigated since they may currently contain contaminants that can 
still be released to the environment. 

e Release Mechdsm: Release mechanisms are physical andor chemical processes 
by which contaminants are released from the source. The conceptual model 
identifies mechanisms that released contaminants directly from the primary sources 
(i.e., leaks, spills, overflows, fire, explosion, etc.), and mechanisms that may 
release contaminants from the secondary contambnt S O U W .  

* Tramport Media: Transport media are the environmental media into which 
contaminants are released from the source and are in turn released to a TeceptDT. 
Potential transport media for OU14 include air, surface water, groundwater, and 
biota. 

9 Exposure Route: Exposure routes are avenues through which contaminants are 
physiologically incorporated by a receptor. Exposure routes for receptors at OW14 
are inhalation, ingestion, and dermal contact. 

e Receptor: Receptors are human or enviromnental populations that are affected by 
the con tamhation released fnnn a site. Human receptofs for OU14 include the 
RFP workedvisitors and off-site residents. Environmental receptors are biota 
(both flora and fauna) indigenous to the OU14 environs. 

Diagrams of the conceptd models for potential secondary contaminant - 9  

transport media, exposure mutes, and receptors relating to the OW14 IHSSs are presented in 

Figure 2-30. An IHSS specific conceptual model figure showing a cross sectional diagram is 

included as Figure 2-31. The various aspects of the conceptual model are explained in the 

following sections. 

2.53.1 Co ' Itsouares. Primaryco- - 'onsourceswithinthevarious 

MSSs include aboveground tanks, storage areas, and procesdg facilities. Con taminants 
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from these sources may have been introduced into the environment through spills on the 

ground surface, explosion and/or fire, physical contact with contaminated materials, and 

through incident precipitation runon and1 runoff. Contamination may still be entering the 

environment from some of the sources; in other areas, the sources may be exhausted or may 

have been physically mitigated through mediation at the time of the initial release. 

Exclusive of volatilization to the atmosphere, the contaminants first enter the 

environment through the soil and are transported by various mechanisms from affected soil to 

unaffected media. Groundwater is another medium that once affected, could spread 
con taminants to una€fected media; therefore, for conceptual purposes, contaminated soils and 

groundwater are considered secondary con taminant sources. These secondary groups may 

receive the most attention during RFI/RI activities since they are a potential current source. 

Contaminants from secollclary sources could be spread to other media though secondary 
release mechanisms including disturbance of mil, vo Intili7;ltion and resettling of dust, surface 

water runoff, int?ltratiodpemlation of water, him- 'on/accumulation, and physical 

tracking. The chemical composition of the contaminam varies widely between the IHSSS, 
ranging fmm mixed wastes to nOnradioactive organic and inorganic compounds. 

Contarnhuts generally suspected in OU14 IHSSs include plUtonium-239,-240, 

americium-241, and uraniM1-24l. Some of the existing data quantitatively confums the 
presence of these contarmnan - ts such as the results from the PCB invest@km around IHSS 
160 and 162 and one borehole drilled in IMSS 160. VOCs are suspected in several IHSSs as 
well, either directly from past activities at the IHSS or influence from other OUs. PCB 
presence in two IHSS has been confirmed; semivolatile organic m m  . 'onspillsmayalso 

be present in some IHSSs. 
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Most IHSSs in OU14 overlie or are immediately adjacent to other OU IHSSs; 

therefore, it may not always be possible to diffeIentiate between contaminants from specific 

IHSSs. It follows that the precise extent of contamination from a given IHSS may be 

difficult or impossible to determine. 

2.5.1.2 P&enthl Trmsport and Release M d h .  The human health priority 

pathways and transport mechanisms in OU14 including air, surface water, groundwater, 

biota, and tracking are summarized on Figure 2-30. Air pathways will be addressed by 

surface soil and soil gas c- . 'on. The surface water pathway will be addressed by 

surface water sampling if feasible (i.e., if a suitable location is identified within the IHSS or 
at a point outside the IHSS potentially affected by runoff). The groundwater pathway will be 

'on addressed by subsurface soil and water sampling, and by hydrostratigraphic unit e- * 

through the use of soil and bedrock boreholes and groundwater monitoring wells during 

Stage H investigations. Additionally, specific IHSS potential con tamhut pathways may 
commingle with pathways from other IHSSs. The potential transport and release mechanisms 

are described briefly below. 

0 A k  Potentialdispersionofcontaminants by wind is possible wherever 
contammakd soil exists. The likelihood of airborne contamhatiion increases 
greatly if the site is disturbed by traffic, construction, or similar activity. Dust- 
borne con taminants mobilized by the wind have been documented in some areas of 
RFP. 

Most of the OU14 IHSSs are fully or partially mered with artificial groundcover 
(i.e., pavement or concrete). As indicated in the IIBS baclrgrrrund infomation 
(Section 2.2), the groundcover was applied as a means of ccmtmbg or preventing 
con tamhunt migration. The &cial gmundcover reduces the potential for 
con tamhant traasport and release via the air pathway; however, uncovered areas 
may have been impacted prior to application of a groundcover. 
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Additionally, some releases involving constituents such as VOCs, while impacting 
air quality for a time near the release, typically do not spread contamination to 
secondary media through the air transport mechanism. However, organic vapors 
emanating from soils in the vadose zone can serve as an indicator of subsurface 
releases and potentid subsurface soil and groundwater contamination. The 
movement of organic vapors through soil is controlled lby the specific properties of 
the contaminant and the soil as well as other physical parameters and physical 
charamristics of the soil. 

0 Surface Water: Surface water and sediments may have been affected by releases 
that originated at the ground surface; precipitation runoff across these afeas could 
also mobilize and transport the con tamination into nearby drainages or surface 
impoundments. A system of collection ditches and ponds contain and control 
runoff at RFP. Surface water can also be affected by surfacing of contaminated 
groundwater in the form of seeps. 

As described under the air transport and release mechanism, a substmtial portion 
of OU14 has been covered with pavement m concrete. The groundcover 
potentially prevents mobilization and transport of con taminants via Iunoff. 

Q Gmundwaw Groundwater recharge from incident precipitation can occur 
through undeveloped ground surfaces within W P .  Mobile constituents of 
con lnmination such as volatile organics may eventually migrate into the vadose 
zone or eventually to the groundwater system. Immobile constitue, such as 
radionuclides and metals may exhibit some downward migration; however, they 
u s d y  remain sorbed to clays and silts. As is the case in OU14, soils overlain by 
pavement and buildings may be subject to little or no downward percolatian of 
water. Contarmnan ' ts in such soils may remain relatively immobile. 

In the vadose (unsaturated) zone, free ljquids are expected to move generally 
downward to the water table. The water table varies in the OU14 area dependins 
upon location and time of year. Liquids inNtrating the soil may also encounter a 
less pemeable (low-flow boundary) and flow laterally through the more permeable 
soilalcmgtheboundary. AtRFP,suchpermeabilitycontrastsarelikelyatthe 
alluviumhdmck contact. If, however, the leakage or r e k  rate exceeds the 
infiltration capacity of the soil, or if the surface is covered by an impermeable 
material (i.e., concrete), then the liquid may pool or flow across the material 
surf.. to a more permeable maferial where infiltraticm can occur. 

2-30 



EG&G ROCKY FLATS PLANT 
RNRI Work plan 
Operable Unit 14 

21 100-WP-OUl4.1 M M ~ :  
Section No.: 2.0, Finall 
Page: 31 o $ W C k  ::c Effective Date: - -  
OganiLetiOn: Rsmediarion Ragram 

Another factor affecting groundwater and contaminant flow is the potential for 
preferential migration pathways within the industrialized areas of RFP. Buried 

Because OU14 is located in the developed areas of RFP, this is a potentially viable 
mechanism for transport and release. 

utilities, trenches, and pits may provide conduits for migration of contaminan ts. 

e Bitso: Bimncentration and bioaccumulation can occur as plants and animals 
uptake or ingest contaminants from their sufiounding environment. Additionally, 
deposition of contaminated dust on plant foliage or animal coats can occur. 

Recause of the industdized nature of OU14, flom and fauna are considered a 
limited means of transpoxt and release. Some of the OU14 MSSs are fenced thus 
restricting access to site fauna. 

9 Tracking: Potential dispersion of contamhants by trackhg may occur wherever 

transported and released from adherence to fauna inhabiting an area. 
surface con tamhation exists and is exposed. Contaminated dUStXMybe 

The majority of OU14 is covered with pavement or umczete which provided a 
barrier against the tracking mechanism; however, uxwvered areas within OU14 do 
exist. Fencing, present at some of the OU14 IHSSs, provides additional 
restriction. 

8 lhpmnre-: Contaminants released from OU14 MSSs could potentially 
affect receptors through hhalathn of airborne particles or vapors, and through 
ingestion of or demal mtact with contamimed source/traasport media. 

0 R ~ c ~ ~ ~ Q I s :  Potential human receptors include RFP workers and Visitors and off- 
site residents. Environmental recept~rs include biota (both flora and farina) 
indigenous to the OU14 IIBS localities and environs. Because OU14 is in the 
industrialized areas of PZFP, biota receptors are extremely Limaed. 
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Radioactive Site - 
Building 444 Parking 
Lot 

I 
Radioactive Site - 161 Storage Site West of 
Building 664 Building 664 

Radioactive Site - 162 Radioactive Site - 700 
700 Area Site No.2 Area Site N0.2 

TABLE 2-1 
OU14 IAG AND HRR nlss COMPAREON 

Radioactive Site - I 700 Area Site No.1 
131 

Radioactive Soil Burial- I Building 334 parking 
156.1 

Radioactive Site - 700 

INVESTIGATED 

I 
HRR IHSS 131 I IAG IHSS 131 

HRR IHSS 131 is smaller than IAG IHSS 131. 
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164.1 

164.2 

164.3 

Radioactive Site - 
800 Area Site No.2, 
concrete Slab 

Radioactive Site - 
800 Area Site No.2, 
Building 886 Spills 

Radioactive Site - 
800 Area Site No.2, 
Building 889 Storage 
pad 

TABLE 2-1 
OU14 IAG AND HRR I H S  COMPARISON 

(continued) 

164. I Radioactive Slab from 
Building 776 

164.2 Radionctive Site - 800 
Area Site No. 2, Building 
886 Sllills 

164.3 Radioactive Site - 800 
Area Site No. 2, 889 
storese 

DISCREPANCIES 

HRR IHSS 164.1 is in a different location than IAG 
IHSS 164.1. HRR IHSS 164.1 is located in the 
southeast comer of the Building 881 Par&ing Lot 
while IAG IHSS 164.1 is adjacent to the northwest 
side of Building 88 1. 

No discrepancies. 

IAG IHSS 164.3 is smaller than HRR IHSS 164.3. 
HRR IHSS 164.3 includes the area west of Building 
889. 

I[HsS 
INYESTIGATED 

IN OU14 

HRR IHSS 1 6 4 . 1  

HRR IHSS 164.2 
IAG IHSS 164.2 

HRR IHSS 164.3 
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131 

156.1 

160 

161 

162 

Radioactive Site - 
700 area Site No. 1 

Radioactive Site - 
Building 334 Parking Lot 

Radioactive Site - 
Building 444 Parking Lot 

Radioactive Site - 
Area West of Building 
664 

Radioactive Site - 
700 Area Site No. 2 

TABLE 2-2 
OU14 Mss SUMMARY 

This area is located near the northwest comer of Building 776 
and is believed to be contaminatPA as a result of the 1964 
Building 776 explosion and the 1969 Building 7761777 
plutonium fire. 

Potential contarninetion of Building 334 parking area from 
storage of a radioactively contaminated soil pile betweem 1969 
(?) and 1973 on the site. 

This site was used as a storage area that contained punctured 
or leaking waste containers. The wastes stored in these 
containers were in liquid or solid forms. 

Contamination may exist as a result of leaking or punctured 
waste Eontainers that were stored in this area. 

This area is located along Eighth Street and extends from the 
north end of Building 776 to the north end of Building 881. 
Monitoring activities within this area have detected the 
presence of radioactive contarninetion. Contamination exists 
in the northern part of this IHSS resalting from the Building 
776/777 fires of 1964 and 1969. 

~ ~~ 

SUSPECT 
CONTAMINANTS 

Plutonium 

Plutonium 

Uranium, 
Plutonium, oil, 
Coolant 

Plutonium, 
Uranium 

~ 

Plutonium 

SUSPECT LOCATION 

Surface from tracking and airborne 
dispersion of contaminated 
material. 

Surface from contact with 
&tambated soil; surface from 
airborne dispersion and surface 
lUOOff. 

Surface from spills, leaks, and 
airborne dispersion; subsurface 
from infiltration. 

Surface from spills, leaks, and 
airborne dispersion; subsurface 
from infiltration. 

Surface from tracking, airborne 
dispersion, and surface runoff. 



UiBrOROCKYFLATSPLANT 

Operable Unit 14 
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SusrPEcT 
CONTAMINANTS 

Plutonium 

Uranium 

UraniUm 

Manual: 
Section No.: 
Pap: 
Eficctivt Date: 
chgallization: 

SUsPECT LOCATION 

Surface as a result of contact with 
radioactively contaminated slab. 

Surface from spills and leaks; 
subsurface from infiltration. 

Surface from contact with 
materials; surface contarmnated 

from airborne dispersion and 
spills. 

21 loo-WP-OU 14. I 
2.0, Final 
35 of 107 

Remehiion h g r a m  

164.1 

164.2 

164.3 

Radioactive Site - 
800 Area NO. 2 - 
concmte Slab 

Radioactive Site - 
800 Area Site No. 2 - 
Building 886 Spills 

Radioactive Site - 
800 Area Site No. 2 - 
889 Storage 

A radioactively COnEaminated slab from Budding 771 was 
placed in au area northwest of Building 881 for temporary 
storage. Several hundred square feet of ground surface was 
contaminated as a reflilt of this action. 

This IHSS consists of Building 886 and the surrounding areas. 
This site is believed to be contaminarPA as a result of spills, 
movement of contaminated equipment, and other activities. 

~ 

This IHSS area was used for storing contaminated materials 
prior to decontamination. contaminated residues may have 
migrated from the stored equipment to the ground surface 
throughout the storage area’s lifetime. 
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Teblc 2-3 
S H w Y  OF ~ I o L o G l c M  ~ T I l U m S  DETECTED ABavE SITRIIDE MCK- 

QIIcEwTlurIW W WW All) ASUCIATB) BollEBoLEs 

0-3 

0-3 

3-7 

8-12 

8-12 

8-12 

12-18 

12-18 

18-21 

18-21 

18-21 

18-21 

Located in the northeast corner of IHSS 
160 within the IHSS bouderics. 
Chemical data represent IHSS 
cancentrat i o m  

PLUT~IUM-239/240 , 1.59E+Ol 

RADIW-226 l.OOE+OO 

PLUTON I w- 239/240 2.4OE- 02 

GROSS BETA PARTICLE 4.99E+O1 
RADIOACTIVITY 

URAN I W- 233, - 234 7.90E-01 

URANIW-238 8.90E-0 1 

RADIUM-226 1 .20E+00 

WIW-238  7. OOE- 0 1 

PLUTOLIIUM-239/240 2.30E-02 

RAD IW-226 9. OOE - 01 

URAN I m-233, - 234 7.60E-01 

URANIUM-235 8. OOE- 02 

P313489 

18-21 

21 -24 

I I 1 

URAHIUI-238 9.40E- 01 

RADIUM-226 1.50E+00 

(F?U)U14UMTAU)ETECTSlRAD2-3 .=\I W 141912) .M 
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Table 2-3 
SNWT OF ttmxacsxcu CUISTIMITS D E T E ~  AWE SITEUXDE BA- 

QIlcMRATXQl FOR QI14 ASSOCIATED B0RE-S 
(continued) 

[HSS 160 

Located southwest of IHSS 161. Chemical 
L t a  represent rpsradient concentrations 

P416789 

21-24 2.COE+OO I I I RADIW-228 

3-6 GROSS BETA PARTICLE 

10-12 TRITIUM 1 .ooE+02 

10-12 URANIUn-233,-234 l.O9E+OO 

10-12 URANIUM-235 1.lOE-01 
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10-12 

12-17 

12-17 

12-17 

12-17 

12-17 

17-20 

21 LOO-WP-OU 14. I 
2.0, Final 
380f 107 .. 

Renkdiation Program 

1.21E+00 URAN IU1-238 

AWERICIW-241 2.01E-01 

RADIW-226 8.00E-01 

T R I T I U M  1.50E+02 

URANIW-233,-234 9.7OE-01 

URANIUM-238 l.O6E+OO 

AMERICIUn-241 2.50E- 02 

IHSS 161 

17-20 

17- 20 

17-20 

17-20 

17-20 

20-22 

20-22 

PC16789 

RADIW-226 1 .lOE+OO 

RADIUH-228 2.10E+00 

TRITIW 9.00E+01 

uRAyIW-W,-Uc 9.10E-01 

URANIUI-238 1.2OE+OO 

MER1 CIW-241 3.5OE- 02 

GROSS BETA PARTICLE 3.8M+01 
RADIOACTIVITY 

1 I 

20-22 

20-22 

20-22 

PWTollIW-239/240 8.40E-02 

RADIW-226 7.00E-01 

T R I T I U M  2.60E+02 
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Remcdiation Program 

IHSS 161 

Located northwest of IHSS 156.1 chemical 
data represent rpgredient concentrations 

(cant.) 

20-22 I URANIUM-238 l.o9E+OO I I 
I I 

22-26 M R  I CI Un-241 4.60E -02 

22-26 RAD IUM- 226 1.4oE+Oo 

2.70€+00 

3.20€+02 

22-26 URANIW-233,-234 1.15€+00 

1.2OE -01 22-26 URANIUR-235 

1.24€+00 22-26 URANIUM-238 

26-30 AMERICIUM-241 1.60E-02 

22-26 RADIUM-22E 

22-26 TRITIUn 

22-26 M R  I CI Un-241 4.60E -02 

22-26 RAD IUM- 226 1.4oE+Oo 

2.70€+00 

3.20€+02 

22-26 URANIW-233,-234 1.15€+00 

1.2OE -01 22-26 URANIUR-235 

1.24€+00 22-26 URANIUM-238 

26-30 AMERICIUM-241 1.60E-02 

22-26 RADIUM-22E 

22-26 TRITIUn 
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Remediation Program 

IHSS 156.1 

The borehole i s  Located southeast o f  
IHSS 160 and eest o f  IHSS 161. Chemical 
data may represent domgradient 
concentrat i om. 

P119389 
(cant. 1 

3.70E+O2 I I 7-11 I TRITIUM 
-~ 

7-11 URANIUM-23s 8.00E-02 

?.OOE-01 11-13 RADIUM-226 

13- 16 RADIUM-226 1.3OE+OO 

13-16 TRITIUn 1.60E+02 

16- 20 RADIUM-226 1.10E+00 

16-20 RADIUM-228 2.1 OE+OO 

3-7 RADIUM-226 

2.4OE+oo 3-7 RADIUM-228 

3-7 TRITIUM 1 .WE+OZ 
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13-18 

13-18 

13-18 

ManUel: 
Section No.: 
Page: 
Effective Dale: 
Chpnitati0n: 

RADIUI-226 1.00E+00 

URANIUM-235 9.OOE-02 

URANIUM-238 9.60E - 01 

2 I 1oo-w-ou 14.1 
2.0, Final 
41 of* 

, .  , 3.1 
Remediation Program 

Table 2-3 

IHSS 160, 161 



a” 
N 

EGBtG ROCKY FLATS PLANT 
WYRl Work Plan 
Operable Unit 14 

Manual: 
stclion No.: 
hgc: 
Effective Date: 
Orgaaimtion: 

21 IOO-WP-OU14.1 
2.0. Final 
4 2 M  , 

I 

Remediation Program 

The borehole is located south of IHSS 
160 and southeast o f  IHSS 161. Chemical 
data represent downsradient 
concentrat i oms. 

P416889 

I I I 

0-2 GROSS BETA PARTICLE 4.22E+01 
RADIOACTIVITY 

13-15 

13-15 T R I T I U I  2.60E+02 

13-15 uRAUIUI-233,-234 1 .08€+00 

13-15 URA)(lUI-235 1.20E-01 

13-15 URANIUI-238 7.50E-01 

4.1oE+01 15-20 GROSS BETA PARTICLE 
RAD I OACTIVITY 

15-20 RAOIUI-226 8.00E-01 
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Page: 
Effective Dak: 
Orphtion:  

Table 2-3 

IHSS 160, 161 

The borehole i s  located east of IHSS 
156.1. Cheaiical data represent 
domgredient concentrations. 

IHSS 156.1 
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Table 2-3 
m T  OF RhDIQoGIuL COIISTIllEHlS DETECTED AWU€ SITEUIDE BACK- 

(XIIICUITRATIQI FOR W U  Aw) ASSUCIATED BOREmLES 
(cmt i d )  

l H S  156.1 

The borehole i s  located northwest of 
IHSS 160. Chemical date represent 
upsredient concentrations. 

(R \OU 14uIATAU)EI 'XCSW-3  .TBL\lW14/92)2(4 
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TABLE 2-4 
9 u l l l l l l Y  OF I m 6 U l I C  OoWsTINenS bmcTED AB(IIIE SITEUIM BAo(61Muo (XI(CEWTRATI0IIS MR W14 AID ASSOCIATED BOREHOLEE. 

3-7 

3-7 

3-7 

7- 9 

7-9 

7-9 

WGAUESE 5.20E+05 

VANADIUII 5 J O E + &  

ZINC 1 .73E+O5 

ALUIIIWUU 

ARSENIC 7.00E+03 

BARIlM l.o9E+o5 

1.40E+07 



N 
I 
P 
-J 

Located i n  south centre1 IHSS 160 boudaries. These 
concentrations represent IHSS characteristics. 

21 1oO-WP-oU14. I 
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3.60E+02 13-19 MERCURY 

13-19 ZIMC 8.28E+04 

P411889 0-3 LEAD 1.25E+04 

l.lOE+04 0-3 

9-15 BARIul 8.82E+04 

9-15 COPPER 1.41€+04 

YITRATE/NITRITE 
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SS 160 within 

9-15 COPPER 2.08E+04 

2.02E+07 9-15 I Ron 
9-15 PlAGWESIW 3.87E+06 

9-15 MANGANESE 3.65E+05 

9-15 POTASSIW 1.96€+06 

9-15 VAuADlW 6.68E+04 
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TABLE 2-4 

(continued) 
OF lIIOR6WlC CWSlIllEllTS DETECTED MCNE SlTEUlDE BAcI(GIMID MlcolTaATIayS FOR a14 ASSOCIATED BollEllQES 

IHSS 160 

Located in the northeast corner of IHSS 160 within 
IHSS bwnderies. 
concentrations. 

Chemical data represent IHSS 

5.46E94 I I 
P411589 I 9-15 I ZINC I 

0-3 WAGHESIW 2.63E96 

3-7 CMClUI 1.33E+O? 

3-7 ClfRoClIul 2.74€+04 

8-12 ARSENl C 5.00€+03 

8-12 BAR IUI 1.24€+05 

8-12 UIROMIM 2.64E+01 

8-12 COPPER 1.27E+O4 

8-12 IRON 1.51E+O? 
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8-12 MANGAMESE 3.50E+05 

21 loo-wP-oul4.1 
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J i! i 
Remediation Program 

P416789 

IHSS 160 

21-24 MANGANESE 5.51E+05 

21 -24 ZINC 4.62E+04 

0-3 LEAD 3.76E+04 

a-3 ZINC 9.61E+04 

3-6 ALIAIWUI 4.66€+07 

3-6 AR!XUIC 1.38E+04 

1.21E+05 3-6 BARIUM 

3-6 CHROnIUn 3.32E+06 

Located Southwest of IHSS 161. Chemical data 
represent rpsredient concent rat i om. 

B 

B 
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TABLE 2-4 
S U M R Y  OF I # R W I C  QISTINEYTS DETECTED ABQllE SITEUIDE BMxGIwuo CaEMlRATIayS FaR W14 Ay) ASSOCIATED BOREHOLES 

(continued) 

I H S  161 P416789 3-6 
( c a t . )  

17-20 

17-20 

17-20 

17-20 

QllcEllTluTIQl QIALIFIER us/lcs QIElllCM 

COPPER 1.57E+04 

2.00E+07 I 
1 NAGMES I UI 4.7bE+06 
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I 
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IHSS 161 

Located northwest of IHSS 156.1. Chemical data 
represent rpgredient concentrations. 

I 
P616789 17-20 

17-20 

I 17-20 
20-22 

20-22 

20-22 

20-22 

20-22 

20-22 

P119589 

20-22 

20 - 22 
20 - 22 
22-26 

26-50 

26-30 

26-50 

26-30 

3-7 

I 11-13 
11-13 
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13-16 

16-20 

16-20 

16-20 

h3 
I 
v1 
w 

LEAD 1 .42E+04 

COPPER 2.33E404 
1 

1 
BARlWl l.O9E+O5 I 

LEAD 1.53E+04 

(continued) 

0-3 

0-3 I 

0-3 1 
, 

0-3 

0-3 

0-3 

0-3 
I 

IHSS 156.1l 

ARSEW I C 8.7OE+03 

BARILM 8.82E+04 

COPPER 3.69E+04 

1.39E+07 

' LEAD 4.77E+04 

I ROW 
I 

I 
9.9OE+03 B LITHIUW 

MERCURY 2.30E+02 

Located east of lHSS 161. Chemical data may represent 
domgredient concentrations. 

I 0-3 

1 0-3 

3-7 

Pl19389 I 13-16 I WPPER 1 1.21E+04 11 

11.92E+06 POTASSIUU 

ZINC 9.53E+04 

ALW I NW 3.45E+07 

3-7 

3-7 

3-7 I 
3-7 

~~~ 

1 

16-20 1 8.86E+04 , 
I I 1 

ARSENIC l.O2E+04 B 

BARIun 1.57E+05 

W C l U n  2.73E+07 I 

CHRONIUW 3.37E+04 

P314289 I 0-3 I ALLWIMW 1 lAlE+07 11 
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IHSS 161 
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Remediation hogram 

Located south of IHSS 160 and southeast of 161. P616889 0-2 
chemical data represent domgradient concentrations. 

0-7 

\ 

3-5 I 3-5 

I 3-5 

5-7 

7-9 

7-9 

7-9 

7-9 

7-9 

9-12 

9-12 

9-12 

13-15 

13-15 

13-15 

13-15 

BIulIul  l.lOE+QS 

CHRQlIul 2.2&+04 

COPPER 1.72E+04 
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lHSS l W 1 6 1  P416889 13-15 1 RON 1.94€+07 
(cont. ) 

20-23 LEAD 1.89€+04 

20-23 e(AnanEsE 3.71E+05 

20-23 VANAD Iut 3 .&bE+04 

8.73E*Ob 20-23 ZINC 
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Rmrdiation Rognrm 

I ARSENIC I 4. TOE+03 

' 0-3 COPPER 1.31E+M 

Located east of IHSS 156.1. Chemical data represent P1147'89 0-3 
downgradi ent concentrat i m. II 
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R d i t i o n  Program 

(continued) 

IHSS 160 

Located in  IHSS 161 with the IHSS bovderies. 
Chemical data represent IHSS concentrations. 

I I 1 I 

P411689 I 0-6 I YITRATE/NITRITE I 
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IHSS 161 

Located northwest of IHSS 160. Chemical date 
represent rpsradient conetntratiars. 
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IHSS 160 
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SUMRV OF D R w l l C  

Located east of IHSS 162 rear Central Avenue. Chemical data 
from t h i s  borehole represent downgradient concentrations. 

Located within south central IHSS 160 boundaries. Chemical 
data from the borehole reepresent IHSS 160 concentrations 

P214089 0-2 METHYLENE CHLORIDE 9.00E+00 B 

2-4 UETHYLENE CHLORIDE 1.2OE+Ol B 

4-6 UETHYLENE CHLORIDE 4.10E+01 B 

6-8 ACETONE 1.4OE+02 

3.2OE+01 B 6-8 METHYLENE CHLORIDE 

8-10 METHYLENE CHLORIDE 3.6OE+01 B 

10-12 HETHY LENE CHLOR I DE 4.00E+01 B 
I 

P411889 1-2 ACETONE l. lOE+Ol B 

1-2 METHYLENE CHLORIDE 1.00E+01 B 

2-4 TOLUENE 1.00E+00 J 

, ACETONE 2-4 
I 

6.00E+00 JB 

2-4 UETHYLENE CHLORIDE 1.20E+01 B 

4-6 ACETmE 7.OOE+03 JB 

4-6 UETHYLENE CHLORIDE 1.10E+04 B 

6-8 1.00E+01 JB ACETONE 

6- 8 CARBON DISULFIDE 2.00E+00 I J 

6-8 METHYLENE CHLORIDE 

8-10 

8-10 METHYLENE CHLORIDE l.lOE+Ol B 

1.2OE+Ol B 10-12 

10-12 METHYLENE CHLORIDE 

12-14 ACETONE 

ACETONE 

ACETONE 
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TABLE 2-5 
-I OF ~ W l C  CIBPCMOS QETECTED I I  Wl4 AND ASSOCIATED BOEHOES 

(continued) 

IHSS 160 

The lborehole mas placed in the Southeast corner of IHSS 160 
within IHSS boundery. Chemical data represent conditions 
within IHSS 160. 

UlcATIOp E P T U  IMTERVAL QlBlICM - T I a  B#LIFIER 
f t  W 
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TABLE 2-5 

(Continued) 
m T  OF -IC -S DETECTED Ill W14 AR) ASSOCIATB) BOREHOLES 

IHSS 160 

Located in the northeast corner of IHSS 160 within the IHSS 
bandaries. Chemical data represent IHSS concentrations. 
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TABLE 2-5 

(continued) 
S U l y I R Y  OF a R w l I C  COWUOS DETECTED Ill W14 AID ASSQCIAm BOREROCES 
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Ihe borehole has been placed in the southwest area of IHSS 160 
dithin IHSS banderies. Chemical data represent IHSS 
Eoncentrat i am. 

Ihe borehole i s  Located southwest of IHSS 161. Chemical data 
represent upgradient conditions. 

P411989 0-2 2.ZOE+O1 B ACETONE 

0-2 METHYLENE CHLORIDE 8.00E+W B 

P416789 0-2 METHYLENE CHLORIDE 2.2M+O1 B 

2-4 CARBON DISULFIDE 9.00E+00 

2-4 METHYLENE CHLORIDE 2.30E+01 B 

9. DOE+OO 4 -6  CARBON DISULFIDE 

I 4-6 
6-7 

I 
7-8 

9-10 

10-12 

13-14 

14-16  

16- 18 

18-20 

18-20 

22 - 24 

22-24 

24 - 26 

I 24-26 

METHYLENE CHLORIDE 2.40E+01 B 

METHYLENE CHLORIDE 1.30E+01 B 

METHYLENE CHLORIDE l.lOE+Ol E 

METHYLENE CHLORIDE 1.10E+01 B 

METHYLENE CHLORIDE 6.00E+00 B 

METHYLENE CHLORIDE 6.00E+03 B 

METHYLENE CHLORIDE 9.00E+00 E 

CnTHYLENE CHLORIDE l.lDE+Ol E 

5.00E+00 J ACETONE 

METHYLENE CHLORIDE 1.40E+01 B 

ACETONE 7.00E+00 J 

METHYLENE CHLORIDE 6.00E+00 B 

ACETONE 1.80E+01 

METHYLENE CHLORIDE 6.OOE+OO B 
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Remediation Rugram 

TABLE 2-5 
SllSwARI OF OR6AoIPC MHFWdBS DETECTB) I W  W14 ADB) ASSOClATED &JREtKNES 

(continued) 

IHSS 161 , 
i 
I 

Located northwest of IHSS 156.1. Chemical data represent 
upgradi ent concent rations. 

LacATI(pI DEPTR INTERVAL QIOBICM COYCEHTRATI(BI QUALlf IER 
ft wu 

I P416789 26-28 METHYLEWE CHLORIDE 
(cont.) , 

I 28-30 I METHYLENE CHLORIDE I 8.00E+00 I B 

2.40E+01 2-4 I WETHYLENE CHLORIDE 

2-4 1 TETRACHLOROETHEWE 9.00E+00 

4-6 1 2-BUTAWOIIE 4.30E+01 B 

6.10E+01 B 4-6 1 ACETONE 

4-6 HETHYLENE CHLORIDE 

4-6 TETRACHLOROETHENE 3.00E+OO J 

4.00E+00 J 4-6 TOTAL XYLENES 

' 1.30E+01 
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TABLE 2-5 
S U M i l Y  OF OllCAlIC -s DETECTED Ill out4 UI) AssQelAm BOREmLEs 

(continued) 

1HSS 156.1 

10-12 ACETOWE 1.40E+02 B 

10-12 ETHYLENE CHLORIDE 1.10E+Ol 

12- 14 2-BUTANONE 5.50E+01 

12-14 

12-14 ETHYLENE CHLORlOE 9.00E+00 

14-16 2-BUTANOWE 1 .OOE+O2 

14-16 ACETONE 2.60E+02 B 

1.COE+02 B ACETOWE 

14-16 ETHYLENE CHLORIDE 1 .OOE+Ol 

16-18 2-BUTANONE 1 3.80E+01 

~ \ O U 1 4 U I A T A U I ~ \ V O A 2 - 5 . T B L \ l O / l ~ )  .67 
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Runedition &ram 

(cont inwd) 

Located southeast of IHSS 160 and east of IHSS 161. Chemical 
data may represent qgrad ient  concentrations. 

ACETOWE 9.9M+01 B PI19389 16-18 
( c a t . )  

16-18 METHYLEWE CHLORIDE 1~.80E+01 

18-20 ACETOWE 1.4OE+O2 B 

18-20 , METHYLEWE CHLORIDE 1.2oE41 B 

P314289 0-2 UETHYLENE CHLORIDE I 7.00E+00 B 
I 

I 12-14 METHYLEWE CHLORIDE 2.60E+04 ~ 

I 14-16 ACETOWE I 3.50E+01 
2.90E+01 I 

METHYLEWE CHLORIDE 14-16 

16- 18 ACETOWE 4.30E+01 



N 
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\o 

11 IHSS 161 

Located south of IHSS 160 and southeast of IHSS 161. Chemical  
data represent downeradient conditions. 

21 loo-WP-oU14.1 EGSW ROCKY FLATS PLANT M d :  
2.0, Final PcRlRlWOrtplan Section No.: 

operable unit 14 Page: 690f  tfyT 
Effective Dale: 
og.*: Remediation Program 

P314289 
(cont.) 

P416889 

TAME 2-5 
suwlllll W -IC OO#UOS DETECTED IN W14 W ASSOCIATED M l l O L E S  

( c a t  i d )  

3-5 

3 -5  

5-7 

5-7 

5-7 

1.00E91 CARBON DISULFIDE 

METHYLENE CHLORIDE 1.50E+01 

ACETOWE 2.00E+00 

CARBON DISULFIDE 3.2OE+01 

METHYLEME CHLORIDE 1.5OE+01 

-111 INTERVAL 
ft 

7-9 

7-9 

7-9 

9-11 

9-11 

9-11 

11-12 

11-12 

11-12 

13-15 

16-18 

1.2OE+Ol ACETOME 

CARBON DISULFIDE 3.OOE+OO 

METHYLENE CHLORIDE 9.00E+00 

6.00E+D0 

CARBON DISULFIDE 1.30E+01 

METHYLEWE CHLORIDE 8.OOE+OO 

ACETONE 5.0OE90 

CARBOW DISULFIDE 5.00E+00 

METHYLEtE CHLORIDE 8.00E+OO 

ACETONE 5.ooE+oo 

ACETONE 

1-2 

3 -5  

QlEwPcM CxYcaTRATPQl 

METHYLENE CHLORIDE 

ACETONE 4 .OOE+OO 

W M P F l E R  

JB 

J 

B 

B 

B 

J 

J 

B 

J 

I 2.00E*00 J 13-15 CARBOY DISULFIDE 
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EG&G ROCKY FLATS PLANT M a d :  21100-WP-oU14.1 
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IHSS 160/161 

Located  east of IHSS 156.1 chemical d a t a  represent downgradient 
concent rat i om. 

2-4  METHYLENE CHLORIDE 8.00€+00 B 

4 - 6  METHYLENE CHLORIDE 

6-8 ETHYLENE CHLORIDE l.ZOE+Ol B 

8-10 ACETONE 1 . ZOE+Ol 

1.00E+01 B 8-10 ETHYLENE CHLORIDE 

12-14 RETHYLENE CHLORIDE 1.2OE+O1 B 

14-16 ETHYLENE CHLORIDE 1.00E+01 B 

16-18 ETHYLENE CHLORIDE 1.30€+01 B 

1.30E+01 B 



- 
Mia0 ROCKY FLATS PLANT Manual: 21 100-WP-OU 14.1 

2.0, Final BFllRI work pkn Section No.: 
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Effective Date: 
Oqanization: Remediation Program 

IHSS 156.1 

Located i n  IHSS 160. Chemical &to represent IHSS 
concentrations. 

Located in IHSS 161 within IHSS bauderies. Chemical data 
represent IHSS cmcentrat iorm. 

P114789 18-20 ETHYLENE CHLORIDE 9.00E+00 B 
(Con t .1  

9.00E+W B 20-22 ETHYLEWE CHLORIDE 

22-24 ACETONE 8.00E+00 JB 

22 - 24 UETHYLENE CHLORIDE 9.00E+00 B 

27.- 28 

30-31 

4-6 
I I 4-6 
I 

I 6-8 

10-12 

14-16 

18-20 

22 - 24 

26-28 

METHYLENE CHLORIDE 1.00E+01 B 

1.00E+01 B ETHYLENE CHLORIDE 

ACETONE Z.ZOE+Ol B 

ETHYLENE CHLORIDE 5.WE+00 B 

CARBOY DISULFIDE 1.90E+04 

ETHYLENE CHLORIDE 1.6OE+04 B 

ETHYLENE CHLORIDE S.OOE+OO B 

ETHYLENE CHLORIDE 5.00E+00 JB 

METHYLENE CHLORIDE 8.00E+00 

METHYLEWE CHLORIDE ?.00E+00 

METHYLENE CHLORIDE 6.OOE+OO 

METHYLENE CHLORIDE 8.00E+00 

ETHYLENE CHLORIDE 6.0DE+00 

?.OOE+OO 1 TETRACHLOROETHEME 
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Data Swrce: Operable Unit 12 Wort Plan 

EXPLANATION 

@ww MONITORING WELL 
LOCATION 

4- ABANDONED MONITORING 
WELL LOCATION 

%a ALLUVIAL THICKNESS (FER) 

ALLUVIAL THICKNESS /3” CONTOURS (FER) 

t 
I PREPARED FOR 

U.S. DEPARTMENT OF ENERGY 
ROCKY FLATS PLANT 
OOLDEN, COLORADO 

I FIGURE 2-1 

ALLUVIAL ISOPACH MAP 



m&n 

Data Source. Operable Unit 12 Work Plan 
_I 

EXPLANATION 

$- MONITORING WELL 
LOCATION 

6- ABANDONED MONITORING 
WELL LOCATION 

B/ CROSS SECTION 
LOCATION 

ARAPAHOE FORMATION 
SANDSTONE 

ARAPAHOE FORMATION 
SILTY/SANDY CLAYSTONE 

ARAPAHOE FORMATION 1-1 CLAYSTONE 

NOTE: LOCATIONS 11589.11989AND 17889 
ARE SOIL BORlNl3S USED TO GENERATE 
GEOLOGIC CROSS SECTIONS, SEE 
FIGURES 2-32 AND 2-33. 

PREPARED FOR 

U.S. DEPARTMENT OF ENERGY 
ROCKY FIATS PLANT 
GOLDEN, COLORADO 

FIGURE 2-2 

BEDROCK GEOLOGY AND 
GEOLOGIC CROSS SECTION 

LOCATION MAP 



LOOKING INORTH 'EAST 
A' 

WEST 

A 
6060- 

6040 - 
I 
~ 

I 
6020- 

I 

~ 

I 
6000 - 

5980 - 

5980- 

16189 

K e a  

TD 18.0 

- 6060 

-I 
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- 6040 5' 
2 cn 
z 
U 
w - 6020 
W > 

4 
P 
I- 
W - 6000 E 
z 
z 
0 - 

- 5 9 8 0  g 
-I 
W 

- 5960 



SOUTH 
0 

"""1 
LOOKING WEST 

NORTH 
B' 

1 5980' 

5960 

EXPL AM ATDOM 

SOURCE OPERABLE UNIT 12 WORK PIAN 

6040 

6020 

6000 

5980 

J 
W > 
W a 
4 
W 
rn 
z a 
W 
I 
W > 
0 

a 
I- 
W 
Wl 
0 

ml 

3 
z 
0 

> 
W 
-I 

5 
YI 

5960 

PREPARED FOR 
US. DEPARTMENT OF ENERGY 

ROCKY FIATS PIANT 
QOLDEPJ, COLORADO 

FIGURE 2-4 

GEOLOGIC CROSS SECTION 
B-B' 



EXPLANATION 

$m" MONITORINQ WELL 
LOCATION 

4- ABANDONED MONITORING 
WELL LOCATION 

llo~aw WATER TABLE ELEVATION 
(FEET ABOVE MEAN 
SEA LEVEL) 

800 FEET 

~ 

PREPARED FOR 

U.S. DEPARTMENT OF ENERQY 
ROCKY FIATS PLANT 
GOLDEN. COLORADO 

~~ 

~ 
~~ 

FIGURE 2-5 

WATER TABLE 
CONTOUR MAP 

APRIL 1991 



Data Source: Operable Unit 12 Work Plan 
~~~ 

EXPLANATION 

&" MONITORING WELL 
LOCATION 

4- ABANDONED MONITORING 
WELL LOCATION 

mmm WATER TABLE ELEVATION 
(FEETABOVE MEAN 
SEA LEVEL) 

5 ELEVATION CONTOUR 7 (DASHED WHERE INFERRED) 

PREPARED FOR 

U.S. DEPARTMENT OF ENERGY 
ROCKY FLATS PLANT 
GOLDEN. COLORADO 

FIGURE 2-6 

~ ~ 
~ 

~~ ~ 

WATER TABLE 
CONTOUR MAP 
OCTOBER 1991 
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* - 1  * . Figure 2-10 
* -  

I '  . -  

I 
Unit Name: Radioactive Site - 700 Area, Site #1 03 y c View looking south at the north side of building 776, Door 17. . 

95 

.. 
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Figure 2-1 1 
HSS 156.1 
Urlit Nms: Building 334 Parking Ut 
View laaking east with Building 334 at the right gide of the ph~to. 



e 

x Unit Name: Building 334 Patking Lot 
View lookinn west from the east aide Q€ Building 371 aarldng lot. 

8 



1 

Figure 2-15 

Unit Name: Radimctive Site - Building 444 Parking Lot 
View lookinn southeast from the northwest comer of the patking lot. 



1) I 

Figure 2-16 
IHSS 161 
Unit Name: Storage Sib West of Building 664 

‘ 1 )  

r,Gi 
-,., of concern . . *. - is between the building and the truck. 

6 



I I 

-3 
View h h g  south along Eighth Avenue in proximity to Building 776. - 

%i 
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Figure 2- 18d 
IHSS 162 
Unit Name: Radioactive Site - 700 Area Site #2 

ng Eighth Avenue with Central Avenue toward the Protected Area. 
4 
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Figure 2-20 
IHSS 164.1 
Slab from building 776 
IWSS is parking a m  to the left 4 

i;' 



Figure 2-22a 
IHSS 164.2 

View l ~ k h l g  northwest from the southeast comer of the buildim atpa 
Unit Name: Radioactive Site - 8OQ Area, Site #2, Buildiong 886 Spills * r 

-\ 
GY 
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Figure 2-22b 
IHSS 164.2 
Unit Name: Radioactive Site - 800 Area, Site #2, Building 886 Spills 
View looking east at the southern half of building 886. 



f 



SAHPLE SAMPLE 
LOCATION NUMBER I 
PCB-21-1 SS00503ST 

SS00SB7ST 
PCB-21-2 SS00504Sl 

SSB0588ST 
PCB-21-3 SS80505Sl 

SS00509Sf 
PCB-21-4 SS00508SI 

Sse05 1 8ST 

SAMPLE 
ANALYTE<S> 

PCBe 
Pu, Am, U 
PCBI 
Pu, Am,U 
PCBe 
Pu, Am, U 
PCBs 
Pu, Am. U 

M A P  L E G E N D  

PREPARED FOR 

ROCKY FIATS PLANT 
GOLDEN, COLORADO 

US. DEPARTMENT OF ENERGY I 
I 

I 

FIGURE 2-24 
I 

iPREUMINARY PCB 
 INVESTIGATION SITE NO. 21 

0; 



m-33-4  
/ 

SAflPLE SAWLE SAflPLE 
LOCATION W B E R  ANALY TE C S 

PCB-22-1 SS80582ST PCBe 

PCB-22-2 SS00583ST PCBe 

PCB-22-3 SSB0564Sf PCBS 

SS00560Sl Pu, Am, U 

SS00507ST Pu. Am, U 

SS00570ST PCBu 
SS00560ST Pu, Am,U 
SS0057 1 ST Pu, Am, U 

SS08589Sf Pu, Am, U 

SS00573ST Pu. Am, U 

PCB-22-4 SS00585ST PCBS 

RINSATE SS00572ST PCBe 

M A P  L E G E N D  
F E M ( S 1  -.-. 

0 Lrn 
FEET 

~ ~~ ~ 

PREPARED FOR 
US. 1DEPARTMENT OF ENERGY 

ROCKY FLATS PLANT 
GOLDEN, COLORADO 

FIGURE 2-25 

1PRELlMl NARY PCB 
IWESTIGATION SITE NO. 22 



HUMAN AND BIOTA 
RECEPTORS 

n 

HUMAN AND BIOTA 
RECEPTORS 

FUGITIVE DUST/ 
VOLATILIZATION 

V 

I ........................................ 

EXPOSED SOIL 

CONCRETE 
OR 

PAVEMENT- 

INFILTRATION U T I U T W N E S ~  

PERCOLATION 

SURFACE 
LEAKS/sPlLLs 

SOILS 

I t PERCOLATION 

FUGITIVE DUST/ 
VOLATILIZATION 

CONCRFTF: 
1 \ SURFACEWATER I1 n 

D I 

f EXPOSED SOIL 
PAVEGENT - 

........................................ SURFACE 

I SOILS I ........................................ ........................................ \ \  

RECHARGE 
...... .._... ....-...- .... ..._".**.._***.).*._...-...-...-...-...-...-.. .... ...... .... 

..... 

-. - .......................................... 
GROUND WATER TABLE 

- 

~BEDROCWAUUVIUM INTERFACE 
1 

DISCHARGE-' 

I PREPARED FOR 

U.S. DEPARTMENT OF ENERGY 
ROCKY FLATS PLANT 
GOLDEN, COLORADO 

FIGURE 231 

IHSS CONCEPTUAL MODEL 
GRAPHIC 
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0 

0 

IckntSybg remedid action gads 

Ide&ying potential remedial action responses 

Refining ARARS identification by communidg with involved agencies 

Pla!nning w sampling activities 

s-- in the effort to determine what is a "Iwel of concern- 

Developing and refining a list of potmthl ARARs is an ongoing process throughout 

a i l  1 p W  pgra ,ms con- pumant to the WG. A p ~ m  list of ARARs for OU14 
has been developed based on known site I ; as investi@ons reveal the nature and 

extent of these contaminants, a kt lof specific recpimnents will be develbped. 

A list ofpotentid ARARs can be usedto develop a d  screen for ptentkdmnedird 

alternatives. Identification of potential ARARs for the candidate remexiid action responses is 
determined in part by the COCs, site-qecific circumstances, and media of concern. 

3-1 
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Section 121(d)(2) of CERCLA provides a statutory Ibasis for determining ARAFb in a 

remedial context. With respect to any hazardous substance, pollutant, or contaminant that 

will remain on site, Section 121(d)(2) states 

If any standard, requirement, criteria or limitation under any federal 

environmental law . . . or any [stringent] promulgated standard, requirement, 

criteria or limitation under a state environmental or facility siting law . . . is 
legally applicable to the hazardous substance concerned or is relevant and 

appropriate under the circumstances of the release or threatened release of 
such hazardous substance, pollutant or con taminant, the remedial action shall 

require, at the completion of the remedial action, a level or standard of control 

for such hazardous substance, pollutant or con taminant which at least attains 

such legally applicable or relevant and appropriate standard, requirement, 
criteria or limitation. 42 USC Q 9621(d)(2). 

"Applicable Requirements" are those 

. . . Cleanup standards, standards of control, or other substantive 

environmental protection requirements, criteria or hitations pmulgated 

under federal environmental or state environmental or facility siting laws that 
specifically address a hazardous substance, pllufant or contarmnant - ata  

CERCLA site. only those state standards that are idemfkd - byastateina 

timely manner and that are more stringent than federal reqnirements may be 

applicable. 

3-2 
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According to the final National Contingency Plan (NCP), 40 CFRS 300.5 and the 
Compliance with Other Laws Manual 

"Relevant and appropriate requirements" are those Cleanup standards, 

standards of control, and other substantive requirements, criteria, or limitations 

promulgated under federal environmental, or state environmental or facility 

siting laws that, while not applicable to a lhazardous 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 so that their use is well suited to the particular site. Only 
those state standards that are identified in a timely manner and are more 
stringent than federal requirements may be relevant and appropriate. 

3.1 Development of Potential ARA& 

Table 3-1 includes potential chemical-specific, location-specific, and possl%le action- 
specific requirements identified thus far for further evaluation in the OU14 pu/RFI process. 
EG&G lhas developed a list of potential chemical-specific bencharks on a sitewide basis. 
"Benchmark" is defined by EG&G as a site-specific standard that may not be generally 
applicable to all OUs. These benchmarks include the following: 

8 

Safe Drinking Water Act (SDWA) Maximum Con taminam Levels (MCLs) 
applicable to both surface water and groundwater 

Clean Water Act (CWA) Ambient Water Quality Criteria (AWQC) potentially 
applicable to surface water and alluvial groundwater 

P \OU 14\ W0RKpLN\SEcTI0N.3\06/09/92 3-3 
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e RCRA, Part 264, Subpart F, Groundwater Concentration Limits (40 CFR 
264.94) applicable to groundwater 

0 WQCC Surface Water Standards for Woman Creek and Walnut Creek (5 CCR 
1002-8, Section 3.8.29, effective March 30, 1990) applicable to surface water 

e WQCC Basic Standards for Groundwater (5 CCR 1002-8, Section 3.11 .O, 
amended October 1991), potentially applicable to groundwater 

e WQCC Classifcations and Water Quality Standards for Groundwater (5 CCR 
1002-8, Section 3.12.0, amended September 1991) potentially applicable to 
groundwater. 

A summary of chemical-specific standards (Le., potential benchmarks) relating to 

groundwater is presented in Table 3-2. Table 3-3 summarizes federal chemical-specrfic 

standards for surface water. Table 3-4 summarizes state chemical-specific standards for 

surface water, and Table 3-5 summarizes state chemical-specific standards for stream 

segments. These benchmarks have been utilized on other OUs, and have been accepfed by 

EPA as p n t i a l  ARARS. 

3.2 To Be Considered Criteria. Advisories. or Guidance 

A To Be Considered (TBC) list identifies criteria, advisories, guidance, or policies 
that do not meet the definition of ARARs but may assist in determining what actions may be 
protective of the environment and human health when there is no ARAR for a specifk 

substance or activity. TBCs identified for OU14 include the following: 
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- 1  :+ 

8 , DOEOrders 

8 

e 

8 

S 

S 

EPA Guidance Documents 

Executive Orders 

New Clean Air Amendments 

New Federal Pollution Minimiza tion Laws for Contaminated Groundwater at 
Superfund Sites (October 1986) 

Proposed standards under the SDWA 

FedeMstate rules pertaining to relevant subjects that are not promulgated 
(Le., criteria, limits, or standards)~y definition of Section 121(d)(2) of 
CERCLA, as amended11 
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TABLE 3-1. 
POTENTIAL F ' E D a  AND STATE AIURS FOR OU84 

StatUlt@ Regulation 

Safe Drinking Water Act 

Clean Water Act 

Atomic Energy Act and Energy 
Reorganization Act 

Resource Conservation and Recoveq Act 

Emergency Planning and Community 
Right-tO-KnOw Act O f  1986 

40 CFR 141, "National Ppimary Drinking 
Water Standards" 
40 CFR 141, " M u m  Contaminant Level 
Goals" 

40 CFR 143, "National Secondary Drinking 
Water Standards" 
40 CFR 131, "Water Quality Criteria" 

10 CFR 20, "U. S. Nuclear Regulatmy 
Commission (NRC) Standards for protection 
Against Radiation" 
10 CFR 61, "Licensing Requirements for Land1 
Disposal of Radioactive Waste" 
40 CFR 264, "Maximum Concentration 
Limits" 
40 CFR 268, "Land Disposal Restrictions" 
40 CFR 355, "Emergency Planning and 
Notification under CERCLA" 

Resource Conservation and Recovery Act 40 CFR 257, "Criteria for Classification of 
Solid Waste Disposal Facilities and Practices" 

P\OU14\ WOIUCPLN\S~ION.3\05/09/92 3-6 



EG&G ROCKY FLATS PLANT Manual: 2 1 100- WP-OU 14.1 
RFIlRI Work Plan Section No.: 3.0. Final 
Operable Unit 14' Page: 7 o f 4 1  

Effective Date: 
Organization: Remediation Program 

Table 3-X. continued 

Statute Regulation 

Standards for Remedial Actions at a 
Uranium Processing Sites 
Toxic Substances Control 

PCB Requirements 

Radiation Control Act 

National Environmental Policy Act 

Hazardous Mhtmhl Tranprtation Act 

Clean Air Act 

40 CFR 260, "Hazardous Waste Management 
Systems" 

40 CFR 262, "Standards Applicable to 
Generators of Hazardous Waste" 

40 CFR 264, "Standards for Owners and 
Operators of Hazardous Waste Treatment, 
Storage, and Disposal Facilities" 

40 CFR 267, "Interim Standards for Owners 
and Opentors of New Hazardous Waste Land 
Disposal Facilities" 

40 CFR 268, "Land Disposal Restrictions" 

40 CFR Part 192 

15 USC $8 2601-2629 

40 CFR Part 761 

42 USC 0 2022 

40 CFR 1500 - 1508, "Council on 

Implementing National l 3 n i r o n m d  Policy 
Act procedures" 

Transporters ofHazardous Waste" 

40 CFR 50, "National Primary and Seamdary 
Ambient Air Quality Standatds" 

40 CFR 61.90, "National Emission Standads 
for Radionuclide Emission from DOE 
Facilities" 

Envhnmexltal Quality Reguhtiolls for 

49 CFRs 171 - 179, "Standards for 
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Table 3-1. continued 

Statute Regulation 

40 CFR 200, "Standards of Performance for 
New Stationary Sources" 
10 CFR 61, Subpart D, "Technical 
Requirements for Land Disposal Facilities" 

50 CFR 20, "Migratory Bird Protection" 

50 CFR 22, "Bald and Golden Eagle 
Protection Act" 

50 CFR 17, "Endangered and Threatened 
Wildlife and Plants" 
50 CFR 225, "Fede~aVState Coopemtion in the 
Conservation of Jhdangered and Threatened 
Species" 

50 CFR 226, "Designated Critical Habitat" 

50 CFR 402, "Intemgency w o n "  

40 CFR 8 6.301 (g) 

Atomic Energy Act and Energy 
Reorganization Act 

Migratory Bird Treaty Act 

Bald and Golden Eagle Protection Act 

Endangeed Species Act 

Fish and Wildlife Coordination Act 16 USC 88 661-666 

National Historic Preservation Act 

Archeological Resources Protection Act 

Archeological and Historic Preservation 

Preservation of American Antiquities Act 

36 CFR 800 

36 CFR 7, "Prokction of Archeological 
ReSOUrceS" 

36 CFR 296, "Protection of Archeological 
Resources; unifolm Regularions" 

43 CFR 3 
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Table 3-1. continued 

Statute Regulation 

State AWARS 

Colorado Air Pollution Control 
Regulations 

Colorado Radiation Control Regulations 

Colorado Hazardous Materials and Waste 
RegUkitiOXlS 

Colorado Water Quality Control 
RegulatiOIlS 

Colorado Division of Wildlife 
Regulations 

Colorado Soil Conservation Board 
Regulations 

Colorado Water Well and Pump 
Installation Regulations 

Colorado Public Utility Commission 
Regulations 

5 CCR 1001-5, No. 3 et seq. 

6 CCR 1007-1 et seq. 
C.R.S. 1973, 25-1-107 (1) (s), (t) 
25-1-108 a d  25-11-104 

6 CCR 1007-3, 264,266, 100. and 1007-2 
et seq- 
5 CCR 1003-2, 1003-1, 1002-2, et al., 1002-8 

CRS 1973, 334102 

CRS 35-72-101 et 4. 

CRS 402-2, 37-91-101-112 

CRS 40-2.1-103 
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T A B U  3-2. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (FtbWq 1,1992) 
FEDERAL SURFACE WATER QUALITY STANDARDS (ng) 
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TABLE 3-2. POTENTIAL CHEMICAL,-SPECIFIC 'BENCHMARKS' (February 1.1992) 
FEDERAL SURFACE WATER QUALITY STANDARDS (ug/l) 

0.S10. 

n 

. . . . . . . . 

0 

3 

O.ooo2 o.mn** 

1 

fW 
12 *- 
3.098 

0.11 ** 
70 

0.00073- 

15 

5 

8 

3.6 ** 

9.1 ** 
14.300 

20 
900 

1000 

20 
60 

500 
500 
30 

lOOODOO 
300 
300 
300 



Y 
c 
c3 

€G&G ROCKY FLATS PLANT 
RfYRl Work Plan 
Operable Unit 14 

Manual: 
Section No.: 
Page: 
Effective Date: 
Organization: 

21 1oo-wP-oull.l 
3.0. Final 

13 of 41  

Remediation Program 

TABLE 3-2. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (February 1,1992) 
FEDERAL SURFACE WATER QUALITY STANDARDS (ugA) 
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TABLE 3-2 POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (February 1,1!3!92) 
FEDERAL SURFACE WATER QUALITY STANDARDS (uu) 
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TABLE 3-2. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (Fcbm.q 1,1992) 
FEDERAL SURFACE WATER QUALITY STANDARDS (nu) 
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TABLE 3-2 POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (February 1,lm) 
FEDERAL SURFACE WATER QUALITY STANDARDS (ug/l) 
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TABLE 3-3. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (February 1,1992) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SLJWACE WATER QUALITY STANDARDS (un) 

B 
C 
D 
E 
FP 
FP m m 

I 
I 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M - 

1 
5.000 

l00,OOO 
500 
0.1 
1 

5,000 
10,000 
200 
60 
10 

5 
10 
50 
2!5 

sMrm1C 
E350 

d 

E600 
sM4500 
ElSO.1 
E120.1 

Ed010 
E160.1 cr cr cr 

84671% 

0.00000022 0.01 o.oooo1 

19 

ss 

620 

5,000 
65-9.0 

3Odegrcer 

750 

360 

TVS 

TVS 
16 

11 

ss 
2 

60 

5,000 

30d+=P=' 

63-9.0 

87 

150 

TVS 

TVS 
11 

250,OOO 

2,000 
l00,oaO 10,000 
l00,OOO 10,000 
l0,Ooo 1,000 

250,OOO 
50 

2000100 ml 
500 

3,000 
5.0-9.0 

3,000 

150 

100 
14 
50 

1 
100 0.0076 
10 10 

100 
100 

50 
50 

TVS TVS 2001 1 ,000 



EG&O ROCKY FLATS PJAN“ 
RFURI Work Plan 
Operable Unit 14 

Manual: 
Section No.: 
Page: 
Effective Date: 
Organization: 

21 loo-wP-ou14.1 
3.0, Final 

18 of 41 

R&nedialion Program 
1 

TABLE 3-3. POTENTIAL CHEMICAL-SPECIFIC ‘BENCHMARKS’ (February 1,1!XU) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SURFACE WATER QUALITY STANDARDS (uu) 
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TABLE 3-3. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARICS' (Fcbraary 1,19!92) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SURFACE WATER QUALITY STANDARDS (ug) 
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TABLE 3-3. POTENTIAL CHEMICAL-SPECIFIC WENCHMARKS' (February 1,1992) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SURFACJZ WATER QUALITY STANDARDS (u@) 
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TABLE 3-3. POTENTIAL CHEMICAL-SPECIPIC 'BENCHMARKS' (February 1,1992) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SURFACE WATER QUALITY STANDARDS (u@) 
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TABLE 3-3. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (February 1,1992) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SURFACE WATER QUALITY STANDARDS (ON) 

1 
1 

5 
1 
1 

1 f~ 
7 

1 
1 
1 

1 
1 
1 
1 

T 
1 
1 
1 
1 
1 

1 
5 
1 
5 

1 

0.43 
24 
1.9 

0.W 
8 4  a m  u 

9, 

11% f 500 
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TABLE 3-3. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (Februarg 1,1992) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SURFACE WATER QUALITY STANDARDS (uu) 

I 

J 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 

'I 
0 9  

1 
03 

4 
48 

025 

100 

6 
s.7 

6 

3100 

4.7 
0 . m  

0.8 

2 7  

I I I I I 
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TABLE 3-3. POTENTIAL CHEMICAL-SPECIFIC ‘BENCHMARKS’ (Pebrmry 1,1992) 
STATEWIDE AND BASINWIDE (CDH/CWQCC) SURFACE WATER QUALITY STANDARDS (ug/l) 

CLP 
CDH 
dm 

LQL B 
TAL 
THM 
TIC 
TVS g; 
CWQCC 
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TABLE 3-4. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (February 1, lh) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SURFACE WATER QUALITY STANDARDS (og) 

Carbonate 
Chloride 
ullarinc 
R d C  
N as Nitrate 
N as Nitrate+Nitritc 
N as Nitrite 
Sulfate 

m 
1 5,0oo 
I 10,m 
M 2 0 0  
M 60 

ia :I M 
MI m 
M 5 

E4500 
E340 
E353.1 
E353.l 
E354.1 
E37s.4 

sM9221C 
E350 

d 
E600 

sM4500 
E150.1 
El20.1 

E6010 . E160.1 cr cr cr 

CT 

0.0000WZZ 0.01 

19 

ss 

620 

5,m 
65-9.0 

IO degrees 

750 

360 

TVS 

TVS 
16 

WS 
5 

11 
2000 

l00,ooo 10,000 
l00,OOO 10,m 

ss l0,OOo 1.m 
2sopao 

2 50 
uKwt00ml 

60 500 

5,m 3,000 3,000 
65 - 9.0 5.0-9.0 

150 
D degreer 

m 
14 

150 100 50 

1 
100 0.0076 

W S  10 10 

TVS 100 50 
11 100 50 

Tvs 200 1.000 
5 2 0 0  200 

1.000 300 (dis) 
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TABLE 3-4. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (Febmq 1,1992) 
STATEWIDE AND BASINWIDE (CDH/CWQCC) SURFACE WATER QUALITY STANDARDS (a@) 

- 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P - 

7 
100 

5000 
15 
02 
200 
40 

5ooo 
5 

10 
u)oo 
200 
10 

200 
10 
10 
50 m 

0.05 

OS 
05 

0.1 
0.1 
0.1 

0.1 
0.05 
0.1 

03 
1 

14 
14 
0.1 

1 
1 

0.1 
0.1 
0.1 
0.1 
1 

0.1 
0.1 
0.1 - 

CT 
CT 
CT 
NC 
CT 
CT cr 
CT 
CT 
NC cr 
NC 

Em10 
86010 cr 

CT 
d 
d 

8 

d 
8619 
8 
8 

8 
8 
8 

8 
8 
8 

50 
70 

10 

36 

0.002 (8) 

0.1 

0.1 

0.002 

Pg 

0.00013 

0.lNN)SE 

0.00OS 
0.0lME 

0.0WS 

O m 1 4  
0.93 

a 
13 

13 
13 

0.W 
0.9 
0.6 

1,050 

13 
0.1 1 - 

21 

O . W ?  
0.004? 
0.041 
0.001 

0.1 

0.0019 
0.056 

. 

2 4  

TV! 
1% 
W! 

W! 

n: 
1.m 
0.1 

TV! 
li 
W! 

l! 

nr 

50 (db 
2.i 

1( 
H 

0.01: 

5,m 

0.00 

0.M 
0.00 
0.00 

0. 

0.00: 
0.00: 
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TABLE 3-4. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (Fkbruary I, 1992) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SURFACE WATER QUALITY STANDARDS (au) 
- 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

PP 
PP 
PP 
PP 
PP 
PP 
PP 
PP 
R 
R 
R 
R 
R 
F 
R 
R - 

- 

0. 
0.1 

0.1 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.05 

05 

0.5 

1 

05 
0.5 
OS 
OS 
05 

1 
1 

0.01 
1 
1 
2 

0.01 

1 

0. 
0.1 
0.1 

1.5 
0.05 
0.05 
0.05 
0.05 
0.05 

03 
0.05 
03 
03 
0.1 

1 

5 

- 

8 

(P 

8 
8 
8 
8 

8 
f 

CP 

8 

8 

(P 

8 
(P 
CP 
CP 
8 
8 
8 

c 

C 

02 
02 

0.008 
0.09 

0.006 

0 2  

40 

0.005 

0.03 

. 

0: 

0 . W  
O.Oo0' 

0.014 

0.01: 
0.01! 

O.ooow4 

0 . m  

0.09 

026 
026 

0.0039 

100 

1 .o 

2.0 

0.73 

0.00u 

0.01 
0.0038 
0.0038 

0.08 
0.1 

0.03 
0.001 

0.014 

0.00q 

0.004 

0.01 
0.001 

0.01 
0.1 

0.03 
0.001 
0.04 

0.001 

0.005 

01 

4 .O 

100 

5.0 
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TABLE 3-4. POTENTIAL. CHEMICAL-SPECIPIC 'BENCHMARKS' (February 1,19!32) 
STAmWIDE AND BASINWIDE (CDIUCWQCC) SURFACE WATER QUALITY STANDARDS (ug/l) 

R 
R 
R sv sv sv sv 

i 
0-6 
0.6 

10 
10 

10 
1( 
K 
1( 

10 
10 
50 
10 
10 
10 
1( 
1C 

10 

1 

1 

2 (e) 

620 
0.05 
620 
73 

1 
21 

14 

270 

2,020 
2,120 

330 

4 3  

3 

. . . . . . . 
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TABLE 3-4. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' February 1,1992) 
STATEWIDE AND BASINWIDE (CDH/CWQCC) SURFACE WATER QUALITY STANDARDS (u@) 

i d  I d 

I I I 
i d  

1 
1 
1 

2( 
1( 
1 
1 
1 

1 
1 

1I  

S( 
l( 

1 

1 
1 
1( 
1( 

1 
1 

a l l  I 

0.03 (8 

1 1 
Herschlaobutadiene 1 1 

0.1 

1 .a 

%!&-- 

L 
SrnPPb 

rniq  

W.1- 

0 01 

1 0  
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TABLE 3-4. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (February 1,1992) 
STATEWIDE AND BASINWIDE (CDWQCC) SURFACE WATER QUALITY STANDARDS (ugfl) 

m m m m m sv 
m sv 
m m 
m sv 

V 
V 
V 
V 
\ 
\ 
\ 
V 
V 
V 
V 
V 

1,05 

3. 

20 

10 
036 (8 

1 
2 - H - w  I 1 

s4 

62( 

5.7 

233 

s*7a 
244 
244 

1 .o 
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TABLE 3-4. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' ( F t b m q  1,1992) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SURFACE WATER QUALITY STANDARDS ( u u )  

J 
V 
V 
V 
V 
\ 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V 
V w 

1 

48 

025 

3,100 

1 2-71 

124 

84 

21.90 
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TABLE 3-4. POTENTIAL CHEMICAL-SPECIPIC 'BENCHMARKS (February 1,1992) 
STATEWIDE AND BASINWIDE (CDWCWQCC) SURFACE WATER QUALITY STANDARDS (ug/I) 
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TABLE 3-5. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS. (February 1, lm) 
STREAM SEGMENT (CDHWWQCC) SURFACE WATER QUALITY STANDARDS ( a g )  

krbonatc . 
3hloride 
Zhlorine 
Suoride 
q as Nitrate 
rl as Nitratc+Nitritc 
q as Nitrite 
iulfate 
Sulfide 
roliform (Fecal) 
tmmonia as N 
Dioxin 
Sulfur 
Disrobed Oxygen 

Specific Conductance 
~emperalure 
Boron 
Total Dilvcd S o l i b  
Aluminum 
Antimony 
Arsenic 
I\ncnic I I  I 
Arsenic V 
Barium 
Beryllium 
Cadmium 
Cakium 
Cesium 
Chromium 
Chromium 111 
Chromium VI 
Coball 
:oppcr 
Cyanide 

213 

A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
B 
C 
D 
E 
FP 
FP 
FP 
FP 

1 
I 
M 
M 
hi 
M 
M 
M 
M 
hi 
M 
M 
M 
M 
M 
M 
1 
M 

.. , , . . . . . . . . . . 

E31o.l 
E310.1 

E325 
E4500 
E340 

E353.1 
E353.1 
E354.1 
E375.4 

SM9221C 
E350 

d 
E600 

sM4500 
E150.1 
E120.1 

E6010 
E160.1 

CI 
CI 
CI 

CI 
CI 
CI 
CI 
NC 
c1 

sw846719i 
E21C 

CI 
C 
a 

0.- 0.000000013 
620 

2.0 
5,OOo 

65-9 

750 

50 

TVS 

50 
TVS 

n 
5 

. .  . 

250,ooO 
3 

10,Ooo 

1 ,Ooo 
250,oM) 

60 
MOO00001 3 

2.0 
5,OOo 

6.5-9 

750 

TvS 

WS 

Tv 
5 

b)( 4) 

I C  2 
iclidcr . 
W.lou1 
a c c k  . 
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200 
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ron 
r a d  
ilhium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Strontium 
rhallium 
l i n  
litanium 
Tungsccn * 

Vanadium 
zinc 
2,4J-Tp Silvex 
2.4-D 
Aaolcin 
Aldicarb 
Aldrin 
Dromacil 
Carbluran 
Chloranil 
Chlordane (Alpha) 
Chlordane (Gamma) 

DDT 
DDT Metabolite (DDD) 
DDT Mclabolile (DDE) . 
Demcton 
Dhunon 
Dieldrin 

chiw*r= 

TABLE 3-5. POTENTLAL CHEMICAL-SPECIFIC 'BENCHMARKS' (February 1,1992) 
STREAM SEGMENT (CDH/CWQCC) SURFACE WATER QUALITY STANDARDS (uu) 

M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

cr 
NC 
cr 
cr 
cr 
NC 
cr 
CT 
cr 
cr 
cr 
NC 
cr 
NC 

E6010 
E6010 
cr 
a 

d 
d 

6 

d 
E619 
6 
CP 

8 
6 
6 

6 

14 
1( 

1 
0.002 (I 

0.03 (1 
0.03 (I 

0.1 (I 

0.m (I 

. .  

0.000014 

O.OOO44 
O.OOO46 

0400024 

0.oooull 

TvS 

TVS 

10 
Tvs 

TVS 

.... 

300 (3 
Tv! 

50 (3 
0.0 

Tv: 

Tv: 

Tv: 

0.00007, 

0.0004 
0.0004 

0.0000a2 

0.00007 

2 
:Ildcr 
?alnul 
3 e e k  

.... * ..-.ow.. a 
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TABLE 3-5. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (Febmae 1,1992) 
STREAM SEGMENT (CDH/CWQCC) SURFACE WATER QUALITY STANDARDS (u@) 

Endosulfan I 
Endosulfan I1 
Endosulfan Sulfale 
Endrln 
Endrin Aldehyde 
Endrin Ketone 
Gulhion 
Heptachlor 
Heptachlor Epoxide 
Huachlwocyclohaane, Alpha 
Hexachlomcyclobne, Beta 
Hclrachlorocyelohuranc, BHC 
Hcxachloroyclohczsne, Della 
Hexwhlomcydohcranc, Tech. 
Hwchlorocyclohcrane, Lindane 
Malathion 
Meihoxyehlar * 
MUCX 
Parathion 
PCBs 
Simazine 
Toxaphene 
Vapnik  2 
ArocIor 1016 
A r d w  1221 
Aroclor 1232 
Aroclor 1242 
Aroclar 1248 
Aroclor 1254 
Araclor 1260 
AtratIne 
Amcridum (m) 
Americium241 (pan) 
Cesium 134 (pWQ 
Cesium 137 (pCVI) 
Gross Alpha (pcfl) 

, , .I . .  

P 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

P 
P 
P 

PP 
PP 
PP 
PP 
PP 
PP 
PP 
PP 
R 
R 
R 
R 
R 

r 

r 

0.1 
0.1 
0.1 

0.1 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 

0.05 

05 

05 

1 

0.5 
05 
05 
05 
0.5 

1 
I 

0.01 
1 
1 
2 

0.1 
0.1 
0.1 
0.1 

15 
0.05 
0.05 
0.05 
0.05 
0.05 

0.2 
0.05 
0.2 
0.5 
0.1 

1 

5 

8 
CP 
8 

CP 

a 
8 
CP 
CP 

CP 
f 
8 

a 

CP 

CP 

8 
8 
CP 
8 
8 
8 
8 

C 

C 

0.2 

0.008 (6) 
0.004 (6) 

4 

lo(1 

0.005 (6) 

5 

o.ooom 
0.0092 
0.0163 

0.012! 
0.0184 

0.000079 
. . 4  

3 

30 
80 

o.ooom 
0.0092 
0.0163 

0.0123 
0.0 186 

0.000079 
4 

3 
0.05 

Bo 

7 

0.0 

el 

1 

r o l e -  IlTAII.P.1-I 
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Plutonium (pCi )  
Plutonium 238+23!)+240(pCyI) 
Radium =+US ( p c i )  
Strontium 89+90 (m) 
Strontium 90 (pCi) 
ThOrium230+232 (pc@ 
Tritium ( p q  
Uranium 233+234 (pCvI) 
Uranium 235 (pCYI) 
Uranium 2% (pCi) 
Uranium (Total) ( p c i )  
1,2,4,5-Tecrachloroknztne 
1,2,4 -Tricbloroknzcnc 

1,2-DiphcaylhpdrsJnt 
1,3-Dichlorokntenc (Ma)  
1,4-Dichloroknzcne (Para) 
2,4,S-Trichlwophcnol 

2,4 - Dimethyl phenol 
2.4 - Dinitmphtnd 
2,4 - Dinilrololuenc 
2.6- Dinitmtolucnc 
2-Chloronaphlhalcne 
2-Chlm0phed 
2- Methylnaphthalene 
2-M~chylph~aol 
2-Nilmaniline 
2-NitmpheMl 
33-Dichlorobcnztdine 

1 , 2 - D k h l m o k ~ e  (OHhO) 

2,4,6-TridrlWhenol 
2.4 -Dchlorophed 

3-Nitroaniline 
4,6-Dlnitro-2-melbylph~d 
4-Bromophenyl Pheq le lba  
4- Chloroanilhe 

TABLE 3-5. POTJZNTUU CHEMICAL-SPECIFIC 'BENCHMARKS ( P t b ~ ~  1,1992) 
STREAM SEGMENT (CDHICWQCC) SURFACE WATER QUALITY STANDARDS (ag/l) 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 

m 
m 
sv 
sv 
m 
sv 
m 
sv 
sv 
m 
m 
SV 
m 
m 
SY 
s 
S\I 
s\1 
st 
sc 
sc 
s\ 
s1 
s1 

10 

1 

t 
c 
C 

t 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C c 
C 
C 
C 
C 
C 

620 
0.05 (6 

62C 
7! 

70( 
2.0 (6 
21 (6 

1: 

IS 
5 

8 
60 

20,000 

40 

12 

0.01 

keck 
3 

0.05 

8 

500 

5 

2 
lidcs 

keet 
'8bEt  

I'  
0.0' 

I 

So( 

11 
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10 
10 

SO 
10 
10 
10 
10 
10 
10 
10 
10 
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50 
10 

10 
1 

10 
10 
10 
10 

I -Chloro-3-mcthylphol 
I-Mdhylphcnol 
I-Nitroaniline 
i-Nitrophenol 
kenaphlhene 
Int hraccne 
3cnzidinc 
3cmok Acid 
3enzo(a)anthraccnc 
3enzo(a)pymnc 
3enzo(b)fluorantkne 
3cnzo(g,h,i)perylcne 
3enzo(R)fluoranthcne 
3cnzyl Alcohol 
h(2-Chloroclhoxy)melhanc 

bis(2-Elhyihcayt)phlhahle 
Butadiene 
Butyl Benzylphthalate 
Chlorinated Ethers 
Chlorinated Naplhalcnu 
Chloroall;ylcthco 
Chlorophenol 
Chwne 
Dibcnzofuran 
Dibcnz(a,h)anthraccne 
Dichloroknzener 
DkhlmkntMine 
Dicthylphlhslate 
Dimcthylphlhalrte 
Di- n -bmylphthal4le 
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Ethylene Glycol 
Rumnthcne 
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bk(2-Chl~oh~OWI)clbcr 

TABLE 3-5. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (February 1, I=) 
STREAM SEGMENT (CDHlCWQCC) SURFACE WATER QUALITY STANDARDS (u@) 
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TABLE 3-5. POTENTIAL CHEMICAL-SPECIFIC'BENCHMARKS' (February 1.1992) 
STREAM SEGMENT (CDHEWQCC) SURFACE WATER QUALITY STANDARDS (I@) 
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13-Dichloropropene (cis) 
13-Dichloropropcne (Iranr) 
2-Butaone 
2-Haanor1c 
4 -Mahyl-2 -penlanone 
Acetone 
Acrylonilrile 
Benzene 
Bromodichloromclhanc 
Bromoform 
Bromomcthanc 
Carbon Dsulfide 
Carbon Tetrachloride 
Chlorinated Benzenes 
Chlorobcntene * 
Chlorod hane 
Chloroform 

Chloromethane 
Dibromahloromethene 
Dichlorocthcnu 
Ethyl Benzene 
Ethylcnc DikomMe 
Bthykne Oxide 
Halometha n a  
Methylene Chloride 

scyrme 
Te~hloroethane, 
relrecbtaocthene 
roiuene 
rrichlaochnes 

TABLE 3-5. POTENTIAL CHEMICAL-SPECIFIC'BENCHMARKS' (Fcbtmq I, 1992) 
STREAM SEGMENT (CDIWCWQCC) SURFACE WATER QUALITY STANDARDS (u@) 
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TABLE 3-5. POTENTIAL CHEMICAL-SPECIFIC 'BENCHMARKS' (February 1 , l k )  
STREAM SEGMENT (CDWCWQCC) SURPACE WATER QUALITY STANDARDS (ug/l) 
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EXPLANATION OFTABLE 

CLP 
CDIi 
db 
EPA 

PQL 
RFP 
SS 
TAL 
THM 
TIC 
TVS 
MDL 

CWQCC 

(1) In the absence ofrpccifk, numrrk rraadardr fa non-naturally d n g  argania, the namlive standard h interp-ctedas zero with enforcement based on 

Et 

;%A 

practical quantihtion ltveb (PQL) PI defined by CDWCWQCC or EPA 
Ammonia, sulfide, chlaride, wlfate, copper, hpn, manganese, and dnc arc 3O-day alandards, all others are I-day standards 
Lowest value given: dhrdlvcd QT told r#xmrablc 
Segment 5 standards arc p b  
IncludcsTable 1: Addithal Organic Chcmkal Standards chmnk only 
Standard b k h  more sfrhgcnt tban POL, therefare P($Llsstandard! 
MDL for Radium $26 b 0 3  MDL far ium 228 b 1.0 

(a> CDWCWQCC. Colorado Water Quality Slandardr 3.1.0 (5 CCR 1oQ-8) l/ly1974; amended 9/301989. 
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4-Q DATA-- 1 AND DATA QUALITY OBJECTIVES 

Under the terms of the IAG, data must be pmvidled that satisfy CERZA and RCRA 
requirements; these data are necessary to characterize the M~UR and extent of con -0% 

suppmt the risk assessment, suppod the evaluation of corrective/remedial adon, and assist 
in the dkvelopment and evaluation of medial alternatives. Data requirements for this work 

plan are presented below and are &ived from guidance documents previously cited. 

The abjectives of the RIWRI are to clwacterize the nature, distribution, and 
migration pathways of cm&mhmts for ea& OU14 IHSS in support of the basehe rislt: 
assessment (BRA), as well as to support the evahatim of remedial alternatives. 

DQOs hiwe been spedied for each data dlectioon aotivity, and the work will be 
mducted and documented! in a manner tRat ensures that the data collected are sufficient and 
of adequate quality for their intended uses W A  1987). DQOs are @Wive au~d 

quantitative descriptions of the dkta required to snpport deckions made dhhg remedial 
response activities. The DQOs are developed prior to d b  collation activities and are 

incorporased into the process, resultimg in a wdl-phmed FSP that details the chosen 
samphg and analysis options and provides confidence in the decisions made during the 

remedial pmoess. DQOs were established for lhe OU14 RFI/RI in aadance with 

Appendix A of the Rocky FIcrrs Plant S a e - W  Q d t y  Assurance Projm Plzm @G&G 
1991e). DQOs are developed using a three-stage process: Stage 1 identifies dezkian types, 

4-1 



21100-WP-OU14.1 EG&G ROCKY FLATS PLANT Manual: 
RFYRI Work Plan Section No.: 4.0, Final 
Operable Unit No. 14 Page : 2 of 19 

Effective Date: 
Orgsnization: R e d i t i o n  Program 

Stage 2 identifies data usedneeds, and1 Stage 3 is the design of a data collection program. 

This section explains the DQO process specific to the RFURI for OU14. 

The major elements of Stage 1 include identifying and involving data users, 
evaluating available data, developing a site conceptual model, and specifying objectives and 

decision types that will be made during the RFI/RI process. Available data must be obtained 

and evaluated during this stage to aid in the development of DQOs and to develop a site 

conceptual model (EPA 1987). The site conceptual model presented in Section 2.5 identifies 

the sources, release mechanisms, transport pathways, exposure routes, and receptors. The 

following sections address each of the Stage 1 elements. 

4.1.1 Identify and Iunvove Data Users 

Data users are divided into three general groups: decision makers, program 

management staff, and techuical personnel. The principal decision makers for OU14 are 

federal officials responsible for RFP operations and the federal and state regulatory officiab 
responsible for environmental protection. These include the DOE Office of Earvironmental 

Restoration and Waste Management, DOE Rocky FIats Office, EPA Region Vm, and CDH. 
The program management staff are the prime EG&G contractor personnel responsible for ER 
Program activities, which includes the EG&G RFP EMD. Technical personnel include 

. .  
EG&G technical speciaiists and subcontractors responsible for Supervising, camhabn g, and 

performing ER Program activities. The primary technical personnel data users will be risk 

assessment scientists, statisticians, and feasibility studies engineers. 
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The data users are brought into the RFI/RI process during planning stages to help 

define data quality requirements. The work plan is reviewed by the data users and their 

comments are incorporated in the work plan structure. 

4.1.2 Evaluate Available Data 

The historical conditions of OU14 are described in Section 2.2, and previous 

investigations are described in Section 2.3. Existing soil boring, groundwater, and surface 

water analytical data from locations in or adjacent to OU14, available from previous 
characterization and mutine environmental monitoring activities, are presented in Volume II 
of this work plan. These data are discussed in Section 2.3.3. Most of the quantitative data 

compiled to date have been validated in accordazlce with the guidelines specified in the 

QW-P (EG&G 1991e). All data used in the development of this work plan are considered 

adequate for this end. Personnel interviews may provide additional direction while 

implementing the Stage 1 investigation. 

4.1.3 Devepop site conceptual Model 

An integral part of the DQQ process is the development of a site conceptual model to 

identify contaminant pathways to support data collection needs. A site ~0ncepW.l model for 

OU14 has been developed based on the site physical characteristics and available data 
(Figure 2-30). The model includes descriptions of historical and current sources, release 
mechanisms, con taminant migration pathways, exposure routes, and receptors. This 

model will be refined as IHSS-specific contaminant and physical data is 

collected. 
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The historical release mechanisms of contaminants from surface spas, ponds, and 

process lines are wind erosiodvolatile emissions, storm water runoff, and infitration/ 
percolation of water through the vadose zone to groundwater. Current release mechanisms 

include deposition and seepage. Exposure @urnan and biota) to contaminan ts can occur 

through multiple pathways including ingestion, inhalation, and dermal contact; however, the 

actual pathways of significance and potential receptor populations for each exposure pathway 

will be determined during the risk assessment. 

4.1.4 Specify ZUWRI Objectives and IMsiom 

As statedl in the IAG, the primary objectives of the RFlvRI are to characterize the 

nature and extent of con tanhation for each OU14 IHSS, to provide informaton necessaty to 

determine the risk associated with the source of contamination at each OU14 IHSS, and to 
provide information to evaluate potential remedial action alternatives. From the information 

generated by the RFYRI, decisions can be made as to whether remedialion is necessary and 

which remedial alternatives would be approPriate. A summary of the specific DQOs and 

supporting data needs is presented in Table 4-1. In accordaDce with the IAG, the specific 
objectives of the RFYRI field investigation for OU14 are described below. 

Characte rize the Nature and Ext ent of Contamma tion: The intent of the RFI/RI FSP is to 

detedne the physical characteristics of all media and detemme * thenatureandthe 

horizontat! and vertical extent of existing con W o n  at OU14 IHSSs. Achieving these 
objectives will require the following: 
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8 Further delineation of the areal extent and location of the EHSs 

e Definition of the horizontal nature and extent of surfkial soil contamination 

Defintion of the vertical nature and extent of contamination in the soil column 
beneath each MSS 

0 Assessment of the potential for contamination from each MSS to impact surface 
water and sediments 

* Assessment of the potential for contaminated soil to impact the groundwater 

0 Determine if groundwater beneath IHSSs has been affected by contamination in the 
overlying soils 

* Determine the nature and extent of groundwater contamination 

8 Assessment of the groundwater migration potential beyond the IHSS and OU14 
boundaries. 

The specific data needs which support the characterization of the nature and extent of 

con t;lminatim are provided in Table 4-1. An analytical level for all of the objectives is 

required that yields data of sufficient quality for the BRA subsequent analysis, and 

determination of remedial dternatives. Objectives will be met by adherence to the General 

Radiochemistry and Routine Analytical Services Protocol (GRRASB) (EGBiG 1991d) for 

sample analysis and RFP EMD 0perathg procedures (OP) (EG&G 19910 for sample 

collection. 

Other data needs required to characterize * OU14 include the following: 

@ Determination of the location of subsurface utilities and st~~ctum 

e characterization of hydrogeologic conditions 
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0 Assessment of the potential for preferential con taminant migration pathways at each 
IHSS 

The data needs, type of data required, sampling/analysis activities, analytical levels, 

and data uses are presented in Table 4-1. 

Determine Risks Associated with Contamination: To meet the objectives of the BRA, 

specific data need to be obtained to accomplish the five tasks of the risk assessment 

(contaminant identifkation, exposure assessment, toxicity assessment, risk characterization, 

and uncertainty analysis). 

These tasks will rely on data collected under a sampling plan that is sufficient to 

determine the con taminants present and the concentmtions at which they occur. Analytical 
data for different environmental media must be sufficient to characterize the lateral and 

vertical extent of contamination and be representative of sampled areas. Background or 
control data must also be collected at uncontaminated areas to establish baseline ConditioIlS to 

determine the degree to which con tamination may affect feceptofs. 

Reaching the objectives requires an inventory of con taminam deteckd, associated 

concentrations, and the lateral and vertical distriition of con taminants. In addition, data 
pertaining to physical characteristics of topography, soil, aquifers, and weather patterns need 

to be collected both to determine potential migration pathways and to conduct computer 

modeling studies. Characteristics and bcations of possible human populations and biological 

populations must also be detemined. 

P\OUI 4 \ W O ~ O N . 4 \ 1 W 6 / 9 Z J  4-6 
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Recent toxicity information on all identified contaminants must also be collected to 

evaluate and\determiue potential risks to the identified receptors. 

S u m r t  Selection of Rem& Actian Alternatives: Data requirements for the evaluation of 

remedial action alternatives include an identilidon of the nature and extent of contamination 

at sites of concern. In addition, the volumes and areas of contaminated media must be 

determined. This work plan addresses the sampling required to characteh contaminated 

media at OU14 and to support the selection of remedial alternatives. These remedial 

alternatives may include removal and treatment, in situ treatment, containment, and no 
action. 

4.2 S W e  2 - Identifv Dab Uses. Thes. and Needs 

Stage 2 has the following six major steps: 

0 Identify data uses 

e Identify data quality needs 

0 Identify data quantity needs 

e Evaluate sampling and analysis options and 

0 Review precision, accuracy, representativeness, m p a r a b i i ,  and completeness 
(PARCC) parame4ers. 
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Stage 2 also includes the selection of the sampling approach and the analytical options 

for the task including the economic and technical feasibility of the chosen technique. The 

following sections discuss each of the six elements. 

4.2.1 Identify Data Uses 

In order to ensure that the sampling effort will address the objectives outlined in 

Section 4.1.4, the anticipated uses for the data must be specifically stated. Data collected 
during the RFYRI will be used to characterize ' the physical features, the nature and extent of 

contamination, support the BRA and environmental evaluation 0, and evaluate remedial 

alternatives. Characterization of each MSS includes the surface of the site, soils, 

groundwater, and potentially surface water. Samples will be collected to determine the 
extent and type of con e o n  present at each MSS. Data wil l  also be collected to 

determine the physical characteristics of the media for use in contarmnan t transport and 

pathways analyses. 

Data collected for the OU14 RFYRI will be incorporated into the contaminant 

transport models for the risk assessment. Representative data will be utilized in the OU14 

IHSSs environmental transport models. 

4.2.2 Identify Data Types 

Following identification of the intended users and use of the data, the specific data 

types must be identifed. Data types will wnsist of data generated from field survey and 

laboratory analytical results of samples for each RFYRI objective (Table 4-1). For the most 
part physical media will be sampled during the RFI/RI. The physical media include soils, 
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soil gas, groundwater, and potentially surface water. Additionally, radiation surveys wiIl be 
performed at aJl IHSSs. The analytical requirements are dictated by the intended use of the 

data (EPA 1987). 

A list of specifc analytes and analytical methods for OU14 has been developed and is 

presented in Section 6.5. The criteria used to develop the list include documentation from 

the HRR, IAG requirements, and existing analytical data for sampling locations in or 

adjacent to OU14. As discussed in Section 6.3, there are seveml potential site contaminants 
associated with the MsSs  in OU14. The available historical information and evaluation of 

existing data suggest that, to be conservative, analysis should initially be conducted for 
several contaminant classes during the FSP. 

Risk assessment modeling requires additional data types. Data necessary for air 

dispersion modeling generally includes relative wind direction and €ieqwcy, atmospheric 

stability and wind speeds, ambient concentrations of airborne particulates, soil adsorption 

coefficients, solubility, particle size, and precipitation. Most of these parameters will be 

determined from RW-wide atmospheric studies (Le., Plan for Prevention of Contaminant 

Dispersion, RFP Environmental Monitoring Report and others) or from literame values. 

4.2.3 Identify Data Quality Needs 

Analytical methods and support levels must be evalua!ed during the DQO process. 

The parameters for which an analytical method is valid, its Witalions, and any special 
considerations which wil l  affect data quality must be understood in order to select appmpriate 

methods. Table 4-1 lists the analytical levels approprhte for the intended data uses. The 
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five levels of data quality as presented in =A's Dma Quality Objecnves for Remedial 

Response Ambiries Development Process (EPA 1987) are as follows: 

Level I - Screening: Provides the lowest data quality but the most rapid results, and 

is used for purposes of site health and safety monitoring, preliminary comparison to 
AURs,  and initial site characterization to defme areas for further study. The data 
genexated provides presence/absence of certain constituents and are generally 

qualitative rather than quantitative. 

Level II - Field Analvsis: Provides less rapid results but better data quality. Analysis 

includes some mobile laboratory-gene- data and data generated by use of field 

analytical instruments. The data may be qualitative or quantitative. 

Level III - Eneinee ring: Provides an intermediate level of data quality and may be 

used for site characterization or risk assessment. Engineering analysis includes 

mobile laboratory-generated data and standad commercial laboratory analyses without 

full Contract Laboratory Program ( U P )  documentation. These data a both 
qualitative and quantitative. If analyses are conducted in support of treatability 
models, it will be performed to Level ID. 

Level IV - Confirmational : Provides the highest level of data quality and is used for 

purposes of risk assessment, engineering design, and cost recovery documentation. 

Confirmation analyses require full CLP analytical and data validation procedures. 

Level V - Nonstandard: Refers to analysis by nonstandad procedures; for example, 

exacting detection limits or analyses of an unusual chemical compound. These 
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analyses often require method development or adoption. The data validation 
procedures of Level IV can lbe applied to Level V, if r e q u i d .  

Analytical data derived from the proposed sampling and analysis program at OU14 
will be used, in part, to evaluate human health and ecological risks posed by contamination, 

if any. ToxicOlogical inteqmtation requires validation of analytical data; therefore, select 

soil and groundwater samples will be subjected to Level IV analytical procedues and 

reporting requirements based on the results of Level III analytical procedures. The sampling 

plan for OU14 has been designed to allow for a t i e d  approach beginnins with soil and soil 

gas screenjng using Level III, with validation of these screening results for randomly selected 
split samples subjected to Level IV analyses, if required. Subsequent sample collection and 

analysis efforts will be directed by the results of the screening activities. 

4.2.4 Identify Data Quantity Ne& 

Data quantity needs are based on an evaluation of available data for chawtemm ' .  gthe 

source/soils of OU14 and for providing input to the risk assessment and assessment of 

remedial alternatives. This is consistent with EPA guidance (EPA 1987, 1990). Data 
presently available are insufficient to meet the objectives defined by the IAG; therefore, the 

collection of additional data is warranted. 

To ensure that a sufficient amount of acceptable data are generated, the FSP was 
designed to include a rationale for all activities and a staged approach using screening-level 

techniques to identify critical sampling sites. The program described in Section 6.3 and 

applied to each MSS in 6.4 provides Stage 1 sampling to be initially comple-ted on a grid 
pattern, with additional sample points added to hrther define areas of amtamma * tion. 
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4.2.5 Evaluate Samghg/AnalysL Options 

The RFURI for OU14 will use field screening and sufiicial soil sampling techniques 

to direct subsurface data collection activities. This approach maximizes collection of useful 

data because surficial soil sampling and field screening techniques are used to properly locate 

and minimize borehole drilling. Additionally, this approach minimizes the volume of 

generated hazardous waste material that requires special management, the potential exposure 

of field personnel to hazardous waste material, and the overall time to perform the field 

activities. 

A staged, multi-task sampling approach lhas been designed for OU14. Stage 1 

activities are designed to locate areas of contamination and to provide an assessment of the 

nature of the contamination at these locations. Stage 1 consists of the following tasks which 

will be perfonned at each site, as appropriate: 

0 Conduct geophysical surveys to locate underground utilites 

Q Conduct radiological and soil g a ~  S V V ~ Y S  and surface soil sampling (2-inch  scrape^) 
and analysis 

9 Conduct additional personnel interviews to assist in locating areas of probable . .  contammati on 

Q Conduct radiological surveys and mil samples focused in new areas identifed in 
personnel interviews 

0 Drill boreholes and sample subsurface soils in predetermined locations and 
predetermined depths 

4-12 



EG&G ROCKY FLATS PLANT Manual: 21 1OO-WP-OU14.1 
WYRI Work Plan Seaion No. : 4.0. Final 
Operable Unit No. 14 Page: 13 of 19 

Effective Dare: 
oganizaaon: Remediation Program 

Based on the results of Stage I, the sampling pattern will be altered as necessary to 

fully determine the extent of contamination at each IHSS during Stage 2. Stage 2 sampling 

activities will potentially include drilling additional boreholes and collecting soil samples; 

sampling existing monitoring wells; and installing, pump testing, and sampling new 

monitoring wells. Additionally, grab surface water samples will be collected if appropriate 

locations and opportunities are identifed. Section 6.0 describes the field activities in detail. 

Section 6.5 of this work plan discusses the analytical program requirements for 

OU14. Appendix B of the QAPjP @G&G 1991e) lists the CLP analytes and 

detectiodquantification limits for Target Compound List (TCL) volatile and semivolatile 

organics, TAL metals, radionuclides, and other suficial soil sampling param-. These 

analytical methods are appropriate for meeting the data quality requirements for analytical 
Levels I through V during the RFI/RI. 

4.2.6 Review of PAweC Pamqeter Inforrmnrtion 

The PARCC parameters (precision, accuracy, repmentativeness, corn-ty, and 

completeness) are indicators of data quality. The end use of the measurement data should 
define the necessary objectives for the PARCC parameters. The PARCC goals are specified 

in the QAA (Section 10.0) of this work plan. The PARCC parameters are discussed below. 

Analyte-specific precision and accuracy objectives are also listed in the QM’P, Appendix B. 

Precision measures the reproducibility or degree of agreement among replicate 

measurements under a given set of conditions. The closer the numerid values of the 

measurements are to each other, the more precise the measurements. During the OU14 

WRI, data collected using field instrumentation such as water level meters, pH meters, and 
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conductivity meters will be checked by reporting at least three measurements taken at one 

location and comparing the results. Field analysis instruments such as a field gas 

chromatograph (GC) will be checked by analyzing replicate samples. Sampling precision 
will be evaluated by the analysis of field replicates. Analytical precision will be determined 

by replicate analysis of single samples. The DQO for precision will be to achieve the 
precision criteria associated with each published analytical method used in the analysis of 

OU14 samples. 

Accuracy measures the bias in a measurement system. Sources of error include the 
sampling process, field contamination, preservation, handling, sample matrix, sample 

preparation, and sample analysis techniques. Sampling contamination of the OUl4 RFI/RI 

will be assessed by evaluating the results of field rinse and trip blanks. The accufacy of the 

laboratory analysis will be determined from the results of matrix spike recovery. The DQO 

for accuracy will be. to obtain recoveries within the range of acceptability associated with 

each published analytical method used in the analysis of OU14 samples. 

Representativeness expresses the dew to which sample data accurately and 

precisely represent a chan&mt~  * 'c of a popularion, parameter variations at a sampling point, 

or an environmental condition. Representativeness is a qualitative parameter that is most 

concerned with the proper design of the sampling program. Given the lack of previous 

usable data from OU14 WSSs, designing a representative sampling p r o m  is difficult; 
however, representativeness can be enhand for the OU14 R,FI/RI by use of proper 

sampling techniques. Section 6.3 describes the sampling rationale and techniques. 
Representativeness will also be assessed by the collection and analysis of field dupli- 

samples. 
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Completeness is defined as the percentage of measurements made that are judged to 

be acceptable. The target completeness objective for the OU14 field and analytical data is 

100 percent; 90 percent will be the minimum acceptable level. The analytical set is 
considered acceptable if a representative subset of the data are validated (Le., 20 to 30 

percent) and indicate the analyses were acceptable. To ensure that a sufficknt amount of 
acceptable data are generated, the FSP is designed to include a rationale for al l  field 

activities and a staged approach using screening level techniques to identify and locate critid 
sampling sites. Section 6.0 further discusses these components of the FSP. 

Comparability is a qualitative measure defined by the d d e n c e  with which one data 

set can lbe compared to another. Differences in field and laboratory procedures greatly affect 
Comparability. To optimize compaxability, all OU14 RFI/RI sampling techniques and 
analytical methods wiu be approved EMD standard operating procedure (SOP) methods. 

4.3 Stape3-Des ign Data Collection Pragram 

The intent of Stage 3 is to compile information and DQOs developed for specific tasks 
in Stage 2 into a comprehensive data wllection propun. The data collection program has 
been prepared for the OU14 RFI/RI and is presented in the FSP (Section 6.0). The FSP also 
includes a detailed list of all samples to be collected including media and sample type, and 

sample location maps for each IHSS. A listing of the type and frequency of quality control 

(QC) samples to be collected is pxwided. 

The QAA (Section 10.0) and the QAPjP describe the policy, Organization, functional 
activities, and quality assurance (QA) and QC protocols necessary to achieve the D Q O s  

dictated by the intended use of the data. 
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Table 4-1 Phase I R.FWRl Data Quality Objectives for CDU14 

D e h  tho horizomal nature and extent of 
surficial soil contamination 

a characterize surticial mils Radiation aurvey data 

surficial soil 
contamination 
data - 
surficial mil physical 
properties data 

Paifom field radiation survey at each 'WSS 

Collect and analyze aurficial soil samples at each 
MSS; analyze for parametera appropriate for each 
mss 

Collect and analyze surticial soil samples for physical 
C h a r a M c a  

SourcdSoil Characterization 

'Baseline 'Risk Assessment 

~Emrironmental Evaluation 

Evaluation of Remedial 
Alternatives 

Define the vertical M ~ I I ~  and extent of 
contamination in the eoil column beneath each 
MSS and potential for contami~ted soil to 
impact muface water Cmd grwndwam 

0 Chatactsrize prtacnca or absence of Qeophysical date/ Condud bomhols clearance geophysical survey at I SourcdSoil Characterization 
Bubwrrface utilitiedstnrchrrw Exiating utiliiea mapa appropriats MSSa mat will have subsurface 

invcstigationa 



EoBto ROCKY FLATS PLANT 
RFl/RI Work Plan 
Operable Unit No. 14 

Manual: 21100-WP-OU14.I 
4.0. Final Section No.: 

Page: 17 of 19 
EffectiveDate: . 
Organization: Remediation Program 

Table 41 Phase I RFlUlU Data Quality Objectives for OUB4 

Characteri2e presence or abrvnce of soil Soil chemical and Conduct soil gas surveys at approprinte MSSs; 
analyze vapor samplw for voletile organic contarninetion at each MSS Phyeical Proparies 

dam c o m p ~ ~ o r o c )  

m SourcdSoil, Surface Water, 
Qroundwater 
Characterization 

Collect and analyze in situ soil and subsurface soil m Baseline Risk Assessment 

Environmental Evaluation 

Evaluation of Remedial 

sclmples at all MSSs 

Collect soil and analyze core sclmplw along depth Iv 
(V for 

analyds) 

profiles, a n a l p  for parameters appropriate for each 
MSS radiological Alternatives 

Collect soil ~ m p l s ~  for analysis of physical 
Propaties 

1. n 

Characterize twbaurfaca aratigraphy and amlogic peranmtara 
depth to groundwater 

SourcdSoil, Qroundwater 
Characterization 

Baseline Risk Assessment 

Evaluation of Remedial 
Alternatives 
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Table 41 k e  I RIFI/wI Data Qdi ty  Objectives for QU14 

Determine if grouadar~srbeneath IASS bas 
been affscted by contamination in the 
subdwsoil 

Collect and a ~ l p  groundwater semplw from 
W d i S  at s e l w  mss 

Iv 
(v for 

radiological 
anelyois) 

Soil Groundwater 
Charactemation 

Baseline Risk Assessment 

Environmtntal Evaluation 

Evaluation of Remedial 
Alternativee 

Asases the groundwater migration potadd 
beyond the MSS and OU14 boundariw 

-water flow regime Water level data 
around nppmpriate Msse 

Obtain qualterly water level measunmente from 
exisring monitoring wells m a d  each MSS 

Install monitoring w d s  at each mss 88 appropriate 
and conduct pumping test 

I 

I' 

Groundwater 
Characterization 

Baseline Risk Assessment 

Evaluation of Remedial 
Alternative 
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Table 4-1 Phase I RlWRI Data Quaiity Objectives for OU14 

Support Section of Remedial Action Alteruative Btdyecals tasting Collst and analyze pretreatment mmples to 
detsrmine effeaiv- of alternative 

e Treatabiiityetudm 

0 Characterize sitqecific geologic Soil phyeical Collect and analyze soil mmples for parameters I, n Evaluation of Remedial 
parametem identified as appropriate for each MSS AltCmatiVeS para- 
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5.0 RCRA FACILITY JNVESTIGATlONfREMEDIAL INVESTIGATION TASKS 

Projiect planning for the implementation of the Rl?I/RI for OW4 hcliudes numerous 
activities in additim to tasks complieted as part of this work plan. Review of previous site 

investigations, *review of the ERR, pdiminarqr site dmract;eriZation data, preliminary 
identikatiun of potentid ARARs, and the dewlopment of DQos and a FSP have all been 

coonpleted as part of this wonk plan and are contaifled in Sections 2.0, 3.0, 4.0, and! 16.0, 
respectively. These key steps and others in the seeping process are illustrated in Figure 5-1. 

After approvd of this work plan and phior to W R I  field! aetivi.ties, historical dhta 

and newly generated data that have 'become available since prepmtim of this work plan will 

be compiled and dmte!d. There are mBoing site investigations at ather OUs and plant- 

wide studiies that may provide &ta relevant to the OU14 investi@on. These new data may 
assist in planning and coordination of- dvit ies  for QU14. Such activities 

include coordinating with other field investigation pmgrams occurring in the same vicinity of 
OU14, accomm-hg the special security requirements Within high security areas, and 
addressing health and safety concerns for field Operations. Addithnally, OU14 wil l  require 
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detailed and accurate delineation of underground utilities and other related physical features 

for each MSS. 

Intemiews with plant personnel will be conducted to augment past release information 

and to identify areas where construction activities may have disturbed and/or removed 
portions of OU14. Personnel in facility operations will be contacted about any additional 

information that may be available on OU14 structures and site conditions. Although OU14 

MSSs have been visually inspected during preparation of this work plan, each site will be 

closely scrutinized prior to mobilizing field equipment to provide additional location and 

accessibility information. 

Field activities proposed for OU14 will be integrated with ongoing or proposed field 
activities at nearby sites to minimize redundancy and maximize efficiency. The possible 
investigation sites near OU14 are discussed in further detail in Section 2.2. 

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

throughout the project duration to accommodate any unforeseen developments. Two project 

planning documents have been prepared for the OU14 WRI as required by the IAG: the 

FSP, which presents the locations, media, and frequency of sampling efforts; and the 

Sampling and Analysis P h  (SAP) which includes a QApjP and SOPs for all field activities. 
A sitewide SAP has been prepared for IRFP, and is currently being revised in accordance 

with the IAG. QA procedures and SOPs that are used specifically for OU14 are refmced 

in this work plan. Any deviations from the QAPjP or SOPs are documented as QAA in 

Section 10.0 of this work plan, or appended to the work plan in the form of SOP Addeada. 
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5.2 Task 2 - ComuniUv Relatiom 

In accordance with the IAG, RFP has developed a Community Relations Plan (CRP) 
to inform and actively involve the public in decision making as it relates to environmental 

restoration activities. This CRP meets the requirements for all OUs. The vehicle for public 

involvement in the RFI/N process is the Technical Review Group. The CRP addresses the 

needs and concerns of the surrounding communities as identified through interviews with 

businesses, medical professionals, educational represatatives, interest groups, the media, 
residents adjacent to the RFP, and federal, state, and local elected officials. 

Current community relations activities concerning environmental restoration include 
participation by RFP representatives in informational workshops, presentations at meetings of 
the Rocky Flats Environmental Monitoring Council, public comment opportunities on various 

EM Program plans and actions, and briefings for citizens, businesses, and surrounding 

communities on environmental restoration and monitoring activities. RFP personnel involve 

several special interest groups in decisions that pertain to environmental restolsLtion activities, 

including the Rocky Flats Cleanup Commission, a recipient of a EPA Technical Assistant 

Grant. 

In addition, the RFP Speakers Bureau provides lecturers to civic groups and 

educational organizations, and operates a tour program allowing the public to visit RFP. 
RFP also produces fact sheets and periodic updates on environmental restoration activities for 
public information and responds to numerous public inquiries regarding RFT. 
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5.3 

The OU14 RFI/RI field investigation is designed to meet the objectives outlined in 

Section 4.0. The data will also be used to support the EE and the HHRA as defined by the 

IAG. The following activities will be performed as part of the field investigation, as 
described in detail in Section 6.0. 

The RFVRI field investigation for OU14 has the following specific objectives: 

8 

Characterize the nature and extent of con tamination at each IHSS 
Support H€€RA requirements and EE 

Support corrective measures studies (CMS), feasibility studies (FS), and 
treatability studies 

Support exposure assessment. 

The field investigation is designed to characterize current sources and potentiauy 
affected media at each MSS. Many of these sites are still active and may r e d  active after 
the FSP is concluded. 

A two-stage field investigation has been developed for each IHSS: Stage 1 activities 
are designed to detect points of contamination and to provide an assessment of the nature of 

the contamination at these points; Stage 2 activities are designed to provide an assessment of 
the extent of contamination present, as identified by Stage 1 results. 
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The FSP developed for this field investigation emphasizes the Stage 1 activities, 
which are divided into three tasks to be performed at each IHSS, where approPriate, and a 
fourth task specific to selected IHSSs. Task 1 involves a review of existing data, including 

aerial photographs and site records. Task 2 involves screening activities at each IHSS, which 

include radiation surveys and soil gas surveys. Task 3 involves limited sampling activities 
for soil and groundwater, and the completion of soil borings at appropriate IHSSs. Task 4, 

which is specific only to selected IHSSs, involves the installation of groundwater monitoring 

wells. 

A thorough discussion of the field sampling plan in contained in Section 6.0. 

Analytical procedures will be completed in accordance with the ER Program QAPjP 

(EG&G 1991e). Analytical detection limits, sample container and volume requirements, 

preservation requirements, and sample holding times are discussed in Section 6.5. 

Results of data review and validation activities will be documented in data validation 

reports. EPA data validation functional guidelines will be used for validating organic and 
inorganic (metals) data (EPA 1988~). Validation methods for radiochemistry and major ions 
data have not been published by EPA, but data and documentation requirements have been 
developed by EM Program QA staff; data validation methods for these data will be derived 

from these requirements. Details of the data validation process are described in the QAPjP. 
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Data collected during the RFI/RI will be incorporated into the existing RFEDS 

database and will be used to better characterize contaminant sources and soil. RFEDS 
personnel assist in the early stages of sample collection and analysis in order to facilitate the 

entry of data collected during the WYRI to the existing RFEDS database. Screened data 
will be stored in independent computerized databases and will be incorporated into RFEDS 

when appropriate. These results also will be used to determine the impact of OU14 on 

surface water, groundwater, air, the environment, and biota, as well as the potential 
contaminant migration pathways at OU14. Additionally, data will be used to support the 

evaluation of proposed remedial alternatives and the BRA. 

5.5.1 Site cplmacterization 

The add i t id  physical data collected during the RFVRI will ibe incorporated into the 

existing site charactenza * tion. A survey of impervious areas within OU14 will be conducted 
to assist in surface water runoff charactenza - tion. Water level data will be used to 

characterize the alluvial groundwater flow regime. 
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Analytical data from OU14 MSSs will be used to characterize the following: 

Nature of source contaminants 

Lateral and vertical extent of contaminant sources in soils 

Nature and extent of contaminants in groundwater 

In addition, the analytical data will be used to evaluate on-site contaminant 
concentrations. 

Analytical data obtained from OU14 samples will be summarized graphically andor 

in table form to assist interpretation. Contaminant isopleth maps will be prepared to 
summarize the spatial distribution.of source, soil, and groundwater contaminan a. 

The criteria for the identification of contamination will be analyte-spedlc for each 

geologic unit (e-g., Rocky Flats Alluvium or artificial fill). For all a n a l p  (iicluding 

radionuclides), only those concentrations exceeding the site-specific background 

concentrations will be considered likely evidence of contamination. These data will be 

compared to sitewide background valm provided in the Final Background Geochemical 

Ckzracferizaliun Report (EG&G 1991d) and studies @med by the Colorado Department 

of Health: Environmental Surveillance Report on the USDOE Rocky Flats Plant April, 1992 

(CDH 1991) and the paper prepared by Robert Terry entitled "Contaminaton of S& Soil 
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in Colorado by Plutonium, 1970-1989: Summary and Comparison of Plutonium 
Concentrations in Soil in the Rocky Flats Plant Vicinity and Eastern Colorado" (Terry 1991). 

5.6 Task 6 - Baseline IRnS *kAsseSsnn en€ 

As required by the IAG, a BRA that addresses the risks associated with OU14 sources 

and affected media will be performed as part of the OU14 RFI/RI report. This includes an 
HHRA and1 EE for OU14. The purpose of the BRA is to characterize . the toxicity and levels 
of hazardous substances present, to characterize contaminant fate and transport, and to assess 
the potential for human health and environmental impact or risks associated with the Site. 

The BRA provides a basis for deterrmnrn ' g whether remedial actions are necessary and to 

justify performing remedial actions. The HHRA will address potential public health risks, 
and the EE will address environmental impacts. 

Existing data and data collected during the RFIAU will be used to the extent possible 
to support the quantitative HHRA and EE. Data collected during the RFUPU will support 

quantitative evaluation of risk due to soil ingation, inhalation, and dermal contact. Exposure 
pathways involving surface water, groundwater, andor biota as transport media will also be 
quantitatively evaluated, if necessary. The W R I  sampling program will be designed to 

generate data that meet the requkmemts set forth in Guidance For Data Useability In RisR 
Assessmenr (EPA 1990). 
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These assessments will aid in the preliminary screening of site remedies based on the 

COCs and the environmental media associated with potential risks to public health and the 

environment. The risk assessment process will be accomplished in four general steps: 

Data collection/evaluation (identification of COCs) 

Exposure assessment 

Toxicity assessment 

Risk characterization 

As stated in the IAG and the NCP, a risk characterization of current, future, or 

potential site conditions scenarios wil l  be developed. 

The objectives and the description of work for the HHRA are described in detail in 

Section 8.0. The Environmental Evaluation Work Plan is presented in Section 9.0. 

Preliminary remediation goals (PRGs) consist of initial cleanup goals that are 
protective of human health and the environment. PRGs are described in the recently released 

EPA guidance document, Risk Assessment Guidance for Sup@nd: Volume I - Human 

Heczlrh Evalucrrion Manucrl, Pun B (EPA 1991b). They are developed early in the RFI/RI 

process and are later modified to reflect the pathway analysis in the BRA. They are also 

used during analysis of remedial alternatives in the RFI/RI and CMS/FS stages. PRGs are 
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calculated for those contaminants not having specific limits identified in ARARs. The PRGs 

for these contaminants wil l  result in residual risks that fully satisfy the NCP. 

Chemical-specific PRGs are determined by concentrations based on risk assessment, 

which sets concentration limits using toxicity values under specific exposure conditions. 

Development of PRGs requires the following site-specific data: 

Media of potential concern 
Chemicals of potential concern 
Probable future land use. 

PRGs will be calculated for those chemicals analyzed in this work plan that do not 
have ARARs associated with them. In order to calculate the PRGs, future land use is 

assumed to be residential. Details of the risk assessment p m s  are further discussed in 

Section 8.0. 

When the BRA is completed, it will provide remediation goals based on the 
environmental pathway analysis. Levels of remediation will be decided during the CMS/FS 

pracess. 

EPA guidance (EPA 1991b) provides standadzed default exposure equations and 

parameters used to calculate PRGs for radioactive materials and chemicals. The guidance 
also indicates that umertahty assessment may be applicable to PRGs and can serve as a basis 
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for recommending further modifications to the PRGs prior to setting final remediation goals. 

An uncertainty assessment for the PRGs would be similar to that conducted during the BRA. 
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The purpose of this section of the work plan is to pmvidk a FSP that will generate 

sufficient &ta to satisfy the l2FUR.I obj&ves outlined in Section 4.0. Section 6.1 presents 

abjectives cpxific to each MSS. Section 6.2 summarizes site badground information andl 

rationale for the sampling and analysis and other data collection activities. Section 6.3 

descsibes the sampling program fbr each site. Section 6.4 describes field sampling 

procedures and quipmeat.. Section 6.5 describes the analytical pmgram including sarmple 

designation, analytical requirements, sample containers and presemtion, and sample 

handling and documentation. Section 6.6 descnies data mnagment prd lu res ,  and 

Section 6.7 describes QA and QC procedures. Appendix F contains the EG&G Sibspecific 
H d t h  and Safety Plan Template. An OU14-specific Bdth and Safaty Plan will be 

developed in a separate document. 

As detailed in Sadon 4.0, The specific abjectives of the RFVRI for OU14 are as follows: 

Characterize the nature and extent of mkmimtion at each IHSS 

16- 1 



0 Determine risks to human health and environment associated with the 
contamination 

0 Support the selection and evaluation of remedial alternatives 

The specific data needs to achieve these objectives are delineated in Table 4-1. 

Characterizing the nature and extent of contamination at each MSS requires characterizing 

the type of contaminant and its distribution in soil and determining the extent of migration (if 

any) to other media. Results obtained from field sampling will be used to rehe pertinent 

pathways and potential receptors identified in the site conceptual model (Section 2.5), 

conduct the risk assessment and environmental evaluation, and support the evaluation of 
alternatives and any necessary tnxtability studies. 

The objectives will be achieved by implementing a two-stage field program. The 

staged approach (Figure 6-1) employs a multi-tasked sampling approach. Stage 1 sampling 

activities are designed to locate areas of contamination and to assess the nature of the 

contamination at these locations. Stage 2 sampling activities are designed to assess the 

extent, both vertical and horizontal, of the contamination present on a statistically developed 

sampling grid. The number of sampling and locations will be developed using the analytical 

results from Stage 1. Stage 1 activities will be described in the following section. 

6.2 bcknround and FSP Rationale 

Section 2.2 provided the historical release information for each of the OU14 IHHSs. 
Section 2.3 described the previous investigations, and the nature of contamination was 
described in Section 2.4. A synopsis of the information extracted from both the historid 
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descriptions and previous investigations was developed and was supplemented by describing 

the potential impacts from other QUs. QU14 consists of eight separate MSSs that can be 

identified by type and size: IHSS 131, MSS 156.1, IHSS 160, IHSS 161, PHSS 162, IHSS 
164.1, IHSS 164.2, and IHSS 164.3. Of these eight sites, two are parking lots 

approximately 313,000 square feet in area; four are paved areas near buildings approximately 

83,000 square feet in area; one is a storage pad approximately 25,000 square feet in ana; 
and the last is a paved road within the plant with an approximate area of 161,000 square 

feet. All areas described above are located immediately adjacent to buildings and are 

partially or completely covered with concrete or asphalt. 

The design of the program presented in this FSP was based on the following: 

Achieving the sampling requirements outlined in the IAG Table 5 DOE 1991a) 

0 Using the existing information and data to direct more concentrated sampling 
efforts 

9 Recognizing the technological limitations posed by the field instruments given the 
physical characteristics of the MSSs (Le., extensive artificial groundcover). 

The IAG Table 5 requirements (DOE 1991a) which are planned for implementation 

during Stage 1 along with a comparison to the Stage 1 FSP activities are presented in Table 

6-1. The requirements specified in the U G  will be met or exceeded during Stage 1 with the 

exception of IHSSs 160/161. The IAG specifies drilling and sampling boreholes, based on 
soil gas results, to transect the volatile organic plume presumed to be present at these IHSSs. 
Additionally, the ZAG requires these transecting boreholes to be completed as monitoring 

wells. Both of these activities will be reserved for Stage 2 of the field program, if deemed 
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appropriate based on the Stage 1 results. Identifying tentative locations for placement of 
these boreholes and monitoring wells can not justified at this time. 

As delineated on Table 6-1 and illustrated on the IHSS-specific sampling grids 
presented throughout Section 6.3, Stage 1 activities are in some cases more sample intensive 

than that required by the ]LAG. These concentrated sampling and analysis locations have been 

identified because of citations in the historical release summaries or from the evaluation of 

existing monitoring data. In summary, MSS 160,162, and 164.2, have focused areas of 

sampling based on the existing information. Requirements for sampling of MSSs 131 and 

156.1 cover both the IAG IHSS locations and the HRR IHSS locations. The historical 

information associated with these IHSSs did not provide sufficient data to rule out the 

potential for contamination in both the IAG and the HRR locations. 

Technological limitations of the radiological survey equipment also affect the coverage 

of the IHSS. The fundamental problem associated with applying standard sample design 

selection criteria is the difficulty associated with working through paved and concrete 

surfaces. This has a direct influence on the radiologid survey field of view, and may affect 

other field survey requirements (Le., soil gas surveys). At asphalt- or concretecovered 

sites, vehicle- or tripod-mounted High-Purity Germanium Detection (HPGe) system 
measurements will provide only limited information on radionuclides potentially present in 

soils beneath the pavement. As a result, more extensive programs of surficial soil sampling 

for radionuclides are necessary in paved areas. 

The radiological detectors have limitations in regard to the area or "field of view". 

The FIDLER probe is limited to the area directly beneath the detector's face. The HPGe 

detectors have a much greater field of view but work from gamma emissions. The FIDLER 
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probe is limited to alpha radiation surveys in a very limited area (approximately 100 cm2). 
The HPGe detection system cannot detect low energy gamma emissions (Le. americium-241, 
plutonium-239) through a layer of asphalt or concrete. The effective detection area of a 

HPGe detector submerged within a borehole, extends to approximately 3 inches from the 

submerged probe surface. The three inch distance takes into account the mass attenuation 

coefficient for soil, the energy of the alpha particle and the detector efficiency. 

Technolo~cal limitations have significant impacts in statistidy justifying a survey grid 
considering the field of view coverage. This limitation brings into consideration the use of 

professional field judgement on a routine basis. The sampling plan has been designed in a 
phased approach which will allow the investigator to evaluate the stage 1 results with the 

statistical methods provided in Appendix N of the EPA Guidance (EPA 1990). 

6.3 Stag e 1 Activities and Staee 2 Rationale 

Stage 1 consists of several tasks which will be performed at each site, as appropriate. 

Task 1 involves field screening and sampling activities at each MSS based on the IAG Table 

5 requirements including geophysical surveys, radiation surveys, soil gas surveys, and 

sampling of surface soils and borings. These activities are designed to provide screening- 

level and confirmatory-level data concerning the presence or absence of contaminants at the 

sites. Task 1 also includes continued investigation for information that will aid in a more 

concentrated, or tightened, sampling effort in areas of probable contamination. When there 

is sufficient background information, additional borehole locations may be proposed in 

specific known areas of contamination. A review of areal photographs in conjunction with 
conducting interviews with cognizant personnel may provide the information necessary to 

focus sampling efforts. Appendix E includes a chronological listing of the Rocky Flats 

photographic history. 
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Task 2 involves the refinement or tightening of the initial grid based on the field 
results and field judgement. For example, i fa  "hot spot" is located Using the initial grid 
pattern, samples will be collected concentrically around the hot spot to delineate the extent of 

elevated concentrations. Another type of refinement occurs if elevated concentrations are not 

observed Using the initial sampling grid. In this case, the grid will be refined systematically 

(e-g. decreasing grid' spacings by onehalf) and a second round of measurements will be 
collected. The sampling grids presented throughout Section 6.3 Serve as the Task 1 

sampling scheme. The sampling procedures prescribed in Section 6.3 will not be modified 

without agency approval (EPA/DOE/CDH). Refinement to the grids during Task 2 will be 
documented in the field. This procedure is detailed below. 

Stage 1. Task 2 Grid Modification Process 

1. Continue the investigation of all potential information sources that will assist in 
focusing a more intense intrusive study area. 

2. Verify if contamination is present or not in the area of concern using field 
instrumentation and lab analysis. 

3. Based upon results, reestablish the proposed sampling grid. 

a If the results indicate background levels then a smaller grid pattern will be 
developed if additional information suggests that a "hot spot" may exist 
elsewhere. 

If the results indicate the presence of a contaminant then a specified 
(EMD OP FO. 16) triangular or similar tightened grid pattern will be developed 
and implemented. 

4. If the field instrumentation registers positive readings above background at a 
specified depth, the boring depth should be increased until background is again 
achieved. Additional samples would also be taken at specific depths 
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5. Refine the FSP based upon the results obtained from the steps identified above for 
Stage 2 activities. 

6. Select a focused location within the IHSS to perform intrusive investigations (i.e., 
additional boreholes or penetrations through the concrete or pavement, as 
appropriate). 

At present, background at RFP is defined in the Background Geochemical Data 

c3raracteriZation Repon (EG&G 199Oa). Other reports, as they become available and are 
approved by DOE/EPA/CDH, may be utilized for this evaluation. 

An additional Task 2 activity includes the assessment of the potential for preferential 

contaminant migration pathways. Because OU14 is located in the industrialized arcs of RFP 
where underground utilities and trenches are fairly widespread, these features may act as 

transport pathways for MSS contaminants. Utilities such as sanitary sewer pipes, process 

waste lines, and electrical lines may be surrounded by permeable N1 material through which 

contaminated liquid may travel. The utilities which are most common in OU14 MSSs are 

the following with the associated depths provided in parentheses: alarm systems (2.5 to 3’), 
domestic cold water/fire (5 to 87,  electrical Iine (0.5 to 37,  natural gas lines (4’), process 

waste lines (4 to 8’), storm drains (4 to 8’), sanitary sewers (4 to 8’), steam lines (4 to 8’), 

telephone line (1 to 8’), and underground cables (2.5 to 3’). The types of utility pipes or 

conduit materials used within the OU14 IHSSs are: cast iron, corrugated metal, copper, and 

ductile iron, fiberglass, polyethylene, polyvinyl chloride, rigid teflon, steel, stainless steel, 

and vitrified clay. Site Utility Plans which illustrate the location of these buried utilities are 
contained in an attachment to this section. 
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At the completion of Stage 1, the field survey results will be reviewed and compiled 
in conjunction with the conhatory sampling results. The Stage 2 sampling program design 

will be developed using appropriate statistical methods to evaluate the Stage 1 results and 

determine the extent of contamination at each IHSS. A summary of the Stage 1 field 

activities, the planned Stage 2 activities, and Supporting rationale will be documented in a 

technical memorandum and approved by DOE/EPA/CDH prior to implementation. The 

technical memoranda planned for submittal during implementation of the OU14 work plan 

are summarized in Table 6-lA. Stage 2 field activities will potentidy include collecting 

additional soil samples, drilling additional boreholes, and installing monitoring wells. 

Existing monitoring wells in the vicinity of OU14 will be sampled as will appropriate surface 

water locations, if identified. 

The Stage 1 sod laboratory results will trigger the following Stage 2 investigations: 

e Radionuclides - exceedance of background levels using statistid analysis (i.e., 
students T Test, or ANOVA, or nonparametric techniques as appropriate) 

Q Organics - values greater than the practical quantitation limits 

0 Inorganics - exceedance of background levels using statistical analysis (Le., 
students T Test, or ANOVA, as appropriate) 

6.3.1 Stage 1 and Stage 2 Field Surveys 

The following field screening techniques will be used extensively throughout 

implementation of Stage 1 of the FSP and potentially in Stage 2. A brief description of the 

methodologies is provided below to support the discussions in the MSS-specific FSP section, 

Section 6.4. 
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Survev Metha& 

As indicated on Table 6-1, the IAG Table 5 specifies that the FIDLER radiation 
detection system be used for surface scrape soil measurements. The mDLER 
detection system has been used extensively at RFP as specified in the EMD OP 
F0.16. The following paragraphs will introduce another system which has been 
proven to be more appropriate for these types of field surveys. This system has been 
tentatively recommended for use in the Stage 1 field program; however, the 
implementation procedures are currently under development and not available. 

FIDLER instruments provide relative comparisons of radioactivity at discrete survey 
points whereas the HPGe system provides radionuclide concentrations over the entire 
area surveyed. The radiological surveys conducted at OU14 IHSSs are set up on a 
grid that will provide total surface area coverage. 

A detector is mounted either on a tripod or vehicle and placed at a set distance above 
the ground surface to measure gamma rays originating from surface media. The 
High-Purity Germanium Detection (HPGe) system integrates gamma activity over the 
detector’s field of view, a defined volume by which 90 percent of those gammas 
originating in surface media are measured. It is assumed that radionuclide 
distribution is relatively homogeneous over the field of view, and that the distribution 
varies only with depth. HPGe system results are typically reported as concentration 
per unit mass, pCi/g. 

Gamma rays originating in the soil or surface media are attenuated in such a manner 
that the number reaching the detector decreases exponentially with depth. The 
elemental composition of the soil or medium measured changes the attenuation of the 
gamma rays; the more dense the soils or surface media, the more gamma attenuation 
will occur. Where soils are covered by asphalt or concrete, HPGe system 
measurements will reflect the activity of the pavement rather than the underlying soil. 

EG&G currently has in-house capability to conduct HPGe system field surveys using 
a tripod-mounted detector. The tripod-mounted detector has an approximate field of 
view of 14 meters, or approximately 45 feet. Vehicle-mounted HPGe system 
instrumentation with a &meter (approximately 195-foot) field1 of view is anticipated 
to be available for field use in fall of 1992. The large grid spacing proposed for 
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some OU14 IHSSs will be replaced with a smaller grid spacing in the event that the 
vehicle-mounted HPGe system is not available during the field investigation. 

Laboratory results from the surficial soil samples and depth profile (borehole) samples 
collected for characterization purposes will also be used for the development of the 
appropriate conversion factors for the HPGe system s w e y  readings. Comparison of 
these system survey readings with surficial soil and borehok samples will allow 
correlation of these remote and direct measurements. Depth profile samples, used to 
correlate the HPGe system survey with direct radionuclide activities in exposed soils, 
will be collected in the paved areas on a limited basis. A concrete or asphalt sample 
will also be collected at survey points with anomalous surface activity. Areas 
identified as having radionuclide contamination will be targeted for surface scrape and 
borehole sampling. The EMD OP F0.16 will be referred to extensively until 
additional procedures have been approved for use by CDH and =A. 

Soil Gas Sunrevs 

Soil gas surveys will be used to detect the general location of historical spills or 
releases at IHSSs 160 and 161. As with the radiological survey, this field screening 
method (EMD OP GT.19) provides real-time results from which a focused and 
efficient field sampling program can be conducted. The equipment selected to 
conduct field screening is portable, efficient, and provides quality results on which to 
base further investigations. Field screening Wili emphasize the use of soil gas sample 
collection and analysis (Table 6-4), with the ability to collect and analyze soil and 
groundwater samples, if necessary, to identify extent of contamination migration. 

J 

Soil gas sampling points have been established on a standard grid at IHSSs 160 and 
161. A rig will be set up on each point, and will cut through overlying concrete or 
pavement if present. To collect a soil gas sample, the sampling probe will be driven 
to a depth of five feet; the retracting ltip will then be pulled back, and a vacuum 
applied to obtain the soil gas sample. The sample will be analyzed using P pwfabk 

E m  OP GT.9 for VOCs listed in8 Table 6-4. A borehole will #be completed for 1 out 
of every 25 soil gas sampling points. The locations will be selected at random. 

I 

gas chromatograph in accorhce with 
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Geophysical surveys will be routinely implemented prior to the implementation of any 
intrusive field activities. Generally, the purpose of these surveys are to aid in 
locating underground utilities, thus preventing damage to the utilities or injury to 
sampling personnel. The Site Utility Plans applicable to each IHSS have been 
included as an Attachment to this section of the work plan to help direct the 
geophysical survey activities. 

6.4 IHSS-S~ecific Field S ~ D  linp Plan 

6.4.1 Radioactive Site - 700 Area Site No. 1 o[HsS 131) 

The Stage 1, Task 1 investigation includes both surface and subsurface soil sampling. 

The IHSS-Specific program has been designed using a =-foot survey 

A split spoon sampler 

be advanced t e d e p & 4  2 feet 
mige and the soil will be composited (EMD OP GT.02). Prior to compositing, the borehole 

sample will be logged from surface to total depth (EMD OP GT.01). 
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6.4.2 Radioactive Site - Building 334 Parking Lot (IHSS 156.1) 

The and @E h. 2-fo0t SISEf&Z -.& 
composite =@&I will be analyzed for total plutonium, total americium, uranium-238, 

The Stage 1 investigation includes a radiation survey using the HPGe and/or FIDLER 

system as described in Section 6.3 on all unpaved areas. The radiation survey will be 

performed on a 25-foot grid (Figure 6-3); however, if elevated areas are detected, the size of 

the grid will be reduced in that area to locate the radiation source. All positive (Le., above 

background) results will be plotted, and a follow-up sampling plan will be developed as 
described in the grid modification process. 

Surface soil seiqkgs will initially be collected during the Stage 1 

will be collected in accordance With 

” 
total plutonium, total americium, uranium 233/234 , uranium 235, uranium 238, gross alpha, 

hupULU\OU14~ECl’ION.6\ Cwpf~ QBIIu94 6-12 
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and gross beta. Radiation surveys will continue during the surface soil sampling activities. 
Radiation surveys will be conducted in accordance with OP F0.16. 

6.4.3 Radioactive Site - Building 444 Parking Lot (IFSSS 160) 

A soil gas survey (Figure 6-4) as introduced in Section 6.3, will be conducted during 

Stage I over the Building 444 parking lot and in the area immediately east of Seventh Street. 

The soil gas samples will be taken on a 50-foot grid, and will be analyzed for VOCs l , l , l-  

trichloroethane, tetrachloroethylene, carbon tetrachloride, acetone, toluene, and benzene. If 

target compounds are detected, the size of the grid will be reduced in that area to delineate 

the plume. Analytical peaks of compounds for which the GC is not calibrated will be noted. 

The soil gas survey will be conducted using a portable GC as described in Eh4D OP GT.19, 
Field Gas Chromatographs. 

Boreholes locations 

specified on Figure 6-4 were randomly selected and represent approximately 1 in 25 of the 

soil gas survey locations. The boreholes selected randomly will be drilled 3 feet into 

weathered bedrock using EMD OP GT.02. Samples collected from each bedele bc&on 
include , composite of each 2-foot interval, and a &foot 
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will be analyzed for total uranium, total plutonium, gross alpha, and gross beta. The 2-foot 
. composites will be analyzed for TCL volatiles and T U  semivolatiles. 

A radiological survey will also lbe performed at IHSS 160 during Stage 1. Readings 

will be taken prior to any intrusive activities using the FIDLER Survey system to check for 

surficial radiological contamination. If elevated readings are found, the grid will be modified 

as described in Section 6.3 to further delineate the extent of contamination. 

Potential Stage 2 activities include the completion of select boreholes as alluvial 

groundwater wells according to EMD OP GT.06. The selected locations would transect the 
presumed volatile organic plume in the area of this IHSS. After development, groundwater 

samples will be collected and analyzed for TCL volatiles, TCL semivolatiles, TAL metals, 

total plutonium, total uranium, gross alpha, and gross beta. Existing groundwater wells 

P419689, P313489, P418289, and P417889 (see Figure 2-27) will be developed and sampled 

for monitoring purposes during Stage 2. 

6.4.4 Radioactive Site - Building 664 (HWSS 161) 

The IAG Table 5 requirements group this MSS with IHSS 160; therefore, the field 

sampling program has a similar basis. Soil gas surveys will be performed on a 50-foot grid 

(See Figure 6-5). Boreholes will be completed 3 feet into weathered bedrock in 1 out of 

every 25 soil gas survey sampling locations. Samples will be collected at the intervals as 
previously described for lHSS 160. The soil sample analysis will include total uranium, total 
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Again, Stage 2 activities potentially include placing boreholes in locations which 

transect the presumed volatile organic plume and completing these boreholes as alluvial 

monitoring wells. The analyte group for these wells is described for JHSS 160. Existing 

groundwater monitoring wells P416789 and P416889 (See Figure 6-5) will also be sampled 

as part of the Stage 2 process. 

6.4.5 Radioactive Site - 700 Area Site No. 2 (rasS 162) 

A radiological survey as described in Section 6.3, will be performed during Stage 1 
along Eighth Street from Building 881 to Building 776. Radiation readings will be taken on 

the unpaved areas immediately adjacent to the road at 25-foot intervals (See Figure 6-6); 
however, if elevated areas are detected, the grid will be reduced in that area to locate the 

SOUrCe. 
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+ L?ji$%iJ at IWfoot intervals. 

A preliminary borehole samphg pattern wdl be 

implemented at 100-foot intervals as a starting point because specific guidance was not 

provided in the IAG for this IHSS. The boreholes will be cornposited over the top 2-foot 

intervals 

Grid modification as described in Section 6.3 will be implemented in the event 

elevated readings are observed. The insets shown on Figure 6-6 are based on the 

PCB/Radiological Survey Study findings conducted in 1991 (EG&G 1991h) and information 

in the HRR (EG&G 1992g). 

Stage 2 sampling activities will include sampling existing monitoring wells and further 
evaluation of information from the overlapping MSSs. The monitoring wells in the vicinity 

of WSS 162 are already included in other IHSS Stage 2 activities. Wells P313589 (to be 

sampled during M S S  164.1 investigation), 6186 (to be sampled during M S S  164.3 

investigation), P214089, and P213689 will be sampled during Stage 2. All groundwater 

samples will be analyzed for total plutonium, total americium, uranium-238, uranium-235, 

uranium-233-234, gross alpha, and gross beta. 

6.4.6 Radioactive Site - 800 Area Site No. 2, Concrete Slab @HSS 164.1) 

The Stage 1 investigation includes a radiation survey using the FIDLER and/or the 

HPGe system as described in Section 6.3. This survey will be conducted using a 25-foot 
grid; however, if elevated areas are detected, the size of the grid will be modified according 

to the radiation source. 
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Rtmcdition Program 

Surface soil samples will be collected at =-foot centers (using 

J2MD OP GT.08) 

k&i+h Soil borings 

F * 

Existing groundwater well P313589 will be sampled and analyzed for the ana lps  

mentioned previously as part of Stage 2. This well is located in the IHSS downgradient to 

IHSS 164.1. 

be analyzed for TCL volatiles and TCL semivolatiles. Additionally, 

a &foot composite will be collected and analyzed for total plutonium, total 
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&foot boreholes 

6.4.7 Radioactive Sites - 8W Area Site No. 2, Building 886 Spills (IHSS 164.2) 

In addition to the IAG proposed survey and sampling, an additional concentrated 

survey area has been recommended. U p  further investigation and infoxmation obtained 

from employee interviews, the area surrounding the waste holding tank (See Figure 6-8) has 

an increased likelihood of having contaminants present based on past events. Boreholes 

drilled to bedrock at 5-foot centers with representative sampling at 2-foot intervals will be 

c 

? J 

2 
$ 

I 

I conducted (EMD OP GT.02) . The sample analysis will include the 

analytes specified above. All borings will be grouted to the surface according to EMD OP 

GT.05, and a l l  equipment will be decontaminated in accordance with EMD F0.04. 

6.4.8 Radioactive Sites - Building 880 Storage Pad (IWSS 164.3) 

r' 
I 

The Stage 1 investigation will be similar to that performed in IHSS 164.1 and 

-7 IHSS 164.2 as required by the IAG. Radiological surveys will be conducted using the 

I ,  71 FIDLER and/or HPGe detection system at 25-foot intervals. Surface soil s m q e 4 W ~  
- 

depth according to M D  OP GT.08 
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modified according to the process described in Section 6.3. 

&reholes ; ... will &&e completed at =-foot centers to a depth of 6 feet at locations 

indicated as radioactive from the 2-inch v. Composites 

will be collected at a 2-foot interval and then one 

6-foot interval composite sample. (Figure 6-9 shows the grid the predetermined spacing.) 

As previously indicated, the 2-foot intervals will be analyzed for TCL volatiles and TCL 

semivolatiles. The &foot composites will be analyzed for total 

plutonium, total americium, uranium- 233/234, uranium-235, uranium-238, gross alpha, and 

gross beta. 

6.5 SamnlinszEau ipment and Proceduw 

Appropriate field sampling and decontamination procedures for the OU14 RFI/RI 

field investigation will be conducted in accordance with the most recent version of RFP 

EMD OPs (EG&G 19910 first released in September 1991. Appropriate EMD OPs are 

referenced in the following sections. The EMD OPs are supplemented by the EPA 

procedures (EPA 1989c) and American Society of Testing Materials (ASTM) standards 

(ASTM 1991). EMD OPs are currently in development for most of the procedures within 

this plan; the HPGe Radiation Survey procedure is currently under development. 
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6.5.1 Geophysical S m e y  Procedures 

Geophysical surveys will be conducted for borehole clearing in accordmce with EMD 

OP GT.18 to disclose any buried pipelines or equipment. A digitally quipped ground- 
penetrating radar (GPR) system or magnetometers (as specified in EMD OP GT.18) will be 

used at each IHSS, depending on site-specific conditions such as the presence or absence of 

concrete or metallic objects. 

6.5.2 Radiological Survey Procedure 

Sampling locations are IHSS-specific and are discussed in Section 6.3. Radiological 

surveys will be conducted at all OU14 IHSSs. The established grids will provide total 
coverage of 
for high resolution spectroscopy allowing for radioisotope identification. The HPGe system 

has a broad energy range; it exhibits high resolution, excellent gain stability, and moderate 

area averaging, and has the ability to identify and quantify all  gamma emitting radionuclides. 

The HPGe system can be tripod-mounted or vehicle-mounted to obtain average radionuclide 

concentrations within the detector’s field of view. The field of view for a tripod-mounted 

detector is a circle approximately 45 feet in diameter. The field of view for a detector 

mounted on a vehicle and towed 25 feet above the ground is a circle approximately 195 feet 

in diameter. The HPGe system detects radionuclide concentrations (if unshielded) in soil in 

pCi/g of gamma emitting radionuclides including, but not limited to, potassium-40, radium- 

226, thorium-232, cesium- 137, americium-241, plutonium-239, plutonium-240, and uranium- 

233,-234,-235,-238. The EMD OP for the HPGe system is presently under development and 

should be available prior to any OU14 field work. Other equipment requirements are listed 

in Section 5.2 of EMD OP F0.16. It should also be noted that the radiological 

SSs using a FIDLER or HPGe systems. The HPGe system was developed 
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instrumentation manufactum are making significant progress in developing state-of-the-art 
equipment capable of seeing the RFP radionuclide mixtures in soil. 

The FIDLER surveys are recommended in the IAG Task 5 "required actions." 
FIDLER detection systems are based on sodium iodide detector capabilities. This type of 
detector assembly was developed many years ago and used extensively at RFP and the 

Johnston Islands. Throughout the FSP (Section 6.0) references are made to use the FIDLER 

and HPGe detection systems. For the purposes of screening alpha particles the FIDLER 

system can be used however, any isotopic identification will require the use of the HPGe 

exclusively. References to the radiological surveys will be stated as "and/or" when referring 

to the FIDLER and HPGe survey methods. 

The specific procedures for implementing the radiological survey are provided in 
EMD OP F0.16, Field Radiological Measurements. Additional relevant procedures are 

provided in the Environmental Management Radiological Guidelines. The procedures include 
the following: 

EMRG 1.0 Organization and Responsibilities 
EMRG 1.1  Gamma Radiation Surveys 
EMRG 1.2 Beta Radiation Surveys 
EMRG 1.3 Posting of Radiation Protection Requirements 
EMRG 2.1 Personnel Con tamination Monitoring 
EMRG 2.2 Possible Inhalation Exposure 
EMRG 2.3 Wounds and Skin Contamination 
EMRG 3.1 Performance of Surface Contamination Surveys 
EMRG 6.6 Use of the Bicon FIDLER 
EMRG 9.1 Respiratory Protection Requirements and Posting 
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Soil gas samples will be collected at an approximate depth of 5 feet 
%i* . .  

Additional procedures may be required in developing the Health & Safety Plan 
(HASP) for implementing the RTWRl work plan at QU14. Appendix F contains the EG&G 

site-specific HASP Guidance for a subntxactor to develop a HASP for QU14 

implementation. 

As discussed in Section 6.3, the HPGe Field Implementation Procedure will be 

utilized as it becomes available after the required procedure approval process with 
CDWEPA. 

6.5.3 Surficial Soil Sampling Procedure 

Surficial soil sampling for radionuclide, organic, and metal analyses will be conducted 

in accordance with EMD OP GT.2, EMD OP GT.8 and F0.16. These procedures will not 
be modified unless approved by DOE/EPA/CDH. 

g 

6.5.4 Soil Gas Survey 
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Soil samples may also be collected using the hydraulic probing rig. A Kansas Soil 

Sampler is attached to the end of the rod, and an extension rod inserted to release a piston 

within the sampler. The sampler is driven one foot into the soil and a soil core removed. 

The soil sampler will lbe used to collect discrete screening samples for VOC analysis in the 

mobile laboratory. An OP will be developed to support collection of soil screening samples 

using the hydraulic probing rig. 

6-55 Borehole Drilling and Soil Sampling Procedures 

brings will be drilled to determine the geotechnical characteristics of the soil, to 
further investigate trends identified in screening tasks, to collect samples for physical and 

chemical analysis, and to install monitoring wells. Before any boreholes are drilled, utilities 
will be located and the drill site will be cleared in accordance with EMD OP GT.10. 

Wrings drilled for the purpose of documenting soil contamination will be drilled to 

the water table or 3 feet into weathered bedrock, whichever is encountered first. In 

monitoring well borings, soils collected from lbeneath the water table will not be submiltted 

for chemical analysis, and borings will be advanced only 3 feet below the bedrock contact. 

Hollow-stem auger drilling will be conducted in accordance with EMD OP GT.2, 
except where material is impenetrable with this method. If auguring is ineffective, rotary 

drilling will be used in accordance with EMD OP GT.4. Rotary drilling will only be used in 

situations where material is impenetrable, with hollow-stem auguring the method of choice. 
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At locations with shallow brings where the drill rig cannot enter, hand augers will be used 
in accofdance with guidelines in EMD OP GT.2 and GT.8. 

All drill cuttings and soil samples will be surveyed for radionuclides and organic 
vapors in accordance with EMD OP F0.15, Use of Photoionizing and Flame Ionizing 

Detectors, and EMD OP F0.6, Field Radiological Measurements. Investigationderived 

wastes, such as driIl cuttings and residual samples, will be handled according to guidelines in 

EMD OP F0.23 (not yet approved but under development) and F0.9. 

All equipment must be decontaminated before and after drilling and sampling takes 

place in accordance with the procedures outlined in the EMD OP F0.3 and F0.4. 
Decontamination water will be handled according to guidelines in EM0 OP F0.7. Q 

All of the borings not completed as monitoring wells will be grouted and abandoned 

immediately after drilling in accordance with procedures outlined in EMD OP GT.5. 

Procedures specified in this EMD OP are designed to prevent vertical migration of 

contaminants after abandonment. 

Equipment requirements are listed in EMD OP GT.2, Section 5.1; other applicable 

EMD OP are listed in Section 4.2 of this work plan. 

Soil samples will be collected during drilling for visual logging in accordance with 

EMD OP GT.l and for chemical and physical analysis in accordance with EMD OPs GT.2 

and F0.13. The soil samples will be collected using a hollow-stem auger with a continuous- 

core sampler. Continuous core will be collected for geologic descriptions for the entire 

borehole depth. From this core, discrete, 2-foot samples will be submitted for laboratory 



~~~ 

analyses. In addition, a discrete sample may be submitted to the laboratory if staining, 
discoloration, odor or other anomaly is observed during drilling. Soil samples should be 

collected in core h e r s  that are capped and sealed upon recovery. 

6.5.6 Irnstalling and Sampling of Groundwater Monitoring Wells 

All monitoring wells will be constructed with materials specified in EMD OP GW.6. 

A hollow-stem auger with an inner diameter a minimum of 4 inches larger than the outer 

diameter of the well casing will be used to drill the monitoring wells, thus producing a 

minimum annular space of 2 inches. Well construction techniques will follow procedures 

outlined in EMD OP GT.6. Investigationderived wastes such as cuttings and residual 

samples, will be handled in accordance with guidelines outlines in EMD OP F0.8. 

Well construction techniques for all monitoring wells will follow procedures contained 

in EMD OP GT.6. Monitoring wells in high-traffic paved areas will be completed flush with 

the pavement. Wells in areas not exposed to vehicular traffic will be protected by the 

placement of steel posts around the monitoring wells, as described in EMD OP GT.6. 

Pressure grouting procedures will follow guidelines outlined in EMD OP GT.3. Additional 

equipment and materials that may be needed for monitoring well installation are listed in 

EMD OP GT.6, Section 5.1; other related EMD OPs are cross-referenced in Section 4.2 of 

EMD OP GT.6 

The wells will be developed no sooner than 48 hours and no longer than 2 weeks after 

completion and will not be sampled until at least 2 weeks after development. Water levels 

will be measured in all weIls and recorded as outlined in EMD OP GW.1 and the 

appropriately cross-referenced EMD OP listed in Section 4.2 of the EMD OP GW.1. After 
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the water levels reach static conditions, the wells will be developed utilizing low-energy 
methods, such as an inertial pump or bottom discharging bailer. Well development will 

follow procedures outlined in Eh4D OP GW.2. 

Prior to groundwater sampling, three to five casing volumes of water will be purged 
from the well by either bailing or pumping. Purging procedures will follow those contained 

in EMD OP GW.6. Field parameters @H, specific conductance, temperature) will be 
measured after every half casing volume is femoved as described in EMD OP GW.6. 

Groundwater samples will be mllected in a manner that will minimize the amount of 
agitation or limit the exposure of the sample to the atmosphere. Groundwater sampling will 

be conducted by bailing or the use of a bladder or peristaltic pump. Samples will be 

collected, handled, and screened in accordance with EMD OP GW.6 and all related EMD 

OP. 

All development and purge water will be handled in accordance with guidelines 

outlined in EMD OP F0.8. Equipment needed for groundwater sampling is listed in EMD 
OP GW.6. 

Field parameters will be measured when each groundwater sample is collected. 

Specific conductance, pH, temperature, dissolved oxygen, redox potential, total alkalinity, 

and turbidity will be measured when groundwater samples are collected in accordance with 

EMD OP GW.6. 

6-26 



6.5.7 Smveyhg of Sample Locations 

The locations of all radiometric survey points, soil gas survey points borings, and 
surface sampling points will be measured with a steel tape prior to sampling or drilling. 

After sampling, drilling, or well installation, locations will be surveyed using standard land 
surveying techniques d e s c n i .  in the EMD OP GT.17. Horizontal accuracy will be f0.5 

foot for surficial soil samples, soil gas survey pints, and borings and f O . l  foot for 

temporary well point locations and wells. Vertical accuracy will be f O . l  foot for borings 

and well point locations, and fO.O1 foot for wells. Three elevations will be determined for 

each well: ground surface, top of well casing, and top of surface casing. 

This section describes the Sample handling procedures and1 analytical program for 
samples collected during the WI/RI investigation. It includes discussions of sample 

designations, analytical requirements, sample containers and preservation, and sample 

handling and documentation. 

6.5.8 Sample Designation 

All sample designations generated for the RFI/RI will conform to the input 
requirements of the RFEDS. Each sample designation will contain a ninecharacter sample 

number consisting of a two-letter prefm identifying the media sample (e.g., "SB" for soil 

borings, "SS" for surface soils), a unique fivedigit number, and a two-letter suffix 

identifylng the contractor. One sample number will be required for each sample generated, 
including QC samples. A similar sample designation system will be used for samples 

collected during the field screening task including soil gas results, soil and groundwater 

screening results, and radiological surveys. Boring numbers will be developed independently 
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of the sample number for a given boring, and will be assigned by EG&G with appropriate 
cross-references. These sample numbering procedures are consistent with the RFP QApjP. 

If input requirements for the RFEDS system have changed from the above listed, the most 

current system will be used. 

The analytical suites for each OU14 IHSS were developed according to the type of 

waste suspected to be present at each site. Table 6-2 lists the specific analytes in the above 

groups and their CLP detectiodquantitation limits. Generally, samples from the RFURI will 

be analyzed for some or all of the following chemical and radionuclide parameters: 

e Uranium-233,-234, uranium-235, and uranium-238 

0 TCL semivolatiles 
e Transuranic elements (plutonium and americium radioisotopes) 

8 Gross alpha and gross beta 

@ TCL volatiles 

TALmetals 

Groundwater samples collected from wells installed in the OU14 RFVFU will be 

analyzed for the parameters listed above as well as for major cations, major anions, TDSs, 

and pH. Other field parameters, including pH, conductivity, temperature, dissolved oxygen, 

oxidation-reduction potential, sulfate, nitrate, and turbidity will be measured in accordance 

with EMD OP GW.5. 
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The analytes and limits detailed in Table 6-2 address the bulk of detection of potential 
soil and groundwater contamination. Nitrates are included because low-level radioactive 
wastes with high nitrate concentrations may be present. Metals are suspected at many of the 

MSSs in OU14; therefore, all of the TAL analytes have been selected for RFVRI analysis. 
Both Ntered and unfiltered samples of groundwater will be collected and analyzed at each 

location. 

The following uranium isotopes have been selected for analysis: uranium-233, 234, 

uranium-235, uranium-236, and uranium-238. Plutonium is a transuranic element that is 
used on the site; however, americium is a daughter product of plutonium and has also been 

detected in soil at OU14. Therefore, both plutonium and americium have been selected as 
radionuclide parameters. The gamma emissions coming from uranium, plutonium, and 

americium can be detected with the HPGe system. Gross alpha and gross beta are included 

as general radiological parameters because they are useful indicators of radionuclides. Gross 

alpha and gross beta will be requested on all  soil and groundwater samples sent to an off-site 

0 

.I-_ laboratory for analysis. 

Volatile and semivolatile organics have been historically stored and spilled at selected 

O W 4  IHSSs; therefore, all of the TCL volatile and semivolatile organics will be included. 

A list of analytical parameters and proposed detection limits for the soil gas surveys at 

OU14 are in Table 6-4. The mobile laboratory GC is capable of detecting other volatile 

organics. 
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6.5.90 Sample C o d e r s  and Preservation 

Sample volume requirements, preservation techniques, holding times, and container 

material requirements are dictated by the media being sampled and the analyses to be 

performed. The matrices to be analyzed include soils and groundwater. Table 6-3 lists the 

analytical parameters of interest in OU14 for water and soil matrices, along with the 

associated container size, preservatives (chemical and/or temperature), and holding times. 
Additional specific guidance on the appropriate use of containers and preservatives is 

provided in EMD OP F0.13 (Containerizing, Preserving, Handling, and Shipping of Soil and 

Waste Samples). 

6.5.11 Sample Handling and Documenta~onm 

Sample control and documentation is necessary to ensure the defensibility of data and 

to verify the quality and quantity of work performed in the field. Accountable documents 

include logbooks, data collection forms, sample labels or tags, chain-of-custody forms, 

photographs, and analytical records and reports. Specific guidance defining the necessary 

sample control, identification, and chain-of-custody documentation is discussed in EMD 

OP F0.13. 

6.6 Data Manapement and ReDorting 

Field data will be input to the FEEDS using a DATACAP remote data entry module 

supplied by EG&G. Data will be entered on a daily basis, and a 3.5-inch computer diskette 

will be delivered to EG&G. A hard copy report will be generated from the module for 
contractor use. The data will undergo a prescribed QC process based on EMD OP F0.14. 
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The contractor will maintain a database for field data that is collected during 

screening task, and will provide 3.5-inch diskettes and hard copies to EG&G for their use. 

A sample tracking spreadsheet will be maintained by the contractor for use in tracking 

sample collection and shipment. EG&G will supply the spreadsheet format and will stipulate 
timely reporting of information. These data will also be delivered to EG&G on 3.5-inch 

computer diskettes. Computer hardware and software requirements for contractors using 

government-supplied equipment will be provided by EG&G. Computer and data security 
measures will also follow acceptable procedures outlined by EG&G. The RFEDS system is 

evolving; therefore, data management will follow the procedures in effect at the time this 

field work is implemented. 

As mentioned previously, forms will be developed to document the results of 

investigations. Forms provided in the various OP referenced in Sections 6.2, 6.3, and 6.4 

will also be utilized as appropriate to document and manage the data obtained during the 

OU14 RFI/RI. 

6.7 Field Oualitv Control Roc edum 

Field QC procedures for media screening tasks, soil sampling, and groundwater 

sampling are discussed in this section. Field procedures for soil and groundwater sampling 

are established from previous investigations at RFP. QC procedures for media screening 

including equipment calibration, media sample collection procedures and equipment, and 

decontamination procedures are discussed in Section 10.0. 
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Sample duplicates, field preservation blanks, equipment rinsate blanks and trip blanks 

will be prepared, and the analytical results obtained for these samples will be used by the 

Remediation Program Division (RPD) project manager to assess the quality of the field 

sampling effort. The types of field QC samples to be collected and their application are 
discussed below. The frequency with which QC samples will be collected and analyzed is 
provided in Table 6-5. 

Duplicate samples will be collected by the sampling team for use as a relative 
measure of the precision of the sample collection process. These samples will be collected at 

the same time, using the same p d u r e s  and equipment, and in the same types of containers 

as required for the original samples. They will also be preserved in the same manner and 

submitted for the same anaIyses as required for the original samples. e 
Field lblanks of analyte-free (ASTM Type II) water will be prepared by the sampling 

team and used to provide an indication of any contamination introduced during field sample 

preparation. 

Equipment (Msate) blanks will be collected from final decontamination rinsate to 

evaluate the success of the field sampling team's decontamination efforts on nondedicated 

sampling equipment. Equipment blanks are obtained by rinsing cleaned equipment with 

distilled water prior to sample collection. 

appropriate sample containers. Procedures for monitoring field QC are provided in the 

sitewide QAqP. 

The rinsate is collected and placed in the 

Trip blanks consisting of distilled water will be prepared by the laboratory and will 

accompany each shipment of samples for volatile organic analysis. Trip blanks will be 
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stored with the group of samples with which they are associated. Results of trip blank 

analyses will indicate migration of volatile organics or any problems associated with sample 

shipment, handling, or storage. 

Air monitoring will be performed during field activities to ensure that quality data are 
obtained during sampling and that all sampling activities comply with the Plan for Prevention 

of Contaminant Dispersion @G&G 1991g) and in accordance with EMD OP FO.1. 

Air quality monitoring requirements for activities such as borehole drilling, where 
there is a significant potential for producing appreciable quantities of suspended particulates, 

include the following: 

0 Site perimeter and community Radiological Ambient Air Monitoring Program 
(RAAMP) monitoring shall be conducted. 

e Local real-time monitoring of respirable suspended particulates (RSP) at individual 
activity work sites shall be conducted using a TSI Piezobalance Model 3500 
Respirable Aerosol Mass Monitor. Local TSP measurements will be used to guide 
the project manager's evaluation of the potential hazards associated with activity- 
related emissions. The threshold TSP concentration for curtailing intrusive 
activities will be designated in the sitespecific HASP. 

Additional worker health and safety monitoring shall be conducted as required by 
the site-specific HASP. 

As mentioned in Sections 6.0 and 8.0, one goal of the RFYFU is to support 

quantitative evaluation of human health risk due to inhalation of contaminants derived from 

OU14 surface soils. Inhalation exposure often is evaluated by direct measurement of 
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suspended particulate concentration, assuming a c o n m t i v e  suspended particulate 

concentration in ambient air. Any surface soil contamination as a result of OU14 releases is 

expected to occur as individual sites of limited area scatkred throughout the RFP 400,600, 
800 Areas. As a result, suspended particulate data from air samples collected in the vicinity 

of OU14 sites probably would be representative of the 400,600,800 Areas. 

Total suspended particulate and respirable particulate data are collected at a . 

monitoring station located near the RFP east gate. Suspended particulate data also have been 

collected in the vicinity of the 903 Pad east of the 400,600, and 800 Areas, and may be 

collected for other RFP OUs prior to or during the OU14 RFVRI. If areas of surface soil 

contamination are identified at OU14 during field activities, suspended particulate data from 

these sources will be evaluated for applicability to OU14 inhalation exposure evaluation. If 

appropriate, these data will be used to provide a conservative estimate of total suspended 

particulates and respirable particulates in the vicinity of OU14. However, if it is determined 

that these data may not be representative of OU14 conditions, an OUl4-specific air sampling 

program will be designed to provide the necessary data. An evaluation of the Radioactive 

Ambient Air Monitoring Program (RAAMP) is currently under way. This air sampling 

program could be addressed in a technical memorandum. 
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TABLE 6-1 
OU14 IAG REQUIREMENTSIPROPOSED XSP COMPARESON 

Submit A R M S  Survey 

G-M FIDLER 
Radiological Survey of 
S u r f .  

2' Surface scrap at 25' 

2' soil borings at 25' 

CeQterS 

centers 

Submit ARMS Survey 

G-M FIDLER 
Radiological Survey of 
Surface 

2" surface scrapes on 50' 
grids 

Submit A R M S  Survey 

Submit Radiometric 
Survey 

G-M FIDLER andlor 
H P G e  Survey 

Report Sslmanzed ' i n  
Section 2.2 

G-M FIDLER and/or 
HPGe Survey 

Report zedin 
Section 2.2 

None; Appendix A 
summarizes 
tadiological survey 
data 
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Limited use for FSP 
development 

HPGeprovidesimproved 
coverage 

Confirmatonsampling 

Depth of contamid 011 

Limited use for FSP 
Development 

HPGe provides improved 
coverage 

confinnational sampling 

Limited use for FSP 
Development 

Site-specific information 
canbedtoconcentrate  
sampling area 
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TABLE 6-1 
OU14 IAG R E Q ~ S P R O P O S E D  PSP COMPARISON 

2' surface scrapes on 50' 
o fk t  grid 

Soil Gas Survey on 50' 
offset grid 

Soil Borings at soil gas 
survey locations 

~ ~ ~~~~ 

Verify Destination of 
Excavated soils 

submit Radiological 
Survey Data 

Conduct FIDLER 
radiological survey on 
road 

Conduct FIDLER 
and/or HPGe Survey 
of 
Surface 
surncial soil 
Depth Profile 
Conctetelksphalt 

same 

same 

Appeadix A contains 
the referenced survey 
data 

FIDLER and H P G e  
Survey Includes: 

surface including 
concrete and 
asphalt 
Surficial Soil 
Depth Profile 
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lmxeac& Areal coverage 

confirmational sampling 

Adequate coverage 

Confinnational sampling 

Site-specific information 
can be used to concentrate 
sampling area 

Increased areal coverage 
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164.1,164.2, 
164.3 

2' surface screpes 
depending on survey 
d t  

Submit A R M S  Survey 

Conduct G-M FIDLER 
Radiation S w e y  

2" Surface Scrapes at 25' 
centers 

Soil Borings at 25 ' 
ceaters 

interval plus 
concentrated in areas 
of known or QIspected 
con taminants 

Report Summanzed ' i n  
section 2.2 

Fidler and HPGe 
Survey Includes: 

surface including 
concrete and 
asphalt 
Sur!icial Soil 
Depth Profile 
ConcreteJAsphalt 

soil Borings 

ALE 

Limited use in FSP 
development 

Increased Areal Coverage 

confirmational sampling 

Extent of contaminati on 
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Nlmrber 

TMl' Following completion of additional data 
wmpilation activities 

Th42 Following completion of Stage 1 
investigations 

Following completion of Stage 2 Th43 
I investigations 

Topics Addressed 

e Results of additional wmpilation 
activities 

e Detailedplanforsllrfaceradiation 
-=Y 

0 k d t s  of Stage 1 investigations 
e Stage 2 investigation F S P  

o Results of Stage 2 investigations 
FSP for additional Stage 2 
investigations, if required 

0 

Agency update of any change to workplan required by additional data. 

If any modifications to the Stage 1 FSPs arc necessary based on the results of surfaoc radiation survcys. thcn the 
survey results and the necessary FSP mdication(s)  will be addnssd in a scparatc technical memorandum. If no 
FSP modifications arc ncctssary, the surface radiation survey results will be ad&& m the phase I RFIlRI RcpoIt. 
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TABLE 61B 
ESTIMATED PAVED 

UNPAVED SAMPLE LOCATIONS 
vs 

l 

I 

156.1 68 56 I 12 

160 I 88O 65 23 
161 28 10 18 

1 62 24 14 10 

1 164.1 I 15 13 2 

164.2 60, 12 48 

164.3 46 20 26 

Totals 357 230 127 

I 

I 

Notes: 

Numbers in table are estimates based on limited site reconnaissance. 

(I) 

O) 

Includes addition of 9 sample locations to include area around Door 17. 
Includes elimination of 10 sample locations due to inaccessibility 
Includes elimination of 1 sample location due to inaccessibility and addition of 2 sample 
locations to complete grid. 
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TABLE 6-2 

ANALYTICAL PARAMETERS AND DETECTIQNlQUANnTA~QN LIMITS 
FOR STAGE 1 W L J N G  ACTIYITlES AT OUl4 
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TABLE 6 2  

ANALYTICAL I P A U A M E ~  AND QETECTIQWQUANTITA'FION LIMITS 
FOR STAGE 1 SAMPLING ACTIVITIES AT Om4 

(COntinUCd) 
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TABLE 6.2 

ANALYTICAL PARAMETERS AND DETEcTnOIVQUANTITATION LIMITS 
FOR STAGE I SAMPLING ACTIVITIES AT QUl4 

(Cantinutd) 

6-41 



EGM3ROCKYFLATSPLANT 
RFIRXWortPlM 
operable Unit 14 

TABLE 6.2 

ANALYTICAL PARAMETERS AND DE"IONIQUANnTATI0N LIMITS 
FOR STAGE 1 SAMPLING ACTIVITIES AT OW4 

(Continued) 

, f-Nitro9niline 50 1600 I I 1 AcenaDhtheae 10 330 

a 
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TABLE 6.2 

Gross Alpha 
Gross Beta 
Uranium 233+234,235, and 238 (each isotope + Total) 
Americium 241 
Plutonium 239 +240 

ANALYTICAL PARAMETERS AND DETEC"IONIQUANnTA"I0N LIMITS 
FOR Sl'A6E 1 SAMPLING ACTIVITIES AT OUIJ 

(Continued) 

2 4 
4 10 

0.6 0.3 
0.01 0.02 
0.01 0.03 

I I 0.1 pH unit TBD 

1 SDecific Conductance I TBD I TBD I 
+Limits refer to detection limits 
%nits refer to quantitation limits 
*Non-CLP TAL Metals detection limit 
TBD - TO be determined 
Note: Detection and quantitation limits are highly matrix dependent. The limits listed here are the minimum 
achievabIe under ideal conditions. Achlal limits may be higher. 

Detection/quantitation limits for residue samples are not specified by the GRRASP. The unknown nature of this 
matrix prevents establishment of specific limits. Detectiodquantitation limits will be the minimum obtainable for 
a given matrix. 
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TABLE 6-3 
SAMPLE CONTAINERS, PHQESERVA'HPON, ANP) HOLDING TIMES 

MIR SOIL AND WATER SAMPLES 
SOIL SAMPLES: 
Parameter container Pmenmtive Holding Time 

1 x 250 mP wide-mouth glass jar Cool, 4°C TAL Metals 
Cyanide 1 x 250 mP wide-mouth glass jar Cool, 4°C 

180 days' 
14 days 

TCL Volatiles 2 x 125 mP wide-mouth Teflon- 
lined jar 

cool, 4oc 

1 x 250 mP wide-mouth Teflon- cool, 4oc TCL Semivolatiles iined jar 

7 days 

7 days until exfraction, 40 
days after extraction 

Radionuclides 1 x 1 P wide-mouth glass jar None 180 days 
TOC, Anions, pH, 
and specific 1 x 250 mP wide-mouth glass jar Cool, 4°C 28 days 
conductance 

'Holding time for mercury is 28 days. 
WATER SAMPLES: 
Parameter container preservative Holding Time 

TALMetals 1 x 1 P polyethylene bottle Cool, 4oc 180 days' Nitric acid pH <2; 

Cyanide 

TCL Volatiles 2 x 40 mP VOA vials with tef- cool, 4oc 
lon-lined septum lids 

TCL Semivolatiles 1 x 4 P amber glass bottle cool, 4°C 

Radionuclides 

TOC 

7 days 

7 days until extraction, 40 
days after extraction 

1 x 250 mP polyetheylene 
bottle cool, 4°C 

Sulfuric acid pH <2; 28 days 

AniOnS 1 x 1 P polyethylene bottle Cool, 4°C 28 days 
Sulfuric acid pH <2; 28 days NitrateMitrite 1 x 250 mP polyethylene bottle cool, 4oc 

In-situ, beaker or bucket None pH, temperature, and 
specific conductance Analyze immediately 

'Holding time for mercury is 28 days. 
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I . ? -  r - m ;  -'Lid 

Carbon tetrachloride 

PCE 

Tolueae 

l,l ,  l-tetiachloride 1 

Benzene 1 

Note: Detection limits are a function of the detector type and injection volume. Thus, the detection limit may 
"av. 
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oganizstion: 

Sample Frequency 

Solids Liquids 
Sample Type Type of Analysis 

Duplicates 

Field Blanks 

Equipment Blanks 

Trip Blanks' 

organics 

Inorganics 

Radionuclides 

organics 

Inorganics 

Radionuclides 

Organics 

Inorganics 

Radionuclides 

Volatiles 

1/10 

1/10 

1/10 

N/R 

1/20 

1/20 

1 /20 

1 /20 

1 /20 

1/10 

1/10 

1/10 

N/R 

1/20 

1 /20 

1/20 

1 /20 

1 /20 

N/R = Not Required 
1/10 = one QC sample per ten samples  collected^ 
1 = 1 per cooler containing volatile scan 
1/20 = 
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I DEVELOP EXISTING DATA I 

I SCREENING ACTIVmES: 
POsinvE RESULTS (ORGANICS).EXCEED ARARS (WATER). 

EXCEED BACKGROUND (RADS, METAIS) 

~~ 

ADD ADDITIONAL LOCATIONS 
TO IAG SAMPLING PLAN 

t 
I FOCUSED SAMPLING PLAN! 

NO 
I 
I 

----- POSmvE RESULTS (ORGANICS).EXCEED ARARS (WATER), 

PREPARE TECH MEMO DETAILING RESULTS; 
PROPOSE STAGE 2 ACTlVlTES 

TO DELINEATE EXTENT OF commmumoN 
1 

I TECHMEMOAPPROVAL I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
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Survey Sample Location 
- 2" surface scrapes on 

- FIDLER at 25 ft. centers 

- FIDLER at 25 ft. centers 

50 ft. grids 

rn Survey Sample Location 

Ground water wells 

Individual hazardous 
substance sites (IHSS) 

1.11 Buildings or structures 

0 -m FEET 

I PREPARED FOR 
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INSET A 

Survey Sample Location 

50 ft. centers 
0 - Borehole randomly 

selected to samples 1 
out of every 25 soil gas 
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- 2" surface scrapes at 
50 ft. centers 

- Soil Gas Samples at 

1 

X Concentrated Radiological 
Survey Sample Area at 25 
centers based on 
Historical Information 

Ground water wells 

/$/ Pavedroads 

// h // Unimproved dirt roads 

Individual hazardous 
substance sites (IHSS) 

ml Buildings or structures 

0 c FEET 

PREPARED FOR 
US.  DEPARTMENT OF ENERGY 
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FIGURE 6-4 
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- Borehole randomly 
selected to samples 1 
out of every 25 soil gas 
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Ground water wells 

Paved roads 

Unimproved dirt roads 

Individual hazardous 
substance sites (IHSS) 

Buildings or structures 

0 
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U.S. DEPARTMENT OF ENERGY 

ROCKY FLATS PlANT 
OOLDEN, COLORADO 

FIGURE 6-5 

SOIL GAS AND 
RADIOLOGICAL SURVEY 

LOCATIONS IHSS 161 



171 
X 
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- 6' borehole at 
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on field measurements) 
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ONLY 

Manual: 21 lOO-WP-(4U14.1 
mace I: mm Wmk Phn Section No.: 7.0, Final 
Operrblk h i t  14 P88C : 1 o f r [  

Efsoctiwe Date: -fl$ G/z, 74 
Orgahtion: R e d i t i n n  Program 

e 

I) 

Appcoved by: 
,/ 

A schedule for implementkg this OU14 Phase I RFI/Rl Work Plan is outlined m the 
Interagency Agreement. However, durhg preparation of this Final Work Ph, a p m p d  
was developed to conduct an hidustrial Area (IA)/Protected -A) IIWIlbW at the Rocky 

Flats Plant. This prop& is under consideration and p d h g  approval. Further adon in 
regard to ahis MIRAP will impact the schedule 
no schedule is atitached at this time. 

impliemating this Work P h ,  therefoE 
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21100-WP-OUl4.1 
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M a d :  

Q p d l c  Unit 14 hge: 1 of 37 
- ,  Effective Date: - Gb 

OCphti0Il: izemdhijn Roprtm 

Approved by: 

8.1 Overview 

The IAG requires that the BRA for ea& OU imlude the toxicity and l&ls of all 

hazardous substances present, contaminant fate and transport, the patential for human andor 

environmental exposure, and the risk of potential impacts or threats on hnrnan health and the 

environment. The IAG further states that the BRA must provide the basis for determining 
whether or not mmtiwdremedial action is necessary as well as ajnrstifkatbn for 

perfblmimg cxmectidm& actions. 

Section 300*430(d) of the NCP (Federal Register 55/46/8709) states lhat as part of h 

remedial investigation, an HHRA must be conducted as partofa BRA to detemme whether3 

in the absence of medid action, COCs identified at the site pose a c m t  or potential risk 

to human health d the enn'viToflL1EBnit. This d o n  describes the HHRA and the follbwing 
component elements. 

Toxicityassessment 

Risk charactahtion 
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The primary references to lbe used in conducting the BRA will include but not be limited 

to the following: 

IAG-S~ecl 'fled cwre nt Referen-: 

Superfund Exposure Assessment hbnual (SEAM) 

Office of Emergency and Remedial Response EPA/540/1-88/021 (OS- Directive 
9285.5- 1) 

Integrated Risk Information System (IRIS) 

Interim Final Risk Assessment Guidance for Superfund - Environmental Evaluation 
Manual 

er References: 

Guidunce for Data Usability in Risk Assessment Interim Final (EPA/540/6-90/008, 
cktober 1990. 

Intemational Atomic Energy Agency Safety Series No. 100. Evaluating the Reliabi&y of 
predictions Made Using Environmental Trmrsfer Models, IAEA 1989. 

Federal Guidance Report No. 11. Limiting Vdues of Radionuclide Zntoke and Air 
Concentmiion and Dose Conversion Factors for Inhalation, Submemion, and Ingestion, 
(EPA-5201 1-88-020). 

Risk Assessment Gscidmrce for Supe$md: Volume I -  hum^ Health Evaluation Manual 
(Pan A, Baseline Risk Ass-) Interim Final. office of Emergency and Remedial 
Response @~A/540/ 1 -89/W).  

(p: \OU14\WORKPLN\SE.8\10119/92) 8-2 
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Risk Assessment Guidance for Supelfiurd= Volume I - Human Health Evaluution Manual 
(Part B - Development of Risk-Based Preliminary Remediaiion Goals) Interim Publication 
9285.7-01B, 12/91. 

Risk Assessment Guidance for Supelfiurd Volume I - Human Health Evaluation Manual 
Supplemental Guidance: "Standard Default Exposure Factors" Interim Final. Office of 
Emergency and Remedial Response, OSWER Directive 9285.6-03. 

Risk Assessment Guidance for Supelfiurd Volume 1 - Human Health Evaluarion Manual ( 
(Part C, Risk Evaluation of Remedial Alternatives) hterim Publication 9285.7-01C, 
12/91. 

EPA Health Efects Assessment Summary Tdles  (TIEAST) Published by the office of 
Research and Development and Office of Solid Waste and Emergency Response. NTIS 
NO. PB91-921100. 

Publications of the National Council on Radiation Protection. Intenuztiond Council on 
Radiation Protection, United National Scientific Committee on the Effects of Atomic 
Radiation, as appropriate. 

Esenbud, M. Environmental Rudiaactivify, (3rd Edition). Academic Press. 1987. 

TU and Meyer. Radiological Assessment: A Tevbook on Environmental Dose Analysis. 
1983. 

The technical approach to the HHRA component of the BRA is based on the EPA Risk 

Assessment Guidance for Supe@nd: Volume I - Human H e d h  Evaluation Manual (PaH A 

Baseline Risk Assessment) (RAGS) (EPA 19894). Other technical approach modifications 

will be evident throughout this section based upon RFP experience in implementing the other 

BRA Work Plan and1 meetings with EPA and CDH. 
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Figure 8-1 illustrates the BRA process taken from RAGS and modified by adding an 
additional s k p  - evaluate uncertainty - to each of the steps. The technical memoranda 

requirements as specified by the IAG have also been added. 

This section focuses on components of the HHlU, while Section 9.0 focuses on the 

environmental risk assessment. The OU14 MSSs contain a variety of contaminants 
potentially dominated by the presence of plutonium and other radioactive and/or hazardous 

materials. This work plan provides a specific methodology to determine the nature and 
extent of radioactive and hazardous matefials noted in previous investigations; it also 

describes how to identify potential COCs, identify exposure pathways, and estimate exposure 

concentrations. This section of the work plan will also specify a method to collect toxicity 
information to determine appropriate toxicity values, followed by a charactenza * tion of the 

potential for effects to occur. Uncertainty will be evaluated through each step of the BRA 
culminating in an overall quantitative BRA uncertainty summary. 

Data needs and DQOs are identified in Section 4.0 of this work plan; Section 6.0 

describes how these data will be collected. The FSP, the data needs, and the DQos 

complement the objectives described in Section 4.2 in that they characterize the nature and 

extent of contamination and specify the data collection neceSSary to fully evaluate potential 
exposure pathways. The data to be collected for use in the HHRA include the following 
media sampling: 

S o b  Data characterking vertical depth of contaminant concentrations in OU14, 
as a function of depth, will be used to determine whether geostatistical methods, 
such as spatial correlation or determum * tic stats (triangular or polygons) should be 
employed. 
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8 

e 

8 

0 

S ~ f i i  S o k  Surface soil data will be used to estimate exposure and risk 
through direct dermal contact, gamma radiation absorption, ingestion (directly as 
soil, or indirectly as vegetables, and grazing livestock), and, if necessary, to 
estimate windhome particulate concentrations for subsequent inhalation exposures. 
Surficial dose rate measurements will also be obtained for purposes of exposure 
assessment. 

Surface Water and Sedhenbs: Data charactenzln * ' g contaminants in surface water 
are used to evaluate contaminant fate and transport, and estimate exposure and risk 
from ingestion or dermal contact with surface water and sediments, and inhalation 
of sediments. 

Groundwater: Data characterizing site-specific hydrogeology and potential 
contaminants in alluvial and confined groundwater systems are used to evaluate 
con taminant fate and transport and estimate exposure and risk from ingestion, 
inhalation, or dermal contact with groundwater. 

Ak. Data characterizing the potential for dispersion of contaminated surficial soils 
can be used to evaluate contaminant fate and transport and estimate exposure and 
risk from inhalation and redeposition. Measured and modeled wncentrations will 
be derived to support the exposure assessment. 

A comprehensive quantitative assessment of COCs and potential exposure pathways 

will be performed as part of the RFURI. The remainder of this section generally describes 

specific components of the KHRA. 

This Section discusses methods for acquiring reliable radiological and chemical release 
and exposure data, and presents a p m ~ l  to idenm COCs. 
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83.1 Data C Q M ~ Q ~  

The objective of the data collection task is to summarize all data available for use in 

the HHRA in preparation of further data evaluation activities. This step, then, identifies the 
historical data relevant to performing the HHRA, assembles the RI data, and establishes data 

formats to facilitate data evaluation. The following data attributes are important to this step: 

e Sitedescription 

a Sample design with sample locations 

Analytical method and detection limit 

8 Results for each sample, including qualifiers 

Sample quantification limits and/or detection limits for nondetects 

8.2.2 Data E v d d o n  

Subtasks to be performed as part of the data evaluation task include the following: 

Review of available site data (obtained during a l l  phases of the RI) 

Q Identification of data gaps 

Q Analysis of chemicals and radionuclides detected at the site and their frequency of 
detection 

0 Testing for statistical distribution of data 

e Preliminary identification of potential exposure pathways 

8 Development of data set for use in the risk assessment 

~ \ 0 U l 4 \ W O ~ 0 N . 8 \ 1 0 / 1 9 ~  8-6 
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CI Identification and selection of appropriate toxicity criteria 

Data collected during the RI process will be evaluated for use in developing the 

preliminary exposure scenarios for the site. Particular attention will be paid to the selection 

and evaluation of background levels of radionuclides and chemicals, since the BRA quantifies 

increases in health risks posed by the site over health risks that could be expected if the site 

were not there. In general, synthetic organic chemicals detected at a site, unlike metals, are 
typically assumed to have zero background concentrations because they are produced by 

human activities and do not occur in nature. The proper and careful determination of 

background concentrations will be important in the subsequent attribution of risks to the site. 

8.2.3 Hazard Identification 

A preliminary review of the existing RFED database was performed on samples taken 
from boreholes established in or near MSSs within OU14. The following chemicals were 

noted as being in concentrations above background (as defined in the Backgmund 
Geochemical chartrcrerization Repon for 1989, Rocky Flats Plant (EG&G 199Oa). This 

p r e l i m i ~ ~ ~  list is not intended to limit the analysis to be performed. The chemicals listed 
below have been provided to introQuce a general understanding of what contaminants could 

be present. 

The potential COCs have been identified and summarized for each MSS in Section 

2.0. Appendix B includes the statistical summary tables for each MSS. The existing 

information in most cases was derived from a single location in or near (as in most cases) the 

MSS. The following chemicals were consistently identified in concentrations above 

background: 

~ \ 0 U 1 4 \ W 0 ~ 0 N . 8 \ l C b ' 1 9 ~  8-7 
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Acetone 
Aluminum 
Arsenic 
Barium 
Beryllium 
Benzene 
Calcium* 
Carbon Disulfide 

Chromium Nitrate 
copper Potassium* 
Iron* Toluene 
Lead Trichlomethene 
Magnesium* Vanadium 
Manganese Xylene 
Methylene Chloride Zinc 
Mercury 

* Considered essential nutrients. Only high concentrations above 
background wiil be considered. 

Radioactive material concentrations were detected slightly above background (as 
currently defined in EG&G 199Oa). Radioactive constituents will remain on the potential 
COC list due to the IHSS history and supporting background information. The radioisotopes 
currently known to be present include weapons grade plutonium, americium-241, dep1eW.I 

and enriched uranium. 

Analytical results from QU field sampling will be scfeened to retain those 

contaminants most likely to contribute significantly as risks to members of the public. These 
COCs represent the most toxic, persistent, or mobile contaminants identified at an OU. 

RAGS d o n s  5.8, 5.9, and 10.4 (EPA 1989d) suggests methodologies for the 

development of a set of chemical data and information for use in the risk assessment and 

further reduction in the number of chemicals. 
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Generally, the list of chemicals of potential concern include the following: 

positively detected in at least one CLP sample (RAS or SAAS) in a given 
medium, including (a) chemicals with no qualifiers attached (excluding 
samples with unusually high detection limits), and @) chemicals with qualifiers 
attached that indicated known identities but unknown concentrations (e.g., J- 
qualified data); 

detected at levels significantly elevated above levels of the same chemicals 
detected in associated blank samples; 

detected at levels significantly elevated above naturally Occurring levels of the 
same chemicals; 

only tentatively identified but either may be associated with the site based on 
historical information or have been confirmed by SAS; andor 

transformation products of chemicals demonstrated to be present. 

If a large number of chemicals of potential c o n m  (e.g., > 15) an idenaed for 

OU14, a methodology for the reduction of the number of chemicals to be used in the 

quantitative risk assessment may be employed. The necessity and rationale for eliminated 
chemicals from the quantitative risk assessment will be developed after the list of potential 

contaminants is compiled. 

Consideration of the potential contaminant concentration with respect to historical 

information, detection frequency, concentration and toxicity, are concentrations in 

background are examples of activities which can be used to reduce the number of chemicals 

used in the quantitative risk assessment. 
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The final screening step is to determine if any of the contaminants retained in the 

Screening process are essential human nutrients. As stated in RAGS Section 5.9.4, 

"chemicals that are (1) essential human numents, (2) present at low concentrations (Le., only 

slightly elevated above naturally occurring levels), and (3) toxic only at very high doses (i.e., 

much higher than those associated ' with contact at the site) need not be considered M e r  in 

the quantitative risk assessment. Examples of such chemicals are iron, magnesium, calcium, 

potassium, and sodium." (EPA 1989c) Consequently, contaminants that meet the essential 

nutrient criteria will not be considered further. 

Contaminants retained through the Screening process represent the most prevalent, 

toxic, persistent, or mobile con taminants at an OU. These will comprise the list of CWs 

that will be used in the quantitative risk assessment. 

If COCs are selfxted, adequate documemtation will be prepared to justify including or 
excluding specific contaminants. ,As required by the IAG Section VII.D.l.a, a technical 

memorandum that lists the hazardous substances present within OU14 will be prepared and 

submitted to EPA and the CDH for review and approval. The COCs selected from this list 
will be included in the technical memorandum with the known corresponding ambient 

concentrations of these con taminants. The memorandum will be submitted prior to the 

required submittal of the BRA for OU14. 

The data collection and evaluation task has four key objectives, and an inherent 

uncertainty needs to lbe quantified for each: 
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Determine what contamination is present and at what level; estimates of site 
contamination must be produced including clear descriptions of the degree of 
confidence associated with each concentration value. 

Determine if site concentrations differ significantly from background 
concentrations; the comparison of data is performed using the null hypothesis at a 
specified confidence level. 

Evaluate whether analytical data are adequate to identify and examine exposure 
pathways; the sampling and analysis program should result in data of known 
quality that quantify spatial and temporal variability, and specify an approach for 
interpreting the magnitude of observed values. 

Evaluate whether analytical data are adequate to fully characterize exposure 
pathways; heterogeneity should be considered, and hot spots need to be identified 
and characterized. 

The following PARCC data quality indicators will be used to measure data usability in 

support of the risk assessment: 

* Accurracy 

- expresses a cuefficient of variation or a standard 
deviation compared to the mean 

- measures the closeness of a report concentration to the 
true value (used extensively for blanks and spikes) 

8 Wepaesemtativeraess - expresses the extent to which data defhes the risk 
considering all pathways to human health and the 
environment 

8 Comparability - expresses the amfidence with which data are considered 
to be equivalent (known precision and accuracy) 

- measures the amount of useable data resulting from a 
data collection activity 
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Tables will be developed to document the data usability evaluation process; the 
example in Table 8-1 illustrates the minimum requirements, impact, and corrective actions 
for data usability criteria. 

The exposure assessment estimates the magnitude, frequency, duration, and route of 

exposure to humans (see Figure 8-3). The magnitude of exposure is typically determined by 

measuring or estimating the amount of an agent available at exchange boundaries (e.g., the 
lungs, gastrointestinal tract, or skin) during a specified time. Contact with the agent may 
lead to some absorption, the magnitude of which is of great importance in applying dose- 
response data for assessing health risks. 

Exposure assessments are performed using scenarios that define the wnditions of 

exposure to contaminants at a site. An exposure scenario quantitatively defines the human 

populations that may be exposed, the frequencies and durations of exposure, the pathways of 
exposure (e-g., inhalation, drinking water, or dermal contact with soil), and the levels of 

contaminants in the air, water, or soil that contact the population through the exposure 

pathways. 

The exposure scenario will identify the site that chemicals could be released from, the 

potentially exposed populations, the exposure pathways through which the p p l a t k m s  could 
become exposed, release concentrations used for modeling concentrations at pints of 

exposure, and the assumptions used in estimating intake rates in humans. 
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Exposure assessments for sites involve the following activities: 

0 Identification of present and future human receptof locations (exposed populations) 

0 Definition of applicable exposure scenarios for present and future populations 

e Definition of physical characteristics of the site that control environmental mobility 
and contaminant transport 

0 Identification and evaluation of exposure pathways (fate and transport) applicable 
to exposure scenarios 

* Estimation of exposure concentrations for each applicable pathway at the receptor 
location for each credible exposure scenario 

Estimation of intakes for each applicable pathway for each1 credible exposure 
Scenario 

Currently there axe approximately 6,W workers at RFT. In the current exposwe 

scenario, the number of RI personnel (assumed to be less than 100) plus maintenance and1 

construction workers, and consultants totals approximately 200 people potentially exposed to 

OU14 contaminants. The available site data characterizes events that produce contaminated 
areas. For the purposes of this example, the con tamhation is assumed to be localized and 
immobile. Present potential human receptors include those individuals performing 

investigative work similar to the tasks outlined in Section 6.0, and those pdorming 

construction or maintenance activities. Inadvertent intrusive activities could also lead to 

potential exposures. As an example, line repairs involving excavations could lead to possible 

windblown airborne contaminant intakes, inhalation of vapor phase contaminants, and 
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exposure to external gamma radiation. The current exposure scenarios would be limited due 
to the site n&trictions such as posting and numerous other health and1 safety requirements. 

In 1989, there were 2,201,340 people living within 50 miles of RFP. It is projected 

that this number will grow steadily to 3,119,309 by the year 2010. Currently, and in future 
predictions, approximately 14 percent of these inhabitants live within 10 miles of the site 

(EG&G 1992a). The demographic population wheel is included in Section 1, showing the 
location of the surrounding populations. 

OU14 is located within the developed industrialized area of RFP and consists 

primarily of asphalt parking lots, concrete loading docks, and lpved roads. Potential human 
receptors, thkfore, focus on the on-site industrial worker and off-site resident; depending 
u p  resolution of future land-use scenarios, on-site resident commerciaUindustrial worker 
activities, residential housing, or research biologist activities might be cansidered as exposm 
scenarios for potential on-site receptors. Exposure Scenarios will be discussed in detail in the 
second technical memorandum required by the IAG. Many of the previous RFI/RI work 
plans and the OU1 RI report have limited the amount of exposure scenarios to be considered. 

As mentioned in other sections, the current land-use Scenarios will be adopted at the time this 
work plan is implemented. 

Exposure scenarios will be defined according to the guidance provided in RAGS. 

Reasonable maximum exposure scenarios will be defined considering realistic applications 
involving con taminant migration and receptor intake. Examples of exposure scenarios for 

present and future populations are discussed below: 
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0 Present population scenario: Current populations of plant site remedial 
investigators, construction, or maintenance workers could have incidental contact, 
where workers may have potential intakes via dermal absorption from direct soil 
contact ingestion, inhalation of vapor phase contaminan ts, exposure to gamma 
radiation, and possibly inhale particulates from sudden gusts of resuspended 
airborne contamination. 

0 Future popuhtion scenario: Future populations could potentially be exposed via 
the on-site industrial complex scenario whereby the plant is converted to a fully 
developed industrial lucation, or the residential land-use Scenario. In either case, 
incidental contact from construction or residential activities as described above 
could also be applicable. 

In either case, the technical memorandums on exposure scenarios would discuss all 
exposure pathways and determine which pathway is complete or incomplete for inclusion in 

the human health or environmental risk calculations. 

Physical characteristics that could affect the rate of movement of specific 

con taminants are normally addressed by the environmental fate and transfer models used for 
each pathway. Groundwater model parameters have input needs that are site-specific 

involving such factors as transfer coefficients o, which wil l  be selected based upon field 

investigation. Air model requirements would include knowing the particle size distribution of 
the contaminated surface. As part of the soil sampling analytical requirements, particle 

sizing is necessary for radiological dose calculations. Additional field observations including 

predominant wind dimtion and influence of the presence of buildings may also be used in 

the exposure assessment. 
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For each exposure pathway, the model parameters and other unique considerations 

(chemical and physical) will be summarized. These considerations will provide the necessary 
input to define the physical characteristics affecting environmental mobility and contaminant 

transport. 

8.3.4 Identfication of Exposure Pathways (Fate and Transport) ApplicrabRe to  Exposure 
Scenarios 

Once potentiaUy exposed populations and exposure scenarios have been identified and 
characterized, exposure pathways can be traced from the site to identified receptor locations. 
Each exposure pathway describes a mechanism by which a hypothetical receptor is exposed 
to chemicals originating from the site. Exposure pathways consist of five elements (see 
Figure 8.3): 

e Source of contamination 

.S Mechanism of chemical release to the environment 

e Environmental transport medium (e.g., air, groundwater, fugitive dust emissions, 
contaminant movement through soil, soil runoff into water bodies) for the released 
contaminant 

* Point of potential human contact with the contaminated medium (Le., breathing 
air, drinking water supplied from groundwater, or exposure to contaminated soil) 

Route of entry in humans, either through inhalation, ingestion, or dermal 
absorption of the contaminated medium 
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Only those exposure pathways deemed to be complete (Le., where a plausible route of 

exposure can lbe demonstrated from the site to the receptor), will be quantitatively evaluated 
in the HHRA. 

Concentrations of COCs in soil, air, and water wil l  be measured or estimated using 

spreadsheet calculations and computer models. Concentrations are measured as discrete 
points, or geostatistics (e.g., GEOPAK), or other determinate methods may be used to 

estimate volume. Typically, the concentrations of COCs in soil with known or suspected 
con tamination will be measured by taking representative soil samples. These concentrations 
in soil will be used as input to the emission, transport and dispersion calculations to 

determine concentrations at the receptor location for each credible scenario. The estimated 

concentrations of COCs in each medium will be used to estimate the intake and resulting 
health risk to the receptor. # 

Concentrations of COCs in soil are considered to be the primary pathway to the 

receptor. COCs in soil will be sampled and analyzed, other indirect methods of estimating 
contaminants such as radiological area surveys will be conducted. Measured concentTafioIls 

in samples collected from representative locations are preferred. Depending on the spatial 

variability of contamination, different averaging criteria may apply to each contaminant. Soil 
concentrations will then be used to derive intake via ingestion and absorption. The other 

secondary pathways of exposure that were introduced in the conceptual model (Section 2.5.1) 

will be discussed in the following paragraphs. 
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Emission models will be used to estimate the transfer of COCs from soil to air. The 

magnitude of this pathway will depend1 on both the concentrations measured in soil and the 
transfer mechanism. A preapproved (EPAKDH) dispersion model will be used to estimate 
the concentrations of airborne COCs at the selected expure  locations. These concentrations 

will be used in conjunction with estimates of intakes to derive scenario-specific exposure 

estimates. 

Contaminants can be resuspended and transported to other media (e.g., deposition on 
soil, surface water, or vegetation) through wind erosion or fugitive dust. Concentrations of 
COCs in mil, surface water and sediments, vegetation, meat, and milk are a function of the 

calculated concentrations in air, deposition rates, and various transfer functions; therefore, 
the calculated airborne and non-air transfer of contaminants wil l  be used as input to the 

intake calculations. Volatilization rates are also estimated based on the concentrations 
measured in the soil samples. 

Surface runoff can provide a transport mechanism for contaminants to move to a 

receptor location. Since most of the OU14 IHSSs are paved or contain large amounts of 
conmte surface materials, this pathway is considered to lbe highly probable prior to the 

implementation of the artificial surfacing. If the surfacing materials are removed exposing 

potentially contaminated soil this could affect the estimation of exposure concentrations via 
this pathway. Currently there is a surface sampling pgram and sediment sampling has also 

been specified in Section 6.0 of this workplan. 

Infltrationlleaching of contaminants into the groundwater has been summarized as a 

secondary pathway (Section 2.5.1). Contaminants are transported from the surface soils by 
percolation of surface water through the subsurface media into the groundwater. Appendix B 
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includes the data from the current groundwater sampling programs. The groundwater moves 
via seepage and/or pumpage to surface water where it is used as irrigation. The irrigation is 

for biota which is ingested by humans. The exposure estimate for this pathway takes into 
account a series of transport coefficients and bioaccumulation factors. 

Bioaccumulationhicmncentration is release mechanism for the contaminated soil, 
plants, surface water and groundwater. The combined effect of the various trophic levels 
through the biological pyramid can be considered however, sampling of various biota will 

provide the necessary data points to quantitatively evaluate the impact of this pathway. 

Contaminants could have also been transferred via tracking by humans and/or 

animals. This transport of contaminated material (Le., soil, plants, or debris) could 
potentially provide an additional link between the media and human receptors. Prior to the 

paving or installation of c u m t  pads at the various, MSSs in OU14, the spreading of 
contamination via man (i.e., including manmade vehicles, etc.) is a highly suspect. Tracking 

has been summarized in Section 2.5.1 and Figure 2-30. Tracking has been reference in to 

"biota" which eventually leads to ingestion as a route of entry. In reviewing the HRR and 

the future land uses, human tracking from investigative and remedial actionS would be of 
greater concern. 

As discussed above, environmental fate and transport modeling andor monitoring 

data are used to estimate chemical concentrations in the transport media (Le., soil, air, 
water) at the point of contact with the receptor. Such contact constitutes human exposure. 
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Human exposure is expressed in terms of intake and defined as the amount of a chemical 

substance taken into the body per unit body weight per unit time. Intake rates are calculated 
separately for exposures to chemicals in each environmental medium via soil, air, 
groundwater, surf' water, and food. Then, for each exposed population, intake rates are 
summed for oral and inhalation exposure routes. Intakes are typically expressed in units of 
milligram of substance per kilogram of body weight per day (mg/kg/day). Adjustments for 

absorption efficiency may be required for dermal routes of exposure. The adjustments 
include toxicity values (from administered to absorbed doses) and an adjustment for medium 

of exposure. 

The following assumptions and calculations are used to estimate intake in humans 
from exposure to chemicals present in soil, air, groundwater, and surface water. The 
magnitude of exposure to chemicals is influenced by frequency and duration of contact with 
these media. Also, the age of the potentially exposed individual will influence the extent of 

contact with these chemicals. Three categories of parameters can be used to estimate intake: 

Contaminant-related parameters (exposure concentration) 

e Characteristics of the exposed population (contact rate, frequency and duration of 
exposure, inhalation rate, soil ingestion rate, drinking water consumption rate, skin 
surfaoe area, and body weight, among others) 

Concentrations used in the intake calculations generally will be based on the measures 

of central tendency parameters (e.g., mean) of the concentrations detected at the site. 

Standard statistical measures (e.g., histograms, or goodness of fit) will be used to evaluate 

the data's statistical distribution. 
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Contact rate reflects the amount of impacted medium (i.e., air, mil, or water) to 

which an individual is exposed per unit time or event. Professional judgment will be used to 

estimate these parameters based on site-specific considerations and on a review of the 

pertinent scientific literature and EPA guidance documents. Any deviations from standard 

EPA default assumptions will be clearly noted in the text of the risk assessment document 
along with the rationale for its use. A brief discussion of the pertinent literature is presented 

in the following sections to support proposed parameter values. 

Exposure frequency and duration are site-specific parameters that will be estimated 
following characterization of the potentially exposed populations. The population 

characterization data will be combined with EPA estimates of residence time (EPA 1991b) to 

obtain an estimate of duration. Exposure frequency will consider human activity patterns. 
Studies of human activity patterns indicate that, for employed individuals, a relatively large 
fraction of time is spent in activities within one's home, in transit, or in one's workplace. A 

relatively small fraction of time is spent in all other activities. Under current and future use 
scenarios, this study will use the best available data for site-specific population dynamics. 

The assumptions made for frequency of potential exposure will attempt to account for this 
information. If a long-term average contact rate is indicated by the exposure scenario being 

evaluated, then a daily exposure frequency will be used. 

Body weight and inhalation rates change during a lifetime; therefore, intake rates will 

differ with different age groups. For some exposure pathways, such as soil ingestion, 

exposure can QCCW throughout life, but the majority of exposure occufs during chi ldhd 

(due to higher contact rates and lower body weights of children). In these cases, exposures 
will be calculated separately for each age group. Lifetime exposure is calculated by taking 

the time-weighted average of exposure estimates over all age groups. Data obtained from the 
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Supplementd Guidance Doc~nenr (EPA 19894) will be used to obtain body weights and 
inhalation rates for different age groups. 

Estimates of human intake for each pathway will be calculated based on equations 
from RAGS (EPA 1989) and other standard reference sources. Calculations will be based 
upon the pathways and exposure scenario developed for inclusion in the HHRA and will use 

the estimated chemical concentrations derived from the environmental fate and transport 

modeling. The products of this subtask will be presented in the HHRA report and will be 
. .  used to prepare the risk cham%mab on. 

8.3.7 Uncertainty Analysis in Exposure Assessment 

The ultimate effect of uncertainty in the exposure assessment is an uncertain estimate 
of intake. The recommended approach (EPA 1990) to uncertainty analysis in exposure 

assessment is to explicitly present the range of observed values for chemicals in the 

environment and the factors used in developing intake estimates. Exposure assessment 

involves the quantitative evaluation of the exposure concentration of each chemical in each 

environmental medium, and an assessment of the transport and transformation of the subject 
compounds. Typically the exposure assessment involves both monitoring data and 

environmental transport models. 

Monitoring data are most appropriately used to estimate current or existing exposure 
when direct contact with contaminated media is the primary concern. Transport modeling is 

required to estimate future exposure, or exposure at a distance from the souroe of release. 
The selection of an appropriate model matching the complex terrain at RFP, suitable to the 

geological profile, will be of great importance to the exposure assessment. Chemical intakes 
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will be derived using equations presented in the RAGS (EPA 1989b). Each input variable or 

point estimate may have a range of values. Site-specific selection will be conducted 

wherever available. 

The model uncertainty may be evaluated using the range of parameter values tailored 
to the IHSS specific conditions at OU 14. Standard input variables will be used when site- 

specific input data is missing. Intake values will be selected so that the combination of all 
values results in an estimate of reasonable maximum exposure for each pathway. Additional 

statistical software may be utilized which involves Monte Carlo and/or Latin Hypercube 
sampling methodology. 

Modeling input variables are classified into three categories: constants, state 

variables, and natural variables. The different values of input parameters that are measwed 

many times are expressed as a distribution. The shape of the parameter distribution (width 

of the curve) conveys the degree of uncertainty of the parameter (input or output). 

(Literature values must be stated as such; establishing a distribution of a literature value will 

need additional statistical evaluation.) Primary sou~ces of model uncertainty include the 

following: 

e Averaging PIydrauBc Conductivities - modeling of groundwater flow by 
averaging the hydraulic conductivity over a cross-sectional area instead of layering 
(i.e., sand over clay). 

8 Dspersion Smuhtion - valley models simulate the constant of dispersion by the 
valley walls; other models handle inversions better. The use of modeling 
compartments and number of compartments also has an effect on uncertainty. 
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0 N m e M  Models and Analytical Models - numerical models require more input 
data and additional computer runs which may provide greatex certainty. Analytical 
mkels are easier to operate and focus more on closed-form solutions. 

e ChenaBical Degsadati~~~ S i ~ i a t i ~ n  - some models only use first-order reaction 
kinetics; however, this is less accurate if two or more concentrations vary 
substantially. 

0 Model OprationaB l'bramem - parameter "time step" is used frequently as an 
iterative dynamic approach requiring many modeling runs. Opthintion of the 
time step is difficult and produces a significant effect on the estimated output 
concentrations (i. e., negative concentrations). 

e Source Shape - use of a point source model on an area source can create 
additional uncertainty. Vertical line source versus horizontal line source modeling 
can also have uncertainty effects. 

0 Steady-state Modeling - use of a steady-state model to model dynamic scenarios 
can cause additional errors. 

e Number of Dmensions Addressed by the MoaW - Choice of a one, two, or three 
dimensional model has effects on uncertainty. 

The following subsections describe the approach to be used in identifymg andor 
developing toxicity constants for both carcinogenic and noncarcinogenic COCs. 

Toxicity assessment is the process of characterizing the relationship between the dose 

or intake of a substance and the incidence of an adverse effect in the exposed population. 
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Toxicity assessments evaluate results from studies with laboratory animals or from human 

epidemiological studies. These evaluations are used to extraplate from high levels of 
exposure where adverse effects are known to OCCUT to low levels of environmental exposures 

where effects can only be predictedi based on statistical probabilities. The results of these 

extrapolations are used to establish quantitative indicators of toxicity. Toxic effects are 

divided into two classes for purposes of establishing quantitative indicators of toxicity: 

noncarcinogens and potential carcinogens. 

Health risks from all routes of exposure identified in Sections 4.3 and 4.4 wil l  be 

Charactenzed - by combining the chemical intake information with numerical indicators of 
toxicity. These health-based toxicity criteria wil l  be obtained through EPA-developed RfDs 

or slop factors (SFs) which are available in IRIS and the HEAST. If these sources of 

information do not contain health-based toxicity criteria for a particular chemical, a health- 
protective number will be derived in the toxicity assessment task using established @- 

as listed in the RAGS (EPA 1989b). 

This task will result in a toxicological profile for each COC (Section 3.0) that will be 
submitted as a technical memorandum to EG&G for review by EPA and CDH for inclusion 
in the HHRA. These pfiles will discuss the following: 

* Acute and chronic toxic effects of these chemicals in humans 

Q Uncertaintyassoclated - with values (e.g., uncertainty factors, modifying factors, 
and/or weight of evidence if available) 

* Environmental fate and transport (e.g., degradation process, products, mobility 
within each medium, and potential means of transport from one medium to 
another) 
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e ARARS, maximum contaminant levels, and other health-protective criteria for each 
chemical 

The preferred numerical indicators of toxicity are EPAderived RfDs. The RfDs for 
chemicals considered in the risk assessment will be obtained primarily from the IRIS 

database or the HEAST. The RfD is based on the assumption that thresholds exist for 
certain noncarcinogenic toxic effects, such as cellular necrosis, but may not exist for other 

toxic effects, such as cancer. In general, the RfD is an estimate (with uncertainty spanning 

perhaps an order of magnitude) of a daily exposure to the human population (including 

sensitive subgroups) that will not result in a appreciable risk of deleterious effects during a 
lifetime of exposure. 

8.4.3 Carcinogenic Chemicals and Wadio~~IideS 

Evidence of carcinogenicity of a chemical comes from two sources: lifetime studies 

with laboratory animals and human studies where excess cancer risk is determined by 

regulatory agencies. The results of any such derivation will be presented in the technical 

memorandum and the HHRA report. 

8.4.4 Uncertainty Analysis in Toxicity Assessment 

Uncertainty factors consist of applied mathematical consematisms which are used to 
ensure health protective standards for all segments of the affected population. The Oral RfD 
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is derived from standards established for No Observed Adverse Effect Level (NOAEL), or 
Lowest Observed Adverse Effect Level (LOAEL), for the critical toxic effect by consistent 

application of uncertainty factors (UF) and a modifying factor (-MF). The UFs generally 

consist of multiples of ten (although values less than ten are sometimes used), with each 
factor representing a specific area of uncertainty inherent in the extrapolation from the 

available data. The bases for application of different UFs are explained below. 

e A UF of 10 is used to account for variation in the general population and is 
intended to protect sensitive subpopulations (e.g., elderly, children). 

e A UF of 10 is used when extrapolating from animals to humans. This factor is 
intended to account for the interspecies variability between humans and other 
mammals. 

e A UF of 10 is used when a NOAEL derived from a subchronic, instead of a 
chronic study, is used as the basis for a chronic RfD. 

8 A UF of 10 is used when a LOAEL is used instead of a NOAEL. This factor is 
intended to account for the uncertainty associated with extrapolating from LOAELs 
to NOAELS. 

In addition to the UFs listed above, a MF is applied. 

0 A MF ranging from greater than 0 to 10 is included to reflect a qualitative 
professional assessment of additional uncertainties in the critical study and in the 
entire database for the chemical not explicitly addressed by the preceding UFs. 
The default MF value is 1.0. 

inhalation RfDs are derived from the NOAELs by applying UFs similar to those 

listed above for oral RfDs. Inhalation RfDs are generally reported as a concentration in air 
in milligrams per cubic meter (mgh?) for continuous, 24-hour/day exposure, although it 

(p: \OUl4\WORKPLN\sECI7ON.8\lWl9/92) 8-27 Q 
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may lbe reported as a corresponding inhaled intake in milligrams per kilogram per day 

(mg/kg/day). A human body weight of 70 kg and an inhalation rate of 20 cubic meters per 
day (m3/day) are typically used to convert between an intake expressed in units of mg/kg/day 

and a concentration in air expressed in mg/m3. 

Risk characterization involves estimating the magnitude of the potential adverse 

effects under study, and presents summary judgments of the nature of the impacts to public 

health. Characterization of risk involves combining the results of the exposure and toxicity 
assessments to provide numerical estimates of health risk. These estimates are comparisons 

of exposure levels with appropriate RfDs or estimates of lifetime cancer risk with a particular 
intake. Risk characterization also considers the nature and weight of evidence supporting 

these risk estimates and the magnitude of uncertainty surrounding those estimates. Results of 

this task will be presented in the HHRA report. 

The health risks from each contaminant may be calculated using two methods: one to 
determine carcinogenic effects, and another to determine noncarcinogenic effects. 

8.5.1.1 Carchcegenic Effects. The following calculations are used to obtain 

numerical estimates of lifetime cancer risks: 

RISK = INTAKE X SF 
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where: 

RISK' = potential cancer risk adjusted for lifetime exposure (unitless) 
SF = cancer potency slope (mg/kg/day)" 
INTAKE = chemical intake (mg/kg/day) 

Additionally, the Committed Effective Dose Equivalent (CEDE) will be calculated for 

receptors potentially exposed to radionuclides. 

8.5.1.2 Noncamhogedc Effects. Health risks associated with exposure to 

noncarcinogenic compounds will be evaluated by calculating a hazard index (HI). The 

hazard index is the ratio of the intake rate to the RfD, as follows: 

HI = IiNTAKE/RfD 

where: 
HI = hazard index 
INTAKE = chemical intake (mglkglday) 
RfD = reference Dose (mg/kg/day) 

The summed carcinogenic and noncarcinogenic effects for multiple contaminants can 

be calculated using the following two methods. 

8.5.2.9 Carcinogenic Effects. Cancer risks will be summed across all carcinogens 

considered in the risk assessment using the following equation: 

RISK, = CRISK, 

( P \ O U l 4 \ W O ~ O N . S \ l  W 19/92) 8-29 
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where: 

RISK, 
RISK, = the risk estimate for the i* substance 

= the total cancer risk, expressed as a unitless probability 

This equation is an approximation of the precise equation for combining risks to 
account for the probability of the same individual developing cancer as a consequence of 

exposure to two or more carcinogens. This risk summation assumes independence of action 
by the compounds involved. Several limitations are posed by using this approach as 
discussed in RAGS (EPA 1989b). For example, an attempt will be made to add carcinogenic 

risk across the three pertinent cancer classes. 

The potential for carcinogenic effect for nonradiological contaminants will be 

estimated by calculating excess lifetime cancer risks from the lifetime average exposure and 

cancer SF. IRIS SFs for radionuclides of concern will be used to estimate radiological risks 
from exposure for up to four pathways: inhalation, ingestion, air immersion, and external 

irradiations. Calculations will be performed according to guidance provided by the EPA 

(1989~). The sum of risks fiom all radionuclides and pathways yields the lifetime risk from 

the overall exposure. Risks will be combined as appropriate, taking into CoIlsideratiOn the 
plausibility of multiple exposures. 

8.5.2.2 N Q I E ~ W C ~ C D ~ ~ C  MecUs. HIS will be summed for those chemicals known 

to produce similar adverse effects in the same target organ using the following equation: 
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. ,  

where: 
HI 
e 
RfDi 

= hazard index; 
- 
= 

exposure level (intake) for the i* toxicant 
r e fmce  dose for the i* toxicant 

E and RfD are expressed in the same units and represent the same exposure period. 

Limitations on the application of this procedure are discussed in M G S  (EPA 1989b). 

8.5.3 Comb- ]Risks From All Pathways From All Contamhaants 

After reasonable exposure pathway combinations have been identified, the likelihood 
that the Same individuals would consistently be exposed by more than one pathway will be 

evaluated. In some situations, it may be appropriate to combine one pathway’s risks with 

other pathways’ risk estimates. If a reasonable exposure pathway combination is identified 
and consistent target organs and mechanisms of toxicity are present, then the cancer risks and 

HIS will be summed separately. Adjustments for absorption efficiency may be required for 

dermal routes of exposure. The adjustments include toxicity values (from administered to 
absorbed doses) and an adjustment for medium of exposure. 

The HHRA will present the chemical and radiological risk estimates separately with 
discussion on the adaptivity potential for these risks. 
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8.5.4 Uncertainty Analysis in Itis& Characterization 

Uncertainties in toxicological measures and exposure assessment are greater than 

uncertainties in environmental analytical data and usually have a more significant effect on 

the uncertainty of the risk assessment (EPA 1990). A sensitivity analysis should be 
conducted to bound the results of the risk assessment. Combining probability distributions 

using Monte Carlo techniques is recommended by the SEAM (EPA 1988~). Risk assessment 
is a best estimate of potential (present and future) risk including the limitations or 
uncertainties for each estimate. Estimates of excess lifetime cancer risk and the potential for 
adverse noncarcinogenic effect in humans have limitations which need to be clearly stated. 

8.6 Urncerta h t v  A m  I* 

The uncertainty analysis characterizes the propagated uncertainty in public health risk 

through the pathways and contaminants which dominate the risk in each credible d o .  

These uncertainties are driven by uncertainty in the chemical monitoring data, the transport 

models used to estimate concentrations at receptor locations, receptor intake parameters, and 

the toxicity values used to cham&mze * risk. Additionally, uncertainties are introduced in the 
risk assessment when exposures to several substances across multiple pathways are summed. 

The goal of the uncertainty analysis is to quantify the uncertainty in the final risk 
characterization estimates. Initially the key site-related variables and assumptions that 
contribute most to the uncertainty will be identified. The risk cham%mnb * 'onusedinsite 

risk assessments may not be fully probablistic estimates of risk but conditional estimates 
given a considerable number of assumptions about exposure and toxicity. Where possible, 

quantitative techniques to estimate uncertainty will be applied (e.g., parameter imprecision 

(R\OU14\WORICPLN\SE.8\10/19/92) 8-32 
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analyses to evaluate model predictions). Assumptions and uncertainties inherent in the risk 

assessment will be fully specified in order to place the risk estimates in the proper 

perspective. The goal will be to use and analyze site data in such a way that the results can 

be presented as estimated probability distributions. The overall uncertainty for the risk 

assessment will be estimated by the total resultant variance propagated through the pathways 

which dominate the risk. 

The review and selection of appropriate uncertainty analysis methods will be focused 

on providing an overall approach that would provide a quantitative result. To assess the 

uncertainty introduced into the risk assessment by each of the categories described above, 

methodologies or approaches for determining the uncertainty for each category will be 

Selected. 
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TABLE 8-1 
MINIMUM REQUIREMEN"S, IMPACTS, AND C0RREC"VE 

ACTIONS FOR DATA USEAIBU" CRlTERU -- 
Reports to Risk 
Assessor 

Data sources 

Analytical Method and 
Detection Limit 

0 Site description 
0 Sample design with sample 

locations 
0 Analytical method and detection 

limit 
0 Results on per-sample basis, 

qualified for analytical limitations 
0 Sample-specific quantitation limits 

(SQLs) and detection limit for non- 
detects 

e Field conditions for media and 
environment 

0 Preliminaryrepom 

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

e Analytical data results for one 
sample per medium per exposare 

0 Broad spectrum analysis for one 
sample per medium per exposure 

0 Field measurements data for media 
and environment 

pathway 

Pathway 

0 Routine methods used for critical 
samples and chemicals of potential 
con- 

0 Detection limit less than 20% of 
concentration of concern 

0 Unabletoperform 0 Requestmissing 
quantitative risk I information 

0 R e q u e s t l d o n s  
exposwe pathways identified 

concentration for 
exposureareas 

0 Potential for false 
negatives and 
positives 

in exposure 
modeling 

hcreasedvariability 

0 Resamplingor 
reanalysis for 
critical sample 

0 Unquantified 
precision and 
accuracy 

0 Falsenegatives 

0 Reanalysis 
Resamplingand 
analysis for critical 
samples 

0 Documented 
statements of 
limitation for non- 
critical samples 
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Data Review 

TABLE &I 
MlMMTJM REQUIREMENTS, W A C " ,  AND CORRECTIVE 

ACTION FOR DATA USEABILlTY CRITEPUA 
(continued) 

Data Quality Indicators 

0 Correctness of analytical results 
reviewed 

0 Sampling variability quantified for 
each analyte 

0 QC samples required to identify 
and quantify precision and 
accuracy 

and accuracy quantified 
0 Sampling and analytical precision 

0 Potentialforfalse 
negatives or false 
positives 

and bias due to 
analytical process. 
calculation or 
transcriution errors 

0 lncreasedvariability 

0 Unabletoquantify 
confidence levels 
for uncertainty 

e Potentialfor false 
negatives or false 
positives 

Reference: G u i i c e  for Data U s e a b i i  in Risk Assessment, Chapter 5, EPA/540/G-90/008, 
Directive: 9285.7-05, 10/90. 

0 Perform data 
review 

0 Resamplingfor 
critical samples 

0 Perform qualitative 
risk assessment 
Perform 
quantitative risk 
ammnnea for non- 
critical namplss 
with documented 
discuaeion of 
potential limitations 
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e Gather and analyze relevant 
site data 

l 0 Identify potential chemicals of 
, concern 

o Evaluate uncertainty I 
e Technical memorandum1 I 

1 e Analyse contaminant releases 

~ e lldentii exposed populations 

' e identify poltentid exposure 
patlaways 

concentrations for pathways 
e Estimateexposure 

e Evaluate uncertainty 

o Technical memorandum 

e Collect qualitative end 
quantitative toxicity informatmap 

e IDetemine appropriate bxicity 
values 

e IEvaluate iuncertaiaaty 

Technical memorandurn 

e Characterize potential for adverse 
heaM effects to OCCUP 

- Estimate cancer risk 

- IEst im nooacancer hazard 
quobents 

0 Evaluate uncertainty 
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9-0 ENVIRONMENTAL EVALUATION WORK PLAN 

OU14 lies entirely within a RFP prodpllction area that consists of buildings, paved 

parking axeas, roads, and hazardous substance sites. Because of exitensive develcnpment, no 
viable ecosy&ms or natural hihitat presently occur 011 the OU14 area. The only vegetatbn 

within this area mmists of landscaping that establkhed scattered conifer trees and strips of 

grass near IHSSs 160 and 162; h fm,  there are insuficient ecosystems, components, or 

functions on OU14 to require a comjmbmive ecologican risk assessmat. In addition, the 

area co-g ~ S S  in OU14 overlaps with &r plant site OUs, and is &ed within 

b k  OUP pre- study m. OU9 b composed! of the OPWLs, a network that extends 

throughout much of the production ama. The OU9 EJ3 work plan defines an ecological risk 

assessment within the pmductim study area that is reduced in scope and is fooused on 
requirements pmptimal to the 
objective of the OU14 EE is to address and characterize effects of con tnminants on the 

ecolcgid resources present, and &en to determine ifthere is a risk of cmtammh * 'on of 

off4te biota by target taxa migdng from the study area- 

ecosystems that occur on this site. The 
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Coordination of OU14 EE requirements with the OU9 EE is mandated by the 

overlapping study areas. Habitat and biological surveys proposed for OU9 will cover the 

entire industrial area, and the results will apply to the OU14 study area. The following text 

provides a brief description of the study components presently proposed for OU9, and how 

these studies relate to the OU14 EE. These sections are based on a preliminary draft of a 

technical mernomdum for a revision to the EE proposed for OU9 (EG&G 1992a). 

9.2 Biological and Habitat Site Characterization 

Biota and habitat surveys proposed for OU9 will be adequate for the biological and 

habitat chmcterization of OU14 and will not be duplicated or repeated. These surveys will 

provide the following infomation applicable to OU14: 

0 

6 

Comprehensive survey and mapping of types and extent of habitats 

Presence andor use of habitats by raptors and migratory birds, including 
waterfowl and passerine species 

0 Presence or absence of threatened and endangered species, or Species of 
special concern 

e I n f o d o n  on small (e.g., mice), and large (e.g., rabbits, hares) mammals, 
and resident bird populations that occur on the site or occur in close proximity 
to the site 

This characterization will include a literature review, expert consultation, and field 

surveys to describe vegetatiodhabitats of the site, and identZy species of special concern, 
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mammals, and birds which have potential to OCCUT in the vicinity of the site. This 

information will be provided in the three following reports: 

e Habitat survey report for compliance with acts and regulations protecting 
migmtory birds 

e Biological survey report for compliance with acts and regulations protecting 
threatened and endangered species 

e A r epohg  of information on the tendency for mammals and birds to OCCUT on 
the site, or in the vicinity of the site 

Sin= OU14 is a small interspersed area within OU9 study area, no target taxa 

populations would be expected to utilize OU14 habitats exclusively. 

If an emtoxicological investigation is necessary, it would consist of the following 

,procedures: 

e Developing a site-specific Conceptual Exposure model to identify potential 
pathways for exposure of on-site biota 

0 Developing a Conceptual Biota Transport model to identify potential pathways 
for &-site transport 

e Selection of target taxa and target analytes (biologically active con- of 
concern) 

e Direct measurement of target d y t e s  within target taxa 
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A technical memorandum would be submitted for EPA and CDH review and 

approval, and for U.S. Fish and Wildlife Service (FWS) and the Colorado Division of 

Wildlife (CDW) review prior to initiating any work. The procedures for conducting this type 
of investigation for the industrial area are presently under development for OU9, and would 

be adapted, if needed, for the much smaller and highly disturbed study area in OU114. 

The information developed by the ecotoxicological investigation would be used to 

assess the ecological risk posed by con taminant migration by contaminated target taxa. 
Information on con taminant migration by target taxa to other OUs will be provided to those 

OU managers for use in conducting their El3 for idenwing ecological risks. This would be 
a quantitative estimate with the appropriate uncertainty analysis for model assumptions and 

estimates of parameters. This information would also be coordinated with contaminant 
migration by physical or abiotic media developed during the site &mckmM~ 'on and 

transport models. 

9.4 Environmental Evaluation Remrt 

The envhnmental evaluation portion of the BRA in the Phase I RFI/RI report will 
consist of the habitat survey &d species assessment information (raptors; migratmy birds; 

threatened andor endangered species; and mammals and resident bird species) discussed in 

Section 9.2. If an ecotoxicological investigation is conducted, the results would be included 

in the EE portion of the BRA in the Phase 1 RFI/RI report. 

(p:\OUI 4 \ W O ~ N . 9 U W l ~  9-4 
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10.0 QUprLnr ASSURANCE ADDENDUM 

This section oonskts of the QAA for Phase I investilgations at Qpemble Unit No. I4 

(OU14). "his QM is a supplement only and must be used in canjmction with the "Rdq 

Flats Plant Site-Wi* Quality Assurance Pmject Plm for CERCLA Remedial Investigation/ 

Feasibaty Studies and R C U  Facility Investigations/Codve Measures Studies Activities" 

(QAPjP), The QAA establishes the site-specfic Quality Assurance (QA) contmls appkable 

to the investigation actirviRies described in the OU14 Work Nan. 

OU14 is one of 16 operable units (OUs) identified for investigations under the Rocky 

Flats PlW (RFP] Interagency Agmement (IAG). QU14 contains 8 individual hazardous 

substame sites (IKSSs), which m described in Sectioly 2 of O W 4  Work Ph. The 

OW4 Work Plan &scribes the Phase I characterizAon of potential sources of a&mmti - 'on 
and potensiauy af&ected soils at eauh of the OU14 IHSSs. The OU14 Work Plan was 
prepared in accordanoe with the requirements of the IAG, a d  federa& and State of Co- 
regulations and guidance documents ident5ed in ~e Mmdu&cm @ d m  1.0). 
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The overall organization of EG&G and the Environmental Management Department 
(EMD) and divisions involved in Environmental Restmation (ER) Program activities is 

shown in Figures 1-1, 1-2, and 1-3 of Section 1.0 of the QAPjP. Individual responsibilities 

are also described in Section 1.0 of the (QAPjP). 

Contractors will be Wed by EG&G to implement the field activities outlined in the 

OU14 Work Plan. The specific EMD personnel who will interface with the contractors and 
who will provide technical direction are shown in Figure 10-1. 

The QAPjP was written to address QA controls and requirementS for implementing 

IAG-related activities. The content of the Q A q j  was driven by Department of Energy 
(DOE) Order 5400.1, RFP Standard Operating Procedm (SOP) 5700.6B, and the IAG. 

DOE 5400.1 and SOP 5700.6B both mire a QA program to be implemented based on 
American Society of Mechanical Engineers (ASME) NQA-1, "Quality Assurance 

Requirements for Nuclear Facilities." The IAG specfies development of a QApjP in 
accordance with the I3nvhnmenta.l p)rotection Agency (EPA) QAMS-005/80, "Interim 

Guidelines and Specifications for Preparing Quality Assurance Project Plans." The 

18element format of NQA-1 was selected as the basis for both the Q M T  and subsequent 

QAAs with the applicable elements of QAMS-005/80 incorporated where appropriate. 
Figure 2-1 of the QAPjP illustrates where the 16 QA elements of QANpS-o05/80 are 
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integrated into the QAPjP and also into this QAA. Section 2.0 of the QAPjP also identifies 
other DOE orders and QA requirements documents to which the QAPjP and this QAA are 
responsive. 

The controls and requirements addressed in the QAPjP are applicable to OU14 Phase 

I activities, unless specified otherwise in this QAA. Where site-wide actions are applicable 

to OU14 activities, the applicable section of the QAs'p is referenced in this QAA. This 

QAA addresses additional and site-specific QA controls and requirements that are applicable 

to OU14 Phase I activities that may not have been addressed on a site-wide bask in the 
QAPjP. Many of the QA requirements specific to OU14 are addressed in the OU14 WP and 
are referenced in this QAA. 

The minimum personnel qditbtion and training requirements that are applicable to 
EG&G and subcontractor staff for RFP ER Program activities are addressed in Section 2.0 of 

the QAPjP. 

All EG&G and subcontractor staff working on OU14 Phase I inv&gaths shall be 
trained in the EMD OPs or laboratory analytical procedum that are applicable to their 

assigned tasks. Su- Project Managen shall be tmined by the EMD and shall be 
've procedure 3- responsible for trainiag subntractor staff according to EPRD Achmtn& 

21000-ADM-02.01, Personnel Training, uskg EG&G-furnished lesson plans. AU personnel 

training shall be documented according to p d u r e  3-21OOO-ADM-02.01. 

. .  
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EG&G EMD and subcontractor personnel shall also meet the minimum qualification 
and training requirements specified in the OU14 WP, the EG&G HASP for OU14 (in 

preparation), the EMD Operating Procedures (OPS) identifed in the OU14 WP, and the 

EG&G hvironmental Management Radiological Guidelines (EMRGs) specZied in the OU14 
HASP and the OU14 Work Plan. The EMD OPs (which may have been referred to as SOPS 

in the QAPjP and other Sections of this OU14 WP) and the EMRGs that are applicable to 
OU14 Phase I activities are identified in Table 10-1. 

80.2.2 Quality Assurance Reports to Management 

A QA summary report will be prepared annually or at the conclusion of these 

activities (whichever is more frequent) by the EMD Quality Assurance Project Manager 

(QAPM) or designee. This report will include a summary of field operations and laboratory 
inspections, surveillance, and audits and a report on data verificaton/n/validation results. 

10.3 Mi Control a nd Contro 1 of sc ientific Pnv-ti~w 

The OU14 Work Plan describes the investigation activities that will be implemented 

during Phase I. The work plan identifies the objectives of the investigations; specifies the 

sampling, analysis, and data gendon  requirements; and identifies applicabb OPs that will 

provide controls for the investigations. As such, the OU14 Work Plan is considered the 

investigation control plan for OU14 Phase I RFI/RI activities. 
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10.33 Data Quality Objectives 

The development of Data Quality Objectives (DQOs) for the OU14 Phase I 
investigations was presented in Section 4.0. The DQOs for OU14 were established in 

accordance with the 3-stage p m s s  described in ElPA/540/G-87/003 (OS- Directive 

9335.0-7B), Data Quality Objectives for Remedial Response Activities, and Appendix A of 

the QAPjP. IdenWication of data quality needs includes d e f k g  specific investigation 

objectives, idenwing data uses, and selecting the types of samples and data that need to be 

collected. The primary objectives for the OU14 RFI/RI, specific data needs, data uses, 

sampling and analysis actiVities, analytical data levels, and DQOs were identified in 
Section 4. These are summanzed * inTable4-1. 

Data quality is typically measured in terms of precision, accuracy, representativeness, 

comparability, and completeness (also referred to as PARCC pamueters). Frecision, 
accuracy, and completeness are quantitative measures of data quality, while 
representativeness and comparability are qualitative statements that e x p ~ s s  the degree to 

which sample data represent actual conditions and describe the confidence of one data set to 

another. These parammrs are defined m Appendix A of the QW-P. PARCC parameters 
will lbe determined for OU14 measurement data, as described in Appendix A of the QAPjP. 

PARCC parameter objectives, that are established prior to initiating investigations, assist 

decision makers in determining if DQOs for measurement data have been met. 

EG&G has established reQuirements for analytical chemistry services for 

environmental samples collected in support of the RFP ER Program. These reqpirements are 
established in parts A and B of the EG&G Rocky Flats General Radiochemistry and Routine 
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Analytical Services Protocol (referred to as the GRRASP). The GRRASP requires analyses 
of EPA’s TCL organics and TAL metals to be analyzed using EPA CLP methods and 
procedures. The GRRASP also requires analyses of all non-CLP and radiochemistry 
parameters to be modified such that the analyses parallel the QC requirements of CLP-type 

analyses. Therefore, all organic and inorganic laboratory analytical data should meet the QC 

needs equivalent to analytical level IV data. 

Historical measures of precision and accuracy for TCL volatile and semi-volatile 

organics and TAL metals have been established for CLP analyses. These historical measures 

of precision and amracy are referenced in Appendix B of the QApjP and represent the 

objectives for TCI; organics and TA metals for OU14. Appendix B of the QAPjP also 
references the precision and accuracy measures for radionuclides that will be analyzed 

according to methods specified in Part B of the GRRASP. These measures represent the 
objectives that are applicable to the analysis of radionuclides for OU14 samples. The goal 

for completeness of laboratory analytical data is 100 percent with a minimum acceptable 
completeness of 90 percent. 

The quality of radiological and soil gas screening data will be controlled by adhering 

to field surveying, sampling, and analytical procedures that have been and are being 

developed. This includes meeting instrument detection, efficiency, and calibration 
requirements specified in the procedures and manufacturers instructions. 

Representativeness and1 comparability were discussed in Section 4 of the OU14 Work 
Plan. 
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10.3.3 Sampling Lcmtions and Sampling Proceduses 

The Field Sampling Plan (FSP) for OU14 was presented in Section 6.0. The FSP 
consists of a 2-staged approach. During Stage 1, attempts will be made to locate areas of 

con tamhation and assess the nature of con tamhation. Stage 2 will consist of assessing the 
extent of con tamhation present at the OU14 MSSs. Sampling activities will generally 

consist of performjng surface radiological surveys, conducting soil gas surveys, collecting 

surface and near surface soil depth profile samples, collecting subsurface soil samples from 

boreholes, installation of tensiometers to monitor moisture matrix potentials in the vadose 

(unsaturated me) ,  instaUation of groundwater monitoring wells and groundwater sample 
collection. The specific sampling plan for each of the eight IHSSs is described in Section 

6.3. The field operating and sampling pn>csdures that will be used to control field samplhg 

activities are idenWied in Section 6.4. The applicable procedures are also listed here in 
Table 10-1. 

10.3.4 h l y f 5 c a l  wuK.adures 

The analytical program for the OU14 Phase I RFI/Rp investigation is discussed in 

Section 6.5. The analytes of interest and the specified detectiodquantitation limits are 
identified in Table 6-2. The analytical methods that shall be adhered to are those that are 

specified in Parts A and B of the G W P .  These methods are referenced in Section 3.0 of 
the QAPjP. 

referenced in Appendix B of the QAPjP. 

Specific analytical methods for each analyte identified in Section 7.5 are 
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Non-dedicated sampling equipment (i.e., sampling equipment that is used at more 

than one location) shall be decontaminated between sampling locations in accordance with 

OPS-F0.03, General Equipment Decontamination. Other equipment (e.g., heavy equipment) 
potentially contaminated during drilling, hydmgeologic/geologic testing, boring, sample 

collection, etc. shall also be decontaminated as specified in OPS-F0.04, Heavy Equipment 

Deantamhati on. 

10.3.6 Air Quam 

Air monitoring will be conducted during implementation of field activities that have 

the potential to create windblown dispersion of contaminants , including drilling, Coring, and 

installation of boreholes and monitoring wells. Air monitoring will determine if OU14 
RFI/RI activities are in compliance with the RFP Interim Plan for Revention of Contamman - t  

Dispersion. Air monitoring will be conducted according to OPS-FO.01, Windblown 

Contaminant Dispersion Control. 

10.3.7 Quality Control 

To verify the quality of field sampling and laboratory analytical pmxses, the 
w M o n ,  preparation, and analysis of QC samples are inmqorated into the sampling and 

analytical programs. 
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10.3.7.1 Field QC Sampks. Field QC samples and collection frequencies for OU14 
are addressed in Section 6.7 and identified in Table 6-5. A specific sampling schedule will 
be prepared by the sampling subcontractor for approval by the EG&G Labomtory Analysis 

Task Leader (Figure 10-1) prior to sampling. Equipment rinsate blanks, which are collected 
and analyzed to detect cross contamination of samples due to inadequate equipment 
decon tamination, are considered acceptable (with no need for data qualification) if the 

concentration of analytes of interest is less than three times the required detection limit for 

each analyte as specified in Table 6-2. Field duplicate samples collected and analyzed to 

provide an indication of overall sampling and analytical precision shall agree within 

30 percent relative percent difference for aqueous samples and 40 percent for homogenous, 

non-aqueous samples. 

0 
Trip blanks and field blanks (for organics and inorganics, respeCtively) indicate 

possible field con Glminatinn when analytes are detected above the minimum detection limits. 

The Laboratory Analysis Task Leader (Figure 10-1) is responsible for verifying these criteria 

and shall be responsible for checking to see if they are met and for qualifying data. 

lQ.3.73 Laboratmy QC. Laboratory QC procedures are used to pmi& measures 
of intemal consistency of analytical and storage procedures. The &oratory contractor will 

submit written SOPs to the Laboratory Analysis Task Leader for appmal. The 

interlaboratory SOPs shall be consistent with or equivalent to EPA-CLP QC procedures. 

The laboratory SOPs must cover the following areas in sufficient detail and reflect actual 
operating conditions in effect during analysis of EG&G RFP samples: 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

Sample receipt and log-in 

Sample storage and security 

Facility security 

Sample tracking (from receipt to sample disposition) 

Sample analysis method references 

Data reduction, verification, and reporting 

Document control (including submitting documents to EG&G) 

Data package assembly (see Section HI.A of the GRRASP) 

Qualifications of personnel 

Preparation of standards 

Equipment maintenance and calibration 

List of instrumentation and equipment (including date purchased, date installed, 
model number, manufacturer, and service contracts, if any) 

Instrument detection limits 

Acceptance critexia for non-CLP analyses 

Laboratory QC checks applicable to each analytical method 

Laboratory QC techniques to ensme consistency and validity of analytical results 

(including detecting potential laboratory co- * 'on of samples) include using reagent 

blanks, field blanks, intemal standard reference materials, laboratory replicate analysis, and 
field duplicates. The laboratmy contractor will follow the standard evaluation guidelines and 
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QC procedures, including frequency of QC checks, that are applicable to the particular type 

of analytical method being used as specified in Parts A and B of the GRRASP and Section 
3.0 of the Q M P .  AU data packages will be forwarded to the Laboratory Analysis Task 

Leader or delegate (Figure 10-1) for review and verification. 

103.8 Quality Assurance Mo~dtoring 

To assure the overall quality of the RFI/RI activities discussed in the OU14 WP, field 

inspections will be conducted daily, and audits and surveillance will be conducted at various 

intervals. The intervals will be determined by the importance and complexity of each 

activity. Intervals will also be based on the schedule contained in Section 7.0. At a 

minimum, each of the field sampling activities described in Sections 6.4 will be monitored by 

an independent surveillance team at least once during the sampling process. EG&G will 

conduct audits of the laboratory contractor(s) as specified in the GRRASP, parts A and B. 
The audits and surveillance, and activity Readiness Reviews are discussed further in Section 
10.18. 

Data management and reporting requirements for field and laboratory data are 
discussed in Section 6.6. Data r e p o ~ g  turnaround times, reduction, and validation 

requirements are as follows. 

10.3.9.1 Analytical Reporting Turnaround Times. Analytical rePortiag tumamund 
times are as specified in Table 3-1 of Section 3.0 of the QAPjP. 
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10.3.9.2 Data Reduction. Reduction of laboratory measurements shall be in 

accordance with the methods specified for each analytical method. Labomtory data will be 

compiled into sample data packages by the laboratory contractor. A sample data package 

shall be developed for each sample delivery group or sample batch, with separate data 
packages for each type of analysis (e.g., a data package for organics, one for inorganics, one 

for water quality parameters, and one for radionuclides). The sample data package shall 
consist of a cover shdtransmittal letter, a case narrative, data summary forms, and copies 

of the data checklists found in Attachments I in Parts A and B of the GRRASP. The reduced 
data will be used in the data validation process to verify that the laboratory control and the 

overall system DQOs lhave been met. 

10.3.9.3 Data V d i t b t i ~ ~ .  Validation activities consist of reviewing and verifying 

field and labomtory data and evaluating these verified data for data quality (Le., comparison 

of reduced data to DQOs, where appropriate). The field and laboratory data validation 
activities and guidelines are described-and referenced in Section 3.0 of the QApjP. The 
process for validating the quality of the data is illustrated graphically in Figure 3-1 of Section 
3.0 of the QAPjP, and is also included as part of the sample collection, cbain-of-custody, and 

analysis process illustrated in Figure 8-1 of Section 8.0 of the QApjP. The criteria for 

determining the validity of ER data at RFP are described in subsection 3.3.7 of Section 3.0 
of the QAPjP. 

10.3.9.4 Data Reprtiag. Depending on the data validation process, data are 
flagged as either "valid," "acceptable with qualifications," or "rejected. " The results of the 

data validation shall be repolted in ER Department Data Assessment Summary reports. The 
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usability of data (the criteria of which is also described in subsection 3.3.7 of Section 3.0 of 

the QAPjP) shall a!lso be addressed by the RFI Project Manager. 

10.4 Prcpcrpremexut Doam ent COlaQol 

Procurement documents for items and services, including services for conducting field 

investigations and analytical laboratories, shall be prepared, handled, and controlled in 

accordance with the requirements and methods specified in Section 4.0 of the QAPjP. Items 
and services used in support of OU14 Phase I RFI/RI activities will be procured according to 

instructions in EMD Administrative Procedure 3-21OOO-ADM-04.01, Procurement Document 

Control. 8 

The OU14 WP describes the activities to be perfoxmed. The OU14 WP will be 
reviewed and approved in accordance with the requirements for instructions, procedum, and 

drawings outlined in Section 5.0 of the QApjP. 

EMD OPS approved for use and their applicabii  are identified in Table 10-1. OPs 

that are identified as being needed, but are not yet developed andor approved, will be 
reviewed and approved as required in Section 5.0 of the QAs'p. Any additional quality- 
affecting procedures proposed for use but not identified in Table 10-1 will also be developed 
and approved as required by Section 5.0 of the QAPjP prior to performing the affected 

activity. 
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Changes and variances to approved OPs and the OU14 WP shall be documented 

through prepamtion of Document Change Notices (DCNs), which will be prepared, 

reviewed, and approved in accordance with requirements specified in Section 5.0 of the 

QAPjP. (Note: DCNs were referred to as procedure Change Notices in Revision 0 of the 

QAPjP). 

10.6 Document Control 

The following documents will be controlled in accordance with Section 6.0 of the 

QAPjP: 

e "Phase I RFURI Work Plan for Radioactive Sites, Operable Unit No. 14" 

* "Rocky Flats Plant Site-Wide Quality Assurance Project Plan for CERCLA 
Remedial InvestigatiodFeasibility Studies and RCRA Facility 
InvestigatiodCorrective Measures Studies Activities" (QAPjP) 

EMD operatins Procedures (aU operating procedures specified in this OU14 WP 
and to-be-developed labomtory SOPS). 

Contractors that provide services to support the OU14 WP activities will be selected 

and evaluated as outlined in Section 7.0 of the QAPjP. This includes preawd  

evaluationlaudit of proposed contractors as well as periodic audit of the acceptability of 

contractor performance during the life of the contract. Any items or materials that are 
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purchased for use during the OU14 investigations that have the ability to affect the quality of 

the data shal l  be inspected upon receipt. 

10.8.1 Sample Contahers/Preservation 

Appropriate volumes, containers, preservation requirements, and holding times for 

water and soil samples are presented in Tables 6-3. 

10-8.2 Sample Pdentif'icatiom 

9 
RFI/RI samples shall be labeled and identified in accordance with Section 8.0 of the 

QAPjP and OPS-F0.13, Containerizing, Preserving, Handling, and Shipping of Soil and 

Water Samples. Samples shall have unique identification that traces the sample to the 

source(s) and indicates the method(s), date, the sampler@), and umditions prevailing at the 
time of sampling. 

Sample chain-of-custody will be maintained through the application of OPS-F0.13, 
Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples, and as 
illustrated in Figure 8-1 of the QAPjP for all environmental samples collected during field 
investigations. 
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The overall process of collecting samples, perfoIming analysis, and inputting the data 

into a database is considered a process that requires control. The process is controlled 
through a series of written procedures that govern and document the work activities. A 

process diagram is shown in Section 8.0 of the QAqjP. 

Inspection of OU14 RFI/RI activities and items (including procurered m a t e a  and 

construction items, such as borehole casing and groundwater monitoring wells) shall be 
inspected in accordance with the requirements for inspections specified in Section 10.0 of the 

Q W P .  

20.11 Test Co ntrol 

Test control requknents specified in Section 11.0 of the QAPjP axe not applicable to 

any of the RFI/RI investigations described in the OU14 WP. 

10.62 Control of Measln ring and Test EUU hment M&'IlQ 

Specific conductivity, temperature and pH of groundwater samples shall be measured 

in the field. Field measurements will be taken and the instruments calibrated as specified in 
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OPS-GW.05, Field Measurements of Surface Water Parameters. Measurements shall be 

made using the equipment specified in the appropriate EMD OPS or approved procedure 

DCN. 

In addition to the field measurements for water quality, field measurements for 

radiation and soil gas will also be made. The following instruments will be used for these 

measurements. 

e Radiological field readings for field survey grid locations and drill cuttings, core, 
and samples will be made by using both a FIDLER and a high purity germanium 
(HPGe) detector or equivalent. Use, calibration, and maintenan ce of the FIDLER 
will be according to EMD OFS-F0.16. Use, calibration, and maintenance of the 
HFGe detector will be according to an EMD OFS that is presently being 
developed. Use and calibration of both types of instruments is based on 
manufactum’s instructions. 

Q Field readings for soil gas will be obtained using portable photoioniZation detector 

according to OPS-F0.15, Photoionization Detectors 0 s )  and W e  IoniZatian 
(PID), HNU Systems P1-101 or equivalent. Use, calibration, and maintenan ce 

Detectors ( F I D S ) .  

Each piece of field equipment shall have a file that contains: 

0 Specific model and instrument serial number 

0 Routine preventative maintenance procedures, including a list of critical spare parts 
to be provided or available in the field 
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e Calibration methods, frequency, and description of the calibration solutions 

U, Standardization procedures (traceability to ~tionally recognized standards). 

The above information shall, in general, conform to the manufacturer’s recommended 
operating instructions or shall explain the deviation from said instructions. 

1Q.U.2 Latpomtory Equipment 

Labomtory analyses will be performed by contracted l a b o d e s .  The equipment 
used to analyze envhmental samples shall be calibrated, maintained, and controlled in 
accordance with the requirements contained in the specific analytical protocols used as 
specified in the GRRASP. This information will be supplied to EG&G as a laboratmy SOP. 

Samples shall be packaged, transported, and stored in accordazlce with OB-F0.13, 

Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples. Maximum 
sample holding times, sample preservative, sample volumes, and sample containers are 

specified in Table 8-1 of Section 8.0 of the QApjP. Sample handling and storage controls at 

the laboratory shall be provided as a laboratmy SOP. 

10.14 status of Inswon. Test. and Omratiom 

The requirements for the identification of inspection, test, and operating status shall 
be implemented as specified in Section 14.0 of the QW-P. A log specifying the status of all 
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boreholes and groundwater monitoring wells shall be maintained by the Field Activities Task 
Leader, which will include weWborehole identification number, ground elevation, casing 

depth of hole, depth to bedrock, static water level (as applicable), depth to top and bottom of 
screen (as applicable), diameter of hole, diameter of casing, and top/bottom of casing. 

l0.U Control of N m c a m f o ~ ~  

The requirements for the identification, control, evaluation, and disposition of 
nonconforming items, samples, and data will be implemented as specified in Section 15.0 of 

the QAPjP. Nonconformances identified by the implementing contractor shall be submitted 
to EG&G for processing as outlined in the QAPjP. 

BQ.16 Co- 've Action 

The requirements for the identifcation, documentation, and veifhtmn s ofcorrective 

actions for conditions adverse to quality will be implemented as outlined in Section 16.0 of 

the QAPjP. Conditions adverse to quality identified by the implementing contractor shall be 

documented and submitted to EG&G for processing as outlined in the QAPjP. 

QA records will be controlled in accordance with OB-FO.02, Field Document 

Control. QA records to be generated during OU14 RFI/RI activities include, but are not 
limited to: 
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e Field Logs and Data Record Forms (e.g., sample collection notebooks/logs for 
water, sediment, and air) 

Calibration Records 

0 Sample Collection and Chain-of-Custody Records 

0 Laboratory Sample Data Packages 

Q DrillingLogs 

Q Work PWField Sampling Plan 

Q Audit/Suxveillance/Inspection Reports 

Q Nonconformance Reports 

e Corrective Action Documentation 

Q Data Validation Results 

Q Procment/Contracting Documentation 

The requirements for the verification of quality shall be implemented as specified in 

Section No. 18 of the QM-P. EG&G wiU conduct audits of the laboratory colltractor as 
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specified in the GRRASP, Parts A and B. The EMD QAPM shall develop a surveiuanCe 

schedule with the surveillance intervals based on the importance and complexity of each 
sampling/analytid activity. Intervals will also be based on the schedule contained' in 
Section 6.0. 

Examples of some specific tasks that will be monitored by the surveillance program 

are as follows: 

0 Borings and well installations (approximately 10 percent of the holes) 

Field sampling (approximately 5 percent of each type of sample coll&) 

e Records management (a surveillance will be conducted once at the initiation of 
OU14 activities, and monthly thereafter) 

8 Data verification, validation, and reporting 

Audits of contractors providing field investigation, construction, and analytical 

support services shall be performed at least a n n d y  or once during the life of the project, 

whichever is more frequent. 

A Readiness Review shall be conducted by the EMD QAPM prior to the 
implementation of OU14 field investigation activities. The readiness review will determine if 
all activity prerequisites have been met that are required to begin work. The applicable 

requirements of the QAPjP and this QAA will be addmsed. 
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10.19 Software Control 

The requirements for the control of software shall be implemented as specified in 

Section 19.0 of the QAPjP. Only database software is anticipated to be used for the OU14 

WP activities. Operating procedures applicable to the use of the database storing 

environmental data can be found in OPS-F0.14, Field Data Management. 
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TABLE 10.1 
€MD Operating Procedures and Field AdMtles 

for Whlch They are Applicable 
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EG&G, D82: An Aerial Radiological Survey of the United States Department of Energy's 
Rocky Flats Plant, Golden, Colorado, 1991. 

EG&G, PWOa: EG&G Rocky Flats, Inc., "Final Background Geochemical Characterization 
Report for 1989, Rocky Flats Plant," Golden, Colorado, 1990. 

EG&G, l99Ob: EG&G Energy Measurements, An Aerial Radiological Survey of the United 
States Department of Energy's Rocky Flats Plant and Surrounding Area, Golden, Colorado, 
1990. 

EG&G, -la: EG&G Rocky Flats, Inc., "Phase II Geologic ChamWmt~ 'on, Task 6 
surface Geologic Mapping Draft Report," Golden, COlOIado, 1991. 

EG&G, B991b: EG&G Rocky Flats, Inc., Draft Final, "Phase II RFI/RI Work Plan 
(Bedrock), 903 Pad, Mound, and East Trenches (Operable Unit No. 2), Rocky Flats Plant, " 
Golden, Colorado, January 1991. 

EG&G, 1981~: EG&G Rocky Flats, Inc., Draft Final, "Geologic Characterization Report," 
Golden, C o l d o ,  July 31, 1991. 

0 
EG&G, 1991d: E6&G Rocky Flats, Inc., "General Radiochemistry and Routine Analytical 

Services Protocol (GRRASP);" Golden, Colorado, 1991. 

EG&G, Wle: EG&G Rocky Flats, Inc., "Rocky Flats Plant Site-Wide Quality Assurance 
Project Plan for CERCLA WFS and RCRA RFYCMS Activities," Golden, Colorado, 
1991. 

E M G ,  l991fi EG&G Rocky Flats, Inc., "EG&G Rodq Flats Plant Eanritonmental 
Management Division Operating procedures Manual," September 1991. 

EG&G, t99JLg: EG&G Rocky Flats, Inc., "Plan for Prevention of Con taminant Dispersion, 
Rocky Flats Plant Site, Golden, Colorado," Golden, Colorado, 1991. 

EG&G, 1991h: "Prelimhary Assessment/Site Description: Assessment of Potentd 
Environmental Releases of PCBs, Rocky Flats Plant Site, Golden, Colorado," Golden, 
Colorado 1991. 
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EG&G, P992a: EG&G Rocky Flats Plant, Inc., "Final Phase I RFI/RI Work Plan Original 
Process Waste Lines. Operable Unit 9, Rocky Flats Plant," Golden, Colorado, February 
1992. 

EG&G, P992b: EG&G Rocky Flats Plant, Inc., " F i i  Report, Phase II Geologic 
Characterization, Data Aquisition. Surface Geologic Mapping of the Rocky Flats Plant 
and Vicinity, Jefferson and Boulder Counties, Colorado," 1992. 

EG&G, Wc: "EMD Operating Procedms" Manual No. 5-21000-OPS-FO, Volume I: 
Field Operations, May, 1992. 

EG&G, IW2& "EMD Operating procedures" Manual No. 5-21oOeOPS-SW, Volume IV: 
Surface Water, May, 1992. 

EG&G, I%!& "EMD Operating Procedures" Manual No. 5-21OOO-OPS-GT, Volume III: 
GeQtechnical, May, 1992. 

EG&G, "EMD Opexatbg procedures" Manual No. 5-21OOO-OPS-GW, Volume II: 
Groundwater, May, 1992. 

EG&G, l992g: EG&G Rocky Flats Plant, Inc., " lh f t  Historical Release Report for the 
Rocky Flats Plant," Goldem, Colorado, 1992. 

EG&G, lB2h: EG&G Rocky Flats Plant, Inc., personal communication with Ron Reiman 
regarding high purity germanium (HPGe) surveys, March 1992. 

EPA, 19&k UnitedStatesEnvironmentalprotectiOnAgency, "FederalGuidanceReporcNumber 
10, The Radioactivity, ConcQltraton Guides," Washington, D.C., EPA office of Radiation 
Programs, EpA/520/1-84/010, 1984. 

EPA, 1987: United States EnviroMlental Pmtectm - Agency, "Data Quality Objectives for 
RemedialRespOnse Activities," Washington, D. C., EPA/543-/G-87/003,0SwE;RDirective 
9355.0-7BY March 1987. 

EPA, U88a: United States Environmental Protection Agency, Interim Final, "Guidance for 
Conducting Remedial Invest@tions and Feasibility Studies Under CERCLA, " Washington, 
D.C., EI?A/540/8-89/004, OSWER Directive 9355.3.01, October 1988. 
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EPA, 1988~: United States Environmental Protection Agency, "Superfund Exposure 
Assessment Manual," Washington, D.C., EPA, Office of Emergency and Remedial 
R e s p ~ n ~ e ,  EPA/540/1-88/0011, 1988. 

EPA, 198%: United States Environmental Prokction Agency, Interim Final, "RCRA Facility 
Investigation 0 Guidance," Washington, D.C., EPA/530/SW-89-031, May 1989. 

EPA, 1989b: United States Environmental Protection Agency, "Risk Assessment Guidance 
for Superfund Volume II, Environmental Evaluation Mand , "  Interim Final, Washington, 
D.C., EPA, office of Emergency and Remedial Response, EPA/540/1-89/002, 1989. 

EPA, D 8 k  United States Environmental Protection Agency, "Methods of Evaluating the 
Attainment of Cleanup Standards, Voll: Soil and Solid Media. Office of Policy, Planning, 
and Evaluation, EPA 230/02-88/042. 

EPA, 1989ck United States Environmental Protection Agency, "Risk Assessment Guidance 
for Superfund, Human Health Evaluation Marmal," Volume 1, (Part A), Interim Final, 
1989, EPA/540/1-89/002, including OSWER Directive 9285.6-03 Human Health 
Evaluation, Supplemental Guidance: "Standard Default Exposure Factors." 

EPA, l9Mk United' Stases Emironmental Protection Agency, "Guidance for Data Useability 
in Risk Assessment," Interim Final, Washington, D.C., EPA, office of Emergency and 
Remedial Respon~e, EPA/540/G-90/008, October 1990. 

IEPA, -la: United States Enviroimental Protection Agency, Draft, "Guide to Management 
of Investigation-Derived Waste," Washington, D.C., EPA, 1991. 

EPA, mlb: United States Environmental Protection Agency, Draft, "Risk Assessment 
Guidance for Superfnnd, Human Health Evaluation Manual," Volume 1, (Part B). Interim 
Publication 9285.7-OPB, 1991. 

G i i ,  lB7: EO. Gilbert, "Statistical Methods for Eavironmental PollutiOnMonitoring," 
Van Nostrand Reinhold Company Inc., New Yo&, New York, 1987. 

Hum, 1976: R.T. Hurr, "Hydrology of a Nuclear-Processing Plant Site, Rocky Hats, 
Jefferson County, Colorado," U.S. Geological Survey --File Report 76-268, 1976. 
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Hydro-SeaFch, p985: Hydro-Search, he., "Hydrogeologic Chcterization of the Rocky 
Flats Plant, Golden, Colorado," Project No. 1520, 55 pp., 1985. 

Hydro-Search, 1986 Hydro-Search, he., "Electromagnetic Survey, RocQ Flats Plant, 
Golden, Colorado," Project No. 106605502, 1986. 

Machette et al; 1976: M.N. Machette, Birkland, G. Markus, and M.J. Guccione, "Soil 
Development in Quaternary Deposits in the Golden-Boulder Portion of the Colorado 
piedmont," Studies in Colorado Field Geology, RC. Epis and R.J. Weimer, eds., No. 
8, November 1976. 

Malde, W55: H.E. Malde, "Surficial Geology of Louisville Quadrangle, Colorado," U.S. 
Geological Survey Bulletin 996-E, pp. 217-259, 1955. 

Norton, 1984: R.W. Norton, "Radiometric Survey," April 17, 1984. 

Robson et zal; l98h S.G. Robson, J.C. Romero, and S. Zawistowski, "Geologic Structure, 
Hydrology, and Water Quality of the Arapahoe Aquifer in the Denver Basin, Colorado," 
U.S. Geological Suvey Atlas HA-647, 1981. 

Robsola et ra8; 1981b: S.G. Robson, A. Wacinski, S. Zawistowski, and J.C. Romero, 
"Geologic Structure, Hydrology, and Water Quality ofthe Laramre- * FoxEzillsAquiferin 
the Denver Basin, Colorado," U.S. Geological Survey Hydrologic Atlas HA-650, 1981. 

RwkweU, 1875: RockwellInternational, "AMualEnvinmmentalMonitorinsRepoR, January- 
December 1974," Golden, Colorado: Rockwell Internatid, Rocky Flats Plant, Report 
RFP-ENV-74, 1975. 

Rtxkwd, l.976: RockwellInternational, "AnnualEnvironmentalMonitOring Report, January- 
December 1975," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report 
RFP-W-75, 1976. 

Rockwell, l.977: RockwellIntemational, "AnnualEn- MOmgRePort ,  J~UU~IY- 
December 1976," Golden, Colorado: IRoCkwell International, Rocky Flats Plant, Report 
RFP-W-76, 1977. 
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Roclkwell, 1978: Rockwell International, "Annual Envhnmental Monitoring Report, January- 
December 1977," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report 
RFP-ENV-77, 1 978. 

Rockwell, W 9 :  RockwellIntemational, " AnnualEnvironmentalMonitoring Report, January- 
December 1978," Golden, Colorado: Rockwell Intemational, Rocky Flats Plant, Report 
RFP-ENV-78, 1979. 

Rockwell, 1980: RockwellIntedonal, ""AnnualEnvironmentalMonitOring Report, January- 
December 1979," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report 
RFP-ENV-79, 1980. 

Rockwell, 1981: RockwellIntemational, "AnnualEnvironmentalMonitorbg Report, January- 
December 1980," Golden, Colorado: Rockwell hternational, Rocky Flats Plant, Repofi 
RFP-ENV-80, 1981. 

Rockwell, 1982: RockweUIntemational, "AnnualEnvironmentalMonitorhg Report, January- 
December 1981," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report 
RFP-ENV-81, 1982. 

Rockwell, 1983: RockwellIntemational, " AnnualEnvironmentalMo~toring Report, January- 
December 1982," Golden, Colorado: Rockwell International, Rocky Flats Plant, Repcnt 
RFP-ENV-82, 1983. 

Rockwell, D84: RockwellIntemational, "AnnualEnvhmmentalMoni~rhgReport, January- 
December 1983," Golden, Colorado: Rockwell International, Rocky Flats Plant, Report 
RFP-ENV-83, 1984. 

Rockwell, p985: Rochell  International, "Annual EnvironmentalMonitOring Report, January- 
December 1984," Golden, Colorado: Rockwell Intemational, Rocky Flats Plant, Report 
RJT-ENV-84, 1985. 

Ro&wd, B8Qa: RockwellIntemational, "GeologicalandHydrologicalDataS~, U.S. 
Department of Energy, Rocky Flats Plant, Golden, Colorado," Golden, Colorado: 
Rockwell htemathal, 58 pp., July 21, 1986. 
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Rockwell, 1986b: Rockwell International, "Annual Environmental Monitoring Report, 
January-December 1985," Golden, Colorado: Rockwell In tedonal ,  Rocky Flats Plant, 
Report RFP-ENV-85, 1986. 

Rockwell, UJ86c: Rockwell International, "Draft Work Plan, Geological and Hydrological 
Site Characterization, U.S. Department of Energy, Rocky Flats Plant, Golden, Colorado," 
Golden, Colorado: Rockwell Intedonal, Rocky Flats Plant, 1986. 

ROc%wel, l98Qd: Rockwell International, "Draft Project Operations Plan, Geological and 
Hydrological Site Chaxacterhtion, U.S. Department of Euergy, Rocky Flats Plant, Golden, 
Colorado," Golden, Colorado: Rockwell Intemational, Rocky Flats Plant, 1986. 

Wdwelll ,  8986k Rockwell International, "Resource Conservation and Recovery Act Part 
B - Post-Closure Care Permit Application for U.S. Department of Energy, Rocky Flats 
Plant, HazardousandRadioactiveMixed Wastes," U.S. DepartmentofEnergy, unnumbered 
report, 1986. 

Rockwell, DS7: Rockwell International, "Resource Conservation and Recovery Act Paa B - 
0peratingpermitApplicationforU.S. DepiutmentofEnergy, RodqFlatsPht, -us 
and Radioactive Mixed Wastes, Revision 1," US. Department of Energy, unnumbered 
report, 1987. 

Rockwell, lH8: Rockwell International, "Closure Plan, Solar Evaporation ponds," U.S. 
Department of Energy, Rocky Flats Plant, Golden, Colorado: Rockwell International, 
October 5, 1988. 

Scott, 89Q(b: G.R Scott, "Quaternary Sequence East of the Front Range Near Denver, 
Colorado, " in Guide to 6eo logv of co lorado, RJ. WeimerandJ.D. Haun, eds., Geological 
Societyofhenca, Roc~MountainAssoCiationofGeologists, ColoradoScientificSociety, 
pp. 206-221, 1960. 

Scott, W3: G.R. Scott, "Quaternary Geology and Geomoxphic History of the Kassler 
Quadrangle, Colorado," U.S. Geological Survey Professional Paper 421-A, 1963. 

Scott, 1974): G.R. Scott, "Quatexnaxy Faulting and potential Barehqnakes in East-central 
Colorado," U.S. Geological Survey Professional Paper 7WC, pp. Cll-Cl8, 1970. 
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Scott, 19'72: G.R. Scott, "Geologic Map of the Morrison Quadrangle, Jefferson County, 
Colorado," U.S. Geological Survey Miscellaneous Geologic Inventory Map 1-790-A, 1972. 

S c ~ t ,  8975: G.R. Scott, "Cenozoic Surfaces and Deposits in the Southern Rocky Mountains" 
in Cenozoic Historv o f the Southern Rockv Moun t a i ~ ~ ,  B.F. Curtis, ed., Geological Society 
of America Memoir 144, pp. 227-248, 1975. 

Spencer, 1961: F.D. Spencer, "Bedrock Geology of the Louisville Quadrangle, Colorado," 
U.S. Geological Survey Geologic Quadrangle Map GQ-151, 1961. 

Terry, R., 1991: "Contamination of Surface Soil in Colorado by Plutonium, 1970-1989 : 
Summary and Comparison of Plutonium Concentrations in Soil in the Rocky Flats Plant 
Vicinity and Eastern Colorado". 

Tracer, 1986: Tracer Research Inc., "Shallow Soil Gas Investigation of the Rocky Flats Plant, 
Golden, Colorado," 1986. 

Van Horn, 197'2: R. Van Horn, "Suficial and Bedrock Geologic Map of the Golden 
Quadrangle, Jefferson County, Colorado," U.S. Geologic Survey Miscellan eous Geological 
Field Inventory Map 1-781-A, 1972. 

Van H Q ~ ,  1976: R. Van Horn, "Geology of the Golden Quadrangle, Colorado," U.S. 
Geological Survey professional Paper 872, 116 pp., 1976. 

Weher, 1973: R.J. Weimer, "A Guide to Uppermost Cretaceous Stratigraphy, Central Front 
Range, Colorado Deltaic Sedimentation, Growth Faulting and Early Laramide Crustal 
Movement," in The Mou n u n  G e o l a  * , Rocky Mountain Association of Geologists, 
V.I.D., pp. 53-97, 1973. 
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