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EXECUTIVE SUMMARY

This document provides a description of the models selected to perform groundwater, surface water,
and air modeling for Rocky Flats Environmental Technology Site (RFETS) Operable Unit No. 6 (QU6)
in support of the Humnan Health Risk Assessment (HHRA), which is part of the QU6 Phase [ Resource
Conservation and Recovery Act (RCRA) Facility Investigation/Remedial Investigation (RFI/RI). This
document does not describe the detils of the implementation of selected models to the site-specific
conditions at QUS; that will be described in detail in the Phase I RFI/RI Report.

The objective of the modeling is to support the HHRA portion of the RFI/RI Report for OU6. This
will be accomplished by simulating the transport of chemicals of concern (COCs) from OU6 to
potential exposure points for human recepors under present and potential furure site conditions.

A conceptual site modet (CSM) has been developed to identify and evaluace the chemical source areas,
chemical release mechanisms, environmental transport media, potential human intake routes, and
potential human receptors at OU6. The purpose of the CSM is to idenrify human exposure padiways t0
be quantitatively evaiuated in the HHRA. Exposure pathways chosen for evaluation in the risk
assessment that include ransport media such as groundwater, surface water. and air. may require fate
and transport modeling to estimare chemical exposure point concentrations. The foilowing document
describes the exposure pathways to be evaluated in the HHRA thar will require such modeting and
identifies the mathematical models that wiil be used to estimate exposure point concentrauons. The
models are based on data that have been collectad at the site as part of the Phase I RFI/RI for OU6.
The following models were selected to meet the requirements and objectives of the modeling study:
A simple one-dimensional analyticai groundwater model wiil be run 0 determine the
potential for vinyl chloride to migrate directly from the vadose zone inro the air.

The watershed/water quality modet HSPF10 for surrace water fate and (ransport.
The Superfund Exposure Assessment Manual (SEAM) Models for soil gas faee and
transport. 2 box modet for onsite ambient air contaminan fate and transport, and
Fugitive Dust Model (FDM) for offsite ambient air contaminant fate and transport of

QU6 source air emissions.

Data available for use as input for the modeling activities were evaluated based on a review of previous
and ongoing investigations and on general literarure. Tables 3-1, 3-2. 3-3. and 53— summarize the input
parameters currently available to estimate mode! input parameters. Additional site-specific data from
the Phase I RFI/RI investigation will be used in the modeling esfort once those data become availaole.
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The data presented in Tables 3-1, 3-2, 3-3, and 3~ are preiiminary and, in some cases, are not site-
specific. The data values or ranges of values are not intended to be fixed or final. The ranges are
presented to convey what is currently known of the potential variability in the parameter values that

may be used in the models.
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1.0 INTRODUCTION

This document provides a description of the models selected to perform groundwater. surface water,
and air modeling for the OU6 HHRA. The results of the modeling will be used as exposure point
concentrations in the HHRA, which is part of the OU6 Phase I RCRA RFI/RI. The RFI/RI is being
conducted pursuant o the Compliance Agreement between the U.S. Deparanent of Energy (DOE), the
U.S. Environmental Protection Agency (EPA), and the State of Colorado Deparmnent of Public Health
and Environment, dated July 31, 1986; and the Federal Facility Agreement and Consent Order
(FFACO) [known as the Inter-Agency Agreement (IAG)], dated January 22, 1991. The DOE
Environmental Restoration Program (ERP) was formed to identify, investigate, and if necessary,
remediate contaminated sites at DOE facilities. The program, in fulfilling this mission, addresses
RCRA and Comprehensive Environmental Response, Compensation. and Liability Act (CERCLA)
issues. In accordance with the JAG, the CERCLA terms "Remedial Investigation” and "Feasibilicy
Study” in this document are considered equivalent to the RCRA terms "RCRA Facility [nvestigation”
and "Corrective Measures Study, " respectively.

This technical memorandum (TM) is intended for review in conjunction with the OU6 HHRA
Technical Memorandum No. 2, Exposure Scenarios (Appendix J of the OU6 Work Plan), which
provides additional information or details on the exposure scenarios to be used for QUS.

The remainder of Section 1.0 includes a discussion of the purpose of this TM, the objectives of the
modeling activities (Section 1.1), and a brief reference to the site location and general site conditions
(Section 1.2). Section 2.0 briefly summarizes the OU6 conceptual site model and exposure pathways
to be evaluated in the risk assessment for OU6. and Section 3.0 presents descriptions of the selected
medels for groundwater, surface water. and air and a surmmmary of model input parameter values.
Section 4.0 presents a summary, and Section 5.0 is a list of references used in preparing this TM.

1.1 PURPOSE AND SCOPE

The purpose of this document is to provide a description of appropriate groundwater. surface water.
and air models for use at QU6. This document fulfills the IAG requirements (IAG 1991, Section

VII.D.1.b) that state: .

"... DOE shail submit for review and approval a description of the fate and transport models
that will be utilized, including a summary of the data that wiil te used with these models.
Representative data shall be utilized. and the limitations. assumptions and uncertainties
associated with the models shall be documented.”
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The model selection process focuses on madeis appropriate for simulating processes affecting the
migration of contaminants through the sarurated zone, the unsaturated zone, suriace watsr. and the
airborne transport of contaminants. Mode! selection is based on the general site conditions outlined in
the Phase [ RFI/RI Work Plan for QU6 (DOE 1992a) and the QU6 Exposure Assessment Technical
Mermorandum. Site-specific data will be incorporated int the modeis.

Modeling activity quality assurance is covered by the site-wide quality assurance plan (EG&G 1991a).
Modeling quality assurance includes mode! verification, checks on calculations, and technical review ot

modeling methods, assumptions, results, and interpreauons.

The objective of the modeling is to support the HHRA portion of the RFI/RI Report for ous. "I'his
will be accomplished by simulating the transport of COCs from QU6 (o pocencial exposure points for

human receptors under present and potential future site conditions.

1.2 SITE LOCATION AND GENERAL SITE CONDITIONS

A decailed description of the site location and general site conditions for the RFETS is inciuded in
Sections 1.0 and 2.0 of che Phase [ RFI/RI Work Plan for QU6 (DOE 1992a). In addition. the HHRA
Technical Memorandum No. 2. Exposure Assessment for OU6 (Appendix J to the OU6 Work Plan).
contains any new or revised site information that differs from that presented in the work plan.
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2.0 GENERAL CONCEPTUAL MODEL OF OU6

This section discusses the general use of a conceprual site model (CSM) at OU6. A CSM is a
schematic representation of the chemical source areas, chemical release mechanisms. 2nvironmental
transport media, potential human intake routes. and potential human receptors. The purpose of the
CSM is to provide a framework for problem definition, to identify exposure pathways that may result
in human health risk, to aid in identifying data needed to quantify potential exposures, and to aid in
identifying effective cleanup measures, if necessary, that are targeted at significant contaminant sources

and exposure pathways.

An exposure pathway describes a specific environmental pathway by which an individual can be
exposed to chemical constituents present at or originating from a site. A completed exposure pathway
includes five necessary elements: source of chemicals, mechanism of chemical release. environmental
transport medium, exposure point, and human intake route. Each one of these five elements must be
present for an exposure pathway to be complete. An incomplete pathway means that no human

exposure can occur. Only potentiaily complete pathways will be addressed in the HHRA for OU6. A

detailed summary of potentially exposed human recepror popuiations and exposure pathways developed
for each Area of Concern in OU6 is presented in the OU6 HHRA Technical Memorandum No. 2,

Exposure Assessment (Appendix J to the OU6 Work Plan).

An exposure point is a specific location where human receptors can come into contact with site-related
chemicais. The objective of this TM is to identify fate and transport models that will be used to
calculate exposure point concentrations for the HHRA. Exposure pathways that may transport COCs
from QU6 to potential human exposure points are presented in the OU6 HHRA Technical
Memorandum No. 2. Exposure Assessment. The environmental media associated with exposure
pathways thar will require fate and transport modeling are groundwater. surface water, and air.

Groundwater

Figure 2-1 illustrates the general conceprual model for groundwater and surface water pathways at
QU6. Groundwater flows and chemicals migrate from potentially contaminated soils within an
Individual Hazardous Substance Site (IHSS), into the surrounding Rocky Flats Alluvium and
colluvium. Potentiaily contaminated groundwater then migrates out of seeps along valley siopes as
surface water or near-surface groundwater in the colluvium to the creeks. South and North Walnut
creeks, as well as the unnamed northern tributary to Walnut Creek, then transport possible
contaminants downstream via surface water processes.
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Surrace Water

The pathways of interest for surface water are related t0 ingestion of or dermal coneact with surface
water coataining suspended sediment and/or site-related chemicals potentiaily transported to surface
water. Stormwater runoff may transport contaminated soils to surface waters through erosion, with
subsequent transport to downstream receptors. Surface waters and suspended sediments may also be
impacted from the discharge of contaminated groundwater via seeps and springs. Figure 2-1isa
conceptual model for groundwater and surface water illustracing these pathways. '

Alr

The air emissions and dispersion modeis selected 0 assess air contaminant concentrations at sensitive
receptors will estimate exposure point concentrations for the exposure pathways associated with air
transport.  Volatile organic compounds (VOCs) may be transported througn the vadose zone from
underlying soils and be subsequently entrapped within a hypothetical building located on the surface of
OU6. Chemicals in surface soils may be transported via fugitive dust emissions from OU6 to onsite
and offsite receptors. Fugitive dust emissions from OU6 may also result in deposition of chemicals in
airborne particulates on surface soils and plants. Potential chemical intake and corresponding risks ‘
associated with these media will also be evaiuated. A general conceprual modef for airborne exposure

pathways is shown on Figure 2-2.
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3.0 MODEL DESCRIPTIONS

This section specifies the models to be used in characterizing and predicting exposurs point
concencrations at specific receptor locations for the OU§ HHRA. The considerations for mode!
selection and the basis for selecting the chosen models are also discussed.

The term "model” refers to computer codes or a set of equations that can be used to mathematically
represent site conditions and simulate media behavior (e.g., groundwater flow) and contaminant face
and transport in the model domain. The models will incorporate site-specific data to allow simulation
of site-specific conditions and behavior. The combination of a computer ccde and the necessary site-
site-specific model.”

specific data will be referred to as a °
3.1 GENERAL CONSIDERATIONS FOR MODEL SELECTION

According to Bond and Hwang (1988) and van der Heijde and Park (1986), the foilowing issues should
be considered when seiecting groundwater models for simulating conditions at a site: (1) the objectives
of the project, (2) the physical and chemical conditions of the site. and (3) the requirements for
implementing the modeis. Although the discussions presented by Bond and Hwang and van der Heijde
and Park were directed at groundwater models, it is reasonable to apply the same considerations (0

surrace water and air models.

The OUS6 modeling objective (Issue No. 1) is to simulate the transport of COCs to potential human
receptor locations for risk assessment purposes. The physical and chemical conditions of the site (Issue
No. 2) have besn and are continuing to be characzerized as part of the ongoing Phase [ RFI/RI process.
Models selected should be capable of incorporating key onsite transport processes. Requirements for
\{mpiementing the models (Issue No. 3} include: (1) the avaiiabilicy or the modei. (2) the degres and

nature of documentation. (3) the extent of pesr review or the model. and (4) the nacure of mode!l

verification and testing. (Model verification is the process of verifying that the mode! results are
numerically correct and involves an independent check of the calculations pertormed by the model.)

Based on the issues described above. a set of criteria was developed for seiecting the modeis (o be used

3t OU6. Model seiection was based on the foilowing five criteria:

L. The selected models should be able (o incorporate ey processes Known {0 occur at the

site.
The selected models shouid be able (o satisty the objectives of the swudy.

The selected models shouid be verified using published equations and solutions.

o

(V9]
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The selected models should be complete and well documented and preferapbly availaole

4.
in the public domain.
The selected models should be practical and cost-effective in terms Of actual application

h

as weil as resolurion of uncerraincy.

These five criteria were used as the basis for seleciing the groundwater, surface water, and air models
to be used for OU6. The following sections discuss the selected models reiative to their ability 0
satisfy the identified selection criteria. ‘

All mathematical models have limitations and uncertainties associated with assumptions inherent in the
models. This is true for the models selected for use for OU6. However, it is believed that the selected
models presented herein are the most appropriate models available for use for QU6 and that the

associated limitations and uncertainties are accepaable.

2 GROUNDWATER CONTAMINANT FATE AND TRANSPORT MODEL

o

Groundwater conaminant conditions in OU6 have besn evaluated based on nydrogeclogic condirions,
spatial and temporal distributions of COCs. potential sources of contaminarion. and e mobility and
benavior of COCs. Based on this evaluation, groundwarer conaminant fate and transport modeiing
strategies to support the OU6 HHRA have been determined. The deailed discussion of the modeling

strategies is presented as foilows.

Groundwater COCs were identified in Technical Memorandum No. 4. Human Health Risk Assessment
for Walnut Creek Prioricy Drainage. Operabdle Unit No. § {(Appendix L of tie OUS Work Plan). Based
on a review of the spatial distribution and conceacrations of these COCs. tiree major groundwater
contaminant concerns wihich potentially need to be modeled were idanrified:

o TCE and other VOCs in the Trench Area near the landfill pond (OU™)
° Nitrite/nitrace in the North Walnut Creek Drainage upgradient of Pond A-1i
. Vinyi chloride and other VOCs in the South Wainut Creei Drainage upgradient of Pond B-1.

An evaluation of existing data and other pertinent informacion has led to e following conciusions:

{. Modeling of TCE and other VOCs in the Treach Area wiil be conducted as part of the QU7

closure study.

2 The sources and major portion of the nicrite/nitrate plume are located in the Solar Pond Are2
(OU4). It would be more appropriate for this plume to be modeled as part of the OU+ RFI/RL
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A screening level analvtical groundwater model may be necessary .to simulate potential
migration of vinyl chloride from well 3585 downgradient to South Walnut Creek. This mode!
(or a combination of different models) should be able to simulate both lateral migration in
groundwater and volatilization from groundwater to soil gas in the vadose zone.

(9 ]

Trench Area VOC Modeling

In the Trench Area (IHSSs 166.1, 166.2, 166.3, and old 167.4) elevated concentrations of VOCs are
detected only in wells located on the north side of the groundwater divide. which follows the
topographic divide between the North Walnut Creek Drainage and the Unnamed North Tributary
Drainage. The groundwater flow gradient indicates that contaminants will potentially migrate towards
the landfill pond. As seen in Figure 3-1, concentrations of VOCs in groundwater samples collected
from some of the Trench Area wells are relatively great. The VOC with the highest concentrations was
TCE, ranging from 26 to 150 u#g/L in well 7287. A numerical groundwater modet is currently being
developed for OU7 which covers the major portion of the Trench Area. The OU6 weills that will be
included in this model are 7087, 7287, B206489, B206589, B206689, B206889, 4087, 76792, and
76992. Because OU7 is developing this model. it is not necessary for OU6 to duplicate this effort,

especially.

Nitrite/Nitrate Modeling

During the QU6 samping effort from the st quarter 1991 to 4th quarter 1993, continuously large
concentrations of nitrite/nitrate, ranging from 30 to 1.700 mg/L. were observed in valley fill wells and
bedrock wells in the area upgradient of the A-series ponds. These wells are 1786, 1586, B208589.
B210489, B208289, B209689. and P210089: the nitrite/nitrate data for groundwater samples coilected

from these weils is shown on Figure 3-2.

Evidence presented in the 1991 Annual RCRA Groundwater Monitoring Report for Regulated Units at
Rocky Flats Plant (EG&G 1992) indicates that the sources of nitrite/nitrate are located within the Solar
Ponds Area (OU4). These data suggest that the elevared nitrite/nitrate concencrations detected in the
groundwater samples collected in the North Walnut Creek area are derived from OU4 and that these
data represent the front of the nitrite/nitrate plume. The majority of the plume is likeiy within QU4 and
a complete groundwater model should be developed as a part of the QU4 RFI/RI. This model should
cover the entire nitrite/nitrate plume in OU4 and OU6. A discussion of nitrite/nitrate migration will be

included in the RFI/RI report for OU6.
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Vinyi Chloride Modeling

During the OU6 sampling effort from st quarter 1991 to 4th quarter 1993, large concentrations of
vinyi chioride (VC), ranging from 220 to 360 ug/L, have been conunuousiy observed in weil 3586 °
(screened in valley fill alluvium). However, no VC has been detected in upgradient or downgradient
wells (including well 3686, which is also screened in valley fill alluvium and located approximarely 600

feet downgradient) (Figure 3-3).

Although the source(s) of these isolated VC concentrations in well 3586 is uncertain, available evidence
does provide strong indications of why this solvent is present ar this {ocation. VC is transtormed
rapidly from its parent products (i.e., PCE-TCE-1,1-DCE) under anaerobic conditions (in the presencs
of anaerobic bacteria). Groundwater data collected within OU2, which is upgradient of Weil 3586,
show that these parent products are present in abundance and indicace that OU2 may be a probable
source for the soivents from which VC is transformed. Other possible upgradient sources include the

Triangle Area (OU6) and the Industrial Area.

However, no VC has been detected in association with its parent producss in upgradient groundwater. It
is assumned that. in general, the upgradient subsurface environment is 0ot anaerodic. or unravorable for
biotransformation of the parent products to VC. The circumstances that may have created the
favorable anaerobic subsurface environment isolated around Weil 3586 remain undefined. It is possibie
that the sewage treamment plant to the north and upgradient of Weil 3586 is leaking =ffluent with the
high bacteria counts nesded for this transformation inco the groundwater. or that sewage (ransmission
pipes going into the plant may be leaking. Either one of these scenarios. or perhaps one unconsiderad.
could be creating the required anaerobic conditions for the biotransiormation (o occur. '

Evaluation of the potential for downgradient migrarion of VC could be performed by a simpie
analytical groundwater model. This analytical modei (or modeis) sjouid be able to incorporate both
groundwarer transport and volatilization. It is suspected that VC may compleraty volatilize before
reacning downgradient wells. This assumption is based on the foilowing rationale: (1) VC has great
potential to be volarilized. having a Henry's law constant of 1.22 amn-m’/mol at 10°C (Montgomery
and Weikom 1989); (2) the water table in the vallev fll alluvium in the vicinity of welil 3586 is shatlow.
within 8 feet of the ground surface: and (3) observations recorded during the 4th quarter of 1993
sampling at well 3586 show very large gas concencrations of VOC. with initial head space
concentrations of 104 mg/L and 2.8 mg/L about 3 minutes later. The second head space concentration

may represent the volatilization rate under ambient conditions.
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A simple one-dimensional apalytical ground'water modei that can incorporate both mechanisms (laterai
migration in groundwater and volatilization within the vadose zone) will be developed for OU6. This
was done because an analytical groundwater model able to accomodate both mecaanisms was not
located in the literarure. The developed mode! will include oniy the most importanc fate and transport
processes (advection in the groundwater systerm and volatilization in the vadose zone). Adsorption and
biodegradation will be ignored based on the physical and chemical properties of VC. Dispersion will
also be ignored because one-dimensional dispersion only causes attenuation. If the source
concentration is constant, dispersion will only delay the process for the downgradient concentration (o
approach that constant. Therefore, not simulating dispersion is a conservative methology.

Because VC is a special case COC for OU6 and has been detected at only one location. the risk
assessment for this compound will not require a numerical model to project furure exposure
concentrations. However, an analytical groundwater mode! simulation wiil be run to determine the
potential for VC to migrate downgradient or to volatize directly from the vadose zone into the
atmosphere in the vicinity of the well. Analytical groundwater model simulation results depend on the
estimation of related parameters. including hydraulic conductivicy, Heary's law constant. air-iilled
porosiry in the vadose zone, and so forth. Because of uncerainly of these parameters. a range of
literarure values and site-specific estimates of the parameters may be used in e simulation © provide a

range of possible results under certain assumptions.
3.3 SURFACE WATER MODEL

3.3.1 Introduczion

The surface water model will contribute to the HHRA by simulating the maximum. 30-vear average
concentration of COCs at recepeor sites derermined by the HHRA. The Hydroiogic Simulation
Package for ForTran. version 10 (HSPF10) has been selected for use in the modeling effort.

HSPF10 is a comprehensive package for simuiation of watershed hydrology and water quality for both
conventional and toxic organic poilutams. HSPF10 is the only comprehensive model of watershed
hvdrology and water qualiry that integrates the simulation of land and soil runoff processes wit in-
stream hydraulic and sediment-chemical interactions (Ambrose and Barnweil 1989). Further model
selection criteria are discussed in Section 3.3.2.

Potential contaminant fate and transport mechanisms o be modeled inciude toth dissolved and
particulate states as related to hillslope. stream. and reservolr processes. Major processes affecting the

surface water/sediment contaminant concentrziions in OU6 are:
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. Precipitation/runoff

. Soil erosion and associated contaminant movement

. Stream and pond hydraulics

. Chemical-specific fate mechanisms

3.3.2 Discussion

Mode! simulations are driven by meteorological and groundwater/sesp inflows. entered as hourly time
series. The meteorological time series required include precipitation, air and dew point temperamures,
solar radiation, wind speed, lake evaporation, and potential evapotranspiration. Except for the
evaporation time series, the time series are obtained from the RFETS meteorological tower as 15

minutes readings and appropriately transformed to a 1-hour interval.

A 1-hour simulartion time step has been chosen so that the effects of temporally short, but refatively
intense meteorological events will not be obscured, as may occur if the meteorological conditions were
considered on a mean daily basis. Ourputs can be obtained at any aggregation of the simulaton
interval. Daily summaries will be used, as 1 hour to | hour comparisons of simulated versus observed
values requires exiremely detailed boundary condition development and determination of localized
variations that are bevond the scope of this project. Further. though it would be possible to anempt
flow calibration at this time scale, there are no water quality data availabie ar this resolution for use in

such a model calibraion.

=<

values and then caiibrating the calcuiated evaporation (o a daily water balace or the Grear Western
Reservoir. The resuiting evaporation time series is then disaggregated 0 obtain hourly values. It is
necessary 1o use daily vaiues in developing the time series as the calibration criteria against which the

The iake svaporation time series is calculated by aggregating the other meteorological series (o daily

time series is developed has a daily resolution. \

The potential evapotranspiration (PET) time series is calcufated using a standard formula for predicting
PET based on regional conditions and local vegetation. The time series is developed directly using an
hourly resolution. Actual calibration 0 RFETS conditioas is not possible as necessary swudies o
perform PET calibrarions at RFETS have not been performed. However. there exist sutficient local
studies to the required PET equation parameters in the literature and these values have been used in
developing the PET time series. The resulting values are then compared against results of other studies

as a calibraction verification.
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The input groundwater inflow and seep time series are nesded to sausfy groundwater/surface watsre
mass baiance interactions and to simulate the proper antecedent soil moisture conditions. These tirme
series are developed based on field studies and simulations performed in groundwater modeling studies.
The seepage time series is a "boundary condition" that may be modified during the calibraicn process.
The series is not calculated during the actual surface water model runs. Baseflow data are boundary
time series that are available from pond operation records and flow recording instrumentation.

General flow calibration will be performed on the July 1, 1989 to June 30, 1993 time frame. This time
frame was selected as it encompasses the period where flow dara are of sufficient quality for use in the
calibration. The 4 years of meteorological daa are considered typical for this region and include an
event with a greater that 10-vear recurrence interval. Detailed flow calibration of low flows and high
peak flows will use data beginning May 1. 1993, through the most recently available data. This time
period has been chosen because flumes and updated instrumentation were installed i early 1993,

permicing the colilection of high resolution flow data.

Sediment transport processes are to be calibrated using flow simulations of the last 7 years. This
pefiod was selected as meteorological data from the RFETS meteorological tower is readily available
and has been verified for this time period. Simulated modei deposition will be compared to the actual
annual deposition in the A- and B-series ponds. as determined from sampling events during this period.
Simuiation of suspended sedimerncs will be compared against toral suspended solids vaiues obuained

during other OUs sampiing events.

Muitiple 30-vear simulations wiil be performed. The meteorological ume series used for the 0-vear
simulations wiil be developed by use of the WEPP program. 2 weather generator. The maximum.
single 30-vear average of COC concenirations obained from ail the 30-vear simulatons is then © be
used in the HHRA. '

The following sections overview how these major processes are treated by HSPF10.

Precipication/Runoff

Hydrologic simuiation is performed using the moisture accounting tecanique first emploved in the
Stanford Watershed Model (Figure 3=4). That is. the movement of water into, berween. and out of 2
set of conceprual storages is computed using a fixed time step. Rain and snowmeit are subject (o
interception. [f that storage is full. infilcration occurs. Infiltrated moisture passes to the lower zone or
to groundwater storage. Excess moisture either remains on the surface or enters flow paths leading to
the upper zone or to interflow. The mode! regards overiand flow as equivalent to that along a plane
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surface of length, slope, and roughness specified by the user. Evapotranspiration can occur from any
of the storages. Detalls of the Stanford Watersned Model methodology are given by Crawtord and

Linsley (1966).

Soil Erosion

Soil erosion is simulated as illustrated in Figure 3-5. Erosion can occur either due to particle
detachment from rainfall impact and subsequent washoff or as a resuit of rill and gully scour. Details
of the soil erosion methodology used by HSPF10 are given by Donigian and Crawtord (1976).

Hvdraulics

HSPF10 uses a standard technique for flow routing. The cacchment stream neswork is divided into
reaches. Program calcuiations work from upstream to downstream reaches. The stream nerwork can
be of any complexity, even inciuding flows that are split and later recombined farther downstream.
Impoundments (ponds, lakes. reservoirs) are also included although it should be noted that HSPF10
assumes such impoundments to be completely mixed: stratification is not modeled.

Pollutant Fate Mechanisms

Several important fate mechanisms will affect the chemicals of concern including partitioning as
dissolved/particulate phases. interactions berween chemicals in the water column and the sediment ped.
and any of a number of chemical-specific, paysical/chemical/bioiogical processes (e.g., volarilization.
biodegradation). HSPF10 can simulate these mechanisms {or any generalized qualiry constituent as

illustrated in Figure 3-6.
3.3.3 Model Selection Criteria Evaluation

The HSPF10 model described above was selected because it is beiieved to best satisty the five selecton
criteria. A discussion of how this model meets each of these criceria foilows.

Selection Criterion | — The selected modeis should be able to incorporate key procasses and accuracely
represent conditions known to occur at the site.

Key processes associated with surface water aspects of OUS inciude. as described berore. precipitation/
runoff. soil erosion and associated poilutant movement. stream and pond hydraulics. and pollutant-
specific fate mechanisms. HSPF10 has extensive capabilities (o incorporate these processes. indeead.
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HSPF10 is the only watershed hydrology/in-stream water qualiry modei known that integrates these

processes in a single computer code.
Selection Criterion 2 — The selected modeis should be able to satisTy the objectives of the swudy.

The HSPF10 model meets the modeling objective discussed in Section 1.1. To support the risk
assessment objective, the model can simulate the transport of chemicals of concern from sources
(stormwater runoff, groundwater discharge) to downstream exposure points. The models provide the
flexibility needed to estimate risks posed by individual sources, i.e., the risks associated with either

stormwater runoff only or groundwater discharge only.

Selection Criteria 3 and 4 — The selected models should be verified using published equations and
solutions. The selected models should be complete and weil-documented and preferabiy available in

the public domain.

HSPF10 has been validated with both field data and model experiments and has been reviewed by
independent experts (Amorose and Barnwell 1989). It is in the public domain and is distributed and
maintained by the EPA Center for Exposure Assessment Modeling in Athens, GA. The original
development of HSPF10 began in 1976 and was based on the earlier models: Stanford Watershed
Model. Agriculrural Runotf Model. and the HSP Quality Model.

Selection Criterion 3 — The selected models should be practical and cost-erfective in terms of acrual
application as wel] as resolution of uncertainry.

Although HSPF10 is a comprehensive. mechanistically based model. its modular construct allows it to
be tailored to site-specific conditions and objectives. [t can be configured o be as detailed or as
general as the modeling application dictates by activating more or less modular detail. This {lexibiiicy

ensures its "cost-effectiveness.”

HSPF10 is purely a deterministic model; no stochastic or unceraincy analysis capabilities exist.
Uncertainry analysis will be performed outside of the HSPF10 environment by analysis of mode!

prediction errors.

7
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3.4 SOIL GAS TRANSPORT MODEL

3.4.1 Introduction

Soil gas transport modeling will be performed if VOCs are identified in OU6. The modeling would be
performed to simulate the diffusion of VOCs from underiying soil gas as a result of voiatilization from
soil and groundwater contaminants to the OU6 surface just beaeath a hypothetical onsite building. The
diffusion of VOCs contained in soil gas from the underlying soil and from the underlying groundwater
soil interface is estimated by two different equations. An air transport and dispersion model, discussed
in Section 3.5, would then be used to estimate airborne VOC conceatrations within the building. This

activity would support and provide input to the HHRA.

Volatilization From Underiving Soil

Estimates of volatilization from underlying contarninated soil closest to the OU6 surface will be
provided by urilization of the Shen Model. modified by Farino (Farino et al. 1983), from Volume I of
the Air/Superfund National Technical Guidance Series published by the EPA (EPA 1990). This model
is aiso referred (o as the SEAM model. since it is also documented in the Supertund Exposure
Assessment Manual (SEAM) (EPA 1988a). This equation is designed for estimating volatilization from
underlying soil contamination and the subsequent diffusion ot organic vapors to the OU6 surface. This
equation has been appiied in numerous site investigations and has besn validated enought to warrant

inciusion in published EPA documents.
The squation used (0 estimate the steady-siate VOC 2mission rate is as iollows:
E, = (ADyLY(P“HCHW) (D

where E, = emission rate of the conraminant. i (grses)
= surface area (cm”)
vapor diffusion coefficient in air (cm"’sec)
= surface cap thickness (cm)
total porosity of the soil cap (cm’/cm’)
saturated vapor concenrration of contaminant. i. in the vapor space

oo

0
|

beneath the surface soil cap (g/cm’)
W = weignt fraction of contaminant. i. in the soil (g/¢g
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C,, the sarurated vapor concencration. is defined by the equation:
C, = PMW/RT (2)
where P = vapor pressure of the contaminant (mm Hg)

MW, = molecular weight of the contaminant (gm/gm-mole)

R = molecular gas constant (62,361 mm Hg-cm’/gm-mole-K)

T = ambient temperature (K)

Volatilization From Underiving Groundwater

Conrributions to surtace volatilization emissions from the underlying groundwater will be estimared by
using the following equation. adapted from Thibodeaux and Hwang (1982), as presented in SEAM:

E, = 2DCA/d + ((2DCUC,) + &)%) (3)
whnere E., = average emission rate of contaminant i over time t (g/sec)
D = phase transfer coefficient (cm™/sec)
C, = the liquid-phase concentration of contaminant i in the soil (g/em?)
C, = bulk conraminant i concentration in the soil (g/eny’)
A = contaminated surface area (cm-)
d = depch of the dry zone at sampling ume (cm)

- = time measured from sampiing time (sec)

This equation assumes that the soil pore spaces connect wich the soii surface. the soil conditions are
isothermal and that there is no captilary rise of contaminant. [n additon. suriicient liquid contaminane
in the pore spaces is assumed (0 exist so that volatilizarion will noc depiete the reservoir of contaminant
to the point where the rate of voladiiization is arfected. Use of this equation simuiares vapbr diffusion
as being soil-phase conrrolled and assumes that contaminant concenerations in the soil remain constant
ureil all contaminant is volatilized to the ambient air art the surface. Contaminant release is assumed to
occur by the removal of successive unimolecular layers of contaminant from the surface of the "wet"
contaminated zone. Thus, over time. a "dry zone" of increasing depch at the sotl surrace and a wet
zone of decreasing depth below the dry zone develops. Concentrations of the contaminant in the soil
immediately surrounding the groundwater areas and within the groundwater are used in this estimation

method.
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The term, D, in the above equation is related to the amount of contaminant i that transfers from the
liquid to gas phases and then from the gas phase to diffusion in the surface air and is estirated byv:

Di(P) Hy ' (4)
where D, = vapor diffusion coefficient in air (cm/sec)
P, = total soil porosity (dimensionless)
H/ = Henry's Law constant in concentration form (dunenszonless)

Finally, the term, H;, is estimated by the below equation:
H' = H/RT )
where H; = Henry's Law constant of the contaminant i (atm-m-/g-motle)

gas constant (8.2 x 107 aan-m’/g-moie-K)
= atmospheric temperature (K)

-] =g

The Thibodeaux and Hwang equation assumes that the contaminant concentration in the liquid and gas
phases in the soil remains constanc undl ail of the conraminane has been volatiiized into the surface
ambient air. The emission rate, Ey,, is non-zero until the time. t. is equal t0 a value. t,, wnen the soil
becomes dry and all contaminant has besn volatilized. After time t,, the volatlization emission rate is
assumed to be zero. The estimation of t,, in seconds. is obtained from the below equation:

, = ((B°-dH2D)C,/C) (6
where h = depth from the surface to the botrom of the ailuvial aguifer (cm)
depth of dry zone at sampiing time (cm)
phase transter coefficient (cm/sec)
= bulk contaminant i concentration in soil (g/cm’)
the liquid-phase concentration of contaminant i in the soil (g/cm’)

O e
i

d

fale
[

Total surface volatilization emissions are then estimated by adding the contributions calculated from
Equations (1) and (3). To estimate the diffusion of surface volatilization emissions through the floor of
an onsite building, Darcy's law, modified for gas flow across a permeable structure wall, wiil be used
to estimate the volumetric flow rate induced by surtace volarile emissions and ambient air entering into

the building confines.
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This volumerric flow race is estimated by:

Q.o = -k A/v (dP/dZ) @)
where Q.q = volumetric flow rate of induced by soil gas and ambient air (ft/sec)
k = intrinsic permeabilicy of soil (dimensionless)
v = viscosity of the gas (Ib/ft-sec)
dP = pressure differential across floor of structure (1b/ft?)
dzZ = thickness of floor (ft)

The concentration of the contaminant within the onsite building is then estimated by:

C:on = E\‘I(Qvnl - Qb) (8)
where C., = resultant contaminant concentration within the building (ug/m’)
E, = emission rate of the contaminant below the buiiding floor (g/sec)
Qi = volumetric flow rate induced bv the soil gas (m’/sec)
Q, = volumertric exchange rate within the building (m*/sec)

3.4.2 Model Selection Criteria Evaluation

A considerable amount of research and field sampling has been performed to deveiop models that
predict volatilization as a resuit of soil gas wransport. The SEAM models were seiected because they

are believed to best satisfy the selection criteria detined in Section 5.1,

Selecrion Criterion | — The seiected modeis should be able o incorporate kev processes and

accurately represent conditions known to occur at the site.

The SEAM muodeis are capable of representing key contaminant processes in estimating soii gas
transport. The key processes in the SEAM models include treamment of soil gas diffusion to the surface
as a result of underlying soil contamnination and also the diffusion from areas of soil and groundwater
contamination. The models allow calculation of volatilization of specific components of a complete
waste mixmure by assummg that Raouit's Law is applicable. A layer of relatively clean and dry soil is
assumned to exist berween the soil surface and the primary area of underlying soil contamination for the
first SEAM equation (Eguation (1)]. The depth of this relatively clean layer will be assessed by
examining site-specific data. Equation (1) assumes that surface VOC smissions are steady-state and co
not decay with time. This assumption is consistent with site observations that there are underlying
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areas of soil contamination likely to produce surface VOC emissions at 2 steady rate for an extended
period of time. Surface VOC emission contributions from groundwater [Equation (3)] exhibit some
dependency with time but will probably not change total surface VOC emissions fTom a nearly steady

state condition.

Examination of oosite data suggests that volatilization as a result of soil gas transport will primarily
originate from underlying soil contamination areas closest to the QU6 surface and from the underlying

groundwater.
Selection Criterion 2 — The selected models should be able to satisfy the objectives of the study.

The SEAM models estimate surface volatilization from underlying soil gas with consideration of
physical and chemical mechanisms. The resulting emission estimates can then be applied to the

estimation of exposure point concentrations.

Since air contaminant concentrations are directly proportional to emissions estirnates. the erfectiveness
of potential remediarion strategies on sources of volatilization that become part of the air exposure
pathways can be readily evaluated. In addicion. the effectiveness of potenrial remediation strategies can
be related to underiving soil and groundwater concenrations since these soil gas transport models
estimate VOC emissions in nearly direct proportion to underlying soil (waste) and groundwater

cancencrations.

Selection Criteria 3 and & — The selected models should be verified using published equations and
solutions. The selected models shouid be complete and well documented and preferaoly available in

the public domain.

The SEAM models for soil gas transport are widely used and weil documented in EPA literarure for
use in baseline, remedial, and post-remedial scenarios. Equation (1) has refined the widely accepted
Farmer model which was one of the first models developed and used to predict VOC emissions from
covered landfills. Equation (3) has been widely used for estimation of surtace volatilization emissions
from old spills and leaks that have migrated below the soil surface. The soil gas transport models
appearing in the air pathway analysis series have been subject to extensive validation.

Selecrion Criterion 5 — The seiected models should be practical and cost-effective in terms of actual
application as well as resolution of unceraincy.
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3.5.2 Model Selection Criteria Evaluaton

The models selected to be most appropriate for QU6 are a conventional box mode! for onsite impacs
and the FDM for estimation of airborne pariculate concentrations and deposition at offsite receptor
locations. These models are believed to best satisfy the selection criteria presented in Section 3.1. The
box model will be used to mode! transport of volatiles to a future onsite worker or furure resident in a
building, and will also be used to model ambient particulate impacts to 2 future industriai worker, a
future onsite resident, and a future ecological worker also located onsite. The FDM will be used o
model transport of airborne particulate, both as air contaminant concentrations and as deposition
values, at the current and. future resident exposure points. A discussion of how each air transport
mode! meets each of these criteria is presented below.

Selection Criterion | — The selected models should be able to incorporate key processes and accurately
represent conditions known to occur at the site.

The box model and the FDM air models are capable of representing key contaminant processes in
esiimacing air transport and dispersion of air emissions originating from OU6. The box model uses
conservation of mass principles to estimate resultant air concenrrations for an input emission race
dispersed within 3 fixed volume with an air exchange rate g}roponionai to the air rflow (wind speed)
traversing the volume. The box model used for estimating onsite impacts considers the dilution of air
emissions within a given volume, defined by the horizontal dimensions of a contaminated are2 or of an
enclosed strucwure (i.2.. building) and the height determined either by surface rurbulence or the
confined height of a structure. The air exchange rate is dependent upon the utilized wind speed or
volumetric air exchange rate. if within the confines of a building. The box mede! is typicaily used 0
estimate onsite air quality impacts only where recepeors are located within the immediate areas of the
emissions source. The box mode! estimates impacts by the use of ong basic equation that estirnates a
concenrration within a volume cenrerad directly above the emission source of interest that is a function
of wind spesd. emission rate, and the physical dimensions of the volume. '

This equation is:
C;_ = Eill JA

concentration of chemical component i (g/m’)
emission rate of chemical component i (g/sec)
wind velocity through the volume (m/sec)

= cross-sectional area of the volume (m®)

£
jon
1]
@
m O
{

>




21100-WP-0U6.01

ENVIRONMENTAL RESTORATION PROGRAM Manuaj:
Phase | RFU/RI Work Pfan for QU6 Appendix K ‘ Rev. 0
Walnut Cresk Prioricy Drainage Page: . 33 or 43

For the building scenario, the box mode! eguation will be modified by using 2n appropriate value of the
passive air exchange rate within the building to estimate a volumerric flow rate that is substicuted for
the product of the U x A term in the denomtinator.

The FDM uses Gaussian plume transport and dispersion algorithms with a gradient-transfer deposition
and settling algorithm to simulate air conaminant concentration and values from nonpoint sources at
distances corresponding to offsite receptors. The FDM was specifically developed for fugitive
particulate martter modeling applications (especially wind erosion). The FDM has the capability of
assessing up to 100 area sources, 200 receptor points, and 20 particle size classes. FDM is unique in
that it can assess rectangularly shaped area sources, not just square or circular. This capability allows
FDM to model area sources using a geomery that more closely approximates their actual shape. FDM
can utilize constant as well as variable emission rates. FDM can also calculate ground-level
concentrations either with secling and deposition functions (as with particulate macter) or without (as
with gaseous contaminants). The FDM has the capabiliry to model for short (1-, 3-, 8-, and 24-hour)
and long (annual) term averaging periods. and uses metzorological data in either hourly or Stability

Array (STAR) formats.

By using the AP~¢2 emission models (EPA 1988c) for fugitive particulate emission estimaton. the
FDM model is not required to appiy correction factors o account for varying types of land surfaces.
However, the FDM wiil allow for the direct computation of the contaminant 2mission rate as a function
of the wind speed or allow the user to input a constant emission rate. In this way. the mode! can assess

short-term and long-term impacrs.

Recepror locartions are evaluated by their relative distance (x.y) from the source and their eievation (z?
(EPA 1988b). The modeling of particulate (radionuciide) impacts at otisite receptors at the perimeter
of OU6 wiil be performed by dividing the entire area of OUS6 into areas represenrative ot a specific
radionuciide soil concentration and estimating the curmulative impact of wind erosion from al these
separate area sources. Thus. ambient radionuciide modeiing at the offsite receptors wiil consider the
curnulative impacts from ail radionuclide-bearing surricial soils on QUS.

Ounsite ambient radionuclide impacts from OU6 wiil be modeled by designating an area that
conservatively represents observed surficial soil concearrations of radionuclides. The radionuclide soil
concentration used for this representative location will be obrained from estimating the reasonadle
maximum exposure (RME) of all surficial soil radionuclide concentrations sampled on OU6. The size
of the area will correspond to an average size of one of the areas designated in the offsite particulate
(radionuclide) modeling. A similar approach will be used for estimating VOC concentrations within an
onsite building. RME values of subsurface soil and groundwater VOC concentrations will be used o
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estimate an ambieac VOC impact within an onsite building located on OUs. ‘
Selection Criterion 2 — The selected models should be aple to satisfy the objectives of the study.

Qurput from these models either as air contarninant concentrations or as deposition values at the
designated exposure points will provide input for the assessment of human health risks. The abilicy of
these models to simulate the transport and dispersion of particulate supports the objective of the

modeling effort.

The multiple compounds poteatially identified as chemicals of concern will be easily handled by the
selected air dispersion models through a multiplicative factor (the ratio of a specific compound source
term to a unit emission rate) that is multiplied by the estimated ambient impacts from a unit emission
rate (i.e., because of the linear relationship of air concentration to input emission rate). In addition,
each of these models can be used to evaluate the etfectiveness of potential remediation strategies by
simply varying the source term as a function of the remediation strategy being examined.

Selection Criteria 3'and 4 — The selected models should be verified using published equations and
solutions. The selected models should be compiete and well documented and preferably availadle i

the public domain.

Both models are recommended by EPA as the most representative methods for determining respective
transport and dispersion characteristics for VOCs and inorganic metais. semu-volatiles. and
adionuclides in particuiate form. These models have been used extensively on both non-remedial and
remedial studies. (The FDM mode! has undergone several validation studies with favorabie resuits.
Despite these resuits, EP4 has noc officially designated FDM as a validated mode!.)

Selection Criterion 3 — The selected models should be practicai and cost-effective in terms of actual
application as well as resolution of uncertainty.

Both models are readily available since they are public domain modeis and do not require special
procurement or licensing costs. Their use is well documented and both models are designed to execute
on PC-compatible computers. Support for use of these models is also readily available. Their relative
ease of use and wide acceptance of the modeling resuits makes them preferable over other available

models.
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3.6 SUMMARY OF PARAMETER VALUES

This section presents a summary of the data currently available (o estimate model parameter values for
groundwater, surface water, and air modeling. Where available, site-specific data coilected during the
Phase I RFI/RI investigations or earlier studies will be used. If site-specific data are not available,
published literature vaiues will be used in the modeling activities.

Tables 3-1, 3-2, 3-3, and 34 present a summary of data currently available to estimate model
parameters. The available dara were compiled based on a review of previous investigations and the
data currently available from the Phase I RFI/RI investigation, or general literacure. In the case of
chernical parameter values, development of the list of chemicals of concern has not vet been finalized.
Therefore, it is noc possible to summarize chemical parameter daa ac this time. Chemical parameter
data has been compiled in the draft Chemicals of Concern Technical Memorandum No. 4 for the OU6
HHRA (to be included as Appendix L of this work plan) and is currently being reviewed by EPA and

CDPHE.

The data presented in Tables 3-1, 3-2, 3-3, and 3-4 are preliminary and. in some cases. are not sie
specific. The darta values or ranges of values are not inrended to be fixed or final. The ranges are
presented to convey what is currently known of the potenrial variability in parameter values that may be
used in the models.

- §i 07
The meteorological data to be used will be a }-vear hourly meteorological data set from 1991 or 1992
from the 10 meter level of the West Burfer Zone 61 meter tower. The RFETS mereorological
monitoring program inciudes one 61 meter tower instrumented with Prevention of Significant
Deterioration quality equipment at three levels (10. 25, and 60 meters) located on the west side ot the
plant property. outside of the plant security fence. The 10-meter data wiil be merged with concurrent
mixing height data trom Stapieton International Airport. Seability class will be determined from sigma
theta and wind speed measurements obtained from the West Buffer Zone meteorological datapase.

Maximum wind speed data from this site may also be used to estimate wind erosion emissions.

The data used as inputs for the air models will be primarily from recent OUS soil sampling and
groundwater monitoring programs performed as part of the OU6 RFU/RI investigation. These data

include:

. Surficial soil grain size data and analytical data for meals. radionuclides, semi-
volatiles, and VOCs from all the [HSS locations within OU6.
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J Groundwater YOC concentration data gathered from the recently installed 11 OU6
monitoring wells will be used to estimate vapor-phase concentrations for the onsite

building modeling.

° Subsurface soil VOC concencration data for the onsite building modeling wiil be
obtained from soil boring sampling conducted at locations near the surficial soil
sampling locations in the QU6 [HSSs.
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TABLE 3-1

PARAMETER VALUES FOR GROUNDWATER MODELING

Parameter - Units Range of Values  Source

Properties of Colluvium/Alluvium

Hydraulic Conductvity cm/sec 10% - 10° Freeze and Cherry (1979) and
' QU6 and OU2 site-specific daca

Effective Porosity %o 5-10 QU6 and QU2 site-specific data

Bulk Density lbs/f’ 94 - 130 Das (1985) and QU6 and OU2
site-specific data

Retardation Factor Dimensioniess 1-10 QU2 site-specific dat for

. specific contamunants

Bicdegradation Half-Life Days 7-1825 Howard, et ai. (1991) for

specific contammants
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TABLE 3-2

SURFACE WATER MAJOR PARAMETER VALUES

Parameter Unics Range of Values™
Precipitation/Runoff
Nominal soil moisrur; storage (LZSN,UZSN) inches .01 -100
Infiltration capacity index (INFILT) invhr .0001 - 100
Groundwater recession rate (AGWRC) per day 001 - 1.0
Interception storage capaciry (CEPSC) mehes 0-10
Trade-off berween interflow and surface runoff (INTFW) none min of 0 (no max)
" Interflow recession parameter (IRC) per day 0-1.0
Air temperacure below which precipitation wiil be snow deg. F 30 -40
(TSNOW) '
Fraction of the land segmenc which is shaded from solar none 0-1
radiation (SHADE)
Interception storage capacity of an impervious surface (RETSC)  inches 0-10
Soil erosion
[nitial storage of derached sediment (DETSB) tons/acre  min of 0 (no max)
Fraction of detached sediment which reartaches each day per day 0-1
(AFFIX)
Flux to/from agnosphere from/to detached storage (NVSI) Ibs./acte- none
day
Coefficient for detached sediment wasnoff (KSER) none 0-1
Coefficient fcr soil scour (KGER) none 0-1
Hydrodynamics
Median diameter of bed sediment (DBZ0) inches .0001 - 100
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Walnut Creek Priority Drainage

TABLE 3-2 (CONTINUED)

Parameter Units Range of Values*
Hydrodynamics (continued)
Channel characteristics as functions of the water surface
elevation:
depth feet none
surface area sq. fest none
volume cupic feet none
Contaminant Fate '
Ratio of volatilization rate to oxygen reaeration rate (CFGAS) none mun of 0 (no max)
/mg 0 - (no max)

Partitioning coeffecient between dissolved and suspended states

(KDJ)
First-order biodegradation rate constant (KBIO) : per day 0-1

* Parameter ranges were obained trom the HSPF User's Manuai, 1984,

QUS site-specific data will be used where avaiiable.
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TABLE 3-3

PARAMETER VALUES FOR SOIL GAS MODELING

Parameter

Units

Range of Values

Source

Surface Area of [HSS

Surface Cap Thickness
Soil Cap Air-filled Porosity
Vapor Diffusion Coeff. in Air

Thickness of contaminated soil

Weight fraction of contaminant in
waste

Intrinsic permeability of soil

Liquid-phase concentration of
contaminant

cmr’
cm
%

cm-/sec

aq
S~
aqQ

cm®

glcm’

10° - 101
10¢ - 10%
25 - 35

107 - 10°

10

107 - 10°
107 - 107
10° - 10°

Phase II RF/RI Workplan
(DOE 1992a)

QU6 site-specific data
QU6 site-specific data

Compound-specific; SEAM
(1988a) or Lyman (1982)

QU6 site-specific data

OU6 site-specific data

QU6 site-specific data

OU6 site-specific data
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TABLE 3-4

PARAMETER VALUES FOR AIR TRANSPORT AND DISPERSION MODELING

Parameter

Units

Range of Values

Source

Joint frequency distribution of
stability class, wind speed and
direction

Mean annual moming and
afternoon mixing heights

Particle size

Particle size distribution

Contaminated area (surface
dimensions)

Ground Coverage

Receptor location. above source,

distance from source

Surface roughness

Unitless

pm

Unitless

ml

m

cm

Fraction of one; total sum
of all entries is one

250 - 4000

1-80

Fraction of one; total sum
of all entries is one

10 - 10¢
0-100
1-10°
1-100

1992 West Buffer Zone data
from EG&G

Data from Stapleton for
1992

QU6 site-specific data

QU6 site-specific data

QU6 site-specific data

Aerial photos; onsite
(unvegerated area)
observations

Scaled maps of elevation of
study area

Site observations correlated
with documented criteria on
assigning appropriate
surface roughness value
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4.0 SUMMARY

In order to model the fate and transport of contaminants at OU6 to specific exposure point locations for
the HHRA, several models have been evaluated for application to groundwater, surface water, and air
modeling. Model selection was based on the following five criteria:

L. The selected models should be able to incorporate key processes knowm to occur at the
site. .

2. The selected modeis should be able to satisfy the objectives of the study.

3. The selected models should be verified using published equations and solutions.

4. The selected models should be compiete and well documented and preferably available
in the public domain.

3. The selected models should be practical and cost-effective in terms of actual application

as well as resolution of unceriainty.
The following models were selected to mest the requirements of the modeling smudy:

A simple one-dimensional analyvical groundwater mode{ will be run to determune the
potential for vinyi chioride to migrate downgradient or to volatize directly from the
vadose zone inco the aanosphere.

. The HSPF10 mode! for surface water fate and transport.

The SEAM models for soil gas fate and transport, a box mode! for onsite ambient air
contaminant fate and transport. and FDM for offsite ambient air contaminant fate and

‘ transport of QU6 source air emissions.

-
322

Data currently avaiiable for use as input for the medeling activities were evaluated. Tables 3-1. 3
3. and 3— summarize the data currently available o estimate model parameters. Data from the Phase |

RFI/R{ investigation wiil also be used in the modeiing etfort.

. 3-




ENVIRONMENTAL RESTORATION PROGRAM Manual: 21100-WP-0U6.01
Phase I RFI/RI Work Plan for QU6 Appendix X Rev. 0
Wainut Creek Prioricy Drainage Dage: <3 ar <5

5.0 REFERENCES

Ambrose R.B., Jr. and T.O. Barnwell. Jr. 1989. Environmental Software at the U. S. Environmental
Protection Agency's Canter for Exposure Assessment Modeling, in Eavironmental Software,

Vol. 4, No. 2.

Beljin, M.S. 1983. SOLUTE (ONED?3), A Program of Anaiytical Models for Solute Transport in
Ground Water. International Ground Water Modeling Center, Colorado School of Mines,

Golden, Colorado.

Bond. F., and S. Hwang. 1988. Selection Criteria for Mathematical Models Used in Exposure
Assessments: Ground Water Models. U.S. Eanvironmental Protection Agency, EPA/600/8-

88/075.

Crawford. N.H.. and R.K. Linsiey. 1966. Digital Simulation in Hydrology: Stanford Watershed
Model [V. Deparment of Civil Enginesring, Stanford University, Stanrford. California.

Technical Report 39.

Das. B. 1985. Principles of Geotechnical Epgineering. PWS Publishers. Boston. Massachuserts.

Department of Energy, U.S. (DOE). 19923. Final Phase [ RFI/RI Work Plan for Walnur Cresk
. Prioriry Drdinage (Operable Unit No. 6). June 1992,

DOE. 1992b. Description of Models for the Public Health Evaluation. Operabie Unit One, Rocky
Flats Plant. Colorado. Technical Memorandum No. 7. May 1992.

DOE. 1993. Technical Memorandum No.2. Human Health Risk Assessment. Wainut Creek Priority
Drainags. Operable Uit No. 6, Exposure Scenarics. Dratt. Rocky Fiats Plant. May 1993.

Donigian, A.S. Jr.. and N.H. Crawford. 1976. Modeling Nonpoint Poilution tor the Land Surface.
Environmental Research Laboratory, Athens. Georgia. EPA 600/3-76-085.

EG&G. 1991a. Rocky Flats Plant Site-wide Qualicy Assurance Project Plan for CERCLA Remedial
Investigations/Feasibility Studies and RCRA Faciliry Investigations/Corrective Measures

Studies Activities. U.S. Deparmment of Energy. Rocky Flats Plant.

EG&G Rocky Flats., [nc. (EG&G). 19913; Rock~ Flats Plant Site Eavironmental Rezor (1990).




\\\\,\

ENVIRONMENTAL RESTORATION PROGRAM Manuai: I1100-WP-QU6.01
Phase [ RFI/RI Work Plaa for OUS Appendix X Rev. D
Walnue Creek Prioricy Drainage Dage: L]

EPA. 1988a. Supertund Exposure Assessment Manual (SEAM); EPA 340/1-83/C01; Apnl.
EPA. 1988b. User's Guide For The Fugitive Dust Mode! (FDM); EPA-310/9-88-202; June.

EPA. 1988c. Supplement B to Volume [ of the Compilation of Air Poilutant Emission Factors, AP-
42, Section 11.2.7. Office of Air Qualiry Planning and Standards, Research Triangle Park,

NC, September, 1988.

EPA. 1990. Air/Superfund National Technical Guidance Study Series, Volume II - Estimation of
Baseline Air Emissions at Superfund Sites. Office of Air Quality Planning Standards, Research

Triangle Park, NC, August, 1990.

Farino, W., P. Spawn, M. Jasinski. and B. Murphy. [983. Review of Landfill AERR Models. In:
Evaluation and Selection of Models for Estimating Air Emissions rom Hazardous Waste
Treamment, Storage and Disposal Facilities. Revised Draft Final Report. Coneract No. 63-02-
3168, U. S. Eavironmental Procection Agency, Office of Solid Waste. Land Disposal Branch.

Freeze, R.A. and J. Cherrv. 1979. Groundwater. Prentice-Hail, Inc.. Engiewood Cliffs, NJ. 604 p. |

Holzworth. G.C. 1972. Mining Heights. Wind Speeds. and Potential for Urban Air Pollution
throughout the Contiguous United States. AP-101, Environmental Protection Agency.

Research Triangle Park. NC.

Howard. P.H.. R.S. Bothling, W.F. Jarvis. W. M. Mevian. and E.M. Michalenxo. 1951. Handbook

of Environmenral Degradation Rates. Lewis Publishers. 723p.

Interagency Agreement (IAG). 1991. Rocky Flaws [nteragency Agresment berwesn the State of
Colorado. the Environmental Procection Agency, and the Department of Energy. January

1991.

Lvman. W.J., W.F. Reehi. D.H. Rosenbiac. 1982. Handbook of Chemicai Property Estimation
Methods. McGraw-Hill. New York. New York.

Thibodeaux, L.J. and S.T. Hwang. 1982. Landfarming of Petroleum Wastes - Modeling the Air
Emission Proolem. [n: Environmentai Progress. Vol. 1. No. 1.




211C0-WP-0U6.01

ENVIRONMENTAL RESTORATION PROGRAM Manual:
| Phase | RFU/RI Work Plan for (0161 Apgendix X Rev. 0
\ Walinut Creek Priority Drainage Page: 45 or 45

van der Heijde, P.K.M.. and R.A. Park. 1986. U.S. EPA Ground Water Mcdeiing Pelicy Study
Group, Report of Findings and Discussion of Selected Ground Water Vcdeiing [ssues.

International Ground Water Modeling Center.



