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1.0 INTRODUCTION

The Fernald Environmental Management Project (FEMP) is a former uranium processing facility
owned by the U.S. Department of Energy (DOE). Today the facility is the focus of extensive
environmental restoration activities and rerhedial investigations/feasibility studies (RIs/FSs) are being
performed. In support of these activities, the surface water at the FEMP is being studied and
modeled to estimate the possible migration of contaminants through this pathway.

1.1 GENERAL SURFACE HYDROLOGY CONDITIONS AT THE FEMP
The FEMP is located within the Great Miami River (GMR) drainage basin above the river’s present

-day flood plain. The natural surface water drainage system is dominated by the GMR, located
approximately 0.6 miles to the east and 1.5 miles to the south of the site (Figure 1-1). The river
flows generally to the southwest and has a drainage area of approximately 3360 square miles at the
Hamilton gauge, which is located about 10 miles upstream from the FEMP site. The GMR flows into
the Ohio River about 24 miles downstream of the FEMP site. Only a small portion of surface water
from the northeast corner of the FEMP eventually drains to the GMR; the rest eventually drains to
Paddys Run, a small, intermittent stream which flows along the western edge of the FEMP site.
Paddys Run originates north of the FEMP and discharges into the GMR approximately 1.5 miles
south of the property. Several small drainage courses discharge to Paddys Run, the largest of which
is the Storm Sewer Outfall Ditch (SSOD).

Currently, the storm water runoff from portions of the FEMP property is collected and pumped to the
GMR. Storm water runoff from the former production area and the waste pit area is collected and |
discharged to the GMR by way of Manhole 175 and the main effluent line (Figure 1-1). The former
production area, where uranium was processed, is located in the center of the FEMP property. The
waste pit area, where wastes from the uranium processing were stored, is located bétween the former
production area and Paddys Run. Surface water flow from the production area discharged to the
SSOD until 1986 when the first storm water retention basin (SWRB) was put into operation. The
SWRB allows for solids in the storm water to settle before discharging to Manhole 175. The storm
water collection system around the waste pit area was installed under CERCLA Removal Action

No. 2; before mid-1992 runoff from this area discharged into Paddys Run.

FER/OUSRI/SWF&IM/MCM.DRAFT-FINAL/12/01/93 1-1
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Portions of Paddys Run and the SSOD have cut into glacial outwash deposits which form the water
bearing unit of the Great Miami Aquifer (GMA). The stream bed elevations of Paddys Run and the
SSOD are'generally above the groundwater elevation of the GMA in the vicinity of the FEMP site.
This condition creates a situation in which some of the water flowing in the streams is lost into the
surrounding ground (losing stream). During the ongoing studies being conducted at the FEMP, it was
learned that Paddys Run and the SSOD are directly connected with the underlying GMA and that a
potential pathway exists for contaminant transport into the aquifer through their streambeds.

1.2 OBIJECTIVES
The following sections briefly describe the objectives of the different aspects of modeling the surface

water at the FEMP site. These sections also discuss the purpose of this report with respect to the

overall surface water modeling task.

1.2.1 Qverall Objectives of Modeling the Surface Water Pathway

The purpose of surface water modeling at the FEMP is to quantify the effect of rainwater coming into
contact with contaminated soil and the subsequent transport of the contaminants with the runoff. The
main objectives of modeling the surface water pathway are to predict the future concentrétions of
contaminants in surface water and sediments and to estimate the amount of contaminants reaching the
GMA from infiltration through the streambeds of Paddys Run and the SSOD. These estimates of
contaminants reaching the GMA via surface water will then be used as contaminant loading rates in

the groundwater solute transport model.

1.2.2 Objectives of the Surface Water Flow and Inﬁltratio.n Model Report
The primary purpose of the Surface Water Flow and Infiltration Model (SWF&IM) Summary Report

is to provide information concerning the hydrology and hydraulics of the Paddys Run drainage basin
needed to conduct modeling of future contaminant transport in the surface water at the FEMP site.
The technical approach to be used for the fate and transport modeling is also described in the
SWF&IM Report.

The results of the SWF&IM Report will be used for each operable unit-specific RI/FS. The
contaminant transport modeling within the surface water pathway will be completed as follows: (1)

the general/regional hydrology and hydraulic calculations are performed once for the SWF&IM

FER/OUSRI/SWF&IM/MCM. DRAFT-FINAL/12/01/93 1-3 O 4 O
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Report; (2) each operable unit will use these results for each waste source area; (3) fqr each waste
area, each contaminant of potential concern (CPC) will be screened to determine if the CPC needs to
be modeled further in the surface water pathway; and (4) if the CPC is not screened out, its
concentrations in the surface water and sediment and its loading to the GMA will be calculated
following the approach described in this report. Figure 1-2 is a flow chart of this process for
completing the modeling of the surface water pathway at the FEMP site.

1.3 TECHNICAL SPECIFICATIONS OF THE SURFACE WATER FLOW AND
INFILTRATION MODEIL REPORT

The SWF&IM Report provides the following information for the modeling of surface waters at the
FEMP: '

e  Selection of a representative storm event used to estimate average dilution and infiltration
factors in and through surface water bodies at the FEMP '
¢  Definition of the extent of connection of the surface water bodies with the GMA

¢ Quantification of the amount of infiltration that occurs from the surface waters to the GMA
during a representative storm event

e  Determination of the hydraulics of flow in Paddys Run and the SSOD to produce a stage
versus discharge relationship (rating curve) at several cross section locations along both
Paddys Run and the SSOD

®  Presentation of the overall modeling approach including a detailed discussion of the
procedures which will use the results of this report in modeling the migration of
contaminants in surface water at the FEMP

e  Presentation of a summary of the data available for fate and transport model performance
evaluation.

Each of these items are discussed in subsequent sections of this report.

D
)
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2.0 OVERVIEW OF THE MODELING APPROACH

The following sections briefly describe the various models and their relationships to each other as
they are used in simulating the surface water contaminant pathway at the FEMP site. A flow chart
(Figure 2—l)> shows the relationships of the models, which are indicated by double boxes. At the top
of the flow chart are the inputs to the models. The storm event indicated is the rainfall event used to
characterize the runoff and infiltration in the Paddys Run drainage basin. The source characteristics
are the physical and chemical properties used to describe the contaminated source areas. Source
depletion is the set of calculations used to account for the amount of contaminated soil lost per year
and used to limit the amount of contaminated soil to the amount available. Besides the models and
the inputs, Figure 2-1 shows the output that can be expected from each of the different steps in the
model.

2.1 SURFACE WATER FLOW AND INFILTRATION MODEL

The SWF&IM is a subset of the larger overall approach to modeling the surface water ‘pathway of
contaminants and provides results to be used in later contaminant transport calculations. In general,
the SWF&IM is only concerned with the movement of water and does not consider contaminant

transport. Figure 2-1 shows the overall modeling approach and the SWF&IM’s part in the approach.

The SWF&IM consists of the following components. The rainfall and runoff are simulated with the
HEC-1 modeling code (U.S. Army Corps of Engineers, 1990). Rating curves for cross sections
along Paddys Run and the SSOD are generated using Mannings equation (Henderson, 1966).
Mannings equation is applied along Paddys Run and the SSOD to determine the elevation of water in
the stream (stage) at each cross section location for a given flow rate (discharge). This relationship

" between stage and discharge at a cross section of a stream is called a rating curve.

To calculate infiltration from surface water to the GMA, the computer code VS2DT (Healy, 1990) is
applied at each cross section. A time-varying depth of water is input into the VS2DT program for the
infiltration calculations to simulate the fluctuation of flow depths in the streams during a storm event.
The stream water depth is based on the runoff hydrographs from HEC-1 combined with the rating
curves developed with Mannings equation. The output from the VS2DT provides the infiltration
volumes to the GMA along the length of Paddys Run and the SSOD. The runoff hydrographs and

013

FER/OUSRI/SWF&IM/MCM.DRAFT-FINAL/12/01/93 2-1
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infiltration information are then used in calculating contaminant concentrations and loadings. The

models described in this section are shown in the upper left portion of Figure 2-1.

The SWF&IM Report presents the approach to be used in calculating the concentration of
contaminants in FEMP surface water bodies and contaminant loadings to the GMA; the calculations
will be performed and used in the individual operable unit RI/FS reports.

2.2 CONCENTRATION OF CONTAMINANTS IN SURFACE WATER BODIES

The concentration calculations require estimates of the surface water flow rates and volumes and
estimates of the amount of contaminant being transported from the source soil with the runoff. The
contaminant can move with the runoff in two phases; adsorbed to sediment eroded from the land
surface or dissolved in the runoff itself. The amount of contaminant adsorbed to the sediment and the
amount dissolved in the surface »\}ater runoff are estimated with partitioning equations presented in the:
Superfund Exposure Assessment Manual (EPA, 1988). The amount of sediment generated from a
single storm event is estimated with the Modified Universal Soil Loss Equation (MUSLE), also
presented in the Superfund Exposure Assessment Manual (EPA, 1988)..

The contaminant transport in the GMA is simulated for 1000 years with the groundwater solute
transport model for the RI/FS. This long duration could make the depletion of the source soil an
important consideration in determining the contaminant loadings to the GMA and concentrations in
the surface waters. The depletion of the source soil is calculated using the Universal Soil Loss
Equation (USLE), also presented in the Superfund Exposure Assessment Manual (EPA, 1988). The
USLE is used to calculate the annual amount of soil loss. Based on the annual loss, the number of
years until all of the contaminated soil has eroded away (or become depleted) is calculated. Once the

soil has been depleted the loadings to the surface water and the GMA will cease.

The concentration of contaminants in Paddys Run and the SSOD is calculated by combini;lg runoff
from subbasins with contaminated areas with runoff from uncontaminated subbasins. This mixing is
based on dilution factors between the subbasin and the receiving stream (Paddys Run or the SSOD).
These calculations are performed using the dilution factors and dissolved contaminant masses from the
partitioning equations. The concentration in the GMR is calculated in a similar manner except that
the flow in the GMR is not calculated using HEC-1, but is based on the average flow data for the

FER/OUSRI/SWF&IM/MCM.DRAFT-FINAL/12/01/93 2-3
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GMR presented in previous reports (Miami Conservancy District, 1992). A more detailed discussion
of this procedure is presented in Section 4.1 of this report. -

To be conservative, the procedure for estimating concentrations in the surface waters will assume that |
no mass of contaminant is lost to infiltration thrbugh the streambeds. This assumption would

represent a worst case scenario for concentrations in the surface water. If a storm event occurred
when the streambeds are saturated (i.e., immediately following a previous storm event or in the

spring when storm events occur frequently), little or no dissolved contaminant would infiltrate

through the streambeds. If the storm event occurred at any other time more contaminant would likely
infiltrate, leaving less contaminant for the concentration in the surface waters. The models described

in this section are shown in the right portion of Figure 2-1.

2.3 CONTAMINANT LOADINGS TO THE GREAT MIAMI AQUIFER

Two contaminant loading rates are calculated to simulate the loading to the GMA for the entire year:
the loading due to a single representative storm event and an average loading to be applied over six
months of the year. It is assumed that the aquifer is not loaded during the other six months of the
year. The assumption to load the GMA for only six months is based on the concept that flow in
Paddys Run, and hence the contaminant loading, does not occur continually throughout the year since
Paddys Run and its tributaries are often dry for extended periods. The single representative storm
event loading rate is used to simulate the relatively few large storm events per year that create
substantial amounts of runoff. The average loading is used to represent the common storm events that
occur during the year. A more detailed discussion of this procedure is presented in Section 4.3 of

this report.

To be conservative, the procedure for estimating contaminant loadings in the groundwater due to
infiltration through the streambeds of Paddys Run and the SSOD is based on infiltration calculations
that assume the streambeds are initially unsaturated. This condition will create the upper bound of
infiltration and also the upper bound of contaminants passing through the streambed. This would
represent the worst case scenario for loadings to the GMA from surface waters infiltrating through the

streambeds. The procedures described in this section are shown in.the center of Figure 2-1.

FER/OUSRI/SWF&IM/MCM.DRAFT-FINAL/12/01/93 24
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2.4 MODELING APPROACH USED IN PREVIOUS RI REPORTS
Previous remedial investigations for Operable Units 1 (DOE, 1993a) and 4 (DOE, 1993b) performed

surface water modeling to estimate the amount of contaminants transported with runoff. The final RI
report for Operable Unit 4 was completed in November 1993 and the draft RI report for Operable

Unit 1 was completed in October 1993. The surface water runoff from both Operable Units 1 and 4
flows directly to Paddys Run. Both of these reportS used the following approaches for modeling the

surface water.

® A l-year, 24-hour storm event was used to estimate runoff and contaminant concentrations
originating from source soil.

e  MUSLE was used to estimate sediment generated by the 1-year, 24-hour storm event.

¢  Partitioning equations from the Superfund Exposure Assessment Manual (EPA, 1988) were
used to calculate the amount of contaminant in runoff and adsorbed to sediments.

e  Both reports calculated the concentration of contaminants in Paddys Run based on simple
dilutions of dissolved contaminants in surface water runoff from the source. The flow rate
in Paddys Run between January and May was estimated to be between 0.2 and 4.0 ft'/s,
(Dames and Moore, 1985); Operable Unit 4 used a flow rate of 0.2 ft*/s based on the low
range and Operable Unit 1 used the high range of 4.0 ft*/s.

¢  Both reports calculated the concentrations of contaminants in the GMR by diluting Paddys
Run flow with the average flow rate in the GMR.

Operable Unit 4 did not estimate contaminant loadings from Paddys Run to the GMA while Operable
Unit 1 did, assuming that 30 percent of the contaminant mass in Paddys Run infiltrates during storm

events.

2.5 0Lv
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_ 3.0 SURFACE WATER FLOW AND
INFILTRATION MODEL DEVELOPMENT AND SIMULATION

The SWF&IM consists of three main components: the simulation of runoff, the simulation of flow in
‘the streams of the FEMP (i.e., Paddys Run and the SSOD), and the simulation of infiltration through
the streambeds. The simulation of runoff is accomplished with the HEC-1 model using rainfall and
land surface data as input. The output from the HEC-1 model is in the form of runoff hydrographs
(discharge versus time relations) that are needed as input in simulating the depth of flow of water in
Paddys Run and the SSOD. This depth of flow is then input into the VS2DT model as the source of
infiltrating water. In addition to déscribing the characteristics of the Paddys Run drainage basin, the

following sections discuss each of these three main components in greater detail.

3.1 DESCRIPTION OF PADDYS RUN DRAINAGE BASIN

Paddys Run is an intermittent stream which drains a 15 square mile catchment which includes most of
the FEMP site. The drainage basin extends approximately 8 miles north of its confluence with the
GMR and approaches 3 miles in width at its widest point. The Paddys Run drainage basin, with the |
exception of the FEMP, is primarily rural, characterized by farm fields and woods with occasional
residential areas scattered throughout. The land surface in the vicinity of the FEMP is relatively flat.
At the perimeter of the drainage basin, the land is characterized by steep slopes leading to the hilltop

drainage divides.

Paddys Run flows only a portion of the year, typically during the late winter and spring months when

storm events are common. During the summer and fall months, Paddys Run is generally dry.

As described in Section 1.1, the former production area is situated in the center of the FEMP
property. Currently, the storm water runoff from this area of the FEMP is collected in a storm sewer
system and discharged to the SWRB. The SWRB is divided into two chambers; the first was placed
in operation in November 1986 and the second in December 1988. The SWRB discharges to
Manhole 175 which discharges via an effluent line to the GMR (see Figure 1-1).
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3.2 RAINFALL AND RUNOFF SIMULATION

The objectives of the rainfall runoff simulation are to select a representative storm event and use it to
simulate runoff in the Paddys Run drainage basin. The runoff is then used as input for the infiltration
calculations for Paddys Run and the SSOD. .

3.2.1 Meteorological Data and Selection of the Representative Storm Event

The amount of contaminant transport caused by surface water flow is dependent on the chemical
characteristics of the contaminant, topography, and rainfall duration, intensity and volume. This
study used a single storm event to approximate the yearly flow pattern and infiltration in Paddys Run
and the SSOD. This single storm event was then used to characterize the large storm events that
occur and to assist in determining the average yearly loadings to the GMA. Selection of a single
representative storm is critical to secure reasonable results with this approach. A relatively small,
common storm event may not produce erosion and sediment in appreciable quantities while a large,
uncommon event may produce a substantial amount of erosion and sediment but not occur frequently

enough to be significant.

3.2.1.1 1-Year, 24-Hour Storm Event Approach
A storm with a 1-year return period and a 24-hour duration was chosen as the representative storm,

based on the recommendations in the Superfund Exposure Assessment Manual (EPA, 1988), to
represent short-term releases of contaminants. The storm event simulated has a total precipitation
depth of 2.5 inchés, based on the Rainfall Frequency Atlas of the United States (Hershfield, 1961).
(The volume of precipitation contained in a storm event is often reported in depth which can be
converted to a volume by multiplying by the area that the precipitation has fallen on, usually assumed
to be the entire drainage area for small to mid-size catchments.) The method used in HEC-1 to
produce the storm hydrograph (the variation of rainfall intensity with time) requires the rainfall
amounts (depth) for storms of various durations up to the length of the storm being modeled. The
depth-duration data required by the HEC-1 model is listed in Table 3-1. Rainfall depths listed in
Table 3-1 were obtained from the Rainfall Frequency Atlas of the United States (Hershfield, 1961),
which provides contours of rainfall depth for the contiguous United States for various rainfall return

periods and durations.

;-a

e
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TABLE 3-1

DEPTH-DURATION DATA*
1-YEAR-RETURN INTERVAL STORM EVENT

Dufation Depth (in.)
5 minutes 0.33
15 minutes 0.625
60 minutes 1.1
2 hours 1.4
3 hours 1.48 -
6 hours 1.8
12 hours 2.1
24 hours 2.5

*Hershfield; D. M., 1961, Rainfall Frequency Atlas of the United States, Technical Paper
No. 40, Department of Commerce, Washington, DC

33 020
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The 1-year, 24-hour storm has a small enough return period that it occurs fairly frequently while

at the same time it produces a significant amount of runoff from the subbasins. The storm runoff -
causes soil loss and contaminant transport through overland flow from the FEMP into Paddys Run.
In addition, the 1-year, 24-hour storm has been used in other operable unit studies to define soil
losses from individual waste units, allowing for consistency between this study and previous operable
unit fate and transport studies (DOE, 1993a and 1993b).

3.2.1.2 Probability Weighting Method Approach
During the early stages of this study, attempts to select a representative storm were made using a

probability weighting method to incorporate both large and small storm events. The weights were to
be based on the return period of the particular storm event. The return period is the time that a storm
of certain magnitude is likely to occur; i.e., a 1-year storm has a likelihood of occurring once a year.
Generally, the longer the return period of the storm the larger the amount of rainfall. For each return
period a set of storms with various durations exists, i.e., a 1-year, 12-hour storm event and a 1-year,
24-hour storm event are both possible. To define the representative storm, both the return period and
duration need to be determined. A sensitivity analysis was performed to determine what storm
duration would produce the greatest amount of contaminant in the runoff. That storm duration was
then used for the representative storm since it is conservative. For a storm with the same return
period, it was found that as the storm duration increased, the amount of contaminant in the runoff
also increased. A 24-hour storm duration was chosen based on its widespread desxgn use, the

availability of rainfall data, and its acceptance by many regulatory agencies.

However, difficulties arose in weighting the different storm events which eventually led to the
probability weighting method being abandoned. One of the problems was determining a threshold or
lower bound below which the storm event would not produce a significant amount of contaminant in
the runoff. Storms below this bound would not be included in the weighting. This threshold was
determined by setting the allowable amount of contaminant in the runoff and back calculating the
storm event using the MUSLE, from the Superfund Exposure Assessment Manual (EPA, 1988).
Another problem was in determining what percentage of the yearly rainfall would fall below this
threshold storm. Also, no method was available to accurately account for storm events between tht;,

standard storm events (e.g., runoff can be calculated and weighted for the standard 5-year and

7y
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10-year storms, but the 6.4-year storm event would be neglected). Therefore, the single storm event

approach using a 1-year, 24-hour storm event was used for this study.

3.2.2 Conceptual Model
The Paddys Run drainage basin consists of land surfaces drained by streams and channels discharging

to Paddys Run. As rain falls, a portion df it becomes runoff depending on land surface conditions.
This runoff then collects and flows in the channels in the basin, moving from small channels to
successively larger channels until reaching the basin outlet. The flow in the channels can come from
the runoff or can enter the stream from groundwater. The flow that originates from the groundwater
is base flow. Paddys Run in the vicinity of the FEMP is often dry and does not contain any base
flow. The basin can be divided into subbasins so that the runoff from any particular area can be
analyzed separately and then added together to yield the total hydrograph for the basin. These are the

basic processes which were simulated with the rainfall and runoff calculations using HEC-1.

Storm water from the former production area of the FEMP and the waste pit area is currently
collected and pumped to the GMR. Two scenarios for flow in Paddys Run drainage basin are
calculated. One, Scenario 1, models the runoff hydrographs without flows from the former
production area and waste pit area being included. This is the current flow condition at the FEMP
site. The other, Scenario 2, considers that the storm water collection systems for the former
production and waste pit areas fail and the storm water returns to its natural courses. The surface
water flow from the former production area is assumed to follow the slight slope to the SSOD and the
flow from the waste pit area is assumed to enter Paddys Run. This scenario is modeled because of
the uncertainty of site conditions in the next 1000 years, the length of time that the loadings to the
GMA will be calculated for in the remedial investigations.

For each of these two storm water management scenarios, two HEC-1 models are used, one for
infiltration calculations and another for contaminant calculations, for a total of four. The subbasins
used in the HEC-1 model for infiltration calculations are divided to allow a more detailed hydrologic
analysis of the FEMP site in the contaminant calculations. This refinement made it possible to
analyze peak flows and volumes from contaminant source areas. The HEC-1 model used for
infiltration calculations and current conditions includes flow from the waste pit area because the

subbasin containing this area was not divided in the infiltration calculations. Since this is a relatively
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small area with a correspondingly small amount of runoff, it should not have a significant effect on

the infiltration calculations.

Several assumptions are also made concerning the modeled characteristics of the Paddys Run drainage
basin. It is assumed that the base flow in Paddys Run and the SSOD is negligible and that channel

loss (i.e., infiltration through the streambed and evaporation) is negligible for runoff calculations.
Negligible channel loss was an initial assumption which was later confirmed during the VS2DT

sensitivity analysis (Section 5.1).

3.2.3 HEC-1 Simulation

The HEC-1 model used to simulate runoff into Paddys Run and its tributaries is needed for infiltration
calculations (i.e., VS2DT) for this report and for input to the future contaminant calculations (i.e.,
MUSLE) to be done by each individual operable unit. The HEC-1 model was originally developed
by the Hydrologic Engineering Center of the U.S. Army Corps of Engineers'(C(‘)E) to assist in
waterway design projects. As such, it is well documented and has been applied successfully to
numerous regions across the United States. The program generates runoff hydrographs given either
hypothetical or actual rainfall data. The program can calculate hydrographs from many different
subbasins and then combine and route the hydrographs through the watershed. The HEC-1 program
provides a wide variety of methods to generate and route hydrographs. The program considers only
water transport and does not have the ability to simulate sediment generation, sediment transport, or

contaminant transport.

The entire Paddys Run drainage basin is modeled by linking the various subbasins together within the
HEC-1 model, which calculates a runoff hydrograph for each subbasin. The hydrographs are added
together at locations called stations. The combined runoff hydrograph can then be routed through a
channel reach by either of two methods: by using a separate routing step or by routing through a
downstream subbasin in the same step that the downstream subbasin hydrograph is calculated. Both

routing techniques are used in the HEC-1 simulations prepared for this report.

3.2.4 Input Data
The HEC-1 model requires input to represent the rainfall event and to describe the surface

hydrological properties of the drainage area. The rainfall data used was described in Section 3.2.1.

023
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Most of the parameters used to describe the drainage basin were taken from topographic maps of the
watershed. Some information, such as Paddys Run cross section data used for channel routing was
obtained from topographic maps developed from field surveys. Cross section plots are shown in

Appendix A.

Not all of the precipitation falling on a drainage basin becomes runoff. Referred to as precipitation
losses, the amounts are calculated by the U.S. Department of Agriculture’s (USDA) Soil Conservation
Service (SCS) curve number method. Infiltration, depression storage, and land surface interception
account for precipitation losses. Interception and depression storage fepresent the surface storage of
water by trees, grass or natural local depressions in the ground surface while infiltration accounts for
the amount of rainfall which directly enters the ground surface. SCS curve numbers are estimated
according to land use, vegetative cover, and soil type. The land use and vegetation are estimated
from topographic maps and aerial photographs of the site. The soil types and their associated
hydrologic parameters were taken from Soil Surveys of Hamilton (USDA, 1982) and Butler (USDA,
1980) Counties, Ohio. The soil survey mapping shows the entire county and the location of all the
different soil types. In the curve number method each soil is classified as either A, B, C, or D based
on its hydrologic characteristics. Only one or two curve numbers are input into HEC-1 fdr each
subbasin. The curve number associated with each of the different soil types, land uses, and
vegetation is then weighted and averaged to represent the whole subbasin for input into HEC-1.
Table 3-2 provides the weighting procedure used to determine the SCS curve numbers for the

subbasins. The final curve number(s) used for each subbasin is also presented in this table.

The basin and subbasin boundaries were derived using topographic maps created by the U.S.
Geological Survey (USGS) and supplemented with topographic maps of the FEMP property. The
USGS maps used have a scale of one inch equals 2000 feet and a contour interval of 10 feet. In the
vicinity of the FEMP site more detailed maps exist aﬁd two were used in determining the input
parameters for HEC-1. One map was developed for the 1992 Storm Water Permit Application and is
based on 1985 aerial photographs. It uses a scale of three inches equals 1000 feet and a contour
interval of one foot. The other topographic mzip, based on 1992 aerial photos, uses a scale of one
inch equals 300 feet and a contour interval of one foot. The Paddys Run drainage basin was divided
such that the physical characteristics are similar within each subbasin and the cross sections where
hydrographs are desired are located at the outlet of each subbasin.

024
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The Paddys Run basin was divided into 15 subbasins for the HEC-1 model infiltration calculations.
Figure 3-1 shows all the numbered drainage subbasins and Figure 3-2 focuses on the most pertinent.
Figure 3-3 is a schematic of the HEC-1 model and shows the logical relation of the subbasins,
channel routings, and stations in this simulation. The FEMP site is divided into seven subbasins for
this simulation, of which 60, 70 and 75 directly drain to Paddys Run. These three subbasins were '
divided to coincide with cross section locations along Paddys Run and include flow from outside the
FEMP boundaries. This level of subbasin detail was acceptable for infiltration calculations because
they are based on the total flow in Paddys Run. The area drained by the SSOD is divided into four
subbasins; PDAR, 580, 581, and 582. Subbasin PDAR contains the formef production area (PDAR
stands for production area). To model the scenario where flow from the former production area is
collected and pumped outside the Paddys Run drainage basin (to the GMR), the PDAR subbasin is
simply deleted from the HEC-1 model. The HEC-1 models with and without the PDAR subbasin are

the two runoff models used for infiltration calculations.

For HEC-1 model contaminant calculations the subbasins described above were divided so as to allow
a more detailed hydrologic analysis of the FEMP site, for a total of four models. This refinement
allows for the determination of peak flows and volumes to be used in the MUSLE for operable unit-
specific areas. Figures 34 and 3-5 show the new subbasin boundaries used for contaminant
calculations and the schematic representation of the HEC-1 model, respectively. Subbasins 60, 70
and 75 are divided to separate the flow coming from the portion of the FEMP on the east side of

Paddys Run from the flow coming from the west side, as follows:

e  Subbasin 60 is divided into subbasins 60 on the west and 560 on the east.

e  Subbasin 70 is divided into subbasins 70 on the west, 570 on the east, and WPA (WPA
stands for waste pit area). The waste pit area, located between the former production area
and Paddys Run, contains various liquid and solid wastes generated by plant operations.
Storm water from here is currently collected and pumped to the GMR.

e  Subbasin 75 is divided into subbasins 75 on the west and 575 on the east.

A total of 19 subbasins are used to model the Paddys Run drainage basin for contaminant

calculations.
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Table 3-3 provides a comparison of peak discharge, time of the peak discharge and the total flow
volume at cross sections along Paddys Run for the HEC-1 models used for infiltration calculations
and the ones used for contaminant calculations. The overall flow in Paddys Run did not change

appreciably between the models.

Kinematic wave and Muskingum-Cunge methods (COE, 1990) are employed to calculate subbasin
flow and channel routing in the HEC-1 simulation. ‘In these approaches, the various physical
processes of water movement over the basin surface (with associated infiltration), flow into stream
channels, and flow through the channel network are modeled using equations of conservation of mass
and energy. Parameters such as channel roughness, slope, catchment lengths and areas, and stream
channel dimensions are required to define the processes. In the simulation, various features of
irregular surface geometry of the subbasins were read from the topographic maps and were
approximated by two types of basic elements; (1) an overland flow element and (2) a stream flow or
channel flow element. Two separate overland flow elements can be used to describe the different
overland flow conditions that exist within the subbasins. One element is often used for impervious
areas and the other for pervious areas. If a subbasin is predominately one or the other, usually only
one element is used. Up to three fypes of stream elements can be used including subcollector
channels, collector channels, and a main channel. These three stream elements flow successively into
one another starting with the subcollector channel. Depending on the subbasin characteristics not all
three elemenis are required. Tables 3-4 and 3-5 list all data used to characterize overland flow and
channel flow elements for each subbasin. The parameters used db not necessarily reflect any
particular drainage component in the subbasin but are typical or average for the subbasin. The input

files used for the HEC-1 simulation are presented in Appendix B.

3.2.5 Results ,

The output from the HEC-1 model includes runoff hydrographs, peak discharges, and the total
‘volume of runoff from each subbasin and cross section location in the mode.l. Plots of the runoff
hydrographs at each cross section location are presented in Appendix C. Plots of hydrographs from
both the infiltration and contaminant HEC-1 models are shown for comparison. A summary of the
output for all four of the HEC-1 models is presented in Table 3-6 and Appendix B. The peak
discharge in Paddys Run resulting from the 1-year, 24-hour storm event varies from cross section

location to cross section location; however, the peak discharge is approximately 400 cfs. The flow
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Table 3-6

SUMMARY OF HEC-1 MODEL RESULTS

Infiltration Calculations

DRAFT FINAL

SWF&IM/November 1993

4954

Scenario 1° Scenario 2°
Station® Peak Flow (ft%/s) Time of Peak (hr) Peak Flow (ft%/s) Time of Peak (hr)

SUB 10 119 13.00 119 13.00
SUB 20 183 13.17 183 13.17
SUB 30 340 13.67 340 13.67
SUB 50 3ﬁ 13.83 .37 13.83
ROUTE 60 368 14.00 368 14.00
SUB 60 11 13.83 11 13.83
STA 60 378 14.00 378 14.00
ROUTE O 373 14.17 373 14.17
SUB 70 64 12.53 64 12.53
STA 70 382 14.17 382 14.17
ROUTE 1 382 14.33 382 14.33
SUB 75 83 12.33 83 12.33
STA 75 394 14.33 394 14.33
ROUTE 2 380 14.50 380 14.50
PDAR 180 12.17 - -
SUB 580 6 12.50 6 12.50
SWRB 183 12.17 — —
SUB 581 48 . 1;2.67 48 12.67
STA J-] 194 12.17 53 12.67
ROUTE 80 192 12.33 53 12.83
SUB 582 30 13.00 30 13.00
STA 80 196 12.33 78 12.83
STAE-E 421 14.50 407 14.50
ROUTE 25 421 14.67 407 14.6'7
SUB 130 102 13.00 102 13.00
STA 130 459 14.67 445 14.67
SUB 100 376 15‘.17 360 15.17
ROUTE 3 375 15.33 360 15.33
SUB 110 52 13.00 52 13.00
SUB 120 74 12.67 74 12..67
STA 120 403 15.33 387 15.33
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TABLE 3-6 (Continued) ;

Contaminant Calculations

4954
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Scenario 1° Scenario 2¢
Station® Peak Flow (ft/s) Time of Peak (hr) Peak Flow (ft¥s) Time of Peak (hr)

SUB 10 119 13.00 119 13.00
SUB 20 183 13.17 183 13.17
SUB 30 340 13.67 340 13.67
SUB 50 3 13.83 377 13.83
ROUTE 60 368 14.00 368 14.00
SUB 60 5 13.50 5 13.50
SUB 560 12 13.17 12 13.17
STA 60 380 14.00 380 14.00
ROUTE 0 374 14.17 374 14.17
SUB 70 3 14.67 3 14.67
SUB 570 30 12.50 30 12.50
WPA 27 12.33 — -

70 CT 53 12.33 — —

STA 70 384 14.17 381 14.17
ROUTE 1 374 14.33 375 14.33
SUB 75 30 12.67 30 12.67
SUB 575 16 12.5 16 12.50
STA 75 385 14.33 385 14.33
ROUTE 2 376 14.50 k¥ 14.50
PDAR 180 1217 — -

SUB 580 6 12.50 6 12.50
SWRB 183 12.17 — -

SUB 581 48 12.67 48 12.67
STA J-J 194 12.17 53 12.67
ROUTE 80 192 12.33 53 12.83
SUB 582 30 13.00 30 13.00
STA 80 196 12.33 78 12.83
STAEE 417 14.50 399 14.50
ROUTE 25 416 14.67 390 14.67
SUB 130 102 13.00 102 13.00
STA 130 454 14.67 — —_

SUB 100 379 15.17 360 15.17
ROUTE 3 379 15.33 359 15.33
SUB 110 52 13.00 52 13.00
SUB 120 74 12.67 74 12.67
STA 120 406 15.33 386 15.33
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m»-4954

*SUB - subbasin; STA - station; PDAR - production area: SWRB - storm water retention basin; WPA
- waste pit area; 70 CT - {STA] 70-contaminant transport.

bScenario without the retention basin
*Scenario with the retention basin. -
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coming from the FEMP pfoperty (i.e., subbasins 70, 75, and the SSOD) forms an early peak in the
overall runoff hydrograph. This is caused by the difference in the time the flow from the FEMP

property enters Paddys Run and when the upstream flow reaches the FEMP site. The flow from the
subbasins coming from the FEMP directly enters Paddys Run whi]e the upstream flow is delayed by

the amount of time it takes the upstream flow to reach the site.

3.3 SIMULATION OF STAGE IN PADDYS RUN AND THE SSOD

The stage in Paddys Run and the SSOD is simulated to produce information for use in the infiltration
calculatibns. In order to accomplish this, rating curves (discharge versus depth) are developed at
several cross section locations. The HEC-1 model provided hydrographs in terms of discharge rate
versus time at each cross section location. The rating curves for each cross section are combined with
the runoff hydrographs to produce a stage versus time relationship for each cross section during the

simulated storm event. This information is then used for the infiltration simulation.

Eight cross sections in Paddys Run are used in the calculations. The cross sections are located
approximately 2000 feet apart and cover Paddys Run from the GMR to the northern FEMP boundary.
The cross sections along Paddys Run are based on topographic maps developed from survey data and
are identified as A-A through H-H (Figures 3-1 and 3-2).

Three cross sections are used in the SSOD and are spaced approximately 1200 feet apart. The SSOD
cross sections are based on the 1992 topographic mapping devéloped from aerial photography of the
FEMP site and are identified as I-1 through K-K. The cross sections determined from the topographic
mapping differ somewhat from two surveyed water sample location elevations in the SSOD. Because
survey information is generally considered more accurate than aerial topography, it was decided that
the elevations of the three cross sections in the SSOD would be based on the surveyed water sample
location elevations. The SSOD stream bed elevations are based on a linear interpolation between the
surface water sample locations. The cross sections are used to determine stream depth versus cross
sectional area relationships for points along Paddys Run and the SSOD. Four of the cross sections

along Paddys Run and all the SSOD cross sections are used in the infiltration calculations.

Rating curves (depth-discharge relationships) are developed for each of the cross sections. These

depth-discharge relationships are calculated with Mannings equation (Henderson, 1966), an empirical

FER/OUSRI/SWF&IM/MCM. DRAFT-FINAL/12/01/93 3-28 G i’i 3
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equation widely used- to calculate either water depth or discharge in a channel, depending on what
information is given. Mannings equation assumes that the flow is steady (not changing with time) and
uniform (flow propertiés not changing with distance along the stream). The use of Mannings equation
is a justifiable simplification to the probable actual flow conditions because the sensitivity analysis
(discussed in Section 5.1) shows that the infiltration calculations are fairly insensitive to the discharge
rate in the surface water bodies and it is assumed they are also insensitive to the depth of flow. The
Mannings roughness coefficient and slope for each cross section used in a ratiﬁg curve calculation are
listed in Table 3-3 (the same cross sections were used in the HEC-1 analysis for routing flow).
Appendix A shows the geometries of cross sections A-A through K-K. The resulting rating curves

are presented in Appendix D.

3.4 INFILTRATION SIMULATION

3.4.1 Conceptual Model _

The top layer of soil in the vicinity of the FEMP property consists of relatively impermeable glacial
overburden deposits. Underlying this layer are permeable glacial outwash deposits that form the .
water bearing unit of the GMA. Water readily infiltrates into the unsaturated outwash deposits due to
its porous nature. The stream channels of Paddys Run and the SSOD have cut through the glacial
overburden into the outwash deposits (Figure 3-6). The water table elevation in the GMA in and
around the FEMP property is generally lower than the streambed elevation which forms an
unsaturated (vadose) zone between the water table and the stream bed. Significant amounts of water
can infiltrate from the stream to the unsaturated glacial outwash deposits and then enter the GMA.
This migration is the basis for modeling the surface water as a possible pathway of contamination to

the groundwater.

The infiltration model simulates flow from the stream channels into the unsaturated and saturated
zones of the glacial outwash deposits. For the reaches of Paddys Run and the SSOD which flow on
top of the glacial overburden, infiltration is negligible due to the low streambed permeability.
Therefore, within these reaches infiltration rates are not calculated. When Paddys Run cuts deep
enough into the glacial outwash deposits so that the streambed elevation matches the water table
elevation, infiltration again becomes negligible because the water elevations are in equilibrium.
Infiltration was calculated from the location where the streams cut into the glacial outwash deposits to

the location where streambed elevation matches the water table elevation.
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Paddys Run’s streambed is glacial overburden at cross sections A-A and B-B and glacial outwash at
cross sections C-C through H-H. Cross section C-C is very close to the limit of the glacial
overburden in Paddys Run, so the infiltration calculations are begun there. Figure 3-6 shows the
limit of the glacial overburden and the cross sections used in this study. All of the cross sections in
the SSOD are in the glacial outwash deposits. Cross section I-I is very close to the limit of glacial
overburden in the SSOD so infiltration calculations are begun there. The water table and stream bed
elevations intersect near cross section F-F, where infiltration again becomes negligible; therefore, the

infiltration calculations are stopped and infiltration is assumed to be zero.

The simulafions assume there is no baseflow in Paddys Run above cross section F-F. This means that
Paddys Run and the SSOD have no flow at the beginning of the storm event. It was also assumed
that the glacial outwash deposits are unsaturated down to the groundwater table before the storm
event. The effect of water infiltrating through the streambeds was assumed to not significantly effect
the runoff hydrographs so that the heads input into VS2DT based on the runoff hydrographs are not

adjusted for the amount of water in the streams lost to infiltration.

3.4.2 Infiltration Model (VS2DT)

VS2DT is a USGS numerical model which simulates water movement through variably saturated
porous media. Simulated regions can be one-dimensional columns, two-dimensional vertical cross
sections, or axially symmetric, three-dimensional cylinders. Infiltration through the channel of
Paddys Run was calculated using VS2DT which was able to take into account the wetting front as it
advanced through the vadose zone to the water table once flow in Paddys Run and the SSOD began.
Following this, the model simulates the lateral migration of water away from the stream as a mound

forms in the aquifer underneath Paddys Run and the SSOD.

At each of the six cross sections where infiltration calculations are performed (in both Paddys‘Run
and the SSOD), a two-dimensional finite-difference grid was designed to simulate water movement
through the cross section under the stream channels. Only one-half of the cross section was simulated
due to the symmetry of the region. The vertical dimension was set from the groundwater table to the
streambed. The grid spacing varies in both the horizontal and vertical directions with the finest grid
spacing occurring under the stream channel where the infiltration begins. Figure 3-7 shows the model

043
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grid used for cross section D-D and the mound of saturation formed under the stream during the

1-year, 24-hour storm event.

The horizontal dimension of the infiltration model grid was extended far enough so that no infiltrating
water reaches the model boundary at any time during the simulation. The bottom boundary of the

model was set by the initial groundwater table elevation.

The top boundary of the model grid contains several constant head cells which are used to simulate
the depth of flow in the stream cross section. The width of the constant head cells are defined to
match the stream width. Paddys Run stream width was based on the distance from edge of water to
edge of water in the topography developed from survey data. The stream width in the SSOD was
based on engineering judgment relating the size of the SSOD to Paddys Run. The stream widths used

in the model are shown in Table 3-7.

The streams are simulated in the model using a constant head boundary at the streambed with a head
value equal to the water head (depth) in the stream at a given time. Since stream head varies during
the storm, the simulation is divided into discrete time periods so that the head can be varied between
periods. In each period, the stream head is averaged and used as input for the constant head cells. In
Paddys Run the infiltration calculations are divided into two-hour increments. In the SSOD the runoff
hydrographs are shorter in duration and change more rapidly with time. The two-hour time
increments are too large to accurately match the changing head in the SSOD so one-hour periods are
used for the first several time periods at the beginning of the storm event when the head is changing

rapidly.

The duration that the infiltration simulations are performed is based on the period when the depth of
flow in the cross section was greater than 0.1 foot, when most of the flow has been discharged.
When modeling the current conditions (flow from the production area is diverted), very little runoff
reaches cross section I-I at the head of the SSOD; the depth of flow is less that 0.1 foot for all but a
one-hour period. So the duration of the infiltration simulations at this cross section is based on the
period when 98 percent of the flow has been discharged. The duration of the infiltration simulations
in the SSOD ranges from 13 to 15 hours; those in Paddys Run range from 18 to 20 hours. A sample
VS2DT input file is presented in Appendix E.

Y £
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Linear interpolation is used to calculate total infiltration in the reaches between seven cross sections in
Paddys Run and the SSOD, where the infiltration is simulated by VS2DT or assumed (i.e., cross

section F-F).

3.4.3 Input Data
At each cross section the VS2DT model requires input concerning the thickness of unsaturated

material to the groundwater table. This distance is taken as the difference between the minimum
cross section elevation and the groundwater table. The minimum stream elevations are taken from the
cross sections shown in Appendix A. The groundwater table elevations under each stream channel
cross section are based on water level elevations measured in the 2000-series monitoring wells located
near each cross section. The groundwater elevations are based on a sampling round in the 2000-
series wells in April 1990. Since most storm events will occur during the wet season (usually the
spring months of the year), it was felt that using the groundwater elevations from that portion of the
year would yield more realistic results. The VS2DT model also requires head elevation data at the
streambed for each of the cross section locations for use in the infiltration calculations. This

information was provided from the HEC-1 runoff hydrographs and the cross section rating curves.

The hydraulic properties of the glacial outwash deposits are assﬁmed to be similar to‘ the values used
for the GMA. The saturated vertical hydraulic conductivity is assumed to be 45 ft/day and the
porosity is assumed to be 0.39 based on values used in previous reports (IT, 1993). Saturated-
unsaturated hydraulic conductivity curves use the Van Genuchten equation (Healy, 1990) to simulate
variably saturated aquifer conditions. Fitting parameters were chosen from representative soil types
taken from the VS2DT manual. The soil type in the VS2DT manual which most closely matched the
properties of the glacial outwash deposits was sand. The hydraulic conductivity and the porosity were
used to compare the glacial outwash deposits’ properties with the properties of soil in the VS2DT
manual. Soil moisture contents are initialized by the program after fixing the aquifer’s water table
elevation and defining 2 minimum saturation level of 20 percent of full saturation. This allows the

model to create an initial saturation gradient through the vadose zone.

iy

‘_) L
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3.4.4 Results

The VS2DT model fepons information concerning infiltration through the streambeds of Paddys Run
and the SSOD at every hour of the infiltration simulations. The pertinent output from VS2DT
includes total flux (total infiltration through the stream channel) through the constant head boundaries
and the percent saturation in each cell of the model grid. This output was then processed to arrive at

the results needed for this study. The subsequent sections discuss the results and required processing.

3.4.4.1 Infiltration Rate

The VS2DT model simulates the wetting front of the infiltrating water as it travels through the
unsaturated soil under the streambed. The wetting front eventually reaches the groundwater table and
forms a mound of saturation under the stream. Figure 3-7 shows the location of the wetting front at

several times during the infiltration simulation at cross section D-D.

Based on the total infiltration amount at each cross section at each hour, the hourly amount of
infiltration in each stream reach is calculated and converted to a rate. The results of the VS2DT
model (Table 3-8) show a variable infiltration rate depending on the depth to the water table below
the channel. The channel reach between cross section C-C, approximately 14 feet above the water
table, and cross section D-D, approximately 6.5 feet above the water table, experiences an infiltration
rate ranging between 3 and 24 inches per hour (in./hr) through the streambed. The channel reach
between cross section E-E, only 1.65 feet above the water table, and cross section F-F, approximately
at the water table elevation, has an infiltration rate of 0.1 to 2.5 in./hr. These results show the effect
of unsaturated zone thickness on the inflow of water to the aquifer. The channel reach between cross
sections D-D and E-E is an intermediate step between channel reaches C-C to D-D and C-C to E-E
and has a rate of 0.8 to 10 in./hr. Plots of the infiltration rate versus time for each channel reach are

shown in Appendix F.

The infiltration rates generally begin high and decrease as the infiltrating water saturates the glacial
outwash deposits between the streambed and the groundwater table and as the depth of flow in the
stream channel cross section decreases. This same general trend is also observed in the infiltration
results for the cross sections located in the SSOD. Cross sections I-I and K-K are 26.6 and 16 feet,
respectively, above the groundwater table. In this channel reach the outwash deposits between the

stream and the groundwater never become completely saturated. The infiltration rate is more

~ 0
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TABLE 3-8

SUMMARY OF VS2DT MODEL RESULTS

Scenario 1° Scenario 2°
Maximum Minimum Maximum Minimum

Stream Infiltration Rate Infiltration Rate Infiltration Rate Infiltration Rate

Reach (in./hr) (in./hr) (in./hr) (in./hr)
CC-DD 23.8 2.7 23.8 2.7
DD-EE 11.1 0.8 11.1 0.8
EE-FF 2.5 0.1 23 0.1
11-J) 29.3 3.2 | 14.2 0.3
JIKK 24.8 8.5 | 20.9 42

8Scenario without the retention basin.
bScenario with the retention basin.
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dependent on the flow in the stream than the groundwater elevation. The infiltration rates for channel
_ reaches I-I to J-J and J-J to K-K are 3 to 29 and 8 to 24 in./hr, respectively, based on the simulation

including flow from the former production area.

3.4.4.2 Total Infiltration Volume

The total infiltration volume in Paddys Run and the SSOD is calculated by first calculating the total
infiltration volume in each channel reach in the infiltration simulation (i.e., between cross section C-C
and D-D, between cross sections D-D and E-E, etc.). The total infiltration at the cross section
locations on the ends of the channel reach are linearly interpolated and multiplied by the length of the
channel reach to yield the total infiltration in the reach. The overall total infiltration is then the sum

of the infiltration amounts in each of the channel reaches.

The total amount of infiltration in Paddys Run and the SSOD for the case which includes flows from
the former production area is approximately 2.6 million cubic feet (ft). Approximately 8.6 million ft°
of runoff is created in the Paddys Run drainage basin upstream of cross section F-F (the location
where the infiltration calculations are stopped). This means that roughly 30 percent of the total runoff
generated by a 1-year, 24-hour storm event infiltrates thrbugh the streambeds of Paddys Run and the
SSOD. For the current site conditions where the production area does not contribute flow to the
SSOD, approximately 2.3 million ft* (or roughly 29 percent) infiltrates from 7.9 million ft* of total

runoff.

3.4.4.3 Contaminated Runoff Infiltration Volume

The general results of the overall amount of contaminated runoff which infiltrates Paddys Run and the
SSOD are presented here. Section 4.3 presents the method for calculating the amount of infiltration
and contaminant contributed by each subbasin into each reach in Paddys Run and the results. This
information will be used in determining the loadings to the GMA for the groundwater solute transport

model.

The total infiltration percentages are based on the individual infiltration percentages discussed in
Section 4.3. For the scenario which includes flow from the former production area, approximately 39
percent of the contaminated flow coming from subbasins infiltrates. For the scenario in which the

flow from the former production area is not included, approximately 37 percent of the contaminated
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flow infiltrates. These percentages will be related to the percent of dissolved contaminant in the
runoff which reaches the GMA by infiltrating through the streambeds of Paddys Run and the SSOD.

3.4.5 Verification

The Groundwater Modeling Report (IT, 1993) notes a high degree of correlation between the Paddys

Run and aquifer hydrographs. The data used to make this correlation are based on continuous 60- -
minute readings using pressure transducers and a data logger measured in Monitoring Well 2014,

located approximately 25 feet away from Paddys Run near cross section E-E. On April 14, 1989, a

storm event caused a rapid rise in the Paddys Run stage elevation from 526.5 to 531.5 feet. Within

two hours, the water level in Monitoring Well 2014 started to rise above its initial elevation of 523.2

feet. Within the following two-hour period, the water level rose to its maximum height of 524.2 feet.

It is not possible to. directly compare the results of the infiltration model with the hydrograph data
because the magnitude of the storm event and initial conditions were not the same as the 1-year, 24-
hour storm used in the VS2DT modeling. However, the results from the infiltration model and the
field data are compared on a qualitative basis. In the infiltration model (cross section E-E), the
stream bed and groundwater elevations are set at 525 and 523.35 feet, respectively. The simulated
storm event produces a rapid rise in the Paddys Run stage elevation from 525 to 527.6 feet. The
water table elevation at the approximate location of Monitoring Well 2014 rises almost

instantaneously and achieves its maximum elevation of 525 feet within one hour.

The difference in response between the infiltration model and the field data may be attributed partially
to the difference in the initial water table elevation. In the case of the model, the distance between -
the stream bed and the initial water table was only 1.65 feet. The high initial water table results in
less available pore space for infiltrating water, consequently producing a more rapid response in the
water table. Although a direct comparison cannot be made, the response of the infiltration model was

generally similar to the response observed in the field.

A mass balance between the amount of flow in the streams and the amount of infiltration is performed-
to ensure that more water did not infiltrate through the streambeds than was available. At each cross
section and at each hour, the volume of flow in the streams and the volume of infiltration through the

streambeds is calculated (see Appendix G for calculations). In some cases, at the tail of the runoff

_—_rN
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hydrograph, when the flow of water becomes fairly small, the integration of VS2DT model results
show more infiltration than what is available. When this happened the infiltration volumes are

adjusted so that only up to 100 percent of the flow in the stream infiltrates.

In order to make an independent comparison of the volume of water which infiltrates into Paddys
Run, a calculation is made of the volume of unsaturated voids available to be filled with water. This
calculation checks the order of magnitude of VS2DT infiltration results. It assumes that water will
only infiltrate to fill the unsaturated voids so that once the volume of voids under Paddys Run are
filled, infiltration would stop. This simple calculation also assumes infiltrated water does not move

horizontally to fill unsaturated areas which are not under the stream bed. A

The total volume of unsaturated voids under the streambed is calculated by taking the streambed
elevation and subtracting the elevation of the groundwater table to arrive at the thickness of
unsaturated material along the stream. These thicknesses are then multiplied by the length of the
stream and an average width of the stream. The streambed elevation information was taken from the
1992 topographic maps of the FEMP site. Because these elevations produce an undulating surface,
these elevations are averaged to form a smooth surface for the streambed volume calculations (see
Figure 1'in Appendix H). The groundwater elevations are based on water surface elevations in the
2000-series wells along Paddys Run. Groundwater elevation data from 1988 to 1993 are averaged
and used to calculate the volume. Only well data with 20 or more data points are used in the
average. The stream width used was based on the average width (edge of water to edge of water as

shown on the topographic maps.

The average groundwater elevations used for the volume calculation are roughly 3 feet lower than the
elevations used in the VS2DT infiltration calculations. The independent calculation yielded a total
volume of 2.02 million f*. When this is adjusted by the porosity of the GMA (0.39 - Table 3-7), the

volume of available voids is 0.78 million ft>.

The VS2DT model allows for lateral flow of water so that the width of saturation under Paddys Run
is wider than the width of the stream, forming a mound of saturation beneath the streambed. At the
end of the simulation, the width of the groundwater mound was approximately 100 to 400 feet (see

Figure 2 in Appendix H). The groundwater mound becomes very thin at its outer edges and does not
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contain a large percentage of the volume. Approximately 2 million ft* of infiltration was calculated
with the VS2DT model in Paddys Run only. The saturated mound would account for the difference
between the VS2DT model results and the independent volume calculation. While the results of the
volume calculation are different for the two methods, they are within an order of magnitude and

indicate that the results from the VS2DT method are reasonable.
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4.0 DEVELOPMENT OF CONTAMINANT LOADING TERMS

This section describes the models and assumptions proposed to estimate the concentration of
contaminants in surface water runoff and sediment in the upcoming RI/FS studies. The following
discussion provides the approach 6nly; the actual calculations are conducted by each operable unit-
specific RI/FS, as shown in Figure 1-2. How to estimate the year-long loadings to the GMA from
contaminated surface water infiltrating through the beds of Paddys Run and the SSOD is also
discussed. The year-long loadings employ two different rates (Figure 4-1); one describes the loading

produced from the representative 1-year, 24-hour storm event while the other, related to yearly

sediment generation, represents the rest of the storm events which occur during the year. This second
loading rate is applied at a constant rate over six months of the year. The other six months have a
loading rate of zero which represents the times of the year when Paddys Run is dry and cannot

provide a pathway for contaminants to the GMA.

4.1 SURFACE RUNOFF AND SEDIMENT CONCENTRATIONS

In order to calculate the amount of contaminants in surface runoff and sediment generated from a
single storm event, the procedures in the Superfund Exposure Assessment Manual (EPA, 1988) are
used. As the contaminant moves in Paddys Run and is mixed with uncontaminated flow the

concentrations are calculated based on a mass balance épproach.

4.1.1 Sediment Generation
The MUSLE is used to calculate the amount of sediment generated from each subbasin containing

contaminated areas. The MUSLE equation takes the following form:

Y(S), = a (V,qp)°'5° KLSCP 4-1)
=~
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Whére
Y(S)e = sediment yield (mass per event)
a = conversion constant
V, = volume of runoff (volume, from HEC-1 output)
q, = peak flow rate (volume / time, from HEC-1 output)
K = soil erodibility factor (mass/area/unit erosion potential from County Soil Survey)
LS = slope length factor (dimensionless, from Superfund Exposure Assessment Manual)
C = cover factor (dimensionless, from Superfund Exposure Assessment Manual)
P = erosion control practice factor (dimensionless, from Superfund Exposure

Assessment Manual)

The volume of runoff and the peak flow rate can be calculated based on equations presented in the
Superfund Exposure Assessment Manual; however, since this information is available from the
HEC-1 output presented in this report, the HEC-1 results will be used. The HEC-1 analysis is more
detailed than the equations in the Manual and should yield more consistent resﬁlts since the same
HEC-1 output was used in other parts of this overall analysis (i.e., infiltration calculations). The
output from MUSLE will be the total amount of sediment produced (in mass) from each subbasin.

4.1.2 Partitioning Equations

Calculations to determine the amount of contaminant in the runoff and in sediment for each subbasin
need to be performed for each CPC. These calculations would likely be done in a spreadsheet
format. The following equations calculate the amount of adsorbed and dissolved contaminants
available in the top 0.4 inch of soil (EPA, 1988).

S, = (U(1+6JKH))) C,A. B . 42

D, = (I/ 1+(K,8/8)) C, A, B (4-3)
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where
S, = adsorbed substance quantity (mass)
D, = dissolved substance quantity (mass)

6, = available water capacity (dimensionless)

K, = sorption partition coefficient (volume/mass)
B = soil bulk density (mass/volume)
C, = total substance contamination (mass/area-in.)

" A, = contaminated area (area-in.)

The amount (mass) of contaminant and concentrations are given by the following equations:

PX; = (Y(S). / aA B)(S,, + S,; + S,) (4-4)
PQ = (Q./R)D,, + D,; + D) 4-5)
C. =PQ/V, 4-6)
C, = PX,/Y(S). 4-7)
where

PX;, = adsorbed substance loss per event (mass)

PQ; = dissolved substance loss per event (mass) .

C. = concentration of contaminant in runoff per subbasin (mass/volume)

C, = concentration of contaminant in sedimenf per subbasin (mass/mass)

Y(S), = sediment yield (mass, from MUSLE)

Q. = total storm runoff (depth, from HEC-1 output)

R, = total storm rainfall (depth, from HEC-1 input)

V, = storm runoff volume (volume, HEC-1 output)

A = total subbasin area (area-in.)

S.. = adsorbed substance quantity for contaminated area one in the subbasin (mass)
D,, = dissolved substance quantity for contaminated area one in the subbasin(mass)
a = conversion constant

The procedures in the Superfund Exposure Assessment Manual only deal with an area that is
uniformly and completely contaminated. At the FEMP only certain areas within each subbasin are

_ 19
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actually contaminated. The equations presented here have been modified slightly so that the
concentrations calculated for each subbasin take into account the uncontaminated portions of the
subbasin as well. The above equations have two parameters: A’ is the entire subbasin while A’ is
only the area that is contaminated. The Superfund Exposufe Assessment Manual only has a
parameter for the contaminated area. The first terms in the equations to calculate the PX; and PQ,
(the mass of contaminant released in the adsorbed and dissolved phases respectively) are just ratios of
subbasin parameters not speciﬁcally associated with the contamination. Using the overall subbasin
parameters and not ones specific to the contaminated areas does not change the results of the mass of
contaminant released since the underlying assumption in these equations is that the parameters within
a subbasin are homogeneous. The mass of contaminant released (PQ; and PX)) is the same but the
concentration is based on the total amount of sediment and runoff produced in the subbasin, not just

the amounts produced from the contaminated areas.

The result from this step in the overall procedure is the contaminant concentration in the runoff and
sediment from each subbasin. The sediment concentrations are complete at this point; the runoff
concentration calculations are continued to account for the mixing of contaminated runoff with runoff
from uncontaminated subbasins outside of the FEMP property. These calculations are described in

the next section.

4.1.3 Estimation of Concentrations in Runoff in Paddys Run, SSOD, and the GMR
The concentrations in Paddys Run, the SSOD, and the GMR are calculated based on the 1-year, 24-

hour storm event. The concentration in Paddys Run or the SSOD caused by a single contaminated
subbasin are required for evaluation of each individual operable unit in the ongoing RI/FS at the
FEMP site. The concentrations in Paddys Run and the SSOD resulting from the contaminated flow
from an individual contaminated area are calculated with dilution factors. These dilution factors will
relate the concentration in the runoff coming from the contaminated subbasin with the resulting
concentration in the receiving stream (either Paddys Run or the SSOD). The dilution factor for each

individual contaminated subbasin is discussed in Section 4.1.3.1.
To be conservative, the procedure for estimating concentrations in the surface waters assumes that no

mass of contaminant is lost to infiltration through the streambeds. This assumption represents a

worst-case scenario for concentrations in the surface water. If a storm event occurs when the
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streambeds are saturated, little or no dissolved contaminant would infiltrate through the streambeds.
If the storm event occurred at any other time more contaminant would likely infiltrate, leaving less

contaminant for the concentration in the surface waters.

The combined effect of multiple contaminated subbasins entering Paddys Run and the SSOD also
needs to be evaluated. Where several contaminated subbasins enter Paddys Run at the same point, the

average concentration of the contaminated subbasins is calculated based on a flow-volume weighting

of the concentration from each subbasin. The average concentration is then used to calculate the

resulting concentration in Paddys Run.

The total concentration in Paddys Run is calculated at cross sections C-C, D-D and E-E, as shown in
Figure 3-4. These locations include contamination entering Paddys Run at that point and
contamination, if any, which entered Paddys Run upstream of that point.

‘ _
The concentration in the GMR resulting from contaminated flow from Paddys Run is calculated based

on the average flow rate in the GMR. Each of the above-mentioned calculations are discussed below.

4.1.3.1. Dilution Factors for Individual Contaminated Subbasins

To estimate the contaminant concentrations in Paddys Run and the SSOD, dilution factors are
calculated for each contaminated subbasin. The dilution factors are applied to the runoff contaminant
concentrations (i.e., C, as described in Section 4,1.2) from each contaminated subbasin. These
dilution factors are based on the flows in the receiving stream (Paddys Run or the SSOD) when the

peak flow from the contaminated subbasins enters the receiving stream.

The flow from the contaminated subbasins is assumed to be uniformly contaminated with a constant
concentration over the duration of the flow. The rates at which contaminants reach the receiving
stream are greatest when the flow from the contaminated subbasin is the greatest, at the time of the
peak discharge from the subbasin. Geherally the maximum concentration in the receiving stream
occurs when the most contaminant enters the stream. To be conservative, this maximum
concentration is reported as the concentration in the receiving stream. The ratio of the peak flow in
the contaminated subbasin to the flow in the receiving stream at the time of the peak discharge of the
contamiﬁated subbasins is used as the dilution factor. Figure 4-2 graphically shows the relationship

004
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between the contaminated subbasin hydrograph, the total hydrograph in the receivihg stream, and the

discharges at the time of the maximum flow from the contaminated subbasin.

As an example, the following equations are used to calculate the dilution factors for the WPA
subbasin (waste pit area) of the HEC-1 model used for contaminant calculations. The total
hydrograph (including subbasin WPA) in the receiving stream is STA 70 in the HEC-1 model (Figure

3-5). The dilution factors for the other contaminated subbasins are calculated in a similar manner.

All of the dilution factors are presented in Table 4-1.

DF wpay= QPwra) / Qsranwea) 4-8)
Where
DF ypa .= dilution factor for subbasin WPA (dimensionless)
P wea) = peak flow from subbasin WPA (volume/time)
Qstanewray = flow rate in the STA 70 hydrograph at the same time as the peak flow in

subbasin WPA (volume/time)

The concentration in Paddys Run due to subbasin WPA can then be calculated with the following

equation:
Craasywrry = Ceovray (DFwpa) ) 4-9)
Where
Crasywray = concentration in Paddys Run due to subbasin WPA (mass/volume)
C.owpa) = concentration of contaminant in the runoff from subbasin WPA

(mass/volume); calculation of this value is described in Section 4.1.2.

4.1.3.2 Weighted Contaminant Concentrations for Multiple Subbasins Entering Paddys Run

The contaminated flow entering Paddys Run at cross section location C-C is due to the flow from
subbasins WPA and 570 (Figure 3-5). The contaminated flow entering Paddys Run at cross section
location E-E is due to the four contaminated subbasins (PDAR, 580, 581, 582) that drain to the
SSOD. The HEC-1 model combined the runoff hydrographs of the contaminated subbasins flowing to
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cross section locations C-C and E-E at stations 70 CT and STA 80, respectively. The combined
hydrographs at those two stations are used to simulate the incoming contaminated flow to Paddys

Run.

The concentration in the combined hydrographs at stations 70 CT and STA 80 is based on the average
concentration from the contributing contaminated subbasins. The average concentration is based on a

volume weighting of the concentrations in the runoff from each of the contaminated subbasins.

The average concentration of the flow from subbasins 570 and WPA entering Paddys Run at cross

section location C-C is given by the following equation:

Csnwpa = (Ce(WPA)VWPA + Ce(S?U) Vo) | (Vapa + Vi) 4-10)

Where
Csowpa = volume weighted average concentration entering Paddys Run at cross

section C-C due to subbasins 570 and WPA (mass/volume)

C.owea = concentration in the runoff from subbasin WPA (mass/volume)
Vura = total volume of runoff from subbasin WPA (volume)

C.sm) = concentration in the runoff from subbasin 570 (mass/volume)
Vin = total volume of runoff from subbasin 570 (volume)

The above equation can also be used to model the current conditions at the FEMP in which the flow
from the waste pit area is collected and pumped to the GMR. To model that scenario, the terms

pertaining to the waste pit area would simply be deleted from the above equation.

The average concentration in the SSOD is given by the following equation (for the case which

includes flow from the former production area [PDAR]):

CSSOD!(TOTAL) = (CSSOD(5&)) V580 + CSSOD(PDAR) VPDAR + CSSOD(SBI) VS81 + CSSOD(SS’Z) V582) / VSSOD (4-11)
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and
Vssoo = Vs + Vepar + Vgt + Vg 4-12)

Where
Cssopiroray = Volume weighted average concentration in the SSOD for the case which

includes flow from the former production area (mass/volume)

Cssopesso = concentration in the SSOD due to subbasin 580 (mass/volume)
Vo = total volume of runoff from subbasin 580 (volume)

Cssopepary = concentration in the SSOD due to subbasin PDAR (mass/volume)
Vepar = total volume of runoff from subbasin PDAR (volume)

Cssopesy = concentration in the SSOD due to subbasin 581 (mass/volume)
Vs = total volume of runoff from subbasin 581 (volume)

Cssopssn = concentration in the SSOD due to subbasin 582 (mass/volume)
Ve = total volume of runoff from subbasin 582 (volume)

Vssop = total volume of flow in the SSOD (volume)

To calculate the contaminant concentrations for current conditions (i.e., with the SWRB in place and
diverting flow from subbasin PDAR to the GMR), the following equation is used to calculate the

average concentration in the SSOD:

CSSODZ(TOTAL) = (CSSOD(SK)) Vsso + CSSOD(Sﬂl) VSBI + CSSOD(582) VSS‘Z) / VSSOD (4-13)
and
Vssop = Vs + Vs + Vg 4-14)
Where
Cssopzaotay, = volume weighted average concentration in the SSOD for the case which

does not include flow from the former production area (mass/volume)

All of the total subbasin flow volumes are presenfed in Table 4-1.
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4.1.3.3 Maximum Concentrations in Paddys Run
The maximum concentration of contaminants in Paddys Run at cross section locations C-C, D-D and

E-E is based on the peak flow, the incoming concentration, and the concentration from upstream
sources. Calculating the concentration at the time of the peak discharge is similar to the approach
used for calculating the dilution factors for each individual contaminated subbasin. This yields the

maximum concentrations in Paddys Run.

The maximum concentration in Paddys Run due to contaminated subbasins WPA and 570 at cross

section location C-C is given by the following equation:

CPaddy(CC) = (CPaddyl(SGO) Q_nommoocn + Cisnwray (QPncr)) / (Qsrancoey) (4-15)
Where
Chisyco = maximum concentration in Paddys Run at cross section location C-C
qPrct = peak discharge from the combination of subbasins 570 and WPA

' hydrographs (Station 70CT) (volume / time)
Qstanmoery = discharge in the total hydrograph in Paddys Run at the same time as the
peak discharge qpcr (volume / time)
Qrouteamery, = discharge in the upstream hydrograph in Paddys Run at the same time as
A the peak discharge qpcr (volume / time)

Chusnsy = concentration in Paddys Run due to subbasin 560
The concentration in Paddys Run at cross section location D-D is due to the contamination already. in

Paddys Run from cross section location C-C and the inflow from subbasin 575. The maximum

concentration in Paddys Run at cross section location D-D is given by the following equation.

CPaddy(DD) = (CPaddy;(CQ QROUI‘E](S‘IS) + Cys (Qpsz)) / (Qsmmns)) (4-16)
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Where »
Criwyory = maximum concentration in Paddys Run at cross section location D-D
(mass/volume)
Qsramszy = discharge in the upstream hydrograph in Paddys Run af the same time as

the peak discharge qps;s (volume / time)

Cars = concentration in the runoff from subbasin 575 (mass/volume)
qPsss = peak discharge from the subbasin 575 hydrographs (volume / time)
Qrouteiss = discharge in the total hydrograph in Paddys Run at the same time as the

peak discharge qps,s (volume / time)

The concentration in Paddys Run at cross section location E-E is due to the contamination already in
Paddys Run from cross section location D-D and the inflow from the SSOD. The maximum

concentration in Paddys Run at cross section location E-E is given by the following equation.

CPaddy(EB = (CPnddy:(DD) Qroute ussopy T CSSODI(TOTAL) (QPsraso)) / (Qs'rAEE(ssom)) @4-17)

Where

Couityen = maximum concentration in Paddys Run at cross section location E-E
(mass/volume)

Qroute 2ssopyy = discharge in the upstream hydrograph in Paddys Run at the same time as
the peak discharge qpsrag (volume / time)

Cssopirorayy = concentration in the runoff from the SSOD (mass/volume)

qPstA% = peak discharge from the total SSOD hydrograph (volume / time)

Qstaessopy = discharge in the total hydrograph in Paddys Run at the same time as the

’ peak discharge qpsrag (volume / time)

The maximum concentration at cross section E-E is calculated both with and without the former
production area contributing flow to Paddys Run. The above equations are written including flow
from the former production area. The equations can be used without the flow from the former |
production aréa if the SSOD1 subscripts are changed to SSOD2. The maximum concentration in-

Paddys Run is the maximum of Cpusccpp Crastyony» a0 Crassyen)-

P hnhy
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4.1.3.4 Maximum Concentration in the GMR

The maximum concentration in the GMR is calculated by taking the maximum concentration in

Paddys Run multiplied by a dilution factor between Paddys Run and the GMR. This dilution factor is
the peak flow rate in Paddys Run at the confluence of Paddys Run and the GMR from the HEC-1 '
model divided by the average flow rate in the GMR. This yields a conservative result because the
concentration in Paddys Run is further diluted by incoming flow in the 1.5 miles of stream channel

between the FEMP and the GMR. The concentration in the GMR is given by the following equation.

Cavr = Crusyomary (Wpaey ) / (@Prssy + Qomreevi) (4-18)
Where
Comr = concentration in the GMR (mass/volume)
QP pasy = peak flow rate in Paddys Run at the confluence with the GMR
(volume/time)
Qomravp = average discharge in the GMR (from previous studies, 3,370 ft'/s

[DOE 1993a])

Crugyory = maximum of Cpuccpp Crasyony aNd Couinyes,

The dilution factor is calculated as 0.1217 when iricluding flow from the former production area and

0.1157 when excluding the production area.

4.2 CPC SCREENING

The CPCs are screened mid-way through the modeiing process to determine if the contaminant
concentrations pose a significant risk that requires additional modeling in both the surface water and
groundwater exposure routes. The dissolved contaminant concentrations in the surface water flow
coming from each contaminated subbasin is screened to determine if concentrations in Paddys Run
and the GMR need to be calculated. The dissolved contaminant concentrations in the GMA that
originate from infiltration through Paddys Run and the SSOD are screened to determine if these
contaminants need to be modeled in the groundwater solute transport mociel. The screening

procedure for CPCs in surface water and in the groundwater is discussed below.

072
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4.2.1 Surface Water CPC Screening
The approach used to calculate the contaminant concentration in the flow coming from each subbasin

was discussed in Section 4.1.2. Those concentrations are compared to the 107 risk-based
concentrations for carcinogens or 0.1 Hazard Quotient concentrations for noncarcinogens. These
screening concentrations are derived by dividing the 10 risk-based concentrations or the Hazard
Quotient of 1.0 by 10 (EPA, 1993). If the contaminant concentration in the flow from the subbasin is
below the screening concentrations, then the contaminant is screened out and the concentrations in
Paddys Run and the GMR are not calculated.

4.2.2 Groundwater CPC Screening
The concentration of CPCs that enter the GMA through the streambeds of Paddys Run and the SSOD

due to a 1-year, 24-hour storm event are estimated for screening purposes with procedures presented
in this section. The estimated concentration level is then compared to risk-based concentrations to

determine if they pose a significant risk.

The estimated concentrations to the GMA will be compared to the 107 risk-based concentrations for
‘ carcinogens or the 0.1 Hazard Quotient concentrations for noncarcinogens. These screening
concentrations are derived by dividing the 10 risk-based concentrations or the Hazard Quotient of
1.0 by 10 (EPA, 1993). If the contaminant concentration in the GMA is below the screening
concentrations, then the contaminant is screened out and the contaminant’s migration is not simulated

in the groundwater solute transport model.

Determination of the concentration in the GMA due to contaminants infiltrating through the
streambeds of Paddys Run and the SSOD is accomplished by mixing the estimated mass of
contaminant which enters the GMA through the streambed with the volume of water in the GMA in
one Sandia Waste Isolation Flow and Transport (SWIFT) cell plus the volume of infiltrated water.

The concentration in the GMA is given by the following equation:

Comn = M./ (Vo + Vi) 7 (4-19)

'M
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estimated concentration in the GMA due to contaminated water infiltrating
through the streambeds of Paddys Run or the SSOD

mass of contaminant entering the SWIFT cell

volume of groundwater in layer 1 of the GMA in the average thickness
cell block along Paddys Run or the SSOD

volume of water infiltrating into the SWIFT cell

The volume of water in the SWIFT cell is calculated from:

- Where
W

L

cell

T

boma

Vo = WL T)Gown) 4-20)

average width of the streams used for modeling purposes (25 feet for
Paddys Run and 10 feet for the SSOD)

length of SWIFT cell (125 feet)

saturated thickness of layer 1 of the GMA in the SWIFT cell (= 15 feet)
total porosity of the GMA (0.39)

The percent of the contaminated subbasin runoff from the 1-year, 24-hour storm event which

infiltrates into each stream reach along Paddys Run is presented in Section 4.3.1. These percentages

are used to calculate the amount of water which infiltrates into each SWIFT cell and the contaminant

mass that enters each SWIFT cell. For screening purposes, the reach length in which the highest

percentage of contaminated runoff infiltrates is used. The volume of flow which infiltrates each cell

is given by the following equation:

Vi = (D Vs / N ' 4-21)
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Where
V subbasin = total volume of flow from the contaminated subbasin (volume)
I = percent of the contaminated subbasin runoff which infiltrates through the
streambed of Paddys Run or the SSOD; for the stream reach with the
highest percentage of infiltration percent

N = number of SWIFT cells in the stream reach
The number of SWIFT cells in the stream reach is calculated by the following equation:

N= L& /L g 4-22) .
Where
L. = The length of the stream reach (length)

The mass infiltrating into each SWIFT cell is given by the following equation:
Mc = Vlnﬁ] Ce(Subbasin) (4-23)

. Where

Coswwsiy = concentration in the contaminated subbasin runoff (mass/volume)

4.3 CONTAMINANT LOADINGS TO THE GMA

The contaminant transport in the GMA is modeled to determine groundwater exposure point
concentrations. The amount of contaminant infiltrating through the streambeds of Paddys Run and the
SSOD is input as a loading term to the groundwater solute transport model. The loading is applied
using two rates; one from the single representative storm event and another average rate to represent
the storm events during the rest of the year. The procedures to determine these two loading rates are

presented below.

4.3.1 Single Storm Event Loadings
The contaminant loadings to the GMA produced from the representative storm are calculated by

determining the mass of dissolved contaminant that would enter each cell in the groundwater solute

F Ll Y
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transport model from infiltration through the beds of Paddys Run and the SSOD. The amount of
mass that enters the GMA is based on the percent of a contaminated subbasin’s total flow which
infiltrates the stream beds. This percent is correlated to the percent of the total dissolved contaminant
in the runoff which enters the GMA. This loading is similar to the procedure presented in Section

4.2.2, except the percent infiltration (I in the equation) will vary from stream reach to stream reach.

To be conservative, the procedure for estimating concentrations in the groundwater due to infiltration
through the streambeds of Paddys Run and the SSOD is based on infiltration calculations that assume
the streambeds are initially unsaturated. This condition creates the upper bound of infiltration and
also the upper bound of the contaminant passing through the streambed. This represents the worst-

case scenario for loadings to the GMA from surface waters infiltrating through the streambeds.

The infiltration rates through the streambeds of Paddys Run and the SSOD vary with both distance
and time. The runoff flow rate, and hence the dissolved contaminant flow rate, from each different
subbasin also varies with time. Because of the varying surface water flow and infiltration rates, an
overall average of the amount of infiltration versus the overall total runoff might overestimate the
amount of contamination infiltrziting from one subbasin while underestimating the amount from
another. While the overall average is calculated to characterize the general results, the percent of
infiltration attributed to each subbasin in each channel reach in Paddys Run is calculated to describe

the complex nature of the infiltration into the streambeds of Paddy Run and the SSOD.

4.3.1.1 Conceptual Model
The infiltration rates reported from the VS2DT model generally peak quickly and then decrease with

time as the unsaturated zone beneath the streambeds becomes saturated. Because the overall
infiltration rates are decreasing with time, the storm water runoff which reaches the streams first has
a higher percentage of infiltration to flow. The HEC-1 results indicate that the majority of the
contaminated runoff coming from the FEMP enters Paddys Run béfore the bulk of the uncontaminated
flow from upstream subbasins reaches the sections of Paddys Run in the vicinity of the FEMP site.
Because the contaminated runoff enters Paddys Run earlier than the upstream flow, the amount of
contaminated runoff which infiltrates through the streambed can be disproportionate to the total ‘

amount of infiltration.

el Y
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The majority of the storm water inflow to the SSOD comes from the FEMP property. Each of the

four subbasins used in the HEC-1 model for the SSOD drainage basin enters the SSOD at essentially
the same time. Because of this timing, it is possible to assume that the total amount of infiltration in
the SSOD is proportionate to the amount of flow from the four subbasins. The flow from the SSOD

is treated as a single inflow to Paddys Run with no distinctions made about subbasin source.

The VS2DT model reports inﬁltratioﬁ rates that varied with position along Paddys Run. . The highest
infiltration rates in Paddys> Run occur at cross section location C-C, located where Paddys Run cuts
into the permeable glacial outwash deposits. As Paddys Run travels downstream, it cuts deeper into
the outwash deposits and the thickness of the unsaturated zone beneath Paddys Run decreases. This
decrease in unsaturated zone thickness causes the infiltration rates to decrease with distance along the
stream channel from the highest rates at cross section C-C to the assumed infiltration rate of zero at
cross section F-F (where the unsaturated zone thickness goes to zero). The subbasins which enter
Paddys Run closer to cross section C-C have higher percentages of infiltration to flow because of the

higher infiltration rates in this area of the stream.

The subbasin runoff which enters Paddys Run farther upstream also experiences a higher infiltration
to flow percentage because the runoff travels over a longer length of streambed in which infiltration is
possible. For instance, flow which enters Paddys Run near cross section location C-C travels over
approximately 8500 feet of permeable streambed (distance frbm C-C to F-F) while flow entering
Paddys Run at cross section location E-E only travels over approximately 2600 feet of permeable
streambed (distance from E-E to F-F).

- The HEC-1 modei calculates the percent of infiltration to total flow from each subbasin (Figure 3-3).
The infiltration percentages to total flow are calculated for subbasins 70, 75, and the flow from the
SSOD. The total flow from the SSOD is taken as the flow at STA 80 in the HEC-1 model set up for
infiltration calculations. The total SSOD drainage basin is referred to as subbasin 80 in the following
discussion. The percentages‘of infiltration are calculated in the three stream reaches along Paddys
Run where infiltration calculations were performed (reaches C-C to D-D, D-D to E-E and E-E

to F-F).

bt et
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The flow from subbasin 70 is assumed to enter Paddys Run at cross section C-C. The infiltration in
the stream reach from C-C to D-D was attributed to subbasin 70 and the flow from upstream to
uncontaminated subbasins. Similarly, the flow from subbasin 75 is assumed to enter Paddys Run at
cross section location D-D. The infiltration in the stream reach from D-D to E-E is attributed to
subbasins 75 and 70 and to upstream flow. Flow from the SSOD (subbasin 80) enters Paddys Run at
cross section E-E. The infiltration in the final stream reach is attributed to subbasins 80, 75 and 70
and to upstream flow (Figure 4-3).

The total infiltration from subbasin 70 through the streambed of Paddys Run is the sum of the
infiltrated volume attributed to subbasin 70 in each of the three stream reaches. The total infiltration
for subbasin 75 is the sum of its infiltration contribution in the two downstream reaches of Paddys
Run. The total infiltration from subbasin 80 consists of the infiltration attributed to it in the stream

reach from-section E-E to F-F plus.the total amount of infiltration in the SSOD.

The flow in Paddys Run takes a certain amount of time to travel through each channel reach. For
instance, flow which enters Paddys Run at cross section location C-C will not reach cross section D-D
until some later time. This time is referred to as the reach travel time or lag time. The travel time
for each reach in Paddys Run is assumed to be the difference between the arrival times of the peak
flow from upstream subbasins at the beginning and at end of the channel reach. The travel times are

used in determining of the subbasin-specific infiltration rates.

The proportion of infiltration attributable to each subbasin is assumed to be equal to the same

proportion of runoff from each subbasin in the runoff total hydrograph of Paddys Run.

4.3.1.2 Calculation of Subbasin-Specific Infiltration Percentages
The following discussion of the procedure used to calculate the subbasin-specific infiltration

percentages addresses each channel reach separately starting upstream with the reach between cross
section locations C-C and D-D. Figure 4-3 shows an idealized representation of the various

components of the subbasin-specific infiltration calculations.

At cross section location C-C the total runoff hydrograph is composed of contributions from subbasin
70 and upstream flow (STA 70 and ROUTE 0, Figure 3-3). At each time step of the runoff

ety
0 ¢
Vowd
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_hydrograph, the ratio of the subbasin 70 flow to the total hydrograph flow at cross section location C-
C is calculated. In Figure 4-3, the flow from subbasin 70 and upstream is identified as Q,, and
Qupstreams> TéSpectively. The ratio is then multiplied by the infiltration rate, from VS2DT results, at
each time point to determine the portion of infiltration which could be attributed to subbasin 70 at
each time point. The numerical integration with time of the infiltration rates attributed to subbasin 70
produces the total infiltration from subbasin 70 (I,, in Figure 4-3) in that-channel reach. Dividing the
infiltration from subbasin 70 by the total runoff from subbasin 70 yields the percent of runoff which

infiltrated in that channel reach.

The flow from subbasin 70 has the potential to inﬁltraté through the streambed in the reach from C-C
to D-D while flow from subbasin 70 is in thatbreach. That time is taken as the duration of the
subbasin 70 hydfograph (tx in Figure 4-3) plus the travel time between sections C-C and D-D (At, in
Figure 4-3). The ratio of subbasin 70 flow to the total flow at cross section C-C is lagged (shifted)
by At, when it is multiplied by the infiltration rates for the stream reach between C-C and D-D. The
lagging of the ratio is done to account for the travel time of the subbasin 70 hydrograph from C-C to
D-D with respect to the infiltration simulation. For instance, if the peak discharge of subbasin 70 at
cross section C-C occurred at time 12:00 and the peak discharge reached cross section location D-D
at 12:10, At, would equal 10 minutes. The ratio of subbasin 70 flow to the total flow at the peak
discharge of subbasin 70 is applied to the infiltration rate at time 12: 10, when the peak reached the

end of the channel reach.

The following equation is numerically integrated to calculate the infiltration through the streambed of

Paddys Run between cross sections C-C and D-D due to subbasin 70:

tio*At,

- Golt - AL,) (4-24)
Troep { Tec-no( ) Oomeron(E - AL + O (£ - ALy OF
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Where
Loco = infiltration in the channel reach from section C-C to D-D due to
. subbasin 70 (volume)
Iec.op(®) = total infiltration rate in the channel reach from cross section C-C to D-

D, varying with time (volume/time)

Qu® = diécharge from subbasin 70 varying with time (volume/time)

Qupream® = discharge from upstream varying with time (ROUTE 0 in the HEC-1
model) (volume/ti‘me)

At, " = travel time of the hydrographs from section C-C to D-D (time)

to =  duration of subbasin 70 hydrograph

In the stream reach between cross sections D-D and E-E the infiltration is due to runoff coming from
upstream, subbasins 70 and 75. The flow from subbasin 75 enters Paddys Run at cross section D-D.
* The flow already in Paddys Run coming from cross section C-C is a combination of upstream flow
and flow from subbasin 70 routed through the channel reach from C-C to D-D. This combination is
" ROUTE 1 in the HEC-1 model. The equation used to calculate the contribution of subbasin 75 to the
total infiltration in the channel reach between cross sections D-D and E-E is similar to the previous

equation for subbasin 70.

ts+At;

0,5 (t - At,) :
Toepp = I (t) 75 2 de  (4-25)
o0 { Po-EE QRoutel(t - Atz) + Q75(t - Atz)
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Where

Lo = infiltration in channel reach D-D to E-E attributed to subbasin 75

Ippee®) = total infiltration rate in the channel reach from cross section D-D to E-
E, varying with time (volume/time)

Q,5(®) = discharge from subbasin 75 varying with time (volume/time)

Qroute:(t) = hydrograph in Paddys Run at cross section D-D consisting of the
addition of hydrographs from subbasin 70 and upstream flow routed
through the channel reach from section C-C to D-D. (volume/time)

At, = travel time 6f the hydrographs from section D-D to E-E (time)

ts = duration of subbasin 75 hydrograph

" In order to calculate subbasin 70’s portion of infiltration in the channel reach from D-D to E-E, its
contribution to the flow must be separated from ROUTE 1. The ratio of flow from subbasin 70 and
upstream flow is assumed to remain the same in ROUTE 1. This assumption makes it possible to
separate the flow in ROUTE 1 into components attributable to subbasin 70 and upstream flow. The
ratio is lagged by At, to account for the travel time between cross section C-C and D-D. The

following equation is used to separate the contribution of subbasin 70 from ROUTE 1.

Q-Io(t-A tl)

. , ) 4
Qr0acop(t) = Qnoures () Gro (E-AE,) *Opporren (E-AE;) (4-26)
Where
Quaopt) =  portion of ROUTE 1 attributed to subbasin 70 at cross section D-D
(volume/time)
0862
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The contribution of subbasin 70 to the total infiltration in the channel reach from section D-D to E-E
can now be calculated. The equation is similar to the one used to calculate subbasin 75’s contribution

to the channel reach from section D-D to E-E.

to+At, +AL,

_ Qroacop(t-4 t,) (4-27)
I 005= '!)‘ Tpp-ge(t) Orovrer (E-A L) +0,. (t-AL,) de

Where
Loe = infiltration in the channel reach from section D-D to E-E due to

subbasin 70 (volume)

The previous two equations can be combined to form the following equation which is used to
calculate the contribution of subbasin 70 to the total infiltration in the channel reach from section D-D
to E-E.

LotAL vAL

= Qrovres (E-A L,) O, (t-At,-AtL)) (4-28)
Trone '[ Iww(t){oxmm(t'A £,) +Qps (£-A¢L,) || Qupseroan(E-BE,-AL;) +Qyo (E-A L, -AL;) a

The development of equations for infiltration amounts in the channel reach from section E-E to F-F is
similar and will not be presented here. The flow in the reach from E-E to F-F consists of flow from
ROUTE 2 and subbasin 80. To determine subbasin 75°s contribution in this channel reach, the flow
from ROUTE 1 and subbasin 75 are separated out of ROUTE 2. Subbasin 70 is then separated out of
ROUTE 1. All of the infiltration amounts attributed to each subbasin in each channel reach are
presented in Table 4-2.

Subbasin 70 contains Operable Units 1 and 4. The percentages presented in Table 4-2 for the amount
of infiltration attributed to subbasin 70 can be applied to the contaminated runoff coming from those
operable units. Similarly, the Southfield area of Operable Unit 2 is contained in subbasin 75 and the
production area of Operable Unit 3 is contained in subbasin 80.

0&3
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The SSOD has four subbasins draining to it: 580, 581, 582, and PDAR. Because all of the subbasins
draining to‘ the SSOD potentially contain contamination, the individual infiltration contribution of each
subbasin to each channel reach is not calculated. The total infiltration in the SSOD is presented in
Table 4-3. The percent of runoff which infiltrates the SSOD is calculated to be approximately 49
percent for Scenario 1 and 55 percent for Scenario 2 based on the flow from subbasins 580, 581, and
PDAR. Subbasin 582 is excluded from the flow totals because it enters the SSOD near its confluence
with Paddys Run and would contribute little to infiltration in the SSOD but would provide a large
portion of the total flow coming from the SSOD. By not including subbasin 582, a more indicative
percentage of infiltration in the SSOD is obtained.

4.3.1.3 Total Infiltration Percentages _ ;
Total infiltration percentages are based on the individual infiltration percentages discussed in the

previous section. For the scenario which includes flow from the former production area,
approximately 30 percent of the total 8.6 million ft® of runoff infiltrates into the streambeds of Paddys
Run and the SSOD. Approximately 39 percent of the of the flow coming from subbasins containing
contamination (70, 75, 580, PDAR, and 581) infiltrates. Although a small portion of subbasins 582
and 60 possibly contain contamination, because the majority of the flow comes from uncontaminated
areas, the runoff was not included when calculating the overall percent of contaminated flow which

infiltrates.

For the scenario which excludes the flow from the former production area, approximately 29 percent
of the total runoff of 7.9 million ft* of runoff infiltrates. Approximately 37 percent of the flow
coming from subbasins containing contamination infiltrates. Table 4-4 summarizes the total

infiltration percentages.

4.3.2 Yearly Loadings
The amount of dissolved contaminant produced from all storms during the year, excluding the

representative storm event, is calculated by assuming the ratio of sediment produced and the amount
of dissolved contaminant in the runoff is constant for all storm events. The single storm event
calculations using MUSLE provides this ratio. The USLE is used to calculate the annual amount of

sediment produced. If the ratio of dissolved contaminant to sediment remains the same throughout the

L

—
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TABLE 4-3
SUMMARY OF INFILTRATION RESULTS IN THE STORM SEWER OUTFALL DITCH
: (SSOD)
Scenario 1* Scenario 2°
Total infiltration in the SSOD (ft) 590 x 10*3 2.79 x 10*3
Total flow in the SSOD (ft°) 1.198 x10*¢ ¢ 4921 x 10*5 4
Percent of flow which infiltrates 49.2% ' 56.6%

*Scenario without the retention basin.

bScenario with the retention basin.

‘Based on flow from subbasins 580, PDAR, and 581. The flow from subbasin 582 enters the SSOD
near its outfall and has little chance to infiltrate.

9Based on flow from subbasins 580 and 581.

€0
_‘3"'\:\)

4-28 VRH



DRAFT FINAL
SWF&IM/November 1993

ot
TABLE 4-4 Rl 9 5 4 :

OVERALL SUMMARY OF INFILTRATION RESULTS

Scenario 1? Scenario 2°

Total infiltration including

Paddys Run 2.61 x 10*¢ 2.29 x 10*¢
and the SSOD ()

Total Runoff from Paddys Run

and the SSOD to location F-F 8.64 x 10*¢ 7.93 x 10*¢
(f) | ' 4 _
?ercentage of runoff which 30.2% ' 28.9%
infiltrates :

. Total infiltration from

contaminated : 8.09 x 10*° - 4.94 x 10*°
subbasins (ft*)

Total runoff from contaminated ‘B c +8d
subbasins (ft’) 2.23x 10 . | 1.53x 10

Percentage of contaminated

runoff which infiltrates 39.2% 36.7%

2Scenario without the retention basin. -
bScenario with the retention basin.

‘Based on subbasins 70, 75, 581, 580, and PDAR from the HEC-1 Model used for infiltration
calculations.

4Based on subbasins 70, 75, 581, and 580 from the HEC-1 Model used for infiltration calculations.
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year and the annual amount of sediment is known, then the annual amount of dissdlved contaminant
in the runoff can be calculated. The amount of dissolved contaminant produced from the single storm
event is subtracted from the annual amount to arrive at the amount of dissolved contaminant from all
other storm events of the year. The amount of dissolved contaminant from all storm events other

than the representative storm is used for the average yearly loading rate.

The USLE equation can be modified to include a term called the sediment delivery ratio. The -
sediment delivery ratio represents the percentage of sediment which actually reaches the subbasin
outlet to the total amount that is produced in the subbasin. To be conservative, the sediment delivery
ratio is assumed to be 1 in calculating the yearly amount of dissolved contaminant. The calculated
sediment delivery ratio is used in determining the yearly sediment yield from the subbasin to Paddys

Run.

Because most storm events that occur during the year are likely to be smaller than the representative
storm and produce less runoff and a greater percentage of infiltration, it is conservatively assumed
that all the contaminant produced for the average yearly loading rate enters the GMA. This average
yearly loading rate is applied at a constant rate over six months of the year and at zero over the other
six months (Figure 4-1), thus excluding the times of the year when Paddys Run is dry and not
providing a pathway for contaminants to the GMA. For modeling the long-term transport of
contaminants in the groundwater, the total contaminant mass that infiltrates over the entire year is

averaged and put into the groundwater solute transport model as a constant year-long loading rate.

4.4 SOURCE DEPLETION

The contaminant loading to the GMA will need to be simulated for as long as 1000 years for
inclusion in the groundwater solute transport model. Because of this long time frame, the depletion
of the source soil at the FEMP may become an important consideration. To account for this
depletion, USLE will be used to estimate the yearly loss of soil due to erosion from each subbasin.
This yearly loss will be converted to a depth of soil lost per year. The number of years until the
contaminated soil is depleted would be calculated as the average depth of contamination in the surface
soils divided by the depth of soil loss per year. After all the contaminated soil has eroded, the source
will be considered depleted and loadings to the GMA by the surface water pathway stopped.

Y 130Kp)
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4.5 STORM WATER MANAGEMENT
As discussed previously, the surface water at the FEMP is modeled for two scenarios. One scenario
is used for long-term modeling of contaminant fate and transport and the other for short-term

modeling of contaiinant fate and transport.

The first scenario considered that the storm water management controls at the FEMP (including the
SWRB and the collection system around the waste pit area) have failed and the drainage patterns at
the FEMP return to their natural patterns. The failure of the storm water management system is
considered because of the uncertainty of maintenance of such a system hundreds of years into the
future. The failure of the storm water management system will be assumed to occur after 70 years.
This scenario will be used to model the long-term migration of contaminants, such as in the 1000-

year-long groundwater solute transport simulation.

The second scenario considers the current cond_itions at the FEMP in which the flows from both the
former production area and waste pit areas are pumped to the GMR. The second scenario would be

used for the short-term modeling of contaminant fate and transport.

4.6 AVAILABLE DATA FOR MODEL PERFORMANCE EVALUATION
Most of the available sample data is not storm specific so it cannot be directly related to event-specific
modeling results. The available sample data will be compared qualitatively to the modeled results.

The sample data will be observed for general trends which the modeling will attempt to replicate.

4.6.1 Sediment Concentrations

Sediment data in Paddys Run and the SSOD was taken at 100-foot intervals for the Routine
Environmental Monitoring (REM) program conducted at the FEMP site. Figures 4-4 through 4-8
show samples of this data for the years 1987 through 1991. The REM data is unvalidated but it is
* felt that it will be useful in identifying general trends at the FEMP site. Figure 4-9 shows the
sediment data available from the ongoing RI/FS at the FEMP site. This data is validated.

4.6.2 Surface Water Concentrations
Samples of the available surface water data for the REM and RI/FS programs are shown in Figures
4-10 and 4-11, respectively. The figures only present data for the maximum uranium concentrations

085
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for the REM data and for the total uranium for the RI/FS data. Concentrations for other constituents

are available but were not presented for the sake of brevity.

4.6.3 GMA 2000-Series Well Concentrations

The estimated concentration of contaminants reaching the GMA as described in Section 4.2.2 will be
related to the concentrations found in 18 of the 2000-series wells which are located in close proximity
to Paddys Run and the SSOD. The 2000-series monitoring wells are located in the upper GMA and
are shown in Figure 4-12. The average and maximum concentrations of total uranium for the years
1990 through 1992 for RI/FS and non-RI/FS data is shown in Table 4-5. RI/FS data for total

uranium concentrations in these wells is shown in Table 4-6 for the same years.
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5.0 SENSITIVITY ANALYSIS

SensitivityA analyses of certain parameters used in the SWF&IM were performed to determine the
model’s uncertainty. Four sets of simulations were performed to examine the sensitivity of these
parameters on the amount of infiltration from Paddys Run and the SSOD. The four simulations
varied the SCS curve number, saturated hydraulic conductivity, groundwater table elevation, and
fitting parameters in the Van Genuchten relative hydraulic conductivity equation. All of the
sensitivity analyses were performed for the scenario that includes flow from the former production

area.

5.1 SCS CURVE NUMBER SENSITIVITY ANALYSIS

The computed total runoff for Paddys Run is very sensitive to the SCS curve number. In the.
analysis, the SCS curve number in each subbasin was increased by five and ten percent, respectively.
Total calculated runoff volume at cross section D-D in the period while flow is coming from the site
increased from 5 million to 8 million ft* for the five percent case and to 10 million ft* for the 10
percent case. However, though variation of computed infiltration rate at cross section D-D in the first
4-hour period was apparent, it was negligible afterwards (Appendix I). The total infiltrated volume
per fobt of channel at cross section D-D was increased from 353 to 357 ft* for the five percent case
and from 353 to 362 ft* for the 10 percent case. |

This result shows why the assumptions of negligible channel loss used in the HEC-1 Model is valid;

large changes in channel flow have a relatively minor effect on infiltration rate and volume.

5.2 SATURATED HYDRAULIC CONDUCTIVITY SENSITIVITY ANALYSIS

Saturated hydraulic conductivity (k) was increased from 450 ft/d to 600 ft/d and decreased to 300 ft/d
in the sensitivity analysis. Infiltration rates in channel reaches C-C to D-D, D-D to E-E, and E-E to
F-F are shown graphically in Appendix I. Infiltration rate was more sensitive to saturated hydraulic |
conductivity in channel reach C-C to D-D than in channel reaches D-D to E-E and E-E to F-F,
because niore unsaturated pore volume is available between C-C and D-D. The total infiltration
through Paddys Run streambed in the storm event increased from 2.02 million to 2.39 million ft for
k = 600 ft/d and decreased to 1.53 million ft’ for k = 300 ft/d.
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5.3 RELATIVE HYDRAULIC CONDUCTIVITY EQUATION PARAMETERS SENSITIVITY
ANALYSIS

Relative hydraulic conductivity was calculated using Van Genuchten’s equation (Healy, 1990) in the
infiltration model. Porosity of the GMA was considered to be well defined from previous regional
groundwater flow models. Other fitting parameters (residual moisture content, scaling length, and
pore-size distribution parameter) for sand presented in the VS2DT manual were chosen to vary in the
infiltration calculation. In the sensitivity calculations (Appendix I), relative hydraulic conductivities
computed using sand fitting parameters were compared with fitting parameters for Fresno medium
sand and fine sand. A small variation of relative hydraulic conductivi_ty computed using three sets of
fitting parameters was presented when moisture content was above 0.15. In the sensitivity analysis,

_ the fitting parameters for fine sand was input to the VS2DT model. Cross section C-C experienced a

decrease in infiltration from 642 to 516 ft* per foot of channel.

5.4 GROUNDWATER ELEVATION SENSITIVITY ANALYSIS

The infiltration calculations in Paddys Run and the SSOD were rerun with the groundwater table
lowered to the average groundwater elevation calculatéd for the independent volume of infiltration
calculation discussed in Section 3.4.5. The total amount of infiltration in the SSOD and Paddys Run
was calculated to be approximately 3.3 million ft® of infiltration. This is a 27 percent increase in

infiltration from using a spring time groundwater elevation.

5.5 SUMMARY OF SENSITIVITY ANALYSES

The sensitivity analyses for the SCS curve number, the saturated hydraulic conductivity, and the
relative hydraulic conductivity all produce a change in the total infiltration of 30 percent or less.
Under the possible range of values, 30 percent uncertainty is acceptablé for the intended use of the

model results.

173
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6.0 SUMMARY

In support of RI/FS activities at the FEMP the surface water is being studied and modeled to estimate
the possible migration of contaminants through this pathway. The p;imary purpose of the SWF&IM
Summary Report is to provide information concerning the hydrology and hydraulics of the Paddys
Run drainage basin needed to conduct future modeling of contaminant transport in the surface waters.
The approach to be used for the future fate and transport modeling is also described in the Report.
The results of the SWF&IM Report will be used by each operable unit-specific RI/FS to complete the

surface water contaminant transport calculations.

The two main water courses at the FEMP site are Paddys Run and the SSOD. Portions of Paddys
Run and the SSOD have cut into glacial outwash deposits which form the water-bearing unit of the
underlying GMA. The stream bed elevations of ‘Paddys Run and the SSOD are generally above the
groundwater table elevation in the GMA in the vicinity of the FEMP site, creating a situation in
which some of the water flowing in the streams is lost into the surrounding ground. During the
remedial investigation it was discovered that Paddys Run and the SSOD are directly connected with
the underlying GMA and that a potential pathway exists for contaminant transport into the aquifer

through their streambeds.

The purpose of surface water modeling at the FEMP is to quantify the effect of rainwater coming into
contact with contaminated soils and the subséquent transport of the contaminants with the runoff. The
main objectives of modeling the surface water pathway are to predict the concentration of
contaminants in surface water and sediments, and to estimate the amount of contaminant reaching the
GMA from infiltration through the streambeds of Paddys Run and the SSOD. These estimates of
contaminants reaching the GMA via surface water will then be used as input into the groundwater

solute transport model as mass loading rates.

The SWF&IM does not consider contaminant transport but is only concerned with the movement of
the water. Rainfall and runoff is simulated with the HEC-1 modeling code. To calculate infiltration
from surface water to the GMA, the computer code VS2DT is applied at cross sections along Paddys
Run and the SSOD. A time-varying depth of water is input into the VS2DT program for the

infiltration calculations to simulate the fluctuation of flow depths in the streams during a storm event.
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The output from VS2DT provides the infiltration volumes to the GMA along the length of Paddys
Run and the SSOD. The runoff hydrographs and infiltration information can then be used in

calculating contaminant concentrations and loadings.

The VS2DT model predicts that approximately 30 percent of the total runoff in Paddys Run and the -
SSOD from a single representative storm event (a 1-year, 24-hour storm) infiltrates into the GMA.
Based on VS2DT model results, it is estimated that 39 percent of the contaminant dissolved in the
runoff from the same storm event infiltrates into the GMA through the streambeds of Paddys Run and
the SSOD for the case including flow- from the former production area. For the case in which the
flow from the former production area is not included, approximately 37 percent of the dissolved

contaminant in the runoff infiltrates.

The SWF&IM Report only presents the approach to be used in calculating the concentration of
contaminants in the surface water bodies at the FEMP site. Given the amount of contaminant in the
surface soil, future concentration calculations will require estimates of the surface water flow rates
and volume and estimates of the amount of contaminant being transported from the source soil with
the runoff. - The amount of contaminant adsorbed to the sediment and the amount dissolved in the
surface water runoff will be estimated with partitioning equations presented in the Superfund
Exposure Assessment Manual (EPA, 1988). The amount of sediment generated from a single storm
‘event will be estimated with the MUSLE, also presented in the Supérfund Exposure Assessment
Manual. '

Two contaminant loéding rates are calculated to simulate the loading pattern to the GMA for the
entire year; the loading due to a single representative storm event and an average loading to be
applied over six months of the year. It is assumed that the aquifer is not loaded during the other six

months of the year.

The SWF&IM Report presents the information regarding hydrology and hydraulics of the Paddys Run
drainage basin needed for the future contaminant calculations. This report also presents the overall
modeling approach needed to complete the modeling of the surface water pathway of contaminant

transport at the FEMP site.
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