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INTRODUCTION

To assist in the assessment of the impacts of waste management
activities at the Savannah River Plant (SRP), modeling of transport
in the environmental media was performed. Predicting the future
performance of any waste site or facility and postulated actions in
terms of migration of potential hazardous materials requires mathe-
matical models capable of simulating flow and transport in the
groundwater. Three-dimensional groundwater flow and transport
models were developed to simulate the groundwater movement and
cont aminant transport in two specific production areas, the Raw
Materials Fabrication Area and the Separations Area, on SRP
(Figures 1 and 2). The overall objective of the analysis was to
develop groundwater flow models that could be used to quantify the
rate and direction of the groundwater movement from the waste sites

to points of discharge.

The USGS Modular 3D model (McDonald & Harbaugh, 1984) uses the
strongly implicit procedure to solve sets of simultaneous finite-
difference equations that represent the groundwater flow process.
The transport functions, which are the concentration or mass flux
at time t due to continuous injection starting at time t', were
cbtained by solving the three-dimensional advection-dispersion
equations using the Sandia Waste Isclation Flow & Transport (SWIFT)
model (Reeves & Cranwell, 1981). ,

U oM TP R R T




) y = ’f
- 1 BumaL S/l (!
froanes GROUND sg':‘n.e'tlamn %
o— ] scemec . e 1 \

a4

ot % | |
\ &

FIGURE 1, Location Map of General Separation Area, SRP
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FIGURE 2. Location Map of Raw Materials Fabrication Area




CONCEPTUAL MODEL OF THE SITE AREAS

A compilation and review of the available hydrogeologic data
was performed to provide the framework for the conceptual model of
the sites. This information primarily included geologic data, well
locations, water levels, water quality, and pumping rates for
production wells.

From these data conceptual models of the groundwater flow
systems were developed to generate the relevant properties and
conditions of the real flow systems in a form suitable for treat-
ment by mathematical models. The development of the conceptual
model reguires a knowledge of the hydrology and geology of the
physical system. Simplifying assumptions were carefully selected
to accommodate data uncertainties and the complex spatially and
temporally variable hydrologic parameters. Boundary conditions are
chosen to represent accurately the system and facilitate mathemati-
cal treatment.

The groundwater system beneath the Raw Materials Fabrication
Area was divided into five hydrologic intervals, referred to as
layers. This subdivision was chosen to provide a reasonable
resolution of the vertical groundwater flow patterns. The selected
intervals are shown in Figure 3. The areal extent of the modeled
areas is shown in Figure 4 and are described in detail in
S. S. Papadopulos (1986).

The conceptual model of the hydrogeologic system at the
Separations Area consisted of seven hydrogeologic (four aquifers
and three aquitards) units shown in Figure 5. The areal extent and
finite difference grid used in the study area is detailed in
Duffield et al. (1986) and shown in Figure 6.

In the conceptual models the confining layers were represented
by leakance coefficients accounting for vertical conductivity and
saturated thickness in the aquitards. This quasi three-dimensional
approach assumes approximately horizontal flow in the aquifers and
vertical flow and no storage in the confining beds.

MODEL CALIBRATION

Calibration of groundwater flow models is the process of
obtaining a reasonable match between observed hydrologic data and
results calculated by the numerical model. The calibration
procedure was carried out by varying estimates of the hydraulic
properties from a set of initial values until the best fit of
calculated results to observed calibration targets was achieved.
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FIGURE 3. Vertical Discretization in Regional Flow Model
at Rav Materials Fabrication Area
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In this study, observed hydraulic head and stream base flow
measurements were used as calibration targets. The hydraulic param~
eters derived from the calibration process for each layer were used
in the final modeling of the flow and transport. The results of

the parameter estimation for the two areas are shown in Tables 1

and 2.

RESULTS

The three-dimensional numerical models were used to determine
the flow directions, velocities, and outcrop concentrations in the
two specific production areas. The flow path and velocity data
obtained provided information for the PATHRAE runs (analytical
model use to calculate health risk from groundwater transport).
Transport calculations of a few specific species were then run for
comparison with the results obtained from PATHRAE.

The comparison runs were made for the two SRP locations, the
Raw Materials Fabrication Area and the Separations Area. A brief
description of the sites, the model input data, and example output
data are described in Looney et al. (1986). The facility input
parameters were defined to be common for the modeling approaches.

The results of the model comparison for selected constituents
from the two areas are shown in Figure 7. Three groundwater veloc-
ities were assessed using PATHRAE to aid in data interpretation;
because of the nature of the three-dimensional numerical models,
the composite velocity (transport distance/transport time) varies
for each receptor. In each case, the slowest velocity (Vpin) is the
velocity to the 1 m well, the highest velocity (Vpax) 18 the
velocity to the outcrop, and the intermediate velocity (Vg op) was
the velocity to the 100 m well. -

In all cases, PATHRAE predicted higher peak concentratioms,
however, the PATHRAE predictions decreased more rapidly following
the peak. The concentrations were generally ome to three orders of
magnitude below the peak when the PATHRAE predictions first
decreased below those of the numerical models. Based on these
data, Voom Was selected for the analysis, and the outcrop distance
was adjusted so that the peak would occur in the correct year. The
behavior of the results is entirely consistent with expectations
and the model formulatioms.
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TABLE 1

Summary of Final Estimates oflﬂydraulic Parameters Used
in the Flow Model of the Raw Materials Fabrication Area

Hydraulic Leakance

Transmissivity Conductivity Coefficient
Layer (ft?2/day) (£t /day) (day)~!
1 175 9
1-2 3.5 x 1074
2 2,200 46
2-3 4.0 x 107"
3 1,300 35
3-4 2.7 x 107%
4 1,600 29 |
4-5 6.0 x 10~5
5 12,500 73
TABLE 2

Summary of Final Estimates of Hydraulic Parameters Used
in the Flow Model of the Separations Area

Hydraulic

Transmissivity Conductivity Leskance Coefficient
Layer (ft%/day) (ft/day) (day)~!

3 3,800

4 9,810

0.8'(26ne 1)
3.6 (Zone 2)

4.1

[
£

4.4
1.7

4.7

10”4 (Zone 1)
10~* (Zone 2)

10~5 (Zone 1)
105 (Zone 2)

10-11




a) Calculated Nickel Concentrations in the 1 m Wall for a Test Waste Site
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FIGURE 7. Comparison of PATHRAK Results to Multidimensional Model
a) at 1 m well, b) at 100 m well. Various flow velocities
and V,,n Was the

were tested where Vgin < Vnom ¢ Vmax:
nominal value.
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