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5. Refine the mode by incorporating aquifer testing and grc¢ idwater
monitoring data from the LFI.

6. Define, model and evaluate alternative remedial ac ions.

1.2 :SCRIPTION * THE COM  :R SOI . JARE

VAM3DCG Version 2.4 software (Huyakorn and Panday, 1992) was use for
these analyses. Concui nt work on a Hanford Sitewide groundwater del is
also using VAM. CG Version 2.4. Hence, the work done for 200 West Aggregate
Area can easily be integrated into the much larger scale, sitewide model.

VAM3DCG uses the finite element method to simulate two- or three-
dimensional groundwater flow and/or solute transport in variat y saturated
porous media. The software can handle a variety of boundary conditions,
including infiltration, evaporation, and evapotranspiration. The software was
chosen for both the 200 West Area model and the sitewide model for the
following reasons:

1. VAM3DCG uses finite-element method that allows the user to make use
of non-rectangt ir st es and boundaries.

2. VAM3DCG allows the user to make use of nested grids (i.e.,
transitional elements) to reduce the number of nodes needed detailed

simulations of small areas, thereby improving computational
efficiency.

3. VAM3DCG employs a seudo-soil function to simulate the variat
saturation conditiuns inherent to unconfined aquifer groundwater
flow problem.

4. The software has been approved for use on 1e Hanford Site by the
DOE, EPA, and Ecology (DOE-RL 1991a).

Two features of VAM3DCG that are critical for the work reported here are
the transitional elements and the pseudo-soil functions. The transitional
elements allow for local refinement of the computational grid within a portion
of the domain. This provides the flexibility of specifying a denser computa-
tional grid around the pu ‘'inao and injection points, where most of the change
occurs, and to space the gri 3ss densely away from these centers. The
pseudo-soil functions allow VAM3DCG to predict accurately the location of the
water table elevations without modeling the flow of groundwater in the vadose

Zone.
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1.3 DATA EQUIREMENTS

VAM3DCG requires the following data to simulate groundwater flow and

contaminar

transport (the parenthetical adc :ion indicates if this data is a

field measurement, laboratory measureme :, or taken from the technical

literature):

1. System Geometry

Horizontal and/c vertic: dimensions including stratigraphic
thickness and dimensions of 11tho]og1c heterogeneities
(conceptual mode )

2. Porous Media Flow Properties

Longitudinal and transverse components of saturated hydraulic
conductivity (K, and Ky, measured in the laboratory and field)

Vertical component of saturated hydraulic conductivity (K,
measured in the laboratory and field)

Specific storage (S, measured in the field)

3. Solute Transport Properties in Porous Media

Longitudinal dispersivity (e, , measured in the field and from
the technical literature)

Transverse dispersivity (a,, measured in the field and from the
technical litera re)

Free-water molect ir diffusion coefficient (D , from the
technical literature)

Effective Porosity (@, measured in the field)

Bulk Density (p,, measured in - e laboratory)

4. Properties of Each Sol .e Species

Decay coefficient (A, from the technical literature)

Soil Distribution coefficient (K,, measured in the laboratory
and from the technical literature)

5. Initial and Boundary Conditions

Initial distribution of pressure head (w, measured in the
field)

Initial  stribution of concentration (C,, measured in the
field)
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Fc lowing the preparation of the conceptual model and compilation of
information on the hydraulic and transport properties, a finite element grid
was designed with due consideration to the domain g metry, grid spacing
requirements, and available computing power. A sketch was prepared showing
the orientation of the coordinate axes, the sequential numbering of all nodes
and ements, and numerical discretization. After the grid design was
comf ted, an input file for VAM3DCG s assemble that described the
numerical and time discretizations, hydraulic and transport properties,

- bou lary conditions, source and sink terms, and initial conditions. The
software was run for a small number of timesteps to = eck the correctness of
the input file. Once the input file was determined to be correct, the model

- was then calibrated to existing water table conditions.
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in water table elevations. 1ere are two primary sources for artificial re-
charge in the 200 West Area. One source is from the nuclear process facili-
ties (i.e., U Pond, U-14 ditch, Z-20 ditch, etc.); the other is from the
utility facil- ies (i.e., owerhouse pond, the sanitary drain field, and

laundry).

2-2









WHC-SD- N-TI-252, Rev. 0

Distance Along the Y - Axis (m)

14000

12000

10000

8000 p

6000 I~

4000

2000

Thickness of the Unconfined Aquifer June, 1993 (m)

0 2000 4000 6000 8000 10000
Distance Along the X - Axis (m)

Figure 2-3. Isopach Map of the Regionally Unconfined Aquifer.
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Once this updated map was generated, the hydraulic conductivities were
back-interpoli 2d to the finite element node locations. To assign a hydraulic
conductivity to an element, - e geometric mean was calculated using the
hydraulic conductivity at the four nodes of the element. The geometric mean
was assigned an integer value based on the following ranges:

Hydraulic Conductivity

Material -operty Conductivity Value Assigned for
Designation Range the PSPTT Simulation
-2 15.24 m/d (50 ft/d) 5.24 m/d
-1 30.48 m/d (100 ft/d) 30.48 m/d
0 A 0 dead element
1 .3048 - 1.524 m/d (1-5 ft/d) 0.762 m/d
2 1.525 - 3.048 m/d (5-10 ft/d) 2.290 d
3 3.049 - 15.24 m/d (10-50 ft/d) 9.144 m/d
4 15.25 - 30.48 m/d (50-100 ft/d) 22.90 m/d
5 30.49 - 152.4 m/d (100 -500 ft/d) 76.20 m/d
6 152.5 - 304.8 m/d (500 - 1000 ft/d) . 229.0 m/d
7 304.9 - 1524. m/d (1000 - 5000 ft/d) 762.0 m/d
8 > 5000 m/d 2290.0 m/d

If the geometric mean for the element corners was within a specified
range, that element was assigned the corresponding material property
designation number and hydraulic conductivity. e -2 property designation is
for Ringold Gravel Unit E in areas for which there were no aquifer test data.
In such areas, Ringold Gravel | it E was assigned a hydraulic conductivity of
15.24 m/d, which is the geometric mean over the area in which there are
measurements (Figure 3-3). The -1 proper y designation is for areas in the
model that contain undifferented Hanford gravels and Ringold Formation.
Because the undifferentiated Hanford gravels and Ringold Formation have a
higher hydraulic conductivity than the Rirgold Formation (Gephart et al.
1979), these areas were assigned a hydrat ic conductivity that is twice that
of the geometric mean of the Ringold gravel unit E. Each element was
considered to be isotropic in the x-y plane and to have a 10:1 anisotropic
ratio in the z-direction.

In the northeast corner of the model domain, the aquifer becomes
progressively thinner until the aspect ratio became too large for the VAM3DCG
to accommodate. Therefore, the bottom four layers of elements were assigned a
null-value designation (Figure 3-4a), while the overlying elements remain
active (Figure 3-4b).

3.3 INITIAL AND BOUNDARY CONDITIONS

The elevation of the water table in June 1993 was used as the initial
condition. This was done by back interpolating to the finite element node
locations from the contour map of water table elevations (Figure 2-2). The
bottom of the mndel and the north and south boundaries aligned along Yakima
Ridge and Gable itte were assigned a no-flux boundary condition. The
boundaries to the east, to the west, and in the gap =2tween Umtanuum Ridge and
Gable Butte were set to a constant head. Those head values were assigned by
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interpolating water level measurements at that location from the June 1993
water table map.

The top boundary of the model domain was assigned a no-flux boundary
condition, except areas receiving artificial recharge. The natural recharge
from precipitation is thought to be small (Gephart et al. 1979) and was
ignored. The artificial recharge at the top of the model domain was treated
as a constant f x per unit area of recharge. No attempt was made to examine
the effects of individual cribs, trenches, or ponds. A1l discharges to the
cribs, trenches, and ponds were grouped together with this total yearlyv flux
being applied at the water table hi 1 in the center of 200 West Area. 1is
flux was set to 6.6E+06 m°/yr (3,29v gpm) until steady-state conditions were
achieved. This steady-state condition represented the unconfined aquifer in
1976.

Once the simulation achieved steady- state conditions (in 1976), 1 2
total flux was gradually reduce to 1.0E+06 m’/yr (500 gpm)- due to the
dec]1n1ng discharge of effluent to the nuclear process facilities, and
2.0E405 m>/yr (100 gpm) to the powerhouse pond. The powerhouse pond came on
line in mid 1984. The exact amnunt of water discharged to the powerhouse pond
is unknown, but generally is b¢ ieved to be between 1.0E+05 and 6.0E+05 m /yr
(50-300 gpm). These reduced vi 1es were used for the beginning of the capture
zone simulations for the PSPTTs.

The amount of artifici¢ recharge was based on water-use mass balance in
the 200 West Area (e.g., Law et al. 186; Law and Shatz, 1987; and Johnson
1993). Numbers used for the artificial recharge were arrived at by summing
the annual volumes of effluent scharged to the nuclear process waste
~ disposal facilities and estimat 3 the recharge to the utility facilities for
the years in which data were ‘ailable.
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4.0 SIMULATION RESULTS

4.1 STEADY-STATE SIMULATION

The water table in the 200 West Area was at its highest elevation in the
late 1970's. To simulate the currently falling water table, a steady-state
water table was simulated for 1976 by app sing an artificial recharge at the
top of the water table m¢ id and running the model until the change in storage
was neglig le. Figure 4-1 s ws the results from the start of the simulation
until a steady-state solution was reached. During this part of the
simulation, a 1 ux of 6.6E+06 m’/yr (3,290 gpm) was applied to the area at the
top of the mound (i.e., to those nodes that have a water table elevation
greater than 141.5 m, Figure 4-1a). _

The simulated water table rose a maximum of 2.3 m by the end of yr
(Figure 4-1b), 2.7 m by the end of 22 yr (Figure 4-1c), and 3.0 m (Figure
4-1d) by the time steady-state conditions occurred after approximately 40 yr.
These results were used as the initial conditions for subsequent simulations
of the falling water table through the 1980's and early 1990's.

4.2 SIMUL/ IONS OF CONDITI(  FROM 1977 TO 1993

Figure 4-2 shows the water table elevations simulated for 1977 to 192.
The artificial recharge rates used for the simulations yere 5.95+06 m>/yr from
1977 to 1979 4.5¢06 m’/yr fr 1979 to 1982, 3.5E+06 m /yr from 1983 to 1985,
2.0E+06 m /yr from 1986 to December 1993. From 1972 to December 1993, the
simulated elevation of the water table at the highest point of the mound
dropped from 144.31 to 140.62 m. This change is seen in Figures 4-2a to 4-2d
as the gradual contraction and disappearance of the 141-m through 144-m
contour Tlines in the center of 200 West Area. The 144-m contour line
disappears by 1980, the 143 m by 1984, the 142 m by 1986, and the 141 by 1992.
It is evident from these figures that as artificial recharge was reduced the
elevation of the water table ‘opped.

Figure 4-3 compares the observed water table elevations for June 1993 to
those predicted by the.mo :1. It is apparent from this figure that the model
predicted water table elevations too high to the north and.northeast, and too
low at the center of the artificial recharge mound and in the southeast rnrner
of the 200 West Area. Howev. , the predicted hydraulic head gradient an
groundwater flow direction are similar to measured conditions. The
differences between predicted an measured water table elevations can be
ascr ed to several factors - at include, but not limited to, the following:

e The water table ¢ 2vations based on borehole-measured data was
calculated by a orogram that interpolates between well Tocations.
In areas with a 1irge data population, the interpolation is
accurate. However, where data were sparse, the interpolation
between data points became less accurate.

e The estimates of annual artificial recharge for each year were

approximate and averaged over an area, rather than for a specific
disposal facility.
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Figure 4-2. Model-Predicted Water Table Elevations for 1977 (a), 1982 (b),

1987 (c) and 1992 (d).

These figures show the gradual fall in

water table elevations as artificial recharge to both nuclear
process and utility effluent disposal facilities decrease.

4F-2





















WHC-SD-EN-TI-252, Rev. O
5.0 SUMMARY

The 200 West Area groun jater mc @1 is operational and was use to
predict the capture zones for the 200-ZP-1 and 200-UP-1 Operable Unit PSPTT.
The umping rates and configurations for the PSPTT can ¢ :ily be modified
and simulated to show the effects of different pumping rates and well

configurations.

The analyses presen | e ass' e 10:1 K,:K, anisotropy, with no
preferential pathways, an :at the input parameters and numerical model
accurately represents the dynamic hydrogeologic system. However, collecting
additional hydrologic data during the PSPTT is required to determine whether
or not the model accurately r -esents the hydrogeologic syste = Data
collected during the test sho 1, as a minimum, include hydraulic conductivity
and effective porosity. This additional data can be used to further refine
the model that will be used determine the number and locations of additional

extraction, injection, and monitoring wells.

5-1






WHC-SD-1 -TI-252, Rev. O

Law, G., and A. L. Shatz, 1987, Results of the Seperations Area Ground-
Water Monitoring Network for 1985, RHO-RE-SR-86-24 P, Rockwell Hanford
Operations, Richland, Washington.

Lindsey, K. A., 1991, Revised Stratigraphy for the Ringold Formation, Hanford
Site, South-Central Washington, WHC-SD-EN-EE-004, Westinghouse Hanford
Company, Richland, Washington.

Lindsey, . A., B. N. Bjorn: id, and M. P. Connelly, 1391, Geologic Setting of
the 200 West Area: An Update, {C-SD-EN-TI-008, Westinghouse Hanford
.Co any, Richland, Washington.

Lindsey, K. A., B. N. Bjornstad, and . . Connelly, 1992, Geologic Setting of
the 200 Area: An Update, WHC-SD-EN-11-008, Westinghouse Hanford Company,
Richland, Washington.

Myers, C. W., S. M. Price, J. A. Caggiano, M. P. Cochran, W. J. Czimer, N. J.
Davidson, . C. Edwards. K. R. Fecht, G. E. Holmes, M. G. Jones, J. R.
Kunk, R. D. Landon, R. . Ledgerwood, J. T. Lillie, P. E. Long, T. H.
Mitchell, E. H. Price, S. P. Reidel, and A. M. Tallman, 1979, Geologic
Studies of the Columbia Plateau-- A atus Report: Richland Washington,
RHO-BWI-ST-4, ackwell Hanford Operations, Richland, Washington.

Myers, C. W., and S. M. Price, eds, 1981, Subsurface Geology of the Cold Creek
Syncline, RHO-BWIP-ST-14, Rockwell Hanford Operations, Richland,

Washington.

Reidel S. P., and K. R. Fecht 1981, Wanapum and Saddle Mountains Basalts of
the Cold Creek Syncline -ea, in Subsurface Geology of the Cold Creek
Syncline, RHO-BWIP-ST-14, Rockwell Hanford Operations, Richland,
Washington.

Tallman A. M., K. R. Fecht, M. J. Marratt, and J. V. Last, 1379, fenlogy of
the Seperations Area, Hanford Site, South-Central Washington, 10-ST-23,
Rockwell Hanford Operations, Richland, Washington.

Tallman A. M., J. T. Lillie and K. R. Fecht, 1981, Suprabasalt Sediments of
the Cold Creek Syncline Area, in Subsurface Geology of the Cold Creek
Syncline, RHO-BWIP-ST-14, Rockwell Hanford Operations, Richland,

Washington.

6-2






Page 2 of 2

G. Spice H6-06 X

L. Swanson H6-06 X (2)
K. ompson A5-19 X

P. Thorne : K6-96 X

S. rent H6-06 X

D. Tyler H6- 5 X

D. Weekes H6- 5 X

B. Willi H6-06 X

C. Wittr H6-03 X (10)
M. 1. Wood N3-13 X
Centr. Files L8-04 X (&)
Il Clearance

EPLC 2)

A )0-135 (12/87) (EFY W 67
Distribution Sheet





