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MONTHLY TOTALS FOR YEAR 1984

PRECIPITATION -(INCHES) 0.23 0.94 1.01 0.60 0.55 0.99
0.06 0.00 0.42 0.07 1.83 0.57
RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000
0.000 0.000 0.000 0.000 0.000 0.000
EVAPOTRANSPIRATION 0.444 1.276 2.100 0.539 0.753 2.115
(INCHES) 0.729 0.000 0.230 0.260 0.468 0.577
PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 ©0.0002 0.0003
LAYER 3 (INCHES) 0.0000 0.0000 O0.0000 0.0000 0.0000 0.0000
" mwuaL rotals For vEar 1s84
(INCHES) (CU. FT.) PERCENT
PRECIPITATION 927 26390.  100.00
RUNOFF 0.000 0. 0.00
EVAPOTRANSPIRATION 9.49%90 344459. 130.54
PERCOLATION FROM LAYER 3 0.0005 2. 0.01
CHANGE IN WATER STORAGE -2.221 -8061. -30.55
SOIL WATER AT START OF YEAR 5.98 21724.
SOIL WATER AT END OF YEAR 3.76 13663.
SNOW WATER AT START OF YEAR 0.00 0.
SNOW WATER AT END OF YEAR 0.00 0.
ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00
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2 df oh y
K cos a—( —)+R-—K (1 +—) =0,
s ax\ Y 3x B T ®)
where
X = horizontal distance from drain
y = saturated thickness in lateral drainage layer
a = inclination angle of lateral drain
h = elevation of phreatic surface
R = vertical drainage rate into saturated portion of lateral drainage layer
K; = saturated hydraulic conductivity in lateral drainage layer
Kg = saturated hydraulic conductivity in barrier soil
T = thickness of barrier soil layer.

The abstract appearance of this equation warrants an explanation. The first term represents the lateral flow
amount; the second term represents drainage from above into the lateral drainage layer; the third term
represents infiltration into the barrier layer.

3.3D :ussionofD 2r¢ cces

The previous two sections illustrate the different approaches used by the two models in
approximating the physics of infiltration and redistribution. UNSAT-H uses a very general approach that can
be applied over a wide range of conditions. HELP uses several assumptions that may or may not be
appropriate for specific applications.

The most significant of these assumptions is a unit gradient for vertical infiltration. This assumes
that only gravitational forces affect pore water below the arbitrarily defined evaporative zone depth.
Although HELP does not directly consider capillary forces, the effect of capillarity is indirectly accounted
for by applying continuity to evapotranspiration and pore water above the evaporative zone depth. For humid
conditions, the unit gradient assumption is appropriate. However, for semi-arid conditions, the arbitrary and
static evaporative zone depth could either over- or under-estimate deep infiltration into the vadose zone.
Under-estimating the evaporative zone depth could result in over-estimation of infiltration below the root
zone by not allowing deeper pore water to return to the surface. Over-estimating the evaporative zone depth,
particularly during the rainy s  on when the evaporative zone depth may become relatively shallow, could
under-estimate deep infiltration.
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Finally, graphical comparisons between the measured and simulated data were used to qualitatively
judge how well the simulation results represented the lysimeter data. Plots were made of the measured data
superimposed over the simulation results, and the agreement was visually evaluated. .

5.2.2 Calil ition Parameters and Methods

The HELP input parameters that were adjusted in the calibration process were: (1) porosity, (2) field
capacity, (3) wilting point, (4) saturated hydraulic conductivity, (5) LAI, and (6) evaporative depth. A
description of each parameter as it is defined within the HELP model, and the effect of increasing the
parameter on the amount of water retained within the simulated lysimeter profile (storage) is discussed
below.

e Porosity is the soil water content at saturation. The effect of increasing porosity is to increase the
amount of lysimeter storage because the unsaturated hydraulic conductivity at any given moisture con-
tent is reduced (see Equation 7 in Section 3.2.2). This reduces the rate at which water may evaporate or
drain out of the bottom of the profile.

» Field capacity is the soil water content after a prolonged period of drainage and is defined as the mois-
ture content at 1/3-bars. The effect of increasing this parameter is to increase the vegetated lysimeter
storage and decrease bare lysimeter storage. The decrease in bare lysimeter storage was probably due
to the fact that moisture content is higher at any given tension and the unsaturated hydraulic conductiv-
ity (see Equation 7 in Section 3.2.2) is also higher. Initial storage after an infiltration event is higher,
however the water evaporates and drains faster which results in a lower average storage. This trend
was not seen in the vegetated simulations because transpiration is not limited by the soil’s unsaturated
hydraulic conductivity.

e Wilting point is the lowest soil water content that can be achieved through plant transpiration and is
defined as the moisture content at 15-bars. The effect of increasing the value of this parameter was to
increase lysimeter storage because more water is retained at all tensions. However, the unsaturated
hydraulic conductivity does not increase because the wilting point increases proportionally to the
moisture content (see equation 7 in Section 3.2.2).

e The evaporative depth is the maximum depth at which water may return to the surface as a result of
evaporation and transpiration. Increasing the evaporative depth decreases the amount of water in stor-
age by allowing more evapotranspiration.

o The leaf area index (ILAI) is used to represent the amount of vegetation at the surface and is used to
partition evaporation and transpiration. Increasing the LAI decreases storage because ala er LAI
results in a larger ratio of transpiration to evaporation, and the transpiration rate is not limited by the
unsaturated soil’s hydraulic conductivity.

Initial estimates for the values of these parameters in the calibration simulations were ose of the
original barrier simulations by WHC (DOE, 1993). The uncompacted McGee Ranch Silt specified in the

WHC simulations is identical to the fill used in the weighing lysimeters. The initial hydraulic parameters for I
the barrier silt are presented in Table 2. Parameter values for the lysimeter san were those of the HELP

default soil type 1 (coarse sand). Initial estimates of moisture content correspond to the lysimeter storage at

the beginning of the calibration period. Each parameter was varied to obtain a best fit to the  served water I

storage while minimizing drainage. After improvement trends were identified, all of the parameters were
adjusted to obtain the best overall agreement with the lysimeter observations.
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2.0 SAMPLE CALCULATIONS OF POTENTIAL WIND EROSION

The wind erosion equation (WEQ) was developed by the U.S. Department of Agriculture
(USDA), Agricultural Research Service. It has been modified for use in the State of Wast gton by
the U.S. Soil Conservation Service (USDA 1987). The equation is used to evaluate potential wind
erosion of soil surfaces in the following manner:

E = {fOIKCLV)
where

E = the estimated average annual soil loss in tons per acre per year due to wind
erosion

an indication that the equation includes functional relationships that are not
straight-line mathematical functions

soil erodibility factor

ridge roughness factor

climatic factor

unsheltered distance

vegetative factor.

-
I

<R
ponow o M

The equation can be considered to be solved y successive modifications to I. The I factor is
the potential annual wind erosion in tons per acre per year for a given soil on an isolated, level,
smooth, unsheltered, wide, and bare field with a noncrusted surface for which the climatic factor is
100 percent.

The I factor is dependant on soil texture and the percentage of dry aggregates over 0.84 mm in
size (i.e., coarser than 20 mesh). McGee Ranch soils normally exhibit a crusted surface and no less
than 3 percent dry aggregates coarser than 20 mesh. The indicated I value in Table D-1 for these
-conditions is 36.7. It is expected that the topsoil layer will form a crusted surface relatively soon
after construction, in response to rain ar snowfall events during the winter of the first year. If
necessary, formation of a crusted surface may be accelerated by direct application of water.
Adjustment of the I factor for knoll configuration as indicated in Curve b of Figure D-1 for a
2 percent surface slope yields an I value of about 40. If the surface slope of the barrier is increased
by just 1 percent, the I factor increases to 48.

The ridge roughness factor (K) primarily applies to soil surfaces that are exposed to recurring
agricultural practices (e.g., plowing, planting, disking, and harrowing). Ridges are created on t
soil surface at planting time. For surface barriers, a ridge height of 1 to 2 in. may exist during the
first year after construction. However, soil ridges w  not be restored in subsequent years by
periodic tillage. Therefore, a ridge height value of zero is assumed beyond the first year. For this
condition, the indicated K value in Figure D-2 is 1 (the worst case).

The distribution of climatic factor (C) va s across Washington State is indicated in
Figure D-3. Appropriate C values for the Hanford Site are in the range of 60 to 70.
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3.0 SAMPLE CALCULATIONS OF POTENTIAL WATER EROSION

The potential for erosion of the barrier surface as a result of precipitation events is evaluated
below using the USDA’s Universal Soil Loss Equation (USLE) (Ecology 1987, p. 40-1):
A = RKLSCP

where

average soil loss in tons per acre
rainfall and runoff erosivity factor
soil erodibility factor

slope-length factor
cover/management factor

erosion control practice factor.

7]
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The following topsoil properties and cover design information are used to evaluate A:

Topsoil type: sandy silt

Organic matter: <0.5 percent

Estimated percent sand (coarser than 0.1 mm): 18 percent

Estimated percent silt and sand finer than 0.1 mm: 77 percent

Estimated percent clay: 5 percent

Cover slope: 3 percent

Slope length: 231.5 feet

Cover vegetation: (first year) 2 tons of straw mulch crimped into the soil surface;
(subsequent years) 60-80 percent ground cover consisting of mixed perennial
grasses.

The R factor in the USLE is a rainfall erosion index value that accounts for site meteorological
conditions. In Figure D4, R values of less than 20 are shown for most of eastern Washington,
including the Columbia Basin and the Hanford Site. More detailed information provided in
Figure 5-2 in Israelsen et al. (1980) indicates that appropriate R values for the Hanford Site are in the
range of 9 to 12 (use R equals 12).

The K factor is used to differentiate the erodibility potential of various soil types under
conditions where rainfall, topography, cover and management are invariant. Using the nomograph in
Figure D-5, the proposed topsoil (McGee Ranch silt 1am) has a K value of about 0.64.

The USLE combines the effects of cover length and steepness into a single topographic factor,
LS. From Figure D-6, LS for a 2 percent slope angle and 500-ft slope length is about 0.32. (For a
3 percent slope angle and 500-ft slope length, LS is about 0.45.)

The cover/management factor a2 resses the effects of vegetation and other agricultural (as
opposed to engineering) erosion-control practices. On freshly covered surfaces without any vegetation
or erosion-reducing vegetative controls (such as mulch), the C factor usually has a value of about 1.
Application of straw mulch is highly effective in reducing the C factor component of the USLE
during the initial period before perennial vegetation becomes established, particularly if the mulch is
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